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~ The recommendation for a zoning plan was subsequently implemented and lands of I
limits to hunting have been identified and signed . The CE rejected the FWS ’s
recommendation for the purchase of the requested tract on the Cimarron arm of
the reservoir because of unfavorable cost-benefit ratio (0.1) as computed by
the CE. In 1974 a total of 6,273 ha (15,500 ac) of incidentally acq ui red
project property (including 4,970 ha (12,280 ac) of land and 1,303 ha (3 ,220 ac
of water), divided between the Cimarron and Arkansas River arms of the reservoi
was licensed to the ODWC for wildlife management . In all , 6,274 ha (15 ,504 ac)
of project lands are open to public hunting .

The severe terrestrial wildlife losses anticipated by the FWS did not occur.
Hunting effort currently supported by the project is greater than the FWS
estimated hunting levels for resident terrestrial game species predicted for th
area without-the-project. However , compensation has been achieved only as a
result of intensive management involving substantial monetary outlays by the OD C
for fencing and habitat improvement programs. ..The post-impoundment hunting
effort estimated for big game specie8 was seV~~ times higher than the level
predicted assuming implementation of the mitiga\ion plan . The optimistic 1961
FWS report prediction for waterfowl hunting use ‘~ai1ed to materialize. FWS
predictions for upland game hunter-day use were n~~re accurate , although
proving to be somewhat lower than ODWC estimated pre-impoundment occt rrences.

Contrary to guarantees extended by the CE that power production would supply
a minimum of 520 cfs below the reregu lation dam , flows in the Arkansas River
at Tulsa have been less than 300 cfs , an average of 20 days annually in 6 of
the 13 years since impoundment. No water is released when power is not being
generated , and f ish kills have occurred immediate ly below the dam.

The reservo i r clear ing plan, although considered to have been too severe by
the ODWC, resulted from cooperative planning efforts of all agencies involved .
The recommendation that a reservoir zoning plan be adopted to insure avail-
ability of certain areas for fishing without conflicting use for general
recreation was never implemented .

FWS prediction of angler-day use in both the lake and tailwater were substan-
tially exceeded by post-impoundment estimates derived from ODWC conducted
creel surveys. The combined post-impoundment ODWC lake and tailvater angler-
day use estimates was almost three times greater than predicted. Total annual
post-impoundment angler-day usage estimated by ODWC creel su rvey s was over
16 times greater than without-the-project projections made by the FWS.
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This document was prepared by staff of the Sport Fishing Institute for

the U.S. Army Corps of Engineers (CE) under contract number DACW73-74-C-

0040. The contract required the compilation and comparison of pre- and

poet-construction data treating fish, wildlife, or both fish and wildlife

(dep.ndtng upon data availability) for twenty separate CE water develop-

ment projects. Thie report presents the findings for one of the twenty

individual project evaluations.

Upon completion of the full series of twenty separate studies, a final

report will be prepared which will contain an analysis of the validity of

the predictive procedures used in fish and wildlife planning, and will

contain recommendations for improving the planning process.

The Sport Fishing Institute could not have prepared this report without

the cooperation and assistance of many knowledgeable state and federal

personnel. U .S. Army Corps of Engineers staff at the Tulsa District pro-

vided most of the pre-iinpoundment documentation as well as supplying im-

portant parts of the post-impoundment record .

Buell Atkins, Guy Cabbiness Harry Clement, Wendell Jainison, and Loren

Mason were among the helpful Tulsa District staff. CE project personnel

stationed at Keystone Lake, viz: Cliff Hays and William Budnick, sup-

plied requested post-impoundment information. Many members of the Okla-

home Department of Wildlife Conservation contributed data and helpful com-

ments. Among these contributors were Charles Wallace, Byron Moser, Kim
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Erickson, Dave Combs , Joe Hardridge and John Lowrey. Additional fishery-

related information was supplied by Jim Manse, Greg Summers, and Thomas

White, all on the staff of the Oklahoma Fisheries Research Laboratory at

Norman, Oklahoma. Charles Scott, U.S. Fish and Wildlife Service in Tulsa,

Oklahoma , reviewed that agencies records for Keystone Lake and provided

other pertinent information. The Wildlife Management Institute’s South

Central Field Representative, Murray Walton, participated in the field

trip and critically reviewed the manuscript.
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INDIVIDUAL RESERVOIR PROJECT EVALUATION REPORTS

KEYSTONE LAII.E PROJECT

INTRODUCTION

Location

The project Lo located within the Arkansas River Valley about 14 miles

west of Tulsa , Oklahoma , in Creek, Pawnee, Payne, Osage and Tulsa coun-

ties. The dam is located at kilometer 866.9 (mile 538.8) of the Arkan-

sas River, approximately 3.2 km (2 mi) downstream f rom the mouth of the

Ciaarron River (Figure 1). Approximately 500,000 people reside within

the contiguous counties. Tulsa, Oklahoma, with a population of about

400,000, is the largest city within a 40 km (25 mi) radius of the pro-

ject. Population growth in the area increased by almost 14 percent be-

tween the 1960 and 1970 census periods, and an additional growth rate of

20 percent is projected by 1980 (1) . Heyburn Reservoir , 397 ha (980 ac) ,

is the largest impoundment located within a 40 km (25 mi) radius of the

project .

Authorization

Keystone Dam and Reservoir was authorized by the Flood Control Act approv-

ed 17 May 1950 as a modification of the general comprehensive plan for

flood control purposes approved by the Flood Control Act of 28 June 1938,

and the multiple-purpose plan for the Arkansas River and tributaries , Ar-

kansas and Oklahoma , approved by the River and Harbor Act of 24 July 1946.

The authorized purposes of Keystone Dam and Lake , as part of the compre-

hensive plan for development of the Arkansas River Basin, are flood con-

— 1 —
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trol, water supply, hydroelectric power, and navigation.

Const ruction of Keystone Dam began in December 1956 and was completed for

flood control operation in Sept b.r 1964. Comaercial operation of the

powerplant began in May 1968.

The project is administered by the Tulsa District of the Southwest ~ivi-

sion of the U.S. Arm y Corps of Engineers (CE).

Physical Features

Tb. dam structure consists of an earthf ill embankment , combining spill-

way and powerhouse , having a combined crest length of 1,402 m (4,600 f t ) .

The averag, height of the embankment extends 33.5 a (110 ft) above the

valley floor.

Th. outlet works consist of nine 1.7 by 3.05 a (5 ft 8 in by 10 ft) gated

low-floor sluices passing through the concrete spillway at elevation 201 a

(f~59.29 ft) msl. The powerhouse has two 35,000 kilowatt generators , their

capacity ranging from 60,000 to 80,000 kilowatts depending on reservoir

level. The midpoint of the power intake is located at elevation 204 a

(669 f t )  msl , approximately 19.5 a (64 f t )  below the conservation pool le-

vel. The upstream watershed area ii 192,954 km2 (74 ,500 mi2).

Under current operating regimes, the reservoir encompasses 10,530 surface

ha (26,020 cc) at conservation pool elevation 220.4 a (723 ft) zssl (Table

1). At the top of the flood control pool elevation 229.8 (754 ft) mu

(which corresponds to the predicted 5 year flood frequency level), the re-

servoir covers 22,338 ha (55,320 ac) and impounds 2.3 x l09m3 (1,879 ,000

— 3 —
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Table 1 . -- S~amary of physical characteristics of Keystone Lake

Conservation 10 yr. 2 yr. flood 5 yr. flood
pool a’inia’~m pool frequency pool frequency pooi

