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REPORT OW THE PENSACOIA DAM IMPOUNDMENT OF THE
GRAND RIVER WITH SPECIAL REFERENCE TO FISHERY
PROBLEMS IN THE COMPLETED RESERVOIR

By I"I. I‘-;I Ellis, Ph»-D.. SC.D-
In Charge Interior Fishery Investigations

INTRODUCTION

The surveys of the area to be flooded by the impoundment back of the
Pensacola Dam now under construction across the Grand River near Disney,
Oklahoma, and of the various streams tributary to this reservoir, as re-
ported here had three objectives concerning fisheries devolopments in the
completed impoundment, namely, tho detormination of (1) the charactor of
the waters which will be impounded, (2) tho water conditions which may be
oxpocted within the roscrvoir, and (3) the most fensible mothods for ofi-
sctting tho rapid docline in fish productivity which usually occurs in

such impoundments 3 to 7 years after the reservolr is filled for the first
time.

The field studies supplying the data for this report were made dur-
ing April, May, June, and early part of September, 1939, by three field
partics (soven observers in all) from the U. S. Bureau of Fisheries Labora-
tories at Columbla, Missouri. These groups using laboratory trucks carry-—
ing equipment for the necessary field analyses followed the Neosho River
and its tributaries south from Emporia, Kansas, Spring River west and south
from the Joplin district in southwestern Missouri, and the headwaters of
Sycamore and Ellz Creeks west from southern Missouri into tho arca to be
covered by the impoundment. All of the small streams and crecks entering
this arca wore surveycd at points which will be near the shorcline of the
complete rescrvoir.

Iarge numbers of samples were returned to the Columbia (Mo.) labora-
tories for assays and analyses which could not be made in the field and
the eniire 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.) field unit of the U. S. Burcau of
Fisherics as part of the stream pollution studies conducted by this unit
in the Joplin (Mo.) -~ Miami (Okla.) district.

The principal base stations at which the major studies were conducted
during this survey of the Pensacola Dam impoundment are listed in table 1.
Fron these base stations field parties worked out into the surrounding ter-
ritory covering 21l of the larger tributary waters.



Table 1.
Pensacola Dan (Okla,) impoundment area.
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Bage stations of the U. 5. Bureau of Fisheries survey of the

I,

II.

III.

Heosho and ggand Rivers.

1,
2
3-
4

Sa
6-
7e
8-
9.
10,
11.
12,
13.

14,

Neosho River near Emporia, Kons.
" 1 " Burlinegton, Kans.
n i " TIola, Kans.
n " " Chamite, Kans.
i i t South Mound, Kans.
i n " QOswego, Kans.
Inbette Creek, south of Oswego, Kans.
Neoshio River near Chetopa, Kans.
u n Just south of Miami, Okla.
Grand River 9 niles north of Sernice, Okla,
" " tritutaries 1 nile east of Bernice, Okla.
n I east of Fairland, Okla,
" " at Ketehun Ferry, Oila.
i ¥ at Pensacola Dam near Disncy, Okla,

Spring River.

15,
16,
17.
18,
18,
20.
2l.

22,

Bast

Center Creek west of Carthage, Mo.

Chat drainage east of Dunweg, MNo.
n n north of Galona, XKnns.

Spring River east of Baxter Springs, Kans.

Chat drainage south of Baxter Snhrings, Kans.

Spring Rivor northeast of Baxter Springs, Kans.
n n cast of Miami, Okla.

Tributary of Spring River near Quapaw, Okla.

side of impoundment.

23.
24,
20,
26,

Lost Creek near Wyrandotte, Olkla.

Sycariore Creek south of Wyandotte, Okla.
Elk River between Grove and Wyandotte, Okla.
Honey Creeck south of Grove, Okla.

{2
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WATERS TRIBUTARY TO THE IMPOUNDMENT

The waters flowing into the impoundment which will be created by the
Pensacola Dan can be divided into four groups on the basis of chemical and
physical charactoristics, namely, (1) wot weather mn-off waters cntering
the irpoundment largely from the west (sce fig. 1) betwoen the Dan and
Wyandotte, Okla.; (2) porranont streams drawing their waters from the Ozark
height of land in southwestern Missouri and northwestern Arkansas either
directly or via springs, and enterinz the east side of the reservoir be-
twoen the dan and VWyandotte, Okla,; (3) Spring River which drains through
its tributariee portions of southern Missouri, southeastern Kansas and
northeastern Oklahoma north and northeast of Wyandotte, Oklahoma including
the chat ficlds of the Joplin-~ifiani district; ond (4) the Neosho River
which drains an agricultural distriet in southcastern Konsas north of
Miani, Okla,

