POLICY AND GUIDELINES FCOR PETROLEUM-BASED PRCDUCT

Because of the high incidence of problems related tc the storage and
handling of petroleum-based products, these guidelines have been prepared
to assist the Mining and Minerals Division (MMD), Energy and Minerals
Department and coal-mining operators in the assessment and clean-up of
incidents. It is a fundamental assumption of this document that policy and
guidelines are a technical interpretation of regulatory intent. Guidelines
can thereby avoid costly and pointless legal discussion in the resolution
of purely technical problems. In this spirit, it is anticipated that these
guidelines will evolve through field application. Technical comments
and/or suggestions from New Mexico coal-mining operators are an expected

and encouraged part of this evolutionary process.

The New Mexico State Coal Surface Mining Regulations (MMCSMR) rule 80-1
states: "Surface coal mining cperations shall be planned and conducted to
minimize changes to the prevailing hydrologic balance in both the permit
and adjacent areas..." (NMCSMR - 80-1,  20-41 (a)) and "Non-coal
wastes.....shall be placed and stored in a controlled manner in a
designated portion of the permit area. Placement and storage shall ensure
that the leachate and surface runoff do not degrade surface or ground
water, fires are prevented, and that the area remains stable and suitable
for reclamation..." (NMCSMR 80-1, 20-89 (@)) and "Support
facilities...shall be designed, and constructed or reconstructed,

maintained and used in a manner which prevents to the extent possible using
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the best technology currently available.... Damage to fish, wildlife, and
related envirommental values...." @MCSMR 80-1, 20-181 (a) (1)). The New
Mexico Mi.ning and Minerals Division, Energy and Minerals Department (MMD)
interprets these regqulations as controlling the use, storage, disposal,
and clean-up of petroleum-based products (products). Citation 20-89 (a)
specifically addresses waste oils and greases, other lubricants, and
product fuels (gasoline, diesel, kerosene, etc.). "Non-coal wastes"
also includes product-contaminated waters and accidental spills or seepage.
Citation 20-181 (a) (1) applies to storage facilities, corporation yards,
distribution sites, pipelines, shops, tank farms, and drums. These regula-
tions require that MMD requlate all operators to prevent and mitigate

pollution of soils and water by petroleum-based products.

It is acknowledged that the proper storage and handling of petroleum-based
products such as to prevent any pollution is a troubling and difficult
subject. It is further acknowledged that the expertise and finances of the
operator are strained by a camprehensive program to treat these products.
These guidelines were written to address the expertise question. They are
an attempt to accumilate "best technology currently available" and to
suggest possible sources of further information to assist operators in
meeting their dbligations towards product pollution control. As such,

these guidelines will be an evolving format for dealing with this problem.

As to the financial question, every attempt has been made to suggest mining
practices that will prevent the costly spectre of aquifer restoration. A

brief survey of product incidents throughout New Mexico and nation-wide
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will convince any rational cperator that the ‘job of aquifer restoration is
enormously expensive, time-—consuming, and frustrating. On the other hand,
these guidelines have attempted to recammend design and operating
procedures which will prevent product pollution and are based on sound
engineering practice. The implementation of these guidelines should
provide no problems to the average professional engineer, fram either an
expertise or ethical standpoint. These guidelines should also challenge
operators to develop their own, possibly more econamic, answers to these
problems. Responsible alternatives to specific parts of these guidelines

are both solicited and encouraged by MMD.

The bottam line is that while envirormental degradation is a consequence of
any mining operation, certain types of degradation are simply unacceptable.
A poorly-designed and maintained petroleum—-product facility that contamin-
ates soil and water is unacceptable. Under the Federal Hazardous and
Solid-Waste Amendments of 1984, Subtitle 1, Regulation of Underground
Storage Tanks, the State of New Mexico will be required to regulate
underground petroleum-product storage tanks within its Jjurisdiction. The
Envirormental Improvement Division, Health and Enviromment Department
(NMEID) is currently preparing a program for promlgation of these
regulations. While these guidelines address a broader concern, this
document has been prepared with he close cooperation of NMEID staff. Note
however, that these guidelines and policy derive their regulatory
justification form the previously-cited New Mexico State Coal
Surface-Mining Regulations and are therefore not legally dependant upon any

EPA, EID, or other definitions, regulations, guidelines, and/or policy.



PREVENTION

Prevention of petroleum-based product incidents is best achieved by proper
isolation of storage and handling facilities fram the hydrologic system.
The Envirommental Improvement Division, New Mexico Department of Health and
Envirorment (NMEID) has assembled a program to specify petroleum product
handling and storage requirements that will protect the hydrologic
environment fram product contamination. This program has assembled data
and conclusion from the American Petroleum Institute (API), Underwriters
Laboratory (UL), National Fire Prevention Association (NFPA), and many
other sources. These guidelines have been written using these sources. A
bibliography follows these quidelines which lists several very good refer-

ences to petroleum~product storage and handling.

Underground Tanks-

This section of guidelines addresses underground tank installation, opera-
tion and inspection. All tanks installed after the adoption of these guide
lines shall conform to the following. Tanks shall be constructed according

to Underwriter Laboratory (UL) specifications listed in Standards for

Safety for Steel Underground Tanks for Flammable or Cambustible Liquids, or

the equivalent. These specifications detail 'factory pressure testing,
capacity, dimensions, nominal wall thickness, and materials types. Steel
tanks shall be coated with a suitable corrosion protective material such as
epoxy. Altermatively, cathodic protection shall be installed. Tanks shall
include proper labeling at the surface, striker plates, and manholes (tanks

greater than 64" diameters).



FIGURE 1
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All tanks shall be installed with an autamatic leak-detection system. It
should be noted that the inspection procedure outlined below is tied to the
type of leak-detection system installed. Thus, significant long-term
savings are possible dependant upon the leak detection system. Double-
walled tanks are the monitoring system recommended by MMD. These tanks
include (Figure 1) an annular vacuum between two epoxy-coated steel walls.
The annular vacuum is monitored for pressure gains. A secondary contain-
ment structure with monitoring well, is also acceptable. The containment
structure could involve, liners, vaults, or a U-tube system. The minimal
alternative would be a monitoring well alone. This option may be the only
one suitable in retrofit situations. Other retrofit options include the
lining the interiors of existing tanks, see API (1983). Details on design
can be found in the previously cited UL publication.
A1l underground tanks in current use must be tightness-tested pricr to 80-1
permit approval. All operators with 80-1 permits must test all underground
tanks for leakage within six . (6) months of the adoption of these
guidelines. MMD must approve all ‘tank-testing projects before acceptance of
the test results. MMD will also require future tank-testing according to
the following criteria:
FAT A 68
doubled-walled steel tanks, or éontained fiberglass~-reinforced plastic
(FRP) tanké, FRP-or epoxy-coated, or cathodic-protected steel tanks

-no testing required

FRP tanks, FRP-coated, epoxy-coated or cathodic-protected steel tanks,
uncontained
-testing ten (10) vears after installation and every ten (10)

years after
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unprotected steel tanks with monitoring well

-testing ten (10) years after installation and every five (5)

DRAFT

All tank installations shall be designed according to proper engineering

years thereafter

practice. Plans shall be submitted and approved by a registered
professional engineer. Installation planning and completion shall consider
the following aspects, site preparation, excavation size and depth, depth
to ground water, pre-installation testing, care in handling,

proper bedding and backfilling, ground anchoring, pavement openings,
distribution line connections, venting, filling and access opening, proper
cover and/or pavement. Tightness testing shall follow campletion of the
installation procedure. A typical tank installation is shown in Figure 2
and Table 1. Inventories of all existant tanks, in use or abandoned, shall
be submitted to MMD prior to 80-1 permit approval. All other operators
shall submit a tank inventory with location map to MMD within three (3)
months of the adoption of these guidelines. Daily inventories of tank
delivery and dispensing shall be kept by the operator for a period oif five
(5) years. The operator shall notify MMD of any abnormal (greater than

1.0%) gains or losses in product.

The purchase and re-use by operators of tanks removed from service stations
and other third-party facilities is discouraged. This is due to the
generally inferior quality of these tanks and the cammon lack of a complete
performance record. If an operator wishes to installed a used storage

tank, a comprehensive service history for the tank will be required and



FIGURE 2
DIMENSIONS FOR UNDERGROUND TANK INSTALLATICON
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TABLE 1
RECOMDMENDED DIMENSIONS FOR
UNDERGROUND TANK INSTALLATIONS
TYPE OF TANK MINIMUM TYPE OF TANK MINIMUM
REQUIREMENT" REQUIREMENT"
All Tanks Fibergiass Reinforced Plastic Tanks (20,000 Gallons and Under)
Pavement Extensionsia) ... ... . 12 inches Maximum Burtat Deptiby ... ... ... ... .. 84 inches
‘Oistance Setween Adiacent Tanksif) . ... . . 24 inches With Traftic Load
Distance Between Tank and Bank of Reintorced Concrete Pavement(a) .. ... .. 6 inches
Excavationtey L 24 inches Plus Compacted Backtili Coverib) .. ... .. 18 inghes"*
Thickness of Compacied Beddingle) . .. ... ... 12 inches or
Asghaltic Concrete Pavement(a) .. .... .. 6 inches
Steel Tanks Plus Compacted Backfill Cover(d) .. ... .. 30 inches**
With Trattic Loads Without Traffic Loads
Reintorced Concrete Pavementia) ... .. 6 inches Reinforced Concrete Pavement(a) .. ... .. 4 inches
Plus Compactea Bacxtii Coverd) .. ... .. 18 inches Plus Compacted Backfill Cover(b) .. ... .. 12 incnes"*
or
Asphaltic Concrele Paverment(a) ... .. ... 8 inches Fibergtass Reinforced Plastic Tanks (Over 20,000 gailons)
Ptus Compacted Backfiil Covenp) .. ... .. 18 incnes Maximum Bunal Cepth(ny ............ . 84 inches
Without Trattic Loads With Tratfic Loads
Reinforced Concrete Pavement(al .. ... .. 4 inches Reinforced Concrete Pavementia) .. ... .. 6 inches
Plus Campacted Backiil Coverin) ... ... . 12 inches Plus Campactea Bacxtill Cover(b).. ... .. 36 incnes
or
Asphaitic Concrete Pavementiay ... ... .. 6 inches
_ Plus Compacted Backfill Cover(b) ... .. .. 42 inches
"Unless Otherwise Noted _ Without Trattic Loads
“‘In Wet Hole installations, the Mimmum Cepth of Compacted Reinforced Concrete Pavement{a) . ... ... B inches
Cover Is 36 Inches Plus Compacted Backfili Coverib) .. ... .. 24 incres



ccrplete tank-tightness testing will be necessary prior to approval. In
addition, the tank will be re-tested on a five (5) year schedule throughout
its service life.

Abandoned tanks shall be removed prior to 80-1 permit approval. All other
abandoned tanks shall be removed within six (6) months of the adoption of
these quidelines. If the tank can not be removed due subsequent
construction in the area or any other reason, a variance may be issued by
MMD following review of the circumstances. If the tank is abandoned in
place, MMD will require that the tank and all lines be completely emptied
of all product, all lines be permanently capped and sealed, all openings be
permanently plugged and sealed, the tank filled with an inert, solid
material, and the location of the tank registered on all permanent legal
documents. If the abandoned tank is removed fram the location, care and
safety should be exercised tc avoid spillage or ignition of vapors. Proper

engineering practice should be followed. API, Recommended Practice for

Abandornment or Removal of Used Underground Service Tanks is a good

reference to these procedures.

DA DT
Aboveground Tanks- E&J CRV o | f,ﬁ
Above ground tanks are defined by having 100% volume above the ground
surface, thus if any portion of the tank exists below the ground surface
the tank will be considered underground. Aboveground tanks shall be
constructed of proper material and should be structurally-sound. Tanks
must be designed and constructed under the direction of a registered
professional engineer. 'The tank foundation must be stable, impermeable,

and non-corrosive. Tanks should be constructed to include proper venting,

_9_



WATER DRAW-OFF

FIGURE 3
Bulk Plant Layout
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overfill protection, and clean-ocut access. Wet wells must be installed in
the subgrade to monitor leakage. All tanks must meet API specifications,
UL specifications or the equivalent. ‘
B DOAET
gel=.1 4

Tank distribution facilities shall be designed by a registered professional
engineer. A typical bulk plant layout is sketched in Figure 3. Piping
must be constructed of proper material, compatible with the product
delivered. Corrosion protection shall be required for carbon steel piping.
All distribution systems shall include autamatic backfill and overfill
protection valves. A remote shut-off valve shall also be included and zll
autamatic valves shall be constructed to prevent manual override if
inoperative. Ieak-detection devices shall be installed in all underground
distribution systems. All hoses and connecting equipment shall be of
proper material and design. Connectioné shall be dry-disconnect to prevent
draining during disconnection. All permanent pipes and hoses shall be
properly supported and covered if underground. Pumps and fuel islands
shall be designed to insure minimal spills during delivery. All valve
seals, stuffing boxes, etc shall of appropriate material. 1In general API
or ASTM specifications and recammendation or the equivalent should be
followed in distribution system design.

Aboveground facilities shall be located with proper attention to surface
water sources and erosion control. Facilities shall be underlain by
impermeable material and surrounded by an impermeable berm (Figure 4) which
will contain 110% of the capacity of the largest tank or other storage unit
in the facility. Outdoor facilities must also be designed to contain any
surface runoff. Underground sumps or cother contairment systems are also

permissible providing that thev are designed to isolate the materials fram

_]]_



FIGURE 4
Typical Earth Dikes
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the subsurface and will allow detection of leaks. In general, underground
secondary containment facilities must meet the requirements of underground
storage tank_s . Gravity drains should not be used within the berm. Pumps
or siphons shall be used to drain the bermed area. All runoff and spilled
product should be diverted to a lined and/or sealed pond or other contain-

ment structure and the product separated for disposal.

All facilities shall be inspected on a regular monthly basis. Routine tank
testing will not normally be required. Visual inspection should be suffi-

cient. MMD may require testing if a prcblem is discovered.

Bulk Storage Facilities

Drums or small tanks, mobile ténks, and in-use containers shall be stored
in an area designated on mine plans. Up-~to-date inventories of all
petroleum~-based products shall be maintained for inspection. The area
shall be underlain by an impervious material and enc;losed or otherwise
protected fraom surface runoff. Drums and other 'containers must be in good
repair with no leaks or weeps. All openings must have adequate seals.
Bulk storage facilities should be located with proper attention to surface

drainage courses.

Mobile tanks which are transported throughout the permit area deserve
special attention. These  devices should be leak-proof  with
properly—designed distribution, refilling and ventilation devices. Mobile
tanks shall be constructed of suitable materials accbrding to arPI, UL,
and/or NFPA specifications. Job-site temporary locations for tanks should

be selected with care and temporary berms or other spill contairment

_]3_
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structures should be considered. Despite the difficulty in designing
adequate but temporary job-site locations, the operator must anticipate and
prepare for accidental spills and will be held accountable for any product
contamination from mobile tanks.

Waste Petroleum—-Product Disposal

All waste o0il and petroleum product, oil sludge, grease, spent lube oil,
drained motor oil, washed oil, and any other petroleur product removed from
service must be disposed of according to methodology approved by MWD.
Equipment crankcases shall not be drained in to the pit but instead
collected and recycled, transported off of the permit area, or otherwise
disposed of in a manner approved by MMD. Shop and truck wash water should
be directed into a sealed collection sump or pit. The product received by
the pit shall be separated and properly disposed of. Disposal on site will
not be disallowed, per se, however, any on-site disposal plan must receive
prior approval fram MMD.

= A

AN A
Cleanup of petroleum-based product spills is difficult and often only
partially successful. Petrochemicals are commonly absorbed by soil
particles, slowing down migration to the water table but resultingv in an
continucus, long-term pollution source (Figure 5 a & b). Thus, it is

extremely important that leaks or spills are discovered quickly and

remedial action begins at once. When petrochemicals enter the aquifer
system, remedial costs increase rapidly and the potential for a successful

clean-up decreases.

-14-
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FIGURE 5b Residual product saturation in the soil profile (API, 1920).
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An excellent clean-up manual can be cbtained from API, Underground Spill

Cleanup Manual. Copies are on-file at MMD. Several other APT publications

deal with specific aspects of product spills and clean-up.

The emergency response recommended by MVD is based on a common-sense
approach. Prampt action is high priority. Pramptness will be best
facilitated by an adequately prepared staff. Operators should consider
emergency-response planning and staff training. API regularly schedules
workshops to train personnel in the rapid and appropriate response to
product spills. At least one supervisor at each mine should be considered
for this kind of training, either at these workshops or in-house by company

personnel. API or NMEID can supply more information on training programs.

In a general way, any emergency response should involve several aeas of
immediate concern. The following scenario is one possible course of

action:

(1) Stop the leak. Isolate the pipeline. Contain the faulty container(s).
Throw up a temporary berm or otherwise contain the surface spill. Cease
operations in the area, other than emergency action. Protect water courses
and if the product has already entered surface water try to contain it.

(2) Determine the kind of product spilled. Flammability is, of course, a
major concern with volatile substances like gasoline.

(3) Estimate the surface area impacted and the duration of the incident.
For example, was it a single surface spill, lcng-term leak, pipeline
rupture, etc.? Determine volume lost from inventory records.

(4) Inventory facilities which might be impacted. These might include,
shallow wells, soils, lakes or streams, underground excavations or

buildings, agricultural facilities, and/or wildlife habitats.
-16-



(5) Alert MMD and report the above activities and cbservations. These
steps should be carried cut within hours of the discovery of the incident.
Based on this data MMD will determine the seriousness of the situation and
whether the incident requires the alerting of other agencies, (fire
department, hazardous materials bureau, etc.). The operator, though, will
basically be cn his own for the first four steps of the response. It will
be up to him to mitigate the damage and hopefully the cost of remedial
action. It is the operator's responsibility to be aware of and prepared

for proper emergency action in petroleum product accidents.

Following this initial response, MMD will assist the operator in any
follow-up emergency action. In the case of a surface spill it is important
to quickly assess the depth of the product plume. In the case of a single
spill incident it is helpful to get a rough estimate at the outset. API
(1972) suggests a formula to estimate the potential for ground water
contact by a descending plume of petroleum-based fluids. The formula
calculates the volume of soil needed to absorb or immcbilize a given volume
of oil. This vclume represents the volume of the pollutant plume at the
eventual point of saturation and immobilization.

CR:

(1) Cubic Yards of Soil E%@,F ?

Required to Attain Immobility, Vs = (0.20)V
P (Sr)
WHERE: V = Volume of oil spilled in barrels (1 barrel = 42 gallons)
= porosity of soil
Sr = Residual Saturation

AND: 0.10 = Sr for light oil and gasoline
0.15 = Sr for diesel, light fuel oil
0.20 = Sr for lube, heavy fuel o0il

If the soil is unstratified, the spill plume will not migrate laterally.
Thus, the depth of the plume will be proportional to the volume and the
surface area of impact. Assuming a roughly cylindrical plume:

_‘]7_



(2) Depth of Plume = Vs/1rR2

WHERE : Vs = the volume to soil needed to attain immobility (from 1)
R = the surface radius of the spill area in yards

Given a 10 barrel oil spill over l0-yard radius circular area underlain by
soil of 30% porosity the volume of the plume will be:

Vs

(0.20) 10
.30(0.10)

Vs = 66.7 cubic yards
And the depth of the plume will be:
E.%,.-:-_’ A
D = 66.7/ (10)32 wiw??
= 0.21 Yards
= 7% inches
Thus, 66.7 cubic yards of oil-saturated soil must be removed or about 8

inches of soil over a l0-yard radius of impact.

With a larger volume spill the depth of the plume can be campared to the
depth of the water table and the potential for ground water contamination
evaluated. For example, if the above spill was 1000 barrels over a 20—yérd
radius the plume would reach 15 feet below the surface. If the water table
was 10 feet below the surface, it could be assumed that the ground water

was contaminated.

If the product has entered a surface water body, floating berms or plastic
should be used to isolate the slick from the rest of the water body.
Skinmer pumps, oil/water separators, or sorbants (straw, sawdust, synthetic
petroleum sorbants) should be used to separate and remove the product from

the surface of the water. The area should be isolated if a flammibility

-18-
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hazard exists. If it is practical, isolate the water body fram surface
cdrainage courses with temporary dams or diversions.

In addition to the estimated depth of impact, a field measurement of depth
should also be made. Hand augers or soil sampling tubes should be used to
measure the depth of impact and obtain a sample of the saturated soil. If
these methods are insufficient, other shallow drilling and sampling
techniques should be considered. Samples of the spilled product and any
affected water should be taken. Samples from near-by wells and surface
water should be taken if applicable. All fluid and soil samples should be
preserved in a method recamended by Jercinovic (1984) (Table 2). 1In
general, samples for organic-consistent analysis should be stored in glass
containers, should not be filtered, and not acidified. Other parameters
(trace metals, major dissolved species, etc.) required different procedures
(Table 3) (see USGS, EPA, or other manuals on file at MMD). It is clear
that an accurate inventory of petroleum products on hand must be made

before and in anticipation of an incident. |

The above actions should be campleted within a short period of time (about
a week). Following data collection and analysis, MMD will suggest an
amergency clean-up procedure in consultation ‘with other agencies and the
operator. For a spill which has not contacted the water table or surface
waters, this action may be limited to simply stripping the saturated soil
and proper off-site or on-site disposal. Soil washing and biodegradation
methods are also available and and are described in several publications.
If the product has contacted the water table, more elaborate methods are

needed. These methods can be brcken down into, in-situ methods, in which

..]9_



TABLE 2

Surmmary of water S
laboratery analyse

Analvses

Major Ions and Total
Dissolved Solids (T0S)

Nitrogen Species and
Total Qrganic Carben

(70C)

Trace Eiements and
Heavy Metals

Purgeable Organics

ample containers and treatment for
S« (from Jercinovic 1984)

Container Treatment
One-liter plastic Unfiltered, non-
cubitainer acidified, and

chilled
One-liter plastic Filtered, 2 ml con-
cubitainer centrated HpSQ4,
and chilled
One-liter plastic Filtered, ¢ ml cen-
cubitainer centrated ANO3, and
chiiled
40-m1 glass septum Unfiltered, non-

- vial with teflon-lined acidified (3 mg

Extractable Organics

Summary of field m

Parameter

Specific Conductance
and Temperature

pH

QOdor

Color

disc ) Nap03S, if chlori-
nated), and chilled

200C-m1 amber glass Unfiltered, non-

bottle with teflon- acidified, and

lined disc chilled
easurements and ecuipment/methed.

Equinment /Maethed

YSI Mcdel 33 Salinity-Conductivty-
Temperature Meter

Corning Model 3D Meter (electro-
metric) or Hellige Comparater
(colormetric)

Collector's QObservaticn

Coliector’s Obsearvation
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TABLE 3  Recommended methods for -analysis (from Jercinovic 1384)

INORGANICS - GENERAL CHEMISTRY

Parametar(s) Methcd(s)
Ca, Mg EPA Test Method 215.2; titration
Na, K Corning Flame Photcmeter and 800
Oiluter; Flame photometric
8r EPA Test Method 320.1; titration
F EPA Test Method 340.2; specific
electrode
HCO3, CO3 EPA Test Method 310.1; titration
c EPA Test Method 325.2; colormetric-
automated ferricyanide
S04 EPA Test Method 375.2; automated/
methyl thymel blue
TOC (total Oceanographic Institute 500 Flame
organic carbon) Ionization Detector; flame ionizaticn
NO3, NO2 EPA Test Method 353.2; autoanalyzer
cadmium reduction :
NH3 EPA Test Method 350.1; automated
: phenate
SiQ7 - EPA Test Methed 370.1; colormetric
TOS (total filter- EPA Test Method 160.1; evaporation in
able residue) tared beakers

INORGANICS - METALS

Parametar(s) Method(s)
Al, Ba, Be, B, Cd, *Jarrell Ash 965 Atom Comp Inductively-
Ca, Cr, Co, Cu, Fe, Coupled Plasma Spectrometer (ICP)

Pb, Mg, Mn, Mo, Ni,
Si, Ag, Sr, Sn, Vv, Y,
and Zn

*S0il samples first extracted using EP toxicity test procedures (USEPA,
1980) or total recoverables by not nitric acid extracticn (USEPA, 1979).
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TABLE 3 {continued)
As

EPA Test Method 206.2; grarhite furnace
atomic absorption matrix mcocified

EPA Test Method 270.2; grashite furnace
atcmic apsorgticn matrix wocw.1ed

EPA Test Msthod 245.1; cold vapor atomic
absorption

(The detaction limits for metzls analyses are provided in Appendix J)

CRGANICS - PURGEABLES

Parameter(s)

Aromatic and Halo-
genated Ccmoounds
(i.e., benzene,
1,2-dichloroethane)

Aromatic and Halo-
genated Ccmpounds
(soil samples)

ORGANICS - EXTRACTABLES
Parameters

Polychioninated
8ichenyls (PC2's)

Method(s)

EPA Test Methods 601 and 602; purge and
trap on Tekmar LSC-2 and ALS
autosampler; gas chromatcgrazny on
Tracor 37C with photoionizaticn

detector in series with electirolytic
conductivity (Hall) detecter, columns
inclucde (a) &% SP-1200 + 1.75% Bentone
34 on 100/120 Supelcopert (33°9C for 3
minutes then to 140°C at a rate of
89C/mirute), (b) 1% SP-1000 on 80/8Q
Carbcpack-8 (S0°C for 4 minutas, then %o
2200 at 89C/minute), and (c) 10% SP-2100
on 80/100 Supeicopert (50°C faor 4
minutes then to 220°C at 8CC/minute);
internal standargs 2-bromo-1-
chlerocrorane and p-bremo fiuorasenzene.
Cther detectors include Finmnigan 40CQO
Mass Spectrcmeter and Traccr 200 Flame
Ionization Detector and Tracor 220
Electron Capture. Any positive
purgeables batch is. cross-checked with
cne sample on Mass Spectrometer using
EPA Test Method 623 , except for
trihalomethanes (THM'S)

James Montgomery Laboratory, Analysis by
Gas Cnrcmabagracny/mass Spectircmetry
using the Finnigan 4000 GC/MS and
approved EFPA Test Methods

Method(s)

EPA Test Method €08; gas chrcmatograchy
on Tracor 570 with Tracor 220 Eiectron
Capture cetsctor; column is 14% SP-2250
8Q4ILL Supelcopert + 1.95% SP-24C01



TABLE 3 (continued)

Polynuclear Aromatic James Montgcomery Labcratory, Analysis Sy

Hydrocarbcns (PNA's) High Performance Liquid Chromatcgrapny
(HPLC) yusing the Varian Vista 56
automated HPLC system and Vista 4Cl daza
system and approved EPA Test Methcds

General Base/Neutral James Montgemery Laboratory, Analysis by
ard Acid Priority Gas Chromatograpny/Mass Spectrometry
Pollutant Scan (scil using the Finnigan 4000 GC/MS and
samples) apporoved EPA Test Methods

REFERENCES

PEI, 1983, Tightness-testing systems for underground tanks, proceedings
from the 33rd annual convention of the Petroleum Equipment Institute,
Las Vegas: Petroleum Equipment Institute, manual 83-1, 124 p.

USEPA, 1979, Methods for chemical analysis of water and wastes, methcd
4,1.3.: Methcds Development and Quality Assurancz Resesarch Center,
Cincinnati, 298 p.

USzPA, 1S80, Test methods for the evaluation of solid waste, physical/
cnemical methcds: USEPA pub. no. SW-846, Cincinnati, Ohio.

PA, 1984, Guidelines estahlishing test procedures for the aralysis
f pollutants uncer the Clean Watar Act; Final Rule and Interim Final
and Proposed Rule: Federal Register, v. 49 (Octcber 26, 1984),

136, p. 43234-43442.
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bicchemical and chemical agents are introduced into the aquifer, and
purgative methods, in which the ground water is removed through interceptor
trenches or wells and the product separated. The cbviocus complexity of

these methods and the long-term effects of aquifer degradation point to the

L RAFT

During emergency procedures and following accumulation of reconnaissance

need for a well conceived plan.

data, the operator should begin assembling a plan and report. The sccpe
and detail of this plan will be incident specific. For example, a surface
spill that has not contacted the water table may indicate a relatively
short statement on the cause of the incident, the nature of the discovery,
the emergency response, and the recammendations for prevention of further
incidents. A major aquifer degradation will involve more detail, including
for example, a geological and/or engineering appraisal, regional impact,
time table for aquifer restoration, a description of restoration
methodology, etc. The evaluation of the plan, its detail, and specific
deadlines for reporting, will be made by MMD and will certainly be part of

the abatement process.

While there is no acceptable level of product concentration in ground or
surface water, zero or detection-limit concentration is rarely achieved.
The policy adopted by MMD 1is therefore, that of EID, "Action until
technological infeasibility". During approval of the plan, MMD will set a
target level for product-derived pollutants based on Water Quality Control
Camission regulations and the restoration technology used. Progress

towards that goal will be required until it is achieved or MMD determines

_2[*-



that it is technologicaily unfeasible to attempt further reduction of the
pcllutant. MMD will not require the cperator to implement a new technigue,

if the operator has made a genuine attempt to achieve the target level.

nly a moderate amount of imagination is required to see that the above
scenario is an operating and regulatory nicghtmare. Aquifer restoration is
an extremely costly and frustrating procedure. This does, not, however,
diminish the cocncern of both MMD and the public over ground water

pcllution. Thus, a policy of prevention and early detection is the only

sane response to the problem. MMD will be delighted to work with any and

all operators who wish to improve their facilities in this regard.
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May 2, 1985
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0il Conservation Division

P. 0. Box 2088

Santa Fe, New Mexico 87504 "Hand Delivered"

Re: NMOCC Case 8224
Dear Mr. Taylior:

On behalf of Tenneco 0Oil Company, I am requesting
that the OCD Staff provide to us the following post
hearing documents concerning its ground water study of
the Flora Vista site:

1. All field notes and data;

2. Schematic of site, with all monitoring wells

or pit locations, including the direction of
gradient and survey points;

3. All chemical analysis reports from all
laboratories and for any and all samples
taken;

4. Copies of all correspondence, documents, notes,

and data concerning the Flora Vista site,
including but not limited to, the Manana Mary
Wheeler No. 1 well from the date of first ’
reported contamination, and of any Flora Vista
well.

Very truly yours,

Original signed by
W. TroMas Kgrragmy

W. Thomas Kellahin
WTK:ca

cc: Mr. Richard L. Stamets
0il Conservation Division
P. O. Box 2088
Santa Fe, New Mexico 87504
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Abstract - A plume of contaminated ground water originating from an abandoned
disposal pit for wood-creosoting waste was characterized. The important
organic contaminants in the plume include naphthalene, 1-methylnaphthalene,
2-methylnaphthalene, Dibenzofuran, and Fluorene at individual concentrations
of 1,000 to 100 ug/liter. Core material from the site wasbstudied to determine
whether organisms in the subsurface could adapt to this waste, and whether
bio]dgica1 activity influenced the disposition of the plume. Biodegradation
ofAthese organic pollutants in subsurface material from the margin of the
plume was rapid. No biodegradation of these pollutants was detected in
pristine subsurface material from the same geological structure. As a

result of this adaption, EES,EiEEEﬁi?iOEWPf,the p]gme wa;ﬂnot contro]]ed by
the rate of utilization of therpo11utants by the microorganisms, butnby

the extent of utilization allowed by the supply of oxygen.

Key words - Adaption, Adaptation, Acclimation, Ground Water, Organic Pollutants.



INTRODUCTION

The Nation is becoming acutely aware that inappropriate disposal of
hazardous waste is a threat to our ground-water resources. A clear under-
standing of the behavior of these wastes in the subsurface environment is
required to properly assess the environmental damage from existing waste dis-
posal sites, and to identify the most appropriate approaches for containment
or clean up of the waste.

V At any particular site, the behavior of a waste is influenced by the
hydrogeology of the site, by sorption to the particular subsurface materials,
and by biological and non-biological transformations. The relative influence
of these processes and conditions on the behavior of a waste can vary from
compound to compound, between sites, and on occasion within sites. If an
important process or condition is ignored in a projection of environmental
fate, either through indifference or from absence of the appropriate information,
the projection can be seriousiy misleading. |

Hydrocarbons derived from petroleum or other fossil fuels are important
pollutants of ground water. Sources include gasoline from spills or Teaky
storage tanks, waste from abandoned illuminating-gas plants, indus?ria]
impoundments, and Tand fills. The behavior of these<compouﬁds is'subject to
all the conditions and processes mentioned above. They should probide a
good test of our capacity to characterize the behavior of an organic waste in
the subsurfacé environment.

This report is a preliminary attempt at a comprehensive assessment of
the behavior of pollution from creosote waste at a site in the Gulf Coast region
of Texas. It emphasizes the importance of microbial adaption in determining the

behavior of the waste.



Adaption of subsurface microbes to components in creosote wastes has been
documented previously by Ehrlich et al. (1,2 ); however, activity at this site
was under strictly anaerobic conditions and was restricted to the methanogenic
degradation of phenolic compounds. There was no adaption to or activity against
naphthalene or other polynuclear aromatic compounds under anaerobic conditions.
Ogawa et al. (3 ) reported theaerobic degradation of a number of polynuclear
aﬁomatic compounds in water from a contaminated well. There was no degradation
in water from an uncontaminated well in the same aquifer, indicating that
adaption had occurred, at least in the environment of the contaminated well.

The well may have allowed organisms from the surface to colonize the bore

hole and the region of the formation around the well. Theré was no evidence

that the aquifer at large was adapted to the waste. This study examines the
prospects for adaption by indigenous \subsurface microbes to theaerobic degradation

of simple polynuclear hydrocarbons originating from a waste disposal site.



MATERIALS AND METHODS

Analysis of water from monitoring wells

Oxygen was determined by flushing the bore hole with nitrogen or argon,
pumping the well to produce fresh water from the formation, then lowering a
YSI oxygen electrode into the well. Chloride was determined by the Hach Kit
method for total chloride. Organic compounds were sampled by pumping 100 to
1,000 ml of well water {depending on the extent of contamination) through a
C-18 reverse phase Sep-Pak trap {(Waters Assoc.). The compounds were eluted
in 4.0 m1 of methylene chloride. The extract was concentrated under
nitrogen and analyzed by gas chromatography using a fused-silica capillary
column and an FID detector.

Biotransformation studies

Authentic subsurface material was used to construct small 45-ml static,
batch microcosms as has been described previously (4 ,5 ). Organic compounds
were extracted from the subsurface material by shaking in a chloroform-methanol
azeotrophe for 18 hours. The extract was separated from the aqueous phase and
solids, dried through sodium sulfate, concentrated by Kuderna-Danish distillation
and analyzed by gas chromatography using a fused-silica capillary column and
an FID detector. |

Computer modelling

Simulations were done using a one-dimensional analytical solution to the
universal solute transport equation. Sorption was assumed to be linear, degradation

was assumed to be first order with respect to concentration of the compound.



RESULTS

Geological setting and history of the site

The abandoned pits that are the source of pollution received wastes
from a wood-creosoting process from 1952 to 1975. They have now been filled
and the land developed for other purposes.

The waste pits and plume of contamination are contained in unconsolidated
material deposited by an egressing river delta. From the present surface to
a depth of 5 to 6 m is a complex pattern of interlayered sands and clays
that probably were deposited as meander belts by a stream. From 5 to 6m
down to 8 to 9 m is a layer of poorly-sorted sand that was probably deposited
in a near-shore environment. Below 8 to 9 m is a layer of clay that was
probably deposited in an off-shore environment.

The Tower layer of clay seems to be uniformly distributed across the

9 10

entire site; its transmissivity is low, 1077 to 10~ cm/sec. The sand is

somewhat variable over the site; its transmissivity near the waste pit is

3t 107%

much higher than the clay, 10~ cm/sec. The present water table
is 7.6 to 8.5 m deep. A plume of contaminated water is moving laterally
through the sand away from the disposal pit. A1l of the monitoring wells are
screened in the relatively shallow zone of water-saturated sand situated above
the clay. The present flow velocity in the sand is estimated to be 10 m/year.

Characterization of the plume

When the concentrations of organic pollutants, oxygen, and electrolytes
in the monitoring wells are compared, the wells fall into four categories
(Table 1, see also Fig. 1). Wells #3 and #14 were constructed at locations

85 and 330 m from the pits in areas that are removed from the hydrological



influence of the waste pit. These areas were pristine; none of the organic
pollutants were detected in these wells, oxygen was present, and chlorides
and conductivity were Tow. |

Wells #30, #9, #2, and #27 penetrated the plume of contamination. The
concentration of the organic pollutants was high, and the concentration of
individual compounds was remarkably uniform. Oxygen was greatly depleted and
the concentration of chloride and the conductivity of the water was higher,
probably reflecting salts that were in the creosote wastes.

Wells #28, #29, and #8 were in a region of active treatment. Oxygen
concentrations were depressed and chloride and conductivity were elevated,
indicating the arrival of the plume. However, the concentration of each
organic pollutant was reduced roughly an order of magnitude. Wells #26 and
#5A were in a treated zone. The concentrations of the organic pollutants
were much reduced, and in the case of well #26, the concentration of oxygen was
close to that expected for pristine conditions. These wells had elevated
concentrations of chloride and higher conductivity than pristine water, in-
dicating that these wells sampled renovated water from the plume. i

Well #5J0 was anomalous; it produced water containing appreciaéle concen-
trations of the organic pollutants, as well as high concentrations of oxygen.
The simplest }exp1anation is that this well straddled the zone of active
treatment, either vertically or horizontally, and produced oxygenated water
from one region and water polluted with organics from another.

