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REPAIR, SIDETRACK, DRILLING, AND COMPLETION OF EE-2A
FOR PHASE II RESERVOIR PRODUCTION SERVICE

by

D.S. Dreesen, G.G. Cocks, R.W. Nicholson, and J.C. Thomson

ABSTRACT

Hot Dry Rock (HDR) geothermal energy well EE-2 at Fenton Hill, New
Mexico, was sidetracked and redrilled into the HDR Phase II reservoir after two
unsuccessful attempts to repair damage in the lower wellbore. Before sidetracking
was begun, six cement slurries were pumped to plug the abandoned lower wellbore
and to support the production casing where drilling wear was predicted and where
sidetracking was to occur. This work and the redrill of EE-2A were completed in
November 1987. Specifications were prepared for a state-of-the-art tie-back
casing, which was procured, manufactured, and delivered to Fenton Hill in May
1988. The well was then completed in June 1988 for hot-water production service
by cementing in a liner and the upper section of production casing and installing and
cementing a tie-back casing string.

I. INTRODUCTION

The world's first hot dry rock (HDR) geothermal energy system was constructed by the
Los Alamos National Laboratory (LANL) at Fenton Hill, New Mexico, in 1977 and is referred to
as the Phase I system. It was created by drilling a hole from the surface into the granitic rock to a
depth of approximately 3000 m (10,000 ft) at a bottom-hole temperature of 195°C (383°F),
producing hydraulic fractures centered at a depth of 2600 m (8500 ft) , and then directionally
drilling a second hole to intersect those fractures. Water was injected into and then produced from
the man-made reservoir at temperatures and thermal power rates as high as 175°C (347°F) and 5
MWH, respectively. The system was enlarged in 1979 by additional hydraulic fracturing and then
operated successfully for almost a year. Complete results of these early reservoir tests are
provided by Dash et al.!

Construction of a larger, hotter, HDR system was initiated in 1979 to extend the
technology to the temperatures and rates of heat production required to support a commercial



power plant. It is referred to as the Phase II system. Two new holes about 50 m (150 ft) apart at
the surface, EE-2 and EE-3, were drilled directionally; EE-2, the deeper well, to a vertical depth of
4390 m (14,400 ft) and EE-3 to a vertical depth of 3970 m (13,025 ft).

EE-2 was drilled to a measured total depth (TD) of 4660 m (15,289 ft) in 1981 as the
intended reservoir stimulation (reservoir creation) and injection well for the Phase Il HDR
demonstration. Damage to the 339.7-mm (13-3/8-in.) intermediate casing during and following its
installation required premature installation of a 244.5-mm (9-5/8-in.) production (injection) casing
at a depth of 3529 m (11,578 ft).2 The production casing was wom thin over several intervals
during milling operations that occurred before the well reached TD.

Fracturing deep in the well through a cemented-in liner failed to establish a reservoir
connection to well EE-3,* and most of the open hole below the production casing was abandoned
with the placement of sand plugs up to 3658 m (12,000 ft) and later up to 3550 m (11,646 ft).
Fracturing below the casing shoe through casing packers and tubing protected the casing from
fracturing pressures that were two to three times higher than had been predicted, based on the
Phase I reservoir stimulation.! A wellhead failure occurred after the largest injection of 21,000 m’
(5.6 million gallons) in 1983.3 Later the tubing-casing annulus was inadvertently blown down
during repair of the wellhead.

We believe this blowdown caused the production casing to collapse near the top of the
reservoir that had just been created. In any event, damage to the well resulted in leaks that
connected (through the uncemented production casing annulus) the well to subhydrostatic aquifers
just above the basement rock at 730 m (2400 ft).

The first attempt to repair the well in 1984 isolated the aquifer but left the well connected to
a low-pressure reservoir (similar to Phase I) at a depth of 2850-3100 m (9400-10,200 ft). A
reservoir connection was achieved during the 1985 redrill of EE-3A into the EE-2 reservoir,® but
continued deterioration of EE-2 during its first production service prevented wireline logging into
the Phase II reservoir. However, production from the reservoir had not been reduced, and a 30-
day flow test of the reservoir’ in 1986 used EE-3A for high-pressure injection and EE-2 for low-
pressure production service.

A second repair attempt in 1986 found EE-2 in much worse condition than had been
predicted, and the repair was quickly terminated. The condition of the casing was reevaluated
following a cement bond log (CBL) and a 64-arm caliper log. The condition of EE-2 above the
3204-m (10,512-ft) collapse was reasonably good. Figure 1 is a schematic of the EE-2 wellbore
following the second repair attempt. Costs for several repair and redrilling options were
reestimated, and a detailed plan was prepared to sidetrack and redrill EE-2.

EE-2 was plugged with cement to the top of the damaged region in the first stage of the
redrilling program. Additional cement was placed in the annulus outside the production casing to



DEPTH
(Pipe Measurements)

30m
280m

543m
518-750m

732m
790m

1980m*
1987m
2133m

2774m*

2812m

3164m

3203m
3204m
3215m and 30m
3237m

3267m
3268m

3529m

3550m

3658m

4330m

4480m

4660m
* Wireline measurements.

711.2mm (28 in.) OD conductor

244.5mm (9-5/8 in.) OD casing replacement
with new casing in 1984

508.0mm (20 in.) OD surface casing shoe

Damaged intermediate casing

Top of Precambrian
339.7mm (13-3/8 in.) OD intermediate
casing shoe

Worn 244.5mm (9-5/8 in.) OD casing

> < Top of remedial (1984) cement
Iz N . . e .
A N Kick-off point for drilling trajecto
A N
“ N
A N
y NN
A N
o N
b NN
N
/
\
N
\
/ \
i N
“ N
Z N
2 0 Remedial cement perforations

Bottom of remedial (1984) cement

Top of remedial (1984) cement

Casing collapse (May 1985)
Top of 177.8mm (7 in.) OD casing fish
Remedial cement perforations

Top of primary cement
Top of 139.7mm (5-1/2 in.) OD casing fish
Casing collapse 1983

244.5mm (9-5/8 in.) OD production
casing shoe

\": BN
N
Phase Il reservoir \ Top of sand and barite plug
connected to EE-3A
i(n May 1985) Top of sand plug
“ ) Topof114.3mm OD (4-1/2in.)
% liner
Bottom of cemented-in
\ N\ liner
\ AY
\ AY
AN
First reservoir NN
(abandoned in July 1982) \\ \

L
\..~*  Total depth

Fig. 1. EE-2A schematic of the well configuration at start of repair and sidetracking.



assure separation of the old and new wellbores and to support the production casing during
redrilling. Sidetracking and redrill were completed in November 1987. Operations were
suspended after a short reservoir test demonstrated that the redrilled well had successfully
penetrated the reservoir and an adequate connection had been achieved.

A specification for surplus casing was prepared and a formal request for quotations (RFQ)
was distributed. The procurement of suitable high-strength, sour service 177.8-mm (7-in.) OD
casing from surplus stockpiles was not successful, so new casing was purchased at competitive
prices using the same specification with a May 1988 delivery at Fenton Hill. Detailed well
completion plans were prepared while the casing was manufactured and shipped.

When rig operations resumed in May, a 177.8-mm (7-in.) OD liner was cemented-in,
additional cement was placed in the top 275 m (900 ft) of annulus outside the production casing,
and 177.8-mm (7-in.) OD tie-back casing was installed and cemented to the surface. In this report
the 244.5-mm (9-5/8-in.) OD casing will be referred to as the production casing and the
subsequently installed 177.8-mm (7-in.) OD casing will be referred to as the tie-back casing.

II. PLANNING

Los Alamos staff and consultants prepared a detailed plan to plug back, cement the 244.5-
mm (9-5/8-in.) casing annulus, sidetrack EE-2, and drill and complete EE-2A. The plan was
reviewed by an additional consultant and then presented to a U.S. Department of Energy (DOE)
review panel. After revision, the plan had 10 major activities:

(1) Plug the damaged wellbore below the casing collapse at 3200 m (10,500 ft) with cement and
with back-up cementing above that point so that the damaged wellbore and the redrilled bore
would be isolated from each other.

(2) Cement the annulus behind the production casing to minimize the possibility of a casing
failure during the redrilling and to contribute to the success of the planned sidetracking.

(3) Set aside cement for the operations in a reserved silo and formulate and test various slurries
using samples from the reserve silos and water from the Fenton Hill domestic supply well.

(4) Sidetrack and redrill using an optimum low dogleg trajectory, a sepiolite drilling fluid, and
special low-drag directional dnllmg assemblies. This procedure was used previously during
the successful redrill of EE-3A.°

(5) Select drilling targets and a well trajectory that maximized the, potentlal penetration of the
reservoir based on earlier seismic (microearthquake) mapping 810 and fell within the
constraints imposed by the outside review panel.

(6) Build up the pressure in the reservoir through injection into EE-3A during the redrilling in an
attempt to prevent the loss of drill cuttings into the reservoir and cause inflow to occur as the
reservoir was penetrated by EE-2A. A complete geological and drilling fluid log was
specified to assure that the well path was penetrating the reservoir. A postdrilling reservoir
flow test was developed to verify successful reservoir penetration.



(7) Perform a complete set of casing stress calculations to assure that casings of suitable
strength and wall thickness were installed as liner and tie-back string and to optimize the
installation procedure.

(8) Develop a procedure to cement the annulus outside the production casing from 274 m (900
ft) to the surface that would avoid the requirement to cement lost circulation intervals below
520 m (1700 ft). This cemented annulus would reduce the stress in the surface and
intermediate casings to acceptable levels and thereby eliminate the need for a wellhead
expansion spool.

(9) Install an open-hole, cemented-in liner using technology that was successfully tested in
earlier liner installations at Fenton Hill.

(10) Initiate procurement of the tie-back casing as recommended by the outside review panel and
plan to cement the tie-back casing to the surface, subject to the existing economic
constraints.

A detailed technical specification was prepared for the purchase of approximately 3000 m
(10,000 ft ) of 177.8-mm (7-in.) OD casing to be used as a tie-back string. This specification was
primarily intended to purchase new, previously manufactured (surplus) casing that was believed to
be available. The specification was prepared to assure that the casing purchased met the special
strength and material requirements that had been identified in earlier well completion work in the
Fenton Hill Phase II reservoir. !

An 11.5-mm (0.45-in.) thick-wall, moderate-strength casing was needed with controlled
hardness of steel for service in a known stress corrosion cracking environment. Surplus casing
would be prescreened based on mill certification documentation, general appearance, and evidence
of proper handling and storage since the time of manufacture. Tentative award of the procurement
would be made based on price if the casing met the technical specification. Final acceptance would
be accomplished with a thorough qualification procedure. Destructive testing of a small sample of
joints to check mechanical properties and metallography would, if satisfactory, be followed by a
complete nondestructive test (NDT) inspection of the casing. The NDT specified exceeded
American Petroleum Institute (API) requirements. Final award of the procurement would be
negotiated following the NDT.

Premium thread connections were specified, and rethreading was allowed. The
specifications and qualification procedure also allowed for the possibility that the surplus casing
bid would not be acceptable and that new casing would have to be manufactured, which in fact
occurred.

III. CONTRACTS
LANL buyers in the Materials Management Division assisted with the procurement of
major services and hardware. The award of these contracts was based on HDR Project staff



evaluations of submitted cost and technical proposals. The drilling contract provided for the
procurement of reimbursable services and hardware on a third-party basis through the drilling
contractor. HDR staff with Materials Management Division oversite used this arrangement to
acquire required day-to-day specialty services and equipment.

A. Drill Rig (

Big Chief Drilling Company Rig #47 was originally contracted to redrill EE-3A in 1985.
The contract was extended and the rig was skidded to EE-2 for the second repair of EE-2. The
contract was extended a second time so the rig could be used to redrill and complete EE-2A.

Rig #47 is capable of drilling deep gas wells to 9000 m (30,000 ft). It has a draw works,
mast, and substructure rated for 6600-kN (1.5 million-1b) pull (see Table I for detailed
description). This capability was larger than specified in the original EE-3A drilling rig
specification, but the rig's large capacity had proved valuable several times during the redrill of EE-
3A. It was decided to save the cost of demobilizing rig #47 and mobilizing another rig by
extending the contract with Big Chief.

TABLE I. DESCRIPTION OF BIG CHIEF RIG #47

Metric Customary
Mast (Pyramid type)
152x30 (£t) rated at 7.1x108 N 1.6x10%1bg
Substructure (Pyramid) setback, 3.5x105 N 0.8x10° Ibg
with hanging load of 6.7x10°N  1.5x10°Ibg
Draw works (Gardner Denver 3000E)
Power (electric), 3 each 746 kW 1000 hp
Drilling line 44 mm 1-3/4 in.
Traveling equipment 6.7x10° N 750 tong
Pumps, 2 each (Gardner Denver PZ-11)
Power (electric), 2 motors 746 kW 1000 hp
Stroke 279 mm 11 in.
Liners 140 mm 5-1/2 in.
Rotary table (Gardner Denver) 952 mm 37-1/2 in.
Blowout preventers
Cameron type U 279 mm 11 in.
Working pressure 34.5 MPa 5000 psi
Power supply, type SCR Ross-Hill
Caterpillar, 3 each, D-399 diesel 970 kW 1300 hp

I



The drilling contractor provided single-ram, double-ram, and annular blowout preventers. A
rotating head was installed to provide maximum safety during drilling and other operations in the
Phase II reservoir that is capable of short but prolific production of carbon dioxide gas with up to
150-ppm concentration hydrogen sulfide. A gas buster was installed to salvage drilling fluids
when they were in use.

A drilling fluid (mud) cooler was fabricated from DOE surplus liquid-liquid heat
exchangers obtained from the East Mesa binary turbine demonstration project. It was connected to
the conventional circulating system. The air-contactor type mud cooler, which was used on the
EE-3A redrill, was also installed as a supplemental and backup cooler, but it was used as little as
possible to minimize the oxygen content of the mud. A mud mixing and storage plant was installed
adjacent to the rig's mud tanks to reduce the amount of rig time expended mixing and conditioning
mud.

B. Other Contracts

In addition to the drill rig contract, contracts for other major well services were
competitively awarded. These included (1) engineering support and rig supervision, Lithos
(formerly Well Production Testing); (2) cementing services, Dowell-Schlumberger; (3) high-
pressure pumping services, BJ Titan; (4) chemicals and drilling fluid additives, NL Baroid; and (5)
geologic and drilling fluid (mud) logging services, Epoch Well Logging.

Two sole source hardware procurements were justified by prior efforts to develop HDR
support equipment that was compatible and met technical requirements: (1) a high-
temperature/high-pressure open-hole stimulation packer, Baker Service Tools (formerly Lynes,
Inc.)!2and (2) a packstock packer to mate to a LANL-owned whipstock (surplus from the EE-3A
redrill), Grant-AZ-Drilex.

C. _Third-Party Procurements

Other services and hardware were procured using the third-party agreement with the
drilling contractor. The larger third-party procurements were made following evaluation of
informal technical and cost proposals. The reviews were made by the LANL drilling team, which
included Earth and Space Sciences Division staff and consultants. Some of the larger
procurements included (1) directional drilling services, Directional Investment Guidance; (2)
drilling motors, Grant-AZ-Drilex; (3) reamers and stabilizers, Spidle; (4) directional wireline
services, AMF Scientific Drilling; (5) high-temperature wireline logging and perforating, Oilwell
Perforators; (6) low-temperature wireline logging and perforating, Welex; (7) rental equipment,
e.g., miscellaneous drill string, handling, and supplemental blowout prevention and safety
equipment, Land and Marine; (8) expansion joints to support open-hole packer operations, Baker
Service Tools (formerly Brown Qil Tools); (9) wellhead equipment, Food Machinery Corp.
(formerly OCT); and (10) wellhead valves, Foster WLG.



IV. WELL OPERATIONS

Most well services, materials, and hardware were furnished from Farmington, New
Mexico, 280 km (170 miles) from the Fenton Hill site, from Midland-Odessa, Texas, 1125 km
(700 miles), or from Casper, Wyoming, 1290 km (800 miles). Daily planning was required not
only to assure that appropriate services and hardware were mobilized to be available as needed but
also to keep standby costs at a minimum. Consultants and staff updated a projected schedule of
upcoming activities as each major activity was completed. The schedule, drill plan, and detailed
procedures that had been prepared for the more complex activities were monitored to identify and
alert appropriate service companies and LANL support staff for each activity.

The most significant activities are discussed with a technical perspective in the following
sections. Appendix A is a brief summary of daily operations that can be used to place specific
activities into sequence.

Rig supervisors, provided by the engineering support contractor, directed well operations.
The engineering support contractor also provided a drilling office manager who (1) compiled,
edited, and distributed drilling plans and detailed procedures; (2) administered third-party
procurements, informal RFQs, rentals, shipping, and receiving; (3) maintained field cost estimates;
and (4) performed accounting and budgeting functions.

The rig was operated on an oil field day-work contract, and Big Chief provided an on-site
tool pusher on a 24-hour-per-day basis. The drilling staff (LANL and Lithos) received twice-daily
reports, made a daily on-site review of operations and plans, and provided on-site supervisory and
technical support for the more complex operations.

The Fenton Hill site staff, consisting of LANL technicians and contract staff provided by a
site support contractor, supplied support services: (1) fresh water and rig water supply; (2) pit
water treatment, flocculation, settling, and clarification; (3) drilling mud storage and disposal; (4)
on-site drill pipe and casing movements; (5) auxiliary pumping service; and (6) machine shop and
welding support.

A LANL logging team ran high-temperature noncommercial logs in EE-2A in support of
cementing and reservoir evaluation that included gamma-ray/temperature, gamma-ray/three-arm
caliper, and sonic televiewer. Table II is a complete list of wireline logging and completion
services, including commercial and LANL logs.

Routine services supporting rig operations included (1) drill pipe pickup/laydown and
casing services; (2) blowout preventer tests; (3) H,S safety services; (4) drill pipe, drill collar, and
casing inspection; (5) welding, machine shop, and fabrication; (6) trucking, hot shot, and motor
freight; and (7) premium thread casing makeup services.



TABLE II. SUMMARY OF LOGGING AND WIRELINE OPERATIONS ASSOCIATED WITH

THE REDRILL AND COMPLETION OF EE-2A

11/26/36
11/26/36
3/19/87
3/20/87
9/10/87
9/12/87
9/12/87
9/14/87
9/15/81
9/19/87
9/27/87
9/28/87
9/28/87
10/01/87
10/08/87
10/14/87
10/18/87
10/27/87
10/27/87
11/11/87
11/14/87
11/15/87
11/15/87
11/16/87
5/17/88
5/18/88
5/23/88
5/24/88
5/25/88
5/25/88
5/27/88
5/28/88
5/28/88
6/03/88
6/07/88
6/08/88
6/09/88
6/16/38
6/16/88
6/17/88

Depth Interval

Top-Bottom
 Date Description_of Log or Activity Companya (fp)
Casing profile caliper log Dia-Log 0-10,500
Casing minimum ID caliper log Dia-Log 0-10,600
Cement bond/gamma log OWP 6000-10,495
Casing inspection log OWP 100-10,495
Kuster slick line temp survey LANL 10,435
Perforate 9-5/8-in. casing 4 shots/ft OwP 10,221-10,225
Kauster slick line temp survey LANL 10,200
Kuster slick line temp survey LANL 9050-9875
Perforate 9-5/8-in. casing 4 shots/ft OowP 9546-9550
Spud sinker bars into section mill Big A 9688
3-arm caliper of milled section LANL 9600-9820
Temp/casing collar locator LANL 0-7000
Perforate 9-5/8-in. casing 4 shots/ft owp 9470-9476
Kauster slick line temp survey LANL 800-3500
Orient whipstock SDI 9685
Tempj/casing collar locator LANL 0-12,025
Gyro (single-shot verification) SDI 10,150
Fluid sampler LANL 10,700
Temperature LANL 0-10,907
Multishot at TD DIG 9600-12,360
Maximum casing ID Dia-Log 0-9650
Gamma/temp LANL 0-12,350
3-arm caliper LANL 9700-12,350
Gamma/temp LANL 9700-12,350
Gamma/3-arm caliper LANL 9600-12,294
Borehole acoustic televiewer LANL 0-10,000
Gamma/casing collar locator Welex 0-1200
Kuster slick line temp survey LANL 500-9350
Gamma/casing collar locator - locate RA frac balls Welex 0-2502
Perforate 9-5/8-in. casing 2 shots/ft LANL 885-889
Kauster slick line temp survey LANL 0-500
Cement bond log Welex 0-1000
Perforate 9-5/8-in. casing 4 shots/ft Welex 210-212
Kauster slick ling temp survey LANL 200-8600
Kauster slick line temp survey LANL 500-9000
Kuster slick line temp survey LANL 100-5000
Cement bond log/casing collar locator/gamma OowP 0-10,624
Kauster slick line temp survey LANL 9000-10,650
Temperature log LANL 0-12,187
Kauster slick line temp survey LANL 9000-10,600

aWireline/logging contractors used:

Big A Well Service, Farmington, New Mexico

Dia-Log Company, Odessa, Texas

DIG - Directional Investment Guidance, Inc., Midland, Texas
OWP - Oil Well Perforators, Casper, Wyoming

SDI - Scientific Drilling Int'l (AMF), Midland, Texas

Welex (a division of Halliburton), Farmington, New Mexico.




V. SIDETRACKING AND DRILLING

The production casing section was milled following the first three plug-back cementing
operations described in Section VII of this report. The milled section was plugged with sand and
cement, and the cementing of the production casing annulus above 1975 m (6480 ft) was
completed. The milled section was then drilled out and a packer-anchored whipstock (packstock)
was installed. Sidetracking proceeded, and the well was drilled from 2964-3767 m (9725-12,360
ft) with two reservoir production tests; one conducted at a drilled depth of 3356 m (11,009 ft) and
another at TD, 3767 m (12,360 ft).

A. Section Milling and Setting a Packer Whipstock

Four A-Z International section mills were used to cut an 18.3-m-long (60-ft) section from
2953-2972 m (9688-9748 ft). The production casing was not centralized at this depth, and we
believe this contributed to the intermittent rapid wear of the tungsten carbide(TC)/soft matrix
Zitco™ cutting wings. Cut-rite™, Zitco™, and other TC cutting materials wear rapidly during
contact with Fenton Hill gneiss or granodiorite.

Mill runs were also complicated by our inability to retract the knives at the end of the mill
runs. Reciprocation of the mills, spotting fresh water, high viscosity mud sweeps, and, in one
case, a sand line jarring assembly were used during attempts to retract the knives. Deficient
drilling fluid properties at the high bottom-hole temperature [the geothermal gradient temperature is
194°C (380°F) at this depth] provided inadequate cuttings removal and resulted in backflow when
circulation was stopped.

Both cuttings and backflow may have contributed to the difficulty in retracting the knives.
Some drill pipe was bent because of reciprocation with high rotary speeds while attempting to close
the cutting wings.

A sand plug was placed in and over the lower production casing (stub) below the milled
section; a hard cement plug was placed in the rest of the section and extended up 52 m (170 ft) into
the casing. After the cementing procedure at 1975 m (6480 ft) was completed, the cement in and
above the milled section was drilled out with a rock bit.

A "dummy" whipstock locator assembly was run but could not be worked through the
milled section, presumably because of the presence of a nest of steel cuttings. After a bit and
reamer run, the locator was rerun but failed to set properly on the lower casing stub. A final 1-ft
cut was made with the fifth section mill to dress off the stub. A final locator run successfully
tagged the stub. After the "dummy" was dismantled, the locator was made up between the packer
and the whipstock in the packstock assembly (Fig. 2).

The packstock was run on drill pipe, located on the lower casing stub, and oriented with
the face of the stock 0.785 rad (45°) left of the high side of the bore. A Scientific Drilling Int'l
(SDI) high-temperature-service 204°C (400°F) steering tool was used to orient the stock.
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244.5mm (9-5/8 in. 40 Ib/ft N-80 BUTTRESS)
OD PRODUCTION CASING

CASING CEMENTED IN 0.38 rad (22°)
INCLINED WELLBORE

DRILL PIPE
DRILL COLLARS
TOP OF CASING WINDOW

DEPTHS

Wireline Pipe Measurement

2953m
2966m

ORIENTING SUB

——— PACKSTOCK RUNNING TOOL
2964m

SHEAR PINS 180 kN {40,000 Ib)
RUBBER CONNECTING LINE

PRESSURE LINE TO WHIPSTOCK

CASING WHIPSTOCK 1 rad/km (2°/100 ft)
DESIGN

CEMENT PLUG PLACED AFTER SECTION
REMOVED AND DRILLED OUT WITH
2158mm (8.5 in.) BIT

’ !
2971m .' SPRING LOADED DOGS
2983m BOTTOM OF CASING WINDOW

----- CASING PACKER HYDRAULIC SET
A RUN IN OD 203mm (8 in.)

2969m

2974m GUIDE CENTRALIZER

310 TOP OF 5m SAND PLUG
m ON TOP OF RETAINER

Fig. 2. Production casing window, cement plug, and packstock configuration.

Sidetracking was accomplished with 2 limber drilling assemblies, BHA numbers 1 and 2 of the 22
bottom-hole drilling assemblies used in the drilling of EE-2 (14 rotary, 2 milling, and 6 drilling
motor assemblies) listed in Appendix B.

B. Drilling

The drill plan was based on the successful redrilling operation at well EE-3A in 1985. The
major features of the plan were (1) elimination of drill pipe twistoffs with large/diameter,
moderate-strength drill pipe; (2) accurate directional drilling and longer bit runs with carefully
designed BHA s and bit selection; and (3) higher penetration with good hole cleaning using a
sepiolite base drilling fluid.

1. Drill String. A 127.0-mm (5-in.) API premium or better drill string, including 2530 m
of 29.0-kg/m (8300 ft of 19.5-1b/ft) Grade E, 2500 m of 38.1-kg/m (8200 ft of 25.6-1b/ft) Grade
X-95, and 172 m of 74.4-kg/m (565 ft of 50-1b/ft) Grade E heavyweight drill pipe (all with NC 50
tool joints), was available for drill string design. Stronger, lightweight pipe was not used because
of its susceptibility to stress corrosion cracking (SCC).!3 The large-diameter pipe was used to
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keep bending stresses low and prevent fatigue failures in the high dogleg areas of EE-2 above the
kick-off point (KOP).

About 640 m of 29.0-kg/m (2100 ft of 19.5-1b/ft) drill pipe had rough hardbanding for
open-hole service and 378 m of 29.0-kg/m (1240 ft of 19.5-1b/ft) and 186 m of 38.1-kg/m (610 ft
of 26.5-1b/ft) pipe had smooth hardbanding, which was used in doglegs to minimize wear on the
already worn production casing.!* The drill string weight was kept as low as possible to minimize
the wear rate on the casing and yet keep 445-kN (100,000-1b) overpull capacity, based on 80%
tensile strength of new pipe. The drill string pipe order was rotated three stands (triples) within
each pipe grade on every trip to prevent concentration of wear and fatigue over a short part of the
drill string. Pipe-handling procedures and specifications are described in Appendix C.

2. Bottom-Hole Assemblies and Directional Drilling. The trajectory needed to reach the
selected drilling targets (Fig. 3) called for a slight left turn and angle-building assemblies to
separate the wellbores, followed by angle-holding assemblies in the middle region, followed by
dropping assemblies. It was hoped that only one motor run would be required, but the rotary
assemblies had a strong left-hand walk in the upper part of the well followed by a shift to right-
hand walk once the required right-hand turn had been completed.

The rotary assemblies used three-point and six-point roller reamers to (1) minimize reaming
off of bottom (and the resulting casing wear), (2) provide the required directional characteristics in
lieu of integral blade stabilizers that wear rapidly in crystalline rock, and (3) reduce the BHA wear
and hole drag by providing standoff for the drill collars.

A 171.5-mm (6-3/4-in.) OD, 6-m-long(20-ft) Drilex™ D675 positive displacement motor
(PDM) and 0.026 or 0.035 rad (1-1/2° or 2°) bent subs were used on all of the motor runs. The
drill plan called for a maximum dogleg severity of 1 rad/km (2°/100 ft),1% so the five successful
motor runs were staggered between rotary runs. Turn rate increased with penetration on the motor
runs and great care was needed to pull the assemblies before the maximum allowed dogleg was
exceeded. On two occasions the dogleg reached 2 rad/km (4°/100 ft) when motors were run 9-18
m (30-60 ft) too far.

One washout occurred in the drill collars. This was attributed to rotary bending and stress
fatigue in the connection in the higher than planned dogleg at 3155 m (10,352 ft). A replacement
string of collars was run. The drill collars and heavyweight drill pipe were inspected twice (trip
checked with black light). Each inspection found one cracked box.

Nonmagnetic collars were run on all drilling BHAs. Magnetic compass single-shot
surveys were run on every connection near the KOP and every second or third connection until the
rat hole was drilled below the reservoir. There, surveys were run every fourth connection. A
multishot gyro survey was run after drilling to 3093 m (10,149 ft) to assure that the azimuth
readings from the single shot were accurate. The multishot location was within 3.5 m (11-1/2 ft)

12



of the single-shot bottom-hole location. A magnetic multishot survey was run at TD and showed a
bottom-hole location within 5.5 m (18 ft) of the single-shot projection (Appendix D). EE-2A
penetrated the drilling targets selected based on microearthquake locations®-1° that also met the
target criteria of the DOE review panel, which had suggested that the wellbore should be within a
15.2-m (50-ft) radius of the open-hole wellbore of EE-2. Figures 3 and 4 show that all objectives
were achieved.

3. Bits. A bit, drilling, and fluid parameters record is shown in Appendix E. The two
primary bits used were the Hughes Tool Co. and Smith Tool Co. TC insert bits for hard abrasive
formations, IADC class 7-3-2, with roller bearings for air drilling. The air ports through the
bearings were plugged and jets were installed to optimize the drilling hydraulics.

Four journal-bearing insert bits were run for comparison purposes. These bits were IADC
class 7-3-7 with special gauge protection on one of the bits. They were one and one-half to two
times more expensive than the air bits. Although the bearings showed little to no wear, the cone
and insert structures were worn out with less total penetration than was obtained with the air bits.

4. Drilling Fluids and Hydraulics. A lightweight, low solids, fresh water sepiolite and
bentonite mud treated with lignite, caustic, and Torg-Eze™ was used for section milling and
drilling. Normal desired fluid properties were a mud density of 1040 kg/m? (8.7 Ib/gal), plastic
viscosity of 0.0025 Pa‘s (25 cp), yield point of 8.6 Pa (18 1b/100 ft?), and pH of 10+. Appendix
E lists typical fluid properties achieved during each bit run.

Experience on EE-3A had shown that the excellent hole cleaning achieved with a fairly high
viscosity mud significantly improved total penetration and drill rate with a rotary drilling assembly.
Bit jets were sized to maintain an annular velocity in excess of 0.760 m/s (150 ft/min), and bit
hydraulic power was usually maintained near the optimum. Hydraulics has been found to play
only a minor role in increasing instantaneous penetration rate. An overall drill rate of 29 m/day (95
ft/day) (Fig. 5) was achieved in the crystalline rocks with hole cleaning that extended bit runs and
reduced reaming time. As was the case during the EE-3A redrill, the wear on drilling assemblies
and the maintenance costs, as compared with previous drilling efforts at Fenton Hill,>* were
reduced, and fishing for parted strings was eliminated.

The relatively simple drilling fluid system became more difficult to maintain as the new
wellbore penetrated the Phase II reservoir. Flow from the reservoir was encouraged to protect it
from becoming plugged with drill cuttings and dehydrated mud. The first fractures penetrated near
the top of the reservoir were prolific producers that caused more severe dilution of the mud than
had been expected, and the high CO, concentration in the reservoir fluids required large caustic
treatments to keep the pH in the desired range (10-11). The treatments caused high gel strengths
and difficulty in degassing the mud.
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5. Drilling Results. Although minor problems occurred with directional drilling and
drilling fluids, the drilling was completed within budget and time estimates. A successful drilling
fluids program, described in the previous paragraphs, contributed to an overall average penetration
rate of 3.17 meters per hour (10.43 ft/hr) at an average cost of $618 per meter ($188/ft). Table IlI-
B in Section IX contains a comparison of costs and maximum, minimum, and average penetration
rates achieved during drilling off the whipstock, rotary drilling, and motor drilling. Figure 6
shows the time spent on various redrilling operations.

VI. WELL COMPLETION
A. Casing Stress Calculation

The well design is based on the successful liner installation deep in EE-2 and the principles
of geothermal well design presented by Nicholson,16 Dench,17 and Snyder.18 The 177.8-mm (7-
in.) OD casing wall thickness and grade were selected based on stress calculations for an open-hole
liner and tie-back casing to surface. A 177.8-mm (7-in.) OD, 52.1-kg/m (35-1b/ft ) C-90 VAM
(T&C premium connection) casing had been purchased in 1984 for a liner that was not run. It was
suitable for the open-hole liner. A 177.8-mm (7-in.) OD, 47.6-kg/m(32-1b/ft ) C-95 Nippon
NSCC (T&C premium connection) casing string was purchased for the tie-back casing based on a
specification that allowed several combinations of weights and grades to satisfy the calculated
maximum stress.

10/10/87 - 11/13/87

Other (1.7%)
Log/Test (6.4%)

Trip (39.6%)

Mud System (2.8%)

Survey (7.5%)

Ream (3.0%)

Drill (37.2%) Inspection (1.8%)

Fig. 6. Time distribution of EE-2A drilling.
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Both the liner and tie-back string were designed for high-pressure fracturing and injection
and production service.ll To achieve the flow rates desired between EE-3A and EE-2A, additional
stimulation of EE-2A may be needed. Stimulation of the well may require injection at pressures up
to 41 MPa (6000 psi) above hydrostatic and a bottom-hole cool-down to 32°C (90°F). During
production, a surface temperature of 221°C (43(0°F) at surface pressures ranging from 3.4 to 39.6
MPa (500 to 5750 psig) is projected. The higher pressure is a shut-in pressure with the well hot
and the reservoir acting as a closed system with full injection pressure, 34.5 MPa (5000 psig), on
EE-3A.

Additional comprehensive stress calculations were later run for the 177.8-mm (7-in.) OD
liner and tie-back casing and the uncemented production casing using a recently developed
computer code. The code was developed using the methods presented by Lubinski,!9 Lindsey,20
and Mitchell.2! It enabled numerous deviations from the planned procedure to be analyzed to
determine the casing stresses that would result. Three major conclusions resulted from the code
runs;

(1) A liner hanger on the top of the liner would not increase the calculated stress in the liner as
long as the liner was completely cemented. The liner hanger was used.

(2) The liner, if left uncemented or poorly cemented across the milled section in the production
casing, would develop high bending stresses under the assumed conditions. To prevent,
fallback of cement in the event of a float equipment and wiper plug failure, a 1980-kg/m
(16.5-1b/gal) drilling mud displacement was used to fill the liner as the cement was displaced
into the liner annulus.

(3) Tie-back and production casing stress calculations were made for a well configuration where
the cement top outside the 177.8-mm (7-in.) casing was set at 730 m (2400 ft) to match the
244.5-mm (9-5/8-in.) cement top obtained in the predrilling cementing (see Section VII-C).
The casing loads calculated for the 177.8-mm (7-in.) and the 244.5-mm (9-5/8-in.) OD
casings were acceptable, but the resulting loads that were transferred through the wellhead to
the intermediate and surface casings were too high. Unless it was assumed that compression
loads imposed by the production and tie-back casings during production were divided evenly
between the intermediate and surface casings, the 8-year-old surface casing could be exposed
to tension loads exceeding its new rated yield strength. Three ways to reduce the stress on
the surface casing were considered:

(@) The tie-back and production casings could be decoupled from the fully
cemented casings with a wellhead expansion spool.

(b) The production casing could be cemented from some reasonable depth above 520
m (1700 ft) to the surface and the tie-back casing could then be cemented to the
surface.

(c) The production casing could be cut off above 538 m (1766 ft), the upper casing
removed, the lower casing hung and packed-off to the intermediate casing with a
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casing patch-liner hanger-packer assembly, and the tie-back casing could then be
cemented to the surface.

A plan to build an annular plug on an existing screw-in sub in the production casing at 274
m (900 ft) was devised, and the production casing was cemented from the plug to the surface.
This is described in more detail in Section VII-E.
B. Liner Hardware
The 177.8-mm (7-in.) OD liner was installed and cemented with the hardware shown in
Fig. 7. The liner equipment was manufactured from AISI 4140 steel with a 550-MPa (80,000-psi)
minimum-yield-strength heat treatment. All pressure connections were VAM™ threads.
(1) Liner float shoe: a taper was cut in the inside of the bottom of a standard float shoe to
provide a wireline reentry bevel on the bottom of the liner after drillout. The antirotation

blades on a shoe were rounded off so that the shoe would traverse ledges in the hard
granite wellbore. Two all-metal dart type floats were specified.

(2) Landing collar: a standard aluminum insert collar was run two joints above the shoe to stop
and latch-in the liner-wiper plug following the cement.

(3) Liner: 380 m (1250 ft) of Algoma casing, 52.1 kg/m (35 1b/ft), grade S00-90, range III,
with VAM threads and beveled collars was run with 15 Turbulator'™ centralizers spaced
out to provide maximum centralization and facilitate rotation of the liner.

(4) Liner hanger: the acme thread and O-ring seal above the roller-bearing assembly in a
standard single-cone rotating/reciprocating liner hanger was replaced with a VAM
connection (with a metal-to-metal seal).

(5) Cementing polished bore receptacle (PBR): a full ID PBR was specified to mate to a high-
pressure and high-temperature seal unit on the liner setting tool.

(6) Liner-setting sleeve: a standard sleeve with a left-hand acme support thread and a 3-m-long
(10-ft) tie-back extension was run on top of the liner.

(7) Liner-setting tool: the setting tool with a M%?'glassTM seal unit spaced out to seal in the
PBR and a high-temperature service, Viton " liner-wiper plug shear-pinned to a short
tubing joint extending into the liner hanger was attached to the liner and pressure tested to
48 MPa (7000 psi).

Geothermal grade Kopr-Kotc:TM thread lubricant was used to make up the liner casing.
The attempt to rotate and cement the liner is described in Section VII-D.

C. Tie-Back Casing Hardware

A 2896-m-long (3500-ft) string of 177.8-mm (7-in.) OD, 47.6-kg/m (32-1b/ft ), C-95
NSCC casing was purchased to serve as the main string in the tie-back casing. NSCC, a
proprietary Nippon Steel casing connection, is a premium threaded and coupled buttress
connection with a metal-to-metal internal flank seal. Six joints of 177.8-mm (7-in.) OD, 52.1-
kg/m (35-1b/ft ), Algoma Soo-90 VAM casing were run on the bottom; four joints were run on top
of the tie-back casing to provide a stiffer, thicker wall casing in the critical, highly stressed regions.

18



DEPTH 555

LINER SETTING TOOL WITH
MOLYGLASS HIGH-PRESSURE
SEAL UNIT AND LINER WIPER

/ PLUG BELOW THE SETTING
2896m EE-2 WELLBORE' N\ TooL

244.5mm (9-5/8 in.) OD CASING; ]
TIE-BACK SLEEVE

127.0mm {5 in.) OD DRILL STRING —

POLISHED BORE RECEPTACLE
! ROTATING/RECIPROCATING
LINER HANGER
2953m ;

WHIPSTOCK N < > \1
i "\

u\.\_|< AN

!
:\ EE-2A REDRILL WELLBORE

< >
| 5 :'\CEMENTING (TURBOLATORS ™)
| ROTATING RIGID CENTRALIZERS

177.8mm (7 in.} LINER
i
>|

[3 ¢j—+— LANDING COLLAR FOR
! LINER WIPER PLUG

AN

3259m
10,692 ft

CIRCULATING PORTS

& / REENTRY GUIDE SHOE WITH

! DRILLABLE NOSE PLUG AND
FLOAT WITH BELL COLLAR FOR
' WIRELINE REENTRY

T
ottt T SAND PLUG

|
t
)
|
|
|
|
!
I
|

e e

3283m

Fig. 7. Liner cementing hardware.

The tie-back casing was installed and cemented-in with a single stage placement, as
described in Section VII-F. The following tie-back hardware was manufactured from AISI 4140
steel with a 550-MPa (80,000-psi) minimum-yield-strength heat treatment and proprietary Grade
C-95 tube stock with premium threaded connections as listed below.

(1) Tie-back stem: a 3.4-m-long (11-ft ) tie-back stem with three MolyglassTM (chevron style)
seal units was configured as shown on Fig. 8. The lower seal was intended to be a debris
seal to keep cement out of the tie-back sleeve during cementing. The middle seal was a test
seal that allowed a pressure test of the tie-back stem before cementing. The top seal was
the primary seal that would be activated by shearing the seal protector sleeve and stinging
fully into the tie-back sleeve after displacement of the cement.

(2) Landing collar: a standard aluminum insert collar was run two joints (Algoma VAM) above
the shoe to stop the liner-wiper plug following the cement to prevent overdisplacement.

(3) Crossover: a VAM pin by NSCC pin crossover pup joint was run four joints (Algoma
VAM) above the landing collar.
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(4) Casing: 2770 m (9100 ft) of Nippon Steel casing, 47.6 kg/m (32 Ib/ft ), Grade C-95,
range III, with NSCC threads and standard collars was run with 65 rigid centralizers

spaced out to provide maximum centralization.

(5) Crossover: a VAM pin by NSCC pin crossover pup joint was run below four joints of
Algoma VAM and a cementing crossover joint and cementing head on the rig floor.

The pressure test of the tie-back stem indicated that it was not stung-in. Steel line
measurements and casing string weight indications showed that a sting-in had occurred and, in
that case, the tie-back stem could be cemented and shut-in to prevent flow-back if the top seals did
not function. If a sting-in had not occurred, junk on top of the liner was the most likely
explanation. A collar locator log of the tie-back sleeve and stem and removal of the casing, if
necessary, to inspect the tie-back stem were ruled out because of predicted risks and limited

176.2mm (6-15/16 in.} OD mandrel

209.6mm (8-1/4 in.) OD

190.5mm (7-1/2in.) OD
Molygtass™ Chevron Seals

188.9mm (7-7/16 in.) OD

VAM pin for 177.8mm (7 in.) OD czasing

Top seal unit with seal protector sleeve
and shear pins for 130 kN (30,000 iby)
shear

Middle seal unit

4 each 19mm (3/4 in.) ports

Bottom seal unit

Guide shoe with aluminum nose

88.9mm (3.5 in.} 1D port

T through nose plug

Fig. 8. Tie-back stem.
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contingency funds. The tie-back casing was cemented through the tie-back stem. After
placement, the ports in the stem could not be isolated with a 667-kN (150,000-1b) reduction in
string weight to sting-in and set-down to shear the seal protector sleeve. The collar log on the
CBL confirmed that the stem was resting on top of the tie-back sleeve and was not stabbed-in
before cementing. Figure 9 shows the final bottom-hole well completion.

After cementing, the tie-back casing was pretensioned to the near optimum axial load to
equalize the anticipated thermal stress load during both high-temperature production and low-
temperature, high-pressure injection. Stress calculations discussed previously were used to
prepare the tensioning procedure. After an attempt to seal off the tie-back stem by shearing the
seal-protector sleeve, the string weight was increased to 890 kN (200,000 1b) while the cement at

Depths
445 444 )
| 177.8mm (7 in.) OD TIE-BACK CASING
TIE-BACK STEM
2896m TIE-BACK SLEEVE
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m )
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~L{__ TOP OF SAND/BARITE PLUG
3550m
EE-2 PLUG-BACK CEMENT
TOP OF SAND PLUG
-~
3660m
3767m ™

Fig. 9. Final EE-2A schematic of the lower wellbore configuration.
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the bottom of the casing was setting up. A slick line temperature survey was run, and final
calculations were made to determine the optimum tension for the casing. The casing was landed in
a new casing spool with 1450-kN (325,000-1b) tension.

A 179.4-mm (7-1/16-in.), API 10,000-psi (68.9-MPa), working pressure (WP) master
valve was installed over the 177.8-mm (7-in.) casing. The casing pack-off consisted of an Aflas
elastomer primary seal and an omega style, spring-energized, metallic, secondary seal contained in
the bottom of an API 10,000-psi (68.9-MPa), WP tubing spool with 52.4-mm (2-1/16-in.) side
outlets and valves. Figure 10 shows the final wellhead configuration.

1
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(2-1/16 in. AP1 10000)
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—
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assembly

et
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HT* primary pack-off
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O
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HT secondary pack-off
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*HT = Elastomer for 500°F service 177.8 mm (7 in.) OD
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Fig. 10. Final EE-2A wellhead assembly.
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VII. CEMENTING

Five cementing operations requiring seven batch-mixed slurries were conducted before EE-
2 was sidetracked. After drilling the sidetracked hole, four additional cement placements were
conducted during the installation of the open-hole liner and tie-back casing. Appendix F-1 lists the
cementing procedures.

The large number of planned procedures required that excellent communication between the
cementing service company, Dowell-Schlumberger (DS), and Los Alamos staff and consultants be
maintained throughout the planning, cement testing, and operations.22 Detailed procedures were
completed. Cooling and thermal recovery projections were run on the LANL wellbore heat
transfer (WBHT) code and the Geotemp2 code, developed by the Sandia National Laboratories.
Cement testing was conducted by DS based on the temperature projections and planned cement
placement times. Appendix F-2 summarizes the cement formulations; Appendix F-3 lists the
cement slurry properties and test results.

API Class H and G cements and 300 mesh silica flour were stored in reserved silos in
Farmington, New Mexico. Cement testing was conducted with samples from the reserved silos
and water from the Fenton Hill site domestic water well. Typically, a slurry batch mixing time of 2
to 3 hours and a thickening time of 3 to 4 hours were specified. Zero operating free water and no
particle segregation or channeling were also specified but not always achieved.

In the formulations that were tested for the predrilling cementing operations, free water was
excessive in the lightweight slurries using Class H cement and perlite. A formulation using a
California perlite (Perfalite™) and Class G cement was eventually developed with nil free water.
In the testing for tie-back casing 6 months later, a suitable Class H cement and Perfalite™
formulation was developed.

To maintain the strength of the cement during 220°C (430°F) production operations, 45%
silica flour was specified for high-strength cements and 35% silica flour for lightweight perlite
cements. These silica concentrations were intended to provide a CaO/SiO; ratio of one, which
should result in forming the best phases (xontolite, tobermorite, and calcium silicate hydrate) for
high-temperature strength maintenance.??

Before cementing, the well was cooled with circulation through or injection into the region
to be cemented. The cooling circulation rate and pressure were selected to suit the rig's pumps.
This freed the cementing contractor's pumps for batch mixing. The duration of cooling was
specified to achieve approximately 95% of maximum cool-down based on WBHT simulations.

Cement, silica flour, and gel (except for prehydrated gel) were weighed and blended in
Farmington and then transported to Fenton Hill. All soluble additives were carefully weighed and
added to the mix water at Fenton Hill. The slurries were normally mixed "heavy" and then thinned
with additional mix water to obtain the proper density.

23



Cementing procedures were conducted to keep dilution and contamination of the cement to
a minimum. Redundant pumping equipment and piping were rigged up to assure that cement
placement would be completed in the planned time. Displacement volumes were corrected for
thermal expansion? and shutdowns were specified to prevent overdisplacement of the cement if
wiper plugs failed to latch and seal.

CBLs with an amplitude, transit time, and microseismogram display were run following
the cementing procedures. Because the slurries were normally highly retarded, the bond logs were
usually run at least 10 days after the cementing. Collar-locator and gamma-ray correlation logs
were run simultaneously. Appendix F-4 summarizes the bond log results.

A._Plug Back of Damaged EE-2 Wellbore

Three cementing procedures had been planned to provide certainty, within budget
constraints, that the redrilled wellbore would be hydraulically isolated from the reservoir through
the damaged wellbore. The drill string, two Baker Service Tools (BST) Model "K-1"™ tubing set
cement retainers, and a BST Model "B" Retrievamatic Hurricane PlugTM packer were used for a
plug back and two annular cement placements.

Both the retainers and the packer used a proprietary ethylene/propylene/diene/methylene
(EPDM) elastomer packer element and O-rings and were set using drill pipe measurements. They
were set in cemented casing, where possible, based on a recent CBL. The retainers and packer
were tested with a 10-MPa (1500-psi) backside pressure test and operated with a 20-MPa (3000-
psi) drill pipe pressure limit with a 7-10-MPa (1000-1500-psi) backside pressure.

Oil Well Perforators made perforations using conventional 34-g 218°C (425°F) Harrison
charges in a 127-mm-diameter (5-in.) hollow-steel carrier perforating gun. There were no misruns
and all charges fired. Special effort was made to correct wireline depth measurement to drill pipe
measurements by tagging drill pipe set retainers with the perforating gun or by running collar
locator logs out of open-ended drill pipe near the planned perforating depth. Wireline depths
varied from 11 m (36 ft) to 6 m (19 ft) deeper than pipe measurements at 3178 m (10,428 ft) and
1928 m (6326 ft), respectively.

First, the damaged wellbore below 3204 m (10,512 ft) was plugged (procedure 1a in
Appendix F-1) with 5.25 m? (33 bbl) of cement slurry displaced to a retainer at 21 L/s (8 bb}/min)
and injected below the retainer with a decreasing rate (Fig. 11). The final displacement pressure
was 14.1 MPa (2040 psi) with an injection rate of 0.6-L/s (0.25-bbl/min).

Second, the cement placement in the production casing annulus through perforations at
3115-3117 m (10,220-10,224 ft) (procedure 1b in Appendix F-1) used two 5.6-m> (35-bbl)
slurries of cement displaced to a retainer at 14 L/s (5.4 bbl/min) (Fig. 12). The first slurry was
overdisplaced when it was certain that a high-pressure squeeze would not be achieved [injecting 2
L/s (0.75 bbl/min) at 13 MPa (1900 psi)]. The second slurry was displaced to the retainer and
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Fig. 11. Plug back of lower EE-2A wellbore.

injected into perforations at 0.6 L/s (0.25 bbl/min) and 15.2 MPa (2200 psi). The 11 m3 (70 bbl)
of cement pumped should have filled the void or unbonded annular volume shown on the most
recent CBL.

Following 24 hours of waiting on cement (WOC), a slick line temperature log was run in
an unsuccessful attempt to locate the top of the cement based on heat of hydration. A CBL
(amplitude display only) was then run and showed a transition from bonded to free casing from
2925-2980 m (9600-9780 ft). A later CBL run at the end of drilling showed a gap in the cement
from 2920-2960 m (9580-9710 ft). Apparently the earlier log run in poorly set cement was
improperly calibrated because of the assumption that the cement was set and had achieved moderate
strength.

Third, a 4-m3 (25-bbl) slurry of cement was displaced to the packer at 8.5 L/s (3.2
bbl/min) and injected into the perforations at 2910-2911 m (9546-9550 ft) (procedure 1c in
Appendix F-1) at 4.5 L/s (1.7 bbl/min) with pressure increasing from 16.9-17.2 MPa (2450-2500
psi) (Fig. 13). Following a 2-hour shut-in, the first attempt to bleed off the pressure and release
the packer resulted in flow back of cement. The well was finally bled off after a 7-hour shut-in.
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2812m 1984 INJECTION THROUGH
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0D PRODUCTION CASING
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Fig. 12. Cementing the production casing annulus at 3115 m.
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Fig. 13. Cementing the production casing annulus at 2910 m.
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The lightweight cement formulation for the next procedure was not ready because of the
excess free water in the formulations tested. The section for the whipstock in the production
casing was milled and then temporarily plugged with a hard cement plug while the lightweight
formulation was modified and tested in the laboratory.

B. Whipstock Plug
After milling an 18-m-long (60-ft) section in the production casing below 2953 m (9688

ft), a 20/40 mesh sand plug was placed in the casing below the milled section, extending 2 m (5 ft)
into the bottom of the section. A balanced plug placement through the drill string was used to fill
the top 17 m (55 ft) of the milled section, extending 50 m (170 ft) into the casing above the section
(procedure 2 in Appendix F-1). The cement plug was intended to prevent potential junk from
entering the milled section where the junk would be difficult to remove; i.e., any parts of the
drillable cement retainer to be used during cement placement above the milled section.

The plug was to be drilled out with a 215.9-mm-diameter (8-1/2-in.) bit just before the
whipstock was to be set, and the remaining plug in the 311-mm (12-1/4-in.) drilled diameter
section was intended to provide some support for the whipstock during sidetracking as shown on
Fig. 2.

C. Support of Production Casing during Drilling

As recommended by the outside review panel, a cement placement to fill the 244.5-mm (9-
5/8-in.) production casing annulus from the existing cement top at 1987 m (6520 ft) to the surface
was attempted. Unsuccessful attempts to seal off lost circulation zones from 520-730 m (1700-
2400 ft) during the original drilling of EE-2 had placed more than 25,000 sacks of cement in this
interval. A successful cementing campaign would probably require at least 6 cement placements
extending over 14 full-cost operating days. The estimated cost was $250,000 with no contingency
included or 12.5% addition to the total projected redrill and completion cost. This was
unacceptable, and the job planned was a best reasonable effort based on economic constraints.

Much of the casing was worn, based on earlier caliper and wall thickness logs run in
November 1986 and March 1987 (see Table II), and its calculated collapse resistance was low. A
cementing procedure was devised that allowed the cement to be pumped down the casing instead of
down the drill pipe and through a packer. The cement was displaced with 1138-kg/m> (9.5-1b/gal)
fresh water mud to provide an additional safety margin should a loss of well pressure occur when
the cement placement was completed (procedure 3 in Appendix F-1).

A modified Model "K-1" retainer with a check valve instead of the standard drill string
operated valve was set 40 m (125 ft) above casing perforations at 1972-1974 m (6470-6476 ft). It
was used as a string float to place and prevent back flow of the cement (Fig. 14). Equipment to
conduct the cement and wiper plugs through the blowout prevention equipment (BOPE) was
assembled as shown on Fig. 15. A top liner-wiper plug was shear-pinned to the bottom of two
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Fig. 14. Cementing the production casing annulus at 790-1975 m.
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Fig. 15. Surface hardware for cementing through blowout preventers.
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joints of drill pipe that were inserted through the BOPE. A plug-dropping (cementing) head was
installed on top of the drill pipe, and a drill pipe dart was loaded into the head. The head was
manifolded to the rig's mud pump manifold and to the cementing contractor's lines.

The well was cooled for 1 hour by circulating at 19.9 L/s (7.5 bbl/min) without returns. A
6.4 -m> (40-bbl) preflush slurry of 1260-kg/m> (10.5-1b/gal) pozzolan water was circulated during
cooling to clean the annulus and, hopefully, seal off the lost circulation zones. A cement slurry
consisting of 76.5 m> (481 bbl) of lightweight and 3.82 m® (24 bbl) of high-strength cement was
pumped and displaced with 75 m® (470 bbl) of mud. The slurry volume provided 3% excess
based on the calculated annular volume. The final pumping pressure was less than 1.4 MPa (200
psi), and there were no returns during the displacement. The casing was opened to atmosphere,
and the well was on a vacuum. A slick line temperature log run 23 hours after shutdown showed a
cement top at 730 m (2400 ft), and this was later confirmed on a CBL.

The 15.9 m> (100 bbl) of lead slurry was batch mixed; 60.5 m? (381 bbl) was mixed on the
fly and pumped into a 7.95-m> (50-bbl) batch mixer. The mixin g rate was approximately 15.9 L/s
(6 bbl/min), so an 8-minute residence time in the mixer was provided to even out the mixing
variations.

D. Cementing-in the Liner

Operations were suspended after drilling the sidetrack hole, EE-2A, to a TD of 3767 m
(12,360 ft) and evaluating the new production path to assure a good connection to the reservoir had
been reestablished. Additional funding was needed to purchase 177.8-mm (7-in.) OD casing for
the tie-back string recommended by the outside review panel. When operations resumed, the
open-hole gamma-ray/temperature, gamma-ray/three-arm caliper, and sonic televiewer logs were
run in the interval below the whipstock. The open hole was then filled with sand (see Appendix
G) to cover the production interval while an open-hole production liner was cemented-in from
3283-2896 m (10,770-9500 ft).

A 177.8-mm (7-in.) OD, 52.1-kg/m (35-Ib/ft), S00-90 VAM liner was designed as
described in Section VI-B (Fig. 7). The liner was run on the 127.0-mm (5-in.) OD drill string and
a liner-setting tool that allowed either rotation or reciprocation of the liner during cementing. The
liner was successfully rotated at a low torque (approximately the same torque needed to rotate the
drill string set at the same depth on an earlier torque measurement) when it was first hung off in the
production casing. After circulating through the liner and cooling the well at 22 L/s (8.5 bbl/min)
for 1 hour, a slick line temperature log was run to verify well temperature simulation runs.

Cooling was resumed for 4 hours based on the verified temperature simulation. A retarder
concentration of 0.6% was selected for the slurry, and batch mixing of the slurry was begun.

A second rotation check before cementing showed that the liner could not be turned at the
allowed torque limit. It was feared that the cooling had caused spallation of the borehole wall and
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formation of a bridge on the liner. The bridge, if substantial, could have also prevented
reciprocation of the liner and interfered with resetting of the liner hanger. An attempt to reciprocate
or rotate the liner during cementing was not made.

A 1.6-m° (10-bbl) pad of retarded water (leftover mix water) preceded the 8.7-m? (55-bbl)
cement slurry (procedure 4 in Appendix F-1). A drill pipe dart was dropped and followed by 0.08
m’ (1/2 bbl) of cement, which was the volume of cement in surface hard lines, and 0.12 m’ (3/4
bbl) of retarded water. The slurry was displaced with 6.4 m> (40 bbl) of 1990 kg/m3 (16.6 1b/gal)
mud followed by 22.9 m> (144 bbl) of water. The mud was almost enough volume to equalize the
pressure on the floats and the liner-wiper plug catcher. It thereby provided a backup for them to
prevent backflow of the cement when the drill string was released from the liner.

A calculated displacement volume of 30.7 m?> (193 bbl) and a density correction for the
projected temperature and pressure resulted in a theoretical displacement volume of 29.4 m> (185
bbl). A rapid pressure increase occurred after 28.5 m?> (179 bbl) of displacement. When the
displacement rate was reduced from 10.6-1.4 L/s (4-0.50 bbl/min), the pressure broke back and
then increased a second time. The displacement was shut down at 29.3 m3 (184 bbl) as the
pressure increased rapidly toward the pressure limit set by the procedure, 20.7 MPa (3000 psi).

When the drill pipe was vented back to check the floats, it was on a vacuum. It is assumed
that the pressure increases were the result of the previously mentioned spallation bridge being
circulated up into the milled section by the high-density cement. Pressure increases would have
occurred when the bridge hit the top of the milled section and the liner hanger. Displacement
volumes at the time of the increases support this explanation.

E. Surface Cementing in the Production Casing Annulus

It was necessary to cement the 244.5-mm (9-5/8-in.) OD casing to the surface to reduce the
potential loading on the 508-mm (20-in.) casing (see Section VI-A). Cost constraints precluded
another series of attempts to plug and fill the zones from 520-730 m (1700-2400 ft) using
conventional cementing. Review of unconventional cementing and applicable lost circulation
materials did not offer any nonexperimental method to seal this zone.

A method was devised to set an annular plug at 274 m (900 ft) in which a 298.5-mm (11-
3/4-in.) OD screw-in sub was located at 280 m (920 ft) (see Fig. 16). It had been installed when
the top 275 m (900 ft) of casing had been replaced during the 1984 workover. By dropping 19-
mm (3/4-in.) OD rubber ball perforation sealers down the 244.5-mm (9-5/8-in.) OD casing
annulus, a bridge was built up on the sub that was 28.6-mm (1-1/8-in.) larger diameter than the
casing collars. Balls tagged with an Ir-192 radioactive (RA) tracer were dropped and logged with a
gamma-ray detector to assure that most of the balls were falling all the way to the screw-in sub and
that none were getting past the sub. Over 600 ball sealers and 0.2 m® (5 gallons) of pea gravel
[enough to form a 0.45-m-long (18-in.) annular plug] were dropped over a 12-hour interval. Then
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Fig. 16. Final EE-2A schematic of the upper wellbore configuration.

0.6 m> (160 gallons) of pea gravel and 20/40 mesh "frac" sand were mixed into a 0.01-0.03-L/s
(3-10-bbl/min) stream of water, which was run into the annulus. At one point, gravel was added
too rapidly and appeared to bridge off high in the annulus. After pumping on the bridge, it
appeared to break when the pressure above the bridge was released. Additional RA ball sealers
were dropped and logged. Many of the frac balls were located at a depth of approximately 49 m
(160 ft). After perforating 10 m (30 ft) above the screw-in sub, an attempt to break circulation
above the perforations was successful, proving that a bridge had been formed on the screw-in sub.
Some of the bridges that formed above 280 m (920 ft) were broken up and circulated out.

A solid rubber wiper plug was pushed and located below the perforations with the drill
string. A liner wiper plug was installed using the same hardware and procedure that was used
during the previous cementing at 1975 m (6480 ft) (see Fig. 15).
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An 11.4-m? (71.5-bbl) slurry of high-strength cement was mixed and pumped down the
244.5-mm (9-5/8-in.) OD casing (procedure 5 in Appendix F-1). Just as the displacement started,
the cement slurry hit the perforations and the pressure increased to 7.6 MPa (1100 psi). The
pressure broke back, and the displacement was pumped at 6.6 L/s (2.5 bbl/min) until the slurry
reached a calculated depth of 40 m (130 ft) and the pressure rapidly increased to §.6 MPa (1250
psi), the maximum allowable pumping pressure. Several attempts to resume pumping and
complete the displacement were not successful. Consequently, the job was terminated with no
circulation of cement.

A CBL was run that showed a clean cement top at 65 m (215 ft). It was decided to
perforate the production casing at 64-65 m (210-212 ft) and cement the 244.5-mm (9-5/8-in.)
annulus during the same operation that the 177.8-mm (7-in.) OD casing annulus was cemented.

Both the perforations at 282 m (926 ft) and 65 m (212 ft) were made by Welex using
special shallow penetration 10-g Big Hole™ charges in a 79.4-mm-diameter (3-1/8-in.), hollow
steel carrier perforating gun. There were no misruns; all charges fired and there was no indication
that the charges penetrated the 339.7-mm (13-3/8-in.) OD or 508-mm (20-in.) OD casing.
F._Cementing-in the Tie-Back Casing

The drillout of the production casing, the cleanout of the top 335 m (1100 ft) of the liner,
and a fluted mill run to dress off the tie-back sleeve on top of the liner were completed before
running the tie-back casing.

A tie-back stem (Figs. 8 and 9) was run on bottom, and a cementing head was installed on
top of the tie-back casing. The tie-back stem did not sting in properly and the casing was cemented
with the tie-back stem tagging the top of the tie-back sleeve, which is described in more detail in
Section VI-C.

Breaking circulation through the tie-back casing at 40 L/s at 8.3 MPa (15 bbl/min at 1200
psi) revealed a leak in the cementing head. Two attempts to repair the leak were unsuccessful, and
the head was replaced. The second head also leaked but was successfully repaired. When cement
mixing preparations were completed, the tie-back string was circulated for 3 hours at 40 L/s (15
bbl/min) while batch mixing of the lead and tail slurries was completed.

A 1.4-m3 (9-bbl) pad of retarded water preceded the bottom plug. A shutdown was
required to insert the bottom plug into the casing and load the top plug into the cementing head. A
33.9-m> (213-bbl) lightweight lead slurry and the 15.9-m? (100-bbl) high-strength tail slurry were
pumped (procedure 6 in Appendix F-1).

Flow line returns were lost several times during the pumping of cement. To assure that the
tie-back stem was not closing and sealing off, the 177.8-mm (7-in.) OD casing was raised several
feet with the rig's casing elevators. Flow line retumns did not resume, but flow resumed later and
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was lost again. It is assumed that the cement outran the pumped slurry so far that it back-flowed
on the two occasions that flow ceased.

The cement slurry was injected into the tie-back casing. During a short shutdown, the top
plug was dropped and followed by 0.08 m3(1/2 bbl) of cement, which was the volume of cement
in surface hard lines, and 0.12 m? (3/4 bbl) of retarded water. The slurry was displaced with 1.6
m° (10 bbl) of retarded water followed by 36.7 m> (231 bbl) of water.

Cement was circulated out of the 177.8-mm (7-in.) OD by 244.5-mm (9-5/8-in.) OD (first)
casing annulus; shortly thereafter, cement was circulated out of the 244.5-mm (9-5/8-in.) OD by
339.7-mm (13-3/8-in.) OD (second) casing annulus through perforations in the production casing
at 64 m (210 ft) just as the planned displacement volume was reached (Fig. 16). The tie-back
casing was lowered and set down on the liner in an attempt to close and seal the tie-back stem to
the liner. Approximately 1.6 m?> (10 bbl) of water was then bled back, confirming that the tie-back
stem had not sealed off. The rig pumps were used to clear the perforations at 64 m (210 ft) and
circulate the first and second annuli through the perforations to clean out the lightweight, low-
strength cement.

G. High-Strength Cement for Top Annuli

The tie-back casing was tensioned as described in Section VI-C. As soon as this was
complete, a 4-m? (25-bbl) unretarded slurry was mixed and circulated through the perforations in
the production casing by pumping down the second annulus (Fig. 16). The cement became too
thick to pump just as the first cement returns were circulated. The cementing lines were removed
and cleaned with diluted cement recovered in the flow lines (procedure 7 in Appendix F-1).

H. Results of Cementing Operations

Cementing operations were very successful. The placement procedures provided
sufficient contingencies and flexibility to allow all jobs to be completed without any major
problems. Injection and production tests conducted in EE-2A have shown no evidence that the
plug back and isolation of the old wellbore were not accomplished. Bond logs showed that the
remedial cementing of the production casing and cementing of the liner and tie-back casing
achieved better placement and higher cement strength than had been predicted. These results are
summarized in Appendix F-4.

The attempted squeeze cementing of the production casing annulus below 2812 m (9225 ft)
left large voids between the well bonded annular plugs. The bond log showed some uncemented
casing below 2920 m (9580 ft) and between the upper squeeze at 2910 m (9546 ft) and the cement
placed in November 1984 at 2774 m (9100 ft) (Fig. 13). The voids are attributed to the difficulty
of squeezing low-permeability fractured rock. Natural joints or fractures have been opened
between 2865-3109 m (9400-10,200 ft), based on injection temperature logs following the
massive hydraulic fracture in 1983. It was assumed that even with three or four more squecze
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injections into the voids, the size of the voids would be significantly reduced but the voids would
not be eliminated. The financial constraints on the project precluded this undertaking.

The good bond obtained over most of both lightweight cement slurries is indicative of high
compressive strengths and little or no channeling. Poor centralization of the production casing and
the highly retarded, lightweight cement used on both the production and tie-back casing may have
contributed to the intermittent poor cement bond on the CBLs.

The bond log of the production casing showed a small void between the 1987-m (6520-ft)
top of the 1984 cement and the cement circulated in at 1974 m (6476 ft) (Fig.14). It also showed
two 6-m-long (20-ft) intervals of poor bond at 1608 m (5275 ft) and 1647 m (5405 ft) and a
cement top at 735 m (2410 ft). A 6-m? slurry of 1260-kg/m? (40 bbl of 10.5-1b/gal) pozzolan
water and over 31.8 m® (200 bbl) of cement was placed in the subhydrostatic aquifer at 735 m
(2410 ft), just above the top of the Precambrian rock.

The bond log of the tie-back casing showed minimal bond between 899-902 m (2950-2960
ft) and several regions between 381-1579 m (1250-5180 ft) where intermittent poor bond occurs
(Appendix F-4). It also showed two poorly defined cement tops from 389-259 m (1250-850 ft)
and from 49 m (160 ft) to the surface. Because cement was circulated on both of the cement jobs
(procedures 6a and 7 in Appendix F-1), the lower top is believed to be the top of the well set and
cured cement and the upper top is thought to lie under channeled and diluted cement, both having
insufficient strength to indicate any bond at the time the log was run.

The safety factors for retardation of the cement were based on several premature sets that
occurred in earlier cementing in wells EE-2 and EE-3A. The long set times that resulted probably
contributed to some separations and segregation of the cement. Staged cementing might have
significantly reduced separation problems, but the higher risks, costs, and additional requirement
for cement formulation testing exceeded our resources. Cement strength and bond strength will
probably increase with time. The cement voids, if they exist, should not cause future problems
based on stress calculations of the thick-wall, high-strength 177.8-mm (7-in.) casing.

VIII. RESERVOIR AND CASING EVALUATION

The reservoir evaluation and protection plan called for EE-3A to be pressurized and the
reservoir to be inflated to 15.2 MPa (2200 psi) above the hydrostatic pressure as EE-2 penetrated
the reservoir. As flow and CO, were detected by the mud loggers' flow monitoring equipment,
the top of the reservoir was located. When additional major flowing fractures were penetrated, the
mud log and geochemistry log located many of them by detecting changes in flow, pH, CO5, and
other ion concentration changes.

A 2-day logging and flow testing operation was conducted after the top 60 m (200 ft) of the
reservoir had been penetrated, so the upper reservoir, 3290-3550 m (10,800-11,000 ft), and the
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total reservoir, 3290-3675 m (10,800-12,050 ft), could be compared without high-cost and
higher-risk open-hole packer operations.!2 After drilling to 3356 m (11,009 ft), the drilling mud
was displaced with water and the drill pipe was removed. Temperature logs, a bottom-hole fluid
sampler, and flow tests were run over a 2-day interval. Drilling was resumed after displacing the
well with drilling mud.

EE-3A injection pressure was reduced several times as more fractures were intercepted to
achieve a balance between protection of the reservoir and dilution of drilling fluid and increased
drilling costs. By the end of the redrill, the EE-3A pressure had been reduced to less than 2.8 MPa
(400 psi) above hydrostatic.

More than 90 m (300 ft) of rat hole drilled below the lowest indication of reservoir flow
provided a large volume for rock spalls and sand fill below the producing interval.

After reaching TD at 3767 m (12,360 ft), the well was again displaced with water. A final
2-day logging and flow testing operation was conducted, including (1) a CBL of the production
casing, (2) a 64-arm maximum ID (wear measurement log of the production casing), (3) the
multishot magnetic directional survey, and (4) a short flow test of the entire producing interval.

The casing ID caliper log showed moderate wear of the casing over the entire length, but
the effort to protect the previous high wear areas with reduced string weights and smooth
hardbanded pipe was apparently successful. The lack of decomposed drill pipe rubbers and their
reinforcing straps contributed to an excellent wireline logging environment and to high quality
caliper logs on the first attempt. The steel straps and rubber had jammed the caliper tools and hung
up other logs during the EE-3A redrill.

A longer, more comprehensive production and tracer test was conducted in December that
included (1) temperature/gamma-ray logs, both background and RA tracer gamma ray; (2) a three-
arm caliper/ gamma-ray log, and (3) a 7-day flow test of the entire penetrated reservoir with a 6.6-
L/s, 20.7-MPa (2.5-bbl/min, 3000-psi) injection into EE-3A. Two RA bromine tracer injections
into EE-3A were conducted with surface monitoring of EE-2A for both tests and downhole RA
logging for the second test. Temperature and RA logs showed the same production interval that
the mud logs predicted. A well completion was subsequently designed based on a producing
interval from 3284-3673 m (10,775-12,050 ft) (Fig. 17).

After the completion of EE-2A with the installation of the 177.8-m (7-in.) OD liner and tie-
back string, a final production, injection, shut-in, and flow back testing sequence was run. This
assured before the drilling rig was released that the productivity of the open-hole wellbore below
the liner had not been damaged by the sand back or the cleanout of the sand placed to protect the
open hole during the cementing of the liner.

Two days before beginning the sand cleanout below the liner, injection into EE-3A was
initiated to increase the reservoir pressure to 6.9-13.8 MPa (1000-2000 ps1) above hydrostatic
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Fig. 17. Production temperature and gamma-ray (tracer) logs of EE-2A open hole below the production
casing window at 2953 m.

pressure. This caused flow into EE-2A as the sand in the open hole was penetrated and helped
keep sand out of the fractures. The production heated EE-2A during the cleanout and accelerated
the set of cement in the first annulus. Once cleanout was complete, EE-2A was vented, a slick line
temperature log was run, and the drill pipe was removed. A 10.3-MPa (1500-psi) pressurized
CBL was run while injecting approximately 1.3-2.6 L/s (0.50-1 bbl/min) into the EE-2A open-hole
bore. After flowing the well back, a cleanout run was made with the drill pipe in before the well
was shut-in for 2 days.

After tripping into the hole and laying down drill pipe, a flowing temperature log showed
that all production intervals detected before well completion (Fig. 17) were still productive. A 185-
m’ (1150-bbl) cool-water stimulation was conducted at a maximum rate of 40 L/s at 29.3 MPa (15
bbl/min at 4250 psi) injection pressure. Following a 9-hour shut-in, the pressure had declined to
3.3 MPa (480 psi). There was some concern that flow was leaving the wellbore between the tie-
back casing and liner. Consequently a short injection was conducted with the rig's pumps, and
slick line temperature logs were run with no conclusive evidence of a leak.

IX. OPERATING COSTS
A. Sidetracking and Redrilling
Itemized costs for all cementing, section milling, sidetracking, drilling, and reservoir

evaluation from September 8 to November 16, 1987, are summarized in Table III-A. The per-unit
costs shown in Table III-B reflect all expenses associated with drilling (drilling fluids, tubular
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TABLE ITII-A. SUMMARY OF OPERATIONAL COSTS FOR
CEMENTING, SIDETRACKING, AND DRILLING OF EE-2A
September 8, 1987, to November 16, 1987

Item Cost($)
Contract rig day rate (69-1/8 days) 436,300
Fuel 42,200
Drilling fluids 63,100
Cementing materials and service 120,500
Retainers and plugs 20,300
Section milling 21,400
Mud logging 58,000
Supervision 122,000
Drill bits 53,000
Reamers and stabilizers 27,200
Rentals:
Mud system 18,400
BOPE 14,000
Hj3S alarm system 4800
Downbhole tools (scrapers, mills, etc.) 4500
Other 4200
Directional drilling:
Supervision 22,100
Tools (motors, non-mag DCs, etc.) 20,500
Wireline 43,700
Logging and perforating 41,600
Transportation 25,100
Drill pipe pickup/laydown 6500
Inspection service 9000
Miscellaneous services 12,200
Miscellaneous purchases 21,100
TOTAL 1,211,700
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TABLE III-B. EE-2A DRILLING STATISTICS

Penetration Rate

Maximum

Minimum

Average

m/hr__(fthr) m/hr_ (fhr) m/hr (ft/hn)

Qverall

803 m (2635 ft) with 20 bits
Penetration rate 9.8
Penetration per bit ~ 97.5

Cost - $618/m ($188/ft)

Drill off Whipstock

12 m (40 ft) with 2 bits
Penetration rate 1.2
Penetration perbit 7.0

Cost - $2527/m ($770/ft)

Directional (Motor) Drillin

189 m (620 ft) with 6 bits
Penetration rate 9.8
Penetration per bit ~ 64.3

Cost - $639/m ($195/ft)

Rotary Drilling

602 m (1975 ft) with 12 bits
Penetration rate 8.8
Penetration per bit ~ 97.5

Cost - $531/m ($162/ft)

(32)
(320)

(4)
(23)

(32)
211)

(29)
(320)

0.6 (2
0.3 (1)
0.6 (2
5.2 (17)
1.8 (6)
03 (1
1.8 (6)
LS (5)

3.17 (10.43)
40.16 (131.75)

0.87
6.10

(2.86)
(20.00)

3.81 (12.50)
31.51 (103.37)

3.19 (10.45)
50.25 (164.85)
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TABLE IV. COST SUMMARY OF OPERATIONS AND HARDWARE
FOR EE-2A COMPLETION
May 16, 1988, to June 17, 1988

Item Cost($)
Contract rig day rate (31-1/2 days) 187,100
Fuel 15,100
Cementing materials and service 97,900
Retainers and plugs 9400
Supervision2 41,500
Drilling fluids 4300
Drill bits and mills 2500
Liner and tie-back casingb 285,500
Premium thread service 3800
Liner and tie-back hardwareb 31,100
Wellhead equipment and service 56,900
Rentals:
Drill string/handling tools 12,700
BOPE 8400
H3S alarm system 2800
Other 4200
Commercial logging and perforating® 26,100
Transportation 10,800
Pickup/laydown service 20,500
Miscellaneous services 10,700
Miscellaneous purchases 4600
TOTAL 835,900

AContract supervision only; no LANL costs are included.

bActual cost was lower than what is shown. Surplus 177.8-m (7-in.) casing, liner
hardware, and centralizers from a previous campaign were used in the string. Costs
shown include an estimated value of surplus materials.

CNo LANL logging costs are included.
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inspections, mud logging, and the rig operation base rate, which includes all supervision, rentals,
fuel, etc.). Not included in the rotary and directional drilling costs are two runs associated with
suspected junk in the hole where no actual penetration was made. This "trouble” cost is, however,
reflected in the overall cost per meter (ft).
B. Completion Costs

An itemized breakdown of completion costs in Table IV indicates what actual costs could
realistically be expected for a deep hot dry rock completion. Actual costs were slightly lower in the
completion of EE-2A because of surplus equipment that was used.

X. CONCLUSIONS

The EE-2 plug back and repair of EE-2 and the drilling and completion of EE-2A were
completed on schedule and within the optimum cost estimates using primarily standard oil field
services and high-temperature-rated equipment. This demonstration and previous EE-3A drilling
results show that HDR drilling should no longer be viewed as high risk and overly difficult. With
good planning, sufficient lead time to order the proper equipment, and most importantly, excellent
rig supervision to assure careful judgments and adjustments to changed conditions, a drilling
project in a difficult drilling environment similar to Fenton Hill can be undertaken with moderate
risk. However, further research, development, and tests of HDR well technology are suggested.
Accomplishments and needs are listed below.

1. Eleven cement slurries were placed without any serious disruptions. Bonding was better than
expected, but remedial cementing in the fractured reservoir was just as difficult as cementing in
naturally fractured oil field rocks. Cementing procedures were necessarily complicated and
involved a great deal of planning. WBHT code runs, numerous laboratory tests, and several
field planning meetings were required. This effort would not be practical in many commercial
ventures. Sufficient retarding of the cement for safe placement resulted in long WOC times and
a misleading CBL for perforating, and it precluded completion of the cementing work as
planned. Improved retarders with more time dependence and less temperature dependence are
needed to simplify high-temperature cementing.

2. Packer, retainer, and perforating operations were nearly perfect, but problems can be expected
in the future if temperatures exceed 260°C (500°F).

3. Section milling to cut the 12.3-m (60-ft ) segment of the production casing was difficult and
risky. A redesigned mill modified specifically for crystalline rock and high-temperature drilling
fluids might reduce the risk.

4. The drilling itself was the least risky operation. Available drilling fluids, BHA equipment, and
bits are suitable for the Fenton Hill environment. Development of a journal-bearing bit with a
cutting structure similar to that of a mining bit would extend bit life. Temperatures above
260°C (500°F) would probably cause problems with the drilling motors, drilling fluids, and
directional survey and steering tools. Much of the difficulty with the well trajectory, such as
higher than planned dogleg severity and unexpected azimuth drift, should be overcome with
additional experience in this drilling environment.
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5. Reservoir evaluation was less expensive and the results more meaningful than in any previous
drilling campaign, partially because of developments in microseismic studies. Improvement of
the caliper log and completion of the high-temperature, high-resolution televiewer are needed
for future HDR evaluation.

6. The well completion in EE-2A represented a consensus of both hydrothermal and HDR
technology. A reasonable attempt, given the economic constraints, was made to prevent
additional failures in the underdesigned 244.5-mm (9-5/8-in.) casing. Perhaps this effort will
prove successful, but it is premature to make that claim at this time.

7. Hydrothermal completion technology offers no solution to the two major HDR well completion
problems: a) how to provide for multiple-completion, high-pressure zone isolation for
reservoir stimulation and for long-term injection in a high-temperature crystalline rock at an
acceptable cost and risk and b) how to prevent unacceptable loss of reservoir fluids around
cemented-in casings and liners? Should the role of the two Phase II wells, EE-2A and EE-3A,
be reversed, the present completion will not allow multiple-zone isolation nor backside
monitoring that might be desired in an injection well. It is yet to be verified that the problem of
flow bypass around cemented-in liners has been solved by total cementing of casings and
liners. Possibly the problem is only removed from view.
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APPENDIX A
SUMMARY OF DAILY OPERATIONS

REMEDIAL CEMENTING, SIDETRACK. REDRILL, AND COMPLETION OF EE-2A

Abbreviations:

bbl - barrel (42 gallons) OWP - Oil Well Perforators
BHA - bottom-hole assembly perf - perforate
BOPE - blowout prevention perfs - perforations
equipment POH - pull (drill pipe) out of hole
bbl/min- barrels per minute RA - radioactive
BPV - back pressure valve TD - total depth
CBL - cement bond log TIH - trip (drill pipe) in hole
CCL - casing collar log WOC - wait on cement (to set)

circ - circulate

Date Operations

09/08/87 Change out rams and test BOPE.

09/09/87 Pick up 5-in. drill string, 8-1/2-in. bit, and (9-5/8-in.) casing scraper.

09/11/87 Set Baker 9-5/8-in. K-1 cement retainer at 10,428 ft, inject into formation to
cool well.

09/12/87 Pump 33 bbl cement and displace thru retainer to plug off lower wellbore. pull
out of retainer and circ, test casing to 1500 psi - leaked off to 1000 psi in 45
seconds, perf 10,221-10,225 ft, pump thru perfs and run temp tools.

09/13/87 Set Baker K-1 retainer at 9889 ft. inject into formation w/rig pumps to cool well
and establish rate. pump 36 bbl cement and displace thru perfs to plug off lower
casing annulus, no squeeze. pump into formation, attempt second squeeze w/38
bbl cement, pull out of retainer and circ.

09/14/87 Build volume and condition mud, run Kuster temp survey to predict cement setup
time.

09/15/87 Build mud system. run CBL. perf 9546-9550 ft, set Baker Retrievamatic
cementer at 9166 ft. inject into formation to cool well and establish rate.

09/16/87 Pump 25 bbl cement and displace to fill void behind 9-5/8 in. casing, hold
pressure to allow cement (o set, POH w/packer.

09/17/87 Drill out cement to 9889 {t. displace drilling mud into hole.

09/18/87 Begin section milling, mill #1 - 9688-9697 ft, circ hole clean. attempt to POH -

cutter arms not retracted, circ high vis sweep and attempt to close cutter arms.
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APPENDIX A (cont)

Date Operations

09/19/87 Continue circ and work mill cutter arms. mill 9697-9699 ft. work cutter arms. set
slips on drill pipe in spider on annular preventer. break off kelly, run sinker bars
on wireline - ram into piston in section mill to retract cutter arms, POH.

09/20/87 Run section mill #2. attempt to break circ - pipe plugged, found mill plugged
w/iron, make 8-1/2-in. bit run to retainer at 9889 ft.

09/21/87 Complete bit run, run section mill run #2, mill 9700-9706 ft.

09/22/87 Mill #2 - 9706-9735 ft. attempt to close cutter arms, circ.

09/23/87 Circ and work cutter arms closed. POH.

09/24/87 Mill #3 - 9735-9746 ft. work cutter arms closed.

09/25/87 Run mill #4, re-mill 9739-9746 ft. mill to 9747 ft, make 8-1/2-in. bit run.

09/26/87 Could not work bit past 9755 ft. make junk mill and basket run, drill and wash
out 9755-9885 ft.

09/27/87 Displace mud from hole w/water and store, run LANL 3-arm caliper log through
window, TIH open ended, rig up cementers and circ to cool well.

09/28/87 Circ. sand bhack to 9717 ft, wash out sand to 9742 ft. pump 17.4 bbl cement top
plug and displace. POH 6 stands. drop wiper plug and circ. POH to 6300 ft. run
LANL CCL. TIH to 7100 ft, place high vis pill below 6475 ft. POH. perf 6470-
6476 ft, attempt to circ thru perfs - no flow from annulus, TIH w/9-5/8-in.
casing scraper.

09/29/87 Make bit and casing scraper run to 6420 ft, set K-1 retainer at 6326 ft, POH
w/setting tool, rig up cementers, pump 900 bbl water thru perfs to cool well,
pump 481 bbl lightweight cement and 24 bbl tail slurry and displace volume of
cement pumped to fill 9-5/8-in. x 13-3/8-in. annulus to surface.

09/30/87 Rig down cementers and WOC., test BOPE.

10/01/87 Run Kuster temp survey and WOC. make 8-1/2-in. bit run to top of cement at
6326 ft, pressure test casing to 1500 psi - no leak off, drill out cement and
retainer to 6351 ft.

10/02/87 Drill out retainer. TIH to cement top at 9520 ft, displace water w/mud. circ,
pressure test casing to 1500 psi - leaked to 1450 psi in 10 min, drill out cement
to 9718 ft.

10/03/87 Drill out cement to 9748 ft. wash out sand to 9875 ft, circ and condition mud,

make bit and casing scraper run to 9660 ft.
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APPENDIX A (cont)

Date Operations
10/04/87 Run locator sub and dummy packstock - could not work past 9688 ft, TIH w/bit
and roller reamers.
10/05/87 Ream 9631-9768 ft, run locator sub and dummy packstock, could not locate
casing stub.
10/06/87 Modify dogs on locator sub. run locator sub and dummy packstock - could not

locate casing stub. run section mill #5, ream 9737-9747 ft, mill 9747-9748 ft,
circ and work cutter arms in.

10/07/87 Run locator sub and dummy packstock, locate on top of casing stub, run
whipstock/packstock assembly.
10/08/87 Orient and set whipstock, make bit run w/BHA #1.
Depth Footage Redrilling

Date (fv) Drilled Operations
10/09/87 9725-9727 2 Start to drill off whipstock.
10/10/87 9727-9754 27 Drill off whipstock, survey, run BHA #2.
10/11/87 9754-9779 25 Drill to 9765 ft, survey, repair rig, drill ahead.
10/12/87 9779-9835 56  Drill to 9804 ft, survey, drill to 9735 ft, survey, run

BHA #3.

10/13/87 9835-9924 89  Ream 9690-9835 ft, drill to 9892 ft. survey, drill to 9924

ft, survey twice, run drilling motor #1.

10/14/87 9924-9946 22  Orient motor w/steering tool. drill to 9946 ft. bit stuck.
work free, POH. inspect drilling tools and found cracked
box on drill collar.

10/15/87 9946-9960 14 Run BHA #4. ream 9727-9951 ft, make 5-ft-depth
correction, survey twice.

10/16/87 9960-10,051 91 Run drilling motor #2, orient w/steering tool, and drill
ahead.

10/17/87 10,051-10,149 98  Run BHA #5. ream 9954-10.051 ft. drill to 10,055 ft,
survey, drill to 10,118 ft, survey, drill ahead.

10/18/87 10,149-10,151 2 Survey, POH to 9014 ft, pump-in test held 1650 psi,
TiH. circ and condition mud, run drilling motor #3, drill
ahead.

10/19/87 10,151-10,151 0  Motor stalling. bit markings showed junk in hole, run

gyro survey, make junk mill run.
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APPENDIX A (cont)

Depth Footage Redrilling
Date (ft) Drilled Operations

10/20/87 10.151-10,281 130  Run drilling motor #4, orient and drill ahead.

10/21/87 10,281-10,358 77 Drill to 10,358 ft w/motor, run BHA #6, ream 10.151-
10.164 ft.

10/22/87 10,358-10,478 120 Ream to bottom. survey twice. drill to 10.415 ft. survey,
drill to 10.478 ft, survey, POH to 9268 ft, pump-in test
held 1420 psi.

10/23/87 10,478-10,620 142 Run drilling motor #5, orient and drill ahead.

10/24/87 10,620-10,689 69 Drill w/motor to 10,689 ft, run BHA #7.

10/25/87 10.689-10.821 132 Ream 10.450-10.689 ft. drill to 10.716 ft, survey twice,
drill to 10,811 ft, survey, drill ahead.

10/26/87 10,821-11.009 188 Drill to 10.904 ft. survey, drill to 11,009 ft, survey,
clean mud system.

10/27/87 11,009-11,009 0  Displace hole w/water. POH, repair rig, shut in and
monitor pressure buildup. inject and flow well, run fluid
sampler and LANL temp log.

10/28/87 11,009-11,009 0  Inject 1.5 bbl/min @ 1700 psi while logging, vent down
well, run BHA #8, displace hole with mud.

10/29/87 11,009-11.014 5 Circ and condition mud. ream 10.841-11.009 ft.
apparent junk in hole. pump high vis pill and fiber
sweep. bit showed no iron marks.

