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ABSTRACT 

The implementation of environmental mitigation and monitoring commitments made by 
the U.S. Department of Energy (DOE) in documents prepared (pursuant to the National 
Environmental Policy Act) for four geopressure design well projects was evaluated by Oak 
Ridge National Laboratory ( O W )  staff. The evaluation was based on site visits conducted 
in August 1982 and April 1983 and on a review of monitoring and project activity reports 
provided by DOE contractors. The projects evaluated include: Pleasant Bayou No. 1 in 
Brazoria County, Texas; Dow Parcperdue in Vermilion Parish, Louisiana; and Gladys McCall 
and Sweet Lake No. 1 well sites in Cameron Parish, Louisiana. 

The contractors responsible for drilling and testing activities at the well sites have 
adequately implemented most of the mitigation measures described in each project’s site- 
specific Environmental Assessment (EA). Exceptions include the lack of impermeable liners 
for drilling mud pits at the Dow Parcperdue, Gladys McCall, and Pleasant Bayou sites and 
the lack of a ring levee at the Pleasant Bayou site. Air and water quality and noise 
monitoring activities were not performed as strictly as outlined in the EAs. 

A review of the monitoring data collected to date indicates that no significant 
environmental degradation has occurred. This report recommends additional or future 
monitoring needs, especially with regard to soil contamination, subsidence, and 
microseismicity, and provides guidance for decommisioning. 
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SUMMARY 

This report verifies the implementation of environmental mitigation and monitoring 
commitments made by the US. Department of Energy (DOE) in National Environmental 
Policy Act (NEPA) documents [Environmental Assessments (EAs)] prepared for four 
geopressure design well projects, one in Texas (Pleasant Bayou) and three in Louisiana (Dow 
Parcperdue, Gladys McCall, and Sweet Lake). The evaluation is based on visits to the project 
sites conducted by Oak Ridge National Laboratory (ORNL) staff in August 1982 and April 
1983 and on a review of monitoring and project activity reports provided by DOE 
contractors. 

Contractors responsible for drilling and testing activities at the well sites have 
adequately implemented most of the mitigation measures described in each project’s EA. 
Exceptions include the lack of impermeable liners for drilling mud pits at the Dow, Gladys 
McCall, and Pleasant Bayou sites and the lack of a ring levee at the Pleasant Bayou site. 

Water quality, noise, and air monitoring were not performed as strictly as outlined in 
the EAs. The reasons are twofold: (1) the initial testing at the Pleasant Bayou and Sweet 
Lake sites indicated little change in baseline concentrations or ambient levels of those 
parameters being monitored and (2) federal funding cutbacks have resulted in the 
termination of some monitoring and the failure to initiate that which had been planned. A 
review of the data collected to date indicates that no significant environmental degradation 
has occurred. The ORNL staff has recommended additional or future monitoring needs, 
especially with regard to subsidence, microseismicity, and groundwater and soil sampling. In 
addition, one or more future follow-up site visits is planned. 

Because of the effectiveness of mitigation and monitoring for these geopressure projects 
and because of the generally benign nature of geothermal energy resource development and 
utilization, the environmental impacts of the DOE design well program have been few and 
minor. Follow-up activities such as those undertaken in this study would be useful for all 
extant federal projects that have undergone the NEPA environmental review process, 
particularly those involving more s ign i fhn t  impacts than those of geothermal projects. 

Firm decisions with regard to the future of the geopressure design well program have 
not been made. It is recommended that, when the projects are decommissioned, DOE ensure 
that abandonment of the wells meets all federal, state, and local requirements and that the 
sites are restored either to their original conditions or to the extent specified in the EAs. 

xi 



1. INTRODUCTION 

In 1976, the U.S. Energy Research and Development Administration [ERDA; now the 
Department of Energy (DOEII, Division of Geothermal Energy, established a Geopressure 
Subprogram intended to encourage the development of a viable industry to exploit the 
geothermal geopressured resource along the Texas-Louisiana Gulf Coast. To stimulate 
industrial interest in development of the unproven geopressured resource, ERDA initiated 
exploration of the range of technical, economic, and institutional factors associated with 
development of this resource. Subprogram activities were categorized into resource 
development, resource utilization, engineering research and development, and environmental 
control and institutional studies. Resource development support has been focused on 
exploration technology, resource assessment, and reservoir confirmation. Resource 
assessment has involved well production tests and the acquisition of specific geopressured 
reservoir information on a regional basis. Both these latter tasks have been accomplished, in 
part, by the drilling and testing of four geopressure design wells. 

The drilling and testing undertaken at the four DOE geopressure wells generally involve 
the following activities. First, wells are drilled. A production well is drilled into the 
geopressured geothermal zone [3OOO-4OOO m (10,OOO-15,OOO ft)) an injection (disposal) well is 
drilled to about one-third the depth of the production well. (Disposal wells for geopressure 
projects differ from those used in hydrothermal projects, which typically reinject to the 
production zone, primarily to avoid the higher costs and technical problems that accompany 
drilling into geopressured zones.) Well drilling is followed by production, testing, and 
reinjection. 

Production of geothermal brine from the reservoir yields a high-temperature [121-148"C 
(250-300"F)), pressurieed fluid consisting of steam, noncondensable gases, and water. When 
it  reaches the surface, the fluid pasaea through a gas separator to remove methane and 
other noncondensable gases. The gas ia then f l d .  If i t  is to be sold, the gas may be treated 
to remove hydrogen sulfide, carbon dioxide, and/or water vapor prior to sale. The produced 
fluid that remains after removal of gas is then used to determine the volume of the 
reservoir (cumulative data), physical and chemical characteristics of the brine, and 
production capability of the reservoir (e.g., from flow rates and other physical 
measurements). After testing, the brine is reinjected via the disposal well. 

Testing of geopressured systems is intended to generate data that may be used to 
develop potential future applications, including (1) generation of electricity by use of the 
thermal energy of the fluid, (2) direct use of the thermal energy for process or residential 
heating systems, (3) harnessing of hydraulic energy for industrial use, and (4) the 
production of natural gas for residentiaVcommercia1 consumption. 

This report evaluates the environmental mitigation and monitoring commitments made 
by DOE with regard to activities of the geopressure design well program of the Geopressure 

1 



2 

Subprogram, Geothermal and Hydropower Technologies Division. The purpose of this study 
was to verify implementation of measures outlined in environmental documents prepared 
for four geopressure design well projects pursuant to the National Environmental Policy Act 
(NEPA) of 1969. NEPA analyses are performed and published to satisfy legal requirements 
prior to the initiation of a proposed federal action. These analyses play a major role in the 
decision making that affects the future of many projects; however, more often than not, 
little or no follow-up analyses are carried out to assure decision makers that environmental 
protection requirements are actually implemented or that they are effective. Although 
NEPA requires follow-up only for environmental impact statements (EISs), this study 
provides a necessary follow-up to environmental assessments (EAs) of thd design well 
projects. Environmental monitoring and the design and implementation ‘ of mitigation 
measures are related components of the NEPA process. typic ally,^ mitigation measures are 
designed to ameliorate any predicted or potential impacts. Monitbring is initially conducted 
to characterize the environmental baseline. and later to provide early warning of 
unanticipated impacts or of the need for additiona1”or improved mitigation measures. 

The study was conducted by Oak Ridge National Laborahry (ORNL) staff members, 
some of whom were involved in the preparation of’ the program tic and site-specific 
geopressure design well EAs. The projects evaluated include Pleasant Bayou No. 1 in 
Brazoria County, Texas; Dow Parcperdue in Vermilion Parish, Louisiana; and. Gladys McCall 
and Sweet Lake No. 1 well sites in Cameron Parish, Louisiana (see Fig. 1). Section 2,of 
this report presents the methodology used fo uating mitigation and monitoring 
commitments at these sites, Sect. 3 presents- Its of the evaluation, and Sect. 4 
provides conclusions and recommendations. 



ORNL-DWG 83-9604 

Fig. 1. Locations of the four geopressure deaign wells evaluated in thie study. 
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2. METHODOLOGY 

To provide a basis for evaluation of the environmental mitigation and monitoring 
commitments made by DOE at four geopressure design well projects, the ORNL staff 
reviewed site-specific EAs prepared for each project, "Findings of No Significant Impact" 
(FONSIs), and/or memoranda, if available and pertinent. The documents reviewed include: 

Dow Parcperdue: Lh@ Envimnmatal Ass-, Dow Parcperdue Geopressure 
Prqject, Vmdlion Parish, Louisiana, March 1980 (DOE,1980a); memorandum dated 
May 9,1980 (Clusen, 1980s). 

Sweet Lake: Envimnmental Assessmat, Geothermal Energy Geopressure Subprogram, 
DOE Sweet Lake No. 1, Cameron Parish, Lollisiana, DOE/EA-006!5, February 1980 
(DOE, 1980b); FONSI dated March 11,1980 (Clusen, 1980b). 

Gladys McCall Envimnmental Assessment, Geothermal Energy Geopressure 
Subprogram, DOE Gladys MdXI Well Site, Cameron Parish, Louisiana, DOE/EA-0134, 
January 1981 (DOE, 1981); FONSI dated March 16,1981. 

Pleasant Bayou: E n v i m m  Assessment, Geothermal Energy Geopresmre 
S w m ,  GCO-DOE, Pleasant Bayou Na 1, Brazoria County, Team, DOE/EA-0013, 
March 1978 (DOE, 1978); memoranda dated March 2'7, 1978 (Liverman, 1978) and 
January 15,1979 (Cotter, 1979). 

Following a review of the preceding documents, a detailed checklist was prepared, 
identifying commitments made by DOE with regard to mitigation of potential 
environmental impacts, baseline and operational monitoring, and future decommissioning of 
each project. Each checklist included a general classification of the resource area affected 
(e.g., land resources), a reference to the document and page on which the commitment was 
made, a verbatim excerpt of each commitment, and an identification of the project phase in 
which the commitment was to be fulfilled. 

When the checklists were complete, the ORNL staff contacted DOE monitoring 
contractors in Texas and Louisiana to obtain progress and/or annual reports with regard to 
current and past monitoring activities. Environmental monitoring in Louisiana was 
conducted by the Louisiana Geological Survey, and monitoring activities in Texas were 
performed at the direction of the University of Texas, Bureau of Economic Geology. All 
available reports were reviewed, and monitoring activities were compared with the 
commitments outlined in EAs, FONSIs, and other documents. Specific data and information 
were obtained through personal communications with the individual contractors. 

Site operating contractors were contacted next. The site managers provided ORNL with 
progress reports and described the current status of each project. Arrangements were made 
for the ORNL project staff to visit each site to (1) verify the implementation of 
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commitments made in the NEPA documents, using the checklists as a guide, and 
(2) determine future mitigation and monitoring needs related to restoration of the site 
upon decommissioning of the design wells. 

Site visits were conducted as follows: August 10, 1982, and April 24, 1983, Dow 
Parcperdue; August 11, 1982, Sweet Lake; August 12, 1982, and April 25, 1983, Gladys 
McCall; and August 13, 1982, Pleas aypu. Verification of commitments involved direct 
physical inspection of facilities an ssions with the site manager or project manager. 
In addition, personnel from the ied,the ORNL team 
on the initial Dow site visit to se ng activities, at that 
location. i s  

for each geopressure design 
well project. The reports which follow pro\(ide a brief background description of the project 
and its current status; a verification of commitments outlined in'NEPA documents; a 
description of any revisions to origind commitmenti whicli have been implemented; a 
description of future mitigation and monitoring plans; recommendations for future 
mitigation and monitoring and a brief iption of future plans for each project, based on 
discussions with the Geopressure Program Manager in.'Washin&n, D.@, and with the site 
managers. 

Geological Survey accom 
t-hand witnesses to mon 

Subsequent to the site visits, ORNL staff prepared repo 

0 
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3. EVALUATION OF COMMITMENT6 

3.1 Dow Parcperdue 

At the Dow site, a well was drilled into the geopressured reservoir to produce from the 
reservoir until the resource was depleted. Dow obtained from the owner, Lee Roy Sweezy, a 
geothermal lease of a 15.2-ha (37.5acre) tract of land, now known as the Sweezy tract. 

From site preparation to site restoration, the project was originally scheduled to last 24 
months. Throughout this period the surrounding environment was to be monitored as 
described in the Environmental Monitoring Plan in Appendix A of the EA (DOE, 1980a). 
Site preparation began in January 1981. The production well was completed in the summer 
of 1981 at a depth of about 4,069 m (13,350 ft), and preliminary flow testing began in 
October 1981. The injection well was drilled in early 1982 at a depth of about 1,524 m (5,000 
ft)  (C. K. Geoenergy, 1982a). The Dow well typically produced about 1,590 m8 (l0,OOO bbl) of 
brine per day and about 4250 m8 (150,OOO ft8) of gas per day. Increasing the brine production 
rate above this value produced severe sanding problems that restricted production to about 
half the design value (Dow, 1982). The experiment was designed for a brine flow production 
of about 3,180 m*/d (20,OOO bbVd). 

