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PREFACE 

This report was pr-epared by Dr. \o,'illiam W. Walker, Jr:', Enviton-

mental Enginee r, Concord, Mass. for the U. S. Army Engineer Wat e rways 

Experiment Station (WES) under Con trac t No. DACW39-78-C-0053 dated 

7 June 1978. It is one of a series of reports, the first .of which was 

e ntitled "Em"pirical ~lethods for Predi ct ing Eutrophication in Impound-

me n tSj Report 1, Phase 1: Data Base Development. 1I The s tudy forms 

part of the Environmental and Water Quality Operational Studies (EWQOS) 

Work Unit IE J Simpl] fi ed Techniques for Predicting R€'servoir Water 

Quality and Eutrophication Potential. The HIQOS Program is sponsored 

by the Office, Chief of Engineers, and is assigned to the WES under the 

purview of the Environmental Laboratory (EL). 

The study was condue-ted under the direct WES supervision of 

Dr. Robert H. Kennedy and the general s upervision of Mr. Donald L. 

Robey, Chief, Ecosystem Research and Simulation Division, and Dr. John 

Harrison, Chief, EL. Dr. Jerry ~Jahlo c h was the EWQOS Program Manager. 

The Commander and Director of WES during this study was COL Tilford 

C. Creel, CE o The Technical Director was Hr. Fr e d R. Browll. 

This report s hould be cited as follows: 

Walker, W. W., Jr. 1982. "Empirical Melhods f o r Pre dicting 
Eutrophi cation in lmpoundment s ; Re port 2, Pha se II : Monel 
Testing," Techni ca l Report. E-81-9, pre pared by William W. 
Walker, Jr., Environmental Engineer , Concord, Nass., for 
the U. S. Army Engineer Walerways Experime nl Station, eE, 
Vicksburg, Mis s_ 
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CONVERSION FACTORS, INCH-POUND TO METRIC (51) 
UNITS OF MEASUREMENT 

Inch-pound units of measurement used in this report can be converted to 

metric (51) units as follows: 

Multiply 

acres 
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cubic feet per second 

feet 

square miles CU. S. 
statute) 

By 

0.4047 

1233 . 489 
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EMPIRICAL METHODS FOR PREDICTING EUTROPHICATION 

IN IMPOUNDMENTS 

PART I: INTRODUCTION 

1. Eu~rophication has several important effects on impoundment 

water quality and potential uses. There are direct causal linkages be­

tween algal growth in reservoirs and water transparerlcy, :organic matter 

content, and hypolimneti c oxygen concentrations. The loss of oxygen 

from the bottom waters of s tratified reservoirs is partially attributed 

to the respiration and decay of algae which have settled out of the sur-

face la yers. Oxygen depletion promotes the recycling of nutrients, 

iron, manganese, and trace metals from bottom sediments, limits biologi­

cal habitat, and is conducive to the formation of hydrogen sulfide, 

methane, and other reduced organic compounds. These processes 01ay have 

direct implications for potential uses of the water in and downstream 

of the impoundment, including recreation, water s upply, and wildlife 

propagation. Me tho ds for predicting eutrophication and related water 

quality effec ts are required to aid in the design and operation of 

reservoi.rs in ways which are consistent with water quali ty and use 

ob jectives . 

2. Complex simulation m'odels have been developed for this purpose, 

based upon hydrodynamiC and ecological theory. While appropriate in 

some management situations, their roles have been limited primarily to 

research beca use of extensive data requirement s and the subjective de­

cisions and expertise required for calibration in each application. 

They are the only alternatives for applications requiring high spatial 

and temporal resolution and/or simulation of cause-effect relationships 

which cannot be represented u sing simpler models. The complexity of 

these models does not guarantee, however , that they are more accurate 

for predicting average water quality conditions than are the simpler 

models di SCussed bel ow. 

3. Simp ler, empirical techniques, der ived la rgely from the 

or igina l concepts of Vollenwieder (1968), have much lower data re­

qui rements, principally because they d ta l with average condit ion s and 

do not (0(, should not) have to be recalibrated and retested in each 

application. These are based upon the annual phosphorus balance of the 

II 



impoundment and empirical relationships among average phosphorus, 

chlorophyll, transparency, and oxygen depletion measurements derived 

from groups of lakes and/or reservoirs. Vollenweider's original work 

and most of the numerous modifications which have followed In the 

literature have been based upon data from natural lakes. When data from 

collections of lakes and reservoirs are compared, significant differences 

have been found in many factors which may influence nutrient and algal 

dynamics and which are not explicitly accounted for Ln these models, 

including hydrodynamics, sediment accumulation rate, region, and certain 

morphometric characteristics (such as shoreline development and 

length/width ratio) (Thornton, et a1., 1980). Since these methods are 

essentially "interpolation" schemes, there are possible needs for 

recalibration and/ or restructuring for use for reservoirs. 

4. These needs are supported by analysis of data from the U. s. 
Environmental Protection Agency's (EPA) National Eutrophication Survey 

(NES) indicating that, on the average, Corps of Engineers (CE) reser­

voirs have higher normalized phosphorus loadings, but lower average con­

centrations of phosphorus and chlorophyll, as compared with natural 

lakes (Walker, 1981) . Regional analysis shows, however, that CE 

reservoirs tend to be located, on the average, at latitudes where there 

are relatively few natural lakes (Walker, 1980a). Thus, it is diffi­

cult to distinguish the potential effects of impoundment type from 

those of region. Canfield and Bachman (1981) also found statistically 

significant differences between lakes and reservoirs in the parameters 

of a model for predicting phosphorus sedimentation rate and suggested 

that the differences could be attributed to tlqualitative differences 

in the phosphorus inputs related to geographic loca tion, 11 speci fically 

referring to the fact that the populations of reservoirs ~xamined were, 

on the average, located in regions where particulate phosphorus load­

ings were more important. 

5. Canfield and Bachman also suggested that lakes and reservoirs 

"represent a , range of limnological conditions and should not be treated 

as distinctly different lake types." While it seems feasible that a 

single model or set of models could be devised for use in both lakes and 

re~~ervoir~, most of, those existing consider only total phosphorus 
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loading, mean depth) and hydraulic residence time as independ en t 

variables, and do not account for variations ~n particulate phosphorus 

or other important factors related to region and/or to impoundment type. 
.' 

Structural modifications would have to be made and tested to account for 

these add itional factor s if one model ~s t o be used over the "continuum 

of limnol og i cal conditions" discussed by Canfield and Bachman without 

risk of bias at one end or the other . 

6. Regardl ess of lake/reservoir differences" the limnologi ca l 

literature present s a wide range of emp irical eutrophication models, 

S0me of which may be of use in reservoir mana gement. The objective of 

the research described in this report is to identify those methods which 

seem appropriate for use in reservoirs operated by the U. S . Army Corps of 

Engineers. An exten s ive data base describing 299 CE impoundment s has 

been comp iled und er Pha se I of thi s study and used here as the primary 

source of informati on (Walker, 1981) . The data base (Figur e 1) i ncludes 

the morphome tric, hydrologic, and water quality information required for 

model te st ing . Table 1 li sts 108 CE reservoirs which were sampl ed by 

the EPA's Nationa l Eutrophication Survey betwe en 1972 and 1975. 

Be cause of relat ive l y stringent data requil"ement s f or estimation of 

nutrient balances, these projects represen t the primary fo c us of this 

study, although data from other projects are also used in t e sting models 

which do not r equire nutri ent loading estimat es. 

7. Scope ~s limited to eva luation of existing model structures 

compiled from the lit eratL:re and summarized in App end i x E. The models 

are designed to predic t the following eutropl!ication-related wa ter 

quality chara cteristics: 

A- phosphorus concentration 

Q. chlorophyll-a concent ration 

~. transparency 

i. hypolimnetic oxygen depletion 

Thi s work does not cover classification sys teul s, index E·ystems, 01- any 

of the various methods for predicting "tr oph i c statl- H
• definitions of 

which are variable, subj ective, misleading, and of qu estiona ble 
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Figure 1 

Elements and Structur e of the CE Reservoir Data Base 
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02 NEW YORK 176 WAT ERBURY 24 LI TTLE ROCK 011 BEAVER 
03 PHILADELPHI A 307 BE LTZVI LLE 2 4 LJ TTL E ROC K 01 2 BLue MOUNTAIN 
04 BALTJMORE 3 12 F J SAY ER S (BLA 24 LI TT LE ROC K 013 BULL SHOALS 
06 WILM INGTON 372 JOHN H KERR 24 LI TT LE ROCK 016 GREERS FERRY 
08 SAVANNAH 074 CLARK HILL 2 4 LITTLE ROCK 02 1 NI MROD 
08 SAVA NNAH 330 HART WELL 24 II TTLE ROCK 022 NORFOLK 
10 MOBIL !;: 003 HOL T 24 LI TT LE RO CK 193 CLE ARWATE R 
10 MOBILE 069 All ATOONA 24 UTTLE RO CK 200 TABLE ROCK 
10 MOB IL E 071 SEMINOLE (\>IOOO R 25 TULSA 020 MILLWOOD 
10 MOBILE 0 72 WAL TER F GEORG E 25 TULSA 102 COUNCI L GROV E 
10 MO BI LE 076 SI DNEY LANIER 25 TU LSA 103 ELK C lTV 
10 MO BILE 411 BANKHEAD 25 TUL SA 104 FALL RI VE R 
14 RO CK I SLA ND 099 RED ROCK 25 TUL SA 105 JOHN REDMOND 
15 5f PAU L 17B GULL 25 TUL SA 107 MARION 
15 Sf PAU L 18 I LEECH 25 TULSA 112 TORONTO 
15 51 PAUL 237 ASHTABU LA (B ALD 25 TUL SA 267 EUF AUL A 
16 PI n SBURGH 243 BERLIN 25 TULSA 269 FORT SUPPLY 
16 PIT TSBU RGH 254 MOSQUITO CRE EK 25 TULSA 273 KEYST ONE 
16 PI TTSBURGH 3 17 St-tE NANGO RIVER 25 TULSA 275 OOLOGAH 
16 PITTSBURGH 328 ALL EGHENY (K I NZ 25 TULSA 278 TE NKIL LER FERRY 
16 PI TTseUIWH 393 TYGART 25 TU LS A 28 1 WI STER 
17 HUt'H INGTON 24 1 ATWO OD 25 TULSA 348 TEXOM A ( OE NNISO 
17 HUNTINGTON 242 BEACH CITY 25 TULS A 370 KEMP 
17 HUNTINGTON 245 CHARL ES MILL 26 FORT WOR TH 345 BE LTON(BELL) 
17 HUNTINGTON 247 DEER CRE EK 26 FORT WORT H 347 CA NYON 
17 IIUNT I NG TO N 248 DELAWARE 26 FOR T WOR TH 354 LAVON 
17 HUNT INGTON 249 DILLON 26 FOR T WORT H 355 LEWISVIL LE(GA RZ 
11 HUNT INGTO N 25G PLEASANT HI LL 26 FOR T WOR TH 359 SAM RAYBUR N (Me 
17 HUN TING TON 258 TAPPAN 26 FORT WOR TH 360 o C FIS HER (SAN 
17 HUNTINGTON 373 JOHN W FLANN"GA 26 FORT WORTH 361 SOMERVILLE 
17 HUNT ING TON 389 BLUESTONE 26 FORT WORTH 362 STILLHOUSE HOLl 
17 HUN TINGT ON 391 SU MMER SV I LLE 26 FORT WOR TH 364 WH ITNE Y 
18 LOU ISVI LLE 092 MfSSISS INEWA 28 ALB UQUER QUE 219 CONCHA S 
18 LOU ISVILLE 093 MONROE 29 KA NSAS CITY 100 RATHB UN 
18 LOUISVILLE 120 8ARREN RI VER 29 KA NSAS CIT Y 106 KANOPO LI S 
19 NA SHVI LLE 119 BARKLEY 29 KANSAS CITY 108 MILFORD 
19 NASHVI LL E 122 CUMBERLAND (WOL 29 KAN SAS C IT Y 109 ME LV ERN 
19 NAS HVILL E 338 CHE ATHAM 29 KANSAS CITY 11 0 PERRY 
19 NASHVILLE 340 oj PER CY PRIE ST 29 KAN $AS CITY 111 POMONA 
19 NASHVILLE 342 OLD HICKORY 29 KAN SAS CITY 113 TUTTLE CREEK 
19 NASHVILLE 343 DALE HOLLOW 29 KANSAS CIT Y 114 WI LS ON 
~O S T LOUIS 08 I CARL YLE 29 KANSA S CITY 19 4 POMME DE TERRE 
20 5 T LO UIS 087 SHELBYVILLE 29 KANSA S CIT Y 195 STOC KTON 
20 ST LOUIS 08B REND 29 KANS AS CIT Y 207 HARLAN COUNTY 
21 MEMPHIS 196 WAPPAPELLO 30 OMA HA 064 CHERRY CR EEK 
22 VICKSBURG 0 14 OE GRAY 30 D(l.1AHA 215 PAWNEE 
22 VICKSBURG 0 19 OUA CHITA (BLAKE 30 OMAHA 217 BRANCHE D OAK 
22 VIC KSBURG 188 ARK ABUTL A 30 OMAHA 235 SAKAKAWEA(GARRI 
22 VIC KSBURG 189 ENI D 31 WA LLA WALLA 077 O'o'l'OR $ HAK 
22 VIC KSBURG 190 GRE NADA 32 SEATTL E 204 KOOKANUSA( LI BBY 
22 VICKSBURG 192 SARDIS 33 PORTLAND 300 HI LLS CREE K 
0<3 NEW OR LEANS 352 LAKE OF THE PIN 34 SACRAMENTO 048 NEW DON PEDRO 
23 NEw ORLEANS 353 TE XAR KANA(WRIGH 35 SAN FRANCISCO 029 MEN DOC INO 
23 NEW ORLEANS 413 CADDO 35 SAN fRA NCISCO 039 SAN TA MARGARIT A 
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applicability (Halone y , 1979, Taylor et. ai, 1980). Each model is 

tested both with origina l and with optiTitized paraTil e tcr estlnates. 

Residuals (errors) and parame ter stability are ana lyzed to assesS model 

generality and re giona l influences. Based upon the result s of model 

testing, needs for restructuring Lo improve model generality and/or 

reduce prediction errOr are outlined herein; these needs are being 

pursued in current research. 

8. Tr.e report is organ ized III nine sect ions. Parts I1, III, an d 

IV describe data base refinimcnts, data reduction procedures, and model 

te sting meth ods, respectively. Pa rt V evaluates lIinternal mode-Islf, or 

relationships among ~.,ater qua lity measurements \vithin the reservoirs. 

Part VI t ests models which relate wat er quality to external phosphorus 

loading, morphometric variables) and hydrologic variables . Part VII 

evaluates methods for predicting hypolirnnetic oxygen deplction. Key 

results for each model c.;;.tegory are sumrJarized at the ends of Parts V, 

VI, and VII, respectively. Part VIII suoloarizes an d extends the results 

of previous sections in the form of a model IInetwork" relating 

reservoir-average water quality conditions to externa 1 nutri ent 

loadings. The network is tested usin& independ~nt data se ts compiled 

from tile lit era ture. Multivariate and error analyses also provid e 

additional insights into model structure and ade quac y . Part IX ou tlines 

some genera l conclusions and r ecommendations . Append ic es A-D contain 

su pplementary tables, including the dat a sets us ed in testing and error 

statistics by model ca tegory. A compilation of models derived froQ a 

literat ure survey is presented in Appendix E. Appendix F lists and 

displays the independent data sets used in testing the network presented 

in Part VIII. 
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PART II: DATA BASE REFI~~MENTS 

Introduction 

9. The CE reservoir data base deve loped previously (Walker, 1981) 

has been augmented with additional morphometric and hydrologic data 

obtained from various sources, including CE District of {ices , projec t 

brochures, and USGS District offices. Because these Sources are 

relatively diffuse, the additional data compilation has been directed 

specifically at reservoirs, time periods, and charact eri s tics whic t ~ wpre 

not available from centralized sources, such as WATSTORE. The objective 

has been to fill in missing hydrologic and morphometric information for 

projects and time periods with adequate wat er quality data to support 

model testing. Some additional data base refinements have been made, as 

discussed below. 

Morphometric Data 

10. A reV1ew of the morphometric data file indicated that pool and 

shoreline fength data were missing for 57 and 13 projects, respectively, 

out of 108 projects sampled by the EPA/NES. Additional pool and 

shoreline length data have been compiled and added to the existing 

morphometric data file. This effort has relied primarily upon District 

contacts and project brochures. The final tally includes length data 

and shoreline length data for 101 and 100 EPA/NES projects, 

respectively. A few additional modifications hs"ve .;.: i~(' been made to the 

morphometric data file in response to District feeoback. The modified 

file contains 4100 records referenced t o project and elevation, with 

pool length data for 259 projects and shoreline length data for 234 

projects, out of a t otal of 299 reservoirs in the data base. 

11. Reservoirs with significant pool areas extending up secondary 

tributaries have potentially greater s patial variations in ~ater quality 

than those ~ith simpler morphometry. These variations may, in turn, 

influence loading model performance, espec ia 11y if nutrient 
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concentrations Ln the secondary tributary inflow are signifi cantly 

different from those 1n the maj or tributary inflow and advection 

dominates over dispersion. To provid e a basis for assessing the e ffe cts 

of morphometric complexity on loading model performance, each reservoir 

ha s been cla ss ified according to the numb e r of major t r ibutary arms. 

This work has be en bas e d upon the proje c t map file. Note that the 

cl as sif i cation sys t em is based upon the number of re servcir arms , not 

upon the number of tributaries, i.e., the res ervo ir surface must extend 

for a s ignific an t distance up a se condary tributar y in order for it to 

be included in the c las s ific a tion. 

Hydrol ogi c Data 

12 . In attempting to formulate hydr o l ogic balances for 108 

projects sampled by the EPA/NES, data on r ese rv o ir di sc har ge and 

elevation/volume were found to be l acking in 8 projects and 42 projects, 

respe ctively. An additional 19,000 dail y or monthly rec or ds of pool 

e leva tion and discharge have heen obtai ned fr om CE Di strict offices. 

Dai ly rec or ds hav e be en summarized on a monthly basis, inc luding mean 

flows) mean el evat ions ) an d mon tl' -end e lev ati ons. Data requests hav e 

also beell filed wi,t h iL L ~ L ~ Dis tric t of f i ces , which ll8v e prov id ed an 

additional 1008 monthly r, co rd •. After merging t he new informa t ion with 

the existing da t a base, pro j ect coverage has inc reased substantially. 

Dur ing the period s of tributary s amp ling by the EPA/NES, the data bas e 

conta i ns monthly discharge records for all 108 project s and 

elevation/cont ents records f or 107 projects. During the hydrologic year 

which bracke t s the period of pool water quality sampling by the EPA/NES 

in each pr o j ect , monthly di scharge records are available f or 103 

projects and €l~vation/contents records, for 107 projects. 

13. The drainage area fi l e has been upda ted t o ir,clude information 

on tot ~ l. " ~3ter-contributing, and sed i ment-contributing ~reas f or 287, 

280 , an ... : 25"6 projects, respectively. USGS monitoring stat i o n 

descriptions have been rev i ewe d to es tima te watl':!r-contributing areas. 

Sedimen t -contributing (or direct) drainage ha s been es'timat ed from 
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sediment survey sheets and from drainage basin maps, by identifying 

upstream impoundments and subtracting their water-contributing drainage 

areas and the project surface area from the project water-contributing 

drainage area. 

Wate..! Quality Data 

14. Spatial gradients in water quality are important 1n many 

reservoirs. A preliminary classification system which permits sorting 

of water quality stations in downstrean! order within each major tribuary 

arm has also been developed and coded. It is based upon the water 

quality station map file, station descriptions, and latitude/longi tud e 

coordinates. Sort keys have been added to the existing water quality 

station key file, but additional verification of the coding system is 

needed. This system will be useful 1n future studies of spatial 

gradients and their controlling factors, but has not been applied in the 

model testing completed thus far. 
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PART III: DATA REDUCT ION fu~D SUMMARY 

15. calcL;. ]ating v.'<-=' t(:r nutrient balances, the 

elEv 6!:ic n/volume/area poi~ts list ed in the ruorrho~etric file have been 

Ilsccl t o e~t imatc changes in VC]\lnle or a r ea as func tions of elevatio' 4nrl 

V] cc-versc,. To facilitate these calculations and o t her uses Oi th e 

morphometric file, elevation/vclume/area data points contained in the 

data file have been sumrr.arized as polynomial functions of th(: genera l 

f c·n1'. : 

where, 

LZ* ~ In (Z) In ( E-EO) 

Z 3 4 
CI + C2 L2 + C3 L2 + C4 L2 + C5 L2 

In = basl' -e logaritiJm 

2 totol depth (feet) 

V total vo lu me (acre-feet) 

E elevation (feet abeve mean sea level) 

EO Elevation at zero volume (feet above msl) 

Cl - C5 = polynomial coefficients 

(1) 

(2) 

These curves are used essentially for interpolation and smoo thing of the 

elevation/volume profile. While previous work (Walker, 1981) indicated 

that a third-degree Equation generally provided an adequate fit, adding 

a fourth degree significan tly improved the fit o f many of the 

volume/elevation curves in the current version of the C!orphometric filew 

Differentiation of the volume polynomial can be used to estimate area at 

any elevation: 

where, 

A 
s 

2 3 
[C Z + 2 C3 LZ + 3 C4 L2 + 4 C5 L2 J V / (E - EO) 

A = surface area at elevation E (acres) 
s 

* ..... ·For co.nvenience, symbols and unu sual abbreviations are 1 isted and 
defined in the Natatiall, Appendix G. 
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A weighted polynomial regression has been done on logarithmic scales to 

estimate the parameters Cl CS for each reservoir.. Since only 

volume /elevation points have been used in the regressions, the 
/ . 

consistency of a given morphometric curve can be checked by comparing 

reported and estimated surface areas. To reflect the relative accuracy 

and importance of morphometric data points at higher elevations <n a 

given reservoir and to offset the greater wei ghts inherently given to 

lower elevation points in logarithmic regressions, poiDts have been 

weighted by the square of the total depth (E - EO) in performing the 

regressions. Lower-order polynomial regressions have been used for 

reservoirs with an insufficient number of data points to ju s tify a 

fourth-order fit. Generally, the Curve' fitting proc ess has been 

it e rative, with reference to residuals plots t o assess fit ad e quacy for 

each res ervoir. 

16. For reservoirs without reported EO values, a single-term power 

function has been fit t o the first two complete sets of elevatioD, ~. rea, 

volume. points in order t o estimate EO. According to this model, mear; 

depth is proportional to total depth: 

where, 

Y = (VI/A1) / (V2/AZ) = (El - EO) / (E2 - EO) (4) 

EO = (El - Y E2)/Cl - y) (5) 

E1,A1,V1 elevation, area, and volume at first level 

E2,A2,V2 elevation, ar ea, and volume a t s eco nd level 

Y = me an depth ratio 

In a few ca ses, there were insufficient data to apply this estimation 

procedure and EO valu es have beep estimated based upon maximum restrvoir 

depths and surface elevations reported by Leidy and Jenk ins (1977). 

17. For five reservoirs in St. Paul District (Lac Qui Parle (179), 

GullCl78), Pine River (1 87) , Winnibigoshish(1 86) , and PokegamaCl84), 

useable volumes above specified elevations are listed In the 

morphometric file. To estimate dead storage for th ese projects, total 

volume devel opment has been assumed to f o llow a single-t E'lIIl power 
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function in total depth. The following equation has been solved for VD: 

where , 

[(VUl +VD) / Al J / [(VU2+VD) / A2 J (EI-EO) / (E2-EO) 

VUl useable volume below first listed elevation point 

VU2 

YO 

useable volume below secone l isted elevati on point 

dead storage (acre-feet) 

(6) 

Estimated dead s t orage values have been added t o the reported useable 

volumes prior to estimating the coe fficients of the morphometric curves. 

18. To t es t the adequa cy of each fit, plots of observed and 

estimated volume and area profiles have been generated for each 

reservo~r. These have been assembled in a notebook for future reference 

by data-ba se use rs. Examinat ion of these plots has provided a basis for 

refining the fits, where neces sary, by (1) identify ing errant values in 

th e morphometric file; (2) increa s ing or decrea s ing the degree of the 

polynomial; or (3) supplementing the morphome tric file with additional 

volume /el evat ion points derived from USG S Water Resources Da ta Report s 

(USGS, 19 77) . 

19 . A file describing these curves has been created containing the 

following informa tion : 

~. di s tr ic t code 

Q. r es ervoir code 

£. minimum elevation used 1n regr ess ion 

~. maximum elevation used In regression 

g. z ero-volume elev ati on 

£. coefficients (Cl - C5) 

In applying these functi ons t o estimate volume or area at any elevation, 

tests should be perf ormed to insure tha t the elevation is within the 

range used In the r egre ss i on . A l is ting of es timat e d morphometri c c urve 

parameters is - given in Appendix A for the 285 projects with sufficient 

da ta. 

20. Accuracies of these curves hav e been assessed by computing th e 
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following statistics for three types of applications: 

where, 

",. estimating volume from elevation: Iv -
.\!.. estimating area from elevation : IA,-

.f.. estimating elevation from volume: IE 

superscript denot ir.L estimated value 

lx-x' I ~ absolute valu e of X-X' 

-

v'l/v' 

A' /lA' s s 
E" I 

Since the polynomials cannot be solved explicitly for E as a function of 

V, an iterative procedure is used to estimate elevation consistent with 

a given total volume. The third type of application has been included 

because elevations must be estimated from total volumes in completing 

the hydrologic data file, which contains many USGS stations wi th volume 

but without elevation data . 

21. Median estimation errors have been calculated f or e ach pro ject 

and type of application and summarized 1n Table 2. At the 50th 

percentile, estimation errors amount to 1.0% for total volume, 3.2% for 

surface area, and .21 fe e t for elevation. At the 95% percent ile, the 

errors are 5.3%, 13 .3%, and .99 feet, respectively. The relative 

inaccuracy of the area estimation 15 attributed t o the fact that 

reported are as were not used in estimating the coeffi c ients and some 

inconsistenci e s In the area and volume data may remaIn ~n the 

morphometric data file. Percentage estimation errorS generally de crease 

at highe r elevations in a given reservoir, owing to t he greater 

accuaracy of morphometric inf ormation at elevations nearer t he surface. 

22. Table 3 lists twelve projects included 1n th e da ta base but 

without sufficient data for estimation of morphometric curvps. Th e s e are 

primarily run-of-the-river impoundments or l ocks and dams , whi c h have 

not been used in model testing because of water quality dat a limitations. 

Future refinements of the data base could involve comp ilation o f 

additional data for these projects and for others wi th relatively 

limited morphometric information. Available data a re generally 

adequate, however, for the purpos e s of this research. 
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Tabl e 2 

Summary of Horphometric Curve Error Statistics 
(Within-Project Median Absolut e Deviations) 

Variab le: Volume Area Elevation 
IE-E'I 
feet 

Statistic: I V-V' I Iv' I A-A' 1/ A' 
'S s s 

Units: 

100%* .095 .434 2.95 maxunum 
95% .053 .133 0.99 
90% .037 .087 0.77 
75% .019 .057 0.44 upper quar tile 
50% .0098 .032 0.21 median 
25% .004 2 .015 0.081 lower quartilr 
10% .0017 .0078 0.030 

5% .00069 .0056 0.013 
OX .00002 .0004 0.0005 minimum 

Number 285 277 285 
~!r oj ec_t3 __ . _________ . ________ . ___________ __ ___ _ 
* Percentile 

Table 3 

Projects Lacking Sufficient Data for 
Estimation of Horphometric Curves 

Code District Project 

10-002 Hobile Coffeeville 
10-005 " Demopolis 
10-007 " Warrior 
10-19l " Okatibbee 
10-415 " Gainesv ille 
15-180 St. Paul Traverse 
15-181 " Leech 
15-183 " Cross 
15-185 " Sandy 
17-127 Huntington Greenup 
17-394 " Winfield 
17-416 " Alum Creek 
33-289 Portland Bonneville 
33-301 " John Day 
------------------- - --------------
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Water Ba lanc es 

23. Reasonably accurate hydrologic balances are r equ ired as bases 

for formulating reservoir nutrient balances 

load/trophic ' state response relationships. 

and testing nu tr rent 
Unlike nutrient balances, 

water balances can be checked by comparing estimates of total inflow and 

outflow over a given period, while correcting for a ny c han ge 1n storage 

within the reservoir. The basic water balance e qua tion is: 

INPUT = OUTPUT + CHANGE IN STORAGE (7) 

where a change 1n storage 1S positive if the tot a l volume of the 

reservoir at the end of the period is great er than the total v o lume at 

th e beginning and the output term includes evaporation, disc harge, and 

withdrawal. Because of fluctuati ons 1n pool levels, the change 10 

storage term is of potential importance to the short-term water and 

nutrient balances of many r eserv o irs, although it should be relative l y 

small over an average annual period in reservoir s with stable operating 

policies. 

24. A water balanc e has been estimated for each of the 108 CE 

reservoirs sampled by the EPA National Eutr ophication Survey during the 

year monitored (see Table 1 ) . Dat a sources for the water balance 

calculations includ e the following: 

A. EPA/NES (mean monthly flows in gauged tributaries and 

discharges, mean precipitation, drainage area) 

Q. ueCS (discharge flows, elevations /content s) 

~. CE District off ic es (discharge flows, elevations ) 

~ US Weat her Bureau (Kohler et al.,1959) (evapora ti on) 

Calculations are outlined and results are presented Ln metric unit s for 

use in nutri ent ba lance es timation and model testing . The pot ential 

implic a tions of errors 1n the data and/or estimation methods used in 

formulating thes e balances are discussed following th e cal cu la tions . 

25. The first step involves the formulati on of a drainage area 

IIbalance ll
: 
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AT AG + AU + AR (8) 

where, 

AT drai nage area at reservoir discharge (km2) 

AG drainage area of gauged tributaries (km2) 

All drai nage are a of ungauged tributaries (km2) 

AR reservoir surface area (km2) 

The above drainage areas are water-contributing. Reservoir areas 

correspond to mean surface Elevations over the monitoring period. 

Ungauged areas are estimated by difference, according to the above 

equation. 

26. Available data permit estimation of the following water input 

components: 

where, 

QI QG + QU + QP 

6 
QI total water input (r'Tc, } iy r = 10 m3/yr} 

QG gauged tributary ir,put (hm3/yr) 

QU ungauged tributary input (hm3/yr) 

QP precipitation input (hm3/yr) 

( 9) 

Ungauged inflows are estimated based upon gauged inflows aud drainage 

areas: 

QU = AU QG / AG (10) 

This assumes that the ruuoff coefficient (QG/AG) is a regional 

characteristic. In the case of a mainstem reservoir, much of the gauged 

drainage area may be remote from the waterbody and not representative of 

local watersheds; the runoff coefficient is estimated from the total 

flows and drainage areas of immediate tributaries only. 

27. Precipitation inputs are estimated from reservoir areas and 

annual precipitation rates: 

QP = AR YP (ll ) 

where, 
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inflow estimhtes, these components cont r ibute to errors In the water 

balances. 

28. The output term of each wat er balance IS estimated as the sum 

of the following components: 

where, 

QO = QD + QW + QE 

QO total output (hm3/yr) 

QD discharge from r eservoi r (hud/yr) 

QW withdrawal fr oCt reservoir (hm3 /yrl 

QE evaporation (~u3/yr) 

(2) 

Discharge rates are based lIpan reported va lues. Withdrawals ref l ec t uRes 

for water supply, irrigation, etC . ,and Clre based upon estjm, .. tes In the 

EPA /NES working papers . Ev aporation losses are estimated from: 

QE = YE AR 03 ) 

where, 

YE = average eva poration rate (m/yr) 

Evaporation rates are assumed to be regional characteristic$, estimated 

from maps compiled by Kohler et al. (1959) and reflect average 

conditions from 1946 to 1955. Year-to-year variations in climate and 

l ocal variations 1n watershed/reserveir morphology Cas they may 

determine wind fetch, etc.) may influenc e evaporation rates and 

con tribute to the error term in the water balance equa tion. 

29. The c hange-in-storage term of the water balance is calculated 

from : 

QV = ( V2 - VI) / T (14) 

where, 

QV = change in storage (t1ll,3/yrl 

V2 reserV01r volume at end of period (hm3) 
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Vl reservoir volume at beginning of period (hm3) 

T length of monitoring period (yrs) 

Reservoir volumes refer to month-end values . immediately before and after 

the sampling period. The length of the monitoring period generally 

ranges from 12 to 13 months for the sampling schedules employed by the 

EPA/NES in these reservoirs. 

30. Using the above framework, an error term can be calculated for 

each balance: 

QN QI - QO - QV (15 ) 

QN QG + QU + QP - QD - QW - QE - (V2 - Vl)/T (16) 

where, 

QN = net inflow (hm3/yr) 

Net inflow results from the influences of the following error sources: 

~. errors In the drainage areas, reserv oir volumes, and 

gauged flows 

Q. local morphologic or climatologic factors which may 

influence precipitation and evaporation 

£.. year-to-year climatologic variations which may cause 

evaporation rates to deviate from long-term regional 

averages 

~. variations in watershed characteristics which may 

contribute to errors in estimates of ungauged tributary 

flows 

~. diversions from or to the reservoirs which are not 

noted in the EPA/NES reports 

31. To aid in water balance computations and permit examination of 

within-year variations in hydrologic conditions, a file of monthly 

values has ~een assembled, covering the monitoring periods; It includes 

the following: 

~. mean reservoir discharge j estimated from each of 

three sources (where available): 
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'fter 

'ally 

the 

for 

15) 

6) 

1. EPA/NES 

1 . USGS/WATSTORE 

3. CE District offices 

.Q.. mean and month-end elevations, estimated from (2) '& (3) 

£. mean and month-end volumes, estimated from (2) & (3) 

~. mean and month-end surface areas, estimated from 

elevations (b) and morphometric curves 

In most cases, agreement among the various sources of monthly discharge 

data has been found to be good (within 10%) and the EPA/NES estimates 

have been used. Other sources have been used in cases where the EPA/NES 

data were incomplete Or apparently in error, based upon comparison with 

other sources and resultant errors in the water balances. Polynomials 

derived from the CE morphometric file (see above) have been applied to 

estimate missing elevations, volumes, and/or surface areas based upon 

elevations or volumes reported by the USGS. A summary of this file is 

given in Table 4, which also identifies the periods of tributary 

monitoring by the EPA/NES. 

32. The terms of the water balance for each of the 108 projects 

sampled by the EPA/NES ar e listed along with corresponding terms in the 

nutrient balances .in Appendi x H. Elevation/contents data were not 

available for Cc ,jdo LG.K~ (23-413), which is not curr ently under CE 

control. Accordingly, the change-in-storage t e rm for this re s e rvoir has 

not been estimated and data from this project have not been used in 

testing loading models. 

33. Considering the error sources mentioned above, the foll owing 

statistics can be used as measures of the relative reliability of a 

given flow balance: 

QN / QI net flow (error) significan c e (17) 

QU / QI ungauged inflow significance (18) 

QP / QI precipitation significance (19) 

QE / QO evaporation significance (20) 

These represent net, ungauged J and precipitation inflows expressed as 
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Table 4 

Reservoir Operating Ranges During Tributary Monitoring Period 

Symbo l Meaning 
- ----------------------------------------

YR year tributary sampling began 
MO month tribut ary sampling began 
EMIN * minimum pool elevation (ft,msll 
EMAX * maximum pool elevation (ft,msll 

* derived f rom month-end measurements 

DIS RES YR MO EMIN EMAX 

02 176 WATE RBURY 72 7 573.a 593.0 
03 307 eELTZVILLE 73 5 622 . 6 629.6 
04 3 12 F v SAYERS (BlA 73 5 610 . 1 630.0 
06 372 JOHN H KERR 73 7 297. 1 304.0 
08 074 CLARK HILL 73 3 326. 3 33 1 .5 
08 330 HARTWELL 73 2 6 5 7. I 662. 3 
10 003 HOLT 73 3 186. 7 187.0 
10 069 ALLI\ TO ONA 73 3 826. 2 843 . 7 
10 071 SEMINO LE (WaODR 73 3 76 .9 77.5 
10 072 WALTER F GEORGE 73 3 185 .6 lB9 .4 
10 076 S I DNEY LANIER 73 3 1066. 5 1072 .5 
10 4 I I BANK HEAD 73 3 2501.5 255 .0 
14 099 RED ROCK 74 8 7 24.8 746 .9 
15 178 GULL 72 10 11 92.7 1 194 .0 
15 181 l EECH 72 10 1293. 7 1294 .9 
15 237 ASHTABULA (BALD 74 9 1263.3 1266. 6 
16 243 BERLIN 73 5 1015.7 1026. 5 
16 254 MO SQUITO CREEK 73 5 898. 1 902.0 
16 3 17 SH ENANGO RIVER 73 5 885.9 899 .2 
16 328 ALLEGHENY (K [N Z 73 5 1294. I 1328.8 
16 393 TYGART 73 7 1025 . 6 1095.5 
17 241 ATWOOD 73 5 923. 9 928.8 
17 242 BEACH CITY 73 5 948. 7 953.0 
17 245 CHAR LES MILL 73 5 997 . 2 1001.3 
17 247 DE ER CREEK 73 5 790.7 8 15.9 
17 248 DELAWARE 73 5 910.1 9 15.9 
17 249 DI LLON 73 5 735. 4 747. 1 
17 256 PLE ASANT HIL L 73 5 1017.5 1021.5 
17 258 TAPPAN 73 5 894 . 1 899. 1 
17 373 JOHN W FLANNAGA 73 7 1410.5 1428 .0 
17 389 BLUE STONE 73 7 1410.3 1444 .0 
17 391 SUMMERSVILLE 73 7 1536.2 16 52.7 
18 092 MISSISS INEWA 73 6 727.9 749 . 5 
18 093 MONROE 73 6 536.9 54 6.6 
18 120 BARREN RIVER 73 3 529. 1 5 59.2 
19 119 BARKLEY 73 3 35~.6 367.3 
19 122 CUMBERLAND (WOL 73 3 694.5 732. 3 
19 338 CHEATHAM 7 3 4 384.2 385.6 
19 340 v PERCY PRIEST 7 3 4 483.2 494.1 
19 342 OLD HI CKORY 73 4 444.1 445.4 
19 343 DALE HOLLOW 73 3 639.8 654.6 
20 08 1 CARLYLE 73 6 444.0 455 .3 
20 087 SHELBYVILLE 73 6 595.6 616 . 6 

. 20 088 RENO 73 6 403.7 409 .3 
21 196 WAPPAPELLO 74 9 35 1.6 371 .8 
22 014 DE GRAY 74 6 400.9 4 10 . 9 
22 019 OUACHITA (BL AKE 74 6 573 .2 580. 9 
22 188 ARKA BUTLA 73 8 213 . 3 232. 1 

/ ' 
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Table 4 (cont inued) 
DIS RES YR MO EMIN EMAX 

22 189 ENlO 73 8 23 7. 2 265. 7 
2 2 190 GRENADA 73 8 208 . 6 227.9 
22 192 SARD I S 73 8 

J 
260 0 276.6 

23 35 2 LAKE OF THE PIN 7 4 9 228. 8 23 1 .7 
23 353 TEXARKANA(WRIGH 74 9 22 • . 0 232 .9 
23 413 CADDO 7 . 6 
24 011 BEAVER 7. 6 1116 .2 1 125. 7 
24 012 Bl.UE MOUNTAIN 74 6 384 .9 403. 9 
2A 0 13 BULL SHOALS 74 6 652 .5 676. 2 
24 016 GREF. RS FER RY 74 6 454 .7 A7A .2 
>A 02 1 NIMROD 7 . 6 3A2 .0 364 .8 
24 022 NORFOLK 74 G 5 5 1 .2 568. 9 
24 193 CLEARWA TER 7A 9 49A .A 5 18. 8 
24 200 TABLE ROCK 74 9 909 .0 9 19, 2 
25 020 Ml LL WOOD 7A 6 25 5.2 26 2. 3 
25 102 COUNCIL GROVE 7A 10 1269.4 1276. 1 
25 103 ELK CITY 74 10 787 .7 B 11. 9 
25 l OA FALL RIVER 7 4 '0 948. 1 96 1.2 
25 105 JOHN REDMOND 7 A 10 1036. 8 1046. 1 
25 107 MAR ION 7 4 to 1349. 5 135 1 .3 
25 112 TORONTO 7A to 90 1 . 2 917 .6 
2 5 267 EUFAULA 7 A 11 580.11 589.2 
2 5 269 FOR T SUP PLY 74 11 200 1.R 2004 .5 
25 273 KEYSTONE 74 11 716. 2 733 .8 
25 275 OO LOGAH 74 It 636. 2 6 48. 3 
25 278 TENKILLER FERRY 1A It 628. 4 647 .4 
25 28 1 WI ST ER 7A 11 4 74. 5 487 .7 
25 348 TEXOMA (OENNl S0 74 tt 6 13.7 620. 2 
25 370 KEMP 74 9 11 ?6. 6 1140. 9 
26 345 BELTQN( BE LL) 74 9 592. 5 605 . 2 
26 3A7 CANYON 74 9 904 .5 9 14 .6 
26 3 54 LAVON 74 9 '17 0.5 A8A .6 
26 35 5 LEIo/ISVI LL E (G AR2 74 9 513.1 524.7 
26 359 SAM RAyBURN (MC 7A 9 157.5 166. 6 
26 360 a C FI S HER (SAN 74 9 1863 .0 1890.5 
26 36 t SOMERVI LL E 74 9 237.6 246 .9 
26 362 S TJ LLHOUS E HOLL 74 9 62 t .6 635. 4 
26 364 WHITNEY 7. 9 523. 0 534 .6 
28 2 .9 CONCHII $ .,. t 2 4 15 7 .9 4 173. 6 
29 tOO RAT HBUN 7A 8 902 .0 906. 2 
29 t06 K~NOPOLIS 7A 10 14 55. 0 1468. A 
29 108 MILF ORD 7A to 1141 .7 114 6.8 
29 109 MELVERN 74 10 1029 . 9 1037. 6 
29 1 to PER RY 74 t o 88 8 .9 895. 6 
29 Itl POMONA 7A to 972. 3 979 .9 
29 11 3 TU TTLE CR EEK 74 to I OG9. 2 1081.4 
29 t 14 WI LSON 74 to 15 14 . A 1517 . I 
29 .94 POWJi E DE TE RRE 74 9 837 . 9 843.7 
29 195 STOCKTON 74 9 863 . • 872.4 
29 207 HA RLA N CO UNTY 74 8 1938. 2 1947.9 
30 064 CHERRY CRE EK 7A 9 55 48 .5 5551.2 
30 215 PAWNEE 74 8 1243. 8 1244 .6 
30 2 17 BRANCHED OAK 74 8 1283 .0 1284 . 4 
30 235 SA KAKAW EA (GARRI 7 4 9 1838. 7 1853. 7 
31 077 QWORSHAK 7A t o 1443. 9 1597 .0 
32 204 KOOKANUSA( LIBBY 74 to 2286. 7 2457. 1 
33 300 HILLS CRE EK 74 to 1453 . 1 154 I .2 
34 048 NEW DON PEDRO 7 4 It 758 .0 816.7 
35 029 MENDOC INO 74 It 72t .7 74 9. 1 
3 5 039 SAN TA MARGARIT A 7A " 1289, 7 t 303.5 
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fractions of the total inflow and evaporation expressed as a fraction of 

the total outflow, respectively. The first statistic is a direct 

measure of error, while the last three are indicators of potential 

error. 

34. The distributions of these error st~tistics are summarized in 

Table 5. To provide a basis for screening the data set, a cut point has 

been selected for each statistic and us ed to tag projects with 

potentially greater water balance ~rrors. Cutpoints (generally in the 

90-95 percentile range) have been selected to isolate outliers, after 

exaruin ing histograms of the error statistic s . Because the first 

statist ~c i s the only direct measure of error, iL has been given greater 

weight in da ta screening . 

35. As s hown In Table 5, eight out of 108 projects have water 

balances errors exceeding 25%. SOIDe of these are attributed to seve re 

dat a limitat ions (e.g., 93% of the drainage area of Lake Kookanusa, 

32-204, is ungauged) . Attempts have been made to identify the sources 

of errors through additional data compilation and verification. In some 

cases, additi onal data compilation effort not feasibl e within the scope 

of this project might be helpful in resolving water balance errors. The 

pos sib lity of other sources of er ror and the SUbjectiv e nature of the 

cutpoint select i on indica t e that the screening procedure appli ed above 

is on ly a pproxima t e . The error s tatistic s have been ca rried through the 

loading model evaluations ~n order to provide a means for testing 

whether differences between model pre dic tions and observa tions can be 

partially explained by errors in the hydro l ogic balances. 

36 . The wat er balances formulated above cover the period of 

tributary sampling by the EPA/NES in each project. For most projects, 

this period does not include the period 1n whi ch pool water quality 

measurements 

were generally 

years. The re 

were made by the EPA/NES, i.e., tributary and pool surv eys 

conducted 1n different (though adjacent) hydrologic 

is a potential problem in relating the loadings to the 

pool measurements because of the effec t s of year-to-year variations in 

hydrologic conditions. The data bas e permits comparisons of reservoir 

discharges and volumes during the two moni toring periods . Thi s 
. / -
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-------------------------------------------------------------.---
Inet flow I /to ta I inflow .010 .045 .212 <.25 100 

the 
ungd. flow/ total inflow .027 .130 .357 <.40 102 

ter 
prec. flow/total inflow .00 7 .035 .181 <.2 5 104 

er evap. /total outflow .007 .035 .33 6 <.25 96 
-------------------------------- ,-_._----------_._-----.------------
* out of 108 projects 

er 

I, 

s 

e 
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information has been used to modify the above water balances to 

corr espond with the hydrologic year which includes the period of EPA/NES 

pool monitoring. Corresponding estimates have also been developed for 

"norma l" hydrologic years, based upon average annual outflows estimated 

from the period of record and normal pool elevations. 

37. Since direct inflow measurements are available on ly for the 

tributary sampling period, annual inflows during other years have been 

inferr ed from outflow, change-in-storage, and evapora tion. In order to 

permit adjustment of water and nutrient balances estimates, it 1S 

assumed that the error term (QN) 1n the water balanc e formulated above 

can be attributed primarily to errors 10 the inflow estimates. Annual 

inflows during the pool monit oring periods are based upon the annual 

water balance, assuming no net errOr: 

wheY'.~J 

QI' QD' + QV' + QE 

QI' total inflow (hm3/yr) 

QD' total discharge (including withdrawals) (hm3/yr) 

QV' change in stcrage (hro3/yr) 

= super script denoting poo : monitoring year 

(21) 

Evaporation rates are assumed to be constant from year to year. The 

above calculations have been repeated for an average hydrologic year, 

using average annual dischargE:' ~n place of QD .... and assuming no net 

change In storage over an average year. Outflows during the tributar y 

and pool sampling periods each tended to be greater than average 

outflows by about 50% (median va lue) . Sufficient data are available to 

characterize hydrologic conditions dur ing each ~onitoring period f or all 

but S1X projects, five of which l &ck outflow data f0r the pool 

monit o l' ing period. Appendix (. li.ts the terms 1n equatio\J: 21), along 

with average morphometric an I.; nutrient inflow charac teristi cs, for each 

hydrologic period. 

38. Th~ procedures used above to screen projec t water balances for 

potential errors are based upon calculated net wat er balances. Because 

of th e possiblities for offsetting errors, there is no guirantee that a 
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wat er balance which balance s "corree t". Error components are 

intr oduced by gauging errors, data r ecordi ng errors , missing data , 

morphometric errors, and by th e required estimat i on of evaporation and 
J 

un gauged flows. ~~ile nominal estimates f or these types o f e rrors might 

be emp l oyed (Winter , 1980) , existing data do not permit assessment of 

how th ey might vary from project to project. Thus, direct considerati on 

of these t ypes of errors would be of little use in data screening . 

39 . In app lic a ti ons of empirical eutrophication mod e l s, th e 

effects of flow ba l a nce errors are generally not as significant as one 

might Expec t, espec i a lly in relation to other error sources (e . g . , those 

inherent in the models o r III the average tribut ary phospho r us 

concentration estima te s) . This results from the fact that predictions 

of imp oundment response ar e more sensitiv e t o the ave rage infl ow total 

phosphorus concentration <mass/vo lume ) than to loading (mass/ time) . The 

average inflow concentration essentially ca l cu l ated as the 

flow-weighted average of al l concent ra tion es timates made In tributar y 

streams , adjusted for effects of direct and atmospheric loadings. In 

this calculation, flows appear as w~ i ght ing f ac t ors, j .eO) both 1n tlle 

numeratcr and In the denominator) so that t he effects of flow balance 

e rrors on inflow concentrotions are always less than proportional and 

far l ess than proportional in reservoirs with tri butaries which are more 

or le ss of uniform quality . In the case o f a rese rvo ir with a s hort 

residencE: and one major tributary, estimates of impoundment phospho r us 

or chl orophyl l concentration derived from a typical l oadi ng model a r~ 

complet e l y independent of biases in the average tributary flow or 

res ervoir discharge estimates. 

40 . Thus, because of generally lower sensitivity and l ack of an 

independent basis for estimating and comparing the unknown error 

componen ts of each flow balance, screening for hydrologic data error s 

has been limited to a check on the net flow balance. Checks for 

representative sampling of tributaries and flow r eg imes are incorpora ted 

into the nutrient balance screening procedures desc ribed in the next 

section. A greater emphasis has been placed on errors associated with 

estimating averag e tributary concentrations based upon limited numbers 
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of gr ob samples, because loading model predictions are more sensitive to 

thes e type s of err ors , wtich can be estimated directly from the da t a 

using the methods employed in tlle nex t section. 

41. Nutrient balance calculations are built lar gel y UpOT~ the wat er 

balances described in the previous sect ion. For a l \O~·-·c ons~ rva tive 

material, the bas~. c ma ss ba lance equation i s: 

INPUT = OUTPUT + CHANGE IN STORAGE + AC CUMULATION ( 22) 

where t he accumulation term reflects nc.c- c l'l.serva tive behavi or and is 

pos i t ive if there is a net loss of the ma t erial with in th e reservoir. 

The ma ss balance is formulated such that a net internal l oading (net 

phosphorus release from bottom sediments, for example) wou ld s how up as 

a negative accu.mu l a tion rate. Since it is det ~rmi ned by diff ere nce from 

the other terms, however, the accumulation t erm ~s s ub jec t to 

cons ider ab le es timation error . An attempt bas been made to qu antify 

this es timation error in f ormulati ng the nutrient budge t s . 

42 . A nutrient ba lance ha s been estimated for each CE re servoi r 

sampled by the EPA National Eutrophication Surve y (see Table 1) during 

the year monitored. The EPA/NES has provided flow and concent rati on 

data from gauged and ungauged tribut ar ies and ou tfl ows, a s well as 

est ima te s cf poi nt sourc es and ot her direct or indirect sources (septic 

tanks, wile, rowl, e t c .). Balances have been estimated f or the foll owing 

com ponen ts: 

~. t o t al phosphorus 

b. disso lved orthophosphorus 

s... t o t al nitrogen 

&~ inorganic (affimonia + nitrite + nitrate) nitr ogen 

Whil e they do not include organi c frac tions, components band dare 

referred to as "dissolv ed " forms of phosphorus anc nitrogen, 

re§-pectively, In the remainder of this report. Thes e have been included 

36 

in t 

impa c 

DutT 

infl 

and 

MOT' 

(in 

co r 

aVO 

an 

ap 

b, 

I I 

F 



Ve to 

da ta 

ter 

ive 

2) 

t 

in the nutrient balance calculations to provide bases for assessing the 

impacts of nutrient availability on load/response relationships. 

43. Errors in the water balances propagate to the corresponding 

nutrient balances} though, as discussed in the previous section: ; avera'ge " 

inflow concentrations are most important in emp irical model applications 

and are generally no t very sensitive to errors in average flow estimates. 

More important errors are introduced when grab-sample cor.centration data 

(in this case 10-14 samples per station-year) are used along with a 

continuous flow record to estimate average mass flux (or flow-weighted 

average concentration) over a yearly period. The regression/error 

analysis method described in the Phase I report (Walker,1981) has been 

applied to quantify the latter type of error. In formulating the mass 

balances, the mean and standard error of each term has been estimated~ 

This has requirec subjec tive estimation of some error t e rms 

(precipitation and point-source loading errors, for pxample) : out has 

provided an approximate basis for ranking thE reservoirs with respect to 

data adequacy for use in model t es ting. 

44. Total nutrient ir~ut consists of the following e lem en ts: 

where, 

WI WG + liU + WP + WX + WA 

WI total input (metric t ons/ yr) 

WG input from gauge d tributarie s (rnt/ yr) 

1,11.1 input from ungauged tri.butaries (mt/y.) 

WP input from point source dischar ge e (nlt/yr) 

WX input from septic tanks and wildfo"l (mt/yr) 

WA illput from atm osphere (mt / y.) 

The first term, WG, i s estimat e d from flow 2.nd 

(23 ) 

conc.: entration 

measurements at each gauged tributar y str 8 a~ .sing e reg ression ana ly s is 

procedure dee,cribed previ ously (Walker, 1 , 81). Estimat es of lingauged 

tri.butsTY il1PUtS are based upon: 

WU = QU (WGN/QGN) (24 ) 

wh ere , 
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QU = estimated inflow from ungauged tributaries (hm3/yr) 

WGN = nutrient input from gauged tributaries not under 

the influence of upstream point sources (mt/year) 

QGN inflow from gauged tributaries not under the 

influence of point sources (hm3/yr) 

This assumes that the flow-weighted nutrient concentration (WGN/QGN) is 

representative of local watersheds. In order to apply this method, 

gauged tributaries not under point-source influence have been identified 

for each reservoir, based upon the EPA/NES reports and watershed maps. 

In some cases, no flow data were available for non-peint-source 

tributaries and ungauged loadings have been estimated from: 

where, 

WU = QU CGN (25) 

CGN average nutrient concentration in sampled, but ungauged 

tributaries not under point source influence (g/m3) 

To carry the error terms, the above equations have been applied to the 

mean and variance of each estima te. To reflect their relative 

uncertainty, variance estimates for ungaug e d loadings have been doubled 

relative to estimates derived from variances of gauged loadings. For 

example, the square d coefficient of variation WU is given by: 

2 2 
cv (WU) = 2 CV (WGN) (26 ) 

if equation (24) cs used, or 

2 2 
cv (WU) 2 CV (CGN) 

if equation (25) is used. Note that these error variances reflect only 

the errors associated with integrating flow and concentration to 

estimat e the flcw-weighted-average concentration for each tributary. 

45. Estimates of poi~t sources, WP, and other direct' inputs, WX, 

are derived from EPA/NES working papers. In formulating nutrient 

budgets, the EPA/NES included many point sources which were relatively 

remot e from the reserv o irs and often above tributary monitoring sites. 
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The loadings used here include only thos e point sources "'hich 

directly to the reservoir, to ungauged tributaries, or 

discharge 

to gauged 

tributaries below the monitoring stations. These sources have be en 

isolated using EPA/NES watershed maps, which indicate locations of point 

sources and tributary stations. It is assumed that the influences of 

point sources above monitoring stations on gauged tributaries are 

refl ected in the concentration measurements made at those ·stations. The 

~P and WX estimates are assumed to have coefficients of variation of .1 

and .2, respectively. Both are assumed to be in or eventually converted 

to dissolved (available) forms. 

46. Estimates of precipitation input are derived from: 

where, 

WA 

AR 

YA 

.001 AR YA ( 28) 

reservoir surface area (km2) 

atmospberic nutrient loading (kg/km2-yr) 

Atmospheric loadings include precipitation and dustfall. Loading rates 

of 30 and 1000 kg/km2-yr have been assumed for total phosphorus and 

total nitrogen, respectively. (Reckhow, 1980, EPA/NES,1974). Half of 

the total loadings are assumed to be in dissolved form. Literature 

values for atmospberic loadings are bigbly variable, owing to regional 

variations as well as sampling difficulties. These estimates are 

assumed to have coefficients of variation equal to .4. 

47. The outflow term of the nutrient balance is estimated from 

measured flows and concentrations 

withdrawals using the -same calculation 

1n reservoir discharges and 

procedure employed for gauged 

tributary loadings. In cases where concentration data are not available 

for one or more withdrawals, each withdrawal is assumed to have the 

same flow-we ighted c oncentratio n as the reservoir discharge. 

