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Miscellaneous Paper 0-73-3 ~s tarc l i  I

t 
W ATER ()I \LITY RE SEARC h , oriflc~s as well as those t t ree i siihnierged Ss e I F S . In
hi ’ J. L. Gra ’c’ , Jr . addi t ion , a c o l i r p u t e r  p r o g r a m  entit l ed SI 1 1 ( 1 ’ has been
Hs ’draulies Laboratorr ’ developed and is available for both hatch and tiirie- shar iri~

modes of airaI~ u ric simu ltaneous multip le outlet operations
Effective p lanning,  design , and manage m ent of invo lv ing as many as si x outlets: ti re top outlet rilas he

~~~~~ man-ma de lakes for optimum utilization of water involve , a fre e or submerge d wc i if required . These generaliied
among other actors , the problems of predicting. results and ti re computer progra m are recommended fo r

monitoring, and controlling ti re physica l, chemical , and app lication to determine the actual scheme of operating

~~~~~ biological quality of impounded waters and releases or managing a given project structure to obtain desired ~
“

through spil lways . powerhouses . and outlet works . downstream objectives. They also have been incorporated

~~~~~ During I 96b. the Corps of Engineers initiated to refine certain available mathematical simulations for
laboratory researc h at the Waterways Experiment Station predicting and controlling budgets of both physical and
(WES) to determine the cliaractc rist ics of withdrawal zones conservative chemical consti tuents within, as well as

resulting from release of flows through orifices and over downstream of. reservoirs .
weirs from randoml y stratif ied lakes , It was considered that The results of ’ generalized physical simulations
any practical method for predicting the quality of water con ducted for and reported irs Research and Development
discharged through an outlet shotild be based on the extent Progress Report No. 714 of the Off ice of Saline W~ite r ,
of the zone of withdrawal and the distribution of velocities U. S. Department of Interior (available from the I..  S.
and flow therein. Then, if the vertical distribution of one Government Printing Office ), merit mention relative to the
or more water quality parameters is known from actual general subject of ’ the mechanics of density .stra t itlcd floss
monitoring of the reservoir upstream of the regulating and specif ically to the management of ’ relativel y dense
structures , the resulting value of each parameter in the waste waters discharged into a flowing ambient stream. T Ire
re lease could be computed by means of a simple weighted report reveals that a nsuiti port diff use r yields two to t is e

average of the known parameters and the predicted times greater initial dilution than a simp le pipe outfal l , and
distribution of flow. The results of comp leted and current also presents dimensionless means of predicting the
genera lized research and specific project studies arc three-dimensional geon ietry of the resulting plume and
suninmarized herein to indicate the present state-of-the-art max imum concentrations of physica l and conse rsal se
re lative to physical and mathematical si niula tions of ’ chemical constituents in both the neat and ta r  h eld
reservoir water quality. Efforts to he initiated in the Numerical simulation and design considerations of on ti all
immediate future are mentioned to indicate the improved systems for desalination plants have been developed by ti re
and additional tec hniques anticipated within a few years. Dow Chemical Company and les.a’. A&M i.~ntve rs i is based

Results of completed physical simulations and on these generalized results.  it is rcconminendt’d that similar
analyses for describing both the vertical exten t and applications he made or anal ysis . di’ st~ t i . and muanagenrent
distribution of flow wit ii in a /one of withdrawal from a oh’ environmental iv acceptable ss ste r ns t d sposal of dense
randoml y stratified reservoir are available for predicting ti re wast e waters .
