
For the purposes of this study conducted by Bean/log~n Consulting Geologists. ground water In
the study area ~as categorlzec accoroln; to geotype and compared to produced water ln sumps that
came from product Ion :ones. Research was conducted on sumps in CymrIC Valley. HC~lttrick

Valley. Hld~ay Valley. Elk Hl1h. 6uena ViSta HIlls. and Buena Vista Valley proauction fields.
wnlle th1S re:ent research was not Investlgatlng ground-water damages per se. the study su99~sts

obvious potent 1~1 for damages relat ing to the 9ro~nd water, The hydrogeologiC analySIS prepared
for the Ca11fornla State Water Resources Control Board concludes that about 570,000 tons of salt
from produ;ed ~ater were ae~osltej In 1981 and that a total of 1~.8 mll110n tons have been
deposlted Since 1900. ine Callfornla Water Resources Scara suspe:ls that a port Ion of the salt
has percolated lnto the ground water and has degraded it. In addltion to suspected degradatlon
of ground ~ater. offlcers of the CalifornIa Oepartment of Fish and Game often find blrds and
anImals entrapped In the ally depOSIts In the affected e~hemeral streams. Exposure to the ally

. 7d 79deposlts often proves to be ratal to these birds and animals. ICA 21)

This is a permitted practice under current California regulations,

Aside from concerns over chronic degradation of ground water, this

practice of discharge to ephemel"al streams can cause damage to wildlife,

The volume of wastes mixed with natural runoff sometimes exceeds the

holding capacity of the ephemeral streams. The combined volume may then

overflow the diversions to the sump areas and continue downstream,

contaminating soil and endangering sensitive wildlife habitat. The oil
and gas industry contends that it is rare for any wastes ,to pass the

diversions set up to channel flow to the sumps, but the California

Department of Fish and Game believes that it is a common occurrence.

PrOduced water from the Crocler Canyon area flows downstream to where It IS diverted lnto
Valley Waste Olsposal's large un11nea evaporation/percolatIon sumps for oil recovery
Icooperatlve1y operated by local OIl producers). In one instance. dIscovery b)' Callfornia Fish
and Game offICIals of a significant spIll was made over a month after it occurred. According to
the California State Water Quality Board, the InCldent was prObably caused by heavy rainfall, as
a consequence of which the volume of rain and waste exceeded the contaInment capacIty of the
disposal facility. The sumps became ero~d. allowing oily waste to flow down the valley and
Into a wildlife habItat occupled.by several endangered specles lncludlng blunt-nosed leopard
lIzards, San JoaquIn klt foxes. and gIant kangaroo rats.

78 API states that the CalIfornia Regional Water Qua1lt)' Board and EPA are present 1y declding
whether to promulgJte additIonal permit requirements under the Clean Water Act and NPOES.

79 References for case Cited: lower WestSide Water Quality InvestIgation Kern County, and
lower Westside Water Quality InvestIgation Kern County: Supplementary Report. Bean/logan Consulting
GeologiSts. 11/83; prepared for California State Water Resources Control Board. WestSide
Grounc!ltater Study. MIChael R. Rector. Inc .. 11/83; prepared for Western Oil and Gas ASSOClatlon.
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Accoroing to tne Stdte's report. there ~ere 116 kno~n ~Ildlife losses including 11 gldnt

kdngaroo rdtS. Tne count of aead anImals was estimated dt only ZO percent of the actual number
of anllMls .:::estroyed because of the delay 1n fIndIng toe spill. a11ol",ng poIsoned anImals to

lea~~ the drea before dying. VegetatIon was covered ~Ith ~aste throughout the spill area. The

Cdllfornld Department of flsn dnd Gdme rioes not believe thiS to be an lSolued inCIdent. ·Tne
Cdllforna Water Resources Control 60aro. ounng ItS InvestlgatlOn of the InC1dent. noted

•• ... depOSltS of oloer accumulated 011. thereby IndICating that the sal:\e chdnnel had been used
for waste~ater disposal conveyance in the pJst prIor to the recent discharge. Cleanuo

actlvitles conducted later revealed that bUIldUP of older OIl was signIficant The companles

ImplIcated In tn1S inCloent were f1ned $100,000 and were reQUIred to clean up the area. The

companIes Clenled responSIbIlity for the dIscharge. (CA 08)80

This release was in violation of California regulations.

ALASKA

The Alaska zone includes Alaska and Hawaii. Hawaii has no oil or gas
production. Alaska is second only to Texas in oil production. ..

Operations

Alaska's oil operations are divided into two entirely separate areas,

the Kenai Peninsula (including the western shore of Cook Inlet) and the

North Slope. Because of th~ areas' remoteness and harsh climate,

operations in both areas are highly capital- and energy· intensive. For
the purposes of damage case development, and indeed for most other types

of analysis, operations in these two areas are distinct. Types of damages

identified in the two areas have little in common.

80 References for case clled: Report of 011 Spill in Buena Vista Valley. by Hike Glinzak,

CalIfornia DIVISIon of 01 I and Gas (DOG), 3/6/86; map of s1te and photos accompany the report.

letters to Sun Exploration and Production Co. from DOG. 3/IZ dnd 3/31/B6. Newspilper articles in

Bakersfield Californian. 3/6/85. 3/11/85. and undated. California Water Quality Control Board.

AlJrllnlStratlve CIVil lIabIlity Complaint ,ACl-OI5. B/B/85. Cdllfornla Water Quality Control Board.

Internal memorand~. S~lth to PfIster concerning cleanup of sIte. 5/21/B5; Smith to NeVIns
concerning description of ddlll3ge and investigation, Including map. B/IU85. California Department of

rlsh and Game, Dead Endangered Species in a California Oil Spill. by Capt. E.A Simon~ and It. H.

Akin, undilted. Fact Sheets; Buena Vista Creek OIl Spill. Kern County, 311/B6. and Hanmals
Occurring on Elk HIlls and Buenil Vista Hills. undated. letter from lL Akln to EPA contrilctor.

Zn4/Bl.
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Activities on the Kenai Peninsula have been in progress since the
late 1950s, and gas is the primary product. Production levels are modest
as compared to those on the North Slope.

North Slope operations occur primarily in the Prudhoe Bay area, with
some smaller fields located nearby. Oil is the primary product.
Production has been under way since the trans-Alaska pipeline was
completed in the mid 1970s. Much of the oil recovery in this area is now
in the secondary phase, and enhanced recovery through water flooding is
on the increase.

There were 100 wells drilled in the State in 1985. all of them on the
North Slope. In 1985, one exploratory well was drilled in the National
Petroleum Reserve - Alaska (NPRA) and two development wells were drilled
on the Kenai Peninsula.

Types of Operators

There are no small, independent oil or gas operators in Alaska
because of the high capital requirements-for all activities in the
region. Operators in the Kenai Peninsula include Union Oil of California
and other major companies. Major producers on the North Slope are ARea
and Standard Alaska Production Company.

Major Issues

Reserve Pits, North Slope

Reserve pits on the North Slope are usually unlined and made of
permeable native sands and gravels. Very large amounts of water flow in
this area during breakup each spring in the phenomenon known as "sheet
flow." Some of this water may unavoidably flow into and out of the
reserve pits; however, the pits are designed to keep wastes in and keep
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surface waters out. Discharge of excess liquids from the pits directly

onto the tundra is permitted under regulations of the Alaska Department

of Environmental Conservation (ADEC) if discharge standards are met. (See
summary on State rules and regulations.)

