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I. INTRODUCTION
Thie veport wee prepared ot the request of the U!S. Army Corps of
eryinecers, Norfolll District under cuthority of the Federsl Weter Pollution
Control fet (33 U.S.C. 406 et.seq). The repori precents results of :tudiee
meo~ (o Jetermine stream flow requirements 'or weter supply ~ndé water
qu’ lity control in the James River. These strecm :lows will he diccureet
with Stete ond Federel sgencies participating in the Jomes River Stusy in
ordor Lo erveblish a base from which pollution control measures c¢an be evel-

uwied ond o besin wide weter quality nensgement pragram developed,

L, Pyrpocs znd Scope

The purpose of this report is to Jetermine need for stiream flow oug-
[}
mentotion in the Jeckson ond Jemes Rivers tc meet water supply needc cond

woler guelity etenderds, Stream flow rneeds are precerted Tor vaerious

£

grees of wacte treetiment ranging {rom conventionesl secondary treeument
of 5% Bicchomical Oxygen Demend (BOD) remcval to ¢dvenced wscte treciment
(955" BOD removal)., Future needs ihrough yéar 2020 are determined based
on lconeciic projections of population ¢nd industriel output.
The study is limited to the mein stem of the James and Jackson
Rivere from Covington to the estuary beiow Hopewell, Considersztion is elco

Kl

glven e vhe Maruy River below Lexington.

The iour principal sreass considered were Covington, Lynchburg,
Richnond ¢nd Hopewell. Future studies will evaluate cost of zdvonced
wes e Lreotment versus cost of providing ({low augmentation; other methods
for occhieving water quality stenderds ond meeting water supply needs will

alee be considered,
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I, SUMMERY AND CONCLUES IONS

Sirern L low necur oy the Juwer River in mejor urocn cnd inouc-
Aree s hove oeen etberindnes hrouch yeor 2020, These 110w neoae

wor orupply na veler queliil eonwrolo sre boot . o econwnic pro-

ou populotion rnu Induccrici output. Mathemoticel modelc,

o rielt deds vere ured T coppule streas (lows nended oo pain-

in o« wonlhl; eversre diceclver o.ygen of 5.0 ug/1,

The

LS

ol lowings conclurions wers recched:

Foieling minimum oiredw rlowe rre adequate :'or o1l projecied

veLer cupply recuirenentt c.cept at Covington, Inuctrisl

'

requirementc ot Covingron will require sticrage _or weter supply,

¢Jditilonel reuse o, procect viiere, or developmenti of other

fourcer ol supply.

4 ocorbinntior of storege .cr 1nw {low sugmenteiion cn veste

toootment bevond cecondrrs treawment (5% BOD removel) will be

necded o méintein water qunlivy ctandaris,

/1 Covington, the proposed Githright Recervoir ie Jecigned lor
cdnimun 1low releace of WL cig durirg the eriticel owinmer

nenths,  This 1low will be cu ficient threcush wesr 1950 —ith

cecernery iresument, By yesr 2000, 90% ireciment or ~ddition: )
low (595 eft) will be needed, By veer 2020 cither 95% treci-

: LR ~ . PO T , -
nent or higher {love (up to w30 erc) with irerument between

G0 cnd 94% BOD removel will oe needed.
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Lynehbuer, Lhe 2o pororyiizn non ooing plovmed wiil poo-
vils s rininaw. low »f about 1100 cfs, which Ir sdequoue o

Lo prerent with 90% BOD remcvel (only primery irectment o>viric

~y

present); by yecr 2020 over 95% trectment will be ncecctrcry
unless additionel [low can he provided, At leact 1CE0 cf:o
vould be desireble af ¢ pinirmum to meei needs both 51 Lynchburg
end Hopewell, Flow requirements ¢i Lynchburg &énd Hopewell cre
chown in Teble II - 1,

In the Richmond-Hopewell cres, the chemical industry et Hope-
well i¢ the controlling weste discharge. Through yeer 1980,
90% removel will be zdequate 1f minimum low of 2050 cf's is
mcintéined (1650 cf's et Lynchburg plus 400 cfs added below
Lynchburg). By yeer 2020 o flow of 4350 cfe would be needed