se lective withdrawal ch a racter i st ics of single or multiple Sin ce it is t rir possib le to ,icciii.it ~’ Is distinguish or
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pre dict tire .n i t i ,t I  sek’~ r is e  ssr t i rd iaw :r l  c i i . i r . i c ic i i s t r cs  of ot t ire s t r u c t u re ssould pc ; m ur r t  re leases app r ox i i r ram e l~
pro re~ is r i rs o is rue co irip fk.um e d ge tu rmtet r l e s iii

’ approach :r rrd dmrhk’ those pem ir r i t h t ’d r irroug hi a side lace inlet loca t ed

intake s t r u c t u r e  des i ’ , ,~ ir urr i r her of s~ eci i ic  plo p.’e t  c lose to t i re  e i r rha i t kr i r ent  s~ut f ioui t  in i t ia l i n g ~ it hdt ,issal i i

s t r u c t u res i _ s . ’ been u u s c s u u ~’ .imed s ince l%t . Sortie of t ire l rvpol uumr r otr  s S a t e l s  lu ve s t rg: ut ro m r s of t i re  lu>ss .t l oss ss i eu

h ost i r r t e r e s t i r r e  resu lts of th ese st udies are hr ret ls quality c iu mi d u i ms oh Ik’lt ,vrile arid l o u t Se ll o u t l e t  ‘ti. o iLs

surr > riiariied .is ti lI ss s . l ie  siud~ of ’ Mer :r r riec Par k irtdic:rre d th : rt t i r e rcu ’ ul :r tuo t u ga t e  siuo i uf tl in’ I c u e d

Reservoir amid Outlet ~ or ks imrd ica ted t h at tip’ int L’ m f ’aee d o ss r i s r r e a r t m  of t i re e mr t r ~ ari d ru o r i ura l  to t ir e co rut lu i t  ar id

between tire epil ir rrr uon amid hrvpoh rnrri on waters of zr that  o m ul~ open c h iar u ue l floss should ire pe nu r u t t ed

st rz rt ih k’d re sc i s u i t  is ei esz mted ar id lowered . res pL’ctlve l% . doss list re:rni 1 t i r e reg iii:r m rig e. u ic I s  provithug ippi pr i u te

u lt ri~ t ire hinter aird outer por t io n s oh a curved :upprtuac i> :nr sc u l l s  :rt td e i t t re r  i rooh ’ o l ise t  in t ire conduit or a

c han n el :rrrd t h u  consider ihle m inn ie  i t  the se s s r t c l s  tnr a~ ri’ s t r i c t no tu  of t ire ir e le n in to preve n t ses e re  reduced

occur dire to s i r e n  ~emrer . r t e d .r louue t i re  m n t t c u t . ~~e un .n i _ u  sS p res sures ar i d tir e Irkefiho od lou e n s  u i , u i r u> n s t a r u r uge .

c lr im rrr e l ,  Model st u l~ of t ire s u i ’ u u ie r eet t  ss.r t er qu nli tv sse ir \ sp ec if i c pro lect st ud s iras lust hL’e nr co ri pleted am

pu rpose d u ip s tre a rrr  oh tire (‘ l:m re r uc t ’ (‘ rnrnot u I ) i r r r  ~~t h lw i y  W i S to lcsel i p a r u i : r t i r e r un .u t u c a l  u r t odel  for s i r u t u r l i tmon i  u i

am i d pu m r mrpe d s to u a ~’e punss er cer e r i t u n u e  h r c i l i n i e ’ . I fl~ . I I t e ur iperat i n i  es a rid t r u t h t i l u t i es  u hserved ni the es. r s i u u u g  I Iilis

indicated h u r t  a com rside rab ie lerruztl i  ot w c r u  located ant ( ‘ree k Resen t o arid rn re g ulated uu ’k ’ us& ’ s t i r e re f ro un t , ,us ssu ,’ii
