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EXECUTIVE SU}f I'f ARY AND CONCLUSIONS

A. Summary

Point source phosphorus control programs have been contemplated for
the James River basín in recent years as part of the overall effort to
control eutr:ophication in the chesapeake Bay. The foremost question

raised by any phosphorus control program is: what response, in terms of
phytoplankton biomass ievels, can be expected as a result of phosphorus

control programs?

The present study atternpts to put this questíon into perspective

through an analysis of the most recent water qualíty data and through a

series of m¿thernatical modeling sírnulations clesigned to show Èrends in
peak phytoplankton biomass levels in the upper James Ríver Estgary as a

function of alternatíve loading scenarios.

The technical effort of this study is therefore focused on several

key areas related to the water qualíty assessment:

' evaluation of the most recent (1983) water quality rlata

currently available on the James,

quantification of limiting factor(s) on ph¡rtoplankLon biomass

in the upper James River Estuary,

develo¡rment of phosphorus reduction scenarios for simulati<¡n

purposes in terms of various 10ad recluction measrìres ranging

from phosphate detergent bans to phosphorus removal at
qtâsterirater treatment plants, and

use of an existíng James River E"arrry nodel, to analyze and

present the results of simulations.
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Each of these components of the study is dírected therefore to
providing addítional information on the present status of eutrophication

ín the upper James River Estuary, as well as possible range of responsss

that might be expected under different sr:enarios of loadíng conditions.

It should be stressed that the results presented herein are in no rdây

intended to be allocations of phosphorus loads for individual point
source discharges in the upper James River Estuary, Rather, the results
are comparísons of phytoplankton biomass levels in the upper James River

Estuary and are to be viewed as trends and ranges associated rvith

varíous point source phosphorus contt-o1 alternatir¡es.

The first element of the study progrâm, that of evaluatíng present

water quality conditíons of the upper James River Estuary, was compì,eted

through a detailed analysis of two sets of data collectecl i¡ 19g3, and a

compilation of available data concernlng municipal and industrial
díscharges direct to the upper James River Estuary. One of the

principal results of this task is an understanding of the

cause-and-effect relationshíp between nutrient loads and phytoplankton

groruth in the upper James River Estuary.

The second element of the study program rvâs conducted through a

quantitative analysis of the two data sets using the James River ¡lodel
('Il'fSRV) ' The model calibration and sensj-tivity analysis ide¡tify the
k"y límiting factor for phytoplankton growth in the upper James River
Estuary being turbidity (or light).

The res.:lts from work element 3 are r)r.esented in Figu::e A where the ,

phosphorus loads associaËed r^¡ith various phosphorus contror programs are
summarized. phosphate detergent bans are expected to reduce tlu point
source loads from 15?á to 25?," while phosphorus removal reducíng the

vi
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effluent concentrations to 2 ng/L, 1 mg/1, and .2 mg/l is expected to

achieve load reductions of 63i1, B1îá, and 96î.á, respectívely.

Figure B presents a summary of computed chlorophyll g

concentratj-:.rs, under the 7-day l0-year 1¡w flow conditions in the Jamt-s

River system, associatecl with various phosphorus control alternatives.

The lesults show that there is some uncertaj.nty that peak chlorophyl I a

levels wí11 be maintained under the present and phosphate d.etergent ba¡

scenaríos. In general, the phosphate detergent bans would recluce tire

peak phytoplankton biomass up to 201'". Phospholus ::enoval at municípal

wastewater treatment plants would reduce the peak chlorophyll a 1eve1 by

at least- 50îá if a phosphorus limit of 2 *e/1 is applied. r.urther

reduction in the peak chlorophyll a 1el,e1 may be achieved. with effluenÈ

limits of l rng/l and o.2 ng/I. rf a chlorophyll a rarger level of 20

vc/L at the 7-day 10-year Low f1ow was established., th¿ o.2 mgll

effluent limit mj-ght be necessary for the upper James River Estuary.

However, the peak chlorophyll a leve1 resulting from a r *g/1 effluent
limit would be close to 20 Vg/L,

B. Conclusions

The follor'líng conclusions are presented, based on the modeling

analysis and projection results presented in this study

1' Phosphorus is not a key rimitíng factor for phytoplankton

grot+th in the upper James River Estuary, based on the modeli.g

analysis of the 1983 krater quality data. RaLher, right or

trtrbidity is the major limiting factor. A símilar finding rr¿rr

stated by Neilson and Ferry (19:s) in an earri.er study of the

J.ower James River Estuary

vili
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under low flor¿ conditíons, phosphate detergenü bans aïe

expected to reduce the peak chlorophyll a levels in the upper

James River E,sruary from the existing 7A-79 Ug/1 to 60-71

U,911, stilL far greater than any acc.eptable Levels (for

example, 20 ygll r{as once considered for the potomac).

Phosphorus removal at municipal rr¡aste!ùater treatrnent plants

offers further reduction of the chlorophyrl I 1eve1s. An

effluent limit of 0,2 mg/1 ís expected to achíeve a peak

chlorophyll a concentration about 13 ygll.

salinity effect on the reduction of gro¡vth rate or the

íncrease in mortality raÈe of freshw-ater phytoplankton in the

James needs to be investigated on a quantitative basis. such

an effect may have a slgnificant bearing on the phytoplankton

biomass under ve_ry _-1o¡¡ -f lor¿s
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ASSESSING THE V¿ATER QUALITY BENEFIT OF POINT SOURCE
PHOSP}IORUS CONTROL IN THE JA}ÍES RIVER BASIN

1. Introduction and purpose

Concerrs on accelerated eutrophication in the Chesapeake Bay and

its tributary estuaries have been widespread i-n recent years. one of
the control alternatives being considered to reverse eutrophication is
reduction of point source phosphorus loads (primarily from municipal

wastewaters) to the Bay. At the present time, several major river
basins in the Chesapeake Bay region have point source phosphorus control
in ihe form of phosphorus removal at many publicly owned treatnent works

(Poffs ) " They include the lower Susquehanna, part of the l{estern

chesapeake ârea, the Patuxent and potomac River basins

Tire James River basin in Virginia contributes a significant amount

of phosphorus loads to the Bay. Approxi,.rately 15îá to 30gá of the t6tal
phosphorus loads to the Bay, depending on the. hydroJ.ogic condirions, is
from the POTWs in the James River basirr. One of the reâsons that the

James River basin contributes such a large portion of phosphorus loads

is that none of the POTl{s in the basin has phosphorus removal at the

present time. In additíon, there is no other form of nutrient control

existing in the James.River basin

While poínt source phosphorus control in the basin will reduce the

loads to the Bay, it is not clear how much the load reduction (from the

James River basin) will impact the wâter quality of the James River

Estuary and the chesapeake Bay. That is a phosphorus control progrârl

may only reduce phosphorus concentrations but not necessarily the

phytoplankton biomass in the James River Lstuary. The phosphorus effect
on phytoplankton, therefore, is a markei contrast to other types of
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Idater qualÍty problems where reductions in input load (as in BOD

re-duction) can generally be considered as bei-ng advanÈsgeous.

A key questi-on regarding phosphorus control programs for the James

River is whether phosphorus is the limiting factor for phytoplanktr,n

growth. The present assessment attempts to address this question with

mathematical rnodeling of phytoplankton growth in the upper Janres River

Estuary. The model.ing effort, therefo::e, focuses on the fo1lor*'ing

technical areas:

quantifying phosphorus limitation effecr, if âny, on

phytoplankton growth ii-¡ the upper James River Estrrary,

quantifying growth limitation by other factors such as light

and salinity, and

' determining the impact of point source

reduction on phytoplankron biomass leve1s in

phosphorus load

the upper James

River Estuary.

