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ABSTRACT

Upon completion of an oil-and-gas well in North Dakota the
drilling Fluid is buried in the reserve pit at the site. Reclamation
of the drill gite is expedited by digging a series of trenches which
radiate out from the reserve pit. The majority of buried drilling
fluid is ultimately contained within these 5-7 metre deep trenches.
These flulds are commonly salt-based, i.e. they contain a con-
centration of 300,000£20,000 ppm Na€Cl. In addition, these drilling
flulds alse contaln additives including toxic'traae—metai compounds.

Four reclaimed oil-and-gas well sites were chosen for study in
western North Dakota. The ages of these sites ranged from 2 to 23
years. These sites were chosen In an effort to eﬁcomgass as many
as ?cssi&lé of the geologic and geochydrologic variables th&tlexist
in this area. A total of 31 piezometers and 22 sofl water samplers
were installed in and around the drill sites and quarterly ground=-
water samples were obtained from these instruments. The local
groundwater flow conditions were also determined at these sites.

Results of both the water analyses and earth resistivity
surveys indicate that leachate is being generated at all of the
study sites. Water obtained from the unsaturated zone beneath the
buried drilling fluid at all of the four study sites exceeds some
of ihe Recommended and Maximum Permissible Concentration Limits for
trace elements and major iouns (Aa,‘CI“, Pb, Se and N03"). These

values are greatly reduced in the unsaturated zome as the depth from

*xvii




the buried drilling fluld increases. This reduction 1s assumed to
be the result of attenuation of these ions by catlion exchange on Na
montmorillonditiec clays.

Two of these study sites represent the typical geohydrologie
setting for the majority of oil-and-gas well sites in this area.

At these gites the saturated zone was not wonitored. The reduction
in ion concentration in the unsaturated zone suggests that there
would be very littie impact on the groundwater from this buried
drilling fluld at these two sites.

The two other study sites were situated in geohydrologilc
settings that offered a great potemntial for leachate migration in
the saturated zone. The chloride ion was chosen as an indlcator
of maximum leachate migration because of its high moblility and lack
of attenuation other than by dispersion. The chloride concentrations
returned to background levels within the saturated zone 60 to %0
metres downgradient of the burled drilling fluild at these twe sites,

. The consumption of shallow groundwater beneath one of the study
sites constitutes a danger to human health. The Maximum Permissible
Concentration Limits for Cd, Pb, and Se were exceeded in the shallow
groundwater beneath the buried drilling fluid at this site. These
limits were exceeded in an area approximately 60 by 110 m. The
concentration level of NBS- ranged from 1310 to 12.2 mg/l (az ¥)
throughout the groundwater at this study site. It is not known

conclusively whether the buried drilling fluid at this site is the

source of the §03“ contamination.




INTRODUCTION

History of Oil-and~Gas Drilling.--The first commercial oil

well in the United States was drilled under the supervision of
Colonel E. L. Drake and completed on August 28, 1859 in Titusville,
?annsylvaﬁia. However, the history of well drilling greatly
precedes this event and can be traced as far back as China in
600 B.C. (Brantly, 1971). These éarly walls were drilled using
a percussion method and it was not until the late 1880s that the
present day method of rotary drilling began to develop
{Chilingarian and Vorabutr, 1981}.

As the drilling industry grew and advanced ip technology,
so also did its associated industries. #An Incident early in

this developmental period gave rise to the drilling flulds

.industry. In October of 1900, Capt. Anthony F. Lucas and the

Hamill Brothers were drilling the famous Spindletop well near
Gladys, Texas. The drilling fluid at this location consisted

of fresh water which was stored in a clay-lined pit adjacent

te the well, Upon encountering a "caving sand” interval in

the bore hole the drilling crew ran nearby cattle back and forth
through the pit to produce a muddy fluid which enabled them to
continue drilling and to complete the well (Chilingarian and
Vorabutr, 1981). Drilling fluids remained virtually unchanged
up until 1921 when the first attempt was made to control mud

properties with the use of chemical additives {(Rogers, 1953).
3,
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The driliing fluid industry has changed dramatically since
those humble beginnings in east Texas. More than 700 0.5, patents
were lssued for drilling fluids between 1930-1979. Approximately
45 different chemical compounds are represented by over 500 trade
name products, Out of these compounds only a dozen or so are used
at a typical well site (Ranney, 1979).

The advent of deeper drilling within the last twenty to
thirty vears has necessitated the development of chemical driliing-
fluid additives which enable the drilling fluid to perform its
primary functions'under higher temperatures and pressures. These
primary functions are to lift formation cuttings to the surface,
control subsurface pressures, lubricate the drill string, cool
the drill bit, protect the formation productivity, and to provide
an ald for formatlon evaluation {(Moore, 1974). Drilling fluid
additives can be grouped into a number of general categories
according ;e purpose {table 1). Because of the great wvariability
in chemical composition of drilling muds, the toxicity levels to
both plant and animal varies widely between categories, This
will be further discussed later in this report.

There are three types of oil-and-gas drilling.fluid bases:
fresh water, salt water, and oil. In North Dakota, saltwwatef
based drilling wmuds are almost always used. The concentration of
salt (NaCl) in these drilling fluids is commonly 300,000% 20,000 mg/1

(American Petroleum Institute, 1969). In comparison the average

salinity of seawater is typically 35,000 wg/l (Pearse and Gunther,




Table 1. Function and general purpose of drilling Ffluid
additives (from wWright, 1978 and Cellins, 1973).




Fuhiction

Weighting Material
Y¥iscosifier
Thinner Bispersant

Fiitrste Reducer

Lost Circulation
Material

Alkslinity, ph
Control
Emuisifier

Surfactant

Corrasion Inhibitor

Defoamer

Foamer

Fleccuiants

Bactericides

tubricants

Calcium Removar

Shale Control
Inhibitors

General Purpose

fontro] farmation pressure, chetk taving,
fascilitate pulling dry pipe, b well
compYetion operations

Viscosity builders for fluids, for a kigh
viscosity-50ltds relationship

Medify relationship between the viscosity
ané percentage of solids, vary gel
strength, deflocculant

Cut the Joss of the drilling fluid's
Tiquid phase into the formation

Primary function i$ to plug the rone
ot loss

Control the degree of acidity or
alkalinity of a flyid .

Create @ heterogeneous mixture of tws
Hauids

Used to the degree of emulsification,
aggregation, dispersion, interfacia)
tension, foaming, and defoaaing
(surface active agent}

Meterizls attempst to decrease the presence
of such corrosive compounds 3§ oxygen,
carbon dioxide, and hydrogea sulfide

Reduce foaming action especialiy in
salt water based muds

Surfactants which foam in the prasence of
water and thus permit atr or gas drilling
in formations producing water

Used commonly for increases in gel strength

fedupe bacteria count

Reduce torgue and increase horsepower at the
bit by reducing the coefficient of friction

Prevent and pvercome the contamination
effects of anhydrite and gypsum

Used to control caving by swelling or
hydraus disentegration

Loomon Additives

Barite, lead compounds.
iron aaides

Bentonite, atiapuligite clays,
all collodds, fiborus
asbestos

Tannins {guebrache],
onlyphosphates,
Tignitic materials

Bentonite clays, sodium
carboxymethyl cetlulose (CML},
pregelatinized starch,

various tigngsulfonates

datnut shells, shredded
cellophang flakes, thixotropic
cement, shredded cane fiter,
piq hatr, chicken feathers ste.

Lime, caustic soda,
bicarbonate of spda

Vigrosul fonates , med
detergent, petroleum sulfonate

Inctude additives used under
emulsi figy foamers, defoamers,
& fliscculators

Cooper carbemate, sodium
chromate, chromate-zing
salutions, chrome 1lgnosul-
fonates, organic acids and
amine polymars, sodium arsenite

Long chyin sicohels,
silicones, suifonated pils

Grganic sodium b sulfonates,
s1kyl benzgne sulfonates

531, hydrated Yime, gyosum,
sodium tetraphosphates

Starch preservative, csra-
formaldehyde, caustic sods,
time, sodium pentachioraphenate

Sraphite powder, soaps,
certain ofls

Caustic soda {HaDit}, soda ash,
bicarbonste of soda,
barivm carbonate

Gypsum, sodfium silicate,
calcium Tignosulfonates,
Time, sa'tt




1957). The brines that are used to make up these salt~based muds
are most commonly produced waters, i.e. they are produceq along
with the oil-and-gas at the well site. The concentration of

many major ifons in these "make up" waters is very high in
comparison to theilr concentrations in shallow groundwater in
western North Dakota. Therefore, in addition to the drilling fluid
additives, these waters contain ions that have the potential to
degrade the soll and shallow groundwater system.

Oil—and-Gas Drillipng in North Dgkota.,—The completion of the

Clarence Iverson #1 by Amerada in 1951 marked the beginoing of oil
production in North Dakota (fig. 1), To date, an estimated 9000
oil~and-gas wells have been drilled within the state.

Prior to drilling, a pit is excavated adjacent to the drill
hole that serves to contain the drilling fluid as it is being
circulated in and out of the bore hole. Mud or reserve pits
in North Dakota are at present commonly constructed on the order
of 150 feet in length, 60 feet in width, and 10 feetr in depth
(46m x 18m x 3m). The volume of drilling fluid maintained in
each pit during drilling usually ranges from 54,000 to 90,000
cubic feet ((1530 to 2549 m>) (400,000-675,000 gallons)). It
can therefore be estimated that approximately 360 million cubic
feet of drilling fluid have been buried in shallow pits in
North Daketa.

Prior to the setting of surface casing, the drilling fluid

is commonly a mixture of bentonite and fresh water, i.e. 1is devoid

of most chemical additives, Just before setting the surface




Figure 1. The Amerada Clarence Iverson Ko. L.
The discovery well in North Dakota (photo by Mr. Bill

Shemorry).
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casing, the drilling fluid is "mudded uwp" and circulated in a
closed system that no longer includes the rveserve pit.

As the drilling fluid is circulated out of the bare hole,
the suspended sediment cuttings are separated at the shale shaker
and funneled into the reserve pit. The drilling fluild is then
directed through a serles of settling tanks designed to remove
the remaining cuttings before being pumped back dewnhole
(fig. 2). Altbough driliing fluid is ne langﬂf c¢lreculated into
the pit, the fluid coating the cuttings at the shake shaker, along
with that flushed out during perlodic cleaning of the settling
tanks, 1s deposited in the réserve plt.

Prior to 1974, reserve pits which had been excavated into
permeable material (i,e., sand, gravel, and lignite} were often
lined with benaaﬁite ¢lay to prevent loss of flulds during
drilling. In recent years plastic lipers have commonly replaced
clay liners for seepage control {(fig. 3).

At present the (Oil-and~Gas Regulatory Division of the
Industrial Comaission of North Dakota has the authority to require
that an operator install a plastic liner in reserve pits where
i1t deems the surrounding sediment too permeable and would allow
an excesslve amount of liquid into the subsurface. This
regulatory authority is provided by the General Rules and Regnlétions
for the Conservation of Crude 01l and Natural Gas. The U.S. Forest
Service has the same authority on federally-owned lands.

Reserve Pit Reclamation,--Shortly after completion of an oil-~

and-gas well in North Dakota, mormally within a one-month perlod,




Figure 2. Closed-system circulation of drilling fluid.
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A polyethylene lined reserve pit in westemn

Figure 3.
roximately 10 feet

North Dakota., The depth of the pit is app
{3m} .

Figure 4. Reclamation of a reserve plt by trenching
in Billings County, North Dakota. The trenches are filled
with drilling fluid from the plt in the background.







13

the reserve pit is reclaimed. Disposal procedures cosmonly conaist

of hauling away the less wiscous portion of the drilling fluid

s

for disposal 1n another reserve pit or injection well, oxr by
spreading on roads to control dust. A series of trenches is
excavated radiating outward from one side of the pit (fig. 4).
Sediment is then pushed back into the pit from the opposite side

: theraby forcing the drilling fluld into these tremches {figs. 5

| and 6)., Finally, the pit and trenches are backfilled and leveled.
In the 50s and 60s the pit was commonly reclalmed by pushing
sediment in from all sides and the trenching method was uncommon,

1 This earlier method required one month to a year to complete

a {Baugen, 1980). In comparison, a trenched pit can usually be
reclaimed in a day or two. The trenching method of reclamation
is intended to winimize the effects of drilling fluld on surface
features (i.e. surface waters, soll, vegetatlion, and animals),

However, ip doing so the potential for degradation of the shallow

groundwater is often greatly increased.

Drilling Fluid Chemistry.--In any study determining the

effects of waste disposal on the shallow groundwater system, it
is extremely important to know as precisely as possible the
chemistry of the waste, This is essential to anticipate the
chemical makeup of the leachate that will be generated.

There are a number of problems associated with obtaining the
drilling £luld chemistry for a given drill site. The recerds of

drilling activity and drilling fluid additives are often no longer

available for sites that are twenty or thirty years old. Even
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Figure 5. Reclamation of the reserve pit at the Apache
Corp. Federal #1-5 re-entry. Sediment is being pushed into
the pit and forcing the drilling fluid into the trenches,
Photo 1s taken looking north.

Figure 6, Reclamation of the reserve pit at the Apache
Corp. Federal #1-5 re-entry. Drilling fluid is filling the
2i-foot (6.4m} deep trenches. Photo taken looking east.
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when these records are avallable 1t is extremely difficult te
determine the chemical composition of these drilling fluid
additives, The drilling fluld industry Is very competitive and
the exact chemical compasition of the product name additives is
very difficult to obtain,

During the drilling of an oll well, a wud engineer monitors
and records the concentrations of certain selected chemlecal
parameters in the drilling fluid (commonly NaCl, K03“ an& Crgéﬂ).
Although the concentration recorded Inm the circulating drilling
fluid and that which 1s eventually buried at the site is uot
necessarlily the same, It does give an approximation.

It should be noted that completion and workover fluids
(including acidifying scolutlions) may also be discharged into the
reserve plt, depending on whether or nmot an attempt Is made to
produce the well. The composition of these fluilds is variable but
predominantly they are acid. The volume of acid used in the
acidizing of a well varies with subsurface conditions but commonly
ranges from 500 (1.9m3) to sewveral thousand gallons (tens of ma).
The most common types of aclds used are hydrochloriec, fommic,
and acetic. During 1975, 87,000,000, 200,000, and 100,000
gallons of these acids, respectively, were used for oll-and-gas

well treatments in the U.S. (Collins, 1975),

Project Inception.--On September 26, 1979 the State Geologist

of North Dakota (Dr, Lee €. Gerhard) drafted a letter to the

Governor of North Dakota (Arthur A. Link) and the North Dakota

Industrial Commission requesting that they direct the North Dakota
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Geological Survey (NDGS) and the North Dakota State Department of
Health (NDSDH) to study the toxicity of drilling fluids and their
disposal effects. Thia letter was the result of concern expressed
by ranchers in western North Dakota in regard to the protection

of the shallow groundwater systems in these areas from potential
degradation by chemicals {especially chromium) leached from oil-and-
gas well drilling fluid pits and the wvirtual absence of scientific
data on this subject. These concerns culminated in a special
hearing before the Industrial Commission of the State of North
Dakota on January 8, 1980 in Dickinson, North Dakota. The purpose
of the hearing was to determine if the use of sodium chromate

(a commonly used drilling fluld additive in western North Dakota)
{table 1) should be prohihited in North Dakota.

In response to Dr. Gerhard's letter, Dr. Alan E. Kehew
(formerly with the NDCS) and Francis J. Schwindt {Assistant
Director-Division of Water Supply and Pollution Control (NDSDH)
became co~investigators in a project designed to study the
migration of oll-and-gas well drilling fluids from reserve pits.
This project was funded by the NDGS and a grant from the
Environmental Protection Agency.

In April of 1980, I became the principal investigator of
this project and decided to focus the investigation and research
in western North Dakota because of the concentration ofrdrilling
activity in this area of the state (fig. 7) and the frequent use

of sodium chromate as a drilling fluid additive in this area,.
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Figure 7. 0il fields in North Dakota {Gerbard and
Anderson, 1981, p. 17).
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These additives are commonly used in this area to reduce the
corrosion of the drill pipe by the high HZS content in the
subsurface.

Purpose,-~Rule number (43-02-03-19) of the General Rules and

Regulations for the Comservation of Crude 0Ll and Natural Gas

states that "....no pit shall be constructed so as to allow surface

or subsurface contamination by seepage or flowage from sald

“pit..." (Appendix A),

The purpose of this study is to:

1) determine whether or not chemical components are belng
leached out of reclaimed drilling sites in western
Horth Dakota.

2) 41f so, to Investigate the extent, character, and geo-
chemical contreols Influencing the movement or
attenuation of the leachate;

3} evaluate the potential healch risks to both bumans and
livestock resulting from consumption of shallow ground-
water within an area surrounding these reclaimed
drilling pits; and

4) suggest, 1f appropriate, alternative methods of drilling
fluld pit reclamatiom.

location and History of Study Sites.-—A total of four reclaimed

oll-~and-gas reserve pits were selected for monitoring in western
North Dakota (fig. 8). Three of these sites are located within
the nonglaciated portion of the state in close proximity to the

center of the Williston Basin. The fourth site is located along
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Figure 8. The location of the four study sites.
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the margin of maxlwum glaclal extent but 1s not situated upon
glaéially derived sediments {Clayton et al., 1980). All sites
lie within the Missouri River Drainage Basin, the major dralnage
basin in this area.

In choosing these four sites an attempt was made to
encompass the major variables which effect reclatmed driliing fluld
plts; the age of the pit, the geologlc and geohydroldgic conditions,
the chemical drilling fluid additives used, the use of workover
and completion fluids, the presence or absence of a pit liner,
amd the method of pit reclasmation.

The oldest drill site is located in the Charlson oll fileld
in northeastern McKenzie County along the southern shore of Lake
Sakakawea (T154N, R95W, C NW/SW Sec. 33) (figs. 9 and 10), This
site is identified as the "Charlson C133." Awmerada Petroleum
Corporation began drilling (spudded) the well (Steve Yttredahl
"B" #2) on November 19, 1955 and began producing oil from it in
1956, The well w#s turned over to Texaco Inc, in the mid-60s
and converted to a water Injection well in 1966 (Madison North
Unit €133), The well operated in thils capacity until the late
1970s. From August of 1974 through January of 1977, compressed
nitrogen gas was added to the inijected Fresh water as part of
Texaco's enbanced secondary recovery program. The reserve pit
did not have a plastic liner and, although data are inconclusive,
most 1ik&1ylwaa not trenched during reclamation.

Two adﬁitianal sites are located about a mile apart in the

Roughrider oil fileld in southern McKenzle County. These sites are
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Figure 9. Photograph of Texaco Charlson Madison North
nit {-133. Photo Is taken looking north.

. Fighre 10. Topographic map of Texaco Charlson
Madison North Unit €133 (T154N, R95W, c nw/sw sec. 33).
-Scale 15 1.9 dnches = 1 mile (1.6 km).
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identified as "Govt. A (NCT-1)" and "B.N. Sheep Creek #1-11,"
and are situated within highly dissected badland topography in
the Little Missouri Drainage Basin, 4.5 airmiles (7.2 lm) east
of the Little Missouri River. Texato Tne. spudded the Government
A" (NCT-1) (T145%,, RIO1W, SE/NE Sec. 14) on December 29, 1960
{figa. 11 and 12). The well was temporarily abandoned in April
of the following vear and plugged on October 24, 1964, The reserve
pit was not 1lined with a plastic liner and apparently was pushed
in during reclamation. Beleco Petroleum Corporation spudded the
Sheep Creek Burlington Northern #1-11 {(T145N, R10iW, SW/NE Sec.
11} on March 21, 1977 and plugged and abandoned the well on
April 19 of the same vear (figs. 13 and 14). The well site is
bounded to the west by a stock pond and to the north by an
Intermittent fork of the Little Beicegal Creek. The reserve pit
did not have a plastic liner and was apparently trenched to the
west ,

The fourth study site is located approximately 1200 feet

(366m) west of the Little Missouri River in northwestern Billings

County (T145N, RL02W, NE/SE Sec. 5} (figs. 15 and 16). This site
is identified as the "Apache Federal #1~5." It is situated
upon the Little Missourl filood plain 2400 feet (732m) southwest

of the Theodore Rocsevelt National Memorial Park (Elkhorn Ranch

Site). Apache Corporation spudded the Federal #1~5 on June 7,
1979 and plugged it on the 30th of the month. On May 2, 1981,
Apache re-entered the well and drilled approximately 1000 feet

(305m) deeper (figs. 17 and 18). This well is presently producing
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Figure 11. Photograph of Texaco Inec. Government nAT
(NCT-1). Note absence of vegetation over resexrve pit. |
Photo taken looking northeast.

Figure 12. Topographic map of Texaco Inc., Government
M"a" (NCT-1) study site (T145N, RLOIW, se/ne sec. 14). Scale
is 2.0 inches = 1 mile (1.6 km).
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Figure 13, Photograph of Belco Petroleum B.N. Sheep
Creek #1-11. Stock pond 1s located along right-hand border.
Photo 1s taken looking south.

Figure l4. Topographic map of Belco Perroleum B.K.
Sheep Creek #1-11 study site (T145N, R1OIW, sw/ne sec. 11).
Seale is 2.0 inches = 1 mile (1.6 km).
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Figure 15. Photograph of Apache Corp. Federal #1-5
study site. Note vegetatlon shove reclaimed reserve pit
(arrow). Photo was taken prior to the drilling of the re-
entry well, Photo 1s looking northeast.

Figure 16. Topographic map of Apache Corp. Federal
#1-5 study site (T145N, R102ZW, ne/se sec, 53). Scale is
1.9 dnches = 1 mile (1.6 km).
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Figure 17. The Cardinal Rig #7 drilling the Apache
Corp. Federal #l-5 re—entry. The reserve pit is located
between the rig and the sediment pile. Photo taken
looking east-northeast.

Figure 18, The reserve pit from the Apache Corp.
Federal #1-5 upon completion of drilling. Note rhe extensive
tear in the pit liner along the entire north face of the
pit. Photo 1s taken looking north.
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oll. This site has two separate reserve plts on location because
of the 1981 re-entry. Both mud pits were lined with a plastic
liner and trenched during reclamation.