Well testing was to have continued through June 1983 and the project decommissioned 
during July and August 1983. However, on February 5, 1983, the well was shut-in to 
determine why the gas flare was not burning although brine production was contining. Upon 
inspection, i t  was found that the gas separator and sand filters contained approximately 
4 to 5 bbl of fine sand and clay. On February 8, 1983, about 150 m (500 ft) of sand was 
detected above the perforations in the producing well. The disposal well was filled with sand 
to about 6 m (20 ft) above the perforations. DOE decided to terminate the Dow project at 
that time. The cost of restoring the wells and the above-ground equipment to original 
operating condition, combined with the limited mound  of data yet to be obtained, were 
major factors contributing to the decision to abandon the wells ahead of schedule. On March 
30 the plugging and abandonment ( P U )  p d u r e  was completed for the disposal well, and 
on April '7 the P&A was completed for the production well. All procedures were in 
accordance with Louisiana Office of Conservation regulations for the drilling, production, 
and plugging of geothermal wells (Rule XVI of Statewide Order No. 29-P). Project 
decommissioning and site restoration were completed in May 1983. 

3.1.1 Commitment Checklist 

This section verifies monitoring and mitigation commitments in the EA for the Dow 
geopressure design well. The bases for this verification were onsite inspections using a 
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checklist consisting of a summary of all statements concerning monitoring and mitigation 
that were made in the NEPA documents prepared for the project. 

Table 1 presents the checklist for the Dow well, as verified on August 10, 1982. 
Further comments are included in the text, based on a follow-up site visit in April 1983. The 
following items are noted: 

Use ofpit liners-The drilling mudspitAwas approximately 61 by 102 m (200 by 335 ft) in 
size. The liner (8-mm black polyethylene) was torn for approximately 12 months, after 
which it was repaired. During this period, toxic materials in the mud, if any, had a 
pathway by which to contaminate the soil and groundwater. [It must be noted that the 
liner was approximately. 8 mm. (0.3 in.) of black polyethylene plastic,! a material more 
likely to tear than commercial-grade. p.it .,liners.) An: additional, pit was constructed- at 
the well site as a temporary brinekholding pit [size approximately 31 by 61 m (100 by 
200 ft)]. This was also lined, and*during the August.site visit, .the,liner appeared to be 
intact. However, during the completion of a build-up teston4November 5,1982, a drop in 
the level of brine in the brine pit was detected. Because ;;brine had been pumped, a 
leak was susppcted. Inspection ined that brine had*entered 
ditch. The brine pit. wed e injection I into the,> dispq 
inspection of “the. liner identifie 33-m (110-ft) and;,two 20-mr(65-ft) rips; the liner 
had apparently separated salon -applied% seams because of the upward.,pressure of 
gas bubbles (most likely methane from decomposition of. organic matter). Louisiana 
State University (LSU) began monitoring salinity and conductivity at several surface 
sites established because of the leak and continued monitoring salinity-related 
parameters (i.e., chloride) a t  pre usly established I surface water and groundwater 
monitoring stations. Data collecte n. November .15, 1982; indicated that conductivity 
and salinity were above background levels. Levels of 2 water quality parameters 
associated with salinity were observed to decrease with time; chloride concentration at 
the LeBlanc Ditch Station [approximately 5 km (3 mi) southwest of the well site] was 
about 273 ppm in November andrabout 10.5 ppm in February (Trahan, 1983). When 
compared to mean concentrations, of chloride in the geothermal brine. (55,000 ppm; 
Keeley and Meriwether, 1983), contamination was relatively low. The environmental 
impacts of the torn liner appear to have been minimized by the.quick action of the 
onsite crew in removing the water&from$,the ditch and in flushing the ditch with fresh 
water. As part of the decommissioning of the Dow well, soil samples in the pit and 
around its north leveee were analyzed by Southern Petroleum Laboratory in April 1983. 
Gulf Coast Agricultural Associates,. Qxj .  an agricultural ,consulting firm that assisted 
Dow in project decommissioning,- reviewed the .soil analysis data and recommended: that 
the entire north levee and no less than 0.3 m (1 ft) of soil on-the bottom of the p i the  
removed for appropriate offsite disposal. 

5 H ~ d m g e n  sulfide (HzS) removaGBecause no measurable quantities of H2S were found 
in the natural gas extracted from the well (Keeley and Meriwether, 1982), ,the H2S 

, ’ flared, and any trace amounts of HzS’present were most likely oxidized to sulfur dioxide 
removal equipment planned as a mitigation measure was not needed. The gas was 

(S02). 
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Table 1. Mtigation and monitoring checkbt for the Dow Pamperdue 
gempreasum dedgn well, Vermilion Puish, LOaidrna 

Page no. in EAa Commitment! Project phasec Verificationd Recommendations 

Generolsite 21,- 2-5 "Dow proposea to relocate a C 
preparspior shallow drainage ditch 

which crosses the 
project s i b "  

h n d  lvsowwa 
e m i o n  

subsidence 

seismicity 

2-3 

2-3 

4-6 

4-8 

4-8 

"Materiala excavated during 
the (mud) pit's con- 
struction will be placed 
along its sides to form 
a dike. . .it will be 
lined with an impervious 
material." 

"A ring Ievee (3 ft)  will 
surround proje!ct.. . 
land around i t  will 
be Sloped to provide 
drainage." 

'To prevent m i o n ,  vege- 
tative c o w  will be 
plantad on the ring 
levee and on the dike 
around the mud pit." 

"Any heavy erosion areas 
will be graveled." 

'A first-order leveling 
survey will be con- 
ducted to establish 
baseline elevation bench- 
marks at the site 
prior to production." 

conducted prior to and 
during the proposed 
project after a 7eco16 
nuissance s u v  has been 
conducted to determine 
optimum locations for 
permanent monitoring 
stations." 

'Microseismic surveys will be 

C 

C 

C 

C 

PC 

PC 

F 

F 

F 

F 

F 

F 

F 

None 

None 

None 

None 

None 

None 

None 



Table 1. (Continued) 

Page no. in EAa Commitment* Project phasec Verificationd Recommendations 

water .?vsourcea 4-1 The existing ~cceas road to C F 
turbidity the site will be 

upgraded. . .a ring dike will 
confine watem to site." 

groundwater 2-3 

23 

2-7 

Air quality 4-10 
gaseous emissions 

Noise 4-4 

W& 4 7  

None 

". . .it (the mud pit) will be 
lined with an imper- 
vious material." 

Sampling and analysis 
of material in 
pit or soil under 
liner (fulfilled during 
decommissioning). 

c, 0 F however, 
liner was torn 
for about a year 

"An adequate septic system c, 0 F 
will be installed for 
disposal of sanitary 
Wastes." 

"he disposal wells will 0 F 
comply with the UIC 
[Underground Injection Control1 

None 

None 

CL 
0 

0 Not applicable; no None 
H$ found; all 
gases are being 
flared. 

". . .proper orientation of 0 F None 
the. rig will reduce 
sound levels. . ." 

I . ,  
"All solid and liquid wastes c, 0 F 

other thy spent brine 
will be collected and 
hauled by truck to 
approved landfills. Human 
wastes will be treated in 
septic tanks." 

None 

e i' 
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Table 1. (Continued) 

Page no. in EAa Commitment! h j e c t  phasec Verificationd Recommend.tiona 

Aocidents 

spills 

fires 

26 "Drilling wastes will be 
temporarily stored in 
the mud pit. . .later 
disposed of at an 
approved landfill." 

2-10,4-11, 
4-17 

". . .the ring dike and install- 
ation of the synthetic pad 
liner will nerve to con- 
trol erosion and to ensure 
effective retention of 
any subsequent spills. . ." 

2-10 

2 1 0  

casing failure 211 

blowout 2-5 

"Small spills or leaks can be 
collected by a vacuum 
truck.. ." 

"Fire extbguiihers will be 
placed at several con- 
spicuous locations on the 
project site and 'no smoking' 
signs will be located no 
more than 100 f t  from the 
drilling rig and production 
facilities." 

T h e  monitoring wells will 
be sampled periodically 
to detect leakage.. ." 

installed with the neces- 
sary blowout prevention 
equipment." 

"A rotary rig will be 

0 Some portion of None 
of the mud pit 
contents will be 
uaedasaeoil  
amendment for 
pastureland and 
will not be re- 
moved for offsite 
dispO8al. 

c, 0 

0 

0 

No erosion has been 
encounter& liner 
in plece; no major 
spills occurred 
during l i e  of 
project. 

F 

None 

None 

S i s  installed; fire None 
extinguishera installed 
in October 1982. 

F 

F 

None 

None 



Table 1. (Continued) 

Verificationd Recommendations Page no. in EAa Commitmentb Project phasec 

2-7 

2-8 

2-12 

2-12 

. 7-r.. >: 

4-2 

4-2 

"Blowout prevention equip 0 F 
ment will be installed 
on rotary drill rig in 
compliance with Louisiana 
Dept. of Natural Resources 
requirements." 

"Disposal wells will comply 
with UIC program.'' 

"Wells will be abandoned 
according to Louisiana 
Conservation Commission 
regulations." 

“Daw will take all reason- 
able (blowout) precautions 
and will comply with 
Stirt;e of hisiank -la- 
tions concerning blowout 

a blowout. .'.include com- 
pliance with USGS rules, OCS 

I 

"A risk of groundwater 
contamination from a 
septic system can be 
reduced or eliminated 
by compliance with the 
L o d i y a  Dept. of Health 
and Human Ryurces." 

"Noise. . .will not exceed the 
criterion established by 
EPA (1974) for the pro- 
tection of hearing. . .and 
Dow will comply with all 
regulations for hearing pro- 
tection of workers at 
the site." 

0 

D 

F 

F 

0 

F 

F 

F 

Fulfilled for drilling 
by modeling analysis; 
no similar analysis 
done for operation. 

None 

None 

None 

None 

None 

None 

None 

c v * c 



Table 1. (Continued) 

Page no. in EAa Commitment? Project phasee VeriTcationd Recommendations 

p q m m  2-1.2-12. '. . .the project is scheduled PC, c, 0 Limited sir quality moni- None 
A 3  through A 4  to last 24 months. Through- 

out thii period the sur- 
rounding environment will be 
monitored as described in 
DOE (198Oc)." signiicant opera- 

toring during construe- 
tion a d  operation; sur- 
face w a h  monitoring 
suspended when no 

tional impacts were 
de- otherwise, 
program ia being 
followed. 

Decommissioning 2-8 

2-8 

2-8 

2-8 

2-10 

Wella will be abandoned 
according to Louieiann 
Conservation Commieeion 
regulations." 

'All production and disposal 
equipment and facilities 
will be rcirnoved." 

'Wa~te  not reinjected will 
be trucked to an approved 
landfill." 

"'Topeoil will be replaced 
with original contours." 

The original drainage ditch 
will be routed to ita 
original location, and 
suitable groundcover will 
be planted." 

D 

D 

D 

F 

F 

F 

D Proposed# if 
requested by 
the landowner. 

requested by 
the landowner. 

D Pro& if 

None 

None 

None 

Contact landowner 
after decommission- 
ing to verify. 

Contact landowner 
after decommission- 
ing to verify. 

OEA = Environmental Assessment. Reference documents: DOE, 1980% Clusen, 1980a. 
*Directly quoted from the Environmental Assessment (DOE, 1980a). 
cC = construction; D = decommission; 0 = operation; PC = preconstruction. 
dAs determined by onsite inspection, August 10,1982, and April 25,1983; F = fulfilled, NV = not verifiable. 
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Permanent disposal of d d i w  waste-The drilling waste was stored in a lined mud pit. 
In April 1983, as part of project decommissioning, the liquid in the mud pit was 
removed to an approved offsite disposal site. The sludge-like material remaining in the 
bottom of the pit was analyzed by Southern Petroleum Laboratory. Results indicated 
the presence of potentially toxic substances such as lead, chromium, and cadmium. 

The sludge "analysis data were subsequently reviewed by Gulf Coast Agricultural 
Associates, Inc., who stated that the levels of the potentially toxic compounds in the 
sludge do not preclude its use as a soil amendment for pastureland (Storm, 1983). 
Therefore, at the land owner's request, the sludge in the pit was pumped to a pasture 
located to the east of the brine pit. The sludge was spread over the land and disked into 
the soil, and the pasture was reseeded. Although the torn mud pit liner provided a 
pathway for the transport of substances from the pit to the environment, the impacts 
were minimal in the context of the intended use of the land. 

