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ABJX2ASX 

Surface disposal of produced waters, generated at o i l and 
natural gas production sites, in shallow ground water areas 
can potentially contaminate fresh ground water resources. Due 
to the saline nature of most produced waters, the major ground 
water contaminant considered in produced water disposal has, 
historically, been sodium, chloride and total dissolved solids 
(TDS). Dissolved phase volatile organics are often overlooked 
as an important potential contaminant contained in these same 
produced water waste streams. 

In the natural gas fields of the San Juan Basin in 
northwestern New Mexico, volumes and salt content of produced 
waters generated are relatively small. Occasionally, the 
TDS of San Juan Basin produced waters are less than the TDS 
of local natural ground waters and, therefore, the impact of 
salts on ground water quality from the surface disposal of 
produced water can be minimal. But, these produced waters 
also contain high concentrations of dissolved volatile 
organics such as benzene, toluene, ethylbenzene and xylene. 
Since volatile organics are not naturally occurring in fresh 
ground water supplies, dissolved phase volatile organics can 
be excellent indicators for determining produced water 
encroachment on natural ground water in this area. 

In 1985 the New Mexico Oil Conservation Commission prohibited 
large volume discharge of produced water to unlined pits in 
vulnerable areas with shallow ground water in the San Juan 
Basin. Exempted was disposal to unlined pits of up to five 
barrels (210 gallons) per day of produced water with a TDS of 
less than 10,000 milligrams per l i t e r (mg/l) where depth to 
ground water exceeds ten feet. In 1987 a study funded through 
the New Mexico Oil Conservation Division by the United States 
Environmental Protection Agency using Section 106 Clean Water 
Act monies was performed to determine the fate of dissolved 
phase volatile organics at these exempt small volume produced 
water disposal sites. 

Thirteen sites disposing of less than five barrels per day of 
produced water to unlined pits were extensively investigated 
by the N.M. Oil Conservation Division. Upgradient and 
downgradient monitor wells were established at each site. All 
monitor well samples were analyzed for aromatic and 
halSeriated purgeable organics as well as major cations and 
anions. Analytical results have shown dissolved phase 
volatile organic contamination in excess of New Mexico Water 
Quality Control Commission standards at 50% of the sites 
investigated. Smaller amounts of volatile organic 
contamination were observed at another 20% of the sites. 
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IOTH013PCTI0M 

The production of crude o i l and natural gas is usually 

accompanied by produced water. Produced water or brine water 

t y p i c a l l y has high concentrations of sodium and chloride. But, 

most produced waters are also i n contact with free phase 

petroleum hydrocarbons. These petroleum hydrocarbons contain 

v o l a t i l e purgeable aromatic organic compounds such as benzene, 

toluene, ethylbenzene and xylene (BTEX). A l l of these 

v o l a t i l e organic compounds are soluble, i n varying amounts, 

in water and can be found i n the dissolved phase in produced 

water. Varying concentrations of dissolved phase BTEX are 

present i n produced water depending on the type of petroleum 

product with which i t has been i n contact. Produced waters 

in contact with highly v o l a t i l e hydrocarbons, such as natural 

gas, w i l l contain larger quantities of BTEX than produced 

water exposed to less v o l a t i l e hydrocarbons. 

Produced waters are separated from o i l and natural gas on-

si t e i n the f i e l d at the well head. There are d i f f e r e n t types 

of separation equipment used to separate the three phases into 

individual f l u i d streams. The types of equipment u t i l i z e d 

on-si.e depends on the nature of the f l u i d s being generated. 

For three phase flow at natural gas sites in the San Juan 

Basin, the products are t y p i c a l l y separated with an o i l water 

separator and a dehydration u n i t . 
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The bulk of fluid separation occurs i n i t i a l l y in the o i l -

water separator. Fluids are piped directly from the well head 

to the separator. As fluids enter the separator, natural gas 

or casing head gas (minor amounts of gas produced with crude 

oil) i s taken off the top of the separator removing i t from 

the oil-water mixture. The produced water is then physically 

separated from the natural gas condensate or crude o i l and is 

discharged from the unit. Oil in the separator discharges to 

an on-site product or condensate storage tank. Additional 

physical separation may occur in the product storage tank i f 

water i s not entirely removed in the separator. 

The dehydration unit removes smaller amounts of water 

entrained in the natural gas leaving the separator in the form 

of water vapor. Natural gas passing through the dehydrator 

is heated such that water vapor flashes to steam and is 

discharged from the unit. 

Produced waters from the separator and dehydration units are 

disposed of as a waste fluid in the field by reinject ion into 

the subsurface, discharge to on-site surface impoundments or 

they are trucked off-site to large scale commercial disposal 

f a c i l i t i e s . On-site surface impoundments can be either lined 

or unlined. A number of pits may be found at each site 

depending on the number of wells at the site and the number 

of fluid phases being produced. There can be an individual pit 
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for each type of separation unit or they may a l l discharge to 

a common pit. 

In the past, unlined earthen evaporation pits were the common 

means of disposal due to the low costs involved. These pits 

are easily constructed by digging a hole in the ground, 

adjacent to the individual separation unit, with a backhoe. 

These impoundments were usually built without clay or 

synthetic liners and were called "evaporation pits" or ponds 

since i t was assumed that the majority of water in the pit 

evaporated. In the mid-1950's, a review of brine production 

data from southeastern New Mexico raised concern about 

produced water disposal practices. A comparison of typical 

pit size, brine volumes and evaporation rates led to the 

conclusion that only nine per cent of produced water 

evaporated under the most favorable circumstances (Nicholson 

and Clebsch, 1961). Recent studies of produced water pits in 

Utah have shown that approximately 93% of brine waters 

disposed of in unlined pits directly infiltrates into the 

surrounding s o i l , carrying with i t much of the dissolved salt 

load of the pond, resulting in localized contamination of the 

underlying aquifers (Baker and Brendecke, 1983). 

Because the salt load of most produced water i s quite high, 

in the range of 25,000 to 50,000 TDS, the contaminants of 

interest in the surface disposal of produced waters have been 
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sodium, chloride and TDS. Over the years most states have 

recognized that natural ground water quality around unlined 

produced water pits can be locally degraded by infiltrating 

brine water and have taken regulatory steps to prevent ground 

water contamination from these sources. Many studies have 

shown the effects of brine contamination of natural ground 

water from, unlined pits (Hopkins, 1970; Pettyjohn, 1973; 

Baker and Brendecke, 1983; Stephens and Spaulding, 1984; 

Murphy et. al,1988). These studies focus on the increase in 

salt loading observed in ground water monitoring wells but do 

not consider potential aquifer degradation due to dissolved 

hydrocarbons which may be present in these same waters. Few 

studies have been performed on the fate of dissolved phase 

volatile organics in produced water. Only recently have 

investigations come to recognize the potential for serious 

degradation of ground water resulting from dissolved phase 

volatile organics in produced water disposed of in unlined 

pits (Eiceman, 1986; Davani et. a l , 1986; Eger and Vargo, 

1988) . 