¢limate.~—The climate in the area of study 1s continental,
semi-arid, characterized by long co;d winters and short warm
to hot summers {(Anna, 1981). Preclpitation averages slightly
higher than fifteen in#hes {38 cm) annually, fifty percent of
thls typically coming during the months of May, June, and July.
The average amnuval snowfall s between 30 and 35 inches {(76-89 om)
(Goodman and Eidem, 197€). The ground in this area is normally
frozen three to filve months of the year, {(Naticnal Oceanic

and Atmospheric Administration, 1981).
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PREVIOUS WORK

An extensive library search and a nationwlde computer search
through the Georef system produced less than a dozen articles on
the disposal of drilling fluids, none of which provided
quantitative geochemlcal data. A few drilling-Ffluld-related
studies either began after the inception of this project or were
in progress and have not as yet been published. TForemost among
these 1s a project similar to this one sponsored by the American
Petroleum Institute (API). It involves the field monltoring of
twenty reclalmed reserve pits from Texas to North Dakota., The
North Dakota site is located a few miles north of Dickinson., This
(API) project hegan early ig 1980 in response to an attempt by the
U.5. Envirommental Protection Agency to have drilling fluids
classified as hazardous wastes.

The U.S. Bureau of Land Management (BL¥) has been testing the
effects of drilling fluid on soils in Wyoming., In this cooperative
praject, BILM has been spreading drilling fluid over test plots
and planting numerous species of grass and shrubs, The plants
are later tisgue—tested to determine their uptake of salts and
trace minerals, A similar project was recently conducted by Utah
State University, and another is currently in progress at Purdue
Univerﬁity {Lenzini, 1980), The drilling flulds being tested are

fresh-~water based and, therefore, such a test would not be

36
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practical with the salt-water based drilling flulds that are
psed in North Dakota.

The dumping of drilling fluld into oceanic waters upon
completion of an offshore drilling program has long been an éraa of
primary concern., Laboratory research into the effects of drilling
fluids on marine organisms began as early as the 1930s. Prior te
1977, drilling fluid waste had been discharged into the marine
environment from over 20,000 offshore wells {(Ramney, 1%79). The
majority of environmental studies on offshore drilling fluid
disposal involve the determination of toxicity levels to marine

organisms, Unfortunately, these data are not applicable to

on—-shore studies.




METHOD OF INVESTIGATION

Reconnaissance Study.~-During the month of April, 1980, -sixty

well sites were chosen for potential monitoring in western North
Dakota. The Geologic Map of North Dakota (Clayton et al., '1980)
was used in combination with geologic and gechydrologle inter-
pretation of 1:20,000 aerial photographs to narrow the list to a
dozen sites. These sites were situated within elther Tertiary
bedrock or colluvial and alluvial sediments.

Initdial éite investigation occurred during the last week In
May, 1980. A North Dakota Geologilcal Survey truck-mounted auger
(4 3/4 inch diameter) was used to obtaln subsurface geologic
information at each of thege gites. Four study sites were chosen
for groundwater monitoring based upon the results of this
reconnaissance study. Two of these sltes represent the typilcal
geohydrolegle conditions within which the majority of oil-and-gas
well sites in this area are situated. The other two sites were
chosen because of their relatively permeable sediments and high
water table.

Field Methods.-~The North Dakota Geological Survey'’s truck- . {

mounted hollow stem 8" auger (Mobil B-50) was used to drill holes
to provide geologic and geohydrologic data as well as to enable
installation of monitoring equipment at each of these four sites

during the perieds of June 16-26 and August 11-15 in 1980 and May 26 —
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June & of 1981 (Appendix B). The maximum depth of penetration
obtained with this auger was 72 feet (2Z2m)., The limitations this
imposed upon the groundwater mnnitoring affected, but were not
detrimental to, the overall project.

Shelby tube sediment samples were taken at each site in addition
to the collection of sample drill cuttings. These 2.5 foot (0.762m)
by 3 inch (7.62 om) sediment cores provided detalled lithologic and
stratigraphic information as well as relatively undisturbed
samples for textural amalyeds., A total of 160 feet (48.8m) of
shelby tube sediment cores was retrieved from the four sites.

Piezoweters were one of two types of instruments Installed to
monitor the groundwater system at each site., They provided water
samples from within the zone of saturation, enabled a determination
of the elevation and gradient of the water table, and enabled slug
tests to be performed for estimation of the hydraulic conductivity
of the sediment adjacent to the screened Interval. The plezometers
congisted of 2 inch (5.08 em) diameter schedule 40 pvc bottomed
with a 5 foet (1.52m) preslotted 0.02 inch (5.1 mm) pvc screen.

A wa%hed gravel pack was placed arcund the screen and the holes
were sealed with approximately 10 feet of cement and then back-
filled to the surface with drill cuttings (fig. 19). {

Pressure-vacuum lysimeters (soil water samplers) (Soil Moisture
Equipment Corp. Model 1920) were used to cbtﬁin water amamples from

the unsaturated zone. The soll water sampler is 3 inches (7.6 cm)

in diameter and 25 inches (0.64m) in length (fig. 19}. A 2 inch
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Figure 19. A profile of a soil water sampler
(lysimeter) and piezometer as used in this study.
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{5.08 cm) ceramic cup is attached to the bottem of the pve body.
Tﬁis cup forms the porous membrane through which soil water 1s drawn
into the device. Vacuums of 50-85 centibars are normally applied.
The annulus between the ceramic cup and the edge of the bore hole
was filled with silica flour to prevent the clogging of the 1.0
micron diameter ceramic pores, A 1 foot (30.5 ém) bentonite plug
was placed above this interval to prevent percclation of water

down through the backfilled bore hole, Access tubes were run

to the surface to enable the application of a vacuum and collectlon
of the water sample at the surface. The maximum sample obtainable
is one quart {(0.946 litre).

A number of studies have shown that Ca, Na, and K can be
leached out of the ceramic cup of this device and thus produce values
of these ions in excess of their true concentration (Jobnsom et al.,
1981), To prevent this the ceramic cupa were first rinsed with
approximately 8N HCL and then rinsed twice with distilled water.

Water samples were collected on a quarterly basis. Two te four
weeks prior to collection, the wells were balled dry in order to
provide a representative sample. At this time, a vacuum was also
induced Iinto the soll water samplers to allow sufficient time for
the soil water to be drawn into the sample chamber.

The temperature, pH, and electrical conductivity of the water
samples were determined in the field at the time of sample collection.
The dissolved-oxygen content of each of these water gamples was

determined only once (Nov. 3, 1981) due to equipment malfunction

and inaccessibility. The water samples were filtered through a
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series of prefilters and ultimately through 0.45 micron fiitars;
placed in plastic qhart {0.946 1itre) and pint (473 ml) containers,
and were packed in ice duripg transportation to the lab., The water
samples in the pint (473 ml) bottles were analyzed for trace metal
content. Five millilirers of concentrated nityiec acld was added

to these samples after flltering to prevent the trace metals

from precipitating ocut of sclution. The water samples inm the quart
(G.946 litre) containers were analyzed for major fons. All water
samples were analyred by the North Dakota State Department of Health‘
Environmental Laboratory in Bismarck.

A detailed dascriytian of the field equipment used and the
precise methods of field sampling is provided in Groenewold et al.
(1979).

Each site was surveyed with plane table and alidade to comatruct
a base map and to obtain accurate elevatlon contrul for the
momitoring equipment.

Hydraulice conductivity for sediment in the zene of saturation
was determined divectly by field tests. Single-well-response tests

(Hvorslev, 1951) were used to determine the hydraulic conductivity

- EE W A

of the sediment adjacent to the screened interval, This determination »
is made by displacing the hydraulic head (water level) and measuring i
the time required for it to return te equilibriuwm. In this study a

slug was useéd to ralse the water level in a 2 inch (5 ecm) pve pipe

3.3 feet (1.0m). Upon insertion of the slug, the time was recorded

for the water level to return to its original equilibrium level
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{falling head test), The time was also recorded for the waéer level
to return to equilibrium when the siug was withdrawn (rising head
test). Hydraulic conductivities were determined for the tested
intervals by analysis of this data using techniques developed by
Hvorsley (1951). A step~by-step discussion of single-well-response
test methods and procedures is provided in Groenewold et al. (1979).

Single-well-response tests were conducted on piezometers at
the Texaco Charlson €133 and Apache Federal 1-3 sites. A total of 7
plezometers was tested. The remaining plezometers were not tested
because elther the slug could not be lowered into the well due to
constrictions and bends in the pipe or there was not sufficlent
water in the well.

Electrical earth resistivity surveys were conducted at two
of the study sites (fig. 20). Electrical earth resistivity is a
surface geophysical technique used to interpret subsurface
geophysical conditions based upoh changes in the conduction of an
induced electrical current. The electrical current is passed into
the ground through a pair of current electrodes (01 and Cz} and
the resulting potential drop is measured across a palr of potential
electrodes (I?l and Pz} {fig. 21Y, A Soil Test R-50 stratameter,
in combination with the R-65 voltmeter, was used in this project,
A thorough explanation of resistivity theories and equations is
presented in Van Nostrand and Cook (1966) and an excellent summary
is prévidad by Kehew and Groenewold (1982).

The Wenner electrode conflguration was used in the earth

resistivity earveys of the Apache ?ederal 1-5 and the Texaco Charlson
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Figure 20. The electrical earth resistivity survey
equipment at resistivity station 18 of the Apache Federal
#1-5 site. The electrode spacing of the array is 12
feet (3.7m). The photo is taken looking west-northwest,

? Figure 21, Configuration of the four-electrode array
; used in the electrical earth resistivity survey. Current
is passed through electrodes C, and C, and potential
difference readings are made bBtween &lectrodes FP. and Pz.
Equal electrode spacings {a) were used in the Weniler
electrode configuration. :
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€133 sites. In this method the four electrodes are equally spaced
along a line. The distance between adjacent electrodes or the
electrode spacing is designated as "a”. The center of the electrode
array is the point for which the data 1s obtained and has been
designated in this report as the resistivity statilon {fig. 21).

The Vertical Electrical Sounding method (VES) was used in
this project. It lnvolves a fixed center of the electrode array
(resistivity station) and expansion of the electrodes about this
point. Stations were spaced approximately 1060 feeﬁ {30.5x) apart.
Readings were taken at successive electrode spacings ("a") of 12,
30, 40, 60, and 80 feet.

Laboratory Work.--Microscopic mineral evaluation and wet and

dry sieve analyses were performed on sandy gravel layers at the
Texaco Charlson €133 and Apache Federal 1-5 sites. BSand, silt, and
clay contents were determined with the use of a hydrometer for
shelby tube samples ar each of the study sites. The procedure used
is outlined In Appendix C.

4 second method of hydraulic conductivity determination was
based upon textural analysis. A simple eguation relating effective

grain size to permeabllity was used (Freeze and Cherry, 1979):

2
K=4A d10

4 =1 for ¥ in cm/s and dlo in mm

dlf} = effective grain size at which 10% by weight of the
sediment particles are finer and 90% are coarser.

AL R S =
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This equation is suitable for textural approximation of hydraulic
conductivity for sediment in the range of Ffine sand to gravel.
Eleven shelby tube sediment samples were added to distilled
water (35 grams sediment to 1000 ml HZG)'and stirred for four hours.
These samples were elutriated to determine the wvariability in
relative concentrations of loms that would readily go into solution.
The results of this elutriatlon were compared with analyses of water
gamples from the unsaturated zone at the Texaco Gov't. (NCT-1) and
Apache Federal 1-5 sites to assist in determination of the depth
of leachate migration. The fluids derived from the elutriation

of sediment samples were chemically analyzed by the North Dakota

State Department of Health Laboratory.




OVERVIEW OF GEOLOGY AND GEOHYDROLOGY IN
WESTERN NORTH DAKOTA

Regional Geclogy and Geohydrology.--Blllings and McKenzie

Counties are located near the center of the Williston Basin and
are undexrlain by 15,000 feet (4570m} of sedimentary rocks ranging
in age from Cambrian to Recent. These strata overlie Frecambrian
igenous and metamorphic basement rocks (Groenewold et al., 1979).
The surface and near-surface stratigraphy of southwestern North
Dakota is comprised largely of sediments of Paleocene age. These
sediments consist of alternating sands, silts, clays, and lignites,
The majority of drilling fluid pits in western Noxth Dakota are
situated within either the Bullion Creek or Sentinel Butte Formatioms,
whiech include sediments that are fluvial, lacustrine, and paludal in
origin., The maximum thickness for each of these formations is
about 600 feet {(200m) (Claytonm et al., 198Q0).
Holocene alluvium, comprised of cross-bedded sands and
obscurely bedde& silts and clzys, iz present along stream channels.

These deposits are of local importance along the major dralnage
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systems, such as the Little Missouri River.

The major aguifers in Billings and McKenzle Counties are the
Fox Hills-lower Hell Creek aquifer system, the upper Hell Creekwlbwer
Ludlow aquifer system, agquifers within the upper Ludlow~Bullion
Creek Formations, aquifers within the Sentinel Butte Formation, and

aquifers within alluvial deposits {Anna, 1981).
49
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Clays in Western North Dakota.--The surface and near-surface

Tertiary sediments of western Nort& Dakota are extremely clay rich.
Clay and silty clay are the dominant sedimentological units. Jacob
{(1972) determined that only 10% of the Bullion Creek Formation is
comprised of sand units., The silt and clay content of these sands
ranges from 1.4 to 8Y9.8Z with a mesan of 22.4%Z. Preliminary work

by Forsman (in preparation) indicates that many of the sand grains
contain thin coatings of authigenic Na montmorillonite. Groemewold
et al. {(in press) performed textural analyses on 79 sediment samples
from the Sentinel Butte Formation. The resulting mean textural

analyses for these sediments were:

£ sand % silc % clay
X i 19.4 44.8 35.8

Studles by Royse {1967), Jacob (1975), and Moran et al, (1978b)
have shown that the dominant clay mineral group In the upper
Paleocene sedlments in western North Dakota 1s smectite,
specifically Na montmorillonite. The results of 79 clay analyses
by Groenewold et al. (in press) indicate a clear dominance of
smectite {normally Nz montwmorillonite} and illite-mica clays.

The smectite (montmorillonite) group comsists of 2:1 clay

M W W T R, M

minerals, l.e. their structure is two tetrahedral layers sepa?ated
by a single octahedral layer. Isomorphous substitution of lomns in
either of the two layers results in a deficiency of positive charge
for the structure (Birkeland, 1974). This charge is balanced by |

either ion substitution in the octahedral layer or more commonly

by adsorptioen of cations into the interlayer positions between the
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sheets. These cations are held rather loosely in the structure and
are exchangeable. This explains the smectite clay's relatively
large cation exchange capacity (Krauskopf, 1579).

Divalent ions such as Ba2+, Caz+, and Mgz+ normally have a
stronger adsorption affinity than do monovalent ions such as X% and
Ha+. The strongest affinity is for the smaller hydrated ilons and
the weakest is for the largest dons. Laboratory experiments have
shown that Caz+ is adsorbed in strong preference to both Na+'and
ug2+, and ﬁgz* is selected in preference to Ré+. These affinities
are highly dependent upon relative comcentration levels of the
Interacting ions (Moran et al., 1978b).

The exchange reactions between cations proceed very quickly
{Freeze and Chexry, 1979), These reactions continue until the
cencentration of catlons in the pore water and the cations adsorbed
onto the adjacent clay surfaces are in egquilibrium. As the pore
water.flows through the clay or clayey sediments there is continual
readjustment by catlon exchange to maintain this equllibrium, Tbi§
adjustment 1s relatively fast in comparison to normal subsurface

flow rates {(Moran et al., 1978b).

Groundwater Recharpe,—-The unsatuvated zone is the interval

between the surface and the water table, The saturated zone lies
beneath the groundwater table. Groundwater recharge is defined
as that pertion of infiltrating water which reaches the saturated
zone and begigs to flow downward from the water table, 1In the

Northern Great Plains the depth to the saturated zone 1s often

several tens of metres (Rehm et al., 1982).
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wafar at the surface {either from recent precipitation or snow
melt) can elther evaporate, transpire from vegetatlon, pond, or
infiltrate into the subsurface. The major controlling factors are
the permeability and moisture content of the sediment and the amount
of water availablg.

Water which has i{nfiltrated Iinte the unsaturated zone can
elther continue its downward movement to the saturated zone or
remain within this zone. This water will eventually elther move down
to the saturated zone with subsequent infiltrating water or be
removed from this zone by evapotranspiration.

Groundwater recharge can occur any time during the year. In a
recent study In west-ceﬁtrai North Dakota it was shown that the
majority of groundwater recharge occurred during the months of
March and April when the concurrent evapotranspiration rates were
very small and runoff maximized (Rebm et al., 1982). Ewvapo—
transpiration rates are lowest to nonexlstent In the late fall and
throughout the winter but precipitation ig low or in the form of
snow. These rates slowly Increase during the spring and normally
reach peak amounts during August,

Potential spring recharge is directly related to the accumulation

WCULTVIEE W GE WA B ER e .

of snow from the previous & to 5 months and recent precipitation.
The accumulated snow 1s often not available for groundwater recharge
until the last week of March when the mean dally alr temperatures

rige above the freezing point (Rehm et al., 1982).
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Commencing in Novewber, the ground normally begins to freeaze
from the surface downward. The maximum depth of frost is normally
3 to B feet (1.5-2.5m) below a vegetated‘surface and 9 feet (Z2.7m)
beneath a vegetation free surface, This frozen soil ig not
necessarlly impermeable as evidénced by observed risesrin the
water table during spring melt. The rise often precedes the
completion of thawlng in the shallow subsurface. Frozen soll
exists as four major structures, the least porous of which is
normally found beneath vegetation free soil, This frost will begin
to melt when the alr and soll temperatures rise above 0°C and will
be completely thawed within a thirty- to fifty-day pericd {Rehm,
et al,, 1982),

Hydraullec Conductivity.——Hydraulle conductivity is a

gquantitative measurement of the ability of a material to transmit a
fluid. Within the satu%ated zone this measurement 18 a function of
the permeability of the sediment and the density and viscosity of
the fluid,

Within the saturated zone of a shallow wnconfined aquifer
there are nomally two major components of flow. One of the
components of flow is lateral and.in the direction of decreasing
water table elevation. The s&conﬁ is a downward component {for a
recharge area) and ig commonly the dom;nant flow direction (Moran
et al,, 1978a),

Water within the unsaturated zome 1s held in the soil pores

by surface tension forces. As the moisture content of the sediment

increases, this holding force decreases. When this force ia
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exceeded, the water will flow downward under the force of gravity
or laterally if a perched saturated zone forms above a horlzontal
zone of low permeabliity. The hydraulic conductivity of unsaturated
sediment increases as the moisture content increases. The

hydraulic conductivity is also a function of the pressure head
(Freeze and Cherry, 1979).

The determination of hydraulfc conductivity within the
vnsaturated zone requireés a pressure head measuring devicé, such as
a tensiometer, aund measurement of the mofisture coutent of the
sediment. These values are extremely variable with time and create
a wide range of hydraulic conductivity values for a given sediment
within this rzone.

Hydraulic conductivity values have been establlished for the
major sediments within the Bullion Creek and Sentinel Butte Formatioms
by studies in western North Dakota. Groenewold et al. (1979)
determined the following range in hydrauliec conductivity walues in

this area: silt and clay (5 x 10—9 - 5 x 10"10

m/s), sand
(2 x 1Gm5 - 2% 10“7 m/s), sand and gravel (2 x lﬁus ~ 3 x 16"6 m/s)
and lignite (3 x 107° - 1 x 1078 m/s).

Chemical Evolution of Groundwater in Western North Dakota,-—

Groundwater in western North Dakota 1s characterized by dominant

concentrations of Na+, ﬁcﬁ3“, and Sﬂazwt A hydrogeochemical model
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has been developed by Moran et al. (1978b) and refined by Groenmewold
et al. (in press) to explain the chemical evolution of groundwater

in this region, These studies have shown that the chemistry of the

water is largely determined by geochemical processes that take place
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in the unsaturated zone, These processes are dependent upon the
recharge pattern and mineral content of the sediment in this portion
of the landscape.

In western North Dakota, most of the rainfall and snowmelt
infiltrates into the unsaturated zone only a short distance before it
is removed by evapotrangpiration. The oxidation of both organle

matteyr in the soll and iron sulfide by this infiltrating water

-

is by far the dowinant source of the K+ ion, Weathered sediments

produces hydrogen ions and 50 The oxidation of organic matter
appear to be the dominant source of the sulfate ions. This water is
now acidie, as a result of the H+ ion, and will dissclve any
carbonate mineral with which it comes in contact. The dilssolution
of calcite and dolomite will release Ca’’ and HCOB‘ into the pore
water. Most of this pore water In the unsaturated zone will
eventually return to the atmosphere by evapotranspiration. This
will #ause the gupersaturation level of Caﬁﬂ4 to be reached and
gypsum will precipitate in the shallow subsurface, This geochemical
model 1s alsc applicable in the absence of organic matter inm the
scll (Greeneweold et al., in press) (fig. 22).

During exceptional infiltratlon events, water will pass through
the geochemically critical near-surface zone and dissolve a portion
of the accumulated gypsum. This will add high concentrations of Ca2+
ans.8042- ions to the ﬁclution. HCO3M ions will alsc be added from
carbonate mineral dissolution. As this water inflltrates through

the unsaturated zone the Ca2+ ion will normally be replaced by Ha+

due to exchange on sodium montmorillonitic clays. The resulting
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Figure 22. A hydrogeochemical model for the chemical
evolution of groundwater in western North Dakota. The
predominant chemical reactions are presented for both the
normal and exceptional rainfall and snouwmelt events (from
Moran et al., 1978b and Croenewold et al., in press).
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water is now characterized by dominant concentrations of Na+,

S50 42', and HCG; fons, This basic chemistry will change little
after migration to the saturated zonme (fig. 22)., A detailed
discussion of this geochemical model is presented in Moran et al.