Fire extinguishers-During the August 1982 visit, no fire extin rs were located in 
the immediate vicinity of either the disposal well or the 
extinguishers were in the trailers used as offices and a labor d about 150 m 
(500 ft) from the wells. In October 1982, an extinguisher was installed in a small 
utility shed between the production and disposal wells. 

Noise impacts-Operational noise appeared to be minimal; the major noise source at the 
well was the diesel generator, and it was located about 0.8 km (0.5 mi) from the nearest 
residence to minimize its impact. A noise-modeling analysis conducted for the EA 
determined that noise levels produced by well drilling, which is the noisiest phase of 
geopressure development, did not exceed levels established by the Environmental 
Protection Agency (EPA) (EPA, 1974). 

Enwironmental n w n i ~ ' ~ - T h e  Environmental Monitoring Plan described in 
Appendix A of the EA was followed except that air quality monitoring was performed 
for only a short time during well testing, and water quality monitoring was not 
conducted on a monthly basis. The major reason for suspending the air quality 
monitoring was a lack of funds, coupled with the low potential of the project for air 
quality deterioration (Van Sickle, 198213). Additional air monitoring should have been 
conducted because of the potential for gas release during flow testing. Additional 
analyses of the air quality data should be performed to determine whether any 
statistically significant changes in air quality occurred during well construction and 
well testing. 

The EA stated that groundwater monitoring would be conducted at least monthly 
to detect possible contamination from the well testing. This was temporarily suspended 
because of funding cutbacks and a lack of significant change in the results of monthly 
samples. As a result, surface water and groundwater have been sampled on a quarterly 
basis, even following decommissioning. After two years of water quality sampling, 

. which included a period of well testing, it was concluded that quarterly sampling was 
sufficient because the baseline data clearly established seasonal trends in the 

' parameters of interest. Part I11 of the Environmental Monitoring Plan allowed for this 
change in frequency of sampling. Several samples of groundwater and surface water 
would have been taken in the event of an accident, such as a major spill or blowout. 
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3.1.2 Monitoring Activities 

This section reviews the adequacy of air, noise, water, ecological, and geological 
monitoring a t  the Dow well site. The Louisiana Geological Survey and LSU conducted all 
environmental monitoring at the Dow well, either directly or through the use of 
subcontractors. 

3.1.2.1 Air quality 

According to Appendix A of the EA for the Dow well (DOE, 1980a), the air quality 
monitoring baseline studies at the well had the following goals: 

to determine ambient air quality prior to possible disturbance from test well activities; 

to identify any substance potentially derived from the geopressure fluid that might have 
an adverse effect on the environment and to establish baseline concentrations; 

to collect locally available meteorological data necessary for understanding dispersion 
and conversion patterns; and 

to provide baseline data compatible with later measurements needed to ensure 
compliance with state and federal ambient air quality standards. 

Air quality and meteorological monitoring were evaluated relative to attainment of program 
objectives and the use of appropriate parameters, techniques, frequency of sampling, and 
duration of sampling. 

Ambient air quality and meteorology were monitored by KEMRON Environmental 
Services, under subcontract to LSU, from July 1, 1980, through October 31, 1981. The 
monitoring station was located approximately 47.8 m (1600 ft)  northwest of the production 
well, as shown in Fig. 2, and was sited according to EPA criteria and guidelines (Van 
Sickle, 1982a). The station provided continuous records of H2S, SO% nonmethane 
hydrocarbons (NMHC), total hydrocarbons (THC), wind speed, wind direction, temperature, 
and precipitation during the period of record. 

The selection of pollutants to be monitored was consistent with the Environmental 
Monitoring Plan and was adequate to detect any potential impacts from development of the 
resource. The pollutants monitored were those most likely to be associated with the 
development of a geopressured geothermal resource. Under normal operation (i.e., excluding 
accidents such as well blowouts), the major potential for air quality degradation from a 
geopressure well is associated with treatment of the natural gas to meet pipeline 
specifications prior to sale (Goldsberry, 1980) or with flaring the gas. Gas treatment 
generally consists of dehydration and removing Ha (sweetening). While this treatment 
removes the H2S from the pipeline, the local atmospheric concentration can be increased as 
a result of leakage from the treatment system itself. An analysis of gas produced a t  the 
Dow well showed no Hfi (Keeley and Meriwether, 1982). 

Flaring of all gas produced, as at the Dow well, probably emitted carbon monoxide, 
unburned hydrocarbons, COB aldehydes, and particulates (Klett and Galeski, 1976), and 
nitrogen oxides (Engineering Science, 1983). Any H2S in the gas was probably oxidized to 
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SO2 (Newchurch et al., 1979). The principal air impacts from flaring would have been 
increased ambient levels of the previously listed pollutants. Incremental increases in 
localized ambient pollutant levels from flaring were probably minimal, although the limited 
monitoring done during well operation made it difficult to confirm this prediction. 

Less likely air quality impacts of operation could have resulted from the release of 
chemical constituents of the geopressure fluid. For potentially toxic compounds in a 
geopressure reservoir to be released to the environment during normal operations of a 
geopressure well, they must be present in the gaseous phase after the fluid passes through 
the separator. Burning of the gas in a flare onsite, or sale of the gas for combustion 
elsewhere, would then release these compounds to the atmosphere. Analyses of the gas at 
the Dow well did not reveal any compounds that could be considered toxic at low 
concentrations. Analyses of the Dow brine indicated that potentially harmful species were 
present. For example, boron, which was measured at concentrations of about 60 mg/L 
(Keeley and Meriwether, 1982), is thought to be potentially harmful to biota (Gustavson and 
McGraw, 1978). It is believed, however, that  these species were confined to the brine and 
were reinjected via the disposal well. 

Analytical procedures for air quality monitoring were consistent with designated 
reference or equivalent methods published by the EPA (EPA, 1980), and analyzer 
performance conformed to specifications for automated methods as described in 40 CFR 
Parts 50 and 53 (Van Sickle, 1982a). Meteorological monitoring was consistent with 
procedures recommended by EPA guidelines (EPA, 1980). Quality assurance techniques for 
ambient air quality and for meteorological data were generally consistent with the EPA 
guidelines (Van Sickle, 198%). 

The frequency at which the ambient data were collected for all parameters was 
sufficient to allow analyses of both short- and long-term ambient air quality impacts. The 
13-month length of the preoperational air monitoring baseline study is adequate. The EPA 
recommends that any preconstruction air quality monitoring be done for a minimum of one 
year; however, exceptions are granted, as long as the applicant can demonstrate that  the 
shorter monitoring period will cover a period when maximum pollutant levels can be 
expected. In no case shall the periad'of monitoring be less than four months (EPA, 1980). 
Air monitoring prior to well construction was conducted for six to eight months; the period 
covered the time of year when the atmosphere does not favor pollutant dispersal and thus 
encourages high pollution levels (C. K. Geoenergy, 1980); thus, the EPA criteria were met. 
These requirements are largely related to permit requirements under the Clean Air Act as 
amended (PL 95-95) and may not be applicable to evaluating the environmental impacts of 
geopressure design wells under the regulations for implementing NEPA (43 
FR 55978-56007). Nevertheless, the EPA guidelines reflect federal policy for conducting air 
quality and meteorological monitoring and are valuable to the monitoring program for the 
design wells. 

Because of funding cutbacks and the low potential of the project for air quality 
degradation, air quality monitoring at the Dow well was terminated on October 31, 1981. 
No significant air quality impacts were detected in the 1.25 years of monitoring conducted, 
which covered baseline (preconstruction) air quality, air quality during well drilling, and air 
quality during limited short-term flow testing (conducted in October 1981) (C. K. Geoenergy, 
1981a). More thorough data analyses are recommended following termination of the project. 
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3.1.2.2 Noise 
i’ i 

No noise monitoring was conducted at the Dow well (Van Sckle;‘1982a); however, noise 
monitoring was not specified in the Environmental .Monitoring ’Plan. In lieu of monitoring, 
noise modeling was performed to evaluate noise impacts. resulting‘ from activities a t  the site. 
Background noise levels were .obtained from EPA guidelines (EPA, 1974) based on existing 
land use in the area (DOE, 1980a). The noisiest phase-of geopressure development is well 
drilling; consequently, the impacts of well-drilling were evaluated using a: modeling analysis 
conducted at the Pleasant Bayou geopressure well site (Gustavson, 1979). The analysis 
showed that orientation of the noisy side .of the drilling rig away from sensitive receptors 
would result in ambient noise levels within those recommended by the EPA. Any noise 
impacts from well operation would be less than those from drilling I(Van Sickle, 1982a). 
Because the site visit to the Dow well was conducted long after drilling was completed, 
verification of this mitigation measure was not possible. The noisiest aspect of well 
operation observed during the site visit was the operation of the ‘diesel generators. These 
were located away from the Sweezy residence (the nearest receptor) to minimize noise 
impacts. 

3.1.2.3 Water quality 

Monthly monitoring of surface water and groun ter quality was initiated at the Dow 
site in January 1980. Because of funding cutbacks a significant change in the results of 
monthly samples, surface water and groundwater quality has subsequently been sampled 
quarterly. LeBlanc Ditch, which received all runoff.from the site area, was monitored at two 
stations west of the test, well and one station east of the well (Fig. 2). Groundwater 
monitoring on the site was initially accomplished using 15- and 30-m- (40- and 100-ft-) deep 
wells originally drilled by the landowner; these were replaced by a 55-m- (lW-ft-) deep 
sampling well (No. 1, Fig. 2) and a 40-m- (130-ft-) deep potable water supply well (No. 3, 
Fig. 2). Sampling of surface water and groundwater indicated seasonal variation in water 
quality but no alteration that was attributed to the test well (Bebout et al., 1982). 

In evaluating the water quality monitoring, consideration was given to the adequacy of 
(1) sampling locations, (2) frequency of monitoring, (3) choice of water quality constituents 
monitored, and (4) presentation and interpretation of results. The monitoring program for 
the Dow site appears capable of revealing significant changes in water quality resulting 
from well operations. The repr t ing  of monitoring data could be improved through 
discussion and interpretation by comparison with appropriate water quality criteria (e.g., 
“Water Quality Criteria for Toxic Substances,” 45 FR 79318-79) and by comparison with 
typical concentrations for the region. 

3.1.2.4 Ecology 

The only ecological work at this site consisted of a 
estimate baseline conditions. No actual monitoring of the site and surroundings was 
conducted. Because of the existing disturbed condition of the ecosystem in the vicinity of the 
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well, no ecological monitoring was recommended. In the event of a blowout or other major 
spill, monitoring of biota or of effects on aquatic or terrestrial habitat might have been 
needed. 

3.1.2.5 Subsidence and microseismicity 

A first-order leveling survey was conducted at the Dow site prior to well drilling. In 
addition, existing benchmarks in the vicinity of the site were releveled between drilling and 
testing of the well. To detect subsidence, the system was designed to permit comparisons of 
relative elevations before and after reservoir drawdown. Preliminary calculations indicated 
that subsidence from single wells would be minor and overshadowed by effects from oil 
production (Cotter, 1982). Nevertheless, detection of subsidence and earth tremors resulting 
from testing is very important, not only from the standpoint of estimating the potential 
effects of future geopressure development, but also in relation to other activities. 

Five borehole seismometers have been operated continuously around the site to 
determine the origin and magnitude of local microseismic events. None of those detected 
could be clearly ascribed to drilling and production, but the network did detect seismicity 
related to a recent earthquake in the New Iberia area and to the collapse of the Jefferson 
Island salt mine (C. K. Geoenergy, 1981b). Both for geopressure development and for 
regional concerns, microseismic monitoring should be continued for a t  least one year after 
the end of production testing. 

3.1.3 Decommieeioning 

During decommissioning, the land was restored to a condition agreed upon by DOE and 
the owner of the property. The Dow EA stated that after flow testing was completed, the 
entire site area would be returned to its original condition unless some other written 
agreement were made with the owner. Dow met the decommissioning commitments listed in 
the environmental checklist (Sect. 3) (Storm, 1983). 