Through the processes of breakup and discharge, ADEC estimates that
100 million gallons of supernatant are pumped onto the tundra and

roadways each year,S1 potentially carrying with it reserve pit

constituents such as chromium, barium, chlorides, and oil. Scientists

who have studied the area believe this has the potential to lead 'to

bioaccumulation of heavy metals and other contaminants in local wildlife,

thus affecting the food chain. However, no published studies that
demonstrate this possibility exist. Results from preliminary studies

suggest that the possibility exists for adverse impact to Arctic wildlife

because of discharge of reserve pit supernatant to the tundra:

In 19b3. 6 study of the effects of reserve Pit dlsc~rges ~n w6ter QU6llty and the
'""c ro 1I,ycrtcbrate Ctr.mun It y of t undr6 pond:r. was undert ",ken by the U. S. FIsh and lJ, ld j Ife
Seryu;e In the Prudhoe aay 011 ~roductlon .Ired of th@ North Slope. Olscl'iarge to tne
tundrJ ponds is a common disposal method for reserve Pit fluId In thIs ared. The study
shows a clear dIfference In water Quality and blologlcal ~easures among reserve pItS.
ponds reccHlng discharges from rt!serve pIts (recelvln9 ponds). dlstJnt ponds <lfit!cted by
discharges through surface .<lter flOw. and control ponds not affected by discharges.
Ponds dlre:tly recelYlng discharges hao slgnlflcantly greater concentrat Ions of chromIum.
arsenIC. ca~nlum. nlc~el. ano barium than did control ponds. and dlstGnt ponos showed
Sl9nlflCant Iy hlgher levels of chr~lum than dId control pon~s. Chroml~ levels In
reserve pits and in ponds adjacent to drill sItes may have exceeded EPA chronic toxiCIty
criteria for protection of aqu<ltic life. (AK 06)82

These discharges were permitted by the State of Alaska. No NPDES

permits have been issued for these discharges. Hew Alaska regulations

have more stringent effluent limits.

81 Statement by Larry DIetrick to Carla Greathouse.

82 References for case CIted. The Effects of Prudhoe Bay Reserve Pit Fluids on the lJilter
Quality and KacroinvertebrJtes of Tundra Ponds. Dy Robin L. West and ElaIne Snyder-Conn. FaIrbanks
FIsh and lJl1dllfe Enhancement Office. U.S. F1Sh and lJildllfe SerY1Ce. FaIrbanks. Alaska. 9/81.
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In the sUlmler of 1985. a fIeld methoa was developed by the U. 5. Fish and \llldllfe Service to
evaluate tOXICIty of reserve plt fluIds dIscharged Into tundra wet lands at Prudnoe Bay. Alaska.
Results of Ihe study do~umerl1 acute to~icily effects of reserve pIt fluids on DaphnIa. Acute
tOXIcity III Daennla was ooservea after 96 hours of exoosure to 11QUld in five reserve pits.
Dapnola e~posed t:l lIQU1(! In receiving pones also had s1gnlf1cant ly hIgher death/lnmoblllutlon
than dId Oaphn,a exoosed to liqUId In C:lntrol pones after 96 hours. At Drill Site 1. after 96
hours. 10il cercent of tt-.e Oa;m1114 Introduced to the reserve pit had b..en IIm\Ool11Zed or were
dud. as COlI'.pareo to a control pond whIch st-,o..ed less tnan S percent 1Il'inoblllzed or deao after
!l6 hours. At Drill SIte 12. 60 percent of the DaphnIa el(posed to the reserve pn lIQUId were
dead or ImmobilIzed after ~6 hours and less than 1 percent of Daphnia exp:lsed to the control
pond were dead or IIrmobi Hzed. 53 (Ak 07)tI..:

In June 1~e5. fIve drIll sItes and three control sItes were chosen for studyIng the effects of
dr,lllng flUIds and theIr dIscharge on fISh and oIJterfooll nabltat on the North Slope of Alaska.
Bloaccumulat Ion analysis was done on fish tissue uSIng water samples collected from the reserve
pits. FecundIty /lnd growth were reduced In daphnids exposed for 42 days to liquid composed of
2.5 percent and 25 percent orl 111n9 flUId from the selected drill sites. Bloaccurnulatlon of
barlL6ll. tHanlum. Iron. cepper. iIond molybdenum was documented in fish exposed to dr111ing flUIds
for as little <lS 96 hours. (A" Odl 8S

Erosion of reserve pits and subsequent discharge of reserve pit
contents to the tundra constitute another potential environmental problem

on the North Slope. If exploration drilling pits are not closed out at

the end of a drill ing seas~n. they may breach during "breakup." Reserve

pit contaminants are then released directly to the tundra. (As described

in Chapter III, production reserve pits are different from .exploration
reserve pits. Production reserve pits are designed to last" for as long

as 20 years.) A reserve pit wall may be poorly constructed or suffer

structural damage during use; the wall may be breached by the hydrostatic

head on the walls due to accumulation of precipitation and produced

fluids. New exploration reserve pits are generally constructed

below-grade. Flow of gravel during a pit breach can choke or cut off

tundra streams. severely damaging or eliminating aquatic habitat.

83 API comments 1n the Docket pert~in to ~ 07. API discusses the relevance of the Daphn1d
study to the damage cases.

84 References for case CIted: An In SItu Acute Toxicity Test with Daphnia: A PromISIng
ScreenIng Tool for Field 8iologlsts: by Elaine Snyder-Conn, U.S. Fish and ~Ildllfe Service, FiSh
and Wi JdHfe Enhancement, Fairbanks, AliloSka, 1985.

es References for case cited: Effects of Oil Drilling FlUIds and Their Discharge on Fish
and Waterfowl Habitat In Alaska, U.S. FIsh and WildlIfe Serv1ce. Colu~b1a National fIshery Research
Laboratory. Jackson F1eld Stat10n, Jackson. WyomIng. Februilory 1966.

IV-72



Tne Awunll Test 'Jell No. I. which IS 11.200 feet deep, IS in the Natlon,11 Petroleum Reserve in
~las~lI jnPRA) and was a site selected for cleanup of the NPRA by the U.S. Geological Survey
(USGS} In 198-\. The sHe is 10 the northern foothills of the Brooks Range. The well was spud
on FeDruar)' 29. 1980, and operations were completed on April 20,1981. A side of the reserve Pit
be~ wllsned out Into the tundra during spring breakup, 1I110wing reserve pit flUid to flow onto
the tunara. As d~cumented by the USGS cleanup team, high levels of chrQmlum. oil, lind grellse
have leached Into the SOil downgrllc1ent from the Pit. ChromIum ~as found at 2.2 to 3.0 mg/kg
dry weight. The nlgn leve.1s of 011 and grease may be frem the use of Arctic Pack (85 percent
dIesel fuel) at tne well over the winter of 1980. the cleanup team noted that the downslope
soils were dIscolored and putrefied. particularly in t~e upper layers. The pad is located In a
runoff lIrea 1I110wing for erOSlon of plld and pit lnlO surround1ng tundra. ~ vegetation k111 area
caused by re~erve Pit flUid exposure IS lIpproxlmdtely equal to half an acre. Areas of the dr.ll
plld may remain barren for ~~ny years beclluse of contamination of SOil With salt and
hydrocarbons. Tne well sHe IS lO a caribou cdlving arell. 86 (Al;: 1~167

This type of reserve pit construction is no longer permitted under

current Alaska regulations.