(1978b) and Groenewold et al. (in press).
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GEOLOGY AND GEOHYDROLOGY OF STUDY SITES

Texace Charlson C133 Well Site.——The site is underlain by at

least 60 feet (1Bm} of colluvium and alluvium (flgs. 23 and 24).
Fluvial sediments include gravel composed entifeiy of subrounded
to sub-angular pebbles (.16 to 2.4 inches (0.4 to 6.0 cm}‘in
diameter. The ﬁebble lithologles include clinker, siltstone, and
claystone and appear to have been darived-frm the Bullion Creek
§f and Sentinel Butte Formatilons.

Overlying the gravel layver is 30-40 feet {9.1-12.2wm) of

colluvium and slopewash sediment eroded from steep slopes underlain
by the Bullion Creek Formation just to the south of the site. This
sediment locludes sandy gravel, gravelly sand, sandy silt, and
silty rlay. Fragments of both clinker and lignite range from
common to locally abundant and vary in grain size, corresponding to
E the dominant grain size of the specific horizon. The source

location 1s substantiated by the general decrease in grain size

from south to north and a decrease in abundance of the more

|

unstable fragments (i.e., ilignite and poa}ly cemented sandstone
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pebbles) in this same direection,
! The water table of the unconfined aquifer beneath this study

site, which fluctuated over a range of 10 feet (3.05n) 1ip elevation

during the monitoring period between August of 1980 and November of

59
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Figure 23. Map view of the Texaco Inc. Charlson Madison
Horth Unit €133 Site. Water sampling instrumentation and earth
registivity stations are depicted.
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Flgure 24, (eologic cross-section of the Texaco Inc.
Charlson Madison North Unit €133 slte, The configuration of
the water table is shown for twn separate periods. The line
of profile 1s deplcted in figure 23.
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1981 (fig. 25), is directly related to the level of Lake Sakakawea.
The fluctuating reserveir level correlates exactly with the
elevation of the water table which ranged in elevation from 1840
feet (560m) above sea level down to 1831 feet (557.5m). Beneath
the bottom of the drillipg-fluid pit the depth to the water table
fluctuated from 13-21 feetr (4.0-6.4m) during this study peried.

The direction of groundwater flow in this area is from south to
north. The gradient of the water table 1s 3 x 10"3 fr/fr (3 x iﬂmé

m/m) in a dirvection normal to the shoreline of Lake Sakakawea.

) Texaco {(Gov't, NCT) Well Site.-~This site is underlain by

approximately 20 feet (ém) of colluvium (figs. 26 and 27) which
varies in grailn size from medium sand to clay but consists predomin-~
antly of silt, Fragments of lignite‘and clinker are common throughout
this deposit,

Underlying the colluvium are sediments of the lower Sentinel
Butte Formaticn. The dominant Sentinel Butte lithelogles are sands,
clays, and lignites, The sands are comprised of poorly cemented
fine- to medium~size sand grains with varying percentages of silt.

The clays range from silty ﬁo very asllty and vary in color

from light gray to light blue-green. The degree of induration is

E R RN ACE-E N R Lo T

highly variable, ranglog from extremely well to poor. The lignites
vary in both induration and in percentage of clay partings. The

middle coal (2351-2355 ft. [717-718m] above sea lewel) is highly

indurated. '
|

Monitoring of the five plezometers installed indicates that the

water table was never reached at this site. Two piezometers (A3 and
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Figure 25, Correlation of the Lake Sakakawea water

level and the groundwater table elevationms at the Texaco
Charlson Madison North Unit €133 site, Data 1s presented

for August of 1980 through November of 1981 (from Natiocnal
Oceanic and Atmospheric Administration, 1981 and U.S5. Army

Corps of Engineers, 1981).
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Figure 26. Map view of the Texaco Inc. Government
AT (NCT-1) site, Water sampling devices are depicted
(for legend see figs. 23 and 24).

Figure 27. Geologle cross—section of the Texaco Inc.
Government YA" (RCT-1) site, The water levels for AlO and
Ayq are depicted (not groundwater table). The line

of profile is shown in figure 26 (for legend see figsa. 23
and 24).
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322} have never contained water indicating that, barring improper
installation, the screened intervals are above the zone of
saturation. The elevation difference between water levels im two
other plezometers (All and 333) ranges from 10 feet (3m) up to 16
feet (5m) (fig. 27).  Given the close proximity of these plezometers,
a possible explanation is that the screened intervals intercept
perched saturated zones in the clay. Joints and fractures may
result in differences in hydraulic conduetivity in the unsaturated
zone and the formation of a perched water table; therefore, the
position of the true water table 1s unknown. Another possible
explanation is that the cement plugs were not properly installed

in either A,. and/or A13 and therefore allowed water from the

11
perched water table to travel down the outside of the pve and into
the acreen interval.

A temporary perched water table (at a depth of 30 feet [9.2m])
was found to exiat in the silty sand layer above the middle coal.
The £ifth plezometer (éﬁ) was installed with a ten foot (3m) screen
through this interval in a successful attempt to obtain water

semples after periods of high precipitation.

Belco Petroleum (Sheep Creek #1-11) Well Site.-~The reserve

pit was constructed in 6 to 7 feet (1.8-2.1m) of silt (fige. 28
and 29) overlying sediments of the Sentine] Buttei?ormatien‘ An
underlying 9 foot (2.7m) orange to gray silty clay layer contains
plant fassil$, Below the silty clay layer is a 3 foot (0.%m)

eoal seam that is moderately to well indurated and contalns clay

partings. The underlying 30 foot (9.Im) clay is light gray to
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Figure 28. Map view of the Belco Petroleum B.N.
Sheep Creek #1-11 site. The reserve pit 1s outlined
with dashes and the oil well pad with dot and dashes
(for legend see figs. 23 and 24).

*‘””i Figure 29. Geologic cross-section of the Belco
A Petroleum B,N. Sheep Creek #1-11 site. The line of
i‘ng, profile iz shown in figure 28 {for legend see figs, 23
and 24}.
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blue—-gray in ae}or and varies from extremely well to moderately
indurated.

A cemented zone was encountered in the subsurface at a depth
of 50 feet (15.2m). The auger was only able to penetrate this
zone a few inches, in spite of four separate attempts. The holes
were left open for two days but never contained any water, indicating
the saturated zone was not reached. Because of this barrier the
water table could not be reached during drilling and, therefore,
only soil water aamplers were installed.

Apache {Federal #1-5) Well Site.—The Apache site is located upom

4045 feet (12.2-13.7m) of Holocene alluvium (figs. 30 and 31) on
the flood plain of the Little Misscouri River. At the base of the
alluvium a 3 to 7 foor (0.9-2,1lm) dbasal gravel unit consists of
subrounded 0.2 to 3.2 inch (0.4-8.0 ¢m) dlameter pebbles comprised
predominantly of clinker, siltstone, and claystone derived from
Paleocene formations. The gravel laver is moderately to poorly
sorted. The alluvlum sediments form a fining upward sequence

from the basal gravel layer to a sandy clayey gilt. The gmount

of lignite and clinker fragments is extremely wvariable ﬁhroughcut
these deposits,

The alluvial deposits are underlaln by sediments of the Bullion
Creek Formation. The upper part of the section consists of at
leasr 20 feet (6.l1m) of light blue-gray to light blue-green silty
clay in the area beneath the drilling pad. Two lenticular beds of

medium-grained sand are located at this horizon east of the drill

pad. The lower sand bed is most likely present at a greater depth
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Figure 30. Map view of the Apache Corp. Federal #1-5
gite. The 1979 reserve pit is shown in dashed gutline, the
1981 reserve pit is shown with a solid line {(for legend see

figs. 23 and 24).
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| Figure 31. Geologic cross-section of the Apache

n= Corp. Federal #1-5 site. Plezometers CS’ ¢,, and Cy] were
destroyed during recounstruction of the pad ?ur the 1981

re-entry. The line of profile is shown in figure 30 (for
legend see figs. 23 and 24).
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to the west.

The depth to the water table ranges from 35.5 feet {(10.8m)
along the western edge of the study area to 28 feet (8.5m) in the
sagtern portion., The depth to the water table from beneath the
two drilling fluid pit bottoms is approximately 23 feet (7.0m).
The depth of the water table from the bottom of the unlined
drilling-fluid filled trenches varies from approximately 15 feet
{4.6m} for the 1979 trenches to 10 feet {(3.0m) for those excavated
in 1931. The wsater table of the umconfined aquifer beneath the
study site has declined an average of & inches {15 em) during this
proiect. This minor declime is apparently due to the abnormally
low smount of precipitation recorded over the period of study.

The direction of groundwater flow is from scuthwest to north-

3

east. The gradient of the water table averages 2 x 10 ~ ft/ft

(2 x léwé m/m) within the area of study.
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RESULTS

Precipitation at Sites During Study Pericd.-Precipitation was

estimated at the four study sites between August of 1980 and
November of 1981 using monthly totals from nearby U.§5. Weather Bureau
gauging stations. Three of the monitored sites (Belco Corp.,
Texaco-NCT, and Apache Corp.) are in close proximity to the Trotters
3 se gauging station. The Texaco Charlscn site is in an area
monitored by the Keene gauging statiom.

During 1981 the Keene station recordeﬁ 16.52 inches (41.96 cm)
of precipitation (fig. 32). The mean annual precipitation for this
station over the last twenty-eight years has been 15.35 inches
{38.99 cm). Therefore, the amount of precipitation that fell in
and arcund the Texaco Charlson €133 site duriag the study period
was slightly more than an Inch (2.5 cm) above normal. Ten Inches
(25.4 cm) of this moisture fell during the months of June and July
(fig. 32). |

The Trotters 3 se station recorded only 9.87 imches (25.07
cm) of precipitation during 1981. This was nearly five inches
(12.7 cm) less than the twenty-elght year annual mean of 14.36
inches (36,47 cm). The precipitation that fell on the Texaco NCT,
Belco Corp., and Apache Corp. study sites during this period was

the fifth lowest amount in the last twenty-nine years (fig. 32).
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Figure 32, Annual and monthly precipitation totals
from the Trotters 3se and Keene gauglng stations. Annual

precipitation is for the years of 1954-~1982, Monthly

precipitation is fer the periocd of June 15980 through

May 1982 (from Ratilonal Oceanic and Atmospheric ;
Administration, 1981).
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Groundwater Recharge at Sites During Study Period.--Ground-

water was monitored at the two study sites which have shallow
groundwater tables (Apache Federal 1-5 and Texaco Charlson Cl33).
Water-level readings were taken a total of B times over a span of
, 16 months, Difficulties in travel to each site and the frequent
inaccessibility of water level tapes made monthly readings
impracticgl. 1In the absence of monthly controel, quantitative
recharge data could not be determined for each site.

The water table remained relatively constant during the period
of study at the Apache Federal 1-5 site (fig. 33). Most of the water
levels declined slightly during the interim from August of 1380
threugh July of 1981, The levels then slightly increased through
the end of the monitoring period. A portion of the October 1981
precipitation could have resulted in groundwater recharge because
of the coinciding low to negligible evapotranspiration rates.

Below-average recharge is believed to have taken place in the

WK W e e ac m

spring of 1981 and very little, if any, took place again until '
Octeober of that vear,
The water table at the Texaco Charlson {133 site fluctuated

significantly during the study period (fig. 34). As previously

B T ORE M NE R OW W

discussed, these changes correlated precisely with the fluctuating
water levels of the adjacent Sakakawea Reservolr (fig. 25). The

water table fluctuations also correlate with precipitation during

the months of June and July. Aitﬁough significant amounts of

precipitation infiltrated to the saturated zone during this time,

the 5 foot {(1.5m} water table rise‘is attributed to the adjacent
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: Figure 33. Water table levels and monthly precipitation
totals for the Apache Corp. Federal #1-5 site. HMonitored
from August of 1980 through December of 198l. Quarterly

water sampling dates indicated by (+}.

i,

‘.i

i

gy |

e

i,
i
;:EE i Figure 34. Water table levels and monthly precipitation
_:mt totals for the Texaco Inc. Charlson Madison North Unit (133
f:m..,f site. Monitored from August of 1980 through Decewmber of 1981.
Snuﬁ:i Quarterly water sampling dates Indicated by (4+). Well
ig:""‘ number D9 is believed to have a faulty screened interval,
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rise of the reservoir.

During the study period the shallow groundwater flow at the
Texaco Charlson Cl33 site was to the north. The relationship
between the local water table and the reservoir level could produce
a reduction in gradient and even a reversal in the groundwater flow
direction. This could oceur as a result of a higher lake level.

No recharge data is available for the Texaco Gov't. (NCT-1) and
Belco Petroleum Sheep Creek 1-11 sites because the saturated zone
could not be reached to be monitored. Considerably less recharge
is believed to have occurred at these two sites, in comparison to
the Apache Federal 1-5 sites, because of thelr greater depth to
the water table,

Textural Analyses.--A total of 57 sediment samples from the four ;

study sites was texturally analyzed (Appendix C). The mean sand,

gilt, and clay ratios for each gite are:

LR kI FoA W Y

; 2 sand z siit % Clay
Texaco Gov't, NCT-1 14.7 43.7 41.6
Belco B.N. #1-11 5.8 50.5 43.7 .
8 Apache Federal #1-5 15.6 55.8 28.6 i
Texaco Charlson €133 2Z2.8 44.6 32.6 i
The mean and effective grain sizes were determined for the sand :

and sandy gravel layer at both the Apache and Texaco Charlson site.

The resulting sediment size in mm is:

diG dSO
Apache Federal #1-5 G.177 3.0

Texaco Charlaon Cl33

0.153
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Rydraulic Conductivity.--Hydraulic conductivity values for

sediment within the saturated zone at the Apache Federal #1-5 and

Texaco Charlson C133 sites are presented in figures 35 and 36.

These values were derived from single-well-response tests, textural

analyses, and from published data on similar sediments in this area,

The saturated hydraulic conductivity values for the sandy gravel

layers at these two sites ramged from 2.0 x 10“& to 5.2 x 10~6 m/s.
5

The values for the silty sand deposits ranged from 1.0 x 107 to

1.0 x 1078 m/ 8.

Water Analyses from the Unsaturated Zone.~-A total of 119

individual water samples was analyzed by the North Dakota State
Department of Health., One hundred of these were analyzed for both
trace metal and major ion content. The water sample analyses are
listed for each study site in Appendix ', These samples were
obtained from the unsaturated and saturated zones,

Profiles of 20 chemical parameters from the Texaco Gov't.
{NCT~1) site are presented in figure 37. The values plotted are
the means of guarterly water samples from the unsaturated zone. A
number of parameters had extremely high concentrations in the pore
water beneath the reserve pits: TDS (152,000 mg/L), €17 (91,250
mg/L), Na (60,300 mg/L), uos“ (264 mg/L as N), As (93 ug/L), Cr
(98.2 ug/L), and Pb (619 ug/L). These maximum concentration levels
were attained by most constituents (excluding NOS') 4 to 6 feet
(1.2-1.8m) beneath the bottom of the buried drilling fluid. Most

of these concentrations had been reduced significantly in pore

WA WA W TR RO M e
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Figure 35, Ranges and means of hydraulic conductivities
at the Apache Corp. Federal #1-5 gite. The values presented
are for sediment under saturated conditions (for litholegy
see flgure 31).

Figure 36. Ranges and means of hydraulic conductivities
at the Texaco Inc. Charlson Madison North Unit Cl33 site.
The values presented are for sediment under saturated
conditlons {for lithology see figure 24).
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Figure 37. Concentration profiles for various

parameters in pore water within the unsaturated zone at

the Texaco Inc. Government VA" (NCT-1) site.
of soil water samplers indlcated by (%).

see legend for flgure 24.

s

Poslition
For lithology
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water within 20 feet (&.1m) of the base of the burled fluid; TDS
(17,300 mg/L), €1 (2750 mg/L), Na (5355 mg/L), As (26 ug/L), Cr
(3.2 ug/L), and Pb {8.5 ug/L). The pore water in the unsaturated
zone at this site 1s slightly acidic.

Proflles for chemlcal parameters from the Belco Petroleum B.N.
Sheep Creek #1-11 are piesented in figure 38. The values plotted
for the 20 chemical parameters are the mean values of quarterly
water samples from the unsaturated zone. The maximum gonaentration
levels of most of these ions were found at a level 2 feet (0.6m)
beneath the bottom of the buried érilling fluid: TDS (136,000 mg/L),
€1~ (81,250 mg/L), Na (57,950 mg/L), As (80.4 ug/L), Cr (5.6 ug/L),
and Pb (540 ug/L). Most of these concentrations had been significantly
reduced within a depth of 8 feet (2.4m) bheneath the drilling fluid:
™S (29,950 mg/L), C1° (13,133 mg/L), Na (8800 mg/L), As (24.3 ug/L),
Cr (5.4 ug/L), and Pb (93 ug/L). The pore water throughout the
unsaturated zone at this site is slightly acidic.

Only one water sample was recovered from the unsaturated zome

at the Apache Federal 1-5 site (CLO’ Appendix D). This sample was
obtained from 10 feet (3m) beneath the bottom of the reserve pit,
20 feer (tm) beneath the surface. The concentrations of many
parameters were very high at this depth: TDS (53,200 mg/L), Cl
{25,000 mg/L), Na (17,900 mg/L), 303" (203 mg/L as N), 4s (43.3
ug/L), Cr (18.9 ug/L), and Pb (188 ug/L). The pH of this pore
water was 6.5.

At the Texaco Charlsgn Cl33 site water samples were recovered

from depths of 3 feet (Im) and 10 feet (3m) beneath the base of the

[
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Concentration profiles for various

i Figure 38.
#) parameters in pore water in the unsaturated zong at
the Belco Petroleum B.N. Sheep Creek #l-11. Positiom
See legend

of soll water samplers indicated by (*).
of figure 24 for lithology.
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reserve pit (D? and DS’ Appendix D). The concentrations of many

parametaers did not decrease as expected but commonly increased
within this interval; TDS (19,000-26,200 mg/L), CL  (10,000-12,000

mg/L), Na (5970-7470 mg/L), NO, (47.1-138 mg/L), As (18.5-26.5

3
ug/L), Cr (2.9-22.4 ug/L), and Pb (35-33 ug/L). The pore water
within this interval is slightly acidic.

Elutriation Experiment .--Ten sediment samples frowm the wmsaturated

zones at the Texaco (NCT-1) and Apache Corp. Pederal #1-5 were
elutriated. The test was performed to obtain additional pore water
chemlstry at thése sites. Distilled water was used at a sufficlently
high solution-to-sediment ratio to minimize the possibility of ions
reaching the saturation point,

The concentrations of seven selected parameters in flulds

separated by elutriation of sediment samples at the Apache Corp.

e

Federal 1-5 site is presented in figure 39. The maximum-

concentration-levels of many parameters were in fluilds that had

Y- Y

either been mixed with drilling fluild or sediment that was from 3
feet (lm) beneath the base of the reserve plt. In this analysis
Cr ranged from 26.6 ug/L in the drilling fluid to 6.3 ug/L in

fluid mixed with sediment 7.5 feet (2.3m) beneath the reserve pit.

BEFFEMN T NS B

Chloride was reduced from 350 mg/L to 64 mg/L within this same

interval. : -

The water analyses of the elutriation experiments from the
Texace Gov't, (NCT-1) site demonstrate a maximu concentration of

most of these parameters within the drilling fluid (fig. 40). Some

of the parameters reach maximum concentrations in sediment 14 feet
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Figure 39. Concentration profiles for various
parameters in elutriated sediment samplea from the Apache
Corp. Federal #1-5 site. Textuyral analyses were determined
by the hydrometer method {Appendix C). The (*) indicates
the depth the elutriated sample was taken from, {+) indicates
the depth of the sediment for hydrometer textural analyses,

See legend of figure 24 for lithology.

L
Al
[
-3
i
]
P
=iiﬂ’|
o Figure 40. Concentration profiles for various parameters
-~ in elutriated sediment samples from the Texaco Inc. Government
;!mi MAM (RCT-1) site. Textural analyses were determined by the
=ml; hydrometer method (Appendix C)}. The depth of the elutriated
- ; sample indicated by (*) and the depth of the sediment samples
g for hvdrometer textural analyses Iindlcated by (-). See
i?;f“wf'é legend of figure 24 for lithology.
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(4.3m) beneath the base of the reserve pit: TDS (2540 mg/L), C1°
{1380 mg/L), and Na (947 mg/L). The concentration of all of the
measured parameters was very low in the fluld mixed with sediment
from a depth of 64 feet (19.5m): TDS (264 mg/lL), cl” (5 me/L),
and Na {104 mg/L).

The lon profiles (figs. 3% and 40) from the elutriation
experiment demonstrate a general decrease in concentration with
increased depth from the buried drilling fluld. Although the
results from this method do not necessarily represent the actual
pore water chemistry in the unsaturated zone, they do demonstrate
the reduction in leachate concentration as the distance from the
regserve pit increases.

Water Analysis from the Saturated Zone.--Isoconcentration maps

of 24 chemical parameters from the Apache Federal #1-5 site are
presented in Appendix E, These maps represent the groundwater
chemistry for the upper 10 feet {3m) of the saturated zone at this
site, These lsoconcentration maps were constructed to emable

determination of the lateral extent of leachate migration within

" this zone. The values plotted are the mean of quarterly water

samples from the saturated zone. The background chemical con—
centration 1eve}svware obtained from plezometers and shallow water
wells upgradient from the site. The highest concentrations recorded
for most parameters in the saturated zone were beneath the reserve
pit: TDS (12,100 mg/L), C1 (4500 mg/L), Na (3520 mg/L), 1«:03'" (< 2

mg/L as N), As (15 ug/L), Cr {1.8 ug/L), and Pb (26 ug/L). The

concentrations of all parameters returned to background levels

LS ¥ ]
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within 200 feet (6lm) downgradient from the reserve pit: TDS
{3610 mg/1), C1~ (13 mg/L), Ba (944 mg/L), As (4.6 ug/L), Cr
(2.6 ug/L), and Pb (9.0 ug/L). The pH is slightly acidic (6.4)
within the effected zone to slightly alkaline (7.2) outside of
this area. &

Isoconcentration maps of 24 chemical parameters from the Texaco
Charlson €133 site are presented in Appendix E. These maps
represent the groundwater chemistry for the upper 15 feet (4.6m)
of the satuyrated zone at this site. Background chemical con-
centration levels were obtained from plezometers and shallow water
wells upgradient from the site., The highest concentrations recorded
for most parameters in the saturated zone, with the exception of
Nﬂgm, were recorded beneath the reserve pit: TDS (16,100 mg/L),
Cl™ (4875 mg/L), Na (3940 mg/L), NOB“ {1160 wg/L as N), As (22
ug/L), Pb (53 ug/L), and Se (272 ug/lL). Most of these parameters
returned to background concentrations within a 300 te 400 foot
(91-122m) radius of the reserve pit: TDS (4810 mg/L), €1~ (38
mg/L), Na (766 mg/L), xoa“" (35.1 mg/L as N), As (6.2 ug/L), Pb (14
ug/L), and Se (<2 ug/L). The pH of the groundwater is siightly
acidic (6.5~6.8) within the effected area.