10/30/87 11,014-11,039 25 Run BHA #9, drill to 11.021 ft. circ and condition mud,
drill to 11.029 ft, pump pressure drop (bit washout), ran
BHA #10, drill ahead.

10/31/87 11,039-11,257 218 Drill 1o 11.103 ft, survey, drilt to 11,198 ft, survey, drill
to 11.257 ft.

11/01/87 11,257-11,296 39 Drill to 11.292 ft. survey, run BHA #11, ream 11,147-
11,292 ft, drill ahead.

11/02/87 11,296-11,409 113 Drill to 11,342 ft, survey, drill to 11,405 ft, survey, drill
ahead.

11/03/87 11,409-11,455 46  Run drilling motor #6. drill ahead.

11/04/87 11.455-11,497 42 Drill ahead, run BHA #12.
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APPENDIX A (cont)

Depth Footage Redrilling
Date (f) Drilled Operations
11/05/87 11,497-11,661 164  Ream 11.460-11.495 ft. survey, drill to 11.557 ft,
survey, drill to 11,652 ft, survey, drill ahead.
11/06/87 11,661-11,715 54 Repair swivel, run BHA #13, drill ahead.
11/07/87 11,715-11.886 171 Drill to 11.728 ft. survey, drill to 11,790 ft, survey, drill
1o 11,886 ft. survey.
11/08/87 11,886-11,936 50 Drill ahead. inspect drilling tools, run BHA #14.
11/09/87 11,936-12,014 78  Ream 11,919-11,936 ft, drill to 11,996 ft, survey, drill
ahead.
11/10/87 12.014-12,161 147 Drill to 12.129 ft, survey, drill ahead.
11/11/87 12,161-12,360 199 Run BHA #15. drill to 12,259 ft, survey, drill to TD,
drop multishot survey.
11/12/87 12,360 0  Run bit. pipe plugged, POH and unplug, displace mud
from hole and circ.
Completion
Date Operations
11/13/87 Run bit and casing scraper to 9660 ft, install corrosion inhibitor, lay down drill
pipe.
11/14/87 Finish laying down drill pipe. store mud and clean pits, run max casing ID log to
9650 ft, set bridge plug and remove BOPE.
11/15/87 Install master valve. remove bridge plug and install lubricator, run LANL
gamma/temp and 3-arm caliper logs.
11/16/87 Complete logs, furlough rig till 5/16/88.
05/16/88 Activate rig, run LANL gamma/temp log.
05/17/88 Run LANL gamma/caliper log.
05/18/88 Run LANL acoustic televiewer. set bridge plug, install new 9-5/8-in. casing
spool, install BOPE.
05/19/88 Retrieve bridge plug, test BOPE, pick up 3-1/2-in. drill pipe and stand back.
05/20/88

Pick up 8-1/2-in. bit and 5-in. drill pipe.
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Date

APPENDIX A (cont)

Compiletion
Operations

05/21/88

05/22/88
05/23/88

05/24/88

05/25/88

05/26/88

05/27/88

05/28/88

05/29/88

05/30/88
05/31/88
06/01/88

06/02/88

06/03/88

06/04/88
06/05/88

Circ and wash to 12.356 ft. TIH w/1500 ft open-ended 3-1/2-in. drill pipe on 5-
in drill pipe, tag bottom and circ.

Sand back to 10,740 ft. wash out sand to 10,775 ft.

Pick up and run 1250 ft 7-in. 35 #/ft VAM C-90 casing and liner assy, drop RA
frac balls in 9-5/8 x 13-3/8-in. casing annulus and locate with Welex gamma log.

Run Kuster temp survey. circ and record cooldown, hang liner w/bottom at
10.770 ft, circ to cool well. pump 50 bbl cement and displace behind liner. POH
w/setting tool. plug 9-5/8 x 13-3/8-in. annulus w/frac balls and gravel, make 8-
1/2-in. bit run.

Drill cement 9269-9299 ft. build bridge in casing annulus w/gravel and sepiolite,
drop RA frac balls and locate with Welex gamma log, perf 9-5/8-in. casing 885-
889 ft, circ thru perfs. pressure test annular bridge to 500 psi.

Make 8-1/2-in. bit run. wash and drill 9269-9499 ft, push 9-5/8-in. wiper plug to
900 ft, pump 70 bbl cement and displace into 9-5/8 x 13-3/8-in. annulus thru
perfs - pressure up before complete displacement, shut in, WOC.

Make 8-1/2-in. bit run. drill cement 522-523 ft. run Kuster termnp survey to locate
cement top, run 8-1/2-in. bit and drill thru cement 523-920 ft.

Tag liner top at 9499 ft and circ, run Welex CBL. perf 9-5/8-in. casing 210-212
ft, circ thru perfs, make 5-3/4-in. bit run and drill out liner.

Clean out liner to 10,608 ft. run 9-5/8-in. casing scraper to liner top, lay down
5-in. drill pipe.

Pick up fluted mill and 3-1/2-in. drill pipe.
Mill out tie-back receptacle, remove 11-in. BOPE.

Pick up tie-back stem and run 7-in. 32 #/ft NSCC C-95 casing tie back, attempt
to sting into tie-back receptacle.

Circ to cool well. pump 223 bbl lightweight cement and 100 bbl tail slurry,
displace to cement in tie back. pump water down 9-5/8 x 13-3/8-in. annulus thru
perfs at 212 ft and up 7-in. annulus, WOC.

Pump thru perfs, run Kuster temp survey to measure buildup. cement 9-5/8 x 13-
3/8-in. and 7 x 9-5/8-in. annuli w/17 bbl slurry, install and test 7-in. BOPE.

Make 5-3/4-in. bit run, drill out cement to 9407 ft.

Pick up new bit and drill out to 9530 ft, pressure test tie-back seal to 4000 psi,
drill out cement to 10.749 ft.
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APPENDIX A (cont)

Completion
Date Operations

06/06/88 Drill out shoe w/5-3/4-in. flat bottom mill. pressure test liner to 2500 psi, drill
out cement to 10.812 ft. wash out sand to 11.592 ft.

06/07/88 Wash out sand to 12.360 ft. circ hole clean, run Kuster temp survey.

06/08/88 Pump into EE-3A with rig pumps to develop flow in EE-2A to increase temp and
set cement, run Kuster temp survey, make 5-3/4-in. bit run. tag ledge at 12,186
ft, circ reservoir to heat well.

06/09/88 Run OWP CBL/gamma log, run 5-3/4-in. mill - plugged, POH.

06/10/88 Run 5-3/4-in. mill to TD and circ hole clean.

06/11/88 Clean pits, release rig to standby secured status.

06/13/88 Reactivate rig, run 5-3/4-in. bit to TD and circ.

06/14/88 Lay down 3-1/2-in. drill pipe. run LANL temp log, set bridge plug, remove
BOPE.

06/15/88 Replace 7-in. casing spool. install BOPE, retrieve bridge plug, set BPV. remove
BOPE. install frac valves. retrieve BPV, pump 1160 bbl water at up to 4120 psi
at 12 bbl/min with BJ Titan.

06/16/88 Run Kuster temp survey. set BPV, install 7-in. BOPE, retrieve BPV, run LANL
temp log.

06/17/88 Pump 373 bbl water into formation w/rig pumps, run Kuster temp survey,

remove BOPE, release rig for demobilization.

51



*(0L%) damB cut-¢ sal g1 “‘(£°7) OX “(89€) SO *ul-4/1-9 ®3 €1 “(/°G) WH

*Arquasse id ¢ ‘(8°87) 2@ “ur-%/1-9 ‘(9°g) Wy 3d 9 ‘(1°87) 2@ “ur-%/1-9 ‘(6°0€F)
PTING 1Y317S G°97 OQHN ‘ut-%/1-9 ‘(g°G) Wy 3d ¢ “(Z°1) I1e0TI/A qns 11q ‘(8°Q) (¥ 3Td 66 OGI‘OT 8

*PIINQ IY3ITS *(0LY) damH -ut-G sil 61 “(£°Z) 0X ‘(GZY) so@ *ul-%/1-9 ®2 GI

pue uoT1d>31109 ‘(6°0€) OOHN "ut-Zz/1-9 ®@ 1 “(£°7) O0X ‘(0°7) qns uoriejudrao ‘(z°1)

Loal
(&)
=
n
«Q
()
=t
r~

yin@rzy 0°GT QNS 1u3q ,z/T-T ‘(Z°T) qns 1eoT3 ‘(8-0z) 103om X3TTI@ ‘(R8°0) 9% 11

*(0Ly) damH -ur—¢ sal 6T “(L£°7) OX ‘(L6E) sIa *ur-g8/1-9 © 41 ‘(L°G)
g 3d ¢ ‘(1°82) o0 "ur-8/1-9 ‘(9°8) W4 14 9 ‘(6°0€) IQHN "UI-4/1-9
*A1quasse pIoH (°Gl ‘ojerd a133eq ‘(8°G) WY 3d ¢ “‘(Z'T) 1e0TI/A qns 11q ‘(8°0) GII} 31d #T 0966 9

*(0LY) damH -ut-g sil g1 “(£°Z) OX ‘(I%E) sog ‘ur-%/1-9 ®2 T
*9913 payaon ‘(6°0€) OORN °ut-z/1-9 ® 1 “(L°7) OX ‘(0'7) qns uoriejudtio ‘(g 1)
- w03l10q U0 YINIS§ (°Gl qns 1udq ,Z/T-T ‘(Z°1) qns 1eo(3 ‘(8°0g) Iolow x3dTTIg ‘(8°0) G# 114 TTZ 9%66 S

*(0L%) damH °ut-G sal o1 “(£°Z) 0X ‘(99€) sog *ur-%/1-9 ©d ¢I

*A1quasse ‘(9'8) Wy ¥ 9 “‘(£°8Z) 2a “ur-%/1-9 ‘(6°0E) JOQAN "uI-%/1-9
PTING 1Y31TS 8°'¥I ‘arerd ar33eq ‘(g°y) W4 3d ¢ ‘(Z°1) 3eOTI/A qus 11q “‘(8°0) v# ITd 68 %T66 Y
*(0Ly) damH ‘ut-G sal ¢1 “(£°2) OX “(99¢) soQ ‘ul-%/1-9 ®d €T
*A1quasse ‘(9°8) w9 3d 9 ‘(£°8Z) 04 ‘UT-%/1-9 ‘(6°0E) OQHN "UI-%/1-9
PTINQ IY317S G €1 “(1°6) wyg 2d ¢ ‘(z°1) 120T3I/A qns 11q “(8°0) €4 31d O/ GE86 €
*y¥d03sd1ys Lq TrLaIp *(LL8) damm cut-g saf g1 “(2°2) oX “(%.1) sod
01 A1quasse ‘rut-4/1-9 ®@ 9 ‘(9°Z) 0X ‘(v¥°€9) dd G6-X 33/# 09°Gz "ur-g sif g
PIING HT1S G°El ‘(8°1) 0X ‘(6°¢) SEI ‘(0°v) eOTI/A qns 11q ‘(8°0) Z# 319 €T G9.6 4
*(LL€) 4QMH °uUl-¢G
*yo03sd1ysa 3yo TTTap sal z1 “(L°2) OX ‘(%L1) SO@ "ur-%/1-9 ® 9 ‘(9°Z) 0X ‘(¥°€9) da IF/#
01 Arquasse NITS 0°C1 09°G7 *ut-¢ sil g ‘(8°1) 0X ‘(0°€) 2eo1I/m qns 11q ‘(8°Q) T# 3tg (1 T¥L6 1
syIeway (unx jo pu?) A1quassy a10g-wolr0¢g peTTtad (33)ang °oN
uotietraaqd ?8e1003 yidaqg vHg
HNUwuuw>

ONITIINA VZ-33 NI QIsSn SATTIHASSY ONITII¥d TTO0H-HOLLOL
g XIANZddV

52



*(69G) damB -ur-G sil 81 ‘(£°7) OX “(2LZ) sod e2 6 “(9°6) Wy 3d 9
‘(0°TE) OQRN “UT-Z/T-9 “‘(9°8) ¥¥ 1d 9 *“(1°£Z) OAWN °UI-8/G-9

33

‘Arquasse doag  ¢°GZ ‘o1erd ar3yeq ‘(0°g) IeOTI/A qQns 11q ‘(8°0) GCTI# 1Td [IT 60%°IT (1
*(696) damB -ut-g sif g1 “‘(£°7) 0X ‘(zL2) soQ -ur-z/1-9 ®@ 6 ‘(0°1€)
‘ATquesse poOH €°9C OQWN “uT-2/1-9 ‘(L) ¥ 3d ¢ “(1°£7) OQRN *uT-g/G-9 ‘®ierd arjjyeq
‘(9°6) W 1d 9 ‘(£°8) 04 °UT-%/1-9 ‘(9°6) W 3d 9 “(8°0) Y14 2114 €92 T6Z°‘TIT 91
‘uegex - 11q
uo SyIew uolIT ON 8°G *dA0dY SY AWYS - €TIa4 11d GT  6Z0°TT 61
*(g96) danE -ur-g sal gT “‘(¢£°2) 0% ‘(T(T) soQ °ur-7/1-9 ® 6 ‘(9°G)
*aroy ur g 3d € ‘(0°T€E) OQWN "uT-Z/1-9 “‘(L°%) w9 3d ¢ ‘(1°(7) OQWN °"UI-8/G-9
jun( juszeddy g8°GZ ‘(9°6) wa 3d 9 ‘(£°8) 04 ‘UI-#/1-9 ‘(9°6) W 1d 9 ‘(8°0) €I# 2118 Y1011 %1
*(69G) damp -ut-g si{ 8T ‘(,£°Z) 0X ‘(1%Z) sdQ "ur-7/1-9 ® 8
‘(L°6) w1d ¢ “(9°0€) 24 °uT-91/6-9 ‘(0°1€) OAWN *UT-Z/1-9
‘ATquasse PpIOH  8°Ge ‘(9°8) ¥4 1d 9 ‘(T°£Z) DQRN °ur-8/6-9 ‘(1°6) W 3d 9 ‘(8°0) ZI# 3T& O0ZE 600‘IT €1
*SIeTT00 judu *(0L%) damy cut-¢ saf ¢t ‘(£°2) 0% ‘(GIE) SsO@ ‘ur~-%/1-9 ® (]
-9oerdax dn 14 ‘(8°19) SOQRN “ut-z/1-9 ® ¢ ‘({°¢) OX ‘(0°7) qns uorieiuario ‘(0°1)
"soQ umop Ae7 qQns Juaq oz ‘(Z°1) qns 1eolF ‘(g¥-gr) Iolow xaTTag ‘(8°0) TT1# 314 TIZ 689°01 ¢TI
*Bur1ys *(0Ly) damB ‘ut-g sal g1 ‘(£°Z) OX ‘((87) soQ ‘ul-%/1-9 ® QO ‘({°S) W
woIy pIAowWdI- id ¢ ‘(1°82) 2a "ut-%/1-9 ‘(9°8) ¥4 3d 9 ‘(6°0€) OARN °Ul-%/1-9 ‘(0°1€)
00 Ino paysepn G°Q7 OQRN “ut-Z/1-9 ‘(£°G) W 1d ¢ “‘(Z°1) 1eoT3/m qns 11q ‘(8°0) OT# 3T€ 0T 8LY‘OT 11
‘PIINq pue *(0L%) damH cut-g sif ¢r “‘(/£°Z) 0% ‘(STy) sda ‘ul-4/1-9 ®d G
uoT1931I00 ‘(6°0€) OGRN "uT-z/1-9 ® T “‘(£°Z) 0X ‘(0°Z) qns uorieuatrio ‘(6°0)
yanwizy g-°gl qQus 1uaq oz/1-1 ‘(2°1) qns 1eory ‘(8-€z) Iolow X3TTaq ‘(8°0) 6% 31€ (0OZ 8SE‘OT OT
‘unx [{IW I03 *(0L%) damB ut-g saf g1 ‘(/£°Z) OX ‘(Gz%) sd@ ‘ur-%/1-9 ®2 G
pa1INg °aToy ur ‘(6°0€) OGRN "ul-z/1-9 ® T “(£°Z) 0X “(0°Z) qns uorieludatio ‘(6°0)
Jun(-paTTeIS 10104 G°9T qQns 1u3q o2/1-1 ‘(2°1) qns 1eory ‘(8°€z) 10low XATTIQ ‘(8°0) 84 11d 1 IGT‘0T 6
Syaeway (una jo pu?) ATquassy a70g-woll09g PeTTTIg (33)anQp °oN
uotTIeTAd(Q a8elood yadaqg VHY

TedT1I9p (3uod) g XIQNdddV



unIa1 Iaqunu 3I1q = II4 jutod = 1d IeTT0d ITIIP = 24

IeYT00 TITIp otisudewuou = JHAWN IVZTTIqeIS |pe(q Teadaiutr = §4I adid IT11ap = 4a
Joweaa Id3TT0x = YWY adid TrTap 1yframfaesy = JUAH QNS I240SS0ID = X :SUOTIBTADIQQY
*389J UT SYylBud] °ae (xXX) ur saaqunpy
*(696) damg ‘ut-¢ sl 81 “(£°1) 0X ‘(1°16) soQ@ °ur-g/1-9 ®o ¢
*f1quasse ‘(9°%) a4 3d ¢ “(L°16) soa ®d ¢ ‘(,£°G) Wy 3d ¢ ‘(0°8G)
doxp Iy311S 0°€T OAWN ‘ul-z/1-9 B2 7 ‘@3erd a133eq ‘(1°6) W4 3d 9 ‘(8°0) Oz# 314 661 09€‘Cl T
*(696) damp -ur-¢ saf 81 “‘(£°1) 0X ‘(gvZ) sod *ur-z/1-9 @ 8 “‘(9°%) ¥y id ¢
‘(9°0¢) 2@ *ut-Z/1-9 ‘(0°1E) DAWN "ul-z/1-9 ‘(9°8) wy 3d 9 ‘(/-8) 2a
‘Arquwasse doxg G°1z 3I0Ys °UT-%/1-9 ‘(1°/T) DAWN °ui-g8/G-9 ‘(6°7) qns 31q ‘(8°0) 6T4# 3Td GZTZ 19T1°‘CT 12
*(696) damd *ut-¢ sal 81 “(,£-2) 0X ‘(TLT) sdQ ‘ui-z/1-9 ®3 ¢
“(0°1€) DARN “ul-Z/1-9 “(9°6) WY 3d 9 “(1°£Z) DAWN "ur-8/6-9°(8°8)
*A1quasse pIOH €°€7 w3 1d 9 ‘(/°8) 00 13I0Yys *ul-%/1-9 ‘(%°¢) W4 3d ¢ ‘(8°0) 8I# 3T 9/Z 9€6‘IT 0L
*(696) damE -ut-¢ sil gt
“(L°t) 0X “(zLz) soa e 6 ‘(9°%) w9 3d ¢ “(0°TE€) OQWN ‘ul-2/1-9
‘fTquesse pIOH (°%T ‘(9°8) W9 3d 9 ‘(1°£7) OAWN "ur-8/G6-9 ‘(%°¢) ¥4 3d ¢ “(8°0) (LT# 319 €91 099‘TT 61
*(g9¢6) damp -ut-¢ sal g1 ‘(£°7) OX ‘(TLT) SOQ *uUy-Z/1-9 ®©° ¢
*U0T}291100 ‘(0°8G) SOUWN °ut-z/1-9 ®@ 7 ‘(£°7) 0X ‘(0°7) qns uoriejudtao ‘((Q°1)
yinwtzy g°gz  qns 3udq ,z/1-1 ‘(Z°1) qns 1eo3 ‘(8°¢Z) I0jow xXaTTIg ‘(8°0) 9T1# 319 88 (6%‘IT 8T
syaeway (unx jo pus) %H@Ewmm< 9TOH~-wo3llog PoITtag (33)inp *oN
UuoTIBIAD( adel003 yidag vHY

TedT139A (3uod) g XIQN3ddV

54



APPENDIX C
DRILL PIPE HANDLING PROCEDURES FOR EE-2A DRILLING

The following procedures minimize additional wear damage on the 9-5/8-in. casing, fatigue
damage, and downhole drill string failures:

All drill pipe rotated inside the 9-5/8-in. casing must have "smooth” hardbanding or
no hardbanding.

Drill pipe protectors (rubbers) will not be used. They decompose at projected
circulation temperatures leaving rubber and reinforcing steel straps that foul logging
and other wireline operations.

A wear bushing will be installed in the 9-5/8-in. casing head during all drilling.

Drill pipe specifications are as follows:

19.50 # - GRD E 25.60 # - X-95
Actual weight 21.34 #/ft 28.62 #/ft
Makeup torque 20,000 ft/Ib 32,300 ft/1b
Tool joint (TJ) dimensions 6-3/8-in.x 3-3/4-in. 6-1/2-in.x 3-in.
Tube ID 4.276-in. 4.00-in.
Torsional yield TJ 44,600 ft/lb 62.400 ft/Ib
Torsional yield tube 32,230 ft/Ib 66,070 ft/Ib
Tensile yield TJ 1.128.460 Ib 1,619.520 ib
Tensile yield tube (new) 311,400 (395,600) 535,000 (671,520)
Collapse 7070 psi 14,510 psi
Burst 8690 psi 15,200 psi
Slip max foad 304,000 1b 450,000 b

a. Drill pipe and heavyweight pipe have 4-1/2-in. IF connections.
b. Drill collars and reamers have 4-1/2-in. XH connections.

Generally the drill string will have about 5300-5700 ft of 19.50 #/ft Grade E on the
bottom of the string.

a. The remaining drill pipe will be 25.60 #/ft X-95.

b. Maximum pull at surface will be limited to 280,000 Ib at the top of the 19.50
#/ft Grade E.

c. Max surface pull = (25 #/ft) x (length of 25.60 #/ft X-95) + 280.000 Ibs + wt
of blocks + wt of kelly.

d. Toolpusher and LANL supervisor are to be consulted before exceeding these
limits.
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12.

13.
14,

APPENDIX C (cont)
The minimum BHA weight for drilling will be 45,000 Ib.
Four (4) stands of heavyweight will be run above the drill collars.

Special hardbanded 25.60 #/ft X-95 drill pipe will be run through the dogleg
section from 500-700 ft while drilling.

Coarse hardbanded 19.50 #/ft Grade E will be run only in the granite open-hole
section.

Drill pipe and heavyweight are to be rotated on each trip as follows:

a. Bottom three (3) stands of 25.60 #/ft are to be rotated on top of string and
change "break” on tool joints.

b. Bottom three (3) stands of 19.50 #/ft Grade E are to be rotated to top of Grade
E section and change "break” on tool joint. (Avoid running coarse hardbanding
in casing.)

Maintain record of total rotating hours on drill pipe and drill collars. (Note daily
cumulative in log book.)

All BHA components are to be inspected after 150 rotating hours. All drill pipe is
to be inspected after 200 rotating hours.

Pump pressures are to be monitored for washouts.

Corrosion rings will be run in the bottom and top stands of drill pipe.
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APPENDIX E

JET
SIZES DEPTH HOURS VEIGHT
BIT# MFG TYPE 1 2 3 OUT FTGE RUN FT/HR 1000#
1 SEC HBJ 13 15 15 9742 17 5.25 3.24 6-8
2 HTC HH77 14 15 15 9765 23 9.00 2.56 15
3 STC 7GA 12 12 16 9835 70 9.00 7.78 35-40
4 STC 7GA 12 12 13 9924 89 8.00 11.13 40-45
5 STC 7GA 13 13 13 9946 22 0.75 29.33 20-40
RRS " " 1313 13 9960 14 1.00 14.00 40
6 HTC HH77 13 13 13 10051 91 9.50 9.58 20-25
7 HTC HH77 13 13 13 10150 99 8.00 12.38 45
8 STC 7GA 13 13 13 10151 1 0.25 4.00 3-4
9 STC 7GA 13 13 13 10358 207 16.00 12.94 20-25
10 STC F7 14 14 O 10478 120 8.75 13.71 45
11 STC 7GA 13 13 13 10689 211 13.00 16.23 20-22
12 HTC HH77 14 14 0 11009 320 26.00 12.31 40
13 HTC HH77 14 14 0 11014 5 1.00 5.00
RR13 " " 14 14 0 11029 15 3.00 5.00
14 STC F7 14 14 0 11292 263 23.25 11.31 30-40
15 HTC HH77 13 13 12 11409 117 14.25 8.21 30-40
16 HTC HH77 13 13 12 11497 88 9.50 9.26 45
17 STC F7L 13 13 13 11660 170 16.00 10.63 30-40
18 HTC ATJ7711 11 14 11936 276 27.00 10.22 40
19 STC 7GA 12 12 13 12161 225 22.00 10.23 40-45
200 STC 7GA 12 12 13 12360 199 17.75 11.21 44
RR9 STC 7GA OUT 12360 O
HTC = HUGHES TOOL CO. JET SIZES ARE

SEC
STC

onon

MM = MUD

MOTOR

SECURITY TOOL CO.
SMITH TOOL CO.

MEASURED IN
1/32-in. DIAMETER
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VERT
RPM DEV.

BIT RECORD, DRILLING PARAMETERS, AND TYPICAL
MUD PROPERTIES FOR EE-2A DRILLING

PUMP
PRES

DULL
PMP CODE
SPM T-B-G

.30
.75
.50
.75

.00
.50

20.50

25.50
25.
26.
25.25
23.00
24.00
23.25
21.50
23.00

50
25

1300
1300
1500
1800
1475
1700
1600
1750
1750
1700
2150
1600
2125

1950
1400
1500
1600
1600
1550
1600

115 8-8-3/8
RERAN
VASHOUT

115 4-2-1/8

115 4-5-1

DULL CODE MEASURES
TOOTH AND BEARING WEAR
ON A SCALE OF 1-8.
GAUGE WEAR IS IN INCHES.



APPENDIX E (cont)

MUD PLAS. YIELD GEL FUNNEL SOLIDS
TEMP VEIGHT VISC. POINT STRENGTH VISC. %  LUBRICITY pH HOURS
OUT IN OUT 1IN OUT IN OUT IN OUT IN OUT IN OUT IN OUT IN OUT IN CIRC. BIT#

112 80 8.78.714 14 6 31/12 1/7 47 37 3 3 N/A N/A 10.5 10.5 1:30 1
120 100 8.8 8.8 16 13 7 4 1/18 1/13 42 39 3 3 .24 .26 10.0 9.8 2:40

156 149 8.9 8.8 15 14 5 7 2/28 2/24 45 43 3 3 .37 .36 9.8 10.0 3:30 3
142 115 8.8 8.7 12 13 4 6 1/19 1/21 43 42 4 3 .32 .32 10.5 10.5 3:30 4
155 141 8.8 8.8 13 14 8 7 1/13 1/16 47 46 3 3 .32 .32 10.0 10.0 6:00 5
154 130 8.8 8.8 20 20 19 13 1/31 1/26 67 52 3 3 .31 .32 10.0 10.0 3:00 RRS
146 133 8.8 8.8 18 1512 91725 1/18 74 52 3 3 .31 .32 10.0 10.0 8:00 6
157 128 8.8 8.8 22 22 14 12 1/30 1/23 62 50 3 3 .31 .31 9.5 9.5 8:30 7
149 118 8.9 8.9 22 20 13 11 2/32 2/20 83 47 4 4 .32 .32 9.5 10.0 19:00 9
149 121 8.98.922 20 7 51/231/16 76 42 4 4 .36 .34 10.0 10.0 9:30 10
135 120 8.9 9.0 21 20 16 13 2/28 1/21 56 49 5 5 .39 .37 10.0 9.5 16:00 11
151 121 9.0 9.1 28 26 27 18 4/37 3/28 72 52 5 6 .34 .32 9.5 9.5 23:00 12
155 134 8.6 8.6 13 15 7 11 4/28 4/34 47 55 3 3 .36 .36 7.9 9.1 5:30 14
153 128 8.7 8.6 10 11 6 6 4/58 4/42 52 47 3 2 .36 .36 B.8 9.2 4:30 15
170 143 8.8 8.8 7 713 11 7/72 4/48 75 52 3 3 .34 .34 9.8 10.0 4:00 16
156 126 8.7 8.6 9 13 4 11 1/23 3/48 38 62 3 2 .36 .35 9.3 9.5 5:30 17
172 126 8.6 8.6 8 10 4 6 3/16 3/33 39 44 2 2 .40 .38 8.0 9.2 34:00 18
152 120 8.6 8.6 8 11 4 11 3/22 4/34 40 50 2 2 .38 .37 9.4 9.8 16:00 19
164 138 8.8 8.7 13 11 13 12 4/51 4/49 52 48 3 3 .36 .38 10.2 10.0 11:30 20

NOTE: THE TIMES LISTED
FOR HOURS CIRCULATING ARE
FROM THE TIME OF FIRST
BREAKING CIRCULATION TO
TIME OF MUD REPORT.
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APPENDIX G
PROCEDURE TO SAND BACK EE-2A
FROM 12,360-10,775 ft

Run in hole to total depth w/1500 ft of 3-1/2-in. drill pipe on bottom of string. Put red-
band joint on bottom of drill pipe

Drill Pipe Weight Length Capacity Volume
Size and Grade (1b/ft) (ft) bbl/ft (bbl)
3-1/2-in. G-105 15.50 1500 0.00658 9.87

5-in. Grade E 19.50 4500 0.01776 79.72

5-in. X-95 25.60 6360 0.01555 98.90

188.49

Circulate at 375 gpm for 1-1/2 hours or until gas is cleared up. Rig up Dowell while
circulating. Dowell should have 20 Ib/1000 gallon guar gel mixed in storage tanks. Rig up
Dowell to Big Chief’s 3-in. stand pipe (service line) with drill pipe and from rig pumps to
drill pipe. Rig up fresh water supply line to Dowell from rig.

Sand plugs are to be pumped in 100-bbl stages. Set back kelly and rig up Dowell pump-in
sub. Pump 10 bbl water. Mix and pump 100 bbl sand and gel water with 3 Ib/gal sand.

Volumes:
4200 gal x 3 Ib/gal = 12.600 1b sand 3
3 = 117.75 ft" fill.
Weight of sand = 107 1b/ft
117.75 ft3
—3 = 298 ft of fill.
Capacity of hole = 0.3941 ft" /ft

After pumping sand and gel, switch to rig pump and displace with 169 bbl water.
3.4 gal/stroke = 0.081 bbl/stroke.
169 bbl/0.081 bbl/stroke = 2086 strokes.
Displace at 100 spm.

Knock off Dowell lines on pump-in sub - pull 15 stands - pick up kelly and circulate for 45
min.

Set back kelly and run in hole and tag sand. Pick up 15-20 ft and run another plug. Adjust
diplacement depending on where sand is tagged.

Continue sanding until above 10,775 ft. Wash out sand until top of sand plug is at 10,775
ft.
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ICFT: AN INITIAL CLOSED-LOOP FLOW TEST
OF THE FENTON HILL PHASE II HDR RESERVOIR

by

Zora V. Dash (Ed.), Ronald G. Aguilar, Bert R. Dennis,
Donald S. Dreesen, Michael C. Fehler, Robert H.
Hendron, Leigh S. House, Hisao Ito, Sharad M. Kelkar,
Mark V. Malzahn, James R. Miller, Hugh D. Murphy, V.
Scott Phillips, Sharon B. Restine, Peter M. Roberts,
Bruce A. Robinson, and Wilfred R. Romero, Jr.

ABSTRACT

A 30-day closed-loop circulation test of the
Phase II Hot Dry Rock reservoir at Fenton Hill, New
Mexico, was conducted to determine the thermal,
hydraulic, chemical, and seismic characteristics of
the reservoir in preparation for a long-term
energy-extraction test. The Phase II heat-extraction
loop was_successfully tested with the injection of
37 000 m’ of cold water and production of 23 300 m® of
hot vater. Up to 10 MW, _ was extracteg wvhen the
production flow rate reached 0.0139 m /s at 192°C. By
the end of the test, the water-loss rate had decreased
to 26% and a significant portion of the injected water
was recovered; 66% during the test and an additional
20% during subsequent venting. Analysis of thermal,
hydraulic, geochemical, tracer, and seismic data
suggests the fractured volume of the reservoir was
growing throughout the test.

SUMMARY

The Initial Closed-Loop Flow Test (ICFT), Experiment 2067, was
designed as a precursor to a long-term energy-extraction experiment in
the Phase II Hot Dry Rock (HDR) reservoir at Fenton Hill. The ICFT
successfully evaluated the Phase II heat-extraction loop from May 19
through June 18, 1986. Cold water was injected under high pressures at
EE-3A and hot water was produced at EE-2, cooled, and reinjected
(Hendron, 1987).



Well EE-2 was completed with a packer and tubing set at 3170 m and
well EE-3A with a cemented-in liner and tubing set at 3485 m. A
temporary experimental surface system was constructed to meet the needs
of the ICFT and was operated 24 hours per day using rotating shifts.
Temperatures, pressures, and flow rates were recorded in the Data
Acquisition Trailer (DAT) throughout the experiment and subsequent
shut-in, as were seismic data collected by the MASSCOMP data acquisition
system. A series of borehole temperature surveys were also made to
monitor the condition of the wellbores during injection and production.
A chronology of operations and various performance parameters (i.e.,
pressure, flow rate, temperature, etc.) are plotted versus time on
Plates I and II.

A total of 37 000 m’ (9.76 million gal.) of water was injected
while 23 300 m’ (6.15 million gal.) of hot water was produced. The
injection rates at the surface ranged up to 0.0265 m’/s (420 gpm),
although most of the pumping was done at rates of 0.0106 m’ /s (168 gpm)
and 0.0185 m’/s (294 gpm), with surface pressures around 26.9 MPa (3900
psi) and 30.3 MPa (4400 psi), respectively. The production well surface
pressure was controlled at around 3.5 MPa (500 psi), resulting in
surface production flow rates from 0.0063 m/s (100 gpm) to 0.0139 m’/s
(220 gpm).

The EE-2 production temperature increased throughout the test,
reaching a maximum of 192°C at the surface and 232°C at the bottom of
the well near the end of the test. The production flow rate also
increased throughout the test. This increase was related to the
significant amount of time required to inflate the reservoir to a
pseudo steady-state volume. A slight reduction in the production
wellbore impedance was also observed. As a result of the temperature
and production increases, there was a corresponding increase in power
production, which reached a maximum of 10 MW _ after 28 days.

The bottom-hole pressure in EE-3A did not change much with
injection rate or time, indicating fracture inflation and stimulation
vere occurring near the injection wellbore. The near-wellbore impedance
at EE-3A decreased from 0.72 GPa-s/m’ (6.6 psi/gpm) to 0.002 GPa-s/m’
(0.02 psi/gpm) during the early part of the test because of cooling and

pressurization near the well. The decline in the production well



impedance during the test was not as significant. The decrease in
overall reservoir impedance, from 7 GPa+s/m’ (64 psi/gpm) to 2 GPa-s/m’
(18 psi/gpm), resulted primarily from stimulation of the reservoir,
especially near the injection well. However, the injection well
impedance was only a minor portion of the overall impedance, indicating
that strategies for reducing the impedance of the reservoir should
concentrate on the region surrounding the production well.

The rate of water loss decreased throughout the test, starting at
70% after 4 days of pumping and reducing to 26% after 30 days. The
apparently high water-loss rate during the early portion of the test was
due primarily to the water requirement of inflating or filling the
fractures that make up the reservoir. O0f the total injected water, 66X
was recovered during the test and an additional 20% was recovered during
a subsequent vent-down.

The geochemical behavior of the fluid produced at EE-2 was
monitored continuously to determine the concentration of dissolved
anions, cations, and gases. The concentration of most species was two
to three times higher than encountered in the shallower Phase I
reservoir, probably because of higher reservoir temperatures and a
larger contribution from the in situ pore fluid. The Na-K-Ca and SioO,
geothermometers yielded temperatures that agree well with the downhole
temperature measured during fully equilibrated temperature surveys.
Several periods of high dissolved CO, concentration in the production
stream created a temporary two-phase flow condition at a shallow depth
in the production wellbore and in the surface loop, indicating future
operations will require gas separation.

Studies of corrosion coupons placed in the flow loop during the
test indicated generalized, uniform corrosion at rates of 0.25 to 0.38
mm/yr (10 to 15 mpy). One case of pitting, attributed to increased
concentration of dissolved 0,, was observed. To minimize pitting in
future operations, an oxygen scavenger will be used. Scale deposition
was minimal and did not affect operations.

Results of the two radioactive tracer experiments suggest flow was
occurring through a large, highly fractured region of rock. Modal
volumes were about twice as large as that of the previous shallower

reservoir at Fenton Hill and tracer recoveries were lower, indicating



fluid was flowing through a large number of fractures. Calculations
indicate this fractured rock volume is equivalent to a sphere with
diameter approximately equal to the separation distance between the
injection and production points in the two wells.

The new MASSCOMP seismic data acquisition system operated
successfully during the 30-day ICFT experiment. Data from almost 700
microseismic events were collected. A number of the smallest events
collected could not be located because of low signal-to-noise ratio,
wvhich indicates that the data set is complete in terms of locatable
events.

The resulting seismicity fell into the now familiar, nearly
vertical, northerly striking tabular region, yet occupied only half of
the volume defined by the seismicity of Expt. 2032, the massive
hydraulic fracture (MHF) in 1983. The active region was located
entirely in the southern or injection end of the Expt. 2032 active
volume. This pattern may have been caused by a pressure asymmetry set
up by the source-sink "dipole" at the injection and production points.
This implies that seismicity, reservoir extension, and possibly water
loss could be controlled by introducing additional production wells
surrounding the injection point.

The northern portion of the reservoir was only active following
shut-in. The large size of many of these events was curious since
shut-in pressures should not have been enough to exceed the fracture
extension threshold. It is possible these events occurred in the
lower-pressure, Phase I reservoir region.

The reservoir was continually enlarging during the ICFT.
Microseismic locations generally fell to the east of previous seismic
clouds (Expt. 2032). A significant breakthrough to previously inactive
shallow depths in the southern portion of the active region occurred
midway through the experiment. This activity was not associated with

any major change in injection pressures.

I. INTRODUCTION

The primary objective of the U.S. Hot Dry Rock (HDR) Program is to

develop an economical, commercially usable technology for recovering
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thermal energy from hot rock at accessible depths in the earth’s crust.
The Program so far has concentrated on hot crystalline rock of low
initial permeability, on the use of fluid pressure (hydraulic
fracturing) to create flow passages and heat-transfer surface in that
rock, and on the operation of a closed, recirculating, pressurized-water
loop to extract heat from the rock and transport it to the earth’s
surface. Large-scale field experiments are conducted at Fenton Hill in
the Jemez Mountains of northern New Mexico, and supporting activities
are conducted primarily at Los Alamos National Laboratory, about 35 km
east of the Fenton Hill site. The latter include development of new or
improved downhole equipment and instruments, field and laboratory
experimental techniques, and analytical and numerical data analyses and
modeling procedures. Many of these developments have been found useful
in other experimental programs and in a variety of industrial
applications. Other HDR programs are underway in the Federal Republic
of Germany, France, Japan, Sweden, the United Kindom, and the USSR.

The technical issues faced in HDR development are challenging.
Wells must be drilled to depths where temperatures (200-300°C) are
suitable for electricity generation. Even in regions with favorable
geothermal gradients, such temperatures are found at great depths, 3 to
5 km, where the minimum component of the in situ earth stress is likely
to be 35 to 100 MPa. One must then fracture the rock formation at this
great stress and hold open the fractures so that the permeability
remains high and the flow resistance is low. Large areas of hot rock
must be adequately bathed by the injected water to result in high heat
production. At the same time, since all water must be provided from an
external source, one must avoid excessive water losses to the country
rock surrounding the fractured reservoir. Furthermore, the potential
for damaging earthquakes caused by downhole accumulation of this water
loss must be considered. One must also avoid or counter potential
geochemical problems, such as scaling of surface equipment with
precipitated products of aqueous rock dissolution and corrosion of
surface and downhole piping.

The incentive for meeting these challenges is the enormous resource
base that HDR energy provides. Unlike hydrothermal reservoirs, which

are rarely found, potential HDR reservoirs underlie much of the world.



Even if one considers just the high-grade resources, i.e., regions with
geothermal gradients greater than 40°C/km, where high temperatures can
be attained at relatively shallow depths, the HDR resource base in the
U.S. alone represents a thermal energy equivalent to nearly 100 million
megavatt centuries, about 10 times that of coal deposits.

A. Background

The world’s first hot dry rock geothermal energy system was
completed at Fenton Hill in 1977 and is referred to as the Phase I
system. It was created by drilling a hole from the surface into
granitic rock to a depth of approximately 3000 m, at about 195°C,
producing hydraulic fractures centered at about 2600-m depth, and then
directionally drilling a second hole to intersect those fractures.

Vater was produced from the man-made reservoir at temperatures and
thermal power rates as high as 140°C and 5 MW _. The system was enlarged
in 1979 by additional hydraulic fracturing and then operated
successfully for almost a year. Additional results of these early
reservoir tests are provided by Dash et al. (1983).

To extend the technology to the temperatures and rates of heat
production required to support a commercial power plant, construction of
a larger, hotter, hot dry rock system was initiated at Fenton Hill in
1979. This is referred to as the Phase II system. Two new holes, about
50 m apart at the surface, were drilled directionally, the deeper one to
a vertical depth of 4.39 km where the rock temperature was 327°C. Based
upon experience in the shallower system described above, it was expected
that hydraulic fractures produced from the new wells would be
substantially vertical, with an approximately north-northwest strike.

To provide the horizontal separation required to isolate a series of
such fractures, the bottom 1000 m of each hole were drilled toward the
east-northeast and inclined at 35° to the vertical. Figure I-1 shows a
perspective view. The upper well, EE-3, lies 300 m above the lower
wvell, EE-2, in the slanted interval. Also shown in Fig. I-1 is a Phase
I reservoir well, which contains a geophone sonde. This sonde and
similar seismic sensors emplaced in other boreholes detect
microearthquakes triggered during hydraulic fracturing (House et al.,
1985).
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Figure I-1. Perspective view of
Phase II boreholes and typical
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In 1982, hydraulic fracturing experiments were conducted at the

greatest depths in the two new wells. Unexpectedly, the fracture zones
produced were three-dimensional distributed retworks of stimulated
natural joints rather than single planar fractures. Furthermore, the
fracture zones were inclined rather than vertical and did not connect
the two wells hydraulically. The unexpected nonvertical inclination may
be related to the presence of a cooling magma body beneath a volcanic
caldera a few kilometers east of Fenton Hill, which altered the earth
stresses.

In December 1983 a massive hydraulic fracturing operation was
conducted in which 21 200 m’ of water was injected at 3.5 km in the

lowver well at a downhole pressure of 83 MPa with an average flow rate



Depth (m)

of 100 1/s. Details are provided by Dreesen and Nicholson (1985) and
House et al. (19853). Figure I-2 shows the locations of the induced
microearthquakes. Because of the extremely low background noise, the
downhole seismic sensors detect events with extrapolated Richter body
wave magnitudes as low as -5, however Fig. I-2 shows only the 850
high-quality events with magnitudes from -3 to 0. Note that seismicity
is induced over an ellipsoidal rock volume that is about 0.8 km high,
0.8 km wide in the north-south direction, and about 0.15 km thick, or
about 0.05 km’ of fractured rock volume. This rock volume is about 2500
times greater than the water volume injected.

Despite the huge volume of water injected into the lower well
during the massive hydraulic fracturing in 1983, the hydraulically
fractured zone did not propagate into the vicinity of the upper well, as

shown in Fig. I-2, and hydraulic communication between the two wells was
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Figure I-2. Hypocentral locations of microearthquakes induced by
massive hydraulic fracturing in injection well EE-2. Left-hand side
presents elevation view, looking north, while right-hand side is plan
view, looking down.

Distance North (m)



not observed. Another large fracturing operation was conducted, this
time in the upper well (Dash et al., 1985), but the two stimulated zones
did not overlap sufficiently and again no communication was observed.
Consequently, in March of 1985 the upper well was sidetracked at a depth
of 2.9 km and directionally drilled as shown in Fig. I-3 through the
fracture zone created from the lower well. This redrilled well is
referred to as EE-3A.

Low flow connections were observed at joints where water flowed
into EE-3A during drilling while EE-2 was pressurized to 14.5 MPa.
Hydraulic stimulation of the joints near 3.6 km was accomplished by
setting a specially developed, high-temperature packer (Dreesen et al.,
1986) in EE-3A at a depth of 3.52 km, where the drill hole was
reasonably smooth, and then pumping water into the open-hole interval

between the packer and the bottom of the hole, which at that time was

3000
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Figure I-3. Elevation view of reservoir, looking north. Packer shown
allowed supplementary stimulation of EE-3A, which resulted in low flow
resistance connection between EE-2 and EE-3A. The flow paths indicated
are inferred from joint locations determined from a temperature survey
in EE-3A.



located at 3.72 km. A postconnection temperature survey taken in EE-3A
showed that several joints had been stimulated and served as flow
entries from EE-3A to the reservoir.

Following this successful connection, the redrilled well was
extended to 4 km and additional stimulations were conducted using the
open-hole packers. The second stimulation was conducted very deep, at
3.83 km, and failed to result in additional hydraulic communication.
The third stimulation, at 3.65 km, a depth about midway between the
successful and unsuccessful ones, achieved another hydraulic connection,
but the final stimulation, which occurred at 3.76 km, failed to result
in additional hydraulic communication.

In March and April of 1986 the new reservoir was readied for
preliminary testing by 1) cementing in a liner in well EE-3A, 2)
installing a temporary surface piping system, 3) readying the
wvater-to-air heat exchanger used previously for the Phase I reservoir,
and 4) hiring a service company to pump water. The Initial Closed-Loop
Flow Test was begun May 19, 1986, and completed on June 18, 1986. Cold
water was injected into EE-3A, and hot water (as hot as 192°C) was
produced from EE-2. The hot water was cooled to 20°C in the heat
exchanger before being reinjected, and up to 10 MW _ was produced.
Further details are provided in the remainder of this report.

B. Objectives
Experiment 2067, the Initial Closed-Loop Flow Test (ICFT), was

designed as a precursor to a long-term energy-extraction experiment in
the Phase II reservoir at Fenton Hill. Previous testing in this
reservoir consisted of three stimulation experiments conducted in EE-2,
Expts. 2018, 2020, and 2032 (the 1983 MHF), that initially created the
system and two stimulation experiments during EE-3A redrilling
operations, Expts. 2059 and 2062, that resulted in successful fracture
connections. Injection parameters of interest from these experiments
and the ICFT are summarized in Table I-I. The ICFT sought to prove the
feasibility of the Phase II reservoir as an energy producer, determine
important reservoir parameters necessary to the design of the final flow
loop for the Long-Term Flow Test (LTFT), and evaluate various completion
schemes for wellbore EE-3A and repair work on EE-2 (Dreesen and
Nicholson, 1985). We envisioned that, at the end of the ICFT, the final

~-10-



TABLE I-I
SUMMARY OF PERTINENT PHASE II RESERVOIR INJECTIONS

Open-Hole Volume Nominal Nominal Connection

Expt. Injection Interval Injegted R§te Pressure to Other
Number Date Wellbore (m) (m”) (m~/s) (MPa)* Well
2018 82/07/19- EE-2 3528-3656 910 0.0315 48.3 , ho
82/07/20 ZmPs’

2020 82/10/06- EE-2 3528-3656 3090 0.0928 46.9 no
82/10/07

2032  83/12/06- EE-2 3528-3550 21 200 0.1140 48.0 no

(MHF)  83/12/09

2059 85/05/27- EE-3A 3516-3719 1590 0.0106 g™ 31.7 yes
85/05/28 4577?”

2062 85/07/18- EE-3A 3651-3825 5770 0.0106 35.9 , yes
85/07/20 52‘»?3,

2067 86/05/19- EE-3A 3487-3750 37 000  0.0106 26.9376!  yes

(ICFT) 86/06/18 0.0185 30.343%

a . . .
Surface injection pressure.

completion of EE-3A would be accomplished and surface loop design,
procurement, and construction could begin. 1In this section the goals
and objectives of the experiment are discussed in more detail, along
with a short rationale for each item and a justification of various
decisions made in preparation for this flow test.

1. Reservoir Characteristics. All Phase II (wells EE-2 and EE-34)

flow tests to date had been either single-well hydraulic stimulation

experiments or very short interwell flow tests after a connection was
achieved. Thus, important long-term reservoir information necessary for
the design of a permanent flow loop had not been obtained.

2. Flow Splitg. Experiment 2059 stimulated a shallower depth of
the wellbore by setting the packer at 3.52 km (11 537 ft). A deeper set

of fracture connections was created during Expt. 2062 with the packer at

3.65 km (11 976 ft). Information about the relative flow rates and
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volumes of the 2059 and 2062 reservoirs would help determine whether to
keep the 2059 fractures in the system for the final completion. A
chemical tracer experiment would provide a rough estimate of the
heat-transfer capacity of this reservoir by comparing the modal volume
to previous reservoirs. If the modal volume was less than 150 m3, then
the 2059 reservoir probably had an insufficient heat-transfer capacity
and should be isolated from the remainder of the fracture connections in
the final completion.

3. Impedance. Since the 2059 and 2062 reservoirs had never been

operated in together, we needed to know what the overall impedance would
be. Furthermore, impedance was likely to drop during the test, so a
longer ICFT would provide a better estimate of long-term flow behavior.
These data were of primary importance for pump selection and
determination of power requirements for the long-term loop.

4. Vater Loss. Pumping at pressures and flow rates sufficient to

achieve hydraulic fracturing is obviously of little use in determining
water-loss characteristics at closed-loop, recirculating conditions.
The ICFT would provide these essential water-loss data. Again, the
longer the test, the more relevant the data would be to the permanent
system design.

5. Geochemistry. Our estimates of dissolved gases and the

possibility of corrosion and scaling in the surface and downhole piping
were based entirely on the hydraulic stimulation experiments and the
Phase I operations. A circulating loop operated for 30 days should
allow the dissolved components (gases and ions) to reach their ultimate
values. During the ICFT we planned no major water treatment program.
The objective was to monitor the buildup of dissolved species and
evaluate the severity of chemical problems both during the ICFT and in
future operations. The dissolved CO, content at the end of the test
would indicate whether a separator was necessary in the final surface
system design. Corrosion coupons would be examined periodically since
protection of the heat exchanger and rented pumps was imperative for
this experiment. Surface piping would be checked for corrosion and
solids deposition after the ICFT.

6. Tracer Experiments. Fracture volume and dispersive character-

istics can be measured most effectively using tracers. The primary goal
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of the tracer tests would be to measure the system residence time, which
would indirectly tell us whether the 2059 reservoir had sufficient
heat-transfer capacity to be incorporated into the long-term loop.

Since more detailed information about fracture geometry is possible with
a radioactive tracer, we prepared to run NH482Br. Ve had also planned,
but decided not to run, the first reactive tracer experiment in the
Fenton Hill reservoir. Ultimately, this technique could provide a
method for rapidly determining the rate of reservoir cooldown, and in
the ICFT this test would have been considered to be a baseline
experiment to develop the best operational procedures for performing

these newv tracer tests.
II. SYSTEM DESCRIPTION, OPERATIONS, AND PERFORMANCE

A. WVellbore Configurations

1. Production Well EE-2. The 244.5-mm (9-5/8-in.) production
casing in EE-2 was severely damaged in December 1983 during the
uncontrolled blowdown that occurred after pumping 21 200 m’® (5.6 million
gal.) of water (Expt. 2032 MHF) into the 3530- to 3550-m (11 580- to
11 648-ft) deep interval extending from the 244.5-mm (9-5/8-in.) casing

shoe to a sand and barite plug in the open hole as shown in Fig. II-1.
The tubing, the tubing-production casing annulus (backside), and the
production casing-intermediate casing annulus were all in direct
communication with the subhydrostatic aquifers between 520 and 760 m
(1700 and 2500 ft) deep several months after the blowdown.

The damaged 139.7-mm (5-1/2-in.) tubing was removed to a depth of
3268 m (10 722 ft) and the well repaired during the fall of 1984. Two
cementing (squeeze) placements behind the production casing at 3170 to
3230 m and 1980 to 2774 m (10 400 to 10 600 ft and 6500 to 9100 ft),
3 (24 bbl) and 27.8 m’ (175 bbl) of cement respectively,

eliminated the direct communication. The high risk of additional

using 3.8 m

repairs and a limited budget prevented the removal of the remaining
tubing and packer below 3268 m. A small drill pipe string was used to
clean out through the fish into the open hole below the production
casing to a depth of 3548 m (11 640 ft). A second packer and a repaired
tubing were installed as shown in Fig. II-1. Slim-hole logging tools

-13-



OPENING IN 339.7 mm {13 3/8in.)
CASING 520-740 m (1706-2428 ft)

339.7 mm {13 3/8 in.) CASING SHOE 790 m (2592 f1)

139.7 mm (5 1/2 in.} TUBING

TOP OF CEMENT 1970 m (6463 ft)

_~ANNULUS THROUGH PERFORATIONS
CEMENTING 2775 m (9104 ft)

CASING PACKER AND SLIDING JOINT

3170 m (10,400 ft)
\ \ CEMENTING ANNULUS THROUGH CASING
- W PERFORATICONS 3215 m (10,548 ft),
3230 m (10,597 f1)

-\ HOLES IN 244.5 mm (9 5/8 in.) CASING
' 3275-3325 m (10,745-10,909 ft)
TUBING, SLIDING JOINT AND
CASING PACKER FROM EXPT. 2032

2445 mm (9 5/8 in.) CASING SHOE
3530 m (11,581 ft)

Figure II-1. EE-2 well configuration during the ICFT.
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vere successfully run into the open hole. An injection test showed that
the well remained in pressure communication with an 11,7-MPa (1700-psi)
injection zone (possibly Phase I) above the production casing shoe.

EE-2 was first produced during the two connection experiments
(Expts. 2059 and 2062). Several weeks before Expt. 2059, EE-2 was
cleaned out with a 25.4-mm (l1-in.) coil tubing unit to 3473 m (11 394
ft) using 0.35 m*/s (750 SCF/min) of nitrogen. A large amount of mud
was removed. The coil tubing was friction stuck after the mud was
unloaded. After cooling the well by circulating soap and cold water,
the tubing was removed. Subsequent attempts to log the well with
54.0-mm (2-1/8-in.) o.d. tools encountered an obstruction at 3215 m
(10 550 ft), and no further logging below this depth was attempted.

During the second connection stimulation (Expt. 2062), the EE-2
backside began to flow. A small leak between the tubing and the
production casing-tubing annulus has been observed intermittently since
that flow was first noticed.

2. Injection Well EE-3A. EE-3A was completed in April and May of

1986. The completion followed 10 open-hole packer runs resulting in 6
injection tests in isolated regions of the wellbore. 1In two of these
injection tests, connections to EE-2 were demonstrated: 1) Expt. 2059
injection resulted in injection into four intervals between 3515 and
3712 m (11 532 and 12 180 ft); and 2) Expt. 2062 resulted in injection
into four intervals between 3650 and 3749 m (11 975 and 12 300 ft). The
packer was stuck in the hole on the final packer run and left at 3750 m
(12 300 ft). The configuration of the wellbore at the beginning of the
completion operations is shown in Fig. II-2.

Initial completion plans called for a permanent packer, developed
in conjunction with Baker Production Technology (formerly Lynes Inc.,
presently Baker Service Tools), to be set. The packer failed 3 days
after it was successfully set and tested at 3560 m (11 685 ft). The
packer completion is shown in Fig. II-3.

After fishing out the packer from 3560 m, the wellbore was prepared
for a cemented-in liner completion. The bottom of the liner was to be
located in an in-gauge wellbore section at 3600 m (11 810 ft), and the
well was temporarily plugged back to that depth with sand. A 139.7-mm

(5~1/2-in.) liner was run and cemented in using the puddling technique.
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2652 m (8700 ft}

2804 m (9200 ft)

3562 m (11,685 ft)

3730 m {12,235 ft}

3750 m {12,300 ft)

114.3 mm (4 1/2 in.) tubing to surface

139.7 mm {5 1/2 in.) tubing

127 mm (5in.) o.d. seal unit

127 mm (5in.) id. PBR

139.7 mm (5 1/2in.) liner

Low pressure injection zone with

little evidence of connection with EE-2

Permanent packer

Compensator

Injection interval connected to EE-2

Sand plug

Expt. 2066 packer

Figure II-3. EE-3A well con-
figuration after installation
of a permanent packer at 3560 m
(11 685 ft). The packer failed
after 3 days and was removed.
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Cement

2445 mm (9 5/8 in.) casing

2835 m (9300 ft) . .
Under-reamed section and whipstock

Low-pressure injection zone with

31256 m (10,250 ft» 3048 mm {12 in.} diameter borehole

3225 m (10,580 fu) Ledge

Packer seats
Expts. 2049 and 2057 fractures

3310 m (10,850 fu!
3320 m (10,900 ft;
3520 m (11,550 ft.
3560 m {11,685 ft;
3580 m {11,750 ft)

Permanent packer

Expt. 2059 connection
3650 m (11,975 ft}
3660 m (12,000 ft}

3730 m (12,235 ft)
3750 m {12,300 ft)

Expt. 2062 connection

Top of sand plug

Fish left in hole (Expt. 2066 packer)
Expt. 2066 fracture

Sand plug for Expt. 2066

Packer seat

3825 m (12,550 ft)

Sand plug

Expt. 2061 fracture

4020 m {13,200 fu} TOTAL DEPTH

Figure II-2. EE-3A well con-
figuration before the ICFT well
completion.



The liner was to have been installed over the main fracture entry point
observed after Expt. 2059 at 3580 m (11 750 ft), but an early set of the
cement prevented completion of the procedure and the liner bottom was
located at 3485 m (11 435 ft). A cement sheath from 3485 to 3600 m
remained in the hole after cleanout. A subsequent cement bond log
showed that there was good cement behind the liner from 3485 to 3340 m
(11 435 to 10 950 ft), and the liner was judged to be satisfactory for
the ICFT experiment.

A pressure test of the liner showed that a leak had developed in a
threaded connection above the cement top. The liner was backed off in a
VAM™ connection at 3530 m (11 590 ft) and the liner was replaced with
new VAM™™ casing. A screw-in was successful on the first attempt using
a machine shop fabricated VAM™™ screv-in sub. The liner and open hole
vere cleaned out to 3729-m (12 235-ft) depth and the well completed with
a 127-mm (5-in.) seal assembly, 150-m (500-ft) long 139.7-mm (5-1/2-in.)
cushion tubing, and 114.3-mm (4-1/2-in.) tubing as shown in Fig. II-4.

| 1143 mm {4 1/2 in.} o.d. tubing
2652 m {8700 ft) N

139.7 mm {56 1/2in.) o.d. tubing

2804 m (9200 ft) 127 mm (5in.) o.d. seal unit

E‘ N 127 mm (5in.} i.d. PBR

139.7 mm (5 1:2in.) o.d. tie-back liner

3228 m (10,590 ft) Screw-in sub

139.7 mm (5 1:2in.)  o0.d. cemented-in linet
Top of cement

3338 m {10,950 ft)
2032 mm (8 in.) o.d. centralizers
3485 m (11,435 ft) tiner shoe
Cement below liner milied out
3600 m (11,810 ft} with 114.3 mm {4 1/2in.) o.d. mill
Actual Intended
injection interval injection interval
3730 m {12,235 f1) ¥ iy Cleaned-out sand plug after cleanout of liner

Figure II-4. EE-3A well configuration after installation of the
cemented-in liner. This was the configuration of the well for the ICFT.
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B. Surface System

A schematic of the surface system is shown in Fig. II-5. This
system was constructed as a temporary experimental surface system to
meet the needs of the ICFT. The major subsystems were the EE-2 and
EE-3A wellheads, the heat-extraction system, the feed-water system, the
main circulating pumps, the chemical-sampling system, data acquisition
and control, and the seismic system.

The surface piping system may be divided into six segments,
according to the pressure rating of each segment. The first segment was
the EE-2 wellhead up to the high-low safety valve. This segment
consisted of 69-MPa (10 000-psi) API-rated wellhead, master valve, wing
valves, 103-MPa (15 000-psi) rated hammer union pipe and pipe fittings,
and the 34.5-MPa (5000-psi) rated high-low safety valve. The high-low
valve was the key element to protect lower pressure-rated items
downstream. This valve automatically shut in the well if the pressure
exceeded 4.8 MPa (700 psi) or dropped below 1.7 MPa (250 psi). This
segment also contained vent lines to the surface pond through choke
manifolds and the low-pressure gas separator.

The second segment of the system was between the high-low valve and
control valve CV-1. This was rated at 10.3 MPa (ANSI 1500 psi), which
has a 22.6-MPa (3280-psi) working pressure at 204°C (400°F) and a
38.4-MPa (5575-psi) hydrostatic proof pressure. This valve was
installed to drop the pressure, if necessary, down to a safe operating
value for the third segment of piping. It was used during
high-back-pressure experiments and as an isolation valve during the
cleaning of the strainer.

The third segment lay between the control valve CV-1 and the back-
pressure control valve CV-6. Control valve CV-6 has a 4.1-MPa (ANSI
600-psi) rating, or a cold working pressure of 10 MPa (1450 psi) and a
hydrostatic test pressure of 15.3 MPa (2225 psi). The piping in the
heat exchanger area, which is part of this third segment, was construc-
ted by the Zia Co. in 1982. The finned-tube, forced-draft, water-to-air
heat exchangers have a working pressure rating of 17.2 MPa (2500 psi) at
260°C (500°F) and were hydrostatically tested several times to 19.3 MPa
(2800 psi). This third segment of piping was protected by a 38.1-mm by
63.5-mm (1-1/2-in. by 2-1/2-in.) Kunkle pressure relief valve with a
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0.0003245-m" (0.503—in?) nozzle. This valve handled all anticipated
flow rates from the EE-2 well, provided that the water was cool. As the
vater became hotter, there was a tendency for the nozzle to convert to
two-phase flow and choke the flow at about 0.00265 to 0.0053 m’/s (1.0
to 2.0 bpm). This pressure relief valve was set at 4.1 MPa (600 psi)
for all of the experiment except for some high-back-pressure experiments
where control valve CV-1 was not used.

The fourth segment of piping was downstream of CV-6. It
incorporated all of the system downstream of the Meyers makeup pumps and
terminated at the suction inlet manifold to the B.J. Titan contract
pumps. This section was low pressure, 1.2-MPa (175-psi) normal working
pressure, and was protected with a 50.8-mm by 76.2-mm (2-in. by 3-in.)
safety relief valve set at 1.7 MPa (250 psi). This relief valve flows
0.0186 to 0.0212 m’/s (7 to 8 bpm) at its maximum open pressure of 2 MPa
(290 psi). This section was plumbed with 101.6-mm (4-in.) schedule 40
and 160 pipe, 76.2-mm (3-in.) schedule 80 and 160 pipe, and 152.4-mm
(6-in.) schedule 40 and 80 pipe. The weakest parts of this segment were
the two class-150, 101.6-mm (4-in.) check valves downstream of the
Meyers pumps, which have a rating of 2 MPa (285 psi) at 38°C (100°F).
The rest of the segment was grossly overdesigned with schedule 80 and
160 pipe, which was on hand.

The fifth segment was the 18 900-m> (5 million-gal.) pond to the
150-m’ (40 000-gal.) holding tank. This system was contractor
installed, was low pressure [less than 0.3 MPa (50 psi)], and went from
open pond to open tank. The suction for the Meyers makeup water pumps
came from the 150-m’> (40 000-gal.) tank.

The sixth and possibly most critical segment of pipe was the
high-pressure contract piping that injected the water into the reservoir
via EE-3A. This was supplied by the B.J. Titan Co., the oil field
pumping contractor that had been selected to provide the high-pressure
pumping services on a competitive bid. The specifications for this work
had required both pumping services and equipment. The piping was rated
at 103-MPa (15 000-psi) working pressure. It consisted of 76.2-mm
(3-in.) pipe with hammer unions, valves, etc., feeding our 69-MPa
(10 000-psi) API-rated wellhead. The equipment specified for this

section was inspected before being accepted.
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The B.J. Titan system was assembled around a suction and discharge
manifold trailer and four truck-mounted frac pumps, using 12V149 Detroit
diesel engines, 8961 Allison five-speed transmissions, and 1300 OPI
plunger pumps. Pumps were remotely controlled from a treating van.
Pressure, flow, and temperature were monitored and recorded in a second
van.

B.J. Titan also provided double 101.6-mm (4-in.) suction and
76.2-mm (3-in.) discharge lines, which were used with remote-operated
wing valves on the wellhead. A 50.8-mm (2-in.) vent line was laid to
the pond.

Critical parts of the entire surface system piping were anchored
with about 40 concrete safety blocks. These blocks were precast by a
firm in Albuquerque using 27.6-MPa (4000-psi) concrete. All blocks
weighed between 1140 and 1820 kg (2500 and 4000 1b) and were addition-
ally staked to the ground using 25.4-mm (l-in.) diameter stakes. These
blocks either sat over the pipe with the pipe running through tunnels
precast into the blocks, or the pipes sat on top of the blocks and were
anchored with straps that were fastened to anchor bolts cast into the
blocks. Further details on the surface system components, fabrication,
safety, etc., are contained in Appendix A.

C. Data Acquisition

1. Flow Loop Instrumentation and Recording. Signals from all

active transducers, measuring temperatures, pressures, and flow rates,
were conditioned and recorded in the Data Acquisition Trailer (DAT).
The data from the active transducers were digitized and processed on a
Hewlett Packard 9835 computer. These data were recorded on disk,
displayed on a large CRT screen, and printed. The computer was
programmed to provide a number of options that allowed visual and
audible alarm of selected data channels should the measurement exceed
either a high or low limit. Data from each channel were averaged over a
specified time interval selected by the operator and easily changed
through a function key. The data rate for printout was also selectable
over a range of once per minute to once per hour. However, if an alarm
should occur, the computer would automatically revert to maximum output
rate. The program also allowed the operator to select a data channel

interrupt to facilitate maintenance such as changing out transducers,
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balancing pressure gauges, etc. Some data channels were used primarily
for process control and alarm but were not printed out or stored (i.e.,
air compressor pressure). Data channels for the flow loop were set up

as shown in Appendix B (Table B-I).

A remote control panel was designed and installed in the DAT that
would allow remote operation of the six control valves used in the
system. This control system also provided on-off control for the makeup
pumps and heat exchanger fans. Makeup pumps could be cycled from time
to time to reduce downtime and increase flow on demand. The system also
allowed for manual override at the pump or fan location. The data
acquisition and control system remained on-line for the entire flow
experiment (May 19 through June 18) and the following extended shut-in
to monitor all wellhead pressures and temperatures. The HP9835 computer
and associated data acquisition equipment were run off an uninterrupta-
ble power supply system (UPS), and the only downtime recorded throughout
the experiment was during monitoring of the shut-in when the system was
running unmanned.

2. Seismic Coverage Instrumentation. The three separate seismic

detection networks were used throughout the interim flow test. Nine
surface stations, using the S-13 seismometers, are located on a radius
of approximately 3.2 km (2 miles) from the EE-2/EE-3A wellheads. These
stations are powered by batteries with solar panels used to maintain
sufficient charge during the long-term operations. Data from each
station are transmitted to the DAT via FM/FM telemetry. The seismic
signal is converted to a VCO frequency that is used to modulate a radio
frequency carrier for "line-of-sight" transmission to the receiving
system located in the DAT. The frequency response for each seismometer
data channel is 100 Hz. The output data are conditioned for interfacing
to a MASSCOMP computer system for continuous recording and data storage.
Secondly, three "Precambrian" geophone stations are located on an
approximate 1.6-km (1-mile) radius from the EE-2/EE-3A wellheads. The
geophones are emplaced in boreholes drilled into the volcanic-Precam-
brian rock interface at about 610 m (2000 ft). The output signals from
each station (PC-1, PC-2, and GT-1) are transmitted to the surface via
wireline where the signals are processed in systems identical to the

surface network except the data channel frequency response is 300 Hz.
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The third seismic detection system was designed to use a triaxial
geophone array to be emplaced in deep boreholes adjacent to the
EE-2/EE-3A system. The triaxial geophone package was deployed on a
seven-conductor armored wireline in EE-1 to a depth of 2865 m (9400 ft).
The output microseismic (acoustic) signal detected by each geophone was
amplified and transmitted to the surface over the seven-conductor
wireline. These data were then conditioned for interfacing to the
MASSCOMP. A parallel data link was wired to a digital storage scope
(Biomation) for on-line "quick look" analysis to determine the proper
operation of the downhole system occasionally.

Figure II-6 shows a block diagram of the recording and data
acquisition system for the entire seismic network. Data were also
recorded on analog tape recorders used as backups when the MASSCOMP was
inoperative. Tape recorder channel assignments are shown in Appendix B
(Tables B-II and B-III). The surface seismic stations are coded FNHR,
BRLY, etc. The Precambrian stations are coded PC-1, PC-2, and GT-1, and

the deep triaxial geophone package nomenclature refers to the EE-1
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Figure IT-6. Schematic of the Hot Dry Rock seismic digital event
detecting and recording system.
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borehole vertical geophones, upper horizontal geophones, and lower
horizontal geophones. Upper horizontal and lower horizontal describes
the location of the respective transducers in the geophone cradle
forming an orthogonal set.

The overall system performance of the entire seismic/microseismic
network performed very well, providing maximum coverage and data
collection. The surface seismometer network and the Precambrian
geophone array were monitored continuously throughout the experiment
except for occasional downtime for maintenance and repair. The triaxial
geophone sonde was deployed in the EE-1 wellbore during high-injection
pressure tests. During the ICFT the triaxial geophone was deployed at
four different intervals of time, the shortest interval being 12 hours
and the longest interval being 51 hours. Total time on station in EE-1
was 96.5 hours.

3. Borehole Temperature Measurements. A series of borehole

temperature surveys were made in EE-2, EE-3A, EE-1, and GT-2B as an
integral part of the ICFT. Background and postexperiment temperature
surveys were made using Los Alamos logging equipment. Since the EE-3A
wellbore was pressurized above 28 MPa (4000 psi) throughout the pumping
experiment, it was not possible to use the Los Alamos logging equipment
to run temperature surveys during this time. The high-temperature
service cable used by Los Alamos is not well suited for high-pressure
service above 17 MPa (2500 psi) and the Bowen packoff for the 11.1-mm
(7/16-in.) diameter cable is only rated for a wellhead pressure of about
21 MPa (3000 psi). Therefore, three temperature surveys were made in
the EE-3A borehole during the flow test by a commercial oil field
service company (0il Well Perforators) using a high-pressure grease-
injector control head and lubricator on the wellhead and a
small-diameter cable.

Temperature measurements in the EE-2 production well were made
using a slickline (a wireline with no electrical conductors) and a
high-temperature Kuster sonde that recorded temperature using a stylus
on a metal film driven by a mechanical clock. Four temperature surveys,
three obtained during the ICFT and the one made when the flow test was
terminated, were run by Tefteller, Inc. The tools were lowered in the

wellbore at a rate of 0.25 m/s (50 ft/min) and stopped periodically to
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allow complete stabilization of temperature and to verify time-depth
correlation. Upon retrieval of the tool from the well, data points were
chosen to give definition to any temperature anomalies. Because of the
damaged EE-2 wellbore, temperature surveys could not be run below 3185 m
(10 450 ft). Results of the wellbore temperature logging are discussed
in Section IIT.

D. Loop Operations

The system was operated 24 hours per day using rotating shifts.
Each shift consisted of an experiment manager who was in overall charge
of the shift, two electronic technicians who controlled the system from
the Data Acquisition Trailer (DAT) and were also responsible for all
instrumentation and control, two mechanical technicians who operated out
of the operations building and made hourly checks of the surface system,
three contract pumping people working out of the B.J. Titan control
vans, a chemical technician located in one of the two chemistry
trailers, an emergency medical technician located in the operations
building, and a security guard. On-site communications were provided by
an intercom system, which was backed up by portable radio communication.
The various modes of system operation are listed below:
1. Start-up mode. 100% makeup water into EE-3A; EE-2 in vent mode.
2. Vent mode. All production fluid vented directly to EE-1 pond.
3. Closed-loop mode. Normal operating condition with all
production fluid cooled and returned to the injection pumps.
Makeup water added as needed.
4. Gas-purge mode. All production fluid cooled and diverted
through makeup water-holding tank.
5. Fresh-vater-flush mode. 100% makeup water with all production
fluid cooled and vented to the EE-1 pond.
6. Shut-in. Both wells shut in but instrumentation left on.
The system operated as follows. Water was transferred from a
18 900-m> (5 million-gal.) pond to a 150-m> (40 000-gal.) holding tank.
Water was drawn from this tank as needed and fed to the high-pressure
injection pumps by the makeup/feed-water pumps. Water leaving these
pumps was injected into the reservoir via the injection well, EE-3A.
After passing through the reservoir, the water returned to the surface

through the production well, EE-2. The hot production stream was piped
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to the heat exchangers where it was cooled before being combined with
the makeup water and returned to the injection pumps.

System operations were started by filling the holding tank with
vater from the 18 900-m’ pond and then starting the makeup pumps. After
the lines were filled with water, the high-pressure (B.J. Titan)
injection pumps were brought on-line and the inflation of the reservoir
began. The system was operated by setting the injection flow rate and
temperature into EE-3A. The surface pressure of the production well
(i.e., the back pressure) was controlled, and the reservoir determined
the flow rate and the temperature. When the reservoir was inflated
sufficiently, as indicated by a rise in pressure at EE-2, the system was
put into vent mode. Once the system was purged of start-up gas, the
vent to the pond was valved off, flow was directed to the heat
exchangers, and closed-loop operation started.

Throughout the 30-day test the system was operated in various modes
as needed. When the dissolved gas content of the water became too high
for the chemists to obtain a total gas measurement, the system was run
in gas-purge mode (open system operation). For system maintenance, the
loop was usually put into vent mode where all of the returns were dumped
into the EE-1 pond; on a few occasions the well was shut in. Sufficient
excess pumping equipment had been specified to allow for routine mainte-
nance to be accomplished without interruption of the loop. During power
failures, all pumping was stopped and the production well was vented to
the EE-1 pond. High-back-pressure mode was used during closed-loop
operations. EE-2 pressure was increased by simply closing down a
control valve. For fresh-water-flush mode, an open system operation,
the returns from the production well were first cooled in the heat
exchangers and vented to the EE-1 pond. All injection fluid was then
supplied by the makeup water system.

The system was shut down by turning off the injection pumps and
shutting in EE-3A and EE-2. Pressure instrumentation on both EE-2 and
EE-3A was left in place with the data acquisition computer running and
recording. Appendix C gives a chronological summary of operations.

E. Borehole Performance
On June 8, the 20th day of the test, a 5100-kg (155 000-SCF) slug

of nitrogen was injected during a 30-min interval. The main purpose of
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the gas injection was to attempt to clean out the EE-2 production
interval. Some sand and mud had previously been removed from EE-2 by
surging the well. By gas lifting the production well to increase flow
velocity, it was felt debris that was thought to be filling and covering
near wellbore fractures could be removed. Although a significant surge
of flow occured, little debris was seen. Review of production data
showed that the flow rate measurements were inflated because of
continuing nitrogen production.

Two radioactive (123I) velocity logs were run in EE-3A, and their
results are summarized in Table II-I. The fact that the observed
cross flow during shut-in was flowing from the upper zone to the lower
zone was surprising based on the original injection pressures measured
during Expts. 2059 and 2062. This cross flow may be evidence of a large
convection system that was driven by thermal buoyancy and possibly
increased by nitrogen left in the reservoir, or by the cooled injection
zone. The velocity logs are in good agreement with the temperature logs
discussed in Section III.

When temperature logs were run in EE-3A, a collar locator log was
run through the lower tubing, seal assembly, polished bore receptacle,
and liner. Table II-II shows the results of calculations that check the
operation of the PBR/seal assembly expansion joint. From this analysis
it appears that the seals were never locked up by scale or debris during
the test. The temperature logs and velocity surveys all showed that the
liner, the PBR seals, and the screw-in-sub connection were not leaking
during or after the ICFT.

EE-3A backside performance is examined in Fig. II-7 where EE-3A
backside flow during the ICFT is compared to both EE-3A and EE-2
pressures. A comparison of backside performance to EE-3A frontside
pressure (Fig. II-7a, b, and ¢) indicates a flow response on the
backside that lags frontside pressure by approximately 2 days. There
are also common pressure inflections between the frontside and backside
during the shut-in. However, it seems clear that the leak path between
the frontside (tubing) and backside is long and tortuous. A tubing or
liner leak would not act this way. A microannulus in the cement or
small fractures or porosity in the cement or near-wellbore rock would

better explain the pressure flow performance. The shut-in temperature
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TABLE II-I
RESULTS OF RA VELOCITY LOGS IN EE-3A

Flow Rate Observed®

Depth Injecgion Log 6/16/86 Shut;in Log 6/23/86

m (ft) Description m /s (gpm) m/s (gpm)
3456 (11340) 1Inside liner 0.01735 (275) 0 (0)
3485 (11435) Bottom of liner 0.01735 (275) 0 (0)
3500 (11484) Cemented open hole 0.01735 (275)
3515 (11532) 0.01640 (260)
3538 (11608) Fluid entry
3545 (11632) 0.01640 (260) 0.000158 (2.5)
3553 (11658) 0.01356 (215)

3561 (11682) 0.01136 (180)

3572 (11718) 0.01136 (180) 0.000189 (3.0)
3584 (11758) 0.00852 (135) 0.000170 (2.7)
3597 (11800) 0.000126 (2.0)
3608 (11838) 0.00852 (135) 0.000095 (1.5)
3620 (11878) - 0.00536 (85)

3625 (11892) 0.00473 (75)

3630 (11908) 0.00442 (70)

3634 (11922) 0.00252 (40)

3639 (11938) 0.00126 (20) 0.000076 (1.2)
3658 (12000) 0.00126 (20)

3675 (12056) 0 (0) 0 (0)

3729 (12235) Cleanout TD

® All flows observed were down flows.

log (Fig. III-2, discussed later) would also suggest a long flow path
with many small pressure drops between 3320 and 3535 m. The gradually
increasing backside flow during the experiment may reflect a slowly
expanding pressure field around the main reservoir.

EE-2 pressures (Figs. II-7d and e) at times seem to be related to

backside flow at EE-3A. On several occasions the EE-3A backside flow
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TABLE II-II
EE-3A EXPANSION JOINT PERFORMANCE

127-mm (5-in.) i.d. Polished Bore Receptacle
127-mm (5-in.) o.d. Molyglass Seal Mandrel

Average Seal Mandrel Position
Tubing Differential "
Temp® Pressure Measured  Calculated
Activity Date °C (°F) MPa (psi) m (ft) m (ft)
Static temp log 5/15/86 116 (240) 0 4.3 (14) 4.3 (14)

initial condition

Injectiog temp log 5/28/86 41 (105) 25.9 (3750) 8.2 (27) 8.9 (29)
0.0106 m /s (4 bpm)

Injectiog temp log 6/16/86 33 (91) 31.0 (4500) 8.5 (28) 9.5 (31)
0.0172 m /s (6.5 bpm)

Shut-in temp log 6/23/86 91 (196) 12.8 (1850) 5.2 (17) 6.0 (20)
5-day shut-in

15.5°C + T, u

ave 2

the temperature in °C at 3322 m (10 900 ft).

Average temperature calculated using T vhere T is

Measurements based on casing collar locator logs with assumed
accuracy of + 0.3 m (+ 1 ft). A position of O represents a fully
closed expansion joint.

appeared to increase a short time after the EE-2 frontside was shut in,
though there does not seem to be a consistent pattern. There also
appears to be some response in EE-3A to changes in EE-2 backside
pressure, but still a clear pattern is not observed.

Figure I1-8a shows the EE-2 backside pressure during the ICFT and
the first 30 days of the shut-in. For comparison, the EE-2 annulus
pressure is shown on Fig. II-8b, the EE-2 frontside (production)
pressure is shown on Fig. I1-8c¢, the EE-2 production temperature on Fig.
I1-8d, and the EE-3A frontside (injection) pressure on Fig. II-8e. From
these plots it is concluded that the EE-2 backside is in intermittent
pressure communication with the EE-2 tubing (frontside) with no

observable time delay. Failure of the EE-2 casing packer was later
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Figure II-7. EE-3A backside flow compared to EE-3A and EE-2 pressures:
a) EE-3A frontside pressure, b) EE-3A backside pressure (there is some
evidence of a 2-day response on the backside to pressure changes on the
frontside), ¢) EE-3A backside flow data (negative flow occurred as the
well was cooled and liquid was added to the backside to make up for
fluid contraction), d) EE-2 frontside pressure, and e) EE-2 backside
pressure.
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shown to be the cause. Communication commences with a sudden increase
in frontside pressure (Fig. II-8c¢). EE-2 backside is in communication
with the EE-3A frontside (Fig. II-8e) with a 3-hour delay. The
communication path observed with the EE-3A frontside is most likely the
main reservoir connection through the EE-2 frontside.

The EE-2 backside at times appears to become isolated from the EE-2
frontside and acts like a closed pressure vessel. During these periods,
the backside pressure indicated good thermal communication between the
L\\:>tubing and annulus (Figs. II-8d and b).

IIT. THERMAL BEHAVIOR

A. Temperature Measurements

Temperature measurements were an integral part of Expt. 2067.
Injection and production temperatures were measured at the EE-3A and
EE-2 wellheads, respectively. Inlet and outlet temperatures were also
measured across the heat exchangers. In addition, a series of borehole
temperature surveys were made in both the Phase II and Phase I Fenton
Hill wells.

1. EE-3A Borehole Temperature Measurements. A background

temperature survey was conducted in injection well EE-3A on May 15,
1986, before pumping into the Phase II system (Fig. III-1). Since the
EE-3A wellbore was pressurized above 25 MPa (4000 psi) throughout the
pumping experiment, temperature surveys of the EE-3A borehole were run
by a commercial service company, 0il Well Perforators (OWP). Three
high-pressure logs were run by OWP (Fig. III-2), two during ICFT
injection, May 28 and June 16, and one 5 days after shut-in, June 23.
Two additional post-ICFT temperature surveys were run in EE-3A on August
5 and August 28, 1986 (Fig. III-1).

The OWP temperature logs (Fig. III-2) show that a well-distributed
injection interval was established between 3535 and 3660 m (11 600 and
12 000 ft) with two major entry zones, one above and one below the 3600-
to 3630-m (11 800- to 11 900-ft) zone, which was the intended bottom of
the liner and actually the bottom of a cement sheath remaining after
cleanout. Possible discrete fractures noted at 3540 m (11 620 ft), 3580
m (11 750 ft), and 3640 m (11 950 ft) correspond to fractures first
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Figure III-1. Pre- and post-ICFT temperature surveys of EE-3A run by
Los Alamos.
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Figure III-2. High-pressure temperature surveys of EE-3A run by OWP.
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stimulated in Expt. 2059 and later during Expt. 2062. The thermal
anomalies between 3300 to 3510 m (10 825 to 11 520 ft) on the shut-in
log are consistent with the flow observed on the EE-3A backside. The
appearance of these anomalies suggests a near-wellbore leakage path that
is long and tortuous. It is estimated that about 0.0004 m’/s (6 gpm) is
entering behind the liner and flowing up the well, with about 0.0001
m®/s (2 gpm) leaving the wellbore region at 3125 m (10 250-ft,
low-pressure zone) and 0,0003 m’/s (4 gpm) at the surface. The
postexperiment temperature surveys are compared to the background run
made on May 15 (Fig. III-3) and show the thermal recovery of the

wellbore with time.
2. EE-2 Temperature Measurements. During the ICFT, 3 temperature

surveys of the EE-2 production well were obtained and a fourth survey
was made 10 days after the flow test was terminated (Fig. III-4). These
measurements were with the Kuster recorders (a downhole mechanical

recording system). The first three surveys made on May 28, June 4, and
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Figure III-3. Comparison of the pre-ICFT survey with post-ICFT surveys
showing thermal recovery of EE-3A with time.
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Figure III-4. Kuster temperature surveys of EE-2 during the ICFT
compared to a post-ICFT temperature survey.

June 15 show the progressive heating of the entire wellbore throughout
the experiment. A temperature survey run on Los Alamos equipment on
November 14, 1986, (also shown on Fig. III-4) when compared to the
fourth Kuster survey (June 28, 1986) shows the temperature recovery of
the wellbore. Because of the damaged EE-2 wellbore, temperature surveys
could not be run below 3185 m (10 450 ft).

Figure III-5 shows a calculated boiling pressure curve, based on
EE-2 production temperature, compared to the pressure measured in the
EE-2 244.5- to 339.7-mm (9-5/8- to 13-3/8-in.) casing annulus. At the
beginning of the test the annulus pressure was 0.4 to 0.5 MPa (62 to 75
psig), well above the boiling point. Once the increase in EE-2
production temperature caused the calculated boiling pressure to exceed
0.5 MPa (75 psig), the annulus pressure followed the boiling curve until
a pressure of 1 MPa (140 psig) was reached and then declined slowly

until cooling occurred at shut-in. It is assumed that the fluid level
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Figure III-5. A calculated boiling pressure curve (based on the EE-2

surface production temperatures) compared to the EE-2 annulus pressure
data.

in the annulus was lowered as the pressure followed the boiling pressure
curve. The fluid, displaced by steam, was pushed out into the aquifers
through the damaged 339.7-mm (13-3/8-in.) o.d. casing (damaged during
drilling) below 536 m (1760 ft). The pressure leveled out at 1 MPa (140
psi) when the fluid level reached the first aquifer that would accept
all of the steam being produced in the annulus. The temperature
anomalies on the Kuster production surveys (Fig. III-4) between 245 and
915 m (BOO and 3000 ft) were quite pronounced, while the annulus
pressure followed the boiling pressure curve but had almost disappeared
once the annulus pressure deviated from the boiling curve.

An active cross-flow region between 640 and 790 m (2100 and 2600
ft) was observed on the Kuster log following shut-in (June 28, 1986).
This corresponds to an aquifer near the transition of the sediments and

Precambrian basement rock. This thermal anomaly might also be
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attributed to changes in thermal conductivity in the different geologic
formations. The possibility of a small leak in this area should not be
ignored. Another, deeper anomaly was noted in the temperature gradient
on the shut-in temperature log. The gradient is quite flat from 2990
to 3185 m (9800 to 10 450 ft) indicating some flow behind the casing
believed to be the top of a cross flow between the main HDR reservoir
and the Phase I low-pressure system. It is estimated a small amount of
fluid, about 0.0019 m’/s (30 gpm), was still entering the wellbore below
3185 m after EE-2 was shut in and flowed up the well and out into the
rock at 2990 m. On Fig. III-6 an interpretation of cement bond log
amplitude shows cemented regions behind the 244.5-mm (9-5/8-in.) casing
that resulted from the squeeze work done to "repair" EE-2 in 1984. The
existence of’this cross flow would indicate a deterioration of the
squeeze cement between 3215 to 3230 m (10 550 to 10 600 ft). The cement
placed above the 2775-m (9100-ft) squeeze perforations appears to be in

good condition based on the temperature logs.
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3. Phase I Wells. Background temperature surveys were made in
EE-1 and GT-2B on May 13 and May 14, 1986, respectively, before the
start-up of the ICFT. Throughout the experiment, the EE-1 and GT-2B

wellheads were monitored. A small amount of fluid was noted flowing
from GT-2B on June 12, 1986. When this wellbore was shut in, a pressure
increase at the wellhead was noted and recording of both EE-1 and GT-2B
pressures commenced. On July 31, 1986 (about 43 days after the pumping
into EE-3A was terminated), a second survey was run in EE-1. The data
from the three temperature surveys are shown in Fig. III-7. The effects
of the warming of the EE-1 borehole via the leakage into the old Phase I
system are clearly defined.

B. Modeling Thermal Performance

Folloving completion of the ICFT, simulations of both EE-3A and
EE-2 performance were made to match the data collected during the
experiment using a wellbore heat transfer (WBHT) code (Dash and

Zyvoloski, 1982). The WBHT model solves the basic 2-D radial equations
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Figure ITII-7. EE-1 and GT-2B temperature surveys.
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for heat transfer and accounts for forced convection in the wellbore and
annulus and for conduction to the surrounding rock mass.

1. EE-3A WBHT Simulation. EE-3A injection was modeled using an

approximation to the measured flow rates (Fig. III-8) and a constant
inlet temperature of 20°C, which corresponds to the average injection
temperature over the course of the experiment. The resulting bottom-~
hole temperature versus time is given in Fig. III-9. WBHT-calculated
wellbore temperature profiles are compared to corresponding OWP
temperature surveys in Fig. I1I-10. The EE-3A simulation profiles are
in good agreement with wellbore cooldown during injection and
postinjection thermal recovery. The model used, however, is not
sufficiently complex to model flow into the reservoir. The simulation
also provided information that allowed estimation of bottom-hole
injection pressures.

