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Thi s docunent is intended for use by conpanies performng oil and gas
expl oration and production in the State of Utah. It may al so be hel pful to
servi ce conpanies and those involved in contracting with produci ng conpani es.
It is not intended to be a conplete treatise on environnental regulations but
only as a hel pful reference to assist in where to | ook and provi de the basics
of the regul atory schene.

The Ut ah Departnent of Natural Resources receives federal aid and
prohi bits discrimnation on the basis of race, color, sex, age, nationa
origin, or handicap. For information or conplaints regarding discrimnnation
contact Executive Director, Utah Departnment of Natural Resources, 1636 West
North Tenple #316, Salt Lake City, U ah 84116-3193 or O fice of Equa
Qoportunity, U S. Departnment of the Interior, Washington, D.C. 20240.

FURTHER | NFORMATI ON CONTACT:

Division of G1, Gas and M ni ng
3 Triad Center, Suite 350

355 West North Tenple

Salt Lake Cty, U ah 84180-1203

(801) 538-5340

Not e: Cover photo of Big Horn Sheep on hillside with drill rig in background
was provided by K C. “Ken” Cockerham petrol eum consultant.
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AGENCY LI STI NG

Below is a |list of agencies which an oil and gas operator in U ah may

need to contact concerning an environnmental related issue.

Agency

Division of Ol, Gas & Mning
3 Triad Center, Suite 350

355 West North Tenple

Salt Lake City, Utah 84180-1203
(801) 538-5340

Di vi sion of Water Rights

1636 West North Tenple, Suite 220
Salt Lake City, Utah 84116-3156
(801) 538-7240

Di vision of Water Quality
288 North 1460 West

Salt Lake City, Utah 84116
(801) 538-6146

Division of Solid & Hazardous Waste
288 North 1460 West

Salt Lake City, Utah 84116

(801) 538-6170

Di vi si on of Radi ation Control
168 North 1950 West

Salt Lake City, Utah 84224
(801) 536-4250

Division of Air Quality
150 North 1950 West

Salt Lake City, Utah 84114
(801) 536-4000

Bureau of Land Managenent

State O fice

324 S. State, Ste. 301
Salt Lake City, Utah 84145
(801) 539-4010

Moab District
82 East Dogwood
Moab, Utah 84532
(801) 259-6111

Vernal District
170 S. 500 E.
Vernal, U ah 84078
(801) 789-1362

Acti ons

Permts to Drill
Permits to Inject

Di sposal Facilities
Pl uggi ng Approval s
Spud & Spill Reporting
Pits

Wat er Appropriation
Geot hermal Wells
Stream Al terations

Di scharge Pernits

Nonexenpt Waste (RCRA)
Used O | Recycling

Natural Iy Cccurring Radi oactive
Mat eri al ( NORM

Loggi ng tool abandonment

Radi oactive Materi al

Pol | uti on Source QOperating Permts
Burn Permits

Actions regarding Federal & Indian
Leases/ Land
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SUMVARY OF ENVI RONMENTAL LAWS

National Environmental Policy Act (NEPA)

NEPA is not a regulating | aw but one that requires federal agencies to take

envi ronmental factors into consideration during their decision nmaking processes.
It is the inplenmentation of NEPA that requires the preparation of Environmental
I mpact Statements "EIS" and Environnental Assessnment "EA" by federal agencies.

Endanger ed Speci es Act (ESA)

The ESA was enacted to protect endangered and threatened species and their
habitats. This act is administered by the U S. Fish and Wldlife Service and may
pose a consi derabl e obstacle to devel opnent requiring federal action. Its
protection is not limted to federal |ands. The statute has three basic
conponents: 1) listing of species, 2) anti-taking provisions, and 3) endangered
speci es revi ew.

Clean Air Act (CAA

This Act has been shaped through a series of statutory enactnments spanning nearly
30 years. The Act's basic goals are 1) attai nnent and mai ntenance of Nati onal
Ambient Air Quality Standards, 2) prevention of significant deterioration of air
quality in areas of the country where the anbient standards are already being
nmet, 3) preservation of natural visibility in national parks and wi | derness
areas, 4) avoidance of risk from hazardous air pollutants, 5) protection of
stratospheric ozone, and 6) prevention of acid rain.

Utah's conparable law is the Uah Air Conservation Act. It is under this |aw that
Ut ah regul ates pollution sources and adm nisters its federal Clean Air Act
del egat ed program

Federal Water Pollution Control Act (C ean Water Act)

The Federal Water Pollution Control Act was enacted in 1972, it was significantly
amended in 1977 by the Cean Water Act, in 1987 by the Water Quality Act and in
1990 by the O Pollution Control Act. It is commonly referred to as the Cean
Water Act.

The basi c underlying purpose of the Act is to restore and maintain the chemcal,
physical, and biological integrity of the nation's waters. This objective is
achi eved through the regul ation of discharges (both point source and dredge and
fill) and a variety of other neasures. Jurisdiction under this Act extends to
"navi gable waters". This termis broadly defined to include "the waters of the
United States" which includes sone dry drainages and wetlands. It is under this
law that the Spill Prevention Control and Counterneasure "SPCC' Plans are
required.

The conparabl e Utah | aw under which del egated federal prograns for water are
adm nistered is the Uah Water Quality Act.
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Saf e Drinking Water Act (SDWA)

This | aw was enacted to establish national standards and requirenents for the

quality of drinking water. It was substantially anended in 1986. It is under this

act that the Well head Protecti on and Underground Injection Control Prograns are

adm ni stered. The conparable Uah lawis the Utah Safe Drinking Water Act.
Resource Conservation and Recovery Act (RCRA)

Subtitle C of the Act provides for the cradle-to-grave regul ati on of hazardous
wastes. Certain Exploration and Production (E&P) Wastes are exenpt fromthe
requirements of RCRA subtitle C

Subtitle D of the Act applies to the regulation of solid waste disposal and
sanitary landfills.

Subtitle |I applies to Underground Storage Tanks.

Utah's Solid and Hazardous Waste Act and the Solid Waste Managenment Act provide
the State authority to regulate solid and hazardous wastes in the state. Utah
al so has the Waste O | Management Act for used oil and the Waste Tire Recycling
Act to encourage recycling of used tires.

Conpr ehensi ve Envi ronnent al Response,
Conpensation and Liability Act (CERCLA)

This | aw was substantially anmended in 1986 by the Superfund Arendrments and

Reaut hori zation Act "SARA". This statute provides for the cleanup of contam nated
sites by establishing a liability scheme and a governmental admi nistered cl eanup
fund. CERCLA is not a detailed regulatory statute |like the air, water and
hazardous waste |laws, but is, instead, primarily a liability and remedial act for
dealing with hazardous substances whi ch have been rel eased or are about to be

rel eased to the environment.

The Utah Hazardous Substances Mtigation Act established a state Superfund
program whi ch is admini stered by the Division of Environnental Response and
Rermedi ation. It al so established a fund which the state may use for emergency
cl eanups, investigations and matching funds for CERCLA cl eanups.

The Utah Underground Storage Tank Act is the state | aw which applies to UST's and
adopts the federal RCRA standards and financial responsibility requirenents. It

al so established a restricted account in the general fund into which all

penal ties inposed under the Act are deposited.

U ah Radi ation Control Act

Adm ni stered by the Division of Radiation Control under authority of the

Radi ati on Control Board. The Board oversees registration and |licensing of

radi ation sources, is authorized to nmake rules to control exposure to radiation
and issues enforcenent orders. Radioactive sources used in well 1ogging
activities are regulated by this entity. Also, Natural Cccurring Radi oactive
Material "NORM' falls under their jurisdiction.
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Uah O and Gas Conservation Act (Act)

Al though the Act is not specifically an environnental law it establishes
jurisdiction over various oil and gas activities and substances which can and do
affect the environnent.

The Act establishes the Board and Division of Ol, Gas and Mning, outlines the
jurisdiction of the Board, prohibits waste of oil or gas, provides for
establ i shnent of drilling units, pooling, repressuring, pressure nmintenance or
cycling, plans for devel opment and operation of pool or field, units, paynent of
proceeds from sal e of production, proceeding on petition to deterni ne cause of
nonpaynent - renedi es and penalties, permtting and bondi ng of waste crude oi
treatment facilities, conservation tax, etc.