To carry out these technical tasks, the study employed an existing
¡ttater quality model of the upper James River Estuary Ëo assess the çvatc:r

quality j'mpact. The recent lrater quality data collected in ttie James

duríng the summer of 1983 were used to calibrate the model. The cali-
brated model riras then useci to proj ect the water quality impact of
varj.ous point source phosphorus cont::ol- alternatives.

Approach and }lethodologv

2.I James River Estuary model (JMSRV)

Tl-e Jarnes Ril'er Estuary model .JNSRV), which was developed b,.

Hydroscience, Inc' (19s0) for the Virginia state l{âter cr¡ntroL Boarl
(SWCB)' was used in this modeling study, The model is a modified

version of an earlier water quality model developed by virginia
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fnstitt¡te of |farine Science (VIlfS). The model r{as originally intended

for use ín wasteload allocations (wLA) of BOD loads to meet the

díssolved oxygen standard in the James. The kine.tic structure of the

model is sh.own .ín Figure i.. rn adrj--ition to the BOD/DO kinetics ,

phytoplankton biomass/nutríent dynamícs is also incorporated in the

mode1. As such, Lhe model can be used, i.n a first-cut analysis, to

assess the eutroþhíàat_ion pote.ntial and the impact of phosphorus load

reduction.

The model was first installed on the University of Virginia's

Control Data Corporation (CDC) rnainframe cónrputer systems. Recently, it

was transferred to microcomputer systems (IBN pc and collpAQ). The

current versj-on is a 50-segment one-dimensíona1 tidaily averaged mode1.

Fígure 2 shows the model segmentation. I{ith a 8087 math co-processor

installed or' the CONPAQ computer, the model can be run \¡ery effiuiently.

In f act, each steady-state model run ( 120-ciay time variable rui1 to

steady-state condition) requires only 11 rninutes of total

turn-arounci time (includíng printing the output). specially designeci

software for a Hewlett Packard (HP) personal computer plotter was used

to process and present the model results. in graphical form.

2.2 }lodeling llethodology

The JI'ISRV model was origirrally calibrated and verif ied using

the data collected ín 7976 and I}TB (Hydroscience, L9B0). Although the

r'Iater quality problem of concern at that time was dissolved oxygen and.

the enrphasis of the modeling analysis was rn-the verificaiion of BOD ar-rr-

DO concentrfltions, the modeling anal¡rsis also calibrated the kinetic

coeffícients of phytoplankton/nutrient dynamics in the upper James River

Estuary' In thís study, these coefficient values were first used. in the
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prelj"minary model calibratic¡n wÍth the most recent dara available. Such

a model calibration effort is necessary to update the model for changes,

íf any, in model coefficients (e.g., boundary conditions, loading rares,

etc. ) and to understanri the estuarine system under exi.stíng conditiorrs.

The rr'ater: quaiity data collectecl by the Richmond Regional planning

District Comn.rissiot: (RRPDC) j-n 1983 under thc Jarnes Rír¡er Water Quality
llonitoring Pi:ogl:am.'-.(Êrízzard and l{eand, 1984) were used in thi.s modeling

study. Under Ëhat ,nonitoriag program, seven slack water surve)zs were

perforrned from July ro october, 1993 (Table l). The receiving water

quality data, river flow data, and the associated. point soul--ce

monitoring records ¡sere utilized in this stucly.

Table 1 Slack l{ate:: Surveys of the James Rj.ver Estuary
in 1983

Date Conrbined Flow
ne.al_¡jsþend . (.1Ð1

Stage Condition

July 2B
August 16
A rgust 30
September 20
Septernber 27
October: 3
Octcber 12

238Û
1660
1 100
1r 40
125 3
17 34
107 1

Uts
Ii\{s
tt'{s
m{s
LK'S

ä{s
Lt{s

:k Sum of the flows in the James Rivel near Ríchrnoncl (USGS Gage 02037500)
and i.n the James River anc, Kanawira canal (usGS Gage 02037000). The
Canal was closed in 1982 and rernained closecl unt.il Septembe.r 21, 19g3
for pipeline installation. Thus, during the fj-rst 4 surveys, the
Canal flow was practj_ca1iy zera (USGS, 19g4a, b).

Tl'e summer of 1983 was characte.-.ized by a pr:olonge<i perj-od ç,i

warm temperature and low flout. The data collected, therefore, repl:esent

the conditions close to critícal. conditions in the estuarl,. As

j.ndicaÈec in Table 1 , the Jr:ly 2g { 1o-* r.i ater s lack) survey r,/as
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characterized by tire highest fresh¡¿ater floi,¡ anìong the seven surveys

$rhile the September 2A (high !ùater slack) sur\.ey was co¡rclucted under a

relatively lotser f1ow. IFigure 3 shows Êhe combined f1or,¡ in the James

neår Richrnond, based on the u.s. Gec logical survey (usGS) recorc{s,

during the summer of 1983.I The il'ISRV mod.e1 r"¡as used. to ânelyze these

tr.'o sets of ciata. In addition, model sensitivity analyses v/ere

performed to fi¡re tune the model and to itlentify the key processes in
ph¡'toplankton growth in the upper James River Estuary.

The calibrated mode.l- was then usecl to predict phosphorus and

pirytopl.ankton cirlrcrophyll a leveJ s in the upper James River EsÈuary

under vai:ious point source phosphorus control alternatives such as

phosph.ate detergenÈ bans and sËríngent effluent phosphor:us limits (Z

mg/tr, 1 mg/1, and a.2 nrg/l) for p0T1{s. The projection analysis r{rrìs

based upoÍl a flow condition specified as the 7-d.ay lO-year low flow rn

the -ìâmes Ritrer system as many recej.ving water quality staadards âre

written for such a condition. This term is def -inecl as the l-owest

average flow that'occurs for a conse.cutive 7-day period at â reclrrrenr:e

interval of 10 years.

3. !g!a ngyþy_glq Analt¡sis

3 . I Strptenber 20 , 1983 Survey

on septenrber 20, 1983, the píedmont RegionaL office of the

State Water Cont-rol Board conducted. a rr¡âter qr,rality.sur\¡ey of the upper.

James River Estuary. Sample üollection was timed to coíncide with lov¡

s lack a't t: rûh staticn. Dissolved oxygc -t anr-l tenrperature measuremenL3

I^/ere taken at each station. The fol lowing laboratory and f iell
measurements were perfcrmed on these samples: total Kjeldahl, ammonÍa,

nitrite p.l.us nírra¡e anci nitrat. ,ri¡¡qrgeni total and ortho phosphorus;
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W¡ otewater roonj-toring w;rs condl;'.:ted at ma-j o:: PC'IVs altd indus.

trial dischargers in conjunction ruith the rec.eiving h/ater survey,

Twenty-four hour composite samples were collec.bed and anaLyzéd for: tire

pararneters listed above except for chlorophyll. Ttre {dastewater loacls

associated with this survey are sur¡marized in Table 2.