a ppreciable disl rmr ce u rp sl reart t  ol tire t h l l i l t i  da rn ss.u s .is t i  irR’t l i c u ut r esa i u ,nm tor r , ar i d tk’ sm ii ol time proposed

re quired hi > perrrr ih re lease f oi ls ep il irm uneti c w i te r  diu rimr g I u s t  (‘ ree k Rese us oi r a rid \1 ul lu lcs ’l ~ ut lei \\ u ks l i re

periods of ’ gemierzr t iomh arid to preve nr l des mr : rtr f ic ahi o nr oh tire t t ta l i ue r u ra t r c rI urnunk ’ l te n ured ‘‘ \\ i 5 1 1  \ ‘‘ us .us.uu l ,uI ’ Ie m u  fuo mir

reservo ir duri n g primp hack opc rah i nun rs . Sturd y  iii ’ h ire ss a r eu  m u c h  m i d  t i uu re - sh n i  ru urodes arid n a y  he un set ! to u ru i ls s i s

qua li ty t u u sseu proposed hor Row lesiMirg I)z rtn inidic. ited th at oh’ irotir i> ir~ suc ih .init i ~~u r i s e u s . u l t s e  c i re mt> ic : r i

t ire close pro\irtr i t~ oh’ t ire tower i t>  tire le f t  : r l> iu t r r re m rt  cor i s t u i r i e r i t s , I lie ehhe c t  i t  s .n tins ce i l l e u r u c  designs amid

cause d com iside r rhle con tract i o n of ’ f low approac h in g tire operatt o r i . r l  schet r ues i tt t i re ut ’ scrs  or > u r il rt ’gtr ia murr n

spi llw:n~ ami d tirz n t a sunh iruerge d slot on u e l r t i v e ! v  wide o rmli ce s t r u c t u r e  ri t h e s e  c u ’ nu s t i r u u e nu ls  r rr u\ also he iri rl~ ied a mrd

of ’ itrri ited lieighu was urrore et ’I’u,’,’t ir’e th ou :u f re t ’ sico in u ’ s  i s t ’ n ) .is nnceniL ’d to e m rsni r e t l i n t  desired hieL r i ses  n m r as ire

re le ns irig ep il ir ni rretic wal er oh’ hire quan t i ty desired . Stu n k o bt an r ic t i ,

of t ire trrul t i leve i intake stnmcture proposed for lake Ness l i re c u u r u s ’ mut ls u c t i se  plus si~~n i s mr r in m l ; rn io rr  ot Ihe

h ope inrd ical ed that an in let located on hinc rnp str e:m n l face p nipnrs e ui Iheecli I r k  Rt’ ’.e n so rr  a rid ( ) u u t lem \% ir ks it ~ I S
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f l u ’  L’ t us e u l ~s ’ u r u et l ss r hi u u u u s e s t u r ’ ,u u u u ’ u u  n i  tis ’ m rsnts u uuus ’ r r r ’, s u i n r u l u r  i t n i nn n se . is , unl : n h >le ‘u desc n u h r u m u ’  t u u u n t !unss ,ns ss~’ lI s

s s nt innm n t i r e us ’ ss ’ u s t l n m  , un n t t s e n u l u  , u u r u u n  t n t  t h e  s t ’h t ’ s t I S ’ t ine s e m a l l  i uy t l r i nd s n m n l m m u c s  nd s t m n m n f u e s h  l iLt ’ s iri s ! u s e s

ur husl r uss ml c h u . uu m e ter  s i r es i t  t o u t  nI te n  n n,r r  us l u 5 nt nu n mr ’ , u i  ,~ \ Ier lo u Is u f  I u l l l , n~ i i i ’ , er O i u . r l n ts  rn I aLes
m ine m mr rm l i n i ese l  mur a L ’ s m n u u 5 m n n r e  ( l u ’  , n n nu i R r s e r s — — l n u  ir ir~ s ms ’ m ils sn nn n n ul ; nte ar id t ’ s. u l u r n i e  l u y  ul n r i r hnc

