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EFFECTS OF OILFIELD BRINES ON BIOLOGICAL PRODUCTIVITY
QF THE GREEN RIVER IN KENTUCKY

James R. Charles
Kentucky Department of Fish and Wildiife Hesources
Frankfort, Kentucky

ABSTRACT

0ilfield brines wasting into the Green River created an acube pollution
problem over 100 miles in extent. Before August 1958, the water was moderabtely
hard, of the calcium magnesium bicarbonate type, and had an average chloride
concentration of less than 10 »pm. With the disposal of brines coincident with
the rapid development cf the Greensburg cilfield in the spring of 1958, the
water became very hard, changed to a sodium chloride type, and chloride con-
centrations frequently excesded 1,000 ppm. The effects this pollution had on
the water guality, fish fauna, and macro-invertebrate bottom fauna were deter-
mined and evaluated in a study that began in the summer of 1960 and continued
through 1963.

Domestic and industrial use of the water was seriously affected, as were
private springs and wells. Ground water contamination was concenbtrated in the
areas of greatest brine production in Green and Taylor Counties, but was notice-
able as far as Brownsville, 100 miles downstream. The two large springs in
Vammoth Cave National Park, known as Echo River and Styx River, also became
contaminated.

Population sampling showed that the Green River supported an extremely
rich and varied fish fauna, especially in the unpolluted sections. COne hundred
seven of the 177 species known to occur in Kentucky were ldentified from the
river during the L-year study. As the brine polluticn diminished from its
peak intensity in 1960, the number of species occurring exclusively in the
.. polluted section Screased frmn;ﬁ? in 1960 to E? in 1963, Shanding-enep
Yaliuse—bhauatasimidasbrand . The unpolluted section supported an average
armual standing crop ranging between 85 and 156 pounds per acre. The standing
crop in the polluted section increased from 10 pounds per acre in 1960 to L7
pounds per acre in 1963.

wer €@

The effects of brine pollution on the macro-invertebrates uas. just as
pronounced. The upstream, unpolluted section of the river supported a rich
and varied bottom fauna. Productivity in this section averaged 90 organisms
and 1.78 cc, per square foot, over the L-year period. Productivity values
in the polluted section during the year of greatest peliution ranged from an
average of 26 organisms and 0.18 cc at Statilon +6.2 (closest to peilution
source) to 78 organisms and 0.64 cc at Station +80.4 (farthest from pollution
source). The quality (i.e., as potential fish food) of the bottom fauna in
the polluted section was extremely poor. However, both guality and produc-
tivity showed improvement as the brine polluticn gradually diminished.



INTROLECT TON

Fnlightened sbream msnagement sntalls more ' ran yegalation of crsel and
geason limits, artificial replenishmens, pop.lstilon sampling, <reel surveying,
or habital alteration. IL requires consmant vigilance 1o Lhe erer-growing
threat of stream pollution. The sitvuabilon facsd Today by most states is not
one of adding more milss of fishable stresms vo their inveniories, bub instead,
one of trying to prevent further losses to poll.tion. Poliution is a serilous
problem in certain Kentucky streams, and its effects upon biologizal produc-
Livity were largely unknown. This paper reports the reselts from one phase
of a Dingelli-~Johnson projest bhal investigated the sffects of oilfield pollu-
tion on blological productivity. O01lfield brines wasting into the Green River
created an acute pollution problem over 100 miles in extent. The specific
objectives sought from this study, which began in the summer of 1960 and con-
tinued through December 1963, werc:

1. To determine the effects of 0llficld brine on the water guality.

2. To determine and ewvaluate the efferts of ollfield brine on the

fish fauna.

3. To devermine and evaluate the e¢ffects of ollficld brins on the
macro-invertebrate botton fauna-
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METHODS AND BEQUIPMENT

Iittle difficulty was encountered in locating suitable data stetions on
the Green River since it is well served by all-weather roads, The coding
system used to identify data stations employs plus (+) and minus (-) signs
before the mileage number. Station -8.9, for example, indicates that the
statlon was 8.9 miles upstream from the uppermost source of brine polluticn.
Station +6.2 means the location was 6.2 miles downstrsam from the uppermost
pollution scurce. For station identification purposes, the uppermost source
of pollution is the 0.0 mile point; for all other mileage designations, the
mouth of the stream is considered the 0.0 point. Trace Creek, which enters
the Green River at Mile 282.8, was the uppermost tributary discharging brine

poliution of any magnitude.

Water-Quality Determinations

Water-quality sampling staticns on the Green River coincided in location
with the stations selected for bobttom fawna sampling (Fig. 1). Water-guality
analyses were performed seascnally during 1960 and 1961. The writer then
recommended that the permanent data stations be reduced in number, and that
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they be visited once monthly throughout the year, rather than seascnally as
called for in the original work plans. The recommendations were accepted; three
stations located above the pollution source, and five stations below it, were
sampled monthly during 1962 and 1963. No water samples were taken, however,
during those months when the river stage was too high for bottom fauna sampling.
A single permanent data station on Big Pitman Creek, the primary source of brine
pocliution to the Green River, was used throughout the investigation.

A Hach portable battery-powered colorimeter was used to make turbidity,
iron, sulfate, ortho-phosphate, nitrate, nitrite, and pH determinations. Sepa-
rate kits were necessary for determining total alkalinity and dissolved oxygen.
A battery-powered solubridge with paired conductivity cells enabled specific
conductance values between L0 and 40,000 micromhos to be measured. The sclu-

bridge also measured water temperature,

Fish Fauna Studies

Fish population sampling areas in the Green River were located above and
below the sources of oilfield pollution, and in the navigation lock chambers
(Fig. 1: lower 150 miles) which were far enough downstream in the recovery
gzone to be supporting a normal population. Population studies also were made
in Big Pitman Creek, the prime source of brine pollution from the Greensburg
oilfield. HFEmulsifiable rotenone (5%) was the eiélﬁggwe fish toxicant used
during 196C, 1962, and 1963. A powdered form of potassium permangsnate was
used as the detoxifying agent. Sodium cyanide alsc was used upon occasion
during 1961 as the fish toxicant. It proved unsatisfactory, as explained
below, for this phase of the investigation.

The stream sampling methods used in studying the fish populations of the
Green River and Big Pitman Creek are those that have become, through experi-
mentation, more or less standardized, and are based on many years' experience
by staff biologists of this Department. The same sampling procedure was
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followed, in essence, at each study site (a more detailed discussion of the
sampling techniques and data processing methods used is given in an earlier P ter
report: Charles, 19@??.

Sodium cyanide bricks {about the size and shape of charcoal briquets) were
used experimentally as a fish toxicant in 1961. Prior to its actual use in
the field, the writer had been led to believe that NaCN was non-selective as
to species, quickly dissipated downstream from the study area (and therefore
required no detoxifying agent), and mortality was practically nil if affected
fish were promptly removed from the area treated. TField experience proved that
only the first of these premises was always true. NaCN was non-selective as to
species, bubt extensive downsbream kills resulted nearly every time it was used,
and it proved impractical to net affected fish and carry them upstream to a
live~box when sampling a stream section of asverage length. Nelther did it give
a complete kill in the deeper water, as proven by follow-up applications of
rotenone, TFor qualitative spot-sampling of fish populations, however, NaCN is
very effective and useful. Used judiciocusly, excellent results may be had in

collecting specimens from riffles and other shallow areas, without the usually-

attendant extensive downstream mortality.

Bottom Fauna Studies

Since only riffle areas were sampled at all the stations, the standard
Surber square-foot bottom sampler (brass frame, canvas sides, and bolting-cloth
bag) was used exclusively during 1961-1963. Both Fkman and Petersen dredges
were used briefly in 1960 in pool areas having mud bottoms. Neither dredge
was satisfactory because of continual clogging caused by woody debris and
pebbles. While suitable substrate for dredge operation was often hard to find,
riffle areas abocunded in the Green River. Three sguare-fool samples wers
collected at sach station. An attempt was made to randomly sample the bottom
cut from the left bank, in the center of the stream, and out from the right bank.

b -
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Bach collected sample was thoroughly washed and strained through a square
twinned-sieve constructed of 2'"-mesh hardware cloth on the top half and 60-mesh
bronze screen on the bottom half. All samples were sorted in the field at the
station while the organisms were alive and moblile. Sorting was done in a white-
enameled pan of the type used by photography sheps. A snow-white background
that does not glare and reflect light is deemed highly essential for precise
and thorough sorting of bottom samples which may contain organisms as small as
weter mites and larval diptera, to animals as large as crayiish and mussels.
Sorted samples were preserved in vials of 80% ethyl alcohol.

In the laboratory, each sample was processed individually using essentially
the technigues described by Ball {1948) and by Hunt (1953)}. The organisms were
identifled at least to order, counted, and the volume determined for each order
by the water displacement method. It has been established (Ball, 1948; Hunt,
19531 and others) that the specific gravity of most macro-invertebrates is so
near that of water, that, for all practical purposes, 1.0 cubic centimeter of
preserved volume is equal to 1.0 gram live weight. Despite its inappropriate-
sounding title, the excellent text edited by Usinger (1956) was the most helpful

single volume in matters pertaining to aquatic insect identificabion.

BESCRIPLION CF THE GREZN RIVER

Geography and Topography

The Green River and its watershed form the largest river basin in Kentucky
(Fig. 1). It is the second largest southern tributary of the Onlc River and
amounts to about 23 per cent of Kentucky's drainage area. The basin covers
9,222 square miles, a small part of which is in north-central Tennsssee.
Occupying the heart of the western half of The state, the basin is approxi-
mately 160 miles long and from 60 to 80 miles wide. The topography varies
from the rugged hilly terrain in the eastern section of the basin, bordering
the southern part of the Bluegrass Region, tc the Karst topography, desp
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valleys, and cavern areas of the central section, to the swampy and wide
alluvial flood plains of the Chic River in the western and northern sections.
The principal tributaries are the Barren, Nolin, Rough, Mud, and Pond Rivers.
The headwaters of the Barren River drain that portion (380 square miles) of
the Green River basin in Tennessee. Navigation is maintained on the lower
150 miles of Green River by ) locks and dams. Two more locks and dams, no
longer in operation, impound the river for an additional 49 miles upstream.

The Green River drains a small part of the Knobs, most of the Western
Coal Field, and a poriion of the Mississippian Plateau Regions. The rocks
exposed include limestones, shales, fine-grained sandstones, loess and
alluvium. The watershed is rolling with occasional large hills. The tributary
rivers in scme places have cut deep gorges of from 100 to 200 feet. large
sections of the basin are underlain by cavernous limestone. These regions have
no well-defined drainages, and land depressions or sink holes are numerous.

The Mammoth Cave area is noted for its limestone caverns. Ground water flow
is extensive and many springs are evident. During dry weather the [low of
Green River is sustained by the discharge of ground water. Most of the soils
that have developed are suited to woodland and pasture. Many areas contain
soils that are poorly drained. However, along some of the rivers, especlially
the upper terraces and on some of the level uplands, well-drained fertile
solls occour.

The river rises in Lincoln County at an elevabtion of 1275 feet and enters
the Ohic River at an elevation of 337 feet, an average gradient of 2 feet per
mile. From its source it flows southwestward for about 50 miles to the vicinity
of Dunnville, Kentucky. Here the river bends westward and flows 200 miles to
its junction with the Barren River. From this point, the Green River follows
a generally northwestern direction for 150 miles to its confluence with the
Chio River, 8 miles upstream from Evansville, Indiana and 197 miles above the

-8 -



junction of the Chioc and the Mississippi. Including its headwaters, the Green

River is approximately 400 miles long.

Gradient

The stream gradient from the headwaters of the Green River in Lincoln County
te Greensburg, a distance of 12 miles, averages 5.5 feet per mile. In the next
60 miles downstream, betwsen Greensburg and the last true riffle, the average
slope is 1.3 feet per mile. From the head of the slack water created by Lock
and Dam No. 6, to the mouth in the Ohio River, the average gradient is(é;;éj
oot per mile. These data are depicted below. The last riffle downstream is

at Mile 198 and was the locabion of our lowermost water quality/bottom fauna

s

sampling station. .:/,,.5{§F1)ﬂ e
| Lock & Dam Last & i
Mouth -~ B No. 6 riffle Greensburg
\O\zfjmi 1.2'/mi 1.3 /mi 5.5 /mi
_______________________ e § [T,
182 miles 16 miles 60 miles 142 miles

Water Discharge

The annual mean discharge of the Green River at Munfordville {(Station
+49.7), based on records of the U. 5. (Geological Survey covering a 25-year
pericd, is 2,588 cubic feet per second., The variation in the annual mean
discharge is depicted graphically in Figure 2, which {along with Figures 3

and 4) was taken directly from the bulletin, Streamflow in Kentucky {(Ky.

Dept, of Econ. Development, 1956). Figure 3 shows the lowest daily flow

and the lowest monthly flow in each calendar year during the period of record.
The minimum daily flow during the period of record was 42 cfs in 1919; the
minimum monthly flow was 69.7 ofs in 1953. TFigure I shows the crest stage
attained by the highest flood in each calendar year of record and for known
high floods prior to the period of record. Notable floods occurred in 1913,
1937, and 1952, The Green Mver reached a stage of 50.40 feet at Munfordville
in 1937, discharging 72,200 cubic feet of water per second. The meximum known
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flood stage was 54.0 Teet in 1913, when the dlscharge approximated 87,000
cubic feet per second., The drainage area of the Green River above Munfordville

covers 1790 square miles,

Climate
The region has a humid, temperate type of climate and lies in the path

~

of moisture-bearing storms which move from the Gulf of Mexico to the North
Atlantic coast. The mean annual temperature is 56.6° with a summer mean of
75.9° and a winter mean of 35.5°. The average annual frost dates are October
15 to 20 and April 12 to 17. The recorded temperature extremes are 1080 and
~28°,

Precipitation {in the Greensburg area) averages 4L inches per year.

Normal precipitation computed by the U. S. Weather Bureau from 30 years of

[N

record ranges from a high of 5.6 inches in March to a low of 2.4 inches in
October (Hopkins, 1963). Practically all of the precipitation is in the form

'l

of rain, since Lemperatures generally are above [reezing during the day.

BFFECTS OF BRINE ON WATER QUALITY

Development of the Oreensburg Oilfield

The Greensburg oilfield is in central Kembtucky. With the exception of
5 small area soubhwest of Creensburg, this field is within ULhe upper Big
Pitman Creek drainage basin, Hopkins (1963) states that the area of major
oil production extends from a point south and west of CGreensburg, the county
seat, of Green County, north-northeastward into Taylor Counly, and terminates
near Mt. Carmel Church 10 miles northwest of (ampbellsville, the county seat
of Taylor County. The published dimensions of this oilfield vary, depending
upon the publicabtion consulted. One scurce says the field is approximately 15
miles long and 3 miles wide (L5 sguare miles): another source says it is 25
miles long and 7 miles wide (175 square miles). There is wiversal agresment,
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however, based on the size of the trivutary creeks and their chloride content,
that the vast bulk of waste brine in Lhe Green River comes from Big Pitman Creek.