Tabl e 2 liajor l{astewater Loaciings ( lbs/day ) f o¡:
September 20, 1983 Survey

Discharger cB0D/+o 0rg. l.l NH: T'102+N03 Total P Org. P Inorg

Richmcn<l 457.2.3 4927.5 3916.7 2332.9 2328.4 r44.4 21s4.0
DuPorit 202.5 230.9 38.9 9.6 5.6 2.6 2.8
Falling creek 7r4.7 336.0 116.1 74s.2 502. r. rfi.2 390.9
Pr:octors

Creek 2602.0 208 .5 103.4 33. I I79 .3 ZS .2 154 .z
Reyno lds

}fetals 1.8 3.9 0.0 Z.I 2.3 2.2 0.2
Am. Tof¡acco 60.8 27.2 1.0 31.3 6.8 0.7 6.2
ICI 31.9 8.0 0.7 4..8 1.4 7.4 0.0
Phil ip lforr.j-s 368.4 27 .0 6.7 267 .7 106.2- 39 .4 66.8
A1 lied-

Clrester 24BO .3 42.9 3. 1 6L,Z 9 .Z 6. 1 3. 1
Al1ied-

Hopewell 12680.9 3363.8 2.069.O 2349.3 80.1 66.7 13.t+
äoper+ell 8929 " 1 7048. 3 5904.6 326 . s 34i .7 2a5 .z t4z.s

The results of the receiving r{rater srlrvey are present ed j.n

Figure i;. A general assessrnent of the watel quaiiLy con,Ji+-ion observed

during Ltre September 20, 1983 survey is pr:esen1-ed be1ow.

chlorophyll a; long term

nítrificatíon suppressant);

(Gtízzatd a¡rd lfeanri, ig84).

phytoplanliton

ox]¡gen dernand.

BOD (40 day series.

anci pl"l, a1ka1inity

wíth and wíthi:ut

and conductir.. j.ty

Carbor'aceous Biochemical Oxygen Dernand. (CBOÐ)

Since these samples contained the conüentrations of

for¡n<l -i.n the ri.ver, the re.sults reflect two compcnents of
'Ihe f irst is the demanci ::eated lry oxjCati.on of organic
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waste material and the secorrC is the combined. denand created. by the

respiral:-on of 1ívirrg algae ancl oxida.tion of dead algae c.ontaj.ned in the

sample. The signifícant increase in nleâsr:red aBOÐrr' between river-

miles"l' 70 ¿ rrd 90 is primarily due to the large algae comporrent of ox¡rgcn

demand in samples takt>n j,n t-his areâ. Tl'ris observation is later con-

firmeci by the model resul.ts

. Nitrogen Series

The increnrental increase in ammonia nítrogen beloro,

Rich[ionci was due to the amnonia d.ischarge from point sources (Richmoncl

wastetçater treatmenb plaut and other POTlv's as ruel. l as inclustrial {aci1.-

iti.es). I{owever, the incit'ase dicl not sustaj-n beyond rivc:r miLe 90

probalrly because of nitrification and. phytoplanktcn uptake. ltrote that
the ph¡'toplankton chlorophyil g increased starting th1s river reacir.

The s1íght increase ín nít::ite pius irit:ate gíves some indicatjon that"

both nitrification and algae u¡riake may be occurring in *"his area (i.e.,

between river rnj.les 70 and 90). Both processes (nitrification and algae

u¡:take) r,'i1l- be analyzed quântitatively ir-¡ model ss¡rsitivJty a¡ralysis.
. . Phosphorus.

The ortho-phosph.orus profile in Figure 4 resembles the

ammonia profil.e closely, suggesting that the markecl increase in concen-

t::ation ü/as due tcr \./astewater discharges from point sources and the

sharp decrease in concentrat.ion was <lue to aigae uptake (coinciclirrg wr'th

ì! The river mile system used in this mr:c-.:. 1íng str¡dv and in the figuresthroughout this report is adopred from 1-he one used j.n the Hydro-s(:ience (1980) report. Note that tirir syrstem is r1¡l.f f erenE from theone used by Gri.zzard and Wear¡d (1984) in the r:íver between Richmoucl
and HopewelL. The Hydroscience system r,,¡as determined by tracing thecuioffs whereas the oLher sysLem r{as establishc.d by tiacing aroundTurkey Is 1and, üuries Neck and IIaLchers Is lancl (tsanclur:a and Das ,1eB4).

I1
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the rise of plr.ytoplankton chlorophyil g). The lowest leyels of ortho-

¡rhosphorus are abour 0.û1 mg/1 âs p which is much higher than the

llichaells -llenton cottstattÈ (0.001 rng/1) to signíf icarrtly I imit algae.

growth.

. Phytoplankton Chloropiryll a

Cirlorophyl l g measur enÌents indicate a rapicl growtir of

phytoplankt-on above i{opewell foilowed by a peak immediat-e1y be1or,'the

junction rr¡ith the Appomatrox Ríver (see this trepd. in Figure 4). T¡e

Appomattox River contributed a s j-gnif ica¡rt amount af f reshwate¡:

phytcrplarekton bio¡nass and may be partial)y ::esponsible for tire

clrlorophyll q peak in the Jarnes (Grízzard and iJeancl, l9g4). The

srrbsequent decline of Lhe phytopLankton bionass !üäs clue to significant

light Lj.rnitation beloçv Hopeweli. (Hydroscj-ence, i9e0). in addition, meen

channel de¡:ths, in general, increase betrow i{o¡.re1rrs11, creating a

conditi.cn unfavorable for algal g::owth. Thus, the increase in mean

depth and reciuction of 1J.ght penetration mây i¡e responsible for the

declirre of phytopiankton bionass (llydrorcience, 1980). A recent st¿¿.1,

at Old Dominion University (Fi1ardo, 1984) also suggesrs that salility

inirus-ion could.increase the rnortality of fre.shr,,'ater algae in the. James.

G Dissclved Oxygen

The dissolved oxygen profíle (Figure 4) exhibi.ts a

rnoderate depression below RichrnontJ. foliorved by a sligìrt increase due tt:

a1ga1 photosynthesis i¡r ttre area (note Uhe diurnai variation reflecied

in ihe rang'' of the data) where phytoplar-l.lton biornass increases. Below

Hopewel1, the <iissolved c'xygen leve1s cie:rease again primaril¡. because

of the inunic.ipa I (Hopervel l STP) and various ind.ustrial waste.water

d-ischarges . The di-ssolved oxygen levels :ernai'ecl above 5 rng/ 1

L2
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the River sampled. rn general, the dissolved oxygen profii.e

sur\/ey reflects the existence. of a healthy biological
and the presence of moderate amounts of oxídizable

3.2 July 28, 1983 Survey

Tire r,jater quarj,ty cond.itions observed in thís survey (Fígure

5) resemblerl the conditíons observed i¡r the Septenrber 20 survey. The

f reshwater f lov, hor,:ever, i.Jas higher in July than in september . As

such, the nutrient concentrations (NH¡, NO2 + NO3, and ortfro_l¡ were

siightly lo*-er in July thari in Septe.mber (resrrlÍ;ing in rnore pronounced

peaks of co¡rcentrations of NH' NO2 .l- N02, and c¡rtho-p under low f lows).

1'he peak of phytoplanktor-r chlorophyll g moved slightly clorçnsrream Ín
July than in september, reflectirig higher freshwater flows. The

dissolvecl oKygen p::of í1e ín Jrily i¡rdícates less severe clepres;s io'ls bel,:,w

Richmond end below Hopewell when compar:ed with ti¡e September prcfiÌe,
resultirig from sl-rorter detention time creaÈed in the sysLem by higher
freshwater flows in ju1y.

