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THE PLANNING, OPERATION, AND ANALYSIS OF
THE GREEN RIVER FISH CONTROL PROJECT

INTRODUCTION

In November of 1962 Flaming Gorge Dam, a unit of the Colorado River
Storage Project in Northeastern Utah, began impounding waters of the Green
River from approximately 15,000 sguare miles of drainage area. The dam,
495 feet high, will impound 3,330,000 acre feet of water and form a reser-
volr some 42,000 surface acres when full. This publication deseribes and
enalyzes the five years of planning and field work which eventually
terminated in the treatment of LLS miles of the river and its tributaries
above the dam. The project had ane principal objectlve---to manipulate
non-desirable fish populations in favor of more desirasble game fish specles.

The Green River, upstream from the Big Piney Area, has long been
regarded as one of the finest trout streams in the State of Wycming.
Unfortunately, this reputatlon does not prevail throughout the lower reaches
of the river in Wyoming and Utah. The lower section of the Green River
courses through over 100 miles of the Green River, Bridger and Wasatch
formetions. These formations are composed of gravel, sandstone and shale,
and are overlain with highly erosive sclls. The precipitation in this
drainage varies from 13 inches annually in the headwaters to 8 inches
along the lower section. HNear Flaming Gorge, river flows vary from approxl-
mately 12,000 cfs during spring runoff to everage lows of approximately 450 ecfs.
Within the prolect area alr temperatures range generally from -50° F. extreme
in winter tc about 100" F. and water temperatures from 32° to 75" F.

A rehabilitation program was informally discussed as a pessible
step in the management of the proposed Flaming Gorge Resgerveir as sarly
as 1957. At that time, both the Seedskadee and LaBarge projects were being
consldered as participating projects in the Colcorado River development,
but definite information was lacking. Wyoming was considering treatment above
the proposed Fontenelle Dam of the Seedskadees Project located on the Green
River some 150 miles above Flaming Gorge Dem, snd both sgencies were interested
in cooperative efforts of management hetween the dams. Subseguently,
gction on the LaBarge Project was t=rminated and elgsure of the Ferntenelle
Dam, which it had been hoped would closely coincide with that of the Flaming
Gorge Dam, was set for 1963. Since then it hae been delayed =till further.
This sequence of events made it necessary to consider the management of the
river and reservoirs as a unit rather than as scparate segments.

Specific recommendations for treatment were based on fisheries
surveys conducted upstream from the Flaming Gorge Dam during the years 1958,
1959, and 1960. The surveys measured and evaluated phyesiecal, chemical,
and biological features of the habitat apd established a check 1ist of fish
present and the range and the relative abundance of each specles recorded.
Similar check lists were established for other forms of aguatic life. These
investigations are described in two reports, (Bosley, 1960)(MeTonald and
Dotson, 1960).



Generally; good trout hebitat was found to extend from the upper
reaches of the project area downstream to the town of Green River. DBelow
the town the river courses through highly ercsive country, and game fish
habitat iz limited by the effects of siltation and adverse water temperatures.

Kon-game fish species, including suckers, chubs, and carp, comprised
the bulk of the fish populations found in the study area.

The advent of the Flaming Gorge Reservoir and the Fontenelle
Reservoir (8,000 surface mcres) with the resultant changes in the agquatic
environment would produce game filsh habitat where none previously existed
gs well as provide excellent opportunity for the rapld expansion of the
existant non-gsme species.

It has been well established that the drastic enviroomental
changes resulting from the construction of & new reservolr usually Tresults
in population explosions of the fish present. If such an explosion
potential involves undesirable fish species drastic reduction of these
gpecies must be effected pricor to develcpment of & successful sport fishery.

In some instances this explosion has produced an upstream emigra-
tion of management significance. In the aguatic habitat resulting from
Boysen Dam, on Wyoming's Wind River, carp populations have become so exces-
slve thet this specles dominates not only a good portlion of the lenmtic
water of the reservoir, but also much of the lotic water meny miles upstream.

This dominance and spread of carp into habitat normally suitable
for trout has seriously reduced the game flish producing potential of these
waters. It should be mentioned that a good trout fishery did exist in
Boysen Reservoir for a two-year period prior to the population explosion
of less desirable species. In this case no effort was made to contreol these
less desirable species prior to impoundment.

In the North Platte Rlver, in Wyoming, two rotenone treatment
programs have been completed with encouraging results. A stream treatment
project (Peterson, 1958), completed Just prior to the closure of Glendo
Dam: has resulted in five years of good trout fishing in the reserveir
proper. GStream habitat, above the reservoir, is producing & limited trout
fishery and gives every indication of becoming a more important fishery.

A second treatment project on the North Platte River was assoeiated
with Pathfinder Reservoir. Prior to 1957, carp and longnose and commomn
vhite suckers were abundant in the reservoir. Despite repeated trout stock-
ing programe and limited non-game fish control programs, the trout fishery
remained poor.

In 1958, installation of electrical generating facilities
necessitated evacuation of most of the reservolr's water. Chemical treat-
ment was catried out in reservolir pot-holes and tributary streams. Test-
net results, as of this writing, indicate no earp, and the reserveir is
preducing an exceptional trout fishery.
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The manipulation of fish populations by chemical treatment is one
of the most generally accepted technigques at the dlsposal of fisheries
biologists. Properly adminlstered rotenone toxicants have relatlvely short
range effects on aguatie flora and fauna, are not cumulative, do not endanger
homoiothermal species, and can be contained within specific habitat.

Fish and Geme Agencies in Utah and Wyoming are charged with the
responsibility of providing a sport fishery whers possible. This is particularly
important in the semi-arid intermountain region. It ia anticipated that
fishing pressure on Flaming Gorge Reservoir will reach a magnitude never
before encountered on waters in either state. The control of nongame species
is an important initial step in the development and management of this
large reservoir sport fishery. Initial estimetes, based on conservative
figures, anticipate that between 120,000 and 150,000 annual fishermen days
will be spent on the waters of the Flamlng Gorge Reserveoir. By 1975, this
use is expected ta reach 185,000 to 228,000 fishermen days., These figures do
not include fishermen use of the upper Green River proper and the Fontenelle
Reservolir, both within the area covered by the project.

During the years betweern approval of the fish control project by
the Federal Government and its consumation, a few individuals and groups
mounted a campaign to block treatment of the river. This opposition contended
that the chemical treatment constituted a threat to the survival of a few
fish species indigenous to the Colorado River drainage. These species are
the Colorado River squawfish, Ptychochellus lueius, the humpback sucker,
Xyrauchen texamis, & form of chub closely associated with the roundtail and
bonytail and sometimes identified as Gila cypha, the humpback chub. All
of these species have been described as being specially adapted to swift
water environments. It seemed probable to expeect that the envirommental
changes resulting from impoundment would be responsible for any drastie
reductions in swift water species. On this premise the use of rotencne
would be largely academic.

Long before treatment commenced investipgations conducted by fisheries
bilologists of the Wyoming, Utah and Cclorado Fish and Game Departments verified
the existence of these fish in well established numbers on the mainstem of
the river and several major tributaries ocutelde the treatment area.

Originally the treatment was to be coordinated with the closure of
Flaming Gorge Dam in September, 1962 so as to confine toxicant to the impound-
ment area. Late in the year of 1951 it became evident that eonstructicon
of the dam would not be completed until sometime in November, 1062,
Since rotenone would be less effective in the colder temperature prevalent
during that time of year, the treatment had to take place esviier. A
request was made of the Bureau of Reclamatlon to close the diversion tunnel
at the time of the treatment and hold water behind the coffer dam for one or
two days. Thils would provide time for rotenomne to dissipate. The Buresu
indicated that structural aspects of the diversion tunnel and coffer dam were
such that this plan might cause damage and jeopardize the completion of the
entire project.
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A detoxification program designed to neutralize the toxic chemical
somewhere below Flaming Gorge damsite was initiated by the participating
agencies in January of 1962. The detaxification effort would attempt to
insure perpetuation of native fish species within Dinosaur National Monument.
Again, the Bureau of Reclamation was asked if any method could be employed to
partially close the diversicn tunnel or otherwise reduce flows passing the
dam so that detoxification operations could be simplified. The Bureau felt
that even partisl closure might endanger the structure. Therefore, detoxifi-
cation hed to proceed upon the full flow of the river.

The project was financed by the SBection 8 program of the Coleorado
River Btorage Project Act at & total cost of $106,000. The Bureau of Sport
Fisheries and Wildlife of the U. 5. Fish and Wildlife Service supported the
program and acted as the coordinating agency in the administration of Federal
funds designated for the project. To facilitate the handling of these funds, all
expenditures were initially financed from the Wyoming Game and Fish Fund and
reimbursed through the Bureau of Sport Flsherles and Wildlife upon completion
of the preject. Other participating agencies included the U.S. Public Health
Service and the Colorado Game and Fish Department.

In order to evaluate the effect of the rotencne trestment on stream
fauna, a D.J. study (F-25-R-2) was initiated on June 1, 1952 and will continue
through December, 1963. The objectives of the study include an appraisal of
the aquatie invertebrate population of these waters treated prior to and for
at least & cne-year period following treatment, and to study the recovery made
by fish populations within the limits of the project.

By anticipating and critically evaluating a fishery potential of a
proportion never before encountered in Utah and Wyoming, and by taking positive
acticn to guide thet potential into desirable channels, initial responsibilities
have been met. In progress are programs formuleted long before the treatment
to insure that the sport fishery of the Flaming Gorge Reservoir and the Green
REiver will have every cpportunity to realize its full potential.



TREATMENT TECHNIQUES

Project Economics

The justification of any stream or lake fish manegement program 1ls
largely dependent on the probable recreational utilization to bhe served.
Because a project of the scope of that on the Green River requires very sizable
expenditures of time and money, such estimates should be made as accurately
as pogsible., In 1999 a recreationsl use projection was made for the Flaming
Gorge Reservoir, based on the 1955 National Survey of Fishing and Hunting,l
the 1950 Government census, and all available state fishing-use data. In
this projection a figure of 120,000 annuwal fisherman days was estimated
for the reserveoir and tailwater initial use. Applying a MNeticnal average
fisherman-day expenditure of $5.36 to the Flaming Gorge fishery, the total
initial annual fishing expenditure would be in excess of $643,200. After
the 1960 Government census figures were available, it became obvious that
the original populaticn and fishermen estimates were too lov.

According to the figures in the 1960 National Survey, 2 freshwater
fishermen numbers increased by about 18 per cent from 1955 to 1960. If this
increase should continue at the same rate from 1960 to 1975, it is reasonable
to surmise that fisherman use will be at lesst proportional. By 1975, the
annual use on the Flaming Gorge Reservoir would be a minimum of 185,000
fisherman days with a total annual expenditure of at least $991,600. Most
ayailable data indicate that Intermountain Area fishing use and expenditures
exceed the National averages.

Preliminary River Mapping and Flow Estimation

A determination of the extent of the stream areas to be treated
involved location of the upper limits of carp populations detrimental to
trout fishery development. While the goal of the entire project was the
reduction of all nondesirahle fish in the river proper, the upper area
treatment was specifically aimed at the carp and its potential population
explosion from the proposed Seedskadee Reservoir near LaBarge. This was
effected over two summers and inecluded an Intensive inventory of fish
populations by variocus electro-fishing and netting technigues. Representa-
tive sections of the Green, New Fork, and East Fork Rivers, as well as the
lower reaches of all nonintermittent tributaries,; were checked, and the
upstream limits of all carp waters were carefully established. Next the
upstream treatment station sites were located sufficiently far above carp
population limits for & reasonable assurance of the complete inclusion

1. U.8. Fish end Wildlife Serviee, 1955, National Burvey of Fishlng and
Hunting, Circular 4%, 50 pp.

2. U.S. Fish and Wildlife Bervice, 1960. National Survey of Fishing and
Hunting, Circular 120, T3 pp.
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of that specles. The general locatlon of these sites may be found on the
accompanying map (Figure 1).

With the upstream limits as starting points, a total mileage
estimate of mll the project waters downstream to the Flaming Gorge Damsite
near Dutch John, Utah was made by direct scaling from aerial photographs. 3
From past river-treastment programs, experience indicsted that maxinmam
treatment coverage and cperational efficliency was cbtained from rotencne
introductions made at approximete ten-mile intervals., With the use of the
aerial photographs, all major stream waters were arbitrarily divided into
ten-mlile sections, starting from the upstream limits.

The U.S, Geological Survey maintains a system of water gauging
stations on the Green River proper and many of its tributaries. From these
stations the survey has compiled many years of daily flow data which are
published annmually in the Burface Water Supply papers for the Coloramdo
Basin. ' For this project records of flows for these stations were amalyzed
and volume of flow and velocity of the river was correlated with gauge
height readings. A table was complled indicating the average flow and
velocity at all normal gauge heights. This made it possible for field
personnel to have uncorrected river flov data immediately available.

In order to carry out a treatment program with the greatest
facility and economy, stream flows should be at the lovest level possible
without involving other complicating factors. On the upper Green River
drainage, the month of September was ascertained to be the time of lowest water
flow concurrent with satisfactory water temperature and climatic conditions.
Average September water flow estimates were calculated for all stations.

Past river treatment experience indicated the necessity of making
rotencne introductions at a 5 ppm concentration in order to maintein an
edequate toxie level for carp throughout each ten-mile stream segment.
Furthermore, it was considered that, for maximum lethal effectiveness,
rotenone introduction should be continued for at least six hours from every
station. Total rotenone requirements fer average Septenmber flows were
calculated with these criteria. To provide for the contingency that, at
the actual time of treatment, water conditions might be above normal, rotenone
requirements vere also calculated for 1.36 and 1.6 times the average flow.

Initial Testing of Rotenone Introduction Methods

For its previous river treatment cperations, the Wyoming Game and
Fish Department had worked out a rotenone flow control system using sutomo-
bile carburetors attached directly to the 55-gallon rotenone barrels
(Peterson 1958). The system was very successful for stream flows under
100 efs, but the Green River Project, with flows ranging from 200 cfs to a
potential maximum of 1400 efs, would require considerably greater rotenone
releases than possible with the carburetor controls. In an effort to

3. U.S. Department of Agriculture - Contact Prints, 10"x10", Scale 1"=1667 ft.
L. U.5. Geological Survey Annual Surface Water Supply of the United States,
Part 9, Colorado River Basin. Yearbooks for 1947 through 1961.
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duplicate, on & larger scale, the constant-flow effect of the carburetor float-
chamber, experiments were run with a 3/4 inch float valve in a three gallon
bucket. With this system it was possible to maintain a relatively constant
rate of flow regardless of any static pressure changes resulting from the
liguid level changes in the rotenone barrels. The next problem was the
development of a satisfactory system for maximum rotencne dispersal across
the stream chamnels. The major channels, included in the Green River Project,
range from 200 to 300 feet in width. In general, water depths are sufficiently
great to eliminate any possibility of loceting drip barrels in the channels
proper. The best alternative sppeared to be a plan to mount barrels on the
highest available river banks and attach them to a hose line stretched across
the stream. Numerous experiments were made with such systems under
"laboratory" conditions, to determine the most efficient arrangement. By
using 50 foot sections of 3/4 inch, plastic garden hose, it was possible to
construct an extremely versatile dispersal line, Valves were coupled between
hose sections so as to release liquid at two or three points along the line
(Figure 2). Rotenone flow was controlled at the barrels, by a main valve.

No attempt was made to comtrol flow measurement from the comparatively
inaccessible dispersal valves coupled into the hose line., These were simply
adjusted so that all emitted approximately equal flows at intervals along

the hose line span.

All preliminary testing of dispersal equipment was done with water,
which, having a lower viscositiy than emulsifiable rotenone, flows much more
rapidly. In order to determine the actual efficlency of the proposed dispersal
gystem as well as rotenone flow rates, rates of rotenone decay, stream current
effects, dispersion rates and station speecing, 1t was felt that a Tield test
vith rotencne was necessary. For this purpose it was declded to set up a
pilot study section on the Green River proper, about twenty miles below
Green River, Wyoming. (Eiserman, 1961)(Stone, 1961). The sites selected
were representative of the most difficult river sectlons from the standpolnts
of both access and stream conditions. The trial was planned for late August,
1561, when river flow was in excess of 700 efs. At each station, a wire
was sloped from the maximum helght of the barrel locatlion to the water's edge
st the opposite bank. The wire was stretched taut and supported; at intervals,
by steel fenceposts driven into the river bottom. The hose and valve dispersal
line was then hung from the wire and bound at close intervals so as to prevent
excessive sagging, (Figure 2). The upper treatment station was placed in
operation and it soon became apparent that et TOO cfs flow the dispersal system
could not apply rotencne at a rate faster then thet which would provide &
maximum concentratioen of 3.5 ppm. In order to gain the cther infermation
desired from the pillot study the dispersal time was increased to nine hours.
The lower station, approximately fourteen miles downstream, was activated
gix hours after the upper station. In order to check treatment efficiency,
live cages containing varlous sized carp were distributed throughout the
24 miles of the test area. These were placed in locations where it was felt
that rotencne might have difficulty reaching. Careful observations were
made on these and the general fish kill relative to thoroughness of rotenone
dispersion and velocity of rotenone movements. In general, the dispersal systems
worked very satisfactorily and produced relatively rapid chemical diffusion.

A thorough check of the entlire fest area ineluding the test rish indicated
that the fish kill was nearly complete. This initial indication of success

was later substantiated by investigetions during the second week of September.
The pilot study demonstrated that a practical treatment technique was possible.



In the fall of 1961, it was decided to make comparative tests,
under field conditlons, of the efficiency of several emulsifisble rotenone
products. One of the questions to be answered was the degree to which
fairly high water alkalinity might reduce rotenone's distance-length of
effectivensss. For this purpose, several test stations, with interspersed
cages of live cerp, were set up on the Blg Sandy River, one of the most
alkaline waters to be lncluded in the major project. At that time the
stream had a pH of 8.1 to 8.2, total alkalinity of 170 to 240 ppm, and a
temperature range of U4 to 56 degrees Fahrenheit. The tests demonstrated
that the various chemicals showed no appreciable variations and relatively
little loss of efficiency due to mlkaline conditions.

For additional informaticon it was decided to repeat some of the
tests in the spring of 1962. This was done during the week of May 7, prior
to the runoff, with three rotenone treatment stations. To simulate the
main project's plan, the stations were set ten miles apart, placed in
operation at three-hour intervals, and maintained for six hours duration.
Observations made during both series of tests on fish-kill time requirements,
indicated that it would be advisable to extend all rotenone introduction
periods from six to seven hours.

