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Notice to Users of this Report

This report has been prepared as an aid to the Agricultural Science Center Staff in
analyzing the results of the various research during the past year and for recording
pertinent data for future reference. This is not a formal Agricultural Experiment Station
Report of research results.

Information in this report represents results from only one year’s research. The reader is
cautioned against drawing conclusions or making recommendations as a result of data
in the report. In many instances, data in this report represents only one of several years
of research resulits that will constitute the final formal report. It should be pointed out,

however, that staff members have made every effort to check accuracy of the data
presented.

This report was not as a formal release; therefore, none of the data or information herein
is authorized for release or publication without the written approval of the New Mexico
Agricultural Experiment Station.

Mention of a proprietary pesticide does not imply registration under FIFRA as amended
or endorsement by New Mexico State University.



Project Number 900393: Funds Provided by Several Oil and
Gas Producers in the San Juan Oil and Gas Producing

Basin and in Cooperation with the San Juan Cattle
Growers Association of San Juan County and Bureau of
Land Management Farmington Field Office, 2003-2006

Using Coal Bed Methane Produced Water from Well-Sites for Native and
Non-Native Grass Stand Establishment.

Objectives
e Select several native or non-native cool and warm season cultivar’s
that are adapted to the intermountain regions of northwest New

Mexico.

¢ Applying coal bed methane produced water varying in Total Dissolved
Salts, to native and non-native grasses for stand establishment.

Material and methods

Research plots were established in August, 2003, April 2004 and 2005, to
look at possible coal bed methane produced water for native and non-native
grass establishment. Table 1 indicates the location, date of planting and
year's research plots were evaluated.

Table 1. Location, date of planting and year research plots were evaluated.

William Production Rosa 159A August 6, 2003 3

BP Americas K5M® August 6, 2003 1
Conoco/Phillips 242A April 21, 2004 2
Conoco/Phillips 207A April 10, 2005 1
Williams Production 224 April 19, 2005 1

® BP Americas K5M was only rated on July 29, 2004 due to no grass established in 2005.




Research plots were planted with a cone seeder with six, ten in rows 25 ft
long. The experimental design was a randomized complete block with four
replications for all sites. Table 3 gives the names of the variety or cuitivar
planted at all five sites. A soil sample was taken from all sites at a depth from
0 to 12 inch before and after produced water was applied to determine pH,
electrical conductivity (EC), calcium, magnesium, sodium, texture, and
sodium adsorption ratio (SAR). Table 4 shows the results of soil samples
before and after produced water application. EC describes the amount of
electrical current conducted by a saturated soil extract at a fixed temperature.
The more salts in solution, the greater the EC reading and the greater the
toxicity to plants. This test does not distinguish between salt types; units of
measure are usually in decisiemens per meter (dS/m). SAR describes the
ratio of sodium relative to calcium and magnesium, to cations that moderate
the adverse effects of sodium. The greater the SAR value, the more sodium
relative to calcium and magnesium, the greater the toxicity. A 400-barrel tank
(holds approximately 16,800 gallons) was supplied and put on each well site.
Produced water was then pumped through a 3 in irrigation pipe consisting of
a line spacing of 50 ft and a sprinkler spacing of 30 ft. Rainbird 25 ASFP-TNT
sprinkler heads with 11/64 nozzles were used. Table 2 gives the location,
date, and amount and total amount of produced water applied from 2003 to
2005.

Table 2. Location, date, and total amount of produced water applied, 2003 to
2005.
| Locatxon =

William Production Rosa ~ August 13 and 18, 1.12inch  45inches, or 26,880

159A September 17 and 23, gallons
2003

BP Americas K5M® August 12 and 21, 2.8 inch 8.4 inches, or 50,400

September 16, 2003 gallons

Conoco/Phillips 242A April 28, May 10 and 18, 2.8inch 8.4 inches or 50, 400
2004 gallons

Conoco/Phillips 207A May 12, 19, and 25, 2.8, 1.4, and 1.4 inches 5.2 inches or 33,600
2005 gallons

Williams Production 224  April 18, May 11 and 18, 2.8, 1.4, and 1.4 inches 5.2 inches or 33,600

2005 gallons




Water samples were taken during each application and sent to EnviroTech
Labs for analysis. Table 5 gives the water analysis for Williams Production
(WP) Rosa 159A and BP British Petroleum Americas (BP) Florence K5M and
Conoco/Phillips 242A and 207A and Williams Production (WP) 224,
Evaluation of research plots for stand establishment of WP Rosa 159A and
224, BP Americas Florence K5M, and Conoco/Phillips 242A, 207A are given
in Table 7.

Results and discussion

Rainfall Averages: Cumulative rainfall was taken from Ignacio, Colorado at
approximately 2.1 miles NNE from the Community Collaborative Rain, Hail
and Snow Network (CoCo-RaHS) observation site. From August 1 to
December 2003 approximately 2.8 in of moistured was measured. In 2004,
2005 and 2006 approximately 10.9, 16.8 and 13.4 inch of moisture was
measured. Average moisture accumulation from 2004 to 2006 was 13.7 inch,
respectively.

Soil Tests: Before and after soil test results are given in Table 4. Soil tests
for pH, taken before produced water applications on all five sites averaged
7.2 and after produced water application of 7.5. Soil samples taken on BP
Americas Florence K5M and WP 224, after 8.4 and 5.2 inch of produced
water applied, averaging approximately 6432 and 9973 mg/L (milligrams per
liter) in total dissolved salts (TDS), 86 and 142 in SAR, and 14.1 and 17.7 in
EC dS/M values, (Table 6) and had the greatest increase in EC and SAR of
4.3 and 3.5 dS/m and 11.0 and 13, Table 4. Usually an EC in dS/m above 15
from a soil salinity test is unsuitable for most crops and where a severe
decrease in forage production occurs. For example crested wheatgrass,
western wheatgrass, slender wheatgrass, Canadian and Russian wild
ryegrass, and intermediate wheatgrass, are moderate to tolerant at EC levels
ranging from 10 to 15 dS/m. All five locations showed after soil EC levels in
dS/m, below 6 after produced water was applied. An SAR value evaluates the
sodium content of the soil. A value of 15 or greater indicates an excess of
sodium will be adsorbed by the soil clay particles. Excess sodium can cause
soil to be hard and cloddy when dry, to crust badly, and take water very
slowly. The after soil SAR values of all sites were below 12, after produced
water was applied, except for WP 224. Except for the after soil SAR value of
19.6 for WP 224, the after soil EC and SAR values for WP Rosa 159, BP
Americas K5M, Conoco/Phillips 242A and 207A were under the described
values for restricting forage production for most of these grasses planted
Table 4.

Water Analysis: Individual water analyses are given in Table 5 and averages
are given in Table 6. Water analyses were conducted by EnviroTech Labs,
Farmington, New Mexico. WP Rosa 159 had approximately 4.5 inch of
produced water averaging approximately 8061 mg/L TDS, 97 SAR and an EC
of 16.8 Table 6. BP Americas and Conoco/Phillips 242A and Conoco/Phillips
207A and WP 224 had approximately 8.4 and 5.2 inch of produced water
averaging 6432, 3838, 4384 and 9973 mg/L TDS, 86, 69, 127 and 142 SAR
and EC of 14.1, 6.8, 6.9 and 17.7. Usually if the irrigation water EC values in
dS/m are over 3 except for tolerant crops (usually 8 to 12) and SAR values



are above 26 (values below 10 acceptable for production) that water is
unsuitable for production. The most influential water quality guideline on crop
productivity is the salinity hazard as measured by EC. The primary effect of
high EC water on crop productivity is the inability of the plant to compete with
ions in the soil solution for water (physiological drought). The higher the EC,
the less water available to plants, even though a field may appear wet. Water
sources with an EC value of approximately 1.0 dS/m contains approximately
2,000 Ibs of salt for every acre foot of water applied. With this in mind
approximately 6.3, 9.8, 4.7, 2.9, and 7.6 tons of salt were applied to WP Rosa
159A, BP Americas Florence K5M and Conoco/Phillips 242A, Conoco/Phillips
207A and WP 224, respectively. While EC is an assessment of all soluble
salts in a sample, sodium hazard is defined separately because of its specific
detrimental effects on soil physical properties. With higher SAR (usually
above 15) values the soil becomes more dispersed, will readily crust and
have water infiltration and permeability problems. However, many factors
including soil texture, organic matter, crop type, climate, irrigation system,
and management impact how sodium in the irrigation water affects soils. With
the relative small amount of produced water containing high EC and SAR
values, it is hoped that most of the salt tolerant native and non-native grasses
planted in these studies will survive and become established productive
grasses, on the these disturbed locations.

Stand Establishment: Averaged stand establishment of native and non
native grasses is given in Table 7. Three year average for stand
establishment on WP Rosa 159A showed Chief Intermediate, Luna
Pubescent, Hy Crest Crested, and San Luis Slender Wheatgrasses, VNS
Canada Wild, and Bozoisky Russian Wild Ryegrasses, averaged from 2.7 to
2.4, BP Americas Florence K5M indicated that Arriba Western Wheatgrass,
VNS Bottlebrush Squirreltail, Paloma Indian Ricegrass, Anatone Bluebunch
Wheatgrass, Four-Wing Saltbush, Covar Sheep Fescue, and VNS Needle
and Threadgrass had a rating of 1.5 for stand establishment one year after
produced water application. BP Americas Florence k5M was not rated the
second year due to no grass present. Excellent stand establishment for
Arriba Western, Hy Crest Crested, Critana Thickspike, Anatone Bluebunch,
San Luis Slender Wheatgrasses, VNS Canada Wild Ryegrass, and VNS
Bottlebrush Squirreltail, these all averaged above 4.3 for stand establishment
two year after produced water was applied to Conoco/Phillips 242A, Table 7.
Conoco/Phillips 207A showed that Arriba Westemn Wheatgrass, Hy Crest
Crested Wheatgrass, VNS Canada Wild ryegrass, Bozoisky Russian Wild
'Ryegrass, Critana Thickspike Wheatgrass, Anatone Bluebunch Wheatgrass,
and San Luis Slender Wheatgrass averaged 3.0 or better approximately 15
months year after planting Table 7. Only Bozoisky Russian Wild Ryegrass
and VNS Russian Wild Ryegrass had a rating of 2.5 for grass establishment
on WP 224 approximately 15 months after planting Table 7.



Table 3. Names of cultivars or varieties planted at each site 2003 to 2005.

'Vanety or Cultuvar Seeding Rate

: ~(Ib/pls/A?) "
Amba Western Wheatgrass 8.0
Chief Intermediate Wheatgrass 10.0
Luna Pubescent Wheatgrass 10.0
Hy Crest Crested Wheatgrass 5.0
VNS Canada Wild Ryegrass 7.0
Bozoisky Russian Wild Ryegrass 5.0

' Cntana Thickspike Wheatgrass 6.0
VNSP Bottlebrush Squirreltail 8.0
Redondo Arizona Fescue 3.0
Paloma Indian Ricegrass 6.0
Anatone Bluebunch Wheatgrass 9.0
VNSP Junegrass 4.0
Four-Wing Saltbush 2.0
Covar Sheep Fescue 2.0
San Lu1s Slender Wheatgrass 6.0
VNS® Needle and Threadgrass 8.0

2 pls = pure live seed
® VNS = variety or cultivar not stated



Table 4. Soil sample results before and after produced water application on WP
Rosa 159A and BP Americas Florence K5M, 2003, Conoco/Phillips
242A, 2004, Conoco/Phillips 207A, and WP 224, 2005

 Welk Site® pH dSim)- - v pm) - Na(ppm) = SAR Texture
WP Rosa 159A 7.32 34 912 67 533 7.3 loam
(before)

WP Rosa 159A 7.53 5.1 341 80 725 9.2 loam
(after)

BP Americas 6.95 17 253 42 36.3 0.6 loamy
Florence K5M sand
(before)

BP Americas 6.92 6.0 346 75 917 11.6 loamy
Florence K5M sand
(after)

Conoco/Phillips  7.67 3.4 324 75 422 5.5 Loam
242A (before)

Conoco/Phillips 7.76 3.6 282 61 526 7.4 Loam
242A (after)

Conoco/Phillips  7.13 1.0 100 21 102 24 Sandy clay
207A (before) loam
Conoco/Phillips  7.39 12 84 16 180 4.7 Sandy clay
207A (after) loam
WP 224 7.29 0.9 39 6 167 6.6 Sandy clay
(before) loam
WP 224 (after) 7.65 44 97 19 809 19.6 Sandy clay

loam

2 Before means sample taken before produced water application and after means soil samples taken after last
produced water application.



Table 5. Produced water analysis for WP Rosa 159A and BP Americas Florence
K5M, 2003, Conoco/Phillips 242A, 2004, Conoco/Phillips 207A and WP

224, 2005.
. Location " ‘Application'date =i pH i aIDS(mgll): SAR: L EC(dSIm
WP Rosa 159A 9-19-03 5440 16.1
WP Rosa 159A 9-1703 10682 174
BP Americas 8-12-03 4190 1.1
Florence K5M
BP Americas 8-20-03 8.4 6980 105 17.6
Florence K5M
BP Americas 9-16-03 8.1 8126 101 13.6
Florence K5M .
Conoco/Phillips 4-30-04 8.1 3640 67 6.3
242A
Conoco/Phillips 5-19-04 8.5 4020 76 7.1
242A
Conoco/Phillips 5-23-04 8.1 3850 65 7.0
242A
Conoco/Phillips 5-12-05 8.7 2464 51 3.7
207A
Conoco/Phillips 5-19-05 9.8 6030 250 9.5
207A
Conoco/Phillips 5-25-05 9.6 4660 80 75
207A
WP 224 4-18-25 6.4 16410 23 30.1
WP 224 5-11-05 7.7 6130 54 11.0
WP 224 5-18-05 7.4 7380 65 11.9

Table 6. Produced water analysis averages for WP Rosa 159A and BP Americas
Florence K5M, 2003, Conoco/Phillips 242A, 2004, Conoco/Phillips 207A
and WP 224, 2005.

WP Rosa 159A 8.3 8061 o7 16.8

BP Americas 8.3 6432 86 14.1
Florence K5M
Conoco/Phitlips 8.2 3838 69 6.8
242A
Conoco/Phillips 9.4 4384 127 6.9
207A
WP 224 7.2 9973 142 17.7




Table 7. Averaged stand establishment of native and non-native grasses
approximately three, two and one year after planting on WP Rosa 159A
on BP Americas Florence K5M, 2004, ConOCOIPhI"lpS 242A, 2005,
Conoco/Phillips 207A, and WP 224, 2006.

' AfribaWeste“rjn Wheatgrass 80 4 1.8

1.5 . 1.5
Chief Intermediate Wheatgrass 10.0 26 1.4 238 1.5 1.0
Luna Pubescent Wheatgrass 10.0 26 1.3 238 1.6 1.0
Hy Crest Crested Wheatgrass 5.0 2.8 1.3 4.5 3.6 20
VNS Canada Wild Ryegrass 7.0 25 1.1 6.5 3.9 25
Bozoisky Russian Wild Ryegrass 5.0 27 1.1 29 5.3 25
Critana Thickspike Wheatgrass 6.0 2.0 1.3 6.5 43 1.5
VNS Bottlebrush Squirreltail 8.0 1.3 1.5 6.0 29 20
Redondo Arizona Fescue 3.0 1.0 1.3 24 1 1.0
Paloma Indian Ricegrass 6.0 1.9 1.5 1.6 1.5 20
Anatone Bluebunch Wheatgrass 9.0 1.8 1.5 5.5 4.5 1.0
VNS Junegrass 4.0 1.5 1.3 1.1 1.0 1.0
Four-Wing Saitbush 2.0 1.0 1.5 1.3 1.0 1.0
Covar Sheep Fescue 2.0 2.6 1.5 1.6 1.0 1.0
San Luis Slender Wheatgrass 6.0 2.0 10 6.5 3.0 20
VNS Needle and Threadgrass 8.0 2.0 1.5 4.1 2.8 20

ZVNS equal variety or cultivar not stated.
® Rated on a scale from one to nine with one being no stand establishment and nine being 100 percent established.
€ Three year average stand establishment rating on October 26, 2004 and July 28, 2005, and July 26, 2006.
¢ Location was only rated once on October 26, 2004, no grass survival in 2005,
¢ Two year average stand establishment rating on July 29, 2005 and July 26, 2006.
fLocations rated on July 26, 2006.
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BBL
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gpm
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1. Introduction

1.1. Produced Water Background

Coal Bed Natural Gas (CBNG) accounted for over 10 percent of natural gas production in the
U.S. in 2004 (EPA, 2008). Spurred by increased energy needs, environmental emission
considerations, advantages of natural gas, and technology advances in exploration and
production, CBNG production could easily double in the next 8-10 years, accounting for up to
20% of our total natural gas production. CBNG operators face increasing environmental
problems and expense in hauling off and disposing of produced water (from $1-$5+/ barrel in the
San Juan Basin) which has the potential of severely restricting the flow of natural gas. The
aggregate water volumes from these gas wells, and the disposal and attendant environmental
problems posed, are unprecedented. Operators relate that the problem of handling produced
CBNG water is very urgent.

Unlike some older established oil fields, CBNG fields like the San Juan and Raton Basins
generally have relatively little infrastructure, especially when compared to other fields where
complete gathering systems exist. In these relatively newer CBNG areas, desalination treatment
of produced water may have to be done on a well pad by well pad basis, or by gathering the
produced CBNG water from two or three adjacent pads. Therefore, more compact units may be
more appropriate than larger desalination units.

CBNG produced water has a fairly consistent chemical signature, in that it has moderate to high
levels of dissolved solids. The main dissolved constituent found in CBNG produced waters is
bicarbonate, as well as higher levels of chloride and sodium. As described by Van Voast (2003),
there is very little calcium or magnesium present in coal bed methane produced waters, which
can be explained by the high bicarbonate levels; higher levels of bicarbonate lead to lowered
solubility of calcium and magnesium.

1.2. San Juan Basin Wells

The San Juan Basin covers an area of about 7,500 square miles across the
Colorado/New Mexico state line in the Four Corners region. Figure 1-1 (modified from EIA,
2004) shows the oil and gas mines in the region.
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2. Objectives of the CBNG Produced Water Pilot Test

In this project, the produced water from CBNG wells was reclaimed (desalinated) and used for a
short term rangeland improvement study. Some of the grasses near the pad of the
ConocoPhillips San Juan San Juan 32-8 UNIT #237A well site were watered with treated and
untreated water. The technology applied to bring CBNG produced water to a suitable standard
for rangeland and riparian improvement depends both on the TDS and organic content of the
particular CBNG produced water.

The technical challenge with respect to water treatment is to pre-treat the water for organic and
other contaminants that will cause membrane fouling or scaling, as well as to remove coal fines
prior to desalination. Membrane fouling and scaling can cause significant pressure increases and
increase the amount of chemical cleaning required. The organic content of the produced water is
designed to be lowered by membrane filtration. The pilot equipment was designed to remove
coal fines by cyclone/centrifuge separators and a settling tank. After the pretreatment the salt
content was lowered by reverse osmosis.
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3. Description of Pilot Test
3.1. Site Description

The pilot location is on the ConocoPhillips San Juan 32-8 UNIT #237A well site, which is
located 500 ft off NM 511. The closest town is Bloomfield, NM and the site is approximately 11
miles past Navajo Dam. Figure 3-1 shows the approximate location of the pilot operation.

Yo
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Produced water from a single ConocoPhillips CBNG well is being utilized for this treatment
pilot program. Natural gas and produced water are pumped from the Fruitland coal formation
between 3,183 feet and 3,385 feet below the ground surface using a reciprocating piston pump.
This mixture is sent to a gas-water separator, with the produced water going to a temporary
storage tank. The water is normally drained from the storage tank and trucked away and is
reinjected into the formation. The current gas production at this site is 220 Mcf/d. Water
production from this well was approximately 15 to 37 BPD. Figure 3-2 shows the layout of the
well site.
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Sandia pilot equipment is located on the ConocoPhillips well site and is located inside a 20-ft
transportainer, owned by Sandia. The site has no electricity, which required the pilot equipment
to be powered by a leased diesel generator for the duration of the pilot. ConocoPhillips provided
produced water, site security, storage tanks, safety training and berming of critical areas.
B.E.S.T. provided pilot operation and sampling. Figures 3-3 and 3-4 show the Sandia pilot

equipment and the pilot site.

Figure 3-3. CBNG Well Site and Pilot Equipment
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Figure 3-4. Generator, Transportainer and Treated, Untreated Water, and Concentrate Tanks on
ConocoPhillips CBNG Well Pad

3.2. Pilot Plant Description

3.2.1. Pilot Test Design

ConocoPhillips provided raw (untreated) produced water to the Sandia pilot operation. This
water was stored in the 500-BBL storage tank prior to being delivered the pilot. This water may
have traces of constituents from the coal formation and/or from the mining process. The work,
from 2/8/07-11/29/07, focused on testing a particulate removal system, along with membrane
processes to produce water suitable for rangeland and riparian improvement.

3.2.2. Pilot Equipment and Treatment Equipment

The CBNG produced water pilot system is made up of the following modular components:

1. Raw water makeup system and water storage (ConocoPhillips equipment)
500-BBL produced water storage tank

Piping to/from pilot equipment

266-BBL treated water storage tank

266-BBL raw produced water storage tank

120-BBL pit tank (for storage of pilot concentrate stream)

Heat tape on water lines

Berming of grasses and desalination equipment

e a0 o
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2. Sandia Pilot Equipment

a. Large Particulate Removal (settling tank, cyclone separators) to remove coal fines
and other particulate matter that is 10-20 microns (um) or larger

b. Ultrafiltration to remove finer suspended matter, down to 0.01 um (molecular weight
cut-off of 20K-50K Daltons)

c. Reverse Osmosis to remove dissolved matter (and remaining suspended matter)

d. Data logging and controls system

e. Pumps, tanks, filters, and treatment chemicals

3. Land Application Area, (3) 4000 ft* areas
a. ~1/3 Natural Area, No additional water added
b. 1/3 Natural Area, Untreated produced water application
c. 1/3 Natural Area, Treated produced water application (TDS < 1,000 mg/L)

Figure 3-5 shows the flow diagram of the pilot equipment and Figures 3-6 a-d show the pieces of
equipment themselves. Raw produced water from the 500-BBL storage tank was pumped into
the pilot’s settling tank (T-100). This tank has level control equipment installed to protect from
over/under-filling. Water from T-100 was pumped through cyclone filters to remove larger
suspended particles (designed for removal of 10-20 um particles) and sent to the UF feed tank
(T-200). Water from T-200 was fed to the 5-um pre-filter, then through the UF itself to the RO
feed tank (T-300). The final step is for the water to be pumped through the RO pre-filter and the
RO itself to the permeate storage tank (T-400). T-400 was pumped to the ConocoPhillips treated
water storage tank as it is filled (approximately every 35 gallons).

16
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Figure 3-6a. T-100, Cyclone Filters, T-200

Figure 3-6¢c. Chemical Feed Tank, T-300 Figure 3-6d. RO System, T-400

Figures 3-6 (a-d). Pilot Equipment Pictures

3.2.3. Treatment Process — Ultrafiltration and Reverse Osmosis

Ultrafiltration (UF) is a membrane process that separates particulate matter from water based on membrane pore
size. The GE M-Series spiral wound UF membrane used in this pilot are characterized by a pore size of 0.01
um with an approximate molecular weight cut-off of 20K-50K Daltons. Since the membrane is spiral wound, it
is not able to be backwashed. The system was operated at a pressure of 160 psi.

Reverse Osmosis is a membrane process that removes dissolved species by overcoming the osmotic pressure of
the feed stream with enough excess pressure to create a permeate stream. This occurs via diffusion, but the
majority of all suspended and colloidal species remaining in the feed stream will also be removed (e.g. TOC,
iron, etc.). The osmotic pressure of the feed water in this case is approximately 150 psi, which means more than
150 psi is required to produce permeate from the RO membrane. The more pressure applied, the more water
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(and better quality) is produced. The GE AG4040 membranes used in this pilot operation were thin film
composite (TFC) membranes that are designed far low energy (low pressure) brackish water desalination. The
system was operated at a pressure of 270 psi.

3.3. Water Quality

Average produced water quality experienced during this pilot (February-December 2007) is presented in Tables
3-1 and 3-2. The water is brackish, with an average TDS (as calculated by summing of dissolved species present
in water) of 14,500 mg/L. The TDS (gravimetric, at 180 °C) is 10,700 mg/L on average. It is important to note
that historical calculations for TDS and many publications would cite the TDS differently. The method used to
measure TDS is to evaporate the water and weigh the solids leftover, causing about 50% of the bicarbonate to
off gas. Therefore, it is not counted. Many laboratories will reduce the calculated TDS if they sum all of the
dissolved species by subtracting about 50% of the bicarbonate. For desalination operations, it is most correct to
sum up all dissolved species for membrane design, but both forms are shown here for completeness.

Table 3-1. CBNG Produced Water Composition

Analyte Units Avg Value
Specific Conductance uS/cm 17,300
Total Dissolved Solids (@ 180 °C) mg/L 10,700
TDS (sum of all dissolved species) mg/L 14,500
H units 7.91
Temperature °C 16.2
Specific Gravity 1.00
Dissolved Oxygen mg/L 5.30
Total Suspended Solids mg/L 150
Anions
Chloride mg/L 2,087
Fluoride mg/L 0.724
Nitrate, as N mg/L 0.775
OrthoPhosphate, as P mg/L 12.8
Total Phosphorous, as P mg/L 13.0
Sulfate mg/L 2.78
Silica mg/L 9.88
Alkalinity
Total, as CaCO; mg/L 6,380
Bicarbonate, as HCO; mg/L 7,790
Carbonate, as CO; mg/L ND
Cations
Hardness, as CaCO; mg/L 80.0
Aluminum mg/L <0.1
Arsenic mg/L <0.01
Boron mg/L 2.65
Barium mg/L 281
Copper mg/L <0.1
Calcium mg/L 27.3
Iron mg/L 0.405
Magnesium mg/L 5.86
Manganese mg/L <0.1
Potassium mg/L 22.8
Selenium mg/L ND
Sodium mg/L 4,520
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Table 3-2. Produced Water Organic Composition

Analyte Units Avg Value
Purgeable VOCs
Benzene ug/L 1.00
Ethylbenzene ug/L 1.15
0-Xylene ug/L 1.90
p/m-Xylenes pg/L 6.90
Toluene pg/l. 39.0
Total BTEX ug/l 50.0
Gasoline Range Organics mg/L ND
Diesel Range Organics mg/L ND
TOC mg/L 17.7
Total Recoverable Petroleum Hydrocarbons ~_mg/L ND
N-Hexane Extractable Material mg/L 2.0

Similar to other CBNG produced waters, the main dissolved constituents are chloride, bicarbonate, and sodium.
The elevated bicarbonate leads to significantly lowered calcium and magnesium solubility. Thus, this water,
like most CBNG water, has extremely low calcium and magnesium content. CBNG produced waters are
different from oil and gas produced waters in that they have minimal dissolved or emulsified organic
constituents. The methanogenic microbes present in the formations anaerobically produce mostly methane and
reduce sulfur to a sulfide. This accounts for low sulfate content in the water as well. Although tests indicated
that a small amount of VOCs were present in the water, it is unclear whether they were significant since the
number of samples were small. This may be an indication of contamination during sampling or storage in the
500 BBL tank. This will be investigated during the next phase of the project.