3.2 Sweet Lake 

The goals of the Sweet Lake project are to drill, complete, and test one geopressure well 
in Cameron Parish on a 2-ha (&acre) test site, 23 km (14 mi) southwest of Lake Charles, 
Louisiana, and to drill one disposal well. Tests conducted include flow rates, fluid 
composition, temperature, gas content, geological characteristics, and the land subsidence 
potential. One geopressured zone at a depth of about 4,600 m (15,000 ft) was tested for about 
six months. The well production (brine) averaged about 10,000 bbVd, with about 0.54 to 0.62 
m* (19 to 22 scf) of gas per barrel. In February 1982 a leak was detected in the 0.14-m 
(5-1/2-inn) tubing in the production well. The well was shut-in until July 1983, at which time 
DOE directed the contractor to proceed with repairs. The leak will be patched, the 
production well will be cleaned out, and another zone will be perforated for testing (DOE, 
1983). 
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3.Z51 Commitment Checklist 

This study verifies the environmental mitigation and monitoring commitments that 
were made in the EA (DOE, 1980b) for the Sweet Lake well. The basis for the evaluation is 
a checklist of the mitigation and monitoring commitments i n  the EA; as summarized in 
Table 2. The operations at the Sweet Lake well were examined on August 11, 1982, by 
onsite inspection. Sev s require discussion is addition to 

0 Water resouTce i ite were contained in 
tanks and haule 
be reinjected w 
High-pressure pipes ' ana valves were: 
Louisiana Department of Conservation S 

Air qudity  impacts-The commitments to I minimize..air quality rimpacts during well 
construction (i.e., roadsurfacing) were verified by inspection of aerial photographs. 

, e .  

Noise impacts-Verifs entation of noise im;ict 
construction and drill 
operating, so it was 

3.2.2 Monitoring Activities 

This section reviews the adequacy of air, noise, water, ecological, and I geologica! 
monitoring activities a t  the Sweet Lake well site. It also makes recommendations for further 
monitoring where deemed necessary. LSU conducted all environmental monitoring a t  the 
Sweet Lake site, either directly or through the use of subcontractors. 

3.2.2.1 Air quality 

A fixed, automated ambient air quality and meteorological monitoring station was installed 
and operated approximately 0.6 km (1 mi) northwest of the production well site (Fig. 3), by 
Core Laboratories, Inc., of Lake Charles,tLouisiana, under subcontract to LSU (Bebout et al., 
1982). Continuous monitoring of the following parameters was conducted from July 1, 1980, 
through May 31,1982 HZS, SOz, NMHC, THC, wind speed, wind direction, and precipitation. 

The objectives of the air quality- monitoring program a t  "Sweet *Lake 'are identicil' to 
those at Dow (Sect. 3.1.2.1). This section evaluates th  ir monitoring program conducted 
at' Sweet .Lake based on attainment of the pr m objectives and on the following -criteria: 
monitoring of appropriate paramhers, use of appropriate techniques, monitoring at 
appropriate frequencies, and duration of mo 

Under normal operation, the greates ity degradation a' 
geopressure well is associated with the h'andling of the na produced, depending on 
whether the gas is flared or tieated for re 1 of pollutants '(Goldsberry, 1980). A smaller 
pollution potential from brinei" handling ist, especially in the'case of accidents. The 
potential air pollutants that  should be monitored are those in the gas plus those which could 

. 



Table 2. Mitigation and monitoring commitment checkliit for the Sweet Lake No. 1 
geopreeeure design well, Cameron Parish, Louisiana 

Document/ 
page no.' 