This paper presents the results of a field study carried out 

by the New Mexico Oil Conservation Division to determine the 

impact of dissolved volatile organics in produced water on 

ground water quality around unlined produced water pits with 

small volume discharges. 
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TORQ<IBQlrO<?Y 

The San Juan Basin, i n Northwestern New Mexico (Figure 1), is 

a roughly c i r c u l a r s t r u c t u r a l and drainage basin at the 

eastern edge of the Colorado Plateau covering approximately 

3 0,000 square miles of Northwestern New Mexico and 

Southwestern Colorado. The San Juan Basin is a broad 

northwest - southeast trending depression that formed during 

the Laramide orogeny. The basin is asymmetrical with steeply 

dipping t i l t e d strata along the northeast margin; i t i s also 

deep and contains thick sequences of sedimentary rocks. The 

t o t a l stratiqraphic record exceeds 14,000 feet (Brown and 

Stone, 1979) . The basin contains a wide variety of land forms 

ranging from wide valleys and broad uplands to deep canyons, 

mesas and buttes. The climate i s arid to semiarid with an 

average pre c i p i t a t i o n of approximately 8 -10 inches per year 

(Stone 1983). Annual class A pan evaporation rates i n 

Farmington averaged 67.37 inches per year for the period 1948 

- 1962 (Cooper and Trauger, 1967). 

Extensive o i l and natural gas production occurs within the 

San Juan Basin. Natural gas production i s concentrated inside 

the central basin with crude o i l production occurring largely 

along the basin margins. The basin i s renown as having one 

of the largest accumulations of natural gas i n the world. 

Most of these natural gas reserves are found i n the basin's 
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Figure 1 - Location of Study Area (Stone, 1983) 
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Cretaceous sedimentary sequences (McCaslin, 1987) . 

The San Juan Basin includes the r i v e r drainages of the San 

Juan, Animas and La Plata Rivers. These r i v e r s flow through 

r e l a t i v e l y wide valleys bounded by high mesas and uplands. 

Major aquifers (Figure 2) are contained w i t h i n the Quaternary 

valley f i l l of these r i v e r s and i n sandstones of Tertiary, 

Cretaceous, Jurassic and Triassic age (Lyford, 1979). In 

addition t o the major r i v e r valleys, minor aquifers are also 

contained w i t h i n Quaternary valley f i l l of ephemeral canyon 

systems that feed the San Juan, Animas and La Plata r i v e r s . 

Much shallow ground water i s contained w i t h i n the valley f i l l 

of the San Juan, Animas and La Plata r i v e r systems. A l l u v i a l 

sediments i n the valley f i l l range from cobbles, gravel, sand, 

s i l t and clay to various mixtures thereof. These materials 

were deposited by streams i n Pleistocene and Recent time 

(Byran, 1928) . Total thicknesses of va l l e y f i l l i n most areas 

are less than 100 feet (Lyford, 1979). The thickness of the 

alluvium i s greatest i n the center of the valleys and thins 

toward the valley margins. Depth to water i n the majority of 

the alluvium i s less than 50 feet. Ground water i n the 

shallow a l l u v i a l aquifers away from the r i v e r channels i s a 

d i r e c t r e s u l t of the drainage of i r r i g a t e d lands, i n f i l t r a t i o n 

of d i r e c t p r e c i p i t a t i o n or runoff and recharge from underlying 

and adjacent bedrock. 
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Figure 2 - Major Aquifers in the San Juan Basin (Lyford, 1979) 

9 



Although the surface water quality of San Juan River water i s 

quite good (less than 300 mg/l TDS) , the quality of ground 

water in the alluvium i s highly variable. The average 

specific conductance of water from wells in the San Juan River 

valley f i l l i s 2500 umhos/cm (Stone, 1983). The quality of 

water from the Animas River valley f i l l i s also generally 

good. The average total dissolved solids content of Animas 

River valley f i l l ground water i s 732 mg/l, with values 

ranging from 308 - 1923 mg/l (Brown and Stone, 1979). 

Ground water in the sandstone aquifers generally flows down 

dip from the basin margins toward the San Juan River in the 

center of the basin. Ground water flow directions in the 

valley f i l l aquifers are influenced by the leakage from 

irrigation ditches and surface irrigation water in f i l t r a t i n g 

over large plots of land. 

Irrigation in these river valleys occurs through the use of 

large scale surface irrigation ditch networks and ground water 

pumping. The San Juan river valley ditch systems use low TDS 

surface water diverted from the San Juan River below Navajo 

Reservoir Dam, near the Colorado border. Irrigation ditches 

throughout the Animas and La Plata valleys are locally fed by 

their respective surface waters. Because water from these 

rivers are already appropriated, ground water pumping i s 

becoming increasingly used to supplement surface water 
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diverted into the irrigation ditch systems. 

This study concentrates on petroleum production sites located 

over shallow water table aquifers in the Quaternary valley 

f i l l of the river drainages and their adjacent ephemeral 

drainage systems. 

PRODUCED WATER 

The production of brine water along with o i l and gas i s 

variable throughout the State of New Mexico. Table 1 i s a 

compilation of 1985 produced water records for Northwestern 

and Southeastern New Mexico, the two major o i l and gas 

producing regions in the State of New Mexico. In general, 

o i l and gas production in Southeastern New Mexico concurrently 

produces large volumes of water whereas brine water volumes 

from the natural gas fields in the San Juan Basin are 

relatively low. 

The general chemistry of produced waters from these two areas 

is also markedly different (Tables 2 and 3). Produced waters 

from Southeastern New Mexico characteristically have very high 

TDS and chloride levels. In comparison, San Juan Basin 

produced waters from non-Paleozoic sediments are relatively 
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TABLE 1 - 1985 New Mexico Produced Water Cumulative 

Summaries (Boyer, 1986) 
Southeast N.M. ^rthwest M.M. Statewide 

Water Produced with Oil 
Barrels Produced 304,546,026 57,305,557 362,.351,583 
So. of Weils 22,488 2,582 2S,0T0 

Water Produced with Gas 
Barrels Produced 4,981,425 916,366 5,39","?1 
No. of Wells 3,655 13,602 1\:57 

Total So. Oil k Gas Wells (1985) 

Total New Mexico Produced Water 

42,32" 

368,249,3-4 Bbls. 
15.466 Bil. Gal. 

TABLE 2 - Major Contaminant Concentrations (mg/l) in Oil 

Field Produced Water Injected into Disposal 

Parameter 

Chloride 

Sulfate 

TDS-

Wells in Southeast New Mexico (Boyer, 1986) 
.2 

498-
198,000 

0-5,500 

2,060-
320,493 

Arithmetic Standard Geometric 
Mean Deviation Mean 

71,227 

1,533 

110,086 

46,882 

1,124 

69,921 

49,754 

1,083 

81,212 

Median 

56,750 

1,300 

92,924 

NO. 
Samples 

123 

119 

98 

4.2 - 8.7 6.4 0.7 6.4 6.5 110 

Iron 0 - 1,396 122.3 315.1 9.2 11.1 68 

Analyse* froa salt water applications on file with N.M. oil Conservation 
Division, Santa fe. All values milligram per liter except pfl. All values total values; 
not field filtered. State ground watar standards: chloride 250 ag/1; sulfate 600 mg/l; 
IDS 1,000 ag/1; pH 6 to 9; iron 1.0 mg/l. 

geoaetrie mean • X loo x̂ /N. 

3Total Dissolved Solids. 

Values ar* pH units as reported cn laboratory analysis form. 
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TABLE 3 - Major Contaminant Concentration (mg/l) in O i l 

F i e l d Produced Water, San Juan Basin, 

New Mexico (Boyer , 1 9 8 6 ) . 