' Table 3 presents the point source loads fronr nrajor pO11{s and

i"ndustrial dischargers measured in the July 28 survey. These loading
rates are relatively c1å"* to those measured. in the september 20 sur\¡ev
(see Table 2).
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lÍajor l{astewater Loadings (lbs/day) for
July 28, 1983 Surl'ey

Di.scharger 0rg. N NH: N02+N03 Total P Org. P Inorg. P

Riclrmond 5642.i, 1282.7 32i6.s r37g ,z 2314.7 r44.7 zL7o.aDuPont 427.5 217.3 0.0 63.1 LZ.6 6.3 (:..3
Falling creek 10É'7.2 398.0 328.8 311.5 461. s 109.6 351.9
Proctors

. Crcrek 312.5 3IZ.S 45.3 36.2 156. 2 64.3 91.9
Reyno 1 ds

fletals 3.3 0.7 0.0 0.9 0.6 0.4 CI.2
Am. Tobacco 16.3 ó0.1 r4.3 3.1 40.3 17.6 2z.jICI I7.9 8.0 0.6 4.6 1.4 L.4 0.0Philiplfo::::is 48s.7 26.7 8.8 351.4 140.0 52.0 BB.0
Al lied-

Chester 3859. I 46.5 .3.6 
35 .7 0.0 0.0 0.0

A1li ed-
I{opewe1l. 16502.0 1163.3 1055.1 i514.9 60.9 47.3 i.3.-5Hopewell 1034.7 .6 5046.9 6989.5 4zg.5 322.r 119.1 203.0

4, Prelininary llodel CaL j.ble-1lg1

4.I llodel Results for September l9B3 Condition

The JNSRV nrodel \,Jas incorpo,'atecl with the hydrolog j c ancl

environrnental conditions of the James River associa.ced w:ith the

september 20 survey. The point source loacls (CBOD4', organic nitrogen,

NI{^, N02'l N03, olganic phosphorus, and ortLo-phosphorus) shown i¡r Tabie

2 were also incorporated into lhe mode1. 'fhe kinetic coefficients ar.rd

other model coefficie¡rts which were calibrated for the September, 1g7g

condj.tions (Hydroscience, 1980) ruere used

The model.ing anaiys is a-ssumes thaÌ the est:uari¡e systern is
unr:ler an intertid.al steady-state ccndition. In reality, horvever, a

steady-state condition rar-e j"y exists, nor does a s üead¡z dry ruea¡her

r j.ve¡: f low (see Fígure 3) . rrr f act, the f 1ow f luctuated wicely on a

clay-to-day bas is . To better approximate a steady \,,/ater quaL:_ty

condition observed on september 20, it i_s necessary to use an average

Table 3.
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river flow or,¡er a periocl of at least 7 to l-0

An aver¿ige flow of 1100 cfs Ì{as used to best

Richmond.

days prior to the survey.

represent the flow near

The results of tl're preliminary calib¡atj,or using the Septernher

data are summarized in Figure 6 for CBOD,0, Nll3, NOz 4 ir*0., ortho_p,

chloroptryJ 1 4, and dissolved oxygen. The calculated u-l-timate CBOI)

(CBODu) concentrations âr--e comparerl c,ith the observecl 40-day CBOD

(CBOD4g) data. The long term BOD analysis :'.ndicates complete decay of
the organi-c materials in tire river sampì es by 40 clays . Thus , th.e

measured CB0D40 values closely r:epresent the ultimate CBOD a¡rd can be

cornpared rt'íth tire calculatec cBoDu r^¡ithouL sericus errors.

Fígure {' indicates that the prel.imina-ry moclel calibration
results reproduce the observed trencis of the rr,¿lter quality parameters.

The a.dditio¡'r of CBCD recycled from phytopiankt-on bj.omass (the- CBSD crjrt/c

labeled as 'with algae') matches the observed <lata reasonably we1I.

Note tilat the CBOD cun/e without algae is consistent ly below the

observeci data. Thus, .it j-s irnportant to inclucle the oxygen demand o{

decayed phytoplankton b-ionrâss in the area r*¡here phytoplankton growth is
signifícarrt.

However, there are discrepancies betr+een data and model

calculatio¡¡s for some parâmeters. Tire moclel overestimates the amrnr:nia

rritrogen levels .and .accordingll' underestinra'Les the nitrite plus nj.tlate
conce-ntratj-ons in the estuary. Siriilarly, the calculate<i ortho phos-

phorus couc'ntratíons âre slightly híghe,- than the observed data. Il.
acidition, the calculated ph)'toplankr:r:1 chlgr.opþy11 e peak (about B:

uc/1) based on a. saturated growth rate of 3"0/day (Hy<lroscience, i9s0)
is signíf icaütly l-righer tharr the data.

t6
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Note that ihe rna;:i.mum dif f erence between the obser-ved and

l3aiculâted nitrite plus nitrate concentrations is about 0.7 ng/ I ¡,¡hich

is rnuch greater than the equivalent difference betç/e-en the observed. and

calcul-ated rhiorophyli a concencrations, baseci on the bíomass stoichi.-
otnetry' Tilis result suggests that some nitrogen is mi-ssing or certain
degree of nitrification is occurring in the. area bet\,eee:l ríver miles 100

and 79 ' [1'he orig-inal moCeling analysis by ]ìy,t1rosc.i ence does not

include riit:if icatíon bet;-een river mil es 100 arlð, 79 ,I That is , shou j.cl

the niodel- predictj-on orr chlorcphyll a concentra¡jcns malch ¡he obse::ved

peak (say, 40 VC/l), the calculated peak or NOZ * NO: concenrrations

t¡cru1d be about 0.9 ng/!, a 1eve1 far below the observed peak of N0, +

NO, concentrations.

4.2 }frrdel iìesr"¡1ts for July l9B3 Cond;-tion

lthe JIfsR\¡ nrodel was also appl-led to ana l.yze tl:e JuIy 26, 1gg3

data set ' Specif ic hyCrologíc (comb j-necl f low near Richmoncl = 2,20g cfs
averageci over a t',reek prior to the survey) anti envi::o¡meltai conclitio:ts

t¿ere i¡rcorporated alcng rr:ith the poínt sc¡ul:ce lcacis (Table 3) into ¡he

model' The model kinetic .coeffi-cients ancj other stoi.hiomctrlr çç¡estår.rts

deveiope-d by Hydroscience for the JuI5, 1976 condition were useci in this
calibration arralysis .

The ::esults of t[re. pre ].i;linary cal. ibr:ation are surnmari-zed in
Figure 7 . The mociel- calculat j ons natch the obserr¡ed clata reaso'abl_y

¡sel1. Note that the relatively higher flow in july slightly reduces the

nutrient col:ílentrations r¿hi1e compared ç'itl' the Septernber ccìncentrations,.

However, Èhe chlor<;phyli a levels remaín about the sarne between the trso

surveys' Further, the results do noi suggest nitrifical-ion in the ríver
immed-iately below Richmond for the July conclition. Based on tire kinetjc
coefflicj-ents developed .by Hyciroscience ilgg0), the- mociel does iror
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indícate rtutrient lir,litation on a1ga1 groluth. Insteacl , light limitation

is the cause for Ehe decline of phytoplankton bj.r¡mass in the 1cr*,er

estuary.