Waste Disposal on the North Slope

Inspection of oil and gas activities and enforcement of State

regulations on the North Slope ;s difficult, as illustrated by the
fo 11 owi ng case;

North Slope Salvage. Inc. (N~SI) operated a salvage bUSiness In Prudhoe Bay dUfln9 1982 lind
1983. During th1S tune, NSSI accepted delivery of VllrlOUS dlscarded mateflllls from 0\1
productlOO companies on the North Slope. Includ1ng more than 1<1.000 flftrflve 911110n drums. 900
of whiCh were full or hela more than resldual amounts of oils lind chem1cals used in the
development and recovery of 0;1. The drums were stockpiled lind Aldnaged by NSSI 1n 1I manner that
lIl10wed the dIscharge of hazardous substances. Vh;le the NSSI sIte may hllve stored chemicals
lind wastes from other operatIons that supported 01 I and gas exploratlon and production (e.g.
vehicle llldlOtenance mater ia 1s), such storage would have const ituted a very sma 11 percentage of
NSSI's tota 1 inventory.

86 API stlltes that exploratory reserve pits must now be closed 1 yellr after cessation of
dr\111ng operatIons. EPA notes that it IS Important to dIstingUIsh between exploratory and
production reserve pItS. Production reserve pits are penmanent structures that remain open as long
as the well or group of wells is producing. This may be as long as 20 years.

87 References for case cited: Flnal ~ellsite Cleanup on NatIonal Petroleum Reserve
Alaska. USGS, July 1986.
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The sitl,latlon was discoverej by the Alaska Department of EnvIronmental Conservation (ADEC) In
June 1983. At thlS tune, the State of Alasl::./1 requested Federal enforcement, but Federal action
"as never ta'en. An Inadequate cleanup effort was mounted by NSS! after confrontation by AOEC.
To preclude furth~r dIscharges of hazardous substances, ARCO and Sonlo paId for the cleanup
because they were tne prImary contrlDutors to the slte. Cleanup .as completed on August 5,
1983. after 58.000 gallons of chemIcals and water were recovered. It IS unknown how mucn of the
hazardol,ls sl,l~stances ..as carrIed Into the tl,lnora. The dIscharge consisted of oil and a varIety
of organIC substances I::.nown to be toxic, carclnog~nlC, mutagenic. or suspected of being
carcinogenic or ~utagenlc,8B (A~ 10)89

Disposal of Drilling Wastes! Kenai Peninsula

Disposal of drilling wastes is the principal practice leading to
potential environmental degradation on the Kenai Peninsula. The
following cases involve centralized facilities, both commercial and
privately run, for disposal of drilling wastes:

Operators of the Sterlln9 SpeCial ~aste Site have nad a long history of substandard
monItoring, navlng failed during 1977 and 1978 to carry out any "ell samplIng and Otherw1se
haVing perfonned only Irregl,llar sampling. ThiS was in violatIon of AOEC permit requirements to
perform quarterly reports of water quality samples from the monitoring wells. An internal AOEe
memo IL.G. Uphlc to R.T. ~1111ams. l/2S/761 noted •· ... we must not forget ... that this is the
State's first sanctioned hazardous waste slte and as sue" must receive close ODservatlon durlng
ItS InH1al operating per1od.,·90

A permit for ,the site was reissued by MEC In \979 desplte knowledge by AOEC of lack of
effectIve ground-water monItoring. In July of 1980, ADEC EngIneer R. WillIams VISited the site
and filed a report noting that the ..... operatlon appears cCl'llpletely out of control," Monitoring
well samples were analyzed by ADEC at thiS time and were found to be In excess of drinking water
standards for Iron. lead. caamlUm, copper. llnc, arsen1C, phenol. and 011 and grease. One
private water well In the vaClnlty showed 0.4 ppb I.I,I-trlchloroethane. The SterlIng School
well showed 2.1 g/l mercury, (Subsequent tests show mercury concentration below detection
limlts--O.OOI mg/kg.) Both contamInation ,nCldents are alleged to be caused by the Sterling

88 Alaska Department of Environmental Conservation lADEC) states that this case .....n an
e~ample of how the Oil industry inapproprlately conSidered the lImits of the exemption [under RCRA
Sect Ion 3001). M

89 References for case c1ted: Report en the Occurrence. Discovery, and Cleanup of an Oil
and Hazardous Substances DIscharge at lease Tract 57, Prudnoe Bay, Alaska, by Jeff Hach - AOEC,
1984, letter to Dan Oerkics, EPA, frCl'll Stan Hungerford, AOrC, 8/4/87.

90 The term "11a.tardous waste site" as used in thIS metOO does not refer to a "RCRA Subtitle C
ha!ardous waste site."
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SpecIal Waste Site. AllegatIons are unconfirmed by the ACEC. (Ak 03)91

Practices at the Sterling site were in violation of the permit.

This case ln~ol~es a 4S·acre gravel Pit on Poppy lane on the (enal Penlnsula used since tne
1970s for disposal of ~astes associated ... Ith gas development. The gravel pit contains barrels
of unloentlfled ~astes. drillIng muds. gas concensate, gas condensate·contamlnated peat,
abandoned equipment, anc sOil contallllnated ~lth diesel and cher-llcals. The property belongs to
Union 011 Co.. whiCh bought it around 1958. OUllltllng of wastes In thiS area IS· Illegal; reports
of la~t observed oumping ~ere in October 1985, as wltnessed by reSloents in the ~rea.

In thiS case. there hds been demonstrated contamination of adjacent water wells ... Ith organic
compounds related to gas condensate (ACEC laboratory reports from October 1986 and earllerl.
Alleged health effects on reSidents of neighboring propert les lnclude nausea. diarrhea, rashes.
and ele~ated levels of metals (chromium. copper) In blood In two reSidents. Property values
have been effectlyely reduced to zero for reSident 10111 resale. A flre on the Site on July 8.
1981. was attributed to comoustlon of petroleum-related products. ane the flre department was
unable to exllngu1sn It. The fIre was allegedly set by people Illegally dispOSIng of wastes 1n
the Pit. Fumes from organiC liquids are noticeable In the breathing zone onSlte. UNOeAL has
been dlre:ted on several occasions to re~~ye gas condensate in wastes from the site. Since June
'l9. 1972. disposal of wastes regulated as solid ~aste5 has been illegal at this SHe. The case

. ,.
hds been actlyely under reVlew by the State SlOce 1981. (AI( OJ)

91 References for case Cited: Dames and Moore well monltorlng report, shoWing elevated
metals referenced above. OCtooer 1976. Dowling Rice & ASSOCiates monitoring results. 1/15/80. and
Har Enterprises monitoring result~, September 1930. prOVided by Wdlt Pederson. showing elevated
-levels of metals, 011, and grea~e in ground water. Detailed letter from [ric Heyers tp Glen Aikens,
Deputy COrmliSSIoner, AOrC. recounting permlt hIstory of sHe and failure to conduct proper
monltOrlng, 112Z1CiZ. Testimony dnd transcripts from 'Ja1t Pederson on publIC .forums complalnlOg
about damage to drinking water and mlsmanag~nt of site. Transcripts of ~aste logs of site from
9/1/79 to 8/20/84, lndicat Ing only 2~,436 bbl of muds received. during a period that should have
generated IIllch more w.sste. Letter from Ho>oard (euer to Union Oil, 12/7/81, Indicating that
M ••• dr11llOg IlYJd 's being dIsposed of by metnods other than.st the Ster1,n9 SpeciallJaste Site and
by methods that could posslbly cause contamination of the ground water."

