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Introductlon

Nutrient control has become a commonl_y used measure to reverseeutrophicatlon for many eBtuarles in the united states. ÌÍhlle nutrl.-ent control w111 reduce nutrlent loads to an estuarlne systerû, lt isnot clear to what extent that load reductfons will tmpaåt th; e¡aterqualfty of the estuary. For example, a phosphorus cont;ol progr"r ,"yonly- reduce phosphorus concentratlons but not necessarily th; phytolplankton blomass. The nutrlent effect on phytoplankton, therefore, fsa ¡aarked contrast to other types of water iuality problens r¡herereductlons ln input road (as rn BoD reduction) can generarry beconsfdered es belng advantageous. Glven the expensfve nature ofnutrlent control prograns, it fs wlse to evaluati varlous controlalternatives prior to selectfng and implementing one. Estuarine rraterquallty nodels are useful tools which can be ,tJ"¿ to evaluate controlalternatf.ves and assfst decision-maklng fn establfshing a soundnutrlent control strategy.

- rn thls paper, tno estuarlne moderlng studfes are presented todenonstrate the use of nodels to gulde nutrient controls. The firststudy uses a one-dimensional tidally averaged steady state moder forthe upper James Rfver Estuary fn vrrgfnia. In that åt,rdy, phytoplank-ton growth and nutrlent dynamlcs are approxlmated as a seasonal àvent,an approxlnatfon partlcularly valld under summer low and steady flowcondLtfons. The r¡ode1 r¡as used to evaluate polnt source phosphoruscontrol alternatlves fn the James River Basln and assess the waterquallty Lnpacts by comparing the reductl-on of sumrner peak chlorophylla levels ln the estuary.



The second moderrng study 1s development of a model for blue-greena algal blooms 1n the lower Neuse Rlver in North carollna. -ih"
study area ls a tidal and estuarlne portion of the rlver wlth repeatedblue-green algal bloons- during the pasr decade. Sprfng/sum¡n"rti"llbloons at t{mes coat the rlver r¿1th green paint-like blooms. Thehrater quality nodel developed lncludes four dlfferent algaJ. groups(dlatons, greens, non-nitrogen flxlng and nftrogen ffxfng brue-greens)ln addftlon to nutrlents and dLssolved oxygen. seasonal variations ofphytoplankton nutrlent dynanics are simurated on a tidally averagedtime-varlable basls. The model is able to mfmic the obserïea prryão_pLankton growrh in 1983, 1984, and l9g5 wirh dlfferenr t¡y¿räfoefccondftfons. Based on the noderrng resurts, a hypothesr.s for õn"fnitfatfon and naintenance of bJ-ue-green blooms has'been developed.

concerns on accelerat,ed eutrophication in the chesapeake Bay andlts trlbutary estuarles (Flgure l) have been wldespread fn recentyears. one of the control alternatlves to reverse eutrophlcatton isreduction of polnt source phosphorus loads (primarrry r.ð, ,,rr,r"ip.iwastewaters) to the Bay. The Ja¡res Rfver basfn in vtrginia contii-butes a slgnlflca-nt_ amount of phosphorus roacrs to the -Bay, ,..rgiigf.rom 24 z to 36 z (F-1gure 2) dependlng on the hydrologfc 
-condftronã

(Lung, 1986a). one of the r"."orrã that the James'nirr". basin has sucha hlgh.phosphorus lnput 1s that none of the publlcly owned treatnentworks (Pofl'¡s) 1n the basln currentry practlce phosphbrus renovar. rnadditlon, there fs no other forn of nutrlent åontrot exlstLng in tr,äJames River basin. As a resultr approximately l5Z to 302 of tie totalphosphorus loads to the Bay, agaln depending on the hydrologic con¿i-tlone, are from the pOTWs 1n thL James Rfver basin.
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rn the past few years, pofnt source phosprrorus contror programsat Porws have been contemplated for the Janrcs Rlver basln ."'p.ii-ärthe overall effort to control eutrophication in the chesapeai<.e nay.The foremost questron ralsed by any phosphorus contror piogr", rs:what response' ln terms of phytoplankton blomass leveisr c'n beexpected as a result of phosphorus concrol prograrns?