The locations of the monitoring wells is presented in Fig. 1. The direction
of ground-water flow is down and to the left of the figure. Wells #30,

#9, and #2 intercept the plume as it leaves the waste pit. The water
probably has received little renovation due to sorption or degradation
of the organics. Well #27 shows that the plume extends at least 60 m

dbwn-gradient without appreciable renovation.



The wells in the zone of active treatment and in the treated zone are
scattered along the margin of the plume. In several cases, wells with
intense pollution are very c]ose‘to wells with considerable treatment.
(Compare wells #2 and #8 or #27 and #28) This indicates that the zone of
treatment can be very narrow, perhaps as little as 10 m in horizontal
extent.

Biological activity in subsurface material

The water-saturated sands from two sites within the zone of treatment
(#5 and #16) and from a pristine site (#14) were examined for biological
activity against the organic pollutants. The samples were acquired in a
manner that precluded contamination by surface microorganisms (4 ).
Oxygen was added to the pore water of the subsurface material to a final
concentration of at least 1.0 ug/liter. Because material from site #16
contained appreciable duantities of the organic contaminants it was not further
amended. Material from sites #5 and #14 was essentially free of organic
pollutants, and was amended with the organic compounds listed in Table 1
to a final concentration of 20 to 120 ng/gm dry subsurface material.
Because acenaphthene was present in the material from site #16, it was also
added to the other subsurface material. |

There was no detectable biological activity in the material from the
pristine site (Table 2). In fact, the disappearance of the compounds was
somewhat more rapid in the autoclaved material. However, there was a rapid
biotransformation of the organic compounds in the material from the zone of
treatment. Material from site #5 was particularly active against all of the
organic compounds.

Material from site #6 was examined for activity against a series of alkyl

benzenes. The results will be presented elsewhere; however, biodegradation




occurred in material from site #6 but was not detected in materiaT from a
pristine site. Additionally, material from sites #6 and #15 is presently
being characterized by participants in the National Center for Ground Water
Research to further elucidate the non-biological interactions between the
organic pollutants and the subsurface material.

Site-specific jnterpretation of rates of degradation

The specific concentration of any one of the organic pollutants in the
plume is simultaneously controlled by several processes, including dilution
due to dispersion, sorption to subsurface solids, and biological and non-
biological degradation. The contribution of any one of these processes can
only be evaluated in the context of the other processes.

Fig. 2 depicts the influence of degradation on the fate of naphthalene
under conditions that are appropriate to the Conroe creosote-waste site.
Transport of nathphé]ene was simulated for the following conditions: The
initial concentration was 1,000 ug/liter, the dispersion coefficient D was
100 m, the flow velocity was 10 m/year, and the retardation due to sorption was
3 as determined by the behavior of naphthalene in core material in the labora-
tory. A radius of 200 m was selected as an arbitrary boundary between a
site scale and a regional scale of concern. Fig. 2 projects the influence of
degradation on the concentration of naphthalene thétitan be expected to reach |
that boundary over the next 70 years. A rate of degradation as low as 5%/year
should have a substantial influence on the breakthrough of naphthalene, while
a rate of 50%/year should depress the breakthrough of naphthalene three orders
of magnitude. A rate of 50%/year is close to the detection 1imit of the bio-
degradation assay, approximately 2%/week; Rates of degradation in subsurface
material from the zone of treatment were one to two orders of magnitude greater,
and could easily account for the extensive renovation of ground water in the

~zone of treatment over relatively short distances between monitoring wells.



DISCUSSION

Occurrence of adaption

Adaption is a phenomenon rather than a mechanism or process. The term
simply refers to an increase in the rate of biotransformation of a substance
resulting from exposure to that substance. Clearly, microbes in the water-
saturated sand at the Conroe creosote-waste site adapted to the six organic
pollutants considered in this study. This adaption results in rates of
biotransformation of at least one to two orders of magnitude greater than
could be detected in material that was not exposed to the pollutants. This
result is similar to experience with surface sediments. Herbes and Schwall {6 )
found that the rate of degradation of naphthalene in 0il contaminated stream
sediment was 2,350%/week, while the rate of degradation in uncontaminated
sediments was less than 7%/week. Additionally,Herbes (7 ) found that the rate
of naphthalene degradation in stream sediments downstream of a coal-coking
plant was 1,300%/week.

Significance of adaption

Once adaption occurs, biotransformation is so rapid that it can be
considered instantaneous with the context of slow ground-water flow. As a
result, the quantitative prediction of the effect of bio]ogic31 activity or
the fate of a pollutant shifts from a consideration of the kinetics of utiliza-
tion of the substrate by the microorganisms to consideration of the extent of
utilization allowed by geochemical constraints on metabolism, and the rate of
supply of that limiting requisite for metabolism to the subsurface environment.
In the case of the Conroe creosote-waste site, the disposition of the plume is
controlled by the supply of oxygen to its margins, either by diffusion from the

unsaturated zone or by admixture of oxygenated ground water through dispersion.

s e o« P pp———



As a result, predicting the behavior of a plume of contamination is
greatly simplified--there is no need to characterize the biological activity.
However, there is need for tools to quickly and cheaply recognize whether
adaption has occurred in a particular subsurface environment. Also needed
is a delineation of the conditions for which adaption can be expected in
the subsurface, and methods to predict the time required for adaption.

Significance of the absence of adaption

1f adaption fails to occur, predictions of the influence of biological
activity and the fate of a pollutant will be difficult. As demonstrated in
Fig. 1 rates of biotransformation that are much below the present detection
1imit can have considerable environmental significance. Work is under way
within the National Center for Ground Water Research to Tower the detection
Timit through the use of radiolabelled substrates.
CONCLUSIONS
1. Microbeé in the subsurface environment adapted to degrade a series of
polynuclear aromatic hydrocarbons in a plume of pollution originating
from wood-creosoting waste.
2. Following adaption, the supply of oxygen controlled the disposition of
the plume.
3. Slow rates of degradation in unadapted material can have profound
effects on the fate of compounds in the subsurface environment on a

regional - scatle.
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Fig. 1

Fig. 2

16

Location of monitoring wells and sampling sites for core
material at a disposal site for wood-creosote waste at

Conroe, Texas.

A computer simulation of the effect of degradation on the
concentration of naphthalene that can reach an arbitrary

boundary 200 m from the waste disposal pits.
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STATE OF NEW MEXICO
DEPARTMENT OF ENERGY AND MINERALS
OIL CONSERVATION DIVISION

IN THE MATTER OF THE HEARING
CALLED BY THE OIL CONSERVATION
COMMISSION OF NEW MEXICO FOR
THE PURPOSE OF CONSIDERING:
CASE No. 8224

APPLICATION OF THE OIL CONSERVATION
COMMISSION UPON ITS OWN MOTION TO
DEFINE THE VERTICAL AND AREAL EXTENT OF
AQUIFERS POTENTIALLY VULNERABLE TO
CONTAMINATION BY THE SURFACE DISPOSAL
OF PRODUCED WATER, McCKINLEY, RIO ARRIBA,
SANDOVAL, AND SAN JUAN COUNTIES,
NEW MEXICO.

SUMMARY MEMORANDUM OF OCD STAFF

INTRODUCTION

This case was called by the Commission on its own
motion to determine whether fresh water resources in the San
Juan Basin of New Mexico are vulnerable to contamination by
the surface disposal of produced water from oil and gas
operations. If such threats of contamination are found to
exist, the Commission has the duty to take action to

regulate such disposal.

This hearing process was convened under the mandate

contained in the Commission's "Enumeration of Powers" found



at NMSA 70-2-12(15) (1978), which provides that the
Commission is authorized to "... direct surface or
subsurface disposal of [produced] water in a manner that
will afford reasonable protection against contamination of
fresh water supplies..."” While some of the testimony and
other evidence presented at the hearing of this case relates
to requlations and standards promulgated pursuant to the
Water Quality Act, NMSA 74-6-1 et. seq. (1978), it was
emphasized in testimony that in this particular situation
the requirements set forth in the regulations of the New
Mexico Water Quality Control Commission are referred to only
as standards and the hearing was not called pursuant to any

authority contained in the Water Quality Act.

It is clear from the-evidence introduced at the hearing
on this matter that some of the components of produced water
are toxic, (Boyer, Tr. 2/20/85, P. 58-60), while others, if
introduced into ground water, will result in its
degradation. No witness disputed this evidence. Moreover,
‘the introduction of these substances into ground water
designated by the State Engineer as "fresh water resources"
in quantities that would cause the ground water to exceed
water quality standards 1is strictly prohibited in other
situations. Sections 3-101 and 3-103 (A) and (B), Water
Quality Control Commission Regulations. So even though this
hearing was not called pursuant to the OCC's delegated power

to enforce Water Quality Control Regqulations, any



contemplated action should be viewed in light of these
regulations and the water gquality standards contained

therein.

The evidence is also clear that much of the produced
water that is dumped into unlined pits in Northwest New
Mexico necessarily goes directly into the ground. (Boyer,
Tr. 2/20/85, P. 69-71, Baca, Tr. 2/20/85, P. 148). And
because of the shallow depth to ground water and the
alluvial, unconsolidated nature of the soils in the San Juan
Basin, most of the water that is absorbed into the ground

eventually reaches the ground water.

Given this essentially uncontroverted evidence, the
primary question to be‘addressed by the Commission prior to
entering an order 1in this case concerns the final
disposition of organic hydrocarbons and dissolved minerals
(TDS) contained in this produced water. Testimony by the
opponents of a "no-pit" rule that disposal of produced water
onto the ground will have no adverse consequences to ground
water is simply not credible. BAlthough several industry
witnesses were produced in an attempt to disarm the concern
expressed by the Commission in initiating this case, none of
them controverted the evidence produced by the Division that
produced water contains toxic substances and that such
water, if put into unlined pits, enters the ground and mixes

with ground water. And in spite of the fact that industry



representatives testified that because of the action of
various mechanisms of attenuation, deleterious substances in
the produced water do not contaminate ground water supplies,
their own studies clearly showed high levels of benzene, a
constituent of produced water that does not occur naturally
in ground water, contaminating areas under produced water
pits (Geoscience Exhibit 3, see especially results of

monitoring Tenneco's Eaton A-1lE).

Following is a brief synopsis of the relevant evidence.
It demonstrates conclusively that the unregulated disposal

of produced water should cease.



I. SUBSTANTIAL EVIDENCE WAS PRESENTED REGARDING THE
POTENTIAL FOR GROUND WATER CONTAMINATION BY ORGANIC
CONTAMINANTS
Modeling using acceptable hydrologic methods has shown

the potential for ground water pollution by organic

contaminants. In particular, "Random Walk" simulations
which include a retardation factor for sorption show levels
of benzene exceeding standards at a distance from the
source. Standards are exceeded at all discharges of five
barrels per day and at most intermediate values of discharge
down to one-half barrel per day. Other than dilution, the
mechanisms of attenuation (volatilization, sorption,
evaporation and biodegradation) have not been shown to be
effective at all places under all circumstances. This is
especially true for b;odegradation which requires the
presence of oxygen or long adaptation times to be effective.

Therefore, the potential for ground water contamination by

volatile organic hydrocarbons cannot be discounted. Given

the toxicity of the contaminants and health concerns related
thereto, and the concommitant potential for ground water

contamination, the Commission should protect ground water by
limiting discharges of produced water into unlined pits to

no more than one-half barrel per day. Since ancillary pits
receive similar fluids, especially in the event of separator
malfunction, or where separators are not present, discharges
to such pits should also be limited to one-half barrel per

day.



IT. TESTIMONY IS CLEAR AS TO THE IMPORTANCE OF THE
VADOSE ZONE AS AN ATTENUATION MECHANISM

Witnesses for both sides testified as to the importance
of the vadose zone in preventing contamination of ground
water from organics in the produced water discharge. Mr.
Boyer mentioned in his direct testimony that the likelihood
of volatilization is greater in the vadose zone than in the

ground water (Boyer, Tr. 2/20/85, p. 84).

In their direct testimony, industry representatives
also referred frequently to the importance of the vadose
zone as a major attenuation mechanism. Dr. Schultz
discussed the importance to organic volatilization of
partially saturated flow and the air space in the pores. He
testified that aromati?s,are volatilized into the soil gas
and transferred to the étmosphere. This is one of the
removal mechanisms of attenuation (Schultz, Tr. 4/3/85,

p. 152-155). To have soil gas aid in volatilization,
unsaturated or partially saturated flow must occur in the

vadose zone (Schultz, Tr. 4/3/85, p. 169, 180-182).

Dr. Miller's testimony also emphasized the importance
of the vadose zone. The percentage rate of aromatic
hydrocarbon degradation in the unsaturated 2zone is eight
times greater than in saturated material (Miller, Tr.
4/22/85, p. 23). Miller felt that there was concern if the

pit was in ground water since degradation processes that



occur in the unsaturated zone would not be present to
provide adequate safety to ground water quality (Miller, Tr.

4/22/85, p. 68).

Since benzene and toluene are most rapidly degraded
under aerobic conditions (Miller, Tr. 4/22/85, p.22) and
these conditions are most always prevalent in the vadose
zone, this zone must be maintained. Miller alsc stated that
recent studies indicate that toluene and possibly benzene
degrade in anaerobic conditions (Miller, Tr. 4/22/85,

p. 26). Nevertheless, the OCD staff maintains that aerobic
conditions must be maintained to ensure magimum possible

benzene mineralization.

The most active ZOﬁe of degradation is immediately
beneath the pit for a depth of about one foot, but that
thickness has to be protected from ground water interception
of the pit bottom (Miller, Tr. 4/22/85, Tr. p. 69). Under
cross—examination, Dr. Miller stressed the importance of
preserving the vadose 2zone between the pit and the water
table, and stated that direct introduction of produced water
into ground water utilized as drinking water would take away
the safety margin and be the worst case (Miller, Tr.

Since pits are commonly five to eight feet in depth at

well sites, depth to ground water would have to be deeper to



provide the necessary vadose zone protection advocated by
both OCD and industry witnesses. Seasonal ground water
variations due to the rise in river levels, or percolating
irrigation waters, can cause ground water levels to move up
or down several feet during a year. Frequent large
discharges can move unsaturated or partially saturated
conditions toward saturation and cause ground water
mounding. Therefore, to provide the necessary vadose zone
protection, unlined pits in areas where the depth to ground
water is less than ten feet should be prohibited. Since
pits and trenches dug to bury piping require use of
mechanical equipment, the‘presence of water at depths up to
ten feet can be easily ascertained. Therefore this
determination will not pose any additional burden on

industry.



IIT. RESULTS OF TDS STUDY

Values of total dissolved solids (TDS) found in
produced water in the San Juan Basin are generally less than
in Southeast New Mexico. Modeling using the Random Walk
program shows that discharges of 10,000 mg/l salts do not
significantly increase TDS levels at low discharge volumes
(OCD post hearing submittal 5/23/85). Discharge volumes of
one-half bbl/day did not cause large increases for any of
the simulations using the range of hydraulic conductivities
found in alluvium in the area (25-2500 ft/day). Discharges
of five barrels per day, however, caused unacceptable
increases at all hydraulic conductivity ranges. The
increases were judged pnacceptable because the discharges
would cause the NM WQCC ground water standard of 1000 mg/l
TDS to be exceeded when added to existing concentrations in
the vulnerable area. Intermediate discharge volumes at
10,000 mg/1l TDS may or may not pose a problem depending on
the availability of sufficient ground water flow to allow

mixing and dilution.

Since the affect on ground water quality cannot be
determined with sufficient accuracy without site specific
hydrogeological information being available, the Commission
should allow a maximum blanket discharge of up to one-half

barrel per day to provide necessary ground water protection.



Since TDS is a composite of individual contaminants, some of
which can cause health or other problems, limiting TDS
discharges should also mitigate most problems caused by
individual contaminants (i.e. chloride, sulfate, and

others).



IV. THE VALIDITY OF THE HYDROLOGIC INVESTIGATION PERFORMED
ON THREE PITS IN THE VULNERABLE AREA IS QUESTIONABLE

In his testimony, Mr. Hicks asserts that his studies of
three well sites show that small volume discharges are not a
threat to ground water. Even if the drilling and sampling
results of the site investigations are assumed correct,
these results should not be interpreted as being
representative of the entire vulnerable area population of
1300 wells, or of the sample of 300 wells of Amoco and
Tenneco. The reason is that these three locations were
evaluated and chosen from a list of 21 sites. The 21 sites
were chosen separately and apparently prior to the selection
of the 50 to 60 wells chosen at random from the
Amoco/Tenneco population of 300. Even though some of the 21
sites were also listed in the random selection of 50-60
wells, the selection of the 21 apparently was not random and
cannot be considered a representative random sample (Hicks,

Tr. 4/22/85, pp. 127, 130).

At the three monitoring sites selected, volumes of
water produced were stated by Mr. Hicks as being three and
four barrels per day for the Tenneco wells and one-fourth
barrel per day for the Amoco well. Official OCD records
(Form C-115) show, however, that the Tenneco sites in
question never have produced water from any of Dakota,
Mesaverde, and Chacra completion intervals. The Amoco well

has OCD-reported volumes similar to the one-fourth barrel



per day shown in the report. Therefore, if the volumes of
water produced by the Tenneco wells and utilized in the
Geoscience study are high and not representative of actual
site discharges, this could explain the low values of
benzene found in the pits and ground water. If this is the
case, the modeling and conclusions presented by Mr. Hicks
that wells discharging three to four bbls/day do not

represent a hazard to ground water are completely invalid.

Mr. Hicks stated that Pictured Cliffs wells do not have
produced water pits or separator pits since no water is
produced (Hicks, Tr. 4/22/85, p. 136, and Exhibit 3).
Review o©f OCD records show, however, that such wells
represent about one-third of the 45 wells in the vulnerable
area with production of five bbls/day or more of produced
water. Therefore, they are an important factor contributing
to water discharges in the vulnerable areas and cannot be

ignored.



- OCD SUMMARY E

The following conclusions can be drawn from the

testimony:

1. Certain aromatic organic contaminants (especially
benzene) have high potential to contaminate ground water
when discharged even in small volume gquantities with
produced water. The mechanisms of attenuation, especially
biodegradation, cannot be counted on to provide protection
at all times and in all locations and situations. Therefore
blanket small volume discharges not exceeding one-half
barrel per day should not be allowed to unlined produced

water and ancillary pits.

2. Both OCD and industry testimony stressed the
importance of the vadose zone in attenuation of the organic
contaminants. Especially necessary is the presence of air
in pore spaces to allow volatilization and biodegradation to
occur. To provide the necessary buffer zone, and because
pit depths are on the order of five to eight feet,
discharges to unlined pits should be prohibited where ground

water is at a depth of ten feet or less.

3. From the standpoint of total dissolved solids,

discharges of five barrels per day at concentrations of



10,000 mg/l TDS also cause the New Mexico Water Quality
standard to be exceeded. Limiting the diséharge to unlined
pits to one-half barrel per day will provide the necessary
TDS protection and mitigate deleterious effeéts of other

contaminants which are TDS components.

4. The study conducted by GeoScience Consultants is
inconclusive because the three sites chosen for intensive
study cannot be considered representativerf vulnerable area
conditions, and because of discrepancies in the volumes of

water actually discharged at two of the sites.

Since the 0il and Gas Act requires the reasonable
protection of fresh watér from contamination by such
activities, the limits recommended by the Division in its
proposed order will provide such protection and are

necessary and prudent.



CONCLUSION

The opponents to regulation of produced water disposal
have made much of the fact that no water wells have been
proven to have been contaminated by produced water.

Tenneco, in its Memorandum of Law filed herein even goes so

far as to assert that "...we have yet to experience the
first confirmed case of contamination of ground water by the
use of unlined surface production pits" (at p.24). Clearly,
the facts in this case contradict this statement. Tenneco's
own witnesses showed concehtrations of benzene in ground
water underlying surface pits. (Geoscience Exhibit 3). 1In
fact, one of Mr. Hick's own samples exceeded ground water
standards for benzene as set by the New Mexico Water Quality
Control Commission (Geoscience, Exhibit 3, relating to

Tenneco's Eaton A-1lE well).

The mandate of the Commission is not to protect only
existing water wells. It 1is to protect all fresh water
resources with potential for future use. Other states have
not been so reticent or tardy in protecting water resources.
Both Oklahoma and Texas have had "no-pit" rules for many
years. Yet the opponents of requlation of produced water in
New Mexico vow a fight to the finish. Do they really
believe that New Mexico regulators are so uninformed and

intimidated as to continue to permit such an obviously



outdated practice as totally unregqulated surface disposal of
produced water? Oklahoma has had a "no-pit" order since
1969. Disposal in unlined pits is allowed only upon a
conclusive showing that surface or subsurface water will not
be polluted (See Oklahoma regulations attached hereto).
Such a burden is almost impossible to meet. Consequently,
surface disposal is almost non-existent. Texas has a
similar rule. (See Texas Railroad Commission Regulations

attached hereto).

The producers make many arguments as to why no rule
should be adopted. Tenneco claims that imposition of a
"no-pit" rule would entail an unconstitutional taking of
private property because in the past it has operated its
wells without having to iine pits and no regulation to date
has referenced the possibility that at some future time pits
might be required to be lined. (Tenneco 0il Company's
Memorandum of Law and Arguments, p. 18). This argument is
patently ridiculous. Simply because an entity has not been
required to take preventative measures in the past does not
mandate that, given proper notice and due process, it cannot
be required to take those measures at a future time. If
Tenneco's position were the law, virtually no advance in
human health and safety or environmental regulation would be
possible because government would be required to absorb the
entire cost of such improvements through legal proceedings

claiming unconstitutional takings.



The water resources of New Mexico are a scarce and
valuable natural resource, much like petroleum. And while
the cost of the two is not now comparable, if fresh water
resources are not protected for future use, water may

eventually come too expensive for many uses.

In New Mexico, approximately 95% of water used for
domestic purposes is ground water. This is due primarily to
the fact that such little surface water exists in comparison
to other areas of the country. Because we are so dependent
upon ground water, it is necessary that adeguate measures be
taken to protect existing supplies. The staff of the OCD
believes that its recommendations regarding disposal of
produced water are best suited to guarantee protection of
these fresh water resourdés. We have presented a case which
demonstrates that produced water, which contains toxic
contaminants, is now disposed of in Northwest New Mexico by
being dumped into unlined surface pits. Much of this water
is absorbed into the ground where it eventually reaches and
combines with ground water. In small quantities, this
degrades existing fresh water supplies. In larger

gquantities, it leads to contamination.

The Commission has an obligation to protect fresh water
resources. In order to carry out this duty, the Commission
must prohibit unregulated disposal of produced water except

in gquantities o©f less than one-half barrel. Any other



action would be to ignore the evidence produced at the

hearings in this matter, including that of the opponents to

7

regulations.
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JEFF TAYIOR

General (Qounsel

0il Conservation Division of the
Energy dnd Minerals Department
P. O. Box 2088

Santa Fe, New Mexico 87501




RECOMMENDATIONS OF THE WATER STUDY COMMITTEE

Before the 0il Conservation Division (0CD) of the Energy and Minerals
Department of the State of New Mexico. -

The following is presented in the matter of the hearing called on June 7, 1984
by the OCD to consider case No. 8224, the Prohibition of Disposal of Produced
Water on the Surface of the Ground, in Any Water Course, or in Any Body of
Water in McKinley, Rio Arriba, Sandoval, and San Juan Counties, New Mexico;
which hearing was continued to an indefinite date.

Background

A meeting was held in Santa Fe, New Mexico on July 18, 1984 by OCD to allow
all parties interested in case No. 8224 to discuss the case and provide a
forum for directing any studies which would be conducted. A committee was
subsequently appointed by R. L. Stamets to evaluate the impact of o0il and gas
operations on the ground and surface waters in the northwest New Mexico area.
The committee was divided into short—term and long-term groups.

The short-term committee goals were specified as:

1. Determine what constitutes a vulnerable aquifer;

2. map the vulnerable aquifer;

3. attempt to determine the probability unlined pits may have
in contaminating the vulnerable aquifers; and

4 prepare a recommendation to the OCD for an order which will
address the problems identified by the committee,

Meetings were held on August 2, October 17, November 29, and January 9 of the
short-term committee with other task group mapping sessions and field tours
held as needed. The meetings provided discussion of the goals, preparation of
a definition of the problem and the preparation of a map and various
recommendations to the OCD.

Report of Short—Term Water Study Committee

It has been determined that in San Juan, Rio Arriba, McKinley and Sandoval
Counties in the State of New Mexico, there are areas where ground or surface
water may be vulnerable to contamination by o0il and gas production
operations. Those vulnerable areas include areas where the depth to ground
water is less than 50 feet, the aquifer containing the ground water consists
of unconsolidated alluvial fill, and the water is presently used for or could
reasonably be presumed to be wused for municipal, domestic, industrial,
agricultural or stock watering purposes.



fireas were excluded from the short-term committee's concern because of one or
more of the following factors:

1. There are few if any oil or gas operations in the area;
2. there are few if any water wells in the area; and/or
3. water is non-existent or deeper than 400 feet.

The vulnerable area as defined below was delineated using available water well
data, 100 yr. flood hazard maps, topographic maps. The vulnerable area was
defined as that area which lies over or adjacent to a vulnerable aquifer and
includes those portions of the San Juan, Animas, and La Plata River valleys
which are bounded by the topographic line on either side of the river that is
100 vertical feet above the river channel measured perpendicularly to the
river channel. Special areas were also identified which fell outside of the
"wulnerable area". These areas were listed because water well records
indicated water production from less than 50'.

RECOMMENDATIONS

It is hereby recommended that the NMOCD consider the following in promulgating
an order for the regqulation of the use of pits in the vulnerable areas of
northwestern New Mexico.

A. DEFINITIONS:

1. Aquifer: An aquifer is a saturated permeable geologic unit (a
geological formation, group of formations, or part of a formation)
that can transmit significant quantitites of water under ordinary
hydraulic gradients.

For purposes of this definition, the word significant means that the
water from the aquifer is used for or may reasonably be presumed to
be usable for municipal, industrial, domestic, agricultural, or stock
watering purposes.

2. Vulnerable Aquifer: For the purpose of this order the following are
defined as vulnerable aguifers:

a) Unconfined aquifers that are less than 50 feet from
the surface, or

b) Unconfined agquifers in floodplain areas, or
c) Aquifers in unconsolidated materials.

3. Vulnerable Area: An area which lies over or adjacent to a vulnerable
aguifer and is defined as an area within the river valleys of the San
Juan, Animas, and La Plata Rivers which is bounded by the topographic
line on either side of the river that is 100 vertical feet above the
river channel measured perpendicularly to the river channel.



Special Areas: Areas outside of the vulnerable area in which ground
water is subsequently found to be within 50' of the ground surface.
Special areas presently identified are listed below:

a) Sections

T28N-R 8W, Section 17 T30N-R12W, Section 13

T28N—-R11W, Section 18 T30N-R12W, Section 15
T28N~-R15W, Section 26 T30N-R12W, Section 27
T29N-R10W, Section 16 T30N-R12W, Section 33
T29N-R12W, Section 24 T30N-R13W, Section 1
T29N-R18W, Section 17 T30N-R15W, Section 6
T29N-R19W, Section 23 T30N-R15W, Section 16
T29N-R19W, Section 30 T30N-R15W, Section 21
T30N-R10W, Section 5 T30N-R16W, Section 29
T30N-R11W, Section 3 T30ON-R19W, Section 34
T30N-R11W, Section 7 T31N-R10W, Section 13
T30ON-R11W, Section 8 T31N-R11W, Section 35
T30N-R11W, Section 10 T32N-R10W, Section 10
T30N-R11W, Section 19 T32N-R11W, Section 23

T32N-R12W, Section 25

b) Areas that lie between the rivers and the ditches mentioned below
are also special areas:

Highland Park Ditch
Hillside Thomas Ditch
Cunningham Ditch

Farmers Ditch

Halford Independent Ditch
Citizens Ditch

Hammond Ditch

Produced Water Pit: That pit which receives water produced from
primary separation in conjunction with the production of crude oil
and/or natural gas whether or not such pit is located at the site of
production.

Ancillary Pit: Those pits not receiving fluids from primary
separation including but not limited to dehydrator pits, tank drain
-pits, pipeline drip collector pits, blowdown pits, and compressor
scrubber pits. Examples are listed below:

a) Dehydrator Pit: Those pits which normally receive produced water
only from the dehydration unit.

b) Blowdown Pit: Those pits which receive liquid only when a well
is blown down.

(c) Tank Drain Pit: Those pits which receive water that is drained
from a production storage tank.



d) Pipeline Drip Collector Pit: Those pits which receive liquids
which accumulate in gas pipelines.

e) Compressor Scrubber Pit: Those pits which receive liquids at the
compressor suction in event of primary separator failure.

PROHIBITIONS AND EXEMPTIONS

Disposal of produced water or fluids produced in connection with the
production of oil and natural gas, or both, in wunlined pits is
prohibited, except for disposal of produced water as described herein:

1. Pits lying outside vulnerable or special areas are exempt from this
order.

2. Ancillary pits within vulnerable or special areas to which the volume
of water discharged is no greater than * barrel per day arc
exempted from this order except where the depth to ground water is
less than * feet in which case all unlined pits are prohibited.

3. Any pits, ponds, lagoons, or impoundments resulting from activities
regqulated by a discharge plan approved and permit issued by NMOCD or
NMEID under Water Quality Control Commission Regulations authorized
under the New Mexico Water Quality Act.

4. Any pits, ponds, lagoons or impoundments resulting from activities
regulated by a RCRA or NPDES permit issued by NMEID or EPA under RCRA
or NPDES regqulations authorized under the Resource Conservation and
Recovery fAct, New Mexico Hazardous Waste Act, Clean Water Act or Safe
Drinking Water Act,

5. Any pits, ponds, lagoons or impoundments resulting from activities
regulated by a mining plan approved and permit issued by the New
Mexico Coal Surface Mining Commission under the authority of the
Surface Mined Lands Reclamation Act.

PERMITS

The purpose of this subsection is to allow for the disposal of *
barrel per day or less of produced water into unlined pits, based on the
depth to ground water beneath such pits and provided that such pits meet
the quality and soil characteristics criteria as set forth below.

Upon application to and approval by the NMOCD, unlined produced water
pits and those ancillary pits which receive greater than * bbl./day
that are within the wvulnerable area may be permitted under this order
based on the following criteria and after satisfying either a. or b,
below.
Maximum Volume
Depth to Groundwater For an Unlined Pit

* *
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¥ The committee could not reach an agreement on allowing the continued use
of unlined pits (in the vulnerable area) for small volumes of produced
water. All references to water volume or depth to groundwater have
intentionally been left blank.
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a) Quality Permit: If the operator can demonstrate that the quality
of either existing uncontaminated ground water, or produced water
is such that the introduction of produced water will not cause
degradation of the ground water, the unlined pit may be permitted
upon application to the NMOCD. The demonstration must include
analysis for organic and inorganic parameters as required by the
Division.

b) Soil and Geologic Characteristics Permit: If the operator can
demonstrate through the use of standard soil analysis parameters
(e.g. percolation tests, infiltration rates, particle
size/distribution, etc.) that the existing soil and/or underlying
geologic stratum exhibit low permeabilities such that the
produced water will not cause degradation of the ground water,
the unlined pit may be permitted upon application to the NMOCD.
This can be accomplished on an areal or site specific basis.

D. COMPL.IANCE SCHEDULE

After 18 months of the date of this order, the use of unlined pits for
the treatment, storage or disposal of produced water within vulnerable or
special areas defined herein is prohibited except by permit as defined
above. Partially or fully buried tanks and lined pits installed shall be
to NMOCD specifications.

CONCLUSION:

The committee feels that these recommendations will provide the basic
structure for an order from the O0OCD which will provide some immediate
y_protection to vulnerable ground and surface waters in northwest New Mexico.
It should be understood that the committee worked essentially with_limited
; data available in_the records of various agencies, ~that to date only
_ limited evidence of contamination of these waters wasg found. Hydrologic
mechanisms exist for transporting contaminants into the ground water. These
mechanisms also provide some attenuation of such contaminants before reaching
the ground water. The ultimate disposition of various liquids deposited into
unlined pits and a determination of the probability an unlined pit may have in
contaminating vulnerable aquifers depend on the hydrological, geological, soil
and geochemical conditions at the individual pit sites. Shallow ground water
conditions and permeable surface materials present in these vulnerable areas
provide a contamination risk from discharges of produced water. Until and




unless quantification of such risks becomes possible, protection of ground
water for uses defined herein must be based on a rational but conservative

methodology, keeping in mind the need to apply limited resources to address
the potential serious problems first.
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NMOCD CASE #8224
GIANT INDUSTRIES, INC. STATEMENT

Giant Industries, Inc. has been participating in the process of deve-
loping recommendations for a draft order and establishing the criteria
which should be considered in the development of such an order. Giant
has been represented on the committee by Geoscience Consultants, Ltd., a
professional hydrogeologic and engineering firm specializing 1in ground
water quality assessment and waste management. During the meetings that
have taken place over the last 8-10 months, regulatory agencies, industry
and environmental groups have attempted to arrive at a consensus that
protects ground water and does not place an undue burden on the regulated

industry.

Giant Industries, Inc. strongly supports the January 18, 1985 recom-
mendations of the short-term study group on all of the points on which
the committee was in agreement. This includes the definitions and pro-
hibitions and exemptions on which the committee agreed and which are

Tisted below:

PROHIBITIONS AND EXEMPTIONS

Disposal of produced water or fluids produced in connection with the
procduction of oil and natural gas, or both, 1in unlined pits is pro-

hibited, except for disposal of produced water as described herein:

1. Pits lying outside vulnerable or special areas are
exempt from this order.

2. Any pits, ponds, lagoons, or impoundments resulting
from activities regulated by a discharge plan
approved and permit issued by NMOCD or NMEID under
Water Quality Control Commission Regulations
authorized under the New Mexico Water Quality Act.



3. Any pits, ponds, lagoons or impoundments resulting
from activities regulated by a RCRA or NPDES permit
issued by NMEID or EPA under RCRA or NPDES regulations
authorized under the Resource Conservation and
Recovery Act, New Mexico Hazardous Vaste Act, Clean
Water Act or Safe Drinking Water Act.

4.  Any pits, ponds, lagoons or impoundments resulting
from activities regulated by a mining plan approved
and permit issued by the New Mexico Coal Surface
Mining Commission under the authority of the
Surface Mined Lands Reclamation Act.

In addition, based on an analysis of the available data, it is the
professional opinion of hydrogeologists, chemists and engineers at
Geoscience that a low volume exemption within the vulnerable area of
approximately 5 bbls/day should be permitted at the present time. This
opinion is based on existing Federal practices and an analysis of the
available data on produced water quality, site conditions at produced
water pits, soils data, ground water hydrology and the data presented at

the initial hearing.

The long-term committee will examine this question in greater detail and
attempt to more accurately determine the volume of produced water which
could be discharged without presenting a threat to ground water quality
in the vulnerable area. This work by the long-term committee could be
used to modify the amount of a low volume exemption without the un-
necessary and costly burden on industry that a total ban would cause. In
addition, Giant strongly supports the establishment of a mechanism by
which producers could permit an unlined pit where produced water quality

or site-specific conditions preclude a threat to ground water.