No water samples were obtained from the saturated zone at
elther the Texaco Gov't., (NCT-1) or Belco Petroleum B.N. Sheep

Creek 1-11 study sites.

Apparent Registivity.-—Apparent resistivity values for the Apache

Federal #1-5 and Texaco Charlson €133 gites are plotted vertically in

Appendix F. BSome of the lithologies and the water table depth are
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discernible from the resistivity values of these profiles. However,
their detection is a function of the electrode spacing. The effect
of the drilling fluid in reducing the apparent resistivity values
can be observed in stations 16 and 21 of the Texaco Charlson site
{Appendix F).

These same appavent resistivity values are presented in lso—
resistivity maps of the five electrode spacings at each site (figs.
41-44). At the Apache site a plume of low resistivity originates
in the reserve plt and extends in the directlion of groundwater flow.
The low resistivity plume at the Texaco Charlson €133 site is large
and extends both upgradient and downgradient from the local ground-
water flow direction.

In the presenéation of the apparent resistivity profiles the
electrode spacing and d&ptb of current penetration are depicted as
equal. This has been found to be generally true for electrode spacings
of less than 100 feet (30.5m) (Soiltest, 1968), This 1l:1 ratio of
depth to electrode spacing has been demenstrated by a mumber of VES
projects in Illinods (Cartwright and Sherman, 1972). However, the
presence of sedimentary layers with greatly differing resistivities
and/or saliaerpora water has been shown to distort the electrical
field and reduce the depth of current penetration {Reed et al.,
19813,

. Chemical Composition of Drillinmg Fluid at Study Sites.--The

records of drilling activity and drilling fluld additives were no

longer avallable for the two oldest sites, Texaco Charlson C133

(1955) and Texaco Gov't, NCI-1 {1960). The records {mud
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Figure 41. Apparent resistivity stations and
isoresistivity maps for electrode spacings of 12 and
30 feet (3.7 and 9.1lm) for the Apache Federal #1-3 site.
The values for each station are given in Appendix F.
See legend of flgure 23 for symbols.
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; Figure 42. Apparent isoresistivity maps for electrode

; spacings of 40, 60, and 80 feet (12.2, 18.3, and 24.4m)

'y at the Apache Federal #1-5 site. The values for each
resistivity station are given in Appendix F. See legend

of figure 23 for symbols.
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Figure 43. Apparent resistivity stations and
isoresistivity maps for electrode spacings of 12 and
30 feet (3.7 and 9.1m)} at the Texaco Charlson Madison
North Unit C133 site. Values for each resistivity
station are plotted in Appendiz F. See legend of
figure 23 for symbols.
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A
4
;: - Figure 44. Apparent isoresistivity maps for electrode
spacings of 40, 60, and 80 feet (12,2, 18.3, and 24.4m)
s at the Texaco Charlson Madison North Unit (133 site.
Values for each resistivity station are plotted im

See legend of figure 23 for symbols,

Appendix F,

fun
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recapitulation sheets) were obtained for the Belco Perroleum and
Apache Corp. sites., The type and quantity of drilling additives
were estimated from these reports {Appendix G).

The concentration range for the chemical parameters from the
mud engineer's report at the Belco Petroleum and Apache Corp. study
sites 18 given in table 2. A sample of drilling fluid was taken
from the Apache Corp. Federal #1-5 just prior to the reclamation
of the gite., The analysis of the fluid indicates that the majority
of the chemical parameters measured exceed the background levels at
this site by factors of 10 to 14,000 {table 2}.

Sources of Error in Study.~~There has been concern in recent

years for potential chemical biassing of water samples collected by
soil water samplers. The concern 1s with the ceramic cup through
which the water sample is drawn. 7The effective pore diameter of
this cup is spproximately one micron, too small to allow the passage
of some colloids and bacteria. The concentration levels of some
trace elements and §03“ in the water samples may be limlted or
reduced by adsorption by the ceramic matrix. Because of the
extremely high fon concentrations of the pore water sampled by these
devices, the effects of the ceramlc cup were considered to be
negligible, The soll water samplers funmction irrvegularly and the
ceramle cup pores can become Irreversibly plugged if not properly
installed. The water sample recovery success was 39% during this

atudy.

The sand and sandy gravel layers at the Apache and Texaco

Charlson sites posed a significant problem to plezometer installation.
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Table 2. The range of selected chemlical concentrations
in drilling fluid and chemical analyses of the Apache re—
entry drilling fluld. The concentyration ranges were
obtained from mud engineer reports. The sample of Apache
re~entry drilling fluid was taken from the reserve pit 48
hours prior to reclamation.
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NaCi {ppm) Cnromote (ppm)  Nitrates (mg/1)

Belco Petro. 135,000 ~ 197,000 * *

Apache Corp. 277,000 - 300,000 735-950 85-198

Apache Re-entry 297,000 - 318,000 500-1500 25175

Rec. Conc. 320,000 400- 800 *

Apache Re-entry
Drilling Fluid  Background Level

Cand. mhos /cm. 203,000 4500 - 6500
T0S mg/L 257,000 3500- 5000 ¢
Femg/L 4.5 0.14.0.16 -
Mn mg/ L 0.92 i3 =
Comg/L 8250 150 - 200 N
Mgmg/L |66 BO- 100 "
K mg/L 1510 16- 20 H
Namg/L 70,500 1000- 1200
Clmg/L 176,000 15+ 30 i
$0,mg/L 887 2000- 2500 -
HCO3 mg./L ‘ 213 1200~ 1400 -
F mg/L 0 05-0.7 -
% Na 817 75-78 W
As ug/L 451 5-8
Boug/ L 0 200-250 -
Cdug/ L 59.2 05-15 -
Cru/ L 331 I3 ot
Cuug/ L 850 10-50 =
Pbug/ L 346 3-10 o
oH 7.2 70-7.2 -
Seug/ L 0 <2 -
Znug/L 300 30-80

Noamg/L 1030 L2
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The majority of auger holes collapsed and the plezometers had to

be pounded through these intervals, The thickness of these

collapsed intervals ranged from 5 to 20 feet (1.5-6.1m). Because
of this collapsed sediment, the cement plugse could not be properly
installed above the screened interval. The improper sealing of
these plezometers allowed the leachate in the gravel lavers to
travel unobstructed through the auger hole backfil]l and into the
screened interval, This was apparently the case with plezometers
'C?B and Cl3C at the Apache study site.
The basis for clay percentage determination by the hydrometer

method is the change in water density due to the suspended clay

e o

particles. A very high NaCl content was found in the pore water

=

and sediments beneath the reclaimed reserve plts, There was concem

that this salt content would be sufficlently high to substantially

Ly 3

increase the density of the hydrometer tested water. This would

result in erronecusly high clay percentages., A series of liquid

R OE W

decantationswas suggested to reduce the NalCl content but was not
attempted because of pogsible loss of clay particles., The sediment

j percentages obtained in this study are thought to be within the

normal margin of error for the hydrometer method.
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DISCUSSION

Attenuation of Dispersion of Leachate.-~There are two main types

of drilling fluid leachate, The first is the initial less viscous
fluid component of the buried waste. Th%s is the portion that is
supposed to be sucked out of the plt prior to reclamation. The
other 1s the leachate generated by iInfiltrating precipitation. Both
of these leachates are subject to the controls of the hydrogeo~
chenical model that was described earlier. Evapotranspiration of
this leachate will cause the near surface accumulation of NaCl
crystals.

Exceptional precipitation events will flush the salt and leach
other soluble constituents from the buried drilling fluld. This
leachate will eventually reach the saturated zonme and will Fflow along
with the groundwater. The nonreactive solutes, generally the
dissolved anions, will be carried at a rate equal to the average
linear velocity of the groundwater. Unless there is a constant
influx of leachate, the leachate plume in the saturared zone will
become increasingly dilute away from the source. This dilutfon is
largely a result of hydrodynamic dispersion, a mixing process caused
by the differences in flow velocity in the saturated porous medium,
Molecular diffusion is another dispersive process where the lons
or mclaculasrmig:ate under a chemical gradient from regions of high

concentrations to regions of low concentrations. This is a relatively
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slow process and 1s only ifmportant under low groundwater velocity
conditions (Freeze and Cherry, 1979).

Transfer of the solutes from the porewater t& the porous medium
retards the movement of the leachate plume. Chief among these transfer
processes 1s adsorption by clay mizerals. A landfili study in
Illinois concluded that leachate had to travel through 700 feet
(213.4m) of sand to achieve the same attenuation provided by 5 feet
{(1.5m) of clay ti1ll (Cartwright and Sherman, 1972)., As discussed
earlier, these dissclved lons are discriminately adsorbed as a
function of concentration, charge, and fonic radius. Foremost among
the most highly attenuated ions are the trace metals.

Initially, burial of the drilling fluid in the unlined trenches
produces leachate at a near-constant rate from the desiccatlon of this
drilling mud and the downward migration of the less viscous part of
the fluid., If emplaced above the water table, the buried dtilling,
fluid eventually will desiccate, after which leachate will normally
be generated only after exceptional vrainfall or snowmelt events.

This infrequently {seasonally} generated leachate will normaily
be subject to attenuatlon on clay minerals in the unsaturated and
saturated zones and by dispersion in the saturated zone.

At both the Apache and Texaco Charison sites the high ¢lay content
in the unsaturated zone should retard movement of most of the lons by
adsorption onto the sediment matrix. Mechanical dispersion 1s assumed
to be the dominant dilution process in the saturated sandy gravel zones.,

Longitudinal dispersion is the prévalent dispersive process in the sandy

gravel dayer at the Apache site (Appendix E). A groundwater gradient
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reduction or flow reversal at the Texaco C133 site would explain the
shape and location of the leachate plume at this site. If the
groundwater flow has remained constant at this site, the configuration
of the leachate plume is most likely a result of longitudinal and
transverse dispersiom in the saturatéd zone (Appendix E).

The chloride lon was selected for special attentlon during this
project for a number of reasons. The normal concentration level for
the chloride ion in the shallow groundwater syatems of western North
4 Dakota commonly ranges from a few ﬁo several tens of milligrams per
liere {(Groenewold et al., 1979). The average concentration of the

chloride ion in oil~and-gas well drilling fluids in North Dakota is

150,000 mg/L (table 2). 1In addition, the chleride ion is a mobile

LA

1 anion in the soil system. This low susceptibility to attenuation I1s

attributed to the relative noninteractlon between clay minerals and

i the chloride fon (Griffin et al., 1976). The extremely high

concentration of chloride ions in drilling fluid and its mobllity in

the subsurface make ir an excellent indicater of leachate migration.

This ion can generally be used to monitor the maximum extent of a
drilling fluld generated leachate plume in western North Dakota.

Leachate Migration at the Texaco (NCT-1) Site.-~The chemical

R SviiMANREY B

profiles from the Texaco (NCT-1) site (figs. 37 and 40) indicate
that many of the ions are belng leachated out of the buried drilling
fluid. There are a number of trace elements presemt in high con-
centrations 1@ the pore water from the buried drilling fluild to a

depth of 5 feet (1.5m) beneath the reserve pit: 4s (93-88 ug/L), Ph

(619-253 ug/L), and Zn (726-655 ug/L). These elements are assumed to
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have been adsorbed onto clay surfaces within the clayey silt interval

and are much reduced in concentration in pore water samples from a

depth of 30 feet (9.1m): As (26 ug/L), Pb (8.5 ug/L), and Zn (125
ug/L) .

Relatively high concentrations of Pb (104-137 ug/L) and Cl~
(9250~5250 mg/L) afe present in groundwater from plezometer &11 at a
depth of 72 feet {21.9m). These concentrations are belileved to be
the result of leachate traveling down through the anoulus to the
screened interval im the improperly sealed bore hole and do not

represent the true pore water at this level. This assumption is

gubstantiated by analyses of pore water collected at depths of 20

feet (ém) beneath the reserve pit, This pore water contained C1l

»

concentrations of only 2750 mg/L.

Leachate Migration at the Belco Petroleum B.N. Sheep Creek

B Wy

#1-11 Site.-~The chemical profiles for the Belco Petroleum study

gite indicate a maximum concentration of most of the lons within a

N

depth of 2 feet (0,6m) of the burled drilling fluid. The chloride
ion content is reduced from 93,700 to 12,000 mg/L within the zone
from the buried drilling fiuld to a depth of 8 feet (2.4m), Within

this same interval As is reduced from 163 to 24 ug/L and Pb from

13 Bynai W ANy =

1320 to 93 ug/L. The reduction in concentration of these and other
lons in the pore water within the unsaturated zome is attributable
to attenuation by elay adsorption.

The Texgco (NCT~1) and Belco Petroleum B.N. Sheep Creek #1-11
study sites are very similar geologically and geohydrologically.

As the distance away from the reserve pit is increased in the
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subsurface, there is a significant reduction in ion concentration in
the pore water. This reduction 15 assumed to be the result of ion

f attennation by exchange on clay minerals. This reduction should

i continue throughout the thick unsaturated zones and, therefore,

very little 1f any leachate should reach the water table at these

i sites,

Leachate Migrarion at the Apache Federal #1-5.—The water

sample from the unsaturated zone at the Apache site contained high

concentrations of CL (25,000 mg/L), NO_ (203 mg/L as N}, and Pb.

3
{188 ug/L}. The elutriation experiment demonstrated that leachate

decreased in concentration as the depth from the reserve pit

2 O E F

increased., In the saturated zone beneath the reserve pit the

Eaw

concentrations of these lons are much reduced: €1 (3750 ng/Ly,

§G3m (<2 wg/L as N), and Pb (10.0 ug/l). The attenuation of these

and other ions In the unsaturated zone; along with dispersion in

the upper saturated zone, is believed to be responsible for

mEssEe

limiting the drilling fluld leachate to a very small area (250 x
250 feet [76 x 76m]) (Appendix E).

The effect of layered heterogeneities in the subsurface is
to focus the leachate migration in the zone of highest hydraulic

conductivity. This will occur if the hydraulic conduetivity in

BEadind @ RAREE

one zone 1s at least 100 times that in the others (Freeze and Cherry,
1979). The hydraulic conductivity in the saturated sandy gravel
layer at the Apache site is 192 na_IQ? timea greater tham that of

the underlying bedrock silty c¢lay. Large concentrations of Cl
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in samples from plezometers C?B’ 0133' and ClBC suggest that leachate

is not being focused in the gravel layer but is moving through the

underlying silty clay. However, these concentrations are believed
to be the result of an inadequate seal in the bore hole between
the screened interval and the gravel layer. The leachate may

have traveled down the outside of the pvc pipe through the gravel
backfill, 1If, on the contrary, these ion concentrations are indeed
a true reflection of the groundwater chemistry at thie depth,

the density of the leachate plume would have to be large enough to
# overcome the effects of lateral groundwater flow and hydraulic

conductivity variations.

F- 3 E-R -2 8

Leachate Migration at the Texaco Charlsom C133 Site.—Analyses

l of water samples from the unsaturated zone beneath the reserve pit

at this asite indicate a high concentration of some parameters

and relatively low concentrations of trace elements: TDS (26,200

M
mg/L), C17 (12,500 mg/L), N0, (138 mg/L as N), b (17-33 ug/L) %
and Se (<2 ug/L). The concentrations of most of these parameters

are reduced in the gaturated zome: TDS (16,100 mg/L) and €1 §
(5000 mg/L). However, for a Few parameters the concentrations i
are increased in this zone: Pb (85 ug/L), Se (260 ug/L), and ﬂﬂg— E
(818 mg/L as N) (Appendix D and E). The shape and position of the g

plumes on the igsoconcentration maps for Pb and Se Indicate that the
regserve pit 1s the source. The decreased concentration of Pb and Se
in the unsaturated zome, relative to the saturated zone, is most
likely a local phenomenon. This is probably due to the heterogeneity

of the burled drilling fluid both in its chemical composition and

relative thickness.
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The leachate from the reserve pit has created a plume approxi-
mately 400 x 300 feet (122 % 91m) within the upper saturated zome
at this site. This plume extends both upgradient and downgradient
with respect to the local groundwater flow direction (Appendix E).
The configuration of this plume is assumed to be the result of‘
either a gradient reduction or reversal in the local groundwater
table in recent yvears or longitudinzgl and transverse dispersion
in the saturated zome,

Extremely high levels of §O3-, a very mobile anion, were found
in the shallow groundwater at this site. The maximum conceuntration

recorded was 1310 mg/L (reported as N) in the saturated zone and

L R N

138 wmg/l. (reported as N} in the unsaturated zone beneath the reserve

pit. The maximum concentration recorded in the saturated zone was

. xR

250 feet (76.2m)} upgradient from the reserve pit. The shape of

i
the plume seems to Indicate a source other than the reserve pit. >
However, nitrate levels from the drilling fluid at the Apache re~ 5
entry are sufficlently high to indicate that burled drilling fluld R
is a potential source (table 2). The reserve pit could be the ' :

-

source 1f the adjacent reservolr has caused a groundwater flow S
reversal in this area. ;
1f the RG3“ is not being leached from the reserve pit, then g

alternative sources must be proposed. A small undetected pit to the
south of the reserve pit may contaip discarded nitrate fertilizer

or drilling fluid additives. The source could also be from s
surface spill of nitric acld or some other nitrogen compound,

However, there is no evidence to support the existence of either of

) )
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these possible sources. As mentioned in the history section of this
site, this well was used for nitrogen injection between 1974 and
1977. The injectiau‘line runs parallel to the access road and it
was initially theorized that a rupture in this line could be the
source of pitrate pollution. However, uader normal circumstances
the nitrogen gas will not produce NOB* (Koob, 1981). 9Jwo wells were
sampled upgradient from the site and were found to contain normal
ﬂog" background levels (T154N, T95W, Sec. 32 C/SE/SE and Sec. 33

SW/SW/SE). The first well tested is a farm well located approximately

one guarter of a mile south of the study site, It was initially

F I E-N 2 N ]

speculated that either barnyard wastes or a faulty septic system at

this farmstead might explain the high §Q3 level in the study ares.

However, this source was considered unlikely because of the high

nitrate concentrations of the leachate and was completely dismissed

E RS- 4

when the farm well was found to only have normal backgroumd con-

centrationa of this ion., If the reserve pit is not the source of

M ET U

N03- pollution at this site, no viable alternative has yet been

determined.

Comparison of water chemistry from plezometers Blz and D13

(Apperidix D) suggest that the major zone of leachate migration at

ESaNs G W RinAY ¥

this site does not correspoud to the top of the saturated zone.
This could be the result of preferential migration of the leachate
due to lenses of high hydraulic conductivity in the sand and sandy
gravel deposits (fig. 36). A greater density of the leachate in
in comparison-ta the local groumdwater could alsc create a vertical

component of transport. Whether these two factors act in combination

' _
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or separately the maximum migration of leachate at this site is
occurring within the sandy gravel layer.

The geologic and geohydrologic conditions at the Apache
Corporation Federal 1-5 and Texaco Charlaon €133 study sites are

very similar. At both sites the unsaturated zones have moderate

percentages of clay which has the capaclity to attenuate the leachate.

The upper portions of the saturated zones at these sites have very
high hydraulic conductivities., Leachate migration at the Apache
site corresponds to the direction of groundwater flow (fig. 45).
The leachate plume at the Texaco Charlson site has a stronger
upgradient component than it does 4in the directiom of groundwater
flow (fig. 45). This is believed to be the result of a reduction
in, or a reversal of, the groundwater flow direction in recent

time due to a higher water level in the adjacent reservoir.,

Appareat Resistivity.--Leachate distribution was estimated
using apparent’resistivity values., These values were compared with
water analyses to determine leachate inéicaiora. An apparent
resistivity value of 30 obhm-ft. or less was chosen asg an indicator
of leachate at the Apache Corp. Federal 1-5 site. A comparisom
of the four electrode spacings, at or below the water table,
indicates the maximum extent of leachate migration to be at a depth
of 30 to 40 feet (9.1412.2m) (fig. 46). A sandy gravel layer lies

within this interval. This supports the hypothesis that maximm

migrationh of Fhe leachate would take place within the zone of highest

hydraulic conductivicy.

An apparent resistivity value of 30 ohmft. or less was also

chogen as an indicator of leachate at the Texaco Charlson Cl133 site.
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3
:gi Figure 45. Proflles of leachate migration at the Apache
o, Corp. Federal #1-5 and Texaco Charlson Madison North Unic
, Cc133 sites. There is no upgradient component of leachate
iﬁgL migration at the Apache site. An upgradient component of
" Jeachate is present at the Texaco site. The configuration

at the Texaco slte is also a reflection of control. The

arrows point in the direction of shallow groundwater flow,
The Texaco Charlson C133 profile supports the theory that
groundwater flow at this
in the immediate past.
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Figure 46. Apparent isoresistivity maps for Apache
Corp. Federal #1-5 site. Selected ohm-ft. values indlicate
leachate distribution. Electrode spacings of 30, 40, 60,
and 80 feer (9.1, 12.2, 18.3, and 24.4m). BSee figure 23
for legend.
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A comparison of the four electrode spacings, at or below the water
table, indicate the maximum extent of leachate migration to be

at a depth of 30 to 60 feet (%.1-18.3m) (fig. 47). The thick
gravel unit is within this intervgi« These results agaln support
the interpretation of maximm migration of the leachate In the
zone of highest hydraulic conductivity. The reduction of leachate
at the 80 foot electrode spacing is theorized to be the result

of Tertiary bedrock sediments. This low hydraulic conductivity
layer would have an upper boundary between a depth of 60 and 80
feet (18.3-24.4m). This depth was not reached during augering and
the resistivity data are the only basis for speculation regarding
the presence of such a unit at this depth.

