




























































































































































































UPSTATE
FRESHWATER
INSTITUTE

19.96February 27 I

Dr. James Fitzpatrick
HydroQual, Inc.
1 Lethbridge Plaza
Mahwah, N.J. 07430

Communication No.5 to HydroQual Concerning Onondaga Lake:
Comments on HydroQual Responses to UPI Statements (Communication
No.1) Concerning Problems with Onondaga County DO, pH, and TIC
and Calcium Data

This letter is the fifth concerning HydroQual's modeling
analysis of Onondaga Lake. In this communicaiton we address
unsettled issues related to the limitations of Onondaga County's
(D&S) dissolved oxygen (DO), pH, total inorganic carbon (TIC),
and calcium (Ca) data to support model testing. For the record,
we reiterate (see letter of October 2, 1995) UFI's reasons for
participating in this dialogue: "1) our past work on Onondaga
Lake, 2) the implications if the models are used as the basis of
management action, 3) the ongoing controversy about scientific
analysis and studies on the Lake, 4) the conflicting interests of
Onondaga County and Allied-Signal in these matters, and 5) our
commitment to the rehabilitation of Onondaga Lake based on
unimpeachable scientific analysis".

Thank you for taking the time to consider our comments
concerning these data. We continue to have great concern
regarding the quality of the D&S data adopted by HydroQual for
the water quality/calcite model(s). However, we believe that a
reasonably "quality-assured" data set could .be .peveloped to
support the steady-state model for some segment of the 1970-1990
period presently ~ing addressed by HydroQual. Further, it is
our position that this effort would be best served by conducting
modest investigations of error in the measurement of pH, and the
partitioning of alkalinity, Ca, and TIC between the dissolved and
particulate phase's in the lake (e.g., 1996). The later effort
would support the rather elegant theoretical framework developed
by HydroQual for the calcite model.

Reasonably detailed comments concerning D&S data quality
problems, and related HydroQual responses, for DO, pH, Ca and TIC
appear in the attachment. Some of the more salient features
follow.
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Overnight Mail: 871 Van Rensselaer Street, Syracuse, New York 13204
Phone: Office (315)466-1309 Lab (315)423-9924 Fax (315)466-8289

A Not-For-Profit Corporation Dedicated to Freshwater Research



1. DO - We continue to take issue with HydroQual's use of
. certain portions of the County data base, though these

problems are secondary compared to the more fundamental
D&S data problems identified for eutrophication
modeling in communication No.4.

2 pH

a. The potential effect of diurnal variations in
influencing the D&S and UFI pH data bases is minor.
UFI monitoring data have been shown to be generally
representative of daily average conditions.

b Limited "internal consistency" analyses
unrealistic interannual variations in carbon
concentrations if D&S pH data are adopted.

depict
dioxide

Onondaga Lake is a relatively well buffered system. In
the absence of this buffering even greater diurnal and
seasonal variation would be observed.

c

d. It remains that the interannual variations in pH
reported by D&S are unrealistic and inconsistent with
other limnological data over the same period.

The fact that the D&S pH data were collected in the
field is inadequate justification to adopt these data
for model testing.

e

3 Calcium and TIC

The adoption of D&S calcium and TIC data, in the
absence of quality assurance analyses, is inexplicable
and inconsistent with HydroQual's stated concern with
quality analysis of pH methods.

a

b.. fundamental
conducted

quality
before

Charge balance calculations are a
assurance procedure that should be
adopting any calcium data.

c Limited "internal consistency" analyses suggest that
D&S TIC data for the upper waters of the lake are false
low in at least two years, supporting the position that
D&S's TIC data base should be considered suspect until
it is subjected to detailed quality assurance
analysis.

I am sure that we all agree that it
advantage to make absolutely sure that all
Onondaga Lake stands up to rigorous scrutiny.
this correspondence in that spirit.

is to everyone's
scientific work on
We have undertaken



Please feel free to contact us with any questions you may
have concerning the contents of this communication
(315-466-1309) .

Sincerely,

c::-'./ '

!'t~/l-

S.W. Effler, Ph.D.
Director of Research

and
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C.T. Driscoll, Ph.D.
Professor,
Department of Civil and
Environmental Engineering
Syracuse University

cc: Mr. Walter Shepard, Allied Signal, Inc.
Mr. Gary Bigham, PTI Environmental Services
Mr. Timothy Larson, NYSDEC
Mr. Ronald Sloan, NYSDEC
Mr. N.G. Kaul, NYSDEC
Dr. Daniel Palm, NYSDEC
Dr. Jay Bloomfield, NYSDEC
Mr. William Little, NYSDEC
Mr. Charles Branagh, NYSDEC
Mr. John Davis, NYSDOL
Mr. Robert Montione, NYSDOH
Mr. David Coburn, Onondaga County
Mr. Randy Ott, D&S, Onondaga County
Mr. Joseph Mastriano, D&S, Onondaga County
Mr. John M. Karanik, D&S, Onondaga County
Dr. Elizabeth Moran, Stearns & Wheler
Dr. Charles Driscoll, Syracuse University
Dr. James Hassett, WQMA
Mr. Robert Hennigan
Dr. William W. Walker
Dr. Emmet M. Owens, Syracuse University
Mr. Donald Hughes



ATTACInomNT - DETAILED COMMENTS

Dissolved Oxygen

(DO) dataextent of the limitations of dissolved oxygen

tocollected by D&S is not ackriowledged in HydroQual's response

the UPI letter of July 25, 1995 Walker (1991 reported negative

bias for the epilimnion and positive bias for the hypolimnion for

the 1976-1981 period, ofindicated in UFI's letter July 25as

1995. HydroQual indicates, its agreement with the assessment for

the hypolimnion data ("We agree with Dr. Walker's assessment of

" p.4 HydroQual response of December 27the hypolirnnetic data.

1995, to UFI letter of July 25, 1995), but does not comment on

the epilimnetic data HydroQual indicates Walker (1991 flagged

the data1978-1981 DO suspect, Walker (1991 actuallybutas

rejected all lake dataD&S the 1.976-1.981. intervalover

HydroQual only excluded the D&S DO data from ~977 through ~98~ in

their calibration analysis. We see no justification for using

the 1976 data, in light of Walker's (1991) recommendation. As

noted by HydroQual (response of December 27, 1995) and Walker

other less severe short-comings have been identified for(1991) ,

other years. Moreover we see no justification for HydroQual's

-1deletion of the high DO observation - 20 mg-L of August 1970

UFI has measured such high concentrationsas during severe

phytoplankton blooms.

lower epilirnneticHydroQual's argument that concentrations

before (and before1976 the upgrade of METRO I secondary and P

removal) are consistent with the higher METRO BOD loading during

that period is not defensible. HydroQual's position is supported



only if the oxygen demand associated with higher BOD discharge is

accurately quantified within the context of the other source and

The lake DO model of Gelda and Auersink processes in the lake.

the epilimnion isinthe BOD sink for 00(1996) indicates that

insignificant for the period after 1988. We don't discount that

the oxgyen sinks were larger before the METRO upgrade, but that

can hardly be considered a compelling argument for the reported

We expect this effect wouldlower epilimnetic DO concentrations.

be difficult to resolve from field data, particularly in light of

the magnitude and frequency of variations in other DO source/sink

the samplingrelativephytoplankton) toprocesses(e.g. I

frequency of the D&S program.

callwith theyexception what ourHydroQual has taken

forcollected by D&Sthe data amethodology for dismissing

specific water quality parameter by identifying a problem in the

data for a few specific years and then suggesting that the entire

questionable invalid". (p.lthereforerecord or21 isyear

1995 to UFI's letter of JulyHydroQual's response of December 27,

of D&S'sstrongly that a user25, 1995 We believe as

of responsibility for thedata HydroQual must accept some level

HydroQual is using D&S data toveracity of this information set.

that have not been a focus of attention by D&Sissuesevaluate

Many measurements in the data setpersonnel Cat TIC, pH).(e.g. ,

applicationsevaluated for thathave been rigorouslynot

essential that (to the extentHydroQual conducting. Itare is

the problems of assessing the behavior and performancepossible

data quality.complex models not be compounded by issues ofof

2



(1976-1981 the D&S's DO data are notsix consecutive years

usable, more minor problems persisted in most of the other years.

The magnitude of these deficiencies legitimately raises questions

data modelacceptability of earlier DO supportabout the to

testing. compelling data/arguments areUnder such circumstances,

adopt the D&S 1970s DO data as a basis(not reject)required to

evaluating the performance of the eutrophication model. The

the alluded toabsence of contrary DO data before 1976, (but not

well quantified) BOD loading/in-lake DO relationship, and the use

representativetitration method (collection ofof the Winkler

isdifficult disequilibriumsamples be common orwherecan

these DOfar from compelling arguments to acceptprevails) I are

data as a basis to evaluate model performance

pH

(p.6),HydroQual indicates in its December 27, 1995 response

"pH data, together withto the UPI letter of July 25, 1995, that

calcium, alkalinity and TIC data, were used to back-estimate

If theresolid phase calcium carbonate for calibration purposes.

the back-estimatedthe data, thenpHserious errors in

calcite concentrations would also be error" How could such an

error be detected in the absence of watercolumn measurements of

thesolid phase measurements? WeCaCO3 answer ispresume

calibration to downward flux rates of CaCO3"

thebelieve is of two most importantWe pHthat one

of ionicthe of the impact wastemeasurements assessmentin

Onondaga Lake (thedischarged by AlliedSignal directto

deposition being the other; Womble alof etmeasurement cacO3

3



1996) . it critical HydroQual:As result, that 1 fullya is

understand the and of pHuncertainty limitations measurements

and, quantify the of in pH model2 effects uncertainty on

believe model calculations of theWe thatcalculations

distribution of alkalinity and inorganic carbon between dissolved

and phases, and of calciteparticulate subsequent predictions

HydroQual should quantifydeposition are very sensitive to pH

model this uncertainty within theuncertainty to pH and assess

of in for the lakecontext limitations pH measurements

HydroQual's justification for not rejecting the D&S pH data

for the epilimnion for the interval weak1.979-1.981. is

Hypo 1 irnnet ic pH data were identified as suspect for that interval

by Walker Thus selected from profilesobservations(1991) .

collected by D&S during this interval were considered acceptable

by HydroQual, but observations from the hypolimnion made on the

same profiles with the same pH meter were rejected by HydroQual

HydroQual indicates the UPI data were not considered because of

of reviewedthe lack QA/QC Walker (1991)information, but

sampling, analytical and quality assurance protocols including

UFI program) in his analysis If HydroQual was unsatisfied with

those the original could have beendescriptions, investigators

approached to obtain this information

to be a systematic discrepancy inWe noted what continues

the adjusted valuespH by UPI and by D&S formeasurements

profiles plotted by HydroQual (see Figures 11 and 12 - in letter

from HydroQual dated December 27, 1995). This discrepancy should

be evaluated

4



a. Effect Q.f Diurnal Variations

is noted in the discussion of pH in thefocusA change of

1995} and HydroQualAlliedSignal (November 15,ofletters

related to the potential effects of natural1995) ,(December 27,

diurnal variations on pH records for the lake. This issue is a

{- 2 pages},major point of emphasis in the AlliedSignal letter

in the HydroQualessentially addressed letter.notbut

this issue to bethe AlliedSignalof letter appearsthrust on

this process may explain systematic differences (e.g.,that

(e.g., D&S and UFI) data setsextended periods) in two different

"TimesResults from other lakes are referred tofor the lake.

daily cycle oftheseries studies of other lakes show that

photosynthesis and respiration can change the pH by 2 units on a

letter of November 15, 1995),AlliedSignaldiurnal basis" p.St

Indeed, diurnal variations inare presentedbut no citation(s}

andreported the (e.g., Crumptonwidely literaturepH are in

"The magnitude ofVerdium 1960).Talling 1974,Isenhart 1988,

the diurnal variations in pH are expected to be greatest on

turbulencedays of peak photosynthetic rate and minimum surface

clear calm day during a phytoplankton bloom}. (p. 5-59,e.g. ,

"State 2f Lake"

pH sampling inofhas published the approximateUFI time

it's monitoring of Onondaga Lake Brooks and Effler 1990(e.g.,

AlliedSignal; about - 1000 hr {,t; 1 hr {letterState of Lake"

1995)of November 1.5, gives no indication of this consideration

We are surprised ofor the sampling time adopted by D&S.

evaluation of this issue,is criticalitomission, to ansince

5



and since HydroQual is a consultant to both Onondaga County and

You should find that D&S monitoring is conductedAllied Signal.

at approximately the same time of day as the sampling by UFI. A

expected if samplesmight bethat weresystematic discrepancy,

collected by the two programs at very different times of day, is

not a factor in the comparison of the D&S and UFI data. Thus the

variations in the D&S pH dataobserved extraordinary interannual

1968-1991 period (Figuresfor the 1base for the upper waters

becauseattributed "diurnal effects"be tocannot an

approximately uniform time of day for lake monitoring has been

used.

monitoringindicated the time of day ofUFI has itsthat

slight bias in daily pHwould only reflecting averagecause

H+dailyof the p.S-S9i"State from averageLake",

basedRecently collected (unpublished) pH data,concentration} .

thismade several weeks,hourly supportmeasurementson over

Measurements were madeobservation (Figure 2). .:i..n ll.b:Y wit h a

and calibrated according theHydrolab (operated toSONDE

manufacturer) , for the April to late June and early October to

of The amplitudes of the pHearly December intervals 1994.

1 m were substantially less than the 2variations at a depth of

the AlliedSignal ofbound described letterpH unit upper in

November 14, (Figure1995 and were attenuated at a depth of 4 m

limited the3}. diurnal toSignificant variations upperare

effects/time of day ofmixed layer. Thus diurnal monitoring

explain the large interannual variations in pH indicatedcannot

by the County data base for lower layers of the lake (Figure 4)

6



b. Internal Consistency, gH/Alkalinitv/TIC (DIC) Data

alkalinity and TIC shouldexisting measurements of pH,

using mass law andhave been evaluated for internal consistency,

1996) .and Morgan Forbalance (e.g. Iequations Stummmass

concentrations of CO2example, if pH and alkalinity are known,

1994} .Driscoll al. Tocalculated (e.g., etand DIC becan

illustrate this approach we present here an analysis of internal

for three selectedconsistency for the upper waters of the lake

1988, and 1989. No claim is made that these cases1980,years,

Rather,are representative of the entire D&S/UFI data bases. we

insight, and beprovide valuable mustbelieve analysesthese

internallythatconducted all data to ansets ensureon

quality assured data set is available to evaluate theconsistent,

analysismodel. thatof the calcite Our assumesperformance

in a strictly dissolved form. This assumption isalkalinity is

frompotentialthe contributionprobably however,imperfect,

For example, PIC was < 5%CaCO3 particles is in general small

(unpublished dataof DIC in the upper waters of the lake in 1989

UFI) .

inorganic carbon (TICSeasonal patterns of alkalinity, pH,

for the D&S and UFI(% saturation} data bases areDIC: and CO2

The trends in alkalinity for6, 7, and 8.compared in Figures 5,

suggesting these datathe two data sets match well (Figure 5

The agreement in pH values differsare of generally high quality.

(Figure 6;substantially between the three years also see Figure

to betended somewhat1980 pH values measured by D&SIn1.) .

and distinctlyhigher than the UFI laboratory measurements,

7



higher than the UFI data after adjusting laboratory measurements

values(Figure 6a) The D&S pHfield conditions were

and1988,markedly lower than UFI's laboratory measurements in

values forthan the adjusted thatremained much lower year

the D&S and UFI(Figure 6b).. In contrast to the other two years,

pH trends agreed reasonably well for 1989 (Figure 6c

Clear inconsistencies in the D&S TIC data emerge from this

(Figure 7b) Inand 1988analysis for (Figure 7a)1980

less than DICsubstantiallyparticular, TIC dataD&;S were

concentrations calculated from either the UFI or D&S data on a

{also see Figure 9a andnumber of occasions in these two years

potentialexplained by thedifferences beb} . These cannot

to the alkalinitycontribution of the modest quantities of CaCO3

the D&S TIC data are false lowThis suggest thatmeasurements.

of CO2Perhapsthese degasingat least occasions.

or perhaps there are inaccuracies/limitations in thecontributed,

analyticalandunspecified sampling procedures, holding time,

the internal consistency indicated forprocedures. In contrast,

be acceptablethese data to1989 data indicatessets may

Differences in the calculated DIC valuessupport model testing.

are an outcome of the differences in pHthe two data sets

(Figure 6).

(from pH and alkalinity) inCalculated concentrations of CO2

ofconditionsof Onondaga Lake depictwatersupper
oversaturation with respect to atmospheric values for almost the

based on both theentire monitoring period of all three years,

The(adjusted pH values used) data bases (Figure 8).D&S and UFI

8



values calculated for thepercent saturationaverage

May-September interval for each of the three years from the

Widedata are presented in Table 1. variationsbases emerge

saturation for
D&S data bases,

CO2
and

TABLE 1: Average percent
interval, UPI
Onondaga Lake

the May-September
upper waters of

% CO2 saturation
D&S UFI+

Year

196
1618

552

921
443
493

1.980
1.988
1.989

+ = O.71S.pHfield+adjusted field pH values, according to pHlab
2.349

thethese (Figure 8, Table 1),between according toyears

driven largely by differences in pH conditions.data base,

differences between 1980 and 1988, based on D&S data (a factor of

What phenomena could explainabout 8), are probably unrealistic.

phenomena couldof this magnitude? Similarly,changes what

explain the reduction by a than 3 from 1988 tofactor of more

interannualindicated by the D&S data (Table 1)? These1989,

variations are inconsistent with indicators of CO2 metabolism for

Onondagathe lake of Lake",(e.g. , "Stateprimary production;

of organic and carbon depositionmeasurements inorganic in

Womble {M.S. Thesis} Note thatsediment traps; 1995

variations indicated for the UF! datainterannual (Table 1 are

smaller, and that the D&.S and UFI tend to converge for 1989.

internalrestricted preliminary analysis ofWe our

alkalinity, andof pH TIC toconsistency measurementsin

The analysis should be extendedupper waters of Onondaga Lake.

9



the lower Unfortunately, the lowerto waterwaters.

Elevated concentrations of sulfide in theadditional problems

lower waters may oxidize in sample bottles following collection

acidswill result the ofproduction strongThis phenomenon in

Thisresulting in of alkalinityin measured valuesan error

problem may eventually preclude use of the hypolirnnetic data in

the analysis of changes in calcite deposition. In any event

analysis should be conducted in the lower waters to investigate

if the data set is suitable for use in this assessment.

to emphasize the similarity of theHydroQual made an effort

The scaling ofD&:S and UFI data sets in their Figures 17 and 18.

included tend mask thethe and the toplots numerous years

differencesdifferences. demonstrated above, substantialAs

in some ofprevailed in pH and inorganic carbon concentrations

HydroQual has presented the calculated DICthe years. Further,

If HydroQualresults of Driscoll ale (1994) TIC.et as

DIC/TIC alkalinities, the abovecalculated from D&S pH and

inconsistencies would have been recognized

HydroQual has the differences reported for pHimplied that

in the lake surface waters by D&S and Driscoll et ale 1.994 over

are attributablethe 1980-1990 interval (HydroQual's Figure 17

to the difference between field and laboratory methods This is a

misrepresentation, the differences than begreater canas are

interannualexplained by these methods. Further, the strong

variations of DecemberpH Figure 17 27,in (HydroQual's

also and of of JulyFigures 1 2 UFI letter 25response; see

1995), and the based on D&S datalong-term trend in pH, remain

10



unexplained

c. :gH Buffering

has indicated Onondaga Lake is relativelythat, a

well-buffered Driscoll al. ofet 1994, "Statesystem (e.g.,

Onondaga Lake" 1994). We see nothing in HydroQual's presentation

that position. fact HydroQualagainst In seems tothat argues

"The high alkalinity of the water in Onondaga Lakeagree, e.g. ,

to 3.9 meq/L) is more strongly buffered(2.2 indicates that it

19.95 tothan many lakes" (p.8, HydroQual letter of December 27,

UFI} . Further, does disagree the extremely highUPI not that

productivity the lake {and do) result inconditions in can

substantial seasonal Effler al Effler andet 1990,(e.g.,

Driscoll 1985) and diurnal variations in pH2; and 3(Figures

Additionally, the detailed temporal of pHstructure can vary

year-to-year associated with interannual variations in the timing

of phytoplankton blooms "State of Lake" 1994 However(e.g.,

(or median) pH values tend to remain relatively uniform"average"

compared the interannual variationsto unrealistic(e.g. ,

year-to-year in thisindicated in the pH data of D&S (Figure 1)

It remains that the interannualrelatively well buffered system.

are unrealistic andvariations in pH reported by D&S (Fi~re 1

inconsistent with the relatively well-buffered character of this

lake. Further, the structure indicated in the D&S data (Figure

is inconsistent with indicators of primary production over the1

same period "State of Lake" 1994)

d. Calcite Egyilibrium Conditions

~liedSignal's comments concerning the inconsistency of D&S

11



pH data with calcite equilibrium conditions {p.13 of November

fail to address the real issue. UFI and co-workers1995 letter}

have found the upper waters of the lake to be oversaturated with

thethe solubility of throughout spring torespect to calcite

fall interval of all monitored years before and after closure of

(e.g., Driscoll et ale 1994, Effler and Driscollthe AlliedSignal

equilibriumof 1994) . The results of1985, "State Lake"

condition with data differ greatlyD&Scalculations

Undersaturated conditions are indicated for at least 1983, 1984

description ofand Driscoll al. 1994 for1995, 1986 (see et

and for rather extended periods for the first 3 ofcalculations) ,

and Effler (1994) , thesethese indicated byAs Doerryears.

undersaturated conditions are inconsistent with the deposition of

documented throughout the spring to fall interval ofCaCO3

al. 1996) . Theof Womble"State Lake" 1994, et

pH/undersaturated calcite equilibrium conditions associated with

considereddata base whenthe D&S become even more incongruent

(Womble et al.within the context of deposition results 1996

beforeequilibrium conditions that prevail in other years (e.g"

Similar (e.g., oversaturated)and after the 1983-1986 interval}.

equilibrium calculated for andcalcite conditions UFIare

data for the for 1980 and becausesets waters 1981upper

The average rates of downward flux of caco3values were similar.

J.981, and 1985in the lake were very similar in 1980, (Womble et

conditions,al. 1.996} . The undersaturated driven by

uncertain D&S pH values, remain highly inconsistent for 1985.

based onlow pH values in the other 3 years are likely in error,

12



considerations of calcite equilibrium conditions.

Calcium and TIC

calcium and TIC dataof the D&:SHydroQual's acceptance

December 1995),of 27,related (letter appearsresponses

theirestablished elsewhere inthewithinconsistent position

the AlliedSignalalso expressedandconcerning pH, inresponse

AlliedSignalBoth HydroQual andof November 14, 1995.letter

ofof descriptionsthe omissionexpressed aboutgreat concern

sampling and analytical protocols for pH. These procedures were

(1994), as theynot repeated in the analysis of Doerr and Effler

The unfortunate omissionanalysis.appeared in Walker's (1;991)

of theprotocol for calibrationWalker (1991 the UFIwasin

(according to the manufacturer).HYDROLAB for field measurements

Yet HydroQual has not expressed similar concern for the lack of

though HydroQualthe calcium and TIC data,quality analysis of

HydroQual{p. 6 I letterconsiders these parameters to be primary

QA/QCHydroQualjAlliedSignal provideof 27 CanDecember

calcium and TICthe ofinformation for D&S measurements

sampleinstrumentation, identity ofmethod, laboratory,e.g. ,

handling, performance characteristics.

implied, theOther inconsistencies are inappear, Or

HydroQual HydroQual has expressed great concern overresponse.

for pH measurements, yet noimplications of degasing of CO2

of thisprovided influencediscussion has been the sameon

Frankly, we're somewhatphenomenon TIC measurements.on

concerned with HydroQual's lack of understanding of this critical

HydroQualanalysis; lines 4 and 5,on p.1.5, paragraph 4,e.g. ,

13



indicates the D&S TIC measurements were made in the field "The

D&S pH and TIC data are as measured in the field, " The D&S

analyses Total inorganicTIC laboratory measurements.were

carbon general Thelaboratory measurement.is in a

for DIC/TICthe D&S data base identified ininconsistencies in

the pH section establish thethe examples evaluated earlier in

dataneed for careful QA/QC of the entire D&.S TICanalysisa

base. These example analyses of data consistency support UFI's

earlier related this "Drainage andto parameter,statement

Sanitation's base for both the lake and theTIC data inputs

should be until it is subjected to detailedconsidered suspect

quality assurance analysis, 9, UFI letter of July(item No.

(p. 15.25, 1995 to HydroQual}. Contrary to HydroQual' s statement

the D&S data should be accepted onlyparagraph 3, last sentence),

of the internalofoutcome evaluationas an a rigorous

and data. Based theof pH, alkalinity TICconsistency on

draw into question theidentified earlier, thatinconsistencies

the TIC data ("ItD&S TIC data, HydroQual's position seemson

reasonable the absence of opposingconclude,to in any

data, data for reasonableTIC earlier years are

HydroQual of December 1995) isp.l.6, letter UF! 27, notto

supported

The match of calcium concentrations presentednear in

Driscoll et ale (1994) and by HydroQual (top panel, Figure 17

1995) for the 1980-1990 periodHydroQual response of December 27,

is particularly whenbasis earlier D&S data,not to accepta

change balance violated in certain of the earlierwas years.

14



Years for which change balance cannot be demonstrated should not

be accepted, unless there is compelling evidence that it is not

ratios alsoassociated with calcium Ionmeasurements may

(e.g. , Efflervaluable for quality analysisa assurance

Whitehead 1994)

HydroQual did not respond to issues raised by UPI concerning

the D&S Ca data base, based on charge balance calculations. Such

calculations are routinely used in QA analyses of major ion data.

established history of problems with the D&S majorThere is an

Efflerion data with charge balancerespect to (e.g.,

conducted such analysesWhitehead 1994) Has HydroQual on

These are an essential componentlake and tributary data sets?

in the development of an acceptable data set for model testing.
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Figure Captions

Figure 2. Evaluation of the relationship between the
average pH and the pH at 0930 hr within the
waters of Onondaga Lake.

daily
upper

Figure 3. Percent occurrence of the amplitude of pH variation
within individual days in the upper waters of Onondaga.
Lake: a) depth of 1 Tn, for 72 days, and b) depth of 4
m, for 58 days.

Figure 4. Long-term trends in pH in the near bottom (18m) waters
of Onondaga Lake, according to the median observation:
a) D&S, and b) UFI.

Figure s. Comparison of temporal distributions of UPI and
Onondaga County (D&S) alkalinity data for upper waters
of Onondaga Lake: a} 1980, b} 1988, and c} 1989.

UFI and
waters of

1989. UFI
and Effler

Figure 6. Comparison of temporal distributions of
Onondaga County (D&S) pH data for upper
Onondaga Lake: a) 1980, b) 1988, and c)
adjust data based on analysis of Doerr
(1994) .

Figure 7. Comparison of the temporal distributions of UPI and
Onondaga County estimates of DIC and County
measurements of TIC for upper waters of Onondaga Lake:
a) 1980, b) 1988, and c) 1989.

Figure 8. Comparison of the temporal distributions of percent
saturation for CO2' based UFI and Onondaga County
programs, for the upper waters of Onondaga Lake: a)
1980, b) 1988, and c) 1989.

Figure 9. Distributions of the ratio TIC/DIC for D&S data
the surface waters 0+ Onondaga Lake: a) 1980, b)
c) 1989. DIC is calculated from paired pH
alkalinity data.

from
1988,

and
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Figure 1. Lcng-te~ trends in pH i~ t~e surface -~atc=s
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Figure 3. Percent OCcurrence of the amplitude of pH variation
within individual days in the upper waters of Onondaga
Lake: a) depth of 1 m, for 72 days, and b) depth of 4
m, for 58 days.



~
Q.

62 70 7~ ~4.
~ I 75 -0 =0 =- G4-1- - ~~. ea so S2

Figure 4. Long-term t=encs in pE in t~e near cottom (la~) wa~e=s
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Figure s. Comparison of temporal distributions of UPI and
Onondaga County (D&S) alkalinity data for upper waters
of Onondaga Lake: a) 1980, b) 1988, and c) 1989.
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Figure 7. Comparison of the temporal distributions of UFI and
Onondaga County estimates of DIC and County
measurements of TIC for upper waters of Onondaga Lake:
a) 1980, b) 1988, and c) 1989.
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April 27, 1995

Mr. Richard A. Mustico
Environmental Engineer 1
Bureau of Central Remedial Action
Divison of Hazardous Waste Remediation
NYS DEC
50 Wolf Road
Albany, N.Y. 12233-7010

Dear Mr. Mustico:

I have reviewed major portions of the report of HydroQual
and PTI (1994), entitled "Onondaga Lake RI/FS: Calcite Modeling
Report". I am disappointed in this effort. The calcite models
are far from the reliable management tools desired by the NYSDEC
and promised by the consultants to address the issue and support
the RI/FS process. I have from the outset cautioned and
recommended against the adoption of overly complex frameworks
(models) for this issue. I recommended against the inclusion of
the phytoplankton, sediment, and 3-dimensional hydrodynamic
submodels. The short-comings in the reviewed report identified
in this cover letter and described in the attached review support
my original position. Further, the modeling analysis is moving
in a direction from the earlier reports that should concern the
NYSDEC. It's important that you understand that I have not
reviewed the entire document in detail. In particular, my review
of the phytoplankton and sediment submodels is incomplete. My
review of the steady-state and dynamic calcite models continues.
However, I believe it is important to document my analysis of the
portions reviewed now because of the character and magnitude of
the problems encountered to date. Further, copies of the model
code, or at least executab'le versions that allow changes in many
of the model inputs, are required.

Data Bases: Short-comings in the Onondaga County (D'S) Data Base

The analysis by HydroQual and PTI (1994) relies entirely on
historic data. The acceptability of data used in the analysis
relies entirely on a evaluation of data bases for the lake
conducted by Walker (1991). Certain important parameters taken
from the Walker (1991) compilation have not been subjected to any
quality assurance analysis. Walker (1991) used various
approaches in evaluating the acceptability of the available data,
including statistical and graphical methods and limnologic~l

P.O. Box 506 . Syracuse, New York 13214

A Not-Far-Profit Corporation Dedicated to Freshwater Research



reasoning. However, this effort was directed at only a subset
(selected parameters) of the overall data base. Importantly,
acceptability in Walker's (1991) work was viewed from the
perspective of adequacy for supporting long-term trend analysis.
In no way was Walker's (1991) analysis an evaluation of the
acceptability of data to support testing of mechanistic (in some
cases, dynamic) modeling. Data should meet substantially more
stringent criteria of acceptability to support the models
proposed by HydroQual and PTI (1994). Substantial portions of
the D&S data base (the longest term program) have either been
rejected or drawn into question by Walker (1991), and
subsequently by myself. The D&S data problems are of a magnitude
and nature that draw the entire data base into question. Based
on a rather comprehensive comparative analysis, we concluded the
D&S pH data base was unreliable. These data are crucial to the
HydroQual and PTI (1994) analysis, in its present form. Other
data important to their historic analysis, particularly the D&S
TIC data, need to be subjected to detailed scrutiny. It is time
that the NYSDEC takes a position on the acceptability of the D&S
data base to support the model analysis. The credibility of
model frameworks cannot be established when the data to which
predictions are being compared are in question. The situation is
yet more acute here in that a primary parameter being modeled,
the concentration of CaCO3 ;), is calculated from data in
question. HydroQual and PTI (tr994) need to assume a responsible
position in screening the data for this analysis; deferring to
the Walker (1991) report should not be considered acceptable.

Extension of the Modeling Period

Earlier progress reports on the calcite model(s) focused on
a shorter period of time (1985-1989). The models have not yet
been successfully applied to this shorter period. w~at is the
point of extending the period of application to 21 years (about
4x the original period of testing) especially before
calibration/verification has been established for ~~e shorter
period. One major effect of the extension is to make the
short-comings of model performance less apparent. Twenty-one
years of data and simulations is at first glance impressive,
simply for the long duration, but it obscures model performance.
This together with the long interval of data averaging (one
month) gives a false impression of model success, that is brought
into question only after careful review of the plots. Model
performance is in fact quite often poor within individual years.
Model testing should focus first on a shorter period, extending
from before to after closure of the soda ash/chlor-alkali
facility. Extension to a longer period should be considered only
after model credibility is established for the shorter period,
and after data credibility is established for the longer period.
The problem of the extension to the 21 year period is compounded
by the severe data quality problems of the older D&S data.
Basically this facilitates the polluter arriving at alternate
explanations and influences responsible for their impacts.



What Happened to Inteqratinq the Field and Xodelinq Proqrams?