E1eva’:iov~ 220.4 218.8 225.7 229.8
723 717.7 740.5 754

~~~face a~ ea
ha 10,530 8,791 16,206 22,338
ac 26 ,020 21,723 40 ,045 53 ,370

Stora ~ a volume
a’

3 0,8 x iou.? 0.6 x 109tn3 1 4  x 109u~ 2,3 x
ac. f t .  663,000 492,200 1,196,200 1,879,000

Max. depth
a’ 22.3 20.6 27.6 31.7
f t  73 67.7 90.5 104

Shoreline length
kin 531
iii 330

Drainage area
ku~~ 192,954
a’i 2 74 ,506

Discharge elevation
S luice gate

a’ 201
f t  659

Power in take*
a’ 204
f t  669

Win, flow release range
Januai~y
m3/sec. 113
cfs 370

Jul
a’ /s.c. 224
cfs 733

* Midpoint 
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ac It) of water.

A sliding scale for minth~m~ flow releases was designed to provide a mini-

mt~ average daily flow ranging f rom 113 m3/sec (370 Cf.) in January to

224 m3/sec (735 cfs) in July. These flows were normally expected to be

provided by power releases , and occasionally supplemented by discharge

from the sluice gates. Failure to incorporate this minimtm~ release sched-

ule is discussed in detail in this report. The aaxia~~ water discharge

that can be accoumodated without downstream flooding is 27,432 513/sec

(90,000 cfs).

Project lands total 29,906 ha (73,896 ac), including 19,995 ha (49 ,308 cc)

purchased in fee up to the five-year flood pool elevation plus 9,950 ha

(24,587 ac) of additional flowage easements located between elevation 229.

8 a (754 ft) and 231.3 m (759 ft) mel. Approximately 6,718 ha (16,599 ac)

of the land purchased in f cc is located in Creek County, 5,174 ha (12 ,785

ac) in Osage County, 2,078 ha (5,135 cc) in Tulsa County, 5,971 ha (14 ,

753 ac) in Pawnee County, and 15 ha (36 cc) in Payne County. Flooding

easement lands included 1,672 ha (4,121 ac) in Creek County, 2,527 ha (6 ,

237 ac) in Pavnee County, 1,891 ha (4,663 ac) in Osage County, 955 ha (2,

359 ac) in Tulsa County, and 2,905 ha (7,207 ac) in Payne County (Table

2).

Area Descript ion

The two major arms of the lake (Arkansas and Cimarron River arms) extend-

ing from the dam form a rough “V” configuration. Project land acquisi-

tions consist primarily of rather narrow bands of land surrounding each

- 5 -
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arm of the lake, collectively ~~~*mting to approximately 12,697 ha (31,373

ac) at conservation pool elevation (Table 3). Flowage eas~~~nts have been

acquired for an additional 9,950 ha (24,587 ac). Including an estimated

3,272 ha (8,085 cc) of aquatic habitat in the Arkansas and Ciaarron livers

and tributaries which were impounded, the total project area covers ap-

proximately 33,153 ha (81,980 ac).

Topography in the i ediate project area varies from steep, broken hills

bordering the Arkansas River arm to gently rolling hills along the Cimer-

ron River ar m. The valleys vary fr om one-half to one and one-half ailss

wide, havi ng slopes of about one meter per kilcmst.r (five feet per mile) .

Elevation varies from approximately 333 a (1,100 ft) mel at the western

edge of the area to 220 a (723 ft) mel at the eastern edge (2) .

Annual precipitation averages around 94 cm (37 in), about 60 percent oc-

curring between March 1 and September 1. April, May, and J~~e have the

highest rainfall. The growing season t• approximately 219 day.. The ma-

jo~ity of the soils are shallow and well drained (13 cx to 1.3 a (6 in to

3 ft)), underlain with sandstone bedrock.

The entire project area has been severely overgraasd in past ysars and no

extensive areas of virg in vegetation r ain. Upland vegetati on is pr imar-

ily a mixture of post oak-blackjack woodlands azad grasslands. C’ on tress

are post oak , blackjack oak , eastern red cedar , black hickory, and .1*.

Shrubs inc lude p1~~ , s~~ac , and buckbrush. C~~~on grassland species in-

clude three-awn grass , silver bsardgr ass , and co~~~n ragwesd. There are

lesser emounts of big bluestem, little bluestem, Indiangrass , and buffalo-

— 7 —  
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grass.

Timber has been cleared on all bottostlands and terraces except along fence

rows , small tributary stream channels, and the extreme upstream reaches of

th . lake on the Arkansas and Cimarro n River arms . Trees include cotton-

wood, willow, hackberry, pecan, elm , and ash. Pu ns, buckbrush, and wild

grapes are the moit abundant shrubs in the bottoslands. Grasses and weeds

are dominated by bermuda grass , Johnson grass, pigweed , and counson rag-

weed . Lesser amounts of big bluestem, little bluestem , and Indiangrass

are also present . Crops grown in the area inc lude corn , nib , soybeans ,

and hay.

Acqui sition of Descriptive Data

Th~~erous sources were visited to acquire the fish and wildlife data avail-

able for the project impact area. Planning information, including formal

rep orts and correspondence , were obtained f rom local offices of the two

federal agencies involved with the project. U.S. Army Corps of Engineers

(CE) reports were reviewed and pertinent sections obtaine d at the District

Engineer’s Offices in Tulsa, Oklahoma. Discussions with CE planning, op-

erations , real estate , and hydrology staff contributed to the project re-

cord files from which much of the reported data were gleaned. CE person-

nel located at Keystone Lake also contributed to the project record. U.S.

Fish and wildlif. Service (PWS) reports were obtained at their Tulsa, Okla-

horns, offices.

Additional data , reflecting post-impou~dasnt conditions of project lands,

fish and wildlife coemunities and their utilisation , were obtained from of-
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f ices of the Oklahoma Dspartasnt of Wildlife Conservatio n (0I~~~) bot h at
their headquarter offices in Tulsa, Oklaho ma , and fro. local management
staff . Str ema gaug e data were obtai ned from the U.S. Geological Surv ey
(~~GS) offic, in Oklah oma City.
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WILDLIFE RESULTS AND DISCUSSION

General Discussion

The major wildlife-related planning inatrinssnt supplied to the construc-

tion agency by the conservation agencies was the December 19, 1961, re- -

port of the PWS (3). This report was released by ths Albuquerque Region-

al Office of the FWS and was prepared in cooperation with the Oklahoma De-

par’t.snt of Wildlife Conservation (ODWC).

The proj.ct engineering data supplied to the PVS by the CE outlined a mul-

ti-purpose project (primarily flood cont rol and hydropower) located at mile

538.8 on the Arkansas River above Tulsa , Oklahoma . Pool elevations and

acreages considered by the FWS in their 1961 report were essentially those

provided by the project, i.e., a 10,644 ha (26 ,300 ac) normal (power) poo1

at elevation 220.4 w (723 ft) mel and a 22,420 ha (55,400 ac) flood pool

at elevation 229.8 m (754 ft) ussi.

Wildlife Resources -- Pre-ixpoundusent Predictions

The 14-page 1961 report of the PWS inc luded six brief paragraphs that de-

scribed wildlife resource utilization estimates of the proposed Keystone

building site . That discussion was as follows (verbatim) :

Keystone Dam and Reservoir will affect wildlife resources on
about 35,400 acres of habitat within the project area, and to
a minor extent, on about 29,400 acres in th. flood plain of ths
Arkansas River, extending 80 miles downstream f rom the daussite
to the confluence with the Grand River. The reservoir site lies
in the post oak-blackjack oak vegetative association. Many cul-
tivated fields are scattered along the river bottom. On the
flood plain downstream from the dam, timbered areas are inter-
spersed among extensive cultivated areas.

The project area provides habitat for several important species
of wildlife coemon along the Arkansas and Cimarron Rivers. A

-j
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mixture of cultivated land , pasture , timber and hay meadows
provides good habitat in the bottom lands , but the upland.
are badly eroded and overgrazed .

The white-tailed deer is the only big-game animal found on
the area. Upland-gam. of importance includes bobwhites, fox
squirrels, gray squirrels , cottontails, swamp rabbits , mourn-
ing doves , raccoons , and oposs~mt.. Waterfowl, including ducks,
geese, and coots, make use of the Arkansas and Cimarron Rivers
during migration..

Wildlif. resources of the project area are insufficient to meet
the need . for hunters from Tulsa Sapuip., Muskogee , and other
coumunities within 60 miles of th~ project area. Waterfow l
hunting is he avy as evidenced by the f a c t  that  almost every
suitable spot on the Arkansas River be low Tulsa contains a
blind during the waterfow l season .

Projected over the period of analysis without the project , the
55,400 acres of wildlife habitat significantly affected by the
project would provide about 130 man-days of deer hunting , 6 400
man-days of upland-game hunting , and 2,800 man-days of water-
fowl hunting annually.

The project area provides habitat for beavers , muskrats , minks ,
raccoons , skunks, oposs~nss, badgers , foxes, and coyotes, but
low pelt prices result in little trapping effort. The average
annual catch is insignificant , and wou ld be expected to remain
a minor velu. wi thout  the project .

The t e r r e s t r i a l  w i l d l i f e  resources of the project s i te  were expected to

support an average (over period of analysis) of 6 ,530 hunter -day s  annual-

ly. W a t e r f o w l  hun t ing , as indicated above , wee expected t• ’ .i:erage 2,800

hun te r -days  a n n u a l l y .  The 22, 420 ha (55 ,400 ac) area enconpassh~g the

planned fiv.-year flood storage pool cons t i tu ted  the wi th-projec t  and with-

out-project  p lanning area considered by the FWS. Contrary to statements

contained in the 1961 report of the FWS, thi. large tract of land was not

comprised entirely of terrestrial habitat. This area included a consider-

ab le amount of aq.satic habitat within  the Arkansas River and Cinarron Ri-

ver channels vhich would have greatly reduced habitat value for terrestrial

-



species. Both river channels are wide and frequently contain extensive

dry flats and bar.. These areas do provide grit for game birds and of-

ten produce good stands of annual plants valuable as wildlife food. Their

value is probably below other areas due to extensive bare spots and flood-

ing, however.

A corrected estimate of wt~at is normally considered big game-upland game

habitat, therefore, necessitate elimination of the river and stream chan-

nel areaa from the 22,420 ha (55,400 ac) total project area figure. The

following data contained in the FWS report of 1961 acknowledged these

areas and provided data which allowed the necessary computations to be

made, viz:

Within the reservoir area, the Arkansas River channel varies
f rom 600 to 2,500 feet in width with banks from 10 to 20 feet
high. The channel in this reach is obstructed at some places
by rock ledges, and in other locations the flow is divided by
large heavily wooded islands.

The channel of the Cimarron River varies from less than 1,000
to about 1,500 feet in width.

* * *
Keystone Dam will decr ease flood flows, regulate the normal
flow of the stream, and at the top of the flood control pool,
create an impoundment covering about 45 miles of the Arkansas
River , 54 miles of the Cimarron River , and 22 miles of minor
tributaries. Sixty-six miles of stream will be permanently
inundated at conservation pool, and 77 miles at top of power
pool.

Rather than relying upon the range of channel widths presented by the FWS,

actual measure ments of the pre-conetruction Arkansas and Cimarron River

channels were taken from plates contained in the CE’s fish and wildlife

— l~ —
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management plan (4). These average stream channe l width measurements

were: 283 m (930 ft) for the Arkansas River, and 134 m (440 f t )  for

Cimarron River. An estimated (unmeasured) 15 m (50 ft) average width was

assumed for the 35 km (22 mi) of tributaries. Using these measurements,

the pre-project area of stream bed habitat within the flood pool zone

(22 ,420 ha (55,400 ac)) was estimated at 3,272 ha (8 ,085 ac).  These cal-

culations were as follows, viz :

Stream bed area in project area (pre-project) — (930 f t  x 45
mi (Arkansas River) x .1212] + [440 ft x 54 mi (Cimarron Ri-
ver) x .1212] + (50 ft x 22 mi (tributary streams) x .1212)
— 3,272 ha (8,085 ac).

Sixty-four percent of the inundated stream mileage was within the power

pool ( 77 out of 121 total niL); it is likely that approximately 64 percent

of the area also was so located. Sixty-four percent of the total esti-

mated river channel habitat of 3,272 ha (8,085 ac) approximates 2,104 ha

(5 ,200 ac) .  Therefore , prior to project construction , the 22 ,420 ha (55 ,

400 ac) anticipated flood pool inc luded an estimated 19,148 ha (47,315

ac) of terrestrial wildlife habitat including 8,539 ha (21,100 ac) within

the permanent pool basin (Table 4).

The published without-project hunting effort (1961 FWS report), converted

to per unit area of terrestrial habitat (using the corrected figure),

would have approximated 3.0 ha (7.4 ac) per upland game hunting trip (hun-

ter-day) and one big-gain. hunting trip per 147 ha (364 ac) .

These estimated unit-area hunting values are rather low, particularly for

an area such as the Keystone project located near a large urban center ,

as described by the FWS in their 1961 report , viz:

--  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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The reservoir is in an area of the State which , although pre-
dominantly rural , also contains many industrial centers . Lar-
ger c i t ies  nea r the project include Tulsa , S til lwa ter , Dartes-
y u l e , Muskogee, and Okmulgee. Smaller coswnunttt .s in the vi-
c in i ty  of the reservoir are Sand Springs, Sapulpa , C leveland ,
Pavhu.ka , Otiton , M gn n f o rd , Drumr i g ht , end Pawnee. The popu-
lation within a day -use  range of the project is more than 540 ,
000 person..

As previously described , in spite of an exhaustive search for the impor-

tant historical records , no support data were located that revealed the

technique. employed by the pre-construction fish and wi ld l i f e  plenner. to

quantify hunting effort .

Adverse impacts tc terrestrial wildlife conmwnities were expected to oc-

cur in three distinc t zones following construction of the Keystone pro-

ject. These zones were the area of permanent inundation , the five-year

flood frequency pool , and the downstream bottoinlands protected against

flooding by the project. Wit hout additiona l lend acquisition specifical-

lv for wildlife mitigation , recreational hunting opportunities supported

by upland game animals were expected to be r educed by 67 percent , while

big game h u n t i n g  w i t h in  the  p r oj ect  s i te  W $8 expected t i  be totally des-

troyed by the Keyston e pro lc~~t . These pro jec t ions , as desc r ibed by the

FWS in their 1961 report t o  the CE , are presented below , v i z :

In it i a l l y ,  Keyntouc ro~ t~-votr will. permanently inundate 18,950
acres ol w ildlife h ab i t a t  tind w i l l  inundate  an addi t iona l 27 ,
850 ac re s once ~‘very Live years. Under the  u l t i m a t e  plan , 26,
300 ac res w i l l  be pentanently inundated . loss of habitat for
terrestrial wildlife in the permanently h ooded area will be
complete. ltabitat within the flood control pool will become
less suitable for wil diite because of periodic flooding.

Flood prote~ t Ion can be expected to encourage conversion to
fa rm crops , additional clearing of timber , and more intensive
cultivation on downstream bottom lands. There , however , will
be no significant effect on wildlife populations or hunting in
the downstream area w i t h  the p ro j ec t .  The bottomland hab i ta t

— I(~ —
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will withstand these changes without damage to wildlife popu-
lations .

Keystone Reservoir will  be in a strategic location to attract
waterfowl. Although some aquatic food plants will become es-
tablished and any slight rise in the water level will create
feeding areas during the fall migration , adjacent agricultur-
al lands will provide the most important feeding areas. The
reservoir will make possibl. additional hunting in an area
where the need is great. Additional waterfowl will use the
Arkansas River downstream from the damaite , pr imarily as a
result of the increased food supply resulting from increased
production of row crops. Waterfowl hunting in the downstream
area , however , will not increase because available hunting
spots already are used fully.

Inundation of wildlife habitat will eliminate big-game hunt-
ing within the reservoir area. Upland-game hunting will amount
to about 2 ,100 man-days annually, a significant lcss attribut-
able to the project. Waterfowl hunting, on the other hand,
will increase to about 9,800 man-days annually.

The reservoir will eliminate 20,500 acres of terrestrial habi-
tat for fur animals , and the shoreline will provide habitat in-
fsrior to that of the rivers. The average annua l fur harvest
will continus to be insignificant.

Benefits to hunting attributable to the project will average
$19,000 annually.

The next to last paragraph quoted above indicates that 2,347 ha (5 ,800 ac)

of st ream and river habitat (non-terrestrial) were located within the per-

manently inundated zone prior to project construction. This figure was

obtained by subtracting the 9,296 ha (20 ,500 ac) of inundated terrestrial

habitat figure from the total power pool area of 10,644 ha (26 ,300 ac)

This result lends support to the non-terrestrial habitat estimate calcu-

lated earlier .

The method used by the FWS to attribute a $19 ,000 value to the predicted

wildlife-associated annua l benefi t, is not clear. After project comple-

tion, an additiànal 2,570 bunter-days were expected ove r without-project
- 17 -
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conditions . The pre-impounda.nt and post-impoundment hunting effort data

are presented in Table 5. The average valu, for this additional hunting

of $7.40 per hunter-day ($19,000 , 2,570) xceeds the highest allowable

daily value contained in the schedul. of hunting values which were in use

by the planning agencie. at ths tim. (5). These monetary values an, pre-

sented in Table 6.

It is possible that the term “benefit” as used by the FWS, was considered

to include all of the projected post-construction hunting use without con-

sidering the pre-project use . If this were the case , the $19,000 annual

value for the 11,900 hunter-day figure would have been computed by multi-

plying the hunting day use estimates by daily values for waterfowl hunting

and upland-ga me hunting selected from the list of value s shown in Table 6.

For example , waterfowl hunting may have been assigned a daily value of

$1.75 and upland-game hunting assigned a daily value of $1.00. This would

have provided a monetary f igure of $19, 250, which may have been rounded to

the $19,000 figure. Round ing monetary values to the nearest $1,000 was a

ccm.on practice. Another possibility could be reflected in Table 7 where

the range of possible total monetary values (lowest possible to highest

possible) are illustrated. The highest possible value figures from Table

6 applied to the with and without project hunting effort figures give a

pne-construction total value of $27,585 and a post-construction value of

$48 ,825 . The difference ($21,240) is close to the $19,000 figure actually

used.

losses of hunting opportunity f or big-game (white-tailed deer) and upland-

- 1 8 - 
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game were expected as a consequenc, of construction of the Keystone pro-
ject. This projected loss prompted the conservation agencies to recom-

mend tha t certain remedial actions be taken by the construction agency.
Simply stated , the steps considered necessary by the conservation agen-
cies to avoid hunting losses for terrestrial game were to acquire in fee
and fence 3, 701 ha (9,145 cc) of additional lands outside the boundaries
of the CE’s planned project.

This discut~sjon from the 1961 report of the FWS is presented in the fol-
lowing section, viz :

Keystone Project will destroy or impair big-game and upland-gamehabitat on 55 ,400 acres of lands within the reservoir area witha subsequent significant loss of hunting. It is possible to mi-tigate the.. losses , in part, through the acquisition and manage-menc of suitable lands . The Oklahoma Department of Wildlife Con-servation has indicated that they desire replacement habitat witha tota l area of approximately 16,250 acre, for development andmanagement . This proposed area is located as shown on Plate 1.
Of this area , about 7,105 acres are •ch*duted for acquisition forprimary project purposes; about 633 acres are planned for flowageeasement purchase by the Corps of Engineers, and approximately 8,510 acres are located outside of the guide contour for ease’~entacquisition.

It is estimated that the cost of purchasing in fe, the 635 acreson which flovage easements only would otherwise have been acquir-ed and the 8,510 acres outside of the easement area would amountto $1,350,000. This cost includes administrativ, and contingencycosts of land acquisition but does not include cost of acquisi-tion of minerals. For proper management of habitat, the areashould be fenced to control grazing and public use. About 30miles of perimeter fencing viii be required for th, proposed man-agement area , it is estimated that this fencing will. cost about$30,000. Costs of land acquisition and fencing should be a pro-ject expense, Annual operation and maintenance costs would beborne by the Oklahoma Department of Wildlife Conservation, itshould be noted that this proposal allows only f or mitigation ofproject-ca used wildlife losses and that there would be no signif-icant enhancement benefits.

- 22 —
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Following acquisition and fencing, the lands proposed for wild-
life management should be made available to the Oklahoma Depart-
ment of Wildlife Conservation under the terms of a General Plan
as provided in Section 3 of the Fish and Wi ldlife Coordination
Act (48 Stat. 401, as amended ; 16 U.S.C. 661 at seq.).

Free public hunting and fishing in the reservoir area could be
assured during project construction and operation if the boun-
daries of federally purchased lands were delineated and con-
spicuous ly marked imeediat.ly upon purchase.

The 1961 report of the IWS concluded by listing five specific recomeenda-

tions. Three recosmendations were concerned with mitigation of anticipa-

ted adverse impacts on the big-gam. and upland-game ca unities . These

recuendations addressed reservoir zoning, acquisition of additional