As there are no permanent streans entering the west side of the in-
poundnent mn-off, waters fron storms and snows will be poured into the
reservolr fron the west in an uninixed condition, that is, these run-—off
waters will not be diluted by streanm wators. Consequently tho run—off
waters will vary from cloar trickles following the gradual nmelting of
snows to sudden inrushes of very rmddy water sweeping down the gullies
and draws during and immediately after 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 times in theso run-off waters. Because of the
nature of the soils in the Vinita-Miami (Okla.) area those waters also
may carry some salts (chiefly sulphates of moagnesium and sodium and cal-
cium carbonatc) and will have a rolative acidity (pH) definitely on tho
alknline sido of noutrality ranging from pH 7.4 to pH 8.4.

These run-off waters will not greatly disturb conditions in the mnin
impounément because the volume of run~off water expected will not be large
(excepting umisual storms) and the salt loads and alkalinity of these
waters will be within ranges tolerated by warm-watere fishes. However,
the run-off waters will present definite hazards to fish life in the two
large arms on the west side of the impoundmont between the dam and Fair-
land, as there will be little current in these arms oxcept that produced
by the draw-down., Sudden inflows of muddy water into these arms, there-
fore, will greatly increase the turbidity of those portions of the roscr-
volr with all of the attondant effects on aquatic lifc and will incroase
tho silt deposits on the bottom of thosec arms to the dotriment of bottom
animnls (an important itom of fish food) and such fish nesting grounds as
may be devoloped in these lateral portions of the impoundment.

The physical and chemical characteristics of the waters flowing into
the impoundment from the permanent sources have been reviewed together
for the sake of comparisons. The dissolved oxygen in the waters of the
flowing portions of the Neosho, Spring and Elk Rivers, and in Honey and
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Sycamore Crecks was found to be greater than 5 p.p.m. in the winter, spring
and carly sunmer samples, and 5 p.p.o. dissolved oxygen arc adequato to

suppgrt a good fish founa, (Ellis, 1937; National Resources Committec,
1939).

During nid-summor the dissolved oxygen in the Neosho Riven the waters
of which become quite warnm, falls below 5 p.p.n. in the deeper and slower
parts of the strean. Values below 4 p.p.n. were found at various points
in the ileosho River including the station between Miamil and Wyandotte,
Oklahona, which station will be ncar the upper reachos of the impoundment
whon 1t is filled.

Theso values for dissolved oxygen show that during the warn sunnor
nonths tho Neosho River will bring into tho resorveir barely enough oxygsen
to support a desirable fish faurn for as the dissolved oxygon content of
wator drops from 5 p.p.o. to 3 p.p.n. conditions rapidly become unfavorable
to hazardous for oven wart-wator fishes.

The load of organic matter of natural origin, i.e., plant and animal
detritus -- ot sewage —— carried by the Neosho River in southeastern
Kansas is noderately high for a flowing strean, approaching pond or csnall
lake values, but without, however, any excessive oxygen demand. This or-,
ganic matter will be an agset in the completed impoundnent as 1t will cone
tritute to the production of plankton by supplyinz sone nitrogenous na~
terlal and small quantities of phosphates. Eowever, in view of the rather
low anount of dissolved oxygen carricd by the Neosho River during nide—
sumner the organic load of this river can not be sreatly incroased with-
out dopleting the supply of available dissolved oxygen.

As long os the present balance of organic matter is maintoined the |
dissolved oxygen contributed by the Neosho River to the Fensacola irpound-
nent should remain above the critical low level of 3 p.p.n. However,
should additional sewage or orgenic wostes either municipal or industrial
be poured into the Neosho River from Emporio, Kans., southward (i.e., fron
Eoporia, Burlington, Iola and Chetopa, Kans. and Miami, Okla.) serious
conditlions as regards fisheries in the completed inpoundment could easily
arise, as the present differential betweon the oxygen demand and the amount

of dissolved oxygen carried by the wators of the Necsho River in nid-sunmmer
is very small,

The secasonal variations in the dissclved oxygen carried by the waters
of Spring River, Sycanorc Creck, Elk River and Honcy Crock showed that
these waters will reach the inpoundment in satisfactory condition as regards
dissolved oxygen, since the flowing portions of these streans when undis-
turbed by other factors earry in general 5 p.p.m. or nore dissolved oxygen
throughcut the year.