A modeling approach of "lets nQ:t. ~ .:t:.Q.2. man~ measurements
interfere lli.h ~ modeling process" emerges from my review of
the document. HydroQual has been involved in water quality
modeling for a long time. Certainly their earliest and simplest
conceptual models for calcite included formation of Caco3 in the
water column followed by deposition. Why were related studies
not conducted as part of PTI's field year? These studies would
be far from complex and costly: for example particulate inorganic
carbon (PIC) measurements are straightforward, as are PIC
analyses of sediment trap collections. Such measurements for a
single year to support model calibration, and reduce the degrees
of freedom of the model, should have been conducted.

Calculated concentrations of caco3(S)' determined by the
procedure outlined in the HydroQual and PTI (1994) report, is not
an acceptable basis to test model performance. It is essential
that the calculation procedure first be tested comprehensively
for an entire field season. The partitioning of dissolved and
particulate components of Alk, TIC, and Ca, is an interesting and
potentially valuable approach. But, it remains purely
speculative until it has been verified for ~ system.

Failure to Utilize the Available Literature for the Lake

The value of the caco3(S) settling velo~ity (ws) adopted in
the HydroQual and PTI (1994) report, 0.1 m.d- , apparently is the
outcome of calibration. There is no justification given for the
selected value; e.g., no comparison to literature values.
Further, there II nQ iustification .fQ.r. ~ using ~
svstem-st)ecific value re~orted in available documentation .fQ.r. ~
~, which differs greatly from 0.1 m'd-~. Why has the
available literature on Onondaga Lake with respect to watercolumn
caco3(s) concentrations not been utilized. How much would the
performance of the models deteriorate if the modeling process
were constrained by the actual available measurements?

Major errors have been made by HydroQual and PTI (1995)
concerning the hydrodynamics of dense inflows to the lake. These
have important implications with respect to external loading for
the dynamic models, and undoubtedly explain a number of the
features of poor model performance. Inexplicably these errors
were made despite substantial treatment of this topic for
Onondaga Lake in the peer-reviewed literature. HydroQual and PTI
(1994) have failed to adequately review the literature available
on this lake.

summary

I have prepared additional, more specific, comments tha~ are
attached to this letter, and several of our own analyses of their
presentation. These are attached to this letter.



Where are we with respect to the caco3 analysis after so
many years? Unquestionably, some creative theoretical approaches
to the issue have been advanced. However, there are no tangible

. . .
f1nd1ngs from this work. None of the three models proposed has
any substantial level of credibility for the stated goals, and
thus they have no practical management utility at this time. I
do believe the steady-state, and perhaps the dynamic
(non-eutrophication), model frameworks have potential utility, 11
constrained ~ .s. reasonable.§..@!: .Q.f measurements g,.n,g t>rocess
studies. However, the signs that emerge in this report are not
promising in that regard. For example:

basic monitoring and process studies have
conducted to support rigorous model testing,

been1. not

2. available literature has not been consulted to develop
calibration data sets and selected model coefficients,

3. fundamental lake processes, described in the literature,
have not been understood and appropriately accommodated,

4 . a compromised data set (Onondaga County D&S) for the lake
has been embraced, despite the inclusion of clearly
questionable measurements, without any indications of
fur-~er scrutiny by the consultant, and

5. expansion of the modeling period to 21 years, before
there are any clear indications of the establishment of
model credibility for a shorter period.

It is hard for this reviewer not to consider the pcssibility
that these short-comings individually and together serve the
polluter on the CaCO3 issue. Without question, embracing the
County data set for the entire 21 year period is an error and
serves Allied.

I continue to recommend against the incorporation of the
eutrophication, sediment, and hydrodynamic submodels. This level
of complexity is unwarranted at this time. The proposed "simple"
steady-state model has major problems. Making the analysis more
complex with these submodels is not going to improve the
probability of developing a credible management tool. The NYSDEC
needs to direct the effort to an appropriate data set and a
simple framework, and the clear demonstration of model
credibility for a 4-5 year period.

Sincerely

S.W. Effler
Director of Research

cc: T. Larsen
J. Bloomfield



This portion of the review is keyed to sub-headings used in the
BydroQual and PTI (1994) report

1.4. Sources and Loadinq of Kajor Chemicals to Onondaqa Lake

Data described in this section were not subject to any

tributary/quality analyses. Presumably, D&Sassurance

problemsdischarge data suffer from the kinds ofsame

documented for the lake data in the subsequent sections

phosphorus to Onondaga Lakeof loads ofThe accuracy

is compromised by thebased D&S data severelyon

loadsshort-comings in that monitoring program. Tributary

loadinaccurate (see Attachment III), and the METROare

Also see the description of theis inaccurate.before 1980

short-comings in monitoringthe lake phosphorus program

described in Appendix II.

eutrophication partitions nutrientsHydroQual's model

and forms of thesecarbon into number of differenta

routinelyconstituents. of these notMost parameters are

included in eutrophication-related monitoring programs. This

requires partitioning theseof external loads according to

fractions. this ratherMuch of to besame appears

arbitrarily specificed. For example

" and1. the remaining phosphorus forms (RDOP, LPOP,

RPOP) equally apportioned the differencewere as

between total phosphorus and TIP" (P. 1-21),

while2. " estimates of total organic nitrogen (TON)

(or TKN-NH3 were apportioned between LDON, RDON, LPON,

and RPON equally" (P. 1-24),

1



is equally distributed"From METRO effluent, POC3.
between the refractory and labile organic carbon pools;

assigning 36 percent to refractoryDOC is split ,

labile poolto thepool and 64 perfect

distribution for refractory and labile organic pools is

80 and 20 percent, respectively" (P. 1-28)

What are the implications of these arbitrary specifications?

low sensitive are critical projections to theseFor example,

varioushave theseselections. For how systemsmany

How much supporting literature isfractions been measured?

there for these selections?

1.5. Water Chemistry of Onondaga Lake

apparently misunderstandHydroQual and PTI (1994

status of the compiled database prepared by Walker (1991).

mis-representationThis has resulted in concerninga

the data incorporated in the analysis haveto whichextent

been subjected to scrutiny. Indeed the data adopted had

all these data were notcompiled by Walker However,(1991).

subjected to quality analyses.

"Although the compiled data set includes all water quality

reportedly monitored by eachcomponents agency,

validation, screening, and analytical efforts are focused

on nutrients and related water quality components measured

at lake stations" (P.1, Walker, 1991).

two constituents key to the calcite analysis, CaImportantly,

and compiled, received qualityTIC, butwere no assurance

Meaning, no documentation ofwork.analysis in Walker (1991

2



analysesresponsible forentityanalytical procedures,

changes over the period of record, and performance in quality

(1991 reportis presented in the Walkerassurance testing,

for these analytes.

calcite modelthecompiled data torAdoption of the

questioningdocumentationisanalysis, therebecause no

inshould not be acceptable,Ca and TIC),these data (e.g. ,
light of the pervasive data problems already established for

A numbera number of other parameters in the D&S data base.

of the data quality problems identified in the D&S data base

andshould the CaWhyidentified in Table 1.are

in light of the difficultyTIC data be embraced as accurate,

measurements (Tablefundamentalwiththis same program had

1)1

the parametersscrutiny received bytheFurthermore,

from the perspective of theaddressed by Walker (1991 was

depiction ofsupportvarious data sets toadequacy of the

sophisticatedsupport oftrends, not forlong-term

used various approaches inWalkermechanistic models. 1991

includingevaluating the acceptability of the available data,

statistical and graphical methods a~d limnological reasoning.

criteria ofstringentsubstantiallyData should meet more

acceptability to support the models proposed by HydroQual and

"flagged" various ofWalker (1991For example,PTI (1994).

However, a morethe D'S pH measurements as likely in error.

(Doerr and Effler 1994) drawdetailed and rigorous analysis

the entire D&S data base into question

3



TABLE 1: Proble.s with the Onondaga County Department of Drainage end Sanitation Data Base for the onondaga
Lake Syst-

Par~ter Probl- Descripti~ Reference

dissolved oxygen COO) false low in epiliMnion, false high in hypolimnion
1976-1981, data rejected

Walker 1991

Welker 1991pres~e of DO ,.ar lake bottall when reQJced
species present, 1972-1988

te.preture false high in hypol i8nion, 1979-1981 data rejected Walker 1991

pH unexplained long-tenl instabi l ities; feul tv data

identified for various yrs

Walker 1991, Doerr

and Effler 1994

hydrogen sul fide false low in 1972-1974 (rejected), suspicious
differences noted in other years

Walker 1991

~os~orus (P) monitored total inorganic P instead of total P
~til 1989

Effler and Yhitehead

1994, Effler 1995,

this report

soluble reactive P false high values in upper productive waters of
lake for aJCh of sumer

this report

chloride unrel iable lake concentrations, 1979 and 1982 Doerr!! 11. 1994

total inorganic P for
tributaries and related
loads

unrel iable during periods of lower concentrations,
before 1989

Effler and Whitehead
1995

1.5.1.1. Chloride/Salinity

This section has severe problems. Salinity (8; usuallya.

expressed in isparts thousand (ppt,
. /. .) )per or

concentration of solidsdissolved (weight/weight; or

weight/unit volume). In most fresh bewaters at can

estimated the summation of the concentrations of fouras

ca2+ Mg2+ K+,major cations, and and three majorNa+,

anions, Cl-and (Wetzel Indeed,1983).BCD) ,

4



concentration has been found to be good surrogate measure of

(Effler 1995, Effler ~ sl., TheS in Onondaga Lake 1986a).

linear Cl- relationshipss developed by Effler ~ Al.

(1986), and subsequently revised by Effler 1995, aQQlies ~

.f.Q.r, ~ ionic com~osition that ~revailed .in Onondaaa I&.k§.

before closure .Q.f: .:tbg soda ash/chlor-alkali facilit~. The

expressions ,Al.,two pre-closure (Effler 1995, ~Effler

1986a) yield nearly equivalent estimates for annual S levels

before closure

inThe statement (p.1-36) , "The marked decrease lake

salinity concentrations that occurs between 1985 and 1990 is

, is incorrect."due to the reduction in chloride loading

ca2+ Na+The reductions in also contributedattendant and

importantly the observed reduction in lake s (Efflerto

1995).

Cl- goodThe concentration of continued to be a

thesurrogate of s after the closure. However,measure

relationship necessarily changed (see Effler 1995) aas

in ionic composition ofresult of the systematic shift the

the lake that accompanied the reduction in ionic waste (Cl-

Na+, and ca2+ The failureloading from soda ash production.

into recognize the systematic shift inherent adopting the

Effler ~ .9.1. (1986a) expression for the post-closure period

has resulted in a substantial underestimation of the S of the

lake for that period (HydroQual and PrI 1994 An

appropriate estimate for the vertically and annually averaged

fors Onondaga Lake for is ./. . (Effler 1995),1990 1.1

5



(HydroQual and PTI 1994). The HydroQualinstead of 0.6 ./..

and PTI (1994) estimates of S for the post-closure period are

with ionic data reported in thealso inconsistent open

the Cl- concentration(s) reportedliterature. For example,

1994) and the ca2+ concentration(s) reportedby Doerr et al.

for 1990 together equal about 0.6by Driscoll et ale (1994)

and (1994)(the value reported by HydroQual PrI./. .
contributions ofwithout considering the rather substantial

representation of Onondaga Lake's sThe accurate

following closure of the facility has important implications

to assessing the impact of continuing residualwith respect

ionic waste loading from soda ash production Doerr et(e.g. ,

withit is criticalal. 1994). importantly,Perhaps more

deleterious ionic wasteregards to the continuing impact

inputs to the lake have on the oxygen resources of the Seneca

River (Canale et ale 1995, Effler 1995).

definition for epilimnion andb. Was a clear o~erational

in other words, what assumption(s) abouthypolimnion given;

The details of volume-weighingdemarcating depth was made?

should be given. The issue is non-trivial for many important

water quality because of the strong verticalconstituents

stratification manifested seasonally

There to be blanket acceptance of thec. appears a

with earlierOnondaga County data base associated the

for Cl-analysis of Walker (1991), that is manifested here

(8), and throughout the analysis of HydroQual and PTI (1994)

6



position?embraced this Should not theNYSDEC

some responsibility to provide QA/QCcontractors have some

for data incorporated in their analysis?

Consider several features of HydoQual and PTI's (1994)d.
It's quitepresentation of the Cl-(S) data in Figure 1-15.

21easy to become overwhelmed with the amount of data (e.g. ,

scaling could be reduced toCertainly the verticalyears) .

istestin the data. The Cl'better depict structure

generally considered to be an easy one in this concentration

ofevidence is strong thatHowever, the someevenrange.

et althis lake is unreliable.data base for the Doerr

data to be particularly suspect infound the lake Cl-(1994)

inunrealistic lakeand abrupt changes1979 1982; e.g. ,
Cl-concentrations Limited data fromin both anyears.

differ greatly in a number ofalternate source (Walker 1991

the statistic plotted (monthly average)instances. Further,

hide a number of "short-comings"

1.5.1.2. Calcium

The first sentence in this section seems inappropriate.

in OnondagaI know of no evidence for dissolution of Caco3

inand 1971Lake. The concentrations presented for 1970

Figure 1-16 are problematic; they are almost certainly false

high. The time course of the ratio ca2+/s for the 1970-1990

Figuresinterval, from HydoQual and PrI's (1994developed

Note the muchis presented here as Figure 1.1-14 and 1-16,

What is thehigher values for the ratio in 1970 and 1971.

explanation conspicuous differences. Severalfor these

7





positionconsiderations support the that the most logical

explanation is ~ ca2+ data.

ca2+Recall that the relative contributions of Cl-, and1)

Na+ ionic this sodato the waste from facility's ash

manufacturing uniform by thedescribedprocess were as

USEPA (1974).

2) Charge balance calculations based annualon average

concentrations reported by onondaga County 1972)(1971,

for substantialthose two depict surpluses ofyears

cations in both years

this3) There well established problems with suite ofare

measurements in the County's monitoring Forprogram.

41% of the paired observations of major ions inexample,

Ninemile Creek for the 1981-1985 and 1986-1989 intervals

were rejected in an analysis of the interrelationships in

the concentrations of the various ions, for failure to

withinmeet the QA/QC criterion of charge balance lot

(Effler and Whitehead the major ions,1995). Of three

Cl-, Na+, and ca2+, Cl- data should be considered the most

reliable. Simple titration procedures were available at

Na+ Ca2+time. concentrationsthat The of and were

determined by atomic absorption spectrometry, a more

challenging procedure for commercial laboratories at that

time.

ratio4) Ion data from the waste beds (Effler and Harnet

Ninemile1995) and Creek (Effler and Whitehead 1995)

positionsupport the the ratio of ca2+/Clthat was

8



uniform.

This in which the arguments to supportrepresents casea

inclusion of the 1970 and 1971 ca2+ lake data in the analysis

need to clearly outweigh the evidence indicating these data

The observation that the ca2+ loads derivedare questionable.

from tributary concentrations reported by the same monitoring

retainhigh compelling support to thenotprogram were is

in analysis. Presumably1990 and 1971 lake data the

analytical problems with ca2+ for lake samples would also be

changemanifested for samples. Thetributary conspicuous

the ca2+jS (Figureand 1)implied by ratios for 1970 1971

could only be justified by a dramatic shift in manufacturing

No such evidenceand/or waste production from the facility.

Even if this waswas presented by HydroQual and PTI (1994

it could not explain the major surplus in cationsthe case,

manifested in the data sets for those two years

1.5.1.5. pH

presentation annual values basedA of pH onsummary

H+averaging concentrationsvertical and temporal of as

in Figure HydroQual and PTI (1994)presented 1-22 of the

has little value. Further, it confoundsreport

identification of the various flawed features of the D & 5 pH

data set. An analysis of pH data bases for onondaga Lake was

prepared by Doerr and Effler (1994), and is attached here as

The D&S data base for pH was found to be highlyAppendix I.

suspect; established limnoloqicalinconsistencies with well

paradigms were manifested in a number of years. Particularly

9



problematic is the temporal instability manifested throughout

this data base, on both short- and long-term scales.

1.5.2.1. Chlorophyll A

The D'S chlorophyll data base derived from.9. is

spectrophotometric measurements made according to the method

of Lorenzen (1967). This claimsmethod to separate

chlorophyll from phaeopigments. comparison ofIn,g, a

methods, Auer et ale (1995) indicated the (1967Lorenzen

ofmeasurement chlorophyll flawed for application to91:. was

Onondaga Lake, apparently unreliableassociated with the

partitioning of chlorophyll A and phaeophytin. The Lorenzen

(1967) method to produce false high ofestimatesappears

Highphaeopigments and false low estimates of chlorophyll A.

pressure liquid chromatography (HPLC) measurements indicated

that phaeopigments essentially absent from the waterwere

column ot Onondaga Lake 1990, yet the Lorenzen (1967)in

method determined the average phaeophytin concentration to be

P,q-L-l6 Auer et al. (1995) indicated the of thesum

concentrations of chlorophyll g and phaeophytin provided by

the Lorenzen 1967 method better of theestimateis a

concentration of phytoplankton pigments.

The language, "there strong seasonal cycle inis a

chlorophyll misleading.somewhat There strongis area"- ,
variations annually within the spring-fall interval. In fact

there substantial in the seasonalare variations

distributions amongst the years. The D&S monitoring program

withis inadequate respect to sampling frequency to

10



of the seasonalimportant featuresfaithfully depict the

The "scaling" ofstructure in this important parameter.

is unfortunate,CPTI and HydroQual 1994)plots of Figure 1-24

as the accommodation of the range(s) for several observations

(Connors ~Recent analysesmasks the seasonal structures.

indicate at least weekly monitoring is necessary to91.. 1995)

resolve important features of the dynamics of phytoplankton

biomass in the lake

1.5.2.2. Dissolved Oxygen

(D&S) data base for DO has severeThe onondaga County

isItin by Walkerdescribed partproblems, as (1991).

of thoseand characterdepict the extentimportant to

short-comings, as it is symptomatic of problems manifested in

the D&S data base for a number of parameters.

Walker (1981) recommended ~ rejection .Qf §j.x ~ears .Q.t:

DQ data from ~ ~ ~ ~; epilimnetic values were false

hypolimnetic false high,low and values overwere

substantially abovevaluesperiod. DO zero1976-1981

continued to be recorded for the hypolimnion and accepted by

the D&S program, despite the measurement of H2S at the same

available for 1978-1981depths. Apparently, UFI data were

1994).Figure (HydroQual and PrIadopted 1-25in

continued use of D&S 1976 data by PTI and HydroQual (1994) is

continuouslyTheinexplicable (see Figure 1-25).

undersaturated conditions in the epilimnion indicated for

beenin data set should1976-1981 period the D&S have

identified by County monitoring staff as unreasonable within

1.1



continued behigh values tofirst False DOyear.

hypolimnion thelake's by D&Scollected for the over

Given the prevalence of such fundamental1972-1988 period.

earlierwhy shouldnumber ofproblems for a years,

measurements by the same program be accepted as reliable? It

in theimprovementis irresponsible to (P. 1-51claim an

epilimnetic oxygen resources of the lake based on the early

it is inappropriate toFurther,measurements.

conclusion a hypotheticaldraw the that suchqualitatively

improved treatment at METRO.improvement is attributable to

It has been demonstrated that certain features of the oxygen

improved (Effler 1995).of the hypolimnion haveresources

These improvements are largely a result of the amelioration

sodacaused by thethe salinity stratification problem,

ofassociated with theash facility's ionic waste, closure

facility.

~ should ~ ~ gg,t.g base .f..Q:r.. field .eH (arguably a

consideredcorrectly) Qg.difficult measurement to domore

reliable, in light .Q.t: ~ maior ~roblems ~ same ~rogram .b.gg

the prevailing inconsistencies~ 00. measurements? Indeed,

unexplainedidentified for the data base (e.g. ,D&S pH

year-to-year instability: appear to reflect the same kind of

problems.

1.5.2.3. Phosphorus

in the D&SThere number of fundamental flawsare a

monitoring program for P species. These short-comings have

(1994);been delineated in an analysis by Effler and Doerr

12



.
i,

portions of the analysis are attached here as Appendix II.

Figure indicatesreview of 1-26superficialEven

hypolimnionvariations in theinterannualhighly suspect
the possible explanation forisWhataccumulation of PO4"

such unusual variations?

13



2. Steady-State Calcite Model

2.2.2. Estimatinq the Equilibrium concentration of Calcite

HydroQual and PTI (1994) attribute the scatter in their

Fiqure 2-2B solely to contributions of particulate TIC

unreliablepossibility thatAlk Al~ and Theto TI~.
contributed to(particularly for pH and TI~}measurements

the deviations from theory is pot acknowledged. Most of

The deviationsscatter is probably the result of bad data.

suspect; howthe the line particularlyto left of are

significant can non-carbonate alkalinity be?

While it appears to have aEquation 2-12 is critical.

there is no independent validation.sound theoretical basis,

it must be demonstrated that equation 2-12In other words,

concentration Theaccurately the of
caco3(S}.estimates

caco3(S) is the primary parameter modeled

no independent

concentration of

is ofYet there measurement

concentration. TICT and pH (seeIt is calculated from Al~,

The D&S pH data base is known to beequations 2-8 and 2-12).

the credibility ofcompromised (Doerr and Effler 1994) and

Why then shouldthe TI~ data base has not been addressed.

concentrations ofhave confidence in the calculatedwe

calibration effort that attempts to
caco3(S)'

and the model

Even if there were no questionsmatch these concentrations?

equationconcerning credibility base,the of the D'S data

2-12 needs to be verified for Onondaga Lake.

distribution ofThe nature of the calculated

raises
caco3(S)

concentration (Figure questions2-3E)

14





Calculated concentrations

the inprocedure outlined the

report, is not an acceptable basis to test model performance.

Why were related field studies not conducted to verify the

calculation procedure. The methods ratherseem

straightforward. Available data sets were not utilized to

test the calculation procedure - why?

2.6. Application to Onondaga Lake

2.6.1. Comparison to Hodel Calculation

Coefficient values for the steady-state model are

inspecified justificationTable 2-10. No for the values

specified is given. Apparently they are the outcome of model

calibration. Are no literature values available? The value

selected (or calibrated isto) for particularlyWs

troublesome. System-specific usingexperiments sediment

traps could have easily been conducted. Further, what is the

justification for using the system-specificnot value

reported for the lake? This value differs greatly from the

0.1 m-d-1 adopted. How much would the performance of the

models deteriorate if the modeling process were constrained

by the actual available measurements?

The TIC loads presented by HydroQual and PTI (1994) are

highly questionable for several reasons.

1. the lack of quality D&S TIC data;any assurance on

particularly in light of the known problems with other

more rudimentary measurements,

2. unexplained trends in TIC loading (Figure 1-7), and

16



loadsquestionable adjustments made to TIC (P.'s 2-323.

and 2-36).

issue deserves comment. Two in-lakeThe third some

andtransformations identified P. 's 2-32 2-36,are on

organic and uptake ofoxidation of c to TIC (a source},

(a sink). contrary toinorganic C These in-lake processes,

the their presentation ("As a consequence of these processes,

is the actual loading" . (P.there uncertainty aboutsome

do not cause uncertainty inHydroQual and PTI 1995)2-36,

TIC loading- I believe they mean is,What these processes

modelwithin the of the conceptualcontextare a concern

steady-state model, because they haveembraced for the

"lumped" these processes within the external loads. Of yet

greater concern is the rather arbitrary manner in which these

the loss due to primaryissues were addressed. For example,

What is the justification for thisproduction was ignored.

is additionassumption? second assumption the of theA

to yield their adjusted TIC load.labile TOC in the TIC load,

assumption II ,This is would describe "compoundwhat I as a

is ofembedded within this assumption the assumptione.g. ,

how much of the tributary and METRO TOC loads is labile (see

P. 1-28).

do rigorousThe plots of 2-9 not representFigure a

testing of the model's credibility, rather it represents an

"curve fitting" process. There is very littleoutcome of a

calibrationthe of constraints to their procedure;in way

measurements of the primary state variable,e.g., caco3(S} I

17



or rate processes such as settling velocity. The extent of

fit for pH is poor, and is masked by the scaling selected for

To claim the predicted trend for pH is correct isthe plot.

tosensitivity ot pH predictionsThe statedII stretch II .a

is cause for great concern, as theseAlkd and TICd (P. 2-36)

2-8parameters are themselves calculated from pH (equations

through 2-12).

What tests are there for model performance that can be

isconcentration of
caco3(S)reliable? Theconsidered

determined from pH measurements from a data base that is of

plotcalcium carbonatecredibility. The fluxquestionable

described as theiscompares the predicted flux with what

Figure Noin 2-9E.average""estimated long-term

for the presented band.justification or citation is given

"long-term average"thisofThe details of the development

implication theofdocumented. Theneed to be fully

presented band is that no systematic change in the downward

flux of caco3(S) has occurred in the lake over the 1963-1992

That is incorrect (see Effler 1995).period.

2.6.2. Estimating the Historical Loadings

and

2.6.3. Modeling the 21 - Year Period

~ calculation Q.f .T.I.Q loads ~ gifference ~ years

seeculativegurelv~receding should ~ considered1983 g

Confidence in such "difference" type estimates isexercise.

the other values (poolreserved for those cases in which all

high ofsize, sink, withsources) known degreeaare

18



Can the circumstances of this modeling effort becertainty.

resultingapproaching this constraint? Thedescribed as

vary by a factor of 4 over theestimates of TIC (Table 2-7)

providethe any1970-1982 period. Can modelers

this behavior? Whatjustifications/explanations for

watershed could bein the lake'sphenomena activitiesor

ratio thevariations in the ofresponsible for such wide

Al~/TICT loading rates over a 13 year interval (Table 2-7)

hypothetical TICUnder widely varying (and strictlysuch

the interpolation/loading (Table 2-7) howrates can

extrapolation procedure for years in which there are no lake

and 1982:TIC measurements (1970, 1971, 1975, 1981, see

loadingjustified supportof Table 2-8) be tofootnote

from compelling support forestimates? is farFigure 2-11

the speculative loading estimates.

Subsequently in the report the speculative estimates of

ifintervalTIC loading for the 1970-1982 are presented as

transformed to documented observations: "Thethey have been

approximatelyremainedalkalinity loading to the lake

period, whereas the TICxsconstant throughout the 21 year

To embrace theseloading changed substantially" (P. 2-41).

loads and the associated 21 year analysis, and discuss them

is inappropriate.as findings of the analysis (P. 2-43)

2.6.4. Causes of the Fluctuations in Calcite

The history of loading presented, as described earlier,

is majorcertainly incorrect. particular, thealmost In

intervaldecline in concentration the 1970-1974Ca over

19



concentrationsfalse highis an artifact of(Figure 1-16)

reported (e.g., 1970 and 1971

Inputs toand TributaryAssignment of point Source3.3.1.
Appropriate Horizontal Layers

and

Mixing Temperature/Calibration fromof Vertical3.3.2.

salinity Data

densityacknowledgeHydroQual and PTI (1994

tributaries and METRO)differences between the inflows

Effler and OwensOnondaga Lake, and correctly reference

of the soda(1986). changes brought about by the closure

ash/chlor-alkali facility have also been documented by Owens

the inflows made dense by theand Effler (1995a). Indeed,

theash production, tended toionic waste from soda enter

lake as a plunging underflow (Effler 1987, Effler and Owens

Though the tendency has been substantially reduced as1986).

facility, it has not beena result of the closure of the

eliminated because of the continued release of residual ionic

waste from soda ash production ale Effler(Effler et 1991,

PTIand Owens 1995, Owens and Effler 1995a). However,

(1994) have failed to recognize that the density ofHydroQual

a dense inflow is reduced upon entry into the lake basin as a

result of near field mixing. This phenomenon has important

implications with respect to the seasonality of salinity

stratification in the lake and the effective depth of entry

The ofloading) of enriched inflows. extent(i.e. , near

field mixing depends on characteristics of the inflow and the

20



including the rate of inflow, geometry of thereceiving lake,

inflowthe density difference between theinflow zone,

ambientthe magnitude ofthe upper waters of the lake, and

1995b) .Owens and Effler 1995a,lake turbulence (e.g. ,

lake layersexternal loads to"routing" protocol for

directand (1994), basedemployed by HydroQual PTI on

isdensity,inflow density and lake layerof acomparison

explainsimplications andmajor has importantthaterror,

several of the manifested short-comings in the performance of

the dynamic models.

HydroQual's (1994)noted that andIt should be PTI

description of changes in density differences between inflows

For example,and the lake are only approximately correct.

ash/chlor-alkali facility,following closure of the soda

during periods when METRO receives ionic waste from a lagoon

continues to be more densewaste beds,adjoining the METRO

than the surface waters of the lake (Effler et al. 1995)

withproblemHydroQual and PTI's (1994) stated

understanding accommodating origins of sand the

is inexplicable. Therestratification under the ice (P.3-27

is understanding of the tendency forpreviously stateda

Whyplunging with ionic waste.of the inflows enriched

under thewouldn't underflow phenomenon be operationalthe

inherentice? In fact, lake turbulencethe minimal ambient

promoteto the ice-cover period should be expected to

the magnitudedevelopment of S stratification. Furthermore,

of the thermal component of density stratification during the

21



is small compared to that during summerice-cover

which and HydroQualstratification, period during PrIa

(1994) have (incorrectly: "routed" ionic waste-enriched input

hypolimnion. stated confusion thisto the lake's The on

issue inexplicable light of theappears even more in

thereference the development of stratification underto s

lake (e.g. ,previously published research theonice in

Effler al. Effler and Perkins andet 1986b, 1987, Owens

Effler 1995a).

stratificationThe development ot the under-the-ice s

that resulted from the underflow phenomenon in the lake was

identified by Owens and Effler (1995a.) and Effler and Owens

(1995), and certainly the earlierimplicitwas in

presentations of Effler and Perkins and Effler et al.1987

1986b}. Earlier modeling efforts by Owens and Effler (1985,

1989 referred to the winter S stratification phenomenon, but

did model its recently andnot development. More Owens

Effler (1995b) have presented continuous model simulations of

temperature and stratification for the period.s 1987-1992

Salinity stratification was predicted annually under the ice,

ionicassociated with the continuing decreased)(but

enrichment of Ninemile Creek. This predicted continuing S

stratification under the ice is supported by measurements

There have been two different stratification cases for

Onondaga lake recent In the first sin years. case

1980 ( Efflerstratification established under the ice (e.g.,

and Perkins 1987 was not broken up during the spring mixing

22



period (i.e., no spring turnover). Effler and Perkins (1987)

reported that the lake failed to turnover (or turnover was

extremely brief) in the spring severalof beforeyears

closure of the soda ash/chlor-alkali facility. otherrn

years before closure turnover was observed. The occurrence

of these year-specifictwo largely mediated bycases was

meteorological conditions (Owens and Effler 1995a).1989,

Conditions that favored the failure springof turnover

included an extended period of ice-cover, low wind and high

air temperatures in spring. In years that spring turnover

occurred before closure 1981(e.g. , (Owens and Effler 1989,

1995a} I 5 stratification was re-established during spring as

a result of the plunging of the ionically enriched inflow(s)

to the lake's bottom layers. This is withconsistent the

propensity of underflow to plunge the ofto bottoman a

receiving basin under conditions of columnwaterminimum

stability. The magnitude of S stratification manifested in

late spring in years that experienced spring turnover was in

general less than encountered in years that turnover did not

occur.

The most important densitypoint thatis once

stratification was established in spring the S stratification

component decreased progressively thereafter during the

summer stratification period Effler(Effler and Owens 1995,

et ale 1986, Owens and Effler 1989, "This occurred1995a).

because, following ionicentrainment-based dilution of the

inflow, the inflow could not penetrate the well-developed
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and Effler 1989).thermocline of the lake" (p. 588, Owens

duringvertical profilesCareful review of summer

evidence ofstratification yields clear of the entry

thermocline Effler andtheS-enriched water {e.g. ,above

The nearly constant SOwens and Effler 1995a).OWens 1995,

of the lower layers during stratification and the progressive

increase in the S of the upper layers over the same period

Owens and Effler(Effler and Owens 1995, Effler et al. 1986,

highthe sand Effler 1995a) established that1989, Owens

not theepilimnion) ,inflows enter the upper layers (e.g. ,

thedense inflows tohypolimnion. Thus the routing of

bothstratification period,hypolimnion during forsummer

adopted bybefore closure of the facility,and after

HydroQual and PTI (1994), is incorrect

in thein simulating SThe implications of the error

plotin Figure 2 ~ thislake illustrated for 1980 wasare

3-10 of the PTI and HydroQual (1994)from Figureextracted

While the annual average lake-wide concentration mayreport.

the predicted seasonal structure isbe approximately correct,

completely wrong:

in Aprilstratification is near minimalthe predicted1.

instead of the observed seasonal maximum,

nearlyepilimnion concentrations2. the predicted remain

increasinguniform through instead ofsummer

progressively as observed, and

concentrations increase3. the predicted hypolimnion

remainingofprogressively through insteadsummer,
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nearly uniform

HydroQual and PrI's presentation within(1994 21.a year

record, and their monthly averaging procedure, tends to mask

these short-comings.