lands, and marking of project boundaries . Followiag receipt of the 1961

FWS report , the CE evaluated each of the three wildlife-associated re com-

mendations , acce pted one , and rejected two. A s~.~~ ary of the FWS recom-

mendations and CE responses were presented in a supplement to the CE ’.

General Design Memor and~~ which was released by the CE in 1963 (6). This

material is presented be low:

Reco sndation No. 3. — That appropriate consideration be given
to the d.v.lopm.nt of a reservoir zoning plan in connection with
overall planning for Keystone Reservoir to insure that certain
areas will be availabl, for fishing and oth.r wildlife purposes
without conflicting use for genera l recreation. It is further
recomeended that the parties involved in developing a reservoir
zoning plan include the agency expected to administer the re-
servoir and the Oklahoma Department of Wildlife Conservation.

(1) C~~~.nts. - This r.c~~~endation is concurred in. The Corps
of Engineers is charged with the responsibility for assuring
full use of the reservoir by th, public and it i. prop osed that
appropriat , consideration will be given to zoning of th. reser- -;
voir to avoid conflicting use by th. sport fishermen , hunters ,
and ether users . Any zoning plan or study undertaken will be
coordinated with all agencies having a responsibility or inter-
est in the problem.

- 23 -
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Reco endatioa No. 4. - That approximately 9,145 acres of land
be purchased in fee exc lusive of minerals and fenced as an in-
tegral part of the project, and that said land together with
other project land, as shown on pla te 1, be made available to
the Oklahoma Department of Wildlife Conservation in accordanc e
with the terms of a General Plan as provided in section 3 of
the Fish and Wildlife Coordination Act (48 Stat. 401, as amend-
ad; 16 s.C. 661 et seq.).

(1) Cuents. - The proposed wildlife management area is loca-
ted on the Cimarron arm of the reservoir. The total acreage of
the proposed wildlife management area as estimated by the Ser-

- 
vic. is approximately 16,250 acres of which about 7 ,105 acres
would be acquired for the project. The Service estimates that
about 8,510 acres of additiona l fee lands outside the project
area and about 635 acres of land in fee in lieu of easement
vould be required for the management area. The appraisals on
lands required for the project are completed in this area and
the majority of the lands for the project have been acquired.
Acquisition of mineral interests on this land has also been in-
itiated. The conversion of tlowag. easement areas to f cc pur-
chase and the purchase of any additional lands in fee in this
area will result in dual acquisition in almost every case where
land is required from an owner who was affected by the Keystone
Reservoir. The Service recosmends this additional land acquisi-
tion to compensate for losses in wildlife habitat. The Service
report shows a loss of wildlife habitat on the 26,300 acres that
will be permanently inundated, resulting in a net loss of 4,430
man-days of hunting for deer and upland game. The report does
not evaluate the wildl ife losses nor does it f urnish complete
cost data for the wildlife management area. In the absence of
complete data, the Corps of Engineers has prepared an analysis
of the costs in connection with the acquisition of lands and d.-
velopment of the proposed wildlife management area. In this an-
alysis, all available figures from the Service report were util-
ized, supplemented by other data supplied by the Corps of Engin-
eere. It is considered that the construction of fences and oth-
er developments should be a non-Federal cost and should be borne
by the State agency as part of their program. The cost analysis
for the proposed wildlife management area is tabulated below.

The anticipated first costs and annual operating expenses for the mitiga-

tion lands, as presented by the CE, are shown in Table 8. The estimated

monetary benefits of this action, again as computed by the CE, are presen-

ted in Table 9.
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Table 9 . —- Wildl i fe  management area s~am~ary of
annual benefi ts as com puted by CE

Item tan-days Value*

Mitigation of net losses
Upland game 4 ,300 $6,450
Deer 130 193

Subtotal 4,430 6,645

Enhancement of waterfowl 0 0

Total 4,430 6,645

* Based on unit values for hunting as current ly
used by the Corps of Engineers ($1.30 per man-
day)
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The CE st~~oarized these anticipated costs and benefits and their conclu-

sion with regard to recoumiendation No. 4 for mitigation lands as follows,

viz:

Based on annual benefits of $6,645 and annual costs of $48,800,
the benefit-cost ratio for the proposed wildlife management ar-
eas is 0.1. In consideration of this stud y and after thorough
consideration of the possible intangible benefits that might ac-
crue, the Corps of Engineers considers the proposal for acquis-
ition of additional lands in fee and deve lopment of the wildlife
management areas would not be warranted. However, any project
lands that may be requested by the Oklahoma Department of wild-
life Conservation will be considered for license to that agency
for wildlife management . In this connection, consideration is
being given in the master plan for reservoir development, De-
sign Memorandum No. l2B, for toning approximately 15,750 acres
of project lands and waters for this purpose. This includes a
large acreage of project lands on the Arkansas River arm as well
as a substantial acreage of the Ci.marron arm.

The fina l FWS rec~~~endation for wi ldlife mitigation was evaluated by the

CE as follows , ‘iz:

Recosmendation No. 5. - That project lands acquired by the Fed-
eral Coverument be clearly marked following acquisition so as
to delineate the area open to hunting and fishing and other pub-
lic uses.

(1) Cosments. - It is considered impractical to survey and mark
the entire project boundary. However, the marking of the ap-
proximate boundary lines at access points and at other points
where known, would be worthwhile in order to delineate public
lands from adjacent private lands. This recosmendatton will be
considered after construction has been completed and all pro-
ject lands have been purchased.

Wildlife Resources -- Post-impoundment Occurrences

The F’WS report of December 19, 1961, originally rec~~~sndtd , on advice of

the ODWC, the developme nt of a 6,576 ha (16,250 ac) wtldlif s manageasut

area to be wholly located on the Cimarron River arm of the ~eservoir. This

tract, to be managed by the ODWC, would include 2,875 ha (7 ,105 cc) sched-

- 2 —
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uled to be purchased for primary project purposes and approximately 3,701

ha (9 145 ac) of additional land outside of the CE guide contour for f cc

land acquisition. However, after consideration by the CE , this recom-

mendation was essentiall y .i4helved because of an unfavorable benefit-cost

ratio of 0.1, as computed by the CE. In a counter o f fe r , the CE proposed

[supplement No. 1 to Design Memorandum No. 4 dated Apri l 2, 1963 (6) ) that

approximately 6,374 ha (15 ,750 ac) of project lands and waters located on

both the Cistarron and Arkansas River arms be zoned for wildlife management

purposes for subsequent lease to the ODWC.

A1thou~h an exhaustive search of pertinent ODWC, FWS, and CE data reposi-

tories was undertaken, no further reference to the proposal was uncovered

until the Ot~JC requested a license for project lands zoned for wildlife in

d letter dated January 1, 1971 (7). In response , the CE forwarded a copy

of a proposed General Plan agreement on August 23 , 1972 , along with a ton-

ing map showing the proposed project wildlife management areas, to the

O~ JC Director ar’d to the Regional Director of the FWS in Albuquerque , New

Mexico (8). After review of the proposed General Plan agreement , the ODWC

signed the agreement on October 23, 1972 (9); the FWS signed the agreement

on October 27 , 1972 (10) .

However, a formal lease agreement between the CE and the ODWC was not exe-

cuted until, late January, 1974 , about 9 years following impoundment in

1965, and more than 13 years after submission of the December 19, 1961,

FWS latter report.

Th. lease provided for ODWC management of big game and upland game on 4 ,

-2 8 -
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970 ha (12,280 cc) of land. This ODWC leased land consisted of two se-

parate areas bord.ring the upper reaches of the Cimarron River and Arkan-

sas River arms of the lake, respectively. An additional 1,303 ha (3,220

cc) of the lake were included within the two leased tracts to facilitate

vaterf owl management by the ODWC .

Wildlife Habitat Resources ~valuatton and Management

Approximate ly 12,69 7 ha (31 373 *c), well over half (63.6 percent) of pro-

, 
ject lands purchased in f ce are located abov, normal lak. conservation

pool elevation 220.4 m (723 ft) mel. A minimum of 6,274 ha (15,504 cc) of

the.. lands are current ly managed for wildlife and arc open to public hunt-

ing, inc luding the 4,970 ha (12,280 ac) of land managed by the O~ QC under

license from the CE. Th, remaining 1,305 ha (3,224 ac) are managed direct-

ly by the CE. Although closed to public hunting, 1,200 ha (3,000 ac) of

outlying •ections of property, leased by the CE to state and micipls ag-

incise as recreational and park areas , a1~o provid. incidental (but sub-

stantial) wildlif, habitat benefits. Two islands totaling 16.1 ha (40 ac)

have been designated by the CE as wildlife refuges.

Wildlife lands managed by the CE hay, been divided into 10 wtd.ly scatter-

ed units ranging in size from 40 to 324 ha (100 to 800 ac). Wildlife man-

agement plans have been completed for eac h of th. ten CE management areas

and included in Appendix D (Fish and Wildlife Plan). However, field imple-

mentation of the plans has begun only recently . Cattle grazing La still

permitted on the CE game management areas under terms of previously nego-

tiated grazing teases. In all , some 168 outstanding grazing leases are

- 29 -
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still in effect on a total of 5,018 ha (12,398 cc) of project lands ad-

ministered by the CE (1). The average size of the individual lease ii

15.3 ha (73.8 ac), ranging from 3.0 to 346 ha (7.5 to 855 ac). Over 50

percent of the individual grazing leases are less than 40.5 ha (100 cc)

in size.

Operation of the project for flood control and electrical power genera-

tion (particularly) has caused the conservation pool Level to fluctuate

more than anticipated. Although the lak. level was originally predicted

to drop below elevation 219 m (717.7 ft) mal only once in 10 years , the

lake level hai dropped below this elevation every year but one (1968)

since impoundment. The average annual duration was 76 days and ranged

from a minimum of 12 days in 1971 to a maximum of 144 days in 1970. How-

ever, the two-year frequency flood pool, elevation 225.7 m (740.5 ft) mu ,

has been reached in only two years (78 days in 1973 and 28 days in 1974)

over the 14-year period of record (1965-1978). The five-year flood pool ,

elevation 229.8 m ( 754 it) mcI , has been exceeded in only one year (two

days in Novembe r , 1974) .

In itia l ly ,  wildlife habitat values on all, project lands were severely de-

pressed as a result of intensive and long-term livestock grazing and crop-

land onversion practices followed by previous land owners. As a cones-

qu*ctce , wildlife populations were severely depleted at the time of acquis-

ition by the CE. Huntable game populations were nil over much of the new-

ly acquired land.

Wildlife habitat values of project lands improved only slightly during the 
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years temediately following acquisition by the C!. Land management prac-

tices exhibited little change over previous years of private ownership

(2) . In fact , conver sion of cropland to pastureland increased and exist-

ing grazing leases were continued , for the most part . Project benefits

to wildlife resources were limited to providing increased opportunities

for public hunting as a result of public ownership, as the area was vir-

tually closed to public access while under private ownership. Wildlife

management by the CE and ODWC was minimal during this period and was re-

stricted primarily to acceleration of wildlife law enforcement patrols by

the ODWC and to implementation of an extremely modest wildlife food plot

planting program by the CE. Hunter access was provided by recreationa l

area roads , severed roads , abandoned outfie ld roads , and farm—to -market

roads (4).

No substantial effort was made by the ODWC to improve wildlife habitat un-

til after the lease agreement between the ODWC and the CE was finally cx-

ecu~ed on January 1, 1974.

Subsequently, in May of 1974 , the ODWC developed a long-range wildlife

management prospectus for the leased property (2). Principal emphasis was

placed on the imeediate improvement of wildlife habitat for upland and big

game species.

The program was expected to provide ultimately for minimum of 10,000

man-days of hunting per year, including 7 ,000 man-days for upland game

species (principally quail , rabbi ts, squirrels), 1,000 man-days for big

game species (white-tailed deer and Rio Crande turkeys), and 2,000 man-

— 11 —
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days for migratory bird species. Major components of the ODWC management

plan involved the el imination of outstanding grazing leases , boundary

signing and fenc ing, vegetation succeasion contro l, and wildlife food and

cover augmentation .

Considerable wildlife habitat improvement has been accompli shed since in-

itiation of the program in July, 1974. Individual grazing leases on all

ODWC leased properties were rescinded imaediately after the lease with

the CE was executed.

Other accomplishment, of the ODWC wild l i fe  management program (1974-1978)

are shown in Table 10. Appropriate areas of the lsaaed property, 77.2 km

(48 xi), have been fenced and signed to prevent livestock incursion and p
to delineate public hunting access. The boundary was previously surveyed

and monumented by the CE.

Some 42,600 trees and shrubs were planted by ODWC personnel to augment

f ood and cover for  w i ld l i f e  species. Shelterbelt type plantings of three

to four rows of trees were utilized to break up large open field. and

provide more cover and edge effect. The plantings included red cedar ,

mulberry, blockbrush, loblolly pine, walnut , multiflora rose , plum, aut-

umn olive , and bald cypress.

Sharecrop cooperators were utilized to plant an average of 903 ha (2,231

ac) per year of small grains (corn, maize , wheat , millet , and sunflower)

and alfalfa. Approx imately 40 percent of the total crop was unharvs.ted

in both 1974-1975 and 1975-1976 and 30 percent of the crop was lef t in the

- 3 2 -
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fields itt both 1976-1977 and 1977-1978. An additional 126 ha (312 ac) of

h .rbaceous plantings (primarily millet) were made by ODWC personnel.

Approximately 52.6 ha (130 cc) of abandoned grasslands and fields were

disked by project personne l to improve food and nesting conditions.

Waterfowl management was relegated to a secondary priority during this

first five-year habitat improvement phase. Sporadic attempts were made

to plant millet on exposed mud flats, for the most part unsuccessful.

Premature inundation by water-level fluctuation and/or dry weather follow-

Log planting were responsible for failure of the plantings. However, the

ODWC is planning to construc t and operate several small subixpoundments

(a total of 16 ha (40 ac)) in the near future to augment waterfowl food

production.

Wildlife Coemunity Studies

Resident wildlife comaunities have responded positively and steadily to

the game management programs previously described. Although comprehens ive

sampling programs to document wildlife population changes have not yet

been instituted at the Keystone project, limited indices of wildlife com-

munity structure and density are available from various state OOWC reports..

The populations of both big-game species , white-tailed deer and turkey,

have expanded on project lands . Turkeys have been stocked at least once

on project lands . Estimated big-game densities on the 4,970 ha (12,280 ac)

of l icens.d O~~C lands were estimated in 1977 at 150 to 200 deer and ap-

proximately 160 turkeys (Il) . Post-season observation s in 1978 indicated

- 3-~e -
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presence of 218 turkeys, an increase of 58 birds over 1977 levels. The

number of deer present on the total project area is estimated by OIMC per-

sonnel to inc lude as many as 300 to 400 head (Joe Hardridge , pers. comet.,

1979).

Quail were stocked , some 400 in number , on the management area during the

1976-1977 stud y segment and approximately 220 rittgneck pheasants were re-

leased on the area during the 1977—1978 study segment. Recent ODWC re-

ports for 1976 (11) and 1977 (12) document the rapidly expanding quail po-

pulation on project lands, viz:

Observation of quail indicate a 50 percent increase in the area
population over 1975.

* * * * * *
Quail census work indicated an increase in the population of 60
percent over that of 1976.

* * * * * *
Twenty-four hunters were checked the first day of quail season.
Birds taken averaged 2.25 per hunter. Wings were collected and
aged revealing 84.67, of birds taken were birds of the year.

Pheasants were recorded during spring crow census and pheasant tracks were

reported in the snow during the winter of 1978. No hunting for pheasants

is yet permitted at the project. In fact, the narrow dimensions of pub-

licly owned Keystone project lands are considered potential limitations to

th. future expansion of the pheasant population in the project area. Suc-

cessful education of the owners of lands contiguous to the Keys tone fee

boundary to stimulate their interest in wildlife and increase their aware-

ness of the habitat requirements of wildlife, including pheasants, would

prove highly beneficial to the future of pheasants in the area (Joe Hard-

- 35 -



ridge, pers. come., 1979).

No quantitative information is availabl, relati ng to other upland game

species on Keystone project lands except to note that quail significantly

outnumber both squirrels and rabbits. Use of the project by doves La

currently quite restricted. This apparently results from limited food

supplies for the migratory flocks of doves.

Post-impoundment abundance of furbearers , including raccoons, minks, musk-

rats, and beavers (particularly), is believed to exceed their pr.-impouz*d-

ment abundances; however , no data are available for these resources (Joe

Hardridge , pars. come., 1978) . Perhaps 1.0 trappers work the Keystone pro-

ject 1 with particular effort placed on the long-haired furbearers.

Aerial counts of migratory waterfowl resting on Keystone Lake were obtain-

ed each month from October to January, beginning in 1965. This program

continued intermittently over th. next eight years. No obeervational

flights were made in 1968, 1970 , and 1971.

Beginning in 1973, continuing in all subsequent years , the aerial counts

of waterfowl were confined to a single mid-winter flight (January). This

reduction in aerial waterfowl counting on the Keystone project was a dir-

ect consequence of the low level of use being made of the project by va-

terfowl. Unfortunately, no similar data are available for prs-impoundment

years. The count data described above (Table 11) were provided by OI~JC

staff  (Lam Due , pers. come., 1979). Few geese use the Keystone project ,

probably repre senting less than five percent of the total waterfowl use .

- 36 - 
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Table 11. -- Waterfow l count data available front ODWC for
Keystone Lake project

Monthly aerial counts

- 
- Years October November December January

150 1,061 450 601

1966 0 2 ,006 285 30

1967 581 568 0 207

1968 N.S . ’ N.S.  N .S. N .S .

1969 3,382 415 150 320

1970 N .S .  N .S .  N.S.  N. S .

1971 N .S. N.S.  N.S.  N. S .

1972 600 N.S.  N s .  4 ,230

1973 N.S. N.S .  N .S .  N.S .

1974 N.S.  N.S .  N .S. 4 ,320

1975 N .S. N.S .  N .S .  N.S.

1976 N .S. NJ . N .S. 1,332

1977 N .S. N.S. N.S. 680

1978 N .S. N.S. N.S. N.S.

Avera ges2 943 1,013 22 1 1,465

1. NS. -- No survey made

2. Average only of years for which counts made
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Some nesting by wood duck.s occurs along the perimeter of Keystone Lake .

Yearly production , however , i. slight , ranging up to 15 birds (Joe Hard-

ridge , pers . come., 1978) . Nesting by other waterfowl species on the

Keystone project ii negligible .

Two non-game species of wildlife (one endangered) have stimulated special

interest and concerns by their presenc e on Keystone project lands. South-

ern bald eagles have established a comeuna l winter roost on Spring Creek.

The roost site is on the Arkansas River arm of Keystone Lake approximate-

ly 6.5 km (4 mi) above the dam. Use of the Spring Creek area by eag les

began in 1975 and the number of eagles attracted to the area has slowly

increased in subsequent years. Data compiled by project personnel and

private citizen groups indicate that 45 to 55 eagles are currently making

use of this roosting area.

The CE has posted th. affected roosting area to restrict human disturb-

ance which could prove detrimental to the continued use of the area by

eagles. Studies are continuing to determine the importance of the Spring

Creek roost site to the welfare of the wintering bald eagles at Keystone

Lake. Acquisition of additional lands by the CE to protect the site has

been proposed by the Tulsa Aud ubon Society (13).

Great blue herons have established two large rookeries on the Cimarron

River arm of Keystone Lake. The largest of these rookeries covers approx-

imately 2 ha (5 ac) and is believed to contain up to 300 birds.

Hunting Ef fort and Harvest Estimates

The conservation agencies’ predictions and their recomeended mitigation
-38 -
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program for the Keystone-related impacts were described in terms of hunt-

ing use (hunter-days ) of the project site. Impacts of project-related

activities on wildlife habitat were poorly referenced in the pvc-construc-

tion reports and no quantitative data were provided which related to wild-

lif~ communities.

The lack of quantitative wildlife data in th. formal reports was exacer-

bated by the loss or destruction of the informal files of support data