3.4. Sampling Plan
A rigorous sampling plan was not created for this pilot operation. The raw (untreated) water was analyzed three

times, the RO system twice, and the UF system once. Table 3-3 summarizes the analyses and methods
performed by contract laboratories.
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Table 3-3. Water Quality Sampling Plan

Parameter Stream Sampled Method Used Method Used
(Envirotech") (Assaigai)

Specific Conductance Raw, UF (F,C,P), RO-all | EPA 600/4-79/020 | EPA 120.1

Total Dissolved Solids (@ Raw, UF (F,C,P), RO-all | EPA 600/4-79/020 EPA 160.1

180 °C)

TDS (summation of all Raw, UF (F,C,P), RO-all | N/A

dissolved species)

pH Raw, UF (F,C,P), RO-all | EPA 600/4-79/020 EPA 150.1

Temperature Raw, UF (F,C,P), RO-all | EPA 600/4-79/020 Not analyzed

Specific Gravity Raw, UF (F,C,P), RO-all | EPA 600/4-79/020 | Not analyzed

Dissolved Oxygen Raw, UF (F,C,P), RO-all | EPA 600/4-79/020 | Not analyzed

Total Suspended Solids Raw, UF (F, P), RO (all) | EPA 600/4-79/020 | Not analyzed

Anions
Chloride Raw, RO (all) EPA 600/4-79/020 EPA 300.0 (IC)
Fluoride Raw, RO (all) EPA 600/4-79/020 | Not analyzed
Nitrate, as N Raw, RO (all) EPA 600/4-79/020 | Not analyzed
OrthoPhosphate, as P Raw, RO (all) EPA 600/4-79/020 EPA 300.0 (IC)
Total Phosphorous, as P | Raw, RO (all) EPA 600/4-79/020 SM 4500-P-B, D
Sulfate Raw, RO (all) EPA 600/4-79/020 EPA 300.0 (IC)
Silica Raw, RO (all) EPA 6010B EPA 200.7 (ICP)

Alkalinity

Total, as CaCO;

Raw, RO (all)

EPA 600/4-79/020

Not analyzed

Bicarbonate, as HCO3

Raw, RO (all)

EPA 600/4-79/020

EPA 310.1 (titration)

Carbonate, as CO3;

Raw, RO (all)

EPA 600/4-79/020

EPA 310.1 (titration)

Material

Cations
Hardness, as CaCOs; Raw, RO (all) EPA 600/4-79/020 | SM 2340B (titration)
Aluminum Raw, RO (all) EPA 6010B Not analyzed
Arsenic Raw, RO (all) EPA 6010B EPA 200.8 (ICP-MS)
Boron Raw, RO (all) EPA 6010B Not analyzed
Barium Raw, RO (all) EPA 600/4-79/020 | Not analyzed
Copper Raw, RO (all) EPA 6010B Not analyzed
Calcium Raw, RO (all) EPA 600/4-79/020 EPA 200.7 (ICP)
Iron Raw, RO (all) EPA 600/4-79/020 | EPA 200.7 (ICP)
Magnesium Raw, RO (all) EPA 600/4-79/020 EPA 200.7 (ICP)
Manganese Raw, RO (all) EPA 6010B Not analyzed
Potassium Raw, RO (all) EPA 600/4-79/020 EPA 200.7 (ICP)
Selenium Raw, RO (all) EPA 6010B Not analyzed
Sodium Raw, RO (all) EPA 600/4-79/020 EPA 200.7 (ICP)

Purgeable VOCs EPA 600/4-79/020 | Not analyzed
Benzene Raw, UF (F, P) EPA 8021, 8260 EPA 8021B
Ethylbenzene Raw, UF (F, P) EPA 8021, 8260 EPA 8021B
o0-Xylene Raw, UF (F, P) EPA 8021, 8260 EPA 8021B
p/m-Xylenes Raw, UF (F, P) EPA 8021, 8260 EPA 8021B
Toluene Raw, UF (F, P) EPA 8021, 8260 EPA 8021B
Total BTEX Raw, UF (F, P) EPA 8021, 8260 Not analyzed

Gasoline Range Organics Raw, UF (F, P) EPA 8015B EPA 8015B

Diesel Range Organics Raw, UF (F,P) EPA 8015B EPA 8015B

Total Organic Carbon Raw, UF (F, P) EPA 9060 EPA 9060

Total Recoverable Raw, UF (F, P) EPA 8015B, 418.1 | Not analyzed

Petroleum Hydrocarbons

N-Hexane Extractable Raw, UF (F, P) EPA 1664a Not analyzed

'Envirotech used EPA Methods for Chemical Analysis of Water
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4. Test Results
4.1. Operations

The pilot started producing water on 10/1/07 without the UF system in operation and a 5 um cartridge filter was
installed. Because we noted that iron, turbidity and suspended solids levels after the 5 pm filter were higher
than the RO manufacturer’s specifications the filter was replaced with a 0.38 pm filter on 10/17/07.

During the commissioning of the pilot equipment, flow rates were optimized to maintain flow while minimizing
on/off cycles of pumps and maintaining proper levels in the various tanks. Figure 4-1 summarizes the
optimized flow rates and associated TDS and pH levels in each of the streams on 11/28/07 (these flow rates
were utilized from 10/10/07 until the end of the pilot).

RO Feed
RO Makeup 18.0 Ipm RO Permeate
5.7 Ipm 16940 mg/L TDS R 1.1 lpm
14341 mg/L TDS 261 mg/L TDS
7.35 pH 6.11 pH
RO Recycle RO Concentrate
12.3 Ipm . 4.7 Ipm
18140 mg/L TDS " 18140 mg/L TDS
7.67 pH 767 pH
1.07 Conc/RO Feed
1.26 Conc/Raw
Mass Balance: Flow Balance:
Inlets: 304,566 mg TDS Inlet (MU+R) 18.0 Ipm
Outlets: 307,883 mg TDS Outlet (P+C+R) 18.1 Ipm
Difference 1.1% Difference 0.4%

Figure 4-1. Reverse Osmosis Optimized Flow Rates and Mass Balance (on TDS)

The UF system was put into operation on 11/15/07. At that time, the pre-filter for the reverse osmosis system
was changed back to a 1 um size to minimize the pressure drop.

4.2. System Performance

4.2.1. Cyclone Filters & Settling Tanks

The original design utilized a settling tank and cyclone filters for the anticipated need for to remove coal fines
and other particulate matter greater than 10-20 um in size. It became apparent during this test that there were
very few coal fines or other particulate matter greater than 10-20 um present. The cyclone filters were causing
difficulties with flow balancing in the entire system and were removed on 11/13/07. Some particulate matter
did settle in low flow areas such as tubing to pressure gauges. Since the pilot was not run for a long duration, it
is unclear if any particulates caused problems within the membrane systems (UF and RO).

4.2.2. Ultrafiltration System

The UF system was placed in operation on 11/14/07 and ran for a total of four days. During phase 2, an
extended period of operation is expected. The electronic datalogging equipment (flow metering) was not
calibrated for the UF system so all flow data presented here are from the rotameters installed on the UF system.
During operation only one sample was analyzed for organics on the UF streams; salt content was not analyzed
since dissolved constituents are not removed with UF. Table 4-1 summarizes the single sample’s analyses.
Gasoline and diesel range organics, as well as total recoverable petroleum hydrocarbon data are not presented,
all streams had non-detectable values.
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Table 4-1. UF Performance Summary

Units Raw UF Permeate | Removal Efficiency
Specific Conductance (@ 25°C) uS/cm 16,500 16,400 N/A
Total Dissolved Solids (@ 180°C) mg/L 12,200 11,800 N/A
TDS (calculation) mg/L 14,953 14,341 N/A
pH Units 7.35 7.58 N/A
Specific Gravity 1.0078 1.008 N/A
Dissolved Oxygen mg/L 5.7 6 N/A
Total Suspended Solids mg/L 150 150 0%
Benzene ug/L 1.1 0.9 18%
Ethylbenzene ug/L 0.5 0.6 0%
o-Xylene ug/L 15 1.4 7%
p/m-Xylenes pg/L 4 3.3 18%
Toluene pg/L 83 53.4 36%
TOC mg/L 30 30 0%
N-Hexane Extractable Material mg/L 4 8 0%

This data would suggest that the UF may not have not have performed well or performed inconsistently since
TSS did not seem to be removed. However, it should be noted that all equipment was operated with sub-
optimal conditions. Equipment was not operated continuously and in many cases was stagnant for multiple
days. In addition, the design of the UF membrane (spiral wound) is such that is not able to be backwashed. A
full scale system may be better served by an outside-inside UF system that can be backwashed on a regular
frequency to minimize fouling by suspended solids. Finally, UF membranes will not remove any dissolved
organic species, which may explain the low TOC removal.

Field data obtained during UF operation however, would suggest that the UF removed a considerable amount of
turbidity from the feed water. This improved the water quality sent to the RO system. Table 4-2 summarizes
the field data obtained during the UF operation. Turbidity was decreased by at least 68%. The variation of
removal efficiency was likely affected by the intermittent operation of the system.

Table 4-2. UF Field Data

Parameter Units Inlet Concentrate | Permeate
Conductivity | uS/cm 17,840 17,930 17,940
Temperature | C 16.5 17.1 17.4
pH units 7.4 7.4 7.4

11/14/2007 | Turbidity NTU 12.1 10.5 0.2
fron mg/L 3.04 2.95 2.31
Conductivity | uS/cm 17,900 18,010 18,100
Temperature | C 14.2 14.8 14.4
pH units

11/16/2007 | Turbidity NTU 17.9 16.3 1.08
Iron mg/L
Conductivity | uS/cm 18,010 18,180 18,130
Temperature | C 11.1 10.3 10.5
pH units

11/26/2007 | Turbidity NTU 8.57 11.5 2.94
fron mg/L

11/28/2007 | Turbidity NTU 15.6 18.4 4.9
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4.2.3. Reverse Osmosis System

As previously described, the RO system was operated without the UF system until 11/14/07. In addition, the
system was operated intermittently and without a permeate flush or preservation during periods of inactivity.
While these conditions are sub-optimal, they are good for testing the worst-case operational limits of the RO
system itself.

Initially, the RO system was operated with a 5 um pre-filter to remove particulate matter from the influent
water. After some field data was gathered indicating higher than expected iron levels and turbidity levels above
the RO membrane manufacturer’s suggested levels, the pre-filter was changed to a 0.38 pm pre-filter
anticipating it would greatly improve protection of RO membrane. Once the UF was in operation, a 1 um pre-
filter was installed. The filter was changed out a total of eight times.

Most species present in the feed water were removed by 98% or better by the reverse osmosis system. Some
species such as TSS, silica, and sulfate, were removed to a lesser degree. It should be noted that only two sets
of data were analyzed for the full suite of constituents. Of these, only one is a more accurate representation of
the pilot operation as designed (UF & RO in operation). Removal results were all higher (more species
removed) on the 10/9/07 sample. During phase 2 we anticipate gathering more data to better quantify system
performance. Table 5 summarizes the data obtained from laboratory testing. Figure 4.2 shows the desalination
efficiency of the reverse osmosis system by way of conductivity measurements.
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Figure 4.2. Conductivity Measurements — RO Streams

From mass balance calculations performed for each of the monitored constituents in the water streams, it
appears that some scaling (Ca, SiO,, SO4) and some fouling (organic, TSS) occurred within the RO membrane.
Since the RO feed pump could not attain pressures higher than approximately 275 psi, increased net driving
pressure and/or decreased normalized permeate flux would not be observed. Also, the pilot operation’s run was
not long enough in duration to observe flux decline.
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The RO system as installed at the pilot operated at a 6-8% efficiency across the single membrane stage (2
membranes in parallel) and 20-25% system efficiency (accounts for concentrate recycle). A full scale system
would have more membrane surface area to attain higher efficiencies.

Table 4-3. Summary of RO Performance — Laboratory Analyses

RO Concentration

Factor (Conc/Raw) RO Removal Eff

Analyte 10/9/07 | 11/28/07 | 10/9/07 | 11/28/07
Specific Conductance (@ 25°C) 1.14 1.18 98% 98%
Total Dissolved Solids (@ 180°C) 1.1 1.22 98% 98%
TDS (calculation) 1.20 1.26 98% 98%
Total Suspended Solids 0.67 1.07 27% 53%
Chloride 1.06 1.48 98% 97%
Sulfate 1.00 0.67 100% 44%
Silica 1.10 0.76 97% 88%
Total 1.26 1.23 98% 99%
Bicarbonate 1.26 1.23 98% 99%
Hardness, as CaCQ; 0.80 0.93 100% 99%
Calcium 0.80 1.15 100% 98%
Iron 3.96 1.68 96% 74%
Magnesium 0.21 100%
Potassium 0.90 1.26 100% 99%
Sodium 1.19 1.09 98% 98%

There were two sets of field analyses where UF and RO systems were in operation. From this data one can
observe a marked improvement in turbidity removal when the UF is operational. Figures 4-2 & 4-3 show the
turbidity removal with and without the UF system. Appendix B contains all field and analytical data for the
pilot operations. ”
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Figure 4-3. Turbidity Removal — Reverse Osmosis System
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Turbidity Monitoring (UF + RO)
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Figure 4-4. Turbidity Reduction — UF and RO systems

4.3. Land Application of Water by NMSU/USDA

Rangelands in the San Juan Basin of New Mexico are a potentially large reservoir for carbon, both in terms of
available oil and gas and in terms of a potential for carbon sequestration. In addition, the rangelands have an
ecological value of providing food, fiber, and opportunities for recreation, wildlife habitat, and sustainable
watersheds. However, land degradation associated with historical and current land use and management has
threatened the stability of these landscapes. The barriers to achieving their potential lie primarily in the limited
growing conditions (erratic precipitation) and reduced capacity for recovery (historical damage and ongoing
disturbance). Increasing carbon storage while maintaining or increasing the value of other ecosystem services
in arid rangelands requires a strategic approach to reestablish watershed functions. Stabilizing arid landscapes
requires both enhancing existing vegetation and reintroducing woody plant species along riparian areas as well
as reestablishing native grasses and shrubs in upland areas. The limiting factor in both cases is water
availability, primarily with respect to the distribution in time and space.

A reliable source of water of sufficient quality for agricultural irrigation could provide the necessary base for
the reestablishment of native vegetation with a host of environmental benefits. The technical challenges
include: 1) selecting appropriate species for revegetation, 2) distribution and application of water to enhance
germination and 3) protection of establishing from grazing (native and domestic grazers). Information to select
appropriate species and guide resource allocation for restoration is critical for the cost: benefit analysis. These
decisions must be guided by existing and potential soil, vegetation and landscape conditions. NMSU and the
USDA are currently characterizing (soils, vegetation, geomorphology, ecological site descriptions) the La
Manga Canyon watershed to provide this information. In addition to current conditions, we are constructing
chronosequences of soil and vegetation change and building predictive models of landscape scale potential.
This information will be used to stabilize the landscape using the appropriate species at critical sites.

Approximately 1.81 inches of produced water and 0.68 inches of treated water were applied to ConocoPhillips
San Juan 32-8 UNIT #237A well site. The dates were October 24 and November 23 for produced water
application and November 23 for treated water application. Figure 4-4 shows irrigation performed on 10/24/07.
Below is a summary of all activities performed by the USDA and NMSU.
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1. Took soil samples from both non-treated and treated arca before water was applied. Dates are 10-24-07
and 11-23-07 for non-treated and treated produced water.

2. Applied non-treated produced water on 10-24-07 and 11-23-07. Treated area was approximately 4500
square feet with approximately 60 barrels of non-treated produced water applied at each date for a total
of 120 barrels.

3. Applied treated water on 11-23-07. Treated area was approximately 4500 square feet with
approximately 45 barrels of treated water applied.

Figure 4-5. Land Application of Untreated Produced Water
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5. Discussion and Conclusions

The Fall 2007 CBNG produced water desalination pilot effectively demonstrated a proof of concept for low
energy reverse osmosis treatment of the water. There were variations in the influent water quality (TOC,
organics, turbidity, iron) throughout the pilot operation. More samples would be required for a full
quantification of the results. However, using a single reverse osmosis membrane in sub-optimal conditions
(high fouling-tendency, single membrane, and most of the time without the benefit of an ultra filtration
membrane), good quality water was produced for the rangeland/riparian improvement study.

5.1. Water Treatment Cost Estimates

Understanding the energy consumption for membrane processes is critical to understanding the maintenance
and operations (M&O) budget. It is feasible to scale up from our pilot to a full scale operation, even though
there are many factors that are totally different. For example, unlike the pilot, a full scale system would be
equipped with high efficiency pumps. In addition, there are many design changes and operational modes that
could be employed at full scale that are not attainable in this size of a pilot (¢.g. more membranes, energy
recovery).

Using data from the Desalting Handbook for Planners (2003, Bureau of Reclamation), clectrical consumption is
estimated to be at least 2.25 kwh/m® (0.36 kwh/BBL) of permeate. Extrapolating using the standard reverse
osmosis curve from figure 7-8 in the handbook, to 14,000 mg/L TDS, the number is more like 2.75-3.00
kwh/m’ (0.43-0.48 kwh/BBL) of permeate. Using the data in figure 7-9, it is estimated that 600-625 psi would
be required for 14,000 mg/L TDS removal using standard reverse osmosis systems. Both estimates assume
75% recovery. Generally speaking, approximately 30% of a desalination facility’s cost will be in the pressure
required to pump water.

5.2. Future Work

5.2.1. Experimental Plan — CBNG Produced Water Desalination Pilot, Phase 2

It is anticipated that a “Phase 2” pilot will be conducted during 2008. This pilot will build on lessons learned
from the “Phase 1” operations summarized in this report. The plan is to test the efficacy of using nanofiltration
membranes. The pilot itself will actually expand the 2007 pilot operations and use reverse osmosis membranes
for lower pressure operations, and it will retain the ultrafiltration skid for particulate and suspended organics
removal. Sandia pilot equipment will be located on the same ConocoPhillips well site used for the 2007 pilot
demonstrations.

As 1in the first pilot, the Phase 2 pilot will again demonstrate low pressure/low energy desalination of CBNG
produced water. The treated water, raw produced water, and natural rainfall will, as in the first pilot, be applied
to separate sections of native grasses in order to study the effects for rangeland and riparian repair by NMSU
and the USDA. This phase of the pilot operation will produce 1-2 gpm of permeate with a TDS less than 1000
mg/L (most likely below 530 mg/L). Professor Rick Arnold, from NMSU’s Agricultural Science Center at
Farmington, has indicated that the lack of troublesome dissolved species (Na, Ca, Mg) combined with a low
TDS (Iess than 1000 mg/L) should provide good quality water for rangeland and riparian studies.

The proposed pilot operation flow diagram is summarized in Figure 5-1. Raw CBNG produced water will be
sent to an ultrafiltration system (UF), which will remove most of the particulate matter and larger molecular
weight organic matter. The UF filtrate will be dosed with an antiscalant (for scale protection) and fed directly
to a reverse osmosis system (RO). The RO is comprised of three membranes in series and will require
approximately 330 psi of pressure for desalination. The RO can also be operated with only two membranes for
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lower feed pressure and lower permeate production with similar water quality in the permeate stream. Finally,
the potential for nanofiltration (NF) with the produced water may be tested towards the end of the pilot
operation by changing out RO membranes for NF membranes.

. UF Concentrate — to CP

brine tank
~1 gpm 1.5 epm —p RO Conc.
& & To COP
brine tank
[.5 gpm
~3 gpm y ~4 RO
(RAW) —— gpm > UF (RECYCLE) Permeatc to
CcopP
storage tank
4.5 gpm
v
~3 gpm (RO Feed)
3 gpm
(RO Makeup)
1.5
gpm

| RO (3 LE-4040 membranes) |

Figure 5-1. Water Treatment Pilot Equipment Flow Diagram

5.2.2. Desalination at a Salt Water Disposal (SWD) Site

For 2009 and beyond, additional pilot operations utilizing desalination and other treatment technologies at a
ConocoPhillips SWD is envisioned. This would be on a larger scale than the current pilot operations described
in this report and the challenges would be greater. Water at a SWD will have more dissolved and emulsified
organic constituents, as well as other contaminants that will require other modes of treatment (e.g. iron). This
may require more elaborate pretreatment processes.

Permitting requirements for the alternative use of water on a larger scale must also be factored into pilot

operation plans. The use of treated water for impaired riparian area improvement and revegetation of disturbed
areas may require some hauling of the processed water.
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Appendix A — CBNG Produced Water Pilot Plant Logs
Table A-1. Summary of Field Activities and Notes

Event Date or Trip

Specific Date

Description of Work Performed

02/08/07

PW Sample from S00BBL Tank to Assaigai

03/07/07 — 03/08/07

Initial trip w/Team to Western Environmental Management in Carlsbad

3/16/07

1¥ meeting with SNL Electrical Engineer

03/28/07 — 03/29/07

ConocoPhillips HSE Training & Site Visit

04/20/07

1" SNL-COP-BEST Meeting in Farmington 30™ St. Office

05/15/07 B&D To Finish on Transportainer

05/21/07 Cancelled Transportainer Pickup— Electrical Systems must be
inspected and Electrical TWD’s in place.

08/01/07 Transportainer picked up

08/16/07 Transportainer delivered to site

08/27/07 Electrical Safety Document approved

09/05/07 — 09/07/07

090/5/07

Transported equipment with rental Truck

09/06/07

Installation of Water Treatment Equipment

09/07/07

Installation of Water Treatment Equipment

09/11/07 — 09/14/07

09/11/07

Installation of Process Piping & Data Acquisition System

09/12/07

Installation of Process Piping & DAS

Generator being installed by COP, Initial Electrical Tests
Roust-About crew working on grass field berms,

Pilot inspection by COP

09/13/07

Electrical Troubleshooting by COP
Final install of main equipment
Starting to hydro-test system
Continued work on DAS & Controls

09/14/07

Electrical and system troubleshooting
Repair of leaks
DAS & Controls

09/17/07 — 09/21/07

09/17/07

J1 working on DAS & Controls

09/18/07

Ji working on DAS & Controls

09/19/07

DAS
Tank & Pump Hydro test
Change out membranes On UF & RO Units
UF switched AK for MW series cartridges.
RO switched AK-LE for the AG series cartridges.
UF Unit could not be put in service. The existing housing end caps
will not accept the MW membrane cartridges. MW cartridge has
female ends. Ordered adapters.

09/20/07

Programming DAS
Startup on equipment motors, pumps, tank check leaks
Pressures and flows

09/21/07

Check and calibrate Echo Switches

09/277/07 - 09/28/07

09/27/07

Replace pressure switches
Installed new adapters for UF Unit to accept M-Series Membranes
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Event Date or Trip

Specific Date

Description of Work Performed

UF Unit could not be in service. The existing housing is not long
enough. No one indicated that the MW Series membranes also needed
longer housing to hold cartridge. New housing on order. 30 day lead
time from factory

Repair T-300 Leak
Finish checking Echo Switches
Seal holes in transportainer

09/28/07

Bypass & equalizing line between T-200 & T-300

Found leak on one of the RO end caps. Found manufacturing defect in
housing where O-ring seals. Replaced the housing with the one short
housing from the UF Unit.

14" piping inside T-100 to diffuse water splash, eliminates cavitations
at low tank level.

Found roof leaking from recent rains. Will purchase roof coat to seal
screw holes in roof.

10/01/07 — 10/03/07

10/01/07

System Startup
Calibration of DAS components
Main PW 500BBL Tank is operating at 10’. Jimmy Bowman to reset.
Only getting 2.5 to 3.0 gpm to the inlet of T-100.
As per WEM:
Both E4 and LE-E4 units, the TOMCO pump must operate with a total
of 5 gpm through pump. Total flow equals, concentrate flow out +
recycle flow + permeate flow out.
Maximum pressure outputs from TOMCO pumps

UF 130 psi + suction pressure

RO 245 psi + suction pressure
Primary pressure to RO operating at 270psi yielding Permeate output
around 0.3 gpm.
Set Auto-Flush Timers for manual operation with 10 to 15 minute flush
at system startup, 2 to 3 hours of continuous operation and final just
before unit shutdown.
System is not designed to use permeate for flush. Auto flush timer just
increases flow through membrane.

10/02/07

System Startup
Calibration of DAS
Analytical Testing

10/8/07 — 10/12/07

10/08/07

Operating RO
DAS

10/09/07

Operating RO
DAS
Set of samples taken for Envirotech

10/10/07

Operating RO
ES&H Walk Through with SNL safety personnel

10/11/07

Operate RO

Recalibrate T-200

Cleanup inside of Transportainer
Tour with SNL & COP Managers
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Event Date or Trip

Specific Date

Description of Work Performed

Notes from B.E.S.T.

We need to test for Barium & Lead. COP has PW chemical
concentration re-injection limits. What are those limits? COP had to
send SWD pre-filters to hazardous waste facility.

Also Frank recommended when we present our data to use some
graphical plots.

10/12/07

Operate RO
Seal holes top of Transportainer

10/17/07 - 10/19/07

10/17/07

RO Operation
RO Performance Testing and Analysis with SNL project engineer

10/18/07

RO Operation
Training
DAS-PC Interface

10/19/07

500BBL PW Tank level re-adjusted to 15 feet we can now get ~ 5 gpm
flow to T-100; tank does not run dry now.

With this extra flow Frank started filling the PW-Untreated NMSU
286BBL Tank.

RO Operation

10/23/07

Tour with EPA, OCD, & BLM

10/24//07

1* addition of PW-Untreated by NMSU

10/31/07

RO Operation by Frank
Filters clogging fast — Iron residuals high ~2 mg/L

11/01/07

RO Operation by Frank

11/13/07 — 11/15/07

11/13/07

Cyclone separators taken out of service.

11/14/07

RO Operation

Frank showed us the RO pre-filters. Filters have a lot of iron
precipitate being removed.

New Conductivity Sensors

UF Rebuild ~ Used new longer membrane housing.

UF still out of service — Found brass fittings (factory install) leaking.
Fittings were cracked. Went to town to find fittings.