Claims made by PTI and HydroQual 1994) concerning

success of the dynamic calcite model in simulating S, are, at

the very least, inappropriate. The long-term trend in S was

not simulated accurately (as The S ofindicated earlier).

the lake following closure is underpredicted. The long-term

trend in Cl- concentration (from which S is calculated)

be captured (as claimed P. 3-23), but this could beon

accomplished by framework:mucha simpler e.g. ,

completely-mixed annual or seasonal Doerr et al. 1994)(e.g. ,

models. Further, the long-term trend may only be simulated

to the which loadingsextent to have been manipulated as

calibration variables. Their treatment of the development of

loads is cryptic and inadequate. The claim that the model

"reproduces to degree, salinitythesome summer

stratification, " (P. is misleading and3-23

incorrect. This qualified claim of success becomes stronger

by p.3-27, and therefore misrepresentationgreatera

.the model withperformed well respect the observedto

salinity (or chemical stratification in the summer months of

most years". As established earlier, isthis claim

incorrect.

There number of ofimportantare a implications

HydroQual and PTI's (1994) misconceptions concerning plunging
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tor routingrelated protocoland their adoptedinflows

The dynamic modelsloads to various lake layers.external

The fact that a numberare, as a result, severely in error.

of parameters are simulated with some accuracy, despite there

thefine example ofprovidesfundamental problems, a

modelingadopting overly complexindanger(s) inherent an

in theof "knobs'! to turnframework. There plentyare

compensate forin such models tocalibration process

the existingIn other words,fundamental conceptual errors.

Incalibration is as good as it is for the wrong reasons.

their present form these models have little or no management

value.

thesespecific ofof the implicationsWhat someare

Several notable examples are given below.errors?

simulate thedocumented failure tothe previously1.

seasonality in S stratification (Fig. 's 3-10 and 3-11),

a corollary is the failure to simulate the seasonality2.

in ca2+, a major component of the calcite precipitation

of loading ca2+ the epilimnion intoissue. Instead

hypolimnion.it therouted tosummer is

loaded fromimplications for nutrientsConsider the3.
During this periodMETRO during the 1981-1985 interval.

the majority of external loads of TP and T-NH3 received

is incorrectly routed to theby the lake (from METRO)

of thehypolimnion. Interestingly, predictions

intervalseasonality of TP and T-NH3 for the 1981-1985

These should be requested.are not presented.
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loadingIncorrect ot oxygenated water to the4.

existinghypolimnion implies the DO calibration for

is artificially highthat layer artifact ofan an

oxygen sink in the model.

5. Vertical mixing coefficients are of course also wrong

inresult of adjustments made effort toas a an

compensate for the fundamental error made with respect

routingto the of ionically enriched dense)(i.e. ,

inflows. "Vertical mixingNote the related statement,

compromisingcoefficients adjusted by betweenwere

reproducing the observed salinity and reproducing other

quality variables dissolvedwater such temperate,as

and nutrients" HydroQual and(po 3-23; PTIoxygen,

1994)

coolingOn the Need to Accommodate the Water operation in

simulation o~ Lake Water Quality.

The soda ash/chlor-alkali facility used Onondaga Lake

as a source of cooling water. Both shallow (e.g. , about 3m

within epilimnion) and deep (within the hypolimnion)a

intakes used. The deeper intakes ofwere were course

preferred during because of the lower watersummer

temperature. There seasonalI otherwere, believe,

this operation.constraints believe the facilityIon

chlorinated the intake water. The chlorine demand increased

during for the hypolimnion option, because of thesummer

H2S) . I believe theaccumulation of reduced species (e.g. ,

NYSDECplaced additional constraints thesome on process.
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The heating and discharge of the spent cooling water to the

lake's epilimnion resulted in the net transfer of

hypolimnetic water and associated chemical constituents, to

the epilimnionlake's (Effler and andOwens 1987, Owens

Effler artificial cycling1995) form of internali.e. , an

(Effler and Owens 1987).

This process is not accommodated in HydroQual and PTI's

(1994) dynamic models, nor is it's exclusion justified. In

light of the stratification manifested during thestrong

in the lake for numbersummer of important constituentsa

(e.g., Cl-, ca2+ TP, SRP, T-NH3) during the operation of the

cooling water process, and the substantial withdrawal rates,

thes~ internal loads ~ .tQ ~ addressed in detail. Effler

and Owens indicated this(1987) that internal load of

phosphorus may have exceeded the METRO load at times. To be

adequately accommodated the depth, confiquration and

operation of the intakes must be documented. To date this

information has not been forthcoming; thisI requested

information behalf of the state previous Albanyaton a

meeting. Recollections, approximations, and second-hand

information should not be accepted concerning this matter.

Only after careful consideration of these date could the

omission of this operation from the dynamic modeling effort

be justified. HydroQual and PTI 1994) have failed to

consider the issue.

The "net" loading concept proposed for the East Flume

(p. 1-10) be adequate to support the steady-statemay

28



analysis, it is not appropriatebut for the dynamic models

without comprehensive analysis potentialof thea

significance of the artificial internal load(s) inherent in

the cooling water operation.
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UPSTATE
FRESHWATER
INSTITUTE

February 22, 1.996

Mr. T. Larson
Bureau of Central Remedial Action
Division of Hazardous Waste Remediation
NYSDEC
50 Wolf Road
Albany, NY. 12233-7010

Dear Mr Larson

This letter presents recommendations concerning the
completion of the calcite analysis. Our analysis presented here,
is based on: 1) a rather extensive set of reviews we have
prepared, as part of the RIfFS process, 2) responses from
AlliedSignal and HydroQual, and 3) recent research findings (that
have been accepted for publication; refer to Table 1 for a
listing of this material). Also attached you will find UFI's
detailed comments on responses prepared by AlliedSignal's
consultants concerning the limitations of Drainage and Sanitation
(Onondaga County) data bases for dissolved oxygen, pH, total
organic carbon (TIC) and calcium (Ca).

The Issues and Measurements Versus Model Simulations

The major issues of concern are: 1) what impact did the
AlliedSignal operation (specifically, its ionic waste discharge)
have on the precipitation/deposition of calcium carbonate
(calcite) in Onondaga Lake (?), and 2) what impact does the
residual ionic waste loading from this site (e.g., - 30% of the
continuing total calcium loading to the lake (Effler et al.
1996)) continue to have on calcite deposition? The first issue
has been definatively quantified by Womble et al. (1996; see
Table 1), based on analysis of sediment trap collections over a
10 year period extending from pre- to post-closure of the
facility. The Womble et al. (1996) analysis is the primary
representation of the AlliedSignal impact on calcite deposition
during the operation of the facility compared to post-closure
(includes residual impacts) conditions. It also represents the

primary basis for testing water quality models that are designed
to simulate calcite deposition. The modeling process should not
be allowed to be turned "inside-out", e.g., model simulations
should never become the primary basis to quantify the change in
deposition that has been associated with the closure of the
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TABLE 1: Correspondence and manuscripts related to calcite RIfFS issue

Its 10. Descriptim

1 letter to R. Mustico (NYSDEC) from UFI of April 27, 1995: Review of HydroQual's "Onondaga Lake RIfFS:

Calcite Modeling Report", with attachments

*2. letter to HydroQual from UFI of July 25, 1995: Rev;ew of HydroQual's Modeling Analysis for
Onondaga Lake, Deep-Water Discharge of METRO: No.1, Problems w; th Supporting Data from Onondaga
County's Monitoring Program

3. letter to HydroQual from UFI of October 2, 1995: Rev;ew and Evaluat;on of HydroQual's Modeling
Analys;s of the Deep-Water Discharge Management Opt;on for METRO, Hydrodynam;c Evaluat;on of the
METRO OUtfall Relocat;on ;n Onondaga Lake (with enclosure)

4. letter to Richard A. Mustico (NYSDEC) from Walter O. Shepard (All;ed Signal) of .~r 14, 1995:
Summary of Comments (PT I, CDR, and HydroQua l) on Revi ew of UF I Reports (Phosphorus, and pH, and
short-comings of Onondaga County data)

5. letter frcxa HydroQual to UFI of Dec-.r 27. 1995: Responses to Items 2 and 3, above

6. letter to T. Larson (NYSDEC) from UFI of January 16. 1996: Summary of the status of testing of

HydroOual eutroph;catio",calcite ~el testing from the perspective of the limitations of the

onondaga County monitoring program

letter to HydroQual from UFI of Janua~ 24, 1996 (Communication No.3): Comments on HydroQual's
Responses (and Allied Signlls; Items 4 and 5, above) to UFI's Evaluation of HyaroQual's of METRO
OUtfall , and Additional Analyses of Related Topics (with enclosure)

8. letter to HydroQual from UFI of J...ry 24, 1996 (CaIIIU1ication No.4): Review of HydroQual's

Phosphorus Loading Estimates and Associated Protocols, and Comments on HydroQual (and Allied
Signal; Items 4 and 5 above) Responses Concerning UFl's Analysis of the Phosphorus Data Base of

Onondaga County (with enclosure)

9 letter to T. Larson (NYSDEC) fr~ UFI of J...ry 29, 19%: SLlllnary of status of transport
framework of HydroQual dynamic calcite models, and expansion of review of Onondaga County dltl
base for lake.

10.' letter to HydroQual fr~ UFI of FebruBry 23, 1996 (Communication No.5): Comments on HydroQual
Responses (and All ied Signal; Items 4 and 5 above) concerning DO, pH, TIC and calcium

Wonble, R.N., Driscoll, C.T., and Effler, S.W. 1996. Calcium carbonate deposition in c.2+
polluted Onondaga Lake, New York, U.S.A. ~ Rese.rch (in press)

11.

12. Effler, S.W., Perkins, M.G., Whitehead, K.A., and Romanowicz, E.A. 1996. Ionic inputs to
Onondaga Lake: origins, character, and changes. hI!!!n2 Reservoir ManaQement (in press)

preparti on of these letters was not funded within the RIfFS



facility. However, a credible water quality model is necessary to
evaluate the impact of residual loading of ionic waste on future
deposition of calcite in the lake. For example, a "linear-type"
extension of the observed imDact from closure (Womble et al.
1996) to a scenario of elimination of the residual ionic waste
loading - is almost certainly open to legitimate scientific
challenge.

The HydroQual Calcite Models

HydroQual has developed a highly innovative approach for the
calculation and simulation of calcium carbonate (solid phase;
CaCO3()) precipitation in Onondaga Lake. They are to be
commen~ed for these efforts. Three different mechanistic models
have been developed by HydroQual to address the issue,
representing a wide range in model complexity. These include a
simple steady-state completely-mixed framework, a dynamic
(seasonal) model that includes stratification/hydrodynamics, and
the most complex, a dynamic coupled eutrophication (including
sediments) calcite precipitation model. From a management
perspective, the rule of thumb is - the simplest model that
provides the necessary simulation capability, with credibility,
is the appropriate choice. Model credibility must be
demonstrated to establish management utility. Accurate data and
representative process information are important to both drive
and test (i.e., establish credibility) any mechanistic model.
These areas are the limitations of the calcite modeling effort by
HydroQual. The more complex the model the greater the demands
(e.g., number of parameters for which accurate measurements are
necessary, processes that need to be quantified, etc.) for
supporting data and process studies.

The dynamic models unfortunately misrepresent fundamental
transport processes in the lake (letters to R. Mustico from UFI
of April 27, 1995, and to T. Larson from UFI of January 29,
1996). For example, an inappropriate large fraction of the
Ninemile Creek inflow, and the METRO discharge for the 1981-1985
interval, is routed to the hypolimnion of the lake throughout the
year. The important seasonality of plunging of the dense inflows
is not represented. Outflow from the hypolimnion is incorrectly
assumed. These errors are inexplicable, as the unusual transport
characteristics of this lake had been well document.ed in the
peer-reviewed literature before the initiation of the RI/FS
process. Further, the errors are clearly inconsistent with
monitoring data collected for the system.

The role of AlliedSignal cooling water operation in cycling
various important constituents within the lake has not been
explicitly incorporated in HydroQual's dynamic models (see letter
to T. Larson from UFI of January 16, 1996). The use of the
lake's hypolimnion as a source of cooling water by AlliedSignal
resulted in the net transfer of water to the eDilimnion. This
may have had important water quality implicat-ions during the
facility's operation. It seems unlikely that AlliedSignal's



consultants will modify the existing model frameworks
comprehensively accommodate the cooling water operation.

to

Limitations of the Onondaga County Data Base

Onondaga County (D&S) data have been utilized to support
much of HydroQual's modeling efforts. From the outset, UFI has
been concerned with the use of D&S data to support the testing of.
the HydroQual models (e.g., letter to R. Mustico of April 27,
1995, Table 1). We have voiced these concerns within the RI/FS
process, and independently with HydroQual as part of its public
domain work for the County (see items of Table 1). Walker (1991)
identified numerous problems within D&S'S data base, from the
perspective of long-term trend analysis. UFI has identified a
number of additional data quality problems, within the context of
the use of these data for the mechanistic modeling applications
of HydroQual. For example, a eutrophication model (i.e., the
most complex calcite model) can not be rigorously tested for
Onondaga Lake for the 1970-1990 period because of the lack of
appropriate and reliable phosphorus concentration data for the
lake and its inputs for much of that interval (see letter to T.
Larson from UFI of Janaury 16, 1996, Table 1). Other data
quality problems have emerged in UFI's review (letters to R.
Mustico April 27, 1995, T. Larson January 16 and January 29,
1995, and attachment to this letter).

In the letter of January 29, 1996 to you, UFI reported
"inconsistencies" in data originally reported by D&S versus data
incorporated in the Walker data base. UFI recommended, that
unless this situation can be completely resolved/explained, D&S
data othe"!: than from a "primary source" should not be used to
support model testing.

The primary parameters necessary to support the simple
steady-state completely-mixed model are pH, alkalinity, total
inorganic carbon (TIC), and calcium (Ca). There appears to be
few conce~s with the alkalinity data for the upper waters, as
the measurements from the two programs track each other
(particularly within the lake's upper layers). It is fair to
assume these data are accurate and representative of conditions
that have occurred in the lake. However, we have concerns over
the accuracy of the other measurements (pH, TIC, Ca), (see
attachment to this letter). Based on preliminary analyses for
the upper waters we are optimistic that a reasonably
"quality-assured" data set can be developed to support the
steady-state model for scme portion of the 1970-1990 period
presently being addressed by HydroQual. Related recommendations
are presented subsequently.

We are comfortable with positions we have previously taken
with regards to data quality problems, and related implications
for model testing, as described in the documents of Table 1. We
would welcome additional independent external review of these
technical issues if it were deemed necessary by NYSDEC.



Recommendations

Model Selectiona

The only reasonable choice of the three HydroQual models is
the simple steady-state completely-mixed model. Fundamental
short- comings eliminate the other two, including: 1) errors in
representation of transport, 2) failure to explicitly accommodate
the effects of cooling water recycle, and 3) lack of adequate
data to rigorously test the eutrophication model (the most
complex of the three models). The steady-state completely-mixed
model does not suffer from any of these short-comings. It is
important that you understand that the dynamic models,
particularly the most complex model that incorporates
eutrophication, may have additional short-comings not yet
identified, as our review to data has largely focused on the
quality of supporting data and the transport framework{s).

b. Period of Model Testing

The lack of tributary TIC data limits the model testing
period to after 1982. Deposition data for calcium carbonate
exist for 1980, 1981, 1985-1992 to support calibration. But the
absence of trap data for the 1982-1984 interval should not be
considered a major problem, as the available data support the
position that the downward flux (e.g., on a summer average basis)
was rather uniform before closure of the AlliedSignal facility.
An additional constraint on the years included in model testing
is the availability of quality data. A related recommendation
follows.

c. Development of Quality-Assured Data Set

It is critical that a "quality-assured" data set of pH,
calcium, alkalinity, and inorgar.ic carbon be developed to support
testing of the simple steady-state completely-mixed calcite
model. The data set should include internally consistent
measurements of pH, alkalinity and inorganic carbon
concentrations. Development of this data set will require a
year-by-year evaluation of water chemistry values, including
examination of sampling and analytical procedures. UFI has
initiated this process, on a limited basis (e.g., surface waters
for three selected years), in its most recent communication to
HydroQual, using chemical equilibrium calculations. Calcium data
should be evaluated for consistency, based on the rather uniform
ratios that are manufactured with other major ions (e.g.,
chloride) in this system, and within the context of charge
balance calculations. Ideally, the development of a quality
assured data set for these parameters would be conducted
involving personnel from UFI and D&S, who were involved with
these monitoring programs. It is important to note that the
model cannot be credibly applied (from which reliable conclusions
can be drawn) without quality-assured data, for the case of
hindcasting, or a defensible/consistent array of parameter values



for scenario forecasting.

d. Field/Laboratory Studies

A limited field/laboratory study program (e.g., 1996) would
greatly enhance the credibility/management value of the calcite
model. The associated costs would be relatively minor. Three
components are recommended.

1. of pH in
closed-cell

field and
previously

An investigation of error in the measurement
Onondaga Lake - the study should include
measurements of pH, as well as traditional
laboratory measurements using procedures
followed by UFI and D&S.

2. partitioning dissolved and particulate concentrations of
alkalinity, inorganic carbon, and calcium - which will
support testing of theoretical calculations presently made
within the calcite model.

3 analysis of sediment trap collections for calcium carbonate
- that together with watercolumn concentrations, will
support independent determination of the settling velocity
of calcium carbonate, an important model coefficient.

Please feel free to contact me with any questions you may
have concerning the contents of this letter, and for more
specifics related to the recommendations.

Sincerely,
- ~/ I

t"*tf-

S.W. Effler, Ph.D.
Director of Research

and

n
/ ,.'. . ( ( .
,~/60 -:"",- ~ C- ...~~,,-" ~ (-

C.T. Driscoll, Ph.D.
Professor
Department of Civil and
Environmental Engineering
Sy=acuse University

J. Bloomfield
J. Davis
E. Garvey

cc:



ATTACHMENT - DETAILED COMMENTS

Dissolved Oxygen

(DO) dataThe extent of the limitations of dissolved oxygen

collected by D&S is not acknowledged in HydroQual's response to

1995. Walker (1991 reported negativethe UFI letter of July 25,

bias for the epilimnion and positive bias for the hypolimnion for

the 1976-1981 period, indicated in UFI's letter of July 25,as

1995. HydroQual indicates. its agreement with the assessment for

the hypolimnion data "We agree with Dr. Walker's assessment of

the hypolimnetic data ... " p.4 HydroQual response of December 27,

1995),1995, to UFI letter of July 25, but does not comment on

the epilimnetic data. HydroQual indicates Walker (1991) flagged

the data Walker (1991 actually1978-1981 DO butsuspect,as

rejected all lake data the intervalD&S 1976-1981over

HydroQual only excluded the D&S DO data from 1977 through 1981 in

their calibration analysis. We see no justification for using

data, in light of Walker's (1.991)the 1976 Asrecommendation.

noted by HydroQual of December 1995) and Walker(response 27,

(1991), other less severe short-comings have been identified for

other years. for HydroQual'sMoreover we justificationsee no

(- 20 mg-L-ldeletion of the high DO observation of August 1970,

OPt has measured such high duringas concentrations severe

phytoplankton blooms

HydroQual's lower concentrationsargument that epilimnetic

before 1976 (and before the upgrade of secondary andMETRO, p

removal are consistent with the higher METRO BOD loading during

that period is not defensible. HydroQual's position is supported

1



only if the oxygen demand associated with higher BOD discharge is

accurately quantified within the context of the other source and

The lake DO model of Gelda andsink processes in the lake.

the epilimnion isthe BOD sink for DO in(1996) indicates that

insignificant for the period after 1988. We don't discount

the oxgyen sinks were larger before the METRO upgrade, but

for the reportedcan hardly be considered a compelling argument

We expect this effect wouldlower epilimnetic DO concentrations.

be difficult to resolve from field data, particularly in light of

the magnitude and frequency of variations in other DO source/sink

the samplingrelative(e.g. , tophytoplankton) processes

frequency of the D&S program

callexception with theyHydroQual has taken what

forcollected bY D&S"methodology for dismissing the data a

specific water quality parameter by identifying a problem in the

data for a few specific years and then suggesting that the entire

invalid".questionable (p.lrecord is therefore21 oryear

HydroQual's response of December 27, 1995 to UFI's letter of

ofbelieve D&.S's1995) We strongly that25, as a user

data HydroQual must accept some level of responsibility for the

HydroQual is using D&S datveracity of this information set.

attention by D&.Sthat have not been a focus ofevaluate issues

TIC, pH). Many measurements in the data setpersonnel (e.g., Ca,

rigorously evaluated for thathave been applicationsnot

is essential (to the extentHydroQual It thatare conducting.

the problems of assessing the behavior and performancepossible}

complex models not be compounded by issues ofot data quality

2



(1976-1981six consecutive years the D&S's DO data are not

usable, more minor problems persisted in most of the other years

The magnitude of these deficiencies legitimately raises questions

acceptability of earlier datathe DO modelabout to support

testing. Under such circumstances, compelling data/arguments are

required to the D&S 1970s DO data as a basis(not reject adopt

evaluating the performance of the eutrophication model The

the alluded toabsence of contrary DO data before 1976, (but not

quantified) BOD loading/in-lake DO relationship, and the use

ofof the Winkler methodtitration (collection representative

samples be difficult where disequilibriumcan is common or

prevails) , these DOare far from compelling arguments to accept

data as a basis to evaluate model performance

pH

1995 response (p. 6)HydroQual indicates in its December 27,

"pH data, together withto the UFI letter of July 25, 1995, that

calcium, alkalinity and TIC data, were used to back-estimate

solid phase calcium carbonate for calibration purposes. If there

in the pH data, then the back-estimatedserious errors

calcite concentrations would also be error" How could such an

error be detected in the absence of watercolumn measurements of

solid phase the isCaCO3 measurements? We answerpresume

calibration to downward flux rates of CaCO3

believe of theWe pH mostthat two importantis one

in the of the ofmeasurements impact wasteassessment ionic

discharged by AlliedSignal Onondaga Lake theto direct

of deposition being the other; almeasurement CaCO3 Womble et

3



HydroQual: fullyresult, critical 11996}. it thatAs a is

and limitations of pHunderstand the measurementsuncertainty

of in pH modeland, 2) quantify the uncertaintyeffects on

model of thecalculations. believe calculationsWe that

distribution of alkalinity and inorganic carbon between dissolved

ofphases, and calciteand particulate subsequent predictions

HydroQual should quantifydeposition are very sensitive to pH.

uncertainty within thethismodel uncertainty to pH and assess

in for the lakeof pH measurementscontext limitations

HydroQual's justification for not rejecting the D&S pH data

is weakthe interval 1979-1981for the epilirnnion for

Hypolirnnetic pH data were identified as suspect for that interval

profilesselected fromby Walker (1.991) . Thus observations

collected by D&S during this interval were considered acceptable

theby HydroQual, but observations from the hypolimnion made on

same profiles with the same pH meter were rejected by HydroQual

considered because ofHydroQual indicates the UFI data were not

QA/QC {1991 reviewedthe lack of Walkerinformation, but

quality assurance protocols includingsampling, analytical and

If HydroQual was unsatisfied withUFI program) in his analysis.

could have beenthose the original investigatorsdescriptions,

approached to obtain this information.

continues to be a systematic discrepancy inWe noted what

forby and by D&Sthe adjusted pH values UFI measurements

profiles plotted by HydroQual (see Figures 11 and 12 - in letter

This discrepancy should1995)from HydroQual dated December 27,

be evaluated

4



a. Effect Q.t Diurnal variations

A change of focus is noted in the discussion of pH in

and HydroQual(November 1995)AlliedSignal 15,ofletters

related to the potential effects of natural19'5),(December 27,

variations on pH records for the lake.diurnal This issue is a

- 2 pages),emphasis in the AlliedSignal lettermajor point of

HydroQualaddressed in letteressentially thenotbut

to beAlliedSignal thisof letter appearson issuethrust the

this process may explain systematic differences (e.g.,that

D&S and UFI) data setsextended periods) in two different (e.g. ,

Results from other lakes are referred to {"Timesfor the lake.

ofthe daily cycleshowstudies of other thatlakesseries

photosynthesis and respiration can change the pH by 2 units on a

1995) ,of November 15,AlliedSignalp.5, letterdiurnal basis"

Indeed,are presented diurnal variations inbut no citation(s)

the Cru~tonwidely reported literature (e.gpH inare

"The magnitude ofVerdium 1960).1974,1988,Isenhart Talling

are expected to be greatestthe diurnal variations in pH on

turbulencedays of peak photosynthetic rate and minimum surface

{p. 5-59,calm day during a phytoplankton bloom}cleare.g

State .Qi ~"

of samplingpHhas published the approximate time inUFI

Brooks and Effler 1990,it's monitoring of Onondaga Lake (e.g. ,

AlliedSignalabout - 1000 hr :t. 1 hr (letter"State of Lake") i

gives no indication of this consideration,of November 15, 1995)

We are surprised ofor the sampling time adopted by D&S.

to an evaluation of thiscriticalomission, since it is issue,

~



and since HydroQual is a consultant to both Onondaga County and

Allied Signal. You should find that D&S monitoring is conducted

at approximately the same time of day as the sampling by UFI. A

systematic discrepancy, might be expected if samplesthat were

collected by the two programs at very different times of day, is

not a factor in the comparison of the D&S and UFI data. Thus the

observed extraordinary interannual variations in the D&S pH data

base for the for the 1968-1991 periodupper waters (Figures 1

be attributed "diurnal becausecannot to effects" an

approximately uniform time of day for lake monitoring has been

used

the time of day of monitoringUFI has indicated that its

11iwould only slight bias daily pHreflectingcause average

H+of the from dailyLake", p.S-S9;("State average

concentration} . Recently collected (unpublished) basedpH data,

hourly made several weeks, thissupportmeasurementson over

Measurements were made(Figure 2).observation in ll.tY wi th a

Hydrolab (operatedSONDE and calibrated according theto

for the April to late June andmanufacturer early October to

early December intervals of amplitudes1994. The of the pH

variations at a depth of 1 m were substantially less than the 2

unitpH bound described the AlliedSignal ofletterupper in

November 14, (Figure1995 and were attenuated at a depth of 4 m

3 diurnal variations limited theSignificant toare upper

mixed layer. Thus diurnal effects/time dayof of monitoring

in pH indicatedcannot explain the large interannual variations

by the County data base for lower layers of the lake (Figure 4).

6



Internal Consistency. QH/Alkalinity/TIC (DIC) Datab.

alkalinity and TIC shouldThe existing measurements of pH,

using mass lawhave been evaluated for internal consistency,

and 1996)balance Stumm Morgan Fore~ations (e.g.,mass

known, concentrations ofexample, if pH and alkalinity are

Driscoll alecalculated 1994 Toand DXC be et(e.g.can

illustrate this approach we present here an analysis of internal

consistency for the upper waters of the lake for three selected

1980, 1988, and 1989. No claim is made that these casesyears,

Rather,are representative of the entire D&S/UFI data bases. we

bevaluable insight, and mustbelieve analyses providethese

internallyconducted all data thatsets to ensure anon

quality assured data set is available to evaluate theconsistent

model analysisof the ourcalcite assumesperformance

This assumption isalkalinity is in a strictly dissolved form.

fromthe potentialprobably however, contributionimperfect,

PIC was < 5%particles is in general small. For example,CaCO3

(unpublished data,of DIC in the upper waters of the lake in 1989

UFI) .

inorganic carbon (TIC,pH,Seasonal patterns of alkalinity,

for the D&S and UPI data bases areDIC) and CO2 , saturation}

7, and 8. The trends in alkalinitycompared in Figures 5, 6,

suggesting these data5),the two data sets match well (Figure

The agreement in pH values differsare of generally high quality.

(Figure 6; also see Figuresubstantially between the three years

tendedvalues measured by D&:S somewhat1 In 1980 pH to be

distinctlyandhigher the measurements,than UFI laboratory

7





calculated forvaluespercent saturationaverage

May-September interval for each of the three years from the two

Widedata bases are presented in Table 1. variations emerge

saturation for
D&S data bases,

the May-September
upper waters of

TABLE 1: CO2
and

Average percent
interval, UF!
Onondaga Lake

% CO2 saturation
D&S UFI+

Year

196
1618

552

921
443
493

1980
1988
1989

+ adjusted field pH values, according to pHlab
2.349

= O.71S.pHfield+

theTablethese (Figure 8, according tobetween years 1).

data base, driven largely by differences in pH conditions

based on D&S data (a factor ofdifferences between 1980 and 1988,

What phenomena could explainI are probably unrealisticabout 8

couldmagnitude? Similarly,changes of this what phenomena

fromof than 3 1988 toexplain the reduction by a factor more

interannualindicated by the D&S data Table 1)? These1989,

variations are inconsistent with indicators of CO2 metabolism for

of Onondagathe lake production; Lake","State(e.g., primary

deposition inof organic and inorganic carbonmeasurements

(M.S. Thesis)) NoteWomble 1995 thatsediment traps;

variations indicated for the UFI data Table 1interannual are

smaller, and that the D&S and UFI tend to converge for 1989.

internalpreliminary analysis ofWe restricted our

theof and TICalkalinity, pH toconsistency measurementsin

The analysis should be extendedupper waters of Onondaga Lake.

9



lowerUnfortunately, the waterthe lower haveto waters.

Elevated concentrations ofadditional problems. sulfide in

lower waters may oxidize in sample bottles following collection

of acidsresult the production strongThis willphenomenon in

Thisin measured values of alkalinity.resulting an errorin

problem may eventually preclude use of the hypolimnetic data in

the analysis of changes in calcite deposition. In any event

analysis should be conducted in the lower waters to investigate

if the data set is suitable for use in this assessment

HydroQual made an effort to emphasize the similarity of

The scaling ofD&S and UFI data sets in their Figures 17 and 18.

tend mask theincluded tothe and theplots yearsnumerous

substantial differencesdemonstrated above,differences. As

in some ofprevailed in pH and inorganic carbon concentrations

the calculated DICHydroQual has presentedFurther,the years.

HydroQual(1994) IfDriscoll al. TIC.results of et as

theand alkalinities,DIC/TIC from D&S pH abovecalculated

inconsistencies would have been recognized

the differences reported forHydroQual has implied that

in the lake surface waters by D&S and Driscoll et ale 1994 over

are attributable(HydroQual's Figureinterval 17the 1980-1990

to the difference between field and laboratory methods. This is a

than bethe greatermisrepresentation, candifferences areas

interannualmethods. Further, theexplained by strongthese

December 27, 1995(HydroQual's Figure ~7 ofvariations pHin

Julyof 25,and 2 of UFIalso Figures 1; letterresponse; see

based on D&S data remain1995}, and the long-term trend in pH,

10



unexplained.

c. ~ Buffering

has indicated Onondaga Lake is relativelyUFI that, a

well-buffered Driscoll a1. ofsystem et 1994, "State(e.g. ,

We see nothing in HydroQual's presentationOnondaga Lake" 1994

that position. HydroQualthat argues against In fact toseems

"The high alkalinity of the water in Onondaga Lakeagree, e.g.,

3.9 meq/L) is more strongly buffered2.2 to indicates that it

than many lakes". (p.8t HydroQual letter of December 27, 1995 to

UFI) . Further, does disagree the extremely highUFI not that

productivity conditions in the lake (and do) resultcan in

substantial seasonal Effler al. Effler andet 1990,(e.g.,

Driscoll 1985) and diurnal variations(Figures 2 and 3 in pH

Additionally, the detailed temporal ofstructure pH can vary

year-to-year associated with interannual variations in the timing

of phytoplankton blooms 1994) .(e.g. , "State of Lake" However,

(or median) pH values tend to remain relatively uniform"average"

compared the unrealistic interannualto(e.g. , variations

year-to-year in thisindicated in the pH data of D&S (Figure 1

It remains that the interannualrelatively well buffered system.

are unrealistic andvariations in pH reported by D&S (Fi~re 1

inconsistent with the relatively well-buffered character of this

lake. Further, the structure indicated in the D&S data (Figure

1 is inconsistent with indicators of primary production over the

same period "State of Lake" 1994).

d. Calcite Eauilibrium Conditions

AlliedSignal's comments concerning the inconsistency of D&S

11



pH data with calcite equilibrium conditions (p.13 of November

1995 letter} fail to address the real issue. UFI and co-workers

have found the upper waters of the lake to be oversaturated with

the solubility of therespect to calcite throughout tospring

fall interval of all monitored years before and after closure of

the AlliedSignal (e.g., Driscoll et al. 1994, Effler and Driscoll

of 1994)1985, Lake" The results of equilibrium"State

condition with D&S data differ greatlycalculations

Undersaturated conditions are indicated for at least 1983, 1984,

and1995, 1986 Driscoll al. for description of(see et 1994

calculations), and for rather extended periods for the first 3 of

these indicated by and Effler (1994),As Doerr theseyears

undersaturated conditions are inconsistent with the deposition of

CaCO3documented throughout the spring to fall interval of 1985

of 1996) .("State Lake" 1994, Womble al Theet

pH/undersaturated calcite equilibrium conditions associated with

data base becomethe D&S when consideredincongruenteven more

within the context of deposition results (Womble et al. 1996 and

equilibrium conditions that prevail in other years before(e.g"

and after the 1983-1986 interval). oversaturated)Similar (e.g.,

calcite equilibrium conditions calculated for andUFIare

data for thesets for 1980 and 1981 becausewaters pHupper

values were similar. The average rates of downward flux of CaCO3

in the lake were very similar in 1980, 1981, and 1985 (Womble et

al. 1996) The undersaturated conditions, driven bY
uncertain D&S pH values, remain highly inconsistent for 1985. The

low pH values in the other 3 years are likely in error, based on

12



considerations of calcite equilibrium conditions.

