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THE INl"'Ll1ENCE OF MAINST!JoI 
NAVIGATION DAMS ON WATER 

QUALITY AND PISImRIES 
IN THE UPPER OHIO R.IVER BASIN 

Michael Koryak 
O.S. Ar.y Corpe of Engineers 

Pittsburgh, Pa. 15222 

The oelSit,1n and opecation of _instelll navigation da .. wen found to 
significantly influence a n' .. ber ot phyeical. ch •• ic.l and biological' 
paraaeteu. The effect of the _inat_ projecu on disaolv~ Olrygen was 
the -.:)st oUI_tic. 

Dissolved oxygen str.tific.tion can develop in n.vigation pools dur­
ing low S" r flows. Reaeration wa. observed down.trealll of navigation 
structures during high and interMedi.te flow periods. HOwever, during low 
au..er flow periods. dia801v~ oxygen depressions were created downstream 
of certain projects. Such depr.ssions weee noted below gsted daas where 
the outlet sills are subAerq.d in the receiving pool. 

The greatest reaen.tion benefits achievea on the upper Ohio River, 
wh.re a dissolved oxygen protllea exiata, are at a gated structure with 
elev.t~ s1111 am:! whete water is dillCha'ged over step _irs . The 
,eaeration potential of existing gated navigation structures is dependent 
on operational lIChedules during low flow periods. 

INlRaJiJCTION 

The first lock and 12.111 projects on the Ohio River were coapletell in 

1830. By 1929 the entire 981 .ne length of the Ohio IUv.r had been pooled 

by • s.ri.s of 46 .astly MOVable creat, low heaa n~v1gation dams. In the 

.1e-1950's II progrllM was begun to ~ern1ze the lock and du syst". '!'he 

n •• syst._. when C( .,latee •• 111 con.1at of a series of 19 high-lift, gated 

navigat.ion cia1l8. 

Th. purpose of this study is t.o evaluate the effect of .:dsting and 

replace_nt slaek.~t.er navigation atructures on Yater quality and fishery 

r.sourc ••. 

The Ohio River is forMed by the confluence of the Allegheny and 

Monongah.la Rivers at Pittabur9h. Pennsylvania. '!'he atudy are. is limitea 

to the upper 130 .ile long r.ach of the Ohio River end the entire 

...... iOng.h.la River. '!'toe Monongahela River is a Major navigable te ibutary of 
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the Ohio River and like the Ohio Rive" the Monongahel.l R.1"., ",-vtgaeion 

_Systell Is .lao in the process of beinq lIIOdernized. In 1974, when the study 

was initiat.ed, there _UI 9 navi9at.l.on d_ ott' the Ohio Rlvec Main.teII 

within the study reach. Atpr."n,t . .,.there"4c .• "ii,,,d ... on the sa. ,each of 

the Ohio River. On the 129 lIIit. lenqth of the Monongahela Rive, there are 9 

navigation d_s. All of the". navigation structure. are under the juris­

diction of the U.S. Army Engin •• , District. Pittsburqh. 

The !low in the Ohio Rive, i8 extensively tequlated and the "ffects of 

lMinate. nAvigation projects on WIIUe quality is stronqly ,elal:ed to flov. 

In the Pittaburqh District the , e ate,. total of IS tlood control reser­

voirs, 9 of which supply low flow .U9~ntation. The ayste. of COrps of 

Engin •• ,s' water resource development projects in the study area ia shown 

in Piqure l. 