2. EE-2 WBHT Simulation. EE-2 production was modeled using a

reservoir outlet temperature of 232°C, which corresponds to the original

rock temperature at 3535 m (11 600 ft) and flow rate as measured at EE-2
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Figure III-8. EE-3A injection flow rate versus time.
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wellhead (Fig. III-11). The production temperature projected by the
model as a function of time is given in Fig. III-12 and compared with
measured production temperatures. These temperatures are in good
agreement during the first 9 days of the ICFT. At that time the
temperature predicted by the model exceeds that measured by about 5 to
10°C. Around the 20th day of the simulation, this difference has
increased to 20°C. In general, the discrepancies correspond with the
appearance of more gas in the production fluid; in particular, the
largest discrepancies correspond to an experiment in which nitrogen was
introduced into the system on June 8. The same discrepancies can be
noted between the downhole Kuster measurements and WBHT wellbore
temperature profiles (Fig. III-13).

Because of the increasing error in predicted production tempera-
ture, the model was rerun using a production rate derived from summing
the flow rates through the heat exchangers (Fig. III-11). During the
early part of the test, EE-2 wellhead and heat exchanger flow rate

measurements were consistent, but a difference in the measurements of
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Figure III-11. EE-2 production flow rate.
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flow rate was noted after about 8 days. This deviation between wellhead
and heat exchanger flow rates occurred at about the same time the
strainer in front of the wellhead flow meter required cleaning owing to
severe clogging, suggesting some debris may have affected the wellhead
flov meter. To determine which flow rate measurements were more
reliable, a cross check was made by estimating flow using the difference
between injection and makeup flow meters (Fig. III-14). The values
obtained consistently match the heat exchanger flow rates when the
system was not being run in gas-purge mode. Therefore, it is believed
that the heat exchanger flow rates provide the most reliable values.
Projections of production temperature using the heat exchanger flow
rates, although still high (about 5 to 10°C), are in much better
agreement with experimental results (Fig. III-12). Downhole Kuster
measurements and WBHT wellbore temperature profiles compared in Fig.

IT1-15 are also in much better agreement.
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Figure III-14. EE-2 production flow rate estimated from difference
between makeup flow and injection flow measurements.
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temperature using heat exchanger flow rates.

C. Estimation of Thermal Power Production

Kuster measurements with WBHT projections of downhole

Thermal power production was estimated for the ICFT using the

measured production temperature at the EE-2 wellhead, the injection

temperature at EE-3A, and production flow rate.

First

calculations used

the production flow rate measured at the EE-2 wellhead; later

calculations used the flow rates measured at the heat exchangers (Fig.

III-16).

Using the wellhead measurement of flow, a peak power of 10.5

MW, was estimated; however, with the lower flow rates measured at the

heat exchangers, this peak was slightly under 10 MW_.

A model

projection using a sustained flow rate of 0.0126 m’/s (200 gpm), which

is close to the rate maintained over the last 7 days of the test,

results in a power production of 10 MV, .
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Figure III-16. Thermal power production during the ICFT estimated using
heat exchanger flow rates.

IV. RESERVOIR HYDRAULICS

A. Pressure Rate Response

Many hydraulic reservoir tests were conducted within the ICFT that
included shut-ins, vents, and pressure and flow rate variations. These
experiments provided information about reservoir and well characteris-
tics and the changes caused by water circulation during the ICFT.

1. Analysis of EE-3A Data.

a. Introduction. Figure IV-1 shows the EE-3A pressure and flow

rate (averaged every 15 min) on a condensed time scale; Table IV-I lists
the many shut-ins of the injection well during the ICFT along with the
estimated instantaneous shut-in pressure for each shut-in. A short
step-rate test was conducted at the start of the ICFT, followed by a
nominally steady injection at 0.0114 m’ /s (180 gpm) for 6 days. The
injection pressure decreased from 32.1 MPa (4650 psi) to 27.6 MPa (4000
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Figure IV-1. EE-3A pressure and flow rate.

psi) during the first 3 days of injection, leveling off to 26.9 MPa
(3900 psi) later in the test. Following the 6 days of steady injection,
there were two short intervals with elevated rates: one at 0.0180 m’/s
(286 gpm) for 28.2 hours beginning at 1620 hours on May 25, and one at
0.0174 m’/s (276 gpm) for 12.9 hours beginning at 2008 hours on May 27.
Both caused the surface injection pressure to increase quickly to
approximately 31.0 MPa (4500 psi), reflecting a very small increase in
the bottom-hole pressure. The 4.1-MPa (600-psi) rise in surface
pressure was due mainly to increased pipe friction. The injection rate
was then dropped back to 0.0113 m’/s (180 gpm) for 5 days and further
down to 0.0107 m’/s (170 gpm) for 2 days. After this, the injection
rate was increased to 0.0180 m’/s (285 gpm) and held to the end of the
ICFT except for a short pump of 0.0265 m’/s (420 gpm) at 2325 on June 11
and several shut-ins. There are two especially noteworthy facts from

these data:
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TABLE IV-1

EE-3A SHUT-INS

Date Time P_ (MPa) P .., (MPa) Q (1/s)
5/19/86 1651 0.0 27.9 A
5/19/86 1811 0.0 29.8 .5
5/19/86 1922 0.0 30.2 10.7
5/19/86 2042 0.0 32.6 19.1
5/21/86 0941 17.8 26.9 11.4
5/22/86 0027 19.4 26.1 11.5
5/24/86 1209 22.7 26.2 11.4
5/28/86 0810 24.1 25.3 11.9
5/28/86 1513 23.6 25.1 11.1
6/04/86 1953 27.5 28.5 17.8
6/05/86 0328 26.8 28.0 10.4
6/06/86 0820 27.7 28.6 18.0
6/07/86 1244 27.9 28.9 17.7
6/08/86 1255 27.6 28.4 11.0
6/08/86 1737 27.2 28.1 17.5
6/10/86 0937 28.1 29.5 18.0
6/16/86 1053 27.7 29.5 17.9
6/18/86 1601 28.6 29.6 10.1

1) The bottom-hole injection pressure changed only slightly in
response to large changes in injection rates.
2) The pumping pressure at a given pumping rate stayed fairly
constant.
It is concluded from this behavior that the fractured region began to
"inflate" with fluid soon after injection began.

b. Early Time Data. Figures IV-2 and IV-3 show the injection

pressure versus time plot for the initial step flows of 0.0044 m’/s (70
gpm) and 0.0085 m’/s (134 gpm), respectively. During the initial
pressure rise in both buildups, water was being stored in the wellbore
and the rapid pressure increase is due to fluid and wellbore

compressibility. Figures IV-2 and IV-3 indicate that the wellhead
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Figure IV-2. EE-3A pressure buildup during first step-rate test.
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Figure IV-3. EE-3A pressure buildup during second step-rate test.
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pressure starts deviating from straight-line behavior at about 17.2 MPa
(2500 psi), indicating the threshold pressure at which fluid began to
flow into the formation. This value agrees with the previous findings
listed in Table IV-II. From the initial slope of these curves, the

wellbore compressibility is estimated to be between 6.5x10"* MPa~' and
7.0x10™% MPa™' (4.5x107° psi™! and 4.8x107° psi™').

c¢. Fracture Closure Stresses. The EE-3A wellhead pressure,

injection flow rate, surface temperature, and estimated bottom-hole
temperature and pressure are given for several different times in Table
IV-ITI, The bottom-hole values were calculated using the WBHT code,
which accounts for heat transfer with the formation as well as for
variations in fluid density, viscosity, pipe friction, and hydrostatic
head.

Bottom-hole pressures are plotted versus the square root of their
flow rates in Fig. IV-4 for several previous experiments and the ICFT.
A linear relationship in these coordinates is expected based on the
assumption of turbulent flow through a fracture parallel with an
opening, or aperture, which varies linearly with pressure excess over
the fracture closure stress. Extrapolated back to zero flow rate, these
curves yield the theoretical bottom-hole fracture closure pressures for
each experiment. In the case of this experiment (2067, or ICFT), two

sets of data were used, one grouping the initial pumps of 0.0044,

TABLE IV-II

COMPARISON OF EXPERIMENT 2067 RESULTS WITH PREVIOUS TESTS

Initial Pump Data Shut-In Data
Deviation from
Experiment Compressi?ility Straight Line ISIP Slope1 .
Number (MPa™t) (MPa) (MPa)  (MPa/min'”?)

2049 3.9E-4 22.8 29.6 1.4
2057 10.2E-4 13.8 29.9-31.7 1.7-2.2
2059 6.4E-4 8.3 34.5 2.0
2061 5.1E-4 <6.9 38.4 0.43
2062 7.4E-4 8.3 29.5 0.97
2067 (6.5-7.0)E-4 13.8-17.2 29.8 0.12
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TABLE IV-III

ESTIMATED EE-3A BOTTOM-HOLE PRESSURES AND TEMPERATURES
Time Flov Rate Pourface surface Tyotton bottom
(hours) (1/s) (MPa) (°c) (°C) {MPa)
0.33 4.4 25.9 9.5 235 61.7
2.0 8.5 30.2 10.0 222 63.0
3.0 10.7 29.6 11.5 227 64.9
96.0 11.4 27.6 12.5 74.2 62.8
120.0 14.6 27.6 12.0 69.8 62.3
290.4 12.3 26.2 16.0 62.4 61.3
559.2 27.3 33.1 20.0 45.0 65.5
590.4 17.6 31.0 17.5 47.9 65.3
80

Bottom-Hole Pressure {(Mpa)

50

0.0

0.6

08

Square Root of Flow Rate ({/s’ '7)

Figure IV-4. Bottom-hole fracture closure pressure for five experiments.
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0.0085, and 0.0107 m’/s (70, 134, and 170 gpm), and another consisting
of data obtained during later steady flows. Although the slopes for
these two data sets are different, they indicate approximately the same
bottom-hole fracture closure stress of 55.6 MPa (8070 psi), or 19.7 MPa
(2850 psi) at the surface. This value is about 3 MPa (435 psi) lower
than that obtained in Expt. 2062 and is quite close to that obtained
from Expt. 2059. This indicates that significant volumes of water went
into the connections created previously by these two experiments.

d. Shut-Ins. The final shut-in occurred after 30 days of pumping

at various rates. At the injection well (EE-3A), the surface pressure
transient exhibited the expected sudden drop of 2 MPa (290 psi) because
of wellbore friction followed by a more gradual decay. Assuming that
the pressure drop is caused by a discharge of wellbore fluid into the
formation through fracture faces, with no tensile fracture extension
(i.e., the fluid pressure is below the closure stress), the estimated
initial shut-in pressure (ISIP) using the square-root-of-time method is
29.8 MPa (4318 psi), as shown in Fig. IV-5. The slope of this curve is
0.1 MPa/min'”? (18 psi/minl/z). This is about an order of magnitude

less than values obtained during past tests (Table IV-II).

30.00

29.75

m = 0.1 MPa/min'/?

EE3-A Surface Pressure {MPa}
N
-2
3
T

29.25 |-

2900 . o0 U0 et b e L e b
0 .5 1 15 2 25 3 35

Square Root of Time {min'*?)

Figure IV-5. Shut-in curve for the final shut-in.
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Vith the hope of spotting some orderly trend to explain this
discrepancy, the slopes of the linear regions of all the shut-in curves
were plotted versus the total volume of injected water to the time they
occurred (Fig. IV-6). A sharply decreasing trend is noted in this

7% after

figure, with the curve leveling off around 0.1 - 0.2 MPa/min’
the injection of about 8000 m’ (2.1 million gal.). As shown in Fig.
IV-7, the qualitative character of the shut-in pressure response also
changes during injection. This suggests that perhaps the standard
method (Hickman and Zoback, 1983) of determining ISIP is not valid after
a large amount of fluid (i.e., approximately 3800 m3, or 1 million gal.)
is pumped into a reservoir. The reason for the decreasing slopes is
thought to be due to the inflation of the reservoir. As more and more
fluid is pumped into the formation and the reservoir approaches a

pseudo steady state, local pressure gradients decrease, leading to

reduced flow.
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Figure IV-6. Slope of shut-in curves versus volume injected for EE-3A
falloffs.
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Figures IV-8 and IV-9 are Horner curves for the wellhead pressures
at EE-3A and EE-2, respectively. Assuming an injection zone of 150 m
(492 ft) in height, the average permeability near EE-3A is 30x10™'° m?
(30 md) and the skin factor is about -1. Around EE-2, the data were
more ambiguous. Again assuming a 150-m production zone, the average
' to 3x107'% m® (2 to 3 md) and the

skin factor varied between -3 to -2. The variability of results is due

permeability varied between 2x10~

to little or no wellbore storage effect, making the location of a linear
region rather arbitrary. The negative skin factors denote the expected
presence of fractures, and the range of permeabilities is of the
expected order of magnitude.

Another use for the fall-off curve is to identify the equilibrium
pressure of the reservoir after a long shut-in (often denoted as p').
Figure IV-8 shows that, on the surface, p* of the Phase II reservoir is
29.0 MPa (4200 psi), or about 64.8 MPa (9400 psi) bottom hole. Using an

-1 (2x10_7 psi_l) and a water-loss

overall compressibility of 3x10° MPa
volume of 13 680 m’ (3.61 million gal.), a total reservoir volume of
16.3x10° m’

well with that of a sphere of radius 150 m (492 ft). Looked at another

(4300 million gal.) can be derived. This volume compares

vay, a p' of 29 MPa (4206 psi) leads to a fracture volume porosity of
0.087%.

Fracturing pressures are summarized in Table IV-IV, comparing the
values obtained during the ICFT with those of the 1985 redrilling
campaign. Figure IV-10 shows that the new values follow the same
general trend with depth, falling around a pressure gradient of about 19
MPa/km (0.8 psi/ft). Also, the fracture closure stress obtained from
the shut-in data is lower than that extrapolated from the ISIP method,
again remaining consistent with previous results.

2. Analysis of EE-2 Data. EE-2 production pressures and rates

were controlled by maintaining a fairly constant back pressure on the
well. The wellhead pressure was generally maintained between 1.4 and
3.4 MPa (200 and 500 psi) so as to have single-phase flow from the well
and through the heat exchangers. Notable exceptions to this occurred
during various shut-ins, vents, gas kicks, and the nitrogen experiment.
The pressure and flow rate data are summarized in Fig. IV-11 and com-

pared with EE-3A in Figs. IV-12 and IV-13. The percentage of injection
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TRUE VERTICAL DEPTH (km)

TABLE IV-IV

EE-3A FRACTURING PRESSURE COMPARISON WITH 1985 DRILLING CAMPAIGN

Injection Fracturing Pressures (MPa)
Expt. Interval . 2ISIP Extens%on Press.
Number (m along wellbore) (t / method) method) Comments
2049 3301-3316 61.0 5.3 1/s
60.2 10.6 1/s
60.3 15.9 1/s
61.8 5.3,10.6,15.9 1/s
2057 3301-3316 60.6 5.3 1/s
62.7 15.9 1/s
2059 3516-3719 69.6 56.7 connection
(most taken @ 3600)
2061 about 4020 77.8 61.4
2062 about 3660 64.9 59.0 connection
2067 about 3660 65.8 55.6
EARTH STRESS (psi)
00 2500 5000 7500 10,000 12,500 15,000
1 1 1 A 1 L 0
Sediments &
Volcanics
A
b ISIP
0.5 €:> B
Fracture extension
pressure from
1.0 P vs Q%5 extrapotation -
O Fracture extension _ -4 E
154 pressure from break in T
pressure—tlme curve -
&
-6 o
2.0-4 & o
g
Gneiss & o
Mafic Schist 8 E
259 Gradient 19 MPa/km [ ';’
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(m] 2
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v
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Granite, ICFT™ & v Figure IV-10. Fracture
407 Granodiorite closure pressure versus
L1a depth for several
a5 . . . °, ] experiments.
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Figure IV-13. EE-2 and EE-3A flow rate.

flow that returned through the production wellbore increased throughout
the flow test as the reservoir inflated to a quasi steady-state size.

Figure IV-14 shows the response of EE-2 pressure during the first 8
hours of pumping while EE-2 was shut-in. It took approximately 4.25
hours after the start of injection into EE-3A to observe a significant
pressure response in EE-2. After this, the pressure increased at a rate
of 1.6x10"" MPa/s (1.4 psi/min).

3. Pressure Response at Phase I Wells. A flow connection from the

Phase II reservoir to the Phase I reservoir, a pre-existing fractured
region, was noted during the ICFT. Figure IV-15 shows that after 28
days of pumping into EE-3A vhile flowing EE-2, the two Phase I wells,
EE-1 and GT-2B, experienced a pressure rise from atmospheric to 0.15 MPa
(22 psi). The pressure increased steadily to 0.83 MPa (120 psi) 12 days
after the final shut-in, a total increase of 0.68 MPa (98 psi).

The pressure rise in the Phase I wells was modeled by representing
the fractured rock in the region previously mapped by microseismic

events as a spherical region of constant pressure embedded in an
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infinite homogeneous medium (Malzahn, 1986). Using an overall

-1

compressibility of 3x107° MPa™' (2x107’ psi”!) given by Murphy et al.

(1977), preliminary results indicate a regional permeability of 18x107 18
m? (18 pyd). This compares well with Fisher’s (1980) estimations of
5x107'% to 10x107'* m® (5 to 10 ud).

B. Impedance

Impedance is a measure of the ability of a formation to transmit
fluid and is analogous to electrical resistance. It is determined by
simply dividing the pressure drop across a segment by the flow rate
exiting the segment.

Reservoir impedance, calculated by removing the wellbore effects
from the data, differs from overall impedance because of correction of
the pressure drop for buoyancy and pipe friction, thereby eliminating
the effects of depth and the pumping system. Figure IV-16 shows that
the reservoir impedance decreased throughout the ICFT, going from 7
GPa-s/m’ (64 psi/gpm) to 2 GPa-s/m’ (18 psi/gpm) over the 30-day test
with the most rapid decrease occurring during the first week of
injection. This is due to hydrothermal stimulation along the fracture

surface, especially near the injection wellbore.
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Figure IV-16. Overall reservoir impedance.
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Near-wellbore impedance describes the part of the reservoir
impedance immediately surrounding the wellbore and is found by
subtracting the surface pressure from the instantaneous shut-in
pressure, correcting this amount for buoyancy and friction, and then
dividing by the surface flow rate immediately before the shut-in.
Figure IV-17 shows that the EE-3A injection well impedance dropped
rapidly during the first half of the test from 0.7 GPa-s/m’ (6.6
psi/gpm) to 0.002 GPa-s/m’ (0.02 psi/gpm), while the decrease at the
production well, EE-2, was much more gradual. This may indicate that
the EE-2 wellbore is damaged or otherwise restricted, e.g., by the short
open-hole reach below the casing shoe and/or the casing restriction at
3200 m (10 500 ft).

C. Vater Loss

There were four mechanisms of water loss operating during the ICFT:
1) reservoir extension indicated by microseismic activity; 2) reservoir
inflation of the active reservoir and the static regions of several

previous fracture experiments; 3) flow into the Phase I system; and 4)
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Figure IV-17. Wellbore impedance for EE-3A and EE-2.
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leakoff into secondary porosity (i.e., into the country rock surrounding
the fracture).

To calculate the cumulative water loss, the difference between the
cumulative injection, 36 950 m’ (9.76 million gal.), and the cumulative

production, 23 270 m’

3

(6.15 million gal.), was used as a first estimate
giving 13 680 m” (3.61 million gal.). This does not account for the
times that the production well, EE-2, was being vented to the EE-1 pond.
An estimated 950 m’ (0.25 million gal.) of water was vented based on log
book records and data observations of the length of the vent and the
previous flow rate from EE-2. This leaves approximately 12 730 m (3.36
million gal.) of water lost during the experiment.

As shown in Fig. IV-18, the largest water loss occurred near the
beginning of the ICFT, as the formation inflated. As the reservoir
approached a quasi equilibrium, water loss averaged 30% of the injected
volume, with a low of 26%. At this point, loss was due to reservoir

extension, loss to the Phase I system, and leakoff into the surrounding

rock.
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Figure IV-18. Percent water loss.
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V. GEOCHEMISTRY AND TRACERS

A. Geochemistry Data

1. Sampling Apparatus and Procedures. The apparatus used to

collect produced fluid gas and liquid samples is shown in Fig. V-1.
Hot, pressurized fluid from a side stream off the production wellhead
flowed to a small chemistry laboratory containing this equipment. The
fluid was cooled under pressure in a heat exchanger and directed to the
various apparatus in the figure either manually or automatically,
depending on the sample being collected. Filtered and unfiltered liquid
samples were collected manually through the ports labeled 1 and 2.
Alternatively, fluid passed through an instrumented manifold kept at a
pressure sufficient to prevent degassing. The eH, pH, and electrical
conductivities of the fluid were recorded automatically in this
manifold. The gas separation equipment on the right side of the figure
supplied gas samples for the gas chromatographic and radon analyses.

This separator was operated continuously, with gas samples directed

Gas Vent Cold Trap

Gas Flow Meter ToGas —— L1
Chromatograph

Gas-Liquid
Gas-Liquid Separator

Separator

Sampling Ports

Drain
Heat 1
Exchanger
To Flow-Through
Gamma Detection Cell
Cooling Water

I

From Production Welthead

Figure V-1. Schematic of the sampling apparatus for production fluid
liquids and gases.
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periodically to the gas chromatograph after passing through a cold trap
to remove any remaining moisture. In addition, the liquid effluent from
this separator was directed to the gamma counter during the radioactive
tracer experiments.

The other gas separation unit was used to measure gas and liquid
flow rates simultaneously to obtain the gas mass fraction in the
produced fluid. The separator was manually adjusted to achieve a
constant liquid level and gas flow rate, and the gas and liquid flow
rates were measured simultaneously. Since the gas was predominantly
co,, the concentration of co, (in weight percent) in the produced fluid
was determined directly.

The procedures employed at Fenton Hill for analyzing gas and liquid
samples for dissolved anions, cations, gas concentrations, suspended
solids, and other species are described in detail by Trujillo et al.
(1987).

2. Major Dissolved Species. Figure V-2 shows the concentration-

time behavior of the major dissolved anions and cations in the produced

fluid. Table V-I shows the concentrations in a sample collected 6 days

10,000

1
.
Y
% %
Y .
%%.."' hae B ARSI A S 4<CI
- A
| e o0 e T oo oo e e
1,000 ! N,
a
&

- HCO,

T T

100~

Concentration (ppm)
oy
e
m

o A ]
. O N Figure V-2. Concentration-time
o — , : behavior of the major dissolved

0 10 20 30 L] . [ »
Time (days species in the production fluid.

64—



TABLE V-I

TYPICAL ION CONCENTRATIONS
(Sample Collected on Day 6)

Component Concentration (ppm)
As 0.6
B 48
Br 11.5
Ca 42
Cl 1814
F 10.4
Fe ' 2.1
HCO, 408
K 114
Li 23.4
Na 1180
pH 5.79
Sio0, 452
S0, 183
TDS 4300 (I = 0.05 m)

into the flow test, after the geochemical behavior had reached a

quasi steady state. The concentrations of most species are two to three
times higher than in previous reservoirs, probably because of higher
reservoir temperatures and a larger contribution from the in situ pore
fluid. The total dissolved solids value of 4300 ppm, equivalent to
ionic strength I = 0.05 m, is low enough that major brine-handling
problems are not expected.

3. Noncondensable Gas Analyses. Gas analysis consisted of total

gas flow rate (Fig. V-3) and gas chromatograph analysis of the dry gas
composition. After the initial transient in the first few days of the
flow test, the average gas flow rate was about 0.2% CO, by weight.

Dismissing the high gas flow rates during a nitrogen injection experi-

ment on day 20, the highest values were observed during the experiment
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Figure V-3. Dissolved CO, concentration in the production fluid.

start-up. The high value of 0.9% is the best estimate of the CO,
concentration in the pore fluid. Higher gas concentrations may have
been present during periods of two-phase flow, but our sampling appa-
ratus did not enable us to obtain a representative sample of the fluid
during two-phase flow.

Gas chromatograph analyses determined the dry gas to be predomi-
nantly CO, (typically 90-95%), with lesser quantities of N,, minute
amounts of H,S, 0,, and occasionally CH, and C,H,.

B. Interpretation of Geochemistry

1. Time-Dependent Behavior. When fluid of different concentration

than the underground pore fluid is injected into a circulating HDR
reservoir, the resulting produced fluid geochemistry behavior will be
governed by three mechanisms: 1) displacement of the downhole fluid by
the injected water; 2) rock-water dissolution, precipitation, or altera-
tion reactions; and 3) adsorption of chemical species on the reservoir

rock. Throughout most of the flow test, the downhole, injection, and
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makeup fluids were all at similar concentrations (approximately those
listed in Table V-I). However, early in the test the inlet and outlet
concentrations were different and can be interpreted most effectively by

defining a nondimensional concentration C* (Grigsby, 1983):

C—Cin

Q
*
]

(V-1)

where C. =~ is the injection concentration and C  is the initial produced
fluid concentration, which is the true downhole concentration of the
component if the sample is collected immediately after the wellbore
fluid is displaced. (A summary of geochemistry nomenclature is provided
in Appendix D.) The most common behavior is that of an inert,
nonadsorbing species, which behaves like a tracer for a negative step
change in injection concentration. Injected fluid gradually sweeps the
concentrated underground pore fluid from the reservoir until the pro-

duced fluid concentrations approach the injection values (Fig. V-4).
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Figure V-4. Dimensionless concentration versus produced fluid volume
for inert species during initial reservoir operation. Concentrations
start at high downhole values and decline to injection fluid
concentration.
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Chloride ion, Cl, as well as B, Br, K, Li, Na, electrical conductivity,
and total dissolved solids all fall in this category.

Two other characteristic concentration-time responses are exhibited
in Fig. V-5. The dissolved silica concentration remained constant
during the initial sweep of pore fluid from the reservoir and throughout
the entire 30-day test. Quartz dissolution supplies a constant source
of silica to the undersaturated injection fluid, allowing the solution
to reach equilibrium in one pass through the reservoir. The third type
of time-dependent behavior is for species whose concentration decreases
to a value below the injection value. This result implies consumption
of the component, either by adsorption on the rock surface or precipi-
tation reactions. Divalent cations such as magnesium clearly show a
propensity to adsorb on granite, and, as shown in the figure, fall into
this third category. Calcium, bicarbonate, and iron also exhibit this
behavior, although the mechanisms for these three components are as yet
unclear. Finally, a few species such as Ba, Mn, and S0, exhibit

anomalous time dependences, which have not been explained.
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Figure V-5. Different types of concentration-volume behavior observed
during initial reservoir operation.
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2. Sources of Dissolved Species. The origin of dissolved species

in hot dry rock geothermal fluids has been treated by Grigsby et al.
(1983). The two primary sources of dissolved species are displacement
of downhole pore fluid and dissolution of minerals. Current models
postulate a continuous extraction of the original pore fluid from the
fractured rock mass over long periods of time. The most compelling
argument supporting this theory is the presence and continued supply of
chemically inert species such as boron and chloride, which are not found
in the reservoir granite and hence are not supplied by a dissolution
reaction.

Since most reservoir fluid samples are composed of the original
downhole fluid after dilution with injected fluid, true values of the
pore fluid concentrations are difficult to obtain. Grigsby (1983) has
demonstrated that even when the pore fluid is diluted, the ratios of
ions in solution should remain constant for conservative species
supplied only by pore fluid rather than by mineral dissolution or
alteration. When the concentration of one component is plotted directly
against another, the data should fall on a single straight line if the

source of the pore fluid is the same. Figure V-6 is a plot of boron
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Figure V-6. Boron versus

Ojﬁ. - chloride for fluid samples
5000 10,000 collected in the Fenton Hill
Cl CONCENTRATION (ppm) HDR reservoir over the past
6 years.
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versus chloride for the ICFT and previous Fenton Hill circulation
experiments and vents of the past 6 years. The new data all fall on the
same straight lines as those for other fluid samples collected at Fenton
Hill. The evidence now even more strongly supports the pore fluid
hypothesis and suggests that a single underground fluid supplies the
conservative species found in fluid samples at the Fenton Hill site.
Rock-water reactions are also important in the production or
consumption of some species. For example, quartz dissolution controls
the concentration of dissolved silica in the production fluid. The
constant concentration measured during the flow test implies that the
kinetics of quartz dissolution were rapid enough for the fluid to reach
saturation in one pass through the system. Robinson (1982) measured the
rate of quartz dissolution as a function of temperature and rock surface

area and determined the following relation:

= -ka*t ’ (V":Z)

wvhere a* is the quartz surface area to fluid volume ratio (qu/b for a
flat fracture, where b is the fracture aperture and fq is the fraction
of quartz present in the granite), Cc” is the saturation concentration,
and k is the rate constant for dissolution. To obtain a minimum value
for a*, or a maximum value for the average fracture aperture, the
following values were used:

$ = 0.1 (equivalent to the dissolution reaction reaching 90% of

its equilibrium value),

t = 10 hours (the residence time at the peak tracer response),
= 4.13x10"° m/s at 250°C (Robinson, 1982), and
= 0.3.

q
These assumptions yield a* = 1530 m_l, or b = 0.4 mm. In other words,

the average aperture encountered by fluid should be no greater than
about 0.4 mm and quite possibly less in order for the system to reach
saturation with respect to quartz in one pass through the reservoir.
Future models for the permeability and tracer behavior of the reservoir

must be consistent with this information.
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Another set of reactions affecting the produced fluid chemistry is
the dissolved carbon dioxide-bicarbonate equilibrium reactions, which
are coupled to the calcite dissolution reaction. Carbon dioxide is
present in the underground pore fluid and is produced along with other
pore fluid elements. If calcite (calcium carbonate, CaC0,) is present,
its solubility is also affected by the presence of dissolved CO,. For a
CO,-rich fluid in equilibrium with calcite, the following chemical
reaction applies:

2+

CaCO, + H,0 + COz(g) « Ca"" + 2HCO; R (V-3)

with equilibrium constant Keq equal to

2 2
Yca YHCO, [Ca][HCO, ]
- . (V-4)

K
eq PCO
2

The concentrations are in mol/l and the activity coefficients, vy, are

related to ionic strength and temperature using a modified Debye-Huckel

model (Henley et al., 1984). The partial pressure of co,, PCo , is
given by 2
PC02 = K, XCOZ ; (V-3)

vhere K,» the Henry’s law constant for CO,, is a function of
temperature, and Xe0 is the fraction of CO, in the liquid. Using the
measured values of ail concentrations, and expressions supplied by
Henley et al. (1984) for K, and the y's, we may iteratively calculate
the equilibrium temperature at which these dissolved species were
produced. For the 75 samples analyzed, the average calculated tempera-
ture was 211°C, with a standard deviation of 16°C. These temperatures
are in reasonable agreement with the measured downhole production
temperature of about 232°C, suggesting that for a given downhole PCo )
calcite dissolution is governing the equilibrium between dissolved C62,
bicarbonate ion, and Ca. As significant changes in downhole

temperatures occur due to thermal drawdown or exposure of hotter fluid
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flow paths, corresponding changes in these concentrations should also
occur. However, to use these equilibrium reactions to evaluate
reservoir temperature patterns, further refinements of the calculations
will be required to explain the 20°C discrepancy between the actual and
average calculated temperatures.

3. Geothermometer Readings. Since rock-mineral dissolution or

alteration reactions are temperature dependent, the concentrations of
certain dissolved species will depend on temperature. The calculations

just presented are one example. Two more commonly used chemical

geothermometers that exploit this temperature sensitivity are the quartz

and Na-K-Ca geothermometers. These two measurements are shown for
samples collected throughout the flow test in Fig. V-7. The recorded
geothermometer temperature for quartz dissolution of about 250°C agrees
fairly closely with the actual downhole temperature. The reactions
governing the Na-K-Ca geothermometer do not reach equilibrium in short

times, however. Thus, since the produced fluid is a mixture of the
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Figure V-7. Silica and Na-K-Ca geothermometer temperatures.
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injection fluid and underground pore fluid, these geothermometer
readings are not as precise. The Na-K-Ca temperatures decrease from
essentially the known rock temperature to a somewhat lower value. In
future work we will model this behavior, as well as the carbon dioxide-
bicarbonate equilibrium reactions, as the mixing of fluids of different
concentrations and temperatures to attempt to determine what concentra-
tions and flow fractions are required to match the results.

C. Chemical Effects on Operations

1. Corrosion Studies. Because of the large number of metal

hardware failures attributed to metallic corrosion during the drilling
of the injection and production wellbores, corrosion monitoring was
performed during this flow test. Of greatest concern are the high
temperatures, gas concentrations, and concentrations of corrosive ions
such as Cl1 . This 30-day flow test provided data for future surface
loop design.

Corrosion coupons were placed on side streams off the main-stream
flow on both the hot and cold sides of the heat exchanger. Each station
contained two coupons attached to a coupon holder of sufficient length
that the coupons were exposed to a representative sample of the fluid.
The coupons were oriented parallel to the fluid flow to minimize
erosion. Shutoff valves placed at both stations allowed the coupons to
be removed periodically. Pressure taps were placed at the entrance and
exit points of the side-stream piping to direct the fluid flow to the
coupons. The coupons were analyzed periodically for corrosion rate (by
measuring coupon weight loss over a specified time, typically 150
hours), type of corrosion, and scale formation.

The corrosion rates at various times during the flow test are
presented in Fig. V-8. The more rapid corrosion rates occurring on the
hot side of the heat exchanger are due to the higher temperature, which
increases the attack of metal hardware by elemental species present in
the production fluid. The highest corrosion rate of 15 mils per year
(mpy), occurring with the second set of coupons, will be used as the
design criterion for the surface equipment for future tests. In the
final set of coupons, the dramatic decrease in hot-side corrosion rate
is attributed to equipment malfunctions that prevented liquid flow from

reaching the coupons.
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Figure V-8. Corrosion rates measured on the hot and cold sides of the
heat exchanger. Each value is obtained from a determination of
weight-loss for a coupon exposed to fluid during the times labeled.

The type of corrosion observed on both sample stations was
generalized and uniform. This behavior is typical of metal exposed to
acidic fluid under flowing conditions. The only deviation from this
pattern was in the final set of coupons on the cold side, where the
corrosion rate increased and extensive pitting was observed. This
anomalous behavior is probably due to the increase in dissolved oxygen
observed at this time in the experiment.

When assessing the potential for corrosion damage in geothermal
systems, the type of corrosion may be more important than the rate of
metal dissolution. A high concentration of Cl1 or dissolved 0, induces
pitting, which increases potential equipment failures dramatically. The
lack of heavy pitting on our corrosion coupons suggests that materials
will not be subjected to severe corrosive attack. Nonetheless, surface

hardware durability and performance in future flow tests can be enhanced
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with appropriate corrosion treatment. Alternatively, corrosion-
resistant materials or heavy-walled pipe could be used, but in our case
the cost advantages of light carbon steel equipment outweigh the
possible benefits of these approaches, particularly if dissolved gases
are handled properly. To minimize pitting corrosion during longer
periods of operation, dissolved oxygen in the injection fluid will be
kept low (in the parts per billion range) by injecting an oxygen
scavenger such as ammonium bisulfite or hydrazine.

2. Gas Handling. To keep a geothermal fluid containing dissolved

C0, a single phase, the total system pressure must be greater than the

sum of the partial pressures of CO, and water:

P> Py + By - (V-6)

This expression is valid for a closed system not open to the atmosphere.
The partial pressure of water, P_, is approximately equal to its vapor
pressure. The term PCOZ is a function of the concentration of CO, in
the liquid phase and its Henry’s law constant K,, as given by Eg. (V-5).
The constant K, and P are both functions of temperature. Figure V-9
shows the minimum pressure required to keep the solution a single-phase
liquid for different temperatures and concentrations of dissolved CO,.

During most of the flow test, dissolved CO, remained in the liquid
phase and was reinjected after energy extraction. A simple calculation
or use of Fig. V-9 shows why this was possible. The dotted line in Fig.
V-9, representing the pressure-temperature behavior of fluid in the
surface loop, shows that only fluids with dissolved CO, concentrations
greater than 0.7% will cause flashing. For the typical value of 0.2 -
0.3%, the mixture will remain a single phase. Occasionally, new regions
of the reservoir were accessed and a transient period of high CO, con-
centration occurred. Phase separation in the production wellbore
prevented us from collecting a representative sample, but Fig. V-9 shows
that the CO, concentration must have been about 1% or greater. For
future operations we will install a high-pressure, high-temperature gas
separator to handle these occasional gas surges.

3. Scale Deposition. The two types of scale deposition that were

of greatest concern before the flow test were silica and calcite
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Figure V-9. Pressure required to keep CO, - H,0 solution single phase
for different CO, concentrations and temperatures. Dotted line is a
typical (P,T) curve for an element of fluid passing through the surface
loop equipment.

precipitation. When water saturated with respect to quartz at reservoir
temperatures is cooled, it becomes supersaturated with respect to all
forms of silica. Hence a driving force for silica scaling is present.
Calcite precipitation occurs for a different reason. Flashing of CO,
from solution creates disequilibrium which, according to elementary
chemical thermodynamics, will cause the reaction of Eq. (V-3) to proceed
to the left to reachieve equilibrium. Thus, calcite (CaCOs) is
deposited.

Despite these potential mechanisms, very little scale deposition
was uncovered in a postexperiment examination of the surface loop, and
this scale did not adversely affect the performance of the equipment.
Only a small amount of calcium carbonate scale was found on a pipe
leading to the heat exchanger, while no silica deposits were found.
However, some magnetite scale was detected in the inlet manifolds of the

heat exchangers, although we cannot determine whether it was deposited
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during this or a previous flow test. In addition, a yellowish
precipitate containing about 4% arsenic was detected on the corrosion
coupons on the cold station of the heat exchanger and in the heat
exchanger itself.

D. Tracer Experiments

1. Procedures. Two radioactive tracer experiments, the first on

day 10 and the second on day 25, were carried out using an irradiated
form of the water soluble salt, ammonium bromide, NH,Br. The tracer,
82Br, a gamma-emitting radionuclide with a half-life of 35.3 hours, has
been used as a conservative (nonreacting, nonadsorbing) tracer at Fenton
Hill for several years (Robinson and Tester, 1984). In each tracer
experiment a sample was irradiated in the Los Alamos Omega West nuclear
reactor, assayed, and transported to the Fenton Hill site. Accounting
for radioactive decay during the transportation, the injected pulse
strengths were 61.9 mCi and 70.2 mCi. Measurements of gamma activity as
a function of time were obtained in the mobile chemistry laboratory by
flowing a liquid side stream through a continuous flow cell equipped
with a Nal scintillation counter.

2. Results. To obtain a residence time distribution (RTD) curve
from a pulse injection tracer experiment, the background radioactivity
must be subtracted and the resulting value corrected for radioactive
decay. Then, the RTD f(V) is given by

vy = L8 (V-7)

P

where C(V) is the corrected concentration at produced fluid volume V,
and m, is the mass of the tracer pulse.

Vhen the produced fluid is recirculated, as in the first test, the
concentration-time response must also be corrected for the reinjection
of radioactive fluid using a mathematical deconvolution technique
(Robinson and Tester, 1984). This calculation was performed for the
first experiment, while the second test was conducted in the open-loop
injection mode with production fluid returns temporarily vented to a
holding pond. Thus in the second test the true RTD was obtained
directly from Eq. (V-7).
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The RTD curves for the two experiments are shown in Fig. V-10. The
most striking difference from tracer tests in past Fenton Hill
reservoirs is the low recovery of tracer. The ®2Br tracer experiment is
limited to 2-3 days owing to its half-life, so the low tracer recoveries
actually imply that a larger percentage of the fluid has residence times
longer than 3 days. According to current models of tracer flow through
fractured reservoirs, the present system must contain flow paths of
large volume that conduct at least half the fluid. 1In addition, the
modal volume (produced fluid volume at the peak of the response curve),
a standard correlating parameter for estimating the heat-transfer
capacity of a fractured HDR reservoir (Robinson and Tester, 1984) is
larger by roughly a factor of 2 than previous Fenton Hill reservoirs at
a similar stage of operation. Hence we expect a longer-lasting
reservoir with more gradual production fluid temperature drawdown than
in the past.

Comparing the two tracer curves, the respcnse is shifted to larger

volumes, and less tracer was recovered in the second test. This result
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Figure V-10. Residence time distribution curves obtained from the two
radioactive tracer experiments.
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is due to the transient state of the reservoir during the flow test;
throughout the test, the difference of the inlet and outlet flow rates,
commonly thought of as water loss, was in large part going into charging
the reservoir. Thus a dramatic increase in the integral mean volume
(the volume of all fractures connecting the two wellbores, regardless of
residence time) from 2180 to 8440 m> was observed. The postexperiment
vent of the reservoir supports the idea that the observed water loss was
caused by the need to fill the fracture system. Of the total of 12 000
m’ net water lost to the fracture system, 6400 m’ returned during the
vent. Both of these values are in rough agreement with the fracture
volume of 8440 m’ measured in the second tracer test.

The fracture volume estimates aid in the development of conceptual
models of the flow system. Assuming a homogeneous fracture network of
known porosity, fracture volumes may be used to calculate the swept rock
volume. The value of fracture porosity may be bounded between 0.0004 -
0.004, based on measurements of seismicity and reservoir compressibility
calculations. For a fracture porosity of 0.003, the rock volumes
calculated from the second tracer experiment correspond to a sphere of
diameter 150 m. Although the value of porosity is inexact, the
resulting sphere diameter is of the same order of magnitude as the
wellbore separation distance of 110 m. Thus the conceptual model of
flow through a large network of fractures with a point source and sink

is a reasonable first approximation.
VI. SEISMOLOGY

A. Data Collection and Processing

Seismic sensors were deployed at 17 sites during the ICFT (Fig.
VI-1, Table VI-I). Nine of these were the Fenton Hill surface network
stations. These were augmented by four three-component MIT remote
digital recorders. These four temporary stations were located very
close to the site in order to study anisotropy that should cause shear
wave "splitting" because of vertically oriented structures such as
cracks. Unfortunately, little data were obtained from the remote
digital recorders. Precambrian stations PC-1, PC-2, and GT-1 ran

continuously throughout the experiment, while the three-component EE-1
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Figure VI-1l. Seismic stations used during the ICFT.

tool was deployed intermittently (Table VI-II). The PC-2 station proved
to be quite noisy, so a 100-Hz low-pass filter was applied. This
remedied the situation but also produced a lower frequency pulse that
degraded the quality of the arrival time determination.

The new MASSCOMP digital seismic data acquisition system was
employed to perform real-time, on-line event detection and digitizing.
The system employed three digitizers that were operated at software
selectable digitizing rates. One of the digitizers was run at a
relatively slow rate, 500 samples per second per channel, and digitized
data from the 9-station surface seismic network. A second digitizer
operated at 5000 samples per second and digitized data from the
4-station Precambrian network. The third digitizer was only used when
the triaxial geophone was downhole in EE-1. This digitizer was set at a
rate of 50 000 samples per second per channel. In addition to the

channels of seismic data, a time signal was sent to each digitizer.
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TABLE VI-I

FENTON HILL SEISMIC STATION LOCATIONS AND CORRECTIONS

Location® Correction®

North East Depth P-wave S-wave
EE-1 -480.82 -562.26 2854.60 0.6 2.3
GT-1 1976.63 -229.82 804.98 -0.5 10.9
PC-1 -954.44 613.53 741.88 4.6 10.2
PC-2 -925.93 -1358.80 577.94 30.0 0.0
FNHR 1483.0 774.0 -21.0
BRLY 1393.0 -2967.0 24.0
CEBM -4312.0 -464.0 54.0
CEBT -3630.0 -3290.0 77.0
BANC ~4456.0 4204.0 172.0
LAFK -1113.0 -2178.0 55.0
THOM 218.0 3047.0 139.0
TENT -2411.0 1035.0 11.0
LKFK -1302.0 -5273.0 81.0

® Locations in meters, relative to reference at latitude 35.855°, longitude
-106.6687°, elevation 2651.76 m.

b . . . caqs
Station corrections in milliseconds.

TABLE VI-II

EE-1 TRIAXTAL GEOPHONE DOWNHOLE (MDT)

On off
Date Time Date Time
5/19/86 2220 5/20/86 1450
5/27/86 1850 5/28/86 1000
6/03/86 1036 6/05/86 1305
6/11/86 2141 6/12/86 1000
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All data were written temporarily to disk so that data before event
declaration (described below) were always stored; data from time periods
that did not correspond to events were discarded and the disk space
reused. Because of this scheme, total system throughput was limited
by the speed of the disk. The maximum achievable aggregate digitizing
rate (from all digitizers and channels) was about 400 000 samples per
second.

While the data were being digitized, a real-time event detector
operated in the CPU of the system. The event detector analyzed data
from the medium-speed (5000 samples per second) digitizer to determine
the occurrence of a seismic event. The procedure used was to perform
long~ and short-term averages of each channel of the seismic data. If
an event occurred, the short-term average would rise faster than the
long-term average because of the increase in signal level. When the
ratio of the short- and long-term averages exceeded a specified value, a
flag was set at the station. If enough other stations also triggered on
the ratio test, an event was declared and all digital data from the
event were stored.

Tables VI-III and VI-IV list setup and trigger parameters used
during times that EE-1 was in operation. Parameters are described in
detail in the Raven user’s manual (written by NEWT, Inc.). The only
problem that occurred with this setup was that an occasional P-wave was
lost at station EE-1. This is most likely the result of a late event
declaration; perhaps P-waves were missed and an S-wave provided the
decisive trigger. This can be rectified in the future by extending the
pre-event memory (if possible), at most by the S-P time at the most
distant Precambrian station.

During the ICFT the MASSCOMP data collection system ran from May 19
to June 20 with occasional downtime, primarily because of power outages.
Downtime was not logged completely as problems often occurred when
seismologists were not present. A list of times that the analog tapes
were run as backup appears in Table VI-V; these times represent a
liberal estimate of downtime. Perhaps an automatic system of logging
downtime can be devised for the LTFT; this would involve the addition of

an internal clock that will not be affected by a crash.
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TABLE VI-ITI
SETUP PARAMETERS

Digitizer Digitizer Digitizer

Parameter 1 2 3 Description
nch 4 5 10 number channels
bufalloc 580 96 16 total buffer size (kB)
nbufs 6 8 8 number buffers
trate 50000 5000 500 digitizing rate
tpem 450 900 2000 pre-event memory (ms)
max-evlength 2 10 20 max-event length
(buffers)
TABLE VI-IV

TRIGGER PARAMETERS

Parameter Value Description

ntrig 5 number of stations to compute trigger
nstatrig 3 number of station flags to declare event
nppsta 300 data points per short-term average
ltadiv 8 long-term average constant

enumer 12 sensitivity constant: numerator

edenom 8 sensitivity constant: denominator
equiet 6 quiet station constant

trigmin 58 min duration of trig; multiples of STA
trigmax 20 max duration of trig; multiples of buffers
decimate 5 decimation for trigger algorithm
trig-reset 1 max-event length reset of STA to LTA

_83-



TABLE VI-V

ICFT MAGNETIC TAPE BACKUP TO MASSCOMP (MDT)

On off
Date Time Date Time
5/22/86 1253 5/22/86 1324
5/25/86 1037 5/26/86 1220
5/27/86 1535 5/27/86 1614
5/27/86 1814 5/27/86 2206
5/29/86 1626 5/29/86 1841
6/03/86 1627 6/03/86 1856
6/03/86 2341 6/04/86 0717
6/06/86 0907 6/06/86 1450
6/06/86 1611 6/08/86 1255
6/13/86 1205 6/13/86 1408

Microearthquake locations were determined using arrival-time data
from the Precambrian stations and EE-1. The station corrections used
are listed in Table VI-I. When EE-1 was downhole, microearthquake
locations were normally based on P- and S-wave arrival times at EE-1 and
GT-1 and P-wave arrival times only at PC-1 and PC-2. When EE-1 data
were not available, S-wave times at PC-1 had to be added in order to
obtain high-quality locations. PC-1 S-wave arrival times were often
difficult to determine. Hence, we investigated the possibility of
systematic biases between locations obtained with and without EE-1 data.
To do this, a number of ICFT events were re-located by adding PC-1
S-wave data while ignoring the EE-1 P- and S-wave data. Nine events
were assigned "A" quality locations in both cases; results are shown in
Fig. VI-2. RMS differences in the locations are only 10 m in the
horizontal directions and 20 m in depth. No systematic differences were
noted. These small differences give us confidence that those "A"
quality events that occurred while EE-1 was not operating were reliably
located. Of course, the total number of located events increased when
the EE-1 tool was operating as a result of the addition of high-quality

data.
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Figure VI-2., Event location changes with addition of EE-1 data. Filled
circles represent locations based on P- and S-wave data from PC-1 and
GT-1 and P-wave data from PC-2. Line segments represent the location
change when P- and S-wave data from EE-1 are added and S-wave data from
PC-1 are removed. A cluster of locations on the map view were not given
line segment extensions since their horizontal changes were small.

B. ICFT Seismicity

The ICFT produced a considerable amount of seismicity; 684 events

were located. Qualities of "A" or "B" were assigned to 611 events.
Location quality can range from "A" to "D" depending on the number of
arrivals, the data RMS, and the computed solution error (Table VI-VI).
A time histogram of all locatable events is shown in Fig. VI-3. The
first locatable event occurred the night of May 27, roughly

corresponding to two intervals of high flow rates (20.02 m3/s). The
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TABLE VI-VI

LOCATION QUALITIES

Quality Arrivals Solution Error Data RMS
A >5 £25m <0.3 ms
B >5 50 m <0.3 ms
C >4 <75 m
D >4
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Figure VI-3. ICFT seismicity histogram. Time is measured in days from
May 19 00:00 MDT. The top bar under the histogram indicates the times
that the MASSCOMP was operating. The lower bar indicates the times that
the EE-1 geophone was downhole. Injection pressure curve for the ICFT
is also included for comparison.
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majority of the seismicity followed the flow rate increase to 0.02 m’/s
on June 4. An average rate of 30-40 events per day was seen between
this date and the final shut-in on June 18. Over 90 events were seen on
June 12 alone, corresponding to a short, high flow rate injection

(0.027 m3/s) the previous night and early morning. A third peak in
seismicity occurred on June 16. This may have been the most active day
of the test as 90 events were located without the benefit of the EE-1
tool. No corresponding increases in flow or pressure were noted for
this period. The majority of the activity was in seismic subvolume 4
(Fig. VI-4) and may represent a sudden breakthrough to shallow depths.

A few events were seen after shut-in, including a number of anomalous
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Figure VI-4. Event locations for the ICFT. Only results that have been
assigned qualities "A" or "B" are shown.
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shallow northerly ones. The event rate slowly decayed away from 20
events/day at shut-in to 1-2 events/day in mid-July as observed from the
Precambrian network strip charts.

Events tended to group spatially during the ICFT. The temporal
behavior of each of five event clusters is shown in histogram form in
Fig. VI-5 (note that vertical scales are different on different plots).
Activity in the first two (main) seismic regions occurred during similar
times. Region 3, the deepest, was active at the same times as regions 1
and 2, but the event rate increased as the experiment progressed,
including 14 events on June 18 after the initial shut-in. Region 4, the
shallowest on the south side, was not active until June 5, following the
midexperiment step to 0.02 m>/s flow rates. Fourteen events occurred
here June 12-13 after the short 0.027 m’/s injection. Over 55 events
wvere located in this region on June 16, just before initial shut-in. 1In
region 5, located shallow and well to the north, activity was completely
confined to initial and final shut-in periods (Fig. VI-6). This
behavior may be due to increased pressures in the production side of the
reservoir after shut-in, although shut-in pressures of 16 MPa should be
too low for fracturing to occur in the Phase II reservoir. Alterna-
tively, these events may represent fracturing in the low-pressure, Phase
I region. However, a number were large enough to be seen by the surface
stations. No event was seen on the surface during Phase I operation;
howvever, coverage was relatively sparse at that time.

A plan and two elevation views of the ICFT seismicity are shown in
Fig. VI-4. The events occur in a region similar to that observed during
the massive hydraulic fracture experiment (MHF or 2032), Fig. VI-7.
However, the ICFT seismicity only occupies the southern portion of the
MHF seismic region except for the small number of events that occurred
after shut-in. This could be due to the following reasons: 1) the
injection and production intervals create a pressure dipole effect that
results in pressures below the fracture threshold on the production
(northern) side of the reservoir; or 2) if the fracture system emanating
from the production interval (EE-2) is of dendritic or tree root form,
then flow would naturally be channeled toward EE-2, effectively sealing

off the northern portion of the fractured volume.
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Figure VI-5. Histograms of various seismic clusters that appear in the
ICFT results (see Fig. VI-4). MASSCOMP and EE-1 operation times are as
in Fig. VI-3; note the different scales on the "number of events" axes.
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depicted.

The ICFT seismicity also tends to lie on the eastern side of the
planar fracture system defined by the MHF locations. This had been
evident since the onset of seismicity and seems to indicate reservoir

extension. In addition, toward the middle and end of the experiment,

both shallow and deep activity intensified, the shallow region extending

upwvard well beyond the MHF volume.

The bunching of events into distinct "patches" can be most easily
seen in the westward-looking elevation view (Fig. VI-4). The reasons
for such bunching are unknown but may be structurally caused, as
similarly located seismic and aseismic regions can be seen in the MHF
results. The aseismic regions are intriguing since water must be
transmitted through them in order to reach outlying regions of high

activity.
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Figure VI-7. Event locations for the massive hydraulic fracture experi-
ment; "A" and "B" qualities only.

Magnitude measurements have not been determined for the ICFT
events; however, events can be grouped by size in a crude manner
depending on whether or not waveforms were seen by the surface network.
The network found 75 large microseismic events (10% of the total
number); only 2 of these tripped the event detectors at stations FHA,
FHB, FHC, and FHD (Fig. VI-8). All of these events occur after the June
4 flow rate increase. The first (time) histogram peak lags the ICFT
total seismicity by 1 day, but the two match fairly well for the
remainder of the experiment. Locations are spread fairly uniformly
throughout the ICFT seismic volume, except for a concentration in the
northern, post shut-in subvolume for which 50% of the events are

observed on the surface.
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Figure VI-8. ICFT events that were strong enough to be recorded by sur-
face network stations. A histogram is included, with MASSCOMP and EE-1
operation indicated as in Fig. VI-3.

C. Seismic Attenuation

The quality factor (Q) of seismic waves was bounded using the
single-scattering, coda-wave method (Aki and Chouet, 1975) with data
from temporary stations FHA, FHB, FHC, and FHD. For frequencies (f)
between 12 and 48 Hz, Q = 24£°°7. This coda Q is thought to represent
an upper bound on the average Q of the medium within a volume of radius
less than 8 km about the Fenton Hill site. These measurements will be
important to any spectral studies that must employ an attenuation
correction in order to estimate source parameters of the micro-

earthquakes.
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D. Environmental Monitoring

An important aspect of the seismic surveillance at Fenton Hill was
to monitor the incoming data for the possible occurrence of a large
earthquake resulting from the perturbation of the environment during the
experiment. A memo that was distributed before the ICFT concerning
environmental monitoring is included in Appendix E. This memo addresses
the following: 1) criteria for discriminating between near-site and
distant earthquakes based on strip chart records, and 2) procedures to
follow in the event of a large near-site earthquake. This memo is
sufficient for use in future experiments with one modification. The
5-km radius cutoff is not practical; instead we should say "within the
limits of the surface array." A program to discriminate between events
occuring within and outside our array has been implemented on the

MASSCOMP and can be run by entering

/usr/raven/RAVEN4.1/ICFT/progs/massloc -p .

After determining arrival times, this routine simply fits a plane wave
to the data in order to find the direction and apparent velocity of the
incoming wavefront. For events located outside the array, the apparent
velocities will be reasonable (<10 km/s). For events within the array,
apparent velocities will be unreasonably large. Results of running this

routine on data from various types of events are listed in Table VI-VII.

TABLE VI-VII

RESULTS OF PLANE-WAVE PROGRAM

Event Apparent Velocity (km/s)
Redondo Creek "blast" 5.5
Local 6.8
Fenton Hill microearthquake 40.5
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VII. CONCLUSIONS

A. Comparison of HDR Reservoirs

Only three deep HDR reservoirs have ever been field tested by
circulating water down the injection well, through the reservoir, and up
a production well for periods of several weeks. The first of these
reservoirs, called Phase I, was also created at the Fenton Hill, New
Mexico, site and was tested over the period 1978 to 1980 (Dash et al.,
1983). This first reservoir, the results of which proved the scientific
feasibility of the HDR concept, was created in two stages. 1In the first
stage, a very small fracture system was hydraulically induced and then
tested by circulating water through it in three run segments, which
lasted 4, 75, and 28 days. In the second stage, the reservoir was
enlarged by further hydraulic fracturing and then tested in two run
segments lasting 23 and 280 days. For the purpose of making comparison
with the present Phase II reservoir, we selected the enlarged Phase I
reservoir, and we chose Phase I results at the end of 30 days of the
final run segment lasting 280 days because the ICFT lasted 30 days.

The second comparison reservoir is the British one, located at
Rosemanowes Quarry in Cornwall (Bachelor, 1984). Although not as deep
nor as hot as either the Phase I or Phase II reservoirs at Fenton Hill,
the British reservoir was also created in granite, and like the Phase II
reservoir, it required redrilling and supplemental hydraulic stimulation
before a satisfactory hydraulic connection was obtained. A circulating
flow experiment has been ongoing at Rosemanowes since August 1985.

Table VII-I compares the three reservoirs at the end of 30 days of
flow circulation. Because the ICFT was limited to this test duration, a
30-day basis is the obvious choice for comparison, but it can be
misleading as a guide to reservoir behavior during longer-term testing.
For example, after 280 days of operations the impedance of the Phase I
Fenton Hill reservoir was reduced to 1.1 GPa-s/mB; and the water-loss
rate wvas estimated, after correcting for flow out through a poorly
cemented wellbore-to-casing annulus, at 7% of the injection rate.
Likewise, after 14 months of flow, the impedance of the British
reservoir was 0.6 GPa~s/m3, the production flov rate was 0.016 m3/s, the

vater-loss rate was 11%, the modal volume was 495 m’ (see Section V -
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TABLE VII-I
COMPARISON OF THREE HDR RESERVOIRS AFTER 30 DAYS OF OPERATION

Fenton Hill

Enlarged Current

Phase I Phase II Rosemanoves

Reservoir Reservoir Cornwall, UK
Depth of reservoir, m 2800 3550 2400
Temperature of reservoir, °C 195 240 85
Modal volume, m’ 160 350 270
Surface temperature, °C 135 192 76
Thermal power, MW, 3 9 1
Production flow rate, m’/s 0.007 0.013 0.004
Injection well pressure, MPa 10 30 4
Reservoir impedance, Gpa-s/m3 1.7 2.2 1.0
Vater-loss rate, m’/s 0.00011 (16%) 0.006 (33%) 0.0004 (10%)

Tracer Experiments - for a discussion of modal volume), and the produced
power was 5 MV, .

Although no assurance can be given that equally significant
improvements will occur during long-term testing of the new Phase II
reservoir, such improvements are quite likely. Even without
improvement, the Phase II reservoir properties already exceed its
predecessor’s. The produced water temperature is considerably hotter
(192°C), already high enough for electricity generation, and, based upon
modal volume, the Phase II reservoir is already twice the size of the
enlarged Phase I reservoir. The impedance is 30% higher, but
improvement can be expected in the future, particularly when the EE-2
production well is repaired so that it can be subjected to high-pressure
injections, which should reduce the localized reservoir impedance in the
production well vicinity. Present water losses are expected to decline
during longer future experiments because more and more of the country

rock surrounding the fracture system will become water saturated. Based
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on microseismic interpretation (see Section VI), future system operation
should result in less fracture extension.
B. Conclusions from Thermal and Hydraulic Analysis

1) During the 30 days of operation, a total of 37 000 m> (9.76
million gal.) of water was injected, while a total of 23 300 m? (6.15

million gal.) of hot water was produced, cooled, and reinjected. Nearly
14 000 m’ of fresh water was added to make up the difference. An
additional 950 m® (0.25 million gal.) was vented directly to the EE-1
pond. A maximum injection rate of 0.0265 m/s (420 gpm) was obtained,
although most of the pumping was done at 0.0106 m’/s (168 gpm) and
0.0185 m’/s (294 gpm) with surface pressures around 26.9 MPa (3900 psi)
and 30.3 MPa (4400 psi), respectively. The injection well pressure was
fairly constant with rate. Hence, LTFT planning should include high-
pressure injection capabilities.

2) The production surface pressure was maintained between 1.4 MPa
(200 psi) and 3.5 MPa (500 psi), resulting in surface production flow
rates from 0.0063 m’/s (100 gpm) to 0.0139 m®/s (220 gpm). The
production rate from EE-2 showed an overall increasing trend as a result
of reservoir inflation and a decrease in overall impedance. Production
flow measurements tended to be high when gas (i.e., Co, or Nz) content
of the fluid was significant, confirming the need for gas separation in
future operations.

3) The production well temperature increased throughout the test,
reaching a maximum surface temperature of 192°C (232°C bottom hole).
The production power showed a corresponding increase, reaching a maximum
of about 10 MW_ after 28 days. The power increase resulted from the
rise in production temperature combined with the rise in production
rate. A projection of performance trends during the test, assuming no
thermal drawdown in the reservoir, indicates that up to 12 MW, could be
produced after 1 year if the flow rate is maintained between 0.0126 m’/s
(200 gpm) to 0.0158 m’/s (250 gpm) and production temperature is around
200 to 210°cC.

4) The bottom-hole injection pressure did not change significantly
with injection rate or time, indicating fracture inflation and
stimulation were occurring near the injection wellbore. The overall

reservoir impedance decreased throughout the test, mainly as a result of
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the stimulation, especially near the injection well. The injection well
impedance decreased from 0.72 GPa-s/m’ (6.6 psi/gpm) to 0.002 GPa-s/m’
(0.02 psi/gpm) during the early part of the test as a result of
near-vellbore cooling and pressurization. However, the injection well
impedance was only a minor portion of the overall impedance, and the
decrease in the production well impedance was not as significant.
Further plans for reduction in impedance should concentrate on
improvement and repair strategies for the production well.

5) Although initially high, the rate of water loss decreased from
around 70% after 4 days of pumping to 26% after 30 days of pumping. The
high water-loss values during the early portion of the test were caused
primarily by reservoir inflation. Almost 66% of the total injected
wvater was recovered during this test with an additional 20% being
recovered during a subsequent vent-down.

C. Conclusions from Geochemistry and Tracer Analysis

1) The geochemistry of individual dissolved chemicals in the
production fluid over the first 5 days of the experiment fell into three
categories: a) the decline of inert species from their initial
concentrations to the injection fluid concentration; b) no change in
concentration, indicating a supply of the dissolved species via
dissolution reaction (SiOz); and c) decline of concentration to below
the injection concentration, caused by adsorption, precipitation, or ion
exchange reactions.

2) The Na-K-Ca and Si0, geothermometers yielded temperatures that
agree well with the known downhole background temperature. Also in
agreement with these temperatures are the equilibrium reactions of
calcite dissolution and bicarbonate-dissolved CO,.

3) Corrosion coupon studies found generalized and uniform
corrosion at rates of 0.25 - (.38 mm/yr (10 - 15 mpy). One case of
pitting was observed, which we attribute to increased dissolved 0,. An
oxygen scavenger will be injected in future operations to minimize
pitting corrosion. Scale deposition was minimal and did not affect
operations.

4) Several periods of high dissolved CO, concentration, estimated
at 1% by weight, created a temporary two-phase flow condition at a

shallow depth in the production wellbore and in the surface loop.
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Future operations will require gas separation to handle these
transients.

5) Two radioactive tracer experiments indicated modal volumes
about twice as large as previous reservoirs at Fenton Hill.
Furthermore, tracer recoveries are lower, indicating flow through a
large number of fractures. The total swept fracture volume increased
during this flow test as injected fluid continued to fill the reservoir.
The total swept rock volume, calculated from tracer-determined fracture
volumes and reasonable estimates of fracture porosity, is equivalent to
a sphere of diameter approximately equal to the wellbore separation
distance. This agreement lends credence to a point-source, point-sink
model of flow through a network of fractures.

D. Conclusions from Microseismic Analysis

1) Nearly all events that occurred during the operation of the
MASSCOMP system were recorded. The success of our new data aquisition
system was marred only by downtime that was due to power outages.
Effort must be made to protect the MASSCOMP as well as to implement
automatic recording of downtime for future experiments.

2) Because of the duration of the test, events were located both
with and without data from the EE-1 triaxial tool. Tests indicated the
"A" quality locations were reliable in the latter case.

3) The seismicity of the reservoir was sporadic during the
experiment. Peaks in seismic activity generally followed abrupt
increases in flow rate. A peak occuring on June 16 did not correspond
to pumping changes and was part of an apparent breakthrough to shallow
depths.

4) The asymmetry in event locations relative to those of Expt. 2032
may be due to a pressure dipole set up by the adjacent injection and
production intervals.

5) Eastward extension from previous seismic zones was noted
throughout, while downward and upward extension became apparent midway
through the experiment.

6) Seismicity fell into well-defined clusters corresponding to
patterns seen in previous experiments; perhaps an east-west-trending

geologic structure controls these patterns.
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7) The northern portion of the reservoir became seismically active
only after shut-in. This may be the first time during the experiment
that high pressures were felt in the production end of the reservoir;
however, shut-in pressures should not have been high enough to fracture
rock. These events may have been located in the lower-pressure Phase I
reservoir, but the path between the two reservoirs is a matter of
controversy.

8) The seismic quality factor (Q) was estimated using the coda-wave
method: Q = 24£°7

E. Conclusions About Loop Operations and Equipment

for frequencies (f) between 12 and 48 Hz.

1) OPI Triplex pumps were used by B.J. Titan. These had 146.1-mm
(5-3/4-in.) plungers with 203.2-mm (8-in.) strokes. At 0.0188 m’/s (7.1
bpm), this equates to 110 rpm or a total of 330 pulses per minute,

19 895 pulses per hour, or about 0.5 million pulses per day.

2) The continuous noise from the diesel engines on the B.J. Titan
pump trucks was heard inside homes in La Cueva even with windows closed.
It was heard in Sierra Los Pinos, about 13 miles away, anytime one
stepped outside and listened. The sound even reached an area that is
several miles below La Cueva. This should be resolved before the LTFT.

F. Conclusions About Instrumentation and Control

1. Surface Instrumentation. Some problems with the surface

instrumentation were unavoidable because of electrical power failures
and/or fluctuations on the incoming power lines. On several occasions
stormy weather caused damage from lightning. The use of transorbs as
surge arrestors did minimize lightning damage to most of the data
acquisition equipment.

Flow measurements in the turbine flow meters were erratic and
questionable when there was a high concentration of gas in the
circulating fluids.

A number of thermocouple failures were attributed to low-battery
voltage in the electronic reference junctions. One pressure transducer
located on the EE-3A wellhead was damaged during installation owing to
excessive force used on a nearby hammer joint. One instrumentation
cable was burned when inadvertently moved into contact with the EE-2

production wellhead.
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The vater level in the 150-m’ (40 000-gal.) supply tanks to the
Meyers pumps was initially measured using a pressure transducer near the
bottom of the tank. The pressure port was eventually plugged with
debris, which affected the output of this transducer. Level float
switches were subsequently used to control the filling of the supply
tank from the 18 930-m> (5 million-gal.) pond.

A dc pover supply in the control valve and heat exchanger fan panel
failed. There was no backup supply in this control panel. Before the
problem could be determined, hot water was delivered to the B.J. Titan
pumps that damaged the seals.

Some of the data acquisition equipment was affected by dust and
insufficient cooling. The major concern was with the computer
peripherals (primarily disk drives) and with the tape recorders. This
equipment is very susceptible to dusty environments.

2. Seismic/Microseimic Networks. The major concern with

monitoring all of the seismic data during this flow test was downtime on
the MASSCOMP computer caused primarily by power fluctuations in the line
power. The MASSCOMP was powered directly off the main line power and
was not regulated through the Uninterruptable Power System (UPS). This
computer was not located near the main data acquisition equipment and it
was not always apparent to the operators when it was not operational.
There was also a problem with adjacent air conditioning and dust
accumulations in the DAT.

There were three occasions when one of the surface seismometer
stations required maintenance. This was not a critical problem since
the other eight stations were recording data with adjacent seismic
coverage. The station with the malfunction was generally repaired

within a 12-hour period.

VIII. RECOMMENDATIONS FOR THE LONG-TERM FLOW TEST

A. Loop Operations and Equipment

1. Pulsation Dampening. All B.J. Titan pumps were equipped with

suction and discharge pulsation dampeners. When the dampeners were
serviced and working, they were effective. Pulsation measured upstream,

at the Meyers makeup pumps, was as low as a few psi when the equipment
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vas serviced and working. But it was as high as 0.6 to 0.7 MPa (90 to
100 psi) when the equipment was not performing well. The largest
pulsations occurred when a suction valve or seat was washed out. One
suction pulsation dampener and two discharge dampeners were replaced
during the test.

Pulsation dampeners will be required for the LTFT. Dampeners
without a rubber bladder should be specified to eliminate the blistering
and failure that occurred as a result of the CO, in the wvater.

2. Plunger Pumps. Design for fatigue will be important for LTFT

planning. Based on the performance of the OPI pumps, we can come to
several conclusions.

First, two fluid ends were lost because of cracks in the highly
stressed area of valve seats. Special order materials and analytical
proof of a low-stress design will be necessary in the pump ends to
prevent this during the LTFT. Second, several valve seats and insert
snap rings indicate possible stress corrosion cracks because of the
influx of sulfide and/or hydrogen. Special materials will be required
for these. Third, three steel-reinforced suction hoses were lost from a
combination of embrittlement, high pulsation loads, an occasional high
suction pressure when pumps were off-line but still subjected to system
pressures, and vibration abrasion of the hoses with the ground.
Elimination of the hoses or replacement with hoses of a higher working
pressure will be necessary as well as supporting them in an
abrasion-free manner.

Ve conclude that for the LTFT to run with a minimum of downtime and
materials-related failures, special fluid ends on the plunger pumps will
be necessary, or water chemistry must be such that this is not a
concern. Variable-speed, dc or ac drive pumps should be ordered to
provide more flexibility in matching the performance curves of the
various components that must work together as a system. The pump motors
should be powered with electricity from Jemez Electric or with large,
slow-running, stationary diesel generators. Finally, pulsation
dampening is a necessity and will be an ongoing maintenance item.

3. Control Valves. CV-6 failed early in the test. Upon

inspection after the test, it was found that the multiple small holes in

the cage simply plugged, as did the strainers elsewhere in the system.
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This valve needs to be replaced or have strainers upstream of it. A
bypass line around the valve with a manually operated globe valve is
suggested for the LTFT

CV-2 thru CV-5, the V-Ball type of control valves on the heat
exchangers, were used during the ICFT to control flow and hold a back
pressure on EE-2 because of the failure of CV-6. They were never
intended for this and as a result they are in need of repair or
replacement. In their study of a LTFT surface system, Kaiser Engineers
suggested that the 38.1-mm (1-1/2-in.) pipes in the area of the heat
exchangers be replaced because the velocity in these small pipes gets
high enough to cause water hammer should the system flow rate be changed
abruptly with these valves.

In general, all critical control valves should have a bypass line
so that any necessary repairs can be made while maintaining loop
operations.

For the LTFT we will need five 103.2-mm, 69-MPa (4-1/16-in.,

10 000-psi) valves for both EE-2 and EE-3 (double master, a swab valve,
and two wing valves). It would be best if these were geothermal grade
so that any backflow could be handled safely. Five additional 101.6-mm,
34.5-MPa (4-in., 5000-psi) API-rated geothermal valves are needed for a
double-strainer complex downstream of EE-2. A sixth 101,6-mm, 34.5-MPa
(4-in., 5000-psi) valve is needed to replace valve V-3. V-3 is a Grove
valve that is about 30 years old and is no longer manufactured.

Four 73.5-mm (3-in.) geothermal-grade valves are needed on the
entrance to the heat exchangers. Three new valves are needed for a
strainer/bypass upstream of CV-6 and a totalizer flow meter. There are
many 50.8-mm (2-in.) valves that also need to be replaced.

4. Strainers. EE-2 is an open-hole completion, thus rocks and

sand came to the surface. This required cleaning the strainer just
downstream of the EE-2 wellhead several times during the ICFT. Each
time this happened, it was necessary to shut in the well and vent to the
EE-1 pond to allow the strainer to cool. A five-valve, double-strainer
complex is needed to eliminate the perturbations which occurred to the
experiments that were interrupted by the unplanned shut-ins. The
strainer downstream of CV-6 should have a higher pressure rating and

should be moved upstream of CV-6.
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5. Expansion Joints. That part of the line between EE-1 and the

heat exchangers which is located in the underground tunnel had thermally
expanded. It caused no problems during the ICFT but left the pipe
permanently deformed. This will be corrected by changing the anchor
points or flexibility of the piping run. Additionally, all bolted
flanges will be removed and the pipe will be welded.

The cold leg of the loop between the heat exchangers and EE-3
experienced one temperature excursion during the ICFT when the power
went out during a storm and B.J. Titan continued to pump. The resulting
temperature rise in this pipe moved concrete blocks, bent pipe, etc.
This needs to be corrected for the LTFT, using either a simple interlock
or an expansion joint. A single 0.3-m (12-in.) stroke expansion joint
is currently available, as is one bellows type of expansion joint.

6. Makeup VWater System. It is essential that the 18 930-m> (5

million-gal.) pond stay clean. There is only one transfer pump from the
pond to the holding tank at the heat exchangers. Kaiser Engineers’
report suggested that a backup pump be installed.

The 150-m’ (40 000-gal.) tank used as the holding tank needs to be
replaced. It is suggested that two 64-m> (400-bbl) frac tanks be
purchased to replace it.

A system for control of 0, and H,S needs to be designed and
installed. A filter has also been suggested in the event that the 5
million-gal. pond remains dirty or river water is used for the LTFT,.

7. Makeup Pumps. The Meyers pumps are inflexible, old, and in

need of rebuilding. New pumps with a capacity of about 0.013 m’ (5 bpm)
at 1.1- to 1.2-MPa (160- to 170-psi) operating pressure should be
purchased.

8. Gas Separators. Gas-purge mode was used several times during

the ICFT. It has been suggested that a high-pressure separator be
installed downstream of EE-2 to eliminate the open system resulting from
the gas-purge mode of operation. It has also been suggested that the
separator be configured to allow settling of the sand and the rocks that
are brought up with the production fluid. It is possible that this
could replace the strainer complex mentioned above.

9. Pressure Relief Valves. The 4.1-MPa (600-psi) pressure relief

valve worked well; however, it would have choked because of two-phase
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flow if we had unloaded the well through it. To provide full production
flow capability through the pressure relief valve, it is suggested that
this valve and its line be upgraded.

10. Chicksans and Hammer Unions. All chicksans and hammer unions

on the hot leg of the system should be replaced with special 1.2-m
(4-ft) radius bend pipe and flanges or welds. We had numerous leaks in
these components and had to shut the system down several times to
replace them.

11. Geochemistry. The only serious problem during the ICFT was

trying to obtain total gas samples. One possible solution is a gas
separator. Other items that need to be considered are the domestic water
and sewer system, a location where all three streams (i.e., production,
makeup, and injection) of system loop water can be monitored, and an UPS
for the computer in the chemistry trailer.

12. Corrosion. A corrosion sampling/coupon system for the LTFT

needs to be integrated into the piping design. A means of injecting
corrosion inhibitors down the backsides of EE-2 and EE-3 is also needed.

13. Safety. Hot exposed sections of pipe should be insulated, or
a controlled access fence should be installed. Loop operations should
be simplified and experiment managers should be better trained in the
operation of the loop.

B. Instrumentation and Control

1. Surface Instrumentation. Little can be done to avoid the

electrical storms that frequent Fenton Hill. The Uninterruptable Power
Supply (UPS) system, however, can protect much of the data acquisition
system from electrical power failures and/or fluctuations on the
incoming power lines. Installation of additional air conditioners will
provide needed cooling and may also result in a positive air pressure in
the DAT that could reduce dust accumulations.

Although the flow meters cannot measure two-phase flow or read
fluids with high gas concentrations, it would be beneficial if a bypass
line was included in the main flow piping to allow removal of a damaged
flow meter, especially in the heat exchanger area.

It is presently planned to replace all thermocouple temperature
transducers with resistance thermometers (RTD) for more reliable

operation.
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It is also recommended that an automatic temperature shut-off valve
be installed upstream of the main injection pumps to avoid the
occurrence of hot water being cycled through these pumps. A backup
power supply should also be installed in the remote control system.

The on-line analog strip chart recorders used to determine periods
of high seismicity were operated continuously throughout the experiment.
This equipment is more than 10 years old and is difficult to maintain
since spare parts are no longer available., New strip chart recorders
are needed for the LTFT.

The HP9835 is obsolete and cannot be repaired. It is recommended
that it be replaced with an HP9845, which will also increase the
capabilities of the data acquisition and control functions. Some
reprogramming will be required.

The pressure transducer is a very reliable measurement of fluid
level in the supply tank and can be alarmed in the DAT when
predetermined fluid levels are exceeded. It will be necessary, however,
to build a suitable screen around the pressure port in the tank to
prevent clogging with sediments. The float switches should be installed
as backup devices.

The current instrumentation and control setup worked for the ICFT;
however, for a longer operating time a totally automatic system with
manual override for nonstandard operations is needed. Transfer to
emergency power should also be automatic, or simplified.

The resolution of the visual display screen was poor, and too much
data were displayed for emergency operations. A remote monitor has been
suggested both for the MASSCOMP and the system data display screen. A
viewing screen at TA-33 would eliminate many questions, phone calls, and
trips to Fenton Hill.

2. Seismic Network. Expanded accommodations for the MASSCOMP

computer are under consideration. An existing office trailer could be
moved to Fenton Hill that would only require electricity for lights and
heat and a phone. The office equipment now housed in the DAT would be
moved into this temporary office trailer. The MASSCOMP computer would
then be installed in an area more accessible to adequate air

conditioning and personnel attendance.
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A separate UPS system should be procured to eliminate line-power
fluctuations. A knowledgeable seismologist and/or on-site personnel
trained in the operation of this equipment should be in attendance
during the flow tests. Perhaps an alarm could be programmed into this
system to alert operators when the computer malfunctions.

The surface seismic stations usually worked well. A new solar
charging circuit is being designed to improve continuous battery
operation. This charger will be installed in all nine surface stations
and the three Precambrian stations. It is also recommended that the
three Precambrian downhole packages be retrieved for redressing and
maintenance and be redeployed before any long-term flow tests.

3. Borehole Surveys. Equipment could be purchased to allow

logging of both the EE-3A and EE-2 boreholes under high-pressure
conditions. The equipment essential to the logging operations would
include a small-diameter, 4.8-mm (3/16-in.), seven-conductor,
TFE-Teflon, insulated cable and a suitable lubricator/packoff system.
New sheaves with proper cable grooves would algso be required. The
high-pressure borehole logging equipment would allow consistent and
accurate surveys throughout the entire LTFT. There are a number of
slimline tools that could be run in either the injection well (EE-3A) or
the production well (EE-2) that would greatly enhance the evaluation of

the HDR reservoir.
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APPENDIX A
SURFACE SYSTEM

I. SURFACE SYSTEM FABRICATION

The system consisted of valves, control valves, pipe, flanges, flow
meters, expansion joints, etc., purchased for an "interim surface
system" and stored since 1982. The system also contained pipe and
structures left over from the Phase I loop operations (i.e., heat
exchangers, Meyers pumps, 4-in. schedule 160 flanged pipe, tunnel, etc).
The system included API-rated wellhead equipment purchased since 1982
and contract pumping supplied by the B.J. Titan service company.

The system was fabricated by many sources: Smith and Smith
Construction (the 5 million-gal. pond); Zia Co. (the line from the pond
to the holding tank and the heat exchanger piping); and Albuquerque
Heating and Ventilating, Zia, and CJC (the Phase I system). Fenton Hill
technicians and CJC personnel fabricated remaining parts of the system.
All of the Zia welds were done in Zia welding shops; the remainder of
the welds were done in the field.

All critical welds in the ICFT system were performed by Jim Moore
of CJC. Velds were done with E-7018-1 Lincoln Arc Welding Co.
low-hydrogen rod. Fittings and flanges were tacked to the pipe; then
the joint was preheated, using a gas torch to drive off moisture.
Welding consisted of a stringer pass, hot pass, fill pass, and cap pass.
All passes were hand chipped and then finished with a power wire brush.
Weld preparation consisted of gas cutting and hand grinding.

Pipe anchors were cast into excavated holes using concrete. To
compensate for poor control on cement strength, anchor blocks were
oversized and had ample, even excess, reinforcing. Underground bends in
pipes were supported with reinforced thrust blocks cast in place between

the pipe bend and undisturbed earth, usually tuff.

IT. CALCULATIONS

The thrusts applied to the line between EE-2 and the EE-1 tunnel by
the expansion joint were calculated. This force is due to the piston
effect of the expansion joint. The calculation was done according to

Bulletin SCS 6651 published by the manufacturer of the expansion joint.
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Pipe anchors were designed keeping in mind the manufacturer’s
recommendations.

Stresses in the pipe anchors at each end of the expansion joint run
were calculated, sketches were made, and the anchors were field
fabricated accordingly. Piston force on the line was calculated at 3000
psi since this is in a 4-in. schedule 160 line, which is rated at that
pressure. Some components of this segment are rated at only 1450 psi.

Thermal expansion stresses in the segment of pipe between the pipe
anchor at the heat exchanger end of the EE-1 tunnel and the heat
exchanger were not calculated this time. However, the interim design
was calculated in 1982 and accepted at that time. The ICFT piping is
nearly identical, or more limber when not identical.

All other thermal expansions occur downstream of the heat
exchangers and are of a small value because of the lower temperature
extremes. Common practice, which eliminates trapped stresses, was
employed.

Flows from the Kunkle safety relief valves were calculated. The
size of the production line relief valve, set at 600 psi, is too small
to flow 100% of the anticipated production flow from EE-2 (this was an
experimental loop and this number was not known before the test).
However, it would handle a large percentage of the anticipated flow, and
if the pressure should continue to rise, the valve at the production
wellhead (with high and low pressure controls) would close at 700 psi.
The well would be put on a contronlled manual vent through the choke

manifold as quickly as possible should this occur.

ITTI. SAFETY AND EXPERIENCE FACTORS

The system was constructed with the best material available from
Los Alamos stock. The system was designed along the guidelines laid out
in the ANST B16.5 specifications and the ASME Unfired Pressure Vessel
Code.

Supporting the pipe with safety blocks, as mentioned above, far
exceeds any real need for them. This was done mainly out of a desire
tor safety.

The system was remotely controlled from two locations: the DAT

trailer, which controls all the loop up to the contract pumps, and the
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operating van, which controls the contract pumps. This remote control
was backed up by manual control, and both control systems were an
important safety, as well as convenient, design feature of this system.

Fire protection was provided by B.J. Titan’s fire extinguisher
trailer with foam and CO2 equipment, the site fire trailer with water
and foam, the La Cueva fire department (5 miles away), and the Jemez
Springs Fire Department (15 miles away).

Other safety items included steps over the high-temperature flow
line so that operating and maintenance personnel could safely move from
one side of the hot line to the other. Danger signs, roped-off
exclusion areas for nonessential personnel, controlled access by site
guards, and personnel training also enhanced site safety. Finally, H,S

alarms were rented and set up around the site.

IV. TRAINING

Between 20 and 30 hours of training classes were conducted for
operating technicians over a 2-month period. Two sessions of 2 to 3
hours each were given to experiment managers who were 24-hour
supervisors during the ICFT. Schematics of the system as well as a book

of operating procedures were made available to all people involved.
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APPENDIX B

DATA CHANNELS AND TAPE SETUPS

TABLE B-I

ICFT DATA CHANNELS

Channel
No. Location Range Type

Pl EE-2 Vellhead Pressure 0-2500 psi CEC

P2 EE-2 Wellhead Pressure-Strainer 0-2500 psi CEC

P3 Heat Exchanger Inlet 0-2500 psi B&H

P4 Heat Exchanger Discharge 0-2500 psi B&H

P5 Heat Exchanger Strainer Inlet 0-500 psi CEC

P6 Heat Exchanger Strainer Qutput 0-500 psi CEC

p7 Meyers Pump Discharge 0-250 psi CEC

P8 High-Pressure Pump Inlet 0-500 psi Statham

P9 EE-3A Wellhead 0-10 000 psi CEC

P10 EE-3A Annulus 0-1000 psi CEC

P11 EE-3A Backside 0-2500 psi B&H

P12 Kobe Pump Discharge 0-3000 psi Dynisco

P13 EE-2 Annulus 0-250 psi CEC

P14 EE-2 Backside 0-2500 psi B&H

P15 Separator Inlet Pressure 0-1000 psi Precise

P16 Separator Inlet Gas Pressure 0-200 psi Gould

P17 Separator Discharge Gas Pressure 0-200 psi Gould

P18 Air Compressor 0-50C psi Celesco

T1 EE-2 Wellhead 0-300°C Thermocouple

T2 Heat Exchanger Inlet 0-300°C Thermocouple

T3 Heat Exchanger Discharge 0-10C¢°C Thermocouple

T4 Meyers Pump Outlet 0-100°C Thermocouple

T5 High-Pressure Pump Inlet 0-100°C Thermocouple

T6 Separator Inlet 0-300°C Thermocouple

T7 Separator Discharge 0-300°C Thermocouple

F1 EE-2 VWellhead Flow 0-420 gpm 3-in. Halliburton

F2 Heat Exchanger Bundle 1 0-150 gpm 1-1/2-in.
Halliburton

F3 Heat Exchanger Bundle 2 0-150 gpm 1-1/2-in.
Halliburton

F4 Heat Exchanger Bundle 3 0-150 gpm 1-1/2-in.
Halliburton

F5 Heat Exchanger Bundle 4 0-150 gpm 1-1/2-in.
Halliburton

F6 Meyers Pump Discharge 0-1000 gpm Clampitron

F7 High-Pressure Pump Inlet 0-420 gpm 4-in. Halliburton

F8 Separator Liquid Flow Discharge 0-200 gpm 2-in, Halliburton

F9 Separator Liquid Flow Discharge 0-600 gpm 4-in. Halliburton
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TABLE B-II

EXPERIMENT 2067 (ICFT) TAPE SETUP

Track

WO NAAU &N WN =

o
MR O

Tape No. 1 (3020)/1-7/8 IPS

Range

q 1.4
ql4

q 1.4
ql4
q l.
ql4
ql.
qlé4
q l.
qls
q l.
qla
qg 1.
q l.

E T R R

B

TABLE B-III

FM
FM
FM
FM
FM
FM
DIR
FM
FM
FM
FM
FM
FM
DIR

Channel

EE-1
EE-1
EE-1
EE-1
EE-1
EE-1
Time
PC-1
PC-1
PC-2
PC-2
GT-1
GT-1
Time

"VERT "

"VERT "

"UPPER"

"UPPER"

"LOWER"

"LLOVER"

Code "B" (1 kHz)

Code "A" (10 kHz)

EXPERIMENT 2067 (ICFT) TAPE SETUP

Track

WoOoONOTUL MWW=

= e
MNP O

Tape No. 3 (2230)/1-7/8 1IPS

Range
qls FM
ql4 FM
q 1.4 FM
ql4 FM
ql4 FM
qls FM
q 1.4 FM
qlé4 FM
ql4é FM
ql4 FM
qg 1.4 FM
ql4é FM
q 1.4 FM
q 1.4 DIR
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FNHR
BRLY
PC-1
CEBM
CEBT
BANC
GT-1
LAFK
THDM
TENT
PC-2
LKFK
EE-1
Time

"VERT"
Code (100 Hz)



APPENDIX C
CHRONOLOGICAL SUMMARY OF ICFT PUMPING AND OPERATIONS

May 19:

Lines were pressure tested from the heat exchangers up to the EE-3
wellhead. By 1600 pressure testing was finished. BJ’s strip chart
showed a test pressure of 7550 psi, which dropped to 7200 psi in 30 min.
The EE-3 frontside pressure transducer, P-9 5N-18771, was not working.
It was replaced later with SN-15370.

A safety meeting was conducted. At 1608 EE-3 wellbore filling was
started. At 1612 step-rate flow testing was started.

STEP-RATE FLOW TESTING EE-3

Flow Rate Pressure at End
Start Time (gpm) (psi)
1612 72.0 4056.0
1736 140.0 4380.0
1849 172.0 4519.0
2000 310.0 4990.0

The pressure in EE-2 backside started rising above background at
1952. The frontside showed pressure at 2018. After this time the
pressures followed each other and were reading 102 psi at 2115 when

continuous rate pumping was started at 190 gpm or a nominal 4.5 bpm.