The Refined Rotenone Introeduction System

From the mumerous preliminary chemlcal treatment tests evolved
eertain basie facts. For a rotenone concentration of 5 ppm, the float-
valve system of flow control and the 3fh inch dispersal line were satisfactory
only when river flows were under 500 cfs. As it was felt that the Green
River treatment technigues should be capable of handling flow volumes up
to 1400 cfs, some refinements of the original dispersal system were necessary.
It was suggested that, with the large water volumes, the overall aspects of
rotenone Introduction were so gross, that extreme exactitude of lov measure-
ment was unwarranted,

A series of checks were made of rotenone flow rates from 55-gallon
barrels. It was indicated that the wariation from initial flow to final
flow was insufficliently great to Justify the complexities and expense of
the float-valve control. It was also determined that replacement: of the
3fh inch hose with & ocne-inech system made it possible to obtalin sufficlient
rotenone dispersion for the maximum workable stream of 1400 efs. While
there was a good probability that some of the upper river stations would
not have stream flows of a volume requiring the one-inch capacity equip-
ment, for the sake of uniformity and interchangeability, the one-inch system
was gelected for a standard. Basically, the specifications for a typical
treatment station required two 55-gallon rotenone barrels to which was
coupled a one-inch capacity yoke. The yoke was composed of three valwves,

a gate valve on each of the two barrel connectlons, and & gas valve on the
main stem (Pigure 3). Because the gas valve was adjustable from full

open to full close in a quarter turn of its handle, it was ideally suited

for fairly exact control of rotenone flow rates. From the yoke, the rotenone
was transported across the stream channel by one-inch industrial hose.

The hose was purchased in 50-foot lengths with standard pipe couplings
attached. A sufficient number of hose sectlions were coupled together to
accommodate each specific stream situamtion, and two or three 3/b inch



valves were located between sections so as to allow maximum stream coverage.
In general, except for increased weight, the hose-line system and installa-
tion was basically simllar to that previously described. However, two minor
modifications were necessitated by the planned use of airbeats which do not
lend themselves to ready portage. Either the hose line at the station

end was sufficiently high to clear an ailrboat engine or the terminal end was
anchored into the stream bed so as to allow & clear channel near the far
bank., Secondly, each line was draped with brightly colored markers so that
airboat cperators could spot them from considerable distances (Figure L).

General Treatment Plan

With information supplied by U.S5. Geological Burvey, it was
determined that the welocities of all major streams, in September, would be
between 1-1/4 miles per hour, even with unseasonable water volumes. This
rate estimate was verified by field observations made during the 1961 pilot
study. With reasonable assurance that stream veloclties would not fall
below this range, 1t was decided, for slmplicity, to plan all schedules on
the basls of one mile per hour.

If all stations had been placed in cperation at consecutive ten-hour
time intervals, the entire project treatment time would have exceeded nine
days and greatly increased many budgetary, personnel and logistic reguirements.
By starting stations at consecutive three-hour intervale, total time was reduced
to three days, with a minimum possibility of either excessive rotenone overlap
or incomplete coverage. Based on a ten-mlile space interval, a three-hour starting
interval, and a stream velocity of one mile per hour, a complete gperational
gehedule was calculated for the Green River proper. From this it was possible
to estimate the approximate locations of rotenone bearing waters at any given
time and to coordinate the treatment of tributaries so as to provide a margin of
rotenone overlap at all mainstream confluences. A1l mainstream dispensing sta-
tions were located and installed to conform to this schedule.

The installation of station cable lines was started about one month
prior to the proposed treatment date. A ecable erew of four men could, with
extreme effort; sometimes rig three units during daylight hours. Some sites
presented special problems that greatly increased time requirements; and many
hours were consumed in transporting equipment and personnel.

Aerial reconnalssance and photographs indicated the presence of
mimerous backwaters and side channels along the entire length of the river
proper. Many such areas could recelve little or no rotencne from the
mainstream. To assure adequate treatment of these, three airboats, (Figure 5),
were scheduled to coordinate their activities with the general treatment
operations. Because of their shallow draft and high speed, airboats can
easily navigate river shoals and bars. Prior to the Green River treatment,
airboat personnel made familiarizetion trips along all mainstream waters.
They verified that two-man airboat crews, eguipped with supplies of rotenone
and back-pack pumping units would have relatively easy access for treatment
of all backwater areas on the Green and New Fork Rivers, (Figure 6).
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Many sloughs were located adjacent to the mainstream waters - some
at considerable distances from the channel. Most have stream flows only
during pericds of high water and form highly productive brood ponds for
carp and other nondesirable fish. It was decided that the most complete
and efficient coverage of these sloughs could be made with a helicopter.

The Blacks Fork River, some seventy miles of which were scheduled for treat-
ment, often drops from & epring flood of over 1000 cfs to less that 10 efs.
Sometimes these drastic flow-pattern shifts take place within a few hours,
leaving great pockets full of nongame fish. Because of the stream's
unpredictable fluctuations and lengthy inaccessible reaches, helicopter
application seemed to present the best method for obtmining complete
treatment coverage (Figure T).

In order to expedite the cperations of both alrboat and helicopter
units, special crews and vehicles were sssigned to service them with gascline
and rotenone.

All past experience indicated that each major statlon should have
a two-man crew on duty during its operation. On the larger stations, the
rotenone requirements were sufficiently great to demand almost continuous
handling of stockpile barrels. TFurthermore, the possibilities of flow
stoppages or variatlons required constant vigilance. A slzeable mumber of
engine~driven and hand-operated pumps were avallable to assist with rotenone
transfer. Each operating station was equipped with & tool kit, first sid kit,
snake-bite kit, lantern, rubber gloves and rotenone measuring devices.

Public Relationse

Early in the genersl plamming it was agreed that maximim public
cooperation would be essential for successful project completion. To
advertise the purpose of the project, a series of lectures was glven to
service clubs, chambers of commerce, and other interested groups. Numerous
press releases were prepared by the information divisions of both states,
and the Utah Department produced deseriptive television material whiech was
channeled in both Utah and Wyoming. PBesides inmumerable person-to-person
contacts with sportsmen and ranchers In general, a special effort was made
to obtalin the complete ecooperation of all landowners on whose property
treatment stations were to be located. While much of the land within the
project's general scope is in Federal or state ownership, sizeable mcreages
of private property were also ineluded. To have made personal contect with
all the owners would have been almost impossible. However, the names and
addresses of all corporate and individual landowners, with stream-adjacent
properties, were cbitalned from the three Wyoming counties involved, and each
owner was mailed a brief descriptive notification of the project (Figure 8).
All ranchers dn Utah and Colorado normally concerned wlth the brldge across
the Green River at the detoxification site were personally contacted and
eppraised of the project and the necessity for closing the bridge for
several deys during the operation. There was no dissent encountered.

It seems probable that this sizeable public relations and Informa-
tion program was worth the effort. Despite the fact that dozens of men and
vehicles worked night and day on private lands, landowners were helpful and
cooperative in the extreme and no unsatlafactory public contacts are known
to have occurred.



The Mapping and Final Location of Station Bites

As previously described, all the main streams of the project were
arbitrarily divided into ten-mile sections by map and photograph measurement.
During the summer of 1962, all thirty-eight station sites on the New Fork,
East Fork, Green, Big Sandy, Blacks Fork, and Henry's Fork Rivers were
exactly located in the fleld. Fortunately, access throughout the project
area was sufficlently good to allow the stations to be placed very close
to the planned ten-mile map points. Several of the station locations were
in very rough; remote country, requiring four-wheel drive truck equipment
and many hours of travel time. To provide & comprehensive picture of trans-
portation problems, sll distances to station sites were measured, timed, and
checked for vehicle-type requirements. A list of the highway distances
between station access roads was provided to project personnel.,

Because much of the project's operation would be at night and most
of the participating personnel were totally unfamiliar with the Green River
drainage, it was necessary for efficlency and safety, that each individual
in supervisory capaclty be relatively familiar with the station sites for
which he would be responsible., All supervisory personnel were conducted over
thelr assigned areas and familiarized with roads and identifying land marks.
As additional guidance aids; large marker arrows were placed at all main
turn-off points and questionable junctions. These arrows were painted a
bright, fluorescent orange and each had a reflective point to facilitate
night work. Each arrow also showed a large, black number corresponding to
the number of the station to which it pointed. TFurther assistance was
provided by a field map showing the general location, access, and number
for each station. Coples of this map were distributed to all personnel other
than the two-man station crews (Figure 9).

Personnel Organization and Servicing Arrangements

On a project of this size, it seemed advisable to organize all
personnel on a semi-military plan (Figure 10). Careful timing and coordina-
tion were essential in order to have "the assigned people doing the right
Jobs in the proper places at the scheduled times." The Green River proper
was divided into four sections determined largely by general accessibility.
Section One included stations 1 through 5 and tributaries; Section Two,
stations 6 through 10; Section Three, stations 11 through 16; and Section
Four, stations 17 through 22. The stations in each section were placed
under the direction of two experienced fisheries blologists assigned as
day and night section foremen. Their responsibilities included placement
of the two-man station crews on site, initiation of station flows, and
maintenance of planned time schedules.

Four assistant field chiefs, two for day and two for night shifts,
were assigned over the section foremen in total responsibility. These were
experienced filsheries blologists intimately familisr with the entire
project area. They were equipped with mobile two-way radio units and their
duties related to project coordination, assistance and advice to operating
fleld units, and lialson between fleld chiefs and all operatlonal activities.



Two field chiefs were In charge of the coordination of project
operations. Both men were fisheries biologists with considerable knowledge
and experience in stream treatment work and relsted problems. Their schedule,
throughout the project, was divided into 12-hour shifts, during vhich time
each maintained radio conteet with the general progress of the treatment
program. The field chiefs were prepared to provide trouble-shooting or
emergency assistance for any field unit at any time.

The coordination and direction was handled by two operational
chiefe, the fisheries management supervisors for the states of Utah and Wyoming.
One of these men was to make continual daytime reconnaissance flights over
the areas of activity while the other was to maintain survelllance of field
activities from an dlrboat. Their observations were to provide constant
checks on treatment progress and effectiveness, as well as an efficient look-
out for field problems and trouble spots. Because of the superiority of line
of sight, air-to-ground radio communication, the airplane could serve as a
mobile relay for ground-to-ground information. The laeck of dependsbility of
ground radio communication because of the long distances and rough terrain
made this an Important conelderation.

While many of the vehlcles from Utsh and Wyoming were egquipped with
two-way radios, the radio frequencies of the two states are different. For
expediency, several Utah radio units were changed to the Wyoming Ffrequency.
All supervisory personnel were radle equipped. A portable two-way unit
ingtalled in the Wyomlng Department alrbost, was to provide direct contact
with boat end stetion operatlions. Several more portable units were to be
distributed to the wvehicles involved in airboat and helicopter servicing.
Commissary trailer units were also equipped with radics to provide centralized
communications posts.

Onece the scheduled details of the entire operation were formilated,
it was possible to prepare manpower rosters and make specific assignments for
every job. A deseriptive, chronological outline was prepared for sll project
activities, (Appendix A). Supplementing this were schematic charts of the
hour-to-hour responsibilities of all supervisory and supporting personnel,
Eﬂppendix B); and a lodging roster covering all personnel assigmments,

Appendix €). In addition to these general directions, specific work sheets
were prepared for each section chief and each station crew, {Appenﬂix D and E).
The sheets described; on an hour-to-hour basis; each individual's dutles
for the entire projeect and listed immediate supervisors; special equipment
requirements and billeting.

Lodging and eating arrangements were prearranged so that all
personnel would be assured of these facilities. As the comminities slong
the Green River are many mlles spart, it was necessary to arrange an suxiliary
feeding system For men on duty. Two small house trallers were equipped to
serve as fleld commissary units. These, stocked with & variety of soft drinks,
coffee, sandwiches and snack material; were assigned parking and travel schedules
to keep them continually near the fields of major activity (Appendix F). Bach
individual was supplied with a copy of the commissary schedule, lodging roster,
schematic treatment outline and his individual work schedule.

As there seemed little doubt that many trout would be killed through-
out the upper sixty miles of the treatment area, two crews were assigned to
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salvage these fish. Each crew was to be equipped with a truck supplied with
& slzeable quantity of dry lce and scheduled to generally follow the center
of activity and retrieve as many fish as possible. Once loaded to icing
capacity, salvage units were to transport their fish to refrigeration
facilities at the state fish rearing station at Boulder for storage until
distribution to public and charitable sgencies could be effected. For general
public reletions purposes and maximum fish utilization, all creel limits in
the treatment area were lifted prior to the treatment program.

There are several commnities of varying size along the treated
reaches of the Green River. As there seemed to be some possibility of dead-
fish muisance problem at these points, one crew of men was assigned the
responsibility of dead-fish removal i1f the elrcumstances dictated.

The Wyoming communities of Fontenelle, Green River and Rock Springs
and the Utah community of Dutch John all obtain their municipal water supplies
from within the treaiment area of the Green River. For this reason, it was
mandatory to obtain project clearance from the Wyoming Department of Environ-
mental Health, the Utah Btate Department of Public Health and the U.5. Public
Health Service. These agencies not only provided the necessary clearance
but also valuable assistance in directing coordinated water supply manipula-
tions and suxilisry treatments for taste and odor control. The U.8. Publie
Health Service personnel were to maintain water quality checks on municipal
water supplies during periods of maximum rotenone concentrations past supply
intakes. A brief summary of the U.S. Publiec Health Service activities s part
of this project is included as Addendum 1.

The Final Details

As previously described, a general estimate of rotencne requirements
was made for every station of the project. Throughout the summer of 1962
checks at UJ.5. Geological Survey geugling stations provided current information
on stream-flow developments, and, by the latter part of August it was possible
to make a reasonably exact estimate of the maximum rotenone gallonage for
every station. Based on this information, the total rotenone reguirement
for each station was caleulated in 30 and 55 gallicn barrel combinations.
Because of possible vandalism, station stockpiles were not set out until the
veek prior to the treatment, during which time they were under continual
survelllance.

Immediately prior to the start of treatment on September 2 and 3,
a final series of water-flow checks were made at all Government gauging
gtations. Where no permanent gauging equlpment was available, last minute
recordings vere made with a portable flow meter. Based on these data, fipal
rotenone flow Tigures were calculated for every toxicant dispensing station
on the project and distributed to respective persomnel (Appendix G and H).

Review Of Operation

At 0800 on Beptember 4, 1962, the number one stations on the New Fork
and Green Rivers were placed in operation. Thereafter, chemlcal treatment
continued uninterrupted until its cormpletion on the morning of September T.
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On September 9, because observations indicated some live fish were still
present;, particularly in off-channel slough areas, the uppermost ten milles
of the New Fork River treatment area were retreated. No unforeseen or
unmanageable problems developed relatlve to operational techniques; and
personnel and equipment funectioned more efficiently that anticipated.

Iuring treatment, the Uteh Department was prepared to carry out &
detoxification program to protect natiwve Tish speeies in the river reaches
below the Flaming Gorge Dam. While the detoxification, per se, was effective,
the available supply of rotencne neutralizer was insufficient to meet total
neutralizing requirements. As the problem relsted directly to upstream
rotenone concentrations, probable causative factors should be reviewed.

It has been pointed out that final water-flow readings were taken
Just prior to the start of treatment. These readings were made directly
from the U.8. Gecloglcal Survey gmuges. At almost all these stations there
is a percentage of error between the gauge reading and the asetual measured
flow as periodically determined by Survey persomnel. This error may vary
considerably according to water conditlons and may be either plus or minus.
When the final flows were read for the Green River Project an estimated
error, based on past data, was applied to the gauge readings. DSubsequent
comparison, hovever, has revealed that these estimated final flovs were still
greater than the actual river volume (Table 1).

In addition, the mainstream volumes dropped considerably during the
treatment period with the result that stream flows on the third day, September 6,
were actually 19 to 24 percent lower than originally calculated. Both of these
variations were complementary and the increased rotenone concentrations
complicated detoxification. It is suggested that where & detoxification
program is planned, relatively exact flow figures must be calculated during
each day of rotenone treatment.

One additional suggesticn for hetter rotenone control would be a
maximm refinement of aerial spplication systems. With the helicopter
employed on the Green River Project, rotenone relesse control was inadequate
resulting in excessive concentrations for such waters as the Blecks Fork
River and an additional possible source of complication for detoxification
facilities.

A total of 21,495 gallons of Chem Fish Reguler was used on the
project. This material was purchased from the Chemical Insecticide Corpora-
tion, Metuchen, New Jersgey, at a total cost of $76,307.25.
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Table 1 Green River Flows Estimated From Gauge Readlngs Compared With
Actual Btream Flows Ocecurring During Treatment, and the Effect
on Concentrations of Rotenone Introduced

Rotenone Concentrations

Stream-Flow Based On Corrected
Estimates Actual Stream Planned Stream-Flow Data And
Treatment Prior To Flows Oecuring Rotenone Actual Rotencne
Station Treatment During Treatment Concentra~- Gallonpge Introduced
(efs) (approx. cfs) tions (ppm) {ppm)

nF 41 300 176 5 9.4

NF g2 350 22l 5 7.8

GR #1 450 352 5 6.4

GR #2 W5 377 5 6.3

GR #3 825 601 5 7.1

GR #4 899 Blely 5 T.3

GR 899 BlL 5 7.0

GR 859 ToO 2 T.1

GR #7 Gl T1T 5 7.3

GR #8 Glaly 718 5 7.3

GR #9 alily 718 5 6.8

GR #10 gl 718 5 6.8

GR #11 aTT 763 5 7.2

GR #12 7T 763 5 7.5

GR #13 97T TTh 5 6.7

GR #1h 9T TTh 5 6.3

GR #15 7T T4 5 6.7

GR #16 9TT T4 5 6.7

GR #17 999 810 .5 6.0

GR #18 999 810 I L.8

GR #19 999 800 L 5.3

GR #20 1038 790 I 5.4

GR #21 1038 T90 b 5.8

GR #a2 1038 T90 2 2.5
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EVALUATION OF TREATMENT EFFICIENCY

The rotencne treatment project plammed for the Green River was of
such & scope as to present many unknowns relative to treatment effectiveness,
post treatment re-entry of fish species; and decimation and recovery of
invertebrate populations. The egize of the treatment area; and the wide
variety of stream conditicns involved, indicated that post-treatment develop-
ments on other projects might be different from those on the Green River.
Accordingly, under authorization of the Federal Aid to Fisheries Act (DJ F-25-R-2),
the Wyoming Department initiated, in June of 1962, a detailed program of stream
fauna "investigations. From June until the start of the rehabilitation in
September, numercus invertebrate and fish collections were made throughout the
upstream 130 miles of the Green River treatment area and the entire treatment
area of the New Fork River. The data from these initial collections are
providing a set of comparative standards for continuing month to month investi-
gaticns of post-treatment developments. During the operation, information
was gathered on chronology of treatment, water chemistry, water temperatures,
rotenone concentrations developed in the river, completeness of the fish kill,
and species of fish killed.

To aid in establishing the chronology of toxication, live cages
containing fingerling carp were placed in the Green and New Fork Rivers two
to three days pricr to the introduction of rotencne on September L. Each
station, with the exceptions of numbers 12 and 15 where no cages were placed, had
at least two such cages located on its upstream side, One cage was set in the
shallows and the second as far out in the river as depth and current would permit.
In some cases current deflectors were constructed of flat rocks. The live capes
were checked prior to treatment to assure the survival of their contents and
rechecked, during treatment, as often as possible. Additional data relating to
rotenone movement was based on direct chservatiom.

The rotencne concentrations of the river water were measured by a
colorimetric rotenone test (Post, 1955) and by field and laboratory bic-assay.
The water samples designated for laboratory bio-assay were packed in ice and
taken to Green River, Wyoming, where the U.S. Public Health Bervice made the
analysis.