Interpreted Resistivitv.-~The measurememts cobtained by surface

resigtivity methods correspond to the true resistivity of the
geologic sediments If they are homogeneous and isotroplc. However,
as a rule geologic materials are nq#hcmageneous and anisotropic.
The values recorded are, therefore, apparent xesiativities {Yazlcigil
and Sendlein, 1982),

The apparent resistivity values for the two monitored sites
were plotted against electrode spacing to obtain qualitative
information on the subsurface geological conditions (Appendix F).
Subsurface control from auger hole data wag used for correlation
with the apparent resistivity curves. 1In additiom, stratigraphic

data were compared with automatically interpreted resistivity curves

using a computer program developed by Zohdy and Bisdorf (1973),
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Figure 47. Apparent isoresistivity maps for Texaco
Charlson Cl133 site. Selected ohm~ft. values indicate
leachate distribution. Electrode spacings of 30, 40,

60, and 80 feet (9.1, 12.2, 18,3, and Z4.4m}.
see figure 23,

For legend
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which caleculates layer thicknesses and resistivities {Appendix F).
There are a few inherent problems with this computer program.
The program cannot Iinterpret VES curves that have a slope which
exceeds 45° {as was the case for stations 9, 13, 15, 16, 17, 22,
and 24 for the Texaco Charlson €133 site). In addition, the
program assumeshorizontally and laterally homogeneous layers.
Beither of the two sites surveved has much lateral continuity.
Interpretations can still be made successfully as long as the
lateral heterogeneity 1s not excessive (Kehew and Groenewold, 1982).
Profiles of interpreted raaiétivity,values for the Apache
Federal 1~5 and Texaco Chaflsan C133 sites are presented in
figures 48 and 49. Both depict a zone of low interpreted
resistivity underlying the buried drilling fluid, The apparent
resistivity curves (field values) and the interpreted resistivity
values do not correlate well at the Apache site. A much better
correlation between the two exists at the Texaco site. C(Correlation
between interpreted resistivity and sediment boundaries are, at
best, tenuous at the Apache site. These same correlations agree
very well for the Texaco site.

Varigbles in Earth Resistivity Surveying.--The earth resistivity

gurveys were used in this study to obtain additional data on the
migration of leachate from the reserve pit and trenches. The
optimum conditrions, for which the most favorable results would be
obtained, include a bigh water table, a £h1ck relatively homogeneous

sediment layer of moderate to high resistivity, and a leachate of

low resistivity.
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Figure 48, A profile of interpreted resistivity
values at the Apache Corp. Federal #1-3. The reduction
in apparent resistivity caused by the leachate can be
seen in the silt layer bepeath the reserve pit. The |
interpreted resistivity boundaries do nat correlate well
with lithologic changes. Values are in ohm~ft. See legend
of figure 24 for lithologic symbols.
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vare

ey Figure 49. A profile of interpreted resistivity values

i at the Texaco Inc. Charlson Madison North Unit c133. The

& reduction in apparent resistivity caused by the leachate

. created the 10-25 ohm-ft. zone heneath the reserve plt. The
%, interpreted resistivity boundaries correlate well at this site
with both the leachate boundaries and lithologic changes. See
legend of figure 24 for lithologic symbols.
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The two sites which were VES surveyed are characterized by
both lateral an&‘vertical discontinuity. The sediment size in the
deposits ranges from clay to gravel. The high silt percentage
and the degree of unconmsolidation of these deposgits resulted in
poor definition of the layer boundaries (Appendix F}). Fortunately,
the resistivity values of the leachate at these sites were
sufficiently low to permit detection by this method.

The two remaining study sites were not surveyed with the
registivity technique even though they were sedimentologically more
laterally continuous. It was felt that the depth to the water
table was too great and that leachate in the saturated zone would
not be detected.

At the Apache site vegetation was absent om the highly compacted
pad. This caused a slight reduction in resistivity over this area.
This reduction was greatly overshadowed by the much greater
influence of the leachate.

The lines of electrodes were oriented eagst-west at the Apache
site and north-south at the Texaco Charlson site. At each site
the arrays approximately paralleled the direction of shallow
groundwater flow. Studies have shown that the apparent resistivity
is variable and dependent upon the orientation of the electrode
array. Anomolies are therefore abnormally elongated in the
dir@ctien of traverse (Van Nostrand and Cook, 1966). The resulting
resigtivity patterns on iIsoresistivity maps for the sltes (figs.

41-44) are somewhat elongated parallel to the direction of the

electrode lines, However, this appears to be largely a result of
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leachate dispersion by groundwater flow In this same direction.

The assumption has been made in the presentation of borh the
apparent and interpreted resistivity data that the electrode
spacings {a} and depth of current penetration are equivalent.
This was assumed even though both sites contain zones of high
salinity pore water which could reduce current penetration. The
depth of current penetration and the electrede spacing are con-
sidered equal in this study because no observable pattern was

detected to indicate otherwise.

Effect of Pit Reclamation on Precipitation Infiltration.—-As .
previously discussed, the most common method of pit reclamation %
today is by trenching. A series of trenches, ranging in depth ?
from 14 to 21 feet (4.3 to 6.4m), are comstructed to radiate out y
from one side of the pit (fig. 50-B). Simultaneously, or shortly %
after completion of trench construction, the pit is pushed in from :
the opposite side by a bulldozer. As the filll is pushed toward E
the trenches it forces the drilling fluid into them. When the W
pit is completely filled with sediment most of the drilling fluid ;T

is contained in the trenches. The final stage of reclamation is
to cover the trenches with fill and to level and compact the
site (fig. 50-C).

Prior to the drilling of an oil well, an area {(pad)is leveled
and highly compacted to minimize settling due to the weight of the
il rig and associated heavy equiﬁment. This compaction creates
an area of high potential runoff and very low infiltracion capacity.

During reclamation the £fill in the reserve pit and trenches is
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A cross—section of an active drillimg fluld

Figure 30a.
pit.

Figure 50b. A drilling fluid pit upon conpletion of the
trenching operation and prior to back fi1lling. Note the depth
of the drilling fluid in the trenches in comparison to the

reserve pit.

Figure 50c. A drilling fluid pit upon completion of
reclamation. Sediment has been spread over the pit and the
area hag been leveled. Note that the majority of the drilling

fluid 18 now in the unlined trenches.

Figure 50d. The results of subsidence within the plt and
This increases the infiltration in this area.

trenches.




129

-
-
-—
- -
..
-
-~
;

DRILLING o
20— : FLUID o

FILL
§ PRECIRITATION o
» RUNOFF

[]
i. INFILTRATION ¢

\ CRACKS O iw
T2 CAVITIES

P




130

compacted to a lesser extent than the surrcunding sediment on the

pad. In addition, desiccation of the drilling fluid over time

reducesits volume and causes settling of the overlying fill. The
settling of the fill is wost prevaleat over the trenches (due to

the greater drilling fluld/fill ratio) but also occurs throughout
the pit area, Thias settling creates cavitiés and surface cracks
which act as preferred avenues for Infiltration. 1In additi&n,
ponding of water in surface depressions is caused by subsidence of
all or parts of the trench surfaces. This ponding, along with the
presence of surface cracks, results in greatly increased infiltration
‘ above the fluid filled trenches (figs. 50-D, 51, and 52). This, ie

therefore, increases the amount of leachate that is produced. The

( highly compacted sediment between the trenches and'throughout the ; i
% fest of the drill pad (uat including th@ area above the reserve %
! pit) often funnels éunoff intc the surface cracks, cavities, ) ta
and depressions of the fill io the pit and trenches. Infiltration zi
is also increased by the lack of vegetation over the reserve pit o

and trenches. Moisture that could be taken up by plants and
recirculated to the atmosphere is now available for infiltration
to the buried drilling fluid (fig. 50-D).

Heaith Effects of Drilling Fluid lLeachate.--Much concern has been

expressed about the toxicity and mobility of the chromium ion, a
component of certain drilling fluids. Chromium exists in three forma:
pure elemental chromium metal, hexavalent chromium (Cr*ﬁ} and txl-
valent chromium (Cr+3)‘ Trivalent chromium is very 1n$oluble and

j immobile but becomes highly mobile when oxidized to the hexavalent

1 : -'
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Figure 51. A collapsed trench surface at the Apache
Federal #1-5 site (this trench is from the reclamation of
the original reserve pit). The collapsed surface iz due to
desiccation of buried drilling fluid. The maximum depth of
the depression is 2.4 feet (0.7m). The photo 1s looking
east towards the buried reserve pit.

GUIE et TR

Figure 52. Deslccation and settling cracks developed
on the surface of the reclaimed reserve pit at Apache
Federal #1-5 re-entry. The photo was taken 5 weeks after the
pit was reclaimed. The knife is 9 inches (22.9 wm) in
length.
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state (Robertson, 1975). The hexavalent chromium lon is also much
more toxic than is the trivalent ion (Valkovic', 1975). The valence
state of chromium ie largely dependent upon the Eh and the pH of the

surrounding enviromment.

The Eh~pH stability field diagram for chromium in natural waters

at a temperature at 25°¢c and ome atmosphere is shown in fipgure 53.

The diagram indicates that there is only a small portion of the

typlcal groundwater fileld within which Cf+6 is stable. The conversion

of chromium to the hexavalent state requires strongly oxidizing
conditions.

The North Dakota State Department of Health Lab analyzed the
groundwater sampies for 29 chemical parameters. The Recommended
Concentration Limlt and Maximum Permissible Concentration Limit for
human, livestock uses, and irrigation purposes for a number of
these parameters are presented inrtable 3.

The Maximum Permissible Concentration Limit of 30 ug/L was
determined for chromium in its hexavalent state. This limit was
exceeded In only two of the water samples from the Four study
sites. Both of these samples were obtained from soll water
samplers emplaced in the reserve pit at the Texaco Gov't. NCT-1
site (fig. 37). The water samples from the saturated zones at
the Apache Federal 1-5 amnd Texaco Charlson €133 sites contained Cr
concentrations far below the Maximum Permissible Concentration.
Even 1f this ion is in its hexavalent state in this groundwater,
which 1s highly unlikely (fig. 53), it does not pose a health threat

at these concentrations.

‘ _
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Figure 53. Stability-field diagram for trivalent and
hexavalent chromium compounds in water at 25°C and one
atmosphere, Hexgvalent chromiuvm normally exlsts over a
small Eh-pH range in natural groundwaters. The pH range
for the groundwater at the study sites is shown 1n the
diagram (from Robertson, 1975, p. 522).
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Recommended Concentration Limits and Maximum
livestock, and
some selected chemical

Table 3,
Permissible Concentrations for hyman ,
irrigation crop consumption of
parameters (Freeze and Cherry, 1979).
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Human |Livestock| Crops
PARAMETER inmg/L [in mg/L|in mg/L
Total dissolved solids *{ 500 7000 700
Chloride * 250
Sulfate * 250
Nitrate ** 45 45
Iron ¥ 0.3
Manganese * 0.05
Copper * 1.0 |
Zinc * 5.0 .
inug/Ljinug/Llinug/L
Arsenic *¥ 50 200 |00
Barium ** 1000
Cadmium ** 1O 50 1O
Chromium *%* 50 1000 100
Selenjum ** 10 50 20
Leqgd ** 50 |00 [5000
Silyer ** 50 2000 {1000

* Recommended Concentration Limit based
upon taste and esthetic appearance.

* Maximum Permissible Concentration based
upon health effects.

isn RE BLOEH K

T MR FRA BNEE




138

Ar the Apache Federal 1-5 site only five parsmeters (IDS, c1l,

39&2—, Fe and Mn) exceeded the Recommended Concentration Limits im

the saturated zoge. The background concentration levels of TDS,

' 50&2“, and Mn also exceed these limits at this site. The

Recommended Concentration Limits for €1 and Fe are exceeded in
an area approximately 150 x 120 feet (46 x 37m) within the upper
saturated zone at this site (fig. 54). The limits for these ions
are set for taste and aesthetics of the water., The consumption of

water from the saturated zone at this site did not pose a health

threat to humans or livestock during the sampling period. %E
A number of parameters in groundwater at the Texaco Charlson Ei

C133 site exceed the drinking water standards., The Recommended .
i

Concentration Limits for TDS, c1, soaz“, Fe, and ¥Mn were =
exceeded but do not pose health threats {(Appendix E). The back~ %E
pis

ground concentration levels of TDS, Soazﬁ, and Mn also exceed the ¥
limits at this site. The Recommended Concentration Limits for Cl e

and Fe are exceeded in an area approximately 400 x 300 feet (122 x
91m) within the upper saturated zone at this site (fig. 55).
Maximum Permissible Concentration Ligits for Cd, Pb, ROB—’ and Se
were exceeded in the groundwater at this site (fig. 55). Ground-
water samples periodically exceeded the Maximum Concentration
Limite for Cd and Pb in an area approximately 200 x 200 feet (61 x

6lm) 1o the upper saturated zone. The mean of the quarterly water

samples exceeded the limits at only two plezometers, D, for Cd

9
and D5 for Pb (Appendix E). These two ions are potential carcino-

genics in concentrations exceeding the Maximum Concentration Limits
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Figure 54. Approximate 1imits of groundwater which

exceeds the Recommended Concentration Limirs for €17 and Fe

at the Apache Corp. Federal §#1-5 site. The upper 10 feet
(3m) of the saturated zone was monitored.
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Figure 55. Approximate limit of groundwater which
exceeds the Recommended Comcentration Limit and Maximum
Permissible Concentration Limit at the Texaco Charlson ]
€133 site. The upper 15 feet (4.6m) of rhe saturated zone

was monitored.
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(Valkovic', 1975j.

Se exceeds the Maximum Permissible Concentration Limit by a
factor of 25X over an area approximately 350 x 200 feet (107 x
61m) in the upper saturated zone (flig. 55). There has been some
question as to whether or not the 10 ug/L limit for Se is
justifiablé. The ﬁealnh affecte of this ion are not known at low
concentrations and 50 ug/L might be a more realistiﬁ limic {ﬂamnér,

1981). At the high concentration observed at this site, Se is a

potential‘carcinogen.

The comncentration of 333" in groundwater at the Texaco Charlson x
1
€133 exceeds the Maximum Permissible Concentration Limit by a factor By

of up to 110X (Appendix E). All of the water samples analyzed from

| the saturated zone at this site exceed the 10 mg/L limit for N03" h
{as N). The health effects of this ion are well known at ?

| concentrations exceeding this Timit. Adulfs can tolerate highex ;

‘ concentrations of HOS- but it is often fatal to Infants by inducing E

methemoglobinemia {“blue baby disease"). The human and livestock
consumption of shallow groundwater in the immediate area of the
Texaco Charlson G133 site constitutes a danger to health.

As aszessment of the groundwater qualiﬁy at the Texaco Gov't,
! (RCT-1} and Belco Petroleum B.N. Sheep Creek 1-~11 sites could
not. be made. The pore water in the unsaturated zone beneath these
reserve pits contained a number of parameters which exceeded
drinking water standards. However, this pore water will not be
consumed by humans or livestock and does not therefore constitute

a health hazard. The concern at these two sites is for the quality

: , | -
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of water that will reach the saturated zome where it has the potential
to be consumed. The reduction in ion concentrationa in thevpore
water through the unsaturated zone (figs. 37-40) is the basis for
the assumption that this water will be sufficiently reduced in these

concentrations and will not adversely affect the groundwater

beneath these two sites.




CONCLUSIONS

l | The following can be concluded from the results of this study:
1. lLeachate is being generated from the buried drilling fluid at

[ each of the four western North Dakota study sites, The amount
of leachate generafed is relatively small because of the

small volume of buried dfilliﬂg fluid and the normally low
amounts of subsurface infiltration of preciplitation., However,

infiltration 1s increased by the improper compaction of

sediments over the burled drilling fluid and by improper )
leveling of the site during reclamation. EE
2. The amount of drilling-fluid-generated leachate that reaches 2:
the graundéater table is assumed minimized by adsorption onto the ;:‘
commonly abundant Na montmorillonitic clays within the normally %;
thick unsaturated zone. The portion of leachate which entgrs g

the saturated zone 1s often dlluted by mechanical dispersion. '
3. Two of the study sites (Texsgco Gov't, "A" (NCT-1) apnd Belco

Petroleum B.N. Sheep Creek 1-11) were chosen because they

represent typical geologic an& gechydrologle conditions for

the majority of reserve pits in western H&rth Dakota, The

satyrated zone was not monitored at these two sites but the

reduction in ion concentrations in the leachate as it moved

through the unsaturated zone is the basis for assuming that

very little leachate is reaching the groundwater table., The

two other sites (Apache Corp. Federal 1-5 and Texaco Charlson
143 '
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Madison NHorth Unit (C1l33) were chosen because they represented
the "highest potential" for leachate migration. At these

sites leachate plumes were detected within the saturated zZone.
The chemical concentrations within the saturated zones at

these sites returned to background levels within a maxioum
radius of 400 feet (122m) from the reserve pit,

The consumption of shallow groundwater within the immediate
vicinity of the reserve pit at one of the four study sites
{Texaco Charlson Cl33) constitutes a danger to health.

Reserve pits are most often reclaimed by the trenching method
regardless of whether or not the pit was lined. The majority
of drilling Fluid is disposed of in these unlined trenches

and not in the reserve pit.

The chloride ion is the best single indicator of the maximusm
extent of leachate migration because of its high concentration
in drilling fluid, its low concentration in the shallow
groundwater in this area, and its mobility in the subsurface.
Electrical earth resistivity was used to successfully outline
the drilling-fluid-generated leachate plume at two of the

study sites.

Chromate drilling fluld additives were constituents of the buried
drilling fluid at two of the study sites (Apache Federal 1-5 and
Texaco Gov't. "A" NCT-1). The chromium ion was greatly reduced
in concentration in the pore water as the depth in the unsatu-~
rated zone increased at these sites. The shallow groundwater

beneath the buried drilling fluid at the Apache Federal 1-5

showad no increase in chromlium concentration.




RECOMMERDATIONS

Pit Reclamation.—-Unfortunately, thg disposal of discarded
drilling fluild over the years has been one of the most meglected
areas of shallow waste disposal within the state of North Dakota.

The reserve pits have been trenched regardless of whether or not
they had been lined and in total disregard to the local geohydrologic
| conditions. 1In addition, the liners in the pits have often not been
properly maintained and generally have suvbstantial tears in them

(fig. 56). There have also been cases where the reclamation !

trenches have been improperly constructed (fig. 57). The less ' 10
viscous ("fluid") portion of the drilling fluld 1is supposed to be ;%
removed from tﬁe plt prior to site reclamation. This did not occur -
at many of the regerve pit reclamations that I witnessed. Eg

In certain gechydrologic settings, i.e. a high water table and IF

",.._._m.

sediment with high hydraulic conductivities, the drilling fluid
should not be disposed of "on site™. At such locations the drilling
fluld should be removed and disposed of in an approved site.

In a few isolated sites the reserve pit has been reclaimed by
altemnative methods. Drilling fluld has been collected from the plt
and disposed in the deep subsurface by injection wells., This method
is rarely used because of the difficulties associated with the very
viscous nature of the fluid.

A few "towlc-free addirlves" have been develﬁped by drilling

145
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Figure 56. The reserve pit at the Apache Federal #1-5
site (re-entry). Note the gubstantial tear in the pit
liner. Photo taken looking south. '

Figure 57. A reserve plt in northern #illings County.
The reclamation trench is leading down the hillside into
the rawvine. :
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fluld companies. These additives perfoim the same service as thelr
toxie counterparts, for example, Chrome Free Lignosulfonate. These
were developed because of the bamning of some additives (i.e.,
chromates) in certain areas of the country. The use of such
additives reduces the potential health risk.

One solution discussed has been the sealing off of the burled
drilling fluid from infiltrating water by incapsulation in relatively
impermeable sediment. One such method has been designed by (Hicks,
in preparation) (fig. 58). The mounding of sediment would Increase
precipitation runoff and thereby reduce infiltration and consequentlal
leachate. If a method can be devised to desiccate the drilling fluid
prior to pit reclamation, this method of incapsulation and mounding
" will have more merit. Desiccation would also eliminate the volume
of leachate generated.

The 1lithology of the upper 200 feet (6lm) of sediment at each
drill site should be determined. In addition, the depth to the
water table should be determined. This determination could be made
while the gil-and-gas well was being spudded. This information
should be sent to the state or federal agency in charge of site
reclamation to enable the selectlion of the proper reclamation method.

Further Study.—-This study bas determined that leachate will be

generated by the current method of reserve plt reclamation. Therefore,

it is important to focus Interest in areas where this leachate will

degrade the local groundwater. This concern should now be focused
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serve pit reclamation
This method should increase
leachate generated by the buried

Figure 58. Alternative method of re
{from Hicks, 1o preparation).
surface rumoff and decrease
drilling fluid.
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on oll-and-gas well sites in north-central North Dakota. Sites
sltuated upon permeable glacial meltwater channels have a high
potential for large~scale leachate contamination of the shallow
groundwater. The sites in this area should be monitored in both
the saturated and unsaturated zones with plezometers and soll
water samplers.

Future studles in the semi-arid climate of western North
Dakota and eastern Montana should focus upon the migration amd
attenuation mechanisms of the drilling fluid leachate in the
unsaturated zone., Soll water samplers should be placed in the
unsaturated zone both beneath and adjacent to the buried drilling
fluid to enable determination of lateral and wertical leachate
migration. Any future study should alsc incorporate the use of
x-ray fluoregcence (XRF), scanning electron microscopy (SEM),
and/or other gen&hamical techniques to accurately determine the
attenuating mechanlems. ’

Alternative methods of reserve pit reclamarion should be
studied. If a method can be devised to desiccate the drilling
fluid prior to burial, it can be confined to the limed pit. This

confinement will greatly reduce the amount of leachate that will

be generated.
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43-02-03-19. PIT FOR DRILLING MUD AND DRILL CUTTINGS, AND
RESTORATION OF SURFACE. 1In order to assure a supply of proper mat-
erial or mud-laden fluid to confine o0il, gas, or water to their native
gtrata during the drilling of any well, each operator shall provide,
before drilling 1s commenced, a container or pit of sufficient size
to contaln said material or fluid, and the accumulation of drill
cuttings, The pit shall be leveled and the surface restored within
a reasonable time after the well has been completed.