1 Hopewell cvenwith 95% BOD removal, Thus after 1980 additional
storage will be desirable ot rites either above Lynchburg

(if available) or on tributaries between Iynchburg and Hopewell.
After costs of storage are calculated, the optimum costs of

flow cugmentation versus advenced waste treatment will be

determined,
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IIT - 1

III - ECONCKIC PROJECTIONL

The populetion o/ the J mes B-cln woe ervimetes o1 1,000,000 in

197, on inerease of 200,000 from 31060, 2 medium projection fcr ihe
cnare river beodin would increcse the population (o 2,000,000 in
1000, 2,400,000 in 2000, end 4,000,000 in 2020, Thir is more then e

tworold dnereace from 1968 to 2020, The growth rate ie cbout the sene
7. the netion's medium growth raie, This seemingly :verage growih

ri e for the entire Jimes River Brsin crnoufleges the declining rural
“reco ind the rbove averrge grwoth réte of the urben center: in the
Jimers River Bacin, Richmond-Petersburg-Hopewell zre pert of the

urben crescent that will extend from Washington, D.C., to Norfolk,
Virninia, Virginia's grestest growth will occur in this urban

Richmond ond Petercburg-Hopewell sare

bagel

corridor ond the urben greas o
projected to increase more than 3 times from now to 2020, Table
III-1 chovwc populction projectione lor each erees of the Basin,

The overzall view of employment ior tha besin is 30% menufacturing
ant egriculture, and 70% sprecd cmong the cervices--24% in business
cservice, 15% in retril trade, 5% in wholesale trade, and 9% in Government.
The above dicrtribution i~ similar to the neticonal distribution.

Within the manufacturing sector, the James River Bascin hss mony
large woler users and pollutors, The only lsrge employment group that
ir not considered & large water ucer is transportation equipment with

orer 5% of the basin's employment, Food processing is 3%, chemicals

cre 2 1/2%, primery metel is 1%, and pulp end paper under 2%. The
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projection of'employment in chemicaels is to increace threefold ror
19060 to 2020; pulp, paper and ellied prcducts ore to have e two-
fold incresse; primery metals will double; food and kindred prcducts
will hove only & emnll increase, The above do not seem to be sig-
niticant increases, but when the outputs associated with the employment
in these large water-using industries are considered, they are large,
While food and kindred products show little rise in employment, the
output per employee will increasse six times. In chemical the increace
will be over ten ilimes; pulp end peper, three times; and primsry metrlo,
£iv times., Indexes of output for each major industry are shown in
Trble III-2.

| It is the combination of increzses in employment and output per
employee that will add tremendously to the water used and waste pro-
duced in the future. This increase is in additimn to the population
increase already mentioned, To further compound the size of the prob-
lei, both Llhe industrial output ¢nd population increases will be
concentrated in the four areas of Covington-Clifton Forge, ILynchburg,

Richmond, and Petersburg-Hopewell,



TABLE III - 2

PROJECTED INDEXES OF INDUSTRIAL OUTPUT

III - ©

Plant Index of Output*
Location Name of Plant S.I.C. 1980 2000 2020
Covington WESTVACO 2621 200 300 500
Glasgow James Lee and Sons 2271 350 500 700
(Burlington Industries)
Big Icland Owens-Illinois Co. 2631 300 400 600
Lynchburg Mead Corporation 2631 200 300 500
Richmond Standards Paper Mfg. 2621 200 300 500
Federal Peaper Board Co, 2621 200 300 400
E.I. duPont de Nemours - (Film Plant) 2821 400 900 1400
E.I. duPont de Nemours - (Fibers Plant)2824 400 900 1400
Chesterfield American Tobacco Co. 2141 200 300 500
Alljed Chemical Co. (Fibers) 2824 500 1100 1500
Hopewell Continental Can Co. 2631 200 300 400
Allied Chemical Co., (Nitrogem Div.) 2818 350 700 1100
A11jed Chemical Co. (Fibres Div.) 2819 350 700 1100
Hercules, Inc, 2821 350 700 1100

¥ Index of Output - 100 for year 1967
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Iv, WATER SUPPLY

Water cupply values in tbe Jomes River Basin for the year 19¢7
cre chovy in Teble IV - 1, The weter ure figures end watler service
populationc were obteined from an inventory by the Virginia Depart-
went of Health, The municipsl weter uses in gals/cap/day were
ctleulated for projection purposes,

The projected woter use values in the James River Basin for the
vecrs 1980, 2000, and 2020 are shown in Tebles IV - 2, 3, 4.