'arareter* 3ar.ee 
Arithmetic 

Maar. 
Standard 
Deviation 

Geometric2 

Mean Median 3ar.ee 

Dakota Sandstone 

0-41,814 6,917 10,262 1,062 939 34 

Sulfate 0-5,416 1,248 1,639 245 395 33 

res3 
43-68,386 13,302 16,914 5,173 3,319 33 

PH4 6.3-9.7 3.2 0.8 3.2 8.4 23 

Iron 0-3,712 182.0 737.0 7.1 18 25 

Mesaverde Group 5 

Chloride 3-18,716 4,801 5,688 1,372 2,010 13 

Sulfate 0-2,941 419 875 16 13 :a 

50-36,427 12,588 9,932 5,309 1,303 ;a 

PH4 7.2-9.0 8.1 0.6 3.1 3.3 11 

Iron 0-47 16.0 17.0 3.5 12 13 

Analyses Cros salt: water spies 1 injection applications and N.M. Oil Conservation 
Division saapling. All values milligram per Liter except pfl. All velum total '/alum; 
not field filtered. State ground watar standards: chloride 250 ag/1; sulfate 600 mg/l; 
WS 1,000 ag/1; oil < to 9; iron 1.0 ag/1. 

h m 9 — t r i e amn - 2log x /̂N. 

Hotel Dissolved Solids. 

Velum are pB unit* aa i, spotted on laboratory analyses form, 

'includes Point Lootaout Sandstone and Menefee Foraetion. 
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low in TDS and chlorides, except water produced from coal gas 

formations. Occasionally the TDS of San Juan Basin produced 

waters are lower than natural ground waters thereby leaving 

dissolved phase hydrocarbons as the only potential ground 

water contaminants. 

The difference between disposal volumes and compositional 

makeup of produced waters from these two regions of the state 

resulted in different regulatory approaches toward unlined 

pits for each area. In 1958, concern over the disposal of 

brine water in unlined pits resulted in a prohibition on 

surface disposal of large volumes of produced water in some 

areas of Southeastern New Mexico. This prohibition was 

expanded in 1969 by New Mexico Oil Conservation Commission 

Order No. 3221 to include a l l surface disposal throughout the 

southeast with some exceptions for small volumes (less than 

one barrel per day) and for areas without protectable fresh 

water. Because of lower produced water volumes with 

relatively low TDS and a lack of known petroleum related 

contamination incidents, no regulations were proposed , at 

that time, for surface disposal in the San Juan Basin. 

Although dissolved phase hydrocarbons are present in produced 

water waste streams, l i t t l e was understood, until recently, 

of their health effects. Among the organic compounds known 

to cause health effects are benzene, toluene, ethylbenzene and 
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xylenes. In addition to the toxic effects of these 

contaminants, benzene i s a known human carcinogen. 

Concern over the presence of dissolved hydrocarbons in 

produced water resulted in hearings before the New Mexico Oil 

Conservation Commission in 1985 regarding the prudence of 

surface disposal of these wastes and led to the definition of 

the San Juan Basin "Vulnerable Areas". The "Vulnerable 

Areas", as defined in New Mexico Oil Conservation Commission 

Order No. R-7940, are a l l areas within 100 vertical feet of 

the San Juan, Animas and La Plata river channels and within 

other known shallow ground water areas (Figure 3). These are 

designated areas which are susceptible to contamination from 

surface disposal of produced water. Even though these areas 

were recognized as sensitive to ground water contamination, 

there was disagreement during the hearings over the need for 

a total ban on produced water disposal to unlined pits in 

these areas. The o i l and gas industry argued in testimony 

presented at the hearings that numerous attenuation mechanisms 

would act at the surface and in the near surface to degrade 

the dissolved phase volatiles of small volume discharges. In 

addition, i t was also argued that there was currently no 

knowledge of ground water contamination resulting from present 

produced water disposal practices in the San Juan Basin. This 

put the New Mexico Oil Conservation commission in the 

dif f i c u l t position of needing proof that small volume produced 
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water discharges presented a threat to ground water before 

preventing their discharge. As a result surface discharges 

of produced waters to unlined pits in the "Vulnerable Areas" 

were only banned for volumes of five barrels per day (210 

gallons per day) or greater. Lacking proof of ground water 

contamination around unlined produced water disposal pits in 

the San Juan Basin and due to the low TDS of most San Juan 

Basin produced waters, low volume, low TDS discharges were 

exempted in locations where ground water was at depths in 

excess of ten feet. 

The ten foot depth c r i t e r i a was imposed under the assumption 

that attenuation mechanisms at the surface and in the vadoze 

zone would act to degrade small volumes of dissolved phase 

volatile organics before they reached the underlying ground 

water. Figure 4 shows various potential surface and 

subsurface attenuation mechanisms of dissolved phase volatile 

organics. Surface attenuation mechanisms include 

volatilization and photolysis. Discharge from the separator 

usually occurs under high temperature and pressure. The 

turbulent nature of the discharge as i t leaves the separator 

causes many of the volatiles to flash into the atmosphere. 

Volatilization and photolysis w i l l also occur as the 

discharged fluids l i e impounded on the surface. The rate of 

volatilization and photolysis can be greatly decreased by the 

presence of any paraffins, from separator upsets, floating on 
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the surface which w i l l reduce the amount of surface area 

exposed to the atmosphere. As the produced water i n f i l t r a t e s 

the s o i l surrounding the pit by partially saturated flow, 

additional attenuation mechanisms can act on the volatile 

organics in the migrating flow. These mechanisms include 

volatilization into s o i l gas, sorption, biodegradation, and 

chemical transformation in oxidizing or reducing zones. These 

same vadoze zone attenuation mechanisms, as well as mechanical 

dispersion and chemical diffusion, can also act on dissolved 

phase volatiles that make i t to the water table. 

From September 1986 through January of 1988 the U.S. 

Environmental Protection Agency, under Section 106 of the 

Clean Water Act, provided grants to the N.M. Oil Conservation 

Division for ground water investigations related to the 

production of o i l and natural gas. These grants enabled the 

N.M. Oil Conservation Division to conduct investigations into 

ground water quality around these exempt low volume unlined 

produced water pits in the San Juan Basin's "Vulnerable 

Areas". The purpose of the study was to determine i f the 

depth c r i t e r i a provides adequate protection of natural ground 

water from the dissolved organic load in produced water and 

the magnitude of any impacts on ground water quality. This 

paper presents the results of the N.M. Oil Conservation 

Division's unlined produced water pit study. 
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FIELD METHODS 

A) SITE SELECTION 

The object of the s i t e selection process was to locate unlined 

produced water p i t s receiving discharges of less than f i v e 

barrels per day i n the San Juan Basin's shallow ground water 

areas. Potential study sites were i d e n t i f i e d using San Juan 

Basin R-7940 produced water p i t r e g i s t r a t i o n forms and 1986/87 

C - l l l o i l and natural gas production records on f i l e with the 

N. M. O i l Conservation Division. A preliminary f i e l d 

evaluation was then performed at each pot e n t i a l s i t e . The 

preliminary evaluation documented the f e a s i b i l i t y of hand 

augering, equipment locations, types of p i t s on s i t e , 

subsurface stratigraphy and any observations about pot e n t i a l 

alternate sources of contamination. 

B) DEVELOPMENT OF MONITOR WELLS 

1) MONITOR WELL LOCATIONS 

Each s i t e selected, which met the study c r i t e r i a , was targeted 

for a characterization of the q u a l i t y of produced water along 

with the ground water q u a l i t y surrounding the produced water 

p i t s . Four holes were augered, depending on s i t e conditions, 

around each produced water p i t i n order to determine the 
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geology, hydrology and water quality of the si t e . Each auger 

hole was completed as a temporary monitor well. After each 

site field investigation was completed, well casings and 

screens were removed from the ground for use at the next si t e . 

Figure 5 is a sketch of where the auger holes were typically 

located. The orientation of the auger holes was such that one 

hole was upgradient and three holes downgradient of the pit. 