The Greensburg gas field was drilled bebween 1920 snd 1930 in Green and
Taylor Countles. It was depleted and abandoned shortly before 1940, This gas
fleld produced nc salt water. The newer oilfield, lying just west of the old
gas rield, has been developed largely since Janvary 1958, and maximum oil pro-
duction was from the fall of 1958 through the summer of 1960 (Table 1), Large
amounts of brine were associabted with the oil withdrawn from the Laurel Dolomite
of Silurian age. Some of the wells produced salt water for several monbhs
before cil production started. On a field basis, water production has been
estimated Lo be from 2 to 20 times as great as oil production during the peak
oil production period (National Park Service, 1940).

The brines were first simply wasted to sinkholes, drainage ways, and
nastily-dug ponds. Regulations of the Kentucky Water Pollution Control Com—
mission in October 1958 required brines to be injected into disposal wells
175 feet or deeper. Pressure disposal Into porous zones below the New Albany
Shale of Devonian age was permissible from March 1959 to March 19460. The
Louisville Limestone of Silurian age underlying the New Albany Shale became
& major brine dispesal zone at this time. This fermation had been penetrated,
however, by several abandoned gas~ and oll~test wells, drilled in the 1920's
and 19307%s, which allowed the brines to move upward and contaminate the fresh~
water zones above. The brines changed the potable ground water from a caleium
bicarbonate type, corntaining moderate amounts of magnesium and sulfate, to a
sodiwm chloride type. Chloride concentrations prior to oll production generally
were less than 60 pom; after oil producticn, chloride concentrations were as
high as 51,000 ppm (Hopkins, 1963).

The history of the Greensburg cilfield is a sorry tale; a graphic footnote
appears in the National Park Service report (1960): "The field was first deve-
loped by local operators, promoters and exploiters with utter disregard for the

- 1
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Table 1.

011 production, in barrecis

, of Green andg

Tayler Countiles, Kentucky,

compiled by the Kentucky Ceologlosl Survsey

Month 1958 1959 1966 1961

January 5,454 &13,715 533,787 152,292
February 5,674 587,121 L65, 148 130,414
March 8,009 806,791 421,891 132,609
April 8,450 1,178,581 478,575 107,753
May 18,216 1,421,608 482,377 117,166
June 21,054 1,235,957 401,624 105, 249
July 30,270 LGkl B 345,847 97,939
August 63,107 882,044 307,178 92,862
September 162, 244 794,080 268,188 79,476
October 308,860 809,507 235,934 77,017
November 468,529 655,946 190,296 64,551,
December 556,181 588,682 157,021 53,418
Totals 1,656,052 10,617,278 Iy 288,166 1,211,146

principles of oil conservation or the right of nelghboring lease owners. A
major economlc asset of the State has been irreparably damaged by unregulated
competition. Miuch of the oil in the formation will never be recoversd because

of the practices used to recover as much oll as possible in the shortest Lime!,

Chemical Quality Prior to Oxlfield Development

Water-quality studies, based on daily sampling of the Green River at
Munfordville, Kentucky (Station +49.7 in this report) by the U. S. Geological
Survey from Octeber 1§50 througn September 1957, provide a 7-year combinuous
record against which can be measured the subseguent effect of brine pollution

from the Greensburg oilfielid (Table 2). Krieger and Hendrickson (1940) state

- 13 -



w‘t—f‘[_.

Table 2, Maximum, minimum, and modal concentrations and properties of dissolved constituents, Green River

at Munfordvilie.

Oct.. 1, 1950 - Sept. 30, 1657

Oct. 1, 1958 — Sept. 30, 1959

(Parts per million) No. of No, of
Samplzss Max.- Min. Mode Samples Max. Min. Mode

Silica {Si0y) 197 8 3.5 8.8 - - - -
Iren 197 0.356 0.00 0.05 - - -
Calcium ((a) 258 52 1 33 50 152 2L 58
Magnesium (Mg) 258 N 1.0 5.9 50 52 Il 15
Sodivm (Na) 181 13 1.2 3.9 - ; . -
Potassium (K) 181 4.3 0.2 1.4 - - - -
Bicarbonate (HCOz) 258 18b 36 104 50 154 72 118
Sulfate (30)) 258 39 6.2 13 34 29 10 17
Chloride (C1) 258 45 0.5 3.9 358 1700 20 257
Fluoride (F) 202 0.5 0.0 0.1 - - - -
Nitrate (NO3) 258 7.0 0.2 2.5 L9 8.5 0.8 L0
Dissolved sclids

(Res. on evap. at 180°C) 258 254 73 139 50 2700 137 L51
Hardness as Call3 258 166 Ll 108 50 59, 80 190
Noncarbonate

hardness as CaCO3 258 30 0 13 50 LEC 21 107
Specific conductance

(micromhos at 25°C) 2551 523 58,9 229 362 L650 190 865
pH 258 8.6 6.8 7.6 50 7.9 6.6 7.5
Color 258 32 0 ks 50 25 3 6




that before August 1958, the water at Munfordville was generally a moderately
hard water of the calcium magnesium bicarbonate type, and had an average chloride
concentration of less than 10 ppm. With the disposal of brines coincident with
the rapid development of the Greensburg oilfield in the spring of 1958, the
water changed to a sodium chloride type and chloride concentrations frequently
exceeded JO0O ppm. TFor the period 1950-1957, the maximum sodium and chloride
concentrations were only 13 and 45 ppm, respectively, with modal concentrations
of 3.9 ppm for both sodium and chloride. The water had the characteristic
chemical quality of a stream draining an area containing much limestone and
calcareous shale. Usually the water of the Green River was lowest in dissolved
salts during the period of high runoff from about December fo about April

(Krieger and Hendrickson, 1960).

Chemical Quality Subsequent to 0ilfield Development

Topography and the porous nature of the limestone surrounding the
Greensburg oilfield favered the rapid movement of brines to the streams. The
U, 5. Geological Survey's daily sampling schedule at Munfordville proved very
useful in studying the effects of waste brines on the Green River. With daily
determination of specific conductance and chlorides, and a continucus record
of water discharge, they were able to calculate the daily discharge of brine
from the Greensburg field. Daily analysis also showed the daily vardation in
the brine load, the effect of flood flows and low flows on the brine concen-
trabtion, and the change in attendant chemical quality of the water.

According to Krieger and Hendrickson (1960}, the effect of waste brines
did not become readily apparent until the low water of July and August of 1958,
However, a hint of things to come appeared in the relatively high chlorides
in late summer and early fall of 1957. High flows during the winter of 1957
and 1958 masked these effects for almost a year. The 1959 water year (October
1, 1958 to Seplember 30, 1959) was the first full vear of noticeable brine
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contaminaticn, as shown in Table 2. Table 2 was taken directly from the report
of Krieger and Hendrickson. The data are based on chemical analyses of com-
posites of daily samples, except the specific conductance and chloride values
are based on daily samples. Average concentrations are given as the mode (the
most frequently occurring value) since they believe that the mode gives the
best expression of & significant value for data with such skewed and extreme
values.

The Green River at Munfordville became a sodium chloride type water,
usually very hard and usually very high in dissolved salts. Domestic and
industrial use of the waber was seriously affected, as were private springs
and wells. Ground water contamination was concentrated in the areas of heavy
brine production in Green and Taylor Counties, but was ncticeable as far down-
stream as Brownsville, about 100 miles below the area of greatest oil production.
The two large springs in Mammoth Cave, known as Echo River and Styx River, also
became contaminated.

According to Krieger and Hendrickson (1960), in the 1957 water year, more
than 10,600 tons of chloride were discharged at Munfordville with about 1,822,800
acre-feet of water, In the 1958 water year, this increased to over 27,000 tons
with 2,548,000 acre-feet of water. The discharge of chloride in the 1959 water
year incressed to over 305,000 tons, although water discharge was about half
that of the 1958 water year. Thus, the daily chloride load of more than 830
tons per day exceeded the total monthly chloride load of 7 months in the 1957
water year.

The results of our cwn water guality determinations made during the L-year
study are summarized in Tables 3-5. These data are understandably much less
extensive and precise than those collected by the USGS and cooperating agencies,
since many of the determinations require elaborate equipment and laboratory
conditions nct normally found in the field. The values listed for each station

in Table 5 were derived by averaging the monthly asnalyses.
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Table 3.

Chemical characteristics, in parts per million, of Green River water analyses made above

and below (+) mouth of Trace Creek, 1960.

Sp- cond. Ortho-

Station Date (micromhos) Tot. alk. Iron phosphate Sulfate pH Turbicgity
-82.6 Cct. 11 158 - - - - - -
-80.9 Oct. 11 165 - - - -
=77.3 July 19 - 86 - - - - .
-77.3 Aug. 11 - 103 G.09 - 20 - 50
—35.9 Aug. 10 - 86 0.18 0.10 12 - o
=3L.7 July 20 - 86 - - - - -
-21.5 Oct. 5 180 - - - - - -

-8.9 Aug. 9 - 120 - - - - -
-8.9 fug. 23 190 - - - - ~ -
-8.9 Aug. 25 170 103 0.15 0.10 0 7.0 10
-8.9 Sept. 27 - 120 0.25 0.10 iz 6.7 3
+1.8 Aag. 23 400 - - - - - -
+1.8 Aug. 25 £O0 - - - - - -
+1.8 Sept . 27 950 - - - - - -
+4.8 Aug. 17 3L2 120 0.25 - 17 - X
+5.9 Aug. 17 1750 - - - - - -
+5.9 Eug. 19 2025 - - - - - -
+49.73 Oct. 4 L5000 137 - - - -~ -
+37.0 Auvg. 25 1000 - - - - - -

+4G.7 Aug. 29 1050 137 0.17 0.17 10 7.0 15
+49.7 Aug, 30 1100 - - - - - -
+52.1 Aug, 30 00 - o - ~ - -
+79.8 Sept.. 1 900 154 - - - - -
+80 .4, Sept. 1 850 - 0.14 0.1z 13 6.9 -
+98.3 Aug. 31 750 - - - - - -

+113.2 Sept. 22 440 137 - - -~ - -

+133.8 July 6 - 111 - - - - -
+174.3 July 7 - 120 - - - - _

+273.7 Sept. 6 500 154 0.50 0.25 28 7.0 35

(.
\
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Table 4. Chemical characteristics,

1960.

in parts

per million, of water analyses from Green River tributary streams,

Green River Mile No.

Sp. cond.

Ortho-

(at_tributary mouth) Date {micromhos) Tot. alk. Iron phosphate Sulfate D.C. ph  Turbidiby
Russell Creek - Mile 288.8
0.0 (mouth) Aug- 25 210 137 1.40 0.35 18 70 80
0.05 mi, from mouth Aug. 9 - 154 1.50 0.30 25 - %0
0.1 n» fug, 23 180 - - - - - -
0.1 " i . Sept., 27 240 - - - - - - -
Trace Creek - Mile 282.8
0.5 mi. from mouth Aug. 25 17,000 - - - - - - -
c.5 ¢ n 1 Sept. 27 25,000 - - - - - - -
Big Pitman Creek - Mile 277.L4
0.2 mi. from mouth Aug. 17 30,000 86 0.20 - 48 #* o 20
0.3 " " 1 Aug. 24 15,000 86 0.28 0.20 8 10.5 6.3 30
2.9 i " " Aug, 24 15,000 120 0.28 0.16 69 * 6.1 30
2.9 m u , Sept. 27 12,000 - - - - - - .
2.9 " " Sept. 28 12,000 171 0.25 G.25 0 10.0 7.1 20
10.5 " n Aug. 19 40,000+ - - - - - ~ -
0.5 1 ow o Aug. 23 14,000 154 0.25 - 60 10
0.5 v omo o oowm Aug. 25 - 137 0.25  0.25 L3 6.8 7.0 15
10.5 # w om Sept. 27 40,000+ - - - - - - -
Little Barren River - Mile 260.4
6.2 mi. from mouth Aug. 25 380 - - - - - - -
6.2 1 3 1 Aug . 27 ’75@ - - - - - - -
Boiling Spring Branch - Mile 236.9
0.6 mi., from mouth Aug. 25 350 - - - - - - -
Nolin River — Mile 186.5
0.8 mi. from mouth hug. 31 280 171 0.22 0.5 14 - 7.1 1%

# Tnaoccurate debtermination due to unknown causes.

+ Beyond scale of solubridge.



Table 5. Average chemical characteristics, in parts per million, of Green River
water analyses made seasonally in 1961 (upper wvalues), during 5 months
of 1962 {(middle values), ana during 10 months of 1963 (lower values).

Big Pitman

Creek a el

Station 77,3 -34.7 -89 {(2.9) +6.2 49.3 +28.3  HLG.T7 804
15 10 20 5 10 5 25 19 28

Turbidity 29 35 45 12 27 29 10 23 L2
20 30 28 7 7L 66 L9 15 21

Total 109 96 86 144 123 137 110 137 14k
alkalinity 100 81 G2 153 121 110 151 141 134
88 g9 91 157 107 109 126 129 134

Specific 180 180 165 2988 1000 850 500 L50 390
conductivity 160 148 148 1450 700 513 525 350 367
(micromhes) 166 159 199 2143 709 659 597 476 397
13 15 14 2L 23 25 16 13 18

Sulfate 36 37 30 L5 38 L3 L9 35 L2
L2 L0 L3 59 L9 L5 35 L1 L0

Dissolved 8.0 9.8 8.5 9.2 G.6 8.5 8.4 3.0 G.6
oxygen £.2 7.2 5.8 9.1 6.3 6.9 6.8 7.3 7.2
7.5 7.9 7.9 8.2 7.7 7.7 8.0 7.9 7.9

6.5 .6 6.7 5. 5.7 7.0 6.3 6.8 6.9

pH 6.6 7.1 7.0 7.1 7.0 7.3 7.2 7.0 7.0
6.8 6.8 6.9 7.2 7.2 7.2 7.2 7.1 7.2

Ortho- 1.0 0.1 0.1 0.2 0.1 0.1 C.1 0.1 0.2
phosphate 2.5 1.3 2.0 1.9 1.5 1.5 1.0 1.0 0.6
1.5 .6 1.9 2.4 1.8 1.6 1.5 1.9 0.8

0.1 0.20 0.24 0.10 ¢.22 0.15 0.2z 0.25 0O.20

Iron 0.32 0.30 0.43 0.18 0.30 0.28 0.25 0.32 0.3C
0.43 0.33 0.38 0.22 0.32 0.32 0.27 0,25 O.24

0.05 tr. 0.24 0.59 0.10 ¢.00 0.29 0.25 0.25

Nitrate 0,18 0.33 0.48 1.45 0.49 0.71 1.28 L1.48 1.24
0.75  0.92 0.56 0.87 0.56 0,61 0.79 0.6l 0.73

¢.00  0.00 tr. 0.01 0.00 0.0¢ 0.00 0.0C tr.