Municipal weter needs were calculated by adding 1% per year to
the reported 1967 weter use and multiplying the results by the pro-
Jjected wnter'se@vice populations, The value of 1% per yeer increcce
in gal/cep/day wse obteined from statistical evealuation of municipal
wi ter systems in the Nation.a/ In cases where municipalitiec did
not heve weter meters in 1967, the 1967 gal/cap/day use was decreased
by 35% and the resulting velue was used in 1980. The 35% decreace
in gal/cap/day use was an aversge obtained from records in various

v

areas, The assumption thet all the municipalities would have weter

meters by 1980 was made,
Industrial water uses, which are more unpredictable lhan municipal

uses, were estimated using & combination of many information sources.

The sources include the State of Virginis, Dr. Howard Edde of the Netiomel

Council for Stream Improvement (of the Pulp, Paper, znd Paperboard

Industries) Inc., industrial waste inventories,}/ conversations with

industrial representetives, and several others., Ai'ter scsembling
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IV - ¢

©311 the aveileble information on the industrial woter uses in the
Faclin, ezeh industry was considered separastely, The genersl pro-
cooure ves to directly epply the 1950 index of output projections ror
crch industry to obtain the 1980 wetier use projection., For the

vecre 2000 wna 2020, the induetriel weter supply needs were otienucsted
to reilect such foctors ac expected process chiangee, aveilepility of

v ober, ond crecter reuse of waste water,

t

b
The nejor industries concidersd in the determiring ¢ ter roquire-
reps were Wectveceo (Formerly West Virginie Pulp anc Poper Compo.y )
“u Covipgion; Jemes lee end Sons Co, ¢t Glacgow; the Meaa Corporetion
¢t Iymchburg; E.I, du Pont de Nemours, Federal Peper Board Co., and
vorndere Peper Menufactures Co., Inc, at Richmond; £1liec Chemicel
Corpe. ‘nd Continentel Can Company 1 Hopewell; :na Americen Tobeocce
>y, in Chesterfield Countly.

For comparetive purposec ihe recordec mecn and minimum ctreom
flowe end the calculated 7-day 10-yeor low 1lows are chown helov,

rr NP
FEa SR AR,

ean 10-Yor v
River Flow Mindimum Lov Flov

. Arvec Gogea _MGD MGD MGD

P AL ca i SO N 7. ) e
Covington=Clilton Feorge Jackeon 4l L “0
G M oury 0 z ©0
BT LDy choary Jiren Lzl R A
\ ‘ - ‘

) . - -
o ; Jrurrs NS L e
T | Ly Lo :
i PP N .
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I Vestveeo inereases woter ucege ir the Juture, zc the pro-
cllone rugpert, the coumpany wWill neet Lo purchace glorisge in the
it Reeervoir cor develop ciher sourcen o neel the sdaiiicned

~quireroni

. Hopewoell

JOSH , mocy of the Induciricl weter suppliy cen o roueq
~ . uiven as the river tlow pesees downstresm cince indugiries sre
idely cpueced aloug the River. Netursl flow pluc recervolr {lows

lready planned eppeer zdequete [or weter cupply needs.
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VI -1

v1. UPPER JALE. RIVER

Flow Kegu rement o

In v Upper Jrues River Brrin, ‘re principa! cources oo wi.oile
oo Jhree pulp e peper wmilir, one ar Lo clor ne v dn
e Loceldeyr arer o Thene palp 0 o pepor witle e cupoeues L0 L
st Lholr output wonnage by o recetlor ol Z- o 190 and by o1 telcr
. =0 by h oyear 2020, Vasle 1osuings o tre River 11l o0 Ine-
creore s bu 0y e emadler tceter due o dimproved procecces nithin inz

peoowo, ond odditiontdl trectment i vio te woler pricr to tlischerge,

L orier oo devermine neans of 2 inteining the cuaopted woter
.7

A

Qi iy o ndorer ) cooaethemsticol rmowel conctructed by J. L. Viorley
oo o ntilinen o celoulete  stre o Jlow requircrent: . Thic mooel it a