~ ~~~ 

Commitmentb 

~~~ ~ ~~~~~ 

Project phaser Verificationd Recommendations 

G a e m l s i t e  EA/l-17 "Existing roads will be used C 
p r e p c ~ ~  so as not to impact new 

areas; upgrading access 
routes will be restricted to 
essential activities; activi- 
ties will be limited to 
seasons when wildlife or 
land u r n  will be least 
affected. . .will keep area 
required to minimum by 
using smallest feasible 
drill rig and facilities 
configuration. . .A ring levee 
will be constructed around 
the entire drill pad." 

Land Tesoures 
e m i o n  

EA/1-17 

water resource8 EA/3-3 
surface water 

EA/3-5 

(groundwater) EA/l-18, 3-3 

Air quality EA/1-18 
fugitive dust 

"Drill pads and roads will be 
surfaced with shell to 
retard runoff. Barriers will 
be installed to contain 
runoff and prevent erosion." 

"Contaminants will be contained 
by levees surrounding the 
well which will be con- 
structed in accordance 
with State regulations." 

"Drilling muds and associated 
chemicals will be reinjected 
before the site is abandoned." 

". . .use of high pressure pipes 
and valves and will seal 
off aquifers following LA 
[Louisiana] Dept. of 
Conservation surface 
casing program." 

". . .roads and drilling pads 
will be surfaced with 
boards and shells." 

C 

0, D 

0 

F road and levee None 
commitments 
verified by inspec- 
tion of aerial 
photographs taken 
during construction 

F 

F 

F muds were removed 
from site for 
reuse or disposal. 

F 

F 

None 

None 

None 

None 

None 



Table 2. (Continued) 

Document/ 
page no.a Commitmentb Project phasec Verificationd Recommendations 

EA/3-5 

EA/3-7 

gaseous emissions EA/1-19, MTF/l, 
FONSI/3 

Noise EA/l-19, MTF/L, 
FONSIII 

Wastes ‘*.* EA/1-18 

EA/3-5 

Accidents EA/1-18, 1-19, 
blowouts, spills, 1-20, 3-3, 
fires, casing 5-4; MTF/Z; 
failure FONSI/3 

, 9. . 

“A prompt surfacing of roads c ,  0 F 
and other work areas will 
lessen the amount of dust 
generated.” 

the site and road will be 
wetted down periodically.” 

“If dust becomes a nuisance, c ,  0 F 

“Newer vehicles will be used c ,  0 F 
which employ advanced pollu- 
tion control devices. . .” 

”. . .will be kept to a minimum c ,  0 F 
by muffling. . .machines and 

c ,  0 F 
will ge provided for con- 

sits is abandoned” ’ 

“Gases will be flared, blow- 
out preventers will be 
installed, high pressure 
pipes and valves willhe 
used, and a spill preven- 
tion control and counter 
measure plan will be 
devised. . .casings will be 
cemented into place and 
overlapped. 

None 

None 

None 

None 

None 

0, D Drilling muds were None 
removed from the 
site. 

c ,  0 F None 

. . . . . . , , -I ,,. 

‘. c 



Table 2. (Continued) 

Document/ 
page no.a Commitment! Project phaseC Verificationd Recommendations 

Compliance with EA/l-6 T h e  EPA Underground Injection 
regulations Control Program proposed 

rules apply to both geo- 
thermal and injection wells 
and will be complied with 
once they become effective.” 

EA/3-3 

EA/5-1 

EA/5-4 

EA/5-12 

Monitoring program EA/l-12 

EA/3-8, 3-17 

“. . .surface casing program 
required by rules and 
regulations of the LA 
Dept. of Conservation. . .” 

“OSHA guidelines protect 
worker health and welfare 
a t  the site of the 
proposed action.” 

“Well design and drilling plans 
will be reviewed by the 
LA Dept. of Natural 
Resources as a prelude 
to their issuance of 
a permit to drill.” 

“Operational blowout preven- 
ters are required by the 
rules and regulations of 
the LA Dept. of 
Conservation.” 

“An Environmental monitoring 
program (Appendix A) will 
be implemented as part 
of the project.” 

“An air  quality monitoring 
program will be imple- 
mented during the 60-day 
test.” 

0 F 

0 

C, 0, D 

Preoperation 

0 

PC 
C, 0, D 

0 

F 

F 

F 

None 

None 

None 

None 

None 

None 

None 



Table 2. (Continued) 

Document/ 
page n 0 . O  Commitmen@ Project phasec Verificationd Recommendations 

Decommissioning EAA-16 “The wells will be plugged DC 
according to the regula- 
tions and .permits of the 
LA Dept. of Conservation.” 

EA/1-16 “All surface facilities will DC 

NV Conduct site visit 
after decommis- 
sioning to verify. 

NV Contact landowner 
after completion; 
conduct site visit. 

be removed, all refuse, 
garbage, and toxic 
materials will be cleaned 
from the area; and the 
sites will be returned 
to a condition similar 
to the original.” 

aReference documents: Environmental Assessment [EA,’ (DOE, 1980b)l; memo to file (MTF) and finding of no significant impact (FONSI) (Clusen, 
1980b). 

bDirectly quoted from the EA (DOE, 1980b). 
eC = construction; D = decommissioning 0 = operation; PC = preconstruction. 
dAs determined by onsite inspection, August 11, 1982; F = fulfilled; NV = not verifiable. 

i l  
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be formed during the gas treatment/disposal process. Analyses of the gas collected at Sweet 
Lake indicate the following, composition (values are mole percentages unless otherwise 
noted): 89% methane, 1.7% ethane, 0.7% propane and higher hydrocarbons; 0.2% N; 8.6% 
COz, and 15 to 30 parts per million by volume (ppmV) H2S (Durrett, 1981). Of these, the 
ethane, propane, and higher hydrocarbons and the H2S are potential pollutants that might 
not burn if the'gas were flared. It may be possible to recover ethane and propane for 
subsequent sale. Sulfur dioxide (SO& resulting from the oxidation of . -~ H2S in a flare, is a 
fourth potential pollutant I (Newchur et  al., 1979). Flaring' produces unburned 
hydrocarbons, oxidized hydrocarbons ( aldehydes), SO, CO, and particulate matter 
(Klett and Galeski, 1976). h i  terms of air'"po1lution from handling natural gas, it appears 
that  the Sweet Lake monitoring program dealt with the appropriate potential air pollutants; 
the small amount of particulates and CO produced during flaring does not justify 
monitoring these pollutants. 

All air pollutants were monitored using methods approved by EPA (40 CFR Parts 50 
and 53), and meteorological monitoring conformed to EPA guidelines (EPA, 1980). The 
monitoring station was sited using techniques approved by the EPA, anddata  reduction and 
quality assurance were performed in conformance with EPA ;guidelines (EPA, 1980). The 
frequency at which the ambient data were collected for- all parameters was sufficient to 
allow both short- and long-term analyses of ambient air quality Jmpacts. 

Construction at the Sweet Lake site began around November 1980 (Berning, 1982a); data 
were collected for approximately four' months prior to construction. Based on meteorological 
data representative of the general area of the well site (data collected at Lake Charles), the 
period from November through March has a good potential for high pollutant levels, 
primarily because of low mixing heights (DOE, 1980b). *Thus, the particular four-month 
period during which monitoring was conducted- prior to construction probably characterized 
baseline concentrations during periods of high pollution, except perhaps near the end of the 
monitoring period. Air monitoring continued during well construction and during flow 
testing. The total data base collected (22 months) should be adequate to assess the air 
quality impacts of geopressure well testing at the Sweet Lake site. 

In summary, the air monitoring program conducted at the Sweet Lake well appears 
adequate to address most air quality concerns associated with geopressure development. No 
adverse air quality impacts that could be attributed to the well activity were detected by the 
monitoring data. At the end of the monitoring activity, the data analysis should address 
whether or not statistically significant changes in air quality occurred during different 
phases of geopressure development (construction, drilling, and testing). 

3.2.2.2 Noise 

According to the Sweet Lake Environmental Monitoring Plan (DOE, 1980b), a baseline 
ambient noise level survey was to have been conducted prior to siteidevelopment. Additional 
noise level surveys were to be reported as decibels on the A-weighted sound level scale. 
Noise surveys were to provide both the sound level that was exceeded 10% of the time 
during each measurement period, 40, and t h e  equivalent continuous -level, LW. Noise level 
meters were to conform to Type %General Purpose specifications (01.4) for accuracy 
established by the American National Standards Institute. 

J 

* 
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No noise monitoring program was conducted at the Sweet Lake site (Van Sickle, 1982a). 
The primary reason for not monitoring noise was the project’s low potential for long-term 
adverse noise impacts, as indicated by noise studies conducted at the Pleasant Bayou well 
site in Texas (Gustavson, 1979). The analysis at the Pleasant Bayou site showed that well 
drilling, which is the noisiest phase of geopressure development, would not exceed EPA 
noise level criteria for the protection of human health (EPA, 1974). This was confirmed by 
noise-modeling analysis and by actual field measurements of an operating drill rig (see 
Sect. 3.4.2.2). Noise during well testing was assumed not to be significant because of the 
benign nature of the process; that is, the major noise source is likely to be a diesel 
generator. If onsite power is available and if the gas is sold, there are virtually no major 
noise sources at the well site. 

3.2.2.3 Water quality 

Monitoring of surface water quality was initiated at the Sweet Lake site in May 1980, 
and groundwater monitoring was begun in October 1980. Sampling continued on a monthly 
basis until June 1983, when quarterly sampling was initiated (Van Sickle, 1983). Surface 
water sampling stations were established at Precht Road, where surface water drainage 
from the site converges; a t  the inlet of Square Lake; and in the middle of Sweet Lake 
(Fig. 3). Groundwater is sampled at three wells near the test well (inset to Fig. 3). 

Sampling of surface water to date has indicated seasonal variation in water quality and 
a gradient in concentrations between the fresh water at Precht Road and the brackish water 
at the sampling stations closer to the Gulf of Mexico. Sampling from the groundwater wells 
has indicated differences in water quality between the shallower wells, Nos. 1 and 2 [85 m 
(280 ft)l, and the deeper well, No. 3 [133 m (435 ft)]. Thus far, the water quality data 
indicate no contamination from the geothermal well (Bebout et al., 1982). 

In evaluating the water quality monitoring, consideration was given to the adequacy of 
(1) sampling locations, (2) frequency of monitoring, (3) choice of water quality 
constituents being monitored, and (4) presentation and interpretation of results. The 
monitoring program for the Sweet Lake site appears quite capable of revealing any 
significant changes in water quality resulting from well operations. The program could be 
improved by discussing and interpreting the sampling results in comparison with 
appropriate water quality criteria (e.g., “Water Quality Criteria for Toxic Substances,” 45 
FR 79318-79) and in comparison with concentrations typical for the region. In particular, 
the concentrations of mercury observed in surface water are noteworthy because the 
maximum reported concentrations exceed the EPA criterion for protection of aquatic life by 
over a hundredfold. 

3.2.2.4 Ecology 

The ecology of the Sweet Lake site and surroundings was characterized prior to drilling. 
In addition, land loss within the entire Sweet Lake prospect [ca. 32 km2 (12 sq miles)] was 
estimated from comparison of older and more recent maps and photos, and the natural 
processes producing land loss in the prospect were studied (Van Sickle, 1982b). No other 
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&logical ’ monitoring has been performed. 
of the area, no monitoring is recommend 
other large spill. At th  e of decommissioning, * 
adequately protected 
returned to a useful condition. 

sion,’ and, if the we1 

3.2.2.5 Subsidence and 
’ 

Subsidence and microseismic activity have been monitored a t  the Sweet Lake site using 
methods similar to those described for the Dow site (Sect. 3.1.2.5). Because the Sweet Lake 
fault block is much larger than that at Dow, eight rather than five borehole instr 
being used, and the aperture of the seismic array is larger. Continuation of the 
for at least one year after the well is producing is recommended because of the same 
regional and operational concerns as those described in ’Sect. 3.1.2.5. ’ 

3.2.3 Decommissioning 

Future use and decommissioning of the Sweet L are uncertain and partially 
dependent on the interpretation of test resultsiobtaine he well. DOES plans for the 
well call for complete site decommissioning, with wells plugged and abandoned, followed by 

indicate that the geopressured 
reservoir can be utilized. If natural gas productio s quality is high, a 
connection may be made with the nearest gas pipe may also be used 
for agricultural drying, electrical generation, or o he choices ‘between further site 
development, mothballing, and site decommissioning will depend on many factors that are 
currently uncertain. Future environmental impacts are difficult to predict, as are 
monitoring and the mitigation efforts that  will be appropriate. 

Because the future use of the Sweet Lake site is uncertain and will remain uncertain for 
months to come, recommendations regarding decommissioning are pr ature at this time. If 
and when a decision is made to abandon the well, the planning for decommissioning should 
proceed, ‘based on DOE’S previous commitments, the legal requirements of the state of 
Louisiana, the site’s condition, and any other relevant factors. 

whatever site monitoring isaeeded. ,. 
Alternatively, analysis and economic evalu 

3.3 Gladys McCall 

The Gladys McCall project, located near Grand Chenier, Cameron Parish, Louis$iana, is 
intended (1) to test and evaluate procedures and equipment for drilling into 
geopressured-geothermal reservoirs and utilizing these resour and (21, I ,  to, \, evaluate the 

of geopressured-geother e Frio. formation. The 
itially used an abandoned as exploration in 1970. After* 

unsuccessful attempts to reenter t a1 well, a new well was drilled to approximately 
5,1& m ” (17,000 ft), and an additional disposal-injection well was drilled. ‘ Site 

x 
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development began in early 1981; in the spring of 1982 the drilling was completed to the 
design depth. After 10 m (30 ft) of the production well tubing was perforated, pressure on 
the casing increased because of a tubing leak at 3,046 m (9,992 ft). The tubing was 
removed and bad joints were replaced in the fall of 1982. Before flow testing began, a leak 
was detected in the tubing string at 4,403 m (13,211 ft). Attempts to reseal the leak failed. 
A decision was made to flow test the bottom zone [5,165-5,208 m (15,511-15,627 ft)] 
despite the problem. Tests begun on March 21,1983, indicated an average production rate of 
676 m3 (4250 bbl) of brine per day and 3,285 m3 (116,000 ft3) of gas per day. The 
temperature of the stabilized wellhead flow was 118°C (245°F) (C. K. Geoenergy, 1983a). 

When flow testing was complete (May 1983), a cement plug was placed above the bottom 
zone in preparation for testing of an overlying zone. However, both the plug and the 0.13-m 
(5-in.) tubing sprung leaks, necessitating remedial action. During July 1983 a rig was 
brought in to pull the tubing and run new pipe into the well (DOE, 1983). 

3.3.1 Commitment Checklist 

The commitments for environmental monitoring and mitigation at the Gladys McCall 
test well are summarized in Table 3, and their verification is indicated. With few exceptions, 
the commitments have been fulfilled, in those cases where commitments have not been 
fulfilled, the most common reason was an unforeseen change in circumstances (as discussed 

1 below). 

I 
I 
i 

i onsite ponds and pih-The practices currently in use depart slightly from the 
1 commitments stated in the EA. Prior to site preparation, the Gladys McCall site 
I contained a pQnd filled with mud from the original drilling of the well. The contents of 