General ly, the Board has jurisdication over the discharge, storage, handling
trasportation, reclamation, or disposal of waste nmaterials that result from
activities associated with exploration, devel opnent, or production of oil and gas
resources. Specifically, the Board regulates Cass Il injection wells, disposa

of oilfield wastes, and drilling, conpleting, operating and plugging of wells to
prevent interformational flow and/or pollution of fresh water aquifers or
detrinmental intrusion of water into hydrocarbon reservoirs.

Under this authority the Board has devel oped rules for regulating exploration and
production activities (R649). The Division inplenents these rules on behalf of the
Board. The activities covered by these rules which have environnental
inmplications are; bonding of wells and disposal facilities, on-site predril

eval uati on, casing and cenenting of wells, plugging of wells and recl anation of
wel |l sites, managenent of oilfield wastes, construction and use of onsite pits,
permtting and regul ati on of disposal facilities, reporting and cl eanup of

spills, underground injection, pernmitting and bondi ng of waste crude oi

treatnent facilities, drilling in hydrogen sulfide areas, also gas
flaring/venting.
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Listing of Uah Ol & Gas Conservation General Rules
with Environnmental |nplications

R649- 1 Definitions
R649-2-1 Scope of Rules
2-5 Ri ght to | nspect
2-6 Access to Records
R649- 3-1 Bondi ng
3-7 Wl | Control
3-8 Casi ng Program
3-9 Protection of Upper Productive Strata

3-12 Drilling Practices for Hydrogen Sul fide Areas & Fms
3-13 Casing Tests

3-14 Fire Hazards on the Surface

3-15 Pol | ution and Surface Damage Contr ol
3-16 Reserve Pits and other onsite pits
3-17 I nspection

3-18 On-site Predrill Evaluation

3-20 Gas Flaring or Venting

3-24 Pl uggi ng and Abandonment of Wells

3-25 Under ground Di sposal of Drilling Fluids
3-26 Sei smic Exploration

3-32 Reporting of Undesirable Events (spills)
3-33 Drilling Procedures in the Geat Salt Lake
3-34 Wel|l Site Restoration

3-36 Shut-in and Tenporarily Abandoned Wells

R649- 5 Under ground | njection Control
R649- 6- 2 Waste Crude G| Treatment Facilities
R649- 8 Reporting and Report Forns
R649- 9 Wast e Managenent and Di sposal
9-2 General Waste Managenent
9-3 Permtting of Disposal Pits
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Permitting of Gther Disposal Facilities

Construct. and |Inspect. Requirenents for Disposal Fac.
Reporting and Recordkeepi ng Requirenents for Disp. Fac.
Final Cosure and C eanup of Disposal Facilities

Vari ances from Requi renents and St andards
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SPI LL and UNDESI RABLE EVENT REPORTI NG

STATE REQUI REMENTS:

Division of Ol, Gas & Mning

Report undesireable events (major & minor), fires, |eaks, breaks, spills,
flaring, or venting (>10 bbls or >50 Mcf), blowouts and others happeni ng at
drilling, producing, transportation, injection or disposal facility.

Maj or events require verbal notice within 24 hours of discovery. Al mgjor and
m nor events require witten report (Sundry Notice) within five days follow ng
concl usi on of the event.

Departnment of Environnental Quality (DEQ
Any spill which enters or has potential to enter "waters of the State". Call 801-
536- 4100, after hours 536-4123, outside Salt Lake area 1-800-572-6400. These
nunbers are valid for any environmental energency reporting to DEQ in Utah.

FEDERAL REQUI REMENTS:

Envi ronnental Protection Agency
Di scharge of oil or hazardous substances into or upon navigable waters of the
U S. that neets the sheen test nust be reported to EPA National Response Center @
1- 800- 424- 8802.
Bureau of Land Managenent
Simlar to DOGM reporting of undesireable events major and mnor.
* The reporting requirenents above do not cover all requirenents for hazardous

materi al s which have different and separate requirenents not covered by this
docunent .
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CLEANUP LEVELS SUMVARY

Recommended abandonnent | evel s:
SALINITY:
El ectrical Conductivity <4 mmho/cm whi ch approxi mates TDS of 2560 ng/|
Exchangabl e sodi um percent age ESP <15%
Sodi um adsorption rati o SAR <12
R

If natural background soil characteristics show poorer quality than that depicted
by these linmits or if a higher level consistent with intended | and use can be
denonstrated then these limits can be exceeded.

HYDROCARBON CONTENT:

1% or 10,000 ppm TPH i s reconmended for sites with | ow environment al
sensitivity

30 ppmto 10,000 ppm TPH i s recomrended for sites w th higher environmental
sensitivity dependi ng on Benzene |evel in waste

Recommended TPH | evel s are concentrati ons above background | evel s.

10
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GUI DANCE: for DETERM NI NG CLEANUP LEVELS

SUBJECT: Estimati ng C eanup Levels for Petrol eum Contaninated Soil and other Qly
Wastes from Q| and Gas Exploration and Production Operations

This section should be used as guidance for oil and gas operators and the
Di vision staff in evaluating the appropriate cleanup levels for oil and gas exploration
and production (E&P) related sites. This guidance also applies to treated oily E&P waste
material which is to be applied to soil or buried.

The approach utilized is a ranking systemto eval uate the environnenta
sensitivity of the site. This ranking is then used to deternine the cleanup |evel.

CLEANUP CRITERI A

Salts and hydrocarbons have been identified as the principal limting
constituents of concern relative to onshore exploration and production operations
because they may induce a phytotoxicity or, in the case of sodiumsalts, may deteriorate
soil structure interrupting normal soil-plant-water relationships and causi ng excessive
erosion (MIler and Honarvar, 1975; Ferrante, 1981; Freenan and Deuel, 1984; Nelson et
al., 1984). Salts and hydrocarbons associated with E&P wastes may al so pose a
significant threat to surface and groundwater resources if not properly managed
(Henderson, 1982; Murphy and Kehew, 1984).

Salinity of waste or treated waste products to be applied to the surface should
be limted by the following final disposition criteria: electrical conductivity EC <4
nmho/ cm whi ch approxi mates a TDS of 2560 ng/l, exchangeabl e sodi um percentage ESP <15%
sodi um adsorption ratio SAR <12. If natural background soil characteristics show poorer
quality than that depicted by these limts or if a higher |evel consistent with intended
I and use can be denmpnstrated then these linits can be exceeded. In very sensitive areas
nore restrictive limts for salinity may be applied on a case-by-case basis, especially
for large volunes of waste to be abandoned

If significant |levels of toxic netals are believed to exist or there is concern
due to type or source(s) of wastes, tests will be required and nobility may be eval uated
utilizing the Toxicity Characteristic Leaching Procedure (TCLP).

An application for a discharge pernmit fromthe Division of Water Quality may be
required if it is determined that the facility or activity will not have a de m ni nus
actual or potential effect on ground water quality. If the Division determines there is
potential for discharge, or if the proposal involves a comrercial ongoing di sposa
operation, the application will be forwarded to the Division of Water Quality for their
revi ew

11
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RANKI NG CRI TERI A for Hydrocarbon C eanup Level Determ nation

1. Distance from Contanination to Groundwater The depth to groundwater, in feet bel ow
| and surface, mnmust consider the highest seasonal average. In sone cases, depth to
groundwat er and subsurface contami nation are both relatively deep. The depth to
groundwat er shown in the ranking below al so applies to the distance fromthe | onest
vertical extent of contamination to groundwater. In addition, recharge areas are
considered to be as environnentally sensitive as the | owest distance from contan nation
to groundwater. Sites located in recharge areas may therefore be scored 20 points

Di stance to Groundwat er(feet) Ranki ng Score
>100 0
100 to 75 4
75 to 50 8
50 to 25 12
25 to 10 16
<10, or recharge area 20

2. Native Soil Type The predominant site lithology and native soil type will be
determined by soils classified according to the Unified Soil Cassification. The |eve
of environnmental sensitivity is determined by the perneability of the soil and the ease
wi th which contam nants migrate through the soil

Native Soil Type Ranki ng Score
a. Low perneability 0

(clay, shale, fat clay, high
plasticity clay, elastic silt
low plasticity silt, lean clay,
silty clay, sandy clay, silty
or clayey fine sand, very fine
gravelly clay, unfractured

i gneous and net anor phi ¢ rocks,
and consol i dated, cenented

sedi mentary rocks; USC=Pt, OH, CH
MH, O, CL, M) .

b. Moderate perneability 10
(clayey sand, poorly graded

sand-clay m xtures, silty sand,

poorly graded sand-silt mixtures,

noderately fractured igneous and

nmet anor phi ¢ rocks, noderately

perneabl e |i mestone; USC=SC, SM .

c. High perneability (fine 20
sand, silty sand, sand, gravel,

gravel ly sand, clayey gravel,

gravel -sand-cl ay-silt m xtures,

silty, gravel, highly fractured

i gneous and net anor phi ¢ rocks,

vesi cul ar igneous rocks, cavernous

or karstic |imestone; USC=SM SP, SW

GC, GM GP, GW .