5 . . lf ode I _Sens ir ivi [-r' Ana ias is

The use of the tnodel coef f i-cíent \¡alrres origiiral 1y developecl by

Hlrdrosc-ience ( 19s0) did not generate results r,¡h j.ch f it ' the data

(September survey) completely as cl j.scussecl in the prececling sectícn. In

addj'tiorl , the rnocleling analysis has indicated some technical aspects

which need fu::ther invest.igatíon. They incLude nitrif :l-catiorr rate and

phytoplankton growth rate. 'f'he sensitivity analys:is lras Cesigr1ed to

vary these cr:ef f icierÌts to reproduce the data and, therer.ore, r,;ould

enable us to better understancl che phycoplanhton groroth mechanisms. The

final product of the sensitivity analysis is a fine tu¡ied model r,;hich

would re-produce the tuio clata sets usj-ng a consistent set of moCel.

coef f icients. The Septentber survey <fata rdere ilsed in the se¡sitivity

ana lys .-l-s .

5. 1 Nitrification

The model assumed no nitrif icat io¡t i.n the James Rive.r f rom

Richmc,nd to Hopewell (the first 30 model segments) acco::ding to iiydro-

science (19s0) . Downsirearu from Hopeiuell, a nitrification rate of
0.15/day r¡/as used. 'lhere are, horuever, widespread d.iscuss jons on

wireEher n:'"trifícation is occurrírrg in i-hr¿ James betç¡een Richmo¡<-l ånq

Hopewell. Nitrifying bacteria data collectecl in 1983 (,Grizzard, and

Weand ' 79BA) could not provide a firm an;,der. Aclclitional f ield studie .,r

to quantify the growth pote.ntial of nitrífiers are urrcierway but the:i:

results ar:e not availabl-e at the present time.

20



H
i:l!
&¡ú

ffi

ffiB

ffi

ffi

ffi

rpr

åä

R
i¡I
liå
blBÌ

ffi

ffi
F#

ffit

H

ffi

ffi
rÁ,tt

H

ffi

H

üF
tdf
E¡i

ffi
tit

ffi

ffi
[ã
.14

' The ¡:es¡.:.1ts from our preliminary rnocleling analysis of the

September 1983 data implies some degree of nitrification based on

nitrogen balance in the James. Thus, a number of ¡ritrification rates.

ranging from 0.O5iday to 0.15,/day were incorporated into the noclel f ,,r

segments 1-3Cl (from il.ichmond to l{oper,'e11). T'he resulcs sf the sensi-

ti\r.ity analysis are p::esentecl in Figure B. The nitrification rate of
Û.05i day (at 20oC) gir,'es the best f it to i:he data a¡ìnong the ra.tes

testeri, considering the reprocluctjon of the NH^, N02 * NOS, and D0 data.

5.?- Phytopl ankton Grc,wrh Rate

Based ou the mcCif ied nitr.-if ication pattern, tlre mociel lras

then tested with clifferent gro;øtlr rates of phyroplankton ranging from

2.A/day to 3,O/day in order to imp::ove Lhe nodel calculation ol chloro-
ph-v11 q ccncentrations. The resul-ts are shoivn in Figur:e 9. At a l-cwer

a1ga1 gror{rLh ¡:ate of 2.2/day, nitrogen ís shifr-ec! f¡:om the ph;,top1ank,;on

biomass to Nuz 't- n'03, resulting in roi,¡er chloropiryl l g I evei a'd
slightly lor.rer dissolr.¡ed oxygen concentr..ations -i-n the area beti¿een r.iver
miles 70 and 90. on the other hand, a growth raj;e of 3.O/ð,ay procluces a

chlo::opiryl1 a peak about. B5 vg/r. A growth rate of 2.2/d.ay seens to
produce a close fit of the September data (Figure 9).

5.3 salinity Ef fecr on Freshi,¡âLer phytoplankton B1omass

There is a general consensus that in the 1ow salinity wat-ers,

rir¡erborne phytoplankters, whir:h are adr¡ected j.nto the hj.gher: r:alinity 
-

q/at'ers 
' exhibit a characi.eristic declease in biomass (Iforr:is et â1. ,

1978 , 1982; sharp et a1" , 1982 pennock, 19g3) . onc pf the hyportrèsi.,

that has been suggested t<l account for the clecline in biomass in th -,

James Rj.ver Estuary is the fo1l.ol+ing: The frestrwaÈer hal.ophobic phyt.-
plankters cannot rvitirstand Lhe osmotic changes ttrat are p¡:esented. in a
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narror{? band of salinity, sây, between

labor:atory and field studies conductecl

confirmed that biomass aLong the 0-2%

certa.in periods of rhe yeat-.

0:á ro 2% (Fiiardo, 1984). The

by FiLardo on the Ja¡nes have

saLinity area decreases during

The study conducted by Filardo provides a qualitative explana-

tion of ph.vtoplankton biomass i:eciuctiorr but does not supply data to
quar"itify the reductíon in growth rate or incr:ease j-n mortality raLe.

Furlher, a c1ose examination of the condr¡ctivity measuïenlents in the

uppcr James River Estuary in 1983 indicates that freshwater condition

existed in the area where tlie peak of chLorr:phy11 a occnrred. Thus, it;

is not expect-e.d thât salinity intrusion significantJy affected

phl'toplankton growth and the assocj-ated peak level.s of biomass in the

upper Jarnes River Estuary in the summer of 1983.

5 .4 lr:uErient Ìlydrolys is

Slight]y lorqer hydrolysis rates for organic nitrçge1 and

organic phosphorus than the rates .oresented by Hyciroscience (1983) seem

, to match the arnmonia nitrogen and ortliophospirorus claia bef:ter (s*-,e

Figure 10). These lower rates are witirin the reported ranges of lite-ra-

ture val.ues.

5.5 Nutrient Uptake by Aquatj.c Weeds

Hydrosc:i-ence (1980) suggested thât .the losses of ammon-ia

nitrogen and Qrtho-phosphcrus bet'¡een river nriles 90 and 8û may be due

to ínorganic nutrient uptake by rooted. aqr-ratic weeds in the marshes and

oxbows in 'rr'is stretch of river. Since ,ro data is available to confir..i

this hypothesis, an empírica1, approach is taken -j-n this a¡alysís tj
incorporate a loss râte of ortho-phospliorus (0.5 f t/day) intc the ¡rocle1.

such a loss rate may include not oni.y the uptal;,e by aquatic r,¡eeds, ¡ut

24
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also some oth.e.r rnechanisms such as phosphorus ad.sorption by sediments.

Figure 11 shows that incorporatíng such a loss rate brings r-he caLculated

orÈho-phcsphorus coiìceritratj-ons closer to the data.

5.6 Discussions

The JMSRV nodel is now calibrater1 reasonably rve-11 (Figur:es 7

¿rnc1 12);*ittr a collsistent sec of mociel coefficients using tr{o data scrs

from 1983. The nrstJ.e] coefficíents are summarized i¡r Tai:les 4 and 5 for

ttre September and July surveys, respectively. The only differe-nce

betn¡een Table 4 and Table 5 is the saturated growth rate of plìyroplankton

(2.2/day for Lhe Septemì:er contlitio:r arrd ? .0/day :frr thc Ju.ly corclition).

