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ABSTRACT

A study of the aguatic invertebrates of the Jordan River wasi con-
ducted in cooperation with the Utah Department of Fish and Game for
gathering information for the eventual classification of this river system
by the Utah Water Pollution Control Board. These organisms can be used

for the assessment of biological degradation of the river. In addition,

previous aquatic invertebrate studies conducted by Dr. A. R. Gaufin of
the University of '[ftah in 1956-58 were compared with the receﬁt data to
determine if the quality of the water had improved or degraded during the
intervening years.

Cver a period of one vear at monthly and bimonthly intervals a total
of eight sample collections were obtained for each station. Sampling
stations were selected on the upstream and downstream side of each major
pollutant source to obtain maximum information on pollutional effects.

The organisms obtained were sorted, counted, and identified to genera
or species where possible. Standard limnological methods were used for
physical-chemical determinations. These tests include dissolved
oxygen, temperature, carbon dioxide, total alkalinity, settleable solids,
total hardness, and specific conductaﬁce.

Graphs and tabulated data depict a river of degrading water guality.
The aquatic invertebrates have declined in kinds of organis‘ms found at
each station. In the southérn portions of the river where pollution is mini-
mal there are found many species and few numbers of each, where in the

northern sections there ig a high degree of pollution, the numbers of

species are few and the numbers of each are high. The biochemical




oxygen demand and dissolved oxygen comparisons show a river of higher

-organic pollution in 1965-66 than in 1956-58. The graphs for settleable

solids, total hardness, total alkalinity and specific conductance are dis-
cussed with emphasis on the effects these factors might have on the qual-.
ity of the water,

Recommendations to improve the quality of the Jordan River water,
based on findings of this investigation, include exclusion or adequate
treatment of wastes from the principal contributors of B.O.D., tertiary
treatment of all .domestic wastes, instigation of a total spray irrigation
system to eliminate returninglsilted irrigation water to the river, preven-
tion of livestock and water from feed lots and corrals from reaching the
river, and an extensive program fof sfream and habitat improvement in- | |
cluding cessation of continuous drédging operations. ‘I‘heselreclommen—-
dations could eventually establish a satisfactory warm water fishery in ‘

the northern sections of the river and also improve the cold water fishery

already found in the southern sections.
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INTRODUCTION

Pollution of the Jordan River is an obvious and well-known fact.

In the past several years the Utah Pollution Control Board has received
much criticism of this condition, with requests for control. The Utah
State Pollution Control Board decided that classification of the river would
receive sirong support. After holding a preliminary meeting, it was deter-
mined that there was not enough information available to intelligently
clasgify the Jordan River. To this end, the Board initiated a program for
gathering the :information necessary for classification of the river.
Classification is essential for the control of pollution and to provide water
of adequate quality for all uses. It is the recognition and use of these
characteristics that make possible the e-stablishmen_t olf water of a quality
sufficient to sustain fisheries and wildlife habitat,

Classification depends upon accurate information on discharge
rates, quality of water in the river, and the nature, strength and amounts
of all pollutants, including those from natural sources. The uses of the
water as well as the recovery characteristics are also necessary for
cla;ssification-.

The Utah Pollution Control Board, after preliminary meetings with
other State agencies, developed a cooperative program designed to obtain
the necessary data for classification purposes. Specifically, the data
needed included: complete chemical analysis, biochemical oxygen de-

mand (B.0.D.), coliform organisms (M.P.N.}, dissolved oxygen (D.0.),

heavy metals, radicactive, and bottom fauna analysis.




A plan for the classification of the Jordan River was outlined and
approved by the Utah Water Pollution Control Board in November, 1964.
The Utah Department of Fish and Game was invited to participate by pro-
viding all pertinent data on stream bottom fauna, existing fish species,
and any other biological indicators of pollution for incorporation into the
final report.

In 1965, a program was initiated by the Utah Department of Fish
and Game to provide such data. In January, physical-chemical water
analyses were begun and in June a éurvey of aquatic invertebrates was
started. This information was to be compared with a similar set of data
obtained by Dr. A. R. Gaufin' in 1956-58, to show cha'nges in numbers
and kinds of aquatic invertebrates and in the physical-chemical charac-
teristics of the river in the intervening vears. The use of aguatic inver-
tebrates not only shows the type and guantity of animals present but also
indicates how severe the poliution may be (Gaufin and Tarzwell, 1952,
1956) . |

Once the data from the various studies have been analyzed, and
after holding public hearings attended by the affected parties, the Utah

Pollution Control Board can then classify the river.

ATy i DALY 7




LITERATURE REVIEW

HISTORICAL

This country, since its beginning, has misused one of its most
important natural resources--water. It has permitted its farms, cities,
and indusiries to discharge wastes a:nd sewage into its rivers, streams, ‘
and lakes, mostly without plan, control, or thought.

Water pollution had grown to such menacing proportions that Presi-
dent Johnson, in his Message to Congress of February 8, 1965, was
moved to say:

"Every major river system is now polluted. Water-
ways that were once sources of pleasure and beauty and
recreation are forbidden to human contact and objectional
to sight and smell. Furthermore, this pollution is costly,
requiring expensive treatment for drinking water and inhi-
biting the operation and growth of industry. I recommend
enactment to provide a national program io prevent water

pollution at its source rather than attempting to cure pollu-
tion after it occurs.

"The Secretary of Health, Education, and Welfare
will undertake an extensive program to clean up the
nation's most polluted rivers. With the cooperation of
states and cities, we can bring the most serious problems
of river pollution under control.™

With this statement, the President has shown the seriousness of

this problem and initiated an all-out attack on the pollution of our
watersg.

=14

Prior to 1948, the Public Health Service was the primary govern-
ment authority engaged in studies on water pollution. Work was initi-
ated at the beginning of the twentieth century when water—sbbrne
diseases were quite prevalent. The Public Healt_h Service Act of 1912

gave this department of government authority to conduct surveys and




studies on water pollution, especially when it affected the health of
man.

In 1948, the Eightieth Congress passed the Taft-Barkley Bill,
public Law 845, after nearly one ~half of a century of evaluating the
growing water pollution problem. Before the passage of this bill, over
one hundred bills had.been intreduced in Congress for consideration for

this purpose. The Water Pollution Control Act of 1948, which was to be

m

administered by the Public Health Service, provided a Federal role of
research, technical assistance, financial aid, and limited authority
over interstate waters.

Public Law 660 was enacted in 1956 after two years of debate and

study by both Houses. This act improved and extended the Federal réle
in the program by adding Federal grants to municipalities to assist them
in building sorely needed sewage treatment plants. Additional grants
for continued and expanded research programs, technical aid to states
for assistance in setting up water pollution conirol boards, and for con-
tinued .construc:tionl of sewage treatment plants, were provided for in this
new bill.

The Federal Water Pollution Control Act (P.L. 89-234) of 1965
creaied a new adminisi:ration within the Deparitment of Health, Education, -

and Welfarfe but divorced from the Public Health Service. This new admin-

istration is responsible for setting up new research laboratories around the

. ' nation as well as continuing and expanding the program as set forward in

the original bill. Since passage of the bill the authority has been trans-

ferred to the Department of Interior by congressional action.




QEAMRIZATION OF THE TORDAN RIVER

The Jordan River was formed after the drying up of Lake Bonne-
ville, a large fresh-water lake that once covered 19,250 square miles
of Utah, Nevada, and Idaho. The lake, through action of its waves and
the northwesterly prevailing winds, éventually built up a sand bar at the
point now called the Jordan Narrows. The water level dropped as evap-
oration increased, Iirlduced by a dry and warmer climate. The river
eventually eroded a deep channel through the sand bar to keep the Great
galt Lake and Utah Lake connected even though the levels of the lakes
had dropped considerably (Pack, 1939).

The river leaves Utah Lake at an elevation of 4490 feet, and after
flowing about fifty-five miles, enters the Great Salt Lake at an altitude
of 4203 feet. A gradient of only 5..24 feet per mile indicates a silting-
type river (Hynes, 1962Z). Before emptying into the Great Salt Lake the
Jordan River water is used extensively for the maintenance and produc-
tion of State and private waterfowl marshes.

According to the U. 8. Geological Survey (Utah ‘Water Pollution
Control Board, 1964), the Jordan River flow at the Jordan Narrows
(approximately 7.5 miles downsiream from Utah Lake) varies from a
maximum of 1410 cubic feet per second (Tune 10, 1952) to zero cubic
feet per second when the irrigation control gates are closed. Below
this point spring flows maintain a minimal water level in the river. The
fifty-year average flow at this pointis 356 cubic feet per second. The
recorded maximum and minimum flows at 2100 South Street above the
surplus canal are 1820 cubic feet per second and 89 cubic felet per
second, respectively. .The twenty-year average here is 339 cubic feet

per second (Utah Water Pollution Conirol Board, 1964).




The volume of the river is augmented by the flow from the nearby
canyons, domestic waste-water treatment plant effluents, and from in-
dustrial waste discharges. The following is a list of the most important
of these arranged from south to north.

Tributary Streams

Corner Canvon Creek
Willow Creek

Dry Creek

Bingham Creek

Little Cottonwood Creek
Big Cottonwood Creek
Mill Creek

Parleys Creek
Emigration Creek

Red Butie Creek

City Creek

Domestic Waste-water Treatment Plant Effluents

Camp Williams (intermittent)

Utah State Prison

Sandy

Midvale

Kearns

Salt Lake County Cottonwood Sanitary District
Granger-Hunter Improvement District

Salt Lake City Suburban Sanitary District Number 1

South Salt Lake

South Davis County Sewer Improvement District - South Plant
South Davis County Sewer Improvement District - North Plant

Industrial Waste Discharges

Fur Breeder's Agricultural Co-op. (Midvale)
Utah-Idaho Sugar Company (West Jordan)
Vitro Minerals Corporation (Salt Lake City)
.Rio Grande Railroad (Salt Lake City)}
Since Ui_:ah Lake is receding due to the reduced inflow of water and
increased evaporation, lake water has to be pumped into the river during
the growing season. Flow is regulated by :gates and diversion dams.

This water is used heavily for industrial purposes and extensively for

imrigation.




Many diversions have been constructed to make the water more
readily available for these purposes. These diversions are listed as

follows:

Utah Lake Distributing Canal
Utah and Salt Lake Canal

East Jordan Cahal

Jordan and Salt Lake City Canal
South Jordan Canal

Galena Canal 5
Beckstead Ditch B
North Jordan Canal '
Mill Race Ditch

Brighton Canal

"Surplus Canal

State Canal

The quality of the upper siretches of the river are of adequate
qguality for the maintenance of a trout fishery, and marshes at the delta
of Great Salt Lake provide key production centers for waterfowl.

By means of certain physiographic and hydrologic characteristics,
the river can be‘ divided into three distinct sections, each of which dis-
plays characteristics not common to the other two.

The first division is that section from the outlet of Utah Lake to
about 14600 South (Bluffdale Road) at the south end of Salt Lake Valley.
The river in this area is deep, wide, meandering, and heavily silted.
Through the summer months, the heavily silted Utah Lake water is
pumped into the Jordan River. Water in this condition will support very

little plant life. In the winter months . when no pumping is done, the flow

is restricted almost entirely to springs, and those areas that do not

freeze usually support a high phytoplankton population.
The next division includes the section from the Bluffdale Road to

about 4800 South Streef. In this area, the siream runs swift and shallow

TR

with many riffles and pools. Dense growths of Nasturtium, Potamogeton,
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and Ceratophyllum occur throughout this section. Many areas in this
section have been dredged, which has resulted in an unstable sand and
gravel bottom. The reduction of stable fish food organisms here is
probably due to the mechanical abrasion of sand particles against those
organisms (Moffet, 1935 and suffocation by covering with silt.

The last division is from 4800 South to the Great Salt Lake. It is
in this area thkat the river has become channelized, sluggish, and most
highly polluted. The water is usually heavily silted and is offensive to
both sight and smell. The bottom of this part of the river is covered by
a thick layer of mud and silt in the places where dredging operations
have not resulted in a shifting sand and gravel bottom.

The Jordan River and its tributaries are the receiving waters for a
variety of waste effluents originating from industrial, muriicipal, and
agricultural sources. Tlﬁs p_ollution may be classified under the follow-
ing six major headings; |

Natural -- Erosion of river banks and of the valley slopes leads to
considerable: natural pollution (Kline, 1962). In the western states, this
has become a particularly serious problem because of reduced rainfall
and often sparsely vegetated stream banks. This lack of proper cover,
permits excessive erosion of the topsoil.

Physical -- Siltation could also be listed under this heading.
Molar action against aquatic organisms by the larger particles (Moffet,
1935) tends to adversely. affect these animals by its abrasive action.,
The finer particles tend to precipitate in the slower reaches of the river,
and in so doing suffocate many organisms. Wallen {1951) using 380 fish

of 16 species, found that these fish endured exposure to more than




100,000 mg/1 montmorillonite clay for over a week. Based on these re-
sults, he concludes that the direct effect of montmorillonite clay turbi-
dity is not lethal at concentrations found in nature. However, recent
studies show that concentrations of about 200 mg/1 were found to be
directly harmful to rainbow trout (Herbert and ‘Merkins , 1961). This
turbidity also has a detrimental affect on plankton and fish growth
(Buck, 1956). Quantitative studies of turbidity on entire aquatic or-
ganism communities remain to be done (Cardone and Kelly, 1961).
giltation of the Jordan River becomes extremely acute during the months
of October through January when the Utah-Idaho Sugar Company is in
.operation—. Tons of silt and large amounts of beet pulp are released into
the river by way of Bingham Creek.

Hot water introduced intb a river can be instrumental in killing or
even changing the entire biota in that section. The hot water and steam
used to flush down the trucks and killing floors at the Fur Breeder's
Agricultural 'Co—op‘l in Midvale could be a source of such contamination.
The Utah-Idaho Sugar Company also deposits great quantities of hot
water in its effluent. On November 9, 1965, temperature measurements
at a point on Bingham Creek, one=fourth mile above the confluence with
the Jordan River, showed a temperature of 71 degrees Fahrenheit. The
Jordan River above the confluence of Bingham Creek showed a tempera-
ture of only 55 degrees Fahrenheit. This drastic change in temperature
has a great influence on the biota in the immediate vicinity of the con-
fluence of these two streams.

Pafhological -- Infectious diseases pose another pollutional prob-

lem on the Jordan River, Bacteria, viruses, parasitic worms, etc., are

x

~
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introduced through sewers, animal access to the river, and private septic
¢ tanks. Professor G. K. Borg of the University of Utah conducted a study
in 1947-48 to determine the coliform count, B.O.D., dissolved, suspend-
ed, and total solids and stream flow in the river. These tests demon-
strated that the river was contaminated in excess of class "D" stream
standards. (See Appendix C.)

An investigation in 1949 by R. A. Knight also indicated a high
pollution rate. In addition, he isolaied two species of potentially patho-
genic Salmonella bacteria.

Although all the sewage treatment plants are now treating sewage

through secondary treatment and chlorination, poor treatment practice,

drainage from privafe sewers, septic tanks, and water from stockyards
and corrals on the banks of the river still present a pollution problem.
Since the banks of the river are primarily of a humas-clay composition,
which is not conducive to adequate filiration, the sewage from private

septic tanks frequently drains directly through fissures inte the river

1 rather than being held for complete decomposition and the ultimate death
of many pathogenic microorganisms.
"Children, not aware of the health hazards, use this river for cool-
ing off during. the summer months. It is not known how many illnesses
1 could be traced to this practice.
Organic -~ Organic pollutants are perhaps the most prevalent and - ,
. detrimental of any in the river. This type has _been creating problems
for many years. Organic pollution is found in sewage and industrial
wastes. These pollutants are characierized by being oxygen-demanding

in the breakdown processes. When sewage or similar products are
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added to a body of water, they may be added to a point to which the
water is organically enriched. Beyond this concentration, the addij:ive
pecomes a pollutant. As the bacteria and other decay-causing orga'nisms
;
preak down the material, they use up the available dissolved oxygen
supply. With a reduced oxygen content, certain clean-water ofganisms
Icannot survive and are replaced by those that can live under these -
reduced-oxygen conditions. The aquatic inveriebrates present in an
area can be used, with some reservations, as indicators of the sever-
ity of the pollution (Gaufin and Tarzwell, 1952).

The Utah-IdahOISugar Company contributes large amounts of or-
ganic pollutants. It has been estimated that this company coﬁtributes
3,138,349 pounds of B.O.D. (Utah Department of Health, 1965) to the
river annually. In sugar beet processing, chemical additives, silt
from beet washings, and portions of shredded beet tops and tissue
reach the river even though some screening and filtering is done.

These discharges combine in the river to form extensive sludge-silt

deposits. These sludge beds, plus unrecoverable sugar in sclution

create an excellent growth media for sewage fungus (Sphearotilus

natans) and sewage worms (Tubifex tubifex). This condition exists

in the river from the point of confluence to Cudahy Lane in Davis
County, a distance of about twenty miles.,

It has been shown by Quinn (1958) with his work on the peri-
phyton of the Jordan River that these wastes drastically change the
river biota by eliminating the beneficial organisms and replacing them

with a heavy growth of the sewage fungus.
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The Fur Breeder's Agricultural Co-op also adds considerable
amounts of organic pollution in the form of meat scraps, blood, cereal,
etc., from trucks, killing floor, and grinder washings which are flushed
directly into the river. The calculated B.O.D. load introduced yearly
is 68,640 pounds {Utah Department of Health, 1965).