12
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3. Annual Precipitation The average annual precipitation in a specific area nust be
identified in order to evaluate the effects of recharge and potential for nobilization
of contam nants. The values for average annual precipitation are specific for UWah and
represent the annual average precipitation in the desert, nmountain, and internediate
geographical regions in the state (Waddell, et.al., 1987). Precipitation information
shall be collected fromthe nearest national neteorol ogical weather station. Onsite
ground cover (e.g. concrete or asphalt) that mght prevent infiltration of precipitation
is not considered due to the potential for irregularities and fractures in the ground
cover that could allow infiltration.

Annual Precipitation(inches) Ranki ng Score

<10 0

10 to 20 5

>20 10
4. Distance to Nearest Minicipal Water Well A nunicipal water well is assuned to be a
wel | designed to supply groundwater for comunity consunption. The distances from
subsurface contanmination to a nunicipal water well, and the correspondi ng scores shown

bel ow, are based on | ocal and regional know edge of the properties of the deep confined
aqui fers that occupy many of the basins in Uah, and those which are tapped by
production wells (Clark, et.al., 1990; Herbert, et.al., 1990, Hely, et.al., 1971).
Using the Theis equation for a well producing froma confined aquifer (Bouwer, 1978
Freeze and Cherry, 1979; Driscoll, 1986), the effective radii (r) of one-nmile

(5280 feet), one-quarter of a mle (1320 feet), and 500 feet induced by a hi gh-capacity
muni ci pal well are calculated by applying a punping rate (Q of 1500 gallons per mnute
for 183 days (1/2 year) (t), froman aquifer with a hydraulic conductivity (K) of 100
feet per day (ft/day, clean sand), and an aquifer thickness (or perforated interval, b)
of 500 feet, transmissivity (T) of 50,000 ft2/day (Clark, et.al., 1990; Herbert, et.al
1990, Hely, et.al., 1971), and a storage coefficient (S) of 0.001. The radii of

i nfl uence denonstrated by the Theis equation are corroborated by the Thi em equation for

a punped or flowing well in a confined aquifer (Bouwer, 1978; Freeze and Cherry, 1979).
The Environmental Protection Agency (1980) al so suggests a critical mnimmdistance of
500 feet froma point source of contamnation (a landfill, for exanple) and a down

gradi ent drinking water well.

Theis Equation: h, - h, = Q  *Wu) u=_r28s
46T 4 * Tt

Thiem Equation: Q=206 Kb (h, - h;)

In (ry/ry)
Di stance to Nearest
Muni ci pal Well (feet) Ranki ng Score
>5280 0
5280 to 1320 6
1320 to 500 8
<500 10

13
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5. Distance to Oher Water Wells GOher wells will be defined as donestic, irrigation,
and stockwatering wells that generally have | ess capacity, and thus snaller radius of
influence, than nunicipal wells. The critical distances of contam nation froma |ow
capacity well were al so derived using the Theis and Thi em equati ons, and are based on
aqui fer properties as described in hydrologic information publications for Uah (Hely,
et.al., 1971, Waddell, et.al., 1987, dark, et.al., and Herbert, et.al., 1990). Those
properties include a hydraulic conductivity of 100 ft/day, aquifer thickness (or
perforated interval) of 100 feet, transmissivity of 10,000 ft2/day, punping rate (Q of
200 gallons per minute, and a punping period (t) of 8 hours, which would result in a
critical radius of influence of 300 feet (Driscoll, 1986), and nmaxi num radi us of
influence of one-quarter mle (1320 feet).

Di stance to

O her Water Well (feet) Ranki ng Score
>1320 0
300 to 1320 5
<300 10

6. Distance to Surface Water Surface water bodies include perennial rivers, streans,
creeks, irrigation canals and ditches, |akes, and ponds. The critical distance of
contamination to a surface water body is based on experinental nodeling by Stokman
(1987). The nodel evaluated the changes in benzene concentration in groundwater at
varying di stances froma rel ease of unleaded gasoline. The nodel predicted that an
initial benzene concentration of approximately three times the MCL was reduced to bel ow
the MCL at a distance of 300 feet fromthe source. Although this distance may not be
applicable in all cases, 300 feet is considered to be an appropriate critical distance
feet between a source of contam nation and surface water. Approximately three times the
nost sensitive distance is 900 feet, which is rounded up to 1000 feet.

Di stance to

Surface Water (feet) Ranki ng Score
>1000 0
300 to 1000 5
<300 10

7. Potentially Affected Popul ations The score for affected populations is based on the
nurmber of potential receptors within a three-mle radius of a release site, using census
plot information. A three-mle radius is based on the ability of contami nants to trave
three mles via utility conduits, or by other neans. The potentially affected
popul ati ons include residents, enployees, canpers, and others who regqularly enter the

ar ea.

Af fect ed Popul ations Ranki ng Score
<100 0
100 to 3000 5
>3000 10

14



Utah Division of Gl, Gas & Mning
Envi ronment al Handbook (version 1.0, 1-96)

8. Presence of Onsite or Adjacent Utility Conduits Uility conduits include water
distribution lines, sewer lines, septic tanks, buried electrical l|ines, and any other
conduit within 300 feet that may facilitate contami nant nigration

Presence of Adjacent or Onsite

Uility Conduits or Wlls Ranki ng Score
Not present 0
Unknown 8
Pr esent 10

9. Sunmation of Ranking Criteria to Deternine
Environnental Sensitivity and C eanup Levels

The summation of all of the above ranking scores will yield one value which shall be
used to determine the appropriate soil cleanup levels on a case-by-case basis. The
sensitivity levels are as foll ows:

Level | Sensitivity: For scores totaling <50

Level Il Sensitivity: For scores totaling =50

15
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Eval uati on Ranking Criteria and Ranking Score
For Oly Waste Cl eanup Levels

Site-Specific Factors Ranki ng Score Site Ranki ng
Score

Di stance to G oundwater (feet)

>100 0
100 to 75 4
75 to 50 8
50 to 25 12
25 to 10 16
<10, or recharge area 20
Native Soil Type
Low perneability 0
Mod. perneability 10
H gh perneability 20
Annual Precipitation (inches)
<10 0
10 to 20 5
>20 10

Di stance to Nearest

Muni ci pal Water Well (feet)
>5280 0
1320 to 5280 6
500 to 1320 8
<500 1

Di stance to O her
Water Well (feet)
>1320 0
300 to 1320 5
<300 1

Di stance to Surf. Water (feet)
>1000 0
300 to 1000 5
<300 10

Af f ect ed Popul ati ons
<100 0
100 to 300 5
>3000 1

Presence of Nearby
Uility Conduits
Not Present 0
Unknown 8
Pr esent 1
|
Fi nal Score

16
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Level s of Environnental Sensitivity and
Recommended C eanup Levels for Soils and O ly Wastes
Total Petrol eum Hydrocarbon (TPH in ng/ kg or ppm

Level |
Total Points <50
TPH*, ** 10, 000
Level I1
Total Points >50
TPH
For all scores totaling >50 the cleanup level will be cal cul ated using

the formula bel ow. 10,000 ppm and 30 ppm TPH are the upper and | ower
limts of cleanup required

.005 x 100 = .5 =+ fraction benzene in soil = cleanup |l evel in ppm

Where: .005 = naxi num cont ami nant |evel for benzene in ppm
100 = attenuation factor (EPA 1980)

Exanple: .005 x 100 = .5 + .0001 = 5,000 ppm TPH

for .01% benzene level in waste or soil to be abandoned
% TPH which is benzene is an indication of aqueous solubility of the
wast e

It is believed that nost of the sites located in oil fields in the State
of Uah will fall in the Level | category and would only require cleanup to the 1% TPH
level. Sites which fall in Level Il, are in nore sensitive areas and probably shoul d
not receive or retain very large volunes of waste material but if they nmust, then it
shoul d nmeet nore stringent requirenents. Since crude oil typically contains about 15%
by weight total aromatics, oily wastes may contain sinilar conpositions. However, the
heavi er conpounds are much | ess soluble than |light ones and justify | ess consideration
for nobility in the environnment. Fresh crude oils generally contain |ess than 3%
significantly soluble aromatics. Aromatics are of greater concern than aliphatic
hydr ocar bons because they are in general |ess degradable. Since in sensitive areas it
is likely that sone aromatics will nmake their way into ground or surface waters nore
stringent cleanup | evels seem appropriate.