Calcium and

of the calcium and data,D&S TICacceptanceHydroQual's

of Decemberand related 27 1995),(letter appearsresponses

established theirwith theinconsistent position elsewhere in

the AlliedSignalconcerning pH,response and also expressed in

Both HydroQual and AlliedSignalof November 1995.letter 14,

omission of ofthegreat about descriptionsexpressed concern

sampling and analytical protocols for pH. These procedures were

as theynot repeated in the analysis of Doerr and Effler (1994) ,

The unfortunate omissionappeared in Walker's analysis.1991

of theWalker the protocol for1991 UFI calibrationin was

HYDROLAB for field measurements (according to the manufacturer

Yet HydroQual has not expressed similar concern for the lack of

though HydroQualanalysis of the calcium and TIC datalquality

HydroQual(p.6, letterconsiders these parameters to be primary

provide QA/QCof December 27) HydroQual/AlliedSignalCan

of calcium and TICinformation for the D&S measurements

samplemethod, ofinstrumentation, identity laboratory,e.g. f

handling, performance characteristics

implied, in theOther inconsistencies appear, or are

HydroQual has expressed great concern overHydroQual response.

the implications of degasing of CO2 for pH measurements, yet no

influence ofdiscussion has been provided the this sameon

Frankly,phenomenon we're somewhatTIC measurementson

concerned with HydroQual's lack of understanding of this critical

analysis; lines HydroQualon p.1S, paragraph 4, 4 and 5,e.g. ,

13



indicates the D&S TIC measurements were made in the field "The

D&S pH and TIC data are as measured in the field, .) .. The D&S

inorganicTotalmeasurements.TIC laboratoryanalyses were

Thein general measurement.carbon laboratoryais

the D&S data base for DIC/TIC identified ininconsistencies in

the pH section establish theevaluated earlier inexamplesthe

TIC dataanalysis of the D&Sfor careful QA/QC entireneed a

UFI'sThese example analyses of data consistency supportbase.

and"Drainagerelated this parameter,earlier statement to

lake and thedata base for both the inputsTICSanitation's

subjected to detailedituntilshould be considered suspect is

UPI letter of Julyquality assurance analysis, item No. 9,

(p .15Contrary to HydroQual's statement25, 1995 to HydroQual).

the D&S data should be accepted onlyparagraph 3, last sentence),

internalof theof evaluationoutcome rigorousas an a

thedata. Basedalkalinity and TICof pH, onconsistency

draw into question theinconsistencies identified earlier, that

the data ttltHydroQual's position TIC seemsD&S TIC data, on

opposingofreasonable conclude, in the absence anyt~
reasonabledata, data for earlierTIC areyears

December 1995} notHydroQual of 27,p.16, letter to UFI is

supported.

presented inconcentrationsThe match of calciumnear

{top panel, 17,and by HydroQual FigureDriscoll al. (1994)et

for the 1980-1990 periodHydroQual response of December 27, 1995)

particularly whenearlier data,basis D&Snot to acceptis a

earlierviolated in certain of thechange balance years.was

14



Years for which change balance cannot be demonstrated should not

be accepted, unless there is compelling evidence that it is not

associated with Ion also becalcium measurements ratios may

valuable Efflerfor analysis (e.g. ,qualitya assurance

Whitehead 1994)

HydroQual did not respond to issues raised by UFI concerning

the D&S Ca data base, based on charge balance calculations.

calculations are routinely used in QA analyses of major ion data.

There established history of problems with the D&S majoris an

ion data Efflerwith charge balance (e.g.,respect to

Has HydroQual conducted such analysesWhitehead 1994 on

lake and tributary data sets? These are an essential component

in the development of an acceptable data set for model testing.
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Figure Captions

Figure 2. Evaluation of the relationship between the
average pH and the pH at 0930 hr within the
waters of Onondaga Lake.

daily
upper

Figure 3. Percent occurrence of the amplitude of pH variation
within individual days in the upper waters of Onondaga
Lake: a) depth of 1 m, for 72 days, and b) depth of 4
m, for 58 days.

Figure 4. Long-term trends in pH in the near bottom (18m) waters
of Onondaga Lake, according to the median observation:
a) D&S, and b) UFI.

Figure 5. Comparison of temporal distributions of UFI and
Onondaga County (D&S) alkalinity data for upper waters
of Onondaga Lake: a) 1980, b) 1988, and c) 1989.

UFI and
waters of

1989. UFI
and Effler

Fi~re 6. Comparison of temporal distributions of
Onondaga County (D&S) pH data for upper
Onondaga Lake: a) 1980, b) 1988, and c)
adjust data based on analysis of Doerr
(1994) .

Comparison of the temporal distributions of UPI and
Onondaga County estimates of DIC and County
measurements of TIC for upper waters of Onondaga Lake:
a) 1980, b) 1988, and c) 1989.

Figure 7

Figure 8. Comparison of the temporal distributions of percent
saturation for CO2' based UPI and Onondaga County
programs, for the upper waters of Onondaga Lake: a)
1980, b) 1988, and c) 1989.

from
1988,

and

Figure 9. Distributions of the ratio TIC/DIC for D&S data
the surface waters 0+ Onondaga Lake: a) 1980, b)
c) 1989. DIC is calculated from paired pH
alkalinity data.
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Figure 3. Percent occurrence of the amplitude of pH variation
within individual days in the upper waters of Onondaga
Lake: a) depth of 1 rn, for 72 days, and b) depth of 4
rn, for 58 days.
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16 March 1992

Mr. T. Mulvey, Director
Onondaga Lake Management Conference
P.O. Box 7136
Syracuse, New York 13261

Dear Mr. Mulvey:

By this letter, I wish to formally comment on the
significance of your decision to eliminate research related to
the significance of nonpoint sources of phosphorus to water
quality conditions in Onondaga Lake from the 1992 OLMC program.
Specifically, we proposed to:

1) Assess the bioavailability of phosphorus in Onondaga Creek
originating from urban and rural sources.

Rationale: loading assessments conducted by UFI (Heidtke and
Auer, 1992) have shown that 64% of the phosphorus discharged to
Onondaga Lake from Onondaga Creek originates from urban sources.
Given that the urban area accounts for only 19_% of the total
watershed, these sources represent a particularly rich target for
phosphorus control.

It is well documented (DePinto §t sl., 1981; Young §t gl., 1981)
that phosphorus originating from sewage-related sources is
immediately available for algal growth and that phosphorus
associated with terrigenous inputs is much less available. A
true picture of the relative significance of urban and rural
sources of phosphorus to Onondaga Lake must include analysis of
their bioavailability. I am concerned that the Management
Conference's ability to identify cost-effective remediation
alternatives for Onondaga Creek will be compromised without this
information.

2) Examine the lake response to intermittent,
discharges of phosphorus from Onondaga Creek.

storm-related

Rationale: by virtue of its position as the single largest source
of phosphorus to Onondaga Lake, METRO has been identified as the
primary target for phosphorus management actions. Model
simulations have shown that elimination of the METRO discharge
will permit the target trophic state to be approached. Some
degree of additional treatment, e.g. tributary phosphorus
management, will be required to meet trophic state objectives.
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It is known that short-term, intermittent phosphorus discharges
can provide the resources required to support algal populations
for periods of days to weeks (Auer and Canale, 1982). The
proposed research, biochemical monitoring of phosphorus
limitation, would have served to identify the importance of this
phenomenon to algal dynamics in Onondaga Lake. I am concerned
that, without this information, the Management Conference will be
ill suited to address the need for control of storm-related
discharges of bioavailable phosphorus originating from urban
sources.

These points are not of a trivial nature. I believe that
information on phosphorus bioavailability will support the
Management Conference's ability to make credible and valid
decisions regarding the relative costs and benefits associated
with urban and rural source phosphorus management on Onondaga
Creek. More importantly, the potential for un-remediated
phosphorus inputs to stifle the lake's response to diversion must
be assessed.

Professionally, I feel that it is vital that the Management
Conference be aware of technical uncertainties which may bear
upon its ability to make defensible decisions regarding the
future of Onondaga Lake.

Sincerely,

Martin T. Auer, Ph.D.
Research Associate
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16 March 1992

Mr. T. Mulvey, Director
Onondaga Lake Management Conference
P.O. Box 7136
Syracuse, New York 13261

Dear Mr. Mulvey:

By this letter, I wish to formally comment on the
significance of your decision to eliminate research related to
algal growth in the Seneca River from the 1992 OLMC program. My
concerns develop as follows:

research conducted in 1990 and 1991 (storey ~ Al., 1992a;
diurnal monitoring) has shown that algal respiration is an
important oxygen sink for the Seneca River;

a reduction in the amount of algae loaded to the river is
seen as a key benefit of the phosphorus management
strategies proposed for Onondaga Lake;

if an effluent diversion option is selected, phosphorus
discharged to the river could stimulate algal growth,
eliminating any benefits accrued through trophic state
reduction in the lake;

historically, a portion of the METRO phosphorus discharge
to Onondaga Lake has been retained in the lake sediments;
following diversion, all of the phosphorus load would be
received by the river ... available to support algal
growth in the Baldwinsville - Phoenix reach, as well as
downriver.

From what we have learned to date, it seems valid to conclude
that the diversion option is seriously flawed if it serves to
stimulate algal growth in the Seneca River. The results of
preliminary algal bioassays conducted on the river (Storey ~
~., 1991b) were inconclusive. Simulation of algal growth has
not been made part of the Seneca River dissolved oxygen model
work plan. Thus water quality managers will have no way to
assess the significance of phosphorus stimulation of algal growth
in the river as it impacts the feasibility or desirability of
diversion as an alternative phosphorus management strategy for
Onondaga Lake.
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I have discussed these points with Dr. Effler and Dr. Canale and
they share my concerns. Professionally, I feel that it is vital
that the Management Conference be aware of technical
uncertainties which may bear upon its ability to make defensible
decisions regarding the future of Onondaga Lake.

Sincerely,

Martin T. Auer, Ph.D.
Research Associate
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appnJpriatemanapment practices.

A comparat1ve review of plal\k&on d~ was coD~cd IS pan
of a SQ)dy 00 81 oIiprophic !K)~ ~~I!king Water ~
tb8t waG ~8 T &to problems. Difr=CDCC$ in nutriClt CYctiDI
(e.g.. O-tipst couPling; E~.3pied). nutriem supply (e.g.. 0-
leUOftal ~: e.condDUOlllluppJy). cbloropbyU and biomas,

I I, !
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Bioavailability and the Manalement of Phosphorus Loads to Lakes

K.atberiDe A Tomasoski aDd Ma11In T. Auer, Depanmmt of Civil and En\-ir<mmental EnJiDccriDg.
Michipn TechnologicaJ University, 1400 To\\'nseDd Drive. Houghton. MI 49931. Ph<mc: (906) 487-2799,
Fax: (906) ~7-3292, emai1: mrauer@mtu.edu

Phosp1KJms loads to lakes are managed to reduce or a,,-oid acceleration of thc eutrophication
process. Best mailageInent practices (B!\-lPs) applicd in the reduction of nonpoiIlt source loads and cffiuent
iWdcliDes de"-eloPed to cODttol point source inpurs are traditionall)' based on thc total phosphorus (TP)
COntertt of~ Wa1«. It is "'ell known, hQ\\"f:\-er, that the &\railability ofphosphonlS to support algal growth
varies bOth '\\-ithin and between the soluble and particulate fractions which comprise the IF aDal~1c. A fair
and credible plan for m~nagement of point and nonpoint P sources Im1st acknowlcdge the tIUe impact of
thesc iiIputs on the eutrophication process, i.e. their bioavailability,

w~ samples were collected from the Ymopolitan Syracuse Trea-ancnt Plant (the }ili's major
pojm source), Nine Mile Creek (a major rural nonpoim source) and tWo sites on Onondaga Creek
(representing rural and urban nonpoint contributions). Algal bioassays (Selenastrum capricomulUm) and
~cal fractionation teclmiqucs were used to q~ the fraction of particulate P in each sample \vhich
was bioo.,'ailable.. The late at which particulate P became bioa\-ailable ~ dCtennincd through algal
bioassa}'$ as well. Thc anal~'Ses were conciucted under "'et- and dry-weather oonditions to C\-'aluare the
impact of stalIn runoff on bioa,-ailabilix.\'.

Bioa,'ailabilit.\, of the particulate P fraction, as determined bo'-' algal bioassa)'S. \'aried fi'<Xn a 1m\" of
22% (rmal DOnpOint I1mOft) to a high of S8~'o (~r treatmal1 plant discharge). The COntribution of
the \'arious operationally dcfinM chemical P fractions to bioa,railability varied among sources. indicatina
that chcmical extraction is not an appropriate substitute for bioassa~'S in e'\-~y~~ P bioa\'ai1abilit}.. The
first order rate constant for P--bioa,'&i\abili~' IaDged from O. J dol for the tributaries to 0.3 al for the
was~-ater 1reatmCl1t plant. With a half-life of 2-7 da)'I. some bioavaJlable particulate-p is thus lost from
the ,,-Iter cOlumn to sedimentation before it is solubi 11 %Cd. No significant difference \\u notcd in th:
bioa\o-ailabilit.'. of wet. "ersus dry.weatber samples.

Bioa'\'3iJabilit)' results ~'ere used to dC\-'clop an accomrtinS of P inputs to OIlondaga Lake. It was
detern1ined that the ~'atcr treattnent plant and urban discharges <leak)" sewa-s aod ccmbined sewer
overflows) CODU'IDutc m--er 80% oftbe lak:'s bioavaiIable-P load. This stands in marked CODtraSt to ~
TP-based estimates of .+70;~ from UIban and point sources and sugests that the Metropolitan S~'IaCOSe
Trcatment Plant and associated urban inftastIUcmre is an appropriate focus for phosphorus manaacmcm
efforts in suPPOJt of lake restoratic.l.

Abstract submitted to the 1997 Annual M~I of the Michilan Wal~r Environment Association.
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May 5, 1990
MEMO:

REVIEW OF PRESENTATION OF APRIL 26, 1990

LOCATION:
TOPIC:
FROM:
ATTENDEES:

14TH Floor Conference Room, Civic Center
COMPARISON OF DATA BASES FOR ONONDAGA LAKE
S. W. EFFLER
S. W. Effler, J. Barry, R. Hennigan,
Mastrianno, R. ott, J. Karanik, J. Albanese

BACKGROUND:

This memo is intended to document the salient features of
the above presentation. An effort has been made to retain the
original order of the presentation. Salient features of the
figures are listed below. The various screens of the
presentation are attached.

PRESENTATION:

SCREEN NO.1

"mixed signals" and the potential negative side effects
identified as motivation for presentation

SCREEN NO.2

from bad incompleteexamples of bad outcomes
technical information presented

or

SCREEN NO.3

first "mixed signal" to be discussed is identified
free ammonia issue for Onondaga Lake developed

SCREEN NO 4

UFI results
emphasis given to top figure, since upper waters most
critical from water quality perspective
lower dashed line is the chronic toxicity criterion
upper dashed line is the acute toxicity criterion
chronic criterion exceeded by wide margin routinely;
acute exceeded on occasion (3)

SCREEN NO.5

comparison of free ammonia determinations from UFI and
County data bases for surface waters, 1988 and 1989
vastly different results; UFI findings substantially
higher than county's, particularly in 1988
these differences have important implications with
respect to management alternatives for the lake



several of the following screens present an evaluation of
the cause(s) of the differences

SCREEN NO.6

comparison of total ammonia concentrations from UFI and
County, 1988, surface waters
significant differences, but not nearly enough to cause
differences determined for free ammonia

SCREEN NO.7

comparison of pH data from surface waters of lake from
three sources (UFI, NYSDEC, Onondaga County)
distributions of observations from UFI and NYSDEC quite
similar
County pH data low by comparison

SCREEN NO.8

sensitivity analysis of influence of modest changes in pH
on free ammonia, for a vertical profile
indicated small errors in pH (f 0.2 pH units) cause major
errors in free ammonia

SCREEN NO.9

comparison of median pH values from UFI and County
County values systematically lower since 1983;
particularly unrealistic for 1983 - 1985 and 1988
(similar differences between NYSDEC and County observed,
but not presented here).
thus the problem appears to be false low pH values
measured by the County

SCREEN NO. 10

reduction in loading necessary at METRO (preliminary
estimate, nQt final model prediction) to avoid exceeding
USEPA chronic free ammonia criterion for non-salmonids;
based on UFI free ammonia data for 1988
this analysis would change significantly if it were based
on County data; much less reduction in TKN loading would
be necessary

SCREEN NO. 11

a page from D & S's most recent consultant report was
presented
S. Effler state that in light of the differences shown in
SCREEN NO.5, it was difficult to reconcile the
imDlication of similarity between the data sets (see
paragraph 4, P.21)



SCREEN NO. 12

conceptual diagram to show the central role of phosphorus
in regulating phytoplankton concentrations, transparency
and the oxygen resources of the lake

SCREEN NO. 13

review of nature of limitation of phytoplankton growth by
soluble reactive phosphorus (SRP); typical values of Kp
presented

at high concentrations (e.g., > 3 to 10 ~g.L-1)
phosphorus is not limiting to phytoplankton growth

SCREEN NO. 14

comparison of UFI and County SRP data for 1987; they
match only at the very high concentrations common to fall
turnover
further, the much lower concentrations measured by UFI
were consistent with observed phytoplankton biomass and
transparency conditions
a detection limit problem is indicated for the County
data (i.e., can't measure the low concentration that
actually prevailed for much of the time)
thus the County data cannot be used to keep apprised of
the status of limitation of algae growth with respect to
this key nutrient

SCREEN NO. 15

example profiles of reduced oxygen-demanding species
illustrates the accumulation of these forms that occurs
annually
this causes lake-wide oxygen depletions during the fall
mixing period

SCREEN NO. 16

comparison of dissolved oxygen concentrations measured in
the upper waters of the lake by UFI and the county during
the fall mixing period of 1978
NYSDEC surface water standard is 4 mgoL-1
County program fails to detect a contravention

SCREEN NO. 17

similar comparison as in previous screen but for 1988
increased frequency of measurements by county but fails
to capture maximum impact (minimum oxygen concentration)
other years referred to, mixed success in County program
in capturing the oxygen sag



the I'sag" (oxygen depletion) phenomenon is largely a
manifestation of the METRO discharge; an effort should
be made to accurately measure it, just as a facility on a
stream is required to document the 'I sag" downstream

SCREEN NO. 18

comparison of UFI and County data in 1978; dissolved
oxygen profiles (measurements with depth)
major differences; no oxygen below 10 m according to
UFI; oxygen present in significant concentrations top to
bottom according to County
this comparison representative of the respective data
bases for most of the summer
hydrogen sulfide odor quite noticeable for lower water
throughout much of summer period; presence of hydrogen
sulfide inconsistent with presence of oxygen (i.e.,
County data seems questionable)

SCREEN NO. 19

plot on left presents a similar comparison of oxygen
concentrations for 1980; basically same outcome
hydrogen sulfide profile from the same day measured by
UFI; the indicated presence of large quantities of
hydrogen sulfide is inconsistent with the County's
measurements

the apparent short-comings in the County's data,
indicated here, persist throughout the year
further, it appears that these problems in the oxygen
data persist throughout a number of years; comparisons
with UFI data from 1978 - 1981 support this position;
additional questionable data outside of this period

SCREEN NO. 20

this is the County's data sheet from the date of
previous plot indicating that hydrogen sulfide was
detected by monitoring personnel during the sampling of
the lower waters

SCREEN NO. 21

shows the accumulation of hydrogen sulfide in the lower
waters (hypolimnion) during the summer of three years
measured by the UFI program
dramatic reduction (improvement) in hydrogen sulfide in
1989, that was manifested as reduced oxygen depletion in
the lake during fall turnover compared to earlier years
it is unfortunate that the County chose not to monitor
this critical parameter (despite recommendations) until
after the major change(s)



SCREEN NO.2 2

tabular data of total mercury concentrations from
selected lake tributaries and the lake outlet for a
single sampling in November of 1989
concentrations approximately an order of magnitude less
than reported by County
character of County data indicates they are at their
detection limits, yet not reported as less than or equal
to in monitoring reports
County presentation of data, including loading of mercury
could be highly misleading with respect to the lake's
mercury problem; particularly since METRO may be a
relatively large source of this material
it was also indicated that the County had the same
problems for mercury data from the lake

SCREEN NO. 23

1. The County's monitoring program almost certainly
presently understates the impact of METRO on the lake's
problems of free ammonia and dissolved oxygen. It
probably understates the relative role of METRO in
mercury loading to the lake, and thereby may understate
the role of METRO in the lake's mercury problem.

I am sure that this is not the intention of the County's
effort. However, it is not a wise position for the
County to place itself in.

2. Several important features of the data from Onondaga
County's program conflict with those being obtained by
UFI as part of their effort to develop water quality
models for the lake. These "mixed signals" are dangerous
for the modeling, and related water quality management,
efforts, and not in the best interests of Onondaga County
or the lake. These "mixed signals" could negatively
affect the efforts of the management conference.

4. Further, the continued lack of agreement in key aspects
of the data could result in the call for more detailed
studies (e.g., far in excess of basic monitoring), that
could greatly delay the ability to make important
management decisions.

5. At some point it will be necessary to conduct a
"diagnostic study" of the lake, that will require an
analysis of the entire data base (County, UFI and DEC
data bases). It is essential to analyze the County data
base to remove all clearly identifiable errors and to
more clearly reflect detection limit problems where they
exist.
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February 26, 1992

Mr. Randy Ott, P.E.
Department of Drainage and Sanitation
Onondaga County
650 Hiawatha Blvd. - West
Syracuse, N.Y. 13204

Dear Randy:

Please find enclosed a draft section of the Tributary (No.
4) Chapter of the Stat§ £1 ~ ~ Reoor~, that I am subrnitti~q
to you as an unsolicited report. The reason for this is that it
documents my revi~w of the Onondaga Creek TIP data base, and, !
believe, gives compelling justifica~ion for not consider~ng th~s
data base in the rural/urban partitioning of the TP load =or this
tributary. Liz Moran has reviewed the salient featu~es of the
analysis. I believe we are in ag~eement concerning the bas~c
limitations of this data base to support the analysis of
partitioning for the creek. Comments made by J. Bloomfield at
the recent Water Quality working group meeting indicate he also
agrees with this finding. The analysis of the Onondaga C~eek TIP
data base has been eliminated from the State Q! ~ ~ Reoort;
thus the four figures numbered I through IV, and related text,
will not appear.

Yours truly,

.so (...1,,', ~'I (c--

S.W. Effler, Ph.D.
cc: L. Moran

J. Mastrianno
Files



3.2.6.2.5. onondaqa Creek

3.2.6.2.5.1. Backqround

onondaga Creek has drawn special attention with regards to

1) it has beenTP concentrations and loading for two reasons:

demonstrated to be the second largest source of external TP

the strong differences inloadinq (Heidtke and Auer 1992), and 2)

land uses and TP loading "unit area load" 'UAL)e.g. I on a

within the watershed of the creek. Recall that thoughbasis)

the stream passes throughmost of the watershed is rural .80%),

the City of Syracuse just before entering Onondaga Lake. The

rural portion of the creek receives runoff from aqricultural and

load from the "mud boils"high sedimentwooded lands and a

(Effler liu. Recall further that larqe quantities of1992).

"mud boil" deposits are scoured from portions of the creek below

(see earlier sections ofthese discharges during high flow events

The urban portion of thethis chapter; Effler n lie 1992) .

stream receives overflows andsurface runoff, combined sewer

probably inputs from leaking sewers.

Selected features of various monitoring programs conducted

Avenue siteThe Dorwinthe creek are presented in Table 18.on

Thoughwas added to the County's monitoring program in 1983.

this program is limited in the frequency of monitoring it(e.g.,

was not intended to support the development of seasonal water..
it's longevity makes it potentially valuable.quality models),

Approximately 185 paired measurements of phosphorus were made at

Spencer Street and Dorwin Avenue as part of that program over the

1983-1989 interval: recall TIP was measured instead of TP throuqh

1



...
TABLE 18: Onondagl Creek Monitoring progr.-s for TP

Descripticn/SourcePeriod Sit8(1)Pro;rlll Frequency

lang-ter8 ~g. ~ty progr-
(Onondaga County 1990. 1991).

since 1990 Spencer Stl Darwin biweekly

.-1 1~l"t of TP 8)del developnent

(Weidtke1989)

2 sUlmer 1987 Spencer St. t "day

.., support for partitioning of rurll/
urban contributions (Hlidtke and Auer

1992)

3 Apri l 1988 .

Oct. 1989
'-2'daySpencer St.!

Dorwin Ave.

j
-1

~ 2'.day .

irregullrly

rural/urben contributions fo~ 'tor.
events (Heidtke 1991. smithgall !II!..
1991>

I~" 1990 Spencer St.!
Darwin Ave.

NYSDEC (Rotltin; Intensive Basfn
Survey: RIBS)

5 11 tiMS in

1990

1990 W 1991 Spencer St.

..

The creek was monitored approximately daily at Spencer1989.

the June-earlyinstreet for TP during dry weather periods

September interval of 1987 to support testing of a mechanistic TP

More frequent monitoring was conductedmodel tor the lake.

Subsequent efforts have focused onduring two intense storms.

partitioning the rural and urban components of the creek load,

The creekand on more tully resolving wet weather contributions.

was monitored regularly at both Spencer Street and Dor.in Avenue,

over the period Aprilusually at a frequency of twice per day,

Table 18 Samples were(program 3,1988 - October 1989

except during thc winter,collected with an automatic sampler,

The concentration of TP waswhen samples were collected manually.

measured on 692 samples from the Dorwin Avenue site over this

2



interval; 674 samples were analyzed from Spencer Street.

six storm events were monitored in detailAdditionally, (~ 1

sample/hr) at the two sites in the spring/summer interval of 1989

and 1990, using automatic sampling equipment. Features of this

monitoring program are described in Table 19. A single event

Approximately 430 samples werereceived modest coverage in 1989.

collected and analyzed for TP from the two stations for these

More exact start and stop timesevents. for the events are

presented elsewhere (Heidtke 1991).

TABLE 19 Description of Event Sampling

No. of Observations
Dorwin Spencer

Sampling IntervalEvent

May 10-12, 1990
May 15-19, 1990
June 8-11, 1990
June 18-19, 1990
July 20-22, 1990
Sept 14-15, 1989

1
2
3
4
5
6

80
123
101

39
69
21

3.2.6.2.5.2. Intensive 1988/1989 and Lonq-Term Programs

The sharply contrasting time series ot TP concentrations

during theobserved tor Dorwin Avenue and Spencer street

'I 1988 - October 1989 program are presented inintensive April
.

,
(note the different scaling used to resolve theFigure 45a and b

The concentrations at Spencer Street qreatlydistributions

exceeded those at Dorwin Avenue for most of the study period; the

differences were particularly qreat in Auqust and September of

1988. Daily average flows at the two sites over the same period

3

78
126

99
47
67
15



are presented in Figure 45c. Relatively larqe inputs are implied

for the urban portion of the watershed by the magnitude of the

concentration differences as the differences in flow for the two

sites were small by comparison. Smithqall (1989) indicated that

at least partiallyin thea major break sewer system was

responsible tor the extremely hiqh TP concentrations observed at

September of 1988. Thein andStreet AuqustSpencer

relationships between TP concentration and flow at the two sites

are evaluated in a log-log format in Figure 46a and b. Data

have also(program 2; Table 17available for the summer of 1987

(Figure 4Gb), as they extend thebeen included for Spencer Street

functionalityobservations for low flow conditions. No strong

rt either site.emerged forbetween TP concentration and flow

Higher variability in TP concentrations with flow was indicated

that mostNote, however,~ for Spencer Street than Dorwin Avenue.

of the highest concentrations observed at Dorwin Avenue occurred

at some of the highest flows (Figure 46a)

The distributions of TP concentrations measured at the two

- October 1989Onondaga Creek stations during the April 1988

program are presented in an alternate format in(1988/1989

The distributions for these stations were strikinglyFigure 47.

None of the observations at Dorwin Avenue exceededdifferent.

0.8 mq-L-l; 98% of the concentrations were less than 0.2 mq-L-l

and 90% were less than 0.1 mq'L-1 The distributionFigure 47a).

of TP at Spencer Street is illustrated for the entire 1988/1989

~ata set (Figure 47b) an~ the last 12 month interval (october 1,

This time1988 47c)through September 30, 1989; Fiqure

4



segmentation isolates the period believed to be influenced by a

break in the sewer system (Smithqall 1989). The distributions of

concentrations at Spencer Street for both the entire population

and the 12 month segment were skewed to substantially higher

values; e.g., more than 50% of the observations were greater than

-10.1 mq'L (Figure 47b and c). six percent ot the observations

tor the entire Spencer Street population were greater than 1

-1mq'L , and thus fall outside of the bounds of the figure. The

distributions of the within thesub-sets most common
-1concentration interval for both sites, 0.0 - 0.1 mg'L I have

been further resolved as insets of Figure 47 Twenty-five(a-c)

percent of all the observations at Dorwin Avenue fell within the

narrow range of 0.02 - 0.03 mg-L-l I and more than 70% were within

the range 0.00 - 0.05 mg-L-l AnalyticalFigure 47a, inset) .

protocol is critical at these low concentrations, use of ae.g. ,

path length of at least 5 cm for spectrophotometric measurements

(APHAis recommended for accurate and precise determinations

1989) . Only about 15% of all the observations at Spencer Street

-1 interval Figure 47b,were within the 0 - O.OS mg'L inset).

Elimination of the first six months of TP measurements at Spencer

Street caused the distribution of concentrations to be shifted to

somewhat lower concentrations 45% of the(Figure 47c): e.g.,

observations exceeded 0.1 mq-L-1 and less than 2% exceeded 1

mq'L-l The mean concentrations of TP over the entire program

-1were 0.05 mg'L-l at Dorwin Avenue and 0.28 mq'L at Spencer

Street. The mean concentration at Spencer Street for the 12

month seqment was 0.15 mqoL-1

5



The flow conditions under which the grab samples were

collected for this program were generally representative ot flow

conditions over the monitoring period. The mean instantaneous

flow rate corresponding to concentration measurements at Dorwin

Avenue was 2.83 m3.s-1; individual values ranged from 0.51 to

20.70 m3.s-1. A mean annual flow of 2.55 m3.s-1 was reported by

USGS for 1988; a mean flow ot 3.74 m3.s-1 was reported for the

The daily minimum and maximum reported for the

year were 0.57 and 19.82 m3.s-1 The mean

1989 water year.

1989 water

instantaneous flow rate corresponding to measured concentrations

3 -1at Spencer Street was 4.28 m 'S - with a range of 1.05 to 20.10

3 -,m .s - These values closely resemble published USGS flow values

4.50 m3.s-1 , daily minimum 1.08for the 1989 water year mean

-13 -,m .s - m3 flows.,and daily maximum (18.83 The averages

flows encountered during the April 1988 to October 1989 interval,

compared to conditionsand for the 12 month segment, are

intervals included in thedocumented for the corresponding

longer term flow monitoring data base in Table 20. Ave'!:aqe flows

TABLE 20: Comparison of Flow(s) During the 1988/1989 Program (No.
4) to Documented Long-term Conditions

Spencer StreetStatistics Corwin Avenue

averaie flow (m3.s-1)
1988/1989

**196871)-1989
4.03
4.93

3.22
3.65

rank
5th of 18
7th of 20

entire program
12 month segment

8th of 21
9th of 23

.

.. April 1988 through October 1989
since 1968 for Dorwin Ave.; since 1971 for Spencer Street

6



at both stations during the 1988/1989 program were less than the

longer term means. Flows over the entire intensive study period

rank eighth highest of the last twenty-one intervals for Dorwin. Avenue, and fifth of the last eighteen for Spencer Street.

A replicate sampling and TP analysis program was conducted

over the April-December interval of 1989 at both stations, as

part of the intensive 1988/1989 effort (program 3, Table 18), to

evaluate the representativeness of the results of single grab

samples. On approximately 40 occasions three separate grab

t samples were collected at each site. The three samples were

"grabs" from different portions ofcollected as three separate

t the stream cross-section, within about 5 minutes of each other.

