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REl?OB!r ON THE PENSACOLA. DAM IMPOID1DMENT OF THE 
GRAND RIVER WITH SPECIAL BEFERENCE TO FISHERY 

PEO:BL.".JMS IN THE COMPLETED BESERVOIR 

By M. f.~. Ellis, Ph.D., Sc.D. 
In Charge Interior Fishery Investigations 

INTEODUCTIOM 
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The .surveys of the area to be flooded by the impoundment back of the 
Penaacola Dam now under construction across the Grand River nea.r Disney, 
Oklahoma., and of the· various streamo tributary to this reservoir, as re
ported hero had thrae objectives concerning fisheries devolopmcmts in the 
completed impoundmont, namely, tho dotormination of (1) tho charactor of 
tho waters which will bo impounded, (2) tho water conditions which ~ bQ 
oxpoctcd within tho rosorvoir, and (3) tho most fca.sible methods for off
setting tho rapid doclino in fish productivity which usually occurs in 
such impounc..ments 3 to 7 years after the reaervoir is filled for the first 
time. 

The field studies supplying tho data for this i·eport wore l!Bdc dur
ing April, May, June, and early part of September, 1939, by three field 
parties (seven observers in all) from the U. s. :aireau o! Fisheries La.bo1-a
tories a.t Columbia, Missouri. These groups using laboratory trucks ca.rrJ
ing equipment for the necessar<J field analyses followed the Neosho Rivor 
and its tribu.taries south from Emporia, Kansns, Spring River west and south 
from the Joplin district in southwestern Missouri, and the headwaters of 
Sycamore and Elk Crooka west from southern Missouri into tho aroa. to "oe 
covorcd by the impoundmcnt. All of tho a~lllll str~cuns and c~eoks entering 
this area wore surveyed at points which will be noo.r tho !lhorolinc of tho 
cornploto reservoir. 

Large numbers of samples were returned to the Columbia (Mo.) le.bora
tories for assays and analyses which could not be made in the field and 
the entire project has been supported "by supplementary data on the streams 
of this region, collected at various seasons throughout the year during 
the past 5 years by tho Columbia (Mo.) fiold unit of tho U. S. i:lurcau of 
Fisheries as part of tho stream pollution studies conducted by this u..~it 
in the Joplin (Mo.) -- !!,iru:ti (Okla.) district. 

Tho principal base stations at which the major studies were conducted 
durir-t; thio survey of the Pensacola Dam iopoundoent are listed in table 1. 
F1·00 these base stations field parties worked out into tho surrounding ter
ritory covering all of tho larger tributary waters. 
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Table l, Bo.ae stations of the U. s. :Bureau of Fisheries survey of the 
Pensacola Dao (Okla.) impound.rnent area. 

I. Ueos.lio and Gl"and Rivers . 

1, :Neosho River near Emporia, Karls. 
2. 11 11 II Bu.rlington, Kans. 
3. 11 11 u Iola. Kans. 
4. 11 n 11 Chamite, Kans. 
5.. " 11 11 South Mound, Kans. 
6. 11 " 11 Oswego, Kans. 
7. Labette Creek, soutl1 of Oswego, Kans. 
a. Neosho River near Chetopa, Kans. 
9. 11 11 ,iust fl OU th of Minr.ti, Okla. 

10. Grancl. Rivor 9 nil.es north of :Bernice, Okla, 
11. 11 11 tribnto.ries l oile co.st of Bernico, Okla. 
12. 11 11 east of mirland, Okla. 
13. 11 " at Kctchun Ferry, Ol;:ln.. 
14. 11 n at Pensacola DtU:l nea.r Disney, Okla.. 

II. ~ri~ River. 

15. Center Creek west of Carthage, Mo. 
16, Chat drainage east of Dlmweg, Mo. 
17. " " north of Galena, Knns. 
18 , Spi-111€ River east of Ba..."'tter Sprb€s, Kans. 
19 , Chat dminage south of :Baxter S::1rings, Kans. 
20. Spring Rivor northeast of :Baxter Springs, Kans. 
21. 11 11 east of Miani , Okla. 
22. Tri"butarJ of Sprin~ Rivor near Qtmpo.w, Okla. 