Nitrite tr. 0.01 tr. 0.00 tr. tr., 0.03 tr, tr.
tr, tr. tr, tr. tr. tr. tr. tr. tr,

a - upper (1961) values in this column obtained at Sta. +19.1
b ~ upper (1961) values in this column obtained at Sta. +174.1
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Specific conductance values ranged between annual means of 148 and 199
micromhos per cubic centimeter in the unpoliuted section of the Green River.
Total alkalinity during the j-year study showed an annual mean range of 86 to
109 ppm. The lowest pH wvalue recorded was 6.1 and the highest was 7.7. Dis-
solved oxygen content was never criftical in the unpolluted section. Values from
the cther determinations fell within the expected range (Tables 3 and 5).

A considerable difference was noted in the water guality of Blg Pitman
Creek bétween 1960 and 1963 (Table 4). During the first year the specific
conductance ranged from never lower than 10,000 micromhos to over 40,000
micromhos (beyond the scale of our solubridge). The average conductivity was
in the range of 12,000 to 15,000 micromhos. During 1961 specific conductance
dropped in Big Pitman to between 2775 and 3200 micromhos. (Krieger in a per-
sonal communication, however, reported a value of 9600 micromhos for Cctober 3,
1961 when he visited Big Pitman Creek. He also recorded that day 3130 ppit
chloride; 0.14 ppm iron; 7.0 pH; 10.8 D. 0.5 95 ppm sulfate; 5580 ppm dissolved
solids; and 164 ppm bicarbonate.) During 1962 specific conductance ranged from
950 to 1850 micromhos. The annual mean value was 1450 micromhos, a definite
improvement over the preceding year, and a drastic improvement over the first
year. During the final year of the study, specific conductance averaged 2143
mlcromhos, reflecting not an actual increase in the amount of brine reaching
this tributary, but the lack of dilution water caused by below-normal rainfall.
Interfering substances in Big Pitman Creek made water analysis difficull and
results were often guestionable.

The section of Green River subject to brine pollubion showed slight improve-
ment in 1961, compared to 1960, as shown by our water quality analyses (Tables
3 and 5). Specific conductance values in 1960 showed an irregular decline, as
dilution began taking effect, from a maximum of 4500 micromhos at Station +9.3,
to a minimum of 440 micromhos registered at Station +113.2 The highest con-

ductance value recorded in 1961 was 2240 micromhos at Station +9.3; the lowest
- 0 -



found was 333 micromhos at Station +219.7. Krieger (personal communication of
March 30, 1962) stated U. &. Geological Survey records showed continued lmprove-
ment in Green River, although the rate of improvement was less rapid than between
October 1960 and April 1961. Further improvement was noted ab the five stations
below the mouth of Trace Creek during 1962. The highest annual mean was 700
micromhos at Station +6.2 and the lowest mean was 350 at Station +49.7. Unac-
countably, the lowermost station (+80.4) had an annual mean of 367 micromhos

that year. Specific conductance averaged slightly higher the last year of the
study because of deficient rainfall and consequent lack of dilution water. The
other water quality characteristics of this section over the L-year study period

are shown in Tables 3 and 5.

EFFECTS OF BRINE ON FISH PFAUNA

Population sampling showed that the Green River supported an extremely rich
and varied fish fauna, especially in those sectione not contaminated by ocilfield
polluticn. The check-list of fishes known to occur in Kentucky comprises 26
families, 67 genera, and 177 species. The list of fishes identified from the
1960-1963 Green River population studies included 18 families, 42 genera, and 107
species. Additional species, although not represented in our collections, are
known to occur. Table 6 lists all the species collected from the Green River and
shows their occurrence either above, within, or below {navigation lock chambers)

the polluted section.

Unpolluted Section Fish Fauna

Fifty-two species of fishes, listed below, were identified from the 196Q
population studies conducted in the upstream, unpolluted section of the Green
River (Fig. 5). The 27 starred (#) species cccurred exclusively in the unpol-
luted section and were not found in the polluted section samples {the lock chamber
studies will be compared separabely, as will be the Big Pitman Creek studies,

since the former sampled a completely different type of fish habitat).
- 21 -



#Least brook lamprey

Longnose gar
#iizzard shad
#*Grass pickerel

Stoneroller
#Goldfish
*Carp

Bigeye chub
#Horayhead chub

Streamline chub
#Popeye shiner

Emnerald shiner

Commen shiner

Spetfin shiner

Mimic shiner

Stargazing minnow

Bluntnose minnow

Northern hog sucker

Spotted sucker
Shorthead redhorss
Bia~k rsdghorse
Golden redhorss
“RBlack biallhead
*¥ellow bullhead
Channel catfish
#Carolinag madtom
*Brindled madtom
“Freckled madiom
#Green River madtom
Flathead cabtfish
Northern studfish
Rock bass

Green sunfish
Bluegill

Longear sunfish
#Hybrid sunfish

“Smallmoubth bass

Spot.teq bass
“argemouth bass
“Wnite crappie

Greenside darter

Rainbow darter
“Blusbreast darter
*Tantall darter
#3tripetail darter
#Speckled darter

Logperch
#Bluestripe darter
“Longhead darter
#3lenderhead darter
#usky darter
#Banded sculpin

The 1960 population composition and standing crop valuss were determined

by sampling 4 .91 acres (3 different arsas:

Stations -95.7, -90.2, and -21.5).

The standing crop averaged 420 fish and 156 pounds, per surface acre, with an Ag

value of 73. These data are summarized in Appendix Table 1, which also shows

that all groups in both the Piscivorous and Non~Piscivorous categories were

represented by all size-classes, except no fingerling predatory fishes were

recovered (Appendix Fig. 1}.

Again in 1961, 52 species were identified from the wunpolluted sectlion

samples (Fig. 5). However, 1i of this number, listed below, ware not repre-

sented in the previcus year’s collection from This section.

River chub
Rosyface shiner
Steelcolor shiner
Bullhead minnow
Creek chub

The following 24 species were

Gizzard shad
Grass pickerel
Bigeye chub

River chub

Popeye shiner
Steelcolor shiner
Bullhead minnow
Creek chub

River redhorse
Slender madtom
Warmouth
Redear sunfish
Black crappie

River redhorse
Black bullhead
Yellow bullhead
Slender madtom
Brindied madfiom
Green River madtom
Warmouth

Redear sunfish

- 20 -~

Biackside darter
Sauger
Walleye
Brook silverside

found only in this section that year:

Hybrid sunfish
Smallmouth bass
Targemouth bass
White crappie
Black crappie
Dusky darter
Walleye

Brook silverside



Table 6, List of fishes collected from Green Riwver, 1960 - 1963. This list
comprises 18 families, 42 genera, and 107 speries.®  Symbols denote
occurrence above {-Y polluted section; in '+} polluted section; and

below (0) pollution in the navigst ion Lok chambers.

PETROMYZONT IDAE

O Ichbhyomyron unicuspis Hubbz and Traciman

- Lampetra aepyptera {Abbort)
POLYCDONT TDAE

O Polyodon spatrila [Walbaum)

LEPISOSTEIR

€pi?05t cs oculatus (Winchess)
Lepisosteus 0sseus (ulnnaeus\
“ ',,‘ H

: platostomus Rafinesque

-+

OOO

AMIIDAE
0 Amia calvs limnasus
CLUPEIDAE
Q0 Alosa crrysornlsvis ‘Rafinesgue
-+ 0 Porosoma repedianum {ieSueur}
O Dorosoma petensnse {Gunther}
HIODONTIDAE
O Hiodon zlozoicms ‘Rafinesqgue)
+ 0 Hiodon fergis.s LoBus
ESOCIDAR
- O FEsox americanus vermiculatus LeSueur
+ Eszox masguinongy ohioimszis Kirtland
CYPRINIDAE
~ + 0 Campo:itomz anomalum ‘Rafinesquz)
- Cavas=i.~ auratus {linnasus)
-

Cyprinus carpio Linnaeus
Hybognathus nurnalis Agasslz
Hybopsis aestivalus {Girard)

SC o

4

-+ Hybopsis amblops [Rafinesque)

- ybopsis bigittata (Kirtland

-t Hybopsis diszsimilis (Kirtland)
- Hybopsis mirropogon {Cope)

+ O Hybopsis storeriana {Kirtland)
0 Notsmigonus crysoleucas {Mitenill)

- Notropis ardens {(Cope)

-+ Notropis ariommus {{ope)

-+ 0 Notropiz atherinoides Rafinesque
- Notropis boops Gilbert

+ 0 Notropis buchanani Mesk
-+ 0 Notropis cornutus (Mitchill)

- Notropis lsuciodus {Cope)
-+ Notropis photogenis {Cope)

“r lamprey
bl

Paddlefish

Spotited gar
iongnose gar
Shortnose gar

Bowfin

Skipjack herring
Gizzard shad
Threadfin shad

Goldeys
Mooneye

Grass pickerel
Onio muskellunge

Stonerocller
Goldfish

Carp

Silvery minnow
Specklea chub
Bigeye chub
Hornyhead «<hub
Streamline 1
Riwer chub
Silver chub
Golden shiner
Rosefin shiner
Popeye shiner
Bmerald shiner
Bigeye shiner
Ghost =zhiner
Commonr: shiner
Tennessgee shiner
Silver shiner

# Nomenclature througneut tnis psper complies with recommendations of the
Committee on Wames of Fishes, American Fisheries Society.
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CYPRINIDAS (continusg}
-+ 0 Notropis rubellus (Agassin)
-+ 0 Notropis spilopterus (Cope)
-+ 0 XNotropis volurellus {Cope)
- 0 Notropis whipplei {Girard}
- O Opsoposodus emiliae Hay

-+ Phenacobius vranops Cope
-+ O Pimephales notatus ‘Rafinesque)
+ Pimephalas promelas Rafinesque
~+ 0 Pimephales vigilax (Baird and Girard)
~ Sﬁmotilui at romacalatus {Mitchill)
CATOSTOMIDARE
C Cfarpiosss rarpio {Rafinesque)
0 Carpiodes cyprinus {leSueur)
0 Carplodes wrelifer {Rafinesque)
- Catostom:s commersonl {lacepede)
-t Hypentelium nigricans {LeSueur)
O  Ictickus bubalus (Rafinesque)
0 Ictiobus zyprinellus (Valenciennes)
0 Itticbus niger !Rafinesque)
-+ 0 Miny'rems mclanops {Rafinesque)
-+ 0 Moxostoms anizurum {Rafinesque)
-+ 0 Moxostoma breviceps (Cope)
-+ 0 Moxostoma carinatum {Cope)

~ Moxostoms duguesneil (Lelueur)
-+ 0 Moxostoma sry hrurum Rafine sque)

ICTAIURIDAE
0 Ichalur.s fur atus [LeSuecur)
- 0 dctalurys melas ‘Rafinesque)
- 0 Ictalurus natalis {LeSueur)
~+ 0 lIctalurus punctatnus ‘Rafinesque)

- Noturuz <leutherus Jordan
- Noturus exilis Nelson
- Noturus furlosus Jordan and Meek

- 0 Neturve miurus Jordan

- 0 Noturus norturnus Jordan and Gilbert
-t Noturus spsris=s

-+ 0 Pylodirtis olivaris {Rafinesque)

ANGUILLIDAR
G Anguilla rostirata {LeSueur)

CYPRINODONT IDAE
- Fundulus catenatus [Storer)
-+ Fundulus notatus (Rafinesque)

SERRANIDAE
O Roccus chrysops {Rafinecsque)

CENTRARCHIDAE
-+ 0 Ambloplites rupesiris {(Rafinesque)
= O Chasnobrytius gulosus {Cuvier)
-+ 0 Lepomis cyanellus Rafinssque

- 2 -

Rogyface shiner
Spotfin shiner
Mimic shiner
Steelcolor shiner
Pugnose minnow
Stargazing minnow
Bluntnose minnow
Fathead minnow
Bullhead minnow
Creek chub

River carpsucker
Quillback

Highfin carpsucker
White sucker
Northern hog sucker
Smallmouth buffalo
Bigmouth buffalo
Black buffalo
Spotted sucker
Silver redhorse
Shorthead redhorse
River redhorse
Black redhorse
Golden redhorse

Blue catfish
Black bullhead
Yellow bullhead
Channel catfish
Mountain wadtom
Slender madtom
Carolina madtom
Brindled madtom
Freckled madtom
(Green River system)
Flathead catfish

American eel

Northern studfish
Blackstripe topminnow

White bass

Rock bass
Warmouth
Green sunfish



CENTRARCHITAE (roatinued)

PERCIDAE

4+ +
OO OO0

+ o+
OO OO

-+ O

+
4

Lepomi

= haumilis {Girard)

Lepomls

ma rochivis Rafinesgie

Lepomz s

megslotis (Rafine wque

Lepom?

Lepom?
Micropter.- dolomivyl La zpeos

e .
fant her

= ml-roloph -
; [ p yooa p

Microplar

sanetbulates (Rafinesgus!
E Que,

Microphari:

Pomoxi

S ognnnlarils

salmoides {Larep=de)
Rafines

Fomox.l

£ algromsalatgs

Etheogs

toms blennioides Rafinesque

Etheostoma

caeruleum Storer

Frhe

3L OmAa

cam:rum {Cope)

Etheost oma

flabullare Ralfincegue

Etheost oma

kennisotti {Putnam)

Efheos

Loma maculatum Kirvland

Etheos

toma nigrom Bafinesgue

Ftheos

toms obeycnze

Eiheos

» Kirsch
T Oma

Etheos

st igmseum (Jordan)
toms zomsle {(ope!

Percing

caprodes (Rafinesqgue}

Percin

a copelandi {Jordan)

Percina

cymstotaenia {(Gilbert and Meek:

Percin

Forcina

3 marrorephais (Cope.

A S SR
maculans {uiracd)

Percina

phoxor ephala {Nelszon)

Percina

aricra | Swain)

Stizos

tedion canadense | Smith)

=
nl L7

stedlon wilreum vilreum (Mitehill)

SOIAENIDAE
+ 0

COTYILAR

_,i,

iplodi

ot us grimanieans Refinesque

Cottus

c5rolinse (G111}

ATHERINIDAE

O

Labilde

stnes sioculus (Copa)

Orangespobted sunfi

Bluegill
Longsar sunfish
Redear sunfish
Hybrid sunfish
Smatlmouth bass
“potted bass
Largemouth bass
White ~rapple
Black crappie

Greenside darter
Rainbew darter
Bluebreast darter
Fantail darter
Stripetaill darter
Spotted darter
Johnny darter
Barcheek darter
Speckled darter
Banded darter
Logperch

Channel darter
Bluestripe darter
Longhead darter
Blackside darter
Slenderhead darter
Dusky darter
Sauger

Walleye

Freshwater dram

Banded sculpin

Brook silverside

sh



The 1901 prodostizity wal o {or the unpollut =4 sectlon were derived from
sampling 4 .00 acres (Stabtions -90 2 and -34 7) Tro etgnding (rop averaged 528
fish and 94 pounds, per acre, witn an A vaiue of 7% (Appendix Table 2). For the
second year, all groups were repreé-~ented by all size-classes, except no finger-
ling predatory fishes were recoveread,

The number of species collected from Lhe unpolluted section during 1962
rose to Oi (Fig. 5). Twelve of this number, listed below, were taken for the

first time.