this pond were trucked offsite for disposal, and the ring levee was raised. The pond now 
I contains spent mud from the drilling of the geopressure wells. This pond lacks an 

impervious liner (e.g., a synthetic plastic liner), and the muds represent a potential 
source of trace element contamination to groundwater, soils, and plants. Research on 
mud pits at gas and oil well sites (see Appendix A) has indicated that mud pits 
containing lignosulfonate muds of the type used for geopressure wells are unlikely to 
cause major contamination of groundwater. However, localized contamination of soils 
and plants may result from leaching and uptake of heavy metals, and trace elements 
can in some cases leach from mud pits into groundwater (Dames and Moore, 1982). 

It is recommended that the contents of the mud pit be disposed of or removed from 
the site rather than being allowed to remain for an extended period. This could occur as 
part of site decommissioning if the wells are abandoned within the next 6 to 12 months. 
However, if well testing or development is likely to continue more than 12 months, the 
muds should be disposed of in order to reduce the potential for environmental 
contamination. After the muds have been removed, soil samples should be analyzed to 
determine if any contamination has occurred. 

I 
Injection well-The regulations followed for drilling and completion of the injection well 
were the state of Louisiana's rules for Underground Injection Control (UIC) rather than 
EPA rules. EPA's final regulations for the UIC program, issued in February 1982, will 
be followed during the flow testing and other future operations. I 

I 

i 



Table 3. Mitigation and monitoring commitment checklist for the Cladyn McCall geopreseure dedgn well, 
Cameron Parish, Louisiana 

Commitment! Project phasec Verificationd Recommendations Document/ 
page no.' 

C None cenemlsite EA/1-8,2-1, 
2-25.1-26, 
3-20; FONW2 

"All activity will be con- 
fined to within the 
existing levee or to 
the existing board road." 

"The levee 'will be upgraded 
to faci+te drain&, 
to contain runoff, and 
to keep tidal water out." 

"he land on the inside of 
the levee will be sloped 
toward the lev? tp 
establish a drainage system." 

"Fill material will be 
obtained from within 
the levee." 

.~ 

"No wetland area outside 
the levee will be 
disturbed." 

None ' c .  F EA/3-1,3-5 

None EA/1-11 F 
, 1- 

EA/3-6 C F None 

C F None EA/3-1 

I .  

PC, c, 0 F (State UIC rules 
followed EPA's 
final rules issued 
February 1982.) 

"EPA's Underground Injection 
Program proposed rules will 
be complied with once, 
they become effective." . 

" h e  contractor &win take all 
reasonable precautions and 
will comply with State of 
Louisiana regulations 
concerning blowout 
prevention." 

"Activities will Gmply with 
applicable Federal, State 
and local rules .and guide- 
lines related to construc- 
tion and operation." 

None Concplicrnce with EA/l-9 

EA/l-Z? None PC, c, 0 . F 

EA/=, 1-23, 
6-1to5; 
FONSV3 

Pc; c, 0 None F 



Table 3. (Contiuoed) 

Document/ 
page n 0 . O  

Commitmentb Project phasec Verificationd Recommendations 

Noise EA/1-24 

Air qua& EA/1-23 

Water EA/l-% 

EA/l-% 

EA/3-1.3-2, 
3-21 

EA/M 

EA/3-21 

"Noise will be minimized by C. 0 F 
muffling machines and 
engines." 

which employ advanced 
pollution control devicea." 

"Newer vehicles will be used C, 0 F 

"Portable sanitary facilities c. 0 F 
will be provided for con- 
struction crews and wastes 
will be transported to 
suitable facilitiea" 

NF; pond is 
unlined. 

" h e  reserve pond will be 
lined with impervious 
material to control infil- 
tration and groundwater 
contamination." 

the diked area will be 
pumped to a lined pit 
for storage." 

"Spilled fluids contained in c, 0 NF; pond is 
unlined. 

"Spills will be contained in c, 0 F 
the diked area, collected 
and pumped into the dis- 
m a l  well or transported 
to an  approved dispoaal 
site." 

used to clean up spills." 
"Surfactants will not be c, 0 F 

None 

None 

None 

None 

None 

None 

None 

"Project activities will be PC, c, 0 Scheduling has been None 
scheduled to avoid poten- 
tial problems associated delays. 
with major storms. In the 
event of a major storm, 
all equipment and hazardous 
material will be secured 
or removed from the site." 

affected by project 



Table 3. (Continued) 

Document/ 
page n 0 . O  

Commitmentb Project phasec Verificationd 

Drilling EA/3-6 "Nontoxic drilling muds will C F 
be used." 

None 

EA/1-15,3-6 "Drilling muds and chemicals 
will be reinjected." 

U' completwn EA/3-6.1-18 "All equipment and facilities 
will be removed." 

Wastes not injected will be 
disposed of in a proper 
landfill. 

Pit liners will be 
removed. The board and 
plastic matting of the pad 
will be removed and: 
properly disposed of." 

EA/l-23 to 25, "Blowout preve 
54. installed." 

FONSI/3 Hwh pressure piperj and 

EA/l-25.54 "A spill prevention control 
and countermeasure plan 
will be developed for the 
project." 

EA/5-13 'Abandonment records of all 
nearby wells will be 
checked to insure adequate 

v a h s  will be used:" * 

plugs." % 

"A safety plan and accident 
prevention plan will be 
devised by the contractor 
and approved by DOE." 

EA/l-23.1-26 

C 

DC 

Dc 

DC 

C 

C 

PC 

PC 

PC 

NF, some drill- 
ing muds and 
chemicals have 
been removed 
from site. 

Nv 

Nv 

Nv 

F 

F 

F 

Remaining muds 
and chemicals should 
be removed or 
reinjected. 

Conduct site 
visit after 
decommissioning. 

Verify after 
decommissioning. 

Condid site 
visit after 
decommissioning. 

None 

None 

None 

w 
10 

F None 

F None 

. 



Table 3. (Continued) 

Document/ 
page n0.O Commitment* Project phasec Verificationd Recommendations 

Monitoring EAA-4 

EA/l-17, 
Appendix A, 
FONSI/4,5 

EA/l-20 

EA/1-18, 
Appendix A, 
FONSV4.5 

'Fire extinguishers will be 
placed at several mn- 
spicuous locations on 
site. 

'No Smoking' signs will be 
located no more than 
100 feet from the pro- 
duction facility." 

T h e  State of Louisiana Geologi- 
cal Survey will monitor 
noise and air quality 
ar6und the site and main- 
din 'a good system to detect 
subsidence or tectonic 
activity." 

'An environmental monitoring 
plan will be implemented." 

'Monitoring wells will be 
sampled periodically to 
detect casing failures 
or leaks." 

'An environmental monitoring 
plan will be used to 
identify mitigation measures 
and corrective actions to 
be implemented to mini- 
mize impacts." 

c, 0 F None 

c. 0 F None 

c. 0 Noise and air None 
monitoring not 
done; subsidence 
fulfilled. 

PC, c, 0 F 

C F 

PC, c, 0 F 

None 

None 

None 



Table 3. (Continued) 

Document/ Commitment! Project phasec Verificationd Recommendations 
page no." 

EMAppendix A, "A baseline and drillinglpro- PC, c Air quality, NF; None 
FONSV4.5 duction monitoring plan remainder, F. 

will collect data 
on air quality, water 
quality, subsidence, seis- 
micity, and em-system 
quality as outlined in 
the plan. 

by the eontractor. The eon- 
tractor will evaluate the 
monitoring results and determine 
if environmental s e d -  are 
being met and will inform DOE 
in the event of non-compliance. 

1 year, with a plan for a 
2nd year to be developed. 
The eontractor shall pro- 
vide DOE quarterly status 
reports and an annual 
report." 

"The prbgram will be conducted c, 0 

"The plan will be conducted for c, 0 

F Data should be 
compared with 
appropriate 
criteria 

F None 

~ 

"Reference documents: Environmental Assessment [EA (DOE, 1981)1; finding of no skp8kan t  impact (FONSI) dated March 16. 

bDirectly quoted from the reference document. 
bDirectly quoted from the reference document. 
cC = construction; D = decommissioning, 0 = operation; PC = preconstruction. 
dAs determined by onsite inspection, August 12,1982; F = fullill&, NF - not fulfill&, NV = not verifiable. 

1981. 

P 
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The pit used to collect spills from the drill site is also not lined with a synthetic 
liner. However, this pit is pumped soon after receiving any spilled materials (Berning, 
1982b). 

Storms-The scheduling of project activities to avoid potential problems associated with 
major storms is a goal that  can conflict with project completion goals and funding 
constraints. During the August site visit, the construction rig for replacing the well 
casing was in place during the hurricane season. However, in the event of the threat of 
tropical storms, it is standard practice to remove any hazardous materials and portable 
equipment. If large drill rigs cannot be removed from the site, they are secured by 
lowering the derrick to a horizontal position (Berning, 1982b). 

3.3.2 Monitoring Activities 

This section reviews the adequacy of air, noise, water, ecological, and geological 
monitoring activities at the Gladys McCall well site. It also makes recommendations for 
further monitoring where deemed necessafy. LSU conducted all environmental monitoring 
a t  the Gladys McCall site, either directly or through the use of subcontractors. 

3.3.2.1 Air quality 

Although the EA for the Gladys McCall well (DOE, 1981) stated that the Louisiana 
Geological Survey would monitor air quality around the well site, no air quality monitoring 
was performed (Van Sickle, 1982a). The objectives of the air quality monitoring program for 
the Gladys McCall well (DOE, 1981) were identical to those stated for the Dow well 
(Sect. 3.1.2.1). Air sampling and analysis were to have been from a fixed automated 
monitoring unit located about 3.2 km (2 mi) north of the test well site. The location of the 
monitor was determined using procedures consistent with techniques recommended by the 
EPA (1980). Continuous measurements of SO, H S ,  THC, and methane were to have been 
made. Meteorological data monitored were to have included wind speed, wind direction, 
temperature, and precipitation. 

The monitoring plan identified the appropriate pollutants to monitor, based on typical 
natural gas analyses of the Louisiana geopressured zone (Goldsberry, 1980). Additional 
monitoring of the ambient air in the immediate vicinity of the flare would have provided 
data on substances potentially derived from the geopressure brine (see the second objective, 
Sect. 3.1.2.1). The appropriate meteorological parameters were selected to evaluate 
pollutant behavior in the atmosphere. The EPA reference methods (40 CFR Parts 50 and 53) 
were to be used in monitoring the pollutants, and EPA guidelines were to be followed when 
monitoring meteorological parameters (EPA, 1980). 

The lack of air quality degradation expected from the project, combined with the fact 
that air monitoring programs at the Dow and Sweet Lake well sites detected few, if any, 
changes in air quality that could be attributed to well activity, contributed to the decision 
not to monitor air quality a t  the Gladys McCall site. Funding cutbacks in FY 1982 were 
responsible for reductions in environmental monitoring at all the geopressure wells and thus 
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made it less likely that air quality monitoring would begin at Gladys McCall. Implementing 
a monitoring program at this late date in the development of the well would be of marginal 
value because limited air quality baseline data are available for the site, making a 
comparison of ambient concentrations difficult. 

3.3.2.2 Noise 

No noise monitoring was conducted at the Gladys McCall well site (Van Sickle, 1982~). 
Initiation of noise monitoring would provide little useful information on the noise impacts of 
the project because the noisiest phase of the project, well drilling, has been completed. 
Currently, the principal noise source at the well is the diesel generator. The generator is 
located on the side of the site that is away from the nearest residences to minimize possible 
disturbance. 

Noise levels generated during flow testing are likely to be similar, to \hose observed 
during the site visit; thus, noise monitoring at the Gladys McCall site for the duration of the 
project is not recommended because no significant noise impacts 'are 
monitoring were to have been done for this project, it should have occurred during well 
drilling. Noise simulation modeling done for the EA found' that noise levels generated 
during well drilling decayed to ambient levels before reaching the nearest sensitive receptor 
(DOE, 1981). 

3.3.2.3 Water quality 

Monitoring of surface water and groundw ality was initiated a t  the Gladys 
McCall site in May and June 1981. At present, sampling is continuing on a monthly basis. 
Three surface-sampling stations were selected, and two wells for observation of groundwater 
were drilled (Fig. 4). The sampling to date has indicated seasonal variation and trends in 
water quality but no alteration of water quality that can be attributed to the test well 
(Bebout et al., 1982). 

In evaluating the water quality monitoring, consideration was given to the adequacy of 
(1) sampling locations, (2) frequency of monitoring, (3) choice of water quality 
constituents to be monitored, and (4) presentation and interpretation of results. The 
monitoring program for the Gladys McCall test well site appears capable of revealing any 
significant changes in water quality resulting from well operations: Several aspects of the 
program which could be clarified are as follows: (1) the results of sampling should be 
discussed and interpreted by comparison with appropriate water quality criteria (e.g., 
"Water Quality Criteria for Toxic Substances," 45 FR 79318-79) and by comparison with 
concentrations typical for the reson; and (2) the reporting of monitoring data should 
include information (or indicate refere s where information can be foundj on analytical 
methods used, the laboratory performing the analyses, and the limits of detection. 

3.3.2.4 Ecology 

8 . 

Ecological parameters were used in a study of shoreline disappearance and marsh loss 
in the vicinity of the Gladys McCall well site before the commencement of testing. Beyond 
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this and a baseline characterization of the site and surroundings, no ecological monitoring 
has been conducted at the Gladys McCall site, and no such monitoring is recommended at 
this time. However, because of the-ecological importance of the area and the proximity of 
the Rockefeller Wildlife Refuge, monitoring could become necessary if (1) results of water 
quality monitoring (Sect. 3.3.2.3) suggest changes due to geopressure activity which might 
damage marsh life or (2) a blowout or other large spill should occur. 

3.3.2.6 Subsidence and doroseismicity 

Subsidence and microseismic activity have been monitored a t  the Gladys McCall site 
using the methods described in Sect. 3.2.2.5. As with th’e other two wells in Louisiana, 
current plans are (1) not to conduct the survey work unless or until the wells are tested 
and (2) to continue microseismic and leveling work for one year after DOE has completed 
operations (Van Sickle, 1982~). 

3.3.3 Decommissioning 

Future use or decommissioning of the Gladys McCall ,site is uncertain and partially 
dependent on the test results obtained from the well. DOE’S schedule for the project calls 
for 12 months of well operation, flow testing, and associated research at the site after 
successful completion of the well. This. would be followed by cdmplete site decommissioning, 
with wells plugged and abandoned. Flow testingoccurred between March and May 1983. 

Well operation may indicate that the gebpressured reservoir can be utilized 
economically. If natural gas production is sufficient and gas quality is high, a connection 
may be made with the nearest gas pipeline. Geothermal energy may also find application in 
agricultural drying, electrical generation, or other uses. The choices between further site 
development, mothballing, and site decommissioning will depend on. many factors which are 
currently uncertain. Future environmental impacts are difficult to predict, as are the 
monitoring and mitigation efforts that  will be appropriate. 