Chronic water quality probl_. in the study area include stI,iou9 

dOmeRtic and industrial pollution in the lover MOnonqabela and upper Obio 

Rivers. Acid lIine drainaqe fra- bitullinous c;:oa.l aininq operations is 

nearly a baa in wide proble. and prllviously. the Mononqabela River .,a. 

severely degraded by aine dralft.age. Considerable proquRs in pollution 

abate_nt haa be4!!n ... de, but the alROUnt o f pollution trOll non·point sources 

i n the study area is sublltantial and will re_ln a prahlell in the future. 

l'iE'1 riOOS 

The study plan was to ocnduct intensive three di_ndonal sa/IIPlinq 

survey. o t the Upper Obio River and the Monongabela River during a wide 

range ot flows. sa.~ling stations _n established i zdiauly above and 

below nav19atio n d_s, at .id41ength i n navigation pools aneS at o ther 

atrateqic locations, such as above and below aajor tributarie., cities and 

industrial areas. There are SJ~ atatiOn8 on the Upper Ohio River and 4S on 

tbll MOnonqahela River. At tbe 

transect stations sa.plinq wa. at mid-channel. 1/4 point ri9ht bank and 1/4 

point latt bank. All other stations _re located at lIidchannel. ,Vertical 

.. asure .. nta of water teMperature, dissolved oxygen. and conductivity were 

taken at the surface, three feet below the surface, five teet below the 

surtace and then at five foot depth i ntervals to the bota.. Water s.aplea 

for .11 othet ~ra_ters were collected thre1!! feet below the &Urf.ce .nd 

appc01(i .. uly three feet fro. the bot~. 
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In order to examine changes in the sa~ approxiMate block of water as 

it progressed downriver. the sequence of IWlllplil'l9 pl:"ocei!ded in ill downstream 

direction. 

Dissolved oxygen and water te~rature vere the principal para.eters 

of the study. These para_tera were Measured in the field with a pressure 

compensated Yellow Springs InstrUMent coapany Model 54 OXygen Meter, 

connected by 50 feet of calibrated cable to ill coabined Y.S.I., dissolved 

oxygen, thermistor and _chanical agitator probe. Also attached to this 

probe asseMbly was ill conductivity probe_ 

Theft probes were designed for lillnological work. They are relatively 

lightweight and their resistance to even ill low Ohio River flow _kes 

accurate vez:tical sallPling difficult. Therefore, it was necessary to adillpt 

this equipment for "lIIPlill9 in flowill9 vater. 

Vertical Measurements were Obtained by lowering the probe assembly to 

the various desired depths along a plumb steel cable. The steel cable vas 

veighted by a brass torpedo weight (COlulllbus-type) suspended just off the 

bottom. The probe aasembly vas attaChed to a one-foot long pipe: section 

through which the steel plumbHne had been threaded. Allowing soae 

downstream drifting of the survey bPat, a 30 pound veight vas adequate for 

the highest flows encountered. Bad saapling been conducted from station­

ary objects such as bridges, experience indicates that a IOO-pound torpedo 

weight would have been necessary to get a plwabline to the bottOlll during 

the high flows. 

Other parameters, besides dissolved oxygen and water te~rature that 

were .onitored in the study. include phytoplankton, aquatic vascular 

plants, phosphate, nitrate-nitrite nitrogen, 1I:jeldahl nitrogen, iron, 

!llanganese, lead, copper, zinc, chrcoiulll, sulfate, filtrable and non­

filtrable solids, turbidity, color. conductivity, transparency. hardness, 

pH, alkalinity, acidity and flow. The results of rotenone 8a!llpling of lock 

chambers conducted cooperatively by the U.S. EPA, ORSANCO, the States of 

Pennsylvania, west Virginia an<! Ohio, and the U.S. Fiah and Wildlife 

suvice provided the fish data. 



The r •• ults of this study indicate that navigation d ... ligniticantly 

influence the dissolved oxyqen c:oncwntrations ot the rivers they pool. In 

the rollowing presentation the d~ree and nature of this influence under II 

vatiety of now condition., and hov it varies with the daaiqn of the 

projects is discussed. 