Field bio-assay work was carried out using a method similar to
that described in the 11th edition of Standard Methods for the Examination of
Water and Waste Water, 1960. The procedures and experimental conditions, as
described, were followed as closely as was possible under field conditions.
A shortage of test fish limited the fleld bio-assay work to one series of
determinations made at a point three-fourths of a mile downstream from Green
River Station 1, on September 4, 1962. Test fish used were fingerling cerp
which had been acclimated to the river water for 24 hours prior to use. The
uncontaminated water used in the bic-assay work was taken from the river
immediately prior to treatment and stored in milk cams. The test contalners
were four-quart polyethylene buckets, each containing five fish and placed in
the river to minimize temperature fluctuations in the water being tested. The
time required for all five fish in a test container to lose equilibrium vas
ueed as a measure of toxicity. One test container was set up as a control and
no mortality was noted. The graphical curve from which estimates of the
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rotenone concentration in the river vere made, was determined from data
obtained simultanecusly with the checks on the contaminated river water.

The field water chemistry checks were made according to standard
methods. The measurements recorded included pH, methyl orange alkalinity,
and temperature. The temperature wes recorded with a pocket thermometer to
the nearest degree Fahrenheit.

The effectiveness of the river treatment on eliminating fish popula-
tions was checked by spot rotenone application, gill netting, dynamiting, and
direct cbservation. Rotenone was used only In the sloughs and backwaters to
gyoid any possible influence on the invertebrate sampling stations. The gill
nets were set overnight or floated through deep aress in the river.

Follow-up checks on the effects of the toxicant on invertebrate
populetions were made by weekly sampling at nine permanent sample stations.
Sampling stations were located on the river between treatment stations 1 and
lﬁﬂ?Figure 9). Samples were collected with a Surber square-foot bottom
sampler and a sguare-foot drift net.

The results of rotenone concentration checks by field bio-zmssay,
three-feurths of a mile below Green River Station 1; are shown in Table 2.
The data show that the concentration of rotenone in the river at the bio-assay
station varied throughout the day. This conclusion was substantiated by
observation of the color of the river water which varded from wmilky white to
light green, depending on the rotenone concentration. The higher readings
vere obtalned from water with a milky color. A visual check of the river,
immediately above the bio-assay station, revealed that the water near the
west bank was a strong milky ecolor, indicsting that most of the chemical was
moving downstream in a mass near this bank. However, a sufficient amount of
rotencne was present along the east bank at the same time to produce a
concentration of 5.5 ppm.

The predicted errival time of rotencne at each station (Table 3)
was calculated from an estimated stream velocity of 1 mph and river mileages
obtained from aerial photograph and topographical map measurements. The
data show that above Statlon § the rotenone was usually on schedule, indicating
a fairly uniform stream velocity above this point. Below Station 9 the
rate of rotenone movement was more rapid and irregular ranging up to three
and three-fourths hours shead of schedule.

The rotencne front on the New Fork River sppeared to move downstream
more slowly. It was observed to be about four miles above Hew Fork Station B2
at 1900 hours and the predicted time of arrival at this station was 1800 hours.
Because the rotenone did not arrive at New Fork Station 2 until late on
September 4th or early on September 5th, and because the rotenone flow from
Btation 2 was shut off at 1800 hours, there may have been m zone of untreated
water moving down the New Fork River. Immediately prior to and for a short
time following passage of the rotenone front at any given point, large schools
of fish, especially suckers and carp, could be seen moving downstream ahead of
the rotenone. The front of the rotenone wes characterized by a few, then many,
fish thrashing about and struggling for alr on the surface of the river with
whitefish usually being the first to show signs of distress.
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Table 2. Rotenone Concentrations Three-Fourths of a Mile
Below Green River Station #1 as Determined By
Field Bio-Assay on September 4, 1962.

CONCENTRATION P.P.M.

SAMPLE CHANNEL TIME TAKEN (Formulation)

1 west 1035 3.9
2 west 1100 L.b

west 1215 6.8
N east 1245 5.5
5 east 1328 6.5
& west 1328 T.3
7 west 1426 4.5
8 east 1435 6.5




Table 3.

Predicted and Observed Times of Arrival of
Fotenone at Verlous Points, and Results of
Live Car Checks Made Soon After Toxicant Arrival.

- 19--

Predicted
Arrival Time Observed
Of Rotenone Based Arrival Time OF
Green River On Constant Flow Time OFf Live Car UObservations
Etation Date of 1 MPH Rotenone Check Made
3 Sept.b 2100 2015 2115 Test Fish in
good shape
3 Sept.5 1145 All test
fish dead
T Sept.B 0900 0930
8 Sept.5 1200 1100 | Test fish
in distress
9 Sept .5 1500 1530 1700 Test fish
dead
10 Sept.5 1800 115 1500 Test fish
gtill alive
11 Bept.5 2100 1730 2030 Test fish
~ show distress
13 Sept.b 0300 oL30 0300 All test Fish
dead or in
distress
16 Sept.b 1200 1000 1100 Test fish dead
or dying
17 Sept .6 1500 1330 1200 Tesgt fish
gtill mlive
18 Sept.6 1500 1600 1700 Test fish very
weak, river
L fish dying
19 Sept .6 2100 2000 Test fish
glive but
beginning to
ghow slgns of
toxicant
20 Sept .6 2hoo 2125 2230 Tegt fish
near death
Detox. Sept.8 0630 0615

Station




The survival time of the small carp in the live cages varied from one
to four hours after initial rotenone contact. These differences may have been
due to variations in the strength of rotenone fronts moving from station to
etation. In other words, fish st one location may have been exposed to
an initial contact of relatively high concentration vhile fish at ancther
location may not have been exposed to an eguivalent concentration until some-
time after initial eontaet was made. Differences in resistability of test
fish might also account for some of the wverlations in mortellty-time reguirements.
#11 test fish, except the control fish above Green River Station 1, were dead
when the live cages vere removed from the river after the treatment.

The chemistry of the river changed as the river water flowed down-
stream through strata with different chemical and physiecal characteristices,
and most of the maximums for the various messurements were recorded from the
lower river. Except for the water temperatures recorded during the treatment,;
no wvater chemistry data wes obteined below Station 14, Minimum-maximum water
temperatures recorded during the treatment were 52° and 64° Fahrenheit, respect-
ively. Daytime water temperatures in the lower river section ranged from
65° to BT Fahrenheit., Temperatures taken one week before treatment ranged
from 50° to 61" Fahrenheit while the range of temperatures taken one week af'ter
treatment was from 52° to 61° Fahrenheit. Methyl orange alkaelinity, measured
as ppm CaCO., showed a gradual increase with time and progression downstream.
Over the eg-week perlod, minimum readings went from 91 ppm to 100 ppm while
the maximum readings changed from 135 ppm to 142 ppm.

The pH of the river varied from 7.8 to 8.6 during the three-week
period. Minor increases in pH wilth the time were ncoted at several different
pointse on the river, but much of the variation was due to the location of the
checking point on the river. There was no evidence to indicate that the water
chemistry was affected by the treatment.

A tentative checklist of fishes killed during the treatment 1s
presented in Table 4. Mountain whitefish, Coregonius williamsoni and flannel-
mouth suckers, Catcstomuis latipinnis, were the predominant speciles of fish
in the river. The whitefish were most abundant in the upper sections of the
river, especially in the New Fork River, while the suckers were predominant
below Green River City.

In addition, a two-man crew traveled down the river from drip stations
19 and 21 with the toxicant front. Other areas searched ineluded Hideout
Canyon, the damsite, Little Hole, and the upper portions of Brown's Park.
Trout were found to be extremely infrequent in the Green River above the dam
and totelly lacking below. The few observed above the dam are thought to
be recruitment from treatment of tributary streams and from natural movement
of the fish down the tributaries into the Green River. Five squawfish were
taken during the work. No sguawfish were found sbove the dam diversion
tunnel. The bonytail or Colorado chub, Gilae robusta, was numercus but no
bhumpback chub, Gila cypha, were collected.

In order +to obtain an estimate of the number and weight of fish
killed per unlt of stream, a crew of four men was assigned to make spot
eounts and measurements of dead fish as the rotenone moved downstream. This
plan was abandoned during the first day when the salvage activitles of the

miltitude of onlockers made it impossible to get unbiased samples, and no
estimate of fish production in the river was obtained. A large number of fish



Checklist of Fishes Killed During The
Treatment of the Green River, September,
1962, in Order of Apparent Abundance.

D Bals LI

Flannelmouth sucker - Catostomus latipinnis

Mountain Whitefish - Prosopium williamsoni

Bonytall chub - Glla robusta

Redside shiner - Richardsonius balteatus

Speckled dace - Rhinichthys osculus

Mottled sculpin - Cottus bairdi

Rluehead sucker - Pantosteus delphinus

Carp - Cyprinus carplo

Brown trout - Salmo trutta

Rainbow trout - Salmo gairdneri

Cutthroat trout - Salmo clarki

Hybrdd trout - Salmo clarki x Salmo gairdnerd

Fathead mimmow - Pimephales promelas

Utah sucker - Catostomus ardens

Channel catfish - Ietalurus punctatus

Colorado squawfish - Ptychocheilus lucius

Humpback sutker - Xyrauchen texanus




-

of all specles and sizes were salvaged along the entire river
by the publiec for use as balt or food. At no time did a buildup of fish
produce & nuisance problem,

Post-Treatment Investigatlons

In the six montha following treatment, an attempt was made to
determine the exaclt extent of fish reduction. TFlsh population checks were
made with gill nets and rotenone as long as weather and ice conditicne
permitted. OSubsequent winter investigations were made with dynamite. Over-
night gill net sets were made in the mumercus leocations yielding fish prier
to treatment. After treatment no fish were taken in the sets below Big
Piney, and whitefish were the only speciles caught above that point. The
whitefish were probably downstream mlgrants from untrested waters. In Cctober
small unidentified Tish, probably cyprinids, were seen approximately six
miles below Green River Station 1. In November; additional unidentified
fish were seen in the New Fork River between Statlons 1 and 2, and two redside
shiners were captured with a handnet in & backwater below Station 2. In
addition, rotenone spot checks in the upper treatment area revealed the
presence of mumerous suckers and ¢yprinid fry end fingerling in some of the
small backwaters.

In October rotenone spot checks were made on the disconnected sloughs
and backwaters slong the New Fork drainage vhere small carp were found prior
to treatment. HNumerous fish, including trout and carp, were still present in
gome of the sloughs sampled. A single brown trout and a few dozen sucker
fry were found in a smwall, side-channel dam about ten miles below New Fork
Station 1. The fry were probably newly hatched and the larger Tish may
well have been downstream migrants. Water temperatures in the sloughs were
in the low forties when the fish were discovered and retreatment at that
time was deferred until the spring of 1963.

Sampling by underwoter dynamite detonation was inltiated in late
Hovember when ice conditions precluded the effective use of glll nets. As of
April 1, 1963 a comprehensive dynamite sampling program on all main stream
walters has produced only a few whitefish inm the upper treated area. From
September 20, 1962 to November 28, 1962 Petroleum Geophysical Company of Denver,
Coloradoe carried on intensive selsmographic survey operaticns on the Green
River. From the town of Green River, Wyoming to a point about three mlles down-
stream from the Hah-Wyoming state line, 275 undervater detonations at one-fourth
mile intervals, using high velocity LO-60 percent nitroglycerine explosive,
were made., All "shots" were made in the Creen River proper at water depths
of from two to six feet. During the pericd of these seismographic operations,
the river water was clear and visibility was excellent. Petroleum Geophysical
Corporatlon reported that no fish were cbserved in this section of the river.

Comparative obeservations, before and after treatment, indicate almost
total destruction of the aguatice invertebrate fauns present in the river prior
to treatment. The pretreatment aguatlc lovertebrate fauna included the follow-
ing forms: Hydracarina, Gastropoda, Amnelida, Nemztoda, Diptera, Ephemeroptera,
Plecoptera, Trichoptera, Colecptera, Hemiptera, Odonata, and Lepidoptera.
Representatives of all of these groups, except Lepidoptera, have been found in
invertebrate collections made since the treatment, but as of March 1 none of
the forms had regained their former distribtution in the river. It is planned
to contimie fish and Invertebrate population studies in order to establish the
rate and degree of recovery of river fauna.



Flgure 2.

Rotenone hose line as constructed for pilot treatment, August, 1961.
gate valves placed in line dispensing the chemical.

Nota
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Refined plumbing system used te carry chemical from the barrels to hose
extending across the river. Gate valves control flow of toxicant from
the barrels while the gas valve controls amount sent to the river.
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View af o drip station located on the upper reaches of tha Green River.
Notice hose line across river !s flagged for easy vizibllity. Boats can
pass under hose on the pear side.
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An pir-thrust boat used on the project. The moter ls a light alrcraft
ongine mounted abova the boat's stern.




Fhades 2y Hand back pumps wetre used by slrboat personnel to t
side channels, ¥ pe Test long bays and



Figure 7. Helicopter spraying & river oxbow which is isolated from the main channel.
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GAME AND FISH COMMISSION
CHEYENNE
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TO WHOM IT MAY CONCERN:

Tha presence of the Fontenalle |Seedskadee) and Ashley (Fleming Gorge) reservoirs on
the Green River will greatly increase the breeding and habitat aress sultable for
undesirable species of fish such as carp and suckers. In order to presarve existing
trout fishing waters above the Ashley Reservoir, the Game snd Fish Departments of

the states of Wyoming and Utah plan to chemical ly treat the Green River drainage from
Sommers Bridge, near Pinedale, downstream to the Ashley dam site in Utah. The pro-
ject will also include large parts of the lower sectlions ot the New Fork, Blg Sandy,
Black's Fork, and Honry's Fork rivers, as well as the lower mile or two of each ot
the other main tributaries entering The river balow the initial starting point.

The chemical to be used is rotenone which suffocates fish but |s harmiess to humans
and all non=glllbreathing animals,. The rotenone, in liquid form, will be [ntroduced
inte the waters to be troated at ten-mile intervals. According to the present +imo
schedule the treatment program will be carried out in September of this year.

As county records indicate that certein of the waters to be treated may come in con-
tect with lands under your ownership or management, the Game and Fish Department
wishes to notity you of the project so that you may have ample time to contact Depart-
ment personnel! concerning any questions you may have, Information may be abtained by
writing or calling either the State Fish Warden or Fishories Managemant Crew Mo, 4

The addresses and telephone numbers are as follows;

Fred R. Beal, 5tate Fish Warden, Box 378, Cheyenna, Wyoming. FPhono 634-270101, Ext. 294,

Fisheries Management Crew No, 4, Box 457, Pinedale, Wyoming. Phone 3674612 or 367-2254,

SJA/FH)/pw

Figure B,

Sinceraly,
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5. 4 Jiacoletti
State Gama & Fish Commissioner

Letter of notificetlon of the project which was sent to
all landholders along the treatment Toite.



Figure 9. Map glven to all station erevs showing the drip statlon
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DETOXIFICATION

Preliminary Consideratioms

It was known thet rotencne detoxification, at least on a smell
scale, was possible. Jackson (19--) found that rotenone could be neutral-
ized by introducing strong oxidizing chemicals to the water. The technique
was successful when either potassium permanganate (KMnO4) or active chlorine
vwere added in amounts equal to the rotenone formulation plus the chlorine
demand of the water. Post (1958) experimented with KMnO4 in water possessing
chemical properties similar to those of the Green. He found that in both the

laboratory and small creeks 1 permanganate would detoxify rotenone if applied
at roughly twice the amount of the toxicant formulation. At a temperature of
50° F., the reaction time necessary for this change was about 30 minutes.
Potasgsium permanganate in gquantities less than 3.5-4 ppm was not toxic to

trout in these waters.

It was apparent that before a large-scale detoxification could be
attempted several questions had to be answered. Investigations to provide
answers began soon after the decislon to detoxify was made.

Netural Breakdown of Rotenone

Literature gives fevw accounts of the natural dissipation time of
rotenone under known conditions. However, some data has been accumilated
which can be used as & guide for western waters. Post (1956) performed tests
at different temperatures and pH values in natural vaters similar to the Green.
One part per million of rotenone broke down as follows: 7T8.5 F. - U2 hours;
64° F. - 3 days; UL4.5° F. - 20 days. 2 Laboratory work could not be directly
extrapolated to a river environment. Therefore, the major information used
to determine en expected decay rate was drawn from the Green Rlver pilot
treatment of August, 1951. The 3.5 ppm introduced in this operation produced
some fish kill for a distence of almost fifty miles. The rate of breakdown
over the complete course was, then, very near 16 river miles for one part per
million of rotenone formilation.

Location of Detoxifieation Bite

The Green River below the damsite generally takes the form of a
turbid, moderately fast river with large areas of sandy, moving bottom.
Turbidity is usually soc grest that wading in more than one or two feet of
water is possible only by feel. Water veleoclity is about two feet per
second. In most pleces the river bed is over 300 feet in width. It was
anticipated that at the time of treatment, flows of 1800 efs were likely
to occur in the detoxification area. The constantly moving bottom would
preclude bullding catwvalks or cther extensive structures into the river.
The long distance from bank to bank would make difficult the suspension of
overhead cables. In asddition, such en operatlion demanded that the station
be accessible to leaded trucks and other heavy equipment. These restrictions
meant that only a limited number of points on the river could be seriously
considered for construction of the necessary apparatus. Figure 11 shows
the general areas that were considered for location of the staeticn.

1. Personal Communication
2. Values are for the commercial formulation used on the project.
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A major consideration in the placement of the neutralization statlion
was the amount and durstion of rotenone that would be present at any location
below the dam. Ideally, the detoxification station should be situated as
elose upstream as possible to the area to be spared. This would accomplish
both protection of the area and allow for maximum natural breakdown of the
toxicant. When s natural rotenone breakdown rate was established, the
quantities of neutralizer needed at all the accessible sites were computed.
The amount of neutralizer needed and the probable hours of application are
shown in Table 5.

Table 5. Amounts of Potassium Permanganate Needed To Detoxify The
Green River At Several Potential Detoxification Sites.
Amounts Caleulated at 1:2.3 ratio And A Natural Decay
Rate of 1 ppm Rotenone per Sixteen River Miles.

Site Pounds of KMn(y Required Hours of Operation
Little Hole kg, 390 45
Taylor Flat 31,960 31
Sears Creek 22,080 28
Brown's Park Bridge 1k, 060 21

Brown's Park Bridge, finally chosen for the detoxification site,
is located 31 river miles below the dam and some 16 miles above Dinosaur
National Monument. The distance below the dam insured that much of the
toxicant introduced would have decayed. Bince cold, well aerated water
released from the dam would make the river below the reservoir optimum
trout habitat, chemical treatment of this portion was desirable. After
passing under the bridge, water would nmot enter the Monument for about
16 hours providing ample contact time between toxicant and neutralizer.

The bridge made a convenient platform from which to work. A wooden suspension
bridge, it had no superstructure below to interfere with application of

the chemical. The river narrowed to a width of about 245 feet and coursed
between vertical rock walls from which the bridge extended. The bridge was
approximately 35 feet above the water and river depth was between three

and six feet. There were several additional access sites immediately above
and below the bridge which presented adequate space for detoxification
evaluation and monitoring procedures.