May 20:

At 0021 EE-2 pressure was up to 277 psi. It was decided to put
EE-2 on production through the heat exchangers and then vent to the
pond. 1Initial flow was at about 60 gpm and 170 psi. Control valve
CV-6, the main system control valve, showed no ability to control the
flow. Control of the system was switched to the backup for this valve
(i.e., the individual control valves on each of the four heat exchanger
bundles). When this valve was inspected at the end of the test, it was

plugged with mud and scale. CV-6 is a slide-in cage type of control
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valve with small-diameter holes (about 3/32 in.). We had thought the
holes to be much larger based on manufacturer’s pictures. The strainers
downstream of this control valve should be moved upstream for the LTFT
and/or this control valve should be replaced.

At 0127 a gas bubble was suspected, and vent through the heat
exchangers was changed to vent through the choke. At this time flow
measurements were lost, which brings up the second limitation of the
ICFT surface system., All vents of any nature that were directed
straight to the pond had no flow measurements. Meyers pump #2 heated up
and had to be repaired later in the experiment.

At 0310 an attempt to put EE-2 back on production through the heat
exchangers was made. Still too much gas. EE-2 backside was opened to
the tank. At 0700 the loop was successfully placed in the gas-purge
mode with flow directed through the heat exchangers and then dumped into
the makeup water tank. The flow settled down at about 50 gpm at 266
psi. At 1708 EE-2 was placed in vent mode through the chokes to work
on CV-6 and to balance pressure transducers. This mode of operation

continued until the next day.

May 21:
At 0915 a check on the EE-2 flow was made by directing the flow

through the separator. Flow was 53.35 gpm at 267 psi. At 0942 BJ was
shut down to obtain a shut-in pressure. Pressure dropped from 4064 to
3870 psi and then slowly decayed to 2497 psi at 1102.

At 1314 the first of four shut-ins and vents to surge the system
vere conducted. At 2230 the flow rate was 64 gpm. Surging EE-2
continued till around midnight. During the first shut-in, EE-2
frontside pressure built up to 1118 psi at 1419 while the backside
reached 1098 psi. During the vent, the frontside dropped to 127 psi at
1426 when it was shut in again. The corresponding backside pressure was
1043 psi and continued to drop down to 943 psi at 1433, when it
increased. EE-2 reached 1110 psi at 1451 during the second shut-in;
then the second vent started. The backside showed a momentary drop in
pressure and then continued to rise in pressure till 1510 when it peaked
at 1134 psi. At 1847 the third shut-in was started. EE-2 frontside

pressure was 200 psi, while the backside was 184 psi. During the third
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shut-in, the backside pressure lagged the frontside pressure by about
200 psi or 17 min. The third vent was started at 1943; the backside
pressure continued to rise for another 12 min before following the vent.
At the end of the fourth shut-in, at 2026, the frontside was vented down
to 105 psi before it was leveled out at about 180 psi. This time the
backside continued to climb, and by midnight it reached 1830 psi.
Pumping by BJ was shut down and the backside watched. The pressure

continued to climb.

May 22:
At 0203 the EE-2 frontside was shut in and the backside vented

through the choke. Note that during this time the frontside and the
backside shared the same choke and vent line. This was changed later in
the experiment. At 0229 pumping was resumed. The backside was shut in
and started to climb again by 0240. At 0442 the frontside was shut in
and reopened at 0500. A bucket measurement at 0530 gave 68 gpm at 164
psi. At 0600 the vent rate was 62 gpm at 165 psi, and by 0715 the flow
rate was 61 gpm at 160 psi.

The production was changed from vent mode to gas-purge mode between
0910 and 0930. At 1152 a leak was found in the tunnel under the road.
Went back to vent mode to find and fix leak. Leak turned out to be the
back pressure valve on the Meyers pump venting through a pipe and then
leaking underground into the tunnel.

The MASSCOMP went off during the night. The system was returned to
gas-purge mode with four heat exchanger bundles at 1510. An increased
flow rate experiment was started at 1625. BJ increased their pump rate
to 7.5 bpm, 315 gpm. Injection pressure rose to 4400 psi and then
climbed slowly to 4600 psi during the next 80 min. During this time
CV-6 was bypassed using two 1-in., high-pressure hoses. At 1820 Meyers
pump #6 went off-line. It was later reset with the thermal relay and
put back in service. Injection flow rate was cut back to 6 bpm (250
gpm) at 1851 and then to 4.3 bpm (180 gpm) at 1947. At 1920 the loop
was taken out of gas-purge mode and placed in closed-loop operation. A
few minutes later it was returned to gas-purge mode as BJ’s pumps ran
rough with the high gas content. The EE-2 backside was vented from 884
to 504 psi between 2257 and 2305.

-116-



May 23:

A flow meter on bundle 1 stopped working early in the morning.
The meter started later in the day when flow was switched back to this
bundle. There was some indication of a damaged vane on the impeller.
The first dye tracer experiment was started at 1000. The rest of the
day was simply pumping in the gas-purge mode with gas readings still
about 0.23%.

May 24:

Since the last vent the EE-3 backside pressure steadily increased
to 930 psi. At 0230 the pressure was vented down to 500 psi and then
shut in again. A midday gas reading was given at 0.21%. At 1203
pumping was stopped to obtain a shut-in pressure reading. Pressure
dropped from 3955 to 3667 psi and then decayed to 3231 psi at 1254.
Pumping at 4.2 bpm (176 gpm) was resumed at 1334.

Tracer data were very scattered. The tracer injection line was
changed to allow a more concentrated slug of dye to be injected for the
next tracer experiment.

At 1433 EE-2 production was shut in to obtain buildup data. The
well was shut in until 1531 and a pressure of 1473 psi and then vented.
The system was left in the vent mode, to obtain bottoms up, until 1948
vhen it was put back into gas-purge mode. The first set of corrosion

coupons was removed/replaced at 1700.

May 25:

A morning summary reported boiling water in the cellar of EE-2. BJ
vas reported to have all four trucks ready to pump except that two
discharge pulsation dampeners were out of commission. The MASSCOMP was
down again. A safety meeting was conducted to go over placing the
system in closed-loop mode. The CO, at this time was 0.169%. At 1245
the loop was placed on closed-loop flow. BJ’s pumps were able to handle
this amount of Co,. At 1620 the injection rate was increased from 180
to 280 gpm. The first report of a yellow stain was reported on filter
paper in the chemistry trailer. This was later identified as arsenic
sulfide. The first signs of strainer plugging were noticed during the

evening of this day.
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May 26:

The MASSCOMP was repaired and put back on-line by noon. EE-2
strainer still indicated signs of plugging. At 1403 the injection rate
wvas increased from 6.7 to 7.5 bpm. Injection pressure before the
increase was 4463 psi. Because of the venting to the EE-1 pond during
the first days of the test, it was necessary to pump water from the EE-1
pond to the 5 million-gal. pond.

During the evening, the EE-2 annulus pressure started to climb and
the backside pressure started to drop. The backside was vented and the
annulus pressure leveled out.

The pressure difference across the strainer continued to rise
during the day. At 1945 the injection rate was decreased to 4.5 bpm.
Shortly thereafter, injection was stopped and EE-2 was shut in. By 2034
EE-2 had built up to 1500 psi and a vent to the pond was started. By
2316 the backside pressure had climbed to 1169 psi, and it was put on a
vent till 500 psi was reached. The leak from the conductor pipe into

the EE-2 cellar was reported to have increased.

May 27:

The strainer and flow meter at EE-2 were checked and ready to go
back on-line shortly after midnight. There were no problems found with
either except for some metal in the strainer. An attempt to place the
system back into production was short lived as the pressure drop across
the strainer required the system to be shut in again. At 0134 EE-2 was
shut in; BJ continued to pump at 4.5 bpm. The strainer was removed from
the system and the system put back on-line at 0310. The injection
pressure into EE-3 during this period remained constant at 3930 psi. At
0830 a €O, reading of 0.164% was given. At 0910 the loop was switched
from gas-purge mode to closed-loop operation. The loop ran smoothly
except for Meyers pump #5, which had a leak and a defective pressure
gauge. The MASSCOMP went down in the evening. At 2008 the injection
flow rate was increased to 7.1 bpm. MASSCOMP was back on at 2205.

May 28:

The loop ran smoothly during the night and morning. At 0815 the

injection flow was decreased to 4 bpm to allow for a temperature log in
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EE-3 by 0il Well Perforators (OWP). At the same time Tefteller of
Farmington was getting ready for a Kuster temperature log in EE-2. BJ
wvas shut down from 0901 till 1219 while OWP was lubricating their tool
into the well. A flowing temperature log was run with BJ pumping at 4.2
bpm and 3800 psi. The log was completed and BJ shut down to remove the
temperature tool at 1514. Pumping resumed at 1729 at 4.2 bpm.

At 1750 the system was placed in closed-loop flow, and all went
well until 2120 when the power supply to the DAT control panel failed.
Remote control of the system was lost at this time. Meyers makeup pumps
went off, the heat exchanger fans stopped, etc. Before BJ was shut down
they received 140°C water, which caused considerable problems. One
suction hose was lost, both flow meters had to be rebuilt, the rubber
seals on the suction manifold valves failed, and BJ later dismantled the
fluid end of the pump for inspection. It is probable that the pulsation
dampeners were also damaged. The line running from the heat exchangers
to the BJ pump trucks was bent because of the thermal growth. Concrete
safety blocks were moved. The damage to equipment turned out to be
small, and there were no injuries. A thermal switch was installed to

shut down the system if this should occur again. It never did.

May 29:

At 0410 the 250-psi safety relief valve was leaking and had to be
replaced. BJ shut down at 0936 to replace their flow meters. During
the change out of the meters, it was assumed that some air was trapped
in the heat exchangers, the highest elevation in the system. BJ was
placed on-line with all water coming from the makeup water system. EE-2
was vented to the pond through the choke manifolds. All four of the
heat exchangers were purged of gas, and the loop was put back into
normal operation by 1130.

At 1620 MASSCOMP down again; at 1841 MASSCOMP back on-line. All
ran smoothly for the rest of the day.

May 30:
The system ran quietly all night. This was the day of the first
radioactive tracer experiment. The tracer experiment was to inject

approximately 70 to 75 mCi of %2Br. At 1015 RA material arrived at
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Fenton Hill. A safety meeting was held at 1150. The pressure locks on
each well were valved off and filled with water so that any leaks could
be detected by the sight of water. The high/low valve on EE-2 was set
to trip at 250 and 500 psi. The 500-psi set pressure was selected to
shut in the well before the pressure relief valve, which was set at 600
psi, could open in the event of a high-pressure excursion in the
wellbore. This would keep any RA material confined within the surface
system. The backside of EE-3 was shut in to seal up that potential leak
path. Then the planned step-by-step procedure was followed, and the RA
tracer was injected by 1430.

The RA material was injected into EE-3 by first injecting the RA
tracer into one of the two injection lines between BJ’s pumps and the
wellhead. Second, that line was valved off from the RA tracer pig and
brought up to the injection pressure of 3875 psi by one of the pumps on
that line. Next, the wing valve was opened and, while continuing to
pump on the second line, a pump was started on the first line and the RA
tracer injected into the well. As soon as the tracer was well below the
surface, the pump on the second line was shut down and pumping continued
on the RA tracer line. First arrival of the tracer from the production
wvell occurred at 1924 and was reported at 2998 cpm with a background
reading of 2815 cpm. The second set of corrosion coupons was

removed/replaced at 1530.

May 31:

The RA tracer peaked in the sample analyzed at 0206 in the morning.
Maximum counts were 32 554 cpm. An unknown problem with the remote
start-up of Meyers pump #6 was encountered. Switching to local control
and then later back to remote control corrected the problem. A power
glitch knocked out the MASSCOMP. This happened several times during the
experiment both to the MASSCOMP and the chemistry trailer computer.

Neither were protected by an uninterrupted power supply system.

June 1:
All ran smoothly until near midnight when the chemistry trailer
sampling line flowed only gas and no water. After a safety check the

line was removed and cleaned. This did not cure the problem.
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June 2:

The back pressure on EE-2 was increased for a short period around
0300 in an attempt to drive the gas back into solution. This had no
effect on the gas. At 0313 the back pressure was lowered back down to
350 psi and we went on gas-purge mode. Meyers makeup pump #7 stopped
working and was removed for inspection. A piece of rubber was found to
be wedged between the impellers and the housing. It was removed and
after reassembly the pump was put back into service. Meyers pump #5 was
then taken down to repair the seals. From about 1340 to 2100 the back
pressure on EE-2 was increased to 500 psi to drive the gas back into
solution. This time the higher pressure seemed to work; however, it was
decided to stay in gas-purge mode. A shut-in of EE-2 was scheduled for
0400.

June 3:

At 0512 EE-2 was shut in; it climbed to 1500 psi by 0534. The
backside pressure in EE-2 during this time slowly decreased from 540 to
252 psi and continued to go down to as low as 145 psi. The 1500-psi
pressure was vented through the choke manifold down to 350 to 400 psi.
At 0808 a second shut-in occurred while the site crew changed out the
strainer. At 1132 we changed from vent mode to gas-purge mode. For a
short time, from 1343 to 1417, the system was placed on closed-loop.
All went well, so at this time the injection rate was increased to 7.5
bpm. The rest of the experiment was basically run at 6.9 to 7.5 bpm.

A loss of electrical power caused the MASSCOMP to go down for

several hours.

June 4:

Barley seismic station stopped sending signals at 0245. It was
determined the problem was low batteries. It was repaired and back
on-line at 1011. A Kuster temperature log was run in EE-2 between 0900
and 1600. The third set of corrosion coupons was removed/replaced at
1745. A sequence of EE-2 shut-ins and vents started at 1953. Pressure
built up to 1799 psi, then was vented to 350 psi before being shut in
again.
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June 5:

Shut-in/vent of EE-2 continued for 12 total cycles. A leak on EE-2
frontside had to be repaired before restarting closed-loop operations.
Closed-loop operation commenced at 0910 at 7 bpm and ran smoothly. The
EE-1 geophone tool was off-line and removed from the well at 1300. The
EE-2 flow meter was briefly off-line at 2107. The problem was

corrected, and the meter was working by 2120.

June 6:

A brief shut-in occured at 0823 to replace check valves on Meyers
pumps #5 and #6. They were back on-line and everything was running
smoothly by 0842. The MASSCOMP was down for servicing between 0915 to
1430. It went down again at 1610; seismicity was being recorded on
analog tapes. It was determined that the tape drive was bad and needed

to be replaced with the one from the TA-33 system.

June 7:
The system had to be shut down at 1245 to clean the EE-2 strainer.
Closed-loop operations were restored by 1800. The system was run in

gas-purge mode due to high CO, content of the production fluid.

June 8:

A 1500-kg (155 000-SCF) slug of nitrogen was injected into EE-3A
from 1121 to 1200. The main purpose of the gas injection was to attempt
to clean out the EE-2 production interval where it was assumed debris
was filling and possibly covering near-wellbore fractures. Because of a
storm one phase of power was lost at 1255; the site and DAT switched to
emergency backup power. Jemez power was back on-line at 1436, so normal
loop operations were reinitiated. The loop was back to normal by 1500.
The DAT switched back to normal power at 1630 and all was running
normally by 1636, including the MASSCOMP which was back on-line.

First sign of N, at EE-2 was seen at 1212 and was back to
background by 1240. This was probably not a result of N, injection.

The major pulse arrived at EE-2 at 1715 with an increase to 45% nitrogen
fraction in the gas stream. Too much gas was present in the production

stream to make reliable measurements of total gas. The system was
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switched to gas-purge mode operation. The vent line on EE-2 was opened
at 1737 to prevent fouling the heat exchangers with sand or other debris
if the nitrogen was successful in cleaning EE-2. It was determined by
1800 that the debris being produced was minimal, and a side stream was
run through the surface system and heat exchangers to allow good gas
measurements. At 2136 production pressure was reduced to 250 psi to
surge fractures as much as possible during projected peak nitrogen

production. BANC and CEBT seismic stations were not working at 2305.

June 9:

At 0630 the EE-2 production pressure was increased to 550 psi, and
at 0715 the vent was shut in and all production was through the loop.
The N, content of the gas stream peaked at 1044 with 79%. Surface loop
was still being operated in gas-purge mode. High/low valves on EE-2
were reset so the back pressure on EE-2 could be raised to 800 psi and
N, could be kept in solution. The EE-2 flow meter was reading 40 gpm
higher than the sum of the flow through the heat exchanger flow meters,
probably as a result of gas in the system. BANC seismic station was
checked out and back on line at 0937. The MASSCOMP was down from 1930

to 2332.

June 10:

Rough calculations indicated more N, was being produced than was
injected. Not getting good gas measurements from the way system was set
up. Saw second peak in N, content of gas stream (79%) at 1315. A water
sample taken of fluid being sent to injection pumps indicated not much
N, was recycling through the system. Seismic station CEBT was still
down; water in the electronics enclosure caused the problem and the

electronics had to be brought to the site for repairs.

June 11:

The N, content was going down in the gas stream. EE-2 back
pressure was dropped from 456 to 350 psi in preparation of going to
closed-loop operation. Gas concentration went up, so EE-2 pressure was
raised to the previous level. The system was operating in closed-loop

mode with 500 psi on EE-2 at 2225. EE-3A injection rate was increased
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to 10 bpm at 2323. The CEBT electronics were repaired and the station

put back on-line.

June 12:

Operations running smoothly. Significant seismicity occurred as a
result of high-rate pumping but with a considerable time lag. Changed
operation to gas-purge mode, flowing nominal 7 bpm. Seismic activity
from high-rate pumping down; therefore pulling EE-1 geophone at 1000.
It wvas noticed that water, about 1 gpm, was flowing from GT-2 at 1240.
Vellhead will be shut in, and pressures from GT-2 and EE-1 will be

recorded.

June 13:

MASSCOMP was down and put back on-line by 0613. EE-2 strainer was
cleaned out from 0830 to 0930. Preparations were made for the second
radioactive tracer test. System is being run in vent mode. The RA
tracer was injected at 1207 to 1224. At 1228 "fresh" water flush mode
wvas initiated. RA tracer was first seen at EE-2 at 1656; peak of 23 580
counts/min was seen at 2151. MASSCOMP was down from 1205 to 1408.

June 14:
System was running smoothly. At 2354 system was switched to

gas-purge mode and water was being recycled.

June 15:
System was switched to closed-loop mode at 0745. The RA count was
down to 3340 at 0630. Tefteller started Kuster survey of EE-2 at 2115.

June 16:

Kuster tool was out of EE-2 at 0305. At 1100 OWP was starting
temperature log of EE-3A while injecting 6.5 bpm. Log was completed at
1606. At 2045 back pressure on EE-2 was increased to 1000 psi and was

maintained between 950 and 1068 psi.
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June 17:

EE-2 back pressure was reduced to 435 psi at 0320. EE-2 was
shut in from 0933 to 1032; then system was put in vent mode. EE-2
wellhead was shut in at 1138 for repairs. Vent mode was reinitiated at

1336. EE-2 strainer was cleaned out starting at 2352.

June 18:

EE-2 strainer cleaned out and back on-line at 0036. System back in
closed-loop operation by 0051, pumping at 7 bpm. BJ is down to one pump
that will operate. Fourth set of corrosion coupons were changed out.
The pumping was terminated at 1600, and EE-3A and EE-2 were shut in. BJ
trucks and missile were moved out by 1730. The DAT will be kept on-line

to monitor the shut-in.

June 19:
EE-2 backside had to be vented intermittently to maintain pressure
below 1000 to 1500 psi.

June 20:
EE-2 backside was plumbed so it will vent to pond automatically.
MASSCOMP was shut down at 1130. At 1406 DAT was set up for unmanned

operations.

June 23:

OWP ran temperature and tracer logs in EE-3A.

June 25:

Tefteller ran a Kuster survey of EE-2.
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APPENDIX D
GEOCHEMISTRY NOMENCLATURE

quartz surface area to fluid volume ratio (mz/m3)
fracture aperture (m)

concentration (kg/m3)

dimensionless concentration in Eq. (V-1)
injection fluid concentration (kg/m3)

initial production fluid concentration (kg/m3)
silica saturation concentration (kg/m3)
fraction of quartz present in granite
residence time distribution curve (m'3)

quartz dissolution rate constant (m/s)
equilibrium constant

Henry’s law constant (bar/mole fr.)

mass of tracer injected (kg)

pressure (bar)

partial pressure of co, (bar)

vapor pressure of water (bar)

time (s)

cumulative produced fluid volume (m3)

mole fraction of CO,

activity coefficient for component i

dimensionless concentration in Eq. (V-2)
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APPENDIX E
ENVIRONMENTAL MONITORING: DISCRIMINATION CRITERIA

Strip charts containing surface and Precambrian station recordings
will be run during the ICFT for the purpose of environmental monitoring.
In the event that a large earthquake is suspected to have occurred, the
following simple criteria should be applied before contacting the
on-call seismologist if he is not on-site. A calendar containing names
and phone numbers will be posted on the MASSCOMP.

If a large earthquake has occurred under Fenton Hill, the following
must have been observed at all working stations:

1. The strip chart recordings must show coherent arrivals at all

stations (within a few seconds).

2. The initial portions of the recordings will be saturated
(truncated).

3. The initial portions will contain high frequencies; if
individual "wiggles" are seen, then the event is fairly
distant.

4. The signal (coda) duration will be large: 100 sec = magnitude
2.5; 160 sec = 3.0; 360 sec = 4.0 (be sure to check strip chart
speed before measuring duration). See following procedures for

appropriate action based on the coda duration.

The following may also be observed:
1. The event should be felt.

2. Rapid changes in pumping parameters may occur.

If a large-magnitude, nearby earthquake is suspected, the on-call
seismologist should be contacted in order that on-site personnel may be
"talked through" the location procedure on the MASSCOMP. See following

section (Procedures) for subsequent action.
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Environmental Monitoring: Procedures

ALERT - M > 2 (Duration > 100 sec)

Event must be located. Contact on-call seismologist for a "talk
through" location on the MASSCOMP if he is not on-site. If location is
-within 5 km of injecton point, proceed to:
1. Notify needed personnel in case further seismic activity
requires shut-in or immediate vent under the criteria below.
Notify project management.

3. Pay close attention to pressure/flow data.
SHUT-IN - M > 2.5 (Duration > 150 sec)

Event must be located as above. If within 5 km of injection, proceed
to:
1. Inform experiment manager of need to shut in. Pumping should
resume only after consultation with project management.
Inform project management.

Pay close attention to pressure/flow data.
IMMEDIATE VENT - Mo> 3.5 (Duration > 360 sec)
Event will be located as above. If within 5 km of injection, inform

experiment manager of need to begin venting reservoir fluids. Further

action will be determined by project management.

~-128-



1491 veis
9861 ‘61 Aepy

1401 pu3

ve Aep
00:00

€1 aunp 6 aunp G aunp L aunp gz Aepn
00:00 00:00 00:00

L aunp
00:00

gl aunp
00:91

00:91

00:00

00:00

Water Loss (%)

o,
) S o)) © o
o o o o o o
1 | !
- s
L
S
i
=
L s
=

=

T

]

-
.
;

§
o
5_@..,___,__

1 ; 1 | i
= 8 &8 8 8 3
Water Loss (%)

Impedance (GPa-.-s/m?)

[ B

i€

-

Impedance (GPa-.s/m?)

EE-3A Pressure (MPa)

e

R ———

.,

'
i
{
~
I [~a F oy
b L I}
- e ;
A iy e
13
1
1
v
Vo
L
i
!

s o o amt Y

= N
4
-
&
i
lv‘
i
<
LN — ey,
\\
B \
¥
3
{
uuuuuuu e
==
ey
[P 4
O R
Y
s
I H
P
\S
Mﬁtz“
4
F
%
¢
i
- A
{
}
<
s
4
3
>
{
¢
¥
L 3
?
{
od
1 i
H ]
i3
oo ¢ >
)
}
$
!
¥
*

~————
-
o o s e et o

;.JT-N,_MN___‘

~———
—~—

T
...f‘*""’""’”\r’v/

e ———————— -y
\
Y
Y
S
i i
3
.
\
1
A
3
i
e
3
I \
\
i
4
<

T
| Ry
S I o W g
Y
i
[
L/

f
Y*
LA LU

oo,
LN

T 4 g g A Ny i e 2O

l T
W
1Y
i
A
(Log
L4 h
'_ﬂ' {
Al L“J{v«‘»mm\f.w”f'f

EE-2 & EE-3A Flowrate (m3/s)

0

1 S1L0°0
- ¢0°0
< G20’
€00

s e e e v, e O G

|—-4\‘n—v-.-l

=
{

-

!

{
"’-""‘\‘..}i ;..r-]