Mineral —- This pollutant i;s composed of those elements and com-
pounds leached from dumps and slag heaps, effluents from refining pro-
ces sés , acids, and {fertilizers.,

Midvale Smelter, although not operating at the present time, has

[l
in the past built up large slag and tailing dumps on the banks of the

Jordan River. The sulfides and sulfites present in the tailings may be
oxidized and leached out as acids to flow into the river. Unrecovered

1 metals such as copper, zinc, lead, and silver can produce a toxic
poisoning to fish and othér aquatic organisms (Tarzwell and Henderson,
1960). .

% Fertilizers used by farmers in the area are Washed into the river
with returned irrigation water. These chemicals, when added to an
unpolluted river may cause algal blooms and increased growth of higher
aquatic plants; but, since this river already has an excess of nutrients,
this addition causes pollution. Salts from the soil, plus phosphates,
nitrates, and potassium used in fertilizers, are washed into the river

3 to such an extent as to make total specific conductance as high as 3000
. micromhos per centimeter. When some detergents are degraded in sew-
age treatment plants, large amounts of phosphates, which are an integral
part of the detergent molecule, are released. These act to enhance plant

growth and to pollute the river.
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wﬂtj -~ Radioactive chemicals are Jadded to the river by the
Vitro Chemical Plant on 3300 South. For fifteen years, this uranium re-
fining industry has contaminated the Jordan River with radioactive wastes.
At the present time they are refining vanadium, but the radicactive tail-
ings are still present.‘ These minerals which are acted upon by oxygen
and precipitation may be leached into the river. Recent studies {Pendle-
ton, etal., 1964) have shown that muskratsl living in the Farmington Bay
Bird Refuge had absorbed as high as 216 picocuries of Radium-226 per
gram of body calcium. The maximum allowable amount of radium in nor-
mal human beings is only 0.1 picocuries per gram of calcium (Pendleton,
et al., 1964). This comparison shows the high radicactivity found in
the Farmingion Bay marshes. Radiocactivity caﬁ cause chromosonal
aberrations resulting in mutations and freaks in aquat-ic_ organisms.

There is a rela.tiv.ely high incidence of abnormal muskrats takén
on the Parmington Bay marshes during the trapping season. Evidence

points sirongly to radioactive pollutants from this source as being res~

ponsible,




MATERIALS AND METHODS

For the most parf standard limnological methods were used in this
study. In the first portion of this section the 1956-58 study is outlined
and the second part is devoted to the 1965-66 study.

The specimens collected during the 1956-58 study contributed by
Dr. Gaufin of the University of Utah, were labeled and in vials with
70% alcohol. These were then tabulated with regard to numbers and
classification. |

The sixteen stations shown on the map (Figure 1} that were used
in this segment of the study are also listed below with a brief descrip-
tion. The findings at these stations give a good indication of the type

of aquatic invertebrates that were present in the Jordan River a decade

ago.
Station #1 Pumping Station (Utah Lake)
Station #2 Lehi-Fairfield Road
Station #3 Diversion Dam at Jordan Narrows f
Station #4 14600 South, Bluffdale Road
Station #5 12400 South |
Station 6 10600 South
Station #7 9000 South
Station #8 7800 South (Center Street, Midvale)
Station #9 6400 South |

Station #10 4800 South
Station #11 3300 South

Station #12 2100 South
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Figure 1. Stations Investigated in the 1956-58 Study.




16

Station #13 Jordan Junior High, 1040 West 6th South

Station #14 North Temple

Station #15 1800 North Redwood Road

Station #16 Cudahy Lane

Eighteen sampling stations used in the 1965-66 study were chosen
to provide maximum information on the pollutants entering the river and
the effect of each on the bottom fauna of the river. In maﬁy instances,
a single station is used as a downsiream sampling point for one pollu-
tion contributor, and the upstream sampling point for another. By using
this method much needless duplication was avoided. Pigure _2 gives
the location of the sampling stations used in thi‘s study.
- Below is a list and general description of each of the afore-

mentioned stations.

Station #1 State Prison - 13000 South, just below diversion dam
above Corner Canyon Creek. The botiom is composed
of rubble and boulders about the size of a fist, with a
dense growth of aquatic plants.

Station #2 State Prison - 12800 South, 1000 feet below outfall of
Corner Canyon Creek. The bottom strata at this station
is 'of a shifting sand and gravel type. There are a few
sparse islands of vegetation along the edges in which
can be found small sludge beds.

Station #3 Sandy - 9000 South, just above bridge. At this sta-
tion the bottom is shifting sand and gravel. The
vegetation patches present here are guite sparse.
There are mud and silt bars along the edge of the
river, and some sludge beds, although not as exien-
sive as at Station #2.

Station #4 Sandy Sewage - Lower -~ 8500 South, Southeast corner
of the Fur Breeder's Agriculitural Co-op Experimental
Ranch fence. At this point there are extensive sludge
beds collected between the roots and stems of the
vegetation. The center of the river is shifting sand.

Tur ‘Breeder's Agricultural Co-op - Upper
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Fur Breeder's Co-op - Lower - 8400 South, 1000 feet
below Fur Breeder outfall. In the shifting sand and
gravel from this station can be found pieces of meat
and offal from the Fur Breeder's Agricultural Co-op.
The few vegetation islands harbor sludge beds.

Utah-Idaho Sugar Company - Upper

Utah-Idaho Sugar Company - Lower - 7800 South, 1000
feet below U & I outfall. At this station below the
bridge can be found the shifting sand and gravel with a
few boulders scattered around. No vegetation of any
importance is present. During the months of October
through January when the U &I is operating, the river
is very heavily silted and dense growths of sewage
fungus are found along the shores.

Utah-Idaho Sugar Company - Bingham Creek, one
quarter mile from the confluence of the river. The
bottom at this station is of fine rubble and sand. The
vegetation is mostly filamentous algae. When the

U & I Sugar Company is operating the algae is almost
non—existant and is replaced by the sewage fungus.

Midvale Smelter (U. S. Smelting, Refining, and Mining
Company)

Midvale Sewage - Lower - 6400 South, above bridge.
The river bed here is composed of gravel and coarse
sand with a few vegetation beds along the shore.

Kearns Sewage - Upper

Kearns Sewage - Lower - 4800 South, above bridge.
Sludge beds along the shore and shifting sand com-
prise the bottom of the river at this sampling point.

Murray Sewage - Upper

Murray Sewage - Lower - 4500 South, 1000 feet below
outfall. Approximately 1000 feet below the Murray
Treatment Plant are found steep banks with rushes and
willows along the edges. The river bottom is of
shifting sand bars and sludge beds in the slower
reaches of the river,

Big Cottonwood Creek - Upper
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Figure 2. Stations Investigated in the 1965-66 Study.

PRI




gtation #12 Big Cottonwood Creek - Lower - 4200 South (reached
by boat or down cliff). At this sampling station the
river is very deep and the bottom is of shifting sand.

Hunter-Granger - Upper

gtation #13 Hunter-Granger - Lower - 3000 South, above 5.L.
Suburban-~Vitro, north of 3300 Socuth. The bottom strata
is of shifting sand and many sludge beds. There is
very little vegetation growing in this area.

S.L. Suburban-Vitre - Upper

Station #14 S.L. Suburban-Vitro-- Lower - 2900 South, 1000 feet
below outfall. Shifting sand, sludge beds and depos-
ited colored mud and silt are the features of this sam-~"
pling area. ‘

Station #15 South Salt Lake - Upper - 2100 South, above outfall
just below diversion dam on -surplus canal. In the
area of this sampling station is found extensive, deep
sludge beds. The center of the river is shifting sand
and gravel.

Station $16 South Salt Lake - Lower - 1900 South, 1000 feet below
outfall. This area is similar to the above station
except the sludge beds are more numerocus and deeper.

Station #17 Parleys Creek - Lower — 1100 South - Fremont Avenue,
1000 feet below Parleys Creek outfall. The river bed
at this pointis shifting sand and gravel from shore to
shore. The sludge beds have diminished somewhat
but in the slower stretches of the river some may be
found.

Station #18 North Temple - just above City Creek confluence. At
this station the river bottom has deteriorated to a
large sludge bed. The river is deep, sluggish, and
highly silted.

The stations were sampled at monthly intervals during the months

of June through September, 1965, and then were sampled every other
I

month for the duration of the investigation. A total of eight samples

from each station were made over a period of one year.

Different sampling methods were necessary in the different por-

" tlons of the river due to the substrate changes in the river bed. At
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gtation Number 1, it was possible to use a Surber Square Foot Sampler
asg the water was éhallow and the bottom was of a rubble nature. On
gtations 2 through 11 it was necessary to use a hand screen as the river
was too deep for a Surber Sampler and too shallow for using a boat.

The bottom area was scraped and agitated by foot to dislodge the
organisms and the contents from the disturbed area evaluated. Sta-
tion Number 8 was sampled several times and then discontinued because
the smelter was inoperative at this time.

Stations 12 through 18 were sampled by the use of a six inch
square Ekman Dredge. The dredge was modified so that the current
would not sweep it downstream before the sample was taken, The
modification was accomplished by attaching a six-foot piece of three-
quarter inch conduit.with a triggering device running through the center
of the conduit to release the jaws.

Stations 12 through 16 were sampled from a small aluminum boat
because the river at these points was too deep for wading. Stations 17
and 18 were sampled by wading.

After each -samplé was taken, it was pfeserved in 10 percent
formalin until it could be processed further. In the Utah Fish and Game
Laboratory, the sample was washed through sieves of U. 8. Series
Numbers 12, 20, and 30 meshes to remove silt, sand, and excess
formalin. After the debris that had passed through the number 30 sieve
had been checked and no organisms were found, it was assumed that if

any had passed through, the number was insignificant, and no further

checking of these samples were done.




White porcelain pans were used to hold the sample while the

c

organisms were being separated from the debris. After separation, the
aguatic invertebrates_ were sorted, counted, and identified. The use of
such texts as "Aquatic Iﬁsects of California" {Usinger, 1963), "Fresh
water Biology” (Needham and Needham, 1963), "Fresh Water Inverte-
brates of the United States" (Pennak, 1953}, and "Fresh Water Biology"
(ward, Whipple, and Edmonson, 1959), were helpful in the identifica-
tion of the organisms.

When the numbers of organisms were too large to count an aliquot
of the sample was taken and the number of organisms in the aliquot was
counted. This number was then equated to the entire sample to arrive at
the total number.

The physical and chemical data was determined by methods out-

lined in "Standard Methods for Examirnation of Water and Waste-Water™

(American Public Health Association, Inc., et al., 1962) and "Fresh

. Water Biology" (Needham and Needham, 1963).

-
These determinations included dissolved oxyvgen, percent satura-

tion of oxygen, temperature, carbon dioxide, total alkalinity, total hard-

ness, settleable solids, and specific conductance.




RESULTS

The results of the 1956~58 study gathered by Dr. Gaufin are
listed in Figures 18 through 33, found in Appendix A. Also listed in
these tables for each sample are the percentages of composition for
each organism. Figure b6 illustrates the total kinds of organisms pre-
sent at each station. In the histogram, Figure 3, the total numbers of
individual organisms are displayed. Also shown in this graph is the
portion of the sample which is composed of tu-bifex{worms {checked
portion) . Figure 4 shows the stations at which specific organisms
were present. Histograms of the B.O.D. concentrations and D.O.
are shown for each -station: Figure 9 and Figure 11, respectively.

The above graphs and tables will be discussed in detail in a follow -
ing section.

The 1965-66 study results are tabulated in Figures 34 through 50,
Appendix A, and the physical-chemical data is recorded in Figures 51
through 64, Appendix B. The total numbers of organisms present are
shown graphically in a histogram, Figure 8. Figure 5 represents only
those organisms present at each station, whereas in Tigure 7 the num-
bers 'of kinds of organisms is given. For the physical-chemical data

in graphic form, see the following histograms: Figures 10, and 12

" through 16.




DISCUSSION

An overall look at the organisms present in 1956-58 indicates a

highly eutrophic river, to the point of reducing some of the more fastidi-

ous organisms in the lower sections. Figure 3 shows the total number

of individual organisms for each station and pickup. The checked por-

tions of the graph indicate the number of tubifex worms found in each

sample.

In this study there is an almost uniform number of organisms pre-

sent at all stations, thus indicating a relatively uniform degree of pol-

lution. Sewage treatment plant effluents were lower because a number

of plants now present were nonexistent ten years ago.

.To better characterize the river of 1956—58 , examination of

Figure 6 reveals that at the northern stations there were fewer kinds

of organisms than at the southern portion. Exceptions io this are

found at Stations 1 and 2. In the area of these stations the highly

silted Utah Lake water is inhibitory to the maintenance and propaga-

tion of many organisms. Station 3 at the Jordan Narrows shows a lesser

degree of effect on the fauna as the silt 1s precipitated with the move-

C
ment of the water downstream. From Station 4 at Bluffdale, the area
with the largest number of kinds of organisms, the numbers decrease
e to a low at 3300 South (Station_ 11)., The severe reduction (Figure 6,
Station 11) in bottom fauna is attributable to gross discharges of meat
packing waste by the Valley Meat Company. A slight recovery at 2100
Q South, Station 12, wou_ld at first glance indicate less pollution; how-

ever, this station was below the Viiro Chemical Plant which was
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discharging an acidic and radioactive effluent as a byproduct of uranium

milling. There is an intervening distance of about 1.6 miles between
Stations 11 and 12, which would allow a partial recovery from this toxic
waste. This is also true for Station 13 located at 600 South. From this
s point there is a steady decline in the quality of the bottom fauna. This
; characteristic is probably due to a combination of latent effects of up-
stream organic pollutants and habitat alteration due to dredoing activity
and sludge formation. The Jordan River at that time was clean enocugh so
that it woﬁla support fair number!s oif Ephemeroptera, Odonata, Hemiptera,
Coleoptera, and Diptera (Figure 4).

Crustacea and the representatives of the Order Odonata were found
to be present in ninety-four percent of the stations sampled. This would

indicate that thege organisms were quite tolerant to the pollution that

was present in the river at that time. The sewage worm (Tubifex tubifex)

inhabited eighty-one percent of the stations. Specimens of the Order
Trichoptera which were found in forty —four percent of the stations were able
to survive the pollutants present in the river down to Station 12, Below
this point the concentration of pollutants became too great for survival

.of these organisms. The absence of the Order Plecoptera from all but

&.j" one station (Jordan Narrows) indicates the presence of some pollution, =’

as these organims are found primarily in clean water environments.

St gk

The agquatic Lepidopteran, Paragyractus sp., was found only in *

one station; namely, Station 4, Bluffdale Road. At this station many
diverse organisms were found which did not ocecur elsewhere on the
river. This is probably due to the fact that in the stations above this

point there were large amounts of silted irrigation water flowing from

+i8l
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gtation Number 1 2 345 6 789 1011 12 13 14 15 16
Station
Annelida 0O 0 X X X X X X X X X 0 X ¥ ¥ X
Crustacea X X 0 X X X XXX X X % X X X X
Mollusca X XXX X X XXX X 0 ¥ X X % 0
Ephemeroptera 0 X X X X ¥ XXX X X ¥ X X ©0 0
| Odonaia X 0 X X X X X ¥ X X ¥ ¥ X X ¥ x
Plecoptera O 00X Q000000 0O 0O 0 0 0 0 0O
Hemiptera XX XX X XXX X X 0 X X 0 X o0
Coleoptera 0 0 X X X XX XX X 6 X X 0 % X
Diptera X X XX XX XXX X X XX 0 X 0 o
Trichoptera 0O 0 X X X X XX 0 O 0 X 0 0 o o
Lepidoptera 0 00X 00000 O 0 0 0 0 ©0 O

Figure 4. Organisms Present at Each Station, 1956-58 Study.
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Figure 5. Organisms Presgent at Each Station, 1965-66 Study.
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Utah Lake which is inhibitory to many aquatic invertebrétes. In the
- sections below Bluffdale station, organic and industrial pollution was
probably the limiting factor.
The Phylum Mollusca, which consists here of two O_lasses , the
C ! Pelecypoda and the Gastropoda, were found to be present at eighty~
eight percent of the stations (Figure 4). The predominant group was

the Gastropoda which was represented by pulmonate snails. These

snails are able to live in a reduced oxygen supply, such as is found
in the lower Jordan River. The Pelecypoda were found predominantly g
in Stations 4 ana 5. .In Stations 13 and 14 only one specimen was I
C present in each of these areas. .. i
The mayfly, Tricorythodes 5p., was the most common of the Order '
Ephemeroptera representéd in the stations sampled. This mayfly appears L
o l

to be suited to this type of environment because of a specialized adapta-

i D o i

tion of plates to cover the gills.
Dissolved oxygen levels shown in Figure 11 indicate & deterior- :
ating river from south to north. The numbers at the hottom of each set

of readings indicate the month in which the sample was taken. All
stations south of Station 8 at 7800 South had progressively lower D.Q.
At 7800 South and continuing on north there was a rapid fall-off of D, O, ,
especially in the months of October through December. This was un-
doubtedly due to the addition of the Utah-Idaho Sugar Company waste. |
, At about 3000 South below the combined Vitro Chemical-Salt Lake City
Suburbaﬁ sSanitary District waste ditch there was a depressed D.O. P

level in all months but March. This condition was probably due pri- !

marily to the combined waste discharges immediately upstream. Other
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factors contributing to D.O. depression at this station were caused by
accumulated loadings from sewage freatment plants upstream and during
the period, October through January, to waste effluent from the Utah-~
Idaho Sugar Company.