17
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Salinity of waste or treated waste products to be applied to the surface
should be limted by the followi ng final disposition criteria: electrical conductivity
EC < 4 nmho/ cm exchangeabl e sodi um percentage ESP <15% sodi um adsorption ratio SAR
<12. If natural background soil characteristics show poorer quality than that depicted
by these linmits or if a higher level consistent with intended | and use can be
denpbnstrated, then these limts can be exceeded. These restrictions are not intended
tolinmt the salinity of wastes but apply to the nmixture after application which is
intended for permanent abandonment. In very sensitive areas nore restrictive linmts
for salinity may be applied on a case-by-case basis, especially for |arge vol umes of
waste to be abandoned.

Testing Methods

* ASTM Met hod D3328-90, or SWB46-8015

** EPA 418.1, If this method shows a TPH | oading | ess than required then it is not
necessary to re-analyze using a gas chromatographi c method.

TPH concentration |l evels are the concentrati ons above background | evel s
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GUI DANCE: for DETERM NING PI T LI NI NG REQUI REMENTS

SUBJECT: Deternmination of Liner Requirenents for Reserve Pits Used in Gl and Gas
Drilling Operations and Onsite Pits Used in Production Operations

Thi s section should be used as gui dance by oil and gas operators and
Division staff in evaluating the appropriate containment requirenents for fluids and
drill cuttings which are used and produced as a byproduct of oil and gas drilling and
producti on operations.

The approach utilized is a ranking systemto evaluate the environnenta

sensitivity of the site. This ranking is then used to determ ne the appropriate nethod
or type of containnment needed to protect the surface and near surface environnent.

RANKI NG CRI TERI A

1. Distance from Surface to G oundwater The depth to groundwater, in feet bel ow | and
surface, nust consider the highest seasonal average. |In addition, recharge areas are
considered to be as environnentally sensitive as the distance to groundwater. Sites
located in recharge areas may therefore be scored 20 points.

Di stance to Groundwater(feet) Ranki ng Score
>200 0

100 to 200 5

75 to 100 10

25 to 75 15

<25 or recharge area 20

2. Distance to Surface Water Surface water bodies include perennial rivers, streans,
creeks, irrigation canals and ditches, |akes, and ponds. Large drainages which | ead
to surface waters should be considered as if they contained surface waters.

Di stance to

Surface Water(feet) Ranki ng Score
>1000 0

300 to 1000 2

200 to 300 10

100 to 200 15

<100 20
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3. Distance to Nearest Minicipal Water Well A municipal water well is assuned to be
a well designed to supply groundwater for comunity consunption.

Di stance to Nearest

Muni ci pal Wl | (feet) Ranki ng Score
>5280 0

1320 to 5280 5

500 to 1320 10

<500 20

4., Distance to Gher Water Wlls Oher wells will be defined as donesti c,
irrigation, and stockwatering wells that generally have | ess capacity, and thus
smal | er radius of influence, than nunicipal wells.

Di stance to

QO her Water Wells(feet) Ranki ng Score
>1320 0
300 to 1320 10
<300 20

5. Native Soil Type The predominant site lithology and native soil type will be
determined by soils classified according to the Unified Soil Cassification. The

| evel of environnental sensitivity is determ ned by the perneability of the soil and
the ease with which potential contam nants could mgrate through the soil.

Native Soil Type Ranki ng Score
a. Low perneability 0

(clay, shale, fat clay, high
plasticity clay, elastic silt
low plasticity silt, |ean clay,
silty clay, sandy clay, silty
or clayey fine sand, very fine
gravel ly clay; USC=Pt, CH, CH,
MH, O, CL, M) .

b. Moderate perneability 10
(clayey sand, poorly graded

sand-clay mxtures, silty sand,

poorly graded sand-silt m xtures,

unfractured i gneous and

nmet anor phi ¢ rocks, consolidated and

cenented sedi nentary rock; USC=SC, SM.

c. High perneability (fine 20
sand, silty sand, sand, gravel,

gravel ly sand, clayey gravel,

gravel -sand-clay-silt mxtures,

silty, gravel, fractured

i gneous and net anor phi ¢ rocks,

vesi cul ar i gneous rocks, porous

sedi nentary rocks; USC=SM SP, SW

GC, GM GP, GW .

6. Fluid Type The type of liner to be used should be conpatible with the fluids it
will contain.

Fluid Type Ranki ng Score
A r/ M st 0
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Fresh Water 5
TDS >5000 and <10000 10
TDS >10000, or G| Base Drilling Fluid 15
Fl uid containing significant |evels
of hazardous constituents 20
7. Drill Cuttings Mst cuttings are not considered as detrinmental to the

environment. Large volunes of salt cuttings or other soluble materials which could
degrade soils or water should be given special consideration.

Drill Cuttings Type Ranki ng Score
Shal e, Sandst one, 0

Li nestone, Dol omite

Salt or other potentially 10
detrinental cuttings.

8. Annual Precipitation The average annual precipitation in a specific area nust be
identified in order to evaluate the effects of recharge and potential for nobilization
of contam nants.

Annual Precipitation (inches) Ranki ng Score
<10 0

10 to 20 5

>20 10

9. Potentially Affected Popul ations The score for affected populations is based on

t he nunber of potential receptors within a one-nmile radius of a site. The potentially
af fected popul ations include residents, enployees, canpers, and others who regularly
enter the area.

Af fect ed Popul ations Ranki ng Score
<10 0
10 to 30 6
30 to 50 8
>50 10
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10. Presence of Onsite or Adjacent Uility Conduits

distribution Ilines, sewer lines, septic tanks

Presence of Adjacent or Onsite
Uility Conduits

Not present
Unknown
Pr esent

11. Summmtion of Ranking Criteria to Deternine

Type of Contai nnent Required

The summation of all of the above ranking scores wll

used to deternmine the appropriate type of
sensitivity levels are as foll ows:

Level | Sensitivity: For scores
Level Il Sensitivity: For scores
Level 111 Sensitivity: For scores

Uility conduits include water

buried electrical lines, and any other
conduit that may facilitate contam nant migration

Ranki ng Score

0
10
15

contai nment, on a case-by-case basis.

totaling >20
totaling 15 to 19
totaling <15

12. Contai nnent Requi renents According to Sensitivity Level

Level I: Requi res total contai nment by synthetic |iner,

ot her type of total containnent structure or material

Level I1: Bentonite or other conpatible lining is discretionary
depending on the fluid to be contained and environnenta

sensitivity.

Level I11: No specific lining requirenments.
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Eval uati on Ranking Criteria and Ranking Score
For Reserve and Onsite Pit Liner Requirenents

Site-Specific Factors " Ranki ng | Site Ranking
stance to o ounowater eet - 0
>200 0
100 to 200 5
75 to 100 10
25 to 75 15
<25 or recharge area 20
Distance to Surf. Water (Teet)
>1000 0
300 to 1000 2
200 to 300 10
100 to 200 15
< 100 20
Di stance to Nearest Mini ci pal
Vel (feet)
>5280 0
1320 to 5280 5
500 to 1320 10
<500 20
Distance to Oher WellTs (Teet)
>1320 0
300 to 1320 10
<300 20
Nat1ve SoiT Type
Low perneability 0
Mod. perneability 10
H gh perneability 20
Flurd Type
Air/m st 0
Fresh Water 5
TDS >5000 and <10000 10
TDS >10000 or G| Base Mid 15
Fl uid containing significant
| evel s of hazardous 20
constituents
DriTT Cuttings
Nor mal Rock 0
Salt or detrinental 10
Annual Precipitation (inches)
<10 0
10 to 20 5
>20 10
Affected Populations
<10 0
10 to 30 6
30 to 50 8
>50 10
Presence of Nearby UilTity
Condui ts
Not Present 0
Unknown 10
L_______Present I 15 1 |

Fi nal Score || |
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OTHER GUI DELI NES FOR PI TS

Unlined pits shall not be constructed on areas of fill materials.