III, Ea.st side of iopound.r.lent. 

23. Lost Creek near W3randotte, Okla. 
24. Sycanore Creek south of Wyandotte, Okla. 
25. Elk Rivei• between Grove and Wyandotte, Okla. 
26. Honey Creek south of Grove, Okla. 
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WATERS TRIJ3UTARY TO THE IMPOUNDMENT 

The waters flowing into the iopoundr!ent which will be created by the 
Pensa.cola. Do.n ca.n be divided into four groups on the basis of chcr.iical and 
physical characteristics, na.oely, (1) wot weather rim-off waters entering 
tho ir.tpound.I:lcnt largely fron tho west ( uco fi~. 1) bet\·10cn tho Da.n anc1 
Wyo.ndotto. Ol::lo..; (2) poro.'lnont strea.ns drawing their waters froo the Ozarl:: 
heieht of land in southwestern Missouri and northwestern Arkansas either 
directly or via springs, and enterin.:?; the east side of the reservoir be
tween the dan and Wyandotte, Okla.; (3) Sprin~ River which drains through 
its tributarioa portions of southern Miosouri, southeaatern Kansas and 
northeastern Oklahor.n north and northeast of Wyand.otto, Oklahom including 
the chat fields of the J'oplin-Hio.ni district; o.nd (4) tho Neosho River 
which dro.ins an oericulturol district in southeastern Ko.nsas north of 
Miruii, Okla.. 

As there .are no perna.nent strea.ns enteri11g the west side of the io
poundnent run-off, waters fron storr.is and snows wHl be poured into . the 
reservoir fron the wost in an unnixed conditiO?!, that in, theae rtll].-off 
waters will not be diluted by strcan waters. Consequently tho run-off 
watcrc; will var"'/ froo clear tricltles followin,~ the gradual ooltine; of 
snows to b-Udden inrushes of vary IJUddy we.tor swooping down the gullies 
and d!'"m-Ja during and immediately a:f'ter heavy storms. Analyses of such 
waters show that a. turbidity of 4, 000 p.p.m. (parts per million) or 
greater may be expected at timec.; in theso l'ltn-off waters. :Because of the 
nature of the soils in the Vinita-Miami (Okla.) area those waters also . 
may carry some salts {chiefly sulphatos of uignosium and sodium and cal
cium carbonate) and will have a rolativo acidity (pH) definitely on tho 
alknlino side of noutrality ro.nging from pH 7.4 to pH 8.4. 

These run-off waters will not greatly disturb conditions in the mo.in 
impounc.ment because the volume of run-off wate1• expected will not be large 
(excevtillf: unusual storms) and the salt loads and alkalinity of these 
waters \·till be \rl thin ranges tolerated by warm-water ... fishes. However, 
tho run-off waters will present definite hazards to fish life in the twq 
large arms on the west side of the impoundmont between the dam and Fair
land, as there will be little current in these arms except that produced 
by the draw-down. Sudden inflows of mu.ddy water into those arms, there
fore, will greatly incroaso the turbidity of those portions of the reser
voir \·tith all of tho attendant effects on a.qua.tic life nnd will increase 
the silt do~osits on tho bottom of those arras to the detriment of bottom 
animnls (an important item of fish food) ana such fish nesting grounds o.s 
may be developed in these lateral portions of tho impoundment. 

-The pbyoical and chemical characteristics of the waters flowing into 
the impoundment from the peroanent sources have been reviewed together 
for the sake of comparisons. The dissolved oxygen in the waters of the 
flowinc:; portions of the Neosho, Spring and Elk Rivers, and in Honey and 
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Figure 1. - Map of the water-impoundment areas 
created by ~he construction of Pensacola Dam. 
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Sycanore Creeks was found to be greater than 5 p.p.~. in the winter, spring 
and early SUI.ltlcr sa.oples, and 5 p.p.n. dissolved. o~gen e.ro adoqu.ato to 
support a good fish fauna., (Ellie, 1937; Nationnl Resources CoDI!littec, 
1939 ). 