Giant looks forward to continuing participation on the Tong-term com-
mittee and congratulates NMOCD on their foresight in involving all the

interested parties in the regulatory development process.
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1.0 FIELD DATA FORMS, PHOTOGRAPHS AND HYDROGEOLOGIC NQTES

A1l field forms and accompanying photographs for the well sites visited
in the random study of the vulnerable area are enclosed. The visual
inspection employed the grain-sized versus hydraulic conductivity graph
from Freeze and Cherry, 1979 Table 1-1. This section enclosed all of the
field notes from the random study of well sites in the vulnerable area.
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WELL SITES INVESTIGATED IN
GEOSCIENCE CONSULTANTS, LTD FIELD STUDY

DETAILED FIELD STUDY SITES

McCoy "D" 1
Eaton A-1E
Payne 1

RANDOM SAMPLING FIELD INVESTIGATION OF PRODUCED WATER PITS

1.1 SAN JUAN RIVER dh/d1 = 0.002 - 0.003
HIGH HYDRAULIC CONDUCTIVITY CASES (10,000 gpd/ft?)

-~ GCU 202 Rol11 1 -~ Frame # 1, 3, 4

~ Totah Vista 1 Roll 2 -~ Frame # 1, 2

- GCU 170 E Rol1 3 - Frame # 17, 18

- GCU ™MI" 181 E Roll 3 - Frame # 15, 16

MEDIUM HYDRAULIC CONDUCTIVITY CASES (1,000 - 5,000 gpd/ft2)

Gerk B 1 M Roll 4 - Frame # 1, 2
Archuleta A3 No Photo Available

Madsen 1 Rol11 1 - # 8, 9

Armenta F1 Roll 4 - Frame 6, 7, 8
Abrams L1 Roll 4 —~ Frame 5

Sullivan Al Rol1 4 -~ Frame # 13, 14, 15
GCU 153 E Ro11 3 - Frame # 10, 11

GCU 179 E Rol11 1 - Frame # 5, 6, 7

[ T Y O |

LOW HYDRAULIC CONDUCTIVITY CASES (10 - 100 gpd/ft2)

- GCU 169 E Roll 3 - Frame # 19, 20
— Romero A1 Roll1 4 - # 9
- Ulibarri 1A Ro11 5 - #1, 2



1.2 ANIMAS RIVER dh/d1 = 0.004

1

.3

HIGH HYDRAULIC CONDUCTIVITY CASES (10,000 gpd/ft2)
- Marcotte 1 Roll 2 - Frame # 17

MEDIUM HYDRAULIC CONDUCTIVITY CASES (1,000 - 5,000 gpd/ftl)
No cases observed

LOW HYDRAULIC CONDUCTIVITY CASES (10 - 100 gpd/ft2)

No cases observed

VALLEY SIDE SLOPES AND TRIBUTARIES dh/d1 = 0,01
HIGH HYDRAULIC CONDUCTIVITY CASES
- McCoy D1 E Roll 2 - Frame # 5, 6, 7

MEDIUM HYDRAULIC CONDUCTIVITY CASES

-~ Key A2 Roll 2 - Frame # 18, 19, 21

Florence 124 (630 days) No photo available
o Florence 124 (1080 days) No photo available
Florence 9 Roll 6 - Frame # 16, 17

GCU 169 Roll1 3 - Frame # 20

Caneple 1 Roll 2 - Frame # 9, 10, 11, 12

(o]

LOW HYDRAULIC CONDUCTIVITY CASES

GCU 150 Roll 3 ~ Frame # 13, 14

_ Martinez F1 Rol1 1 - Frame # 10, 11
o Valdez AIE No photo available
Pollock ET Roll 4 - Frame # 10
Black 1 Roll 4 - Frame # 12

Irwin 1E Rol11 2 - Frame # 3

Heath G 1 Roll 5 - Frame # 15



1.4 BEDROCK MESAS CASES - Produced water can not enter ground water

Howell 2A Rol1l 3 - Frame # 5, 6
McEwen Bl No Photo Available

Heath WD A 3X Roll 5 - Frame # 17
Linda Nye 1 Roll 5 - Frame # 7, 8
Heath Gas COM H 1 Rol1 5 -~ Frame # 14
Nye Gas COM B 1E Rol1 1 - Frame # 12, 13, 14
Heath WD A 10 Rol11 5 - Frame # 16
Heath WD A5 Roll 5 - Frame # 18, 19
Florence 32 Roll 3 - Frame # 7, 8, 9
Florence 111 Roll 3 - Frame 2, 3, 4
Jacquez 1A Rol1l1 5 - Frame # 9, 10
Sandoval A 1 R Roll 5 - Frame # 5, 6
Pritchard TA Roll 3 - Frame # 1

1.5 PICTURED CLIFFS CASES ~ No water produced, no production equipment

McEwen Gas COM C 1 Roll 2 - Frame # 14, 15, 16
Wallace Gas COM 3 and 1 Roll 2 -~ Frame # 8
Hamner 9 No photo available

Sullivan, Bruce 1 No photo available

Sullivan, Earl B, 2 No photo available
Ulibarri Gas COM 2

Likins Gas COM B 1 Roll 4 -~ Frame # 3

Heath Gas COM F 1 No photo available

E1Tiott Gas COM N 1

Jacquez Gas COM C 1 Rol1 1 - Frame # 15

I O 1 0000 !

WELL SITES VISITED WHICH WERE NOT PART OF
RANDOM SAMPLE

Sullivan Frame Al Linda Nye 1A
Linda Nye 1 Archuleta 1
Sullivan Frame AIE Jacquez 2
Jacquez 2A Jacquez 1M
Sullivan B1 Jacquez 3
Valdez B1






SAN JUAN RIVER
HIGH HYDRAULIC CONDUCTIVITY CASES
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LEUSTIEIILE HELLSITE “VALUATION

Consultants, Ltd.

Section TWP RNG

Location /VW&?;S __2'_&_//_“ /_Z/(_/

WELL NAME Sy #.20.2Y

Drainage Basin:

/’/_—‘\’
;/\S_a&u/a_rD La Plata Animas other:

Description of Location:

NS
River Bottom Valley Slope Dry Tributary Mesa Other:

Barrels Water/Day Produced: 0,/

Estimated Hydraulic Gradient: 2,007

Estimated Hydraulic Conductivity: /O3 /Oéi/

Formation/Grain Size of Unsaturated Zone:
Very Fine Fine Med Coarse Very Coarse

Sorting: Poor Fair

3

Estimated Depth to Ground Water: (5 ~/O

Pit Description Dry

@dmg Water)‘ Estimated Depth: (7, A

Photographs of Site: O -Y  €pPni ENZTH ﬂ;-TS'/h,uM‘ci'{ Fozﬂﬂrﬂc;\}i LinsD Pl
Producing Formation: /3AS/A NDAKOTA

Comments: Livep f/.'/" NITE v
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GCU 202



WELLSITE EVALUATION ’

Geoscience
Consultants, Ltd.

Section TWP - RNG

Location Sw/ 5w 22 Z‘f/\/ 7213'\.&/

WELL NAME 70704 \USTH GAS Com F L v

Drainage Basin:

La Plata Animas other:

Description of Location:

@ Valley Slope Dry Tributary Mesa  Other:

‘Barrels Water/Day Produced: — - T s Fuie OF (loinfD 2127 OO?_

Estimated Hydraulic Gradient: _ZiJ&Z <EADIo~T 0,003

Estimated Hydraulic Conductivity: /D‘/ 6{’Dl57’"

Formation/Grain Size of Unsaturated Zone:

Very Fine @ Med Coarse @')
- -
Sorting: Fair Good

Estimated Depth to Ground Water: Wz’

Pit Description Dry

e - ld
tanding Watér Estimated Depth: |

Photographs of Site: ¥| P\T ™2 =m¢c of P B SITE T RN 1rd DA

Producing Formation: A3AS/A ODRKOTA-

Comments: _ JEF SRAVEL ouAaa;/ /00’ AWAY, Blow _SAWD Jovsrahric Smos
]
B> VRY Coptse” T GEAVEL  AQuiFdZ- .

Al ] Cy78
%//o/ & L
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[S{AVNINIATIE o

Consultants, Ltd.

Section TWP

RNG
Location 51’0’/‘/5} % 24/‘/ /ZM//

WELL NAME Gl #/7nE

Drainage Basin:

e

< San Juap/ La Plata Animas other:
.

Description of Location:

PQver' Bottom) Valley Slope Dry Tributary  Mesa Other:

_ _ Barrels Water/Day Produced: /D./3

Estimated Hydraulic Gradient: 0,003

Estimated Hydraulic Conductivity: /07 éﬂD/F//

Formation/Grain Size of Unsaturated Zone:

T

Very Fine Fine Med Coarse Very Coarse

Sorting: Poor @
’ /
Estimated Depth to Ground Water: /D

Pit Description Dry
,w-"“—\

/
- .~
Standing Water / Estimated Depth: O- Q~>

Photographs of Site: [+ 18 Acie QST 1N BgenD
Producing Formation: /3ASV DALO77E.

Comments: GooD S éusl_ CopfiSE (LAUE—
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WELLIIIC CYALUA IV

gtosceience
Consultants, Ltd.

Section TWP RNG
Location SENE 34 249N 1Zw/

WELL NAME Gy “T7 # /f/£

Drainage Basin:

e SN

S./an Juan/; La Plata Animas other:

Description of Location:

@ Valley Slope Dry Tributary Mesa Other:

- Barrels Water/Day Produced: 007

Estimated Hydraulic Gradient: C.0072-

f
Estimated Hydraulic Conductivity: /O KPD IFT

Formation/Grain Size of Unsaturated Zone:

Very Fine Fine Med “Coarse @
G
Sorting: Poor Fair W
/

Estimated Depth to Ground Water: </

Pit Description Dry

/
<N
r Estimated Depth: [(), 2

Photographs of Site: #15 # |, PU wl RSN BKK

Producing Formation: SAS/HK AALD7Z:

Comments: 30ME Lol SAnr AV @ﬂ/ﬁ/\/ PN — 4.
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SAN JUAN RIVER
MEDIUM HYDRAULIC CONDUCTIVITY CASES
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Consultants, Ltd.
Section TWP RNG
Location _;)—i_ 25/\/ M

WELL NAME B0k GAS Coml 3 HFIM

Dr‘aina-g’e_ Bis_in: “075
San Juan ~ La Plata Animas other:

River Bottom Valley Slope Dry Tributary Mesa Other:

Barrels Water/Day Produced: ©,/3

Estimated Hydraulic Gradient: d UL}?

Estimated Hydraulic Conductivity: /O}j ﬂp /FTL_

Formation/Grain Size of Unsaturated Zone: ZU@QA//U(UM -
. “

Very Fine Fine Coarse @
Sorting: Poor @ Good

Estimated Depth to Ground Water: /n //f/‘é

Pit Description Dry

- "
tandm Estimated Depth: @1?5

Photographs of Site: [,\ 7’X ,ﬂ///
Producing Formation: /(34 S/4" NQKO7TH

Comments: gy SDIME M/%?;/L/Ajdﬂv CONSTAM DK{B &
ConbaSHTE_

‘J?lz\\% il
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atudliITiiLe

Consultants, Ltd.

Section TWP

RNG
Location AEQ/\JS 2 ZZQ - /L/

WELL NAME AR 4L ETA GRS COM A F 3

Drainage Basin:

-

\ San Jua La Plata Animas other:

-~

Description of Location:

@ Valley Slope Dry Tributary Mesa Other:

. Barrels Water/Day Produced: =— — 0.0?/

Estimated Hydraulic Gradient: 9005

Z > ) e
Estimated Hydraulic Conductivity: /0 ‘é\&ﬁb//‘/
N4 o

Formation/Grain Size of Unsaturated Zone: 5Z)IL/5AN>
Very Fine Fine Coarse Very Coarse

Sorting: Poor Fair @

Estimated Depth to Ground Water: Co /

Pit Description Dry

/
Estimated Depth: /

Photographs of Site: /S ZuSciftss o/~ A *3 2T

,é'uor,gkif"’(

Producing Formation: ZLMAs// DILEOT#?

Comments: ENS S0 € D7




NO PHOTOGRAPHS AVAILABLE



Geascience WELLSITE EVALUATION

Consultants, Ltd.

Section TWP ~ RNG

Location /\/E/\I‘E‘/ 25 Z_‘?_/_t/ _/_/_/1__/

WELL NAME _JNASAEN  GCAS oM #7

Drainage Basin:
L

San Juzng La Plata Animas other:

Description of Location:

<‘R1'ver Botto; Valley Slope Dry Tributary Mesa Other:

Barrels Water/Day Produced: /), .23

Estimated Hydraulic Gradient: @, OOZ

Estimated Hydraulic Conductivity: /O? A‘.D'D /‘=|

Formation/Grain Size of Unsaturated Zone: 59 (_ AP ALl
&oR)

Very Fine Fine BB

Sorting: Poor -Q

Estimated Depth to Ground Water:

Vefy Coarse

Pit Description Dry

an&ing Water Estimated Depth: 0 . /
THE Livep AT & el Brkslno
Producing Formation: /SA2S/A N O74

Photographs of Site:

Comments: ANEexr o <P
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Geoscience WELLSITE EVALUATION

Consultants, Ltd.

Section TWP “RNG

Location SEANE 29’ ﬂ o

WELL NAME  4Mrnid  GAS COotl A #Z

Drainage Basin:

o

San Juah ' ta Plata Animas other:

Description of Location:

@ Valley Slope Dry Tributary Mesa  Other:

Barrels Water/Day Produced: — — DI D?/

Estimated Hydraulic Gradient: 0.003

| 3 z ,
Estimated Hydraulic Conductivity: //) 2 /D LED /=T 2
A 7

Formation/Grain Size of Unsaturated Zone:

@\ @ Med Coarse Very Coarse
Sorting: Poor @ Good

Estimated Depth to Ground Water: (JOU(D BE (ol AT 1T~ 4 S 4 !

Pit Description Dry

@ Estimated Depth: // ot

Photographs of Site: s -'é '}‘8ﬂ//’/)/$c/ffé€ ﬂ/ugLﬁgudé'jan
Producing Formation: ZEMENTAA GALLLA

Comments: AEUK e [PEAS ©B e P
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WELLSITE EVALUATION

Geoscience
Consultants, Ltd.

Section TWP ~RNG

Location e Z? A Jon/

WELL NAME  A/B0RAMS L # L

Drainage Basin:
—
San Juan . La Plata Animas other:

Description of Location:

River Bottom™ ) Valley Slope Ory Tributary Mesa  Other:

Barrels Water/Day Produced: — -— 0,0@

Estimated Hydraulic Gradient: /) ,OO%

3
Estimated Hydraulic Conductivity: 2. éPD//«’//V
=/

Formation/Grain Size of Unsaturated Zone:

Very Fine Fine Coarse/ Very Coarse
Sorting: Poor Fair @

Estimated Depth to Ground Water: /O-/§ /

Pit Description ry)

Standing Water  Estimated Depth:

—~ —
Photographs of Site: #5 P//

Producing Formation: A4RMALNTA GALLUQ AZWJ /1”/7

Comments: 5/%(47’ //\/ ’—/Vﬁ(/ﬁ" ﬂflél)u«ﬁ%’

Saaled
©.0Zbhls ,\ngy 3985 4

c‘“g bb! jJ
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pant
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WELLSITE EVALUATION

Geoscience
Consultants, Ltd.
Section TWP . RNG
NESNW
Location RS~ 29N V/ 44

WELL NAME _ Seyps/paV  AZ

Drainage Basin:

La Plata Animas other:

Description of Location:

R B Valley Slope Dry Tributary Mesa Other:

Barrels Water/Day Produced: -&— 0 oL

Estimated Hydraulic Gradient: 0 OO0 3

Estimated Hydraulic Conductivity: /03

Formation/Grain Size of Unsaturated Zone:

Very Fine Med Coarse Very Coarse
Sorting: Poor Good

Estimated Depth to Ground Water: 1O

Pit Description Dry

tanding Wa o Estimated Depth: (D.Zé/

Photographs of Site: /7>T‘ /j /f

Producing Formation: Nk

Comments:
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ueoscience WELLSITE EVALUATION
Consultants, Ltd.

Section TWP - RNG
Location NEI\J'A/ 23 ﬁ/ /Z/o‘/

o

WELL NAME B0y H /535

Drainage Basin:

“San Juan/) La Plata Animas other:

N L

Description of Location:

. Barrels Water/Day Produced: 0, 353

Estimated Hydraulic Gradient: .00 3

Estimated Hydraulic Conductivity: - /03-!0‘/ MDJF’fV

Formation/Grain Size of Unsaturated Zone:

Very Fine Fine Med @‘ Very Coarse

Sorting: Poor Fair "

Estimated Depth to Ground Water: ZAsep vad vouo Zi),

Pit Description Dry

g /
S@ Estimated Depth: 2

Photographs of Site: #)0 #/[ ﬂ‘)" (L SAMDsnks Basur BoHm D (o 577

Producing Formation: /3,45/14/ AAxo7A

Comments: Zm Zﬂ]l ’F/S’r’ Ie‘&/@l- CeAMLAE

(BB = parin

N
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WELLIDIILC L ¥ ALWAADIIWS

Geoscience
Consultants, Ltd.

, /Srect‘ivoq\ TWP RNG
Locati(g ﬂ/l*/{/ég.% ﬁ/l/ /2 [(/
\\7_'_ A/ .
p—— = \_

WELL NAME &) (o F /0 & v

Drainage Basin:

m La Plata Animas other:

R

Description of Location:

River Bottom Valley Slope . Mesa  Other:

“Barrels Water/Day Produced: ~ — — T2 2 J/6

Estimated Hydraulic Gradient: .00 +—

. 2
Estimated Hydraulic Conductivity: /O

Formation/Grain Size of Unsaturated Zone:
Very Fine Fine Med Very Coarse

Sorting: Poor Fair

Estimated Depth to Ground Water: 5”7'

Pit Description Dry

.. > /
C Standing WateD Estimated Depth: ﬁ 751

Photographs of Site: —‘f”‘-/,dS' L,Mg? V,T -+ gmﬂw,d S Ho s LiTH

Producing Formation: /RAMS// NAL O 7+

Comments: //7—’- L/A/@ Lo7s o/~ ffq?/gf;ldl

Al Shwswrs AT £D6E oF 578 el AT

PHE OF 55.

/S
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SAN JUAN RIVER
LOW HYDRAULIC CONDUCTIVITY CASES



(yeysrse v N SE SR Nat L Lall A A

utuSLIcLe
Consultants, Ltd.

Section TWP RNG
Location SENE 35 2?/\/ /24,/

MELL NAME  £2) T /p6.8

Drainage Basin:

./Sén Juap) La Plata Animas other:

Description of Location:

C Rivé; Bottym‘ Valley Slope Dry Tributary Mesa Other:

———— e

Barrels Water/Day Produced: ) 0Né

Estimated Hydraulic Gradient: 5}'003
Estimated Hydraulic Conductivity:m
~~—___—

Formation/Grain Size of Unsaturated Zone:

Very Fine @ Med Coarse Very Coarse

Sorting: Poor " Fair Good

__) /
tstimated Depth to Ground Water: 6“/0
Pit Description Dry

> P
S@ Estimated Depth: ©.25

Photographs of Site: ?IT BUT N FiLe  GPaN /jj P,
Producing Formation: /44 54_@5\ NAXKO7T A
-

Comments: 'BM(Z,T" 0/\/ FilC
MTE _SACT CLAST ond Gl
% maype amaar sic - RiwK $@5 grem SHADSIME A

1)
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tzegscternce WELLDIIE EVALUA HIUN

Consultants, Ltd.

e—r—

Section TWP RNG
Location  AZsw 7 267"‘/ /0w

WELL NAME _ ROMERO GAS oM A #Z

Drainage Basin:

m La Plata Animas other:

N

Description of Location:

@ Valley Slope Dry Tributary Mesa  Other:

- -Barrels Water/Day Produced: — — 694 07—

Estimated Hydraulic Gradient: 0003

Estimated Hydraulic Conductivity: /0D v/y,[’[%/fj'

Formation/Grain Size of Unsaturated Zone: 5}471'
@ @ Med Coarse Very Coarse

Sorting: Poor <-ia1r> Good

/
Estimated Depth to Ground Water: 9 -

Pit Description Dry ﬁﬁWS /

@ Estimated Depth:ﬂr/

Photographs of Site: ,q — FIALLMS //“7--
Producing Formation: /3LANLO MESSE YELD L

Comments:
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ILLEGIBLE |
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Leoscience
Consultants, Ltd.

Section TWP RN\G

Location DWSE2S _‘_32/__\/ _?_&J

WELL NAME (WBARRI  GAS _Lom 1A

Drainage Basin:

@ ta Plata Animas other:
A_*//

Description of Location:

River Bott Valley Slope Dry Tributary Mesa Other:

Barrels Water/Day Produced: /) /0 3

Estimated Hydraulic Gradient:

Estimated Hydraulic Conductivity: /O (@ <L k& /Dz SATTUAED Z‘ax/é/

Formation/Grain Size of Unsaturated Zone: Sﬂ)p

Very Fine , Med Coarse Very Coarse
Sorting: Poor Fair @
/

Estimated Depth to Ground Water: 6’

Pit Description Dry

Estimated Depth: ﬂQ {Df/

Photographs of Site: y 5 VUsc it £ éua?— 1) @M(
7 : 7 )

Producing Formation: /Bcasro — MESA VELDE

Comments: j&é Aoum~D '@Zg ookl SZ,?MIO/‘Z ﬁﬁ/g;'/Cd;w&?/

Tﬁécawu/?z\,




ILLEGIBLE |

Slide 1

Ro11 #5

ULIBARRI 1A
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Slide 2

Rol1 #5

ULIBARRI 1A






ANIMAS RIVER
HIGH HYDRAULIC CONDUCTIVITY CASES



ueusSLIeHlLe

Consultants, Ltd.
Section . TWP RNG
Location SENE S 3af (0w

WELL NAME 1487 07745 GRS oM L

Drainage Basin:
R Y
San Juan La Plata ; Animas; other:

SE—

Description of Location:

e L

@ver 'Bot;m Valley Slope Dry Tributary Mesa Other:
T —

Barrels Water/Day Produced: 0. 33

Estimated Hydraulic Gradient: LooH

Estimated Hydraulic Conductivity: ]OL{éfD /F('Y/
4

Formation/Grain Size of Unsaturated Zone: 9/;,/[5 BLOWI Sy AT SuPree=

Very Fine @ Med Coarse
Sorting: Poor Good

Estimated Depth to Ground Water:

Pit Description Dry
: /1
andirig Water y Estimated Depth: 2

Photographs of Site: il a T stwmusg ﬂﬁ/{.l/giﬂ_—

Producing Formation: _ BLAMO MESAVERD E

Comments: ¥ Te rcre 20 -40 AloveE LAvEl -
pAlda. msT TIECUNSES TR(ESS  Parc .




LT ¥PLIS

¢# 110y

T 3110J04YW

ILLEGIBLE




ANIMAS RIVER
MEDIUM HYDRAULIC CONDUCTIVITY CASES



NO CASES OBSERVED



ANIMAS RIVER
LOW HYDRAULIC CONDUCTIVITY CASES



NO CASES OBSERVED






VALLEY SIDE SLOPES AND TRIBUTARIES
HIGH HYDRAULIC CONDUCTIVITY CASES
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geogscience
Consultants, Ltd.

Section TWP RNG
Location SLJNK»!LS 30A { w

WELL NAME _Mel0Y BAS Com N F 1L

Drainage Basin: O

San Juan La Plata @ other:

Description of Location:

River Bottom Qa]]e‘y/—Shpe) Dry Tributary Mesa  Other:

-Barrels Water/Day Produced: /). .2

Estimated Hydraulic Gradient: wekiteliRbe-. OLfﬁt

[#
Estimated Hydraulic Conductivity: /0/ @?Dj//-«"/'z

Formation/Grain Size of Unsaturated Zone:

Very Fine Fine Med Coarse @.—- ) SoME FIines
MATILY-
Sorting: Poor @

Estimated Depth to Ground Water:

Pit Description Dry

o —— ) /
Estimated Depth: /,5,

Photographs of Site: S TANE 0 CLAVEL #4"0».)#.]) ANIMAS P’-7AZ:':;,‘$:‘T-
Producing Formation: /3A4SNV NHLALO7H

¢

Comments: __ F1BEGLALS TANK  FrieDd W o0 CARLSD BT~

Friog) s efprAaAr. iN PhoTo F NeTe WBepRocke AT BAST

OF (AT~ Sty

BOTARYS

Holss™ £ O.0lwy OB x

£



ILLEGIBLE

Slide 5

Rol1 #2

McCOY DIE
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Slide 6

Rol11 #2

McCOY D1E
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VALLEY SIDE SLOPES AND TRIBUTARIES
MEDIUM HYDRAULIC CONDUCTIVITY CASES



VW kel b ¥ Mmoo

Leoscience

Consultants, Ltd.
Section TWP RNG
Location SENW 27 32N oW

WELL NAME _ Me¥S  GAS Com A #2

Drainage Basin: }.\

San Juan La Plata y/’ other:

Description of Location:

River Bottom aTV]ey"S1opé Dry Tributary Mesa Other: .

Barrels Water/Day Produced: — — 00 Z )

Estimated Hydraulic Gradient:

) T
’) // Y, ,
E<timated Hydraulic Conductivity: /0 ? /O BRoo X
V

Formation/Grain Size of Unsaturated Zone:

@ @ Med Coarse Very Coarse
,/‘A‘
Sorting: Poor Fair '@

Estimated Depth to Ground Water:

Pit Description Dry

,Sg’nding Wateb Estimated Depth: ﬂ 3 %

Photographs of Site: #/8 27 Dump T BoTDM 2k ﬁ// 20 Frim ///67'7'0
109

Producing Formation: R4S/ D4LE 74

Comments: _ [ABRCUE. £TUE ESF \;re\\_xe\(/ Feool
X A‘ﬁf&\’[é U P SHWS LAREE  RauLDERS
29y} MED  <oid

A5
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ueogscience

Consultants, Ltd.
Section TWP RNG
NE/NW
Location 27 SIN 9w

WELL NAME  FLORANCE /RY

Drainage Basin:

San Juan La Plata Animas other: LA@O

Description of Location:

River Bottom Valley Slope Dry Tributary ) Mesa Other:

Barrels Water/Day Produced: j

Estimated Hydraulic Gradient:

Estimated Hydraulic Conductivity: (00O

Formation/Grain Size of Unsaturated Zone:

Very Fine Fine ' Coarse Very Coarse
Sorting: Poor Fair

Estimated Depth to Ground Water:

Pit Description @

Standing Water Estimated Depth:

Photbg raphs of Site:

Producing Formation: Nk /MV
/

Comments: LAe&o

FLOLALE H2. s ™ 20




NO PHOTOGRAPHS AVAILABLE



UCWLIGIILG

Consultants, Ltd.

Section TWP RNG

Location SuSvy3 10). 2w

12
WELL NAME _ Fr oA CE 9

Drainage Basin:

San Juan La Plata Animas other:  [umP whs s

Description of Location:

River Bottom Valley Slope @ Mesa Other: _

Barrels Water/Day Produced: O,{

Estimated Hydraulic Gradient: D.0]

Estimated Hydraulic Conductivity: @ JOF ()tof)/FTZ
N—"

Formation/Grain Size of Unsaturated Zone:

Very Fine Coarse Very Coarse

Sorting: Fair »’

Estimated Depth to Ground Water:

Pit Description Dry
ndinmgWater Estimated Depth: 0.5 f¢
Srending Water |
Photographs of Site:l[g? | % P NITE A0 Frerh  AWD AMESA 1N Bk

Producing Formation: M A \[;-JZ@C.

Comments: WATEN- Lepks PR=SITY T2AD

T AAS RO b - \je@(/ Ly e A8 T ikl

SHur g/ iy Bow A< 14 2 A m 0 ToR A S

/
il 27

7 - "'1?‘1;

AT
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ILLEGIBLE
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ueustittive
Consultants, Ltd.

Section TWP RNG

Location /VEDAC, 35~ 207/‘/ /ZA/

WELL NAME _ECU #/cF ©

Draingge Basin:

/ San Juan . La Plata Animas other:

Description of Location:
{

River Bottom Y1 @ Ory Tributary Mesa  Other:

Barrels Water/Day Produced: — — O_ﬁ@v

Estimated Hydraulic Gradient: L2 p6=— D.0 |

3
Estimated Hydraulic Conductivity: /&

Formation/Grain Size of Unsaturated Zone: ‘go'”_,

Very Fine ( Fine 3 Med Coarse Very Coarse
Sorting: Poor Fair ( Gé&f\\>

Estimated Depth to Ground Water: —~ 22

Pit Description

Standing Water Estimated Depth:

\
Photographs of Site:ZOZ’ PIT

Producing Formation: /3A4S/4/ DAKXO7 4

Comments: %k 157 et Y eplRE CAnALS T  NNA2_

LACD In) ETATIN
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e# L1od

69T NJ9

ILLEGIBLE
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Leoscience
Consultants, Ltd.

Section TWP RNG
Location SwWad g 3 l@v\f

WELL NAME " ANERPL L. GAS OO L

Drainage Basin:
T TS
San Juan La Plata 7 Animas. other:

Description of Location:
.-o""‘“\\

River Bottom w Dry Tributary Mesa  Other:

- Barrels Water/Day Produced: /),/é Lo PRIP

Estimated Hydraulic Gradient: M}k .00y

Estimated Hydraulic Conductivity: { /07’702 /0 /éﬁp/ﬁz ovil. THE GLAVEL—
' \_/ !

Formation/Grain Size of Unsaturated Zone: 50:L, V. Fav Cobeu=ssS

Very Fine @ Coarse Very Coarse

Sorting: Poor ' Good

Estimated Depth to Ground Water:

Pit Description Dry
——" /
Standing Water Estimated Depth: WET DIRT—Z-6  s5ma

Photographs of Site: 4 7iC TwWC Swsts of Pw O T DIty IRESS PHIC.
Producing Formation: RBLAMCO MESAVEAN L

Comments: 5 / = Z ' ord i Sipes

OF LoAD A’Vufa,t. SITS 0okl alD Lyl TEIRALE

LERiPs yvt2 P T

Alrsfes” pt
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CANEPLE 1
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CANEPLE 1
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VALLEY SIDE SLOPES AND TRIBUTARIES
LOW HYDRAULIC CONDUCTIVITY CASES



- s s

Consultants, Ltd.

Section TWP RNG
Location SK/sul 22 297 /L“‘/

WELL NAME B¢ # /5D

Drainage Basin:

.,/Sam La Plata Animas other:

Description of Location:

River Bottom  Valley Slope m Mesa Other:

Barrels Water/Day Produced: O . S&

Estimated Hydraulic Gradient: OO /

L2 3
Estimated Hydraulic Conductivity: ZO /O
N

_
Formation/Grain Size of Unsaturated Zone: DL oK 5',4&/}7573‘“&)
Very Fine Fine Coarse Very Coarse
Sorting: Poor air) -'

Estimated Depth to Ground Water:

Pit Description Dry

' /
S@ Estimated Depth: 02

Photographs of Site: 'FT]B /o Lt E S5¢ Ao PEELSLY

14

Producing Formation: /SA4S/N NDNALATZ4

Comments: A Cipr T BFSYy7
Al SEDS DELGED ERM _ Srnd NS pD  LiveR Gifivel—
S EE Prr1d
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Geoscience
Consultants, Ltd.

Section TWP RNG

Location A//U\y(/j‘f Zﬂ/ : /_Déij

WELL NAME  ~Sdati et Aemi—A 77 MARTINE F /

Drainage Basin:

(\/ San Juanﬁ) La Plata Animas other:

N

Description of Location:

River Bottom Valley S]op * Dry Tributary Mesa Other:

.- Barrels Water/Day Produced: = D R

Z —
Estimated Hydraulic Gradienty{ /O /D éﬂﬂ/ﬂ 3 P
7 [ —

Estimated Hydraulic Conductivity: {‘/ G—;;‘B

Formation/Grain Size of Unsaturated Zone: ﬁ/(,

e Fine Med Coarse Very Coarse

Sorting: Poor Fair g50d

Estimated Depth to Ground Water:

Pit Description Dry

@ Estimated Depth: Z/

Photographs of Site: ]0)[[ ﬁT’ -pOTE gple S5

Producing Formation: 4@MENTH GCALLUA

Comments:%}é b T E
Pk LK e vwitpear
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MARTINEZ F1



WELLIIIIC CVYALWUMA LIV

Leoscience
—— Consultants, Ltd.

Section TwWp RNG
SW/NE ’

Location AY KXIN W

WELL NAME VK OEZ A &

Drainage Basin:

T . /
San J La>Plat Ani ther:
QE) La>Plata nimas other

Description of Location:

River Bottom alley S1 Bé Dry Tributary Mesa Other:

- - —Barrels Water/Day Produced: _Z

~Estimated Hydraulic Gradient: /ﬁ). C)/

Estimated Hydraulic Conductivity: /0

Formation/Grain Size of Unsaturated Zone:

Very Fine \\qug? Med Coarse Very Coarse
Sorting: Poor (:Egib\ Good
Estimated Depth to Ground Water: /07
Pit Description D;y

Standing Water Estimated Depth:

Photographs of Site:

Producing Formation: A/ CH
/

Comments:




NO PHOTOGRAPHS AVAILABLE
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uesstience
Consultants, Ltd.

Section TWp RNG

Location 28 : 2(7 /0
KO Fse

GosTrec

WELL NAME OV 10CK Lom £ FZ

Drainage Basin:

- "San Juay La Plata Animas other:

"

N

Description of Location:

River Bottom alley Slope Dry Tributary Mesa  Other:

Barrels Water/Day .Produced: — — \@1 @ ?/

Estimated Hydraulic Gradient: 2 O /

2
Estimated Hydraulic Conductivity: /D

Formation/Grain Size of Unsaturated IZone:

Very Fine ~Fine Med Coarse Very Coarse
Sorting: Poor Fair Good
/
Estimated Depth to Ground Water: /?/’/é’
Pit Description Dry . ,
FEND - doacDael SGE

Standing Water Estimated Depth:
Photographs of Site: 2/7' /d’, //
Producing Formation: AeMEN7rd  GAHLLYL

Comments: lo@aq;ﬁ? oD LD f/d

SR oo DPser Cowpan)
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Section TWP RNG

Location /‘/é/\}(/up?? 421/;/ i@ﬁ_‘/

WELL NAME  BLACK GAS Opm #F# 7

Drainage Basin:

;@ La Plata Animas other:

Description of Location:

ef River Bottos ‘p'e Dry Tributary Mesa Other:

Barrels Water/Day Produced: (), 06

Estimated Hydraulic Gradient: 0&/

Estimated Hydraulic Conductivity: LOQ/&OD/;’/"?/
ARt

Formation/Grain Size of Unsaturated Zone:

Very Fine @ Med Coarse Very Coarse
Sorting:  Poor Fair .

/
Estimated Depth to Ground Water: /O -/2

Pit Description

Standing Water Estimated Depth:

Photographs of Site: /2 ﬂﬂ"

Producing Formation: _ BAS/N _DNRK O 7/

Comments: ~2 77//2‘57‘ W
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Roll #4

BLACK GAS COM #1



Section TWP RNG

Location /! %/ _]_BLJL/

IS70 FAL
HIO Fyoi

)

WELL NAME 7 @uit) oM ZE£

Drainage Basin:

La Plata other:

Description of Location:

River Bottom { Valley Slopg Dry Tributary Mesa Other:

Barrels Water/Day Produced: —6— .. : D\ OL
Estimated Hydraulic Gradient: 0.0 /

- o+
Estimated Hydraulic Conductivity: 0

Formation/Grain Size of Unsaturated Zone:

Very Fine Med Coarse Very Coarse

Sorting: Poor Fair ood

Estimated Depth to Ground Water:

Pit Description @

Standing Water Estimated Depth:

Photographs of Site: ™3 szPalani pwd De 1ty

Producing Formation: Y <

Comments: VPUEY gauk pAdad fopnde [ef{

o] p -
NEVEX, BN Pul on (e . T 1S FPoll  Hoeic of - poT  watel

./

4 /7 /[S
/ £ar
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VWERLODIIL LVALWA LI

egscience
Consultants, Ltd.

&

Section TWP RNG
. /
Location &S« & 077/\/ ?/'3/

WELL NAME 2lea7¥ CAS Clayl G #FL

Drainage Basin:

@ La Plata Animas other:

\

~— e T

Description of Location: 07

—_~
River Bottom Valley Slope @ Mesa  Other:

- =Barrels Water/Day Produced: D, 03

Estimated Hydraulic Gradient: . 20>, /

Z
Estimated Hydraulic Conductivity: /& A/Q/f’ i i

Formation/Grain Size of Unsaturated Zone: 547"b7 LWrsH

Very Fine Fine Coarse Very Coarse
Sorting: Poor Fair

Estimated Depth to Ground Water:

Pit Description _ Dry
Standing Water Estimated Depth:

Photographs of Site: /(/ /(a ﬂ/7/ D) SC 7260 pUSTE, BEDIXL SIPE OT= WS 4
Producing Formation: /SAs/« NALO7A

Comments: AAPD //«J%AWD;\/

C# 4)iles”
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WELLSITE EVALUATION

Geoscience
Consultants, Ltd.
Section TWP - RNG
Sw/SE
Location /O 30N SwW

WELL NAME _ HOWKLLL A

Drainage Basin:

<;§an Ju:ép' La Plata Animas other:

Description of Location:

River Bottom :/Vél]eygﬂlgj ODry Tributary <”ﬁg§;>0ther:

Barrels Water/Day Produced: _Z

Estimated Hydraulic Gradient: 00/

Estimated Hydraulic Conductivity: IOL;‘/ C.,;PD/FI

Formation/Grain Size of Unsaturated Zone:

Very Fine Fine Med @ Very Coarse

Sorting: Poor _#Fair Good

Estimated Depth to Ground Water:

, - %
Pit Descriptio .

Standing Water Estimated Depth:

Photographs of S';w'te: J% #5/\{0 /7/‘/’ AT se¥exr an/
- L 4 j -

Producing Formation: AV

AV
Comments: SAUT IN
79& Eerlol Benul SANRS YA
=A== AN

Inls o
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WELLSITE EVALUATION

Geoscience
Consultants, Ltd.

Section TWP RNG
Location AN prl 5 ZiN 10

WELL NAME e EWEN GAS Comt FZ Bl oA §0& bun AR

Drainage Basin:

San Juan lLla Plata other:

Description of Location:

River Bottom Valley Slope Dry Tributary ( Mes ;\/ Other:
Barrels Water/Day Produced: ——
Estimated Hydraulic Gradient:

Estimated Hydraulic Conductivity: /D LA R

Formation/Grain Size of Unsaturated Zone:
@»_ Fine > @;) Med Coarse Very Coarse

Sorting: Poor Fair Good

1S
Estimated Depth to Ground Water: !\~ Ruafl oveT 7AWAR L puete & - PT w/Fewd

Za NoTE AR of
VA pon s m o
= T oM A
e

/
/ Pit Description Dry

i -
\" @ Estimated Depth: 0,35
\Photographs of Site: N

Producing Formation: /3LANO —MESA veARE

Comments:

L/ //a / 45 /‘/ﬁf



NO PHOTOGRAPHS AVAILABLE



Geoscience WELLSITE EVALUATION

Consultants, Ltd.