92 References for case cited: Photos showing illegal dumping in progress. Field
invest IglIt ions. Sute of Alaska IndiVidual Fire Report on "petroleum dump," 7/12/81. File~ on
site yiSlt by Howard (eiser, AOEC Enyironmental Fleld Officer, In response to a complaint by State
Forestry Officer, 7/21/81. Hemo from Howard Keiser to Bob HartIn on hiS objections to granting a
pennit to Union OIl for use of site as duposal site on basis of lmpainrent of wildlife resources,
7/28/83. Letter, AOEC to Union OIl, objecting to lack of cleanup of s1te despite notifIcation by
AOEC on 10/3/84. Analytical reports by AOEC indicating 9aS condensate contaminatIon on site,
8/14/84. EPA Potenti.sl Hazardous Waste Site Identification, indicating continued dumping as of
8/10/85. Citizens' compl.sint records. 8100d test indicatlng elevated chromium for neighboring
reSIdent Jessica Black, 1/16/B5. Letter to Hike lucky of AOEC from Union 0\1 confirming cleanup
steps, 2/12/85. Hemo by Carl Reller, ACEC ecologist, Indicating presence of slgniflcant to:llCS on
site, 8/14/85. Minutes of lJaste Disposal CommlSSlon meet lng, 2/10/85. AOEC analytic reports
indicating g45 condensate at site, 10/10/85. letters from four different ·real estate finns in area
conflrllllng Inabl1lty to sell reSidential property in Poppy lane area. Letter from Sill lamoreaux,
AOEe, to J. Slack and R. Sizemore referencing high selenium/chromium in the ground water in the
area. Hiscellaneous technical documents. EPA Potential Hazardous 'Jaste Site PrelIminary
Assessment, 2/12/87.
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These activities are illegal under current Alaska regulations.

MISCELLANEOUS ISSUES

Improperly Abandoned and Improperly Plugged Wells

Degradation of ground water from improperly plugged and unplugged
wells is known to occur in Kansas, Texas, and Louisiana. Improperly

plugged and unplugged wells enable native brine to migrate up the
wellbore and into freshwater aquifers. The damage sustained can be

extensive.

Problems also occur when unidentified improperly plugged wells are

present in areas being developed as secondary recovery projects. After

the formation has been pressurized for secondary recovery, native brine

can migrate uP. unplugged o·r improperly plugged wells, potentially causing
extensive ground-water contamination with chlorides.

In 1961. Gulf and Its predecessors beg~n secondary reco~ery operations In the East Gladys UnIt
In Sedg.. lclo. County, K,,,ns,,s. During sec~nd"ry recovery, .."ter ;s pumped Into a t"rget fOnr..,tlon
ott t'llgh pressure. enhanCing 011 proouctl0n. ThlS pUlllplng of .."ter pressurizes the fOl'llldllon,
..hich can al tlmes result In brines belng forced up to the surface through unplugged or
Improperly plugged abandoned ..ells. When Gulf began their secondary recover)' in this are". it
.."s .. lth the Io.nawledge that a number of ab"ndoned .ells eXisted "nd could le"d to escape of salt
water Into fresh ground water.

Gerald Blood "lleged th"t three improperly plugged wells in proximity to the Gladys unit ..ere
the source of fresh ground-w"ter contamination on hIS property. Hr. Blood runs a peach orchard
in the area. Apparent ly native brine had ~igr"led from the ne"rby ab"ndoned wells into the
fresh ground water from Whlcn Hr. Blood dr"wS water for domestic and irrigation purposes.
Contamination of Irrlg"tl0n wells was first noted by /'Ir. Blood when, in 1970. one of nis truck.
gardens ...as Io.lll~d b)' IrrIgation with s"lt)' w"ter. Brine migrat Ion cont"mln"ted two more
irrigation ..ells In the mid-1970s. By 1980. brine hotd contdlllinated the irrigatIon wells used to
irrigate a whole section of Hr. Blood's land. By this time, adjacent l"ndowners also had
cont"mlnated wells. Hr. Blood lost a number of peach trees as a result of the contamination of
hiS irrlgatlon ",ell; he also lost the use of h15 domestic well.
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The Bloods sued Gulf Oil in cIvil court for damages sustained by their farm from chloride
contamlnat ion of their irrIgation and residential wells, The Bloods won their case and were
awarded an undIsclosed amount of money.93 (KS 14}94

Current VIC regulations prohibit contamination of groundwater.

The potential for environmental damage through ground·water
degradation is high, given the thousands of wells abandoned throughout
the country prior to any State regulatory plugging requirements.

In liest Texas, thousands of oil and gas wells have been drl1led over the last several
decades. many of which were never properly plugged. There eXIsts 1n the subsurface of
this area a geologIc formatlon known as the Coleman JunctIon, WhlCh contains extremely
salty natIve brine and possesses natural artesian properties. Slnce this formation IS
relatively shallow. most oil and gas wells penetrate this formation. If an abandoned
well IS not properly plugged. the brIne contaIned in the Coleman JunctIon is under enough
natural pressure to rIse through the improperly plugged well and to the surface,

Accordlng to sCIent ific data developed over several years. and presented by Mr. Ralph
Hoelscher. the ground water In and around San Angelo. Texas. has been severely degraded
Dy this seepage of natIve brIne, and much of the agricultural land has absorbed enough
salt as to be nonproductIve. ThIS situation has created a hard~hip for farmers 1n the
area. The Texas Railroad Comnission states that soil and ground water are contaminated
wIth cnlorldes because of terracing and fertil1z1ng of the land. According to Mr.
Hoelscher. a long-tIme farmer in the ared, little or no fertilizer IS used in local
agrIculture. (1X Il)g:>

Improper abandonment of oil and gas wells is prohibited in the State

of Texas.

93 API states that damage in thIS case was brought about by "old Injection practices."

94 References for case cited: U.S. District Court for the dIstrict of Kdnsas, Memorandum
and Order, Blood vs. Gulf; Response to Defendants' Statement of Uncontroverted Facts; and Memorandum
in Oppositlon to Motion for SUllTl1ary Judgment, Means laboratories, Inc .. water sample results.
Department of Health, District Office 114, water samples results. Extensive miscellaneous
memordnda, letters. analysis.

9S References for case cited: Water analysis of Ralph Hoelscher's domestic well. Soil
Salinity AnalySIS, Texas AgrlCUltural Extension ServIce - The Texas A&M UnIversity System. Soil
TestIng laboratory, lubbock. Texas 79401. Photographs. Conversation with Wayne Farrell, San Angelo
Health Department. ConverS.'It ion with Ralph Hoelscher, resident and farmer.
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CHAPTER V

RISK MODELING

INTRODUCTION

This chapter summarizes the methods and results of a risk dnalysis of

certain wastes associilted \'1ith the onshore exploration, development. and

production of crude oil and natural gas. The risk analysis relies

heavily on the information developed by EPA on the types. amounts, and

characteristics of wastes generated (summarized in Chapter II) and on
'r13ste management practices (summarized in Chapter Ill). In addition,

this quantitative modeling analysis was intended to complement EPA's

damage case assessment (Chapter IV). Because the scope of the model

effort was limited, some of the types of damage cases reported in
Chapter IV are not addressed here. On the other hand, the risk modeling

of ground-water pathways covers ·the potential for certain more subtle or

long· term risks that might not be evidenced in the contemporary damage

case files. The methods and results of the risk analysis are documented

in detail in a supporting EPA technical report (USEPA 1987a).

EPA's risk modeling study estimated releases of contaminants from

selected oil and gas wastes into ground and surface waters, modeled fate

and transport of these contaminants, and estimated potential exposures.

health risks, and environmental impacts over a 200-year modeling period.
The study was not designed to estimate absolute levels of national or

regional risks, but rather to investigate and compare potential risks

under a wide variety of conditions.