48. In order to permit detailed quantification of the 

change-in-storage term of the nutrient balance equation, reservoir 

quality surveys at the beginning and end of the monitoring period would 

be required. Since tbese are generally not available, tbib term can be 

quantified only with respect to the influences of change in reservoir 
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volume: 

where, 

WV QV [ WO / (QO-QE) 1 

WV change in nutrient storage (mt/yr) 

WO total nutrient outflow (mt/yr) 

QV change in water storage (hm3/yr) 

QO total reservoir outflow (including evap.) (hm3/yr) 

QE evaporation (hm3/yr) 

(29) 

The term In brackets represents the flow-weighted-average concentration 

of the r eservoi r discharge. This essentially assumes that the outflow 

concentration is repres entative of th e res e rvoir as a whol e and that th e 

concent ration at the beginning of the monitoring period is equal to the 

concentration at the end. In many reserv oirs, these assumptions are 

likely to be in error. Considering the change-in-volume effect i s 

preferable to ignoring this term completely. In most cases, the 

magnitude of this term is insignificant r elative to the other elements 

of the nutrient bal anc e. The term does not influence the loading or 

inflow concentration estimates, which are the mo s t impor tant for model 

testing purposes. 

49. Table 6 1S 

balance calculations. A 

an example of the format used in th e nutrient 

similar tabl e has been generated f or each 

nutrient/reserv o ir combination. Res ults have been stored in a SAS data 

base (SAS In s titute, 1979) and in hard copy form. Appendix B summarizes 

the mass balance t erms for each reservo ir and nutrient. 

50. Attempts have been made to correct the total loading and 

inflow concentration estimat es for tbe effec ts of errors In the 

hydrolo gic balances. In order to make these corrections, it is assumed 

that water balance errors can be attributed primarily to errors in the 

inflow estimates and that the total nutrient loading can be partitioned 

into two terms; one flow-independent and the other fl ow-dependent: 

QU QI + QN (30) 

WIC · ~ QIC CIC (wr + WX) + (WI - WP - WX) QIC / QI (31) 
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----------------------------------------------------------------
OBS 
STA 
NESTA 
TYPE 
NPS 

LaC 
DAREA 
OFLOW 
LOAD 
VLOAD 
CLOAD 
ORUN 
EXPOP,T 
CQ,l 
N 
QIIEAN 
n 

sequence nuocber in file 
station code 
EPA/NES station code 
station type code (0,1 input; 3 = output) 
non-point-source code 

(1 = used to estimate ungauged flow and concentration) 
(2 = used to estimate ungauged flow) 

locat ion description 
drainage area or surface area (mi2) 
mean flo" during year saJ:1pled (cfs) 
estimated loading (cfs*g/m3) 
variance of above loading estimate 
coefficient of variation of loading estimate 
water runoff rate (cfs/mi2) 
nutrient export coefficient ((cfs*g/m3)/mi2) 
flow-weighted nutrient concentration (g/m3) 
number of water quality samples used to estimate l oad ing 
mean flow on water quality sampling days (cfs) 
slope of l og (concentration) vs. 10g(f1ow) regression 

" OUUICf COOl." I " "UUVOII (001:.011 

, .. sa "'(5,," ' .... e '" '0( O.t.ll€A O' lOti lOIlO VlOIIO (LO ... O OftUloi UPOlllf "'. , _ .. 
n'I '00 Ito ..... , OWOIII Si-4111( II( S1: lI:vO I" 22.01 4' . • , 1 . 910 0 . 508 ,) . .1100 l.e8"l 0 . 081 0 . 0·6 .1. .II, 
IlU 00' 160.111 , (1111 0011:1'10" 43.n 0 . 000 0.00 0 .000 0 .00 
11]3 ,,, 1&0 •• ' , (lEu:1f.l1!.11 IIIV[R 2"'0 . 00 & .~a . oo 107 . .II,' 310 . J. 0 . 188 2. 'n. 0.0.2 0 . 01 7 " 1.1170.00 
113. '" 160·112 , ." Cl EI II:WAI£1I: A,Ytll 1380.00 '416.50 !l2 . 6<lS 102 . 81 0 .2S 7 2 . S,e 0 . 039 0.015 , 3020.00 
1115 '" 160 •• 1 (ll( CRUIt 92.19 23T . OI .T . )e" 2.1' 0.210 2 .S5 S 0 .OT9 0. 0:11 , 30 '5 . 00 
171& '" ItO." IUOS CIUI( 62 . 39 11'5.00 5.93' 25 . . .. e 2.592 2.805 0.095 0.01. • '190.00 
I7lT '"~ leo.l), IIIE'-"'''SI elln. 129.00 3'69.ff t . too 7.92 0.M8 2.a6$ 0.080 0.02' , .36.00 
1 738 109 '10,,"' LUl If (I( ClRW.'UI ... 2S2 . ao nT." 2 • . lle IM.O' O.~. ).27. 0.095 0.029 • '020.00 
1739 ... .01lH soupeu 0 .000 0.00 
17.0 '" OlM(I' lO.l.OIHIl O . {"OO 0.00 
1f.1 ." Vf>I~.l.VC(O ,,,pv' 51l .1f 1:J1J .11 2 •. 959 115.960.327 2.68'" 0.0.11' 0.018 110).22 
'''2 to, ••• 'Ol.l.l [""Uf 2.l1.li0 . 00 651' . II '25.2.112 711 . fi. 0.21 :J 2 .S17 O.OSI 0.019 16'5.S. 
IHl to, .. ·ron ... OVfOU1 2 .... 0.00 filOl.n '0'1 .• 8'1 370 . J. 0.11118 2.,.a 0.0.' o.on "70 .00 " .. '" ···C ... IING!. .. STOtUe( -21J.to -3 . 560 ,,., 

'" 
..... , , 0.00 5"3 . J! '5.Jl' 108'-'. 1.250 0.003 ".II. m •••• ! lIe("" ..... 0.00 I.U 21.0" U.I23 
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CIC (WP + WX) I QIC + (WI - WP - WX) I QI (32) 

where, 

QIC corrected total inflow (hm3/yr) 

QN net inflow (error, see equation CIS) ) (hm3/yrl 

WIC corrected total loading (mt/yr) 

eIe corrected inflow concentration (g/m3) 

Equation(30) adjusts the total inflow estimate to force a water balance. 

Equation (31) assumes that the point-source and septic-tank loading 

component (wp + WX) is independent of inflow (and inflow errors) and 

that other components are proportional to inflow. Table 7 lists the 

corrected inflow concentrations and outflow concentrations for each 

reservoir and nutrient, along with the terms of the water balance during 

the tributary monitoring period. 

51. Adjustments to the above inflow concentration estimates are 

required in order to estimate average inflow concentrations during the 

pool monitoring periods or during normal hydrologic years because of the 

influences of year-to-year flow variations on inflow water quality. 

These adjustments are based upon the calculated sensitivities of inflow 

concentrations to flow during the tributary monitoring period. Modified 

inflow concentration estimates are estimated from: 

where, 

b+l 
eI' = eIe (QIc/QI') [ F + (I-F) (QI'/QIC) 1 

F = (wp + wx) I WIe 

CI' inflow concentration estimate at QI' (g/m3) 

QI' total inflow during pool monitoring period (hm3/yr) 

F = fraction of loading attributed to point sources, 

septic tanks, and wildfowl 

b = sensitivity of inflow concentration to flow 

(33) 

(34) 

The inflows" QI' have been estimated according to equation (21). The 

sensitivity parameter (b) has been estimated for each reservoir and 

nutrient. It represents the flow-weight ed-average slope of the 
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Table 7 

Listing of Corrected Water and Nutrient Balan ces 
for Tr ibu tary Moni to rillg Period 

Symbol Definiti on 

DIS CE district code 
RES CE r eservoir code 
GP 

QIN 
QEVAP 
QOUT 
QSTOR 
QNET 

IPTL 
OPTL 

IPDS 
OPDS 

INTL 
ONTL 

I NU' 
ONIN 

data scre ering code 
(A = high pr iority, B 

total infl ow (hmJ/yr) 
ev aporation (hm3/yr) 

low IJliorit y) 

tota l discharge and withd rawa l (hmJ/yr) 
change-ir,-storage (hm3 /yr) 
net inflow (err or ) ( hmJ /y r) 

inflow total P (mg/mJ) 
ou tflow t otal P (mg/m3) 

inflow ortho P (mg/m3) 
outflow or tho P (mg/mJ) 

inflow total N 
outflow tota l N 

(mg/mJ) 
(m,, /mJ) 

infl ow inorganic N (mg/mJ) 
outflow inorgar.ic N (mg /mJ) 
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Table 7 (con tinued) 
\ 

_ _ _____ W"'~!.~'3..3NO f\!l}..!RIENT ...?p~ANC E S TRIBU.!E-.RY~9_NITORING PERIOD 

OI S RES GP OI N QE VAP Dour OSTOR ONE T IPT L QPTL IPDS OPOS JNTL ONTl ININ ON IN 

20 087--SHELSYVI LLE A 1694.4 47.2 1589.8 128.9 -71.4 170 10 6 95 54 8008 6194 i325~7ii8 
20 088 REND A 517.8 75 .8 462.9 -5 1. 1 30.2 259 86 47 23 2279 1418 78 1 371 
21 196 WAPPAPELLO B 1790 . 2 25 .1 1982.3 -21 .4 -195 . 8 86 49 16 10 1501 135 7 348 328 

- 22-0- {4Q"E"Gi:i:AY- B 1373.160. 51345.7 -41 .3 8, -216 20 6 6 190- 5"54 --- 73'- 86 
22 0 19 OUACHITA (BLAKE B 2887.7 170.7 2697.3 -51. 8 71.5 2 1 16 12 7 671 45 7 162 16B 
22 188 ARKABUTLA 8 3209.3 66 . 1 1617 , 9 -2 6 . 1 1551.4 106 279 47 76 96 7 126 7 79 7 486 
22 189 ENID -------A---i"5-~i8.0 7·5-::2"- --1308 :"1-136--:-3---2"8----:-4--27",- -65-----78----}j'· 15 70 875 455'--'37"2-
2 2 190 GRENAOA B 4001.2 180 . 7 28 54.7 - 151. 0 1116.8 115 106 32 25 7 14 93 9 200 209 
22 192 SARD I S B 3 6 9 6 . 5 18 5 .3 3636 . 9 - 235 .1 109 . 5 7G 18 15 10 642 687 262 75 
23. 3'52 LAKE OF THE PIN B--16 78~-6--1-16··~-6--(594-:-9--- -1 -~O--- 14.-8--9 -"- --27-- -50 8 919 730 190--71'-
23 353 TEXARKANA(WRIGH B 6043 . 7 171. 8 5109 .8 -9.1 771. 2 116 129 5 2 56 885 864 21 6 207 
23 413 CA DD O B 435 2 , 9 164 . 8 46 3 7.4 - 449 .3 50 4 6 18 15 686 835 82 44 
24---------otTBEAIJE R ·A--23-18·~ 4-1·29~8--i2· i9. 3 - 1:f.i-:-7- 1 0 4 :-6-59 --'"16---16"--6 --- --~ i73- --45'3- ---- 279' · 
24 0 12 BLUE MOUNTAIN B 76 7 _4 19.7 74 2 .5 2 . 3 2.8 25 7 4 12 2 2 806 788 90 183 
24 013 BULL SHOALS A 9571. 3 2 13.6 9881. 6 - 609 . 1 91 .3 18 12 7 6 748 777 463 370 

2 4 016 GRE ERS F -ERRY---B---2292-:-7--139-.6--21:i5· :1---29·~··7--4-8. 2 3 2 --1-'---'-- ' iO- - 5-- 460 1070 12 9--- -160-

24 021 NIM RO D B 1362.0 16 .3 1302 . 1 13 . 4 30. 2 30 39 12 11 1051 6 4 3 2 2 4 89 
.p- 24 022 NORFOLK B 243 1.0 9 2 . 9 2557 . 3 -301 . 5 822 15 19 8 11 10 18 10 4 2 660 3 46 
.P- - 24 193 CLEAR WATER B 1 62 9-:-2---6.- 4--107 4'~O---4~ 6---4· 6'~5---1 '4-----34----'-'8---'7--14 08 13 56 3 60--' 9 4-

24 200 TABLE ROCK A 53 79 . 7 180 . 5 5703.1 - 296 .5 - 207. 4 4 7 18 45 13 20 33 141 8 900 5 56 
25 020 MILL WOOD A 10 6 19 . 6 142 .0 10501.4 0.0 - 2 3.9 6 2 48 17 12 7 13 459 197 11 8 

-25' 102 couNcri GROVE B --13'3':8- -18.3 · "107-:-6--'T~2--- ·7 ~2--342--· 99---- ·-75---4T-~79 164 7 2554- - 538'-
25 103 EL K C I TY 8 963.4 21. 2 8 11 .9 - 8.9 139. 1 80 146 19 30 1653 15 35 753 5 18 
25 104 FALL RIVER 8 601 . 2 15 _ 1 549 .0 - 2 .7 39.8 48 107 17 20 1493 13 52 394 42 6 
25 105 JOHN REO MONO ·A---1Bj7~·5--48---:s-t-i5'~i".O----·6~·Ef-- 3·5-:_ 1-3-6G - ··'·-178 -- -1 03'-- - '71 ---- 3 357--'9j~33'8-74"1-' 

25 107 MARION 8 92.1 3 4.8 49.2 3 . 0 5.1 15 9 60 -19 18 237 8 122 9 739 162 
25 11 2 TORONTO B 576.5 16.1 7 19 ,1 - 1 .7 -157 .1 52 88 13 18 1240 14 86 349 404 

2 '5 26 7 EuFAULA A 9 1"64--:-853S -.·7--gS93··:g'--'75'-j" ·:_4- --20B-.4 ·-:l"40 - -- 19 1'--'- 78 -- 'S9--i"S2s-14 i s-- - 266 --484-
25 269 FO RT SUPPLY A 30 .8 12. 1 23.9 - 5.5 0 . 3 44 52 12 15 901 8 92 2 72 77 
25 273 Kc '{STONE A 13117.2 153 .8 13870 . 8 -437 . 4 - 1169.9 3 8 2 109 12 3 r j 30 9 5 1463 865 77 1 

- 25 275 OOLOGAH----·--B---4 46-~'74-: 4-- '-4ff2 ::j ~· 4--- ,- ,34-. -9 '-:" 46-1 ~-3 - '2"20--- 86----'45 ----33--1906 18 2 5 450" - 48 f-
25 278 TENKILL ER FE RRY A 2506_0 66.6 2511 .4 -47.8 - 24.2 9 1 48 53:1 1906 1843 760 631 
25 281 WI STER A 16 35 . 1 44.7 1594 . 4 - 42 .8 38.8 69 71 21 L 6 9 29 903 129 166 
25 348 TE XDMA (-OE NNI SO A' 8 139.9 561 .3 8i90~5----:-6 5 T-'1 -260 . 9 376 92 79 16 252'5-11-88 420 245-
25 370 KEMP 13 213.8 56.0 68 .3 142 .9 - 53.4 43 28 13 6 85 3 67 1 487 75 
26 345 BELTON{BELL) 8 736 .0 77 . 2 1080.1 11 . 9 -433 . 2 387 23 312 8 1535 8 3 8 865 302 

-2-6--3~r7-CANYO-N--~ A '--885.8 49.8 829.5 -38 . 1 44.6 17 11 8 6 1320 i 2'7--- 90-'-----425-
26 354 LAVON A 1155.0 91. 2 956.9 -28.5 135.4 208 49 69 24 1968 88 8 6 18 203 
26 35 5 LEWISVI LLE (GA RZ A 1538.1 157. 3 1458.6 0.2 -78 .1 233 77 82 44 1795 9 56 5 05 449 

-26- 359SAM RAYBURN- CMC B 4533 .8 586 . 6 3627 . 8 152 .0 167.4 83 27 29 10 897 759---1'9=;- -- "17 -1-
26 360 0 C FISHER ( S AN B 88 .3 19.0 9.0 42 .3 18.0 53 130 2 2 25 4006 2113 10242 26 

26 __ }~..50M .~ .RVI LLE A 731 . 7 6 9._2 ___ 7~:.Q..." _ _ .2~_.--=.~5 __ 1 U _____ (j~ ____ ~~ ____ ~<2...~~_ ...!~2..? ___ ~~,,~ __ ~_O_ 
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Table 7 (continued) 

_________ . __ . _ ________ w_A2~~._~_~q_l:J~IBJ.~NT BALANCES - TRIBUTARY -'-40NITO~JNG PERIOO~ __ _ 

DIS RES GP OIN OEVAP QOUT OSTOR ONET IPTL OPTL IPQS OPOS INTL ONTL ININ ONIN 

-o?'··_- fiG- WATERBURY B 300.9 2.1 292.8 10.8 -4.8 23 18 7 6 917--6'07 500 397 
03 307 BELTZVILLE A 210.5 3.1 208.0 -1.9 1.3 13 11 7 7 1143 1149 694 739 
04 31 2 F J SAYERS (BLA A 478 . 6 3.5 460.9 -7.5 21.8 167 83 106 42 2670 2032· 1790 1236 

--C)6-- 372JOi-i'i\!'H KERR A 7412 . 7 196.2 7262.4 -78.5 32.5 129 26 36 13 'f3"1S- '225 354 302 
08 074 CLARK HILL A 12064.8 300 .7 11483.1 112.6 168.5 54 24 16 9 679 892 267 225 
08 330 HARTWELL A 5781.9 228 . 9 5801.8 122.9 -371.6 52 9 20 6 669 1004 248 208 

- -'O--OO3- HOCf -- --· ------A--100·7'7:"""9--·14~-2--, c5372:·6 -0.4---- jO"n--39--3 4---T'--10--'"2'72 1676 622 8 2 4 
10 069 ALLATOONA A 2454.8 42 . 1 2480.1 22.7 -90.0 75 26 16 9 722 562 297 2 20 
10 071 SE MINOLE (WOOOR A 26463 .7 160, 2 26808 . 1 6.7 -511 . 3 94 76 30 23 139 7 13 34 442 314 

--l o------072-I,.iALTEFf · F-GEORGE--A-- 12843-.-2--192 , 0 6518 ""1 -1 I. 7 i4~8--93-- 90---3-3----:E} 10 17 1145 423 46 f 
10 076 S IDNEY LANIER A 3434.2 161.5 2646 . 5 80,2 546.1 75 19 31 5 986 80 1 447 412 
10 41 1 BANKHEA D A 9272,3 41 . 4 9522.1 5 . 9 -297.7 64 5 3 15 II 1672 1557 911 728 

-1-"'~99 RED-Rbc·K------A--4964~·5~_:s--4981 · .-j -202.6 -131':"'3606--21 7--179-~O-9375 7298 7059 595 2 
15 17 8 GULL B 176.3 3 7 , 4 148,8 1.8 -11.8 26 19 10 8 937 647 242 52 
15 18 1 LEECH B 7 51.5 300 . 0 368.6 -58.3 141. 2 3 4 22 17 9 1569 1134 367 436 

-15~7 ASHT A-BULA(B-ALOA-- i 84 ·.· O-- -'-6-.0---·f63~4--'U--- '3.3--269·-22~2--174~6'2'7'- 2211 708 512 
16 243 Se:RLlN A 276.6 9.5 280.2 -9.1 -4.0 253 58 146 21 2808 2109 1736 1165 

.t:-- 16 254 MOSOUITO CREEK B 116 . 3 22 . 7 94.8 -1.6 0 .3 148 59 64 15 1862 1747 922 370 
\J' ,'6 317 SHENANGO--RfVfR--A----6€i5".-2--, 0~2---8-,2~-0--·.:-6~9____:_;s6-. -O---'f6 70 35 13 14!37 1491 698 656 

16 328 AL LE GHENY (KINZ A 3893 . 9 31 . 4 3647.9 -60.0 274 . 6 45 31 12 9 682 1301 371 640 
16 393 TYGART 8 2938.0 4 . 5 29129 0.7 19 .8 20 32 6 9 604 676 451 497 
17 24 1 ATWOOO '- - - ---A-----,.6fL-3----;f~9·--·-- 'if~j":5----2-. 0---1'5 ~-9--84·--28----20---92296 948 1479 362 

17 2 4 2 BEACH CITY A 310.7 2.0 288.3 -0.4 20.8 256 210 53 36 4082 3811 2979 2565 
17 245 CHARLES MILL A 279.5 4 . 9 280.2 -2.2 -3 .3 17 3 156 50 26 3235 2920 18 6 2 1411 
17 247 DEER' C·REE-K----8'-'--37g~3 3. 9 368~1----6::2-- .. ·-7-.-5--"9-1---r28--35--5"93·i80 3920 2342 3 113 

17 248 DELAWARE A 424 .7 .4 , 0 425.9 -0.1 -5,1 265 175 94 72 4461 4001 3214 2868 
17 249 DILLON A 1023.3 5 . 8 1020.7 -1.7 -1.5 168 130 91 49 2562 2588 1661 1750 

17' 256 PLEASANTHIU. ·-A--- · ·2i1.8--"2~4---20~f.3 -1.1 15.2-- 55---56---.25- 28 2023 1560 1397 1006 
17 258 TAPPAN B 57.9 8.0 61.6 0.0 -3.9 29 30 10 9 996 1088 623 139 
17 373 J OHN W FL ANNAGA A 424.0 5.4 397.5 2.9 18.1 77 12 7 5 1291 1341 431 382 

- (7-·- 389 BLUE STONf-----A 6 991 . 1 12 . 0 66 11. 7 132,5 234.9 46 46 18 19 1387 1418 10 13 1062 
17 391 SUMMERSVILLE A 2311.2 5 . 4 2353 . 7 -1 .0 -46.9 24 15 7 7 914 858 698 701 
18 092 MISSISSINEWA A 1020 . 8 10 . 5 1032.6 0.0 -22 . 3 333 132 106 61 5639 3955 3397 290 8 

- 1"8-- 0'93 MONROE A 546 .7 39 . 3 515.8 -15.3 7.0 28 13 8 6 8G9. 701 553 351 
18 120 BARREN RIVER A 23 14 .2 33.7 1797.6 123.7 359.2 54 4 7 45 18 1987 1239 1067 877 
19 119 BARKLEY A 480fj1 . 6 219 . 9 50941.7 48.4 -3148 . 4 133 122 48 42 1182 1138 6.34 505 

· -i9---f22-----cUMB ERIAND (WO L A 14746 . 2 171.0 15174 .7 -826.6 227.1 5 7 3.4 12 8 1026 905 3'73 60e-
19 338 CHEATHAM B 34315.9 :28 . 9 35726.5 16.7 -1456.2 170 255 61 75 1147 969 487 449 
19 340 J PERCY PRIEST A 24 2 7 . 3 52 .1 2190.7 -79.0 263.4 136 103 90 56 859 886 68:2 522 

---19---342- 6 Lo--'H'I Ci<ORY'- -, ---~504·:08·2.'828 3 7 5 -. 0---16:8--- 94 3.0 106 9 '4 ~~--2-6--1'OO6 927 452 4 14 

19 3 43 DALE HOLLOW A 2986.7 97.7 2348.4 -68.1 608.7 17 8 7 6 635 1485 3,62 818 
20 08 1 CARLYLE A 382, .. 7 117 .0 3956.2 -210.6 -39 .9 192 121 60. 57 4078 3599 2873 2100 



\ 

Table 7 (concluded) 

___ . ___ .. ____________ y~~~}~.~~.!'J_y.!.E. r. EN T _~ LANe ~~~ R I Bl!.!..~~~.~~_U_9~~£.~R I 00 

DIS RES GP DIN QEVAP OOUT OS TOR ONET JPT L QPT L I PQS CPD S INTL ONT L ININ ONIN 

2G--3G'2 -'ST"fCL HOUSE HO L L A 6-95 .2 38.1 7 14 . 1 -'26. 1 - 30.'3 46 17 14 6 1295 ' 64'9 4 23 258 
26 364 WHITNEY B 2154.2 121.4 1985 . 0 193 . 6 - 145 .8 285 14 45 10 1633 12 19 363 B I B 
23 2'9 CO NCHAS B ' 8 . 2 28 .2 53 .2 ·59 . 3 · 3.8 85 37 30 6 ' 66 2 ' 535 633 59 
29 - --10"O "RATHBUN e 256 .3 4 2 .3 173.2 -3.7 4 2.6 384 53 122 10 2808--1f~f41847--8~ 
29 106 KANOPOLI S A 267.7 18 . 9 193 . 8 37.9 17.2 543 90 12 8 29 2475 158 4 569 436 
29 108 MI LFORD A 574 . 2 89 . 1 456 . 7 30.4 -2 . 0 449 GO 178 28 233 9 1491 832 237 
29--,-6g-t-iE L\jEifN------S 262 . 7 36 . 6 210.3 3'1 . 7 -16.0 199 36 40 13 363s-t7~5'1--3~ 
29 11 0 PERR Y 8 3 7 9 . 2 60 . 3 370 . 8 - 9 . 1 -42.8 410 62 117 20 2844 11 88 1465 67 1 

J:;:-.29 1 11POMONA A 2171 20 .8243.5 -5 . 1 -42. 1 12859 49 1529832280982722 
C]'\ 2g--113- fuTTCe- CRE€·j(----- ii.--'522-.3"--·9 4-.·-6--14g·f -:?"- - 6- 5 :"5--·-,29-,-5--990--,36·---256 77 4604 2i981'7S"4"119'7-

29 1 14 WI LSON B 96.8 53 . 4 83 . 5 -8.3 -31. 7 204 38 39 12 1794 1083 504 237 
29 194 POMt"'E DE iERRE B 678 , 6 35 . 3 6 76.9 -3. 7 - 30. 0 41 65 42 31 1758 1776 482 4 11 
·29- ··-·,'gss Y6cKTON--·-- _·-8--'367-.'0---11 1~ 8~6. 4 14,8 - (36-:-' - 70- '0---5 i- 7 2508 27·sa---1;(rO-~82-

2 9 207 HARLAN COUNTY A 253 .4 65.4 172.7 -24 .7 400 304 122 261 66 5 182 1235 693 178 
3 0 064 r.HERR Y CRE EK B 2.4 4 . 1 2 . 4 0 .0 -4. \ 246 161 108 83 2758 1480 1292 365 
:ib- 215 PA-WNEE··-------B-----·-s-:-6 3.3 3 .0 0.2 1. 5 278 25'-' - T63- -7S-----,a98169166S--6- ag-
30 217 BRA NCHED OAK B 21. 4 8 . 0 9,4 1.0 2.9 29 1 255 176 189 298' 1470 11 88 714 
3 0 235SAKAKAWEA(GARR ( A 3 2990 . 3 13 4 1.9 2865 1 . 0 1515 .6 148 1. 7 341 2 7 2 1 12 1369 547 170 167 
5i·----077 -'OWORS"HAK- A 5 847. 7 39.2 ' 5513"~5"=1'91 ' , 5 486. 5 19 17 8 8 689 387 35'--78 
32 ?04 KOOKANU SA (L IBBY B 4 96 2 . 8 85.3 9670.4 -0 . 6 - 4792 .3 23 24 8 20 252 4 3 4 36 86 
33 300 HILLS CRE EK A 1 139. 1 5 . 4 1 12 7 .8 -2 4 .9 30 . 8 40 36 3 1 2 4 189 2 46 3 2 4 8 
:f4" - -048 NEW DO N PEDRO B 207 1.6 61 .7 2042-:-g- - 1sD- - --196 . 34 16 18 8 815 1069 87 122 
35 0 29 MENDOCI NO A 407.7 6.5 365 . 9 18.3 17 . 0 127 63 26 25 9 31 750 14 9 1 18 
;J2.._ -.9.~.~ ._~~~!~~.9..~~.!~ _ _ . _ __ .19 , ' .. 3 . 8 4 . 9 - 3.8 5 . _2_......§..£!.._.~~_ 33 9 4 8.7~E?~.---1Q.2 _ _ _ 3L 



log(concentration) vs. log(flow) relationship across all gauged 

tributaries, precipitatioD, and ungauged inputs. In computing the 

average b values, precipitation and ungauged inputs are assumed to have .. ' 
b values of zero. The above calculations l,ave been repeated to 

calculate inflow concentrations for normal hydrologic years. No 

reasonable means of correcting average outflow concentrations fo r 

changes in flow r eg ime are available, since they would depend upon 

reservoir nutrient dynamics. Thus, outflow concentrations Can be 

validly compared only with inflow concentrations corresponding to 

periods of tributary and outflow sampling . 

S2. Resul ts of the above ea leula tions are tabulat.ed i n Appendix 

B, Table B2, which list s the terms of the water balance, estimated 

inflow concentrations, and average morphome tric characteristics for 

each monitoring period and reservoir. Morphometric properties during 

IInonnal ll hydrologic years refer to normal Summer pool levels, as 

identified 1U the morphometric file; otherwise summer pool levels 

typical of the EPA/NES monitoring periods have been used. Supplementary 

files describing average spring and summer morphometric and hydrologic 

characteristics during the tributary and pool monitoring periods have 

also been assembled for use in model testing. 

53. In relating infl ow concentrations to outflow or pool 

concentrations, evaporation may have significant effects. If the 

nutrient behaved conservatively, for example, the outflow and pool 

concentrations would tend to be higher than the inflow concentrations, 

espec ially if evaporation accounts f or a large portion of the total 

outflow. In using the inflow concentration data for model testing, a 

final adjustme nt has been applied for each tiIDe period, nutrient, and 

reservoir: 

where, 

CICE 

ClCE 

FE 

eIC / Cl-FE) (35) 

inflow concentration, adjusted for evaporation (g/m3) 

evaporation / total inflow 

With some algebra, it can be shown that the above adjustment scheme i s 

47 



equivalent to defining the average inflow concentration as the total 

loading divided by the reservoir dis charge (when the flow-balan ce error 

and change-in-storage terms are negligible). 

54. The significance of the correction depends upon the inflow 

ratio (QI' IQrc), point-source significanc e (F), flow/concentration 

sensitivity (b), and evaporation significance (FE). Table 8 summarizes 

the distributions of the hydrologic correction factors applied above. 

In the ca se of t otal phosphoru s) inflow concentrations are modified by 

less than 10% in all but 9 of the 102 projects with sufficient data t o 

make the correc tions to pool monitoring year~ The significance of the 

concentration corrections in relation to the errors which are inherent 

in this modelling approach seems small, but will be examined . Of 

potentially greater importance are the year-to-y ea r variations in inflow 

rates and their resultant impacts on pool hydraulic residenc e times. 

Table 8 indicates that inflows during the tributary and pool monitoring 

periods tended to be greater than average by roughly 50% in both caSes 

(median values). Formulating the inflow conditions ~n terms of 

concentration and flow shows that average inflow concentrations are much 

l ess sensitive to hydrologic variations than are average loadings. This 

i.s fortunate, since model predictions are more sensitive to inflow 

concentrations than to loadings (see ~ater Balances). 

55 . As a means of selec ting project s with relatively reliable 

information for use in model testing, a set of screening criteria has 

been designed and applied to the total phosphorus budget of each 

reservoir. The definitions and distributions of the ranking statistics 

are given ~n Table 9. The first three criteria refl ec t wat er balance 

accuracy, loading accuracy, and signif icance of ungauged nutrient 

SOurces. The fourth is the ratio of the mean tri butaiy fl ows on days 

when concentrations were measured to the mean tribut ary flows ov er the 

entire monitoring period. This has been i nc lud ed to r ef lect the 

potential .errors involved in estimating loadings if the ·stream£lows on 

the days in which concentra tion sampl e s were taken were not 

representative of the annual period. To some extent, the calculati on 

procedure used in estimating loadings corrects for the effects of flow 
~' 
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Table 8 

Distributions of Water and Phosphorus Inflow Adjustment Factors 
for Pool Sampling, Tributary Sampling, and Normal Hydrologic Years 

PERCENTILE 

Variable* 1% 5% 10% 25% 50% 75% 90% 95% 99% 

-----------.---------- Inflow Rat ios ------------------------

pooll trib 0.23 0.43 0.63 0.93 1.04 1.23 1. 79 

pool/normal 0.33 0.54 0.86 1. 25 1.48 1. 7 5 1. 92 

trio/normal 0.09 0.67 0.87 1.18 1.47 1.68 2.00 

--------,-_._- - Inflow Tota 1 P Concentration Ratios 

poolltrib 0.61 0.93 0.96 0.99 

poo 11 norma 1 0.80 0.84 0.87 0.98 

trib/normal 0.81 0.86 0.90 0.97 

* pool = pool monj.toring year 
trib = tributary monitoring year 
normal= normal hydrologic year 
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Table 9 

Statistics Used for S~reening Nutrient Budgets 

Definitions: 

Kl error 1n water ba lance = QN/QI 
K2 coef. of variation of total P loading = CV(WI) 
K3 ungauged loading fraction = (WP + WU)/WI 
K4 = inflow sampling ratio = QIS/QLM 
K5 total P retention coeffi~ient = 1 - Po (l-FE) / Pi 
K6 = pool year infl ow/tributary year inflow = QI'/QI 

where, 

Po = 
Pi = 
QIS 
QU! 
FE 

average ou tfl ow total P concentration , gm/m
3 

average inflow total P concentration, grn /m 3
3 mean inflow on tributary sampling days, hm /yr 

meac inflow over mon itoring period , hm3jyr 
evaporation/total inflow 

Percent ile 

5% 10% 50% 90% 95% criterion number* 
------------------------------_._----------------------------
Kl -.26 - .11 .01 .15 .20 IKll < .25 100 

K2 .05 .06 .14 .39 . 58 K2 < .40 99 

K3 • (j 1 . 02 .11 .37 . 47 K3 < .25 84 

K4 .43 .53 .93 1.47 1.60 . 5 < K4 < 2.0 97 

K5 -.78 -. 40 .47 . 85 . 91 K5 > -. 2 94 

K6 K6 is nonmissing 102 

a ll 62 ** 
* nurr,b er of reservoirs satisfying criterion (total = 108) 
** satisfy all criteria app lied simultaneously 
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varia ti ons; these corrections are limited, howev e r, particul ar ly if 

important flow regimes (e . g . , high-flow seasons or events) were: not 

included H, the range of conditions sampled. Th e fifth criterion has 

been included to elimir,ate those projects 1n which unsteady-state 

conditions and/or omiss ions of significant nutrient sources 1n the 

sB(I'l pling program might have resulted in retention coeff icients which are 

considerably less than zero . The sixth criterion require~ hydrologic 

data availability during both th e tributary and the pool monitoring 

periods . 

56. Reservoirs have teen placed into group A when all of the above 

criteria have been satisfied, and group B when th e y have not. A listing 

of the criteria values and groupings is givell in Table 10 . Groupings 

are also identifie d in Appendix l3, Tables B2 - B4. The 62 HAil projects 

conformi ng to each of the above cri ler ia have been keyed into the nu­

trient budget files "nd used as Lhe principal data base for model test­

ing. The distributions of varjous morphometric, hydrologic, and nu­

trient concentration statisti cs for reservoirs in this group are s um­

marized in Table 1 t. 

57 . To provide a basis for testing int erna l and load / r esponse 

r e lationsh ips, wat e r quality data have been r etr ieved from the OSS file 

(see Figure 1) and averaged by station and growing season. Station-year 

averages have been used for testing internal models (relationships among 

trophic state indi cator s mea s ured within reserv o ir pools). In t esting 

load/response models, station-year averages have been averaged by 

r ese rvoir . Beca use of the significance o f spatial gradients 1n many 

reservoirs J spatial averaging can be difficult without detail ed 

COIlsideration of reservoir morphome try in relation to sampling station 

loca t ion. This type of detail has not been f eas ibl e within the current 

project scope. Thus, the r eservoir - average water quality conditions do 

no t include spatial weighting factors or account for possible variations 

in water quality, either along the mainstem or among tributary arms . 
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Table 10 

l.i sting of Nutrient and Wate.r Balanc.e Screening Criteria 

(note: statistics defined ln Table 9) 

DIS RES GP KI K2 K3 KA K5 K6 

02 176 WATERBURY 8 -0 02 O. 18 O. 33 O. 71 o . 22 
03 307 BELIZVILLE A 0 01 o. 10 o. lA O. 94 O. 19 1 .02 
04 3 12 , J SA YERS (BLA A 0 05 O. 27 O. 01 1 .2A o. 51 1.04 
06 372 JOHN H KERR A o. 00 0 08 O. 02 O. 93 0.80 1.47 
08 074 CLARK HILL A O. 01 O . 17 0.05 1. 12 0.56 1. 05 
08 330 HARTWELL A -0. 06 O. 07 0.09 1 .03 0.83 0.94 
10 003 HOLT A -0 03 o. 13 0.02 O. 84 O. 11 0.92 
10 069 ALLAT OONA A -0 OA O. 12 o. 11 o. 99 O. 66 1.04 
10 07 1 SEMINOLE (WOOOR A -0 02 0.05 0 02 o. 89 o . 20 1.08 
10 072 WALTER , GEORGE A 0 01 0.05 0.01 1 . 12 O. 05 1.03 
10 076 S I DNEY LANIER A o. 16 0.16 0.17 0.82 O. 77 1 .04 
10 411 BANKHEAD A -0.03 0 . 14 0.0 1 0.87 o. 18 0.92 
lA 099 REO ROCK A 0.03 0.17 0.0 1 1 .35 o. 65 .93 
15 178 GULL 8 -0.07 0.14 o. 34 * o. 99 o. 46 .1.9 
15 181 LEEC H B 0.19 0. 22 o. 60 * I. 05 o. 66 . 45 
15 237 ASHTABULA (BALD A 0.02 0.22 o. 08 1 .7' 0.24 1 .26 
16 243 BERLIN A -0 .0 1 o. 09 o. 

" 
o. 98 0.78 !. 14 

16 254 MO SOU ITO CRE EK B 0.00 O. 60 • o. 47 2 .43 * 0.6B 1.07 
16 317 SHENANGO RIVER A -0. 23 O. 11 O. 02 1.00 0. 28 1.01 
16 328 ALLEGHENY (KINZ A O. 07 O. 20 0 04 1 . 17 0.32 1.03 
16 393 TYGART 8 O. 0 1 o. 11 O. 13 1 .04 -0.59 O. 88 
17 2" ATWOOD A o. 15 O. 11 O. 15 0.52 0.69 O. 88 
17 242 BEACH CIT Y A o. 07 O. 2 1 O. 15 1 .3 7 0.18 1 .32 
17 2A5 CHARLES MILL A -0. 01 O. 19 0 .04 1 .04 0.11 ' . 12 
17 247 DEER CREEK B O. 02 O. 14 O. 03 o. 92 -0.39 . 1 .07 
17 248 DELAWARE A -0.01 O. 12 O. 14 O. 85 0_34 .2A 
17 249 DILLON A -0.00 0.17 0.02 0.67 0.23 .06 
17 256 PL E:ASA NT HILL A 0 . 07 O. 11 0.06 0.78 0 .0 1 .23 
17 258 TAPPAN B -0. 0 7 O. 13 0.58 · 0.87 O. 11 1 .38 
17 373 JOHN W F LA NNAGA A 0.04 O. 16 0.21 0_97 O. 84 O. 80 
17 389 BLUE STONE A 0.03 O. 07 0.02 0.99 O. 01 O. 98 
17 391 SUMMERSVILLE A -0.02 0.13 O. 05 1. 08 O. 37 1. 10 
18 092 MISSISSINEwA A -0 02 0.25 0 04 0.78 O. 61 1.05 
18 093 MONROE A 0 .01 0.09 o. 21 0.72 o. 58 1 .27 
18 120 BAR REN RIVER A O. 16 004 O. 08 O. 77 O. 15 0.95 
19 119 BARKLEY A - 0.07 0.09 0 .01 O. 99 o. OB 1 .00 
19 122 CUMBER LAND (WOL A 0.02 0.17 O. 12 1. 14 O. A2 O. 86 
19 338 CHE ATHAM B -0 . 04 0.15 O. 05 1. 10 -0 .50 O. 91 
19 340 J PERCY PRIEST A 0 . 11 0.10 O. 11 O. 53 0.26 1 .00 
19 342 OLD HICKORY A -0 . 03 O. 17 o. 11 1. 10 0.11 O. 87 
19 343 DALE HOLLOW A 0 . 20 o. 05 o . 12 0.60 0.52 O. 91 
20 08 1 CARLYLE A -0.01 0 09 0 .05 0.90 0: 39 1 .01 
20 087 SHELBYVILLI:: A -0.04 0. 12 O. 10 0.83 o. 39 o. 98 
20 088 REND A 0.06 0. 18 O. 16 1. 00 O. 72 0 . 94 
2 1 196 WAPPAPELLO B -0.11 0.90 O. 07 I. 59 O. 44 1. 15 
22 0 14 DE GRAY B 0.01 0.06 o. 31 · 0 . 42 -0. 25 O. 36 
22 019 OUACHITA (BLAKE B 0.02 0.09 O. 34 0.67 O. 28 O. 93 
22 lB8 ARKABUTLA 8 0.48 • 0.05 0 08 0.33 - 1 .·54 • 1.43 
22 189 ENID A 0.02 O. 23 0.0 1 1.00 0.77 1.07 
22 190 GRENADA B O. 28 . o. 04 0.01 0.45 0.14 1.05 
22 192 SARDIS B 0 . 03 0 .04 0.06 0.41 . 0.77 1.13 
23 352 LAKE 0' THE PIN B -0 .0 1 o. 14 0.26 · .21 0.74 
23 353 TEXARKANA{WRIGH 8 O. 13 O. 16 O. 28 · 1. 26 -0.07 
23 413 CADDO B -0.10 O. 11 0 .06 1.09 O. '0 

" 
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Tab le 10 ( continued) 

,-

Dr s RES GP K l K2 K3 K4 K5 K6 

24 0 11 BEAV ER A 0.04 0.20 0.16 0.94 O. 7. 1 .01 
24 012 BLUE MOU NTAIN 8 0.00 0.17 0.09 0.57 - 1 .~ 88 • O. 75 
24 013 BULL SHOALS A 0.0 1 0.14 0.12 O. 9 1 0.32 O. 98 
24 016 GREERS FERRY B 0.02 0.42 0. 4 2 * 1 .5 1 0.67 O. 9 8 
2 4 02 1 NI MROD B 0.02 0. 11 O. 13 O. S7 - 0.29 O. 75 
24 022 NORFO LK B 0 .03 0. 10 0.18 O. 77 -0.25 • 1.23 
24 193 CLEAR WATER 8 -0 .05 0. 13 0.14 0.98 - 1 .50 · 1 .33 
24 200 TAB LE ROCK A -0 .04 0.09 0.07 \ . 24 O. 63 1 .09 
25 020 MI LLW OOD A - 0 .00 O. 14 0.22 0.58 O. 23 O. 84 
25 10 2 COUNCIL GROVE 8 O . 0 5 O. 46 0.36 1 .48 O. 75 1 .8 1 
25 103 ELK CITY 8 O. 14 0 05 0.26 0.32 -0. 79 * O. 97 
25 104 FALL RIVER 8 O. 07 O. 07 0. 28 0 . 56 - 1 . 18 · 1. 09 
25 105 \JOHN REDMOND A O. 02 o. 11 0.1 0 0.81 O. 53 1 .43 

25 107 MARION 8 O. 06 O. 39 0. 36 2.55 O. 77 2.02 

25 1 12 TORON TO B -0. 21 0.06 0.25 0.78 -0. G5 I .2 3 
25 267 EUFA ULA A -0 02 0.06 0.06 0. 9 8 0 .47 O. 76 
25 269 FOR T SUPPLY A O. 0 1 0.23 0. 19 1.17 O. 30 1.09 
25 273 KEYS TONE A - 0 04 O. 15 0.0-1 O. 76 O. 72 1.00 
25 2 75 OOLOGA H B - 0. 10 O. 62 0.03 1 .56 0 62 I .07 
25 27 8 TENKI LLER FERRY A -0. 0 1 O. 14 0.07 O. 8 8 O. 49 I .07 
25 28 1 WISTE R A O. 0 2 O. 12 O. 11 O. 6 1 O. 01 O. 93 
25 348 TE XOM A ( OE NNrSO A -0. 03 O. 31 O. 02 1.17 0.77 O. 6 1 
25 370 KEMP B - 0. 25 O. 49 · O. 20 0.77 0. 47 O . 54 
26 345 BElTON(BEL L) B - 0. 59 * 0 06 O. 21 0.63 0.95 O. 25 
26 3 4 7 CANY ON A 0.05 O. 19 O . 11 .05 0.39 O. 58 
26 3 5 4 LAVO N A 0.12 O. 32 O . 02 .47 0.79 0 .60 
26 355 LE WISV I LLE(GA RZ A -0.05 0.30 O . 11 . 30 0. 70 O . 42 
26 359 SAM RAYBURN (MC B 0 . 04 0 .06 O. 3 2 • O . 99 O. 72 
26 360 0 C FISHER (SAN B O. 20 0.05 O. 21 O. 15 • - 0. 78 1. 01 
26 361 SOMERVilLE A -0. 12 0.09 0. 16 0.59 O. 46 0.56 
26 362 STI LLHOUSE HOLL A - 0. 04 O. 34 0.05 O. 71 O. 65 0.36 
26 364 WHITNEY B - 0 .07 .32 , 0.0 1 1.59 O. 95 0.22 
28 219 CONCHAS B -0. 2 1 O . 56 • O. 41 2.26 • 1. 12 6. 3 1 
29 100 RAT HBUN B O. 17 O. 06 O. 35 0.65 0.89 2. 2. 
29 106 KA No rOLI S A 0.06 O. 15 O. 08 0.5 1 0.85 2 .44 
29 108 MI LF OR D A -0.00 0 .08 0 08 0.85 O. 89 2. 47 
29 109 ME LVERN B - 0.06 O. 26 0.46 • 0.G8 O. 84 
29 11 0 PERRY 8 -0. 1 1 O. 06 0.05 0.4 9 O. 87 2 .05 
29 111 POMONA A -0. 19 O. 27 0.18 0. 93 O. 57 1 .04 
29 11 3 TUTTLE CREE K A - 0. 09 0 .07 0.02 0. 85 O. 87 1 .61 
29 11 4 WILSON B - 0 . 3 3 O. 18 0.06 O. 70 O. 89 1 .75 
29 194 POMME DE TERRE B -0. 04 O. 25 0. 13 0.60 -0. 5 1 · 0.92 
29 195 STOCKTON B -0. 10 O . 22 O. 4 1 · 1 .08 O . 73 1.08 
29 207 HARLAN COUNTY A O. 16 O. 09 O. 03 0.58 O. 72 1 .28 
30 064 CHERR Y CREEK 8 - 1. 7 1 O. 96 • O. 23 I . 62 O. 76 O. 99 
30 215 PAWNEE 8 0.19 O. 08 O . 30 O. 60 O. 55 2. 4 3 
30 2 17 BRANC HE D OAK 8 0. 14 O. 11 O. 37 · O. 49 · 0.50 2.76 
30 235 S AKA KAW EA(GA RRI A 0.04 O. 2 4 0. 03 1 . 16 O. 92 0.6 7 
31 0 77 DWORSHAK A 0.08 O. 2 1 0.21 1. 17 O. 14 .0 1 
32 204 KOOKANUSA( LIBBY B -0. 97 0 . 07 0.79 · 0.88 - 0 .05 .07 
33 300 HI LL S CR EEK A 0 03 0. 12 0.20 1 . 17 O. 11 1.03 
3 4 04 8 NEW OON PEDRO B - 0 09 0.23 0.47 · O. 90 0.53 0 . 99 
35 029 ME ND OC INO A O. 0 4 0.35 0 . 10 1 .36 0.52 1.01 
35 03 9 SA NT A MARGA RIT A 8 0. 5 2 0. 39 0.36 • 0 .73 0.92 \ .45 

It- SCREEN ING CR ITE RI ON VIO LATE D 
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VAR I ABLE 

IPTl 
OPT L 

V' JPas ;0-

OPDS 
INTL 
ONTL 
eVI 
evo 
RPTL 
RNT L 
SEDM 
ZMAX 
ZMEA 
THYD 
osov 
SHDV 
LNWO 
OA WCSA 

Tabl e lJ 

Stat is t ica l Su~ r y of Nutrient Conc entration, Morphometric, and 
Hydrologic Data fr om 62 Reservoirs 

LAB EL N MEAN STAND ARO MINJMUM 
DEVIArrON VALUE 

INF LOW TOTAL P (MG/M3) 62 \79.13 185.85 13 . 46 

OUTFLOW TOT AL P (MG/M3) 62 72 .17 56 .6 7 8. 29 

I NFLOW DISSOLVED P (MU/M3) 62 61.97 67.92 6.68 

OU TF LOW DISSO LVED P (MG/M3) 62 30.52 30.44 5.22 

INFLOW TOTAL N (MG/ M3) 62 2214. 4 9 1624 .22 190 .2 5 

OUTFLOW TOTAL N (MG/M3) 62 1596 .49 1266 .8 4 245 . 5 4 

eOEF. OF VAR. OF INFLOW TOTAL P 62 O . IS 0.08 o 0 4 

CO EF . OF VAR . OF OUT F LOW TOTAL P 62 0. 19 0. 10 o 0 4 

TOTAL PRETENTION COEF. 62 0.46 0.27 o 01 

TOTAL N RET ENTI ON COEF . 62 0. 1 8 0.3 4 - 1 . 24 

SEDIMENTATION RATE (KG / M2-YR) 17 35.79 39 . 80 3.97 

MAXIMUM DEPTH (M) 62 30 04 26.45 4 .09 

MEAN DE.PTH (M) 62 9.81 8.97 1 .5 3 

RESIDENCE TIME ( YR) 62 0.32 0.33 0.01 

OVERF LOW RATE (M/YR) 62 81.59 123.88 3.2 3 

SHORELINE DEVELOPM ENT RA TIO 59 10 92 8 .06 2 .57 

LENGTH/ WIDTH RATI O 59 60.49 72. 1 1 2.20 

WATER CONTR OA / SUR FACE AR EA 62 256.44 370.09 15 .08 

MAXI MUM 
VA LUE 

1050.46 
224.80 
3 75. 65 
174. 14 

9469 . 81 
7298.11 

0.35 
0.55 
0.92 
0.83 

142.10 
174.77 
57.59 

1. 89 
779. 14 

3 4.18 
387.78 

1966.83 



The eff ec ts of the averaging proc edures on the model evaluations warrant 

additional analy s is. Thus, the accuracy of the res e rVOlr averages 

de pends, in part, upon reasonabl e distribu tion o f sampling stations 
. ~ . 

among representatIv e areas of each reservoir, as waS a key ob jectiv e of 

the EPA/NES survey designs. 

58 . In reducing the station- year-average fi le, the fir s t step has 

been to retriev e data for 1509 station-years with at l east thr ee tot al 

phosphoru s sampling da t es at pool monit oring l oca tions . Additional 

r equirements for a t least tw o sampling da tes f or chlor ophyll- a and 

transp a rency (Secchi depth ) have be en a pplied to y i e ld a tot al of 525 

station-years. The retrieval includEs data fr om April throu gh October 

at depths l ess than 15 feet, i .e., growing-season , surface-l ayer 

c oncentrati ons. In th e fir s t redu c tion s tage, the data froID each 

station, year, and sampling date hav e been averaged over depth: 

where , 

Csi 

Cs ij 

Nsi 

Csi 

Nsi 

L Csij / Nsi 

j=l 

measurement for station 5 , dat e i, depth J 

numb er of depths sampl ed on date i 

dep th -averaged value on date i 

(36) 

The above va riables refer to a given year and wa ter qua lit y varia ble . 

Because averaging is done within the surface laye r, there is l itt le 

point ,n app lyi ng area l weighting factors with depth. 

is generally not applicable to ch l orophy l l because 

Depth-av eraging 

the samples 

themselv es are depth-integrat ed . 

dat es within ea ch year: 

Th e next s tep i s to average ac ross 

Cs 

where, 

Ns 

I:: Csi / Ns 

i=l 

(3]) 
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Cs station-year average 

Ns number of sampling dates for s tation-year s 

The standard error of Cs has also been estimated (as tbe standard 

deviation divided by the square root o f Ns) for total phosphorus, total 

nitrogen, chlor o phyll-a, a.nd tr ans parency. Standard errors provide 

approximate means for as sessing the reliability of the station-year 

summaries and are use ful 1n error ana l yses . Estimat es of maximum, 

spring-av erage, and summer-average conditi ons have also been comput ed 

for nutrients, chlor ophyll, and trans parency, where sampling schedules 

permit. Seasona l averages are of r e lativEly low reliability, however, 

because they are based upon minimal data . 

59. The following scr eening criteria have been applied to divide 

the station-year-average data s et int o two grou ps reflecting data 

reliability: 

where, 

Ns(P,N,B,S) > 2 

ev(p ,N ,B,S) < . 5 

P tot a l phospho rus (~g/m3) 

N total N (mg/m3) 

B chlorophyll-a (rug/m3 ) 

S transparency (m) 

CV(X) = co efficien t of variation for mean X 

(38) 

(39) 

The high -priority (tlgroup A") da ta set used fo r mode l testing in cludes 

258 station-years wi th at least 3 samplin g dates and with coef fici ents 

of varia tion less than 0.5 for the above variables. All of the hi gh ­

priority station-years also include meas uremen ts of o,rtho (or dis­

solved) phosph orus and inorganic nit rogen. In addition, the unaveraged 

data have been inspected to identify a few statio n- years wi th high 

percentages o f low accuracy phosphorus mea s urements, base~ upon frequent 

recordings · of < 20 mg/m3; for example. These data are de rived from 

age nc ies othe r than the EPA/NES a nd have be en placed in the l ow pri­

ori t y data set. A listing of the data is givell in Appendi~ 8, Table B3; 

t~e high-priority data are s ummar ized in Tab l e 12. 
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VARIABLE 

CPTL 
CPOT 
CPOS 
CN TL 
CNIN 
CC HA 
CC FU 
CCHAMX 
CSEC 

V' 
-...t NPTL 

NCHA 
NNT L 
NSEC 
EPTl 
ECHA 
ENTl 
ESEC 
CDEP 
CPHF 
CCNF 
CALK 
eTMP 
CTRJ 
CTRH 
CTRN 
CTCO 
CALPH 
CRTL 
CRFL 
CRNF 
CALG 
CBIO 

Table 12 

Statistical Summa ry of High-Priority ("group A" ) Pool Water Quality Data 
fr om 258 Sta tion-Years Passing Screening Procedures 

LABEL N MEAN STANOARD MINIMUM 
DEVIATION VAL UE 

TO,'AL PHOSP~IORUS (MG/M3) 258 56.63 52.23 4.89 
ORTHa PHOSPHORUS (MG/M3) 223 18.82 25.92 2.83 
DISSOLVED PHOSP~IORUS ("GIL) 35 25.44 28.98 10 .00 
TOTAL NITROGEN (MG/M3) 258 981.94 857.0G 236.45 
I NORGANIC NITROGEN (MG/M3) 258 521. 15 704 .99 39 . 96 
CH LORQPHYLL-A (MG/M3) 21B 10.6 1 11 . 77 0.97 

UNCORRECTED CHLOROPHYLL-A (MG/M3 ) 40 13 .85 7.91 2.68 
MAXIMUM CHLOROPHYLL-A (MG / M3) 218 16. 11 16.67 1. 30 
SECCHI DEPTH (M) 258 1.50 .23 0.16 
NUMBER OF TOTAL P SAMPLING OATES 258 3.66 1.70 3.00 
NUMBER OF CHL-A SAMPLING DATES 258 3.40 0.68 3.00 
NUMBER OF TOTAL N SAMPLING DATES 258 3.57 1.26 3.00 
NUMBER OF SECCHI SAMPLING DATES 258 3 . 46 0.78 3.00 
CV OF MEA~ TOTAL P ESTIMATE 258 0. 18 0.10 0.01 
CV OF MEAN CHL-A ESTIMATE 258 0.28 0.12 0.01 
CV OF MEAN TOTAL N ESTIMATE 258 0.15 0.08 0.01 
CV OF MEAN SECCHI ESTIMATE 258 0. 18 0.10 0.00 
STATION DEPTH (M) 227 21.25 27.38 1.22 

PH <STANDARD UNITS) 258 7.85 0.47 6.27 
CONDUCT IV ITY (UMHOS/CM) 258 493 .30 548.24 22.50 
ALKALINITY (MG/ L ) 255 96 .6 1 57.36 10.00 
TEMPERATU RE (OEG- C) 258 20.69 2.96 13.1 8 
TURDIBITY (JTU ) 3 17.89 2.59 16.37 
HACH TURBIDITY ( NTU) 46 10.16 11. 31 1.60 
- LOG(% TR ANS./ IOO) 209 0.35 0.43 O. q .2 
TRUE COLOR (PT·CO UNI TS) 17 56.49 37.62 15.00 
NON · ALGAL TUR8lDI TY ( 11 M) 258 0.87 0.79 0.08 
TOTAL SO LIDS (MG/ L) 2" 159.25 78.42 5.00 
DISSO LVED SOLI DS (MG / L) 33 115.46 51.34 44.80 
SUSPENDED SOLIDS (MG / L) 4 I 11.60 10 . 18 1.00 
ALGAL COU NT (NO/ LITER) 2 178350.00 1576 14 . 10 66900.00 
ALGAL VOLUME (ML / LI TER) 2 0.04 0 . 01 0.04 

MAXIMUM 
VALUE 

293. 19 
220.91 
155.00 

6075.00 
5064.16 

83.41 
31.25 
97.00 
6.97 

21.00 
7.00 

13.00 
6.00 
0. 48 
0.50 
0.37 
0.49 

175.38 
8. 70 

4948. 16 
309.28 
27.89 
20.88 
40.00 

2 . 48 
105.00 

6.02 
389.58 
208.50 
39.33 

289800.00 

\ 
0.05 



60. Means by reservoir-year have been calculated d·· rectly from the 

station-Year averages. Based upon the variance component analyses 

conducted previously (Walker,1980a,lgBl), on the average, about half of 

within-station variance (expressed in logarithmic terms or, 

approximately, as coefficients of variation) can be attributed to 

variance b e t,'e e n d a tes and about half to random effects. The following 

formu18. has been used to estiDlate the coefficients of variation of the 

reservo ir mean phosphorus, nitrogen, chlorophyll, and transparency 

value s c omputed from the station data su~aTies: 

where, 

2 
CV 

2 
.5 CVS [1 + 11M 1 I N 

CV = coeffic i ent of varia tion of re s erv oir me an estimate 
2 

(/,o ) 

CVS = mean squ a red within- stat i on coefficient of variation 

K avera ge I!umb e r of sampling d a tes 

M total numb e r of stations in t he rE".s ervcir 

The ~ff ccts of s patial variance on e rr ors in the the r e servoir means 

have net been included because of l a ck of s patial weighting factors and 

becau se serial, spatial correlatio n would tend to reduce the ir 

s igni.fic a nce (Walker, 1980a, 1981). The above error equation assumes 

reasonabl e distributi o n of the stDtioIlS amo n g r epresentativ e ar e as of 

the rEs c r v (Jir. 