The direction of the hydraulic gradient was not exactly known 

so orientation of the auger holes depended on assuming that 

the direction of the gradient was approximately the same as 

the slope of the land surface. Along the irrigated lands of 

the San Juan, land slopes toward the river from the valley 

sides resulting in flow perpendicular to the river. In the 

tributary canyons the land slopes down the reach of the 

canyons resulting in a hydraulic gradient sub-parallel to the 

canyon length. The upgradient hole was located at least 50 

feet from the upgradient pit. The purpose of the 50 foot 

minimum was to ensure that ground water unaffected by fluids 

in the pit could be sampled to determine natural ground water 

chemistry. At some of the sites the upgradient hole was 

located much greater than 50 feet from the pit because of 

equipment on location such as storage tanks and plumbing from 

the well head. The remaining three holes were located 

downgradient from the pit at a distance such that they sampled 

ground water only and did not intercept i n f i l t r a t i n g pit 
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Figure 5 - Sketch of Typical Monitor Well Locations 
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f l u i d s . 

2) DRILLING EQUIPMENT 

An AMS four inch diameter sand and gravel hand auger was used 

for s o i l borings during a l l of the i n i t i a l s i t e 

characterizations. The auger consists of a six inch long 

steel bucket with opposing cupped auger blades. The auger 

bucket threads into f i v e - f o o t lengths of pipe topped with a 

T-handle. The auger i s screwed into the ground u n t i l the 

bucket i s f u l l of s o i l , removed from the hole and emptied. 

After the auger bucket i s advanced the f u l l f i v e - f o o t length 

of pipe, another f i v e - f o o t length i s threaded on and the 

bucket i s advanced another f i v e feet. This process i s 

continued u n t i l the desired depth i s reached. This type of 

auger i s only able to access ground water at depths of 2 5 feet 

or less, eliminating many sites from consideration. The auger 

also has considerable trouble penetrating large gravels and 

cobbles common throughout the San Juan and Animas River 

valleys. 

Monitor wells were i n s t a l l e d using the same hand augering 

equipment at 11 of the si t e s . Two of the sit e s had monitor 

wells i n s t a l l e d with a hollow stem auger d r i l l r i g . One was 

in s t a l l e d during a company investigation of ground water 
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contamination and details of the make of equipment used i s not 

available. At the other site, a Mobile B-53 d r i l l rig, loaned 

to N. M. Oil Conservation Division by the New Mexico 

Environmental Improvement Division, was used to access ground 

water deeper than 25 feet. The Mobile B-53, manufactured by 

the Mobile Drilling Co., i s a custom auger d r i l l rig, with 

a 20 foot collapsible hydraulic mast mounted on a Ford F-600 

truck body. The rig uses five foot, square threaded, eight 

inch diameter augers with a four inch internal diameter hollow 

stem. The B-53 i s equipped with an auxiliary hoist for 

l i f t i n g casing into the hole and a wireline downhole hammer 

for s p l i t spoon sampling of soi l s . 

3) MONITOR WELL INSTALLATION 

Two inch internal diameter Timco Triloc PVC monitor well 

casing and screens was used in the installation of a l l 

temporary monitor wells. Timco Triloc PVC casing has male 

and female threaded ends which screw together so that the 

shoulders of the PVC are flush with each other. Threaded end 

caps are used to seal the bottoms of the screens. The casing 

and screens were obtained in five foot lengths so that they 

could easily be threaded together by hand. A 0.10 inch slot 

screen was selected to serve as a multipurpose screen size for 

any type of sediment encountered. However, this screen can 
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present problems when very fine grained sediments are 

encountered. 

Temporary hand augered monitor wells were installed using the 

following procedure: 

(a) The hand augering equipment, PVC well casing and 

PVC well screen were thoroughly decontaminated with 

the procedure described later. 

(b) Using the 4-inch hand auger, a hole was bored 

approximately three feet below the water table, the 

maximum depth that can be augered below the water 

table and s t i l l be able to l i f t the auger bucket out 

of the hole. Records were kept in the field book 

of a l l changes in sediment type, color of sediments, 

soi l moisture and any odors present. The bore hole 

usually collapsed once the water table was reached. 

To alleviate problems in installing well casing in 

these collapsed holes, the bore hole was continually 

reamed out below the water table with successive 

augerings. This provided a soft, disturbed s o i l 

area at the bottom of the hole into which PVC well 

screen and casing could easily be emplaced. 
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(c) The PVC casing and screen was placed in the hole and 

pushed the last three feet into the disturbed 

sediments below the water table which formed a 

natural gravel pack. The bottom five feet of PVC 

was slotted well screen to provide for entry of 

ground water. 

d) When field work at the site was completed, a l l of 

the casing and screen was pulled from the ground and 

the holes were backfilled with s o i l . 

Monitor wells drilled with the Mobile B-53 were installed 

using the same technique described above so that casing and 

screens could be easily removed upon completion of sampling. 

C) DECONTAMINATION PROCEDURES 

The importance of proper decontamination procedures cannot be 

over-emphasized when sampling for dissolved phase volatile 

organics to an accuracy of a few micrograms per l i t e r or parts 

per b i l l i o n (ppb). Equipment which comes in contact with 

so i l s or water must be kept meticulously clean to avoid cross 

contamination. 
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A l l d r i l l i n g equipment, well casing, screens and sampling 

equipment was decontaminated using a four step process. F i r s t 

the equipment was washed inside and out with a Liqunox 

laboratory soap solution. Laboratory brushes were used to 

get to hard-to-reach places inside the ba i l e r s , casing, 

screens and augers. S t i f f hand brushes were used to clean 

sediments out of the slots of the well screens. After the 

soap wash a l l of the equipment was rinsed with deionized 

water. When deionized water supplies were low, City of 

Farmington water was substituted for deionized water and the 

deionized water was saved for the f i n a l rinse. Equipment was 

then given a rinse with a laboratory reagent alcohol mixture 

to remove any remaining organics followed by a f i n a l rinse 

with deionized water. 

The alcohol mixture was made by mixing a laboratory reagent 

alcohol, containing 90% ethyl alcohol, 5% methyl alcohol and 

5 % iso-propyl alcohol, with deionized water i n a r a t i o of 25% 

reagent alcohol to 75% deionized water. Deionized water was 

obtained from a M i l l i p o r e , Milli-R04 deionizer i n the N.M. EID 

Ground Water Laboratory i n Santa Fe N.M. and transported to 

the s i t e i n f i v e gallon Nalgene containers. Lawn and garden 

sprayer bottles were used to mix and apply a l l of the washing 

solutions. The sprayers have a hand pump to pressurize the 

contents of the b o t t l e so that a high pressure wash stream can 

be directed at the equipment to be cleaned. 

27 



D) WATER QUALITY SAMPLING 

1) Sampling Equipment 

The high temperature, high pressure discharge of produced 

water exiting the separator and the steepness of pit walls 

did not allow produced water samples to be taken directly 

without a special collection device. 

Pit and separator samples were obtained with a homemade 

sampler consisting of a one quart glass Mason canning jar 

clamped onto the end of a handle made from a five foot length 

of PVC. Before each use, the Mason jar, clamp and parts of 

the pipe handle in contact with fluids were thoroughly 

decontaminated. The jar was then clamped onto the plastic 

pipe handle for sampling. With this arrangement the Mason jar 

could be used to dip fluids from the pit or to hold in front 

of the discharge line leaving the separator. 