Rosefin shiner Pugnose minnow Blackstiripe topminnow
Bigeye shiner Wnite surker Johnny derter
Tennessee shiner Silver redhorse Barcheek darter
Silver shiner Mountain madhom Banded darter

The following 30 species occurred exslusively in this section of the river:

Grass pickerel River redhorse Hybrid sunfish
Goldfish Black bullhead Largemouth bass
Biver chub Yellow bullhead Rainbow darter
Rosefin spiner Mountaln maniom Bluebreast darter
Bigeye shiner Slender madtom Fantail darbter
Tennessee shiner Brindled wmadtom Stripetail darter
Steelcolor shiner Green River madtom Johnny darter
Pugnose minnow Northern studfish Barcheek darter
Creek crub Blarkstripe topminnow Bluestripe darter
White sucker Redear sunfish Brook silverside

The 1962 productivity values for the unpolluted section were derived from
sampling 4 .75 acres {Stations -90.2, -82.7, and -34.7). The standing crop
averaged 932 fish and 85 pounds, per acre, with an Ay value of 65 (Appendix
Table 3). For the third year, all groups in both major fish categories were
represented by all size-classes, except fingerling predatory fishes were absent.

Only L2 species were taken from the 1963 unpolluted section samples
(Fig. 5). ALl of the 42 hado been collected from this section in other years.

The 13 species listed below did, however, occur exclusively in the unpolluted

section.
least brook lamprey Black bullhead Fantaill darter
Gizzard shad Yellow bullhead Stripetail darter
Grass pickerel Brindled madtom Rluestripe darter
Goldfish Warmouth
White sucker Hybrid sunfish
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The 1963 populalion compozition znd standing ~rop values were determined
by sampling 4 .30 acres {Stations -9% 7 and -90 2} The standing crop averaged
630 fish and 10% pounds, per sere, with an By alw of 70 {Appendix Table 4).

The fingerling size-clasgs of twe groups -- food fisnes and predatory fishes --

ot

were not recovered the fourth and final year of ths project,

Polluted Zection Fish Fauna

The 35 species listed below were taken from Lhe 1960 population studies
conducted in the polluted section of the Green River {Fig. 5). The 10 starred
speciles occurred exclusively in the polluted ssclion and were not found in the

clean-water samples thal year.

Longnose gar
Stoneroller
Bigeye chub
Streamline chub
#Eilver chub
Irerald shiner
Compon shiner
#Silver shiner
#Rosyface shiner
Spot.fin shiner
Mimlc shiner
Stargazing minnow

Bluntnose minnow

“Bullhead minnow

Northern hog sucker
Spotted sucker

#H3ilver redhorse

Shorthead redhorss
Bla~k redhnorse

Golgen rechnors
(rannel «<atfish
Flathead catfish

o

*Blackstripe topminnow

Rock bass

Green sunfish
Pluegill
Longear sunfish
Spotted bass
Greenside darter
Rainbow darter
“*Banded darter
Logperch
#Channel darter
Flauger
#Freshwater drum

The 1960 proguctivity values were derived from sampling 6.35 acres

(Stations +4.8 and +5.3).

pounds, per acre, with an A, walue of 66.

The standing crop averaged only 85 fish and 10

Thess data are summarized in

Appendix Table 5, which also shows thal several size-classes and groups of

both major fish categories were either absent or poorly represented. TFin

damage (described in the Big Pitman C(reek sub-section) was observed on many
of the speciles recovered from this section.

Thirty-seven specles were identifiled from the polluted ssction sample
taken in 1961 (Fig. 5).

FEight of this number, listed below, were not found

here the previocus year.

Stripetail darter
Spotted darter
Speckled darter

Rlusestripe darter
Longhead darter
Bilarkside darter

- 27 -
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Banded sculpin
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The following nine specics ocenrred exclusively in the polluted section:

Stoneroller Stargazing minnow Speckled darter
Silver chub Rainbow darter Banded darter
8ilver shiner Spotted darter Banded sculpin

The 1961 productivity values were derived from sampling 4.59 acres (one
area)., This area was one of the two sampled in 1960 and was located 9.3
miles downstream {rom the mouth of Trace Creek and 3.9 miles below the mouth
of Big Pitman Creek. (Another study was attempbed in this pelluted section,
using sodium cyanide as the toxicant, but the resulis were considered unreliable
and the resulting data were used qualitatively only.) The standing crop of
300 fish and 12 pounds, per acre, with an Ay value of 52, showed some improve-
ment numerically, bul little change in the total weight being supported. Prac-
tically the same sigze~classes in the same groups were again absent (Appendix
Table 6). Fin damage was noticeably reduced, both in numbers of fish affected
and severity of affliction.

The number of species collected from the polluted secticn during 1962
increased to 44 (Fig. 5). Right of this number, listed below, were taken for

the first time.

Gizzard shad Popeye shiner White crappile
Mocneye Ghost shiner Dusky darter
Carp Smallmouth bass

The folleowing 10 species occurred exclusively in the polluted section during

1962:
Mooneye Ghost. shiner Sauger
Carp Bullhead minnow Freshwater drum
Silver chub Slenderhead darter
Fmerald shiner Dusky darter

Two population studies were attempted in 1962 in the poliuted section of
the Green River‘during the time scheduled for sampling this sectien. Both were
quantitative failures, the first because of a rising river stage and the second
because of low water temperature (58° - 59°F,)., High and turbid river stages
prevailed during the remainder of the time allotted for sampling this section.

Fin damage was restricted to a few of the larger {older age-classes) species.
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Forty-seven species were identified from the 1363 samples taken in the
poliuted secticn (Fig. 5} Tignl of this numbsr, listed below, were collected

m

from this section for the Tirst fime

Chio muskellunge River redhorse Bluebreast darter
Speckled chub Creen River madtom Walleye
Fathead minnow Largemouth bass

The fellowing 18 species cccurred exclusively in the polluted sechbion

during the final year of the project:

Meconeye fosyface shiner Bluebreast darter
Ohio muskellunge Stargazing minnow Longhead darter
Speckled chub Fathead minnow Slenderhead darter
Streamline chub Bullhead minnow Dasky darter
Silver chub Tiver redhorse Walleye

Popeye shiner Green River madtom Freshwater drum

The 1963 productivity values were derived from sampling 6.45 acres
(Stations +7.1, +8.6, and +9.3). Tne standing crop averaged 229 fish and
47 pounds, per acre, with an A; value of 77 [Appendix Table 7). ALl size-
classes and all groups were represented, exrept fingerling predatory fishes
and "harvestable” (above forage size) forage fishes were absent. Fin damage

was nobl observed,

Big Pitman Creek Fish Fauna

Big Pitman Creek supported a standing crop in 1960 of only 22 fish per
acre and 3.5 pounds per acre, with an Ay walue of 84 (Appendix Table 8). Two
areas (at Mile 0.0 and Mile 2.9) totalling 2.25 acres were sampled. Several
size-classes of various groups were either absent or poorly represented. No
predatory fishes of any size-class were found in the samples. Only 9 of the
49 fish vaken were of harvestable size; /4 were of intermediate size: and the
remaining 36 fell into the fingerling size-class. Sixteen species, representing
9 genera from 4 families, were recovered from the population studies (Fig. 53
Table 7).

Bxtensive [fin damage was noted on several species from both Big Pitman

Creek studics in 1960. The first study encompassed 1.00 acre just inside the
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month of the rreeck  Fwo {ingerling yellow ballbheaa were observed that had
badly eroded lins; in fact, the caudal fin on =zacn was absent. The single
black redhorse (11") had eroded margins on its ventral fins. The fins on
the other 19 fisn from this shudy wers unaflfected and the fish appeared healthy
in every respect . It is likely that some of the unaffected specimens were a
transient segment of the population, having emigrated from the Green River.
The second study encompassed 1.25 acres 2.9 miles above the mouth. The single
carp taken {2 5") had only a stump for a caudal fin. The other 26 fish from
this study showsd no fin damage at all.

The fish population in Big Pitman Creek, determined by sampling 1.00 acre
(at Mile 2.9), showed some improvement in 1951. A standing crop of 820 fish
and 3.6 pounds, per acre, was founa {(Appendix Table 9). WNo harvestable-size
Tfishes were taken from the single study. Neither were any predatory fishes
of any silze taken  Ninety-six percant of all fish recovered belonged to the
forage fish group. This group acrounted for 87 percent of the total weight.
Nineteen species, representing 11 genera from 6 families, were identified
(Fig. 53 Table 7Y. Ten of the 19 species did not occur in this stream the

previous year and ars listed below.

Bigeye chub Cresk chub Greenside darter
Streamline chib Nerthern hog sucker Banded soulpin
Spot.fin shiner Black bullhead

Mimic shiner Longear suanfish

The drastic change in number of fish per acre from 22 in 1960 to 820 in
1961 is attributed to a corresponding change in brine content. Specific con-
ductance values in Big Pitman Creek ranged from wnever lowsr than 10,000
micromhos to over 40,000 during 1960. During 1961 the range was between 2775
and 3200 micromhos. Fin damage was much reduced over that observed the first
vear.

Big Pitmen (reek supported a standing crop in 1962 of 1105 fish and 13
pounds, per acre, with an f, value of 36 (Appendix Table 10). Two areas
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Table 7. List of fishes collevtad from Big Fitman Creek, 1960 - 1963, This list
comprises 7 families, 21 genera, and 48 species.

that year.
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ICTALGRIDAE
Ictalurus melas
Ictalurus natalis
Ictalurus punctatus
Noturus species
Pylodictis olivaris

CENTRARCHIDAE
Ambloplites rupestris
Lepomis cyanellus
Lepomis macrochirus
Lepomis megalotis
Micropierus delomieud
Micropterus punctulatus
Micropterus salmoides

PERCIDAE

Etheostoma blennioides
Etheostoma caeruleum
Etheostoma maculatun
Etheostoms stigmacum
Etheostoma zonale
Percina caprodes
Percina cymatotaenia
Percina macrocephala
Percina magulata

COTTIDAE
Cottus rarolinae

* River shiner. This is the only species not represented in the Green River

collections.
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(Mite C .0 and Mile 2.9} . totalling 2 25 acreg, were sampled. Thirty-nine

specles, representling 21 gencras Prom 7 families, were recovered - & definite
improvement in the populsiicrn structurs {Filg. 5; Table 7). The 17 species

o

listed below wers taken for the first fime.

Lengnese gar Green River madtom Specklied darter
Stargazing minnow Rork bass Baended darter
White sucker Green sunfish Logperch

Spotted sucker Largemouth bass Bluestripe darter
Silver redhorse Rainbow darter Blackside darter
Shorthead redhorse spotted darter

Several size-classes of wvarious groups were either absent or poorly
represented in the 1962 population. WNearly 15 percent of the total weight
recovered was comprissd of pisclvorous species. Game fishes made up 12 of
that 15 percent. Ixtensive fin damage was again noted on several species of
fish., Most of the [in erosion was restricted to the caudal fin., Some speci-
mens ol Iingerling channel catfish had only stumps for caundal fins. Redhorse
species were also observed with affected caudal fins. However, fin damage
was observed to gradually diminish, both in kinds and numbers of fishes involved
and severity of affliction, as the pollution diminished.

ALl aspects of the fisb population in Big Pitman Creek showed decided
improvement during 1963, Lhe final year of study. The same two arecas were
again sampled with resuiting standing crop values of 1034 fish and 46 pounds,
per acre (Appendix Table 11). An Ay value of 22 was derived. Some size-classes
were still either absent or weakly represented; but, compared to the 1960 popu-
lation, Big Pitman Creek was wsll on the way to complete recovery. Forly species
were recorded from the stream, 5 species, listed below, for the first time (Fig.

5; Table 7). Iineleen genera from six families were represented,

hogefin shiner Golden redhorse
fimerald shiner Longhead darter

River redhorse
No nollceable fin damage was observed while processing the fish from the
1963 studies in Big Pitman Creek.
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Lock Chamber ilsh Isuna

Seven population studies were conducted in the lower four navigation lock
chambers of the Ureen River during 1960 {iLock No. 4 1s 133.8 miles downstream
from the meuth of Trace Creek, Lock No. 3 1s 174.3 miles downstream, lLock No.
2 is 219.7 miles downstream, and lock No. 1 is 273.7 miles downstream). The
lower 150 miles of ihe Green River in which these lock chambers are located
apparently supported a normal fish population. The combined acreage of the
seven lock studies was k.26 acres, The standing crop averaged 748 fish and
274 pounds, per acre, with an Ay value of 88 (Appendix Table 12). Only
fingerling predatory fishes were absent from thne lock chambers. The 48
species listed below were recorded from the 1960 lock chamber studies (Fig.

5). The 22 starred species were unigue to itnis section of the river that year.

#311ver lamprey “Pgaoze minnow “White bass
Longnose gar Bluntnose minnow “Warmoutn
“Bowfin Bullhead minnow Green sunfish
#Skiplack herriag “River carpsucker #orangespotted sunfish
Gizzard shad Quilliback Blueglll
“Threadfin shad “Highfin carpsucker Longear sunfish
*Goldeye #Bmallmouth buffalo “Redear sunfish
#Mooneye #Higmouth buffale Spotted bass
Grass pickerel Spotted sucker Largemeuth bass
Carp #Blue catfish White crappile
Silver c¢hub Black bullhead *Black crappile
#zolden shiner Yellow ballhead Greenside darter
Fmeralid shiner Channel catfish Dusky darter
#hhost shiner Brindled madtom Sauger
Spotfin shiner Freckied madiom Freshwater drum
“Gteelcolor shiner #lathead catfish “RBrook silverside

Eight population studies were conducted in the same four lock chambers
(cach was sampled twice) during 1961. The combined acreage of the 8 studies
was 5.52 acres. The average standing crop was 3089 fish and 519 pounds, per
acre, with an Ay value of 75 (Appendix Table 13). ALl size-classes of all
groups were represented.

Forty-five species were identified from the lock studies of 1961 (Fig. 5).

The seven species listed below were not recovered from here the previous year.

Paddlefish Silver redhorse Walleye
Shortnose gar Shorthead redhorse
Biack buffalo Logperch
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The following 20 =peries werce unique Lo the 1901 lock studies.

Paddlefish Garp Rlack buffalo
Shortnose gar Goldea shiner Silver redhorse
Bowiin Gunost shiner Blue catfish

Skiplack herring River carpsucker White bass

Threadfin shad Quillback Orangespotted sunfish
Goldeye Smallmouth huffalo Freshwater drum
Moonaye Bigmouth buffalo

Six population studies were conducted in the lower four lock chambers
(Locks 3 and 4 were sampled twice) during 1962. The combined acreage was
3.02 acres. The average standing crop was 1142 fish and 405 pounds, per acre,
with an A; value of 93 (Appendix Table 14). Fingerling-size predatory fishes
were not represented this year.