A pit shall not be constructed in a drainage or floodplain of flow ng or
intermttent streans.

Synthetic liners used for reserve pits, shall be of no less than 12 ml

t hi ckness and shall be conpatible with the fluid to be contained. Synthetic
liners used for onsite pits with a longer expected life shall be a m ni num of 30
m | thickness or as approved by the Division

Synthetic liners shall be installed over snooth fill material which is free of
pockets, |oose rocks or other materials which could danmage the Iliner.

Monitoring systens for pits or closed mud systens nay be required for drilling
in sensitive areas.
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GUI DANCE: for RESERVE PI T CLOSURE

Subj ect : Recommended procedures to be foll owed when closing reserve pits used
during the drilling of oil and/or gas wells and other exploratory test
hol es

Pr ocedur es:

A reserve pit should be closed within one year following drilling and conpletion
of a well (R649-16.3). A pit is considered cleaned up when it neets the foll ow ng
recommended | evel s. Operators should avoid putting wastes other than drill cuttings,

mud and conpletion fluids into a reserve pit as such a practice could conplicate pit
cl osure requirenents.

Liquid in a pit should be allowed to either evaporate or be renoved. |f renoved,
it must be disposed of properly, sone options are injection (in this well or another),
hauled to a permtted disposal facility, or re-used at another well.

Pit liners can be cut off above the cuttings/nmud |evel and hauled to a landfill,
or folded in and processed along with other pit contents and covered. No remants of
liner material should be exposed at the surface when pit closure is conplete. Pit area
shoul d be nounded so as not to allow ponding of water and drai nage diverted around as
not to allow erosion of the old pit site.

Backfill d osure:

If well was drilled with fresh mud, a liner was not required, and pit does not
contain much oil (TPH <3% . The pit can sinply be backfilled after the fluids
are renoved, evaporated and/or percol ated.

Dilution Burial:

Thi s nethod should not be used in general if the water table is less than 10
feet below the pit bottom especially if intervening material is perneable such
as sandy or gravelly soils. The pit contents are m xed with adjacent soil to
reduce constituents |evels bel ow recommended | evels (EC <12 nmhos/cm TPH <3%,
or higher if background | evels are higher or with Division approval. After

m xing the pit contents should contain no nore than about 50% noi sture by wei ght
prior to burial of a waste/soil mx. Mxed contents should be covered with at
least two feet of soil including top soil if possible.

Solidification:

Thi s nethod comonly uses cenentitious/pozzol ani c processes that envel ope the
waste solids in a materials matrix. The nixed pit contents should be covered
with at least two feet of soil including top soil if possible.

Spr eadi ng:

Pit contents (after fluid renoval) can be spread over a location and mxed in if
cleanup levels are nmet as determ ned using the Division's guidance for
estimating cleanup levels for petroleumcontam nated soils. A pit can then be
backfill ed.

GUI DANCE: for E&P WASTE DI SPOSAL METHODS

SUBJECT: Di sposal nethods and recomendations for G 1 and Gas Exploration and
Production (E & P) Wastes. This section is to serve as a guide to oil and
gas producers and prospective producers, concerning the proper and
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accepted net hods of disposal of oil-field wastes in Ut ah

Regul atory Authority:

The regul atory authority for oil and gas related activities in Uah is divided
among several state, |ocal and federal agencies. The Division (DOGW) and Board of
Ol, Gas and Mning are the primary authority for regulation of oil and gas activities
on all land and | ease hold interests within the state. This authority is found in the
Gl and Gas Conservation Act 40-6-1 et seq. U C A (1953 as anended). Depending on
land and | ease type, various federal (BLM Forest Service, EPA, BlIA) agencies take a
lead role in many regulatory functions. The Division is the only agency with
authority over oil and gas related activities on all lands within the state.

Wast e Types:

The wastes addressed by this docunent are of two types exenpt and nonexenpt,
hazar dous and nonhazardous wastes generated during oil and gas drilling, and
producti on. Exenpt wastes are those that EPA has determined are exenpt from RCRA
hazar dous waste managenent requirenments. WAstes which are listed as nonexenpt are not
necessarily hazardous. However, because of regul ati ons under the Departnent of
Envi ronnental Quality, Division of Solid and Hazardous \Waste

Qper ations should be aware of EPA's "mixture rule" which requires that the
conmi ngling of |isted hazardous wastes w th nonhazardous wastes renders the entire
m xture a hazardous waste. The intent is to prevent avoi dance of hazardous waste
regul ations by dilution. Operators should avoid m xing of exenpt oil-field wastes
with other waste types. For exanple a half enpty container of solvent should not be
di scarded into a reserve pit. This would result in the expensive closing of the pit
under RCRA regul ati ons.

An abbreviated listing of oil-field wastes foll ows:

Exenpt \Wast es

These are wastes generated during "primary field operations", they generally
enter the waste streamvia either the well or the flow line

- drilling muds

- cuttings

- produced water

- oily wastes - tank bottonms, separator sludge, pig trap solids

- oily debris, filter nmedia, and contami nated soils

- untreated enul sions

- produced sand

- spent iron sponge

- dehydration and sweetening wastes (including glycol ani ne wastes)
- filter backwash and water softener regeneration brine

- pit sludge and bottons from storage or disposal of exenpt wastes
- others not specifically listed (for a nore conplete list see federa
regi ster, 53 FR 25446, July 6, 1988)
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Nonexenpt Wast es

These are wastes which are not necessarily unique to the oil and gas industry,
and which are usually generated during maintenance activities. Wastes generated by
transporting and/or refining conpanies are al so nonexenpt. This neans that all wastes
generated or separated after custody of the oil or gas has changed to the transporter
or refiner is nonexenpt.

- used lubrication/hydraulic oils

- used solvents and cl eaners, including caustics

- laboratory wastes

- sanitary wastes

- radioactive tracer wastes

- service conpany wastes such as enpty druns, rinsate, spilled chemcals,
sandbl ast nedi a, etc.

- unused fracturing fluids or acids

- refinery wastes

- waste in transportation pipeline-related pits

- pigging waste from pipeline punping stations

- mscellaneous solid wastes (trash)

- others not specifically listed (for a nore conplete |list see federal register,
53 FR 25446, July 6, 1988)

Di sposal Met hods:

The nmethod of disposal used should be conpatible with the waste being di sposed
of . Nonexenpt hazardous wastes shoul d be handl ed and di sposed of in accordance with
RCRA requirements. The nmethods listed in this docunment for disposal of exenpt and
nonexenpt - nonhazardous oil field wastes, are the nost comon nethods but are by no
nmeans the only alternatives.

Underground Injection - Class Il well:
- Fluids brought to the surface with conventional oil or natural gas production
and conm ngled with waste water produced fromthe operation of a gas plant which
is an integral part of production operations.

Surface Produced Water Disposal Pits (lined):
- Exenpt nonhazardous waste fluids, primarily produced water.

UPDES - Pernitted Di scharges:
- Point source discharges which conply with requirements of the Utah Poll utant
Di scharge Elimnation System this programis adm nistered by the U ah
Departnment of Environnental Quality, Division of Water Quality. This method is
only applicable to relatively fresh produced water.

Unl i ned Surface Disposal Pits:

- Produced water neeting the volume and/or quality restrictions of R649-9-3.4,
G| and Gas Conservation Ceneral Rules.