Piqurs 2 1l1ustrill;tea surhce dl .. o1ved oXY1jen variations along the 

llO IIUe 101'19 reach of the Ohio River below Pittsburqh. Pennsylvania at 

thcM dirterent s.. r flova. ~ two dhllltnsional protile o f the low flow 
l survey (10,000 to 13,000 ers variation .tong the study reach, 1s presented 

in '1qurl 3. The two d1"1'I1101'la1 profile shows the de"elo., .. ,nt of 

hocizontally stratified !;)attern. of dissolved oxygen distribution at low 

flow. 'l'bh stratification was sUght. or nonexistant at the higher Ohio 

River flow •• 

Aa de )ostrated in 1"1gur .. 2 and 3. Mon~ry o.aa (Ohio River Mile 

31. 7) wa. the IIOst efficient re •• ration structure of the navi9'ation dus 

exa-lned on the Upper Ohio Rivar. ~t a flow of 20.000 cts tha hydraulic 

structures o f MOnt9": ' 2 ry DaJI add at least 200.000 pounds of oJI'Y9'an a day to 

the Ohio River. The direct influenc. of Mont.., ' HY o.a.. is IMa.urable for 

IIOre than 15 lIiles downatc:a_ (Figura 3). Ales. obvi.oua effect of 

HOntqO.ary Oa. is that <It low flows the supersaturated diSCharge is drawn 

largely trOll a low dissolved oxygen concentration stratulII ot the pool. 

HOnt9a..ry Oa .. is a gated structure. Because the invart elevation of 
2the outlets (fixed sill elavation 667 ... 1 ) 1s 15 feet below tha surface of 

HOntga-ary Pool. the strstull of water which is relatively low 1n dissolved 

oX)'gen duriJ1l) low flow stc:atitl.cation is evacuated fro. the pool. This 

water i. then violently aeu,ted when discharged into Mew C" ..... rland Pool ' 

lnor_l pool elevation 664.5 lIall ovar step _irs. Alao. at MontgoMery 

there are reaeration benefit_ fro. each overflow weir on either end of the 

d&ll plua turbulence fro. revi .. d qate operations. 

The revision of 9ate operationa resulted fro. field observations at 

MOntgo.ry 0_ to deteraine the a.:)\Jnt. of oxygen which could be added by 

lCUbiC teet per second 

It.at .bove ... n sea level 
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increasing discharges per gate at low flows by using fewer gates with 

larger openings. It was found that 1 gate open 2 feet provided SO percent 

.ore oxygen than 2 gates open 1 foot. The additional oxygen was the: result 

of induced turbulence from the gate operation. 

The stepped weir configuration below the gates at Montgo.ery is always 

subMerged except for the top step and probably would have been even .ore 

effective had it been constructed higher above the tailwatet. A section of 

Montgo.ery 

.. 
Dalll, along with typical Hctions of the other principal types of 

navigation dams in the Upper Ohio and Monongahela Rivers is shown in Pigure 

As can be noted in Figure 3, another project with an extretllely 

beneficial i!lpa.ct on the dissolved OXY<;Jen concentration of the Ohio River 

1& Ellsworth D4JII at Ohio River Mile 6.2. JtIIISWOlth Dam is located in a 

section of the Ohio River where a soaetiMes severe oxygen sag is created by 

the contributions of oxygen demanding waste materials from the Pittsburgh 

Metropolitan area. Water from a lower stratum of ElMworth Pool ilS 

discharged over a aill that is elevated six feet above the receiving pool 

(Dashields Pool). The discharged water DUst pass over an apron at the toe 

of Er\Isworth DalIl with an energy dissipating end sill. Considerable 

reaeration is achieved at Ellsworth na., though it is 'probably not alS 

effective a reaeration design alS Montgo.ery Daa. 

Likewiae, the fixed crut nashields DaJI OJIYgenatea the Ohio River. 