A nodellng study ¡¡as conducted to puË this questlon r.nto perspec-tive through an analysle of the nost recent lrater qualfty data andthrough a serlee of mathenatlcal modellng s1¡nulations deelgned to ehogtrends 1n peak phytoplankton biomass revels fn the upper James RiverEstuary as a function of arternative roadlng 
"""rr.iios. The 

"i"ãyenployed an exLstLng nater quality model of the upper Janes RfverEstuary to as6esa. the water quality lmpacts of potenùial polnt 
"o,r.""phosphorus control programs.

sfnce a detafled presentation of the model results can be foundelsewhere (Lung, 19s6b), only the sallent features of the ¡rodelresults are su¡rr¡arlzed in thls paper. Flgure 3 shows the nodelcalfbratlon usfng tqro recent data sets collected in 19g3. The uodelcalculatfons match the observed data reasonably we1l. subseguent
T9991. sensltlvity analyses subsranriared the callbratron (r,rrg,1986b). Nore rhar r,he relarively higher flor¡ ln July slfghtty reducãáthe nutrient concentratlons as compared with th" s"it"ruer concentra-tfons. Further, Èhe July condftlon (associated with an averagefreshwater flow of 2,200 efs near Rlchmond) supported a phytoplanttãn
blouass peak near rlver nile 70 whfle ttre septenber conditlon (at alo¡ver freshwater flor¡ of 1,100 cfs) noved the ieak further upstream toriver nlle 75 (see Flgure 3).
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Flgure 5. Upper James Rlver Esiuary model calibraTlon - July and September, lg8j



Next, the questlon of nutrl-ent llnritatlon can be explored uslngthe callbrated node1. Nelther nlÈrogen nor phosphorus were rinltingthe growth raÈe sLnce the Mlchaelis-Menton limìtatfon ratios,"rãfound to be close to 1.0 (no reduction in growrh rate). fhe resullslndfcate that nutrients are in sufffclent suppry ln the upper.lameãRlver Estuary to rnltiate phyroplankton growìir reaching ,äå"st p.atchlorophylj a -levels. At the same tfme, high rurbldtty in ttre ""t,r"ryprevents further growrh by llniring ttre ttgtrt avafiable for atgaigrowth (Lung, 1986b)

A nunber of phosphorus control alÈernatlves for the port{s in the
James Rlver basLn ¡¡ere evaluated using the calrbrated .nodel. Theyranged from phosphate detergent bans fn the basr.n to ptrosptrorus
removal at PoTI.rs. rt fs expected that phosphate deterger,t bans-wouldreduce phosphorus levels at porws about L5-252, detendfng on tt"characterlstlcs of the localitles (Lung, l9g5). The POTW effluentphoephorus concentrations consr-dered ln ihe phosphorus removar scenar-Los are 2 mg/L, I rng/1, 0.5 mg/1, and 0.1- mgÀ, respectÍvely. Themodel projectlon runs nere conducted ar ttre ]-dãy ld-year läw flowcondltlon assoclated wlth a !¡arer remperature oi 2g"c. The rroãÀiproJectlons results, whlch are su¡MnarÍzed Ln Figure 4, fndlcate thatunder the 7-day l0-year low flow condlÈions, phoãphate detergent bansare expected to reduce the peak chlorophylr a ievels in the JanesRiver Esruary fron rhe exlsring 70-79 u c/r tã ot-zz vg/r. Greateireductlon of chlorophyrl a levels may be achleved by rernovtng phospho-rus at Pofl'rs. phosphorus removar would reduce the peak ct¡lõròphvir alevels by 502 ff a phosphorus llmlt of. 2 ng/L ts appttea. eããi.i"¡Jreduction 1n peak chlorophyll a 1eve1" r"y ¡e achiéved r¡1th effluentl1n1te of I urg/l,0.5 ng/l, and-O.1 ng/t. Thar ls, phosphorus linfta-tlon starts to show under the phosphoirs remoral scenarios.