Du.ring oid-SUI:U:lor the dissolved. o~gen in tho Neosho River, the waters 
of which becoce quite wam, falls below 5 p.p.o. in the deeper and slower 
parts of the ,strea.o. Values bclow 4 p.p.n. wero found a.t various poiiits 
in the lToosho River including tho station between Miaoi and Wyandotte, 
Oklahor.ia., which station will bo near tho upper reaches of the it1poundocnt 
whon it is filled. 

Those valuos for dissolved oxygen show that during the wam SUI.lDor 
months tho N'oosho River will bring into tho rosorvoir barely enough oxycon 
to support a dosira.blo fish faur..o. for as tho dissolved oxygen content of 
water drops irou 5 p.p.o. to 3 p.p.n. conditions rapidly bcconc unf~vor.iblo 
to hazardous for oven wo.ro-wo.tor fishes. 

The lqad of organic natter of ~a.ture.l oribin, i.e., plant and anir.ia.l 
detritus -- not sewage ~ carried by the Neosho River in southeastern 
Ka.nsa.s is noderately hi5h for a flowing str1Jao, approaching pond or sr.ia.11 
lake values, but without, however, any excessive oxygen der:ia.nd. This or-. 
e,anic oa.tter will be an asset in the conploted iopoundrJent as it will con
tribute to the production of plankton by supplyin..:; sone nitrogenous na.
terial and stall quantities of phosp.."iates. Howovor, in view of tho ~ther 
low a.nount of dissolved. o:xygon carried by tho Neosho Rivor durinc oid
sunr.1or tno orc;anic l oad of this ri var can not 'bo c rea.tl.y increased with
out doploting the supply of available dissolved oxygen. 

•. 

As long n.s the present balance of organic ~.a.tter is naintained the . 
dissolved o:xygen contributed by the Neosho River to the Pensacola iopound
oent miould reno.in above the critico.l low level of 3 p.p.o. Rowevor, 
should n.dditionnl sewage or organic wn.stos either runicipn.l or industrio.l 
be poured into the Noosho River froo Ertporin., Kans., southward (i.e., fron 
Eoporia, Burlington, Iola and Chetopa, Kans. and Miaoi, Okla.) serious 
conditions as regards fisheries in the coopleted iopoundoent could easily 
ariGe, as the present differential between the oxygen deoa.nd and the.anount 
of dissolved o:xygon carried by tho waters of the Neosho River in oid-S'UtlIJor 
is vocy sna.11. 

Tho soa.sonal variations in. tho dissolved oxygen carried by tho waters 
of Spring River, Sycanoro Crook, Elk Rivor and Honey Creek showed that 
these waters will reach the iopoundnent in satisfactory condition as regards 
dissolved o:Jcy"gen, since the flowing portions of these streans when undis
turbed by other factors carry in general 5 p.p.n. or nore dissolved oxygen 
throughout the year. 

The dissolved oxygen carried by tho present Grand River between 
Wyandotte, Okla. and tho Pensacola Dan (not closed when tho samples wore 
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taken) varied over much the same rang~· as the l~eosho River, althou&i. the 
dissolved o~•gcn began to drop a.s ea.rly as April in the Grand River \·.rhore 
values as low as 3.8 to 5.3 p.p.m. wero noted in tho dcopor and slower 
portions south of Fairland, Okla. Thoso findings in the portion of tho 
Grund Rivor wr..ich is to bocome the ma.in basin of tho deep rosorvoir SU(;

gest that tho higher ~Jcy"gon contont of the waters from tho cant side of 
tho impound.I!lont and from Spring :aivor, when that stroom·is flowing nor- . 
mally, do not offsot tho oJl;{gon domand produced by tho organic matter con
tributod by tho lfoosho River. 