Section TWP - RNG

Location NZsw, 2 297 94/

WELL NAME __AEA7, wo, A #F3X

Orainage Basin:

@ La Plata Animas other:

—

Description of Location:

River Bottom Valley Slope Dry Tributary @ Other:

- Barrels Water/Day Produced: — =

Estimated Hydraulic Gradient:

Estimated Hydraulic Conductivity: /7) G/PD//fﬁ
- / 7

Formation/Grain Size of Unsaturated Zone:

==\

Very Fine Fine Med Coarse Very Coarse

Sorting: Poor Fair @

Estimated Depth to Ground Water:

Pit Description Dry

—_— -/
@ Estimated Depth: /Lj/

Photographs of Site: I:)L fﬂ’ DS € U Lt
Producing Formation: /3LAK(Y é/!ESA- VER) £

Comments: __SLPULD suE TR juga s~ SomE  )4-C MET—
Eyem i
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WELLSITE EVALUATION

Geoscience
Consultants, Ltd.
Section TWP - RNG
Location /\//\//Vlé? 0 SOA/ s W

WELL NAME _mwid wvhe L

Orainage Basin:

@ La Plata Animas other:

Description of Location:

River Bottom Valley Slope Dry Tributary Other:

Barrels Water/Day Produced: Z

Estimated Hydraulic Gradient:

— !
Estimated Hydraulic Conductivity: /(D é{bjﬂ'
4

Formation/Grain Size of Unsaturated Zone:

Very Fine Med Coarse Very Coarse
Sorting: Poor . Good

- Estimated Depth to Ground Water:

Pit Description Dry

/#

anding Wate Estimated Deptf]: .23 ,

Photographs of Site: & AT R LT 5 AR
P 7

Producing Formation:

Comments: 7}}'C =1L e Lvad

o nles A

i
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WELLSITE EVALUATION

Geoscience
Consultants, Ltd.

Section TwWP . RNG

Location <& 5 2 gn ?4‘]

WELL NAME _ AAATH GCHS COM 4 # L

Drainage Basin:

/S'an Juaﬁ// La Plata Animas other:

L

Description of Location:

River Bottom Valley Slope Dry Tr*ibuta_[' Other:

Barrels Water/Day Produced: — —

Estimated Hydraulic Gradient:

Estimated Hydraulic Conductivity: J[) éP‘D/j:T_’L

Formation/Grain Size of Unsaturated Zone: £ S ~

@ ( Fine/ Med Coarse Very Coarse

Sorting: Poor Fair Goo

Estimated Depth to Ground Water:

Pit Description Dry

Standing Water Estimated Depth:

Photographs of Site: .’37/“/ ﬂ‘l’ w/ DS kiee?

Producing Formation: /3As/A/ DALDTA

Comments:

Z///// 65 JAMH
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WELLSITE EVALUATION

Geoscience
Consultants, Ltd.

Section TWP - RNG

Location 62/'//1./ + ,7_2‘/_ _ﬁ/

WELL NAME A/VE GAS ol 5 T2~

Drainage Basin:
T T T T

" San @ La Plata Animas other:

Description of Location:

River Bottom Valley Slope arzl Other:

Barrels Water/Day Produced: 2,07

Estimated Hydraulic Gradient:

Estimated Hydraulic Conductivity: J/‘) —3 6PD

Formation/Grain Size of Unsaturated Zone: W ot H oN_ sufis

@ Fine Med Coarse Very Coarse

Sorting: Poor Fair

Estimated Depth to Ground Water: —

Pit Description Dry . s
Estimated Depth: /. §

Photographs of Site: # /4 j?’? M/&D&LCL # Y //7 “5T P
Producing Formation: /=24s/4/ DNAeeo7A

Comments: ﬂéﬂ( OFJ‘/;/@&)M%Ag O/\/ Feu/D
2 _SEPs N _SAmE AT
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Geoscience WELLSITE EVALUATION

Consultants, Ltd.

Section TWP RNG

Location /Uéﬁou'(z 29 Cd’ T/

WELL NAME //Z/ff/é w A FE

Drainage Basin:

@ La Plata Animas other:

Description of Location:

River Bottom Valley Slope Dry Tributar_y Other:

Barrels Water/Day Produced: — — AL Feu CouUL D BE DS GED

Estimated Hydraulic Gradient:

Estimated Hydraulic Conductivity: 1O APD /j‘ﬁ/z/
4 /

Formation/Grain Size of Unsaturated Zone: é‘ﬁ‘q(,é Shr>

Very Fine Med Coarse vVery Coarse
Sorting: Poor Good

Estimated Depth to Ground Water:

Pit Description Dry

Standing Water Estimated.Depth:

Photographs of Site: /b 07
Producing Formation: /SAS/u/ N/ OTEP

Comments: ___464_5_5// /é Aj_, on JL/C /‘W Aéc{ﬂt/ L/MM

Qﬁ%fm — [///n‘ /A///LMDN ﬂojslﬁb&

yljes gt
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WELLSITE EVALUATION

Geoscience
Consultants, Ltd.

Section TwP RNG

Location 225& | F Zi/l/ TFu

WELL NAME ;/,547;45, W/Jj A4 #5

Orainage Basin:
— TN -

/«//San Jua')n La Plata Animas other:

{

Description of Location:

River Bottom Valley Slope Dry Tributary@ Other:

Barrels-Water/Day Produced: /), &3

Estimated Hydraulic Gradient:

< >
Estimated Hydraulic Conductivity: /O 20D /7.37
I "k SR g / 7 L4

Formation/Grain Size of Unsaturated Zone:

e

)

Very Fine Fine Med Coarse Very Coarse
p)
Sorting: Poor Fair Good )

Estimated Depth to Ground Water:

S=F PiT ‘
e : /7
Standing Water ) Estimated Depth: a Z /2sen 'g/&u

Photographs of Site: 5 Biw A H seP ,ﬂ/t
Producing Formation: /324400 ,VC7UEED (CLIFFS

Pit Description

@@

Comments: __ SAVUL D MEITRAE Mm’]/(,m/ﬂ [AE s
Sutd MV DD D TCH oS LS

A nles g
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Geascience WELLSITE EVALUATION

Consultants, Ltd.

Section TWP RNG

Location /S 30N sw
q4c FoL- -
[sO Fu

WELL NAME A2 0844/ L T2

Drainage Basin:

//
('San,./duan La Plata Animas other:

~

s

y e

Description of Location:

River Bottom Valley Slope Dry Tributary'<j§éii; Other:

Barrels Water/Day Produced: . RS

Estimated Hydraulic Gradient:

Estimated Hydraulic Conductivity:

Formation/Grain Size of Unsaturated Zone: §Di(__

Very Fine Cﬁ—\nej Med Coarse Very Coarse
Sorting: Poor @) Good

Estimated Depth to Ground Water:

Pit Description Dry
Standing Water Estimated Depth:

Photographs of Site:?/i 83 ZX{ ‘7/1’ Arn {qM&«NDN"q’

Producing Formation: &\/

Comments: JA) THE 7L o/~ A e MTSA

WART )5 THE ¢LADDD Al Avp wity I

THEXE  jlav HEho

AT OF JUN BREA
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Geoscience WELLSITE EVALUATION s

Consultants, Ltd.

Section TWP RNG
SW/NE

Location Zi SOH sSw

WELL NAME _ FX plAanCE ZIZ

Drainage Basin:

* San_Juap_—> La Plata Animas other:

Description of Location: ,

River Bottom /N@{( Dry Tributary ¢"Mesa) Other:

Barrels Water/Day Produced: _Z

Estimated Hydraulic Gradient:

Estimated Hydraulic Conductivity:

Formation/Grain Size of Unsaturated Zone: SAVDSpWE SrfesS So.c

@ @ Med Coarse Very Coarse
Sorting: Poor Good

Estimated Depth to Ground Water:

Pit Description Dry

v
@ Estimated Depth: 0,5/
HL T3Pt NrE Repdouc in BALS fevry =] Lo BAYE

Producing Formation: A&/ /PC
/

Photographs of Site:

o /
Comments: {,f VAR The pes ZEMP 1

oy 5
//re J25 Vﬂ)///n/%



WA N g

ILLEGIBLE

Slide 2

Rol11 #3

FLORENCE 111



ILLEGIBLE

e 3

S1id

Roll #3

FLORENCE 111



R

¥ 9PLLS

€# LLOY

TTT 3ONFH0T4

dvaN

ILLEGIBLE




Geoscience WELLSITE EVALUATION

Consultants, Ltd.

Section TWP - RNG
SE/5E

Location 25" SON Qﬂ

WELL NAME _ JACQUES ZAH

Orainage Basin:

<‘5’an Juan /) La Plata Animas other:
e

Description of Location:

River Bottom Valley Slope Dry Tributary @)‘ Other:

Barrels Water/Day Produced: __L

Estimated Hydraulic Gradient:

/«’Z
Estimated Hydraulic Conductivity: /() satorsE SO

Formation/Grain Size of Unsaturated Zone: 4D

Very Fine @ Med Coarse Very Coarse

Sorting: Poor Fair <§oo§3

Estimated Depth to Ground Water:

Pit Description Dry wWer ’D/Er
Standing Water  Estimated Depth: _

Photographs of Site: ° ?,,/() lﬂ/j' DISCHALEES

Producing Formation: MV

Comments: __LARD  ZaFicnupon’

EYEMOY




6 9PLIS

G# LLlod

v T Z3nbavr

ILLEGIBLE




ILLEGIBLE

Slide 10

Roll #5

JACQUEZ 1 A



Geoscience WELLSITE EVALUATION

Consultants, Ltd.

Section TWp RNG

Location NEI;@Z&/ fﬁ/‘/ ﬁ

WELL NAME _ SAVADVAL GAS Com A FZL

Drainage Basin:

) San Juan’ La Plata Animas other:

Description of Location:

e

River Bottom Valley Slope Dry Tributary @ Other:

Barrels Water/Day Produced: 2, O3

Estimated Hydraulic Gradient:

Estimated Hydraulic Conductivity: /O-L/ GPD/F'{'
/L

Formation/Grain Size of Unsaturated Zone: 59:(_,/((/7(;@@_*1,,/;/ 9/ 5@4@0:15?

Very Fine Med Coarse Very Coarse

)

Sorting: Poor Fair ood

Estimated Depth to Ground Water:

Pit Description Dry
Photographs of Site: 57,£ § P T w/ Tscra@ss -
Producing Formation: /S2ANCO PIESALERCHE

/
r Estimated Depth: O.Z»S

Comments:

Ylnfss  part
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Geoscience WELLSITE EVALUATION

Consultants, Ltd.

Section TWP RNG
SE/NW
Location Z SON E /4

WELL NAME AR/ pei/ AR  ZA

Drainage Basin:

7, .
San Juan La Plata Animas other: J/MM WASAH

Description of Location:

River Bottom Valley Slope Dry Tributary@ Other:

Barrels Water/Day Produced: .J

Estimated Hydraulic Gradient:

Estimated Hydraulic Conductivity:

Formation/Grain Size of Unsaturated Zone: {/}/\%Wg
Very Fine Fine @ Coarse Very Coarse

Sorting: Poor Fair @

Estimated Depth to Ground Water: Zg’o/

Pit Description Dry

oI -
@dr%&r Estimated Depth: D, 2§

Photographs of Site: ¥20 #! AT Viad 5 ﬂ,ng NAs H—

Producing Formation: MM V

Comments: UP Verg pier StuT /A

OUTSIDE OF {Mj MlBA

=amiC

Anfs por
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WELLSITE EVALUATION

Geoscience
Consultants, Ltd.

Section TWP . RNG
Location SE S 5 3N iObJ

WELL NAME Mo SWen s com 0 L pas

Drainage Basin:
San Juan La Plata @ other:

Description of Location:

River Bottom Y Valley Slope Ory Tributary Mesa Other:

—

Barrels Water/Day Produced: -—

Estimated Hydraulic Gradient: O.OOL/
/

Estimated Hydraulic Conductivity: [C’.( GPD/PTZ
/

Formation/Grain Size of Unsaturated Zone:
s by
Very Fine Fine @g_d_) Coarse < Ver‘y Coa@

,_'/:\ R
Sorting: Poor '@ Good

Estimated Depth to Ground Water:

e W #
¥ Description Dry
7 7
@ Estimated Depth: é
Photographs of Site: #3123 e ot é'&n Apl,mas ﬁ'“—/l pﬂ’ﬁ—blﬁ*—"w*

16 D&H‘/ ™

Producing Formation: /<S/ M C0 ﬁ/(’fﬂff/_) CL/IFFS Flam

Comments: /D }747' For. ‘ot

¥ T LAE 30' Aol Kiuesl—
N7 PumpeD ecTE LoeKS (d<E

Hisise [
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WELLSITE EVALUATION

Geoscience
Consultants, Ltd.
Section TWP RNG
Location SE NE 35 =31 nw

(+§Iée/4 \
O -

WELL NAME __ WALLACE GAS (oM #3  Anp s+ glso U"’M Aa'ﬁ;‘:w""‘\
€

Drainage Basin:
San Juan La Plata 62%?;222 other:

“v\_/

Description of Location:
River Bottom Vaﬂey_@ Dry Tributary Mesa Other: .

‘Barrels Water/Day Produced: — —

Estimated Hydraulic Gradient: MW’ d ,Oj

Estimated Hydraulic Conductivity: /O?/ é/pl//f/’2

Formation/Grain Size of Unsaturated Zone:

Very Fine Fine @ Coarse dery Coarsg)

Sorting: Poor air Good

Estimated Depth to Ground Water:

Pit Description Try ™

Standing Water Estimated Depth:
Photographs of Sitel$ "MUFREL" Bt Fidle pT /0w P Avimhs 1 BAK
Producing Formation: A27250 Lre7U/R2EN CL/IFFS — SPECIAL ALEA

Comments: _AND PTS V0 sefatimd.
At 003 BUNWE F3 Luns W2 FAte 4T

A ofes”
9 W
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Geoscience WELLSITE EVALUATION

Consultants, Ltd.

Section TWP RNG
NESNE

Location 20 2N iﬂf

WELL NAME _ 4 muErR 2

Drainage Basin:

@w La Plata Animas other:

Description of Location:

River Bottom Valley Slope <I§3szj§ffiay Mesa Other:

Barrels Water/Day Produced: —6—

Estimated Hydraulic Gradient:

Estimated Hydraulic Conductivity:

Formation/Grain Size of Unsaturated Zone:
Very Fine Fine Med Coarse Very Coarse
Sorting: Poor Fair Good

Estimated Depth to Ground Water:

Pit Description Dry
Standing Water Estimated Depth:

Photographs of Site:

Producing Formation: E( 1}'0 @ADAM(&{QQ Qq“PMQM*

Comments: & <€ e




NO PHOTOGRAPHS AVAILABLE



WELLSITE EVALUATION

Geoscience
Consultants, Ltd.
Section TWP - RNG
NE/SE
Location 2 27N qgk

o~

/Q‘\’.:,,“V /{ ?\7,.’ ’OL}‘) |"l

WELL NAME J’(/AL/[AA/J. LBrRuvEE Z

Drainage Basin:

San Juan La Plata Animas  other: _ /UTS/DE OF l/b(/\//q/ﬂéff?
spEel AL Aert?

Description of Location:
River Bottom Valley Slope Dry Tributary Other:

Barrels Water/Day Produced: o

Estimated Hydraulic Gradient:

Estimated Hydraulic Conductivity:

Formation/Grain Size of Unsaturated Zone:
Very Fine Fine Med Coarse Very Coarse
Sorting: Poor Fair Good

Estimated Depth to Ground Water:

Pit Description Dry
Standing Water Estimated Depth:

Photographs of Site:

Producing Formation: /A nA M/:)/M_%Z%ML’

Comments: HAND




NO PHOTOGRAPHS AVAILABLE



WELLSITE EVALUATION

Geoscience
Consultants, Ltd.
Section TWP . RNG
Location ;U(‘ A<i) oo

WELL NAME JJ/AAZM@, LA4L /3/, 2

Drainage.

.77 San Juan La Plata Animas other:

\\__ L

Description of Location:

River Bottom ("Valley S]oéé)) Dry Tributary Mesa  Other:
\\(_’____//"

Barrels Water/Day Produced: D, 03 [ Wo AT ,/

Estimated Hydraulic Gradient:

Estimated Hydraulic Conductivity:

Formation/Grain Size of Unsaturated Zone:
Very Fine Fine Med Coarse Very Coarse
Sorting: Poor Fair Good

Estimated Depth to Ground Water:

Pit Description Dry

Standing Water Estimated Depth:

Photographs of Site:

Producing Formation: KQLO,MER - KKOTZ  r~CTURED CL/FES

Comments:




NO PHOTOGRAPHS AVAILABLE



Geeoscience WELLSITE EVALUATION

Consultants, Ltd.

Section TWP - RNG

WELL NAME _ OLIB3RRRA.GAS Lom F.2

Location é‘“g/{ _5_9{\_/ ﬂ(/_

Drainage Basin:
N

/‘San’Juan/ La Plata Animas other:
"

Description of Location:

River Bottom Valley Slope Dry Tributary Mesa Other:

7 i
Barrels Water/Day Produced: m™,. 03 — - ﬁ/ﬂ Y2 ./

Estimated Hydraulic Gradient:

Estimated Hydraulic Conductivity:

Formation/Grain Size of Unsaturated Zone:
Very Fine Fine Med Coarse Very Coarse
Sorting: Poor Fair Good

Estimated Depth to Ground Water:

Pit Description ory(C NO Pl

Standing Water Estimated Depth:

Photographs of Site:

Producing Formation: _SLAYCD [7E7NCEDL LLIFFS

Comments: SEZ= (ALIiBath F)A

o=



NO PHOTOGRAPHS Avar LABLE



Geoscience WELLSITE EVALUATION

Consultants, Ltd.

Section TWP - RNG

Location fé/\/"‘/ /? ﬁ/\i Zﬂi

WELL NAME L ZKIAS GAS Com R FL

Drainage Basin:

e N

San Juan

! La Plata Animas other:

Description of Location:

@) Valley Slope Dry Tributary Mesa Other:

Barrels Water/Day Produced: -— —

Estimated Hydraulic Gradient: 0003

g
Estimated Hydraulic Conductivity: JO

Formation/Grain Size of Unsaturated Zone:

Very Fine @ Med Coarse Very Coarse
Sorting: Poor Fair @
4
Estimated Depth to Ground Water: — 7
Pit Description Dry BLoW Dowal o,du//

Standing Water Estimated Depth:
Photographs of Site: #23  Blasooud £/7/ 9"4/14%@1),& FILE ﬂ%NC?_E}KT-
Producing Formation: AQZ7LC forC7vL) CL/IFFS

Comments: UNDITL 2
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Geoscience WELLSITE EVALUATION

Consultants, Ltd.

Section TWP RNG

Location JW A & .Qj// f/t/

WELL NAME _ 287/ G4S Com F F# L

ODrainage Basin:

==
m' La Plata Animas other:

A

Description of Location:

N
River Bottom Valley Slope Dry Tributary Other:

4 —
Barrels Water/Day Produced: HD. O3 —. }JO Pil

Estimated Hydraulic Gradient:

Estimated Hydraulic Conductivity: /O éfD/FZ’

Formation/Grain Size of Unsaturated Zone: 5‘,[/ SAne

Very Fine Med Coarse Very Coarse
Sorting: Poor Fair (Good )

Estimated Depth to Ground Water:

Pit Description Dry O EBF FREAT B powns AT
Standikng Water Estimated Depth:

Photographs of Site:

Producing Formation: /BLAMLO LrL7vREN CL/IFFS

Comments: ST D TD SANMWAL AR




NO PHOTOGRAPHS AVAILABLE



Geoscience WELLSITE EVALUATION

Consultants, Ltd.

Section TwWP . RNG
Location /\/55333 SN Gul == N |

e

VELL NAME __£gss077 eas o Pz N) PIT @)

Drainage Basin:

/__;ﬁ;—\
San Juan) La Plata Animas other:
\_/

Description of Location:

River Bottom Valley Slope Dry Tributar Mesa  Other: .

—— a—

Barrels Water/Day Produced:

Estimated Hydraulic Gradient:

Estimated Hydraulic Conductivity:

/Oi@ém’/;:j

Formation/Grain Size of Unsaturated Zone: gl\ZP %//‘ WS

@e Med Coarse Very Coarse

———

Sorting: Poor Fair @

Estimated Depth to Ground Water:

Pit Description Dry @ No ﬂ/// m’ﬂo

anding Wader Estimated Depth: 0 / f//
Photographs of Site: /?;13 A ﬂ}r
Producing Formation: /32/1//(1 12/ CTE  CLAAFES

Comments: oM HEC Ee sanpD z_,,a.w/;

4ﬁﬁcﬁﬂ/;k U AT Y S PES
40 s Lo it
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Geoscience WELLSITE EVALUATION

Consultants, Ltd.

Section TWP _RNG

Location :Scd SEL _?&_;7,\/ _ﬂ"/

v

WELL NAME  JACQUEZ.  GAS oM £ F# 7  puor T ¢l pott
N ow'fﬂpg g)(fANP‘m'J

Drainage Basin:

(’W La Plata Animas other:

Description of Location:

River BottD Valley Slope Dry Tributary Mesa  Other:

Barrels Water/Day Produced: — —

Estimated Hydraulic Gradient:

Estimated Hydraulic Conductivity: (/ﬂ 5PD/F7, ’/()2/> QO 7/(4.‘%

Formation/Grain Size of Unsaturated Zone: g,/ soed Fort Span
—_—
Very Fine Coarse Very Coarse
Sorting: Poor Fair

Estimated Depth to Ground Water:

Pit Description Dry No /;T /D, wMZJZ/

Standing Water Estimated Depth: 201

"o
Photographs of Site:@ C / Zri_
Producing Formation: /34400 [/ETURAL C/_\/F'FLS

Comments: 'Am WA\ P}Zo;ﬁ F(/

ThcoEr £ 1 His pleme P in Euus swes
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Section 2.0




2.0 ANALYTICAL REPORTS

Enclosed are the analytical reports from Assaigai Analytical Labcra-
tories and Rocky Mountain Analytical Laboratories for all samples done on
ground water at the three field sites in the vulnerable area. Soil

sampies were not taken for analysis.

Several of the samples were submitted to the labatory "blind" using only
the unique identification number. The identity of these unique numbers

are found on the chain-of-custody forms, also enclosed.

1t is apparent from the chain-of-custody forms that more samples were
taken than were analyzed. Priorities for samples were set based on

results and some duplicated samples were not analyzed.
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TEASSAGA
g ANALYTICAL
| ABORATORES

TO: GeoScience DATE: 28 March 1985
Atrn: Randy Hicks 0292
500 Copper N.W.
Albuguerque, NM 87102

ANALYTE SAMPLE 1D/ ANALYTICAL RESULTS
Eaton 1 Eaton 2 McCoy 1
850313 1640 850313 1615 850313 1225
Benzene <0.001 mg/1 0.011 mg/1 0.006 mg/1
840312 1545 840312 1505 Eaton Trenoch
850313 1601
Benzene <0.001 mg/1 0.021 mg/1 <0.001 mg/1
Eaton Pit 840312 1740 850313 1230
850313 1703
Benzene 3.825 mg/l <0.001 mg/1l 0.011 mg/1
0.012 mg/1l Duplicate
850313 1215 850313 1210 Eaton # 4
850313 1711
Benzene <0.001 mg/1 <0.001 mg/1 <0.001 mg/1l
NOMINAL DETECTION LIMITS: Benzene 0.001 mg/1

REFERENCE:"Measurement of Organic Pollutants in Water and Wastewater”,
ASTM, STP 686, 1979.

An 1nvoice for services 1s enclosed. Thank you for conracting Assaigal
Laboratories.

Sincerely,

Je 1f2:%g

Smith, Ph.D.,
ratory Director

7300 Jefterson, N.E. » Albuguergue, New Mexico 87109 e (505) 345-8964
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) ASSAGAN
Y ANATICAL
[ B LABORATORES

TO: GeoScience DATE: 3 April 1985
Attn: Randy Hicks 0347
500 Copper N.W.
Albuquerque, NM 87102

ANALYTE SAMPLE ID/ ANALYTICAL RESULTS
Eaton 1 Eaton 2 Eaton 3
325851520 325851050 325850940
Benzene <0.001 mg/1 0.014 mg/1 0.007 mg/1
Eaton 4 Eacton 5 Eaton 6
325851055 325850945 325850955
Benzene <0.001 mg/1 <0.,001 mg/1 0.002 mg/1
Eaton 7 Eaton Sep. MecCoy 1
325851005 325850920 325851330
Benzene <0.001 mg/1 10.846 mg/1 0.002 mg/1
McCoy 2 MeCoy 3 MeCoy Separator
325851335 325851340 325851345
Benzene <0.001 mg/1 <0.001 mg/1 0.002 mg/1
Payne Well MecCoy Gas Unirt 1 Field Blank
325851020 325850900
Benzene 53.01 mg/1 0.001 mg/1 <0.001 mg/1

NOMINAL DETECTION LIMIT:

0.001 mg/1

REFERENCE:"Measurement of Organi¢ Pollutants in Water and Wastewater”,
ASTM, STP 686, 1979.

An invoice for services 1s enclosed. Thank you for contacting Assaigail
Laboractories.

Singerely,

V. Dot

Jéirdniter V. Smith, Ph.D.
Laboratory Director

7300 Jefferson, N.E. o Albuguerque, New Mexico 87109 e [505) 345-8964



Rocky Mountain Anaiytical Laboratory

SAMPLE DESCRIPTION INFORMATION
for

Assaigai Analytical Laboratories

RMA Sample No. Sample Description Sample Type Date Sampled Date Received
4822-01 Eaton#2 325851050 water 3/28/85
4822-02 Eaton Sep. 920 water 3/28/85
4822-03 Eaton#4 325851055 water 3/28/85

April 8, 1985



Rocky Mountain Analytical Laboratory

ANALYTICAL RESULTS

PURGEABLE ORGANICS METHOD 602

Detection
Parameter Units Limit 4822-01 4822-02 4822-03
Benzene ug/1 3 4 7100 ND

ND = Not detected.
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3.0 SPECIFIC CONDUCTANCE MEASUREMENTS FROM FIELD SITES

Specific conductance measurements were not conducted at any of the field
sites nor the random sampling sites in the vulnerable area. Benzene was
considered to be the most conservative tracer parameter for the study
in. TDS is affected by irrigation for agriculture and is generally high
in the uppermost portion of water table aquifers due to evapotrans-
piration. Due to the lack of background wells and background data, TDS

and specific conductants were not analyzed at the field sites.
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4.0 VOLUME RECORDS FOR PRODUCED WATER

Tenneco and Amoco provided estimates of the volume of produced water at
each of the individual sites. These estimates were based upon the
"pumpers" knowledge of the individual sites and observations during a
several month period. To calibrate the pumper's estimates, flow measure-
ment counters were placed on individual sites throughout the vulnerable
area. The counters corraborated the accuracy of the pumper'é estimates.
Produced water volumes for all simulations are found as part of the data

on the simulated map of benzene concentration in ground water.
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5.0 DILUTION OF BENZENE IN PRODUCED WATER PITS DUE TO RAINFALL AND
SNOWFALL

Enclosed 1is a calculation which demonstrates insignificant dilution of
benzene in produced water pits due to the small amount of rainfall which
occurred during the sampling (Table 5-1). The sites that were sampled
had at Tleast one or two feet of water in each of the pits and the
calculation demonstrates that only slight dilution is observed (Figure

5-1). In no way does this dilution affect the results of the modelling.



TABLE 5-1
RAINFALL DATA FARMINGTON, NEW MEXICO
N.M.S.U. EXPERIMENTAL STATION

MARCH 1985

DATE PRECIPITATION IN INCHES

4 TR

9 0.03

10 0.04

1 0.05

12 0.43

13 0.01 GEOSCIENCE CONSULTANTS, LTD
SAMPLING

16 0.12

17 TR

19 0.15

20 0.27

25 _ GEOSCIENCE CONSULTANTS, LTD.
SAMPLING

29 0.4

30 0.23

TOTAL 1.7



FIGURE 5-1
CALCULATION OF PRECIPITATION EFFECT ON
BENZENE CONCENTRATION

EATON A1E EXAMPLE

Fluid pit dimensions
10ft x 10ft x 2ft (Depth of fluid)

TOTAL VOLUME IN PIT
200 feet3

TOTAL MAXIMUM PRECIPITATION IN PIT (March 9, - March 13)
10ft x 10ft x 0.047ft = 4, 7ft3

EMPLOY DILUTION CALCULATION TO SOLVE FOR BENZENE CONCENTRATION PRIOR
TGO PRECIPITATION:

CRe¥* Qrr_+ QP* Cp = C FINAL
Qrr + Qp
WHERE:
Ckf = 0 mg/1_benzene in rainfall
QrF = 4.7 ft3 rainfall into pit
Qp = 200 ft3 of fluid in the pit
Cp = original benzene concentration in pit prior to rainfall
CFINAL = 3.80 mg/1 measured benzene concentration in pit after
rainfall
0 mg/1 * 4.7ft3 + 200ft3 * Cp mg/1 = 3.80 wmg/1
200Ft3 + 4.7ftS
Xmg/1 = 3.8 * 204.7
200
X mg/1 = 3.89 mg/1"

Rainfall diluted the benzene from 3.89 to 3.80 mg/1
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6.0 STATISTICAL ANALYSIS OF SAMPLING (TO BE SUPPLIED)
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7.0 COMPUTER PROGRAM, INPUT AND OUTPUT

The computer program was obtained through a National Water Well As-
sociation short course. Ground Water Modelling Without Mathematics. The
Random Walk solute transport model was based upon the article entitled:
A "Random Walk" Solute Transport Model for Selected Ground Water Quality
Evaluations, by Thomas A. Prickett, Thomas A. Naymik, and Carl L. Lonn-
quist, Bulletin 65, I1linois State Water Survey, 1981.

The data from the program are out put by the computer in terms of
particles per cell. Middligram per liter concentration of each particle
is then calculated by determining the volume of water in each cell and,
based on the source term, the mass of contaminant which particle re-
presents. The calculation for the enclosed computer run is presented as

Figure 7-1.



FIGURE 7-1

WELL: | BCY /xR £

(/Y2 29, GPD/FT (K * 25)
s= 0.1

. , DH/OL=__ O, 03
K=_ 5000 cposT

LONG DIS= 10 FOR T GREATER THAN 7500 GPD/FT S FOR LESSER T

TRANS DIS = 2
2 - -6 o * w
RET COEF = 1 GPD/FT  * 1.55 * 10 60*60*24 = FT/DAY

REG X FLOW = £.0Y K*0.133* 0,003 oo = E.03SZ Frroa
0.25 -

REG Y FLOW = 0
DMAX = [21 (NO MORE THAN 0.5 * CELL SIZE IN X DIRECTION)

CIRCLE COORDS $00,1500 FOR T GREATER THAN 100,000 $0,150 FOR LESSER T
CIRCLE RAD = 5

NO. OF PARTICLES = 20

MAP COOROS = LOWER LEFT 0,0 - UPPER RIGHT <-’ FOR T GREATER THAN 100,000
300,300 FOR LESSER T

CELL SIZE = Z50.250 POR T GREATER THAN 100,000 25,25 FOR LESSER T

INCREMENTAL TIME STEP = /S  DA4YS

35 ML IN PIT

£.33 BBLS/DAY * 42 GAL/BBL * 3.785 L/GAL * 3-3/ MG/L = z55 MG INPUT PER DAY

I
_/é_____f —a‘(— L{_@L .,* lceLt = Qp.,o00012 Fpp
_9»37 20 prarnies 14,062,500 Lifers 002 PR - 1pART

&l



PROGRAM INPUT AND OUTPUT



/70777 77/7BASIC TRANSFORT COEFFICIENTSNANANANANANN

TRANSMISSIVITY (GFD/FT) = 25000 GFD/FT
STORAGE COEFFICIENT = .1 .

HYDRAULIC CONDUCTIVITY = 5000 GFD/SG.FT.
FPORAGSITY = .25

LONGITUDINAL DISFERSIVITY= 10

TRANSVERSE DISFERSIVITY (FT)= 22
RETARDATION COEFFICIENT = 1 FT

REGIONAL X FLOW (FT/DAY) = 8.04

REGIONAL Y FLOW (FT/DAY)= O

/0077777777777 778NNV VUL VUV VNN

SIS 7777/ /FARTICLES YAV NAMAAN VAV NAANAANANN

FARTICLES UON A CIRCLE
CIRCLE NUMBER 1
CIRCLE CENTER CODRDINATES (X,Y) = 500 , 15300 FT7
CIRCLE RADIUS = 5 FT
NUMBER OF FPARTICLES 20

d

TOTAL SYSTEM FARTICLES = 20
NANNNNNNNNNNNNNNNNNSAS A AL L0714 70 77774707777
SIS 7777/PARTICLE MAPPINGY MMM AL UM A NV NAANANAN
MAF WINDOW LOCATION
LOWER-LEFT COORDINATES = 0 , O FT
UPFER-RIGHT COORDINATES = 3000 , 3000 FT
CELL SIZE (CDX,CDY) = 250 , 250 FT

SIMULATION TIME = O DAYS

O 200 1000 1500 2000 2300 J000

i ] 1] [} 1] 1] ) ) 1] ¥ L] 1 ]

- ——— 1 s ] - —— — [} s e v e L e oo i T ] - ] _— 4 e o s e L] e e 1 e e oo e ) s [} —— ot sover [
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22501 %) O 0 0 Q (8] O 0 O Q (8] Q O
2000 Q QO O Q Q O O 8] QO O (e} O O
17501 O O (8] (9] O (9] ») 0 (@) O O QO (@)

15003 O O 20 O O 0] 0 QO 8] (8] Q O O
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(-1:FUMFING WELL, -2:INJECTION WELL)

FARTICLES ON A CIRCLE
CIRCLE NUMEBER 2
CIRCLE CENTER COORDINATES (X,Y) = 3S00 , 1500
CIRCLE RADIUS = & FT

NUMEER OF FARTICLES = 20

TOTAL SYSTEM FARTICLES = 40
NANNNNNNNNNNNNNNNNNSS S 27 7700777777777 777
FRESENT SIMULATION TIME = 15 DAYS

INCREMENTAL SIMULATION TIME = 15 DAYS
DMAX = 121 FT

NF= 40

FARTICLES ON A CIRCLE
CIRCLE NUMBER 3
CIRCLE CENTER COORDINATES (X,Y) = 300 , 1300
CIRCLE RADIUS = S FT

NUMBER OF FARTICLES = 20

TOTAL SYSTEM FARTICLES = &0
NANNNNNNNNNNNNNNNNNNSAS A2 7722707777747 777777
FRESENT SIMULATION TIME = 30 DAYS

INCREMENTAL SIMULATION TIME = 15 DAYS
DMAX = 121 FT

NF= 60

FARTICLES ON A CIRCLE

CIRCLE NUMBER 4

CIRCLE CENTER COORDINATES (X,Y) = 3500 , 13500

CIRCLE RADIUS = S FT
NUMBER OF FARTICLES = 20

TOTAL SYSTEM FARTICLES = 80
NANANNNANNNNNNNANNNNNNSA S/ /1777077777707 777777
FRESENT SIMULATION TIME = 45 DAYS
INCREMENTAL SIMULATION TIME = 15 DAYS

DMAX = 121 FT

NF= 80

FARTICLES ON A CIRCLE

CIRCLE NUMBER S

CIRCLE CENTER COORDINATES (X,Y) = S00 , 1500
CIRCLE RADIUS = 5 FT

FT

FT

FT

FT

O



TOTAL SYSTEM FARTICLES = 100
NANNNNANNANNNNANNNNNNNS S S S/ 7 770770777077/

FRESENT SIMULATION TIME = &0 DAYS
INCREMENTAL SIMULATION TIME = 1S DAYS
DMAX = 121 FT
NF= 100
FARTICLES ON A CIRCLE
CIRCLE NUMEBER 6
CIRCLE CENTER COORDINATES (X,Y) = 500 , 1500
CIRCLE RADIUS = & FT
NUMEBER OF FPARTICLES = 20
TOTAL SYSTEM FARTICLES = 120
NNNNANNNNNNNNNNNNNNNS SIS PSP 7700707777777 77
FRESENT SIMULATION TIME = 735 DAYS
INCREMENTAL SIMULLATION TIME = 15 DAYS
DMAX = 121 FT
NF= 120

FT

L0777 7070777777¢7777/7/FARTICLE MARFFINGULALLULANLLANN VLAY

MAF WINDOW LOCATION

LOWER—-LEFT COORDINATES = 0 , O FT
UFFER~-RIGHT COORDINATES = 3000 , 3000 FT
CeELL SIZE (CDX,CDY) = 250 , 200 FT

SIMULATION TIME = <90 DAYS

t? ‘ 50(? . 1 OO? ‘ 1 50(? ‘ 200?
2000t 0T 0T T 0T T 0T T T 0T T 0T T e T T o7
27501 0 (»] ) 0 O o 0 0 O
25001 0 O O o] O o o O o
22504 O (8] O O O O (@] (o] 8]
2000 O O O 0 O Q O (@ O
17501 0 O 0 0 1 O ) O O
1500 O O 10 47 42 20 2 O O
12501 Q O Q o 1 1 ) O O

1000 Q o] QO ] 8] O Q
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(-1:FUMFING WELL, —-2: INJECTION WELL)

FARTICLES ON A CIRCLE
CIRCLE NUMBER 7
CIRCLE CENTER COORDINATES (X,Y) =
CIRCLE RADIUS = & FT7T
NUMEBER OF FARTICLES = 20

&)
o
S

, 1500 FT

TOTAL SYSTEM FARTICLES = 140
NANANNANNNNNNNNNNNNNNNSS S SV 7 017000777777 770 777/
FRESENT SIMULATION TIME = 90 DAYS

INCREMENTAL SIMULATION TIME = 15 DAYS
DMAX = 121 FT

NF= 140

FARTICLES ON A CIRCLE
CIRCLE NUMBER 8 ‘
CIRCLE CENTER COORDINATES (X,Y) = 500 , 1500 FT
CIRCLE RADIUS = S FT
NUMEER OF FARTICLES = 20