1

~~~~~~~~~~

_____________

et 1t e et s v i s et s

At—¢

M
ft

¢33
ve-33

i—~—~ya-—-.p-—~._\_‘r-,a-——‘-L',..r"\§?‘-_“_~l_._.r*_t‘ 1_-!‘ r-

_—N—-—-—‘___‘

¥
-
0
h

'..U "'1"1-4—1#‘

u
l

™
P

\,d rl'\-"'—""l

A
A e
YJ"‘WI-'

} T
! w
1

vl st
Vet

1
il
/b-u..‘ i
R W

N

J‘a*‘\_qvn&../ul
u

s
L}

!L‘

i ]
L
~d{___r-

I

!
‘J

|
x‘m

2

-
,’; ¥

|
A
-

; 3
L‘_
{
= 4
i’,
%
i
2
] ] 1 | 1 31
o N E =3 » [0} -t - -
o N o

EE-2 Pressure (MPa)

o
o

S00°0
100

GLO0
¢00

Geco00 -~
€00

EE-2 & EE-3A Flowrate (ms/s)

¢33 UI-Inys/1Usp

pasnpaJ ainssald

abueyo anjen Buim pjojiuew 8oy

1431 UelIS

18]
aley
daig

0 8bueyy —]
abueya dund

8|0y Jo 10
001 |-33
1L

0 8bueyy) —

¢-33 U-nys

1usA B 86ing 7-37 86ing ——

0 8buey) ——

VE-33 UHNYS

¢-33 uHInysS 1UBA

¢-33 UHNYS

U8\

abind se
) p8bueyy 7

—1goe1) | uibag— 8buey) —]

paddols

186ueyaxa 1eay uo
1918W MO|{

0 8buey) =
g —
YE-33 UHINYS ——

IET

— ¢-33 UHINyS

0 8bueyy ——

— abueyo dwnd rg — p abueyy ——

dooj ybnoay
Buimo} dn-1ie1g

1 8buey) ——
dwnd abueyd pg — 17 8buey) —

0 8buey)

VE33/¢-33 u-Inys

doo| aso 0} Le1g — [ 8buey) ——]
0 8buey) ——
0 abueyn

VE-33 UHNYS 1|
umop-1nys pg —— sdwnd [\ 1507 ——
1318W MO} peq - UMOp-1nyS g ——

UIE]
uo dwnd rg

abueyo dwnd g 0 8bueyy ——

D 8buey) ——
abueyd dwnd g

1 SNOLEA —
abueya dwnd g
abueya dwnd pg =7 SNOLEA ——

uo dwnd SI8A| —
0 8bueyy ——

(awn uoys) p abuey) —
afund seg—1 abuey) —

Z- 33 WA S weees
abueya dwnd pg—
abueys dwnd pg— B s
dwnd | 0} UMOP-INYS Pg— O 85“933—"__—
SNOLIR/, ——
wgpd 0N

abueya dwnd pg— abuey)
1 snoLep ——

VE-33/¢-33

¢-33 U-NyS

abueyo dwnd pg

9

o L——ye-33 uHnys/umop-inys g
0 8buey) =
——\j-33 UI-INYS/UMOp-InyS g
0 abueyy=r—

ind se

Laﬁ

-3 Ul-Inys/1us\

paddois Ja1aW MO|4
abueya dwnd—7 abueyy =—]

abund seq umop-inysrg
abueys dwnd — abuey) ==
0 8bueyy =—=—
= abueyd dwnd—7 aﬁuqu—'_t-—_
=7 yg-33 urinys/umop-1nys rg ——

abind seqg=——7 abuey)——
\/€-33 ul-Inys/umop-inys Mg - —
abueya dwnd —r—z
abueya dwnd/abind seb/iusp —0 aﬁuquF—
\7E-33 U-INYS/UMOP-INYS Mg =0

0 8bueyy) ——
abueya dwng —7 abuey) ——]

¢-33 0 8buey)

¢-33 0 8buey)

1 8buey)) ——

¢-33 p8bueyy

YE-33 UHINYS

—— Wesls JUB\
0 8bueyn

abind seq

abueya dwnd
0 86uey)——

—— obueya dwng L sbuey)——

umop-inys g —20UBY) ——
abueya dwing wdbggy e dung
abind seq 0 8buey)—Tr=

abueya dwnd E’—_U abuey) ==

abueya dund

abind seq

afund sef/abueya dund ——

abueyo duind = p abuey)——

8bueyd dwnd == abuey) =—=

abueya dwnq =

8bueyd dwnd — qy aBueyy ——

abueyo dwnd =

0 8buey)—

-3 0 8bueyy

abueyo dund ==
R

waAVE‘HEI UHNYS——+

\E-33 U-NYS ——o
abueya dwng
7 8buey) ——

¢330 86uey]

VE-33-u-nygs

—abueya dwnd/ umop-Inys g
abueya dwnd pg ——
0 8buey)=——=

1U8A\

abueyo dwnd g
8|gnoJ} dwnd pg ——

l"—"

paleulLIa) 1uaWLadX] —yE-33/7-33 UFINYS —

‘Ble@ 92UBwW.IOLIdd 1491 yiim ABojouoayn jJuan3 °| aleid

dAH-86VTTI-V'1



Plate Il. ICFT Performance Data. LA-11498-HDR
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FENTON HILL
GEOTHERMAL 1-MILLION GALLON SERVICE POND AND
EE-2A PRODUCTION WELL CLOSURE PLAN

1.0 INTRODUCTION
Los Alamos National Laboratory (LANL) intends to close the 1-million gallon (1-MG)

service pond and the EE-2A geothermal production well associated with the Hot Dry
Rock (HDR) Geothermal Project at the Technical Area (TA) 57 Fenton Hill site. The TA-
57 Fenton Hill site is located approximately 30 miles west of Los Alamos on State Road
126 in Sandoval County, New Mexico, at an elevation of 8,700 feet (ft). Fenton Hill is the
site of the first HDR geothermal research experiment in the world and is located at the
western margin of the Valles Caldera in Northern New Mexico. The purpose of the
experiment was to utilize the natural heat present beneath the surface of the Valles
Caldera as geothermal energy for commercial production.

The HDR experiment involved the drilling of two wells into an impermeable rock formation
and fracturing the space between the wells. Cold water from the surface was then
injected into the first well and heated by geothermal energy from the rock formation. The
heated water was returned to the surface through the second well, passed through a
turbine or heat exchanger and was re-circulated through the system. The site originally
consisted of four wells: two for experimental confirmation of the technology and two for
verification of commercial applicability. The HDR experiment has since been concluded
and the U.S. Department of Energy has determined that geothermal energy production at
the site is cost prohibitive.

This closure plan describes the methods by which the 1-MG service pond and EE-2A
production wellhead will be decommissioned. The plugging and abandonment (P&A) of
the EE-2A production well is not covered by this closure plan. The closure plan describes
existing site conditions, decommissioning procedures for the pond and wellhead, waste
management, site characterization, and restoration of the site.

2.0 SITE DESCRIPTION

The 1-MG service pond and EE-2A production well are located in the southwest section

of TA-57 as indicated on Figure 1. Detailed photographs of the site are provided in
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Appendix A. The following sections provide detailed descriptions of the service pond and

" production well to be closed at the site.

2.1 1-MG Service Pond

The 1-MG service pond was installed in 1990 by the HDR project to store geothermal
fluids vented from the EE-2A production well. The pond is 90-ft wide, 270-ft long and 12-
ft deep and has a capacity of approximately 600,000 gallons. It is constructed of a dual

membrane liner system that consists of 30 mil XR5 and 30 mil oil-resistant polyvinyl
chloride (PVC) liners, with intermediate geo-fiber and bottom pads. The estimated area
coveredfby each liner is 25,000 square feet. The pond includes:

¢ Drainpipe - 4-inch (in.) diameter, approximately 30-ft long

¢ Overflow Pipe - 21-in. by 15-in. diameter, approximately 50-ft long
e PVC feed line, 12-in. diameter, approximately 60-ft

o PVC feed line, 12-in. diameter, approximately 70-ft

¢ Leak collection system underlying the primary liner — Schedule 40 PVC perforated
pipe with an oil-resistant secondary liner embedded in a gravel trench.

e PVC leak detection well - 16-in. diameter, approximately 20-ft deep,
e A steel sump — 8-ft diameter, 18-ft deep
¢ Piping associated with the sump and leak detection well.

Figures 2, 3, and 4 provide site grading plans and details for the equipment and
structures associated with the 1-MG service pond.

2.1.1  Geothermal Fluids
The 1-MG service pond was drained in 1997 and cleaned to remove accumulated sludge.
From 1997 to present, the pond has been used to hold vented geothermal fluid from EE-

2A production well and ion exchange back flush water from the Milagro Project.
Currently, the volume of the 1-MG service pond varies from 30,000 — 80,000 gallons
depending on the amount of precipitation and evaporation in the area. Table 1 provides
analytical results for the liquids accumulated in the 1-MG service pond as of July 2002.
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Table 1

Summary of Analytical Results of Geothermal Fluid Sample from the
1-Million Gallon Service Pond at TA-57 Fenton Hill

ilver . 5.0
Aluminum . NA
Arsenic . 5.0
Boron . NA
Barium 5 100.0
Beryllium 3 NA
Cadmium . 1.0
Chlorine NA
Cobalt . NA
Chromium . 5.0
Copper ; NA
Fluorine . NA
Iron . NA
Mercury . 0.2
Lithium . NA
Magnesium NA
Manganese g NA
Molybdenum . NA
Sodium NA
Nickel . NA
Lead . 5.0
PH . NA
Selenium <0.0002 1.0
Antimony <0.1 NA
Sulfate 179 NA
Strontium 5.08 NA
Titanium <0.002 NA
TDS 36,728° NA
TSS 32.9° NA
Vanadium <0.002 NA
Zinc <0.01 NA

a Sample collected on April 18, 2002.
b Sample collected on July 30, 2002.

NA = not applicable
mg/L = milligrams per liter

2.1.2 Sludge

Fenton Hill project personnel estimate the volume of sludge located in the 1-MG service
pond to be approximately 35 cubic yards (yd®). The exact composition of this material is
currently unknown. One representative sample of the sludge will be collected prior to the
commencement of closure activities to determine characteristics for waste disposal. This
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sample will be analyzed for total metals plus boron, toxicity characteristic leaching
procedure metals, volatile organic compounds, and semi-volatile organic compounds.

2.2  EE-2A, Production Well

The EE-2A production well was originally completed as a production well with a 7-in.
casing from the surface to just above the injection interval. The production well wili be
P&A in accordance with the LANL Groundwater Discharge Permit GW-031. Approval for
the P&A was obtained from the New Mexico (NM) Oil Conservation Division (OCD) on
July 19, 2002. The approval documentation and P&A plan are provided in Appendix B.

23 EE-2A, Production Wellhead

The EE-2A production wellhead is located at the northeast end of the service pond as
shown on Figure 1. It is surrounded by an approximately 12 ft long by 10 ft wide by 6-in.
thick concrete pad and prefabricated metal tower. The metal tower will be removed prior
to the commencement of final decommissioning activities at the service pond and
wellhead. Removal of the finished wellhead, associated valves and piping, the concrete
sump, grating, and the casing are included in the scope of this closure plan. Figure 5
provides a schematic of the wellhead. Photographs of the tower and wellhead are
provided on pages 1 and 10 of Appendix A. A schematic, which details the production
well completion is provided in Appendix C.

3.0 CLOSURE REQUIREMENTS

Closure of the 1-MG service pond and EE-2A production wellhead will be conducted in
accordance with NM OCD and U.S. Forest Service, Jemez Ranger District, requirements.
This will include, at a minimum:

e Removal and treatment/disposal of the pond contents.

« Removal and disposal of all equipment, concrete, piping, and liners at a solid
waste facility in compliance with 19 NMAC 15.9.712 (Appendix D).

o Restoration of the site to current site contours and grading.

« Completion of a site inspection by the NM OCD.
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The closure of the 1-MG service pond and EE-2A production wellhead is not subject to
the requirements of the Resource Conservation and Recovery Act because wastes
generated due to geothermal exploration are exempt in accordance with 40 CFR
261.4(b)(5). This includes

Drilling fluids, produced waters, and other wastes associated with the exploration,
development, or production of crude oil, natural gas or geothermal energy.

The 1-MG service pond contents (i.e., geothermal fluids, and sludge) currently consist of
both exempt geothermal fluids and non-exempt Milagro Project wastewater as described
in Section 2.1.1. However, the Milagro Project wastewater has been limited to less then
5% of the total volume of the pond, in accordance with the mixing policy of the NM OCD.
This maintains the applicability of the exemption for the overall contents of the pond. The
mixing of Milagro Project wastewater with the pond contents was approved by the NM
OCD on May 10, 1999 in accordance with a LANL request for modification of the Ground
Water Discharge Plan GW-031. The request for modification is provided in Appendix E.
The NM OCD approval letter is provided in Appendix F.

The LANL Groundwater Discharge Permit GW-031 regulates the P&A of the EE-2A
production well. The P&A of the EE-2A production well is outside of the scope of this
closure plan.

4.0 HEALTH AND SAFETY REQUIREMENTS
Job hazards associated with closure activities will be identified, controls developed, and

workers briefed before closure activities are conducted, in accordance with LANL safety
procedures. Personnel involved in closure activities will wear appropriate personal
protective equipment (PPE), specified by Health Physics Operations Group (HSR-1) and
Industrial Hygiene and Safety Group, and will follow good hygiene practices to protect
themselves from exposure to hazardous waste. Minimum PPE requirements will consist
of coveralls, steel-toed shoes, and safety glasses. All workers involved in closure
activities will be required to have appropriate training including HAZWOPER for general
site workers (40 hours and refresher) and TA-57 site specific, as appropriate.




Document: Fenton Hill Closure Plan
Revision No.: 0.0

Date: August 2002

Prior to initiating fieldwork a staging area will be established at the site. This area will
provide space for staging scrap, wastes (roli-off bins, drums) equipment and material
storage, and sanitation facilities. All personnel will be required to review and
acknowledge the Site-Specific Health and Safety Plan (SSHSP) and adhere to the
procedures and requirements set forth in the SSHSP. All activities will also be
coordinated with the appropriate LANL organizations, state and federal regulatory
agencies.

5.0 DECOMMISSIONING ACTIVITIES
5.1 Removal of Fluids

Following P&A of the EE-2A production well, fluids contained in the 1-MG service pond
will be pumped and stored temporarily in frac tanks at the Fenton Hill site. A
representative sample of the liquid will be collected and submitted to the LANL
Hydrology, Geochemistry, and Geology Group laboratory for water quality parameter
analysis prior to disposal. Disposal options include:

¢ On-site evaporation with disposal of the evaporator bottoms at a NM OCD
approved facility.

e Off-site disposal at a NM OCD approved facility.

Other options for disposal of the 1-MG service pond liquid will be evaluated as they
become available. Final disposal will be determined by LANL personnel in coordination
with NM OCD and U.S. Forest Service personnel, prior to the termination of closure
activities at the site.

5.2  Removal of Siudge
The sludge contained in the 1-MG service pond will be pumped and staged on-site prior
to disposal as described in Section 9.0.

53 1-MG Service Pond

Decommissioning of the 1-MG service pond will commence after the fluids and sludge

have been removed for storage pending disposal. Figures 2, 3 and 4 provide schematics
and details of the 1-MG service pond, sump, drain bulkheads, and leak detection system.
Decommissioning activities will include:
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¢ Removal of approximately 5,800-ft of 4-ft high chain link fence from the
perimeter of the pond.

¢ Removal of the primary and secondary pond liners.

e Excavation and removal of the three concrete reinforced drain bulkheads and
piping.

e Excavation and removal of the leak detection piping and fill.

e Excavation and removal of the sump located at the east-end of the pond
including the piping connecting it to the pond.

e Excavation and removal of the leak detection well
e Removal of approximately 5 hydrants from the perimeter of the site. These
hydrants will be cut and capped below the hydrant assembly. The piping will
be abandoned in place.
The fencing, hydrants, concrete, liners, piping, and fill will be staged on-site pending

recycling and/or disposal as described in Section 9.0.

5.3.1 1-MG Service Pond Liners
The 1-MG service pond consists of a primary and secondary liner system with leak

detection and pads. After the geothermal fluids and sludge have been removed from the
1-MG service pond, the primary liner will be pressure washed to remove any excess
sludge. The water will be collected and staged with the sludge on-site for disposal as
described in Section 9.0. After the liner is cleaned it will be cut into manageable pieces
and removed from the service pond for staging on-site prior to waste disposal. The
primary liner will be managed to ensure that it meets solid waste landfill criteria as
described in 19 NMAC 15.9.712, prior to disposal.

The secondary liner is located beneath the leak detection system (i.e., gravel, sand,
perforated piping). The fill material will be removed from the service pond as described in
Section 5.3.2. If any evidence of a breach in the primary liner is present in the fill
material, the secondary liner will also be pressure washed to ensure that it meets solid
waste landfill criteria for disposal. It will then be cut into manageable pieces and removed
from the containment for staging on-site prior to waste disposal. The secondary liner will
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be managed to ensure that it meets solid waste landfill criteria as described in 19 NMAC
15.9.712, prior to disposal.

5.3.2 Leak Detection Fill
The fill material (sand and gravel mix) associated with the leak detection system is

located between the primary and secondary liners of the pond. This material will be
examined for evidence of a containment breach in the primary liner (i.e., moisture,
stains). If it is determined that this fill material was not exposed and is clean, it will be
excavated and set aside for use as fill material during the site restoration phase of the
closure. If it is determined that the fill material was exposed and mixed with pond liquids
and/or sludge, it will be excavated, sampled and analyzed for contamination. The fill
material will be staged on-site for waste disposal in accordance with the level of
contamination as described in Section 9.0.

54 EE-2A Production Wellhead
Decommissioning of the EE-2A Production Wellhead will commence after the production

well has undergone P&A and the tower structure is removed for recycle and/or disposal.
Figure 5 provides a schematic of the wellhead. A photograph of the wellhead is also
provided on page 10 of Appendix A. Decommissioning activities at the EE-2A production
well head will include:

e Excavation and removal of approximately 125 cubic feet of concrete surrounding
the EE-2A production wellhead.

¢ Removal of the piping, grating.
¢ Removal of the wellhead to the flanged fitting.
o Excavation and removal of the concrete sump.

e Excavation of the soil around the wellhead to a depth of 3-ft to allow for the well
casing to be cut.

¢ Installation of a NM OCD approved underground marker in accordance with 19
NMAC 15.4.202.

¢ Backfill and restoration of the area to the current contours and grade of the site.
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The well casing, pipe, and concrete removed during the cutting will be staged on-site
to be recycled or disposed at a solid waste landfill. Prior to disposal, the waste from
cutting will be surveyed for naturally occurring radioactive material (NORM) by LANL
HSR-1 personnel. Results of the survey and written authorization from the NM OCD
will be required prior to recycling or disposal of the material in accordance with 19
NMAC 15.9.712.

6.0 SITE CHARACTERIZATION

The 1-MG service pond is identified as PRS 57-004(b) in LA-UR-96-1062, “RF| Report for
Potential Release Sites at TA-57” (LANL, 1996). Section 1.2.1.3 of the RFI report
indicates that there is no evidence of contaminate release from the 1-MG service pond

and that the sediments will be investigated upon decommissioning of the site.
Characterization and/or confirmation soil samples may be collected from the soils
underneath the liner and around the drain and feed line excavations by the Environmental
Restoration Group prior to the commencement of restoration activities at the site.

6.1 Inspection of Surface beneath the Secondary Liner

The ground beneath the secondary liner of the 1-MG service pond will be inspected for
moisture accumulation and/or soil discoloration. If any evidence of leakage is detected,
the affected soil will be excavated, sampled, and analyzed for contamination. The
affected soil will be staged on-site for waste disposal in accordance with the level of
contamination as described in Section 9.0.

6.2 Geodetic Survey

A geodetic survey will be conducted of the excavated pond area and all associated
structures (i.e., sumps, drains, and the EE-2A production well) following complete
removal of all equipment and materials associated with the 1-MG service pond.

7.0 SAMPLING ACTIVITIES
The following sections describe procedures and methods for sampling, analysis, and
documentation applicable to closure activities. Sampling will be conducted in accordance
with procedures given in “Test Methods for Evaluating Solid Waste, Physical/Chemical
Methods, “ SW-846 (EPA, 1986).
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7.1 Soil Sampling
Soil samples will be in accordance with ESH-18-HCP-012.2, “Sediment Sampling,”
(LANL, 2001a).

7.2 Liquid Sampling
Liquid samples will be collected in accordance with ESH-18-HCP-005.3, “Special
Sampling of Waste Streams” (LANL, 2001b).

7.3 NORM Surveys
The NM OCD requires that waste materials generated at the site be surveyed for NORM

prior to disposal. These surveys will be conducted by LANL HSR-1 personnel to
determine if the site is above background levels due to the drilling and venting operations
associated with the 1-MG service pond and/or EE-2A production well. To be considered
above the background, the survey measurements will have to be at least 50 counts per
micro Rankin per hour above the background as provided by 20.3.1.14 NMAC.
Personnel conducting measurements shall use ER-SOP-10.14 “Performing and
Documenting Gross Gamma Radiation Scoping Surveys” as a guideline (LANL, 2001c).

8.0 SITE RESTORATION
LANL intends to utilize the earthen berm located on the southern boundary of the 1-MG

service pond as backfill material pending the results of the site characterization activities,
if any, described in Section 6.0. This berm will provide approximately 1000 yd® of backfill
material. If necessary, the remaining excavation will be backfilled with ASTM D2487
certified clean crushed tuff.  The fill will be placed in 8-in. lefts then compacted. IThe
pond and other areas of extensive soil removal will be backfilled to current site contours
and grade, not to exceed a 3:1 slope. Subsequent to the emplacement and compaction
of the final lift, approximately 3 to 5 in. of loose topsoil will be applied to disturbed areas in
preparation for permanent seeding.
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During backfilling and restoration activities, temporary silt fencing and straw bale check
dams will be installed, maintained, and routinely inspected. All disturbed areas will be
re-seeded according to the LANL seeding specifications provided in Appendix G and in
accordance with U.S. Forest Service requirements. A geodetic survey will be conducted
at the site following restoration activities.

Upon completion of the restoration activities, LANL will schedule a site inspection for NM
OCD officials to finalize approval of the closure.

9.0 WASTE MANAGEMENT
All closure activities will be conducted with waste minimization goals in mind. All waste

materials generated will be controlied, handled, and disposed of in accordance with LANL
waste management procedures. Several waste streams will be generated during the
decommissioning activities associated with this closure plan. Table 2 provides a
summary of the anticipated waste streams, the waste type, anticipated volume, and
appropriate disposal options.

Table 2
Potential Waste Streams, Types, Volumes, and Disposal Options

1-MG service pond - _ On-site treatment
fluids Liquid | 30,000-100,000 gallons | |\ 5D permitted Facility
Sludge Solid 35 yd’ e NM OGCD Permitted Facility
. _ 3 * LANL Recycle Program
Concrete Solid 10-20vyd «  Solid Waste Facility
o : g e LANL Recycle Program
Piping (metal) Solid 100-150 ft «  Solid Waste Facility b
- . _ ¢ LANL Recycle Program
Piping (PVC) Solid 150 - 200 ft «  Solid Waste Facility
Gravel (Leak Detection . _ 3 o Backfill
System) Solid 20-60yd « NM OCD Permitted Facility
Hydrants/Scrap metal Solid <1 yd’ o LANL Recycle Program
Pumps Solid <1yd o LANL Recycle Program
Liner Solid 150 =200 yd° » Solid Waste Facility
a Estimated from as-built drawings of the 1-MG service pond and EE-2A well casing.
b Must be accompanied by analytical data for NORM and written authorization for disposal from OCD.

ft = feet/foot

LANL = Los Alamos Nationa! Laboratory

NM OCD = New Mexico Qil Conservation Division
PVC = polyvinyl chioride

yd3 = cubic yard(s)
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10.0 POST CLOSURE REPORTING
A post-decommissioning/closure report will be prepared for the NM OCD that details all of

the closure activities. It will, at a minimum, include:

¢ Disposal records

e Photographs of the site and the closure activities.
¢ Data from sludge and geothermal water analysis.
o Copies of permits (as applicable)

e As-built site drawings from the geodetic surveys of the containment before and after
restoration.

11.0 REFERENCES

EPA, 1986 and all approved updates, "Test Methods for Evaluating Solid Waste,
Physical/Chemical Methods," (SW-846) Office of Solid Waste and Emergency Response,
U.S. Government Printing Office, Washington, D.C..

LANL, 20014, “Sediment Sampling,” ESH-18-HCP-12.2, Los Alamos National Laboratory,
Los Alamos, New Mexico.

LANL, 2001b, “Special Sampling of Waste Streams,” ESH-18-HCP-005.3, Los Alamos
National Laboratory, Los Alamos, New Mexico.

LANL, 2001c¢, “Performing and Documenting Gross Gamma Radiation Scoping Surveys,”
ER-SOP-10.14, Los Alamos National Laboratory, Los Alamos, New Mexico.

LANL, 1996, “RFlI Report for Potential Release Sites at TA-57,” LA-UR-96-1062, Los
Alamos National Laboratory, Los Alamos, New Mexico.
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\f—- * 4-116 in. AP| 5000 psi

T} 7-1/16in. API 5000 psi

Xover spool

Lower master valve (front side)
(shut in for P >4500)

J  7-1116in. API 10000 psi

Z) Vi 7-1116 in. AP} 10000 psi
]/ Relief Valve Set at 4500 psi

Gauge

1~ Vent line

Side outlets
(front side)

Pressure relief valve

Side outlets (backside)*
cemented to surface

Side outlet (annulus)

V100

Special design flanges

Side outlets (outer annulus)
cemented to surface

Conductor pipe

Surlace casing

Intermediate casing 7

Production Casing

Cement &

Te-back casing

2-1/16 in. APl 10000 psi

11 in. API 5000 psi

2-1/16 in. AP 5000 psi outiet
with VR plug installed

—:_, T 13-5/8in. API 3000 psi

= . 2 in. NPT outlet with VR ply
i instalied Pya

a Open v_ent

20 in. AP1 3000 psi

oz 2 in. NPT outlet*

30in. OD

20in. OD
13-3/8 in. OD

9-5/8in. OD

7in. 0D

Figure 5

EE-2A Production Wellhead Schematic
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CERTIFICATION

| certify under penalty of law that this document and all appendices were prepared under my
direction or supervision in accordance with a system designed to assure that qualified personnel
properly gather and evaluate the information submitted. Based on my inquiry of the person or
persons who manage the system, or those persons directly responsible for gathering the
information, the information submitted is, to the best of my knowledge and belief, true, accurate, and
complete. | am aware that there are significant penalties for submitting false information, including
the possibility of fine and imprisonment for knowing violations.

m be” /o Aus (or—

Paul Weber ~ Date Signed
EES Division Director ;

Los Alamos National Laboratory

Operator
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APPENDIX A

Fenton Hill Site Photographs
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TA-57, Fenton Hill, Site Photograph Looking Southeast
EE-2A Production Well and Tower
(June 25, 2002)
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TA-57, Fenton Hill, Site Photograph Looking Southwest
1-Million Gallon Service Pond
(June 25, 2002)
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TA-57, Fenton Hill, Site Photograph Looking Northwest
1-Million Gallon Service Pond
(June 25, 2002)
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TA-57, Fenton Hill, 1-Million Gallon Service Pond
(June 25, 2002)
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TA-57, Fenton Hill, 1-Million Gallon Service Pond Looking Northeast
(June 25, 2002)
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TA-57, Fenton Hill, 1-Million Gallon Service Pond Bunker and Drain
(June 25, 2002)
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TA-57, Fenton Hill, 1-Million Gallon Service Pond Sump and Leak Detection Well
(June 25, 2002)
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¥

TA-57, Fenton Hill, Sump Exterior
(June 25, 2002)
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TA-57, Fenton Hill, Sump Interior
(June 25, 2002)
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TA-57, Fenton Hill, EE-2A Well Head
(June 25, 2002)
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TA-57, Fenton Hill, Hydrant
(June 25, 2002)
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APPENDIX B

NM OCD Form C-103 and LANL Plugging and Abandonment Procedures for
Geothermal Well EE-2A



Offi .
D,slce t1 : Energy, Minerals and Natural Resources : Revised March 25, 1999
1625 N. French Dr., Hobbs, NM 88240 WELL API NO.
istrict I R -
e rand Ave.. Artesia, NM 88210 OIL CONSERVATION DIVISION | EE-24 (non-APD)
. . 5. Indicate Type of Lease
District 111 1220 South St. Francis Dr. STATE [] FEE []
1000 Rio Brazos Rd., Aztec, NM 87410
District [V Santa Fe, NM 87505 6. State Oil & Gas Lease No.
1220 S. St. Francis Dr., Santa Fe, NM N/A
87505
SUNDRY NOTICES AND REPORTS ON WELLS 7. Lease Name or Unit Agreement Name:
(DO NOT USE THIS FORM FOR PROPOSALS TO DRILL OR TO DEEPEN OR PLUG BACK TO A Fenton Hill Hot Dry Rock Geothermal
DIFFERENT RESERVOIR. USE "APPLICATION FOR PERMIT" (FORM C-101) FOR SUCH Proiect
PROPOSALS.) )
1. Type of Well:
Oil Well [[1 Gas Well [ ] Other — Experimental geothermal production well
2. Name of Operator 8. Well No. — EE-2A
Los Alamos National Laboratory '
3. Address of Operator 9. Pool name or Wildcat
P.0.Box 1663, Los Alamos, NM 87545 N/A
10. Well Location
Unit Letter : well is located 1609 feet from the East _line and _1405 feet from the North line
Section 13 Township 19N Range 2E NMPM Sandoval Count

3 F]

Submit 3 Copies To Appropriate District State of New Mexico Form C-103

10. Elevation (Show whether DR, RKB, RT, GR, etc.)

KB
11. Check Appropriate Box to Indicate Nature of Notice, Report or Other Data
NOTICE OF INTENTION TO: SUBSEQUENT REPORT OF:

PERFORM REMEDIAL WORK [C]  PLUG AND ABANDON ¥ REMEDIAL WORK O ALTERING CASING [

MPORARILY ABANDON [J CHANGE PLANS O COMMENCE DRILLING OPNS.[]  PLUG AND O

ABANDONMENT
PULL OR ALTER CASING [0 MULTIPLE O CASING TEST AND
COMPLETION CEMENT JOB

OTHER: O OTHER: O

12. Describe proposed or completed operations. (Clearly state all pertinent details, and give pertinent dates, including estimated date of
starting any proposed work). SEE RULE 1103. For Multxple Completions: Attach wellbore diagram of proposed completion or
recompilation.

Please find detailed procedure and well diagrams attached. It is currently estimated that the abandonment will occur in September, 2002.
NMOCD will be notified by LANL of the exact time that the abandonment work will commence at least 48 hours in advance.

I hereby certify that the information above is true and complete to the best of my knowledge and belief.

Conditions of approval, if any

‘DGNATURE < A‘(A«W TITLE D{;//:f ro & C{%Oéﬁ DATE :1 T vz ‘o e %
ype Or print name E&tl_ & . JELSX Telephone No. $©5 - ¢ (7- Y77

(This space for State use
APPPROVED BY ///‘4) M TITLE DISTRICT SUPERVISOR paTg, 2/ 7 ©2—



PLUGGING AND ABANDONMENT PROCEDURES
FOR |
GEOTHERMAL WELL EE-2A

Fenton Hill Hot Dry Rock Geothermal Project
Los Alamos National Laboratory

July 1, 2002

Geophysics Group — EES-11
Earth and Environmental Sciences Division

Water Quality and Hydrology Group — RRES-WQH
Risk Reduction and Environmental Stewardship Division

REGULATORY APPROVAL.:

Mr. Roy Johnson, N.M. QOil Conservation Division Date

EXTERNAL REVIEWERS:

Mr. Fred Oneyear, U.S. Bureau of Land Management
Mr. John Peterson, U.S. Forest Service, Jemez Ranger District
Ms. Linda Gordan, N.M. Office of the State Engineer




Procédures for abandonment of HDR Well EE-2A
July 1, 2002

Current well configuration: EE-2 was drilled and completed in 1979-80. The original
well was damaged following a wellhead failure that ended a massive hydraulic fracturing
treatment. Following an extensive well reentry, repair, and plug back procedure, the well
was sidetracked and redrilled in 1987-88. The well was completed as a geothermal
production well with 7” casing and the annulus cemented to surface. 7-inch OD, 35 1b./ft,
S-90, NSCC premium (internal flush) joint threaded and coupled casing was installed
from just above the production interval at 10,770 ft to 9,500 ft. A 7-inch OD, 32 1b./ft, C-
95, NSCC T&C tie-back string was then installed from 9,500 ft to the surface and
cemented-in. The production interval, 10,770’ to 12,360’ total depth (TD) is uncased
open hole. Casing schematics can be found in Attachments 1 and 2. Attachment 3
contains a wellhead diagram. Attachment 4 is a well trajectory survey for well EE-2A.

Although the well was used for geothermal production intermittently for several years, no
steam flashing has ever occurred in the wellbore and it is unlikely that any significant

scale deposits are present on the inner casing wall.

P&A procedures:

The minimum acceptable coiled tubing diameter for the required operations is 1-1/2” OD.

1) A bridge plug will be set in the 7” casing at 10,700 ft

a) A casing scraper shall be run to the bridge plug setting depth on wireline or coiled
tubing prior to running the bridge plug.

b) The plug will be capable of maintaining a positive seal against a differential
pressure of at least 5,000 psi at a temperature of 430° F

c) The bridge plug may be deployed on wireline or coiled tubing.

d) The bridge plug shall be tagged with 1000 1b. set down force using the end of the
(cementing shoe on the) coiled tubing prior to pumping the first cement plug to
assure proper set and depth.

e) The initial cement plug shall be tagged to confirm proper location prior to
proceeding with mud displacement. This is the only cement plug that will be
tagged.

2) A plugging mud shall be displaced into the well from the bottom plug to the surface.

The plugging mud shall:

a) Have sufficient viscosity and density to prevent movement of the cement plugs

b) Be compatible with the cement slurries proposed.

¢) Remain in the hole between the cement plugs

d) Contain a sufficient quantity of corrosion inhibitor to provide long-term
protection from casing degradation. ,

3) There is a remote possibility that Hydrogen Sulfide gas may be present in the fluid
displaced from the well. Standard industry precautions, ie. H2S monitoring
equipment, shall be present and operational during fluid displacement.




4)
5)

6)

7)

8)

Every effort shall be made by the vendor to minimize the amount of waste water, mud
and materials produced by the operations.

Cement plugs may be placed sequentially up the hole. It will not be necessary to tag
any cement plugs other than the bottom plug.

Required cement plug placement depths, as specified by NMOCD shall be located in
the intervals shown on Table 1. The temperature at the bottom of each interval is
included. Cement formulations shall be designed accordingly.

After Plug #6 is placed, wash the top of the plug out to 5-ft below the bottom of the
wellhead and rig down BOPE and the CTU.

Demobilize equipment.

TABLE 1 - NMOCD Plugging Intervals and Estimated Temperature
Plug # Interval (ft) Length (linear feet) | Temp.°F
1 10,700 - 10,500 200 423
2 9,600 — 9,400 200 386
3 6,550 — 6,450 100 285
4 3,550 —- 3,450 100 212
5 2,693 —2,493 ' 200 169
6 75 — surface’ 75 53
* Estimated temperature of the hole prior to circulation.
*% Circulate out cement to 5-ft below the well head after placing
cement.
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ATTACHMENT 1

Present Cbnfigurafion of EE 2-A
As completed June 17, 1988
(Drawing revised 7/15/91, all depths in ft)

1766"*
1780™

1785™

2334
2410*

2593**

6470-76™"
6517***

7000**

* 37.6 KB Plugback, Repair EE-2,
Sidetrack EE-2A,Redrill Rig
EE-2A '

" 27 KB Drill Rig EE-2

*** 22 KB Workover/Completion
EE-2A

|

7" Casing Slips with 325,000 Ibs 6/2/88
l l——*— 9 5/8" Casing Slips with 300,000 Ibs 11/1/84

2

Cmpntmg Perforations

Stagpe Collar .
13 3/8" x 20" Casing Packe

20" 133 Ib/ft k-55 STAC below 623**

94 Ib/it BT&C above 290** :
94 |b/ft K-SST&C between 290-623**

Bottc;m of 26" Hole

Top é:f Cement

13 3/8" 61 & 54.5 Ib/ft J-55 ST&C
61 Ib/ft from 2074**-2593**

/ Cemignting Perforations

Top of (1984) Remedial Cement
(9 5/8" Open Hole Annulus)

.. !
> Kick-off Point

28 1/2" Conductor Pipe-spudded 26° Hole 4/3/7
Reconnection Sub with External Ball Sealer Plu
formed for 1988 Cementing of 9 5/8" Annulus




ATTACHMENT 2

Present Configuration of EE-2A. Completed June 17, 1988
(Drawing revised 7/15/91, all depths in ﬁ)

Depths
(feet) 7in. OD 32 Ib/it C-95 NS CC Tie-Back Casing
9100-03*** Remedial Cementir)g Pérforalions 1984
Bottom of (1984) Remedial Cement
No Cement Bond CBL (12/1/87)
9223
Tie-Back Stem o
Tie-Back Sleeve ] Unablg to Sting-in
8499*
9546-50" Cement Squeeze Perforations (1987)
9590*
9688"*
Top of Whipstock
9727

7 in. OD 35 Ib/ft Soo 90 VAM
Cemented-In Liner

Cement Retainer
9890*

Cement Retainer
10428*

Plugged Back EE-2
Wellbore Squeezed
with Cement (1987)

Production Casing Shoe
11578**

Top of Sand/Barite Plug Fractured
11648°"* Interval e,
T {S P
Pe a?goc;gg" Open-Hole Well
Bore (Drilled
with 8-1/2 in. Bit)
Top ot 4 1/2" Liner 12360°TD

14400°**

* 37.6 KB Plugback, Repair EE-2,
Sidetrack EE-2A,Redrill Rig Bottom of 4 1/2" Liner

EE- L4214
vt 27 KB Dnll Rig EE-2 14700
1" 22 KB Workover/Complelion . 15289 TD

EE-2A




M >
-

EE-2A Production Wellhead

ATTACHMENT 3

\—_——— © 41/16 in. API 5000 psi

Upper master valve - ' } 7-1/16 in. APl 5000 psi
Xover spool : }  7-118in. API 10000 psi
Lower master.valve (front side) - 7-1/16 in. APl 10000 psi
(shut in for P >4500) 9 vi . . ps .
_ Relief Valve Set at 4500 psi
- Ventline

Gauge

Side outlets PTOL 2-1/16 in. AP] 10000 psi

(front side)
Pressure relief valve

11 in. API 5000 psi

?éﬁe%?ggi(gsggige) 2-1/16 In. AP1 5000 psi outlet

with VR plug installed

13-5/8 in. API 3000 psi

2 in. NPT outlet with VR plug
installed

Open vent

Side outlet (annulus)

\ : Special design flanges 20 in. AP1 3000 psi

Side outlets (outer annulus)
cemented to surface

2 in. NPT outlet*

Conductor pipe 30in. OD

Surlace casing 20in. OD 0
Intermediate casing 13-3/8in. OD

Production Casing 9-5/8 in. OD X
Tre-back casing 7in. OD
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07/22/2002 15:47 FAX 505 667 8487 EES-11 @oo2

‘D Present Configuration of EE 2-A

As completed June 17, 1988
(Drawing revised 7/15/91, all depths in ft)

7" Casing Slips with 325,000 Ibs 6/2/88
l " 9 5/8" Casing Slips with 300,000 Ibs 11/1/84

X H

Cementmg Perforatlons S

28 1/2° Conductor Pipe-spudded 26" Hole 4/3/79
Reconnection Sub with External Ball Sealer Plug
formed for 1988 Cementing of 9 5/8" Annulus

Stage Collar

210-12*
885-89*

1766"*

1780** 13 3/8* x 20" Casing Packer
1785 20" 133 Ib/ft k-55 ST&C below 623**
94 /it BT&C abave 290**
94 Ib/ft K-SST&C between 290-623""
gi?g.. Bottomn of 26" Hole

‘D 2593**

Top of Cement

133/8" 61 & 54.5 Ib/ft J-55 ST&C
61 Ib/ft from 2074°-2593*"

Cementing Perforations

64755';,'?*“ Top of (1984) Remedial Cement
(9 5/8" Open Hole Annulus)
7000*" Kick-off Point

* 37.6 KB Plugback, Repair EE-2,
Sidetrack EE-2A,Redrill Rig
EE-2A

** 27 KB Drill Rig EE-2

*** 22 KB Workover/Completion
EE-2A

Effective 4/30/92




Document:

Fenton Hill Closure Plan

Revision No.: 0.0

Date:

APPENDIX D

19 NMAC 15.9.712

August 2002




) within one (1) year after the effective date permitted facilities submit the information required in
Subsection B, Paragraph (1), Subparagraphs (a, h, t and 1) 0f 19.15.9.711 NMAC not already on file
with the Division;

2) within one (1) year after the effective date unpermitted facilities submit the information required in
Subsection B, Paragraph (1), Subparagraphs (a) through (j) and Subsection B, Paragraph (1),
Subparagraph (1) of 19.15.9.711 NMAC;

3) comply with Subsections C and D of 19.15.9.711 NMAC unless the Director grants an exemption
from a requirement in these sections based upon a demonstration by the operator that such
requirement is not necessary to protect public health and the environment.

[6-6-88...2-1-96; 19.15.9.711 NMAC - Rn, 19 NMAC 15.1.711, 11-30-00]

19.15.9.712.  DISPOSAL OF CERTAIN NON-DOMESTIC WASTE AT SOLID WASTE FACILITIES.

A

General - Certain non-domestic waste arising from the exploration, development, production or storage of
crude oil or natural gas, certain nondomestic waste arising from the oil field service industry, and certain non-
domestic waste arising from the transportation, treatment or refinement of crude oil or natural gas, may be
disposed of at a solid waste facility.

Definitions - The following words and phrases have particular meanings for purposes of this section:

€8] "BTEX." The acronym "BTEX" in this section refers to benzene, toluene, ethelbenzene and xylene.

7(2) "D{Scharge Plan." A "discharge plan" is a plan submitted and approved by the Division pursuant to

NMSA 1978, Section 70-2-12(B)(22) (2000 Cum.Supp.) and rules and regulations of the Water
Quality Control Commission.

3) "EPA." The acronym "EPA" refers to the United States Environmental Protection Agency.

4 "EPA Clean." The phrase "EPA Clean" refers to cleanliness standards established by the EPA in 40
C.F.R. Part 261, Section 261.7(b).

(5) "NESHAP."” The acronym "NESHAP" refers to the National Emission Standards for Hazardous Air
Pollutants of the EPA, 40 C.F.R. Part 61.

(6) "NORM." The acronym "NORM?" refers to naturally occurring radioactive materials regulated by 20
NMAC 3.1, Subpart 14.

(7) "Section." "Section” or "this section” refers to' Section 19.15.9.712.

(8) "Solid Waste Facility.” A "solid waste facility” is a facility permitted or authorized as a solid waste
facility by the New Mexico Environment Department pursuant to the Solid Waste Act, NMSA 1978,
Sections 74-9-1 et seq. and rules and regulations of the Environmental Improvement Board, to
accept industrial solid waste or other special waste.

9 "TCLP" The acronym "TCLP" in this section refers to the testing protocol established by the EPA
in 40 C.F.R. Part 261, entitled "Toxicity Characteristic Leaching Procedure” or an alternative
hazardous constituent analysis approved by the Division.




(10)
(1)

"TPH."” The acronym "TPH" in this section refers to the phrase "total petroleum hydrocarbons.”

"Waste." The word "waste” refers to nondomestic waste resulting from the exploration,
development, production or storage of crude oil or natural gas pursuant to NMSA 1978, Section 70-
2-12(B)(21) and nondomestic waste arising from the oil field service industry, and certain non-
domestic waste arising from the transportation, treatment or refinement of crude oil or natural gas
pursuant to NMSA 1978, Section 70-2-12(B)(22).

Procedure

)

@

)

- @

Waste Listed in Subsection D, Paragraph (1) of Section 19.15.9.712. Waste listed in Subsection D,
Paragraph (1) of Section 19.15.9.712 may be disposed of at a solid waste facility without prior
written authorization of the Division.

Waste Listed in Subsection D, Paragraph (2) of Section 19.15.9.712. Waste listed in Subsection D,
Paragraph (2) of Section 19.15.9.712 may be disposed of at a solid waste facility after testing and
prior written authorization of the Division. Before authorization is granted, copies of test results
must be provided to the Division and to the solid waste facility where the waste is to be disposed.
Disposal may commence only after written authorization of the Division. In appropriate cases and
so long as a representative sample is tested, the Division may authorize disposal of a waste stream
listed in Subsection D, Paragraph (2) of Section 19.15.9.712 without individual testing of each
delivery.

Waste Listed in Subsection D, Paragraph (3) of Section 19.15.9.712. Waste listed in Subsection D,

. Paragraph (3) of Seetion-19:15.9. 742 may be. disposed-of at-a.solid-waste. facility-on a.case-by-case

basis after testing required at the discretion of the Division and after prior written authorization of
the Division. Before authorization is granted, copies of test results must be provided to the Division
and to the solid waste facility where the waste is to be disposed. Disposal may commence only after
written authorization of the Division.

Simplified Procedure for Holders of Discharge Plans. Holders of an approved discharge plan may
amend the discharge plan to provide for disposal of waste listed in Waste Listed in Subsection D,
Paragraph (2) of Section 19.15.9.712 and, as applicable, Subsection D, Paragraph (3) of Section
19.15.9.712. If the amendment to the Discharge Plan is approved, wastes listed in Subsection D,
Paragraph (2) of Section 19.15.9.712 and Subsection D, Paragraph (3) of Section 19.15.9.712 may
be disposed of at a solid waste facility without the necessity of prior written authorization of the
Division.

Waste Governed By This Section

ey

Waste That Does Not Require Testing Before Disposal:
(a) Barrels, drums, 5-gallon buckets, 1-gallon containers so long as empty and EPA-clean.
(b) Uncontaminated brush and vegetation arising from clearing operations.
{¢) Uncontaminated concrete.

(d) Uncontaminated construction debris.




(e)

®
(®

()

®

®
(9]
M
(m)
()

©

Non-friable asbestos and asbestos contaminated waste material, so long as the disposal
complies with all applicable federal and state regulations for nonfriable asbestos materials
and so long as asbestos is removed from steel pipes and boilers and, if applicable, the steel
recycled.

Detergent buckets, so long as completely empty.

Fiberglass tanks so long as the tank is empty, cut up or shredded, and EPA clean.

Grease buckets, so long as empty and EPA clean.

Uncontaminated ferrous sulfate or elemental sulfur so long as recovery and sale as a raw
material is not possible.

Metal plate and metal cable.

Office trash.

Paper and paper bags, so long as empty (paper bags).

Plastic pit liners, so long as cleaned well.

Soiled rags or gloves. If wet, must pass Paint Filter Test prior to disposal.

Uncontaminated wood pallets.

(2) Waste That Must Be Tested:

(@
(b)
(©)
(@

(©

®

(2

(h)

Activated alumina must be tested for TPH and BTEX.

Activated carbon must be tested for TPH and BTEX.

Amine filters must be tested for BTEX (and air-dried for at least 48 hours before testing).
Friable asbestos and asbestos-contaminated waste material must be tested pursuant to
NESHAP (and so long as the disposal otherwise complies with all applicable federal and
state regulations for friable asbestos materials, and so long as asbestos is removed from steel

pipes and boilers and, if applicable, the steel should be recycled before disposal).

Cooling tower filters must be tested for TCLP/chromium (and drained and then air-dried for
at least 48 hours before testing).

Dehydration filter media must be tested for TPH and BTEX (and drained and then air-dried
for at least 48 hours before testing).

Gas condensate filters must be tested for BTEX (and drained and then air-dried for at least
48 hours before testing).

Glycol filters must be tested for BTEX (and drained and then air-dried for at least 48 hours




O
®
(k)
M
(m)
(n)

(0)

before testing).

Iron sponge must be oxidized completely and then undergo Ignitability Testing.
Junked pipes, valves, and metal pipe must be tested for NORM.

Molecular sieve must be tested for TPH and BTEX (and must be cooled in a non-
hydrocarbon inert atmosphere and hydrated in ambient air for at least 24 hours before

testing).

Pipe scale and other deposits removed from pipeline and equipment must be tested for TPH,
TCLP/metals and NORM.

Produced water filters must be tested for Corrosivity (and drained and then air-dried for at
least 48 hours before testing).

Sandblasting sand must be tested for TCLP/metals or, at the discretion of the Division,
TCLP/total metals.

Waste oil filters must be tested for TCLP/metals (and must be drained thoroughly of oil for
at least 24 hours before testing and oil and metal parts must be recycled).

€)) ‘Waste That May Be Disposed Of On A Case-By-Case Basis:

(a)
(b)
©
(d)
(e)
®
(8

()
(M)
0
(k)
M

Sulfur contaminated soil.

Catalysts.

Contaminated soil other than petrolenm contaminated soil.

Petroleum contaminated soil in the event of an emergency declared by the director.
Contaminated concrete.

Demolition debris not otherwise specified herein.

Unused dry chemicals (in addition to any testing required by the Division, a copy of the
Material Safety Data Sheet shall be forwarded to the Division and the solid waste facility on
each chemical proposed for disposal).

Contaminated ferrous sulfate or elemental sulfur.

Unused pipe dope.

Support balls.

Tower packing materials.

Contaminated wood pallets.




(m)

(m)

Testing

Partial sacks of unused drilling mud (in addition to any testing required by the Division, a
copy of the Material Safety Data Sheet shall be forwarded to Division and the solid waste
facility at which the partial sacks will be disposed).

Other wastes as applicable.

9)) General - Testing required herein shall be conducted according to the Test Methods for Evaluating
Solid Waste, EPA No. SW-846. Any questions concerning the standards or a particular testing
facility should be directed to the Division. ’

2) Methodology - Testing must be conducted according to the test method listed:

(a) TPH: EPA method 418.1 or 8015 (D-R-O and G-R-O only) or an alternative hydrocarbon
analysis approved by the Division.

(b) TCLP: EPA Method 1311 or an alternative hazardous constituent analysis approved by the
Division.

(c) Paint Filter Testing: EPA Method 9095A.

(d) Ignitability Test: EPA Method 1030.

(e) Corrosivity: EPA Method 1110.

(f) Reactivity: Test procedures and standards established on a case-by-case basis by the
Division.

(g NORM. 20 NMAC 3.1, Subpart 14.

3) Limits - To be eligible for disposal pursuant to this section, substances found during testing shall not

exceed the following limits:

(@)
(b)
(©)
(d)
(®

Benzene: Less than 10 mg/Kg.

BTEX: Less than 500 mg/Kg (sum of all).

TPH: Shall not exceed 1000 mg/Kg.

Hazardous Air Pollutants: Shall not exceed the standards set forth in NESHAP.

TCLP: Shall not exceed the following:

) Arsenic: 5.0 mg/]
(i) Barium: 100.0 mg/l
(1i1) Cadmium: 1.0 mg/l
(iv) Chromium: 5.0 mg/l
(%) Lead: 5.0 mg/l

(vi) Mercury: 0.2 mg/l




(vii) Selenium: 1.0 mg/l
(viii) Silver: 5.0 mg/l

19.15.9.713 This entire section moved and renumbered to 19 NMAC 15.A.32.
[12-30-95, 2-1-96; A, 6-15-99; 19.15.9.713 NMAC - Rn, 19 NMAC 15.1.713; 11-30-00]

19.15.9.714  DISPOSAL OF REGULATED NATURALLY OCCURRING RADIOACTIVE MATERIAL
(REGULATED NORM)

| A. Purpose - This rule establishes procedures for the disposal of regulated naturally occurring radioactive material
| (Regulated NORM) associated with the oil and gas industry. Any person disposing of Regulated NORM, as
| defined at 19 NMAC 15.A.7, is subject to this rule and to the New Mexico Environmental Improvement Board
| . regulations at 20 NMAC 3.1, Subpart 14.

(a)
(b)

(©)
(d)

(©)

| ®

|
\ 3) Procedure
i

(a)

(b)

B. Nonretrieved Flowlines and Pipelines

)] The Division will consider a proposal for leaving flowlines and pipelines (hereinafter “pipeline’)
that contain Regulated NORM in the ground provided such abandonment procedures are performed
in a manner to protect the environment, public health, and fresh waters. Division approval is
contingent on the applicant meeting the following requirements as a minimum:

2 An application submitted to the Division must contain the following as a minimum:

The pipeline layout over its entire length on an OCD Form C-102 (Well Location and
Acreage Dedication Plat) including the legal description of the location of both ends and all

surface ownership along the pipeline. .

Results of a radiation survey conducted at all accessible points and a surface radiation
survey along the complete pipeline route in a form approved by the Division. All surveys
are to be conducted consistent with procedures approved by the Division.

The type of material for which the pipeline had been used.

The procedure to be used for flushing hydrocarbons and/or produced water from the
pipeline.

An explanation as to why it is more beneficial to leave the pipeline in the ground than to
retrieve it.

Proof of notice of the proposed abandonment to all surface owners where the pipeline is
located. Additional notification may be required as described in Subsection F of
19.15.9.714 NMAC.

Upon approval of the application by the Division, the operator must notify the OCD District
office at least 24 hours prior to beginning any work on the pipeline abandonment.

As a condition of completion of the pipeline abandonment, all accessible points must be
permanently capped.
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Los Alamos e iy 20,198

NATIONAL LABORATORY In Reply Refer To: ESH-18/WQ&H:98-0232
Mail Stop: K497
Los Alamos National Laboratory Telephone: (505) 667-7969

Los Alamos, New Mexico 87545

Mr. Roger C. Anderson
Environmental Bureau Chief
Oil Conservation Division

New Mexico Energy, Minerals, and Natural Resources Department
2040 South Pacheco St.
Santa Fe, New Mexico 87505

SUBJECT: MINOR MODIFICATION OF GROUND WATER DISCHARGE PLAN

GwW-031

Dear Mr. Anderson:

Enclosed please find Los Alamos National Laboratory’s Minor Modification of Ground Water
Discharge Plan GW-031 for the Fenton Hill Geothermal Facility, Sandoval County, New Mexico.
Also enclosed is the required $50.00 filing fee. This minor modification is being submitted to vour
agency in accordance with Section 3107.C of the Water Quality Control Commission Regulations

due to the following operational changes which have been implemented, or are being proposed, at

the facility:

1) Discontinuation of the Fenton Hill NPDES Permit No. NM0028576,
2) Installation of an enhanced evaporation system on the 1 MG pond, and

3) The proposed mixing of exempt and nonexempt wastes in the 1 MG pond in accordance

with N.M. Oil Conservation Division’s mixture policy.

If you have any questions concerning this submittal, please feel free to call Bob Beers of my staff at
(505) 667-7969.

Sincerely,

Jo muly STV

Steven R. Rae
Group Leader
Water Quality and Hydrology Group




Mr. Anderson -2- July 20, 1998
ESH-18/WQ&H:98-0232

RB/1j

Enclosures: a/s

Cy:  J. Peterson, Jemez Ranger District, U.S. Forest Service, Jemez Springs, New Mexico, w/enc.
W. Whatley, Jemez Pueblo, New Mexico, w/enc.

G. Suazo, CIO, w/enc., MS Al117

P. Bustamante, NMED/GWQB, Santa Fe, New Mexico, w/enc.
G. Saums, NMED/SWQB, Santa Fe, New Mexico, w/enc.

B. Koch, DOE/LAAO, w/enc., MS A316

J. Albright, EES-4, w/enc., MS D443

G. Sinnis, P-23, w/enc., MS H803

D. Thomas, P-FM, w/enc., MS D459

J. Thomson, EES-4, w/enc. MS D443

S. Rae, ESH-18, w/enc., MS K497

N. Williams, ESH-18, w/enc., MS K497

WQ&H File, w/enc., MS K497
CIC-10, w/enc., MS A150
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ENCLOSURES

Minor Modification of Ground Water Discharge Plan (GW-031)

Letter from EPA Approving the Discontinuation of NPDES Permit No. NM0028576
Figure 1.0. Schematic of | MG Pond Enhanced Evaporation System

Table 1.0. Water Quality Data: GAC Filter Backwash Water

Table 2.0. Water Quality Data: Softener Regeneration Water

Assaigai Analytical Laboratories, Inc. Report: Sample ID Nos. MGRO 5A-11C
Figure 2.0. Schematic of Proposed Mixing of Exempt and Nonexempt Wastes
Figure 3.0. Schematic of 5 MG Pond to 1 MG Pond Piping

Table 3.0. Final Mixture Summary and Estimated Volumes of Exempt and Nonexempt
Wastes




Minor Modification

Ground Water Discharge Plan GW-031
Fenton Hill Geothermal Facility

Los Alamos National Laboratory

Discontinuation of NPDES Permit No. NM0028576

On December 29, 1997, the EPA approved a request by the U.S. Department of Energy and Los
Alamos National Laboratory to discontinue the Fenton Hill Geothermal Site NPDES Permit No.
NMO0028576. Please find the enclosed copy of the EPA approval letter. The Fenton Hill
Geothermal Facility had not discharged through the NPDES outfall since June 1988.

Enhanced Evaporation System

The Fenton Hill Geothermal Facility’s 1 million gallon (MG) pond has been outfitted with an
enhanced evaporation system. Figure 1.0 illustrates the system’s basic configuration. The
evaporation system consists of two segments of 2" PVC pipe, each running the length of the
pond, one on the north side and the other on the south. Adjustable hose nozzles are installed at 10
ft. intervals on the 2" lines; a total of 25 nozzles on each side, 50 in all. The spray from each
nozzle is directed towards the center of the pond at a 45 degree angle. The nozzles are adjusted to
produce a fine mist, maximizing evaporation. All piping and nozzles are contained within the
perimeter of the pond’s liner. A pressure switch has been installed in the pump control circuitry
to shut off the system in the event of a line break or plug. A large duplex basket strainer is
installed near the pump to remove solids. The estimated volume being spayed is approximately 2
gallons per minute (gpm) per nozzle or approximately 100 gpm for the entire system.

The enhanced evaporation system is managed to ensure that wind blown drift does not travel
beyond the perimeter of the pond’s liner. The system is monitored twice daily and as wind
conditions change the nozzles are adjusted to confine any drift to within the pond’s liner. Under
severe wind conditions, the evaporation system will be shut off.

Mixing of Exempt and Nonexempt Wastes

Exempt Wastes. Since 1989, the Fenton Hill Geothermal Facility has retained exclusive use of
the 1 MG pond for the containment of geothermal production fluids. These fluids are exempt
from Resource Conservation and Recovery Act (RCRA) regulation due to a specific exclusion for
geothermal exploration, deveicpment, or the production of produced waters and other associated
wastes [40 CFR 261.4(b){5)]. In September 1997, approximately 675,000 gallons of geothermal
fluids and sludge were removed from the pord and transported off-site for disposal. The pond
had not been cleaned since its construction in 1989.

Currently, geothermal well EE-Z is the only semaining source of geothermal fluids discharging to
the 1 MG pond. All of the facility’s other geothermal wells were plugged and abandoned in
1996. Fluids vented from EE-Z originate from the Phase II geothermal reservoir. Annual venting
volumes from EE-2 have been estimated at approximately 100,000 gallons per year.

July 17, 1998 Page 1 of |




Minor Modification

Ground Water Discharge Plan GW-031
Fenton Hill Geothermal Facility

Los Alamos National Laboratory

Mixing of Exempt and Nonexempt Wastes (con’t)

The Laboratory’s proposal to mix nonexempt and exempt waste meets the following two
requirements of the New Mexico Oil Conservation Division’s mixture policy (rev. 9/97):

First, sampling and analysis of the nonexempt portion of the waste, the softener
regeneration wastewater and the GAC filter backwash wastewater, shows that the waste
is nonhazardous (See Table 1.0 and 2.0); and

Second, the total nonexempt portion of the waste constitutes no more than five (5)
percent by volume of the final mixture. Table 3.0 presents an estimate of the volume of
exempt and nonexempt solids that would accumulate in the 1 MG pond if mixing were to

occur for nine years of operation. Using the best information available, the Laboratory
estimates that the final mixture will be 3 percent nonexempt wastes.

(Note: A final mixture based upon the volume of solids in the 1 MG pond, rather than
the combined volume of solids and liquid, is being proposed due to the facility’s
capability to evaporate off the liquid fraction.)

July 17, 1998 Page 3 of 3
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Minor Modification

Los Alamos
National Laboratory

7/8/98
Ground Water Discharge Plan GW-031
Fenton Hill Geothermal Facility
Milagro Project at Fenton Hill
Water Quality Data: GAC Filter Backwash Water
Sample Date: 12/12/97
Sample Type: total, unfiltered
Sample ID No.: MGRO-5A, 7A, 8A, 9A, 9B, 10A, and 10B
40 CFR 261 TCLP
Concentration Limits NM WQCC 3103. Ground Water
Analyte Results (mg/L) . (mg/L) Standards (mg/L)
Al <0.5 50
As <0.06 5.0 0.1
Ba 0.06 100.0 1.0
Be <0.004
B 1.2 0.75
Cd <0.008 1.0 0.01
CN <0.02 0.2
Cr <0.04 5.0 0.05
Co <0.01 0.05
Cu <0.04 1.0
Fe 0.6 1.0
Hg <0.0002 0.2 0.002
Pb <0.06 04 0.05
Mn <0.01 0.2
Mo <0.02 1.0
Ni <0.04 0.2
Se <0.005 1.0 0.05
Ag <0.02 5.0 0.05
Tl <0.3
9] 0.0049 5.0
Zn. 0.3 10.0
Nitrate-N <02 10.0
pH (standard units) 7.4 between 6 and 9
TDS 422 1000.0
TSS 9
Chloride 67.7 250.0
Fluoride <0.5 1.6
Sulfate 12.7 600.0
Semi-volatiles
SW846-8270 Non-detect
Volatiles
SW846-8240 Non-detect
Table 1.0




Minor Modification 7/8/98
Ground Water Discharge Plan GW-031
Fenton Hill Geothermal Facility

Milagro Project at Fenton Hill
Water Quality Data: Softener Regeneration Water
Sample Date: 12/12/97
Sample Type: total, unfiltered
Sample ID Nos.: MGRO-11A, I1B, and 11C

40 CFR 261 TCLP

Concentration Limits NM WQCC 3103 Ground Water
Analyte (Sample ID No.) Results (mg/L) (mg/L) Standards (mg/L)
TDS (11A) 422 NA 1,000
TDS (11B) 9,930 NA 1,000
TDS (11C) 12,550 NA 1,000

NOTES:

Softner backwash cycle took 85 minutes to complete. Sample 11A was collected 3 minutes into the cycle, 11B was collected 25 minutes in the
cycle, and 11C was collected 55 minutes into the cycle.

Los Alamos Table 2.0
Nationa] Laboratory




Assaigai Analytical Laboratories, Inc.

Certificate of Analysis

”Client: LOS ALAMOS NATIONAL LABS
Project 9712126  FENTON HILL

Sampl

MGRO-2A,2B Sample . WATER_COMP

Collect Fra QC Group

Result Units Limit v Run Gro -_# Run Date
EPA335/SM-4500; . < ..

W.1997.1027 - 10

)
~¢
~4

§

g s bl saisanms " - -
Collect  Fraction QC Group g i Limit * Run Group - # Run Date
12/12/97 9712126-03A W97543 0.2 MW.1997.1025 - 18 12:16/67

- A
Collect  Fraction QC Group - # Run Date
12/12/97 9712126-04A  WPH-573 MT.1997 446 - 4 121387

! Dissolved olm
Total Suspended Soiids <40 mg/L 4

12/12/87 9712126-08A  WTDS-435 MT.1997 476 - 6 T2UVEIGT

1997 469 - 7 1271797

12/12/97 9712126, W97543

Wg7543

Chloride
Fiuoride

MW.1997 1C25 -
MW. 1997 1025
W97543 Sulfate 13.0 - mg/tL 0.5 MW 1897 1025 - 33

[]
o
«©y

Client- -
Sampie 1D

Collect Fraction QC Group RunAGrouQ - # Run Date

T 12/12/97 9712126-05A  MT.1998.91 MT :698 21 - 2 31.09/¢8

12/12/97 9712126-05A  M97914 ] Molybdenum 002 mg/L 0.02. MW 1997 “344 - 12 t2ZL5T
MOT914 Selenium - MW.19986 - 15 310568
12112197 9712126-05A  M97927 Aluminum TS mg /L 05 MW.1998.1 - 23 23137
Mo7927 Arsenic <0.06 mgiL 0.06 MW.1988 1 - 23
M97927 Barium 0.06 mg/L 0.01 MW 1908 1 - 23
M97927 Beryllium <0.004 mg /L 0.004 MW 13981 - 23
Ma7927 Boron 12 mg /L 0.1 MW.199821 - 23 2 CE 43
M97927 - Cadmium <0.008 mg/L 0008 MW.1998 1 - 23 123197
M97927 Chromium <0.04 mgiL 0.04 MW.1598.1 - 22
M97927 Cobatt <0.01 ma /L 0.01 MW 13981 - 23
M97927 Copper <004 mg /L 004 MW 1998 1 - 23
Mg7927 Iron 0.6 mgit 92 MW.1998.2¢ - 23 31.06/98
. Mg7927 Lead <006 mg L 006 MW 19981 - 23
M97927 Manganese <0.010 mg/L oo Mw.1ge8 1 - 23
M97927 Nickel <004 mgiL aca MW 1823 1 - 23
M97927 Sitver <002 mg/L coz MW 1938.1 - 23
M97927 Thallium <03 mg L 03 MW.1698.1 . 23
‘D M97927 Zinc 03 mg 7L or 3 MW 1098 21 . 23 :%.26,38
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Assaigai Analytical Laboratories. Inc.

Certificate of Analysis

Client:  LOS ALAMOS NATIONAL LABS
FENTON HILL

Project: 9712126

12112/87 9712126-05A

12/12/97  9712126-05A

Sample ID':

Sten  MGROAES

P sy

Collect Fragtlgg

12/12/97 9712126-07A

Client :
Sampile 6x: |
Collect  Fraction

12112197 9712126-08A

12/12/97 9712126-08A

12/12/97 9712126-08A

Collect Fraction

WO7543

M97925

Q¢ Group

Wg7547

WPH-573

WTDS-435
WTS5-494

W97543
wWg7543

Units

Limit

Total Dlssoived Solids -

L .

Total Suspended Solids

Chiloride 67.7 mg/L 05
Fluonde <05 mg/L 25
Sulfate 12.7 mg/L 05

1 2 4-Trichlorobenzene

<22

MW 1997.1025 - 8 121867

MW 1997 1051 - 14 12:24:97

Run Group_ - # Run Dat

MW 1897 1027 - 11 1247097

Run Group - # Run Dat:

MT.1997 446 - 1 131267

MT 1997 475 - 7 12/16,97
MT.1997.469 - 8 taTieT

MW.1997 1325 - 23 1<716,97
MwW.1997 1025 - 7

MW.1997 *025 - 7 o

Run Group - # Run Date

12/12/197 9712126-09A X97468 ug/L 1 XG.1997 372 - "0 121%/97

X97468 1.2-Dichlorobenzene <22 ug/bL 1 XG.1997.37F - 10

X97468 1.3-Dichlorobenzene <22 ug/t 1 - XG.1€5T 773 - 0

X97468 1,4-Dichiorobenzene <22 ug/L 1 XG.1997 372 - 72

X97468 1-Methyinaphthaiene <22 ug/t ] XG.1997 373 - 0

X97468 2,3.4 6-Tetrachiorophenal <110 ug/L 50 XG.1997 373 - ‘2

X97468 2.4,5-Trichiorophenol <22 ug /L 10 XG.1987 373 - 3

X97468 2.4,6-Trichloropheno <22 ug /L 10 XG.1997.373 - 0

X97468 2,4-Dichiorophenci <22 ug/t 10 XG.1997 373 - 0

X97468 2,4-Dimethylphenct <22 ug/L 1 - XG 1997 373 - °5

X97468 2,4-Dinitrophenol <110 ug/L 50 XG.1997 373 - 10

X97468 _ 2,4-Dinitrotoluene <22 ug /L 10 XG.1997.373 - 10

X97468 2,6-Dinitrotoluene <22 ug it 10 XG.1997 173 - *q

X97468 2-Chioronaphthalene <22 ug/L t XG.1997 373 - 12

X97468 2-Chlorophenot <22 ug /L 1 XG.1997 373 - 10

X97468 2-Methyinaphthaiene <22 ug/L H XG 1897373 - ‘0

X97468 2-Methylphenot <22 ugrt 1 - XG 1997 372 - 12

X97468 2-Nitroaniline <22 ug/L w0 XG.1997 372 - 10

X97468 . 2-Nitrophenol cce <22 ug/L 0 XG.1997 273 - 3

X97468 3+4 Methyiphenol <22 ug /L 1 XG 1987 371 - 1D

X97468 3.3-Dichlorobenzidine <22 ug/L 10 XG.1997 373 - °3

X97468 3-Nitroaniline <22 ug ‘L 13 XG.1997 372 - 0 0
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Assaigai Analytical Laboratories, inc.

Certificate of Analysis

”Clientg LOS ALAMOS NATIONAL LABS
Project: 9712126 FENTON HiLL

12012/97  9712126-09A X97468

4.6-Dimtro-2-methyiphenot <22 ug/ L 10 X(G.1997 373 - 0 "2.0%%T
X97468 4-Bromophenyi-phenyletner <22 ug/L T XG 1997 373 - '3
X97468 4-Chioro-3-methyiphenol <22 ug /L 10 XG 1997 372 - 0
X97468 4-Chioroaniline <22 /L 0 XG.1997 373 - 10
X97468 4-Chiorophenyl-phenytether <22 ug/L v XG 1997 373 - G
X97468 4-Nitroaniiine <22 ag/L 10 XG1997373 - 10
X97468 4-Nitrophenol <43 ug/L 20 XG.1997373 - 10
X97468 Acenaphthene <22 ug/L 1 XG.1997 373 - 10
X97468 Acenaphthylene <22 ugi/L 1 XG.1997 373 - 10
_X97468 Aniline <22 ug/t 10 XG.1997 373 - 10
X97468 Anthracene <22 ugiL 1 XG.1997.373 - 13
X97468 Azobenzene&1,2-Diphenylhydrazine <22 ug/L 1 XG.1997 373 - 10
X97468 Benzo (a) anthracene <22 ug/L 1 ' XG.1997.373 - 10
X97468 Benzo(a)pyrene <22 ug/L 1 XG.1997 373 - 1D
X97468 Benzo(b & k)fluoranthene <22 ug/L 1 XG.1997.373 - 1
X97468 Benzo(g,h.i)peryiene <22 ug/L 10 XG.1997 373 - 2
X97468 Benzoic acid <220 ug/t 100 XG.1997.373 -
X97468 Benzyl alcohol <110 ug /L 50 XG.1997.373 - 10
X97468 bis (2-Chloroethy!) ether <22 ug/L 1 XG.1997 373 - 0
X97468 bis(2-Chioroethoxy)methane <22 ug/t 1 XG.1997.373 - '3
X97468 bis(2-Chloroisopropyi)ether <22 ug/ L 1 XG.1997 373 - 10
X97488 bis(2-Ethylhexyl)phthalate <22 ug/L 10 XG.1897 373 - 1)
(D Xg7468 8utylbenzyiphthalate <22 ug/L 1 XG.1997.373 - O
X97468 Chrysene <22 ug/L 1 XG.1997 373 - '
X97468 di-n-Butylphthalate <22 ug/L ' XG.1997 373 - 3
X97468 di-n-OctyIpthalate <22 ug/ L o XG.1967 373 - 13
X97468 Dibenz(a h)anthracene <22 ug/ b 10 XG 1897 373 - 2
. X97468 Dibenzofuran <22 ue L 1 i XG.1997 373 - 2
' X97468 Diethylphthalate <22 G L T XG.1997 373 - 2
X97468 Dimethylphthalate <22 ug /L 1 XG.1997 373 - 9
X97468 Fluoranthene <22 ug/L 1 XG.1997 373 - 3
X97468 Fluorene <22 ug/L 1 XG.1997 373 - “2
X97468 Hexachiorobenzene <22 ugil 1 XG.1987 373 - Q0
X97468 Hexachlorobutadiene <22 ug /L 1 XG.1987 273 - 10
X97468 Hexachlorocyclopentadiene <110 ugit 50 XG.1997.373 - D
X97468 Hexachioroethane <22 ug /L 1 XG 1997373 - 2
X97468 Indeno(1.2.3-cd)pyrene <22 ug/lL 10 XG.1997 273 . ‘2
X97468 Isophorone <22 ug/L T XG.1997 373 - 3
X97468 n-Nitroso-di-n-propytamine <22 ugiL 1 XG 1997 373 - 1D
X97468 n-Nitroso-dimethyl-amine <22 ug/L 0 XG.1697 373 - %
X97468 n-Nitrosodiphenylamine <22 ug /L 1 XG.1997 373 - "0
X97468 Naphthaiene <22 ug/L 1 XG.1997 373 - 2
X97468 Nitrobenzene <22 ug/tL 1 XG.1997 373 - °D
X97468 Pentachiorophenot <22 ug/L 10 XG.1997.373 - 0
X97468 Phenanthrene <22 ug/L 1 XG.1997 373 - 10
X97468 Phenol <22 ug /L 0 XG 1997 273 - 10
X97468 Pyrene <22 ug/L 1 XG 1987 373 - 2
‘D X97463 Pyrdine <22 ugiL 10 XGiEeTITI. 2
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Client:  LOS ALAMOS NATIONAL LABS

Project: 9712126 FENTON HILL

Client.

Sample 10 v N WATER
Collect Fraction  QC Group Analyte Resuit Units Limit * RunGroup - #
12/12/97 9712126-10A  X97468 1.2.4-Trichlorobenzene <20 T ugiL 1 XG.1997 373 - 11
X97468 1.2-Dichlorobenzene <20 ug/L 1 XG.1997 373 - 11
X97468 - 1,3-Dichlorobenzene <20 ug/L 1 XG.1997.373 - i1
Xg7468 1.4-Dichlorabenzene <20 ug /b i XG.1997.373 - 11
X97468 : 1-Methyinaphthalene <20 ug/L H XG.1997 373 - 11
X97468 2.3.4.6-Tetrachiorophenol <100 ug /L 50 XG.1967 373 - 13
X97468 2.4 5-Trichiorophenol T <20 ug/L w XG.1997 573 - 11
X97468 2,4.6-Trichiorophenot <20 ug /L 10 XG.1997 373 - 11
X97468 2,4-Dichlorophenol <20 ug/ L ™ XG.1997373 - 1
X97468 2,4-Dimethyiphenol <20 ug/L 1 XG.1997 373 - 1
X97468 2,4-Dinitrophenat <100 ug/L 0 . XG.1997.373 - 11
X97468 2,4-Dinitrotoluene <20 ug/L 10 XG.1997.373 - 11
X97468 2.6-Dinitrotoluene <20 ug/L 10 XG.1997 373 - 11
X97468 2-Chioronaphthalene <20 ugiL 1 XG.1997.373 - 11
X97468 2.Chlorophenot <20 ug/L 1 XG.1997.273 - 11
X97468 2-Methyinaphthalene <20 ug/tL 1 XG. 1997 373 - 11
X97468 2-Methylphenol <20 ug/L 1 XG.1997 372 - 1
X97468 2-Nitroaniline <20 ug/L 10 XG.1997.373 - 11
X97468 2-Nitrophenot ccc <20 ug /L 10 A5G 1367 171 .
X97468 3+4 Methylphenol <20 ug/L 1 XG.1997.373 - 1
X97468 3,3 Dichiorobenzidine <20 ug/L 10 XG.1997.373 - 13
. X97468 3-Nitroaniline . <20 ug/L 10 XG.1997 273 - 11
X97468 4,6-Dinitro-2-methylpheno <20 ug/L 10 XG.1997 173 - 71
X97468 4-Bromophenyl-phenylether <20 ug/t 1 XG.1997 373 - 1
X97468 4-Chloro-3-methylphenol <20 ug/L 10 XG 1997372 - 1
X97468 4-Chloroaniiine <20 " ugiL 10 XG.1997 373 - 1
X97468 4-Chlorophenyi-phenylether <20 ug/t 1 XG.1397 373 - 1
X87468 4-Nitroaniline <20 ug/L 10 XG.1997 373 - 11
X97468 4-Nitrophenol <a1 ug /L 20 XG 1987 371 .
X97468 Acenaphthene <20 ‘ug/L 1 XG.1997 373 - "t
X97468 Acenapnthylene <20 ug/L 1 XG.1997 372 - 1
X97468 Anifine <20 ug/L 10 XG.1997 173 - °3
X97468 Anthracene <20 ug /L 1 X5 1997 373 - 1
X97468 Azobenzene&1.2-Diphenylhydrazine <240 ug /L 1 o XG.1997 373 - 11
X97468 Benzo (a) anthracene <20 ug/L 1 XG.1997 373 - 1
X97468 Benzo(a)pyrens <20 ug/L 1 XG.1997 373 - 1
X97468 Benzo(b & k)fluoranthene <20 ug/L 1 XG.5287 373 - 11
X97468 Benzolg,h.perylene <20 ug/L T XG.1997 373 - 43
X97468 Benzoic acd <200 ug: L we X 1897 377 . 11
X97468 Benzyl alcohol <100 ug /L 50 - XG.1997 373 - 1
X§7468 bis (2-Chloroethyl) ether <20 ug/L 1 XG.1997.373 - 11
Xg7468 bis{2-Chlofoethoxy)methane <20 ug /L 1 o XG.1997 373 - 1
%97468 bis{2-Chioroisopropyllether <20 ug/ L [ XG.1997 273 - 11
X97468 bis(2-Ethylhexyl)phtnalate <20 ug/L 10 XG.1967 373 - 11
X97468 Butylbenzylphthalate <20 ug/tL T XG.1997 373 - 11

Run Dat.

12/19:¢7
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‘Dllient: LOS ALAMOS NATIONAL LABS
Project: 9712126 FENTON HILL

12/12/97  9712126-10A X97468 ’ Chrysene <20 ug L T XG.1997 373 - 11 1997
X97468 di-n-Butylphthatate - ' <20 wgiL 0 XG.1997 373 - 11
X97468 di-n-Octylpthalate <20 ug /L 10 XG.1997 373 - 11
X97468 " Dibenz(a.h)anthracene <20 ug /L 10 XG.1997 373 - 11
X97468 Dibenzofuran <20 ug /L T XG.1997 373 - 11
X97468 Diethylphthalate <20 ug/ L 1T XG.1997 373 - 11
X97468 Dimethylphthalate <20 ug/L 1 XG.1997.373 - 11
X97468 Fluoranthene <20 ' ug/L 1 XG.1997.373 - 11
X9746€8 Flyorene <2.0 ug/L 1 XG.1997.373 - 11
X97468 Hexachlorobenzene <20 ug/L 1 XG.1997 373 - 11
X97468 Hexachlorobutadiene <20 ug/L 1 XG.1997.373 - 11
Xé7468 Hexachlorocyclopentadiene < 100 ug/L 50 XG.1997.373 - 11
X97468 Hexachloroethane <20 ug/L 1 XG.1997.373 - 11
X97468 indeno(1.2,3-cd)pyrene <20 ugiL 10 XG.1997 373 - 11
X97468 Isophorone <20 ug/L 1 XG.1997 373 - 11
X974€8 n-Nitroso-di-n-propylamine <20 ugiL 1 XG3.1987.373 - 11
X97468 n-Nitroso-dimethyl-amine <20 ug/L 10 XG.1997 373 - 11
X97468 n-Nitrosodiphenytamine <20 ug/L 1 XG.1997 273 - 11
Xg7468 Naphthalene <28 ug /L 1 XG.1987.373 - 11
X97468 Nitrobenzene <20 ug/L 1 XG.1997.373 - 1
X97468 Pentachlorophenol <20 ug/L 10 XG.1997 373 - 11
X87468 Phenanthrene <20 ug /L 1 XG.1987 373 - 11

';D X97468 Phenol <20 ug/L 10 XG.1997 373 - 11
X97468 Pyrene <20 ug/L 1 XG.1997 373 - 11
X97468 Pyridine <20 ug/tL 10 XG.1997 373 - 1

' Collect Fraction QC Group Analyte Resuit Units Limit * RunGroup_- # RunDate
12012097 9712126-11A  X97483 1.1 Dichloroethana T <1.0 ug /L T XG1997180 -7  12/24:97

X97483 1,1 Dichioroethene <10 ug/L 1 XG.1997.380 - 7

X97483 1,1.1 Trichloroethane <10 ug/ L 1 XG.1997.280 - 7

X97483 1.1.1,2 Tetrachioroethane <10 ug/L 1 XG.1987.380 - 7

X97483 1,1.2 Trichloroethane <10 ug/L 1 XG.1997 380 - 7

X97483 1.1.2.2 Tetrachioroethane <10 ug /L 1 XG.1997 380 - 7

X97483 1.2 Dibromoethane (EDB) <10 ug/t 1 X(.1997 280 - 7

X97483 1.2 Dichlorobenzene <10 ug/L ' XG.1997 280 - 7

X97483 1.2 Dichioroethane <10 T ugib 1 XG.1997 380 - 7

X97483 1,2 Dichioropropane <10 ug/L 1 XG.1997 380 - 7

X97483 1.2,3 Trichloropropane <10 ug/ L 1 - XG.1997 280 - 7

X97483 1,3 Dichlorobenzene <10 ug/t 1 XG.1997 380 - 7

X97483 1.4 Dichloro-2-butene <10 ug/L 10 XG.1997 380 - 7

X97483 1.4 Dichlorobenzene <10 ug/L 1 XG.1997 380 - 7

X97483 2-Butanone (MEK) <50 ug/ L 5 XG.1997 380 - 7

X97483 2-Chioroethylvinylether <50 ug/L 5 XG.1997 360 - 7

X97483 2-Hexanone (MBK) <50 ug/L 5 XG.1997 380 - 7

X897483 . 4-Methyi-2-pentanone (MIBK) <850 ug/ b 5 X@G.1897 230 - T

‘D X97483 Acetone <50 ug/L 5 XG.1997 230 - °
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LOS ALAMOS NATIONAL LABS
9712126

FENTON HILL

12/12/97 9712126-11A

X97483
X97483
X97483
X97483
X97483
X97483
X97483
X97483
X97483
X97483
X97483
X97483
Xg7483
X97483
X97483
X97483
X97483
X97483
X97483
X97483
X97483
X97483
X97483
X97483
X97483
X97483
X97483
X97483
X97483
X97483
X97483
X97483
X97483
X97483

Acrolein <20 ug/L 20 XG.19%7 380
Acrylomtnie <20 ug/L 20 XG.1997.380 -
Benzene <10 ug L 1 XG.1997 380
Bromodichloromethane <10 ug/L 1 XG.1997 380 -
Bromoform <10 ug/L 1 XG.1997.380 -
Bromomethane <50 ug/L 5 XG.1997 380 -
Carbon disuifide <50 ug/L 5 XG.1897 380
Carbon tetrachioride <10 ug/L 1 XG.1997 280 -
Chiorobenzene <10 ug/L 1 XG.1987.380 -
Chiorodibromomethane <10 ug/L 1 XG.1997 380
Chioroethane <50 ug/ L 5 XG.1997.380
Chioroform <10 ug /L 1 XG.1997.380
Chioromethane <50 ug/L 5 XG.1997.380
cis-1.2 dichioroethene <10 ugi/lL 1 XG.1997.380
cis-1.3 dichioroprapene <10 ugi L 1 X(.1897.380
Dibromomethane <10 ug/tL 1 XG.1997 380
Ethy! methacrylate <50 ug /L S X3.1997.380
Ethyibenzene <1.0 ug/L 1 XG.1997.380
Freon 113 <50 ug /L 5 o XG.1997 380
Freon 12 <10 ug/L 10 XG.1997 380
lodomethane <50 ug/L 5 XG.1997 280 -
Methy! t-butyl ether (MTBE) <10 ug/L 1 XG.1997.380 -
Methylene chioride <10 ugit 10 XG.19987.280
o-Xylene <1.0 ug/L 1 XG.1997.280 - 7
p/m Xylenes <290 ug/L 2 XG.1997 38¢ -
Styrene <10 ug/t 1 XG.1997 280
1-1,2 Dichloroethene <1.0 ug/L 1 XG.1997 280 -
t-1.3 Dichloropropene <10 ug/L 1 XG.1997 380
Tetrachioroethene <1.0 ug/tL 1 XG.1997 380
Toluene <1.0 ug/L 1 XG.1997 380
Trichioroethene <1.0 ugiL 1 XG.1997 3380 -
Trichloroflucromethane <50 ug/L 5 XG.1997 380 -
Viny! acetate <50 ug’iL 5 XG.1997 8¢
Vinyl chioride <50 ug/L § XG.19987 380 -

‘

PR T
~ N~ N~

-~

~

~4

~3

s

~N o~

-1

Client:
Sample 1D ey
Collect Fraction QC Group Run Group - _# Run Date
12/12/97  9712126-12A X87483 1,1 Dichioroethane <10 ugi/tL 1 XG.1997 28¢ - 3 12:24197
X97483 1.1 Dichloroethene <10 ugtl 1 XG.1997 230 - 3
X97483 1.1,1 Trichioroethane <10 ug’/t 1 - XG.1897 330 - 3
X97483 1.1.1,2 Tetrachlorcethane <10 ug/L 1 XG.1997.380 - 3
X97483 1,1,2 Trichloroethane <10 ug/L 1 i XG. 1297 230 - 8
X97483 1,1.2,2 Tetrachloroethane <10 ug/L 1 XG.1997 380 - 8
X97483 1.2 Dibromoethane (EDB) <10 ug’/L 1 XG.1997 280 - 8
X97483 1.2 Dichloropenzene <10 ug/L 1 XG.1997 220G - 3
X97483 1.2 Dichloroethane <1.0 ug/b 1 XG.1997 230 - 3
X97483 1,2 Dichioropropane <10 ugiL 1 X(G.1897 380 - 3 0
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‘D Clientt  LOS ALAMOS NATIONAL LABS
Project: 9712126 FENTON HILL

12/12/97 9712126-12A  X97483 1,2.3 Trichioropropane <10 ug/L 1 - %G.1997.380 - 8 AR

X97483 1.3 Dichlorobenzene <10 ug/L T XG.1997 380 - 8

X97483 1.4 Dichioro-2-butene <10 ug/L 10 XG.1997 380 - 8

X97483 1.4 Dichlorobenzene <1.0 ) ug/L 1 XG.1997.380 - 8

X97483 2-Butanone (MEK) <50 ug/L S XG.1997.380 - 8

X97483 2-Chloroethylvinylether <50 ug/L 5 - X(G.1997 380 - 8

X97483 2-Hexanone (MBK) <50 ug /L 5 XG.1997 380 - 8

X97483 4-Methyl-2-pentanone (MIBK) <50 Y 5 o XG.1997.380 - 8

X97483 Acetone <50 wg/L 5 XG 1997 380 - 8

X97483 Acrolein <20 , ug/L 20 XG.1997 380 - 8

X97483 Acrylonitrile <20 ug /L 20 XG.1997.380 - 8

X97483 Benzene <10 ug/L 1 XG.1997.380 - 8

X97483 Bromodichloromethane <10 ug/L 1 XG.1997.380 - 8

X97483 Bromoform <10 ug /L 1 XG.1997.380 - 8

X97483 Bromomethane <50 ug/tL 5 XG.1997.280 - 8

X97483 Carbon disulfide <50 ug /L 5 XG.1997 380 - 8

X97483 Carbon tetrachioride <1.0 ug/t 1 XG.1997.380 - 8

X97483 ' Chlorobenzene <10 ug /L 1 XG.1997 380 - 8

X97483 Chiorodibromomethane <1.0 ug/L 1 XG.1997.380 - 8

X97483 . Chiorcethane : <50 ug/L 5 XG.1997 380 - 8

X97483 Chioroform <10 ug/L 1 XG.1997 380 - 8

X97483 Chloromethane <50 ug/L 5 XG.1997.380 - 8

‘D X97483 cis-1.2 dichioroethene <10 ug/L 1 XG.1997 390 - 8

X97483 _ cis-1,3 dichloropropene <10 ug/L 1 XG.1997 280 - 8

X97483 Oibromomethane <10 ug /L 1 XG.1997 380 - 8

X97483 Ethyl methacrylate <50 ug/L 5 - XG.1997.380 - 8

X97483 Ethylibenzene <10 ug/L 1 XG.1997 380 - 8

.  Xor483 Freon 113 <50 ug /L 5 XG.1997.380 - 8

X97483 Freon 12 <10 ug/L T XG.1597 280 - 3

X97483 jodomethane <50 ug/ L s XG.1997.330 - 8

X97483 Methyi -butyt ether (MTBE) <10 ug /L 1 XG.1997 330 - 3

X97483 Methylene chioride <10 ugiL 10 %G.1997 380 - 8

X97483 o-Xylene <10 ugit 1 XG.1997 380 - 8

X97483 p/m Xylenea <20 ug/L 2 XG.1997 380 - 8

X97483 Styrene <10 ug/L 1 XG.1997 280 - 8

X97483 1-1.2 Dichioroethene <10 ug /L 1 XG.1997 380 - 8

X97483 11,3 Dichloropropene <10 ug/L 1 XG.1997 380 - 3

X97483 Tetrachioroethene <10 ug/ L 1 XG.1997 380 - 8

X97483 _ Toluene <10 ug/L 1 XG.1997 380 - &

X97483 Trichioroethene <10 ug/L 1 XG.1997 330 - 3

X97483 Trichiorofiucromethane <50 ug /L 5 XG.1997 280 - 3

X97483 Vinyl acetate <50 ugi L 5 XG.1997 380 - 8

X97483 Vinyl chioride <50 ug/L 5 XG.1997.380 - 8

Client s S

Collect . Fraction  QC Group Analyte Result Units Limit * RunGroup - # RunDate
‘Dmnzm 9712126-13A  WTDS-435 Total Dissoived Solids mg L MT 1997 476 - 8 27597
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Assaigai Analytical Laboratories, Inc. ‘

Certificate of Analysis

Client:  LOS ALAMOS NATIONAL LABS |
Project: 9712126 FENTON HILL

G o MGREBE
QC Group :

Collect Fraction Run Group - # Run Date

12/12/97 9712126-14A  WTDS-435 MT.1997.476 - 9 12/16/97

Client’

Sample ID WATER:
Collect Fraction QC Group Analyte Resuit Units Limit * RunGroup -_# Run Date
12112/97 9712126.15A  WTDS-435 Total Dissolved Solids ' 12550 mg/L 10 © MT.1997.476 - 10 12116/97

un Date

01/09/58

1212/97  9712126-16A 119971644 12/23i97

MW.1998.6 - 16 01/05/98

M97912

12/12/97 9712126-16A M97927 MW.1988 1 - 2% t202h9T

M97927 MW.1998.1 - 26
M97927 MW.1998.1 - 26
Mo7927 MW.1938.1 - 78
M97927 Boron\ 1.4 ‘\L / mg/L 0.1 MW.1998.21 - 26  C1/06/98
M97927 Caamum N\~ <oo08 7 mg /L 0.008 MW 199811 - 26 123197
Ma7g27 Chromium \ <o/.o( mg /L 0.04 MW 19651 - 5
. M97927 Cobalt N\, Ao mg/L 0.01 MW.1998.1 - 26
M97927 Copper >( <0.04 mg/L 0.04 MW.1998.1 - 26
M97927 iron P \o_z mg /L 0.2 MW 1988 21 - 26  21:06/98
Mg7927 Lead e <0sg_ mg/L 0.08 MW 1968 21 - 25
Mo7927 Mangarese ( <0.010 '\, mg/L 0.01 MW.1998.1 - 26 *2/31:97
M97927 Nicket <004 N\ mo/L 0.04 MW 1988 1 . 03
M97927 Sijuel <0.02 N/t 0.02 MW.1538.1 - 25
Mo7927 _ Ahatium <03 maNL 0.3 MW.1998.1 - 26
M97927 Zirc 07 mg/L 0.1 3 MW.1998.21 - 26  C1/08/98
12112197 §712126-16A  MOT925 T Mercury A < 00002 Ty 0.00d3 MW.1987 1081 - 17 1224.97
Cliermt
Sample 1D . ¢
Collect  Fraction ~ QC Group Run Date
12112197 9 126-17A W97547 Cyarige ' . <0.02 mg/L 0.02 MW 1987 <027 N 211797
cue . s gl e ‘ ‘ L o e w iy bt o St
Sprfiple (D- M : ; )
e Sz P < S5y i Lo 2 i e i
Collect FEraction QC Group Analy*a Result Units Limit * RunGroup - _# RunDate
1212097 S712126-18A  WO7543 Neatz, Mitrogen TP g NI L 02 MW.1997 1025 - 18 1210

Page 9 of 12 Coyote Fegerts ver 1.0/971212 Report Date 1/14/98 5.12.31 PM
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APPENDIX F

NM OCD Approval of July 1998 Minor Modification Request, May 1999




NEW MHEXICO ]ENERGY, MH[NERA_]LS OIL €O .SERVATION mvmc;n”

2040 2outh Pacheco Street

& NA']IURAIJ RESOURCES DEPAR’IWT Sants ‘e, New Msexico 87808

(808) =27-7131

May 10, 1999

CERTIFIED MAIL
RETURN RECEIPT NO. Z 559 573 595

Mr. Steven Rae

Los Alamos National Laboratory
MS K497

Los Alamos, NM 87545

Subject: Minor Modification of Ground Water Discharge Plan GW-031
Dear Mr. Rae:

The New Mexico Oil Conservation Division (NMOCD) is receipt of Los Alamos National Laboratory’s
(LANL) letter dated Y=ty 20, 199% requesting a minor modification to the existing discharge plan GW-031.
The NMOCD kereby approves of th¢ minor modification subject to the following conditions:

1. All waste will be disposed of at an OCD approved facility.

2. The 8" (inch) buried cast iron pipe using to convey the wastewater from the 5 (mmgal) pond to the
1 (mmgal) pond shall be tested to demonstrate mechanical integrity at present and then every 5
years thereafter, or prior to discharge plan renewal. Permittees may propose various methods
for testing such as pressure testing to 3 pounds per square inch above normal operating
pressure or other means acceptable to the OCD. The OCD will be notified at least 72 hours
prior to all testing. LANL shall perform this mechanical integrity test and submit the
results by June 15, 1999,

Please be advised that NMOCD approval of this minor modification does not relieve LANL of liability
should their operations fail to adequately investigate and remediate contamination that pose a threat to
ground water, surface water, human health or the environment. In addition, NMOCD approval does
not relieve LANL of responsibility for compliance with any other federal, state, or local laws and/or
regulations.

If you have any questions, please contact Wayne Price of my staff at (505-827-7155). On behalf of the
staff of the OCD, I wish to thank you and your staff for your cooperation during this discharge plan
review.

Sincerely,

Roger Anderson
Environmental Bureau Chief

p {3 Roy Johnson
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SECTION 02936

SEEDING
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LANL MASTER CONSTRUCTION SPECIFICATION

When editing to suit project, author shall add job-specific requirements and delete only those portions
that in no way apply to the activity (e.g., a component that does not apply). To seek a variance from
applicable requirements, contact the LEM Civil POC.

When assembling a specification package, include applicable specifications from all Divisions, especially
Division 1, General Requirements.

Delete information within “stars” during editing.

Specification developed for ML-3 projects. For ML-1 / ML-2, additional requirements and QA reviews
are required.
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PART1 GENERAL
1.1 SECTION INCLUDES
A. Preparation of seedbed.
B. Seeding.
C. Mulching and erosion control blankets.
D. Watering and maintenance.
1.2 RELATED SECTIONS
A. Section 02270, Slope Protection and Erosion/Sediment Control
1.3 SUBMITTALS
A. Submit the following in accordance with Section 01330, Submittal Procedures:

1. Catalog data, including sources of supply for amendments, mulch, tackifier, fertilizer
and erosion control blankets.

2. Certification substantiating that material complies with specified requirements.
Submit certified seed bag tags and copies of seed invoices identified by project
name.

LANL Project 1. D.#: [ 1 Seeding
Rev. 3, [June 10, 2002] DRAFT 02936-1




3. Installation instructions, including proposed seeding schedule. Coordinate with
specified maintenance periods to provide maintenance from date of final acceptance.
Once schedule is accepted, revise dates only with LANL approval after
documentation of delays.

1.4 QUALITY ASSURANCE
A. Contractof Qualifications:

1. Perform work by a single firm experienced with the type and scale of work required
and having equipment and personnel adequate to perform the work satisfactorily.

B. Material Quality Control:

1. Provide seed mixture in containers showing species percentages in seed mix; test
information including, purity, germination and noxious/restricted weeds; net weight;
date of packaging; and location of packaging.

2. Furnish seed labeled in accordance with the requirements of federal and New
Mexico statutes and regulations governing seed labeling. Such resulting
requirements include but are not necessarily limited to: Federal Seed Act and
Amendments, rules and regulations established by the United States Department of
Agriculture; the New Mexico Seed Law; and all resulting regulations or restrictions
established by New Mexico State University or other authorized entity.

3. Inaddition, ensure seed mix and its application complies with the requirements of all
other federal and New Mexico statutes and regulations governing seeds, plants, and
weeds. These requirements include but are not necessarily limited to: the Noxious
Weed Control Act and all rules, regulations, or control measures by a noxious weed
control district embracing Los Alamos County, New Mexico; and the Harmful Plant
Act.

1.5 DELIVERY, STORAGE AND HANDLING

A. Deliver packaged materials in sealed containers showing weight, analysis and name of
manufacturer. Protect materials from deterioration during delivery and while stored at
site. Opened or wet seed shall be rejected and returned to the responsible party.

PART2 PRODUCTS
2.1 PRODUCT OPTIONS AND SUBSTITUTIONS

A. Comply with 01630, Product Options and Substitutions.
2.2 SEED

A. Obtain native grass seed from sources whose origin would ensure site adaptability at
LANL. Plant sources from New Mexico or surrounding states are preferred.

LANL Project 1. D#: [ ] Seeding
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E.

Obtain shrub and wildflower seed from sources whose origin would ensure site
adaptability at LANL. Plant sources from New Mexico or surrounding states are
preferred.

Cover crops (e.g., annual barley, oats, winter rye, etc.) may be used only as a temporary
stabilization measure and shall not be used in conjunction with a perennial seed mix.

Furnish certification, showing origin of seed and pure live seed (PLS) content as
determined by a certified authority. Provide bags of seed that are tagged and sealed in
accordance with the State Department of Agriculture or other local certification authority
within the state of origin. The tag or label shall indicate analysis of seed and date of
analysis, which shall not be more than 9 months prior to delivery date. Seed may be
premixed by the seed dealer and appropriate data indicated on the bag label for each
variety.

Seed mixture shall be:
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Develop seed mixture from the following guidelines. Choose a minimum of 5 grass species from
the list. Should wildflowers be included in the mix, use a ratio of 80 — 90 percent grasses and 10-

20 percent wildflowers. Choose 3 -5 species from the forb and wildflowers list.
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NATIVE PERENNIAL MIX
: Common Name Scientific Name % of Mix
: Grasses
'D Blue grama* Bouteloua gracilis 5-10%
Galleta grass” Hilaria jamesii 5 10%
Mutton grass Poa fendleriana 10-15%
Sideoats grama* Bouteloua curtipendula 10-15%
Arizona fescuet Festuca arizonica 10-15%
Prairie junegrasst Koeleria macrantha 5-10%
Bottlebrush squirreltail* Elymus elymoides 15-20%
Little bluestemt Schizachyrium scoparium 10-15%
indian ricegrass* Oryzopsis hymenoides 10-15%
Mountain bromet . Bormus marginatus 10-15%
Sand dropseed* Sporobolus cryptandrus 1- 8%
Thickspike wheatgrass Agropyron dasystachyum 20-25%
Needle and Thread grass* Stipa comata 5-10%
New Mexico needlegrass* Stipa neomexicana 10-15%
Sheep fescue Festuca ovina 10-15%
Forbs/ Wildflowers 1%
Firewheel Gaillardia puichella 2%
Evening primrose Oenothera caespitosa 1%
(D Gooseberry leaf Globemallow Sphaeralcea grossulariafolia 1.5%
LANL Project L. D#: [ ] Seeding
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Common Name Scientific Name % of Mix
Scarlet gilia Ipomopsis aggregata 1%
Plains aster Aster biglovii 1%
Western yarrow Achillea millifolium %%
Fringed sage Artemisia frigida 1%
Blue flax Linum perenne lewisii 4%
Scarlet bulgler Penstemon barbatus 2%
Palmer penstemon Penstemon palmerii 2%
Prairie coneflower Ratibida columnifera 1%
Showy golden-eye Heliomerus multifiora 1%
Purple geranium Geranium caespitosum 5%

*Species particularly suited for especially dry sites
Species particularly suited for higher elevations (above 7000 ft.)

2.3 STRAW MULCH

A.

Straw shall be stalks from oats, wheat, rye, barley, or rice that are free from noxious
weeds, mold, or other objectionable material. At least 65 percent of the herbage by
weight of each bale of straw shall be 10 inches in length or longer. Rotted, brittle or
molded straw is not acceptable. Straw from introduced grasses is acceptable if cut prior
to seed formation. If possible, provide marsh grass composed of mid to tall native grasses
(usually tough and wiry grass and grass-like plants found in the lowland areas within the
Rocky Mountain Region).

2.4 HYDRAULIC MULCH/TACKIFIER

A.

Provide mulch material consisting of 100 percent virgin wood fibers manufactured
expressly from whole wood chips, such as Eco-Fibre, Conwed, etc. Process chips in such
a manner as to contain no growth or germination inhibiting factors. Do not produce fiber
from recycled material such as sawdust, paper, cardboard, or residue from pulp and paper
plants. Provide materials free from contaminants such as lead paint, varnish or other
metal contaminants. Hydraulic mulch shall contain non-toxic dye to assist in visually
determing even distribution. Mulch material shall meet the following specifications:

Parameter Value
pH at 3% consistency 4.5 +/-0.5

Ash content 0.8% +/- 0.2%
1250 (grams water/100 grams oven dry fiber)
12% +/- 3% (Wet weight basis)

Moisture holding capacity
Moisture content

Combine mulch with an organic plantago based tackifier, such as M-binder, etc., that has
no growth or germination inhibiting factors and is nontoxic. Apply the uniform mixture
to the seeded area.

LANL Project . D#: | 1 ' Seeding
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C. Bagged mulch/tackifier mix that is homogenous within the unit package may also be used.
Tackifier shall adhere to the fibers during manufacturing to prevent separation during
shipment and to avoid chemical agglomeration during mixing in the hydraulic mulching

equipment.

25 EROSION CONTROL BLANKET

A. Provide erosion control blankets of a uniform web of interlocking excelsior wood fibers,
weed-free straw, or a combination of straw and coir fibers.

3k sk sfe o >k ok ok ok Sk sk s ok 5k > Sk sk sk sk ok sk 3k ok ok i ek sk ok ok ok sk ok sk sk sk ok sk sk ok sk sk ok sk sk ok sk sk sk sk ok sk sk ke sk sk ok skeok kb ok

Use an appropriate blanket chosen for the site conditions and functionality for the desired

growing seasons.
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1. 3:1 slopes or gentler

Single netted blankets

A machine produced erosion control blanket using 100
percent straw or excelsior fibers sewn into a medium
weight photo degradable bottom net. Minimum weight of
blanket 0.5 1bs/ square yard, such as Greenfix America
WSG05, etc.

2. 3:1-2:1slopes

Double netted blankets

A machine produced erosion control blanket using 100
percent straw or excelsior fibers sewn into a medium
weight photo degradable top net and a light weight photo
degradable bottom net. Minimum weight of blanket 0.7
Ibs/ square yard, such as Greenfix America WS072, etc.

3. 2:1 slopes and steeper and/or 2 growing seasons of protection

Straw/ coir blend
blankets

A machine produced straw /coir fiber erosion control
blanket using 70 percent straw /30 percent coir fibers
sewn into a heavy weight photo degradable top net and a
medium weight photo degradable bottom net. Minimum
weight of blanket 0.7 Ibs/square yard, such as Greenfix
America CFS072R, etc.

B.-  Staples: U-shaped, 11 gauge or heavier steel wire, minimum leg length of 8 inches after
bending, with a throat approximately 2 inches wide.

C. Wood Stakes: Use 2 x 2 x 12 inch pine or fir stakes, beveled at one end, in place of wire

staples in tuff locations.

2.6 BONDED FIBER MATRIX

A. Provide Bonded Fiber Matrix (BFM) composed of natural color, long strand wood fiber,
produced by therm-mechanical defribration of wood chips and joined together by a high
strength non-toxic adhesive, such as Eco-Ageis, etc. The product shall be composed of 90
percent wood fiber, 9 percent blended hydrocolloid-based binder, and 1 mineral activators,
all by total weight. The BFM shall be 100 percent biodegradable and non-toxic to fish and
wildlife, and it shall not contain any synthetic fibers.

LANL Project1. D.#: | 1
Rev. 3, [June 10, 2002] DRAFT

Seeding
02936-5




2.7 AMENDMENTS / SOIL ADDITIONS

A.

Fertilizer: Apply slow-release organic fertilizers such as Biosol Mix, Biosol, Osmocote,
composted manure or approved equal to minimize deficiencies of the topsoil. If
composted manure is to be applied, test the nutrient content and interpret before it is used.

Water: Clean, fresh, and free of substances or matter that could inhibit vigorous growth.
Sand: Clean, washed, and free of toxic materials.

Wood chips: Wood chips shall have a relatively large surface area to volume ratio to be
more easily broken down in the soil. Incorporate wood chips at low rates (0.5 ton/ acre)
in order to assure the Carbon to Nitrogen ratio in soil is at favorable conditions for plant
germination and growth. If higher rates are used, add nitrogen fertilizer to assure nutrient
availability to plants.

PART 3 EXECUTION

3.1 PREPARATION

Preparation of the Seedbed:

A.

1. Prepare seedbed to a maximum depth of 4 inches by tilling with a disc harrow or
chiseling tool. Uproot all competitive vegetation during seedbed preparation and
work soil uniformly, leaving surface rough to reduce surface erosion. Remove large
clods and stones, or other foreign material that would interfere with seeding
equipment.

2. Do not till on ground that is already loose to a depth of 2 inches or more that has
undergone regrading and fill. Till newly cut slopes.

3. Perform tillage across slope when practical and perform in 2 directions whenever
one pass is insufficient to adequately break up soil. Do not till up and down slopes,
as this will create excessive surface erosion problems.

4. Do not do work when moisture content of soil is unfavorable or ground is otherwise
in a non-tillable condition. To minimize dust problems for adjoining areas, do not
till when wind speeds are over 10 mph.

5. The extent of seedbed preparation shall not exceed the area on which the entire
seeding operation can be accomplished within a 24-hour period.

B. Soil Amendments/Additions: Uniformly apply slow release organic fertilizer to prepared
seedbed in accordance with manufacturer recommended rates.
* C. Prepare seedbed again if prior to seeding LANL Construction Inspector determines that
j rain or some other factor has affected prepared surfaces and that it may prevent seeding to
proper depth.
LANL Project I. D.#: [ ] Seeding
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D. On excessively steep slopes (steeper than 2:1), hydraulic/broadcast seeding may be
I appropriate. If seeding in this fashion, multiply application rate of seed by a factor of 2.

E. If cover crop has been established in area to be seeded, mow cover crop early in growing
season before cover crop is ready to drop seeds.

3.2 APPLICATION OF SEED
A. General:

1. Avoid seeding between August 1 and September 30. Do not seed during windy
weather, or when topsoil is dry, saturated or frozen.

2. Equip seed boxes used for drill and broadcast seeding with an agitator.

3. To prevent stratification of seed mix, do not run seed box agitators while seeding is
not being performed.

4. If seed mix is transported to site in a seed box or other equipment that subjects mix
to shaking or similar movement that has the potential to cause stratification, remix
seed prior to application.

5. Calibrate seeding equipment in presence of LANL Construction Inspector to
determine that equipment setting is appropriate to distribute seed at the specified

‘D rates.

6. Unless otherwise shown on Drawings, seed areas disturbed by or denuded by
construction operations or erosion.

7. Use markers to ensure that no gaps will exist between passes of seeding equipment.

8. If cover crop has been established, mow the crop and drill seed perennial seed mix
into the crop stubble.

B. Drill Seeding:

When drill seeding, plant seed mix at a rate of 20 - 25 PLS lbs/acre. Uniformly apply
prescribed mix over area to be seeded as follows:

1. Accomplish seeding operations, where practical, by drilling in a direction across
slope.

2. Plant seeds approximately 1/4 inch deep.

3. Do not exceed 4 inches distance between drilled furrows. If furrow openers on drill
exceed 4 inches, drill area twice to obtain a 4-inch distance between furrows.

4. Seed with grass wheels, rate control attachments, seed boxes with agitators, and
separate boxes for small seed.

LANL Project L. D.#: [ ] Seeding
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C. Broadcast Seeding:

When broadcast seeding, plant seed mix at a rate of 32 - 37 PLS Ibs/acre.

1.

Where it is not practical to accomplish seeding by drilling, mechanically broadcast
seed by use of a hydraulic mulch slurry blower, rotary spreader, or a seeder box with
a gear feed mechanism. If seeding is done with a slurry blower, use highest pressure
and smallest nozzle opening that will accommodate the seed.

Immediately following seeding operation, lightly rake seedbed or loosen with a chain
harrow to provide approximately 1/4 inch of soil cover over most of the seed.

If hydraulically applying mulch as part of the broadcast seeding process, use a 2 step
process. Apply seed with a tracer (200 — 300 1bs/ acre) amount of mulch across
entire seeded area. Once seed is applied, apply full complement of mulch (to equal
2000 Ibs/ acre). This shall allow seed to be in good contact with soil surface and not
suspended in mulch matrix.

4. Prohibit vehicles and other equipment from traveling over the seeded areas.

33 STRAW MULCH: Slopes Flatter than 2:1, Non-Irrigated Projects

A. For locations that have not been hydraulically mulched, immediately following
raking/chaining operation, add straw mulch to seeded areas.

I

Apply straw mulch at a minimum rate of 1.5 tons per acre of air-dry material.
Spread straw mulch uniformly over area either by hand or with a mechanical mulch
spreader to achieve 80 percent ground cover. When spread by hand, tear bales of
straw apart and fluff before spreading. Depth of applied straw mulch shall not
exceed 3 inches. Do not mulch when wind velocity exceeds 10 mph.

Wherever use of crimping equipment is practical, place mulch in manner noted
above and anchor it into the soil to a minimum depth of 2 inches. Use a crimper or
heavy disc such as a mulch tiller, with flat serrated discs at least 1/4 inch in
thickness, having dull edges, and spaced no more than 9 inches apart. Provide discs
of sufficient diameter to prevent frame of equipment from dragging the mulch.
Where practical, perform crimping in 2 (opposite) directions. Do not use Sheep’s
Foot Rollers, heavy equipment tracks, and standard disc cultivators for crimping.

If straw mulched areas cannot be anchored by crimping, use hydraulic mulch wood
fibers with tackifier. Mix slurry in a tank with an agitation system and spray under
pressure uniformly over the soil surface. Keep all materials in uniform suspension
throughout the mixing and suspension cycle when using hydraulic mulching
equipment. Mix 100 Ib. of wood fiber with 150 Ibs. of tackifier to anchor straw
mulch. Apply mixture at a rate of 250 lbs/acre.

Use both horizontal and vertical movements in the applicator to achieve an even
application of the slurry material.

LANL Project I. D.#: [ ] Seeding
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3.6 BONDED FIBER MATRIX (BFM): Slopes 2:1 and Steeper, Irrigated and Non-Irrigated Projects

A.

D.

Hydraulically apply BFM over seeded area (or apply seed with a tracer amount, 200-300
1bs/ acre) immediately following raking/chaining operations and in accordance with
manufacturer’s specified procedures. Hydraulically apply BFM as a viscous mixture.
Upon drying, it shall form a continuous, porous and erosion resistant mat. Upon drying,
matrix shall not inhibit germination and growth of plants in and beneath the layer. Matrix
shall retain its form despite re-wetting.

Apply matrix uniformly across area and apply in multiple directions to ensure a 100
percent soil surface coverage.

Apply at a rate of approximately 3,500-1bs/ acre in a manner that achieves uniform
coverage of all exposed soils.

Prohibit vehicle traffic on hydraulic BFM applications.

3.7 WATERING

A.

Where temporary watering is required for seeded areas, provide temporary water system