Forty-nine species were identified from the 1962 lock chamber samples
(Fig. 5). The 10 species listed below were nob recovered from here in

previous years,

Spotted gar Common shiner Hybrid sunfish
Stonerclier Rosyface shiner Blackside darter
Silvery minnow Mimlc shiner

Speckled chub American eel

The following 14 species were unigue to the lock chambers in 1G62:

Spotted gar Smallmouth buifalo Warmouth

Skiplack herving o Blue catfish Orangespotted sunfish
Silvery minnow Freckled madbom Black crappie
Speckled chub Americal eel Walleye

iver carpsucker White bass

Eight population studies were conducted in the lower four lock chambers
(each was sampled twice) during 1963. The average standing crop from the 5.52
acres sampled was 1083 fish and 379 pounds, per acre, with an Ay value of 87
(Appendix Table 15). All size-classes of all groups were represented, except
fingerling predatory fishes.

Forty-seven species were ldentified from the final-year lock chamber
studies (Fig. 5). Only three new specles were recorded for the first time:

river redhorse, golden redhorse, and rock bass.
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The feollowing 18 species warn lork ~hambers in 1963:

Shortrnose gar Quilloack Americal eel
Sipiack nerping Sive ) fmonin boifalo White bass

hreadiin o had Blpmostn batfulo Orangespotted sunfish
Ghost shinoer Blask bulfalo Redear sunfish
Sleelcolor shiner Biue catfish Black crappie

e

River carpsucker Freckled maduom Rauger

EFFECTS OF BRINE On BOTTOM FAUNA

Bottom fauna sampling showsd that the Green River supported a rich and

varied macro-invertebrate popalation, sspeclally in the section unaffected by

brine pollution. Ly-cae mejor taxonomls cstegoriss of bottom-dwelling

organisms were identified from the stations lorabed in the clean-waler section
during “he L-year soudy . Tois doversity of ma-ro-invertebrate forms was not
found in the pollitbeo section. Howsrer, as the brine poliuvtion subsided, after
1960 and 1961, the variety of organisms in this section approached that found
at the upstream stat ions. Trne bortom fauna of Big Pitman Creek was even more

adverse iy affected, 2iare brine conrtamination was gregtest in thies tributary,

bt gradusl luprovemsnt was noled a= Lhe brine loawn diminighed. Annual rela-

Live abuandan = of the major anomic groups of masro-invertebrates at the

various sampling ststion: is shows in Appenolx fables 16 - 22,

dnpollut od He-tion Bottom Fauna

A waummary of tre mean numbers and msan volumes of botlom organilsms col-

lected during 1960 - 1963 fryom trne Oresn River shations located upstream from

brine polluiion ie in Tabls 8. Hows

ey, ab this point, an explanation
regarding the analy=is and svalustion of Lhe bouviom szample data 1s in order.

Farly in tne field work while ccllecting and sorting the boltom samples from

the (reen , and Later an the laboratory while counbting and welghing the

organisms, it beca

£ appas that comparison of tofal productivity betwsen

Lions of the river would be misleading, although

the unpoliuted and pollw

basically correct. This

Luation stemmed from the fact that both gastropods
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Takle 8. Mean nomber aod solame of marro-invertebrates’ collected at sampling
stations 1n Sresn River loca® o wpstream [rom oilfield brine pollution,
1960 - 1963,

Number of Sg. I Nembas of Jolime Mean number Mean volume
Year sbations sampled oY ganl. ams fon) per sq. I, per sg. fi.

1960 7 25 2198 &7 .30 87.6 2,68
1961 8 27 2502 5645 91.4 2.06
15962 3 L5 3041 72 48 67.6 1.6

1963 3 &1 8263 120.25 102.0 1.48

Totals 178 16,004 317,68

Mean (all years combined) 89.7 1.78

Gastropoda (snails) and Pelocypoda {Mussels) deleted.
JI L )

Table Q. Mean number and volume of maoro-inveriebrates® collected
at the sampling station on Big Pitman (Creek (primary source
of brine pollution) 1960 - 1963.

Sq. ft. Number of Yolums Mean number Mean volume
Year sampled organisms [oo per umg. L. per sq. b,

1960 9 558 1.20 6.0 .13
1961 3 L35 o.al 1LE .0 0.28
1962 15 1686 L.17 1i2.4 0.28

1963 27 8356 12.37

b

09.5 Q.46

Totals 5 11,035 18,58

Mean (all years combined) 210.2 0.34

Gastropoda and Pelecypoda dsleted.
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(snails) and pelecypods {musscis® in the unpolluted section, and gastropods in
the pelluted section, orcurred in such abmindancs that their numbers and bulk
obscured the effvct “nar brine pollutiocn wa- -xeriing on the other macro-
invertebrates, [xcepting larger decapods (crayfish), practically all of the
other macro-invertebrates were equally av/ailable avn any stage in their life
cycle as forage for most all size--lasses of fishes. This certainly was not
true of the snails and mussels, since many were too largs for ingestion by
even harvestable-size fishes; and vo what extent the wvarious fish species
utilize smallier snails and mussels is not well known. Irum, which are known
to utilize them, were not found in appreciable numbsrs in the section of the
river where the snails and mussels wewe most azbundsnt. To illustrate the dis-
parity between total productivity fall organisms insluded) and modified pro-
ductivity (snails and mussels excluded), the mean total productivity of the
unpolluted section in 1960 was 109 organisms and 5.18 ce, per square foot.
Exciunding the snails and mussels, these msan values were revised downward Lo
88 organisms and 2.68 cc. in the polluted section that same year, the mean

total productivity was 321 organisms and 12.30 o, per square foobt. Excluding

¢ modifisd produstivity welues berame 120 organisms and

snails and mussels, 4L
0.76 cc. These illustrations not only show the extreme abundance of brine-
tolerant gastropods in the polluied section, but they also show the distortion
thet would result if total productivity was the sole criterion used to evaluabe
the effects of brine pollution on bottom organisms. Unless specifically stated
otherwise, modified productivity values have been used throughout this report,
both in the texi and in the figurcs. Aleo, all productivity values were computed
and are reported on a per square foot basis.

Productivity in the clean-water section fluctuatsd from a low annual mean
of 56 organisms in 1961 to & high mean of 120 organisms in 1963 (mean annual
production at 4ll the sampling stations is graphicslly compared in Appendix
Figs. 2 ~ 5). The lowest mean volume was 1.48 cc in 1963 and the highest was
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2.68 wooin 1960, The owsrall 4-yo9c mean for tniv sstlion was 90 organisms

tno osame ndn Carononic groups of marvo-invertebrataes

sabhos in ‘re unpollstea section. Trnosme 9, listed below, accounted

dominated the

|8

for never less than $7.8 per cenf of botn the tobsl numbsy and total volume of

the combined samples.

Oligochasta Me gz loplers Coleoptera
! , -

Qo gelelsr: Pleso
Ephemerophera Trichoptera

Individually, vhe ofne LAXDNOmML  groups oeldom comprited as mach as 1.0

ol

per cent of eiiher the total number or jolume. Mayfly saympns predominated
over all the other groups sach yeary, 20 to 40 per cent of all macro-invertebrales

belonged to this singls order. Spails were the sscond most abundant group each

. oo . . . . N
yvear, accounting for 16 to 26 per cent of all organisms collected. (addis fly
M

uympns asually ranked third din o eelative abintance, followed by larval dipberans

or adult and dmmaturs beef jee . Mo whils ann.slly omprising enly 4 to

9 per cent of the nmumericsl total, ranked second only Yo the snails volumetrically

.

by waking wp from 6 vo 12 per reat of the tobal wolums. The dense-shelled snails

accounted for nover iess Ltnen L2 pes cent nor more than 69 per cent of the tobtal

volume. Crayfish, during two of tihe four ysars, =rared

cond-place volumetric
rank with the mussels.  The gerapeds comprised from 8 to 24 per -ent of the

total wvolume each year. CUaddis flies rankes fourth volumetrically the last two &
years of the study. The other taxonomic groups shifted from year to year in
relative sbundance, as ~nown in Appenaix Table 16. The presence of a diverse
bottom fauna existing in moderate abundance, both numerically and volumetrically,
typified the normal macro-invertebrate complex to be expected in a stream of

.

this type. Thusz, Lhe above productivity values wers a valid index against which

of brine pollinion could be measirad.



Pollubed Section Bortom lFama

The annval mean numbers and mean volumes of macro-invertebrates tabulated
from samples collected during L9007 - 19063 at tnes 5 ohations located within the
polluted section are compared in Table 10, The overall h-year mean from this
section was A4 organisms and C.55% ¢, aboul one-halfl and one-third, respectively,
of the overall mean number and wsan volume recorded from the unpolluted secbion.
However, the reduction 1n productivity was much greater abt most of the polluted
section sbtations the first two years. At Sta. +6.2 {closest to pollution source),
a mean of only 26 organisms and O.18 < was found in 1960; the 1961 figures were
iy organisms and 0.43 cc. AL Sta. +80.4 (farthest from pollution source), the
1960 production values averaged 78 organisms and C.64 co. Although there was
considerable variation from year to year and from station fTo station in bottom
fauna productivity, as the organisms responded to fluctuating water quality levels,
the pattern of inrreasing productivity ia relabilon to decreasing poliution was
clearly evident {Table 10). Another fa-ror to be considered was the sampling
schedule, since the bottom samples were collected seasonally in 1960 and 1961,
and monthly in 1962 and 1963. River stage permitted samples to be taken once g
month from May througn October except September) of 1962 snd from April through
December of 1963, Thne monthly sampling schedule undoubtedly permitted better
interpretation of variation in the composiftion and productivity of the bottom
favna in relation to seasons of the year and degree of pollution {a separate
report covering seasonal wariation in bottom favna productivity will be pub-
}iﬁdeMEQ? b
The composition and relative sbundance of bolrom organisms in the samples
collected from all 5 stations located in the polluted section in 1960 and 1961
differed greatly from the fauna of the clean-water section (Appendix Tables
17 - 21). Fourtesn major taxonomic groups in 1960, and 12 in 1961, were

identified from the polluted section. The A4 most abundant groups the first
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Table 10, Mean number and volume of macro-invertebrates® coliected
al sampling stations in Green River located downsbtream from
oilfield brine pollution (+ = miles below), 1960 - 1963.
/< Station No. k (16.2)
K:Eg,}ft. Number of Volume Mean number Mean volume

Year sampled organisms (cc) per sg, ft. per sg. T,

19560 3 78 0,55 26,0 0.18

1961 3 13 1.28 4.3 0.43

1962 15 330 8.8 22.0 0.59

1963 27 1130 9.89 L1.9 0.37

Totals L8 1551 20,56

Mean (all years combined) 32.3 043
Station No. 5 (+9.3)

1961 L L87 0.98 121.8 Q.25

1962 15 169 13.01 11.3 0.87

1963 27 1302 18.14 48.2 0.67

Totals L& 1958 32.13 o

Mean (all years combined) L2.6 0.70
Station No, 6 (+28.3)

1962 9 264, 10.06 32.7 1.12

1963 27 1122 6.7 41.6 0.25

Totals 36 1416 16.80

Mean (all years combined) 39,3 0.4L7
Station No. 7 (+49.7)

1960 6 1360 7.65 226.7 1.28

1962 15 328 4.39 21.9 0.29

1963 27 855 15.50 31.7 0.57

Totals L& 2543 27 .54

Mean (all years combined) 53.0 0.57
Station No, 8 (+80.4)

1960 5 388 3.21 77.6 0.62

1662 15 L2l 10.15 28.3 0.68

1963 27 1641, 14.30 40.9 0.53

Totals ING 24,56 27,66

Mean (all years combined) 52.3 0.59

Gastropoda and Pelecypoda deleted.

- 41 -



year accounted for more than 94 per cent of all organisms collected: Gastropoda,
53%; Diptera, 25%; Pelecypoda, 10%; and Oligochasta, 7%. The mayfly order,
Fphemeroptera, which predominated in the snpolluted section by comprising 40

per cent of the tobsl number, made ap only 1.6 per cent in the salt water
section. Two of the aforementioned groups, dastropoda and Pelecypoda, together
accounted for nearly 94 per cent of the total volume. Gastropods alone made up
73 per cent of the total bulk. Mayflies ranked very low in wolume, accounting
for only 0.26 per cent of the total collections. While some shifting in rela-
tive abundance and volume was noted in 1961, the same groups again predominated.
The L most abundant. groups accounted for 99 per cent of the total number:
Gastropoda, 60%; Diptera, 17%; Oligochacta, 13%; and Pelecypoda, 9%. Snails
and mussels made up 95 per cent of the total volume that year. No mayflies
were recorded from this section in 1961.

Relative abundance and composition of the bottom fauna in the salt water
section of the river continued fo differ greatly from the fauna of the clean-
water section during 1962 and 1963. Definite improvement in the fauna was
noted, however, as the brine contaminaiion gradeally diminished. Eighteen
major taxonomis groups of wmacro-invertebrates were found here the last two
years of the investigation {Appendix Tables 17 ~ 21). Crayfish were taken for
the first time, although this group acrounted for only 0.3 per cent of the
total number collected in 1962. Mayflies, ocrupying only 1.6 per cent of the
total number in 1940, and absent altogether in 1961, made up 7 per cent in 1962,
and 12 per cent in 1963, of the total fauna. The percentage of two-winged
flies in the samples varied from 25 per cent in 1960, to 17 per cent in 1961,
to 7 per cent in 1962, to 15 per cent in 1963. The other important insect
orders that gained a slightly stronger foothold in the bottom fauna the last
two years were Trichoptera, Coleoplera, and Plecoptera. The other Laxonomic

groups exhibited little change in their relative positions in the bottom fauna
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population. Snails continued to dominate the benthos. Seventy-iwo of every
100 orgenisms sampleg in 1962 were gastropods; this figure decreased to 54
in 1Yo

By wirtue of their awnoriral superiorily and dense shells, <nails made
up 86 per cent of the total volume recorded from the polluted section in 1962.
Cnly three other taxonomic groups contribul.ed as moch as one per cent to the
total volume that year. They were Decapoda (7%}, Pelecypoda (3%), and Cory-
dalidae (1.5%). During the final year of the study, snails made up 89 per
cent of the tobal volume of all samples. The two groups that exceeded one

per cent of the total bulk that year were Decapoda (4%) and Pelecypoda (4%).

Big Pitman Cresk Bottom Faimna

Bottom fauna productivity in tnis fributary to the Green River averaged
less each year than that of most of the polluted section stations, and much
less than that of the ¢lean-water section of the river. Table 9 clearly shows
the effects of brine pollution on benthlc productivity and the response of
macro-invertebrates Lo diminishing levels of conbamination. An average pro-
duction of 62 organisms and only 0.13 co, per sguare foot, was recorded from
this tributary in 1960. The following year these values rose to 145 organisms
and C.28 ccy the third year they were 112 organisms and again 0.28 cc. The
final year of the study the preductivity increased to 310 organisms and 0.46 cc,
a great relative improvement, but still a poor showing compared to the unpol-
luted areas in the Green River. The overall L-year mesan production rate was
210 organisms and 0.34 cc.