Cig o) eorpuer wpplicolicen o whe Sireever~Fhelps caurtion Jor

Jiven o owrrer, water queliiv curvey qrd ercce cecllons were luken

riowie Jores River v Viepdnie MiiZtrry Inslitute Reseomel Lrborew

A 1900 I order 1o conciruct (nd veriry the o lhems tioed

I.,
D
LA
=
.:_]’
—
jon
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a8

Yo oo 2867 vesue loacwinge ono {ley uged ir Lhe Worl
Jhe Upprr Jomes River cre i h
Coo 00T were e cdnes dren, on wventors cupplie o the S0 Lo

Hrelals Deperinent of Heelih., lLunicipel wectie

oo rervice poputctions cra e popul: tion couivolent o
v (I Jerp /) fescy BOD.  Inuwmetricl vccie lo: ooere oot ine
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VI - 72

ror Jtrecm Improvemert (Of the Puip, Paper, and Poperboard, Ininciric:)
The., iruactrizl woote inventofics,j/ end converretions with indus-
tri: 1 representotivec, [f11 ilows were converied 1o cubic l'eetl per
cecend (ers) and @11 loads were converted to uiltimate BOD in ppm
'or wee in the math model.
Projected wecte loadings (prior 10 trestment) end flows uced in
we the Worley Model for the years 1980, 2000, and 2020 :re shown in
Troles VI - 2, 3, ond 4. Busically the waste 1lows are the crme s¢
e water cupply needs discusced in secticn IV, The waste [lowe wero
crneidered cpproximately equal to water supply flows, lecs industrial
cooling weter, It wee assumed thel consumptive losses were olictet oy
inliliretion into the sewerage syctem. Municipal weste loods were
computed using the populetion equivalents of 0,21 (lbs/cap/dey) “-deoy
BOD in 1980, 0.22 (1bs/cap/day) 5-day BOD in 2000, cnd 0.25 (1bs/cep/dey)
Ldoy dn 2020 in conjugetion vwith projected weter =service populations.
Indusirici weoete loasds in pounds of BOD were computed ucing the pro-
Jeelea indeser of output and the reported wasle loads in 19€7 for each
Invustry,
The loade shown in Tablec VI - 1 through VI - 4 were then epplicd
wo the Worley Math Model end dilution {lows necessary to meintein
three, .our, five ond six mg/l discolved oxygen were calculated for
roh, 90%, ond 95% BOD removal at eight, twelve, twenty, twenty-{ive,
wenty—-eight, and thirty-two degrees centigrade, Toble YI - 5 shows

t.c flow requirements obtained irom ihe Worley Model rune necessery

%

te nmeinlein a monthly sverage of 5.0 ppm D.O, at Covington and ILynchourg
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vi -7

(U Lo wo L oerivier 1 orece in Lhe Upper Jrres River) for e 7t

BCD yeomovels, "nd Terpertiures.  Figures VI - 1 throush

. LS Wi S L
1 VOO T N

b
VI - rhow wae prepbices) reprecents cdens o Tebla VI - 0 Proo.

P (RS

theto Figures the low requireneric precented in Tebloeo VI -0 ond

JI - Y/ sere obleined,

o vinotor=Cliston Foipe Area

T -

In the Covingrion ¢rec, the principal wecle couree ic Vel L7ico
( merdly Vieet Virginie Pulp sna Prper Comprny ). Thic plont dic now
proriling secondary irestiment of ite wrotes, but two lowns ~owns troon
(Covington rnd Cliston Forge) neced o add odditional trectment ic
their precsernt primery plents,