In tablo 2 the summarized findings on relative acidity (pH), cpccific 
conducto.nco (dissolved ionizo.blo material) o.I".d motb;rl orange alkalinity 
(essentially total carbonates) are presented because the study of these 

Table 2. Sumrrarized values giving range of certain water characteristics 
of the major streams tributary to the Pensacola, Okla.homo., impoundmont as 
found during U. S. Bureau .of Fishorioa surveys, 1939. AJ.l vo.luos uro for 
flowing w~ters under average conditions. 

Specific Carbonate 
Relative as C03 parts 

Stream acidity conducta.nce_6 per million 
(pH) in Icllo x 10 (methyl orange 

at 25° c. alkalinit7 

Neosho :?.iver 7.6-8.4 600-700 24-50 

Spring River 7.6-8.1 200-300 24 ... 33 

Chat pool \·ia.ters 3.8-6.2 1150-1300 None 

Syca.r.!Ore Creek 7.8-8,2 180-210 42-58 

Elk River 7.6-8.1 180-250 40-50 

Grancl. River 7.7-8.2 :300-420 24-36 
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characteristics brought out one of the major hazards to fish and other 
aquatic lif c which will de~elop when the impound.ment ia completed. 

The rolativo acidity, dissolved ionizable material and carbonates of 
these permanent tribu.ta:cy waters are all within ranges tolerated by warm
water fishes and the values are of magnitudes expected for streams of this 
region. SpccificaJ,l.y these data ahow slightly to mildly a.lkn.line water 
with a rela.tively small load of salts nnd bu.ffer substances. Tho Ncos~o 
waters carr,v the largest quantities of total salts and the east-side 
streams the largest quantitien of carbonates. 

The fi5ures in table 2 take on greater significance as regards con
ditions which can develop in the completed impoundment when compared t·Iith 
the summarized data (third line of table 2) on the waters from the chat 
pools in the mine areas north and northeast of Miami, Okla. 

Throughout the Joplin-Mio.mi district there ara maey piles of chat and 
other rock \'la.ates from the lead and zinc mines of this region. Some of 
th.ese piles of wa.sto a.re of hugo proportions being compa.ra.blo to small hills. 
In this discussion tho torm "chatn has been applied to those piles of mino 
wasto because cbat is a conspicuous component of those rock hoo.ps, and not 
because 11chat 11 o.s such is the most clangorous component of these rock wc.stcs. 
In addition to tho chat which is osaantially o. dolomitic limestone those 
wnsto p iles contain varying quo.ntitios of sevornl mota.J.lic sulphides p~r
ticula~ly those of iron, lend and zinc, nnd the various brec.k-down products 
of theso sulphides which form when such sulphides n.re exposed to the combined 
action of air, water and weathering. 

Consoqu.ontly, molting snows and slow rains lea.ch from these piles o. 
variety of subst..'1.llcee which acCUillllate in surface pools. To these waters 
a.re added the mine waters pumped from some of t~e active mines, and the com
bined mixture ultimate~ finds its wa;y into the Spring River. Heavy rains 
flush large quantities of theoe llchn.t-pool w::itors11 into tho Spring Rh·-cr 
and on ono occasion, for exo.mplo in Juno 1939, one of tho field parties 
not eel o.n abru::>t change in tho composition of the watora of Spring P.ivor 
enst of Miruni follo\ting a ho~vy rain in tho chat areas the night before. 
Tho total lo~d of dissolved ionizablo r.ntorinl roso from n conductivity of 
210 Llho x lQ-6 ct 25°c. ta ncnrly 700 Ii!ho in spite of the granter volume 
of strrom flow which the flood we.tors produced~ nnd tho pH chn.ngcd from 
definitely o.lkn.lino pH 8.2, to definitely acid, pH 6.0. 