At stations located downstream from 7800 South, 'B-. 0.D. readings
for the same ﬁme period coincide inversely with the D.0O. results seen
in Figure 11. As the B.0O.D. loadings increased D.O. levels dropped
off. In tﬁe river above 7800 South the average B.0.D. was less than
5 milligrams per liter, indicating a river of Class "C" rating (see
Appendix C). Below Station 8 at 7800 South the B.O.D. level increased
greatly, again due to the Utah-—Idaho Sugar Company waste. During the
period of October through ]anuary= when this company was operating, the
B.O.D. rose to very high levels and the D. Q. was reduced.

The carbon dioxide and pH below the Vitro Chemical Company out-
fall are typical of a polluted river. In March, 1956, the carbon dioxide
level was elevated to over 200 milligrams per liter and the pH was as
low as 5.1. In November, 1955, a massive fish kill was experienced
on the Jordan River due to this highly acidic effluent. An estimated
eiéhty percent of all fish present were killed at this time (Utah Fish and
Game Bulletin, .1955) . |

In the 1965-66 study, Figure 8 shows the total number or organ-
isms per square foot. This histogram illustrates that as thé pollution
increases, the numbers of organisms' diminish and are eventually re-
placed by those organisms which are tolerant to the pollution present

in the river. The checked portions of the graph indicate the numbers

of tubifex worms found in each sample at each station.

g
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Station 1, located at the northeast corner of Utah State Prison
shows increased growth and numbers of organisms in the spring and
summer. The population decreased in the winter and again increased
during the spring. The largest number of kinds of organisms were found
at this station (Figure 7). The reduction in the number of organisms at
12800 South, Station 2, was pro_bably‘due to the introduction of sewage
effluent from the Utah State Prison and the absence of a stable bottom
resulting from previous dredging operations. The further degfadation of
the river at 8000 South, Station 3, was probably due to the addition of
organic pollution in the form of drainage from feed lots, pasiures, and
the addition of inorganic nuirients and silt carried in by returned irriga-
tion water.

Station 4 at 8500 South éhows a continuing degradation of the river
based on the numbers of 6rga nisms (Figures 7 and 8). Although the num-
ber of types of individuals was the same as at the previous station, the
numbers of each were less. This trend was probably d_ue to the addition
of the Sandy Sewage Treatment Plant effluent.

Station 5 is located approximately 1000 feet below the Fur Breeder's
Agricultural Co-op plant, and shows a markedly reduced Vpopulation of
aquatic invertebrates. By examining Figure 8, the lowest number of
organisms, and therefore the highest level of pollution, can be seen in
the months of May through November. The main reason for this is, as
the mink kits are whelped in laté April through May, the increase in
usage of mink food is almost immediate. Because of the higher volume

of feed produced at this time, a larger volume of waste in the form of

Mmeat scraps, cereal, and blocd is introduced into the river. This




-

Iy,

[

31

results in a zone of immediate pollution. Bottom substrates are com-
pletelY smothered by this highly putrescible material and D.0O. levels
are reduced. As a result very few organisms occur and these are only
the most tolerant species.

The picture at Station 6 is somewhat different. This station is
located just below the confluence with Bingham Creek at 7800 South.
pingham Creek is used by the Utah-Idaho Sugax: Company fo dispose of
their wastes of silt, beet pulp, and unreclaimed sugar. The 'sugar beet
harvest begins in October and the mill runs continuously to about the
first part of January. The graph for Station 6 (Figure 8) shows plainly
the consequences of adding this waste to the rive_r by the drastic drop
in the numbers of organisms in the months of November and January.
The low numbers of organisms at this station in September are probably
also due to the influence of the Fur Breeder's Agricultural Co-op wastes
introduced immediately upstream. At almost any time of the year large
quantities of pieces of meat and fat can be found at this location.

Station 7 is located on Bingham Creek‘one -fourth mile above the
confluence with the Jordan River. The graph (Figure 8) plainly shows
the affect of the sugar beet wastes on the aquatic invertebrates present
in the creek, Although the numbers of organisms of this station are
generally higher than those of adjacent stations, the addition of this
high B.O.D. waste effectively eliminates nearly all life in the stream.

At é400 South, Station 9, the aquatic invertebrates tend to recover
in numbers. The effect of the large influx of B.O.D. from the Utah-

Idaho Sugar Company is still evident in the November and Tanuary
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gamples, and the increased number of organisms could be due to the
smproved habitat. At this station there are less extensive shifting sand
and gravel beds.

At 4200 South, Station 12, the river reflects some degree of re~
covery. This is probably due to dilution water entering from Big Cotton-
wood Creek immediately upstream even though these waters are polluted
to a degree by the effluent from a treatment plant at this location. This
dilution acts to reduce the concentration of pollutants at this point.
Stbneﬂies were found only at this- station. A single specimen was
picked up here in May, 1966, probably having been washed in from Big
Cottonwood Creek. Other organisms, -s.uch as aguatic Co.llembola and
the Isopod, Asellus, were also found here, again.probably washed in
from Big Cottonwood Creek where in other studies these crganisms were
found in abundance. The Dipteran, Psychoda, was abundant at this sta-
tion. These flies are common in trickling filters of waste-water treat-
ment plants. The method of elimination of this nuisance is flooding the
filter until thellar-va are drowned. The waste water is then flushed out
and many of the dead larva are washed out aléo. This practice would
explain the high numbers of these Diptera below this outfall as well as
other sewage treatment plant outfalls,'

In the. environments of Stations 13 through 18 only those animals
which could live in high polluted conditions were bresent. The tubifex
worms are well suited for occupancy in these environments, while at
the same time virtually all other organisms are excluded. Tubifex

worms require, for optimum growth, a soft sludge substrate in which to

‘burrow, and large quantities of organic nutrients. They can exist on
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low D.O. concentrations and are extremely tolerant to other types of
pollution which would eliminate most other aquatic organisms.

Destruction of the original habitat by dredging has left very few
areas available in which organisms might grow. The center of the
river is almost entirely shifting sand and gravel with a few vegetation
i.slands and little provision for any other type of cover. The margins
of the river include a few vegetative patches and many sludge bars.
Few, if any, organisms can survive the molar action of the sand and
gravel in the center of the river, there'jfore, the majority of the animals
present are those which can survive the near-septic: environment of
the sludge bars. This situation is typical of the lower sections of the
Jordan River.

In the lower sections of the river the reaction of aquatic organ-
isms to the sugar refinery waste is essentially the opposite to that of
the preceding section. ]jownstream from 4500 South, Station 11,
instead of a decrease of organisms there is an increase of numbers of
organisms and a marked decrease in kinds of organisms. In this case,’
tubifex worms have taken over virtually all available space. Figur-c_as 5
and 7 show that as the organic pollution load of the river becomes greater
there are fewer numbers of kinds of organisms able to survive in such an ;
environment, These pollution tolerant organisms, having few natural |
predators and optimum conditions for growth and reproduction increase
to tremendous numbers (see Station 18, Figure §).

Tabular physical-chemical data for the 1965-66 study is recorded

in Appendix B. These results include water temperature, carbon dioxide,

and pH. Graphic data shown in Figures 10 and 12 through 16 depict
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physical—chemical data for thé respective determinations: B.0O.D.,
D.0O., settleable solids, total hardness, specific conductance, and
total alkalinity.

The D,0O, level generally declines from south to north. The ex-
tremely high reading at the Lehi-Fairfield Road station could be due to
an ice cover and large amounts of vegetation trapped underneath. The
sample was taken at 3:25 p.m. These factors, the ice cover to prevent
escape of dissolved oxygen produced by the vegetation and exposure of
the vegetation to the sun, could result in this high reading. Depres-
sion of the D.O. level during the warmer months is not uncommon for
many lower elevation riv_ers.

Biochemical Oxygen Demand concentrations as determined by the
Utah State Health Department for 1965 are shown graphically in
Figure 10, The {first three stations at Lehi-Fairfield Road, Bluffdale
Road, and 9000 South, are typically low in B.O.D. At 7800 South the
picture changeé dramatically, especially during the months in which the
Utah-Idaho Sugar Company is operéting. B.O.D. of the river generally
lessens in the northern stations. The peaks are during October through
January and the lowest levels are during the remainder of the year.

Settleable solids for the 1965-66 siudy are shown in Figure 13,
The values for the stations at Lehi-Fairfield Road, Bluffdale Road, and
9000 South seem to be very low for the silted condition of the river.
Actually, most of the matter ié in colloidal form and did not precipitate
in the time allowed for the test. During the summer months the use of
irrigation water increases the settleable solids at these stations. At

Bingham Creek when the Utah-Idaho Sugar Company is operating there
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is an excessive amount §f settleable solids due to the washing of sugar
beets beiore processing. These high readings drop off immediately when
processing ceases. The silt at 7800 Scuth, 6400 South, and 4800 South
is reduced appreciably from the values found in Bingham Creek. The
values at stations downstream from 4800 South do not reflect the silt load
to anyrgreat extent. The large amount of settleable solids found at North
Temple, 1800 North, and Cudahy Lane in March and April was due to
dredging operations at First South and 1300 South, respectively.

Results of the hardness titrations are shown in Figure 14. Utah
Lake water is relatively soft as indicated by the low readings at Lehi-
Fairfield Road and Bluffdale Road stations. Below this point where most
of the water is removed for irrigation purposes the river _is- resiricted to
hard water springs along the bed of the river. The next five stations
show an increase in hardﬁess due to these springs. From 3300 South
the hard spring water is diluted by softer water from the nearby canyons.,
In almost every case the reduction of hardness by the spring runoff is
demonstrated strikingly.

Specific conductance (Figure 15) is closely allied to hardness as

shown in similar values of histograms for the two tests. Utah Lake

water has a comparatively low specific cenductance and the next five
stations as in the preceding histogram are high in dissolved solids and

specific conductance. When there is more dilution of Jordan River water

by additional water from the canyons the specific conductance is lowered.

Total alkalinity is almost constant throughout the river. Excep-
tions are during the spring runoff from 3300 South northward where there
is a ;‘eduction. Bingham Creek has the hardest water and the highest

specific conductance, and is also the highest in total alkalinity.

P
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CONCLUSIONS AND RECOMMENDATIONS | ‘

The Jordan River of the Bonneville Basin in the time period from
1956 to 1966 has deteriorated in the quality of water and in the aquatic
invertebrates present, When comparing the two studies it is necessary
to be cognizant of the fact that the sampling station numbers differed in
the two studies. The following figure indicates the relationship of the } 7

stations in the two studies.

1956-58 Study 1965-66 Study
Station Address - Station ' Address
l.
1 Utah Lake g
2 Lehi-Fairfield Road '
3 Jordan Narrows
4 14600 South 1 13000 South
5 12400 South 2 12800 South
6 10600 South
7 9000 South 3 9000 South
T4 ‘8500 South
5 8400 South
8 7800 South 6 7800 South
7 Bingham Creek
9 5400 South 9 6400 South
10 4800 South 10 4800 South
11 4500 South
12 4200 South
11 3300 South 13 3000 South
14 2900 South
12 2100 South 15 2100 South
16 1900 South
13 600 South 17 1100 South
14 North Temple 18 North Temple
15 1800 North

16 Cudahy Lane

£ Figure 17. Comparison of Stations.
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- Comparison of the total numbers of organisms present {Figures 6
and 7) is somewhat difficult in that the 1956~58 study was not ba_sed on
a consistent sampling frequency as was the 1965-66 study. In other
words, the histogram shows random results.

In comparing the kinds of organisms (Figures 6 and 7) it is appa-
rent that there has been a significant reduction in numbers and kinds of
organisms during the intervening time. This indicates a more grossly
polluted river which has resulted in elimination of the less tolerant
animals,

Histograms for B.0O.D. (Figures 9 and 10) show that the level is
higher in 1965-—66 than in 1956-58. This is understandable when the in-
crease in human population ié considered. In 1956-58 many homes were
serviced by septic tanks with the waste water filtering into the ground.

In 1965~66 almost all of the homes in the Salt Lake basin are connected

to a sewage treatment plant. Even though there are many more waste
treatment plants in the valley at this time the increased amount of efflu-
ent put into the river has raised the B.0O.D. loadirigs. At peak efficiency
modern secondary waste water treatment plants remove only about eighty
percent of the putrescible solids. Few, if any, of Utah's secondary treat-
ment plants are capable of removing more than eighty percent of the total.
A more realistic figure would be sixty to seventy percent. Obviously, a
rather large volume of oxygen depleting organic waste is still allowed to
enter the receiving water even after treatment.

Although the inlcreased B.0O.D. and reduced D.C. are important in
reducing the aquatic invertebrate populations, other serious factors can-

not be overlooked. A key factor is the substrate of the river. When

L
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dredging rémdves the original rubble and gravel bottom, it leaves a
shifting sand and fine gravel substrate. This new habitat does not pro-
vide the hiding places, protection, and food production of the old one
and the organisms either move or are killed by the abrasive action of
the silt and sand. Conversely, as long as this unstable bottom exists
colonization by invertebrates which would normally occupy these habij-
tats is impossible,

Several recommendations could be made to improve the quality of
the water in the Jordan Rivef. The first and foremost action should be
the prevention of -the Fur Breeder's Agricultural Co-op and the Utah-
Idaho Sugar Company from dumping waste into the river without adequate
treatment. At the present time (October 6, 1966) the Fur Breeder's
Agricultural Co-op is constructing an enclosed oxidation lagoon system
for treatment of their wastes. This will eliminate one of the principal
offenders if the process works asg it is claimed.

The second step in reclaiming the river would be to instigate ter-
tlary sewage treatment on all treatment planfs discharging effluent into
the river. This program will become increasingly important as the popu-
lation in the valley grows and the shortage of water necessitates reuse.

Step three iﬁcludes the prevention of silted and used irrigation
water being returned to the river. Fertilizers present a problem in that
they induce abnormally high growths of aguatic blants which block
channels, restrict flow, and act to trap silt and sediment. Cumulative
toxic effects are frequent by-products of normal pesticide applications.
Often these effects may be directly toxic to aquatic forms of life. A

~ large step in confrolling this pollution would be to i'hstigate a total

o




47

spray irrigation program. The initial cost is high but the results are bet- -

ter and there is not the waste of water as in the direct irrigation method.
More efficienj: use of available water becomes a necessity as greater
demands are placed on the water supply.

The fourth step in restoration of the river is to prevent waste-water
from feed lots and corrals entering the river and the direct access to the
river by livestock.

In many places dredging of the river over the past vears has re~
sulted in a relatively clear channel. In these locations the river bottom
is of shifting sand and gravel with little or no vegetation or boulders,
behind or under which aquatic invertebrates or fish can hide. FElimina-
tion of this practice with an adequate flood econtrol program and the
following corrective measures will be necessary. A program of stream
improvement for fish and aquatic invertebrate habitats should be ini-
tiated. Properly placed boulders, gabions, and windfalls could, in
time, establish at least a good warm water fishery from 4800 South
northward. From 4800 South, southward, to 90 0.0 Scuth an acceptable
trout fishery could be established in these cold nger areas., From 9000
South to the Associated Canal Companies Diversion Dam in the Jordan
Narrows a reasonably good population of rainbow and brown trout occurs.
Brown trout are self-sustaining but appear to be on the decline. Rain-
bow trout are planted as fingerlings and catchables by the Department of
Fish and Game. A minimum number of 25,000 fish are placed in this
section each year where it has been demonstrated they make good growth

and provide an adequate fishery on a year round basis.

e e p e




48

LIST OF REFERENCES

American Public Health Ass'n Ins. . et al. "Standard Methods for the
Examination of Water and Wastewater. " Eleventh Edition, Boyd
Printing Co., Inc., Albany, N.Y., 1960.

"New York Leads Pollution Attack." American Forests. Vol. 71,
No. 3, pp. 38. 1965,

Black, Hayse H. "Treatment of Beet Sugar Wastes," Ontario Industrial
Waste Conference. Ontario Agricultural College, Guelph,
Ontario, June. 1954.

Borg, G. K. "Jordan River Pollution Study.”" Report submitted to the
University of Utah Experimental Station. pp. 46-48, 1948,

Buck, D. Homer. "Effects of Turbidity on Fish and Fishing." Oklahoma
Fish Research Lab., Report No. 56, pp. 1-62. 1956.

Callum, G. E. "The Water Pollution Crisis." Country Beautiful.
Vol. 2, No. 2, pp. 6-11. 1962,

Chamberlain, N. V. "Pollution: Jordan River." Utah State Fish and
Game Departmental Memorandum. pp. 1-4. February 26, 1964.

Cordone, A. J., and Kelley, D. W. "The Influence of Inocrganic Sedi-
ment on the Aquatic Life of Streams." Vol. 47, No. 2, pp. 189-
228, April 1961.

Gaufin, A. R. "Limnological Analysis of Jordan, Price, Provo, and
Weber Rivers." Research Paper, 628.16, G268r, pp. 5-7. 1958,

Gaufin, A. R., and TarzWell, C. M. "Aguatic Insects as Indicators of
Stream Pollution." Public Health Reports. Vol. 67, No. 1,
pPp. 57-64, January 1952,

Gaufin, A. R., and Tarzwell, C. M. "Aguatic Macro-Vertebrate Com-
munities as Indicators of Organic Pollution in Lytle Creek."
Sewage and Industrial Wastes. Vol., 28, No. 7, pp. 906-924.
1956.