Reaeration at DaBhields is apparently SOMewhat increased by a toe apron. 

haworth, naahields and MontgoMery Dalla are strategically located. During 

the 10,000 to 13,000 cfs low £low survey graphically presented in Figure 3 

they contributed 65.000. 30,000 and 97,000 pounds of oxygen a day respec-

tively to the Ohio River. Individually and as a syste1ll, these three 

projects have an extreJIely beneficial effect on the dissolved oxygen 

concentration of the Ohio River at low flow. 

It should be eJiphalllized that while 10,000 to 13,000 cfa was the lowest 

Ohio River flow surveyed in this study. flows less than 10,000 cfs are not 

uncc nn in the Upper Ohio River. '!'be 1IIiniaum .an .onthly flow of record 

during the critical war~ sum.er wonths at Emsworth (August 1930) was 1,284 

cfs. Sad low"Uow'''ll''glientatiott 'froal existing storage reservoirs been 

available at that tilJle, the _an IDOnthly flow at Bnlaworth during August 

1930 would have been 4,205 cfs. At 5,000 cfa dissolved oxygen 



concentration. can be ex,lcted to be con.iderably lower than thOM _ •

in this study. 

DaM m ..... r 12. 13 and 14 wete lIOVable crest or wicket d_ that

been reeved since the study w .. initiated in 1974~ At nigher flow

wickets were dawn and the river ",a. tr_ Hoving. At tow.r flotq whe

wickets were up. aeration va. only by i"P"ct turbulence. WhUe

reaeration potential of l.pact turbulence alone is not gr.at, da.s 1

13 IoHIre strategically located around the Wheeling. west Virginia ar_ 

their lililited rea.ration was siC,lnit'icant. 

Rea_ration was observed at New Cuaberl;and. Pike ISl .. nd and Ha

oa •• at high and interllediate flow., but at low flow. the .. projects o

downstre_ oxyqen depres.ion.. All thr •• of these daaa are gated s

ture.. The discharge fta. both Pike Island and llannibal is cowp

sut.erqed and the sUls of !few e"-bolt land 0_ are elevated one foot 

the nor.al elevation of Pike Island pool. 

At higher flows, aeration at these projects is achieved by s"tll

discharge turbulence which create. a hydn.ulic ju.p. &Owe"r this d

of turbulence does not occur at low II" It flow., and low dissolved o

water fro. stratified upstre_ pools is discharged with very l

reaeration. 

'nie nine navigation daIIs on the 129 lIile long Monongahela River

also evaluated individually and .11 one interrelated tlow dependent s

Opekiska D_ is the only qated naviqation da. with aubllerged outlets o

Monongahela River Navigation Systea. As was observed w1 th siai

desiqned daas on the Ohio River. dissolved oxygen depressions 

downstre_ of Opekiska oa. during low flow per iads. 

A low flow (550 to l,BOO cfllJ length-depth dissolved oltYgen profi

the SYllt.1I of pools and dallll on the Monongaheu River b preMnt

l"iqur. 5. As shown in this fiqure low flow dissolved 01tY9.n IItratific

is extreIM in Opeklaka pooL. At higher flows, stratified distributi

di .. olved oxygen was not evident in Opekiaka Pool, but during th

an r flow survey shown in l"igur. 5. dbaoived oxygen in Opeklaka

decreased vertically fro. a _xi ... of 10.2 lII'i/l at the aurface 
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This extre_ dissolved oxygen stratification was acoc .... oanied by _11-

defined th.r_l stratification ae can be noted in Figure 6. l"iqure 6 shows 
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a two Clilllensional water teaperature profile for the Monongahela River 

during the 650 to 1,800 cfs survey. Included in this figure are the 

locations of _jor tributaries And of all indulltries with an average 

withdrawal over 200 .111ion gallons per day. 

The invert elevations of the outlets of Opekiska Dam are 26 feet below 

the surface of Opekiska PoOl. At this depth, during low flow conditions, 

water with a low diseolved oxygen content is discharged without sufficient 

reaeration to prevent a dissolved oxygen depression 1n Hildebrand pOOl. 