The precision of the TP results was high for both sites. Less

than 25' of the triplicates from Corwin Avenue had a relative

error qreater than 1°': only 3% had a relative error greater than

1S%. Less than 25% of the triplicates from Spencer Street had a

relative error greater than 10%: only 10% had a relative error

The relative error was observed to exceed 5%greater than 15%.

at Dorwin Avenue only when the TP concentration was greater than

0.05 mqoL-l relative errors in excess of 10% wereIn contrast,

observed at Spencer Street only at concent~ations less than 0.05

mq-L-l The representativeness of grab samples tor TP at the

Onondaga Creek monitoring sites has been further tested by the

NYDEC by conducting their RIBS monitoring program, which utilizes

a USGS method to obtain a flow-composited sample across a stream

cross-section, grabofsimultaneously with the collection

samples. Results from supportedgrab samples were as

.,
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~

same

- - . in 20 of
28 cases TIP was distinctly higher than the TP measured on the

-- -

propensity for higher concentrations in the long-term program

also prevailed during the intensive 1989/1990 proqram:

This disparity is
made more severe by the fact that TIP is by definition a fraction

reI

the

Slightlymore than 50% of the TIP obse=vations in the long-term Droaram

-25% of the observations in the long-term program exceeded 0.1

mg-L-1

in the long-term program have been higher than thoseAvenue

TP

distributions

.

presented in Figure Ia and b; again insets for the distributions

in

The distributions of TIP established for the two stations by

the long-term County monitoring program (program 1; Table 18) are

at

mg'

based on the nearly equivalent values obtained

with the two sampling methods on five different occasions in 'QQ~

representative,

differ in important ways from those presented for

in Figure 47.

day.

the

, compared to only 10% for the 1988/1989 program.

0.0

These

0.1

incongruities

Concentrations of TIP reported for Dorwin

mg:oL-l interval

a

are probably

are included.

related

Nearly

These

to

1 in the 0.0 - 0.05 mg.L-l range, compared to more than 70% of

observed for TP in the intensive program of 1988/1989.

--- -- - ~

Spencer Street (over a range of concentrations of 0.05 to 0.43

- -1.

TP measurements for the 1988/1989 effort.

~ -), and on three occasions at both sites in 1991.
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limitations in the County's analytical protocol: that prevailed. use of a 1 cm path lenqth for absorbancethrough 1989; e.g. ,
standard Methods APHA 1989}measurements. recommends a path

lenqth of at least 5 cm in the concentration ranqe of 0.01 to

0.25 mq'L-l A path length of 10 cm was used routinely in the

that no inconqruities in1988/1989 Noteintensive program.

paired measurements of TIP and TP were observed in 1990 and 1991

that included(Figure 39d), after analytical changes were made,

\it Total phosphorus loading estimates forincreases in path length.

Dorwin Avenue based on the long-term County program through 1989.
false high,and probablywould almost certainly be unreliable,

apparently as a result of analytical short-comings

A shift to higher TIP concentrations downstream at Spencer

Street compared to Dorwin Avenue is indicated tor the long-term

(Figure Ia and b), but the divergence between the twoprogram
~ sites is much less for this program than reported for TP in the

is only in part due to theintensive 1988/1989 study. This

inclusion of false high TIP values for Darwin Avenue in the long-

term program (Fiqure Ia versus Figure 47a); TIP concentrations at

Spencer Street were substantially lower than TP values reported

Figure Ib versus Figure 470). Forfor the 1988/1989 program

example, only about 2~' of the TIP observations at Spencer street

0.1. mq'L-l of the TPto more than 55%exceeded compared. 1988/1989in theexceeding this concentrationmeasurements

Analytical protocol continues to be a concern at lowerprogram.

which represent a significant fraction of theconcentrations,

short-cominq withobservations. However, importanta more

9



regards to the support of a TP budget for the creek emerges from

comparison of results from this program with TP measurements made

in 1987, 1988, and 1989 (Figure Ib). Note the character of the

disparity in the data bases for Spencer Street strongly contrasts

that depicted (Figureearlier for Dorwin Avenue IIa) The

concentration of TP tended to exceed TIP, and by a large amount

in about third of the observations,a indicating a major

contribution by forms of P not detected by the TIP analysis

(probably mostly p Recall earlierorganic that the

presentation of paired TP and TIP concentrations for Spencer

Street tor 1990 and 1991 (Figure 39c indicated the significant,

and occasionally contribution of pmajor, organic as

operationally specified by paired TP and TIP analyses).

The distribution of the contribution of organic P to TP at

Spencer Street is presented for two different intervals, 1987-

1989 in Figure(based on same day measurements) and 1990-1991,

IIIa and b, respectively. The distribution tor Dorwin Avenue for

1990-1991 is presented in Figure IIIc. Apparently organic P

fractionoften represented a significant, and sometimes dominant,

interval.of TP at Spencer Street over the 1987-1989 It appears

that more recently (1990-1991 organic P has frequently been a

siqnificant component of TP, but rarely a dominant component.

organic P represented relatively less of the TP at Dorwin Avenue

1990-1991 interval. Thecompared to Spencer Street over the

increase in organic P downstream may be associated with the input

The relationship between theof sewage from the urban area.

percent contribution of organic P and the concentration of TP is

10







only one exceeded 15.5 m3 5-1 The mean flow for these two

events (Table 21

14



.... Time series for Onondaga Creek for the April 1988 -

October 1989: a) instantaneous concentrations of TP
at Corwin Avenue, b) instantaneous concentrations of
TP at Spencer Street, and c) daily average flow at
Dorwin Avenue and Spencer street.

Figure 45.
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Backqround

Phosphorus (P) bas long been recognized as the most critical

and related aestheticnutrient controlling phytoplankton growth,

in most lakes (Carlson 1977, Dillonwater quality features,

Elevated inputs of PVollenweider 1968).1975, Hutchinson 1973,

associated with man's activities (e.g. ,to lake ecosystems,

enhancesagricultural wastes, etc.disposal of treated sewage,

phytoplankton growth, and causes deleterious consequences, such

as reduced clarity and increased hypolimnetic oxygen depletion.

lakes associated with elevatedThe accelerated "aging" of

loadings of P is described as cultural eutrophication. Onondaga

Lake's profound cultural eutrophication problems have been well

they are largely the result of thedocumented (Effler 1994 .,
eff,..-ft+- 'na~ nf' P received from METRO

~ f~~ +.~ .£~-,
! I- - L~~~~ ~J orms of P are routinely measured

in' CD", ,~~ K~.i f-

is t.;.. & i -rlcw" p~

Vo @ A- f) f~ ~

me (;:> J..4.. 8 f ~ 3~C'f+ ~ ~1-' -

be .0...,..:.

Total phosphorus (TP)y studies.

Carlson 1977,ophic state e.g. ,

isal dissolved phosphorus (TOP)

Most TDP is assumed tosamples.

A third)rt phytoplankton growth.

Joluble reactive phosphorus (SRP):co

)p that is usually assumed to be

Particulate phosphorusiL 'plankton.

a measure of phytoplankton biomass in many productive(PP) ,

is calculated as the difference of paired TP and TDPsystems,

analyses (PP - TP-TDP).

quantifying thetwo basic approaches for"There are

1





can grow at near maximum rates during periods of water column

nutrient depletion. The Droop model overcomes this problem by

relating growth to internal nutrient levels, thus accommodating

the luxury uptake - storage phenomenon. The Droop approach

requires the internal nutrient pool,a mass balance on

considering contributions from thethrough nutrient uptake

external environment and losses through the demand for growth

The additional kinetic complexity required by the Droop

limits itsmodel management application. DiToro 1980)

recognized this in modeling nutrients and phytoplankton in Lake

Erie (see also DiToro and Connolly, 1980). He suggested that

since the pool size response to the external environment is rapid

compared with the response to demands for growth (nutrient uptake

, algae would achieve a cellular equilibriumrate> growth rate

is slowwhen the rate of change in external nutrient levels

Under these conditions,relative to the rate of growth. i.e. a

relatively stable external nutrient environment, the linkage

between growth rate and nutrient resources may be fairly

(Effler 1994, P.3-36 andrepresented by the simpler Monod model II .

3-37)

Accurate concentrationsp critical for theare upper

productive layers if the development of reliable mechanistic

models for phytoplankton growth are to be supported Bowie{e.g. ,

~li. 1985 In particular, accurate SRP or TDP data are

necessary to support the Monod approach. Additionally, pp

concentrations are required if the Droop framework is adopted

The Department of Drainage and Sanitation of Onondaga County

3



(D&S) have been measuring P species in Onondaga Lake since

late 1960's. The Upstate Freshwater Institute (UFI) has been

monitoring P species in the lake since The comparative1987.

analysis presented historic and on-goinghere demonstrates

An analysisshortcomings in the D&S monitoring program for P.

on-goingconducted by Walker and UFI's analysis of(1991

available data bases for the lake (Effler 1994) indicate that

problems of the D&S monitoring program are not limited to P

species. Walker (1991) used statistical and graphical methods

and limnological reasoning to identify and II flag" anomalous

values in a comparative analysis of data bases available for

Onondaga Lake. Walkers's (1991 perspective was the adequacy of

the various data sets to support the depiction of long-term

trends. UFI's review has been more demanding certainfor

parameters, because of the intention of certain parties to

utilize D&S's data base to support development and testing of

mechanistic models. Some of the problems identified in the D&S

data base to date are summarized in Table 1 below. It's

important to continue to identify and characterize the problems

to avoid inof the various data bases for the lake errors

evaluation of the lake's status with respect to standards

goals, to avoid the development of faultyto identify trends,

management models for the lake.

Errors in Selection of P Species

UFI has monitored the fundamental three P species included

in TP, TOP, and SRP. In contrast,most limnological programs,

dissolveduntil 1990 D&S monitored total inorqanic P (TIP) ,

4



TABlE 1= Problems with the Onondaga County Department of Drainage and Sanitation Data Base for the Onondaga
Lake Systell

Problm Descripti~ Refererr.ePer_ter

false low in epi l i~ion, false high in hypol i~ion
1976-1981, date rejected

Walker 1991di ssol ved oxygen (DO)

Walker 1991presence of DO near lake bott08 when reduced
species present, 1972-1988

Walker 1991t~r8ture false high in hypol imnion, 1979-1981 data rejected

Walker 1991, Doerr
n Effler 1994

pH unexplained long-tena instabilities; faulty data
identified for various yrs

hydrogen aul fide false low in 1972-1974 (rejected), auspicious

differences noted in other years

Walker 1991

phosphorus (P) monitored total inorganic P instead of total P
\81ti l 1989

Effler and ~itehead

1994, Effler!!.!l.
1994, this report

sollille reactive P false high values in upper productive waters of
lake for nuch of s~r

this report

chloride unrel iable lake concentrations, 1979 and 1982 noerr !!.11- 1994

total inorganic P for
tributaries and related
loads

unrel iable during perioda of lower concentrations,
before 1989

Effler 1992, Effler
and Whitehead 1994

in mostinorganic P (DIP), and SRP (described as ortho-P by D&S,

instances), in both tributaries and the lake. D&S's selection of

p species is fundamentally flawed for monitoring water quality

features related to P and to support mechanistic phytoplankton

models

The TIP method, "Total Acid Hydrolyzabledescribed as

Phosphorus II in standard Methods (Method 4500-P B2: APHA 1989),

uses a hot sulfuric includesacid digestion procedure. It

reactive phosphorus as well as acid hydrolyzable forms of

5



(condensed phosphates and higher molecular weightphosphorus

waters contain organicinorganic species Some natural

phosphate compounds that are hydrolyzed to ortho-phosphate under

The TIP method is not intended tothese digestion conditions.

This omission totally compromisesinclude orqanic forms of P.

by thethe trophic state indicator value of the measure,

often a majorsystematic exclusion of phytoplankton biomass,

component of TP in the upper productive waters of eutrophic

of TP for thelakes. Further, TIP measurements instead

tributaries the of TP loading/trophic stateeliminates use

relationships for the lake.Vollenweider 1968, 1975)(e.g. ,
Measurement of DIP instead of TDP eliminates measurement of

fordissolved organic forms of P, forms that are available

phytoplankton uptake during periods of SRP depletion through

enzymatic activity (Connors 1993).

The analysis of paired TP and TIP data collected by D&S from

the upper waters and 6 m depths) of the lake in 1990(0,3,

(Figure limitations of the TIP parameter.1 illustrates the

Total inorganic p was in general substantially lower than TP and

it represented a variable fraction of TP Further,(Figure 1

may have limitedthe relationship between TIP and TP (Fiqure 1

utility in generating estimates of TP concentrations for earlier

as there appears to be little reason(e.g., before 1986) years,

to assume it would remain uniform over the decreases in P loading

and in-lake concentrations Effler ~(Effler and Whitehead 1994

,Al.. is good1994 that have occurred. In contrast, TIP a

estimator of TP in the hypolimnion of Onondaga Lake, because most

6
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Figure 1. Evaluation of the relationship between TIP (total
inorganic phosphorus) and TP in the upper waters (0,
3, and 6 m) of Onondaga Lake in 1990. (from Effler ~
Al. 1994).



of the P on this layer is in the form of SRP.

Detection Limit Problems with SRP

stearns and Wheler (1993) has reported on the results of a

"sample splitting" QA/QC program conducted in 1991 with three

participating entities, York stateD&S, UFI, and the New

Department of Environmental Conservation (NYSDEC), for SRP.

These "splits" were evaluated at two depths, 1 and 16 m,

corresponding to the upper productive waters and the hypolimnion

during summer, respectively. When analyzed together (lumping 1

a strong relationship, implying equivalency,and 16 m results)

a quiteemerged (Figure 2, stearns and Wheler 1993). However,

different picture emerges when the evaluation is separated for

epilimnion hypolimnion 3b) .(Figure and3a (Figure

Measurements of D&S are systematically higher for the upper

where issues of nutrient limitationproductive layer (Figure 3a),

and related inputs for phytoplankton models are so critical. It

"false high II observations are much moreshould be noted that

common at these low concentrations, rather than "false low"

measurements, because of the susceptibility to contamination at

these lower concentrations. Further, it should be noted that the

very low SRP concentrations documented for substantial portions

of the summer of 1992 are consistent with coincident high levels

of alkaline phosphate activity that is known to occur only under

conditions of highly depleted SRP Connors 1993 Near

equivalency is observed at the higher concentrations that prevail

in the hypolimnion This is expected because the(Figure 3b).

potential for bias in analysis from contamination is greatly

.,



FIGURE 5-4. RESULTS OF SPLIT SAl..PLES, SAP. LAKE

a~
a."
~
In

~~
~
~

Figure 2. Evaluation of relationship between UFI and D&S
measurements of SRP in split samples from depths of 1
and 16 m (lumped together) in 1991. (from stearns and
Wheler 1993).
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reduced at the higher concentrations common to the hypolimnion

The performance of the relationship for the "lumped" data (Figure

2) is greatly biased by the observations for the hypolimnion

(Figure 3b). This is misleading for the conditions in the upper

productive waters, so critical to phytoplankton-based aspects of

water quality.

Comparison of temporal trends in near-botuom (18 m) waters

consistency inover the 1987-1990 interval indicates a general

the D&S and UFI data at the higher concentrations common to that

depth interval This is consistent with detection(Figure 4).

limit problems for D&S that are manifested only at lower

concentrations. The temporal distribution for the hypolimnion in

1985 depicted in the D&S data base appears to be(Figure 4a)

anomolus, and inconsistent with established limnoloqical

paradigms (e.g., progressive increases in hypolimnetic SRP during

insummer stratification). The elevated SRP concentrations

spring in 1986 (Figure 4b) are consistent with the documented

(Effler andfailure of spring turnover to occur in that year

Perkins 1987).

limitAccording to stearns and Wheler 1993 the of

detection until early May of 1990 for the SRP test was 0.01 mg

-1 This corresponds to the use of a path length of 1 cm inL

this limit detection isspectrophotometric test. This of

inappropriate to support phytoplankton models, loweras

concentrations commonly observed in the upper productive layers

of even eutrophic lakes that are limiting to growth can not be

resolved. For example, values of (see equationKp 1 are

Po



Figure 4. Temporal distributions of SRP at 18 m depth: a)
b) 1986, c) 1987, d) 1988, e) 1989, and f)
Comparisons of D&S and UFI data for 1987-1990.

1985,
1990.



-1 (see Bowie .@.t. gl..mostly substantially lower than 10 ~q'L

1985). Apparently an effort was made to improve their capability

to resolve lower concentrations by using longer path lengths in

test, as detection limits of 5 ~g'L-l for a portion of May

and for the rest of1 ~g'L-l thereafter were reported 1990

(stearns and Wheler 1993). UFI has utilized a 10 cm path length

throughout its program

Review of D&S monitoring data for the upper waters over the

withperiod 1985-1991, particularly when compared UPI data

available for most of the interval, makes it clear these claims

detection This islimits are not operationally met.

illustrated the seasonalin Figures 5 and 6, which depict

distribution of SRP in the near surface waters of onondaqa Lake

over the 1985-1991 interval, over the full range of observations

over the lower observed during theconcentration range

respectively. Note that the UFI concentrations duringsummer,

summer are dramatically lower most of the time, reflecting the

outcome of uptake by algae irregularFigures 5 and 6). The

increases reported by UFI are consistent with the dynamics of

phytoplankton biomass documented for the lake (Auer gt Al. 1990,

Chapter 6), corresponding to clearing events (periods of minimum

phytoplankton biomass) when uptake is suppressed and external

loading and recycle continue. the abruptExceptions are

increases the of which toin 1988 attributesummer we

contamination problems (Figure Sd and 6b). Note that the match

between the UFI and D&S date becomes better at the higher

concentrations of spring and fall (Figures 5 and 6). Review of

9



Figure 5. Temporal distributions of SRP in the upper waters (0
or 1 m): a) 1985, b) 1986, c) 1987, d) 1988, e) 1989,
f) 1990, and q) 1991. Comparisons of D&S and OFI data
for 1987-1991.
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the distributions reported by D&S over the 1985-1988 period

indicates the effective detection limit for SRP was closer to 25

approximate value of minima reported each year),(e.g. ,

instead of 10 ~q'L-1 According to Monod kinetics (equation (1»

and the D&S SRP data the lake was essentially nutrient-saturated

for listings of Kpcontinuously (see review of Bowie ~~. 1.985,

A strongly contrasting picture emerges from the UFIvalues) .
-1 Thesevalues of SRP frequently were S 1 ~g.Ldata base,

kinetics.limiting according to Monodvalues highlyare

support the position that(Connors 1993)Independent analyses

the analysis of Auer ~ Al.some limitation prevails. However,

supports the Droop framework over the Monod for Onondaga(1994)

of limitation prevailsThey concluded only a modest levelLake.

because of effective use of other dissolved fractions of P (e.g.

included the D&Srepresented TDP-SRP), fractions not inas

program.

Some improvement in resolution of lower concentrations in

starting inthe upper waters by the D&S program is indicated

1989; minimum concentrations of about 10 ~g'L-1 are reported on

Yet further decreases in the detection limitseveral occasions.

as specified byof SRP for the D&S program are apparent in 1990,

stearns and Wheler (1991), and 1991. Concentrations approaching

occasions. In sharp-1 were reported on severalabout 1 1J.9.L

documented such concentrations over rathercontrast, OFI

time (based rather frequentprotracted periods of on

in clearly themeasurements) these D&S programtwo years.

continued to fail to accurately resolve SRP concentrations over

10



The SRP data base of D&S can not be used tothe 1989-1991.

support the development of mechanistic phytoplankton models

Implications of Limitations in D'S Phosphorus Data Base for

Proposed Phytoplankton Submodel (to Calcite Model), RI/FS

Allied's consultants argued originally for an overly complex

modeling approach for calcite, that included among over

submodels, a mechanistic phytoplankton submodel. They identified

adequate support thethe D'S data base tothanas more

The model, as recentlydevelopment and testing of such a model.

was to be applied over the 1985-1990 interval. Thedescribed,

issue of the interval is crucial, as it brackets the period from

in CaCO3pre-to post-closure over which a major reduction

for the appropriateprecipitation occurred. Accurate P data

species are essential to support such an effort. For example, p

frameworkdata cannot be subject to calibration. The model

presently being used by Allied consultants already has many

i.e., many coefficients are subject to thedegrees of freedom;

tuning process.

The state of the D&S P data base is such that it cannot

for any portion of thesupport a phytoplankton modeling effort,

First, because of the flaws in the selectionintended 1985-1990.

of species the cycle cannot bep monitored by D&S, p

appropriately modeled, and related model simulations tested. For

is includes theexample, there not P measurement thata

omissioncontribution from phytoplankton biomass. The of a

measurement that included dissolved organic P is also seriously

flawed, as phytoplankton apparently use this pool during periods

11



of SRP depletion in Onondaga Lake Auer ~ lie 1994, Connors

the problems of the D&S program with regards toSecond,1993).

inadequate detection/ resolution of concentrations of dissolved

species, particularly SRP (as manifested in the analysis above)

make these data unacceptable for support of a phytoplankton model

throughout the period of interest (1985-1990).

The UFI P species data base is adequate to support

However, unfortunatelyrelated needs of a phytoplankton model.

it does not extend back to the pre-closure period. While a

strictly post-closure phytoplankton model may have some utility

in supporting predictions of seasonal precipitation/deposition of

caCO3' this may be of less value to Allied's consultants.

longer term (1985-1990) modeling effort offered the opportunity

of bringing METRO into the analysis. other factors, besides the

argue against the phytoplankton modelinadequate P data base,

They are addressed inefforts initiated by Allied's consultants.

our review of their draft calcite report
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Janua:ry 16, 1~.~6

Mr. T. Larson
Bureau of Central Remedial Action
Division of Hazardous Waste Remediation
NYS DEC
SO Wolf Road
Albany, N.Y. 12233-7010

Dear Mr. Larson:

Enclosed you will find a reasonably detailed analysis of
phosphorus (P) input information utilized by HydroQual in their
eutrophication submodel of the calcite (CaCO3) model for Onondaga
Lake. UFI is not supportive of the eutrophication model as a
management tool because efforts to establish its credibility have
not been successful. It is important to reflect on the role of
the eutrophication submodel in the RIfFS. Simply stated, it's
not particularly critical to the RIfFS (this has been my position
from the outset). Basically if seasonal and long-term
credibility could be demonstrated, it would allow the
accommodation of the influence of primary productivity on the
seasonality and potential long-term changes in chemical
equilibrium conditions that quantify the thermodynamic tendency
for the precipitation of calcite.

Despite reductions in P loading to Onondaga Lake over the
1970-1990 period, the available evidence indicates the
phytoplankton of the lake remain nearly nutrient-saturated. Thus
it appears unlikely that a substantial change (e.g., remediation)
in phytoplankton production has occurred. In the absence of a
strong phytoplankton signature (systematic change) over this, or
some -portion of. this interval, there is elittle to gain by a-
phytoplankton submodel for the RI/FS.

Even if a eutrophication submodel was desired or needed,
the temporal limits of credible testing are greatly constrained
by bheavailability of reliable P data. The necessary
(simultaneous) suite of reliable tributary and lake P data to
support model testing are available only since 1987. Application
of the phytoplankton submodel to earlier intervals would be
highly speculative. The potential role of the facility's cooling
water operation is particularly problematic. Unfortunately,
Onondaga County's monitoring program is almost a complete loss
for support of eutrophication model testing, because of

P.o. Box 506. Syracuse. New York 13214
Overnight Mail: 671 Van Rensselaer Street, Syracuse. New York 13204
Phone: Office (315)466-1309 Lab (315)423-9924 Fax (315)466-8289

A Not-For-Profit Corporation Dedicated to Freshwater Research



inaccurate laboratory analyses and the failure to measure total
phosphorus. This time constraint on model testing (~ 1987)
further limits the utility of a eutrophication submodel in the
RI/FS process. Certainly Allied Signal wants the submodel to
extenacto 'before the uc:ility closed to-~be~ able to include a
primary production factor/explanation for the observed major
reduction in CaCO3 precipitation. - - -. -

'~In .conclusion; ,I can not recommend the acceptance of the
complex seasonal calcite model (that includes the
eutrophication submodel.) by NYSDEC because 'the credibility
necessary to justify management application(s) can not be
demonstrated, due to -the lack reliable data. Recommendations
concerning selection among the remaining model framework
"alternatives for the calcite issue will emerge as other portions
of our review are completed.

Sincerely

s.w
S.W. Effler, Ph.D.
Director of Research



PHOSPHORUS

Phosphorus Loading

ofAccurate sped1frcation phoSphorus lo'adfng is a

fundamental component the 6£in development crediblea:"

eutrophication model. A model that is calibrated to inaccurate

phosphorus loads is credibleriOt a tool;management i.e

calibration achieved only as a result of compensating errors in

other source/sink The evidence isprocesses compelling that

much of the phosphorus load adopted byinput HydroQual is

inaccurate

1.1 METRO

METRO is the dominant source of P to Onondaga Lake (Effler

et al. 19.961 ~ The disparity in estimates of METRO's contribution

by Onondaga CoUnty's various consultants is interesting. Stearns

Wheler's estimates Onondaga Cotirity 1991-1993 'for the

1990':'-1992 interval ranged from'JS.'S't6 75t, and Hydi-oQual indicates

~5.).c:to 7S-1 (for an unspecified. period, letter 'to R . .
Must J. co from

ttl. Shepard, Nbv 14, 1.995 However, Onondaga county{"1996) has

recently indicated about sot. It isthe METRO contribution is

essenti'al accuratelyt'6' de:termine the ? load £ rom METRO to
thesupport 'testing of " ..

cred1.ble eutrophicationa "model -~,.

:l;rjrO

Onondaga Lake: :(f:;f al.Doerr et 19:9;6)'; and fairly'to evaluate

management options under consideration for METRO.

to beHydroQual appears unfamiliar with the available data

for the METRO facility. HydroQual based their loading estimates

loadson TIP annual (i.e. , reported bysingle number per year
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for the 1970-1984 period. Estimates(1971-1985)Onondaga County

for the 1985-1~89 period were based- on TIP measurements made by

the County as part of.~the County's monitoring program (e.g., - 24

Apparently 1.9.90 estimates were based onobservations per year)

(TP analysis introducedTP measurements from;the County"program

greatlythese protocols hasofThemid-1989}. adoptionin

compromised the accuracy of the TP loads developed by HydroQual

it's inexplicable that the County did not- provide: properFurther,

as part of HydroQual's analysis of :theissue,oversight on this

deep-water discharge proposal.

basicHydroQual loads havethe twoshort-comingsThe in

resolution and the limitations of TIP as atemporalcomponents,

Effler and Whitehead 1994)(Effler et al. 1996,surrogate of TP

the METRO effluentinof TP concentrationDaily monitoring

throughtime24 h compositescommenced in 1980. Samples were

flow-weightedthereafter theymid-October of 1.988", were

as we 11 as -all other County data, are inThese data,.composites.

thisAssuming the TP analyses were accurate,the public domain.

ofcapablerequirement}monitoring (a permit is-program
thenearlythat should reflectloading estimatessupporting

of .the METRO:Thetheload £ rom facility~ accura~"true"

isof Onondagadata base "CQun t Y"TP concentrationeffluent

in 1989made by UF"I(n = 453supported by paired measurements

(Effler and Whitehead 1994; note no similar independentand 1.990

ischeck on the County's TIP measurements has been made}. What

dailyof the TPHydroQual makingfor notthe useexplanation

Further, thein developing TP loads for METRO?concentrations
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less 24 year)frequent TIP data available before{- per 1980

should have been available from Onondaga insteadCounty

basing loads on annual estimates).

The cof annual loadsuse with theinconsistent statedis

seasonal goals of; the HydroQual eutrophication model,

'particularly ;£"'r such high flushinga rate HydroQualsystem.

does not specify what assumptions they made concerning the

sea-sonality of the loads. Temporal uniformity thethroughout

year cannot be supported (e.g., Effler and Whitehead 1994, Doerr

;al 1996). Doerr et al. (19.96)et foundTP predictions for

o£ the lakewaters be "moderatelycupper t;o sensitive thect;o

timing of- loads, as indicated by the comparison of model output

-£or the detaile-d daily loads for theversus simulations

simplification'of temporally uniform hydrologic and TP loads at

the annual values". TP beaverage loads must temporallymore

detailed than annual to support credible seasonal predictions in

this 'high flushing rate (Effler and Whitehead 1~94 lake

Effler and Whitehead (1:994 developed empiricalan

relationship between TIP and TP -concentrations for METRO 'based" on

paired data available from the from earlyCounty 1990 through

;JuJ;y ~,1.991. . The limitations of this expression-c~and t-hose:::'£or: the

tributaries) ~emphasized 'ofe thesewere AW'are limitations,

HydroQual <,];'9095;" P~.1-35) utilized this relationship to generate

TP loads for the 1970-~989 interval based on TIP concentrations

theIn letter from S.W. J.Effler to Fitzpatrick of July 25,

1995, UPI indicated TP loads based on TIP were highly uncertain

and inappropriate to modelsupport testing. Of usingcourse,
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TP data are availabletemporally limited TIP data when frequent

be considered acceptable, unless loadingshould not equivalent

estimates emerge from the two data sets

in the TI,P-TP relationship:for METRO, areThe short-..comi,ngs

further demonstrated 'by o£~ T.I~ and TPhere comparison

concentrations in METRO's effluent for samples collected; on the

same day each the interval (Figurelc980-1990 .1.)in year over

The ~el.ationship is weak in most of the years, TIP concentrations

exceed TP values in several and there are indications ofcases,

potential chang~ the r.el.a t ionship thesystematic in over

interval. Particularly noteworthy is the much greater disparity

the andTIP TP measurements 3.:980, before chemicalbetween in

for removaltreatment p initiated. Thisprecipitation was

suggests the potential for major underestimation of the METRO TP

load based before andTIP 1981, change in theindicateson a

of in the fromcomposition p before after theeffluent to"

addition of treatment for P removal. This analysis (Figure 1)

is supportive of the ofnot empirical expressioa oftheuse

Effler and Whitehead (.1994) to. generate credible estimates of ,TP

loads from TIP {concentrations loads) for the 1980-1989or

intervalr the ~,'J!l~ ..;l9~'Z.9 period.. These findingsnor are

particularly interesting' light of the claimed ins'ights of'in

Allied's consultants, "Because the composition of P in municipal

treatment plants is fairly well- known and documented, for there

beto in the loadingsignificant p theerror estimate,

composition of p the tributaries would have changein to

(Allied Signalsignificantly" ofletter Nov. 14, 1995
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Apparently there have been some variations in the composition of

over thep 1980-1989 period-the effluent Figure .1in (e.g. ,

Extension of the TP-TIP relationship to earlier years 1980<

introduces yet greater uncertainty and the potential for greater

(primarysystematic errors;. e..g., additional..changes in treatment

through~1978, secondary until mid-l..9,Sl)_.

UPI has investigated the relative errors in annual TP loads

would result from basingfrom METRO thethat estimates TIPon

have partitioned themeasurements 24 Weper year:

contributions of frequency of sampling (daily va twice/roo} and

the of {andTIP the Effler andsurrogate adoptinguse as a

Whitehead (1994 expression) . The introduced by. theerror

limited frequency (but use of TP concentration data) is modest in

the median for the 1980-1989 period is (Figure7.6%most cases,

2a and b}. However, the error resulting from limited frequency of

sampling was more than 1St for 1980, and more then 20% for 1983

The combined error introduced by adopting the TIP-TP relationship

(2/U\o) sampling) is substantial(i.e. , in addition t~ infrequent

compare Figure 2band d) The maximum error associated(e.g. ,

with the combined effects of frequency and TIP as a surrogate is

nearly 40% (Figure -2d)~, the median for the 1.9-8Q..,,~9.89 period is

{Figure'15' 3b).. The thangreater 10% 8 of :;1~error was in

years, and greater than 15% in 5 of 10 years.

The HydroQual annual loads forMETRO the period1980-19~9

are compared to the UFI loads in Figure 3. The UFI loads are the

basis of evaluation; a fair representation as the available data

(daily concentrations}TP fully utilized (Effler al.were et
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1..9.96, Effler and Whitehead 1994). HydroQual loads are in error

by more than 20% in 6 years of the 10 year interval; the maximum

38t, the median 22%. The oferror was was introduction

systematic errors of this magnitude into the eutrophication model

is unacceptable, particularly when accurate loads are available

Calibration with these loads thereindicateserroneous are

incompensating other of the modelparts (e.g. , modelerrors

matches data for the wrong reasons)

A of the data available to TP loadingsummary support

forestimates for the 1970-1990 period,the METRO effluent and

related choices HydroQual made testing of theirto support

eutrophication model, is presented in Table 1.. Loading estimates

inherently become more accurate moving from the second column to

the fifth column of Table 1. the entire periodThroughout

HydroQual has made choices diminish the reliability ofthat

loading estimates from the dominant source of P to Onondaga Lake

These choices have compromised HydroQual's model testing/

calibration effort {consider the errors indicated in Figure 3)

thereIs for these choices? The availablean explanation TP

concentration data for limit credibleMETRO eutrophication

modeling efforts to > 1980. Subsequent treatment of. the lake P

data base further shrinks the appropriate eutrophication modeling

period.