Twe alternative sites were considered at Taylor Flat and Sears
Creek; 14 miles and B miles, respectively, above Brown's Park Bridge. This
ghort distance made considerable difference in the amount of neutralizer
that would have tc be handled. Neither site was located far enough upriver
to significantly reduce fish loss below the dam. A third alternate, Little
Hole, was consldered early in the study because it had the shortest access
route and was situated only seven miles below the dam. However, it was
rejected when the excessive amounts of chemical necessary for detoxification
were known.



Selection Of The Neutralizing Chemical

Chlorine releasing products such as caleium hypochloride or lime;
chlorine itself; or an oxidizing agent (potessium permanganate) have been
recommended for field neutralization of rotenone products. The decision
to use KMnOl resulted from investigation of the physical characteristics
of each chemiesl and consideration of each in reference to application
methods. Several charscteristics of KMnO4 indicated that it was best
suited for use on the Green River.

Potassium permanganate was available in U.S.P. or technical
grades &8s 99 per cent active ingredient. Three crystal size classifications
vere offered. The largest crystel was gpecified as staying on & 30 mesh
and passing through & 4 mesh screen. This product had by far the most
variation in crystal size. The medium crystal was of technical grade and
appeared to have little size variation. The fine erystal all passed through
30 mesh.

The best chlorine source wag calcivm hypochloride. This product
is used in most culinmry water treatment facilities, and svailable in tablet
or gramilar form. According to prices gquoted by the various chemical companies,
calcium hypochloride was less expensive per unit weight. However, active
chlorine constituted only 70% of the hypochloride. A cost analysis showed
the hypochloride to be more expensive in actusl field use than potassium

permanganate .

It has been fairly well established at what concentrations KMnOh
itself is toxic. No mention was found in water quality literature dealing
with toxicology of the materials formed by oxidation of KMnO4 in the amounts
that would be used in this project as being harmful to squatic life. Exper-
ience with chlorine in culipary water treatment and from knowledge obtained
in the literature led us to believe that its toxiclty and residual powers
vere significantly more powerful than that of potassium permanganate.

Since we expected occasions when the amounts of rotencne to be detoxified
would reach or slightly exceed 1 ppm; a danger existed to fish, aquatie organ-
isms, and even to persomnnel if the hypochloride was used.

In the avallable literature, lime as a source of chlorine is
recommended for large field detoxification operations because it can be
applied dry whereas KMnOk has been introduced in solution. Using KMnO4 in
this fashion involves an additional step of dlssolving the chemical. A
saturated solution of permanganate at normal room temperature is about
15% by weight. For this project, then, large amounts of equipment and man-
power would be needed to handle the water necessary to put permangenate
crystals into solution. Flans to store the solution any length of time before
introduction would be impractical ag it is unstable. The most efficient
epplication of the chemical would be in a dry form, at a rate equaling the
amount necessary to neutralize the rotenone present. This method postulates
fagt dissolution of the neutralizing chemical. The three potassium perman-
ganate erystal sizes gave much more latitude for the formulation of a final
introduction technique than the tablet or single gramular form of calcium
hypochloride.
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Experiments were performed to investigate the amount of crystalline
KMnOl necessary to produce a known and constant amount of solution, and to
determine how different crystal sizes would affect this relationship. The
experimental work was performed in an adjustable flume located in the hydrau-
lic laboratory, Utah State University. The flume was manipulated until
water veloeity corresponded to that expected in the area of the detoxificetion
gtaticon durlng treatment.

In the first test, & muslin bag containing 186 grams (wet weight)
of the coarse slze permanganate was exposed to a flow of two feet per second.
The bag occupied an area of 4 x L inches. At the end of two minutes the
bag was taken from the flume and again weighed. Tt had lost 111 grams of
material This would place a meximum dissolutlon rate, under these circum-
gtances at approximately 140 ppm.

In subsequent tests permanganate was introduced directly into the
water at a constant rate of 4 ppm for ten minutes. A water sampling station
was set up 60 feet below the point of introduction. Two mimutes were
allowed for the flume system to stabilize. Water samples were then
taken at the station every 30 seconds for the duration of the test run
and for two mimutes afterwards.

The experiment was first performed using the coarsest crystals.
Permanganate color appeared in the water at the sampling site less than one
mimite after application upstream. Within 30 seconds, the concentration
rose to 3 pom and remained at this level for the duration of the test.

The identiecal procedure was followed using medium-size crystals.
Within four minutes after the start of introduction upstream, the permangan-
ate concentration was fluctuating between 3 end 4 ppm. A weighted average
of these water sample readings gave a mean concentration of 3.6 ppm.
This particular crystal size formed "eclods" which made a constant rate of
application difficult and conecentration erratic. The smaller size crystal
was 80 difficult to handle in all respects that it was no longer considered
for use.

From the results of these tests it became apparent that the crystals
would readily dissolve in sufficient quantity to treat any amount of rotenone
expected at the detoxifiecation site. The ease with which the coarse
material was handled more than offset any benefits of slightly more rapid
dissolution by the other crystal types.

From this experience in handling the chemiecal and observing the
effects of its density in a current similaer to that at the detoxification
site, it also appeared that neutralization could be adeguately handled by
broadcasting the coarse crystals over the entire river surface. It could
be expected that many crystals would sink through all water strata and help
insure neutralizer throughout the wvertical plane of the river.

Development Of A Detoxification Technique

Several types of machines are available which introduce dry
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chemical materials into culinary waters, and which are designed for
varying the rates of application. In all probability, KMoO4 could have
been used in the machines. Hovever, most units were machined to such fine
tolerances that their cost for field use was prohibitive. In addition,
none of the devices ilnvestigated had a mechanism for spreading dry
chemical over a large area. Regardless of the neutralizer used, any of
these dispensing units would have had to be thus modified. It was decided
that it would be no more difficult to modify a less expensive machine.

Interest finally centered on a machine manufactured by the Neilson
Metal Industries, Salem, Oregeon. It was designed to be used in trout
hatcheries and deliver a measured amount of pellet type feed over the sur-
face of ponds or raceways (Figure 12).

Egsentially, the unit consisted of a hopper with an adjustable,
sliding gate at the bottom. Flow from the hopper was controlled by preset-.
ting the gate mechanism, and distribution was accomplished by a circular plate
with attached ribs located below the gate. A solenoid switch, mammally or
remotely contreolled, 1ifted the hopper gate to the preset position, and
started the small electric motor which turned the spreading disc. Several
slight modifications in gate and spreader design were made on a single
machine, tested, and incorporated into the additional machines necessary
for the project.

Planned Detoxification Operations

The substantlally above-average snowfall of the previous winter,
a late runoff, and a contimuing high flow through the summer months led us
to expect that the river in the treatment area would be near maximmm
treatable flows at the time of polsoning. Such an occurence would result
in flows of 1600 to 1800 efs at the detoxification site.

The amount of rotenone arriving at the detoxification statiom
would be dependent upon concentrations introduced at varicus drip stations
ebove the dam. By calculating the natural decay rate of several upstream
combinations of rotenone introduction, & dispensing program was formulated
that would be most advantageocus to detoxify, yet still Insure the objective
of the project. This plan called for a reduction in the amount of rotenons
introduced from drip stations within 60 miles of the dam (beginning at
Station 17). Table®& illustrates the rate of toxicant injection at each
of these drip stations and the anticlpated effect upon neutralization.

If treatment operations upriver progressed as scheduled, and
temperatures and flows approximated those normally ceccurring, it wes estimated
that: operations would contime without interruption for about 24-28 hours;
rotenone would arrive in three more-or-less distinct concentrations of
approximately 0.6, 1,0, and 0.4 ppm with perhaps differing amounts between
each level due to the overlap of water from adjacent drip stations; and
2.3 parts of permangsnate would more than insure neutralization of 1 part
rotenone.
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Since it was expected that the rotenone would arrive at the bridge
in more or less distinet levels, determinations of amounts above the bridge
were to be performed only near the begimning of work as a check to see 1if
concentrations flowing downriver were near the calculated figures; and to
indicate the magnitude of any overlap of drip stations. The spreaders were
calibrated to dispense KMnOlh at a 1:2.3 ratio for the three amounts which
ghould arrive, however, intermediate settings had been provided in the
event other toxicant conecentrations ceccurred. Upon report from the above-
bridge monitoring, the machines would be set to dispense correct amounts
of neutralizer. If further tests indicated that the rotencne was
running as anticipsted, and overlsp concentrations were not dangercus; the
machines would be automaticaslly changed to conform to the schedule shown
in Table &. Detoxification would proceed on this basis until toxicant had
ceased to flow past the bridge. Checks on the effectiveness of the neutraliza-
tion would be run as treated water appeared at below-bridge monitoring sites.
The reactions of test fish or date on water quality would determine
corrections necessary in the rotenone to KManOW ratio, placement of spreading
machines, and other factors pertinenti to permanganate introductlion.

Rotenone concentrations arriving st the bridge and the effective-
neass of the neutralization were to be measured by three different methods.
First, blo-assay analyses for the concentration of rotenone were to be
made at several sites above and below the bridge. Field bio-assay would
be conducted by Fish and Game personnel and lesboratory tests by the
U.8. Public Health Service. The second method for determination of
rotenone concentration was a chemical colormetric test (Pﬂst, 1955). The
third method was used primarily for a final evaluation of the effectiveness
of detoxification, and entailed the placement of fish in live cages in the
river below the neutralization station.

Two water sampling eltes were located above the bridge. The
uppermost, Bite A, was sbout three miles and the lower, Site B, several
hundred yards above the bridge. Below the detoxification station Sites C
and D were located 1.5 and 3.25 miles, respectively. The effects of any
treatment procedure used at the bridge would be observed after intervals
of about 1.5 and 3.0 hours.

Colormetric tests were to be conducted to determine the existence
and concentration of rotenone before and after detoxification. Those
monitoring sites below the bridge were to be sampled at lesst once every
four hours. Above the bridge these tests were to be utilized only at the
beginning of the operation; and when specifieally needed thereafter.

As a further check on the concentration undergoing detoxification
and the effectiveness of neutralization, blo-assay procedures were to be
conducted independently by two separate parties. Mr. Crosswell Henderson
of the Colorado River Besin Laboratory, United States Public Health Service,
consented to perform tests in conjunction with those being run by his agency
at the culinary water treatment plant, Dutch John, Utah. Samples for these
analyses were to be taken from Stations B, C, and D, and shipped via vehicle
to Dutech John., Since Public Health Service operations were not to run on



Miles Amount

Toxicant Above Toxicant Station Station Station Station Station Station Detoxifica-
Station Detox. Dispensed #7 #18 ) #19 #20 #21 a2z tion Stationm

17 88 L.s L.5 3.9 3.3 2.7 2.1 1.5 -

18 78 k.0 k.0 3.4 2.8 2.2 1.6 -

19 68 k.0 k.o 3.b 2.8 2.2 -

20 58 4.0 k.o 3.b 2.8 0.k

21 L8 k.o k.o 3.k 1.0

22 38 3.0 3.0 0.6

Potassium Permanganste Necessary For Neutralizetion with Retioc of Reutralizer to Rotenone 2.3 : 1.
Anticipated Maximum Flow 1600 c.f.s.

Dispensing Rate Total

Rotenone Per Machine With Amount

Concentration KMnOl Rate Four Machines KMn Ol

(ppm) Hours (1bs/hr) (gm/min) (1bs.)
0.6 8 495.1 939.8 3969.0
1.0 9 826.9 1566.3 Thl2.0
0.b 8 330.8 626.5 2646.0
14,057.0

Teble 5. Amounts of Hotenone in ppm Calculated to Reach the Detoxification

Station Using A Rate of Decay of 1 ppm Per 16 River Miles.
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a twenty-four hour basis, it was decided to collect water for Mr. Henderson
twice daily at such times that the water could be transported to Dutch John
before six hours elapsed and to arrive when the Health Service work was in
progress. At the same time water samples were to be taken for field bio-
assay as & check against the colormetric tests. Standard curves of toxicant
concentration, water temperature, and fish reactions used for the state
bio-asaay were prepared by the Publie Health Service.

Live fish were held in cages to indicate if harmful amounts of
rotenone were continuing below the station. At the monitoring sites above
the bridge the cages were to indicate the first appearance of toxicant
and pericdieally to determine whether or not the river was clear of
toxie quantities of rotenone. The live cages at gites C and D were to he
closely observed during cperations, and reports of conditiom of the fish
radiced to the bridge each half hour.

Aetuel Operstion of Detoxification Station

A total of 13,860 pounds of potassium permangsnate was ordered
in 110 pound steel kegs. At the time the shipment arrived sample kegs
were opened to inspect the product. Almost every keg examined contained
eryetals smaller than had been speeified. Tests mede at the delivery site
indicated that 20% of the crystals passed through a 30 mesh screen. Many
of the kegs contained hard "elods" composed primarily of these small erystals.
As the company had no other immedlste source of the chemical, the shipment
was reluctantly accepted. Prior to construction of the detoxification facili-
ties, all permanganate was sifted through a wire screen and collected on
a drop cloth. After it had thoroughly dried on the cloths, a dry lubricant
was mixed with the maeterial and it was repackaged. Following this treatment,
the permanganete was sble to Tflow more freely and did not form new clods.

Detoxification equipment wes installed on the bridge September T.
Sections of the wooden flooring were removed and four remodeled pellet
feeders were mounted so that the gate and spreading disc extended below
the lower-most portions of the bridge. The top of the hoppers remained
about two feet above the floor (Figure 13). Units were mounted about
sixty feet apart; with the machines on each end of the bridge about thirty
feet from the river bank. This arrangement produced edequate coverage.
A Tifth space was prepered near the center of the bridge for an emergency
dispenser. Electrical power was supplied by means of a 3000 watt, 60 cycle,
A.C. generator. This power plant simultaneocusly ran all five dispensers
and the 100 watt light bulbs placed sbove each dispenser for night operation.
As a precautionary measure, two smaller generators with a total capacity
of 2500 watts were held in reserve.

Live cages were located at sites A, C, and I, and were secured
by pegs placed to serve as partial barriers to the river current. Fish species
used included rainbow trout, green sunfish, and goldfish; except that rainbow
trout were the sole species used at site A. All trout were under five
inches total length;, and the cother fishes ranged from two to three inches.
Bunfish had been seined from Utah rivers while the goldfish were taken from
the stock used by the Utah Department for laboratory experimentation.
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The lengthy confinement of these fish in holding tanks and pens for the
duration of the coperation accounted for some loss of fish. However, fish
vhich appeared distressed were not used for either live cage or blo-assay
work. Generally, fish were replaced in the cages esch twenty-four hours
or within an hour after any mortality.

Two hours after toxicant Station 13, immediately above the town
of Green River, Wyoming had been put into operation the U.S. Public
Health Service began bio-assay determinations of rotenone content at the
municipal raw water intske. HResdings cbtalned during the course of this
work made it apparent that toxicant was persisting far longer than had been
anticipated. It was realized then, that the operation to forcibly break
down the toxicant &t Brown's Park would probably extend beyond the original
plan., With this complication, conservation of the potassium permanganate
btecame very important. The amount of rofenone from drip Station 22 was
curtailed to reduce permanganate needed to neutralize that toxicant. About
3,200 additional pounds of permengenate was Immediately obtained, depleting
all known local supplies. Ewen this extra gquantity, however, did not
eliminate concern over premature exheustion of the chemieal.

Plans were formulsted to substantially change the wethod of opera-
tion of the station. The primary concern was to cut down on any waste
inherent in ftreating 1 part rotencne with 2.3 parts potassium permanganate.
Detoxification was to begin at a ratic of approximately 1:2.3. If the
monitoring sites downriver indicated that trestment at this rate was satisfactory,
the ratio would be gradually reduced until the first signs of disturbance. The
KMnOl application would then be maintained slightly above this minimum level.
Any subseguent changes in the rate of applieation would be controlled by monitor
reports of rotenone concentrations sbove the bridge or by reaction of test fish
in ceges below.

Rotencne was first detected at Site A at 0410 hours on September 8th.
The detoxification station was started at 0515 hours, and rainbow trout in a
live cage at Site B were affected at 0630 hours. Operations then continued
uninterrupted for over 83 hours. Including some 3,200 pounds delivered to the
bridge during cperations, & total of 17,160 pounds of crystal KMnOi was expended
A eold front entered the area at the beginning of detexification and the
aeccompanying vinds made working conditions most unfevorable. Daytime temperatures
dropped to 50° F. and night temperatures were well below freezing. This did
affect a decrease in river flow, tut for the greater part of the operation about
900 cubic feet per second was treated.

Monitering work proceeded as planned except that the live cages
below the bridge were kept under continued observation and colorimetric and bio-
assay tests at the above-bridge sites were conducted once each hour during the
last two days. HNormally, each water test consumed from one and cne-haelf to two hours
before final determination of rotenone could be made. Several determinations for
rotenone presence below the station were made by Public Health Service bio-assay
in Dutch John. The samples sent to Dutch John conformed in &ll ways to samples
gathered for stete analysis. Caution was maintained that water to be trucked to
Dutech John contained no KMnOh. All samples were packed in ice.

A conclse description of the detoxificatlon is presented in Table T.
This table records the changes 1ln rotenone concentrations above the bridge, the



Table T. Synopsis of the Detoxification Operaticn At Brown's Park-
Green River Chemical Treatment Project - September, 10562
Rotenone Cone. KMnO4 Intro. Ratio: Condition Rotenone
Time at Bridge At Bridge Rate Rotenone  of Test Cone. at
Date Hour (ppm) {(gm/min) to KMnOh  Fish Site C(ppm)
g-8 0615 0.5 1715 0.2 0.K. 0.0
' 0.0 1/
9- 0800 0.8 1715 1:1.h 0.K. 0.2
9-8 1030 Trout dead 0.2
at C&D 0.5 &/
g-8 1200 0.8 2187 1:1.8 Trout dead 0.4
at C 0.1 1/
9-8 1230 0.K.
g-8 1400 1.0+ L3ko 1:2.8 0.K. 0.0
9-8 1530 1.2+ 1581 1:1.2 0.K. 0.2-0.3
g-8 1700 0.K. 0.0
9-8 2300 0.7 1960 1:1.9 0.K. 0.0
9-9 0130 0.6 1960 1:2.0 0.K.
9-9 0800 0.X. 0.0
9-9 0900 0.5 1093 1:1.4 Trout,Sunfish
dead at C;
all sick at D
g9-9 1230 0.7 1640 1:1.6 0.1 0.0
9-9 1530 0.5 1640 1:2.0 0.K.
9-9 2330 0.6 1640 1:1.8 0.K.
G-10 0200 0.7 1640 1:1.5 0.K.
9-10 0500 0.8 1540 1:1.h 0.X.
9-10 0800 0.5 1640 1:2.0 0.X.
g-10 0900 0.5 16k0 1:2.0 Trout dead 0.3
at C&D
§-10 1000 0.5 1640 1:2.0 0.X. 0.0
9-10 1300 0.4 1640 1:2.0 0.X. 0.0
9-10 1900 0.h 848 1:1.5 0.K.
g-10 2100 0.35 BL8 1:1.6 0.K.
G-10 2230 0.2 848 1:2.5 0.K.
g-11 0100 0.6 848 1:1.0 Bunfish dead
at C&D
9.11 oh30 0.2 848 1:2.5 0.K.
9-11 1100 0.K.-Live
cages oub
9-11 1430 0.k BLE 1:1.5 -

if Sample taken from Site D.
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changes in neutralizer introductions, and the change in condition of test animals
or of other rotenone detectlon measures below the bridge. Each entry shows that

a segment of water passed the bridge at a perticular time and was treated. This
same segment then flowed through the vardious test arems, affected the fish, and
was subjected to physical tests as recorded on the same line in the table. Changes
in the cperation of the dispensing machines and other procedures were based upon
the information cbtained from live cages and water test procedures. The results
of rotenone tests made by the Publie Health Service were not immedistely available
in the fileld, and were intended only as an additional check upon circumstances at
the bridge. The tests performed by this agency did confirm that detoxification
was successful (Table 8).