61. The screening procedures described above have also been 

ap~lied to the res e rvoir-av er8se data set, yie l ding a total cf 86 

high-priority and 72 low-p~i0rity r~servoir-years f or use in mod e l 

t es ling. A l i st.ing i s given in Appendix B, Table B4j the high-prior~ty 

('tgroup Atl) data ar e summar i zed in Table 1 3 . 

62. In the high-privr i t.y datu set, chlorophyll-a measureI!Oe.nts [or 

50 out of 258 st.a tlon-yea rs were not corrected for pha eophytjn, ba s ed 

upon the codes used ill entering th e dClLa into STORET or the Ohio Riv e r 

Divisioll (OIlJJ) date bas". The EPAjNES chlorophyll da ta a re measured 

a nd correct ed for phaeophytin a ccordiug to t.he fluorometric method de­

scribed by Ye nt c h and Ment z eJ (1963) (personal c ommunication, Frank 
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VA RIABLE 

CPTl 
CPOT 
CPOS 
CNIL 
CNIN 
CCHA 
CCfU 
CCHAMX 
CSEC 

en NPTL 
'" NCHA 

NNTL 
NSEC 
EPTL 
ECHA 
ENTL 
ESEC 
COEP 
CPHF 
CCNF 
CALK 
CTMP 
CIRJ 
CTRH 
CTRN 
CTCO 
CALPH 
CRTL 
CRFL 
CRNF 
CALG 
CBIO 

Table 13 

Statistica l Summary of High-Priority ("group A") Pool Water Quality Data 
from 85 Rese rvoir-Years Passing Screening Procedures 

LABEL N MEAN 5TANDA!W MINIMUM 
DEVIATION VALUE 

TOTA L PHO SPHORU S (MG/M3) 85 66.83 58.21 5.63 

aRTHa PHOSPHORUS (MG/M3) 67 22. 70 28. 12 3.83 

DISSOL VED PHOSPHORuS (MG/L) 18 2 I .34 17.57 10.00 

TOTAL NIT ROGEN (MG/M3) 85 1159 . 0 5 973.24 247.34 
INORGA NIC NITROGEN (MG!M3) 85 651.38 BOO. 26 44.54 

CHLUROPHYLL-A (MG /M3 ) 65 13.04 11.52 1.18 

UNCORR ECTED CHLORQPHYLL-A (MO/M3) 20 9.73 6.56 2.68 
MAXIMUM CHlOROPHYLL-A (MG/M3) 65 20.97 17.48 1.73 

SECCHI DEPTH (M) 85 1 .33 0.96 0.19 
NUMBER OF TOTAL P SAMP LING OATES 85 3.80 I. 89 2. 11 

NUM8E~ OF CHL-A SAMPL ING OATES 85 3.28 0.7 1 2, 11 

NUMBER OF TOlAL N SAMP LING DATES 85 3.70 1.52 2 . , , 

NUMeER OF 5ECCHI SAMP LING DATES 85 3.53 1.07 2. 11 
CV OF MEAN TOTAL P ESTIMATE 85 0.18 0.09 0.0· 
CV OF MEAN CliL-A ESTIM ATE 85 0.26 0.10 0.06 
CV OF MEAN TOTAL N EST IMATE 85 0.14 0.06 0.05 
CV OF MEAN SECCHI ESTIMATE 85 0.17 0.09 0.03 
STATION OEPTH (M) 66 18.90 27. 11 2. 18 
PH (STANDARD UNITS) 85 7.84 0.49 6.37 
CONDUC TIVITY (UMHOS /C M) 85 512.29 589.18 23.50 
ALKALINITY (MG/L) 82 97.05 59.24 10.50 
TEMPERATU RE (OEG-C) 85 20.46 2.80 14. 85 
TU RDIBITY (JTU) I 17 .6 2 17.62 
HACH TURB IDITY (NTU) 22 9 . 29 10 . 76 2.25 
-LOG(% TRANS./I OO) 62 0.48 0.49 0.05 
TRUE COLOR (PT-CO UNITS) 6 54.09 38. 19 13.33 

NON-A LGA L TURBIDITY ( 11M) 85 0.98 0,84 0.15 

TOTAL SO LI OS (MG/L) 8 155.36 115 .94 9.50 
DIS SOLVED SOLIDS (MC/L) 8 101.02 47 .6 4 48.42 

SUSPENDED SOLIDS (MG / L) 20 8.52 9.32 1.00 

ALGAL COUNT (NO/LITER) 3 166558.33 113305.93 66900.00 
ALGAL VO LUME (ML/LITER) 3 0.03 0.02 0.01 

MA XIMUM 
VALUE 

21'1.04 
187.72 
i9.05 

6075.00 
5064.16 

67. 13 
27.47 
84. 19 

4.32 
16.80 
6.00 

12.40 
6.00 
0.42 
0.49 
0.35 
0.4 5 

175.40 
8.48 

4599 . 87 
293.75 
27.56 
17.62 
34.8 1 

2.15 
98.65 

5.24 
289.58 
165.32 
38.56 

289800.00 
0.05 



Morris, USEPA ~nviror~ental MOllitoring and Support Laboratory, Las 

Vegas). Chlorophyll mode.l testillg and calibrations are ba sed exclu-

sively upon data from the 218 station-years with co rrected measure-

rnents. One would expect, therefore, that the ca l ibrated models would 

tend to under-predict c hlorophyll-n measurements which are not corrected 

for phaeophyt in. About 15% of the station-years e.mployed total dis-

so lved phosphorus I as opposed to orthophosphofliS I as a measure of Lhe 

available fraction. These have been used in combi.nation wi th inorganic 

nitroge n (nitrate+nilrale+ammonia) for assessment of li.miting nutrients. 

63. Op e rating within ttle constrai~ts of avail.able data, the median 

sampling frequency in the bigh-priority data set USee for model testing 

i.s 3 per station per year. Considering within-station variabi]ity, a 

higher sampling frequency lvould r:a.ve been desirabl e to provide better 

estimates of average conditions at each st 8 tion cr in each reservoir for 

use 1n model testing. Average coefficients of variation of aVE-rage 

phosphorus, chlorophyll, and transparency estimates ar~ 18%, 28%, and 

18%, respecLively. These errors ar e of concern in model calibr a tion 

because they influence the accuracies of model parameter estimates. The 

varlances of parameter estimates det·ived from a given data set are 

proportional to the gross error varlance of th e model and ir~v erse ly 

related to the number of cases (stations) (Snedecor and Cochran, 1972). 

Thus, ~hile the limited sampling regime at each station ~ncreases th~ 

gross error variance of the model, effects on the variance of par8meter 

es timates (and on model testing conclusions) can be partially offset by 

USing data from a large number of stations (258). These r e latior.ship s 

are demonstrated further in the error analyse~ conducted in Part VIII. 

\-lhile more than three sampling dfltes per station per grow·ing se a son 

would be advisable for model applications, the data set assembled above 

is adequate for t es ting purposes. 

64. Appendix C (Table Cl) contains a listing of sediment accumu­

lation rates which have been pxtracted from the data base· (Figure 1) for 
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use in model testing. Sediment survey sheets have been reviewed and the 

data screened to eliminate estimates which were pre-1950 and/o r based 

up on inconsistent survey designs, with respect to range number or cal-

culation method. Sediment accumulati on data from a t ota l of 17 projects 

with relatively reliable nutrient balances ha ve survived the data 

screening procedure and have been used in model testing, Rates are ex ­

pressed in terms of mass per unit area of reservoir per ye a r ~ nd reflect 

long-term averages. These estimates are probably le ss ac c urate tha n the 

nutri en t balances developed above and do not necessarily reflect the 

hydrologic or meteorolog i c conditions present during the per i ods of 

sampling by the EPA / NES. 

65. Table 14 inventories and clas sifies the model testing data 

s e t s developed above, according to priority group, region, year, station 

type, and monitoring agency. The data sets include the following: 

8 . water quality summary by station-year 

L. water quality summary by reservoir-year 

c. nutrient balances by res ervoir-year 

d . load/response by reservoir-year 

In the fourth data set, which is a cross between da t a sets b and .f., 

observations have been plac ed ir. the high-prior ity group only if both 

the nutrient balanc es and the water quality summaries are al so 

classified as high-prior ity. The r es ultant data set includ es a total of 

43 high-priority reservoir-years for us e ill evaluating load/responsE 

relationships. 

66 . In Table 14, "regions II are defined based upon CE Divis ions, 

with the exception s of the Ohio River and Southwest Divisions , wl:ich 

have been subdivided by District to refl ec t data dens ities and 

geographic diversities. In all data sets, regional weaknesses are 

apparent in th e East and Far Wes t. The New England Division is not 

l'epresented any of the data se t s hecause no chlorophy ll, 
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Table 14 

Inventory and Classification of Model Testing Data Sets 

Code: i! b c c x b (d) 

Da ta Set: Water Quality Water Quality Load ings Lo;;-d /R;s p;;-nse 
Basis: Station-Yrs Reservoir-Yrs Reservoir-Yrs Reservoir-Yrs 
Gr oup:* N A B All A BAll A BAll A B All 

Total 299 258 267 525 85 73 158 62 46 108 43 53 96 
----------- -_._----------------- Region**------- -------.-------.---------,---
NED 22 0 0 0 0 0 0 0 0 0 0 0 0 
NAD 15 4 6 10 2 2 4 2 1 3 2 1 3 
SAD 24 24 54 78 8 6 14 9 0 9 3 6 9 
NCD 16 4 21 25 2 8 10 2 2 4 1 3 4 
ORD - Pitts. 14 15 4 19 5 1 6 3 2 5 3 2 5 
ORD - Hunt. 28 22 12 34 10 1 11 9 2 11 8 3 11 
ORD - Louis. 15 31 19 50 17 J 5 32 3 0 3 3 0 3 
ORD - Nash. 7 38 J 9 57 9 0 9 5 1 6 5 1 6 
LMVD 15 16 25 41 4 6 10 4 9 13 3 6 9 
SWD - L. Rock 10 36 5 41 6 2 8 3 5 8 3 5 8 
SWD - Other 56 36 57 93 J 0 19 29 13 12 25 6 14 20 
HRD 31 24 35 59 10 5 15 6 9 15 5 10 15 
NPD 27 8 3 11 2 1 3 2 1 3 1 2 3 
SPD 19 0 7 7 0 7 7 1 2 3 0 0 0 
----------_ .. ----- - ----- ---------- Year ------------ ------.-----------------
71 0 1 1 0 1 1 
72 0 11 11 0 5 5 0 4 4 0 4 4 
73 98 100 198 32 13 45 35 8 43 27 16 43 
74 97 106 203 26 26 52 24 29 53 15 38 53 
75 24 21 45 9 10 19 3 5 8 1 7 8 
76 7 6 13 1 4 5 
77 21 8 29 14 7 21 
78 11 8 19 3 5 8 
79 0 6 6 0 2 2 
--- - -------.---------- ---- --- ----- Ag,ency -- _ _ 0· .--.--_ .. ".-----_._-----.-------

EPA/NES 209 207 416 
ORD 32 22 54 
Other 17 38 55 
----- ------------ ------------ -- Stat ion Type ------_· _. '_ . - ._-_-____ 0 . __ - _ _ -.' . 

Upper Poo l 58 65 J 23 
Hid Poo l 128 126 254 
Near Dam 72 76 148 

* N 
A ~ 

E = 
All 

total Dumber of proj ects inc luded in CE data base 
data passing screoning procedures (high-priority) 
dat a not passing screening pr.ocedures (low-priority) 
= all data 

** Regions are CE Divisions, except ORD and SWD, which are 'divi~ed by 
Di strict 

/ ' 
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transparency, or nutrient budget estimates were available from NED 

during Phase I of this project. The South Pacific Division is not 

represented in the fourth data set because the monitoring _program.-design 

employed -by the EPA/NES in that Division involved pool sampling 1n 

March, mid-summer, and November. Thus, these data did not survive 

screening for at least two sampling rounds per growing , season, defined 

as April-October. Future analyses might incorporate these data, since 

seasonal factors might not be as important in California as in other 

regions. 

67. - The intent of th~ screening procedures employed above has been 

to assemble data sets with reliable information for use in preliminary 

model testing. "Reliable" is defined relatively and within the 

constraints of available data. The screening procedure is based upon 

relative data values, sampling designs, and internal checks (e.g. water 

balances). Other types of errors, such as biases or systematic errors 

in the sampling designs or analytical measurements, may have gone 

undetected. 

68. In some cases, the screening procedure may have been too 

conservative, resulting in rejection of data which may be adequate for 

some purposes. For example, Some reservoir-years have been eliminated 

from data sets ~ and d 

chlorophyll-a estimates. 

because of high variability in the mean 

These data might still be adequate, for 

testing models which predict other response variables (e.g.,phosphorus, 

transparency). These observations could be considered in future studies 

and refinements of the work described below. 
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PART IV: MODEL TESTING METHODS 

69. Appendix E contains a compilation of empirical eutrophicatic 

models derived from the general literature. Models are identified wit 

respect to variables, equation(s), author(s), data set characteristics 

percent of dependent variablility explained, and, when available, erro 

statistics. A systematic approach has been designed for calibrating an 

testing these models using the data sets described in Part III. Th 

following steps are involved: 

.2.. Model Classification 

Q. Preliminary T',s t ing 

£. Paramett:::l: r.: st imation 

Q.. F.esiduals Analysis 

~. Parameter Stability Analysis 

Each of these steps is outlined below. 

70. The models compiled in Appendix E have been reviewed and 

classified accordir,g to predicted variable and functional form. This 

reduces the number of separate equations to be evaluated, since many of 

the models are similar in structure but differ only "ith respect to 

parameter est imates ,. which depend upon the data sets and methods used 

for calibration. A model coding system has been designed in order to 

keep track of the equations, parameter estimates, and calibration data 

sets. Each model is represented by a 6-digit code, as defined below: 

Digits Code 

1 pred icted variable: 

P 

B 

pool phosphorus R 

chlorophyll S 

D oxygen depletion 

2-3 model formulation number 

4 :parameter estimates: 

A original parameters 

X optimal parameters 

outflow phosphorus 

secchi depth 

sequence number) reflecting data sets and/or sources 
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For example, model BOlA02 predicts chlorophyll, using formulation number 

(log(Chlorophyll) vs. log(Phosphorus) regression), with original 

parameters reported by investigator 2. Models BOIXOl, BOIX02, ~nd 

BOIX03 represent the same model with parameters optimized for different 

subsets of res e rvoir data. Model codes are identified according to 

formulation, source, and sequence number at the begi~ning of each 

analysis. The codes are used to identify and store residuals ,n model 

testing data sets. 

71. In the preliminary testing stage, each D\odel is applied to the 

data with its original parameter estimates. Residuals are characterized 

with respect to bias (mean), variance, and 

that 

fraction of dependent 

of poorly variablility explained 

fitting models with 

(R-f.quared). Note 1n cases 

their respective 

to 

original 

be less 

coefficients, it is 

than zero. This possible for computed R-Squared values 

indicates that the variance of the residuals 15 greater than the 

variance of the dependent variable. Median absolute deviations, more 

robust estimates of error, (Mosteller and Tukey, 1977) are also 

calculated. 

72. For a given formulation and data set, parameters are optimized 

using least-squares regression, with the dependent variable consistently 

transformed to base-l0 logarithmic scales. 

minbtized is the sum of the squares of 

Thus, the objective fun c tion 

the logarithmic deviations. 

Predicted variables and residuals from these models generally tend to be 

log-normally distributed. This results from the fact that errors 

associated with measurement, sampling, and the models themselves are 

more stable when expressed on a percentage basis than on an absolute 

basis. Stability of variance (homosc edasticity) is a desirable property 

for parameter estimation purposes (Snedecor and Cochran, 1972). In 

cases where non-linear estimation methods are required the SAS procedure 

NLIN is used (SAS Institute, 1979). Grid searches are employed to 

determine reasonable starting points for implemetation of the Marquardt 

optimization algorithm. Estimates of parameter standard errors are 

approximate when non-linear estimation methods are required. The 

special parameter estimation procedures used for the oxygen depletion 
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models, which are posed as discriminant functions, are described ~n Part 

VII. 

73. In some cases, model parameters are estimated for several 

alternative data sets, defined by various morphometric, hydrologic, and 

water quality characteristics. Some formulations are appropriate only 

under certain conditions. For example, the chlorophyll/phosphorus model 

has been fit to several data sets, based upon turbidity concentrations 

and N/P ratios. This provi.des insights into parameter stability, model 

error, and model applicability under various conditions. Data set 

limits are defined by plotting residuals against potentially important 

factors (e.g., N/P) and identifying factor levels at which systematic 

deviations begin to occur. 

74. Residuals from a given model and data set are subjected to a 

standard battery of tests, which includes the following: 

.!!.. statistical summary 

Q. plotting 

~. correlations 

~. stepwise regressions 

!i. regional tests 

Thes e analyses, generally conducted for models with optimized 

coefficients, provide additional insights into model adequacy under 

various conditions and suggest possible improvements. Results are 

tabulated in Appendix D and discussed in appropriate areas of the text. 

75. The SAS procedure UNIVARIATE is used to calculate a standard 

set of statistics for each calibrated medel: 

~. pumber of observations 

Q. bias (mean error) 

~. t-test for significance of bias 

~, st~ndard deviation 

~. reean squared error 

..t. minilI!um 

&.. IP.ax imum 

h. median absolute deviation 
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Y 

1 

s 

1 

.!.. Chi-squared 

In some cases, these are calculated for different data groupir.gs) 

defined by data reliability and averaging method. Th e median- absolu-te 

deviation is· an alternative measure of error spread which is less 

sensitive to outlying values than the mean squared error (Mosteller and 

Tukey, 1977 ) . 

76. The-Chi-squared statisti c (Bevington, 1969) is a weight ed mean 

squared error, with weights calcul at ed as the inverses of the estimated 

data error variances . Estimates of model dependent variables and some 

independent variables generally represent averages over spac.E':' and/or 

time in a given reservoir or its tributarie s . Because o f variability 

within the averaging realm and limited number of sampling dates and/or 

locations, estimates of average conditions are subject to e rror. 

Approximate method s used for estimating these IId a ta errors" are 

described in Part III. For a given model and observation, the weighting 

factor used in the Chi-Squ ared calculation is given by: 

2 
1 / [ VadY) + D Vadx) 1 (41) 

where , 

W = weighting factor used for a given observation 

Var(Y ) variance of estimated dependent variable 

Var(X) varianc e of estimated independent variabl e 

D derivative of predicted Y with r espec t to X 

In a li.near model, for example, the D factor repres en ts the coefficient 

for variable X. Ranking models based upon Chi-squared puts less weight 

on observations which are less reliable and provides an indication of 

error sources. For example, a Chi-squared statistic approaching 1.0 

indicates that all of the re s idual variance can be explained by 

potential errors in the data, i.e., Dlodel error is insignificant. A 

Chi-squared of 2.0 indicates that the error H pa rtitioned equally 

between model and data error effects. 

77 . Model residuals are tested for 

morphometric, hydrologic, and water quality 
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combination of plotting, cor relation, and s t epwise regr ession analyses. 

These ana l yses provide general indications of conditioDS under which Ct 

given model ~ay be biased and Ruggest modifications which may improve 

mode l generality. Plotting and exaruination of residuals is perhaps the 

most important of these analyses, although it 1S not feasible t o 

reproduce these displays in a report context. 

78. Interpretation of these associati on tests can be difficult 

because of correlations anlong the factors investigated. If two factors 

are highly correlated with each other, both may be correlated with a 

model residual, but on ly one may be significant from a causation 

standpoint. A statistically significant correlation coefficient is not, 

in itself, adequate evidence of a real effect . Similarly, the stepwise 

regressions include only stati.stically significan t term s (p< .05), but 

direct interpretation of the coeff icients can be misleading . The 

multivariate R-squared statistic derived from the stepwise regressions 

is a indicator of model generality over the range of reservoir 

characteristics. 

79. Analyses of variance hav e been conducted to test for 

significant regional effects on model residuals . With some exceptions, 

regions are defined by CE Div is ions . Because the Ohio River and 

Southwest Divisi ons are relatively rich in data and diverse in terrain, 

they are subdivided by CE District. Schematic plots generated by the 

SAS procedure SPLOT have been used to display regional variations ~n 

residuals and iu,portant related variables. Regional groupings have been 

identified using Duncan"s multiple-range test (Snedecor and 

Cochran,1972). In many cases, regional variations in residuals can be 

explained by corresponding variations ~n reservoir morphometric, 

hyd rolog ic, and/or water quality characteristics, as identified through 

the association tests de scribed above. 

80. A final test involves an examination of parameter stability. 

One characteristic of a "good" model is that its parameter or 

coefficient values are stable over the range of model applic a tion . 

Fitting the model to different subsets of data provides a basis for 

assessing parameter stability. Subsets may be defined by region, 
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impoundment type, or ranges of important independent variables. 

Basically, this test attempts to detennine whether the model "constants" 

are constant . This type of test is more elaborate and po tentially more 
. . ,/ . 

powerful than thos e discussed above and has been applied to the models 

which seem to work best in each category. 
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PART V: INTERNAL MODELS 

81. This report defines "internal models" as relationships among 

nutrient concentrations, transparency, chlorophyll-a, and hypolimneti c 

oxygen depletion, measured within impoundmentse In some cases, 

morphometric and hydrologic factors are also included 1n these models. 

ThesE:: are distinguished from "ext er nal models ll
, which relate water 

quality measurements to external nutrient loadings ane are discussed 1n 

Part VI. Internal models a r e class;fied into three categcries, based 

upon predicted variables: 

~. Trclnsparenc y 

Q. C]; 1 or op hy l 1 

~. Oxygen ~, ' p letion 

The first two categories are treated in the following sections. The 

fourth section analyzes regional variat. ions in these measurements and 

related factors. Because the models and 

the oxygen depletion mo1els are of a 

described and tp.sled separa~ely in Part VII. 

testi'lg methods employed for 

unique character, they are 

82. In many impoundments. absorption and scattering of light by 

phytoplankton limits water transp a rency. Other biological materials, 

dissolved humic materials (coler), and inorganic suspended s olids may 

also regulate transp .rency . While not necessarily propo rtional to algal 

biomass, chlorophyll-a is the most widely used measure of phytoplankton 

.tanding crop. The r~lationsbip between chlorophyl1-a a nd transparency 

is important to assessing the rolE_s of .s.lgae vs. other materials ir.. the 

partitior.ing of ligh t Ex tinction and nutrients. As demonstrated in 

subsequent sections, this partiticning has important implications for 

calibrating and applying empirical eutropbjcation m.odels to reservoirs. 
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83. The relationship between station-year-average chlorophyll and 

transparency measurements is shown in Figure 2. The following model 

formulG!tions have been tested for summarizing this relationship: 

Model Code Equation 
-------.----.------------------- -----"--_._----

SOl 10g(S) Kl + K2 log (B) 

S02 1/5 Kl + K2 B 
K3 

503 1/ SKI + K 2 B 

Parameter estimates and error statistics for these models are summarized 

~n Table 15. For model S03, the best estimate of parameter Kl is zero, 

so that the model is equivalent to model 501, which explains 31 percent 

of the variance in the transparency data, as compared with 26 percent 

for model 502. It is apparent from these error statistics and from 

Figure 2 that transparency is regulated in many of these reservoirs by 

factors which are not related to chlorophyll-a. The parameter KJ in 

models 501 and 502 varies significantly from station to station, as 

influenced by allocthonous suspended solids, dissolved color, and 

biological materials which are not related to chlorophyll-a. These 

variations are important because they influence the availability of 

light and nutrients for photosynthesis. To Some extent, the slope 

parameter, K2, may also vary because of fluctuations ~n 

chlorophyll/biomass ratios, as influenced by algal species, 

environmental factors, and growth stage. Available data do not permit 

assessment of K2 variations or their effects, however. 

84. The 502 model has been recalibrated in order to provide a 

means for estimating the effects of non-chlorophyll-related materials on 

light extinction at each station. This has been done by transposing the 

model equation: 

where, 

A 1/5 - K2 B 

A - effect of non-chlorophyll-related materials on S (l/m) 

K2 - slope parameter - .025 m2/mg 
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Figu re 2 
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Table 15 

Formulations, Parameter Estimates, and Error Statistics for 
Internal Chlorophyll/Transparency Models . . 

Def ini t ions : 

Kl-K3 ~ model parameter values 
N= number of station-years 
R2 ~ fraction of variance explained 
MSE ~ mean squared error (logIO) 

Model SOl: Log Transparency vs. Chlorophyll 

Equation: log(S) ~ KI + K2 log(B) 

Code 
SOIAOI 
SOlA02 
SOIXOI 

Coefficients 
Carlson (1977) 
Jones & Bachman (1978) 
Optimal - All Data 
standard errors 

Kl K2 N 
.89 -.68 218 
.81 -.55 218 
.49 -.49 218 
.046 .050 

R2 
-.39 
-.50 

.31 

Model S02: Linear Transparency vs. Chlorophyll 

Equation: I/S ~ KI + K2 B 

Code 
S02AOI 
S02XOI 

Coefficients 
Classen (1980) 
Optimal - All Data 
standard errors 

KI 
.21 
.41 
.051 

K2 N R2 
.014 218 -1.42 
.052 218 .26 

.070 

Model S03: Log/Linear Transparency vs. Chlorophyll 
K3 

Equation: I/S ~ KI + K2 B 

Code 
S03AOI 
S03XOI 

Coefficients 
Walker (1979) 
Optimal - All Data 
standard errOrs 

KI K2 
.08 .059 
.00 .32 
.30 .24 
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K3 
.74 
.49 
.10 

N R2 
218 -1.29 
218 .31 

MSE 
.145 
.156 
.082 

I1SE 
.252 
.087 

MSE 
.239 
.082 



For simplicity, the variable "A" is referred to as "turbidityll ~n the 

remainder of this report, although it may be influenced by color and 

nonchlorophy ll-related biological materials at some stations. 

85. Use of the least squares K2 estimate 1n Table 15 CK2=.052 

m2/mg) is not appropriate in this case, because it does not represent 

the relationship at low turbidity and many stations would have 

calculated turbidity values less than zero. In the absence of algae, 

other suspended solids, and color, there is an upper limit to 

transparency, because of light extinction by pure water. In terms of 

the above model, this translates into a minimum calculated A value. The 

slope parameter estimate (K2=.025 m2/mg) has been selected so that the 

predicted 

edge of 

transparency at a minimum A value of .08 11m 

the chlorophyll/transparency relationship 

follows the upper 

in Figure 2. The 

minimum A value corresponds to a maximum transparency of 12.5 meters in 

the absence of chlorophyll-a and turbidity, a practical upper limit for 

most reserv01rs. The slope parameter is higher than values derived from 

pure algal cultures (approximately .014 m2/mg, Lorenzen, 1980), possibly 

because it accounts for light extinction both by chlorophyll-a and by 

other related substances, including other pigments, biomass, and 

detritus. Literature estimates for the slope parameter derived from 

regression analyses of data from individual lakes range from .008 to 

.054 m2/mg CCarlson,1980). 

86. The lines in Figure 2 depict the chlorophyll/transparency 

relationship for different levels of turbidity. Based upon this 

relationship, a turbidity value has been calculated for each 

station-year and used in subsequent analyses. Turbidity values 

calculated according to equation (42) are positively correlated with 

Hach turbidity, Cr=.76, n=74), total suspended solids (r=.57, n=79), and 

true color (r=.54, n=23), where all correlation coefficients are 

calculated on logarithmic scales. 

87. It is apparent that the class of 

transparency as a function of chlorophyll 

generally useful 10 these reservoirs because 

74 

models for predicting 

(or vice-versa) is not 

of the influences of 



factors unrelated to ch l orophyl l. 

develop predictive models for 

regul a ted by regional factors 

topography, etc. ), as well as 

Additional analysis is needed to 

turbidity, which LS expected to be 

(erosion rat es) so i l types J land use., 

res ervo ir mor phome tr ic and 
. . , ./ ' . . 
hydrologlc 

c haracteristics which influe nce the sedim e ntation process. 

88. An alternative se t of models r e lates transparency directly to 

total phosphorus concentration. The relations hil' wo" lc reflect the 

combined influences of the partitioning of phosphorus an d light 

ex tinc tion between algal cells and substances unrelated to algae. The 

formulations tested a r e analogous to those employed for predicting 

transparency as a function of chlorophyll: 

Model Code 

S04 

S05 

S06 

Equation 

10g(S) 

lis 

lis 

Kl + K2 log(P) 

Kl + K2 P 
K3 

Kl + K2 P 

Residuals analyses suggest that these models tend to und~r-predict 

transparency a t stations with N/P ratios (inorganic or total) les s than 

about 8 , which corresponds to a typical algal physiologic ratio (Wetzel, 

1975). To elimina te possible nitrogen-limitation effects, eac h model 

ha s been fit to two data sets: one containing all s~ation-years and the 

other containing station year s with N/P ratios grea t er than 8. 

Parameter estimates and statistics for each data set and model are 

summarized in Table 16. For a given data set, it is difficult to 

di s tinguish among these models, since the error statistics are near ly 

identical. Model 505 has been selected for further analysis because of 

it s relative simplicity and theoretical appeal. It suggest s that the 

light extincti on coefficient (inversely related to transparency) is a 

linear function of phosphorus and that the intercept (Kl) is attrib~ted 

to light extinction by factors unrelated to phosphorus, including 

extinction by water alone. 

89. The transparency/phosphorus relationship 1S displayed 1n 

Figure 3. The regression line (model S05X02) has been fit to data from 

stations with N/P ratios exceeding 8. To illustrate the typical effects 
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Table 16 

Formulations, Parameter Estimates, and Error Statistics for 
Internal PhosphDrus/Transparency Models 

Model S04: Log Transpa rency va. Phosphorus 

Equa t ion: logeS) = K1 + K2 log(P) 

Code Coefficients K1 K2 N R2 HSE 
S04A01 Placke et ol. (1980 ) 1.05 -.61 258 . 66 .036 
S04A02 Oglesby et ol. (1978) 1.36 -.76 258 .59 .043 
S04ll01 Optimal - All Data 1.20 -.72 258 .67 .034 

standard errors .031 .051 
S04X02* Optimal 1.40 -.87 212 . .77 .024 

s tandard errors .050 .032 

Model S05: Linear Transparency VS. Phosphorus 

Equation: l/S = Kl + K2 P 

Code Coefficients Kl K2 N R2 MSE 
S05A01 Carlson (1977) 0 .021 258 .57 .045 
S05A02 Carlson (1977) 0 .015 258 .29 .075 
S05XOl Optimal - All Data .18 .017 258 .64 .036 

standard errors .027 .001 
S05X02* Optimal .082 .022 212 .77 .024 

s tandard errors .023 .001 

Model S06: Log/Linear Transparency vs. Phosphorus 
K3 

Equation: l/S = Kl + K2 P 

Code Coefficients K1 K2 K3 N R2 MSE 
SOM01 Walker (979) .08 .0093 1.03 258 .11 .093 
S06XOl Optimal - All Data .00 .063 .72 258 .68 .034 

standard errors .10 .029 .093 
S06X02* Optimal .030 .033 .91 212 .77 .024 

s tandard errors .064 .014 .091 
---------- - -----.- -----'- ------ -_. - - - - - - - - - --- ------- - --, - - -- - ---
* Data set restrictions: 

Inorganic N/P > 8 
Total Nip > 8 
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of nitrogen limitation, different symbols to distinguish stations with 

N/P ratios less than 8. The relationship (R2=.77, SE2=.024) is much 

transparency/chlorophyll relationship stronger than the 
2 SE =.082). This results from the correlation between total phosphorus 

and non-algal turbidity, which is described in more detail below. The 

partitioning of phosphorus and light extinction between 

chlorophyll-related components and non-chlorophyll-related components is 

more critical for correlating chlorophyll to transparency (or to 

phosphorus) than for correlating phosphorus to transparency. 

90. Residuals analyses have indicated, however, that the 

transparency/phosphorus relationship is somewhat sensitive to the 

partitioning of light extinction between chlorophyll and turbidity. 

According to the chlorophyll/transparency model described above, the 

product of chlorophyll and transparency, is proportional to the fraction 

of light extinction attributed to chlorophyll. Assuming that 

transparency is inversely related to the light extinction coefficient, 

the product is also proportional to the daily photosynthesis integral 

under light-limited conditions (Vollenweider, 1970; Vollenweider and 

Kerekes, 1980). This product averages about 9 mg/m2 , which corresponds to 

23% light extinction attributed to chlorophyll-a and related substances. 

A plot of residuals from model S05X02 against the 

chlorophyll-transparency product indicates negative bias for products 
2 

less than about 5 mg/m. The following table summarizes the residual 

distributions above and below this value: 

Thus, 

BxS Group N Mean Std. Dev. 

> 5 

< 5 

144 .060 

45 -.152 

.136 

.091 

* t test for Ho: Mean=O 

the phosphorus/transparency 

t* 

5.29 

-11 .20 

model 

Prob(t) 

<.001 

<.001 

tends to over-predict 

transparency by an average of .15 log units ( 35 %) at stations where 
. /' 
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algae account for less than about 12% of the total light attenuation. 

This effect accounts for about 25% of the total variance ~n the 

residuals from model S05X02. This suggests that phosphorus associated 

with algae has somewhat less of an impact on transparency than 

phosphorus associated with turbidity. 

91. Stepwise regressions explain 39% of the var.ance in residuals 

from model S05X02 (see Appendix D), with positive terms for station 

total depth, pH, shoreline development, and total nitrogen, and a 

negative term for inorganic nitrogen. The positive term for station 

total depth is the most significant. The signs of the nitrogen terms 

suggest a positive correlation with organic nitrogen. Since higher pH 

and organic nitrogen levels would tend to be found at stations with 

higher chlorophyll levels (and ch10rophyl1-Secchi products), these 

effects are consistent with those discuss ed above. The depth effect may 

be also be related to the ch10rophy11-Secchi product, since resuspension 

of bottom sediments would tend to raise turbidity and lower the product 

at shallow stations. 

92. The following model accounts for biases in model S05 discussed 

above and is useful for representing the partitioning of phosphorus: 

where, 

p 

Kl 

K2 

K3 

Kl + K2 B + K3 A 

2.0 (Std. Error 

1.76 (Std. Error 

26.2 (Std. Error 

.80) 

.13) 

1.71) 

(~) 

Based upon data from 189 station-years with inorganic and total (N/P) 

ratios exceeding 8, this equation explains 84% of the variance 1n the 

total phosphorus data. The residual mean squared error, .019 ~n 

logarithmic units, is considerably lower than the errors in the other 

transparency or chlorophyll models evaluated. Observed and predicted 

phosphorus concentrations are plotted in Figure 4. The intercept, 2 

mg/m3, represents the phosphorus which is not associated with 

chlorophyll or turbidity. This value tends to be higher at N-limited 
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stations. The slope parameters indicate that, on the average, 1.76 

mg/m3 of phosphorus is associated with each mg/m3 of chlorophyll-a, and 

26.2 rug/m3 of phosphorus 1S associated with each unit of turbidity 

(l/m). The biases 1n the phosphorus/transparency model S05 can be 

explained by multiplying both sides of equation (43) by transparency and 

substituting equation (42) for turbidity, yielding: 

P S 26.2 + 2 S + 1.11 B S (44) 

This equation predicts that the product of transparency and phosphorus 

will be higher for reservoirs 1n which chlorophyll accounts for a 

greater fraction of the total light extinction. Despite the relatively 

low errors characteristic of equation (43), the equation cannot be 

transposed, to permit equally accurat e chlorophyll predic t ions, for 

example, without a predictive basis for non-algal turbidity. 

Ch10roph~Jl Model~ 

93. The direct relationship between algal standing 

nutrient concentrations (specifically, phosphorus) is the basis 

crop and 

of the 

empirical eutrophication modelling approach. More complex models 

relating chlorophyll to phosphorus, nitrogen, turbidity, and reservoir 

morphometric and hydrologic variables also fall in this category, as 

outlined in Part 1 of Appendix E. 

94. A v2riety of seasonal averaging scllemes have been used ~n 

developing phosphorus/chlorophyll models (Appendix E). For chlorophyll, 

these include growing-season means, summer means, and maximum values. 

Spring phosphorus and growing-season-mean phosphorus have been used as 

independent variables. Table 17 summarizes the results of regression 

analyses relating each pair of variables using two data sets: one 

contains all station-year s and the other, station-years with mean 

inorganic and total N/P ratios greater than 8 and non-a l gal turbidities 

less than 1.0 l/m. The basis for the turbidity cut-point is develc,ped 

in detail below. In each case, the best correlation 15 found by 

averaging both chlorophyll and phosphorus over the growing season. 
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Table 17 

Seasonal Chlorophyll/Phosphorus Regr ess ions 

Dependent Ind ep end ent 
Variable Variable Slope Intercept N R-Squared MSE 

--------------------_.-- All Data ---------------------------------

II P .699 -.251 218 .437 .084 
B Pspring .563 -.018 203 .297 .108 

Bmax P .697 - .064 218 .427 .087 
Bmax Pspring .557 .178 203 .288 .110 

Bs ummer P .603 -.053 194 . 310 .114 
Bsummer Pspring .437 .235 179 .167 .140 

------------------- N/P > 8. A < 1.0 l/m -------------------------

B P 1.13 -.76 137 .720 .045 
B Pspring 0.76 -.25 131 .359 .104 

Bmax P 1.11 -.55 137 .665 .055 
Bmax Pspring .74 -.04 131 .328 .112 

Bsummer P 1. 04 -.57 124 .604 .066 
Bsummer Pspring 0.63 .01 118 .235 .129 

MSE = Mean Squared Error 
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Restricting the sampling periods to summer and/or spring reduces the 

aver age number of samples per station and, thus, the reliability of the 

s tati on summary values. Based upon these results, growing-season-mean 
/ 

values are used in further model testing bel ow . 

95. The seasonal maximum chlorophyll value is of interest as an 

indicator of the most severe condition at a given station. Various 

regression models have been used for estimating maximum cb l orophyll-a as 

a function of the me~m value (Lee, Rast, and Jones, 1977). One problem 

with these models is that the maximum chlorophyll detected at a g i ven 

location over a given peri od is not independent of the number of samp les 

taken. For a given average va lu e, the maximum estimated from 6 sampling 

dates is likely to be greater than th e maximum estimate d from 3 dates, 

for example. 

96. Table 18 outlines and tests a method for calculating the 

maximum-to-mean chlorophyll ratio as a fun ct ion of the number of 

sampling dat es . Observed ratios ir.crease consistently with the number 

of sampling dates, with the exception of the la s t ca tegories (6 and 7), 

which are bas ed upon on ly 3 and 5 station-years of data, respectively. 

The rela tionship has been fit by treati ng the sampling process as 

ind ependent draws fr om a log-normal dist ribution. Application of the 

scheme beyond 5 sampling dates is an extrapolation beyo nd the range of 

the data and may be invalid because of possible violations 1n the 

independent samp l~ assumption. At high sampling frequencies) serial 

correlation be tll.'een successive samples may be significant. In the range 

of 2 to 5 s ampling dates , however, the scheme works well and explains 

97% of the variance in the ma~imum chl orophyll levels (Figure 5). The 

Lee, Rast, and Jones (1977) model suggests a (Bmax/B) ratio of 1.6, or 

.2 on a log scale. This agre es well with the mod e l predictions for 3-4 

sampling dates. 

97. The chlorophyll model s compil ed 1n Appendix E Can be 

classified by the following scheme: 
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Table 18 

Scbeme for Predicting Ratio of Maximum-to-Mean Cb1oropbyll-a 
as a Function of Number of Sampling Dates 

number of 
dates 

Mean log (Bmax/B) 
-------------------- number of 
Observed** Predicted station-yrs 

2 .11 .12 124 
3 .19 .19 257 
4 .23 .24 50 
5 .29 .27 9 
6 .40 .30 3 
7 .30 .32* 5 
8 .3"* 0 
9 .36* 0 

* extrapolation 
** analysis of variance indicates significant 

differences among groups (F=28.9, p<.OOl) 

Model: 

log(Bmax/B) .28 Y 

where Y is chosen such that: 

where, 

n / (n+1) 

y = standard normal variable (mean=O, standard deviation=l) 
fey) = normal frequency distribution function 
n = number of sampling dates / growing season 
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Model Code Equation 
---------------------_._--------------------------------------

BOI 10g(B) Kl + K2 10g(P) 

B02 B Kl + K2 P 

B03 10g(B) Kl + K2 10g(N + K3 p) 

B04 10g(B) Kl + K2 10g(P) + K3 A + K4 10g(Z) + KS Qs 

BaS LIB Kl/Bp + K2/Bn + K3/Bl 

Model s BOI and B02 relate chlorophyll to total phosphorus on logarithmic 

and linear scales, respectiv e ly, and have been calibrated to several 

diff erent lake and reservoir data sets by variou s authors (see Appendix 

E). Model B03 , deve loped by Smith (980), relates chlorophyll to 

nitrogen and phosphorus. ~!ode1 B04, developed by Walker and Kuhner 

(1978), inc ludes terms for the influences of phosphorus, turbidity, mean 

depth, and surface overflow r a te on chlorophyll-a l eve ls. Model BOS, 

developed by Meta Systems (979), is a theoretical formulation which 

considers the effe c ts of phosphorus (Bp), nitrogen (Bn), and light (Bl) 

limitation on algal growth. Original and optimal parameter estimates 

for these models and various data categories are given in Tabl e 19. 

98. Models BOI and B02 a ssume a direct rela tionship between 

chlorophyll and phosphorus, when averaged over a growing season at a 

g iv en location. Figure 6 depicts this relationship on logarithmic 

s cales, using data from all station-years with at least three sampling 

dates. Stations with inorganic or t otal N/P ratios less than 8 are 

distinguished by different symbols and' tend to lie in the lower, 

right-hand portion of the plot. Also shown in Figure 6 are regression 

lines calculated for other lake and reservoir data sets by Jones and 

Bachman (1976), the OECD Eutrophication Progam (Kerekes,1981), and Hern 

et al. (1981). These models are representative of the ranges of slopes 

and yields in the models listed 1n Appendix E. The regression line for 

this data set, also shown in Figure 6, explains 44% of the · chlorophyll 

variance arid . 1S nearly identical to the line calculated by Hern et 

al.(1981), based upon EPA National Eutrophication Survey data from over 

700 u.S. lakes and r eservoirs. It is apparent from the variability in 
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Table 19 

Formulations, Parameter Estimates, and Error Statistics 
f or Internal Models Predicting Chlorophyll-a . 

----------------- -----------------------------------------------------------
Model BOl: Log Phosphorus/Chlorophyll 
Equation: 10g(B) = Kl + K2 log(P) 

Code Coeffic ients Dat a* Kl 
BOIAOI Hern et al. (1981 ) 1 -.11 
BOIA02 Kerekes (981) 1 -.55 
B01A03 Jones & Bachman (976) 1 -1.09 
BOIX01 Opt imal- all data 1 -.25 

standard errors .087 
B01X02 Optimal- N/p>8 2 -.38 

standard errors .090 
BOIX03 Optimal- N/P>8, A <1. 58 l/m 3 -.60 

standard errors .088 
BOIX04 Optimal- N/P>8, A<1.0 lim 4 -.76 

standard errors .087 
BOIX05 Optimal- Ni/Pi>10, A<.37 l/m 5 -1.09 

standard errors .131 

Model B02: Linear Phosphorus/Chlorophyll 
Equation: B = Kl + K2 P 

Code Coefficients Data Kl 
B02AOl Oglesby et al. (1978) 1 -2.90 
B02XOl Optimal - all data 1 1.65 

standard errors . 37 
B02X02 Optimal - Ni/Pi>10,A<.37 l/m 5 -.97 

standard errors . 37 

Model B03: Smith (1980), variable yield model 
Equation: 10g(B) = Kl + K2 l og (N + K3 p) 

Code Coefficients Data Kl 
B03AOl Smith (980) 1 -3.71 
B03XOl Op t ima 1 - a 11 data 1 -1. 96 

standard errors .21 
B03X02 Optimal - A < .37 l /m 6 -4.09 

standard errors .41 
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K2 N R2 MSE 
.64 218 .42 .086 
.96 218 .29 .104 

1.46 218 -.95 .288 
.70 218 .4 4 .084 
.054 
.80 187 .51 .071 
.058 
.98 161 .64 .057 
.059 

1.13 157 .72 .045 
.060 

1.44 62 .76 .039 
.105 

K2 N R2 MSE 
.57 218 -.81 .267 
.13 218 .41 .087 
.012 
.35 62 .72 .045 
.035 

K2 K3 N R2 MSE 
1.55 16.4 218 -. 64 .242 

.81 55.5 218 .45 .082 

.068 27.7 
I. 53 35.7 73 .66 . 059 

.15 12.7 

(continued) 



Table 19 (continued) 

Model B04: Wa lker and Kuhner (1978), Multivariate Model 
Equation: log(B) = Kl + K2 log(P) + K3 A + K4 10g(Z) + K5 Qs 

Code Coeff ic ient s Data Kl K2 K3 K4 K5 N R2 MSE 
B04AOl Walker & Kuhner (978) 1 . 49 .88 -.23 -.59 -.00070 218 .27 .108 
B04X01 Optimal - All Data 1 .44 .70 -.21 -.51 -.00047 218 .67 .049 

standard errors .14 .064 .023 .065 .00014 
B04X02 Optimal- N/P > 8 2 .22 . 83 -.23 -.46 -.00046 189 .72 .041 

standard errors .16 .075 .025 .07 .00017 

Model B05: Meta Systems (1979), Limiting Factor Model 
Equation: Bp P-limited biomass, mg/m3 P - 2.2 

Bn N-limited biomass, mg/m3 (N - 2.2)/7 
Bl Light-limited biomass, mg/m3 440/Zm - A/b >= 20 mg/m3 

b algal light extinction coeL .025 mZ/mg 
A non-olgal turbidity, l/m l/S - .02 5 B 

Zm mid-thermocline depth (m) 
As surface area (km2) 
Z mean depth (m) 

log(Zm) .587 + .084 log(As) + .203 10g(Z) ** 

l/B K1/Bp + K2/Bn + K3 / Bl 

Code 
B05A01 
B05XOl 

Coefficients 
Meta Systems (1979) 
Optimal - All Data 
standard errOrS 

Data 
1 
1 

Kl 
1.89 
2.28 

.29 

K2 
o 

1. 91 
1. 21 

K3 
1.36 
1.24 

.20 

N 
218 
218 

RZ 
.51 
.57 

MSE 
.072 
.063 

* Summary of Data Set Codes 
Constraint 

Inorganic N/P Total N/P Turbidity Other N 
1 218 
2 >8 >8 189 
3 >8 >8 <1.58 161 
4 >8 >8 <1.00 137 
5 >10 <.37 62 
6 <.37 73 

** formulation for thermocline depth based upon regression analysis of 
data from 86 reservoirs (RZ=.45, MSE=.OlZ); used if measured Zm 
values are missing (see Part VII) 
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the regression lines and the data scat tel' that the 

chlorophyl l/pho sphorus relationship is not stable across data sets and 

that this model is of limited use in this collection of reservoirs as a 

whole . 

99. Additional analysis shows that nitrogen and turbidity are 

related to chlorophyll in ways whi ch may account for a t least some of 

the variability in the chlorophyll/phosphorus response. Possible 

effects of nitrogen and turbidity have been analyzed by plotting 

residuals and fitting the mode l s to various data categories, defined by 

N/P ratio and turbidity. With these data, it is difficult to 

distinguish the performance of the log-linear model BOI from the linear 

model B02. Since for all data sets, residual variance was slightly 

lower for BOl, this model is th e focus of furth er analysis presented 

below. 

100. To test for turbidity eff ects, chlorophyll/phosphorus 

regressions have been run for groups of stations defined by maximum 

turbidity values, ranging from -. 8 to . 6 on logarithmic scales. To 

eliminate possible nitrogen effects, 31 stations with ino<ganic N/P or 

total N/P ratios less than 8 have been excluded from the regressions, 

leaving a total of 187 station-years for th e ana l ysis . This cutpoint 

has been de t ermined through r es iduals analysis a nd seem s to be valid for 

most turbidity levels, although a cutpo int of 10 may be more appropriate 

at extremely low turbidities « .37 lim). Figure 7 plots the slope, 

yield, and mean squared error as functions of maximum turbidi ty. The 

"yie ld" is defined as th e logarithm of the predicted chlorophyll -a 

concentration at an average total phosphorus concentration of 25 mg / m3. 

The yield tends to be more s t able and statistically independent of slope 

than the intercept parameter (K1). 

101. Figure 7 shows that both the regression slcpe and yield 

decrease . ' ith increasing turbidity limit. The slope varies from 1.44 to 

.80 and the yield , from .99 to .74 on log scalEo, or 10 to 5.5 mg/m3 on 

linear sC2.les . The mean squared error is relatively stable at about 

.045 for ma ximum turbidities up to about 1.0 lim (0 . log unit s), but 

increases to about .07 at higber turbidities. 
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Figure 7 

Parameter Stability of the Chlorophyll/Phosphorus Model 
Versus Maximum Turbidity * 
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102. Figure 8 plots the patb of the slope and y i e ld parameters f or 

increasing maximum ttLrbidi ties. Tbe path 1S shown in relation to the 

regression lines reported 1n other studies (see Figure 6) • For 
J 

8. 

Iil8x~mum turbidity of about .4 l/m, the regression is s imil ar to the 

Jones and Bachman (1976) relationship. The regression calculated for a 

maXlmum turbidity value of 1.58 l/m (.2 log units) is similar to the 

(, . F . C. r· . surumary relationship (Kerekes,198l). When the entire turbidity 

and N/P ranges are included, the pararueters are similar to the 

regressicn calculated by Her~ et al. (1981). Thes e results suggest that 

variations In turbidity, as defined above, may explain some of thE:: 

variations in the phosphorus/chlorophyll regression lines reported 1n 

the literature and some of the sc~tter in Figure 6. 

103. Model EOI has been fit to five different data sets with 

various turbidity and N/P bounds (Table 19). Generally, as the n,aXlmum 

turbidity limit increases, the model becomes more genera l (i.e. wore 

stations are included), but model error increases and phosphorus 

sensitivity decreases. Thus, information on likely turbidity levels i s 

important to selecting appropriate model parameters for a given 

applica tion. If no basis for turbidity estimation is available, then 

the most general model. must be used, but at the expense of increased 

predicticn error. 

104. Both N/P and turbidity are positively correlated with total 

phosphorus. Analysis of the distributions of these variables indicates 

that out of 125 station- years with mean total phosphorus concentrations 

less than 40 mg/rn3, on l y one had an N/P ratio less than 8 (inorganic) 

and none had a turbidity greater than 1.58 11m (.2 log units) . Thus, 

for practical purposes, model BOlX03 in Table 19, 1n wh i ch chlorophyll 

1S roughly porportional to total phosphorus, IS applicable to all 

station-years in this low total phosphorus range. This relationship 1.S 

nearly identical to the C.F..CD. summary relationship (Kerekes, 1981). 

Similarly, all 80 station-years from reservoirs with mean depths 1>' 

excess of 10 meters have turbidities less than 1.58 lim . There is room 

for improvement in this model, however, since residuals are negativel y 

correlated with turbidity and mean depth. 
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105. Smith's (1980) model, B03, relate s chlorophyll to total 

phosphorus and total nitrogen. This has been calibrated to two data 

sets: one containing all station-year averages and the other containing 

station-years with turbidities less than .37 lim. The seco'nd 

corresponds to the lowest turbidity 

chl orophyll/phosphorus model calibrations (model 

group used ~n 

B01XOS). Thi s 

gro'up ' 

the 

model 

does not explain appreciably more variance than model BOl, even for 

N-limited, low~turbidity stations. The formulation of the model seems 

theoretically inadequate because it predicts finite ch1 orophyll-a 

concentrations at nitrogen or 

zero. At a given ni trogen 

phosphorus concentrations approaching 

conc ent ration, f or example, ch l orophyll 

becomes less sensitive to phosphorus as pho sp horus conc entration 

4ecreases) which seems contra-intuitive. While it may be possible to 

formulate a model to include both phosphorus and nitrogen effects, this 

particular model does not appear useful for these reserv oirs and is not 

analyzed further. 

106. The Walker-Kuhner model (B04) is a multiple regress i on model 

with terms f or total phosphorus, mean depth, turbidity, and surface 

overflow rate. This mode l was originally fit to EPA National 

Eutrophication Survey data from 23 reservoirs in Ohio, Indiana, and 

I llinois, none of which were nitrogen limited. Note that chlorophyll, 

total P, and mean depth are l og- transformed, while turbidit y and surface 

overflow rate are not. Thus, predicted chlorophyll-a is l ess s~nsitive 

to turbidity and surfa ce overflow rate at low values than at high 

values. 

107. Because the model does not include a term f or nitrogen, it 

has been fit to two data set.: one containing all the data, and the 

other conta ining 189 station years with inorga nic and t o t a l N/P ratios 

great~r than 8. Many of the reserv oirs included in the Walk~r-Kuhner 

data set are also included here. To t es t for parameter stability , the 

model has been fit to an additional data set which includes 131 

station-years ~ith the above NIp constraints from reservoirs outside of 

the Ohio, Indiana, and Illinois region. The magnitudes and signs of the 

regress ion coefficients compare reasonably with the originally-reported 

values: 
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optimal (B04X02) optimal* 

coefficient original mean std. error mean std. error 

intercept .49 .22 .16 .17 .22 

phosphorus .88 .83 .075 .76 .104 

mean depth -.59 -.46 .071 -.32 .100 

turbidity -.23 -.23 .025 -.19 .034 

overflow rate -.00070 -.00047 .00020 -.00041 .0002 

* exc luding station-years from Ohio, Indiana, and Illinois 

108. Figure 9 summarizes the results of a parameter stabil ity 

analy s is of thi s mo del . Following th e scheme used in Figure 7, the 

mod ,1 has been fit to different data sets of 
. . 
~ncreas~ng maXlmum 

turbidity levels. Figure 9 tracks the coefficient and mean squared 

error values. Mean squared e rror is relatively stable up to turbidities 

of 1.58 11m (.25 log units), but increases at high&r values. As in the 

case of the log-linear model (BOl), s ensitivity to phosphorus tends to 

decr ease with increasing maximum turbidity, although the range of 

coefficients is considerably lower for model B04. The decreasing trend 

suggests an ivteraction between turbidity and phosphorus effects which 

is not a ccounted for in the model formulation. Depth and turbidity 

coefficients are relatively stable. At low turbidities, the turbidity 

coefficient is not significant. This is consistent with the turbidity 

coefficient in B04X02, -.23, since at a maximum turbidity of .56 11m 

(-.25 log units) th e estimated turbidity effect would be -.13, which 

would be difficult to identify in relation to the model standard error 

when higher turbidity stations are excluded. The overflow rate 

coefficient shows a decreasing trend with increasing turbidity. This 

trend may result from an interaction between turbidity and overflow rate 

effects or from exclusion of stations with high overflow ra·tes (where 

the effect is detectable) when low turbidity constraints are applied. 