Herbert, D, W, M., and Merkins, J. C. "“The Effect ofJSuspended
Mineral Solids on the Survival of Trout.” Int. Journal Air and
Water Pollution, Vol. 5, No. 1, pp. 46-55, 1961,

Hynes, H. B. N. The Biology of Polluted Waters. Liverpool Univer—
sity Press. 1963. -

T R 1 i A I




Klein, L. River Pollution. 2: Causes and Effects. Butterworth and
Company, Ltd. 1862.

e
Knight, R. A. "Sanitary Survey of the Jordan River." Thesis for o

' Master's Degree, Department of Bacteriology. University of '
Utah, 378.242, K71s. 1949, ;

! Moffet, J. W, "A Quantitative Study of Bottom Fauna in Some Utah
C Streams Variously Affected by Erosion.” Thesis, University of J
: Utah, U378.242, M695q, 1935.

Needham, J. G., and Needham, P. R. "“Fresh Water Biology." Holden- ”
Day, Inc., San Francisco, California. 1966. I

- Pack, F. J. "Lake Bonneville." TUniversity of Utah Press. UC 061, *
Vol. 40, No. 4. 1939. :

Pendleton, R, C., Lloyd, R. D., Mays, C. W., Atherton, D. R., and T

Chamberlain, N, V. "Radium Contamination at the Jordan River

Delta of the Great Salt Lake." Water Pollution Control Federa- h

C ¥ tion. Vol. 36, No. 7, pp. 925-927, July 1964. T.

Pennak, R. W, "Fresh Water Invertebrates of the United States." The :
Ronald Press Co., N.Y., N.Y. 1953, i

o Quinn, B. G. "The Effects of Sugarbeet Waste on the Periphyton of
3 the Jordan River." Thesis, University of Utah, 376.242 , Q7e.
1958.

Tarzwell, C. M. "Agquatic Biological Investigation as a Method of ¥
Evaluating the Self-Purification of a Stream." Tappi, Vol. 41, !
% No. 10. October 1958.

U. S. Public Health Service. "Water Pollution Control Program. "
Public Health Service Publication No. 631. 1958.

Usinger, R, C. "Aquatic Insects of California." University of Cali-
o fornia Press, Berkeley, California. 1963.

Utah Fish and Game Bulletin. "Water Pollution Strikes Again." Vol. 11,
No. 11, pp. 1-2. November 1955.

i Utah State Department of Health. “"Industrial Wastewater Facilities in
ol Utah." 1965.

Utah Water Pollution Control Board. “Jordan River Classification Plan."
October 28, 1964, :

~




™

o
g

50

Utah Water Pollution Control Board. "Part IT. Standards of Quality for
Waters of the State." Pp. 3-6. May 18, 1965.

wallen, I. E. "The Direct Effect of Turbidity on Fishes." Bulletin of
Oklahoma Agric. and Mech. College, Stillwater, Oklahoma.
Vol. 48, No. 2. January 1951.

Ward, H. B., and Whipple, G. C., edited by Edmonson, J. T. "Fresh
Water Biology." John Wiley & Sons, Inc., N.Y., N.Y. 1959,

Werd, J. A., Skoubye, C. M., and Ward, G. A. "Report on Flow
Characteristics and Chemical Quality of Jordan River for 1957, "
Utah State Water Pollution Control Board, pp. 3-6. 1957,

§owano ewramdets | ameag

e




Frimin w - e et " frnrahidyice S
” = PSRttt S gl g b e

APPENDIX A

Sy
E
T
&
i
o0}
"
H
o]
B
&I
(a4
m
=]
B
~
>
=]
2
H
&
o
o
=




1956-58 STUDY

O Figure 18.
STATION 1. Utah Lake 6-20-56 5-4-57 , F
- Nos. % Nos. % R
Crustacea
B Hyalella azteca cen - 3 13.0
! Mollusca '
Gastropoda 7 87.5 .
Odonata
Gomphus externus . ‘e 11 47.8

Hemiptera
Corisella decolor 1 12.5

Diptera ! .
Tendipedidae i
Chironomus decorus - o e . 9 39.1 '

™

TOTAL : 8 100.0 23  99.9 =

X o g

TOTAL 4 100.0 18 100.0 17 100.0

i
c Figure 19. ' -
STATION 2. Lehi-Fairfield Rd, 6-20-56 8-8-56 89-18-56 ! N
Nos. % Nos. % Nos. % v
: ] Crustacea
G | Hyalella azteca . . e ‘e 1 5.9 i
i Mollusca
Gastropoda 1 25.0 ... 3
Ephemeroptera &
_ Callibaetis sp. 2 50.0 ... E
< § Ephoron album 18 100.0 ... ... 3
: Hemiptera %
Corisella decolor 1 25.0 . . S 29.4 i
Diptera §
E Tendipedidae g
C Chironomus decorus . cae . 11 64.7 B
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Figure 20.

Nos. % Nos. % Nos.

%
Annelida
Tubifex fubifex e vas
Hirudinea 3 4.7
1.6
1.6

Mollusca
Gastropoda e 2 11.8 1

" Ephemeroptera
Baetis sp. 5 2.2 ...
Ephemerella sp. ‘e . '
Callibaetis sp. N .o
Tricorythodes minutus 2 0.9 ... . . ces

Ephoron album - 71 -3

Odonata
Gomphus externus 64 28.3 ... .o e o .

2 T11.8 LS. ..

STATION 3., Jordan Narrows 7-15-54 6-20-56 1-19-57 I

Plecoptera

Alloperla sp. . o cen “es ces cee
Hemiptera ,
Corisella decolor e .o . - . e
Coleoptera
Stenelmis sp. 1 1.6
Ordobrevia sp.
Diptera
3 Tendipedidae
; Hydrobaeninae - vee .o - 1 1.6
Chironomus decorus .es .o 10 58.8 ... cas
Cryptochironomus sp. T e e .o ‘s . .
Ephydridae e 3 17.6 ...
Simulidae
Simulium sp. e
Trichoptera ‘ ¢
BHydropsyche sp. 84 37.2 ... . 57 89.1

TOTAL 226 100.0 17 100.0 64 100.2
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Figure 20, (continued) :

N 5-4C57 7-5-57 7-16-57 _ 8-9-57_ ;
Nos. % Nos., % Nos, % Nos. % o
- g

= - - - SEVEI’a’l - . --7- L] Y e 4
: 13 15.1 1 3.1 ... . L

2 2.3 2 6.3 ..

L B 3 l 2.1 L 3 I a & = * & O L I )
... . 2 6.3 13 481 ... ... =
. . 4 12.5 ... . oo ‘e ]
1 12 1 8.1 : .. .. :

.. ' 1 3-1 C o o LI d

cee 3 9.4 3 11 e e
- - - . q L B ) o L 3 - i %
3 2:5 - - - o e - LR - -‘ o
- & ow @ 1 3- ° a s i j
LI "o 2 6-3 10 37v - o u = F z
19  22.1 . e cos ]
o w - L] L ] - »* . L ) > 0 & a e ;
8 9.3 ... . o . 3
|
40  46.5 15  46.9 .. ... 20  100.0 %
TOTAL 86 100.0 32 100,1 27  99. 20 100.0
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Figure 21,

STATION 4, 14600 South

7-18-56

9-17-56

12-1-56

1-19-57

Nos.

%

Nos.

%

Nos.

%

Annelida

Hirudinea

Crustacea

Gammarus sp.
Hyalella sp.

Mollusca

Gastropoda
Pelecypoda

Ephemeroptera

Baetis sp.
Callibaetis sp.

Tricoryvthodes minutus

Odonata

Ischnura sp.
Argia sp.

Hemiptera

Ambrysus mormen
Corisella decolor
Gerris gillettei

Sigara grossolineata

Coleoptera

Di

Optioservus sp.
Microcylloepus sp.

Stenelmis sp.
Agabus sp.
Gyrinus punciellus

ptera

Tendipedidae

. Hydrobaeninae
Chironomus decorus

Paratendipes sp.
Calospectra sp. .

Simulidae

Simulium sp.

Tipulidae

Holorusia sp.
Tipula sp.

Trichoptera

Le

Hvydropsvche sp.
Brachvcentrus sp.
Helicopsyche .sp.

pidoptera
Paragyractis sp.

TOTAL

Nos.

11

4 * 0+ 4

176

%

6.8

o
o O

LI

"34.1

LI

2.3

"43.2

99.6

war o

45

6.7

100.0

77

1.3

[nC T -
(=) W Nes]

100.0

.12

17
14

79

256

o Oo¢en
0o s on

uar

[\ d oo M)

w©




pigure 21. (continued)

56

/—_-—7

5-4~57

7=-5-57

7-9-57

- 11-17-57

— Nos.

%

Nos. %

Nos. % Nos.

%

—

20

.N’-‘

TOTAL

2 e N N

22.8

oo
[Col 53]

oo Ww

6.3
1.5

206 100.0

. 1 'i.z

- L]
- - -
o o .

- -
* e

-------

85 101.2

en o —
—
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"1 ale

S 17.9 ...
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Figure 22.
STATION 5. 12400 South 8-29-56 9-18-56 11-17-56 ~
Nos. % Nos. % Nos . %
Annelida
Tubifex tubifex I s
Hirudinea 9 9.3
Crustacea ' o
Gammarus sp. 10 10.3 ... . 56 47.9 ‘
Hyalella sp. 15 15.50 .. ‘e 6 5.1
Mollusca
Gastropoda 7 7.2 ‘oo ce 11 9.4
Pelecypoda 1 1.0 . - 5 4.3 o)
Ephemercptera
Baetis sp. 2 2.1 . ..
Tricorythodes minutus 8 8.2 . . cen
Heptagenia elegantula 2 2.1 . . e .o
" Odonata ' o
Ischnura sp. 4 4,1 - . 4 3.4
Argia sp. ' 1 1.0
Hetaerina sp. ces 1 0.9
Hemiptera
Ambrysus mormon 1 1.0 ce 2 1.7
Corisella decolor .o ‘e . ‘s 3 2.6 O
Gerris gillettei oas e . . “ee oo
Gerris remigis 2 2.1 . . 1 0.9
Sigara grossolineata 1 1.0 o e 9 7.7
Coleoptera )
Agabus sp. <
Gyvrinus punctellus cea e e o 7 5.9
Rhantus sp.
Diptera
Tendipedidae _
Hydrcbaeninae - veos o ves ‘oo e O
Chironomus decorus - - 7 70.0 . ces ’
Calospectra sp. e N e
Procladius sp. ce . 3 30.0 ... ces
Simulidae
Simulium sp. ‘e o s
Tipulidae 'S
Holorusia sp.
' Tabanidae
Tabanus sp. cee vas .o
Trichoptera
Hydropsyche sp. 34 35.1 . - 12 10.3 ~

TOTAL ' 97 99.8 10 100.0 117 100.1




Figure 22. (continuéd)
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1-19-57

5-4-57

7-5-57

Nos. %

Nos.

%

Nos. %

Few

13 9.2
15 10.6

. -

- -
a ..

- s L] L]
. e

2 ‘1.4

69  43.9

18 13.5
2 1.4

R iy
[ 3]

1.4

Y

TOTAL 141  99.9

88

1.1

3.4
101.0

LI -0

= =]
Do

— e []

- L) - .
- .
. [ ] L]
e o LI
o oo a0 0
L ] e o w
L] a o
o8 9
. -
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g % @
O =
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Figure 23.

STATION 6. 10600 South

5-25-56

8~9-56

9-18-56

Nos.

%

Nos.

%

Nos.

%

Annelida
Tubifex tubifex
Hirudinea

Crustacea
Gammarus sp.

Hyalella sp.

Mollusca
Gastropoda

Ephemeroptera
Tricorythodes minutus

Cdonata
Ischnhura sp.
Hetaerina sp.

Enallagma sp.
Ophiogomphus severus

Eemiptera
Corisella decolor
Gerris remigis
Sigara grossolineata

Coleoptera

Agabus sp.
Gyrinus punctellus

Diptera

Tendipedidae
Hydrobaeninae
Chironomus decorus
Paratendipes sp.
Calospectra sp.

Simulidae
Simulium sp.

Trichoptera
Hydropsyche sp.

TOTAL

3 B |

— D

LI ]

-8 8

LI I ]

o=

s e

- s

20.0

* 8 9

2020
130.0

r o0

o el

PRSI NP




Figure 23, (continued)
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11-17-56

1-19~57

5-4-57

7-5-57

11-17-57

Nos.

%

Nos.

%

Nos. %

Nos. %

Nos. %

* a0

22

53

7.5
1.9

L)

. s

LI Y

L )

13

6.4

L]

8.5
6.4

27.7

100.1

bt s et

69

4.3

U e
e 0 b

[
L=

> =

10,1
17.4

23.2

4.3

99.6
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°
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° 2 © [
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Figure 24.

STATION 7. 9000 South

6-25-56

9-18-56

11-24-56

Nos,

%

Nos.

%

Nos. %

Annelida
Tubifex tubifex
Hirudinea

Crustacea
Gammarus sp.

Hyalella sp.

Mollusca
Gastropoda

Ephemeroptera ‘
Callibaeiis sp.
Tricorvthodes minutus

Odonata
Ischnura sp.
Argia sp.
Hetaerina sp.
Ophiogomphus severus

Hemiptera
CGraptocorixa sp.
Corisella decolor
Gerris gilletted
Gerris remigis
Sigara grossolineata

Coleoptera
Agabus sp.
Gyvrinus punctellus
Laccophllus decipiens
Laccobius sp.

Diptera
Tendipedidae
Hydrobaeninae
Chironomusg decorus
Paratendipes sp.
Simulidae
Simulium sp.

Trichoptera
Hydropsyche sp.

TOTAL

. B e

..

- a
o
LRI

a e »

100.0

33 58;7

115 100.2

e R g e

{1



Figure 24,

{continued)

62

1-19-567

5-11-57

7-5-57

6-27~57

Nos.

%

Nos .

%

Nos,

%

Nos.,

%

431

11

TOTAL ' 246

99.8

-4

61

14.8

100.0
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Figure 25,

STATION 8. 7800 Scuth

6-25-56

2-2-57

5-4-57

Nos.

%

Nos.

%

Nos. %

Annelida
Tubifex tubifex
Hirudinea

Crustacea
Gammarus sp.

Hyalella sp.

Mollusca
Gastropoda

Ephemeroptera
Callibzetis sp.

Odocnata
Ischnura sp.
Argia sp.
Enallagma sp.

Ophicgomphus severus

Hemiptera
Craptogeorixa sp.
Gerris gillettei

Coleoptera

‘Agabus sp.
Gvrinus punctellus

Hydrophilus sp.

Diptera
Tendipedidae
Hydrobaeninae
Paratendipes sp.
Simulidae ‘
Simulium sp.

Trichoptera
‘Hydropsyche sp.
Platycentropus sp.
Limnephilis sp.

TOTAL

o o

10

17

11.6

. .
et o et
- - L]
~o (W]

B
[ ] ]
B

19.0

99.9

»r .

LI

104

53.8

Many

¢ o

e

R v G

e b SR kg RRI

—~
AL
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Figure 25. (continued)

5-11-5%7  7-5-57 11-7-57
Nos. % Nos. % Nos. %

12 14,8 .

1 1.2

45 55.6 2 20.0

3 3.7 3 30.0 ... vew

e &0 o 0

©
L]
w0 ~ N

TOTAL ' - 81 8 10 100.0 109 99.9
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Figure 2 6'.

STATION 9. 6400 South

6-25-56

7-25~56

9-18-56

Nos.

%

Nos.

% Nos. %

Annelida
Tubifex tubifex
Hirudinea

Crustaces
Gammarus sp.
.Hyalella sp.

Mollusca
Gastropoda

Ephemeroptera
Tricorythodes minutus

Odonata
Ischnura sp.
Fnallagma sp.
-Ophiogomphus severus

Hemiptera
Corisella decolor

Coleoptera

Agabus sp. -
Gvrinus punctellus

Diptera
Tendipedidae
Hydrobaeninae -
Chironomus decorus
Simulidae
Simulium sp.

TOTAL

LI Y

L)

100.0

O

44

L 2

-
=
D Ww
— =

o o e e . o e

11.4 ...

25.0 8 72.7

20.5 “o I~

100.1 11

@
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Figure 26.

(continued)

66

2-2-57

5-11-57

7-6-57

8-10-57

Nos.

%

. Nos.

%

Nos .

%

Nos.

o,

TOTAL

LI

82

e

175

50.8

—
v .
-.‘J

46.9

100.0

21

s

35

57.1

24

[

8.3

100.0
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Figure 27,
STATION 10. 4800 Scuth 6-27-56 7-18-56 12-1-56
. Nos, % Nos. % Nos. %
Annelida
Tubifex tubifex . e .o e a e .o
Crustacea
Gammarus sp. 6 5.4
Hyalella sp. 24 21.6 7 20.0
Mollusca :
Gastropoda 1 0.9 7
Ephemeroptera )
Epeorus sp. 1 2.9 ...
Tricorythodes minutus “ ns cen 60 54.0 .. e
" Odonata
Ischnuraﬂ- L B ] a & & n a - » = - & L) »
Argia sp. 1 0.9 e s B
Enallagma sp. 1 2.9
Ophicgomphus severus “ee B .o o e ..
Hemiptera :
Ambrvsus mormon .o . 10 9.0 . - .
Grapiocorixa sp. 33 97.1 - .o . .o -
Corisella decolor cee v 3 2.7 . - -
Gerrig remigis ore 1 2.9
Sigara grossolineata . .o 1 0.9 . oo
Coleoptera
Optioservus sp. ‘e . 1 0.9 coe
Gyrinis punctellus cen “es 3 2.7 23 65.7 .
Microcylleopus sp. oue .o 1 0.9 .
Diptera
Tendipedidae
Hydroabaeninae o n e o e foe ere 2 5.7
Chironomus decorus . ven cen sae 1 2.9 S
Cryptochironomus sp. . Pe ces .ue .o . ]
TOTAL 34 100.0 111 99.9 35 100.1
e
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Figure 27. ({(continued)

2-2~-57 5-11-57
Nos. % Nos. %

17 30.9 16 42.1

+ 08 .z LY LY

1 1.8 11 28,9

» - - = [ o ®

e e 0 L L

. e n LI o a e ¢ 89
L] « 90 - a8

LN ] LI LI ..