which may be a sprinkler system, or a water truck with a spray boom or any other method
satisfactory to distribute a uniform coverage of clean water (free or oil, acid, salt or other
substances harmful to plants) to previously seeded and mulched areas.

If a temporary sprinkler system is used, keep all pipe connections tight to avoid leakage
and loss of water, and to prevent washing or erosion of growing areas. Maintain
sprinklers in proper working order during watering.

Do not drive trucks with spray systems on seeded areas and ensure water force does not
cause movement of mulch or seed on the ground.

Water revegetated areas only if areas were planted between April 15 and July 31.

Apply water at a maximum of 1/2 inch/hour for 2 hours. Additional applications of water
may be made as designated by LANL Construction Inspector. Water source will be
approved by LANL, prior to use.

3.8 MAINTENANCE

A. Begin maintenance immediately after planting.

B. Maintain seeded areas for not less than 60 days after final acceptance of work and longer
as required to achieve final stabilization as described in Section 3.10 ACCEPTANCE.

C. Reseed void areas greater than 6 square feet or repetitive voids greater than 2 square feet
amounting to more than 10 percent of any area that appears the growing season following
installation.

LANL Project 1. D.#: [ ] Seeding
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D.

Keep revegetated areas free of noxious weeds until acceptance by LANL. Contact LANL
Construction Inspector prior to application of any control measure.

‘D 39 CLEANUP AND PROTECTION

A.

After completion of work, clear site of excess soil, waste material, debris and objects that
may hinder maintenance and detract from neat appearance of site.

Protect work and materials from damage due to seeding operations, operations by other
contractors and trades, and trespassers. Maintain protection during installation and
maintenance periods. Treat, repair or replace damaged work as directed.

3.10 ACCEPTANCE

A.

Seeded areas will be reviewed for acceptance by LANL when final stabilization has been
achieved. Final stabilization is defined as “All soil disturbing activities at the site have
been completed and a uniform (e.g., evenly distributed, without large bare areas)
perennial vegetative cover with a density of 70 percent of the native background
vegetative cover for the area has been established on all unpaved areas and areas not
covered by permanent structures, or equivalent permanent stabilization measures (such as
the use of riprap, gabions, or geotextiles) have been employed.”

In the event that all other work required by the Contract is completed before final
stabilization is achieved or because seasonal limitations prevent seeding, partial
acceptance of the work shall be made with final acceptance delayed until satisfactory
vegetative growth has been established.

END OF SECTION

Rev. 3, [June 10, 2002] DRAFT 02936-11
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STORM WATER MANAGEMENT PLAN

for
TECHNICAL AREA 57
FENTON HILL PROJECT SITE

LOS ALAMOS NATIONAL LABORATORY

PREFACE

This Storm Water Management Plan was developed to comply with a condition for approval for renewal of
Discharge Plan GW-031, as set forth by the State of New Mexico Energy, Minerals, and Natural
Resources Department, Oil Conservation Division. The plan addresses facility and site characteristics,
storm water characteristics, potential pollutants, and current storm water management.
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1.0 SITE DESCRIPTION

The Fenton Hill Project Site is located in the Jemez Mountains of North Central New Mexico, approximately
35 miles west of Los Alamos and 10 miles north of Jemez Springs. This site is associated with the
Department of Energy’s Los Alamos National Laboratory (LANL), and has been given the LANL designation
of Technical Area (TA) 57. TA-57 has an approximate size of 16 acres. The following sections provide brief
descriptions of the history of the site and current operations.

1.1 Site History

The Fenton Hill Project Site was established in 1972 to support the Los Alamos Hot Dry Rock (HDR)
Geothermal Energy Development Project. HDR is a research program to develop the technology
necessary to economically extract the energy contained at accessible depths within the earth’s crust.

The project called for injecting water via a borehole to a depth where it would be naturaily heated by the
hot rocks at that depth, and then pump the water back to the surface for recovery of the energy contained
in the heated water. Experimental operations were conducted from 1972 to approximately 1996.

During the period from 1995 to 2000, the HDR project experienced substantial funding reductions, which
resulted in the termination of project activities and partial decommissioning of the facility. In 1995, a new
astrophysical observatory was constructed in and around the existing 5.7 million gallon reservoir at the
Site. Discharges from the venting of the remaining geothermal well is now directed to the existing one
million gallon service pond. In 1998, an enhanced evaporation system for this service pond was installed
and the discontinuation of the NPDES permitted outfall NM0028576 was approved by the U.S.
Environmental Protection Agency.

1.2 Current Status

In 1996, all HDR Project geothermal wells, with the exception of well EE-2A, were plugged and
abandoned. With this action the HDR Project no longer has the capability to perform geothermal
research and experimentation. Current Site activities are primarily limited to site maintenance, further
decommissioning and salvage of equipment and materials, and work associated with the astrophysical
observatory. Future HDR activities will be limited to the testing of down-hole logging tools in well EE-2A
and experimental drilling using micro-borehole equipment. Micro-borehole depths will be limited to 350
feet to ensure that the aquifer is not penetrated and all drilling fluids will be contained on-site in the one
million gallon service pond.

There is no use of geothermal water at the Site by either the HDR Project or the astrophysical
observatory. Vented geothermal water from well EE-2A is impounded until evaporation in the one million
gallon service pond (see Photo 1, Appendix B). Water used at the site is provided by the facility's
domestic water supply well. No commingling of geothermal and potable water occurs and no chemical
additives are used.

1-1
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2.0 STORM WATER CHARACTERISTICS

The following sections address environmental and physical elements that effect the accumulation and
transport of storm water at the Fenton Hill Project Site. These include general climatology, runoff
patterns, receiving waters, and non-storm water discharges.

21  General Climatology

The Site is located in a semiarid, temperate, mountain climate. Summers are generally sunny with
moderate, warm days and cool nights. Winter conditions can be experienced from October through
March and large snowfall accumulations are not uncommon. Summer temperatures range from 50°F
at night to 90°F during the day. Winter temperatures range from 0°F at night to above 32°F during the
day. The average annual precipitation is approximately 17 inches. Of this amount, approximately
40% (6.8 inches) is received through brief, intense thunderstorms occurring during the summer
monsoon season (July — September).

2.2 Runoff Patterns

The Fenton Hill Project Site slopes gently to the south. This topography produces sheet flow runoff
across the majority of the Site with minor concentrated flow at three Site discharge locations. (See
Site Map, Appendix A for discharge locations.)

Runoff patterns within the Site can be primarily be categorized with relation to the one million gallon
service pond. The area to the north and east of the pond drains to the south where it discharges to a
wide, well vegetated, natural conveyance located on the south side of the main Site roadway (see
Photo 2, Appendix B). This natural conveyance is lower in elevation than the roadway and runoff is
conveyed to the area through a 12 inch corrugated metal pipe. Runoff on the north side of the pond
flows either east to the natural conveyance or west and south along the west side of the pond to a low
area located on the south side of the pond. A corrugated metal pipe is located in this low area to
transfer significant accumulations of runoff off-site to the west (see Photo 3, Appendix B). The areas
south and directly east of the service pond drain south to a well vegetated, natural conveyance known
as Burns Swale (see Photo 4, Appendix B). Runoff from these areas sheetflow to the top of a gentie
slope just south of the fuel storage shed, TA-57-56, and then is concentrated as it is conveyed down
the slope in an earthen channel. At the toe of the slope the channel discharges the flow onto a flat,
well vegetated area where the runoff resumes sheetflow characteristics as it moves through Burns
Swale.

Receiving waters for the Site are tributaries of the Jemez River, which is the major surface water
drainage for the area. Surface runoff from the Site discharges into Lake Fork Creek located to the
south. Lake Fork Creek is a fributary of the Rio Cebolla, which in turn is a tributary of the Rio
Guadalupe. The Rio Guadalupe flows into the Jemez River below the town of Jemez Springs.

2.3 Non-Storm Water Discharges

With the termination of geothermal activities and partial decommissioning of the facility, there are very
few non-storm water discharges at the site. Those that do occur are of such minor magnitude that
they do not significantly impact runoff accumulations or patterns. Non-storm water is typically
discharged through a standard “garden” hose. Potential non-storm water discharges may include
vehicle/equipment washing, dust suppression or soil moistening associated with maintenance
activities, and watering of vegetation.

2-1
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3.0 POTENTIAL POLLUTANTS

Potential Pollutants that have been identified at the Fenton Hill Project Site include equipment, materials,
and exposed soil. These items area are discussed in the following section. Controls associated with
these potential poliutants are addressed in Section 4. Potential Release Sites (PRSs), which resulted
from previous site activity and were identified by the LANL Environmental Restoration (ER) Project, are
also discussed for informational purposes.

3.1 Equipment, Materials & Soil

Equipment that includes a forklift, a bulldozer, transport vehicles, piping systems, pumps, and
generators are stored in multiple locations throughout the Site. The vehicles and heavy equipment
are used primarily for site maintenance activities while the majority of the remaining items are
awaiting salvage. Potential pollutants associated with the equipment include fuel and fluid leaks from
operational equipment, and potential leaching of materials from salvage items subjected to long-term
exposure.

Materials at the Site include metal and plastic storage tanks; assorted piping; 55-gallon drums of salt;
metal cuttings and slag from cutting, grinding, and welding; fuel and fluids from equipment and
vehicles; fuel stored in two metal tanks; and residual waste oil stored in one fiberglass tank. Storage
tanks and piping materials are awaiting salvage while the remaining items are used in associated with
maintenance operations.

The majority of the interior area of the Site, which includes the roadways, is exposed soil. However,
this area is relatively flat, and with sheetflow runoff patterns, there is no evidence of erosion or
significant sediment transport. The perimeter of the Site is well vegetated. There are no identified
erosional problems within the Fenton Hill Project Site or locations with significant offsite sediment
transport.

3.2 Potential Release Sites

Geothermal experiments at the Fenton Hill Project Site facilitated the creation of circulation ponds, an
outfall, a sludge disposal pit, and discharge areas for an on-site analytical trailer and other materials
associated with the experiments. Ten such locations were identified and labeled PRSs by the LANL
ER Project in 1994,

The drilling fluids, produced waters, and other wastes associated with exploration, development, or
production of geothermal energy are not hazardous wastes as defined in the Resource Conservation
and Recovery Act (RCRA), and are exempt from RCRA hazardous waste consideration. For this
reason the PRSs at the Fenton Hill Project Site are not listed in LANL's Hazardous and Solid Waste
Amendments (HSWA) permit. However, LANL agreed to follow the requirements of HSWA (Module
VIl of the RCRA permit) to ensure that all environmental problems are investigated in a consistent
manner.

3.21 PRS DESCRIPTIONS

Of the ten identified PRSs, two were recommended for no further action (NFA) and two for
deferred action. The remaining six were evaluated in a Phase | investigation conducted in 1996.
Following is a brief description of these six PRSs.

e 57-001(b): This PRS comprises two settling ponds designated GTP-3E (east) and GTP-3W
(west) that were used during the drilling and operation of well GT-2. Pond GTP-3W was
created by building a 10 foot high berm across the head of Burns Swale and excavating into
the tuff. The ponds contained a homogeneous mix of cuttings, drilling mud, additives, and
dissolved materials that were returned to the surface in the heated waters. Following
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decommissioning of the site, the pond was backfilled with boulders and clean soil and leveled
with the surrounding terrain.

57-001(c): This PRS is a settling pond used during geothermal energy recovery experiments.
It contained a homogeneous mix of cuttings, drilling mud, additives, and dissolved materials
that were returned to the surface in the heated waters. The pond was decommissioned,
cleaned, and filled with clean soil to the level of the surrounding terrain.

57-002: This PRS was a sludge pit used between 1974 and 1990. The pit received solids
removed from the bottom of the settling ponds and mud removed from the drilling mud pits.
Solids included cuttings, drilling muds, and the precipitate from recovered circulation water.

57-004(a): This PRS is settling pond GTP-1E. The pond was originally excavated for use as
the disposal pit for the drilling of well EE-1 and was later enlarged to serve as a settling pond
for discharged drilling materials and for recycling of fluids from the circulation loop. The pond
was decommissioned, cleaned of sludge, and backfilled with clean soil to the level of the
surrounding terrain.

57-006: This PRS was a 55-gallon drum buried beneath a trailer that was used as an
analytical chemistry laboratory. The drum contained chemicals that were considered too
dangerous to be disposed of via the sink drain. A special drain in the trailer connected to the
drum. The drum and its residual contents were removed as a voluntary corrective action on
September 15, 1994,

57-007: This PRS was a chemical waste leach field associated with the analytical chemistry
laboratory. Wastewater from the trailer was poured into a sink that drained to the subsurface
leach field.

3.2.2 ER RECOMMENDATIONS

Following are the remediation recommendations provided by the LANL ER Project at the
conclusion of the Phase | investigation.

57-001(b) — Pond GTP-3W. Elevated concentrations of arsenic and barium were detected in
pond GTP-3W at a level 11-12 feet below the ground surface. At this depth the potential for
human contact with the contaminants is negligible. For this reason, this portion of the PRS
was recommended for NFA.

57-001(b) — Burns Swale: Samples in this portion of the PRS revealed arsenic and
manganese concentrations that exceeded upper tolerance levels (UTL). For this reason’
Burns Swale is scheduled for Phase Il (accelerated, focused) field investigation to determine
the extent of the contamination.

57-001(c). Multiple analytes were detected but their concentrations were below their
respective background UTLs. On this basis this PRS was recommended for NFA.

57-002: Arsenic was detected at concentrations greater than its UTL and barium in
concentrations exceeding its screening action level (SAL). For this reason, voluntary
corrective action is recommended.

57-004(a): Analysis of samples from this pond showed that there were no chemicals found in
concentrations exceeding the SALs. On this basis, NFA was recommended.

57-006: Sampling of the soil beneath the drum showed that there were no chemicals found in
concentrations exceeding the SALs. On this basis, NFA was recommended.

57-007: Analytical results and the screening assessment indicated negligible risk. For this
reason the PRS was recommended for NFA.

3-2
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4.0 STORMWATER MANAGEMENT

In general, no attempt is made to eliminate or minimize the natural flow of storm water from the Site.
Instead, emphasis is placed on preventing contamination of the runoff by retaining sediment on-site;
minimizing contact with potential pollutants, and by diverting it from the locations in which erosion or
pollutant contamination may take place. This control is achieved through the use of both applicable
structural controls and administrative work procedures.

4.1 Structural Controls

Structural controls associated with storm water management include culverts, a drainage channel,
rock check dams, covering, and secondary containment units. Three culverts are in place at the Site
to facilitate the management of runoff. Corrugated metal pipes on the west and southeast sides of the
Site have been installed at locations where storm water runoff accumulates and leaves the Site. A
third culvert located under a concrete walkway adjacent to the CMP on the southeast side of the Site
conveys runoff to the discharge location. By conveying concentrated flows through culverts, erosion
and sediment transport is minimized.

At the head of Burns Swale is a small gentle south-facing slope. Sheetflow runoff that reaches the top
of the slope is collected and conveyed down the west side of the slope in a constructed earthen
drainage channel. At the toe of the slope the channel directs the flow east to the middle of the area
where the terrain is flat and well vegetated. Use of the channel minimizes the potential for erosion
down the face of the slope and conveys runoff to a location where it is most likely to resume sheetflow
characteristics. Within the drainage channel are three rock check dams (see Photo 5, Appendix B).
The check dams dissipate energy and velocity in the flow, allowing transported sediment to settle out
within the channel.

Two fuel storage areas are located within the Site. One area, located on the north side of the facility,
contains a fiberglass waste oil tank that is currently empty. The second area, located south of
building 57-17, houses two small metal tanks containing gasoline and diesel fuel (see Photo 6,
Appendix B). Both areas are covered and all the tanks reside in concrete secondary containment.

4.2 Administrative Controls

Administrative controls associated with storm water management include appropriate work
procedures, Site inspections, and spill response and reporting. Appropriate work procedures
minimize the risk of contact between storm water and potential pollutants. To achieve this, equipment
and materials are properly stored and maintained, and fueling operations and the loading/unloading of
identified potential pollutants are not conducted during precipitation events.

Site inspections are conducted monthly. ltems that are evaluated include general site conditions,
equipment and material storage areas, fuel storage area secondary containment units, storm water
structural controls, new areas of erosion or significant sediment transport, and the general condition of
the one million gallon service pond with its associated secondary containment unit and sump pump. If
deficient items are identified, appropriate maintenance activities are initiated.

Spill control equipment is available on site to address minor spills and leaks. In addition, spills or
releases of oil or hazardous substances will be reported to the Emergency Management & Response
(EM&R) Office at 667-6211 or, after hours, at 667-7080. In accordance with LANL requirements,
internal spill reporting will be completed in the event of any release and copies of the reports will be
maintained by both the responsible organization and ESH-18. ESH-18 and the EM&R Office, in
accordance with Laboratory and DOE policies, and federal and state regulatory reporting
requirements, will make the determination for federal notification.
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Photo 1 - One Million Gallon Service Pond

Photo 3 - West Side Discharge Location
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Photo 6 — Fuel Storage Area (TA-57-56
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GROUP/FACILITY (SPCC) IMPLEMENTATION PLAN (GSIP)

FOR
TA-57, FENTON HILL

Under the Oil Pollutlon Prevention regulation, 40 CFR 112, the SPCC Plan shall be
a carefully thought-out plan, prepared in accordance with good engineering
practices, and which has the full approval of management at a level with authority to
commit the necessary resources. Because of the diverse and changing operations
at the Laboratory, the development of an SPCC Plan detailing the requirements and
operating conditions for each location and operation would be impractical and would
require frequent updates and revisions. By using the GSIP approach, the operating
conditions for each location are addressed, and as these conditions change only
the individual GSIP will require revision. Accordmgly, the SPCC Master Plan
provides background and guidance for development of GSIPs, with the GSIPs
providing the site-specific requirements under 40 CFR 112. Owners or operators of
a facility shall amend the plan (GSIP) whenever this is a change in facility design,
construction, operation or maintenance which materially affects the facility’s '
potential for a release. Any amendment shall be fully implemented as soon as
possible, but not later than 6 months.

The responsibility for the development and implementation of the GSIP is the
owner/operator of a facility.

Owner/Operator \%/w\n /\ [ LQ'QJ'\/-(JM Date;_ 5’[;;1 /95

James N. Albright, Group'LeQer EES-4

Reviewad By: /% //// / Date; 7/?5/ g2

Michael R. Alexander, SPCC and Storm Team Leader ESH 18
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Steven J. Veenis, Santa Fe: Engineering Ltd.,
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GROUP SPCC IMPLEMENTATION PLAN
CHAPTER 1: INTRODUCTION

1.  INTRODUCTION

The Los Alamos National Laboratory's Spill Prevention Control and Countermeasure (SPCC) Plan is a
comprehensive plan developed to meet the regulatory requirements of the United States Environmental
Protection Agency (EPA) that regulate water pollution from oil and toxic chemical spills.

The purpose of the SPCC Plan is to ensure that adequate prevention and response measures are provided to
prevent oil spills from reaching navigable waters. Prevention measures include maintenance and inspections of
facilities to ensure the integrity of the oil handling equipment, and proper operator training.

According to Title 40 of the Code of Federal Regulations (CFR) 112.7, "The SPCC Plan shall be a carefully
thought-out plan, prepared in accordance with good engineering practices, and which has the full approval of
management at a level with authority to commit the necessary resources. If the plan calls for additional facilities
or procedures, methods or equipment not yet fully operational, these items should be discussed in separate
paragraphs..."

Because of the diverse and changing operations at the Laboratory, the development of an SPCC Plan detailing
the requirements and operating conditions for each location and operation would be impractical and would
require frequent updates and revisions. By using the Group SPCC Implementation Plan (GSIP) approach, the
operating conditions for each location are addressed, and as the conditions change, only the individual GSIP will
be revised.

In addition, the National Pollutant Discharge Elimination System (NPDES), requires that those facilities that
must obtain an NPDES permit and who use, produce or discharge any of the listed toxic or hazardous pollutants
must develop and implement a Best Management Practice (BMP) program as required under 40 CFR 125,
Subpart K. BMPs are developed for controlling discharges of toxic or hazardous substances into receiving
streams from associated or ancillary activities. A comprehensive description of appropriate BMPs for GSIP
Locations is provided in Chapter 4 of the SPCC Plan Revision 3.

1.1. SPILL CONTROL COMMITTEE

The Spill Coordinator (SC) has identified a committee of individuals responsible for development,
implementation, maintenance and revision of the GSIP. These individual members understand that part of
their responsibility is to be knowledgeable about spill control and prevention matters. The committee
includes the following members:

1. Jay Thorne - EES-4 Staff 2. Dan Thomas, EES Facility Manager and
Division Spill Coordinator

Effective organization of the Spill Control Committee is important in order for the team to be able to
accomplish the task of developing and implementing this plan. To ensure that this plan remains effective,
the SC must be aware of any changes that are made in plant operations to determine if any changes must
be made.

1.2. SPILL COORDINATOR AUTHORITY

The SC is assigned a documented level of authority, by the group leader, in order to properly conduct the
required responsibilities. At a minimum, the level of authority assigned needs to address the following:

¢ Approve or request Work Orders (WO) for the Support Services Subcontractor (SSS) to conduct a
cleanup or to correct known deficiencies,
¢ Decision making ability on SPCC related items, and
e Assure group personnel abide by these decisions.
JUNE 10, 1994 : Page 1-1
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1.3. GSIP PLAN AMENDMENTS

Owners or operators of facilities subject to these requirements shall amend the GSIP Plan in accordance
with 40 CFR 112.7 whenever there is a change in facility design, construction, operation or maintenance
that materially affects the facility's potential for the discharge of oil or chemicals into or upon the navigable
waters of the United States or adjoining shorelines. Such amendments shall be fully implemented as soon
as possible, but not later than six months after such change occurs.

If the GSIP calls for additional facilities or procedures, methods, or equipment not yet fully operational,
these items will be discussed in separate paragraphs, and the details of installation and operational start-up
will be explained separately. At a minimum, the GSIP will be reviewed and updated annually.

1.4. EMPLOYEE TRAINING

Owners or operators are responsible for properly instructing their personnel in the operation and
maintenance of equipment to prevent the discharges of oil and applicable pollution control laws, rules and
regulations.

The Spill Coordinator is responsible for oil pollution training and reporting status to line management.
Training should be scheduled at intervals frequent enough to assure adequate understanding of the GSIP
for their facility. The meetings should highlight and describe known spill events or failures, malfunctioning
components, precautionary measures and spill kit usage.

JUNE 10, 1994 Page 1-2




TA-57 FENTON HiLL SITE
GROUP SPCC IMPLEMENTATION PLAN
CHAPTER 2 : FACILITY DESCRIPTION

2. FACILITY DESCRIPTION

Fenton Hill is located in the Jemez mountains approximately thirty-five miles west of Los Alamos. The site is
designated Technical Area 57 (TA-57) and is the site chosen for the Laboratory's Hot Dry Rock Pilot Plant. The
plant was built to attempt to demonstrate the potential of the hot dry rock technology as an alternate energy
source.

The process concept of the plant can be summarized as follows. Circulation of fluid through the reservoir is
created and maintained by an injection pump which delivers water under high pressure to the reservoir through
the injection well. After passing through the rock fractures and extracting the heat energy, the water is returned
to the surface via the production well. At the surface, the hot geothermal water passes to a separator where
any gas and solids are removed from the process stream. Production temperatures are expected to be in the
range of 400° to 425°F. The hot fluid then flows to a heat exchanger where the temperature is reduced and the
extracted heat energy is measured. After cooling, the fluid is returned to the injection pumps to complete the
cycle. Previous tests have shown that some water loss will occur during the circulation process. For this
reason, a makeup water facility is included as part of the plant to replace the lost water.1

2.1. GSIP LOCATIONS

This plan includes a brief but concise description of each GSIP location function. A major component of this
description is a listing of characteristics that qualify areas as GSIP locations. Designating GSIP locations
serves the purpose of dividing the Spill Coordinator’'s total region of responsibility into manageable pieces.
This facilitates the preparation of facility site maps. Each of these locations may include several structures
and numerous GSIP location types. There are five (5) GSIP locations identified at TA-57, Fenton Hill Site.

They are categorized as:

« Two aboveground storage tanks containing diesel fuel and waste fuel oil (57-56),
e One aboveground storage tank containing gasoline (57-56), ‘

e One covered drum storage area (57-56),

¢ One covered drum storage area (57-59) , and

» One aboveground storage tank containing diesel fuel and the associated transfer area (57-26).

Chapter 4 provides a description of each GSIP location in detail. A map following this section shows TA-57,
Fenton Hill Site, direction of storm water flow, GSIP locations, and other areas of concern.

2.2, OTHER AREAS OF CONCERN

This plan also identifies relevant areas at TA-57, Fenton Hill Site that may have spill potential but are not
considered priority #1 or #2 GSIP locations. These are areas that may require future action, but due to their
nature and/or size do not require as detailed information as is provided for GSIP locations.

There are two other locations of concern at TA-57, Fenton Hill Site.

They are categorized as:

¢ One portable aboveground storage tank used to collect waste fuel oil, and

+ One polyethylene aboveground storage tank used for ethylene glycol storage.

1 Ponden, Raymond F., The Design and Construction of a Hot Dry Rock Pilot Plant, Los Alamos National Laboratory.
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Following is a brief description of each area and any deficiencies which may exist.

2.2.1. Portable Waste Fuel Collection Tank
Description

This tank is mounted on a trailer and is pulled by a vehicle to collect waste oil from permanent site

equipment. The capacity of the tank is approximately 500 gallons. Site personnel have indicated that
this tank is used only for temporary oil storage.

Deficiencies

Some type of secondary containment should be installed on the trailer to prevent any accidental
discharge of oil into the environment.

2.2.2. Ethylene Glycol Storage Tank
Description

This aboveground storage tank is located on the southeast corner of the heat exchanger (57-10).
It is a polyethylene tank, with an approximate capacity of 500-gallons, used to store antifreeze
solution for winter protection of the heat exchanger. The secondary containment is a skid-
mounted metal circular structure that surrrounds the tank.

Deficiencies

The tank should have an appropriate label indicating what is being stored within the tank.

Accumulated stormwater within the secondary containment structure should be periodically pumped
out.

JUNE 10, 1994 Page 2-2
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3. SPILL IMPACT

Where experience indicates a reasonable potential for equipment failure (such as tank overflow, rupture, or
leakage), the plan should include a prediction of the direction, rate of flow, and total quantity of liquid that could
be discharged from the facility as a result of each major type of failure.

3.1. DIRECTION AND QUANTITY OF FLOW

The following table and the GSIP Site Map illustrate the predicted direction of flow, receiving canyon, total
potential quantity and potential flow rates for a spill at TA-57, Fenton Hill Site GSIP locations.

GSIP Location | Predicted Direction Receiving Total Quantity | Potential Flow
of Flow Canyon Rate
57-56A-AST Sheet flow N/A 500 gallons Max of 500
apm
57-56C-AST Sheet flow N/A 400 galions Max of 400
gpm
57-56B-AST Sheet flow N/A 500 gallons Max of 500
gpm
57-56-DRM Sheet flow N/A 55 gallons (x 8) N/A
57-59-DRM Northwest N/A 55 gallons (x10) N/A
57-26-AST Northwest N/A 10,000 gallons Max of 10,000
57-26-LUT gpm
.D 3.2. SPILL HISTORY

Review of spill history is an essential part of the GSIP because the history will indicate repetitive spill
problems or any incident that indicates spill potential. The review of the GSIP Location spill history
indicated that there have been no recorded spills at TA-57, Fenton Hill Site.
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Table for Tracking Future Spills

CHAPTER 3: SPILL IMPACT

Date Spill Location What Spilied Quantity Corrective Plans to
Spilled Action Taken Prevent
Recurrence

JUNE 10, 1994
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‘D 4. GSIP LOCATIONS

This chapter includes a brief but concise description of each GSIP location at TA-57, Fenton Hill Site. The
description of each GSIP location includes a discussion of the following items:

» Location Description and Photograph,

o Location Schematic,

e Secondary Containment,

o Spill Controls & Spill Removal,

¢ Storm Water Considerations (Facility Drainage),
e Other Administrative Controls, and

¢ Field Data Sheets

‘ The description details adequacies and deficiencies of each of the listed items. Deficiencies are documented on
\ the Field Data Sheets and scheduled for future corrective action.

The GSIP locations at TA-57, Fenton Hill Site are listed below:
K |
4.1 57-56- Drum & Tank Storage Area
4.2 57-59 - Drum Storage Area

4.3 57-26 - Diesel Fuel Tank & Transfer Area

0
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41. TA-57-56 DRUM & TANK STORAGE AREA

o Description:

The Diesel Waste Fuel Oil, and Gasoline Tanks are stored under covered structure 57-56 along with eight
drums. The diesel fuel is used for various equipment at the site. The waste fuel oil is collected from around
the site and is periodically transferred off site. The gasoline is used for various vehicles and equipment at
the site. The drums contain miscellaneous fuels and oils including No. 2 Diesel Fuel, gear lubricating oil,
and kerosene.
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4.1.1. Location Schematic

‘D The location schematic shows the Diesel,Waste Fuel Qil, and Gasoline Tanks, Drum Storage Area,
tank and drum capacities, and secondary containment capacity.

— 10'0" e ——

GRATE. COVERED CONTAINMENT
CAPACITY: APPROX. 1450 GAL
HEIGHT: 6"

~— 57-56C-AST
— WASTE FUEL OIL TANK
CAPACITY: APPROX. 400 GAL

/

57-56-DRM
DRUM STORAGE
CAPACITY: 55 GAL EACH (X 8)

OO0O0OOCOOO

'D 40'0"

57-56B-AST
|| ——— GASOLINE TANK
CAPACITY: APPROX. 500 GAL

57-56A-AST
||
| DIESEL FUEL TANK
CAPACITY: APPROX. 500 GAL

57-56 ﬂ
DRUM & TANK STORAGE AREA ﬂ

|
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4.1.2. Drum & Storage Tank Requirements
40 CFR 112.7 (e)(2) defines the requirements for developing and implementing SPCC Plans related to
onshore bulk storage containers. These requirements are listed below and are foliowed by a detailed
discussion of each:
4.1.2.1. SECONDARY CONTAINMENT
Description
The secondary containment for the tanks is a concrete curbed structure that is walled on three
sides. The bottom is covered by a grate. The volume of the secondary containment system is
sufficient to contain the spill volume of the largest tank (500 gallons) plus 10% of the volume of the

drum storage (44 gallons). Storm water is minimized by the walls and by the roof.

The containment is designed with impervious materials to prevent leaking or contamination of storm
water, surface, and groundwater supplies for a minimum of 72 hours.

The Diesel, Waste Fuel Oil, and Gasoline Tanks are made from commonly accepted metal and
steel alloys used for manufacturing fuel storage tanks.

Deficiencies

FOR THE STORAGE TANKS:
None.

FOR THE DRUM STORAGE AREA:

None

4.1.2.2. SpiLL ConTROL & SPILL REMOVAL
integrity Testing:
Description

Integrity testing of these Fuel Tanks has not been performed. Integrity testing is not required for
storage drums.

Deficiencies
FOR THE STORAGE TANKS:

e 40 CFR 112.7 (e)(2)(vi) requires and describes integrity testing of ASTs.

e API Standard 653 requires ultrasonic thickness measurements of the AST shell be
performed at a minimum of once every 5 years. No ultrasonic measurements have been
taken for the Diesel Fuel Tank.

e See Section 4.6.1.5. of the SPCC Revision 3 for Integrity Testing description, inspector

qualifications and inspection frequency considerations. Appendix A has an Integrity Test
Checklist for future use. See Action ltem #2 on page 2 of the Field Data Sheets.

JUNE 10, 1994 Page 4-4
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FOR THE DRUM STORAGE AREA:
None

Monitoring:

Description

The diesel tank and gasoline tank are equipped with a visual level gauge. Monitoring devices are
not required for storage drums.

Deficiencies
FOR THE STORAGE TANKS:

Some type of visual level gauge should be installed for the waste fuel oil tank. See Action ltem #6
on page 3 of the Field Data Sheets.

FOR THE DRUM STORAGE AREA:

None

Spill Control

Description

Sorbent containers are located in the covered storage area. The containers are currently empty.
Deficiencies

FOR THE STORAGE TANKS:

Adequate spill control equipment should be kept on site. See Action ltem #4 on page 2 of the Field
Data Sheets.

FOR THE DRUM STORAGE AREA:

Adequate spill control equipment should be kept on site. See Action ltem #4 on page 2 of the Field
Data Sheets.

4.1.2.3. STORM WATER CONSIDERATIONS (FACILITY DRAINAGE)

Description

The storage area is covered and protected on three sides. Although some storm water

accumulates in the containment area, the amount of water is minimal and generally evaporates
quickly.

Deficiencies

There is no discharge valve for the secondary containment structure. See action item # 5 on page
3 of the Field Data Sheets.
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4.1.2.4. OTHER ADMINISTRATIVE CONTROLS

Inspections and Maintenance:

Description

General operator observations are made by all personnel invoived in handling materials and
operation of TA-57, Fenton Hill Site. No records exist of any problems occurring at this facility.

A walk-around inspection was performed by Santa Fe Engineering in May 1994. The results of the
inspection are included in Appendix B of this GSIP.

Accurate and up-to-date drawings of the tanks, drums and secondary containment are maintained
and have been incorporated into this plan. See Location Schematic in Section 4.1.1.

Deficiencies

FOR THE STORAGE TANKS:

Three levels of inspection for ASTs are required that include general operator observations, walk-
around inspections and integrity inspections. These inspections must be signed by the area
supervisor or Spill Coordinator. There are no records of any past walk-around or integrity testing at
this site. See Appendix A of this GSIP for blank Walk-around Inspection forms for future use.
See Action item #6 on page 3 of the Field Data Sheets.

FOR THE DRUM STORAGE AREA:

Two levels of inspection for drum storage areas are required that include general operator
observations and walk-around inspections. These inspections must be signed by the area
supervisor or Spill Coordinator. There are no records of any past walk-around inspections at this
site. See Appendix A of this GSIP for blank Walk-around Inspection forms for future use.

See Action ltem #6 on page 3 of the Field Data Sheets.

Labeling:

Description

The tanks and drums have proper labeling and MSDSs available at the Control Office.
Deficiencies

None.

Inventory Control:

Description
Inventory control of the Diesel, Waste Fuel Oil, and Gasoline Tanks is accomplished through visual

inspection of the gauge and tracking of delivery volumes. Inventory control is not required for drum
storage areas.
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Deficiencies

None.

Recordkeeping:
Description

This GSIP pulls together the necessary documents related to TA-57, Fenton Hill Site. These
documents will be maintained as part of the GSIP for a period of three years.

Deficiencies

Future recordkeeping guidelines should apply to the entire AST system, including the tank,
foundation, secondary containment, instrumentation, and piping. These guidelines also apply to
the drum storage system, including new MSDS information and site maps. This documentation
should be incorporated into this plan.

All inspections should be documented and include the following:

¢ When inspections were done,

¢ Who conducted inspection,

e What areas were inspected,

+ - What problems were found,

e Appropriate supervisor signatures,

¢ What steps were taken to correct problems, and
¢ Who was notified about any problems found.

See Action tem #6 on page 3 of the Field Data Sheets.
Security:
Description

The Fenton Hill Site is fully fenced and the main entrance gate is always controlled by a guard.
Lighting is adequate for this facility.

Deficiencies

None.
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4.1.2.5. LOCATION FIELD DATA SHEETS

The GSIP Field Data Sheets were used to record pertinent information and to document any action
items that may be required. These sheets were used to organize information pertaining to storage
capacities, types of materials stored, types of containment, and provide a record of all issues
related to this GSIP location.

The following information is included:

e Storage Unit Descriptions,

s Secondary Containment Descriptions,
o Spill Controls and Spill Removal,

e Storm Water Considerations,

o  Other Administrative Controls,

e Action ltems, and

o  GSIP Prioritization Estimate.
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FIELD - DATA SHEET
Los Alamos National Leboretory -.GSIP-
Los Alernos, New Mexico 87545
Date: 06/01/94 sC Name and Signature:

Superscripts refer to SPCC DS-1 Page-5, GSIP Abbreviation List

Technical Area (T) = |

Structure # (S) = |

B W N -

Location Type (L) =

GSIP Location identification # (T+S+L) = ;

Storage Unit Descriptions

List type of storage unit:! | A

List material stored in unit:2 :

List associated Reportable Quantity (RQ): |

o ~f o] »n

Listthe CAS # |

List Capacity in gallons of Storage Unit (CSU):

Describe piping associated with this location: our

w
(1]

condary Containment Descriptions

What type of secondary containment?3 |:

List capacity in gallons of secondary containment: |
(SCC) |

What is the drainage area (ft2) that can contribute to
run-on into the secondary containment (DA)?

14

Is the (SCC) > (CSU) + 1.875 x (DA)? V]

Note: 1.875 is the storm water conversion factor for a 25-yr/24-hr rainfall:

Action item #1 (Secondary Containment) if answer on line 14 is No, describe as a deficiency and refer to Cha
SPCC Plan for requirements.

ter 4 of the

None.
Date Deficiency Noted: SC Name and Signature:
Date Action Item Completed: SC Name and Signature:

‘D SPCC Form DS-1 Page 1
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Spill Controls & Spill Removal
1 I Has the system been integrity tested? | YES 0O

Action Item #2 (Integrity Testing) if answer on line 15 is No, describe as a deﬂcrency refer to Chapter 4 of the SPCC Plan for
requirements.

Integrity testing of the Fuel Tank and piping system must be completed as required by 40 CFR 112.7 and AP|
Standard 653.

Date Deficiency Noted:5/24/94 SC Name and Signature:
Date Action ltem Completed: SC Name and Signature:
10 Is there a method of level indication for the AST? [ YES

i is there a liquid level alarm system for the AST?

Action Item #3 (Monitoring) If answer on line 16 or 17 is No, descnbe asa deﬁC/ency and refer to Chapter 4 of the SPCC Plan for
requirements. Check N/A if location is not an aboveground storage tank.

None. The level gauge is an adequate monitoring device for this tank.

Date Deficiency Noted: 05/24/94 SC Name and Signature:

Date Action item Completed: SC Name and Signature:

15 Is spill control equipment available at this location?4 ES

1)
2)
3)

Action Item #4 (Spill Control) if answer on line 18 is No, describe as a deficiency.

Adequate spill controls including sorbents and a spill control kit should be available on site.

Date Deficiency Noted:05/24/94 SC Name and Signature:

Date Action ltem Completed: SC Name and Signature:
SPCC Form DS-1 Page 2
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19

Are methods for removing storm water or spills from
secondary containment areas available?s
1) Evaporation (EVP)
2)
3)

20

Is there a storm water discharge valve and lock?

21

Are best management practices such as covering,
run-on diversion, etc. being used?

22

What is the distance to closest storm water culverts or
catch basins (in feet)?

23

Would a spill be isolated from these storm water
culverts or catch basins?

24

Name of canyon eventually receiving storm water or
spill run-off:

Action Item #5 (Storm Water) if answer on lines 19 or 23 is No, describe as a deficiency. Ifline 20 is answered "unlocked"” or "no
discharge valve", describe as a deficiency. If answer on line 21 is No, explain why.

Although there is no stormwater discharge valve, the storage area is covered and protected on three sides.
The amount of stormwater that accumulates in the containment area is minimal and generally evaporates

quickly.

Date Deficiency Noted:05/24/94

SC Name and Signature:

Date Action Iltem Completed:

SC Name and Signature:

Other Administrative Controls

25

Is there an Inspection & Maintenance Program in
place at this GSIP Location?

26

Are aboveground storage tanks, transfer areas,

drums or other ancillary sources properly labeled? |

27

Is there a system of inventory control at this site? |:

28

Has an appropriate recordkeeping system
documenting inventory controls, past inspections,
testing, etc., been implemented at this GSIP

Location? {:

29

Is security at this location adequate? (e.g., lighting, | Y
fencing, locked gates and valves) |- .

Action Item #6 (Administrative Controls) if answer on fines 25 through 29 is No, describe as a deﬂclency Refer to Chapter 4

of SPCC Plan for requirements.

1) Three levels of inspections are required for these aboveground storage tanks including general operator
observations, walk-around inspections and integrity inspections.

2) A comprehensive recordkeeping system should be implemented for these tanks.

Date Deficiency Noted: 05/24/94

SC Name and Signature:

Date Action Item Completed:

SC Name and Signature:

SPCC Form DS-1 Page 3
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GSIP PRIORITIZATION and IMPACT ESTIMATE

FIRST PRIORITY:

Is this an oil storage location with a capacity greater than 660 gallons?
Is this a chemical or waste storage location with a capacity greater than 220 galions?

Is this a chemical or waste storage location in which any individuai hazardous
chemical RQ is exceeded?

Is this a storage location in close proximity to a canyon rim, a storm water discharge
point, floor drains, etc.?

Could an oil or chemical spill at this location enter a collection system for an NPDES
permitted outfall?

YESQ NOV
YESQ NOV
YESAQ NOV
YEs Q NOV
YESQ NoV

accomplished immediately. Skip next two sections.

If YES on any question above, the area should be considered first priority. Action items listed above should be

SECOND PRIORITY:

Is this an oil storage location with a capacity greater than 220 galions?

YESY NoQ

Is this a chemical or waste storage location with a capacity greater than 55 gallons?

YESUJ NOO

be accomplished within 6 months or as soon a practicable. Skip the next section.

If YES on either question above, the area should be considered second priority. Action items listed above should

THIRD PRIORITY:

Is this an oil storage location with a capacity between zero and 220 gallons?

YESU NOOQ

Is this a chemical or waste storage area with a capacity between zero and 55
gallons?

YEsQ NoQ

accomplished as soon a practicable.

If YES on either question above, the area should be considered third priority. Action items listed above should be

Controls and GSIP Prioritization.

Comments: In the space provided below, discuss any additional concerns related to the description of the
Storage Unit, Secondary Containment, Spill Controls & Removal, Storm Water Considerations, Administrative

The capacity of the secondary containment (~ 1450 gallons) is large enough to contain a complete spill from the
largest tank plus 10% of the volume of the drum storage area (500 gallons + 44 galions = 544 gallons). The
storage area is covered so the tanks are subject only to minimal volumes of storm water.

SPCC Form DS-1 Page 4
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©® lLos Alamos

0

Los Alarnos Netionel Laboretory
Los Alernos, New Mexdoo 87545

TA-57 FENTON HiLL SITE

GROUP SPCC IMPLEMENTATION PLAN
CHAPTER 4: GSIP LOCATIONS

FIELD - DATA SHEET
-GSIP-

GROUP SPCC IMPLEMENTATION PLAN

Date: 05/24/94 SC Name and Signature:

Superscripts refer to SPCC DS-1 Page-5, GSIP Abbreviation List

Technical Area (T) = |. 5

Structure # (S) = |. ‘

Bl Wi ] =

Location Type (L) = |-

GSIP Location Identification # (T+S+L) = | 57-56B-A

Storage Unit Descriptions

List type of storage unit:! | ‘/Abovegroun

List material stored in unit:2 |

List associated Reportable Quantity (RQ):

Listthe CAS # |

List Capacity in gallons of Storage Unit (CSU): | 50€

Describe piping associated with this location: {

Secondary Containment Descriptions

11

What type of secondary containment?? |

12

List capacity in gallons of secondary containment: [

(SCC)

What is the drainage area (ft?) that can contribute to
run-on into the secondary containment (DA)?

14

Is the (SCC) > (CSU) + 1.875 x (DA)? |-

Note: 1.875 is the storm water conversion factor for a 25-yr/24-hr rainfall:

Action Item #1 (Secondary Containment) If answer on line 14 is No, describe as a deficiency and refer to Chapter 4 of the

SPCC Plan for requirements.

None.

Date Deficiency Noted:

SC Name and Signature:

Date Action Item Completed:

SC Name and Signature:

SPCC Form DS-1 Page 1

JUNE 10, 1994 ~
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TA-57 FENTON HiLL SITE
GRoOUP SPCC IMPLEMENTATION PLAN
CHAPTER 4: GSIP LOCATIONS

Spill Controls & Spill Removal

15|

Action Item #2 (Integrity Testing) if answer on line 15is No descnbe asa deﬁc;ency rafer to Chapter 4 of the SPCC Plan for
requirements.

Integrity testing of the Fuel Tank and piping system must be completed as required by 40 CFR 112.7 and API
Standard 653.

Date Deficiency Noted: 05/24/94 SC Name and Signature:

Date Action Item Completed: SC Name and Signature:

16 Is there a method of level indication for the AST? | YES

i Is there a liquid level alarm system for the AST? |

Action Item #3 (Monitoring) if answer on line 16 or 17 is No, describe as a deficiency and refer to Chapter 4 of the SPCC Plan for
requirements. Check N/A if location is not an aboveground storage tank.

None. The level gauge is an adequate monitoring device for this tank.

Date Deficiency Noted: SC Name and Signature:

Date Action ltem Completed: SC Name and Signature:

18 Is spill control equipment available at this location?4 “YES:

1)
2)
3)

Action ltem #4 (Spill Control) If answer on line 18 is No, describe as a deficiency.

Adequate spill controls including sorbents and a spill control kit should be available on site.

Date Deficiency Noted: 05/24/94 SC Name and Signature:

Date Action Item Completed: SC Name and Signature:

SPCC Form DS-1 Page 2
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TA-57 FENTON HiLL SITE
GROUP SPCC IMPLEMENTATION PLAN
CHAPTER 4: GSIP LOCATIONS

Storm Water Considerations

19

Are methods for removing storm water or spills from
secondary containment areas available?%
1) Evaporation (EVP)
2)
3)

20

Is there a storm water discharge valve and lock? |

21

Are best management practices such as covering,
run-on diversion, etc. being used?

22

What is the distance to closest storm water culverts or
catch basins (in feet)?

23

Would a spill be isolated from these storm water
culverts or catch basins?

24

Name of canyon eventually receiving storm water or
spill run-off. [N

Action Item #5 (Storm Water) if answer on lines 19 or 23 is No, describe as a deficiency. Ifline 20 is answered "uniocked” or "no
discharge valve", describe as a deficiency. If answer on line 21 is No, explain why.

Although there is no stormwater discharge valve, the storage area is covered and protected on three sides.
The amount of stormwater that accumulates in the containment area is minimal and generally evaporates
quickly.

Date Deficiency Noted: 05/24/94 SC Name and Signature:

Date Action item Completed: SC Name and Signature:

Other Administrative Controls

25

Is there an Inspection & Maintenance Program in [
place at this GSIP Location?

26

Are aboveground storage tanks, transfer areas,
drums or other ancillary sources properly labeled?

27

Is there a system of inventory control at this site? |:YE

28

Has an appropriate recordkeeping system | ¥
documenting inventory controls, past inspections,
testing, etc., been implemented at this GSIP
Location?

29

Is security at this location adequate? (e.qg., lighting,
fencing, locked gates and valves)

Action Item #6 (Administrative Controls) if answer on lines 25 through 29 is No, describe as a deficiency. Refer to Chapter 4
of SPCC Plan for requirements.

1) Three levels of inspections are required for these aboveground storage tanks including general operator
observations, walk-around inspections and integrity inspections.

2) A comprehensive recordkeeping system should be implemented for these tanks.

Date Deficiency Noted: 05/24/94 SC Name and Signature:

Date Action ltem Completed: SC Name and Signature:

SPCC Form DS-1 Page 3
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TA-57 FENTON HILL SITE
GROUP SPCC IMPLEMENTATION PLAN
CHAPTER 4: GSIP LOCATIONS

GSIP PRIORITIZATION and IMPACT ESTIMATE

FIRST PRIORITY:

Is this an oil storage location with a capacity greater than 660 gallons? YESQ NOV
Is this a chemical or waste storage location with a capacity greater than 220 gallons? YESQ NOV
Is this a chemical or waste storage location in which any individual hazardous YESY NoQ
chemical RQ is exceeded?

Is this a storage location in close proximity to a canyon rim, a storm water discharge YESQ NOV
point, floor drains, etc.?

Could an oil or chemical spill at this location enter a collection system for an NPDES YESO NoV
permitted outfall?

If YES on any question above, the area should be considered first priority. Action items listed above should be
accomplished immediately. Skip next two sections.

SECOND PRIORITY:

Is this an oil storage location with a capacity greater than 220 gallons? YESQ NOQ

Is this a chemical or waste storage location with a capacity greater than 55 gallons? YESA NOO

If YES on either question above, the area should be considered second priority. Action items listed above should
be accomplished within 6 months or as soon a practicable. Skip the next section.

THIRD PRIORITY:

Is this an oil storage location with a capacity between zero and 220 gallons? YESA NoQ
Is this a chemical or waste storage area with a capacity between zero and 55 YESQ NOQ
gallons?

If YES on either question above, the area should be considered third priority. Action items listed above shouid be
accomplished as soon a practicable.

Comments: In the space provided below, discuss any additional concerns related to the description of the
Storage Unit, Secondary Containment, Spill Controls & Removal, Storm Water Considerations, Administrative
Controls and GSIP Prioritization.

The capacity of the secondary containment (~ 1450 gallons) is large enough to contain a complete spill from the
largest tank plus 10% of the volume of the drum storage area (500 gallons + 44 galions = 544 gallons). The
storage area is covered so the tanks are subject only to minimal volumes of storm water.

SPCC Form DS-1 Page 4
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© |Los Alemos

TA-57 FENTON HILL SITE
GROUP SPCC IMPLEMENTATION PLAN
CHAPTER 4: GSIP LOCATIONS

GROUP SPCC IMPLEMENTATION PLAN

FIELD - DATA SHEET
Los Alarmnos Nationel Leboratory -GSIP-
Los Alernos, New Mexdco 87545
Date: 06/01/94 SC Name and Signature:

Superscripts refer to SPCC DS-1 Page-5

Technical Area (T) = |

Structure # (S) = | 56C

&Hf Wl ) =

Location Type (L) =

GSIP Location Identification # (T+S+L) =

Stogge Unit Descriptions

List type of storage unit:" |,

List material stored in unit;2

List associated Reportable Quantity (RQ): -

List the CAS #: |\

| o N o »n

List Capacity in gallons of Storage Unit (CSU): 4

Describe piping associated with this location: Aboveg

Secondary Containment Descriptions

™

What type of secondary containment?3 | Gra

ol

List capacity in gallons of secondary containment:
(SCC)

13

What is the drainage area (ft?) that can contribute to | ;

run-on into the secondary containment (DA)? | 0 2

Note: 1.875 is the storm water conversion factor for a 25-yr/24-hr rainfall;

Is the (SCC) > (CSU) + 1.875 x (DA)?

Action Item #1 (Secondary Containment) if answer on line 14 is No, des
SPCC Plan for requirements.

None.

Date Deficiency Noted:

SC Name and Signature:

Date Action ltem Completed: SC Name and Signature:

‘b SPCC Form DS-1 Page 1

JUNE 10, 1994
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TA-57 FENTON HiLL SITE
GROUP SPCC IMPLEMENTATION PLAN
CHAPTER 4: GSIP LOCATIONS

Spill Controls & Spill Removal

1 ] Has the system been integrity tested? | YES oo

Action Item #2 (Integrity Testing) if answer on line 15 is No, describe as a deﬁCIency refer o Chapter 4 of the SPCC Plan for
requirements.

Integrity testing of the Fuel Tank and piping system must be completed as required by 40 CFR 112.7 and API
Standard 653.

Date Deficiency Noted:5/24/94 SC Name and Signature:
Date Action ltem Completed: SC Name and Signature:
1 Is there a method of level indication for the AST? |

v Is there a liquid level alarm system for the AST?

Action Item #3 (Monitoring) if answer on line 16 or 17 is No, describe as a deficiency and refer to Chapter 4 of the SPCC Plan for
requirements. Check N/A if location is not an aboveground storage tank.

Some type of liquid leve! monitoring device should be installed for the waste fuel oil tank.

Date Deficiency Noted: 05/24/94 SC Name and Signature:

Date Action Item Completed: SC Name and Signature:

s Is spill control equipment available at this location?4 | YES -

1
2)
3)

Action ltem #4 (Spill Control) if answer on line 18 is No, describe as a deficiency.

Adequate spill controls including sorbents and a spill control kit should be available on site.

Date Deficiency Noted:05/24/94 SC Name and Signature:

Date Action Item Completed: SC Name and Signature:
SPCC Form DS-1 Page 2
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TA-57 FENTON HILL SITE
GROUP SPCC IMPLEMENTATION PLAN
CHAPTER 4. GSIP LOCATIONS

Storm Water Considerations

18

1) Evaporation (EVP)
2)
3)

Are methods for removing storm water or spills from
secondary containment areas available?®

® Is there a storm water discharge valve and lock? | Lt

2 Are best management practices such as covering,
run-on diversion, etc. being used?

%2 | What is the distance to closest storm water culverts or

catch basins (in feet)?

= Would a spill be isolated from these storm water |

culverts or catch basins?

L Name of canyon eventually receiving storm water or

spill run-off:

quickly.

Action Item #5 (Storm Water) if answer on lines 19 or 23 is No, descnbs as a deficiency. Ifline 20 is answered "unlocked” or "no
discharge valve®, describe as a deficiency. If answer on line 21 is No, explain why.

Although there is no stormwater discharge valve, the storage area is covered and protected on three sides.
The amount of stormwater that accumulates in the containment area is minimal and generally evaporates

Date Deficiency Noted: 05/24/94 SC Name and Signature:

Date Action ltem Completed:

SC Name and Signature:

Other Administrative Controls

* Is there an Inspection & Maintenance Programin |
place at this GSIP Location?
® Are aboveground storage tanks, transfer areas,
drums or other ancillary sources properly labeled? |
o Is there a system of inventory control at this site? |
s Has an appropriate recordkeeping system

documenting inventory controls, past inspections,
testing, etc., been implemented at this GSIP

Location?

® Is security at this location adequate? (e.g., lighting,
fencing, locked gates and valves) |-

of SPCC Plan for requirements.

Action Item #6 (Administrative Controls) if answer on lines 25 through 29 is No, descnbe as a deficiency. Refer to Chapter 4

1) Three levels of inspections are required for these aboveground storage tanks including general operator
observations, walk-around inspections and integrity inspections.

2) A comprehensive recordkeeping system should be implemented for these tanks.

Date Deficiency Noted: 05/24/94 SC Name and Signature:

Date Action item Completed:

SC Name and Signature:

SPCC Form DS-1 Page 3

JUNE 10, 1994

Page 4-19




TA-57 FENTON HILL SITE
GRoOUP SPCC IMPLEMENTATION PLAN
CHAPTER 4. GSIP LOCATIONS

GSIP PRIORITIZATION and IMPACT ESTIMATE

FIRST PRIORITY:

Is this an oil storage location with a capacity greater than 660 gallons? YESQ NoOV
Is this a chemical or waste storage location with a capacity greater than 220 gallons? YESOQ NOV
Is this a chemical or waste storage location in which any individual hazardous YESQ NOV
chemical RQ is exceeded?

Is this a storage location in close proximity to a canyon rim, a storm water discharge YESQ NOV
point, floor drains, etc.?

Could an oil or chemical spill at this location enter a collection system for an NPDES YESO NoOV
permitted outfall?

if YES on any question above, the area should be considered first priority. Action items listed above should be
accomplished immediately. Skip next two sections.

SECOND PRIORITY:

Is this an oil storage location with a capacity greater than 220 gallons? YESV NoQ

Is this a chemical or waste storage location with a capacity greater than 55 gallons? YESO NOQ

If YES on either question above, the area should be considered second priority. Action items listed above should
be accomplished within 6 months or as soon a practicable. Skip the next section.

THIRD PRIORITY:

Is this an oil storage location with a capacity between zero and 220 gallons? YESQ No QO
Is this a chemical or waste storage area with a capacity between zero and 55 YESQ nNoOQ
gallons?

If YES on either question above, the area should be considered third priority. Action items listed above shouid be
accomplished as soon a practicable.

Comments: In the space provided below, discuss any additional concerns related to the description of the
Storage Unit, Secondary Containment, Spill Controls & Removal, Storm Water Considerations, Administrative
Controls and GSIP Prioritization.

The capacity of the secondary containment (~ 1450 gallons) is large enough to contain a complete spill from the
fargest tank plus 10% of the volume of the drum storage area (500 galions + 44 gallons = 544 gallons). The
storage area is covered so the tanks are subject only to minimal volumes of storm water.

SPCC Form DS-1 Page 4
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GD Los Alarmos

TA-57 FENTON HILL SITE
GROUP SPCC IMPLEMENTATION PLAN
CHAPTER 4: GSIP LOCATIONS

GROUP SPCC IMPLEMENTATION PLAN

FIELD - DATA SHEET
Los Alarnos Nationel Laboratory -GSIP-
Los Alarmos, New Mexico 87545
Date: 06/01/94 SC Name and Signature:

Superscripts refer to SPCC DS-1 Page-5 GSIP Abbrevnatlon List

Technical Area (T) = |

Structure # () = |

Sl W N -

Location Type (L) = | DF

GSIP Location Identification # (T+S+L) = |-

Storage Unit Descriptions

List type of storage unit:" |:Drur

List material stored in unit:2 |

List associated Reportable Quantity (RQ): |

Listthe CAS # |

o o ~N o] »n

List Capacity in gallons of Storage Unit (CSU): 2

10

Describe piping associated with this location:

Secondary Containment Descriptions

What type of secondary containment?3

11

List capacity in gallons of secondary containment: |
(SCC) |

13

What is the drainage area (ft?) that can contribute to | ..
run-on into the secondary containment (DA)? |:

14

Is the (8CC) > (CSU) + 1.875 x (DA)?

Note: 1.875 is the storm water conversion factor for a 25-yr/24-hr rainfall:

Action Item #1 (Secondary Containment) if answer on line 14 is No, describe as a deficiency and refer to Chapter 4 of the

SPCC Plan for requirements.

None.

Date Deficiency Noted:

SC Name and Signature:

Date Action Item Completed:

SC Name and Signature:

SPCC Form DS-1 Page 1

JUNE 10, 1994
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TA-57 FENTON HiLL SITE
GROUP SPCC IMPLEMENTATION PLAN
CHAPTER 4: GSIP LOCATIONS

Spill Controls & Spill Removal

» | Has the system been integrity tested? | YE¢ “If yes, when:

Action Item #2 (Integrity Testing) If answer on line 15 is No, describe as a deﬂc!ency refer to Chapter 4 of the SPCC Plan for
requirements.

None. Not applicable for drum storage area.

Date Deficiency Noted: SC Name and Signature:
Date Action item Completed: SC Name and Signature:
16 Is there a method of level indication for the AST? | YES 4

v Is there a liquid level alarm system for the AST? |

Action Item #3 (Monitoring) If answer on line 16 or 17 is No, describe as a deficiency and refer to Chapter 4 of the SPCC Plan for
requirements. Check N/A if location is not an aboveground storage tank.

None.
Date Deficiency Noted: SC Name and Signature:
Date Action Item Completed: SC Name and Signature:
18 Is spill control equipment available at this location?4 |

1)

2)

3)

Action Item #4 (Spill Control) if answer on line 18 is No, describe as a deficiency.

Adequate spill controls including sorbents and a spill control kit should be available on site.

Date Deficiency Noted:05/24/94 SC Name and Signature:

Date Action item Completed: SC Name and Signature;

SPCC Form DS-1 Page 2
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Storm Water Considerations

TA-57 FENTON HILL SITE
GROUP SPCC IMPLEMENTATION PLAN
CHAPTER 4: GSIP LOCATIONS

19

Are methods for removing storm water or spills from |

secondary containment areas available?5
1) Evaporation (EVP)
2)
3)

20

Is there a storm water discharge valve and lock? | Lot

21

Are best management practices such as covering,
run-on diversion, etc. being used?

22

What is the distance to closest storm water culverts or

catch basins (in feet)? | .

23

Would a spill be isolated from these storm water |

culverts or catch basins?

24

Name of canyon eventually receiving storm water or |
spill run-off: |:

Action Item #5 (Storm Water) if answer on lines 19 or 23 is No, describe as a deficiency. Ifline 20 is answered "unlocked” or "no

discharge valve", describe as a deficiency. If answer on line 21 is No, explain why.

Although there is no stormwater discharge valve, the storage area is covered and protected on three sides.
The amount of stormwater that accumulates in the containment area is minimal and generally evaporates

quickly.

Date Deficiency Noted: 05/24/94

SC Name and Signature:

Date Action item Completed:

SC Name and Signature:

Other Administrative Controls

25

Is there an Inspection & Maintenance Program in [/Y
place at this GSIP Location? | -

26

Are aboveground storage tanks, transfer areas,
drums or other ancillary sources properly labeled?

27

Is there a system of inventory control at this site? |

28

Has an appropriate recordkeeping system [ YES
documenting inventory controls, past inspections, |:
testing, etc., been implemented at this GSIP |

Location?

28

Is security at this location adequate? (e.qg., lighting,
fencing, locked gates and valves)

Action Item #6 (Administrative Controls) if answer on lines 25 through 29 is No, describe as a deficiency. Refer to Chapter 4

of SPCC Plan for requirements.

1) Two levels of inspections are required for the drum storage area.

2) A comprehensive recordkeeping system should be implemented.

Date Deficiency Noted: 05/24/94

SC Name and Signature:

Date Action Item Completed:

SC Name and Signature:

SPCC Form DS-1 Page 3
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TA-57 FENTON HiLL SITE
GROUP SPCC IMPLEMENTATION PLAN
CHAPTER 4: GSIP LOCATIONS

GSIP PRIORITIZATION and IMPACT ESTIMATE

FIRST PRIORITY:

Is this an oil storage location with a capacity greater than 660 gallons? YESQ NOV
Is this a chemical or waste storage {ocation with a capacity greater than 220 gallons? YESQ NOV
Is this a chemical or waste storage location in which any individual hazardous YESQ NOV
chemical RQ is exceeded?

Is this a storage location in close proximity to a canyon rim, a storm water discharge YESQ NOV
point, floor drains, etc.?

Could an oil or chemical spill at this location enter a collection system for an NPDES YESO NOV
permitted outfall?

If YES on any question above, the area should be considered first priority. Action items listed above should be
accomplished immediately. Skip next two sections.

SECOND PRIORITY:

Is this an oil storage location with a capacity greater than 220 gallons? YESV NoQ

Is this a chemical or waste storage location with a capacity greater than 55 gallons? YESQ NOQ

If YES on either question above, the area should be considered second priority. Action items listed above should
be accomplished within 6 months or as soon a practicable. Skip the next section.

THIRD PRIORITY:

Is this an oil storage location with a capacity between zero and 220 gallons? YESUJ NOQ
is this a chemical or waste storage area with a capacity between zero and 55 YESQ NoOQ
gallons?

If YES on either question above, the area should be considered third priority. Action items listed above should be
accomplished as soon a practicable.

Comments: [n the space provided below, discuss any additional concerns related to the description of the
Storage Unit, Secondary Containment, Spill Controls & Removal, Storm Water Considerations, Administrative
Controls and GSIP Prioritization.

The capacity of the secondary containment (~ 1450 gallons) is large enough to contain a complete spill from the
largest tank plus 10% of the volume of the drum storage area (500 gallons + 44 gallons = 544 gallons). The
storage area is covered so the tanks are subject only to minimal volumes of storm water.

SPCC Form DS-1 Page 4
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TA-57 FENTON HILL SITE
GROUP SPCC IMPLEMENTATION PLAN
CHAPTER 4: GSIP LOCATIONS

GSIP ABBREVIATION LIST

NoTES: CHOICES INCLUDE:
1. Types of Storage Units

AST - Aboveground Storage Tank

CHM - Aboveground Chemical Storage Tank
PCT - Portable Containers (such as TUFF tank)
DRM - Drum Storage

LUT - Loading, Unloading and Transfer

TRN - Transformers

HYD - Hydraulic and Oil Containing Equipment
BAT - Battery Packs

2. Types of Materials Stored

if oil, grease or fuel indicate as such. If chemicals in drums, use common chemical name with CAS#.
Use separate sheet if list of chemicals is long. If in small containers, list as general chemical storage.

3. Types of Secondary Containment

EDB - Earthen Diking or Berms

ERC - Earthen Redirection to other containment
ADB - Asphaltic Diking or Berms

ACU - Asphatltic Curbing

ASU - Asphaltic Sump (or drainage to sump)
ARC - Asphaltic Redirection to other containment
CDB - Concrete Diking or Berms

CCU - Concrete Curbing

CSU - Concrete Sump (or drainage to sump)
CRC - Concrete Redirection to other containment
MOD - Modular Secondary Containment Systems
PAL - Palletized Secondary Containment

OTR - Other Types of Secondary Containment (specify)

4. Types of Spill Control Equipment

8RB - Sorbents (granular, fibrous, powders, etc.)

GEL - Gel Type Immobilization Agents

BMM - Booms

DCV - Drain Covers

NUT - Neutralization (pH adjust for acids or bases)

SPC - Specialized Control Kits (Hg, HF, Strong Oxidizers, etc.)
DPN - Drip Pans

CPP - Cathodic Pipe Protection

OTR - Other Types (specify)

5. Methods of Storm Water Removal or Spill Removal

EVP - Evaporation (storm water)

VAC - Vacuum Truck Removal (off-site treatment)
SRB - Sorbents {oils and chemicals)

REC - Recovery for Reuse Methods

TRT - Treatment (on-site storm water treatment)
OTR - Other Types of Removal (specify)

OVD - Open Valve Discharge

SPCC FORM DS-1 Page §
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TA-57 FENTON HILL SITE
GROUP SPCC IMPLEMENTATION PLAN
CHAPTER 4: GSIP LocaTioNs

4.2. TA-57-59 - DRUM STORAGE AREA

Description:

Nine 55-gallon drums and twelve 5-gallon containers are stored in structure 57-59. Materials stored in the
unit include Ethylene Glycol (antifreeze), Sodium Bromide, and various oils. Walls on three sides and a roof
protect the drums from exposure to the elements, A spill would be contained by a grate-covered pit with
approximately an 800 gallon capacity.
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TA-57 FENTON HILL SITE
GROUP SPCC IMPLEMENTATION PLAN
CHAPTER 4: GSIP LOCATIONS

4.2.1. Location Schematic

‘D The location schematic shows the Drum Storage Area, materials stored, and secondary containment
capacity.

GRATE COVERERED CONTAINMENT
CAPACITY: APPROX. 800 GAL

HEIGHT: 8"
20! Oll
¢ / SODIUM BROMIDE
ololele) CAPACITY: 55 GAL (X 4
O 0000 QQA x4
gor || O 99 OO
‘D i/ Q G‘\\ 220 OIL
CAPACITY: 55 GAL (X 1)
§ \—— GEAR LUBE OIL
ANTIFREEZE CAPACITY: 5 GAL (X 12)
CAPACITY: 55 GAL (X 3)

SAE 15W40
CAPACITY: 55 GAL (X 1)

) B 2 m——

57-59-DRM

DRUM STORAGE

@
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TA-57 FENTON HILL SITE
GROUP SPCC IMPLEMENTATION PLAN
CHAPTER 4: GSIP LOCATIONS

4.2.2. Drum Storage Area Requirements
40 CFR 112.7 (e)(2) defines the requirements for developing and implementing SPCC Plans related to
onshore bulk storage containers. 40 CFR 125 - Subpart K describes the requirements for a Best
Management Practices (BMP) program to prevent the discharge of significant amounts of hazardous or
toxic pollutants to surface waters. These requirements are listed below and are followed by a detailed
discussion of each:
4.2.2.1. SECONDARY CONTAINMENT
Description
The secondary containment structure for the storage area is a grate covered pit six inches deep.
The volume of the secondary containment system is large enough to contain the volume of the
largest drum or 10% of the total volume stored whichever is larger.

Deficiencies

None.

4.2.2.2. SpriLL CoNTROL & SPiLL REMOVAL

Integrity Testing:

Description

Integrity testing is not applicable to drum storage areas.
Deficiencies

None.

Monitoring:

Description

Monitoring devices are not required for storage drums.
Deficiencies

None.

Spill Control

Description

Sorbent containers are located in the covered storage area. The containers are currently empty.
Deficiencies

Adequate spill control inventories should be kept on site. See Action item #4 on page 2 of the Field
Data Sheets.
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JUNE 10, 1994

TA-57 FENTON HILL SITE
GROUP SPCC IMPLEMENTATION PLAN
CHAPTER 4. GSIP LOCATIONS

4.2.2.3. STOoRM WATER CONSIDERATIONS (FACILITY DRAINAGE)

Description

The storage area is covered and protected on three sides. Although some storm water
accumulates in the containment area, the amount of water is minimal and generally evaporates
quickly.

Deficiencies

There is no discharge valve for the secondary containment structure. See action item # 5 on page
3 of the Field Data Sheets.

4.2.2.4. OTHER ADMINISTRATIVE CONTROLS

Inspections and Maintenance:

Description

General operator observations are made by all personnel involved in handling materials and
operation of the Satellite Drum Storage Area. No records exist of any problems occurring at this
facility.

A walk-around inspection was performed by Santa Fe Engineering in May, 1994. The results of the
inspection are included in Appendix B of this GSIP.

Accurate and up-to-date drawings of these tanks and secondary containment are maintained and
have been incorporated into this plan. See Location Schematic in Section 4.4.1.

Deficiencies

Two levels of inspection for drum storage areas are required that include general operator
observations and walk-around inspections. These inspections must be signed by the area
supervisor or Spill Coordinator. There are no records of any past walk-around inspections at this
site. See Appendix A of this GSIP for blank Walk-around Inspection forms for future use.

See Action ltem #6 on page 3 of the Field Data Sheets.

Labeling:

Description

The Drum Storage Area has proper labeling and MSDSs available at the Control Office.

Deficiencies

None.
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Inventory Control:

‘D Description

inventory control is not required for drum storage areas.

Deficiencies
None.
Recordkeeping:
Description

This GSIP pulls together the necessary documents related to the Drum Storage Area. These
documents will be maintained as part of the GSIP for a period of three years.

Deficiencies

Future recordkeeping guidelines should apply to the entire Drum Storage system, including the
secondary containment, new MSDS information and site maps. This documentation should be
incorporated into this plan. See Action Item #6 on page 3 of the Field Data Sheets.

All inspections should be documented and include the following:

¢ When inspections were done,

‘D ¢ Who conducted inspection,
o \What areas were inspected,

e What problems were found,
o \What steps were taken to correct problems, and

e Who was notified about any problems found?
See Action Item #6 on page 3 of the Field Data Sheets.
Security:

Description

The Fenton Hill Site is fully fenced and the main entrance gate is always controlled by a guard.
Lighting is adequate for this facility.

Deficiencies

None.

@
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CHAPTER 4: GSIP LOCATIONS

4.2.2.5. LocATiON FIELD DATA SHEETS

The GSIP Field Data Sheets were used to record pertinent information and to document any action
items that may be required. These sheets were used to organize information pertaining to storage
capacities, types of materials stored, types of containment, and provide a record of all issues
related to this GSIP location.

The following information is included:

e Storage Unit Descriptions,

s Secondary Containment Descriptions,
e Spill Controls and Spill Removal,

e Storm Water Considerations,

e Other Administrative Controls,

o Action ltems, and

e  GSIP Prioritization Estimate.
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GROUP SPCC IMPLEMENTATION PLAN

FIELD - DATA SHEET
-GSIP-

Date: 05/24/94

SC Name and Signature:

Superscripts refer to SPCC DS-1 Page-5, GSIP Abbrewatlon List

1 Technical Area (T) = |.57+
2 Structure # (S) = [:59 =i :
3 Location Type (L) = |:DRM - .o oo
4 GSIP Location Identification # (T+S+L) = 57-59- DRM
Storage Unit Descriptions
List type of storage unit:' | Drum Storage (DRM):

List material stored in unit:?

- Sodium:Bromide, Ethylene Glycol Lubncatmg oil

List associated Reportable Quantity (RQ):

. 900:gallons (Sodnum Bromide) -

List the CAS #:

108054 {Sodium Bromide) 107217: (Ethylene -Glycol)

@ o N o wn

List Capacity in gallons of Storage Unit (CSU):

--..500, gallons total -- 55.gal (x9) +:5:gal (x12)

10

Describe piping associated with this location:

Aboveground: ) Belowground L) No piping ¢

Secondary Containment Descriptions

1"

What type of secondary containment?3

.Grate covered p;t (OTH)

O

List capacity in galions of secondary containment:

Note: 1.875 is the storm water conversion factor for a 25-yr/24-hr rainfall:

(Sce) 800 gallons L
| What is the drainage area (ft2) that can contribute to P _ e
run-on into the secondary containment (DA)? | 0 2 SR R T
1 Is the (SCC) > (CSU) + 1.875 x (DA)? .YES f NO- <[

Action Item #1 (Secondary Containment) if answer on line 14 is No, describe as a deﬁc1ency and refer to Chapter 4 of the

SPCC Plan for requirements.

None.

Date Deficiency Noted:

SC Name and Signature:

Date Action ltem Completed:

SC Name and Signature:

SPCC Form D&-1 Page 1

JUNE 10, 1994
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Spill Controls & Spill Removal

i ] Has the system been integrity tested? ] YES: Q%7 NO - & Ifyes, when: =+

Action Item #2 (Integrity Testing) If answer on line 15 is No, describe as a deficiency refer to Chapter 4 of the SPCC Plan for
requirements.

None. Integrity testing is not applicable to drum storage areas.

Date Deficiency Noted: SC Name and Signature:
Date Action Item Completed: SC Name and Signature:
16 Is there a method of level indication for the AST? | YES [ - NO. Q- N/A 2o |
7 Is there a liquid level alarm system for the AST? [ YES | D S NO O NA o

Action item #3 (Monitoring) If answer on line 16 or 17 is No, descnbe as a deficiency and refer to Chapter 4 of the SPCC Plan for
requirements. Check N/A if location is not an aboveground storage tank.

None.

Date Deficiency Noted: SC Name and Signature:

Date Action Iltem Completed: SC Name and Signature:

s Is spill control equipment available at this location?4 YES D NO / e _
1) If yes |dent|fy whlch types by usmg the: GSIP Abbrevnaﬂon Liston™
2) Page'5. : R
3)

Action Item #4 (Spill Control) ifanswer on line 18 is No, describe as a deficiency.

Adequate spill control equipment should be kept on site.

Date Deficiency Noted: 05/24/94 SC Name and Signature:

Date Action Item Completed: SC Name and Signature:

SPCC Form DS-1 Page 2

JUNE 10, 1994 Page 4-33
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Storm Water Considerations

18

Are methods for removing storm water or spills from |
secondary containment areas available?> j?;

1) Evaporation (EVP) '
2)
3)

20

Is there a storm water discharge valve and lock? Lockedl:l : Unlocked @] i No dlscharge valve /

21

Are best management practices such as covering, | YES = -NO . D
run-on diversion, etc. being used? |::: :

22

What is the distance to closest storm water culverts or o
catch basins (in feet)? |~

2

Would a spill be isolated from these storm water | Y
culverts or catch basins? |-

24

Name of canyon eventually receiving storm water or [
spill run-off:

Action Item #5 (Storm Water) ifanswer on lines 19 or 23 is No, describe as a deﬁctency Ifline 20 is answered "unlocked" or “no
discharge valve”, describe as a deficiency. If answer on line 21 is No, explain why.

Although there is no stormwater discharge valve, the storage area is covered and protected on three sides.
The amount of stormwater that accumulates in the containment area is minimal and generally evaporates
quickly.

Date Deficiency Noted: 05/24/94 SC Name and Signature:

Date Action Item Completed: SC Name and Signature:

Other Administrative Controls

25

Is there an Inspection & Maintenance Program in YES e NOE
place at this GSIP Location? S

26

Are aboveground storage tanks, transfer areas, | ' YES:
drums or other ancillary sources properly labeled?

27

Is there a system of inventory control at this site? | YES Nothpplicab!e v

28

Has an appropriate recordkeeping system | YES..:-
documenting inventory controls, past inspections, |+ =
testing, etc., been implemented at this GSIP
Location?

29

Is security at this location adequate? (e.g., lighting, ‘(ES | ~NO | EI e

fencing, locked gates and valves)

Action Item #6 (Administrative Controls) if answer on lines 25 through 29 is No, describe as a deficiency. Refer to Chapter 4
of SPCC Plan for requirements.

1) Two levels of inspections are required for drum storage areas.

2) An appropriate recordkeeping system must be implemented.

Date Deficiency Noted: 05/24/94 SC Name and Signature:

Date Action Item Completed: SC Name and Signature:

SPCC Form DS-1 Page 3
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GSIP PRIORITIZATION and IMPACT ESTIMATE

FIRST PRIORITY:

Is this an oil storage location with a capacity greater than 660 gallons?
Is this a chemical or waste storage location with a capacity greater than 220 gallons?

Is this a chemical or waste storage location in which any individual hazardous
chemical RQ is exceeded?

Is this a storage location in close proximity to a canyon rim, a storm water discharge
point, floor drains, etc.?

Could an oil or chemical spill at this location enter a collection system for an NPDES
permitted outfall?

YESQ
YES V
YESQ

YEs O

YESU

NO vV
NO O
NO v

NO v

NO v

accomplished immediately. Skip next two sections.

If YES on any question above, the area should be considered first priority. Action items listed above should be

SECOND PRIORITY:
Is this an oil storage location with a capacity greater than 220 gallons? YESOQ NOOQ
Is this a chemical or waste storage location with a capacity greater than 55 gallons? YESQ NOQ

be accomplished within 6 months or as soon a practicable. Skip the next section.

If YES on either question above, the area should be considered second priority. Action items listed above should

THIRD PRIORITY:

is this an oil storage location with a capacity between zero and 220 gallons?

YESU NoQ

Is this a chemical or waste storage area with a capacity between zero and 55
gallons?

YESU NoOU

accomplished as soon a practicable.

If YES on either question above, the area should be considered third priority. Action items listed above should be

Controls and GSIP Prioritization.

Comments: In the space provided below, discuss any additional concerns related to the description of the
Storage Unit, Secondary Containment, Spill Controls & Removal, Storm Water Considerations, Administrative

minimized by the walls and by the roof.

The secondary containment is large enough (800 gallons) to contain the total volume stored of the largest
container (55 gallons) or 10% of the total volume of drum storage, whichever is greater. Storm water volumes are

SPCC Form DS-1 Page 4

JUNE 10, 1994
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GSIP ABBREVIATION LIST

NOTES: CHOICES INCLUDE:
1. Types of Storage Units

AST - Aboveground Storage Tank

CHM - Aboveground Chemical Storage Tank
PCT - Portable Containers (such as TUFF tank)
DRM - Drum Storage

LUT - Loading, Unloading and Transfer

TRN - Transformers

HYD - Hydraulic and Oil Containing Equipment
BAT - Battery Packs

2. Types of Materials Stored

If oil, grease or fuel indicate as such. If chemicals in drums, use common chemical name with CAS#.
Use separate sheet if list of chemicals is long. If in small containers, list as general chemical storage.

3. Types of Secondary Containment

EDB - Earthen Diking or Berms

ERC - Earthen Redirection to other containment
ADB - Asphaltic Diking or Berms

ACU - Asphaltic Curbing

ASU - Asphaltic Sump (or drainage to sump)
ARC - Asphaltic Redirection to other containment
CDB - Concrete Diking or Berms

CCU - Concrete Curbing

CSU - Concrete Sump (or drainage to sump)
CRC - Concrete Redirection to other containment
MOD - Modular Secondary Containment Systems
PAL - Palletized Secondary Containment

OTR - Other Types of Secondary Containment (specify)

4. Types of Spill Control Equipment

SRB - Sorbents (granular, fibrous, powders, etc.)

GEL - Gel Type Immobilization Agents

BMM - Booms

DCV - Drain Covers

NUT - Neutralization (pH adjust for acids or bases)

SPC - Specialized Controi Kits (Hg, HF, Strong Oxidizers, etc.)
DPN - Drip Pans

CPP - Cathodic Pipe Protection

OTR - Other Types (specify)

5. Methods of Storm Water Removal or Spill Removal

EVP - Evaporation (storm water)

VAC - Vacuum Truck Removal (off-site treatment)
SRB - Sorbents (oils and chemicals)

REC - Recovery for Reuse Methods

TRT - Treatment (on-site storm water treatment)
OTR - Other Types of Removal (specify)

OVD - Open Valve Discharge

SPCC FORM DS-1 Page §
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CHAPTER 4; GSIP LOCATIONS

4.3. TA-57-26 - DIESEL FUEL TANK & TRANSFER AREA
Description:

This tank is located in the northwest section of the Fenton Hill Site. The tank contains No. 2 Diesel Fuel
and has a capacity of 10,000 gallons. A failure of the tank would be contained by a lined earthen berm with
a capacity of approximately 25,500 gallons. The tank has an associated transfer area which extends north
to the opposite side of the fence.
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Description:

. This photograph is a view of the fuel transfer area (57-26-LUT) that is located north of the Diesel Fuel tank.
Access to the transfer area is through a locked gate. Potential spills would be discharged from the transfer
area to the drainage ditch adjacent to the road.

An alternate transfer area to the west of the tank is currently being used. The fuel truck backs up to the
west end of the tank and fuel is transfered by hoses into the top of the tank. The area where the truck
parks during the transfer should be bermed to contain any spillage during the transfer.
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4.3.1. Location Schematic

The location schematic shows the Diesel Fuel Tank and Transfer Area, Alternate Transfer Area, the
tank capacity and the secondary containment capacity.

TRANSFER AREA
57-26-LUT
Locked BOUNDARY

Valve X l FENCE
|L - 55' 0" '
I
|
t
:/— TRANSFER LINE
I
- — 7 : o
]
| ALTERNATE | |
| TRANSFER AREA] 1
I
Lo —
DIESEL FUEL TANK
—————————————— : CAPACITY: APPROX. 10,000 GAL 30'0"
\ 57.26-AST
SUPPLY LIN
4

\—7 LINED EARTH BER

M
CAPACITY: APPROX. 25,500 GAL
Q DEPTH: APPROX. 2.5

57-26
DIESEL FUEL TANK & TRANSFER AREA
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4.3.2. Aboveground Storage Tank Requirements

‘b 40 CFR 112.7 (e)(2) defines the requirements for developing and implementing SPCC Plans related to

onshore bulk storage containers. These requirements are listed below and are followed by a detailed
discussion of each:

4.3.2.1. SECONDARY CONTAINMENT

Description

The secondary containment structure for the tank is a plastic lined earthen berm. The volume of
the secondary containment system is large enough to contain the volume of the tank plus the
volume of storm water produced by a 3-inch rainfall. The Diesel Fuel Tank is made from commonly

accepted metal and steel alloys used for manufacturing diesel fuel storage tanks.

There is no secondary containment structure for either the transfer area or the alternate transfer
area.

Deficiencies
FOR THE STORAGE TANK:
None.

FOR THE TRANSFER AREAS:

at these areas.

‘D Some type of secondary containment structure, such as an asphalt or soil berm, should be installed

4.3.2.2. SPILL CONTROL & SPILL REMOVAL

Integrity Testing:

Description
The Diesel Fuel Tank, Transfer Area, and the associated piping have never been integrity tested.
Deficiencies

¢ 40 CFR 112.7 (e)(2)(vi) requires and describes integrity testing of ASTs.

e APl Standard 653 requires ultrasonic thickness measurements of the AST shell be
performed at a minimum of once every 5 years. No ultrasonic measurements have been
taken for the Diesel Fuel Tank.

¢ See Section 4.6.1.5. of the SPCC Revision 3 for Integrity Testing description, inspector
qualifications and inspection frequency considerations. Appendix A has an Integrity Test

Checklist for future use. See Action ltem #2 on page 2 of the Field Data Sheets.

See Action ltem #2 on page 2 of the Field Data Sheets.

0

JUNE 10, 1994 Page 4-40




JUNE 10, 1994

TA-57 FENTON HiLL SITE
GRoOUP SPCC IMPLEMENTATION PLAN
CHAPTER 4: GSIP LOCATIONS

Monitoring:

Description

The Diesel Fuel Tank and the Transfer Area do not have monitoring devices.
Deficiencies

New and old AST installations should, as far as practical, be fail-safe engineered to avoid spills.
Consideration should be given to providing one or more of the following monitor devices.

FOR THE STORAGE TANK:

A) A fast response system for determining the liquid level in AST's such as digital computers,
telepulse, direct vision gauges or equivalent,

B) Modified filling necks, couplings or vents which prevent overfilling, and

C) Rapid ievel loss monitors with audible or visual signals.

Monitoring systems can also include liquid-level sensors, pressure and temperature gauges, and
pressure-relief devices for bulk storage tanks.

FOR THE TRANSFER AREAS:

A) High liquid level alarm with audible or visual signal at a constantly manned operation or
surveillance station; in smaller installations, an audible air vent may suffice,

B) Considering size and complexity of the system, high liquid level pump cutoff devices set to
stop flow at a predetermined tank content level,

C) Direct audible or code signal communication between tank gauge and the pumping station,

See Action ltem #3 on page 2 of the Field Data Sheets.

Spill Control

Description

Sorbent containers are located in the covered storage area. The containers are currently empty.
Deficiencies

Adequate spill control equipment should be kept on site. See Action Item #4 on page 2 of the Field
Data Sheets.
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4.3.2.3. STORM WATER CONSIDERATIONS (FACILITY DRAINAGE)

Description

Storm water and snow melt occasionally accumulate in the earthen berm containment area around
the tank. The containment does not have a valve, although site personnel indicate that storm water
can be removed by pumping. Stormwater runoff from the Transfer Area discharges to a drainage
swale adjacent to Forest Road 10377. This drainage swale leads to a culvert that discharges near
57-59-DRM.

Deficiencies

FOR THE STORAGE TANK:

There is no discharge valve. See action item #5 on page 3 of the Field Data Sheets

FOR THE TRANSFER AREAS:

Installation of a secondary containment structure such as a berm to eliminate stormwater run-on
and runoff. o

4.3.2.4. OTHER ADMINISTRATIVE CONTROLS

Inspections and Maintenance:

Description

General operator observations are made by all personnel involved in handling materials and
operation of the Diesel Fuel Tank. No records exist of any problems occurring at this facility.

A walk-around inspection was performed by Santa Fe Engineering in May, 1994. The results of the
inspection are included in Appendix B of this GSIP.

Accurate and up-to-date drawings of these tanks and secondary containment are maintained and
have been incorporated into this pian. See Location Schematic in Section 4.5.1.

Deficiencies

Three levels of inspection for ASTs are required that include general operator observations, walk-
around inspections and integrity inspections. These inspections must be signed by the area
supervisor or Spill Coordinator. There are no records of any past walk-around or integrity testing at
this site. See Section 4.5.2.2. regarding Integrity Testing at this location and Appendix A of this
GSIP for blank Walk-around Inspection forms for future use.

See Action ltem #6 on page 3 of the Field Data Sheets.

Labeling:

Description

The Diesel Fuel Tank has proper labeling and MSDSs available at the Control Office.

Deficiencies

None.
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inventory Control:

Description

Inventory control of the Diesel Fuel Tank is accomplished through monthly measurement of the
liquid level inside the tank. If a consistent loss is indicated, an investigation should be conducted to
determine if the loss is due to accounting errors or tank leakage.

Inventory reconciliation is also performed as a method of leak detection. Inventory reconciliation
includes accurate measurement of the deliveries into the tank, use from the tank, and the
remaining inventory. The inventory of the tanks takes into account fluid expansion or contraction
from fluid temperature changes.

Deficiencies

None.

Recordkeeping:

Description

This GSIP pulls together the necessary documents related to the Diesel Fuel Tank and Transfer
Area. These documents will be maintained as part of the GSIP for a period of three years.

Deficiencies

Future recordkeeping guidelines should apply to the entire AST system, including the tank,
foundation, secondary containment, instrumentation, and piping. This documentation should be
incorporated into this plan.

All inspections should be documented and include the following:

¢ When inspections were done,

¢ Who conducted inspection,

 What areas were inspected,

¢ \What problems were found,

e Appropriate supervisor signatures,

¢ What steps were taken to correct problems, and
¢ Who was notified about any problems found.

See Action Item #6 on page 3 of the Field Data Sheets.
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Security:

Description

TA 57 Fenton Hill Site is fully fenced and the main entrance gate is locked during non-working
hours. Control pumps are lacked and are accessible only to authorized personnel at all times. The
transfer lines are capped and locked. Lighting is adequate for this facility

Deficiencies

FOR THE STORAGE TANK:

None.

FOR THE TRANSFER AREAS:

None.

4.3.2.5. LocCATION FIELD DATA SHEETS

The GSIP Field Data Sheets were used to record pertinent information and to document any action
items that may by required. These sheets were used to organize information pertaining to storage
capacities, types of materials stored, types of containment, and provide a record of all issues
related to this GSIP location.

The following information is included:

e Storage Unit Descriptions,

e Secondary Containment Descriptions,
« Spill Controls and Spill Removal,

o Storm Water Considerations,

o Other Administrative Controls,

s Action Items, and

e GSIP Prioritization Estimate.
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CHAPTER 4: GSIP LOCATIONS

GROUP SPCC IMPLEMENTATION PLAN

FIELD - DATA SHEET
-GSIP-

Date: 05/24/94

SC Name and Signature:

Superscripts refer to SPCC DS-1 Page-5 GSIP Abbrevnatlon List

Technical Area (T) =

Structure # (S) =

26 Sy g

Ht WF N

Location Type (L) = :':f' ﬁ

GSIP Location Identification # (T+S+L) =

57-26.AST

Storage Unit Descriptions

5

List type of storage unit:!

-Aboveground Storag'e'Tank (AST)

6

List material stored in unit:2

Diesel Fuel Oil No. 2-D

7

List associated Reportable Quantity (RQ):

13,646 gallons for a.01% concentratlon of Benzene

List the CAS #: |.

List Capacity in gallons of Storage Unit (CSU):

_.1.o,ooo: gallons

10

Describe piping associated with this location:

‘Aboveground: v/

“Belowground @ No piping: [

Secondary Containment Descriptions

What type of secondary containment?3

Lmed Earthen Berm (EDB)

iRl

List capacity in gallons of secondary containment: |-

(scc)

';,25 500 gauons

What is the drainage area (ft2) that can contribute to
run-on into the secondary containment (DA)?

1650 ft2

14

Is the (SCC) > (CSU) + 1.875 x (DA)?

Note: 1.875 is the storm water conversion factor for a 25-yr/24-hr rainfall:

YES J

NOD

Action Item #1 (Secondary Containment) if answer on line 14 is No, describe as a deﬁc/ency and refer to Chapter 4 of the

SPCC Pian for requirements.

None.

Date Deficiency Noted:

SC Name and Signature:

Date Action ltem Completed:

SC Name and Signature:

SPCC Form DS-1 Page 1

JUNE 10, 1994
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Spill Controls & Spill Removal

1 | Has the system been integrity tested? FYES SN0 W Hyess when:

Action Item #2 (Integrity Testing) If answer on line 15 is No, describe as a deficiency refer to Chapter 4 of the SPCC Plan for
requirements.

Integrity testing of the Fuel Tank and piping system must be completed as required by 40 CFR 112.7 and AP!
Standard 653.

Date Deficiency Noted: 05/24/94 SC Name and Signature:

Date Action ltem Completed: SC Name and Signature:
1 Is there a method of level indication for the AST? |.Y O NA
v Is there a liquid level alarm system for the AST? |} v NAC

Action Item #3 (Monitoring) If answer on line 16 or 17 is No, describe as a deficiency and refer to Chapter 4 of the SPCC Plan for
requirements. Check N/A if location is not an aboveground storage tank.

Some type of monitoring device is required for the Diesel Fuel Tank.

Date Deficiency Noted: 05/24/94 SC Name and Signature:

Date Action ltem Completed: SC Name and Signature:

N Is spill control equipment available at this location?* { YES ...~ NO ¢ .
1 Ifyes, identity which types by:using the GSIP Abbreviation Liston -
2) Page S i L %
3) ' L g

Action ltem #4 (Spill Control) if answer on line 18 is No, describe as a deficiency.

Adequate spill control equipment should be kept on site.

Date Deficiency Noted: 05/24/94 SC Name and Signature:

Date Action Item Completed: SC Name and Signature:

SPCC Form DS-1 Page 2
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TA-57 FENTON HILL SITE
GROUP SPCC IMPLEMENTATION PLAN
CHAPTER 4: GSIP LOCATIONS

19

Are methods for removing storm water or spills from

secondary containment areas available’ lf yes; identify.\ whlch methods by ustng the GS!P Abbrewatlon Ltst ;