A stratified pattern of dissolved oxygen distribution was also 

apparent in Hildebrand PoOl at low flow. The vertical dissolved oxygen 

profile varied from II I'IIIxi_ of 6,4 WIg/I at the surfa~ of Hildebrand POOl 

to a .1n1_ of 3.9 1ll9/1 at a depth of 29 feet. 'l'h1! -hypolhmetic" strata 

in Hildebrand PoOl was largely contained below the invert elevation of the 

sil16. 

'l'he outlets of Hildebrand Dam are elevated aboVe the next receiving' 

pool. Morgantown POOl, and reaeration ftOllll Hildebrand Dam was suffic.ient to 

aitigate the dissolved oxygen deficit that was originally created by the 

Opekiska Dam discharge. Reaeration at Bildebtand Dam _y alao be increased 

by dentated aillfl which flip the discharged vater. 

In general, with the exception of Opekiska Dalll, either limited 

reaeration or no significant change was obllerved below all navigation 

structures on the Monongahela River at low flow. There are no exception­

ally effective reaeration structures in this syate.. NOne of the Monon­

gahela River projects delllOnatrated dr_tic reaeration potential 

cOlilparable to that observed at MOI'\tgOllllll!!ry Da1II and aasworth Dam on the Ohio 

River. Exclusive of design features, the low flow reaeration potential of 

navigation daml on the Monongahela River does not equal that of the Ohio 

River projects .entione(l because of the difference in the hydrology of the 

two tltre_s. 'l'be Monongahela River at base flow is a low yielding __ atream 

and the aaount of aug.enting storage on the Monongahela is very low 

COJIfIto'red to the overall aUgJlentation available for the Upper Ohio River. 

During the relatively frequent periods that SUi er flows along .cst of the 

MonongaMla River are less than 1,000 cfs, the turbulence of discharge frOlll 

_instell navigation structures ill not adequate to produce reaeration 

benefits COMparable to tho~ achieved on the Opper Ohio River. 



s.v.r~~ other par.-et~rs besides dissolved oxygen were found in this 

study to be .. aaurably affected by naviq&tion dus. Suspended solids, 

including suspended iron oxides, were found to ~rtially settle in the long' 

navigation pools with sa.e ltIixinq and r.suspension below navigation dallls. 

Deer_ ••• in total phytoplankton concentrations were observed below sollie 

of the gated projects at low flow. on the Mononqahela River the t.aic 

de_19n feature. of naviqation daa. were obs.rved to effect the occurrence 

and distribution of vascular aquatic plants. In pools i*PQunded by gated 

structure., which lII&intain a relatively stable pool elevation, subl!llersed 

and floatinq-leaved _cr:ophyt •• were prevalent. In those pools behind 

fixed crest daa. Where water-level fluctuations can be substantial, 

emergent aquatic plants were more abundant. 

't'he IIlffect of naviqation " ... on the .. inste. fiaheries of the Upper 

Ohio River Basin ia ~lex. The poolinq of the _inat_ naa apparently 

affected the eoaposition of fiah by creating an anviron.ent which is 

favorable to speciea such aa the gizzard stuld and the deep-bodied suckers. 

Except in relation to long-ten. trends, beneficial effecta of storaqe 

il!lpOUndalenta are not easily identified because of grosa pollution in the 

Pittsburgh area. 
3 In 1962 the Onio River Valley Water Sanitation Comaission su.-arized 

lock chamber fb1'1 s-mpUnq results for the 100 mile section of the Ohio 

River below Pittsburgh as follows: 

~The 4 black bullhead contributed nearly a third of the 

total _ignt (32.2 percent), the a_ralc! shiner 16.7 

percent, the carp 11.6 percent, the skipjack herring 

10.6 percent, and the gizzard shad 8.9 percent, for a 

total of 80 percent.-

More recent studies indicate a qualitative and quantitative i~rove­

nll!!nt in both the Upper Ohio River and in the Mononqahela River. This 

3Ohio River Valley Water sanitation eo..ission. 1962. Aquatic­
life Resources of the Ohio River. Cincinnati, Ohio. 