TOTAL SYSTEM PARTICLES = 140
NANNANNNNNNNNNNNNNNNNSASA S S 77777077707 777777
FRESENT SIMULATION TIME = 103 © DAYS

INCREMENTAL SIMULATION TIME = 15 DAYS
DMAX = 121 FT

NF= 160

FARTICLES ON A CIRCLE
CIRCLE NUMBER <9
CIRCLE CENTER COORDINATES (X,Y) = 300 , 1500 FT
CIRCLE RADIUS = 5 FT
NUMEBER OF FARTICLES = 20

TOTAL SYSTEM FARTICLES = 180
NANNNNNNSNNNNNNNNNNNNSAS A S P27 7 7777777770007 777
FRESENT SIMULATION TIME = 120 DAYS

INCREMENTAL SIMULATION TIME = 15 DAYS
DMAX = 121 FT

NF= 180

QO



CIRCLE CENTER COORDIMNATES (X,Y) = 500 , 13500
CIRCLE RADIUS = 3 FT
NUMBER OF FARTICLES = 20

TOTAL SYSTEM PARTICLES = 200
NNNNNNNANNNNNNNNNNNNLS S/ 0700207070 77077227777
FRESENT SIMULATION TIME = 135 DAYS

INCREMENTAL SIMULATION TIME = 15 DAYS
DMAX = 121 FT

NF= 200

FARTICLES ON A CIRCLE
CIRCLE NUMEBER 11
CIRCLE CENTER COORDINATES (X,Y) = 500 , 1300
CIRCLE RADIUS = 3 FT
NUMBER OF FARTICLES = 20

TOTAL SYSTEM PARTICLES = 220
NANNNANNNNNNNNNNNNNNSS S/ S/ P 707700074777 77777
FRESENT SIMULATION TIME = 150 DAYS

INCREMENTAL SIMULATION TIME = 15 DAYS
DMAX = 121 FT

FT

FT

JILILSL2F077777/477777/PARTICLE MAFFINGA A YA AL VLAY

MAF WINDOW LOCATION

LOWER-LEFT COORDINATES = 0 , O FT
UFFER-RIGHT COORDINATES = 3000 , 3000 FT
CELL SIZE (CDX,CDY) = 250 , 250 FT

SIMULATION TIME = 165 DAYS

? . SO? ‘ 100? ' 150? ‘ 200? '
T S S
27301 O 0 0 (o] O 8] o] ¢] O o)
2500 (8] O Q O &) O O O O O
2250, O O O 8] () O (8] 0 o O
20001 e} O O Q Q O Q O O ¢
17501 ¢ 0 ) 0 O 0 3 O 1 O
15001 9] @) 10 4z 49 32 36 5 8 e]
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(—1:FUMPING WELL, -2:INJECTION WELL)

FARTICLES ON A CIRCLE
CIRCLE NUMEBER 12
CIRCLE CENTER COORDINATES (X,Y) = S00 , 1500
CIRCLE RADIUS = S5 FT

NUMBER OF FARTICLES = 20

TOTAL SYSTEM FARTICLES = 240
NNANNNNNNNNNNNNNNNNSL S S0/ 7007007777 77777
FRESENT SIMULATION TIME = 165 DAYS

INCREMENTAL SIMULATION TIME = 15 DAYS
DMAX = 121 FT

NF= 240

FARTICLES ON A CIRCLE
CIRCLE NUMBER 13
CIRCLE CENTER COORDINATES (X,Y) = 3500 , 1500
CIRCLE RADIUS = S FT
NUMBER OF FARTICLES = 220

TOTAL SYSTEM FARTICLES = 260
NNANNNNANNNNNNNNNNNNNASA S /7777777777777 7777
FRESENT SIMULATION TIME = 180 DAYS

INCREMENTAL SIMULATION TIME = 15 DAYS
DMAX = 121 FT

NF= 260

FARTICLES ON A CIRCLE
CIRCLE NUMBER 14
CIRCLE CENTER COORDINATES (X,Y) = 500 , 1500
CIRCLE RADIUS = S5 FT
NUMEBER OF FARTICLES = 20

TOTAL SYSTEM FARTICLES = 280
NAANNNNNNANNNNNNNNNNNLAS S SIS/ 7 /7777000777077 77
FRESENT SIMULATION TIME = 195  DAYS

INCREMENTAL SIMULATION TIME = 13 DAYS
MAX = 121 FT

WF= 280
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FT

FT
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FARTICLES ON & CIRCLE
CIRCLE NUMEBER 13

CIRCLE CENTER COORDINATES (X,Y) = %S00 , 1500
CIRCLE RADIUS = & FT
NUMBER OF FARTICLES = 20
TOTAL SYSTEM FARTICLES = 300
NANNANNNANNNNNNNNNNNNSSAS S ST 7777777277777 777
FRESENT SIMULATION TIME = 210 DAYS
INCREMENTAL SIMULATION TIME = 15 DAYS
DMAX = 121 FT
NF= TZ00

FARTICLES ON A CIRCLE
CIRCLE NUMBER 16

CIRCLE CENTER COORDINATES (X,Y) = S00 , 13500
CIRCLE RADIUS = 5 FT

NUMBER OF PARTICLES = 220
TOTAL SYSTEM FARTICLES = 320

NANANNNNNNNNNNNNNNNSLAS /7270770707007 007770707

FRESENT SIMULATION TIME = 2235 DAYS

INCREMENTAL SIMULATION TIME = 15 DAYS

DMAX = 121 FT

NF= 320

SOLLSASASS7//FARTICLE MAPF INGY VAN AN NAANAAANANNN
MAF WINDOW LOCATION

LOWER-LEFT COORDINATES = O , O FT

UPFER-RIGHT COORDINATES = 3000 , 3000 FT

CELL SIZE (CDX,CDY) = 250 , 250 FT

SIMULATION TIME = 240 DAYS
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(-1:FUMFING WELL, -2:INJECTION WELL)

FARTICLES ON A CIRCLE
CIRCLE NUMEER 17
CIRCLE CENTER COORDINATES (X,Y) = S00 , 1500
CIRCLE RADIUS = S FT
NUMEBER OF FARTICLES = 20

TOTAL SYSTEM FARTICLES = 340
NAANNNANNNNNNNNNNNNNNSL /S P/ 0707077777777
FRESENT SIMULATION TIME = 240 DAYS

INCREMENTAL SIMULATION TIME = 135 DAYS
DMAX = 121 FT

NF= 340

FARTICLES ON A& CIRCLE
CIRCLE NUMEER 18
CIRCLE CENTER COORDINATES (X,Y) = S00 , 1500
CIRCLE RADIUS = & FT
NUMBER OF FARTICLES = 20

TOTAL SYSTEM FARTICLES = 360
NANNNNANNANNNNNNNNNNNNASAALAAL LSS 7707770770777 77
FRESENT SIMULATION TIME = 2855 DAYS

INCREMENTAL SIMULATION TIME = 15 DAYS
DMAX = 121 FT

NE= 360 .

FARTICLES ON & CIRCLE
CIRCLE NUMBER 19

CIRCLE CENTER COORDINATES (X,Y) = 3500 , 1500
CIRCLE RADIUS = S5 FT

NUMBER OF FARTICLES = 20
TOTAL SYSTEM FARTICLES = 380

NAANNNNNANNNNNNANNNNNS S S SIS0 77 7077777
FRESENT SIMULATION TIMF = 270 nave
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FT
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FARTICLES ON A CIRCLE

CIRCLE NUMBER 20

CIRCLE CENTER COORDINATES

CIRCLE RADIUS FT
NUMBER OF FPARTICLES 20

(X,Y) = S00 , 1500

It

TATAL SYSTEM FPARTICLES 400
NNANNANNNNNNNNNNNNNSSS S /S P 7700777777 777777
FRESENT SIMULATION TIME 2835 DAYS

INCREMENTAL SIMULATION TIME 15 DAYS
121 FT7

DMAX

NF= 400

FARTICLES ON A CIRCLE
CIRCLE NUMBER 21
CIRCLE CENTER COORDINATES (X,Y)
CIRCLE RADIUS 5 FT
NUMEBER OF FARTICLES 20

500 , 1500

TOTAL SYSTEM FARTICLES 420
NANNNNNANNNNNNNNNNNNNSS S S 772770777777 777777
FRESENT SIMULATION TIME 300 DAYS

INCREMENTAL SIMULATION TIME 15 DAYS
121 FT

DMAX

NF= 420

FT

FT

FL0r70r7 777777 /FARTICLE MAPFINGY MMMV UUULAN NN

MAF WINDOW LOCATION
LOWER-LEFT COORDINATES = o, OFT

UFFER-RIGHT COORDINATES = 3000 , 3000 FT

CELL SIZE (CDX,CDY) = 280 , 230 FT

SIMULATION TIME = 313 DAYS

0 S00 1000 1500 2000
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15001 0 Q 14 8 45 45 41 536 =1
12501 0 4] O o} O O 1 2 3
10003 O 8] 0 O O O Q O O
7501 Q 0 O Q e} QO O (s} Q
500! O O O O O (o) O O O
250! O QO %] O w] ») O Q 0
[ O O O O Q Q Q QO Q
(—1:PUMFING WELL, -2:INJECTION WELL)
FARTICLES ON & CIRCLE
CIRCLE NUMBER 22
CIRCLE CENTER COORDINATES (X,Y) = 3500 ,
CIRCLE RADIUS = S5 FT
NUMEBER (OF FARTICLES = 20
TOTAL SYSTEM FARTICLES = 440

NSNNNNANNNNNNNNNNNNNNASALAL S 711277707777 77777
FRESENT SIMULATION TIME = 313 DAYS
INCREMENTAL SIMULATION TIME = 15 DAYS
DMAX = 121 FT

NF= 440

41
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O

1500

/7500700777777 /PARTICLE MAPPINGY AN VMMM NNV NANANN AN

MAF WINDOW LOCATION

LOWER-LEFT COORDINATES = 0 , O FT
UFFPER-RIGHT COORDINATES = 3000 , 3000 FT
CELL SIZE (CDX,CDY) = 250 , 250 FT

SIMULATION TIME = 330 DAYS
8] 500 1000 1500 200
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13001 Q O 13 Zb 48 40 34 44 24 3
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(-1:FPUMFING WELL, —-2: INJECTION WELL)
FARTICLES ON A CIRCLE
CIRCLE NUMBER 23
CIRCLE CENTER COORDINATES (X,Y) = ©S00 , 1500
CIRCLE RADIUS = S FT
NUMRER DF PARTICLES = 220
TOTAL SYSTEM FARTICLES = 460
NANNNNNNNNNNNNNNNNNSA 7720707772720 707277777
FRESENT SIMULATION TIME = 330 DAYS
INCREMENTAL SIMULATION TIME = 15 DAYS
DMAX = 121 FT
NF= 460
FARTICLES ON A CIRCLE
CIRCLE NUMBER 224
CIRCLE CENTER COORDINATES (X,Y) = 3500 , 1500
CIRCLE RADIUS = S FT
NUMRER OF FARTICLES = 20
TOTAL SYSTEM PARTICLES = 480
NANANNANNNANNNNNNNNNNNSASAS S P/ 77787077727 777777
FRESENT SIMULATION TIME = 345 DAYS
INCREMENTAL SIMULATION TIME = 15 DAYS
MAX = 121 FT

NE= 480

FARTICLES ON A CIRCLE
CIRCLE NUMBER 25
CIRCLE CENTER COORDINATES (X.Y) = 500 1 =On

Q

O

FT

FT

-2

40

Q

O

[

0

o

4]

w

O



TOTAL SYSTEM FARTICLES = 500
NNANNNNANNNNNNNNNNNNNS S S S S0P/ 7777777

FRESENT SIMULATION TIME = 360  DAYS
INCREMENTAL SIMULATION TIME = 15 DAYS
DMAX = 121 FT
NF= 500
FARTICLES ON A CIRCLE
CIRCLE NUMEBER 26
CIRCLE CENTER COORDINATES (X,Y) = S00 , 1500 FT
CIRCLE RADIUS = S FT
NUMBER OF PARTICLES = 20
TOTAL SYSTEM FARTICLES = 520
NNANNNNNNNNNNNNNNNNNG /7777770770770 77077777
PRESENT SIMULATION TIME = 375 DAYS
INCREMENTAL SIMULATION TIME = 15 DAYS
DMAX = 121 FT
NF= S20

IS0/ /PARTICLE MAPPINGY VAU AL AN VAN NN
MAF WINDOW LOCATIOGN
LOWER-LEFT COORDINATES = 0 , O FT
UFFER-RIGHT COORDINATES = 3JI000 , 3000 FT
CELL SIZE (CDX,CDY) = 250 , 250 FT

SIMULATION TIME = 390 DAYS

? ' 50? ‘ 100? ' 150? ' 200? . 250? ‘ 300?
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O O O

(—1:FUMFING WELL, -2:INJECTION WELL)

FARTICLES ON A CIRCLE
CIRCLE NUMBER 27
CIRCLE CENTER COORDINATES (X,Y) = 500 , 1500 FT
CIRCLE RADIUS = FT
NUMBER OF FARTICLES 20

It

TOTAL SYSTEM FPARTICLES = 3540
NNANNNNNNNNNNNNNNNNNALS PSSP 7007777070077 772777
FRESENT SIMULATION TIME = 390 DAYS

INCREMENTAL SIMULATION TIME = 15 DAYS
DMAX = 121 FT

NF= 540

L7777 /7FARTICLE MARPFINGY VAL LALNA VLN NN
MAF WINDOW LOCATION
LOWER-LEFT COORDINATES = 0 , O FT
UFPER-RIGHT COORDINATES = 3000 , 3000 FT
CELL SIZE (CDX,CDY) = 250 , 250 FT .

SIMULATION TIME = 405 DAYS
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300017070 TTTOTTTo e e T e T T 0T 0T 0T
2750 0 0 0 0 o 0 0 0 0 O 0
25001 0 ¢ O o 0 o 0 0 0 0 0
22501 o 0 O 0 O 0 0 0 0 0 o
20001 Q O 0 0 0 o 0 o 0 0 0
17501 O 8] (&) O O O 1 3 4 = 2
1500 o O 10 44 A0 I8 44 I3 37 45 30
12501 o o o 0 o o 1 3 2 3 4

O aw

0

Q

Gl

4]

3000

O

Q)

+J

2
3]

b



500! O O O O O Q Q Q Q Q
S0 O O O O O O (9] O (o] O
O} O 0 (0] O O (o) O O 8] O

(—=1:FUMFING WELL, -2: INJECTION WELL)

FARTICLES ON A CIRCLE
CIRCLE NUMRER 28

CIRCLE CENTER COORDINATES (X,Y) = S00 , 1500 FT
CIRCLE RADIUS = 5 FT

NUMEBER OF FARTICLES = 220
TOTAL SYSTEM PARTICLES = S60

NANNANNNNNNNANNNNNNNNNAS A S 1771777700777 7777777

FRESENT SIMULATION TIME = 405 DAYS

INCREMENTAL SIMULATION TIME = 15 DAYS

DMAX = 121 FT

NF= S&0

FARTICLES ON A CIRCLE
CIRCLE NUMBER 29

CIRCLE CENTER COORDINATES (X,Y) = 3500 , 1500 FT
CIRCLE RADIUS = 5 FT

NUMBER OF FARTICLES = 20
TOTAL SYSTEM FARTICLES = S80

NANNNNNNNNNNNNNNNNNSA LSS /1788707077070 77077777

FRESENT SIMULATION TIME = 420 DAYS

INCREMENTAL SIMULATION TIME = 15 DAYS

DMAX = 121 FT

NF= S80

FARTICLES ON A CIRCLE
CIRCLE NUMBER 30

CIRCLE CENTER COORDINATES (X,Y) = 500 , 1500 FT
CIRCLE RADIUS = S FT
NUMBER OF FARTICLES = 220
TOTAL SYSTEM FARTICLES = 600
NANNNNNNNNNNNNNNNNNNSS S LS 1P 0P 777 F777777
FPRESENT SIMULATION TIME = 433 DAYS
INCREMENTAL SIMULATION TIME = 15 DAYS

oMAX = 121 FT

NF= &00



FARTICLES ON & CIRCLE
CIRCLE NUMBER 31

CIRCLE CENTER COORDINATES (X,Y) = 500 , 1500
CIRCLE RADIUS = S FT :
NUMEER OF FARTICLES = 20
TOTAL SYSTEM FARTICLES = 20
NANNNNANNNNNNNNNNNNNYA S S P70 2770077077777
FRESENT SIMULATION TIME = 4350 DAYS
INCREMENTAL SIMULATION TIME = 15 DAYS
DMAX = 121 FT
NF= 620

FT

SIS/ /PARTICLE MAPFINGY LALLMV AL AUV

MAF WINDOW LOCATION

LOWER-LEFT COORDINATES = O , O F7T
UPFER-RIGHT COORDINATES = 3000 , Z000 FT
CELL SIZE (CDX,CDY) = 280 , 250 FT
SIMULATION TIME = 445 DAYS
QO ) 500 1000 1500 2000
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(-1:FUMFING WELL, -2:INJECTION WELL)

FARTICLES ON A CIRCLE
CIRCLE NUMEBER 32 :
CIRCLE CENTER COORDINATES (X,Y) = 500 , 1500 F7T

CIRCLE RADIUS = S FT7T
NUMBER OF FARTICLES = 20
TOTAL SYSTEM FARTICLES = 640
NANANNNNNNNNNNNNNNNNNSS S0P 7077777777777/
FRESENT SIMULATION TIME = 463 DAYS
INCREMENTAL SIMULATION TIME = 15 DAYS
DMAX = 121 FT

NF= &40

L7707 777777/777/7/7FARTICLE MARPPINGYV AN AN UMMV AN NNANNNANNAN
MAF WINDOW LOCATION

LOWER-LEFT COORDINATES = O , O FT
UFPER-RIGHT COORDINATES = 3000 , 3000 FT
CELL SIZE (CDX,CDY) = 280 , 230 FT
SIMULATION TIME = 480 DAYS
o] S00 1000 1500 2000 2500 3000
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(—1:FUMFING WELL, —-2:INJECTION WELL)

FARTICLES ON A CIRCLE
CIRCLE NUMBER 33
CIRCLE CENTER COORDINATES (X,Y) = 500 , 1300
CIRCLE RADIUS = 5 FT
NUMBER OF FARTICLES = 20

TOTAL SYSTEM FARTICLES = &60
NANNNNNNNANNNNNNNNNNNSALAS S S0 70777007/ 77777
FRESENT SIMULATION TIME = 480 DAYS

INCREMENTAL SIMULATION TIME = 15 DAYS
DMAX = 121 FT

NF= &60

FARTICLES ON A CIRCLE
CIRCLE NUMBER 3=4
CIRCLE CENTER COORDINATES (X,Y) = S00 , 1300
CIRCLE RADIUS = S FT

NUMBER OF FARTICLES = 220

TOTAL SYSTEM PARTICLES = 680
NNANNNNANNNNANNNNNNNNNSA A S/ 7077770777777 77777
FRESENT SIMULATION TIME = 4935 DAYS

INCREMENTAL SIMULATION TIME = 15 DAYS
DMAX = 121 FT

FARTICLES ON A CIRCLE
CIRCLE NUMBER 35
CIRCLE CENTER COORDINATES (X,Y) = 3500 , 1500
CIRCLE RADIUS = S FT
NUMEBER OF FARTICLES = 20

TOTAL SYSTEM PARTICLES = 700
NANANNNNNNANNNNNNNNNNSA S22 7770770770770 77777
PRESENT SIMULATION TIME .= 510 DARYS

INCREMENTAL SIMULATION TIME = 15 DAYS
DMAX = 121 FT

NF= 700

FARTICLES ON A CIRCLE
CIRCLE NUMBER 36

CIRCLE CENTER COORDINATES (X,Y) = 500 , 1500
CIRCLE RADIUS = S FT

NUMBER OF PARTICLES = 20
TOTAL SYSTEM FARTICLES = 720

NNANANNNNANNNNNNNNNNNNY /2747777070007 07777

FT

FT

FT



DMAX = 121 FT

NF= 720

SIS0 /FARTICLE MAFFINGY VNN AN VANV VAN

MAF WINDOW LOCATION
LOWER-LEFT COORDINATES

UFFER-RIGHT COORDINATES

CELL SIZE

SIMULATION TIME =

9]
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FARTICLES ON A CIRCLE

CIRCLE NUMBER

27

CIRCLE CENTER COORDINATES
CIRCLE RADIUS =
NUMEER OF FPARTICLES

FT
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-2: INJECTION WELLD
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FRESENT SIMULATION TIME = 3540 DAYS
INCREMENTAL SIMULATION TIME = 15 DAYS
DMAX = 121 FT

NF= 74

FP00707 A7/ /FARTICLE MAPF TANGY VLN UM N NN LU

MAF WINDOW LOCATION

LOWER—-LEFT COORDINATES = O , O FT
UFFER-RIGHT COORDINATES = 3000 , 32000 FT
CELL SIZE (CDX,CDY) = 250 , 250 FT
SIMULATION TIME = 5355 DAYS
O S00 1000 1500 2000
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(—1:FUMFPING WELL, -2:INJECTION WELL)
FARTICLES ON A CIRCLE
CIRCLE NUMEBER =8
CIRCLE CENTER COOQRDINATES (X,Y) = 3S00 |

CIRCLE RADIUS = = FT
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TOTAL SYSTEM FARTICLES = 760G
NANANNNANNNANNNNNNNNNG S /S PP07 /7777777774777

FRESENT SIMULATION TIME = 3S53 DAYS
INCREMENTAL SIMULATION TIME = 15 DAYS
DMAX = 121 FT
NFE= 760

FARTICLES ON & CIRCLE
CIRCLE NUMBER 39
CIRCLE CENTER COORDINATES (X,Y) = 3500 , 1500 FT
CIRCLE RADIUS = S FT
NUMBER OF FARTICLES = 20

TOTAL SYSTEM FPARTICLES = 780
NNANNNNNNNNNNNNNNNNSLS S /A1 7777777707 77777
FRESENT SIMULATION TIME = S570 DAYS

INCREMENTAL SIMULATION TIME = 15 DAYS
DMAX = 121 FT

NF= 780

FARTICLES ON A CIRCLE
CIRCLE NUMBER 40
CIRCLE CENTER COORDINATES (X,Y) = S00 , 1500 F7T
CIRCLE RADIUS = § FT

NUMBER OF FARTICLES = 20

TOTAL SYSTEM PARTICLES = 800
NANNNNNNNNNNNNNNNNNSAL S0P 0 77770777777 777
PRESENT SIMULATION TIME = 3585 DAYS

INCREMENTAL SIMULATION TIME = 135 DAYS
DMAX = 121 FT

NF= 800

FARTICLES ON A CIRCLE
CIRCLE NUMBER 41
CIRCLE CENTER COORDINATES (X,Y) = 3500 , 1300 "FT
CIRCLE RADIUS = S FT '

NUMBER OF FARTICLES = 20

TOTAL SYSTEM FARTICLES = 820
NANNNANNNNNNNNNNNNNNNASASASAS S 777707777777 777777
FRESENT SIMULATION TIME = 600 DAYS

INCREMENTAL SIMULATION TIME = 15 DAYS
pMAX = 121 F7T

NF= 820

SIS/ /7FARTICLE MAFFINGY YV A ML N AN AN NANN NN
MAF WINDOW LOCATION



CELL SIZE (CDX,CDY) =

SIMULATION TIME = 615
O 500 1000

3000 O Q Q e}
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(—1:FUMFING WELL, -—-2:INJECTION WELL)
FARTICLES ON A CIRCLE
‘CIRCLE NUMBER 42
CIRCLE CENTER COORDINATES (X,Y) = S00 , 1500 FT
CIRCLE RADIUS = S5 FT
NUMBER OF FARTICLES = 20
TOTAL SYSTEM PARTICLES = 840
NNNANNNANNNNNNNNNNNNNSASL S S 7 /8PP P27 77777777
FRESENT SIMULATION TIME = 615 DAYS
INCREMENTAL SIMULATION TIME = 1S DAYS

oMax = 121 FT

NF= 840

1)
.}



LOWER-LEFT COORDINATES = O , O FT
UFFER-RIGHT COORDINATES = 32000 , Z000 FT
CELL SIZE (CDX,CDY) = 250 , 250 FT

SIMULATION TIME = &30 DAYS
y) 500 1000 1500 2000 2500 telels!
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2500 O (] (e} O Q Q O O O Q Q 8] O
2250 O O O 0 O O O O 0 O 0 O O
2000 O O O O G O O O O O O O G
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(—1:FPUMFING WELL, —-2: INJECTION WELL)
FARTICLES ON A CIRCLE
CIRCLE NUMBER 43
CIRCLE CENTER COORDINATES (X,Y) = 500 , 1500 FT
CIRCLE RADIUGS = S FT
NUMBER OF PARTICLES = 220
TOTAL SYSTEM FARTICLES = 860
NNANNNNNANNNNNNNNNNNNYSAS A/ S/ 10070777777 /77777
PRESENT SIMULATION TIME = &30 DAYS
INCREMENTAL SIMULATION TIME = 15 DAYS
DMAX = 121 FT ‘

JF'= 8&0



FARTICLES ON A CIRCLE
CIRCLE NUMBER 44
CIRCLE CEWNTER COORDINATES (X,¥) = SO0 , 1500
CIRCLE RADIUS = S FT
NUMEER OF FARTICLES = 20

FT

TOTAL SYSTEM FARTICLES = 3880
NANNNNNNNNNNNNNNNNNS AL SV S 7 77170777777

FRESENT SIMULATION TIME = 6445 DAYS
INCREMENTAL SIMULATION TIME = 15 DAYS

DMAX = 121 FT

NF= 880

FARTICLES ON A CIRCLE
CIRCLE NUMBER 45
CIRCLE CENTER COORDINATES (X,Y) = 500 , 1500 FT
CIRCLE RADIUS = FT
NUMBER OF FPARTICLES 20

It

TOTAL SYSTEM FARTICLES = <200
NNANNNNNNNNNNNNNNNNSALA /P77 7707700777777 7
FRESENT SIMULATION TIME = 660 DAYS

INCREMENTAL SIMULATION TIME = 15 DAYS

DMAX = 121 FT

NF= Q00

FARTICLES ON A CIRCLE
CIRCLE NUMBER 46
CIRCLE CENTER COORDINATES (X,Y) = 300 , 1500 FT

CIRCLE RADIUS = S FT
NUMEBER OF FARTICLES = 20

TOTAL SYSTEM FARTICLES = 920
MNNNNNNNNNNNNNNNNNNLSA S S S 1077777707 77777777

FRESENT SIMULATION TIME = 673 DAYS
INCREMENTAL SIMULATION TIME = 1S5 DAYS

DMAX = 121 FT

NF= 920

YIS/ 7 /FARTICLE MARPFINGY VMMV UNUL VLNV LNV
MAFP WINDOW LOCATION

LOWER-LEFT COORDINATES = O , O FT
UFFER-RIGHT COORDINATES = 3000 , 3000 FT
CELL SIZE (CDX,CDY) = 250 , 250 FT
SIMULATION TIME = &%20 DAYS
O S00 1000 1500 2000 2500 Z000
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12301 o] O O 0 8] (@) (] 2 2 1 2
10003 O O 8! O 0 O O 0 Q O O
750} 9] 0O O (9] Q 9] Q O (e] Q O
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(-1:FUMPING WELL, —-2: INJECTION WELL)

FARTICLES ON A CIRCLE
CIRCLE NUMEER 47

CIRCLE CENTER COORDINATES (X,Y) = 3500 , 1500 FT
CIRCLE RADIUS = 35 FT
NUMBER OF FPARTICLES = 20

TOTAL SYSTEM FARTICLES = 940
NANANNANNNNNNNNNNNNNNSA A S/ 7700707777 72777777

PRESENT SIMULATION TIME = &90  DAYS
INCREMENTAL SIMULATION TIME = 15 DAYS
DMAX = 121 FT
NF= 940

’170777 0000770777777/ /7FARTICLE MAFFINGY VAV UM NANANMANANANANANANNNY
MAF WINDOW LOCATION

LOWER-LEFT COORDINATES = O , O FT
UFFPER-RIGHT COORDINATES = 3000 , 3000 FT
CELL SIZE <(CDX,CDY) = 250 , 250 FT
SIMULATION TIME = 705 DAYS
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(~1:PUMFPING WELL, —-2:INJECTION WELL)
FARTICLES ON A CIRCLE
CIRCLE NUMEBER 48
CIRCLE CENTER COORDINATES (X,Y) = 3500 , 1500 FT
CIRCLE RADIUS = 3 FT
NUMBER OF FARTICLES = 20
TOTAL SYSTEM FARTICLES = Q&0
NANANNANNNANNNNNNNNNNALASAS 2P0/ F 77770777777
FRESENT SIMULATION TIME = 7035 DAYS
INCREMENTAL SIMULATION TIME = 15  DAYS
MAX = 121 FT
NF= Q&0
FARTICLES ON A CIRCLE
CIRCLE NUMERER 49
CIRCLE CENTER COORDINATES (X,Y) = 500 , 15300 FT
CIRCLE RADIUS = S FT
NUMBRER OF FARTICLES = 20
TOTAL SYSTEM FARTICLES = 980

NANNANNNNNNNNNNNNNNSY S S/ 0077077777777 777
FRESENT SIMULATION TIME = 720 DAYS



NF= &80

FARTICLES ON A CIRCLE
CIRCLE NUMBER 50O
CIRCLE CENTER COORDINATES (X,Y) = SO0 , 1500
CIRCLE RADIUS = S5 FT

NUMEBER OF FARTICLES = 20

TOTAL SYSTEM FARTICLES = 1000
NANNNNANNNNNNNNNNNNNSASA S/ S 7770777777077 777
FRESENT SIMULATION TIME = 735 DAYS

INCREMENTAL SIMULATION TIME = 1S DAYS
DMAX = 121 FT

NFE= 1000

FARTICLES ON A CIRCLE
CIRCLE NUMBER 51
CIRCLE CENTER COORDINATES (X,Y) = 500 , 1500
CIRCLE RADIUS = 5 FT
NUMEBER OF FARTICLES = 20

FT

FT
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KELLAHIN and KELLAHIN

Jason Kellahin "4”"”"" at Law Telephone 982-4285
W. Thomas Kellahin El Patio - 117 North Guadalupe Area Code 505
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BEFCRE THE OIL CONSERVATION COMMISSIOHN
ENERGY AND MINERALS DEPARTMENT
STATE OF NEW MEXICO

IN THE MATTER OF THE HEARING CALLED BY THE

OIL CONSERVATION COMMISSION UPON ITS GWN

MOTION TO DEFINE THE VERTICAL AND AREAL

EXTENT OF AQUIFERS POTENTIALLY VULNERABLE CASE NO. 8224
TO CONTAMINATION BY THE SURFACE DISPOSAL OF

PRODUCED WATER IN McKINLEY, RIO ARRIBA, )

SANDOVAL, AND SAN JUAN CCUNTIES, NEW MEXICO

COMMENTS ON THE HEARING RECORD BY
INTERVENCR CHRIS SHUEY, APPEARING PRO SE

These comments are submitted to the 0il Conservation Commission ({"the
Commission" or "OCC"} by Chris Shuey, an intervenor who appeared for himself
during the public hearing held to consider the above-captioned case. The comments
are intended only to aid the Commission in reviewing and understanding the
testimony pertaining to the Duncan 0Oil Field Hydrologic Investigation conducted
by Mr. Masud Zaman and others, including Intervenor Shuey. A brief section on
elements of a proposed order is included at the end of these comments. References
to the hearing transcript as presumed to be from the April 3 portion of the

hearing, except as otherwise noted.

I. INTERESTS AND STATUS OF THE INTERVENOR

Intervenor Shuey was a member of the 0il Conservation Division's ("the
Division" cr "OCD") Short Term San Juan Produced Water Study Committee ("the
Committee”) for the duration of the Committee's activities between July 18, 1984
and January 9, 1985. He attended all meetings of the Committee and its subcom-

mittee on vulnerable aquifer mapping and actively participated in those meetings.



During those meetings, Intervenor Shuey represented Southwest Research and
Information Center (“SRIC") by whom he is employed as a research associate for
ground water protection. He has represented SRIC in numerous other state and
federal regulatory proceedings pertaining to ground water contamination. SRIC,
as a not-for-profit educational organization, is dedicated to protecting the
quality and quantity of New Mexico's ground water resources.

Intervenor Shuey appeared for himself, and not as a representative of SRIC,
during the public hearing on OCC Case No. 8224, because of the Commission's
ruling that corporations must be represented by an attorney licensed to practice
law in New Mexico. Intervenor Shuey is not an attorney and his employer was not
financially able to hire an attorney to represent him at the hearing; therefore,
he exercised his constitutional right to represent himself as a taxpayer of the

State of New Mexico.

II. FACTUAL BACKGROUND

This proceeding was initiated by the Division after the contamination of a
public water supply well in Flora Vista, N.M., was revealed in August 1983. The
contamination consisted of oil and grease, phenols and certain metals. A nearby
produced water disposal pit was listed as a possible sourﬁe of the contamination.

In exercising its authority under New Mexico law (Sec. 70-2-12.B.(15),
N.M.S.A. 1978) to protect the state's fresh water supplies from contamination
resulting from the disposition of water produced or used in connection with the
production of o0il and natural gas,; the Division called a public hearing for June
8, 1984, to determine if the surface disposition of produced water was
contaminating fresh water supplies.

Understanding that such a determination would reguire considerable



scientific study, the Division formed a San Juan Produced Water Study Committee
consisting of representatives of its environmental staff, other state agencies
including the Environmental Improvement Division, representatives of oil and gas
producers in northwest New Mexico, and representatives of environmental and
citizen groups.

The Committee agreed at its first meeting on July 18, 1984, after lengthy

discussion, to limit its investigation to the existing available data on ground

water resources and possible contamination from the disposal of produced water in
unlined pits in the four counties of northwest New Mexico. A lack of agency
financial resources and time limitations were cited as a reason for the Committee
not to conduct site-specific ground water studies around unlined produced water
disposal pits.

Over the seven-month period, the Committee developed substantiél
information on ground water resources in the four~county area, including the
location of shallow aquifers {that is, those subsurface water bodies 100 feet or
less in depth), the locations of existing ground water use, the locations of
existing and past oil and gas development, and the chemistry of produced waters
being disposal of unlined pits. The hydrologic information permitted the
Committee to identify and define areas of shallow ground water that might be
vulnerable to contamination from unlined surface disposal pits. The chemical data
permitted the Committee to identify and understand the toxic comporents of
produced water, including a class of hydrocarbons called purgeable aromatic
hydrocarbons.

The Committee agreed by consensus to a set of recommendations, which were
received into evidence in this proceeding as "Committee Exhibit 1." The

recommendations reflect the substantial information base upon which the

Committee based its definition of "vulnerable areas." The Committee as a whole



could not agree, however, on an amount of produced water that could be discharged
to an unlined surface pit without causing contamination of fresh water resources.
As a result, the Committee elected to present its recommendations to the Division
without a recommendation for small volume exemptions.

Knowing that the Committee had not investigated ground water conditions
around unlined pits in the vulnerable area due to the financial and time

limitations discussed above, two members of the Committee agreed independently to

conduct such an investigation and present the results of that investigation to
the Commission at the hearing. Those individuals were Mr. Masud Zaman,
geohydrologist for the Navajo Tribe, Window Rock, Arizona, and Intervenor Shuey.
Their investigation spanned two days, February 25 and March 18, 1985. A third
member of the Committee, Gary A. Eiceman, Ph.D., of New Mexico State University,
agreed to assist in the March 18 phase of the investigation. Being qualified as an
expert in geohydrology, Mr. Zaman presented the results of that investigation to

the hearing on April 3, 1985.

III. MASUD ZAMAN'S FINDINGS

Mr. Zaman used a slide presentation and 13 exhibits to present the results
of his February 25 and March 18 hydrologic investigations at the Duncan 0Oil Field
in Sec. 6, Township 29 North, Range 16 West, San Juan County, New Mexico.

Mr. Zaman explained that he selected the Duncan 0Oil Field site for his
investigations because (1) the site in on the Navajo Indian Reservation and a
local chapter of the Tribe had requested the Tribe's assistance in dealing with
oil field spills in the area (Transcript at 15, and Zaman Exhibit 1-A), (2) the
sitg was in the vulnerable area as defined by the Committee (Transcript at 26),

and (3) the site contained a number of 0il wells and produced water disposal pits



(Transcript at 36).

Mr. Zaman testified that he determined that a produced water disposal pit
adjacent to Duncan 0Oil Well 6-11 was unlined because he probed the bottom of the
pit and observed no liner (Transcript at 17 and 18). He also testified that he
observed a flow of liquid into the pit from a buried separator at the wellhead via
a two-inch diameter pipe, and that based on a 24-hour continuous flow, the pit was
receiving approximately two barrels of produced water per day (Transcript at 17).

Mr. Zaman testified he dug test pits to determine the depth to ground water
at varying distances from the produced water disposal pit on both dates of the
investigation (Transcript at 18-22). He presented maps (Zaman Exhibits 5 and 6)
showing the locations of those test pits in relation to the produced water pit. He
testified that he inspected the study site and its proximity to the flow of the
San Juan River and determined that the hypothetic direction of ground water was
north-northwest from the produced water pit (Transcript at 22).

Based on water level measurements in the test pits on both dates of the
investigation, Mr. Zaman prepared a water level map (Zaman Exhibit 9). The water
level map confirmed that ground water flow was north-northwest from the produced
water pit (Transcript at 22). Mr. Zaman testified that he assumed the study site
was flat because his survey crews were not available on either date (Transcript
at 23). He said that "minor variations" in surface eievation of 3 to 6 inches
could slightly alter the shape of the contour lines, but not the overall
direction of ground water flow as indicated in Exhikit 9 (Transcript at 23 and
43).