( ‘u u n r s ’ u u t l s  , r c tu se  l’~’ mns ’ r n t u ’ s’ t i re s ea r ch  iii t’\m s n n u l ’  ~~ I S  n i n e m n u s  i nnn u r n h u . r l  m i d  ton a l  t l e s t n m n u i u s , u u u n n r r  i t  l ’ s ’ u s u t u n s  ami d

t , n e m l r l re ’ . is s u n i l s s ’ r t I s ’ s! ss i t i n  t in t ’ t u l hu ss u ni ’ suu i ’ t s ’ e m s  nun ! h u m  m t u h u e in u r ’ c mi cur l n t n u n n n  t i n  mn ncn e n se  mire ss : ns te  r s s n m r r n l m t u s e

‘h 15 ’ 5 u s e s  e . u l ’ _ uc i t S  ti s h u r ’ ’ u s l u  s l r s ’ , uu nu s , , nr nt h t n t  t l ’ s e l uj u r n n t i u t ’ n n ru t r c , r l
I ‘hi ’ s h , nuuucs  u t I h i r i s u i s  “. t i i u i l  i i  i I t ss inn I ,nkes nuu s ’ , nnu s f u n n  , nn r , u l s sns , j u l uhe s r eru . nu d ujne m nn u nnn i  nu t  e t i e s t u s e

, m nnu i I( rst ’ u ’, it i~ins src . m l l s smm rmuu l , mt t ’ , nmru i ths ’ s c l t l ss sIs ’ r r n s , S un u n m l m u  ci i nns  ss ni l h un,’ de su nhn,’d tun s les el n j u nmr r ’
uu u , m t ln e nru.u u n~ il I nr n ,’, m : n s i t  tlt ’sn, m n i nnu t ’ n n n t ln ss c h u n i , u c m e n  s l i t s e h te rm s ’ s ’ un nn ,’znmrs l n nn aer m n mu n n u  i i  n m n : n e n n ni > mc hi~ ; ut n i r uu nn n i t t n r s  m i d
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low DO reaches of rivers arid to genner~r l stnnd v nih re ae rahi o nn Rh- PORTS RI (’I NT [Y I’UBLhSt II L) thY W I S

characteristi cs tnt sp illw ns s and t nut lc h wor ks.
/ l n’d rauli cs l,aluorai, ,ri ’:

3, Wa her Qim ul n ty  In take St rue t im re s —hun Investigate . ,- 
~‘,usc Tra m rs nn unss n nr n ‘I hu nu nug lr Rt>ek St ruutur n ,’s . tuv (,, II. keuh e ’,inr ,

and describe sclect nsc wit h drawal c lm ar a ct ern s nm cs n f  orifices Kese nrc tn Repuuri 11-73- n , Feb 1973.
and s lt nt s in slop ing and hori,or> tal plumues . an d the

h/oh/ / i / n ’  anti i ,uu’i,u), unut ’,utal Si ’ Sln ’iflS 1,abora, ’ ,r n’mec hanics of de nsn I — St rn tnt red hi trw in mini m > n f t  ulds,
Os cut h s unhu , uimtt I ft ec t s  oh I’jeel. u t’rttrn N uchean I ss tv , u n m u n n m I’ r t t t r tu s c th

4. Predmc l mtrmm m ud  ( un mnhr tm l t n t  Wa ter Quality rim Fakes t un ne r u nceanni c (‘aniat Ru>utc 25 , t~ I’ h Aditnur intl ii. II, Alk’gn ,
amid Rivers—to assess av ’,rilahie hec inniqimes and develop SI iscctIuneous Paper M-72-9 . Dec 1972 ,

re hinted appropriate m a t  hem u i m tic ul means f t  n u sun niu mlat irig.
Soils a,ud Pan’ t ’pp r t ’, mts l ,aI>oratorr ’ ,’

nm r a ls ui m huu . dc s ie nri m nu i . arid m hi i nu ginmmr one or a s~ st n ,’ nm i oh— ‘ ‘ Sm ane ’ nnr — n hnn , ”Arm oh ~I u r  m n ,’ St rh Mcehn nnrcs and I tnundiitntun
multupurp inse water nes u tnnrcn _ projects It> ac lineve desired t ~~~~~~~ t i n , ut nthr t > r h u st ed . t ccl nn iien h Rept rr S-72 -t  I. Aug t 972
e nv iron miie n tal oh ;ec t ises .