Monitor wells were sampled with a Timco one and a half inch 

outer diameter PVC bailer. The bailer i s four feet long and 

unscrews into one foot sections for easy cleaning. The lower 

section of the bailer i s equipped with a teflon ball and 

rubber washer check valve to prevent loss of sample volume. 

New 100% cotton rope was used to lower the bailers into the 

monitor wells. A fresh piece of rope was tied to the bailer 
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when sampling different monitor wells to prevent the cross 

contamination of wells and samples. 

2) Field Measurements 

Certain properties of produced water and ground water, such 

as specific conductivity, temperature and pH, are closely 

related to the environment of the water and are lik e l y to be 

altered by sampling and storage. Meaningful data on these 

parameters can only be obtained in the field. The specific 

conductance of a water sample i s a measurement of i t ' s a b i l i t y 

to carry an ele c t r i c a l current and i s dependent on temperature 

of the sample. Specific conductivity measures ionized salts 

in solution and gives an idea of the concentration of TDS in 

the water. Once a sample i s in a container, i t s specific 

conductivity may change with time as a result of precipitation 

of minerals in solution and therefore i t i s essential to 

obtain an accurate determination in the fie l d . A Yellow 

Springs Instrument Company Model 33 specific conductivity 

meter was used for a l l measurements. I t i s battery operated, 

equipped with an integral conductance c e l l and temperature 

probe. The instrument i s red-lined prior to each use. The 

probe i s then suspended in a 1000 m i l l i l i t e r beaker with so 

that approximately one inch of water i s on a l l sides of the 
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probe. The probe i s gently moved around in the sample until 

a steady reading of specific conductivity i s obtained. The 

specific conductivity is then read directly from the 

instrument in micromhos per centimeter at a specific 

centigrade temperature. To avoid cross contamination the 

probe was rinsed with laboratory reagent alcohol and deionized 

water between samples. 

The pH was determined using colorimetric pH paper strips. 

This type of paper only measured pH to the nearest 0.5 pH but 

is adequate to show pH major changes. 

3) Produced Water Sampling 

Depending on the availability of fluids, produced waters were 

sampled from ponded pit fluids or from the discharge pipe 

leaving the separator. Occasionally, the pit had small 

amounts of o i l and paraffins from separator upsets floating 

on the surface. Special care was taken not to let these 

products into the sampling j a r so that only the dissolved 

fraction could be sampled. Produced waters were then 

transferred to the appropriate container. Aromatic and 

halogenated purgeable volatile organics were collected in two 

40 m i l l i l i t e r glass vials with teflon lined rubber septum 

caps. The v i a l s are f i l l e d to overflowing then capped so that 
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no bubbles or a i r space remains in the capped v i a l . General 

chemistry samples were collected in one gallon plastic 

Cubitainers which were filtered later in the day. No 

fil t e r i n g was performed in the field due to the lack of 

ele c t r i c i t y . 

4) Ground Water Sampling 

Ground water from the monitor wells was sampled using the 

following procedure: 

(1) Thoroughly decontaminate the PVC bailer using 

the previously discussed procedure. 

(2) Purge a minimum of three well volumes from the 

monitor well so that a representative aquifer sample 

can be taken which w i l l not reflect stagnant water 

in the well casing. This was especially important 

for samples taken for organic analyses since samples 

were sometimes taken 24 hours after the wells had 

been completed. In this amount of time significant 

aerobic volatilization can occur making the analytic 

results unreliable. 

(3) Collect samples using the PVC bailer and place into 
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i n d i v i d u a l sample containers. Samples were taken 

from each well for aromatic and halogenated v o l a t i l e 

organic analysis and general ground water chemistry. 

5) Sample I d e n t i f i c a t i o n 

Sampling points were i d e n t i f i e d by an detailed and accurate 

description of i t s location. Each Cubitainer or glass v i a l 

was i d e n t i f i e d by attaching an inscribed tag or label, or by 

w r i t i n g with a waterproof pen d i r e c t l y on the p l a s t i c 

Cubitainer. A record was kept i n the f i e l d book of every 

sample collected. Information about the sample recorded i n 

the f i e l d book included: geographic location of the s i t e to 

the nearest quarter section, well name, exact location of 

sampling s i t e and point of c o l l e c t i o n , date and time of 

co l l e c t i o n and rate of discharge i f the sample was taken from 

a discharge point. 

Each sample was numbered with a unique ten d i g i t number which 

represented the time and date of c o l l e c t i o n . The f i r s t two 

digi t s , represent the year , t h i r d and fourth d i g i t s the month, 

f i f t h and s i x t h d i g i t s the day and the l a s t four d i g i t s the 

time of day i n m i l i t a r y time. For example a sample numbered 

8706091300 would represent a sample taken at 1:00pm on June 

9, 1987. Cubitainers and glass v i a l s were numbered with t h i s 
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code along with sampling location, well name, and the name of 

the person collecting the sample. 

6) Filtration 

Because of suspended solids in the ground water from the 

monitor wells, General Chemistry samples for measurement of 

dissolved inorganic constituents in the water had to be 

filtered. A Geotech Geopump 2 systolic f i l t e r pump with a 

tripod f i l t e r stand was used to f i l t e r a l l samples. The 

system works by pumping the water collected through a Micro 

Filtration Systems 0.4 5 micrometer average pore diameter 

membrane f i l t e r placed in the f i l t e r stand. I f the sample had 

a lot of suspended material i t was necessary to use a cloth 

prefilter to remove the bulk of the solids so that the water 

could pass the 0.45 millimeter membrane f i l t e r . The f i r s t 200 

m i l l i l i t e r s of f i l t r a t e was discarded in order to rinse the 

f i l t e r and fi l t r a t i o n apparatus of any contaminating 

substances. The remaining f i l t r a t e was collected in one l i t e r 

plastic Cubitainers. Extremely turbid samples which would not 

pass the cloth prefilters or limited samples from low yield 

wells were not filtered. 

Deteriorated samples negate a l l the efforts and costs expended 

in obtaining c[uality samples. In general, the shorter the 



time that elapses between c o l l e c t i o n of the sample and i t ' s 

analysis, the more r e l i a b l e w i l l be the a n a l y t i c a l results. 

Preservation methods such as c h i l l i n g of the sample or the use 

of preservatives can allow the sample to stand f o r a period 

of time before analysis. A l l samples were continuously stored 

in a 32 F ice bath i n coolers from the time they were sampled 

u n t i l they were delivered to the laboratory. 

7) Chain of Custody 

After c o l l e c t i o n and i d e n t i f i c a t i o n , the samples were 

maintained under s t r i c t chain of custody procedures. Due to 

the importance of the samples as p o t e n t i a l legal evidence, the 

possession of the samples was traceable from the time the 

samples were collected u n t i l the samples were delivered to the 

laboratory. To document sample possession, the following 

chain of custody procedures were followed: 

Sample Custody 

A sample i s under custody i f : 

1) i t i s i n the sampler's actual possession; or 

2) i t i s i n the samplers view a f t e r being i n his or 

her physical possession 

3) i t was i n the sampler's physical possession and 



then the sampler locked i t i n a secure area or 

vehicle to prevent tampering 

Field Custody Considerations 

1) Evidence Tape was used to preserve the i n t e g r i t y of 

the sample. The seal was attached i n such a manner 

that i t i s necessary to break the seal i n order to 

open the sample container. 

2) The f i e l d sampler was personally responsible f o r the 

care and custody of the samples u n t i l they are 

transferred or properly dispatched to the laboratory. 