Ten major groups of macro-invertebrates were recorded from Big Pitman
in 1960 (Appendix Table 22). Members of the Diptera order, mainly tendipedids,
accounted for 93.per cert of the teotal number and L4 per cent of ths total
volume that year. Most of the olher groups were represented in the bottom
samples by only one or twe specimens. The following year only four taxcnomic
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groups were taken from here, Dipterans again predominated over the other
groups by accounting for 98 por cent of the Lolal number and 87 per cent of
the total volume. A definite improvement was lound in the composition and
relative abundance of the bottom fauna during 1962. While dipterans (mainly
midge larvae) continued to be the most abundant group, mayflies, appearing for
the first time, made up 34 per cent of the total number, and the number of
groups represented rose to 11l. During the final year 14 taxonomic groups were
found, but diplterans once again overshadowed all the cther groups with thedir
numerical superiority, accounting for 85 per cent of the total. Mayflies
decreased the last year to /4 per cent of the total number. Big Pitman Creek
was apparently too salty for even the brine-tolerant snails during 1960 and
1961. While their bulk accounted for 65 and 76 per cent, respectively, of the
total velume in 1962 and 1963, they comprised only 25 per cent of the tobal

velure in 1960 and & per cent in 1961,

DISCUSSION

The effects of brine pollution on bilological productivity described so
far were drastic in nature and clear cut in consequences. The damage to the
river was not, however, restricted Lo those effects previously discussed. Other
factors, some obvious, some subtle, were involved in the degradation of the
Green River by brine contamination.

No reports mentioning dead or dying fish in the polluted section were
ever received from either the local conservation officers or citizens. Sur-
prisingly, there was even an absence of rumors concerning fish kills in this
section. Some complaints were registered by commercial fishermen that Tishing
success became poorer after the oil strike. The standing crop Tigures from
the poliuted section supported the often—heard centention that the salt water
had "driven all the fish out of Green River™. Many species did move downstream

until they found water in which the brine contamination had been reduced by
dilution to tolerable levels.

"“i].iq.—



Thers was universal agresment, along the river that fish from the pol-
luted section, afier being cooked, nad an olly taste, C(onseguently, fishing

pressure was practically nil, at ieasu duwrang tne 13fe of this preject. This

was unfortunate, for while the o' ly © exlat during the years of peak

[N

brine contamination, the rumor perzisted long after tne objectionable taste
had disappeared and wery few fi=hermen svailed themselves of the recovering
fish population in this seciion of Lhe river.
Masselz, wery sensitive fo brine pollution in wiew of their virtual absence
in the polluted section during 1960 and 1961, began the slow process of repopu-

lating the aress whito they formerly occupled.  Jast numbers of empty mussel

shells littering the riffles of Gresn River bear mibe testimony to thelr former

=
i
s

reat abundance. Alihough out<ide the provinrce of fisheries biclo and this
£ 3

particular investigarion, the writer is compelled to at least mention the

~

apparent role of museels 1n Lhe dist of siream-loving mammals. Many of the
riffles which were not too near thz works of man were quite often covered with
freshly-shucked musael shells. As Lne wussels reinvaded their former terri-
tories, it was cbserved that they were quickly utilized, probably by raccoons.,
A riffie devoid of fresh mussel shells usually indicated that the bivalves
were still sbsent from the boltom faunal complex.

The fin damage observed on fish from %he polluted section and from Big
Pitman Creek was not restivicties to 4 particular species or growp of species.
Neither was the damage peruliar to a certsin size class nor to any szrtain
fin. It was not possible to differentiate bebween recent fin damage and older
damage on fins of the older age groups. The number of fish affected sach year,
and the severity of affliction, scemed to keep pace with the diminishing brine
contaminatlon. The component{s) of the brine responsible for the fin damage
were never ascertained.

In summation, one of Kentucky s most valuable natural resources was

seriously damaged by the Creesnsburg oil strike and the ensuing brine
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contamination, bub ironically the same factors that caused the damage wers

responsible for the problem curing itselfl: poor <onservation practices,

SUMMARY
1. Cilfield brines wasting into the Green River 1a tne Greensburg vicinity
created an acute pollution problem over 100 miles in extent. The effects of
brine contamination on the water quality, fish fauna, and macro-invertebrate
bottom fauna were determined and evaluated in a study that began in the suwmer

of 1960 and continued through 1963 .

2. The Greensburg oilfield was developed and exploited between 1958 and 1961.
Maximum oil production was from the fall of 1958 through the summer of 1960.
01l production increased from 5,454 barrels in January 1958 to 1,421,608 barrels

in May 1959. Production steadily decreased to 53,418 barrels in December 1961.

3. Brine production accompanied cil production and very often the wslls pro-

duced salt water for several months before oil production started. On a field
basis, water production was estimated to have been from 3 to 20 times as great
as oll production during the peak production period. Bésed on the size of the
tributary creeks and their chloride content, it was evident that the wvast bulk

of waste brine reached the Green River via Blg Pitman Creek.

L. Before August 1958 Green River water was moderalely hard, of the calcium
magnesium bicarbonate type, and had an average chloride concentration of less
than 10 ppm. With the disposal of brines from the Greensburg oilfield, the
water became very hard, changed to a scodium chloride type, and chloride con-

centrations freguently exceeded 1,000 ppm.

5. Domestic and industrial use of the water was seriously affected, as were

private springs and wells. The brines changed the potable ground water from

a calcium bicarbonate type, containing moderate amounts of magnesium and sulfate,

- L6 -



to a sodium chloride type. Chloride concentrations prior to ¢il production
generally were less than 60 ppm; after oil production, chleride concentrations

were as high as 51,000 ppuw

6. Population sampling showed that the Greea River supported an extremely rich
and varied fish fauna, especially in the unpolluted sections. One hundred seven
of the 177 species known to orcur in Kentucky were identified from the river

during the f-year study.

o
o

7 - > the brine pollution diminished from its peak intensity in 1960, the
number of {ish species occuirring exclusively in the clean-water section decreased
from 30 to 13. The number of species found 1n the polluted section increased

from 35 in 1960 to L7 in 1963 .

8. The unpolivted section supported an average anaual standing fish crop
ranging between 85 and 156 pounds per acre. The standing crop in the polluted

section increased from 10 pounss per acre in 1960 to L7 pounds per acre in 1963,

9. Only 16 fish species, representing 9 genera from 4 families, were recovered
from Big Pitman Creek in 1960. During the last year of the study the number
of species inhabiting this tributary had increased to 4G, and 19 genera from
6 families were represented. The standing crop was 3.5 pounds per anre in 1960;

by 1963 it had expanded to 46 pounds per acre.

10, The fish population found in the navigabion lock chambers, located in the
lewer 150 miles of the Green River and far cnough downstream in the recovery
zone to be supporting a normal population, nearly matched bthe diversity found

in the clean-water section. Between 45 and 48 species were identified each year
from the lock studies. The mean annual standing crop varied from 274 to 519

pounds per acre,

11. A rich arnd varied macro-invertebrate bottom fauna was found in the unpolliuted

section of the Green River. Twenty-one major taxonomic categories were identified

- L7 -



during the 4-year stidy. Tais divers:ity of macro-iarertebrate forms was not

found in the polluted section or in Big Fitman {reuk

12. Productirvity in tre olean-watar scotion fluctusted from a low annual mean
of 56 organisms in 1761 to a kigh msan of 120 organizms in 1963 {per square
foot basis). Thes lowest mean volome was 1.48 rc im 1963 and the highest was
2.68 c¢ in 1960. Tre owverall L-year mean for this zestion was 90 organisme

and 1.78 c¢e.

13. During the firsw 2 years of peak ~ontamination, tne number of taxonomic
greoups found at the zampling shations in the pollited section ranged from as
Tew as & Lo no mere than 12, Tes gquality of the btottom fauna as potential fish
food was extrsmely poor. As tns pollution subsined, The wariety of organisms

in this =ection approached that found al the upstrcam stations.

4. Productiity waliues in the polluted section raaged from a low aanual mean

of 26 organism= and 0.18 ¢r 1a 1960 a® tne <ration nearc<et the pollution source

Y
ks

to g high m=an of 61 organisms ana 0.53 ¢ 1a 1967 at the station farthest from

pollution. Tha oversll L-year mean Tor the o7 iom was 44 organiazme and 0.55 rg,

about, one-ralf ang one-third, respectively, of tre ¢ izan-water progu-tion rates.

15. Bottom fauna produstivity in Big Pitman Cresk sveraged lezz each year than
that of most of the pollurco sectlon stations, and m.ch less than thavn of the
clean-water sechion of the river. The annual mean production recorded for 1960
was 62 ovrganisms ang .13 =c  The final year of tne study the productivity
increased to 310 ovganisms and 0.46 co. The overall L-year mean prodictlion rabe

was 210 organisms and Q.34 ¢
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Figure 1. Kentucky's Standard Mebtbod for Reporting Fish Population Data
{opposite page)



FINGERLING SIZE INTERMEDIATE STZE | HARVESTABLE SIZE
Numberi?ounds Number: Pounds| Min, {Number |Pounds
SPECIES Range| per | per |Hange| per @ per !inch | per per
acre | acre acre | acre . groupj acre | acre
L (A) GAME FISHFS =
; !
Ohio muskellvnge 0-4 : 5-23 24
.
Chain pickerel O=4 ; 5-11 i2
Grass pickerel O=4 5-9 10
White bass 0-4 5-8 G
Yellow bass O-4 56 7
Sauger O~ H-11 12
| |
; Walleye O-4 5-11 3 12
Largemouth bass O-4 | 5-9 10
i s
Smallmouth bass 0= | § 59 10
| S - |
i : i , [
z Spotted bass 0-4, i 5-9 10
i ]
i Black crappie O-4 i 5.7 &
|
White crappie 01, 5.7 8
| | ;
TOTALS i : ' : i
(B) FOOD FISHES | ;
.
Blue catfish 0-1, 5 | 5-9 z {10
: : |
; I } g !
Channel catfish 0-4, § L 59 10
Flathead cabtfish 0-yy | 5.9 10
- I
TOTALS i ;3
RO _jMes i :

-1 -




FINGIR L ING 5125

INTERMEDTATE SIZE

HARVESTABLE SIZE

]

PR mbar | Poind s Number%?ounds Min. [Number {Pounds
SPECIES Range! per per  |Range] per | per |inch | per per
| a~ve | arre acre | acre |group| acre | acre
{¢) PREDATORY FISHES
Skipjack herring 0-4 5-9 10
Goldeye 0-4 5-9 1C
Mooneye Oty 59 10
Longnose gar 0-4 523 <L
Shortnose gar O-4 5-23 24
|
Spotted gar Oy 5-273 24
Bowfin O-iy 5-13 1,
American ecl - &-15 16
TOTALS
(D} PANFISHES
Boclk bass 0-2 é 3 6
Bluegill 0-2 l 3-5 6
|
Green sunfish Q-2 é 3-5 6
Hybrid sunfish 0-2 3-5 &
_ : i
Longear sunfish 0-2 | i 3-5 6
] ,
i . i
Redear sunfish 0-2 3-5 6
E |
; ]
Warmouth 0.2 ; 35 IS
!




FINGERLING SIZ2B | [NTERMEDIATE SIZE | HARVESTABLE SIZE

i Niumber| Pounds Nuomberi Founds] Min. | Namber {Pounds
SPECIES i Rangs| per per  [Range| per per  {inch | per i per
acre | acre aire 4 oacre |group| acre ;oacre

(F) COMMERC IAL FISHES | ‘ ; i

Sturgeons 24

o

-3
8]
.

Paddlefish

Buffalofishes G-n A1l 12

Carpsuckers O-4 5-11 12

Hogsucker O~z 5.11 12

Redhorses O-4 £-11 12

White sucker £-11 12

H-11 12

Spotted sucker

JR UG VRO

U S
Carp i 0-k § ;-11% % 12
i ‘E |
3 ; } : E
Bullheads | O-4 | ! 5.9 9 |
[iram Ot : L9 | 10
i
; : a
TOTALS :
Ty S TR Y ot o S TR ey O T TTIT




W FINGERL : NG SI7ZE 7 INTERMEL IATE SIZE — ABOVE FORAGE STZE
L liambe | Pounds | ‘Number i Pounds Min. |Number Pounds
SPECIES Rangs! per per iRange: per per inch | per per

; L acre | oacre | ' acre | oacrs groyp| acre | acre
; | f i :
| ! i
(F) FORAGE FISHES | | |
‘ | : !
i i H

Lampreys 0-3 CoaeT i 8

Gizzard shad 0-3 &-7 &

Threadfin shad (-

NS
=
~3
m

Notropis spp. Q-3 -7 g

Other cyprinids -3 b7 8

Madtoms 0-3 L-7 8

j
5 |
. PO i
Topminnows 0-3 ! D07 2
1 ; i "
;

Darters 0-3 b7 g

i
Crangespotlted !
sunfish i

‘ | ;

Brook silversids | 0-3 , -7 g |

| { :

. i ;
! '

Sculpine e 4-7 I

TOTALS g | g f

GRAND TOTALS | ! E ! g |




2.68 227

125 MAM 2.50
= KUMBER !
= VOLUME |
i
100 ? 2.00
g 3 : 1,50
T
i |
bl —
i
p: B
IAVS 1.00
25 0.50
O . soemmy 000 L. oREEeEeE L WRERER .. - 0.00
~8.9 B. Pitman +6.2 9.7 +80.4
Statlions: to {reek
=77.3

Fig. 2. Mean number and mean volume, per square foot, of macro-invertebrates collected in 1960
from Green River and Bifp Pitman Creek. Seven stations were located upstream (- = miles above)
and three stalions were locabed downstream (+ = miles below) from the oil field pollution.
4 single station was lceated cn Big Pitman Creek, the prime scurce of oil field brines.
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Table 1. Composition of the 1960 standing fish crop in the unpolluted section of Grsen River, determined by sampling

4.9] acres (3 areas) with rotenone.

FRIGERLING INTEREMEDIATE HARVESTABLE TOTALS PERCENT OF

GROUP (per acre) (per acre) (per acre) (per acre) TOTAL
Number Pounds Number Pounds Number Pounds Number Pounds Numbey Weight
Game Fishes & 0.1 13 2.4 9 7.0 28 9. .5 6.1
Food Fishes 1 Lr. 1 0.2 7 1L.6 9 14.9 2.1 G.5
Predatory ¥ilshes - - 22 14.4 g8 10.6 30 25.0 7.1 16.0
Totals (Piscivorous) & 0.1 36 17.0 2L 32.2 66 9.3 15.7  31.6
Panfishes 10 tr. 67 A 2L £.3 101 G.7 2.1 5.3
Commercial Fishes 13 0.3 79 21.3 K0 67.9 132 8%.5 31.5 57.5
Forage Fishes 110 0.5 1 tr 9 6.6 120 7.2 28.6 L.
Totals (Non-Piscivorous) 133 0.9 148 24.8 72 80.8 354 106.5 84.2 68.4
GRAND TOTALS 140 G.9 184 41.8 96 113.0 520 155.7 100.0 100.0

Standing crop

= 4,20 fish per acre; 156 pounds per acre. Ay = 72.6




Table 2. Composition of the 1961 standing fish crop in the unpolluted section of Green River, determined by sampling
4.00 acres (2 aress) with rotenone.