1 1.8 ... ...

10 18.2 ) 13.2
* 8 - o 2 5.2
oo . 3 7.9

TOTAL 55 100.0 38 100.0
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A .
Figure 28, !!}
STATION 11. B-22-56 _ 9-29-56 9-18-56 7-2-57 i
3300 South Nos. % Nos. % Nos. %  Nos. % i
- , ‘c;
Annelida |
Tubifex fubifex ... g 100.0 g
Crustacea J
Gammarus sp. ... 3  20.0 ... i
e ' Hyalella sp. «esr ... . 5 100.0 3 20.0 .. g
Ephemeroptera .
Tricorythodes ”
minutus 9 100.0 ... e 2 13.3 ... i
Odonata i
e Ischnura sp. 3  20.0 ... ;
Diptera ' ‘
Tendipedidae ' i
Hydrobaeninae ... e 3 20.0 ... s
Simulidae
_ Simulium sp. = ... 1 6.7 ...
- '
i TOTAL 9 100.0 5 100.0 15 100.0 9 100.0 g
‘ |
ok
]
;
&
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Figure 29.
STATION 12. 2100 South 7-5-56 8-30-56 11-18~56
Nos., % Nos. % Nos. %
Crustacea
Hvalella sp., 2 4.8 ... . . .o
Mollusca
zastropoda . e 7 24,1 R .
Ephemeroptera
Callibaetis sp. 6 14.3 7 24.1 .., .
Stenonema sp. 1 2.4 ... con .. s
Tricorythodes minutus 3 7.1 - .. - .
Heptagenia elegantula .. . 1 3.4 e .
Odonata
Ischnura sp. e . 9 31.0 .o ..
Enallagma sp. 13 31.0 ... - oo
Hemiptera
Corisella decaolor 2 4.8 . . .e .
Gerris gillettei 1 2.4 e v - -
Coleoptera
Gyrinus punctellus 4 9.5 . s - .
Diptera
Telmatoscopus furcatus 10 23.8 5 17.2 - oa
Trichoptera
Hydropsyche sp. . . . . 12 100.0
TOTAL 42 100.1 29 99.8 12 100.0

b o m
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Figure 30.

71

STATION 13.
600 South

8-1-56

8-30-56

2-22-57

% Nos.

%

Annelida
Tubifex tubifex

Hirudinea

Crustacea
Gammarus sp.

Hyalella sp.

Mollusca
Gastropeda
Pelecypoda

Ephemeroptera
Callibaetis sp.
Tricorythodes

minutus

Heptabenia
elegantula
Odonata
Ischnura gp.
Enallagma sp.

Hemiptera
Gerris gillettei

32.1 5

Hesperocorixa
laevigata
Coleoptera
Agabiis sp.
Halipus sp.
. Gyrinus

punctellus
Tropisternus

lateralis
Laccophilus
decipiens

TOTAL

400

LI ]

8.3 26

2.4 1

23.8 1

3.6

11.4 1

2.4 ...

2.4 1

100.0 440

80.9 1000

O i
= ks

. .
— .
O
L)
[to i ol

— .

oo
B o

99.8 1059

96.9

0.3

99.9
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Figure 31,
STATION 14. 8-30-56 12-1-56 2-22-57 8-10=57
North Temple Nosg. 7#. Nos., % Nos. %  Nos. %
Annelida

Tubifex tubifex 400 85.8 Many 650 99.8 150 85.7

Hirudinea . 5 2.9
Crustacea

Gammarus sp. 1 0.2 3 2.6 . . . .

Hyalella sp. 30 6.4 86 74.1 . .
Mollusca

Gastropoda 30 6.4 26 22.4 1 0,2 1 0.6

Pelecypoda 1 0.2 .- ver  mas waw was e
Ephemeropiera

Callibaetis sp. 1 0.2 .. . . . .

Tricorythodes
. minutus e . .us O 9.7
Odonata .

Ischnura sp. 3 0.6 1 0.9 ...
Dipiera

Tendipedidae

Hydrebaeninae .o e ‘o .o 2 1.1

TOTAL 466 989.8 116

100.0 651 100.0 175 100.0

,
1ty

e

1



Figure 32.

STATION 15. 1800 North

9-19-56

LS

2-22-57

Nos. %

Nos . %

Annelida
Tubifex tubifex
Hirudinea

Crustacea
Hyalella sp.

Mollusca
Gastropoda

Odonata
Ischnura sp.
Hetaerina sp.

Hemiptera
Hesperocorixa Laevigata
Notonecta undulata

Coleoptera
Peltodytes callosus

TOTAL

3 33.3

g 99.9

92 89.3

11 106.7

Figure 33.

STATION 16. Cudahy Lane

7-5-56

2-22-57

Nos. %

Nos . %

Annelida
Tubifex tubifex

Crustaces
Gammarus sp.

Hyalella sp.
Odonata
Ischnura sp.
Enallagma sp.
Coleoptera
Hydroporus sp.

TOTAL

1 11.1

7 77.8
1 1.1

9 100.0

DN

8

5 35.7

LI ] - =

6  42.8

3 21.4

14 99.9
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Figure 34.

o

1965-66 STUDY

STATION 1. 13000 South

6-14-65

7-9-65

8-10-65

2530

2728

722

Organisms/sq. ft.

Nos. %

Nos.

Nos.

Annelida
Tubifex sp.
Hirudinea

Crustacea
Gammarus sp.

Hyalella sp.

Mollusca
Gastropoda

Ephemeroptera
Baetis sp.
Tricorythodes sp.

Odonata

Enallagma sp.
Ischnura sp.
Argia sp.

Hemiptera
Corisella sp.

Ambrysus sp.

Coleoptera :
Heterelmis sp.
Optioservus sp.
Agabus sp.
Dubiraphia sp.

Diptera

Simulidae
Simulium sp.

Muscidae
Limnophora sp.

Empididae
Wiedmannia sp.

Stratiomyidae '
Euparyphus sp.

Tendipedidae
Hydrobaeninae
Paratendipes sp.
Cryptochironomus sp.

Calospectra sp.

Trichoptera
Evdropsvche sp.
Helicopsyche sp.
Hydroptila sp.

TOTAL

120
137

1400
5600 73.8

115

»
-
[ ]

=~ b QO
— et e

31 0.4

1 <0.1
57 0.8
"36 0.5

LI ]

31
33

LY LI 2

7590 100.1

oo
i

63
131

1617
483

« e

2728

%

<0
<0.

<.

0.

13.
1.

99.

.1

1

1

9

5

3

9

250
78

14
222

722

99.8

i ey Dednin




Figure 34. (continued)
9-3-65 11-9-65 1-3-66 3-23-66 5-9-66
156.7 467.3 42.7 45,2 53
Nos. % Nos. % Nos, % Nos. % Nos. %
46 9.8 489 34.9 56 6.6 461 22.6 67 4.2
23 6.0 314 22.4 190 22.3 87 4.3 66 4.2
135 28.7 46 3.3 32 3.8 24 1.2 26 1.6
64 13.6 219 15.6 250 29.3 332 16,3 294 18.5
17 3‘6 - 8 = * & L] [ ) - 12 0-6 26 1.6
. . “ss . e 2 ‘0,2 6 0.3 5 0.3
-* L] * . ¢ » - r S > a [ I I 1 0-1
2 0.4 . . 1 0.1 . . .. e
6 1.3 ‘0.2 3 0.4 3 0.2 3 0.2
. . . oo 1 0.1 1 <0.1 6 0.4
. O 1 0.1 ... . 1 0.1
. . .. 3 0.4 1 <0.1 10 0.6
- a 8 o : L] L - & L I ] ::. 6:1
1 0.—2 - o - " & § . oo - .
84 "17:.9 21 1.5 139 16.3 77 3.8 16 1.0
. .es . 2 0.2 1 20,1 4 0.3
. .- . . 7 0.3 3 0.2
* p » L] -] - » . 9 » & ]— Oﬂl
28 6.0 204 14.6 71 8.3 72 "3.5 753 47 .4
14 3'0 - a e 3 0.4 A & & L ] L] L I B [ -1
45 9,6 - cee .o e 99 4.9 62 3.9
- ®* o a & 8 [ I B 3 L O Y 15 1.8 L N I ) e & B - a8 [ B B
. ves 107 7.6 ‘84 9.8 850 41.8 228 14,3
L B ) L] * s & LI ,. * - - 4 0.3
L - LI 2w & - 80 L I I ] L N ] . e e 9 13 0'8
470 I00.1 1402 99.58 853 100.1 2033 99.9 1590 100.2
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z
y Figure 35. ;
STATION 2. 12800 South 6-14-65 7-12 -65 8-~10-65 ‘
Organisms/sq. ft. 195.3 80.8 78.1 €
Nos. % Nos. % Nos. % ]
# e Annelida
: s Tubifex sp. 51 8.7 700 43,3 2400 96.1 ‘
Hirudinea . 7 1.2 124 7.7 5 0.2 (‘
Crustacea 1
Gammarus sp. 3 0.5 8 0.5 e
Hyalella sp. 498 85.3 642 39.8 40 1.6 &
i Mollusca o ’
i Gastropoda 5 0.8 2 0.1 1 <0.1 :
' Pelecypoda .1 <0.1 g
Ephemeroptera: ) %
Baetis sp. voo §
Odonata '
Ischnura sp. 2 ‘0.1 ¢
Enallagma sp. 1 0.2 ...
Argia— _§El - s 9 0N m & LI N ) L I ) . ¥ » - & &
Coleoptera .
Agabusgﬂ. LI ] - o0 . . e s 8 o " & - . w
HaliEIuS ._s_R. L ] .2 a8 w e e @ L ] L ] e & 8
Heterelmis sp. . oee (.:i
Diptera :
Simulidae
Simulium sp.
Muscidae
Limnophora sp. 1 0.1 ¢
Tendipedidae
Hydrobaeninae 7 1.2 38 2.4 8 0.3
Paratendipes sp. 10 1.7 ... 7 0.2
Chironomus sp. . .
Cryptochironomus sp. ces . 93 "5.8 17 0.7
Calospectra sp. P ‘oo (
" Trichoptera
Hydropsyche sp. .o .as ‘o “e 1 =0.1
§ Hydroptila sp.
! TOTAL 584 100.0 1615 100.1 2498 100.0

R R s
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Tigure 35. (continued)

9-3-65

11-9-65

1-3-66

3-23-66

5-16-66

26.4

105.6

11.2

34.9

81.8

Nos. %

Nos. %

Nos.

%

Nos.

%

Nos. %

138 26.2
18 3.4

234 44.4

. L]
L] . -
- ] [
v 8 -
oo & © o a&
L] LI
- ° -

96  18.2
1 0.2

527 99.8

552 43.6
6 0.5

235 18.5

18 1.4

- - LI )
- -
LY L] -
L] .
» s o
2 - °
o o=

LI ] ..

1267 100.1

62
12

4
103

224

5.4
0.4

3.1

100.0

92.4

o
(5]

100.1

291 17.8
211 12.9

529 32.4

14 0.8

-] °

LI
e s
. v .

[

[FL I
[ N I o)
[ ]

360 22,0
69 4,2

134

[#]

< oo
v =
™D N

1635 100.1.
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Figure 36.

STATION 3. 9000 South

6-14-65

8-11-65

Organisms/sq. ft.

224

12.9

Nos.

%

Nos. %

Annelida
Tubifex sp.
Hirudinea

Crustacea
Hyalella sp.

Mollusca
Gastropoda

Odonata

Enallagma sp.
Ischnura sp.

Hemiptera
Corisella.sp.
Gerris sp.

Coleoptera
Dubiraphia sp.

Diptera
" Simulidae
Simulium sp.
Tipulidae
Tipula sp.
Tendipedidae
Hydrobaeninae
Paratendipes sp.
Chironomus sp.

Cryptochironomus sp.

Trichoptera
Hydropsvche sSp.
Hydroptila sp.

TOTAL

94
16

44

=

168

0.6

0.6

1.8

2.4

100.1

195

36.3

147 28.5

LI ]

1 0.2

244 47.4

72 14,0

2 0.4

515 100.1

N

o AR Lt TR IB e G

e
e e = L gl e

O




Figure 36.

8-8-65

(COnﬁnued)

8.5

11-9-65

1-5-66

3-23-66

5-16-66

Nos.,

19.2

17.5

7.3

7.7

% Nos.

L Y

e .

e @

- a

%

Nos.

%

Nos .

%

Nos.

%

16.6 247
1.2 11

21.3 79

s
s s e e s
«a e V.
. ‘s
.- LI
bl e

19.8
0.9

6.3

130

54

220

602
15

16

1047

113

2.3

17.4

0.9

99.9

32
11

20

LI

133

22

13.9
4.8

8.7

0.9

w
~
=2 I = e e

0o

[ N
w

100.0

ST P O
T e
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Figure 37.

STATION 4. 8500 South

7-14-65

8-11-65

Organisms/sq. ft.

35,3

11.6

Nos .

%

Nos,

%

Annelida
Tubifex sp.
Hirudinea

Crustacea
Hyalella sp.

Mollusca
Gastropoda

Odonata
Fnallagma sp.
Ischnura sp.

Hemiptera
Corisella sp.
Hebrus sp.

Coleoptera

Gyrinus sp.
Heterelmis sp.

Diptera

Simulidae
Simulium sp.

Psychodidae
Psychoda sp.

Tendipedidae
Hydrobaenilnae
Paratendipes sp.,

Cryptochironomus sp.

Calospectra sp.

Trichopiera
Hydropsyche sp.

TOTAL

224

99.7

64
29

219

142
102

LR

564

. e

L]

1.4

25.2

18.1

99.9

—

49
23

232

3.0

oo
L) L]
[

3.9

= DN W
L] L
W

99.9

)

~

N

I T YT R R v WP, LW ACCTRPEE DR w Ny T

e, e e,



Figure 37. {continued)

9-8-65 11-9-65 1-5-66 3-23-66 5-16-66
7.8 17.8 29.6 41.9 3.0
Nos. % Nos. % Nos. % ‘Nos. % Nos. %
13 8.3 105 14.9 29 2.5 44 3.5 48  80.0

2 1.3 14 2.0 3 0.3 7 0.6 2 3.3
73  46.8 76  10.7 61 5.2 71 5.6 1 1.7
l' - - & 9 - - LN 3 - L] - $

.. e 0.9 .. . .
. R Y D : . DO
23  14.7 70 9.8 495  42.0 947  75.3 2 3.3
.. 2 0.3 43 3.7 .. .. 1 1.7
40 25.6. 436  61.3 509 - 43.2 104 8.3 6  10.0

5 3.2 ... ... .. .. 79 6.3 ... i
R L. 35 3.0 e :

- L ] . 8 3 0‘3 5 OI4 - * O
156  99.9 100.2 1257 100.0 60 100.0

711

100.0 1178

TR M 2 T T
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Figure 38.

STATION 5. 8400 South

6—15-65

7-14-65

1.4

4.2

Organisms/sq. ft.

Nos,

%

Nos,

%

Annelida
Tubifex sp.
Hirudinea

Crustacea
Hyalella sp.

Mollusca
Gastropoda

Odonata
Enallagma sp.

Hemiptera
Corisella sp.
Hebrus sp.

Coleoptera
Heterelmis sp.

Diptera

Simulidae
Simulium sp.

Psychodidae
Psychoda sp.

Tipulidae
Tipula sp.

Tendipedidae
Hydrobaeninae
Paratendipes sp.
Cryptochironomus sp.
Calospectra sp.

TOTAL

O =

67

168

5.4

()




Figure 38.

(continued)

9-8-65

11-9-65

3-23-66

3.2

10.4

26.7

Nos.

%

Nos.

Nos.