In to.ble 2 it mey be seen that t~10 pH of the wntors in E:omc of the 
chn. t .Pools wn.s below ~I 4. 0 \'lhich is sufficient . a.cidic in i tsolf to kill 
warm-w~tor fishes. Several sroll strc..".J!ls in tho vicinit~.r of Qua.paw, Okla.., 
tributary to the Spring River were found to have running water, draining 
from the chat areas, with pH ~.6 to p13: 6.0. These streams contained no 
fish, were very low in diasolved o~gen, lass than 3 p.p.rn., and along the 
shore margins were fouled with blue-green algae; plants characteristic of 
many polluted. waters. Laboratory tests showed that in addition to tho high 
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acidity {due to sulphurous, eydro.sulphurous and sulphuric acids) theae chat
pool waters carried other ingredients toxic to fish life. 

From a practical standpoint ~he mi~e-field Wo'lstes, entering the Pensacola 
impoundment via Spring River constitute ' perha.ps the greatest single potential 
pollution ba.za.rd to fish and other aqua.tic life in the completed reservoir. 

There is no doubt concerning the toxic nature of these chat-pool waters, 
both through the action of the conta,.ned acid ingredients and salts of vari
ous metals •.1hich are also pr.esent in varying qua.nti ties. Dilution o.nd neu
tralization attendant on straam flow can and will eliminate largo portions of 
those hazards undur average conditionG but oudden rnins after long dry noaaons 
can roadily flood into the impoundment via Spring River sufficient quantities 
of those mntorinls from the mine-waste fields to nroduco serious catastrophes 
in the impoundment at any time and particule.r11 in mid-summer when the t-1a.ters 
of the reservoir ~·rill be "'arm, low in dissolved oxygen, and moving slo~·rly. 

In view of findings at Elophnnt :Butte Reservoir (Ellis, in press), iforris 
Reservoir ( ~·fiebe, 1938) nnd Ie.ke Mead {Ue.tiono.l Research Council, 1938) it is 
not at all improbable tba.t sudden changes i~ the flow of Spring River will 
produce density currents in the Pensacola. reservoir r-nd these slugs of t·fclter 
from the chn.t fields could easily move the ontire length of the reservoir on 
occasion with disastrous results to the fish and aquatic life of tho impound
ment. 

EXPECTED WATER CONDITIONS IN THE COMPLET.EID IMPOtnIDMENT. 

From the studies of the water supplies, the configuration of the impound
ment and the depth of the reservoir. the i,re.ter conditions within the completed 
imppund.'llent can be predicted with a. considerable degree of certainty barring 
two disturbing factors. namely. (1) abrupt additions of large quantities of 
water from the mine fields, and (2) abrupt changes in the draw-down progro.o :it 
the power plant. 

Assuming a rather steady and constant outflow at the Da.m and no sudden 
movements of water into tho Reservoir froo Spring River and tho chat fields, 
the i~pounded we.tors in tho Pensacola reservoir .will bo fairly rich in c~r
bona tcs, i.e., 11 hard11 according to tho claasification of Birge and Jud.D.y {1911) 
or not ouch below th."Lt etand.o.rd. Thoy will range in pH (surfo.co zone or 
epilionion) from pH ?.4 to pH 8.4 in oid-sur.u:tor o.nd thore will bo vary n.':'.rkod 
thermal and cl.issolved-oxygen stratification in mid•'aummer with a large volume 
of the water (below 25 to 40 feet) vecy l0\'1 in dissolved oxygen. The dra.w
off currents \'fill probably be evident as far up the lake as the firot large 
arm on the cast side (now l:nown as Drowning Crook) or possibly up to the 
mouth of tho Honl';)y Creek arm; upstream in tho ma.in reservoir from Drowning 
Creek as far ns Wyandotte, Oklahomo, much relatively dead water with low dis
solved oxygen may bo expected. As previously pointed out, the wast sido n1"1Ils 
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also \'!ill be vecy sluggish and probably low in dissolved oxygen below sur
face. zone. Marked silting in. ·with it~ attendant· effects on bottom fauna and 
on the dissolved OJCYgen content of the upper portion of the reservoir during 
raid-eummerp n-ay be expected from the waters brought in by the Neosho River. 