ABB Drive

11/15/07

Repair leak on UF

Calibrate VFD

UF startup. UF finally in service
Operate UF & RO

11/27/07 — 11/29/07

11/27/07

2" Watering by NMSU for PW-Untreated
1* Watering by NMSU for Treated PW

11/28/07

Last Envirotech Sample
Also took sample of PW for GAB
Winterizing of Pilot

11/29/07

Pilot shut down until Spring ‘08
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Appendix B — Water Chemistry Measurements

Table B-1. Field Test Results

FIELD TEST RESULTS UF RO
Inlet | CONC | PERM | Makeup | FW | CONC | PERM

10/10/2007 | 17:25 | Conductivity | uS/cm 17,600 21,000 | 572
10/10/2007 | 17:25 | Temperature c 22.2 25.5 25.5
10/10/2007 | 17:25 _pH units 7.54 7.6 6.34
10/10/2007 | 17:25 Turbidity ntu
10/10/2007 | 17:25 Iron mg/L
10/12/2007 | 9:30 | Conductivity | uS/cm 17,770 21,400 | 560
10/12/2007 | 9:30 | Temperature Cc 16.9 18.1 18.1
10/12/2007 | 9:30 pH units 7.5 7.7 6.3
10/12/2007 | 9:30 Turbidity ntu 22.6 3.94 0.41
10/12/2007 | 9:30 Iron mg/L
10/12/2007 | 12:45 | Conductivity | uS/cm 17,540 21,300 | 582
10/12/2007 | 12:45 | Temperature c 21.1 242 241
10/12/2007 | 12:45 pH units 7.7 7.7 6.4
10/12/2007 | 12:45 [ Turbidity ntu 23.3 4.1 0.4
10/12/2007 | 12:45 fron mg/L
10/18/2007 | 10:00 | Conductivity | uS/cm 17,640 | 17,830 | 20,900 | 494
10/18/2007 | 10:00 | Temperature C 15.3 15.2 18 17.4
10/18/2007 | 10:00 pH units 7.3 7.5 7.5 6.2
10/18/2007 | 10:00 |  Turbidity ntu 13.5 3.68 217 0.27
10/18/2007 | 10:00 Iron mg/L 1.5 1.17 1.1 0.02
10/18/2007 | 10:00 Sulfite mg/L <20
10/18/2007 | 14:30 | Conductivity | uS/cm 17,720 | 17,910 | 21,700 | 519
10/18/2007 | 14:30 | Temperature c 12.9 16 16.1
10/18/2007 | 14:30 pH 7.8 7.8 7.8 6.3
10/18/2007 | 14:30 Turbidity ntu 6.7 2.55 2.66 0.2
10/18/2007 | 14:30 Iron mg/L 0.54 0.73 1.07 0
10/18/2007 | 14:30 Sulfite mg/L 30
10/19/2007 Conductivity | uS/cm 18,100 | 18,130 | 21,300 | 458
10/19/2007 Temperature Cc 10.8 11 13.1 13
10/19/2007 pH units 7.3 7.5 7.5 6.2
10/19/2007 Turbidity ntu 19.6 15.8 7.47 0.46
10/19/2007 Iron mg/L 1.31 1.24 1.13 0.01
10/19/2007 Sulfite _mg/L <30
10/22/2007 Conductivity | uS/cm 17,970 | 17,930 | 22,100 ; 460
10/22/2007 Temperature Cc 12.5 13.2 14.5 14.1
10/22/2007 pH units 7.9 7.9 7.5 6.3
10/22/2007 Turbidity ntu 20.3 12.8 7.28
10/22/2007 Iron mg/L 1.51 1.34 1.51 0.04
10/23/2007 Conductivity | pS/cm 17,930 | 17,810 | 21,500 | 424
10/23/2007 Temperature c 12.5 13.3 15.5 151
10/23/2007 pH units 75 7.5 7.5 6.3
10/23/2007 Turbidity ntu 171 5.8 3.32 0.19
10/23/2007 Iron mg/L 1.28 0.97 0.91 0.01
10/31/2007 | 10:00 | Conductivity | uS/cm
10/31/2007 | 10:00 | Temperature C
10/31/2007 | 10:00 pH units 7.5 75 7.5 6.2
10/31/2007 | 10:00 Turbidity ntu 17.4 6.8 3 0.2
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FIELD TEST RESULTS UF RO
Inlet | CONC | PERM | Makeup | FW | CONC | PERM

10/31/2007 | 10:00 fron mg/L 1.99 1.4 1.39 0
10/31/2007 | 14:30 | Conductivity | uS/cm 17,670 | 17,540 | 21,700
10/31/2007 | 14:30 | Temperature C 171 17.8 217
10/31/2007 | 14:30 pH units 74 7.3 7.5
10/31/2007 { 14:30 Turbidity ntu 15.2 7.6 3.25
10/31/2007 | 14:30 Iron mg/L 1.3 1.15 1.53
11/1/2007 | 10:30 | Conductivity | uS/cm 17,700 | 17,320 | 22,100 | 523
11/1/2007 | 10:30 | Temperature C 18.7 19.3 21 23.6
11/1/2007 | 10:30 pH units 7.5 7.5 7.6 6.2
11/1/2007 | 10:30 Turbidity ntu 13 7.53 2.82 0.3
11/1/2007 | 10:30 fron mg/L 1.74 1.36 1.25 0.01
11/1/2007 | 14:30 | Conductivity | uS/cm 17,600 | 17,750 | 21,700 | 502
11/1/2007 | 14:30 | Temperature C 19.3 19.2 21.6 214
11/1/2007 | 14:30 pH units 7.9 7.9 7.9 6
11/1/2007 | 14:30 Turbidity ntu 20.3 6.34 2.26 0.31
11/1/2007 | 14:30 fron mg/L 2.67 1.7 1.51 0
11/6/2007 Conductivity | uS/cm 17,980 | 17,820 {22,600 | 511
11/6/2007 Temperature C 12.5 14.2 15.4 18.7
11/6/2007 _pH units 7.6 7.5 7.8 6.5
11/6/2007 Turbidity ntu 13.9 1.89 0.84 0.33
11/6/2007 Iron mg/L 1.56 1.33 1.28 0
11/7/2007 Conductivity | uS/cm 17,830 | 17,830 | 22,400 | 502
11/7/2007 Temperature C 15.6 15.6 20.1 20
11/7/2007 pH units 7.4 7.4 7.5 6.1
11/7/2007 Turbidity ntu 17.5 12.5 0.64 0.19
11/7/2007 fron mg/L 1.83 1.83 1.29 0
11/9/2007 Conductivity | uS/cm 17,790 | 17,630 | 22,600 | 621
11/9/2007 Temperature C 17.6 17.6 19.7 20
11/9/2007 pH units 7.4 7.3 7.5 6.2
11/9/2007 Turbidity ntu

11/9/2007 Iron mg/L

11/13/2007 | 8:30 | Conductivity | uS/cm 18,210 | 17,960 | 23,100 | 545
11/13/2007 | 8:30 | Temperature C 11.3 12.2 15.4 12.4
11/13/2007 | 8:30 pH units 7.6 7.5 6.3
11/13/2007 | 10:45 [ Conductivity | uS/cm 17,920 | 17,700 | 22,600 | 529
11/13/2007 | 10:45 | Temperature C 16.7 17.5 19.3 20.2
11/13/2007 | 10:45 pH units 7.4 7.3 7.4 6
11/13/2007 | 10:45 Turbidity ntu 40.9 12 2.91 0.24
11/13/2007 | 10:45 Iron mg/L 3.01 1.9 1.92 0.02
11/14/2007 Turbidity ntu 20.3 1.53

11/14/2007 Conductivity | uS/em | 17,840 | 17,930 | 17,940

11/14/2007 Temperature Cc 16.5 17.1 17.4

11/14/2007 pH units 7.4 7.4 7.4
11/14/2007 Turbidity ntu 12.1 10.5 0.2

11/14/2007 Iron mg/L 3.04 2.95 2.31

11/16/2007 Conductivity | uS/cm | 17,900 | 18,010 | 18,100 | 17,690 22,300 | 497
11/16/2007 Temperature C 14.2 14.8 14.4 16.5 18.2 17.8
11/16/2007 pH units 7.4 7.5 6.1
11/16/2007 Turbidity ntu 17.9 16.3 1.08 1.48 0.26 0.13
11/16/2007 Iron mg/L 1.48 1.39 0.05
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FIELD TEST RESULTS UF RO
Inlet | CONC | PERM | Makeup | FW | CONC | PERM

11/26/2007 Conductivity | uS/cm | 18,010 | 18,180 | 18,130 | 17,960 20,900 | 444
11/26/2007 Temperature C 11.1 10.3 10.5 10.6 12.9 121
11/26/2007 _pH units 7.4 7.5 6.2
11/26/2007 Turbidity ntu 8.57 11.5 2.94 1.91 1.22 0.2
11/26/2007 Iron mg/L 142 1.22 0.03
11/28/2007 Turbidity ntu 15.6 184 4.9
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Table B-2. Log sheet Data: Flow Rate and Conductivity Measurements

Flow Rates - (gpm) Conductivities - (uS/cm T
Makeup | Makeup
Field | Makeup Pre- Post-
Date Time Tests | Pre-Filter | CONC | REC | PERM Filter Filter | CONC | PERM
Data Acquisition System (DAS) not in
10/8/07 9:30am service 18,650 21,800 400
10/8/07 1:14pm DAS not in service 18,820 21,700 412
10/8/07 3:10pm DAS not in service 18,780 21,700 406
10/9/07 | moming DAS not in service 14910 17,210 374
10/9/07 | 11:00am DAS not in service 14,300 16,630 | 355
10/10/07 | morning | YES DAS not in service 13,640 14,450 | 355
10/10/07 | 10:30am DAS not in service 13,550 13,680 305
10/10/07 | 1:00pm 0.9 0.5 3 0.25 18,440 26,300 | 993
10/10/07 1:30 0.68 0.5 4 0.23 17,470 24,100 | 1013
10/10/07 2:00 1.23 1 3.5 0.27 17,590 22,100 [ 766
10/10/07 3:30 1.74 1.5 3 0.3 17,540 20,900 | 583
10/10/07 4:00 2.22 2 25 0.31 17,620 20,100 510
10/10/07 4:30 1.53 1.25 3.25 0.3 17,620 21,700 541
10/10/07 | 5:25pm 1.53 1.25 3.25 0.29 17,600 21,000 572
10/11/07 | 9:45am 1.57 1.3 3.25 0.3 17,690 21,100 544
10/12/07 | 9:30am | YES 1.55 1.27 3.25 0.29 17,770 21,400 560
10/12/07 | 12:45pm | YES 1.55 1.27 3.25 0.29 17,540 21,300 582
Changed Filter to 1.0 micron from 5

10/17/07 | 10:30am micron

10/17/07 | 11:45am 1.45 1.08 3.25 0.31 17,910 21,700 519
10/17/07 | 1:45pm 1.53 1.25 3.25 0.27 17,820 21,200 | 524
10/17/07 | 2:00pm Changed Filter to 0.38 micron

10/17/07 | 2:30pm 1.53 1.19 3.25 0.29 17,865

10/18/07 | 2:30pm | YES 1.6 1.31 3.25 0.28 17,640 17,830 | 20,900 494
10/19/07 | 9:25am | YES 1.5 1.2 3.25 0.26 18,100 18,130 | 21,300 | 458
10/19/07 | 9:45am Changed Filter with 0.38 micron

10/22/07 | 12:30pm | YES 143 | 107 [325] 029 | 17970 | 17,930 [ 22,100 | 460
10/22/07 Changed Filter with 0.38 micron

10/23/07 | 11:00am | YES 1.64 | 126 [325] 033 17,930 | 17,810 | 21,500 [ 424
10/24/07 NMSU Watering Field. Added ~ 214.5BBL of PW-Untreated on 4500 sq ft —I
10/31/07 | 8:40am Changed Filter with 0.38 micron

10/31/07 | 9:10am | YES 1.64 1.27 3.25 0.41 17,970 17,790 | 22,600 | 469
10/31/07 | 11:15am 1.6 1.26 3.25 0.35 17,730 17,570 21,900 466
10/31/07 { 11:40am Changed Filter with 0.38 micron

10/31/07 | 2:30pm | YES 1.57 1.27 3.25 0.34 17,670 17,540 | 21,700 495
11/1/07 | 10:30am | YES 1.6 1.25 3.25 0.37 17,700 17320 | 22,100 | 523
11/1/07 | 11:40am Changed Filter with 0.38 micron

11/1/07 | 2:30pm | YES 1.53 I 1.24 173.25 I 0.33 17,600 17,750 | 21,700 502
11/6/07 | 11:30am Changed Filter with 0.38 micron

11/6/07 | 12:00PM | YES 153 | 118 [325] 039 | 17980 | 17820 | 22,600 | 511
11/7/07 | 9:00am Changed Filter with 0.38 micron

11/7/07 | 10:00am | YES 1.53 1.17 3.25 0.38 17,830 17,520 | 22400 502
11/7/07 | 12:30pm 1.5 1.14 3.25 0.32 17,810 17,670 | 22,100 | 462
11/7/07 | 12:40pm Changed Filter with 0.38 micron

11/9/07 | 11:40am [ YES 1.5 1.1 3.25 0.38 17,790 17,630 [ 22,600 [ 627
11/13/07 | 8:30am | YES 1.5 1.1 3.25 0.38 18,210 17,960 | 23,100 545
11/13/07 | 10:45am | YES 1.47 1.06 3.25 0.36 17,920 17,700 | 22,600 | 529
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Flow Rates - (gpm) Conductivities - (uS/cm) |

m

Z \\\R\\\\ il
i

to 10.30

\

Makeup | Makeup

Makeup
Pre-Filter

UE Unitowas %
/ \\\\\W \\\\\\\‘

Sl | il i

11/19/07

No Tests!

"

YES 1.5 1.25 3.25 0.24 17, 960 20,900 444

RO Unit | to 10:00
System Shutdown and Winterized! NMSU Watering Fields, PW-Untreated 120BBL on 4500
11/28/07 sq ft and Treated-PW 45BBL on 4500 sq ft
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Table B-3. Log sheet Data: Pressure and Temperature Measurements

Pressures - (psi)

Temperatures (degrees €)

Makeup | Makeup Makeup | Makeup
Field Pre- Post- RO RO Pre- Post-
Date Time Tests Filter Filter Feed | Conc | Filter Filter | CONC | PERM
10/8/07 | 9:30am 14.6 15.5 19
10/8/07 1:14pm 32 32 270 | 268 18 19.2 19.4
10/8/07 | 3:10pm 32 32 270 | 268
10/9/07 | morning 32 32 270 | 268
10/9/07 | 11:00am 32 32 270 | 268 19.6 19.1 19.1
10/10/07 | mornin, YES 33 33 270 | 270 18.8 19.1 19
10/10/07 | 10:30am 31 31 270 | 268 19.1 19.7 19.6
10/10/07 | 1:00pm 36 36 274 | 274 26.3
10/10/07 1:30 36 36 274 | 274 22.5 294 29
10/10/07 2:00 36 36 274 | 274 22.3 27.6 27.8
10/10/07 3:30 36 36 274 | 274 22.4 25.3 25.4
10/10/07 4:00 36 36 274 | 274 22.2 25 24.7
10/10/07 4:30 36 36 274 | 274 22.5 26.2 25.6
10/10/07 | 5:25pm 36 36 274 | 274 22.2 25.5 25.5
10/11/07 | 9:45am 335 32.5 269 | 269 17.4 20.3 20.3
10/12/07 | 9:30am | YES 33 31 268 | 267 16.9 18.1 18.1
10/12/07 | 12:45pm | YES 33 31 268 | 267 21.1 24.2 24.1
10/17/07 | 10:30am
10/17/07 | 11:45am 32 32 270 | 268
10/17/07 | 1:45pm 33 24 260 | 258
10/17/07 | 2:00pm
10/17/07 | 2:30pm 33 33 270 | 270
10/18/07 | 2:30pm | YES 33 33 269 | 269
10/19/07 | 9:25am | YES 31 26 265 | 262
10/19/07 | 9:45am
10/22/07 | 12:30pm | YES 26 19 255 | 250 12.5 13.2 14.5 14.1
10/22/07
10/23/07 | 11:00am | YES 315 28.5 264 | 262 12.5 133 15.5 15.1
10/24/07
10/31/07 | 8:40am
10/31/07 | 9:10am | YES 32 32 268 | 267 13.8 15.3 16.6 16.3
10/31/07 | 11:15am 33 27 263 | 260 18.2 18.9 20.6 21
10/31/07 | 11:40am
10/31/07 | 2:30pm | YES 34 30 266 | 266 19.1 19.8 21.7 22.3
11/1/07 | 10:30am | YES 33 30 266 | 264 18.7 19.3 21 23.6
11/1/07 | 11:40am
11/1/07 | 2:30pm | YES 33 28 265 | 262 19.3 19.2 21.6 21.4
11/6/07 | 11:30am
11/6/07 | 12:00PM | YES 33 32 269 | 266 12.5 14.2 15.4 18.7
11/7/07 9:00am
11/7/07 | 10:00am | YES 33 31 266 | 265 15.6 17.3 20.1 20
11/7/07 | 12:30pm 33 23 260 | 258 16.7 17 19.3 19.9
11/7/07 | 12:40pm
11/9/07 | 11:40am | YES 33 28 265 | 263 17 17.6 19.7 20
11/13/07 | 8:30am | YES 31 31 ] 266 | 266 11.3 12.2 15.4 12.4
11/13/07 | 10:45am | YES 33 27 264 | 261 16.7 17.5 19.3 20.2




Pressures - (psi) Temperatures (degrees C)

Makeup | Makeup Makeup | Makeup
Field Pre- Post- RO RO Pre- Post-
Date Time Tests Filter Filter Feed | Conc Filter Filter | CONC | PERM

11/16/07

RO Unit | 1010:30 | YES | 32 31 | 267 | 265 | 165 178 | 182
11/19/07
11/26/07

to 10:00
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Appendix C — Particulate Analysis

Samples were obtained for the raw inlet, pre/post cyclone, and RO feed pre/post filter for particulate analysis by
Spectrex. Results indicate that the majority of particulate matter was less than 10 microns, and most was 1
micron or less in size. There is some doubt as to whether proper sampling procedures were followed, and this
test will be repeated at the next phase of the pilot.
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60% + —— e e e e e e e e -
B Raw Inlet
0 OPre Cyclone
50% + O Post Cyclone
g‘ B Pre RO filter
g' 0% 4 - - . @ Post RO filter (1 micron) - ~
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Figure C-1. Spectrex Particulate Analysis
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Appendix D — Water Meter Data

Total Gallons
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Figure D-1. Totalized Water Meter Data

Figure D-2. Flow Meter Data
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Jones, Brad A., EMNRD

From:
Sent:
To:
Cec:

Subject:

Attachments:

Johnson, Monica [Monica.Johnson@ conocophillips.com]

Monday, June 29, 2009 3:31 PM

Jones, Brad A., EMNRD; Chavez, Carl J, EMNRD

Powell, Brandon, EMNRD; Dale_Wirth@nm.bim.gov; Sattler, Allan R; Cappelle, Malynda A;
Wirtanen, Bob A; Miller, Rebekah E.; Frank McDonald, B.E.S.T.; Rick Armold;
Dave_Mankiewicz@nm.blm.gov; barney_wegener@ nm.bim.gov; Emerson, Warren; Frost,
Gwendolynne

Produced Water Pilot Project Permit #EPWM-002 amendment request

OCD pilot study letter amendment 6-29-09.pd{

Dear Mr. Jones and Mr. Chavez,

Please find attached an electronic letter requesting permission to amend permit #EPWM-002 for the San Juan 32-
8 Unit #237A water pilot project.

Should you have any further questions, please let me know.

Thank youl!

Monica D. Johnson

Sr. Environmental Scientist

ConocoPhillips Company
3401 East 30th Street
Farmington, NM 87402
Office: (505) 326-9829
Cell: (505) 320-9056

Direct Fax: (918) 662-1826
Office Fax: (505) 599-4005

This inbound email has been scanned by the Messagel.abs Email Security System.




V San Juan Business Unit
ConocoPhillips |
Farmington, NM §7402-4289
(505) 326-9700
Sent Via Email

June 29, 2009

Mr. Brad Jones and Mr. Carl Chavez
Environmental Bureau Engineers

New Mexico Oil Conservation Division
1220 South St. Francis Drive

Santa Fe, NM 87505

RE: Produced Water Pilot Project Permit # EPWM - 002 for the San Juan 32-8 Unit #237A

Dear Mr. Jones and Mr. Chavez:

ConocoPhillips Company is requesting approval to apply treated produced water on portions of
the San Juan 32-8 Unit #237A (T3 1N, R8W, Section 23, Unit I) location as part of a pilot project
described below. The New Mexico Oil Conservation Division (NMOCD) previously granted
permission to apply certain quantities of treated and untreated water to the subject location. This
request is being resubmitted because the permit expires July 28, 2009, and we wish to continue
and improve our water treatment train especially in pretreatment produced water. We propose to
treat some of the grasses by a method described below. An important difference from our
previously granted permits is that only treated/desalinated water would be applied to the ground.
No application of untreated water on the soil is included in this request.

ConocoPhillips is seeking to find alternative use methods for produced water generated by the oil
and gas industry. New Mexico State University’s Agricultural Science Center, Farmington and
the U. S. Department of Agriculture’s Jornada Experimental Range, Las Cruces will water
grasses on the subject well pad on a limited/spot basis. The watering is to accompany a pilot
desalination operation constructed by Sandia National Laboratories on the same well pad. Use
of the treated/ desalinated water is critical to this plan.

The complete details of our request were found in our letter and the attachment hand delivered
during a meeting dated May 28, 2009. Subsequent to that letter, additional discussions about the
permit application were held with Allan Sattler at your office. It was felt that an amendment to
the original May 28, 2009 permit request would be appropriate.

Pilot operations would remain as in the original permit request, in that a study of ultrafiltration
pre-treatment combined with reverse osmosis desalination will be used to treat produced water at
the San Juan 32-8 Unit #237A well pad. The original permit requested elimination of analyses
that had previously shown “non-detect” levels, as well as a decrease in the frequency of analysis.
From the above mentioned discussions, however, the permit sampling types and frequency for
complete laboratory analysis (NMAC 20.6.2.3103, Subsections A-C) are now amended as
follows:




1. Due to the fact that pilot operations plan to water an area previously watered with
untreated produced water, both the treated water and the soil will require analysis:

a. The treated water (permeate) will be analyzed once per NMAC 20.6.2.3103,
Subsections A-C.

b. The soil where untreated produced water was previously added will be analyzed
prior to watering and after each watering event, per NMAC 20.6.2.3103,
Subsections A-C (estimated to be once per month).

c. The soil where treated/desalinated produced water was previously added will be
analyzed prior to watering and after the last watering event, per NMAC
20.6.2.3103, Subsections A-C.

d. The arca with no additional water (“mother nature”) requires no additional testing.

2. If the treatment train is modified significantly (differing membrane configurations or
types or significant additional pretreatment schemes), then the treated water and the soil
plot where treated water will be applied will be tested as summarized above. Change of
mechanical filters only is not considered a change in the treatment train.

3. All cartridge filters, UF membranes, and RO membranes will be disposed of in an
approved landfill, as before. Prior to disposal, they will be tested according to NMAC
19.15.35.8.

4, Additional tests will be performed to assess the treatment effectiveness and impacts on
the soil. However, this item is neither a part of the permit request nor a permit
requirement. It is included for information only. (Scc comment in item 5 below.)

a. Each of the water streams (untreated produced water, ultrafiltration filtrate,
reverse osmosis fced, concentrate, and permeate/treated) will be analyzed as
summarized originally in the permit apphcation.

b. Each of the soil plots where water has/was applied may be analyzed for amons
and other constituents of interest as originally in the permit appllcauon

5.. Other methods of treatment may be ecvaluated during this year’s efforts, such as
nanofiltration, LANL-developed pre-treatment, etc. However, nc treated water will be
placed on any ground surface as a result of these operations. This particular item and
item 4. above are neither a part of the permit request nor a permit requirement.
Any available information from these two items will be included in the information sent
to the NMOCD as a matter of course to help expand their produced water database.

If you should have additional questions or comments, you can reach me at 505-326-9829.

Sincerely,

Naoniee ©. Johnaon

Monica D. Johnson
Sr. Environmental Scientist

Attachment

Cc:  Brandon Powell - NMOCD, Aztec
David Mankiewicz - Bureau of Land Management




Dale Wirth - Bureau of Land Management

Bamey Wegener - Bureau of Land Management
Rebekah Miller - ConocoPhillips

Warren Emerson - ConocoPhillips

Gwen Frost - ConocoPhillips

Bob Wirtanen - ConocoPhillips

Frank McDonald - BEST

Rick Amold - NMSU

Malynda Cappelle - Sandia National Labs, MS-1373
Allan Sattler - Sandia National Labs, MS-0706



V. [ 4 L . )
CO“OCOPh' I Ilps San Juan Business Unit

P.O. Box 4289
Farmingion, NM 87402-4289
(505) 326-9700
Delivered in person

May 22, 2009

Mr. Brad Jones and Mr. Carl Chavez
Environmental Bureau Engineers

New Mexico Oil Conservation Division
1220 South St. Francis Drive

Santa Fe, NM 87505

RE: Produced Water Pilot Project Permit # EPWM - 002 for the San Juarn 32-8 Unit #237A
Dear Mr. Jones and Mr. Chavez:

ConocoPhillips Company is requesting approval to apply treated produced water on portions of
the San Juan 32-8 Unit #237A (T31N, R8W, Section 23, Unit I) location as part of a pilot project
described below. The New Mexico Oil Conservation Division (NMOCD) previously granted
permission to apply certain quantities of treated and untreated water to the subject location. This
request is being resubmitted because the permit expires July 28, 2009, and we wish to continue
and improve our water treatment train especially in pretreatment produced water. We propose to
treat some of the grasses by a method described below. An important difference from our
previously granted permits is that only treated/desalinated water would be applied to the ground.
No application of untreated water on the soil is included in this request.

ConocoPhillips is seeking to find alternative use methods for produced water generated by the oil
and gas industry. New Mexico State University’s Agricultural Science Center, Farmington and
the U. S. Department of Agriculture’s Jornada Experimental Range, Las Cruces will water
grasses on the subject well pad on a limited/spot basis. The watering is to accompany a pilot
desalination operation constructed by Sandia National Laboratories on the same well pad. Use
of the treated/ desalinated water is critical to this plan.

The complete details of our request are found in the attachment and are summarized here along
with the contents of the attachment, below.

e Elimination of the full set of VOCs and PAHs is requested, as they have all been at non-
detect levels due to the prohibitive cost. Table 1 of the attachment (Page 1-2) shows the
original matrix of required tests. Table 2 (Page 4) shows the analysis of the untreated
water. Table 3-5 (Page5-7) show the soil analysis for the three plots where treated,
untreated, and no water have been applied (natural rainfall only). Seil analysis shows
that the VOCs and PAHs have all been at non-detect levels.

e A decreased frequency of testing is requested. There was minimal change with most
analyses in the soil with applications of untreated water. Tests are suggested at the
beginning of the pilot operation this year and at the end of the operation this year which
would test all three plots of land and any treated water that is added to the land. Analyses
that are critical to assessment of the desalination effectiveness (i.¢., major anions, cations,



TOC, pH, alkalinity) will be tested on a daily basis by Sandia personnel. This provides
continuous daily monitoring. Detail is provided on Table & (Page 8-9) and the
accompanying text.

Permission is requested to add water, as bcfore, to the two sections of land that were
previously treated; the same plot that received treated water as before and the same
section that received untreated water as before. In this instance, only treated water will
be applied to both sections of the land. Again, no application of untreated water on the
soil is envisioned in this request. The application of treated water on the soil plot that had
previously had untreated water applied may well demonstrate the potential for using
treated water to improve/remediate soil quality in areas where raw produced water spills
did occur. Detail is provided in the text of Page 8.

The text on Page 8 gives details of proposed improvements for water treatment.

Other information relevant is also given in the attachment.

Each test plot will be approximately 50 feet by 80 feet. The water will be applied in a manner
that will confine the water to the existing ConocoPhillips location. Earthen berms have been
constructed and a limited amount of watering has already been accomplished.

Moreover, the numerous earlier procedures were done with approvals from the NMOCD and the
BLM. Then comparable amounts of produced water, with TDS values between approximately
5,000 and 12,000 ppm, were placed on the soil to enhance grass growth. In virtually all those
previously approved cases, as well as in the present operations, critical soil parameters, Sodium
Adsorption Ratio, and Electrical Conductivity, remained below critical limits of 25 and 15
decisiemens respectively. These parameters along with any required analyses would continue to
be carefully monitored in this work and made available to both the NMOCD and BLM.

Sincerely,

Wonise O <Johmsan

Monica D. Johnson
Sr. Environmental Scientist

Attachment

Cc:

Brandon Powell - NMQCD, Aztec

David Mankiewicz - Bureau of Land Management
Dale Wirth - Bureau of Land Management

Barney Wegener - Bureau of Land Management
Rebekah Miller - ConocoPhillips

Warren Emerson - ConocoPhillips

Gwen Frost - ConocoPhillips

Bob Wirtanen - ConocoPhillips

Frank McDonald - BEST

Rick Amold - NMSU

Malynda Cappelle - Sandia National Labs, MS-1373
Allan Sattler - Sandia National Labs, MS-0706




ATTACHMENT: PAST ANALYSIS SUMMARY AND PROPOSED ANALYSIS PLAN

2008 Sample Analysis Summary

To do all analyses requested and required by our previous OCD permit, it cost $1130 per sample (85,650 per
sampling event). Many of the constituents were consistently at non-detect levels and we suggest minimizing or
eliminating those constituents from the required analyses. Table 1 describes all analyses obtained for water and
soil samples during 2008 pilot operations.