Add-itjonal ínsights into the estuai:,i-ne systenì c.an be sumrnarized from tlie

model calibration and sensitivity analysis resulcs. Firsl-, the location

<rf the phytopi-arr.kton bíomass peak nìoves up and rlov¡n the. estuary with the

fre.shv.'ater f low. Betweerr Lhe two ivat.er quality sur\¡eys, Èhe Juìy

concJition (assocr'-ated with a freshwater of 2?"00 c.fs in F.j.chmonci) prcducecl

a phytc'plankton biomâss peak near river mj-ie 70. 0n tl¡e otLrer hand, rhe

lower freshivater flcw of 1100 cfs in the Septe-mì-rer survey rnovecl the peak

upestuar]' io river m:iie 75:

The questíon of nutríent 1ímitation cân be furrlier explorect

from tire model results. Figure 13 shows the degrees cf nutrient Lin¡ita-

tion (nitr:ogen and phosphr:rus ) on phytoplank-con growth in July anc

Sep'u,ember:, j 983 . Both nitrogen and phosph,r::us are not liinr_ti.ng the

growth rate as the Ifíchae1ís-i'lentorr Iinritation ratiori arF: close to 1.0

(no reduct:'-nn in growth rate).

Further, light appears to be a iläjor- factor j_n recucing the

growth råte. Fi-gure 14 shows the ligtrt extinction coef ficients useci in
the model ruhich are justified by the vallros ierived f::om the measur:ed

t6
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TabLe. 4. James River ltodel parameters
eptember 1983 Cal íbrat j.on

Kinetícs Coefficients (Base e G 20oC)

L-ìxyger Tl:ans f er
Deoxygenat iorr

l,litrif i cat ion

Hydrolysis - N

-P
Settíng - N

-P
¡t-unta

Gror.'th
Respirat ion
Death

Extinc. Coef.

Hrs. of Daylíghr
Benrhi.c Demauri

Stoichionìetrv & Constants

Tempe.rature
C/CHI Rat-to
N/CHL Ratio
P/CHL Ratro
0rlC Ratio
Hã1f. Sat.

Conc. - N
.-P

Sat. Light
AvaiL. Light

ft / day
1/day'

7/ day

7/day

1/ ciaS'

ft / day
f.t / day
f t/itay

i./ day
1/day
i/day

11rne E er

oc

mc/u8
m8/ug
mg/pg
mg/nng

rsl I
nc/ I
langleys/clay
langleys/day

3.00
ti.10

{0. Cì5 (Segmer:ts 1-30).0.15 (Segmenrs 31-50)
.0 . 10 (Segments 1 -30)t0.15 (Segmelrs 31-50)
, 0 . 0.5 ( Segmenrs 1- 30 )t0.10 (segments 3i-50)
0. 75
0.75
0. 7-s

2 -2A
0.10
0. 10

1.4 (Segmenrs 1-10)
2.0 (Segments 11-3i)
2.3 (Segment 32)
3.0 (Segments 5-ó)

t2.ù
0.5 (Segrnents i.-30)
1.5 (Segnents 31--50)

26.0
0.025
0. 0c7
0.0û1
2 .67

0.û05
0.00L

300.
600.

hrs
gnr/m2 -day
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Table 4. .James River lfode-t para¡neters
SepÈember: 1983 Calibration

Kirretics Coeffi_cj.er.i;.s (Base e G 20oC)

0x5rgen Transfe¡
Deoxvgenation

Nit::if ícaiíon

Hydrolysis - N

-P
Setting - N

-P
tt- ulll a

Grorvth
Respiration
lleath

Extinc. Coef.

H:rs. of Daylight
Benthic Demand

Etojlhigllgt ry &. Constanrs

Te[ìpe.r-ature
C/Cl{L F-atio
N/CHL Ratio
P/CHL Ratio
OrlC Ratio
H;1f. Sat.

Conc. - N
-P

Sat. Lighr
Avail. Light

ftlday
I/d,ay

1/day

1/day

1/day

ft. / day
ft /day
ft/day

7 /day
7/day
llday

l-/rneter

3.00
0.10

f0.05 (Segments 1-30)
'0.15 (Segment-s 31-50)
/C. 10 (Segmenrs 1-30)to.t5 (scgments 31-50)
f 0 . 05 (Segmenrs l- - 30 )
'0. 10 (Segrnents 31-50)
0.75
0.75
o.75
2 .2A
0. 10
0. 10

1.4 (Se-gments 1-10)
2.O (Segmenrs 11-31)
2.3 (Segment 32)
3.0 (Segnents 5-6)

72.0
0.5 (Segments 1-30)
1.5 (Segmenrs 31-50)

hrs
grn/m? -da3'

On

m8/Fc
mg/Irg
rng/ug
mg/nrg

mc/ 1

mc/ l
1ang1 eys /day
langleys/day

26 ,0
0.025
c.007
0.001
2 .67

0. 005
û.001

3C0.
600.
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Kinetics Coefficients (Base e @ Z0oC)

Table 5.

Oxygen Trar-:.s f er
Deoxygenat i.cn

Nitrification

Hydrolysir: - ¡'.":'

-P
Setting - N

.P
It- L.nr a

Growth
Respiration
Ðeath

Extinc. Coef.

Temper;:ture
C/CHL ¡latio
N/CHL Ratio
P/CHL Ratio
OrlC Ratio
IIã1f . Sat.

Conc. - N

-P
Sat. Light
¿{vail. Lighu

James River- Ifoclel Parameters
July 1"963 Calibrarion

Hours. of Dayl lght irrs
Benl;Ìric lJemancl gm/m2 -day

9:glçttiglfg!_Iy & Cqnsrant s

3. 00
0.10

/0.00 (Segments 1-30)t0.15 (Segmenrs 31-50)
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0.10
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2 .3 ( Segnrent 321 )
:J.0 (Segments 33--50)

11. rr* - f

0.5 (fiegmenÈs 1-30)
1.5 (Segrnenüs 31-50)

ft / oay
1/day

7 /day

1/day

I/day
ît/ day
ft / day
f.t / day
I/day
t/day
! /day

1/meter

oc

mc/ug
msluS
mg/pg
mg/mg

mc/ 1

m8/ r
1ang1 eys/day
l arrgl eys / day

27 .0
0.025
0. 007
0.0û1
2 .67

0. 0c5
0.001

3CI0.
4s0.
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Secchi depths in July arrd Septemb,:r, 19g3 . Figure 15 shovls that the

specific growth rates of pliytoplanktcn (.lday) are significantly reduced

in the tu::bicl water along Lhe estuary in Septembe::, 19g3. rrr an earl.ier

study on the lower Ja¡res Rir¡er Estu,r.r:y, I.leilson ancl rerry (1973)

suggested that factors (other than nutrienrs), such as turbidit_v,

mixing, and zooplankton grazj-ng, are 1ike1y to co:rtrol phvtonlanktorr

grorvtir.

6. lf9-i"crj"LélC!iq5
6. i Phosphorus Loaci Retluctions

A nurnber of phosphorus control alternatives for the pOTlfs in
the James River basin aîe evaluateci using the calibrateci model. T¡.ey

inclucle phosptrate cietergent bans, phosphorus remor¡a1 io produce eff iue¡lts

with total phosphorus corìcelÌtrations of 2 ng/r,1 rg/1, and 0.2 mg/1 at

PO'IVs. f'he coirtrol alternatir¡es and their associated tctal phosphorr;s

loads at ma j or l'OT\{s in the Jarnes Ríve.r bas j-n ar-e Dresentc<i in T'able 6 .