upon which th. hunter-day projections may have been based. As a conse-

quence of the limited nature of the available pvc-construction information

on wildlife and wildlife habitat, changes in hunting-use data constituted

the solely available index with which to measure or reflect project-asso-

ciated changes to wildlife communities and wildlife-dependent habitat.

Project-induced influences on terrestrial wildlife habitat and associated

hunter-use at the Keystone Lake project can be separated into three separ-

ate impact areas or zones. The most significant area of impact is located

between the top of the conservation pool and the top of the five-year flood

frequenc y pool. Although subject to frequent inundation, this 12,697 ha

(31,373 ac) l and area provides the majority of public hunting on the Key-

•tone project and receives the most intensive management for wildlife. The

•.cond zone consists of the surcharge water storage zone located above the

five-year frequency pool (elevation 229.8 a (754 ft) asi), a~quired in

easement only. Such surcharge storage ~~ occurred on only one occasion

(to elevation 230.08 m ( 754.86 ft) n i ]  since project completion. This

event occurred for a period of two days in November, 1974 . Hunting effort

- 39 -
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on these easement Land s , which remain in private ownership and control,

is currently unquantified but is believed to be considerably less in-

tense (perhaps 75 percent less) than on the publicly-owned project lands

(Bill Budnick, pers. comm., 1979) . Finally, the Keystone project may

have impacted wi ldlife communities located in the downstream section of

the Arkansas R1.ver by altering the ?atte
~
i
~
s and volumes of flood flow

discharges. As no wildlife-associated data are available for the Arkan-

sas River floodplain below Keystone , no impact ana lyses are possible for

this area.

Data for hunter-use presented in this evaluation reflect only those acti-

vities on lands acquired in fee. The fee lands above conservation pool

includes 12,697 ha (31,373 cc), of which 6,274 ha (15,504 ac) are open

for public hunting. No systematic hun ter-use survey is conducted by the

ODWc , It was , therefore , not possible to report statistically reliable

figures for the use made of Keystone project lands by hunters. However,

crude estimates of such activity were generated by knowledgeable OIMC

field personnel during, and subsequent to, the reconnaissance trip to the

project undertaken specifically for this evaluation. The estimates were

derived by personnel responsibl. for developeent and implementation of

game management plans for the lands held in license by the OIXJC. These

activities are carried out by the State under Pittman-Robertson funding.

Table 12 presents these OThJC estimates of hunting-use as well as the in-

dependently developed average annual hunter-visitation figure reported by

the CE. Considerably different views of hunting activity are held by the

0I~JC and the CE for Keystone project lands and waters . The CE estimate

- 40 -
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of average annual use, 28,443 hunter-days , is 3.6 times greater than the

ODWC ’s estimate of 7 ,945 hunter-days .

The CE use figures are obtained from car counts made by CE personnel dur-

ing routine patrolling of project lands when hunting seasons are open.

The car counts are expanded by hunter vehicle occupancy to arrive at the

reported number of hunter visits.

Examination of the more definitive species-related ODWC hunting effort

data shows that quail support over one-half of the total hunting effort

on Keystone project lands . Upland game species as a group provided 6,570

hunter-days or 83 percent of the hunter-days estimated by the OEMC . Big

game, which includes both white-tailed deer and Rio Grande turkeys, sup-

ported an estimated 905 hunter -days . Waterfow l resources of the Keystone

project currently support only 350 hunter-days . Computed on an area ba-

sis , the OtMC ’s use estimates reflect, perhaps conservatively, 7,595 hun-

ter-days of terrestrial wildlife-associated hunting activity on 6,274 ha

(15,504 ac), i.e., 1.2 trips per ha (0.5 trips per cc).

Limited information was available from OLMC reports (11,12 ,14,15) to allow

documentation of relative hunting success on the Keystone Public Hunting

Area. The limited data available , which were used to prepa re Table 13,

reflect highly variable hunter success for quail. At the same time, the

harvest success data available for doves (1974-1975 and 1975-1976) were

relatively consistent (2.0 and 1.5 birds per trip, respectively).

The total deer harvest on all project fee lands was estimated by 01~IC per-
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sonnel at 15 animals in 1976-1977 and at 35 animals in 1977-1978 (Joe

Hardridge , pers . coem., 1979). Of this total , 12 deer and 28 deer were

harvested from the ODWC licensed lands in 1976—1977 and 1977-1978 , respec-

tively. The estimated turkey harvest from all project land. was placed

between 10 and 15 birds, annually.

Wildlife Resources -- Evaluation of Planning Input

The PWS planning report of December 19, 1961, contained three veil con-

ceived recoem.ndations pertinent to project wildlife resources. These re-

commendations included, (1) a request for development of a zoning plan to

insure that certain areas would be available for wildlife purposes with-

out conflicting use for general recreation, (2) that all project lands ac-

quired be clearly marked to delineate areas open to hunting , and (3) that

an approximate 3,701 ha (9 ,145 cc) contiguous tract located on the Cimar-

ron ar ~ of the reservoir be purchased in fee , fenced at project expanse,

and licensed to the ODWC for wi ld l i fe  management purposes. Implementation

of this latter rec~~~~ndation was considered essential for mitigating wild-

life losses on the project.

The rec~~~endation for a coning plan was subsequently implemented by the

CE in cooperation with the OIMC and FWS.

Also, all CE administered lands of f limits to hunting , such a. high den-

sity recreattona l areas , parks , etc., have been identified and signed.

Signing of areas open to public hunting is currently under way.

In retrospect, there was Little relationship between the ultimate location
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of wildlife management areas and /or prescribed management practices and

those originally anticipated by the fish and wildlife planning agencies.

A careful analysis of the 1961 FWS report indicates the authors consider-

ed only two scenarios for habitat impact.: (1) project in place without

acquisition of additional mitigation lands and without state management

of incidental project lands, and (2) project in-place isith acquisition

of additiona l lands (3 ,701 ha (9 ,145 ac)] specifically for wildlife miti-

gation purposes and with management of these lands in combination with

2, 875 ha (7,105 cc) of incidental project lands by the O~IJC.

Unfortunately, the most probable option, eventually implemented , was not

considered (but should have been) during the planning phase. This option

assumes the project in plac. without acquisition of additional land. spe-

cifically for wildlife mitigation, but with management of incidental pro-

ject lands under license by the ODWC. Subsequently, 4,970 ha (12,280 cc)

of such project lands were licensed to the O~ JC. Figures 2 and 3 present

graphic illustrations comparing the lands requested by the !WS and 0!7~JC

for terrestrial wildlife management by the OaJC at the Keystone project

with the lands actually provided under license to the OIflJC by the CE for

wildlife management purposes.

Resident wildlife populations on the terrestrial habitat within the 22 ,420

ha (55,400 ac) Keystone project impact area supported an estimated (6 ,530

hunter-days prior to construction of the Keystone project. The actual

amount of terrestrial habitat (vs. water) in the impact area totaled 19,

148 ha (47,315 ac) . Thus , the estimated pre-1apoun~~snt hunting use of
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project lands equaled one hunter-day for each 2.9 ha (7~2 cc). To com-

pensate for the loss of hunting opportunity occasioned by permanent loss

of 21,100 ac of land under the Keystone power pool (which constituted 45

percent of the terrestrial habitat within the project area) would have

necessitated an increase in hunting effort on the remaining 10,600 ha

(26 ,215 ac) to one hunter-day per each 1.6 ha (4.0 cc). Post-impound-

ment estimates (professionally rendered opinions) indica te current aver-

age hunting levels f or all remaining lands (including but not limited to

wildlife management lands) have successfully Compensated pre-project re-

creational hunting opportunities for resident wildlife. Current hunting

intensity amounts to one hunter-day of effort f or resident terrestrial

game (upland game and big game) per 1.4 ha (3.5 ac).

Hunting opportunity is not the sole concern of wildlife interests , how-

ever. There is not, necessarily, a direct relationship between the natur-

al resource base (wildlife cosinunities) and hunting ef for t .  The attrac-

tion and oiistained support of recreational hunting is the prod uct of com-

plex interactions of many factors. The latter include accessibility,

types of facilities available, and inherent wildlife cossnunity structure

and density.

In the absence of descriptive and quantitative data regarding the wild-

hf. populations which inhabited the Keystone project site before and af-

ter project construction, conclusions regarding the welfare of impacted

animal ccessunitie. cannot be made with certainty. However, insufficient

or diminishing game populations will sooner or later be reflected in re-

duced hunter use and the conve r se hold, equally true. The indicated
- 48 -
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greater hunter use per unit area of the remaining terrestrial habitat sur-

rounding the Keystone Lake would support the thesis that greater numbers

of desireable species are being provided on the remaining Keystone project

lands than before project construction.

The prediction of severe terrestrial wildlife coussunity losses in associ-

ation with construction of Keystone Lake (unless compensated by acquisi-

tion of special mitigation lands) does not appear to be supported by post-

construction information although such information is severely limited.

Rather , the available data indicate that resident wildl ife losses were

averted at the Keystone Lake project. This circumstance resulted from an

• intensive and expensive program of wildlife habitat manipulation and re-

source management on incidental project lands by the OrMC and to a lesser

degree by the CE. Thus , compensation appears successful for the terre s-

trial wildlife resources at the Keystone project, although mitigation ef-

forts were restricted to incidentally purchased project lands.

Acquisition of the requested tract of mitigation lands and rehabilitation

of these hands to the extent possible by fencing to avoid overgrazing,

could have reduced the amount of habitat manipulation that was necessary

on lands that were made available to compensate for the wildlife losses.

Unfortunately, the monetary burden for the existing wildlife program has

been on the OI~JC and not on the prsgram responsible for the original habi-

tat loss.

Predictions of hunting activity projected in the 1961 FWS report ranged

far outside estimated post-impoundment occurrences , particularly for water-
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fowl and big-game hunting. As noted in Table 14, the ?WS report of 1961

predicted a total loss of big-gems hunting on project lands absemt iaple-

inentation of the recaemend.d mitigation plan. Only 130 hunter-days p.r

year of big-game hunting were predicted given implementation of the miti-

gation plan. Actual post-impoundment hunting effort estimated for big-

game species (905 hunter-days per year) was seven times greater than the

hunting effort predicted assuming implementation of th. mitigation plan.

Apparently, the resurgence of white-tailed deer on the project area (which

also occurred generally throughout the nation during the 1960 ’s) was not

anticipated by the authors of the 1961 FWS report. White-tailed deer was

the only big-game species considered in the 1961 FWS report , as Rio Grande

turkeys were not present on the area until introduced by the ODWC in the

early 1970’..

The optimistic prediction in the FWS report of 1961 for waterfowl hunter

use (9 ,800 hunter-days) failed to materialize. This prediction, made in-

dependently of the implementation of any proposed mitigation rec~~~.nda-

tions, was 28 t imes the OI~JC estimate of current usage (350 hunter man-

days).

The significance of this excessively over-optimistic prediction of water-

fowl hunting is further compounded by the fac t that project use for we-

tarf owl hunting constituted a majority of the total post-impoundment hunt-

ing activity projected for the project (approximately 82 percent of all

hunter-days of use without mitigation and 60 percent with mitigation)

which was used by the CE in computing the project cost-benefit ratio. A

more accurate assessment of project usage for waterfowl hunting (number
- 
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of hunter-days) would have substantially lowered FWS estimates of project

wildlife benefits.

A possible reason for the lower than predicted number of hunter-days for

waterfowl could be associated with management of reservoir water levels.

The lake provided a somewhat favorable habitat for waterfowl during the

first f cv years following impoundment. The larg. expanse of water made

the lake attractive as a resting place for migratory birds, and a consid-

erable amount of food was provided by native smart weeds and millet which

quickly developed along the take margins. Also , a considerable number of

mast producing trees, which provided food and cover for waterfowl, were

flooded.

However , the smart weed and millet were substantially reduced in later

years by reservoir fluctuation and subsequent shoreline erosion. Also,

the “green trees” growing in marginal areas of the lake were almost en-

tirely eliminated by prolonged flooding which occurred during the growing

season of 1973—1974. The lake level exceeded the normal conservation

pool elevation by more than 5.3 m (17.5 ft) over a 63-day period from

March 15 through May 18, 1973; it did not return to the conservation pool

level until June 18, 1973. There is a further possibility tha t construc-

tion of other impoundments within the Central Flyway and within eastern

Oklahoma , in particular , may have served to dilute the number of water-

• f o w l  using Keystone Lake.

Post-impoundment predictions in the PWS report were more accurate for up-

land game hunting use (2,100 hunter-days without mitigation, sad 6,400
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hunter-days with mitigation) than for big g
~~ and waterfowl, although

lower than actual post-impoundment occurrences (6,690 hunter-days) esti-

mated by the ODWC. It should be emphasized that the FWS’s prediction of

post-impoundment hunting for upland game, which assumed implementation of

recomaended mitigation features, was prodicated on the supposition of f cc

acquisition of an additional 3,701 ha (9 ,145 ac) of land to be intensive-

ly managed by the OtNC. Even though the FWS recosmiendation for addition-

al land purchase was not implemented, post-impoundment hunting pressure

was higher than predicted.

The data contained in the FWS letter report dated December 19, 1961, lack-

ed sufficient detail to evaluate the efficacy of the methodology and/or

rationale employed in arriving at estimates of pre - and post-impoundment

hunting activity in terms of hunter-days of use. The report would have

benefitted greatly by inclusion of a brief statement describing the pro-

cedures utilized i~t deriving such estimates.
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FISHER Y RESULTS AND DISCUSSION

Fishery Resources -- Pre-impoundment Predictions

The fishery resources of the Arkansas and Cimarron Rivers in the area to

be impacted by the Keystone Lake project were considered to be of poor

quality yet able to support considerable angling use. These observations

were contained in the 1961 report of the FWS (3) , viz :

The stream fisheries that will be affected by the Keystone Pro-
ject, al though generally low in quality, are fished heavily.
Approx imately 200 stream miles will be aff ected which incl ude
the Arkansas River dovnstream from the dam and portions of the
Arkansas and Cin3arron Rivers and their tributaries which lie
within the reservoir site. The principal fishes found in the
streams that will be affected are channel catfish, fla thead
catfish , freshwater drum , carp, buffalofiettes , and river carp-
suckers. Despite relatively poor quality stream habitat, in-
tensive fishing results from the river’s close proximity to
Tulsa and neighboring coamunities.

Projected over the period of analysis, the estimated average
annual fishing on the 200 miles of stream habitat without the
project would be 17 ,000 man-days . Of this total. use, 12,000
man-days would occur in the stream to be inundated , and 3,000
man-days would occur in the 15-mile reach extending downstream
from the dam.site to Tulsa. In the remaining 65 miles from Tul-
sa to the mouth of the Grand River, the Arkansas River is heav-
ily polluted and would support only about 2, 000 man-days of
fishing annually.

Wit hout the proj ect , conmercial fishing would be insignificant
in the project area.

Post-impoundment f ishery habitat conditions were expected to be improved

• both in the newly created lake and in the Arkansas River below the dam.

The anticipated post-impoundment conditions as presented in the 1961 re-

port were as follows:

Keystone Dam will decrease flood flows, regulate the norma l
flow of the stream, and at the top of the flood control pool ,
create an impoundment covering about 45 miles of the Arkansas
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Rive r , 54 miles of the Ctmarr n River , and 22 miles of minor
tributaries. Sixty-six miles of stream w ill he pormanently
inundated at conservation poo i , and 77 w i l es  at  top  of  po wer
pool.

With  the u l t im a te  plan , the reservoi r w i l l  have ~b ,26O sur-face ac res at average annua l s.aximwn pen1 , and 24,150 sur fac e
acres at average ann~ial minimum po~l. Durt n ~ 56 per~-ent  of
the years of operation , floods will cause annual reservoir
f l u c t u a t i o n s  in excess of 20 feet. These fluctuations will
usually occur during May and June . During most of the re-
maining ye.~rs , r servoir elevations will remain more stable
with l i t t l e  f luctuat ion . This  assumption does not a l low fo r
po ssible increases in down stream wat er -use  rcquiret~ent s~

The reservoir is expected to provide good-qu al ity  h ab i t a t  fo r
largemouth bass , wh i t e  bass, and channe l c a t f i s h . Othe r im-
por tan t  species w i l l  be white crappie , b lueg i l l , green sun-
fish , ~otdese , flathead ca t f i sh , freshwater d rum , and possib-
ly walleye. C~ .p, buffdlofishos , carps uckers , and garfishes
wilt ~~~~~~ also. The reservoir w i l l  provide a bene f i t  of
about S0 ,000 man-Jays of fishing annually.

Keystone Reservoir w i l l  create a s e tt l i n g  b °sin  for  much of
the norma l silt load of the Arkansas River , and waters releas-
ed downstream will be much more clear than historically. An-
nual hi gh flows , which historically exceeded river bank capa-
city once in every three years and closely approached bank ca-
pacity in the remaining years , have made the river unattr.~c-
tive and unsafe for fishing for periods up to three week~ dur-
ing May, June , and July. Keystone Reservoir as one of a sys-
tem of reservoirs in the Arkansas River drainage would be op-
erated in such a manner that bankfull releases at the dam would
rarely be exceeded , and maximum flows usually would not exceed
one-half of flood-channe l capacity.

The reduction of sediment and prevention of f loods w i l l  improve
fishing in the 15-mile reach of river lying between the Jam and
Tulsa , and the resul t ing fish habitat  w i l l  a t t r ac t  and support
about 10,000 man-days of f i sh ing  annua l ly .  The 65-mi le  reach
below Tulsa , howeve r , wi l l  cont inue to be excessively polluted
du ring periods of low flow , which coincide with the main f ish-
ing season , and conditions wi l l  be improved only modera te ly
providing f i sh  habitat a t t r ac t ing  a use of about 60 man-days
per wile of stream. This reac h w i l l  sus ta in  about ‘4 ,000 man-
days of f i s h i n g .

Total benefits to support f i sh i n g  attributable to the project
will be $82,000 annually .

During the life of the pr ject , there will be opportunity to
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harvest an estimated 190,000 pounds of cosmercial fishes an-
nually from Keystone Reservoir with a ~ilue of $19,000.

In the absence of basic descriptive data, it was not possible to ascer-

tain the procedures employed by the FWS to develop the angling effort and

associated monetary values presented in the sections of the 1961 report

which are quoted above. It is apparent from this and other sections of

the 1961 FWS report that a reservoir-angling trip was valued at $1.00 and

a river-angling t r ip  was assessed a value 50 percent higher at $1.50. No

combination of these monetary values and the angler-day values provided

in the report will provide a figure of $82,000 as claimed above for  the

Keystone incidental fisheries benefits. The actual figure probably should

have been $75,500 ($76 ,000 rounded). Computation of the $75,500 value,

which accoamodates a project-associated reservoir fishing benefit of $80,

000 and a total river f ishing loss valued at $4 ,500 , is presented in Table

15.

The most probable explanation of the descrepancy between the $75,500 bene-

fit figure in Table 15 and the $82,000 benefit figure suoplied by the FWS

can be associated with the improper use of the word “benefit” in the ~1~S’s

description of predicted reservoir angling usage of 80 ,000 trips . If in-

stead of benefit, the authors really meant that post-impoundment lake fish-

ing was expected to average 80 ,000 tripe annually, then the actual “bene-

fits” should have been 68,000 trips, i.e., (80,000 tr ips - 12,000 existing

river angling trips) — 68,000 trips.

Monetary computations associated with the supposed FWS benefit figures pre-

- 5 6 -

_ _  -



I

I ~ 1
I.

1~ 

:;
~~~~~~~~