4The speciea which was identified aa the black bullhead ( Ictalurus 
Melaa ) in 1962 is now widely considered to be a local variation of 
the brown bullhead ( lctalueua nebulosua ). 
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i~rove~nt has been draMatic in some reaches, however, considerably less 

significant i~rov~nt has been observed near the Pittsburgh Metropolitan 

area where substantial industrial anCI dOlllestic pollution proble.1S still 

tlxiflt. 

DISCUSSION 

It is a desirable goal to maintain the dissolved oX¥gen of navigable 

rivers at or above saturation levels. This would increase the capacity of 

these streams to Assimilate waste discharges and therefore prOftlOte desir­

able forms of fish life and recreation and provide more acceptable sources 

of dOlllestic and industrial vater supplies. The utilization of fUl,vigl!ltion 

dams to .ssist in achieving this goal would be especially appropriate, as 

there is evidence that the pooling of a river decreAseS its waste Assimi­

lation capacity. For exal!lple. field studieS on the pool above Markland Danl 

on the Ohio River have revealed that replaoe~nt of five original low-head 

wicket ~s with the single large Markland Dam structure has decreased the 

w'UJte assimilative capacity of the Ohio River about 30 percent in the 

Cincinnati reach of the poolS. 

lncreased low flow au~ntation is one alternative for increasing the 

rc~aeration potential of ntlvigation structures. 'l'his couUl involve both the 

regulation of lIiIystelis of storage reservoirs to _intain flow lind the 

coonHnation of naviglltion IIiItructures to 9l1in the _:dllUlll lIdvantage from 

lIvaillible energy in terlls of relleration. 

The operation of existing gated navigation projects can be revised to 

increase the discharge per foot of gate width by using fewer gates with 

larger openings. However, at _ny projects, restrictions il!lpOsed by 

stilling basin action, downstream riprap stability, currents, channel 

.cour, available tailvater and other reasons llay limit the operation to 

create turbulence for the lIiIake of reaerlltion alone. 

SPederal Wliter Pollution COntrol Administration. 1968. Investigations 
of Waste AIIsilll.ilative Capaoity of Mllrkland Pool, Ohio River. Ohio River 
Division, COrps of Engineers, 0.5. ArMY. Cincinnllti, Ohio. 



The prOblea can be most effectively approached in the d.sign of new 

projects and the lIOdification of old structures. Ifhen th ... projects are 

to be eonstructed on stre_. with recognized orantieipated oxygen deUc­

iencies, significant water quality benefits could be realized at lov 

additional costs by designinq and incorporating aerating hydraulic struc-

tures. If this consideration is ignored, existing disaolved oxygen 

proble •• can be further Ag9ravated, .x~ecially by the new gated structures. 

The Hydrology and Hydraulics Branch of the',Plttsburgh District Corps 

of Engineers contributed to the preparation of this paper. I would like to 

especially 4cknowledge the assistance of WilliaJI MontgOMery. Linda 

Stafford, Williaa Sal.sky, Carleton Hackett, Alex Barna and Robert 

Schmitt. 

J67 



. .,. N. Y . 
" " ... ' 

'A 

LEGEND 
~ LOCI( 6 DAM 
-":CoIE LAJ( E 
P PROPOSEO LAKE 
/II NOH Col E LAKE 

Fig. 1. Plttsb\lt",h Dhtrie.t COql6 of En,loun S,st_ 
of Wat.r Resource Dev~lo~nt Project. 

168 



10 

," -, . , ... ~----------" --, ~O,OOO-10,ooO C.F:S.- ____ h _ _____ ~_ __ __ _ __ 'J rAe fUAl 

• -----• E 
z II 
-
0: 
o • 

11.000 -- 35,000 C.F.S. --- ---------... --'.. , a ___ 
'. 