The initial conecentration of rotenone srriving at the bridge was
determined as 0.5 ppm and was treated at a rotenone-permanganate ratioc of 1:2.2.
Reports from Bite C indicated that this ratic was wasting potassium permanganate.
The amount of permenganate was then reduced to a ratio of about 1:1.5. HRotenone
concentration in the river later rose and because of the time required to complete
testing sllowed some rotenone to pass downstream incompletely neutralized. The
amount of rotenone flowing beyond the detoxification was sufficient to kill rainbow
at polnts C and D:. HNo distress was noticed among the green sunfish or goldfilsh.
When this condition was detected at the live cages, the ratio was increased to
1:1.8 in accordance with the latest information of toxicant concentrations above
the bridge. As rotenone concentrations continued to inerease during the day, more
edjustments were wade on the dispensing rate but the toxicant increased so rapidly
that some rotenone persisted downstream until mid-afternoon.

Detoxification eontinued without any rotenone escaping neutralization
or further disturbance to the test fish from mid-afterncon on September 8 until the
morning of SBeptember 9. At this time the rate of permanganate application was
agein gradually reduced. When the rotenone-KMnO4k ratio was lowered to 1:1.h4 fish
at both live cage sites became distressed. The trout and green sunfish at Bite C
finally succumbed but no mortalities oceurred at Site D. Introduction of KMnO4
was immedistely increased and the short-term disturbance eliminated. Water samples
sent to Dutch John show that no rotenone traveled below the detoxification station
efter introduction rates had been inereased.

Operations continued until all potassium permanganate had been consumed
with only two other disturbances of about one hour each. These occaslons were
probably caused by & rotencne overlap which went past the upriver monitoring sites
undetected.

After the morning of Beptember 9 the remaining trout were excluded from
use in the live cages as they were too important for bic-mssay purposes. QOreen
sunfish and goldfieh contimied to act as test fish. MAlso, on the afternoon of the
10th, the original supply of KMnOli was exhsusted, and the emergency meterial put
to use. These spreader machines ecculd not dispense the new crystals properly.
Much of the new order was of a finer crystal size, and none had been screened or
mixed with lubricant. The combinaticn of moisture content and crystal size made
it necessary to cpen the machine gates wide to let the chemical flow. This
resulted in waste of permanganate. The method used to alleviate the situation was
to punch small holes into the metal kegs of permanganate. The kegs were gpaced
across the river so that the chemical dissclved at a rate of about 112 pounds per
hour. This method eliminated much of the flexibility in responding to changes in
amount of toxicant coming to the bridge.



Table 8. Results of Blo-Assay Water Analysis Conducted By
The U.5. Public Health Service From Samples Taken
Above and Below The Detoxification Station

PPM Toxicant
Date Time Collected Formulation
River Above Detox. Station
9/8 7:40 a.m. 0.1h
11:30 a.m. 1.3
2:00 p.m. 1.1
6:00 p.m. 1.2
10:30 p.m. 1.8
9/9 1:30 a.m. 1.7
11:30 a.m. 1.6
3:30 p.m. 1.2
8:30 p.m. 1.0
11:30 p.m. 0.7
a/10 1:00 p.m. 1.2
Below Detox. Station (Sta. C)
9/8 12:45 p.m. 0.h
6:00 p.m. 0.0
10:00 p.m. 0.0
9/9 1:00 a.m. 0.0
10:00 a.m. 0.0
3:45 p.m. 0.0
9/10 1:15 p.m. 0.0
Below Detox. Station (Sta. D)
9;5 9:3'3 A.M. 0.0
2:30 p.m. 0.09

During the night hours of September 10-11, toxicant concentrations above
the bridge were 0.2 - 0.3 and decreasing. Hourly bio-assay readings were taken
at Site A to determine when the rotenone column would cease. By deybresk of
September 11, rotenone readings were about 0.15 to 0.2 ppm. Indications from
Station A confirmed s long-term downward trend. In response to reguests by loeal
residents, the bridge was cleared of equipment and opened to traffie at 1000 hours.
By sbout 1200 hours all permangsnate had been placed mcross the river. Potassium
continued to dissolve from the kegs at previous rates until 1430 hours. After
thi=z time, kegs began to empty and the supply to the riwver dwindled until sbout
1700 hours.
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DISCUSSION OF FACTORS RELATING TO DETOXTFICATION

Operations

Desplte sereening and Iubrication of the permanganate crystals,
gome annoying difficulties were encountered with the dispensers. There was &
tendency for stoppages to oceur st the gate of the hopper. To awvoid these
stoppages it was necessary that the machines be attended constantly. It appears
that a combination of factors was responsible. Not containing a dessicant, and
being held next to & river, the chemical acquired some moisture. Thus, the
conglderable number of small crystals present caused clod formation which was
exactly the condition we had been trying to avold by specifying larger erystals.
The paramount problem, however, was wlth the dispensing mechanism 1tself. It
appears that gravity flow through a small orifice is not adequate when small
amounts of potassium permanganate sre needed. The problem could have been
eliminated had the dispensers been equipped with a worn-gear or other controlled
feed arrangement. The spreading mechanism did a very satisfactory job of
distributing permanganate across the river surface.

The potassium permanganate crystals were uniformly dissolved
through the river within one mile of the bridge. It was anticipated that most,
if not all, of the KMnO4 would.be destroyed by the time it had traveled the 1.5
miles to Bite C. However, the first arrival of neutralized water at this site
showed a very dark red. Colorimetric standards for potassium permanganate solu-
tion indicated that the concentration remaining at this point was slightly under
1.0 ppm. As soon as water which had been trested with lower amounts of KMnOb
arrived at the monitoring site, the normal green color of the river returned.

Throughout the operation water color at Site C wvacilllated from the
normal green to a dark red. Water color approsching the norm almost always
cececurred somevwhere near the time of a fish disturbance. The necessary contact
time for permanganate and rotenone must be greater when a erystal form is used
than the 30 to U5 mimites required when a KMnOb solution is introduced.

For the majority of the operation the river between the bridge
and Site D was colored a light brown. This was caused by the deterloration of
the KMnO4 into an oxide of manganese and subsequent combination with organic
matter in the river, a normal situation. There is no reason to conclude that
either rotenone or KMnO4 is present in this situation. However, because of the
disagreeable properties of manganese in culinary water this condition may require
some attention en other detoxification projects.

Amost every aspect of the detoxification procedures affirmed the
inadequaclies of present methods of rotenone determinations. Uslng either the
colorimetric or bio-assay procedures, information could not be obtained at times
when most needed. The chemical test often took one and one-half hours to complete.
The blo-assay in these cool waters took almost as long. No tests for the determi-
nation of rotenone were able to establish the exact amount in solution. By
relying upon the tests we were vulnerable to discrepencies between actual and
indicated rotenone levels. On some occasions, KMnOY application rates that had
been completely satisfactory were only partially successful at another time.

This must be explained by inadequacies of the tests. Because a detoxification
project patterned to the concentrations actusally arriving is no better than the
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method used to determine these concentrations, onée major recommendationm of this
project 1s that nevw impetus be given to improvement of methods for rotenone
determination. Scomething must be done to develop a faster, more accurate test.
Until that time arrives, bic-assay with all its necessary calibrations, aguaria,
fish holding pens, ete. is probably superior to the colorimetric method.

Mention has been made of the rapld decline in flow of the Green
during treatment and detoxification (Table 1). Rotenone drip stations set one or
two days before treatment to deliver amounts of toxicant equal to 5 ppm thus
contributed a greater concentration. The discrepency was compounded in some
instences by the error between estimated water flow read from gauge stations and
actual volumes., This situation increased the chances for a more effective kill,
but it significantly changed the plans for detoxification.

Another influence disruptive to detoxification was the increased
time necessary for rotenone in the river to break down. Evidence has heen
gathered, which indicates that factors other than daylight and temperature have
a pronounced Influence on the natural decsy rate of rotenone in & lotic environ-
ment. As has been previously mentioned, the U.S. Public Health Service conducted
determinations of rotenone content of river water at two primary locatlons:
Green River, Wyoming and Duteh John, Utah. By making use of the known river
gpeed over various segments of the treatment area, each sample taken by the
Health Service could be identified with specific drip station or combination of
stations. Differences between amounts Introduced at the drip statlion and that
found by the later analysle glves a falrly accurate pleture of the mean rate of
natural breakdown. Water suspected of containing rotencne from more than one
drip station was eliminated from these caleculations because of our inabllity to
determine the exact rotenone concentrations produced when overlap oeccurred.
Table 9 shows the results of this procedure.

It is spparent that natural decay was not constant. The greater
distance a given "batch" or rotenone traveled, the slower was its overall rate of
decay. For example, the toxicant from one drip station (#10) was found to have
broken down at & mean rate of T.2 miles for each part per million for the flrst
37 miles of river, but at a mean rate of 28 miles for each part per million after
164 miles of flow. PFigure 14 illustrates these results. The rotenone apparently
undergoes very rapld detoxification for a ghort timé after introduction. If
gquantities of rotenone remain after this rapid breakdown period, they are eliminated
at increasingly slower rates. When the water is analyzed at & point doewnstream,
the average speed of breakdown is & combination of the fast and slow rates. The
rate 8t vhich toxicant was decaying ms it reached the sampling staticon mast he
slower than this average. The minimum average rate shown on Figure 14 is approxi-
mately 24-28 miles for each part per million. Limited data for instantaneocus
decay rates of the last remaining rotenome is near 40 miles for one part per
million to breakdown. Whether a minimum decay rate had been realized by the
time water from the drip stations reached the points of analysise is not known.

The curvalinear decay described may be, to some extent, an artifact of the bio-
assay methods. However, the departure of these data from a steady rate of decay
is too pronounced and abundent to be entirely the regult of the testing procedure.

Problems which cccurred with the test fish below the bridge on the
days of September 8 and 9 (first two days of the detoxification) were the result
of purposeful experimentation with the KMnOl4 to establish minimum treatment levels.
Identical rotencne-permanganate ratios produced these kills - exactly the result
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Table 9, Mean rates of natural toxicant decay calculated from Public
Health Service blo-assay and field rotenone oconcentration results.

Miles of Amount of Total

Toxicant Flow From Toxicant Amount of Amount of

M spensing Drip Station Introduced Breakdown Brepkdown

Station To Analysis {(ppm) {(ppm) in Mi/ppm.
GR 3 107.0 T-1 5.9 18.77
GR 5 87.5 7.0 57 15.91
GR 6 8.5 7.1 5.6 14,54
GR 7 68.0 T3 5.5 12.36
GR 8 185.0 7.3 T 26.06
GR 9 175.0 6.8 6.5 26.92
GR 10 37.5 6.8 5.2 7.21
GR 10 163.5 6.8 5.9 28.01
GR 11 27.0 7.2 5.6 .91
GR 11 28.0 7.2 L.2 6.67
GR 11 181:5 7.2 5.3 22.92
GR 11 153.0 7.2 6.8 22.36
GR 11 153.0 T.2 6.0 26 .00
GR 12 17.0 7.5 5.1 3.ho
GR 12 143.0 7.5 7.0 20.43
GR 13 99.0 6.7 5:3 19.13
GR 13 131.0 6.7 6.0 21.83
GR 1k 119.5 6.3 5.9 20.25
GR 15 107.5 6.7 2.5 19.55
GR 15 107.5 6.7 6.2 17.3k
GR 16 66.0 6.7 L.8 13.78
GR 16 a7.5 6.7 6.1 15.27
GR 18 28.0 .8 3.5 8.29
GR 18 79.0 L.8 k.2 18.81
GR 19 69.5 5.3 L. 16.95
GR 19 69.5 53 b7 14,79
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to indicate a danger level of application. Obviously these occasions when toxicant
progressed downriver cannot be considered failure of the detoxification process.
Little, if any, difficulty would have been encountered had not circumstances
dictated that the detoxification operate to conserve as much permanganate as
possible. Hecords of the operation confirm that when detoxification proceeded

gt near the 1:2.3 ratio originally decided upon no harm cecurred to test fish nor
was rotenone detected below the bridge. The only times when rotenone escaped

was vhen rotencne-permanganate ratios were dropped substantially below the 1:2
level.

Publie Health Service tests found no rotenone present in any waters
below the nsutralization station following the afternoon of the first day., Other
chemicel tests also produced no evidence of rotenone below the bridge except
during one short-term disturbance. It is signifieant that rotenone was never
detected chemically when test fish were behaving normally. When these tests were
performed during pericds of fish distress they always Indicated the presence of
rotenone. If rotenone was present below the detoxlfication, 1t evidently was
confined to perlods when test fish became distressed.

Every effort was made to detoxify the rotenone and to extend
neutralization until the threat to fish downstream had passed. Crews on the bridge
worked for & total of 83 hours, and only secured the station when KMnO4 supplies
vere exhausted. Though some rotenone remained in the river when work was terminated,
& great deal more would have passed below the bridge had not the original plans
for a constant 1:2.3 ratio been abandoned. A supply of 13,800 or 17,200 pounds
of permanganate would have lasted only about 45 or 57 hours, respectively, at
the 1:2.3 ratio. Rotenone concentrations ranging from 0.8 to 0.5 ppm would have
passed downstream untreated for the remaining 24 or 36 hours. At the time the
operation was terminated, toxicity of rotencne arriving at the bridge was below
levels lethal to most fish. Levels of rotenone known to be lethal were satis-
factorily inactivated at the detoxificaticn station so that no mejor problems
pecurred with live test fish placed in the river below. Tests run by an interested,
but unaffiliated, agency; in addition to checks performed by crews concerned with
the work bear cut the fact that rotenone concentrations were eliminated for over
95% of the operstion and that during the remaining time very reduced amounts were
pasged., The incompletely neutralized material was below normal lethal levels and
escaped for only short pericds of time. There is nothing in our information to
suggest that detoxification, even on this large scale, is not possible or that
it cannot be repeated in the future.

Post Detoxification Developments

Netional Park Service rangers patrolling the Green River from the
upper boundary of Dinosaur Natlonal Monument to its exit observed fish in distress
at several points on September 13-15%. The probable arrival of the causatlive
agent was established at two locations within the menmument: BEeho Fark near the
confluence of the Yempa River, and at Split Mountain Campground near the Monument
herdquarters (Figure 11). Toxicant arrived at Echo Park shortly before 0600
hours, September 13; and at Split Mountain Campground sometime in the early even-
ing of September 1i. The large majority of affected fish were channel catfish.

Mo evidence of a Tish kill was observed below Split Hhuntain._;f

}f Oral communication with Chief Ranger and Park Naturalist at Dinosaur Naticonal
Morument
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A party of Utah and Buresu of Bport Flsheries and Wildlife personnel
arrived at Split Mountain on the morning of September 15 where the "ki11" had
been observed the previous evening. They noted in the area meny large and small
cyprinid fishes spparently unaffected. A blo-amssay run at that time was negative
for rotencne. It is possible that the fish seen the previous night were drift
from upriver. At the detoxification site fish had been nolticed passing under
the bridge both alive and dead as the front of the toxleant arrived. It is
possible that aggregations of dead fish observed for some distence below the
bridge resulted in wholg or in part, from this type of situation.

The river in the Momument courses through & series of canyons, the
gradiente of which are steeper than, or equal to, that of the canyon which Flaming
Gorge Dam has inundated. The U.8. Geologieal Burvey pauging station in the now
flooded canycn gave the mean velocity of the Green River as 2.60 mph on 16 August,
1952. A careful measurement of the U.8. Geologlcal Survey maps of Dinosaur
National Monument shows the following river distances separste the locatlons
mentioned.

Brown's Park Bridge to Upper Monument boundary 16.0 miles
Upper bouncary to Echo Park 18.5 miles
Echo Park to Split Mountain Campground 25.0 miles

Therefore, from the detoxificatlon bridge to Eche and Split Mountain
Canp is 34.5 and 59.5 miles, respectively. Mean river speed over the 16 mile
interval between the detoxification bridge snd the Momument boundary is known to
have been very near 1.0 mph at the time of the treatment. Sixteen hours would
elapse before water which passed under the bridge could arrive at the Morument
boundary. From there 1t would move downstream 18 miles in 7 hours at an average
rate of sbout 2.6 miles per hour. It would have taken another 10 hours te reach
the additional 25 miles to Split Mountein. To have produced the fish kills
noted on September 13 and 14, the causative agent would have had to pass the
detoxification site anywhere from 12 to 36 hours after operations there had
terminated. If the kill had been the result of incomplete detoxificatlon, the
toxicant would have had to have moved through the canyons at the very unlikely
speeds of less than 0.7 to 0.9 mph.

On September 24 through 27, personnel from the fisheries division of
the Utah and Wyoming Fish and Game Departments conducted an investigation of
disturbances at Islend Fark and Echo Park within the Mooument. Biologists from
the Bureaun of Sport Fisheries and Wildlife slsc performed s survey of the river
from Split Mountain Canyon to Echo Park in the weeks following the treatment
project {Azevedo, 1962). Unfortunately, heavy rains cccurred over the Upper
Green River drainage Immediately preceding the state sampling operations. The
river at the time was swollen and turblid. High weter made working with nets
extremely difficult, oand filled them with debris slmost as soon as set. For
this reeson only these two locations could be sampled with any degree of wvalidity.

Fish were secursed without undue effort once collecting methods which were
not affected by the turbid conditions were used. A list of the fish species
taken is presented in Table 10. Small fish were found in abundance. All species
except sunfish &nd shiner were represented by individuals from 6-16 inches in
length. At Echo Park again, both juvenile and mature individuals were taken except
for the roundtail chub, Gila robusta and the dace, of which only immature specimens
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Table 10. Fish Collections Made by State Agencles in Dinosaur
National Monument After Chemical Treatment Project

September 1952 hpril 1963
Species Island Park Echo Park Island Park 8plit Mountain
Flannelmouth sucker X X X X
Bluehead sucker X X X
Bonytail chub X X X X
Epeckled dace X X X
Carp X X X X
Colorado squawfish X X
Redgide shiner X X X
Green sunfish X
Humpback sucker X X
Black bullhead X
Channel catfish X X
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were obtained. During the sempling procedures many live aguatiec organisms were
caught and identified. Represetnatives of the principal orders were found,
including Trichoptera, Odonata, Ephemercptera and Diptera, and they were well
represented in all envirooments.

A second fish survey was conducted by members of the Utah and Wyoming
Fish and Game Departments in Dinosaur National Monument, April, 1963. The primary
purpose of thls effort was to galn additional knowledge of species composition
end relative abundance of fishes in the area. The locations sampled were Island
Park and the vicinity of Split Mountain Campground. Results were much the same
as before. Fish of ell sizes were secured in greater mumbers without difficulty,
and some species which had not been obtained during the September trip were
caphured. Table 10 also shows the species taken at each location.