Table 1. 2008 Sample Analysis Summary

SOIL WATER
oCD
Det. ) Det. permit

Analyte Limit Units Limit Units req?
Miscellaneous/Anion .
pH su Y
Conductivity (@ 25°C) uS/cm
TDS (@180 °C) mg/L Y
SAR (calculated)
TOC 0.1 %C 1.0 mg/L
Nitrate (as NO;-N} 0.1 mg/L 0.1 mg/L Y
Cyanide 0.01 mg/L 0.01 mg/L Y
Fluoride 0.001 mg/L 0.001 mg/L Y
Chloride mg/L mg/L Y
Sulfate 0.1 mg/L 0.1 mg/L Y
Total Alkalinity (as HCO,) mg/L mg/L

Bicarbonate Alkalinity (as HCO;) mg/L mg/L

Carbonate Alkalinity (as CO;) mg/L mg/L

OH Alkalinity (as OH) mg/L mg/L
Radium_Uranium
Uranium 0.7 mg/kg-dry 30 ug/L Y
Ra-226 + Ra-228 0.8 | pCi/g-dry 5.1 pCi/L Y
Cation
Arsenic . 0.001 mg/kg 0.001 mg/L Y
Aluminum 0.00! mg’kg 0.00! rag/L Y
Barium 0.001 mg/kg 0.001 mg/L Y
Boron 0.001 mg/kg 0.001 mg/L Y
Cadmium 0.001 mg’kg 0.001 mg/L Y

| Calcium 0.001 mg/L 0.001 mg/L

Chromium 0.001 mg/kg 0.001 mg/L Y
Cobalt 0.001 mg'kg 0.001 mg/L Y
Copper 0.001 mg/kg 0.001 mg/L Y
lron 0.001 mg/kg 0.001 mg/L Y
Lead 0.001 mg/kg 0.001 mg/L Y
Magnesium 0.001 mg/L 0.001 mg/L
Manganese 0.001 mg/kg 0.001 mg/L Y
Mercury 0.033 mg’kg 0.00020 mg/L Y
Molybdenum 0.001 mg/kg 0.001 mg/L Y
Nickel 0.001 mg/kg 0.001 mg/L Y
Potassium 0.001 mg/kg 0.001 mg/L
Selenium 0.001 mg/kg - 0.001 mg/L Y
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SOIL WATER
OCD
Det. Det. permit

Analyte Limit Units Limit Units req?
Silver 0.001 mg/kg 0.001 mg/L Y
Sodium 0.001 mg/L 0.001 mg/L
Zinc 0.001 mg/kg 0.001 mg/L Y
Purgeable VOCs:
Benzene 1.0 ug/’kg 1.0 ug/L Y
Toluene 1.0 ug/kg 1.0 - ug/L Y
Ethylbenzene 1.0 ug’kg 1.0 ug/L Y
Xylenes, total 1.0 ng’kg 1.0 ug/L Y
Methyl tert-butyl ether (MTBE) 1.0 ug’kg 1.0 ug/L

- 1,2,4-Trimethylbenzene 1.0 ug/kg 1.0 ug/L
1,3,5-Trimethylbenzene 1.0 ug/kg 1.0 ug/L
1,2-Dichloroethane (EDC) 1.0 ug’kg 1.0 ug/L Y
1,2-Dibromoethane (EDB) 1.0 ug/kg 1.0 ug/L Y
Napthalene 1.0 ng/kg 1.0 ug/L
1-Methylnapthalene 2.0 ug/kg 2.0 ng/L
2-Methylnapthalene 2.0 ng/kg 2.0 ug/L
Bromobenzene 1.0 ngtkg 1.0 ng/L
Bromochloromethane 1.0 ugkg 1.0 pg/L
Bromodichloromethane 1.0 pg’kg 1.0 pug/L
Bromoform 1.0 ug/kg 1.0 peg/L
Bromomethane 1.0 pekg 1.0 ug/L
Carbon tetrachloride 1.0 ugkg 1.0 pg/L Y
Chlorobenzene 1.0 ug’kg 1.0 pg/L
Chloroethane 2.0 ug/kg 2.0 ug/L
Chloroform 1.0 ug/kg 1.0 ug/L Y
Chloromethane 1.0 ug’kg 1.0 ug/L
2-Chlorotoluene 1.0 ug’kg 1.0 pg/L
4-Chlorotoluene 1:0 - ug'kg 1.0 g/l
cis-1,2-Dichloroethene 1.0 ug/kg 1.0 ng/L
cis-1,2-Dichloropropene 1.0 ug/kg 1.0 pg/L
1,2-Dibromo-3-chloropropane 2.0 ng/'kg 2.0 ng/l
Cibroomchloromethane 1.0 pg’kg 1.0 g/l
Dibromoethane 2.0 ug’kg 2.0 ug/L
1,2-Dichlorobenzene 1.0 ug/kg 1.0 ug/L
1,3-Dichlorobenzene 1.0 ugkg 1.0 ug/L
1,4-Dichlorobenzene 1.0 pg/kg 1.0 pg/L
Dichlorodifluoromethane 1.0 ug/kg 1.0 ug/l
1,1-Dichloroethane 1.0 ng'kg 1.0 pug/L Y
1,1-Dichloroethene (a.k.a. 1,1-DCE) 1.0 ug’kg 1.0 ug/L Y
1,2-Dichloropropane 1.0 ug/kg 1.0 ug/L
1,3-Dichloropropane 1.0 png/kg 1.0 ug/L
2,2-Dichloropropane 1.0 ug’kg 1.0 ug/L
1,1-Dichloropropene 1.0 pe/ke 1.0 ug/L
Hexachlorobutadiene 1.0 ug’kg 1.0 ug/L
Isopropylbenzene 1.0 ugkg 1.0 ug/L
4-Isopropylbenzene 1.0 ug’kg 1.0 pg/L
Methylene chloride 3.0 pe’kg 3.0 g/l Y
n-Butylbenzene 1.0 ug/kg 1.0 ug/L
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SOIL WATER
OoCD
Det. Det. permit

Analyte Limit Units Limit Units req?
n-Propylbenzene 1.0 | nughkeg 1.0 ng/L
sec-Butylbenzenc 1.0 pnekg 1.0 ug/L

Styrene 1.0 pg/kg 1.0 ug/L
tert-Butylbenzene 1.0 _pgke 1.0 ug/L
Tetrachloroethene {PCE) 1.0 ng/kg 1.0 pe/L Y
1,1,1,2-Tetrachloroethane 1.0 ug/kg 1.0 pug/l
1,1,2.2-Tetrachloroethane 1.0 ng’kg 1.0 pg/L Y
trans-1,2-Dichloroethane 1.0° upglkg 1.0 pg/L
trans-1,3-Dichloropropene 1.0 __ughks 1.0 pg/L
Trichloroethene (TCE) 1.0 |  ppkg 1.0 pg/l Y
Trichlorofluoromethane 1.0 |  pugke 1.0 pg/L
1,2,3-Trichlorobenzene 1.0 ng/kg 1.0 pg/L
1,2,4-Trichlorobenzene 1.0 | ugkg 1.0 . ugll
1,1,1-Trichloroethane 1.0 ng/kg 1.0 ug/L Y
1.1,2-Trichloroethane 1.0 ng/ke 1.0 pg/L Y
1,2,3-Trichloropropane 2.0 ng/kg 2.0 ug/L

Vinyl Chioride 2.0 pg’kg 2.0 pg/L Y
Polychlorinated biphenyls (PCBs) 0.0 _uglkg 1.0-5.0* ng/L Y
benzo-a-pyrene 0.0} ugkg 0.1 ng/L Y
Phenols 0.2 pgkg 2.5 pg/L Y
PAHs (EPA 8310)

Napthalene 0.3 ug/kg 2.0 ug/L Y
1-Methylnapthalene 03 |  ugks 2.0 ug/L Y
2-Methylnapthalene 03 _ ug/kg 2.0 pg/L Y
Fluorene 0.03 ng/kg 0.8 ug/ Y

*All PCB’s detection limits are 1.0 png/L, except for Arochlor 1221, which is 5.0 pg/L
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Water Analysis Summary

At least one sample per week was taken on all water streams for a limited analysis at Sandia (major ions,
alkalinity, TOC). At each water application, the RO permeate and untreated waters were sampled for all OCD-
required analyses plus analyses useful for determination of treatment efficiencies. Treated water quality was
typically less than 200 mg/L in salinity and most constituents were removed entirely by the reverse osmosis

system.

Although only in operation for several hours, the ultrafiltration system appeared to make fairly good quality of
water (significant turbidity and TOC removal attainable). A properly functioning ultrafiltration system will be
required for full scale operation; the reverse osmosis membranes would need to be replaced too frequently to be

cost effective otherwise.

Table 2. 2008 Water Analysis Summary

RO
Analyte Units | Untreated Perm
Turbidity NTU 8.3 0.23
pH su 7.6 5.9
Conductivity (@ 25°C) 19800 203
TOC mg/L 213 6.5
SAR (calculated) 265 13.7
Alkalinity, as HCO3 mg/L 8048 557
TDS (@180 °C) mg/L 12625 131
Nitrate (as NO3-N) mg/L 1.6 0.2
Chloride 2833 233
Phosphate mg/L 13 0.1
Sulfate mg/L 2.4 0.1
Barium mg/L 30 0.4
Calcium mg/L 14.4 0.4
Iron mg/L 1.2 0.1
Magnesium mg/L 9.2 0.1
Potassium mg/L 25.6 0.4
Sodium mg/L 4897 32.2

Significant fouling occurred on the membranes and a crude autopsy was performed to evaluate the cause. It
appears that much of the fouling was caused by iron precipitate, organic constituents, and some phosphate and

barium.
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Soil Analysis Summaries

Soil samples were collected and analyzed after each water application. Approximately 60 bbl each of raw
produced water and treated water was applied to separate 4,500 land sections four times during the 2008 pilot.
There was a third section, dubbed “mother nature”, which received no additional watering. This section was
sampled three times. ‘

As expected, there was an increase in the soil salinity in the section that received untreated/raw produced water.
The treated section had a slight improvement in overall quality. Finally, there was variation in the mother
nature section that is not understood. This variation in the control section makes comparisons to the other plots
difficult at this time. Additional samples will be obtained and analyzed in 2009.

There was a section of land that happened to get a mixture of untreated and treated water due to piping
arrangements and drainage from the irrigation pipes. This section thrived, which may be an-indication that
higher TDS waters are a better match for spot irrigation. As shown by NMSU and others, many grasses and
plants can thrive on 1,000 mg/L TDS or higher.

Table 3. Untreated/Raw Water Application — Soil Analyses

Analvte Units 9/12/08 10/15/08 10/30/08 11/12/08
Miscellgneous/Anion
pH su 9.17 8.61 9.34 9.26
Conductivity (25 °C) uS/cm 553 1100 1040
TDS (@180 °C) mg/L 170 388 640 480
SAR (caic) 3.100 3.140 10.187 2.699
TOC %C 0.56 0.82 0.47 1
Nitrate (as NO3-N) mg/L 15.3 <0.01 <0.01 7.55
Cyanide mg/L 0.002 0.002 <0.01 0.010
Fluoride mg/L 2.08 14 297 0.195
Chloride mg/L 12.7 101 163 91
Sulfate mg/L 5.2 4.98 5.13 3.2
Total Alkalinity (as HCO3) mg/L 304 168 418 354
Radium, Uranium
Uranium mg/kg-dry 0.7 1 0.6 0.7
Ra-226 & Ra-228 pCi/g-dry 0.8 0.29 1.8 ND
Cation
Calcium mg/L 100 43.1 356 84
Magnesium mg/L 4.88 1.78 0.968 2.44
Sodium mg/L 15.2 77.5 226 92.1
Arsenic mg/kg C 0076 0.088 0.088 0.044
Aluminum mg/kg 321 40.4 202 183
Barium mg/kg 27.9 26.6 21 12.4
Boron mg/kg ND 0.101 1.36 0.582
Cadmium mg/kg 0.005 0.012 0.012 0.006
Chromium mg/kg 0.181 0.286 0.186 0.167
Cobalt mg/kg 0.155 0.004 0.147 0.116
Copper mg/kg 0.220 0.54 0.248 0.154
ron mg/kg 303 7.68 209 176
Lead mg/kg 0.358 0.437 0.429 0311
Manganese mg/kg 15.6 2.12 17.3 t7.7
Mercury meg/kg 0.036 ND ND ND
Molybdenum mg/kg 0.004 0.008 0.01 0.004
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Analyte Units 9/12/08 10/15/08 10/30/08 11/12/08
Nickel mg/kg 0.135 0.706 0.246 0.244
Potassium mg/kg 2.57 0.793 0.788
Selenium mg/kg ND ND ND ND
Silver mg/kg ND ND ND ND
Zinc mg/kg 0.783 0.486 0.821 0.54
Purgeable VOCs, PAHs, PCBs mg/kg ND ND ND ND
Table 4. Treated Water Application — Soil Analyses

Analyte Units 9/12/08 10/15/08 10/30/08 11/12/08
Miscellaneous/Anion

H su 7.98 7.74 7.8 7.68
Conductivity (25 oC) uS/cm 223 239
TDS (@180 oC) mg/L 69 319 132 180
SAR (calc) 0.008 0.0004 0.497 0.078
TOC %C 0.98 0.98 0.83 ]
Nitrate (as NO3-N) mg/L 541 2.01 <0.01 1.47
Cyanide mg/L <0.01 0.01 <0.01 0.010
Fluoride mg/L 223 1.42 345 0.127
Chloride mg/L 2.53 2.63 2.12 5.83
Sulfate mg/L 2.6 0.861 0.986 1.52
Total Alkalinity (as HCO3) mg/L 72 154 146 172
Radivm, Uranium
Uranium mg/kg-dry 0.8 0.6 0.7
Ra-226 & Ra-228 | pCi/g-dry 0.8 1 0.8 0.39
Cation
Calcium mg/L 45.6 56.4 40.6 52.4
Magnesium mg/L 3.17 1.95 1.67 291
Sodium mg/L 0.202 0.01 11.9 2.16
Arsenic mg/kg 0.06 0.058 0.067 0.043
Aluminum mg/kg 185 220 176 163
Barium mg/'kg 18.9 25.5 20 14.7
Boron mg/kg 0.118 0.117 0.411 0.56
Cadmium mg/kg 0.008 0.01 0.013 0.01
Chromium mg/kg 0.133 0.352 0.144 0.147
Cobalt mg/kg 0.108 0.015 0.178 0.119
Copper mg/kg 0.189 0.307 0.204 0.156
[ron mg/kg ' 152 25.9 152 168
Lead mg/kg 0.353 0.399 0.43 0.305
Manganese mg/kg 17.6 2.25 20.2 17.3
Mercury _mg/kg 0.033 ND 0.033 ND
Molybdenum mg/kg 0.006 0.008 0.008 0.005
Nickel mg/kg 0.044 0.493 0.22 0.234
Potassium mg/kg 1.7 2.23 6.5
Selenium mg/kg ND ND ND ND
Silver mg/kg ND ND 0.018 ND
Zinc ma/kg 0.494 0.453 0.72 0.59
Purgeable VOCs, PAHs, PCBs mg/kg ND ND ND ND
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Table 5. No Water Application (Mother Nature) — Soil Analyses

10/15/08

Analyte Units 10/30/08 11/12/08
Miscellaneous/Anion
piH su 7.85 7.44 7.57
Conductivity (25 oC) uS/cm - 347 31
TDS (@180 oC) mg/L 317 232 176
SAR (caic) 0.299 0.065 0.507
TOC %C 1 0.52 0.58
Nitrate (as NO3-N) mg/L 7.09 6.09 13.9
Cyanide mg/L 0.008 0.001 <0.01
Flugride mg/L 1.55 - 2.83 0.10]
Chloride mg/L 2.29 26.5 23
Sulfate mg/L 3.92 3.57 2.71
Total Alkalinity (as HCO3) mg/L 153 157 159
Radium, Uranium
Uranium mg/kg-dry 0.8 0.8 0.5
Ra-226 & Ra-228 pCi/g-dry 0.207 0.8 0.29
Cation
Calcium mg/L 48 73.5 57.7
Magnesium mg/L 3.2 2.33 4
Sodium mg/L 7.94 2.1 0.9
Arsenic mg/kg 0.051 0.077 0.064
Aluminum mg/kg 193 274 202
Barium mg/kg 24.8 20.5 14.2
Boron mg/kg 0.107 1.03 0.66
Cadmium mg/kg 0.009 0.025 0.017
Chromium mg/kg 0.381 0.122 0.017
Cobalt mg/kg 0.015 0.136 0.144
Copper mg/kg 0.324 0.676 0.19
Iron mg/kg 233 146 203
Lead mg/kg 0.411 0.516 0.346
Mangancse mg/kg 2.58 6.86 19.5
Mercury mg/kg ND 0.057 ND
Molybdenum mg/kg 0.004 0.004 0.004
Nickel mg/kg 0.469 0.191] 0.205
Potassium mg/kg 0.762 0.895 0.905
Selenium mg/kg ND 0.019 ND
Silver mg/kg ND ND ND
Zinc mg/kg 0.453 0.621 0.7
Purgeable VOCs, PAHs, PCBs mg/kg ND ND ND
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2009 Proposed testing protocol & Analysis Plans

2009 pilot operations will continue at the same San Juan 32-8 Unit #237A well pad. Partners will continue to
be ConocoPhillips, Biosphere Environmental Science & Technology (BEST), New Mexico State University
(NMSU), and the United States Department of Agriculture (USDA).

This year’s pilot will primarily focus on optimization of the ultrafiltration system (UF). A new unit is to be
purchased, installed, and operated for at least one month. None of this UF-treated water will be applied to the
land and will be disposed of according to normal ConocoPhillips processes.

Once the UF has been optimized, it will be paired with the existing desalination system for a final treatment.
Two types of desalination membranes will be tested: nanofiltration and reverse osinosis. Nanofiltration
membranes offer a lesser degree of desalination at significantly lower pressure. The only water that will be
applied to the land will be the water that has passed through the UF and reverse osmosis systems; all other water
will be disposed of according to normal ConocoPhillips processes. We propose to add water to two sections of
land: the same treated section as before and the untreated section. This will be to demonstrate the potential for
using treated water to improve soil quality in areas with raw produced water spills.

As part of the NMSBA program funding, we will be partnering with Los Alamos Nationa} Laboratory for part
of this work. Jeri Sullivan will be providing a new pre-treatment process that would be compared to the UF
system. This will be done in conjunction with or in parallel to the other pilot operations.

Due to the prohibitive cost, we request elimination of the full set of VOCs and PAHs, as they have all been at
non-detect levels. We also request a decreased frequency of testing and suggest a test at the beginning of the
pilot and at the end of the pilot in 2009 which would test all three plots of land and any treated water that is
added to the land. Analyses that are critical to assessment of the desalination effectiveness (i.e. major anions,
cations, TOC, pH, alkalinity) will be tested on a daily bases by Sandia personnel.

Table 6. Proposed Analyses — 2009 Pilot Operations

Frequency

Analyte Frequency (SOIL) {WATER)
Miscellaneous/Anion

pH 1x/mo’ At least Ix/day
Conductivity (@ 25°C) 1x/mo’ At least 1x/day
TDS (@180 °C) 1x/mo’ At least 1x/mo
SAR {calculated) 1%/mo’ At least 1x/day
TOC 1x/mo’ At least Ix/day
Nitrate (as NO;-N) 1x/mo’ At least I1x/mo
Fluoride 1%/mo’ At least 1x/day
Chloride 1x/mo’ At least 1x/day
Sulfate 1x/mo’ At least 1x/day
Total Alkalinity (as HCO3) 1x/mo’ At least 1x/day
Radium, Uranium

Uranium Twice? Twice®
Ra-226 + Ra-228 Twice® Twice?
Cation

Arsenic Twice? Twice®
Aluminum Twice? Twice?
Barium 1x/mo’ At least 1x/mo
Boron Twice? Twice?
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Cartridge filters were analyzed for disposal purposes. Preliminary analyses are below. ConocoPhillips (through

Frequency
Analyte Frequency (SOIL) (WATER)
Cadmium Twice? Twice’
Calcium 1x/mo’ At least 1x/day
Chromium Twice® Twice®
Cobalt Twice’ Twice’
Copper Twice” Twice’
Tron 1x/mo’ At least Ix/day
Lead Twice® Twice’
Magnesium 1x/mo’ At least [x/day
Manganese Twice’ Twice”
Mercury Twice’ Twice’
Molybdenum Twice’ Twice
Nickel Twice’ Twice’
Potassium Twice® Twice®
Selenium Twice? Twice?
Silver Twice’ Twice?
Sodium 1x/mo’ At least 1x/day
Zinc Twice’ Twice®
Purgeable VOCs:
Benzene Twice’ Twice’
Toluene Twice® Twice?
Ethylbenzene Twice’ Twice’
Xylenes, total Twice? Twice’

Frank McDonald) will coordinate all disposals of past and future cartridge filters and reverse osmosis

membranes.

Table 7. Cartridge Filter Analysis Results

Analyte Units 1 micron S micron 20 micron
Benzene ug/kg 3.1 37 ND
Toluene ug’kg 128 119 103
Ethybenzene ug/kg 19.5 14.5 19.4
_p.m-Xylene ug'kg 139 136 235
o-Xylene ug’kg 51.9 62.2 57.3
Arsenic mg/kg 0.109 0.005 0.012
Barium mg/kg 630 72.9 15.3
Cadmium mg/kg 0.021 0.013 0.011
Chromium mg/kg 1.46 0.62 0.189
Lead mg/kg 0.114 0.356 0.018
Mercury mg/kg ND ND ND
Selenium mg'kg  ND ND ND
Silver mg'kg ND 0.008 0.007
Corrosivity Negative Negative Negative
pH 9.94 10.29 10.46
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Pilot Pictures

Water Application areas

Section with mixed water (untreated + treated)

Attachment, Page 10




V L4 1L ~ N .
CO“OCOP hiiﬂps San Juan Business Unit

P.O. Box 4289
Farmington. NM 87402-4289
Delivered in person (505) 326-9700

May 22, 2009

Mr. David Mankiewicz
Bureau of Land Management
1235 La Plata Highway
Farmington, NM 87401

RE:  Produced Water Pilot Project for the San Juan 32-8 Unit #237A
Dear Mr. Mankiewicz:

ConocoPhillips Company is requesting approval to apply treated produced water on portions of the San
Juan 32-8 Unit #237A (T31N, R8W, Section 23, Unit I) location as part of a pilot project described
below. This request is being resubmitted because the permit from your office expires June 7, 2009, and
we wish to continue and improve our water treatment train especially in pretreatment produced water.
We propose to further treat some of the grasses by a method described below. An important difference
from our previously granted permit is that is that only treated/desalinated water would be applied to the
ground. No application of untreated water on the soil is included in this request.

ConocoPhillips is seeking to find alternative use methods for produced water generated by the oil and
gas industry. New Mexico State University (Agricultural Science Center, Farmington) and the US
Department of Agriculture (Jornada Experimental Range, Las Cruces) have watered grasses around the
ConocoPhillips San Juan 32-8 Unit #237A well pad on a limited/spot basis. The watering accompanies
a pilot desalination operation constructed by Sandia National Laboratories on that pad. Use of the
treated/desalinated water is critical to this plan. Work of this nature has been conducted on the
aforementioned location and was conducted under a two-year permit from your office dated June 7,

2007, as well as being conducted under numerous concurrent permits from the New Mexico Oil
Conservation Division.

The planted grasses on that well pad were watered about 0.5-1.0 inches each time. The existing grasses
on the well pad were treated in the following manner:

e ~1/3 was spot watered with treated/desalinated water,

e ~1/3 was spot watered with untreated water, produced water,

e ~1/3 received no watering at all.

The treated water would always come from the pilot desalination operation. Earlier discussions between
the U. S. Bureau of Land Management (BLM) and Sandia suggested that TDS of the treated water no
greater than 1,500 ppm could be satisfactory. In reality, the TDS of the treated water was less than 400
ppm. The TDS of the untreated produced water from this particular well is ~12,000 ppm. A summary of
last year’s work is attached.




In summary, we request the following:

e Make improvements in the water treatment train (see page 8 of the attachment).

e Permission is requested to add water, as before, to the two sections of land that were previously
treated: the same plot that received treated water as before and the same section that received
untreated water as before. In this instance, only treated water will be applied to both sections of
the land. Again, no application of untreated water on the soil is envisioned in this request. The
application of treated water on the soil plot that had previously had untreated water applied may
well demonstrate the potential for using treated water to improve/remediate soil quality in areas
where raw produced water spills did occur. Detail is provided on the text of Page 8§ of the
attachment.

In the broader picture, this is a portion of the DOE-sponsored Southwest Regional Partnership on
Carbon Sequestration of which ConocoPhillips is a member. One aspect of the sequestration of carbon
dioxide could be to use treated produced water (emanating from injection of carbon dioxide in coal
seams) to restore impaired riparian areas.

Another aspect of the broader picture is to ramp up the desalination operation and conduct it at a
saltwater disposal facility. The grasses at the facility could be used for further study.

For now, however, we simply request permission to apply both desalinated/treated water and produced
water to the planted grasses around the ConocoPhillips San Juan 32-8 Unit #237A well pad as described
in the paragraphs above. Produced water has been a basic concern for both oversight agencies and
producers. It is hoped that with additional research of this nature, positive results will evolve from this
continuing concern. )

Sincerely,

Moot D Sohuwsan
Monica D. Johnson
Sr. Environmental Scientist

Attachment

Cc:  Dale Wirth - Bureau of Land Management
Barney Wegener - Bureau of Land Management
Brad Jones - NMOCD, Santa Fe
Carl Chavez - NMOCD, Santa Fe
Brandon Powell - NMOCD, Aztec
Rebekah Miller - ConocoPhillips
Warren Emerson - ConocoPhillips
Gwen Frost - ConocoPhillips
Bob Wirtanen - ConocoPhillips
Frank McDonald - BEST
Rick Armnold - NMSU
Malynda Cappelle - Sandia National Labs, MS-1373
Allan Sattler - Sandia National Labs, MS-0706




ATTACHMENT: PAST ANALYSIS SUMMARY AND PROPOSED ANALYSIS PLAN
2008 Sample Analysis Summary
To do all analyses requested and required by our previous OCD permit, it cost $1130 per sample (35,650 per
sampling event). Many of the constituents were consistently at non-detect levels and we suggest minimizing or
eliminating those constituents from the required analyses. Table 1 describes all analyses obtained for water and -

soil samples during 2008 pilot operations.