j  f t
p. 

~~ 
0

0.

a,
U 

0
s1J .~~ ~. 0 0 0 0

a .a — a a a a a
N ~~

. ~I m el 1%
F O~~~ ~ 14 .4 -~ —

aa a
—

• a.’

U ., . I
50 a
V -4
a I a a

$ R a~a’ I ~ø ‘4 0 .JI —4a u a .~~ a’ ci
• V ‘d ~~ 14 .~~“1 V II 0

— :  V V .
~I

a. £ i.5 ~ ,-.
— 0  V . A

(.4

- 5 7 -

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •—~~~~~ • . . -~ --- • --— --- .—- ------- “- - --.- --- •-.-
~~

--—



sented above would then have been: (68,000 lake trips x $1.00/trip) +

(9,000 river trips x $1.50/trip) — 81,500 (rounded to $82 000). In addi-

tion, it seems clear that the FWS’s original computation mistakenly as-

cribed a $1.00 value for the 12,000 nan-days of river fishing sacrificed

within the lake site instead of $1.50 per t r ip  which phould have been Ut-

ilized to describe river fishing trip values. Thus, it appears that the

FWS reports inadvertently assigned a $4,500 greater benefit to the post-

impoundment sport fishery than warranted.

The present evaluation asa~m~es that total reservoir angling provided in-

cidental to lake construction was predicted to be 80,000 trips.

Considerable additiona l benefits  were anticipated pending adoption and im-

plementation of two management recosinendations that  were provided by the

conservation agencies. This discussion has been duplicated in its entire-

ty in the following section.

Th. Keystone Project area lies only 15 miles from the ci ty of
Tulsa , an urba n area of over 280 ,000 people. The five counties
in which the reservoir is located have a total population of ap-
proximately 400,000 persons , almost all of whom live within one
hour’s driving time of the reservoir. The construction of Key-
stone Reservoir and the maintenance of fishing therein will meet
the need for reservoir fishing in the area . As important, how-
ever, is the need for productive fish habttat on the Arkansas
River , downstream from the dam.

Although several water-development projects involving construc-
tion of large reservoirs and many benefits to fishing are plan-
ned , are under construction , or have been built within day-us.
distanc e of Tulsa , stream fishing often has been sacrificed as a
result of reservoir construction. This diminution of stream
fishing in an area where many sportsmen are traditionally river
fishermen has made the restoration of the Arkansas River fish
habitat an important consideration.

The Arkansas River with a satisfactory water supply is capable
of meeting muc h of the local demand for river-type f ishing and ,
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in many respects, would offer more attractive fishing than many
flood control reservoirs .

Fish production and fishing in the entire 80-mile reach of the
Arkansas River downstream from Keystone Dam could be assured
and improved if adequate releases were provided to control pol-
lution and maintain a niininnmi of 4 parts-per-million of dis-
solved oxygen. A study by the U.S. Public Health Service , part
of which is presented in Table 2 , indicates the flows which
would be necessary to meet the minimtsn standards of suitable
water quality. If, however, these standards cannot be met , an
estimated mininum~ instantaneous release of 300 second-feet
could provide significant benefits to stream fishing in the
project area largely by benefiting the 15-mile reach of the
Arkansas River from Keystone Darn to Tulsa.

Since production of hydroelectric power at Keystone Darn is not
included in the initial phase of construction, the storage
space which is to be assigned to power production will be used
for flood control and other useful purposes. A portion of
this storage could be used for fish production. An allocation
of storage amounting to 30,000 acre-feet would assure most of
the requirements for maintenance of the downstream fish habi-
tat during all, but the most critical low-flow periods. Normal-
ly, river flows ‘will, be m~~e than adequate to maintain the in-
stantaneous release necessary to provide 300 second—feet of
good-quality water. However , during water-short periods , re.

• leases from the fishery conservation storage would enhance the
fish habitat in the Arkansas River , attracting an additional
15,000 fisherman-days annually valued at $22,000. The major
portion of this use would occur in the 15-mile reach of the Ar-
kanøas River extending upstream from Tulsa to Keystone Dam . If ,
however , an additional increase in fishing benefits is to be
realized in the river downstream from Tulsa, increased f l ows
adequate to achieve pollution abatement as presented in Table 2,
will be necessary.

When power-production features are installed and operated, pro-
blems will arise in maintaining flows for the fishery during
periods of little or no generation. Solution of those problems
cannot be attempted at this time since all indications are that

• water uses will undergo considerable change prior, to the opera-
tion of the reservoir for power production .

The coninercial taking of fish from the reservoir will be desir-
able not only as a source of food and income, but also to as-
sist in management of the reservoir fishery . Coarse fishes of-
ten become a problem in Oklahoma reservoirs, and removal of
these fishes is beneficial to the game-fish population. Ap-
propriate seining areas free of vegetation and man-made obstruc-
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tions would facilitat, use of seine. and other gear necessary
for the eff icient  taking of comeercial fishes. The Keystone
Reservoir site contains many areas which are suitable for
seining operations with little or no clearing. It is desir-
able, however, that the Corps of Engineers cooperate with the
Oklahoma Department of Wildlife Conservation to designate such
seining areas as may be found necessary.

Within the reservoir area there is considera ble vegetation so
located as to provide food , cover, and concentration areas for
sport fish. In order that the reservoir-clearing plans re-
flect the latest thinking of the Oklahoma Department of Wild-
life Conservation, the US. Public Health Service , and the Bur-
eau of Sport Fisheries and Wildlife , a mutually acceptable
clearing plan should be worked out by the Corps of Engineers in
cooperation with the above agencies.

It is anticipated that Keystone Reservoir will attract many re-
creationists and that motor boating and water skiing will be a
major activity. These water sports, unless controlled, will
adversely effect the attractiveness of the reservoir for fish-
ermen and could present a safety hazard to persons fishing from
small boats. A feasible method of controlling this situation
and providing greater safety to all persons who use the riser-
voir could be obtained by zoning of the reservoir into areas
reserved for fishing and other uses. The reservation of an
adequate portion of the reservoir for fishing would make it
possible for the reservoir to provide an additional 60 ,000 m an-
days of sport fishing annually valued at $60,000. Designation
of the zones and preparation of special regulations or enforce-
ment measures should be developed cooperatively by those agen-
cies responsible for administration of the reservoir and the
Oklahoma Department of Wildlife Conservation .

An addi tional 60,000 reservoir angler-days were associated with reservoir

zoning and an additional 15,000 river angler-days were expected to result

from low flow augmentation (Table 16). The total project-associated ang-

ling estimate (with zoning and downstream flow stabilization) was placed

at 169 ,000 angler-days . This total represented a 152 ,000 angler-day en-

hancement (8.9 t imes) over projected conditions without the project.