Mndmue river tlow ot Cevington ic (5 cfey sverage fiow ic 7%

¢ . Seccondrry restment (G percent BOD removsl) will he ¢licauate
croeoniitdens especied in 190, widh @ flow releace of 35 crs

o1 the proposed Gethright recervoir during the criticel cunmer period,

Tiov requirementis, shown in Table VI - &, are bsged on meintaining @n

RO
cycpic e dlesolved owvgen concentrotion of £ nilligrams per liter
(1:7/1). Oircem ¢ tenoerds require o D.O. of 4 mg/1 mindmgm, TFlov

. . . . o
ne e ere 1o boged on e meximum river tempereiure of 270 C rue

~

o controlled relerses from Gathright Reserveir now under construetion.
3 - cor 2000, sdditional flow (555 cis) or higher degree of tresti-
ront (90 percent removel) will be nceded, By year 2020, 95% BOD

removel wvill be needed or a combinction of additioncl flow and degrec

o7 treatment comewhere between 90 and 95% BOD removel. Cost studies



Revised March L4, 146t
TLBLE VI- o VI -
FLOW KEQUIREMENTS - CFS (ft3/sec)
Upper James River, - Virginia
DO Objective - 5.0 mg/l Average

Temperature S¢

Place % BOD
Year Removal ke 12 20 25 28 32
Covington - (Reach 197)
1967 85 89 93 116 159 206 300
90 89 93 100 113 b2 198
. 95 89 33 100 107 113 128
1980 85 181 186 239 336 435 613
30 161 186 201 234 296 Los
l g5 181 186 201 21k 207 258
2000 85 181 216 360 512 662 927
30 181 186 2Lkg 354 459 648
l 95 181 186 201 214 254 338
2020 85 257 332 553 858 1057 1557
I 90 188 233 393 586 7 1062
95 181 186 216 321 364 shi
' Lynchburg - (Reach 90)
1967 85 374 L38 786 1037 1255 1581
90 257 335 546 730 882 1112
95 1b2 182 290 386 471 594
1980 85 529 698 1119 1587 2011 2731
90 358 Ls57 733 989 1219 1573
95 225 a5k 397 528 Snh 868
2000 85 8Ly 1089 1795 2475 3157 L266
90 L73 604 962 1341 1693 2273
95 266 331 518 691 848 1092
2020 85 1400 1804 2984 4155 5661 8416
90 820 1063 1759 2425 3113 L4201
95 354 LLg 71h 963 1190 1538



VI -

‘qudtayien £gq pe1o043UOD 2anjvIadwsy 1598BM SaUMSSY

(2)
*ODVALSAM 4107 A1ddns J218M TBTIASNpUl JuUIpnioujg (1)
/3w 0°¢ = 2a1303(q0 OQ
o} € 12 e ()92 Am¢om Amg@m 12 o2 21 o] 6 0, dway
6tz 081 5T otz 082 OtE ottt ot otz 912 061 081 0T 66
Q6¢ 012 oge 0t h (0); 1 0£9 0£9 0£9 otHh 00 o£e 002 002 06
196 062 nag 009 oLL 016 016 016 009 £6% 0te oLe 0Lz ] 0202
oce 081 2ot ord ote Gee Gee Gee 02 002 GQ1 091 0g1 ¢6
692 081 N ¢9e Get 119 6ot i3 ¢92 0se égtl 0g1 Rl 06
LGE GhT cege o1y GLy 44 444 q4e iy 09¢ Ggee 0g1 Q1 e 0002
L67 0g1 = 002 o1e 612 12 ¢1e 002 002 GQT 0g81 0g1 ¢6
302 0QT oy} 602 oze 062 0s2 062 o7 002 ¢g1 081 0gQ1 06
¢eze 0QT 0T 0se 01¢ el Gog 419 062 ohe GQT 081 0g1t é8 061
QF 06 A 00T o)t o) GOt ot 001 001 06 06 06 s6
€01 06 13 001 011 Gel1 Get A 001 001 06 06 06 06
12T 06 3 A 061 091 091 091 Gel G1T 06 06 06 6Q jussaid
*AAY *oa(q *AON *100 *dag *Zny *1ap ‘unp Aey s ady * 18 EX ‘usp TeAOwWSY Ieax
( ,:ouwcﬂ>oo 18 GJ) UT sjuawalInbay MOy aod %
)
YAAIY SHWVCL
~ IA =787