The dissolved oxygen carried by the present Grand River between
Uyandotte, Okla, and the Pensaccla Dan (not closed when the samples wore
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talken) varied over mich the same range as the Neosho River, although the
dissolved oxygen began to drop as early as April in the Grand River vhere
values as low as 3.8 to 5.3 p.p.m, were noted in the decper and slover

portisne south of rFairland, Okla.

These findings in the porticn of the

Grand River wkich is to bocome the main basin of the decp reservoir sug-
gest that the highor oxyzon contont of the waters from the cast sidec of
the impoundment and from Spring River, when that stream-is flowing por- |
mally, do not offsot the oxygen demand produced by the organic matter con-
tributed by the Woosho Rivor.

In table 2 the summerized findings on rolative acidity (pE), specific
conductance (dissolved ionizable materinl) and mothyl orange alkalinity
(essentially total carbonates) are presented because the study of these

Table 2. Summarized values giving range of certain water characteristics
of the major strcams tributary to the Pemsacola, Olflahoma, impoundment as

found during U. S. Burcan of Fishecries surveys, 1939,

flowing wuters under average conditions.

Arl values arc for

Carbonate
Relative SESCLELD as COg parts
con&uctance_s
Strean acldity T iy £ 5 per million
(pH) at 250 o (methyl orange
3 alkalinity
Neosho Ziver 7.6-8,4 600=-700 24--50
Spring River 7.6-8.1 200-300 24-33
Chat pool waters 3.8-6.2 1160-1300 None
Sycamore Creel 7.68-8,2 180-210 42-58
Blk River 7.6-8,1 180-250 40-50
Grand River 7.7=B.2 300~-420 2456




101029

characteristics brought out one of the major hazards to fish and other
aquatic life vhich will develop when the impoundment is completed.

The relative acidity, dissolved ionizable material and carbonates of
these permanent tributary waters are all within ranges tolerated ty warm-
water fishes and the values are of magnitudes expected for streams of this
reglons Specifically these date show slightly to mildly alkaline water
with a relatively smnll load of salts and tuffer substances. Tho Neosho
waters carry the largest quantities of total salts and the east-side
streams the largest quantities of carbonates.

The figures in table 2 take on greater significance as regards con—
ditions vhich can develop in the completed impoundment when compared with
thé summarized date (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-Miami district there are many piles of chat and
other rock wastes from the lead and zinc mines of this region. Some of
these piles of waste are of ‘mgo proportions being comparable to small hills.
In this discussion the term Vchat! has been applicd to these piles of mine
wasto bocausc chat is a conspicuous component of theso rock heaps, and not
becausc ''chat! as such is the most dangerous component of these rock wastes.
In addition to thc chat which is essentially o dolomitic limestore those
wasto »ilos contain varying quantitios of severnl metallie sulphides par-
ticularly those of iron, lend and zinc, and the vorious breal-down products
of these sulphides which form when such sulphides are exposed to the combinod
action of air, water and weathoring.

Conscquontly, molting snows and slow rains leach from these piles o
varlety of substonces which accumlate in surface pcols. To these waters
are added the mine waters pumped from some of the active mines, and the com-
bined mixture vltimately finds its way into the Spring River. Heavy rains
flush larze quantities of these Ychat~pool waters®? into the Spring River
and on onc cccesion, for example in Junce 1939, one of the ficld partics
noted an abrunt change in tho composition of the waters of Spring Rivor
east of Miami following a heavy roin in the chat arcas the night before.
The total lopd of dissolved icnizable material rose from o conductivity of
210 sho = 10-6 nt 25°C. to mearly 700 rho in spite of the greator volume
of strcam flow which the flood waters produced, and the pH changed from
definitely clkaline pH 8.2, to definitely acid, pH 6.0.

In table 2 it moy be seon that the pH of the wotors in some of the
chat posls wos bolow m 4,0 vhich 1s sufficiont acidic in itself to kill
warm-wator fishes. Severnl srnll streoms in the viecinity of Quapaw, Okla,,
tributary to the Spring River were found to have running water, draining
from the chat areas, with pH 4.6 to p1 6.0. These streams contained no
fish, were very low in dissolved oxygen, less than 3 p.p.m., and along the
shore margins were fouled with blue-green algae; plants characteristic of
many polluted waters. Iaboratory tests showod that in addition to the high
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acidity (due to sulphurous, hydrosulphurous end sulphuric acids) these chat-
pool waters carried other ingredients toxic to fish life.