& comparisom of the fish collected after the disturbance in Dinosaur
National Monument with data from surveys made before the treatment project is
presented in Table 11. Of the native species which were of concern to opponents
of the treatment program, all have been found adequately represented by these
surveys. The only fish which may have been slightly reduced in numbers by the
disturbance appears to be the Colorade or bonyteil chub, Gila robusta, and
possibly the bluehead sucker, Pantosteus delphinus. Present numbers of these
species in the Green Rlver and of course its tributaries, should return it to
its former status if the environment produced by Flaming Gorge Dam allows.
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Table 11. Evaluation of fish species found in the Green River within
Dinosaur National Monument after the treatment project; and
a comparison with the estimated composition from surveys
performed before the fish control project. 1/

Collected Before Collected After
September 1962 September 1962
Approx.% Approx.%
Of Total Of Total
Species Presence  Sampled Presence Sampled
Flannelmouth SBucker-Catostomus latipinnis X 15.9 X 5L.T
Carp-Cyprinus Carpio X 1.3 X .G
Bluehead Sucker-Pantosteus delphinus X b b X 0.6
Bonytail Chub-Gila robusta robusta and
Gila robusta elegans X T.-6 X .6
Channel Catfish-Ictalurus punctatus X 0.9 A 1.7
Squavwfish-Ptychocheilus lucuis X 0.1 X 0:3
Humpback Chub-Gila cypha 2/ X 0.1 X 0.1
Humpback Sucker-Xyrauchen texanus X 0.1 X 0.2
Black Bullhead-Ictalurus melas 0 - X -
Bedside Shiner-Bichardsonius baltesatus X 50.1 o 13.8
Speckled Dace-Rhinichthys osculus X 19.5 = 23.1
;j Data preceding treatment project from collections made by the

Utah Fish and Game Department in the wiecinity of Red Camyon
1959-1960, and augmented by records of the collections within
Dinosaur National Monument made by the Bureau of Sport Fisheries
and Wildlife Service (Azevedo, 1962).

2f Specimens obtained by Bureau of Sport Fisheries and Wildlife
personnel,
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Fipure 12. Pellet-type fish food dispensor which was used to distribute
crystalline potassium permanganste.



Figure 13,

Mathod of placement of permanganate dispensors through bridge floor.
iron straps on machine in foreground.
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Appendix A.

Green River Treatment Work Schedule
Utah-Wyoming Segments
Treatment Date - Week of September 3 or week of September 17.

FRE-TREATMENT PHASE

Period between July 10 & August 1 = Five days to unload trucks into warehouse
in Green River or Rock Springs. UHah
stake truck and pickup - two men to
gstore toxdcant for stations 20, 21, & 22,
and Henry's Fork Dralpage at Manila.

August 13 (If T-Day Sept. &) - Allen Bimns, Helms, two Wyoming summer
helpers and two Utah men start setting
up stations. Utah men move dry rotenone
to Pinedale.

Mugust 16, 17 & 18 - Airboat cperators run exploratory trip
on entire drainage - meet at Big Piney.
Jackson, Peterson and Erickson - Wyoming;
Dietz and Smith - Utah; Azevedo, Fish and
Wildlife Service.

- Two men from crew #2 and two Utah men
start putting toxicant into atationa
# 22, 20, & 15; three four-wheel drive
vehicles rigged with gin boom or pickup
box boom plus steel mats.

August 20, 21, 22, 23, & 24 - Operational Chiefs - Regenthal (Utah
Coordination Meeting - Court Eiserman (Wyoming)
House at Green River, Wyoming

Field Chiefs - Peterson (day-Wyo.)
Jackson (night-Wyo.)

Bosley (Wyoming)
Garbutt (Wyoming)
Helms (Wyoming)
Stone (Utah)

Asgt. Fleld Chiefs

Rollefson
Viox
Millis
Mueller
Kanaly
Williams
Bockett
Hales
Livesay

Section Foremen

Helicopter Pilot - J. Burr

Ground Assistant - Pete Lange
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PRE-TREATMENT FHASE

August 23, 24
Coordination Meeting - Court
House at Green River, Wyoming.

Mgust 27 (If T-Day Sept.h)

To distribute to 8 field stock
piles loecated at Blacks Fork Dr.
(1), south of Green River City (2),

Fish & Wildlife -
Serv. Coordinator

-~ Chief of Fisheries -

-~ Transportation and -
Communication Staff

= Commissary Chief -

= I & E Personnel =

- Inter-Agency -
Coordinator

- Helms and Stone in charge.
bution of toxicant out of Green River Cilty

between Green River and Sommers Bridge

(4) & Big Sandy Dr. (1). Ome stock
plle set up at Manila at the time
toxicant delivery in July. Toxicant

- Fork Lift
Three large flat-

for Station #8 to be stored at Bur. of bed trucks -

Rec. camp at Fontenelle damsite.
Toxicant for Station #13 to be stored
at Jack Wilsons.

Location for distribution by

pickups. Heliecpter distribu-
tion during cperation &s needs
demand and for Blacks Fork Dr.

* Rigged with pickup box boom
# Winch trucks with booms

One stake body
truck -

=~ Twelve pleclkup trucks 1
(3 with gin booms 2
& 5 with pickup box 3
booms ) I
5

6

T

8

9

10

11

12
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Bob Azevedo

Andriano (Utah)
Beal (Wyoming)

Arnoldi

Ray Arey

W. MeReel
Jack Conley

Keminski
Ruskanen
Rawley

Reynolds

Earl Thomes

Rich
Basye
Adams

Raper

= Kent#¥*

= Kozas

- Hulse#®

- Livesay®
- Miller*

- Mueller#
- Millis#

= Hudelson
- Leo Rogers
J. Wilson
- P. Lange
- Q. Viox

= Two fork 1lifts for loading at warehouse
and a good number of old tires to faclli-

tate unloading.

Start distri-
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Appendix A (cont'd)

PRE-TREATMENT PHASE

August 27 (If T-Day Sept. 17) - Btart setting up stations - ecrews as indi-
cated for August 13.

September 1 - Pinedale field crew make final readings on
all flow gaging stations and set up all
Big Sandy Creek stations. Utsh set up
Henry's Fork, Birch Creek and all tributary
stations on Green River in Utah.

TREATMENT FHASE

September 3 - At Big Piney - Initial Headquarters - & A.M.
final meeting for distribution of flow data,
tools and last mimute instructions. Opera-
tional Chiefs, Field Chlefs, Asst. Field
Chiefs, Section Foremen, Transportation
Commmication Staff and all Green River and
Few Fork Crev members.

A1 treatment personnel at designated lodg-
ing sltes.

September 3 - At Big Piney - 1 P.M. Final meeting of
Operational Chiefs and Field Chiefs with
airboat units and supply crew, Commissary
Chief, helicopter pilot, ground assistants
and all supporting personnel.

Beptember 3 - Assistant Fleld Chlefs and Section Foremsn
supervising the "setting" of toxicant sta-
tions for proper flow*. Work obligated
ag follows:

Green River crews 1 through 7 set up Green RHiver stations 1 through T respectively
and familiarize personnel with area.

Green River crew #2 - set up Cottonwood station afternoon prior to treatment.
Green River crew #3 - set up Muddy Cr. (if flowing) and North Piney Creek stations.
Green River crew #4 - set up Middle Piney Creek and South Piney Creek.

Green River crew #6 - set up LaBarge Creek station.

Green River crew #7 - set up Fontenelle Creek.

New Fork crews 1 and 2 - set up New Fork stations 1 and 2.

New Fork crew #1 also set up East Fork station.

Big Sandy crews #l through b - arrive at lodging - Farson, evening of T minus 2.

Sectional Chief at Farson to distribute flow data and assist Blg Sandy crews at
gtations on T Day. BSecticn Chief stay at Farson until Big Sandy job is complete.

* Setting stations means installing valves and making initial flow checks - when
stations to be "set up" stands & barrels will have to be put in place.
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TREATMENT PHASE

September 3 (cont'd)

= B0 =

Helms, Dotson, Rollefson, Kanaly, Moeller, Williams responsible for setting these
stations as indicated on individual Job responsibility sheets.

Those assistant field chlefs and section foremen not obligated on this date spend
day going over sections they are responsible for.

Date Time

Sept. 4
(1st day)

8 a.m.

8 a.m.

11 a.m.

11 a.m.

P.M.

1l p.m.

2 p.m.

_i. P.l.'ll.

"} P-ﬂh

Job Scheduled

Start treatment - all main river stations

run seven hours. (Blacks Fork, Henry's Fork,

and minor tributaries will run six hours.)

All crews should be on station no later
than 5 hour prior to treatment time to
"get" stations and to check toxicant flow.
At the end of treatment period crews will
take all barrel valves and couplings.

Green River Crew #1 start Green River
Station #1

New Fork Crew #1 start New Fork Station #1
Green River Crew #2 start Green River
Station #2

New Fork Crew #2 start New Fork Station #2
Utah Special Crews arrive at Manile
ledging sites.

New Fork Crew #1 (1 man) start Bast Fork
Station

CGreen River Crew #3 start Green River
Station #3

Green River Crew #8 move barrels to Station
#8 from Bur. of Rec. camp - set station in
morning (Sept.5) need truck with boom.

Millis start Cottomwood Cr. Statiom.

Relieved by Green River Crew #1 at 5:30 p.m.

(1) Acts as section foreman for start of operation.

Responsibllity

Asst.Field Chiefs
and Foremen

Peterson-Field
Chief on Duty

(Helms)
Stone (1)

(Helms)
Kanaly

(Helms)
Stone (1)

(Helms)
Kanaly

Livesay
(Helms)
Kanaly

(Helms)
Rollef'son

Mueller

Garbutt
Rollefson
Millis (assist)
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TREATMENT PHASE

Date

Sept.h

Time

5 DM,

& p.m.

9 p.m.

11 p.m.

Bept.5 12:00
(enl day) midnight

2 A.m.

3 a.m.

3 a.m.

Job Scheduled

Green River Crew #i start Green River
Station 4. Helms - at the end of this
day move to Black's Fork Drainage, if
flowing, and take charge at toxicant
stock pile location Sept. 5 at 6 a.m.

Green River Crew #4 start South Piney
Cr., Middle Piney Cr., North Piney Cr.
One man from this crev starts stations
assisted by Section Foreman (Rollefson).
After stations are started, this one man
makes contimicus rounds of all tributary
staticne - other crew member remains at
Green River Station #4. At 8 p.m. the
erew member tending the Piney tributary
will zlso start the Dry Plney and Muddy
Creek station, if flowing.

Green River Crew #5 start Green River
Station #5.

Green River Crew ## start Dry Piney and
Muddy Creek if flowing (see 6 p.m.
obligations).

Big Bandy Crew #l start Big Sandy Station
#1 at confluence of Big and Little Sandy
Creeks.

Green River Crew #6 start Green River
Station #6.

Big Sandy Crew #2 start Big Sandy Station #2

Green River Crew #7 start Green River
Station #7

Big Sandy Crew #3 start Big Sandy Station #3

Green River Crew #7 start LaBarge Creek
Stetion.
Foreman start atation.

Green River Crew #8 start Green River
Station #§8.

One man from Crew #7 and Ssction
Bun for six hours.

-61-.

Responsibility

(Belms)
Rollefson

(Garbutt)
Rollefson
Millis (Assist)
and Stone

Jackson-rield
Chief on Duty

(Garbutt)
Rollefson

(Garbutt)

Rollefson, Mueller re-
lieve Rollefson of
foreman responsibility
gfiter stationis started

Bosley
Williams
(Garbutt)
Mueller
Williams
Garbutt
Maeller

Willlems

(Garbutt)
Mueller

Peterson-Field
Chief on Duty

(Garbutt)
Mueller
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TREATMENT PHASE

Date

Time

Sept.5

G m.m.

10 a.m.

11 a.m.

2 'pim.

2 pam.

5 p.m.

6 p.m.

8 p.m.

e

Job Scheduled Responsibility
Big Sandy Crew #4 start Big Sandy Station (Garbutt)
#+. Rollefson relieve Williams by 8 a.m. Williams
(Through at 1 p.m.) Rollefson

If Black's Fork is flowing helicopter and Helms
support crew start putting out barrels on Stone (Asst.)
stations 2,3,4,5, & & on Black's Fork

Station 1 distribute by pilclkup.

Utsh Special Crews start back-pump trestment Livesay
of Manila area irrigetion complex.

Green River Crew #1 start Green River Sta.#9. (Helms)l

Kanaly relieve Mueller at this time. Mueller, Kanaly
Green River Crew #1 start Fontenelle Sta. (Helms)
One man from crew #1 and Section Foreman Kanaly

start station.

Green RiverCrew #2 start Green River Sta. #10. (Helms)
After Green River Station #10 is running, if Kanaly
Black's Fork is flowing, Helms to move to

this area of responsibility.

Green River Crew #3 start Green River Sta. Stone
#11 (if Black's Fork not flowing, Helms Viox
assist Dotson).

Green River Crew #5 and Rockett and Williame Rockett
(with boom truck) move toxicant from Wilson's
yard to Green River Station #13.

New Fork Crew fl start Black's Fork Station HklmﬁE
#1 (if flowing). (Millis assist)

Green River Crew # start Green River Sta. Stone
#l12. Viox

tone -Bosley-Jackson make sure valves are
vailable for Henry's Fork, Birch Cr., Jackason-Field
arter Cr,, Sheep Cr. and Spring Cr. Opera- |[{Chief on Duty

ion scheduled for a.m., on the following day |

New Fork Crew #2 start Blacks Fork $2 (if Helms
flowing). (Millis & Willisms
assist)

Green River Crew #5 start Green River Sta.#13 (Stone) Viox

L1r Black's Fork is flowing, Helms will be in charge of treatment in that drainsge and
Field Chief to take Asst. Field Chief duties on Stations 9 & 10 and Fontenelle Creek.

®Act ns stream section foreman for this phase of cperation.
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TREATMERT PHASE

Date Time Job Scheduled Responsibility
Sept.5 9 p.m. Big Sandy Crew #l start Blacks Fork Station (Garbutt)
#3 (1t flowing). Helmsl
11 p.m. Green River Crew #6 start Green River Sta.ffll. (Bosley)
Viox
Sept 12:00 Big Sandy Crew #2 start Blacks Fork Station # Garbuttl

2 a.m.  Green River Crew #7 start Green River Station (Bosley)
#15. This station is hard to get into - Rockett
Rocket should take crew in with a four-wheel
vehicle.

3 a.m. Big Sandy Crew #3 start Blacks Fork Sta. #5. Garbuttl

5 a.m. Green River Crew #8 start Green River St. #16. (Bosley)
Bogley take over SBeection Foreman duties and Rockett
make sure crew is located on station. BStone
relieves Bosley by T:30 a.m.

& a.m. Set up Blacks Fork block. Peterson-Field
Chief on Duty

6 a.m.  Big Sandy Crew #4 start Blacks Fork Sta. #6. Garbuttl

6 a.m. If Blacks Fork 1s now flowing, helicopter Helms - Garbutt in
start treating this drainage. Use Big Sandy coordinate operation
Crew #1 and helicopter support crew to assist.

8 a.m. Green River Crew #1 start Green River Sta. #17 Hales

(8tone)
8 a.m. (Utah Special Crew #1) Lives
Henry's Fork Crew #1 (Utah) start Henry's (8tone

Fork #1
8 a.m. Utah Special Crew #1 start Birch Creek Sta.#1 Stone (Livesay)
9 a.m; Kent snd Utah man start Blacks Fork Sta. #7 Hales
if Blacks Fork is flowing, if not flowing,
continue to help helicopter.
11 a.m. Kanaly and Millis start Henry's Fork Sta. 2 Stone (Livesay)

11 a.m. Green River Crew #2 start Green River Sta. #18 Hales
&t 4 ppm.

loct as stream section foreman for this phase of operation.
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TREATMENT PHASE

Date Time

Sept.6 11 a.m.

12 noon

2 p.m.

2 p.m.

b p.m.

5 p.m.

6 p.m.

T p-m.

8 p.m.

9 p.m.

11 p.m.

11 p.m.

Sept.7 & a.m.

hth day

AI H'

T a.m.

- 6b -

Job Scheduled Responsibility

Utah Speciel Crew #l start Birch Cr. Sta.f#2. Livesay (Stone)

Hah detoxification personnel report to Regenthal
Clay Besin Lodging - Colorado personnel Post
report to guarters.

Green River Crew #3 start Green River Sta.#19 Hales

New Fork Crew #1 start Henry's Fork Sta.#3.
(8tart Spring Cr. Sta. at 6 p.m. 1 man).

Viox (Stone)

Jackson - Field
Chief on Duty

Utah man into Eagle Creek Station Livesay (Btone)

Williaems and Hales
(Bosley)

(Utah Special Crew #3)
Sheep Creek Crew start Sheep Creek Station

Green River Crew #i start Green River Sta.#20 Williams end Hales

(at b ppm) Four wheel drive recommended. (Bosley)
New Fork Crew #l start Spring Creek Station (Bosley)
Run for three hours. Viox

Sheep Creek Crew start booster Sta. #2 Livesay

Green River Crew #5 start Green River Sta. Williams (Bosley)

#21 (et & ppm.)

(Carter Creek Crew) Utah Special Crew #2.
start Carter Creek Station.

Livesay (Stone)

Utah man start Eagle Creek Station (in p.m. (Stone)

3rd day, out a.m. of kth day.)

Green River Crew #6 start Green River Sta.#22 Mueller (Bosley)
Gt 3 vpm). Know this station-tough to get into.

Take crew in with four-wheel drive vehicle.

Henry's Fork Crew #1 start Cart Creek Station Hales (Stone)

Regenthal take over
Field Chief Duty

Detoxification personnel set up station and Post
material.
Utah man start Skull Creek Station (in a.m. Hales (Stone)

bth day - cut after 4 p.m. 4th day).
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TREATMENT PHASE

Date Time

Sept.7T 8 a.m.
bth day

8 n.m.

10 a.m.

Sept.8 8 a.m.
5th day

- 65 -

Job Scheduled Responsibility

Utah man start Treil Cr. Station (in a.m. Hales (Stone)
kth day - out after 4 p.m. bth day).

Utah man start Allen Creek Station (in a.m. Hales (Stone)
Lth day - out after 4 p.m. hth day).

Henry's Fork Crew #1 (Utah) walk in and Hales (Stone)
operate Dutch John Draw Station.

Jackson to assist
if necessary

Al]l Utah Crews working sbowve dam and Colorado Post - Regenthal
personnel report at detoxification site to Stone
assist in set-up.

Start primary detoxification stetion; run
until detoxification of rotencne complete
as indicated by live cage tests (approx.

2k hours).
SUPPORTING CPERATION
Adrboat Crews Responsibility
Bept. 3 1 p.m. Big Piney - meeting, pick up flow data and Operational Chiefs

Sept.4h 11 a.m. to

11 a.m. to

equipment. Final briefing with all support (Regenthal-Eiserman)
Eroups.

Familiarization with Upper Green River and
lNorth Fork area. OSupporting personnel
plck up toxicant emulsified and dry rotenone.