{(((No pit shall be constructed so as to allow surface or sub-
surface contamination by seepage or flowage from sald pit.)))

Pits shall not be located in, or hazardously near, stream - courses,
nor shall they block natural dralnages, and shall be constructed in
such a manner so as to prevent contamination of surface or subsurface
waters by seepage or flowage therefrom.

In the construction of a drill site or production facility, the
topsoil shall be removed, stockpiled, and stabilized for later redis-
tribution on the surface of the location when it 1s reclaimed.
"Topsoil" means the suitable plant growth material on the surface,
however, in no event shall this be deemed to be more than the top

8" of soil, :

Within a reasonable time, normally no more than one year, after -
the completion of a well, pits shall be pushed in and levelled, or E
in the case of abandonment, the site shall be restored. Prior to the bt
commencement of such operations, the operator or the operator's agent -
shall file a notice of intention (Form 4) to level pits or restore
site with the State Geologist and obtaln approval from the State A
Geologist or his representative. Verbal approval to commence i
operations may be given, in which case the operator shall file a .

subsequent notice with the State Geologist reporting the work performed. '
Any operator who obtains verbal approval may be required by the State
Geologist to perform additional work if the State Geologist determines
that the work performed does not constitute proper restoration, or
does not comport with the subsequent notice of intention submitted.
The notice shall state the name and location of the well, the name

of the operator, and the method of restoration, and shall include

a statement of proposed work. Such work shall include, but not be
limited to the following:

(1) The location or unused portion shall be restored as close
as possible to origipnal condition. This work will be done within
a reasonable time after plugging or setting production casing.

{2) The stockpiled topsoil will be evenly distributed over the
location, and revegetation will be native species or to the specifi-
cations of the appropriate government representative and the landowner.

(3) If required by the State Geologist, the reserve pit will
have fencing on three sides during drilling operations, and prior
to rig release the fourth side will be fenced. The pit fence will
maintain until the pit is dry.

(4) If there is any oil on the pits when drilling is completed,
it will be removed immediately or the pits will be flagged overhead.

General Authority Law Implemented
NDCC 38-08-04 NDCC 38-08-04

i |
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Abbreviations used in the lithologlc auger hole descriptions.

Word Abbreviation
alternating altg
black blk
blue bl
brown brn
carbonaceous carh
cement Cnt
clay (-ey) Cl, cl
concretion Conc
dark dk
fossil {~liferous) Foes, foss
fragment Frag, frag
gravel Gry
gray {-ish) gry, grysh
green (-ish) gn, gnsh
high (=1y) hi
indurated ind
interval Intvl
laminated lam

Word Abbreviation
light 1t
lignite (~itie) Lig, lig
ligmonite {~itic) Lim, lim
lithic 1lit
medium med
moderate mod
nodules Nod
orange (~ish) or, orsh
parting - ptg
pebble {-1y) Fbl, pbl
rock Bk
sand {~vy} §d, sdy
silt {(-v) 81t, slty
stringer strgr
subamgular sbang
subrounded sbrndd
yellow {-ish yel, yelsh

(Swamson, 1981)
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TABLE 4
LITHOLOGIC DESCRIPTION OF DRILL HOLES AT TEXACO GOV'T. "A" (NCT-1).

Auger Hole No. Al

Interval (in ft.) Lithologic Description
0-13 © 841lt, 1t gry, Cl Pres.
13-19 81l¢, 1t brm, Clinker Frags.
18-23.5 Sand, 1t gro-gry, f gr, sbmmdd.
23.5-24 Concretion.
24-28.5 Sand, yel-brn, mod cmt.
28.5-32 Lignite. ~
32-38 Clay, 1t gry-bl.
38-45 Clay, 1t gry, amlty.
45-47 Lignite.
47-58 Clay, dk gry.
58-59 Lignite.
59-62 Clay, 1t grn, hi ind, Lig Strgrs.
TD

Auger Hole No. A3

Interval (in ft.) Lithologic Description
0-18 Silt, bron-drk brm, Cl, Clinker Frags.
18-20 Clay, 1t bro-gry, silty.
20-21 Concretion.
21-29 Clay, 1t bro-gry, slty.
29-34.5 Lignite.
34,5~39.5 Clay, 1t grn—gry, slty.
39.5-41 Clay, dk brn, silty, Clinker Frags.
4144 Clay, 1t bl, slty.
44-45 Lignite.
45-51 Clay, 1t gro-gry, slty.
51-68 Clay, 1t bl-gry.
D

Auger Hole HNo. All

Interval (dn f£t.) Lithologic Description
0-19 Clay, dk bmm, slty. .
19-31 Clay, lt brm, slty, Clinker Frags.
31-34 Sand, 1t brn-vel, f gr.
3437 Lignite.
37-46 Clay, med gry.
46-46.5 Lignite.
46 .5-50 Clay, 1t gry, lig.
30~72 Clay, lt bl-gry, Lim Nod.
™
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TABLE 4 (CONT,)
Auger Hole No. Al2Z

Interval (in fr.} Lithologic Description
0-19 silt, yel~brn to dk brn, sdy, cl.
1922 Clay, bry, slty, lam.
22--33 §ilt, yel-brn to bmm.
: 33~43 Sand, brn, v £ gr, slty.
s 43-45 Lignite. _
i 45-55 Clay, bl, altg lig €1, dk gry-blk.
55-64 Clay, bl-gry.
64-67 Lignite,
| 67-72 Clay, bl-gry.
™D

Auger Hole No. Al4

Interval {in ft.) Lithologic Description

0~24 Clay, yel=brn, slty, carb.

24~30 gilt, brn to yel-bmm, cl. -
30-34 Clay, vel-brn, slty. ol
34-36 Clay, gry, lig. .
36-40 Lignite. -
40-48 Clay, gry-bl. “
4850 Lignite. R g
50-62 ‘ Clay, gry-bl. :
TD

TABLE 5

LITHOLOGIC DESCRIPTION OF DRILL HOLES AT BELCO PETROLEUM
B.N. SHEEP CK. #1-11.

Auger Hole No. B6

Interval {(in ft.) Lithologic Degcription
Q-12 S1lt, gry-bmm.
12-1% Clay, or-grv, foss.
16«19 Lignite.
19-50 Clay, bl-gry, altg. bm Cl, foss.
50-50.5% Cemented zone, auger could not penetrate.
D

Auger Hole No. B7

Interval (in ft.) Lithologic Description
0~13 Clay, 1t gry, slcy.
13-25 Silt, 1t gry-brmn, Clinker Frags, Lig Frags.
25-28 81le, dk b, sdy.
28-30 Clay, gry.
30-30.5 "Lignite,
30.5-43 Clay, bl-gry.

l‘l..I'lNunlnn-IIIlII-lnnn-nnnun----nmm.-muu- — ey . -
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TABLE 5 (CONT.)

43-43.5 Cemented zone, auger could not penetrate.
TD
g TABLE 6
LITHOLOGIC DESCRIPTION OF DRILL HOLES AT APACHE FEDERAL #1-5.
Auger Hole No. Cl
v Interval {(in ft.) Lithologic Description
0-25 511t, It bm~brn, sdy, C1 Intvls.
25-34.5 Clay, bm=dk bm, slty.
34.5~40 Sand, bm, med. gr.
£0-47.5 Gravel, sdy, Clinker & Lig Frags. -
™n "
-
Auger Hole No. C5 "
Interval {in ft.)} ILithologic Description ¥
0-14 - silt, 1t yel-bm, cl. ¥
14-28 Clay, 1t byn, slty, Lig & Clinker Frapgs.
28-32.,5 ’ Sand, brn, med-f gr.
32.5-37.5 Gravel , sdy, Clinker & Lig Frags.
™
Auger Hole No. Cé
Interval (in ft.) Lithologic Description
0~14 §ily, 1t vel-bmm, cl.
l4-28 Clay, brn-1lt brn, Lig & Clinker Frags.
29~36.5 8and, brn, med-f gr.
36, 5-38 Gravel, sdy, Clinker & Lig Frags.
Ny ’

Auger Hole No. Cl1

Interval (in f£.) lithologic Description
0~11 811t, 1t yel-bmm, cl.
11-24 Clay, yvel-brn, slty, Clinker & Lig Frags.
29-37.5 Sand, 1lt-dk gry, med-f pr, Clinker &
Lig Frags.
37.5-38.5 Gravel, sdy.

XL
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Interval

0-9
924

24“279

27.5-38
38-55
TD

Interyal

0-19
19-30
30-42
4247

D

Interval
0-14
14-22
2235

35-39
3942
4247
47-49
49-62
D

LITHOLOGIC

Interval

0-14
1426

26-29
29-40
40-52

)
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Auger Hole No. €13

{in fr.)

5

Lithologic Description’
sile, 1t yel-brm, cl.
Clay, yel-brn, slty, Clinker & Lig Frags.
Sand, lt-dk gry, med-f gr, Clinker &
Lig Frags.
Gravel, sdy.
Clay, gry-1t bl, slty,

Auger Hole No. Cl4

{in fr.}

Lithologic Description
§1le, 1t yel-brn, sdy.
Sand, med gr.
Gravel, sdy.
Clay, 1t bl to gm-bl.

Auger Hole No. C15

{in ftr.)

Lithologic Description
Sile, 1t yel-brm, sdy.
Sand, med brn, med gr.
Sand, gry, med gr, Clinker & ILig
Frags, Grv.
Gravel, ady.
Clay, 1t bl.
Sand, gry, med gr.
Clay, 1t gry-bl.
Sand, gry, med gr.

TABLE 7

DESCRIPTION OF DRILL HOLES AT TEXACO CHARLSON C133.

Auger Hole No. D1

{in ft.)

Lithologic Description

Silt, 1t yel-brnm, sdy, cl.

Sand, med brn, med gr, slty, Clinker
& Lig Frags.

Clay, 1t yel, slty.

Clay, drk brn, slty, Clinker Frags.

Sand, med—dk brm, slty, Clinker & Lig
Frags.

o
I
W
5
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52-65 Gravel sdy.
TD

Auger Hole No. b3

Interval (im ft.) Lithologic Description

0-18 Sand, 1t yel-bru, slty, ¢l, Clisker & Lig Frags.
18~23 Gravel.

23-33 Sand, med-dik brn, slty, Clinker & Lig Frags.
33-42 Clay, dk brn-brm, sity, 1lit BK & Lig Frags.
4245 Gravel.

4554 Clay, dk brn-brn, slty, 1lit Rk & Lig Frags.
54~66 Clay, blk-dk byn, sity, Clinker & Lig Fragsa.

! 6672 Gravel, sdy.
D

Auger Hole No. D4

Interval (in ft.) Lithologic Description :
05 8ilt, 1t gry, cl. -
5-26 Sand, yel-brn, slty, c¢l, Clinker Frags. "
26--31 Clay, dk brn, slty. w
31-36 Clay, yel-bmn, slty, lLig Frags. :
36-42 Gravel, sady.
TD

Auger Hole No. D5

Intervagl (in ft.) Lithologic Description
0-7 Clay, 1t brn, slty.
) 7~11 Drilling Fluid.
i1-13 8ilt, 1t bron~brn, sity, Clinker Frags.
13-28 Clay, bra-dk brm, slty, Sd Strgr.
28~32.5 Gravel, sdy, sbrpdd,
TD

Auger Hole No. D9

Interval {4in ft.) Lithologic Description
0-10 S8ilt, 1t yel~brn, ady.
10-18 Sand, 1t vel-bmmn, v f gr, slty.
1823 Gravel, sdy, sbang 1it Rk pbls.
23-31 Clay, brn-dk brmm, slty, Sd Strgr.
31-37.5 Gravel, sdy.
TD
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Auger Hole No. D1D

Interval {in ft.) Lithologic Description
0-7 Clay, 1t brn, slty.
7-11 Drilling Fluid.
11-15 Sand, 1t brn-brn, slty, Clinker Frags.
15-28 Clay, brn-dk brn, slty.
28~32.5 Gravel, sdy.
D

Auger Hole ¥o. D11

Interval (in ft.) Lithologlc Description
0-9 5ilt, 1t yel-brn, el.
9~29 Clay, brn, slty, Clinker Frags.
29-32.5 Gravel.
T

Auger Hole No. D12

Interval {in fr.) Lithologic Description
0-11 S8ile, 1t bro~brn, ol, ady.
11~22 Clay, bm-lt gry, slty, Clinker Frags.
22-31 Sand, it brn-gry, slty, Cl strgr.
31~-37.5 ‘Gravel, sdy, lit Rk sbrndd-sbang phbl.

™
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e i AW g 1

HYDROMETER METHOD OF TEXTURAL ANALYSES

The sample was alr-dried and placed on a thin cardboard béx

iA 1id on a wooden surface, The blunt end of a rock chisel was dropped
on the sample with just enongh force to disaggregate the sample.
This was done until the pleces were approximately 13 mm or smaller.

' The day before analyses were run, a batch of 4 percent palgen
solutlon was mixed and placed in a carboy. At the same time,

two distllled water carboys were filled and all cthree wefa left

overnight to attain room tempevrature. Approximately 43 grams of a

dERERER

sample were weighed and put in a beaker {(pint jar). The sample

—

was sosked overnlght in 125 ml of 4 percent Calgon solution. A
test cylinder of 125 ml & percent Calgon salutiop was prepared
to determine the hydrometer welght of the Calgon. After soaking,
the sample was put in the mechanical analysis stlrred with some
distilled water and agitated for ome to twoe minutes. It was
then decanted into a settling cylinder. If any clay balls coated
with sand graims were present, they were gently flattened with a
glass stirring rod and agitated in the stirrver with additional
distilled water until completely dispersed before belng added

to the settling cylinder. The ;yiinder wags topped off with
distllled water and agitated for about 45 seconds with a rubber
stopper full of holes attached to an irom rod. Any sand or
gravel clinging to the stopper was washed off with distilled

water into the soaking beaker and added to the sample during wet-

o B )
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sleving. The sample was left to settle for approximately two and
one-half hours depending on the water (room) temperature (two
hours thirty-three minutes for ZZOC). The hydrometer reading
was recorded and the test {algon readiog subtracted from it to
obtain the clay weight. The sample was then wet-gieved and the
sand and gravel was returned to the soaking beaker. The sample
was dried overnight in an oven at 100°C. The sample was then
put on the Ro-Tap mechanical shaker for ten minutes with No. 10
(Z mm}, No. 18 (1 mm), and No. 230 (63 microns) sieves. The sand
envelopes weére weighed during sieving then filled with the sand
and gravel fraction and weighed again éubtracting the envelope
weight to obtain the sand and gravel welght. The gravel was
subtracted from the original sample weight and the corrected
weight was used to calculate the sand, gilt,‘and clay percentages.

All weight not accounted for by the gravel, sand, and clay was

considered ' gilt .

b
i

.
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Table 8. TEXTURAL ANALYSES OF SEDTMENT AT THE TEXACO GOVERNMENT
"A'" (NCT-1) SITE.

Depth General Description % Sand Z 51lt Z Clay
1 Fill 31.1 33.2 35,7
_ &' Fill 12.3 48.9 38.8
1 §! Fill 3.3 56.9 39.8
9.5 Fill 0.6 36.2 63.2
11° $ilty clay 0.4 31.3 68.3
, 1z Clayey silt 0.2 66.4 33.4
14.57 Silty clay 1.2 44.5 54.3
17t 8ilry clay 2.0 48.0 50.0 ;
19.5° Clayey silt 3.1 63.6 33.3 S
22" . Clayvey silt 7.4 56,1 36,5 "
22.5" Laminated elayey silt 15.0 66.2 18.8.
24 .57 V. F. sand 64.6 . 9.9 25.5
25.5¢ Clayey silt 12.8 62.8 24.4
27° Clayey silt 0.7 66.0 33.3
4 28’ Laminated clayvey silt 7 é3.1 50.3 26.6
29° V. F. sand 6l.4 16.4 22.2
32! V.F. sand 55.0 18.2 26.8
33.5° Clay 0.2 15.6 84.2
42° S8ilty clay ' 0.1 41.1 38.8
64" Silty clay 0.4 40.8 58,8
Mean 14.7 | 43.7 41.6
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TEXTURAL ANALYSES OF SEDIMENT AT THE BELCO PETROLEUM

TABLE 9.
B.N. SBEEP ¢K. #1~11 SITE
Depth General Description % Sand
1 Fill 11.1
4.5" Fill 14.9
6" Fill 7.6
§.5° Drilling Fluld & Fill 12.8
11’ 511t 6.2
12 silg 0.2
13.5¢ 511t 1.0
15" S5ilty Clay 4,6
19.5" silty Clay 2.5
227 Clayey Silt 4.7
251 Clay 0.3
28’ Clay 1.7
3y’ Clayey Silt 1.8
43" Clayey $ilt 17.7
Mean 5.8

% sile

53.2
31.0
54.6
52.6
74.3
64.3
55.7
41.8
31.0
57.6
33.2
31.7
58.2

47.9

50.5

% clay

35.7
34.1
37.8
3.6
25.5
35.35
43.3
33.6
66.5
37.7
66.5
66.6
40

34.4

43.7

L]
13
e




TARLE 10,

:
o

4.5°7
6°
9!
11’
12
14
15!
7!
26!
28
30!

45°
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TEXTURAL ANALYSES OF SEﬁIHENT AT THE APACHE CORP.
FEDERAL #1-5 SITE
General Description % Sand % 811t % Clay
Fi1l 5.6 52.2 42,2
Fill 10.9 58.0 31.1
Fill 8.3 54.0 37.7
Fiil 17.0 - 50.8 32.2
Fili 25.2 47.0 27.8
Silt 6.4 66.9 26.7
silt 18.6 55.8 25.6
Silt 8.1 59.7 32.2
Silc 11.6 61.7 26.7
Clayey Silt ' 4.0 63.7 32.3
811t 19.4 60.5 20,1
Silty Sand 59.6 29.3 11.1
511t 8.1 66.3 25.6

Mean 15.6 55.8 2B.6

.
3
[} 1.3

P
L




TEXTURAL ANALYSES OF SEDIMENT AT THE TEXACO
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CHARLSON MADISON NORTH UNIT €133 SITE

TABLE 11,

Depth General Description
1 Fill

4.57 Fill

6! Fill

8' Fill

11° Sandy Silt
13 8ilty Sand
15° Clayey Silt
16,57 Clayey 8ilt
18’ Sandy Silt
28" Clayey Silt
32t Siity Clay

Mean

% Sand

20.7
24.1
18.3
46.0
41.4
44,2
17.5

7.9
27.7

1.1

1‘5

22.8

% 511t % Clay
51.5 27.8
37.4 38.5
35.1 46.6
37.0 17.0
43.1 15.5
40.9 14.9
57.0 25.5
64.4 27.7
52.3 20.0
50.1 48.8
21.9 76.6
44.6 32.6

Bt
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Sta.
Date-X

Cond.
DS
Fe

Total H.

Na

Cl

80
Total A.
HCO4
CO5

% Na

Cd
Cr
Cu
Pb
pH
Se
Temp.,
Turb.
Zn
SAR
NO

171

Instrumentation Number
Sampling date or wmean

Specific conductance in microwhos/em.
Total dissolved solids in milligrams/litre
Iron in milligrams/litre

Manganese in mllligrams/litre

Caleium in milligrams/litre

Magnesium in milligrams/litre

Total hardness in milligrams/litre
Potassium in milligrams/litre

Sodium in milligrams/litre

Chloride in milligrams/litre

Sulfate in mllligrams/litre

Total alkalinity (CaCQ3) in milligrams/litre
Bicarbonate in milligrams/litre

Carbonate in milligrama/litre

Fluoride in milligrams/litre

Percent sodium

Arsenic in micrograms/litre

Barium in micrograms/litre

Cadmium in micrograms/litre

Chromium in mlerograms/litre

Copper in micrograms/litre

Lead in micrograms/litre

Field pH

Selenium in micrograms/iftre

Fileld temperature in degrees Celsius
Turbidity

Zine In micrograms/litre

Sodium absorption ratie

Nitrate reported as N in milligrams/litre

TREERFE




TABLE 12.

Iastr. No.
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RESULTS OF QUARTERLY WATER SAMPLING FROM
INSTRUMENT STATIONS AT TEXACO INC. GOV'T.
"A" (NCT~1) SITE

Sampling Date

o/3s0 L8l 8/8/8L
0 0 0
0 0 0
Q 0 0
- - X
X 0 b4
X 0 0
X X X
0 X 0
2 0 D
- - X
X X X
0 Q g
X X b4

Water sample obtained from instrument
No sample obtained from instrument

Sampling device not yet instrumented

S0il water sampler

10/9/81

b oM M

]

g
HE
HL

[



Sta.
Date-X

Cond,
s

Fe

Mn

Ca

Mg
Total H.
K

Ka

cl

50&

Total A.