As present ed in previous discussion, no records have been maintained by

the FWS to document the methodology employed by the authors of the pre-
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construction planning report. References to population in the Tulsa ur-

ban area acknowledge consideration of this factor but the precise appli- 4

cation. are unknown.

Three fishery-specific recomaendations were submitted by the conservation

agencies which, it was believed , would maximize those beneficial project

uses associated with recreational fishing. Each of these recoinnendations

was accepted by the construction agency, as reflected in the following

treatment appearing in the CE’. General Design Memorandum (6), viz:

Recomeendation No. 1. - That a minimum instant aT~ ‘us f low of
300 second-feet of good quality water capable of suppor ting
desirable fish habitat be released at Keystone Dam until such
time as power and navigational releases are available , at which
time adjustments should be made to protect the fish habitat .

Comeents. - Rel eases for hydropower production and water qual-
ity control are expected to equa l or exceed the requirements as
shown by the Service. Releases below the reregulation struc-
ture from Keystone Reservoir will not drop below the minimum
requirements for water quality control set by the Public Health
Service for 1989 conditions . In meeting these requirements,
7,500 acre-feet of storage would be provided above the reregu-
lation structure which would maintain a minimum sustained flow
varying from 1, 110 c .f . s .  in August to 520 c . f .s .  in January .
Therefore , it is considered that the flow requirements for the
downstream fishery below Keystone Dam will  be met wi th  the ex-
pected plan of operation.

Recosm~endation No. 2. - That a mutually acceptable reservoir
clearing plan be developed cooperatively by the Corps of Engin-
eers , the U.S. Public Health Service , the Oklahoma Department
of Wildlife Conservation, and the Bureau of Sport Fisheries and
Wildlife.

Coements. - Reservoir clearing plans have been prepared and ap-
proved. The contract for clearing was advertised for bid on 6
November 1962. These plans were coordinated with the Oklahoma
Department of Health and Oklahoma Department of Wildlife Conser-
vation during preparation. Provisions have been made for sein-
ing areas and small uncleared areas for fish concentration sites.

Recoumiendation No. 3. - That appropriate consideration be given
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to the development of a reservoir zoning plan in connection
with overall planning for Keystone Reservoir to insur, that
certain areas will be available for fishing and other wild-

• hf . purposes without conflicting use for general recreation.
It is further recosmmended that the parties involved in de-
veloping a reservoir zoning plan include the agency expected
to administer the reservoir and the Oklahoma Department of
Wildl ife  Conservation.

Comeents. - This recomeendation is concurred in. The Corps
of Engineers is charged with the responsibility for assuring

• full use of the reservoir by the public and it is proposed
that appropriate consideration will be given to zoning of th.
reservoir to avoid conflicting use by the sport fishermen,
hun ters , and other users . Any zoning plan or study underta-
ken will be coordinated with all agencies having a responsi-
bility or interest in the problem.

Discrepancies existed regarding the actual angling use of the Arkansas and

• Ctaarron Rivers within the project impact area in the absence of the pro-

ject. As noted in a preceeding section, demonstrated in Table 1.6, the FWS

report of 1961 listed without-project angling use (over l ife of project)

of these rivers within the project site above Tulsa, Oklahoma , at 15,000

angler-days per year. The CE , in a supplement to their General Design Me-

morandum for the Keystone project (6), expressed findings of use of the

rivers of a significantly different level, viz:

Report by other agencies. - A pre-impoundment fishery survey of
the Arkansas and Cimarron Rivers within the Keystone Reservoir
area was conducted during the stmsner of 1960 by the Oklahoma
Fishery Research Laboratory with the Oklahoma Department of
Wildlife Conservation and the Tulsa District Corps of Engineers
cooperating. This study was pub lished in Report No. 81, Okla-
homa Fishery Researc h Laboratory, entitled “A Study of Fishes
of the Arkansas and C imarron Rivers in the Area of the Proposed
Keystone Reservoir” dated July 1961. A copy of this report is
enclosed herewith as exhibit 3. This survey consisted of fish
distribution studies , age and growth studies, and estimation of
populations and standing crops of fishes . Th. rough fish spe-
cies vera predominate in all collections , th. river carpsucker
being the most numerous . The fish population estimate made on
Mud Creek , a tributary of the Arkansas River shows the river
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csrpsuck.r makes up 70 percent by numbers and 53 percent byweight of the total estimated standing crop of fishes. Thisstudy further  shows that the total sport fish species collec t-ed made up only 8 percent by number and 7 percent by weight ofthe total estimated standing crop. It also states that waterconditions of the Keystone Reservoir would probably be compar-able to Lake Texoma and the fish population of Keystone simi-
lar to that of Canton Reservoir. it states that white crappieand channe l catfish should become important components of thesport fish popu lat ion. A limited creel census conducted duringth. survey indicates a very limited use of the rivers for sporefishing and a very poor return in catch per unit of effort.
The Oklahoma Fishery Research Laboratory ha. further ezpandedthe creel census dat a collected to include an estimate for to-tal angler usage in the reservo ir area under pre-impoundaent
conditions . Supplemental information furnished by that labor-ato ry shows an estimated 800 fisherman-days per year in thatportion of the Arkansas River from Cleveland to Tulsa and of
the Cimarron River from Cushing to its confluence with the Ar-kansas River. This compares with an estimated usage of 1.5,000man-days per year for the same area as shown in the report of
the Fish and Wildlife Service.

An effort by the authors of the present report to track down the “Supple-
mental information furn ished by that laboratory” with staff of the Okla-
homa Fishery Research Laboratory (OFRL) proved futile. The pertinent sec-

tion .of the OFRL ’s 196•l report (16) is presented below.
To determine the number of people fishing in the waters of thetwo rivers in the proposed reservoir area and th. time spentfishing , a cree l census was conducted.

An area of approximately 75 mi les was covered , from Tulsa to
Cleveland, Oklahoma , on the Arkansas River , and to Drumright,Oklahoma , on the Cimarron River. The interviews were startedat dayb~*ak and continued until 10:00 A., N . in the morning andfrom 4:00 P. 11. until it became dark in the evening . In themonth of July the census was conducted for seven days , in Aug-ust, 14 days , and in September 3 days. The return or catch perunit of effort  was very poor. An average of one fish was takenfor 4.25 hours spent fishing in July, 5 7  hours in Augus t , and
13 hours in September (Table 6). There wer, only five species
caught by the fishermen tntervi .ved, These were channel cat-fish, flathead catfish, carp freshwater drum, and 1ongnose gar.Of the.., the fi.h taken most frequently was the channel cat-fish.
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The OFRL’s Table 6 quoted above has been reproduced in this report as

Table 17.

These OFRL data are limited to 90 fishermen contacted on parts of 24 cen-

sus days along a 121 km (75 mi) section of the two rivers. Angling ef-

fort not covered in the reported figures would have included: (1) All

fishing during the year occurring on days other than the 24 survey days ,

(2) All angling between 10:00 A . N. and 4:00 P. N . on surveyed days , (3)

All fishermen along the 121 km (75 mi) of riverine system not contacted

during survey days. It is the opinion of the present authors that the

limited 1960 OFRI survey could not have resulted in the contact of 11 per-

cent (90 $ 800) of all angler-trips on these river sections in 1960.

This CE expressed confusion may reflect, in part, misunders tand ing on

their part that the FWS projected figure was an average over the total

period of project analysis (probabLy 50 years).

Fishery Resources -- Post-impoundment Occurrences

The Keystone project was completed for flood control operation in Septem-

ber , 1964 . Coimnercial operation of the power plant began in May, 1968.

At conservation pooh elevation 220.4 m (723 f t )  mel , the lake covers 10 ,

530 ha (26 ,020 ac) and has a shoreline of 531 kin (330 mi).

A wide range of fishery management practices and investigations have been

carried out on the Keystone Lake and tailrace. The CE has installed a

brush pile fish attractor and the Ot*1C have placed tire reefs in the l ake

to enhanc e the sport fishery. The lake basin was heavily timbered during

construction and these artificial devices serve to concentrate f ish in a
- 65-
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manner similar to f l ooded standing timber. A fish rearing pond was con-

structed on Keys tone project lands at a cost of $2 ,000. This pond was

cooperatively constructed by local fishing club members, the CE and the

O1~~C.

Reservoir zoning ha. not been used to specifically enhance the recreation-

al fishery. Only two zones are recognised by the construction agency. A

limited area has been zoned to restrict all water uses as a matter of

safety. The remaining lake area is open to all normal lake uses including

boating , skiing and fishing .

Other management-related activities have been carried out at Keystone which

will be discussed individually and in greater detail in the following icc-

tions. These include water fluctuation studies in both lake and tailrace,

fish population analyses (including stocking) and creel survey studies.

Accord ing to the CE ’s environmental statement on Keystone Lake (1), mint-

mum average daily releases from the project are not scheduled to be less

than 370 cfs , viz:

In order to maintain downstream water quali ty,  minimum average
daily releases have been established. These vary from 370 cf.
s. in January to 735 c . f .s .  in July. These f lows are normally
provided by power releases , but are also discharged through the
sluice gate during periods when power is not being generated ,
No releases are made when the lake is below elevation 706 feet
MSL.

Actua l project operations have deviated substantially from the operational

guidelines presented above. Since 1973 , no water has been released from

Keystone damn on 15.7 percent of the days (Table 18). This •mounts to 57
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days annually on the average; moreover , in 1976 , the re were 91 days when

no water was released from Keystone dam . During the same period the lake

receded only to elevation 217.3 at (712.99 f t) , well above the stated cut-

off level of 215.2 m (706 ft) atsi (Table 19).

The reregulation structure was expected to provide 9.25 x 106mn3 (7 ,500 ac

f t) of storage, expected by the CE to maintain minimum sustained flows

varying from “1,110 cfs in August to 520 cfs in January” (6). Such has

not been the case, however. Water-discharge records from the U.S. Geolo-

gical Survey gauge 07164500, located on the Arkansas River at Tulsa, Okia-

homa (17), clearly show many days when the average flows was below 300 cf a

since project construction. Daily average discharges for power production

and other purposes approached or exceeded 300 cfs almost continuously un-

til September 1971. On three days of that month, the average daily flow

approached zero. This condition did not recur until May of 1973 when,

judging from the CE’s monthly reservoir regulation records, the 300 cIa

minimum average daily discharge regime was abandoned (Figure 4 ).

A significant fish kill (not the first event of this nature) occurred in

the stilling basin below Keystone dam during August of 1972. In September

a CE biologist reconinended that a water quality testing program (dissolved

oxygen, pif, and temperature) be initiated in the stilling basin during sum-

mer months in combination with installation of an aeration systems in the

stilling basin or the partial opening of sluice gates to provide low-flow

augmentation during this critical suumner period (18). In July, 1975 (22

months later), the water quality monitoring program was finally authorized

- 69 -
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(19). No mention was made in this later document of either aeration sys-

tems or flow-augmentation strategies .

Fluctuation of the Keystone pool has not proven to be more severe than an-

ticipated , although the elevations of actual maximum and minimum pools

have differed substantially f rom project designed levels (Table 20). The

minimum pool elevation of 218.8 m (717.7 f t )  msl which was expected to be

reached on the average of once every five years, according to the CE’s re-

servoir operation probability curves, has been reached or exceeded every

year since impoundment except one (Table 21). At elevation 218.8 in, Key-

stone Lake has a surface area of approximately 8,903 ha (22 ,000 ac). Max-

imum annual storage has been somewhat less than originally expected over

the period of record , reachin 8 elevation 754 (five-year expected frequency)

on only one occasion (November 6-7, 1974).

Pool fluctuations have caused concern for successful reproduction for those

fish populations that spawn in shallow water around the lake. An ODWC an-

alysis of this circumstance at Keystone Lake concluded that largemnouth bass

production was adversely affected by spring fluctuations of the Keystone

pool (20) , viz:

The best years for production appear to be in 1965 , ‘66 , ‘71 , and
‘72. No data was available for years 1967 and 1968. Reproduc-
tion was considered poor in 1969 and 1970. During the years of
best production, lake levels remained fairly steady. In 1969 and
‘70 lake levels showed erra tic changes in inflows and outflows
during the spawning season. An 8 foot drop occurred in 1970 in
the peak of the season.

From the data presented , it is apparent that water level fluctua-
tion does have an effect on the production of largetnouth bass in
Keystone Reservoir. Drastic changes in water levels probably re-
sults in neat destruction or abandonment and high fry-fingerling
mortality rates . Seasons with relatively stable water levels
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Table 20. -- Maximum and minimum storage elevations and
fluctuation of Keystone pool for period 1965-1968

Maximum Minimum
elevation elevation Fluctuation

Tear N (Fe) N (Pt) N (Ft)

1965 222.0 (728.3) 215.1 (705.8) 6.9 (22.5)
1966 221.3 (726.1) 218.0 (715.2) 3.3 (3.0.9)
1967 222.1 (728.6) 218.0 (715.2) 4.1. (13.4)
1968 221.7 (727.5) 219.8 (721.2) 1.9 (6.3)
3.969 222.3. (728 .6) 218.4 (716.5) 3.7 (12.1)
1970 223.5 (733.3) 218.4 (716.4) 5.2 (16.9)
1971 221.4 (726.3) 218.1 (715.7) 3.2 (10.6)
1972 220.4 (723.2) 218.1 (715.6) 2.3 (7.6)
1973 229.1 (751.8) 218.6 (717.3) 10.5 (34.5)
1974 230.1 (754.9) 218.5 (717.0) 11.6 (37.9)
1975 224.5 (736.7) 218.4 (716.6) 6.1 (20.1)
1976 221.5 (726 .7) 217.7 (714 .2) 3.8 (12.5)
1977 223.5 (733.2) 217.3 (713.0) 6.2 (20.2)
1978 222.2 (729.1) 218.5 (73.7.0) 3.7 (12.1)

Avg . 223.3 (732.5) 218. 1 (715.5) 5.2 (17.0)
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showed beat production.

The degree to which water level f luctuat ion e f fec t s  produc t ion
is not exactly known but it must be somewhat considerable .
However , other limiting factors involved may be: limited
spawning habitat , wind ac tion, and water quality.

These conclusions were based upon shoreline seining operations specific-

ally conducted for the purpose of measuring spawning success. Unfortun-

ately, the records only reflec t the number of young bass captured and not

the shoreline distance sampled for the first two years of these studies.

These data gaps unhappily coincided with the years of apparently greatest

bass reproduction. The ODWC’s largeinouth bass reproduction data were

used to prepare Table 22.

Natural  reproduction of largeinouth bass at Keystone Lake was supplemented

on occasion with hatchery fish , particularly when the lake was ini t ial ly

impounded. Two additional predator game fish have been introduced at Key-

stone , viz: striped bass and walleye. Striped bass have adapted and

flourished in the lake. Striped bass successfully spawn in the Arkansas

River above the lake and have not been stocked since 1969. The walleye

introductions did not successfully establish at Keystone. Table 23 stan-

mari~es the available stocking data for the Keystone project.