Objecti yes

The main objectives of the risk. analysis "",'ere to (l) characterize and
classify the majur risk· influencing factors (e.g .• waste type:s, Haste



olanagement practices, environmental settings) associated with current
operations at oil and gas facilities;l (2) estinlate distributions

of major risk-influencing factors aCI~oss the population of oil and. gas

facilities within val"ious geographic zones; (3) evaluate these factors in

terms of their relative effect on risks; and (4) develop, for different

geographic zones of the U.S., initial quantitative estimates of the

possible range of baseline health and environmental risks for the variety

of existing conditions.

Scope and Limitations

The major portion of this risk study involved a predictive

quantitative modeling analysis focusing on large-volume exempt wastes

managed according to generally prevailing industry practices. EPA also

examined (but did not attempt quantitative assessment of) the potential
effects of oil and gas wastes on the North Slope of.A~Qska, and reviewed

the locations of oil and gas activities relative to tert~in environments

of special interest, including endangered species habitats, wetlands, and

public lands.

Specifically, the quantitative risk modeling analysis estimated

long-term human health and environmental risks associated with the
disposal of dl"illing wastes in onsite reserve pits, the deep well

injection of produced water, and the direct discharge of produced water
from stripper wells to surface waters. These wastes and WJste management

practices encompass the major waste 5t}~eams and the most common management

practices within the scope of this report, but they are not necessarily

those giving rise to the most severe or largest number of damage cases of

the types presented in Chapter IV. For risk modeling purposes, EPA
generally assumed full compliance with applicable current State and

References In this chapter to oil and gas facillties. sites, or activities refer to

explorat lon, d~velo~nent. and production OperatlonS.
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Federal regulations for the practices studied. Risks were not modeled
for a wide variety of conditions or situations, either permitted or·
illegal, that could give rise to damage incidents, such as waste spills,

land application of pit or water wastes, discharge of produced salt water

to evaporation/percolation pits, or migration of injected wastes through
unplugged boreholes.

In this study, EPA analyzed the possible effects of selected waste
streams and management practices by estimating risks for model

scenarios. Model scenarios are defined as hypothetical (but realistic)

coolbinations of variables representing waste streams, management

practices, and environmental settings at oil and gas facilities. The

scenarios used in this study were, to the extent possible, based on the

range of conditions that exist at actual sites across the U.S. EPA

developed and analyzed more than 3,000 model scenarios as part of this
analysis.

EPA also estimated the geographic and waste practice frequencies of

occurrence of the model scenarios to account for how well they represent
actual industry conditions and to account for important variations in oil

and gas operations across different geographic zones of the U.S. z These

frequencies were used to weight the model results, that is, to account

for the fact that some scenarios represent more sites than others.

How£::ver, even the weighted risk estimates should not be interpreted as

absolute l"isks for real facilities because certain major risk-influencing
factors were not modeled as variables and because the frequency of

occurrence of failure/release modes and concentrations of toxic

constituents were not available.

Z The IZ lones used in tne risk assessment are Identical to the lones used as part of EPA's
wdste sdmpling dnd dnalys;s study (see Chdpter II), With one ekception: lone 11 {Alas~al was dlYlded
,nto lone 11A representing the horth Slope dnd lone liB representing the (oOk lnlet-~endl ?eninsula
area.
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A principal limitation of the risk analysis is that EPA had only a
relatively small sample set of waste constituent concentration data for

the waste streams under study. As a result, the Agency was unable to

construct regional estimates of toxic constituent concentrations or a
national frequency distribution of concentrations that could be directly

related to other key geophys;tal or waste management variables in the

study. Partly because of this data 1;[nitation, a'1 model scenarios

defined for this study were analyzed under two different sets of

assumptions: a "best-estimate"] set of assumptions and a "conse,"vative"
set of assumptions. The best-estimate and conservative sets of assumptions

are distinguished by different waste constituent concentrations, different

timing for releases of drilling waste and produced water, and, in some
cases, different release rates (see the later sections on model scenarios

and model procedures for more detail). The best-estimate assumptions

represent a set of conditions which, in EPA's judgment, best characterize

the industry as a whole, while the conservative assumptions define

higher-risk (but not worst-case) conditions. It is important to clarify
that the best-estimate and conservative assumptions are not necessarily

based on a comprehensive statistical analysis of the frequency of

occurrence or absolute range of conditions that exist across the industry;
instead, they reflect EPA's best judgment of a reasonable range of

conditions based on available data analyzed for this study.

Another major limitation of the study is the general absence of

empirical informat~on on the frequency. extent, and duration of waste

releases from the oil and gas field management practices under

consideration. As described below, this study used available engineering

judgments regarding the nature of a variety of failure/release mechanisms
for waste pits and injection wells, but no assumptions were made

3 As useo here. the term best estimate is different from the statistical concept ef ma~lmum

lH.. e1lhood (i.e .. best) estimate.
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regarding the relative frequency or probability of occun"ence of such
fa il ures.

Although EPA believes that the scenarios analyzed are realistic and

representative, the risk modeling for both sets of scenarios incorporated
certain a~suw.ptions that tend to overestimate risk values. For example,

for the heal tIl risk estimates it was assumed that individuals ingest

untreated contaminated w~ter over a lifetime, even if contaminant

concentrations were to exceed concentrations at which an odor or taste is
detectab1e. In addition, ingested concentrations were assumed to equal

the estimated center line (i.e., highest) concentration in the

cont~nlinant plume.

Other features of the study tend to result in underestimation of

risk. For exarllple, the analysis focuses on risks associated with

drill ing or production at single oil or gas wells, rather than on the
r;"sks associated with multip1e wells clu~tered in a field, which could

result in greater risks and impact~ because of overlapping effects.

Also, the analysis does not account for natural or other source

background levels of chemical constituents which, when combin~d with the

contamination levels from oil and gas activities, could result in

increased risk levels.

QUANTITATIVE RISK ASSESSMENT-METHODOLOGY

EPA conducted ttle quantitative risk assessment through a four-step

process (see Figure V-JJ_ The first three steps--collection of input

data, specification of model scenarios, and development of modeling

procedures--are described in the following subsections. The last step,
estirnation of effects, is described in subsequent sections of this

chapter that address the quantitative modeling results.
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Input Data

EPA collected three main categories of input data for the

quantitative modeling: data on waste volumes and constituents, waste

management practices, and environmental settings. Data on waste volumes
were obtained from EPA's own research on sources and volumes of wastes,

supplemented by the results of a sut"vey of o.il and gas facil ities

conducted by the American Petroleum Institute (API) (see Chapter II).
Data on waste constituents were obtained from EPA's waste stream chemical

analysis study. The results of EPA's research on current waste

management pract ices, supp1emonted by API's stud ies (see Chapter I I I) ,
were the basis for defining necessary input parameters concerning waste

management practl ces. Data needed to character; ze env j ronmenta 1 sett i ngs

were obtained from an analysis of conditions at 266 actual drilling and
production locations sampled from areas with high levels of oil and gas

activity (see USEPA 1987a, Chapter 3, for more detail on the sample
selection and analytical methods).

Model Sc~narios

The model scenarios in this analysis are unique combinations of the

variables used to define waste streams, waste management practices, and

environmental settings at oil and 9as facilities. Althou9h the model
scenarios are hypothetical, they w~re designed to be:

• Representative of actual industry conditions (they were
developed using actual industry data, to the extent available);

• Broad in scope, covering prevalent industry characteristics but
not necessarily all sets of conditions that occur in the industry;
and

• Sensitive to major differences in environmental conditions (such
as rainfall, depth to ground water, and ground-water flow rate)
across various geographic zones of the U.S.
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As illustrated in Figure V-Z, EPA decided to focus the quantitative
analysis on the human health and environmental risks associated with

three types of environmental releases: leaching of drilling waste

chemical constituents from onsite reserve pits to ground water below the

pits (drilling sites)i release of produced water chemical constituents

from underground injection wells to surface aquifers4 (production

~ites); and direct c!ischat'ge of produced water chemical constituents to

streams and rivers (stripper well production sites).