From a practicel standpoint the mine-field wastes, entering the Pensacola
impoundment via Spring River constitute perhaps the Zreatest single potential
pollution hagard to fish and other aguatic 1ife in the completed reservolir.

There is no doubt concerning the toxic nature of these chat-pool waters,
both throush the action of the contained acid ingredients and salts of vari-
ous metals which are also present in varying quentities. Dilution and neu-
tralization attendant on stream flow can and will eliminate large portions of
these hazards undor average conditions but sudden roins after long dry scasons
can roadily flood into the impoundment via Spring River sufficient quantities
of these matorials from the mine-wasto fields to nroduce serious catastrophes
in the impoundment at any time and particularly in mid-summer when the waters
of the reservoir will be warm, low in dissolved oxygen, and moving slowly.

In view of findings at Elephant Butte Reservoir (Bllis, in press), Horris
Reservoir (“iebe, 1938) and Iake Mead (Nationnl Research Council, 1938) it is
not at all improbable that sudden changes in the flow of Spring River will
produce density currents in the Pensacola reservoir and these slugs of water
from the chat fields could easily move tha ontire length of the roservoir on
occasion with disastrous rosulte to the fish and aquatic 1life of the impound-
ment.

EXPECTED WATER CONDITIONS IN THE COMPLEZTED IMPOUNDMERNT.

From the studies of the water supplies, the configuration of the impound-
ment and the depth of the reservoir, the water conditions within the completed
impoundment can be predicted with a considerable degrea of cortainty 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 progran at
the power plant.

Assuming a rather steady and constant outflow at the Dam and no sudden
movements of water into the Reservoir from Spring River and the chat fiolds,
the impounded waters in the Pensacola reservoir will be fairly rich in cor-
bonates, l.c., "hard" according to the classification of Birge and Judey (1911)
or not much below that gtandard. Thoy will range in pH (surfaco zone or
epilimmion) from pH 7.4 to pH 8.4 in mid-summer and there will be very merked
thermal and dissolved-oxygen stratification in midewummer with & large volume
of the water (below 25 to 40 feet) very low in dissolved oxygen. The draw-
off currents will probably be evident ag far up the lake as the first large
arm on the cast side (now Imown as Drowning Croek) or possibly up to th
mouth of the Honoy Creek arm; upstream in tho m2in reservoir from Drowning
Creek as far os Wyandotte, Oklahoma, much relatively deed water with low dis-
solved oxygen may be expectcd. As previously pointed out, the west side arms
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also will be very sluggish and probably low in dissolved oxygen below sur-
face zone. Marked silting in, with its attendant effects on bottom fauna and
on the dissolved oxygen content of the upper portion of the ressrvoir during
nid-aumner, may be expected from the waters brought in by the Neosho River.

Collectively, these predictions for the waters of the Pensacola Reservoir
define an impoundment similar in general water characteristics to many others
in the United States but specifically describe a reservoir in which during
mid-summer an increase in the load of organic material (sowage and orgnnic
wastos) in the intalke waters, or sudden fluctuwations in water level, or abrupt
additions of mino waters from the Joplin-Miami area would produce serious
catastrophes for fish life.

Excepting such catastrophes and even in spite of some such disasters,
the fish productivity of this impoundment will be high for the first few years,
probably for 5 years or more, if the history of nearby impoundments such as
the Iake of the Ozarks be significant. However, the paturzl food supply will
decline sooner or later and poor fishing will follow. Such a decline which
was predicted several years ago is now actually in progress in the ILake of the
Ozarks in Missouri.

This decline in lizht of our present knowledge can not be prevented, bdbut
fishing can be maintained at a fairly good level after the initial high nro-
ductivity period has passed by combining 2 good restocking program with pro-
visions for nestinz sites and food for both young and adult fish. It must be
remembered that merely restocking the lale after its peak of productivity has
passed will not bring baclk 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 chaizes water levels in lateral areas where food would naturally develop
if the wvater level were properly maintained. To meet these conditions several
plans have becn proposed all more or less costly and each with its limitations.
In the following section specific recormmendations ars made which will be help-
ful if the cxpense is justifiable to those concernad.