1) Evaporation (EVP)
2) Pumping (OTR)
3)

YES o

on Page

20

Is there a storm water discharge valve and lock?

Locked O

21

Are best management practices such as covering,
run-on diversion, etc. being used?

“Unlocked CI No dlscharge valve / -

22

What is the distance to closest storm water culverts or
catch basins (in feet)?

e 75 feet

23

Would a spill be isolated from these storm water
culverts or catch basins?

24

Name of canyon eventually receiving storm water or |::

spill run-off.

Action Item #5 (Storm Water) if answer on lines 19 or 23 is No, describe as a deﬁr:/ency ifiine 20 is answered unlocked” or "no
discharge valve", describe as a deficiency. If answer on line 21 is No, explain why.

A mannual discharge valve should be installed to allow discharge of accumulated stormwater in the
secondary containment area. BMPs inlcude the secondary containment berm.

Date Deficiency Noted:05/24/94

SC Name and Signature:

Date Action item Completed:

SC Name and Signature:

Other Administrative Controls

fencing, locked gates and valves)

» Is there an Inspection & Maintenance Programin | YES - .[d: -~ NO. -« =
place at this GSIP Location? EEEEL e s
® Are aboveground storage tanks, transfer areas, | YES. .. = - :NO .. A
drums or other ancillary sources properly labeled? | LT
a Is there a system of inventory control at this site? | YES =« . NO - [ "
% Has an appropriate recordkeeping system [ YES - NO.' o
documenting inventory controls, past inspections, |- N L R
testing, etc., been implemented at this GSIP |
Location? S IR ’ o
» Is security at this location adequate? (e.g., lighting, | YES.. « NO l:l

Action Item #6 (Administrative Controls) If answer on lines 25 through 29 is No, descnbe asa deﬁaency Refer to Chapter 4

of SPCC Plan for requirements.

1) Three levels of inspections are required for these aboveground storage tanks including general operator
observations, walk-around inspections and integrity inspections.

2) A comprehensive recordkeeping system should be implemented for these tanks.

Date Deficiency Noted: 05/24/94

SC Name and Signature:

Date Action ltem Completed:

SC Name and Signature:

SPCC Form DS-1 Page 3
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TA-57 FENTON HILL SITE
GROUP SPCC IMPLEMENTATION PLAN
CHAPTER 4: GSIP LOCATIONS

GSIP PRIORITIZATION and IMPACT ESTIMATE

FIRST PRIORITY:

Is this an oil storage location with a capacity greater than 660 gallons? YESY NoQ
Is this a chemical or waste storage location with a capacity greater than 220 gallons? YESO NOV
Is this a chemical or waste storage location in which any individual hazardous YESOQ NOV
chemical RQ is exceeded?

Is this a storage location in close proximity to a canyon rim, a storm water discharge YESQ NOV
point, floor drains, etc.?

Could an oil or chemical spill at this location enter a collection system for an NPDES YESOQ NoOV
permitted outfall?

If YES on any question above, the area should be considered first priority. Action items listed above should be
accomplished immediately. Skip next two sections.

SECOND PRIORITY:

Is this an oil storage location with a capacity greater than 220 gallons? YES NOQ

Is this a chemical or waste storage location with a capacity greater than 55 galions? YESQ NOQ

If YES on either question above, the area should be considered second priority. Action items listed above should
be accomplished within 6 months or as soon a practicable. Skip the next section.

THIRD PRIORITY:

Is this an oil storage focation with a capacity between zero and 220 gallons? YESO NOQ
Is this a chemical or waste storage area with a capacity between zero and 55 YESQ NOQ
gallons?

If YES on either question above, the area should be considered third priority. Action items listed above should be
accomplished as soon a practicable.

Comments: In the space provided below, discuss any additional concerns related to the description of the
Storage Unit, Secondary Containment, Spill Controls & Removal, Storm Water Considerations, Administrative
Controls and GSIP Prioritization.

The secondary containment (25,500 gallons) is large enough to simultaneously contain a complete failure of the
tank (10,000 gallons) and a 3 inch storm event (the storm event would produce: 1650 sq ft x 3 inches x 1/12
feet/inch x 7.48 gallons/cubic foot = 3086 gallons). 25,500 > 10,000 + 3086 = 13086

SPCC Form DS-1 Page 4
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| TA-57 FENTON HILL SITE
GROUP SPCC IMPLEMENTATION PLAN
CHAPTER 4: GSIP LOCATIONS

: GROUP SPCC IMPLEMENTATION PLAN
N | Los Alemos FIELD - DATA SHEET

| Los Alemos National Leboratory -GSIP-

| Los Alamos, New Maioo 87545

Date: 05/24/94 SC Name and Signature:

Superscripts refer to SPCC DS-1 Page-5 GSIP Abbrewatlon List

Technical Area (T) =

Structure # (8) = |-

Location Type (L) =

sl Wl N -

GSIP Location Identification # (T+S+L) = 5726-LUT ,

Storage Unit Descriptions

5 List type of storage unit:' | Aboveground Storage Tank (AST)
6 List material stored in unit;2 '*'Dlesel FuelOilNo. 2-D s S
7 List associated Reportable Quantity (RQ): | 13; 646 gallonsfor:a 01% concentratlon of Benzene
‘ 8 List the CAS #: | 068 476 346 . . e Sy
| e List Capacity in gallons of Storage Unit (CSU): |“N/A (tankertrucks have a 3 000 gallon capacnty)
10 Describe piping associated with this location: |“Aboveground- J . 'Belowground (& "No piping E]

Secondary Containment Descriptions

" What type of secondary containment?? |:None

‘D 12 List capacity in gallons of secondary containment: |0
‘ (SCC) |~

'8 | What is the drainage area (ft2) that can contribute to
run-on into the secondary containment (DA)? [

h Is the (SCC) > (CSU) + 1.875 x (DA)?

Note: 1.875 is the storm water conversion factor for a 25-yr/24-hr rainfall:

Action Item #1 (Secondary Containment) if answer on line 14 is No, describe as a deficiency and refer to Chapter 4 of the
SPCC Plan for requirements.

‘ Some type of secondary containment is required for the Transfer Area and the Alternate Transfer Area.
\ Secondary containment could consist of an earthen or asphalt berm around the pipe transfer area.

Date Deficiency Noted:5/24/94 SC Name and Signature:

Date Action ltem Completed: SC Name and Signature:

SPCC Form DS-1 Page 1
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TA-57 FENTON HILL SITE
GROUP SPCC IMPLEMENTATION PLAN
CHAPTER 4: GSIP LOCATIONS

Spill Controls & Spill Removal

1 ] Has the system been integrity tested? | YES A i NOof lfyes; when::

Action Item #2 (Integrity Testing) if answer on line 15 is No, describe as a deﬁc:ency refer to Chapter 4 of the SPCC Plan for
requirements.

Integrity testing of the Fuel Tank and piping system must be completed as required by 40 CFR 112.7 and API
Standard 653.

Date Deficiency Noted: 05/24/94 SC Name and Signature:

Date Action ltem Completed: SC Name and Signature:

16

Is there a method of level indication for the AST? | YES : "EI NO / NI

17

Is there a liquid level alarm system for the AST? | YES EI ‘NO /- NG T -

Action Iitem #3 (Monitoring) iIf answer on line 16 or 17 is No, describe as a deficiency and refer to Chapter 4 of the SPCC Plan for
requirements. Check N/A if location is not an aboveground storage tank.

Some type of monitoring device and level alarm is required for the Transfer Areas.

Date Deficiency Noted: 05/24/94 SC Name and Signature:

Date Action Item Completed: SC Name and Signature:

18 Is spill control equipment available at this location?4 YES D :_,,NO e / g
1) A yes xdentt\‘y whtch types by usmg the GS!P Abbrevuatlon LlSt on " o
2) Page 5,
3)

Action Item #4 (Spill Control) if answer on line 18 is No, describe as a deficiency.

Adequate spill control equipment should be kept on site.

Date Deficiency Noted: 05/24/94 SC Name and Signature:

Date Action item Completed: SC Name and Signature:

SPCC Form DS-1 Page 2

JUNE 10, 1994 Page 4-50




Storm Water Considerations

TA-57 FENTON HILL SITE
GROUP SPCC IMPLEMENTATION PLAN
CHAPTER 4: GSIP LOCATIONS

19

Are methods for removing storm water or spills from | ¥
secondary containment areas available?s | .

1)
2)
3)

20

Is there a storm water discharge vaive and lock?

21

Are best management practices such as covering, |

run-on diversion, etc. being used? |

22

What is the distance to closest storm water culverts or |- _{"_‘

catch basins (in feet)?

23

Would a spill be isolated from these storm water

culverts or catch basins? |

24

Name of canyon eventually receiving storm water or
spill run-off;

Action Item #5 (Storm Water) if answer on lines 19 or 23 is No, describe as @ deficiency. Ifline 20 is answered unlocked" or "no
discharge valve”, describe as a deficiency. If answer on line 21 is No, explain why.

Some type of secondary containment structure is required for either Transfer Area. A secondary
containment berm would also serve to control stormwater run-on and runoff.

Date Deficiency Noted:5/24/94

SC Name and Signature:

Date Action Item Completed:

SC Name and Signature:

Other Administrative Controls

documenting inventory controls, past inspections,

testing, etc., been implemented at this GSIP |

Location?

» Is there an Inspection & Maintenance Program in | NO... ¥+
place at this GSIP Location? S
® Are aboveground storage tanks, transfer areas, NO:
drums or other ancillary sources properly labeled? | e
z Is there a system of inventory control at this site? | NO - [
® Has an appropriate recordkeeping system | YE v

29

Is security at this location adequate? (e.g., lighting,

fencing, locked gates and valves) |.

YES ij...,

Action Item #6 (Administrative Controls) If answer on lines 25 through 29 is No, describe as a deficiency. Refer to Chapter4

of SPCC Plan for requirements.

1) Three levels of inspections are required for this aboveground storage tank including general operator

observations, walk-around inspections and integrity inspections.
2) A comprehensive recordkeeping system should be implemented.

3) The transfer area has a gate which is locked to prevent access to the piping. An additional lock should
be provided on the transfer line valve when not in use.

Date Deficiency Noted:05/24/94

Date Action Item Completed:
SPCC Form DS-1 Page 3

SC Name and Signature:

SC Name and Signature:
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TA-57 FENTON HILL SITE
GROUP SPCC [MPLEMENTATION PLAN
CHAPTER 4: GSIP LOCATIONS

GSIP PRIORITIZATION and IMPACT ESTIMATE

FIRST PRIORITY:

Is this an oil storage location with a capacity greater than 660 gallons? YESQ. NOV
Is this a chemical or waste storage location with a capacity greater than 220 gallons? YESQ NOV
Is this a chemical or waste storage location in which any individual hazardous YESOQ NOV
chemical RQ is exceeded?

Is this a storage location in close proximity to a canyon rim, a storm water discharge YESY NOQO
point, floor drains, etc.?

Could an oil or chemical spill at this location enter a collection system for an NPDES

permitted outfall? YESOQ NOV

if YES on any question above, the area should be considered first priority. Action items listed above should be
accomplished immediately. Skip next two sections.

SECOND PRIORITY:

Is this an oil storage location with a capacity greater than 220 galions? YESTQ No QO

Is this a chemical or waste storage location with a capacity greater than 55 gallons? YESQ NoQ

If YES on either question above, the area should be considered second priority. Action items listed above should
be accomplished within 6 months or as soon a practicable. Skip the next section.

THIRD PRIORITY:

Is this an oil storage location with a capacity between zero and 220 gallons? YESO NoQ
Is this a chemical or waste storage area with a capacity between zero and 55 YESQ NOQO
galions?

If YES on either question above, the area shouid be considered third priority. Action items listed above should be
accomplished as soon a practicable,

Comments: In the space provided below, discuss any additional concerns related to the description of the
Storage Unit, Secondary Containment, Spill Controls & Removal, Storm Water Considerations, Administrative
Controis and GSIP Prioritization.

Fuel tanker truck volumes are typically 3,000 galions. Spills from leaking or disconnected hoses from tank trucks
could be potentially discharged to the stormwater system.

A secondary containment berm should be installed at both fuel transfer areas. The berm would also serve to
prevent stormwater from running on to the transfer area.

The transfer area has a gate which is locked to prevent access to the piping. An additional lock is provided on the
transfer line valve when not in use.

SPCC Form DS-1 Page 4
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TA-57 FENTON HiLL SITE
GROUP SPCC IMPLEMENTATION PLAN
CHAPTER 4: GSIP LOCATIONS

GSIP ABBREVIATION LIST

NoTes: CHOICES INCLUDE:.
1. Types of Storage Units

AST - Aboveground Storage Tank

CHM - Aboveground Chemical Storage Tank
PCT - Portable Containers (such as TUFF tank)
DRM - Drum Storage

LUT - Loading, Unloading and Transfer

TRN - Transformers

HYD - Hydraulic and Oil Containing Equipment
BAT - Battery Packs

2. Types of Materials Stored

If oil, grease or fuel indicate as such. If chemicals in drums, use common chemical name with CAS#.
Use separate sheet if list of chemicals is long. If in small containers, list as general chemical storage.

3. Types of Secondary Containment

EDB - Earthen Diking or Berms

ERC - Earthen Redirection to other containment
ADB - Asphaltic Diking or Berms

ACU - Asphaltic Curbing

ASU - Asphaltic Sump (or drainage to sump)
ARC - Asphaltic Redirection to other containment
CDB - Concrete Diking or Berms

CCU - Concrete Curbing

CSU - Concrete Sump (or drainage to sump)
CRC - Concrete Redirection to other containment
MOD - Modular Secondary Containment Systems
PAL - Palletized Secondary Containment

OTR - Other Types of Secondary Containment (specify)

4. Types of Spill Control Equipment

SRB - Sorbents (granular, fibrous, powders, etc.)

GEL - Gel Type Immobilization Agents

BMM - Booms

DCV - Drain Covers

NUT - Neutralization (pH adjust for acids or bases)

SPC - Specialized Control Kits (Hg, HF, Strong Oxidizers, etc.)
DPN - Drip Pans

CPP - Cathodic Pipe Protection

OTR - Other Types (specify)

5. Methods of Storm Water Removal or Spill Removal

EVP - Evaporation (storm water)

VAC - Vacuum Truck Removal (off-site treatment)
SRB - Sorbents (oils and chemicals)

REC - Recovery for Reuse Methods

TRT - Treatment {on-site storm water treatment)
OTR - Other Types of Removal (specify)

OVD - Open Valve Discharge

SPCC FORM DS-1 Page 6
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TA-57 FENTON HILL SITE
GROUP SPCC IMPLEMENTATION PLAN
CHAPTER 5: APPENDICES

0

@

A. BLANK FORMS

recording of inspection findings.

Checklists for Detailed Aboveground Storage Tank Inspections

Based on API Standard 653
SPCC FORM CHK-1 is a checklist for tank components and auxiliary items that are
considered for internal and external inspection of tanks. The checklist facilitates the

SPCC FORM CHK-1

TAST In-Service Integrity Inspection Checklist

Checklist Forms for Walk-Around Inspections

SPCC FORM CHK-3

Aboveground Tank and Associated Piping

SPCC FORM CHK-4

Oil or Chemical Drum Storage Area

SPCC FORM CHK-5

Oil or Chemical Drum Dispensing Station

SPCC FORM CHK-6

Transformers and Associated Secondary Containment

Secondary Containment Drains and Drainage Activity

SPCC FORM Drain-1

Record of Drainage from Secondary Containment
Structures

SPCC FORM Drain-2

Decision Diagram for Secondary Containment
Requirements for Indoor Storage or Use of Qil, Chemicals
or Hazardous Materials

Spill Reporting Forms

HS Form Number 9-4A

Spill report

SPCC FORM Spill-1

Spill Coordinator's Spill Information Form

GSIP Field Data Sheets

SPCC FORM DS-1 Page 1

GSIP Description and Action ltems

SPCC FORM DS-1 Page 2

GSIP Action Items

SPCC FORM DS-1 Page 3

GSIP Action ltems

SPCC FORM DS-1 Page 4

GSIP Prioritization and Impact Estimate

SPCC FORM DS-1 Page 5

GSIP Abbreviation List
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TANK IN-SERVICE INTEGRITY
INSPECTION CHECKLIST

Los Alernos

Los Alemos Netional Leboratory Based on APl Standard 653
Los Alernos, New Medco 87545
INSPECTOR SIGNATURE: DATE:

1.1 FOUNDATION

[ Measure foundation bottom elevation and check to see if level.

1.1.1 Concrete Ring

[ Inspect for broken concrete, spalling and cracks, particularly under backup bars used in welding butt
welded annular rings under the shell.

1 Inspect drain openings in ring, back of water draw basins and top surface of ring for indications of
bottom leakage.

[ Inspect for cavities under foundation and vegetation against bottom of tank.

Q

Check that runoff rainwater from the shell drains away from tank.

(d Check for settlement around perimeter of tank.

1.1.2 Asphalt

(J Check for settling of tank into asphalt base that would direct runoff rain water under the tank instead of
away from it.

[J Look for area where leaching of oil has left rock filler exposed, which indicates hydrocarbon leakage.

1.1.3 Oiled Dirt or Sand

[ Check for settiement into the base that would direct runoff rain water under the tank rather than away
from it.

1.1.4 Rock

(A Presence of crushed rock under the steel bottom usually results in severe underside corrosion. Make a
note to do additional bottom plate examination (ultrasonic, hammer testing or turning of coupons) when
the tank is out of service.

1.1.5 Site Drainage

[d Check site for drainage away from the tank and associated piping and manifolds.
d Check operating condition of dike drains.

1.1.6 Housekeeping
(J Inspect the area for buildup of trash, vegetation, and other inflammables buildup.

Foundation inspection Notes:

SPCC Form CHK-1 (Rev.3)



1.2 SHELLS
1.2.1 External Visual Inspection

J Visually inspect for paint failures, pitting, and corrosion.
(1 Clean off the bottom angle area and inspect for corrosion and thinning on plate and weld.
[ Inspect the bottom-to-foundation seal, if any.

Shell Inspection Notes:

1.3 SHELL APPURTENANCES
1.3.1 Manways and Nozzles

(A Inspect for cracks or signs of leakage, on weld joints at nozzles, manways, and reinforcing plates.
Inspect for shell plate dimpling around nozzles, caused by excessive pipe deflection. Inspect for flange
leaks and leaks around boits. Inspect sealing of insulation around manways and nozzles Check for
inadequate manway flange and cover thickness on mixer manways.

1.3.2 Tank Piping

O Inspect manifold piping, flanges, and valves for leaks. inspect fire fighting system components. Check
for anchored piping that would be hazardous to the tank shell or bottom connections during earth
movement. Check for adequate thermal pressure relief of piping to the tank. Check operation of
regulators for tanks with purge gas systems. Check sample connections for leaks and for proper valve
operation. Check for damage and test the accuracy of temperature indicators. Check welds on
shell-mounted davit clips above valves 6 inches and larger.

1.3.3 Auto Gauge System

Inspect autogauge tape guide and lower sheave of housing (floating swings) for leaks.

Inspect auto gauge head for damage.

Bump the checker on auto gauge head for proper movement of tap.

Identify size and construction material of auto gauge tape guide (floating roof tanks).

Compare actual product level to the reading on the auto gauge (maximum variation is 2 inches).
Inspect condition of board and legibility of board-type auto gauges.

Test freedom of movement of marker and float.

ooooooo

1.3.4 Shell-Mounted Sample Station

O Inspect sample lines for function of valves and plugging of lines, including drain or return to tank line.
O Check circulation pump for leaks and operating problems.
[ Test bracing and supports of sample system lines and equipment.

1.3.5 Heater (Shell Manway Mounted)
(J Inspect condensate drain for presence of oil indicating leakage.

1.3.6 Mixer

(J Inspect for proper mounting flange and support.
3 Inspect for leakage.
(J Inspect condition of power lines and connections to mixer.

SPCC Form CHK-1 (Rev.3)
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1.3.7 Swing Line: Winch Operation

) Raise, then lower the swing line with the winch, and check for cable tightness to confirm that swing line
lowered property.

(J Check that the indicator moves in the proper direction: Floating swing line indicators show a lower level
as cable is wound up on the winch. Non-floating swings line indicators show the opposite.

1.3.8 Swing Line: External Guide System
(O Check for leaks at threaded and flanged joints.

1.3.9 Swing Line: Identify Ballast Varying Need
d Check for significant difference in stock specific gravity.

1.3.10 Swing Lines: Cable Material and Condition

(Q For non-stainless steel cable, check for corrosion over entire length.
) All cable: check for wear or fraying.

1.3.11 Swing Line: Product Sample Comparison
[ Check for water or gravity differences that would indicate a leaking swing joint.

1.3.12 Swing Line: Target

[ Target should indicate direction of swing opening (up or down) and height above bottom where suction
will be lost with swing on bottom support.

Shell Appurtenances Inspection Notes:

1.4 ROOFS

1.4.1 Deck Plate Internal Corrosion

(U For safety, before accessing the roof, check with ultrasonic instrument or lightly use a ball peen
hammer to test the deck plate near the edge of the roof for thinning (Corrosion normally attacks the
deck plate at the edge of a fixed roof and at the rafters in the center of the roof first.)

1.4.2 Deck Plate External Corrosion

[ Visually inspect for paint failure, holes, pitting, and corrosion product on the roof deck.

1.4.3 Roof Deck Drainage
[ Look for indication of standing water. (Significant sagging of roof deck indicates potential rafter failure.)

1.4.5 Gas Test Internal Floating Roof

[ Test for explosive gas on top of the internal floating roof. Readings could indicate a leaking roof,
leaking seal system, or inadequate ventilation of the area above the internal floating roof.

SPCC Form CHK-1 (Rev.3)
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1.4.6 Roof Insulation

(1 Visually inspect for cracks or leaks in the insulation weather coat where runoff rain water could
penetrate the insulation.
O Inspect for wet insulation under the weather coat.

J Remove small test sections of insulation and check roof deck for corrosion and holes near the edge of
the insulated area.

Roof Inspection Notes:

1.5 ROOF APPURTENANCES
1.5.1 Sample Hatch

Inspect condition and functioning of sample hatch cover.

On tanks governed by Air Quality Monitoring District rules, check for the condition of seal inside hatch
cover.

Check for corrosion and plugging on thief and gauge hatch cover.

Where sample hatch is used to reel gauge stock level, check for marker and tab stating hold off
distance.

Check for reinforcing pad where sample hatch pipe penetrates the roof deck.

Test operation of system.

On ultra clean stocks such as JP4, check for presence and condition of protective coating or liner
inside sample hatch (preventing rust from pipe getting into sample).

(WY

co0 Od

1.5.2 Gauge Well

[ Inspect visible portion of the gauge well for thinning, size of slots, and cover condition.
{J Check for a hold off distance marker and tab with hold off distance (legible).
[J f accessible, check the distance from the gauge well pipe to the tank shell at different levels.

(J Iftank has a gauge well washer, check valve for leakage and for presence of a bull plug or blind flange.

1.5.3 Fixed Roof Scaffold Support
1 Inspect scaffold support for corrosion, wear, and structural soundness.

1.5.4 Auto Gauge: Inspection Hatch and Guides (Fixed Roof)

] Check the hatch for corrosion and missing bolts.
(J Look for corrosion on the tape guide's and float guide's wire anchors.

1.5.5 Autogauge: Float Well Cover

3 Inspect for corrosion.
[ Check tape cable for wear or fraying caused by rubbing on the cover.

1.5.6 Sample Hatch (Internal Floating Roof)

(Q Check overall conditions.
1 When equipped with a fabric seal, check for automatic sealing after sampling.
1 When equipped with a recoil reel opening device, check for proper operation.

1.5.7 Roof-Mounted Vents (Internal Floating Roof)
( Check condition of screens, locking and pivot pins.

SPCC Form CHK-1 (Rev.3)



1.5.8 Gauging Platform Drip Ring

J On fixed roof tanks with drip rings under the gauging platform or sampling area, inspect for plugged
drain return to the tank.

1.5.9 Emergency Roof Drains

[ Inspect vapor plugs for emergency drain: that seal fabric discs are slightly smaller than the pipe ID and
that fabric seal are above the liquid level.

1.5.10 Removable Roof Leg Racks
d Check for leg racks on roof,

1.5.11 Vacuum Breakers

(J Report size, numbers and type of vacuum breakers. Inspect vacuum breakers. If high legs are set,
check for setting of mechanical vacuum breaker in high leg position.

1.5.12 Rim Vents

[ Check condition of the screen on the rim vent cover.
[ Check for plating off or removal of rim vents where jurisdictional rules do not permit removal.

1.5.13 Pontoon Inspection Hatches

[ Open pontoon inspection hatch covers and visually check inside for pontoon leakage. .
[ Test for explosive gas (an indicator of vapor space leaks).

(A [f pontoon hatches are equipped with locked down covers, check for vent tubes. Check that vent tubes
are not plugged up. Inspect lock down devices for condition and operation.

Roof Appurtenances Inspection Notes:

1.6 ACCESSWAYS
1.6.1 Handrails

(J Identify and report type (steel pipe, galvanized pipe square tube, angle) and size of handrails. Inspect
for pitting and holes, paint failure.
Inspect attachment welds.

Identify cold joints and sharp edges. Inspect the handrails and midrails.
Inspect safety drop bar (or safety chain) for corrosion, functioning, and length.

Inspect the handrail between the rolling ladder and the gauging platform for a hazardous opening when
the floating roof is at its lowest level.

oooo

1.6.2 Platform Frame

Inspect frame for corrosion and paint failure.

Inspect the attachment of frame to supports and supports to tank: for corrosion and weld failure.
Check reinforcing pads where supports are attached to shell or roof.

Inspect the surface that deck plate or grating rests on, for thinning and holes.

Check that flat-surface to flat-surface junctures are seal weided.

uooooo
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1.6.3 Deck Plate and Grating

CO00

Inspect deck plate for corrosion-caused thinning or holes (not drain holes) and paint failure.
Inspect plate-to-frame weld for rust scale buildup.
Inspect grating for corrosion-caused thinning of bars and failure of welds.

Check grating tie down clips. Where grating has been retrofitted to replace plate, measure the rise of
the step below and above the grating surface and compare with other risers on the stairway.

1.6.4 Stairway Stringers

Q

Q
Q

Inspect spiral stairway stringers for corrosion, paint failure, and weld failure. Inspect attachment of
stairway treads to stringer.
Inspect stairway supports to shell weilds and reinforcing pads.

Inspect steel support attachment to concrete base for corrosion.

1.6.5 Rolling Ladder

Q
Q
Q
O
Q
Q
Q
Q
Q
Q
Q
Q
Q

Inspect rolling ladder stringers for corrosion.

Identify and inspect ladder fixed rungs (square bar, round bar. angles) for weld attachment to stringers
and corrosion, particularly where angle rungs are welded to stringers.

Check for wear and corrosion where rolling ladder attaches to gauging platform.

Inspect pivot bar for wear and secureness.

Inspect operation of self-leveling stairway treads.

Inspect for corrosion and wear on moving parts.

Inspect rolling ladder wheels for freedom of movement, flat spots, and wear on axle.

Inspect alignment of rolling ladder with roof rack.

Inspect top surface of rolling ladder track for wear by wheels to assure at least 18 inches of unworn
track (track long enough).

Inspect rolling ladder track welds for corrosion.

Inspect track supports on roof for reinforcing pads seal welded to deck plate.

Check by dimensioning, the maximum angle of the rolling ladder when the roof is on low legs.
Maximum angle:

If rolling ladder track extends to within five feet of the edge of the roof on the far side, check for a
handrail on the top of the shell.

Accessways inspection Notes:

SPCC Form CHK-1 (Rev.3)



Los Alermos

Los Alermos Netional Leboratory
Los Alernos, New Mexico 87545

General Site Information

WALK-AROUND INSPECTION

FORM

OIL OR CHEMICAL DRUM DISPENSING STATION

Technical Area (T) =

Inspection date:

Structure # (S)

Inspector:

Location Type (L) =

Room number if indoors:

GSIP location identification # (T+S+L) =

Area description:

Yes O

NG

Adequate lighting: |- Is facility fenced?
Inventory:
DRUMS TAPPED FOR DISPENSING: DRUMS STORED:

Contents: No. of Drums:

Contents:

No. of Drums:

No::of:-Empty-Drums:

Site Condition

Describe general condition (cleanliness, signs of leaks, condition of |
drums, condition of secondary containment): |

Access around drums:

“Adequate O

Leaking drums: }:Yes . Q.:° No;
Rusting drums: |-Yes::{3.:.:-
Bulging drums: |:Yes: - [
Proper labeling: |:Yes:: . -::NoE
Condition of labels: | Good: L= "
Water accumulation (around or on drums); |-¥es 4 .
Rack grounding: [:iYes =:{l
Drum grounding: |“Yes .:Q"
Bond wire available: |:Yes.: 0
Drum flame arrestors/vents: | Yes: £
Describe spigot condition (leaks, etc.): | &
Hand pump condition: {"Geod: T

Drip pans (in place, clean, accumulation of liquids):

Spill kit or sorbents on hand (inventory, condition):

Spill booms (inventory, condition):

Fire extinguishers: |.Yes : =
Support rack condition (horizontal storage). |"Good Q. .~ N/AGE
Describe weather protection: [z ...l G Ly SR T
Room ventilation: |-Good:{d Poor:£3: - N/A{

-Are there any.paths for spills vto”:rea:chthe' envir_o_nment’ (qpen drains, sewers, etci:

:Items requiring corrective action:

- Corrective actiontaken (give dates);

SPCC Form CHK-5 (Rev.3)




L@S Aﬂ@m@g \éV(;\;.“};-AROUND INSPECTION

Los Alamos National L@bomﬂmy TRANSFORMERS AND ASSOCIATED
Los Alamos, New Mexico 87545 SECONDARY CONTAINMENT

General Site Information

Technical Area (T} = Inspection date:

Structure # (S) = Inspector:

Location Type (L) = | Transformer temperature: [.:. -

GSIP Location ldentification # |-

; Inventory volume (gauge [ . e
(T+S+L) = | e

or gallons): [: = s

Adequate lighting: Is facility fenced? |~ Yes. [} . No,ﬁ:.D

Transformer contents:

Storage Unit Condition

Describe general condition (signs of rust, leaking or |
deterioration)

Describe condition of content labels: |:

Grounding wires: | Adequate O inadequate O

Level gauge: [‘Adequate '

“Inadequate (4

Other items of concern: |

Secondary Containment Condition

Describe general condition (storm water |
accumulation, presence of oil, signs of erosion,
crack,. leaks, gopher holes, weed growth, etc.):

Storm water discharge valve: |

Is there a Sump? (if yes, describe in comments section below) |Yes -] 'j.'No.fg_j:D: Shefrany e Ry

Oil accumulation in dike or collection sump: | Yes - . No0d

Corrective acti

“Inspectors signature;

SPCC Form CHK-6 {3/93)




L AH Record of Drainage from Secondary
@S @H U D@S Containment Structures

Los Alamos Netional Leboratory

Los Alarnos, New Miexico 87545

Complete a separate form each time a secondary containment area is drained.
See back of form for Information.

SPCC Location

Technical Area # = )] (Use 99 for non-TA assigned areas)
Structure # = S) (Use unique number associated with structure)
Location Type ID = L (Use GSIP location type from Facility Site Map)
Identification #=T S L

Facility Type:

Type of Storage Used: Aboveground storage tank

Transformer

Belowground storage tank
Oil Containing Equipment
Drum Storage Area
Other: '

oooo0o

Materials Stored in Area:

Storage Equipment Condition inspection:
Does Storage Equipment Show any Signs of Leaks, Seepage, Incipient Failure, Deterioration, etc.?

Valves? YESQ NOo Q NAQ
Connections? YESQ NOQ NA QO
Tanks, Drums...? YESQ NOo Q NA QD
Piping, Hoses...? YESQ NO U NA Q)

Does Secondary Containment Show any Signs of Leaks, Deterioration, etc.? YESQ NOQ

Secondary Containment Contents Description:
Does Liquid in Secondary Containment have any of these Characteristics? (Elaborate below)

Any reason to believe that liquid contains any contaminant? YESQ NoQ
Does liquid surface appear to have a sheen or fim? YESU nNOQ
Are there any odors associated with liquid? YESQ NOOQ

Any reason to believe that liquid contains anything other than storm water or melted snow?
YESQ Nod
If YES to any above question, please explain:

Secondary Containment Contents Disposal Description:
Describe Where the Accumulated Liquid is to be Disposed:

Describe Method to be used to Dispose or Drain Accumulated Liquid:

ltemize any Analyses of Liquid:

SPCC Form Drain-1




Operator In Charge: Date:
Responsible Spill Coordinator: Date:

EM-8 Representative Approval: Date:

Statement of SPCC Secondary Containment Drainage Form Usage Intent:

Organizations and individuais should recognize that they own their storage equipment and the
contents of that equipment. Any non-permitted discharge to the environment is not legal since it
might exceed the terms of the Laboratory's NPDES Permit or other applicable regulation. Contact
ESH-8 for inspection and direction for any contemplated discharge action. The person
conducting the drainage is responsible for insuring that it is done in an environmentally and
personally safe manner. The operator must remain at the site and observe the process until
completion. After the operation is completed, they should verify that any outlets from the secondary
containment are closed and locked if so provided. Submittal of this form to ESH-8 (Mike Alexander,
MS-K490) should be as soon as practicable.

For any questions about the completion of this form, call the Environmental Protection Group (ESH-
8) @ 665-0453.

SPCC Form Drain-1




© |osAlamos

Decision Diagram for Secondary
Containment Requirements for In
Los Alamos National Leborefory

Los Alernos, New Mexico 87545 Hazardous Materials

door

Storage or Use of Qil, Chemicals or

DOES AREA
CONTAIN OILS,
CHEMICALS OR

HAZARDOUS
MATERIALS ?

NO FURTHER INVESTIGATION

COST OF CLEANUP
INSIDE THE AREA MORE
THAN THE COST

OF SPILL
CONTROL?

ARE FLOOR
DRAINS
PRESENT?

A

V

Y INVESTI

FLOOR DRAINS
NECESSARY FOR
DRAINING WASTE
WATER?

NO CONTAI

PLUG FLOOR DRAIN
(see note C)

CAN
CONTAINMENT
BE PROVIDED FOR OILS,
CHEMICALS OR HAZARDOUS
MATERIALS?

INSTALL RISER
| ON FLOOR DRAIN
(see note D)

YES

Y

PROVIDE
SECONDARY
CONTAINMENT
(see note B)

TA= Building= Location= Room=

INSPECTOR:

Compiete this decision diagram for each area or drain encountered by circling action taken,
retain a copy of GSIP records section and forward a copy to ESH-8, MS K490

NOTE A: Hazardous Chemicals are EPA Regulated Chemicals (see Appendix D).

NOTE B: Containment can consist of Secondary Containment Cabinets, Pallets or Containment
Structures such as Curbing that will Prevent Migration of Spillage.

NOTE C: Floor Drains should be Plugged Permanently.

of Spill.

YES NO FURTHER

GATION
NMENT

PROVIDE SPILL REQUIRED, SPILL
CONTROL

(see note B) NOT RECOMMENDED

NOTE D: Install Riser in Floor Drain to Allow Waste Water to Drain and Still Provide Containment in Case

SPCC FORM Drain-2

SPCC Form Drain-2




Los Alarnos

Los Alernos Netional Leboratory SPILL REPORT
Los Alermos. New Mexico 87545
Spill Coordinator Telephone Mail Stop Division Group

SPILL INFORMATION

Date of Spill Time of Spill Location
Amount of Spilled Material Type of Spilled Material
Basis of Estimate J Inventory J Visual Estimate J Recovered Volume QO Other

Cause (Describe events leading up to the spill, if applicable.)

Injuries or Exposure? O ves U No (If yes, please describe.)

Did evacuation occur? Q Yes W No Were facilities or equipment damaged? d Yes O No
Did fire/explosion occur? [} Yes [ No Was there a potential for fire/explosion? QJ Yes O No
Did the spill enter sewer drains, streams, or stream beds? Q Yes () No (Ifyes, give Jocation and ultimate drainage.)

Who discovered the Spill?

SPILL INFORMATION

Describe the spill response, in chronological order. Include a call-out of response personnel, steps taken to contain the spill, and steps

taken to clean it up. Also describe spill control equipment used.

HS Form Number 9-4A (3/93)

Send original to ES&H-8, MS K430




Spill Report
Page 2

Estimate the quantity of waste generated by the spill cleanup procedures, how that waste is packaged, and the current disposition of
wastes.

Describe any sampling performed during spill cleanup and attach analytical results to this form.

Describe current status of the spill site and the need for further cleanup or monitoring activities.

Cost Center

Program Code

Describe actions taken to prevent recurrence of such a spill.

ADDITIONAL INFORMATION

Spill Coordinator (Signature) Date

REGULATORY CONCERNS

(To Be Completed BY ESH-8)

ESH-8 (Signature) Date




Los Alaros

Los Alarnos Nationel Laboratory SPILL COORDINATOR'S

Los Alarnos, New Moo 87545 - SPILL INFORMATION FORM
Spill Coordinator Telephone Mail Stop Division Group
Responsible Facility/User Group
Contact Person Telephone Mail Stop Pager#
Spill Location Date of Spill Time of Spill Date Discovered | Time Discovered
Date Spill Time Spill Method used to Stop Spill
Stopped Stopped

Actions taken to Mitigate Damage

Nearest Water Course Affected?

O Yes O No U NA (Ifyes, please describe.)

Source and Cause of Spill (pipeline, tank, truck, overfiow, etc.)

Materiais Spilled

Estimated Amount of Material Spilied

Cleanup Started?

O Yes

Q No Date Started

Time Started

Cleanup Finished?

O Yes

U No Date Finished

Time Finished

Cleanup Method

Weather Conditions

Comments




Los Alarnos

Los Alernos National Leborafory
Los Alarnos, New Mesdoo 87545

General Site Information

WALK-AROUND INSPECTION
FORM

ABOVEGROUND TANK AND ASSOCIATED
PIPING

Technical Area (T) =

Inspection date:

Structure # (S) =

tnspector: |« <o o

Location Type (L) =

Tank temperature:

GSIP Location Identification # |70 =0
(T+S+L) = e 2

Tank contents: f.; -

Water content (for oil | Tank inventory (gauge or - .. )
tanks): | gallons): |

Adequate lighting:

e Yes  W No--;El

Is facility fenced?

Storage Unit Condition

Describe general condition (signs of rust, leaking or |

deterioration):

Tank contents labels:

-Adequat'e‘"t D - '_:‘lnéd_eq:.:éte' W]

Grounding wires:

‘Adequate L} . Inadequate [ -

Level gauge:

~Adequate [J

Inadequate F

Liquid level alarm system:

‘Adequate [ Inadequate: [

NA Q.

Foundation seal: | Good-lF. - -Poor [ =
Flanges, nozzles and piping: | Good- " Poor [~ “N/A D .
Ladders or stairs: |'Good [ "Poor  N/A &
Transfer pump: | Good [ Poor:td ~N/A Ll

Secondary Containment Condition

Describe general condition (storm water

accumulation, presence of oil, signs of erosion, |

cracks, leaks, gopher holes, weed growth, etc.):

Storm water discharge valve:

Is there a Sump? (if yes, describe in comments section below):

Locked ' Uniocked @ Novaive &

~Yes L 0 "No Tl

Containment liner (for earthen berms):

Oil accumulation in dike or collection sump:

Good (4 Poor L. Nofiner .
Yes [d - o No A o

:Comments: ..~ - s

Inspectors signature:

SPCC Form CHK-3 (Rev. 3)




Los Alamos

Los Alarmos Netional Laboratory
Los Alernos, New Medco 87545

General Site Information

WALK-AROUND INSPECTION
FORM

OIL OR CHEMICAL DRUM STORAGE
AREA

Technical Area (T) =

Inspection date: | &5

Structure # (S) = |

inspector: |

Location Type (L) = | v

Room number if indoors:

GSIP Location Identification #
(T+S+L) =

Area description:

Is facility fenced? Yes O No O

Adequate lighting: Yes' Lk
Inventory

Contents: No. of Drums:

Contents: No. of Drums:

Site condition

condition of drums, condition of secondary containment):

Describe general condition (cleanliness, signs of leaks, |-

Access around drums:

~Inadequate EI

Leaking drums: | Yes No:
Rusting drums: |.:Yes:-- i1 ~No: [
Bulging drums: |Yes ' {4 No [l
Proper labeling: |:Yes 'Lk No= [
Water accumulation (around or on drums): | Xes: ). "No: [

Spill kit or sorbents on hand (inventory, condition): |

Spill booms (inventory, condition):

Fire extinguishers:

Yes CI “NO EI

Support rack condition (horizontal storage):

Describe weather protection: |

-Good [+ Poor- [ NAD

Corrective action taken (give dates):- -~

‘Inspectors signature: -

SPCC Form CHK-4 (Rev. 3)




0

[

GROUP SPCC IMPLEMENTATION PLAN
Los Alamos PO MPLEMENTAT!

Los Alarmos Neationel Leboretory -GSIP-

Los Alermos, New Mexico 87545
Date: SC Name and Signature:

Superscripts refer to SPCC DS-1 Page-5 GSIP Abbrevnatwn List

1 Technical Area (T) =} - : B
2 Structure # (S) = |
3 Location Type (L) = }
4 GSIP Location Identification # (T+S+L) =

Storage Unit Descriptions

List type of storage unit:" |

List material stored in unit:2 |

List associated Reportable Quantity (RQ): i o . Sl o

List the CAS # |

| oo N o »n

List Capacity in gallons of Storage Unit (CSU): g

10

Describe piping associated with this location: Aboveground L Belowground EI ‘ ’No;;pipihg;_D E

Secondary Containment Descriptions

I What type of secondary containment?® | "~

12 List capacity in galions of secondary containment:

(scc)

31 What is the drainage area (ft?) that can contribute to |
run-on into the secondary containment (DA)?

1 Is the (SCC) > (CSU) + 1.875 x (DA)? |-YE

Note: 1.875 is the storm water conversion factor for a 25-yr/24-hr rainfall:

Action Item #1 (Secondary Containment) if answer on line 14 is No, describe as a deficiency and refer to Chapter 4 of the
SPCC Plan for requirements.

Date Deficiency Noted: SC Name and Signature:

Date Action ltem Completed: SC Name and Signature:

SPCC Form DS-1 Page 1



Spill Controls & Spill Removal

1 L Has the system been integrity testedﬂ'-YES-;‘,.;’Q;__ oNO L I yes, when: i
Action Item #2 (Integrity Testing) if answer on line 15 is No, describe as a deficiency refer to Chapter 4 of the SPCC Plan for
requirements,

Date Deficiency Noted: SC Name and Signature:

Date Action ltem Completed: SC Name and Signature:

7 Is there a method of level indication for the AST? | YE o

v Is there a liquid level alarm system for the AST? | YES. “NO! __ /
Action Item #3 (Monitoring) if answer on line 16 or 17 is No, describe as a deficiency and refer fo Chapter 4 of the SPCC Plan for
requirements. Check N/A if location is not an aboveground storage tank.

Date Deficiency Noted: SC Name and Signature:

Date Action item Completed: SC Name and Signature:

s | !sspill control equipment available at this location?4 | gl '
" he GSIP Abbreviation List

2) Page . o T
3) i

Action Item #4 (Spill Control) if answer on line 18 is No, describe as a deficiency.

Date Deficiency Noted: SC Name and Signature:

Date Action ltem Completed: SC Name and Signature:

SPCC Form DS-1 Page 2




Storm Water Considerations

19

Are methods for removing storm water or spills from |

secondary containment areas available?%
1)
2)
3)

20

Is there a storm water discharge valve and lock? |

21

Are best management practices such as covering, |

run-on diversion, etc. being used?

22

What is the distance to closest storm water culverts or
catch basins (in feet)?

23

Would a spill be isolated from these storm water | YES
culverts or catch basins? |-

24

Name of canyon eventually receiving storm water or
spill run-off:

Action Item #5 (Storm Water) if answer on lines 19 or 23 is No, describe as a deficiency. If line 20 is answered "unlocked" or "o
discharge valve", describe as a deficiency. If answer on line 21 is No, explain why.

Date Deficiency Noted:

SC Name and Signature:

Date Action ltem Completed:

SC Name and Signature:

Other Administrative Controls

= Is there an Inspection & Maintenance Program in {-YES.. (A .NO [l
place at this GSIP Location? i =
% Are aboveground storage tanks, transfer areas, |:YES:: [} NO . [
drums or other ancillary sources properly labeled? |- ST
7 Is there a system of inventory control at this site? | YES:+: Ll NO - Lo
B Has an appropriate recordkeeping system ] ]

(documenting inventory controls, past inspections,
testing, etc., been implemented at this GSIP
Location?

YES

NO

29

Is security at this location adequate? (e.g., lighting,

5-::YES o
fencing, locked gates and vaives) |

Action Item #6 (Administrative Controls) If answer on lines 25 through 29 is No, describe as a deﬁctency Refer to Chapter 4

of SPCC Plan for requirements.

Date Deficiency Noted:

SC Name and Signature:

Date Action Item Completed:

SC Name and Signature:

SPCC Form DS-1 Page 3




GSIP PRIORITIZATION and IMPACT ESTIMATE

FIRST PRIORITY:

Is this an oil storage location with a capacity greater than 660 gallons?
Is this a chemical or waste storage location with a capacity greater than 220 gallons?

Is this a chemical or waste storage location in which any individual hazardous
chemical RQ is exceeded?

Is this a storage location in close proximity to a canyon rim, a storm water discharge
point, floor drains, etc.?

Could an oil or chemical spill at this location enter a collection system for an NPDES
permitted outfall?

YESQ
YES O
YES

YESQ

YESQ

NoQ
No Q)
NoQ

NO Ul

No U

If YES on any question above, the area should be considered first priority. Action items listed above should be

accomplished immediately. Skip next two sections.

SECOND PRIORITY:

Is this an oil storage location with a capacity greater than 220 gallons?

YESQ

No O

Is this a chemical or waste storage location with a capacity greater than 55 gallons?

YES U

No O

If YES on either question above, the area should be considered second priority. Action items listed above should

be accomplished within 6 months or as soon a practicable. Skip the next section.

THIRD PRIORITY:

Is this an oil storage location with a capacity between zero and 220 gallons?

YESQ NOU

Is this a chemical or waste storage area with a capacity between zero and 55
gallons?

YEsQ NoQ

If YES on either question above, the area should be considered third priority. Action items listed above should be

accomplished as soon a practicable.

Comments: |n the space provided below, discuss any additional concerns related to the description of the
Storage Unit, Secondary Containment, Spill Controls & Removal, Storm Water Considerations, Administrative

Controls and GSIP Prioritization.

SPCC Form DS-1 Page 4




NoTes: CHOICES INCLUDE:

‘D’ GSIP ABBREVIATION LIST

1. Types of Storage Units

AST - Aboveground Storage Tank

CHM - Aboveground Chemical Storage Tank
PCT - Portable Containers (such as TUFF tank)
DRM - Drum Storage

LUT - Loading, Unloading and Transfer

TRN - Transformers

HYD - Hydraulic and Qil Containing Equipment
BAT - Battery Packs

2. Types of Materials Stored

If oil, grease or fuel indicate as such. If chemicals in drums, use common chemical name with CAS#.
Use separate sheet if list of chemicals is long. (f in small containers, list as general chemical storage.

3. Types of Secondary Containment

EDB - Earthen Diking or Berms
ERC - Earthen Redirection to other containment
ADB - Asphaltic Diking or Berms
ACU - Asphaltic Curbing
ASU - Asphaltic Sump (or drainage to sump)
ARC - Asphaltic Redirection to other containment
CDB - Concrete Diking or Berms
‘D CCU - Concrete Curbing

CS8U - Concrete Sump (or drainage to sump)
CRC - Concrete Redirection to other containment
MOD - Modular Secondary Containment Systems
PAL - Palletized Secondary Containment
OTR - Other Types of Secondary Containment (specify)

4. Types of Spill Control Equipment

SRB - Sorbents (granular, fibrous, powders, etc.)

GEL - Gel Type Immobilization Agents

BMM - Booms

DCV - Drain Covers

NUT - Neutralization (pH adjust for acids or bases)

SPC - Specialized Control Kits (Hg, HF, Strong Oxidizers, etc.)
DPN - Drip Pans

CPP - Cathodic Pipe Protection

OTR - Other Types (specify)

5. Methods of Storm Water Removal or Spill Removal

EVP - Evaporation (storm water)

VAC - Vacuum Truck Removal (off-site treatment)
SRB - Sorbents (oils and chemicals)

REC - Recovery for Reuse Methods

TRT - Treatment (on-site storm water treatment)
OTR - Other Types of Removal (specify)

QOVD - Open Valve Discharge
‘D SPCC FORM DS-1 Page 5




0

B. PAST INSPECTION FORMS

TA-57 FENTON HILL SITE

GROUP SPCC IMPLEMENTATION PLAN

CHAPTER 4: GSIP LOCATIONS

Type of Inspection Date of Who performed GSIP Location Deficiencies Noted
Inspection Inspection
Walk-around Inspection 5/24/94 Santa Fe 57-56A-AST No liquid level alarm
Engineering system
Walk-around Inspection 5/24/94 Santa Fe 57-56B-AST No liquid level alarm
Engineering system
Walk-around Inspection 5/24/94 Santa Fe 57-56C-AST No liquid level alarm
Engineering system and or gauge
Walk-around Inspection 5/24/94 Santa Fe 57-56-DRM Spill kits or sorbents
Engineering should be made
available
Walk-around Inspection 5/24/94 Santa Fe 57-59-DRM Spill kits or sorbents
Engineering should be made
available
Walk-around Inspection 5/24/94 Santa Fe 57-26-AST No liquid level alarm
Engineering system
Walk-around Inspection 5/24/94 Santa Fe 57-26-LUT No liquid level alarm
Engineering system. Requires
some type of
secondary
containment structure
Walk-around Inspection 6/1/95 Santa Fe 57-10A-AST No labeling
Engineering

JUNE 10, 1894

Page 5-3



TA-57 FENTON HILL SITE
GROUP SPCC IMPLEMENTATION PLAN
CHAPTER 5: APPENDICES

Type of Inspection

Date of
Inspection

Who performed
Inspection

GSIP Location

Deficiencies Noted

JUNE 10, 1994

Page 5-4




L@S Aﬂ@m@g \éVcr)’-\I;.“};-AROUND INSPECTION

‘D Los Alamnos National Lsboralory ABOVEGROUND TANK AND ASSOCIATED

General Site Information

Technical Area (T) = |67 .. e PERgL T Inspection date: | 5/24/94

Structure # (S) = |156A Inspector: |-DK:

Location Type (L) = |;AST: Tank temperature: | N/A:;

GSIP Location | 57-56A-AST Tank contents. -’D:esel Fuel
Identification # (T+S+L) = | -

Water content (for oil N/A ’ Tank inventory (gauge or Gauge 3/4 full o
tanks): [0 : gallons): |* A it

No, Q-

Adequate lighting: | Yes o Is facility fenced? | Yes D No: =

Storage Unit Condition

Describe general condition (signs of rust, leaking or | Tank in good condition - - :
deterioration): | G e

Tank contents labels: | Adequate ¥ Inadequate ' _

Grounding wires: | Adequate v " Inadequate.

Level gauge: |‘Adequate v Inadequate [ -

Liquid level alarm system: -Adequate L. Inadequate. . °

Foundation seal: "*"Poor QD NA

Flanges, nozzles and piping: “Go_od o Poor L ONAL

Transfer pump: | Good - Poor:d = N/A ¥

Ladders or stairs: [:Good - LF :Poor:ld i N/A o

Secondary Containment Condition

Describe general condition (storm water |-Grate covered-pitin good condmon -
accumulation, presence of oil, signs of erosion, | _Mmor on sheen :
crack,. leaks, gopher holes, weed growth, etc.): |

Storm water discharge valve: Locked EI Unlocked EI ~No valve v

Is there a Sump? (if yes, describe in comments section below): | Yes" A : No J
Containment liner (for earthen berms): |=“Good.-:0: “-2Pooer-Ll= No liner: Cl N/A
Oil accumulation in dike or collection sump: |:.. Yes I~ " =+ No. D CNIAC
Comments;::

Facility is covered

SPCC Form CHK-3 (Rev. 3)




Los Alemos

Los Alamos National Leboratory
Los Alermos, New Medco 87545

General Site Information

WALK-AROUND INSPECTION
FORM

ABOVEGROUND TANK AND ASSOCIATED
PIPING

Technical Area (T) = | 567:""

Inspection date: | 5/24/94

Structure # (S) = | 56C"

Inspector: |:DK .

Location Type (L) = [ AST

Tank temperature: N/A- ........

GSIP Location [:57-86C-AST.

Tank contents: ‘Waste Fuel Ol[

|dentification # (T+S+L) =
Water content (for oil {: Tank inventory (gauge or No gauge
tanks): | gallons): O :
Adequate lighting: Is facility fenced? |.. Yes El-y
Storage Unit Condition
Describe general condition (signs of rust, leaking or | Tank in:

ood C;Ondi i

deterioration): |
Tank contents labels: | Adequate 7 lnadequatezgﬂzcb
Grounding wires: |‘Adequate - ¢ Inadequate
Level gauge: | Adequate [~ - -Inadequate: ¥/, -
Liquid level alarm system: | Adequate“[d: "””"l’nadequate e

Foundation seal:

Good i Poor:LF #EN/A

Flanges, nozzles and piping:

“Good:v = Poor I “N/A-I

Ladders or stairs:

:Good. [ Poor [ N/A V.

Transfer pump:

Good..[ " Paor [ NA -

Secondary Containment Condition

Describe general condition (storm water
accumulation, presence of oil, signs of erosion,
crack,. leaks, gopher holes, weed growth, etc.):

Grate:covered:pit in good cond ition -, ..
Mmor o;l sheen :

Unlocked 1

Storm water discharge valve: | Locked E:I No.valve
Is there a Sump? (if yes, describe in comments section below). Yes:.[d . No i
Containment liner (for earthen berms): | Good. " “Poor’Q - Noliner. O N/A.
Oil accumulation in dike or collection sump: [ Yes::ld - oo @ No L NIA

Comments: ..
Facilityis:covered.

Items requiring corrective actions:.
‘Sometype Ofév iquid: level gauge should be lnstalled,. '

Correctlve actions taken {give dates)

-Inspectors signature: =,

SPCC Form CHK-4 (Rev. 3)




Los Alamos

Los Alamos National Lalboratory
Los Alsrmnos, New Medoo 87545

General Site Information

WALK-AROUND INSPECTION
FORM

OiL orR CHEMICAL DRUM STORAGE
AREA

Technical Area (T) = { §7:

Inspection date: | 5/24/94 -+

Structure #(S) = |59

Location Type (L) = | DRM:

Inspector: |-DK i
Room number if indoors: | =~ ¢

GSIP Location -'57~59-DR
Identification # (T+S+L) = |

Area description: | Covered storage:area . -,

Adequate lighting: | Yes 7  Nog

Is facility fenced? |- “Yes -O" No 7

Inventory

Contents: No of Drums

Contents

No. of Drums:

Eth;ylene Glycol =

"SAE 15W-40

~Sodium- Bromide i

220 Oil

Nobile Gear Ol

Site condition

Describe general condition (cleanliness, signs of leaks,
condition of drums, condition of secondary containment):

vz;_CIean area Drums in good condmon

Access around drums: .:_Adequate /o lnadequate El
Leaking drums: | Yes i “No «
Rusting drums: [:Yes: d: " :No v
Bulging drums: |Yes: [ “No-of: = i
Proper labeling: |'Yes =¥ . No "L}
Water accumulation (around or on drums): | Yes+ ¥ 'No -«
Spill kit or sorbents on hand (inventory, condition): } none... ...~
Spill booms (inventory, condition): | .none

Fire extinguishers:

Yes : J No =T

Support rack condition (horizontal storage):

-Good &

“Poor I’ N/A J D

Describe weather protection:

‘Covered: on three:sides .

Drums are stored in a covered area, u

Comments:

ftems requiring-corrective action: =
Spm knt or: sorbents should be made avallable

Corrective action taken:(give dates):

Inspeglors Sigr_]ature-:ﬂ L R igEed

SPCC Form CHK-4 {Rev. 3)




Los Alamos

Los Alamos Nationel Laboratory
Los Alemos, New Mexdco 87545

General Site Information

WALK-AROUND INSPECTION
FORM

ABOVEGROUND TANK AND ASSOCIATED
PIPING

Technical Area (T) = |.

Inspection date: | 5/24/94

Structure # (S) = |

Inspector: | DK

Location Type (L) = [7A:

Tank temperature: |[“N/A:

GSIP Location | 57
Identification # (T+S+L) = .~

Tank contents: [ DieselFuel - -

Water content (for oil
tanks): |5

| Tank inventory (gauge or r.'noné.‘.-;:{

gallons):

Adequate lighting:

Is facilty fenced? | . Yes

Storage Unit Condition

Describe general candition (signs of rust, leaking or |-

deterioration): | - T
Tank contents labels: |-Adequate: v ' ‘Inadequate [
Grounding wires: | Adequate ¥/ . Inadequate I
Level gauge: [ Adequate [J. Inadequate ¢ -
Liquid level alarm system: |‘Adequate 1 Inadequate . v/ '
Foundation seal: | Good .. Poor I i N/AID

Flanges, nozzles and piping:

‘Good. ¥ :Poor I N7A" o

Ladders or stairs:

Transfer pump:

Good' [« Poor L . N/A7

Secondary Containment Condition

Describe general condition (storm water
accumulation, presence of oil, signs of erosion,
crack,. leaks, gopher holes, weed growth, etc.):

**Stormwater accumuiatton of 1 foot

Berm-containment:in:good: condmon

No valv_e' v

Storm water discharge valve: Lock‘ed’ T:I Unlocked D
Is there a Sump? (if yes, describe in comments section below): |;.~Yeg [N} S5 Noo 4N :
Containment liner (for earthen berms): |- Good: . Poor X No lmer D
Oil accumulation in dike or collection sump: Yes [ oo o No: D

Comments:
Secondary- contamment is
‘accumulated:stormwater i in‘containment:berm

good condmon Recommend mstallatson of a manua! dlscharge valve to remove

[tems. requiring corrective:actions::
-Some type of liquid level alarm system

Corrective actions taken.(give dates): .-

Inspectors signature::: - =,

SPCC Form CHK-4 (Rev. 3)




Los Alamos

Los Alamos National Laboratory
Los Alemos, New Mexdco 87545

General Site information

WALK-AROUND INSPECTION

FORM

ABOVEGROUND TANK AND ASSOCIATED

PIPING

Technical Area (T) = |. Inspection date: |'5/24/94°
Structure # (8) = Inspector: | DK =
Location Type (L) = Tank temperature: [=N/A...

GSIP Location |.5
Identification # (T+S+L) =

Tank contents:

Dtesel Fuet

Water content (for oil |:
tanks): |

Tank inventory (gauge or
gallons): |

N;’-.A e

Adequate lighting:

Is facility fenced?

T Yes ¥ No O

Storage Unijt Condition

Describe general condition (signs of rust, leaking or |-’

m;good condmon

deterioration): | oni i i (B e e BB
Tank contents labels: | Adequate ‘¥ lnadequate EI N/A
Grounding wires: | Adequate v ‘Inadequate [J N/A -
Level gauge: | Adequate [ Inadequate. ¢ .
Liquid level alarm system: |'Adequate: ' lnadequate =
Foundation seal: |'Good: v/ - Poor [ "N/A T~
Flanges, nozzles and piping: [-Good::v . ~Poor-l == N/A s =
Ladders or stairs: [ Good J Poor: [l INJA
Transfer pump: | Good '~ Poor. ... N/A. V.

Secondary Containment Condition

Describe general condition (storm water
accumulation, presence of oil, signs of erosion,

crack,. leaks, gopher holes, weed growth, etc.): |-

:No;secondary containment. . ...

- Unlocked:

Storm water discharge vaive: | Locked ‘No valve /
Is there a Sump? (if yes, describe in comments section below): | " Yeas [} No « :
Containment liner (for earthen berms): | “Good=+ Q.....-~ Poor & No liner D N/A
Oil accumulation in dike or collection sump: |5 Yes =¥ No- &7 "NIA :

Comments;: = .. Gl A
Transfer valve unlocked and easuly turned on

Items requiring corrective actions: ... -
Fueltransfer area should be bermed.

Ievel alarm or gauge should be mstalled

‘Corrective.actions taken (give dates): . ....-

Inspectors signature: = oo

SPCC Form CHK-4 (Rev. 3)




Los Alarnos

Los Alamos National Leboralory
Los Alernos, New Mexico 87545

General Site Information

WALK-AROUND INSPECTION
FORM

ABOVEGROUND TANK AND ASSOCIATED
PIPING

Technical Area (T) = |57 ~i%

inspection date: |5/24/94.

Structure # (S) = |:56B:

Inspector: | DK

Location Type (L) = [ AST. .

Tank temperature: [:N/A-

GSIP Location |-

Tank contents: Gasohne

Identification # (T+S+L) = | .. :
Water content (for oil [:N/A" Tank inventory (gauge or Gauge 2/3 full
tanks): L : ga"ons) v_'::.‘...

Adequate lighting: |5~ .Yes / o NoT

Is facility fenced? Yes EI Lo No W

Storage Unit Condition

Describe general condition (signs of rust, leaking or

deterioration): ,
Tank contents labels: |‘Adequate v . “Inadequate: X -
Grounding wires: z-Adequate»‘ff"_ Inadequate
Level gauge: |.Adequate ¢ - lnadequateeﬁ
Liquid level alarm system: | Adéquate 1. - Inadequate v . o
Foundation seal: | Good L1 :Poor 0 oNA L e
Flanges, nozzles and piping: ['Good:- ¢ .. Po NIRRT e .
Ladders or stairs: | Good LI SNIAA
Transfer pump: | Good [ N/A

Secondary Containment Condition

Describe general condition (storm water

Grate:covered: plt in good condmon :

accumulation, presence of oil, signs of erosion, Mmor oit sheen
crack,. leaks, gopher holes, weed growth, etc.): | e : O
Storm water discharge valve: ULocked E] Unlocked l:l -Novalve.
s there a Sump? (if yes, describe in comments section below): | - Yesii{l):: i NO 7 :
Containment liner (for earthen berms). |-Good . = “Poor. 7 Noliner OO =N/A
Qil accumulation in dike or collection sumep: Yes [ 2 No T oNIA--

Comments:: ..
Facility is covered. -

Items requiring- corrective actions: G
Some type of liquid level alarm system

Correct:ve actlons taken (glve dates) o

SPCC Form CHK-4 (Rev. 3)




Los Alarnos

WALK-AROUND INSPECTION

FORM
Los Alernos Netionel Leboretory ABOVEGROUND TANK AND ASSOCIATED
Los Alermos, New Meaxdco 87545 PIPING

General Site Information

Technical Area (T) = |* inspection date: | 6/1/95
Structure # (S) = |1 inspector: [:SFE/S. Veenis:
Location Type (L) = Tank temperature: | N/A -
GSIP Location Tank contents: Ethylene Glycol
Identification # (T+S+L) = . :
Water content (for oil 4 Tank inventory (gauge or 60% fuII or 300 gallons o
tanks): gallons): :

Adequate lighting: | Yes D No Is facility fenced? |~ Yes / T No O

Storage Unit Condition

Describe general condition (signs of rust, leaking or | po ethyiene ta km good condmon TR

deterioration);
Tank contents labels: "Adequat‘e,-.EJ , Inadequate / : i
Grounding wires: |.Adequate v .::Inadequate: D N/A 1

Level gauge: | Adequate v Inadequate L1 visual

Liquid level alarm system: |-Adequate [~ . Inadequate v

Foundation seal: | Good v @ = Poor I "N/A L' - )

Flanges, nozzles and piping: |-Good «- - - Poor.-{d.. N/A 1]

Ladders or stairs: | Good . . Poor &l N/A L} -

Transfer pump: | Good v Poor:l- "~ NA QA

Secondary Containment Condition

Describe general condition (storm water | Containment in.good:-condition.:
accumulation, presence of oil, signs of erosion, Stormwater accumula’uon of 6- mches
crack,. leaks, gopher holes, weed growth, etc.): | @

Storm water discharge valve: 'Locked EI Unlocked D No vvalve 4

fSecondary cohtamment 1s in good condm

is there a Sump? (if yes, describe in comments section below): “Yes i of - No D
Containment liner (for earthen berms): |- Good J Poor - “No Imer /
Oil accumulation in dike or collection sump: = Yes [ No \/
Comments: o Tt it T A A g L e e D

Sump pump appears to be: in good condmon should be used to

periodically empty containment of accumulated storm water. -

';;;;Items requmng correctlve actions:

‘Corrective actions taken: (give:dates):

SPCC Form CHK-4 (Rev. 3)




0 Post Office Box 968 . GARREY CARAUTHERS

Santa Fe, New Mexica 87504-03968 Governar
LARRY GORDON
ENVIRONMENTAL IMPROVEMENT DIVISION Secretary
CARLA L. MUTH
Michael J. Burkhart Deputy Secretary
Director

NEW MEXICO

HEALTH ano ENVIRONMENT

DEPARTMENT

January 8, 1988

T SERVATION DIVISION

ud
Mr. Myron Knudson 0“’ SANTA FE
U.S. Environmental Protection Agency
Allied Bank Tower
1445 Ross Avenue
Dallas, Texas 75202-2733

Re: State Certification
Dear Mr. Knudson:

Enclosed please find the state certification for the following minor
industrial permit.

Department of Energy (Fenton Hill), Permit Number NM0028576

Comments are enclosed on separate sheets. The original Public Notice
deadline was October 27,1987 but it was extended until February 8, 1988 at
the request of the New Mexico Environmental Improvement Division.

Sincerely,
eyl L~ o ’ .
Kathleen M. Sisneros

Bureau Chief
Surface Water Quality Bureau

MS/ms
Enclosures

cc: NMEID Espanola Field Office
NMEID District II Office
/NMOCD Dave Boyer .”
DOE"LANL, Charles Nylander
DOE LANL, Harold Valencia

EQUAL OPPORTUNITY EMPLOYER




Mr. Robert Layton Jr., Regional Administrator
Environmental Protection Agency

1445 Ross Avenue

Dallas, TX 75202-2733

January 8, 1988
STATE CERTIFICATION

Re: Department of Energy (Fenton Hill)
Los Alamos Area Office
Los Alamos, New Mexico 87544
NM0028576, September 26, 1987

Dear Mr. Layton:

The New Mexico Environmental Improvement ODivision has examined the
application for and the proposed NPDES permit NM0028576 above. The following
conditions are necessary to assure compliance with the applicable provisions
of the Clean Water Act Sections 208(e), 301, 302, 303, 306, and 307 and with
appropriate requirements of State law. Compliance with the terms and
conditions of the permit and this certification will provide reasonable
assurance that the permitted activities will be conducted in a manner which
will not violate applicable water guality standards.

The State of New Mexico

( ) includes the following more stringent conditions and citation to
the State or Federal requirements upon which those conditions are
based (see attachments).

(x) certifies that the discharge will comply with the applicable
provisions of Sections 208(e), 301, 302, 303, 306 and 307 of the
Clean Water Act and with appropriate requirements of State law.

() waives its right to certify
() denies certification for the reasons stated in the attachment

In order to meet the requirements of State law, including water quality
standards and appropriate basin plan, each of the conditions cited in the
draft permit and the State certification shall not be made less stringent.

Please contact Mike Saladen 1if you have any questions concerning this
certification. Comments pertaining to this Draft Permit are included on a
separate page.

Sincerely,

Kt D o

Kathleen M. Sisneros
Bureau Chief
Surface Water Quality Bureau




Department of Energy
Fenton Hill
NM0028576

Comments That Are Not Conditions Qf State Certification

The discharge is incorrectly cited on the Public Notice, Statement of Basis
and on page 1, Part I of the permit. The correct discharge is into Lake Fork
Canyon, thence the Rio Cebolla, thence the -Rio Guadalupe in stream segment 2-
106 of the Rio Grande Basin.

The designated uses of stream segment 2-106 are as follows: domestic water
supply, fish culture, high quality coldwater fishery, irrigation, livestock
and wildlife watering and secondary contact recreation.

The State ground water standard for boron is 0.75 mg/1 (Section 3-103.C., NM
Water Quality Control Commission (WQCC) Regulations). The current NPDES
permit requires monitoring of boron. Review of the permittee's DMR data
indicates discharges of boron as high as 122 mg/1 (December 1986). The EID
hereby requests that EPA retain the monitoring and reporting requirement for
boron.

The federal Safe Drinking Water Act standard for fluoride in drinking water
is 4.0 mg/1. The State ground water standard for fluoride is 1.6 mg/1
(Section 3-103.A., WQCC Regulations). Designated uses of the receiving
waters include domestic water supply. The current NPDES permit requires
monitoring of fluoride. Review of the permittee's Discharge Monitoring
Report (DMR) data indicates discharge as high as 8.5 mg/1 fluoride (September
1986). The EID hereby requests that EPA retain the monitoring and reporting
requirements for fluoride.

The State ground water standard for total dissolved solids or filterable
residue (TDS) is 1000 mg/1 (Section 3-103.B., WQCC Regulations). On June
24,1987, the 0i1 Conservation Division (0CD) visited the site and collected a
sample for TDS which indicated it to be 5278 ppm. The EID hereby requests
the EPA to include monitoring and reporting of TDS in the permit.

A review of DMRs submitted by the permittee document arsenic and cadmium
levels as high as 7.5 mg/1 and 2.0 mg/1 respectively. Based on DMR data
submitted by the permittee, the EID requests that EPA retain the monitoring
and reporting requirements for arsenic and cadmium.

A review of flow schematics submitted by the permittee document potential
unpermitted outfalls at the Fenton Hill Geothermal site. The permittee
stated their belief that these outlets would be used in emergency situations
only and that a discharge from any of these outlets would be covered by their
permit, Part II1.5., Bypassing. EID would like to bring to the attention of
EPA these potential outfalls, (see enclosed attachments). EID would also
like to explain that these bypass outfalls discharge to a different
watercourse than outfall 001. The State believes that the bypassing of
treatment units is unacceptable and prohibited by the NPDES permit. If a
bypass does occur, the permittee must immediately notify both the EPA and
EID, sample the discharge and meet all requirements for bypassing stated in
the NPDES permit. The DOE will also be responsible for complying with all
applicable provisions of the WQCC regulations (e.g. Section 1-203,
Notification of Discharge-Removal) with regard to any bypass.



NONE.

Department of Energy
Fenton Hill
NM0028576

Conditions Of State Certification




REGION VI
ALLIED BANK TOWER AT FOUNTAIN PLACE
1445 ROSS AVENUE
DALLAS, TEXAS 75202

JAN 0§ 1968

REPLY TUO: G-l

ts, Kathlean ¥, Sisaeros

fureau Chief

Surface Hater Guality Bureau
Cnviromnsental Improvesant ;1visi n
Hiew Mexico Department of Healihn
Polie Box 568

Santa Fe, Hew Pexice 87504-0usE

i Environment

Qe wPLES Pereit ho. BEGOZ2ESTG

Dear ¥s. Sisnercs:

This i 1 response Lo your Decesber 22, 1987, request for

extension of the certification period for tne fenton Hi11 LARL
An extension untdl February £6, 1958, 1s nereby aporoved,

Sincerely vours,

c..._,‘ e T e

Kenneth i‘il}i feaan, Phaoi,
inief

Industrisl Permits Section

e Mro Charles mviander
Departnent of Energy
Los Alawos Area Uffice
Los Alawos, Hew Mexico ET844

< ¥r, Lavid a. Guyer
tnvironmental Bureau Chiet
g1} Conservation Division
Eneryy, Finerals ang Helurad
State of Hew Mexico
P,0. Bk 2088
Santa fe, new Yexico 87504

A L e g
Resvurces

TATES ENVIRONMENTAL PROTECTION AGENCY

&

nerait,



OIL CONSERVATION DIVISION

SANTA FE '
Mr. Mike Saladen
New Mexico Environmental Improvement Division
Surface Water Quality Bureau
P.O. Box 968
Santa Fe, New Mexico 87504

— ek

Dear Mr. gg/aden:

Per our telephone conversation today, I am expediting to you
the attached copies of the analytical reports for the water
samples collected at the Fenton Hill Geothermal Site on
November 9, 1987. Sample number 87.02641 was collected from
the 5 million gallon hypalon-lined sump, and sample number
87.02642 was collected from the 5 million gallon hypalon-

lined pond access hatch. The quality assurance reports are
also attached.

As we discussed, we had both recently received the 0il
Conservation Division's analytical reports for the Fenton
Hill split samples collected simultaneously and analyzed by
the N.M. Scientific Laboratory Division. As you will notice
by comparing the two laboratory's analytical data, the
analytical results are very similar. It would appear that
the trace of toluene previously detected in samples last
Fall has for all practical purposes disappeared. Also, the
quantitative presence of the various trihalomethanes
detected by both laboratories and other volatile organic
compounds is well below the Safe Drinking Water Act
standards. At this point, I believe more fervently that the
presence of trace organic compounds is the result of field-

seaming and repair of the hypalon liner, as hypothesized
last November.

I hope the timely transmittal of these analytical data will
assist you in completing your review and certification of
the proposed permit for Fenton Hill. Please call me at 665-
0453 should you wish to discuss the attachments or the
proposed permit.

Sincerely,

Zdc

Charles Nylander
Environmental Surveillance
Group (HSE-8)

Attachments: a/s
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HSE-9 ORGANIC ANALYSIS RESULT
VOLATILE ORGANICS

REQUEST SHEET NUMBER: 6462
SAMPLE NUMBERS: 87.02641-02642
SUBMITTER: ROY BOHN, HSE-8
DATE: DECEMBER 15, 1987

On November 9, 1987 the above two water samples were delivered to me for
analysis of volatile organics. The analysis was performed using purge and trap gas
chromatography/mass spectroscopy. Analysis was begun on November 12, 1987 and
was completed on November 22, 1987. Qualitative analysis was accomplished using
library searching, retention time confirmation, and analyst interpretation.
Quantitative analysis was performed using the internal standard method. Surrogate
standards were added to each sample. The % recovery of the surrogates is used as
a measure of the efficacy of the analytical technique. A matrix spike was also
analyzed, and the % recovery of these compounds is useful in detecting any unusual
matrix effects that might be attributable the actual sample matrix. The results of
the individual analyses and quality control analyses are attached. Please call if you
have any questions.

HSE-9 Organic Analysis Section

(ot (0 LI

Carol Sutcliffe
HSE-9 Organic Analysis Section Leader




HSE-9 ORGANIC ANALYSIS SECTION
VOLATILE ORGANICS RESULT SHEET

SAMPLE NUMBER: __§7.0364| ./

MATRIX:

NUMBER OF REPLICZ%EQJF;UNS:
SURROGATE SPIKE RECOVERIES:
1,2-DICHLOROETHANE d4
p-BROMOFLUOROBENZENE 31

CAS #

74873
73839
75014
75003
75092
67641
75150
75354
75343
540590
67663
107062
78933
71556
56235
108054
75274
78875
10061015
79016
124481
79005
71432
10061026
75252
108101
591786
127184
79345
108883
108907
100414
100425
133027
75694
95501
541731

W

To%al of &

TOLUENE d8 mj%_}?h.-

COMPOUND

CHLOROMETHANE

(% RECOVERY)

i ONE. TVUN

RESULT +/- (ppb)

Zmoc

BROMOMETHANE

VINYL CHLORIDE

CHLOROETHANE

METHYLENE CHLORIDE

ACETONE

CARBON DISULFIDE

1,1-DICHLOROETHENE

1,1-DICHLOROETHANE

1,2-DICHLOROETHENE

) 4

CHLOROFORM

bt 7]

1,2-DICHLOROETHANE

{moC

2-BUTANONE

LoDl

1,1,1-TRICHLOROETHANE

sS4 2N

CARBON TETRACHLORIDE

emp

VINYL ACETATE

cmoL

BROMODICHLOROMETHANE

Tat aqg

1,2-DICHLOROPROPANE

cmo

cis-1,3-DICHLOROPROPENE

iZmps

TRICHLOROETHENE

LMo

DIBROMOCHLOROMETHANE

HLX O S

1,1,2-TRICHLOROETHANE

L{moL

BENZENE

Lmp

trans-1,3-DICHLOROPROPENE
BROMOFORR .

Lmp L

TRESNN

4-METHYL <2 -PENTANONE

Lol

2-HE

/

TETRACHLORDETHENE

|

1,1,2,2-TETRACHLOROETHANE
TOLUENE

ll

CHLOROBENZENE

ETHYLBENZENE

STYRENE

XYLENES

TRICHLOROFLUOROMETHANE

1,2-DICHLOROBENZENE

1,3-DICHLOROBENZENE

Yo

MDL (ppb)

(TOTAL)

(TOTAL)

40.
40.
40.
40.

t —
oMo LUt

COOD00O0DD0000000000OO00DD0O000000OOOODO

T ToTUnoTrgnorgnonototonovyUTo LU
s & o o o s e e e e o o ® o . e e e



106467 1,4-DICHLOROBENZENE Emov 5.0
91023 NAPHTHALENE '
104518 n-BUTYLBENZENE
108861 BROMOBENZENE
95498 2-CHLOROTOLUENE !
106434 4-CHLOROTOLUENE
74953 DIBROMOMETHANE
142289 1,3-DICHLOROPROPANE
590207 2,2-DICHLOROPROPANE
87683 HEXACHLOROBUTADIENE
103651 n-PROPYLBENZENE
630206 1,1,1,2-TETRACHLOROETHANE

B lamn SN

A4 —4—-1-

Tttt YLr T U
e * o + e & e« s e o o o
(=]

*

120821  1.2.4-TRICHLOROBENZENE 0*
96184 1.2.3-TRICHLOROPROPANE » 0%
95636 1.2.4-TRIMETHYLBENZENE ; 0*

MDL : Minimum detection limit (* is estimated)

The system has been shown to be capable of detecting all of the above listed
compounds. In some cases, not all of these compounds are included in the standard
calibration runs.

The linear range of the detector is 20-200 ppb. In those samples with analyte
concentrations greater than 200 ppb, dilutions are made. In those samples with
analyte concentrations between 5 and 20 ppb, a second calibration curve is made
for that range. As a calculated value approaches the limit of detection, the
uncertainty associated with that value increases. In general, uncertainties are
assigned as follows:

CALCULATED CONCENTRATION (ppb) UNCERTAINTY (%)
5-10 100.0
10-20 (SEPARATE CURVE) 10.0
10-20 ( STANDARD CURVE) 50.0
20-200 10.0

If a sample is rum im triplicate and its concentration falls within the range of
the curves, uncerfpl is reported as the standard deviation of the replicates.
Normally, sample im??!‘n in duplicate.

The results of matrix spike and matrix spike duplicate runs if applicable are
attached.

Lesdls are * 2 std. deviadions, e_xQQP"E 80cm .




HSE-9 ORGANIC ANALYSIS SECTION
VOLATILE ORGANICS RESULT SHEET

SAMPLE NUMBER:

§7.03¢4a

+ MATRIX: w)

aler
NUMBER OF REPLICATE RUNS: Tetalof G

SURROGATE SPIKE RECOVERIES:

1,2-DICHLOROETHANE d4 _qM.§
TOLUENE d8 ~(ov 2
p-BROMCFLUOROBENZENE (1 4.

(% RECOVERY)

} mean of &

CAS # COMPOUND RESULT +/- (ppb) MOL (ppb)
74873 CHLOROMETHANE LMD 40.0
73839 BROMOMETHANE - 40.0
75014 VINYL CHLORIDE 40.0
75003 CHLOROETHANE 40.0
75092  METHYLENE CHLORIDE 5.0
67641 ACETONE 5.0
75150  CARBON DISULFIDE 5.0
75354 1,1-DICHLOROETHENE 10.0
75343 1,1-DICHLOROETHANE 5.0
540590  1,2-DICHLOROETHENE ‘ (TOTAL) 10.0
67663 CHLOROFORM L.OL 4d4d 5.0
107062  1,2-DICHLOROETHANE cmpo 5.0
78933 2-BUTANONE ZmpL 5.0
71556 1,1,1-TRICHLOROETHANE S3.0% 13, 5.0
56235  CARBON TETRACHLORIDE (mDC 5.0
108054  VINYL ACETATE {mol__ 10.0
75274 BROMODICHLOROME THANE TN 5.0
78875 1,2-DICHLOROPROPANE Lmow 5.0
10061015 cis-1,3-DICHLOROPROPENE 5.0
79016 TRICHLOROETHENE . 5.0
124481  DIBROMOCHLOROMETHANE 10 LY5.7 5.0
79005 1,1,2-TRICHLOROETHANE ZmpL 5.0
71432 BENZENE 5.0
10061026 trans-1,3-DICHLOROPROPENE C 5.0
75252 BROMOFORM . 308 5.0
108101  4-METHYL-2-PENTANONE <mo~ 5.0
591786  2-HE 5.0
127184  TETRACHLORDETHENE 5.0
79345 %610§.§-TETRACHLOROETHANE z 5.0
108883 LUEN cdd 1 afe 5.0
108907  CHLOROBENZENE (e~ ok 5.0
100414  ETHYLBENZENE | 5.0
100425  STYRENE 5.0
133027  XYLENES 7 (TOTAL) 5.0
75694  TRICHLOROFLUOROMETHANE ] 5.0
95501 1,2-DICHLOROBENZENE 7 5.0
541731  1,3-DICHLOROBENZENE v 5.0

LT o~



P

106467 1,4-DICHLOROBENZENE ZEmoL 5.0
91023 NAPHTHALENE - 20.0*
104518 n-BUTYLBENZENE 5.0*

108861 BROMOBENZENE

95498 2-CHLOROTOLUENE
106434 4-CHLOROTOLUENE
74953 DIBROMOMETHANE

5.
5.
5.
5.
142289 1,3-DICHLOROPROPANE 5.0%
590207 2,2-DICHLOROPROPANE ] 5.0*
87683 HEXACHLOROBUTADIENE ] 5.0%
103651 n-PROPYLBENZENE 5.0%
630206 1,1,1,2-TETRACHLOROETHANE 5.0*
120821 1,2,4-TRICHLOROBENZENE 5.0*
96184 1,2,3-TRICHLOROPROPANE 5.0*%
95636 1,2,4-TRIMETHYLBENZENE \ 5.0*

MDL : Minimum detection limit (* is estimated)

The system has been shown to be capable of detecting all of the above listed
compounds. In some cases, not all of these compounds are included in the standard
calibration runs.

The linear range of the detector is 20-200 ppb. In those samples with analyte
concentrations greater than 200 ppb, dilutions are made. In those samples with
analyte concentrations between 5 and 20 ppb, a second calibration curve is made
for that range. As a calculated value approaches the limit of detection, the
uncertainty associated with that value increases. In general, uncertainties are
assigned as follows: '

CALCULATED CONCENTRATION (ppb) UNCERTAINTY (%)
5-10 100.0
10-20 (SEPARATE CURVE) 10.0 - |
10-20 ( STANDARD CURVE) 50.0
20-200 10.0

If a sample is run in triplicate and its concentration falls within the range of
the curves, uncertainty is reported as the standard deviation of the replicates.
Normally, samples are run in duplicate.

The results of matrix spike and matrix spike duplicate runs if applicable are
attached.

Resudts are all r o srandard dau wtions
Since multiple - runs were. mady .

Catilrakions ¢ 1= 200 ppb. Eitimakel |
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HSE-9 ORGANIC ANALYSIS SECTION
VOLATILE ORGANICS RESULT SHEET

SAMPLE NUMBER: g 7.026Y4 CMATRX SPIKE )

MATRIX:
NUMBER OF REPLICATE RUNS o]

SURROGATE SPIKE RECOVERIES: (% RECOVERY)

1,2-DICHLOROETHANE dg NA
TOLUENE d !
p-BROMOFLUOROBENZENE

CAS #  COMPOUND RESULT +/- (ppb) MDL (ppb)
Added.  Caladard. Tbecwwe
74873 CHLOROMETHANE o 4
73839 BROMOMETHANE 40.
75014  VINYL CHLORIDE 40.
75003  CHLOROETHANE . 4.
75092 METHYLENE CHLORIDE 5.
67641  ACETONE 5.
75150  CARBON DISULFIDE 5.
75354 1,1-DICHLORDETHENE T note 10.
75343 1,1-DICHLOROETHANE 5.
540590  1,2-DICHLOROETHENE (TOTAL) 10,

67663 CHLOROFORM

107062  1,2-DICHLOROETHANE

78933 2-BUTANONE

71556 1,1,1-TRICHLOROETHANE

56235 CARBON TETRACHLORIDE

108054  VINYL ACETATE 1

75274 BROMOD I CHLOROME THANE

78875 1,2-DICHLOROPROPANE

10061015 cis-1,3-DICHLOROPROPENE —

79016 TRICHLOROETHENE 93.¢ 494G 10L.5%

124481  DIBROMOCHLOROMETHANE

79005 1,1,2-TRICHLOROETHANE

71432 BENZENE 4d4. 2 9.2 1030\ %,

10061026 trans-1,3-DICHLOROPROPENE ~

75252 BROMOFORM

108101  4-METHYL-2-PENTANONE

591786  2-HEXANOWE

127184  TETRACHLOROETHENE

79345 1,1,2,2-TETRACHLOROETHANE

108907  CRLOROBENZENE guo e 10317
L N . 100,

100414  ETHYLBENZENE %

100425  STYRENE :

133027  XYLENES (TOTAL)

75694 TRICHLOROFLUOROMETHANE

95501 1,2-DICHLOROBENZENE

541731  1,3-DICHLOROBENZENE

P e e e R =R =X oy e e e e e e e e e e e o e e e e e e e

pIniuittToTrnTTToOrgnontgnovTotTno tnuoTogiovan




106467 1,4-DICHLOROBENZENE 5.0
91023 NAPHTHALENE 20.0*
104518 n-BUTYLBENZENE
108861 BROMOBENZENE

95498 2-CHLOROTOLUENE
106434 4-CHLOROTOLUENE
74953 DIBROMOMETHANE
142289 1,3-DICHLOROPROPANE
590207 2,2-DICHLOROPROPANE
87683 HEXACHLOROBUTADIENE
103651 n-PROPYLBENZENE
630206 1,1,1,2-TETRACHLOROETHANE

ottty n
o
*

120821  1.2.4-TRICHLOROBENZENE 0%
96184 1.2.3-TRICHLOROPROPANE 0*
95636 1.2.4-TRIMETHYLBENZENE 0*

MDL : Minimum detection limit (* is estimated)

The system has been shown to be capable of detecting all of the above listed
compounds. In some cases, not all of these compounds are included in the standard

calibration runs.

The linear range of the detector is 20-200 ppb. In those samples with analyte
concentrations greater than 200 ppb, dilutions are made. In those samples with
analyte concentrations between 5 and 20 ppb, a second calibration curve is made
for that range. As a calculated value approaches the limit of detection, the
uncertainty associated with that value increases. In general, uncertainties are
assigned as follows:

CALCULATED CONCENTRATION (ppb) UNCERTAINTY (%)
5-10 100.0
10-20 (SEPARATE CURVE) 10.0
10-20 ( STANDARD CURVE) 50.0
20-200 10.0

If a sample is run in triplicate and its concentration falls within the range of
the curves, uncertainty is reported as the standard deviation of the replicates.
Normally, samples are run in duplicate.

The results of matrix spike and matrix spike duplicate runs if applicable are
attached. .

O\ dexr Wwé(m)t Sp\\\L - 4 Dichicrcetho~y
loss 1S not wnexpecked.




HSE-9 ORGANIC ANALYSIS SECTION
VOLATILE ORGANICS RESULT SHEET

SA¥OLE NUMBER:  00.97(S] LQuatdypeswrana

MATRIX: Tooter boalidy BEfane
NUMBER OF REPLICATE RUNS: __ &— - Semgle ")

SURROGATE SPIKE RECOVERIES: (% RECOVERY)
1,2-DICHLOROETHANE d4 _100. 2—

TOLUENE d8 _ipco. 2~ £ o=
p-BROMOFLUOROBENZENE ~[1%.7 mean ©

CAS # COMPOUND RESULT +/- (ppb) MDL (ppb)
74873 CHLOROMETHANE Lmp 40.
73839 BROMOMETHANE 40.
75014 VINYL CHLORIDE 40.
75003 CHLOROETHANE 40.
75092 METHYLENE CHLORIDE 5.
67641 ACETONE 5.
75150 CARBON DISULFIDE 5.
75354 1,1-DICHLORQETHENE 10.
75343 1,1-DICHLOROETHANE 5.
540590 1,2-DICHLOROETHENE (TOTAL) 10.
67663 CHLOROFORM

107062 1,2-DICHLOROETHANE

78933 2-BUTANONE o

71556 1,1,1-TRICHLOROETHANE 4Yyg.1*r 5.0

56235 CARBON TETRACHLORIDE Lm0

108054 VINYL ACETATE 1

75274 BROMOD I CHLOROMETHANE
78875 1,2-DICHLOROPROPANE
10061015 cis-1,3-DICHLOROPROPENE
79016 TRICHLOROETHENE ji
124481  DIBROMOCHLOROMETHANE
79005 1,1,2-TRICHLOROETHANE
71432 BENZENE

10061026 trans-1,3-DICHLOROPROPENE
75252 BROMOF ORM

108101  4-METHYA-2-PENTANONE
591786  2-HEXANONE

127184  TETRACHLONOETHENE
79345 1,1,2,2-TETRACHLOROETHANE
108883  TOLUENE
108907  CHLOROBENZENE
100414  ETHYLBENZENE
100425  STYRENE

133027 XYLENES (TOTAL)
75694 TRICHLOROFLUOROMETHANE
95501 1,2-DICHLOROBENZENE {é/

TUTUTUTTUToTroruntortoTotoTorohnototororno oYt n
. - . L) . - - - . . - . . - . . »

541731 1,3-DICHLOROBENZENE
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106467 1,4-DICHLOROBENZENE A A 5.0
91023 NAPHTHALENE | 20.0*
104518 . n-BUTYLBENZENE
108861  BROMOBENZENE

95498 2-CHLOROTOLUENE
106434 4-CHLOROTOLUENE
74953 DIBROMOMETHANE
142289 1,3-DICHLOROPROPANE
590207 2,2-DICHLOROPROPANE
87683  HEXACHLOROBUTADIENE
103651 n-PROPYLBENZENE
630206 1,1,1,2-TETRACHLOROETHANE

[3 WO RO NS RE NI NS NI N NI NI NI N3,
o
»

120821 1:2,4-TRICHLOROBENZENE 0*
96184 1,2,3-TRICHLOROPROPANE o*
95636 1,2,4-TRIMETHYLBENZENE \ 0* -

MDL : Minimum detection 1imit (* is estimated)

The system has been shown to be capable of detecting all of the above listed
compounds. In some cases, not all of these compounds are included in the standard
calibration runs.

The linear range of the detector is 20-200 ppb. In those samples with analyte
concentrations greater than 200 ppb, dilutions are made. In those samples with
analyte concentrations between 5 and 20 ppb, a second calibration curve is made
for that range. As a calculated value approaches the 1imit of detection, the
uncertainty associated with that value increases. In general, uncertainties are
assigned as follows:

CALCULATED CONCENTRATION (ppb) UNCERTAINTY (%)
5-10 100.0
10-20 (SEPARATE CURVE) ) 10.0
10-20 ( STANDARD CURVE) 50.0
20-200 10.0

If a sample is run in triplicate and its concentration falls within the range of
the curves, uncertainty is reported as the standard deviation of the replicates.
Normally, samples are run in duplicate.

The results of matrix spike and matrix spike duplicate runs if applicable are
attached. A




nent of Energy
brque Operations
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OIL CONSERVATION DIVISION
SANTA FE

CERTIFIED MAIL - RETURN RECEIPT REQUESTED DEc 29 1087
g <

Mr. Mike Saladen

Environmental Scientist, Surface Water Section
New Mexico Health and Environment Department
Environmental Improvement Division

P. 0. Box 968

Santa Fe, NM 87504-0968

Dear Mr. Saladen:
RE: FENTON HILL STATE CERTIFICATION, PERMIT NO. NM0028576

In response to your November 13, 1987 request for additional information
about potential discharge, water lines and experimental procedures at the
Fenton Hill Geothermal Facility, I have prepared the enclosed process
description, topographic map and schematics of piping and valving.

PROCESS DESCRIPTION

Introduction: The Fenton Hill Geothermal Facility is a technical site at
Los Alamos National Laboratory developed for geothermal experimentation. A
typical experiment conducted at Fenton Hill would inject water into very
deep boreholes where heat 1s transferred from hot rocks beneath the earth's
surface into the injected water. The heated water and steam is then
recovered for evaluation. Planned activities include treating this
recovered water and reusing it.

Process: The Fenton Hill site was designed and developed with the necessary
water handling flexibility required for this kind of experimentation. The
following description is of a waterflow pattern for a typical experiment;
however, by opening or closing gate valves in the distribution system, very
large volumes of water can be quickly delivered to various locations about
the site.

For an understanding of water distribution and collection at the site it is
convenient to focus on three locations within the facility: the valve pit

on the west side of the 5 million gallon reservoir; the pump house north of
the reservoir; and, the EE 1 pond.
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The Valve Pit: On the west side of the 5 million gallon reservoir is a
vertical, buried, 8 ft diameter corrugated culvert pipe. This section of
culvert has a cover made of steel plate with 2 ft square access manhole.
Please refer to Figure 2. Three water lines (the reservoir overflow, the
emergency drain, and the underdrain or seepage drain) pass through the pit
approximately parallel to each other in a northeast to southwest direction.
One line, the recirculation line, enters the pit on the north side and is
tied into the emergency drain. A 2-inch galvanized iron (G.I.) recovery
line enters the pit on the southwest side and is tied into the emergency
drain line.

The overflow line is a 6-inch cast iron (C.I.) pipeline on the southeast
side of the pit that contains no gate valves. It would discharge to the
recovery tank 1f the water level in the reservoir were excessive.

The emergency drain is a 12-inch C.I. pipeline through the center of the pit
with a normally closed gate valve which prevents discharge to the recovery
tank. A second gate valve, normally open, is in the emergency drain line
east of the valve pit between the reservoir and the fence. Were an
emergency to arise requiring the reservoir to be emptied, emergency drain
flow would overfill the collection box at the inlet to the recovery tank
then flow down the arroyo to the southeast. (See topographic map in

Figure 1).

The underdrain or seepage drain is an 8-inch C.I. pipeline on the northwest

side of the pit. This line has no gate valves. This pipeline conducts any

seepage that collects in a sump under the Hypalon lining of the reservoir to
the recovery tank.

Water collected in the recovery tank is lifted by alternating submersible
pumps through the 2-inch G.I. pipeline, injected into the emergency drain
line, and is returned to the reservoir. The 2-inch G.I. pipeline contains a
check valve preventing flow from the reservoir to the recovery tank.

The recirculating line is an 8-inch C.I. pipeline that enters the pit on the
north side and is tied into the emergency drain through a gate valve. This
pipeline conducts water from the pumphouse to the emergency drain where it
then returns to the reservolr. Recirculation is to ensure that the water in
the reservoir is uniformly mixed.

The recovery tank to the southwest of the valve pit is a steel tank
approximately 8 ft in a diameter and 16 ft long. Capacity of the tank is
about 6000 gal.
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Southeast of the valve pit and recovery tank is an abandoned eight inch C.I.
plpeline with concrete thrust blocks for each section. An earlier
experiment required pumping water from this location up to the boreholes
through the recirculation line. After completion of the experiment the line
was cut and the recirculation line was connected to the emergency drain.

The abandoned line is not connected to existing pipelines at the facility.

The Pumphouse: The pumphouse contains piping, numerous gate valves and one
1000 gpm vertical turbine pump and one 400 gpm vertical turbine pump.
(Please see Figures 1 and 3.) The primary purpose of the pumping facility
is to provide firefighting water and water for experimental use. Normally
valves and pipelines are configured to permit pumping water from the
reservoir to the two 16,000 gallon process water tanks and subsequently to
the boreholes or, as stated previously, to the recirculation line for return
to the reservolr. Because of the demand for large volumes of water during
an experiment, the system is configured to allow water addition to the
reservoir by trucking it in and discharging through the three hose connects
on the northeast side of the pumphouse and by filling the reservoir through
a 6-inch C.I. water line from the site potable water well.

Pond EE 1: This pond contains water recovered from the boreholes during
experiments and water collected during the drilling of the boreholes.
(Please see Figure 1.) There are three potential discharge pipelines
through the southern embankment of EE 1, all approximately parallel and
lying along a north south line: a 10-inch steel overflow line, a 4-inch
G.I. drain line and a 6-inch G.I. auxiliary drain line.

The overflow line is on the west side of the 4-inch draim line. It would
discharge if the water depth of EE 1 were in excess of approximately 12
feet. Discharge from this line would flow almost directly west as surface
drainage to a canyon to the west. (See topography shown in Figure 1.)

Normally any discharge from the pond is through the 4-inch G.I. drain line.
This line contains a gate valve which remains closed except for discharge.
The Fenton Hill site is planning the construction of the totalizing meter,
gate valve and discharge flume shown in Figure 1. Materials for
construction have arrived and the flume has been encased in a concrete form.

A 6-inch auxiliary pipeline 1is placed to the east of the drain line. This
pipeline is not connected to the pond. If it were necessary to discharge
through this pipeline, a portable pump or a siphon would be required.
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Discharges from the facility: As stated in our National Pollutant Discharge
Elimination System (NPDES) permit application, the only planned discharge
from the Fenton Hill Geothermal Facility is from the existing Outfall 001
permitted in NPDES permit number NM 0028576. Any other discharge would be
treated as required in Part II of the NPDES permit, either as an an
anticipated or as an unanticipated bypass arising from an emergency
situation or as an accident.

In your letter you expressed interest in a possible discharge from the
hypalon-lined reservoir. Please be aware that water in the reservoir is
from the site's potable water well that has been chlorinated and will be
injected into the deep boreholes. If an emergency should occur that
required emptying the five million gallon reservoir, the quality of the
contained water usually approaches drinking water standards. A discharge
from this reservoir poses minimal threat to ground water quality.

While there is potential for a bypass in the existing piping system, we
believe that it is necessary to continue to operate with the existing systen
because of it's required safety features (emergency drains and overflows)
and it's inherent flexibility required for experimentation. Any anticipated
or unanticipated discharge from any "Outfall” would be monitored and
reported pursuant to the requirements of NPDES permit number NM0028576,
Other than Outfall 001, we do not believe that it is necessary to file an
application for other "potential Outfalls” which may discharge during an
accident or emergency, as such discharges are already addressed by Part 2 of
the NPDES permit.

Your letter stated that during the November 9th visit a substance with
characteristics of drilling mud was observed flowing off the Fenton Hill
site, and you requested that this discharge be addressed. The material that
was observed during the visit was not flowing, but rather was observed on
the ground down-slope from Outfall 001, as there was no active discharge
from the Fenton Hill site the day of the visit. The observed material
resulted from the deposition of settleable and suspended solids from the
discharge from Outfall 001, either historical or from the discharge events
that occurred on November 7 and 8, 1987.

As you are aware, the water in the EE-1 pond that is discharged from Outfall
001 contains settleable and suspended solids derived from drilling mud, well
cuttings, and sediment from site runoff into the pond. The drilling mud
used at the site is a standard Baroid-type mud and is considered inert and
nontoxic. Whenever a discharge occurs from the EE-1 pond, a certain solids
content will settle out on the normally-dry drainage channel down-slope from
Outfall 001. Certainly, any solids contained in the discharge will settle
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out in the sediment trap located approximately 900 feet down-slope from
Outfall 001. There was and is no deliberate discharge of drilling mud or
other solids that would constitute a sludge or solids as defined by Part
2,A.6. of the NPDES permit.

Sludges and solids that are deposited in the EE-1 pond are periodically
sampled and analyzed according to the Extraction Procedure for Toxicity (EP
Tox) test prior to their removal and disposal. The analytical results have
never exceeded the EP Tox levels, and thus the materials have never been
considered a hazardous waste. When the solid materials are removed from the
EE-1 pond, they are disposed of in a drying area southwest of Fenton Hill
site. This disposal site is located on U.S. Forest Service property, has
their approval, and is constructed in such a manner that there is no
discharge of solids into "navigable waters.” The most recent EP Tox
analyses of the solids in the EE-1 pond (October 22, 1987) are listed below
for your information.

Arsenic 0.05 mg/1
Silver 0.05 ng/l
Cadmium 0.01 ng/1l
Barium 2.0 mg/1
Mercury 0.005 mg/1
Chromium 0.05 mg/1
Selenium 0.01 ng/l
Lead 0.17 mg/1

I trust that the information contained in this letter addresses your
information request of November 23, 1987. Should you have any questions
concerning this information, please call James Phoenix (667-5288) of my
staff.

Sincerely,

SRl
Harold E. Valencia
Area Manager

Enclosure:
As Stated

ce:
Kathleen Sisneros, NMEID, Santa Fe, NM, w/encl.
David Boyer, NMOCD, Santa Fe, NM, w/encl.
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lﬂ ll . Post Office Box 958 . GARREY CARRUTHERS

Santa Fe, New Mexico B7504-0968 Governor
LARRY GORDON
ENVIRONMENTAL IMPROVEMENT DIVISION Secretary
CARLA L. MUTH
Michael J. Burkhart Deputy Secretary
Director
NEW MEXICO
HEALTH ano ENVIRONMENT
DEPARTMENT
December 22, 1987 Certified Mail

Return Receipt Requested

Mr. Myron Knudson

U.S. Environmental Protection Agency
Allied Bank Tower, 12th Floor

1445 Ross Avenue

Dallas, Texas 75202-2733

Re: State Certification of Proposed NPDES Permit NM0028576 (Department of
Energyg,Fenton Hill)

The State”bf New Mex1co Environmental Improvement Division (NMEID) hereby
requests an’ extension to provide certification pursuant to Section 401 of the
federal Clean Water Act for the referenced draft permit. The proposed permit
is currently in the public notice period. This public notice period has been
extended once from the original due date of October 27, 1987. The NMEID
expects an extension of thirty (30) days beyond the current January 8, 1988
deadline will be sufficient to address this matter. Since the first
extension, NMEID personnel have visited the Fenton Hill site and have
requested additional information from the permittee. The permittee has
agreed to submit flow schematics for the geothermal site and send in sampling
results which they collected and split with the 0il Conservation Division
(0CD), who also accompanied us on the inspection. The NMEID requests this
additional time to evaluate sampling results collected by OCD and the
permittee, plus time to review the treatment process schematics for potential
unpermitted outfalls located at the Fenton Hill Geothermal site. To date,

‘‘‘‘‘ T L

NMEID has not received the sampliing resuits or the schematics.
If you have any questions please contact Mike Saladen at (505) 827-2798.

Sincerely, . ’
R/ﬁd iy o

Kathleen M. Sisneros
Bureau Chief
Surface Water Quality Bureau

MS/ms

cC: Charles Nylander, LANL
E17en Caldwell, USEEA‘(6W-PS)
Dav1d Boyer, 0CD-~ .
HafD]d Va]enc1a, DOE

EQUAL OPPORTUNITY EMPLOYER
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Department of Energy *
Albuquerque Operations
Los Alamos Area Office

Los Alamos, New Mexico 87544

QGY 26 sy

CERTIFIED MATL — RETURN RECEIPT REQUESTED

Mr. Myron Knudson, Director

Water Management Division, 6W

U. S. Environmental Protection Agency, Region VI

Allied Bank Tower at Fountain Place |
1445 Ross Avenue

Dallas, Texas 75202-2733

Dear Mr. Knudson:
Proposed Permit NM0028576

The Department of Energy (DOE) Los Alamos Area Office (LAAO) has reviewed
the public notice, "Statement of Basis', and proposed National Pollutant
Discharge Elimination System (NPDES) permit (NM0028576) drafted by the

U. S. Environmental Protection Agency (EPA) for the discharge from the
Fenton Hill Geothermal Site. Although we have no objections regarding the
proposed permit, as drafted, it is our understanding that the New Mexico
Environmental Improvement Division (EID) and the New Mexico 0il
Conservation Division (OCD) may desire additional effluent limitations and
monitoring requirements be placed in the permit pursuant to Section 401
State Certification.

In order to meet with the EID and OCD and discuss their concermns prior to
their initiation of Section 401 State Certification, I hereby request an
extension of time sixty (60) days beyond the current October 27, 1987,
deadline. This extension of time to comment on the proposed permit will
be adequate to allow all parties ample opportunity to discuss their
concerns regarding surface water quality impacts.

Thank you for your consideration of this request. Should you have any
questions, please contact Jim Phoenix (667-5288) of my staff.

Sincerely,

Harold E. Valencia
Area Manager

cc!
:E&*mmgm K. Sisneros, NMEID, Santa Fe, NM
“s#.David Boyer, OCD, Santa Fe, NM

o3 ™ T3TP : JAP00029
Eé%g”f }

OICENTEN‘“»\,

Celebrating the U.S. Constitution Bicentennial — 1787-1987

L | S —————————.SSS




]

Mr. Robert Layton Jr., Regional Administrator
Environmental Protection Agency .
1445 Ross Avenue -
Dalias, TX 75202-2733

October 20, 1987
STATE CERTIFICATION

Re: Department of Energy (Fenton Hill)
Los Alamos Area Office
Los Alamos, New Mexico 87544
NM0028576, September 26, 1987

Dear Mr. layton:

The New Mexico Environmental Improvement Division has examined the
application for and the proposed NPDES permit NM0029157 above. The following
conditions are necessary to assure compliance with the applicable provisions
of the Clean Water Act Sections 208(e), 301, 302, 303, 306, and 307 and with
appropriate requirements of State 7Jlaw. Compliance with the terms and
conditions of the permit and this certification will provide reasonable
assurance that the permitted activities will be conducted in a manner which
will not violate applicable water quality standards.

The State of New Mexico _

(x) inciudes the following more stringent conditions and citation to
the State or Federal requirements upon which those conditions are
based (see attachments).

{ () Gertifies that the discharge will comply with the applicable
rovisions of Sections 208(e), 301, 302, 303, 306 and 307 of the
Clean Water Act and with appropriate requirements of State law.

() waives its right to certify
( ) denies certification for the reasons stated in the attachment

In order to meet the requirements of State law, including water quality
standards and appropriate basin plan, each of the conditions cited in the
draft permit and the State certification shall not be made less stringent.

Please contact Mike Saladen if you have any guestions concerning this
certification. Comments pertaining to this Oraft Permit are inciuded on a

separate page.
Sincerely

e I
raN, ALY %
A 5w :

TR
W s’k g,

Kathilaew M.
G

Bubcau Chief

Surface Water Quality Bureau




Department of Energy
. Fenton Hill
N NM0028576

Conditions Of State Certification

Listed below are effluent limitations, monitoring requirements and their basis as
required for State Certification.

Page 2 of PART |

Section A. EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS

OQUTFALL 001
Effluent Characteristic Discharge Limitations
Mass (Ibs/day) Other Units (mg/l)