The magnitude of the overflow rate coefficient (-.00047) indicates that 
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Figure 9 
Parameter Stability of the Multivariate Chlorophyll Model (B04) 

as a Function of Maximum Turbidity ~( 
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its impact on predicted chlorophyll-a is appreciable (greater than or 

equal to .1 log units) only in reservoirs with overflow rates greater 

than 212 m/ yr. 

109. Stepwise regression (Appendix D) explains 18% of the variance 

in residuals from the multivariate model (B04X02), with significant 

positive terms for mean depth and significant negative terms for station 

total depth, surface area, drainage area/surface area. The depth term 

suggests that substitution of a station total depth term for the 

reservoir mean depth term may reduce model error, although the effects 

are probably small, based upon the low percentage of residual var,ance 

explained. The regional analysis of variance (Appendix D) explai_ns only 

7% of residual variation and is not statistically significant. 

110. The fifth chlorophyll model (B05), developed by Meta Systems 

(1979) includes terms for the effects of algal growth limitation by 

phosphorus, nitrogen, and light. Theoretical expressions for the 

maximum algal biomass in a batch culture limited by each of these 

factors separately (Bp, Bn, and Bl) are based upon algal growth kinetics 

and stoichiometry (see Table 19). To provide for the effects of 

simultaneous limitation by more than one factor, th e luverses of the 

limiting biomass levels are used as ind ependent variables 1n the 

regression equation for chlorophyll. Using an electrical circuit 

analogue, tile inverses o f the potential biomass levels are represented 

as resistances to alga l growth, which ar e summed, \v"ith empirical 

weighting factor s to calculate the tot a l growth "resistance". 

Calculated light-limited chlorophyll levels ar e negative for sev eral 

station-years. Following the original model, a m,n'ffium B1 value of 20 

mg/m3 has been assumed. Theoretical short comings of this model include 

failure to account for possible effects of (1) flushing on the limiting 

biomass l evels, or (2) turbidity on the bio-availablity of total 

phosphorus or total nitrogen. 

111. With its original parameter values (Kl=1.89, K2=0, K3=1.36), 
2 2 

this model explains more chlorophyll variance (R =.51, SE =.072) than 

any of the other models investigated with their respective original 

parameter values. Optimization of the parameters (Kl=2.28, K2=1.91, 



K3=1. 24) has 2 2 little influence on the fit (R =.S7, SE =.063). For most 

station-years, the phosphorus term is of greatest importance ~n 

determining the predicted chlorophyll-a concentration. The parameter 

estimate for the nitrogen-limitation term, 1.91, is not statistically 

significant (p<.OS). Compared with residuals from the multivariate 

model (B04), residuals from BOS show greater association with reserV01r 

morphometric, hydrologic, and water quality characteristic~ (R2=.40) and 

with region (R 2=.23). 

112. Further comparisons of model performance in various data 

categories defined by turbidity limits are given 1n Table 20, which 

lists bias (mean error), mean squared error, and median absolute errOr 

by model and turbidity range for stations with inorganic and total Nip 

ratios exceeding 8. In the lowest turbidity category « .18 11m), model 

BOIXOS (similar to the Jones and Bachman (1976) regression) has the 

lowest median and mean squared error. As turbidity is increased, the 

error from this model blows up and the multivariate mooel (B04X02) 

becomes the most accurate. Differenc es among the models are more 

pronounced at higher turbidities, particularly with respect to bias. 

113. On the basis of minimum error likely to be encountered over 

the range of turbidity conditions, the multivariate model (B04) seems 

attractive. In order to apply this model, however, an independent 

estimate of turbidity i& required. Since the errOr statistics for this 

model are based upon measured values) model error would be greater under 

conditions where turbidities must be estimated. The fact that values 

of turbidity use d in cal ibra tion have been estunated from measured 

chlorophyll values (equation (42)) may also artificially reduce the 

error associated with this model. Thus, \\7hile the multivariate model 

Seems attractive froD! a m~n~mum error point of view, the practicality of 

the model depends upon the feasiblity of estimating turbidity, which has 

yet to be evalu at ed. The multivariate model also contains more terms 

than the others and alternative transformations or re-expressions of the 

individual terms may provide a fit which is of equal or superior 

quality. 

I 14. Many of the above models sugges t an approximate 

proportionality between total phosphorus and chlorop hyll in the low- to 
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I Table 20 

Effect of Turbidity Range on Chlorophyll Model Error* 

.-". 
Model 

Log Max. 
Group Turbidity N B01X01 B01X02 B01X03 B01X04 B01X05 B04X02 B05X01 

CI/m) 
--------------------------- Bias x 1000 --------------------~----------

1 -.75 20 17 33 47 35 10 0 -28 
2 -.50 35 73 75 65 34 -32 42 20 
3 -.25 37 108 101 76 31 -62 57 52 
4 .00 . 45 106 73 0 -84 -260 -10 71 
5 .25 30 -70 -119 -221 -330 -556 -62 -20 
6 .75 22 -203 -264 -389 -516 -779 7 -98 

---,-------------------- Mean Squared Error x 100C ---"--------,-----------

1 -.75 20 61 56 50 43 38 39 49 
2 -.50 35 73 66 53 44 40 39 49 
3 -.25 37 76 69 57 50 58 35 50 
4 .00 45 58 47 35 39 101 24 47 
5 .25 30 74 79 108 165 362 47 75 
6 .75 22 99 127 208 324 670 75 72 

---- ----------------"- Median Absolute Error x 100 ------_._---------,-_._-

1 -.75 20 20 18 16 15 14 18 21 
2 -.50 35 14 12 11 10 14 12 11 
3 -.25 37 15 16 19 19 17 13 14 
4 .00 45 16 12 14 15 26 10 15 
5 .25 30 21 21 28 35 60 16 21 
6 .75 22 22 25 37 50 79 13 16 

* includes station-years with at least 3 sampling dates and inorganic 
and total Nip > 8 
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mi~-turbidity r anges at P-limited stations. For s t a tions with N/P 

ratios exceeding 8 , the following mod e l relates the "res ponse ratio lt 

(Hern et al., 1981) t o depth and turbid ity: 

10g(B/P) = -.39 - .46 10g(Z) - .58 10g(A) 

(R 2 =.45, SE 2=.04 2) 

(45 ) 

The above model exp lains 75% of the var,anc e in chlorophyll-a and 

suggests that the response ratio varies roughly inver se ly as the square 

r oot of the product of meaD depth and turbidity. It is interesting that 

the depth .alone is not s ignificantly correla ted wi th the response ratio 

(R2=.OI ) . Turbidity alone y ield s an R-Squared of .27, which i nc r eases 

tc .45 when the depth term is added. This suggests that t he product of 

depth and turbidity i s o f some significance, as predict ed by the kineti c 

theory of algal gr ow th under light-limited conditions, since it 1 S 

direct l y related t o the depth-averaged light intensity (Oskarn,1973, 

Lorer-.z e ~ and Mitchell, 1973). Residuals pl o t s indica te a negat ive bias 

(over-pred i c tion) of about .2 log units ,n the above model for 

r eservo irs "'ith overf low rates exceeding 100 m/yr or residence tim es 

less than .03 years. This and alternative meth ods for r e presenting 

phosphorus/turbidity/chlorophyll rela tionships (e.g., model B04, B05, 

equation (43 » s hou ld be more thorough l y investigated for their 

potentisl uses in reservoir s . 

Regi onal Analysis 

11 5 . Regiona l distributions in transparency, chlorophyll , 

nutrients , and related factors provide additional insights int o factors 

controlling tran spa rency and chlorophyll. Table 21 summarizes the 

geometric mean concentrations of these variables on a regional basis. 

To provide the broad est possible data base f or regiona l ana l ysis , mean 

concentrations hav e been computed using data from 448 sta tion-y ears with 

at l east two sampling dat es for correc t ed ch l orophyll-a. Analysis based 

upon 218 station-years with a t least 3 sampling dates excludes o ne 

region (South Pacific) but gives similar resul ts . Analyses of var,ance 
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Table 21 

Regional Variations in Chlorophyll, Transparency, and Nutrient Data 
from Station-Years with at Least Two Sampling Dates 

.> 

Variable 

Reg* N B S A TP TN BxS B/TP TPx S TN/TP IN /DP** 

---------------------Regional Geometric Means----·-----------·-----------

All 448 7 .9 1.14 .58 40 755 9.0 .20 45 19 22 

02 7 6.5 2.28 .26 17 1195 14.7 .38 38 46 65 
03 70 6.9 1.45 .47 24 585 10.1 .29 35 24 29 
04A 19 8.4 1. 29 .45 30 989 10.8 .28 39 33 56 
04B 34 14.1 0.87 .64 51 1416 12.3 .28 44 28 59 
04C 19 8.5 1.09 .6 8 38 943 9.2 .22 41 25 45 
04D 34 6.5 1.28 .59 39 580 8.4 .17 50 15 15 
05 25 17.7 I. 31 .22 67 1679 23.2 .26 88 16 7 
06 41 9.3 1.09 .58 43 838 10.2 .21 47 19 29 
07A 41 4.8 2.29 .29 21 486 11 .1 .23 48 23 33 
07B 81 7.8 0.58 1.39 71 792 4.6 .11 41 11 12 
08 59 10.0 0.89 .76 51 978 8.9 .20 45 19 27 
09 11 2.5 2.92 .27 24 265 7.2 .10 70 11 4 
10 7 1.0 4.88 .18 14 198 4.9 .07 69 13 3 

----------------------Analyses of Variance---------·---·----·--·----------

Mean Squares (base 10 logarithms) 

Within 1. 412 1.503 2. 124 1.430 .990 I . 127 .991 .329 .807 3 .504 
Among . 101 .083 . 127 .ll8 .047 .094 .093 .041 .066 . 121 

Ft 13.98 18.20 16.66 12.11 21.15 11.93 10.6 6 8 . 04 12.28 29.04 

02 North Atlantic 06 Lower Mississippi 
03 South Atlant ic 07A Southwest (Little Rock) 
04A Ohio River (Pit ts burg) 07B Southwest (other) 
04B Ohio River (Huntington) 08 Missouri River 
04C Ohio River (Louisvi li e) 09 North Pacific 
04D Ohio River (Nashville) 10 South Pacific 
05 North Central 

** Inorganic nitrogen/d issolved phosphorus ratio 
tAll F statistics s ignificant at p < .001; 

ANOVA's conducted on log scales 
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indicate significant regional variations for all variables and variable 

combinations investigated. Three variable combinations are particularly 

useful: 

B*S chlorophyll * transparency (mg/m2) 

B/P chlorophyll/total phosphorus 

P*S total phosphorus * transparency (mg/m2) 

The first statistic provides an indication of the percentage of light 

extinction attributed to chlorophyll and related substances. The 

second, termed the "response ratio" by Hern et a1. (1981), is an 

indicator of the amount of chlorophyll produced per unit of total 

phosphorus. The third, derived from the phosphorus/transparency model 

calibrated above (S05X02), reflects the percentage of light extinction 

attributed to materials "associated with phosphorus, whether organic or 

inorganic in form. Other important factors include the total N/P ratio 

and inorganic N/P ratio, as indicators of the potential nitrogen 

limitation. 

116. Analyses of vanance indicate that regional factors are 

strongest in the case of the inorganic N/P ratio (F=29.0) and weakest in 

the case of P*S (F=8.Q). The relatively low variablity in P*S reflects 

the low mean squared error of the phosphorus/transparency model and 

covariance attributed to ne n-a l gal suspended solids. 

117. Stem-and-Ieaf (Mosteller and Tukey, 1977) diagrams of these 

factors (Figure 10) facilitate analysis of regional variations. The 

chlorophyll*transparency distribution has two low outliers: region 7B 

(Southwest Division, exclusive of Little Rock District) and region 10 

(South Pacific Divisiop-, although this average is derived froD! only 7 

station-years of c ata, all from one res ervoir, and may not be 

representat ive of the Division as a whole). In these regions, 

relatively low percentages of inc ident light are available for 

photosynthesis and relatively high percentages of nutrients may be tied 

up in inorganic forms. N/P ratios generally show a decreasing trend 

from east to west. There are three regions where the ,inorganic Nip 

ratio averages less than 8: region 5 (North Central Division), region 9 
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Figure 10 

Stem-a nd -Leaf Diagrams of Eutrophication-Relat ed Fa ctor s 
by Re gion * 

,/ 

Station-Years with at Least Two Sampl ing Dat es 

Chl-axSec chi Chl-a /Total P Tota 1 PxSec chi 

1.31 5 -, 41 io'r 2 .1 I 
1.21 -.51 2 ,01 
1.1 1 2 -, 61 L 3 4A 4B 5 1.91 5 
1. 01 3 4A 4B 6 7A -.71 4C 40 6 7A 8 1.81 " 10 

. 9 1 8 4C 40 -.8! 1. 7 I 4D 

. 81 9 -.91 1. 61 4B 4C 6 7A 8 7B 

.71 -1.01 7B 9 1. 51 2 3 4A 

.6 I 7B 10 -1.11 1.41 

.51 -1. 21 10 1. 3 1 

Total NIP Inorganic N/P Turbidity 

1. 6 I 2 2.0 1 .11 7B 
1. 51 4A I. 8 1 2 .0 I 
1. 4 1 4B 1.61 4A 4B 4C -.1 I 
J. J I 7A 3 4C 1. 41 J 6 8 7A -.21 4B 4C 8 
1. 21 5 6 8 1. 2 1 -. 31 4D 6 
1.11 4D 10 1. 0 I 4D 7B -.4 1 4A 3 
1.0 I 7B 9 . 81 5 -.51 

.91 .61 9 -.61 2 7A 9 

.81 . 4 1 10 -. 7 1 5 

.7 1 . 2 1 -. 8 1 10 

Mean Depth Res id ence Time Overf l ow Rate 

1.61 9 -.21 8 2.11 10 
1. 51 -. 3 I 2.01 
1.41 -.41 5 7A 9 1. 9 1 4B 4D 9 
1. 3 1 -. 5 1 6 7B 1. 81 2 
1. 2 1 10 -.61 1. 7 I 4A 
1.11 7A -.71 1.61 3 4C 
1.0 I -.81 3 4C 1. 51 7A 

.9 I 2 3 4D 8 -. 9 1 2 4A 1. 41 

.81 4A 4C 6 -1.01 10 1.31 

. 7 1 4B 7B -1.11 4D 1. 21 6 7B 

.61 5 -1. 2 1 4B 1.1 1 

.51 -1.31 1.0 I 5 8 

* reg iona l codes def ined in Table 21 
)'<-k minimum of i nterval (10g 10 scales) 
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(North Pacific) and region 10 (South Pacific). In these regions, algal 

growth is more likely to be limited by nitrogen than by phosphorus, on 

the average. Regions 9 and 10 also lie at the upper ends of the mean 

depth and surface overflow rate distributions. 

lIS. The above outlier groups can be used to explain some of the 

regional variations in chlorophyll and transparency responses to 

phosphorus. Re gion 10 has the lowest chlorophyll/phosphorus ratio (.07) 

and is also found in all of the above outlier groups. Region 9 has the 

next lowest B/P ratio (.10) and is in the low N/P and deep groups. 

Reg ion 7B has the next lowest B/P value (.11), the lowes t 

chlorophyll*transparency product, and the highest average turbidit y . The 

remaining regions are c lu stered are higher B/P ratios . The 

phosphorus*transparency distribution show s three high outliers, regions 

5, 9, and 10. These correspond to the regions with lowes t inorganic N/P 

ratios and lowest turbidities. In N-limited situati ons, apprec iable 

fractions of total phosphorus may be in dissolved form and have little 

impact on transparency. While the data base is relatively weak In some 

regions (especially New England, North Atlantic, North Pacific, South 

Pacific), variations in turbidity, N/P ratio, and depth, which show 

strong regional patterns, determine the average r esponses of 

transparency and chlorophyll to t otal phosphorus. 

Conclusions 

119. The following conclusions can be drawn from the internal 

model testing described above: 

a. Predicting transparency as a function of chl orophyll 1S difficult 

ln these reservoirs because of the influences of substances 

unrelated to chlorophyll on light extinction. 

b. The following model can be used to partition light into two 

components: 

, . LIs = A + .025 B 
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where, 

S ~ mean transparency (m) 
3 

chlorophyll-a (mg/m ) B mean 

A non-algal turbidity (l/m) 

Variations 1n the intercept term ("A") are large and tend to 

obscure the chlorophyll/transparency relationship. Independent 

data indicate that "A" values calculated from the above equation 

are positively correlated with Hach turbidity, suspended solids, 

and true color 4 

c. At stations with inorganic and total N/P ratios exceeding 8, 

transparency can be related to total P using model SOSX02: 

1/5 .082 + .022 P 

where, 
3 

P = mean total phosphorus (mg/m ) 

2 2 
(R =.77,SE =.024) 

The above model over-pcedicts transparency by an average of 35% at 

stations where chlorophyll accounts for less than about 12% of the 

total light extinction. Transparency 15 uncler-predicted 

northern reservoirs, which tend to have lower Nip ratios and lower 

non-algal turbidity levels. Phosphorus associated with algae has a 

somewhat smaller influence on transparency than that associated 

with turbidity. 

d. The following model represents the partitioning of phosphorus at 

stations with N/P ratios exceeding 8: 

10g(P) = 10g(2.0 + 1.76 B + 26.2 A) 
2 2 

(R =.84,SE =.019) 

This model has relatively low error, but cannot be used in reverse 

(to predict chlorophyll, for example), "ithout a predictive basis 

for turbidity. 

e. Effects of nitrogen, turbidity, depth, and overflow rate contri bute 

105 
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f. 

to variations 1n phosphorus/chlorophyll relationships. 

Phosphorus/chlorophyll models fit to data 

restrictive N/P and turbid ity limits 

sens itivity and yie 10 J reduced error J 

reservolr morphome tric, hydrologic, 

sets with increasingly 

show increased phosphorus 

r educed association with 

and water qua lity 

characteristics, and reduced association with region, but reduced 

generality and robustness. 

r-: g. The multivariate model (B04x02) which includ es terms for the 

effects of phosphorus, depth, turbidity, and overflow rate on 

chlorophyll has fairly stable coefficient s and applies to 87% of 

the station-years studied (exclusive of N-limited stations): 

10g(8) = .22 + .83 10g(P) -. 23 A -.46 10g(Z) - .0 0046 Qs 

2 2 
(R =.72,SE =.041) 

Parameter s t abilit y tests indica te an interaction between 

phosphorus and turbidity effects which is not accounted for in the 

model. 

h. Model se lection and,in the cases of models B04 and B05, model use 

depend upon estimates of turbidity and N/P ratio. Means for 

e stimating these var iables a prio~i are needed if these models are 

to be used in a reservoir planning context. Additional 

investigation of alternative means for representing the effects of 

turbidity and N/P ratio on phosphorus/chlorophyll relationships is 

needed. 

l . • In the absence of a basis for estimating turbidity or N/P ratio, 

model BulX03 may be applied to stations "ith mean total phosphorus 

concentrati.ons less than 40 mg/m3: 

2 2 
10g(B) = -.60 + .98 logep) (R = .64,SE =.057) 
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This model also applies to all s tation s with NIP rati os> 8 and 

turbidities < 1.58 11m, or 74% of the station-years studies. 

Er-rors are not independent of mean depth or turbidit y , however. 

c' Regional variations in averag~ chlorophyll-transparency products, 

inorganic Nip ratios, and res ervoir mean depths explain regional 

variations in the responses of transpa rency and chlorophyll to 

tota l phosphorus. 
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PART VI: LOADIKG MODELS 

120. Another class of models relates reservoir water quality 

characteristics t o external phosphorus loading, morphometric 

characteristics, and hydrologic characteristics. These models can be 

classified according to predicted va riabl e : 

2,.0 rr'.ean) annual, ou tflm'l' phosphorus concentration 

~~ ~ean, growing-season, epilimnetic phosphorus concentration 

~. ~ean) growing-season, epilimnetic chlorophyll-a concentration 

~. ~ean) growing-season transparenc y 

~. hypolimnetic oxygen depletion 

The ca libration and testing of models in the first four classe s are 

described in the following sections. The f ourth sec tion di sc usses the 

po tential effects of spatial gradients on these relati ons hips. 

Hypolimnetic oxygen depletion is tre a ted separately in Part VII. 

121. Prediction of outflow phosphorus concentration provides a 

basis for establishing a phosphorus mass balance around the reserv oir, 

since the outflow concentration estimates are flow-weighted and averaged 

on an annual basis. Nutrient and water budgets for the EPA/NES 

tributary sampling years have been used to provide estimates of inflow 

phosphorus concentration, reean depth, and hydraulic resid ence time. 

After application of the screening criteria described in Part III, data 

frnT,l 62 "group A" reservoirs are available for model testing. The data 

s ~ t i s l iste d and summarized in Appendix C. 

122. A .total of 16 different model formulations have been compiled 

from the literature. Formulations, parameters, and e rror statistics for 

the original and optimized models are listed in Table 22. Complete 

.statisti~~l summaries of model residuals, regional analyses, correlation 
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Table 22 

Formulations, Parameter Estimates, and Error Statistics for 
Models Predicting Outflow Phosphorus Concentration 

Model R01: first- order sedimentation 
Equation: log(Po) ; log (Pi) - logO + K1 T) 

Code Coef f ic ients K1 N R2 MSE 
R01Aul Vollenweider< 1969) .65 62 .135 .128 
R01AOZ Mue 11 er (1980) 2.00 62 .499 .074 
ROlXOl Optimal 4.24 62 .633 .055 

standard error .57 
R01X02 Optimal * 3.31 56 .724 .041 

standard error .45 
--- --,--_._-"-- -------- ----_._---- --- --- --.- - - - - - .-- ------

Model R02: first-order settling 
Equation: log (Po) ; log(Pi) - logO + Kl/Qs) 

Code Coefficients Kl l' R2 MSE 
R02AOl Vollenweider(969) 10.0 62 .287 .106 
R02A02 Dillon(1975) 13.2 62 . 368 .094 
R02A03 Chapra (976) 16.0 62 .420 .086 
R02A04 Higgins et a1(1980) 92 .0 62 .104 .133 
R02XOl Opt imal 33.3 62 .534 .070 

standard error 5.1 
R02X02 Optimal * 25.1 56 .655 .051 

standard error 3.9 

Model R03: Vollenweider(1976) and others 
K2 

Equation: log(po) ; log (Pi) - logO + K1 T ) 

Code Coefficients 
R03A01 Vollenweider(976) 
R03A02 Wa1ker(1977) 
R03A03 Larsen et a1 (1976) 
R03A04 Mueller (1980) 
R03A05 Clasen (1980) 
R03A06 Clas en (1980) 
R03A07 Fri cker (1980) 
R03X01 Optimal 

standard errors 
R03X02 Optimal * 

standard errors 

K1 
1.00 

. 82 

.89 
2.09 
2.27 
2.00 
1.42 
2.98 

.59 
2.13 

.39 
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1<.2 
.50 
.45 
• 51 
.83 
.59 
.50 
.049 
.59 
.13 
.50 
.12 

N 
62 
62 
62 
62 
62 
62 
62 
62 

56 

R2 
.426 
. 369 
. 379 
.564 
.647 
.63& 
.534 
.671 

.775 

MSE 
.085 
.094 
.092 
.065 
.052 
.054 
.069 
.051 

.033 

(continued) 



Table 22 (continued) 

Model R04 
Equation: log(Po) = log (Pi) - log(Kl + K2 T) 

Code Coeff ic ients Kl K2 N R2 MSE 
R04AOl Jones&Bachman (1976) 1.18 .76 62 .377 .092 
R04A02 Reckhow (1977) 1.13 .17 62 .058 .140 
R04A03 Mueller (1980 ) 1.14 1.83 62 .547 .067 
R04XOl Optimal 1.36 3.16 62 .660 .052 

standard errors .17 .69 
R04X02 Optimal * 1.38 2.16 56 .760 .036 

standard errors .14 .53 
------------------------.-------------------------.------
Model R05: Reckhow (1978) 
Equation: log (Po) = log (pi) - log(KI + K2/Qs) 

Code Coefficients Kl K2 N R2 MSE 
R05AOI Reckhow(l978) 1. 20 11. 6 62 .461 .080 
R05XOI Optimal 1. 56 18.1 62 .581 .064 

standard errors .20 5.4 
R05X02 Optimal * 1.56 10.7 56 .715 .043 

standard errors .15 3.8 

Model R06: Kirchner & Dillon (1975) 
Equation: log(Po) = log(Pi)-log(l-KI EXP(-K2 Qs)-K3 EXP(-K4 Qs» 

Code Coefficients Kl K2 K3 K4 N R2 MSE 
R06AOI Kirchner et al (1975) .426 .271 .574 .00949 62 .508 .073 
R06A02 Ostrofski (1978) .201 .0425 .574 .00949 62 .593 .060 
R06A03 Mue ller (j 980) .29 .556 .71 .00483 62 .647 .052 
R06XOl Optimal ** ** .76 .0073 62 .663 .052 

standard errOrs .050 .0022 
R06X02 Optimal * 'h'* ** .70 .0074 56 .783 .032 

standard errors .050 .0021 
** term not significant 

Model R07: Norvell, Frink, and Hill (1979) 
Equation: log(Po) = log(Pi) + log«Kl + Qs)/(K2 + Qs» 

Code Coefficients Kl K2 N R2 MSE 
R07AOl Norvell et a 1 (1979) 1.2 12.0 62 .298 .104 
R07XOl Optimal 23.1 103.4 62 .660 .052 

standard errOrS 14.4 40.0 
R07X02 Optimal * 28.3 99.3 56 .781 .032 

s tandar~d errors 16.5 38.9 

(continued) 
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Table 22 (contin~ed) 

Model ROS: Higgins and Kim (1981) 
Equation: log(Po) = log(Pi) + log(K I • 
Code Coefficients Kl K2. 
R08AOI Eiggins et al. (1981) . S4 .51 
R08XOI Opti.mal .084 .237 

standard errors .085 . 059 
R08XOZ· Optima l * .144 .232 

standard errorS .084 .056 

Model R09: plug flew settling 
Equation: log(Po) ~ 10g(Pi) - Kl/Qs 

Code Coefficients 
R0 9AO l Higgins et al (1981) 
R09XO l Optimal 

standard errors. 
R09X02 Optimal * 

standard errors 

Kl N 
26.5 62 
3.74 62 

.62 
3.06 56 

. 55 

K2 lcg(Qs» 

N R2 HSE 
62 .114 .130 
62 .622 c. 056 

56 .756 

R2 MSF. 
-16. 2.500 
.199 .1 21 

.427.084 

.03 7 

----------_._--_._-'- - -,-----_._- -- ------------ ------- ---------
Model RICo: Clasen (1980 ) 1<2 K3 
Equa.tion: log (Po) = 10g(Pi) - logO + Kl l' Z ) 

Code Coefficients Kl 1< 2 K3 N H2 MSE 
RIOAOI Classen 0980 ) 7 . 24 . 608 -.50 62 .635 .054 
RIOA02 Fricker (980) 9.35 1. 00 -. 69 62 .486 .076 
RlOXOI Optimal 4 .1 6 0.62 - .14 62 .675 .051 

standard errors 1. 95 .1t. .18 
RIOX02 Optimal * 3.24 .54 - .17 56 .780 .034 

standard errors 1.41 .13 • 17 
-------------.----------------_._------ -------------_.----------
Model R11: Clasen ( 1 980) 
Equation: 10g(Po) = Kl l og(Pi) +K2 

Code Coefficients Kl K2 N RZ HSE 
RllAOl Classen (980) . 85 -.Il 62 . 554 .066 
RllA02 Fricker (J 980) 1. 01 -.35 62 .494 .075 
R11A03 Fricker (980) .88 - .18 62 . 533 . 069 
RIIXOI Optimal .70 .28 62 .6 22 . 058 

standard errors .07 . IS 
RllX02 Optimal * .81 .088 56 .711 .043 

standard errors .07 .14 

(continued) 
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Tabl e 22 (contim:ed) 

------- ---- - ,- - - - - .- -- - - -- - --- --,- --.- .- .- .- _.- -- --.-- - .------ - - .- - .--

Mode l R12: Clasen 0980 ) K2 
Equa tion: log(Po) = log(Pi) 0 - Kl l' ) 

Code Coefficients Xl 1<2 N R2 MSE 
R12A01 Clasen ( 980) .25 .3 2 62 .747 .038 
R12X01 Op t ima I . 29 . 34 62 .763 .036 

s t anda rd errors .024 .064 
R12X02 Op timal * . 25 .32 56 . 813 .028 

standa r d errors .0 24 . 068 

Mode l R13: Fricker (980) .5 
Equation.: 10g(Po) = K2 + KI 10g(Pi/(1+T ) ) 

Code Coefficients Kl K2 N Rl MSE 
R13AOl Fricker (1 980) .906 .104 62 . 613 .057 
R13A02 Fricker (1980 ) .754 . 254 62 .709 .043 
R1 3A03 Ryding (1980 ) .96 -.02 62 . 613 .058 
R13X01 Opt imal .74 .32 62 .718 .043 

st andard errorS .060 .12 
R13X02 Optimal * .83 .1 9 56 .7 94 .OJI 

standard errors .0 57 .11 

Model R14 : multivariate, Walke r (977) 
Equation: log(Po) = Kl + X2 l og(Pi) + XJ 10g(Z) + K4 10g( T) 

Code Coefficients Xl X2 X3 X4 N R2 MSE 
R14AOl Walke r (1977a) -.02 . 88 - .15 - .17 62 . 672 . 049 
R14XOl Optimal .48 .61 -. 22 -. 23 62 .810 .030 

standard errors . 20 .061 . 093 .048 
R14X02 Optimal * .1 8 .73 -.11 -.22 60 .837 .0 25 

standard errors . 21 .067 .091 .045 

Mode l R15 Xl K2 K3 K4 
Equa t ion: 10g(Po) = log (Pi) - l ogO + 10 Pi Z T ) 

Code Coefficients K1 K2 K3 K4 N R2 MSE 
R 15A01 Canfie ld & Bachman(19 81) - .89 • 55 O • . 45 62 . 749 .037 
R15A02 Canfie ld & Bachman(1 98l) -.79 .46 O. .54 62 . 653 .051 
R15A03 Canfie ld & Bac hman (1 98l) -.94 . 59 O. . 41 62 .768 . 034 
R15XOl Opt ima 1 -1. 50 .70 . 46 .43 62 . 813 . 030 

standard errors . 40 .11 .1 8 .11 
R15X02 Optimal * -.93 .51 . 23 .44 56 . 828 .0 27 

s tand a rd error s .68 .1 4 .20 .11 
R15 X03 Opt ilJ\81 * -.68 . 50 .00 .50 56 .828 . 027 

standard errors .045 ** ** ** ** parameters cons tr ained to above values 

-------------------------- - - ------------------------(~;~a~:;;d)----
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Table 22 (continued) 

Model R16: Walker and Kuhner (1978) 
Equation log(po) log(Pi) - log(l + (Kl + K2 Sr)/Qs) 

Sr = sedimentation rate (kg/m2-yr) 

Code 
R16AOI 
R16XOl 

Coefficients 
Walker & Kuhner 
Opt imal ** 
standard errors 

(97 8) 
Kl 

-4.0 
-5.5 

6.1 

K2 
1.0 
.92 
. 38 

N 

17 
17 

R2 
.099 
.1l0 ' 

MSE 
.056 
,055 

** cases with sedimentation rate data conform to restricted data 
set described below (i.e., B16X02=R16X01). 

* restricted data set includes reservoirs with: 
inflow (Ortho-P/Total p) > .12 
inflow Total P < 500 mg/m3 
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matrices, and results of stepwise regressions are given in Appendix D. 

Models ROI-RI0 can be described as first-order models in which the 

retention coefficient: 

where, 

R 1 - Po/Pi 

R = total phosphorus retention coefficient 

Pi average inflow concentration (mg/m3) 

Po average outflow concentration (mg/m3) 

(46 ) 

is estimated exclusively as a function of morphometric/hydrologic 

characteristics. As discussed in Part III, inflow concentrations have 

been corrected for evaporation effects according to equation (35) and 

correspond to the total loading divided by the reservoir discharg::J For 

models ROI-RI0, outflow phosphorus concentration is assumed to be 

proportional to the inflow concentration, with the proportionality 

constant estimated from mean depth, hydraulic residence time, and/or 

surface overflow rate. This amounts to assuming that the removal of 

phosphorus from the water column is a first-order reaction. For models 

Rll-Rl5, proportionality between inflow and outflow concentration is not 

assumed, i.e., the retention coefficient may depend upon phosphorus 

concentration, as well as upon morphometric/hydrologic variables. For 

model Rl6, the sedimentation rate is an important independent variable; 

however, sediment survey data are available for only 17 "group A" 

reservoirs for calibration and testing of this model (see Part III) • 

123. The relationship between inflow and outflow total P 

concentrations H depic ted in Figure II. The regression model Rll 

relates Po directly to Pi without accounting for morphometric/hydrologic 

effects on the retention coefficient and explains 62% of the variance in 

the outflow concentration values with a mean squared error of .058. For 

most models, residuals plots have revealed significant negative 

deviations (model over- predictions by .2 to .5 log units) for reservoirs 

with extrEomely high concentrations of inflow total phosphorus (> 500 

mg/m3) or with low percentages of orth6phosphorus loading ( < 12 %). 

To eliminate the influences of these reservoirs on the model parameter 
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Figure 11 
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estimates, all models have been fit to an additional data set which 

excludes s~x reservoirs in the above categories. For most models, 

errors are significantly lower for the restricted data set. Observed 

and predicted outflow phosphorus concentrations are plotted in Figure 12 

for models R03, R12, and R15. 

124. Model ROI is the first-oreer sedimentation model proposed by 

Vollenweider (969). This represents the reservoir as a 

completely mixed reactor at steady-state. For the restricted data set, 

the optimal decay rate parameter lS 3.3 

origina lly proposed value of • 65 

coefficient for the settling velocity 

l/yr, 

1/ yr . 

model 

as compared with the 

Similarly, the optimal 

(R02) is 25 ID/yr, as 

com~ared with lake values in the range of 10 16m/yr and with a 

value of 92 m/yr found by Higgin s and Kim (1981) for TVA reservoirs 

with t otal P concentrations greater than 25 mg/m3 (Appendix E). 

125. Model R03 perffiits the sedimentation coefficient to vary as a 

power function of residence time. The optimal exponent lS -.50, 

identical to the original value found by Vollenweider (1976), Larsen and 

Mercier (1976), and others. The optimal coefficient, however, is 2.1 

(standard error .39), compared with original values ranging from .82 to 

1.0 for lake data sets and 2 to 2.3 for other reservoir data sets 

(Mueller,1980, Clasen,1980). Thus, calibration of models ROl-R03 

indicates that, for a given residence time and mean depth, these 

reservOlrs tend to be more effective at removing phosphorus from the 

water column than are the natural lakes used In empirical model 

development. Some the difference may be attributed to plug-flow 

behavior (i.e., significant spatial gradients) and some to higher 

sedimentation rates in reservoirs a 

126. The potential effects of plug flow can be calculated by 

assuming that the reservoir consists of a serles of n linked segments of 

equal volume and applying Vollenweider's model (R03AOl) to each segment. 

The resultin·g ,expression for the outflow/inflow concentration ratio is: 

Po/Pi 
.5 -n 

[ 1 + (T/n) ) 
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T total residence time (yr) 

n " number segments of equal res idence time in series 

KE effective rate constant for mixed model (R03) 

The effective rate constant, KE, corresponds to the parameter estimate 

which would result from optimization of the model, assuming mixed 

conditions (or one segment). Table 23 presents calculated ratios and 

effective rate constants for values of T ranging from .J to .9 years and 

values of n ranging from 1 to 5 cells. For a given residence time, plug 

flow effects could clearly result in lower outflow concentrations and 

higher effective rate constants, especially as residence time and number 

of cells increase. For three cells at a residence time of .5 year, for 

example, an effective rate constant of about 2.5 is calculated, where 

each of the three segments has a rate constant of 1.0 (i.e., obeys the 

original Voll enwaider /Larsen-Nerc model). 

127. Thus, it seems likely that plug flow effects could partially 

account for the higher rate coefficients estimated for model s ROI - R03, 

althougb residuals analyses described below suggest that bigher sediment 

accumulation rates may also be involved~ The above analysis is 

theoretical and Dlay over-estimate the plug-ilow effects, sipce bas 

not been demonstrated that Vollenweider's model can be successfully 

applied to e reservoir segments, especially in series.. It seems 

unlikely that the same rate coefficients could apply to each reservoir 

segment, since, in many cases, upper pool segments would tend to have 

higher percentages of allochthonous particulate phosphorus and have 

different removal mechanisms, compared with near-dam segments (Thornton 

et aI, 1980). More detailed mode lling of spat ial gradients within 

reservoirs, similar to the work done by Higgins and Kim (1981) on 

Cherokee Res6rvoir, is needed in order to sort out these factors. 

Calibration of the 

(model R09) 15 large 

10\;, settling ,codel proposed by Higgins and Kim 

ucsucceBsful (82 •• 31, 9E2".084) because the model 

requires a much higher sensitivity to overflow rate than the data 

support. It is possible tbat their approach could be applied 

successfully to reservoirs in certain morphometric 'and inflow 

c·or:centration ranges .. Tbe! current study is limited, however, to a 
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Table 23 

Potential Effects of Plug Flow Behavior on 
Phos phorus Removal and Effective Rate Coefficients 

n = Effective Number of Cells 

I 2 3 4 5 

T(yr) ---------- Po/Pi -----------

.10 .760 .668 .605 .556 .516 

.20 .691 .577 .502 .446 .40 2 

.30 .646 .520 .439 .380 .334 

.40 .613 .477 .393 .333 .288 

.50 .586 .444 .358 . 298 .253 

.60 .564 -.417 .3 30 .270 .226 

.70 .544 . 395 .307 .247 .204 

.80 .528 .375 .287 . 228 .1 86 

. 90 .513 .358 .270 .212 .171 

T (yr) ----_. __ ._--
KE -- - -----------

.10 1.00 1. 57 2.06 2.52 2.96 

.20 1.00 1.63 2.21 2.77 3.32 

.30 1.00 1.68 2.33 2.98 3.63 

.40 1.00 1. 73 2.44 3.16 3.91 

.50 1.00 1.76 2.53 3.33 4.17 

.60 1.00 1. 80 2.62 3.49 4.42 

.70 1.00 1.83 2.70 3.64 4.66 

. 80 1.00 1.81 2.70 3.76 4.85 

.90 1.00 1. 88 2.85 3.92 5.12 
_._---------------_._-----------------
* Po/Pi = outflow/inflow concentration 

KE = effective rate parameter for 
completely mixed model 

n number of segments of equal T 
connected in series 

11 9 



"black-box" input/output analysis. 

128. Of the models requiring that the retention coefficient be 

independent of concentration (ROI-RIO), model R03X02 (see Figure 12) ha s 

the best fit: 

.5 
Po = Pi/(I + 2.1 T ) 

2 2 
(R =.78, 5E =.033) (48) 

Hodification of the model to include a depth term (model RIO) does not 

improve the fit, since the optimal depth expor,ent is not significantly 

different from zero. Parameter estimates are identical to those found 

by Clasen (1980) for the OECD Res~rvoir and Shallow Lakes data base 

(model R03A06). As demonstrated be l ow (Table 24), errors fr om this and 

other retenti on models a re not independen t of morphometric complex ity. 

The optimal resid ence time coefficient (2.1 in equation 48) i s 1. 8 

(standard error = .25) for 36 reservoirs with one major tributary and 

2.8 (standard error .51) for 20 reservoirs with more than one 

tributary arm . As demonstrated in Figure 13, residua ls frcm this model 

are also negatively correlated with inflow phosphorus concentra tion (r 

=-.49. Thi s re sult , coupled "ith the low er er rors generally observed 

for models RII-RI5, sugge'ts that the retention coefficient should not 

be considered independent of concentration. 

129. Of the models not r equiring first-order concentration 

response, the mUltiple regression model (Rl4) has the lowest mean 

squared error (.025). This model, however, along with Rl1 and R13, 1S 

somewhat defici ent theoretically, sinc e it does not require the outflow 

concentration to approach the inflow concentr ation as the resid er~ce time 

approaches zero . Hodel RlS is an extension of the original phosphores 

sediment a tion models (R01, R02, R03, RIO) which permits the 

sedimentation coefficient to vary as a function of residence time, mean 

depth, and infl ow phosphorus concentration: 

.70 .23 
Po = Fi/O + .12 Pi Z 

.44 
T ) 

2 2 
(R =.83,5E =.026) ( 49) 

Considering the variances of the above parameter es tima tes,. this can be 

sirr'plified to R1SX03: 
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.5 .5 
Po = Pi/(l + .21 Pi T 

2 2 
(R =.83,SE =.026) (50 ) 

Observations and predictions are plotted in Figure 12. The above model 

is equivalent to the following formulation for the first-order 

sedimentation coefficient: 

where j 

-.5 • S 
K .21 T Pi 

-1 
K = effective first-order sedimentation coefficient (yr ) 

( S1) 

The p&rameter K represents the rate of removal of phosphorus from the 

water column per unit of phosphorus concentration. The significant 

dependence on Pi suggests a nonlinear response to concentration. Since 

Pi/T is equal to volumetric phosphorus loading, equation (51) is similar 

to relationships found by Canfield and Bachman (1981), as discussed in 

detail in the next section. 

130. Model R12 is another nor,-linear formulation with relatively 

low error. This model, developed by Clasen (1980), is of the following 

form: 

.32 

Po 
(1 - .25 T ) 

pi (52) 
2 2 

(R =.81,SE =.027) 

The above coefficients, based upon the restricted data set, are 

identical to the original values found by Clasen. Compared ,,-ith model 

R03 (equation 48), model error is somewhat lower for both this data set 

(sE2=.027 vs •• 034) and for the OECD/RSL data set (SE
2
=.050 vs. .070, 

See Appendix E). The stability of t.he parameters and model comparisons 

derived from both data sets suggest model generality. The lower mean 

squared errors for this data set may reflect the greater flexibility for 

data screening which has been possible for the CE data base. The 

formulation of the model suggests that the sensitivity (exponent) of 

outflow conc~ntration with respect to inflow concentration decreases 

with increasing residence time. In the limit of low residence times, 

the outflow concentration approaches the inflow value., i.e., the 
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131. Residuals plots (Figure 13) for all of the retention mod e ls 

show a tendancy for error varlance to increase as a f':l~ction 19 £. 

residence time. Thus, the notion of decreasing inflow concentration 

sensitivity with increasing residence time may hav e some validity. It 

seemS reasonable that as residence time increases, the P9tential for 

changes in water quality induced by the reservoir environment increases 

and the inflow/outflow sensitivity decreases. In analyzing EPA/NES data 

from over 100 lake s and reservoirs in the northeastern and northcentral 

U.S., Walker (1977a) also found that model errors (R03A02) increased with 

residence time • This can be explained by assuming that estimation 

errors for the effective sedimentation coefficient are stable and 

by demons trating that the sensitivity of the predicted outflow 

concentration to the sedimentation coefficient increases with residence 

time, according to the following error analysis scheme for model ROl: 

log(Po) = 10g(Pi) - log(l + KT) 

2 2 
Var(log(Po» = DK Var(log(K» + D1 Var(log(Pi» 

2 

(53 ) 

( 54) 

[KT/(l+KT») Var(log(K» + Var(log(Pi» (55) 

where, 

DK 

D1 

derivative of log(Po) with respect to 10g(K) 

derivative of log(Po) with respect to log(Pi) 

As T approaches zero, the first term in equation (55) approaches zero 

and errors in estimated Po values are attributed exclusively to errors 

in the inflow estimates (Var(log(Pi). As T increases, the first term 

becomes more significant and approaches the variance ~n the estimated 

sedimentation rates, since the term in brackets approaches one. Error 

analysis results 

retention models 

in Figur e 13. 

are qualitatively similar for other phosphorus 

and are consistent with the variance patterns evident 

132. As discussed above, data from only 17 reservoirs are 

available to permit testing for the effects of sediment accumulation 

rate (as estimated from sediment surveys) on phosphorus retention. 
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Model P17 (Walker and Kuhner, 1978) rel a te$ the effec tiv e se ttling 

velocity t o the sedimentation rate: 

where, 

2 2 
Po = Pi /( l + U/Qs) (R =.ll, SE =.055) 

u = -5 .5 + .92 Se 

U = effective se ttling velocit y for t ota l P (m/ yrl 

Sr = sedimentation rate (kg/m2-yr) 

(56) 

( 57) 

Op timal parameter values f or this mod e l (-5.5 and .92 ) are not 

significantly different fr om the or i gina l model formulation (-4 and 

1.0). Five out of the 17 r eservoirs i ncluded in this data set were also 

included in the data set used f or model development (Walker and Kuhner, 

197 8) and may partially account for the stability of the parame ter 

estimates. Figure 14 plots the relationship between settling velocity 

and s edimentat ion rate on log scales. While there i s a positive 

correlation betwe en these tw o variabl es, model error for predicting 

outflow phosphorus co ncentr ations is higher than many of th e other 

formulations te st ed. The low R- squared of thi s model i s related to the 

low varianc e of th e o bserv ed outlet concentrations in this subset of 

data , compared with the complet e da t a set (.062 vs .. 156). Year-to-year 

variability in the hydrol og i c conditions may contribute to variability 

in thi s relationship, si nce the overfl ow rates refer t o the year of 

EPA/NES samp l ing and the sedimentation rates reflect l ong- term averages. 

The availability and reliability of the sediment su rvey information also 

limit potential applications of this model. 

133. App endix D (Table D12) presents a correlation matrix of the 

residuals fr om five of the retention models discussed above against 

v ari ous r eservoir charac ter is tics. Significant negativ e correlations 

are appar~n t for shoreline development rat io , surface area, and 

sedimentation' r a te. While the data base on sedimentati on rates 1S 

limit ed, residu a l correlations a re generally strongest with this 

variable, a result which s upports the co rre lation of phosph6rus setting 

vefocity . . with sedimentation rate shown 1n Figure 14. Negative 
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correlations with shoreline development and surface area may reflect the 

influences of spatial variations on the retention model performance, 

since reservoirs with greater shoreline development and surface area 

would have greater potential for spatial heterogeneity in water quality. 

Significant positive correlations are apparent for the inflow dissolved 

Pltotal P ratio, which may reflect greater trapping efficiency for 

particulate vs. dissolved phosphorus. 

134. To investigate the effects of morphometric complexity on 

model p~rformance, the data set has been divided ioto two groups 

according to whether the reservoirs contain one or more than one major 

tribu tary arm. Table 24 summarizes model errors by group and uses 

t-tests to identify significant differences 1n the mean errors. 

Differences are significant at between p-.04 and p-.07 for the models 

tested. The group with simpler morphometry (one tributary) has higher 

mean residuals than the group with more complex morphometry by about .1 

log units. This difference is not large 1n relation to the model 

standard errors. While residual variances tend to be higher in the 

second group, the differences ~n variance are not 

significant, based upon F ratio tests. 

statistically 

Table 24 

Effect of Numb e r of Major Tributary Arms on Retention Model Error 
and Parameter Estimates 

. . .'--~ 

Number of Major 
Model Tributaries N Mean Std.Dev. t* pr( >t) 
-------- ------------.-------------------------------------
R03X02 1 36 .036 .164 1. 97 .054 

>1 20 -.062 .200 

R12X02 1 36 .042 .149 2.10 .041 
>1 20 -.052 .180 

R13X02 1 36 .03 .153 2.04 .046 
>1 20 -.067 .194 

R14X02 1 36 .017 .145 1. 81 .076 
>1 20 -.060 .164 

R15X02 1 36 .036 .146 1.92 .060 
>1 20 -.047 .171 

* t statistic for Ho: mean(l)=mean(2), variances equal 1n 
all cases, based upon F test (SAS Institute,1979) 
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Reservoir. Water Quality 

135. Models 1n this category predict reservoir· phosph6rus, 

chlorophyll, and transparency as functions of external phosphorus 

loading, morphometry, and hydrology. Calibration for predicting 

growing-season, reservoir-average values 1S described below. 

Formulations and parameter estimates are given in Tables 25, 26, and 27, 

for phosphorus, chlorophyll-a , and transparency models, respectively. 

The data reduction and screening procedures described in Part III have 

provided .. total of 43 reservoir-years for testing these relationships. 

The data set is listed in Appendix C, Table C2. Potential effects of 

spatial variance within reservoirs on these relationships are dis c ussed 

in a subs eque nt s ection. 

136. The models listed in Table 25 predict average, 

growing- season, surface-layer concentrations of total phosphorus. They 

correspond to those described previously for predicting outflow 

phosphorus concentration (Table 22), but in many cases the optimal 

parameter estimates are significantly different. Figure 15 depicts the 

relationship between pool and outflow phosphorus concentrations. The 

regression equation is: 

where, 

2 2 
10g(P) .26 + .85 log(Po) (R = .78,SE =.033) 

P = growing-season, surface-layer, total phosphorus (mg/m3) 

Po =annual-mean, outflow total phosphorus (mg/m3) 

( 58) 

This relationship is not significantly different from a simple equality 

(P=Po), also shown 1n Figure 15. Differences between P and Po reflect 

the combined influences of (1) spatial variations within the pool, (2) 

epilimnetic vs . hypolimnetic withdrawals, (3) seasonal variations, and 

(4) flow-weighting of the outflow concentrations. One would expect the 

first mechanism to result 1n p/Po ratios greater than 1.0 because of 

negative concentration gradients moving downstream 1U the reservoirs. 

Stratified impoundments with bottom outlets would probably tend t o have 

lower plpo ratios, owing to accumulation of phosphorus 1n the 
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Table 25 

Formulations, Parameter Es timates, and Error Statistic s for Loading 
Mod els Predicting Avera ge Phosphorus Concentrations 

Model POl: first-order se dimentation 
Equation: 10g(P) = 10g ( Pi) - log(l + Kl T) 

Code 
POlAOl 
POlA02 
POIXOI 

POlX02 

Coefficients 
Vollenweid er(1969) 
Mue 11 er (1980) 
Opt imal 
standard error 

* Optimal 
standard error 

Kl 
.65 

2.00 
3.21 

.73 
2.55 

.54 

}; 

43 
43 
43 

39 

R2 
.13 3 
.373 
.415 

.639 

Model P02: first-ord er settling vel oci ty 
Equation: 10g( P) = log(Pi ) - log ( l + Kl/Qs) 

Code Coefficients 
P02AOl Vollenweider(1969 ) 
P02A02 Dillon(1976) 
P02A03 Chapra (1976) 
P02A04 Higgi ns et a1.(1980) 
P02X01 Optimal 

standard error 
P02X02 Optimal * 

standard error 

Kl 
10.0 
13.2 
16 .0 
92.0 
28.1 
6.4 

20.5 
4.4 

}; 

43 
43 
43 
43 
43 

39 

R2 
. 27 0 
.329 
.365 

-.082 
.420 

.651 

Model P03: Vollenweider (1976) and others 

MSE 
.126 
.091 
.087 

.054 

MSE 
.106 
.097 
.092 
.157 
.086 

.052 

K2 
Equation: 10g(P) = 10g(Pi) - log(l + Kl T ) 

Code 
P03AOl 
P03A02 
P03A03 
P03A04 
P03A05 
P03A06 
P03A07 
P03X01 

P03X02 

Coefficients 
Vollenweider(1 97 6) 
WalkerCl977a) 
Larsen et al. (1976) 
Mue ller (1980) 
Clasen (980) 
Clasen (980) 
Fricker (1980) 
Optimal 
standard errors 
Optimal * 
standard errors 

Kl 
1.00 

.82 

.89 
2.09 
2.27 
2.00 
1.42 
1.80 

.46 
1.43 

.32 

K2 
.50 
.45 
.51 
.83 
.59 
.50 
.049 
.26 
.13 
.25 
.12 

N 
43 
43 
43 
43 
43 
43 
43 
43 

39 

R2 
.406 
.367 
.367 
.443 
.547 
.564 
.570 
.606 

.776 

MSE 
.086 
.092 
.092 
.081 
.066 
.063 
.062 
.060 

.034 

(continued) 
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Table 25 ( continued) 

-----------------------------------'------------'-------

Model P04: Jones and Bachman (1976) 
Equation: log( P) ; log(Pi) - log(Kl + K2 T) 

Code Coefficients 
P04A01 Jones et al. (1976) 
p04A02 Reckhow (1977) 
p04A03 Mueller (1980) 
P04X01 Optimal 

standard errors 
P04X02 Optimal * 

standard errors 

K1 
1.1 8 
1.13 
1.14 
1. 86 

.24 
1. 66 

.1 7 

K2 
.76 
.17 

1.83 
.93 
.6 6 
.87 
.49 

N 
43 
43 
43 
43 

39 

R2 
.370 
.119 
.449 
.582 

.767 

MSE 
.091 
.128 
.080 
.064 

.036 

--------------- ----- ---------_ .• . _---_._--- ------_._-------
Model P05: Reckhow (978) 
Equation: lo g( P) ; log(PL) - log(KI + K2/Qs) 

Code Coefficients K1 K2 N R2 MSE 
P05A01 Re ckhow(1978) 1. 20 11.6 43 .448 .080 
P05X01 Op timal 1.87 7.2 43 .585 .063 

standard e rr ors .24 5.2 
P05X02 Optimal * 1.65 7.1 39 .77 7 .034 

standard errors .16 3.6 

Model P06: Kirchner & Dillon (1975) 
Equation: log(P) ; log(Pi)-log(l-Kl EXP(-K2 Qs)-K3 EXP(-K4 Qs)) 

Code Coeff ic ients K1 K2 K3 K4 N R2 
P06AOI Kirchner et al. (1975) .426 .271 .574 .00949 43 .448 
P06A02 Ostrofsk i (1978) .201 .043 .574 .00949 43 .476 
P06A03 Mueller (1980) .29 .556 . 710 .00483 43 .492 
P06X01 Optimal .387 .353 .613 .0023 43 .605 

s tandard errors .074 .394 .074 .0017 
P06X02 Optimal * .50 2 . 216 .498 .0012 39 .779 

s tandard e rrors .066 .112 .066 .0013 

Model P07: Norvell, Frink, and Hill (978) 
Equation: 10g(P) ; log (Pi) + loge (K1 + Qs) / (K2 + Qs) ) 

Code Coefficients K1 K2 N R2 MSE 
P07A01 Norvell et a1. (1978) 1.2 12.0 43 . 276 .105 
P07X01 Optimal 102.1 285.5 43 .603 .060 

standard e rrors 95.9 221.6 
P07X02 Optimal * 116.1 276.2 39 .767 .036 

standard errors 99.1 116.1 

(continued) 
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Table 25 (continued) 

Model P08: Riggins and Kim (1980) 
Equa t ion: 10g(P) = log (Pi) + 10g(Kl +. K2 

Code Coefficients Kl 
P08AOl Higgins et al. (1980) .54 
P08XOI Optimal .214 

standard errorS .127 
P08X02 Opt imal * .252 

standard errors .109 

Model P09: plug flow settling 
Equation: log(P) = log (Pi) - K1/Qs 

Cod e Coef ficients K1 
P09A01 Riggins et a1. (1 980) 26.5 
P09XOI Optimal 4.03 

standard e rrors .82 
P09X02 Optimal * 3.53 

standard errOrs .65 

Model PIO: Clasen (1980 ) 
Equation: 10g(P) = log (Pi) - 10g(1 

Code Coefficients K1 K2 
P10A01 Cl asen (1980 ) 7.24 .608 
Pl0A02 Fricker (1980) 9.35 1.00 
P10X01 Optimal 2.26 0.Z9 

standard errors 1. 54 .15 
Pl0X02 Optimal * 2.13 .30 

standard errors 1. 21 .13 

K2 
.51 
.156 
.080 
.166 
.068 

N 
43 
43 

39 

+ Kl T 

K3 
-.50 
-.69 
-.09 

.25 
- .16 

.22 

10g(Qs)) 

N R2 MSE 
43 -.905 .262 
43 .598 .061 

39 .776 .034 

RZ MSE 
-12.0 1.890 

.245 .112 

.558 .066 

KZ K3 
Z 

N R2 MSE 
43 .560 .064 
43 .396 .088 
43 .607 .061 

39 .780 .035 

------- -------- - ---- - -_._. ------ - .- - --.----- - -- --_.- - - .-- - - --.------
Model Pl1: Clasen (1980), Fricker (1980 ) 
Equation: 10g(P) = Kl 10g(Pi) +K2 

Code Coefficients Kl K2 N R2 MSE 
P llAOl Clasen (1980 ) .85 -.11 43 .597 .059 
PllA02 Fricker (1980 ) 1.01 -.35 43 .549 .065 
PllA03 Fricker (1980 ) .88 -.18 43 .574 .062 
PllXOl Optimal .70 .28 43 .682 .048 

s tandard errors .075 .16 
PllX02 Optimal * .67 .37 39 .793 .032 

standard errors .074 . 15 

(continued) 
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Table 25 (continued) 

Model r12: Clasen (1980 ) KZ 
Equation: log(r) = 10g(Pi) (1 - Kl T ) / . 