- Gly waste material (soil) resulting fromspills or other emergency discharges
of crude. Sone pits are approved specifically for this purpose.
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Reserve Pit Backfilling:
- Drilling mud, cuttings etc. fromthe drilling operations in many cases can be
allowed to dry then be covered over. This will depend on the environmental

sensitivity of the site, the contami nation potential of the pit contents, and
the time limt set for closing of the pit. The contents may require liquid
renoval and treatnent to reduce mobility and/or toxicity such as solidification

prior to burial. Requirements for pit location, construction, and lining wll
be determined at the pre-drilling site inspection. The Division's Quidance
Docunment for deternmining pit liner requirements will be used.

- In general, reserve pit contents that are covered and/or abandoned shoul d neet
the following criteria: 1) contain no hal ogenated solvents, 2) have free |iquids
renoved, and 3) the residual solids are nonhazardous, 4) neet cleanup |levels as
outlined in the Division's Guidance Docunent for estimating cleanup |levels for
oily wastes. Also, refer to the section of this docunent concerning Reserve Pit
Cl osure.

Under ground Di sposal of Drilling Fluids:

- Drilling fluids may be injected downhole in accordance with R649-3-25, G| and
Gas Conservation General Rules. This is approved on a case-by-case basis.

Landfills:

- Associ ated exenpt wastes and nonexenpt nonhazardous wastes which are
acceptable to the facility operator. This may include wastes such as: spent
filters, filter media, scale, and trash. Local health and county officials or
other facility owner should be contacted prior to any disposal.

I nci neration:

- Gly wastes may be incinerated with approval fromthe DOGM and the Depart ment
of Environnental Quality, Division of Air Quality.

Met hods of disposal or treatnent such as Road Spreadi ng, Landspreading,
Bi orermedi ati on, Conposting and others will be discussed and permitted on a case-by-
case basis. Pernitting these types of activities would involve the | and managenment
agency or owner and possibly the Departnment of Environmental Quality as well as
Division of Gl, Gas and M ning, depending on the waste to be di sposed of and nethod
pr oposed.

Recomendat i ons:

Reduction of the anpbunt of material generated which nust be disposed of is the
best practice. Recycling should al so be used whenever possible. In general, good
housekeepi ng practices should be used. Catch |eaks and drips, contain spills, and
cl eanup pronptly. Waste reduction and recycling should be used at least in part
before resorting to the |listed disposal options.

Before using a disposal facility the DOGM should be contacted to verify the
status of the pernmitted facility to accept oil-field wastes.

GUI DANCE: for DETERM NI NG SURFACE CASI NG SETTI NG DEPTHS

Subj ect : Assi stance to operators in determ ning the proper depth to set surface
casing when drilling for oil and gas in Ut ah

30



Utah Division of G1l, Gas & Mning
Envi ronment al Handbook (version 1.0, 1-96)

Table O Contents

Introduction............ ... i 32
Functions of Surface Casing.................. 32
Overvi ew of Geol ogy & Producing Areas........ 32
Unta Basin Area.......... ... ... 33
Cane Creek Area............ ... 35
CiSCO Area. ...t e 36
Basin & Range Area.............c.uuiiinann.. 37
Overthrust Belt Area......................... 38
Paradox & Blanding Basin Area................ 40
H gh Plateaus Area............ ... 41
North Slope U nta Mountains Area............. 42

31



Utah Division of G1l, Gas & Mning
Envi ronment al Handbook (version 1.0, 1-96)

I ntroduction

This section is intended to be an aid to conpani es planning or considering the
drilling of an oil and/or gas well in the State of Utah. Utah has a conplex variety
of terrain, plant and ani mal communities, mineral resources, geology, and | and types.
Thi s necessitates good planning before applying for a permit to drill.

Functions of Surface Casing:

The surface casing is a very inportant part of a well and serves many functions.
The surface casing protects fresh water aquifers from contami nation during drilling,
t hroughout the production phase, and even after the well is plugged. It acts as an
anchor to which bl ow out prevention equipnent is attached, it hol ds back
unconsol i dated or unstable shallow formations while the | ower portion of the hole is
being drilled, and it prevents loss of drilling fluid to perneable shallow fornations.
Sone of the things that shoul d be considered when determnmining the surface casing
settings are: depth of fresh water aquifers, characteristics of shallow formations,
zones whi ch have been used for injection, and the possibility of encountering high
pressure and/ or sour gas in the producing zones.

It is not the intent of this document to instruct anyone in setting depths of
surface casing, but only to point out sone inportant things to consider as they relate
to various areas in Utah.

Overvi ew of Utah Geol ogy and Produci ng Areas:

Utah's geology is well known for its variety and exposures. Mich of the rock
record can be seen first hand and many structures are exposed in "textbook fornf. This
variety is one fact that nakes casing setting depths difficult and inportant. Utah can
be divided into four major physiographic provinces. These are the Col orado Pl ateau,
the M ddl e Rocky Mountains, the Great Basin-Col orado Pl ateau Transition Province, and
the Great Basin. Alnpst all of the oil and gas production in Utah is located in the
eastern half of the state, but wells can be found in all four provinces. The major
produci ng areas are the Paradox Basin, the U nta Basin and the Overthrust Belt area.

Si nce the geology and thus the ground water and mineral resources vary w th each
area, the surface casing setting depth nust be suitable for that particul ar area.
Even within major producing areas or basins there is variation in what needs to be
protected. In sone producing fields disposal zones which are above producing
formations nust be sealed off to prevent future problens. Some areas of the state have
ot her resources such as oil shale and m ning operations which must be protected for
mul ti ple mineral devel oprment.
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U NTA BASI N AREA

Northern Ui nta Basin:

General ly the area bounded by the U nta Muntains on the north, highway 40 on
the south and extent of the basin on the east (Utah part) and west.

Geol ogy:

The Uinta Basin is an asymetric Tertiary basin. It is both a structural and
t opographic basin. Strata on the northern flank of the basin dip steeply toward the
axis, but beds toward the southern flank dip gently. Most of the exposed strata in
this area is of Tertiary or younger age. The conposite geol ogi c section exposed in
the area is thousands of feet thick. However, nowhere in the area does the residual
section reach total thickness. Rocks that crop out in this area range in age from
upper Precanbrian to the Hol ocene.

Ground Water:

Ground water in the area is contained primarily in consolidated rocks with | ow
pernmeability, except where fractured. The npbst perneable aquifer in the area consists
of unconsolidated glacial outwash and al luvial deposits which are relatively thin and
exi st nostly as discontinuous terrace coverings. There are seven water-bearing
formati ons which are considered nost inportant in the area for either recharge to the
ground-wat er systemor potential water well yields. Those seven are |listed bel ow

° d aci al outwash, alluvium of Pleistocene age, and rel ated course-grai ned
deposits.

(] Duchesne River Fornation

(] Ui nta Fornation

(] Currant Creek Formation

° d en Canyon (Navajo SS)

° Weber Quartzite

° M ssi ssi ppi an Li mest one

Sout hern Ui nta Basin:

General ly the area bounded by highway 40 on the north, the Book Cliffs area on
the south and the extent of the basin to the east and west.

Geol ogy:

The general geol ogy of the area was discussed in the previous section on the
Northern Ui nta Basin. Surface geology in the area consists of rocks ranging in age
from Cretaceous to Hol ocene and in general dip gently to the north. Mst of the
formati ons except for younger alluviumare inportant sources for oil and gas
production. Extensive deposits of oil shales are present in the Geen River
Formation, and gilsonite veins cut the U nta Fornmation in various |ocations throughout
the southern portion of the Basin.
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G ound Water:

Ground water in the area is contained primarily in consolidated rocks with | ow
to very low perneabilities except where fractured. Alluviumand terrace deposits can
be very pernmeable but rmay be saturated only during part of the year. Additionally, in
sonme areas, upper zones of Tertiary formati ons may not be water bearing due to being
drai ned by deeply incised streans and rivers. The nost inportant water bearing
formati ons are as foll ows:

° Al luvium and terrace deposits
° Duchesne Ri ver Formation

° U nta Formation

° Green River Formation

Ground Water Quality:

The ground-water quality in the U nta Basin varies with depth and location. In
general, if it exists, shallow ground water is of better quality and becones poorer
with depth. Department of Natural Resources, Technical Publication #92 (avail able
upon request at the Division) contains information on the Base of Mderately Saline
Water (BMBW in the U nta Basin. The BMSW shows a nound of saline water underlying
part of the basin with very saline to briny ground water present at depths of |ess
than 1,000 feet in some places. In general, those water zones above the BMSW depth
shoul d be isolated fromlower saline and produci ng zones.