Chemical Constituent5

EPA used its waste sampling and analysis data (described in

Chapter II) to characterize drilling wastes and produced water for

quantitative risk modeling. Based on the available data, EPA could not

develop sepal"ate waste stream characterizations for various geographic
zoneSi one set of waste characteristics was used to represent the

nation. The model drilling waste represents only water-based drilling

muds (not oi1·based muds or wastes from air drillingL which are by far

the most prevalent drn'l ing mud type. Also, the model drilling waste

does not represent one specific process waste. but rather the combined

wastes associated with well drilling that generally are disposed of in
t'eserve pits.

For both drilling wastes and produced water, EPA used a systematic

methodology to select the chemiCal constituents of waste streams likely

to dominate risk estimates (see USEPA 1987a, Chapter 3, for a detailed

description of this methodology). The major factors considered in the

chemical selection process were (1) median and maximum concentrations in

• F~r the purpo~e of thIS r~port. a surface aqUIfer is defined as the geologic unIt nearest
the land surface that transmits suffiCIent quant Itles of ground .at~r to be used as a source of
drln~ln~ water, It IS dlstlngulsned fr~ aquIfers at greater dept~s. ~hlCh ~y be the Inject Ion lone
for an und~r9round lnJectlon well or are too deep to be generally u~ed as a arln~lng water source.
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the waste samples; (2) frequency of detection in ttle waste samples;
(3) mobility in ground wiiter; and (4) concentrations at which human

health effects. aquatic toxicity, or resource damage start to occur.

Through this screening process, EPA s~lected six chemicals for each waste

type that wel-e likely to dominate risk estimates in the scenal-ios

modeled. For each selected chemical, two concentrations were determined
from the waste characterization data. Tile 50th percentile (median) was

used to set constituent concentrations for a "best-estimate" waste

clla"acterization, while the 90th percentile was used for a "conse,'vative"

was te characteri zat i on. The se 1ected chemi ca 1sand concentl·at ions, shown

in Table V-I, served as model waste st,'eams fOl' the quantitative risk

analysis.

Of the chemicals selected, arsenic and benzene were modeled as
potential carcinogens. Goth substances are rated as Gt"OUP A in EPA's

weight-of-evidence rating system (i.e., sufficient evidence of

carcinogenicity .in human$). SOIne scientists, however, believe that
arsenic may not be carcinogenic and may be a necessary element at low

levels. Sodium, cadmium, and chromium VI were modeled for

noncarcinogenic effects. The critical (i.e., most sensitive) health

effects for these constituents are hypertension for sodium and liver and

kidney damage for cadmium and chromium VI. It is emphasized that the

effect threshold for sodium used in this analysis was based on potential

effects in the high-risk (not general) population. (The level used is
slightly higher than EPA's 20 mg/L suggested gUidance level for drinking

water.) The high-risk population is defined to include individuals with

a genetic predisposition for hypertension, pregnant women, and

hypel·tensive patients. Finally, boron, chloride, sodium, cadmium,

chromium VI, and total mobile ions were modeled for their potential

aquatic toxicity and resource damage effects. Table V-2 lists the cancer
potency factors and effects thresholds used in the study.
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Tdble V-I ~~del Constituents dne Concentrdtionsa

Proaucecd "'dter
canst ltuents

ArseniC

gen!elle

Beron

Sodium

C.hlorlde

Hoblle IOns b

Hedldn

(mg/l)

0.02
0. .11
9 ,

9.':00

7.300
23,000

COl'lcel'lt r.ll 10l'lS

Upper 9(r,;

(m,j,'l)

1.7
1.9

11.
61,000

35.000

lIO.OOO

Drilling "'etste
(",.. ter-based)

const ltuents

HedlJn Upper 90t;

(mg/ll

P'l !>nlHlslTClp
c

Medl<ln Upper 90%

(mg/l)

P,t SOlllh,'d'rect

~e,jlan Upper 90t

(mg/kg)

J..rsen Ie 0.0 0.16 0.0 0.002d 0.0 0.010

Cadrrllum 0.056 I.' o. all 0.29 1.0 ,.
Sodium 6.700 4.1,000 1,200e ':.400e 8.500 S9,OiJO

Chloride 3.500 39.000 2,OOOf 11.000f 17,000 8d,OOO

Chr'ClBIUft\ \'1 0.43 190 0 0.78 11 190

Mobi Ie lonsb i7,OOO 95.000 4. 000 16.000 100,000 2500.000

"'Tne medlar, constituent concentrations from the relevant SJm;:J1es In tht; EPA ",aste sampling!

<lMlyS1S studt ",,,,re usee for a "best-estlm.lte" ",aste chJractu1zatlon, and the gOth percentile

concentr4t Ions "'Ut'" used for a "conSE:rv4t 1VI:=" -'Jste ch4r4ctetlzat ",n (d4ta !.ource. USEPA 1987b).

bMobile ions IOcluce chloride, sodium, pot"assiull'o, calCium, m.lgnesium. 4nd sulhte.

CTClP ~ toxlcitj chJracterlstic leaching procedure.

dUpper 90th percentile <Irsenic values estim3ted b4sed on ~tect ion limit.

eprellminary examinations indicate that the Sodium TClP vJlues may overestimate the actual

leete-hable sodhln1 CO:lcentrat10ns in reserve pit samples. The accurJCY of these concentrations IS the

subject of an ongOing evaluation.

fChlorlde TelP v,lues are est1mated based on soj,wm data.
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Tacle V-2 TO~IClty Parameters and Effects Tnresnoldsa

Can::er tluman ncncan.:er
Mooe I potency £octor thresnold Aquat1c tO~lcity Resource damage. ,

(m9/~g-d) thresholo (mg/l) threshold (mgil)constituent (mg!kd-d) •

Bell!",ne o 052 HA NAb HA

Arsen1C II HA HA HA

Sud lum NA o. " 83.• NA

Cacilliu:lI HA' 0.00029 0.00055 HA

Cnroll'llu,'l1 " HAC 0.005 0.011 HA

Ch lor lde HA HA IlA 110

•
Boron NA /lA NA

Totalll"oODlle
10nsd HA " HA :nSe

SOOf

aSee US(PA 1987a for oetalled descrIptIon and docu~entatlon.

°HA'" not applic6b1e; IndIcates lnal 6n effect type was not modeled for a specIfIC Che!nICdl.

CNot considered CdrClnogenlC by the ordl e~posure route.

dRepresents totdl Jl\iiSS of ions mcbile in ground loa1er.

eFor surfdce _ater only (dSSumeS d bdclground level of 55 mg/l dnd a threshold lImit of 400
mg/ll.

f ror ground water only.
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The chemicals selected for risk modeling differ from the constituents
of potential concern identified in Chapter II for at least three

important reasons. First, the analysis in Chapter II considers the

hazards of the waste stream itself but, unlike the selection process used
for this risk analysis. does not consider the potential for waste

constituerlts to migrate throllgh gl"OU11d water and result in exposures at

distant locations. Second, certain constituents were selected based on

their potential to cause a.dverse environmental (as opposed to human

health) effects, while the analysis In Chapter II considers only human

health effects. Third, frequency of detection \las considered in

selecting constituents for the risk modeling but was not considered in
the Chapter II analysis.