Code Coefficients Kl K2 N R2 MSE 
P12AOl Clasen (1980 ) .25 .32 43 .678 .047 
P12XOl Optimal .23 .17 43 .711 .044 

standard errors .029 .072 
P12X02 Opt·imal * .20 .20 39 .834 .025 

standard errors .025 .067 
--.----- - .---.-- - ,--_.- - - -------.- --_._----- ----- - -- --- -- ----.--- - .- ------
Model P13: Fricker (1980 ) .5 
Equati on: 10g(P) = Kl 10g (Pi/(l+T ) ) + K2 

Code Coef ficien t s Kl K2 N R2 MSE 
P13AOl Fricker (19 80 ) .906 .104 43 .608 .057 
P13A02 Fricker 0980 ) .754 .254 43 .707 .042 
p13A03 Ryding (980) .96 -.02 43 .595 .059 
P13XOl Optimal .704 .396 43 .726 .042 

s tandard error S .067 .131 
P13X02 Opt imal * .677 .463 39 .833 .026 

standard errors .064 .125 

}lodel P14: multivariate, Walker (1977a) 
Equ a tion: 10g(P) = Kl + K2 10g(Pi) + K3 10g( Z) + K4 10g(T) 

Code Coefficients Kl K2 K3 K4 N R2 }lSE 
P l4AOl Walker (1977a) -.02 .88 - .15 -.17 43 .645 .051 
P14X01 Opt imal .96 .53 -.41 -.0 53 43 .807 .031 

standard errors .26 .075 .12 .057 
P14X02 Optimal * .96 . 51 -.39 -.078 39 .869 .021 

standard e rror S .25 .073 .12 .051 

Model P15: generalized phosphorus sedimentation 
Kl K2 K3 K4 

Equation: 10g(P) = log (pi) -. 10g(1 + 10 Pi Z T ) 

Code Coefficients Kl K2 K3 K4 N R2 }l5E 
P15AOl Canfield & Ba clunan (1981) -.89 .55 0.0 .45 43 .712 .042 
P15A02 Canf ield & Bachman (1981) -.78 .46 0.0 .54 43 .610 .057 
P 15A03 Canfield & Bachman(l981) -.94 .59 0.0 .41 43 .737 .038 
P15XOl Optimal -2.45 .89 .78 .06 43 .804 .031 

standard errors .57 .16 .25 .12 
Pl5X02 Optimal -2.95 1.0 1.0 .00 43 .800 .030 

standard errors .05 
Pl5X03 Optimal * -2.98 1.0 1.0 .00 39 .841 .023 

standard errOrS .05 
P15X04 Optimal " -1. 75 . 68 .52 .16 39 .859 .022 

standard errors .60 .18 .25 .11 
-------------------------------------------------------------------

(continu ed) 
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Table 25 (continued) 

Model Pl6 
Equation l cg( P) 

Sr 
= log(Pi) - log(l + (Kl + K2 Sr)/Qs) 
= sedimentation rate (kg/m2-yr) 

Code 
P16A01 
P16 X0 1 

Coefficients 
Walker & Kuhner 
Optimal 
standard errorS 

(978) 
K1 

-4.0 
-5.0 

7.1 

K2 
1.00 

.95 

.41 

N 
13 
13 

* restricted data se t includes reservoirs with: 
Inflow Total P < 500 mg /m3 
Inflow (Dissolved P/Total p) > .12 
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.252 
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Table 26 

Formulations, Parameter Estimates, and Error Statistics 
for Loading Models Predicting Chlorophyll-a 

------------------------------_. __ ._--------------------
Model BIO 
Equation: 10g(B) = KI + K2 log[ h/Cl + 12.4/Qs) 

Code Coefficients Kl K2 N R2 MSE 
BIOAOI Chapra (1976) -1.08 1.45 43 -5.5 .733 
BIOXOI Optimal .13 .46 43 .345 .077 

standard errors .19 .10 
BIOX02 Optimal * .06 .51 39 .352 .081 

standard errors .22 .11 

Model B11 .5 
Equation: log (B) = K1 + K2 log[ pi/(l + T ) 1 

Code 
BllAOl 
BllA02 
BllA03 
B11A04 
BIlAOS 
BIlA06 
B11AOl 
BIlXOl 

BllX02 

BIlX03 

Model 

Coefficients 
Vollenweider (1976) 
Rast & Lee (1978) 
Clasen (1980) 
Fricker (1980) 
Fricker (1980) 
Ryding (1980) 
Ryd ing (980) 
Optimal 
standard errors 
Optimal * 
5 tandard errors 
Optimal ** 
standard errors 

B12 

K1 
-.44 
-.26 
-.02 
-.22 
-.22 
-.31 
-.82 

.10 

.17 

.04 

.19 
-.15 

.19 

K2 
.91 
.76 
.58 
.68 
.71 
.81 

1.01 
.48 
.086 
.52 
.096 
.66 
.107 

Equation: 10g(B) = Kl + log[ 1 - exp( -K2 

Code Coefficients K1 K2 N 
B12A01 Clasen 0980 ) 1. 70 .007 43 
B12XOl Optimal 1. 21 .022 43 

standard errOrs .07 .006 7 
B12X02 Optimal * 1. 23 .025 39 

standard errors .071 .0081 

N R2 
43 -.636 
43 -.006 
43 .360 
43 .328 
43 .211 
43 -.221 
43 - .182 
43 .432 

MSE 
.184 
.113 
.072 
.075 
.089 
.137 
.110 
.067 

39 .439 .070 

29 .583 .062 

.5 
pi/O + 2 T ) ) 1 

R2 MSE 
.020 .110 
.408 .069 

.410 .077 

---------------------------------_._-----------------------
(continued) 
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Table 26 (continued) 

Model B13 .5 
Equation: log(B) = Kl + K2 loge Pi/(l + 2 T )] 

Code 
B13AOI 
B13XOl 

B13X02 

Coefficients 
Clasen (1980) 
Optimal 
standard errors 
Optimal * 
standard errors 

Model B14 

Kl 
.06 
.17 
.15 
.13 
.17 

K2 
.58 
.46 
.083 
.50 
.093 

N 
43 
43 

39 

R2 
.320 
.431 

.432 

Equation: log(B) = KI + K2 log( Pi/(1 + 92/Qs) 1 

Code 
B14AOl 
B14XOl 

B14X02 

Model 

Coefficients 
Walker (1980b) 
Optimal 
standard errors 
Optimal * 
standard errors 

B15 
Equation: 10g(B) = K1 

Code Coefficients 
B15XOl Optimal 

standard errors 
B15X02 Optimal * 

standard errors 
B15X03 Optimal ** 

standard errors 

+ K2 

Kl 
.49 
.51 
.16 
.52 
.17 

10g[ 

Kl 
-.24 

.18 
-.23 

.20 
-.48 

.18 

K2 
.34 
.32 
.10 
.32 
.11 

pifO 

K2 
.71 
.10 
.71 
.11 
.89 
.10 

+ 

N 

43 
43 

39 

R2 
.204 
.205 

.187 

.001 Pi 

N R2 
43 .540 

39 .520 

29 .710 

MSE 
.075 
.067 

.071 

MSE 
.089 
.089 

.099 

z) 1 

MSE 
.054 

.060 

.042 

------------------------ ------------------------_ .------
* data set excludes: 

Inflo~ (ortho P/total p) < .12 
Inflow total P > 500 mg/m3 

** data set excludes: 
Inflow <ortho P/total p) < .12 
Inflow total P > 500 mg/m3 
Inflow total (N/P) < 8 
Nona1ga1 turbidity> 1.58 l/m (.2 log units) 
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I Table 27 

Formulations, Parameter Estimates, and Error Statistics 
for Loading Models Predicting Transparency· · 

------------------------------------------------------
Model S10: Rast and Lee (978) .5 
Equation: 10g(S) = K1 + K2 log[ pi/O + T ) 1 

Code ·Coefficients K1 K2 N R2 MSE 
S10A01 Rast & Lee (1978) .93 -.36 43 .044 .101 
S10A02 Ryding (980) 1.12 -.51 43 .485 .054 
S10A03 Clasen (1980 ) .93 -.20 43 -2.41 .360 
S10X01 Optimal 1.13 -.60 43 .717 .031 

standard errors .11 .058 
S10X02 Optimal * 1. 20 -.65 39 .807 .021 

standard errors .10 .054 
S10X03 Optimal ** 1.08 -.56 29 .828 .013 

.088 .049 
------------------------------------------------------
Model Sl1 
Equation: 10g(S) = Kl + K2 log[ Pi/O 

Code Coefficients Kl K2 
SllXOl Optimal 1.47 -.84 

standard errors .12 .066 
sllX02 Optimal * 1.43 -.82 

standard errorS .12 .066 
SllX03 Optimal ** 1.25 -.69 

standard errors .10 .056 

* data set excludes: 
Inflow (ortho P/total p) < .12 
Inflow total P > 500 mg/m3 

** data set excludes: 
Inflow (ortho P/total p) < .12 
Inflow total P > 500 mg/m3 
Inflow total (N/P) < 8 

+ .001 Pi z)l 

N R2 MSE 
43 .795 .023 

39 .800 .022 

29 .845 .012 

Nonalga l turbidity > 1.58 lim (.2 log units) 
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Figure 15 

Reservoir Total P vs . Outflow Tota l P 
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hypolimnion during the summer. (Compilation of data on principal outl et 

levels 1S currently underway to provide a means f or testing effects of 

outlet level on reservoir nutrient bal ances . ) Sea sonal va riations could 

incr eas e or decrease the ratio, depending upon the significance
E 

o f 

seasonal hydrologic variations, dilution effects on point-source 

discharges, internal phosphorus loadings, algal growth and sedimentation 

patterns, etc. Correlation studies indicate that the p/p~ ratio is not 

significantly associated with hydraulic residence time, mean dep t h, or 

surface overflow rat e. 

137. The relationship between average pool phosphorus and average 

inflow phosphorus is shown in Figure 16. The regress 10n line (mode l 

PIIXOI) expl ains 68% of th e variance wi th . mean squared error of .048 

log units. The slope of the line, .70, is significantly different from 

1.0. The fact that a few reservoirs have pool pho sphorus concentrations 

which exc eed the inflow values may resul t from the combined influences 

of seasonal variations, internal or un accoun ted -for load i ngs, and 

sampling variability. 

138. Following the ou tflow phosphorus analysis, each mod e l has 

been fit to an additional data set which excludes 4 r ese rvoir s with 

inflow concentrations exc eed ing 500 mg/m3 or with inflow dissolved 

Pltotal P ratios less than .12. Re siduals plots indicate negative 

biases for reservoirs in the above categories fo r most models. 

Results of the internal model evaluations ( Part V) indicate that 

chlo rop hy 11-a levels are roughly proportional to total 

phoshorus concentrations for non-algal turbidity concentrations less 

than 1.58 11m (.2 log uni ts) . To reduce the effects of relatively 

turbid or N-limited reservoirs on model coefficient s , a third data set 

which has the above constraints on inflow total P and inflow dissolved 

P/total P and which also excludes reservoirs with average turbidities 

greater than 1.58 11m or inflow total NIp ratios less than 8 has also 

been used in fitting some models. The third data set includ es 29 

reservoirs. Res iduals pl ots verify us e of the above limit s, 

particularly for chlorophyll model s , although some turbidity effects 

remain within the restricted data set, as discussed below. 
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Figure 16 

Reservoir Total P vs. Inflow Total P 
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139. Of the models which assume that the retention coe ffi cient, 1n 

this case estimated from the pool and inflow P values, is independent of 

conc entration (POI - PIO), mean squared errors range from . 034 to .066 • 
./ 

An average sedimentation coefficient of 3 . 6 l/yr is estimated for mod e l 

POI and an average settling velocit y of 21 m/yr, for model P02. These 

parameters are s omewhat lower than those estimated for outflow 

phosphorus predic tions, although they are still generally higher than 

values derived from lake data (App endix E). The optimal parameters f or 

model P03 suggest a lower s ensit iv ity to residence time (.26) than 

predicted by the original Vol l enweider/Larsen-Merc ier model: 

P = Pi/O + 1.8 T· 26 ) 
2 2 

(R =.61,SE ~.06 ) ( 59) 

Models PII -PI 2 have a lower mean squared error range (.024- . 036). 

140. When the sedimentation coefficient is allowed to vary as a 

function o f inflow concentration , mean depth, and residence time, the 

following model results (PI 5X01): 

. 89 .78 .06 
P = Pi/(l + .0035 Pi Z T 

2 2 
(R =. 80,SE =.031) (60) 

Considering the variabilities in the coefficients, this 1S equivalen t 

to: 

2 2 
P = Pi/(1 + .001 Pi Z ) (R =.80,SE =.030) (61) 

The above stat istics refer to the compl ete data set. Excluding 

reservoirs with inflow total P greater the 500 mg/m3 and inflow 

dissolved P/ t otal P less than . 12, the coefficients are stable but the 

mean squared error reduces to .024 (ruodel P15X03 in Tabl e 25). The 

above result lS equivalent to the following expression for the total 

phos phorus sedimentation coefficient: 

where, 

K .001 (Pi Z / T ) .001 L 

- 1 
K effective first-order decay rate (yr ) 

L tot a l phosphorus loading (mg/m2-yr) 

(62 ) 

Thus, optimal coeffic ient s suggest that the av erage decay rate is 
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proportional to areal phosphorus loading. This is consistent with 

results obtained by Canfield and Bachman (1981) in their analysis of 

data from 704 natural lakes and reservoirs, 626 of whose data were 

derived from the EPA National Eutrophication Survey. When lake and 

reserVOir data were combined, Canfield and Bachman found that the 

phosphorus sedimentation coefficient was correlated with volumetric and 

areal loading (r = .78 and .76, respectively). Correlation coefficients 

for 433 reservoirs were .76 and .76, respectively. Their models 

(PI5AOl, PISA02, P15A03) were calibrated to all data combined, lake data 

alone, and reservoir data alone, respectively. Their reservoir model 

(PI5A03 ) performs better on this data set than any of the other models 

tested (R2=.74,SE2=.038) with origi nal coefficients. 

141. Models POI, P02, P03, and PIO are special cases of mod e l PIS, 

with the inflow concentration sensitivity parameter equal to zero and 

different values for the residence time and depth exponents. Table 28 

compares the average absolute errors and mean squared errors from these 

models with vari ous forms of model PIS. An approximate F-test 

(Bard,1974) is used to test for significant differences in the mean 

squared errors and parameter values between the original models and the 

optimal forms of PIS, using each of the three data sets described above. 

Result s indicate that two Canfield/Bachman models (PISAOI and PISA03) 

are not significantly different from the optimized forms for the 

restric ted data sets (B and C). For these data se ts, errors from the 

Canfield/Bachman reservoir model (PI5A03) with Pi, Z, and T exponents of 

.59, 0., and .41, respectively, are not significantly lower than model 

PISX02, with corresponding exponents of 1.0, 1.0, and 0.0. 

142. To better define the confidence ranges for model PIS 

parameters, residual mean squares are mapped for various values of the 

Pi, Z, and T exponents in Table 29. The model intercept (parameter Kl 

1n Table 25) has been optimized for each set of exponents. Confidence 

regions are defined based upon the F-test given in Table 28 and a 

significance level of .05. Optimal exponent ranges for Pi, Z, and Tare 

.4 to 1.2, O. to 1.2, and O. to .4, respectively. These ranges are 

conditional; i.e., the parame ters are not independent of each other. 
~ . 
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Table 28 

Tests for Variations in Model PIS Paramet er s 

---.-------- Data Set - '--,- --- _._--
Parame ter s ----- A B C 

Model bi bt b7. C AE MSE AE MSE AE MSE 
----- --- -- - - --.---- -----_._-.-_._-,-_. __ ._._---- --.-.----- -- - - _._---_.- ...... _._._--_. 
POIAOI .00 1.00 .00 -.19 283 
POlP,02 .CO 1.00 .00 .30 21,8 
P02A01 .00 1.00 -1.00 1.00 254 
P02A03 .00 1.00-1.00 1.20 229 
P02A04 .00 1.00-1.00 1. 96 298 
P03A01 .od .50 .00 .00 228 
P03A02 .00 .45 .00 -.09 236 
P03A03 .00 . 51 .00 -.05 236 
P03A04 .00 .83 .00 .32 233 
P03A05 .00 .59 .00 .36 205 
P03A06 .00 .50 .00 .30 197 
P03A07 .00 .05 .00 .15 196 
PI0AOI .00 .61 -.50 .86 194 
PI0A0 2 .00 1.00 -.69 .97 228 
pI5AOl .55 .45 .00 -.89 157 
P15A02 .46 .54 .00 -.79 187 
P 15A03 .59 .41 .00 -.94 148 

P15X02 1.00 .00 1.00 -2.95 138 
P15X04 .68 .16 .52 -1. 7 5 140 

c bi bz bt 
Model: P/Pi = 1/(1 + 10 Pi Z T ) 

Sets: 

1322 240 831 220 
961 211 572 199 

1103 209 633 193 
959 189 543 170 

1534 285 1474 296 
909 189 515 169 
972 195 559 l73 
968 196 557 175 
852 198 50 0 186 
691 174 405 165 
665 165 378 155 
646 170 428 166 
661 16 3 382 154 
913 192 520 174 
437 131 260* 121 
593 157 341 145 
396 124 249* 114 

309* 123 238* 108 
330* 119 211* 105 

Inflow Ortho-P/Total P > .12 (n=39) 

735 
517 
561 
489 

1534 
442 
480 
480 
455 
384 
350 
378 
352 
464 
233* 
306 
220* 

189* 
175* 

Data 
A 
B 
C 

all data (n=43) 
Pi < 500 mg/m3, 
B constraints + Turbidity < 1.58 l/m, Inflow N/P > 8 (n=29) 

AE average absolute error x 1000 
MSE mean squared error x 10000 

/ 

* mean squared error and parameters not significantly diff e rent from 
optimal values (p<.OS), based upon F-ratio test (Bard, 1974): 

MSE/MSE* = 1 + P F / (n-p) 

whe re, 
MSE* = minimum me an squared error 
p = numb er of model parameters = 4 
n = number of observations (29, 39, or 43) 
F = F Sta tistic with p and n-p degrees of fre edom 
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Table 29 

Confidence Regions for Model PIS Parameters 

bt bt 
-.4 -.2 O. .2 .4 .6 I -.4 -.2 O. .2 .4 .6 

------------------------------+------------------------

bz 
.0 
.2 
.4 
.6 
.8 

1.0 
1.2 
1.4 

bi=.4 

63 45 34 
56 41 31 
52 38 30 
49 37 31 
47 38 33 
48 40 37 
51 45 44 
56 52 53 

27* 26* 30 
26* 26* 3" 
27* 28 35 
29 31 40 
32 37 49 
39 46 60 
48 58 75 
60 73 93 

72 
62 
54 
48 
43 
40 
38 
38 

bi=1.0 

50 36 31 32 41 
43 31 27* 30 39 
37 28 25* 28 38 
33 25* 23* 28 38 
30 24* 23* 29 40 
29 24* 25* 31 45 
29 26* 28 36 52 
31 29 33 44 62 

------------------------------+------------------------

bz 
.0 
.2 
.4 
.6 
.8 

1.0 
1.2 
1.4 

64 45 
56 39 
50 36 
46 34 
44 33 
43 34 
44 37 
47 42 

bi=.6 

32 26* 25* 30 
29 24* 24* 30 
27 23* 25* 32 
26* 24* 27* 35 
27 26* 31 41 
30 31 37 50 
34 37 46 62 
41 47 58 77 

81 
69 
59 
52 
46 
42 
39 
38 

57 
48 
42 
37 
33 
31 
30 
30 

bi=1.2 

43 
37 
32 
29 

38 
33 
30 
28 

41 
37 
35 
33 

27* 27* 33 
26* 27* 
26* 29 
28 33 

35 
38 
43 

51 
48 
46 
46 
46 
49 
54 
62 

------------------------------+------------------------
bi=.8 

bz 
.0 67 46 33 27* 27* 34 
.2 58 40 29 24* 25* 33 
.4 51 35 26* 23* 25* 33 
.6 46 32 25* 22* 25* 35 
.8 42 30 24* 23* 28 39 

1.0 40 30 25* 26* 32 45 
1.2 403128313954 
1.4 41 35 33 38 49 67 

bi=1.4 

92 67 53 48 53 66 
79 57 45 43 48 62 
68 49 40 39 45 59 
59 43 36 36 43 57 
52 39 33 34 42 56 
47 35 31 33 42 58 
43 34 30 34 44 61 
41 33 31 36 47 66 

------------------------------+------------------------
bi bz bt 

Model : plPi = (1 + c Pi Z T ) 

parameter c values optimized for each set of bi,bz, ,and 
bt values 

table entries are values of residual mean square x 1000 
for estimating base-l0 logarithm of P, using restricted 
data set (Pi< 500 mg/m3, Inflow Ortho-p/Total P > .12 
n = 39) 

* parameters not significantly different from optimal 
values (p < . 05) 
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This parameter variability is also reflected in the coefficient standard 

errors in Table 25. This suggests that, while model PIS performs 

somehat better than the other formul a tions, the optimal coefficients a,re 

not well-defi~ed, i.e., the coefficients can vary over fairly wide 

ranges without significant changes ~n error because of correlations 

among the independent variables (Pi, Z and T). 

143. The most curious aspect of equation (61) is that the 

predicted total phos phorus concentration is independent of hydrologic 

fa ctors (residence time or overflow rate). The low hydrologic 

sensitivity may reflect the fact that the completely mixed, "bathtub" 

assumption inherent in the calculation of mean hydraulic r es idence time 

is inadequate as a repr esenta tion of reservoir hydrodynamics. The 

significance of mean depth may be related to internal loading or 

phosphorus exchange with the bottom sediments. The fact tha t reservoir 

phosphorus and other response variables can be predicted independently 

of hydrologic factors considerably r educes the data requirements for 

model implementation. The original concept of a first-order 

sedimentation reaction lU a mixed vesse l as a mod e l for predicting 

average phosphorus concentrations does not appear to be valid, since the 

"constant" (K) depends so strongly upon the key system variables (Pi, Z, 

and T). Equations (60)-(62) are pure ly empirical results, i.e., they 

have no theoretical basis. 

144. For each response variable, it 1S difficult to select the 

"best lt formulation for normalized loading base d upon residual error 

alone, because the error ranges are generally small and the independent 

variables are correlated with each other. The normalized loading 

expressions are most sensitive to inflow phosphorus concentration and 

d iff er primarily with respect to morphometric or hydrologic 

coefficients. Because variations in inflow concentration account for 

most of the variations in the norulalized loading statistics, it ~s 

difficult to distinguish among the model formulations. Tabl e 30 

presents correlation coefficients for each response variable (total P, 

chlorophyll-a, and transparency) against seven alternative expressions 

of normalized phosphorus l oad ing, der ived from the mode l calibrations in 
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Table 30 

Correlation o f Response Variables with Normali zed Phosphorus Loadings** 

Expression Total P Chl-a Transparenc y 

____________________________________ Data Set 1* 

1 Pi . 826 .·643 -.794 

2 Pi!( HT· 5) .852 .657 -. 847 

3 Pi! (H2T ' 5) .857 . 657 -.863 

4 Pi/( l +1 .43T · 25 ) . 853 . 655 -.841 

5 
P' (1_.2T · 2) .85 6 .654 -. 855 , 41 

6 Pi/(1+.114 Pi · 59T · ) .863 .651 -.879 

7 pi/ (H.OOl Pi: Z) . 895 .732 -.892 

- ----------------------------------- Data Se t 2* -------------------- -------------- --

1 Pi .891 .656 -.849 

2 Pi!(l+T · 5) .912 .662 -. 888 

3 Pi/(l+2T· 5) .914 . 657 -. 897 

4 Pi/ (H1.4 3T· 25) .914 .662 -.885 

5 P' (1_.2T· 2) . 916 .658 -.89 6 l 41 
6 Pi/(1+. 114 Pi · 59T · ) .910 . 645 -.899 

7 Pi/(H . OOI Pi Z) . 918 .723 -.894 

------ ------------------------------ Da ta Set 3* ------------------------------------

1 Pi 

2 Pi/(HT· 5) 

3 Pi/(1+2T· 5) 

4 Pi/(H1.4 3T· 25 ) 

5 P' (1_.2T· 2) 
l 41 

6 Pi/(1+.114 Pi· 59T· ) 

7 Pi /(H.OO I Pi Z) 

* data set r est r ictions : 

Inflow Tot a l . P (mg /m3) 
Inflow (Diss' p/Tota! P) 
I nflow (Total N/Total P) 
Turbidity (11m) 

1 

Number of Res ervoirs 43 

"" ** all variables log-trans f ormed 

. 904 .758 - .876 

. 915 .7 63 -.910 

. 910 .756 -.916 

.91 7 .763 -.908 

.918 .762 -. 911 

.906 . 745 -. 914 

.929 .842 -.920 

2 3 

< 500 < 500 
> .13 > .13 

> 8 
< 1. 58 

39 29 
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Table 25. Coefficients are listed for each of the three data sets 

described above. For most data set/response variable combinations, 

correlation coefficients are somewhat higher for normalized loadings 

calculated according to equation (61). 
- - , -/ -

Coefficient differ e nces are 

greatest in the case of chlorophyll, which has a range of . 745 to .842 

for the third data set. In no cases, however, do the correlations 

coefficients differ by more than .1 among the express ions tested for a 

given data set and response variable. 

145. Figures 17 and 18 illustrate response variable correlations 

with two norma liz ed loading statistics: Pv (the 

Vollenweider/Lars en-Mercier expression, mode l BllAOl) and Pn (equation 

(61)), respectively. Plots f or other normalized loading statistics 

listed in Table 30 are not substantially different. Regress ion lines 

and data in these figures correspond to the third (most restricted) data 

set in Table 30. Figure 17 indicates that the regression model for 

predicting mean chlorophyll-a as a function of the 

Vollenweider /Larsen-}lercier normalized loading 1S not significant ly 

different from that derived by Rast and Lee (1978) using the OECD North 

American data set. Chlorophyll models developed by Clasen (1980) and 

Vollenweider and Kerekes (1980) are also similar. The Rast and Lee 

model for transparency has a significant positive bias which might be 

attributed to regional factors, since most of the OEeD North American 

impoundment s are north of the impoundments in this data set (see Part 

VIII, paragraphs 189-192). 

146. When the Vollenweider/Larsen-Mercier expression (Pv) is us e d 

for normalized phosphorus loading, stepwise regres s ions (Appendix D, 

Table D16) explain 20%, 74%, and 50% of the residual variance 1n 

phosphorus, chlorophyll, and transparency, respectively. When equation 

(61) (Pn) 1S used for normalized loading, regressions explain 0%, 70%, 

and 18% of the residual variance, respe c tively. High percentages for 

chlorophyll models are primarily attributed to residual correlations 

with the product of mean depth and turbidity. The effects of depth and 

turbidity are consistent with the results of internal model evaluations 

(Part V); for example, · equation (45) suggests that the chlorophyll/total 
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P ratio at P-limited stations is inversely related to the square root of 

the pro~uct of mean depth and turbidity, possibly owing to ef f ec ts of 

light-limitation andlor nutrient availablility. 

147. Plots of chlorophyll-a residuals against residence time, the 

product of turbidity and mean depth, inflow total Nip ratio, and infl ow 

ortho-p/total P ratio are shown in Figures 19 and 20. For both models, 

residuals are unrelated to residence time, except for negative biases 

(model ov er-predictions) for two reservoirs with residence times less 

than about .02 years. These biases may be related to kinetic control of 

algal growth by flushing rate. Residual correlations are much stronger 

with the other three factors. The models tend to over-predict 

chlorophyll in reservoirs with turbidity-depth products exceeding about 

6, inflow total Nip ratios less than about 8, or inflow ortho-p/total P 

ratios less than about .2. Chlor ophyll is under-predicted in reservoirs 

with turbidi ty-depth products less than about 2.5 or inflow total Nip 

ratios greater than about 40. Because of correlations among these 

factors, it is difficult to establish which is the most important. 

Stepwise regressions indic a te, however, that the product of turbidity 

and mean depth explains most of the residual variance. These residual 

associations suggest possibilities for chlorophyll model improvement 

over the simple relationships depicted in Figures 17 and 18. 

148. Residual mean squared errors for transparency models (Table 

25) range from .012 to .018 and are considerably lower than the 

phosphorus (.019-.025) and chlorophyll (.043-.063) model error ranges. 

The relatively l ow errors characteristic of these models are also 

apparent in Figures 17 and 18. Figure 21 indicates that transparency 

residuals tend to be positively correlated with residence time and mean 

depth, possibly because concentrations of allochthonous particul a tes 

would tend to be greater in reservoirs which are s hallower and/or more 

rapidly flushed. In contrast with chlorophyll residuals, transparency 

residuals are not correlated with inflow dissolved P/inflow total P. 

This may result fr om two partially offsetting mechanisms 10 reservoirs 

with lower inflow dissolved p/total P ratios: (1) higher turbidities 

associated with allochthonous 
/ ' 

particulate phosphorus (tending to 
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Figure 19 

Residuals Plots of Chlorophyll-a vs . Pv 
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Figure 20 

Residuals Plots of Chlorophyll-a vs . Pn 
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Figure 21 

Residuals Plots of Transparency Models 
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decrease transparency) and (2) greater phosphorus trapping efficiency 

(tending to increase transparency). The apparent insensitivity of the 

transparency models to the dissolved fraction of the total phosphorus 

loading partially accounts for the lower prediction errors of these 

models. 

149. Regional analyses 19gest that both sets of 

tend to under-predict 

(approximately above 42 

( 
Jp arency tra 1n 

degrees latitude) , 

northern 

loading models 

impoundments 

which tend to have lower 

non-algal turbidities owing to climatologic and/or geologic factors 

(glacial soils vs. sedimentary soils). Additional data from northern 

impoundments are needed to define these effects quantitatively. 

150. Phosphorus, chlorophyll, and transparency residuals have also 

been tested for effects of morphometric complexity by comparing means 

and standard deviations from reservoirs with one tributary arm with 

those from reservolrs with more than one arm. Effects are not 

significant, however, except for transparency predicted according to 

model SllX03 (Table 27), for which mean residuals are higher by about .1 

log units in reservoirs with more than arm. The effeCL 15 small 1n 

relation to the error correlations discussed above. 

Effects Qf Spatial Variations 

151. The loading model evaluations described in the previous 

section are based upon predictions of reservoir-average phosphorus, 

transparency, and chlorophyll concentrations. As discussed in Part III, 

the accuracies of these averages depend upon reasonable distribution of 

sampling stations among representative reservoir areas, since it has not 

been possible within the scope of this project to estimate or apply 

areal weighting factors to the individual station averages. 

152. To provide a basis for a preliminary assessment of spatial 

var1ance effects, the ranges of station-average phosphorus, 

transparency, and chlorophyll values have been calculated for each 

reserV01r during the year sampled by the EPA/NES. Figure 22 displays the 

ranges in the average phosphorus concentrations against annual-average 
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outflow phosphorus concentration. Figures 23-25 display the ranges in 

the phosphorus, chlorophyll, and transparency averages against the 

averag e inflow phosphorus concentration. 

153. Some of the within-reservoir variability depicted in Figu;~s · 
22-25 is statistical, i.e., results from the limited accurac~es of the 

st8tion~ean estimates. The average coefficient of variation of the 

station-mean chlorophyll estimates is .28 (Table 12), or ab~ut .12 on a 

base-l0 logarithmic scale. For sample sizes less than 10, the expected 

value of the range is given approximately by the standard deviation 

multiplied by the square root of the sample s~ze (Snedecor and 

Cochran,1972). For an average of four stations per reservoir, then, the 

expected range of tbe station-average chlorophyll is about .24 log 

units. Corresponding calculations for phosphorus and transparency yield 

expected ranges of .13 and .15 log units, respectively. These 

calculations would tend to over-estimate the ranges because the errors 

in the station-mean estimates are not independent, owing to temporal 

variance effects (Walker, 1981) . 

154. Variance component analyses of station-average chlorophyll, 

transparency, and phosphorus values indicate that within-reservoir 

variability accounts for 36%, 24% and 21% of the total variance , 

res pectively. It is apparent that the ranges for many reservoirs in 

Figures 22-25 considerably exceed the expected values calculated above 

and thus represent real spatial variance. The reservoir with the most 

spatial variance is Sakakawea (30-235), on the Missouri River ~n North 

Dakota, in which station-average chlorophyll, phosphorus, and 

transparency values differ by factors of 23, 36, and 21, respectively 

from ODe end of the r e servoir to the other. 

155. While the models calibrated in the previous section are valid 

for predicting reservoir-average conditions, calculated as the simple 

arithmetic means across reasonably well-distributed stations, it 1S 

difficult to distinguish among alternative model formulations on the 

basis of minimum error. It seems possible that the model comparisons 

could be sensitive to the spatial averaging scheme employed, since 

within-reservoir variability ,seems to be appreciable in many caRes. 
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Figure 22 
Ranges of Station-Mean Phosphorus Concentrations vs. 

Outflow Total Phosphorus 
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Figure 23 
Ranges of Station-Mean Phosphorus Concentrations vs. 

Inflow Total Phosphorus 
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Figure 25 
Ranges of Station-Mean Secchi Depths VB. 

Inflow Total Phosphorus 
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Firm conclusions regarding appropriate nutrient loading models for 

reservoirs cannot be drawn without a more detailed analysis of spatial 

var~ance effects. This would involve, minimally, estimation of areal 

and/or volumetric weighting factors for each station and reservoir. A 

single reservoir-average value is misleading in many cases and 

adaptation of the empirical modelling approach to permit spatial 

gradient prediction seems appropriate. This would require a somewhat 

more theoretical modelling framework which disaggregates each reserv01r 

into its major tributary arms and treats the nutrient balances and water 

quality responses separately within each arm, while considering the 

potential for longitudinal variations. The CE data base seems 

well-suited for this type of analysis, since the stations have already 

been classified and sorted in downstream order within each reservoir 

arm, although additional map work would be required to compile more 

detailed morphometric information. 

Conclusions 

156. Results of the loading model evaluations conducted in the 

previous sections can be summarized by the following: 

a. Coefficients and error statistics for models predicting 

annual-average outflow phosphorus and growing-season, 

reservoir-average, surface-layer, phosphorus concentrations 

indicate that the retention coefficient cannot be considered to be 

independent of concentration. For a given residence time and mean 

depth, a reservoir with a higher inflow phosphorus concentration 

will tend to have a higher retention coefficienl. The 

concentration-dependence may be related to the influence of 

internal loading terms which are neglected 1n the nutrient balance 

formulation. 

b. Retention model coefficients for predicting outflow phosphorus 

concentrations agree well with values found by Clasen (1980) in the 
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OECD Reservoir and Shallow Lakes Project. At a given mean depth 

and residence time, results suggest higher phosphorus removal rates 

in reservoirs, as compared with the lakes used 1n original model 

development. Some of this difference can be attributed to the 

effects of spatial variance or plug flow in reservoirs, although 

higher sediment accumulation rates are probably also involved, 

since residuals from all phosphorus models are negatively 

correlated with sediment accumulation rate. 

c. Alternative formulations for predicting outflow phosphorus include: 

where, 

.5 
Po = Pi/O + 2.1 T ) 

.5 .5 
Po pi/O + .21 pi T ) 

.32 
(l - .25 T ) 

Po Pi 

3 
Po = outflow total P (mg/m ) 

3 
Pi inflow total P (mg/m ) 

2 2 
(R =.70, SE =.034) 

2 2 
(R =.83, SE =. ° 26) 

2 2 
(R =.81, SE =.027) 

T hydraulic residence time (years) 

The first express ion is a calibration of the 

Vollenweider/Larsen-Mercier model which requires linear 

concentration response; errors from this model are negatively 

correlated with inflow concentration. The other formulations do 

not requIre a linear response and have somewhat lower mean squared 

errors. The above models tend to over-predict outflow 

concentration in reservoirs with low percentages of 

orthophosphorus loading « 12%). Residuals are correlated with 

sediment accumulation rate, shoreline development ratio, surface 

area, and inflow ortho-P/total P. 

d. Residual· ~ariance from the above models increases strongly with 

residence time. The variance pattern can be explained by the 

increased sensitivity of the predicted phosphorus concentration to 
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the estimated phosphorus sedimentation coefficient at higher 

residence times. 

e. Two alternative schemes for predicting surface phosphorus, 

chlorophyll, and transparency values, averaged by reservoir a~d 

growing season are; 

and, 

where, 

.5 
Pv = Pi/(l + T ) 

log(P) .30 + .76 log(Pv) 

log (B) -.15 + .66 10g(Pv) 

10g(S) 1.08 - .56 log(Pv) 

Pn = pifO + .001 Pi Z) 

10g(P) 10g(Pn) 

log (B) = -.48 + .89 10g(Pn) 

10g(S) 1.26 

P 0::::: reservoir 

B reservoir 

.69 10g(Pn) 

3 
total P (mg/m ) 

3 
chlorophyll-a (mg/m ) 

S reservoir transparency (m) 

Z mean depth (m) 

2 2 
(R =.84,SE =.022) 

2 2 
(R =.58,SE =.062) 

2 2 
(R =.83,SE =.013) 

2 2 
(R =.86,SE =.019) 

2 2 
(R =.71,SE =.043) 

2 2 
(R =.85,SE =.012) 

The first set of expressions are based upon normalized phosphorus 

loading calculated according to the Vollenweider/Larsen-Mercier 

model. The second form uses a normalized loading which is based 

upon the empirical finding that the effective sedimentation 

coefficient is approximately proportional to the areal phosphorus 

loading. This gives the curious result that all water quality 

predictions are independent of hydrologic factors (residence time 

or overflow rate). 
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f. Residual variance for the second set of models is slightly lower 

and shows less association with reservoir mean depth. Residuals for 

both chlorophyll models are negatively correlated with inflow 

dissolved P/total P and with the product of mean depth and 

turbidity. These correlations, which explain 76% and 60% of the 

res idua 1 varlance from the respective chlorophyll equations, 

suggest effects of phosphorus availablility and light limitation on 

algal responses to phosphorus loading. These strong residual 

correlations also suggest that there is considerable rOOm for model 

improvement .. 

g. Considering the error dependencies, the relatively low range of 

mean square error, and the potential effects of spatial variance 

discussed below, it is difficult to select a single "best" set of 

load/response model formulations, based upon the work completed 

thus far. While the second set of models performs somewhat better 

than the first on this data set, their lack of hydrologic 

dependence is a significant departure from previous models and 

analyses of other data sets are needed to assess generality (see 

Part VIII) • If the response variables can be predicted 

independently of hydrologic variations (except as they may 

influence inflow phosphorus concentrations or reservoir depth), 

data requirements for model application are considerably reduced. 

The importance of depth, opposed to residence time, in the second 

set suggests the i.mportance of exchange/equilibration with bottom 

sediments, as opposed to a kinetically limited sedimentation 

process, as the most important factor 

phosphorus levels. 

regulating reservoir 

h. Spatial watp.T quality variations within many reservo~rs are 

substantial and need to be explicitly considered in order to refine 

the models tested above. This would minimally involve estimation 

of areal or volumetric weighting factors for application to 
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stations in computing reservoir-averages. More elaborate modelling 

approaches which disaggregate the reservo~rs into relatively 

homogeneous segments would permit more refined calibration and 

testing of load/response relationships and provide a framework for 
./ 

predicting spatial variations in eutrophication-related 

quality characteristics in reservoirs. 

water 



PART VII: OXYGEN DEPLETION MODELS 

157. This section evaluates models for predicting reservoir oxygen 

status based upon internal measurements of phosphorus, transparency, and 

chlorophyll-a, external phosphorus loadings, and reservoir morphometric 

characteristics. The data sources and reduction procedures used to 

develop model testing data sets containing the independent variables of 

these models are described in Part III. 

summarized in Appendix E, Part IV. 

The models investigated are 

Data Set Development 

158. Most of the models in this category are designed to predict 

areal or volumetric rates of hypolimnetic oxygen depletion during the 

stratified period. Estimation of depletion rates for these reservoirs 

would require detailed consideration of vertical, horizontal, and 

temporal variations ~n oxygen and temperature in relation to the 

morphometric characteristics of each reservoir and is beyond the scope 

of this work. During the stratified period and at a given location in 

the reservoir pool, anoxic conditions generally begin developing at the 

bottom of hypolimnion. As the season progresses, the depth of the 

anaerobic layer approaches the thermocline. In some reservoirs, 

meta1imnetic demands may also be important, but these are not focused on 

here. If a prediction of hypolimnetic depletion rate is valid, then it 

should be useful as an indicator of oxygen status, as measured by the 

maximum fraction of the hypolimnion which is anoxic ( < 2 mg/liter) over 

the course of the stratified period . 

159. To transform estimates of areal depletion rate into estimates 

of concentration, the depth of the hypolimnion must be taken into 

consideration ; Or the depletion rate must be expressed on a volumetric 

basis. This has been done by computing the "days of oxygen supply" 

equivalent to a given depletion rate, hypolimnetic depth,' and spring 
.. 
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oxygen concentration (Walker, 1979): 

TDO = DOsp Zh / HODa (63) 

where, 

TDO = days of oxygen supply at onset of stratification (days) 

DOsp = oxygen concentration at onset of stratification (g/m3) 

Zh = mean hypolimnetic depth = volume/area (m) 

HODa = estimated areal oxygen depletion rate (g/m2-day) 

In testing an empirical model for predicting depletion rates in northern 

lakes as a function of phosphorus levels and morphometry, Walker (1979) 

found that Hoxicl! lakes could be distinguished from "anoxic II lakes at a 

TDO value of about 200 days, which is comparable to the length of the 

stratified period in the northern temperature zone. In the absence of 

spring oxygen measurements for each lake, calculations assumed a 

constant value of 12 g/m3 at spring turnover (saturation at 6.2 degrees 

C). A review of oxygen and temperature plots indicates that 12 g/m3 is 

a reasonable approximation for spring DO values in about 90% of the CE 

reservoirs used in the tests described below; a few of the (southern) 

reservoirs have values between 8 and 10 g/m3. In the absence of precise 

estimates of spring DO values for each reservoir, a constant value of 

12 g/m3 is assumed below. 

160. At a constant DOsp value, the TDO statistic is inversely pro­

portional to the volumetric depletion rate. Discrimination between oxic 

and anoxic reservoirs at a calculated TDO value 

alent to discrimination at a volumetric depletion 

of 200 days is equiv-
3 rate of 0.06 g/m -day. 

In addition to model errors in estimating depletion rates, variations in 

the length of the stratified period, variations in oxygen concentrations 

at spring turnover) and nonlinearities in oxygen deficit development 

contribute to the potential errors involved in using TOO as an indicator 

of oxygen status. The potential influences of spring DO variations on 

model testing results are small, since variations 1n areal depletion 

rate and mean hypolimnetic depth are dominant. On the average, 

calculated TDO values differ by more than an order of magnitude between 

oxic and anoxic reservoirs; additional TDO variance attributed to spring 
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D.O. variations would have negligible influence on group separation 

statistics, although they may contribute to individual classification 

errors .. Classification errors are evaluated for each model with error 

tolerances of accounting for variations of plus or minus 26% in spring 

D.O. or length of stratified period. 

161. Contour diagrams (depth x month) of oxygen and temperature 

variations have been generated for each reservoir after averaging all 

measurements at 5-foot, l-week intervals. While anoxic conditions may 

develop earlier at relatively shallow, upper-pool stations 1n some 

reservoirs, data from mid-pool or near-dam stations would be more 

representative of the total hypolimnetic volume and have been used 

exclusively in these tests. Plots have been reviewed and the fol 

data extracted: 

lt~ maximum ile 

£. mid-summer, mid-thermocline depth 

~. mid-summer, temperature difference 

~. maximum extent (minimum depth) of anaerobic zone (D.O. < 2 mgtl) 

~. mean hypolimnetic temperature 

Because of the scale factors used in the contour diagrams, estimates of 

top-to-bottom temperature difference have an error margin of 0-6 degrees 

C. Each reservoir has been classified into one of three groups, based 

upon the fraction of the total hypolimnetic depth which is anaerobic: 

Croup 
Maximum 

Anaerobic Fraction 

Oxic 

Intermediate 

< .2 

.2 - .8 

) .8 Anoxic 

Number of 
Reservoirs 

5 

12 

46 

The data set includes 63 reservoirs with stable stratification and 

mid-summer, top-to-hottom temperature differences greater than 6 degrees 

C. This classification scheme provides an approximate basis for testing 

the TDO statistic and other discriminant functions (Reckhow, 1978) as 

predictors of oxygen status in stratified reservoirs. All of the 
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reservoirs in the HOxie If class had no observed anaerobic conditions .. 

Contour plots indicate that metalimnetic oxygen demands are significant 

in about 10 of the above reservoirs. 

162. Mean hypolimnetic depths have been estimated using mean pool 

elevations, mid-thermocline depths, and the morphometric polynomials 

described in Part Ill. Estimates of average water quality conditions 

needed for model testing have been derived by aVera~ln~ mid-pool and 

near-dam stations within each reservoir. Phosphorus loading statistics 

refer to the year of pool sampling by the EPA/NEB. Two sets of data have 

been used ~n model testing: one including all 63 reservoirs and another 

including 27 reservoirs which passed the screening criteria for water 

quality and nutrient loading data in Part Ill. Model sons are 

not s ificantly different, however, for the two data sets. Most of 

the misclassificatious (model errors) cannot be explained on the basis 

of data screening codes. Thus, results from the larger data set are 

emphasized below. Appendix C, Table C3, lists the data set used for 

oxygen model testing. 

Methods 

163. Figure 26 summarizes the theory of a univariate discriminant 

function for groups of unequal variance. The F-statistic derived from a 

one-way analysis of variance of the discriminant function (estimated 

IDO) grouped by observed oxygen status provides one measure of 

discriminating power. The following statistic is another useful meaSure 

of normalized distance between groups which does not assume homogeneity 

of var~ance: 

z* (Ml - M2) I (81 + S2) (64) 

where, 

z* normalized distance between groups 1 and 2 

HI Ulean of group 1 

M2 mean of group 2 

81 standard deviation of group 1 
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Figure 26 

Theory of Univariate Discriminant Functions for Two GroupS 
of Unequal Variance 

Group 1 Group 2 

81 
S2 

P2* PI* 

Define error integral p* and critical value x* that: 

where) 

00 

PI* = fU(X) dX 

x* 

x* 

P2* f f2(X) dX 

fl(X) 
f2(X) 
PI* 
P2* 

norIDal frequency distribution function of group 1 (Ml,Sl) 
normal frequency distribution function of group 2 (HI,Sl) 
fraction of popUlation Xl above X* 
fraction of population X2 below X* 

Solution given by: 

(M2 - X*) I 82 

X* (MI 82 + H2 SI) I (S1 + 82) 

z* (X" - MI) I 81 

Z* (M2 - MI) I (S1 + 82) 
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S2 = standard deviation of group 2 

As demonstrated in Figure 26, Z* reflects the overlapping of the 

populations and can be used to calculate P*, the probable classification 

error. The critical value of the discriminating variable at which the 

classification error probabilities are equal for each group is given by: 

x* = (Ml S2 + M2 Sl ) / (Sl + S2) (65) 

Calculated values of x* for distinguishing between oxic and anoxic 

groups can be compared with the length of the stratified period in order 

to assess parameter stability. 

164. Classification errors have been assessed comparing 

predicted log(TDO) values with observed oxygen status, using a nominal 

est of 200 days (2.3 log units) as an average value for the length 

of the strat ied period and as a rule for distinguishing anox~c 

reservoirs from the others. Misclassifications have also been computed 

allowing for an error margin of .1 log units in the discriminant 

function, to allow for potential variations ~n the length of the 

stratified period, spring oxygen concentration, and data variability. 

Reckhow's function (1978) has been evaluated using a discriminant value 

of 0 with an error margin of .5 units. 

165. Models can be broadly categorized iDto those based upon 

internal water quality measurements and those based upon external 

phosphorus loadings. Table 31 lists the codes, formulations, and 

original parameter estimates for each model evaluated. Models have been 

evaluated based upon the following criteria; 

~. normalized distance meaSUres and M!OVA statistics 

~. classification errors 

~. review of bivariate classification plots 

parameter stability 
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Table 31 

Models for Predict Reservoir Oxygen Status 

Model DOl: Lasenby, 1975 

DOIAOI 10g(HODa) = .35 - 1.35 logeS) 

S = mean Sec chi depth (m). 
HODa = areal hypolimnetic oxygen depletion rate (g/m2-day) 

Model D02: Walker, 1979 

D02AOl 
D02A02 
D02A03 
D02A04 
D02A05 

log(HODa) Fm + .0204 ( -15.6 + 46.1 log(P) ) 
log(HODa) Fm + .0204 ( 75.3 + 44.8 10gO./S .08) ) 
log(HODa) Fm + .0204 ( 20.0 + 33.2 10g(B) ) 
log(HODa) FIn + .0204 ( -15.6 + 46.1 log(pv) ) 
log(HODa) Fm + .0204 ( -15.6 + 46.1 log(Pn) ) 

2 
Fm -3.58 + 4.55 10g(Z) - 2.04 10g(Z) 

-1.12 
for Z < 20 ill 

for Z > 20 m 

.5 
Pv Pi! (I + T ) 

Pn Pi/ ( 1 + .001 Pi Z) 

Fm = morphometric factor 
Z = mean depth (m) 
P = mean total P (mg/m3) 
B = mean chlorophyll-a (mg/m3) 

Pi = average inflow total P concentration (mg/m3) 
T = mean hydraulic residence time (yrs) 

Pv Vollenweider/Larsen-Mercier normalized phosphorus loading 
Pn = normalized loading according to equation (61), Part VI 

Model D03: Welch and Perkins, 1979 

D03AOl log(HODa) -1.49 + .39 log (Pi Z ) 

(continued) 
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Table 31 (continued) 

Model D04: Cornett and Rigler, 1979 

1. 74 
D04AOl KODa = -.277 + .0005 Ap + .005 Th + .150 1n(Zh) 

Ap = Qs (Pi - Po) 

Ap total phosphorus accumulation (trapping) rate (mg/m2-yrl 
Po average outflow total P (mg!m3) 
Qs surface overflow rate (m/yr) 
Th mean hypolimnetic temperature (deg C) 
Zh mean hypolimnion depth (m) 

Model D05: Rast and Lee, 1978 (D05AOl) 
Vollenweider and Kerekes, 1980 (D05A02) 
Ryd , 1980 (D05A03) 

D05A01 
D05A02 
DOSA03 

log(HODa) 
log(HODaJ 
log(HODa) 

-1.07 + 
-1. 07 + 
-2.42 + 

Model D06: Reckhow, 1978 

.467 

.585 

.67 

log(Pv ) 
log(Pv) 
log(Pv) + log(Zh) 

D06AOl D 2.33 - 4.61 10g(Pi) + 5.73 10g(Z) - 0.51 10g(Qs) 

D discriminant score (Oxic for D > 0) 
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~. interpretation of outliers (IDisclassified reservoirs) 

Table 32 summarizes the ANOVA statistics and distributions of calculated 

discriminant functions for each reservoir group and model. For 

comparative purposes, the distributions of reservoir morphometric, 

hydrologic, and water quality characteristics within each group are also 

described. With the except of Lake Sakakawea, described in detail 

below, nOlle of the completely oxic reservoirs are misclassified by any 

of the models. The sample size for this group, however, is limited to 

4. Table 33 presents group separation statistics for reservoirs 

classified into two categories} "anoxic l1 and Bother") where the latt€r 

refers to the lfoxic H and lIintermediate" groups combined. Classification 

errorS with and without tolerances arc presented in Table 34 for the 

above categories. As discussed belOW, one oxic reservoir (LaKe 

Sakakawea, 30-235) was misclassified by all of the models. The 

statistics in Tables 32-34 exclude this reservoir. 

166. Graphical analysis is another important means of evaluating 

the models. Most of the model. are separable into morphometric and 

water qual terms $ 27-35 plot these terms each other 

for each model, using different symbols to distinguish reservoir groups. 

The solid line in each figure represent. the sOlution of the model for a 

TDO value of 200 days (or a function value of O. for model D06). Dashed 

lines reflect an error tolerance of .1 log units, as discussed above. 

The validity of each model is reflected by the separation of oxygen 

status groups by the TDO lines. The slopes of the lines reflect the 

relative sensitivities of oxygen status 

morphometric factors. 

to water quality and 

167. Internal models (DOl and D02) relate oxygen status to surface 

measurements of chloropbyll, phosphorus, or transparency averaged over 

the growing Season. F statistics range from 35.0 to 50.3 for the 

three-group classifications (Table 32) and from 70.0 to 96.0 for the 

two-group classifications (Table 33). Classification errors (Table 34) 

range from 4.8 to 14.0% without tolerance and 3.2 to 4.8% with 

tolerance. All of the models show reasonable group ion on 

bivariate plots (Figures 27-35), using a TDO value of 200 days to 
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Table 32 

Distributions of Oxygen Discriminant Functions and other 
Reservoir Characteristics by Oxygen Status Group 

---------- Oxygen Status Group ----------
Ox i c. In t e rme di!lt e {iNOV A """-"-".!,-",,.:c 

Variable n mean std n mean std n mean std F F 

------------------------- Internal Models ** ------------------~----
DOlAOl 4 2.85 0.20 12 2.60 0.18 46 1.41 0.58 35.0 17.3 
DOZAOI 4 2.71 0.38 12 2.62 0.14 46 1.78 0.38 36.8 27.6 
D01A02 4 2.68 0.18 12 2.40 0.18 46 1.55 0.35 50.3 25.1 
D02A03 4 3.00 0.18 12 2.52 0.18 34 1.92 0.28 48.1 25.3 

-------------------------- External Models ** ----------------------

D02A04 
D02A05 
D03AOl 
D04A01 
D05A01 
DOSA02 
D05A03 
D06A01 

3 2.94 0.30 
3 3.04 0.27 
3 2.95 0.15 
3 2.90 0.14 
3 3.15 0.22 
3 3.01 0.24 
3 2.70 0.13 
3 4.02 1.34 

11 
11 
11 
11 
11 
11 
11 
11 

2.500.21 
2.48 0.14 
2.68 0.10 
2.40 0.28 
2.75 0.12 
2.60 0.14 
2.69 0.17 
2.03 1.00 

31 1.61 0.1.8 
31 1.67 0.35 
31 2.06 0.33 
31 1.60 0.49 
31 1.91 0.45 
31 1.69 0.48 
31 2.30 0.26 
31 -2.75 2.38 

28.1 
47.5 
28.6 
22.5 
29.4 
29.3 
13.3 
31.0 

20.9 
31.0 
21.1 
15.5 
21.8 
22.2 
10.8 
20.4 

-------------------- Morpheme try /Hyd rology --------.-----------------

Hyp. Depth 
Mean Depth 
Max. Depth 
Res. Time 
Overf. Rate 

4 1.46 
4 1.51 
4 1.92 
4 -0.53 
4 2.04 

0.24 
0.23 
0.25 
0.33 
0.13 

12 1.16 0.10 
12 ],25 0.07 
12 1.73 0.10 
12 -0.38 0.50 
12 1.62 0.51 

46 0.60 
46 0.83 
46 1.32 
45 -0.62 
45 1.46 

0.31 
0.22 
0.25 
0.55 
0.48 

33.3 
37.0 
25.9 
1.0 
3.1 

15.3 
15.5 
13.9 
1.6 

.3 

----------------------- Water Quality -------------------------------

Total P 
ChI-a 
Sec.chi 
Inflow P 
Pv *** 
Pn *** 

4 1.33 0.24 
4 0.34 0.22 
4 0.49 0.21 
3 1. 42 0.16 
3 1.20 0.19 
3 1.10 0.13 

12 
12 
12 
11 
11 
11 

1.09 0.15 
0.58 0.28 
0.52 0.14 
L 44 0.26 
1.21 0.25 
1.240.15 

46 1.62 0.31 
34 0.96 0.27 
46 0.06 0.24 
31 L 99 0.35 
31 1.80 0.39 
31 1.73 0.23 

17.1 
15.6 
25.1 
14.5 
13 .3 
29.4 

* F statistics derived from one-way analyses of variance; 

18.0 
7.6 

15.1 
8.8 

10.8 
17 • 7 

(F using all data (n=62), F' using only data from reservoirs passing 
nutrient bugdet and water quality data SCreens (n=26»; 
statistics exclude Sakakawea (30-235) 

** oxygen depletion models (Table 31) formulated to predict days of 
oxygen supply (equation 63), except for model D06 

*** Pv = Pil (l +IT); Pn = Pi/O + .001 Pi Z) 
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Model 

Table 33 

Summary of Model Statistics for Distinguishing 
between Anoxic and Other Reservoirs 

----- Reservoir Group -----
ANOVA t 

n mean std n mean std F~F' Z*tt x"tt 

--------.------------- Int erna I Mode 16 ------------------------

DOIA01 16 2.66 0.21 46 1.41 0.58 70.0 35.0 1.58 2.33 
D02A01 16 2.640.21 46 1.780.38 74.4 49.6 1.46 2.33 
D02A02 16 2.47 0.22 46 1.55 0.35 96.2 48.1 1.62 2.12 
DOlA03 16 2.G!,0.28 34 1.92 0.28 70.9 35.8 1.28 2.28 

-~-----~-------~--~~- External ~jodels ------------------------

D02A04 14 2.60 0.29 31 1.61 0.48 51.6 35.0 1.30 2.23 
D02A05 14 2.60 0.29 31 1.67 0.35 75.0 43.9 1.45 2.18 
D03AOl 14 2.740.15 31 2.06 0.33 53.8 38.2 1.41 2.52 
D04AOl 14 2.50 0.33 31 1.60 0.49 39.9 27.1 1.11 2.14 
D05AOl 14 2.83 0.22 31 1. 91 0.45 54.1 38.1 1.39 2.53 
D05A02 14 2.69 0.23 31 1.69 0.48 54.6 39.2 1.41 2.37 
D05A03 14 2.69 0.16 31 2.30 0.26 27.1 21.7 .94 2.54 
D06AOl 14 2.46 1.33 31 -2.75 2.38 58.4 36.1 1.41 .59 
------------------------------------------~--~----------------

T F statistics derived from analyses of variance; F' includes 
only reservoirs passing data nutrient balance and water quality 
data screens 

+1 see Figure 26; z* normalized distance between groups; 
X* = function value for distinguishing between groups 
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Table 34 

Classification Error Summary for Oxygen Depletion Hodel. 