Phosptiate detergent bans t'ou1d have a range of Loarl reductio¡r frorn 15,:;

to 25%. Out cf the 21 major POTI{s in Tabj.e 6, orrly /+ (lìichrnon<i, Fa1lii..g

Creek, ProcEors Creek, and Hopervell) are direct dischargers into the

James withín the moclel boundaries. others al:e j-n the upper basin abc¡ve

the fa1l line or in the lox'er estuary near t,he üiresapeake Ba1z. Betwee¡r

the POTWs ancl indust-ría1 facilities, the P0T'\^I loa.rJs d,,¡mi¡ate the phos-

phorus input to the James (see Tables 2 and 3).

6 .2 líode I Pro j ecr ions

Tl]e mcdel project-ion run$ rvere .conducted at the 7*riay 10-yei r.

lol flo;- condition. The 7-day 10-year lcx* flol in Richmcrnd is 680 cís
(Engineering-science co., Lg74). A high r.racer ternperature of ?s.c was

incorporated into the rnoclel . Al l ot-.her model Darameters ¿n,J

coeff icients were kept the same as thos,: useC¿ in the n¡odel calibratir.r¡
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analysis' The model was run for 6 djfferent phosphorus loaciíng levels:
the I983 average (considered as e,xistilrg) loads, the phosphat.e detergent

ban loads (159; ancl 25\ load reduction from the. 19g3 loads), and the
plrosphor:us loads assr:c.-iated with ef fluent phosphorus limits of 2. ng/r, 1

mg/1, ancl 0 ,2 ng/J.. Two sets of sirnulations *-jth. phytoplanliron groçth

rates cÍ 2.2 ^g/1 and 2.0 ng/l were conductecl .

Table 6.

Facility

A'nove Fall Line

But.na Vista
C1ífton Forge
Covington
Farmville
Le;iington
Lynchburg
Iloores Creek
Petersbr:rg

Upper Estuary

Falling Creek
lloper,:e 11
Proctors Creelr
Richmond

Lower Estuary

Army Base
Boat Harbor
Chesapeahe
Ft. Eusti-s
James River
Lampcrts Point
Na¡rsemond
Pinnei: s Po:':,.c
Wil liamsburg

Phosphorus Loads from
River Basin in Terms

1983
Flo.v,'(mgd) 1983

1.85 77.1
7.42 59 .2
1.73 72.I
0.31 I2.9
1.03 43.0

13.04 543. S

9.80 ¿toy.l
10.38 692.4

9.32 652
34.16 1424
3.42 I42
66.2 35BS

6s.6/s7.9
54.3/44.4
67.3/s4.1
71 .0 /9 .7
36"s/32.2

462.2/407.8
347 .4/306.s
s88.7 /sre .4

llajor POT\ts irr the Jarnes
of Varicus Control- lleasu¡:es

. Avs Loaq_(lÞl!_fJI
P Bans 2 ne/1 1. mg/I .2 ng/I

155 .5
569.8
57.0

71Ot+ .2

30 .9
¿J./
28.9

qt

I7 .2
217.5
163. 5

173. r

Ôal TLJ J. . I

303.7
356.8

26 .0
245.5
398.0
87. 1

151.1
1t1 a

4414
63%

17 .7
284.9
28.5

552. 1

156
5i .0
5.7

r10.4

15.4 3.1
11.8 2.4
74.4 2.9
2.6 0.5
6.6 r 7

108.8 21.8
81.7 16"4
86.6 17 .3

.9 55_s.0/489.7

.s 1211.0/1068
,6 72r.2/107.0
.7 30s3.0/2694

13.89 538.7 t+57.6/404.3
18.21 77A.7 65t+.6/5ti.I
2-I.39 1081.1 918.7/5r7.7
1.s6 6s.1 ss.3/48.5

14.72 669.7 s68.4/s02.1
2s .86 523 .4 t+45 .7 /392 .0

5 .22 3r2 .6 265 .6 / 23/+ ,7
9.06 468.5 sg}. ¿/35I.4
B.1E 122.5 1C4.4/s2.L

268.t) 12269 70432/9205
Load ReducLion IS%/25%

115.8 23.2
151.9 30.4
178.4 35 .7
13.C 2.6

I22.8 24.6
199.0 39. B

43.5 B.;
7s.6 15. L

68 . ?- 72 .:t

2247 447
81:á 96%

Total
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The l:esults of the modei projections ar:e. summarizecl and

presented in l'igure 16. The ortlio-phosphorus and chlorophyll 
_q

concentrations are shown for eacli s j.r¡ulation scenar:jo. The peak levels

of chlorophyll a under tlte 1983 average (existing) loaclíng rates at tre
Porl{s r-.ange 

. 
f rom 70 ucl l ro 79 ug/1, depending on the argal gr:ol,,tr,

rates. Phr:spirate detergent- bans r,.roulcl reduce the chlorophyll a ireak to

a range beticr:en 60 vg/ 1 alrd 7 ! vg/ r, rtepending on the rate cf load

reduction (25Î. or 1,5Îá reduction f rom 1983 lca<ls ) . Note that the ef f ect

of algal growth râte differelce becomes less pronounced in the

calculated chlorophyll a concerrtr-stions at reduced phosphc,rus 1evel.s.

If phosphorus rerruval is practícecl at the POT1{s, the chlorophyll g

level.s uoulcl de.crease more s ignif icantly co about 36 vg/r and 25 ug/ 1

unde:: phos¡rhorus Ìimits of 2 *g/ 1 and 1 rng/1, respectively. Tl-,e

orthophosphorus 1evels i¡r the upper Jarues River Estuary would be recjrrcccl

sr:bstanrially from the existíng l-evels a-nd. the sign of p¡osphorus

limiiing (ortho-phospholus ct)ncentrations lowereil to about 0.001 nrg/1

be'tween river miles 75 and 70) starts L-o shoro'. Furt-he.r reCucticn cf ii e

Porl{ efflr:ent. phosphorus concentration to 0,2 r,g/l wou-l d genera¡e a peak

chloroph5'l1- a level abour 13 ¡rg/1.

l'igure i7 presettts the s.¡nthesizecl r"esulLs in a bar chart

showíng the projected chlorophylj q peaks associate<l with s.l1 scenarios.

Phosphate deter:gent bans wcruld prov j.cle at most a 2O% reduction in
chloicphyl l. a pealt 1eve1s f rom the existing condj-tions , phosphr:rus

re-mov¡ll at 'OIJs wculd reduce the peak chlorophyll _a 1eve1 by about 5å::

witlr ai: ef f l uent phosphorus litrit of 2 ng/ r . The 0 .2 ng/l phosphomo

límit is considered tire 1or,¡est eff luent 1j-mit currenll.y ,¡ritÈen in many

I'IPDES permits f.ov t"he POT\{s in the Chesapeaìle Bay region, with t}re
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exception of- the upper occoquan plant jn the potomac River basin (0.1

mg/1). Such a pirosphorus limil rn'oulci prorride a 85îá reductíon in the

chlorophyll g peak. It is believecl that any adciítional r:ecluction in

chloropìrylì ! levels (say, below 10 F,l/1) in the upper Jarnes Rivr,r

Estuary under- low flow conditíons worrlrJ conìe from the ccntrol of

nonpoint phospÌrorus input ín the upper basín.