Because the future use of the Gladys McCall site is uncertain and will remain uncertain 
for perhaps a year or more, recommendations regarding decommissioning are premature at 
this time. If a decision is made to abandon the site, the planning for decommissioning 
should proceed based on DOE’S previous commitments, the legal requirements of the state of 
Louisiana, the site’s condition, and. any other relevant factors. DOE may be able to 
accommodate the wishes of the siteq’s-landowner, but considering that adjacent land is 
wetland, including the Rockefeller Refuge, highest priority should be given to restoring the 
site to an undisturbed condition to the extent possible. Because spent drilling muds are 
currently stored in the reserve pit at the site, a site inspection and additional monitoring 
may be appropriate in conjunction with decommissioning. 

R 

t - 



3.4 Plsaeant Bayou 

The Pleasant Bayou geopressure test well project was undertaken by DOE and the 
University of Texas, Center for Energy Studies, to evaluate the geopressure potential of the 
area. Tests to be conducted included flow rates, fluid composition, temperature, gas content, 
geologic characteristics, and the potential for subsidence due to subsequent fluid production 
(DOE, 1978). 

As a result of drilling problems with the first well at the site, Pleasant Bayou No. 1, a 
replacement well, Pleasant Bayou No. 2, was spudded on January 25, 1979 (DOE, 1979a). 
This second well was drilled to 5,000 m (16,500 ft) (DOE, 1979b). Phase I production tests 
(short-term) were completed prior to June 1980 (C. K. Geoenergy, 1980). A series of 
problems with surface facilities and with the production string ensued. The well was 
reworked to retrieve a portion of production string lost downhole (C. K. Geoenergy, 1982a; 
Blumhardt, 1982), and on August 23, 1982, long-range flow testing began. On September 6, 

1 1982, the flow rate was 3,148 m3 (19,800 bbl) of brine per day, with production of 
i 11,750 m3 (415,000 ft3) of gas. Flowing well temperature was 137°C (279OF) (C. K. 
' Geoenergy, 198213). Production at this rate continued until April 1983, when scale buildup 

required that the well be shut-in (C. K. Geoenergy, June 1983b). As of August 1983, the well 
was being reworked to remove the 0.13-m (5-in.) tubing (DOE, 1983). 

j 3.4.1 Commitment Checklist 

The environmental mitigation and monitoring commitments for the Pleasant Bayou 
wells are presented in Table 4. The status of these commitments was verified by onsite 
inspection on August 13,1982. Comments on these commitments are as follows: 

Site drainage-The site is partly surrounded by the remnants of a former ring levee, 
and portions of the completed pad for well No. 2 drain offsite rather than into pits. As a 
result, some rainwater from the site drains offsite. Because of the cleanliness and 
otherwise effective construction of the site, such drainage does not constitute a problem. 
Erosion losses have been adequately mitigated because the pad is graveled and 
peripheral areas have been seeded. Similarly, the pad for well No. 1 has been leveled, 
access and work areas graveled, and the perimeter seeded. 

Mud and merue pits-The mud and reserve pits have not yet been filled, and hence no 
reinjection of liquid wastes has occurred. We recommend that DOE ensure, before its 
involvement ends, that  liquid wastes are reinjected or hauled to an approved disposal 
site and that solid residues are buried in the pits or hauled to an approved disposal site. 
The method chosen will depend on whether the pits remain in use as a part of further 
commercial development. 

lktposal statiun-The disposal station waa not housed because electric pumps proved 
unnecessary for reinjection of brines. 

&commissioning-All unneeded areas of the site should be graded, covered with soil, 
and seeded. As noted in Table 4, it would be permissible to include nonnative, adapted 



Table 4. Mitigation and monitoriug commitment checklist for the Plearant Bayou 
geopregsure dedgn well, Bramria County, Teucr 

- Pageno. inEAa Commitmentb Project phasec Verificationd Recommendations 

wcrterresources 
waste disposal 

ACCi&Bl@ 
easing failure 

1-6 

34 

3-3.3-27. 
3-9,3-13 
3-12 

3-27, 3-14 

3-14 

3-27 

u. . .each site will be sloped 
toward the (drilling mud) 
sump to provide a drainage 
catchment." 

"Improvement and use of exist- 
ing unimportant roads can 
reduce habitat loss due 
to road construction." 

". . .can be mitigated by seed- 
ing the base areas as 
soon'as possible and 
returning them to the 
natural state once the 
facilitiei are removed. 
Exposed *mineral soil 
+in be cove& with 
shell or gravel to 
minimize. . .erosion." 

"Standing water in mud pits 
and reserve ponds will be 
pumped into the disposal 
wells and solid residue 
will be buried in the 
ipnpervious pits." 

"Proper well construction will 
assure that potential brine 
leaks due to well casing 
failures will be minimized. . . 
should isolate freshwater 
aquifers from potential well 
failures.. .an adequate well 
easing program and well 
monitoring program is 
required. . ." 

"Frequent checking of well 
heads and pipes will help 
prevent accidents." 

C 

c, 0 

NF None 

F 

c, 0 F (seeding and 
gravel) 

c, 0 P 

c. 0 F 

c. 0 F 

None 

None I 

Ip 
0 

All liquids to be 
removed before decom- 
missioning (see 
text). 

. .  
None 

None 



Table 4. (Continad) 

Page no. in EAa Commitmentb Project phasec Verificationd Recommendations 

safety 1-12 T h e  disposal station will be c, 0 NF (see text) None 
housed to protect i t  from 
weather since the pumps are 
electrically driven and have 
a h i  horsepower rating." 

1-18 'Abandoned wells will be D 
plugged with cement or welded 
shut below ground level and 
will be in compliance with 
appropriate state rules and 
regulations. . .the disturbed 
area will be W i l l e d  and 
replanted with species native 
to the areas. Mud pita will 
be drained of free water and 
thae water will be pumped into 
the disposal well prior to ita 
abandonment. Residue will be 
buried in the impervious pita." 

NV, P Nonnative 
species may be 
accepted (- 
text). 

OEA - Environmental Assessment (DOE 1978). Other references: memos to file dated March 23,1978; January 15,1979; and February 8,1979. 
bDirectly quoted from the EA (DOE 1978). 
cC = construction; D - decommission; 0 - operation. 
dAs determined by onsite inspection, August 13, 1982, F = fulfilled, NF = not fulfilled, P = pending, NV = not verifiable. 
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I 

plant species in the seeding mixture if such species have proven suitable for 
stabilization in the area. Advice on species to use can be obtained from the county Soil 
Conservation Service officer. 

Flooding-It is not clear whether Executive Order No. 11988, "Floodplain Manage- 
ment," has been complied with. Although the possibility of flooding is not covered i 
commitments, DOE should recognize that the site is both within the 100-year flo 
and subject to flooding from a major hurricane. The area has been flooded ten. times 
since 1939, including the flooding by Hurricane Carla in 1961 DOE, 1978). During 
August 1983, Hurricane Alicia brought heavy rains, high winds, and flooding to south 
Texas after coming aground near Galveston. Fortunately, the eye of the hurricane 
passed directly over the Pleasant Bayou site, sparing it from damage (Goldsberry, 1983). 
An increase in the volume of the mud pit was noted, but no liquid wastes were released 
to the environment (Goldsberry, 1983). It is possible that flooding in the future could 
result in damage to equipmdnt and- washing of stored liquid wastes to the surrounding 
areas. For this reason, it is recommended that the contents of the mud pit be disposed 
of or removed from the site rather than remain for an extended period. 

3.4.2 Monitoring Activities 

In this section the adequacy of air and water quality, noise, ecological, and geological 
monitoring is reviewed, and recommendations for further monitoring are made. The Bureau 
of Economic Geology, University of Texas at Austin, conducted the environmental 
monitoring at the Pleasant Bayou site. 

3.4.2.1 Air quality 

An air quality monitoring program-was conducted in the vicinity of the Pleasant Bayou 
well site by Radian Corporation under subcontract to the Bureau of Economic Geology, 
University of Texas. Data were collected from February 1978 through December 1980 by a 
fixed, continuous monitor located approximately 0.8 km (0.5 mi) northwest of the test 
well (Fig. 5). The station was selected using procedures consistent with EPA guidelines 
(EPA, 1980). 

onitoring program was to determine baseline air quality at 
the Pleasant Bayou well site (Gustavson, 1982). Ambient levels of the following pollutants 
were monitored: SO2, particulates,, methane, and H2S. All automated instrumentation was 
consistent with EPA-approved hniques (40 CFR Parts 50 and 53). Instrument 
calibration, data reduction, and lity assurance were also completed in a manner 
consistent with EPA guidelines (EPA, 1580). 

The greatest potential for air poll on during geopressure development occurs when the 
natural gas is separated from the br and then cleaned and sold t&a pipeline or flared 
(Goldsberry, 1980). Typically, the gas treatment consists of dehydration and removal of H2S 
and C02. The H2S is usually incinerated and then released to ambient air as SOz. Thus, the 
principal air quality impact associated with gas treatment is the release of small amounts of 

The goal of the air quality 

. 
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SOz. The pollutants selected for analysis are typical of those found in gases in geopressure 
reservoirs along the Texas-Louisiana Gulf Coast (Goldsberry, 1980). 

The results of the baseline air monitoring program suggest that major air pollution 
sources to the northwest, north, east, and southeast of the well site contribute to pollution 
at the site; these directions coincide with the locations of major petrochemical and 
industrial complexes in Houston, Galveston, and Texas City. Nearby petrochemical plants 
undoubtedly affect air quality at the site when the wind is from the east; however, the 
composition of emissions from nearby industry (e.g., the Monsanto plan6 is not known, so 
the contribution of neighboring industry to air quality at the well site is difficult to 
determine (Gustavson, 1982). NAAQS for particulates and SO; wer t exceeded a t  the well 
site during 1980, which was a period that included the Phase I flow 

Meteorological monitoring was begun a t  the site in January 1979. Wind speed-and wind 
direction data were monitored; these two parameters are adequate data for evaluating the 
dispersion characteristics of the atmosphere in the vicinity of the site. Since only limited 
information is available on the meteorological monitoring, it is impossible to determine if 
the monitoring was done using procedures consistent with EPA hidelines (EPA, 1980). 

In general, the air quality monitoring was adequate. Additional data analysis should be 
done at the end of the project to characterize air quality during each phase of geopressure 
development at the site: preconsthction (baseline), construction, well drilling, and flow 
testing. None of the available environmental monitoring reports for the Pleasant Bayou well 
site (Gustavson, 1979 and 1982; Gustavson, Howard, and McGookey, 1980) identify or 
summarize air quality during each of these time periods. The data records should be 
examined to determine if there is any statistically significant change in air quality 
associated with well activity (construction, drilling, etc.). These additional analyses will 
provide a more complete picture of the air quality impacts of geopressure development at 
Pleasant Bayou. 

3.4.2.2 Noise 

The Bureau of Economic Geology, University of Texas, contracted Radian Corporation 
to conduct a baseline noise survey for the well site and to predict the impacts of geopressure 
development on the background noise levels. 

Radian conducted a baseline field noise survey in January 1978 prior to the beginning of 
well drilling. The survey consisted of measuring ambient noise levels on the decibel A- 
weighted scale- every 460 to 600 m (1500 to 2000 ft) within the residential area 
surrounding the proposed site. Noise measurements were also taken every 330 m (loo0 ft) 
parallel to the road leading to the Monsanto chemical plant. All field measurements were 
made in accordance with ANSI S1.13-1971, "Methods for the Measurement of Sound 
Pressure Levels." 

Standard nonacoustical information, such as wind speed and humidity, was also noted, 
along with observed extraneous influences. Calibration of the instrumentation was 
performed prior to, during, and subsequent to each sample exercise. All instrumentation 
satisfies specifications for sound level meters (Gustavson, 1979). 
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The baseline noise survey indicated that existing day-night noise levels (Ldn) in the 
Peterson’s Landing area were between 40 and 50 dBA (Gustavson, 1979). The survey data 
showed a definite influence of noise from the Monsanto chemical plant; variations in the 
observed 24-h sound pressure levels were attributed to production changes, steam blowoff, 
and low-frequency flare noise at the Monsanto plant (Gustavson, 1979). The baseline noise 
survey adequately characterized the sound field present at the well prior to development of 
the geopressure resource. 

To predict the noise impacts of geopressure development on the existing sound field, 
Radian measured sound levels from an operating drill rig of the same type that was planned 
for use at the Pleasant Bayou site. Next, mathematical techniques were used to simulate the 
attenuation of the drill rig noise with distance. The predicted sound levels from drilling 
operations were added to the baseline sound levels to produce a total sound level, which was 
then compared with criteria to determine if a significant impact would occur, whether 
mitigation measures would be needed, and how effective they would be in reducing the 
magnitude of the impact. 

During January 1978, sound pressure levels were measured at various distances from a 
2100-HP drill rig operating at Hallettsville, Texas. These sound levels were then used as 
input to a noise level prediction model that describes the frequency and directional 
capabilities of noise from the source and then calculates the attenuation of noise from the 
source to the concerned area. The model takes into account geometric spreading, molecular 
adsorption, and vegetation attenuation. The output from the model provides the total sound 
pressure spectrum at any point within the impact area. The modeling results showed that 
the noise field produced by the drilling rig is asymmetrical (Fig. 6). By locating the rig so 
that the major lobes of the noise field are directed away from nearby inhabited areas 
(Peterson’s Landing), the noise generated by the drilling rig would have no appreciable 
environmental effect on the Peterson’s Landing community and on residents along the 
concerned portion of the Chocolate Bayou (Gustavson, 1979). The modeling results indicated 
a predicted noise level of about 40 to 50 dBA in the Peterson’s Landing area, which is 
within the guidelines for health and welfare established by the EPA (EPA, 1974) and is 
equivalent to the baseline noise levels at the Peterson’s Landing area. 

In August 1978, another field noise survey was conducted by Radian to measure ambient 
noise levels during operation of the.dril1 rig and to ensure that the orientation of the rig 
had achieved its purpose of mitigating noise impacts from well drilling. At that time it was 
learned that the drilling contractor had decided to use a 4800-HP drilling system instead of 
the 2100-HP system originally planned. The more powerful system was actually 15 to 20% 
quieter because of soundproof engine enclosures. The field survey conducted during drilling 
agreed with the modeling results by showing that noise from the drilling rig was masked by 
noise from the Monsanto plant and that implementation of mitigation measures (Le., proper 