Table 1. 2008 Sample Analysis Summary

SOIL WATER
. OCDh
Det. Det. permit
Analyte Limit Units Limit Units req?
Miscellaneous/Anion

pH " su ‘ Y
Conductivity (@ 25°C) uS/cm
TDS (@180 °C) mg/L Y
SAR (calculated)
TOC 0.1 %C 1.0 mg/L
Nitrate (as NO3-N) 0.1 mg/L 0.1 mg/L Y
Cyanide 0.01 mg/L 0.01 mg/L Y
Fluoride 0.001 mg/L 0.001 mg/L Y
Chioride R mg/L mg/L Y
Sulfate 0.1 mg/L 0.1 mz/L Y
Total Alkalinity (as HCOs) mg/L mg/L

Bicarbonate Alkalinity (as HCO-) mg/L‘ me/L

Carbonate Alkalinity (as COs) mg/L mg/L

OH Alkalinity (as OH) mg/L _ mg/L
Radium, Uranium
Uranium 0.7 mg/kg-dry 30 ug/L Y
Ra-226 + Ra-228 - 0.8 pCi/g-dry 5.1 pCi/L Y
Cation
Arsenic 0.001 mg/kg 0.001 meg/L Y
Aluminum 0.001 mgkg 0.001 mg/L Y
Barium 0.001 mg/kg 0.001 mg/L Y
Boron 0.001 mg/kg 0.001 mg/L Y
Cadmium 0.001 mg/kg 0.001 mg/L Y
Calcium 0.001 mg/L 0.001 mg/L
Chromium 0.001 mg/kg 0.001 meg/L Y
Cobalt 0.001 mg/kg 0.001 mg/L Y
Copper 0.001 mg/kg 0.001 mg/L Y
Iron 0.001 _mg/kg 0.001 mg/L Y
Lead 0.001 mg/kg 0.001 mg/L Y
Magnesium 0.001 mg/L 0.001 mg/L
Manganese 0.001 mg/kg 0.001 mg/L Y
Mercury 0.033 mg/kg 0.00020 mg/L Y
Molybdenum 0.001 mg/kg 0.001 mg/L Y
Nickel 0.001 mg/kg 0.001 mg/L Y
Potassium 0.001 mg/kg 0.001 mg/L
Selentum 0.001 mg/kg 0.001 mg/L Y
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SOIL WATER
OoCD
Det. Det. permit

Analyte Limit Units Limit Units req?
Silver 0.001 mg'kg 0.001 mg/L Y
Sodium 0.001 mg/L 0.001 mg/L

Zinc 0.001 mg/kg 0.00} mg/L Y
Purgeable VOCs:

Benzene 1.0 ug’kg 1.0 pg/L Y
Toluene 1.0 pe/ke 1.0 pg/L Y
Ethylbenzene 1.0 _ug/kg 1.0 pg/L Y
Xylenes, total 1.0 ug'kg 1.0 pg/L Y
Methyl tert-butyl ether (MTBE) 1.0 ug/kg 1.0 ng/L
1,2,4-Trimethylbenzene 1.0 pe’kg 1.0 pg/L
1,3,5-Trimethylbenzene 1.0 ug’kg 1.0 ug/L
1,2-Dichloroethane (EDC) 1.0 . pgike 1.0 pg/L Y
1,2-Dibromoethane (EDB) 1.0 png’kg 1.0 ug/L Y
Napthalene 1.0 ug'kg 1.0 ug/L
1-Methylnapthalene 2.0 pgrkg 2.0 ug/L
2-Methylnapthalene 20 ug’kg 2.0 pe/L
Bromobenzene 1.0 pgkg 1.0 pg/L
Bromochloromethane 1.0 pg’kg 1.0 pg/L
Bromodichioromethane 10 ug’kg 1.0 pg/L
Bromoform 1.0 ug/kg 1.0 pg/L
Bromomethane 1.0 pug'kg 1.0 pg/L

Carbon tetrachloride 1.0 ug'kg 1.0 pg/L Y
Chlorobenzene 1.0 ug’kg 1.0 pg/L
Chloroethane 20 ug/kg' 2.0 pg/L
Chloroform 1.0 ug/kg 1.0 pg/L Y
Chloromethane 1.0 pg’kg 1.0 pg/L
2-Chlorotoluene 1.0 pekg 1.0 pg/L
4-Chlorotoluene 1.0 pg/ke 1.0 pg/L
cis-1,2-Dichloroethene 1.0 ug/kg 1.0 ug/L
cis-1,2-Dichloropropene 1.0 ug'ke 1.0 pg/L
1,2-Dibromo-3-chloropropane 20 ug/kg 2.0 pg/L
Cibroomchloromethane 1.0 ug'kg 1.0 ug/L
Dibromoethane 2.0 ugkg 20 pg/L
1,2-Dichlorobenzene 1.0 pekg 1.0 pg/L
1,3-Dichlorobenzene 1.0 uglkg 1.0 pg/L
1,4-Dichlorobenzene 1.0 pg’kg 1.0 pg/L
Dichlorodifluoromethane 1.0 ng/kg 1.0 pg/L
1,1-Dichloroethane 1.0 pg’kg 1.0 ug/L Y
1,1-Dichloroethene (a.k.a. 1,1-DCE) 1.0 pg/kg 1.0 pg/L Y
1,2-Dichloropropane 1.0 ngkg 1.0 ug/L
1,3-Dichloropropane 1.0 pe'kg 1.0 pg/L
2,2-Dichioropropane 1.0 pg'kg 1.0 ug/L
1,1-Dichloropropene 1.0 ugke 1.0 pg/L
Hexachlorobutadiene 1.0 ug/kg 1.0 pg/L
Isopropylbenzene 1.0 ug'kg 1.0 g/l
4-Isopropylbenzene 1.0 ug’kg 1.0 ug/L
Methylene chloride 3.0 ugkg 3.0 pe/L Y
n-Butylbenzene 1.0 ug/kg 1.0 3/L
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SOIL WATER
ocCh
Det. Det. permit

Analyte ' Limit Units Limit Units reg?
n-Propylbenzene 1.0 uglkg 1.0 pg/L
sec-Butylbenzene 1.0 ug/ke 1.0 pe/l

Styrene 1.0 pgkg 1.0 pe/l
tert-Butylbenzene 1.0 pgkg 1.0 pe/L
Tetrachloroethene (PCE) 1.0 ug'ke ‘1.0 ug/L Y
1,1,1,2-Tetrachloroethane 1.0 ug'ke 1.0 ug/L
1,1,2,2-Tetrachloroethane 1.0 ug'kg 1.0 e/l Y
trans-1,2-Dichloroethane 1.0 pg/kg 1.0 pne/L
trans-1,3-Dichloropropene 1.0 pg/kg 1.0 ue/L
Trichloroethene (TCE) 1.0 ug'kg 1.0 ug/L Y
Trichlorofluoromethane 1.0 pg'kg 1.0 ug/L
1,2,3-Trichlorobenzene 1.0 . uglkg 1.0 ug/l
1,2,4-Trichlorobenzene 1.0 ug/kg 1.0 pe/L
1,1,1-Trichloroethane 1.0 pgkg 1.0 ug/L Y
1,1,2-Trichloroethane 1.0 pg/kg 1.0 pg/L Y
1,2,3-Trichloropropane 2.0 ug/kg 2.0 pg/L

Vinyl Chloride 2.0 ug/kg 2.0 ug/L Y
Polychlorinated biphenyls (PCBs) 0.0 pg/ke 1.0-5.0* ng/L Y
benzo-a-pyrene 0.01 ug/kg 0.1 pg/L Y
Phenols 0.2 ug/kg 2.5 pe/L Y

PAHs (EPA 8310) . ’

Napthalene 0.3 ug’kg 2.0 ug/L Y
1-Methylnapthalene 0.3 png'kg 2.0 ug/L Y
2-Methylnapthalene 0.3 pg’kg 2.0 pg/L Y
Fluorene 0.03 ug/kg 0.8 pg/L Y

“*All PCB’s detection limits are 1.0 pg/L, except for Arochlor 1221, which is 5.0 pg/L
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Water Analysis Summary

At least one sample per week was taken on all water streams for a limited analysis at Sandia (major ions,
alkalinity, TOC). At each water application, the RO permeate and untreated waters were sampled for all OCD-
required analyses plus analyses useful for determination of treatment efficiencies. Treated water quality was
typically less than 200 mg/L in salinity and most constituents were removed entirely by the reverse osmosis

system.

Although only in operation for several hours, the ultrafiltration system appeared to make fairly good quality of
water (significant turbidity and TOC removal attainable). A properly functioning ultrafiltration system will be
required for full scale operation; the reverse osmosis membranes would need to be replaced too frequently to be

cost effective otherwise.

Table 2. 2008 Water Analysis Summary

RO
Analyte Units | Untreated Perm
Turbidity NTU 8.3 0.23
H su 7.6 59
Conductivity (@ 25°C) 19800 203
TOC mg/L 213 6.5
SAR (calculated) 265 13.7
Alkalinity, as HCO3 mg/L 8048 55.7
TDS (@180 °C) mg/L 12625 131
Nitrate (as NO3-N) mg/L 1.6 0.2
Chloride 2833 233
Phosphate mg/L 13 0.1
Sulfate mg/L 24 0.1
Barium mg/L 30 0.4
Calcium mg/L 14.4 0.4
Iron mg/L 1.2 0.1
Magnesium mg/L 9.2 0.1
Potassium mg/L 25.6 04
Sodium mg/L 4897 322

~ Significant fouling occurred on the membranes and a crude autopsy was performed to evaluate the cause. It
appears that much of the fouling was caused by iron precipitate, organic constituents, and some phosphate and

barium.
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Soil Analysis Summaries

Soil samples were collected and analyzed after each water application. Approximately 60 bbl each of raw
produced water and treated water was applied to separate 4,500 land sections four times during the 2008 pilot.
There was a third section, dubbed “mother nature”, which received no additiona! watering. This section was
sampied three times.

As expected, there was an increase in the soil salinity in the section that reccived untreated/raw produced water.
The treated section had a slight improvement in overall quality. Finally, there was variation in the mother
nature section that is not understood. This variation in the control section makes comparisons to the other plots
difficult at this time. Additional samiples will be obtained and analyzed in 2009.

There was a section of land that happened to get a mixture of untreated and treated water due to piping
arrangements and drainage from the irrigation pipes. This section thrived, which may be an indication that
higher TDS waters are a better match for spot irrigation. As shown by NMSU and others, many grasses and
plants can thrive on 1,000 mg/L. TDS or higher.

Table 3. Untreated/Raw Water Application — Soil Analyses

Analyte Units 9/12/08 10/15/08 10/30/08 11/12/08
Miscellaneous/Anion
pH su 9.17 8.61 9.34 9.26
Conductivity (25 °C) uS/cm 553 1100 1040
TDS (@180 °C) mg/L 170 388 640 480
SAR (cale) 3.100 3.140 10.187 2.699
TOC %C 0.56 0.82 0.47 1
Nitrate (as NO3-N) mg/L 153 <0.01 <0.01 7.55
Cyanide mg/L 0.002 0.002 <0.01 0.010
Fluoride mg/L 2.08 14 2.97 0.185
Chloride mg/L 127 101 163 ’ 91
Sulfate mg/L 5.2 4.98 5.13 3.2
Total Alkalinity (as HCO3) mg/L 304 168 418 354
Radium, Uranium
Uranium mg/kg-dry 0.7 1 0.6 0.7
Ra-226 & Ra-228 pCi/g-dry 0.8 0.29 1.8 ND
| Cation
Calcium mg/L 100 43.1 35.6 84
Magnesium mg/L 4.88 1.78 0.968 2.44
Sodium mg/L 15.2 77.5 226 92.1
Arsenic mg/kg 0.076 0.088 0.088 0.044
Aluminum mg/kg 321 40.4 202 183
Barium mgrkg 27.9 26.6 21 12.4
Boron mg/kg ND 0.101 1.36 0.582
Cadmium mg/kg 0.005 0.012 0.012 0.006
Chromium mg'kg 0.i81 0.286 0.186 0.167
Cobalt mg/kg 0.155 0.004 0.147 0.116
Copper mg'kg 0.220 0.54 0.248 0.154
[ron mg/kg 303 7.68 209 176
Lead mg'kg 0.358 0.437 0.429 0.311
Manganese mg’kg 15.6 2.12 17.3 17.7
Mercury mg/kg 0.036 ND ND ND
Molybdenum mg/kg 0.004 0.008 0.01 0.004
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Analyte Units 9/12/08 10/15/08 10/30/08 11/12/08
Nickel mg/kg 0.135 0.706 0.246 0.244
Potassium mg/kg 2.57 0.793 0.788
Selenium meg/kg ND ND ND ND
Silver mg/kg ND ND ND ND
Zinc mg/kg 0.783 0.486 0.821 0.51
Purgeable VOCs, PAHs, PCBs mg/kg ND ND ND ND
Table 4. Treated Water Application — Soil Analyses

Analyte Units 9/12/08 10/15/08 10/30/08 11/12/08
Miscellaneous/Anion

pH su 7.98 7.74 7.8 7.68
Conductivity (25 oC) uS/cm 223 239
TDS (@180 oC) mg/L 69 319 132 180
SAR (calc) 0.008 0.0004 0.497 0.078
TOC %C 098 0.98 0.83 1

Nitrate {as NO3-N) mg/L 541 201 <0.01 1.47
Cyanide mg/L <0.01 0.01 <0.01 0.010
Fluoride mg/L 223 1.42 3.45 0.127
Chloride mg/L 2.53 2.63 2.12 5.83

Sulfate mg/L 2.6 0.861 0.986 1.52
Total Alkalinity (as HCO3) mg/L 72 154 146 172
Radium, Uranium

Uranium mg/kg-dry 1 0.8 0.6 0.7
Ra-226 & Ra-228 pCi/g-dry 0.8 1 0.8 0.39
Cation

Calcium mg/L 45.6 , 564 40.6 52.4
Magnesium mg/L 3.17 1.95 1.67 291

Sodium mg/L 0.202 0.01 11.9 2.16
Arsenic mg/kg 0.06 0.058 0.067 0.043
Aluminum mg/kg 185 220 176 163
Barium mg/kg 18.9 25.5 20 14.7

Boron mg/kg 0.118 0.117 0.411 0.56
Cadmium mg/kg 0.008 0.01 0.013 0.01

Chromium mg/kg 0.133 0.352 0.144 0.147
Cobait mg/kg 0.108 0.015 0.178 0.119
Copper mg/kg 0.189 0.307 0.204 0.156
Iron mg/kg 152 259 152 168
Lead mg/kg 0.353 0.399 0.43 0.305
Manganese mg/kg 17.6 225 20.2 17.3
Mercury mg/kg 0.033 ND 0.033 ND
Molybdenum mg/kg 0.006 0.008 0.008 0.005
Nickel mg/kg 0.044 0.493 0.22 0.234
Potassium mg/kg 1.7 223 6.5
Selenium mg/kg ND ND ND ND
Silver mg/kg ND ND 0.018 ND
Zinc mg/kg 0.494 0.453 0.72 0.59
Purgeable VOCs, PAHs, PCBs mg/kg ND ND ND ND
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Table 5. No Water Application

Mother Nature) — Soil Analyses

Analyte Units 10/15/08 10/36/08 11/12/08
Miscellaneous/Anion

pH su 7.85 7.44 7.57
Conductivity {25 oC) uS/cm 347 311
TDS (@180 oC) mg/L 317 232 176
SAR (calc) 0.299 0.065 0.507
TOC %C 1 0.52 0.58
Nitrate (as NO3-N) mg/L 7.09 6.09 139
Cyanide mg/L 0.008 0.001 <0.01
Fluoride mg/L 1.55 2.83 0.101
Chloride mg/L 2.29 26.5 23
Sulfate mg/L 3.92 3.57 271
Total Alkalinity (as HCO3) mg/L 153 157 159
Radium, Uranium

Uranium mg/kg-dry 0.8 0.8 0.5
Ra-226 & Ra-228 pCi/g-dry 0.207 0.8 0.29
Cation

Calcium mg/L 48 73.5 57.7
Magnesiun mg/L 3.2 2.83 4
Sodium mg/L 7.94 2.1 0.9
Arsenic mg/kg 0.051 0.077 0.064
Aluminum mg/kg 193 274 ,202
Barium mg/kg 24.8 20.5 14.2
Boron mg/kg 0.107 1.03 0.66
Cadmium mg/kg 0.009 0.025 0.017
Chromium mg/kg 0.381 0.122 0.017
Cobalt mg/kg 0.015 0.136 0.144
Copper mg/kg 0.324 0.676 0.18
Iron mg/kg 233 146 203
Lead mg/kg 0411 0.516 0.346
Manganese mg/kg 2.58 6.86 19.5
Mercury mg/kg ND 0.057 ND
Molybdenum mg/kg 0.004 0.004 0.004
Nickel mg/kg 0.469 0.191 0.205
Potassium mg/kg 0.762 0.895 0.905
Selenium mg/kg ND 0.019 ND
Sitver mg/kg ND ND ND
Zinc mg/kg 0.453 0.621 0.7
Purgeable VOCs, PAlis, PCBs mg/kg ND ND ND
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2009 Proposed testing protocol & Analysis Plans

2009 pilot operations will continue at the same San Juan 32-8 Unit #237A well pad. Partners will continue to
be ConocoPhillips, Biosphere Environmental Science & Technology (BEST), New Mexico State University
(NMSU), and the United States Department of Agriculture (USDA).

This year’s pilot will primarily focus on optimization of the ultrafiltration system (UF). A new unit is to be
purchased, installed, and operated for at least one month. None of this UF-treated water will be applied to the
land and will be disposed of according to normal ConocoPhillips processes.

Once the UF has been optimized, it will be paired with the existing desalination system for a final treatment.
Two types of desalination membranes will be tested: nanofiltration and reverse osmosis. Nanofiltration
membranes offer a lesser degree of desalination at significantly lower pressure. The only water that will be
applied to the land will be the water that has passed through the UF and reversc osmosis systems; all other water
will be disposed of according to normal ConocoPhillips processes. We propose to add water to two sections of
land: the same treated section as before and the untreated section. This will be to demonstrate the potential for
using treated water to improve soil quality in areas with raw produced water spills.

As part of the NMSBA program funding, we will be partnering with Los Alamos National Laboratory for part
of this work. Jen Sullivan will be providing a new pre-treatment process that would be compared to the UF
system. This will be done in conjunction with or in parallel to the other pilot operations.

Due to the prohibitive cost, we request elimination of the full set of VOCs and PAHs, as they have all been at
non-detect levels. We also request a decreased frequency of testing and suggest a test at the beginning of the
pilot and at the end of the pilot in 2009 which would test all three plots of land and any treated water that is
added to the land. Analyses that are critical to assessment of the desalination effectiveness (i.e. major anions,
cations, TOC, pH, alkalinity) will be tested on a daily bases by Sandia personnel.

Table 6. Proposed Analyses — 2009 Pilot Operations

Frequency

Analyte Frequency (SOIL) (WATER)
Miscellaneous/Anion

pH 1x/mo’ At least 1x/day
Conductivity (@ 25°C) 1x/mo’ At least Ix/day
TDS (@186 °C) I1x/mo’ At least 1x/mo
SAR (calculated) 1x/mo’ At least 1x/day
TOC Ix/mo’ At least 1x/day
Nitrate (as NO;-N) ' 1x/mo" At Jeast 1x/mo
Fluoride 1x/mo’ At least 1x/day
Chloride 1x/mo’ At jeast 1x/day
Sulfate 1%/mo’ At least 1x/day
Total Alkalinity (as HCO,) 1x/mo’ At least Ix/day
Radium, Uranium

Uranium Twice? Twice’
Ra-226 + Ra-228 Twice’ Twice’

Cation

Arsenic Twice’ Twice’
Aluminum Twice? Twice?
Barium Ix/mo’ At least [x/mo
Boron Twice’ Twice’
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i

Frequency
Analyte Frequency (SOIL) (WATER)
Cadmium Twice’ Twice®
Calcium 1x/mo’ At least 1x/day
Chromium Twice? Twice’
Cobalt Twice® Twice’
Copper Twice’ Twice’
Iron 1x/mo’ At least 1x/day
Lead Twice? Twice’
Magnesium 1x/mo’ At least 1x/day
Manganese Twice’ Twice’
Mercury Twice? Twice’
Molybdenum Twice’ Twice’
Nickel Twice’ Twice’
Potassium Twice’ Twice’
Selenium Twice’ Twice’
Silver Twice® Twice’
Sodmum 1x/mo’ At least Ix/day
Zinc Twice? Twice’
Purgeable VOCs:
Benzene Twice’ Twice’
Toluene Twice? . Twice?
Ethylbenzene Twice® Twice’
Xylenes, total Twice’ Twice’

Cartridge filters were analyzed for disposal purposes. Preliminary analyses are below. ConocoPhillips (through
Frank McDonald) will coordinate all disposals of past and future cartridge filters and reverse osmosis
membranes.

Table 7. Cartridge Filter Analysis Results

Analyte Units 1 micron S micron 20 micron
Benzene ug/kg 3.1 3.7 ND
Toluene ug/kg 128 119 103
Ethybenzene ug/kg 19.5 14.5 19.4
p.m-Xylene ug/kg 139 136 235
o-Xylene ug/kg 51.9 62.2 573
Arsenic mg/kg 0.109 0.005 0.012
Barium mg/kg 630 729 15.3
Cadmium mg/kg 0.021 0.013 0.011
Chromium mg/kg 1.46 0.62 0.189
Lead mg/kg 0.114 0.356 0.013
Mercury mg/kg ND ND ND
Selenium mg/kg ND ND ND
Silver mg/kg ND 0.008 0.007
Corrosivity Negative Negative Negative
pH 9.94 10.29 10.46
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Pilot Pictures

Water Application areas

Section with mixed water (untreated + treated)
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Lving pireetions trom 1220 S Saint Francu Dr, Santa Fe, NM to 1235 la Plata Hwy, Farmingto... Page 1 of 2

Sarryl Whan printing directly from the browsar your directions
. ©rmapmay not print carrectly. For best rasults, try cilcking
&

the Printes-Friendly button,

LANDELOD '-':s*ﬁ@m £

1220 S Saint Francis Dr 1235 la Plata Hwy
Santa Fe, NM 87505-4225 Farmington, NM 87401-8754
1220 S Saint Francis Dr 1235 ia Plata Hwy
Santa Fe, NM 87505-4225 Farmington, NM 87401-8754

Total Estimated Time: 3 hours 25 minutes
Total Estimated Distance: 210.29 miles
Total Estimated Fuel Cost:

¥ Directions from A to B;

1: Start out going SOUTH on 5 ST FRANCIS DR/US-285 $/US-84 S toward 2.2mi
COLUMBIA ST.
2: Mergs onto 1-25 § toward ALBUQUERQUE. T T T s02m
| 3: Take the NM-165 E/US-550 W exit, EXIT 242, toward RIO . 7 s mi
RANCHO/PLACITAS,
" 4; Merge onto US-550 N/NM44 W toward BERNALILLORIO 7 " g1 s mi
RANCHO/FARMINGTON. .
GEEE 5 Turn LEFT onto W BROADWAY AVE/US-64, Continue to foliow US-64 1.3 mi
W, ~
6: Tum SLIGHT RIGHT onto US-64 BR W/E BROADWAY, Continue o folow 1.0mi
US-64 BRW.
7: US-64 BR W becomes US-84W. o o o T 3ami
@ © 8 Tum SLIGHT RIGHT onto LA PLATA HWY/NMA170. g o mi

x*‘ﬁ.ﬂﬁ" ) 9 End at 1235 I Plata Hwy Farmmgton NM87401-8754

Estlmated Tlme 3 hours 25 minutes Estlmated Dlstance 21 0 29 mfles

Total Estimated Time: 3 hours 25 minutes Total Estimated Distance: 210.29 miles

/ax Note ' *?671 Date 5'720 J&“”B’ n?
= Z - S e

Co.. pt Co.
Fhore # Phane #
Fax# Fox #

MM OCD

h.ttp://www.mapq_uest..com/maps?&1,a=‘1220%208.%20St.%2OFrancis%20Drive,%2087505&2a=l.,. 5/20/2009
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Luividyg LUirections - Kand McNally Page 1 of 3
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e

BOOK TRAVEL

MAPS_& DIRECTIONS

Driving Directions > Directions Results v | Flights | Hotels | C
_ Solutions for You | 8anta Fe,NM.OSA

"« Sehonls in Farmington * Real Estste in Farminaton P e o
| . . ' | Farmington,NM,US
* Apartments in Farminglon * Home Lgans Ih Farmington Lo T e R
Visit our '+ Flowers in Farmingfon * Hotels In Farmington ‘

NEW! Rand McNally Travel Blog .o

43PRINT HiSave WIEmail TextOnly  EditMyRoute  Add.aStop - @ traffic
E Get Personalized tr
Albany
FROM: 1220 S Saint Francis Dr TO: 1235 La Plata Hwy : el ®
Santa Fe, NM 87505-4225 Farmingtaon, NM 87401-8754 e e e e e e
STEPS: 11 EST. DRIVE TIME: 3 hours, 25 minutes EST. DISTANCE: 210 miles
STEP DIRECTIONS DISTANCE
1 You are at 1220 S Saint Francis Dr, Santa Fe, NM 87505-4225
2 Go South on US-84 S (1US-285 S, S St. Francis Dr) 2.2 miles
Show Map
3 Take 1-25 § (Albuquerque) ramp on LE.! 40.2 miles
Show Map
4 Take Exit 242 (NM-44 W, NM-165 E, Rio Rancho, Placitas) on [R] 0.3 miles
Show Map
5 Turn | R ] onto US-550 N (NM-44 W) 151.4 miles
Show Map
6 Turn TL] onto US-B4 (US-550, W Broadway Av) 0.1 miles
Show Map
7 Continie onto US-64 (W Braadway Av) 0.8 miles
Show Map
8 Continue onto US-64; street becomes E Murray Dr 13.6 miles
Show Map
2 Bear @ onto US-64 W (W Main St} - 1.2 miles
Show Map
10 Turn [R] onte NM-170 (La Plata Hwy) 0.2 miles
Show Map
11 You are at 1235 La Plata Hwy, Farmington, NM 87401-8754
ROUTE SUMMARY

http://www.randmenally.com/rmc/directions/dirGetDirections.jsp 7emty=0 , 5/20/2009
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STEPS: 11 EST. DRIVE TIME: 3 hours, 25 minutes EST. DISTANCE; 210 miles

SPRINT X Save CIEmail TextOnly Edit My Route  Add a Stop

_ OVERVIEW
i LI i)
j

.

Ly

<ty

m‘ : m g ] N »
Rand MeNally Folded Rand McNally Rand McNally America
Map: Farmington, EasyToFold Map: New $39.85
Durango Wall Map Mexico $22.85
$4.95 384,99 57.95
w $74.98
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Chavez, Carl J, EMNRD

From: Johnson, Monica {Monica.Johnson @ conocophillips.com)

Sent: Monday, June 29, 2009 1:54 PM

To: ' Chavez, Carl J, EMNRD

Cc: Frost, Gwendolynne

Subiject: RE: NM Oil Conservation Division Produced Water Diversion Quarterly Report (April 1 - June

30, 2009) Reminder

Qur project has not started up yet for the summer. Thus, our numbers for the second quarter are zero (0).
Please let me know if you have additional questions.

Thank youl

Monica D. Johnson

Sr. Environmental Scientist
ConocoPhillips Company

3401 East 30th Street
Farmington, NM 87402
Office: (505) 326-9829
Cell: (505) 320-9056

Direct Fax: (918) 662-1826
Office Fax: (505) 599-4005

From: Chavez, Carl ], EMNRD [rnailto:Carl).Chavez@state.nm.us]

Sent: Monday, June 29, 2009 9:01 AM

To: jgolob@maralexinc.com; Frost, Gwendolynne; Johnson, Monica; Karen Evans; Mayberry, Don;
Jennifer.vancuren@dvn.com

Subject: NM Oil Conservation Civision Produced Water Diversion Quarterly Report (April 1 - June 30, 2009) Reminder

Ladies and Gentlemen:

Reminder for the quarterly diversion numbers. Thanks.

Carl J. Chavez, CHMM

New Mexico Energy, Minerals & Natural Resources Dept.
Cil Conservation Division, Environmental Bureau

1220 South St. Francis Dr., Santa Fe, New Mexico 87505
Office: (505) 476-3430 -

Fax: (505) 476-3462

E-mail; Carld.Chavez @state.nm.us

Website: http://www.emnrd.state.nm.us/ocd/index.htm
(Pollution Prevention Guidance is under "Publications")

Confidentiality Notice: This e-mail, including all attachments is for the sole use of the intended recipient(s) and
may contain confidential and privileged information. Any unauthorized review, use, disclosure or distribution is -
prohibited unless specifically provided under the New Mexico Inspection of Public Records Act. If you are not
the intended recipient, please contact the sender and destroy all copies of this message. -- This email has been

scanned by the Sybari - Antigen Email System.
1



Confidentiality Notice: This e-mail,including all attachments is for the sole use of the intended recipient(s) and
may contain confidential and privileged information. Any unauthorized review,use,disclosure or distribution is
prohibited unless specifically provided under the New Mexico Inspection of Public Records Act. If you are not
the intended recipient, please contact the sender and destroy all copies of this message. -- This email has been
scanned by the MessageLabs Email Security System.
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Chavez, Carl J, EMNRD

From:
Sent:
To:
Cc:

Subject:

Attachments:

Johnsion, Monica [Monica.Johnson@ conocophillips.com]

Monday, June 29, 2009 3:31 PM

Jones, Brad A., EMNRD; Chavez, Carl J, EMNRD

Powell, Brandon, EMNRD; Dale_Wirth@nm.bim.gov; Sattler, Allan B; Cappelie, Malynda A;
Wirtanen, Bob A; Miller, Rebekah E.; Frank McDonald, B.E.S.T.; Rick Arnold;
Dave_Mankiewicz @ nm.blm.gov; barney_wegener@ nm.bim.gov; Emerson, Warren; Frost,
Gwendolynne

Produced Water Pilot Project Permit #EPWM-002 amendment request

OCD pilot study letter amendment 6-29-09.pdf

Dear Mr. Jones and Mr. Chavez,

Please find attached an electronic letter requesting permission to amend permit #EPWM-002 for the San Juan 32-
8 Unit #237A water pilot project.

Should you have any further questions, please let me know.

Thank youl

Monica D. Johnson

Sr. Environmental Scientist

ConocoPhillips Company
3401 East 30th Street
Farmington, NM 87402
Office: (505) 326-9829
Cell: (505) 320-9056

Direct Fax: (918) 662-1826
Office Fax: (505) 599-4005

This inbound email has been scanned by the MessageLabs Email Security System.