2 Tributaries

Accurate of loadingestimates tributary essential toare

ofsupport testing eutrophication model for Onondaga Lakea

TABLE 1= Phosphorus Data to Support TP Loads from METRO, and HydroOual's Choices (x)
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AmJal TIP
toed Esti_te'

Year TIP Measur..-nts
(2/~) Effluent2

TP Measur~ts Effl~t

2/~2 Daily3

1970

1971

1972

1973

1914

1975

1916

1911

1978

1979

1980

1981

1982

1983

1984

1985

1986

1981

1988

1989

1990

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes
yes
yes
yes
yes
yes
yes
yes
yes
yes
yes

x
x
x
x
x

yes x

1 fram annuel Onondega County reports
2 public domein data available fr~ Onondaga County, 1985-1990 data in Walker (1991> data base
3 publ ic domein data submitted to NYSDEC 8Onthly
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Accurate loadstributary particularlyare critical to support

representative projections (following; ricgorous model testing that

establishes model credibility) of related qualitywater

characteristLcsc for-management scenarioS' that :htclude diversion

of METRO H¥rlroQual's estimates of tributary::loading of TP

well other p fractions}as Thisare inaccurate. compromises

overall model testing and will tend to cause misleading results

:for model o£projections water quality for METRO diversion

scenarios

Responses of Allied Signal (letter to R. Musticoof November

1995)1:4, and HydroQual (letter to S.W. Effler of December

1995) Theseon this matter are inexplicable and inappropriate.

responses have attempted to address only the limitation of TIP as

a surrogate of TP to support estimates of tributary TP loading.

Indeed this is problem. The thisa issueresponses on

flawed, and will be addressed subsequently. More importantly,

the TIP-TP issue is minor compared to the unacceptable quality of

County tributary data through 1.989 As indicated in the letter

t.oJ~;, Fitzpatrick of July 15, 1995 (item 6,'paragraph.~), ""in an

unsolicited report to R. Ott of Drainage and Sanitation in 1992 I

indicated .the. l.oads from Onondaga Creek false high.,were

apparently associated with inappropriate protocol"laboratory

Through l:~89;Onondaga County's -laboratory used a. "1 cm path length

for absorbance formeasurements tributary p analyses; an

choice forinappropriate the concentrations prevailedthat

Effler and Whitehead 1994 Standard Methods (APHA 1989)

recommends a-path length of at least 5 cm in the concentration

8



to 0.25 mg'L-lrange of 0.01 The report to oR. Ott should be

available HydroQual fromto its Onondagaclient, County. The

also describesreport (otheralternate than Onondaga COun-ty}

tributary P 'data bases {also see Effler -et- al. 19.91 ;" Effler and

Whitehead 1994, Heidtke an~ Auer 1992).. The P concentrations in

Onondaga Creek (the largest tributary input) reported by the

County were systematically false high in 1988 and 1.98.9, almost

result of thecertainly as a inappropriate analytical protocol

used in the analysis In the absence of clear(described above).

evidence to the contrary, it must be assumed that this problem

prevailed from the of thestart County's for all theprogram

tributaries and all measured p because thespecies, same

inappropriate laboratory protocol usedwas throughout that

interval These false high concentrations, and the attendant

false high loads, compromise testing of the eutrophication model

and application of the model for the ME~O diversion scenario.

These in loading willerrors tribut"ary tend to result thein

understatement of the benefit of METRO diversion (see HydroQual

report to Onondaga County, ~l.995')

Arguments presented by Allied Signal (letter to R. Mustico
of November ~4.t .1.995 and HydroQual (letter to- S .W. Effler of.

December 27,- 1995)' attempt to minimize the importance of" the

Effler and Whitehead (.1.9.94 ) in developing loads. of thePart

argument includes the following quote from Effler and Whitehead

(1994 these regression equations "represent a basis to recreate

the historic TP loading picture for the lake over the period of

9



TP monitoring". This cannot be interpreted as an endorsement by

Effler and Whitehead (1994) to use such relationships to support

model testing. (from aClearly their intent was to make the most

historic loading perspect i ve)' of- bad (poor' data}a situation.

These researchers continue to not support the use of the TIP-TP

relationships to recreate loads for model testing purposes. It

is a moot issue in light of the over-riding data quality problems

of the County's data discussed above.tributary It is

noteworthy Effler,that Brooks and Whitehead (1996) recently

indicated in the peer-reviewed literature that reliable estimates

of total loading (TP) from tributaries are available only for ~

The1987. 1987-1989 loads presented in that work are based on

datadifferent (on TP Efflermeasurements, and Whiteheadsee

1994) than incorporated in the County (i.e., HydroQual) estimates

of TIP loads

Further, in light of the demonstrated variability thein

TIP-TP relationship for METRO over the 1980-1989 interval, what

are the compelling arguments for accepting such an approach for

the tributaries Under these circumstances, HydroQual would need

to demonstrate the veracity of such expressions over a range of

The inaccuracy of theyears tribut~ (seeTIP measurements

report to R'~ Ott) overrides this issue

Allied Signal.fs consultants (letter ofto R. Mustico

November 14, 1995) and HydroQual (letter to s .w. Effler of

December 27, 1995) scenario relatedpresent thea to TIP-TP

tributary issue concerning the potential uncertainty associated

COP) fraction.with the organic P The scenario, "if the fraction

10



of theOP tributaries underestimated for historicalin was

conditions", poorly conceived. If thewas report to R. Ott,

incited the Fitzpatrickletter J. of July'to 25r had been

reviewed appropriately, Allied Signal's WGuldconsultants

recognize thethat scenario wouldappropriate be thismore

fraction of P, as well as all the other fractions, have often

been overestimated because of short-comings in the County'S

laboratory program.

More problematic the modeling philosophyis that emerges

concerning this Performance characteristics of thescenario.

eutrophication model, that incorporates many degrees of freedom

(e.g. I many coefficients for which there are not system-specific

determinations}" is used as a basis to evaluate the potential for

short-comings in loading data. This approach is inappropriate;

it turns the model testing process on its head. We would be most

interested in literature citations where this practice has been

adopted, under similar circumstances non-conservative(e.g.,

substance(s) , degrees of freedom in the model, majormany

uncertainties in so many years of loading data).

HydroQual indicated in its letter of December 27, 19.95

{p.ll that UFI has similarly evaluated model input data based on

model citing the chloride model ofperformance,. Doerr aleet

(1994) . The circumstances distinctly inwere different that

work; contrasting features of al. (1994) modelingthe Doerr et

effort include:

1. conservative modeled,substance reactioni.e., no

terms,
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2. loads much more well defined,

3. similarity of Cl- concentration data from different

laboratories established for a number of years (e.g.

see Figure 4 of Walker 1991) of the modeled period

clear in-lake in4 seasonalsignatures structure

manifested in most years, and

striking5. long-term structure manifested associateda

with the closure of the Allied Signal facility

The of the HydroQualcircumstances eutrophication model are

strikingly different, and unsupportive of the use of the model to

evaluate loads

and its various species,1. P, are far from conservative

The P cycle is complex, theand its representation in

HydroQual model is complex (e.g. , many "knobs to turn"

in calibration),

2. loads poorly defined, related choices intoare poor

species to monitor and laboratory protocol by Onondaga

andCounty,

3. poorly defined in-lake temporal signatures (short-and

oflong-term) particularly in theimportant P species,

of the lake, because of choicesupper waters poor in

species to monitor and laboratory protocol by Onondaga

County.

Interestingly, HydroQual failed to indicate that Doerr et ale 's

(1994) identification of the lakeCounty's data probablyas

flawed based than model performancewas "Further,on more

limited data from a alternate source (Walker 1991) differ greatly

12



(from the County D&S data) in several instances in these years"

ale{p.856, Doerr 1994). Other ofet aspects HydroQual's

responses to UFI comments concerning the County's chloride data

will be provided in a separate communication.

with the of HydroQual ' sConsistent structure (1994, 1995

model, they have the load fivesplit p into fractions: ~

dissolved inorganic 2) labilep dissolved por organic

(LOOP), dissolved organic3 refractory p (RDOP)~ labile4

organic (LPOP), and 5)particulate p refractory particulate

(RPOP) .organic P Very rarely would any monitoring program have

direct estimates of all of these fractions. Such partitioning for

the tributaries is of course fatally compromised by the use of

Onondaga data unreliableCounty that throughis at least 1989

(see above) theHowever, hypothetical ofeven under case

data, this partitioning ofaccurate tributary the fractions

necessarily introduces loadinguncertainty conditions. Thein

County program through 1989 could have only supported credible

dissolved inorganic P andspecification of two fractions,

LOOP. The apportioning of the other three forms appears quite

arbitrary (equally, sum of these three components equal to the

residual of TP and TIP). Such an approach should not be accepted

until its implications fully demonstrated and foundare

acceptable

1.3. Internal Loading Associated with Allied's Use of the Lake as

a Source of Cooling Water

The use of the hypolimnion as a source of cooling water by

Allied Signal resulted in the transfer ofnet from thewater
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lower enriched hypolimnion to the productive epilimnion because

of reductions in density associated with increases in temperature

1987) .(Effler and Owens 1986, This artificial cycling of water

particular with regards p and eutrophicationif of toconcern

modeling for the period before Allied Signal closed (1986) as it

represents a potentially important internal load associated with

OUr position that this operationthe operation of the facility.

caused a potentially important internal load is based on: the1

2.3 to 3.6high flow rates that prevailed in certain years, e.g.,

m3.s-1 (e.g., average METRO flow is - 3.2 m3.s-1 for much of the

(Effler and 2) thesummers of and 1981 Owens 1987),1980 very

high P concentrations that develop (ed) in the lake's hypolimnion

ale Driscoll al.al 1..9.96, 1993,(Auer 1993, Doerr et etet

highly available form of in theEffler 1996 and the p3

Effler and (1987) estimatedhypolimnion (Effler 1996) . Owens

internal 20\ of the external load over thethis load was about

it was estimated to beApril-October interval of 1980 and 1981;

interval ofthe single the June Augustlargest source over

Unfortunately, the Effler and OWens (1987)1981. estimates must

be considered uncertain as a result of their uncertainty in the

because of the strong verticaldepth of the deep water intakes,

gradients in P concentrations that prevail within the hypolimnion

for much of the summer (Doerr et al. 1996, Effler 1996)

Several forms of data would be necessary to develop adequate

estimates of this internal load:

information for the cooling1) detailed operating water

including:intakes for all years,
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a) identity of intake (was it a shallow or deep-water

and period of operation,intake?

withdrawal rate, accurately temporally resolved.b)

This information has been requesteddepth of intake(s)2)

Signal RIfFS TheAllied by NYSDEC at meeting.a

information has not been provided. is crucialIt that

(e.g.,information be accurate engineering drawings

perhaps checked against recent underwater survey).

accurate P data from the lake over the period of cooling3

water withdrawal.

(if emanating from depth ~ those assumed byThese internal loads

need to be seasonally resolved.Effler and OWens 1987) Extending

earlier than 1980 may be psuch problematic,estimates to as

loads routed to Ninemile Creek via the West Flume may have been

withsignificantly diminished by reaction the caCO3in-stream

Effler et al. 1991) formed from Allied Signal's(e.g.,deposits

HydroQual needs to accurately estimate thiswastebed discharges.

potentially important internal load before it includes any of the

years during which Allied Signal operated the deep (hypolimnion)

in the eutrophication model. HydroQua 1cooling intakeswater

needs to quantitatively address the issue of the extent to which

of coolingthe absence of detailed thetreatment watera

impacted other of their qualityoperation has waterfeatures

model analysis

Loading Adopted for the1.4. Changes in METRO Deep-WaterTP

Discharge Proposal

loading changes abruptly theirThe HydroQual TP story in
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analysis of the METRO deep-water proposal (HydroQual 1995) late

under Initial Projections)(paragraph 3.2the 1,in report

HyrdroQual indicates the TP loading estimates for the 1985 -1990

"revised" based on comparisons with values presentedperiod were,

(1993) reference.in a Effler and Canale Why were these changes

not incorporated in the appropriate earlier section of the report

of loads? ofIdescribed the development am unaware athat

"water quality model documentation report" prepared by Effler and

I am unaware of any report/manuscript prepared with thatCanale.

did 1993UFI reportauthorship inthat prepare ain year.

loading forincluded TP(Canale al. 1993 estimatesthatet

HydroQualNo loads for 1985 and 1986 were included.1987-1990.

indicates changes were made, but differences apparently persisted

revisedloads from the nour estimates arein the UP! values

Is this a result ofwithin 10 percent of those reported by

loads withaveraging procedures average erroneousmore (e.g. ,

loads)? These loadsrepresentative loads to get less erroneous

fromfor the METRO deep-water analysis are apparently different

RI/FS analysis (HydroQual and PTIin thethose incorporated

documentation of of theseHydroQual's development1994) .

and the supportingloads is woefullymodified inadequate,

HydroQual acknowledgedcitations and statements are inaccurate.

modelcertain ofdeterioration in features performance as a

It's highly likelyresult of these modifications in TP loading.

ifwould furthercharacteristics deterioratethese performance

loads adopted for the 1987-1990the representative weremost

period.

16



2.0 Lake Phosphorus Data

2.1 SRP

The response of Allied Signal's consultants on November

1995 are quite different than those of HydroQual on December

concerning the SRP/orthophosphorus detection limit problem1995

the Novembersamples. In 14of forD&S waterupper

explain thecould disparityAllied's consultants notresponse,

the D&S concentrations and HydroQual's calibrationbetween

in 1987 D&S mid-summer surface( IIvalues for 1987 and 1990

concentrations in Figure 6+ IJ.g/L,are about 30 to 40 whereas in

the calibration plot they are about 10 to 20 ~g/L. The cause for

the Decemberdisparity is clear" In 27,this not

HydroQual indicates both D&S and UFI data are includedresponse,

forthe calibration plot values, implying this is the reasonin

Why is the "story"previously unexplainedthe disparity.

and UFI data averaged? HydroQualthe D&Schanging? How were

describedprotocols would be clearlyaveragingindicates

throughout the response (p.l of HydroQual response) it- however,

clear how the calibration plot datafar SRP wereremains from

(Figure 15, HydroQual response).arrived at

concluded that the SRP concentrationEffler and Doerr (1994

specifically, ofdata base of D&S inaccurate; mostwas

epilimnion values are false high as a result of detection limit

thisSubstantial evidence was presented in support ofproblems

+ the legend Figure 6 of the Effler and Doerr memo (1994) was
corrected by memo in March of 1995 (i.e., before release of
Allied Signal; see attached), apparently this correction was not
passed along to Allied Signal.
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and HydroQual(November, 1995)Allied's consultantsposition.

defense of the D&Sevidence in( December 1995) present no

"that much of theHydroQual acknowledgesepilimnetic SRP data

D&.S epilimnion SRP data may suffer from detection limit problems"

- this is an understatement, as there is no evidence presented to

the contrary.

In sharp contrast to the D&S P data base, much of the UPI P

data base has been subjected to rigorous peer-review as part of

etrelated research manuscripts Auerthe publication of {e.g. ,

Driscoll ale 1993) . In1996, etal.1993, Connors etal.

(as welltime distributions of SRPthe detailed as
particular,

in the upper waters of Onondaga Lake for thedissolved organic P}

summers of 1989-1992 were subjected to rigorous review as part of

alkalinepools and phosphataseanalysis of pintensivean

activity (Connors et al. 1996)

data with UFI'sSRPAveraging of D&S's erroneous

representative data is an entirely unacceptable manner in which

HydroQual'sfor thisdata parameter.develop calibrationto

resulting calibration data set for SRP in the epilimnion (e.g

5 to 10 ~g.L-1 in 1989 (Allied Signal's~O to 20 ~g.L-1 in 1987,

ofrepresentative1995) is far fromNovember,consultants,

forjustificationis theprevailed.conditions Whatthat

particularly in light of theaveraging such disparate data sets,

known non-linear response of phytoplankton within this range of

thethatAllied's consultants indicateconcentrations?

1995)/ "high D&S detection"{HydroQual, December,"biased-high"

data1995) calibrationSignal, November, werelimits (Allied

18



and that the more realistic model projectionslargely ignored -

- 2 ,ug-L-l minimum, claimed to be similar to UFI measurements)

emerged from calibration. This is instead apparently a result of

judgment, that would have been better applied in the development

of the calibration p.goL-ldata. The implication thethat 2

minimum predictiqn in calibration emerged because of the limited

ranges of related model coefficients is an assertion, that would

be quite undertakingan to demonstrate statisticallyin a

rigorous manner (e.g., Storey et ale 1993).

It is noted that Allied Signal's consultants chose not to

respond p relatedto Onondagaissues to County's unfortunate

selection of species to monitor. In particular, there is not a P

includes themeasurement that contribution of phytoplankton

biomass. The lack of a measure of dissolved organic P is also a

problem, as phytoplankton apparently'use this pool during periods

of SRP depletion in Onondaga Lake al 1996) .(Connors et These

in the data baseomissions fatal forare limitations the

rigorous oftesting eutrophication model.a Credible and

appropriate epilimnetic P data, necessary to develop a credible

eutrophication model, available only sinceare This1987.

condition is even more temporally limiting than the availability

of reliable METRO loading data

3.0 ~plications for Eutrophic Model Testing

Consider in light of the foregoingnow, limitations

identified in this analysis, the implications for thetesting
eutrophication model for the 1970-1990 period. It's fair to say

that changes in externalmajor p loading occurred thisover
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period (e.g. , Effler al.et 1996, Effler and Whitehead 1.994)

However, the reduction in external loading from the dominant

(METRO)source is poorly defined before 1980, the interval over

which the largest portion of the load reduction occurred (Effler

and Whitehead 1.9.94) . Tributary loads based on Onondaga County
data through 1989 are unreliable and almost certainly false high

This eliminates quantification of any significant systematic

changes that have occurred in thismay smaller ofcomponent

external loading. The change in internal loading, associated

with Allied Signal's use of the lake as a source of cooling water

seasonal(that potentially had as structure critical to summer

phytoplankton growth), may havethat resulted from operational

variations before closure and almost certainly occurred with the

closure of the facility, remain largely unquantified. The

loading ispicture unfortunately poorly defined,very

particularly with respect to the major changes that occurred.

The lack of reliable calibration data forsets in-lake

concentrations of various P species (particularly for the upper

productive layers) before 1987 fatally compromises eutrophication

model testing that focuses on the 1970-1990 period. Performance

of a eutrophication model in simulating P species, particularly
TP (i.e. , includes contributions from phytoplankton biomass} and

SRP (e.g., representation of P available to support phytoplankton

growth), is critical basisa for evaluating model credibility.

We indicated previously the importance of also having reliable

measurements of DOP. The County did no measure TP in the lake
until part way through 1989. UFI's TP data base starts in 1987

20



Though measurements of SRP (ortho-p) are available from Onondaga

County's program since 1970, the situation for SRP is really no

better than for TP, because the fromCounty's SRP measurements

the layers unreliable.upper are Effler and (1994Doerr

established the County's SRP data unreliablewere (false high)

associated with detection problemslimit (apparently HydroQual

largely concedes this point). Consider the SRP situation within

the context of HydroQual's (letter of December 27, 1995) Figure
15. The calibration data sets of J.987, 1.98.9 and 1.9.90 are false

high due to the inclusion of D&S data with UFI data. corrections

be made for thesecan ~years eliminating the data.D&:.S

However, all the earlier data (from D&:S) unreliable. Noare

reliable adjustments of D&S data are possible there(e.g., note,
notare indications the degreethat of the limitdetection

problem has been uniform). theThus there is no basis to test

interannual and seasonal structures predicted by the HydroQual
model (Figure 151 letter of December 27, 1995; increasede.g.,

degree and period of SRP depletion from the 1970's to 1980's)

and therefore the model's credibility.

The selection of the 1970-1990 period for model testing is

conceptually flawed for application to METRO management

alternatives presently under consideration. Instead, the focus
should be testing eutrophication model fora the ofrange
conditions that presently prevail (e.g., Doerr et al. 1996).
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January 24, 1996

Dr. James Fitzpatrick
HydroQual, Inc.
1 Lethbridge Plaza
Mahwah, N.J. 07430

Communication No.4 to HydroQual Concerning Onondaga Lake:
Review of HydroQual's Phosphorus Loading Estimates and Associated
Protocols, and Comments on HydroQual Responses Concerning UFI'S
Analysis of the Phosphorus Data Base of Onondaga County

This letter: is the fourth concerning HydroQuall.s modeling
analyses of Onondaga Lake. This communication focuses on
phosphorus (P), specifically P loading and P data used for model
testing. This correspondence does not address the model
framework for P and related processes (perhaps in later
communications). The treatment of P loading represents an
expansion of UFI's review; most of the material has not been
presented to you previously. The discussion of lake P data
represents our.. comments on- your related responses presented" in'
the HydroQual letter of December 27, 1995, and the AlliedSignal
letter: of W~:_Shephard of-November 14;;:-1:~5. ~:::"'~:::::~-':: '

.,~ " For the record; 'We reiterate (see- letterofc:Octo;t;;>:er.:2, ,.199cS)
UFI's reasons for participating in this dialogue: "1) our past

as the basis of management action, 3) the ongoing controversy
about scientific analysis and studies on the Lake, 4) the
conflicting interests of. Onondaga County and ,AlliedSignal in
:'ttiess matte~s,.. ,and, ::S}: ;...oux~c.conunitm~~ t ?:.to;.i.,t~...~ehab:-ilita tian ,.of
Onondaga Lake based on unimpeachable scientific anaclysis".

A eutrophication model can not be rigorously tested for
enondaga 'Lake:,,~~~M;,cl,~.7~-l~9-Dl pe~;i..Q4~~Q.a~~.'!!'~i'J!,.,t~, 1.a.c~ ,of;
appropriate and reliable P concentration data for the lake and
its'. inputs for much .of that interval., Testing~ofc~uch a model,
should instead focus on a much shorter period (since 1987) for
which an appropriate and credible data set exists. An exceptional
opportunity has been missed to track and simulate the effects of
major reductions in external, and~perhaps internal, P-loading
that occurred through the mid-1980's. This is unfortunate for
lake managers in general, but particularly those concerned with
remediation of Onondaga Lake. The responsibility for this lost

P.o, Box 506 . Syracuse, New York 13214

Overnight Mail: 871 Van Rensselaer Street, Syracuse, New York 13204

Phone: Office (315)466-1309 Lab (315)423-9924 Fax (315)466-8289

A Not-For-Profit Corporation Dedicated to Freshwater Research



opportunity lies with Onondaga County, associated with the
short-comings in their monitoring program, as delineated herein.

Despite additional descriptions provided in your letter of
December 27, 1995, the documentation of various procedures
related to P can still be described as incomplete and cryptic.
For example, how were seasonal loads developed from annual loads?
Attached you will find a reasonably detailed review of
HydroQual's protocols for developing P loads, comments on
HydroQual's response to UFI's concerns regarding the quality of
Onondaga County lake P data, and our evaluation of the
implications for eutrophication modeling. Some of the more
salient features are listed below.

1 Inaccurate annuaiTIP loads were used by HydroQual to
drive a seasonal eutrophication model, despite the
availability of more temporally detailed data, inc1uding
daily TP concentrations from METRO since 1980.

2 Despite being aware of the potential inherent
limitations, described by Effler and Whitehead (1994),
HydroQual applied empirical TIP-TP relationships to
estimate TP loads .for model testing from TIP data.
Additional analyses presented here indicate this
practice introduces substantial 'error in loading
estimates from the dominant source, METRO.

3. HydroQual has not recognized (and apparently has not
been informed by Onondaga County) that Onondaga County P
data for tributaries through 1989 are unreliable because
of short-comings in the County's laboratory program.

HydroQual (letter of" De'cember 27, 1995) has used t-he
performance characteristics of a eutrophication model,
in.' the absent:e:-u~:.'8UC:ae'BS£uL'rigorous-. mode r':te-ating ,-~as-
a basis to evaluate the potential for short-comings in
loadingdata-..'c' c'.' .: -,. ::;"'-'7C ,~ ~

4:

5 r-

'.
;T~';:. : pot entrj;.'ai'1..~ ::iiapOrtant: ... ,ro'l:~: ;,~.of;: '~i~d~;~.iSi:gnal-.1t ':S'

cooling water operation in cycling P within the lake has
not been considered in HydroQual's analysis. This issue
also needs tobe.considered for other constituents being
modeled .. ,",-. . ~, -

61 T"'-""' -"",'._~'1, _'J..&,.1 t. ~, .-- th ..d_-:~ :... U~~ vuc~Pt~~:'~=:a,J ,L.~~t~'a:;~.I.:.;.. e:~oonce~:a:~
of soluble reactive P in the upper waters were developed

County data.

HydroQual has not recognized the extent to which the
short-comings in Onondaga County's monitoring program
has limited the period over which rigorous testing of
eutrophication model for Onondaga Lake is possible.
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Revisions in loading estimates are not recommended for the
period before 1987, because the lack of reliable lake and
tributary P data precludes eutrophication model testing for that
period..

I am sure that we all agree that it
advantage to make absolutely sure that all
Onondaga Lake stands up to rigorous scrutiny.
this correspondence in that spirit.

is to everyone's
scientific work on
We have undertaken

Ple~se feel
have concerning
(315-466-1309) .

free to contact me with any questions you may
the contents of this communication

Sincerely,

S.W. Effler, Ph.D.
Director of Research

cc: Mr. Walter Shepard, Allied Signal, Inc.
Mr. Gary Bigham, PTI Environmental Services
Mr. Timothy Larsen, NYSDEC
Mr. Ronald Sloan, NYSDEC
Mr. N.G. Kaulr NYSDEC
Dr. Daniel Palm, NYSDEC
Dr. Jay Bloomfield, NYSDEC
Mr. William Little, NYSDEC
M;r;". - C"'arles B;L"ana"'"'" c c:.J'V:anDC -

- ~~- '. ~~,""..~~p -.. "~'-

Mr. John Davis, NYSDOL
~~;.::c~qp-~~~ _,~nt+~-te~,$~QQ!:J:7'.., -:c:"c',-',':
Mr. David Coburn, Onondaga County
Mr. Randy Ott, D&S, Onondaga County
Mr. Joseph ~astriano, D&S, Onondaga Co~ty
M:;-:~.:: H ~::'~;:;.. ~,~~~~!""~~,. -;9~C?n~g~. 99~~Y.~";;"
Dr.. Elizabeth Mo~an,.-Stearns & Wheler '

Dr.. CharlescDri.scoll, Syracuse Univ.ersi:ct¥~.
Dr. James Hassett, WQMA
Mr. Robert Hennigane ~"" ", ,,~,- " , - --

Dr. William W. Walker'
pro Em~t M~ OWens, ~~racuse UniversitY-e
Mr. Donald Hughes,



PHOSPHORUS

1.0 Phosphorus Loading

Accurate of phosphorus loadingspecification is a

fundamental component the of crediblein development a

eutrophication model. A model that is calibrated to inaccurate

phosphorus loads is crediblenot tool;a management i.e. ,

~alibration achieved only as a result of incompensating "errors

other source/sink The evidence compellingprocesses. thatis

much of phosphorusthe load adopted HydroQualinput by is

inaccurate.

1 . 1 METRO

METRO is the dominant source of P to Onondaga Lake EffIe'::

et al. 1996). The disparity in estimates of METRO's contribution

Stearnsby Onondaga County's various consultants is interesting.

and Wheler's {Onondaga .forestimates Courity 1991":1'-993 the

1990-1992 intervalcranged from 'S6Cto' '75%, and -RjdroQua2'-ihd'icates

'7s.t.-6'S",tc {fbran unspe'c£fied period:' letter "t'dR";' 'Must'iCb"";£rom

w Shepard, Nov. 14, 1995) However, (1.996) hasOnondaga County

recently '-indicated" the METRO' 50% "I t rl J:' S'aboutcbritftl:5titiofi is

essent~ia:r to accurately determine- the y load from' METRO 'to'

thesupport- of credibl'etesti~ eutrophicatiorf" model fora

Onondaga Lake (c-f. Doerr al 1996)', and fa'irlyet 't:.o eValuate

management options under consideration for METRO.

HydroQual appears to be unfamiliar with the available data

for the METRO facility HydroQual based their loading estimates

on TIP annual loads reported bysingle number per year{i.e.,



Onondaga County (1971-1985) for the 1970-1984 period. Estimates

for the 1985-1989 period were based on TIP measurements made by

the County as part of the County's monitoring program (e.g., - 24
observations per year: Apparently 1990 estimates were based on

TP measurements from the County program (TP analysis introduced

mid-1989} Thein adoption of these protocols greatlyhas

compromised the accuracy of the TP loads developed by HydroQual

Further,. it's inexplicable that the County did not provide proper

oversight as part of HydroQual's analysis of theon this issue,

deep-water discharge proposal.

The the HydroQual loads have basicshort-comings in two

components, temporal resolution and the limitations of TIP as a

surrogate of TP (Effler et al. 1996, Effler and Whitehead 1994)

Daily ofmonitoring TP theconcentration METRO effluentin

commenced 1980. h throughin 24 timeSamples were composites

mid-October of 2988-°, thereafter they flow-weightedwere

composites~~ These ~data,. as well a'S~11 other CountY' data, are in

~he public' domain-:-. this;Agsuming: t-he Tp: 'analyses wecre :acc'ura te I

monitoring (a ofcapableprogram requirement)permit is

""supporting loading shoul~ nearly: ~heestimat~s' that reflect

load",true" ,from the The of the METROfacility. accuracy

effluent TP data base of Onondaga isconcentration County

supported by paired '1neasu:::-ements ifi'1989(n = 453 made 'by UFr

and 1990 Effler and Whitehead 1994; note no similar independent

check on the County's TIP measurements has been made What is

the explanation for HydroQual daily TPmaking of thenot use

concentrations in developing TP loads Further, thefor METRO?

,



less frequent 24 dataTIP available beforeper year. 1980

should have been available from Onondaga County of(instead

basing loads on annual estimates)

The of annual loads isuse with theinconsistent stated

seasonal goals of the HydroQual eutrophication model,

particularly for high flushingsuch a I:ate system. HydroQual

does specifynot assumptionswhat they made theconcerning

seasonality of the loads. Temporal uniformity thethroughout

year cannot be supported (e.g., Effler and Whitehead 1994, Doerr

et jal. 1996 Doerr et al. (1996) found TP predictions for the

upper of the lakewaters "moderately sensitiveto be to the

timing of loads, as indicated by the comparison of model output

for the detailed daily loads for theversus simulations

simplification of temporally uniform hydrologic and TP loads at

the annual loadsaverage values" TP be temporallymust more

detailed than annual to support credible seasonal predictions in

this high flushing rate (Effler and W:'1itehead 1994 lake.

Effler and Whitehead (1994) developed empiricalan

relationship between TIP and TP concentrations for METRO based on

paired data available from the from earlyCo\inty 1990 through

July 1991. {and those for theThe limitations of this expression

tributaries) emphasizedwere Aware of these limitations

HydroQual (1995; P.1-35) utilized this relationship to generate

TP loads for the 1970-1989 interval based on TIP concentrations.