------ Oxygen Status -------
Observed : Other* Other Anoxic Anoxic Total Total Percent 
Estimated : Anoxic Other Other Anoxic Proj. Errors Error 

----------------------- Internal Models ------ ..... _-----------------------

DOIAOl 0 (0)** 16 3 (3) 43 62 3 (3) 4.8 (4.8) 
D02ADl 0 (0) 16 4 (3 ) 42 62 4 (3) 6.5 (4.8) 
D02A02 3 ( 2) 13 1 (0) 45 62 4 (2) 6.5 (J.n 
D02A03 1 (1) 15 6 (ll 28 50 7 ( 2) 14.0 (4.0) 

----------------------- External Hodel. ------------.----~---~----------

D02A04 2. (0) 12 2 (2) 29 45 4 (2) 8.9 (4.4) 
D02A05 1 (0) 14 1 (1) 30 45 2 (1) 4.4 (2.2) 
D03AOl 0 (0) 14 9 (5) 22 45 9 (S) 20.0 (11.1) 
D04AOl 4 (3) 10 3 (2) 28 45 7 ( 5) 15.6 01.1) 
D05AOl 0 (O) 14 8 ( 5) 23 45 8 ( 5) 17.8 (11.1) 
D05A02 0 (0) 14 3 (1) 28 45 3 (1) 6.7 (2.2) 
D05A03 0 (0) 14 16 (12) 15 45 16 (12) 35.6 (26.7) 
D06A01 0 (0) 14 4 ( 2) 27 45 4 ( 2) 8.9 (4.4) 

* HAnoxic li group includes reservoirs with >80% anaerobic hypoliml'lia; 
POthe.r" group includes the rest of the reservoirs; none. or the completely 
oxic. reservoirs (0% anaerobic fraction) are misclassified by any of the 
the models; statistics exclude Sakakawea (reservoir 30-235) 

** classification criterion: "Anoxic" if estimated log(TDO) < 2.3, 200 
days for models DOl - D06; "Anoxic" if discriminant function < 0 for 
model D06; numbers in parentheses reflect classificat.ion errors with 
a tolerance of .1 (e.g. log(TDO) = 2.2 to 2.4) for models DOI-D06 and 
with a tolerance of .5 for model D06 (discriminant function = -.5 to .5) 
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Figure 27 

Oxygen Status Classification 
on Transparency vs. 

Hypolimnetic Depth Axes 
(Model DOlAOl) 

Figure 28 

Oxygen Status Classification 
on Total P vs. 

Horphometric Factor* Axes 
(Mode 1 D02AOl) 

2 
* Factor 

Z 
ZH 

4.66 - 4.55 LOG(Z) + 2.04 (LOG(Z)) + LOG(ZH) 
mean depth (m) 
mean hypolimnion depth (m) 
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Figure 29 

Oxygen Status Classification 
on Transparenc y vs. 

Morphome tric Fa ctor* Axes 
(Model D02A0 2) 

Figure 30 

Oxygen Status Classification 
on Chlorophyll vs. 

Morphometric Factor* Axes 
(Model D02A03) 

2 
* Factor 4.66 - 4. 55 LOG(Z) + 2.04 (LOG(Z)) + LOG(ZH) 
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Figure 32 

Oxygen Status Classification 
on Pn vs. Morphometric 

Factor* Axes 
(Model D02A05) 

2 
* Factor 4.66 - 4.55 LOG(Z) + 2.04 (LOG(Z)) + LOG(ZH) 
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Figure 33 

Oxygen Status Classification 
on Inflow P vs. 

Morphometri c Factor Axes 
(Model D03AOl) 

Figure 34 

Oxygen Status Classification 
on Pv vs. Hypolimnetic 

Depth Axes 
(Models D05AOl and D0 5A02) 
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Figure 35 

Oxygen Status Clas sification 
According t o Reckhow (1978) 

Discriminant Func t ion 
(Hode l D06A01 ) 



distinguish the anoxic r eservoirs from the others. The mod e l based upon 

chlorophyll (D02A03, Figure 30) shows the best separation of the 

completely oxic group from the intermediate group. The discriminant 

line for this separation corresponds roughly to a discriminant function 

value of 2.6 or 400 days. With the exception of the two outliers 

described below, the data do not provide any basis for rejecting these 

models with their original coefficients. 

168. External models (D03 D06) relate oxygen status to 

phosphorus loading, hydrology, and morphometry. 

D02 have also been tested, by substituting two 

for normalized phosphorus loading for 

Ex ternal forms of model 

alternative expressions 

the observed phosphorus 

concentration in model D02AOI. The expressions (see Table 31) include 

the Vollenweider/Larsen-Mercier statistic (D02A04) and the expression 

derived from the loading model calibrations in Part VI (D02AOS). The 

latter model (Figure 32) yields the best group separation and least 

classification error of any of the external models evaluated. F and Z* 

statistics for models DOSAOI (Rast and Lee, 1978) and DOSA02 

(Vollenweider and Kerekes, 1980) are also relatively high. Figure 33 

shows that recalibration of DOSAOI (or use of a discriminant value 

higher than 200 days) would be required in order to reduce 

c lassification errors. The plots indicate that external loading models 

D02 and DOS do not differ greatly with respect to discriminating power, 

if allowances for recalibration are made. Classification errors or 

parameter biases may be attributed to phosphorus retention model errors, 

as well as variations Ln the internal phosphorus/oxygen depletion 

relationships. 

169. The F statistics for morphometric factors in Table 32 are 

appreciable in relation to those for the water quality variables or for 

the models discussed above. This suggests that morphometric effects are 

extremely important in determining oxygen status and is consistent with 

previous studies of data from natural lakes (Reckhow, 1978, Cornett and 

Rigler, 1979; Walker, 1979). All stratified re se~oirs with mean depths 

less than 13 meters or mean hypolimnetic depths less than 9 meters are 

c lassified as anoxic, for example, regardless of water quality_ Thus, 
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sensitivity to water quality is only apparent in the deeper reservoirs. 

In the relatively shallow reservoirs, nutrient and chlorophyll 

concentrations generally exceed the values required to maintain OX1C 

conditions throughout the stratified period, although the length of the 

anoxic period (and the severity of any secondary water quality impacts, 

such as mobilization of iron, manganese, and nutrients or production of 

hydrogen sulfide) may be sensitive to these concentrations. The 

importance of the morphometric factors, however, makes it difficult to 

evaluate and compare the water quality factors used in these models. 

170. Line slopes in the bivariate plots (Figures 27-35) reflect 

relative sensitivities to morphometry and water quality. Vertical lines 

would reflect a dominance of morphometric effects; most are diagonal. 

Adjustments in the slopes and/or intercepts of some lines may reduce 

c lassifica tion error for some models. Estimation and use of oxygen 

depletion rates, rather than oxygen status, would provide a better basis 

for identifying water quality sensitivity and for recalibrating the 

models. 

171. As shown in Figures 27-35, one oxic reservoir (Lake 

Sakakawea. 30-235) is misclassified by most models. Distinctive fea­

tUres of this mains tem reservoi r on the Missouri River include (1) its 

length (178 miles); (2) the presence of significant spatial gradients 

in chlorophyll, phosphorus, and transparency, as discussed in Part VI; 

and (3) an unusually low percentage of orthophosphorus loading (9%). 

Average chlorophyll concentrations range from 30 mg/m3 at the upper end 

of the reservoir t o 1.4 mg/m3 near the dam. Station total depths range 

from 5 to 180 feet and generally increase moving down the pool. The 

highest concentrations of chlorophyll and nutrients are found at the 

shallow, upper-pool and mid-pool stations and the lowest concentrations 

are found at the deep, near-dam stations. For the internal models, use 

of area-weighted averaging schemes, possibly excluding data from 

unstratified s tations, would probably eliminate the misclassification. 

Mod;,fications of the ext ernal models to account for the effects of plug 

flow and the high percentage of particulate phoshorus loadings would be 

needed for correct classification of this reservoir. The presence of 
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Lake Sakakawea as an "outlier" 1n the oxygen depletion data set is 

consistent with the results of Parts V and VI. 

172. Table Rock Reservoir (24-200) is classified as anoxic, but has 

calculated TOO values greater than 200 days for all of the models 

tested. This · reservoir has a substantial metalimnetic oxygen demand and 

a relatively long stratified period (mid-April through late November, 

about 230 days). The oxygen contour plot shows anaerobic conditions 

developing from the metaliminion and from the bottom, both beginning 1n 

mid-July. By the end of September, the bottom and mid-depth anaerobic 

zones have merged and the entire hypolimnion is anoxic. Claasification 

of this reserv01r as anoxic can be explained by the effects of the 

metalimnetic demand and long stratified period. Spatial gradients may 

also be of significance in Table Rock, since most of the phosphorus 

loading enters about mid-way down the pool, as a result of a major point 

source. Thus, the entire volume of the reservoir is not available to 

ass imilate the loading and the reservoir-average nutrient and 

chlorophyll levels may be lower than those found near the dam. 

173. Other anoxic reservoirs which are frequently misclassified 

include Hartwell (08-330) and Sydney Lanier (10-076), both of which are 

fairly large and complex reservoirs "hich were sampled only twice by the 

EPA/NES during the growing season for chlorophyll, transparency, and 

nutrients. Spring oxygen concentration below 12 g/m3 may also 

contribute to misclassification of these (southern) reservoirs. 

174. None of the misclassifications from the internal or external 

models can be explained by nitrog en-limitation effects, although the 

separation between the oxic and anoxic groups would increase if 

N-limitation effects were taken into account, since three out of the 

five oxic reservoirs had av erage inorganic N/P ratios less than 8. If 

nitrogen were limiting) estimated TOO values based upon phosphorus 

loading (or phosphorus concentration) would tend to be biased on the low 

side. Nitrogen limitation effects may explain the somewhat less 

distinct group separations for models based upon phosphorus 

concentration or loading, as compared 

transparency or chlorophyll. 
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Cone 1 us ions. 

175. Results of the oxygen depletion model testing described above 

can be summarized as follows: 

a. When formulated 

depletion rate, 

to predict 

severa 1 of 

days 

the 

of oxygen supply or volumetric 

existing hypolimnetic oxygen 

depletion models can be used to discriminate between anoxic 

reservoirs (those in which more than 80% of the hypolimnion falls 

below 2 glm3 at SOme point during the stratified period) and other, 

stratified reservoirs, using a TOO value of 200 days Or a HODv 

value of .06 g/m3-day. 

b. Reservoir classifications do not provide any bases for rejecting or 

distinguishing between internal models 001 (Lasenby,l975) or 002 

(Walker, 1979) in their original forms. The form of model D02 

based upon chlorophyll-a provides the best separation between the 

completely oxic and partially anoxic reservoirs. 

c. Among the models which employ normalized phosphorus loading as the 

water quality factor, model D02A05, based upon the phosphorus 

loading expression derived in Part VI (equation (61», has the 

strongest discriminating power and 

Thus, this expression seems to 

response variables (chlorophyll, 

oxygen depletion), despite its 

least classification error. 

work best for predicting all 

phosphorus, transparency, and 

hydrologic independence. If 

allowances for recalibration are made, classification errors for 

model 005 (Rast and Lee, 1978, Vollenweider and Kerekes, 1980) and 

006 (Reckhow, 1978) are equal to model D02A05, but group separation 

is less distinct, based upon analysis of variance statistics. 

d. Two outliers 

explained by 

(consistently misclassified 

the effects of significant 
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meta1i.mnetic oxygen demand. 

e. The strong influence of morphometric factors on oxygen depletion 
-,' 

makes it difficult to distinguish among a1 ternat ive expressions for 

water quality or nutrient loading sensitivity. Estimation of areal 

depletion rates would provide a hetter has is for model comparisons. 

Potentials for metalimnetic demands and spatial variations in 

hypolimnetic deficits should also be considered 

development of empirical methods for predicting 

status. 
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PART VIrI: MODEL NETWORK 

176. Previous chapters 

empirical models which seem to 

have 

work 

identified, calibrated, and tested 

best for CE reservoirs. Tn{s 

chapter presents a model IIne twork" which summarizes relationships among 

external phosphorus loadings and reservoir-average water quality 

conditions. Presentation 1n the form of a network emphasizes the fact 

that these models, like the res ervoir ecosystems which they partially 

represent, are not a series of unrelated equations or relationships, but 

a multivariate "system ll with multiple controls and interactions. 

177. The network is calibrated to data from 29 phosphorus-limited, 

low-turbidity impoundments, which are defined as r eservoirs with inflow 

total NIP ratios greater than 8 and non-algal turbidities (l/Secchi 

.025 ChI-a) less than 1.58 11m (.2 log units) . The above "operational" 

criteria are based upon the testing completed in previous sections and 

additional residuals analyses. The first criterion approximately 

distinguishes between N-limited and P-limited impoundments; it is not 

completely adequate, however, since the inflow total NIp ratio does not 

necessarily equal total NIp or inorganic NIp ratios measured within the 

reservoirs. Based upon the second criterion, all reservoirs with mean 

Sec chi depths greater than .63 meters are included 

"low-turbidity" group, regardless of chlorophyll-a values. 

in the 

178. As demonstrated in previous sections, some systematic effects 

of NIp ratios, inflow ortho-P/total P ratio, turbidity, mean depth, and 

residence time remain within the restricted data set. More complex 

empirical models are needed to account for the remaining effects, to 

include reservoirs not conforming to the above criteria, and to consider 

spatial variations within reservoirs. These will be address e d in future 

research. 

179. The network is tested below using independent reservoir data 

sets compiled from the literature. The feasibility of using or ganic 

nitrogen as a fifth indicator of eutrophication (in addition to 

chlorophyll, phosphorus, transparency, and oxygen depletion) is 

demonstrated. Using multivariate statistical techniques, composite 



measures of impoundment response are constructed and related to external 

phosphorus loadings. Error analyses are conducted to permit estimation 

of prediction confidence limits, as influenced by model errors and 

errorS in the estimates of phosphorus loadings and reservoir-average 

water quality conditions. 

180. All models in the network 

regressions with the dependent and ind 

are one-variable) linear 

ent variables transformed to 

base-lO logarithms. Two alternative expres s ions for 

phosphorus loading are considered: 

where, 

Pv Pi I (I + JT 

Pn Pi I (1 + .001 Pi Z ) 

Pv Vollenweider/Larsen-Mercier expression (mg/ill3) 

Pn normalized loading developed in Part VI (mg!m3) 

Pi average inflow total P concentration (mg/m3 ) 

T mean bydraulic residence time (years) 

Z mean depth (m) 

normalized 

( 6fi) 

(61 bis) 

A unique feature of the second formulation is that it is independent of 

hydrologic factors (residence Lime or overflow rate). Based upon 

analyses in Parts VI and VII, Pn seems to work somewhat better than Pv 

as a predictor of all impoundment response variables. Tests using the 

independent data sets provide further discrimination between these 

formulations. 

Independent Testing 

181. Table 35 summarizes the characteristics and sources of three 

independent data sets which have been compiled for use in model test 

These include: 

(1) EPA National Eutrophication Survey Compendium (94 CE Reservoirs) 

(2) Tennessee Valley Authority Reservoirs (19 Reservoirs) 
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Table 35 
Additional Data Sets Used in Testing Models for Predicting 

Reservoir-Average Conditions 

1. EPA National Eutrophication Survey Compendium 
106 CE Reservoirs 
Error Screening Criterion*: 

Rp > -.1, based upon inflow/outflow data (0 94) 
Data Reduction: 

Chlorophyll, Sacchi: mean, spring-fall 
Total P: median, spring-fall 

Reference: USEPA (1978) 

2. TVA Reservoirs: 
10 Tributary 
9 Mainstem Tennessee River 

Error Screening Criteria*: none 
Data Reduction: 

Chlorophyll, Secchi: mean summer 
Total P (EPA/NES): median spring-fall 

References: 
Higgins et 81.(1980), Higgins and Kim (1981) 
Walker (1980b) (Normandy) 
USEPA (1978) (impoundment phosphorus data) 

3. GECD Reservoir and Shallow Lakes Project 
43 Impoundments from Europe, Australia, Japan, U.S. 

8 (shallow) natural lakes 
8 artificial (pumped storage) reservoirs 
27 ifieial" reservoirs (impounded natural valleys) 
several sampled more than one year (res = 83) 
many impoundments sampled near dam only 

Screening Criteria*: 
include only data from "semi-artificial" reservoirs 
exclude Mount Bold (heavy silt load (Clasen, 1980» 
exclude Grafham Water (outlier, inflow P = 4900 mg/m3) 

Data Reduction: 
chlorophyll, total P: mean, annual, euphotic zone 
transparency: median) annual 

Reference: Clasen (1980) 

"" additional screening criteria applied in computing error statistics 
for all models: 

Criterion EPA TVA OEeD 
Inflow Total N/P > 8 x na x 
Turbidity < 1. 58 11m " na na 

na = no impoundments with data violated criterion 
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(3) OEeD Reservoir and Shallow Lakes Progam (43 Impoundments) 

Detailed screening similar to that conducted in Part IV has not been 

feasible for these data sets, though some impoundments have been 

excluded from error statistic calculations based upon the inflow NIF and 

turbidity criteria discussed above and upon other, limited criteria 

presented in Table 35. Data sets are listed in Appendix F, along with 

plots of observed and predicted conditions for each model and data set. 

Different symbols are used to identify impoundments In various 

categories. Factor-af-two aecuracy limits are indicated in order to 

provide perspective on error magnitudes; they do not necessarily reflect 

prediction confidence limits~ 

182. Figures 36-38 illustrate the relationships for all data sets 

combined, using different symbols to differentiate data suurces. Table 

36 summarizes the formulations and error statistics for each model and 

data set.. Mean squared errors and percents of variance explained are 

calculated for each of three sets of parameter estimates: 

slope 

intercept 

<!. 

original 

original 

Parameter Set 

original optimized 

optimized optimized 

"Original ll refers to coefficients estimated for the CE reservoir data 

set~ IIOptimized lf refers to coefficients estimated for the independent 

data. Variance ratio statistics (see Table 28) are used to test for 

significant differences in mean squared errors among the parameter sets .. 

Significant differences reflect instability in the optimal coefficients 

from data set to data set. 

183. Differences in optimal intercept are indicated by differences 

1.n mean squared error between cases §.. and Q.& In some cases, instability 

in the intercept may be attributed to variations in data-reduction 

procedures. For example, median phosphorus concentrations are reported 

in the EPA/NES data set, as compared with arithmetic mean concentrations 

used in model calibration. Since within-reservoir variations tend to be 
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Figure 36 

Internal Model Evaluations Using the Combined Data Set 
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Figure 37 

Observed VB. Predicted Water Quality Us Pv for 
Normalized Phosphorus Loading and the Combined Data Set 

t.OG { TOTAL p. MG!K3 1 LOG [ C1!t.-t\, MG!!i3 l 

2,8 

2.5 

1.9 

1.0 

1.3 

LO 

0.7 

0.4 

-0.2 

"'.30+.76;.:. 

2.8 :L2 J.b 

100 [ PI / (1 '" fi j 1 

'1 '" 1.08 - .56 x 

LOG ( 1"1 f (1 + IT) 1 

2.0, 

1.7( 
1.4 

O.S 

0,5 

(). :2 

-O'lf 
;t '" -.15 + .66 x 

-O,4+~ __ +-__________ -r' __ ~ __ ~'~ __ ~ _____ ' 

0.4 O.S 1.2 L6 2.0 2.4 2.8 3.2 3.6 

Symbol 
c 
e 
t 
m 

'LOG f PI / (1 .. if ) I 

Meaning 
CE Reservoir, CE Data Set 
CE Reservoir, EPA/NES Data Set 
TVA Tributary Reservoir 
TVA Mainstem Reservoir 
OEeD Reservoir 

inflow Nip> 8, turbidity < 1.58 11m 

line = regression for CE reservoirs 
and CE data set 

dashed line = 2-fold accuracy limits 

188 



Figure 38 

Observed vs. Predicted Water Quality Using Pn for 
Normalized Phosphorus Loading and the Combined Data Set 
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Table 36 
SU1lllllary of Model Equations and Errors by Data Set 

R-Squared Hean Sqd Error 
Data n Vy a b c a b c Mean Med Q3-Qr? 
---------'--------------~------- ..... -----------------------~---------

lllode 1 : log(P) log(Pn) 

CE 29 133 857 859 857 19 19 19 -29 -21 178 
EPA 131 563 704 705 57 39* 39* -138# -130 310 
TVA 15 75 701 719 753 22 21 18 53 75 273 
OECD 27 316 774 778 769 71 70 73 -60 -24 411 

model: lag(E) = -.48 + .89 lag(Pn) 

CE 29 143 717 707 696 41 42 44 0 -13 342 
EPA 51 102 567 611 624 44 40* 38* -73# -88 193 
'?VA 19 44 78 267 272 40 32 32 -10011 -103 291 
OECD 26 234 749 750 747 59 59 59 -48 -95 332 

model; log(S) = 1.26 - .69 log(Pu) 

CE 29 73 850 846 840 11 11 12 0 0 177 
EPA 51 67 709 709 706 20 20 20 -21 0 163 
TVA 18 42 407 435 400 25 24 25 -50 -42 260 
OECD 29 86 -856 580 694 160 36* 26* 354# 352 239 

model; log(P) = .30 + .76 log(Pv) 

CE 29 133 843 839 833 21 22 22 0 -12 173 
EPA 51 131 616 638 641 50 47 47 -62 -110 330 
TVA 19 75 528 533 497 35 35 38 52 132 322 
OECD 27 316 875 899 896 40 32* 33* -941f -113 195 

model; log (B) = -.15 + .66 log(Pv) 

CE 29 143 595 581 561 58 60 63 0 0 396 
EPA 51 102 436 441 469 58 57 54 -41 -43 248 
TVA 15 44 -161 235 265 51 33* 32* -13811 -170 262 
OECD 26 234 734 749 744 62 59 60 -76 -107 316 

model: logeS) = 1.08 - .56 log(Pv) 

CE 29 73 836 829 823 12 13 13 0 18 207 
EPA 51 67 568 587 602 29 28 27 -43 -24 209 
TVA 18 42 275 244 239 30 32 32 -20 -36 331 
OECD 29 86 -1631 280 590 227 62* 35* 409# 414 391 

---~------------------------------------------------------------
(continued) 
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Table 36 (continued) 

R-Squared Mean Sqd Error 
Data n Vy a b c a b c Mean Med Q3-Ql 
------------------------,---------------------------------~ ........ ----- ,/ 

model: log (B) = -.60 ... .98 log(P) 

CE 29 143 691 680 681 44 46 46 0 .-16 328 
EPA 51 102 581 586 664 43 42 34 -41 -43 248 
TVA 15 25 -2835-2349 -52 96 83 26* -130 -82 476 
OECD 24 212 790 784 819 44 46 38 -24 -5 320 

model: logeS) = L18 - .66 log(P) 

CE 29 73 801 793 786 15 15 16 0 -21 175 
EPA 51 67 719 822 817 19 12* 12* -841.' -82 178 
TVA 15 34 733 727 721 9 9 10 -21 -26 151 
OECD 27 82 -994 434 646 165 47* 29* 346# 314 283 

Note: all statistics x 1000 (except nl, log10 scales 
data = data set, screened according to criteria in Table 35 
n = number of impoundment-years 
Vy = variance of dependent variable 
R-squared = fraction of variance explained 

parameters D.F. 
a - original n 
b - intercept optimized n-l 
c - slope and optimized n-2 

D.F. errOr degrees of freedom used in computing 
mean squared error and R-squared 

errOr statistics for original parameters! 

Mean mean error (bias) 
Med median error 
Q3-Q1 interquartile range - 25th percentile) 

;"mean error for case b or c significantly 
lower than mean squared error for case a (p<.05) 

# mean error significantly different from zero at p<.05 
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log-normally distributed (Walker, 1981), the median would tend to be 

lower than the arithmetic mean for a given collec tion of measurements. 

This would cause a lower intercept for the EPA/NES data set and models 

which predict reservoir phosphorus. Differences between the mean 

April-October chlorophyll concentrations in the CE data set and the 

mean annual chlorophyll concentrations used in the OECD/RSL data set 

may also introduce some instability in model intercepts. Significant 

variations in model slope have been found only in the cases of models 

predicting transparency using the OECD/RSL data set. These variations 

are discussed below. 

184. For each set of residuals calculated for data set ~, Table 36 

also lists the mean value, median value, and the inter-quartile range. 

Mean residuals are tested for significance (vs. 0) using a standard 

t-test. This test is equivalent to one for significant variations 1U 

the model intercept. The median and inter-quartile range are presented 

as robust measures of error bias and scale, respectively (Mosteller and 

Tukey, 1977). 

185. Data from 94 CE reservoirs have been extracted from the EPA 

National Eutrophication Survey Compendium tape and used as one 

independent data set. Since this data set includes the reservoirs used 

in model calibration and is based, ultimately, upon the Same set of 

tribu tary and impoundment measurements, it is not truly "independent 11. 

It has been included to permit model testing on a larger 'number of CE 

reservoirs (51 vs. 29 passing screening criteria). Since the EPA/NES 

employed a completely different set of data-reduction procedures 

(loading estimates, reservoir water quality summaries, screening), t~lis 

data set also provides an indication of the sensitivity of model errors 

to these factors. To eliminate impoundments with possible errors in the 

nutrient balance estimates, twelve with reported phosphorus retention 

coefficients less than -.1 have been excluded from plots and error 

calculations; this value (vs. 0) allows for some statistical variability 

in the phosphorus loading and outflow estimates. 

186. For the EPA/NES data set, significant adjustments in 

intercept are indicated for two models involving reservoir phosphorus. 
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With these adjustments, the loading models employing Pn as an 

independent variable explain between 61 and 71 percent of the var~ance 

in impoundment response variables. Explained varlance is somewhat lower 

(44 64 percent) for models using Pv as an independent variable. The 

bias of -.073 log units for prediction of chlorophyll as a function of 

Pn might be related to seasonal factors, since the mean chlorophyll 

values computed by the EPA/NES include early spring (March) and late 

fall (November) sampling dates for many impoundments. 

187. The TVA data set includes 10 tributary (storage) impoundments 

and 9 mainstem impoundments located on the Tennessee River and is 

derived primarily from work by Higgins and Kim (1981). Impoundment 

types are identified using different symbols on the plots in Appendix F. 

Compared with the tributary reservoirs, the mainstem impoundments tend 

to have higher non-algal turbidities and lower hydraulic residence times 

(.013 to .038 years vs .• 12 to .69 years). Based upon the results of 

Parts V and VII, both of these 

chlorophyll/phosphorus response. 

over-prediction of chlorophyll in 

factors would tend to inhibit the 

This is consistent with the 

all mainstem impoundments by all 

models. Modifications of the model structures to account for turbidity 

and flushing controls (see Part V) would be needed to eliminate these 

biases. R-Squared values tend to be lower for this data set than for 

the others. This is attributed primarily to the relatively low variance 

ln the observed data; mean squared errors are similar to and, in many 

cases, lower than errors determined for other data sets. 

188. The DECD Reservoir and Shallow Lakes Project (Clasen, 1980) 

includes data from 8 shallow, natural lakes, 8 pumped-storage 

reservoirs, and 27 "semi-artificial" reservoirs from Europe, Japan, 

Australia, and North America. These are identified using different 

symbols on the plots in Appendix F. The pumped storage impoundments are 

formed by berms constructed on flat plains and, as such, are completely 

artificial; many have extremely high total phosphorus levels (exceeding 

100 mg/m3). Error statistics are computed using data from the 27 

"semi-artificial" reservoirs (impounded natural valleys), which are more 

typical of CE reservoirs than the other impoundment types included in 
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the DECD/RSL study. 

189. The DE CD reservoirs generally have lower non-algal 

turbidities than reservoirs in the other data sets; this may result 

primarily from the fact that most are located in northern, . glacia~~d 

areas. All Of the DECD/RSL impoundments in North America and Europe are 

above 42 degrees latitude, with the exception of Kerr Reservoir, a CE 

project ,n Virginia. CE reservo,r models tend to under-predict 

transparency .substantially (by roughly a factor of 2) ,n many of the 

DECD impoundments. Figure 39 plots the residuals from the 

phosphorus/transparency model as a function of latitude, using the CE 

data set. The tendency for positive residuals ,n northern latitudes is 

evident, although there are only three impoundments at latitudes higher 

than 42 degrees and two of these are potentially nitrogen-limited. 

Results of model testing in Part V indicate that pho"phorus associated 

with non-algal turbidity tends to have somewhat greater effect on 

transparency than phosphorus associated with chlorophyll. The positive 

bias ,n the transparency models is consistent with the northern 

locations of most of the OECD reservoirs and latitude effects observed 

within the CE data set. Since the transparency (and other) models in 

Table 36 are based primarily upon data from projects below 42 degrees 

latitude, 

Compilation 

they cannot be reliably used 1n areas further north. 

of additiona 1 

modification of the 

non-algal turbidity 

models 

would 

data from 

account 

northern 

explicitly 

impoundments 

for effec ts 

and 

of 

needed in order develop a single set of 

models which can be used ,n all CE Districts. 

190. The DECD data set also includes many impoundments which are 

more highly enriched than those included in the CE data set. The OECD 

phosphorus/transparency plot suggests that the relationship flattens at 

total P concentrations exceeding about 100 mg/m3. Some of the bias in 

the transparency predictions may be attributed to impoundments above 

this value. The chlorophyll/transparency plot indicates that some of 

the OECD impoundments have non-a lgal turbidities which are less than 

zero. This suggests a possible bias ,n the chlorophyll light 

attenuation factor (.025 m2/mg) for these impoundments. Differences ,n 
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data-reduction procedures may also contribute to variations in the 

chlorophyll/transparency relationship, since the OECD data set includes 

mean, annual chlorophyll and median, annual Secchi depths. 

191. Despite the transparency model biases, the CE loading models 

explain 77-88% of the variance in GECD total phosphorus data and 73-75% 

of the var~ance in OECD chlorophyll data, without significant 

adjustments in slope or intercept. Error variances for the GEeD data 

set are similar to or higher than error variances for the other data 

sets, despite the fact that the GECD sing programs were more 

intens ive temporally than the EPA/NES sampling programs used ,n 

development of the CE data set. 

192. Comparisons of error variance for the two alternative 

expressions for normalized phosphorus loading, each data set, and each 

response variable indicate that, with the exception of phosphorus 

predictions in the OECD/RSL data set, Pn is equal to or better than Pv 

as a predictor of impoundment response, despite its hydrologic 

independence. While use of spatial weighting factors for averaging 

within-pool measurements may shed additional light on the differences 

between these two loading expressions, independent tests do not provide 

any basis for rejecting the notion that average reservoir conditions can 

be predicted with knowledge of inflow phosphorus concentration and mean 

depth alone; except that observed chlorophyll levels will tend to be 

lower than predicted in reservoirs with residence times less than 

about.03 years. 

Nitrogen 

193. Organic nitrogen has been suggested as a eutrophication 10-

dica tor which is 

materials than 

less sensitive to variations in nonalgal particulate 

i. total phosphorus; it has been included as 

a component in many of the various trophic state indices which have been 

proposed (Shannon and Brezonik, 1972; Boland, 1976; Taylor et al. ,1979; 

Witzig and Whitehurst, 1981). Primary productivity results in the 

conversion of inorganic to organic nitrogen in reservoirs, although a 
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significant portion of the organic nitrogen may be allochthonous in some 

cases, especially those with significant point-source organic nitrogen 

loadings and low hydraulic residence times. The conversion of organic 

nitrogen to ammonia has been represented in various ecological 

a first-order process with a rate constant on the order of 0.1 

models as 
-1 

da y at 

20 degrees C (Zison et al., 1980). At this rate, over 90% would be 

expected to be converted in a period of 25 days. Since this is much 

longer than mean-annual or mean growing-season hydraulic residence times 

of most CE reservoirs and primary production is essentially the only 

other important source of reduced nitrogen, there would seem to be a 

potential for relating pool organic N measurements to indicators of 

eutrophication, including chlorophyll, transparency, and phosphorus. 

This potential is investigated belo l \/'; relationships between organic N 

and other eutrophication measures are developed and incorporated into 

the model network. 

194. Models relating organic N to chlorophyll-a and total 

phosphorus are depicted in Figure 40. Residuals analyses indicate that 

the organic N models are somewhat more sensitive to inflow Nip or 

impoundment Nip ratio than are the other internal models. An inflow 

total Nip cutoff point of 10 seems to be more appropriate for 

distinguishing between Nand P limitation than the cutoff point of 8 

used for the other relationships. Accordingly, models involving organic 

N have been fit using data from 26 impoundments with inflow Nip ratios 

greater than 10 and non-algal turbidities less than 1.58 11m. 

195 . The regressions pr es ented in Figure 40 indicate that 

chlorophyll and total phosphorus explain 76% and 81% of the variance in 

organic N, respectively. In contrast, for the same impoundments, total 

nitrogen explains only 60% of the organic N variance. This is 

consistent with phosphorus limitation of primary produ c tion, which 

results In conversion of inorganic N to organic N. Residuals plots 

indicate higher levels of organic N than those predicted by. chlorophyll 

Ln three . . impoundments with hydraulic residence times less than .02 

years; allochthonous organic N may be important in these reservoirs. 

Based upon the symbol distributions in Figure 40, the organic 
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Figure 40 

Organic N!Phosphorus/Chlorophyll Relationships 

LOG [ eEL-A, KG/H3 J 

2.0 

L7 

1.4 

1.1 

0.8 

0.5 

0.2 

-0.1 

-0.4 

2.0 2.3 

0 

0 

/ 

2y 

, 
/ Y 

... . Sy 

+m 

'" + 

to''' 0, 
+ . , 

.. , + ; 
+ . 
000 

,., 
• 

o. 

y ~ -3.37 + 1.63 x 

r2 ... 76 (0) 

se
2 

'"' .035 

I 1 

2.6 2.9 3.2 3.5 

LOG [ ORGANIC N. KCiK3 1 

LOG [ ORGANIC N. Me/tO 1 

3.5 

3.2 

2.9 

2.6 

2.3 

2.0 , 
0.4 0.7 

o 0 

6' 0 

0 

1.0 1.3 

o 
, 0 

1.6 

• 

+ 

1.9 

• 2y 

y 

o 

+ 

y • 1.85 + .52 x 
2 . .81 (0) , 

2 . .0079 ,. 
2.2 2.5 2.8 

LOG ( TOTA-L p. MG/M3 I 

198 

LOG [ ORGANIC N, MG/MJ 1 

2y 

3.2 

3.0 + 

0", 

~ 
2.8 + " ;5'1 

o. 0 0"" + 

2.6 
0 o ~ 

0 
+ 

0 

2. 6' o 0 

o 

2.2 Y .. 2.21 + .47 J( 

rZ ... 76 (0) 

se
2 

'" .0099 2.0~,--~+--c~--~--~+--c~~~~~~-c~--, 
-0.4 -0.1 0.2 0.5 0.8 1.1 1.4 1.1 2.0 

symbol 
o 

+ 

LOG [ cm.OB.OP1IT1.L-A, MC/M3 ] 

meaning 
CE reservoir 
turbidity > 1.58 11m 
inflow Nip < 10 



N/chlorophyll relationship seems to be relatively insensitive to N/P 

ratio; turbid reservoirs, however, tend to lie above the organic 

N/chlorophyll regression line, probably because a significant portion of 

the organic N in these impoundments is allochthonous and/or associated 

with non-algal particulates. 

196. The reverse seems to be true for the organic N/total P 

relationship: turbid impoundments lie above anj below the regresslon 

line, while most of the N-limited impoundments are below the line. The 

apparent lack of turbidity effect may be attributed to association of 

or~~ic N and phosphorus with algal and non-algal particulates; this is 

j;trOgous to the phosphorus/inv erse transparency relationship in that 

variations in algal and non-algal particulates would tend to influence 

both measurements in the same direction (though not necessarily at the 

same rate) . The potential for higher dissolved phosphorus levels would 

explain the locations of the N-limited impoundments ln the organic 

Nltotal P plot. 

197. Mean squared errors for predicting organlc N as a function of 

chlorophyll-a and total phosphorus are .0099 and .0079, respectively, 

vs. errOrs in the range of .016 to .046 for other internal models in the 

network. The relatively high R-Squared values and low error varlanCes 

suggest that organic nitrogen is a useful indicator of impoundment 

eutrophication. Because turbidity and N/P effects are apparently less 

strong, organlc N is better than total phosphorus as a predictor of 

chlorophyll in the data set analyzed above (R2=.76 vs. R2=.66). This 

does not mean, however, that chlorophyll is nitrogen limited, since 

nitrogen supplies in these impoundments are in excess relative to algal 

physiologic r equirements and the correlation of chlorophyll with total 

nitrogen is relatively weak 

better "surrogate" variable 

(R2=.39). Essentially, 

for chlorophyll than 

organ~c N is a 

lS phosphorus or 

transparency, particularly when impoundments with short residence times 

are excluded. 

198. , Figure 41 shows the relationships between organic Nand 

normalized phosphorus loadings. Regressions using Pv and Pn as 

independent variables explain 72% and 85% of the organic N variance with 
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Figure 41 

Organic N/Normalized P Load Relationships 
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mean squared errors of .012 and .0062, respectively. Most of the 

N-limited and/or turbid impoundments tend to lie below the regression 

lines; allochthonous organic N may be important in one turbid reservoir 

with a strong positive residual and a residence time of .017 years. 

199. The potential use of organic N (vs. chlorophyll) 1n 

eutrophication assessment opens up larger data sets for analysis, since 

chlorophyll-a measurements are limiting in many cases and organic N ~s 

much more commonly measured. Total Kjeldahl nitrogen (TKN) would also 

be expected to perform well as an indicator, since the bulk of the 

inorganic nitrogen entering reservoirs not subject to large point­

source loadings is generally in nitrate form and its conversion to re­

duced nitrogen forms (ammonia and organic) is directly related to pri­

ma ry production. Additional inves t.iga lions of TKN and organiC ca rbon 

as indices of eutrophication are warranted, particularly considering 

their significance in relation to trihalomethane problems in drinking 

water (Dorin, 1980). Means for predicting the significance of al­

lochthonous organic N J particularly in impoundments with short resi­

dence times, should also be researched. 

Multivariate Analysis 

200. Variations in total phosphorus, organic nitrogen, 

chlorophyll-a, and transparency from reservoir to reservoir partially 

reflect variations in algal densities and degree of eutrophication. As 

discussed previously, however, some of these measurements are influenced 

by factors unrelated to eutrophication, such as inorganic suspended 

solids loadings, organic nitrogen loadings, or color. Of these 

variables, chlorophyll is the most direct measure of algal standing 

crop, although it is not necessarily proportional to algal biomass and 

does not reflect other organic materials (detritus, zooplankton) which 

may result directly or indirectly from algal growth and which may have 

important water quality impacts, particularly on oxygen levels in the 

hypolimnion and near the sediment-water interface. The reliability of 

chlorophyll measurements is also limited by sampling error related to 
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high spatial and temporal variability and by variations Ln analytical 

procedures. 

201. The method of partial correlation (Snedecor and Cochran,1972) 

can provide some useful insights into relationships among these measur~s 

of trophic state. Partial correlation coefficients among the four 

reserV01r response measurements are given Table 37. The partial 

correlation coefficient "Xy.ZIl reflects the covar1ance between X and Y 

controlled for variations 1U Z. For example, if X and Y were regressed 

separately against Z, "XY.Z" would be the simple correlation coefficient 

between the residuals (observed minus predicted) from these regressions. 

Another way of interpreting "Xy .. ZIl is as the correlation between X and Y 

for cases (reservoirs) having a fixed value of Z. When the network is 

controlled for variations in chlorophyll, correlations among the other 

three response measurements (phosphorus, transparency, and organic N) 

are at reduced but still significant levels. When the network LS 

controlled for organic N, however, the phosphorus/chlorophyll and 

chlorophyll/transparency correlations become insignificant; this may 

reflect the relative strength of organic N as a trophic state indicator. 

The phosphorus/transparency correlation remains strong, even after 

controlling for both organic Nand chlorophyll-a (r=-.71); this most 

likely reflects covariance attributed to non-algal suspended solids. 

202. Given the relative strengths and weaknesses of these types of 

measurements as indicators of eutrophication, it is useful to 

summarize them in the form of one composite variable using a 

principle component analysis (Harris, 1975). This is the approach taken 

by Shannon and Brezonik (1972) and by Boland (1976) in developing 

regional, multivariate, trophic state indices for lakes. One advantage 

of a composite variable is that it helps to reduce the effects of random 

variations in the individual measurements. This pertains chiefly to 

analytical errors; it would not reduce biases attributed to unrepre­

sentative sampling. 

203. Results of a principle component analysis of the CE reserVOLr 

response measurements are summarized in Table 38. The first component 

explains 89% of the total variance in the individual measurements: 



Table 37 
Partial Correlation Coefficients Among Reservoir Response Measurements 

Coefficient 
--- Data Set --­
All Restricted 

PB. 
SB. 
NB. 
NP. 
SP. 
SN. 

NP.B 
SP.B 
SN.B 

PB.N 
SP.N 
SB.N 

SP.NB 

.717 
-.567 

.799 

.764 
,..851 
-.698 

.455 
-.775 
-'.494 

.275 
-.688 
-.021 

-.710 

.814 
-.769 

.870 

.898 
-.908 
-.875 

.663 
-.760 
- .654 

.152 
-.573 
-.032 

-.576 

P ~ Total P 
S Secchi Depth 
B Chlorophyll-a 
N Organic N 

XY.Z = correlation between X and Y 
controlled for variations in Z 

All = 43 CE reserVOirs 
Restricted = 26 CE reservoirs with 

Turbidity < 1.58 11m 
Inflow Nip > 10 

All correlations on log scales 

Table 38 
Principal Components Ana lys is of Reservoir Response Heasurements * 

Correlation Matrix : 

Total P Chl-a Secchi Org-N 
Tota 1 P 1.000 
Ch1-a .814 1.000 
Secchi -.908 -.769 1.000 
Org-N .898 .870 -.875 1.000 

Bean 1.540 .937 .155 2.650 
Std. Dev. .343 .370 .269 .198 

Principal Components of Covariance Matrix: 

Eigenvalue .325 .029 .008 .004 
R-Squared .887 .079 .022 .012 

Coefficients 
Total P .577 .458 .658 -.156 
Chl-a .607 -.768 -.044 - .198 
Secchi -.436 -.446 .747 .229 
Org-N .330 .023 -.082 .940 

* restricted data se t (Table 37);10g10 scales 
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PCl .57 10g( P) + .61 10g(B) - .44 logeS) + .33 10g(No) (6 7) 

where , 

PCl =.first principal component 

P total phos phorus (rng/m3) 

B chlorophyll-a (mg/m3) 

S transparency (m) 

No = organic nitrogen (mg/m3) 

In a principal component analysis, the relative values of the 

coefficients are selected to maximize the variance of each successive 

composite variable~ Harris (1975) suggests that this procedure is 

essentially an lIinternal discriminant analysis ll
• The high percentage of 

variance explained by the first component indicates that it is a useful 

statistic for discriminating among (or 

R-Squared value of 89% indica tes that, 

ranking) 

if each 

reservoirs. The 

of the response 

measurements were regressed separat e ly against PCl, a total of 89% of 

the variance would be explained. 

204. The magnitude and sc ale of PCI are somewhat arbitrary; 

computed values for CE reservoirs range from 1.4 to 3.5. Table 39 lists 

the CE reservoirs in the data set, sorted according to increasing PCI 

value. The statistical procedure does not guarantee that PCI 15 a 

"trophic state index"; for example, some of the covariance of 

phosphorus, transparency, and organic nitrogen represented by PCl may 

still be attributed to allochthonous suspended solids. The chlorophyll 

term has the highest coefficient, however, so that a significant portion 

of the variance in PCl should be attributed to variance 1n chlorop hyll 

and algal standing crop. Since the analysis has been done using data 

from phosphorus-limited, low-turbidity res ervoirs only, the significance 

of the phosphorus and transparency terms may be inflated 1n N-limited 

and/or turbid impoundments, as identified in Table 39. 

205. Table 39 indicates that PCl does a reasonable job of 

discriminating among reservoir "trophic states" assessed by the 

EPA/NES. The oligo/mesotrophic and meso/eutrophic boundaries lie at PCl 
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Table 39 
CE Reservoirs Rank ed Based upon PCl Values 

Code Reserv oir * PCl P B S No Pn Pv TS 
-------------------------------------------------------------------- ~. 

19343 Dale Hollow 
31077 Dworshak 
03307 Beltzvill e 
24013 Bull Shoals 
17391 Summersville 
17373 J.W. Flannagan 
19122 Cumberland 
16328 Allegheny 
10003 Holt 
24011 Beaver 
24200 Table Rock 
10411 Bankhead 
25278 Tenkiller Ferry 
18093 Monroe 
30235 Sakakawea 
19340 J . Per cy Priest 
18120 Barren River 
06372 John H. Kerr 
19342 Old Hickory 
29111 Pomona 
25267 Eufaula 
25281 Wister 
17241 Atwood 
17 256 Pleasant Hill 
16243 Ber lin 
20087 Shelbyv ille 
19119 Barkley 
04312 F.J. Sayers 
29108 Milford 
163 17 Shenango River 
29106 Kanopolis 
18092 Mi ssissinewa 
20081 Carlyle 
26355 Lewisville 
17248 Delaware 
20088 Rend 
29207 Harlan County 
17242 Beach City 
25105 John Redmond 
25273 Keyst one 
17249 Dill on 
15237 Ashtabula 
17245 Charles Mill 

1.44 
1. 45 
1. 58 
1. 63 
1.68 
1. 72 
1. 74 
1.81 
1.83 
1. 89 
2.11 
2 .15 
2 .1 7 
2 .19 

n 2 . 26 
n 2.33 

2 . 34 
2.39 

n 2.49 
t 2 .53 
nt 2 . 55 
t 2 .55 

2.58 
2.62 
2.71 
2.75 

n 2.77 
2.78 

n 2. 85 
2.85 

nt 2.91 
2.92 
2.92 

nt 2.95 
t 2.95 
n 2 . 95 

3.12 
t 3.1 2 
nt 3. 19 
nt 3 .33 
t 3.36 
n 3.49 

3.50 

1. 01 
1.11 
1. 03 
1.20 
1.11 
1.03 
1.19 
1.32 
1.38 
1.49 
1.47 
1.60 
1. 58 
1.49 
1.86 
1.65 
1. 65 
1. 70 
1. 76 
1. 66 
1. 95 
1. 98 
1.62 
1.61 
1.77 
1.84 
2.10 
1. 98 
1. 98 
1. 78 
1. 83 
2.02 
1. 93 
2. 12 
2.01 
1.85 
2.10 
2.22 
2 .34 
2 .33 
2.27 
2 . 44 
2.10 

0.56 0.64 
0.38 0.40 
0.69 0 . 54 
0 . 60 0 . 60 
0.79 0.55 
0.75 0 .3 5 
0.58 0.23 
0.57 0.34 
0.41 0.09 
0.59 0.33 
0.96 0. 36 
0.60 0.08 
0.82 0.21 
0.86 0.21 
0.87 0.36 
1.00 0 . 25 
0.93 0 . 07 
0.91 0.04 
0.95 -0 .1 2 
0.93 -0.32 
0.64 -0.35 
0.71 -0.23 
1.22 -0 .02 
1. 36 0.04 
1.16 -0 . 07 
1.23 - 0.0 1 
1.1 2 - 0 .1 6 
1. 26 0.08 
1. 28 -0. 07 
1.43 - 0 .03 
1. 20 -0 .46 
1. 20 -0.17 
1.24 -0.25 
1.24 -0.20 
1. 04 -0.39 
1.37 -0.14 
1. 44 -0.22 
1. 04 -0.55 
0.98 -0.73 
1.43 - 0.44 
1. 42 -0.33 
1. 62 -0.13 
1.83 -0.3 5 

2.41 
2 . 28 
2 . 43 
2 . 52 
2.42 
2 . 51 
2.43 
2 . 57 
2.50 
2 . 49 
2.53 
2 .70 
2.57 
2.71 
2.48 
2.65 
2 . 59 
2.65 
2.55 
2.63 
2.67 
2 . 64 
2.72 
2 .6 7 
2.90 
2.84 
2.46 
2.75 
2 .73 
2.87 
2.81 
2.90 
2.87 
2.70 
2.99 
2.99 
2.86 
2.92 
2.80 
2.83 
3.17 
3 .1 6 
3.10 

1.1 5 
0.96 
1. 05 
1.1 2 
1. 21 ; 
1.48 
1. 40 
1.45 
1.43 
1. 47 
1.39 
1.60 
1. 57 
1.40 
1. 65 
1. 81 
1.60 
1. 78 
1.81 
1. 89 
1. 99 
1. 77 
1.82 
1.60 
2 .04 
1. 92 
1. 91 
1. 97 
2.01 
1. 87 
2.18 
1. 98 
2.06 
2.02 
2.17 
2.20 
2.00 
2.28 
2.25 
1. 97 
2 . 04 
2 .1 5 
2.14 

0.97 OM 
1. 04 0 
0.95 M 
1.03 M 
1.29 M 
1 .64 M 
1. 55 M 

1.50 M 
1 . 53 E 
1.49 M 

1.43 E 
1.73 E 
1. 77 E 
1.25 E 
2.01 O-E 
1.98 E 
1.61 E 
1.98 E 
1. 95 E 
1. 95 E 
2 .33 E 
1. 7 5 E 
1. 76 E 

1.62 E 
2.24 E 
2.08 E 
2 .06 E 
2. 14 E 

2 . 63 E 
1. 90 E 
2.84 E 
2.42 E 
2.17 E 
2.20 E 
2.36 E 
2.23 E 
2.26 HE 
2.38 E 
2.50 E 
2 .49 E 
2.16 E 
2.27 E 
2.18 E 

* n = inflow total NIp < 10 , t = 
PCl = first principal component of 
All data in 10g 10 uni t s : 

Don-algal turbidity> 1.58 11m 
P, B, S, and No ( Tabl e 38) 

P = res ervo ir t o tal P (mg/m3) 
S ~ transpa r ency (m) 
Pn g Pi / (1 + . 001 Pi Z ) 

B ~ chlorophyll-a (mg/m3) 
No ~ organic N (mg/m3) 
Pv ~ Pi / (j + .Jf ) 

IS "tr ophic s eat et! assessed by EPA National Eutrophication Survey 
(O=Oligotrophic,M:Mesotrophic,E=Eutrophic,HE=Hypereutrophic) 
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values 

Parts 

of 

VI 

approximately 

and VII, Lake 

1.5 and 2.0, respectively. As discussed in 

Sakakawea is eutrophic at one end and 

oligotrophic at the other. Its intermediate ranking (PCI;2.26) refers 

to "average" conditions and ~s somewhat deceptive; this further 

emphasizes 

reservoirs. 

the need for considering spatial variations ~n SOme 

206. The second principal component of the reservoir response 

measurements is given by the following expression: 

PC2 .46 10g(P) - .77 log (B) - .45 logeS) + .02 10g(No) (68) 

While this component accounts for only 8 percent of the response 

variance from the low-turbidity, P-limited reservoirs, it may be of some 

physical significance. Table 40 presents correlations between the first 

two principal components and various reservoir characteristics, using 

data from all 43 reservoirs in the CE load/response data set. While 

PCI as a possible measure of eutrophication 1S correlated best with 

total P, chlorophyll, transparency, organic N, normalized phosphorus, 

and mean depth, PC2 is correlated best with the chlorophyll/secchi 

product (r;-.90) and non-algal turbidity (r;.80), as shown in Figure 42. 

As demonstrated in Part V, the product of chlorophyll and transparency 

the fraction of light extinction attributed to is proportional to 

chlorophyll-related substances; it 

daily-integral photosynthetic rate per 

is 

unit 

also 

area 

proportional to the 

under light-limited 

conditions, since it is directly related to the total amount of light 

absorbed by chlorophyll (Vollenweider and Kerekes, 1980). Thus, PC2 may 

be an indicator of the partitioning of light extinction (and nutrients) 

between algal-related and other substances. Comparing the coefficients 

for phosphorus (.46) and organic N (.02) indicates that the former has a 

greater tendency for association with non-algal substances; this is 

also reflected by the stronger correlation between organic Nand 

chlorophyll than between total P and chlorophyll and by the partial 

correlation coefficients listed in Table 37. Table 41 lists data from 

43 CE reservoirs, sorted by increasing PC2 value. 
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Table 40 

Correlations of Principal Components 
with Reservoir Characteristics 

Component 
Measurement PCl PC2 

Chlorophyll-a .873 -.201 
Transparency -.865 -.645 
Total P .947 .499 
Organic N .876 .141 

Chl-a x Transparency .040 -.901 
Non-Algal Turbidity .655 .803 

Mean Depth -.827 -.304 
Res idence Time -.349 -.329 

Pil (l + .001 Pi Z ) .929 .431 
Pi I (l + Sf) .861 .453 

PCl and pe2 defined in Table 37; 
all variables on log scales 
based upon data from 43 reservoirs 
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Table 41 
CE Reservoirs Ranked Based upon PC2 values 

Code Reservoir 

17391 Summersville 
17256 Pleasant Hill 
03307 Beltzville 
16317 She nanga River 
17245 Charles Mill 
17373 J.W. Flannagan 
19343 Dale Hollow 
24200 Table Rock 
17241 Atwood 
24013 Bull Shoals 
20088 Rend 
19340 J. Percy I'ripst 
04312 F.J. Sayers 
20087 Shelbyville 
18093 Monroe 
15237 Ashtabula 
16243 Berlin 
29108 Milford 
29207 Harlan County 
19122 Cumberland 
25278 Tenkiller Ferry 
16328 Allegheny 
18120 Barren River 
3023 5 Sakakawea 
31077 Dwors hak 
20081 Carlyle 
06372 John H. Kerr 
24011 Beaver 
18092 Mississinewa 
17249 Dillon 
26355 Lewisville 
29106 Kanopolis 
19342 Old Hickory 
25273 Keystone 
19119 Barkley 
29111 Pomona 
10411 Bankhead 
10003 Holt 
17248 Delaware 
17242 Beach City 
25281 Wister 
25267 Eufaula 
25105 John Redmond 

* pe2 

-0.29 
-0.27 
-0.24 
-0.21 
-0.21 
-0.20 
-0.20 
-0.17 
-0.13 
-0.12 

n -0.07 
n -0.06 

-0.03 
-0.03 
-0.01 

n 0.01 
0.02 

n 0.02 
0.02 
0.05 
0.06 
0.07 
0.07 

n 0.08 
0.09 
0.11 
0.12 
0.14 
0.14 

t 0.17 
nt 0.17 
nt 0.19 
n 0.19 
nt 0.23 
n 0.23 
t 0.25 

0.30 
0.34 

t 0.36 
to.53 
to.53 
nt 0.62 
nt 0.71 

B*S 

1.34 
1.40 
1.23 
1.40 
1.48 
1.10 
1. 20 
1.32 
1.20 
1. 20 
1. 23 
1.25 
1.34 
1.22 
1.07 
1.49 
1.09 
1.21 
1.22 
0.81 
1.03 
0.91 
1.00 
1.23 
0.78 
0.99 
0.95 
0.92 
1.03 
1.09 
1.04 
0.74 
0.83 
0.99 
0.96 
0.61 
0.68 
0.50 
0.65 
0.49 
0.48 
0.29 
0.25 

PC2 = second principal component (Table 38) 
A = non-algal turbidity = l/S - .025 B 
B*S = secchi depth x chlorophyll-a (mg/m2) 
T = mean hydraulic res idence time (yrs) 

A 

-0.83 
-0.44 
-0.78 
-0.36 
-0.18 
-0.35 
-0.66 
-0.59 
-0.09 
-0.78 
-0.07 
-0.40 
-0.34 
-0.19 
-0.17 
-0.43 
-0.07 

0.02 
0.13 

-0.27 
-0.28 
-0.31 
-0.13 

0.03 
-0.46 

0.16 
0.05 

-0.25 
0.13 
0.21 
0.22 
0.42 
0.05 
0.51 
0.05 
0.28 

-0.10 
-0.12 

0.37 
0.52 
0.20 
0.38 
0.72 

* n = inflow N/P < 10 , t = turbidity> 1.58 l/m 
209 

T 

-1:25 
-1.28 
-0.61 
-1.29 

. -1. 54 
-0.38 
-0.12 
-0.23 
-0.42 
-0.30 
-0.16 
-0.66 
-1.32 
-0.68 
-0.39 
-0.45 
-0.71 
-0.52 

0.16 
-0.42 
-0.49 
-0.75 
-0.82 

0.12 
-0.22 
-0.91 
-0.76 

0.01 
-1.10 
-1. 77 

0.02 
-0.90 
-1.68 
-1.17 
-1.66 
-0.50 
-1.38 
-1.82 
-1. 57 
-2.09 
-1.16 
-0.35 
-1.36 
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207. Classification of reservoirs based upon PCl and PC2 is shown 

1n Figure 43, which plots PC2 against PCl using different symbols to 

distinguish liN-limited" and "turbid" impoundments. The impoundments 

exceeding the non-algal turbidity limit of 1.58 lIm tend to lie in the 

upper right-hand region of the plot. The PCl axis can be roughly 

considered as ranging from "oligotrophic" to "eutrophic!!, and the PC2 

axis, from lIalgae-dominatedtl to "turbidity-dominated lt
• Two impoundments 

(Holt and Bankhead) lie in the upper left-hand region of the plot, but 

are classified ~n the "low-turbidity" group. If the definition of 

"low-turbidity" were based upon chlorophyll/transparency product, rather 

than non-algal turbidity values, these reservoirs would be classified 

with the other impoundments with relatively high PC2 values (see Table 

41). The models in Table 36 also tend to over-predict chlorophyll and 

transparency in these two impoundments. These results suggest that a 

classification system based upon PCZ or chlorophyll/Secchi product would 

be more appropriate than one based upon turbidity level. Future 

refinements in the model network should consider this revised 

classification system. 