7 p.m. Airboat #1 (Wyoming) start patrol and
treatment of Green Biver. Treat backwaters with
emilslfied rotencne and spring & seepage areas by
"staking in" dry rotenone sacks.

7T p.m. Airboat #2 (Utah) start patrol and
treatment of New Fork areas. Treatment by
airboats will have to be coordineted and

operated based on flow schedules. Airboat

crews will have to operate as observations and
Judgement indicates. Each airboat will heve a
supporting pickup truck for supply and pick up

of crews. These supporting personnel will be
Wyoming Game Wardens familiar with the drainage.

No airboats to operate after dark. A third airboat

is also expected to be operating for observation
and emergency assistance.
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TREATMENT FHASE

SUFPORTING OPERATTIONS

Adrboat Crevws

Time Job Scheduled Responsibility

Sept.7

Date

6 a.m. to T p.m. Airboats #1 and #2 will coordinate Operation Chiefs
their efforts on treating the Green River. Regenthal-Eiserman
It is expected that the day will be divided
to allow for relief of crews.

6 a.m. to T p.m. Airboats #1 and #2 will coordinate their
efforts on treating the Green River. It is
expected that the day will be divided to allow
for relief of ecrews. Finish operation upstream
from canyon rapids (Disaster Falls). Utah air-
boats assist in transportation of equipment to
Eagle and Carter Creeks.

Uteh ailrboats to transport personnel and equip-
ment in and out of gorge area.

Helicopter Group

Time Job Bcheduled Responsibility

Sept.3

Bept.h
1st day

Sept.5
end day

Sept. 6
3rd day

Sept.T

8 a.m.  Meet at Big Piney airport for coordination (Regenthal-Eiserman)
and familiarization of work plans. Ground Asst. P.Lange

1 p-m. Meet with all Support Groups at Big Piney.

8 a.m. Start on New Fork, Bast Fork and Green River
sections. Treat all isolated water adjacent
to river. Conbimie downstream independent of
river treatment - work with a 3-man ground
crew (2 pickups and utility trailer) to
supply toxiecant, gas and food, one pieclup
Wwill be rigped with transfer pump and spray
undt.

8 a.m. If Black's Fork is flowing, move toxicant to Helms
set up stations on this drainage for drip flow
treatment. If Black's Fork is not flowing,
econtimie treatment of isolated waters off
Green River.

6 a.m. If Blacks Fork is not flowing, start Helms
treatment of this drainage.

3 p.m. Transport materiagl to Eagle Creek and Regenthal
Carter Creek.

T a.m. Transport material and men in canyon areas. Regenthal
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TREATMENT PHASE
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SUPPORTING OPERATIONS

Commissary Use Game Div. Trailers #1 (15 ft.) and #2 (35 £t.)
Date Time Job Scheduled Responsibility

Sept.3 8 a.m.

Sept.hk
lst day

Bept. 5
2nd day

Sept .6
jrd day

Sept.T
bth day

Conley meet at Blg Piney with Operation Group Conley
Move ecommissary trailers into place - one

(trailer #1) parked at the junction, Farson-

Blue Ridge Rd. (Big Sandy Opr.) and one

parked at & "to-be-designated spot" south

of LaBarge. This unit to work wouth with

Green River crews on the LaBarge-Green River

cut-off road (trailer #2). Use commissary

trailer #2 as field headquarters.

Have commissary trajilers eguipped with portable
radio; sandwiches, eoffee; pop and water by noon
this date. Alsc trucks towing trailers should
have (1) 55-gallon drum of gas for emergency use.

At 9 a.m. this date secure Big Sandy Opr.
trailer #1 and move to a "to be designated
gpot" nesr station #15 and 16 by 3 p.m. this date.

LaBarge-Green River commissary trailer #2 con-
tinue to move south with operation. This trailer,
at about noon on this date, should be in the
vieinity of Green River Station #10 and by 9 p.m.
should be near Green River Station #12 and #13.

At about 1 a.m. this date, have commissary trailer

#1 cperating near Green River Station #15. At about
5 p.m. this date, commissary trailer #1 should be
operating near the Junctlion of Manila-Duteh John Road
to service persomnel on Stations #20, #21, #22 and to
check in tools and equipment at the termination of
operations.

At about 10 a.m. this date have commissary Conley
trailer #2 operating at a "to-be-designated"

spot south of the junction Manila-Henry's

Fork road to service Henry's Fk. Statlons

and Btations 18 and 19 and to check in tools.

Secure all commlssary trailers at noon this date.
Park trailers at J. Wilson's place-Green River.

A roster of designated sleeping areas for
personnel will be kept at each commissary trailer.
In addition, coordination perscmnnel will consider
commissary trailers as mobile headguarter units

and portable radios will be on hand. A&t the end of
the trestment phase, tools will be checked in to
commigsary trailers #1 or #2.
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TREATMENT PHASE

Genersal

Date Time

Sept.3 8 a.m.

Sept.3

Sept. 3,
b, 5t

- 68 -

SUPPORTING OPERATICHNS

Job Scheduled Responsibility

Those Administrative and I & E personnel
degiring to meet on final briefing meeting
to be in Big Piney on this date. All T & E
and Administrative personnel sleep at Pine-
dale this night.

Communications personnel meet at Big Piney J. Arnoldi
for final briefing.

I & E personnel arrange for coordination of
visiting dignitaries.

Note: All I & E personnel and Administrative
personnel will have lodging only if arranged
for in advance. In no case should this group
take over Game and Fish lodging if not
previously arranged.

Special studles and post-treatment crews to
cperate independently of cperation - lab trailer
to be used for lodging for this three-man team.

Trout salvage. Two crews designated for these Huggins
duties shall follow the cperation downstream
on the New Fork and Green River during the day-
light hours of Sept. 4 and Sept, 5 to at least
Station #8 at the Fontenelle Bur. of Rec. Camp.
These crews shall come equipped with ieing
facilities to transport trout to the freezer

at the Boulder Rearing Station for later dis-
tribution to Btate institutlions at Lander,
Fvanston and Rawlins. Buggest that a fish
distribution truck and tank from Daniel and
Boulder be used for this Job. Meet at 1 p.m.
on Sept. 3 for final briefing.

Clean-up personnel will be on standby for
Sept. 4,5, and 6 - will act as liaison units
and general asssistance 1F not needed for
clean up. To work out of commissary trailer
gsetup. Will also assist Hugglns 1in trout
salvage.

A1 tools end operational equipment in possession
of personnel at the end of thelr obligation periled
ghould be checked in at the commissary trailers.
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POST TREATMENT

Date Time
Sept.7 8 a.m.

-59-

Job Scheduled

Personnel as designated below for station dismantling
and barrel pleck-up meet at Game Warden station in

Green River (Jack Wilson), Peterson and Helms in
charge. Wyoming crews to pick up all stations to

Green River #19 and Black's Fork; Utah crews to pick

up below this station, Henry's Fork and tributaries.
Wyoming to stock pile barrels, hose and posts at the
Boulder Rearing Station. Operation should be completed
by the evening of September 10.

Equipment needed - two large flat bed trucks, cne dump
truck, one pickup rigged with a boom, one pickup rigged
with a hox hoist.

Larry Peterson Rodzinak Bill Helms
Dean Rich R. KHent Jim Pritechard
J. Hulse B. Wiley E. Basey

Jim Mediate
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Appentdix B. DMagrammatic Outline Of The Treatwent Gchedule
Which Was Supplied To ALl Fleld Fersomnel.

Asgt.F.
Chief

Helms

Helms

Gartutt

Helms

Helms

Garbutt

Garbutt

Garbtutt

Bection I
Op.C. Regenthal - Elserman
Fleld C. Peterson (Jeckson 6 P.M.)

Bection
Foremen River Crews
Btone JGR #L
crew) G.R. Crew #1
gtart) B A.M.-T
Lodge) Blg Piney T-2
Pinsdale T-1 Hew Fork f1
Kanaly (Hext) Relieve Millis New Fk.Crevw gl
Cottonwood 5:30 (s) 8 A.M.-T
(L) Pinedale T-2
Rollefson (Cottonwood Or. @ Finedale T-1
Milils(G.H.Crew #1) (H) Blacks F.§1
Kanaly En; b P.M.-T
N) G.R. #9 East Forlk
tew Fk.Crew #1
Stone (1 man)
r{a ? {g) 1 P.M.-T
]_I_ E1M| "T
Kanaly {L)Big Piney T-2,T-1 Hew Fork # 2
(n) o.R. # 10 New Fk. Crew §2
Esi 11 AM.-T
L) Pinedale T-2
Rollefson  GH ﬁ Pinedale T-1
G.R. Craw # 3 Faroon-T
Eas 2 P.M.-T (W) Blacks F.f2
L) Big Piney T-2,T-1
N)G.R. #11
Rollefson H.MiA.8.P4
Millig G R. Crew ﬁ #
+ ﬂ 6‘ P HF'II'
Btone Asat.
Rollefson GR §f 4 [
G.R. Crew #4
(s) 5 P.M.=T
(L) Big Piney T-2,T-1
(N) G.R. 12
Rollefson Dry Piney-Middy @ —
Millis G.R. Crew
& (s) 8 P.M.-T
Btone Anat.
Rollefson GR #5 ®
n.ﬂ. Crew # 5
8 P.M.-T
Pinedalo T-2
Big Piney T-1,T
(u) on # 13

Support
MArboats

Adrboat # 1 Wyo.
G.R. to 8ta. #9
{L) Big Piney T-2,T-1
(¥)G.R. #9 thru #17
Airboat § 2 Utah
Hew Fk. and G.R.
to Sta.§ 9
EL Big Piney T-2,T-1
H)G.R.#9 thru 417

Hellecopter
T-G.R.far as possible
{L;Bi.g Piney T-2,T-1
Supply Blacks Fk.
if flowing or
treat G.R.

Commls
Trailer E
T-1,T June.Parson
Blueridge Bd.
{H)move to near
GR #15
Trailer #
A.M. T-1 south of

Labarge
(R) move with CP.



Appendix B (continued)

Bection 2
Field C, Jackson (Peterson 5 a.m.)

Aesst.F. Bection Buppeort
Chief Foremen
Mrbosts %tE
Garbutt Maeller Labar Cr. i— G.R. Sta. 1
GR Crew E } Big Piney - T
(s) 38.m. T+1 G.R.#17-Rapids
Garbutt Mueller Ga-H. Ilelicgt-er
G.R. Crev #6 f T+1 Bupply Biks.F.
En 11 p.m.=T ir r:r.w:lng or treat
1) Pinedale T-2
Big Plney T-1,T7 E HgPiney-'I'
(K) G.R. #14 Bpray Dlack 8F. 1f
Garbutt  Mueller G.R. @ nec . ,-Trans . Mat . /men
G.R. Crev #7T in-cut Gorge-Spray
EB; 2 a.m. T4l Remainder G.R.
L) Pinedale T-2
() Pig iﬂ.nﬂ}r T-1,T
Bosley Willism N) G.R.#15 Bi il Commiss
B.B. Crev #1 Trailer il
8) 9p.m. T a.m. T+l move to
Garbutt Hueller G.R. ‘ gLé Farson -T G.R.-Linwood RD.
G.1. N) Blacks Fk. #3 near GR f15
5 B.m. T *1 Trailer
L; Plinedale T-2 Move with OF. to
Big Piney T-1,T G.R. Wyo. by 5 p.m.
(m) G.B. # 16 T+1
Williams Bi
B.E. Crevw
Helms Eanaly G.R. E 8) 12 M.-T
gu} Bam T+1 N) Blacks Fk.#
L) Big Piney-T
Williama ng G.R. #17
B.B. Crew #3
Holms Ennaly Fontenelle Cr.  @— ) 3am. T+1
G.H. Crew gLi Paraon =T
(8) 10 nom. T+ 1 N) Hiacks Fk. #5
Garbutt Williams
+ 8. Crew
Rollefecn ﬂg 6am T+1
Helms Kanaly G.H. F10 L) Farson -T
G.R. Crew #2 H) Blacks Fk. #6
) 1) a.m. T+ 1
zl Blg Piney - T
) G.R. #18




Appendix B (contimied)

hast.F. Bection
Chief Foremen
Stone Vion
Helms
Millias
{asst.)
Btone Viex
‘Helms
Millis
+
Williams
Anat.
Stone Vion
garbutt Helms
Bosley Viox
Garbutt
Garbutt
Bosley Rockett
Carbutt
Bosley Rockett
Stone Hales

Gection 3
Fleld C. Peterson {Jackﬂvm 5 p.m.} Peterson 5§ a.m, + 2

Blecks Fork # 1
Rew Fork Crew #1

iaé Fpm. T+ 1
L) Parscn T
N) Henry's F. #3

Blacks Fork §2

Hew Fork Crew # 2
Gpm. T+ 1
G‘lR- T+_L
off

L
H

Blacks Fork

Sandy Crew
8) 9 p.m. T +
L)G.R. T +1
H) off

#1
1

El&ckaForl:ﬁh
Bﬂndyﬂraw#ﬂ
12 M. T+ 1
G.R. T +.2

Bandy Crew i
E?Eam T+ 2
Ll G.R. T+ 1

Manilas T + 2
(W) Btandby T + 3
¥

Support
Heliecpter
&R 13 L i
G.R. ¥ 3 T+2 Treat Blk's
g) 2p.m T+ 1 Fork
L) Big Piney T if nec.-Trans. men
(W) G.R. # 19 + mat. to Gorge Area
+ out again
Spray remsining
. G'IR‘ 12 GIR'
G.R. Crew # & EL% G.R. T+ 1
?iSp.m.T-l-l H) Trans. Gorge area
Big Piney T
N) G.R. # 20
Commiss
Trailer i 1
G.R. ﬂ 13 Follow Oper. to

?

G.R. Crew § 5 Linwood Bridge by

) Bpum. T+ 1 Sp.m T+2
Lg G.R. T+ 1 Trailer F2
M) G.R. # 21 Follow oper. to Manila,

utah by 10 a.m. T2

@ C:B. 1h

G.H. Crew § 6

5) 11 pom. T + 1
L; GlHi T + ].

H) G.R. # 22

@C.R #1
G.R. Crew §7
g)2am T+2
G.E. T+ 1, T+ 2
éﬁigP:l.neyT-l-l (day)
aff

Blacks Fork
Kent and Fields
Eﬂ Dam T+2
N) Fields-Standby T43

GiHI ]-E

G'RI I'awW ﬁ

g S am. T+ 2

L) Big Piney T+1 (day)
L) GR. T+ 1

N) off




Appendix B (comtimued)

Asst.F. Bection
Chief Foremnen
Stone Halea
Stome Livesay
Stone Liveasy
Stone Halen
Stone Viox
Bosley Hales
Btone Livesny
Stone Livesay
Bosley Holea
+
Williams
Stone
Btone
Williams
Stone Halea
Btone Hnles
Btono Halea
Bosley Mieller
Btona Hales

Bection b
Field C. Peterson (Jeckson U p.m.) Regenthal £ m.m.

G.H. gl
G.H. #1
#1 8) B a.m. T+ 2
n.m.T+e L) GR. T+ 1
Manila T+l, Te3 H) off
Cart Cr.
's F.
%Eﬁ! @ G.B. 18
11l aim. T + 2 G.H. W ﬁ
{Iﬂ.T+2 o) 11 a.m. T+ 2
L) GuR.'T + 1
H) off
's H:.
2 Fl-i T + 2
ﬂ.ﬂ,. T+1; T+2 G.H. # 1
G.R. Crev §3
8) 2 Pama T+2
L) G.R. T+1,T+2
H) off
E pom. T42
Manila T+1,T42
Fish col.
TE.R-
B 9 P-E: ™2 ] 5- #lli T"‘E
L) Manila T+l, T+2 L) G.R. T+1,T+2
H) Fish Col. N) off
Carter Cr. &—
L1 - m“
8) 9 p.a. TH2
L) Manila T+l ,T+2
H) Detox.
-—
' i-Ri-

11 Pl ﬂ' R. m‘ ﬁ
{gl'hnilnﬂl,ﬂE & pom. Te2
Detoo. L G.R, T+2

N} off
Skull Cr. ]
Flelds
8) T a.m. T+3
L) Manila T+2
mml
'rn.u Cr. -5
E a.m T+3
Manils T+2
Dot .
AMlen Creek o
Stevenn
5] 8 a.m. T+3
L) Manila T42 B, f B
) Detox. G.R, Crew
8) 11 p.m. T2
L) G.R. T+2
Cart + Dutch John fy—/ () off

ory's

6 a.m. T+3
L) Clay Basin T+3
H) Detox.

Bupport

T+2 Treat B.E:. ﬁ%

to raplds - Trana.
men,/mat. to

Garge
H G.R. T+, T+2
N) Btandby

msﬁ

%I.k n.n. T + 2

Commis
ler
sﬂﬂm" Pem: T * 3
Prailer §i2
Becure FPM T+3

-Ta_



Appendix C
Sept. 3 -

Sept. 4 -

Sept. 5 =

Sept. 5 -

Eept. 5 "

- s
A Sample Page of the Sleeping Roster Given To All Personnel

Special Study Group (Binns, Mediate, Mitchum) sleep and eat in field
trailer through entire project.

Big Piney:

Finey Motel - Peterson, Millis, Gtone, Conley, Fike, Parks,
Rogers, Burnap.

Frontier Hotel - Eiserman, Azevedo, Regenthal, Helms, Green River
Crevs 1,2,3, & b4 (8 mﬂns airboat and support (6 men).

LaBarge:
Red Cliff Motel - Mueller (day, Garbutt (day), Rollefson, Green River
Crews 5, 6, T, & 8 (8 men), Arzy & McNeel (1 day
and 1 night), Jackson (day), Helms.
Pinedale - Helicopter group (7 men), Beal, Andriano, Garlic (& 2 men),
Crane, Jiacoletti, I & E and coordinator personnel (8 men),
fish salvage (3 men) and Huggins.

I & E; Chservation and Administration Personnel make arrangements for

their own lodging after this date.

Farson:

Sitzman Motel - Williams, Bosley, New Fork Crews 1 and 2 (4 men),
Big Bandy Crews 1, 2, 3, and 4 (7 men).

Green River City - WViox (at home).
Star Motel - Rockett, Stone and Hales.

Commissary Personnel - sleep with trailers to Sept. 6.

LaBarge:

Red Cliff Motel - daytime only - Green River Crews 7 & 8 (4 men),
fish salvage (3 men) and Huggins.

Green River City:
Ster Moiel - Jackson, Peterson, Regenthal, Azevedo, Kanaly, Fike,
Eiserman, Williams, Bosley, Stone, Rockett, Mueller, Millis, Conley,
W. McNeel, Arzy, airboat units and support (7 men), helicopter
group (T men), Big Sandy Crews 1, 2, 3, & 4 (6 men).

Desmond Motel - Green River Crews 1,2,3,4,5,6,7,& 8 (16 men), New Fork
Crews 1 & 2 (4 men).

At home - Wilson, Long, Viox, Arnoldi and June.
Green River City (Viox at home):

Star Motel - Jackson, Peterson, Regenthal, Willliams, Azevedo, Kanaly,
Millis
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Appendix D Example of Individual Work Schedule For A Section Foreman

Work Schedule-MUELLER

Equipment needed - pickup, sleeping bag
August 20 to 24 - Attend coordination meeting at Green River.
September 3 - 8:00 A.M. Big Piney final briefing.