Mr. Zaman presented to the Commission Mason jars containing black oily sands
he said he collected from test pits on February 25 and March 18. The jars were
marked as Zaman Exhibit 11 and entered into evidence. Mr. Zaman opened the jars

during his testimony and inferred that the smell in the material in the jars was



-

the same as the smells he witnessed while digging the test pits in the field
(Transcript at 24 and 4l). He said those smells resembled the smell of gascline
(Transcript at 19).

Mr. Zaman presented the chemical analyses of samples he took on both dates
from the liquid entefing the produced water pit, from the liquid in the pit, and
from the ligquid that entered the test pits (Zaman Exhibit 13). His Exhibit 13
showed analyses for purgeable aromatic hydrocarbons, metals, nitrates and major
ions from samples taken February 25 and for purgeable aromatics alone from
samples taken March 18.

Mr. Zaman testified that the analyses showed concentrations of benzene above
the New Mexico Water Quality Control Commission standard of 10 parts per billion
in three of four test pits on February 25, and measured concentrations of
ethylbenzene, xylenes, and larger hydrocarbon molecules on the same date. The
hearing record shows that such hydrocarbon compounds do not occur naturally (see
testimony of David Boyer and Thomas Schultz). While only metaxylene was detected
in a test pit sampled by Mr. Zaman on March 18, aliphatic (or "straight-chain")
hydrocarbons in concentrations between 100 and 500 ppb were found in samples
taken from a test pit on the same date (Zaman Exhibit 13 and Transcript at 31).

Mr. Zaman labeled Total Dissolved Solids (TDS) concentrations from the
produced water pit and test pits on Zaman Exhibit 9 and testified that TDS
concentrations decreased with distance from the produced water disposal pit. His
Exhibits 7 and 8 showed that physical signs of contamination (such as hydrocarbon
odors, a black oily staining of sands above the water table, and a black oily film
on the water itself) were limited to those test pits down-gradient of the
produced water pit. The only exception in the data presented by Mr. Zaman to the
conclusion that a plume of contaminants was spreading north-northwest from the

produced water disposal pit was a benzene concentration of 100 ppb in an



upgradient test pit on February 25.

As to the possible sources ofvcontamination other than the produced water
disposal pit, Mr. Zaman said he inspected the casing of the o0il well and cbserved
no signs of leaks at the surface (Transcript at 33). His Exhibit 4 showed that the
well was cased with cement for its entire depth of approximately 690 feet (Zaman
Exhibit 4, p. 2). M. Zaman testified that he ebserved no reserve pits or mud pits
at the site in the location shown on page 6 of his Exhibit 4 (Transcript at 40).
According to the exhibit (page 7), no drilling muds were used in completion of the
0il well, only water. Mr. Zaman also testified that he observed no leaks in oil
pipelines at the study site (Transcript at 40).

Mr. Zaman testified that a small amount (1 milliliter) of cyclohexane, an
organic solvent, had been used to rinse the insides of the bottles he used to take
the organic samples in during the February 25 phase of the investigation. He
stated that the only possible effect the presence of the solvent on the results of
the analyses of the samples would be to reduce the reported concentrations of
benzene and other purgeable aromatic hydrocarbons.

Based on his investigation at the Duncan 0il Field, Mr. Zaman said he would

suggest no unlined pits in the vulnerable area.

IV. DR. EICEMAN'S FINDINGS

Dr. Eiceman, an asscociate professor of chemistry at New Mexico State
University (Transcript at 49), testified as an expert in the chemistry of oil
field production at the hearing on April 3, 1985 (Transcript at 49).

Dr. Eiceman testified that he assisted Mr. Zaman and Intervenor Shuey in a
hydrologic investigation at the Duncan 0il Field on March 18, 1985 (Transcript at

65). He testified that Test Pits 1, 2, 3, 4, 8 and 9 showed physical signs of



contamination, such as black stained sands and dirt above the water table and
black oily film on the water, and that those pits were in the down-gradient
direction {north-northwest) from the produced water disposal pit {(Transcript at
66 and 70). He further testified that test pits upgradient from the produced
water pit (Test Pits 5, 6 and 7) exhibited no such physical signs of
contamination.

Dr. Eiceman presented as exhibits gas chromatograms (Eiceman Exhibits 17
through 21) of water samples he collected from the produced water pit and several
of the nine test pits. He testified that the chromatograms from the produced
water pit samples were similar in shape and pattern to those from the samples of
test pit water (Transcript at 67). He stated that benzene, toluene, xylene and
alkylated benzenes were present in both produced water and in water from the test
pits located down-gradient from the produced water pit (Transcript at 67 and 68).
He testified that Test Pits 5, 6 and 7, those test pits which were upgradient of
the produced water disposal pit, showed no detectable organic contamination
(Transcript at 70).

Dr. Eiceman further testified that volatile hydrocarbons and exiractable
hydrocarbons were presented in water samples from Test Pit 1, but only volatile
hydrocarbons were present in Test Pit 2 (Transcript at 70). Mr. Zaman's Exhibit 9
showed Test Pit 1 75 feet west of the produced water pif and Test Pit 2 150 feet
west of the produced water pit. Both locations are down-gradient of the produced
water pit.

Dr. Eiceman explained the he observed the concentration of 1light
hydrocarbons (such as benzene) to diminish with distance west, northwest and
north of the produced water disposal pit (Transcript at 96) and that those
concentrations documented a contaminant plume moving in a direction consistent

with that of the ground water flow (Transcript at 97).



Dr. Eiceman presented preliminary calculations showing concentrations of
benzene and other purgeable aromatic hydrocarbons in the produced water and water
in the test pits (Eiceman Exhibit 22). The calculations, which were based on the
chromatograms (Transcript at 78 and 79), showed benzene concentrations in the
test pits ranging from just below the regulatory standard of 10 ppb to well above
the standard (that is, in the hundreds of parts per billion).

The Commission allowed Dr. Eiceman's exhibits to be received in evidence,
but only upon the understanding that they would not be given much weight
(Transcript at 98). The objections to the exhibits that were raised by Tenneco's
counsel did not include Eiceman Exhibit 22, the calculations of ranges of
concentrations in the produced water and water in the test pits at the Duncan 0Oil

Field.

V. MR. MEYERHEIN'S TESTIMONY

Mr. Rick Meyerhein, director of the organics section of the State Laboratory
Division, was called as a witness by the Division to attest to the analytical
methods used by the State Lab in analyzing samples of produced water gathered by
Division staff (Transcript at 99).

Mr. Zaman's Exhibit 13 showed that the samples he collected and had analyzed
for organic constitutents had been analyzed by the State Lab. Mr. Meyerhein was
asked by counsel for Tenneco and by Intervenor Shuey during cross-—examination to
comment on the possible effect the solvent cyclohexane could have on organic
concentrations in the produced water and test pit water samples taken by Mr.
Zaman (Transcript at 106).

In response to those gquestions, Mr. DMeyerhein stated that the U.S.

Environmental Protection Agency does not have a standard for cyclohexane in



samples (Transcript at 105), but that rinsing a sample bottle with the solvent
was "not unreasocnable" to insure that the bottle contained no residual
contamination that could affect the reported organic constituents (Transcript at
107).

Asked what effect cyclohexane could have on the organic constitutents
reported by the State Lab in Mr. Zaman's samplgs, Mr. Meyerhein stated that there
would be very little effect (Transcript at 106), and if there was, "...the
results we reported would be...lower" than reported by the State Lab (Transcript

at 110).

VIi. TESTIMONY OF DR. THOMAS SCHULTZ

Dr. Thomas Schultz was called as a witness for Meridan 0Oil Co. to discuss
various physical properties that may attenuate or reduce the flow of hazardous
substances including hydrocarbons from an unlined produced water into the ground
water (Transcript at 144).

Under questioning by Chairman Stamets, Dr. Schultz stated that benzene does
not occur naturally in ground water except for perhaps one case near Hobbs. Mr.
Stamets then asked, "But in general, if one finds benzene in groundwater as Mr.
Zaman has in his pits, then that means that somehow it got there from a disposal
pit, a well, something happened to put that benzene in the groundwater"
(Transcript at 184). To which Dr. Schultz replied, "Right, if there's no other
mechanism, that's correct."

Under later questioning by Intervenor Shuey, Dr. Schultz inferred that the
absence of benzene in a test pit water sample does not necessarily mean that
benzene is not in the ground water between the test pit and the produced water

pit, especially when benzene was detected in the produced water in the unlined
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disposal pit:

Mr. SHUEY: Do you have any reason to believe that benzene
in measurable concentrations is not in the groundwater
between the produced water pit and Test Pit 1 on the second
page of Masud Zaman's Exhibit Thirteen?"

DR. SCHULTZ: It's there at some point in some concentration.®
(Transcript at 216).

VII. IMPLICATIONS OF MR. ZAMAN'S TESTIMONY
FOR THE COMMISSION'S DECISION IN THIS CASE

Mr. Zaman's testimony, and that of Dr. Eiceman, Mr. Meyerhein, and Dr.
Schultz as related to Mr. Zaman's evidence, is important for the Commission to
consider as it reaches a decision in this case. The significant questions raised
by Mr. Zaman's testimony are (a) was contamination of ground water demonstrated?
(b) if there was contamination, was an unlined pit the reasonable source of that
contamination? and (c¢) if the pit was the source, to what extent can the
Commission rely on the testimony to order a prohibition of less than 5 barrels of
produced water per day in unlined pits?

In view of the evidence, Intervenor Shuey submits that Mr. Zaman indeed
found ground water contamination and that that contamination could reasonably be
connected to the unlined produced water disposal pit. If the Commission agrees,
it can use that evidence as substantial support for a rule banning the disposal of

2 barrels of produced water per day.

A. M. ZANMAN AND DR. EICEMAN SHOWED EVIDENCE
OF GROUND WATER CONTAMINATION AT THE DUNCAN OIL FIELD

As shown in Section I1I of these comments, Mr. Zaman presented data showing
concentrations of benzene in ground water that exceed the state standard. Mr.
Zaman also presented data showing the presence of other aromatic hydrocarbons and

unknown aliphatic hydrocarbons in ground water. The presence of benzene and those
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other organic compounds is evidence by itself of contamination, inasmuch as those
compounds do not occur naturally. Mr. Boyer and Dr. Schultz have testified that
those compounds do not occur naturally.

Dr. Eiceman presented data (Eiceman Exhibit 22) that showed a range of
benzene concentrations in ground water, most of which exceeded the state numeric
standard. Those concentration ranges were calculated based on analytic results
that were produced by accepted laboratory methods of detecting organic compounds
in liquids.

Mr. Meyerhein's testimony demonstrated that the presence of cyclohexane in
Mr. Zaman's February 25 samples did not significantly alter the reported organic
concentrations, and if it did, the concentrations were likely to be greater than

reported because of the penchant for benzene being absorbed by the cyclohexane.

B. MR. ZAMAN'S TESTIMONY DEMONSTRATES THAT AN UNLINED PRODUCED
WATER PIT CONTAMINATED THE FRESH WATER SUPPLIES OF AN
AREA IN NORTHWEST NEW MEXICO

Taken as a whole, Mr. Zaman's testimony supports a conclusion that the
unlined produced water pit at Duncan 0Oil Well 6-11 contaminated shallow ground
water in the area of the study. That conclusion can be reached on the basis of
several reasons.

First, Mr. Zaman showed, with one exception, a plume of contaminants
emanating from the produced water pit and traveling in the same direction as the
flow of ground water. The organic constituents, nitrates, and general chemistry
data generally showed decreasing concentrations with aistance from the pit,
except in only three samples.

Dr. Eiceman's data corroborated Mr. Zaman's data. Dr. Eiceman found organic
constituents in test pit water very similar to those in produced water in the

adjacent unlined pit. Additionally, the concentrations of thcse constituents
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decreased with distance from the produced water pit. Dr. Schultz suygested
(Transcript at 216) that benzene had escaped from the produced water pit and was
present in the ground water between the produced water pit and the down-gradient
test pits.

Second, Mr. Zaman investigated most other possible sources of contamination
and concluded that none posed as great a potential for contaminating ground water
as did the produced water pit. He testified that the oil well was cased in cement
to the producing zone. He testified that he observed no surface spills of
petroleum products either from the wellhead, pipelines, or the buried separator.
His slides showed no leaks from the backhoe. And his exhibit on the o0il well
itself (Zaman Exhibit 4) showed that no drilling muds were used to develop the
well in September 1975.

Those personal observations and studies of Mr. Zaman have far more weight
than Randy Hicks's speculation that some other source than the produced water pit
could explain the presence of ground water contamination at the site (see
Transcript of April 22 at 122). Mr. Hicks did not visit the Duncan 0il Field nor
conduct the visual ihspections Mr. Zaman did.

Third, Mr. Zaman brought to the hearing photographic and physical evidence
from his investigation. His slides of the study area, the produced water pit, and
the physical contamination of sands and water in the test pits on both dates of
the investigation were compelling proof of the contamination he found. His Mason
jars containing oily black sands extracted from his test pits filled the hearing
room with gasoline-like odors -- the same odors Mr. Zaman testified that he
smelled in the field.

Mr. Zaman readily admitted that he made some mistakes in his study, but
pointed out thét those mistakes were not sufficient to alter the analytic results

or the hydrologic findings. He had nothing to hide and no reason to hide it
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because the facts would speak for themselves. He was willing to let the

Commission judge the quality of his study as any "reasonable man" would.

C. THE COMMISSION CAN CONSIDER MR. ZAMAN'S TESTIMONY AS
SUBSTANTIAL EVIDENCE IN THIS CASE

If the Commission agrees that Mr. Zaman's study discovered ground water
contamination that can reasonably be connected with leakage from an unlined
produced water disposal pond, it can use that evidence to support an order
banning disposal of less than 5 barrels of produced water per day in unlined
disposal pits. The Commission is reminded that Mr. Zaman showed an adverse affect
to ground water from a pit receiving at the maximum 2 barrels of produced water
daily. Mr. Zaman was convinced, based on his investigation and his years of
experience as a geohydrologist with the federal government and now the Navajo
Tribe, that the contamination at the Duncan Oil Field was significant enough to
warrant his recommendation for no disposal in unlined pits.

Intervencor Shuey suggests that Mr. Zaman's evidence, coupled with the
calculations performed.by David Boyer and Doug Earp, provides a basis for the
Commission to take action to prevent contamination of ground water in the four
counties of northwest New Mexico. Contrary to Mr. Kellahin's numerous statements
at the beginning and end of the hearing that the Commission only had evidence
sufficent to support a ban of 5 barrels or more, the evidence placed in the record
by supporters of the Division's position demonstrates ciearly that contaminants
can move from the surface to the water table under a variety of field conditions,

and, at least in one case, they already have.
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VIII. CONCLUSICNS

Ground water protection policy in New Mexico and throughout the U.S. has
evolved considerably in recent years. As more detailed scientific evidence has
accumulated, and additicnal cases of ground water contamination discovered,
regulators have increasingly moved toward a posture of attempting to prevent
contamination before it happens.

In this case, the Commission heard extensive testimony about physical and
chemical factors that retard or prevent the movement of contaminants from unlined
disposal pits into the ground water. Mr. Hicks testified that he believed that
the absence of large concentrations of benzene in his monitoring wells confirmed
the findings of Dr. Schultz and Dr. Gary Miller regarding attenuation factors and
biodegradation (see, for instance, Transcript of April 22 at 155).

Mr. Boyer readily admitted in his testimony his understanding that physical
factors work to retard contaminant movement into the ground water. But he also
noted that there is great uncertainty about the mechanics of attenuation and
biodegradation -- a fact admitted by Dr. Miller and even the authors of some of
the papers he referenced -— and that prudent ground water protection ppolicy
mandates taking affirmative preventive action before contamination occurs.

Intervenor Shuey has appended to these comments a recent technical paper on
organic constituent movement in ground water (Joan M. Newsom, "Transport of
Organic Compounds Dissolved in Ground Water," Ground Water Monitoring Review,
Spring 1985). As noted by Mr. Boyer, Dr. Schultz and Dr. Miller, biodegradation
and other attenuation factors have been found to retard the movement cf organic
compounds in ground water.

But even in the face of positive evidence, the author makes several

cautionary statements, including:
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"In some cases, however, the degradation products could be

as toxic or worse than the original compound...Limitations
include the difficulty of managing environmental parameters
that promote biodegradation and the difficulty in maintaining
biodegradation as environmental conditions." (page 34)

"The field conditions under which biodegradation of
different compounds is promoted is not well understood."

(page 34)

"The mechanisms of adsorption and biodegradation are not well
enough understood to model satisfactorily." (page 35)

The author makes & very compelling conclusion for adopting -- as the
Commission as the authority to do under the Water Quality Act (74-6-4.D.,
N.M.S.A. 1978) —— a consarvative approach to ground water protection given the
uncertainties involved in assessing organic constituent movement in ground

water:

"Although the technology may exist to clean up polluted
ground water and pollution sites, the costs are often high.

A water policy is needed to encourage prevention and set
priorities for what should be cleaned up. The cost of cleanup
can be several orders of magnitude larger than that of
preventive measures." (page 35)

IX. THE COMMISSION'S ORDER

In fashioning an order based on the hearing record, the Commission should
include all of the recomnendations of the Water Study Committee including those
pertaining to definitions of the vulnerable area and the various types of pits
present at o0il and natural gas well sites. The Commission should use its best
judgment in reaching a decision on the amount of produced water that can safely be
disposed of in unlined pits.

The undersigned wishes to congratulate the Division and the Commission on
its response to the potential problem of ground water contamination from unlined

disposal pits, and promises to continue to be involved in the matter as the agency
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pursues additional technical and field studies.

17

Respectfully submitted,
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Chris Shuey //
1804 Silver SE
Albuquerque, NM 87106
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py Joan M. Newsom

Abstract

Organic compounds. such as trichloroethylene
(TCE) and chlorobenzene, that have heen found in
drinking water supplies are of public concern because
they are possibly carcinogenic. These substances can
now be routinely detected in trace amounts with gas
chromatograph mass spectrometers. There are some
polar organic compounds. which are not detectable
individually by common methods and therefore little
is known about.them.

The transport of organic compounds is more diffi-
cult to predict than the flow of ground water because:

® Trace amounts of pollutants are dilficult to
measure

® Transport is complicated if the compound is
partitioned into several phases

® The concentration of organics in ground water
may vary due to aquifer heterogeneity and other
hvdrologic factors

® Reactions with other organic compounds and
reactions with the aquifer material {such as adsorp-
tion) may affect the mobility of the organics

¢ Biodegradation may also affect net transport.

Adsorption is a factorin the attenuation of non-po-
lar organics in aquifers with significant organic con-
tent (0.1 percent ordganic carbon). The organic mate-
rial adsorbs the non-polar organic chemicals. The
mobility of a pollutant in such an aquifer depends on
at least two parameters: the levels of dissolved organic
matterand the content of organic carbon in theaquifer
material. The partition coetficient of the chemical pol-
lutant between the aquifer and water is commonly
caleulated as a function of the organic content of the
aquifer and the partition coefficient between octanol
and water.

Field and laboratory results reported in the litera-
ture indicate that the following organic compounds
may be biodegradable under aerobic cenditions: alkyl
benzenes and chlorobenzenes. Under anaerobic con-
ditions halogenated aliphatics. alkyl benzenes. several
pesticides and phenolic compounds may be biode-
gradable. Halogenated aliphatics appear not to degrade
under aerobic conditions and non-chlorinated aro-
matics and chlorobenzenes appear not to degrade
tnder anacrobic conditions. Alkyl henzenes biode-
grade more rapidly than their halogenated counter-
parts.

28 Sering 1985

Introduction

Pollution of ground water by organic compounds is
an important area of public concern. and hyvdrogeolo-
gists are increasingly required to evaluate hydrocar-
bon contamination in the subsurtace. The methods of
analysis have improved in recent years such that con-
centrations of less than one microgram per liter (pg/L)
can be determined. The ability to measure more
organic compounds, especially polar organics. will
increase the number of different contaminants detec-
table in water.

Some of the organic compounds found in water are
believed to be harmful in trace amounts. The health
risks of the synthetic organics. however, are difficult
to determine mainly because of the uncertainty in
extrapolating the results of laboratory carcinogen tests
on lab animals to humans. The health risks are not
likely to become known very rapidly. References on
health aspects of synthetic ordanics are lound in
Pearson (1982a. 1982b). and Merian and Zander
11982).

Man-made hydrocarbons are used in a wide range
of industries and in household products. They are tor
the most part a product of technology used since the
1940s. Their solubility in non-polar substances and
poor solubility in wateraccount for their common and
widespread use as degreasers. Trichloroethylene (TCE)
is used. for example, to clean oil from industrial
machines, to wash oils from airport runways. and to
remove grease from clothes in dry cleaning.

Definitions

Hydrocarbon compounds. also called organic com-
pounds, are composed of hydrogen and carbon. Ali-
phatic hydrocarbons are a group of hvdrocarbons in
which the carbon atoms are joined to form open
chains. Aromatic hydrocarbons usually have struc-
tures that contain at least one benzene ring. Monocyc-
lic aromatics. such as alkyl benzenes. have one ring,
Polynuclear hydrocarbons possess more thanonering.
This class of hydrocarbons can be divided into two
groups. [n the first. the rings are fused. which means
at least two carbon atoms are shared between adjacent
rings, e.g,, naphthalene. In the second group. the aro-
matic rings are joined directly or through achainotat
least one carbon atom, e.g. biphenyl,

Many of the organic pollutants are halogenated:
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that is. theyv contain halogen ators in their molecular
structure. Chlorine.bromine and fluorine are the most
common halogens. Examples of halogenated aliphaties
found in ground water include: trichloroethyviene
{C1ICH:CCL,, commonlyabbreviated TCE). which con-
tains two carbon atoms joined by adouble bond- 1.1.1-
trichlorocthane (CH.(CCL L. which contains twoe carbon
atoms joined by a single bond: and tetrachloroethylene
(C1,C: CCL, commonly abbreviated PCE), which con-
tains two carbon atoms joined by a double bond. Tri-
halomethanes (THMs) are a subdroup of the halogen-
ated aliphatics that contain three halogens in the
methane (CH ) molecular structure. Examples include
chlorofonn or trichloromethane (CHC1 ). bromoform
or tribromomethane (CHBr,). and dibromochlorome-
thane (CHBr,C1). Halogenated aromatics found in
ground water include: chlorobenezene (C1CH;),
dichlorobenezene (C1,C H . abbreviated in this paper.
DCRB). and trichlorobenzene (C1,C¢H,, abbreviated in
this paper. TCB).

Hydrocarbon compounds can also be generally
divided into polar and non-polar groups. Polar
molecules are electrically neutral molecules with con-
centrations of negative charge in one part of the mole-
cule and of positive charge in another, producing an
electric dipole.

Occurrence of Organic Pollutants in
Ground Water

The extent of ground water pollution by organic
compounds is difficult to estimate both for a given
aquifer and in general. Specific studies are difficult to
compare because of variations in analytical sensitivity
and differences among the compounds studied. Even
for a given aquifer. the extent of ground water pollu-
tion by organic compounds can only be estimated
because such a small fraction of the ground water is
usually sampled.

There are many sources of organic pollution. Con-
taminants may reach the aquifer by way of precipita-
tion. by seepage of pesticides and herbicides from the
surface. from pollutants in sanitary landfills, waste
storage ponds. polluted streams and lakes, and from
accidentally or deliberately spilled material. Organic
pollution is found both in industrial areas and in
rural areas.

Man-made compounds pose a ground water pollu-
tion problem in industrialized couniries. One or two
percent of ground water supplies in the United States
are polluted based on estimates of point sources, but
only a fraction of these are contaminated primarily by
organic pollutants (Pye and Patrick 1983). The com-
pounds that occur most frequently in ground water in
the United States are the trihalomethanes {THMs),
which are the halogenated organics produced by
chlorination of water containing humic materials
(Bouwer et al. 1981). The problem of THMs, such as
chloroform. has received considerable attention begin-
ning in 1974 and the maximum contaminant level
allowed by the EPA is 100 ug/L total THMs (Cotruvo
1981).

Theextent of ground water pollution by organics in
the Netherlands was measured by sampling all 232
ground water pumping stations in the Netherlands
between 1976 and 1978, The samples from 54 of the
232 locations. 25 percent of the locations, contained
concentrations >0.1 pg/Lof chlorinated hvdrocarbons
with 1 or 2 carbons {e.g.. TCE) (Zocteman et al. 1981}
The Netherlands is at the end of the Rhine River and

receives pollutants from countries upstream. The
compounds detected most frequently at concentra-
tions greater than 0.01 wg’/L in Dutch ground water
include: TCE {67 percent). chloroform (60 percent),
tetrachloromethane (43 percent). PER {19 percent),
and 1.1.1-trichloroethane (17 percent). These com-
pounds are on the Environmental Protection Agency
list of priority pollutants. The concentrationsat higher
levels (>10ug/L) could always be associated with a
specific source. i.e.. local waste dumping. Concentra-
tions at low levels (0.01 to 0.1 ug/L) may be due to
volatile organics in rain water. Levels of substances
such as chloroform and TCE are less than 1 ug/L in
rain water in the Netherlands.

Measurements of Organic Pollutants

Accurate measurements of the concentrations of
organic pollutants in ground water are essential for
understanding the behavior of the polfutants in aqui-
fers. The problems of sampling an aquifer are espe-
ciallv severe for volatile organics, which are easilv lost
to the atmosphere (e.g.. Pankow et al. 1981). Problems
can arise from the type of well construction and the
type of casing used. A study of the leaching of trace
organics (0.5 ppb naphthalene and 0.5 ppb p-dichloro-
benzene) into water from five common plastics used in
well casing showed the following results: Teflon® (no
leaching detected). nonglued PVC (0 to 0.1 ppb). Polv-
ethylene (0.1 ppb), Polypropyiene (0.5 ppb). glued PVC
(0.5 ppb). and Tygon (1.0 ppb) (Curran and Tomson
1983).

Analvtical results may be suspect because of the
difficulty of analvzing water for trace concentrations
of organics. In a comparison of analyses among certi-
fied private, state and university labs. large variations
were reported even for relatively simple measurements |
of total dissolved solids {Keith et al. 1983). The follow-
ing procedures were used to control the analvtical
precision and accuracy during an extensive investiga-
tion of a PCB spill site (Roberts, Cherrvand Schwartz
1982). The concentrations of PCBs were determined
by several analytical techniques. Astandard with PCB
concentrations similar to the samples being analyzed
was run approximatelyevervten samples. Blanks were
run during a switch from analysis of high PCB con-
centrations to low concentrations to ensure that the
residual response of the system had returned to back-
ground levels.

The occurrence of some polar organic compounds
in ground water has been much less studied than that
of non-polar organic compounds. Very little is known
about their health risk or their occurrence because
they cannot be easily isolated and measured. The
group parameter TOX (total organic halogen! provides
a measure of the total amount of halogen in organic
compounds and is determined by concentrating the
organics by adsorption. and measuring halogen con-
cenirations by titration. specific ion electrodes, or
microcoulometer. TOX analyses are both relatively
simple and quick compared to gas chromatography.
The more polar. non-volatile and high molecular weight
halogenated hydrocarbons presently can be detected
by TOX and not by GC/MS {Jeckel and Roberts 1980).
Field studies have shown that the TOX concentration
is several times larger than the sum of halogenated
organic compounds by gas chromatographic deter-
mination (Roberts, Schreiner and Hopkins 1982).
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Advection and Dispersion
The mechanisms of advection and dispersion have

an important control on the transport of organic pol-
lutants. Total solute flow in porous media is composed
of the portion that travels with the average ¢ground
water flow (advection) and the portion that deviates
from the average ground water flow (dispersion). Dis-
persion causes a dilution of the solute concentration
and a spreading of the contaminated area. Seen as a
plot of concentration vs. the time to reach an observa-
tion point. dispersion causes the S-shaped break-
through curve to broaden. The characteristic length of
the porous medium. which is known as the cispersiv-
ity length. when multiplied with the ground water
velocity. has been shown in the lab to vield the disper-
sion coefficient. This coetficient is used to determine
the flux due to dispersive effects {Anderson 1979).

There are two tyvpes ol dispersion: dispersion that
occurs at the pore scale (inicrodispersion) and disper-
sion that occursat the field scale due toaquifer heter-
ogeneity (macrodispersion}. Microdispersion is usu-
ally of not much significance {or transportin relatively
fast-flowing ground water. On the other hand. micro-
dispersion and molecular diffusion are important in
underground waste isolation site studies. Macrodis-
persion is significant due to the heterogeneityv of the
aquifer (e g.. Sudicky et al. 1983).

Lab dispersivity measurements do not agree with
dispersivity measurements determined by field tracer
tests because of scale factors. Lab measurements of
dispersivity values for calculating microdispersion
consist of determining breakthrough times at the
outlet of cylindrical columns packed wita porous
media and then using the solute transport equation to
determine dispersivityvalues. The field measurements
of longitudinal dispersivity (in ihe direction of flow),
which are on the orderof 10 to 100m, are at least three
orders of magnitude larger than lab measurements,
10-*to 10"*m (Anderson 1979). Field tracer t2sts show
that longitudinal dispersivity is not constant for a
given aquifer. but increases as the distance between
the injection and observation well is increased. At some
point, dispersivity stops increasing. This increase in
dispersivity with increased travel distance or travel
time of thee solute is referred to as the scale effectin the
literature {e.g.. Molz 1983: Sudickv et al. 1983).

The cause of the variable dispersivity is the hetero-
genity of the aquifer, leading to anisotropic distri-
butions of horizontal hydraulic conductivity. Field
data indicate that most compounds prefer to travel
through more permeable pathways, such as through
gravel lenses. The variation in concentration due to
heterogeneity of the aquifer causes the distribution of
the compound in a horizontal sense to sometimes
deviate from the theoretical plume shape derived for
homogeneous aquifer characteristics (e.g.. Sudicky et
al. 1983).

The problem of aquifer heterogeneity is as impor-
tant on a vertical scale as on a horizontal scale. Field
data have shown that when chemicals enter the aqui-
fers do not mix to the full vertical extent of the ground
water and are influenced by aquifer heterngeneities
and density effects (Sudicky et al. 1983: Rea and
Upchurch 1980; Schwartz et al. 1982). Even though
some of the datz in these studies are for ions and not
organic compounds. one would expect the principles
to apply.
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from the Glatt River into the upper approximately 9m
of a 20m thick Quaternarv glaciofluvial valley fill
aquifer composed of sand and gravel (Schwarzenbach
et al. 1983). The contaminated water was detected
several kilometers from the Glatt River in the upper
half of the aquifer. while water in the lower half origi-
nated from less polluted sources. Monitoring of a PER-
spill in glacial deposits in Michigan showed that the
PER (density = 1.62 g/em™ at 20 C), which was well
below saturation. migrated downward as it traveled
away from the source (Minsley 1983).

Adsorption

Most aquifers have less than 0.1 percent organic
content. Quantitative relationships have not been well
established between sorption and the controlling
factors. although the specific surface area and the
nature of the mineral surface intfluence the deg¢ree of
sorption. Some adsorption of non-polar organic com-
pounds was experimentally observed in columns con-
taining materials that contain no organic carbon. such
as clean sand. limestone and montmorillonite clay
(Schwarzenbach and Westall 1981a). Sand and gravel
aquifersare likely tocontain insignificantamounts of
organic matter. although this parameter is usuallv ot
measured. The aquifer near the Glatt River in Switzer-
land. for example. contains less than 0.1 percent
organic content (Schwarzenbach et al. 1983). The
retention of hexachlorobenzene, for example. was
small between the aquifer next to the Glatt River and
observation wells, which are up to 120m away {rom
the river. despite the fact that hexachlorobenzene has
a highlog Kow of6.06, and there'ore. would be expected
to be strongly retained in an aquifer with significant
carbon content. The mobility of hexachlorobenzene
indicates the low sorption capacity of sandy gravel
aquifers with insignificant organic content {Schwar-
zenbach et al. 1983).

Aquifers comprised of deposits where formerliving
matter is likely to have accumulated, such as from
peat deposits, slow-moving streams. lakes or bogs. tend
to have significant organic content. Studies have
shown that at least 0.1 percent carbon content in the
aquifer (0.001 g of organic carbon per gram sorbent)
is needed for carbon adsorption to be significant {e.g.,
Schwarzenbach and Westall 1981a). Instead of solu-
bility, the octanokwater partition coefficient (Kow) is
often used as a measure of the partitioning of poliu-
tants between water and organic phases. The Kow is
the ratio of the concentration of a compound in
octanol. a readily available alcohol that is relatively
non-polar, to that in water. An inverse correlation
between log Kow values (ranging between 1 and 6)and
log solubility values. ranging between -3 to 5 in mg: L.
has been found for non-polar organic compounds
(Mackav 1980: Zoeteman et al. 1981). Kow values are
also used to predict the partitioning behavior of com-
pounds into soil that contains organic matter, as well
asinto the fat bodies of fish and other biota. Measured
values of Kow can be found in: Chiou. Porter and
Schmedding (1983): Banerjee. Yalkowsky and Vahani
(1980); Kenaga and Goring (1980); and Hutzinder
{1982): and estimated Kow values are found in Hansch
and Leo (1979): and Leo, Hansch and Elkins (197 1).In
addition, chemical properties of organic compounds
can be found in Verscheuren (1983), Hutzindger (19832,
1980), Weast and Astle (1982).




An example from California f!lustrates how the
order of breakthrough of several organic compounds
correlated with solubility and Kow such that the com-
pounds that appear first have the highest solubility
and lowest Kow. The order of appearance at an obser-
vation well 11m downstream from the injection well
from first to last to appear was: chloride, chloroform,
bromoform and dibromochloroform, 1.1.1-trichloro-
ethane and chlorobenzene (Roberts, Schreiner and
Hopkins 1982).

In another example from western Canada. TCB
concentrations increased relative to that of PCB with
depth as shown by the increase in the 1.2.4-TCB/PCB
ratiofrom 0.02 in the surface fill to 0.19 in the underly-
ing Regina clay (Roberts. Cherry and Schwartz 1982).
The log Kow of 1.2.4-TCB is 4.05 (Leo. Hansch and
Elkins 1971} while that of 2.4.5.2' 4’ 5'-PCB is 6.72
(Schwarzenbach and Westall 1981a). The increased
mobility of TCB is reflected by the lower Kow. Other
indications of greater mobility are higher solubility.
lower molecular weight and fewer chlorine atoms in
the molecular structure in TCB compared with PCB.

Useful relationships have been found between the
adsorption behavior of a pollutant and its Kow value
and the organic content of an aquifer. Preliminary
work indicates that the partitioning behavior of a pol-
lutant and its residence time can be calculated for
aquifers containing sufficient organic material.
Karickhoff et al. (1979) demonstrated that the degree
to which a compound is adsorbed in a soil. as mea-
sured by the partition coefficient (Kp). depends on the
Kowand the "fraction organic content" (foc) of the soil
by the relation:

Kp = 0.63 foc (Kow) (1)

The equation was developed by examining the adsorp-
tion of 10 organic pollutants, whcse log Kow ranged
from 2 to 6. in river and pond sediments whose foc
ranged from 0.1 to 3.3 percent. This equation applies
when the pollutant concentration is less than half of
the solubility limit in water. Based on surface and
aquifer sediments. whose foc is greater than 0.001,
Schwarzenbach and Westall {(1981a) derived a similar
equation:

Kp = 3.2 foc (Kow®7?) (2)

Thisequation is also valid only for low concentrations
of the pollutant. Means et al. (1980) derived a similar
equation for PAHs. Figure 1 illustrates the relationship
described by Equation 2 for four chiorinated benzenes
with different Kow coefficients. The equations estab-
lish the similar dependence of the parameters foc and
Kow on the partition coefficient be:ween soil contain-
ing organic matter and water. These equations apply
only for non-polar substances in material with greater
than 0.1 percent carbon. Kow provides a better esti-
mate of sediment-water partitioning than does solu-
bility. which gives at best an order of magnitude esti-
mate of the partitioning behavior of a chemical in the
organic fraction of the sediment medium (Karickhoff
et al. 1979).

Schwarzenbach and Westall (1981a) found that
more than 85 percent of the adsorption of the pollu-
tants took place on particles of size less than 0.125mm
(fine sand) and Karickhoff et al. (1379) ohserved that
most of the adsorption took place cn the particle frac-
tion smaller than 0.05mm {silt or clay). More organic
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Figure 1. The sorbent to water partition coetticient (¥p)
as a tunction of organic carbon fraction (foc) tor toyur
chlorobenzenes (Schwarzenbach and Westall 198. )
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Koc isthe partition coetficient based on organic content
and Koc = Kp/foc. The circled symbols indicate the sor.
bents on which the data were obtained: AS. activated
sludge; 1. 4, sea sediments (coastal zone): 2. detritus 3 5
lake sediments: 6, 8, river sediments; 7,9. 10, 11, 13. aquiter
material.

compounds were sorbed on the finer particle size frac -
tion of sediments than on the coarse fraction princ-
pally because of the higher organic content as well as
the larger surface area. Differences in sorption between
silt and clay fractions depend on differences in foc
rather than in sediment size {Karickhoff et al. 1979
Organic compounds also partition onto dissolved
organic matter. such as fulvic and humic acids. such
as in organic-rich water in landfill leachates (Cherry
et al. 1984).