208. Regression analyses have been done to relate computed PCl 

values to normalized phosphorus loading expressions, using data from 26 

P-limited, low-turbidity impoundments: 

2 2 
PCl -.25 + 1. 58 Pn (R = .89, SE = .039) (69) 

2 2 
PCl .30 + 1.17 Pv (R = .78, SE = .076) (70) 

The error varlance for the Pn regression is about half that for the Pv 

regression. These relationships are depicted in Figure.44. The high 

percentages of variance explained by the normalized loading statistics 

indicate that impoundment ran kings based upon Pn (or Pv) should be 

similar to those based upon PCl. Thus, both PCI and the loading 

expressions "are useful for predictive and ranking purposes. 

209. The above equations relating PCl to Pn and Pv are tested 

using the EPA/NES data set in Figure 45. Using data frol)l P-limited, 

lo~~turbidity impoundments, R-Squared values are .77 and .59 for the Pn 
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Second Principal Component vs. First Principal Component 
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Figure 44 

First Principal Component vs. Normalized Phosphorus Loading Statistics : 

" 

CE Data Set 
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lCS: 

Figure 45 

First Principal Component vs. Normalized Phosphorus Loading Statistics: 
EPA/NES Data Set 

FIRST PRINCIPAL COMPONENT [ P, CHL-A, SECCHI, ORG-N ] 

4.0 

3.7 

3.4 

3.1 

2.8 

2.5 

2.2 

1.9 

1.6 

1.3 

0 

/ 
o 

'" 

/ 0 

o 
o 

o 

/ 

/ 
o 

0 

0 

0 / 
/ 

0 f' 
0 0 

/ 0 6 
/0 

F. 
<f 

0 

00 

6' 0 
0 0 

/ 

0 0 

q, 
/ 

/ 0 
/ 

/ 0 

00 

• 
B. 

0 0 .. / . .". ft· 

• • 

/ 

+ -1/ 

/2y 
/ 

o 
/ 

• 

y 

.3y 

v ~ .30 + 1.17 x 
• 2 
r ... 59 (0) 

se2 ... 132 

1.0 '_-~--~,e----+--+,--.. ,--.."e----+, __ +-_' 
0.8 1.1 1.4 1.7 2.0 2.3 2.6 2.9 3.2 

LOG ( PI / (j • -iT) I 

FIRST PRINCIPAL COMPONENT [ p. CHL-A, SEGCHI, ORG-N 1 

4.0 

3.7 

3.4 

3 .1 

2.8 

2.5 

2.2 

1.9 • 
1.6 

'" 1.3 / 

/0 

/2y 

8" y 
/ 

0 
.5y 

0/" 0 

/ 
o 0 

/ 

.5 /0 ° 
/ o 
g 

o 
o 

o 00 0 

o / 
em gbo / + 

o / 
/ 

o 
o 

o 

o 

• 
y ~ -.25 + 1.58 x 

r2 "" .77 (0) 

se
2 = .075 

1.0.~ ____ ~ __ -+ ____ ~ ____ +-__ ~~ __ -+_, 

0.8 1.1 1.4 1.7 2.0 2.3 2.6 

LOG (PI (j • .001 PI Z ) I 

symbol meaning 
0 CE Reservoir 

turbidity > 1. 58 l/m 
+ inflow N/P < 10 

213 



and Pv equations. respectively. Mean squared errors <.075 and .132. 

respectively) are higher than those in Figure 44; this may be related to 

differences 1n data reduction procedures and limited screening of the 

EPA/NES data. 

210. Figures 44 and 45 show that the above equations work well for 

some N-limited and/or high-turbidity impoundments. In some cases. this 

may be attributed to offsetting biases in the calculation of PC1; for 

example, in a turbid impoundment. both chlorophyll and transparency 

would tend to be lower than predicted based upon the loading models. but 

the effects on PCl would be partially cancelled out because these 

factors have opposite signs in the PCl expression. Thus, the PC1/PC2 

classification system does not completely separate eutrophication from 

turbidity effects. Using factor analysis techniques (Harris, 1975). it 

may be possible to expand upon the above results and to develop summary 

statistics which separate these factors and which consider nitrogen 

limitation. This is left for future work. 

Error Analysis 

211. In the data-reduction procedures described 1n Part IV, 

attempts were made to estimate the error variances associated with 

estimates of inflow nutrient concentrations and average water quality 

conditions for each impoundment. These error variances reflect spatial, 

temporal, sampling, and analytical variability 10 relation to the 

sampling program designs. Table 42 presents pooled estimates of total 

and errOr varlance for impoundment response and inflow concentration 

variables. For the response measurements, between 4.8 and 10.3 percent 

of the total var1ance can be attributed to error variance; the 

remainder reflects true differences among reservoirs. Between 2.0 and 

2.2 percent of variance in the normalized phosphorus loadings can be 

attributed. to error. The 95% confidence factors for individual 

impoundment response values range from 1.36 to 1.75. The higher error 

in the case of chlorophyll reflects greater temporal. sampling, and/or 

analytical variability. 
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Table 42 

Summary of Estimated Variance Components of Measurements 
Involved in Empirical Model Framework 

·Variable 
Total(a) Error 

Variance Variance 
Percent 

Error f 95 (d) 

------ Reservoir-Average Conditions (b) ------

Total P 
Chl-a 
Secchi 
Organic N 

.1332 

.1429 

.0734 

.0630 

.0071 

.0147 

.0058 

.0030 

5.3 
10.3 

7.9 
4.8 

Normalized Phosphorus Loadings (c) 

Pv 
Pn 

.1918 

.1282 
.0042 
.0025 

2.2 
2.0 

1.47 
1. 7 5 
1.42 
1.36 

1.35 
1.26 

a Total variance reflects true differences among reservoirs and 
error variance, based upon data from 29 reservoirs with inflow 
N/P > 8 and non-algal turbidity < 1.58 lIm (.2 log units) 

b Error variance reflects errors in estimating reservoir-average 
conditions based upon limited sampling (Part IV) 

c Error variance reflects errors in estimating average inflow 
concentration based upon limited tributary sampling (Part IV) 

Pv 
Pn 

Pi / Cl + Sf) 
Pi / Cl + .001 Pi Z ) 

d Approximate 95% confidence factor for impoundment mean value: 

y / f95 < y < y * f 95 
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212. The individual impoundment response statistics are generally 

less accurate than the inflow concentration statistics. This reflects 

an imbalance in the EPA/NES sampling program design: more than three or 

four sampling rounds per impoundment per year would have provided better 

estimates of average conditions~ While the error variances are greater 

than desired for individual project assessments, their effects on model 

testing are minimal because they generally represent only a small 

fraction of the total variance across reservoirs. 

213. Figure 46 summarizes all equations involved in the model 

network. Nean squared errors and 95% confidence factors are presented 

for total and model error components. The former is applicable for 

comparing predictions with observations based upon data similar to that 

used in model development (i.e., the EPA/NES sampling design). Hodel 

error var1ance is essentially the total error variance, corrected for 

the effects of data variance: 

2 
SE 

m 

where, 

2 
SE 

m 

2 
SE 

t 

V 
Y 

V 
x 

b 

2 
SE 

t 
V 

Y 

2 
b V 

x 

model mean squared error 

total mean squared error 

estimated data error var1ance of dependent variable 

estimated data error variance of independent variable 

regression slope 

(71) 

The above equation 1S approximate, because it aSSumes that the error 

variances 1n the dependent and independent variables are uncorrelated. 

Because covariance terms would be expected to be important in 

calculation of PCI, partitioning of model and data err"e j" not feasible 

for models involving this statistic. Model error statistics would 

reflect expected error distributions derived from comparing predictions 
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Figure 46 
Summary of Empirical Hodel Network Relating 

Reservoir-Average Conditions 

3~r~410 
, PC1 

"""t·tl~'\~-, ~8 1 9 / _______ <I 

Chl-a -------

2 2 2 
Hodel y x a b R SE f95 SE* f95* 
-----------------------.--------------------------------------

1a P Pn .00 1.00 .857 .0190 1.89 .0094 1. 56 
2a Chl-a Pn -.48 .89 .717 .0435 2.63 .0268 2.13 
3a Secchi Pn 1. 26 -.69 .840 .0115 1.62 .0045 1.36 
4a Org-N Pn 1. 79 . 54 .849 .0062 1.44 .0025 1.26 

1b P Pv .30 .76 .833 .0220 1. 98 .0125 1.67 
2b Chl-a Pv - .15 .66 .561 .0630 3.18 .0465 2.70 
3b Secchi Pv 1.08 -.56 .823 .0130 1.69 .0059 1.42 
4b Org-N Pv 1. 99 .39 .715 .0117 1.65 .0081 1. 51 

5 Chl-a P -.60 .98 .681 .0460 2.69 .0260 2.10 
6 Secchi P 1.18 -.66 .786 .0160 1. 79 .0071 1.47 
7 Org-n P 1.84 .52 .807 .0079 1. 51 .0030 1. 29 
8 Secchi Chl-a .65 -.59 . 585 .0316 2.27 .0214 1. 96 
9 Org-N Chl-a 2.21 .47 .756 .0099 1. 58 .0037 1.32 

lOa PCl Pn -.25 1.58 .886 .0386 2.47 
lOb PCl Pv .30 1.17 .775 .0761 3.56 

Equation: log(y) = a + b log(x), units mg/m3, except Secchi (m) 
All statistics are for non-algal turbidity < 1.58 l/m and inflow 

N/P > 8, except those involving org-N (inflow N/P > 10) 
f95 approx. 95% confid ence fac,tor: 'j/f95 < Y < 9*f95 
Px = normalized Inflow P Concentration (Pv or Pn) 
Pv = Pi / (1 + IT ) Pn = Pi / (1 + • 001 Pi Z) 
P = reservoir Total P Pi = Inflow Total P 

./ 

PCl = first principal component of P, Secchi, ChI-a, Org-N (R2=.887) 
= .58 log(P) + .61 10g(Chl-a) -.44 10g(Secchi) + .33 log( org -N) 

* estimated model mean squared error and f95, adjusted for data 
error component (see text and Table 41) 
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with error-free data (i.e., in the limit, data derived from highly 

intensive sampling programs). 

214. All error statistics in Figure 46 refer to P-limited, 

l ow-turbidity impoundments. Chlorophyll values tend to be lower than 

predicted in N-limited and/or turbid impoundments. Based upon the 

results of residuals testing, the models also tend to over-predict 

transparency and chlorophyll in impoundments with residence times less 

than about .03 years. The framework is based largely upon data fron 

res ervoirs south of 42 degrees latitude. Tests described above indicate 

possible biases (particularly for transparency predictions) 1n 

reservoirs above this latitude. Augmentation of the data base would be 

required for development and testing of models applicable to northern 

impoundment s. 

215. Total and model errors for predicting transparency are 

generally lower than errors for predicting phosphorus or chlorophyll. 

This results from the relatively limited range of the Secchi measurement 

and from the phosphorus/transparency covariance attributed to non-algal 

suspended solids. The traditional approach to predicting transparency 

involves linkage of inflow P/pool P, pool P/chlorophyll, and 

chlorophyll/transparency models. This approach is clearly inferior to 

the direct inflow P/transparency model, based upon the error pathways 

depicted in Figure 46. 

216. Predictions of chlorophyll are more uncertain than those of 

other response variables. Problems with the sampling and measurement of 

chlorophyll may be contribute to errors, along with variations of 

chlorophyll/biomass ratios as functions of algal species, growth stages, 

and environmental cond itions. As demonstrated in Parts V and VI, errors 

can be reduced by incorporating the effects of turbidity; mean depth, 

and flushing rate on the chlorophyll/phosphorus response. This is a 

promising area for model improvement, although it 1S limited partially 

by the lack of a predictive basis for turbidity (or 

chlorophyli/transparency product). 

217. As demonstrated 1n Part VI, spatial var1ance probably 

contributes to errors 1n all of the loading models and-may influence 
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optimal model formulations and parameter estimates. These potential 

effects warrant additional investigation. Refinements to the network 

analysis should also consider parameter errors, more refined models, and 

possible application of path analysis techniques. 
, " 
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PART IX: GENERAL CONCLUSIONS 

218. Specific <ecommendations regarding models i n each category 

can be found at the ends of Parts V, VI, and VII. 

elusions are o'utlined below: 

. / . 

Some general con- ' 

a. Empirical eutrophication models can be adapted ' for use for 

reservoirs, with expected e rror s which are similar in magnitude to 

those report ed In "global!! studies of natur a l lakes. Err or 

variance for predicting chloroph yl l is generally more than twice 

that for · predicting phosphorus or transparency. This difference 

refl ec ts temporal variability in the sizes and composition s of 

algal populations and variability in the chlorophyll measurement 

process, both of which tend to reduce the reliability of the 

station-mean or reservoir-mean chlorophyll estimates derived from 

l imited numbers of sampling dates. Organic nitrogen is useful as a 

trophic state indicator in most reservoirs; it is highly correlated 

with chlorophyll and does not appear to be as strongly influenced 

by allochthonous suspended solids as are the total phosphorus or 

transparency measurements. 

b. The following factors have been shown to be correlated with model 

residuals and to induce variability 1n the parameter es timates of 

phosphorus-based model s in various categor ie s : 

1. turbidity 

2. inflow and reservo,r Nip ratios 

3. flushing 

4. mean depth 

5. inflow ortho-p/total P ratio 

6. sediment accumul a tion rate 

7. morphometr i c complexity 

Modifications o f existing model st ructures to account for some or 

all of the above factors would result in significant reductions In 

error. In particular, about 70% of the residual variance from 
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models predicting chlorophyll as a function of normalized total 

phosphorus loading can be explained by effects of turbidity, mean 

depth, and/or inflow ortho-P/total P ratio. These effects are 

probably related to light-limitation and nutrient availability. 

c. Since model applicability and potential biases, in many cases, 

depend upon turbidity and N/P ratio, predictive methods for these 

variables are needed if the models are to be used in a planning 

context~ 

d. Owing to data availability constraints, the regional distribution 

of the CE impoundments which have been used in model testing is 

heavily weighted in mid and southern latitudes of the U.S. 

(rough ly, below 42 degrees). Because of regional geologic 

factors, the calibrated mode ls may give biased predictions 

(particularly of transparency) in northern impoundments. 

e. Since spatial gradients in phosphorus, chlorophyll, and 

transparency have been shown to be appreciable in many reservoirs, 

predictions of reservoir-average water quality conditions are 

potentially misleading. Hodifications of these models to permit 

prediction of spatial variations would represent significant 

improvements. 

f. Subsequent reports in this series will deal specifically with modi­

fications of these models and recommendations concerning their use 

for evaluating and/or predicting water quality conditions in CE 

reservoirs. 
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APPENDIX A 

Horphometric Curve Parameters 

This appendix contains a listing of estimated morphometric 

curve parameters* for 285 reservoirs, by reservoir . 

Symbol Meaning 

DIS CE district code 
RES CE reservoir code 

EMIN 
EMAX 
EZERO 

Cl -C5 

minimum elevation with volume data 
maximum elevation with volume data 
base (zero-volume) elevation 

morphometric curve parameters 

(ft, ms 1) 
(ft,msl) 
Ctt,msl) 

* Equations for using the parameters to es timate reserVOlr 
total depth, volume, and area at any elevation are given 
in Part III of the main text (equations 1-3); equat ions 
should not be used outside of EMIN - EMAX range. 



MORPHOMETRIC CURVE PARAMETERS 

DIS 
--- RES-- EMIN EMA X EZERO Cl C2 C3 C4 C5 

Of NEW ENGLAND eIV 142 BUFFUMVILlE 493.0 524.0 477.8 2.15 1. 88 0.000 0.000 0.0000 
01 NEW ENGLAND DIV 144 EAST BRIMFIELO 619.0 653.0 619.0 0.20 3.10 -0.060 0.000 0.0000 
01 NEW ENGLAND DIV ,147 LI TTLEVILLE 432.0 576.0 432.0 - 15 . 0S 10.64 -1.655 0.110 0.0000 
01 NEW ENGLAND DIV ~ 148 TUtLY 625.0 66S.0 625.0 1. 5S -0.22 1.321 -0.177 0.0000 
01 NEW ENGLANO OIV 150 WESTVILLE 515.0 572.0 515.0 -0.77 2.31 0.380 -0 . 244 0.0393 
01 NEW ENGLAND OIV 151 BLACK ROCK 410.0 520.0 410.0 - 16.16 21. 50 -8.969 1.766 -0.1251 
01 NEW ENGLAND OIV 152 COLEBROOK RIVER 567.0 761.0 567.0 8.07 -0 . 59 -0.536 0.283 -0.0260 
01 NEW ENGLAND DIV 155 HANCOCK BROOK 454.0 484 .0 454 . 0 1. 65 1.09 0.491 -0.070 0 . 0000 
Of NEW ENGLAND DIV 156 HOP BROOK 292.0 364.0 292.0 6. '0 - 15 .70 10.661 -2 . 444 0 . 1975 
01 NEW ENGLAND DIV 158 MANSFIELO HOLLO 195.0 257.0 195.0 -16 .1 7 19 . 46 -5.996 0.S91 -0 . 0474 
Of NEW ENGLAND OIv 159 NORTHFIELD BROD 480.0 576.0 480 . 0 5.60 -2.78 0_840 0.012 -0 . 0085 
01 NEW ENGLAND DIV 162 WEST THOMPSON 292.0 342.0 292 . 0 2 . 46 5.97 -3.916 1.204 -0. 1187 
01 NEW ENGLAND DIV 164 EDWARD MCOOWELL 904.0 946.0 904.0 -16.23 19 . 29 -5.366 0.547 0 . 0000 

:>- ," NEW ENGLAND DIV 165 EVERETT 325.0 4'-8.0 325.0 -24.40 34.75 -15.027 2.953 -0.2083 
I 01 NEW ENGLAND DIV 166 FRANKLIN FALLS 300.0 389.0 300.0 4 . 41 4.00 - 1.939 0.526 -0.0466 

N 01 NEW ENGLAND DIV 167 HOPK I NTON 370.0 416.0 370 . 0 - 1 t . 36 13.03 -2.912 0.274 0.0000 
OTINEW ENGLAND D[V 169 OTTER BROOK 670.0 781.0 670 . 0 65.96 -70.93 29.106 -5.025 0.3196 
01 NEW ENGLAND D[V 169 SURRY MOUNTAIN 485.0 550.0 485.0 -12.64 13.63 -3.052 0.266 0.0000 
01 NEW ENGLAND OIV 170 BALL MOUNTAIN S06.0 1017.0 806.0 1. 63 -0.29 0.680 -0.085 0 . 0053 
0 1 NEW ENGLAND DIV 172 NORTH HAR TLANO 390.0 546.0 390.0 1. 54 -1. 23 1.892 -0.390 0.0275 
0 1 NEW ENGLAND DIV 173 NORTH SPRINGF IE 450 . 0 546.0 450.0 -14.82 13 .00 -2.499 0. 194 0.0000 
0 1 NEW ENGLAND DIV 174 TOWNSHEND 457.0 553.0 457.0 15.84 - 17 . 04 8.366 - 1 . 556 0.1060 
02 NEW YORK 171 EAST 8ARRE 1165 . 0 1179.8 1138.2 4.38 1. 52 0.000 0 . 000 0.0000 
02 NEW YORK 176 WATERBUR Y 530 . 0 625.0 501. 3 -37.39 29.99 -6 .708 0.535 0.0000 
02 NEW YORK 177 WRIGHTSVILLE 620 . 0 715 .0 607.4 1. 91 1. 54 0 . 070 0.000 0.0000 
03 PHILAO'ELPHIA 307 BELTZVILLE 501 . 0 672.0 501.0 11. 38 - 13.13 6.658 -1.219 0.0820 
03 PHILADELPHIA 313 FRANCIS E WALTE 1250.0 1474.0 1250 .0 -16.13 IS.69 -6.511 1.090 - 0.0643 
03 PHILADELPHIA 316 PROMPTON 1090.0 1205.0 1090.0 22.33 -29.31 14.793 -2 . 861 O. 1976 
04 BALTIMORE 227 ALMOND 1229.0 1300.0 1229.0 -5.44 4.45 - 0.216 0 . 000 0.0000 
04 BALTIMOR E 229 WHITNEY POINT 950.0 1025.0 935.0 -23.36 -10 . 62 18 . 238 -5. 175 0.4520 
04 BALTIMORE 306 ALVIN R BUSH (K 810.0 937.0 806.7 -4.32 3 . 69 -0.102 .. 0 . 000 0 . 0000 
04 BALT IMORE 310 CURWENSVILLE 1126.0 1228.0 1126.0 -22.79 27 .6 6 -10.379 1.909 -0. 1317 
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MORPHOMETRIC CURVE PARAMETERS 

01$ RES EMIN EMAX EZERO C 1 C2 C3 C4 C5 

04 BALTIMORE 312 F J SAYERS (alA 580.0 657.0 580 . 0 -38.46 30.15 - 6.019 0.239 0.0365 
--04BAL-TIMORE 320 RAYSTOWN - SOO.O 82S.0 SOO.O IS:06----i3 .40 5.290 -0.743 0.0384--

04 BALTIMORE 329 STILLWATER 1568.0 1621.0 1563.4 1.83 2.11 -0.143 0.020 0.0000 
04 BALTIMORE 398 BLOOMINGTON 1240.0 1509.0 1240 . 0 -29.59 30.33 -9.685 1.431 -0.0772 
04 SAL TlMORE :fO'1-SAVAGE 1313',0 1469.0 1313.0 -3,86 -2.73' 0 . 000 0.000 0.0000 
06 WILMINGTON 233 B EVERETT JOROA 154 .0 260.0 154.0 11.40 -9.30 3.684 -0.334 0.0000 
06 WILMINGTON 372 JOHN H KERR 193 . 0 330.0 193.0 14 . 40 -16.88 9 . 166 -1.772 0.t244 

- -06 WILMINGTON 375 p-~ .. Ht'j50TT 805.0 1016 . 0 805.0 15.62 -113. ,'7 8.553 -1.48-5- -0--:09'3-8---
07 CHARLESTON 232W KERR$CO TT 970.0 1075.0 951.8 13.11 -1 6.07 7.752 -1 . 302 0.0779 
08 SAVANNAH 074 CLARK HILL 190 . 0 346,0 190.0 189.25 -112 . 96 23.479 -1.571 0.0000 

--"0";8~SAVANNAH 330 HARTWEL-t'· 475.0 674.0 4 75.0 -33.4'8--2~i4 -4.945 0.379 O'~OOO-O--
09 JACKSONVILLE 0660CKLAWAHA(ROOMA 0.0 23.0 -13.4 -18.10 11 . 36 -0 .848 0.000 0.0000 
10 MOBILE 00 1 CLAIBORNE 2.0 50.0 0.8 -0.77 3.43 1.317 -0.6~1 0.0768 

---'-O-MOBI LE 003 HOLT 115.0 202.0 11'5 . 0 4.67 '<3"':"'4', 0.485 -0: 047 0.0000---
10 MOBILE 004 JONES BLUFF 64.0 140.0 61.6 -47.09 40.88 -10 .'-28 0.923 0.0000 
10 MOBILE 008 MILLERS FERRY 17 . 0 100.0 14.1 11.54 -27.39 20 . 691 -5 .341 0.47:25 

---'o-McfsILE 069 ALLATOONA 760.0 860.0 700.0 - '31 .00 36.67 -1 :f.06 1 2.039 -O.10;'8~3=---
10 MOBILE 070 GEORGE W ANDREW 62.0 108.0 62.0 67.60 -66.51 22.390 - 2.333 0.0000 
'0 MOBILE 071 SEMINOLE (WOOOR 44.0 79.0 44.0 3 . 32 2.01 0.22' -0.006 0.0000 

---l o--,.ioeIL'E 072 WALTER F GE ORGE 100. 0 200.0 96.9 -6 . 29 10.79 -2 .890 0.327 0.0000 
10 MOBI LE 073 WEST POINT 560.0 645 . 0 560.0 15.32 -7.81 2.551 -0.197 0.0000 
10 MOBILE 075 CARTERS 660.0 1099.0 660.0 8.11 -8.25 4.250 -0 . 741 0.047 1 

---'0-MOBILE 076 SlONEY LANIER 920.0 108S.0 920.0 1.89 1.Ei8 0. 236 -0.014 0 . 0000 
10 MOBILE 411 BANKHEAD 200.0 270.0 175.0 29.48 -28.90 12.446 -2.101 0.129 1 
11 BUFFALO 228 MT MORRIS 584.2 760.0 578.1 1.21 4 .0 1 -1.062 0.229 - 0,0 176 

- -'4 ROCK ISLAND 098 CORALVILLE 652.0 712.0 652 . 0 18.04 -12.66 4 . 514 -0.420 0.0000 
14 ROC K ISLAND 099 RED ROCK 690.0 780.0 690.0 -0.33 3.11 0.037 0.000 0.0000 
15 ST PAUL 178 GULL 1192.8 1194.8 1121.8 6.24 1.36 0.101 -0 .009 O.OO'~OOO*-__ 

- -7'5O-'ST PAUL 179 LAC QUI PARLE 924.0 948.0 918.2 8.42 -1.44 1. 214 -0.132 0.0000 
15 ST PAUL 18 2 ORWELL 1038.0 1075.0 1034.8 5.73 -1.28 0.37 2 . 0.2 19 -0.0388 
15 ST PAUL 184 POKEGAMA 1270.4 1276.4 1173.2 -2.10 2.71 0.199 -0 . 017 0.0000 
15 ST PAU L 186 WINNIBIGO SHISH 1294.9 1303. 1 1241.0 -39 .37 34.25 -8.345 0.772 0.0000 



MORPHOMETRIC CURVE PARAMETERS 

DIS RES EMIN EMAX EZERO Cl C2 C3 C4 C5 

15 ST PAUL 187 PINE RIVER 1227.3 1230.3 1157.1 2.08 2.52 0.000 0.000 0 . 0000 
15 ST PAUL 236 HOMME 1048.0 1092.3 1018.0 54.72 -77.65 35 . 958 -6 . 616 0.4364 
15 ST PAUL 237 ASHTABULA (BALD 1238.0 1275.0 1222.6 6. 14 - 10 .63 7.807 - 1 .765 0.1419 
15 ST PAUL 399 EAU GALLE 925.0 1010.0 925.0 12.44 -9.49 4.760 -0.885 0.0612 
16 PITTSBURGH 243 BERLI N 949.0 1032.0 949.0 6.24 -6.59 3.649 - 0.626 0.0446 
16 PITTSBURGH 252 MICHAEL J KIRWA 930.0 993.0 930.0 -15.26 14.66 -3.074 0.2 61 0 . 0000 
16 PITTSBURGH 254 MOSOUITO CREEK 869.0 907 . 0 869 . 0 -7 . 16 7 . 42 -0.569 -0 .0 10 0 . 0000 
16 PITTSBURGk-- - 30B CONEMAUGH RIVER 848.0 986.0 848.0 -31.2-5 39.79 -16.277 3.045 -0 . 205'6- -
16 PITTSBURGH 309 CROOKED CREEK 804 . 0 940.0 804.0 18 . 97 - 19 . 68 8.941 - 1 .535 0.0959 
16 P lTTSBURGH 311 EAST BRANCH CLA 1523.0 1685.0 1523 . 0 2 . 90 -5.30 3.755 - 0.707 0 . 0469 

--;-S-p I TTS BURGH 314 LOYALHANNA 869.0 975.0 869.0 - 17 . 83 18.20 -6.828 1.407 -0 . 1053 
16 PITTSBURGH 315 MAHONING CREEK 1010.0 11 62.0 1010.0 28. 15 -28 . 67 12 . 689 -2.366 0.1677 
16 PITTSBURGH 317 SHENANGO RIVER 881 . 2 919 . 0 873.5 - 6 . 66 17 . 64 - 7 .989 1.754 -0 . 139 6 

;J> 16 PITTSBURGH 318 TIONESTA 1043 . 0 1180.0 1043.0 - 11 .09 9 . 92 -1. 714 0.132 0 . 0000 
I 16 PITTSBURGH 319 YQUGHIOGHENY RI 1313 . 0 1480.0 1313.0 -1 . 00 2.40 0.376 -0. 104 0 . 0078 .c-

16 PIT TSBURGH 322 wOODCOCK 1138 . 0 1210 . 0 1138.0 -6.51 5 . 90 -0 . 708 0 . 053 0 . 0000 
16 PITTSBu RGH 328 ALLEGHENY '(KINZ 1195.0 1365.0 1195 .0 -49.86 52.27 - 18. 169 2.912 -0.1 7 23 
16 PITTSBURGH 393 TYGART 960.0 1167.0 960.0. 50.44 -45 . 10 16.530 -2.522 O. 1423 
17 HUNT I NGTON 123 DEWEY 600 . 0 686 . 0 600.0 5 . 71 -4 . 55 2.271 -0.216 0 . 0000 
17 HUNTINGTON 124 FISHTRAP 670.0 825.0 670.0 16.28 -12.03 3.788 -0.312 0 . 0000 
17 HUNTINGTON 125 GRAYSON 585.0 681.0 585.0 20.72 - 19.48 7.870 -1 .159 0 . 060:/ 
17 HUNT INGTON 239 PAINT CREEK 748 . 0 860.0 748.0 11.65 - 13.14 7 . 075 - 1. 350 0.0948 

17HUNTI N(hON 241 ATWOOD 890 . 0 941.0 887.2 -0.83 2 . 57 0.248 -0.040 0.0000 
17 HUNT} NGTON 242 BEACH CITY 948.4 977.0 936.3 -0.33 3.88 ~ O. 46 1 0.068 0.0000 
17 HUNTINGTON 245 CHARL ES MILL 989.9 1020 . 0 985.0 4.31 0.64 0 . 628 -0 . 070 0 . 0000 
17 HUNTINGTON 246 CLENDENING 862.0 911.0 857.2 0.24 0.75 0.969 -0. 121 0.0000 
17 HUNTINGTON 247 DEER CRE EK 765.0 835.0 765.0 -46 . 44 37.66 -8.851 0.748 0 . 0000 
17 HUNT I NGTON 248 DELAWARE 880 .0 947. 0 880.0 -16.13 15 . 07 -3.341 0.317 0.0000 
17 HUNTINGTON 249 01 LLON 700.0 790.0 700.0 -9.47 7.00 -0.469 0.000 0.0000 
17 HUNTINGTON ;251 LEESVILLE 954.0 97B.0 906 . 2 2.96 - 1 . 56 1.322 -0.127 0.0000 
17 HUNT'! NGTON 255 PIEDMONT 881. 8 924.6 877.3 - 1 . 27 3 . 93 -0 . 132 -0.015 0.0000 
17 HUNTINGTON 256 PLEASANT HILL 972.0 1065.0 97:1.0 0.38 2 . 20 0.044 0.000 0.0000 



------._---------------------------------

:r 

MORPHOMETRIC CURVE PARAMETERS 

on; REs--- EMIN EiViAX EZ£RO 

259 8URR OAK(TOM 0E 689.0 740 0 689.9 o OB 1', HUNT I NGTON 

17 HUNTINGTON 

716.8 
1210.0--~'" 

07. 

1-

374 NORTH FORK OF P 1550,0 1667.0 1550.0 10. '1a 

17 HUNTINGTON 391 SUMMeRSVIllE 1375.0 1711 7 1375.0 5.27 
17 HUNTINGTON 392 
17i-1uNfiNGTON 406 
18 LOUISVILLE 090 eAGLES MILL 631.9 704.0 5BB 6 0.89 

en 18 LOUISVILLE 093 MONROE 490.0 556.0 490.0 62 57 

18 LOUISVILLE 097 BROOKVILLE 62B.0 775 0 628.0 
18 LOUISVILLE 120 BARREN RIVER 
T8COU!sViTLE'-1,/TsUCKHOON' ~ .. 
18 LOUISVILLe 126 GREEN RIVER 590.0 713 0 590.0 
18 LOUISVI 
1ilLCDi'SV1'7*---~-"~~~;CC,~-~; 
18 LOUISVILLE 134 CAVE RUN 656.0 165.0 656,0 

19 NASHVtLlE 119 BARKLEY 280.0 375.0 280.0 

19 NASHVTLlE 338 CHEATHAM 345.0 399.0 345.0 

19 40 

24.87 
10 

.73---
'27.30 

-475.55 

-26 45 

'C2 

3. <1 j 

-7.32 

1 28 

2 41 

-74 76 

-13.06 

-34.35 
11 

.79 
i9.81 

506 89 
"'5.57 

. 1.81 
30.02 

C3 
. 

C4 C5 

-0.341 0.033 o 0000 

2 -0.183 a 0000 
-0.0427 
i:5-6066~ 

0.446 0.000 0.0000 

0.000 0.000 0.0000 
391 
6~ 

35.236 -6.930 0.4995 

3.793 -0.283 0.0000 
.945 -0.349 0.0230 
.030 2. 8 '4~'---::ol893 

17.247 3_261 o 2 '99 
-2. 
13. 
-3,435 0.226 o 0000 

-197 200 33.812 2. 1433 
13.033 , 

i":io7- Co . 
8.659 0.899 o 0000 
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MORPHOMtTRIC CURV~ PARAMETERS 

--o-is 

NASHVILLE 343 DALE HOLLOW 508.0 
sr--U)LTrs 081 CARLYLE ~~---406.0-

20 ST LOUIS 087 SHELBYVILLE 546.0 626.0 546.0 4.1' 092 0.243 0,000 0.0000 
379.0 411.4 
320 Q 420.0 

22 VICKSBURG DE GRAY 210,0 450.0 210.0 -6.22 7.52 1.613 0.187 -0.0035 

22 VICKSBURG 188 ARKABUTLA 189.0 2640 189.0 3.87 -6 15 6,251 -1.561 0.1331 

22 192 SARDIS 204.0 3".0 204.0 20.38 -2243 11.710 -2275 0.'596 

23 NEW 353 TEXARKANA(WRIGH lBO.O 265.0 180 a -23.90 14 23 -1.232 0,000 0.0000 

24 LITTLE ROCK 012 BLUE MOUNTAIN 354.0 4450 348.7 4.85 -4.55 2.677 -0.278 0,0000 

24 LITTLE ROCK 
rTTlE ROCK 
I TTLr--R'OCK 

24 LI TTLE ROCK 

013 BULL 
016 GREERS '~~;,;,,,-----c~~~-~"'"'T-_7~~--:_i''7ii---~~' 
0170ARDANELLE 287.0 354.0 287.0 5.40 0.54 0.330 0.007 0.0000 
021 NIMROD 

--0:22 NC)RrcfLK--
023 OZARK 365,4 382.0 323.0 149.66 -190.53 92.589 -'9.431 1.5114 

608.0 1.511 
947~O-- ::'-6-.-7-80--

25 TULSA 0:1.0 MrLlWOOD 213.0 287.0 213.0 129.96 ~113.15 33.325 -3.084 0.0000 

25 TULSA 104 FALL RIVER 9170 988,0 917.0 51 63 -60.24 ~7.815 -5 282 0,3675 



MORPHOMETRIC CURVE PARAMETERS 

DIS RES EM-IN-----------E-MAX-----EZERO- C 1 C2 -C3 C4 C5 

25 TULSA 112 TORONTO 862.0 942.0 862.0 15.30 -16.78 7.353 -1.039 0.0467 
;;fs--1'uCSA-----------------2-6-4--SRO-K-EN--B-6-w------------------424--:--6 628.0 424.0 8.5<1 -8.79 4. 606 ---------~-6-.-745 ---------6-~,S4i6 
25 TULSA 265 CANTON 1580.0 1638.0 1560.0 9.83 -9.14 6.436 -1.476 0.1208 
25 TULSA 266 CHOUTEAU 480.0 530.0 480.0 6.53 -3.24 1.875 -0.185 0.0000 
25 TUL SA 267 EUF AULA 495 , 0 -G 1 2 . 0 495.0 - 1 1 .--2-0------------fo~-:f5----------.:-T~-104------------O~-6-94---------0~-02-4g_ 

25 TULSA 268 FORT GIBSON 550.6 582.0 465.8 -8.76 4.99 -0.039 0.000 0.0000 
25 TULSA 269 FORT SUPPLY 1988.0 2028.0 1988.0 2.74 3.49 -0.735 0.168 -0.0138 
25 TULS'A 270 GREin SALT PLAI 1115.0 1138.5 11 f~f~-----5.05 ----------1--;2-:53 --------~-3-.432------------6-:388-----6~oooo--
25 TULSA 271 HEYBURN 730.0 792.0 730.0 -38.41 57.48 -28.794 6.473 -0.5239 
25 TULSA 272 HULAH 696.0 765.0 696.0 26.60 -2L56 7.147 -0,670 0.0000 
25 TULSA 273 KEYSTONE 648.0 760.0 654.0 7.47 -0.29 0.4-j2--------0·017-------o~6oo--

25 TULSA 274 NEWT GRAHAM 500.0 550.0 487.2 -2.21 4.03 -0.343 0.034 0.0000 
25 TULSA 275 OOLOGAH 592.0 661.0 586.3 12.02 -4.06 1.611 -0.128 0.0000 

~ 25 TULSA 276 PINE CREEK 384.0 480.0 384.0 -36~-97 48.65 -20.999 4.136 -0.2945 
'-l 25 TULSA 277 ROBERT S KERR 412.0 472.0 412.0 19.21 -1296 4.418 "0.382 0.0000 

25 TULSA 278 TENKILLER FERRY 594.0 667.0 483.7 -2.11 4.04 -0.331 0.029 0.0000 
25 TULSA 279 W D MAYO 390.0 414.0 390.0 4.32 -0.67 1.890 -0.540 0.0566 
25 TULSA 280 WEBBERS FALLS 438.0 520.0 438.0 -13.79 15.19 -3.596 0.355 0.0000 
25 TULSA 281 WISTER 436.0 510.0 436.0 56.89 -48.44 14.765 -1.362 0.0000 
25Tiii:St\ ----------------282-- CLAYT-ffN -----------------------€;:jo. 0 611 .0 530.0 58.68 -72.41 33.744 ---------:-6-._43-3-- -6-.4 4i7-
25 TULSA 283 KAW 931.0 1070.0 931.0 4.B6 -5.30 4.077 -0.807 0.0569 
25 TULSA 284 COPAN 670.0 732.0 670.0 175.79 -206.25 89.505 -16.55t 1.1262 
25--TTjL-SA-----------------28-5--~jLTG-O-----------------------------36-0-~O 438 . 0 360 0 1 1 . 68 - 14 . 64 "7. 87 i - 1 . 343 0.0765 

25 TULSA 286 OPTIMA 2703.0 2779.0 2703.0 -9.81 11.49 -2.368 0.207 0.0000 
25 TULSA 287 WAURIKA 890.0 970.0 890.0 30.29 -41.85 22.048 -4.525 0.3350 
25 -TULSA ----------------348- -YEXOMA---(OE-N-N"fSO----------S-20-.-0 643.2 520. 0 31~-1-3 --------~-3T._-f8---1-5-._434 ---------~-2 ._0-(' ---------O-~-18-;i:y 
25 TULSA 357 PAT MAYSE 393.0 477.0 393.0 62.67 -78.96 37.845 -7.478 0.5385 
25 TULSA 370 KEMP 1090.0 1160.0 '\079.1 -74.30 29.44 -10. 172 1.632 -0.0908 
25 TULSA 402 GILLHAM 430.0 586.0 430.0 11.25 -11.96 5.980 -1.036 0.0657 
26 FORT WORTH 344 BARDWELL 380.0 439.0 3800 -5.60 6.43 -0.633 0.025 0.0000 
26 FORT WORTH 345 BELTON(BELL) 480.0 631.0 4800 -6.10 8.95 -3.185 0.723 -0.0569 
26 FORT WORTH 346 BENBROOK 620.0 741.0 618.7 0.13 3.00 -1.478 0.57T----------=-o~-65-80-----
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MORPHOMETRIC CURVE PARAMETERS 

----~EMiN EMAX EZERO Ci C2' C3 C4 CS" DIS 
-- ~~~ 

RES 

750.0 -41.33 
470.0 9 in ~---:-'i*~r---'c~~-::7'-:;;~---;;-;;'~;--

26 FORT WORTH 351 HURDS CREEK 1854.0 1920.0 1854.0 -1.40 4.23 ~Loe1 0.245 -O.Oi74 

26 FORT WORTH 356 NAVARRO MILLS 390.0 452.0 390.0 4.03 -2.71 .2 956 -0.638 0.0497 

26 FORT WORTH 3600 C FiSHER (SAN 1840.0 1958.0 1837.0 -6.01 5.85 -0395 -0.045 0,0104 

i§~~~6~~~-~ht~~~~t~i:H0[c--~1:~~ ~--~~~~-~~~~--~~T--~~~r-'~-~~~--".~~.-~~;,~: 
26 FORT WORTH 363 WACO 400.0 470.9 322.9 "114.63 69.63 ~6.436 0.000 0.0000 

-10.429 
·);~--~~'-'i·'----"~~7-·~· j.285 

28 ALBUQUERQUE .JOHN MARTIN (fiA 376'50 3870.0 3765.0 36.93 -5042 25.334 -4985 0.3515 

6060.0 1.944 ~O._;~ __ ~~~~~~ 
4071 O·4~5. 649 8 0 

28 ALBUQUERQUE 407 TRINIOAD 6081.0 62810 6081.0 1.64 ~3.08 2.4B2 -0.450 00305 
2 

"~7':- < """A "~-~-'*;--""~C---'-5. ; ,;';.;---'C'<""'--~-;;~;~ 
29 KANSAS CITY 108 MILFORD 1 141.2 .2 1067.0 0.12 65 0.156 -0.028 0.0018 

1.637 
33 075 --cii-'"~;-~-

29 KANSAS CITY 111 POMONA 94::? 0 1006.0 928.7 2.19 0.121 -0.010 0000 
CITY 113 TUTTLE 
CITY 114 "ill LSON ~""'·"----i-'f;~H;---i-d-~'.f-~-T,;-**,*--""~Ci-"·~" 

29 KANSAS CITY 194 POMME DE TERRE 750.0 e14.0 750.0 9.51 ~7.4t :3 870 -0.639 0.0393 

30 OMAHA 064 CHERRY CREEK 552:3.0 5640.0 5523.0 -4.99 12.21 -4.524 0.834 ~O.054e 
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MORPHOMETRIC CURVE PARAMUEllS 

i5YS Rts EMIN EMAX EZE~RO ~~~~~~~"""""""" (;1 C2 ------------------r1 ----------i'-X-
C5 

.0 34.114 -7.009 0.5308 
,0 - 16, 22j---------j-,-sn ----'0 3376 

30 OMAHA 21t STAGECOACH 12480 0 14.23 22,27 ~10.062 2.201 -0.1752 
10.203 -2.272 0.1848 
-8,6651:-7"87 -------co, 1350 

30 OMAHA :214 TWIN 13060 136'1.0 0 10,1'58 -11,47 5,619 -0.933 00559 

3S~'~~~ __________ ~~~~:~1~~~~ _______ ]~~~'~ _______ ]~;:~"O 1.170 -4.245 03094 
~ 0 1 5.776 -0.731 00150 
30 OMAHA 217 BRANCH EO OAK 125001317.01250.0 21.50 ~2149 to 626 -2:.0650.1477 

0,0000 -------- 6-.-1"3"7'3----
30 OMAHA 331 SHARPE (BIG F3E:N 1340.0 1430.0 1340.0 -i941 19,20 -4085 0.334 0.0000 

-, ,000 0,0000 
- 12, 234 0,0006---

30 OMAHA 33!5lEWISANDClARK 1160.01230.01160.010.11 -534 2.527 -02460.0000 

31 WALLA WALLA 077 DWORSHAK 970 0 1640.0 970 0 ~O. 19 ? .60 -0.184 0 023 0.0000 
31 WALLA WALLA 
::fIWALCAWALLA 
31 WALLA WALLA 379 ICE HARBOR 375 ° 440,0 375 ° 7,31 1,34 0,000 0,000 0,0000 
32 SEATTLE OBO 
32 SEATTLE 204 
32 SEATTLE 377 RUFUS \<IOODS (CH 785,0 956,0 780,0 -1.29 7,80 2658 0,.77 -0,0289 

32 SEATTLE 386 HOWARD A HANSON 1035,0 1222,4 10350 -0,20 591 -2,667 0,605 -00434 
33 PORTLAND 288 BLUE RIVER 
:i"3 PORTLAND 290 COTTAGE ~~~",,-----'c""":;-C;~--~'-;;~~;"~" 
33 PORTLAND 291 COUGAR 1274.0 1699.0 1274.0 -627 555 -1.159 0.199 -0.0125 

0,0000 
'--6~00o 



MORPHOMETRIC CURVE PARAMETERS 

BE RES C4 C5 

33 PORTLAND 296 FALL CREEK 673.0 839.0 673.0 -2.33 569 1.626 0.319 -0.0222 
33 PORTLAND 
:i3'-!30RTLAN-fj-
33 PORTLAND 299 GREEN PETER 700.0 1015.0 700.0 -2. '9 -0.39 .052 -0.092 0 0000 

1544.0 1245.0 3 86 1.144 -0 0.0116 
- 934,0 688.0 ----:f4 74 -6 603 1. -00554 

33 PORTLAND 304 LOST CREEK 1550.0 18500 1550.0 16.94 -$.34 2.145 -,0< 141 00000 
33 PORTLAND 
34SACR-AMENTO--

t 34 SACRAMENTO 026 ENGLE8R1GHT 299 0 550.0 295 0 5 16 -5.29 3.083 -0.538 0.0344 
~ 34 SACRAMENTO 
o 34-SAC-R'At.iifNTO---

34 SACRAMENTO 032 NEW HOGAN 535.0 720.0 535.0 4.15 0 97 -0.304 0.169 -0.0164 
14.21 -2.002 

------'!c.~+--""c"";---<~-~;,:: ----'0. 63 5'-917iSc--
34 SACRAMENTO 037 KAWEAH (TERMINU 50700 720.0 501.0 "5.82 86' -2.M8 0.565 -0.0389 

SACRAMENTO 041 FOLSOM 
SACRAMENTO ~---04~3~N[W- SilL lARDS "-tfA--

34 SACRAMf;N10 044 CAMANCHE .0 234.8 895 941 10.12 5.594 f 022 00674 

__ ~~~,~ 0.2125 
-- 000109-

34 SACRAMENTO 051 MCClURE {NEW EX 440.0 870.0 410,5 288 -4.33 2.631 -0.403 0.0223 
580.0 285.4 -0.12 -0.87 1,486 .0140 
800,0 64-0.0 1.26 3.85 1.53-6-- -0368--

35 SAN fRANCISCO 039 SANTA MARGAR1TA 1t90.0 1320,0 1190.0 -S.99 9.27 -2_815 0.5?0 -00335 

{~7'-----'T";:; i~-,,"'{ . 35 1 --;(-~"',-,~. 

-----~~~~ 



APPENDIX B 

Data Listings 

This appendix sununarizes the mass balance terms by reser­

voir and nut.rient for each of 108 reservoirs sampled by the U. S. 

Environmental Protection Agency!s National Eutrophication Survey, 

and high- and low-priority water quality data by station-year 

and reservoir-year. 

Table 81: Nutrient Budget Summaries 

Table B2: Water Balances and Inflow Concentrat ions by Period 

Table B3: Hater Quality Data Summary by Station-Year 

Table B4: Hater Quality Data Summary by Reservoir-Year 
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Table Bl 

Nutrient Budget Summaries 

~1~~2~ __ ~~~~~~~ _______________________________________________ _ 

DIS CE District code 
RES 
PARMI 

LGAUG 
LUNGD 
LPOINT 
LOTHER 
LPREC 
LTOTAL 
LEVAP 
LOUT 
LDSTOR 
LNET 
CVI 
evo 

CE reservoir code 
Total P, Drtha P, Total N, Inorg N In metric tons/yr; 
Flow in million m3 /yr) 
gauged tributary loading 
ungauged tributary loading 
point-source loading 
septic tank/wildfowl loading 
precipitation loading 
total loading 
evaporation (FLOW only) 
outflow 
change in storage 
net loading 
coefficient of variation of total loading estimate 
coefficient of variation of total outflow estimate 

Note: Hydrologic conditions refer to year of tributary monitoring by 
EPA National Eutrophication Survey, as identified in Table 4, 
Part III of the main text. 
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OJ 
1 
w 

NUTRIENT BUDGET SUMMARIES 

-DIS ·RES~~PARAM- lGAUG--L-UNGD LPorNr-~ioTHER LPREC ·TTOT AL---cEv-AP-- ~~lou r LDSTOR LNET CV J eva 

4 0 ~ 00 0.00 0 ;;2-~~---;;"-"ci--~----,:-~*---;;c7."'----;'~"'--;;'-iiii-*+-i--o-o6--0~ 6o~~ O. 
02 176 TOTAL N 20Z,3? 70.40 0,00 0.00 3.25 270.97 177.71 6.56 91.69 021 0.06 

_~;-~_:;~'-_~;.;:;:.~~~~:' ___ ;::; .~~ __ ~~ OOO_'_O_O---H~}&S ~~H-~;~ O~i~1 0.09 

03 307 TOTAL P 2.41 0.27 0.00 0.00 0.11 2.79 .26 -0,02 0,55 0.10 0.13 
03 307 1. 15 
O~7 ----:ff9: 45 

03 307 INDRG N 14145 ':£.78 0.00 0,00 .B8 146,11 15373 -1.37 -624 0,04 0.04 
03 

~~il4 -~"' ... ,,~ 
04 31:< ORTHO 50.44 0.19 0,00 0.00 50.70 19.17 -0.31 31.B6 0.22 0.19 

04 312 FLOW 457,91 HL12 4.38 478.41 3.47 464.17 -7.54 21.78 

'~'~~,;_~ L 70 76B. 60 0.08 
L7-ij --16'Y~-69 0.05 

06 372 TOTAL N 9141.73 277.03 127.96 5.07 192.'52 9744.38 8894.00 -96.10 946.47 0,12 
06 451 
06 32. 
08 074 TOTAL P 620.02 26~64 0.00 0.07 8.43 655.17 278.79 2.73 373.65 0 17 

O. ;:~_---;;~,,~ 
0. . I 

08 074 INORG N 98.25 0.00 2.90 i40.55 3225.02 258220 25.31 617.51 0.10 
08 074 Flmv 
OS--33Q-riiTill ,,-'-',,'::::: 

25 
31 

o i9 
0.09 

0.14 

o 07 

08 330 ORTHO P 821 13.82 1.54 3.37 117.78 33.30 0.71 83.78 0.05 0,13 

08 330 'lOW 4231.70 38 372.65 5779.73 228.77 6028.31122.86 -371.51 

10 003 TOTAL N 1260788 19 0.00 0.10 13.30 12818.48 17388 39 -0.68 -4569.22 0.12 0.14 

-i':;-----Je~--,:_::,*S,~·N 
10 069 TOTAL P 158. 5.66 0.06 1.27 183.42 63.84 0,58 118.99 

10 069 INORG N 631.51 76 8,75 2.20 21,19 730.41 545.16 4,99 i80.27 
10 ~08 2521 23 22.67 -90.00 

O.l:t: 

0.08 

° 17 

0.13 



'" I 
.". 

NUTRIENT BUDGET SUMMARIES 

DIS RES PARAM LGAUG LUNGD LP01NT LOTHER LPREC LTOTAL LEVAP -{OUT LDSTOR LNET CVI eva 

10 071 TOTAL N 36414 34 418.50 8.42 0,00 153 8t 36995.0B 35164.79 8.93 
17 

457.54 0.05 
192.6S-0:04 

1221.36 0.12 

0.23 
0,16--
0.22 
0.14 

10 072 TOTAL P 1179.01 8.64 7.26 0.04 5.26 21 1129.43 '1.05 71.84 
0.61 

1252 11 
10 072 INORG N 5216.80 48.59 21.76 1.44 87.68 5436.26 518:2.9:1 -5.40 -341.25 

0.05 0.12 

0.10 0.08 
1 .20 

P 37 .16 
10 016 OR1HO P 64.29 12.91 21.05 0.41 2.32 101.04 i3.82 0,42 8680 0,13 

TOTAL N .66 BOO. 54 43.08 15.27 154.64 3376.1 
i NORO N :'56 380. 17 43.08 15 . ii ........ rr: 32 1525 . ~~·--~-----;.;"';1;_'_iT--~~;:;_-_'7.~~:'i__;c,~ 

10 076 FLOW 2531.34 611.42 290.13 343290 161.41 2806.88 80.17 545.85 
10 41_'_TO:rA.LJ:._ 583..c!.6 6.53 0.00 0.02 ,,6 59' 
10 411 ORrHO P 135.59 2.63 0.00 0.02 0.68 '"R. 