Daily Avg Daily Max Daily Avg Daily Max

Flow (MGD) N/A N/A N/A N/A
Phenols 1.75 1.75 0.5 0.5
Arsenic 0.18 0.18 0.05 0.05
Cadmium 0.35 0.35 0.01 0.01
Effluent Characteristic Monitoring Requirements

Measurement Sample

Frequency Type
Flow (MGD) Daily* Totalized
Phenols Daily* Grab
Arsenic Daily* Grab

Cadmium Daily* Grab
* During discharge. '

These water quality based effluent limitations are needed to maintain use for
domestic water supply, as required by Section 1-102. F of the “Water Quality
Standards for Interstate and Intrastate Streams in New Mexico”, WQCC 85-1, dated
February 15, 1985. See attached comments regarding the designated uses of the
receiving water.

Loading values for Phenols, Arsenic and Cadmium are derived using the flow value
of 0.42 MGD. This flow value comes from the maximum daily value for flow in the
permittee’s permit application.

o. 4> %0 3
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Comments That Are Not Conditions Of State Certification

The discharge is incorrectly cited on the Public Notice, Statement of Basis and on
page 1, Part| of the permit. The correct discharge isinto Lake Fork Canyon, thence

the Rio Cebolla and thence the Rio Guadalupe in stream segment 2-106 of the Rio
Grande Basin.

The designated uses of stream segment 2-106 are as follows: domestic water

supply, fish culture, high quality coldwater fishery, irrigation, livestock and wildlife
watering and secondary contact recreation.

The state ground water standard for boron is 0.75 mg/l (Section 3-103.C., NM Water
Quality Control Commission (WQCC) Regulations). The current NPDES permit
requires monitoring of boron. Review of the permittee’s DMR data indicates
discharges of boron as high as 122 mg/l (December 1986). The EID hereby requests
that EPA retain the monitoring and reporting requirement for boron.

The federal Safe Drinking Water Act standard for fluoride in drinking wateris 4.0
mg/l. The state ground water standard for fluoride is 1.6 mg/I (Section 3-103.A,,
WQCC Regulations). Designated uses of the receiving waters include domestic
water supply. The current NPDES permit requires monitoring of fluoride. Review of
the permittee’s DMR data indicates discharge as high as 8.5 mg/l fluoride
(September 1986). The EID hereby requests that EPA retain the monitoring and

reporting requirements for fluoride and suggests the EPA consider a limitation for
fluoride as appropriate.

The state ground water standard for total dissolved solids or filterable residue (TDS)
is 1000 mg/l (Section 3-103.B., WQCC Regulations). OnJune 24,1987 the Qil
Conservation Division (OCD) visited the site and collected a sample for TDS which

indicated itto be 5278 ppm. The EID hereby requests the EPA to include monitoring
and reporting of TDS in the permit.

David Boyer, Bureau Chief, New Mexico Oil Conservation Division, has written under
separate cover, a letter to Mike Saladen, EID Surface Water Section, addressing the

fluoride problem. A copy of this letter has been sent to Ellen Caldwell, USEPA (6W-
PS). The EID concurs with OCD in their analysis.




STATE OF NEW MEXICO

ENERGY, MINERALS AND NATURAL RESOURCES DEPARTMENT
OIL CONSERVATION DIVISION

GARREY CARRUTHERS POST CFFICE BOX 2088
GOVERNOR

STATE LAND OFFICE BUILDING
SANTA FE, NEW MEXICO 87504
(5081 827-5800

QOctober 12, 1987

Mr. Mike Saladen
Environmental Scientist
Surface Water Section

NM Environmental Improvement Division
P.O. Box 968
Santa Fe, NM 87504-0968

RE: Draft NPDES Permit #NM0028576
Fenton Hill Geothermal Site,
Los Alamos National Laboratory

Dear Mr. Saladen:

The Oil Conservation Division (CCD) has received and
reviewed your letter of September 29, 1987 which included
the above draft EPA NPDES permit for discharges to Lake
Fork Canyon. We have also reviewed the permittee's
discharge monitoring reports for the previous 12 calendar

months ending this past August. There have been 47
discharges during this time period ranging from 24.0 to 295
gallons per minute. The average and maximum value ranges

for arsenic, cadmium, and fluoride during the past twelve
months are shown below along with the US EPA Federal
drinking water limit (all values milligrams per liter):

USEPA

AVERAGE MAXIMOM MCL

Arsenic 0.056 to 6.67 0.056 to 7.50 0.05
Cadmuim 0.0001 to 0.41 0.0001 to 2.00 0.01
Fluoride 0.662 to 7.30 0.690 to 8.50 4.00

In addition values of boron discharged were up to 122 mg/l,
which greatly exceeded the state ground water standard of
0.75 mg/1l. All discharges were within the required pH
range of 6 to 9 standard units.

On June 24, 1987 the CCD visited the site to sample
effluents in conjunction with modification of their
approved geothermal ground water discharge pluan. The
‘sampling results are enclosed.

.




Page 2

The current NPDES permit requires monitoring of all

the above constitutes plus lithum. Only pH is subject to
an effluent limitation. The draft permit retains the_ pH
requirement and requires monitoring only flow and phenols.
No monitoring or effluent limitations were required for any
other constituents. Based on the NPDES monitoring results,
OCD sampling, and the corrected characteristics of the
receiving waters (including use as a domestic water supply,
and high quality coldwater fishery), the OCD requests that

in

addition to be above, monitoring and effluent

limitations be placed on the discharge of Arsenic, Cadmium
and Flouride; and that the permit monitoring be required
for Boron and Total Dissolved Solids (TDS).

If you have any questions or need further information,

please contact me at 827-5812.

‘\‘\S\ncere?f,\

<§MLTV7 TN\\k:jp /f\

David G. Boyer

Hydrogeologist/Environmental
Bureau Chief

ENC:

cce:

OCD Sampling Results

Kathleen Sisneros, EID

David Tqgue, EID

Harold Valencia, DOE

Ellen Caldwell, USEPA (GW-PS)




Department of Energy
Albuquerque Operations

Los Alamos Area Office
Los Alamos, New Mexico 87544

Wy 2 ¢ 1987

CEﬁEIFIED MATL - RETURN RECEIPT REQUESTED

-

Mr. Kenneth Huffman, Ph.D.
Industrial Permits Section (6W-PI)
U.S. Environmental Protection Agency
Region VI

Allled Bank Tower at Fountain Place
1445 Ross Avenue

Dallas, TX 75202-2733

Dear Mr. Huffman:
NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM (NPDES) PERMIT NO. NM0028576

Your letter of April 15, 1987, requested that I review our NPDES permit
reapplication, originally submitted to the U.S. Environmental Protection
Agency (EPA) on January 10, 1983, to assure that the application represents
present conditions at the Fenton Hill Geothermal Facility. Because the
, original reapplication package is more than 4 years old, I have elected to
enclose an updated EPA Form 3510-2C for your use in preparing a permit for
reissuance. In addition, I am enclosing the following information that may
be useful in developing the permit. :

Fenton Hill Site is located about 35 miles west of Los Alamos on the western
flank of the Valles Caldera. Research and Development (R&D) studies at the
site are based on the concept of extracting heat from dry geothermal
reservoirs by developing artificial hydrothermal systems. The site includes
two deep holes (each approximately 10,000 ft.) completed in dry Precambrian
granitic rock. The holes are connected by a large fracture, which was
induced by hydraulic pressurization. Water is circulated under pressure
through this system to recover heat from fracture areas. The system is
complete and initial tests have been completed.

A second system has now been developed to depth of about 14,000 ft. to test
the system at a higher temperature and develop a commercial-sized
reservoir. The drilling operations to complete the second system used
chemical additives (drilling mud). As the wells are worked over, drilling
mud and drilling byproducts are used and produced. Water from the
geothermal circulation loop contains moderate concentrations of silica,
sodium, sulfates, arsenic, and lithium with moderate to high amounts of
flouride. These chemicals can be from drilling mud or dissolved from the
geothermal reservoir by the circulating waters encountering rock formations
with temperatures at or near 250 degrees Celsius.
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Although the Federal Government began funding the Hot Dry Rock (HDR)
geothermal energy development project as a possible method of meeting some
of the future energy needs of this country, the R&D funding of alternative
energy sources such as this has been severely curtailed these past few
years. Therefore, future R&D at the Fenton Hill Site is becoming more
uncertain as other R&D geothermal sites in the U.S. The NPDES permit
requirements that are proposed for the Fenton Hill discharge may not only
establish a precedent for geothermal activities nation-wide, but may also
pose a severe economic impact on R&D activities that have already suffered
severe funding cuts.

In developing the permit for a discharge from the Fenton Hill Site, I
believe the R&D nature of the operation should be taken into account. As
water 1s circulated through the rock formations during experiments, many
naturally occurring elements are dissolved in the water due to the high
temperature and pressure. Because this operation is experimental, many
wastewater treatment problems occur that would have been solved i1f the hot
dry rock energy extraction process was already a proven technology and
avallable for commercial use.

In the commercial mode, little if any, discharge would occur on a routine
basis. A large volume discharge occurs when the energy extractlion process
is stopped—a rare occurrence in the commercial mode, but more frequent in
the R&D mode. Experiments are carried out which require the closed loop

© energy extractlon process to be stopped so that measurements can be taken,

equipment tested or replaced, different or new experiments set up, etc.
During the energy extraction process, water is forced into the fissures of
the deep subterranean hot rock strata. When the system is shutdown, the
subsurface pressure forces water back out of the well, much in the same
manner as a person squeezing a wet sponge. The nature of the current
reservolr testing at Fenton Hill requires that the experimental systems be
started and stopped several times a year. This process causes additional
quantities of unsaturated water to be injected which in turn dissolves
additional quantities of materials from the hot subsurface rock. The random
nature of the discharge greatly complicated the wastewater treatment process.

The Fenton Hill discharge is to a dry arroyo, does not reach a perennial
stream, and causes no measurable deterioration of the environment. The
enclosed report "Water Quality in the Vicinity of Fenton Hi11-1983 and 1984"
includes information concerning the quality of the discharge, the ambient
quality of surface and ground water, and the results of biomonitoring
studies on riparian vegetation and soils. This report further confirms that
the discharge causes no measurable deterioration of the environment.

During the time period from January 1983 to December 1986, there have been
discharges during 7 of the 48 months. Thus, on a daily basis, a discharge
from Fenton Hill occurred on 71 out of 1,460 days. These discharges flowed
approximtely 700 feet down the ephemeral channel before they were lost to
infiltration and evaporation. The discharge outfall is approximately 3.5
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miles upstream from the first perennial water source which is spring water
inflow from saturated alluvium and water issuing from the intercepted
Bandelier tuff., This natural water which may amount to a natural flow of 1
\bugic foot per second (cfs) becomes intermittent as it flows down the
‘channel. Thus the most procimal perennial surface water is located some 7.5
miles downstream from the outfall.

On August 7, 1979, the New Mexico Environmental Improvement Division (EID)
requested EPA insert certain language in the NPDES permit, assumably
pursuant to Section 401 of the Clean Water Act, which addresses State
Certification. That language was inserted in the present NPDES permit, as
follows:

"Quantity of discharge from the outfall point shall be controlled such
that no effluent flow, whether alone or co-mingled with natural runoff,
travels beyond the point where the Lake Fork Canyon Road crosses the
watercourse receiving the effluent; this point is approximately one mile
downstream from the outfall."”

As previously described above, a perennial source of naturally occurring
water proximal to the discharge outfall is located some 3.5 miles
downstream. Thus, the restrictive language inserted in the present NPDES
permit at the request of EID, 1s unnecessary and may also have no basis in
law for inclusion in the permit. I request that the permit be developed in
such a manner that no restriction be included on the distance the discharge
may move downstream. Should mixing zones or dilution represent a concern
with regard to the effluent discharged, seasonal flow limitations may
represent a reasonable compromise viz a viz the present flow limitation.

The New Mexico 0il Conservation Division (OCD) regulates discharges onto or
below the surface of the ground at the Fenton Hill Site pursuant to the New
Mexico Water Quality Control Commission (NMWQCC) Regulations. A request to
modify the Ground Water Discharge Plan (GW-31) for the Fenton Hill Site was
recently made to OCD and a copy is enclosed for your information and use in
developing the NPDES permit.

In summary, the Fenton Hill Geothermal Site is continuing its R&D
experiments albeit under austere funding levels. Because of the R&D nature
of the facility, infrequency of discharge, small volume of discharge,
insignificant impact on the ephemeral channel and environmental resources,
and the added regulatory controls by the OCD via the Ground Water Discharge
Plan, I request that in developing a permit for reissuance that EPA adopt
the same effluent limitations and monitoring requirements listed on Page 2
of Part I in the existing NPDES permit No. NM0028576.

By copy of this letter to the EID, the provisions of Section 1-201 and
3-106.B. of the NMWQCC regulations are met.

Thank you for the opportunity to update the EPA Form 3510-2C and supply the
enclosed information for purposes of developing the NPDES permit. Should
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you or your staff desire a site visit in order to better understand the
! operatlions at Fenton Hill, I would be pleased to make the necessary

arrangements. Because of his long-standing familiarity with Los Alamos

National Laboratory and the Fenton Hill Site, I recommend that

Mr._Fred Humpke, EPA, be involved in the development of this permit.

Shoald you have any questions concerning the application or enclosed

informaticn, please feel free to contact James Phoenix (FTS 843-5288) of

\ my staff.
| Sincerely,
Original signed by
Harold E. Yalencia
Harold E. Valencia

6887A Area Manager

Enclosures:
As stated

cc w/enclosures:

Michael Burkhart, Director, NMEID, Santa Fe, NM
Kathleen Sisneros, NMEID, Santa Fe, NM

*David Boyer, NMOCD, Santa Fe, NM




TABLE OF CONTENTS

I. INTRODUCTION

IT. CONSOLIDATED PERMIT APPLICATION

ITI. ATTACHMENT I



INTRODUCTION

This consolidated permit appliation was prepared after a
telephone consultation with Mr. Fred Humke, Enforcement
Division, Region VI, Dallas, Texas, which resulted Iin the
following interpretations and clarification of the instruction

accompanying the applications.

A. EPA ID Number [Item 1 EPA form 3510-1 (6-80)]. This
number (NM 0890010515) was assigned to the Los Alamos
National Laboratory by EPA In response to the

submission of "notification of Waste Activity,"” dated

13 August 1980.

B. Item V. A.B.C.D. Page 3 of 4 [EPA Form 3510-2C
(6-80)]. Constituents listed in Table 2C-3 are not

routinely in the Laboratory's discharge.

C. Item V, A and B. Page V-1 through V-9 [EPA form
3510-2C (6-80)]. Mr. Humke authorized reporting only
those constituents analyzed as a result of the self
monitoring program contained in the current NPDES
permit or other monitoring associated with the
geothermal operations. The data is summarized in
Attachment I to the permit application per discussions
with Mr. Humke. Therefore, Parts A and B have not

been completed.
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FORM - .. L Y ULS. ENVIRONMENTAL PROTECTION AGENCY - .
[ a3 s “APPLICATION FOR PERMIT TO DISCHARGE WASTEWATER -
2c ‘—"EPA EXISTING MANUFACTURING COMMERCIAL, MINING. AND SILVICULTURAL OPERATIONS T
‘NPDES S . .Lonsolidated Perm}ts..Program
§. OUTFALL LOCATION :

For each outfall, tist the latitude and longitude of its location to the nearest.15 seconds and the name of the receiving water,
X OSUTFALL

e e T e T T DI RECEIVING WATER fname) -
001 35 K2 5Nt 106 50 | 5~ Jik‘p FanL Lanvnm aJu:l thence to

, v the Rio Grande.

il. FLOWS, SOURCES OF POLLUTION, AND TREATMENT TECHNOLOGIES

A. Attach 8 line drawing showing the water flow through the facility. indicate sources of untake water, operauons contributing wastewater to the effluent
and treatment units labeled to correspond to the more detailed descriptions in item B. Construct & water balance on the line drawmg by showing average
flows between intskes, operations, trestment units, and outfalls. If a water balance cannot be determined (e.g., for certain mmmg activities), provide a
pictorial description of the nature and amount of any sources of watsr and any collection or trestment measures.

B. For esch outfall, provide a description of: {1) Al operations contributing wastewater to the effluent, including process wastewater, sanitary wastewater,

cooling water, and storm water runoff; (2) The average fiow contributed by each operstion; and {3} TFhe treatment received by the wastewater. Continue
on additional sheets if necessary,

1.0UT- 2. OPERATION{S] CONTRIBUTING FLOW ) 3. TREATMENT
FALLNO) b. AVERAGE FLOW b, LIST CODES FROM{
(list) 8. OPERATION (list} ({include units) a. DESCRIPTION . TABLE 2C-1%

Discharge results from Settling ponds are used| 1-U

excess water from hot 1 prior to discharge.

~—

dry rock geothermal

001] operation

OFFJCIAL USE ONLY {cﬂiunt,u(dslhaumu(oﬂu) e
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CONTINUED FROM THE FRONT ' - :
c. Except for storm runoff tuks or apnlls, sre sny of the dlu:hargu dncrlbod 6n mms II-A or B intermittent or sessonal?

e - [Ono o to Bection I1I) -
FREQUENCY . 1.0 . . . .4 FLOW
2. OPERATION(s/ "oAYS [b mowTws| i & FLOW RATE. | b TOTAL VOLUME | ¢ puR-
"CONTRIBUTING FLOW, rER wEEK | PER YEAR (inmed) {speclfy with unit) oo
. (lisy).. ey | Moty Ve s T ol | avER e | T ey | (in daye)
001 Overflow from geothermal 0.27 t12.0 0.1 0.14 0.11 { 0.14 14/yr

operations mgd mgd

Reported values are for
calendar year 1982.

{il. MAXIMUM PRODUCTION

A. Does an effluent guideline Iimitatin romulgated by EPA under Section 304 of the Clean Water ct apply toyour facility?
TIves tcomplete Item I11-B} o X No (to to Section IV)

B Are the limitations in the spplicable effluent guvdeline expressed in terms of productnon {or other measure of operation)?

- [ res (complete Item II-Cj’ , -

e e ~{CJno (go to Section IV)

_C. if you answerad “Yes" to tem 11i-B, list the quantity which represents an actual measurement of your maximum level of production, expressed in the terms
- and units used in the applicable effiuent guideline, and indicate the affected outfalis.

: 1. MAXIMUM QUANTITY U ]
K 7 e e 2. AFFECTED
: ' L - OUTFALLS
“ M, QUANTITY PER DAY b. uwITs or MEasuRE L C. orzmavion, '(';;::;;;')"‘""'"" gre. ) (list outfall numbers) -
, ‘V. ‘MPROVEMENTS .

A Are You now requmd by any Fadml Sum orvloal authomy to‘meet lmy lmplemenmnon schedula for the eonnmctmn upgrading or operatnon of waste-
...--water treatment equipment or practices or any other ‘environmental -programs which may affect the discharges described in this application? This includes,

" but is not limited to permit eondnt:om, admmmtwe or . anforcement orden, enforcemem compliance schedule letters, mpulatlons, court orders, and grant .

or tosn conditions. AT  ves fcomplﬂcm louowiu table) - - XINO (g0 to Hem IV-B) - e : SaRAL

ID!NTIFICATION OF CONDITION,| 2. AFFECTED OUTFALLS |0

- LOREE
c ). BRIEF DESCRIPTION OF PROJECT
AGREEMENT, ETC. 8. m0. b, sounce oF DISCHARGE | - e Pic'-,'-'g's

8. OPT 1ONAL: You mavattneh add:tvonal shem desu'tbing any additaonal water pommon eom.rol programs (or other environmental pro,'acts which may affact )

3 .your discharges) you now have underway 0r, which ‘you. plan. indicate whether each progrem is now underwey or.planned, and indicate vour actual or

" -planned schedules for construction. . [TJmaRK +X {F DESCRIPTION OF ADDITIONAL CONTROL PROGRAMS IS ATTACHED
v ——————————eteretr e St

Py —




" CONTINUED FROM THE FRONT
Vil. BIOLOGICAL TOXICITY TESTING DATA

. Doyou have sny knowiedge or reason to believe that any biological test for acute or chromc toxoclty hﬂl boen made on any of your dmharges orona
rece'vmg water in relatmn to your dlscharge wrthm the !en 3 years?

el

V1ILCONTRACT ANALYSIS INFORMATION 3

Were any of the analyses reported in item V performed by & contract laboratory or consulung f:rm?

{JYES (list the name, oddress, and telephone number of, and pollutants ' T '

3o (go to Section IX) .
analyzed by, each such laboratory or firm below ; ) )
- - C. TELEFRONE U. POLLUTANTS ANALYZED
A-NAmE B. ADDRESS {arec code & no.) (list)

IX.CERTIFICATION

| certify under penalty of law that | have personal/y exam/ned and amn familiar with the mformat/on subm/tted in this app//catron and a/l
attachments and that, based on my inquiry of those individuals immediately responsible for obtaining the information, | believe that the in-

formation is true, accurate and complete, | am aware that there are significant pena/t/es for submitting false information, including the
possibility of fine and imprisonment.

A. NAME & OFFICIAL TITLE (type or print) B. PHONE NO. {area ;ode & no.)
Harold E. Valencia, Area Manager 505-667-5288
Los Alamos Area 0ff1ce , Department of Energy

C. SIGNATURE

D. DATE SIGNED




EPA 1.D. méu ( qrg rrom ltem 1 o! Form 1)
CONTINUED FROM PAGE 2 90

V. INTAKE AND EFFLUENT CHARACTERISTICS %oy

A, B,&C: See instructions before proceeding — Compiete one set of iables for each outfall - Annotate the Qutfall number in the spaoe prowded
NOTE: Tabies V-A, V-B, and V-C are inciuded on seperate sheeu numbered V-1 through V8, - «f e

Form Approved OMB No, 158-R0173

D. Use the space below to list any of the poliutants listed in Table 2c-3 of the instructions, which you-know or have Teason to believe i is discharged or may be
discharged from any outfall. For every poliutant you list, brlefly describe the reasons you believe it to be present and report any analytical data in your

possession.

1. POLLUTANTY 2. SOURCE 1. POLLUTANT 2. SOURCE

DO NOT BELIEVE|{ANY OF THE POLLUTANTS IN TIJFLE 2c-3 TO BE PRESENT.

V1. POTENTIAL DISCHARGES NOT COVERED BY ANALYSIS

A Is any poliutant listed in Item V-C e substance or a component of a substance whlchyou do or expect that you wlll over the next 5 years use or manufacture
* . a8 8n intermediate or final product or byproduct? o .

sk ' . " C)ves (list all such pouumnu below) - SECEEER E&Xco (g0 to Item VI.B)

. B. Are your operations such that your rew materials, processes, or products can reasonably be expected to vary o that your discharges of pollutants may during
b - the next 5 yesrs exeaod two times the maximurn values reported in ltem V? ) )

[Jves (complete Item VI-C below) ’ o LZINO (0 to Section VII)

C. 1f you enswered “Yes' to item Vi-B, explain below and describe in detail the sources and expected leveis of such poliutants which you anticipate will be
-~ discharged from esch outfall over the next 5 years, to the best of your ability at this time. Continue on additional sheets if you need more space.
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700 Camino de Salud NE /-/' ENWRONMM_J TN
Albuquerque, NM 87106 841-2570 /7-/ L

e

oY scieMIFIC LABORATORY DIVI4DN = &: 87-1823 C

ANALYSES REQUESTED: Please check the appropriate box(es) below to indicate the type of analytical screens
required. Whenever possible list specific compounds suspected or required.
PURGEABLE SCREENS EXTRACTABLE SCREENS

% (753} Aliphatic Purgeables (1-2 Carbons) [] (751) Aliphatic Hydrocarbons

(754) Aromatic & Halogenated Purgeables [] (760) Organochlorine Pesticides
[C] (765) Mass Spectrometer Purgeables T} (755) Base/Neutral Extractables
[] (786) Trihalomethanes [T (758) Herbicides, Chlorophenoxy acid
Other Specific Compounds or Classes [Z] (759) Herbicides, Triazines

] (760) Organochlorine Pesticides
[] (761) Organophosphate Pesticides

|

[:] .

| [ (767) Polychlorinated Biphenyls (PCB's)
(.

()

[ (764) Polynuclear Aromatic Hydrocarbons
[] (782) SDWA Pesticides & Herbicides

REPORT TO: David Boyer SLD. No. or-_ /523 A ¥/
N.M. 011 Conservation Division DATE REC. S =~ 57
P. 0. Box 2088
Santa Fe, N.M. 87504-20n83 PRIORITY
PHONE(S): 327-5812 USER" GODE: | 81242 3315
SUBMITTER: David Boyer cope: |2_| 6 10 |
SAMPLE COLLECTION CODE: (YYMMDDHHMMIII) 1?}] 7 l |/ ! 0, 91 l,/ I J// l/grl
SAMPLE. TYPE: WATER [, soIL [}, FOOD [:] OTHER: CODE: L
county: L83 flam i< . arv P; ;/ CODE: |___| || |
LOCATION CODE: (Township-Range-Section-Tracts) | | | | + | ] {(10NO6E24342)

Remarks
FIELD DATA.
=7 ° . ‘
pH= ; Conductivity= umho/cm at C; Chlorine Residual= mg/1
Dissolved Oxygen= mg/l; Alkalinity= mg/l; Flow Rate /
Depth to water ft.; Depth of well__ ___  ft.; Perforation Interval - ft.; Casing:

Sampling Location, Methods and Remarks (i.e. odors, etc)
AN Conle 19;3/7//} //mpaém Lol Wm/

p) 1) Aeetst }/M

I certify that the results in %NX ately seflect the results of my field analyses, observations and@_)
activities.(signature collector): o\ m/ﬁ‘g Method of Shipment to the Lab:
) /

This form accompanies §\mn\ Vials, /Glau Jugs, and/or
Samples were preserved as follows:
[—1 NP: No Preservation; Sample stored at room temperature.
P-lce Sample stored in an ice bath (Not Frozen).
P-Va_’S”O Sample Preserved with Sodium Thiosulfate to remove chlorine residual.
[~ CHAIN OF “CUSTODY
I certify that this sample was transferred from & . /2—0—1=_f to J?Mc‘_pfl'\.e Lo
I
at (location) §L.. [) d' on i 4 / P/ - /3 : /7% and that
P
the statements in this block are correct. Evidentiary Seals: Not Sﬁ Seals In c: Yes [X] No []
Signatures ﬁ/}—,e“A &‘——v

For OCD Use: Date Owner Notified Phone or Letter? - Initialg




ANALYSES PERFORMED LAB. No.: OR- /£ AX7

- re
’ms PAGE FOR LABORATORY BESUL&NLY »
[
This sample was tested using the analytical screening method(s) checked below:
PURGEABLE SCREENS EXTRACTABLE SCREENS
{T] (753) Aliphatic Purgeables (1-3 Carbons) [C] (751) Aliphatic Hydrocarbons
(764) Aromatic & Halogenated Purgeables [] (760) Organochlorine Pesticides
(766) Mass Spectrometer Purgeables ] (755) Base/Neutral Extractables
[C1 (766) Trihalomethanes [—J (758) Herbicides, Chlorophenoxy acid
Other Specific Compounds or Claases ] (759) Herbicides, Triazines
[ [] (760) Organochlorine Pesticides
| [TJ (761) Organophosphate Pesticides
O (] (787) Polychlorinated Biphenyls (PCB's)
[ [ (764) Polynuclear Aromatic Hydrocarbons
a [] (762) SDWA Pesticides & Herbicides
ANALYTICAL RESULTS
COMPOUND(S) DETECTED CONC. COMPOUND(S) DETECTED CONC.
) [PPB] [PPB|

TR,

/

TR, M’Z&M./ 42

Z {gy/d\/ 7P M
/M';/A"J/A/ Tz : &

N

pe s fne 2 Y /,, 1,,1 =12 .@ez@wp L5
- / Ctsser Lo //

(4 .
* DETECTION LIMIT * X y A f + DETECTION umir + 1 | 4 Pe

ABBREVIATIONS USED:
N D = NONE DETECTED AT OR ABOVE THE STATED DETECTION LIMIT
T R = DETECTED AT A LEVEL BELOW THE STATED DETECTION LIMIT (NOT CONFIRMED)
{ RESULTS IN BR.ACKETS ] ARE UNCONFIRMED AND/OR WI},?,PPROXMTE QUANTITATION

IRWE TWﬁ//L/LF

LABORATORY REMARKS:

ot lomiZy

CERTIFICATE OF ANALYTICAL PERSONNEL
Senl(s) Intact: Yes 2‘ No D Seal(s) broken by: . %;,4 [- %/I date: ////7/"7

1 certify that I followed standard laboratory procedures on handfing and analysis of this sample unless otherwise notedfand
that the statements on this page accurately reflect the analytical results for this sample.

Date(s) of analysis: j/[é?/ﬁ’-) . Analyst's signature: /Z/I /. /,%y,
77 >
I certify that 1 have rav%;; concur with :he analytical reuul%or—thiu sample and with the statements in this block.

L4
7

Reviewers signature:

v




-.rt'-"‘

SCl TlFlC LABORATORY DIV SION = \M‘ L= 7 \87-7- C Tico

.‘ d
‘ W 700 Camino de Salud NE //7*1 f*/ -auvmor

Albuquerque, NM 87106 841-2570 e

ANALYSES REQUESTED: Please check the appropriate box{es) below to indicate the type of analytical screens
required. Whenever possible list specific compounds suspected or required.

REPORT TO: David Boyer S.L.D. ‘No. or-_/ 5/9797 %7‘5
N.M. 0i1 Conservation Division DATE REC. J/— /¢ - &7
P. 0. Box 2088
Santa Fe, N.M. 87504-2088 PRIORITY
PHONE(S): 327-5812 USER CODE: 13 2 12 13,5,
SUBMITTER: David Boyer cope: |21 6] g
SAMPLE COLLECTION CODE: (YYMMDDHHMMIII) 1%1 7| is / |0|671 |/ ! 151 /(g/
SAMPLE. TYPE: WATER [, SOIL [T}, FOOD {:1 OTHER: com: T
COUNTY: Lpd ﬁ&zm 7’% ; CITY: / }/;;2 CODE: || || |
LOCATION CODE: (Townshlp-Range-Sectxon-Tracta) 1 + I+ || ](10NO6E24342)

PUORGEABLE SCREENS EXTRACTABLE SCREENS
[] (753) Aliphatic Purgeables (1-3 Carbons) [C1 (751) Aliphatic Hydrocarbons
{754) Aromatic & Halogenated Purgeables D (760) Organochlorine Pesticides
(765) Mass Spectrometer Purgeables TZ] (755) Base/Neutral Extractables
[] {(766) Trihalomethanes [ (758) Herbicides, Chlorophenoxy acid
Other Specific Compounds or Classes [T (759) Herbicides, Triagines
O [Z] (760) Organochlorine Pesticides
| [T] (761) Organophosphate Peaticides
r_:[ [] (7867) Polychlorinated Biphenyls (PCB's)
1 [] (784) Polynuclear Aromatic Hydrocarbons
() [C] (762) SDWA Pesticides & Herbicides
Remarks:
FIELD DAZA:
pfi: é IS ; Conductivity= umho/em at °C; Chlorine Residual= mg/!
Dissolved Oxygen= mg/l; Alkalinity= mg/l; Flow Rate ]
Depth to water ft.; Depth of well ___ ft.; Perforation Interval - ft.; Casing:

Sampling Location, Methods and/lemarks (i.e. odors, etc.)

LB Eondan hlgmépﬂ Peng Gl

I certify that the resulta in W urately reflect the results of my field analyses, observations and
activities.(signature col\ector)

Method of Shipment to the Lab: (;.P/'?

This form accompanies Septum anlu, / Glass Jugs, and/or

Samples were preserved as follows:

[ NP: No Preservation; Sample stored at room temperature.
P-Ice Sample stored in an ice bath (Not Frogen).

[—__1 P-Na S O Sampie Preserved with Sodium Thicsulfate to remove chlorine residual.

'

— CHAIN OF "CTSTODY

I certify that this sample was transferred from D /35\_, Pe— to /? /"’le., Py S ,-,_‘_

at (location) S/—*D d on // / /4/ ,E? - I/_Z : /2 and that
the statements in this block are correct. Evidentiary Seals: Not Seale Seals Intact: Yeld [E No ]j
Signatures /1_‘ _

For OCD Use: Date Owner Notified Phone or Letter? Initialg

0



- ® S
ANALYSES PERFOR’ED LAB. No.: OR- /P2>

THIS PAGE FOR LABORATORY RESULTS ONLY

This sample was tested using the analytical screening method(s) checked below:

PURGEABLE SCREENS EXTRACTABLE SCREENS
[] (753) Aliphatic Purgeables (1-3 Carbons) 3 (751) Aliphatic Hydrocarbons
754) Aromatic & Halogenated Purgeables ] (760) Organochlorine Pesticides
:g (765) Mass Spectrometer Purgeables [T (755) Base/Neutral Extractables
[1 (766) Trihalomethanes [CJ (758) Herbicides, Chlorophenoxy acid
Other Specific Compounds or Classes (] (755) Herbicides, Triasines

[C] (760) Organochlorine Pesticides

[CJ (781) Organophosphate Pesticides

[] (787) Polychlorinated Biphenyls (PCB's)
D (764) Polynuclear Aromatic Hydrocarbona
[T] (762) SDWA Pesticides & Herbicides

poooo

ANALYTICAL RESULTS

COMPOUND(S) DETECTED CONC. COMPOUND (S) DETECTED CONC.
[PPB] {PPB]

/ Lt il /3
J’ ket ZK JJ

/;/)1-'/ /L Z K — &
fonsedle 2.2 ’C{L L "ZWV/ il 572 /‘4‘7 |
e

* DETECTION LIMIT * X /T + DETECTION LIMIT + | ki 7>

ABBREVIATIONS USED:
N D = NONE DETECTED AT OR ABOVE THE STATED DETECTION LIMIT
T R = DETECTED AT A LEVEL BELOW THE STATED DETECTION LIMIT (NOT CONFIRMED)
[ RESULTS IN BRACKETS | ARE UNCONFIRMED AND/OR WITH APPROXIMATE QUANTITATION

/,/ /—‘/Ssm/é'/{/% 2l £

LABORATORY REMARKS:

CERTIFICATE OF ANALYTICAL PERSONNEL

Seal(s) Intact: Yes [~ No [_]. Seal(s) broken by: date:_ /¢ /f?/F)
¥ Ll

I certify that I followed standard laboratory procedures on handlifg and analysie of this sample unless otherwise noted and

that the statements on this page accurately reflect the analyti results for this sample.

Date(s) of analysis: ﬁézzgéz . Analyst's nignature-w

1 certify that I have rwxzso;nd coneur owith, the analytical reuulJ{or this sample and with the statements in this block.

Reviewers signature: Yy




x: 9 »—'-“"\

- SCIEalFIC LABORATORY DIVI \qz 27_ . o
700 Camino de Salud NE , 'Emm 3‘) ‘\3 ")
Albuquerque, NM 87106 841-2570  / e
REPORT To: _ David Boyer S.L.D. rNo‘ or- /572 VS
N.M. 0i1 Conservation Division DATE REC. //—/6 — &7
P. 0. Box 2088
PHONE(S): 827-5812 USER CODE: |8 2 |2 | 3 5

SUBMITTER:

David Boyer CODE: ﬁ
SAMPLE COLLECTION CODE: (YYMMDDHHMMIII) @ L7 J e (7|q L/ 1/ 12 |

SAMPLE . TYPE: WATER g SOIL m FOOD m OTHER: CODE:
county:_ 03 Alaam 28 o § Gm/?%% Ez?? CODE: |__|_ || |
LOCATION CODE: (Township-Range-Section-Tracts) | | ] + | | |(10NO6E24342)

ANALYSES REQUESTED: Please check the appropriate box(es) below to indicate the type of analytical screens

required. Whenever possible list specific compounds suspected or required.

PURGEABLE SCREENS EXTRACTABLE SCREENS

] (758) Aliphatic Purgeables (1-3 Carbons) {1 (751) Aliphatic Hydrocarbons

(754) Aromatic & Halogenated Purgeables [] (760) Organochlorine Pesticides

(765) Mass Spectrometer Purgeables 11 (755) Base/Neutral Extractables
[”] (766) Trihalomethanes [T (758) Herbicides, Chlorophenoxy acid

Other Specific Compounds or Classes [:I (759) Herbicides, Triazines

[ [_] (760) Organochlorine Pesticides
— [} (761) Organophosphate Pesticides
[ {1 (767) Polychlorinated Biphenyls (PCB’s)
] [] (784) Polynuclear Aromatic Hydrocarbons
] [C] (762) SDWA Pesticides & Herbicides
Remarks
FIELD DATA: .
pI-i: é 15 ; Conductivity= umho/em at 0C; Chlorine Residual= mg/1
Dissolved Oxygen= mg/l; Alkalinity= mg/l; Flow Rate /
Depth to water ___  ft.; Depth of well ft.; Perforation Interval - ft.; Casing:

Sampling Locatlon, ethoi} ancylemarks (i.e. odors, etc.)

H c/ La (977 /)M g{/n’t/ﬁ\

22

at (location)

1 certify that the results in W urately  reflect the results of my field analyses, observations and ..
activities.(signature co]lector) Method of Shipment to the Lab: (:(P/'7
This form accompanies Septum Vnals ﬂ Z Glass Jugs, and/or
Samples were preserved as follows:
[] NPp: No Preservation; Sample stored at room temperature.

P-Ice Sample stored in an ice bath (Not Frozen).
[} P-Na_s o Sample Preserved with Sodium Thiosulfate to remove chlorine residual.

— CHAIN OF CUSTODY

. A}
I certify that this sample was transferred from D /;;cz7 Lo to /?Mé.,, Corfm e
- T
i Sl

on //j/Qj £ - /Jz/z—and that

Signatures

the statements in this block are correct. Evidentiary Seals: Not Se%_] Seals IntacYeQ < No [T
i §%ﬁ>%A . 0

For OCD Use: Date Owner Notified Phone or Letter? Initials




ANALYSES PERFO@ED 1ae, M or.  Jpos

THIS PAGE FOR LABORATORY RESULTS ONLY

This sample was tested using the analytical screening method(s) checked below:

PURGEABLE SCREENS EXTRACTABLE SCREENS
[] (758) Aliphatic Purgeables (1-3 Carbons) [_] (751) Aliphatic Hydrocarbons
(754) Aromatic & Halogenated Purgeables ‘ [T (760) Organochlorine Pesticides
(765) Mass Spectrometer Purgeables [T] (755) Base/Neutral Extractables
[} (766) Trihalomethanes [J (758) Herbicides, Chlorophenoxy acid
Other Specific Compounds or Classes [] (769) Herbicides, Triazines

[Z] (760) Organochlorine Pesticides

[] (761) Organophosphate Pesticides

[1 (787) Polychlorinated Biphenyls (PCB's)
[T} (764) Polynuclear Aromatic Hydrocarbons
[] (762) SDWA Pesticides & Herbicides

ANALYTICAL RESULTS

Doodo

COMPOUND (S) DETECTED _ CONC. COMPOUND(S) DETECTED CONC.
[PPB] ' [PPD]
/ /3
7.£ 22
.4 43
7. A L
LA “
AA/;_QK
* DETECTION LIMIT * X ! + DETECTION LIMIT + 1 Yt %

ABBREVIATIONS USED:
N D = NONE DETECTED AT OR ABOVE THE STATED DETECTION LIMIT
T R = DETECTED AT A LEVEL BELOW THE STATED DETECTION LIMIT (NOT CONFIRMED)
| RESULTS IN BRACKETS ] ARE UNCONFIRMED AND/OR WITH APPROXIMATE QUANTITATION

LABORATORY REMARKS:

CERTIFICATE OF ANALYTICAL PERSONNEL
Seal(s) Intact: Yes [ef” No [_]. Seal(s) broken by:

date: h/bé 2

I certify that I followed standard laboratory procedures on hand mg and analysis of this sample unless otherwme noted and

that the statements on this page accurately reflect the analyti 'ﬁ'esulta for thia sample.

Date(s) of analysis: 4512;é2 . Analyst's signature: .

for this sample and with the statements in this block.

I certify that I have NZ nd concur with the analytical resul
Reviewers signature: A/CO




- SCIE IFIC LABORATORY DIVI 2’\ = 87 182 &Xico
700 Camino de Salud NE Kkl ,Jdrfd—/
Albuquerque, NM 87106 841-2570 IU)OUJ ¥
A
REPORT To: _ Javid Boyer SLD. No. orR-_/F 23 A ¥/
N.M. 0i1 Conservation Division DATE REC. ) =l =37
P. 0. Box 2088
PHONE(S): 327-5812 USER’ CODE: |8 12 12 1315
SUBMITTER: David Boyer cope: |2_| 610 |

SAMPLE COLLECTION CODE: (YYMMDDHHMMIII) |%[ 7 | |/ 0[ 9] {j '56‘@ J// l/gl

SAMPLE. TYPE: WATER Y], So1L [}, FOOD r'] OTHER: CODE: |__ | ||
COUNTY: L\OS Alamog . CITY: E ; CODE: | | | | |

LOCATION CODE: (Township-Range-Section-Tracts) | | ) | + | | [(10NO6E24342)

ANALYSES REQUESTED: Please check the appropriate box(es) below to indicate the type of analytical screens
required. Whenever possible list specific compounds suspected or required.
PURGEABLE SCREENS EXTRACTABLE SCREENS

(753) Aliphatic Purgeables (1-3 Carbons) [1 (751) Aliphatic Hydrocarbons
(754) Aromatic & Halogenated Purgeables [T} (780) Organochlorine Pesticides
[C] (765) Mass Spectrometer Purgeables T_] (755) Base/Neutral Extractables
[] (766) Trihalomethanes [_T (758) Herbicides, Chlorophenoxy acid
Other Specific Compounds or Classes [ (759) Herbicides, Triazines
[:] D (760) Organochlorine Pesticides
1 [1 (761) Organophosphate Pesticides
— [T} (787) Polychlorinated Biphenyls {(PCB's)
| [T (764) Polynuclear Aromatic Hydrocarbons
— [ (762) SDWA Pesticides & Herbicides
Remarks
FIELD DATA:
7 °
pH= ; Conductivity= umho/cm at C; Chlorine Residual= mg/1
Dissolved Oxygen= mg/l; Alkalinity= mg/l; Flow Rate /
Depth to water ft.; Depth of well__  ft.; Perforation Interval - __ft.; Casing:

Sampling Location, Methods and Remarks (i.e. odors, etc.)
LAV Condon Al — Sorgars }/mpzzém Lm&fﬁwp
P i) Pectdd Heled

I certify that the results in\ this\ blo
activities.(signature collector):

cgyrately peflect the results of my field analyses, observations and
[%f(/ﬁl Method of Shipment to the Lab:
Septim Vials, l /Glaas Jugs, and/or /

Samples were preserved as follows:

This form accompanies

[”] NP: No Preservation; Sample stored at room temperature.
" P-Ice Sample stored in an ice bath (Not Frozen).
P-Na S O Sample Preserved with Sodium Thiosulfate to remove chlorine residual.
[ CHAIN OF CUSTODY
I certify that this sample was transferred from [jlgoﬁsg, to /?MQ,_,Q,,—I’\.@ Lo~
7 I
at (location) §L,Q on //j /L / J’? - /3 : /7% and that

the statements in this block are correct. Evidentiary Seals: Not Seale Seals Intact: Yes [X] No [T
Signatures %&—.A L"\—

For 0CD Use: Date Qwner Notified Phone or Letter? Initials




ANALYSES PERFOQED

LAB. N®: OR- /£ R73

THIS PAGE FOR LABORATORY RESULTS ONLY

This sample was tested using the analytical screening method(s) checked below:

PURGEABLE SCREENS
[] (753) Aliphatic Purgeables {1-8 Carbons)
(754) Aromatic & Halogenated Purgeables
l% (765) Mass Spectrometer Purgeables
[Z] (768) Trihalomethanes
Qther Specific Compounds or Classes

EXTRACTABLE SCREENS
[] (751) Aliphatic Hydrocarbons
[] (780) Organochlorine Pesticides
[} (755) Base/Neutral Extractables
[ (758) Herbicides, Chlorophenoxy acid
[C] (759) Herbicides, Triazines

[l [ (760) Organochlorine Pesticides
[} [T (761) Organophosphate Pesticides
[ [] (767) Polychlorinated Biphenyls (PCB's)
[ [] (764) Polynuclear Aromatic Hydrocarbons
2 [T} (762) SDWA Pesticides & Herbicides
COMPOUND(S) DETECTED _ CONC. COMPOUND(S) DETECTED CONC.
[PPB| [PPB]
‘ _W //M/A‘%L
z j 7K, Y74
- o
/ Z
T R, /3
7. R, LT
IR P~
7. K.
/4
+ DETECTION LIMIT * ) e + DETECTION LMiT + 1 | ) 7%
ABBREVIATIONS USED:
N D = NONE DETECTED AT OR ABOVE THE STATED DETECTION LIMIT
T R = DETECTED AT A LEVEL BELOW THE STATED DETECTION LIMIT (NOT CONFIRMED)
| RESULTS IN BRACKETS ] ARE UNCONFIRMED AND/OR WITH APPROXIMATE QUANTITATION
LABORATORY REMARKS:
CERTIFICATE OF ANALYTICAL PERSONNEL
Seal(s) Intact: Yes [&f” No [ _|. Seal(s) broken by: (- %’l date: ,////2/?')
7 A

1 certify that 1 followed standard laboratory procedures on han

that the statements on this page accurately reflect the analytical results for this sample.

Date(s) of analysis: ﬂ//7/ﬁ-7 . Analyst's signature:
777

I certify that I have revi/e% and concur with sthe analytical resul
Reviewers signature: >77-@0]/,.

‘ng and analysis of this sample unless otherwise noted and

for this sample and with the statements in this block.




ey Wms A SR Y W 6 3 8 & W =S LA W 8RS RS WO RS § Gy & W S P W _L‘

700 Camino de Salud NE = 7- 1194 -C
j‘/ d\ 8_M0J

. ﬂuquerque, NM 87106 841-2570

REPORT TO: David Boyer sLD. No. oR- /7% A 7’5

N.M. 011 Conservation Division DATE REC. & o ~87

P. 0. Box 2088
Scnta Fe, M., 87EB04-2Nn88

3

PRIORITY __ ~
PHONE(S): 327-5812 usER copE: | B (2 12 | 3,5
SUBMITTER: David Boyer copE: |2 | 610 |

SAMPLE COLLECTION CODE: (vymmppraMmmm) (€17 (O 16 1 2 | ¥ | | 12020 (W, 0

SAMPLE TYPE: WATEX? ﬁ SOIL [_], FooD [_], OTHER: CODE: |___| I |
COUNTY: 54»\ VAN

; CITY: Lc Creiza CODE: {___ | 1 | 1
LOCATION CODE: (Township-Range-Section-Tracts) LLI ? IA!+ 0[ 2 E+ ) 3 2 | 2. Il {(1ONQO6E24342)

ANALYSES REQUESTED: Please check the appropriate box(es) below to indicate the type of analytical screens
required. Whenever possible list specific compounds suspected or required.

PURGEABLE SCREENS EXTRACTABLE SCREENS
[] (753) Aliphatic Purgeables (1-3 Carbons) [T (751) Aliphatic Hydrocarbons
Eﬁ(ﬁ-ﬂ Aromatic & Halogenated Purgeables [C] (760) Organochlorine Pesticides
[T] (785) Mass Spectrometer Purgeables [] (758) Base/Neutral Extractables
(] (788) Trihalomethanes [T (758) Herbicides, Chlorophenoxy acid
Other Specific Compounds or Classes [Z] (759) Herbicides, Triagines
I [Z] (760) Organochlorine Pesticides .
1 [] (761) Organophosphate Pesticides
3 g [T] (787) Polychlorinated Biphenyls (PCB's)
] i [_1 (764) Polynuclear Aromatic Hydrocarbons
I ] (762) SDWA Pesiicides & Herbicides
Remarks
FIELD DATA: i
pH= ?—5 ; Conductivity= 8@00 umho/cm at }Y,)P °C; Chlorine Residual= mg/l
Dissolved Oxygen= mg/l; Alkalinity= mg/l; Flow Rate /
Depth to water - __ft.; Depth of well ft.; Perforation Interval - _ft.; ‘Casing:

Sampling Location, Methods and Remarks (i.e. odors, etc.)

‘t’/bgé“x H«/( _ /:E/ Serviee /Q ~  (im ﬂJ Vb(/%/ ,g,‘u /c[/@m
camnwi ﬂvwi /

1 certify that the resuits in tWaccurae veflect the results of my field analyses, observations and '
activities.(signature collector) Method of Shipment to the Lab: ‘—-\

This form accompanies Septum Vials, __ _ Glass Jugs. and/or

Samples were preserved as follows:
] NP: No Preservation; Sample stored at room temperature.
gl’-lce . Sample stored in an ice bath (Not Frogen).

P-N‘a2520'3 Sample Preserved with Sodium Thiosulfate to remove chlorine residual.

— CHAIN OF CUSTODY

[ certify that this sample was transferred from to

at (location) on / / - : and that

the statements in this block are correct. Evidentiary Seals: Not Sealed [_] Seals Intact: Yes [ | No T

Signatures

For OCD Use: Date Owner MNotified Phone or Letter? Initialg

L T A




ANALYSES PERFORGIED LAB. ja: OR-_ //9Y

-
TIIS PAGE FOR LABORATORY RESULTS ONLY
This sample was tested using the analytical screening method(s) checked below:
PURGEABLE SCREENS EXTRACTABLE S(;REENS
] (753) Aliphatic Purgeables (1-3 Carbons) {1 (751) Aliphatic Hydrocarbons
[Z (754) Aromatic & Halogenated Purgeables [l (760) Organochiorine Pesticides
|_] (765) Mass Spectrometer Purgeables [] (755) Base/Neutral Extractables
[Z] (766) Trihalomethanes [J (758) Herbicides, Chiorophenoxy acid
Other Specific Compounds or Classes [Z] (759) Herbicides, Triazines
[ [Z1] (780) Organochlorine Pesticides
| [TJ (781) Organophosphate Pesticides
O (] (767) Polychlorinated Biphenyis (PCB's)
— [] (764) Polynuclear Aromatic Hydrocarbons
| [T] (762) SDWA Pesticides & Herbicides
COMPOUND(S) DETECTED CONC. COMPOUND(S) DETECTED CONC.
[PPB] {PPDB}
& D,
M P

* DETECTION LIMIT * X j‘??/é

+ DETECTION LIMIT + '

ABBREVIATIONS USED:

N D = NONE DETECTED AT OR ABOVE THE STATED DETECTION LIMIT
T R = DETECTED AT A LEVEL BELOW THE STATED DETECTION LIMIT (NOT CONFIRMED)
[ RESULTS IN BRACKETS | ARE UNCONFIRMED AND/OR WITH APPROXIMATE QUANTITATION

LABORATORY REMARKS:

CERTIFICATE OF ANALYTICAL PERSONNEL

Seal(s) Intact: Yes [_| No QZ’ Seal(s) broken by: _M/

date:

[ certify that I followed standard laboratory procedures on handling and analysis of this sample unless otherwise noted and
that the statements on this page accurately reflect the analytical results for.this sample.

Date(s) of analysis: 7/Aél/j7 . Analyst's signature: ) 4@4 K, %7

I certify that I have ?wed and concuf with the analytical result%r this sample and with the statements in this block.

Reviewers signature:

e
/

Vv




e e w wwwr sy w = s " W aEms A W 8 WS R & - -lvnv--_l_ yn-_
700 Camino de Salud \IE -\ =3 87-
. auquerque, NM 87106 841-257 ‘ E’“"“lmi' 1193-C

REPORT TO: David Boyer

S.L.D. No OR- //75 A%Aﬁ

N.M. 0i1 Conservation Division

DATE REC. Lo~ -57

P. 0. Box 2088
Sonta Fe, N.ML 37804-2088

PRIORITY
PHONE(S): 327-5812 USER CoDE: | 3 (2 (2 ;3,5
SUBMITTER: David Boyer cope: |2 ) 610 )

SAMPLE COLLECTION CODE: (vymmppuammin | & /1O 61214 1 1413157 Ly < 0]
SAMPLE TYPE: WATER m SOIL [}, FOOD ], OTHER: CODE: |
COUNTY:_ Sandpus

I

oy _ Lo Caow CODE: |___] _ |__ | |
| LOCATION CODE: (Township-Range-Section-Tracts) | [ 1PN+ 01 21 Fa 1|3+ 24 2 2uonoeE2e4)

ANALYSES REQUESTED: Please check the appropriate box(es) below to indicate the type of analytical screens
required. Whenever possible list specific compounds suspected or required.

PURGEABLE SCREENS EXTRACTABLE SCREENS
] (783) Aliphatic Purgeables (1-3 Carbons) [T] (751) Aliphatic Hydrocarbons
X (754) Aromatic & Halogenated Purgeables [T (760) Organochiorine Pesticides
[T} (765) Mass Spectrometer Purgeables ] (755) Base/Neutral Extractables
[T] (766) Trihalomechanes [T (758) Herbicides, Chlorophenoxy acid
Other Specific Compounds or Classes {1 (759) Herbicides, Triazines
O (] (760) Organochlorine Pesticides
(| [C] (761) Organophosphate Pesticides
] - 1 (787) Polychlorinated Biphenyls (PCB's)
—] i [—] (764) Polynuclear Aromatic Hydrocarbons
[ [T} (762) SDWA Pesticides & Herbicides
Remarks
FIELD DATA:
pH= ; Conductivity= umha/cm at OC; Chlorine Residual= mg/l
Dissolved Oxygen= mg/l; Alkalinity= mg/l; Flow Rate /
Depth to water - ft.; Depth of well ft.; Perforation Interval - ft.; Casing:

Sampling Location, Methods and Remarks (i.e. odors, etc.)

Foddon fll = Lol fra Sump

)w,akl ra,((/.;l arte o engo

1 certify that the resuits in this block ﬁrately ect the results of my field analyses, observations and /
activities.(signature collector): @(L//[ Method of Shipment to the Lab: /‘L{M

This form accompanies pe Septum Vials, __ Glass Jugs, and/or

Samples were preserved aas follows:

(] NP: No Preservation; Sample stored at room temperature.
P-lce Sample stored in an ice bath (Not Frozen).
D P-Na 5 O Sample Preserved with Sodium Thiosulfate to remove chlorine residual.

— CHAIN OF CUSTODY

[ certify that this sample was traonsferred from to

at (location) on / / - : and that

the statements in this block are correct. Evidentiary Seals: Not Sealed D Seals Intact: Yes rj No |_]'

Signatures

el
‘I

For OCD Use: Date Owner Notified Phone or Letter? Initials



ANALYSES PERFOR&S LAB. jga: OR- //73 A

S PAGE FOR LABORATORY RESULTS ONLY T

This sample was tested using the analytical screening method(s) checked below:

PURGEABLE SCREENS EXTRACTABLE SCREENS
[] (753) Aliphatic Purgeables (1-3 Carbons) [Z] (751) Aliphatic Hydrocarbons
g(754) Aromatic & Halogenated Purgeables [] (780) Organochiorine Pesticides
|_| (765) Mass Spectrometer Purgeables [] (755) Base/Neutral Extractables
-l (768) Trihalomethanes [] (758) Herbicides, Chlorophenoxy acid
Other Specific Compounds or Classes [Z] (759) Herbicides, Triazines
—l [] (760) Organochlorine Pesticides
. [] (761) Organophosphate Pesticides
— [] (787) Polychlorinated Biphenyls (PCB's)
— D (764) Polynuclear Aromatic Hydrocarbons
| [] (762) SDWA Pesticides & Herbicides

ANALYTICAL RESULTS

COMPOUND(S) DETECTED CONC. COMPOUND(S) DETECTED CONG.
PPB] [pPB|

_ 2 TR

p s, IR,

. ' / o )
L/ 0, [ - Al flloanl/dsrecd. & 25

* DETECTION LIMIT * * /A%

+ DETECTION LIMIT + i

ABBREVIATIONS USED:
N D = NONE DETECTED AT OR ABOVE THE STATED DETECTION LIMIT
T R = DETECTED AT A LEVEL BELOW THE STATED DETECTION LIMIT (NOT CONFIRMED)
{ RESULTS IN BRACKETS | ARE UNCONFIRMED AND/OR WITH APPROXIMATE QUANTITATION

LABORATORY REMARKS: /¢, /) / fﬂ%é%{u%zz&%—m%
. _

CERTIFICATE OF ANALYTICAL PERSONNEL
Seal(s) Intact: Yes | | No [} Seal(s) broken by: date:

"1 certify that I followed standard laboratory procedures on handling and analysis of this sample unless otherwise noted and

that the statements on this page accurately reflect the analytical results for this sample.

Date(s) of analysis: . Analyst's signature:_‘%’a [J %,,
—m——— -

. . /]
Reviewers signature: y v

[ certify that I have revig®wed and conc with the analytical resul for this sample and with the statements in this block.
V74




pvevy vie XL medilti and cnvironfhient vepdriimnerntt
SCIENTIFIC LABORATORY DIVISION

= poCamnoce il N gy HEAVYGEBTAL ANALYSIS FORM
¢’ Albuquerque, NM 87106 ephone: (505)841-2553
Date , Lab User
_Received 120487 8o . L0 - ?% Code R 82235 [] Other:
~" COLLECTION DATE & TIME: yylmzll I/‘lh mm Co CTION SITE DESCRIPTION
o L|2o Lenap folien ren SE gornen
COLLECTED BY: _ R
) Juin /4 L»}u\ 4 El\, 4‘/ - v
TO: OWNER: ;.07 ? Eneay
=7 77

ENVIRONMENTAL BUREAU
NM OIL CONSERVATION DIVISION

SITE LOCATION:
County:

State L.and Office Bldg., PO Box 2088

SANTA FE, NM 87504-2088

arrn: [bod  foyer

N

Sunclavs

Township, Range, Section, Tract: (10NO6E24342)

UG A+ |2 fE+ [ 13 +2] LIZJ

TELEPHONE: 827-5812 STATION/ WELL CODE: |FIE1L| 1SIFIEN 11 IF]
- - - LATITUDE, TONGITUDE:| | | | | ] | | | | | J-L1 ] |
SAMPLING CONDITIONS:

0 Bailed 0 Pump Water Level: Discharge: Sample Type:

™ Dipped [0 Tap sffé
pH(00400) |Conductivity(Uncorr.)| Water Temp. (00010) Conductivity at 25 °¢

_ — (00094)
§ S Foo0 umho 24y O _pmho
7 7/

FIELD COMMENTS:

SAMPLE FIELD TREATMENT (. i .|, pred.teed LAB ANALYSIS REQUESTED:

Check proper boxes: / /

] WPN: Water g 'WPF: Water ICAP Scan

Preserved w/I—INO3 reserved w/I-INO3 Mark box next to metal if AA
Non-Filtered Filtered is required.

ANALYTICAL RESULTS (MG/L)

ELEMENT ICAP VAIUE AA VALUE ELEMENT ICAP VALUE AA VALUE
Aluminum <0.) Silicon 2/
Barium 0D.Y Silver <06, O
Beryllium <./ Strontium /.46
Boron -7/, Tin <2.)
Cadmium <0.) O Vanadium <./
Calcium TA Zinc <p.l
Chromium <0.) 0 Arsenic .4
Cobalt <p.pe Selenium 0.00"7
Copper <0.) Mercury |
Iron 3.2 O
Lead <0.] a O
Magnesium (.2 O
Manganese Q,!ﬂ O
Molybdenum 0. ] O
Nickel <0. | O
IAB COMMENTS : PIGESTED,

wbsepouert Repuesr (7/31/37)

‘CQL AS *SL by Dive g?/cr Qg

For OCD Use:
Date Owner Notified:
Phone or lettexr?
Initials:

Dat

e Analyzed 7&22(’82

4
ICAP Analyst gg Reviewer 0779' O

¢
Date Reveived //273 / ¥7

4/>5/97




New Mexico Health andoEnth Department 7 jf/ Q
SCIENTIFIC LABORATORY N GEN™RAL WATER CHEMISTRY
700 Camino de Salud NE [(//7 =
Albuquerque, NM 87106 — (505) 841-2555 and NITROGEN ANALYSIS
Beceven| G20 77 1RS e -2478 2Obe [ soso0 [0 seeo0 (XX orwem: 82235
Collection DATE SITE Sample tocation
6124187 INFORM- » I?N D2-E  Soe /2
Collleciio;rT‘I;E ATION !
Collection site description )
Collectgd by — Person/Agency . 4 W(; '7[&((0‘\/; “‘Z‘//‘u‘u\. S E C-Oond s 07‘4
(OL‘W# Andeson ﬂ«/ﬁ} /0CD 4 Revles v

ENVIRONMENTAL BUREAU

SEND NM OIL CONSERVATION DIVISION

:‘é‘:ol'm State Land Office Bldg, PO Box 2088
TO Santa Fe, NM 87504-2088

>

Attn: __David. Boyer

Phone: 827-5812 varents Fodir Hill- EE Seviee frod

SAMPLING CONDITIONS o Dot ot Eprsy
O Bailed 01 Pump Water level Discharge " | Sample type ’ é
X Dipped O Tap G 7=
pH (00400) 6 5’ Conductivity (Uncorrected) Water Temp. (00010) — Conductivity at 25°C (00094)
g SFelo umho 24,3 °C pumho

Field comments

Sam/’L «7\«]\/ peeh [Hord
N

[
SAMPLE FIELD TREATMENT — Check proper boxes / N\

No. of samples . Whole sample . ,‘F(iltered in field with™ .
submitted | DINF: - on-fittered) XF: 045 umembrane fiter | — A* 2 MI H2S04/L added
MNA: No acid added [] Other-specify: [(JA: 5ml conc. HN03 added [TJA: 4ml fuming HNO added
ANALYTICAL RESULTS from SAMPLES : :
NA i =
— = Units Date analyzed From ﬁ% , NA Sample: Date )
onductivity (Corrected) . 4 -
)X\zsoc (00095) 2755 Lmho 7/; e {Thod Analyzed
O Total non-filterable ' X caicium 6L mg/1 j/?
Zgggdsxoe) (suspended) mal E Potassium ZC‘)L/ mg/1 K’!i
X( Other: ,ﬁl'l *8.S7 7/ Xl Magnesium 4 mg/1 7,//7
g 8:::: { Sodium 1743 mg/1___< /3
Bicarbonate _ 4SS mg/1___ B/
A 150, ] chloride . zz20mg/1___ 8/Y ]
Nt Nitrere y
~ lotar(ooe30) i F R sutfate 7.6 mgN\___ 7/ -
O Ammonia-N total (00610) mg/I [ Total Solids 278 mg/l 7/ /0
O Total Kjeldah!-N
( ) mg/l D
O Chemical oxygen
demand (00340) ma/| D
O Total organic carbon
O (on ) - mg/i (X cation/Anion Balance
I QOther:
Analyst Date Reported Reviewed by
O Other: i
o g |70 373 <&
Laboratory remarks Y 4 .
cﬁg = &% 5[. Pl
FOR OCD USE -- Date Owner Notified Phone or Letter? ~  [Initals



CATIONS
ANALYTE MEQ. PPM
Ca 3.09 62.00
Mg 0.49 6.00
Na 75.82 1743.00
K 5.22 204.00
Mn 0.00 0.00
| Fe 0.00 0.00
\ SUMS  84.62 2015.00

Total Dissolved Solids=
Ion Balance = 115.67%

AANAA

ANIONS
ANALYTE MEQ. PPM
HCO03 7.29 445.00
S04 2.03 97.60
CL 62.91 2230.00
NO3 0.00 0.00
co3 0.92 55.40
NH3 0.00 0.00
PO4 0.00 0.00
73.15 2828.00
WC No. = 8702678
Date out/By () Hiwo
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700 Camino de Salud NE q{f EWO - g7-1198 ~B

¢ muerque, NM 87106 841-2570

S _,__,—-—.—

-v

REPORT TO: David Boyer S.L.D. No. OR- //75 /4
N.M. 011 Conservation Division DATE REC. 4 ~RAe 5/
P. 0. Box 2088 R LT
Conta Fe, NI 37504-2088 |1 AIERURERIN)

PHONE(S): 327-5812 W cep=ndesd odnal 31242 13,5

SUBMITTER: David Boyer AL\\ i “COMEN 121610

SAMPLE COLLECTION CODE: (YYMMDDHHMMIII) |ﬂlm L. L_; LA/ | /1 2 20 U O]
SAMPLE TYPE: WATER [X], SOIL [], FOOD [T], OTHER: CODE: |__ |||

COUNTY: Smj,{f»vz; corry: L. Cuous CODE: | || ||
LOCATION CODE: (Township-Range-Section-Tracts) || | I N+ 012 | £+ | | 3 + 24 2| 2 |(10NosE24342)

ANALYSES REQUESTED: Please check the appropriate box{es) below to indicate the type of analytical screens
required. Whenever possible list specific compounds suspected or required.

PURGEABLE SCREENS EXTRACTABLE SCREENS
[C] (753) Aliphatic Purgeables (1-3 Carbons) [C] (751) Aliphatic Hydrocarbons
[T} (754) Aromatic & Halogenated Purgeables [] (760) Organochlorine Pesticides
] (765) Mass Spectrometer Purgeables [ (758) Base/Neutral Extractables
(766) Trihalomethanes [T (758) Herbicides, Chlorophenoxy acid

-

Other Specific Compounds or Classes [_] (759) Herbicides, Triagines
M [C] (780) Organochlorine Pesticides
[Z }My,lc‘ »n.‘froﬂitml f ) . {1 (761) Organophosphate Pesticides
>4 ;om ~ nitropbeaal R Esdacdbles ] (76T) Polychlorinated Biphenyls (PCB’s)
FE 0(\1 " -—m{raﬁkemj —/ [ (764) Polynuclear Aromatic Hydrocarbons
| i {j (762) SDWA Pesticides & Herbicides
Remarks

FIELD DATA: )
pH= gieS ; Conductivity= &\@umho/cm at LV 5 OC; Chlorine Residual= mg/1

Dissolved Oxygen= mg/l; Alkalinity= e,y olow Rate / 3

Depth to water o ft; Depth of well ____ __ ft; Perforation Interval - _ft.; Casing:__ -

Sampling Location, Methods and Remarks (i.

e. odprs, etc.)
@f‘n H/” - FEL Sorvice u‘wf ipe LnC yc,//L, e @Mfm «npm/ //m(

I certify that the results in thla 1 ﬁaccura y / reflect the 1esults of my field analyses, observations and WV/
activities.(signature collector): /Lﬂ i Method of Shipment to the Lab: [’[C

This form accompanies Septum Vlals, ‘l Glass Jugs, and/or

Samples were preserved as follows:
] NP: No Preservation; Sample stored at room temperature.
[X P-lce Sample stored in' an ice bath {Not Frozen).

[:'] P-Na S O Sample Preserved with Sodium Thiosuifate to remove chlorine residual.
— CHAIN OF CUSTODY

[ certify that this sample was transferred from to
at (location) on / / - : and that
the statements in this block are correct. Evidentiary Seals: Not Sealed [_] Seals Intact: Yes [_] No [
Signatures
For OCD Use: Date Owner Notified Phone or Letter? Initials




ANALYSES PERF ED LABglla : OR- /145~ 3

THIS PAGE FOR LABORATORY RES ONLY

This sample was tested using the analytical screening method(s) checked belaw:

PURGEABLE SCREENS EXTRACTABLE S(;REENS
] (753) Aliphatic Purgeables (1-3 Carbons) {1 (751) Aliphatic Hydrocarbons
[] (754) Aromatic & Halogenated Purgeables [1 (780) Organochlorine Pesticides
] (765) Mass Spectrometer Purgeables [Z] (755) Base/Neutral Extractables
[| (766) Trihalomethanes [1 (758) Herbicides, Chlorophenoxy acid
Other Specific Compounds or Classes [ (759) Herbicides, Triazines
= Lorr e @ xT A €T DBLES {T] (760) Organochlorine Pesticides
— [T (761) Organophosphate Pesticides
- - (] (787) Polychlorinated Biphenyis (PCB's)
r_:] D (784) Polynuclear Aromatic Hydrocarbons
— [C] (762) SDWA Pesticides & Herbicides

ANALYTICAL RESULTS

COMPOUND(S) DETECTED CONC.
[PPB] [PPB]

COMPOUND(S) DETECTED CONC.

’,I. p .; Ao ,/“

thés oz '”i}?/‘ﬁ’ ol uie 1
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2 oo vielie P(Luw/?

9, v@ﬂﬁa 2 ﬁf@mfz[g&mQ

* DETECTION LIMIT * * + DETECTION LIMIT + ‘

ABBREVIATIONS USED-

N D = NONE WETECTED AT OR ABOVE THE STATED DETECTION LIMIT
TR = DETEC’;C\ED AT A LEVEL BELOW THE STATED. DETETTION LIMIT (NOT CONFIRMED)

’

{ RESULTS IN BRACKLTS ] ARE UNCONFIRMED AND/OR WITH APPROXIMATE QUANTITATION

sgé( g{t& vLedd
4

LABORATORY REMARKS:

.

T/(/(,77‘ A Y o &) x&:?roo«‘r WA 0 (POPHERIOC  AECHUSE 0 7«;}4«:}4:«441@‘

CERTIFICATE OF ANALYTICAL PERSONNEL
Seal(s) Intact: Yes [_| No [_]. Seal(s) broken by: At ﬁ[ﬂé date:

© I certify that [ followed standard laboratory procedures on handling and analysis of this sample unless otherwise noted and

that the statements on this page accurately reflect the analytical reaults fqr this sample.
Date(s) of analysis: :7/2/'7/LW . Analyst’s signature: ‘Zﬂ{_sléﬁ//»//_{/}»/t

1 certify that [ h:we7revie and concur with the analytical results for this saly{e' and with the statements in this block.
Reviewers signature: }>7

vV




New Mexico Health and Env
SCIENTIFIC LABORATORY
700 Camino de Salud NE

Albuquerque, NM 87106

irgnment Department
&ION

HEAVY tTAL ANALYSIS FORM
Telephone: (505)841-2553

Date ] Lab User
Received | /212447 |No I&ﬂ 39| code K 82235 [1 Other:
COLLECTION DATE & TIME: l dd| |hh|mm CTI N SITE DESCRIPTION
8’ 7106 LL‘ /L |20 S:van allenn r(m StE corner

COLLECTED BY: i ot et

Olson 4MLM, /la,/t/

7 /

TO: OWNER:_piy07. o1 Enceoy

ENVIRONMENTAIL BUREAU
NM OIL CONSERVATION DIVISION
State Land Office Bldg., PO Box 2088

SITE LOCATION: /

County:

§unc hIVARN

SANTA FE, NM 87504-2088 Township, Range, Section, Tract: (10NOSE24342)
[ L1 IN+o 2 |E+ |3 +2]2]2]
ATTN: [loid  [oyer 3
TELEPHONE: 827-5812 STATION/ WELL CODE: |F|E|l| [SIF LN |/ ICIE] /{’-,,J
LATITUDE, LONGITUDE: | | | | [ | | | | [} J=L 1 1]
SAMPLING CONDITIONS:
[0 Bailed 0 Pump Water Level: Discharge: Sample Type:
™ Dipped [l Tap s'f”é
pH(00400) |Conductivity(Uncorr.)| Water Temp.(00010) Conductivity at 25°C

?(S—’ ?0 o0

pmho

24 5y

e

(00094)

umho
7

FIELD COMMENTS:

[

SAMPLE FIELD TREATMENT 5“*/" mqu pre A Hored

Check proper boxes:

LAB ANALYSIS REQUESTED:

[0 WPN: Water ‘WPF. Water ICAP Scan

Preserved w/HNO3 Preserved w/HNO Mark box next to metal if AA
Non-Filtered Filtered is required.

ANALYTICAL RESULTS (MG/L)

ELEMENT ICAP VALUE AA VALUE ELEMENT ICAP VALUE AA VALUE
Aluminum <. ] Silicon =2/,
Barium 0.4 Silver £0 ,/ n
Beryllium T <0, Strontium /.4
Boron L 7A Tin PTN
Cadmium N O Vanadium YW
Calcium CTA Zinc <0,
Chromium Lol O Arsenic I
Cobalt <0 .| Selenium O
Copper <0 .4 Mercury O
Iron 3.8 i O
Lead gad.D.l D D
Magnesium (72, 0
Manganese 0.3] O
Molybdenum 20 .) O
Nickel <0.] O
LAB COMMENTS: DIGESTED,
For OCD Use:

Date Owner Notified: ICAP Analyst f }ﬁ Reviewer Y

Phone or Letter?
Initials: Date Analyzed 7&3[’32 Date Reveived 7/23/87




GARREY CARRUTHERS

Governor
e Post Office Box S68 LARRY GORDON
Santa Fe, New Mexico 87504-0968 Secretary

CARLA L MUTH
Deputy Secretary

NEW MEXICO e

HEALTH avo ENVIRONMENT T 7172 VLAY

DEPARTMENT | = §¢

September 29, 19 7%

Lk
ik

David Boyer, Chief

Environmental Bureau

New Mexico 0il Conservation Division
State Land Office Building

P.0. Box 2088

Santa Fe, New Mexico 87501

Re: Department of Energy (Fenton Hil11), application to discharge to Waters of
the United States, Permit Number NM0028576

Dear Mr. Boyer:

Enclosed please find the public notice, statement of basis and a copy of the
draft permit for Fenton Hill. Please submit any written comments you may
have to USEPA and myself before October 19, 1987. I am in the process of
certifying this permit and I would appreciate your comments. If you have any
questions, please contact me at 827-2798.

Sincerely,

Mike Saladen
Environmental Scientist
Surface Water Section

EQUAL DPPORTUNITY EMPLOYER
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UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION VI
ALLIED BANK TOWER AT FOUNTAIN PLACE =
1445 ROSS AVENUE
DALLAS, TEXAS 75202

SEP 25 1987

CERTIFIED MAIL: RETURN RECEIPT REQUESTED (P 483 657 906)

REPLY TO: 6W-PS

ﬂrf“':""co

Mr. Harold E. Valencia S oy iREAY
Area Manager S
Department of Energy

Los Alamos Area Office

Los Alamos, New Mexico 87544

Re:

Application to Discharge to Waters of the United States
Permit No. NM0028576

Dear Mr, Valencia:

Enclosed is the public notice, statement of basis, and a copy of the

permit which this Agency has drafted under the authority of the National
Pollutant Discharge Elimination System, Please submit any written comments
you may have to Ms. Ellen Caldwell (6W-PS) as stated in the enclosed

public notice. A copy of the final permit will be mailed to you when the
Agency has made a final permit decision,

Should you have any questions concerning any part of the permit, please

feel free to contact the Permits Branch at the above address or telephone
(214) 655-7190.

Sincerely yours,

Myron 0. Knudson, P.E.
Director
Water Management Division (6W)

Enclosures

cc w/pemit copy:
New Mexico Environmental Improvement Division




Advertising Order Number
U.S. Environmental Protection Agency
Public Notice of Draft NPDES Permit(s)

SEPTEMBER 26, 1987

This is to give notice that the U.S. Environmental Protection Agency, Region 6,

has formulated a Draft Permit for the following facility (facilities) under
the National Pollutant Discharge Elimination System. Development of the draft
permit(s) was based on a preliminary staff review by EPA, Region 6, and
consultation with the State of NEW MEXICO . The State of NEW MEXICO
is currently reviewing the draft permit(s) for the purpose of certifying or
denying certification of the permit(s). The permit(s) will become effective
within 30 days after the close of the comment period unless:

a. The State of NEW MEXICO denies certification, or requests an
extension for certification prior to that date.

b. Comments received prior to OCTOBER 27, 1987 warrant a public
notice of EPA's final permit decision.

c. A public hearing is held requiring delay of the effective date.

EPA's contact person for submitting written comments, requesting information
regarding the draft permit, and/or obtaining copies of the permit and the
Statement of Basis or Fact Sheet is:

Ms. Ellen Caldwell

Permits Branch (6W-PS)

U.S. Environmental Protection Agency
Allied Bank Tower

1445 Ross Avenue

Dallas, Texas 75202-2733

(214) 655-7190

EPA's comments and public hearing procedures may be found at 40 CFR 124.10 and
124,12 (48 Federal Register 14264, April 1, 1983, as amended at 49 Federal
Register 38051, September 26, 1984), The comment period during which

written comments on the draft permit may be submitted extends for 30 days

from the date of this Notice. During the comment period, any interested
person may request a Public Hearing by filing a written request which must
state the issues to be raised. A public hearing will be held when EPA

finds a significant degree of public interest.

EPA will notify the applicant and each person who has submitted written
comments or requested notice of the final permit decision. A final permit
decision means a final decision to issue, deny, modify, revoke or reissue,
or terminate a permit. Any person may request an Evidentiary Hearing on

the agency's final permit decision. However, the request must be submitted
within 30 days of the date of the final permit decision and be in accordance
with the requirements of 40 CFR 124.74. Any condition(s) contested in a
request for an evidentiary hearing on an existing Source may be stayed if
the request for a hearing is granted. If any condition(s) contested 1in a
request for an evidentiary hearing are granted on a New Source, New Discharger,
or Recommencing Discharger the applicant shall be without a permit.

Furthar information including the administrative record may be viewed at the
above address between 8 a.m. and 8:30 p.m., Monday through Friday.



NPDES authorization to discharge to waters of the United States,
Permit No. NM0028576.

The applicant's mailing address is: Department of Energy
Los Alamos Area Office
Los Alamos, New Mexico 87544

The discharge from this existing discharger is made into Lake Fork Canyon
and thence to the Rio Grande River, a water of the United States classified
for irrigation, limited warmwater fishery, livestock and wildlife watering,
and secondary contact recreation. The discharge is located on that water
about 15 kilometers due north of Jemez Springs in Sandoval County, New
Mexico. A statement of basis is available. Under the standard industrial
classification (SIC) code 9511, the applicant's activities are geothermal
research and development.

The changes from the existing permit are:

The boron, cadmium, arsenic, fluoride and lithium parameters were deleted
and the phenols parameter was added.




:m%‘ UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
" \d" REGION VI
" ot ALLIED BANK TOWER AT FOUNTAIN PLACE

1445 ROSS AVENUE
DALLAS, TEXAS 75202

September 10, 1987
STATEMENT OF BASIS

for proposed National Pollutant Discharge Elimination System (NPDES)
permit No. NM0028576 to discharge to waters of the United States.

Issuing office: U.S. Environmental Protection
Agency, Region VI
Allied Bank Tower
1445 Ross Avenue
Dallas, Texas 75202-2733

Applicant: Department of Energy
Los Alamos Area Office
Los Alamos, New Mexico 87544

1. The applicant currently operates a geothermal research and development
facility.

2. As described in the application, the facility is located in Sandoval
County, New Mexico. Discharge is to Lake Fork Canyon thence the Rio Grande
in Segment No., 2-111 of the Rio Grande Basin. This segment is effluent
limited.

3. On the basis of preliminary staff review, the Environmental Protection
Agency, after consultation with the State of New Mexico has made a tentative
determination to issue a permit for the discharge described in the application.

4, The following is an explanation of the derivation of the conditions of
the draft permit and the reasons for them, or in the case of notices of
intent to deny or terminate, reasons suggesting the tentative decisions as
required under 40 CFR 124.7 (45 FR 33488, May 19, 1980).

The proposed permit is based on the existing permit and the re-
application. The permittee has stated that the discharge is absorbed
by the soil within approximately 750 feet of the outfall. The cadmium,
lithium, arsenic, fluoride, and boron parameters were deleted based on
the reported monitoring results and the phenols parameter was added
based on the tracer study to be conducted., The NMEID requirement on
quantity of discharge was continued in Part III of the permit.

5. The permit is in the process of certification by the State Agency.

A draft permit and draft public notice will be sent to the District
Engineer, Corps of Engineers and to the Regional Director of the U.S.
Fish and Wildlife Service and the National Marine Fisheries Service prior
to the publication of that notice.

6. The public notice describes the procedures for the formulation of final
determinations.
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Permit No. NM)028576

AUTHORIZATION TO DISCHARGE UNDER THE
NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM

In compliance with the provisions of the Federal Water Pollution
Control Act, as amended, (33 U.S.C... 1251 et. seq; the "Act"),

United States Department of Energy
Los Alamos Area Office :
Los Alamos, New Mexico 87544

is authorized to discharge from a facility located at TA-57 Geothermal
Site, Fenton Hill, Sandoval County, New Mexico

to receiving waters named Lake Fork Canyon

in accordance with effluent limitations, monitoring requirements and
other conditions set forth in Parts I (4 pages), II (14 pages), and
IIT (1 page) hereof.

This permit shall become effective on

This permit and the authorization to discharge shall expire at midnight,

Signed this day of

Water Management Division (6W)
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PART I
REQUIREMENTS FOR NPDES PERMITS

SECTION A. EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS

OUTFALL 001

During the period beginning the effective date and lasting through the
expiration date, the permittee is authorized to discharge from Outfall
001 - process discharge.

Such discharges shall be limited and monitored by the permittee as
specified below:

Effluent Characteristic Discharge Limitations
Mass(1bs/day) Other Units (mg/1)
Daily Avg Daily Max Daily Avg Dajly Max
Flow (MGD) N/A N/A N/A N/A
Phenols N/A N/A N/A Report
Effiuent Characteristic Monitoring Requirements
Measurement Sample
Frequency Type
Flow (MGD) Daily* Totalized
Phenols Daily* Grab

* During discharge.
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QUTFALL 001

The pH shall not be less than 6.0 standard units nor greater than 9.0
standard units and shall be monitored daily when discharging by a grab
sample.

There shall be no discharge of floating solids or visible foam in other
than trace amounts.

Samples taken in compliance with the monitoring requirements specified
above shall be taken at the following location{s): Outfall 001, at the
discharge from the pond.
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SECTION B. SCHEDULE OF COMPLIANCE

The permittee shall achieve compliance with the effluent limitations
specified for discharges in accordance with the following schedule:

N/A
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PART 11
STANDARD CONDITIONS FOR NPDES PERMITS

SECTION A. GENERAL CONDITIONS

1. Duty to Comply

The permittee must comply with all conditions of this permit. Any permit
noncompliance constitutes a violation of the Clean Water Act and is

grounds for enforcement action; for permit termination, revocation and
reissuance, or modification; or for denial of a permit renewal application.

2. Penalties for Violations of Permit Conditions

The Clean Water Act provides that any person who violates a permit
condition implementing Sections 301, 302, 306, 307, 308, 318, or 405 of
the Clean Water Act is subject to a civil penalty not to exceed $10,000
per day of such violation. Any person who willfully or negligently
violates permit conditions implementing Sections. 301, 302, 306, 307, or
308 of the Clean Water Act is subject to a fine of not less than $2,500
nor more than $25,000 per day of violation, or by imprisonment for not
more than 1 year, or both,

3. Permit Actions

This permit may be modified, revoked and reissued, or terminated for
cause including, but not limited to, the following:

a. Violation of any terms or conditions of this permit;

b. Obtaining this permit by misrepresentation or failure to disclose
fully all relevant facts;

c. A change in any condition that requires either a temporary or a
permanent reduction or elimination of the authorized discharge; or,

d. A determination that the permitted activity endangers human health
or the environment and can only be regulated to acceptable levels by
permit modification or temmination.

The filing of a request by the permittee for a permit modification,
revocation and reissuance, or termination, or a notification of planned
changes or anticipated noncompliance, does not stay any permit condition.
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4, Toxic Pollutants

Notwithstanding Part II.A.3, if any toxic effluent standard or prohibition
(including any schedule of compliance specified in such effluent standard
or prohibition) is promulgated under Section 307(a) of the Clean Water Act
for a toxic pollutant which is present in the discharge and that standard
or prohibition is more stringent than any limitation on the pollutant in
this permit, this permit shall be modified or revoked and reissued to
conform to the toxic effluent standard or prohibition and the permittee

so notified.

The permittee shall comply with effluent standards or prohibitions
established under Section 307(a) of the Clean Water Act for toxic
pollutants within the time provided in the regulations that established
those standards or prohibitions, even if the permit has not yet been
modified to incorporate the requirement.

5. Civil and Criminal Liability

Except as provided in permit conditions on "“Bypassing" (Part I1I.B.4.b)
and "Upsets" (Part II.B.5.b), nothing in this permit shall be construed to
relieve the permittee from civil or criminal penalties for noncompliance.

6. 0il and Hazardous Substance Liability

Nothing in this permit shall be construed to preclude the institution
of any legal action or relieve the permittee from any responsibilities,
liabilities, or penalties to which the permittee is or may be subject
under Section 311 of the Clean Water Act.

7. State Laws

Nothing in this permit shall be construed to preclude the institution
of any legal action or relieve the permittee from any responsibilities,
1iabilities, or penalties established pursuant to any applicable State
law or regulation under authority preserved by Section 510 of the Clean
Water Act.

8. Property Rights

The issuance of this permit does not convey any property rights of any
sort, or any exclusive privileges, nor does it authorize any injury to
private property or any invasion of personal rights, nor any infringement
of Federal, State, or local laws or regulations.
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9. Severability

The provisions of this permit are severable, and if any provision of
this permit or the application of any provision of this permit to any
circumstance is held invalid, the application of such provision to
other circumstances, and the remainder of this permit, shall not be
affected thereby.

10, Definitions

The following definitions shall apply unless otherwise specified in
this permit:

a. "Daily Discharge" means the discharge of a pollutant measured
during a calendar day or any 24-hour period that reasonably represents
the calendar day for purposes of sampling. For pollutants with
limitations expressed in terms of mass, the "daily discharge" is
calculated as the total mass of the pollutant discharged over the
sampling day. For pollutants with limitations expressed in other
units of measurement, the "daily discharge" is calculated as the
average measurement of the pollutant over the sampling day. "Daily
discharge" determination of concentration made using a composite
sample shall be the concentration of the composite sample. When
grab samples are used, the "daily discharge" determination of
concentration shall be the arithmetic average (weighted by flow
value) of all samples collected during that sampling day.

b. "Daily Average" (also known as monthly average) discharge
limitation means the highest allowable average of "daily discharges”
over a calendar month, calculated as the sum of all "daily discharges"”
measured during a calendar month divided by the number of "daily
discharges" measured during that month. When the permit establishes
daily average concentration effluent limitations or conditions, the
daily average concentration means the arithmetic average (weighted

by flow) of all "daily discharges" of concentration determined

during the calendar month.

c. "Daily Maximum" discharge limitation means the highest allowable
"daily discharge" during the calendar month,

d. The term “MGD" shall mean million gallons per day.

e. The term "mg/1" shall mean milligrams per liter or parts per
million (ppm).

f. The term "ug/1" shall mean micrograms per liter or parts per
billion (ppb).
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SECTION B. OPERATION AND MAINTENANCE OF POLLUTION CONTROLS

1. Proper Operation and Maintenance

The permittee shall at all times properly operate and maintain all
facilities and systems of treatment and control (and related appurtenances)
which are installed or used by the permittee to achieve compliance with
the conditions of this permit. Proper operation and maintenance also
includes adequate laboratory controls and appropriate quality assurance
procedures. This provision requires the operation of backup or auxiliary
facilities or similar systems which are installed by a permittee only

when the operation is necessary to achieve compliance with the conditions
of the permit.

2. Need to Halt or Reduce not a Defense

It shall not be a defense for a permittee in an enforcement action that
it would have been necessary to halt or reduce the permitted activity
in order to maintain compliance with the conditions of this permit.

3. Duty to Mitigate

The permittee shall take all reasonable steps to minimize or prevent
any discharge in violation of this permit which has a reasonable likelihood
of adversely affecting human health or the environment.

4, Bypass of Treatment Facilities

a. Definitions

(1) "Bypass" means the intentional diversion of waste streams
from any portion of a treatment facility.

(2) "Severe property damage" means substantial physical damage
to property, damage to the treatment facilities which
causes them to become inoperable, or substantial and
permanent loss of natural resources which can reasonably
be expected to occur in the absence of a bypass. Severe
property damage does not mean economic loss caused by delays
in production.

b. Bypass not exceeding limitations. The permittee may allow any
bypass to occur which does not cause effluent limitations to be
exceeded, but only if it also is for essential maintenance to
assure efficient operation. These bypasses are not subject to
the provisions of Part Il1.B.4.c and 4.d.
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Notice

(1) Anticipated bypass. If the permittee knows in advance
of the need for a bypass, it shall submit prior notice,
if possible at Jeast ten days before the date of the
bypass.

(2) Unanticipated bypass. The permittee shall submit notice
of an unanticipated bypass as required in Part II.D.6
(24-hour notice).

Prohibition of bypass

(1) Bypass is prohibited, and the Director may take enforcement
action against a permittee for bypass, unless:

(a) Bypass was unavoidable to prevent loss of life,
personal injury, or severe property damage;

(b) There were no feasible alternatives to the bypass,
such as the use of auxiliary treatment facilities,
retention of untreated wastes, or maintenance during
normal periods of equipment downtime. This condition
is not satisfied if adequate back-up equipment should
have been installed in the exercise of reasonable
engineering judgment to prevent a bypass which occured
during normal periods of equipment downtime or preventive
maintenance; and,

(c) The permittee submitted notices as required by
Part II.B.4.c.

(2) The Director may approve an anticipated bypass, after
considering its adverse effects, if the Director determines
that it will meet the three conditions listed at Part Il.B.4.d.(1).

5. Upset Conditions

a.

Definition. "Upset" means an exceptional incident in which there

is unintentional and temporary noncompliance with technology-based
permit effluent limitations because of factors beyond the reasonable
control of the permittee. An upset does not include noncompliance
to the extent caused by operational error, improperly designed
treatment facilities, inadequate treatment facilities, lack of
preventive maintenance, or careless or improper operation.
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b, Effect of an upset. An upset constitutes an affirmative defense
to an action brought for noncompliance with such technology-based
permit effluent limitations if the requirements of Part II.B.5.c
are met. No determination made during administrative review of
claims that noncompliance was caused by upset, and before an
action for noncompliance, is final administrative action subject
to judicial review, :

¢. Conditions necessary for a demonstration of upset. A permittee
who wishes to establish the affirmative defense of upset shall
demonstrate, through properly signed, contemporaneous operating
logs, or other relevant evidence that:

(1) An upset occurred and that the permittee can identify the
cause(s) of the upset;

(2) Tne permitted facility was at the time being properly
operated;

(3) The permittee submitted notice of the upset as required by
Part 11.D.6; and,

(4) The permittee complied with any remedial measures required
by Part I1.B.3.

d. Burden of proof. In any enforcement proceeding the permittee
seeking to establish the occurrence of an upset has the burden
of proof.

6. Removed Substances

Solids, sludges, filter backwash, or other pollutants removed in the
course of treatment or control of wastewaters shall be disposed of in
a manner such as to prevent any pollutant from such materials from
entering navigable waters.
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SECTION C. MONITORING AND RECORDS

1. Representative Sampling

Samples and measurements taken as required herein shall be representative
of the volume and nature of the monitored discharge. A1l samples shall
be taken at the monitoring points specified in this permit and, unless
otherwise specified, before the effluent joins or is diluted by any

other wastestream, body of water, or substance. Monitoring points

shall not be changed without notification to and the approval of the
Director.

2. Flow Measurements

Appropriate flow measurement devices and methods consistent with accepted
scientific practices shall be selected and used to ensure the accuracy
and reliability of measurements of the volume of monitored discharges.
The devices shall be installed, calibrated, and maintained to insure
that the accuracy of the measurements are consistent with the accepted
capability of that type of device. Devices selected shall be capable
of measuring flows with a maximum deviation of less than + 10% from
true discharge rates throughout the range of expected discharge volumes.
Guidance in selection, installation, calibration, and operation of
acceptable flow measurement devices can be obtained from the following
references:

a. "A Guide to Methods and Standards for the Measurement of Water
Flow", U.S. Department of Commerce, National Bureau of Standards,
NBS Special Publication 421, May 1975, 97 pp. (Available from
the U.S. Government Printing Office, Washington, D.C. 20402,
Order by SD catalog No. C13,10:421).

b. "Water Measurement Manual", U.S. Department of Interior, Bureau
of Reclamation, Second Edition, Revised Reprint, 1974, 327 pp.
(Available from the U.S. Government Printing Office, Washington,
D.C. 20402, Order by Catalog No. 127.19/2:W29/2, Stock No. S/N
24003-0027),

c. "Flow Measurement in Open Channels and Closed Conduits", U.S.
Department of Commerce, National Bureau of Standards, NBS
Special Publication 484, October 1977, 982 pp. (Available in
paper copy or microfiche from National Technical Information
Service (NTIS), Springfield, VA 22151. Order by NTIS No. PB-273
535/5ST).

d. "NPDES Compliance Sampling Manual", U.S. Environmental Protection
Agency, Office of Water Enforcement, Publication MCD-51, 1977, 140 pp.
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(Available from the General Services Administration [8FFS],
Centralized Mailing Lists Services, Building 41, Denver Federal
Center, Denver, CO 80225).

3. Monitoring Procedures

Monitoring must be conducted according to test procedures approved
under 40 CFR Part 136, unless other test procedures have been specified
in this pemit.

4, Penalties for Tampering

The Clean Water Act provides that any person who falsifies, tampers
with, or knowingly renders inaccurate, any monitoring device or method
required to be maintained under this permit shall, upon conviction, be
punished by a fine of not more than $10,000 per violation, or by
imprisonment for not more than 6 months per violation, or by both.

5. Reporting of Monitoring Results

Monitoring results must be reported on a Discharge Monitoring Report

(DMR) Form EPA No., 3320-1. Monitoring results obtained during the
previous 3 months shall be summarized for each month and reported on a

DMR form post-marked no later than the 28th day of the month following the
completed report1ng per1od The first report is due on

Duplicate copies of DMR's signed and certified as required by Part IT.D. 11
and all other reports required by Part 11.D (Reporting Requirements)

shall be submitted to the Director and to the State (if listed) at the
following address(es):

Program Manager

Surface Water Section
Surface Water Quality Bureau
New Mexico Environmental

Director
Water Management Division (6W)
U.S. Environmental Protection Agency

2?%122 ;;nk Tower Improvement Division
1445 Ross Avenue P.0. Box 968

Da]]as, Tean 75202_2733 Santa Fe, New MeXiCO 87504"0968

6. Additional Monitoring by the Permittee

If the permittee monitors any pollutant more frequently than required
by this permit, using test procedures approved under 40 CFR Part 136

or as specified in this permit, the results of this monitoring shall

be included in the calculation and reporting of the data submitted in
the DMR. Such increased monitoring frequency shall also be indicated
on the DMR,
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7. Averaging of Measurements

Calculations for all limitations which require averaging of measurements
shall utilize an arithmetic mean unless otherwise specified by the
Director in the permit.

8. Retention of Records

The permittee shall retain records of all monitoring information, including
all calibration and maintenance records and all original strip chart
recordings for continuous monitoring instrumentation, copies of all

reports required by this permit, and records of all data used to complete
the application for this permit, for a period of at least 3 years from

the date of the sample, measurement, report, or application. This

period may be extended by request of the Director at any time.

9, Record Contents

Records of monitoring information shall include:
a. The date, exact place, and time of sampling or measurements;
b. The individual(s) who performed the sampling or measurements;
c. The date(s) analyses were performed;
d. The individual(s) who performed the analyses;
e. The analytical techniques or methods used; and,
f. The results of such analyses.

10. Inspection and Entry

The permittee shall allow the Director, or an authorized representative,
upon the presentation of credentials and other documents as may be
required by law, to:

a. Enter upon the permittee's premises where a regulated facility
or activity is located or conducted, or where records must be
kept under the conditions of this permit;

b. Have access to and copy, at reasonable times, any records that
must be kept under the conditions of this permit;

c. Inspect at reasonable times any facilities, equipment (including
monitoring and control equipment), practices, or operations
regulated or required under this permit; and,

d. Sample or monitor at reasonable times, for the purposes of
assuring permit compliance or as otherwise authorized by the
Clean Water Act, any substances or parameters at any location.
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SECTION D. REPORTING REQUIREMENTS

1. Planned Changes

The permittee shall give notice to the Director as soon as possible of
any planned physical alterations or additions to the permitted facility.
Notice is required only when:

a. The alteration or addition to a permitted facility may meet one
of the criteria for determining whether a facility is a new
source in 40 CFR Part 122.29(b) [48 FR 14153, April 1, 1983, as
amended at 49 FR 38046, September 26, 1984]; or,

b. The alteration or addition could significantly change the
nature or increase the quantity of pollutants discharged. This
notification applies to pollutants which are subject neither to
effluent limitations in the permit, nor to notification requirements
under 40 CFR Part 122.42(a)(1) [48 FR 14153, April 1, 1983, as
amended at 49 FR 38046, September 26, 1984].

2. Anticipated Noncompliance

The permittee shall give advance notice to the Director of any planned
changes in the permitted facility or activity which may result in
noncompliance with permit requirements.

3. Transfers

This permit is not transferable to any person except after notice to
the Director. The Director may require modification or revocation and
reissuance of the permit to change the name of the permittee and
incorporate such other requirements as may be necessary under the
Clean Water Act.

4, Monitoring Reports

Monitoring results shall be reported at the intervals and in the form
specified at Part II.C.5 (Monitoring).

5. Compliance Schedules

Reports of compliance or noncompliance with, or any progress reports
on, interim and final requirements contained in any compliance schedule
of this permit shall be submitted no later than 14 days following each
schedule date. Any reports of noncompliance shall include the cause of
noncompliance, any remedial actions taken, and the probability of
meeting the next scheduled requirement,
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6. Twenty-Four Hour Reporting

The permittee shall report any noncompliance which may endanger health

or the environment., Any information shall be provided orally within

24 hours from the time the permittee becomes aware of the circumstances.
A written submission shall also be provided within 5 days of the time

the permittee becomes aware of the circumstances. The written submission
shall contain a description of the noncompliance and its cause; the
period of noncompliance, including exact dates and times, and if the
noncompliance has not been corrected, the anticipated time it is expected
to continue; and steps taken or planned to reduce, eliminate, and

prevent reoccurrence of the noncompliance. The Director may waive the
written report on a case-by-case basis if the oral report has been
received within 24 hours.

The following shall be included as information which must be reported
within 24 hours:

a. Any unanticipated bypass which exceeds any effluent limitation
in the pernit;

b. Any upset which exceeds any effluent limitation in the permit; and,
c. Violation of a maximum daily discharge limitation for any of

the pollutants listed by the Director in Part III of the permit

to be reported within 24 hours,

7. Other Noncompliance

The permittee shall report all instances of noncompliance not reported
under Part I1.D.4, 5, and 6 at the time monitoring reports are submitted.
The reports shall contain the information listed at Part 1I1.D.6.

8. Changes in Discharges of Toxic Substances

The permittee shall notify the Director as soon as it knows or has
reason to believe:

a. That any activity has occured or will occur which would result
in the discharge, in a routine or frequent basis, of any toxic
pollutant which is not limited in the permit, if that discharge
will exceed the highest of the "notification levels" described
in 40 CFR Part 122,42(a)(1) [48 FR 14153, April 1, 1983, as
amended at 49 FR 38046, September 26, 1984],

b. That any activity has occured or will occur which would result
in any discharge, on a non-routine or infrequent basis, of a
toxic pollutant which is not limited in the permit, if that
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discharge will exceed the highest of the "notification levels"
described in 40 CFR Part 122,42(a)(2) [48 FR 14153, April 1,
1983, as amended at 49 FR 38046, September 26, 1984).

9. Duty to Provide Information

The permittee shall furnish to the Director, within a reasonable time,
any information which the Director may request to determine whether
cause exists for modifying, revoking and reissuing, or terminating this
permit, or to determine compliance with this permit. The permittee
shall also furnish to the Director, upon request, copies of records
required to be kept by this permit,

10, Duty to Reapply

If the permittee wishes to continue an activity regulated by this

permit after the expiration date of this permit, the permittee must

apply for and obtain a new permit. The application shall be submitted

at lTeast 180 days before the expiration date of this permit. The

Director may grant permission to submit an application less than 180 days
in advance but no later than the permit expiration date. Continuation

of expiring permits shall be governed by regulations promulgated at 40 CFR
Part 122.6 [48 FR 14153, April 1, 1983] and any subsequent amendments.

11, Signatory Requirements

A1l applications, reports, or information submitted to the Director
shall be signed and certified.

a. All permit applications shall be signed as follows:

(1) For a corporation - by a responsible corporate officer.
For the purpose of this section, a responsible corporate
officer means:

(a) A president, secretary, treasurer, or vice-president
of the corporation in charge of a principal business
function, or any other person who performs similar policy
or decision making functions for the corporation; or,

(b) The manager of one or more manufacturing, production,
or operating facilities employing more than 250 persons or
having gross annual sales or expenditures exceeding $25
million (in second-quarter 1980 dollars), if authority to
sign documents has been assigned or delegated to the
manager in accordance with corporate procedures.

(2) For a partnership or sole proprietorship - by a general
partner or the proprietor, respectively.
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b.

(3) For a municipality, State, Federal, or other public agency -
by either a principal executive officer or ranking elected
official. For purposes of this section, a principal
executive officer of a Federal agency includes:

(a) The chief executive officer of the agency, or

(b) A senior executive officer having responsibility for
the overall operations of a principal geographic unit of
the agency.

A1l reports required by the permit and other information requested
by the Director shall be signed by a person described above or

by a duly authorized representative of that person. A person

is a duly authorized representative only if:

(1) The authorization is made in writing by a person described
above;

(2) The authorization specifies either an individual or a
position having responsibility for the overall operation
of the regulated facility or activity, such as the position
of plant manager, operator of a well or a well field,
superintendent, or position of equivalent responsibility,
or an individual or position having overall responsibility
for environmental matters for the company. A duly authorized
representative may thus be either a named individual or
any individual occupying a named position; and,

(3) The written authorization is submitted to the Director.

Certification. Any person signing a document under this section
shall make the following certification:

“1 certify under penalty of law that this document and all
attachments were prepared under my direction or supervision in
accordance with a system designed to assure that qualified
personnel properly gather and evaluate the information submitted.
Based on my inquiry of the person or persons who manage the
system, or those persons directly responsible for gathering the
information, the information submitted is, to the best of my
knowledge and belief, true, accurate, and complete. I am aware
that there are significant penalties for submitting false
information, including the possibility of fine and imprisonment
for knowing violations."
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12, Availability of Reports

Except for data determined to be confidential under 40 CFR Part 2, all
reports prepared in accordance with the terms of this permit shall be
available for public inspection at the office of the Director. As
required by the Clean Water Act, the name and address of any permit
applicant or permittee, permit applications, permits, and effluent data
shall not be considered confidential.

13. Penalties for Falsification of Reports

The Clean Water Act provides that any person who knowingly makes any

false statement, representation, or certification in any record or

other document submitted or required to be maintained under this permit,
including monitoring reports or reports of compliance or noncompliance
shall, upon conviction, be punished by a fine of not more than $10,000

per violation, or by imprisonment for not more than 6 months per violation,
or by both.
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PART III
OTHER CONDITIONS

A. Monitoring shall be conducted according to analytical, apparatus and
materials, sample collection, preservation, handling, etc., procedures
listed at 40 CFR Part 136 [38 FR 28758, 10/16/73, as amended at

41 FR 52781, 12/1/76; 41 FR 52785, 12/1/76; 42 FR 3306, 1/18/77;

42 FR 37205, 7/20/77; 49 FR 43250, 10/26/84; as corrected at 50 FR 690,
1/4785]. Appendices A, B, and C to Part 136 [49 FR 43250, 10/26/84]

are specifically referenced as part of this requirement. Amendments

to 40 CFR Part 136 promulgated after the effective date of this

permit shall supersede these requirements as applicable.

B. STORET/CAS CROSS-REFERENCE

For the proper identification of parameters being regulated in this
permit, the following table lists the corresponding EPA Storet Number
and the Chemical Abstract Service (CAS) Registry Number where applicable:

Parameter Storet ' CAS
Flow 50050 ——-
pH 00400 ~--
Phenols 32730 ---

’

The above classification numbers will be helpful in identifying the ap-
propriate analytical, apparatus and materials, sample collection, pre-
servation, handling, etc., procedures listed at 40 CFR Part 136 and at
"Methods of Chemical Analysis of Water and Wastes," EPA 600/4-79/020,
1979 (revised March 1983). The EPA Storet number is additionally used
to identify parameters on the Discharge Monitoring Report described at
Part I1.C.5.

C. The quantity of discharge from the outfall shall be controlled such
that no effluent flow, whether alone or co-mingled with natural runoff,
travels beyond the point where the Lake Fork Canyon Road crosses the
water course receiving the effluent. This point is approximately one
mile downstream of the outfall.




Post Office Box 968 GARREY CARRUTHERS

. Santa Fe, New Mexico 87504-0968 Governor
@-;é—.% LARAY GORDON
ENVIRONMENTAL IMPROVEMENT DIVISION Secretary
CARLA L. MUTH
Michael J. Burkhart
| I I 1

Deputy Secretary

Director
NEW MEXICO

HEALTH axo ENVIRONMENT ENVIRONMENTAL IMPROVEMENT DIVISION

DEPARTMENT

Michael J. Burkhart
Director

Certified Mail - Return Receipt Requested

September 11, 1987

Mr. Harold Valencia, Area Manager
Department of Energy

Los Alamos Area QOffice

Los Alamos, N.M. 82544

Re: Fenton Hill, TA 57, NPDES No:NM0028576
Dear Mr. Valencia:

Enclosed, please find the report on the Compliance Evaluation Inspection that
Mike Saladen, Shelda Sutton-Mendoza, Michele Giese and I did at the Fenton
Hi1l site on August 11, 1987. Copies will be sent to the Environmental
Protection Agency for their review.

The problems that we found were as follows:

1. An "Unsatisfactory" rating was assigned for flow measurement. A
totalized flow was not recorded or reported.

2. A new discharge pipe was installed from GT2 pond. The discharge
was not sampled and the flow was not totalized.

3. Sampling records need to be improved and records for the pH
parameter need to be improved.

4, The pH result recorded on the DMR is the value obtained by the
laboratory in Los Alamos. The pH is required to be analyzed
immediately upon collection, on site, and not after transfer to an
off-site lab.

EQUAL OPPORTUNITY EMPLOYER




; Mr. Harold Valencia
Page 2
September 11, 1987

\ If you have any questions regarding this report, please call me at 827-2796.
Please thank Mr. Jim Phoenix, Mr. Charles Nylander, Mr. George Cocks, Mr.
Paul Franke, and Mr. Joe Skalski for their assistance during the inspection.

Sincerely,

Z /(/.A«V. Y\/\ : %{)4\«\4’. 0
A\

|

|

\ nn M. Young

l Environmental Scientist
‘ Surface Water Section

SSM/cv

cc: USEPA, Region 6 (2 copies)
NMEID Field Office, Santa Fe
LANL - Charles Nylander

Department of Energy - Jim Phoenix
‘ NMOCD - David Boyer