PR

n9oT ‘LT UTIBN DPISTASY



SN OER WM TS NS EN E N ) AR aEm . S s n Em Em e

VI - 10

w111 be wode to determine the optimum combinetion of' advenced weste
ireatment (bevona 55% BOD removol) and flow eugmentation; cther
poraible methods o meinteining water quality inelude elternate
sources of water cupply jor Westvaco, ond additional reuse ot proces:
snocooling welers,

% BOD removal of 85% is considered the minimum acceptable level
o' trectment, and flow augmentstion ic to be used as on allernsie only
to additional waste treatment giving removals above 85%.

Present problemce in the Covington arec include recurrent low
dissolved oxygen during the summer months due to high waste lcedings

aven after about 80% BOD removal, high temperatures and low stream flow,

The Maury River in the Lexington ond Buena Viste 2res has cuf-
.lcient {low [or present needs, By 12980, additional i{lows will prob-
©Lly pe needed to maintain water guelity. VEPCO is planning & pumped
ciorage hydro-electiric project on the headwaters on the Maury, and
nerotiotions are underway to include storage for wazer supply ond water

quality.

snehb Ares
At Lynchburg, the minimum streom flow observed ic 234 cfs; average
flow is 3,500 cfs, The two proposed reservoirs, Gathright and Hipes,
will provide a minimum stream flow of 1,100 cf's during the summer

months,



. VI - 11

There are several run-~oi'-the-river hydroeleciric projecte in the
Lmehhure 2ree, These projects heve limited storage and are used
sor penking power, which couces period: of 1little or no rlow in the
J.omen auring wrought seesons, In order to obtoin macimum benefit from
the flov nurmentation, arrangements should be made (0 pess cugmented
Clows without storsge for peaking.

Flov required {or various ireatment levels 1o summerized in Tsble
VI - 7., It eppecrs thet a combinetion of treztmernt beyond &5 percent
BOD removsl ond sdditlional recervoir storage will be necded. For
cvemple, by year 1980, 90 percent removel wnd 1,540 cr's would 2lrfo

iie.v the need.

Cosic of various combineticnt ol treatment levelc ona {low rele:ses
(721 e studied Lo delermine an opilinurn..

Hov ever , nindmw: sunmer flove In excess of the avercge stream [lcw
¢ 32,000 crr vill be idiricult to ¢ .undn, ond o proevicst Yindl ndill
gntotbe oo o sreartront levele heolicon U0 cal o percent BOD perovel

L L, B A e I et e v
[V suer 1820 10 e T 2 PPl LTyt Lo T L]

,‘.
[}

Joonellul condnucr L cur progocolony Indict e,
Lovelburs no hieo o pelicry woote trectment plent end the two

peper mills in the area have 'Yin plant" ireastment processes, Secon-
dvry lrer lment or ilo equivelentu rhould Le provide. or thecs najor
“ovreer 0 Lo0rn L8 porfitle Lo ocorrocy fotic it cepredn ool

g

I cepyn-
Ji. uhe Joe. Dives .
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FIGURE VI - 1
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VII -1
VII. JAMES RIVER ESTUARY

Domestic end industriel waste loeds in the James River Estuary
for 1980, 2000, and 2020 were computed from data shown in Table
VII - 1 and the Waste Discharge Inventory of the Richmond-Peters-
burg-Hopewell Metropolitan Area compiled by the Virginie Stete
Water Control Board,

DOMESTIC. A populaetion equivelent factor, expressed o poundc
of ultimate Diochemicel oxygen dermend per cepite, wes applied to the
rrojections to determine the quentity of Jdomestic wastec requiring
irestnent erd/or ascimiletion by the estuary during the selected
time intervals, All diseharge points were assumed to remein in
their present locations with the exception of those in Checterfield
County. Westes from this erea, including the City of Petercourg,
vere predicted to be piped to the Jemes for discharge by ihe ecr
19€0.