rig orientation) achieved the desired result. 

3.4.2.3 Water quality 

Monitoring of surface water and groundwater quality was initiated a t  the Pleasant 
Bayou site in March 1978, and regular monthly sampling of both surface water and 
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groundwater began in November 1978. Sampling continued on a monthly basis until 
February 1982. The waters of Chocolate Bayou are sampled both upstream and downstream 
of the test well site, and samples are taken at the water's surface and near the bottom. 
Groundwater is sampled at three wells, the locations of which are indicated in Fig. 7. 
Monitoring reports have indicated that the surface water chemistry of Chocolate Bayou is 
highly variable because of mixing of fresh water with nearby marine waters. Monitoring of 
shallow groundwater near the test well site has indicated only minor influences from mixing 
with salt water. The sampling indicated considerable variation in water quality but no 
alteration that could be attributed to the test well (Gustavson, 1979 and 1982; Gustavson, 
Howard, and McGookey, 1980). 

In evaluating the water quality monitoring, consideration was given to the adequacy of 
(1) sampling locations, (2) frequency of monitoring, (3) choice of water quality 
constituents being monitored, and (4) presentation and interpretation of results. The 
monitoring program for the Pleasant Bayou site appears capable of revealing any significant 
changes in water quality resulting from well operations. Several aspects of the program 
which need clarification are as follows: (1) a figure indicating the location of surface water 
monitoring stations should be provided; (2) the rationale for choice of sampling locations 
should be discussed (i.e., Are any of the sampling stations or wells intended to serve as 
control stations?); (3) the results of sampling should be discussed and interpreted by 
comparison with appropriate water quality criteria (e.g., "Water Quality Criteria for Toxic 
Substances," 45 FR 79318-79) and by comparison with concentrations typical for the region; 
and (4) the reporting of monitoring data should include information on the limits of 
detection (or indicate references where this information can be found). 

3.4.2.4 Ecology 

Baseline information on the ecology'of the area was developed from field reconnaissance 
and existing literature; no further monitoring is needed except in the event of a blowout. In 
such an event, a program should be developed to monitor impacts to terrestrial and aquatic 
biota. Such a program would include air and water quality monitoring, sampling of 
potentially affected population, and measurement of soil properties on affected and adjacent 
unaffected areas. The information from such studies would be useful in documenting the 
nature and extent of ecological 'damage, in making decisions regarding cleanup, and in 
predicting the impacts of future geopressure development. 

3.4.2.5 Subsidence and microseismicity 

An initial leveling survey was conducted by Teledyne Geotronics and can be repeated to 
detect subsidence following production tests (Gustavson, Howard, and McGookey, 1980). A 
multiliquid tiltmeter was operated periodically during 1980 at the test well site but gave no 
evidence of subsidence (Gustavson, Howard, and McGookey, 1982). Before subsequent 
surveys are made, the final amount of reservoir pressure drawdown should be checked 
against current subsidence models to predict whether detectable subsidence is likely. Recent 
models suggest that a drawdown of 21 MPa (3000 psi) could produce a change ranging 
between 0.2 cm (0.1 in.) (DOE, 1981) and 12.5 cm (5 in.) (DOE, 1982). Although such 
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changes would be minor in comparison to other causes (Cotter, 1982), subsidence of more 
than 0.3 m has occurred in the Chocolate Bayou field north of the test well where gas has 
been produced from a shallower portion of the geopressured reservoir (Gustavson and 
Kreitler, 1976). Because many factors contribute to the uncertainty of subsidence 
predictions, monitoring should be continued in order to improve our understanding of the 
role of fluid withdrawal in causing subsidence (Dorfman and Harkins, 1982). Microseismic 
activity near the Pleasant Bayou well site has been monitored with one surface instrument 
and four instruments in 30-m (100-ft) boreholes. This array has detected events with a 
magnitude of 0.5, including microseismic events believed to be associated with brine 
injection to the Pleasant Bayou disposal well (Gustavson, Howard, and McGookey, 1982). 
Microseismic monitoring is continuing and should continue, if possible, at least until the 
completion of production testing. 

3.4.3 Decommieaioning 

Future use of the Pleasant Bayou site for geopressure development depends on the 
results of continued flow tests. Currently, DOE plans to test the well until September 30, 
1983. Future commercial activity is, however, possible following testing. Gas sales might be 
used by DOE to partially recover its costs (Lombard, 1982a). Cleanup of the gas is 
straightforward, and connection to a pipeline presents no major problems. Additional 
commercial ventures, including heat for various aquacultural applications, appear feasible. 
It appears possible that the site will remain active in some form following termination of 
DOE’S involvement. 
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4. CONCLUSIONS AND RECOMMENDATIONS 

The DOE and its operating contractors at the four geothermal design well sites 
adequately implemented most of the mitigation measures and monitoring recommended in 
the project EAs. Because of the effectiveness of these measures and because of the generally 
benign nature of geothermal energy resource development and utilization, the environmental 
impacts of the DOE design well program have been minimal. 

The most significant potential environmental impacts from geopressure projects are 
surface water, groundwater, and soil contamination and subsequent ecological damage. The 
most probable causes of such impacts are (1) careless or improper handling and storage of 
materials, wastes, and fluids associated with well drilling and (2) accidents. As an example, 
the brine pit at the Dow site developed a leak, providing a potential pathway for toxic 
substances to enter the environment. At Pleasant Bayou, the lack of a ring levee around the 
site affords the opportunity for heavy rainfall to flush spent drilling fluids from a storage 
pit into the environment. 

As a result of this study, the torn liner at the Dow well was repaired, and the soil under 
the liner was removed for appropriate disposal upon decommissioning (Storm, 1983), and the 
stored fluids at the Pleasant Bayou well will either be removed or the ring levee repaired 
(Lombard, 1982b). 

The monitoring activities outlined in the EAs were not carried out as explicitly as 
stated, primarily because (1) monitoring during initial testing at the Pleasant Bayou and 
Sweet Lake sites indicated little or no change in baseline concentrations or ambient levels of 
the parameters monitored and (2) federal funding cutbacks have resulted in the 
termination of some monitoring and the failure to initiate that  which had been planned. A 
review of the monitoring data collected to date suggests that no adverse impacts related to 
well activity have occurred at or near the well sites. 

This evaluation of environmental monitoring and mitigation measures at the 
geopressure design wells was a logical extension of the NEPA-related activities associated 
with these projects which provided a broader view of the environmental impacts of the 
technology. Furthermore, this study has illustrated that NEPA documents (in this case, 
EAs) can serve as action plans for characterizing environmental impacts and need not be 
confined to only paper exercises. 

It is recommended that environmental monitoring and mitigation activities be evaluated 
for other projects which have undergone the NEPA environmental review process and which 
have achieved fruition, particularly projects of a less environmentally benign nature (e.g., 
coal-fired plants, nuclear power plants, etc.) for which EISs have been prepared. A computer 
search of EISs prepared to date could be used to identify such projects so that follow-up site 
visits may be conducted to evaluate the impacts predicted and measures recommended in the 
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NEPA documents. Such an evaluation would be especially useful in areas for which 
noncompliance monitoring (not related to permita, such as socioeconomics and ecology) is 
recommended. 
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APPENDIX A-SUMMARY OF RESEARCH CONCERNING 
THE EFFECT$ OF DRILLING MUD PITS 

ON GROUNDWATER QUALITY 

Under contract to the American Petroleum Institute (API), Dames and Moore' 
performed research on the movement of trace elements from drilling mud pits and water 
impoundments at oil and gas well sites. This appendix summarizes the findings of this study 
and discusses their relevance to geopressured-geothermal wells. 

and Iberville Parish, Louisiana) in the Louisiana-Texas geopressured zone, and another mud 
pit located near Carthage, Texas, approximately 240 km (150 mi) northwest of the 
geopressured zone. The mud pits were constructed between 5 and 12 years ago (Table A.l). 
The mud systems used in the wells were similar to those used in geopressure design wells, 
i.e., water based, barite-weighted, chrome, and ferrochrome-lignosulfonate muds with barite 
as the major mud constituent by weight. 

The API study examined whether mud pits are an important source of groundwater 
contaminants by comparing the concentrations of water quality constituents in 
downgradient wells with those in upgradient, or background, wells. In general, higher 
concentrations were observed in downgradient wells. Sodium and chloride were observed to 
be the most motile ions, while the probable migration rates for heavy metals appeared to be 
very slow. The concentrations of downgradient wells for most heavy metals a t  most sites 
were below those established in the primary and secondary Drinking Water Standards (40 

Data for the three Louisiana-Texas mud pita are summarized in Tables A.2 to A.4. 
Table A.2 gives the average concentrations for water quality constituents in all wells vs 
control wells. The concentrations of sodium and chloride ions show the most pronounced 
pattern; the consistently higher concentrations in downgradient wells suggest that these 
highly motile ions are leaching from the mud pits. Table A.3 indicates the percentage of 
concentrations which exceeded the drinking water standards. In many cases, there is very 
little difference between the frequency of such exceedance for control wells vs all wells, 
suggesting that higher concentrations are the result of background conditions or imprecision 
in sampling laboratory analysis. Table A.4 indicates the magnitude of exceedances of 
drinking water standards. 

l 

1 
I Dames and Moore studied a total of eight sites, including two mud pits (Katy, Texas, 

, 
I 

, 
I Federal Register 11990-11998, March 14,1975). 

I 

' 

' 

*Dames and Moore, Inc. 1982. Analyeis fl Hdrobgic and Environ- &f& sf Ming Mud Pits and 
P r o d d  Wder Impoundments. Prepared for the American Petroleum Institute, Dallas, Tex. 
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Data in Tables A.2 to A.4 provide one fairly clear example of a trace element leaching 
into groundwater. The Iberville mud pit appears to have been the source of arsenic in 
downgradient wells. The mean arsenic concentration in the control well was 0.013 mgA, 
while the mean concentration in all wells was almost ten times as great, 0.11 mg/L. 

The data in Tables A.2 to A.4 suggest that the mud pits are not a source of major 
groundwater contamination by the trace elements of greatest concern,@ human health. It 
should be noted, however, that the mud pita that were studied are only 5 12 years old, and 
some uncertainty remains as to their future effects on groundwater. 
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Table kl. Cbaracteristica of drilling mud pits 

Well 

location well [m (ft)] system constructed 
Well Typeof depth Mud Pit 

Katy, TX Gas (sweet) 3,180 Chromium- 1970 
(10,420) lignosulfonate 

Iberville Parish, LA Oil 3,780 Chromium- 1977 
(12,400) lignosulfonate 

Carthage, TX Oil 2,140 Ferrochrome- 1977 
(7,015) lignosulfonate 

Source: Dames and Moore, Inc. 1982. Analyd 4 Hyd7dogie and Entrim- 
mental of W i n g  Mud Pits and Mud Water Impoundments. 
Prepared for the American Petroleum Institute, Dallas, Tex. 

Table A.2. Mean concentration of parametem in groundwater spmplea 
at mud pit dted evaluated 

Site 
Iberville Parish, 

Katy. TX LA Carthage, TX 
All Control All Control All Control 

Parameter DWSa wells wells wells wells wells wells 

Heavy Metals 

Arsenic (As) 
Barium (Ba) 
Cadmium (Cd) 
Hexavalent 

Chromium (Cr+s) 
Total Chromium (Cr) 
Lead (Pb) 
Mercury 0%) 
Zinc (Zn) 

ahas 

0.05 
1.0 
0.01 
0.05 

None 
0.05 
0.002 
5.e 

0.026 
1.9 
0.009 

CO.05 

<0.05 
0.06 
0.0057 
0.144 

0.042 
0.9 
0.009 

<O.W 

<0.03 
0.05 
0.0036 
0.140 

0.110 
0.6 
0.007 

< O M  

<0.05 
0.18 
0.007 
0.2 

0.013 
0.4 
0.008 

< O M  

<0.05 
0.26 
0.0038 
0.2 

0.088 
0.3 
0.009 
0.04 

0.02 
0.08 
0.009 
0.53 

0.077 
<0.08 
KO.01 
<0.03 

XO.02 
<0.1 

0.004 
0.8 

Sodium (Na) None 664 459 138 87 321 16.4 
Chloride (Cl) w864 407 3!38 276 661 8.0 

ODWS = Drinking Water Standard. 
*Secondary Drinking Water Standard. 
Source: Dames and Moore, Inc. 1982. Analysis 4f Hydtologic and E n v i r v n m  meets of 

Drilling Mud Pits and Md Wbter Impoundme&. Prepared for the American Petroleum 
Institute, Dallas, Tex. 



Table A3. Frequency of exceedance" of primary and secondary 
drinking water standards for selected parameters 
measured in groundwater samples at drilling mud 

pit sites evaluated (40 FR 11990-11998) 

Site 
Iberville Parish, 

Katy, TX LA Carthage, TX 
All Control All Control All Control 

- 

Parameter wells wells wells wells wells wells 

Primary standards 

Arsenic (As) 14.4 14.2 47.2 5.6 37.5 40.0 
Barium (Ba) 80.2 66.7 18.1 5.6 0.0 0.0 
Cadmium (Cd) 25.9 23.3 9.8 5.6 22.5 . 0.0 
Hexavalent 0.0 0.0 0.0 0.0 0.0 0.0 

Lead (Pb) 34.0 29.5 55.6 66.7 45.0 50.0 
Mercury (Hg) 54.2 66.7 61.1 55.6 55.0 60.0 

Chromium (Cr+6) 

secondary standards 

Chloride (C1) 75.0 75.0 78.1 75.1 75.0 0.0 
Zinc (Zn) 0.0 0.0 0.0 0.0 2.5 10.0 

"Percent of samples found to exceed primary or secondary drinking water 
standards calculated as the number of samples in exceedance divided by the 
total number of samples for all wells orfor  baclfground, or upgradient, ,wel!s. 

Source: Dames and Moore,'Inc. 1982. A d g &  4f Hgdroh& and Envimn- 
mental E;ffeects of W i n g  Mud 'Pits" and Prod& Water Impoundments. 
Prepared for the American Petroleum Institute, Dallas, Tex. 

Table A.4. Magnitude" of exceedance of primary and secondary 
drinking water standards for selected parameters 
measured in groundwater samples at drilling mud 

pit sites evaluated (40 FR 11990-11998) 

Site 
Iberville Parish: 

Katy, TX LA Carthage, TX 
All Control A11 Control A11 Control 

Parameter wells wells wells wells wells wells 

Primary standards 

Arsenic (As) 3.2X 5.0X 4.4X 1.7X 4.2X 3.4X 
Barium (Ba) 2 . 2 ~  2.1X 1.6X 3.1X None None 
Cadmium (Cd) 1.6X 1.8X 2.7X 4.7X 1.6X None 
Hexavalent None None None None None None 

Lead (Pb) 1.8X 2.1X 5.6X 7.4X 2.0X 2.0X 
Mercury (Hg) 3.2X 2.7X 4.3X 2.4X 8.lX 3.0X 

Chromium (Cr") 

L .  

S e d W  standards 

Zinc (Zn) None None None None 1.4X 1.4X 
Chloride (C1) 4.5X 3.2X 1.9X 1.4X 3.5X None 

F 
P 

~ 

"Average magnitude of exceedance of drinking water standards in wells 
for each site calculated as the mean concentration of each exceeding parame- 
ter divided by the DWS limit. 

Source: Dames and Moore, Inc. 1982. Analysis of Hydr&c and Environ- 
mental 4feects of Drilling Mzid Pits and Produced Water Impoundments. 
Prepared for the American Petroleum Institute, Dallas, Tex. 
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