Mul tiple M neral Devel oprment:

Operators shoul d be aware that some parts of the Ui nta Basin are designated by
the Board for nmultiple mneral devel opment. Special requirenments are spelled out in
regul ati ons (R649-3-27, 28, 29, 30) for those areas to protect the resource and/or
m ning operations. GO shale, tar sands, gilsonite, coal, and trona are sone of the
non- petrol eum resources found in the basin. Throughout some of the basin, npst of
these minerals would be at such a depth that would nmake them un-m nable and thus not a
problem If there is question about whether or not you are drilling in a designated
area, the Division should be contacted for nore information.

Di sposal Zones:

Sone areas, particularly the greater Altanont/Bluebell area contains formations
above producing formations which have historically and are presently being used for
di sposal of produced water. These zones can be pressured up and nust be isol ated,
casing strings nmust be cemented through themto protect themfrom corrosion and
| eakage probl ens.

Area Sunmmary:
The following items shoul d be consi dered when desi gni ng casi ng prograns for
wells in the U nta Basin Area:

° fresh water aquifers

° base of noderately saline water (<10,000 ng/1 TDS)

° ot her mineral resources

° di sposal zones

° other potential oil and gas zones, G een River and Wasatch Formations in

sonme areas the Ui nta Formation
CANE CREEK ANTI CLI NE AREA
The general area surrounding the Cane Creek anticline in Grand County, U ah.
Geol ogy:

The Cane Creek anticline lies within the Paradox basin which accunul ated a thick
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sequence of salt deposits during Pennsylvanian time. The anticline is one of a series
of northwest trending features which devel oped fromsalt diapirismand regional

war pi ng. Rocks exposed at the surface are primarily Mesozoic deposits of the G en
Canyon Group except near the Colorado River where rocks as old as Permi an El ephant
Canyon Formation are exposed.

The main target formation for oil and gas devel opnent has been the Pennsyl vani an
Par adox Formation. Sone oil has al so been produced fromthe M ssissippian carbonates
in the area. More recent horizontal drilling efforts have targeted the Cane Creek zone
wi thin the Paradox Formation. This zone is at an approximate depth of 7200 feet in the
area. The Paradox Formation al so contains potassiumsalts and halite, which are mnined
in the area.

G ound Water:

Formations down to the |level of the Colorado River (4000 asl) are basically
unsaturated. Studies indicate that ground water flowin the area is controlled
primarily by extensional faulting. These faults appear to be linmted to the crest area
of the Cane Creek anticline near the Mbab Salt Inc. potash mine. Wells and mine
shafts, in areas void of extensional faulting, encountered little ground water. VWile
those | ocated near faults (Texasgulf Cane Creek No. 7 Well) encountered prolific water
zones. These zones are charged w th hydrogen sulfide brines. Mre recent drilling
encount ered nostly unsaturated rocks which were drilled with air down to the Cutler
Group (El ephant Canyon or Rico Fm) around 2100 feet depth where salty water was
encountered. Drilling al so encountered several lost return intervals in the upper
Her nosa.

Mul tiple M neral Devel oprment:

The Paradox Formation contains evaporite units deposited in sequence, sone of
which are mined for potash and halite. Solution mning is currently taking place
utilizing the fifth salt unit down in the sequence. Potash also occurs in the ninth
unit down in the sequence.

Sone areas have been designated as Potash Areas. Regul ations (R649-3-28) specify
speci al requirenents applicable to drilling in Designated Potash Areas. If there is a
questi on about whether or not you are planning to drill in a designated potash area
the Division should be contacted for nmore information.

Area Sunmmary:

The following items shoul d be considered when determining surface casing setting
depths for wells in the Cane Creek Area:

° prolific salt water zones near extensional faulting

° lost return zones in the |ower Cutler and upper Hernmosa G oups,
especi al ly upper clastic zones in the Paradox Fornation

° hydr ogen sul fi de and hydrocarbon gases found in the Honaker Trail and
Par adox For mations

° pot ash zones and desi gnated potash areas

Cisco Area

The Mancos Shale | owl and area including the Geater Ci sco area.

Geol ogy:

The Mancos Shale Formation is the predoninant surface formation in this area.
Due to the preponderance of fine-grained sedinments and water soluble mnerals found in
this formation it does not usually contain any fresh water.

Ground Water:
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Ground water that cones in contact with the Mancos Shal e Formation al nost al ways
contains high | evels of dissolved solids. Gound water is usually limted to all uvial
deposits along streans and drai nages or to sandstone units some of which are very
localized with | ow recharge rates. Wells in the area are usually drilled with air with
little or no water encountered until the Dakota Formation is penetrated.

Mul ti ple M neral Devel oprment:

Mul tiple mneral developnent is not a problemin this area. The Dakota Formation
does contain a few thin coal seams but they are not protected by any special
desi gnati on.

Area Summary:

The following items shoul d be considered when determining surface casing setting
depths for wells in the G sco Area:

° any al luvi al deposits which may contain water

° proposed depth of the well
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BASI N AND RANCGE AREA

Most of western Utah is included in this physiographic province. It is conprised
of the area west of the Wasatch, Pavant, and Canyon nountain ranges and north of the
Tonoqui nts Vol canic Province to the state boundaries west and north.

Geol ogy:

The area consists of a series of nountain ranges and vall eys created by
alternating horst and graben structures. The fault bl ocks which make up nost of the
nount ai ns are conposed of consolidated sedinments nmainly |inestones and dolonites with
sonme quartzites, sandstones, and shales. Sone volcanic rocks are also found in this
area. Valley fill material consists of alluvium colluvium wth sonme basalt fl ows,
pyrocl astics and eolian nmaterial.

Ground Water:

The nost inportant and nost used aquifers are in the valley fill material
Fractured sedi nentary rocks contribute to the novenent of water from nountain recharge
areas to the valleys, but are not used as a mmjor water source. G ound water generally
flows fromnmountain areas through the valley fill to central playa areas. The water
quality generally gets worse (higher in dissolved solids) as it noves fromthe
mountains to the valley centers. Artesian, confined and perched water table conditions
are found in the valley fill. Water wells utilizing these water sources vary in depth,
generally less that 1,000 feet deep.

Mul tiple M neral Devel oprent:
Mul ti ple mineral devel opnment should not be a problemin this area
Area Summary:

The follow ng should be consi dered when deternining surface casing setting
depths for wells in the Basin and Range area of western Ut ah:

° alluvial valley fill material containing fresh water especially near
nmount ai ns
° vol cani ¢ rocks and sedi mentary rocks containing fractures and/or solution

voi ds which can contain fresh water and/or be a |l oss circulation problem
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OVERTHRUST BELT AREA

The overthrust belt area of UWah lies nostly in Sutmmit County the area from
Coalville trending northeast toward the Lodgepol e, El khorn, and Pineview oil fields.
Conti nui ng northeast to Anschutz Ranch and Cave Creek Gas fields to the Wom ng- U ah
bor der .

Geol ogy:

The Overthrust Belt is a very conplicated geologic area, resulting from
extensive lateral novenent of the Pacific and North American plates. Large scale
thrusting and faulting has created a conplex structural pattern. Rocks fromlate
Cretaceous through Quaternary age are exposed on the surface. Tertiary sedinents
unconformably overlie the Cretaceous sedinents and mask nost of the structure in the
area. |Inportant productive zones for oil and gas have been di scovered in the Nugget
and Twin Creek Formations and additional productive zones of |ess inportance have been
di scovered in the Stunp and Frontier Formations.

Ground Water:

In general, very little work has been done on the ground water resources of this
area. The following information is froma study by Gates, Steiger and G een (1984).

Ground water in the area occurs in unconsolidated alluviumand in ol der sem -
consol i dated and consolidated rocks. Gound water in the alluvium and shall ow ol der
units is generally under water table conditions. G ound water in some aquifers,
closer to the town of Coalville, is sonetines under artesian conditions. The alluvium
is the nost inportant hydrogeologic unit in the area because of its high perneability
and freshness of water.