Collectively, these prodictions for the waters of the Pensacola Reservoir 
define an irapound.ment similar in general water characteristics to many others 
in the United Sta.tea but specifically- dascribo a. reservoir in which during 
mid-summer an increasa in the load of organic ma:terial (sewage and org::'.nic 
wast~s) in the intake waters, or sudden fluctuations in water level, or e.brupt 
additions of mine waters from tho Joplin-Miami ar~~ would produce serious 
catn.strophcE for fish life. 

E..~cepting such cat.a.strophes and even in spite. of some such dioasters, 
the fish p~oductivity of this impoundment ~li.ll be high for the first few years. 
probably for 5 years or more. if ··the history of nearby impoundments such as 
the Iako of the Ozarks be significant. However, the natural food supply will 
decline sooner or later and poor fishing will follow. S'..l.ch a decline which 
was predicted several ye~rs ago is now actilall.y in progress in the lake of the 
Ozarks in Missouri. 

This decline in light of our present knowledge can not be prevented. but 
fishing can be maintained a.t a. fairly good level after the initial high pro
ductivity period has passed or combining a good restocking program with pro
visions for nesting sites and food for both young and adult fish. It must be 
remembered that merely restocking the lake after its peak of productivity has 
passed will not bring back fishing. 

Impoundments like the Pensacola Reservoir are limited in fish food pro
duction by sheer banks in many parts of the impoundment and by the draw-down 
which cna..1;;es ·water levels in lateral areas where food would naturally develop 
if the water level were properly naintained. To meet these conc1.i tions several 
plans have been proposed nll more or less costly and each with its limitations. 
In the following section specific recommendations are ma.de which will be help
ful if tho expe~se is justifiable to those concerned. 

1. Floating nests and floating submerged. brush shelters should be in
stalletl. in the arms on the \'lest side of the impoundment. in the Drowning Creek 
arm and possibly nea.r the mouths of Honey- Creek, Sycamore Creek and Elk River. 
These devices have been used with varJing success at Is.ke Ta.cao in Georgia and 
at Elep~.ant Butte Reservoir in New Mexico. However, thay have biological 
limito.tions a.nd require some attention from a trained fish-culturist so tllf!.t 
both the initial construction and the subsequent maintenance must be consid
ered in their cost. However, dovices of thio typo aro the only means which 
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ca.n be recommended a.t present for the improveme~t of fisheries on the west 
side of the Pensacola impound.ment. Whether the cost would be justified by 
the increased production of fish can not be stated hero. Some reports on 
these devices are very favorable a.nd very encouraging, others aro not. 
EA-pcrimcntal tests of these devicos in the Grand River iopoundmont might 
bo ·undertaken by state authori tics or by loca.l sports::ien' s clubs. 

· 2. Low lateral dams a.cross lioney Creok, Elk River and Syca.riore Creek 
should bo constructed near the high-wa.tor level of the reservoir to provide 
shallow lateral a.re3.s in which both submerged e.nd emergent vegetation would 
bocooo established free from the disturba.ncos of the draw-off. Such areas 
would provide food, shelter and nesting sites for large numbers of fish, , 
and could be developed in cooperation with the U. S. Bureau of Biological 
Survey as bird refuges. Iatera.l d.atls a.cross the tributary streatls on the 
east shore can be made productive if properly constructed and supervised. 
The supervision \'rill consist not onl~, in the stocking of these areas with 
proper plants and fish by a conpetont fishery biologist, but also ~n the 
regulation of fishing in these areas so tha. t the productivity of the la tera.l 
impound.men ts may contribute to the prod.ucti vi ty of the reservoir as a •.1hole. 
The exact sites for the lateral dams snould be datermined by a. fishery 
biologist and the construction should be included in the program before the 
reservoir is flooded. In general, as has been described elsowhoro, theso 
lateral dams should be located below, that is, on the reservoir side of the 
average expected high-water level of the reservoir and should impound several 
acres or more behind ea.ch dam. The lateral dams should not be mo:re than 
10 ft. high at the most, and depending upon local conditions probably not 
more than 6 ft. high. The dams should close only permanent tributary streams. 