September 3 - Set up and put in order Green River Btations #6 & #7, and LaBarge
Creek Station.

September 4 & 5 - A.M. - sleep late, you are on duty all night September 4 and 5.

3:00 P.M. - move toxicant from Bureau of Reclamation Camp at
Fontenelle to statlon loeation.

11:00 P.M. - start and operate Green River Station #6 followed
by Green River Stations #7, #5 and # 9 and LaBarge Creek.
Relieve Rollefson at 8:00 P.M. on Green River Station #5. You
are relieved by Kanaly after starting Green River Station #9
at 8:00 A.M. on September 5.

September & - Pick up four wheel drive vehicle from Rockett. Allow plenty
of time to get into Green River Station #22. Take crev in
with you.

At 11:00 P.M. start to operate Green River Station #22 using
Green River Crew #6.

September T - 6:00 A.M. - Secure Station #22 end return to Green River for

sleep. Pick up first aid kit, tools and valves from crew.
You will work with Green River Crews #1, #6, #7, and #8 - Rollefson, Kanaly,
Garbutt, Helms, Stone and Bosley.

You will sleep at LaBarge September 2 and 3rd; sleeping bag September b
(if possible).

September 5 - Green River (daytime);
September 6 - Sleeping bag (if possible);
September T - Green River (daytime) if desired.

Terminate obligations September T after 8:00 A.M.
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Appendix E Example Of An Individual Work Schedule For A Station Crew Member.

GREEN RIVER CREW WORK SCHEDULE

Green River Crew #1 J. Einerson

Equipment needed - 1 pdekup
September 2 - Bleep at Big Piney
September 3 - 8:00 a.m. - Big Piney final briefing

September 3 - Set Green River Station #1 to familiarize yourself with equipment,
work plan and area of cobligation. 8leep at Big Piney.

September 4 - Be at Green River Station #1 by 7:30 a.m. Start station at
8:00 a.m. at flow indicated on flow data sheet. Station terminates
at 3:00 p.m. Take barrel valves and fittings. Go to Cottonwood
Creek Station and reldieve Millis by 5:30 p.m. Terminate station
at 10:00 p.m. Stay at lodging at LaBarge. (Dotson is Section
Foreman; Helms is Assistant Field Chief

September 5 - Be at Green River Station #9 by T7:15 a.m. Rig valves and set
flow. BStart station at 8:00 a.m. at flows indicated on flow
data sheet. Station terminstes at 3:00 p.m. Take barrel valves
and fittings.

10:00 a.m. - Une man and Section Foreman Kanaly start Fontenelle
Btation. Terminate atation at 5:00 p.m.

Stay &t lodging at Green River City. (Kanaly is Section Foreman;
Helms is Assistant Field Chief)

September 6 - Be at Green River Station #17 by T7:15 a.m. Rig valves and set
flow. BStart station at 8:00 a.m. at flows indicated on flow
data sheet. Station terminates at 3:00 p.m. Take barrel wvalves
and fittings. (Hales is Section Foreman; Stone is Assistant
Field Chief)

Turn in tools, first-aid kits, valves and fittings to commissary
trailer and terminate obligations.



Appendix F Commissary Trailer Parking and Travel Bchedule

Sandwiches, coffee, milk and soft drinks will be available to all personnel
assigned to Green River Rehabilitatlon Project at the Game and Fish commissary
trallers. Commlissary trailers will be manned on a round-the-clock basis from

noon on September 4 to noon on September 7. The location of these units is as
indicated below. Prior to 12:00 noon on September I sandwiches will be distributed
to the Green River Crew #l and #2 and New Fork Crew #2 at the New Fork bridge

and Green River bridge on the Boulder-Big Piney cutoff road. New Fork Crew #l1

will have sandwiches distributed to them on station.

Trailer #1 - Small trailer - responsibility - Bill Kozas and Ray Arzy.

September L4 - Park at LaBarge check station from noon to daylight (6:00 a.m.).
September 5 move to Big Island Bridge.
September 5 - Park at Big Island Bridge until 5:00 p.m. - move to junction
IaBarge-Green River road and U.S5. 30 - park rest of night.
Beptember 6 - At 6:00 a.m. move to Game Warden Station Manila, Utah.
Secure station at noon the Tth - check in equipment from
crews. P.M. on this date park trailer at Jack Wilson's,
gtore equipment in trailer.
September 7 - Becure commissary at noon this date.

Trailer #2 - large trailer - responsibility Chuck Raper and Mike McIntosh.

September 4 - Park at bridge over Big Sandy Creek-Blue River road crossing.

Be here at 5:00 p.m. and remain until 10:00 a.m. September 5.
September 5 - Park at turn-off to Station #15 and #16 on State Highway 530,
8.4 miles from Green River City. PBe here at 5:00 p.m. and
remain until 12:00 noon September 6th and move to Linwood
BEridge on Green River.

September & - Park just east of Linwood Bridge across Green River and off
road away from heavy truck movement. Check in equipment

from crews.

September T

Hecure commlssary at noon this date - move traller to Boulder
Rearing Station and store equipment in traller.



Appendix G Table Of Stream Flows In C.F.8. With Corresponding Amounts of Toxicant
In Liquid Ounces Per Minute and C.C. (or ml.) Per Minute For Rates Of
1l and 5 Parts Per Million

Liguid Ounces Per Minute C.C. or ML. Per Minute
C.F.8. 1 ppm. : 5 ppm. 1 ppm. z 5 ppm.
1 .08 .29 X7 8.5
2 11 97 3.4 17.0
3 AT .86 5.1 25.5
L 23 1.15 6.8 4.0
5 .29 1.hk 8.5 h2.5
6 .3k 1.72 10.2 51.0
T ko 2.01 11.9 59.5
& L& 2.30 13.5 68.0
9 52 2.59 15.3 76.5
10 57 2.87 17.0 85.0
20 1,15 5.75 34,0 170.0
30 1.72 8.62 51.0 255.0
Lo 2.30 11.k9 68.0 340.0
50 2.87 14.36 85.0 k25,0
60 345 17.24 102.0 510.0
T0 h.o2 20.11 119.0 595.0
80 .60 23.00 136.0 680.0
90 5.17 25.85 153.0 T65.0
100 5.75 28.73 170.0 849.0
200 11.49 5T.45 340.0 1,699.0
300 17.24 856.18 510.0 2,548.0
loo 23.00 115.00 680.0 3,398.0
500 28.73 143.63 84g.0 L,2u7.0
600 KL 172.35 1,019.0 5,097.0
TO0 Lo.z22 201.08 1,189.0 5.946.0
800 k5.96 229.80 1,359.0 6,796.0
900 51.T1 258.53 1,529.0 T4645.0
1,000 57.45 287.25 1,699.0 8,k75.0
1,100 63.20 315.98 1,869.0 9,344.0
1,200 68.04 k.70 2,039.0 10,194.0
1,300 .69 373.43 2,209.0 11,043.0
1,400 50.43 ho2.15 2,379.0 11,893.0
1,500 B6.18 L30.88 2,548.0 12,7h2.0
Prepared By: CONVERSION TABLE
Bill Helms 1 C.F.8. = LLB.83 gal./min.
Fisheries Biologist 1 C.F.8. = 57,450.24 11q. oz./min.
Pinedale, Wyoming 1 C.F.8, = 1,698,9 liters/min.

1 C.F.8. = 1,608,960 c.c. or ml./min.

May 1, 1962



Appendix H Table of River Flows and Toxicant Dispensing
Information Which Was Supplied to all Personnel - T =

Flow Data Sheet

Total toxicant in

Stream Flow Toxicant to be added stream for seven-hour
et station per unlt of time period. Bix or three hours
Liquid oz. = Barrel for trib. as designated

Station Nao. Est. Aﬁtuaf' per min. Time Gals. Barrels & Gals.
New Fork #1 300 176 a7 40 min. 275 5
New Fork #2 350 224 101 36 min. 320 5 plus 45
Green River #1 L50 352 130 28 min. kio T plus 25
Green River #2 b5 37T 137 27 min. 430 T plus k5
Green River #3 825 601 238 16 min. 750 3 plus 35
Green River #4 899 (S 259 14 min. 825 15 plus 5
Green River #5 899 Gk 259 14 min. 825 15 plus 5
Green River #6 899 T00 259 14 min. 825 15
Green River #7 glily TLT 272 13.6 min. 850 15 plus 5
Green River #8 gl 718 272 13.6 min. 850 15 plus 5
Green River i? gll 718 272 13.6 min. 850 15 plus 5
Green River #10 oLk T18 27e 13.6 min. 850 15 plus 5
Green River #11 977 TE63 281 13.2 min. 875 16 plus 5
Green River #12 Q77 T63 281 13.2 min. 875 16 plus 5
Green River #13 977 Tk 281 13.2 min. a7s 16 plus 5
Green River #14 977  T7h 281 13.2 min. 875 16 plus 5
Green River #15 977  T74 281 13.2 min. 875 16 plus 5
Green River #16 977 T4 281 13.2 min. 875 16 plus 5
Green River #17 999 810 259 1.1 min. 819 15 plus 6
Green River #18 999 810 230 15.9 min. 728 13 plus 19
Green River #19 999 800 230 15.9 min. 728 13 plus 19
Green River #20 1038 T90 239 15.3 min. 56 14 plus 11
Green River ﬁgl 1038 T90 239 15.3 min. 756 14 plus 11
Green River #22 1038 790 179 20.4 min. 56T 10 plus 13
Big Sandy 27 8 25
Big Sandy 27 8 25
Big Sandy #3 ks 13 ko
Big Sandy ks 13 ko
Black's Fork #1 10 - -
Black's Fork #2 10
Black's Fork #3 10
Black's Fork #% 10
Black's Fork #5 10
Black's Fork #ﬁ & 7 10 3 10
East Fork 50 15 L5
Cottonwood Creek 25 T2 22
Muddy Creek 2.5 0.72
Dry Piney Dry
LaBarge Creek 25 T.2 22
N. Piney-Middle Piney Cr., 25 T2 22
South Piney 15 k.3 1k
Fontenelle Cr. 1.5 k.3 & 0.5 1k
Henry's Fork #1 25 20
Henry's Fork #2 25 20
Henry's Fork #3 25 20
Birch Creek
Sheep Creek 1 23 T 20
Sheep Creek #2 23 T 20
Spring Creek Dry

* Not obtalned until after trestment completed.
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Addendum 1 Report Presented by Croswell Henderson, Colorado River
Basin Project Laboratory, at the Technical SBessions of
the Colorado River Basin Water Quality Control Conference,
Santa Fe, New Mexico, February 1k, 1963

U. 5. PUBLIC HEALTH SERVICE
PROTECTTION OF WATER SUPPLIES AND STUDIES OF
POLLUTTONAL PARAMETERE DURING THE GREEEN RIVER
FISH TREATMENT PROJECT

THE TOXICANT CPERATICHN:

During September 1962, & large-scale fish rehabilitation project was initiated
on the Upper Green River by the Wyoming and Utah Fish and Game Departments and the
U. 5. Pigh and Wildlife Service. The purpose of the project was to eliminste, inso-
far as pessible; the undeslrable rough Tish population in the Green River prior to
the closing of Flaming Gorge Dam. The area would later be restocked with desirable
game species such as trout which would have & much better opportunity for surviwvael
and growth in the new reservodir.

Approximately 450 miles of streams were treated with a fish toxicant during
the pperation. The reach of the Green River treated extended from above Big Piney,
Wyoming, through Wyoming and Utah to the Utah-Colorado border, about 30 miles below
Flaming Gorge Dam. The remainder of the mileage consisted of tributaries entering
the Green River within this reach.

The toxicant used was an emilsifiable rotenone formulation, Chem-Fish Regular,
cantaining 5 per cent rotenone, a methylated naphthelene solvent and an emulsifier.
Toxicant application stations were set up st 10-mile intervals throughout the reach
of the river. The toxieant was applied through precalibrated valves on hoses
stretched across the river at each statien. Enou of the formulations was added
to maintain a concentration of 5 ppm (formulation) in the river water. Toxicant
was applied at each station for a pericd of seven hours. Applicaetion from each
dovnstream statlion started three hours after the one sbove had been placed into
operation. Thus, a lethal econcentration of toxieant was maintained over a long
streteh of the river for a eonsiderable period of time. The overlap would prevent
the possible escape of any Pish from the area. Over & period of three days, 21,455
gallons of toxicant were aspplied. Over 100 men tock part in the operation.

Flows in the Green River ranged from sbout 200 - 900 efs during the cperation.

It was believed that dead fish would be scattered sufficiently so as not to

ereate nuisance conditions, however, provisions were made to eliminate problems

of this nature had they materialized. In addition, the whole area was cpened to

the general publie and they were allowed to collect any number of edible fish desired.

The lest toxicant application station was approximately seven miles above Flaming
Gorge Dam. It was expected, hovever, that a lethal concentratlon of toxlcant
would travel much further dewnsiream. In order to prevent destruction of fish in
the Dingsaur Hational Monument, & detoxification station wes established near the
Colorado-Uah border about sixteen miles above the upstream park boundary. At this
station, a strong oxidizing agent, potassium permanganate, was used to mullify
the effects of the rotenone. This crystalline material was added through spreaders
located on & bridge over the river. Over the three and one-half day period, 17,160
pounds of permanganate were added.



- Bl -

Apparently, the whole operation was successful. The kill of fish at all up-
river statlons was considered essentially complete. Relatively few fish were
killed below the detoxification station.

PROELEMS OF POSEIELE CONCERN

Scme concern was manifested over the possible effects of the toxicant epplica-
tion on other water uses, especially domestic water supplies. The methylated
naphthalene solvent was highly odorous and 5 ppm would impart & strong “kerosene"
taste and odor to water and thus render it unpalatable. Also, it was expected that
large quantities of dead and decaying fish would be present in the river for at
least several weeks following the toxicant application.

Five domestic water plants obtained water from the Green River in the reach
to which the toxicant was applied. As no elternative water supplies and a minimum
of storage capacity were available, it would be necessary to use water from the
river during most of the toxicant operation. The water plants concerned were:
Fontenelle Camp, Wyoming, operated by the U. S. Bureau of Reclamation, with a
population of about 400; Stauffer and Inter-Mountain Chemical Companies each
with about 400 to 500 employees and additional use of considerable water for
industrial uses; Green River, Wyoming, which also furnished water to Rock Bprings,
Wyoming, total population of ambout 15,000, operated by the Pacific Power and Light
Company; Dutch John, Utah, operated by the Arch Dam Construction Company for the
U. 5. Bureau of Reclamstion, with & population of about 1,200. With the exception
of Fontenelle Camp, all of these plants had complete treatment facilities.
Fentenelle hed provieion for chlorination only and about two days' storage.

Two water users downstream from the area of toxicant applicaticn could have
been affected. These were the Californiz 01l Company which obtained water at Red
Wash, Utah, and the town of Green River, Utah, with a population of 1,000, located
over 200 mlles further downstream. Both of these plants had complete treatment
facilities.

The Public Health Service had recently conducted research end field studies
on a similar toxicant cperation. These studies showed that toxicity, tastes, and
odors could successfully be removed from water with activated carbon.

Colorado River Project persomnel were requested to partleipate 1n the toxi-
cant operation and to asslst water plant cperators in producing a palatable water.
It was also felt that this was an opportune time to study the effects of the fish
toxicant application on certain pollution parameters. No knowledge was available
as to what effects may be produced either from the toxicant or from the large
tonnage of decaying fish on such parameters as coliform count or B.0.D. Also,
little was known concerning the effect of the toxieant on bottom macroinverte-
brates which mre often uged as o meagure of pollution.

PROTECTION OF WATER SUPPLIES

Field laboratories were set up in Green River, Wyoming, and Dutch John, Utah,
water plants. Their major purpose was to determine the toxicant comcentration in
the raw waters, to estimete the amounts of carbon needed to remove toxiclty, tastes



and odor, and to check the finished water for palatability. Other determinations
would be made as time permitted. The State Health departments assisted in collecting
samples from other vater plants and in conducting some of the analyses.

As no satisfactory chemical method of analysis for rotenone was available,
analyses were made by a blo-assay technique using fingerling trout furnished by
State Fish and Game departments. Ten trout were subjected to a series of concen-
trations of the rotenone formulation In Green River water. A standard curve wasg
plotted on logarithmic paper, relating time of fish reaction (loss of equilibrium
or mortality) to coneentration. By timing fish reaction in unknown samples and
using this curve, the toxicant concentration of any sample could be estimated. It
was, however, necessary to conduct all tests at the same temperature (16°C.) or to
prepare known curves for different temperatures to produce valid results.

Laboratory tests were conducted to determine the smount of carbon needed to
remove toxicity, taste, and odor from water containing specific concentrations of
the rotenone formulation. Varying amounts of carbunn%ﬁqua-nuelear, povdered) were
added to waters containing a fixed amount of formulation. It was found that 150
pom of carbon would remove 5 ppm of toxiceant formulation. Likewise, 60 ppm of
carbon would remove 2 ppm of formulation. By using a straight-line arithmetic
plot, the amount of carbon needed to remove any quantity of formulation could be
estimated. Threshold cdor determinations indicated that tastes and odors were alm
removed by this amount of carbon.

Raw water samples from the water plants were analyzed for toxicant concentra-
tion. Based on the analyses, the amounts of carbon needed were estimated from
the prepared curve. The necessary amounts of carbon were added at fixed intervals
to the water supply, usually through one of the chemical feeders. Bamples of
finished water were assayed for toxicity and threshold odor to determine the
effectiveness of the carbon treatment.

The above procedure was carried out on raw and finished water samples for
a four or five day period untll the toxicant had naturally dissipated. The opera-
tions were successful in that few consumer complaints were received. Expected
odors from dead fish did not materialize. Apparently, the dead fish were well
scattered throughout the treatment area with no accumulation sufficient to pro-
duce an odor in the weter,

EFFECT ON POLLUTTON PARAMETERS

MF coliform determinations were made during the toxicent operation at the
laboratory in the Green River, Wyoming water plant. No effect oncoliform counts
were observed that could be attributed to the toxlcant cperstion.

The Utah Health Department conducted eoliform, B.O0.D., manganese and other
water quality determinations on river samples from Dutch Jeohn; Jensen, and Red
Wash, Utah. TFour sets of samples were colleeted, the first before the cperation
and the remainder at weekly intervals followlng the toxicant application. Little,
if any; definite effeect on pollution pearameters was apparent. However, a few
coliform counts and some manganese concentrations were higher following the toxi-
cant operation.
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Coliform, threshold odor, B.0.D., and manganese and other water quality
determinations were made on river samples collected at Green River, Utah, several
hundred miles downstream from the treated area. These determinations were made
several times deily for a week following the estimated arrivel time of waters from
the area in which the toxicant was applied. No effects on these parameters were
indicated. A heavy rainstorm in the area was believed to be the cause of some
inerease in coliform counts and manganese concentrations towards the latter part
of the survey perilod.

Bottom animal samples were collected at five river stations before and after
the toxicant application. Although good populations of clean-water animals were
found before the operation, the bottom animal population was almost completely
destroyed by the toxicant. Feollow-up studies are needed to determine the extent
and time of recovery of these populations.