Transfer of Custody and Shipment 

1) Samples were accompanied by a laboratory analysis 

form (Figure 6) which has a section to document chain 

of custody. When tr a n s f e r r i n g the samples, the 

individuals relinquishing and receiving must sign, 

date and note the time and location of transfer on the 

analysis form. This laboratory analysis form records 

transfer of samples from the sampler to any other 

person including f i n a l transfer to a laboratory. 
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SCIENTIFIC LABORATORY DIVISION 
700 Catnioo de Salud NE 

Albuquerque, NM 17106 Ml-2570 

REPORT TO: 

COLLECTION CITY: 

f-U>. No. OR-_ 

DATE REC. _ 

PRIORITY _ 

PHONZ(S): 

COUNTY: 

COLLECTION DATE/TIME CODE: (Y.«-Mooth-D»r-Hoar Muiuw) _ 

LOCATION CODE- (To«_-e-R»a«*-S«tioa-Tr»e_) I I I * 

USER CODE: I t I I I I SUBMITTER: 

J I L J 1 

J L \0SOttltUl) 

COPE:l I I I 

SAMPLE TYPE: WATER t_J. i o a - I—I- ' 0 0 ° L J . OTHER:. 

Thit form uumpuM _ _ _ Soptt—a VUla. Glaoa Juti. tail" 

Svmplot -art p w m d at fol low 

f~; NP: No Pitaerrat i - i : Sunpi* no—d at room usponra—. 

| | p.let Samplo •torod ia aa wa bath (Not FrsMa). 

| | p.Ka^SgOg Sample P—»a-/ed vita SoaUuai ThioauJfuo u ~ - « — • chlonae w i d u i i . 

A X - L Y S E S at-Q. P E T T E D : Pleaea chock the appropriate b n f - l below to iadtcau tho rrpe of eaajytieal B M I I 

n q u n d . Whenever pnooih- —rt epo__c compouadt tutpocttd or required. 

pTJRC CABLE sexmw 
• (TM) Alip-uis Bcadjpose (1-t Cartooa) 
1 ! (754) Arc—uie It B—ofuawd Pari———• 

|~~! (7*5) M i a Spec—oeaeier Purfutaiat 

_ 2 (TM) Tnaalomathaaaa 

Othar Specific Compound* or Claeee 

• 
G 
• 
• 

a—I 1KACTA—fLE S C R - S O T 

f~l (7J1) Aliphatic Hydrocartcna 

f~l (TU) B a M / V e c m l L x n v i u ^ 

P I (731) HorbiaojoB, Caioropnene—' d 

• (7J») Herbicidee. Tnaunae 

l~l (760) Onr—tachlonae Pertic-.det 

f~l (T i l ) Or—uwphoophaia Pwtteidoi 

r~l (7(7) Poire—lonuted BiphcaTit (PC3'i) 

[""! (7*4) Poirauclear Aromatic Hyiroearsocj 

O (Ttl) SOWA Paattciaaa & Kt.-Di;:iei 

r H X D DATA: 

D H « Conductivity—. umho/em ot 

Diitoived Oxyetn—_ 

Depth to voter 

o\|/l; - AUuliattyu 

ft.; Depth oT m i l 

C. Chlonat Raeidual* 

__l71; Do" R»—_ 

ft.: Perforation Interval _ft.. C**iaf_ 

Sur.;ua( Locwioa, Method* tad t t m u t l (i.o. oaon, etc.) 

I certify thot tho roouJtt ta thia bloc* accurately reflect tfta ratuita of my field analytea. ootervatiooa erd 

actintiee.(ufnatun collector): Mtthod of Shipment to tht L ie 

CHAIN OF CUSTODY 

I certify thu thit temple n o transferred (rem 

at (location) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ oa / I - _ _ _ _ _ _ _ -oo 

tha itatcmenta ta thia bloea aro comet. Evidentiary Seeu: Not Scaied _ _ OR See— Intact: Yaa _ _ Se _~j 

Si—laturet ' _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . 

Figure 6 - Laboratory Analysis Form 
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2) The person relinquishing the samples requested the 

signature of a representative of the appropriate party 

acknowledging receipt of the sample on a chain of 

custody master sheet (Figure 7). 

3) A l l shipments were accompanied by the chain of custody 

form showing i d e n t i f i c a t i o n of the contents. The 

o r i g i n a l laboratory forms and chain of custody master 

sheet accompanied the sample shipment u n t i l custody 

was relinquished to the laboratory. The master sheet 

was then returned to be retained by the sampler. 

Laboratory Custody 

Responsibility for the samples was transferred to the 

laboratory the moment the samples were accepted by the 

laboratory receiving s t a t i o n . The receiving s t a t i o n i s 

then responsible for d i s t r i b u t i n g the samples to the 

performing laboratory area. The supervisor of the 

performing area then takes custody of the samples 

e.cording to the laboratories own chain of custody 

rules and i s responsible for t h e i r d i s t r i b u t i o n and 

storage. 
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RESULTS AND DISCUSSION 

Approximately 200 unlined produced water disposal p i t s were 

evaluated f o r inclusion i n the San Juan Basin produced water 

study. Numerous d i f f i c u l t i e s were encountered when carrying 

out the preliminary s i t e evaluations. Inaccuracies i n 

reporting depth to ground water on the N.M. O i l Conservation 

Division R-7940 p i t r e g i s t r a t i o n forms was a common problem 

because many companies used United States Geological Survey 

topographic quadrangle maps to estimate ground water depths 

for each well s i t e based on the elevation of the s i t e above 

the elevation of adjacent r i v e r s . But, such estimates were not 

e n t i r e l y accurate. As a re s u l t many si t e s v i s i t e d during the 

preliminary evaluations encountered ground water at depths of 

much less than ten feet or at depths greater than 25 feet, the 

l i m i t of hand augering and could not be used i n the study. 

In addition, other sites could not be investigated due to the 

presence of large gravel and cobbles or because the s i t e was 

inaccurately l i s t e d and had no unlined produced water p i t s . 

Of the 200 sit e s evaluated, 13 had ground water that was 

accessible with the available equipment and had small volume 

produced water discharges of less than f i v e barrels per day. 

Information at two of these si t e s was gathered during j o i n t 

company/OCD investigations. Observations f o r the 13 si t e s 

studied are summarized i n Appendix A. 



Three s i t e s had steel tanks i n s t a l l e d i n place of the unlined 

p i t s i n the three month period between the preliminary s i t e 

evaluation and i n s t a l l a t i o n of the monitor wells. An 

additional two sites had produced water p i t s replaced by steel 

tanks p r i o r to the preliminary s i t e evaluations. These f i v e 

s i t e s were considered to represent ground water conditions 

related to p r i o r disposal of produced water i n unlined p i t s . 

A v a r i e t y of a l l u v i a l sediments were encountered during 

i n s t a l l a t i o n of the monitor wells. Sediments consisted of 

alt e r n a t i n g layers of sands, s i l t s and clays of varying 

thickness. Approximately h a l f the s i t e s had wells completed 

in medium to coarse sands. The remaining wells were completed 

in s i l t y t o sandy clays with the exception of the Valdez A#1E. 

At the Valdez A#1E, dense clays were encountered which were 

d i f f i c u l t to penetrate with the hand auger. 

Depth to ground water at the sites was also variable. At six 

of the sites ground water depths ranged from 10 to 15 feet. 

Two additional sites had depths to ground water between five 

to 10 feet and the remaining sites had ground water at depths 

ranging from 15-32 feet. 