Waste Management Practices

Three general waste management practices were considered in this

study: onsite·res~rve pits for drilling waste; underground injectfon

w~lls for produced ·water; and direct discharge of produced water to
rivers and streams (for stripper wells only).5 EPA considered the

underground injecticn of produced water in disposal wells and
waterflooding wells. 6 The design characteristics and parameter values

modeled for the different waste management practices aloe presented in

Tables V-3 and V·4. These values were developed from an evaluation of

EPA's and API's waste volume data .(see Chapter II) and waste management

practice survey results (see Chapter Ill) for the nation as a whole.

5 At present. t~l'e are no Federal effluent gUldp.'lOcS for stnpocr welh (1.e., t.ll loIel1s
producing less than ten barrels of cruce oil per day), aml, under Fed~ral law. these ..ells /Ire allowed
to dlScharge directly to surface Io"aters subJt:ct to certaw restrictions. Most other onshore oil and
gas facll,tles are sU~Ject to t~ r~dcr4l zero'Jlscharge requirement.

6 ~JterflooJing is a secon~jry re~overy mett~d in whIch treated fre~h water, seJwat~r, or
prod~:ed wdter is Inje:ted into <l petroleum-t>uring fonn.Hion to help maIntaIn pressurE: and 10 displace
a portIon of the r~lnlr.g crude 011 toward prOduC~lOn wells. lnJe~tlOn w~lls use~ for w~terfloodlng

m3y have dlfferenl designs. ooeratl~g practices. and economIC conslderatlons than those of disposal
wel I~, which are USl~ si~ly to dispos~ of unwanted fluid underground.
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Table V-J Drll1lng Pit ~aste (~ater-BdSed) ~ana9ement Practlces

•
'Jaste Pn

Onstle aillOunt a dlmenslonsjm)

pn size (barrels) DIsposal practice l " 0

large 26,000 Reserve plt-unllned 59 "
1 .b.,

Reserve plt-hned.

capped

Medium !l, gOO Il.eser·~e pit-unlined J1 15 2 _Ob

Reserve pit·llr,ed,

clipped

5mJ 11 J. 6~O Il.enrve pit-unlined 17 14 1. gb

Rt:SlOr"e plt-lln{'d,

capped

IIper well r!rll1ed jlncludes solids dod llQUHJs).

b'JIIste delilhs for ldrge, lIll.'diurn, and srn"ll pits wefe 1.5.1.2, and 1.1

meters, respect ''Ie 1)'.
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T~bli! ~-6 Ceflnlt Ion of Best Est lmdte ana Conseryat lye Release A~su.llpt IonS

Cor,s: Huent
lie ledSe concentrat lOr. f a I lure/ re "..ase

lie le<lse sOurce <Issumpt lOll HI ,,<IS tea t Iml1l9

Ulllmed PitS Best-est IlIl(Ile !>Otl'l 1- (med:dll) 'Ie lease! begins '" year

C,Jnservatlve gOt" t Release begllls III ye<lr

Release vo1 ..me

Calculated by reledse e~uJtiolls

(same as best-estl~~te)

LwedPil$ Best-est I~~te 50th ~ Liller f.lllure beSIns ;" Calculated by rele<lse eqUJt lOllS
fear 25

':or,servJt I~e 90th . Liller faIlure beginS '" C~lculdted by release equatIons.
year !> (same as best-estimate)

InJ!:!ct ion We Iisl
CaSlng f,"lure

InJect 1011 'oil' 11~1

Grout Seal failure

Be:.t-est llnate

(onser~lIt lye

Conservative

50th t

90th :.:

50th t

90tl'l %

One year re lease HI year
I for waterfl00d wells:
constant annual releases
_dunng years 11-13·for
dlsposdl welh

Constant annual releases
during years II-I!> for
waterflooj and dispOsal
we lis

Constant annual releases
during years 11-15 for
..aterflood and disposal
we 11s

Constant annual releases
during years 1-20 for
waterflood <lnd dlsposal
wells (Immediate fJilure,
no detection)
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0.2-!16 bbl/d for waterflood
w~lls: 0 0!>-38 bbl!d for
dl:iposal wells

Same as best-est I~te

0.00025-0.0025 bbl/d for
wdterflood ..ells; 0.00025­
O.007~ bbl/d for disposal wells

0.05-0.5 bbl/d for ..aterflood
..ells; 0.05-1.5 bbl/d for
dl!;posal wells



the same layers considered during the active period. For unlined pits,
release was assumed to begin immediately at the start of the modeling

period. For lined pHs, failure (i.e., increase in hydraulic

conductivity of the liner) was assumed to occur either 5 or 25 years

after the start of the modeling period. It was assumed that any liquids
remaining irl unlined reserve pits at the time of closure would be land

applied adjacent to the pit. Liquids remai~ing in lined pits were
assumed to be disposed offsite.

For modeling releases to sut"face aquifers from Class II injection

wells. a 20-year injection well operating period was assumed, and two
failure mechanisms were studied: (1) failure of the well casing (e.g., a

corrosion hole) and (2) failure of the grout seal separating the injection

zone f'"om the surface aquifer. At this tinle, the Agency lacks the data

necessary to estimate the probability of casing or grout seal failures

occurring. A well casing failure assumes that injected fluids al"e exiting

the wel~ through a hole in the casing protecting the surface aquifer. In

most cases. at least two strings of casing protect the surface aquifer
and, in those cases, a t"elease to this aquifer would be highly unlikely.

The Agency has made exhaustive investigations of Class I well.(i.e.,
hazardous waste disposal \o/el1) failures and has found no evidence of

release of injected fluids through two strings of casing. However, the

Agency is aware that some Class II wells were constructed with only one

string of casing; therefore, the scenarios modeled fall within the realm
of possible failures. Since integrity of the casing must be tested every

S years under current EPA gUidelines (more frequently by some States),
EPA assumed for the conservative scenarios that a release would begin on
the first dey after the test and would last until the next test (i.e.,
S years). For the best-estimate scenarios, EPA assumed that the release
lasted 1 year (the minimum feasible modeling period) in the case of
waterflood wells and 3 years in the case of disposal wells, on the

supposition that shorter release durations would be more likely for
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waterfloodin\} where injection .flow rates and volumes are important

economic considerations for the operation. EPA also assumed here that­

the release flow from a failed well would remain constant over the
duration of the failure. This simplifying assumption is more likely to,

hold in low-pressure wells than in the high-pressure wells more typical

of waterflooding operations. In high-pressure wells the high flow rate

wou1d likely enlarge the casing holes more rapidly, resulting in more

injection fluid escaping into the wrong horizon and a noticeable drop of

pressure in the reservoir.

For the grout seal type of failure, EPA estimated for conservative

modeling purposes that the failure could last for 20 years (i.e., as long

as the well operates). This is not an unreasonable worst-case assumption
~~cause the current regulations allow the use of cementing records to

determine adequacy of the cement job, rather than actual testing through

the use of logs. If the cementing records were flawed at the outset, a
cementing fallure might remain undetecte~. As part of .its t'eview of the

Underg,'ound Injection Control (UrC) regulations, the P.gency is considering

requiring more reliable testing of the cementing of wells, ",'hich would

considerably lessen the likelihood of such scenarios. For an alternative

best-estimate scenario, the Agency assumed a 5-year duration of failure

as a mOt"e typical possibility,

BeCause of a lack of both data, and adequate modeling methods, other
potentially important migration pathways by which underground injection

of waste could contaminate surface aquifers (e,g., up'i'/ard contaminant

migration from the injection zone through fractures/faults in confining

layers or abandoned boreholes) were not modeled.