10,000 -13,000 C.F.S. 
---- .', -

------------ . --------....;. 
SATURATION.} 

< 
____ 7 __ ---------- ---- --

-

, --- .-
• • 

.-

10 

• 

• 
1& 

& 
7_' ___ - --x--_ .. -" .. " ,--

'" 
-----(- . .---- ---

1 

iLl 
i 

-'i 
>- 0 

'" '" 
.. .: z ... -' .... 0 ,. ;0-' .: .: .. -' 0 ... .. -' .. 0 ... 
'" zil: ~ .. 

'" .. -;0 - z '" .... - --'" '" Z 
,. ... z ,. 

i :> ". d d .: .: _0 
w Q u ILZ Z Z '" 

Fl, . 2. Dluolved Oxy&e n Variatio n ID the Ohio Ri ver (COCI HUe 0 to HHe UO a t Three Different SW:Zef F10\141 -iii 



-

-
'--E 
~ 

d .. 
~ 
~ 
z 
w 
~ 
w « 
~ 
w 
~ 

z 
~ 
w 
~ 
~ 

~ -
z 
v .. 
w 

S0131HSVO 

HlijOMSI"I3 

~ 
~ I 'ON _ 

lV81NNV H'" -r4 --J 

'Z I 'ON 
QNV1SI 3)11d 

, , , , -

Q , 

r , 

4 ~ 

i 

• • • u 

o 
" 
§ 

• o -

" • ~ 
~ 

~ 
~ 

~ -o • • -o 
~ 

" ~ • o , 
~ 

" ~ 

170 

" • ~ 
• 
~ 

• 



..... , 

LOCK a DAM 12 

WICKE T 

MONTGOMERY 

.... ~ ''----= 

EMSWORTH 

-------

~,,-~-. 

~A 
" :'-,;', 
, , 

".'~ . 
. ,', 

DASHIELDS 

FIXE D CREST 

- -~. 

THREE TYPE S OF GATED STRUCTURES 

Fig. 4. Typical Sections of the Principal Types of 
Navigation Dams in the Upper Ohio River 
Navigation System. HANNIBAL 

-~ -



-

S 
E 
:; 
c 
~ 
~ 
z 
:;: 
::' 
~ 
~ 
a 
% 
~ 
~ 

~ 
~ s: - • 

~ 

?! 'ON 

tEEM It! AN]H,OIH9nOA 

i 'ON 

" 'ON 

'11_XV" 

'HIOHY' SAVtl~ OlSOd~d 
J.. 'ON 

tll"l • 
• liN 

QHvtl81011H 

lISUlltiO 

" 'S ' .. lAQlV' ',1.::1 HI 'A111 

% 
~ 
a 
~ .. 
~ 
~ 

~ -~ 
~ 

> 
~ 
c 
~ 
w 
~ -:. 

172 

Y



~ 

'" • 2 

" ~ 
z -
'" ~ ~ 
~ 

~ 
~ -~ Q 
~ Z 
~ • 0 ~ .. 

~ 
Q 
J -% 

Z 
~ 
0 
~ 
Z • ~ 
~ 

'i 

" z -0 
z • ~ 

~ 
~ 

~ 

> > - • 
~~ ~ 

" d~ Q 
z~ ~ 

% ~ 
u,...~ 

'0 
o~ 
z~ 

EACH ISOPLETH REPRESENTS A W.T. INCREWfNT 

-IoTHE LOCATtoHS OF INDUSTRIES WITH AN AVERAGE 
WITHORAWL OVER 2.00 MIiD ARE INDICATED . 

Fig. 6. Lensth-Depth Water Telllperature Profile 
of the Monongahela River at a Low 
Su~r Flow, 650 to 1,800 cfs. 
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