San Juan Business Unit

v
HIH P.O. Box 4289
Conocophllllps Farmington, NM 87402-4289
(505) 326-9700
Sent Via Email

June 29, 2009

Mr. Brad Jones and Mr. Carl Chavez
Environmental Bureau Engineers

New Mexico Oil Conservation Division
1220 South St. Francis Drive

Santa Fe, NM 87505

RE: Produced Water Pilot Project Permit # EPWM - 002 for the San Juan 32-8 Unit #237A

Dear Mr. Jones and Mr. Chavez:

ConocoPhillips Company is requesting approval to apply treated produced water on portions of
the San Juan 32-8 Unit #237A (T31N, R8W, Section 23, Unit 1) location as part of a pilot project
described below. The New Mexico Oil Conservation Division (NMOCD) previously granted
permission to apply certain quantities of treated and untreated water to the subject location. This
request is being resubmitted because the permit expires July 28, 2009, and we wish to continue
and improve our water treatment train especially in pretreatment produced water. We propose to
treat some of the grasses by a method described below. An important difference from our
previously granted permits is that only treated/desalinated water would be applied to the ground.
No application of untreated water on the soil is included in this request.

ConocoPhillips is secking to find alternative use methods for produced water generated by the oil
and gas industry. New Mexico State University’s Agricultural Science Center, Farmington and
the U. S. Department of Agriculture’s Jornada Experimental Range, Las Cruces will water
grasses on the subject well pad on a limited/spot basis. The watering is to accompany a pilot
desalination operation constructed by Sandia National Laboratories on the same well,pad. Use
of the treated/ desalinated water is critical to this plan. ’

The complete details of our request were found in our letter and the attachment hand delivered
during a meecting dated May 28, 2009, Subsequent to that letter, additional discussions about the
permit application were held with Allan Sattler at your office. It was felt that an amendment to
the original May 28, 2009 permit request would be appropriate.

Pilot operations would remain as in the original permit request, in that a study of ultrafiltration
pre-treatment combined with reverse osmosis desalination will be used to treat produced water at
the San Juan 32-8 Unit #237A well pad. The original permit requested elimination of analyses
that had previously shown “non-detect” levels, as well as a decrease in the frequency of analysis.
From the above mentioned discussions, however, the permit sampling types and frequency for
complete laboratory analysis (NMAC 20.6.2.3103, Subsections A-C) are now amended as
follows:



I. Due to the fact that pilot operations plan to water an areca previously watered with

untreated produced water, both the treated water and the soil will require analysis:

a. The treated water (permeate) will be analyzed once per NMAC 20.6.2.3103,

Subsections A-C.

b. The soil where untreated produced water was previously added will be analyzed
prior to watering and after each watering event, per NMAC 20.6.2.3103,

Subsections A-C (estimated to be once per month).

c. The soil where treated/desalinated produced water was previously added will be
analyzed prior to watering and after the last watering event, per NMAC

20.6.2.3103, Subsections A-C.

d. The area with no additional water (*mother nature”) requires no additional testing.

2. If the treatment train is modified significantly (differing membrane configurations or
types or significant additional pretreatment schemes), then the treated water and the soil
plot where treated water will be applied will be tested as summarized above. Change of

mechanical filters only is not considered a change in the treatment train.

3. All cartridge filters, UF membranes, and RO membranes will be disposed of in an
approved landfill, as before. Prior to disposal, they will be tested according to NMAC

19.15.35.8.

4. Additional tests will be performed to assess the treatment effectiveness and impacts on
the soil. However, this item is neither a part of the permit request nor a permit

requirement. It is included for information only. (See comment in item 5 below.) .

a. Each of the water streams (untreated produced water, ultrafiltration filtrate,
reverse osmosis feed, concentrate, and permeate/treated) will be analyzed as

summarized originally in the permit application.

b. Each of the soil plots where water has/was applied may be analyzed for anions

and other constituents of interest as originally in the permit application.

5. Other methods of treatment may be evaluated during this year’s efforts, such as
nanofiltration, LANL-developed pre-treatment, etc. However, no treated- water will be
placed on any ground surface as a result of these operations. This particular item and
item 4. above are neither a part of the permit request nor a permit requirement.
Any available information from these two items will be included in the information sent

tqo the NMOCD as a matter of course to help expand their produced water database.
If you should have additional questions or comments, you can reach me at 505-326-9829.
Sincerely,
Nonice ©. Fohaan

Monica D. Johnson
Sr. Environmental Scientist

Attachment

Cc: Brandon Powell - NMOCD, Aztec
David Mankiewicz - Bureau of Land Management



Dale Wirth - Bureau of Land Management

Barnecy Wegener - Bureau of Land Management
Rebekah Miller - ConocoPhillips

Warren Emerson - ConocoPhillips

Gwen Frost - ConocoPhillips

Bob Wirtanen - ConocoPhillips

Frank McDonald - BEST

Rick Amold - NMSU

Malynda Cappelle - Sandia National Labs, MS-1373
Allan Sattler - Sandia National Labs, MS-0706



Chavez, Carl J, EMNRD

From: Chavez, Carl J, EMNRD

Sent: Tuesday, April 21, 2009 5:50 PM

To: 'jgolob @ maralexinc.com’; 'gwendolynne.frost@ conocophillips.com’;
‘monica.jochnson @ conocophillips.com’; 'karen.evans @aitelainc.com'

Subject: RE: Produced Water Diversion Quarterly Report {(Jan 1 - March 31, 2009)

Ladies and Gentlemen:

} am writing to request that you mark your calendars to report your diversion numbers (gailons) to me the day after each
guarter ends, since the numbers must be reported to OCD Management by the 6" day after each quarter or period ends.

Please contact me if you have questions. Thank you.

Carl J. Chavez, CHMM

New Mexico Energy, Minerals & Natural Resources Dept.
QOil Conservation Division, Environmental Bureau

1220 South St. Francis Dr., Santa Fe, New Mexico 87505
Office: (505) 476-3490

Fax: (505) 476-3462

E-mait: CarlJ.Chavez @state.nm.us

Website: http:/www.emnrd.state.nm.us/ocd/index.htm
(Potlution Prevention Guidance is under "Publications"”)

From: Chavez, Carl J, EMNRD

Sent: Tuesday, April 14, 2009 8:48 AM

To: 'jgolob@maralexinc.com’; 'gwendolynne.frost@conocophillips.com'; 'monica.johnson@conocophillips.com’;
'karen.evans@altelainc.com'

Cc: Prouty, Jane, EMNRD

Subject: Produced Water Diversion Quarterly Report (Jan 1 - March 31, 2009)

Ladies and gentlemen:

Could you please send me your numbers for treated and diverted produced for the quarter listed above ASAP? Thank
you.

Catl J. Chavez, CHMM

New Mexico Energy, Minerals & Natural Resources Dept.
Oil Conservation Division, Environmental Bureau

1220 South St. Francis Dr., Santa Fe, New Mexico 87505
Office: (505) 476-3490

Fax: (505) 476-3462

E-mail: Carld.Chavez@state.nm.us

Website: hitp://www.emnrd.state.nm.us/ocd/index.htm
{Pollution Prevention Guidance is under "Publications")

From: Jones, Brad A., EMNRD

Sent: Wednesday, February 18, 2009 2:04 PM

To: Chavez, Carl J, EMNRD

Subject: RE: Request to Give Presentation, meet with OCD

These are the numbers for treated and diverted produced for the last quarter of 2008.

D. Jeremy Golob



Sr. Engineer

Maralex Resources, Inc.
Office: (970) 563-4000
Cell: (970) 799-4278
Fax: (970)563-4116

Maralex:
672,000 gallons/ 16,000 bbls

Matt Bruff

Vice President or
Karenw K. Evoany
Executive Administrator

ALTELA, INC.
DENVER TECHNOLOGY CENTER

5350 South Roslyn Street, Suite 430
Englewood, CO 80111

PHONE: (303) 993-1952  rax: (303) 993-1955

EMAIL: karen.evans@altelainc.com WEB: altelainc.com

Altela, Inc.:
4,480 gallons/ 107 bbls

Monica D. Johnson

Sr. Environmental Scientist
ConocoPhillips Company

3401 East 30th Street
Farmington, NM 87402
Office: (505) 326-9829
Cell: (505) 320-9056

Direct Fax: (918) 662-1826
Office Fax: (505) 599-4005

ConocoPhillips/Burlington Resources/BLM/Sandia Labs/NM Tech Proiect:
7,560 gallons/ 180 bbls

The total volume of treated and diverted produced for the last quarter of 2008 is 684,040 gallons or 16,287
barrels.



f ! E I v E D San Juan Business Unit
ConocoPhdlups 08 68 10 P 1 5 PO-Bor 424

Farmington, NM 87402-4289
(505) 326-9700

Sent Via Email & Certified Mail No. 7099 3400 0018 4215 2438
March 7, 2008

Mr. Wayne Price

Environmental Bureau Chief

New Mexico Oil Conservation Division
1220 S. St. Frances Dr.

Santa Fe, NM 87505

RE:  Water Pilot Project — San Juan 32-8 Unit #237A
Dear Mr. Price,

ConocoPhillips Company is requesting approval to apply untreated produced water and treated
produced water on portions of the San Juan 32-8 Unit #237A (T31N, R8W, Section 23, Unit I)
location as part of a pilot project described below. The New Mexico Oil Conservation Division
(NMOCD) previously granted permission to apply certain quantities of treated and untreated
water to the subject location. This request is being resubmitted because the application of the
quantities of water stated in the original request was not accomplished by Deecember 1, 2007, the
expiration date of NMOCD’s approval. The pilot operation did not make sufficient treated /
desalinated water by December 1, 2007. Design changes to the pilot operation are being made to
assure sufficient quantities of water as stated in the original request letter. For your convenience,
the essential parts of that earlier request letter are repeated below (with appropriate updates).

ConocoPhillips is seeking to find alternative use methods for produced water generated by the oil
and gas industry. New Mexico State University’s Agricultural Science Center — Farmington and
the U.S. Department of Agriculture’s Jornada Experimental Range — Las Cruces will water
grasses on the subject well pad on a limited / spot basis. The watering is to accompany a pilot
desalination operation constructed by Sandia National Laboratories on the same well pad. Use
of the treated / desalinated water is critical to this plan.

The basic plan is to spot water the planted grasses at that well pad with a watcring of one (1) to
two (2) inches each time, with a cumulative amount of water between four (4) and eight (8)
inches, depending on the amount of desalinated water made available by the pilot operation. The
existing grasses on the well pad will be treated as follows:

e 1/3 will be spot watered with treated / desalinated water;

* 1/3 will be spot watered with untreated produced water; and

e 1/3 will receive no watering at all.

Each test plot will be approximately 50 feet by 80 feet. The water will be applied in a manner
that will confine the water to the existing ConocoPhillips location. Earthen berms have been
constructed and a limited amount of watering has already been accomplished.

The treated water will come from the pilot desalination operation. Earlier discussions between
the Bureau of Land Management (BLM) and Sandia National Laboratories suggested that a total



dissolved solids (TDS) of the treated water of approximately 1,500 parts per million (ppm) could
be satisfactory. The TDS of the treated water is actually less than 500 ppm. The TDS of the
untreated produced water from this particular well is approximately 11,000 ppm. The most
recent water analysis from the subject well is attached.

There are many existing precedents for this work of putting produced water on the soil to
enhance grass growth in the San Juan Basin. This includes the recent written permission from
the NMOCD to ConocoPhillips dated July 2, 2007 and a letter from the BLM dated June 2, 2007.

Moreover, the numerous earlier procedures were done with approvals from the NMOCD and the
BLM. Then comparable amounts of produced water, with TDS values between approximately
5,000 and 12,000 ppm were placed on the soil to enhance grass growth. In virtually all those
previously approved cases, critical soil parameters, Sodium Adsorption Ratio and Electrical
Conductivity, remained below critical limits of 25 and 15 decisiemens respectively. These
parameters (along with any possible sodium build up and, of course, water quality) would be
carefully monitored in this work and made available to both the NMOCD and BLM.

In the broader picture, this is a portion of the Department of Energy sponsored Southwest
Regional Partnership on Carbon Sequestration of which ConocoPhillips is a member. One
aspect of the sequestration of carbon dioxide could be to use treated produced water (emanating
from injection of carbon dioxide in coal seams) to restore impaired riparian areas. The proposed
work should shed information on the feasibility of such possible future endeavors.

For now, however, we simply request permission to apply both desalinated / treated water and
produced water to the planted grasses around ConocoPhillips’ San Juan 32-8 Unit #237A
wellpad as described in the paragraphs above. Produced water has been a basic concern for both
regulatory agencies and producers. It is hoped that with research of this nature, positive results
- will evolve from this continuing concern. If you have any questions, please contact me at (505)
326-9829.

Sincerely,

Mo (D,V/GJ/UV\MV?

Monica D. Johnson
Sr. Environmental Scientist

Attachment

Cc:  Brandon Powell - NM Oil Conservation Division District I11
David Mankiewicz - Bureau of Land Management
Dale Wirth - Bureau of Land Management
Rebekah Miller - ConocoPhillips
Darren Randall - ConocoPhillips
Ben Way - ConocoPhillips
Bob Wirtanen - ConocoPhillips
Rick Amold - NMSU
Allan Sattler - Sandia National Labs
Frank McDonald - BEST



Analyte

Organics

Gasoline Range (C5-C10)
Diesel Range (C10-C28)
Total Petroleum Hydrocarbons
Benzene

Toluene

Ethylbenzene

p.m-Xylene

o-Xylene

Total BTEX

Metals & Anions
Al

As

B

Ba

Cu

Mn

Se

Silica

Fe

Ca

Mg

K

Na

N

Ci

F

S04

ortho Phosphate
Total Phosphate
Bicarbonate (as HCO3)
Carbonate (as C03)

General Information
pH

Temperature

Conduclivity (@ 25 °C)
Specific Gravity

TDS (@ 180 °C)

TDS (calculated)

TSS

Dissolved Oxygen

Total Alkalinity (as CaC03)
Total Hardness (as CaC03)

LABORATORY ANALYSIS
ConocoPhillips Company
San Juan 32-8 Unit #237A

Water Pilot Project
October 7, 2007

Raw, Untreated Water
Concentration Units

ND ug/L
- ND ug/L
ND ug/L
0.9 ug/L
32.9 ug/lL
1.8 ug/L
9.8 ug/L
2.3 ug/L
47.7 ug/L

0.018 mgiL
0.001 mgiL
2.65 mg/L
28.1 mg/L
0.003 mg/L
0.013 mg/L
ND mg/L
17.5 mg/L
0.047 mg/L
24 mgfL
<0.01 mg/L
25.9 mg/L
4270 mg/L
1.5 mg/L
2420 mg/L
2.05 mg/L
0.6 mg/L
25.4 mg/L
25.4 mg/L
7170 mg/L
<0.1 mg/L

827
219°C
18850 mS/cm
1.0059
12220 mg/L
11150 mg/L
60 mg/L
3.5 mg/L
7170 mg/L
60 mg/L

Treated, Desalinated Water

Concentration Units

NOT MEASURED
NOT MEASURED
NOT MEASURED
NOT MEASURED
NOT MEASURED
NOT MEASURED
NOT MEASURED
NOT MEASURED
NOT MEASURED

0.12 mg/L
ND mg/L
1.01 mg/L
0.34 mg/L
0.003 mg/L
ND mgiL
ND mg/L
0.482 mg/L
0.002 mg/L
<0.01 mg/L
<0.01 mg/L
<0.01 mg/L
94.1 mgiL
<0.1 mg/L
52 mg/L
0.06 mg/L
<0.1 mg/L
0.3 mg/L
0.8 mg/L
158 mg/L
<0.1 mg/L

6.75
215°C
426 mS/cm
1.00002
248 mg/L
240 mglL
44 mg/L
4.9 mg/L
158 mg/L
<0.1 mgiL

*NOTE: Rather than including the several pages of the official laboratory data, this is a compilation of such.
The official data can be pravided by ConocoPhillips upon request.



Main Technical Challenge, Pretreatment:
Removal of Coal Fines, Organic Material

in the Brackish Produced Water

Methods used to remove coal fines will include:
¢ Simple filter bank, :
e Gravitational removal of the coal fines in a settling
tank,
¢ Centrifuge (cyclone separator).

Methods to remove organic material include:
» Mechanical filter system including a carbon filter,
¢ A (hydrophilic) membrane process, ultra filtration

Reverse Osmosis to be used to Desalinate Water

Work Will be Done on the Site of the ConocoPhillips
SJ 32-8 237A Well in the Four Corners Area




Pilot Demonstration of Pretreafment and
Desalination Technology for Coal Bed
Methane Produced Water used for
Rangeland Rehabilitation

Sponsors:
DOE: Natural Gas and Oil Technology Partnership

DOE: Southwest Regional Partnership for Carbon
Sequestration

Rangeland Rehabilitation and Use
of Treated CBM Produced Water

~4000- ~12,000 TDS
untreated produced
water has been
used to water grass
seedlings

Goal: <1500 TDS
water desired, for
rangeland
improvement




NEW MEXICO ENERGY, MINERALS and
NATURAL RESOURCES DEPARTMENT

BILL RICHARDSON Mark E. Fesmire, P.E.
Governor Director
Joanna Prukop Oil Conservation Division

Cabinet Secretary
Reese Fullerton
Deputy Cabinet Secretary

July 2, 2007

Certified Mail
Return Receipt #: 7006 3450 0000 0451 8087

Mr. Ed Hasely

ConocoPhillips/ Burlington Resources
PO Box 4289 -

Farmington, NM 87499

RE: Request to use produced water for Water Pilot Project on the San Juan 32-8 Unit #237A.
Dear Mr. Hasely:

The New Mexico Oil Conservation Division (OCD) has reviewed ConocoPhillips request, dated June 1,
2007 from your office, to use produced water for revegetation. The application is approved for the San
Juan 32-8 Unit #237A well location shown in your application.

The following conditions will apply:

1. ConocoPhillips assumes all liability for potential contamination.

2. A record showing volumes of water used and the appropriate analysis will be provided to
both the OCD District III Aztec Office and the OCD Environmental Bureau Office, 1220
South Saint Francis Drive, Santa Fe New Mexico 87505.

3. Chloride analysis for the soil will be required after each application of water in addition to
the testing previously performed for the pilot project.

4. ConocoPhillips will be required to apply for, and receive any applicable landowner and other
regulatory agencies approvals.

To allow adequate time for the pilot project, this approval for the discharge of produced water in
accordance with the pilot project will expire December 1, 2007. Due to the scope of work and the
ongoing nature of the project, future applications for approval will need to be submitted to the OCD’s
Environmental Bureau and a copy sent to the district office.

Qil Conservation Division * 1000 Rio Brazos Road * Aztec, New Mexico §7410
Phone: (505) 334-6178 * Fax (505) 334-6170 * http://www.emnrd.state.nm.us




Mr. Ed Hasely
ConocoPhillips/ Burlington Resources
Page 2

Please be advised OCD approval does not relieve ConocoPhillips from liability should
contamination pose a future threat to surface water, groundwater, human health or the
environment. OCD approval does not relieve ConocoPhillips of compliance with other federal,
state, tribal, or local laws and regulations.

If you have any questions, please call me at 505-334-6178, ext. 15.
Sincerely yours,
Dol Fell
‘Brandon Powell
Environmental Specialist

Brandon.Powell@state.nm.us

CC: Dave Mankiewicz, Bureau of Land Management



San Juan Business Uit
=0 Box 4289

MIH Farmington, NM 87402-4289
Conocophllilps 505t 3235-9/00

Junc 1, 2007

RCVD JUNA'07?
Mr. Brandon Powell W oOnG. DIV
New Mexico Conservation Division dib "-;3'3 '
1000 Rio Brazos Road DIST. o

Aztec, New Mexico 87410

Mr. David Mankicwicz
Bureau of Land Management
1235 La Plata Highway
Farmingion, NM 87401

RE:  Water Pilot Project — San Juan 32-8 Unit #237A
Dear Mr. Powell and Mr. Mankiewicz:

ConocoPhillips is requesting approval to apply untreated produced water and treated produced
water on portions of the subject location as part of a pilot project described below.

ConocoPhillips is secking to find alternative use methods for produced water generated by the oil
and gas industry. New Mexico State University (Agricultural Science Center Farmington) and the
US Department of Agriculture (Jornada Experimental Range, Las Cruces) will water grasscs on the
San Juan Unit 32-8 #237A (Unit Letter I - Sec 23 - T31N - 8W) well pud on a limited/spot basis.
The watering is to accompany a pilot desalination operation constructed by Sandia National
Laboratorics on the same well pad. Usc of the treated/desalinated water is critical to this plan.

The basic plan is to spot water the planted grasses at that well pad with only a watering of

1-2 inches each time where the cumulative amount of water would be between 4 and 8 inches
depending on the amount of desalinated watcr made available by the pilot operation. The existing
grasses on the well pad to be treated in the following manner:

e ~1/3 will be spot watered with treatcd/desalinated water,
e ~1/3 will be spot watered with untreatcd water, produced watcr,
e ~1/3 will receive no watering at all.

Each test plot will be approximately 50 feet by 80 feet. The water will be applied in a manner that
will confine the water 1o the existing ConocoPhillips location. The applied water will not be
allowed to run off the location. Earth berms will be constructed. if nccessary.

The treated water would come from the pilot desalination operation. Earlier discussions between
the Bureau of Land Management {BLM) and Sandia National Laboratories suggested that a TDS of
the treated water ~1,500 ppm could be satisfactory. In reality, it is now expected that thc TDS of
the treated water will be less than 1.000 ppm, probably closer to 500. The TDS of the untreated




produced water from this particular well is ~11,000 ppm. A water analysis from the San Juan 32-8
Unit #237A well is attached.

There arc many existing precedents for this work of putting produced water on the soil to enhance
grass growth in the Four Comers arca. These earlier procedures were done with approvals from the
Oil Conservation Division (OCD) and the BLM. Then comparable amounts of produced water,
with TDS values between ~5000 and ~12,000 ppin were placed on the soil to enhance grass
growth. In virtually all those previously approved cascs. critical soil parameters, Sodium
Adsorption Ratio and Electrical Conductivity, remained below critical limits 25 and {5
decisicmens units respectively. These parameters (along with any possible sodium build up and, of
course, water quality) would be carefully monitored in this work and made available to both the
OCD and BLM.

In the broader pictare. this is a portion of the DOE-sponsored Southwest Regional Partnership on
Carbon Sequestration of which Conoco Phillips is a member. One aspect of the sequestration of
carbon dioxide could be to use treated produced water {(emanating from injcction of carbon dioxide
in coal seams) to reslore impaired riparian areas. The proposed work should shed information on
the feasibility of such possible future endeavors.

For now, we simply request permission to apply both desalinated/treated water and produced water
to the plaunted grasses around the ConocoPhillips San Juan Unit 32-8 #237A well pad as described
in the paragraphs abovc. Produced water has been a basic concern for both oversight agencies and
producers. It is hoped that with research of this nature positive results will cvolve from this
continuing concern. If you have any questions, plcase contact me at (505) 326-9841.

Sincerely,

/e

Ed Hasely
Environmental Specialist

Attachment:  Water Analysis

Cc: - Jim Schlabaugh
Rebekah Miller
Bruce Gantner
Byron Chandler
Allan Sartler — Sandia National Labs
Correspondence
File

(%]




Xp anation of codes ;

B | Analyte Detecled =d in Method Blank
E Resuit is Estimated
SANDIA NATIONAL LABORATORIES _ _‘j_"“ Analyzed Out of Hold Time
ati: ALLAN R. SATTLER N | Tenatively Identified Compound
PO BOX 5800 (M5-0706) S __._S_L£€ontra_c!ed
ALBUQUERQUE NM 87185 1.9| See Footnoie
STANDARD
Assaigai Analytical Laboratories, inc.
Certificate of Analysis
Alt sampfes are reported on an "as received” basis. unless otherwise noted {i.e. - Ory Weight).
Chent: SANDIA NATIONAL LABORATORIES
Profect:
Order: 0606255 SAN01 Receipl: 05'12'06 Williamn P. Biava: President n; Agsaigai Analytical Laberatories. Ing.
Sample:  SAN JUAN METHANE WELL Collected: 06-12-06 9.30:00 By: EDW
Matrix:
Dilution Detection Prep Run
QC Group Run Sequence CAS# Analyte Result Units  Factor g-r_n_i_t ______ Code Date Date
0606256-0001A _SW_B_4_S_!'>03Q_B/32608 Purgeable VOCs by GC/MS ) ) »By: TRS
V06291 XG.2006.774.9 71-43-2 Benzene ND ug/L 1 1 06-13-06  06-13-06
V06291 XG.2006.774.9 100-41-4 Ethybenzene ND ug/L 1 1 06-13-06 05-13-06
V06291 XG.2006.774.9 95-47-6 o-Xylene ND ugiL 1 3 | 06-13-06 05-13.06
V06231 XG20067748 | 10838 p/m-Xylenes ND ugiL 1T T2 T 06-13-06 06-13-06
e o BN LMo w0
V05291 XG.2006.774.9 103 aa 3 Toluene ND jouglt |1 06-13-06 08-13-06
0606256-0001B SWs46 §23_Dl§l§0158 GRO by GC/FiD ) .
V06294 XG.2006.776.5 Gasoline Range Organics ND [ mgil o1 0.25 | os-1506 61508
0606256-00018 SW846 80158 Diesel Range Organics by GC/FID e By: SDW
06333 XG.20067916 | Diesef Range Organics ND | mgl | 1 25 | 06-19:08 06-23-06
0606256-0001C SM 5310B/9060 L By: CMC
HEALO606212 $B.2006.239.3 10-35-5 Carbon, Tola! Organic, TOC ] ND mg/L 10 10 ] 05-18-06 06-18-06
0606256-00010 SM 4500-P-8,D o By: MJIN
WOE451 WC20061477.14 | [ Phosphorous, Totalas P | 089 mg/L 1 0.02 06-16-06  06-16-06
0606256-0001E EPA4.1. 1/200!_!(;? By: TGA
MI6606 MT2006.1080.29 7440213 1 dissolved 44 mg/L 11 05 77 081306 06-16-06
0606256-0001F EPA 120.1 Specnhc Conductance
WCCND-06-082  WC.2006,1487.11 10-34-4 Conductivity 17540 umhosicm . 1 06-19-06  06-19-06
0606256-0001F EPA 150.1 pH, Electrometric o B N
WPH0E087 WC.2006.1495.1 10-29-7 pH .05 unns o1 06-13-06  06-13-06
WPH0s087 WC.2006.1435.1 | sample temperature @ 15.7 [ deg < 1 06-13-06 06-13-06
Page 1ol 2 Report Date:  6/28/2006 3:47:53 PM



Assaigai Analytical Laboratories, inc.

Certificate of Analysis

All samples are reported on an "as received” basis, unless otherwise noted {ie - Dry Weight).

STANDARD

Clent:  SANDIA NATIONAL LABORATORIES
Project:
Order: 0606256 SANOD1 Receipt:  06-12-06
Sample: SANJUAN METHANE WELL  Collected: 06-12-069.30.00 By: EDW T
Matrix:

Dilution Detection Prep Run
QC Group Run Sequence CAS # Analyte Resuit ‘Units Factor Limit Code Date Date
0606256-0001F EPA 160.1 Total Dissolved Sclids By: __f_VlJN
WTDS-06-064 WC.2006.1460.6 10-33-3 Total Dissolved Solids 11210 magfL 1 06-14-06  06-15-06
0606256-0001F EPA 300.0 Anions by IC e By: JTK
w06443 WC.2006.1451.31  16887-00-6 Chioride 2060 mg/L 500 0.05 " 06-13.06 06-14.06
W06443 WC2006.1451.14  14265-44-2 Orthophosphale, as P 0330 | mgl | 5’ 0.05 " 06-13-06 06-13-06
W06443 WC.2006.1451.14  14808-79.8 Sultate 130 | mol 5 0.05 T 061308 06-13-08
0606256-0001F EPA 310.1 Alkalinity, Titrimetic o
WALK06027 WC.2006.1490.22 71-52.3 Alkalinity, Bicarbonate 8550 06-19-06  06-19-06
WALK06027 WC.2006.149022  3812-32:6 Alkalinity, Carbonate ND " 06-19-06  06-19-08
WALKOG027 WC.2006.149022  1-005 Alkalinity, Total 8550 06-19-06  06-19-06
0606256-0001G EPA 4.1.3/200.7 ICP o
M06623 MT.2006.1102.33 7440-70-2 Calcium 22.5 06-20-06  06-20-06
M05623 MT.2006.1102.33  7439-89-6 Iron ND | 06-20-06  06-20-06
M06623 MT.2006.1102.33 7439-95-4 Magnesium 17.7 06-20-06 06-20-06
M06623 MT.2006.1102.33  7440-09-7 Potagsium 39.2 " 06-20-06 06-20-06
Mo6623 MT.2006.1140.39 7440-23-5 Sodium 6100 06-20-06 06-25-06
0606256-0001G SM 2340_3 e
HARD MT.2006.1185.1 | : Hardness, as CaCO3 | e 06-26-06 06-28-06
0606256-0001H EPA 1664 - Solid Phase Extraction )
0&G06032 we 200614509 | 10-30- [ Oil & Grease [ ND 06-13-G6 06-13-06
0606256-00011 EPA 418.1 Yotal Recoverable Petroleum Hydrocarbons By: PW
506346 WC.2006.15334 | 10902 | ~ TAPH | ND T ' 06-23.06 06-26-06

Unless otherwise noted, all samples were received in acceptable condition and all sampling was performed by client or client representative. Sanple resuit of NO indicates Not
Detacted, ie result is less than the sample specific Detection Limit, Sample specific Detection Limit is determined by multiplying the sampie Ditution Factor by the listed Reporting
Detaction Limit. All resuits relate only 10 the iterms testsd. Any miscellanecus workordar informalion or foonotes will appear befow.