40 



Background water q u a l i t y 

The background chemistry of the ground water (Appendix A) from 

the upgradient monitor wells i s characterized by high s u l f a t e , 

low chloride waters due to the abundance of gypsum i n the 

sedimentary deposits of the San Juan Basin. The TDS of these 

waters varied from 444 to 7802 mg/l. The chloride 

concentrations of these natural ground waters rar e l y exceeded 

100 mg/l. Ground water from two t r i b u t a r y canyons adjacent 

to two of the sites studied, Largo Canyon and Carrizo Canyon, 

also exhibited the same general water chemistry as that of the 

valley f i l l at sites studied along the San Juan River. 

No v o l a t i l e organics were present i n the upgradient wells at 

10 of the 13 si t e s . Three well s i t e s , the Sullivan Frame 

A#1E, Grambling A#3A and Tapp Comm 5 ( Appendix A) had BTEX 

levels near the laboratory detection l i m i t s i n the upgradient 

wells. The o r i g i n of these organics can not be conclusively 

determined with the available information. A l l three s i t e s 

have o i l and gas production f a c i l i t i e s with unlined produced 

water p i t s located upgradient from them. The low lev e l 

organics seen upgradient at these s i t e s could be due to 

upgradient o i l and gas production disposal practices or old 

buried reserve p i t s , the locations of which are not known. 

I t should be noted that BTEX levels i n monitor wells 

downgradient from these three produced water p i t s were higher 
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than those found i n the upgradient wells. 

Produced water 

Tables containing the reported discharge volume, depth to 

ground water and water q u a l i t y analyses for each s i t e can be 

found i n Appendix A. Company reported discharges of produced 

water ranged from a low of 0.05 barrels per day to a high of 

three barrels per day. Ten s i t e s studied had unlined p i t s 

receiving discharges of one barrel per day or less. The d a i l y 

discharge volumes reported by companies are calculated based 

on the t o t a l volume discharged over a one month period which 

i s determined by a counter on the separator. The volumes 

discharged could not be independently v e r i f i e d i n the f i e l d 

since various wells were shut i n due to the slack natural gas 

market and had no discharge, or because no discharges occurred 

during the time of the investigations. 

Of the 13 s i t e s , only eight had produced water available for 

sampling and analysis. Four of the eight sampled had no 

f l u i d s . i n the p i t s and were sampled at the discharge pipe o f f 

of the separator by an operator t r i p p i n g the separator's 

discharge mechanism. Only p i t f l u i d s were available for 

sampling at three of the eight locations. The other f i v e 

s i t e s could not be sampled because they had neither p i t f l u i d s 
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nor produced water i n the separator or because the wells were 

shut i n . 

Samples from the p i t s or separators commonly contained both 

a hydrocarbon and water phase. With the exception of one 

s i t e , a l l of the produced water sampled was high i n dissolved 

phase v o l a t i l e organics (Appendix A). The exception was the 

Sullivan Frame A#1E which had no ethylbenzene and very low 

benzene, toluene and xylene concentrations. These low values 

are most l i k e l y the res u l t of v o l a t i l i z a t i o n since the well 

was shut-in four months p r i o r to sampling and the produced 

water had been i n an open tank for t h i s e n t i r e period. The 

attenuation of v o l a t i l e organics as a d i r e c t r e s u l t of flash 

v o l a t i l i z a t i o n was also observed at the one s i t e , Valdez A#1E 

(Appendix A) , from which both the separator and p i t was 

sampled. Here there was approximately a f o u r - f o l d decrease 

between the concentrations of v o l a t i l e organics i n produced 

water e x i t i n g the separator and produced water contained i n 

the p i t . 

Chloride and TDS concentrations of the produced waters at four 

of the eight sites sampled were r e l a t i v e l y low. Produced 

waters at Gallegos Canyon Unit F#162, Tapp Comm 5, Grambling 

A#3A, and Gerk B#1M were lower i n TDS than the natural ground 

waters, but, chloride concentrations of the produced waters 

were s t i l l higher than natural ground waters. According to 
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the New Mexico Water Quality Control Commission standards for 

ground water q u a l i t y (Table 4) , the produced waters discharged 

at the Tapp Comm 5 and the Gallegos Canyon Unit F#162, with 

t o t a l dissolved solids of 382 and 320 respectively, are so 

low i n t o t a l dissolved solids as to be i n the range of TDS of 

fresh water supplies. The other four s i t e s had produced 

waters with t o t a l dissolved solids i n excess of 10,000 mg/l, 

two of which, the Marquis Eaton A#1E and Sullivan Frame A#1E, 

have produced water with chloride levels exceeding 10,000 

mg/l. 

Downgradient water chemistry 

Table 5 provides a b r i e f summary of the number of sites 

contaminated by salts and dissolved phase hydrocarbons. 

Although chloride and TDS concentrations of ground water 

occasionally increased downgradient from the produced water 

p i t s , nine of the 13 sites studied show only minimal effects 

of chloride and TDS contamination. Whereas the encroachment 

of f l u i d s discharged to produced water p i t s upon natural 

ground water was not readily apparent at these nine sites 

using h i s t o r i c a l contaminant markers, chloride and TDS, ground 

water was s i g n i f i c a n t l y impacted by v o l a t i l e organic compounds 

from produced water p i t s at f i v e s i t e s . Four of these f i v e 

s i t e s with minimal downgradient ground water degradation from 
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Aluminum (Al) 5.0 mg/l 
Arsenic (As) 0.1 mg/l 
Barium (Ba) 1.0 mg/l 
Benzene 0.01 mg/l 
Benzo-a-pyrene 0. 00007mg/l 
Boron (B) 0.75 mg/l 
Cadmium (Cd) 0 .01 mg/l 
Carbon T e t r a c h l o r i d e 0.01 mg/l 
Chloride (Cl) 250.0 mg/l 
Chloroform 0.1 mg/l 
Chromium (Cr) 0. 05 mg/l 
Cobalt (Co) 0. 05 mg/l 
Cooper (Cu) 1.0 mg/l 
Cyanide (Cn) 0.2 mg/l 
Ethylbenzene 0.75 mg/l 
Ethylene dibromide (EDB) 0.0001 mg/l 
Fl u o r i d e (F) 1.6 mg/l 
I r o n (Fe) 1. 0 mg/l 
Lead (Pb) 0 . 05 mg/l 
Manganese (Mn) 0 . 2 mg/l 
T o t a l Mercury (Hg) 0 . 002 mg/l 
Methylene c h l o r i d e 0.1 mg/l 
Molybdenum (Mo) 1.0 mg/l 
Nick e l (Ni) 0.2 mg/l 
N i t r a t e (NO as N) 10.0 mg/l 
PAHs: t o t a l napthalene plus 

mg/l 

monomethylnapthalenes 0. 03 mg/l 
pH between 6 and 9 
Phenols 0.005 mg/l 
P o l y c h l o r i n a t e d biphenyls (PCB's) 0. 001 mg/l 
R a d i o a c t i v i t y : Combined 

Radium-2 2 6 and Radium-228 30.0 p c i / l 
Selenium (Se) 0 . 05 mg/l 
S i l v e r (Ag) 0.05 mg/l 
S u l f a t e (SO ) 600.0 mg/l 
Toluene 0.75 mg/l 
T o t a l Dissolved Solids (TDS) 1000 mg/l 
Uranium (U) 5.0 mg/l 
V i n y l c h l o r i d e 0.001 mg/l 
T o t a l xylene 0.62 mg/l 
Zinc (Zn) 10. 0 mg/l 
1,1 - dichloroethane 0. 025 mg/l 
1,2 - dichloroethane (EDC) 0.01 mg/l 
1,1 - d i c h l o r o e t h y l e n e (1,1-DCE) 0.005 mg/l 
1,1,2,2 - t e t r a c h l o r o t h a n e 0.01 mg/l 
1,1,2,2 - t e t r a c h l o r o e t h y l e n e (PCE) 0. 02 mg/l 
1,1,1 - t r i c h l o r o e t h a n e 0. 06 mg/l 
1,1,2 - t r i c h l o r o e t h a n e 0.01 mg/l 
1,1,2 - t r i c h l o r o e t h y l e n e (TCE) 0.1 mg/l 