In the fromletter s.w. Effler to J. Fitzpatrick of July 25,

1995, UFI indicated TP loads based on TIP were highly uncertain

and inappropriate to model testing. Ofsupport course, using



temporally limited TIP data when frequent TP data are available

should considered acceptable unlessnot loadingbe equivalent

estimates emerge from the two data sets.

in the TIP-TP relationship for METRO areThe short-comings

further demonstrated here by comparison of andTIP TP

concentrations thein METRO's effluent for samples collected on

same day each over the interval1980-1990 (Figure 1in year

The relationship is weak in most of the years, TIP concentrations

exceed TP values in several and there are indications ofcases,

potential changes the relationship thesystematic in over

interval Particula=ly noteworthy is the much greater disparity

between the TIP and before chemicalTP measurements 1980,in

for removal initiated. Thisprecipitation treatment p was

suggests the potential for major underestimation of the METRO TP

load based before and theTIP 1981,on indicates a change in

of from before after thecomposition p in the effluent to

addition of treatment for P removal. This analysis {F£gure 1

.or- the o£ the empirical express'ion ofis not supportive use

Effler and Whitehead to generate credible estimates of TP(1994)

loads from TIP loads) for the 1'9'80 ""L98 9{concentrations or

interval, the 1970-1979 period These findingsnor are

particularly ofof the claimed insightsinteresting lightin

"Because the composition of P in municipalAllied's consultants,

fairly well ~~own and documented, for theretreatment plants is

beto thethe loadingsignificant p estimate,error in

composition of p would havethe tributaries to changein

1995) .significantly" (Allied Signal ofletter Nov. 14,



Apparently there have been some variations in the composition of

thein 1980-1989 periodeffluent ...'over ,-ne Figure(e.g 1

Extension of the TP-TIP earlier yearsrelationship to 1980)<

introduces yet greater uncertainty and the potential for greater

systematic errors; (primarye.g , additional changes in treatment

through 1978, secondary until mid-1981}

UPI has investigated the relative errors in annual TP loads

from METRO -that would result from basing the estimates TIPon

measurements 24 year) haveWe partitioned theper

contributions of frequency of sampling [daily -vs andtwice/roo}

ofthe TIPuse the Effler andas su~rogate adoptinga (and

Whitehead (1994) expression) . The introduced by theerror

limited frequency (but use of TP concentration data) is modest in

most the mediancases, 7.6% (Figurefor the 1980-1989 period is

~2a and b) However, the e~ror resultinge from limited fre:quencyo

sampling was :more:~han'::.'1:5% -for 1980, and more-then-20-%'cfor 1983

'T:he combined error,"'intrcduced by adopting- the TIP:'-'TP relationship

{Z/mc("~' e "'-., sampling}. 'i.s~ubst:antiai:in addition-to:ir"frequen t

Figure 2b and d).compare associatedThe maximum error(e.g. I

-with,..;the 'Combined -.effects of; frequency~ and TIP:'aS".a...Scurrogate;is

nearly 40% fFigur~~ ~d:*::,~ the mediah'1 for' the' '1'~3C~.L98 9 ~:pe:t iod is

'J:;5:,~ (Figure 3D}' The ofthan 10%. 8 1:0'errOr was ~at:e;r in'

years and greater than l5% in 5 of "10 years

The HydroQual METRO annual loads for period1980-1989the

are compared to the UFI loads in Figure 3 The UPI loads are the

basis of evaluation; a fair representation as the available dat,

(daily TP concentrations) fully utilized al(Efflerwere et

5



1996 Effler and Whitehead 1994) HydroQual loads a~e in error

by more than 20% in 6 yea~s of the 10 year interval the maximum

38t the median 22% Thee:::orcr ofwas was introduction

systematic errors of this magnitude into the eutrophication model

is unacceptable, particularly when accurate loads are available

Calibration with loads indicatesthese erroneous there are

compensating of model modelparts (e.g. ,theerrors in other

matches data for the wrong reasons)

A of data available to TPsummary the support loading

for the period, andest:.mates 1.970-1990for the METRO effluent

related choices theirHyd::-oQual ofto testingmade s~pport

eut~ophication model, is presented in Table 1. Loading estimates

inhe=ently become more accurate moving from the second column to

fifth column of Table thethe 1. Throughout entire period

Hyd-::~Qual has made diminish the ofreliabilitythatchoices

load:.ng estimates from the domir~ant source of-F to-Dncnd-aga ~ake

These compromised model testinglhavechoices HydroQua,l ' s

:i;ndd;cat-erl;.:' ::in;E'igur,ecl~~.c~ li".o'l:~:t ion-;,ef.fort :tc onsider-the.. errors

Is available TPfor these choices? Thethere explanationan

credcible eutrophicationcQncgntration, data :for METRO limit

;SJ:Ibs equent.:: "tre'a.tment::af::i,the,:"'Lake-,E:~.,. e:.ffmoae . - . J- .., "#_. "
-. "",-,;l.:1).g, :o-rtE,ct::o, >",,19:8(3],.:

d~ t.;; 'b~$e "-~:urther- ,,::'S:hrinks::-cthe:::appropri a t e- -eut-rophicat!.:..:on _E~-..:i::-ng

period.

1.2 Tributaries

essentialof loading toAccurate tributaryestimates are

Lakesupport of eutrophication model for Onondagatesting a

TABLE 1: Phosphorus Oat. to Support TP Loads from METRO, 8nd HydroQual's Choices (x)

6



Year Amual TIP
Load Estimate 1

TIP MeasurelMnts

(2/~) Effluent2

TP Measurements Effluent
2/DX)2 Deily3

1970
1971
1972
1973
1914
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990

yes

yes

yes

yes

yes

yes

yes

yes

yes

yes
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1 fr~ 8nnual Onondaga County reports
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Accurate loadstributary particularly criticalare to support

representative projections (following rigorous model testing that

stablishes model credibility) of related qualitywater

characteristics for management scenarios that include diversion

of METRO HydroQual's estimates of tributary loading of TP (as

well other p fractions)as This compromisesare inaccurate.

overall model testing and will tend to cause misleading results

for model of for diversionprojections water quality METRO

scenarios

Responses of Allied Signal (lette-::: to R Mustico .of Novembe::-

14, 1995 and HydroQual s.w. Effler of December{letter to 27,

1995) Theseon this matter are inexplicable and inappropriate

responses have attempted tc add~ess only the limitation of TIP as

a surrogate of TP to support estimates of tributary TP loading

Indeed this problem Theis a responses thison issue are

flawed-,. and will b'e- addressed subse~ently importantLy,MOre

the;PCI..pc--Tp..issue i5'1TI"inor~C':jmpa:!"ed to the;; una:ccept'abl'ec'qua:l-i'ty 'o~

County t 'r~ 'but ary"~ at a' th'roilgn '!989 AS" 'indicated" 'fn;c,the' lette:!"

t J0 . paragraph 3)Fitzpatrick of July 15, 1995 {item 6, "in a:l

'un'Soli"C2'ted"'-repbrt"t;a~'R.":"'Ot't~bf cDrainage and Sanitat'1'on '-.T:n~"l992 ""i'

indicated the Ioads' from onondaga ereek fa1se highwere

-a-ppa:ren tly as so"clat e"d laborat:ory. ~'o'C0'11lwi-tn i~appropriate

.I:£hrough'1:.-9-89"' Ondnda:ga-"'CO'tln'ty t~E-l ab'orat ory"'Us e-d 'a'1"-~ctrrpath - --iengt 1:

for absorbance for ~measurements tributary analyses a~

inappropriate choice for prevailedthe concentrations that

(Effler and Whitehead 1994) Sta:ldard Methods 1989)(APHA

recommends a path length of at least 5 cm in the concentration

a



-1range of 0.01 0.25 mg.L Theto to R Ott should bereport

available HydroQual fromto client Onondagaits County The

alsoreport thandescribes alternate Onondagaother County

tributary P data bases also see Effler et ale 1991 Effler and

Whitehead 1994, Heidtke and Auer 1992)- The P concentrations in

Onondaga Creek (the thelargest tributary input) reported by

County were almost1988 1989,systematically false high in and

certainly result of analytical protoc.olas a inappropriatethe

used in the analysis {described above In the absence of clear

evidence it mt:.st be assumed.t.o the contrary, that t:.is problem

from of forprevailed the the County's allstart program the

and all measuredtributaries p species because the same

:.nappropriate usedlaboratory protocol throughout thatwas

inte::-val These false the attenda:1thigh concentrations, and

false loads, compromise testing of the eutrophication modelhigr.:.

of mcdela..'1d application f:cr the METROthe diversic~ scenario

These wilcl resulterr:)rs in tributary tend toloading the

understateme~..:t. .orl":'..the "bene£iit: t ae'::::H}lri:r;aQualof MET;.~O:.dv,er;s~on

report to On~ndaga County 1995)

A:E.gumentscc.:p:t:esent:ed cby "Allied: Signal le.tt~-z~: MustiCQ

er November 14T--~ and;HydroQUa:l of2.995 s:~ Eff:le'r'~letterc ~

December 27; 3:'995 the 'cr.attempt t"o minimi':z:e ;~ rt -~ c -
-"'J:"-' QC-.- + ~

'

inherent uncer":.ainties in the empirical e.xpressionE d:7V'elopedby

=:ffle:!: Whitehead (1994 developing loads ofand in Part the

includes the following quote from Effle~ and Whiteheadargument

1994 these regression equations "represent a basis to recreate

the historic TP loading picture for the lake over the period of

9



monitoring". This cannot be interpreted as an endorsement by

Effler and Whitehead (1994 to use such relationships to support

model testing. (from aClearly their intent was to make the most

loadinghistoric of bad data)pe!:'spective) a (poor situation.

These researchers continue to not support the use of the T!P-TP

relationships ~ to-'-recreate loads for model
testing purpose's'. It

is a moot issue in light of the over-riding data quality problems

the dataCounty's tributary discussed above; -It is

noteworthy Effler, Brooks and Whitehead (1996) recentlythat

indicated in the peer-reviewed literature that reliable estiillates

of total loading TP frbm t~ibuta~ies are available only for ~

The1987 1987-1989 loads presented in that work are based on

Effler and Whiteheaddifferent data (on TP measurements see

1994 than incorporated in the County (i.e., HydroQual estimates

of TIP loads.

Fu~ther, th~of variabilitylight thein ,:; emo T"\s -- r - t c~.. .. ... a. - ... i::

i~te-::val,Trp:.TP'relationshi'p for"METRO bv~r~the 198~O.o;'19'8'9 wha~

t;;hec".compe rl'i11'g'arguments: "for' "a'C'c-epti:lg" such" an'" "approach '£or'

Under these circumstances, HydroQual would needtributaries.

,to'demonstrat'e'c t'he"'verac ity of "'Such expressiol1S",."QVer-a.-',range"of...

Th-e inaccura:cy "of the (see-years. TIP measurementstributary

report to R. Ott) overrides this issue.

Alli'ed Signa"l.f s ofconsultants 11 e t- t ~ \- - ~- tt)' .~ Mustil:'::

November EffIe=- of14, 1995) and HydroQual s.w(lette~ to

December 27, 1995} related TIP-TPthepresent a scenario to

tributary associatedissue concerning the potential uncertainty

with the organic P (OP) fraction. "if the fractionThe scenario,
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of the underestimated for historicalOP tributariesin was

poorly conceived If the R Ott,conditions", report towas

cited the Fitzpatrick of July hadJ. 25,letter to beerlin

wouldreviewed appropriately, Allied consultantsSignal's

recognize that the would be thisappropriatemore scenario

of other oftenfraction P. well as all the fractions,as have

overestimated ofbecause the County'sshort-comings inbeen

laboratory program

modeling philosophyMore thatproblematic is emerges--he

ofPe~formance characteristics theconcerning this scenario

freedomeut~ophication model, tha:. degrees ofincorporates many

many coefficients f=r which there are not system-specifice.g

is used as a basis to evaluate the potential fordeterminations} I

This approach is inappropriate
, -- .

snor---comJ.ngs in loading data

it tu~ns the model testing process on its head. We would be most

h-c=0.-inte~ested this practice bee:-.in literature c:.tations where

adcpted, under similar non-conservativecircurr.'stances e.g. I

freedom the mode 1-,substance(s) , degrees of majorinmany

unce~tainties in so many years of loading data).

December 1995HydroQual indica'ted of "2..'j~""
8li.. letterin

that UPI has simila::-ly evaluated model input data 'based"' onP i 10-

model ofmodel performance, chloride Doerr et alciting the

cistinctlv1994) The differe!1t t n-~
..Co -

'..,
Jcircumstances we:::-e

al modelingwork; of 1994)contrastina features the Doerr et

effort include:

modeled,1. reactionconservative substance noi.e.,

terms



2. loads much more well defined

3 Cl-ofsimilarity data from differentconcent-::ation

laboratories established for a number of (e.gyears

see Figure 4 of Walker 1991 of the modeled period,

clear4 in-lake seasonalsignatures in structure

manifested in most years, and

s. striking manifested associateda long-term structure

with the closure of the Allied Signal fa"ciclit.y.

The circumstances of HydroQual eutrophication modelthe are

;trikingly different, and unsupportive of the use of the model to

evaluate loads

1 P, are far from co~servativeand its various species,

p cycle complex, anc. the'he its represe!1tat:.onis in

HydroQual model is complex (e.g. , to turn n"knobsmany

in calibration} I

2 loads poorly
. &'

dae.;..l.ne , ~elat~dare to poor choices in

to' monitc:!: and labc-=-atory 'protocol""~1::y "onondagaspecies

andCounty,

3. poorly defined in-lake temporal short-andsignatu::-es

long-term} 'Of partieul'arlY the:important P species, in

of the lake, because "Of choiceswatersupper p~r in

species and laboratory protocol by Onondagato monitor

County

!nt;~restingly, alHydrcQual 'sfailed ":.0 indicate that ~ce::-::- et

1.994) probablyidentification of lake datathe County's as

:lawed based "Furtherthan model performancewas on more

differ greatly(Walker 1991limited data from a alternate source

,.,





lower enriched hypolimnion to the productive epilirnnion because

(Effler and Owens 1986, 1987 This artificial cycling of

if of particular withconcern regards p andto eutrophication
modeling for the period before .~llied Signal closed 1986) as it

represents a potentially important internal. load associated with

the operation of the facility. Our position that this operation

caused a potentially important internal load is based on 1 the

m3.s-1 average METRO flow is - 3.2 m3 8-1(e.g. , for much of the

ofsummers 1.980 and 1981 (Effler and Owens 1.987 2 the very

high P concentrations that develop (ed) in the lake's hypolimnion

(Auer al.et 1993, Doerr -1Q.-. 1996,et Driscoll alet 1993,
Effler 1996 and 3) highlythe available form of thep in

hypolimnion Effler 1996) Effler and Owens {19B? estimated
this internal 20% of.load was about the~ external- load over the

April.-Qctober interval of..l.9AO and, "J.98:1';- it: was .estimated~ to be

s..ing.le.,t-he l...argest thesour,~e Juneave=:, rAu~&t in:terva-l o.t",

1981 Unfortunately, the Effle~ and Owens (1987) estimates

be :..considered cuncert.ainc as. ;a .;xesuk of, .t-heir~-.uncertainty" in.tbe:

qept h:~7,q E._~,t:~; de'ep ~~'Wa:t:er..'int ake"s; because -~. "+-
h ~ ="'T7fC~~""'O--.: ~.=1.-: .~;~~, """'~";'--:rL'.V=;::;,~~~

d ' - . P . ~ , 1. ' h ' h ' 1 , . gra J.en\"s~ncc concentratl:ons t..at prevaJ... WJ.t, 1.n t e nypo ~mnJ.o

for ..muc..~ of ,the summer {Do.err et :0.1. 19..9-6.r,E££1.e~; ~.9.6

Several forms of data would be necessary to develop adequate

estimates of this internal load

1 detailed operating information for the cooling water

intakes for all years, including:

14



a) identity of intake (was it a shallow or deep-water

intake? and period of operation,

b} withdrawal rate accurately temporally resolved

2) depth of intake(s). This information has been requested

from Allied Signal by NYSDEC RIfFSat meeting. Thea

information has not been provided. It is crucial that

information be accurate (e.g., engineering drawings

perhaps checked against recent underwater survey:

3 accurate P data from the lake over the period of cooling

water withdrawal.

These internal loads if emanating from depth ~ those assumed by

Effler and Owens 1987) need to be seasonally resolved
Extendi:'.g

such earlierestimates to than 1980 bemay pproblematic, as

loads routed to Ninemile Creek via the West Flume may have been

significantly diminished by
. +-J.n-5...ream thereaction with CaCOj

deposits Effler et al.e.g. I 1991 formed from Allied Signal's

wastebed discharges. HydrOQual needs to accurately'es~imate this

pot:ent i ally .i mportant' inte rna::l:I'Oadv; beforecit-"fnt::-l-ndes--anyoor.:" the

years during which Allied Signal operated the deep (i:ypolirnnicn)

:-cooling water intakes thein eutrophication' model RydroQual
needs"to quaritit.atiVelyaddress: the;issue"df--' ;the exte::r:t'tO ,-~hieh'

the absence of detaileda "Of- the'treatment' wat:erco cling

hasoperation otherimpacted of th'e'i~::eatu-res quali:tywaterc

model analysis

1.4. Changes in TP Loading Adopted for the METRO Deep-Water

Discharge Proposal

The HydroQual TP loading changesstory abruptly theirin

15



analysis of the METRO deep-water proposal
(HydroQual 1995

thein report (paragraph 1, under 3.2 Initial Projections)

period were,

in a Effler and Canale (1993) reference. Why were these changes

not incorporated in the appropriate earlier section of the report

that described the of loads?development I ofam unaware a
"water quality model documentation report" prepared by Effler

Canale

authorship in that UFI didyear prepare a report 1993in
(Canale alet 1993) includedthat TP loading forestimates

1987-1990. No loads for 1985 and 1986 were included.
HydroQual

in the loads from the UFI values "our revised estimates are

within 10 percent of those reported by Is this a result of

more averaging procedures (e.g. I average loadserroneous

representative loads::cto get less erroneous loads)? .These loads

those incorporated RIfFSin the analysis (HydroQual and
1,9~4 HydroQual-!& £)fdocumentation deve lopment of these

mod~fied :loads woeful'iyis inad-equate; and the:" support:ing'
citations. and,.statements a'!:e inaccurate

.Hydro~ual'acknowledg-ed

gete~r;i. or~ti on in certain offeatures model performance as ~

result of these modifications in TP loading It's highly likely

these performance wouldcharacteristics further ifdeteriorate
the most loadsrepresentative adopted forwere the 1987-1990

period.
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2.0 Lake Phosphorus Data

2.1 SRP

The response of Allied Signal's consultants on November 14

1995 are quite different than those of HydroQual on December 27

concerning the SRP/orthophosphorus detection limit problem1995,

of NovemberD&S for samples In the 14, 1995upper water

Allied's explain thecould not disparityresponse, consultants

between the D&S concentrations and HydroQual's calibration plot

surfacevalues for 1987 and 1990 ( n in 1987 D&S mid-summer

I/.g/L,in Figure 6+ are about 30 to 40concentrations whereas ir..

the calibration plot they are about 10 to 20 ~g/L The cause for

the 1995this is December 27,disparity clear" Innot

HydroQual indicates both D&S and UFI data are includedresponse,

implying this is the reasonthe calibration plot values forin

Why is "story"unexplainedthe disparity. t:-:epreviously

EydroQualand UFI data averaged?changing? How were the D&S

des.crib~dwould .be .clear l¥~rotocolsindicates averaging

:-'owever,(p..l of. HydroQual.r.espor..sethroughout the.~ response

datafar from clear how the SRP calibration plot werer A m-':"'~-. c.~.--

(Figure 15, HydroQual response)arrived at

Effler...and.Doerr .1.,9.94..) .concluded that- -the SRP~.-con.centrati.orJ.

data specifically# of thebase of D&:S mostinaccurate;was

of detection.limiepilimnion values are false-high as a result

Substantial evidence was presented in suppcr~ of thisproblems

+ the legend Figure 6 of the Effler and Doerr memo .(1994) was
corrected by memo in March of 1995 (i.e., before release of
Allied Signal; see attached), apparently this correction was not
passed along to Allied Signal.
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and HydroQual1995)(November,Allied's consultantsposition.

of the D&Sevidence defense1995) in'.December present no

"that much ofHydroQua: acknowledges theepilimnetic SRP data.

D&.S epilimnion SRP data may suf=er from detection limit problems"

as there is no evidence presented tothis is an understatement,

the contrary

much of the UPI PIn sharp contrast to the D&S P data base,

data base has been subjected tc rigorous peer-review as part of

etresearch manuscripts (e.g. , Auerthe publi~ation of related

1993) . InDriscoll -1=--.a.!.. l ac::---, et-1
=-- 1993 Connors et

welltime distributions of SRPdetailed (as as
par":.icula~1 the

in the uppe= waters of Onondaga La~e for thedissolved organic P)

summers of 1989-1992 were subje~~ed to rigorous review as part of

and ;hosphataseof pools alkalineanalysis pintensivea..Tl

activity (Connors et al 1.996

w:.thdata UFI'sSRPof D&.S'sAveraging err=-neous

in whichrepresentative data is an enti=ely unacceptable manne=

:E-:ydroQual!sdevelop
&- r.1..- parameter.thiscalibration c.ata~

the el=ilimr.:..on =- C'-'-resulting calibration da~a set :~r SRP in

(Allied Signal's-1 in 19895 to :a J!-g'L10 to 20 ~g.L-1 in 1987,

.offrom represe:-.t.a.ti v.e..Nov.ember.. il.9.5,.cOJl~uJ.~ar.ts". far::'5

fortheis ustificatior..conditions prevailed Whatthat

particularly in l~ght cf thea~le~aging such disparate data s;~s I

rar.ge ofth:..sresponse of ptytoplankton withinnon-lineark...~own

thethatAllied's indicateconcentrations? consultants

"high D&S detec:.ion"(HydroQual, 1995)1"biased-hi_gh" De ce!1'iDe r I

data were(Allied Signal, 1995) calibrationNovember,limits
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Though measurements of SRP (ortho-p) are available from Onondaga

County's program since 1970, the situation for SRP is really no

better than becausefor TP, fromthe County's SRP measurements

the layersupper unreliable.are Effler and Doerr (1994)

established the County's SRP data unreliablewere (false high)

associated with detection limit problems (apparently HydroQual

largely concedes this point) Consider the SRP situation within

the context of HydroQual's {letter of December 27, 1995) Figure
15. The calibration data sets of 1987, 1989 and 1990 are false

high due to the inclusion of D&S data with UFI data. Corrections

becan made for these byyears eliminating the D&:S d a.I..a.

However, all the earlier data from D&S) unrel:.able.are No
reliable adjustments of D&S data are possible therer.ote,(e.g.,
are not indications the degreethat of the detection limit

problem has been uniform) Thus there theis no basis to test

interannual and seasonal structures predicted by the HydroQual

model Figure 15," letter of December 271 1995; increasede.g
degree and period of SRP depletion from the 197.0 IS to 1.9.80 's) I

and therefore the model's credibility

The selection of the 1970-1990 period for model testing is

conceptually flawed for application METROto management
alternatives presently under consideration. Instead the focus

should be testing modela eutrophication for the ofrange
conditions that prese~tly prevail

(e.g. Doerr et al. 1996)
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period Effler al and Whitehead1996 1994e.g et Effler

the reductionHowever external loading from thein dominant

METRO) is poorly defined before 1980, intervalsource the over

which the largest portion of the load reduction occurred (Effler

and Whitehead 1994 loads basedTributary on Onondaga County

data through 1989 are unreliable and almost certainly false high

This ofeliminates systematicquantification any significant

occurred this smaller ofchanges that may have componentin

external loading. The i:lternal loading, associatedchange in

with Allied Signal's use of the lake as a source of cooling wate~

that had seasor..alpotentially structure critical to summe:::-as

resultedphytoplankton growth) , that from operationalmay have

tariations before closure and almost certainly occurred with the

of unquantified Theclosure the facility, remain largely

defined,unfortunately poorlyloading picture is very

particularly with respect to the majc~ changes that occurred

in-lakelack of reliable for'he calibration data set;s

of ~v.a.rious ~.Pqo~centrat;.ions fo::- the upperspecies
.. . 1 .,

par..l.cu ar..y

productive layers before 1987 fatally compromises eut=ophicaticn

model testing that focuses an the 1.970.,,1.990 period Performance

.Qf .~ut.rophication ..,model
. . 1 .. .

P.l.n.sJ..mu a..:..ng,A species, particular.l'i

'rP ,incl udes contributions ofr~m, phytoplank:.one andbiomass.)

SRP representation of P availa~le to support p~ytoplank~one.g

critical for modelgrow~h ev.al ua t ing c:::-edibility.is a basis

We ofindicated reliablepreviously the importance also havi:lg

of la.1teDOP. The TPmeasurements County thedid no measure in

until part way through 1989 UFI's TP data base starts in 1987
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largely ignored and that the more realistic model projections

p.g-L-l minimum,(- 2 claimed to be similar to UFI measurements)

eme~ged from calibration. This is instead apparently a result of

judgment, that would have been better applied in the development

of the calibration data. The
jJ.goL-limplication that the 2

minimum prediction in calibration emerged because of the limited

ranges of related model coefficients is an assertion, that would
be quite undertakingan to demonstrate statisticallyin a

rigorous manner (e.g., Storey et al. 1993).

It is noted that Allied Signal's choseconsultants not to
respond to p relatedissues Onondagato County's unfortunate

selection of species to monitor. In particular, there is not a P

measurement that includes the ofcontribution phytoplankton
biomass. The lack of a measure of dissolved organic P is also a

problem, as pbytoplar~ton apparently use this pool du~ing periods

of SRP depletion in Onondaga Lake (Connors et al. 1996 These
omissions the datain base fatalare forI ' '.. t '

J.mJ.~a l;ons the

ri,goro~s, ,testing of eutrophicationa tnQQel..- Credible ~nd

appropr~ate epilimnetic P data, necessary to develo; a credible

eutrophication -modelr availableare only ~1~87 Thissince

cQndition.is,.eMenmore ,temporally.. limiting-than the availabili\ty

of reliable.METRO. loading data

3.0 Implications for Eutrophic Model Testing

Consider innow, light of the foregoing limitations

identified this analysis,in the forimplications testing the

eutrophication model for the 1970-1990 period. It's fair to say

majorthat changes in external p loading occurred thisover
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ABSTRACT

EBler, s. W., c. No Brooks and K. A. Wbiteh~ 1996. Domesdc -e inputS of Diu-ageo and phOIpbOnJa 10 Oooadap
Uke. and water quality impications. Lake and ReselV. Manage. 12(1):1%7-140.

The recent hiltory of loading of tOt2l pbOlphOnJl (TP) and DiU'ogeD (N) !pedes to Onondaga Lake, ~ y, from an
adjoining domestic WaIte a-eauneDt facility (METRO), and related impaaa on the lake, are documented. The discharge
from METRO represeoa an exaaordinary conuibution to the IDflow of the lake; e.g., In m~t years It Is the iargestsource
ofwazer during the month rXAugua. Approx1mateJya 2O-fold reduaion in dDuent TP concenU'adon bas been achi~
byMETRO overtbe 1970-1993 period, inr~ tOadeteflent bmand lnaealedleveJs rXU'eaaDeDL The TP I~
from me fadllty decrealed about 5.fo1d OYer me 1977-199% intmlal. A IiRDiflcant lnel rX nluUlcadoo bas been achi~
during me ~er months since the late 19801, but this has been anended by inaealed effiuent concenU'adODJ of nitrite
(NOj). METROpreaeodyconuibuteiappraximardy60, ~,and80% olthe total externailoadiofTP ,ammonia, and total
N, respecdYejy. The exU'eme1y high ~Ing ~ tOIalloadi ofTP and tOt2l N, alJlX"oxImarely 8 aDd 200 g/mt/Y,
~Iy, aeverely Impact the lake. RecUrT1ng depaU«!I a8OdaIed wim the cuIwraI eutrophicadoo of the lake
Include acellive concena-atioDS of phytop1anktOn. poor clarity, rapid 1<MI of oxygen from me hypolimnion, and lake.
wide oxygen depletion during the fall mixing period. Related water quality IUndanII for a'aDIparency and oxygen are
violated. A IQIe guidance value for awmner epmmnedc TP concena'adon of m Jlg/L is exceeded by a faa;or of ~ S
annually. Scandards to protectaquadc life agaiDIt me toxic eB"eas rXfree ammonjaand NOi are violated bya large margin
routinely in the upper Qters in summer. METRO Is me appropriate focus for related remediadon effOni.

KeyWords: domesdc~. pbosphorus,Ditn)ICD. extemalloads, cultural eua-opbicatioo, daricy,fl'eeammonia, oiaite.
ItaDdards. vloladoDl.

Anthropogenic inputs of phosphorus (P) and
nitrogen (N) can have important water quality
implications for receiving waters. Ph~phorus loading
is the principal regulator of primary productivity in
mostlakes (e.g., Vollenweider 1975,1982, Wetzel 1983).
Extreme cases of culnlral eutrophication are manifested
as conspicuous water quality problems. such as
phytoplankton blooms, poor clarity, and rapid depletion
ofhypolimnetic dissolved oxygen (00) associated with
the decay of depositing phytoplankton. Reduction of
external P loading has been a frequently applied Jake
restoration technique to eliminate or ameliorate these
unwanted characteristics (Cooke et at. 1993). A rather
wide range oflake response (e.g., degree of success) to
P-based management has been observed (e.g.,
Edmondson and Lehman 1981, Larsen et at. 1981,
Welch eta1.1986). Nitrogen, in the fonn of ammonium

ion (?I.~:) and nitrate (NO;>, is also an important plant
nutrient. though rarely limiting in fresh waters (Harris
1986, W etzelI983) . Ammoniaand its organic precwsors
can represent a significant oxygen sink (Bowie et at.
1985, Harris 1986), and unionized ammonia (or free
ammonia. NH,) and nitrite (NO~ are toxic to fish
(Russo and Thurston 1977, USEPA 1985) at low
concenttations.

Eftluent from domesticwastewater treaunent plants
is an important anthropogenic source of P and N
(Brezonik 1972, Thomann and Mueller 1987,
Vollenweider 1975); concentrations vary greatly
depending on the level of treaunent (Thomann and
Mueller 1987). Here we characterize and quantify the
loading of P and N from a domestic wastewater
treatment plant to Onondaga Lake, ~ Y, and document
recent changes in loading in response to management
actions. Further, seleCted features of me impacts of this
discharge on me water quality oCthe lake are desaibed.lContribution No. 142 of the Upstate FreshWAter lD3titUte.

1%7
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Particular emp~ is given to the status of the Jake
with respect to numerical regulatory standards.

Recent History of METRO

of biological tteatment was not expected to achieve
significant ammonia removal (e.g., nitrification) in
this climate (e.g., USEPA 1974). Advanced, or tertiary
treaanent, in the fonn of P removal by chemical
precipitation, was on line by mid-I981. This process
was unusual in that P was precipitated by addition of
calcium enriched ionic waste (0.28 m'ls (6.5 MGD), by
design) from a nearby chemical manufacttJrer (Eft1er
and Hennigan 1996). The effiuent standard for total P
(TP). established for facilities of this size in the Great
Lakes watershed, is 1.0 mgiL The upgraded facility
was designed to tteat an average Bow of 3.5 IIl'/s (80
MGD). Rows up to 5.26 m'ls (120 MGD) receive full
treatmentand are discharged to the lake via a shoreline
outfall. Peak Bows of 9.77 m'/s (223 MGD) can be
accommodated. Rows in excess of 5.26 m'ls (120
MGD; e.g., during runoff events) receive incomplete
treatment (primary treatment and chlorination; -by-
pasa8 Bow) and are discharged at a depth of about 6 m.
The alternatives of discharging METRO efOuent to the
Seneca River or directly to Lake Ontariowere dis!DL~
during these upgrades because the ~uimi1a~e capacity
of the river was judged to be inadequate and the cost
for the Lake Ontario discharge option was considered
too great (USEPA 1974).

Tertiary tteatment was interrupted for significant
perio&duringI981, 1982, and 1983. usua11yinresponse
to operational problems caused by the reception of me
industrial ionic waste ( excessive precipitation ofCaCO"
which occluded pipes and coated Wlks). The cl~ure
of the industry in 1986 required the development of an
alternative chemical treatment methodology.
Phosphorus is now precipitated with ferrous sulfate. a
much more widely used approach. The facility
irregularly fails to meet its New York State pennit
requirements for total suspended solids, DO D, setteable
soli&, pH, TP. and residual chlorine.

In 1960, Onondaga County completed consb11Ction
of a domestic wastewater treatment facility, the
Metropolitan Syracuse Wastewater Treatment pJant
(METRO), d1at served most of me resident! in me
Onondaga Lake watershed. The facility, located on me
southeastern shore of me lake (Fig. I), provided primary
treattnenL A combined sewer system (i.e., carries
domestic waste and nmoft) selVes ~ region. METRO
was designed to treat an average flow of2.19 m'/s (50
million gallonsl d (MGD», and could accommodate a
peak flow of 7.45 m'ls (IiO MGD).According to me
original plans for me facility, the METRO effluent was
to be pumped around the lake, combined with effluent
from a small treatment facility located about 2 km east
of me lake, and ~ed to me Seneca River (Fig. 1).
The diversion part of the plan was never executed;
instead the METRO effluent was discharged to the
southern end of Onondaga Lake (Fig. 1). By me early
19705 the METRO facility was overloaded, with
3$ociated manifestations of poor performance (USEP A
1974).

Major upgrades to METRO were made from me
late 19705 to the early 19805. The Gcility provided
secondary treatment by 1979, with the contact
s1abiliZ3.tion modification of activated sludge. Thm form
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Onondaga Lake is a medium sized (surface area of
12 kIn2 and mean depth of 10.9 m), high flushing rate
(average of 3.9 flushes/y), dimictic, urban Jake mat
adjoins Syracuse, NY. Since c1~ure of the chemical
manuacturer (1986), summer stratification has been
established by May and the onset of complete fall
mmover has occurred by mid-tOolate October (Eff1er
and Owens 1996). More background information on
the lake, including the history of the development of
the area, the lake's setting, morphomeay, hydrology,
and selected features of itS degraded state, is available
from Eftler and Hennigan (1W6).

The analysis presented here uses data conected as
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Parameters I
Responsible Party DescriptionMonitoring Component

flow
flow
TIP

T-~"H,. ~
T -NOx

TP
T-NH,
TKN
NO;

USGS
Onondaga County!

Onondaga County

hydrology
tributary
METRO

METRO efBuent
concenttations

Onondaga County!
Onondaga County!
Onondaga County!

authon

tributary
concentrations

p - by authors
N - Onondaga County

and authors

audlors

TP, T-NH,.
NO' NO'r t

TKN

T-~, NO;TP-
DO, temp., pH

Secchi disc.
Chr

lake measurements

continuous gauges since early 1970s
continuous measurements
2/mo, 1970-1979
2/mo, 1970-1979
2/mo, since 1970
daily, since 1980
5d/wk, since 1989
2d/wk, since 1989
2/mo 1991 and 1992; 2-3 d/wk
part of 1993

2/mo routinely, augmented
in certain years by more frequent
measurements by aumors'

general: weekly, routine deep water
site (19 m), S 2 m depm profiles
Hydrolab Surveyor 3 (since 1991)
12 cm diameter, black/white quadrant

1 chemical analyses according to APHA (1980. 1985).
I Onondaga County (METRO) permit requirements. reponed monthly to NYSDE.
I delai1s of augmented portions of program presented by Effler and Whitehead (1996).