Apollutant that is adsorbed travels slower than the
water containing the pollutant. The travel time of the
solute divided by the travel time of the fluid is known
as the retardation factor or the relative residence time
{tr}. which based on Equation 1 is:

tr = 1 + 0.63 foc (Kow) p/e
where

p = average bulk density (g/cm®)
€ =

soil void fraction (unitless)
(Roberts. Reinhard and Valocchi 1982)
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sionless. calculated from the equation and those
derived from the field show that tr values diverge for
increasing values of Kow. The trvaluesare 5 (field) and
6 (equation) for chloroform: 36 (tield) ard 41 (equa-
tion) for chlorobenzene: and dreater than 200 (tield)
and 140 (equation) for 1. 4-DCB (McCarty et al. 1981).
Kow values for these three compounds are 93, 692,
and 2.400 respectively and the calculations are based
on anaverage bulk density of 2 g/cm™ e = 0.22.and foc
= 1 percent carbon (McCarty et al. 1981). Schwar-
zenbach et al. (1983) derived a similar equation but
did not make a comparison with field results.

The common method of modeling the etfects of
sorption on solute transport is to assume that the
solute and sorbent react in instant equilibrium. i.e. no
kinetic effects. that the ratio of the sorbed solute to the
solute dissolved in water is constant, i.e.. linear iso-
therm, and that adsorptionand desorptionisa revers-
ible process. The above equations are based on these
assumptions.

Formulas for the calculation of limi-ing kinetic
effects, non-linear isotherms and unequal sorption/-
desorption behavior are given in Miller and Weber
(1984). Kinetic effects are importantwhern the ¢round
water velocity is too fast to allow equilibrium and the
above equations are nolongervalid. The ground water
flow rate (approximately 0.0 14 cm/s) close to the Glatt
River during storm water events was probably fast
enough for kinetics to affect the transport of pollutants
in the aquifer. Kinetic etfects are also important when
contaminants are newly introduced to a ground water
systemand when spike or plug contamination sources
are appropriate. Under these conditions less material
is sorbed onto the aquifer media and the material that
is not sorbed travels farther. Kinetic effects were
observed in column experiments when water contain-
ing chlorinated benzenes flowed through a column at
arateof0.01 cm/s(Schwarzenbach and Westall 198 1a.
1981b). which is well within the range of nypical
ground water velocities. The breakthrough times were
faster than the breakthrough times of the same
columnexperiment conducted atavelocity ofless than
0.001 cm/s. The results of the column experiment at
the slower rate (0.001 cm/s) matched those of an 18-
hour long equilibrium batch experiment indicating
that sorption equilibrium occurred at the slower rate.

Although numerous studies have shown that trace
levels of dissolved organic compounds follow linear
isotherms, one exception are trace levels of PCBs
(Cherry et al. 1984). Non-linear isotherms are most
likely to occur when the concentration of the dissolved
solute nears the solubility limit. For exaimple. at low
concentrations (well below the solubility limit) pesti-
cides showedlinearisotherms. butat high concentra-
tions several organic pesticides have very non-linear
isotherms {Cherry et al. 1984),

An important source of data on adsorption is the
treatment of waste water by artificial recharge of an
aquifer. The advantage of studies on waste water
recharge is that the rate and length of time that a
contaminant was injected or allowed to infiltrate into
the aquifer is known, in contrast to most pollution
studies.

In one study, approximately 92 percent of the
organics were removed from the waste water (Tomson
etal. 1979). The highest initial concentration was only
4.05 pg/L and the range in final concentrations was
between 0.1 to 1 pg/L. Most removal rates for the 11
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LidadCh vl Loltipounds studitd were berween Yyu to 1uvU
percent, which included chloroaromatics and alkoxva-
romatics, alkyl benzenes. naphthalenes. alcohols.
ketones. indoles and indenes. Those groups whose
removal rate was below 90 percent include the alkvl-
phenols (85 percent). alkanes (71 percent}, and chloro-
alkanes {70 percent) and phthalates (2 percent). The
phthalates was the only group not to exhibit a dra-
maticdecrease in concentration.and it was concluded
the observed decline of only 2 percent was in error. A
study of dune infiltration in northern Holland actually
showed a dramatic increase in phthalate concentra-
tion {Piet et al. 1981). Perhaps PVC tubing contami-
nation influenced the phthalate concentrations in
both cases.

Adsorption and volatilization were thought to be
the significant transport mechanisms for the pollu-
tants studied by Tomson et al. (1981). Biodegradation
had a minimal iimpact for two reasons: { 1) The injected
fluid was effluent from an activated sludge plant and
compounds that easily biodegrade would not have
been present. {2) Biodegradation does not occur for
low pollutant concentrations. Tomson found that in
the lab sewage bacteria reduced 2.3-dimethvinaph-
thalene from 1.3 mg/L to 40 u¢/L in one day and that
there was no further degradation for several days.

Under equilibrium conditions the net ratio of the
rates of adsorption and desorption do not change and
the reaction is said to be reversible. Sorption was
reversible in several column studies (Schwarzenbach
and Westall 1981a: Karickhoff et al. 1979). The rever-
sibility of the reactions indicated that the initial
removal of the compounds from solution was due to
sorption and not to other factors such as biodegrada-
tion, which would cause the amount removed to be
greater than the amount desorbed. A study by Hor-
zempa and Di Toro (1983). however, showed that
sorption of PCBs is not readily reversible under field
conditions. The amount of sorption correlated with
sediment surface area and organic content. The sorp-
tioneffects were not felt to be attributable to biodegra-
dation because PCBs are not readily biodegraded.

The restoration of aquifers depends upon the abil-
ity to remove contaminants adsorbed onto the sub-
surface material. One method is to flush the aquifer
via injection and extraction wells. If the ground water
velocity is too fast for equilibrium to be established.
the concentration of the pollutant in ground water will
decrease below the equilibrium concentration. Once
the flushing stops. equilibrium conditions may
become established and the concentration of dissolved
pollutants may increase as desorption takes place. In
such a case. the concentration of the pollutant at the
extraction well decreases as the aquifer is {lushed and
then increases when the flushing is stopped. In addi-
tion to desorption during flushing as an important
mechanism, the concentrations may alsc be affected
by biodegradation rates of adsorbed. in-phase and
dissolved pollutants.

Polar organics appear to be more mobile than non-
polar organics, as shown by a studyin anaquifer with
significant amounts of organic carbon because they
dre poorly retained in the organic material in the sotl
tRoberts, Schreiner and Hopkins 1982). Piet et al.
{1981) also found that the polar compounds were not
as well adsorbed as non-polar compounds in soil
column experiments using 50cm-long columns ot soil
composed of peat and sand lavers. Those non-polar
chilorine organics that were retained include: nitro-



benzene, NITrotoICHC AU CIHOTOTIU U FI20 1. 25010
flarly, studies with granulated activated carbon (GAC)
exhibit less adsorption of the polar organices than the
non-polar organjcs. :

Biodegradation

Biodegradationis the breakdown of chemical com-
pounds by microorganisms and is controlled by such
environmental paramefers as temperature, pH. dis-
solved oxvgen, Eh. salinitv, nutrien's. competing
organisms, toxicily to organisms. and the concentra-
tions of the organisms and compounds. Lab studies
have shown that under steadv-state conditions a pol-
lutant must be present in concentrations of milligrams
perliter tobe broken down directly by microorganisms
(McCartyv et al. 1981). In a similar study it was found
that the pollutant concentration must be at least 100
ug/L to sustain a microbe population {Wilson and
McNabb 1983). If the pollutant concentrations are not
sufficiently high to sustain the microorganisms bio-
degradation will not occur (Kobayashi and Rittman
1982). Sewage bacteria reduced 2.3-dimethylnaphtha-
lene from 1.3 mg/L to40 ug/Land no further reduction
was observed for several davs {Tomson et al. 1981). A
lowerlimit forbiodegradationof 10 ug/L has also been
found by Wilson and McNabb (1983). Trace levels of a
compound can sometimes be broken down as a
secondary result of the breakdown of another com-
pound. which is present at much higher concentra-
tions (Rittmann et al. 1980: McCarty et al. 1979),

Biodegradation depends on essential metabolic
requirements. such as oxyvgenated water for aerobic
processes. Metabolism can deplete the oxvgen or other
metabolic requirements in ground water at pollutant
concentrations greater than 1.000 to 10,000 ug/L
(Wilson and McNabb 1983). Thus. po'lutants at high
concentrations may be only partially degraded when
oxvgen is depleted.

Results of lab and field biodegradation studies
under aerobic and anaerobic conditions for different
classes of organic pollutants are presented below. Most
of the prioritv pollutants have been shown to be
biodegradable under aboratory conditions (Kobavashi
and Rittman 1982). This does not. however, mean that
these pollutants are necessarily biodegradable under
field conditions. Aerobic conditions generally occurin
the unsaturated zone and mayv be found below the
water table at shallow depthsaswell as at great depths
(Winograd and Robertson 1982).

Halogenated Aliphatics. Field and lab results
show that scveral halogenated aliphatics may biode-
grade slowly under anaerobic conditions, but not
under aerobic conditions. CH,Cl, does. however.
degrade underaerobic conditions (R. Schwarzenbach.
personal communication 1983). Halcgenated aliphat-
ics at low concentrations in treated waste water
decreased in concentration wheninjected intoa coas-
tal aquifer in California (Roberts. Schreiner and Hop-
kins 1982). THMs degraded 10 times faster than the
other halogenated aliphatics although the rate of
anaerobic degradation was siow for both. The THMs
concentration declined from 100ug/L to less than 0.1
ug/L at a rate of 0.03 per day. The decline was attrib-
uted to anacrobic biodegradation and not adsorption
because the sorption capactty of the aquifer was satu-
rated before the injection experiment began. Batch
culture tests in the lab supported the field results that
THMs degrade at low concentrations under anaerobic

bromodichloromethane degraded slowly under anae-
robic conditions of a shallow fluvial aquifer in Okla-
homa (Wilson and Enfield 1983} Halogenated aliphat -
ics that have been reported to biodegrade under
anacrobic lab conditions include: TCE trichlorethane.
methvl ehloride. chloroethane. dichlorobromoethane,
vinvlidiene chloride, PER. methylene chloride and the
THMs chloroform. dibromochloromethane, bromo-
dichioromethane (Kobavashi and Rittman 1982).

No degradation was observed in studies of several
compounds under anaerobic conditions. but the rate
of degradation may have been too slow to be detected
during the period of investigation. Bouweretal (1981)
observed THMs but not TCE or PER to biodegrade in
batch culture tests in the lab under anaerobic condi-
tions. Wilson et al. (1983} did not observe degradation
below the water table for several aliphatics: 1.2-
dichloroethane, 1.1.2-trichlorethane. TCE or PER. but
the period of study may not have been long enough to
observe slow rates of degradation. Slow rates of degra-
dation. therefore. cannot be ruled out. Similarly.
Schwarzenbach et al. (1983) observed that TCE. PER.
1.1.1-trichloroethane, and hexachlorethane were per-
sistent in the aquifer up to several kilometers away
from the river. but the wide errorbars on their figures
may not rule out slow rates of degradarion.

The decomposition of halogenated aliphatics under
aerobic lab or field conditions has not been observed.
No significant degradation of halogenated aliphatics
(THMs. TCE. PER]) was found under aerobic lab condi-
tions (Bouwer et al. 1981: Bouwerand McCarty 1984).
The persistance of chloroform. under aerohic condi-
tions was reported in a study of ground water recharge.
a study of chloroform passage through GAC columns.
a study of bank filtration in Germany and a study of
waste water percolation in soil columns (Bouwer et al.
1981). Wilsonetal. {1983} inafield studyvin Oklahoma
did not observe degradation of several halogenaied
aliphatics, 1.2-dichloroethane, 1.1.2-trichloroethane,
TCE. o1 PER. above the water table.

Alkyl benzenes. Alkyl benzenes are known to
degrade under aerobic conditions and mayv degrade
under anaerobic conditions. Field observations show
that toluene degraded rapidly in a shallow aquifer
composed of flood-plain sediments in Oklahoma both
above and below the water table (Wilson and Enfield
1979: Wilson et al. 1983). Schwarzenbach et al. {1983)
observed a sharp decrease in non-halogenated com-
pounds transported from the Glatt River to any of the
ground water observation wells, the closest being 2.5m
from the river. The alkyl benzenes included: toluene,
1.3-dimethy] benzene, and other 2 and 3 carbon ben-
zene isomers. Aerobic respiration and nitrification
occurred predominantlvin the first few meters ol infil-
tration. thus supporting the theory that the decrease
in concentration was caused by biological processes
under aerobic conditions. The biological processes
that removed the organic compounds were efficient.
considering the short residence time between the river
and the closest well and the small retardation tactors
of the compounds. The decline was observed at ditfer-
ent temperature throughout the vear, including 5°C
in winter. Alkvl benzenes degrade quicker than halo-
genated aromatics under aerobic conditions, probably
because of the breaking of the halogen bond for halo-
genated aromatics is relatively slow.

Naphthalene and methyl-naphthalene also
decreased in concentration but the decrease in
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(1982) observed that naphthalene did not blodegrade
under anaerobic conditions, but was slightly sorbed.
Bouwer and McCarty (1984) observed that several
non-chlorinated aromatics are removed under aerobic
but not anaerobic conditions.

Chlorobenzenes. Chlorobenzenes nave been
observed to degrade under aerobic but nor anaerobic
conditions {e.g.. Bouwer and McCarty 1984). The
chlorobenzenes, 1.4-DCB, 1.24-TCB and 1[.23-TCB
decomposed under aerobic conditions in the aquifer
near the Glatt River. and are suggested to have
degraded to chlorinated phenols and catechols
(Schwarzenbach and Westall 1981b). The rate of
decrease was slower than for the alkvl aromatics. per-
haps because the breaking of the haloden bond slows
the process (Schwarzenbach etal. 1983). Halogenated
aromatics do not degrade under anaercbic conditions.
The concentrations of 1.4-DCB did not decrease in
July and August of 1979, 1980 and 1981 between the
riverand 5m from the river.as itdid the rest of the vear
because conditions were anaerobic during these sum-
mer months and the compounds did not decompose.
During the rest of the vear the conditions were aerobic
and the chlorobenzenes decomposed. Chlorobenzenes
in another Swiss study persisted for at least seven
years under anaerobic conditions (Gidger and Schaffner
1981).Chlorobenzenes(1.4-DCB. 1.2.4-TCBand 1.2.3-
TCB) decomposed above. but not below the water table
in a shallow fluvial aquifer in Oklahoma (Wilson et al.
1983). The failure of chlorobenzene to decompose in
autoclaved (i.e.. sterilized) lab samples established
microorganisms as the likely agent of destruction.

Pesticides. Lab studieson sewer sludge indicated
that pesticides such aslindane degraded more quickly
under active anaerobic lab conditions than under cor-
responding aerobic conditions. probably due to bacte-
ria (Hill and McCarty 1967). DDT, for example. con-
verted rapidly to DDD under anaerobic conditions,
but persisted as DDT under aerobic conditions of
several mg/L of dissolved oxygen. Similarly, more than
20 species of bacteria were found to reductively
dechlorinate DDT under anaerobic conditions,
whereas aerobic conditions apparently cid not pro-
mote dechlorination (Kobayashi and Rittman 1982).
Other pesticides that were dehalogenated under
anaerobic conditions in lab culture tests include:
toxaphane by bacteria. lindane by soil bacteria and
parathion by bacteria (Kobayashi and Rittman 1982).
These lab results indicate that pesticides are easier to
break down under anaerobic than under aerobic con-
ditions. The breakdown process is relatively easy once
the halogen bond is broken.

Phenolic compounds have been shown to biode-
grade under anaerobic conditions in an aquifer com-
posed of glacial drift material in Minnesota{Ehrlich et
al. 1982). Methane and CO,, were formed by the anae-
Tobic bacteria breaking down the phenolic com-
pounds. Lab studies supported the field results, and
also indicated that principally biodegradation and not
sorption account for the decline in concentration
(Ehrlich et al. 1982). Glass column experiments
showed that chlorophenols can biodegrade under
aerobic conditions (Zullei 1981).

Biodegradation is an appealing cleanup method
because expensive cleanup methods could be avoided
and the pollutant is destroyed rather than transferred
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the degradation products could be as tom, or worse
than the original compound. Management of some of
the parameters that affect biodegradation, such as
nitrate supply. may allow biodegradation to occur in
situ in the vadose zone or aquifer. Limitations include
the difficulty of managing environmental parameters
that promote biodegradation and the difficulty in
maintaining biodegradation as environmental condi-
tions change.

Geological Considerations

The detailed structure and mineralogic composi-
tion ofaquifers is critical to the transport of pollutants.
One example is a PCB spill in a glacial till area in
western Canada (Schwartzet al. 1982 Roberts,Cherry
and Schwartz 1982). Between 6.800 and 21.000 liters
of transformer oil containing PCBs and chloroben-
zenes were spilled at a transformer plant. The PCBs
traveled mainly in-phase because of the low solubility
of PCBs (0.05 mg: L). The laboratory- determmed con-
ductivities of the till zone.between 10-and 107 cm/s.
are too low to explain the observed vertical migration.
Vertical movement is primarily through fractures in
the clay, silt and till units, as indicated by the high
PCB concentrations measured on fracture surfaces.
Tritium was also found along fracture surfaces and
used to calculate the rate of solute migration. This rate
isa minimum because, unlike PCBs, some of the small
tritium atoms diffuse into the sedimentary units. The
geological units also have alow organic content.0.2 to
0.9 percent carbon. minimizing the role of organic
carbon in absorbing the PCBs.

Conclusions and Recommendations

Although progress is being made in understanding
how organic compounds travel in the subsurface, large
gaps and unknown important parameters exist. Sev-
eral recommendations are given below on areas that
need research.

® Some polar organic compounds are not com-
monly detectable by present methods. They appear to
be persistent in ground water, able to travel significant
distances and be resistant to degradation. Perhaps
the increased ability to identify these polar organics
will provide a better understanding of this type of
contamination. Group parameter methods. such as
TOX. may be attractive compliments to the commonly
used GC/MS method because of the lower cost and
because the measurements include classes of com-
pounds, e.g., polar halogenated organics in the case of
TOX. which are not readily identifiable individually.

® In cases where the aquifer might contain suffi-
cient carbon for adsorption to be significant, the
empirical relationships that have been developed may
be useful fordetermining the partitioning behaviorof
organic pollutants. Further study of the etfect of grain
size.organic content, solute concentrations, dissolved
organic matter and other controls on adsomtion will
help clarify how solutes are transported.

® Some elements, such as N, S, or P-compounds.
when injected into pollution plumes may promote
microbial degradation. The field conditions under
which biodegradation of different compounds is pro-
moted is not well understood. The phase in which the
poliutant biodegrades might also be considered, i.e..
dissolved in water. in-phase. or adsorbed onto the




matrix.

® More work is needed to determine how flushing
of an aquifer via injection and extraction wells affects
those pollutants sorbed onto aquifer or seil material.
Travel of solutes in-phase during {lushing. such as
droplets within the water. may be an important
mechanism.

Ground water flow models in porous media are
useful for understanding a flow regime and for plan-
ning the placement of wells. Solute transport models
assume constant dispersivity values and the solute is
assumed o be dissolved. which in some cases may not
be reasonable assumptions. Resolution problemswith
numerical models may occur in some cases, such as
for modeling trace concentrations of a solute, high
concentration gradients. or radial flow ‘tom a pulse on
a rectangular grid. The mechanisms of adsorption
and biodegradation are not well enough understood to
model satisfactorily. The effects of such mechanisms
will probably be lumped together in models because
their effects will be difficult to separate in practice.

Although the technology may exist to clean up pol-
luted ground water and pollution sites. the costs are
often high. Awater policy is needed to encourage pre-
vention and set priorities for what should be cleaned
up. The cost of cleanup can be several orders of magni-
tude larger than that of preventive measures. Monitor-
ing of areas containing organic compounds has begun
only recently.and as monitoring continues the under-
standing of solute transport will improve.
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STATE CF NEW MEXICO
DEPARTMENT OF ENERGY AND MINERALS
OIL CONSERVATION DIVISION

IN THE MATTER OF TEE HEARING
CALLED BY THE OIL CONSERVATION
COMMISSION OF NEW MEXICO FOR
THE PURPOSE CF CONSIDERING:

APPLICATION OF THE OIL CONSERVATION

COMMISSION UPON ITS OWN MOTION

TO DEFINE THE VERTICAL AND AREAL EXTENT

OF AQUIFERS POTENTIALLY VULNERABLE

TO CONTAMINATION BY THE SURFACE

DISPOSAL OF PRODUCER WATER, MCKINLEY,

RIO ARRIBA, SANDOVAL, AND SAN JUAN

COUNTIES, NEW MEXICO. CASE: 8224

TENNECQ OIL COMPANY'S
MEMORANDUM OF LAW AND ARGUMENTS
On behalf of Tenneco 0il Company, this Memorandum
states the legal principles upon which the 0il Conservation
Commission ("OCC") must base the promulgation of ruleg and
regulations controlling the disposal of produced water into
unlined surface pits within an area defined as c¢ontaining

potentially vulnerable aquifers.

I. INTRODUCTION:

On June 7, 1984, the 0Oil Conservation Division
("Division") in case 8224 called a public hearing to
consider the prohibition of disposal of produceé water on
the surface of the ground in the San Juan Basin of KNew

Mexico.



On July 18, 1984, the Division again called Case
8224 and at that time established a water study committee.

On February 20, 1985, the Commission held a public
hearing to consider the report of the Water Study Committee
and to hear a report by the Division hydrologist.

On April 3, 1985, the Commission again heard Case
8224 to hear testimony from various 0il & gas industry

representatives and experts.,

IT. FACTUAL BACKGROUND:

The disposal cf produced water into unlined surface
pits in the San Juan BRasin has taken place for a period in
excess o¢f 4 vyears with no known documented case of
contamination of ground or surface waters having occurred
in Northwest New Mexico.

It is claimed that there are areas in San Juan, Rio
Arriba, McKinley and Sandoval Counties, New Mexico where
ground or surface water may be vulnerable to possible
contamination by o0il & gas production., These vulnerable
areas were defined by the Water Study Committee from using
available water well data, 106 year flood hazard maps,
topographic maps and include areas where the depth to
ground water 1is 1less than fifty feet, the agquifer
containing the ground water is presently used for or has a
reasonable future use for municipal, domestic, industrial,

agricultural, or stock watering purposes as defined by the
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State Engineer. These areas were defined as that which
lies over or is adjacent to a vulnerable aquifer, including
those portions of the San Juan, Animas, and La Plata River
valleys which are bounded by the topographic line on either
side of the river that is 100 vertical feet above the river
channel measured perpendicularly to the river channel.

Special Areas were also identified which fell
outside of the "vulnerable area" but which had water well
records indicating water production from less than 58' and
0il and gas production within the same section.

The Water Study Committee has developed proposed
definitions for a vulnerable area and for special areas
which are fair and reasonable and should be adopted by the
Commission into special rules and regulations.

Within the vulnerable area, there are some 1,200
producing o0il and gas wells and some 308 known water wells.

There 1is no evidence that any fresh water well in
the vulnerable area has been contaminated by the disposal
of produced water into unlined surface pits.

Currently available data shows that the hydrologic
and geologic parameters that are used to define potential
ground water contamination within the vulnerable area do
not vary dgreatly and need not be developed on a well by
well basis.

Using well accepted methods of hydrolegic study, it

has been demonstrated that the continued disposal of
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produced water into unlined pits in the vulnerable area at
rates of 5 barrels a day or less for a produced water pit,
and of 1 barrel a day or less for an ancillary pit, does

not present a potential risk of contamination to ground

water,

IITI. TENNECO'S POSITION:

1. The Division's proposal to ban unlined surface
pits in the wvulnerable area, except on a pit by pit
exemption process, is both unreasonable and unwarranted.

2. That using accepted methods of hydroclogic
study, the pits in the wvulnerable area have been
demonstrated not to constitute a risk to ground water if
those pits do not receive more than 5 barrels of produced
water a day.

3. That there is no currently available method for
the economic disposal of the produced water, except with
the continued use of the unlined pit method.

4, Small volume disposal rates are so
insignificant as to present no hazard to fresh water
supplies and should be allowed to continue for an interim
period to prevent waste caused by the premature

abandonment of wells.



5. That through the New Mexico 0Oil and Gas Act,
the Water Quality Control Commission has delegated the
responsibility of administering the Water Control
Regulations, with respect to produced water disposal into
unlined pits, to the New Mexico 0il Conservation Division
which is bound to establish rules and regulations that are
not more stringent than those of the Water Quality Control
Commission.

6. That the rules and regulations adopted by the
New Mexico 0il Conservation Division, concerning the
Gisposal of produced water, must be in compliance with the
New Mexico Water Quality Standards.

7. Additional rules and requlations should be
established to require the timely metering, and reporting
of produced water by the operators of the oil/gas wells in

the vulnerable area and the special areas.

ARGUMENT
I. THE OCD  MUST BASE  RULE-MAKING ON

SUBSTANTIAL EVIDENCE CONTAINED IN THE

RECORD AS A WHOLE AND MUST COMPLY WITH THE

LEGAL RESIDUUM RULE:

A, The Substantial Evidence Rule applies to

the OCC.

The standard to apply in determining the legal
sufficiency of decisions of the 0il Conservation Commission

was most recently stated in Fasken v, O0il Conservation

Commission, 87 N.M. 292, 532 P.2d 588 (1975). The court

said:
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In cases where the sufficiency of the
Commiscsion's findings is an issue or their
substantial support is questioned, after
the dust of the Commission hearing has
settled, the following must appear:

[2} A, Findings of ultimate facts which
are material to the issues. Such findings
were characterized as "foundationary
matters", "basic conclusions of fact" and
"basic findings"™ in Continental 0il Co. v,
0il Conservatijion 'n, 76 N.M. 310, 373
P.2d 809 (1962). These findings have to do
with such ultimate factors as whether a
common source of supply exists, the
prevention of waste, the protection of
correlative rights and matters relative to
net drainage.

B. Sufficient findings to disclose

the reasoning of the Commission in reaching

its ultimate findings. In Continental, it

was said that although elaborate findings

are not necessary, nevertheless:

" ... Administrative findings by an

expert administrative commission should be

sufficiently extensive to show ... the

basis of the Commission's order."

(Citations omitted).

C. The findings must have substantial

support in the record.

The pertinent statute delineating the
requirements for rule-making by the OCC is silent on the
issue of a required statement from the OCC giving the
reasons for promulgation of rules, It is necessary,
therefore, to 1lock tc the New Mexico Administrative
Procedure Act for guidance as to whether rule-making and
adjudication are subject to the same evidentiary
requirements.

Under the N.M.A,.P.A., an agency "decision"

encompasses decisions made as a result of rule-making,
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i.e.,

form of a decision, See, NMSA S 12-8-5:

tial

["Rule-Making Prerequisites: A(3) .ee
All persons heard or represented at any
hearing, or who submit any writing to be
considered in connection with the proposed
rule, shall promptly be given a copy of the
decision, by mail or otherwise (emphasis
added) ."}

the promulgation of a rule by an agency is in

the

Additionally, the N.M.A.P.,A. applies the substan-

judicial review c¢f agency decisions is set out

Section 12-8-22, which reads in pertinent part:

evidence test to rule-making as well as adjudications,

this

A. In any proceeding for review of an
agency decision or order, the court may set
aside the order or decision or reverse oOr
remand it to the agency for further
proceedings or may compel agency action
unlawfully withheld or unreasonably
delayed, if it determines that the
substantial rights of a party to review
proceedings have been prejudiced because
the agency findings, inferences,
conclusions or decisions are:

(5) unsupported by substantial
evidence; or

(6) arbitrary or capricious or
characterized by abuse of discretion or
clearly unwarranted exercise of discretion
or upon a showing of substantial bias or
prejudice.

evidence test to agency decisions, The scope

in

of

NMSA

Thus, the N.M.A.P.A. applies the substantial

supporting its rule-making on judicial review.

B. The Substantial Evidence Test Applies
to Review Agency Rule-Making.
_7_.

and

practice must serve as a guide to the OCC in properly



In Bokum Resources Corporation v. New Mexico Water
Quality Control Board, 93 NM 546. 603 P.2d 285 (1979), the
New Mexico Supreme Court applied the substantial evidence
test to rule-making: The issue in the case was whether
standards set by the Water Quality Control Commission for
discharge of certain toxic compounds were appealable as
"rules", and, if so, were supported by substantial
evidence. The court held that they were rules, and found
that they were supported by substantial evidence. In
applying the substantial evidence test, the court reviewed
"conflicting expert testimony of a highy technical nature"
and, while refusing to reweigh <conflicting evidence,
resolved conflicts in favor of the successful party below

(the Commission).

C. The substantial Evidence Test Applies

to the Record as a Whole.

The court's application of the substantial evidence
rule in Bokum comports with its more recent decision 1in
Duke City Lumber Co, v. New Mexico Environmental
Improvement Board and New Mexico Environmental Improvement
Division 23 NM St. B. Bull. 447, 681 pP.2d 717 (April 4,
1984). In Duke City Lumber, the court held that
application of the substantial evidence rule requires that
the reviewing court examine the administrative record as a

whole, and not ignore segments of the record.



standard of review,

The New Mexico Supreme Court held that the

the agency decision, is.....

conflicting evidence in either rule-making or

"not only outdated but contrary to the rule
followed in other jurisdictions and by the
federal courts”...

However, for administrative appeals we now
expressly modify the substantial evidence
rule as heretofore adopted by this Court
and supplement it with the whole record
standard for judicial review of findings of
fact made by administrative agencies. A
review of the whole record 1is clearly
indicated in those cases where the
administrative agency serves not only as
the factfinder but also as the complainant
and prosecutor. See 73A C.J.S., Public
Administrative Law and Producure Section
213 (1983).

Administrative agencies can no longer

proceedings:

Commission shows a lack of risk to the vulnerable

While this rule is applicable to decisions
of administrative boards and tribunals, as
well as to decisions of courts, it does not
permit accepting part of the evidence and
totally disregarding other convincing
evidence in the record considered as a
whole. Duke City Lumber,

The evidence which has been presented

old

the substantial evidence in support of

ignore

to

which the Commission may not ignore in propounding

rules.

D. The Legal Residuum Rule Requires that
the Agency State Reasons for its
Regulation.

adjudicatory

the

areas

its



In Duke City Lumber, ’'supra, the court was careful
to state that adoption of the "record as a whole" standard
daid not in any way negate the requirement of the
application of the "legal residuum" rule to judicial review
of agency action, The court said:

"[t]he standard for admissibility in an

administrative hearing under [the New

Mexico Administrative Procedure]}] Act is

therefore one of whether the evidence has

any probative value. However, New Mexico

courts require that an administrative

action be supported by some evidence that

would be admissible in a jury trial. This

has been referred to as the legal residuum

rule. Young v, Board of Pharmacy, 81 NM 5,

462 P.2d 139 (1969)."

In Bokum, supra, the court addressed whether the
reasons ¢given by the Commission for adoption of its
regulations were legally sufficient. The Bokum court found
legal sufficiency in that eight reasons were given which
were thoroughly analyzed during the hearing and for which
additional information was provided after the hearing. The
Bokum court contrasted the Commission's actions in that
case with its action in a previous case, City of Roswell v,
New Mexico Water Quality Control Commission, 84 NM 561, 505
P.2d 1237 (Ct. App. 1972), cert.denied, 84 NM 566, 5065 P.2d
1236 (1972), in which the Commission gave no reasons at all
for its decision. In City of Roswell, the Commission "did
not give any general statement of its reasoning, and it
gave no indication as to what testimony or exhibits were
relied wupon in formulating the requlations in question....

We agree with the Court of Appeals that ... reasons should

-10-



be given upon which the Commission bases its adoption of
regulation.” okum, at 553.

It 1is clear from this description of what would be
adequate reasons that New Mexico courts require that agency
rule-making be based on some type of evidence which would
be admissible in a jury trial. This standard could not
possibly be met by the OCD in promulgating the rule
prohibiting disposal of produced water in unlined pits
absent some type of scientific evidence which is 1legally

sufficient to support the rule.

II. FAIRNESS AND ACCOUNTABILITY REQUIRE TIHE
AGENCY TO PROVIDE REASONS UNDERLYING RULE-
MAKING:

A, Fairness and Accountability of Agency Action
can only be Insured by Providing the Public with a Complete
and Accurate Statement of the Information Relied on in
Rule-making.

The necessity for a complete factual record for
judicial review of agency rule-making is examined in
Informal Agency Rulemaking and the Courts: A Theory for
Procedural Review, Cooley R. Howarth, Jr., Washington,
U.L.Q. 61:890-978 (Winter 1984), The author makes a
compelling argument for the requirement of such a record in
order to be fair to all parties concerned:

The right to petition for agency

reconsideration, or Jjudicial review, of

final rules can be exercised most

effectively only when the public is fully
and accurately apprised of the scope,

-11-



basis, and purpose of the rulemaker's
decision. Recordmaking and explanation
procedures also provide mechanisms to
police the procedural fairness of the
rulemaking process. A mandatory
requirement that agencies fully explain and
document their decisions may well reveal
that the agency has failed to consider
relevant public comment or has relied upon
information or materials which were not
subjected to public notice and comment. In
addition, a published explanation and
documentation of the agency's decision
enhances at 1least the appearance of
fairness by opening up the decision making
process to public scrutiny. Id. at 966.

Additionally, agency accountability require an
organized, detailed record:

Even if a rulemaking record and a fully
explanation are not considered essential
for the fairness and effectiveness of
rulemaking, it seems <clear that agency
accountability 1is unacceptably compromised
in the absence of both. While Congress has
a number of methods for holding agencies
accountable for their actions, and
continues to explore new techniques to
enhance this accountability, it has placed
its primary reliance on judicial review of
agency action, Without a complete and
organized rulemaking record and a detailed
explanation of the basis and purpose of
agency rules, courts cannot properly
perform the role they have been assigned in
the administrative process,

When courts review rules, the agency's
factual perceptions, together with its
judgment about the legal significance of
those perceptions, are to be closely
examined. While the court is not to
substitute its own judgment for that of the
agency, neither is it to assume that the
agency's judgment is rational. Instead,
agencies are to be held accountable by the
review of a court which must satisfy itself
that the agency's rule is the rational
product of a rational decisionmaking
process. 1d. at 966-67

-12-



The issue of accountability is particularly
important in the ©present case because the OCD has, at
present, absolutely no scientific evidence on which to
preclude a blanket small volume exemption. Thus, there is
no basis on which to decide if the O0CD's determination
whether the disposition of produced water into unlined pits
presents an environmental hazard is rational.

In addition, discusses Howarth whether an agency is
acting responsibly when it promulgates a rule without
creating a complete record of a factual basis for the rule:

If reviewing courts are to provide any

reasonable barrier to arbitrary

decisionmaking, they cannot be expected to
guess at or entirely reconstruct the

decisionmaking process. They must be
provided with a complete and organized
rulemaking record and a detailed

explanation of the basis and purpose of an
agency's rule. Courts simply do not have
the expertise, let alone the time and
resources, to wander through a huge and
unwieldy rulemaking record guided only by
vague and simplistic indications of what
the agency through it had accomplished.

The Supreme Court also has recognized the
need for administrative assistance in
responsbile judicial review. In a number
of cases, the Court has demanded that
agencies supply reviewing courts with
records that detail the agency's findings
and conclusions and demonstrate a process
of reasoned decisionmaking. Even in
Vermont Yankee, the Court left undisturbed
the judicially imposed requirement that the
agency prepare an organized rulemaking
record and full explanation of its entire
decisionmaking process. Interestingly, it
has never seemed to bother the Court that
neither the APA nor any organic statute
explicitly required these agencies to
assemble a record or to prepare findings of
fact or conclusions of law supporting their

-13-



decisions., Contemporaneous documentation
and a complete explanation of the agency's
decisionmaking process was deemed necessary
if judicial review of informal
decisionmaking was to be at all effective,
Id. at 969-70.

Thus, without some documentation of scientific evidence on
which the OCD would base the proposed rule, it would be
impossible for a reviewing court to be effective in

reviewing the decision-making for arbitrariness,

B. Other Jurisdjctions Require a Complete Factual
Record on Which Rule-Making is Based:
The requirement of a <clear factual record is

articulated in numerous cases. In St., James Hospital v.
Heckler, 579 F. Supp. 757 (N.D. I11. 1984), the court said:

It is well-settled that a reviewing court
is required to "review the whole record" in
determining the validity of a regqulation, 5
U.S5.C. Section 706, and that the "whole
record" consists solely of the
administrative rulemaking record.

It is important for "[aln agency to
identify and make available technical
studies and data that it has employed in
reaching the decision to propose particular
rules.”" Id. at 762, 764.

The court in St, James quotes the U. S. Supreme Court in
Baltimore Gas & Electric Co, v. NRDC, U.S, 183 S. Ct., 2246
(1983) for the definition of arbitrary and capricious:

An agency's rule is arbitrary and
capricious if (1) the agency relied on
factors which Congress had not intended it
to consider; (2) the agency entirely failed
to consider an important aspect of the
problem; (3) if it offered an explanation
for its decision that runs counter to the
evidence before the agency or is S0
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implausible that it could not be attributed

to a difference in view or the product of

agency expertise, (Emphasis added).

In the present case, for the OCD to promulgate a
rule prohibiting disposition of any produced water into
unlined pits 1in the vulnerable areas would not satisfy
either (2) or (3) above, The OCD would fail to consider an
important aspect of the case - the fact that no scientific
data exists to show contamination by toxic substances - or,
alternatively, its decision would run counter to the
evidence before 1it, which is that there is no evidence
supporting the rule. Obviously, in this case, the OCD's
explanation for promulgating the proposed rule would be "so
implausible that it could not be attributed to a difference
in view", Baltimore Gas, supra, since there is not yet any
scientific information on which to base a view. The OCD's
action would be arbitrary and capricious here.