RECOMMZNDATIONS

1. Floating nests and floating submerged brush shelters should be in-
stalled in the arms on the west side of the impoundment, in the Drowning Creek
arm and possibly near the mouths of Honey Creek, Sycamore Creek and Elk Eiver.
These devices have been used with varrving success at Iske Tacao in Georgia and
at Elephant Butte Reservoir in New Mexico. However, thoy have biological
limitetions and require some attention from a trainod fish-culturist so that
both the initial construction and the subsequont maintenance must be coasid-
ered in their cost. Howover, dovices of this type are the only means which
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can be recommended at present for the improvement of fisheries on the west
side of the Pensacola impoundment. Whether the cost would be justified by
the increased production of fish can not be stated here. Some reports on
these devices are very favorable and very encouraging, others are not.
Experimental tests of thesec devices in the Grand River impoundment might
bo undertaken by state authoritics or by local sportsmen's clubs.

- 2. Low lateral dams across Eoney Creck, Elk River and Sycamore Creel
should bo constructed near the high-water level of the reservoir to provide
shallow lateral areas in which both submerged and emergent vegetation would
becone established frec from the disturbances 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. Iateral dams across the tributary streams on the
east shore can be made productive if properly constructed and supervised.

The supervision will consist not only in the stocking of these areas with
proper plants and fish by a competent fishery biologist, but also in the
regulation of fishing in these areas sc that the productivity of the lateral
impoundments may contribute to the productivity of the reservoir as a whole.
The exact sites for the lateral dams should be determined by a fishery
biologist and the construction should be included irn the program before the
reservoir is flooded. 1In general, as has been described elsewhore, theso
lateral dams should be locatod below, that is, on the reservoir side of the
average expected high-wetor level of the rescrvoir and should impound soveral
acres or more bohind cach dam. The lateral dams should not be more than

10 ft. high at the most, ard 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 nearly
all impoundments. However, local conditions near the impoundment aro not
always suitable for a hatchsry. In addition, the hatchery and the restociz
ing which it will makec possible, will not solve all of the problems of the
fishery-management program in the Pensacole impoundment. If a hatchery is
to be built it should be comstructed preferadly on Elk Croek and Grand River
below the dam would be an acceptable sccond choice. A hatchery is not recom-
mended for tho Ponsacola impoundment.

4, The draw-off for power purposes should be rade as near the botton of
the reservoir as possible since low dissolved oxygen in the waters of this
reservoir during mid-summer is indicated by the studies of the Grand and
Neosho Rivers. Any mass of water below the level of the draw-off will cor-
tainly be depleted of its dissolved oxygen during tho varm summer months.
(Although tho preceding statements cover the problem, construction already
has progresseod so far that tho cost of chenging the outlet openings would
be great. It scems very probably that thore will be an unusually large
anmount of stagnant water in the Pensacola impoundment for reasons set forth
in the report. Any adjustment which will bring well-aerated water fron the
surface to the lower levels in the impoundment would prove beneficial to
fish life, especially during the warm mid-gummer months. Because of water
conditions in the main tributary streams -- Neosho and Spring Rivers -- and

10
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the pollution hazards from oil welle, chat piles, municipalities, and in-
dustrial plants in the large area draining into the Pensacolea Dam, predie-
tions for moderate to poor fishing after the initial first period of nigh
productivity has passed seem justified, It is, therefore, a serious ques-
tion vhether the experiments for an extensive program of fish management
will be justifiod 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
dravn from the bottom of the reservoir. Thus oxygen - deficient and pol-
luted wators in the lower strata of tho impoundment could be removed., (The
improbability of following this rocommendation was set forth in the commonts
under Noe 4.)

6. Appropriate action should be taken now to provont further pollution
of the HNecosho River by municipal or industrial wastes from Emporia, Xans.,
southwvard. Additional pollution of this river could readily rcsult in last-
ing and aighly undosiravle conditions in the Pensaccla impoundment.

7. Immodiato moasures should be sought that will kecep all chat-ficld
and mine-wastc wators out of Spring Rivor for thesc sources of contamination
present perhaps tho greatest potential hazard to fish life in the Pensacola
reservoir,

(The question of interstate pollution of streams which arises in con-
nection wvith the Pensacola impouadment is not only one of special importance
to that impoundment through a variety of contacts including public health
and recrcational interests as well as fisheries, but is & basic problem to
be considered by those in authority for the many impoundments now contem-
plated. In the case of the Ponsacola impoundment the agency empowered to
act with referonce to the pollution probleme should first be designated and
then should take immedieto action if pollution catastrophes are to be :
averted. Tho oxpensc of rectifying oxisting conditions that rosult in pel-
lution hazards to Ponsacola Dam wators, whethor from mines, municipalities,
or industries, will be great and perhaps prohibitive., Future impoundments
should ve safeguarded with reference to pollution before their comstruction
is authorized.)
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