Table 4 - State of New Mexico Water Quality Standards (New 
Mexico Water Quality Control Commission, 1989) 
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HYDROCARBON 

IMPACT 

NO 

HYDROCARBON 

IMPACT 

SALT IMPACT 

MINIMAL SALT 

IMPACT 

Table 5 - Summary of Types of Contaminated Sites Studied. 
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chloride or TDS had BTEX in ground water at levels greatly i n 

excess of New Mexico Water Quality Control Commission ground 

water q u a l i t y standards. One of these s i t e s , the Grambling 

A#3A, had f l o a t i n g product on the water table which was 

i d e n t i f i e d as a high q u a l i t y natural gas condensate. The 

product on the water table at t h i s s i t e i s probably the r e s u l t 

of a past oil-water separator upset to the p i t or a s p i l l from 

the adjacent condensate storage tank as v i r t u a l l y no product 

was observed i n the produced water p i t . 

Samples of ground water taken from the monitor wells at the 

remaining four s i t e s showing minimal downgradient effe c t s from 

chloride or TDS did not have any detectable concentrations of 

dissolved phase purgeable aromatic hydrocarbons. Possible 

reasons include attenuation of the v o l a t i l e organics at the 

surface and i n the vadoze zone, lack of separator discharges 

from producing wells which were shut i n or incorrect location 

of monitor wells at sites as a r e s u l t of the unlined p i t s 

being replaced by steel tanks. For example, though operating, 

the Heath Gas Comm G#l well did not discharge during three 

s i t e v i s i t s , including two f u l l day investigations. Another 

w e l l , -he Marquis Eaton A#1E, had i t s p i t replaced by a tank 

between the time of the i n i t i a l s i t e v i s i t and the detailed 

investigation several months l a t e r . The p i t was covered and 

i t s exact location was uncertain at the time of the return 

v i s i t . 

47 



The four remaining s i t e s , the Gallegos Canyon Unit #153E, 

Sullivan Frame A#1E, Riddle F LS#3A and Abrams L#l have ground 

water downgradient from the p i t s contaminated with both salts 

and dissolved phase v o l a t i l e organics. BTEX levels at these 

sites exceed state ground water q u a l i t y standards except at 

the Sullivan Frame A#1E. Traces of free f l o a t i n g product were 

also present at one downgradient well on the Gallegos Canyon 

Unit #153E s i t e , again probably due to oil-water separator 

upsets. I t i s i n t e r e s t i n g to note that a l l of sit e s that had 

downgradient ground water contaminated by TDS and chloride 

also had BTEX contaminated ground water. 

A l l volumes of produced water f l u i d s discharged to unlined 

p i t s appear to be s i g n i f i c a n t when looking at i n f i l t r a t i o n of 

dissolved phase organics. BTEX was discovered i n ground water 

downgradient of produced water p i t s with reported discharges 

as low as 0.05 barrels per day. Eight p i t s received 

discharges of less than one barrel per day. Of these eight, 

six s i t e s showed BTEX contaminants i n downgradient ground 

water at levels greater than New Mexico Water Quality Control 

Commission water q u a l i t y standards. 

Contamination of ground water by dissolved phase v o l a t i l e 

organics was observed to occur at about a l l types of ground 

water depths studied. High concentrations of dissolved BTEX 

was present i n ground water downgradient of a l l s i t e s with 
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depths to water between 5-10 feet. Varying levels of BTEX 

contaminated ground water were also discovered at 66% of the 

sites with depths to ground water between 10-15 feet and at 

60% of the si t e s with ground water depths ranging from 15-3 5 

feet. One s i t e , the Gallegos Canyon Unit F#162, with a 

vadoze zone thickness of 20 feet had high concentrations of 

dissolved BTEX contamination of ground water downgradient from 

the p i t with a produced water discharge as low as 0.10 barrels 

per day. 

CONCLUSIONS 

In the San Juan Basin, localized contamination of shallow 

water table acjuifers by dissolved phase v o l a t i l e organics i s 

occurring as a re s u l t of surface disposal of produced water 

f l u i d s i n unlined p i t s . These studies have shown tha t even 

small volume discharges of r e l a t i v e l y low TDS produced water 

to unlined p i t s results i n the det e r i o r a t i o n of shallow 

natural ground water q u a l i t y by purgeable aromatic 

hydrocarbons. Although numerous mechanisms e x i s t at each s i t e 

for the attenuation of v o l a t i l e organics, s i g n i f i c a n t BTEX 

contamination of ground water i s s t i l l occurring. 

Small volumes of produced water i n f i l t r a t i n g through unlined 
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p i t s resulted i n ground water contaminated with varying levels 

of dissolved phase purgeable aromatic hydrocarbons and/or 

sal t s at 70 percent of the sit e s studied. The analytic 

results show benzene, toluene, ethylbenzene and xylene i n 

excess of New Mexico Water Quality Control Commission water 

q u a l i t y standards at over 50 percent of the s i t e s . Benzene, 

toluene, ethylbenzene and xylene alone was responsible for 

contaminated ground water at approximately 4 0 percent of the 

si t e s . 

In addition to documenting the pot e n t i a l f o r ground water 

contamination from small volume discharges t o unlined produced 

water p i t s , t h i s study i l l u s t r a t e s one of the problems facing 

regulatory agencies when developing ground water protection 

regulations. In order to enact regulations to prevent 

p o t e n t i a l ground water contamination from an industries 

preexisting disposal practices, the burden of proof l i e s with 

the regulatory agency and not with the affected industry. 

This leaves the regulatory agency i n the position of having 

to provide evidence that a disposal practice i s currently 

contaminating ground water or can be reasonably foreseen to 

be a threat t o ground water before preventing i t . In 

contrast, i f an industry i s required to apply to a regulatory 

agency fo r a discharge permit, the industry would be asked to 

prove that the discharge would have no detrimental e f f e c t on 

underlying ground water thereby s h i f t i n g the burden of proof 



to the affected industry. Therefore, i n the absence of a 

specif i c regulation an industry could be allowed to continue 

disposal practices that are p o t e n t i a l l y damaging to ground 

water u n t i l the disposal practice actually contaminates ground 

water. 

In New Mexico, regulatory steps have been taken over the years 

to minimize ground water degradation from the surface disposal 

of large volumes of produced water. As a r e s u l t of t h i s 

study, i t i s apparent that additional measures need to be 

taken to further reduce the p o t e n t i a l for contamination of 

ground water by unlined p i t s receiving small discharges of 

f l u i d s i n areas of shallow vulnerable ground water. This can 

be accomplished by replacing a l l e x i s t i n g unlined p i t s i n 

shallow ground water areas with lined p i t s or tanks, or by 

connecting exi s t i n g o i l and gas well separators i n t o i n j e c t i o n 

well systems. Alternately, f o r unlined p i t s located i n these 

areas, a monitoring well network should be i n s t a l l e d and 

sampled p e r i o d i c a l l y by the operators for aromatic and 

halogenated purgeable organics as well as h i s t o r i c a l 

contaminants such as TDS and chloride. Such a system would 

at least provide for the early detection of produced water 

encroachment on natural ground water. 
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