Temp.
Turk.
Zn
SAR
NO

Ay

6/27/81

18,200
17,300
0.42
1.77
565
522
3560
77.7
4080
2000
9550
911
1110
0
0.2
71.2
22
260
3.2
1.5
74.0
&
7.2
11.0
1.0
103
29,7
<2

173

A,

16/9/81

23,100
22,400
0.67
2,49
532
707
4240
59.2
6630
3500
10,100
1220
1490

0

0,2
77.1
29

60

4.0
4.9
19.6
13

6.5

<2
10.0

5.0

145
44.2
85.6

w1

20,650
19,850
0.55
2,13
549
615
3900
68.5
5355
2750
9825
1066
1300

0.2
74.2
26
160
1.6
3.2
46 .8
8.5
6.9
:ﬁz
11.90
3.0
124
37.0
42.8

Ag

9/30/80

49,800
32,700
0.30
8.70
1570
760
7060
148
11,400
14,000
4480
587
717

0

0.3

18.0
5.00

39.2
2,60

Ag

7/17/81

44,000
32,000
0.30
6.03
1460
760
6770
152

16,200

‘3590

320
636
0
g.2
75,2
24
160
B.5
74.4
141
36
6.8

14.0
2.0
158
50.3
5.0

As

10/9/81

44,100
32,200
0.54
5.16
1480
770
6860
133
10,300
15,000
4260
564
689

0

0.2
76.4
24.7
50
10.4
78.0
111

34

6.1

<2

15

4.0
175

e RER

54,0

z.00
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Sta. Ag Ag g Ag Ay A

Date~X X 9/3/80  10/9/81 x 9/3/80 1/7/81
Cond. 45,967 95,000 75,700  B5,350 272,800 180,000

; DS 32,350 67,800 59,500 63,650 169,000 135,000
Fe 0.38 0.80 0.72 0.76 2.1 8.08

| Mn 6.63 5.30 16.1 10.7 9.8 8.68
Ca 1503 3170 3250 2310 7940 6550
Mg 763 990 940 965 174 - 360
Total H. 6897 11,900 11,900 11,900 20,500 17,800
' 144 475 430 453 1660 1580
Na 10,850 24,000 20,000 22,000 62,600 49,900
c1 15,100 37,500 32,500 35,000 95,000 75,000
50, 4110 1260 1940 1600 1690 2160 g
Total A. 557 719 736 728 579 675 .
HOO, 681 879 899 889 708 825 3
€0, 0 0 0 0 0 o
¥ 0.2 0.1 0.1 0.1 0.0 0.0
% Na 76.5 81.2 78.3 79.8 86.8 85.8
As BT S — 88.1 88.1 —— 48

é Ba 105 - 120 120 — 970
cd 9.5 - 1,0 3.0 — 13.9

: cr 86.2 - 98,8 98.9 — 10.4

= Cu 126 - 161 161 - 653

’ Ph 35 —-— 62 62 — 607
pH 6.5 5.8 6.0 5.9 5.6 —_—
Se <2 . <2 <2 —— ——
Temp. - 17 15 16 15 B
Turb. - 3.0 480 - 3.0 2.0
Zn 167 —_— 211 211 — 715
SAR 54,5 95.4 79.4 87.4 189 162
NQB 3.0 . 2.0 <2 <2 <2 <2




Sta.
Date-X

Cond.
DS

Fe

M

Ca

Mg
Total H.
K

NHa

cl

SO&
Total A.
HCO

3
co

3
F
% Na
As
Ba
cd
Cr
Cu
Pb
Pl
Se
Temp.
Turb.
in
SAR

175

A7 A7

7/17/81 1o/9/81

167,500 165,000
153,000 146,000

1.81 3.54
13.7 13.8
6660 7100
390 515
18,200 19,800
1610 1820

55,300 35,400
87,500 ' 100,000

1690 1580
630 657
770 803
0 0
8.0 0.0
86,7 79.4
217 14 .0
580 o
8.3 2.0
8.1 9.9
510 275
122 30
6.4 5.5
r— «2
11 13
1.0 3.0
1030 433
178 109
<2 <2

Ay

-

X

173,750
149,500
2.82
23.5
6880
375
19,000
1635
52,611
91,250
1690
666
787

0

0.0
86.3
93

775
8.1
9,5
480
253
5.8

<2

12

7126
170
<2

Ag

1/7/81

165,000
132,000
9.72
5.73
8250
197
21,400
2430
60,300
75,000
728

wan s

330

6/27/81

34,200
32,200

0.36

2.77
562
1050
3740
117
8320
6500
14,700
1150
1410
0

0.4
75,8

11.0
3.0

47.7
264

Ay

9/3/80

35,100
21,800
0.1
0.3
437
515
323
43,7
7760
9250
3630
323
395
o
0.4
83.9
12
360
5.0
1.1
270
104
6.6
<3
11.0
5.0
156
59.5
7.92

GRS
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Sta.
Date~X

Cond.,
D8

Fe

Mn

Ca

Mg
Total H.
K

Na

cl

SG&
Total A.
HCO

3

CGS
F

Z Na

Ba

cd

Cr
Cu
Ph
rE
Se.
Temp,
Turh.
Zn
SAR
RO

A

1/7/8L

22,500
13,200
0.58
0.6
266
305
1920
39,8
4890
5250
2300
347
424

0

3.0
110
48.5
2.0

176

Ay

6/27/81

19,800
13,200
1.54
0,600
187
186
1230
33.2
4310
5250
2970
486
594

0

0.5
88.3

—————

53.3
<2

Wi

25,800
16,067
N/
0.5
297
335
1158
38.9
5653
6583
2967
385

471

0.5
85.6
12
245
4.1
5.0
174
121
7.2

Ajq

9/3/80
21,000
14,400

0.8
1.8

256

252
1670
31.2
5120
2750
5420
1010
1240
0
0.5
86.8
16
5.6
6.0
204
23
6.9
<3
11

‘50

211
54.3
21.6

13
1/7/81

15,000
12,500
0.34
0.71
192
153

1100

33.5
3980
1700
5820
1110

1360

0.4
88.5
16
260
8.5
2.3
127

- 102

51,9

Ay

6/8/81

15,400
12,100
0.32
1.21
171
121
926
26.1
3560
1000
6590
1160
1420
0
0.5
89.2
25
250
5.9
10.4
135
29
7.6

11
5.0
272
5G.8
<2

e ety
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Bta.
Date~X

Cond.
TDS
Fe
Mn
Ca
Mg
Total H.
K

Ka
Cl
50

4
Total A.

Temp.
Turhb.
Zn
SAR

A1a

10/9/81

14,200
12,500
¢.31
1.13
148
1eg
859
20.8
4420
875
6260
1160
1420
o
0.4
91.7
24.3
30
7.3
6.1
57.6
7.0
6.8
<2
10
4.0
162
65.5
<2

177

W

15,200
12,500
0.33
1.17
182
137
1013
28.7
4200
1350
6040
1160
1390

0.5
88.9
21
145
6.6
5.6
131
26
7.1
<2
11

187
53.1
<2

e weg
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TABLE 13, RESULTS OF QUARTERLY WATER SAMPLING FROM
INSTRUMENT STATIONS AT BELCO PETROLEUM
B.N. SHEEP CREEK #1-11 SITE.

Instr. No. Sampling Date
9/3/80 1/7/81 6/29/81 10/4/81
| *
E 31 0 Q X X
%
32 0 0 o 0 ?
*
BB X X X X
*
4 B& X X X X
*
Bs 0 X X b4
*
Bé 0 0 a 0
X Water sample obtained from instrument

] 0 No sample obtained from instrument

l *  Soll water sampler
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:"_L ' Sta. B, B, B, B, B, B,
Date~-X 6/29/81 10/4/81 x 9/3/80  1/7/81 6/8/81
, Cond. 22,500 - 22,500 269,200 150,000 161,000
| DS 19,000 -~ 19,000 167,000 137,000 135,000
Fe 0.22 0.42 0.32 1.8 6.32 1.06
/ Mo 0.780 0.24 0.51 3.2 7.11 5.08
Ca 467 550 509 6760 6100 5500
Mg 597 637 617 960 995 1150
Total H. 3620 3990 3805 20,800 19,300 18,400
K 47.5 74.0 61 2200 2010 1770
1 Na 4300 6170 5235 61,600 56,000 50,100
1 c1 4500 4750 4625 93,700 70,000 75,000
80, 8510 8000 8255 2190 1880 1790 :
Total A. 882 - 882 241 294 294
HCD 1070 e 1070 295 359 360
k* €0, ¢ —— 0 0 0 0
¥ 0.2 - 0,2 0.0 0.0 0.0
% Na 71.9 76.9 74.4 86.4 86.2 85.4
As - e - ~— 38 163
{ Ba - - - - 780 420
¢d - - - - 76.3 51.3
cr - -— - - 2.6 5.4
Cu - e - - 557 491
Pb - - - - 1320 216
pH 7.6 7.6 7.1 5.5 — 5.7
Se - — —_ —_ —— ——
Temp. 12 12 12 13 8 9
Turb. 4.0 — 4,0 2.0 2.0 0.00
o - - -~ o 569 440
SAR : 31.0 42.4 36.6 185 175 - 160
RO, - 106 106 2.0 2.0 2.0
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Sta.
Date-X

Cond.
D5
Fe
Mn
Ca
Mg
Total H.
K

Na
Cl
30

4
Total A.

Tewp.
Turb.
Zn
AR

33

10/6/81

158,000
158,000
2.13
4.99
6070
1450
21,100
1850
59,900
87,500
1740
332
406

0

0.0
85.9
40,2
70

2.3
5.8
i38
B4.2
5.2

<2

12

4.0
296
179
2.0

180

By

X

159,500

136,000
1.96
4.095
6085
1673
20,050
1930
57,950
81,250
1835
294
360

0

0.0
86.1
BO.4
800
63.8
5.6
324
540
5.6

<2

11

435
177
2.0

B,

9/3/80

82,200
55,100
0.30
0.80
2190
1430
11,300
377
18,100
29,000
3760
366
448

0

0.1

3.0

74
2.0

B

1/7/81

63,000
46,000
2.3
1.21
2090
1540
11,500
490
18,400
20,000
3160
542
662

0

6.0
77.5
17
270
8.6
6.8
274
353

225
74.3
2‘0

B,

6/8/81

73,200
52,900
0.32
1.08
1870
1440
10,600
385
16,500
28,700
3630
523
639

0

0.0
77.1
56

450
13.7
1.4
140

27

6.2

1.0
183
69.7
2.0

B,

10/6/81

71,800
57,200
8.41
6.41
1520
1570
11,200
369
19,500
30,000
3460 :
552
675

0

0.1
78.9
89.6
100
10.0
133
166
5.7

<2

10

45

180
80,1
2.0
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Sta.
Date-X

Cond .
TDS

Te

¥n

Ca

Mg
Total H.

Na
Cl
sQ
Total A.

Temp.
Turh.
Zn

wnt

72,500
54,000
1.35
1.15
2005
1490
11,250
381
18,250
28,750
3545
533
651

6.1
77.5
54,2
273
11.15
6.1
182
182
6.2
<2

———

——

196

181

By

1/7/81

41,000
32,800
1.62
3.31
1060
810
5980
99.5
9010
12,000
3210

By

6/8/81

41,000
27,100
4.89
2.55
900
750
5330
32.0
7980
13,700
3360
517
632

0

0.1
76.3.
21
260
1.8
2.3,
81.0
a8
6.2

10

50

137

By

10/6/81

39,400
28,200
11.4
2.85
950
830
5790
65.5
9410
13,700
2910
515
629

o

0.1
77.8
40.0

4.8
8.6
41.1
36
5.9
<2
10
9G.0
164

L)

41,000
29,950
5.97
2.%0
970
797
5700
86.0
8800
13,133
3160 '
516
631

0.1
76.9
24.3
205
S.4
5.4
85.0
93
6.1
<2

153
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i TABLE 14. RESULTS OF QUARTERLY WATER SAMPLING FROM INSTRUMENT
STATIONS AT APACHE CORP, FEDERAL #1~5 SITE

{ Instr. No. Sampling Date
‘l 9/30/80 1/7/81 6/29/81 10/12/81
j c, X X X X
c, - - X X
£ cBa - - X X
l C3b - - X X
| c; - - 0 0
i s X X - -
06 X X - -
C?a B - X X
. C?b - - X X
CS* - - 0O 0
Cg* - - £ 0
4 Cq - - 0 X
‘n X X N B
C12 X X X X
‘ ClBa - - X X
Cl3b X X X X
C13c - - X X
‘ Cl#a - - x X
C14b - - X %
15a " - ‘ X X
Cisp - - X X
X Water sample obtained from instrument
0 No water sample obtained from instrument
-  Sampling device not yet instrumented or was destroyed
*  Soil water gampler

&
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Sta.
Date~X

Cond.
DS
Fe
Mn
Ca
Mg
Total H.
K

Ha
cl
50

&
Total A.

Tenp.
Turb.
Zn

SAR

9/3/80

6200
4630
0.12
2.44
188
107
510
18.8
1310
25
2260
1180
1440

0.6
75.8
7.0
260
5.6
1.2
134
27
7.1
<3
10.1
3.0
120
19.0
«2

183

€

1/7/81

3400
4840
0.2
2,66
181
106
888
17.8
1130
i1
2650
1240
1520
0
0.7
73.3
14
160
0.5
1.4
95.0

€y

6/29/81

44860
4060
1.3
2.69
150
89
742
16.2
1030
13
2130
1040
1270
0
0.5
75
21
240
2.8°
2.6
26.0
36
6.8

11
5.0
a5
16.4
<2

¢

10712781

5280
43550
2.47
2.85
177
103
867
19.90
1400
30
2130
1120
1370
0
0.5
77.7
7.5
0
1.5
1.6
12.3
6.0
7.5
<2
10
22,0
49
20.7
<2

LU o)

5340
4590
0.75
2.68
179
105
878
18.3
1220
19
2185
1150
1405

0.6
73
11
200
2.2
1.5
60.5
17.0
7.1

17.7
<2

¢y

- 6/29/81

4230
3740

0.25

2.82
154
80.0
714
16.6
965
55
18530
1030
1250
Y
0.6
74.5
1l
360
2.0
6.8
54

6
6.8
11
7.0
169
15.8
<2




Sta.
Date~X

Cond.
TDS
Fe
Mn
Ca
Mg

Total H.

K

Na
c1
50

4
Tatal A.

Temp.
Turb.
in
SAR

Cy

10/12/81

4180
3470
0.08
0.14
80.0
76.5
514
14,2
1040
13
1680
929
1130
0
0.4
81.3
6.7
0.9
2.3
6.1
9.0
7.5
<2
10
3.0
65
19.9
<2

4205
3605
0.17
1.48
117
78.3
614
15.4
1003
34
1765
951
1190

0.5
77.9
8.9
360
1.5
4,6
50.5
7.5
7.1

184

CB&

6/29/81

4320
3720
0.47
1.81
150
76.5
689
17.3
1050
33
1740
1020

1300

¢
0.8
76.8
9
340
1.7
2.0
46,0
8
6.9

11
4.0
47.0
17.5
<2

C3A

10/12/81

4410
3790
1.27
1.86
149
79.0
698
13.8
1130
33
1730
1080
1330
0
0.8
77.8
5.0
1.1
1.4
6.3
4.0
7.7
<2
10
10,0
29.0
18.6
<Z

34

w1

4365
3755
0.87
1.84
150
78
694
15.6
1090
33
1735
1075
1315

0.8
77.3
7.0
340
L.4
1.7
26,2

18,1
<2

C3£

6/29/81

4050
3650
0.24
1.27
143
66.0
630
16.8
1040
23
1740
1020
1250
0
1.3
78.2
7
170
1.8
2.0
52
21
7.0
11
2.0
34
18.1
«2




Sta.
Date-X

Conud.
NS
Fe
Mn
Ca
Mg
Toetal H.
K

Na
195
50

4
Total A.

Temp.
Turbk.
Zn
SAR
NQ

45

10/12/81

3840
3200
0.21
0.98
10%
54
494
12.4
1010
28
1380
999
1226
o
1.3
81.6
6.8
60
0.7
2.1
6.9

7.8
<2
10
4.0
24.0
19.8
<2

B

Hi

3945
3425
0.23
1.13
126
60
362
14.6
1025
26
1560
1010
1235

1.3
79.9
6.9
110
1.3
2.1
29.5
13
7.4

185

9/3/80

4680
3420
0.06
2.72
147
75.0
677
15.1
998
105
1480
981
1190

.6
76,1
3.0
120
1.9
0.0
63.0
7.0
6.8
<3 ‘
10.5
2.0
136

16.6
<2

Cs

1/7/81

4000

‘3360

1.06
3.19
148
82.0
707
76.5
899
70
1470
1010
1230
0
0.6
73.3
8.0
180
0.7
0.8
16.0
7.0

14.6
<2

Bl

4340
33%0
0.56
3.0
148
79
692
45.8
949
88
1475
996
1210

0.6
73,7
5.5
150
1.3
0.4
40.0
7.0
6.8

15.6
<2

C

6
8/3/80

5820
4130
0.04
2.84
193
105
917
16.5
1250
150
1760
1080
1330
G
0.6
74.6
4.0
20
1.0
0.4
99.0
3.0
6.6
<3
10.3
2.0
206
17.9
<2
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Sta.
Date-X

Cond.
TDS
Fe
Mn
Ca
Mg
Total H.
K

Na
1
50

4
Total A.

Tenp.
Turb.
Zn

Cq

1/7/81

4500
4330
0.47
3,64
175
98.0
840
i8.2.
1120
53
2200
1110
1360
0
0.5
74.2
3.0
90
0.9
0.9
21.0
3.0

oo

5160
4230
6.26
3.24

184

102
879
17 .4
1185
102
1980
1095
1345

G.6
74.4
7.0
55
1.0
0.7
&0

3.0

186

Cia

6/29/81

18,400
12,700
1.19
6.54
585
280
2610
61.5
3680
5500
2170
803
981

0
0.3
75.3
19
410
2.3
1.5
48

26
7.0
iz
15.0
90.0

Ca

10/12/81

10,100
7530
4,2
3.6
274
148
1290
36.6
2460
2000
2000
1000
1220
0
0.4
80.4
11.3
170
1.1
4,2
7.9
11.0
7.3
<2

33.0
137

7A

M1

14,250
10,115
2.7
5.1
430
214
1950
49
3070
3750
2085
902
1161

0.4
77.9
15.2
290
1.7
2.9
28
19
7.2
<2
11

113.5

Cis

6/29/81

22,600
13,100
10.5
9.23
775
370
3460
61.0
4120
5000
2280
817
908

0

0.3
72

15
400
2.0
3.0
82.0
10.0
6.8

12
83.0
104




Sta.
Dare-X%

Cond,
TbS
Fe
Mn
Ca
Mg
Total H.
K

Ra
€1
50

4
Total A.

Tenp,
Turb.
Zn
SAR

Cia

10/12/81

18,100
12,400
2.29
6.49
650
§SU
3060
45,2
3520
5500
1830
817
998
0
0.3
71.3
15.6
20
4.6
3.0
10.2
50
6.8
<2
10
34.0
53

- 27.6

<2

187

7B

20,350
12,750
6.17
7.9
713
360
3260
53.1
3820
5250
2065
817
998

0.3
71.8
15.3
210
3.3
3.0
46.1
30
6.8
<2

79 .
29,0
<2

10

10/12/81

65,500
53,200
0.75
4.03
1440
2100
12,200
144
17,900
25,000
5750
1140
1400

0

0.0
76.0
43.3
90
16.3
18.9
125
188
6.5
2.6
10

3.0
172
70.4
203

C1

$/3/80

19,500
11,500
3.10

6,10

520
277
2440
39.0
3520
4000
2570
968

1180

0
0.3
75.7
9
380
3.1
1.8
68.0
92
6.4
<3
10.7
50.0
i3z
30.9
<2

G

‘11

1/7/81

21,000
12,100
0.84
12.9
717
347
3220
44.7
3490
4500
2500
923
1120
0
0.3
70.1
15
300
0.6
0.5
52.0
19

85.0
26,7
<2

11

20,250
11, 800
1.97

9.5

619
302
2830
41.9
3505
4250
2535
946
1150

0.3
72,7
12
340
1.9
1.2

60

36
6.4



Sta.
Date-X

Cond.
D5
Fe
Mn
Ca
Mg
Total H.
K

Ra
C1
364
Total A.
ﬁccg
693
F

Z Na
As
Ba
cd

Cr
Cu
Pb
pH
Se
Temp .
Turb.
in

SAR

Ci2

$/3/80

14,200
8590
0.7
5.6
525
287
2490
38.7
2120
2750
2360
846
1030
]
0.3
64.7
10,0
160
2.4
2.3
76
26
6.5
<3
9.7
25
144
18.4
<2

188

19

177781

12,000
9660
0.54
8.28
680
372
3230
34.7
2310
2750
3030
814
994
0
0.3
60.7
17.0
140
0.5
1.2
41.0
11

P

6/29/81

14,600
11,000
10.7
9.86
715
385
3370
33
2660
3500
3290

“8l11

991
0
0.3
63.1-
11.0
150
1.3
1.9
54
13
6.9

12.0
BS

76.0
19.9
<2 '

ClZ

10/12/81

15,800
11,500
15.6
11.0
745
455
3730
35.7
3000
3750
3060
804
982
0
0.2
63.5
3.9
0.5
2.0
10.3
6.0
7.2
<2

‘10

112
79
21.3
<2

2

x
14,400

106,330
5,6

, 9.1

698
379
3300
35.2
2485
3125
3045
813
993
0
0.3
63.3
10.5
150
0.9
2.0
48
12
6.9
<2

78
15.2
<2

C13a

6/29/81

13,600
10,000
0.25
5.0
515
267
2380
33.5
2660
3250
2820
761
930
0
0.4
70.7
8
470
3.9
2.6
72
27
7.1
11,0
3.0
114
23.7
<2




5ta.
Date-%

Cond.
TDS
Fe
Mn
Ca
Mg
Total H.
X

Na
Cl
$0

4
Total A.

Temp.
Turh.
Zn
SAR

013A

10/12/81

13,800
9810
1.58
6.13
515
285
2460
31.7
2780
3250
2480
781
954
0
0.4

70.9

9.6
110
0.4
3.2
8.2

7.4
<2
10.0
25
69
24.3
<2

189

13A

¥

13,700
9905
0.92
5.6
515
276
2420
32.6
2720
3250
2650
771
942

0’4‘

- 70.8

8.8
290
2.2
2.9
40.6

138
9/3/80

18,800

11,600

0.10

©9.10

760
400
3540
37.5
3130
4250
2610
819
1000

0.3
65.6

2490
5.8
2,0
106
78
6.3
<3
106.0
4.0
124
22.8
<2

Ci13p

1/7/81

17,500
11,600
1.93
14.7
780
390
3550
39.5
2930
4650
2370
814
994
0
0.2
64
13
190
0.8
0.7
73.0

C13n

6/29/81

14,000
9580
0.75
11.2
565
280
2560
29.5
2510
3250
2390
914
1110
0
0.3
67.9
14
310

1.8

4.2
49.0
10
6.8

1l
5.0
88
21.5
<2

138

10/12/81

12,700
9080
1.53
2.9
485
265
2320
28.5
2510
3250
1970
939
1140
0
0.3
70.0
9.1
90
2.0
3.5
12.6
21.0
7.1
<2
10
12
50.0
22.6
<2
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Sta.