{DUS L. Weste losde fror industries, using the Jomes sc ¢
recelving etream, were derived by escelating present eutput of ultimste
BODL at the rame rote es production. Ne «llowcnces were made icr
#dvancer in technology or chenge in procesces to reduce the rciio
of weste to finished product. Inductriel westes in this section of
the -estucry sre primarily from chemicel plents with approximetely

{ive percent from paper related operations,



I+ 'h oo, the Hopeveldd L ariric conples will contii e oo
o peye ot ol ihe o e sodng Jdsehrage o e e orduer
Ve b loaee 2117 ccoe cron drvaa urier oot populction eenterc loertoen

nps lrern, Dorentic westles will comprdce rpprocimeicl;r 17,0 prr-

Tuvle VII - 3 shows the projectled waele proaduction for ithie .esign
period,  They cre eyprecsed or pounds ¢f ultimete BOD 4o reilect

‘heir oi{ect in ihe estuary ec ¢ rerult of 1idel zetion.

SOTER QULLITY. To mrintein an =vercge of 5 ng/l Jiceclved

coa eonceerlretion i “he Jemes below the weste discharges oo

et ng cad Hopewell, the flove chouyr Tihle VII - 2 will he needew,

[N
~

They vere ~bleined by opplying

2

‘he projected locde Lo the estwr rine

3

1 th model ené opers ving 11 ©1 the tresiment levele indicstied,
IFimures VII - 1, 2, nnd 3 mey hr cploved to determine required

itovs s or terpereturec other then tae mecn maximum monthly volues
coonen {or the prespration o the teble, For +lowe less than those
cclled tor ir the ieble, Figurec VII - 4 =nd VII - 5 cap be consultied
1or the degree of treetment necescary o satisfy the esteblished
ftonderds, The prectical and ecornomicol [easibility of providing

1

]

Je reguires lows was not concidered in this onaly

I
.
U

Lynchbury flow requirement: correspoading to 25 and 90 percent
iresiment ¢re chowm in Table VII - 7, With 85 percent treatment et
Lvnehtury cnd G0 percent trestment in the estusry, the siresm sian-
#rds cen reliebly be meintained in 1930, Meximum Tlows for the

critienl months of June, July, cnd fupuet durimg this period will
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be 2730 ond 2050 cfs respectively. By the year 2000, removel
efficiencies mey need to be increcset above 90 percent in ihe
eotuary, during ceverel montho of the year to maintoin the DO min-

war,  Without this procedure, [lowes of 4200 and 5¢00 cir rust bLe

[

provided, I [Jows of 841€ ani 8650 cfs cannot be :urnished ot

Lmchburg and Hopewell for the period beginning in ithe yoor 2020
wreotnent in excess of 90 percent for dischmrges to the ectuery

uring ihe eriticrl wonths must be conciderea

B. Mcoihemoipical znd Phrsical Models

It is diificult to predict lhe rezetlion, o: ony estuery, Lo the

daition of oygen demending constituents in municipel ond induc-

11+l v Lo dischirges,  Accurciely dereribing the physicol, cheriderd,

1

rnd biologierl procecces in its d'mrmic environmeni ic ¢ formiceble

‘v, Vhewr retdonel simplifying cocumptione ere epplied, it ic oiten

ponsivle Lo epproximete the diccolvee oxygen conceniration cnt hio-
chendenl oxygen aenond rencining in onyo section by ewploying naih-

Bl
N

C LAl

modelling techniques., /o the tile end ihe prouiiiyv of the
ean virlier with coeh estuery, It e nececrery Lo e Lingle ihedr
coocy L 1th cisfucion coelficients | or the neth model end lhen comprre

Lhe recud Lo dth sempling date Cror the cield and/or ¢ phyciced nounl.

hic preeose, known o overificetbtion, if cone timec lenghiuy ano






dnd Gicid.  Twe anthenaidernd Locel: were enployes in the

Jooer Biver colucry diweciirouion,  The fipct ves the DECO IIT

4 Iay

ot eseloped, uncer conbreet. o hie Gener U Eleelric Corpore Licw,

Con St the dime-cependent chereclordiciles of the uide cre cimule oo

Dyt soout vrdr . T priver tuse.ion ac wo detorid L d-
s i eonscicients unrourhont e ctucry, ) marbor or Lrisl ano

rror colaiions vere needed bheoore oltoining o reroons Ule aotel

1

ofynety he moih moLuel esdenle Llong 'no the phyodecl dye data frow

~

[N

Th ferived coclviclents were Lhen ed in the Slecdv-uric

ppl

‘

Coeaenle. model developel by he Mioile Atlentic Reclon'o ctory.