The fish cousnunity of Keystone Lake includes species which were endemic to

the Arkansas and Cimarron Rivers as well as the species purposefully stock-

ed by the ODWC. A diverse and dynamic fishery has been established at Key-

stone and many evaluations of this cosinunity have been made by ODWC per-

sonne 1.
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Table 23. -- Predator stocking records for Keystone Lake

Sp.ci.s Years stocked Number stocked Sti. stocked

Largemouth bass 1960* 1 436 Fingerlings
1963* 4,000 Fingerlings
1966 2,000,000 Fry
1973 5,000 Fingerlings
1915 30,000 Fingerlings
1978~* 50,740 Fingerlings

Striped bass 1955 1,750,000 Pro-larvae
1965 2,000,000 Fry

1965-1967 18,739 Adults & subadults
3.967-3.969 729 ,201 Fingerlings

Walleye 1965 400 ,000 Fry
1966 1,200,000 Fry
1967 1,200,000 Fry

* Stocked in existing lakes later inunda ted by impounding Keystone
Lake

** Stocked in artificial nursery pond and later released to lake
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Post-impoundment fish population samples from Keystone Lake were obtained

by 01~JC fishery biologists (21). using conventional, cove rotenone sampling

techniques, in 1971, 1972 , 1973 , 1976, 1977 and 1978 (Table 24). Each

annual sample reflected composite values representing the weight (kg/ha)

of fish collected from two coves with average surface areas ranging f rom

1.1 to 1.4 ha (2.81 to 3.54 ac).

Standing crop estimates derived from cove rotenone samples averaged 1~499

kg/ha (1,337 lbs/ac ) over the six-year sampling period. The total weight

of fish collected ranged from a low of 647 kg/ ha (577 lbs/ac) in 1973 to

a high of 2 ,626 kg/ha (2 ,342 lbs/ac) in 1978 -- a 4-fold increase over the

1973 samples. Gizzard shad, which comprised an average of 73.7 percent of

the total weight of fish sampled , exhibited the greatest annual variabil-

ity in weight. For example, 2 ,180 kg/ha (1,945 lbs/ac) of gizzard shed

were collected in 1978, which was over 7.5 times the 291. kg/ha (260 lbs/

ac) of gizzard shad collected in the 1972 samples.

The annual variability of the cove rotenone samples was substantially re-

duced if gizzard shad were omitted from the samples. Excluding gizzard

shad , the annual cove rotenone fish samples averaged 395 kg/ha (352 lbs/

ac). The highest annual value , 483 kg/ha (431 lbs/ac) in 1977, was only

1.8 times higher than the lowest value , 272 kg/ha (242 lbs/ ac ) ,  obtained

in 1973. The sunfishes (primarily bluegil l ) ,  largetnouth bass, channel cat-

f ish, drum , sma i lmouth buffalos , and river carpsuckers exhibited the least

annual variability in standing crop. Striped bass , white bass 1 gizzard

shad (all pelagic species); crappies, and flathead catfish exhibited the
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greatest annual variability in the cove rotenone samples (Table 25). Un-

doubtedly, the extremely stnall. area sampled (only two coves with a total

area of lees than 1.5 ha (4 ac) from a 10,643 ha (26,300 ac) lake] con-

tributed to the high variability in standing crop values , particularly

for pelagic and deep-water species .

Post-impoundment creel surveys of the Keystone Lake fishery were conduct-

ed by the ODWC from July 1, 1972 to June 30, 1974; July 1, 1974 to June

30, 1975; and June 1, 1978 to November 30, 1978. Creel data from the tail-

water were obtained only in the July 1, 1974 to June 30, 1975 survey.

Estimates of angling pressure were derived from aerial counts. All angler

counts were assumed to be instantaneous , regardless of the actual  t ime it

took for the count. The aerial counts were used to est imate the mean num-

ber of fishermen on the reservoir at any ins tan t  during survey period .

The product of this mean value and the total hours of daylight available

for fishing provided the estimated total man-hours of f!.shing (~ingler-

hours). Catch rate and harvest data were collected by creel clerks by

direct interviews of anglers. Catch rates were compiled directly from

the interview data by dividing the total catch for any given period by

the total hours of fiahing as determined from the interviews. Fish har-

vest was ezpr•ssed as the product of catch rate and total hours fished.

Average annual creel statistics , derived from the two-year creel survey

conducted f rom July 1, 1972 to June 30 , 1974 (22) , are presented in Table

26. It was estimated that  Keystone Lake supported angling use averaging

67.1 hra/ha (27.1 hrs/ac) over the two-year census period. An estimated
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Table 25. -- Keystone Lake -- Average weight and
range (kg/ha ) of fish collected in 1971, 1972,
1973, 1976 , 1977 and 1978 cove rotenone samples
obtained by the OIMC

Species Average Range

Largeisouth bass 9.5 3.2 - 12.6

Sunfish 56.0 43.9 - 64.0

Striped bass 0.5 0.1 - 1.5

White bass 10.4 2.4 - 20.0

Crappie 7.3 1.5 - 13.0

Channel catfish 20.5 13.0 - 24.0

Flathead catfish 7.8 0.3 - 17.0

Drum 47.2 29.0 - 88.0

Buffalo 76.4 37.0 — 111.0

Carpsucker 77.3 47.0 - 123.0

Gizzard shad 1,104.5 291.0 — 2 ,180.0
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annual average of 54 f ish/ha (22 fish/ac) totalling 27.8 kg/ha (24.8 lbs/

ac) were creeled at a catch rate of 0.8 fish/hr and/or 0.42 kg/hr (0.92

lbs/hr).

The ODWC creel survey of the reservoir was continued the following year (23),

July 1, 1974 to June 30 , 1975 , and expanded to include the tailvater fish-

ery (Table 27). An estimated total of 906 ,147 angling hours , inc luding

606 ,836 hours on Keystone Lake and 299 ,311 hours in the tailwater inmiedi-

a te ly  below the dam , were registered on the project during the year.

Fishing use ( including the t ai lwater  fishery) amounted to an estimated

85 angler—hours/ha (34 hr/ac) .

An estimated total of 376,850 fishes [35/ha (14/ac)j were harvested; they

aggregated an estimated 138,353 kg (305 ,013 lbs) or 13 kg/ha (11.6 lbs/

ac). The combined reservoir-tailwater harvest (Table 28) was dominated by

striped bass [47,980 kg (105 ,776 Ibs)] and white bass (29,323 kg (64 ,646

ibs)]. Crappie, prin~ari1y white crappie , constituted the third most abun-

dant component of the creel on a weight basis. A total of 22,891 kg (50,

465 ibs) of crappie were harvested , including 6,056 kg (13,351 ibs) from

the lake and 16,835 kg (37 ,114 ibs) from the tailwater.

Substantial difference between various parameters of the July 1, 1972 to

June 30, 1974 and the July 1, 1974 to June 30, 1975 creel surveys of the

lake were observed (Table 29). Angling pressure estimates developed in the

July 1, 1972 to June 30, 1974 creel survey were based on an annual average

of 17 aerial counts (approximately 1.5 Counts per month). The number of

~serial angler counte was almost doubled (32 counts , or approximate S
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Table 27. —— Stnmary of creel statistics collected from Keystone Reservoir and tail-
water, July 1, 1974—June 30, 1975 (80~ confidence intervals in parenthesis)

Reservoir Tailwater Total project

An~lera interviewed
No. anglers 659 171 830
No. hr~. fisheo 1,597 276 1,473
~ e~~- cessful 29.7 23.4 28.6
No. fish/hr 0.33 (+0.03) (±0.59) (+0.09) 0.42
Kgs/hr 0.15 (+0.02) (±0.16) (±0.03) 0.15
Lbs/hr 0.33 0.35 0.34

Expanded est~rnatesAngjinz pre~;sure
No. t r t p s * 151,709 74 ,828 226 ,537
Bra , f ished 636,836 (±197,329) 299,311 (±44 ,320) 906,147
firs/ha 57.0 (±18.54) — — 85.1
Hza/ac 23.1 -- 34.4

fia rveat
No. f i sh  200 ,256 l7~ ,594 376 ,850
No. f i sh /ha  18.8 -- 354
No. fj~h/~c 14.3
Kg 90 ,835 47 ,518 l38 ,~ S3
Lbs 200 ,255 104,758 305 ,013
Kg/ha 8.5 -— lJ.0
Lbs/ac 7.6 -- 11,6

* Ntrtbpr of trir, ~otrputed with the essump ’.ion of a 4 hour average t r ip length
(statewide average tr ip  length on Oklahoma reservoirs)
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i h l , ’ 29. -- Comparison of creel statistics collected at Keystone Re-
.ti ’ i ~ ir during the period July 1, 1972-June 30, 1974 (annual aver-