3. Restocking can play a. part in the maintenance of fisheries of nea.rly 
all impoundments. However, local conditions near the impound.ment aro not 
E'.lways suitable for a hatchery. In addition, the hatchery nnd the restock
ing which it will ma.ko possible, will not solve all of the problams of the 
fisherJ-JDD.nagement program in tho Pensacola. impoundmont. If a M.tchory is 
to be built it should be constructed profaro:o1y on Elk Creek nnd Grand Ri vcr 
below the dam would. be an acceptable second choice. A hatchery is not rccon
mondcd for tho Pensacola impoundment. 

4. The drai·r-off for power purposes should be ma.de as near the botton of 
the reservoir as possible since low dissolved. oxygen in the waters of this 
reservoir duringmid-summeris indicated by the studies of the Grand and 
Neosho Rivers. Any mass of water below the level of the draw-off will cer
tainly be depleted of its dissolved 0~7gon during tho warm summer months. 
(Although tho preceding statements cover tha problem, construction already 
ha.s progressed so far that tho cost of cha~ging tho outlet openine;s would 
be great. It soe~s very probably that there will ba an unusually large 
amount of stagnant wo. t0r in the Pensa.cola. i:.ipound.mcm t for reasons sat for th 
in the report. Any adjustoent which \·rill bring well-aerated water fron the 
surface to the lower levels in the iopoundment would prove beneficial to 
fish life, especially during the ~rm mid-BUillill0rmonths. Because of water 
conditions in the main tributary streams -- NeoGho an~ Spring Rivers -- and 
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the pollution hazards from oil wells, chat piles, municipalities, and in
dustrial plants in the large area. draining into the Pensa.cola Dam, predic
tions fo1· moderate to poor fishing after the initial first period of iligh 
productivit~r has pa.seed seem justified. It is, therefore, a serious ques
tion vhether the experiments for an extensive program of fish management 
will be justified in tho Pensacola impoundment.) 

5, Spill water, that is, water not needed for power purposes which is 
released for the maintenance of the Grand River below the dam, should be 
drawn from tho bottom of the reservoir. Thus oxygen - deficient and pol
luted watora in tho lower strata of tho impoundmont could bo removed. (T"nc 
improbability of following this recommendation was sot forth in tho comments 
under Ho. 4.) 

6. Appropriate action should be taken now to provont further pollution 
of tho l!oosho Ri var by municipal or industrial wastes from Emporia, Kans., . 
southward. Ad~itional pollution of this rivor could readily roSu.lt in last
ing and ~1ii:;;hly undesirable concli tions in tho Pensacola impoundmcnt. 

7. Imnodiato moa.suros should bo sought tha.t will keep all chat-field 
and mine-waste waters out of Spring Bivor for those sources of contaraination 
present perhaps tho groa.toat potential hazard to fish life in the Pensacola 
reservoir. 

(The question of interstate pollution of streams which arises in con
nection with the Pensacola impo~.n.dment is not only one of special importance 
to that impoundment throug!1 a variety of contacts including public health 
and recreational interests as well ao fisherias. but is a basic probleI!l to 
be conoidered by thoso in authority for the mo.ny impoundments now contem
plated. In the case of the Pensacola impoundment tho agency empowered to 
act ~Tith rofcronce to tho pollution problems should first be dosigna.tcd and 
then should tako immodiato action if pollution catastrophes nro to bo . 
averted. Tho expense of rectifying existing conditions that result in pol
lution h •. 'l.zn.1'Cls to Pensacola Dam wo.tors, whether from mines, mu.nicipe.litiest 
or in~ustries, will be great and perhaps prohibitive. Future impounclments 
shoulc oe safeguarded with reference to pollution before their construction 
is authorized.) 
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