13

20.6

6.3

26
2

139

20

801
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Figure 39.
STATION 6. 7800 South 6-15-65 7-15-65 8-11-65
Organisms/sq. ft. 10.3 4,4
Nos. % Nos. % Nos . %

Annelida

Tubifex sp. 15 6.0 39 20.3 39 22.3

Hirudinea 2 0.8 1 0.5 e
Crustacea

Gammarus sp. 7 2.8 9 4.7 .- ‘e

Hvalella sp. 175 70.6 9 4.7 5 2.9
Mollusca

Gastropoda 2 0.8 . ‘s .o
Diptera

Simulidae
Simulium sp. . 2 1.0 . .
Tendipedidae

Hydrob aeninae 29 11,7 132 68.8 131 74.9

Paratendipes sp. 14 5.6 ‘o ‘e ‘o .o

Cryptochironomus sp. 4 1.6 . .o .o
TOTAL 248 99.9 192 100.0 175 100.1

(M
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&
c Figure 39. (continued)
9-8-65 11~-9-65 1-5-66 3-23-66 5-16-66
0.8 2.2 1.8 3.2 2.8
Nos. % Nos. % Nos. % Nos. % Nos. %
C
i 15 93.8 29 67.4 28 77.8 78 81.3 26 46.8
cer 1 2.3 . - . 1 1.8
L] L] - 4 9'3 L N ) LR £ ] - l 1-8
= 1 6.3 1 2.3 1 2.8 .. e )
C;
- ve . : 11 11.5 4 7.1
) 8  18.6 6  16.7 7 7.3 22  39.3
. * LI I 4 .- = & 1 2-8 * =2 ..‘ﬁ 2 3.6
l’ 16 100.1 43 99.9 36 .100.1 96 100.1 56 100.0
i.
]
5
;-
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Figure 40,
STATION 7. Bingham Creek 6-15-65 7-14-65 8-11-65 C
Organisms/sq. ft. 62.9 270 ‘ 53.5
. Nos. % Nos. % Nos. %
Annelida
Tubifex sp. 118 7.8 500 15.4 500 58.4 .
Hirudinea 16 1.1 9 0.3 8 0.9 =
Crustacea ‘
Gammarus sp. 86 5.7 394 12,2 64 7.5
Hyalella sp. 179 11,9 1706 ' 52.7 130 15.2
Mollusca - ~
Gasiropoda -2 0.1 .. 8 0.2 19 2.2 -
Nematoda
Coleoptera ‘
Dubiaraphia sp. .
Dyatiscus sp. 1 0.1 8 0.2 2 0.2 c
HrdfOthlLlS _S_P_n . b RN ) LEE Y - b .. ) -
Diptera
Simulidae .
Simulium sp. . 3 0.4
Muscidae
Limnophora sp. 4 0.3 8 0.2 ... ces C
Tipulidae -
Antocha sp. ete . ews
Tendipedidae
Hydrobaeninae 1103 73.0 600 18.5 128 15.0
Calosgpectra sp. " ese . eea cew e c
Trichoptera ' B
Hydropsyche sp. “en cen 6 0.2 1 0.1
Limnephilis sp. 1 0.1 con 1 0.1
Hydroptila sp. eue cee 1 <0.1 vee cen
TOTAL 1510 100.1 3240 100.0 856 100.0 (_':
g L
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Figure 40. (continued)
9-8-65 11-9-65 1-5-66 3-9-66 " 5-16~66
156.4 2.5 g, 18.5 18.1
Nos. % Nos. % Nosg. % Nos. % Nos. %
B30 26.5 38 77.6 11 78.6 197 35.5 128 35.5
63 2.0 e e .o . 1 0.2 6 1.7

350 11.2 - cee 1 7.1 "33 5.9 15 4.2

’ 751 24.0 . a & L I a9 » L 3 - - 65 18.0
9 0.3 . . .. . 127 22.9 2 .
‘- - - n » - * - - L) - a - s 10 ‘o
- - 0 l 2-0 ° . LIS a0 . ¢ o & = - a s
l <0I1 2 4.1 - - L I 3 " * & - L] -k W» * o &
.es 8 16.3 .o .o . . .as ceo

1 <O.]— - - & - L ] I’ 1 0:2 2 0.6

1 <«0.1 cus o - . o4 o . .

LN - L] - - . 9 I‘ll‘ - ] 1 003
1122 35.9 .o . 1 7.1 192 34.6 131 36.3
LI LI ] L] .. L] * 8 0 ] 1 003
- % 8 " -* - B . - 8 4 0!7 a & *> 8 0
3128 1060.0 49 100.0 14 99.9 555 100.0 361 100.3
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Figure 41. O
STATION 9. 6400 South 6-15-65 7-15-65 8-11-65
Organisms/sq. ft. . 4.6 10.0 16.7
Nos. % Nos. % Nos. %
Annelida ; ©
Tubifex sp. 14 7.6 4 1.0 36 5.4 '
Hirudinea 9 4.9
Crustacea
Gammarus sp. 1 0.5
Hyalella sp. 81 44 .0 7 1.7 25 3.7 O
Ephemeroptera
Tricorythodes sp. o . i - - .
Odonata
Enallagma sp. 1 0.2
Diptera . -
Simulidae -
Simulium sp. 17 8.3 175 43.5 258 38.6
Tipulidae ' '
Tipula sp. .
Psvchodidae 'S
Psychoda sp. )
Tendipedidae
Hydrobaeninae 20 10.9 108 ‘26.9 349 52.2
Paratendipes sp. 42 22.8 107 26.6 ... ‘e
Trichoptera ’ ' ' : P
Hydropsyche sp. et
Hvydroptila sp. 1 0.1
TOTAL : 184 100.0' 402 99.9 669 100.0
c
i
E
¢




Roddn B A e =

AT S T erene T

h TR T

Figure 21.

(continued)

9-8-65 11-23-65 1-5-66 3-23-66 5-16-66
- . 3.4 6.7
Nos. Nos % Nos. % %
22 64 71.9 74 73.3 42,1
' 1 1 1!1 L I [ I ) - »
L I ] 1 1-1 4 n - & . a 0
16 4 4.5 . 3.8
l - * 9 - - . »
31 1 1.1 5 5.0 6.8
1 ) 1.1 * B
. 1 1.1 2 2.0 3.8
64 16 18.0 18 17.8 40.6
.. 1 1.0 3.0
e e 1 1.0 .
135 89 99.9 101 100.1 100. 1

T AR

]‘{‘"mw%nwj‘;“ o
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Figure 42.

STATION 10. 4800 South

6-

15-65

7 -

15-65

8-

11-65

Organisms/sq. ft.

0.7

3.5

0.0

Nos.

%

Nes. %

Nos. %

Annelida
Tubifex sp.
Hirudinea

Crustacea
Gammarus sp.

Hyalella sp.

Ephemeroptera
- Baetis sp.

Tricorythodes sp.

Coleoptera
- Optioservus sp.
Diptera
~ Simulidae
Simulium sp.
Muscidae
Limnophora sp.
Psychodidae
Psychoda sp.
Tendipedidae
Hydrobaeninae
Paratendipes sp.

Trichoptera
Hydropsvyche sp.

TOTAL

1

11

NI A

oo

26

3.9

42.3

-

84.8

0.7

99.9

T ¥ - PRI

PRy T




Figure 42.

(continued)

9-28-65

11-23-65

1-13-66

3-23~-66

5-18-~66

0.8

1.3

1.4

3.0.

2.3

3 Nos. %

Nos. %

Nos. %

Nos., %

Nos. %

20 37.0

69 75.8

- L] - . 1-9 e o L - >
1 2.9 ... ) 12 22.2 .. o
. . o . 1 2.2
\ - » » - 2 3.7 l 1'1 - LN ]
B
.. ) ... 7 13.0 11  12.1 1 2.2
e 7 28.0 12 22.2 10  11.0 7 15.2
~ [ ] [ ] [ LI ] ®» & @ - * w8 » & 8 . » 8 4 8'7
1 2-9 - - - = .9 .. - L B - [
35 100.1 25 100.0 . 54 100.0 91 100.0 46 100.0

e
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Figure 43.
STATION 11. 4500 South 6-18-65 7-15-65 8-11-65
Organisms/sq, ft. 1.4 0.8 0.025
Nos. % Nos. % Nos. %
Annelida .
Tubifex sp. 32 58.2 12 37.5 1 cee
Hirudinea : ]
Crustacea |
- Hyalella sp. 8 14,5 ...
" Ephemeroptera -
- Baetis sp. “ue v
Diptera
Psycheodidae
Psvchoda sp.
Tendipedidae
‘Hydrobaeninae 10 18.2 15 46.9 caw e
Paratendipes sp. 5 9.1 5 15.6 ... .
TOTAL 55 100.0 32 100.0 1 100.0
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Figure 43. (continued)

9-9-65 11-23-65 1-13-66 3-30-66 ‘'5-18-~66
68 1.3 - 0.9 5.3 1.7
Nos. % Nos. % Nos. % Nos. % Nos. %
131 96.3 16 4.0 14 37.8 94 89.5 30 45.5
« & 9 4 58 1 4‘0 L ) * - & & » e ¥ 8 ’l.

2 1-5 2 8-0 4 / 10.8 - * p 1 1.5

L] - - [ ] - - - » 2 3-0

eua . . 3 8.1 i1 16.7
1 - 0.7 6 24.0 15 40.5 11 10,5 21 31.8

2 1.5 .ne - 1 2.7 ‘e . 1 1.5
136 100.0 25 100.0 37 99.9 105 100.0 66 100.0

¥
E
§_ .
:
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Figure 44.

STATION 12, 4200 South

7-1-65 8-3-65

8-26-65

Organisms/sq. ft,

0.5 2.5

0.5

Nos, % Nos. %

Nos. %

Annelida
Tubifex sp.
Hirudinea

Crustacea

Hyalella sp.
Isopoda

Asellus sp.

Collembola
Proisostoma sp.

Mollusca
" Gastropoda

Ephemeroptera
Ephemerella sp.
Baetis sp.

Plecopfera
Nemovra sp.

Hemiptera .
Graptocorixa sp.

Coleoptera
Optioservus sp.

Diptera

Psychodidae
Psychoda sp.

Stratiomyidae
Euparyphus sp.

Tendipedidae
Hydrobaeninae
Paratendipes sp.

Cryptochironomus sp.

Trichoptera
Hydropsyche sp.

TOTAL

1 S .o

«-a s LI I LI ..

1

o a L

()

el

5
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Figure 44. {continued) i g _

9-9-£5 11-29-65 1-13-66 3-30-66 5-18-66
6.5 0.6 30 11.7 9.1
Nos. % Nos. % Nos. % Nos. % Nosn %

o 4 30.8 5 45.5 27 90.0 94 40.3 77 14.1
‘..l [ - @ - 4 8 - a8 s+ & @ 3 1.3 2 0.4

1 /2% SR 1 3.3 35 15.0 4 0.7

3V"__.\\ . 0w . e . s ] “ e " LG LI 1 0'2

: .o con cee cen . one S 2.1 83 16.9

L -8 e 2 18-2 . an ) LI ] ‘l 094 285 52:0

P . . e .- [ l D 2

e 4 36.4 2 6.7 65 27.9 60  10.9 %
7 -] . a L ] a & o L ) .- - i
1

13 100.0 11 100.1 30 100.0 233 99.8 548 100.0

Bt e .

[ =

TR
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Figure 45.

STATION 13. 3000 South

7-1-65

8-3-65

8—2 6-65

Organisms/sq. ft.

2,7

13

Nos. %

Nos.

%

Nos. %

Annelida
Tubifex sp.

Crustacea
Hvalella sp.

Ephemeroptera
Baetis sp.

Diptera

Simulidae
Simulium sp.

Psychodidae
Psychoda sp.

Tendipedidae
Hydrobaeninae
Paratendipes sp.

TOTAL

S 62.5

g 100.0

13 80.0

1 20.0

14 100.0

Figure 46.

STATION 14. 2900 South

7-1-65

8-3-65

8-26-65

Organisms/sq.ft.

0.01

2.5

Nos. %

Nos.

%

Nos. %

Annelida
Tubifex sp.

Moellusca
Gastropoda

Diptera
Empididae
Hemeromia sp.
Tendipedidae
Eydrobaeninae

Trichoptera .
Limnephilis sp.

TOTAL

4 100.0

5 100.0
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Figure 45. (continued)
9-9-65 11-29-65 3-9-66 5-18-66
5 72 52 ‘82
Nos., % Nos. % Nos . % Nosg ., %
4 80,0 34 94,4 12 92. 16 39.0
a . - LN I ) e 4 8 2 4- 9
- 9 LI e 9 o 3 7.3
- - L ] L] - . - L 2 4- 9
a @ e o s ® P ]- ’ 7; 17 4.1-5
1 20,0 2 5.6 : e 1 2.4
5 100.0 36 100.0 13 100.0 41 100.0
Figure 46. (continued)
9-9-65 11-29-65 ‘3-9-66 5-18-66
1) 30 56 0.1
Nos. % Nos. % Nos . Nos . %
6 S 26 86.7 26 92. 2 ..
- L] L] 1 3.3 - -* .
o L * & > - ]- 3° - - 8 @
. [ ] L] - - » 1 3! - LN ]
LI ] 3 10-0 LN L * - » 8
6 100.0 30 100.0 28 100.1 2 100.0

AN A L SR
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Figure 47,

STATION 15, 2100 South

7-7-65

8-5-65

9-8-65

Organisms/sq.ft.

17

170

49

Nos., %

Nos. %

Nos . %

Annelida
Tubifex sp.

Diptera
Psychodidae
Psychoda sp.
Muscidae
Limnophora sp.
Tendipedidae
Hydrobaeninae

TOTAL

34 100.1

169 99.4

170  100.0

49  100.0

Figure 48.

STATION 16. 1900 South

7-7-65

8-5-65

9-8-65

Organisms/sq. ft.

187.5

502

323

Nos. %

Nos. %

Nos., %

Annelida
Tubifex sp.

Crustacea
Hvalella sp.

Odonata
Anax sp.

Diptera
Psychodidae
Psychoda sp.
Tendipedidae
Hydrobaeninae
Chironomus sp.

Cryptochironomus gp'.

TOTAL

375 .

375 100.0

500 89,6

502 100.0

323 voo

323 100.0

e . bt S E . AST

o tralimdrigty. bl o i ey

E
{
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Figure 47, (qontinued)
10-4-65 11-29-65 1-25-66 3-9-66 5-23-66
38 49,3 286 85 104
Nos . % Nos. % Nos . % Nos . % Nos, % »
38 .o 36 97.3 141 98.6 94 98.9 104 .
@ - - - . 8 1 0 L] 7 - a [ a6 . &
a * 0 a e [ B ] l Ol 7 . L L ] L) L ] . e b
- L ] L ] 1 2 0 7 - & Q2 - ] 1 1 - 1 - o (-]
38 100.0 37 100.0 143 100.0 g5 100.0 104 100.0
Figure 48. (continued)

10-4-65 11-29-65 1-25-66 3-9-66 5-23-66
60 684 898 706 457
Nos. % Nos. % Nos., % Nos . % Nos, %
60 .;, 682 99.6 446 99.3 689 97.6 448 97.8
L ) o L] - o ]- Olﬂ 1 - o o

N [ ] - & 9 “« & 1 0° 1 - -] - o &
. & @ 1 0I2 o o L] o 1 ] o -
. 1 0.2 3 0.7 13 1.8 6 1.3
-. - e a * o 0 s & O 1 0 L] 1 L] a a & 9
- a o & * 20 LI B L I I 1 0 l’l 4 0 - 9
60 100.0 684 100.0 449 100.0 706 99.8 457 100.0

S N R ST

e oy Rk T Tl Y Lty
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Figure 49,
STATION 17. 1100 South 7-8B-65 8-2-65 9-8-65
. ' Organisms/sq.ft. 877 801 56
: Nos, % Nos, % Nos . %
Annelida
Tubifex sp. 2629 99.9 800 99.9 56 e
Mollusca '
Gastropoda 9 0.1 1 0.1 - o
Diptera
Psychodidae _
Psychoda sp. . ‘e
TOTAL 2638 100.0 801 100.0 56 100.0
Figure 50,
STATION 18, North Temple 7—-9-65 8-2-65 9-8-65
Crganisms/sq.ft. 400 2400 6709
Nos. % Nos . % Nos. % !
Annelida 1
Tubifex gp. 400 oo 2400 cne 6704 99.9 ]
HiI'Udinea a o a . 80 oo e o a0 1 <Ov1 1‘
Mollusca |
Gastropoda e . oo 4 <0.1 -
Diptera 1
Psvchodidae
Psychoda sp. .o
TOTAL 400 100.0 2400 100.0 6709 99.9 L

et AR - b e 8 Laow r A d

'
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Figure 49. (continued)

9-28-65 11-23-65 1-25-66 3-9-66 5-23-66
653 6 2274 6960 519
Nos. % Nos . % Nos. % Nos. % Nos . %

653 ces 55 91.7 2274 . 3480 .. 601
" " S 5 8-3 - s » - » -
653 100.0 60 100.0 2274 100.0 3480 100.0 601 100.0
Figure 50. (continued)

9-28-65 11-23-65 1-25-66 3-9-66 ‘5-23-66
2131 7850 22,960 20,68 2435
Nos. % Nos., % ‘Nos. - % Nos. - % - Nos. = %
2121 99.5 7850 .. 34,450 99.9 20,680 2435 ...