The salinity effect on pirytoolankton growth and rnortality is
judged minima1 under Èhe 1983 conditio¡rs as explained -ii-r the model

calibratior-l and sensit-ivity analyses. It is irot c1ear, horuever, ¡ow

sali-nity intrusion would af fect phytoplankr,:n growth rate and rnortality

rat'e under: 1ow f low conditions . At tire 7 -day 10-year 1ow f lorv of 6g0

cfs in Richmorrd, salinity level reaches 1:á at river mile. 70

(Engineeri'g-science co. , rg74\. Further stuciies on this âs¡.rs*a are

¡reecled to prorride qrrantitati\¡e âñs\rrers to ;his question.
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The LJ¡riversity of Virginia's School of Fngirreering and Applied Science has an unclergraduäte
enrollment of approxirnalely 1,5O0 students with a graduãte enro!lment of ôppro)iimately 500, There are
12-5 faculty members. a majority of whom conduct research in addiiion to teaÇ.hing.
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\rlithin these disciplines there are w,ell equipped laboratcries for co¡rducting highly specializecl research-
Ail departments o{fer lhe cJoctor.rte; Bion-redical ar-rd lvlate;'ials Science grant only grêr.juate degrees. in
acJclition. courses in the hunlanities are offered wilhin tlre School.

The LJniversity oi Virginia (which includes approximately 1,50O f ull-time faculty and a total fuli-time
student enrollme;nt of about 1'ä,00O), also offers professional degrees under the schcols of Architectr-rre,
Law, MecJicine, Nursing, Conrmerce, BusinessAclministration, l ld Education.-ln adtl_ition, the Colle.qe of
Arts and Sciences houses depêrtments of M¿¡therrratics, Physic;;, Chemistry and others rele\,ant to the
engineering research program. The School of Engineering and Applied Science is an integral part of tlris
Utriversity commurrity which prov"ides opportunities for interdiscrplirrary work irr pr"rrsirit of the basic goals
of education, research, and public service.
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Fate and rransport of Nutrients in the James River Estuary

llYu-Seng Lung

lntroductlon

Results from a recent modeling study of point source phosphorus control in the James River basin
lndicate that while the present nutrient levels in the upper James River Estuary are adequate to suf-port algal growth, reduclion of nutrient inputs by removing phosphorus at pulilicly ownèa treatment
works (POTWs) would.l^14 toa. phosphorus-limiting condition and thereby loweithe phytoplankton
biomass levels (Lung 't98€a). The study results also indicate lhat inorganic nitrogen (ñn.,, ñO., an¿
Nos) not utilized bythe algae dueto possible phosphorus removal at P-oTWs can-betiansþorteï into
lhe lower estuary and possibly into the Chesapeake Bay. Additional modeting effort is unOe*àV ió
gxpand the analysis into the lower estuary to address a question: how much fhosphorus originaíint
from the upper estuary will enter the lower estuary under various phosphorus-control scenarios? Fi-
nally, the amount of nutrients from the James River basin contributing io the bay eutrophication will
be quantified.

Phosphorus Loads from the James Rlver Basin

The James River Basin contributes a significant amount of phosphorus loads to the bay, ranging from
24 lo 36Yo depending _oI thg hydrologic conditions (Lung 1986b). Such a high ptrospiroruð iñput is
because noneof the PoTWs inthe basin currently practice phosphorus removã|. ìn aooit¡on, noother
form of nutrient conlrol exists in the James River Basin. As a result, approximately 1S to 30% of the
total phosphorus loads to the bay, again depending on the hydrologic iondition, are from the pOTWs
in the James River Basin. More importantly, POTWs account for aboul 55 to 75% of the total phos-
phorus loads from the James River Basin with the majority coming from sources below tne faíl tine
(Lung 1986b).

Phytoplankton-Nutrient Dynamlcs in the Upper James Rlver Estuary

To understand the fate and transpoñ in the James River Estuary, one needs first to quantiff the phy-
toplankton-nutrient dynamics and its cause-and-effect relationship in lhe upper estuary. R'moOeting
study was conducted for the upper estuary using recent water quality data'(Lung 19g6â). Model caË
culalion results from that study are shown in Figure 1 fortwo separaie data'setJin 1gBá. ln general,
the increase in ammonia nitrogen below Richmond was due lo ammonia discharge from pointiource,
such as the Richmond wastewater trealment' plant and other PoTWs and induãtrial facilities. How-
ever, the increase did not sustain beyond river mile 90 because of phytoptankton uptake and nitrifi-
cation. Note that the phytoplankton chlorophyll a concentralion increased starting at this river reach.
The odhophosphate profile in Figure I closely resembles the ammonia profile. Ágain, tne snarf in-
crease in orthophosphate concentration was because of wastewater discharges from point souices.
Subsequent decrease in concentralion was the result of algal uptake. Thã lowest level of ortho-
phosphate is about 0.01 mg/l of P, which is much higher than the Michaelis-Menton constant (0,001
mg/l) limiting the algal growth in the model.

Effect of Polnt-Source Phosphorus Control

Given the above quantitative phytoplankton-nutrient dynamics, the calibrated model was used to as-
sess the effect of point-source phosphorus control. A number of phosphorus control alternatives for
the POTWs in the basin were evaluated. They ranged from phosphate detergent bans to phosphorus
removal at POTWs. Although phosphate detergent bans would provide small reductions in phyto-
plankton (chlorophyll a) biomass, phosphorus removal at POTWs would offer more promising r"sults
in reducing chlorophyll a levels. That is, phosphorus limitation starts to show under the phosphorus
removal scenarios (Lung 1986a).

Under the phosphorus removal scenarios, inorganic nitrogen (NH{, NO,, and NOs) would increase in
the downstream direction because they would not be utilized by the reduced algal biomass (Figure
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2). This result raises an interesting question: would phosphorus removal cause nitrogen increase and
associated algal growth in the lower estuary and the Chesapeake Bay?

Fate and Transport of Nutrlents ln the Lower Estuary

Additional modeling effort is undenrvay to expand the analysis into lhe lower estuary to address the
above question. The objective of the ongoing work is to determine how much nutrients originatint
from the upper estuary will enter the lower estuary? lt is known that nutrient releases from tñe sedi-
ments in the James Estuary would contribute a significant amount of nutrients into the waler column
under favorable conditions. Recent data on nutrient release and sediment oxygen demand rates are
available (cerco 1985) and being incorporated into the expanded model.

The above analys-es were performed by assuming that 100% of the phosphorus loads from the James
River enlers the Chesapeake Bay, However, it iõ known that once ìeaving the James River, the bulk
of the loads does not move in an upstream direction along the bay. Rathãr, it flows into the Ailantic
Ocean. Would the nutrients (phosphorus and nitrogen) from tne James River enter the Bay and affect
the algal growth in the bay? lf not, exactly how much nutrient from the James River is óontributinj
to the bay eutrophication? To provide answers to these questions, a water quality model ¡s Ue¡nõ
developed to quantify the interactions between the James R¡ver and the bay. The ituoy results wiä
be used to determine the fate and transport of nutrients from the James Rivär Basin intä the Chesa-
peake Bay.

Citatlons

Cerco, C'F. 1985. "sedimenl-Water Column Exchanges of Nutrients and Oxygen in the Tidal James
and Appomattox Rivers," Virginia lnstitute of Marine Science. College of Will¡âm and Mary, Gloucester
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Model Results

Figure l. Fate and transporÈ of nutrienls in upper James River Estuary
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