FINGBRLING INTERMEDTATE HARVESTABLE TOTALS PERCENT OF
GROUP (per acre) (per acre) {per acre) (per acre) TOTAL
Number Pounds Mumber Pounds Number Pounds Number Pounds Number Weight
Game Fishes 3 tr, 15 2.3 13 11.3 31 13.6 5.9 14.6
Food Tishes 1 tr. 1 G.1 L b7 5 4.8 0.9 5.2
Predatory Fishes - - 1 0.1 tr, 0.3 1 0.4 0.1 0.4
Totals (Piscivorous) 4 tr. 16 2.5 17 16.3 37  18.8 6.9 20.1
Panfishes 31 0.3 59 2.9 35 9.1 125 12.2 23.6  13.1
Commercial Fishes 5 0.1 75 13.2 50 L5.1 130 58.4 2L.6 £2.5
Forage Fishes 228 1.6 8 0.3 1 2.1 237 5.0 L4 .8 4.3
Totals {(Non-Piscivorous) 261 2.0 142 16.4 86 56.3 L9L  Th.b 93.0 79.9
GRAND TOTALS 268 2.0 i58  18.9 103 72.6 528  93.5 100.0 100.0
Standing crop = 528 fish per acre; 94 pounds per acre. Ay = 77.7

- 10 -



Table 3. Composition of the 1942 standing fish crop in the unpolluted section of Green River, determined by sampling
L.75 acres (3 areas) with rotenone.

FINGERLING INTERMEDIATE HARVESTABLE TOTALS PERCENT OF
GROUP (per acre) (per acre) (per acre) (per acre) TOTAL

Number Pounds Number Pounds Kumber Founds Humber Pounds Number Weight

Game Fishes 18 G.2 10 1.8 g 5.5 36 7.5 3.9 8.9

Food Fishes 1 Ly, 1 0.1 5 g.0 8 9.1 ¢.8  10.8

Predatory Ilshes - - i 1.2 1 1.7 5 0.8 0.5 3.3

Totals (Piscivorcous) 19 0.2 15 3.1 15 16,2 LS 19.4 5.2 23.0

Panfishes 26 0.2 159 6.2 32 6.1 216 12440 23.2 14,7

Commercial Fishes 107 0.7 75 17.1 37 31.8 218 L9.6 23.L 58,6

Forage Fishes L2L 2.1 26 0.6 tr. 0.5 L4 3.2 48.2 3.7

Totals (Mon-Piscivorous) 557 3.0 260 23.9 &9 38.4 883  65.2 GL.8& 77.0

GRAND TOTALS 576 3.2 275 27.0 a4 Sh.b 932 8.6 100.0 100.0
Standing crop = 932 fish per acre; 85 pounds per acre. Ay = 6.5




Table 4. Composition of the 1963 standing fish crop in the unpolluted section of Green River, determined by sampling
L.30 acres (2 areas) with rotencone.

FINGERLING INTERMEDIATE HARVESTABLE TOTALS PERCENT CF
GROUP (per acre) (per acre) (per acre) (per acre) TOTAL

Number Pounds Number Pounds Number Pounds Number Pounds Number Weight

Game Fishes 1 tr. 13 2.5 12 11.0 26 13.5 4.2 12.9

Commercisl Fishes - - 1. tr. 1 3.7 1 2.7 0.2 3.5

Predatory Fishes - - L 1.5 2 2.2 & 3.6 0.9 3.5

Totals (Pisciverous) 1 tr. 18 4.0 15 16.9 33 20.8 5.3 19.9

Panfishes 61 0.5 155 5.7 16 3.5 231 3,6 36.7 G,z

Commercial Fishes 20 0.2 131 19.46 O 52,3 90 72.1 30.2  68.6

Forage Filshes 150 0.8 2 0.5 1 1.1 175 A 27.8 2.3

Totals (Non-Piscivorous) 231 1.5 310  25.8 57  56.9 . L96  84L.1 Sh.7  80.1

GRAND TCTALS 231 1.5 327 29.7 71 73.9G 630 105.0 100.0 100.0
Standing crop = 630 fish per acre; 105 pounds per acre. Ay = 70.4

- 12 -



Table 5. Composition of the 1960 standing fish crop in the polluted section of Green River, determined by sampling
6.35 acres (2 areas) with rotenone.

FINGERLING TN BRRMEDTATE HARVESTABLE TOTALS PERCENT OF

GROUP (per acre) (per acres {per acre) {per acre} TOTAL
Number Pounds Number Pounds Number Pounds Number Pounds Numbsr Welght
Game Fishes tr. tr- T C. L o1 1 0.1 0.7 1.4
Food Tishes L. Lr. - - I 5.3 I3 5.3 LB 51,1
Predatory Fishes - - L Gl - - 1 OLL .9 4.3
Totals {Piscivorous) Lr- tr i 0.5 I8 5.3 5 5.8 6. 556.8
Panfishes 2 Lr 1 L - 2 tr 2.8 0.3
Commercial Fishes 2 tr 5 2.6 1 1.4 8 4.0 9.1 39.1

4 1.6

Forage Fishes 45 0.3 i 0.1 - w 69 0.4 81.6 3.8
Totels {Non-Piscivorous) 68 C.i 10 2.6 1 1.4 79 L5 93.5 43.2

GRAND TOTALS 69 0.4 11 3.2 $) 5.8 : 85  10.3 10G.0 10C.0
Standing crop = 85 fish per acre; 10 pounds per acre. A = 65.7

- 13 -



Table 6. Composition of the 1961 standing fish crop in the polluted section of Green River, determined by sampling
4.59 acres (1 area) with rotenone.

FINGERLING INTERMEDIATE HARVESTABLE TCTALS PERCENT OF
GROUP _(per acre) {per acre) {per acre) {(per acre) TOTAL
Number Pounds Number Pounds Number Pounds Number Pounds Number Weight
(fame Fishes 2 Lr. tr. 0.1 1 0.4 3 0.5 1.1 L1
Food Fishes 5 tr. 1 0.1 1 0.8 8 0.9 2.6 7.5
Predatory Fishes - - tr. T - - tr. tr, 0.1 0.3
Totals {Piscivorous) g G.1 2 0.2 2 1.2 12 1.4 3.8  1z2.0
Panfishes 2 tr. 3 0.1 tr. C.1 4 G.2 2.0 1.3
Commercial Fishes 6 0.1 12 4.1 5 5.0 23 9.2 7.8  75.5
Forage Fishes 228 1.1 32 0.3 - - 260 1.4 - 86.L 11.3
Totals (Non-Piscivorous) 236 1.2 L7 Lol 6 5.1 289  10.7 96.2 88.1
GRAND TCTALS 245 1.2 49 L. 7 6.3 301 12.2 100.0 100.0
Standing crop = 300 fish per acre; 12 pounds per acre. Ay = 51.5




Table 7, Composition of the 1963 standing fish crop in the polliuted section of Green River, determined by sampling
6.45 acres (3 areas) with rotenone,

FINGERLING INTERMEDIATE HARVESTARLE TOTALS PERCENT OF
GROUP (per acre) (per acre) (per acre) {(per acre) TOTAL

Number Pounds Number Pounds Number Pounds Number Pounds Number Weight

Game Fishes 3 tr. 5 0.9 3 2.6 11 3.5 L.9 7.5

Food Fishes 3 tr. G 1.0 10 14,6 22 15.56 9.5 33.0

Predatcry Fishes - - 2 G.g 1 0.6 3 1.4 1.3 3.0

Totals (Piscivorous) & 0.1 16 2.7 1, 17.7 36 20.5 15.8 43.5

Panfishes 1C G.1 15 Q.7 2 O.4 27 1.2 11.8 2.5

Commercisl Fishes 19 ¢.3 L2 6.3 17 18.3 78 2,.8 34.1  52.6

Forage Fishes &1, .4 7 0.3 - - 88 0.7 38.3 1.4

Totals (Non-Piscivorous) 110 0.7 63 7.3 20 18.7 1973 26,7 8L.2 56.5

GRAND TOTALS 116 G.7 79 10.0 3 36,5 229 47.2 10C.0 100.0
Standing crop = 229 fish per acre; 47 pounds per acre. Ay = 77.3
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Table 8. Composition of the 1960 standing fish crop in Big Pitman Creek, determined by sampling 2.25 acres
{2 areas) with rotenone.

FINGEFRLING NTERMEDIATE HARVESTABLE TOTALS PERCENT QF
GROUP (per acre) (per acre) (per acre) (per acre) TOTAL

Number Pounds Number Pounds Numcer Pounds Number Pounds Number Weight
Game Fishes tr. tr. tr. 0.2 tr. 0.2 1 0.4 6.1 12.2
Food Fishes tr, tr. - - 2 2.3 2 2.3 16.2  67.2

Predatory Fishes - - -~ - - - - - - -
Totaels (Piscivorous) 1 tr. . tr. 0.2 2 2.6 3 2.8 6.3 79.4
Panfishes - - 1 0.1 2 0.3 3 O.L i2.2  1z.8
Commercial Fishes 1 tr. tr. 0.2 - - 2 0.2 8.2 5.3
Forage Fishes 14 0.1 - - ~ - 14 0.1 63.3 1.6
Totals (Non-Piscivorous) 15 0.1 1 0.3 2 0.3 18 C.7 83.7 20.6
GEAND TCTALS 16 0.1 2 G.5 " 2.9 22 3.5 i00.0 100.0

Standing crop = 22 fish per acre; 3.5 pounds per acre. Ay = 83.6
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Table 9. Composition of the 1961 standing fish crop in Big Pitman Creek, determined by sampling 1.C0 acres
(1 area) with rotencne.

FINGERLING INTERMEDIATE BARVESTABLE TOTALS PERCENT OF
GROUP : {per acre) (per acre) {per acre)} {(per acre) TOTAL
Number Pounds Number Pounds Number Pounds Number Pounds Number Weight
Game Fishes G tr. - - - - g tr. 1.1 0.6
Food Fishes - - 1 tr - - 1 tr, 0.1 1.1
Predatory Fishes - - - - - - - - - -
Totals {Piscivorous) G Lr 1 Ly - - 10 Lr. 1.2 1.7
Panfishes : - - 14 o.2 - - 16 G.z2 2.0 5.0
Commercial Fishes 4 tr. 2 0.2 - - 6 0.2 C.7 6.3
Forage Fishes 759 2.6 29 0.6 - - 788 3.2 96.1 87.1
Totals (Non-Piscivorous) 763 2.6 L7 1.0 - - 810 ENS 92.8 98,4
GRAND TOTALS 72 2.6 L8 1.0 - - 820 3.6 100.0 100.0
Standing crop = 820 fish per acre; 3.6 pounds per acre. Ay = 0.0
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Table 10. Composition of the 1962 standing fish crop in Big Piiman Creek, determined by sampling 2.25 acres
(2 areas) with rotenone.

FINGERLING INTERMEDIATE HARVESTABLE TOTALS PERCENT OF
GROUP (per acre) (per acre) (per acre) (per acre) TCTAL

Number Pounds Humber FPounds Number Pounds Number Pcunds Number Weight

Game Fishes 7 C.1 5 0.8 1 G.7 13 1.5 i.z  11.8

Food Fishes 18 C.1 1 0.2 - - 20 0.3 1.8 2.3

Predatory Filshes - - L 0.1 - - i 0.1 C.1 0.8

Totals (Piscivorous) 25 0.2 7 1.1 1 0.7 34 1.9 3.1 14.9

Panfishes 3 tr, 18 1.3 11 2.2 32 3.5 2.9 26.5

Commercizl Fishes 118 0.9 iz 1.6 2 1.8 152 k.3 11.9 32.8

Forage Fishes &893 2.9 14 0.4 - - G077 3.4 8z.2 25.8

Totals (Non-Piscivorous) 1014 3.8 Lh 3.3 13 4.0 1071 11.2 g7.,0 85,1

GRAND TOTALS 1039 5.0 51 L4y i4 L7 1105 13.1 100.0 100.C
Standing crop = 1105 fish per acre; 13 pounds per acre. Ay = 35.9
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Table 11, Composition of the 1943 standing fish crop in Big Pitman Creek, determined by sampling 2.25 acres
(2 areas) with rotenone.

PINGERLING INTERMEDIATE HARVESTARLE TOTALS PERCENT OF
GROGP (per acre) (per acre) (per acre) (per acre) TOTAL

Number Pounds Number Pounds Number Pounds Number Pounds Number Weight
Game Fishes 14 0.1 23 1.6 2 1.6 27 3.3 2.6 7.2
Food Fishes - - 2 C.2 1 0.7 3 0.9 G.3 2.0

Predatory Fishes - - - - - - - - - _
Totals (Piscivorous) 16 0.1 10 1.8 3 2.2 29 b2 2.9 9.2
Panfishes 17 0.2 66 2.8 14 3.0 96 6.0 9.3  13.1
Commercial Fishes 29 0.3 160 23.7 4 L7 223 28,7 21.6 62.3
Forage Fishes 555 3.3 130 3.8 - - 685 7.1 66.3  15.5
Totals (Non-Piscivorous) 601 3.7 385 30.3 18 7.7 100G, 41.8 97.1  90.8
GRAND TOTALS &17 3.9 395 32.1 21 10.0 1034 LE.0 100.0 100.0

Standing crop = 103/ fish per acre; 46 pounds per acre. Ay = 21.7
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Table 12.

Composition of the 1960 standing fish c¢rop in lower Green River, determined by sampling L.26 acres
(7 studies in 4 navigation lock chambers) with rotenone.

GROGP

FINGERLING
(per acre)

Number Pounds

INTERMEDIATE
(per acre)

HARVESTABLE
(per acre)

Number Pounds

Number Pounds

TCTALS

(per acre)

Number Pounds

PERCENT OF
TOTAL

Number Weight

Game Fishes A 0.1 8 1.7 5 3.3 17 5.1 2.3 1.9
Food Fishes 25 0.2 L1 La.h 28 18.0 QL 22.6 1z.6 .3
Predatory Pishes - - 5 1.6 3 3.5 g 5.1 1.0 1.9

Totals (Pisoivorous) 29 0.3 5k 7.7 37 24 .8 120 32.8 15.9 12.0
Parnfishes 2 tr, 7 0.4 5 1.0 13 1.4 1.8 0.5
Commercial TFishes 56 O.h 5 12.3 55 162.7 170 175.4 22.7 &4L.1
Forage Filshes 184 0.6 143 10.4 118 53.1 L5 6l .1 59.5 23,4

Totals (Non-Piscivorous) Sh2 1.0 208 23,1 178 216.8 628 24L0.9 8..0 28,0
GRAND TCTALS 271 1.3 262 3C.8 215 241.6 L8 273.7 100.0 100.0
Standing crop = 7,8 fish per acre; 274 pounds per acre. Ay = 88.3




Table 13. Composition of the 1961 standing fish crop in lower Green River, determined by sampling 5.52 acres
(8 studies in 4 lock chambers) with rotenone.