3 Oﬂl a-8 @ LN B ] - v e . g » s 8 ' - - L J

4 O"Z L + 0

3 Otl o e u

2131 99.9 7850

+ % e ae o o=

100.0 34,452 100.0 20,680 100.0 2435

100.0




APPENDIX B

PHYSICAL-CHEMICAL TEST DATA




103

wd §7i¢

00Vt Z2'0 VA 06T £'8 0°'0 0%l (A% ¢°61 99-£¢-¢
009t 90RI] A7 9¢¢ z'8 0°0 701 4> oyl wd Qgizl  99~42-1
: §9-02-¢1
00%T 0°0 STs 0v¥ 0°8 0'2 0S §¢€ 9'11 we 0S:0T  §99-0E-11
0c0¢ T°0 929 842 '8 2’0 L6 1§ 8°01 we g0s0T  §9-§2-01
08ST ST1°0 2y  00¢ ¢'8 0'0 ¥e 7S 0°'8 wd Qg1 G9-67-6
0041 €0 s8¢t vee 18 0'0 99 cl 8°G we 0z:0T S9-%2¢-8
0521 0 007¥ 0¢e £'8 0'0 74 94 £'9 we Q1T §9-42~4 _
00ST €0 S¥¥ 9¥1 1°8 0°0 [ 7o 0°4 we GG:6 §9-82-9
00€1 8ol ov¥y 9¢¢ '8 00 S4 89 T4 we §yiZT §9-6T1-9
00ET §¢°0 Sy 80¢ '8 0°0 68 6§ 0°6 we gg:1 G9-12-¥%
000¢ gorn} 0e6 042 1°8 €0 S8 1874 0°11 we 50:8 g9-11-¢
uo /so T/Tw /bur 1/bu  HI 1/bu ucTie "do T/buwt QWIT, EiTal
~-010TW SPIIOoS  8ssu Y[y apIXoTg  -anieg rdwag uabAxQ
aoue /e  -pieH ‘O uoqaed 9% 181ep, PSATOSSI(J
-jonpuon -211188 - )
o1ITo8dg
PROY PISIMIRI-TYST "1 NOIIVLS
*1§ =Inbrd



104

0971 I°0 SOV 9t¢ ¥°'8 0°0 pOT 4% 821 wd ggig 99-€¢-¢
00471 eoed] 0sv 0E?¢ 2°8 0°0 ¢6 0¥ 021 wd pQ: T 99-42-1
0081 80rl} 00§ ¥¥e Z'8 0°'s 18 9y 8°6. . §9-02-¢1
0S9T 0*0 SS9y 921t A 0'¥ 64 28 8'8 we §I:TT  §9- ~-TT1
06T 8o0rl} 00§ 0&¢ g4 9"0 88 89 76 we 0g:0T S99-92-07
006 °0 Sg¢e 81 0°8. ¢'0 08 9s g°8 wd g§iT 99-67-6.
0507 1*0 S€§ 9T¢ §*4 0'¢ 06 99 ¥'8 we 0%:0T S9-%z-8
0091 ¥'0 09§ B3 T g4 0's g6 42 £'8 we Qe1T  §9-42-4
0041 S0°0 0%S 89°¢ 0°8 0'0 811 79 €11 we 0z:0T 69-82-9
0041 soe1} 08§ 0€T  ¥°8 0°0 ) 99 AR wd §0iT.  §9-6T-5
09RI S0rl} Se¥ oz €8 0°0 S€l 89 8'¢1 wd 0y 1 S9-12-¥%
0012 S0rl} 069 0472 0°'8 &' LL. 184 0°01 we gg:8 99-T1-€
wo /soqul H\HE T/ but H\mE Hd ﬁ\mE uoInie *do H\mE SuIT ], 91B(]
- 0127w SpI[Oog 888U “Y[Y 9PIXOY(]  -Injeq rdwa], uabixQ
soue 8[qe  -pPIRH ‘O°'W uogIeD % J91'p  DPRATOSSI(T
—-3LApuUCH -3711=28
o13Toedg

PEOY S1ePHNTd * 7 NOIIVLS

'79 9Inbr g




- . e - . - . R A [ A | y
- P 4 T T IR S P es SRR N R Rt B s e 15 T T AT s sl o

105

0081 70 A (444 £°'8 0’0 ) 147 0'21 wd 0% 99-£2-¢
0ooe 1°0 074 042 6"4 0*¢ G8 ¥ 70T wd G147 99-/¢2-1
0042 edril G8Z 08¢ 0'8 0°'¢t G6 4% 9'17 o €9-0¢—-2T
0597 0'0 SLL 0LC L4 0°¢ A3 57 9°11 ue 0§11 99-06-1T1
0667 0RL] 528 9.2 84 20 56 £8 70T we GHiQT 99-8¢-01
00272 1°0 SLL 09¢ 6'2 9°'0 08 gS g'8 wd §1iZ. €9-62¢-6.
008¢e z'0 0S4 B6¢ L4 o'y 9/ L9 04 e go:iTT S9-v¢-8
0502 ¥'0 0S4 99¢ 8L 0¥ 94 ol 49 We §G6:TT §9-£L2-4
0012 ¥'0 099 0672 g4 0°¢g 64 ¥9 9/ we §6:07 €9-87-9
00T¢ g2'o 069 9y e 0'8 £'0 A ¥9 ) wd QgrT. §9-6T1-6
0002 0'0 044 ovz '8 0'0 9¢1 £9 z'e1 wd 00 §9-T2-%
00ee 0°0 G.L8 08¢ 84 8'0 £6. . EV 9°'TT we gi:6 §9-11-¢
0082 £€0°0 c88 t6¢ L4 0°0 L6 (A% g2l we gg:T1 §9-11-¢
009z 0°'0 014 61 0'8 0'0 L6 6% 2'11 wd 0g:1 59-82-1
uo /s oyqut /1 H\oE 1/bul Bd 1/bu uome *do 1/bu SUITT, 212
- QIDTW SpPI708 gs2u 'Y APIXOTT ~Jnjeg rduiaf, usbiAxp
aoue a1gqe -pmey ‘O’ nogien % J9jepm POATOSSIT
—1onpuon -9T7118¢ o
o1IT08dg

Uinog 0006 "€ NOILYLS

*£g 2amb1g

< O O O ) ) ) ) - 7y



R i e G AR R ) e, - o - " - P

106

0881 £'0 CES 9% ¢ Z'8 et €8 9y 0°0T wd 50§ 99-gZ-¢
00772 £°1 g4q9 0BE 84 0'% G/ Sy 0°6. wd Qg 99-47-1
0092 72 STL 067 e 0z 8% ¢'8 . G9-0¢-¢1
0052 £ 1 0S4 9l¢ 0'8 0's8 04 8% z°8 we STy §9-0e-11
009¢ g'0 0S4 99¢ 84 2'T 89 89 0'4 we GOIfT 99-592-01
00¢2 20 014 092 84 70 49 GS rA) wd ggr g Go-627-6.
0ooeg 20 064 88¢ 9°4 0'8 79 79 Z°'9 we GITT S9-%2-8
00072 9'Q Sgl 0Le 9% 0°s 14 DL 7'9 wd GF:ZT §9-47-4
00T1¢ z°0 S04 CLe 8 4 0°S £l 29 A we G711 €9-8¢-9
0012 z°0 XA 0s¢ 9°4 g0 9/ 29 G4 wd 0F: T §9-61-8S
00172 T*0 018 99¢ 0°'8 £°0 16 19 T°6 wd Q1+ 89-12-%
0s¢de Slel=ri 0¥%8 042 ¥ L L0 L9 9y 1°'8 ug 0% 6 G9-T1-¢
004¢ £0°0 ERAL B6¢ 84 0'0 L8 6% S'T1 we SFill G9-01-¢
009¢ £°'1 GEl 98¢ A 0°0 9% 6% 79 wd 0631 . S9-8¢-1
wo /5oy 1/TW 1/bw /b Hd 1/but UoTie ) 1/but W], aleqg
-QIoTW SPITOS ssau *HIVY apIXoId -inieg *dway, ushHAXD
ooue 8[ge -pierg 'O'W uogqarn % 191ep POATOSSIO
=10NpuUoD -97119g
D1It0adyg

- UINoS 008Z ¥ NOILIVLS

7§ embrg




107

= VL W oeifipa bt o

§.9¢2 1°0 0v8 062 1°8 96 9% 021 wd 07:%  99-£2-2
0507 Sy 599 982 84 0°S 08 9¥ 9°6 wd 0pi1 99-22-1
006¢ Sy geZg g8¢e Tt QL 09 i . §9-02-¢1
0097 A 0584 0ee 78 19 9§ ¥'9 we 0§11 89-0¢-11
goce 0°2 A2 00€ A 870 9¢ 99 AR we §TiTT §9-52-01
0081 ¢ 0 S19 Fee 94 c°0 04 SS9 §'L wd 0% 7. S9-6%7-6.
000¢€ 1°0 016 90¢ A 0°9 72 €9 T4 we GZ: 11 59-%2-8
0s1¢ S'1 066 967¢ 94 0°9 7i 89 89 wd 00T . S9-L2-4
060¢ £'0 689 €872 0'8 0°9 94 £9 0°9 we Ge:TT §9-82-9
00%¢ 70 G84 042 8'L S°0 98 19 G°8 wd Syt G9-61-§
poee |01} GEOT 762 0°8 70 16 19 1'6 wd 0z:Z 89-12-%
psee 8deIl 0E0T 08¢ L'L L0 ¢8 0% A we g: 01 G9-T1-¢
008¢ ST'0 0%6 g6¢ L'L G8 08 LB N 00:21 S9-T11-%¢
wo/s0ywi [VACE /bu 1/bu od 1/bw uoile *do 1/bu QuIT], 21e
—-010Tu SpPIiTos gsau *HIV epIXoIT  -inieg ‘dwafT, usbAXO
Ioue arqe -pirg *O'WNW uogiaeD o I1918p\  POATOSSI(]
=10npucyH -271188
o1j108dg
3y901) weybutg 5 NOILLYLS
'S5 eanbtg
- O O 3 ) 0y 3 )




R R i It RA T RPECRRE B FENF RS e

108

D061 £°0 0€S 087z 2°8 18 A 00T wd 0Z:i% 99-£2~7
00% ¢ Al SH9 99z 8°4 0°S 64 8% 7'6. wd Q§:T 99-/72-T
00972 g1 SLL ¥gez ' e 47 9% 0°S . §9-02-21
00772 0°T ¥ 062 9°'Z 0's Z9 9% i wd ¢QizT  §9- -TT
0S¥2 90°0 SZL 79z 97/ L0 A7 85 9'% wd %27 $9-82-0T
0061 Z'0 G89 09Z. 8'4 L'0 04 5§ g/ wd g5tz $9-62-6
00872 ST°0 0£8 98¢ S°/ 0°9 04 £9 8°9 we GeITT  S9-%7Z-8
0502 §2°0 08/ 2L 9/ 0°'9 ZL 02 g9 wd 01:7 §9-4%-4
00072 7'0 014 viT 84 04 LL Z9 9/ N 00:2T S9-82-9
0007 z'0 049 09z 8°¢L S0 06 z29 L'8 wd 002 §9-6T1~S
0012 eoel) A ¥9Z 0°8 §°0 L6 Z9 $'6 wd Qg:g §9-12-%
0002 soel] §Z8 06z  9°% 9°'0 SZ 9¥% 0°6 we §T:0T §9-71-¢
00¥2 1°0 0L4 182 9°Z b 2L 1574 0°6 wd §1igT  99-i1-¢
ud /soyu /T i/bu  1/Dbuw Hd 1/bu uotje *do 1/but BUITT, Ehk=lgi
- 03I0TW SpIIog - ssau 'YIY SPIXOIg  ~JNles ‘dwsy, URbAXQ ‘
soue a1ge -pieH ‘O°'W uogqivy % I93BAA  PRATOSSTJ
R eliivlilelg! -971128
oryroedg

Jinos 00%9 'S NOILVLS

9§ 2InBIg




PR S R A

109

0061 S0 62§ 08¢ 1°8 €6 - S¥ /ARE! wd gy 99-t2-¢
00¥%¢ €1 0t9 94¢ 914 0°S 06 8% .9701 wd 03¢ 99-47-1
00S¢ §'0 S€4 ¥8¢ T 8§ 9% 04, §9-0¢2-¢1
00ve §'0 GEL 0L2 94 08 18, Ly 0°9 wd 0Z:ZT §9- ~-T1
0S¥ e ¥0°0 524 89¢ 9°4 8°'0 09 0% 0°'9 wd QT+, S99-92-01
00T¢ €°0 089 9ve L' L §'0 04 ¥S 94 wd 00:¢ S89-62-6.
008¢ 810 0LL 9L¢ 94 0y 2 79 12 we 0§ 711 G9-%2-8
0061 g2 0 014 09¢ L L 0°§ 64 04 0°4 wd Qg . §9-42-4
000¢ S1°'0 0%S 09¢ 84 0'S A 29 9'4 wd §Z°1 89-8¢2-9
0002 ¢'0 069 i2%4 0'8 £'0 L1T £9 PrIT wd G117 G9-61-5G
0S17¢ T°0 S8 ¢9¢ g4 ¥'0 011 <9 80T wd 05y §9-12-%
00¢€z¢ sorll 0% 8 99¢ L' L 8'0 56. - 9% €11 ue 0g-0T Q9-TT1~¢
00e2 T°0 G08 £9¢ g°4 i %4 2°6. wd Q%:2T G9-T1-¢
00¥¢ 9'0 0S4 L9¢ ¢ L b¥ 6% 9°§ wd 07:¢ §6-82-1
) wo /SOy /Tu 1/but  /bu Hd 1/bu uoTIR *do 1/bu U], a1e

-0I07TW SpITOS §59U N[V PIXOTg  -Injeg *dwa], U9bAXD

aoue atge -prey ‘O uogieD % I21ep  POATOSSI(T
~Jonpuen -971319¢9
o13toadg ,

yinog Q08%y "/ NOILVIS

*L§ 8Inbr

9 § 0O 9] ™ B ) S ) s £y

e . ; e e B e ot TR DN i et TR, 122050 & o o AT 530 B e+ s e



110

s i

00t1?e 9°'0 0£9 9/4¢ 94 a9 ¢'9 wd 6627 g9- -~1I1
0ove €°0 geo 09¢ 9/ g0 ¢g 88 9°'9 wd ST S9-92-01
0541 1°0 0Sg 9¢2¢ 8'L £°0 g/ 4] ¥'8 we S71:0T .G9-62-6.
0002 z°0 0%9 292 L' 0'% L9 §9 79 wd ggt. §9-%Z-8
0591 90 ggs B¥ ¢ Lt 0'¥ .9 T4 0°9 wd g0tz §9-82-4
0S?i £°0 SEV 88T 64 02 18 69 2°8 wd (02 58-8¢2-9
00Tt g0 0¥E 041 B/ 9°0 64 LS 2'8 wd (G:g 89-61-§
009T L0 019 AN FAA 9°0 L4 S9 ¥4 wd Qg ¢ G9-T1e-¥%
002¢ 8081 L4 89¢Z L4 9°0 .9 Sy 2’8 we GZiTT §3-T11-¢
001¢ Z¢'0 022 YA B8 Z e el (47 A wd Qg G9-01-¢
Eo\mosﬁ M\HE 1/bui H\mE Hd ﬁ\mE uoile “dg 1/bu BUITT, 81=(]
- QIDTW SpI[oS §s9U YUY SPIROT( —anjeg *duisg, uabAx0
aoue o1qe -pieH ‘O'IN uogien 9 I918M  POATOSSI(]
=100 puon =3T139g
o11109dg

UINO5 00EE "8 NOIIVILS

*gg embrg




e e e T B R T T e R AT AR PO € T T R T o e

111

we gg:0T  99-€%-¢

0641 0 019 ~ ¥wilE 8 L 08 - v
0041 2’0 019 0oz 9°L D¢ FAS (474 AN we gT1:0T 99-T¢€-1
0002 20rRI] 5g9 942 e gS A 04 } §9-12-%2T
0o0e 70 099 9q¢ 9°'Z 09 AL 7y ) wd 67+ 89-. -1T
00ga £°0 0¥9 9§6¢ 9% S°0 gq 8¢ 9°q wd §0:¢ §9-62-0T1
0031 1°0 B4 9¢g¢ 84 §°0 gL €8 08 we 0Fi01 S9-0¢-6.
000¢ £°0 0%4L ¥o¢ 9°4 0°'9 8 89 ¢'9 wd G611 go9-%7-8
Q04T 40 S6E ¥oe gz 0'v 04 ¥L 0'9 wd Qg:g G9-L2-L
0021 z'0 00¥% 261 a°s 074 rAA 09 1) we (0G:6 59-6%7-9
080T 9°0 01¥ 08T 9'%Z ¥°0 6L 65 0°8 wd gz:g §9~61-S
0541 z'0 509 o7 e 8L 40 18 99 L4 wd Qg G9-T2-¥
0S 02 slrll S14 0472 94 g0 g8 €9 £°6 wd Qg 59-01-¢
0002 2'0 S04 182 B L T4 A 6°8 ud §eif S9-01-¢
000¢ £'0 SEs ¢9¢ A 0F 9% 8'¥ wd g1 G9-82-1
wd /S50 W /1w 1/but /bw  Hd 1/bui noile "do /bW SUITT, 218
~01D1UI SPITeY ssau * VY OPIXOI(I ~Injeq rduey, UobAX(D
aoue a[qr -pirg "O'WN uogien o IS1eM  POATOSST i
=10Npuay -9T188
OTiTo8dg
UINOS Q012 6 NOILYLS
. *6S enbtg
ﬁJJFL ) Y _Yw 7y Yy Y ~