and fros~ July 1, 1974—June 30, 1975

1972-74 1974-75 Difference

(ann. avg.) No.
Uni ts

~\u~ 1.~r counts and interviews
~~~~

.. angler counts (aerial) 17 32 +15 +88
anglers interviewed 9,018 659 -8,359 -9D
fish/hour 0.~ 0.33 —0.47 -59

0.42 0.15 —0.27 —64
‘ 0.92 0.33 -0.59 —64

i ‘ e!9SfUl 74.1 29./ —44.4 —60

i r ~ 1.x~a~d.d)
67.1 57.0 — 10.1 —15
27.1 23.1 -4.0 — 15

t rips/ha 16.8 14.3 —2.5 — 15
ri ps/ac 6.8 5.8 —1.0 —15

(~xpanded)
i ~b/ I~oi 53.9 18.8 —35.1 —65

21.8 7.6 —14.2 —65
27.8 8.5 -19.3 -69
24.8 7.6 —17.2 —69
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I
counts per month) during the July 1, 1974 to June 30, 1975 survey. The

observed increase in the ntm~ber of angler counts may have increased the

accuracy of the angling pressure estimates for the July 1, 1974 to June

30, 1975 creel over the July 1, 1972 to June 30, 1974 survey. However,

the difference in estimated angling pressure for the two creel surveys

was slight, 67 hrs/ha (27 hrs/ac) and/or 16.8 trips/ha (6.8 trips/ac) for

the July 1, 1972 to June 30, 1974 survey. By comparison, 57 hr./ha (23

hrs/ac) and/or 14.3 trips/ha (5.8 trips/ac) were estimated for the July

1, 1974 to June 30, 1975 survey. Overall, the annual angling pressure

over the three-year period from July 1, 1974 through June 30, 1975 aver-

aged 63.7 hrs/ha (25.8 hrs/ac) and/or 16 trips/ha (6.5 trips/ac).

The precipitous decline (93 percent) of the ntwtber of angler interviews

conducted during the July 1 , 1974 to June 30, 1975 survey (659 angler in-

terviews), compared with th. previous survey (9,018 angler interviews),

may have adversely affected the accuracy of the July 1, 1974 to June 30,

1975 survey estimates of catch rate, angler success, average size of fish

creel.d, and species composition of the creel. As noted in Table 30, the

catch rates (both n inbers and weights of fish creeled) in the July 1, 1972

to June 30, 1974 creel survey were substantially higher for all species,

with the exception of largemouth bass. The catch rate for crappies (0.44/

hi) in the July 1, 1972 to Jun. 30, 1974 creel survey, for example, was

seven times highe r than the estimate of 0.062 crappies/hr generated by the

July 1, 1974 to Jun. 30, 1975 creel statistics.

Substantial differences were also evident in the percentage composition of
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species creeled during the two survey periods (Table 31). Crappie. made

up over 55 percent of the total rn.m~ber of fish creeled during the July 1,

1972 to June 30, 1974 survey, contrasted to only 19 percent of the fish

crecled during the July 1, 1974 to June 30, 1975 survey. Reflecting the

reduced abundance of crappie., in part, the relative abundance of striped

bass, white bass , largemouth bass, bluegills, and carp increased appreci-

ably in the July 1, 1974 to June 30, 1975 survey. Little change occurred

in the relative abundance of the remaining species.

Primarily as a result of higher prevailing catch rates , the estimated to-

tal fish harvest was over three times higher during the period July 1,

1972 to June 30, 1974, i.e., 27.8 kg/ha (24.8 lbs/ac), than the 8.5 kg/ha

(7.6 lbs/ac) estimated during the July 1, 1974 to June 30, 1975 survey.

The estimated harvest of each individual species, by weight, was greater

during the July 1, 1972 to June 30, 1974 survey (Table 32), Also, the es-

timated number of fish of each species harvested , with the exception of

largemouth bass, was greater in the July 1., 1972 to June 30, 1974 survey.

The estimated annual harvest over the three-year census period, July 1,

1972 to June 30, 1975 averaged 2l.4 kg/ha (19.1 lbs/ac).

The standing crop (kg/ha) of sport fish species exhibited by cove-rotenone

samples did not appear to be closely correlated with their occurrence in

the creel. The average annual weight of striped bass harvested (3.7 kg/ha

(3.3 lbs/ac)) was over 13 times greater than their standing crop, estima-

ted from cove rotenone sample. (0.5 kg/ha). It would appear reasonable to

assi~ e that the cove-zotenons sampling techniques employed in this invest-
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igation provided grossly underestimated values of striped bass abundance.

The standing crop of largemouth bass, onthhe other hand, 9.5 kg/ha, was

over 13 times larger than the estimated annual harvest of 0.7 kg/ha.

The outstanding striped bass fishery provided by the project, both in Key-

stone Lake and the tailvater, was particularly noteworthy. An estimated

average of 36,920 kg (81,400 lbs) were harvested annually from the lake

over a three-year period (July 1, 1972 to June 30, 1974) at an average

size exceeding 1 kg (2.2 lb.). This represents a harvest averaging 3.7

kg/ha (3,3 lbs/ac) at an average catch rate of 0.06 kg/hr (0.13 lbs/hr).

The tailvater harvest (July 1, 1974 to June 30, 1975) amounted to an addi-

tional 13,170 kg (24,880 lbs). Striped bass accounted for 17 percent of

the total weight of all fish harvested from the reservoir and comprised

72 percent of the weight of fish creeled in the tailvater.

This naturally reproducing population developed over the years as a result

of a well conceived and executed stocking program conducted by the ODWC.

Few, if any, bodies of freshwater in the United States provide better ang-

ling opportunity for striped bass than the Keystone project.

Fishery Resources -. Evaluation of Planning Input

The December 19, 1961, FWS report predicted that the Keystone Lake project

would affect approximately 322 1~s (200 mi) of existing stream fisheries.

This riverine habitat included approximately 193 ~an (120 mi) of the main-

stream section of the Arkansas and Cimarron rivers and their tributaries

subsequently impounded and 129 km (80 mi) segment of the Arkansas River

downstream from the Keystone dam.
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A reduction of the silt load carried by the Arkansas River below Keystone

dam , combined with reduction in flood flows, were expected to improve

fishing in the river between the dam and Tulsa, a distance of 24.1 km

(15 mi). The 105 km (65 mi) section of the Arkansas River between Tulsa

and its confluence with the Grand River was not expected to be appreci-

ably improved because of the poor water quality below Tulsa during per-

iods of low flow. In order to provide adequate water quality to sustain

attractive fishing in the Arkansas River between the dam and Tulsa, the

FWS recoomsended a winisu.mi is*stantaneoua release of 300 cfs from Keystone

dam. This recoemsended action was sought only for the period preceeding

initiation of power generation. It was assiased that power generation and

navigation releases would provide, at least in part, protection of the

downstream fishery and the FIIIS expected adequate adjustments of the ape-

cUte release requirements for flow augmentation following initiation of

power production.

An opportunity to enhance fishing on the remaining riverine habitat in or-

der to compensate the permanent loan of a significant portion of this type

of fishery resource by guaranteeing adequate miniuaan instantaneous flows,

has been ignored. Contrary to guarantees extended by the construction ag-

ency that power production would supply a miniunan of 520 cfs below the re-

regulation dam, flows in the Arkansas River as measured at Tulsa have been

lesa than 300 cfs, an average of 20 day. annually in 6 of the 13 years

since impoundment. Water quality probtemsi continue to adversely impact

the asseinblege of game fish that congregate below Keystone dam during the

simmer months. No water is released when paver is not being generated,
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and as a consequence , fish kills have occurred iwediately below the dam .

Planning for fishery-related matte rs failed to address water level mani-

pulation within the reservoir except to note an anticipated saximim~ fluc-

tu*tion of 21.8 us (42 It) and an annual average fluctuation of 4.7 us

(15.3 ft). Over th, period of record (1965-1978), the actual maxiunms wa-

ter level fluctuation for the Keystone pool has been 11.5 us (37.8 ft) and

has averaged 5.2 us (17.0 ft), annually. No specific requests were made

by the pro-construction planner with regard to the possibility of mini-

sizing water level fluctuations during the spring spawning season.

The FWS’s recoumiendatiors to protect certain tracts of forested lands with-

in the lake site to serve as attractive fishing sites when flooded by the

waters of Keystone Lake was certainly reasonable and varrented. However,

judging by th. recent activities on behalf of both the CE and CUMC to con-

struct artificial fish attractors , an insufficient ntmsb.r of such timbered

locations were protected originally. The adopted plan , currently consid-

erad inadequate by the OD~K , resulted from cooperative planning effort, of

all agenc ies involved , and was not the result of a failure to coordinate

or failure to implement recoemended actions .

With the project in place (and assimsing no downstream low flow augmenta-

tion), the FWS planners predicted that the downstream fishery would provide

an average of 14,000 angler-days annually over the life of thc project.

Approximately 10,000 angler-days were expected to occur within the 15 mile

section of the Arkansas River between the dam and Tulia, Oklahoma. Four

thousand angler-days were estimated for the 65 mite river segment down-
- 94 - 



stream from Tulsa. The lake fishery (aassmsing no implementation of the

take zoning recoimnendation) was expected to provide an additional 80,000

angler-days which would increase the total average annual nianber of pro-

ject associated angler-days to 94,000 (Table 33).

The FWS further predicted that total project associated angling would be

increased to 169,000 angler-days per year (an overall increase of 80 per-

cent) with implementation of reco~rinendations for a 300 cfs usiniinuni instan-

taneous flow release from the lake and adoption of a reservoir zoning plan

designed to minimize conflicts between anglers and general recreationists.

The implementation of the 300 cfs instantaneous winiintin release below the

dam was expected to increase angling in the Arkansas River by some 107

percent (from 14,000 to 29,000 angler-days/yr). Angler-day usage within

the lake was expected to increase 80 percent (from 80,000 to 140,000 ang-

ler-days) with adoption of an adequate lake zoning plan. Neither recom-

mendation for the 300 cfs mininums instantaneous flow release nor lake zon-

ing was subsequently implemented.

However, subsequent post-impoundment project angler-day usage, as documen-

ted by OThJC conducted creel surveys, substantially exceeded FWS planning

report predictions for both the lake and tailvater. The total post-im-

poundinent ODWC lake and tailwater angler-day use estimates (approximately

280,000 ang ler-days) was almost three times greater than the 94,000 angler-

days predicted by the FWS report. The ODWC tailvater creel survey conduc-

ted from July 1, 1974 to June 30, 1975, estimated that 83,310 angler-days

occurred in the stilling basin and the Arkansas River tumsediately below

the Keystone dam. This ODWC angling pressure estimate (restricted to a
- 95 - 
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small area ii~inediately below the dais) was almost 500 percent greater than

the 14,000 angler-days predicted by the FWS for a vastly larger stream

section which extended 129 km (80 mi) below the dam.

The ODWC average annual post-impoundment lake angler use estimate, 186,487

angler-days, was more than double the FWS report prediction of 80,000 ang-

1cr-days, which assumed the absence of lake zoning to favor anglers. The

ODWC post-impoundment angler use estimate was also higher than the 140,000

angler-days predicted by the FWS report assuming implementation of lake

zoning recommendations .

As the observed post-impoundment angler-day use values were considerably

higher than predicted , even though the FWS recoixmendation for lake zoning

was never implemented , it appears doubtful that the substantial angling

benefits (an increase of 75 percent) attributed to reservoir zoning in the

FWS report were warrented. Apparently, the degree of competition between

anglers and general recreationists was not as great as originally envi-

sioned by the authors of the FWS report.

As indicated in Table 34, post-impoundment angler-day use within the area

of project impact (both lake and taitwater) greatly exceeded without-the-

project angler-day use estimates as projected in the FWS report. Total an-

nual project post-impoundment angler-day usage (278,797 angler-days as es-

tiusated by ODWC creel surveys) was over 16 times greater than the potential

17,000 angler-days/year expected without-the-project.

The December 19, 1961, report of the FWS anticipated that Keystone Lake
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would support a comeercial fishery. An annual benefit of $19,000 was

projected. Subsequent post-impoundment cove rotenone sampling conducted

by the 0~ JC revealed a substantial population of coemercially valuable

species (buffalo, carp and drum) within the Keystone Lake fish coemunity.

However, commercial fishing was never allowed because of conflict with

an ODWC regulation which prohibits commercial fishing in water stocked

with striped bass.
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The project is located within the Arkansas River Valley about 14 miles

west of Tulsa, Oklahoma in Creek, Pawnee, Payne, Osag. and Tulsa coun-

ties. The dam is located at kilomat.r 866.9 (mile 538.8) of the Arkansas

River approximately 3.2 kin (2 mi) downstream from the mouth of th. Cimar-

ron River.

Construction of Keystone Darn began in December 1956 and was completed for

flood control operation in September 1964. Commercial operation of th.

power plant began in May of 1968. Under current operating regimes, the

reservoir encompasses 10,530 surface ha (26 ,020 ac) at conservation pool

elevation 220.4 sn (723 ft) mel. At the top of the flood control pool el-

evation 229.8 us (754 ft) msl (which corresponds to the predicted 5 year

flood frequency level), the reservoir covers 22,338 ha (55,320 ac) and im-

pounds 2.3 ii 109m3 (1,879,000 ac ft). Project lands total 29,906 ha (73,

896 cc), including 19,995 ~a (49,308 ac) purchased in f es up to the five-

year flood pool elevation and an additional 9,950 ha (24,587 ac) of f low-

age easements located between elevation 229.8 us (754 ft) and 231.3 us (759

ft) msl.

The December 19, 1961, FWS planning report contained three well conceived

recommendations pertinent to project wildlife resources. Th•se recommen-

dations included (1) a request for d.v.lo~~~nt of a zoning plan to insure

that certain areas would be available for wildlife purposes without con-

flicting use for general recreation , (2) that all project lands acquired

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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proximate 3,701 ha (9,145 ac) contiguous tract located on the Cisnarron

arm .f the reservoir be purchased in fee, fenced at project expense, and

lic.nsed to the ODWC for wildlife management purposes.

The recommendation for a zoning plan was subsequently implemented by the

CE in cooperation with the ODWC and FWS. All areas off limits to hunting

on CE administered lands, such as high density recreational areas and parks,

have been identif Led and signed. Signing of areas open to public hunting

is currently under way.

The CE rejected the FWS’s recommendation for the purchase of the request-

ed contiguous 3,701 ha (9,145 ac) tract on the Ciuzarron arm of the reser-

voir because of unfavorable cost-benefit ratio (0.1) as computed by the

CE. Ultimately, however, a total of 6,273 ha (15,500 cc) of incidentally

acquired project property, divided between the Citnarron and Arkanaas Ri-

ver arms of the reservoir, was licensed to the ODWC in 1974 for wildlife

management purposes. This tract included 4,970 ha (12,280 cc) of land and

1,303 ha (3,220 ac) of water. Including the lands licensed to the ODWC

and an additional 1,305 ha (3,220 cc) managed by the CE for wildlife, a

total of 6,274 ha (15,504 cc) of project lands are open to public hunting.

The prediction of severe terrestrial wildlife community losses in associa-

tion with construction of Keystone Lake (unless compensated by acquisition

of special mitigation lands) does not appear to be supported by post-con-

struction information, although such information is severely limited.

Hunting effort currently supported by the project (one hunter-trip/l.4 ha

(3.2 cc)] is greater than the FWS predicted hunting levels for resident
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terrestrial game species in th. project area under without-project condi-

tions. However, compensation has been achieved only as a result of in-

tensive management involving substantial monetary outlayn by the ODWC for

fencing and habitat improvement programs.

The 1961 FWS report pr.dictions of hunter-day use were far outside of es-

t imated post-impoundment occurrences, particularly for waterfowl and big

gain. hunter-day use • The 1961 FWS report predicted a total loss of big

game hunting on project lands without impl.m.ntation of the recouunend.d

mitigation plan , and only 130 hunter-days per year assuming the mitiga-

tion plan was implemented. Tb. post-impoundment hunting effort estimated

for big game species (905 hunter-days per year) was seven times higher

than the level predicted assuming implementation of the mitigation plan .

The optimistic 1961 FWS report prediction for waterfowl bunter use (9 ,800

hunter-days) failed to .atsrialize. This prediction , which was made in-

dependently of the implementation of any proposed mitigation recommenda-

tions, exceeded the ODIJC estimate of current usage (350 hunter man-days)

by some 28 times.

The significance of this excessively overly-optimistic waterfowl hunter

man-day use prediction is further compounded by th. fact that waterfowl

hunter-day use constituted a majority of the total post-impoundment hunt-

er-day use projected for th, project (some 82 percent without mitigation

and 60 percent with mitigation ) which was used by the CE in computing the

project cost-benefit ratio. A more accurate assessment of waterfowl hunt-

er-day usage would have substantially lowered FWS estimates of project

- 102 -
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wildlife benefits.

FWS report post-impoundment predictions for upland game hunter-day use

(2,100 hunter-days without mitigation and 6,400 hunter-days with mitiga-

tion) were more accurate than for big game and waterfowl, although prow-

ing to be somewhat lower than ODWC estimated post-impoundment occurrences

(6 ,690 hunter-days).

The Keystone Lake project was expected to impact approximately 322 lan

(200 tnt) of existing stream fisheries , including 193 Ian (120 tnt) of the

mainstream section of the Arkansas and Ciusarron Rivers and their tribu-

taries which were subsequently impounded, and a 129 kin (80 ml) segment of

the Arkansas Rive r downstream from the Keystone dam.

The FWS recommended a minimum instantaneous release of 300 cfs from Key-

stone dais during the period preceeding initiation of power generation in

order to provide adequate water quality to sustain attractive fishing in

the Arkansas River between the dew and Tulsa. It was assumed that power

generation and navigation releases plann.d by the CE would provide, at

least in part, protection of the downstream fishery after initiation of

power production. Contrary to guarantees extended by the construction ag-

ency that power production would supply a minimum of 520 cfs below the re-

regulation dam, flows in the Arkansas River as measured at Tulsa have been

less than 300 cfs , an average of 20 days annually in 6 of the 13 years

since impoundment. Water quality prob1eus~ continue to adversely impact

the assemblege of game fish that congregate below Keystone dam during the

stnmter months. No water is released when power is not being generated ,
- 103 -  
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and as a consequence , fish kills hay , occurred immediately below the dam.

The FWS 1961 report also recommended that a mutually acceptable reservoir

clearing plan be developed cooperatively by the Corp. of Engineers, the

U.S. Public Health Service , the Oklahoma Department of Wildlife Cooserva- S

tion, and the Bureau of Sport Fisherie, and Wildlife . This recommend.-

tion was subsequently accepted and implemented by the CE. However, judg-

ing by the recent activities on behalf of both the CE and 0l1.IC to con-

struct artificial fish attractors , an insufficient number of such timber-

ed locations were protected originally. The adopt.d plan , currently con-

sidered inadequate by the OLMC , resulted from cooperative planning efforts

of all agencies involved , and was not the result of a failure to coordin-

ate or failure to implement recommended actions .

The third fishery resource related recommendation requested that approp-

rice. consideration be given to the development of a reservoir zoning plan

in cooperation with the ODWC to insure that certain areas will be avail-

able for fishing and other wildlife purposes without conflicting use for

general recreation. Although accepted by the CE, thi. recommendation, as

it affected fishery resources , was never implemented.

Planning for fishery-related matters failed to address water level manipu-

lation within th. reservoir except to note an anticipated maximum fluctua-

tion of 21.8 us (42 ft) and an annual average fluc tuation of 4.7 us (15.3

ft). Over the period of record (1965-1978), the actual maximum water le-

vel fluctuation for the Keystone pool has been 11.5 m (37.8 ft) and has

averaged 5.2 us (17.0 fe), annually. No specific requests were made by the
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pre-construction planner with regard to the possibility of mintaistng wa-

ter leve l fluctuations during the spring spawning season.

FWS prediction of angler-day use in both the lak. and tatlwater were sub-

stantially exceeded by post-impoundment estimates derived f rom O~.IC con-

ducted creel surveys . The combined post-impoundment ODWC lake and tail-

water angler-day use (estimated at 278,797 angler-days) was almost three

t imes greater than the 94,000 angl.r-days predicted by the FWS rep ort .

An estimated 83,310 angler-days occurred in the stilling basin and the

Arkansas Rive r immediately below the Keystone dam , which was a lmost 500

percent more than the 14,000 angler-days predicted by the FWS for a vast-

ly larger stream section extend 129 ~~ (80 mi) below the dam.

The ODWC averag e annual post-impound ent lake angler use estimate of 186,

487 angler-days , was more than double the FWS report prediction of 80,000

angler-days • which assumed the absence of lake coning to favor anglers ,

and also higher than their 140,000 angler-days prediction which was pre-

dicated on the assumption that laks coning would be implemented.

Also, estimated post-impoundment angler-day use within the area of project

impact (both lake and tailvater) greatly exceeded FWS without-the-project

angler-day use projections for streams within the project impact area.

Total annual project post-impoundment angler-day usage (278,797 angler-

day . as estimated by ODWC creel surveys ) was over 16 t imes greater tha n

the 17,000 angLer days/year estimeta expected without the project by the

FWS .
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