- Date-X

Cond,
D8
Fe
¥Mn
Ca
Mg
Tetal H.
K

Na
Cl
50

4
Total A.

Ba
cd
Cr
Cu .
Pb
pH
Se

Tenmp.
Turb.
Zn
SAR
No

138

w1

15,750
10,590
1.1
10.6
663
335
3050
33.5
2720
3750
2380
867
1055

0.3
66.8
1.1
215
1.9

2.8

196

€3¢

6/29/81

13,800
9670
0.60
5.43
487
245
2220
32.7
2590
3250
2610
748
914
0
0.4
71.5
16
450
1.9
1.6
56.0
12.0
7.0
11
3.0
65.0
23.8
<2

3¢

10/12/81

2400
6640
0.68
3.59
281
155
1340
22.9
2080
1750
1880
764
933
0
0.5
i7.0
0.0
20
0.9
2.3

- 9.4

10.0
7.2
<2
10
6.0
38
24,7
<2

13C

E

12,100
8155
0.64
4.51
384
200
1780
27.8
2335
2500
2245
756
924

0.5
74.7
8.0
235
2.4
2.0
2.7
11.0

144

6/29/81

4040
3610
0.10
0.880
148
77.0
688
19.4
973
13
1890
804
982
0
0.6
75.3
11
460
0.9
3.1
50.0
14
7.1

11
5.0
78
16.1
«2

Cl4a

10/12/81

4060
6640
0.26
(.80
126
71.0
607
15.7
944
10
1640
829
1010
0
0.5
77.1
4.6
40
0.6
2.6
10,0
4.0
7.2
<2

10

3.0
30
16.6
<2




Sta.
Date-X

Cond.
D8
Fe
Mn
Ca
Mg
Total H.
K

Na
c1
50

&
Total A.

Temp,
Turb.
Zn

144

3

4050
5125
0.18
0.84
137

74.0

648
17.86
959

1765
817
996

0.6
76.2
7.8
250
0.8
2.9
30.0
9.0
7.2

191

Ci4m

6/29/81

3680
3310
0.07
0.690
115
51.0
497
17.4
933
10
1670
843
1030
0
G.8
80.2
g.0
420
0.7
1.9
37.0

7.0
10

1.0
37.0

148

10/12/81

3710
2980
0.22
0.49
88.5
45.0
406
13.7
895
10
1440
B8
987
0
a.7
82.6.
5.2
70
0.7
2.4
6.9
5.0
7.1
<2
10
4,0
34

148

L

3695
3145
0.15
0,59
102
48.0
452
15.6
914
10
1555
826
1009

0.8
8Ll.4
6.6
245
a.7
2.2
22
5.0
7.1

Cysa

6/29/81

5220
5040
0.14
1.60
186
88.5
830
21.0
1260
18
2930
874
1060
0
0.7
76.7
11.0
370
1.3
1.1
47.0

7.3
10

1.0
80.0

" C

154
10/12/81

5430
4820
0.13
1.54
177
91.5
820
18.4
1350
20
2650
841
1020
0
0.6
78.1
0.0
150
0.7
1.7
10.3
3.0
7.3
<2
10
2.0
48.0
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8ta.
Date~X

Cond.
DS
Fe
Ma
Ca
Mg
Total H,
K

Na
€1
80

4
Total A.

Ba
Cd
Cr
Cu
Ph
pH
Sa
Temp.
Turb.
Zn

154

5325
4930
.14
1.57
181
90
B25
19.7
1305
19
2790
858
1640

0.7
77.4
5.5
260
1.0
1.4
28,7

122

Cisn

6/29/81
5300
4820
0.25
1.03
161
79,5
730
19.6
1260
18
2760
847
1030
g
a.8
78.9
g
350
1.0
1.8
32.0
5.0
7.2
10
1.0
45.0

CisB

10/12/81

5080
4370
0.08
0.830
118
61.0
546
13.5
1370
3.0

2280

B63
1050
0
0.9
84.4
0.0
120
0.3
2.3
5.4
4.0
7.5
<2

10

1.0
27.0

158

Wi

5190
4590
0.17
0.93
140
70.3
656
16,6
1315
11
2520
855
1040

0.9
BZ.2

235
0.7
2.1
18.7
5.0

Wincer
Stock
Well

1/7/81

1700
1200
0.09
0.02
1.5
1.0
8.0
2.4
477
6.0
169
903
1060
17

11.0
1.0
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TABLE 15. RESULTS OF QUARTERLY WATER SAMPLING FROM
INSTRUMENT STATIONS AT TEXACO INC. CHARLSON
MADISON NORTH UNIT Cl33 SITE.

! Instr. No. Sampling Date
l 9/3/81 1/7/81 6/8/81 10/6/81
¢ Bl - - X z
p," - - 0 0
2
Bg - - X p
Dé X X 0 X
) ﬁs X X 4 0
Dy o 0 0 0
‘! D: - - 0 X
| Dy - - X X
ﬁg X X X X
j DlG X X 0 X
Bll X X X X
812 )4 b4 X X
913 - - X X
Water sample obtalned from instrument
0 Ko water sample obtained from inatrument

— Sampling device not yet Instrumented

* Soil water sampler




Sta.
Dace-X

Cond .
TDS
Fe
Mn
Ca
Mg
Total H.
K

Na
cl
50

4
Total A.

Tewp.
Turb.

Dy

6/8/81

5480
5040
0.05
0.53
397

167

1680

. 23.3

843
63
3040
683
a34

0.3
52

5.0
170
2.8
2.5
90

8.0
6.9

10
1.0

194

Dy

10/6/81

5410
4970
0.07
1.49
502
200
2070
21.9
899
23
2790
753
920
0
0.3
48.3
7.6
170
1.6
4.2
26.2
6.0
6.7
«2
9.0
3.0

5445
5035
0,06
1.01
450
184
1785
22.6
871
43
2915
718
877

0.3
50.1
6.3
170
2,2
3.3
58.1
7.0
6.8
<2
9.5
2.0

D,

6/8/81

5540
4940
0,06
1.22
445
155
17590
31.9
785
35
2930
614
750
G
0.3
49.2
8.0
410
18

Dy

10/6/81

5420
4680
0.07
1.97
595
212
2360
27.7
747
40
2490
647
750
0
0.2
40.6
4.3
200
2.0
2.3
35.0
5.0
6.7
<2

9.0
3'0

L3

5480
4810
0.07
1.60
520
184
2055
29.8
766
38
2710
631
770

0.3
44,9
6.2
303
10
4.1
136
14
6.9
<2
10
2,0
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Sta.

Date-X

Cond.
T8
Fe
M

l Ca

Mg
Total H.
K
Na
¢l
50

4
Total A.

Temp.
Twxrh.
Zn

9/3/80

11,200
6980
0.0
0.2
542
352
2800
21.2
1580
68
3220
542
663

c.2
54.9

400
3.7
4.4

N 8200

18
6.4
260
9.0
3.
99

195

1/7/781

12,500
8930
.42
0.42
725
477
3770
31.3

1980

60
3960
642
784

B,

10/6/81

11,700
7830
0.11
0.11
757
472
3820
21.2
1890
70
2960
554
677
0
0.2
31.6
1.1
150
1.5
3.0
56.0
5.0
6.5
<2

2.0
82

11,800
7913
0,18
0.18
675
434
3467
24.6
1817
66
3380
580
708

0.2
53.2
6.4
233
2.4
2.8
74
9.3
6.5
«2

2.0
85

Ds

49/3/80

16,500
11,000
0.0
0.6
510
667
4020
26.7
2830
1750
4420
598
731
0
0.3
60.3
15
180
7.3
3.8
164
20
6.6
272
11
5.0
132

1/7781

26,000
21,200
1.46
0.77
675
1240
6790
54.7
5050
4150
8520
678
828

0.2
61.6
28
170
10.4
7.0
160
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Sta.
Date~X

Cond.
DS
Fe
Mn
Ca
Mg
Total H.
[ 4
Ra
Cl
50

4
Total A.

Temp.
Turb.

W

21,250
6100
0.73
0.68
593
954
5405
40.7
3940
2850
6470
638
780

0.3
61

22

175
8.9
5.4
162
53

6.6
272
9.7

196

5

10/6/81

27,600
19,000
0.25
0.13
575
705
4330
34,2
5970
10,000
1170
829
1010

o

0.0
74.8
18.5
260
4.0
2.9
40.9
35

6.4

<Z

13

15

Dy

6/29/81

27,500
15,500
6.18
0.78
700
B55
5260
37.7
4430
7500
1440
775
947

0

¢.1
64.5
16

830
9.8
3.7
69.0
17

7.0

10
3.0

Dg

10/6/81

36,400
26,200
0.32
0.66
1000
1390
8210
36.0
7470
12,500
3160
972
1180

0

0.0
66.3
26.5
130
4.4
22.4
74.7
33

6.2

<2

12

4.0

31,950
20,850
0.25
0.72
850
1123
6735
36.9
5950
10,000
2300
874
1064

0.1
65.4
21.3
480
7.1
13.1
71.9
25
6.6
<2
11
3.5

9/3/80

19,600
21,600

0.2
125
647
4470
18.2
2810
3750
3870
485
393

0.3
57.6
29
240
i2.1
13.4
338
63
6.5
136
10
11
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Sta.
Date~-X

Cond.
b5

Fe

Mn

Ca

Mg
Total H.
K

Na

Temp,
Turb.

1/7/81

19,000
15,100

0.64
0.16
942
840
5810
28.8
3540
5100
3920
480
587

0.2
56 .8
12

270
9.6
1.2

157

6/8/81

20,600
14,000

0.11
0.14
780
765
5090
24,1
3180
47350
3770
490
599

0.2
57.4
24
620
9.2
4,6
69
8,0
6.6

11
3.0

Dy

10/6/81

19,800
14,600

0.19
0,15
850
865
5680
18.0
3610
5000
3510
466
570
0
0.2
57.8
15.3

. 300

13.6
4.4
50.8
8.0
5.7
<2
10
4,0

Dy

x
19,700
14,300
0.15
0.15
815
803
5385
21.2
3360
4875
3845
483
590

0

0.2
57.5
19.7

. 285

11.6
4.4
71

6.3
<2
10

10
9/3/80

9260
6040

0.12
0.40
440
272
2220
20,2
1490
950
2450
283
346

0.6
59.2

240
2.9
2.3
124
9.0
6.5
132
11
15.0

10
1/7/81

19,000
16,000

0.70

0,91

702
1070
6150
33.0
3470
4600
5270
371
698

0.3
54,9
18
260
5.4
1.6
114
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Sta.
Date-X

Cond.
TDs
Fe
Mn
Ca
Mg

Total H.

K

Na
Cl
50

%
Total A.

Temp .
Turb.
Zn

P10

10/6/81

15,100
10,600
0.14
0.07
450
635
3730
22,2
2810
2500
3340
535
654
0
0.4
61.9
14.4
100
2.8
3.8
35.7
5,0
6.3
<2
10
2.0
104

198

10

14,453
10,880
0.32
0.46
531
659
4033
25.1
2590
2683
3687

463

566

0.4
58.7
12.8
200
3.7
2.6
91.2
n
6.5
<2
9.3
6.7
129

Dy

9/3/80

7590
4760
0.04
.64
407
237
1950
17.5
995
775
1950
479
585
0
0.2
51.8

180
5.5
1.8
58
26
6.6
28

5#0
61.0

D

1/7/81

6400
5390
0.23
0.880
442
225
2030
26.3
9035
700
2710
530
648

0

0.2
458.0
17

90
15.6
1.5

56.0

11
6/8/81

6670
5010
0.04
0.53
451
235
2090
25.3
1040
750
2150
490
599

8.2
51.9

310
9.4
2.8
80.0
3.0
7.2

11
0.0
104

Dll

10/6/81

6220
4900
0.0%
0.51
450
235
2090
19.2
890
875
2070
475
580
0
0.2
47.9
0.0
60
1.6
3.0
43.9
3.0
6.4
<2

3.0
66
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Sta.
Date-X

Cond,
DS
¥e
Mn
Ca
Hg
Total H.
K

Na
€l
80

&
Total A.

Turb.
Zn

11

|

6535
4955
0.04
0.59
446
235
2060
22.3
950
763
2110
485
392

0.2
5G.4
11

- 135

7.5
2.3
53
15
6.7

8.0
3.0
64

199

12
9/3/80

5430
3880
0.04
1.48
432
162
1740
22.7
600
225
2090
405
495

0.3
42.5
4.0
180
3.4
3.1
64
17
6.5
27
10
2.0
58.0

D12

1/7/81

4200
4370
0.18
1.52
437
180
1830
22.7
606
125
2680
445
544
0
0.2
41.7
4.0
180
2.5
0.8
37.0

—

45,0

By

6/8/81

4160
3570
0.06
1.49
370
150
1540
19.5
521
95
2140
437
534
¥

0.3

2.2
5.0
450
3.3
2.8
44.0
18.0
7.4

10.0
0.0
114

Dy,

10/6/81

3970
3480
D0.12
2,0
435
157
1730

©16.7

528
100
1960
437
534
0
0.2
39.7
1.3
50
1.7
2.9
17.3
4,0
6.5
<2
8.0
2.0
73

12

»

53180
3725
0.09
1.51
434
160
1735
21.1
564
113
2115
437
534

0.3
42.0
4.0
180
2.9
2.9
41
18
6.8

3.0
2.0
66




Sta.
Date-X

Cond.
TDS
Fe
Mn
Ca

Total H,

Tenp,
Twrb.
in
SAR

13
6/8/81

5320
4120
.02
1.55
412
132
1570
37.9
709
425
2100
420
514

0.4
49.3
5.0
410
6.5
4.3
69.0
44
7.4

1.0
102
7.76
46.2

200
)
1076781

4280
3230
0.07
1.48
375
127
1460
28.0
624
350
1420
382
467
a
0.3
48
3.0
150
5.2
3.1
31.6
3.0
6.6
<2

8
2.0
125
7.10
71.4

13

4300
3675
0.05
1,52
394

130

15315

33

667
388
1760
401
491

0.4
49

280
5.9
3.7
50.3
23.5
7.0

90
2,0
114
7.43
58.8
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TABLE 16. ELUTRIATION EXPERTMENT SEDIMENT SAMPLES FROM

STUDY BITES.
Sample No. . Study Site Depth from surface
1 El Texaco Gov't "A" WCT-1 8.0 ft. {2.4m)
I 52 Texaco Gov't "A" NCT-1 11.5 ft. (3.5m)
E3 Texaco Gov't "A" NCT-1 14.5 fr. (4.4m)
Ed Texaco Gov't "A" NCI-1 22,3 ft. (6.5m)
E5 Texaco Gov't "A" NCT-1 33.5 fr. (10.2 m)
E6 Texaco Gov't "A" NCT-1 64,5 ft. (19.7m)
E7 Beieo Petro. B.N. #l1-11 9.5 fr. (2.9m)
i E8 Apache Federal #1-5 7.5 fr. (2.3m)
3 E9 Apacﬁe Federal #1~5 12.5 ft. (3.8m)
i ELD Apache Federal #1-5 15,5 fr. (4.7m)
j El1l Apache Federal #1-5 17.5 fr. (5.3m)

E12 Texaco Charlson €133 14,0 ft. {4.2m)
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Sta.
Date~X

Cond.
NS

Fe

¥n

Ca

Mg
Total H.
K

Na

c1

SQ4
Total A.

Temp.
Turb.
in
3AR

3160
2450
0.07
0.77
388
13
1029
25.8
328
650
1010

2420
1300
1.01
0.21
36,5
10.0
132

18.5
457

720

s

22,9

17.2
<2

202

1420
833

- 0,06

0.1
66.5
16.53
23
6.45

222

340
151

5.0

5474
2540
0.22
0.06
32.5
13.0
184

11.7
947

1380

411
334
0.63
0.04
4.5
2.0
19
3.3
102
6.0
179
60
73

0.3
91.8
4.0
190
2.1
9.7
135
28
9.4
2.0

7.0
83.0
10.0
2.0

369
264
7.04
0.14
6.5
6,5
43
3.85
104
5.0
23
187
229

84
6.0
220
3.0
18.8
158
33
9.4
5.0

92.0
192
6.92
<2
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Sta.
Date-X

Cond.

Total H.
4
Na

Temp.
Turb.
Zn
SAR
NO

1380

797
0.04
0.08
51.0
16.0
193
7.2
212
290
186
54
66

c.2
70.4
3.0
420
0.8
1.2
19.0
5.0
8.2

1.¢
24
6.64
<2

1830
1150
0.1
0.02
8.0
1.0
24
11.9
3%0
350
291
163
200

0.4
97.2
5.0
320
1.0
256.6
60.0
15.0
8.6
11.0

1.0
30
34.5
<2

203

2620
1230
10.7
0.14
13.0
6.0
a7
12.7
473
590
45
158
179
7.0
0.1

94.7
10,0

200
2.6
17.6
101
23.0
5.8
8.0

35.0
52.0
27.2
<2

10

675
371
6.84
0.12
14.0
6.0
60
3.45
135
5.0
88
195
235
2.0
6.1
83.0
9.0
230
2.8
7.4
142
14.0
10.¢

4.0
94.0
7.62
<2

11

800
542
2.59
0.04
8.0
3.0
32
2.8
164
64
250
81
239

0.2
91.6
7.0
210
1.2
6.3
60.0
13.0
9.6

15.0
30.0
12.5
2.0

12

253
143
0.04
0.01
8.0
5.5
43
1.4




APPENDIX E

ISOCORCENTRATION MAPS OF SELECTED PARAMETERS FROM WITHIN THE
SATURATED ZONES AT THE APACHE FEDERAL #1-3 AND TEXACO CHARLSON
C133 SITES.
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Background Levsl Is 800~ 800 mg/L Buckground Level is 800 -1200mg /L
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Background Levet is 2000-2500mg /L
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Background Leve! is 150-200mg/ L

Background Leve! is |5-30 mg/ L
RCL is 280 mg/L
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CL:=100mg/L

CHLORIDE

CL =500mg/ L

Background Level is i000-1200mg/i

Background Lavel is 0.5~ 0. 7mg/1]
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Bockground Level is 5-Bug/L

Bockground Level is 200-250ug /L
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Background Level is 1500-2000mg /L
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Background Level is 400-T00mg /L
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Background Leve! is 400-450mg/!]

Bockground Levelis 20-40mg/ L
RCL s 250mg/ L

CI:100mg/ L
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Background Levelis 0.2 - 0.3mg /L.
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Bockground Level is 0.05-008mg/L .
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APPENDIX F

R — P S—— SR
" - E

APPARENT AND INTERPRETED RESISTIVITY PROFILES FOR
THE APACHE FEDERAL #1-5 AND TEXACO CHARLSON Cl133 SITES.
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Each resistivity station profile includes the field
curve plotted as apparent resistivity versus electrode
spacing, the depths and resistivities obtalned by automatic
Interpretation {this data was unobtainable when the slope of
the apparent resistivity field curve exceeded 459),
lithology, and water table level on the date the resistivity
readings were taken. A lithelogic column 1s presented for
each resistivlty station and corresponds to the station that
it is adjacent to, When the lithology is the same for the
two adjacent statioms only one lithologic column 13 presented.
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APPENDIX G

DRILLING FLUID ADDITIVES USED AT THE BELCO PETROLEUM
B.N. SHEEP CK. #1-11 AND APACHE FEDERAL #1-5 STIES.




TABLE 17.

PETROLEUM B.N,

235

Drilling Fluid Additives
Belco Petroleum Corp. Sheep €reek B.N. #1-11
3/27/77 thea 4/18/77

Drilling Dates:

anntitg

383
305
227
43
36
27
25
20
16
11

10

sacks
sacks
sacks
sacks
sacks
sacks
sacks
sacks
sacks
sacks

sacks

sacks

sacks

sacks

Product Name

‘Geogel

My~Lo~-Jel

Salt Gel

Scav 730

Poly Sol
Preservative
Drillaid 421
Select . Floc
Super Visbestos
Pipe~Lax
Ammonium Nitrate
Mud Fiber

Mica, Fine

A~40

(sacks are commonly 100 lbs.)

DRILLING FLUID ADDITIVES USED AT THE BELCO

Physical or Chemical Composlition

Sepiolite (chain lattice clay)
Corn starch

Attapulgite clay, Fuller's Earth
Organic

Potato starch

Paraformaldehyde

Selective flocculant polymer

Blend of selective flocculants

Asbhestos

Surfactants in a naptha base
NHQNﬁg

Bagasse—cane fiber

Mica flakes

Alkyl-aryl sulfonate
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TABLE 18. DRILLING FLUID ADDYTIVES USED AT THE APACHE
FEDERAL #1-5 SITE.

Drilling Fluid Additives
Apache Corp. Federal #1-5
Drilling Dates: 6/7/79 thru 6/30/79

Quantity Product Name Physical or Chemical Composition V
674 sacks Salt Gel Attapulgite clay, Fuller's Earth
383 sacks Magco-Foly~Sal Pregelatinlzed starch
105 sacks My-Lo~Jel A Corn starch
| 105 gallons ¥-100 Zinc~chromium solution

40 gacks Mageogel Sodium montmorillonite

14 sacks . Magoo~-Mica Mica flakes

11 sacks Sodium Dichromate NaZGrZO?*2H26

8 sacks Armonium Nitrate NHQNﬁa

6 sacks Lime Cal

2 sacks | Selec Floc Selective floceulants

2 sacks Dow G Preservative

1 can Magco-Poly- Polyvalkylene glycols

Defoamer

{sacks are commonly 100 1lbs.
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TABLE 19. DRILLING FLUID ADDITIVES USED AT THE APACHE

FEDERAL #1-5 RE-ENTRY.

Drilling Fluid Additives
Apache Corp. Federal #1-5 (Re-entry)
Drilling Dates: 4/2/81 thru 4/15/81

Quantity Product Name Physical or Chemical Composition
397 sacks My~Lo-Jel Corn starch
124 sacks Sea Mud Sepiolite
122 sacks Salt Gel Attapulgite clay, Fuller's Earth
21 sacks TOF-Gel * %
10 sacks Preservative Paraflormaldehyde
9 sacks Desco Sulfomethylated tannin-sodium
dichromate mixture
6 sacks Sodium Dichromate HaECrED?’ZHZO
4 sacks HME * %
4 cans Magco-Poly- Polyalkylene glycols
Defoamer

{sacks are commonly 100 1bs,)

* ¥ Composition unknown
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