FINGERLING INTERMEDIATE HARVESTABLE TOTALS PERCENT OF
GROUP {per acre) (per_acre) {per acre) (per acre) TOTAL

Number Pounds Number Pounds Number Pounds Number Pounds Number Weight

Game Fishzs 2 Lr. 29 3.2 il 5.4 41 2.6 1.3 1.7

Food Fiszhes 26 0.5 29 6.2 11 8.1 137 1.7 Lok 2.8

Predatory ¥ishes 1 by 3 0.6 5 3.0 g 3.5 0.1 0.7

Totals (Piscivorous) 29 0.5 131 G.3 27 16.5 186 26.8 6.0 5.2

Panfizhas 1 tr. 23 1.8 12 2.6 35 L1 1.1 C.8

Commercial Fishes 142 3.8 163 32.8 151 271.4 756 308.1 2.5 59.4

Forage Fishes L52 1.3 1312 79.3 348 9%.0 2111 179.s 68.4  34.6

Totals {(Non-Pisciverous) 594, 5.1 1799 113.5 510 373.1 2902 L4917 9L .C Q4.8

CRAND TCOTALS 623 5.5 1930 123 .4 537 389.5 3089 518.5 160.0 100.0
Standing crop = 3089 fish per acre; 519 pounds per acre. Ay = 75.1




Table 14. Composition of the 1962 standing fish crop in lower Green River, determined by sampling 3.02 acres
(6 population studies in 4 lock chambers) with rotenone.

FINGERLING INTERMEDIATE HARVESTABLE TOTALS PER(S

GROUP (per acre) {per acre) {per acre) (per acre)
Mumber Pounds HNumber Pounds Number Pounds Number Pounds Munber
Game Fishes 5 o.1 11 2.2 g 5.0 24 7.3 2

|
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wd
(0N

Food Fishes 14 0.1 37 L.l

P W & 1 - - -
Predatory Filshes - - 37 1.6 2 2 39 g 3.5
; = (S arivorongs y I ~ r I [,
Totals {PFiscivorous) 19 0.2 as 7.g 75 35.3 139 L34 2.3
Paniishes 51 ¢.1 g 0.5 300 C.b 51 1.2 5.2 0.3
Lommercial Mishes 6L 0.3 i2z 17.2 92 31%.3 275 337.3 = £3.
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Totals {Hon-Piscivorous) 674 2.2 61 19.8 6% 339.3 1003 361.3 g7 .8 3
GRAND TOTALS 69" 2k 215 277 204 374.6 11L2  504.7 1C0O

Standing crop = 1142 fish per acre; 405 pounds per acre. Ay = 92.6
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Table 15, Composition of the 1963 standing fish crop in lower Green River, determined by sampling 5.52 acres
(8 studies in L navigation lock chambers) with rotenone.

FINGERLING INTERMEDIATE HARVESTARBLE TOTALS PERCENT OF
GROUP (per acre) (per acre} (per acre) (per acre) TOTAL

Number Pounds Number Pounds Mumber Pounds Number Pounds Number Weight

Game Fishes 1 tr. 13 2.2 1L 7.0 25 9.2 2.3 2:4

Food Fishes 33 G.5 17z 12.3 2z 0.7 234 33.5 C 21,9 8.9

Predatory Fishes - - 5 0.7 3 1.5 & 2.2 0.7 0.6

Totals {Piscivorous) 34 0.5 190 15.2 Lé 29.2 269 L4 .9 2h.2 11.9

Panfishes 8 0.1 16 1.0 & 1.2 30 2.2 2.8 G.&

Cormercial Fishes 29 .6 158 15.3 83 250.5 270 266.4 24,9  T70.4

Forage Fishes ‘ 103 G.3 282 17.0 130 47.6 514 65.0 47.5  17.2

Totals (Non-Piscivorous) 140 1.0 L5686  33.3 219 299.3 &1 333.6 75.2 88.1

GRAND TCTALS 174 1.5 645  L8.5 26l 328.5 1083 378.5 100.,0 100.0
Standing crop = 1083 fish per acre; 379 pounds per acre. Ay = 80.8
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Table 16. Relative abundance of each major taxonomic group of macvo-invertebrates occurring in riffle samples

from Green River upstream from oilfield brine pollution.

Year: 1960 1961 1962 1963
Total number - volume: 2733-129,84 31.60-291.78 L632-305 . 28 10,992-512.72
Taxoromic group Pelative abundance (percentage of total number - total volume)
Turbellaria (flatworms) - - - - - 0.1 tr.
Nemata {nemas) tr., L. - - - - _ -
Oligochaeta (earthworms) 6.7 1.7 AN 1.2 1.1 0.k 1.4 1.1
Hirundinea (leeches) 0.1 tr, 0.3 C.1 - - 0.1 r
Tsopoda {sowbugs) tr. tr. 0.1 Er, tr. tr. tr tr
Amphipoda (scuds) - - 0.1 ir, tr. tr. ir. tr.
Decapoda {crayfish) G.7 23.8 1.3 7.5 0.8 3.8 3.6 11.5
Gastropoda (snails) 6.1 41.8 23.L 69.2 25.6  61.2 18.5 £6.0
Pelecypoda (mussels) 3.5 6.3 £-9 11.5 8.8 14.7 6.3 10.5
Hydracarina (water mites) C.1 tr. 0.1 tr. - - G.1 tr.
Ephemeroptera (mayfiies) A0.L 0 19.3 30,4 5.4 31.5 3.6 3603 3.1
Odcnata

Anisoptera (dragonflies) G.2 1.0 0.3 0.1 0.3 0.1 G.1 C.2

Zygoptera (damselflies) tr. tr. 0.5 0.2 G.2 0.1 C.z 0.1
Megaloptera

Sialis (alderflies) 0.4 0.3 0.1 tr. 0.2 tr 0.2 0.1

Corydalidae (dobson/fishflies) 1.7 2.k 0.6 0.5 2.7 2.5 A 2.7
Plecoptera (stoneflies) 1.4 0.5 6.1 1.0 L.l 0.4 7.1 C.G
Trichoptera (caddisflies) 5.9 1.6 6.6 1.0 11.6 5.0 13.3 3.0
Colecptera (beetles) Tk 0.7 11.3 1.0 &.5 1.0 5.4 0.6
Hemiptera (bugs) tr. tr - - - - - -
Lepidoptera (caterpillars) 0.1 tr, - - ~ ~ - -
Diptera (flies) 1.7 0.7 9.5 1.5 L7 0.3 8.7 0.3
Unidentified 0.6 tr tr. tr - - - -
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Table 17. Relative abundance of each major taxonomic group of macro-invertebrates occurring in riffle
samples from Green River 6.2 miles (Sta. 4) below oilfield brine pollution.

Year: 1660 1961 1962 1963
Total number - volume: 122 - 7.75 205 ~ 13.L45 279 -~ 51.02 220L9 - 167 .58
Taxonomic group Relative abundance (percentage of total number - tobal volume)

Turbelliaria ~ - - - - - tr 4
Nemata 3.8 tr. - - .1 tr. C.L tr.
Oligochasta L3.2 1.3 ~ ~ 1.1 0.1 G.8 G.1
Hirundinea - - - - 0.2 Tr, - -
Decapoda - - - - 1.1 4.4 C.9 3.4
Gastropoda LC.2 903 93.7  90.5 62.0 82.5 L9.4 93.9
Pelecypoda ¢.8 2.6 - - 0.5 0.2 0.4 0.2
Hydracarina - - ' - - - - 0.2 Tr.
Ephemeroptera 0.8  tr. - - 11.5 0.5 Lok .7
Odonata

Aniscoptera 1.5 0.7 1.0 8.9 ¢.5 0.1 G.3 0.1

Zygoplera - - - - - - 0.3 LY
Megaloptera

Sialis - - - - 0.2 tr. 0.z LY.

Corydalidae 0.8 5.2 - - 1.1 0.4 0.4 0.2
Plecoptera - - 0.5 0.2 0.5 0,1 L7 0.2
Trichoptera - - - - 0.7 0.5 2.4 0.3
Coleoptera - - G.5 tr. 5.2 0.8 5.2 0.2
Hemiptera - - - - 0.1 tr - -
Diptera 3.0 tr. bty 0.5 15.1 0.5 19.7 0.6
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Table 18. Relative abundance of each major taxonomic group of macro-invertebrates occurring in
riffle samples from Green River 9.3 miles (Sta. 5) below oilfield brine pollution,

Year:

1961 1962 1963

Total number - wvolume:

2155 - L4.05 2109 - 124.40 2390 - 1356.38

Taxonomic group

Relative abundance {(percentage of total number - total volume)

Turvellaria
Nemata
Oligochaeta
Hirundinea
Decapoda
Gastropoda
Felecypoda
Hydracarina
Ephemeroptera
Cdonata
Anisoptera
Zygoptera
Megalopters
Sialis
Corydalidae
Plecoptera
Trichopltera
Coleoptera
Diptera

- - - - tr. Lr.
0.1 tr. 0.1 tr. .6 tr.
- - 0.4 tr. L5 0.1
0.3 0.k C.1 tr. - -
- - 0.2 6.0 1.1 g.6
78.3  G7.8 30.9 88.9 L5 .4 86.6
- - 1.1 0.7 0.1 0.1
- - - - 0.1 tr.
- - 2.1 0.1 21.5 1.0
0.3 0.1 1.7 1.5 1.5 0.9
- - - - 0.4 0.1
- - 0.1 tr. tr. tr.
tr tr 0.7 2.3 0.1 0.3
- - 0.z tr. 5.1 O.4
tr tr 0.6 0.4 0.5 0.1
0.1 0.1 0.6 0.1 3.7 0.2
21.6 1.6 1.0 Tr. 15.6 0.4




Table 19. Relative abundance of each major faxonomic group of macro-invertebrates
ccourring in riffle samples from Green River 28.3 miles (Sta. 6) below
eilfield brine pollution.

Tear: 1962 1663
Total number - volume: 758 - 773 2680 - 141.27
Taxonomic group Relative abundance (% of total no. - total wol.)
Turbellaria - - 0.1 tr.
Nemata - - 0.1 tr,
Oligochaseta - - ¢.2 0.1
Hirundinea - - 0.1 LY.
Decapoda 0.3 16.6 tr. 0.6
Gastropoda £0.2 78B.2 51.1 8.9
Pelecypoda 1.1 0.7 7.1 10.3
Hydracarina - - 0.5 tr.
Ephemeroptera 5.7 0.4 10.4 C.7
Odonata

Anisoptera 3.2 1.8 1.5 0.4

Zygoptera - - 0.1 tr,
Megaloptera

Sialis G.1 tr. tr, tr.

Gorydalidae 3.3 0.5 0.9 1.3
Plecoptera 6.6 0.2 10.2 1.0
Trichoplera 5.7 0.7 1.3 0.2
Coleoptera 4.0 0.4 3.8 0.2
Diptera 10.0 0.5 12.6 0.3
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Table 20. Relative abundance of each major taxonomic group of macro-inveriebrates occurring in
riffle samples from Green River 49.7 miles (Sta. 7) below oilfield brine pollution.

Year:

1980 1962 1623

Total number - volume:

LO73 - 125.93 1641 - 111.88 Li&L - 324.33

Taxcenomic group

Relative abundance (percentage of total number - total volume)

Nemata
Oligochaeta
Hirundinea
Amphipoda
Decapoda
Gastropoda
Pelecypoda
Hydracarina
Ephemeroptera
Odonata
Anisoptera
Zygoptera
Megaloptera
Corydaiidae
Plecoptera
Trichoptera
Coleoptera
Diptera

- - - - Y. tr-
c.7 0.3 1.1 0.3 .2 0.1
- - - - TY . Tr.
- - - - 0.1 tr.
_ - - - 0.& 3.5
£6.3 77.0 73.9 87.7 T2 g88.8
0.3 17.0 5,1 8.3 5.3 6.5
tr tr. - - 0.1 tr.
1.5 0.1 L.8 0.3 £.9 0.2
0.1 0.4 1.5 0.5 0.k 0.2
- - 0.1 tr tr tr
0.7 1.7 0.3 1.5 G.1 tr.
C.1 0.3 1.4 0.6 5.1 0.6
3.3 1.9 5.1 0.3 1.0 0.1
0.3 tr. 2.2 0.2 1.4 tr.
26.6 1.5 3.5 0.1 L.5 0.1
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Table 21. Relative sbundsnce of sach major taxonomic group of macro-invertebrates ocrurring in
riffle samples from Green River 80.4 miles (Sta. 8) below oilfield brine pellution.

Year: 1960 1962 1962

Total numbser - volume 852 - Tz 11 £3% - 80.25 2688 - 183.7:2

;O
v
u
)

Taxonomic group 1ve abundance (percentage of *olal number - tobal volume

Nemata - - 0.1 tr 0.1 RO
Oligochaeta 2.2 o8 2.5 0.4 1.3 o2
Isopoda Q.1 Tr- - - - -
Amphipoda - - 0.1 tr. - -
Decapoda - - 0.6 6.7 0.3 A
Gastropoda 51.4  63.9 374 86.7 33.5 0.7
Pelecypoda 3.1 31.6 1.0 0.6 Q.4 o5
Hydracarina G.1 LT 0.1 Lr. 0.2 T
Ephemercptera 3.4 0.1 26.9 1.9 12.7 .5
Cdonata

Anisoptera 0.1 br 0.6 0.1 0.2 ¢
Megaloptera

Sialis - - G.3 tr. - -

Corydalidae 2.0 2.8 1.5 1.6 1.6 1.7
Flecoptera 0.1 tr. 3.5 0.5 7.9 0.5
Trichoptera 0.8 tr., 3.5 0.6 L.5 0.3
Coleopters 2,1 0.2 6.4 0.6 6.3 0.4
Diptera 34..5 0.5 15.5 0.3 31.0 0.7
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Table 22. Relative abundance of each major taxonomic group of macro-invertebrates occurring in
samples from Big Pitman Creek {primary scurce of brine pollation).

Year: 1960 1961 1962 1943
Total mmber ~ volums: 577 - 1.60 Lu - 0,91 1803 - 12.03 QI3C - 2L 7%
Taxonomic group Relative abundance {percentage of total number - total velume)
Nemata - - - - 0.1 tr. tr. LY.
Oligochaeta 0.2 v G.z2 L.l 1.8 1.5 0.1 tr
Hirundinea ' ~ - - .1 0.3 tr. 0.1
Gastropeda 3.1 25.0 1.1 7.7 5.5  65.3 8.5  76.0
Pelecypoda 0.2  tr. - - - - tr. 0.1
Hydracarina .2 tr. - - - - ¢.1 L.
Ephemeroptera ~ - - - 34.3  12.6 3.7 0.7
Odonata

Anisoptera 0.2 tr ~ - 0.2 2.2 Ly ¢.9

Zygoptera 0.3 tr - - - - tr tr
Megaloptera

Corydalidae 1.0 28.1 - - 0.3 1.5 0.3 Ok
Plecoptera - - - - 0.1 tr. 0.4 tr.
Trichoptera - - - - 0.2 0.1 1.7 2.3
Coleoptera 1.2 3.4 0.9  L.4 1.6 1.8 0.5 0.4
Hemiptera 0.5 tr. - - - - - -
Diptera g3.1 43.8 97.7 86.8 5L.8  14.7 8,.7 19.1