Analytical results are not corrected for method blank or field blank contamination.

Page 20f 2 Report Date: /28/2006 3:47:54 PM




‘ 1] Sandia National Laboratories
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Using Coal Bed Methane Produced Water from Well-Sites for Native and
Non-Native Grass Stand Establishment.

~ Objectives

o Select several native or non-native cool and warm season cultivar's
that are adapted to the intermountain regions of northwest New
Mexico.

e Applying coal bed methane produced water varying in Total Dissolved
Salts, to native and non-native grasses for stand establishment.

Material and methods

Research plots were established in August, 2003, April 2004 and 2005, to
fook at possible coal bed methane produced water for native and non-native
grass establishment. Table 1 indicates the location, date of planting and
year’s research plots were evaluated.

Table 1. Location, date of planting and year research plots were evaluated.

William Production Rosa 159A August 6, 2003 3
BP Americas K5M° August 6, 2003 1
Conoco/Phillips 242A April 21, 2004 2
Conoco/Phillips 207A April 10, 2005 | 1
Williams Production 224 ’ April 19, 2005 1

2 BP Americas K5M was only rated on July 29, 2004 due to no grass established in 2005.




Table 2.

Research plots were planted with a cone seeder with six, ten in rows 25 ft
long. The experimental design was a randomized complete block with four
replications for all sites. Table 3 gives the names of the variety or cultivar
planted at all five sites. A soil sample was taken from all sites at a depth from
0 to 12 inch before and after produced water was applied to determine pH,
electrical conductivity (EC), calcium, magnesium, sodium, texture, and
sodium adsorption ratio (SAR). Table 4 shows the results of soil samples
before and after produced water application. EC describes the amount of
electrical current conducted by a saturated soil extract at a fixed temperature.
The more salts in solution, the greater the EC reading and the greater the
toxicity to plants. This test does not distinguish between salt types; units of
measure are usually in decisiemens per meter (dS/m). SAR describes the
ratio of sodium relative to calcium and magnesium, to cations that moderate
the adverse effects of sodium. The greater the SAR value, the more sodium
relative to calcium and magnesium, the greater the toxicity. A 400-barrel tank
(holds approximately 16,800 galions) was supplied and put on each well site.
Produced water was then pumped through a 3 in irrigation pipe consisting of
a line spacing of 50 ft and a sprinkler spacing of 30 ft. Rainbird 25 ASFP-TNT
sprinkler heads with 11/64 nozzles were used. Table 2 gives the location,

date, and amount and total amount of produced water applied from 2003 to
2005.

Location, date, and total amount of produced water applied, 2003 to
2005.

 William Production Rosa

August 13 and 19, 1.12inch 4.5 inches, or 26,880
1659A September 17 and 23, galions
2003
BP Americas K5M® August 12 and 21, 2.8 inch 8.4 inches, or 50,400
September 16, 2003 ' gallons
Conoco/Phillips 242A April 28, May 10 and 18, 2.8 inch 8.4 inches or 50, 400

Conoco/Phillips.207A

Williams Production 224

2004

May 12, 19, and 25,
2005

April 18, May 11 and 18,
2005

2.8, 1.4, and 1.4 inches

2.8, 14, and 1.4 inches

gallons

5.2 inches or 33,600
gallons

5.2 inches or 33,600
gallons




Water samples were taken during each application and sent to EnviroTech
Labs for analysis. Table 5 gives the water analysis for Williams Production
(WP) Rosa 159A and BP British Petroleum Americas (BP) Florence KSM and
Conoco/Phillips 242A and 207A and Wiliiams Production (WP) 224.
Evaluation of research plots for stand establishment of WP Rosa 159A and
224, BP Americas Florence K5M, and Conoco/Phillips 242A, 207A are given
in Table 7.

Results and discussion

Rainfall Averages: Cumulative rainfall was taken from Ignacio, Colorado at
approximately 2.1 miles NNE from the Community Collaborative Rain, Hail
and Snow Network (CoCo-RaHS) observation site. From August 1 to
December 2003 approximately 2.8 in of moistured was measured. In 2004,
2005 and 2006 approximately 10.9, 16.8 and 13.4 inch of moisture was
measured. Average moisture accumulation from 2004 to 2006 was 13.7 inch,
respectively.

Soil Tests: Before and after soil test resuits are given in Table 4. Soil tests
for pH, taken before produced water applications on all five sites averaged
7.2 and after produced water application of 7.5. Soil samples taken on BP
Americas Florence KSM and WP 224, after 8.4 and 5.2 inch of produced
water applied, averaging approximately 6432 and 9973 mg/L (milligrams per
liter) in total dissolved salts (TDS), 86 and 142 in SAR, and 14.1 and 17.7 in
EC dS/M values, (Table 6) and had the greatest increase in EC and SAR of
4.3 and 3.5 dS/m and 11.0 and 13, Table 4. Usually an EC in dS/m above 15
from a soil salinity test is unsuitable for most crops and where a severe
decrease in forage production occurs. For example crested wheatgrass,
western wheatgrass, slender wheatgrass, Canadian and Russian wild
ryegrass, and intermediate wheatgrass, are moderate to tolerant at EC levels
ranging from 10 to 15 dS/m. All five locations showed after soil EC levels in
dS/m, below 6 after produced water was applied. An SAR value evaluates the
sodium content of the soil. A value of 15 or greater indicates an excess of
sodium will be adsorbed by the soil clay particles. Excess sodium can cause
soil to be hard and cloddy when dry, to crust badly, and take water very
slowly. The after soil SAR values of all sites were below 12, after produced

. water was applied, except for WP 224. Except for the after soil SAR value of
19.6 for WP 224, the after soil EC and SAR values for WP Rosa 159, BP

Americas K5M, Conoco/Phillips 242A and 207A were under the described
values for restricting forage production for most of these grasses planted
Table 4.

Water Analysis: Individual water analyses are given in Table 5 and averages
are given in Table 6. Water analyses were conducted by EnviroTech Labs,
Farmington, New Mexico. WP Rosa 159 had approximately 4.5 inch of :
produced water averaging approximately 8061 mg/L TDS, 97 SAR and an EC
of 16.8 Table 6. BP Americas and Conoco/Phillips 242A and Conoco/Phillips
207A and WP 224 had approximately 8.4 and 5.2 inch of produced water
averaging 6432, 3838, 4384 and 9973 mg/L TDS, 86, 69, 127 and 142 SAR
and EC of 14.1, 6.8, 6.9 and 17.7. Usually if the irrigation water EC values in
dS/m are over 3 except for tolerant crops (usually 8 to 12) and SAR values




are above 26 (values below 10 acceptable for production) that water is
unsuitable for production. The most influential water quality guideline on crop
productivity is the salinity hazard as measured by EC. The primary effect of
high EC water on crop productivity is the inability of the plant to compete with
ions in the soil solution for water (physiological drought). The higher the EC,
the less water available to plants, even though a field may appear wet. Water
sources with an EC value of approximately 1.0 dS/m contains approximately
2,000 Ibs of salt for every acre foot of water applied. With this in mind
approximately 6.3, 9.8, 4.7, 2.9, and 7.6 tons of salt were applied to WP Rosa
159A, BP Americas Florence K5M and Conoco/Phillips 242A, Conoco/Phillips
207A and WP 224, respectively. While EC is an assessment of all soluble
salts in a sample, sodium hazard is defined separately because of its specific
detrimental effects on soil physical properties. With higher SAR (usually
above 15) values the soil becomes more dispersed, will readily crust and
have water infiltration and permeability problems. However, many factors
including soil texture, organic matter, crop type, climate, irrigation system,
and management impact how sodium in the irrigation water affects soils. With
the relative small amount of produced water containing high EC and SAR
values, it is hoped that most of the salt tolerant native and non-native grasses
planted in these studies will survive and become established productive
grasses, on the these disturbed locations.

Stand Establishment: Averaged stand establishment of native and non
native grasses is given in Table 7. Three year average for stand
establishment on WP Rosa 159A showed Chief Intermediate, Luna
Pubescent, Hy Crest Crested, and San Luis Slender Wheatgrasses, VNS
Canada Wild, and Bozoisky Russian Wild Ryegrasses, averaged from 2.7 to
2.4. BP Americas Florence K5M indicated that Arriba Western Wheatgrass,
VNS Bottlebrush Squirreltail, Paloma Indian Ricegrass, Anatone Bluebunch
Wheatgrass, Four-Wing Saltbush, Covar Sheep Fescue, and VNS Needle
and Threadgrass had a rating of 1.5 for stand establishment one year after
produced water application. BP Americas Florence k5M was not rated the
second year due to no grass present. Excellent stand establishment for
Arriba Western, Hy Crest Crested, Critana Thickspike, Anatone Bluebunch,
San Luis Slender Wheatgrasses, VNS Canada Wild Ryegrass, and VNS

‘Bottlebrush Squirreltail, these all averaged above 4.3 for stand establishment

two year after produced water was applied to Conoco/Phillips 242A, Table 7.
Conoco/Phillips 207A showed that Arriba Western Wheatgrass, Hy Crest
Crested Wheatgrass, VNS Canada Wild ryegrass, Bozoisky Russian Wild

‘Ryegrass, Critana Thickspike Wheatgrass, Anatone Bluebunch Wheatgrass,

and San Luis Slender Wheatgrass averaged 3.0 or better approximately 15
months year after planting Table 7. Only Bozoisky Russian Wild Ryegrass
and VNS Russian Wild Ryegrass had a rating of 2.5 for grass establishment
on WP 224 approximately 15 months after planting Table 7.




Table 3. Names of cuitivars or varieties planted at each site 2003 to 2005.

Arriba Western Wheatgrass
Chief Intermediate Wheatgrass
Luna Pubescent Whealgrass

Hy Crest Crested Wheatgrass
VNS® Canada Wild Ryegrass
Bozoisky Russian Wild Ryegrass

" Critana Thickspike Wheatgrass

VNS® Bottlebrush Squirretail
Redondo Arizona Fescue
Paloma Indian Ricegrass
Anatone Bluebunch Wheatgrass
VNS® Junegrass

Four-Wing Saltbush

" Covar Sheep Fescue

San Luis Siender Wheatgrass
VNS® Needle and Threadgrass

000000000000000000000000000000000000000000°

“ pis = pure live seed
® VNS = variety or cultivar not stated




Table 4. Soil sample results before and after produced water application on WP
Rosa 159A and BP Americas Florence K5M, 2003, Conoco/Phillips
242A, 2004, Conoco/Phillips 207A, and WP 224, 2005

- Well:St / ) Ap \ Kture
WP Rosa 159A 7.32 34 912 67 533 7.3 loam
(before)

WP Rosa 159A 7.53 5.1 341 80 725 9.2 loam

(after)

BP Americas 6.95 1.7 253 42 36.3 0.6 loamy

Fiorence KM sand

(before)

BP Americas 6.92 6.0 346 75 917 11.6 loamy

Fiorence KSM sand

(after)

Conoco/Phillips  7.67 34 324 75 422 5.5 Loam

242A (before)

Conoco/Phillips  7.76 3.6 - 282 61 526 74 Loam

242A (after)

Canoco/Phillips  7.13 1.0 100 21 102 24 Sandy clay

207A (before) loam

Conoco/Phillips  7.39 1.2 84 16 180 4.7 Sandy clay

207A (after) loam

WP 224 7.29 0.9 39 6 167 6.6 Sandy clay

(before) loam

WP 224 (after) 7.65 4.4 97 19 809 19.6 Sandy clay
loam

® Before means sample taken before produced water application and after means soil samples taken after last
produced water application.




Table 5. Produced water analysis for WP Rosa 159A and BP Americas Florence
K5M, 2003, Conoco/Phillips 242A, 2004, Conoco/Phillips 207A and WP

224, 2005.
WP Rosa 159A 9-19-03 8.5 5440 71 16.1
WP Rosa 159A 9-17-03 8.0 10682 122 17.4
BP Americas 8-12-03 8.3 4180 51 11.1
Florence K5M
BP Americas 8-20-03 8.4 6980 105 17.6
Florence KSM
BP Americas 9-16-03 8.1 8126 101 136
Florence KSM
Conoco/Phillips 4-30-04 8.1 3640 67 6.3
242A
Conoco/Phillips 5-19-04 8.5 4020 76 7.1
- 242A
Conoco/Phillips 5-23-04 8.1 3850 65 7.0
242A
Conoco/Phillips 5-12-05 8.7 2464 51 3.7
207A
Conoco/Phillips 5-15-05 9.8 6030 250 9.5
207A
Conoco/Phillips 5-25-05 9.6 4660 80 7.5
207A
WP 224 4-18-25 64 16410 23 30.1
WP 224 5-11-05 7.7 6130 54 11.0
WP 224 5-18-05 7.4 7380 65 11.9

Table 6. Produced water analysis averages for WP Rosa 159A and BP Americas

Florence K5M, 2003, Conoco/Phillips 242A, 2004, Conoco/Phillips 207A
and WP 224, 2005.

WP Rosa 159A 8.3 97 X
BP Americas 8.3 86 14.1
Florence K5M
Conoco/Phillips 8.2 3838 69 6.8
242A
Conoco/Phillips 9.4 4384 127 6.9
207A
WP 224 7.2 9973 142 17.7
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Table 7. Averaged stand establishment of native and non-native grasses
approximately three, two and one year after planting on WP Rosa 159A
on BP Americas Florence K5M, 2004, COhOCO/PhI"IpS 242A, 2005,
Conoco/Phillips 207A, and WP 224, 2006.

Arriba Westem Wheatgrass 8.0 1.8 1.5 48 3.1 15
Chief Intermediate Wheatgrass 10.0 26 1.4 2.8 1.5 1.0
Luna Pubescent Wheatgrass 10.0 26 13 28 16 1.0
Hy Crest Crested Wheatgrass 5.0 2.8 1.3 45 3.6 2.0
VNS Canada Wild Ryegrass 7.0 25 1.1 6.5 3.9 25
Bozoisky Russian Wild Ryegrass 5.0 27 1.1 29 53 25
Critana Thickspike Wheatgrass 6.0 2.0 1.3 6.5 43 1.5
VNS Bottiebrush Squirreltait 8.0 1.3 1.5 6.0 2.9 2.0
Redondo Arizona Fescue 3.0 1.0 1.3 24 1 1.0
Paloma Indian Ricegrass 6.0 1.9 1.5 1.6 1.5 2.0
Anatone Biuebunch Wheatgrass 9.0 1.8 1.5 5.5 4.5 1.0
VNS Junegrass 4.0 1.5 1.3 1.1 1.0 1.0
Four-Wing Saitbush 2.0 1.0 1.5 1.3 1.0 1.0
Covar Sheep Fescue 20 26 15 16 1.0 1.0
San Luis Slender Wheatgrass 6.0 20 1.0 6.5 3.0 2.0
VNS Needle and Threadgrass 8.0 2.0 1.5 4.1 2.8 2.0

2VNS equal variety or cultivar not stated.
® Rated on a scale from one to nine with one being no stand establishment and nine bemg 100 percent established.
¢ Three year average stand establishment rating on October 26, 2004 and July 28, 2005, and July 26, 2006.
9 Location was only rated once on QOctober 26, 2004, no grass survival in 2005.
° Two year average stand establishment rating on July 29, 2005 and July 26, 2006.
f Locations rated on July 26, 20086.
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Revegetation of Pipeline Right-of-Way and/or well sites
with selected cool and warm season Cultivar’s, and
Forbes for Palatability, stand establishment, and erosion
Control in the Intermountain Region of Northwest New
Mexico.

Establishment of native and non-native grasses on pipeline-right-of ways and/or
well sites in the San Juan Oil and Gas producing basin.

Richard N. Arnold

Introduction

The true grasses comprise several thousand species and are found in all
parts of the world, but it is in the drier, temperate regions they often form the
chief vegetation. They owe their dominance in such regions to their ability to
survive under all conditions where flowering plants can’t live at all, to their
aggressive methods of natural vegetative propagation, and to their usually
abundant seed crop and its wide dispersal by natural conditions, such as
wind and water.

The grasses that persist naturally in any given region over long periods of
time are those that have been successful in adjusting themselves to the
factors that limit growth. in order to survive, they must withstand extremes of
drought, cold, wind, diseases and insects, competition, and grazing.

Objectives
e Select several native or non-native cool and warm season cultivar's
that are adapted to the intermountain regions of northwest New

Mexico.

¢ Determine the most adequate time of planting for establishment of the
forages.




Material and methods

Research plots were established in April and October 2002 to determine time
of planting and stand establishment of selected native and non-native
grasses in the San Juan Oil and Gas producing region of northwest New
Mexico. Individual piots were planted with a cone seeder with six, ten in rows
by 25 ft long. El Paso Tapacitas pipeline right-of-way, BP Americas Arboles
29A, William Production Rosa Units 159A and 354 were all planted the first
week in April. XTO Kutz 11E and Pure Resources Rincon Unit 172 were
planted in mid October. The experimental design was a randomized complete
with four to six replications depending on well site. The native and non-native
grasses will be rated on a scale from 1 to 9 with 1 being no stand
establishment or survival and 9 being 100% stand establishment or survival.
El Paso Tapacitas pipeline right-of-way, BP Americas Arboles 29A, Williams
Production Rosa Units 354 and 159A, and XTO Kutz 11E and Pure
Resources Rincon Unit 172 were rated for stand establishment or survival in
mid July and mid October 2003. Rain gauges have been installed at each
well site to determine amount and time of rainfall. Tabie 1 gives the name of
the cultivar or variety planted at each site.

Table 1. Names of cultivars or varieties planted at each site, April and October

2002.
Variety or Cultivar Seeding Rate
{Ib/pls/A®)
Arriba Western Wheatgrass 8.0
Chief Intermediate Wheatgrass 10.0
Luna Pubescent Wheatgrass 10.0
Hi-Crest Crested Wheatgrass 5.0
VNSP Canada Wild Ryegrass 7.0
Bozoisky Russian Wild Ryegrass 5.0
Critana Thickspike Wheatgrass 6.0
VNSP® Bottle Brush Squirreltail 8.0
Redondo Arizona Fescue 3.0
Covar Sheep Fescue 2.0
Paloma Indian Ricegrass 6.0
Anatone Bluebunch Wheatgrass 9.0
San Luiz Slender Wheatgrass 6.0
VNS® Needle and Threadgrass 8.0
VNS® Junegrass 4.0
Alma Blue Gramagrass 6.0

® pls = pure live seed
® VNS = cultivar or variety not stated




Results and discussion

Stand Establishment or Survival: In Figures 1 and 2, cumulative
precipitation coliected in 2002 and 2003 is given. In 2002 data showed that
WP Rosa 354 had the most precipitation of approximately 7.7 in and BP
Americas Arboles 29A had the least amount of precipitation of 4.1 in. Most of
the precipitation for all of the four sites fell with in the months of early
September to early October. In 2003, WP Rosa 354 has the highest rainfall of
12.4 in and EL Paso Tapacitas had the least amount of rainfall of 5.9 in. The
BP Americas Arboles 29A rain gauge was knocked over presumably by wild
horses and moisture was not registered correctly since possibly September.

In Table 2, data showed that there was no significant differences in stand
establishment for El Paso Tapacitas right-of-way plantings. BP Americas
Arboles 29A indicated that Chief intermediate Wheatgrass, San Luis Slender
Wheatgrass, and Needle and Threadgrass had the highest stand
establishment ratings of 2.3. The Williams Rosa units 354 and 159A indicated
that, Paloma Indian Ricegrass and Canada Wild Ryegrass had the highest
stand establishment ratings of 1.8 and 2.3. The overall average across all
spring plantings, rated for stand establishment approximately 15 months after
planting, showed that Arriba Western Wheatgrass, Canada Wild Ryegrass,
San Luis Slender Wheatgrass, and Needle and Threadgrass averaged 1.5 or
better. Data further showed that Redondo Arizona Fescue and Anatone
Bluebunch Wheatgrass had the lowest overall average for stand
establishment of 1.05 and 1.07. Of the fall plantings of 2002, XTO Energy
Kutz 11E showed that Paloma Indian Ricegrass had the highest stand
establishment rating of 3.8 followed by Needle and Threadgrass at 2.6. Pure
Resources Rincon 172 did not show any grass stand survival one year after
planting.




Table2. Stand establishment of native and non-native grasses in 2003.

Stand establishment’

EL Paso BP Americas Williams Williams XTO Energy
Cultivar Ibs/pls/A Tapacitas2 Arboles 20A2 Prod. Rosa Prod. Rosa Kutz 11E
3547 159A°
Arriba 8.0 1.3 2.0 1.2 1.5 1.2
Western
Wheatgrass
Chief 10.0 1.3 2.3 1.0 1.2 1.0
intermediate
Wheatgrass
Luna 10.0 13 1.8 1.0 1.0 14
Pubescent
Wheatgrass
Hi-Crest 5.0 1.0 1.5 1.0 1.0 1.0
Crested
Wheatgrass
Canada Wild 7.0 1.0 1.5 14 23 2.8
Ryegrass
Bozoisky 5.0 1.3 1.5 1.2 1.8 1.0
Russian Wild
Ryegrass
Critana 6.0 1.3 1.8 1.0 1.3 1.0
Thickspike
Wheatgrass
Bottiebrush 8.0 1.3 1.0 1.4 1.3 1.6
Squirreltail
Redondo 3.0 1.0 1.0 1.0 1.2 1.0
Arizona
Fescue
Covar Sheep 2.0 1.0 1.0 1.0 1.2 1.2
Fescue
Paloma 6.0 1.5 1.3 1.8 1.0 3.8
Indian
Ricegrass
Anatone 9.0 1.0 1.3 1.0 1.0 1.0
Bluebunch
Wheatgrass
San Luis 6.0 1.3 23 1.0 1.7 2.0
Slender
Wheatgrass
Needle and 8.0 1.5 2.3 1.6 1.3 26
Threadgrass
Junegrass 4.0 1.0 1.5 1.0 1.0 1.0
Alma Blue 6.0 1.0 1.5 1.0 1.0 1.2
Grama Grass
LSD 0.05 ns 0.8 0.4 0.7 0.8

T Stand establishment rated on a scale from 1 to 9 with 1 being no stand establishment or survival and 9 being 100
gercent stand establishment or survival.
Areas planted in early April 2002 and rated in mid July 2003.
* Area planted in mid October 2002 and rated in mid October 2003,




Using Coal Bed Methane Produced Water from Well-Sites for Native and Non-
Native Grass Stand Establishment.

Objectives

e Select several native or non-native cool and warm season cultivar's
that are adapted to the intermountain regions of northwest New
Mexico.

e Applying coal bed methane produced water varying in Total Dissolved
Salts, to native and non-native grasses for stand establishment.

Material and methods

Research plots were established in mid August to look at possible coal bed
methane produced water for native and non-native grass establishment. The
Williams Production (WP) well site Rosa 159A and BP Americas Florence
K5M were chosen for this research study. Research plots were pianted on
August 6 with a cone seeder with six, ten in rows 25 ft long. The experimental
design was a randomized complete block with four replications for both sites.
Table 1 gives the names of the variety or cultivar planted at both sites. A soil
sample was taken from both sites at a depth from 0 to 12.in before and after
produced water was applied to determine pH, electrical conductivity (EC),
calcium, magnesium, sodium, texture, and sodium adsorption ratio (SAR).
Table 2 shows the results of soil samples before and after produced water
application. EC describes the amount of electrical current conducted by a
saturated soil extract at a fixed temperature. The more salts in solution, the
greater the EC reading and the greater the toxicity to plants. This test does
not distinguish between salt types, units of measure are usually in
decisiemens per meter (dS/m). SAR describes the ratio of sodium relative to
calcium and magnesium, to cations that moderate the adverse effects of
sodium. The greater the SAR value, the more sodium relative to calcium and
magnesium, the greater the toxicity. The exchangeable sodium percentage
(ESP) provides a measure of the amount of exchangeable sodium relative to
the total cation exchange capacity of the soil expressed as a percentage. As
ESP goes up, more exchangeable sodium is available, and the greater the
potential for negative plant and soil impacts. A 400-barrel tank (holds
approximately 16,800 galions) was supplied and put on each weli site.
Produced water was then pumped through a 3 in irrigation pipe consisting of
a line spacing of 50 ft and a sprinkier spacing of 30 ft. Rainbird 25 ASFP-TNT
sprinkler heads with 11/64 nozzles were used. Produced water was applied
on WP Rosa 159A on August 13 and 19, September 17 and 23 at
approximately 1.12 in per application for a total of 4.48 in or 640 barrels
(26,880 gallons). Produced water was applied to BP Americas Florence K5M
on August 12 and 20, and September 16 at approximately 2.8 in per
application for a total of 8.4 in or 1200 barrels (50,400 gallons). Water
samples were taken during application and sent to EnviroTech Labs for
analysis. Table 3 gives the water analysis for WP Rosa 155A and BP



Americas Florence K5M. Research plots for stand establishment will be rated
approximately 12 to 15 months after planting.

Results and discussion

Soil Tests: Before and after soil test results are given in Table 2. Soil tests
taken before produced water application on WP Rosa 159A showed a pH of
7.32, EC of 3.39 dS/m, sodium content of 533 parts per million {ppm) and an

' SAR value of 7.32. After application of 4.48 in of produced water pH, EC

dS/m, sodium in ppm, and SAR values each increased to 7.53, 5.12, 725 and
9.17. The BP Americas Florence K5M site showed a significant increase in
EC levels from 1.71 to 6 dS/m, sodium in ppm (36.3 to 917) and an SAR
value (0.6 to 11.6) in the before and after soil samples. Usually an EC in
dS/m above 15 from a soil salinity test is unsuitable for most crops and where
a decrease in forage production occurs. For example crested wheatgrass,
western wheatgrass, slender wheatgrass, Canadian and Russian wild
ryegrass, and intermediate wheatgrass, are moderate to tolerant at EC levels
ranging from 10 to 15 dS/m. The EC levels in dS/m for both WP Rosa 159A
and BP Americas Florence KSM EC in dS/m levels are 6 and below after
produced water was applied. An SAR value evaluates the sodium content of
the soil. A value of 15 or greater indicates an excess of sodium will be
adsorbed by the soil clay particles. Excess sodium can cause soil to be hard
and cloddy when dry, to crust badly, and take water very slowly. At both sites

- the soil SAR value after produced water was applied were less than 15. Both

the EC values in dS/m and SAR values were under the described values for
restricting forage production for most of these grasses planted.