4ch1orophyil

requirements in 1989 (Table 1). Samples from dle Jake
tributaries, and METRO until 1980, were grab type.
Samples from METRO over the 1980-1988 interval
were time composites, thereafter dler have been flow-

weighted composites.
W t commenced our monitoring program for TP

in the tributaries and the lake in 1987. All N and P
analytes were measured according to standard medlods
(e.g., APHA 1985, 1989). Chlorophyll a and
phaeophytin concentrations in dle lake were measured
accordingtoLorenzen (1967) through 1986. Thereafter
total chlorophyll was measured according to PaI!Ons et
al. (1984). The lake was monitored at a deep "'ater
location in the soudl basin (Fig. 1) found to be generally
representative oflake-wide conditions (EfDer 1996).

Annual loads were based on summation of daily
loading estimates for METRO and the tributaries (Fig.
1); other sources of N and P are insignificant by
comparison. Daily estimates for METRO were the
product of daily flows and daily concentrations.
Concentrations for days without measurements (e.g., <
1980) "'ere estimated by time interpolation. Estimates
for the pre-I980 period utilized an empirical expression
based on paired TP and TIP measurements, developed
byEftlerandWhitehead (1996), Tributary daily loading
estimates were de\'eloped using aux (version 4.4,

part of several monitoring pr~ including: 1 )
measurements made at METRO as part of its pennit
requirements, 2) aibutary flow measurements made
by the United States Geological Swvey, starting in the
early 19705, !) measurements made by the authors,
and 4) results reported by Onondaga County (1971-
1994) as part of an annual monitoringprognm. Salient
features of these programs mat suppon this anal}'5is
are specified here (Table 1).

As the impact of the METRO facility has come
under closer scrutiny in recent years, sampling
frequency and the number of parameters measured in
the facility's effiuent have both increased (Table 1).
Daily TP monitoring commenced in 1980. Earlier
monitoring ofP in the plant's effiuent was limited to bi-
monthly (2/mo) analyses of total inorganic P (TIP;
described as Mtotal add hydroiyT4ble phosphorus" by
theAmericanPublicHealth~tion (APHAI989».
Values ofTIP are ~tematically lower than TP measure-
ments because organic (particularly particulate) fonDS
ofP are not detected (weaker digestion procedure for
TIP (APHA 1989». Onondaga County (1971-1990)
also measured TIP, instead of TP. in Onondaga Lake
and its aibutaries until 1989. The more frequent
monitoring of the various N species in the METRO
efBuent was dictated by modifications in the permit
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1990). loading analysis software developed by Walker
(1987). The details of the development of the tributary
loads were described by Emer and Whitehead (1996).

The USEP A ( 1985) developed criteria intended to
protect against the toxic effects of NH,. that were
subsequently adopted as standards by the State of New
York. Both the standards (acute and chronic) and the
fraction of total ammonia (T -NH,) that emts as NH,
are functions of temperature and pH. Thus they are
subject to sun,tantial seasonal variations in systems
such as Onondaga Lake (e.g.. Effler et al. 1990). The
protocols to estimate NH, concenttations and the
standards. as a function of pH and temperature. were
reviewed byEffleretal. (1990). These procedures were
used to evaluate the status of Onondaga Lake with
respect to these standards.

The depletion of hypolimnetic DO in Onondaga
Lake is represented by the "areal hypolimnetic oxygen
deficit" (AHOD; g/mz/d). AHOD has been widely
used as an indicator of trophic state (Hutchinson 1957.
Mortimer 1941. Wetzel 1983). Mortimer (1941)
proposed limits of 0.25 g/m%/d for the upper limit of
oligottophyand 0.55 g/m%/d for the lower limit of
eutrophy. EstimatesofAHOD (e.g.. Wetzel and Likens
1991) could not be made for those years in which
spring turnover did notoccur (anim~ctofthechemical
manufacturing facility. see Effler and Owens 1996.
Effier and Perkins 1987). as the lower layers were not
replenished with oxygen following the winter depletion
(e.g.. Emer and Perkins 1987).

(EfIlerand Hennigan 1996) results in maj or seasonality
in me contribution of METRO to total inflow, mough
substantial interannual variability ~ observed (Fig. 2).
METRO's contribution is smallest in spring (e.g., about
13% on average for April) and largest in mid- to late
summer (e.g., about 31 % on average for August; Fig.
2), when primaIy productivity (e.g., Wetzel 1983) and
recreational demands are greatest. The METRO
discharge represented 28%, on average, of me total
inflow to me lake over the critical water quality interval
of June-September, for me 1971-1989 period. This
wastewater input was the single largest source of water
to me Jake for the month of August in 14 Y over the
1971-1989 interval.

Phosphl11US

Annual average TP concentradons in the METRO
effiuent for the 1970-1993 period are presented here
(Fig. 3a), but corresponding esdmates of loads are not
presented for the 1970-1976 interval (Fig. 3b), because
shon-comings in this pordon of the data base make
esdmates for those years unreliable. Reliable esdmates
of total loading from tributaries are limited to the 1987-
1993 inteIVal (Fig. 3b). Reladve contribudons of
METRO to total loading are presented for 1987 and
1989 as insets (Fig. 3b). METRO loads correspond to
the fully treated effluent. with the excepdon of 1993.
The reladve contribudons of parrially treated KbY-J)aSS-
(e.g., runoff events) discharges to the fucility's TP load
were minor (e.g., < 8%; Effier and Whitehead 1996),
except in 1993, when about 22% of the released flow
did not receive full treatment. This was due to unusually
high spring runoffand construcdon acdvity at METRO.
Substandal disparity exists within thjs monitoring record
with respect to temporal coverage and analydcal
methom (e.g., TIPveISus TP; Table 1). METRO effluent
TP concentradons and loading informadon became

Hydrology

SeleCted features of me hydrologic budget of
OnondagaLake for me 1971-1989 period were reviewed
by Effier and Hennigan (1006). The effluent flow into
me Jake from METRO over this period was about 19%
of me total inflow. We know of no omer Jake in me
United States that receives ~ much of its inflow as
treated wastewater. The next largest contribution of
treated domestic waste to an inland Jake in New York
State is me Ithaca WWTP (0.44 m' /s or 10 MGD),
which represents < 2% of me total inflow received by
Cayuga Lake.

The situation for Onondaga Lake is even more
severe than implied by the annual average inflow, when
me seasonality of runoff for me watershed is considered
(Fig. 2). The relatively constant volume of effluent
discharged from METRO in combination with me
strongseasonaJityin hydrologic loading from tributaries
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more reliable starting in 1980 when daily monitoring
ofTP commenced (Table 1).

Subs~~ reducrlons in e~uent TP concen-
trations (Fig. 3a) and loads (Fig. 3b) have occurred in
response to related management efforts. which include
a ban on high-P detergents in Onondaga County
(Murphy 1973). the addition of secondary treatment,
the addition of tertiary treatment, and, most recently,
improvements in tertiary treatmenL Though poori}'
quantified. the single largest reduction was apparently
associated with the detergent ban (Fig. 3a). Su~tantial
short-term variations in TP concentrations in the plant's
eftluent have been observed throughout the period of
daily monitoring (since 1980). Concentrations in excess
of the s~dard (> 1 mg/L) have been documented
annually, though only infrequently since 1989 (Emer
and Whitehead 1996); 213violarlons occurred in 1983,
but only 25 in 1989. The annual average TP con-
centration in the METRO effiuent over the 1989 -1992
interval was about 0.6 mg/L, substantially less than the
state standard of 1.0 mg/L This represents a nearly
twenty-fold reduction in the annual average TP con-
centration in the facility's eftluent since 1970 (Fig. 3a) .

The time course of estimated annual TP loads
from METRO over the 1977-1993 interval (Fig. 3b)
generally tracks that of the average concentrations
(Ftg. 3a) . Note the increased load for 1993 (e.g., about
70% greater than for the previous 3 y). associated with
the unusually high spring runoff (about 50% of the

70% increase) and construction activity (about 20% of
the 70% increase) in the a~nce ofan increase in the
estimated tributary load (EtHer etal. 1994). Tributary
lOading estimates for the 1991-1993 interval are less
than those obtained for the 1987-1990 period. The
cause (s) of this apparent decrease is presendyunknown;
it is not in response to a specific management action.
METRO's contribution to the total annual TP load in
1987wasnearly75%, and in 1989itwasabout60% (Fig.
3b). The 1987 case is considered generdlly repre-
sentative of the facility's contribution when it operated
at the I mg/L effiuent standard, while the 1989 case
reflects the improved performance oftertiarytreabnent
(e.g., 0.6mg/L) achieved in recent years since switdling
to feITous sulfate treatment (e.g., Fig. 3a).

The prevailing external TP loading rate (i.e., sum
of METRO and tributary inputs) is extremely high
from the perspective of widely used semi-empirical, or
screening, trophic state models (e.g., Vollenweider
1975). The average annual areal TP loading rate for
the 1989-1992 interval, 7.8 g/m! Iy, for an average
hydraulic overflow rate (annual average total inflow
rate for the same period, divided by the surface area of
the lake) of 39 m/y, corresponds to highly eutrophic
conditions (d. Vollenweider 1975).

A substantial portion of the total TP load to
Onondaga Lake is subject to management reduction
(Fig. 4). This includes the entire METRO contribution.
which could be eliminated by diversion around the
lake (also see Effier and Doerr 1996). Additionally, a
portion of the tributary load could be eliminated. For
example about 5-10% of the total TP load to the lake
emanates from combined sewer overflows (EtHer and
Whitehead 1996), which discharge to lake tributaries
after runoff events (Eftlerand Hennigan 1996) .Perhaps
another 3-6% of the total TP load could be eliminated
by effective management practices in the rural portions
ofthelake'swatershed (cf.EftlerandWhitehead 1996).
About 25-32% of the total load (or 00-80% of the
tributary load) b probably not subject to further
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reduction. Clearly METRO should be the primary
focus for P-based remediation efforts for the Jake.
Internal loading from the enriched hypolimnion to
the productive upper waters during summer
sb"atification, mediated by vertical mixing, presently is
only about 10% of the annual external load (e.g., Auer
etal.I993). This internal load would decrease by more
than a factor of two if the METRO input was eliminated
(e.g., following the establishment of new steady-state
conditions for the Jake's sediments (Penn 1994».

Increases in NO; concenttations have been o~rved in
the plant's effiuentin omerrecentyears duringsummer
(unpublished data. S.W. Effier). Thus, in an effort to
reduce the load of T -NH, to Onondaga Lake, me
loading of another potentially toxic species, NOr bas
increased. These results, and me subsequently
documented violations of me state standard for this
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Essentially all of the N discharged from METRO
before the addition of biological treabnent was as
organic-N or T -NH". More than 50% was as organic-N
(Efllerand Whitehead 1996). ~ential1yno nibification
was achieved in the facility following the addition of
biological treatment (e.g., see Fig. 5a) until the late
1980s (e.g., Fig. 5b and c), though there was a shift to
greater concentrations of T-NH, and reduced
concentrations of organic-N (Eftler and Whitehead
1996). The seasonal distributions of N species in
METRO's effluent presented for 1988 (Fig. 5b) and
1989 (Fig. 5c) , that depict nitrified effiuentfor portions
of the warmer (e.g.. Fig. 5d) months. are generally
represenrative of conditions since 1988.

The most conspicuous seasonal pattern in nitrogen
species for 1988 and 1989 is associated with the
operation of the nitrification process in the warmer
months; in particular, T -NH, concentrations were lower
and T -NOs (NO; plus NO;> concentrations were higher
(Fig. 5b and c), while total N concentrations remained
relatively constant. The seasonality in nitrification in
1988 and 1989 (Fig. 5b and c) largely reflects the
influence of temperature (Fig. 5d) on the kinetics of
this microbial process (Bowie et at. 1985), and is
consistent with observations for other contact
stabilization facilities in north temperate climates
(USEPA 1975). The details of the timingand extent of
the nitrification process have differed year-to-year. For
example, nitrification was achieved over a shorter
period, and to a less complete extent, in 1988 (Fig. 5b)
compared to 1989 (Fig. 5c). These interannual
differences are probably attributable to modest
differences in plant operation (e.g.. sludge age).

Monitoring of the NO; species in the METRO
eflluent has not been a perm"it requirement. However,
limited monitoring conducted by the authors (Fig. 6)
indicates NO; represents a significant fraction of T-
NOs during the active nitrification period of summer.
The dynamics ofNO;generally tracked those ofT-NOs
during the summer of 1993. At times NOirepresented

as much as 80% ofT-NOs during this interval (Ftg. 6).
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FIgUre 5.-Temporal distributioas in the METRO effluent; (a)
concentratioas ofN species in 1985, (b) concentratioas ofN species
in 1988, (c)concentratioasofN species in 1989,aod(d) temperature
for 1985, 1988, and 1989.
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should be evaluated.
METRO is the dominant source ofN to Onondaga

Lake. The contributions of the METRO discharge to
the loading of selected N species and total N (Ftg. 7) for
1989, are represenlative of conditions that continue.
The annual areal loading rate for total N to the lake
(about 200 gN/m2/y) exceeds by a factor of 1.5 the
highest value included in the N loading compilation of
Brezonik (1972) . METRO represents about 90% of the
T-NH" load (Fig. 7a), 60% of the T-NO. load (Fig. 7b),
70% of the organic-N load (Fig. 7c), and about 80% of
the total N load (Fig. 7d).

Manifestations of Cultural

Eutrophication
The paleolimnological analysis of Rowell (1996)

shows that Onondaga Lake was oligo-mesotrophic to
meso trophic before colonial development of the water-
shed. Here we describe the highly eutrophic conditions
that continue to prevail in the lake despite the reductions
in P loading achieved at METRO (Fig. 3).

Jun Jul Aug Sep Oct Noy

1993
figure 6.- Time 8eries of Ielected N species in METRO's effluent in
tbeJuoe-November in~ of 1995: (a) T-NHao 8Dd (b) T-NOx and

NOi-

Lake TP Concentratitms

The TP concentration in the upper productive
layers of a lake is a widely used indicator of trophic state
(e.g., Auer et al. 1986, Chapra and Dobson 1981,
Vollenweider 1975, 1982). There is no numerical
standard for TP in the State of New York, but there is a
narrative standard, M none in amounts thatwill result

in growths of algae, weeds, and slimes that will impair
the best usages", and a recently established guidance
value (open to some regulatory discretion) of20 J1g/
L, as the mean summer epilimnetic TP concentration
(New York State Department of Environmental
Conservation (NYSDEC) 1993). The guidance value is
based on empirical re1ationshi~ with aesthetic effects
for primary and secondary recreation (e.g., Kjshbaugh
1993). This value is generally consistent with the upper
bounds of meso trophy proposed forTP concentrations
by various researchers (see Auer et al. 1986, Chapra
and Dobson 1981, Vollenweider, 1975, 1982).

Concentrations ofTPwere high in 198i, the highest
in 1988, were lower in the 1989-1992 interval, and
increased in 1993 (Table 2). The lowest margin of
exceedance of the NYSDEC guideline value was nearly
a factor of 3. Further, the TP concentration in all the
years was substantially above levels described as
indicative of eutrophy (e.g., Auer et al. 1986, O1apra
and Dobson 1981, Vollenweider 1975, 1982).

species in the lake, indicate that NO; should be
monitored routinely in the plant's effiuent, and that
the Mtrade-off' between the benefit of seasonal
nitrification and the increase in NO; loading to the lake

a) T-NH3 b) NO2 + NO3
: ;

METRO
90.9~ METRO

59.9~

!Tributaries
9.1% Trlbylanes

:~/

c) Organic Nilrogen d) Total Nitrogen

--
IiETRO
731%

METRO
77.3~

:nbularles
~2 -- ".

~Tribulan-
Z69~

"

FIgUft 7.-Contributions of METRO and tributaries to loading of N
species andtolaI N to OnODd8ga Lake in 1989: (a) T-NH,. (b) T-N°x-
(C) OIpDic.N.md (d) total N. ReIatiYe ~ of .pies- for three N
sp«:ies proportional to CODtn"butiOD of -=h to toIal N loading.
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Table 2.-lndicators of eutrophy for Onondaga lake, for the mid-May to mid-September intenoal.

SD..
(m)

AHOD
(g/m' /d)

Year TP*
( ~/L)

i

ChI'
(~)

i medianx median

.93

.92

.84

.77

1.42

1.93

2.22

2.32

2.90

2.66

3.05

1.0

1.0

.85

.75

1.3

1.5

1.7

1.7

2.0

1.95

1.8

1978

1981

1985

1986

1987

1988

1989

1990

1991

1992

199-'

70* 55

1.7

63

37

72

33

36

28

36

20

26

59

20

46

29

24

21

21

20

22

1.7105

140

74

76

56

63

90

1.9

1.1

1.4

1.5

* TP - epilimnetic summer average TP concentration; volume-weighted average for 0..8 m, mid-May to mid- September.
+ ChI- epilimnetic average chlorophyll; summation of chlorophyll aplus phaeophytin for 1978,1985 ,1986; as toW chlorophyll
in odleryean.
*. SD - Secchi ~ transparency.

rapidly to significant changes in loading because of its
high flushing rate (Effler and Hennigan 1996).
Approximately 97% of the year-to-year differences in
epilimnetic TP concentrations over the 1987-1993
interval (with the exception 1988) can be explained by
changes in METRO TP loading. The year 1988 is an
outlier, with several ~ble explanations. For instance,
the tributary monitoring program (Table 1) may not
have captured the added loading associated with a
sewer line break along one of the tributaries in dlatyear
(Emerand Whitehead 1996) . More probably, incorrect
high measurements of TP concentration in the lake
were included in the observations for dlat year. Oearly
lake TP concentrations are highly responsive to loads
received from METRO ( Fig. 8). It is unfortunate dlat
the appropriate monitoring TP data for the lake are
not available to document the response to earlier
reductions in METRO loading (Fig. 3).

The central role that loading from METRO plays
in regulating TP concentrations in Onondaga Lake is
evidenced by the strong linear relationship mat has
prevailed between the summertime mean epilimnetic
TP concentration and the TP load from METRO over
the April-September in terva1 (Fig. 8). The lake responds

150

888

JO-..J~
...:,

~
c
0

'c

~
'Q.w

EPTP - 1.56 x 10-3(MLD) + 22.9
R2 - 0.972

10
~87

~90

~

~ 9 90.

9291
70

Phytoplankton and Clarity

50 Before closure of the soda ash fu.ci1ity (1986),
chlorophyll concenttations tended to remain high
(e.g., > 30 ~/L; Auer et al. 1~6) throughout the
productive period of late spring to early fall. Stronger
fluctuations have been observed since 1987,
characterized by distinctly lower and more abrupt

2 3 4 5 6
METRO TP Load (kg x 104)

Figure 8.-ReJadoDsbjp betweeD epiJimDede summer averBge TP
concentraDon in Onondaga Lake and METRO lo8IiDg Oftf the
Aprl1.sep18mber iaten8l. y~ desipated by .. two digits.
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minima (e.g., < 3 Jig/L) compared to earlier years
(Auer et aI. 1996). The temporal changes in clarity in
the lake are largely driven by the dynamics of
phytoplankton bio~ (Effler and Perkins 1996). Thus,
abrupt increases in Secchi disc n-ansparency (desaibed
as - dearingevents-) have attended the abrupt decreases

in phytoplankton biomaM and seasonal measures of
clarity (Table 2) have improved. Summer average and
median chlorophyll concentrations and Secchi disc
tranparendes throughout the 1978-1993 interval (Table
2) are indicative of eutrophy (cf. Carlson 191i). The
median ~ provided as a more robust indicator for the
highly dynamic conditions that have prevailed annually
since the closure of the soda ash/ chlor-alkali facility
(Auer et aI. 1996).

Phosphorus is the limiting nutrient in Onondaga
Lake (Aueretal.I996).However, theavaiJableevidence
(e.g., Connors et al. 1996) indicates that, despite
substantial reductions in TP loading (ng. 3) and lake
concentrations (e.g., ng. 8, Table 2) over the period of
record, only a small degree of P limitation of phyto-
plankton growth has been achieved (i.e., other factors
such light and temperature are regulating (e.g., Field
and Effler 1983». This is consistent with the literature;
e.g., Auer et al. (1986) found that TP concentrations >
40 ~/L were essentially saturating in Green Bay, Lake
Michigan. Reductions in phytoplankton biomaM and
increases in clarity in Onondaga Lake since closure of
the soda ash/ chlor-a1kali facility (Table 2) are not a
result of increased nutrient limitation, but can instead
be attributed to increased zooplankton grazing ("top-
down- control; Siegfried et al. 1996). The timing of
changes in chlorophyll and Secchi disc n-ansparency,
when compared to temporal patterns of TP loading
and lake TP concentrations ('I:able 2), further suppon
this position. F'11'St, the distinct improvements in clarity
and reductions in phytoplankton biomass (Table 2)
emerged before reductions of external TP loading
(Ftg. 3) and coupled decreases in lake TP concentrations
(Fig. 8) occurred. Second, both chlorophyll
concentrations and clarity were insensitive to the
increases in epilimnetic TP concen tration that occurred
in 1993 (and perha}» 1988, Table 2). One possible
side-effea of increased zooplankton pressure has been
the proliferation ofnuisance filamentous cyanobacteria
(particularly APhanir.omenon flos-aquae) which are
resistant to grazing. Yet greater reductions in external
TP loadingwould be required to systematically improve
related features of~'ater quality (see EfI1er and Doerr
1996) through P limitation.

hypolimnion and dle cakulation of me assodatedAH OD
is illusttated here for 1991 (Fig. 9a), based on volume-
weightedconcenttations (from profiles) below a depth
oflOm. The AHOD value for 1981 (Table 2) has been
presented previously (Effler et al. 1986). The average
AHOD for the six yean for which deter-minations have
been made was 1.54g/m% /d, the range was 1.1 to 1.9 g/
m% / d. These values are indicative of a highly eutrophic
system (e.g., > 0.55 g;m% /d; Mortimer 1941), and they
approach the highest values in data bases used to
develop predictive empirical expressions for AHOD
(Cornett and Rigler 1979, Walker 1979, Welch and
Perkins 1979). We assign no significant temporal trends
to the results (Table 2). The substantial year-to-year
variability is most likely a result ofyear-to-year differences
in the magnitude and timing of vertical mixing in the
lake (Effler et al. 1986, Owens and Effler 1989).

In Onondaga Lake, anoxia is established first in
the lowermost layers of the hypolimnion because of
oxygen-demanding processes at the sediment-water
intemce (Gelda et al. 1995). The depth interval of
anoxia expands upward in a generally progressive
manner, and may for brief periods extend from the
lake bottom to within 5-6 m of the surface (e.g., Fig.
9b). The by-products of anaerobic metabolism,
particularly methane (CH,; Addess and Effler 1996)
and hydrogen sulfide (HzS; Effler et al. 1988), start to
accumulate after dle onset of anoxia. The highest
concenttations of these anaerobic by-products develop
in the lowermost layers (Fig. 9b), consistent with the
localization of methanogenesis and sulfate reduction
in the sediments (Eftler et al. 1988, Fallon et al. 1980,
Rudd and Hamilton 1978).

l.ake-wide depletions ofDO down to concenttations
that violate surface water standards for New York State
« 5 mg/L, as a daily average; < 4 mg/L, at anytime
within a day) are common (Fig.9c) in the upper\\"aters
of Onondaga Lake during the approach to fall turnover.
~ fall DO "sag" phenomenon is illustrated as the
average 00 concenttation in the upper 5 m of the lake
over me September-November interval of 1990 (Ftg.
9d). During that period, the DO concentration violated
the standard for more than 2 weeks. Substantial year-to-
year variations in the timing and severity of this
phenomenon (e.g., Ftg. 9c) are attributed largely to
meteorological variability (Effler 1996, GeldaandAuer
1996). The exodus of most fish from the lake (e.g., to
the Seneca River) during this low DO period has been
documented by Tango and Ringler (1996). The severe
oxygen depletion in autumn that results from oxidation
of anaerobic metabolites that accumulate in the
hypolimnion during summer (e.g., Fig. 9b) is a
particularly severe and conspicuous manifestation of
the culmral eutrophication of the lake (Emer et aI.
1988, Addess and Eftler 1996).

~gen
The rapid depletion of DO from the lake's
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Lake Starns With Respect to
NHg and NO; Standards
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Ammonia (NH,) concentrations in the upper
waters of Onondaga Lake during the 1988-1993 period
routinely violated the chronic non-salmonid toxicity
standard and occasionally exceeded the acute non-
salmonidstandard (Fig. 10). Note that allowable levels
ofNH, are not a constant, but are a function ofambient
temperature and pH (cf. Effler et a!. 1990) which
togedter determine the unionized fraction of T-NH,
and dte toxicity limits of NH,. The 1988 conditions
were documented earlier by Effler et al. (1990). The
spring to early fall interval addressed in this treatment
is the most critical because the higher temperatures
(Effier and Owens 1996) and pH (Driscoll et al. 1994,
Effler eta!. 1990) values increase the fraction ofT-NH,
that exists as NH,. Further, the most severe conditions
are observed in dte upper waters, carner than the
hypolimnion, for dte same reasons.

Violations of the acute standard were documented
in 1988 and 1989, but not in subsequent years. The
acute standard was undoubtedly exceeded, and more
nearly approached, on more days than indicated in this
analysis (Fig. 10a-t) as a result of photosyndtetically-
induced diurnal increases in pH. Violations of dte
chronic NH, standard, by a wide margin, is a recurring
problem for the upper waters of the lake (Fig. 10 a-t).
Violations persist for at least 2 mondlS, and in some
years for more than 5 months (FIg. lOa-t).

The year-to-year differences in the severity ofNH,
violations (FIg. 10) are related primarily to interannual
differences in the T -NH, concentration in spring, and,
to a lesser extent, pH. The spring T -NH, concentration
is regulated largely by the dilution provided by tributary
flow. h1flow from the tributaries is highly Vdriable year-
to-year (Effler and Hennigan 1996; Fig. 2), whiletheT-
NH, load from METRO to the lake during the
antecedent winter period is relatively uniform (e.g.,
FIg. 5b and c). Thus, the highest T -~'H, concentrations
in spring are expected in dtose years with the lowest
tributary inflow during the proceeding winter. We
have evaluated dte relationship betWeen spring (April)
lake T -NH, concentrations and antecedent (November-
March) tributaryinflowwithin the context ofa "dilution"
(Manczak and Florczyk 1974) model (Fig. 11).
Variations in the inverse of total antecedent tributary
inflow explained 65% of the Vdriability in T-NH,
concentrations observ"ed in the lake in April for the 6 y
of the 1988-1993 inteIval (Fig. 11). The approximate
linearity of the relationship is consistent with the
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Figure 9.~ I8OUI1:a of Onoodap l.8ke: (a) bypoIimnetic
DO deple1ion andcalcuJatiOD of AHOD for 1991, (b) selected paired
ftnica1 protiJes of DO, CH.. and Hz8 (Sept. 8, 1995), (c) aaaual fall
DO minimum for upper 5 m, 1985-1995, and (d) f.n DO (0-5 m
average) 81 aDd ~overy in 1990.
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"dilution" model identified for some fluvial systems
(Manczak and Florczyk 1974), where a relatively
uniform loading source is diluted to a Vdrying extent
according to natural variations in runoff. This analysis
indicates that year-to-year differ-ences in T -NH, (and
therefore NH,) concentrations in the lake are primarily
a result of natural variations in runoff instead of
differences in treatmentperfonnanceatMETRO. Year-
to-year differences in phytoplankton growth (asinkfor
T -NH,) may also contribute importantly to variations
in T -NH, concentrations in me upperwaters of the lake
(Canale et al. 1996).

The prevalence and margin of violation of the
chronic non-salmonid toxicity aiterion for NH, and
the more infrequent occurrence of violations of the
acute standard in the upper waters of Onondaga Lake
are consequences of me discharge of domestic waste
water. The extent to which the prewiling high NH,
concentrations impact the diversity, health, and
abundance of aquatic life (particularlyfish) in the lake
is presently unknown. Delineation of the influence(s)
of this pollutant is complicated by the myriad of other
water quality problems of the lake (Effier 1996).

NO;
Nitrite is an intermediate product in the two stage

biochemical process of ninification. Nibite is depleted
rapidly from the hypolimnion of Onondaga Lake
following the onset of anoxia associated with the
operation of the denitrification process (e.g., Brooks
and Effler 1990) . In sharp conttast, generally progresive
increases in NO; concentrations are observed in the
upper waters of the lake until August (Fig. 12a-f).
VIolations of the non-salmonid toxicity standard have
been documented in each year over the 1989-1~3
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interval (Fig. 12). Radler strong differences have been
common after early August, widlradlerabruptchanges
in NO; concentration evident in m~t ~ (Fig. 12).
Extremely high concenttations of NO; that represent
severe violations of dle standard. were obseIVed over
the August-OCtober interval in 5 ofdle6years (Fig. 12).
Qearly, severe violation of dle NO; toxicity standard
has been a recurring problem in dle upper waters of
the lake. Hutchinson (1957) observed dlat the
occurrence of -appreciable" NO; concentrations in
sumce waters is indicative of sewage conC3min~tion.
The toxic effects of NO; are known to be mitigated by
a. (e.g., Lewis and Morris 1986), which is present in
Onondaga Lake in unusually high concentrations
(Doerr et aI. 1994, Eftler 1996).

A major part ofdle NO; problem in dle lake is the
high external loads of NO; received in dle warmer
months from METRO (e.g., Fig. 6). Application of a
conservative substance mass balance model (e.g., loads
and flushing accommodated, but no reactions) for
NO; has been successful in simulating the obselVed
temporal structure through mid- to late summer in
1991 (Fig. 12d) ,supporting dle important role METRO
(95% of dle NO; load over dle simulation interval of
1991) plays in this problem. It is noteWorthy that the
available evidence indicates the rate of nitrification in
Onondaga Lake in summer is low (Canale et at. 1996),
compared to values adopted in dle modeling literature
(e.g.. Bowie et aI. 1985). The conservative NO; model
fails in the late summer to fall interval (Fig. 12d). The
operation of a major sink process in early September
and a major source in early October ofl991 isindicated
(Fig. 12d) , which are not accommodated by dle model.
The non-conservative behavior ofNO;in fall (Fig. 12d)
probably reflects temporal imbalances in dle rates of
the first and second stages of dle overall nitrification
process, as well as dle abrupt increase in internal
loading ofT-NH, to the upper waters of dle lake that
accompanies dle fall mixing period (Brooks and Effier

1990).
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Oearly the extremely high loads ofP and N species

received by Onondaga Lake from METRO severely
impact me lake, as manifested by the routine violations
of several related water quality standards in the lake
(Table 3). Degradations from cultural eutrophication,
including excessively high concentrations of
phytoplankton biomass, poor transparency, rapid
depletion of oxygen from the hypolimnion, and lake-
wide oxygen depletion during the fall mixing period,
are conspicuous and recurring. Standards to proteCt
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Table S.- Violations/ exceedances of numerical standards/guidance value for New York State in Onondaga Lake
related to ~O P and N discharges.-
Constituent/Attribute Resource /Use Standard/Guideline

free ammonia (NH,) fishing

nitrite (NO;> fishing

fishingdissolved oxygen (DO)

swimmingclarity (Secchi disc)

toxicity; standard function of pH
and temperature; differ for salmonid
and nonoQ}monid fisheries

toxicity; < 100 ~ NO;iL for non-
salmonid. 20 < J,lgNO;iL for salmonid

?; 5 mg/L. daily average; ?; 4 mg/L,
minimum within a day

standard for opening a public bathing
beach; ?; 4 ft (or 1.2 m)

guidance value; epilimnetic summer
average S 20 ~p /L

total phosphorus (TP)

against the toxic effects ofNH, and NO; on aquatic life
are violated routinely and by a wide margin. Rarely
have the signatures ofN and P pollution been so clear
(Table 3). METRO plays the primary role in all of these
problems, and is the appropriate target for related
remediation efforts.

At the heart of these water quality problems is the
large volume of the METRO discharge to Onondaga
Lake. This input of treated waste water represents
nearly 30%, on average, of the total inflow received by
the Jake during summer, and is usually the largest
single source of water in the month of August. Despite
the major reductions in METRO effluent TP
concentrations, and thereby loads and lake
concentrations, achieved from increased treatment
and other management actions, the Jake remains
highly eutrophic due to excessive external loading ofP.
The severity of the violations of the ammonia toxicity
standard(s) reflects the lack of year-round nitrification
treatment at METRO. While the seasonal nitrification
achieved during the warmer summer months at the
facility in recent years may have resulted in modest
amelioration of the NH, problem in the Jake, the
attendant high NO; loads from the plant contribute
greatly to the violations of the NO; toxicity standard in
the Jake.
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