Chemical transport was modeled for ground water and surface water

(rivers). Ground-water flow and mass transport were modeled using EPA's

liner location Risk and Cost Analysis Model (llM) (USEPA 1986), The llM
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uses a series of predetermined flow field types to define ground-water

conditions (see Table V-7); a transiellt-source, one-dimensional,
wetting-frollt model to assess unsaturated zone transport; and a modified

version of the Random Walk Solute Transport Model (Prickett et a1. 1981)

to predict ground-water flow and chemical transport in the saturated

zone. All ground··water exposure and risk estimates presented ill this
report are for the downgradient center 1ine plume concentration.

Chemical transport in rivers was modeled using equations adapted from EPA
(USEPA 1984a); these equations can aCCOllnt for dilution, dispersion,

particlllale adsorption, sedimentation, degradation (photolysis,

hydrolysis, and biodegradation), and volatilization.

EPA used the llM risk subll10del to estimate cancer and chronic

noncancel~ risks from the ingestion of contaminated ground and sUI~face

water. The m2asure used fur cancer risk was the maximum (over the

200~year mod..:ling period) lifetime excess 7 individual risk, assuming an

i~dividuQl ingesteo contaminated ground or surface water over an entire
lifetime (assumed to be 70 years). Th~se risk numbers represent the

estimated probability of occurrence of callcer in an exposed individual.

For example, a cancer risk estimate of 1 x 10- 6 indicates that the

chance of an individual getting cancer is approximate1y one in a million
over a 70-year lifetime. The measure used for noncancer risk was the

maximum (over the 200-year modeling period) ralio of the estimated
chemical dose to the dose of the chemical at which health effects begin

to occur (i .e., the threshold dose). Ratios exceeding 1.0 indicate the

potential for adverse effects in some exposed individuals; ratios less

than 1.0 indicate a very low likelihood of effect (assuming that
background exposure is zero, as is done in this study). Although these

ratios are not probabilities, higher ratios in general are cause for

greater concern.

7 Llo.CeSS reii!rs to the rlSk increlllent attributable only to e>;ppsure resultlng froOl the

releases ..:or,Sldere<J In thIs In.JlySIS. 8.Jclground e~po:;ure$ ...,re clssumed to be zero.
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Itarl,loles llsteJ her~ ,He th~ most imporUnt for the purpost' of thIs I.l'l'sar,tation.

bin gener,)l. an "qulfer is defined as a geologIcal unit th.:lt e"n lrallsmlt

slgnlflc"nt quantities of .ater. An un\:onfir,~d "quI fer is onc th.!t IS only p"rtly
filled \IIlth ."ter, such thot the upper surface of the saturated zone IS free to

rIse and deelme. A confined aquifer is onl! that is completely filled wltn water

and that is overlain by a co~flning l<tyer (" rock unit that restricts thl: movement

of ground water).
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As a means of assessing potential effects on aquatic organisms, EPA
estimated, for each model scenario involving surface water, the volume
contaminated above an aquatic effects threshold. EPA also estimated the

volumes of ground and surface water contaminated above various resource

damage thresholds (e.g., the secondary drinking water standard for
chloride).

QUANTITATIVE RISK MODELING RESULTS: HUMAN HEALTH

This section summarizes the health risk modeling results for onsite
reserve pits (drill ing wastes), underground injection wells (produced

water), and direct discharges to surface water (produced water, stl-ippel"

well scenarios only). Cancer risk estimates are presented separately

from noncancer risk estimates throughout. This section also summarizes
EPA's preliminary estimates of the size of populJtions that could

possibly be exposed through drinking water.

Onsitc R~serve Pits--Drilling Wastes

Cancer and noncancer health risks were analyzed under both

best-estimate and conservative modeling assumptions for 1,134 model

scenarios8 of onsite reserve pits. Arsenic was the only potential

carcinogen among the constituents modeled for onsite reserve pits. Of

the noncarcinogens, only sodium ex.ceeded its effect threshold; neither
cadmium nor chromit:m VI exceeded their thresholds in any model scenarios

(in its highest ,-isk scenario, cadmium was at 15 percent of threshold;

chromium VI, less than 1 percent).

8 J.J3~ & 9 infjltration/uns~turated zone types x 7 ground·wdter flow fIeld tYPeS x 3
e~~osure dIstances ~ 3 Size cate;orles x Z llner types.
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Nationally Weighted Risk Oistriblltions

Figure V-3 presents the nationally weighted frequency distributions

of human heal tIl risk estimates associated with unlined onsite reserve

pits. The figure includes best-estimate and conservative modeling
result. for botl, cancer (top) and noncancer (bottom) risks. Only the

results for unlined reserve pits are given because the presence or

abserlce of a liner had little influence on risk levels (see section on

major factors affecting Ilealth risk). Many of tile scenarios in the
figure show zero risk because the nearest potential exposure well was

estimated to be more than 2 kilometers away (roughly 61 percent of all

scenarios).

Under best-estimate assumptions, there were no cancer risks from

ar~enic because arsenic was not included as a constituent of the modeled

waste (i .. e., the median arsenic concentration in Ule field .sampling data

was below detaction limitsj see Table V-I). Under conservative

assumptions, nonzero cancer risks resulting,from arsenic were estimated

for 18 percent of the nationally weighted reserve pit scenarios, with

roughly 2 percent of the scenarios having cancer risks greater than
1 x 10- 7. Even under conservative modeling assumptions, drilling waste

pit scenarios produced maximum lifetime cancer risks of less than 1 in

100,000 for individuals drinking affected water.

A few threshold exceedances for sodium were estimated under both

best·estimate and conservative assumptions. Under best·estimate

assumptions, more than 99 percent of nationally weighted reserve pit

scenarios posed no non cancer risk (i.e., they were below threshold). A

few model scenarios had nor.cancer risks. but none exceeded 10 times the

sodium threshold. Under conservative assumptions, 98 percent of

nationally weighted reserve pit scenarios did not pose a non cancer risk.
The remaining 2 percent of reserve pit scenarios had estimated exposure

point sodium concentrations between up to 32 times the threshold.
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Based on a 1iterature review conducted as part of the development of

the Liner Location Model data base (USEPA 1986), chloride is the only

mod~l ,drilling waste constituent for which either a taste or odor
threshold concentration Is known. EPA (1984b) reports that the taste

threshold for chloride is roughly 250 mg/L (i.e., this is the minimum

chloride concentration in water that a person may be able to taste). For

thi highest cancer t"isk case, the maxinlum chloride concentration at the

exposure well was estimated to be 400 mg/L; for the highest noncancer
risk case. the maximum chloride concentration at the exposure well was

estimated to be approximately 5.000 mg/L. Therefore. it appears that, if

water contained a high enough arsenic concentration to pose cancer risks

on the order of 1 x 10- 5 or sodium concentrations 100 times the effect

threshold, people may be able to taste the chloride that would also

likely be present. The question remains, however, whether people would

actually discontinue drinking water containing these elevated chloride

concentrations. EPA (1984b) cautions that consumers may become
accustomed to the taste of chloride levels somewhat higher than 250 mg/L.

For purposes of illustration, Figure V-4 provides an example of tIle

effect of weighting the risk results to account for the estimated

national frequency of occurrence of the model scenarios. Essentially,

weighting allows risk results for more commonly occurring scenarios to

"count" more than results from less commonly occurring scenarios.

Weighting factors were developed a~d applied for the following variables,
based ~n estimated frequency of occurrence at oil and gas sites: pit

size, distance to drinking water well, ground-water type, depth to ground

water, recharge, and subsurface permeability. Other potentially

important risk-influencing factors, especially waste composition and

strength, were not modeled as variables because of lack of information

and thus are not accounted for by weighting.

In the example shown in Figure V-4 (conservative-estimate cancer

risks for unlined onsite pits), weighting the risk results decreases the
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