ul9gl the phosphorus removar scenarios lnorganfc nltrogen (NH^.
N0, + NOr) would lncrease ln the do¡¡nsÈream dlreãtfon u"""uã" tt"f3'
would not be utllfzed by the reduced algal bionass. Thfs resulÈralses an lnterestlng questfon: would phosphorus renovar causenltrogen fncrease and assoclated algal growtir in the lower estuary andthe chesapeake Bay? A related management question ls whether duai
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control of nutrlents is
required to control the
Bay eutrophfcatfon. The
modellng results suggest
that further studfes of
dual control of phosphorus
and nltrogen at pOTWs are
needed.
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Questrons arlslng durrng conslderatl0ns of management op.10n8 forcontrollfng eutrophfcaËlon fn the Neuse Rrver Estuaiy (rigure si-t"råincluded:

o Llould maJor reductÍons of nutrlent (nltrogen and/or phosphorus)lnputs (erther fron pofnt or nonpoint sources) to th; HeuseEstuary help to control further eutrophicatron and, specfftcarly,arrest the 
^occurrence and perslstence of nutsance bluu-;;;á;algal bloons?

o I{hat nagnitude of nltrogen and/or phosphorus fnput cutbacks arerequl-red to control and ultlrnately eli;tnate thã nulsance Ufue-green algal bloos¡ potential on the Neuse Estuary?

To help address these questions, a mathe¡natlcal nodel of the NeuseEstuary has been developed. The rnodeling effort focuses on theunderstandlng of the mechanlsrns rnitiatlng ai¿ sustatnfng a1ga1 ¡roons1n the Neuse Estuary.

Flgure 6 shor¡s the ¡rodel segmentatÍon, mass transport, nodelvarl'ables' and kfnetrcs. A courplete description of the ,oa"t- a""igncan be found fn another document (Lung and paerl, 19g6). The ¡¡odelhas been calfbrated usfng data collecied in l9g3 and 19g4. Due toapace constrafnts, only the results of t9g3 calfbratfon are presented(Figure 7). BoÈh oodel results and observed data tnatcate that ortho_phosphate 1a always -in anpre supply for algal gr"rtt throughout iheyear' Nftrogen supply precedlng the algal ¡foor-s appears eufflclent.Durl'ng the bloon perlod, ammonla and nltrate 1åvers are reducedsignfflcantly. The two-layer mass transport pattern reproducedÈenporal and spatfal sallnity dlstrlbutlon" .r".y ,"ii, suggestfng thatthe mes6 transport pattern fs var1d. Fígurl g presents a crosecouparison betr¡een calculated and measured chloropùy11 a levels 1;1983 for four dffferent groups of phytoplankton. w".'-"lrr"g"" rr,.r"äblue-green algae are the dominatlni i.oup. oráto¡ns are doninantdurlng early sprlng but are progressfveiy råplaced by the blue-greensdurlng the bloons.
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Flgure 7. Neuse Esfuary model calibra+lon _ lggl data

The factors affecting blue-green algal blooms ln the NeuseEstuary can be su¡nqrarlzed to examlne the põtentlal of blooms. Riverflow ls considered one of the key factors affectlng the establfshmentof ê blue-green algal b1oom. rts ef f ect r/as cúarly de¡nonstrated1n 1983 when suumer mont.hs were characterized by low fiows and rvarnerthan usual Ëenperatures. physical conditlons such as row flow, hfghsunllght' and Io¡¡ wind speed led to perlods of thernal stratlffc;tio;.As a result, blooms rapldly developãd, prorr-ferated and persrsted inthe _Neuse Estuary. signfflcant blue-green argar broours were observedfn July and August r9B3 (Flgure g). Nurrienl roads provlded by thesprlng runoff f.n 1983 resulted in ample supply of nutrlents foi thegrowth of the blue-green algae and other a1ã;1 groups fn the sumqer.Relatlvely sufflcfent nftrogen concentratio¡rs thróughout the y".,resulted 1n persistent domlnance by a non-nltrogen fixrng g"n,r",Mlcrocystls.
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Lrqcnd: Dsto . Modd _
Flgure 8. Algal specles model callbratlon _ lggj data

Physlcal conditfons tn l9g4 contrasted to rhose in l9g3 fn that awet sunner was encountered. No sfgnlficant bloon was observed whllenutrfent adequacy supported a modest popuration of phytopranktor, rnthe surîrner nonths. Examination of the neasured river flons andchlorophyll a, concentratlons ln l9g3 and l9g4 fndlcates that tt"chlorophyll a level decreased as florrs Íncreaser suggestLng that rlverflow played a crucial role in lnltlating and maintainlng blooms.
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