Water Analysis: Water analyses are given in Table 3. The water analysis
conducted by EnviroTech Labs showed that WP Rosa 159A averaged
approximately 8,061 milliequivalents per liter (meg/L) of total dissolved salts
(TDS), SAR value of 96, and an EC value in dS/m of 17. BP Americas
Florence K5M averaged 6432 meg/L TDS, SAR value of 86, and an EC value
in dS/m of approximately 14. A total of 4.48 and 8.4 in of produced water
containing the above average values were applied to WP Rosa 159A and BP
Americas Florence K5M, during August and September 2003. Usually if the
irrigation water EC values in dS/m are over 3 except for tolerant crops
(usually 8 to 12) and SAR values are above 26 ((values below 10 acceptabie
for production) that water is unsuitable for production. The most influential
water quality guideline on crop productivity is the salinity hazard as measured
by EC. The primary effect of high EC water on crop productivity is the inability
of the plant to compete with ions in the soil solution for water (physiological
drought). The higher the EC, the less water available to plants, even though a
field may appear wet. Usually water with an EC value of 1.15 dS/m contains
approximately 2,000 Ibs of salt for every acre foot of water. With this in mind
approximately 5.52 and 8.52 tons of salt were applied to WP 158A and BP
Americas Florence K5M, respectively. While EC is an assessment of all
soluble salts in a sample, sodium hazard is defined separately because of its
specific detrimental effects on soil physical properties. With higher SAR
values the soil becomes more dispersed, will readily crust and have water
infiltration and permeability problems. However, many factors including soil
texture, organic matter, crop type, climate, irrigation system, and




affects soils. With the relative small amount of produced water containing
high EC and SAR values, it is hoped that most of the salt tolerant native and
non-native grasses planted in these studies will survive and become
established productive grasses of the these disturbed sites. We will continue
this study by selecting two more sites for produced water application and
grass establishment in the spring of 2004.

Table 1. Names of cultivars or varieties planted at each site, mid August 2003.

Variety or Cultivar Seeding Rate
(ib/pls/A*)
Arriba Western Wheatgrass 8.0
Chief Intermediate Wheatgrass 10.0
Luna Pubescent Wheatgrass 10.0
Hy Crest Crested Wheatgrass 5.0
VNS® Canada Wild Ryegrass 7.0
Bozoisky Russian Wild Ryegrass 5.0
Critana Thickspike Wheatgrass 6.0
VNS® Bottlebrush Squirreltail 8.0
Redondo Arizona Fescue 3.0
Covar Sheep Fescue 20
Paloma Indian Ricegrass 6.0
Anatone Bluebunch Wheatgrass 8.0
San Luis Slender Wheatgrass 6.0
VNS® Needle and Threadgrass 8.0
VNS® Junegrass 4.0
Alma Blue Gramagrass 6.0

2 pls = pure live seed
® VNS = cultivar or variety not stated



' i
0000000000000 0000000000000000000000O0O0COCOCCOCKOCOCFY

Table 2. Soil sample results before and after produced water application on WP
Rosa 159A and BP Americas Florence K5M, 2003.

Well Site’ pH EC (dS/m Ca (ppm) Mg {ppm) Na(ppm) SAR Texture

\11225053 7.32 3.39 912 66.8 533 7.32 loam

(before)

WP Rosa 7.53 5.12 341 79.7 725 9.17 loam

159A (after)

BP 6.95 1.71 253 42.4 36.3 0.6 loamy

Americas sand

Florence

K5M

(before)

BP 6.92 6.0 346 74.6 917 11.6 loamy

Americas sand

Florence

K5M (after)

T Before means sampie taken before produced water application and after means soil samples taken after last
produced water application.

Table 3. Produced water analysis for WP Rosa 159A and BP Americas Florence

K5M, 2003.
Well-site Date pH TDS (meg/L) SAR EC (dS/m
WP Rosa 159A 8-19-03 8.5 5440 71.1 16.1
WP Rosa 158A 9-17-03 8.0 10682 122.4 17.4
BP Americas 8-12-03 8.3 4180 514 11.1- - -
Florence K5M
BP Americas 8-20-03 8.4 6980 105.2 176
Florence K5M
BP Americas 9-16-03 8.1 8126 100.8 13.6

Florence KSM

10
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Notice to Users of this Report

This report has been prepared as an aid to the Agricuitural Science Center Staff in
analyzing the results of the various research during the past year and for recording
pertinent data for future reference. This is not a formal Agricultural Experiment Station
Report of research results.

Information in this report represents results from only one year’s research. The reader is
cautioned against drawing conclusions or making recommendations as a result of data
in the report. In many instances, data in this report represents only one of several years
of research results that will constitute the final formal report. It should be pointed out,
however, that staff members have made every effort to check accuracy of the data
presented.

This report was not as a formal release; therefore, none of the data or information herein
is authorized for release or publication without the written approval of the New Mexico
Agricultural Experiment Station. '

Mention of a proprietary pesticide does not imply registration under FIFRA as amended
or endorsement by New Mexico State University.
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producing basin and in Cooperation with the Bureau of
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Revegetation of Pipeline Right-of-Way and/or well sites
with selected cool and warm season Cultivar’s, and
Forbes for Palatability, stand establishment, and erosion
Control in the Intermountain Region of Northwest New
Mexico.

Establishment of native and nor-native grasses on pipeline-right-of ways and/or
well sites in the San Juan Oil and Gas producing basin.

Richard N. Arnold
intreduction

The true grasses comprise several thousand species and are found in all
‘parts of the world, but it is in the drier, temperate regions they often form the
chief vegetation. They owe their dominance in such regions to their ability to
survive under all conditions where flowering plants can't live at all, to their
aggressive methods of natural vegetative propagation, and to their usually
abundant seed crop and its wide dispersal by natural conditions, such as
wind and water.

The grasses that persist naturally in any given region over long periods of
time are those that have been successful in adjusting themselves to the
factors that limit growth. In order to survive, they must withstand extremes of
drought, cold, wind, diseases and insects, competition, and grazing.

Objectives
e Select several native or non-native cool and warm season cultivar's
that are adapted to the intermountain regions of northwest New

Mexico.

» Determine the most adequate time of planting for establishment of the
forages.



Material and methods

Research plots were established in April and October 2002 to determine time
of planting and stand establishment of selected native and non-native
grasses in the San Juan Oil and Gas producing region of northwest New
Mexico. Individual plots were planted with a cone seeder with six, ten in rows
by 25 ft long. El Paso Tapacitas pipeline right-of-way, BP Americas Arboles
20A, William Production Rosa Units 159A and 354 were all planted the first
week in April. XTO Kutz 11E and Pure Resources Rincon Unit 172 were
planted in mid October. The experimental design was a randomized complete
with four to six replications depending on well site. The native and non-native
grasses will be rated on a scale from 1 to © with 1 being no stand
establishment or survival and 8 being 100% stand establishment or survival.
El Paso Tapacitas pipeline right-of-way, BP Americas Arboles 29A, Williams
Production Rosa Units 354 and 15SA, and XTO Kutz 11E and Pure
Resources Rincon Unit 172 were rated for stand establishment or survival in
mid July and mid October 2003. Rain gauges have been installed at each
well site to determine amount and time of rainfail. Table 1 gives the name of
the cultivar or variety planted at each site.

Table 1. Names of cultivars or varieties planted at each site, April and October

2002 and 2003.
Variety or Cultivar Seeding Rate
(Ibipls/A®)
Arriba Western Wheatgrass 8.0
Chief intermediate Wheatgrass 10.0
Luna Pubescent Wheatgrass : 10.0
Hy-Crest Crested Wheatgrass 5.0
VNS® Canada Wild Ryegrass 7.0
Bozoisky Russian Wild Ryegrass 5.0
Critana Thickspike Wheatgrass 6.0
VNSP Bottle Brush Squirreltail 8.0
Redondo Arizona Fescue 3.0
Covar Sheep Fescue 2.0
Paloma Indian Ricegrass 6.0
Anatone Bluebunch Wheatgrass 9.0
San Luiz Slender Wheatgrass 6.0
VNS® Needle and Threadgrass 8.0
VNS® Junegrass 4.0
Alma Blue Gramagrass 6.0

) 3335335353333 535553335353202H55203535302333503335

& pls = pure live seed
® VNS = cultivar or variety not stated
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Results and discussion

Stand Establishment or Survival: In Figures 1, 2 and 3, cumulative
precipitation collected in 2002 and 2003 is given. in 2002 data showed that
WP Rosa 354 had the most precipitation of approximately 7.7 in and BP
Americas Arboles 29A had the least amount of precipitation of 4.1 in. Most of
the precipitation for all of the four sites fell with in the months of early
September to early October. In 2003, WP Rosa 354 has the highest rainfall of
12.4 in and EL Paso Tapacitas had the least amount of rainfall of 5.9 in. The
BP Americas Arboles 29A rain gauge was knocked over presumably by wild
horses and moisture was not registered correctly since possibly September.
in 2004, approximately 1 to 2.5 inches or more precipitation fell on these well
sites as compared to 2003. WP Rosa 354 had the highest amount of
precipitation of 14.5 inches

in Table 2, data showed that there was no significant differences in stand
establishment for El Paso Tapacitas right-of-way plantings. BP Americas
Arboles 29A indicated that Chief intermediate Wheatgrass, San Luis Slender
Wheatgrass, and Needie and Threadgrass had the highest stand
establishment ratings of 2.3. The Williams Rosa units 354 and- 159A indicated
that, Paloma Indian Ricegrass and Canada Wild Ryegrass had the highest
stand establishment ratings of 1.8 and 2.3. The overall average across all
spring plantings, rated for stand establishment approximately 15 months after
planting, showed that Arriba Western Wheatgrass, Canada Wild Ryegrass,
San Luis Slender Wheatgrass, and Needle and Threadgrass averaged 1.5 or
better. Data further showed that Redondo Arizona Fescue and Anatone
Bluebunch Wheatgrass had the lowest overall average for stand
establishment of 1.0 Of the fall plantings of 2002, XTO Energy Kutz 11E
showed that Paloma Indian Ricegrass had the highest stand establishment
rating of 4.0 foliowed by Needle and Threadgrass at 2.7 (Table 3). Pure
Resources Rincon 172 did not show any grass stand survival one year after
planting. Burlington Resources East 6M will be rated in early summer 2005.
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Figure 1. Cumulative precipitation collected from four well sites.




Precipitation Data - Well Sites

January - December, 2003
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Figure 2. Cumulative precipitation collected from six well sites.
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Cumulative Rainfall, in.

Precipitation Data - Well Sites
January - December, 2004
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Figure 3. Cumulative precipitation collected from seven well sites.




Table 2. Stand establishment of native and non-native grasses in 2004.

Cultivar ~ Ibs/pis/A T2

no
Arriba 8.0 1.9 1.8 2.5 2.3 1.6 1.0 1.8
Westemn '
Wheatgrass . ‘
Chief 10.0 1.5 2.8 1.0 1.3 1.2 1.3 1.5
Intermediate
Wheatgrass
Luna 10.0 1.8 2.1 1.0 1.3 1.2 1.0 1.0
Pubescent
Wheatgrass
Hy-Crest 5.0 1.8 2.1 1.0 1.3 1.2 1.0 1.4
Crested .
Wheatgrass
Canada 7.0 1.8 2.3 1.6 4.5 3.0 1.0 2.0
Wild
Ryegrass
Bozoisky 5.0 1.9 1.8 14 2.0 1.0 1.0 33
Russian
wild
Ryegrass
Critana 6.0 1.8 2.1 1.0 1.0 1.2 1.0 1.5
Thickspike
Wheatgrass
Bottiebrush 8.0 1.9 1.6 1.6 2.6 1.4 1.3 23
Squirreltail
Redondo 3.0 1.0 1.9 1.0 1.0 1.0 1.0 1.1
Arizona
Fescue
Covar 2.0 1.0 2.0 1.0 1.0 1.3 1.0 1.0
Sheep
Fescue
Paloma 6.0 24 2.1 2.0 4.0 4.1 1.3 1.6
Indian
Ricegrass ,
Anatone 9.0 1.0 2.0 1.0 1.0 1.0 1.0 1.9
Bluebunch
Wheatgrass
San Luis 6.0 1.8 2.3 1.0 3.6 2.0 1.0 1.8
Siender
Wheatgrass
Needle and 8.0 2.1 2.3 2.0
Threadgrass
Junegrass 4.0
Alma Blue 6.0
Grama
Grass
LSD 0.05 0.6 ns 0.4 1.2 0.8 ns ns
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" Stand establishment rated on a scale from 1 to 9 with 1 being no stand establishment or survival and 9
bemg 100 percent stand establishment or survival.

Areas planted in early April, 2002 and rated in late July, 2004 (second rating).

Area planted in mid October, 2002 and rated in mid October, 2004 (second rating).

* Areas planted in late April, 2003 and rated in late July, 2004,
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Table 3. Average stand establishment of native and non-native grasses from
2003 to 2004.

—Aver

_ v: Ciiltivar lbs/p!slA ‘fa‘,_a,p\a»

Arriba 8.0 1.6 1.3 19 1.9 1.4
Westemn :

Wheatgrass

Chief 10.0 1.4 2.5 1.0 1.2 1.1
intermediate

Wheatgrass

Luna 10.0 1.5 - 1.9 1.0 1.2 1.3
Pubescent

Wheatgrass

Hy-Crest 5.0 1.4 1.8 1.0 1.2 1.1
Crested

Wheatgrass

Canada Wild 7.0 1.4 1.9 1.5 34 29
Ryegrass

Bozoisky 5.0 1.6 1.8 1.3 1.9 1.0
Russian Wild i

Ryegrass

Critana - 6.0 1.5 1.9 1.0 1.2 1.1
Thickspike

Wheatgrass

Bottiebrush 8.0 1.6 1.3 1.5 2.0 1.5
Squirreitail

Redondo 3.0 1.0 14 1.0 1.1 1.0
Arizona

Fescue .

Covar Sheep 2.0 1.0 1.5 1.0 1.1 1.3
Fescue

Paloma indian 6.0 19 1.6 1.9 25 4.0
Ricegrass

Anatone 9.0 1.0 16 1.0 1.0 1.0
Bluebunch

Wheatgrass

San Luis 6.0 1.5 2.3 1.0 2.6 2.0
Siender

Wheatgrass.

Needie and 8.0 1.8 2.3 1.8 28 2
Threadgrass

Junegrass 4.0 1.0 1.6 1.0
Alma Blue 6.0 1.0 1.7 1.0
Grama Grass

' Stand establishment rated on a scale from 1 to 9 with 1 béing no stand establishment
or survival and 9 being 100 percent stand establishment or survival.

2Averaged stand establishment of areas planted in early April 2002 and rated in mid
and late July of 2003 and 2004.

3 Averaged stand establishment of area planted in mid October 2002 and rated in mid
October of 2003 and 2004.

' EEEEREEREREEREERRREEEREERERREE]

P

u

—_

.0
.0

—_—
wo

$53533355555555555 55

5




PP IDIIHIIIIIIIIIIIBINIIIINIIBIIIIIIIBIDIEGDID

Using Coal Bed Methane Produced Water from Well-Sites for Native and Non-
Native Grass Stand Establishment.

Objectives

o Select several native or non-native cool and warm season cultivar's
that are adapted to the intermountain regions of northwest New
Mexico.

o Applying coal bed methane produced water varying in Total Dissolved
Salts, to native and non-native grasses for stand establishment.

Material énd methods

Research plots were established in mid August to look at possible coal bed
methane produced water for native and non-native grass establishment. The
Williams Production (WP) well site Rosa 159A and BP Americas Florence
K5M were chosen for this research study. Research plots were planted on
August 6 with a cone seeder with six, ten in rows 25 ft long. The experimental
design was a randomized complete block with four replications for both sites.
Table 1 gives the names of the variety or cultivar planted at both sites. A soil
sample was taken from both sites at a depth from 0 to 12 in before and after
produced water was applied to determine pH, electrical conductivity (EC),
calcium, magnesium, sodium, texture, and sodium adsorption ratio (SAR).
Table 2 shows the results of soil samples before and after produced water
application. EC describes the amount of electrical current conducted by a
saturated soil extract at a fixed temperature. The more salts in solution, the
greater the EC reading and the greater the toxicity to plants. This test does
not distinguish between salt types, units of measure are usually in
decisiemens per meter (dS/m). SAR describes the ratio of sodium relative to
calcium and magnesium, to cations that moderate the adverse effects of
sodium. The greater the SAR value, the more sodium relative to calcium and
magnesium, the greater the toxicity. The exchangeable sodium percentage
(ESP) provides a measure of the amount of exchangeable sodium relative to
the total cation exchange capacity of the soil expressed as a percentage. As
ESP goes up, more exchangeable sodium is available, and the greater.the
potential for negative plant and soil impacts. A 400-barrel tank (holds
approximately 16,800 gallons) was supplied and put on each weli site.
Produced water was then pumped through a 3 in irrigation pipe consisting of
a line spacing of 50 ft and a sprinkler spacing of 30 ft. Rainbird 25 ASFP-TNT
sprinkier heads with 11/64 nozzles were used. Produced water was applied
on WP Rosa 159A on August 13 and19 and September 17 and 23, 2003 at
approximately 1.12 in per application for a total of 4.48 in or 640 barrels
(26,880 gallons). Produced water was applied to BP Americas Florence K5M
and Conoco/Phillips 242A on August 12 and 20, and September 16, 2003
and April 28, May 10 and May 18, 2004 at approximately 2.8 in per
application for a totarof 8.4 in or 1200 barrels (50,400 galions).
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Water samples were taken during application and sent to EnviroTech Labs
for analysis. Tabie 3 gives the water analysis for WP Rosa 159A and BP
Americas Florence K5M and Conoco/Phillips 242A. Research plots for stand
establishment of WP Rosa 159A and BP Americas Florence K5M are given in
Table 4. Conoco/Phillips 242A stand establishment evaluations will be rated
in 2005.

Results and discussion

Soil Tests: Before and after soil test results are given in Table 2. Soil tests
taken before produced water application on WP Rosa 158A showed a pH of
7.32, EC of 3.38 dS/m, sodium content of 533 parts per million (ppm) and an
SAR value of 7.32. After application of 4.48 in of produced water pH, EC
dS/m, sodium in ppm, and SAR values each increased to 7.53, 5.12, 725 and
9.17. The BP Americas Florence K5M site showed a significant increase in
EC levels from 1.71 to 6 dS/m, sodium in ppm (36.3 to 817) and an SAR
value (0.6 to 11.6) in the before and after soil samples. Water analysis results
for Conoco/Phillips 242A were similar to WP Rosa 159A, with soil analysis
values slightly higher after produced water application, even though
approximately 8.4 in of produced water was applied as compared to 4.48 in to
WP Rosa 158A. Usually an EC in dS/m above 15 from a soil salinity test is
unsuitable for most crops and where a decrease in forage production occurs.
For example crested wheatgrass, western wheatgrass, slender wheatgrass,
Canadian and Russian wild ryegrass, and intermediate wheatgrass, are
moderate to tolerant at EC levels ranging from 10 to 15 dS/m. The EC levels
in dS/m for WP Rosa 159A, BP Americas Florence K5M and Conoco/Phillips
242A are 6 and below after produced water was applied. An SAR value
evaluates the sodium content of the soil. A value of 15 or greater indicates an
excess of sodium will be adsorbed by the soit clay particles. Excess sodium
can cause soil to be hard and cloddy when dry, to crust badly, and take water
very slowly. At all three sites the soil SAR value after produced water was
applied were less than 15. Both the EC values in dS/m and SAR vaiues were
under the described values for restricting forage production for most of these
grasses planted. '

Water Analysis: Water analyses are given in Table 3. The water analysis
conducted by EnviroTech Labs showed that WP Rosa 159A, BP Americas
Florence K5SM and Conoco/Phillips 242A, averaged approximately 8,041
milliequivalents per liter (meg/L) of total dissolved salts (TDS), SAR value of
96, EC value in dS/m of 17, 6432 meg/L TDS, SAR value of 86, an EC value
in dS/m of14 and 3837 meg/L TDS, SAR value of 69 and an EC value in
dS/m of 7.0. A total of 4.48 and 8.4 in of produced water containing the above
average values were applied to WP Rosa 158A, BP Americas Florence K5M
and Conoco/Phillips 242A during August and September 2003 and April and
May 2004. Usually if the irrigation water EC values in dS/m are over 3 except
for tolerant crops (usually 8 to 12) and SAR values are above 26 (values
below 10 acceptable for production) that water is unsuitable for production.
The most influential water quality guideline on crop productivity is the salinity
hazard as measured by EC. The primary effect of high EC water on crop
productivity is the irability of the plant to compete with ions in the soil solution
for water (physiological drought). The higher the EC, the less water available
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to plants, even though a field may appear wet. Usually water with an EC
value of 1.15 dS/m contains approximately 2,000 lbs of salt for every acre
foot of water. With this in mind approximately 5.5, 8.5 and 4.3 tons of salt
were applied to WP 159A, BP Americas Florence K5M and Conoco/Phillips
242A, respectively. While EC is an assessment of all soluble salts in a
sample, sodium hazard is defined separately because of its specific
detrimental effects on soil physical properties. With higher SAR values the
soil becomes more dispersed, will readily crust and have water infiltration and
permeability problems. However, many factors including soil texture, organic
matter, crop type, climate, irrigation system, and management impact how

. sodium in the irrigation water affects soils. With the relative small amount of

produced water containing high EC and SAR values, it is hoped that most of
the salt tolerant native and non-native grasses planted in these studies will
survive and become established productive grasses of the these disturbed
sites. We will continue this study by selecting one or two more sites for
produced water application and grass establishment in the spring of 2005.

Stand Establishment: Stand establishment of native and non native grasses
is given in Table 4. Chief intermediate wheatgrass, Hy-crest crested
wheatgrass and San Luis slender wheatgrass had the best overall rating for
stand establishment, ranging from 2.5 t0 1.3

Table 1. Names of cultivars or varieties planted at each site, mid August 2003.

Variety or, Cuttivar

T SeedingRate - -

o " {ibipls/A®)
Arriba Western Wheatgrass 8.0
Chief intermediate Wheatgrass 10.0
Luna Pubescent Wheatgrass 10.0
Hy Crest Crested Wheatgrass 5.0
VNS® Canada Wild Ryegrass 7.0
Bozoisky Russian Wild Ryegrass 5.0
Critana Thickspike Wheatgrass 8.0
VNS” Bottlebrush Squirreltail 8.0
Redondo Arizona Fescue 3.0
Covar Sheep Fescus 2.0
Paloma indian Ricegrass 6.0
Anatone Bluebunch Wheatgrass 9.0
San Luis Slender Wheatgrass 6.0
VNS® Needle and Threadgrass 8.0
VNS® Junegrass 40
Alma Blue Gramagrass 6.0

biﬁﬁﬁﬁﬂ@@"&&55"&"&5*&’5&&3@23‘&ﬁiﬁfe‘f&éb%l&i%i.éﬁéb&?i}iéiﬁﬁﬁﬁ&

® pls = pure five seed
® VNS = cultivar or variety not stated
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Table 2.  Soil sample results before and after produced water application on WP
Rosa 159A and BP Americas Florence K5M, 2003 and Conoco/Phillips
242A, 2004.

wellSite! - .. pH EC(dSim _ Ca(ppm) . Mg.(ppm) ~* Na{ppm) 5SAR. iy Texire

WP Rosa 159A 7.32 3.39 912 66.8 533 7.32 loam

{before)

WP Rosa 159A 753 5.12 341 79.7 725 9.17 loam

(after)

BP Americas 6.95 1.71 253 424 36.3 0.8 loamy

Florence K5M sand

{before)

BP Americas 6.92 5.0 346 74.6 917 11.8 foamy

Florence K5M sand

(after) '

ConocoIPhllhps 7.67 3.37 324 750 422 5.49 Loam

242A (before)’

Conoco/Phllhps 7.76 3.58 282 60.5 525 7.40 Loam

242A (aﬁer)

" Before means sample taken before produced water application and after means soil samples taken after last
groduced water application.
Soil samples taken in 2004.

Table 3. Produced water analysis for WP Rosa 159A and BP Americas Fiorence
K5M, 2003 and Conoco/Phillips 242A, 2004.

Welk-site. . . Bate 77 pH T TDSAmeglL). SAR -, . EC{dSim:~.

WP Rosa 159A 9-19-03 B.5 5440 714 16.1

WP Rosa 159A 9-17-03 8.0 10682 122.4 174

BP Americas 8-12-03 8.3 4190 51.4 11.1

Florence K6M

BP Americas 8-20-03 8.4 6980 105.2 17.6

Florence K5M

BP Americas 9-16-03 8.1 8126 100.8 13.6

Florence K5M

Conoco/Phillips 4-30-04 8.17 3640 668.7 6.31

242A

Conoco/Phillips 5-18-04 8.47 4020 75.7 717

242A

Conoco/Phillips 5-23-04 8.12 3850 65.0 6.95

242A

12
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Table 4. Stand establishment of native and non-native grasses approximately
14 months after produced water was used to enhance germination and
establishment on well sites WP Rosa 159A and BP Americas Fiorence
K5M, 2004.

Arriba

Western

Wheatgrass

Chief 10.0 2.5 14
intermediate

Wheztgrass

Luna 10.0 2.3 1.3
Pubescent

Wheatgrass

Hy-Crest 5.0 2.5 1.3
Crested

Wheatgrass

Canada 7.0 24 1.1
Wild

Ryegrass

Bozoisky 5.0 2.6 1.1
Russian

wild

Ryegrass

Critana 6.0 1.9 1.3
Thickspike

Wheatgrass

Bottiebrush 8.0 1.3 - 1.5
Squirreltail ~
Redondo 3.0 1.0 1.3
Arizona
‘Fescue

Covar 20 1.6 1.5
Sheep

Fescue

Paloma 6.0 1.3 15
Indian

Ricegrass

Anatone 9.0 1.4 1.3
Bluebunch

Wheatgrass

San Luis 6.0 2.3 1.5
Slender

Wheatgrass

Needie and 8.0 1.8 1.5
Threadgrass
Junegrass 4.0
Alma Blue 6.0
Grama

Grass

LSD 0.05 1.0 ns
"Stand establishment rated on a scale from 1 to 9 with
1 being no stand establishment or survival and 9 being
100 percent stand esiablishment or survival,

2 Ares planted in early August, 2003 and rated in late
October, 2004 ' '
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Appendices

Photos of Revegetated Disturbed Sites and Produced Coal Bed Methane
Water for Stand Establishment of Selected Native and Non-Native Grasses
in the San Juan Oil and Gas Producing Basin.

Picture showing rain gauge Picture showing rain gauge
being read

El Paso Tapacitas plot area, El Paso Tapacitas Paloma indian
July 2003 Ricegrass, July 2003
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BP Americas Arboies 29A
plot area, July 2003

BP Americas Arboles 29

Hy Crest Crested Wheatgrass,

July 2003

WP Rosa 354 Arriba Western
Wheatgrass, July 2004

‘
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BP Americas Arboles 29
Needle and Threadgrass,
July 2003

BP Americas Arboles 29
San Luis Slender Wheatgrass,
July 2003

WP Rosa 354 Paloma Indian
Ricegrass, July 2004
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WP Rosa 159A San Luis Siender
Wheatgrass, July 2004

WP Rosa 15%8A Bottiebrush
Squirrel tail, July 2004

XTO Kutz 11E Paloma
Indian Ricegrass, July 2004
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WP Rosa 159A Arriba Western
Wheatgrass, July 2004

WP Rosa 159A Needle and
Threadgrass, July 2004

XTO Kutz 11E Needle and
Threadgrass, July 2004
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XTO Kutz 11E Canada Wildryegrass, Pure Resources 202M Hycrest
July 2004 Crested Wheatgrass, July 2004

Pure Resources 202M Paloma Pure Resources 202M Arriba
Indianricegrass, July 2004 Western Wheatgrass, July 2004

Burlington Resources Brookhaven ConocoPhillips 253 showing
10, showing cage and seeded area, cage, and seeded area,
May 2003 April 2003
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Williams Production Rosa 159A
showing 400 barrel tank and
pump, August 2003

Conoco/Phillips 242A after
application of produced water,
May 2004

WP Rosa 159A Hycrest Crested
Wheatgrass stand approx. 14
months after produced water

application, October 2054
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BP Americas Florence K5M
showing sprinklers running,
August 2003

WP Rosa 153A San Luis Siender
Wheatgrass stand approx. 14
months after produced water

application, October 2004

WP Rosa 159A Arriba Western
Wheatgrass stand approx. 14
after produced water

application, October 2004
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