— ‘ ‘ ‘ Wt ’aj no ins If  fu e l s  I,ahorator~~~“ . Fnckl Rcvtew of Water Qu alnt s Problems—to
Pru utec t i t nn  tnt POt Sttnra nc Facilities , Proposed I spedicnm

enc hramrge nnfo rn matmon between > resean cli amid tnhii ei tidergrt’und S nuu rnge h aei t i iy. hy 1.. Mihter . I. W. Skinner , Jr. . amid
personn el for identihlcation of water quality problems , I’. Stewar t . ~Iisct hhaneo us Papcr N- ’13-h , Jan 1973
ex ist i n g inn time field and the needs u f v:rrionis offices su t

/ sl>I~SIi’t’ / s’ n ’an’af mo? n Rt ’ceare/u I,ahoratorr’:
t h ra t research and devc lopnrcnt ac invih ies c n n  he direened 

,,Prttj s ’ct I tmuztru na m : I sp t u usnv e I’ \cj val non oh a Itarhor nn Coral , bs
It > appropriate am id t inuelv solu lions. W (‘ . I)a~, Technnica t Report F-7 2 - 23 . Feb t 972.

Con str u e t u rn oh’ a new build nmrg is hi> he n , n unti piened I s tnnrnm ri n g Wut& ’r—Slnon,’k—Inducn,ti Airhhms t from I)entnnations nu n a
ml W F S this FY which will house h uc il ities to he inst nh led Ms’sI nun> Over lannu wumh Water , by C, M. Snieth , Tectunr ic it Rcpunr t

1-7 ‘-Jo Apr 197’during FY 74 for future inves higat iomms hhah will permit — ‘ — ‘

pln~ sical s ir numl zm h o r n and study u if nmeteoru> ln>gical .
lr~ drt > lt ug ical. operational, physical . chemnc ni , and biological
c inaracteri stics on a typical unstead~ an d varied basis
Obviously, as additional arid new knowled ge and
understanding of the various physical. c lne itmi cal , and
hioioeic al plienommien a ‘ ire ohha im u e d from t i re cu r rre mit mi d
hint ore rese arc in f’irr din Cs , appropriate devek n pm mn e n n I nil he ire r ,I iue nnu u u ’rnnng anuti Se’meinlnJnt ’ Rest art / n at tilt S ns puhhmshied b~ari d new mahi ne m n i:n tnc nl smm niul:m hions will hollow hi> provide One S~.n u& ’ rssa)s I sp e r n nmnt ’ nm t S m , u u s m n  u W I S i ,  \ n i k s t uur e . \h i ss u ssn t t ’ n.

r e m d~ amid adequate ana lysis . plan . design> , amid management nun acquannt II 5, Gt ,sn,’rm nu uic i rn agencies anti the rest ’imrcli eo nn r nnnn m mn rs
in ,‘ s’uucr,n l V. Ii I tnt m, inv—h .ittc mn,’d n s jx’ s nO eng mne crim ig and seme n> nit nc

oh e in s ironmemi ta lly ci mrripa trhle pro çc~ Is to acm iCVC ntttis j I n’s current ly h>c imng cn,nducmed at WI S Inq uir ies wi nln rt’g;nrut
nnr i pru used social arid economic bem ietnt s mm md at least In ,nni~ of ’ the reported spcci inc suh;ects wilt h e  welcomed . ni nth

nnia it n h . mimn amid inr >pe hmnll v inipri)ve our pres~ n t stamid iu rd oh’ sf n u ttmlnl hw jddri,ssed t u n respen ,’nnre a rn ilnt nr s , t 5 Arnn~ I uo’mnes ’r
- W at n ,’ rss a s I xpernnr ienm Suau mt nn. I’. 0. Box 6 1 1 . 5 icks i rt

in’ Inn ii in t lie (t nt i he d States , Si mss i’ ,smp ~ 39 I 80,
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