In Wiggins Bros,.,, 1Inc, v, DOE, 548 F. Supp. 547
(N.D. Texas 1982), the court reviewed the promulgation by
the DOE of the marginal property rule, which excluded
injection wells from the definition of "wells that produced
crude 0il." The court reviewed the agency action under the
arbitrary and capricious standard, as stated:

Under the "arbitrary and capricious”

standard the scope of review is a narrow

one. A reviewing court "must consider

whether the decision was based on a

consideration of the relevant factors and

whether there has been a clear error of

judgment....Although this inquiry into the

facts is to be searching and careful, the

ultimate standard of review is a narrow
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one. The court is not empowered to
substitute its Jjudgment for that of the
agency." The agency must articulate a
"rational connection between the facts
found and the choice made." While we may
not supply a reasoned basis for the
agency's action that the agency itself has
not given, we will uphold a decision of
less than ideal clarity if the agency's
path may reasonably be discerned. Id. at
551.

Without any scientific evidence on which to base
the conclusions that produced water in unlined pits in the
vulnerable areas causes contamination of the ground water,
the OCD cannot articulate a "rational connection between
the facts found and the choice made", Wiggins, supra,
because there are not yet any facts found.

In United States v. Frontier Airlines, 563 F. 24
188 (10th Cir. 1977) the court construed the meaning of
the Basis and Purpose Statement of the Administrative
Procedure Act, a counterpart of which is found in the NMAPA
at Section 12-5-8 (A) 3 and which should be followed by the
OCC:

This provision thus requires the agency to

include in the rule a "concise" statement

of why the rule was adopted and what it is

intended to accomplish. The statement is a

summary of what, in the legislative

process, would be gleaned from the hearings

and the statements of position which make

up the legislative history. The Basis and

Purpose Statement 1is a very significant

portion of a regulation when an issue

arises as to its application and scope.
Id. at 1613,

In National Wildlife Federation v. Benn, 491 F.

Supp. 1234 (S.D. N.Y., 1988), the Administrator of the EPA
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defended a claim that its interpretation of a regulation it
promulgated was arbitrary and capricious. The court stated
that:

Another important element to consider in

evaluating an administrative regqulation is

"the thoroughness evident in its

consideration, the validity of its

reasoning, its consistency with earlier and

later pronouncements, and all those factors

which give it power to persuade, if lacking

power to control." Id. at 1245.

Because the EPA could produce scientific evidence
substantiating its position in interpreting the regulation,
it prevailed. The court said:

"The plaintiffs' contentions that this

procedure is scientifically unsound is

refuted by the government's experts . . .

While the issue appears unresolved, this

Court is constrained to accept the agency's

reasonable interpretation of the regulatory

requirements." 1d. at 1246.

Clearly, if an agency can show a reasonable
scientific basis for its rules or its interpretation of its
rules, it is afforded great deference. But, when it
cannot, as here, establish an adequate factual basis for
its regulations, it is impossible for a reviewing court to
determine if the agency has acted in an arbitrary and
capricious manner, or has based the requlation on evidence
which does not meet the substantial evidence test.

III. THE PROMULGATION OF THE PROPOSED RULE

WILL HAVE A CONFISCATORY EFFECT, AND AS

SUCH WILL ADVERSLY AFFECT TENNECC'S CORRE-

LATIVE RIGHTS AND WILL CONSTITUTE AN
UNCONSTITUTIONAL TAKING OF PROPERTY.
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The New Mexico Constitution provides that no person
shall be deprived of property without due process of Law.
N.M. Const. Art II Section 18. All property rights are
subject to the reasonable exercise of the police powers of
the state. Kaiser v, Thomson, 55 N.M. 278, 232 P24 142
(1951). Those powers must not be exercised in an arbitrary
manner, however. An exercise of police powers which
operates to deprive a person of property rights in an
arbitrary way amounts to an unconstitutional confiscation
of property. Kaiser, supra.

Tenneco has a vested property right in producing
its fair share of hydrocarbons from its wells. Until the
present rule was proposed, Tenneco and other producers with
wells in the vulnerable areas operated their wells in those
areas without having to line pits or be concerned that an
alleged contamination problem would arise. Tenneco
operated its wells under other regulations already
promulgated by the OCD pertaining to well permitting,
location, etc. None of these other regulations promulgated
by the OCD made reference to the possibility that operation
of the unlined pits would be subject to any alteration due
to the possibility of contamination of ground water by
produced water in the pits. Tenneco and others have
operated their well in the areas in question for over
thirty years without any indication from the OCD that its
means of operation would be subject to a requirement which
would impose on Tenneco an obligation to safeguard against

-18~-



undocumented hazards. The practical effect of the proposed
rule is to reverse over thirty years of an established
policy of the OCD's of placement and operation of wells in
the areas in question, As such, the proposed regulation
operates as a taking of a vested property right.

Tenneco has developed a practice of using unlined
pits for thirty years, and the imposition of the
requirement to line them, and to stop using them until they
are lined, constitutes a tremendous expense to Tenneco not
justified by any evidence that such a change in practice is
warranted in the interest of protecting the environment.

The question of how to dispose of produced water
has been present as long as wells have been operated in the
areas under consideration, It is not a new problem, and
the OCD has impliedly, if not explicitly, approved of the
methods of disposal heretofore employed. A definitive
standard of conduct has therefore been established, and
conformity +to that standard will now be punished, if the
proposed rule is promulgated. The extent of reliance by
Tenneco and others has been great, since the use of unlined
pits 1is the only means of disposing of the produced water
in the area. Thus, the degree of the burden imposed on
Tenneco would concomitantly be great, given that it would
involve great expense to line the pits or otherwise dispose
of the produced wateror be deprived of its property

interest.
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The statutory interest in applying the rule is
questionable, at best, given that there is no evidence to
show that a change in practice will improve environmental
quality of the area.

iv. THE USE OF A FIVE-BARREL-A-DAY LIMIT WOULD

BE THE LEAST RBURDENSOME APPROACH, WOULD

SERVE THE INTERIM PURPOSES OF THE QCD,

AND WOULD COMPORT WITH SOUND POLICY-

MAKING.

Tenneco's position is to accept a reduction in the
allowable amount of produced water to be deposited in the
unlined pits pending the development of a data base from
which to determine the proper course of action in the long
term. However, in the interim, Tenneco would urge the OCD
to adopt an exception for small volume deposits of produced
water until reliable data can be developed.

Such an approach to the imposition of an automobile
exhaust emission regqulation under the Clear Air Act was
taken by the Administrators of the EPA, as discussed in
Amoco 0Oil Company v. EPA, 501 F. 24 722 (D.C. Cir. 1974).
The Administrator of EPA, after promulgating a rule
establishing emission standards for certain hydrocarbons,
suspended the imposition of those standards for a year and
in the meantime imposed less stringent "interim" standards.
During the time the interim standards were in effect, o0il
producers challenged the validity of the original emission
standard as not being supported by adequate scientific and
economic evidence, including a cost benefit analysis, as
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reguired by certain provisions of the Clean Air Act. The
court in Amoco explained that the o0il companies objected to
the requlations because of the financial hardships they
caused by being unnecessarily and unlawfully far-reaching
and abrupt. Thus, the interim standards were effective to
"soften the blow" of the great financial impact on o0il
companies by the new regulations.

In Amoco, the validity of the regulation was
determined in light of the requirements of the Clean Air
Act, which are more stringent than the Administrative
Procedure Act. However, the court in Amoco discussed at

length how an agency is required at times to make policy

judgments, in the absence of sufficient factual
information, concerning the relative risks of
underprotection as compared to overprotection. In

conjunction with this analysis, the court articulated the
factual requirements of the "basis and purpose under the
APA", a counterpart of which, as previously mentioned, is
found 1in the New Mexico Statutes, The court said:

"[i]ln particular, the basis and purpose
statement must advert to administrative
determinations of a factual sort to the
extent required for a reviewing court to
satisfy itself that none of the regulatory
provisions were framed in an 'arbitrary' or
‘capricious' manner. Id. at 739. Further,
the court said:

Where EPA's regulations turn crucially on
factual issues, we will demand sufficient
attention to these in the statement to
allow the fundamental rationality of the
regulations to be ascertained. Where, by
contrast, the regulations turn on choices
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of policy, on an assessment of risks, or on

predictions dealing with matters on the

frontiers of scientific knowledge, we will

demand adequate reasons and explanations,

but not "findings" of the sort familiar

from the world of adjudication.

1d. at 740-41.

Tenneco is not unaware or unconcerned about the
OCD's interest in regulating on the side of
"overprotection", Rather, it urges a course of regulatory
action which would serve the interests of the OCD in
environmental protection without being arbitrarily or
capriciously unfair to the o0il producers in the region who
have detrimentally relied on a long-standing practice of
disposal of produced water. The use of an interim standard
for disposal would comport with rational policy-making,
when an adequate assessment of the risk cannot yet be made.
The interim standard of five barrels a day is low enough to
serve the protective interests of the 0oCDh while
preventing Tenneco and other producers from suffering an
immediate and burdensome expense as a result of having to
find an immediate alternative to using the unlined pits.

In 1light of the fact that the pits have been
operated for over thirty years with no restrictions imposed
as to quantity of produced water deposited in them, it is
unreasonable to conclude that the interim disposal of
produced water resulting from noc more than five barrels of

0oil per day would cosntitute a significant addition to

whatever environmental hazard exists, if it exists at all.
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Thus, the only reasonable approach to managing the problem
of identifying the potential environmental hazard to the
vulnerable area without being arbitrarily unfair to all of
the producers in the area is to adopt an interim standard
for disposal of producecd water until reliable data

illuminating the risk, if any, can be obtained.

v. IN  IHE EVENT THE OCC DECLINES IO ADOPT
THE INTERIM STANDARD, CERTAIN FINDINGS OF

FACT ARE NECESSARY TO SUPPORT THE ORIGINAL
PROPOSED RULE.

Should the Commission desire to adopt a rule for
the vulnerable area that precludes a blanket small volume
exemption, the following are the essential elements
necessary to support such a rule:

1., Shallow water monitoring near unlined pits;

2., Location of Alluvial and shallow ground water
occurrences;

3. Statistically reliable number of water analyses
from pits and evaluation of plume movement;

4, Analyses of tank battery effluents, glycol
dehydrator fluids, and transmission line wastewaters;

5. All chemical analyses must include a complete
set of analyses, including those for hydrocarbons;

6. Agreed-upon (acceptable) sampling method for
all analyses;

7. Agreed-upon method for assessing the volume of
produced water 1in surface pits and the volume of
hydrocarbons in produced water;
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8. Mass balance analyses to determine water loss
from pits;

No scientific evidence now exists upon which the
Commission could base findings of fact which would support
the interim standard. Even if the interim standard is
eventually adopted, substantial testing and analysis 1is

required,

CONCLUSION

Although there has been speculating and postulating
about the possibility of contamination of ground water in
the vulnerable area, the fact remains that in the
vulnerable area where some 1208 gas wells and 3008 water
wells co-exist and have co—existed over the last four
decades, we have yet to experience the first confirmed case
of contamination of ground water by the use of unlined
surface production pits,

The 0il Conservation Division has been unable to
present substantial evidence of the reasonable probability
of contamination. It speculates that contamination might
occur and wants to place the burden of proof on the
industry to show that contamination is npot occurring.
Tenneco O0il Company has undertaken that responsibility and
has established, with its experts, that contamination will
not occur by the continued use of unlined surface pits

where the volumes are 5 barrels a day or less. To
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terminate the use of the unlined pits would be unreasonable
and arbitrary.

Tenneco 0il Company has attached to this Memorandum
its proposed order, Exhibit A, which represents a logical
and reasonable decision to be entered in this case.

ahin

,5611ahinf§#Kg

s, :

By « et {i
W. Thomas Kellahin
P, O. Box 2265

Santa Fe, New Mexico 87581
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STATE OF NEW MEXICO
DEPARTMENT OF ENERGY AND MINERALS
OIL CONSERVATION COMMISSION

IN THE MATTER OF THE HEARING

CALLED BY THE OIL CONSERVATION

COMMISSION OF NEW MEXICO FOR

TEE PURPOSE OF CONSIDERING: CASE: 8224
ORDER R-

APPLICATION OF THE OIL CONSERVATION
COMMISSION UPON ITS OWN MOTION, TO
DEFINE THE VERTICAL AND AREAL EXTENT
OF AQUIFERS POTENTIALLY VULNERABLE
TO CONTAMINATION BY THE SURFACE
DISPOSAL OF PRODUCED WATER, MCKINLEY,
RIO ARRIBA, SANDOVAL AND SAN JUAN
COUNTIES, NEW MEXICO.

TENNECO OIL COMPANY'S
REQUESTED ORDER FOR THE COMMISSION

BY THE COMMISSION:

This cauce came on for hearing on February 286, 1985,
and April 3-4, 1985, at Santa Fe, New Mexico, before the
0il Conservation Commission of New Mexico, hereinafter
referred to as the "Commission".

NOW, on this ______ day of 1985, the

Commission, a quorum being present, having consicdered the
evidence and being fully advised in the premises;

FINDS:

(1) That due public notice having been given as
required by law, the Commission has jurisdiction of this
cause and the subject matter thereof.

(2) That on June 7, 1984, the 0il Conservation
Divigion, hereinafter called "the Division", in OCD Case
8224 called a public hearing to consider the prohibition of
disposal of produced water on the surface of the ground in
the San Juan Basin of New Mexico.
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(3) That Division Case 8224 was again called for
public hearing on July 18, 1984, at which time the Division
established a water study committee composed of various
members of the industry, of the Environmental Improvement
Division, of the 0il Conservation Division staff and
environmental groups and concerned citizens.

(4) That the Division appointed Water Study
Committee held meetings on July 18, August 2, October 17,
November 29, 1984, and January 9, 1985.

(5) That at the Commission hearing on February 260,
1985, the Water Study Committee submitted to the Commission
its Report which was introduced as Commission Exhibit (1).

(6) That the disposal of produced water into unlined
surface pits in the San Juan Basin has not contaminated
ground or surface waters in Northwest New Mexico.

(7) That there are areas in San Juan, Rioc Arriba,
McKinley and Sandoval Counties, New Mexico, where ground or
surface water may be vulnerable to possible contamination
by c¢il & gas production,

(8) That the vulnerable area was defined by the Water
Study Committee from using available water well data, 100
yr. flcod hazard maps, topograrhic maps.

(9) That those vulnerable areas include areas where
the depth to ground water is less than fifty feet, the
aauifer containing the ground water consists of
unconsolidated alluvial fill and the water 1is presently
used for or has a reasonable future use for municipal,
domestic, industrial, agricultural, or stock watering
purposes as defined by the State Engineer.

(1) That the vulnerable area was defined as that
area which 1lies over or adjacent to a vulnerable aquifer
and includes those portions of the San Juan, Animas, and La
Plata River valleys which are bounded by the topographic
line on either side of the river that is 100 vertical feet
above the river channel measured perpendicularly to the
river channel,

(11) That Special Areas were also identified which
fell outside of the "vulnerable area" but which had water
well records indicating water production from less than 5@'
and o0il and gas production within the same section.

(12) That the Water Study Committee has developed
proposed definitions for a vulnerable area and for special
areas which are fair and reasonable and should be adopted
by the Commission intc special rules and requlations.
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(13) That within the vulnerable area, there are some
1,280 producing oil and gas wells and some 30# known water
wells.

(14) That within the vulnerable area there is limited
data available concerning the risk, if any, that the
disposal of produced water into unlined surface pits has
upon ground or surface water.

(15) That any contamination of ground water in the
vulnerable area from the disposal of produced water into
unlined surface pits, if it occurs, will most likely be
from the disposal of large volumes of produced water in
excess of 5  barrels a day or from the use of unlined
surface pits within 15 feet of the bottom elevation of the
major river beds in the vulnerable area.

(16) That until and unless quantification of such
rick becomes possible, the disposal in the vulnerable area
or in any special area of produced water into unlined
surface pits at rates that exceed 5 barrels a day for a
produced water pit and exceed 1 barrel a day for an
ancillary pit may constitute a hazard to fresh water
supplies and such disposal rates should be prohibited.

(17) That currently available data fails to provide
substantial evidence that there is contamination or risk of
contamination from the continued disposal of produced water
into wunlined surface pits in the vulnerable area at rates
of 5 barrels a day or less for a produced water pit and of
1 barrel a day or less for any ancillary pit, provided
said pits are not within 15 vertical feet of the elevation
of the major river bottoms in the vulnerable area
immediately adjacent to said pit.

(18) That the small volume disposal rates defined in
Finding Paragraph (16) above are so insignificant as to
present little hazard, if any, to fresh water supplies and
should be allowed to continue in order to prevent waste
caused by the premature abandonment of wells.

(19) That additional rules and regulations should be
established to require the timely metering, and reporting
cf produced water by the operators of the oil/gas wells in
the vulnerable area and the special areas.,

(20) That there is no evidence that any fresh water
well in the vulnerable area has been contaminated by the
disposal of produced water into unlined surface pits.



IT IS THEREFORE QORDERED:

(1) That Special Rules and Requlations are hereby
promulgated to deal with produced water into unlined
surface pits in certain vulnerable and special areas of the
San Juan Basin as follows:

SPECIAL RULES AND REGULATIONS
GOVERNING PRODUCED WATER
FOR UNLINED SURFACE PITS
IN AREAS OF MCKINLEY, RIO ARRIBA,
SANDOVAL AND SAN JUAN COUNTIES
NEW MEXICO

Effective July 1, 1986, no person shall dispose of
produced water, or fluids, produced in connection with the
production of o0il or natural gas, or both, into unlined
surface pits within areas of the San Juan Basin designated
as either a vulnerable area or a special area, as
hereinafter defined, except 1in conformance with the
following rules and regulations:

RULE 1: DEFINITIONS:
As used in these rules and regulations:

(1) Aquifer: means a saturated permeable
geologic unit (a geological formation, group of
formations, or part of a formation) that can transmit
significant quantities o¢f water under ordinary
hydraulic gradients.

For purposes c¢f this definition, the word
significant means that the water from the aquifer is
used for or may reasonably be presumed to be usable
for municipal, industrial, domestic, agricultural, or
stock watering purposes.

(2) Vulnerable Aquifer: means any of the
following:
(a) unconfined agquifers that are less than 58

feet from the surface; or
(b) unconfined aquifers in floodplain areas; or

(c) aquifers in unconsolidated materials.



(3) Vulnerable Area: means an area which lies
cver or adjacent to a vulnerable aquifer and is
defined as an area within the river valleys of the San
Juan, Animas, and La Plata Rivers, which is bounded by
the topographic line on either side of the river that
is 1008 vertical feet above the river channel measured
perpendicularly to the river channel.

(4) Special Areas: Areas outside of the
vulnerable area in which ground water is subsequently
found to be within 50 feet of the ground surface.

Special areas presently identified are listed below:

a) Sections:

T28N~R 8W, Secticn 17 T30N-R12W, Section 13
T28N-411W, Section 18 T3@N-R12W, Section 15
T28N-R15W, Section 26 T30N-R12W, Secticn 27
T29N-R10W, Section 16 T3@N-R12W, Section 33
T29N-R12W, Section 24 T3PN-R13W, Section 1
T29N-R18W, Section 17 T30N-R15W, Section 6
T29N-R19W, Section 23 T3PN-R15W, Sectiocn 16
T29N-419W, Section 30 T3@N-R15W, Section 21
T3PN-R1OW, Section 5 T3PN-R16W, Section 29
T3@N-R11W, Section 3 T3@N-R19W, Section 34
T3@N~-R11W, Secticn 7 T31N-R10W, Section 13
T3BN-R11W, Section 8 T31N~R11W, Section 35
T39N-R11W, Section 16 T32N-R10W, Secticn 18
T3PN-R11W, Section 19 T32N-R11W, Section 23
T32N-R23W, Section 25
b) Areas that 1lie between the rivers

ditches mentioned below are also special areas:

Eighland Park Ditch
Hillside Thomas Ditch
Cunningham Ditch
Farmers Ditch

Halford Independent Ditch

Citizens Ditch
Hammond Ditch

(5)

Produced Water Pit:

water produced from primary separation in

with the

whether or

the

That pit which receives
conjunction
production of crude o0il and/or natural

not such pit is located at

production.

(6) Ancillary Pit: Those pits not receiving
fluids from primary separation, including but not
limited to, dehydrator pits, tank drain pits, pipeline
drip collector pits, blowdown pits, and compressor
scrubber pits. Examples are listed below:
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(a) Dehydrator Pit: Those pits which
normally receive produced water only from the
dehydration unit.

(b) Blowdown Pit: Those pits which receive
liquid only when a well is blown down.

(c) Tank Drain Pit: Those pits which
receive water that is drained from a production
storage tank.

(d) Pipeline Drip Collector Pit: Those
pits which receive liquids which accumulate in
gas pipelines.

(e) Compressor Scrubber Pit: Those pits
which receive liquids at the compressor suction
in event of primary separator failure,

2: PRODUCED WATER PITS:

Within a vulnerable or special area, no produced
water pit shall receive more than 5 barrels of
produced water a day without special permit; and

3: ANCILLARY PITS:

Within a vulnerable or special area, no ancillary
pit shall receive more than 1 barrel of water or
fluids a day without a special permit; and

4: EXEMPTIONS:

The following are exempted from this order:

(1) Pits 1lying outside vulnerable or special
areas are exempt from this order.

(2) Any pits, ponds, lagoons, or impoundments
resulting from activities regulated by a discharge
plan approved and permit issued by NMOCD or NMEID
under Water Quality Control Commission Regulations
authorized under the New Mexico Water Quality Act.



(3) Any pits, ponds, lagoons or impoundments
resulting from activities requlated by a RCRA or NPDES
permit issued by NMEID or EPA under RCRA or NPDES
regulations authorized under the Resource Conservation
and Recovery Act, New Mexico Hazardous Waste Act,
Clean Water Act or Safe Drinking Water Act.

(4) Any pits, ponds, lagoons or impoundments
resulting from activities regulated by a mining plan,
approved, and permit issued, by the New Mexico Coal
Surface Mining Commission under the authority of the
Surface Mined Lands Reclamation Act.

RULE 5: SPECIAL PERMITS:

The purpose of this rule is to allow for the disposal
of produced water into unlined pits, based on the depth to
ground water beneath such pits and provided that such pits
meet the quality and soil characteristics criteria as set
forth below.

Upon application to and approval by the NMOCD, unlined
produced water pits which receive greater than 5 barrels a
day and those ancillary pits which receive greater than 1
barrel per day, that are within the vulnerable area, may
be permitted under this order based on the following
criteria and after satisfying either a. or b. below.

(a) Quality Permit: If the operator can
demonstrate that the quality of either existing
uncontaminated ground water, or produced water, 1is
such that the introduction of produced water will not
cause degradation of the ground water, the unlined pit
may be permitted upon application to the NMOCD. The
demonstration must include analysis for organic and
inorganic parameters as required by the Division.

{b) Scil and Geologic Characteristics Permit:
If the operator can demonstrate through the uce of
standard soil analysis parameters (e.g., percolation
tests, infiltration rates, particle size/distribution,
etc.) that the existing so0il and/or underlying
geclogic stratum exhibit low permeabilities such that
the produced water will not cause degradation of the
ground water, the unlined pit may be permitted upon
application to the NMOCD. This can be accomplished on
an areal or cite specific basis.

RULE 6: WELL EQUIPMENT AND REPORTING PROCEDURES:
(a) Upon the effective date of this order and

thereafter the operator of any o0il or gas well in
the vulnerable or special area shall accurately
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measure the volume of produced water or fluids leaving
the separator and being discharged into the produced
water pit.

(b} That such measurements shall be taken by the
operators not 1less than semi-annually and shall be
reported semi-annually on a daily rate basis to the
District Office of the 0il Conservation Division on
Division form .

RULE 7: EXPANSION OF VULNERABLE OR SPECIAL AREA

(1) That any person seeking to amend or expand the
Vulnerable Area or to establish new Special Areas shall
file a written applicaticn to the Divisiion and shall send
a copy of said application to any oil/gas operator within
the Vulnerable Area or within 2 miles of any Special Area,
by certified mail return receipt, not less than 21 days
before any Division Hearing.

(2) That the amendment or expansion of the Vulnerable
Area or any Special Area or the creation of a new Special
Area shall be done only after notice and hearing.

RULE 8: AMENDMENT OF RULES:

These Special Rules and Regqulations shall be amended
only after notice and upon hearing by the Division or
Commission, as the case may be. Such hearing shall be held
only after notice to any and all oil/gas operators, by
certified mail-return receipt, who operate any well in the
Vulnerable area or within 2 miles of any Special Area.

(2) That jurisdiction of this cause is retained for
the entry of such further orders as the Commission may deem
necessary.

DONE at Santa Fe, New Mexico, on the day and vyear
hereinabcve designated.

STATE OF NEW MEXICO
OIL CONSERVATION COMMISSION

RICHARD L. STAMETS
Director



STATE OF NEW MEXICO
DEPARTMENT OF ENERGY AND MINERALS
OIL CONSERVATION COMMISSION

IN THE MATTER OF THE BEARING

CALLED BY THE OIL CONSERVATION

COMMISSION OF NEW MEXICO FOR

THE PURPOSE OF CONSIDERING: CASE: 8224
ORDER R-

APPLICATION OF THE OIL CONSERVATION
COMMISSION UPON ITS OWN MCTION, TO
DEFINE TEE VERTICAL AND AREAL EXTENT
OF AQUIFERS POTENTIALLY VULNERABLE
TO CONTAMINATION BY TBE SURFACE
DISPOSAL OF PRODUCED WATER, MCKINLEY,
RIO ARRIBA, SANDOVAL AND SAN JUAN
COUNTIES, MEW MEXICO.

TENNECO OIL COMPANY'S FIRST REVISED
REQUESTED ORDER FOR THE COMMISSION

BY THE COMMISSION:

This cause came on for hearing on February 20, 1985,
and April 3-4, 1985, at Santa Fe, New Mexico, before the
0il Conservation Commission of New Mexico, hereinafter
referred to as the "Commission".

NOW, on this day of

—————__y 1985, the
Commission, a quorum being present, having considered the
evidence and being fully advised in the premises;

FINDS:

(1) That due public notice having been given as
required by law, the Commission has jurisdiction of this
cause and the subject matter thereof.

(2) That on June 7, 1984, the 0il Consgervation
Diviegion, hereinafter called "the Divisgion", in OCD Case
8224 called a public hearing to concsider the prohibition of
disposal of produced water on the surface of the ground in
the San Juan BRasin of New Mexico.
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(3) That Division Case 8224 was again called for
public hearing on July 18, 1984, at which time the Division
established a water study committee composed of various
members of the industry, of the Environmental Improvement
Division, of the 0il Conservation Division staff and
environmental groups and concerned citizens.

(4) That the Division appointed Water Study
Committee held meetings on July 18, August 2, October 17,
November 29, 1984, and January 9, 1985.

(5) That at the Commission hearing on February 20,
1985, the Water Study Committee submitted to the Commission
its Report which was introduced as Commission Exhibit (1).

(6) That the disposal of produced water into unlined
surface pits in the San Juan Basin has not contaminated
ground or surface waters in Northwest New Mexico.

(7) That there are areas in San Juan, Rio Arriba,
McKinley and Sandoval Counties, New Mexico, where ground or
surface water may be vulnerable to possible contamination
by 0il & gas production.

(8) That the vulnerable area was defined by the Water
Study Committee from using available water well data, 100
vr. flood hazard maps, topographic maps.

(9) That those vulnerable areas include areas where
the depth to ground water is less than fifty feet, the
aquifer containing the ground water consists of

unconsolidated alluvial fill and the water 1is presently
used for or has a reasonable future use for municipal,
domestic, industrial, agricultural, or stock watering
purposes as defined by the State Engineer.

(18) That the vulnerable area was defined as that
area which lies over or adjacent to a vulnerable aquifer
and includes those portions of the San Juan, Animas, and La
Plata River valleys which are bounded by the topographic
line on either side of the river that is 100 vertical feet
above the river channel measured perpendicularly to the
river channel.

(11) That Special Areas were also identified which
fell outside of the "vulnerable area" but which had water
well records indicating water production from less than 50'
and oil and gas production within the same section.

(12) That the Water Study Committee has developed
proposed definitions for a vulnerable area and for special
areas which are fair and reasonable and should be adopted
by the Commission into special rules and regulations.
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(13) That within the vulnerable area, there are some
1,280 producing o0il and gas wells and some 300 known water
wells.

(14) That within the vulnerable area there is limited
data available concerning the risk, if any, that the
disposal of produced water into unlined surface pits has
upon ground or surface water.

(15) That any contamination of ground water in the
vulnerable area from the disposal of produced water into
unlined surface pits, if it occurs, will most likely be
from the disposal of large volumes of produced water in
excess of 5 Larrels a day.

(16) That wuntil and unless quantification of such
risk becomes possible, the disposal in the vulnerable area
or 1in any special area of produced water into unlined
surface ©pits at rates that exceed 5 barrels a day for a
produced water pit and exceed 1 barrel a dav for an
ancillary pit may constitute a hazard to fresh water
supplies and such disposal rates should be prohibited.

(17) That currently available data fails to provide
substantial evidence that there is contamination or risk of
contamination from the continued disposal of produced water
into wunlined surface pits in the vulnerable area at rates
of 5 barrels a day or less for a produced water pit and of
1 barrel a day or less for any ancillary pit.

(18) That the small volume disposal rates defined in
Finding Paragraph (16) above are so insignificant as to
present little hazard, if any, to fresh water supplies and
should be allowed to continue in order to prevent waste
caused by the premature abandonment of wells.

(19) That additional rules and regulations should be
established to require the timely metering, and reporting
of produced water by the operators of the oil/gas wells in
the vulnerable area and the special areas.

(20) That there is no evidence that any fresh water
well in the vulnerable area has been contaminated by the
disposal of produced water into unlined surface pits.

1T 1S THEREFORE ORDERED:

(1) That Special Rules and Regulations are hereby
promulgated to deal with produced water into unlined
surface pits in certain vulnerable and special areas of the
San Juan Basin as follows:

-3-



SPECIAL RULES AND REGULATIONS
GOVERNING PRODUCED WATER
FOR UNLINED SURFACE PITS
IN AREAS OF MCKINLEY, RIO ARRIBA,
SANDOVAL AND SAN JUAN COUNTIES
NEW MEXICO

Effective July 1, 1986, no person shall dispose of
produced water, or fluids, produced in connection with the
production of o0il or natural gas, or both, into unlined
surface pits within areas of the San Juan Basin designated
as either a wvulnerable area o0or a special area, as
hereinafter defined, except in conformance with the
following rules and regulations:

RULE 1: DEFINITIONS:

As used in these rules and regulations:

(1) hqguifer: means a saturated permeable
geologic unit (a geological formation, group of
formations, or part of a formation) that can transmit
significant guantities of water under ordinary

hydraulic gradients.

For purposes of this definition, the word
significant means that the water from the aquifer is
used for or may reasonably be presumed to be usable
for municipal, industrial, domestic, agricultural, or
stock watering purposes.

(2) Vulnerable Aquifer: means any of the
following:
(a) unconfined aguifers that are less than 58

feet from the surface; or
(b) unconfined aquifers in floodplain areas; or
{c) aquifers in unconsolidated materials.

(3) Vulnerable Area: means an area which lies
over or adjacent to a vulnerable aquifer and is
defined as an area within the river valleys of the San
Juan, Animas, and La Plata Rivers, which is bounded by
the topographic line on either side of the river that
is 108 vertical feet above the river channel measured
perpendicularly to the river channel.



(4) Special Areas: Areas outside of the
vulnerable area in which ground water is subsequently
found to be within 50 feet of the ground surface.

Special areas presently identified are listed below:

a) Sections:

T28N~R 8W, Section 17 T3@N-R12W, Section 13
T28N~-411W, Section 18 T30N-R12W, Section 15
T28N~-R15W, Section 26 T3PN-R12W, Section 27
T29N~R10W, Section 16 T38N-R12W, Section 33
T29N~-R12W, Section 24 T3BN-R13W, Section 1
T29N~R18W, Section 17 T3BN-R15W, Section 6
T29N~R19W, Section 23 T36N-R15W, Section 16
T2SN~419W, Section 38 T30N-R15W, Section 21
T3@N~R1BW, Section 5 T30N-R16W, Section 29
T3@N~R11W, Section 3 T3@N-R19W, Section 34
T3¢N~R11W, Section 7 T31N~R1PW, Section 13
T3@N~R11W, Section 8 T31N-R11lwW, Section 35
T36N~R11W, Section 10 T32N-R16W, Section 18
T30K-R11W, Section 19 T32N-R11W, Section 23
T32N-R23W, Section 25
b) Areas that 1ie between the rivers

ditches mentioned below are also special areas:

Bighland Park Ditch

Billside Thomas Ditch

Cunningham Ditch
Farmers Ditch

Halford Independent Ditch

Citizens Ditch
Hammond Ditch

(5) Produced Water Pit: That pit which receives
water produced from primary separation in conjunction
with the ©production of crude oil and/or natural gas
whether or not such pit is located at the site of
production.

(6) Ancillary Pit: Those pits not receiving
fluids from primary separation, including but not
limited to, dehydrator pits, tank drain pits, pipeline
drip <collector pits, blowdown pits, and compressor
scrubber pits. Examples are listed below:

(a) Dehydrator Pit: Those
normally receive produced water only
dehydration unit.

which
the

pits
from

(b) Blowdown Pit: Those pits which receive
liquid only when a well is blown down.
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(c) Tank Drain Pit: Those pits which
receive water that is drained from a production
storage tank.

(a) Pipeline Drip Collector Pit: Those
pits which receive liquids which accumulate in
gas pipelines.

(e) Compressor Scrubber Pit: Those pits

which receive liquids at the compressor suction
in event of primary separator failure.

2: PRODUCED WATER PITS:

Within a vulnerable or special area, no produced
water pit shall receive more than 5 barrels of
produced water a day without special permit.

3: ANCILLARY PITS:

Within a vulnerable or special area, no ancillary
pit shall receive more than 1 barrel of water or
fluids a day without a special permit.

4: EXEMPTIONS:

The following are exempted from this order:

(1) Pits 1lying outside vulnerable or special
areas are exempt from this order.

(2) Any pits, ponds, lagoons, or impoundments
resulting from activities requlated by a discharge
plan approved and permit issued by NMOCD or NMEID
under Water Quality Control Commission Regulations
authorized under the New Mexico Water Quality Act.

(3) Any pits, ponds, 1lagoons or impoundments
resulting from activities requlated by a RCRA or NPDES
permit issued by NKMEID or EPA under RCRA or NPDES
regulations authorized under the Resource Conservation
and Ekecovery Act, New Mexico Hazardous Waste Act,
Clean Water Act or Safe Drinking Water Act.



(4) Any pits, ponds, lagoons or impoundments
resulting from activities regulated by a mining plan,
approved, and permit issued, by the New Mexico Coal
Surface Mining Commission under the authority of the
Surface Mined Lands Reclamation Act.

RULE 5: SPECIAL PERMITS:

The purpose of this rule is to allow for the disposal
of produced water into unlined pits, based on the depth to
ground water beneath such pits and provided that such pits
meet the quality and soil characteristics criteria as set
forth below.

Upon application to and approval by the NMOCD, unlined
produced water pits which receive greater than 5 barrels a
day and those ancillary pits which receive greater than 1
barrel per day, that are within the vulnerable area, may
be permitted under this order based on the following
criteria and after satisfying either a. or b. below.

(a) Quality Permit: If the operator can
demonstrate that the guality of either existing
uncontaminated ground water, or produced water, is
such that the introduction of produced water will not
cause degradation of the ground water, the unlined pit
may be permitted upon application to the NMOCD. The
demonstration must include analysis for organic and
inorganic parameters as required by the Division,

(b) Scil and Geoclogic Characteristics Permit:
If the operator can demonstrate through the use of
standard so0il analysis parameters (e.g., percolation
tests, infiltration rates, particle size/distribution,
etc.) that the existing so0il and/or underlying
geologic stratum exhibit low permeabilities such that
the produced water will not cause degradation of the
ground water, +the unlined pit may be permitted upon
application to the NMOCD. This can be accomplished on
an areal or site specific basie.

RULE 6: WELL EOQUIPMENT AND REPORTING PROCEDURES:

(a) Upon the effective date of this order and
thereafter the operator of any o©il or gas well 1in
the vulnerable or special area shall accurately
measure the volume of produced water or fluids leaving
the separator and being discharged into the produced
water pit.



(b} That such measurements shall be taken by the
operators not less than semi-annually and shall be
reported semi-annually on a daily rate basis to the
District Office of the 0il Conservation Division on
Division form ____ .

RULE 7: EXPANSION OF VULNERABLE OR SPECIAL AREA

(1) That any person seeking to amend or expand the
Vulnerable Area or to establish new Special Areas shall
file a written application to the Divisiion and shall send
a copy of said application to any oil/gas operator within
the Vulnerable Area or within 2 miles of any Special Area,
by certified mail return receipt, not less than 21 days
before any Division Hearing.

{2) That the amendment or expansion of the Vulnerable
Area or any Special Area or the creation of a new Special
Area shall be done only after notice and hearing.

RULE 8: AMENDMENT OF RULES:

These Special Rules and Regulations shall be amended
only after notice and upon hearing by the Division or
Commission, as the case may be. Such hearing shall be held
only after notice to any and all oil/gas operators, by
certified mail-return receipt, who operate any well in the
Vulnerable area or within 2 miles of any Special Area.

(2) That jurisdiction of this cause is retained for
the entry of such further orders as the Commission may deem
necessary.

DONE at Santa Fe, New Mexico, on the day and year
hereinabove designated.

STATE OF NEW MEXICO
OIL CONSERVATION COMMISSION

RICHARD L. STAMETS
Director