Thie voidel 10 ciydler in theory o the DECS III with the erecepii-m

tnr tire dneremen. chosen, The Llecdl: =Stole Licdel croumes ¢ line

period of culiiclenc length for 11 elemente in the coturry Lo hove

e chel relotive equilibrium, Using dets Zrom the econonic prejeciione,

I

Leciinge for 1020, 2000, ond 2020 were compuico i usce in the

wich ohe seomeiric (v n-dreulic dcic Lo predic. the Jlow

oo ene

rooirenenes needed w0 malnucin o 0 Indiwr wonthly aversge oisfolvey

o

erernt levels of ire:tment.

S

o oeen coneantretion of Somg/l oL il
Previous riuiles of the James by ihe FWPC! Chesapetke Fiela Stetlor ot
Sanepelin , Mrrylend, inaiceted « monihly cverage velue oi 5 mg/1 or
eooalve. cvygen woe comparable o ¢ minimum dcily of 4.0 mg/1 on

vndch lhe weter quelity stand: rdo cre baced,
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Phredead. Dolo srom the pmvricel model at‘Vicksburg, Mice 1vrdppd
veoo uecd admore exelwe ively in wndc Investiretion ¢ there ver very
100ide relisite dota from Field stuades, Prior work in ohe Jemes
cotwry ovar weurlly confined Lo o« 1imdited rewr i odnverelt oni ocone-
anetes luring alfierent periodce cf the ear., Ac much prototvpe dete
v tirmivicence that could be chicined wees applied or reviewed ifor
pocsible eppliceiion, Primaril s this wee o1 ¢ neturc thotl could not
Lo duplicoted or cimulated in ihie nodel i,e,, oxypen uptekle raioc,
senthel cdeménd, ond photosynthecis,

The phycicoel model oi the Jrmes River estucry, rom the (all
zeme Lo the ftlantic Oceen, wee constructed and die operaled by the
U, Arny Corps oi Engineercs! Weterways Experiment Siation in Vieks-
burg, Micriesippi. vo tests model studies were conducted {or the
MWPCL in cudiiion to those for cther stnte snd redercl agenclec,

Thesirsl, using dye @s & iracer, atlempted to measure the
diifucion raves. Loadings and discharge points were cimulated jor
codsdy: conditions, Dye concentrationc were determined at celected

cwiions or time intervels equivalent to 2.5 deye in the protolype.
The model wre opersted 120 tidel cyeles for erch flow condition.
Flows siruleted were 1000, 3200, snd 11500 cis as well as the
hrdrogreph ac measured zt Richmond ror July cnd August, 19€6., The
+tLa guthered was presented in tabular end graphical orm to be used

to verify the malh model,
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Reuicictive (rccers were ermploves in the cecona test 1o 2aiablich

4

1w rercrotion rote ror ecch reecch oo the cetuary. The zetivities
co o coreervetive tracer, Tritiuws, "nu ¢ non-conservoative troccer,

~

Hoevpoon o veore monitoreld Lor - ymmbher off tldel cyeles,  The rpprop-

vinbe cowe ol muiclerr phyeice were thin oppiied to determiue the
ol ot vee lrencier (rom the nodel o the ¢inosphere. This hasg
oen Jonns Lo be proportional e the irensier of ogrgen JSram the

s inocphere vhrough the aiy—w§ﬁer intericce, The reseration rotec
_Lo whidr experiment eppezred.fo »¢ lover thin thece previcucl;: cor-
putes vic hyoreulic and peemewrie parcneters of the csturry,

heony th ond phycicel nn T s ove precluled the neze 1oy on

crperaly o one poerinly dnconclunive time-consuning Jield curve -,

o
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