There are six inportant water bearing aquifers in the overthrust area and these
are |isted bel ow

° Quaternary Al |l uvium

(] Wasat ch Formati on

(] Evanst on Fornation

° Echo Canyon Congl onerate
° Wanshi p Fornmation

(] Frontier Fornation

Ground water quality in the area varies with depth and |l ocation. Mst fresh
water is contained in the Quaternary alluviumor Tertiary sandstones and siltstones.
Water analysis reports fromthe area indicate a gradual increase in salinity with
depth in the Cretaceous Units, with sone aquifers of fresher water underlying zones of
hi gher salinity waters.

Di sposal Zones:

In the Pineview Field, the Stunp Fornation has been historically and presently,
on alimted basis, utilized for disposal of produced water. GO Conpany information
indicates that the Stunp Formation has becone overpressured from di sposal operations,
and adequat e casing progranms and cenent operations should be planned to isolate this
zone to protect fromcorrosion and | eakage probl ens.
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Mul tiple M neral Devel oprment:

Mul ti ple mneral devel opment should not be a problemin this area. There are
however, sonme coal resources and limted mning activity in parts of the area.

Area Summary:

The following itenms shoul d be considered when designing casing prograns in the
Overthrust Area.

° fresh water Aquifers

° base of noderately saline water (<10,000 ng/1 TDS, commonly found in the
Kel vi n Formati on)

° di sposal zones (Stunp Formati on)

° ot her potential oil and gas, producing zones (Stunp and Frontier

For mat i ons)

° coal seans if applicable
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Par adox and Bl andi ng Basin Area

This area is bounded by the Monunment Upwarp on the west which expresses itself
as the Conb Ridge nonocline. The LaSal Mountains to the north and the Uah state |ine
to the south and east.

Geol ogy:

As the Unconpahgre Uplift rose during the Mddl e Pennsylvani an, the Paradox
Basi n devel oped as a series of northwest - southeast trending anticlines and
synclines. Mst of the exposed strata in the area are conposed of Lower Cretaceous
and Upper Jurassic rocks, the highest percentage being various nenbers of the Mrrison
Formation. Northward toward the LaSal Muntains, rocks of niddle to | ower Jurassic
age crop out and a series of faults in the Lisbon Valley area have exposed a belt of
rocks which are Pennsylvanian and Permian in age. Quaternary alluvial deposits are
present in valleys and washes. Quaternary eolian deposits are present on nesas and in
nmany upl and areas.

Strata underlying the area consists of rocks ranging in age fromPrecanbrian to
Triassic. Hydrocarbons are found primarily in the Pennsylvani an Paradox Fornation

Ground Water:

Ground water in the area is contained primarily in consolidated rocks with
pernmeabilities which range fromvery lowto low. Fractures and faults increase
pernmeability locally and occur in nost water bearing strata. Recharge to nost of the
aqui fers occurs in the formof precipitation in the Abajo Muntains and the LaSa
Mountains. M nor recharge may occur along Conb Ri dge and areas west of Conb Ridge,
and additional recharge nay cone fromstreans, rivers and | eaking aquifers

For the purpose of this docunent, there are three aquifers conprised of groups
of formations which yield water and are considered inportant in the area. These
aqui fers grouped by Avery 1986 are designated as N, M and D. These aquifers are
listed bel ow.

N aqui fer: Wngate, Kayenta, Navajo, Carnmel and the Entrada Fornations.

M aqui fer: Morrison Formation.

D aquifer: Burro Canyon and Dakota Formations.

Each of the above aquifers have very lowto |low perneabilities and contain
waters which are fresh to briny. Throughout the entire area these aquifers provide
potabl e water for human and |ivestock consunption and additionally for irrigation
Additionally, the Quaternary alluviumdeposits nay contain waters on a seasonal basis
and nmay be an inportant unconsolidated aquifer.

Area Summary:

Al of the above listed aquifers shoul d be adequately protected during the

drilling and conpletion process. It is recommended that all wells drilled within this

area shoul d set surface casing through the | ower nost fresh water aquifer encountered
and circulate cenent fromtotal depth of the surface casing back to surface
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H gh Pl at eaus Area

The central and south-central part of the state which includes the Wsatch,
Kol ab, Sevier, and Aquarius plateaus.

Geol ogy:

The High Plateau region of Uah is the transition zone between the Col orado
Pl ateau and the Basin and Range area. The High Plateaus Area is divided into three
I ongi tudi nal strips, each consisting of two to four plateaus generally separated by
escarpnents or valleys. The relief variations are usually controlled by faults, but a
few escarpnments were formed solely by erosion. Except for local distortion along
faults, the rocks generally are horizontal or gently dipping. Rocks exposed in this
area of the state range fromPerman to Tertiary in age. They consist of both
sedi mentary and i gneous types.

Ground Water:

Wells and springs show fresh water to exist in |Iinmestones of Pal eozoic age,
W ngat e and Navaj o Sandstones, Carnel Formation Tropic Shale, Wahweap and Strai ght
Ciffs Sandstones, Enery Sandstone Menber of the Mancos Shal e, Bl ackhawk, Price River,
Kai parowits and North Horn Fornations, Flagstaff Linmestone, Wasatch, Brian Head, G een
Ri ver and Crazy Hol |l ow Fornmations, and igneous rocks of Tertiary age.

Many communities in the High Plateaus Area obtain their water supplies from
springs that issue frombedrock. Sedinentary rocks of Tertiary age yield water to nost
of these springs in the northern part of the plateaus, and igneous rocks of Tertiary
age are the source of nobst springs in the central part of the High Plateaus. In the
southern part of the High Plateaus, |linmestones of Tertiary age yield water to springs
atop the plateaus, but along the escarpnents sandstones of Mesozoic age are the
princi pal aquifers. The nunmerous springs that yield large quantities of fresh water in
the High Plateaus are a reflection of the great ampunt of precipitation on this area.

In general the fresh water |ies above the Bluegate Shal e Menber of the Mancos
Shal e Formation in this area.

Mul ti ple M neral Devel oprment:

There are significant coal resources |ocated throughout much of the High
Pl ateaus Area. Drilling in areas of mne workings should conply with R649-3-29, 30.

Area Sunmmary:

The follow ng should be consi dered when deternining surface casing setting
depths for wells in the H gh Pl ateaus Area:

° Fresh water aquifers |ocated usually stratigraphically above the Bl uegate
Shal e Menber of the Mancos Shal e Formation

° Coal seanms and coal mning areas
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North Slope U nta Muntains Area
The area between the Ui nta Mountains northward to the state line
Geol ogy:

This area covers fromthe U nta Muwuntain uplift to the state line and includes
part of the Green River Basin. Rocks range in age fromPre-Canbrian in the high
nmountain area to Quaternary alluvium stream deposits. Subsurface structural features
whi ch influence exploration and probably al so affect ground water flow are the North
Fl ank Fault, and Moxa Arch.

Ground Water:

d acial valleys perpendicular to the strike of the Ui nta Muntains and separat ed
by bedrock ridges act as groundwater basins. Water infiltrates the glacial deposits in
the basins and travels and di scharges to streans and springs near nouths of valleys at
| ower el evations. Local, internediate and regional flow systens are present in the
area. Precipitation which falls on exposed bedrock at hi gher el evations becones part
of the regional systens which discharge in the Green River Basin. Precipitation which
recharges alluviumand gl acial nmaterial becones part of local and internmediate flow
systens. The di scharge points for these systens are in the Bi shop congl onerate and
gl aci al deposits as shown by nunerous springs in these formations at |ower elevations.
Most of the water wells in the area are conpleted in the Tertiary Bi shop congl onerate
or glacial deposits.

Since this area is on or near the Ui nta Muntains, which is a recharge area, the
water quality is generally good even to great depths. Sone water produced with oil and
gas at depths exceeding 10,000 feet has a total dissolved solids content |ess than
10, 000 ng/ 1.

Mul tiple M neral Devel oprent:

Mul ti pl e mneral devel opnment should not be a problemin this area

Area Summary:

The following itens shoul d be considered when determi ning surface casing setting
depths for wells in the North Slope Area

° prolific unconfined fresh water aquifers in the alluvium glacial and
congl onerat e deposits

° confined fresh water aquifers in the pre-Tertiary and early Tertiary

strata, which is perneable, with recharge areas exposed in higher
el evations, if not properly isolated could leak into | ower pressure zones
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