112

0SET ¢'0 S¥S AR B4 0°§ Tt 4 - we §%-0T 89-£2-¢
0S6T €°0 009 99¢ 9% 0°¢ 99 A4 7'8 we 0g:0T  99-1¢-1
0002 S*0 0¢9 iz 8S %7 A ] S89-1¢-¢i
000¢ 70 0es 292 9°4 0°'S 14 S5v g9°g , wd Qg:7 §9- -T1
o€z Se'0 S49 0S¢ L4 g0 £G 8§ ¥°S wd 0g:2 §9-92-01
08971 T'0 GES 0te 9°4 €0 A S 0°8 we Sy-01 S9-6¢-6.
006T F'0 009 9% ¢ 94 0'¢ 59 99 ¢'9 wd Q8T . 59-v¢-8
0081 g*0 GGs B9?¢ L4 0°8 GS 69 0°S we 0z:6 89-8¢-4
0STT €'0 00¥% AN g4 0'% 89 09 B8°9 e §0:0T1 §9-62-9
000T AR 00¥% 891 L L £'0 S4 08 G4 wd §yig. §9~6T1~S
0S41 €'0 029 7S¢ 94 £'0 99 §9 ¢'9 wd pegiz S9-12-%
000¢ €'0 069 £9¢ 'L 8'0 L S S°8 wd g1y S9-01-¢
0o0o0¢ 20 098 8872 8"L Tt £9 474 0°8 wd 00y 59-01-¢
wo /soqu /T /6w 1/bu  gd 1/bu uole “do T/bur SWITL a1
- 01DTW SPTiOS gseu  *YIY SPIXOIQ  -Jnieq *dwa], UsBAX(D
aouw aiqe -piel "O'WN . unogqren 9 I218AN PBATOSSTI
-1onpuoy  -973es
o1Jr0eds

eniusgAay BTWOITRD "0 NOILLVLS

*09 2anb1g

O ¢




0041 z°0 00§ ¥5¢ B'L 0'S e 197 we Q11T  99-t¢-¢
00G1 £°0 ovS 0S¢ 9°4 0°% 9§ 0% i we 00:11 99-TE-1
00671 7°0 009 ¥8¢ 747 4’4 ¥°S .. §9-T2-21
0061 S0 01§ 09¢ L4 0¥ 1S 7% "9 wd GGiT §9-. -11
poce g°0 AL 062 94 9°0 8y 9§ 0°§ wd G517 59~92-01
00ST g0 §2S 0te 94 70 L9 g ¢'L we G717 G9-62-6.
0081 90 009 09¢ g4 09 a9 89 7°S wd Gz, §9-¥2-8
00€T 8*0 G9S 9y ¢ L' L 0'¢ S A 6°¢ we 066 §9-8¢-4
0S0T £'0 01¥ 702 LA 0°'¢ g9 29 79 we 0g:0T S§9-62-9
00<. 7'0 SEE 86T 8°4 70 i9 €9 9°4 we §G:8 $9-0¢-9
056 L' 01% 9t? 6°4 9°'0 S4 £9 £ wd 0§ T S9-12-¥%
0841 9°'1 0965 99¢ A T°1 4’4 , 8% A wd §§i¢ §9-0T1~¢€
0081 £'0 009 L9972 L' . 09 0¥ L°L wd Q1:¢ §9-01-¢2
00ST 0°1 0S¥y g4 19 0% 9°9 wd §giy §9-8¢-1
ud /soqur /T 1/bu  1/bwr  pHd 1/bur uorie "do 1/bu QWT ], 318
- 0I0TW SpIjog sssu "YIY © @pIXOol(g  —Janjeg rdwa], UebBAX(
aoue oIq® -pIeH ‘O'IN uogien A 1938 POATOSSI(]
=-ionpuen -9731es
n1IToedg

e1dul] Y1ION *TT NOILVIS

‘19 amb1j




114

0007 Z'0 00S ¥5¢ 6°L 0"s e S¥ wd QT:Z1T 99-£2-¢
0002 1°0 019 09¢ 94 0'¢ 18 V)74 9°9 we §E:TT 99-TE-1
000¢%¢ a0rll 0¥9 04T e 8¢ 0¥ 9°'¢ . G9-T2-21
00%1 820 008 0S? JAA 0°'¢t 07 1472 0°s wd 0%:Z g9-. -11
0002 1°0 Ge9 ove VoL g0 €e LS 7'e wd Qg7 §5-92-01
0991 gz’ 0 0%S 0ee 9L §°0 £9 LS 9°9 wd GI+¢ §9-6%-6.
0061 70 048 ¥ e S'L 0'9 Sy 89 1'% wd G0 2T G9-%¥2-8
0081l L0 594G B¥ 7 6 L 0'¢ ge 1A £°'¢ we G011 G9-8¢-4
0011 £'0 SZv 01¢ 8'4 0°¢ 19 79 6°S uwe Sye1T 59-62-9
088. g0 SLE 00¢ 0'8 g0 69 £S t'L we §F:6 59-02-§
0S01 6°0 06¢ (A4S 0°'8 S0 3G 09 9°¢ wd gt 21 Go-12-¥%
0S9T T°1 09§ Sz 78 AN LE 0§ 'Y ud Q1€ G9-01-¢
Q08l §'0 865 £9¢ 9°'/ P A 1) 89 wd 0S$:2 §9-01-¢
wo /soyw T/TW /b 1/buw Hd H\UE uoTie *do H\mE SUILT, 18
~0IDTul 5PIOS 559U MY epIXorg  -Janjeg rduay, U8BAX(D
aoue oTqe -pleHg ‘O'W uogied o, I91ep  POATOSSIJ
—~1onpuocH -~-9T3388
orjo=dg
preoy poompoy 4idON 0081 21 NOILV.LS
‘Z9 aanbig
) ) i

-




Q0LT. 20rl] 0es 9G¢ L'L o'y nt a7 N-00:21 99-¢2Z-¢
0002 20 0SS 29¢ 94 0'¢ 6€ 1574 0°§ we gzZ:77 899-1¢-1
0SET gorl] 029 96¢ 0¢ 6¢ 0% } S9-Te~¢1
0081 IoRl] 0L% 982 L'/ 0'¢ (AN 'ty 0'¥ wd Qg7 $9-. -11
0s02 ST°0 889 0S¢ 94 70 LY 8% S'¥ wd §T:g §9-92-01
0041 0°0 ges ¥ze 94 9°0 L9 8% 8°9 wd Qoie 59-62-6.
0061 £'0 08s 8¥ ¢ §°4 0°'¢ ge 89 't we OGiT1 S9-%2-8
0041 §'0 gesq A4 6'4 0'9 A Sz 2°2 we g0l 99-82-4
0811 £'0 p6¢g 0Te 9%z 0y £q. ¥9 0°¢ we Qg:171 89-62-9
008. .'0 AN 781 64 g0 69 ¥S 04 we g6 §9-0¢-5
00%1 9°'0 06% 9% ¢ 84 i 70 LE 29 9'¢ wd gzig S9-12-¥%
0SAT 20rl] 06s 9g¢ g's 6'0 59 ¥4 (A wd Spig §9~01-¢
0002 £°0 G199 - S5% a*s és 6¢ 6'9 wd ggiz G9-01~-2
0o0e €0 GBS 8% ¢ A e 1¢ A B¢ wd 5 S9-8e-1
uo /soyu /T 1/bu 1/bu Td 1/bu uorle A /bt 2UWITT, 21201
- QIDTW SPITCS ssou YTV 2PIXOI(J —anieg *dwaf, uabAxp .
20uE oTge -peg O uocgarn) % . I9lepn  POATOSSIO
-lonpuoyd -811188
oTIioedg

sueT AUeDny) €7 NOILVLIS

g9 aInbIJI

e



AL ot i s s -+

116

T R S B A AP ) P EEE TER T P E W,
000%¢ 20ull Ci¢g 80¢ 9%/ 0°'¢t v £V we SHTT 99-¢£2-2
00%1 €0 099 89¢ L4 0'¢ 6¢ 8¢ 'S we Q117 99-1e-1.
0007 20orIi} 0€g Z8°¢ e s 7y 9¢g 0°'9 . Co9-12-2C1
00971 a0l 09% 09¢ 874 0¥y 6% 0% 84 wd §1+2 €9-. -11
0S0¢ T*'0 079 06 ¢ 9° 4 S0 Sg 09 9°¢ wd 00t ¢g 59-92-0T
00LT S¢°0 02s A4 94 S0 9SS 8§ 9'g wd G§: g §9-6¢-6.
00¥%1 ST*'0 0Sv 0¢e ¥ A 0*'s (A4 99 1°2 we g1t $9-%2-8
0041 9°0 0sS§ 9% ¢ S 0°9 £e 2 0°¢ we §Z:01 G9-82-4
0011 00 q9¢ 012 S*L 0% 8y 99 S'y we GT+ 17T G9-62-9
008. P0RI] GEg 00¢ 8'4 90 (9 99 2'9 we 0g:i6. §9-0¢-49
00ET £°0 STS 0o¢ B4 S'0 0% 09 0'y wd 0p¢ S9-0T1-%
006T soen 06S vie A g'1 Z9 BY T4 wd §Q:Z S9-01-¢
0022 cle)=Fe! 509 0eZ  9°% v 86 B¢ Lt L wd pgit §9-01-2
pove 90®RI} 099 09¢ ANA 1€ 187 0'y wd §0:8 59-87-1

wo/soyu T/Tw 1/bw H\mE Hd H\mE Uuoile *do T/bw QUITYT, 21e(]
- QiIDIW spITOog §s59U "Y1y SPIXOIJ -1njeg *dwag, uabAxQ
soue °Iqe  -pirH ‘O'W uoqien e I21RM POATOSSI(T
-3}0npuon -9713949
o131009dg

qnio und aielg M8N "1 NOLLYLS

'y9 2Inbig



APPENDIX C

UTAH WATER QUALITY STANDARDS

PRSI S T T LT E  pe




118

UTAH STATE DEPARTMENT OF HEALTH
CODE OF WASTE DISPOSAL REGULATIONS

PART II - STANDARDS OF QUALITY FOR WATERS OF THE STATE

II-1,

II-2.

I-3.

I1-4,

Application of Quality Standards

The following standards of quality shall be applied to waters

of the State as appropriate. Classifications identified there-
with may be assigned as specified in 26-15-4 (21), and 73-14-1
to 13, Utah Code Annotated, 1953.

Natural Pollutants

Any one of the classifications may be assigned to a given
water notwithstanding the presence in said water of natural
pollutants in excess of the limits established by the classi-
fication in which case the subscript "1" shall be added to the
usual classification designation (A7, By, C1, etc.) to denote
the modification of water quality. No change in waste dis-
charge restrictions of the basic classification shall be inferred,
except that the discharge of any wastes in such a way as to
increase -the concentration of any of the excessive natural
pollutants in the classified water is prohibited.

Protection of Downstream Classifications

Wastes discharged to waters of the State under limitations
imposed by a given classification shall be further controlled
as required to protect water quality designated by all down-
stream classifications.

Class "A" Waters shall be so protected against pollution as to
be suitable at all times without treatment for domestic water
supplies, irrigation, stock watering, fish and wildlife propa-
gation, recreation, as a source for industrial supplies, and
for other uses as may be determined by the Boards.

No person shall discharge any wastes directly into Class
"A" waters or dispose of any wastes in such a way as to re-
sult in

(1) characteristics of said waters exceeding the limits pre-
scribed by "Public Health Service Drinking Water Stan-
dards, 1962" or

(2) chemical characteristics of said waters exceeding the
recommendations for irrigation water quality as out-
lined in Chapter 5 of the U. S. Department of Agricul-
ture "Agriculture Handbook No. 60," issued February,
1954,
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II-5. Class "B" Waters shall be so protected against pollution as to
be suitable at all times for domestic supplies which are treated
before use by disinfection only. Class "B" waters shall be
suitable without treatment for irrigation, stock watering, fish -
and wildlife propagation, recreation, as a source for industrial
supplies, and for other uses as may be determined by the Boards.

- No person shall discharge any wastes directly into Class
"B" waters or dispose of any wastes in such a way as to result
in

(1) physical and chemical characteristics of said waters ex-
~ ceeding the limits prescribed by "Public Health Service ?
: Drinking Water Standards, 1962" or '

{2} chemical characteristics of said waters exceeding the i
recommendations for irrigation water quality as outlined
in Chapter 5 of the U. S, Department of Agriculture
"Agriculture Handbook No. 60," issued February, 1954,
or

(3) a monthly arithmetical average "most probable number”
(MPN} of coliform organisms in said waters exceeding
50 per 100 milliliters; or in an MPN exceeding this num-
g _ ber in more than 20% of the samples collected during any
' month; or in an MPN exceeding 100 per 100 milliliters in
more than 5% of such samples.

TRV s ST R

I1-6. Class "C" Waters shall be so protected against pollution as to
be suitable at all times for domestic water supplies which are
treated before use by coagulation, sedimentation, filtration,
and disinfection. Class "G" waters shall be suitable without
treatment for irrigation, stock watering, fish and wildlife pro-

-pagation, recreation (except swimming); as a source for indus-
trial supplies, and for other uses as may be determined by the
Boards.

1O

L BT N SRR, IR

Vg

No person shall discharge into Class "C" waters any wastes

(1) which result in chemical characteristics of said waters
exceeding the limits prescribed by "Publlc Health Ser-
vice Drinking Water Standards, 1962"

L

(2) which result in chemical characteristics of said waters
exceeding the recommendations for irrigation water .
quality as outlined in Chapter 5 of the U. S. Depart-
ment of Agriculture "Agriculture Handbook No. 60,
issued February, 1954, or

(3) which result in a monthly arithmetical average "most
probable number" (MPN)} of coliform organisms in said
waters exceeding 5,000 per 100 milliliters; or in an



II-6.

"

J

1I-7.

L

Class "C" Waters (continued)

MPN exceeding this number in more than 20% of the
samples collected during any month; or in an MPN ex~
ceeding 20,000 per 100 milliliters in more than 5% of
such samples, or

(4) which result in a mouthly arithmetical average biochemi~
" cal oxygen demand (BOD) in said waters exceeding 5
milligrams per liter (mg/1); or in a BOD exceeding this
amount in more than 20% of the samples collected in any
month; or in a BOD exceeding 10 mg/l in more than 5% of
such samples, or

(5) which result in any slicks, floating solids, suspended
solids or sludge deposits in said waters which are readily
visible, or which result in appreciable change in color of
said waters, or

(6) which result in a pH of said Waters lower than 6.5 or
greater than 9.0, or

- {7) which coantain any toxic wastes, phenols, or other dele-
terious substances in such concentrations or at such
temperatures as will render said waters injurious to fish
life and waterfowl, or unsafe or unsuitable as sources of -
water supply for domestic use, food processing or indus~
trial use, or unsuitable for agrlcultural purpeses, stock
watering, or recreation.

Class "D" Waters shall be so protected against pollution as to

. be suiiable at all times for limitéd irrigation, not including irri-

gation of lawns, recreational areas, pastures used for dairy
cattle, root crops, or any low growing crops produced for human
consumption. Such waters shall be suitable also as a source
for industrial supplies and for other uses as may be determined
by the Boards.

No person shall discharge into Class "D" waters any wastes

(1) which result in chemical characteristics of said waters
exceeding the limits prescribed by "Public Health Ser-
vice Drinking Water Standards, 1962", or

(2) which result in chemical characieristics of said waters
exceeding the recommendations for irrigation water quality
as outlined in Chapter 5 of the U. S. Department of Agri-
culture "Agriculture Handbook No. 60", issued February,
1954, or

{3) which result in a monthly arithmetical average "most
probable number" (MPN) of coliform organisms in said
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II-7.

II-8.

II_g .

II-10.

Class "D* Waters (continued)

waters exceeding 5,000 per 100 milliliters; or in an
MPN exceeding this number in more than 20% of samples
collected during any month; or in an MPN exceeding
20,000 per 100 milliliters in more thah 5% of such
samples, or

(4) which result in a monthly arithmetical average biochemi-
cal oxvgen demand (BOD) in said waters exceeding 25
milligrams per liter {mg/1}; or in a BOD exceeding this
amount in more than 20% of the samples collected in any
month: or in a BOD exceeding 50 mg/] in more than 5% of
such samples, or '

(5) which result in any slicks, floating solids, suspended
solids, or sludge deposits in said waters which are
readlly visible, or which result in an apprec1able change
in color of said waters, or

(6) which result in a pH of said waters lower than 6.5 or
greater than 9.0, or

(7) which contain any toxic wastes, phenols, or other dele-
terious substances in such concentrations or at such
temperatures as will render said waters uansuitable for
the uses designated for Class D" waters above.

Class "E" Waters shall be protected against rsuch pollution as
may result in a health hazard or nuisance. Their uses shall be
limited to those determined by the Boards.

No person shall discharge into Class "E" waters any wasies
which will create a condition constituting or resulting in a
health hazard or nuisance. The Boards may direct that such

. waters be suitably isolated by closed conduit; approved fenc-

ing, or other means.

Class "S" Waters shall be protected as Class "A" waters ex-
cept for specific waste discharges permitted by action of the
Boards. Such discharges shall be defined as to quantity,
quality and duration and shall not interfere with existing uses
of said waters.

Sampling and Analysis

For the purposes of this code, quality of waters of the State
and of effluents discharged thereto shall be determined by
analyses performed in a laboratory or laboratories certified as

qualified by the Department. Samples for analysis shall be

collected by methods in common use by government agencies
charged with water pollution control responsibilities. "Com-
posite" and "grab" samples shall be used, as dictated by cir-
cumstances, to determine total daily quantities as well as peak
concentrations of different pollutants.

o e A
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Item 1:

Item 2:

Item 3:

Item 4:

ERRATA

Figure 8, Station 11, pickup for September 9, 1965, the con-
tent of tubifex worms found in this station should read 65.
Page 45, line 1, "Figures 6 and 7" should read " Figures 3
and 8."

Page 45, delete paragraph 3 found on this page and replace
with the following information:

Histograms for B.O.D. (Figures 9 and 10) show that
the level is lower in 19.65—-66 than in 1956-58. In 1956-
58, many homes in the area were serviced by septic tanks
with the waste water filtering into the ground or the raw
sewage running directly into the river. In 1965-66 almost
all of the hoﬁes in the Salt Lake basin had connected to a
sewer treatment plant. At peak efficiency the modern
secondary treatment plant removes about eighty percent
of the putrescible solids. Few, if any, of Utah's second-
ary treatment plants are capable of removing this.high
amoﬁnt and a more realistic figﬁre would be sixty or
seventy percent. Ewven with the population growth these
t_reatment plants have reduced the B.O.D. content of the
ri'\'fer.. With an increasing growth in population projected
for the coming years the treétment plants will have to im-
prove their processes to keep up with the demand for clean
watef.

Page 45, delete the words "increased”™ and "reduced” in the

first line of paragraph 4,
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Figure 8. Total Numbers of Aguatic Invertebrates of Bach Station--1965-66 Study.
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