0,45 
0.03 

10 411 TOTAL N 15083.55 377.60 0.00 0.80 38.74 1550070 14823.99 9.2'1 667.50 0,08 0.17 
10 411 INORG N 8201.82 226.61 0.00 0.80 19. 
104"11FC6w------s935.-34 268.25 - - ---65. ~·:c-~~·~.;;;;r____ccT'_:;;o;_---;~"*'-i::;_··-··--·~..c;;_:i--~;,;_;;_'_;~---'''-'.:=-==--

14 099 TOTAL 29GB 73 34,79 493 0.00 1.54 3009.99 1081.$8 -44.01 191:2.12 

14 099 INORG N 34912.38 89.80 14.79 0.00 25.74 35042.71 2965063 1206 is 6598.24 

15 178 ORTHO P 0.74 0.04 0.00 0.15 0.79 1.72 1 13 0.01 0.57 
178 TOTAL N 102 
178 rNORG~ 10.riF-~~~1 .... ·;~c;e;~~~~~~~~'~i~~~~-~~~-~~~--~--~~~--~~~-~;~'~I 

15 178 FLOW 125.45 7.04 43.70 176.20 37,40 186.19 1.17 - t 1.76 
15 
15 

0.17 
0.07 
0.10 
o 12 

0.14 
0.19 
0.14 
o:Ts 

0.09 
0< 14 
0.06 
0.07 

0.05 
0.19 
0.11 
0.23 

15 181 TOTAL N 636.76 8:,,23 5.27 0.1$ 453.09 1177.53 418.13 -66.13 825.53 0.16 0.30 
274.77 160.68 -25.41 139.50 0.33 0,15 
15f:":21 --299.89 668.33 -58.27 141. 15 

15 2:37 TOTAL P 4362 3.44 1.68 0.03 0.63 49.40 36.73 0.29 1238 

15 237 INORG N 103.29 10.31 5.05 1.06 10.49 130.20 83.59 0.67 45.94 
.15 23'1 FLOW 159.44 13.01 11.50 183.95 16.02 179.35 1.30 3.30 

o 22 
o 2B 
0.20 
0,45 

0.14 
o. j 1 
o 07 
0.83 



"" I 
en 

NUTRIENT BUDGET SUMMARIES 

----;0"1"5 RES PARAM LGAUG LUNGD LPOINT LOTHER lPREC LTOTAL LEVAP LOllT LOSTOR LNET CVI evo 

16 243 TOTAL P 3068 9.70 29.37 0.18 0.36 70.29 16.15 -0.53 54.66 009 0.21 
------~--i4~6RTHO P 8.75 2.45 29.37 0.18 "6-. -{S -------4-0"."92 ---------------------s-.-sf.f -----.:O~-1-9 ---------35". 24----0-.-0-8-~2-3---

16 243 TOTAL N 515.91 176.06 67.01 6.68 12.06 777.73 590.92 -19.28 20609 0.05 0.11 
16 243 INORG N 294.58 107.10 67.01 6 68 6.03 481.41 326.58 -10.66 165.49 0.07 0.12 
16 243 FLOW 197. 14 67.74 --- -----------------------1"1 .-65 -----27-6-~-53 ----9-.-5-2 -----:iEfg ~65- -------9-~-14 - 3 -.98 -'-"---

16 254 TOTAL P 5.42 7.28 3.62 0.00 0.89 17.22 5.58 -0.09 11.73 
__ !~ _____ ? ~ ~_1.: ~o p 1 . 1 6 ~ t3 __ 3_ ~?_~ _______ Q~_9q ___ 9_: ~ ~ __________ ".i~_~_~ ________ :. _____________ ,L=_~§S __ -_Q..:g~ _____ ~~Q.~ 

16 254 TOTAL N 73.11 105.88 7.71 0.00 29.76 216.47 165.69 -2.74 53.52 
16 254 INORG N 32.85 51.70 7<71 0.00 14,88 107.14 35.10 -0.58 72.63 
16 254 FLOW 37.18 51.07 27.98 116.23 22.73 117.52 -1.57 0.27 

0.60 
0.28 
0.27 
0.46 

o 15 
0.5-0-2 __ _ 
0.21 
0.32 

16--:fl-7----TOyAL--P-------6·2-~-1-1----0.98 0.00 0.07 0.40 63. 57 56~84 -0.49 7.2--' -(Y:TT---'Y.--:f3----------
16 317 ORTHO P 22.50 0.39 0.00 0.07 0.20 23.16 10.81 -0.09 12.44 0.11 0.14 
16 317 TOTAL N 950.67 31.55 0.00 0.22 1329 995.74 . f210.77 -10.36 -204.68 006 0.08 

---,-6--3-1~j:_r~k)RG--N -----;f42-.--f2- {5-~-44--0~-0--5:"22--6~-64464--:-;j4------532:""98 -----·--4 ~-5"6- ---::6j~ 98 ---(5 .-o8----6~-15--

16 317 FLOW 633.26 19.73 11.93 664.92 10.t5 821.84 -6.94 -1119.97 
16 328 TOTAL P 169.88 5.40 0.00 0.13 1.37 176.78 113,83 -1.87 64.82 0.20 0.16 
i 6 328 OR·r-HO--P--------4-4. 71 1 .97 0.00 O. 13 0.69 47.50 32" 79 -0:5'4--1 §-:-25--6-.--f4---0~ -31----------
16 328 TOTAL N 2335.95 273.44 0.00 0.67 45.69 2655.75 4744.08 -78.01 -2010.32 0.15 0.15 
16 328 INORG N 1300.15 121.70 0.00 0.67 22.85 1445.37 2335.05 -38.40 -851.28 0.17 0.20 

--'-6---:328 ---F"LOW-- 352S-.-3-fY---·3 16.33 49.64 3892" 35 31.41 3677-.86 -59. 9~--~T74. 46 -~---- ------------

16 393 TOTAL P 51.12 7.50 000 0.01 0.18 58.81 93.13 0.02 -34.350.11 
16 393 ORTHO P 15.31 3.08 0.00 0.0"1 0.09 18.50 25.25 0.01 -6.76 0.07 

--rS------3-§3TOTAL N 1498.56 268.66 0.00 0.65--s-.gT-u-"i"3-.-79 1970.27 o----:-50-----=T9-6~980.06 
16 393 INORG N 1142.17 180.22 0.00 0.65 2.96 1326.00 1448.27 0.37 -122.65 0.04 
16 393 FLOW 2466.54 462.30. . 8.03 2936.87 4.52 2916.33 0.74 19.80 

0.41 
o . 2";2::-__ 
0.13 
0.08 

17 24 1 TOT ALP 7 . 63 i~18---6-:oo-------0~-(y5-------(:Y._-f9----------9-~{s5----------------------2~46 -0.05 6 .64 O. 1 1 0 . 07 

17 241 ORTHQ P 1.65 0.36 0.00 0.05 0.09 2.17 085 -0.02 1.34 0.10 0.14 
17 241 TOTAL N 155.71 79.47 0.00 6.25 6.24 247.67 84.80 -1.89 164.76 0.05 0.10 

-------'7--2~NORG N 86-.03 6D-,---O:-bo--6~----3~-T2---15·9.11 32.38 -0. 72 12~o.060~7 

17 241 FLOW 58.64 43.62 6.03 108.29 4.92 94.37 -1.99 15.90 
17 242 TOTAL P 64.44 11.93 2.29 0.56 0.07 79.30 60.61 -0.09 18.77 0.21 0.37 
f7 242 ORTHO P 11.86 1.45 2.29 0.56 0.04 16. 20 10~-25-- ,,0. 01-----------5-~-96--0~-6-9---0-~-12--
17 242 TOTAL N 1009.32 226.94 6.87 20.97 2.46 1266.56 1098.64 -1.55 169.47 O.OB 0.12 
17 242 INORG N 728.87 165.90 6.87 20.97 1.23 923.83 739.38 -1.04 185.49 0.16 0.33 
~42""""-Frbw 244~-3y__ef:f._6-8 2.6~:f10.62 2.00 290.19 -0.41 20.83 ------------------------

17 245 TOTAL P 46,07 1.94 0.00 0.05 0.18 48.24 43.77 -0.34 4.81 0.t9 0.21 
17 245 ORTHO P 12.32 1.49 0.00 0.05 0.09 13,95. 7.39 -0.06 6.62 0.10 

---17245 TOTAL N 796.01 100.31 0.00' 1.89 5.96 904.18------------------fXTA-~02-------:6~-3-9 92.55 0.09 
O. ',,6 __ _ 
0.03 

17 245 INORG N 457.44 58.10 0.00 1.89 2.98 520.42 395.20 -3.09 128.31 0.11 0.31 
17 245 FLOW 218.48 54.48 6.43 279.38 4.86 284.92 -2. 19 __ ~-~3~.~3~4~ __ ~ ____ ~ ____ __ 



OJ 
I 

0-

NUTRIENT BUDGET SUMMARIES 

DIS RES PARAM LGAUG LUNGO LPOINT LOTHf3.1---r..-P-FfEC -----CiO'(AI ---LTvAP --------L-6-uT- LDSTOR LNEY ---C\i"i -----C\iO--

17 247 TOTAL P 33.27 0.92 0.14 0.00 0.14 34.47 47.00 -0.02 -12.51 0.14 0.10 
17 247 ORTHO P 12.60 0.45 0.14 0.00 0.07 13.26 21.76 -0.01 -8.49----0~-1-:2--0~-26---

17 247 TOTAL N 1146.35 54.78 0.42 0.00 4.60 1206.15 1442.74 -0.69 -235.90 0.22 0.12 
17 247 INORG N 844.11 41.56 0.42 0.00 2.30 888.39 1145.88 -0.55 -256.94 0.28 0.12 

--------f7----- ~FLOW---353. 54 ---- 20-.-50 "5. 1 1 379" 15 3'.86 371.78 -0. 18 7.54----- -------.---
17 248 TOTAL P 96.56 15.52 0.08 0.12 0.14 112.43 74.55 -0.02 37.90 0.12 0.25 
17 248 ORTHO P 32.36 7.32 0.08 0.12 0.07 39.96 30.61 -0.01 9.35 0.06 0.18 
17 248 TOTAL N {523.5-4----36-1-~38 0.25 4.49 4.79 1894.46 1703.95 -0.38 190.90 0.03 0.08 
17 248 INORG N 1066.77 291.21 0.25 4.49 2.40 1365.13 1221.34 -0.28 144.06 0.07 0.10 
17 248 FLOW 347.26 71.87 5.41 424.54 4.03 429.75 -0.10 -5.11 
17 249 riHAL P 168.59 2.42 0.34 0.03 0.21 171.60 132.94 -0.22 38.89 
17 249 ORTHO P 91.57 0.73 0.34 0.03 0.11 92.78 50.27 -0.08 42.60 
17 249 TOTAL N 2469.49 143.09 1.01 1.10 7.16 2621.86 2641.65 -4.46 -15.34 

---;1~7c- 249 'INORG N 1589.38 104.39 1.01 1.10- ······:f~58 "'169SI~47" 1786.40----3~-Ol---·8·3.""92 
17 249 FLOW 918.10 97.20 7.631022.93 5.841026.14 -1.72 -1.49 
17 256 TOTAlP 10.31 0.59 1.19 000 0.09 12.18 11.41 -0.06 0.84 

--'-7--256---0R-·fHO-P--------"3.90 0.211.19 0.000.04 5.35 5.67 -0.03 -0.29 

17 256 TOTAL N 392.71 49.13 3.58 0.00 2.98 448.40 320.24 -1.67 129.83 
17 256 INORG N 262.56 42.05 3.58 0.00 1.49 309.68 206.4fi -1.08 104.30 
1 7 256 FLO w f9K:-2-7------2-:f.-2-2--------------·-----------3-~-2 2 22 1 . "10 2 . 43 207 ~-6-1--:::-1-~~---1~f:'-1(.; 

17 258 TOTAL P 0.94 0.70 0.00 0.03 0.64 2.32 1.84 -0.20 0.68 
17 258 ORTHO P 0.25 0.19 0.00 0.03 0.32 0.80 0.58 -0.06 0.28 
17 258 TOTAL N 32. -fa- ----23-- 87 -----0-.-00 -------1~"2-{f--i1-:4ff 78. 79 6f~'o9 ----7.-2T ------j-ET.-98 
17 258 INORG N 21.39 15.87 0.00 1.26 10.74 49.27 8.57 -0.93 41.63 
17 258 FLOW 32.35 24.00 22.86 79.2117.50 79.11 -6.68 6.78 

0.17 
0.28 
0.04 
0.05 

0.11 
O.OB 
0.05 
0.05 

0.13 
0.17 
0-'--{3 
0.14 

--"1-·y-----373 TOTAL P 25.84 6.58 0.00 0.00 0.19 32.61 4.88 0.04 27.70 0.16 
17 373 ORTHO P 2.50 0.48 0.00 0.00 0.10 3.08 2.10 0.02 0.97 
17 373 TOTAL N 425.81 115.18 0.00 0.00 6.48 547.48 533.03 3.91 10.54 

---1"-7 373 INORG N 141.45 37.90 0.00 0 06-----~4------182~-59-------------------151.69 1.11 29.78 

17 373 FLOW 326.41 89.38 8.06 423.85 5.45 402.82 2.91 18,11 

0.06 
0.19 
0:08 

0.08 
0.13 
0.04 
0-:04 

0.10 
0.23 
0.09 
O. '-,,'--__ 

0.29 
0.19 

--6-.--fg-
0.35 

0.13 
0.03 
O. i,OiO __ _ 
0.03 

17 389 TOTAL P 310.12 5.60 4.22 0.02 0.43 320.39 302.07 6.05 12.27 0,07 0,09 
17--Ts'g-O-RYHO -p -----T2-L-f7 -------1 . -S8 -----,:1-.-22-- o. -0-2 ------0-.-2-1-- i 27 . 26-------------------f26-~7-8-- -2:.54 - 2.. 12 0.06 O. 10 

17 389 TOTAL N 9483.46 186.37 12.67 0.69 14.31 9697.50 9376.22 187.90 133.38 0.04 0.07 
17 389 INORG N 6940.29 1'\8.87 12.67 0.69 7.15 7079.67 7018.70 140.66 -79.69 0.04 0.07 

----T7------389----FT-5w----------G772-:09" 198.50 17.84 6988.42 12.02 6621.18 132.45 234.79 ""----

17 391 TOTAL P 52.47 2.77 0.00 0.00 0.21 55.46 35.60 -0.01 19.87 0.13 0.19 
17 391 ORTHO P 14.89 0.64 0.00 0.00 0.11 15.63 15.95 -0,01 -0.31 0.06 0.13 

--17------:r9-1-----Y6-YAL J::.r 2012.51 92.88 0.00 0.00 7.11 211"::T-:-5f -------2"OTS-.55- -----..:-0.84 94.80 0.03 0.05 

17 391 INORG N 1544.23 66.26 0.00 0.00 3.56 1614.05 1650.89 -0.69 -36.16 0.05 0.05 
17 391 FLOW 2188.92 111.97 9.47 2310.35 5.43 2358.24 -0.98 -46.91 - -



tJj 
I 

'" 

NUTRIENT 8UDGET SUMMARIES 

OIS RES lPRE:C L fOTAl LEVAP C-6-~rT"" LOSYO-R-- LNfr----CVl cvo 

,S 0.25 0 
18- . 80 :-ioo. 
18 092 TOTAL N 5415 74 323.29 3.54 1 19 12 93 5756.70 4083.27 0.00 1673.43 0.08 

.S4 1,19 6.47 3468.13 3002.94 0.00 465.180.12 
"""""""~""" 15 :"12 1020 42 10.54 --1-04-2.-70---6:"6S" -22:-;fs---

O. j4 

.<2..J..El 

18 093 TOTAL P 11.57 1.84 066 0.0:< i .36 15.45 (558 -0,20 9.06 0.09 0.31 
,s 
18- ~;; ,i--,',iii ;;T---;;,---,,,,,,",fr- ~~:f---';'--'-),);------'iC'-;c~--;-ii"'~~ 

18 093 INORG N 23050 .46 4.08 1.44 :;;-:L€" 302. 14 ~80.83 -5.37 126.68 0.05 0.07 
18 093 
iff ---- -1}O 

Hi 120 ORTHO P 41 6.'60 26.92 0.02 0.54 9849 32.S3 2.26 63.40 0.28 0.28 
:2226.41 
'576-:95 

1$ 120 FLOW 1780.28 498. 4'L75 231326 33.67 1830.56 12367 3'5904 
38 7. 00 
38 . --3~-s6 i 8 

19 119 TOTAL N 55003.32 t463.83 1lO.0S 3,19 23336 56813.79 57970.25 55.05 -f:tl1 51 0 14 0.13 

122 TOTAL P 744.28 96,92 000 0,02 847.14 51291 -:27.94 362.18 
.56 
.g7 

19 122 INORG N 481921 580,68 0.00 0.78 98.74 5499.42 9233.74 -503.00 3231.31 

19 ::338 ORTHO P 16:"16.64 155.87 217 60 0.06 0,4$ 209063 7.680.21 i 26 -590.84 
10.21 

7.5'1 
19 338 FLOW 33382.59 877.95 42.08 3-1302.63 28.85 35741 58 16.72 -1455.68 

1. 328.40 1 
1. 2i6:-95 

19 340 TOTAL N 172006 251.20 50.22 1.17 55,33 2077.99 1941.35 -6S,97 206.61 
I .79 50.2:? 1.17 27.67 1650. 548.60 
:':::~~-"'-~,~",7-'~'-----::'~. 37 .---- 78.97 -2426. 26"3'~33-' 

,9 342 TOTAL P 257741 317.15 10.10 0.08 2.64 2907.38 2670,04 02 238.35 
19 342 ORTHQ 1 131.66 28 141.92 
-i9--342--roTALloo3: 78 .01--'368 :CiT 
1'9 342 INORG N 1191B.92 4012.25 1687 2.92 43.95 12424.91 11747.81 ~4 47 6Si 57 

10 __ 006 

o 17 0.18 
0.14 
o 38 

004 0.53 

0.15 0 
0.14 0.18 

0.10 0.15 
o 11 0.20 
o 04 o 09 
o 04 . _.0_,.1_4 __ 

0.17 0.13 

0.11 o 05 
i9 __ 3_"-.L FLOW ____ ... 2B63L_6_~6. 29 ___~ 10. 7"'9 __ -,,9::.42""'. 6,,-7"-_,-_~,-__ 



DlSRES pAR"AuM--

19 
19 

NUTRIENT BUDGET SUMMARIES 

LGAUG ~ L1TNGiS-LPO (NT LOTHER Ti>REC ~---;::rOTAL---.::EVA"P~-- Lour LDSTOR LNET CVI eva 

19 343 TOTAL N 1668,11 117,83 000 031 109.63 189587 3486.76 -101.07 -1489.81 006 0.27 
o 00 0.31 81 

~~~~ .78 

20 OSl TOTAL P 696.43 34.30 0.36 0.02 3.94 735.04 47e.O~ -25.45 282,48 
97 

~ 25 

0.09 
0,13 
0.05 

20 081 INORG N 10728.24 188.03 1.15 071 65.62 1098376 8306.87 ~442.28 3119.17 0.05 
20 

0.16 
0.17 
0.11 
0.20 

?O 0.33 
20 087 ORT!IO P 97 12,10 0.86 0.01 0.79 161,75 85.S7 6.94 69.24 0.12 0.32 

1 
20 087 FLOw 99 205 15 82,.65 1693 79 47.19 1636.33 128,113 -11.37 

~~~~~~~);*~.~~~~:~"~_2,~; __ ~,~~*-__ ~ __ ~~~ __ ~~ __ ~~~~~, 
L 

~ 20 088 TOTAL N 758.67 33868 0.01 0,00 8267 118003 656.36 -72.49 596.16 009 0 19 
co 20 5 

20 
21 196 TOTAL P 142~n 10~21 000 0.07 078 153.84 96.47 -1.04 58.41 0.90 0.14 

QRTHO P . 
fOTAl r:r --2'1 -----~~ 

21 196 INORG N 478.23 129.$1 0.00 2.83 12.99 623.86 650,43 -7.01 -19,55 0.21 0.20 
196 
014 p.~-~~~';~-~~~~'~-r;~~--~~-'~~~'~~ 

22 014 ORTHO P 6.09 1.63 0.00 0.03 0.79 8.54 7.77 -0,24 1.02 0.07 0.'10 

~}~§~ ~ I ~~~~ ~ g§~ : :; . 1 .,"(:)---~~.~----; ;;;.,-*,o;--.~--"-;H;if----':;'f~ 
22 014 FLOW 941.67 341.31 89,64 137261 60,45 1405.63 -4t.25 8.23 

TOTAL P 0.01 
'{)R"rH{JP 0 ","(f1"" 

22 019 TurAl N 1416.40 359,22 ~,53 0.43 159.57 1938,16 1232.35 -23.65 729,46 0,;20 
0.10 

0.33 
0.19 
0.24 
o 20 
~~~ ~--

22 188 TOTAL P 283,00 22.75 16.Q6 0.02 1,90 323.13 451 61 -7.28 -120.60 0.05 0."12 
aRTHO P 
YOTAL N 

22 i8S INQRG N 2290.48 1S4.13 25.51 1.01 0.10 0.24 



'" I 
-0 

--- -,-----« ----------
NUTRIENT BUDGET SUMMARIES 

LTDTAL LEVAP Lour LDSTOR --iNE1CVT~-- -;c"'v""oo;---

.84 326 

.(i--s? 
22 TOTAL N: 2:311.74 46.41 000 0.62 72.07 2430.84 1145,()S 119,30 116646 0.24 0.19 

22 190 TOTAL P 453.t2 0.31 0.00 0.01 519 458.64 301.88 -1$,'iH 172.72 0.04 0.23 
190 OR1HO P 125.30 0,06 .97 13 

-----1-g0r0riC'N -268D-8---'I-~91 .46-- 14 

.:22 190 INORG N 713.47 0.45 0.00 0,28 86.54 800.76 595.97 -31.52 23iL31 0.06 0.14 
22 '\90 FLOW 2.84 
22 
22 '92 QRrHO P 

,',:'76 0,00 
49,11 2.06 000 000 2.66 53.84 35.3t -:2 28 2081 O. to 0.82 

161.64 
-i7~ 

22 192 FLOW ::SHll, is 159.44 354.543695.13 185.263820,75 235.04 109,41 

23 352 TOTAL N 1055.05 37862 is.l0 3.52 86.85 1542.14 1'164.33 -8.79 386.55 0.09 0.11 

23 

23 

N ,52 206 0.09 0.21 
-- 1 -----f4. ------------

353 TOl AL P '504,36 70 0.73 0.00 4.05 702.85 656.85 -1.17 47.17 0.16 0.13 
ORTHO P 
TOTAL N 

353 INORG N 875.32 79 090 0.00 67 47 1307.49 1056.44 "'_89 252 93 0,24 0.17 
353 Fl.OW . 211.66 -9.12 __ ,_,=,-",-' 
'~TOTAL p~~~~ O·.-~i"8 O. 26 ~ j~-~i6· 

23 413 ORrHO P 73.42 3.01 0.48 0.26 1 98 7$,16 71,07 R 09 
a, " 0.1' 
0.11 0.23 

13 TOTAL N 2716. 
-~~--'::"3-iNORG N 270. 

23 413 FLOW 3941.94 202,75 2:06.58 435'1.2:7 164.7t 4800. -44908 

0,01 36,~~. ___ ,~~~~ __ ~~~*~~ __ ~.:~_~~;:. ___ 
-6~(i1 ···---f3·, 

24 011 TOTAL N 156702 52477 0,00 0.38 2210.73 1716.13 104,;4 598.74 0.06 0.27 
1 -37.59 

-1')"':63 
24 012 TOTAL P 17.41 1.22 0.00 0.00 0.53 19.16 54,82 0.17 3583 0.17 0.28 

~---"C~'--';:;;:"'7-~--=~=----,.~':::: .. -o~~---"CC;S'---7ii-~;---~',~' 89 -7.69 0_ ;~ .. -;::c..:;c~--,34 31_:i80_ 
24 012 INORG N 55.01 4 81 000 0_25 8.81 68.88 13<3,16 0,42 -67,70 009 0.59 
24 0.1.L.£.LOW 666,£)4 80_'9 761.98 

• 



NUTRIENT BUDGET SUMMARIES 

6 
3. 

24 013 TOTAL N 62:)5,18 ,60 0.00 1.2:2 204.53 1167.54 7673.72 -473.04 -33.15 0.1i 0.21 

O,~ ... 1 '='--~';'~~'.".~~"'=';;.~.~~~--:c=-'-;-,,--';~+'-ii*"~";;'''''''''''. -'~'i-'-ii*-''-'-'-'-.-'''c.-.-~ 
24 016 TOTAL P 38.55 4.02 0.02 3.90 73'.89 24.25 -0.34 49.9.8 0.42 0.0"1 

24 016 INORG N 124.74 83.39 21.28 0.97 6498 295.36 341,87 -475 -41.76 0.17 0.11 
__ ~~B __ ~ 

. '8 
24 021 OR1HO P 13.71 2.46 0.00 OOt 0,39 16 S8 t464 0,15 1.79 0.13 0.18 

TOT AL N 1064 0.61 
-;;-:;--",~ ... INORG N 268. 6: 6-'-- :~':~-"'-"':C'~;'~---'----7~:; 
:24 021 FLOW 1031.43 30LS8 28.07 1361.47 16.31 1317 94 13.35 30. f8 

3.80 0 . 
t)j 1 2.Q5--6, ""~---

I 24 022 TOTAL N 1'991.38- 387.02 0.00 f 13 94.7t 247424 2665.10 ~314,19 \23.32 0.06 0.16 
f-" 
<:> 

24 193 TOTAL P 11 1,70 0.38 001 0.26 14.02 3668 -0,16 -2251 0.13 0.39 
QRTHO P 

-T-6TAT:"~N' :2 
24 193 INORG N 28985 74.25 1.14 0,56 4,38 370.17 208,75 -0.B9 \62.30 0.08 0.20 

24 200 ORTHO P 22'1.39 65 L i5 0.03 :2 59 241.B2 73.22 -3.81 172.40 0.25 O. 14 

24 200 FLOW 4466.93 687,35 32 5377.65 180.42 5881.34 296.42 -207.27 

25 020 TOTAL N 6153.79 1278,74 26.85 0.00 19 157559 4819,66 0.00 2755.92 0,13 0.03 

25 102 TOTAL P 29"~O 15.99 0.00 000 039 45.77 iO.60 0.12 3506 0.46 0.24 

25 102 INORG N 110.36 224 87 0,00 000 642 341.65 57.55 0.65 283.45 1 2€i 0.22 
25 50.4? ___ 7_2.: 7.21 



NUTRIENT BUOGET SUMMARIE S 

DIS RES PARAM lGAUG LUNGO lPO INT LOTHER LP REC LTO TAL LEVAP LOUT LDSTOR LNET eV I evo 

25 103 TOTAL P 56.40 19. 08 0.54 0.00 0.48 76 .5 1 11 8.32 - 1 . 29 - 40.52 0 . 05 0 . 17 
2 '5- -103ORTHO"P 13.06 4.42 0.54 0.00 0.24 18 .26 24.16 -0 .26 - 5. 63 0.04 O.~ 
2 5 10 3 TOTAL N 1176.25 397.98 1.63 0.00 16.04 159 1 .9 1 1246.46 -13.60 359.04 0.03 0. 16 
25 103 INORG N 534.30 180.78 1. 6 3 0 .00 8.02 724 .73 420. 46 -4.59 308.86 0.03 0.13 
25- - 103FLOW-- --705.82 2 38.81 18.41 963.04 21. 24 83::2.83 - 8.85 139.06 
25 104 TOTAL P 20.65 7.74 0.00 0.00 0 . 34 2B.73 5B.76 -0 .2 9 - 29.74 0.07 0.3 1 
25 104 ORTHO P 7.75 2 . 0 2 0 . 00 0 . 00 O. !7 9.94 10.93 -0 . 05 -0 .93 0.08 0. 15 
·~f5--,_04--TOfALN--6-f 7-:-6~68~ 25--0-. 60 0.21 1 I. 4 1 897.56 742 . f5 -3.68 159 .08 0.08 0.06 
25 104 JNORG N 170. 37 60. 43 0.00 0 .2 1 5.70 236.71 233.82 -1.1 6 -4.05 O. OB 0. 11 
25 104 FLOW 424 . 25 163 .65 13. 09 600 .99 15 .10 563.88 - 2.72 39 . 83 
2 5---10S--rDTAL P 603.56 65.67 1.65 0.00 1. 15 6"72.04 312 . 10 0.10 359 .84 0.11 0.19 
25 105 OR THO P 172.28 14.2 3 1. 65 0.00 0.57 188.7 4 125.09 0.04 63. 61 0.06 0. 15 
25 105 TOTAL N 5444.34 680 .75 4.96 0.00 38.32 6 168. 38 3463.53 1 . 14 2703 .72 0 . 07 0.13 
25 105 INORG N 2205.65 22B.·~4.'96 0.00 · 19.1 6 2457.93 1299.76 0.43 11 57.75 0. 07 0 .14 
25 105 FLOW 1590 .60 202. 19 43. 97 1836.77 48 .77 1801. 1 1 0.58 35.0B 
25 107 TO TA L P 9.3 7 4. 58 0 . 00 0.00 0.73 14.68 2 . 95 0. 18 11.54 0.39 0.08 
25 107 QRTHO P 3.05 1 . 12 0.00 0.00 0.37---4.54 o. B8 0.05 3.60 0.3B 0. 13 

'" 25 107 TOTA L N 128.12 66 .49 0.00 0.00 24. 43 219. 04 60.44 3 . 70 154.89 0.37 0.19 I 
>-' 25 107 INORG N 31.84 2 3.99 0. 00 0. 00 12 .22 68.05 7.94 0.49 59 . 62 0.32 0.17 
>-' 25--f"07F'CdW" 36.11 36. 18 19. 79 92.0B 34.83 83.97 3.0 1 5.10 

25 112 TOT AL P 22. 16 7. 04 0 . 52 0.0 1 0.34 30.0B 63. 10 -0. 15 -32.87 0.06 0.17 
25 1 12 QR THO P 5 .17 2 . 01 0 . 52 0.0 1 0. 17 7.8B 12.74 - 0.03 -4.B3 0.09 0.24 
2'5- - ' 12---riff A L --N 529 .80 171 .60 .56 0.56 11 . 49 715.02 1068.4 6 -2.53 -350.90 0.06 0.12 
25 112 INORG N 153 .07 40 .94 .56 0. 56 5.75 201.88 290.68 -0.69 -88. 11 0.08 O. OB 
25 112 FLOW 4 19.3 1 14 3.74 13 . 19 576.24 16 . 09 734.96 - 1 . 70 - 15 7.02 
25--267TCiTAL P 2884. 45 188. 9 1 27.30 0.0 1 12. 16 3 11 2.82 1832.5 1 -144. 67 1424.99 0. 06 0. 26 
25 267 QR THO P 641.84 42 .65 27.30 0.0 1 6.08 71 7.87 56B.00 -44.8 4 194 .72 0.08 0.25 
25 267 TOTAL N 14205 .09 2032.84 80 .39 0.27 405.25 16723.84 14148.17 - 111 6 . 95 3692.62 O.OB 0. 13 
~""52'67-IN5RG N 1947.01 210.30 80.39 0.27 202 .63 24'40.60 4639 . 05 -366.2 4 -1 832.22 0.31 0. 24 
25 267 FLOW 5564.10 3021.59 575.53 91 6 1. 23 536.46 10 126.6 9 -757.12 -20B.35 
25 269 TOT AL P 1 . 10 0. 04 0. 00 0. 00 0.22 1. 36 1.23 -0.29 0. 42 0 .23 0.11 
'15269 ORTHO P 0 . 25 0.01 0.00 0.00 0. 11 0.38 0.36 - 0.08 0. 10 O.1B 0 .09 
25 269 TOTAL N 19.43 0 . 77 0.00 O. 10 7 ,4 1 27.7 1 21. 35 -4.94 11 .30 0. 14 0.2B 
25 269 INORG N 4.37 0.20 0.00 0. 10 3.70 8 .38 1. 85 -0.43 6.9 6 0.20 0. 50 
~2-69""FL6w 2!:l.95 0.45 4.36 30.76 12.07 36. 00 -5.53 0.30 
25 273 TOTA L P 4779.82 213.61 '9.93 0 .01 3.42 5016.78 151 3.53 -47.7 3 3550 .98 0.15 0.04 
25 273 a RTH O P 1556.80 31.45 19.93 0.0 1 1.7 1 1609.90 1191.93 -37.59 455.55 0.07 0. 10 
25 273 TOT AL N 37469.40 2962.24 55 . 45 0.39 113 .96 40601.45 20297 .25 - 6 40.04 20944.24 0 . 10 0.10 
25 27 3 1 NORG N 10609.B2 629.82 55.45 0.39 56 .98 11 352. 47 10693.29 -337.20 996.38 0.2 1 0.33 
25 273 FLOW 11 395.79 1572. 04 144 .36 1311 2 .19 153.75 14019. 16 -437. 23 -469 .75 

\ 



'" I .... 
N 

" NUTRIENT BUDGET SUMMARIES 

DIS RE S PARAM lGAUG LUNGD LPOINT LOTHER LPREC LTOTAL LEVAP lOUT LD STOR LNET CVI eva 

25 .275 TOTAL P 935.19 21.53 8.33 0.01 3.88 968.94 413.56 -11 . 5 7 566 .95 0.62 0.16 
-~i~-5--CrR-THO . P 168.5S--U>.56 8.33 0.01 .9'4 199.4:1: 157.17 -4.40 46.64 0_21 0.2 5 

25 275 TOT4,L N 7474.54 767.25 19.89 0.51 129.23 8391.43 8804.53 -246.29 -166.81 0.21 0.03 
25 275 INORG N 1824.39 73.51 19.89 0.51 64.62 1982 .93 2319.57 -64.88 -271.7 5 0.25 0.05 

-~75FLow 3742.81 489 .55 167.60 4399.96 174.36 4995.95 -134.87 -461.12 
25 278 TOTAL P 195.85 14.37 15.83 0.02 1.60 227.68 120.19 -2.29 109.77 
25 278 ORTHO P 109.22 8.01 15.83 0.02 0.80 133.88 76.76 -1.46 58.58 

--25~a--TOTAl N 4170.26 520.63 31.01 0.70 53.34 4775.94 4629 .23 -SS.14 234.85 
25 278 INORG N 1751. 25 94.22 31.01 0.70 26.67 1903.85 1583.81 -30.16 350.20 

0.14 
0.10 
0.09 
0.1S 

0.14 
0.17 
0.16 
0.18 

25 278 FLOW 1969.30 462.30 73.40 2504.99 66 . 53 2576.93 -47 . 80 -24.14 
-is 281 niTAL PlO~. 92 11. 25 0.00 0.00 1.08 113.25 112.-90 -3 .o"3--....:,3""'. 3"9~-;0".·1"2,---· "0;-'.-;1-;,--

25 281 OR THO P 31.82 2.32 0.00 0.00 0.54 34.68 42.19 -1.13 -6 .37 0.12 0.32 
25 281 TOTAL N 1358.55 124 . 8 1 0 .00 0.14 35.85 1519 .34 1440 .40 -38.71 117.66 0.23 0.14 

2S--2ff-,-----------yNOR·G:N 169.1 1 2 4 . 16 0.00 0.14 17.92 211.33 264~-49 -7.11 -46-.050.200.:1:4 
25 281 FLOW 1352.13 238 . 35 43.97 1634.46 44.71 1638.48 -42.83 38.80 
25 348 TOTAL P 2998 . 32 40 . 02 8.79 0.22 10.67 3058.02 780 .87 -59.89 2337.03 0.31 0.33 

--is--34S-0'RT'HO P 617.65 14 .7-1 8.79 0.22 5_33 646.70 394.10 -30 .22 282.82 0.20 0.44 
25 348 TOTAL N 19356.74 806 .3 1 23.16 8.44 355. 51 20550.17 10090.86 -773 .88 11233.18 0 . 14 0.29 
25 348 INORG N 2825 . 92 387.80 23.16 8.44 177.76 3423.09 2077.64 - 159.34 1504 .79 0.15 0.18 

- 25 348 FLOW 6863.75 856.10 416.88 8136.74 561.11 9048_39 -650.90 -260.75 
25 370 TOTAL P 7. 15 0.76 0.00 0.21 1.03 9.16 1.94 4.06 3.16 0.49 0.23 
25 370 ORTHO P 1.90 0.20 0.00 0 . 21 0 . 52 2 . 83 0.38 0 . 79 1 . 66 0.11 0.15 

--:r5 370 TOTAL N 127.95 13.57 0.00 8.14 34.35 184 .0 1 45.87 95.90 4 2.2 4 0.49 0.14 
25 370 INORG N 72.80 7_72 0.00 8.14 17.18 105.84 5.16 10.78 89 .91 0_21 0.37 
25 370 F LOw 171.24 18.16 24.31 213.71 55.96 124.28 142.83 -53 .40 
26- 345TOTAL P -"21"6.'""62-- 60.25 9.7:1: 0.05 1.62 288.26 24.44 0.27 263.5~5"""-0"'".O=6-"'0"."'1""5~-
26 345 ORTHO P 168.07 54.93 9.72 0.05 0.81 233.58 9.06 0.10 224.41 0.06 0.16 
26 345 TOTAL N 878 . 66 168 .73 42 _60 1.94 54.14 1146.07 905.21 9.94 230.91 0 . 05 0.06 
-26-3~INORG N 463-:7-'--''-7.83 42.60 1.94 27.07 653.16 326.55 3.59 323.03 0.05 0.13 

26 345 FLOW 599.87 87.49 48.35 735.71 77.18 1156.90 11.86 ~433.04 

26 347 TOTAL P 13.79 0.60 0.00 0.02 1.05 15 . 46 9.35 -0 . 43 6_53 0. 19 0.06 
26 347 ORTHO P 5.97 0.34 0.00 0.02 0.52 6.85 4.73 - 0.22 2.34 0.14 0.10 
26 347 TOTAL N 1110.66 22.92 0.00 0.83 34 . 91 1169.33 602.94 -27 .66 594.04 0.04 0.05 
26 34.1 INORG N· 770 .82 ' 8.69 0.00 0.83 17 . 46 797.80 352.28 -16 . 16 461.68 0.04 0.11 

26 347 FLOW 797.83 57.71 29.95 885 . 49 49 .77 878.91 -38.04 44 .62 
26 354 TOTAL P 227.81 2.77 6 . 47 0.08 1.68 238.81 46.89 -1.40 193.32 
26 354 ORrHO P 68.12 3.07 6.47 0.08 0.84 79.19 22.71 -0.68 57.10 
26 354 TOTAL N 2014.64 185 . 81 11.51 3.10 55.96 2271.02 849.69 -25.34 1446.67 
26 354 INORG N 576.77 92.:1:3 11.51 3.10 27.98 711.60 193.94 -5.78 523.44 
26 .354 FLOW 991.64 97.23 65. 67 1154.54 91.17 1047.74 -28.53 135.34 

-----

0.32 
0.68 
0.50 
0.36 

0.24 
0.35 
0.15 
0.25 



-----------------~~ --
NUTRIENT BUDGET SUMMARIES 

DIS RES PARAM L GA U-G---LUNGD LP'OINT LOTHER LPREC LTOTAL LEVAP LOUT LDSTOR LNET evr evo 

26 355 TOTAL P 288.41 37.89 30 .72 0 .00 2.8 9 359.91 112.36 0.02 247.54 6.30 0.09 
26 355 ORTHO P 79.35 15 .9 4 30.72 0.00 1. 4-5 - -12"7 . 46 63.8 3 0.Oi--63.62 0.13 0.15 
26 355 TOTAL N 1837.96 667.37 166.34 0.00 96.49 2768.15 1394.08 0.24 1373.84 0 . 19 0.09 
26 355 INORG N 406.12 164.73 166 _ 34 0.00 48 . 25 785.44 654.69 0.11 130 .63 0.1 2 0.14 

--26 355 FLOW 914 .06 516.83 106 .57 -1537.46 157.21 16fs.24 0.25 - i8. 03 
26 359 TOTAL P 253.23 107. 33 1.06 0 . 03 13.29 374,95 9a.03 4. t 1 272.81 0.06 0.20 
26 359 OR THO P 89.74 35 . 94 1.06 0.03 6.64 133.43 37 . 83 1.58 94.02 0.07 0.37 
26 359 TOTAL N 2493.22 1125 . 15 3.12 i.30 442.94 4065 .13 2754.41 115.39 1195.9 4 0.06 0.28 
26 359 INORG N 452 . 48 215.87 3.12 1. 30 221. 47 894.25 618.93 25.93 249.39 0.13 0.17 
26 359 FLOW 2745 . 81 1079.03 707. 18 4532.03 586.35 4212.7 3 151. 92 167.38 
26 360 TOTAL P 3.71 0.70 0 .00 0.00 0.30 4.71 1.17 5 .49 - 1.95 0.05 0.00 
26 360 ORTHa p 1. 49 0 . 28 0.00 0.00 0.15 1. 92 0.23 1. 06 0.64 0.06 0.00 
26 360 TOTAL N 289.34 54,46 0.00 0.00 10. 09 353.89 19.05 89.48 245.37 0 . 03 0 . 00 
26 360INORG N 757.26 142.54 0.00 0.00 '5 .04 904.84 6-:-23 1 . '10-963-:S~SO:-i50--
26 360 FLOW 68.89 12.97 6.45 88.31 19.00 28.01 42 .33 17.97 
26 361 TOTAL P 65.71 11. 81 2. 17 0.00 1. 51 81.21 49 . 08 0.00 32.12 0.09 0. 15 
26 361 ORTHO P 25.57 4 . 53 2.1 7 0.00 0.7fr 33. 02 14 .99 0.00- --i8.03 0 . 12 0.33 

'" 26 36 1 TOTAL N 977.67 194 . 18 6.49 0.21 50.34 1228.89 915 . 05 0.00 313.84 0.04 0.10 I 
I-' 26 36 t INORG N 125 . 19 26.06 6 . 49 0.21 25. 17 183.12 67.20 0.00 1 15.92 0.13 0.25 
w - -i6 361 FLOW 564.14 107.22 731. 40 69. 20 815.88 0.00 -84.48 60.04 

26 362 TOTAL P 29.85 0.93 0.68 0 .00 0.81 32 . 28 12 . 25 -0.45 20 . 48 0.34 0.12 
26 362 ORTHO P 8.10 0 . 30 0.68 0.00 0.41 9.49 4.33 -0.16 5.32 0,19 0 . 11 

- 26 36 i-----roTALN 835.51 35:50 2. 04 0.00 27. 17 900.22 463.7"1 -16.93 453~43():250. 08 
26 362 jNORG N 263.34 15.54 2.04 0.00 13.58 294.50 184.25 -6. 73 116 . 98 0.13 0.09 
26 362 FLOW 615 . 01 55.66 24.26 694.93 38.04 751.90 -26.06 -30.91 

- - i s-36"4- TOTAL P 668-:55--- 1. 02 1.53 0.25 2.60 613.95 28.54 2.78 582'.62 1.32 0.30 
26 364 OR rHO P 92. 81 0.56 1.53 0.25 1.30 96.45 20 .07 1.96 74.43 1 .04 0.18 
26 364 TOTAL N 3340 .26 77.76 4 . 59 9.42 86 .68 3518.71 21\19.96 236 . 04 862.71 0.63 0.35 
26 364 INOR'G N 6BB . l0 37.80 4.59 9.42 43.34-- 7- 8-3.26 1623: 92 158.40 -999 .06 0.41 0.73--

26 364 FLOW 1989.82 84.17 79.41 2153.39 121. 37 2105.59 193.54 -145.74 
28 219 TOTAL P 0.89 0 . 11 0.00 0. 04 0.52 1. 56 1. 98 -2.20 , 1 .79 0.56 2.37 
28 219 ORTHO P 0.23 0.02 6:'00 0.04 0.26 0.55 0.33 -0.37 0.58 0.22 1.10 
28 219 TOTAL N 10.38 1.34 0.00 1.52 17 .30 30.54 81.70 -91.10 39.95 0.3,? 1. 97 
28 219 INORG N 1.51 0.12 0.00 1. 52 8.65 11.80 3 . 14 -3 . 51 12. 17 0.29 1. 28 
28 219 FLOW 11.87 1.53 4.82 18 . 22 28. 18 81.37 -59.31 -3.85 
29 100 TOTAL P 63.41 32.92 0.56 0.16 1.35 98.41 9. 29 -0.20 89 .3 1 0.06 0.13 
29 100 QRTHO P 19.53 10.14 0.56 0.16 0.67 31.01 1. 69 -0 . 04 29 .41 0 .1 4 0.14 
'29 100 TOTAL N 442 .29 229.59 1.70 0.92 44.85 719.35 303.81 -6 . 43 421. 97 0.16 0.07 
29 100 INORG N 294.82 153.04 1. 70 0.92 22,43 472.90 145.66 -3.08 330.32 0.12 0.06 
29 100 FLOW t4 5.95 75.76 34.52 256 .2 4 42.25 217 .38 -3.71 42 .56 



" NUTR IENT BUDGET SUMMARIES 

DIS RES PARAM lGAUG LUNGD LPOINT LaTHER LPREC LTOTAL -LE VAP LOUT LOSTOR LNET eVI evo 

29 106 TOTAL P 133.14 10.91 0.81 0.01 0.38 145.27 17.38 3 . 40 124.49 0 . 15 0.43 
29 106 ORTHO- P 29.90 3.37 0 . 81 0.01 0.19 34.29 5 . 64 1. 10 27.55 0.07 0 . 17--
29 106 TOTAL N 510.74 137 . 33 1. 05 0.49 12 . 77 662.38 306.89 60.00 295.49 0.11 0.16 
29 106 INORG N 75.97 68 . 31 1.05 0 .49 6.39 152.21 84,53 16.53 51.16 0.15 0.19 

- - 29--'Q6FI·OW--'95-:-72 64 . 30 7.56 267.59 18.86 212.56 37 . 87 17.16 
29 108 TOTAL P 235.91 18.88 0.83 0.00 1.94 251.57 27.22 1. a 1 228.54 0.08 0.24 
29 108 ORTHQ P 9 1 .72 8.74 0.83 0.00 0.97 102.26 12.95 0.86 88.45 0.10 0.27 
~--'-0'8T-6T A L N 1086.80 189.12 2 . 48 0.60 64.79 1343.20 681.05 45.34 616.81 0.19 0.41 

29 108 INORG N 386.02 57.04 2.48 0.00 32.40 477 .9 4 108.37 7.21 362 . 35 0.28 0. 45 
29 108 FLOW 476.06 54.98 42 . 92 573.96 89 . 07 545.60 30.39 -2.03 
29 109 TOTAL P i7.77 23.46 0.31 0.00 0 . 83 52,3-7 7.54-- -' : 14 4::r:69 0.260 .15 
29 109 ORTHO P 5.2.t! 4.43 0.31 0 . 00 0 . 41 10 .39 2 . 66 0.40 7.34 0.09 0.31 
29 109 TOTAL N 502.52 424.40 0.93 0 . 00 27 . 66 955.51 364 . 64 55.00 535.88 0.11 0.17 
29 109 INORG N 1 13-:-1S--gDG 0.93 ·- - 0 -:00 - - '-3-.83 223.48 81.20 12.25 130.03 .62 0~3-3--

29 109 FLOW 129.85 109.67 23.04 262.55 36.61 246 . 86 31.71 - 16. 03 
29 11 0 TOTAL P 145.87 6.62 1.78 0 . 00 1.48 155.74 23 . 11 -0 .57 133.20 0 . 06 0 . 38 
29 11 0 ORTHQ P 40.37 1.6"2 1. 78 0 . 00 0.74 44.51 7 . 28 -0.18 37.41 0 . 03 0.51 

to 29 110 TOTAL N 921.12 103.15 5 . 33 0 . 00 49.30 1078.91 440.34 - 10. 77 649.34 0.06 0.19 I 
f-" 29 110 INQRG N 484.94 40.89 5 . 33 0.00 24.65 555 . 82 248.80 -6.09 3 13 .11 0.10 0.33 

'" --29 110 FLOW 268.71 73.09 37.21 379.01 60.25 430.90 -9 . 07 -42.82 
29 111 TOTAL P 22.10 4.54 0 . 68 0.00 0.49 27. 81 14 . 48 -0.30 13.63 0.27 0.12 
29 111 ORTHO P 7.2 5 2 . 65 0 . 68 0.00 0 . 24 10.82 3 . 60 -0.08 7 . 29 0.31 0.16 
29 111 TOTAL N 479.61 149 ',-96 2.04 0.00 16.30 647.92 555 . 03 - 11 .58 --'04~0:340--:-09--
29 111 INORG N 163.0B 40.21 2.04 0.00 8.15 213.47 175.78 -3 . 67 41.36 0 . 29 0.02 
29 111 FLOW 126.28 77. 12 13.58 216.98 20 . 75 264 . 13 -5 . 08 -42.07 
29 113 TOTAL P 1464 . 46 34.08 7.49 0.00 2.06 1508.10 203.02 8.91 129-6--:-1-r-6.07 0.23 
29 113 ORTHO P 36B.28 13.08 7.49 0.00 1.03 389.89 115 . 05 5.05 269.78 0.03 0.33 
29 113 TOTAL N 6467.39 447.62 26 . 74 0.00 68.82 7010.57 3427 . 27 150.44 3432.86 0.11 0.07 
29 113 INQRG N 2409.53 201.52 26 . 74 0.60~4.-4·· 1 2672.20 1785:62 78.38 808.20 0.19 0.24 
29 11 3 FLOW 1267.33 202.40 52.01 1521.73 94 . 61 1585.73 65 . 45 -129.45 
29 114 TOTAL P 18.32 0 . 12 0.27 0.00 1 . 12 19.84 3. 14 - 0.31 17.01 0.18 0.14 
29 114 ORTHO P 2.99 0 . 02 0.27 0.00 0.56 3.84 0.98 - 0. 10 2.95 0. 14 0.33 
29 114 TOTAL N 121.04 14 . 65 0 . 81 0 . 00 37 . 47 173 .97 90 . 41 -9.02 92.57 0.10 0.08 
29 114 IN.ORG N 2~ . 53 7.94 0.81 0.00 18.73 49.02 19 . 77 - 1 .97 31.22 0 .17 0.Q8 ___ 
29 114 FLOW 74 . 06 7.46 15.28 96.'80 53 . 41 136.84 -8.'2 -31.71 
29 194 TOTAL P 24.00 2.52 0.00 0 . 02 0.99 27.53 43.74 -0 .24 -15.97 0 . 25 0.15 
29 194 ORTHO P 26.64 1. 44 0 . 00 0 . 02 0 .50 28.60 20 .66 -0 . 11 B.05 0.51 0.18 
29 194 TOTAL N 803.31 355.91 0.00 0.99 33.03 1193 .24 1202 .33 -6 ·.58 -2 .50 0.26 0.06 
29 194 INORG N 257.07 52.54 0.00 0.99 16.52 327.11 278.39 -, 52 50 .24 1. 09 0.22 
29 194 Fl.OW 448.52 193 .09 36.68 678.30 35 . 32 711.97 - ;,. 71 -29.97 
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NUTRIENT BUDGET SUMMARIES 

DIS RE S PAR AM LGAU G LUNGO LPOINT LOT HER LPRE C LTOT AL LEVAP LOUT LOS TOR LNET CVI CVO 

29195TOTALP 56 . 11 36.510.39 0.00 3.14 96. 14 27.72 0 .30 68 . 120.220.05 
--~2;':9C-+'95 ORTHO P 28.47 11.81 0.:f8 0.00 1.57 42.24 9.86 6~ 11 32.27 0.14 0~.O~6~--

29 195 TOTA L N 2092.22 1229.91 0.97 0.21 104.56 3427.87 3790 . 59 40 .83 -403.55.0050.06 
__ __ :29 195 INO RG N 1111.50 762.4 1 0.97 0.2 1 52 . 28 1927. 37 800.56 8 . 62 1118.180040 .08 

29 195 FL OW 741.5' 1 50 8.81 11 6.1 1 1366.43 111.79 1487.64 14.82 -136.03 
29 207 TOTAL P 72. 19 1.14 1. 92 0.04 1.4 3 76.72 21.05 -3 .02 58.69 0.09 0.09 
29 207 ORT HO P 62.50 0 . 45 1 .92 0.04 0.71 65.63 11 .42 -1 . 64 55.850 . 180. 16 

---~29 207 - foT'AL N 1253 . 35 3 . 48 5.59 1 .60 4 7.55 13 11.57 213 .28 -30-.-5~28~'8 6 0.13 0.08 
29 207 INORG N 142.40 0.80 5.59 1.60 23.77 174 . 17 30 . 66 -/': 39 147 .90 1 .790 . 27 
29 207 FL OW 223.1 0 1.13 29 . 0 2 253 . 26 65.36 237,97 - 24 . 7 4 40 . 03 

---3()o64 TOT AL P 0.46 0.03 0.00 0.00 0. 10 0.60 0.38 0.0- 1: 0.2"'1-'O~. ~9~6~0" .-"3"1;---
3 0 064 ORTHO P 0.19 0.01 0.00 0.00 0.05 0.26 0. 20 0.00 0.060 . 500.56 
30 064 TOTAL N 2.99 0.22 0 . 00 0.24 3.37 6.8 3 3.54 0.05 3 .23 0 . 540.2 1 
30 064 INORG N 1.26 0.09 0 .00 0 . 2'4 1. 69 3. 2S 0.87 0.0 1 2.390.660.3"7---
30 064 FL OW 0.92 0.07 1.43 2. 42 4.12 6. 51 0 . 04 - 4.13 
30 215 TOTA L P 1.56 0 . 57 0.00 0. 00 0. 09 2.22 0.75 0 . 06 1.4 1 0 .080 . 40 

---30 2 15 ORTHO P 0.92 0. 34 0.00 0 . 00 0.04 1. 30 0.23 0.02 1.060.130.69 
30 215 TOTAL N 8. 95 3.26 0.00 0 . 00 2.92 15 . 13 5.05 0. 38 9.700.090.28 

_ ___ 30 215 INORG N 2.81 1 .02 0.00 0.00 1 .46 5. 30 2.05 0.15 3.09 0 . 130 .57 
302""'f'5Fi:.o-W- 4.54 1.65 1. 7 7 7.9 7 3.27 6.26 0.22 1.48 
30 217 TOTAL P ·3.89 2.12 000 0.00 0 .22 6.23 2 .40 0.2 6 3.560.11 0.29 
302 170RTHOP 2 . 37 1.290.00 0.00 0.11 3.76 1.78 0.19 1. 78 0.11 0 . 30 
30 217 TOTAL N '3'6.""71 19.97 0 .00 000 7. 18 63.85 13 . 87 ;~--4·a.49 0.08;;-0~. "2"1---
30 2 17 INORG N 14.15 7.70 0.00 0 . 00 3 . 59 25 . 44 6.74 0.73 17.97 0. 11 0.33 

__ ---.;30 217 FLOW 11.05 6 . 0 1 4 . 34 2 1. 41 8.04 17.47 1. 02 2.9,.2er""-;;-A'",, 
30235 TOT ALP 10887.8-6314.25 17 . 65 0.01 4 2.72 11262 .50 77 9.57' 41 . 24 10441.690 . 24 0.3 8---
30 235 DRTHO P 567.45 94. 08 17.65 0. 01 21.36 700.55 34 5.58 18.28 336.690.18 0.46 

_ _ _ .;;30 235 TOT AL N 41 805.09 188 9 . 53 5 2.94 0.45 1424.1 5 45172.17 15676.70 829.28 28G66 . 19 0.1 2 
30 235 INORG N 4683 . 45 167 . 1052.94 0.45 712.08 5 6 16.02 47 92 . 39 253.51 5 70. 120. 29 

0.2ic
' 

_ _ _ 
0.20 

30 235 FLOW 31337.46 1030.59 609.4732977.531341.41 299S1 .41 151 5.02 1481.1 0 
_ _ ~31 077 TOTAL P 88 .12 22.26 0.00 0.00 1. 71 112 . 09 91.73 -3. 19 23.550 . 210.19 

31 077 ORTHO P 37. 06 8.54 0.00 0.00 0.85 46 .46 42 ~ 7 6 -1.49 5.190.300.17 
31 077 TOT AL N 3093.39 876.93 0.00 0.00 56.99 4027.3 1 2 135. 39 - 74 .17 1966.100 .180.23 

_ _ ~3 1 077J.NOR_G N 136.34 37, ,20 0.00 0.00 28.50 202.04 ~2 9.64 '14.92 .-21 2. 680 . 11 0.13 
31 077 F LO W 4578.89 122 9 . 4 4 37.07 5845.40 39. 17 5550.58 -191.44 486.26 
32 204 TOTAL P 24.04 84.67 0. 00 0.00 3.86 112 .57 233.29 -0 . 0 1 -120 .700.970. 10 
32 204 ORTHO P 12 . 88 24.94 0.00 0.00 1.93 39 . 75 198 . 06 - 0 . 01 -158.30 0. 13 0 .1 3 

---~3·2 204 TOTAL N 144 .41 979.56 0.00 0.00 128 .77 1252 . 75 4194.20 - 0.2 4 -2941.210.220.30 
32 204 INORG N 18 .09 97.27 0 . 00 0.00 64 .39 179. 75 828 .3 4 -0.05 -648.54 0 . 210.11 
32 204 FLOW 332 .194569.96 58 .72 4960.87 85.23 9751.90 -0.56 -47 90. 47 

\ 
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NUTRIENT BUDGET SUMMARIES 

DIS RE S PA'RAM LGAUG LUNGD LPOINT LaTHER LPRE C LTOTAL LE VAP LOU T LOSTO R LNET e VI eVQ 

33 300 TO TAL P 36.50 8.BO 0.00 0.00 0.27 45.57 40.3 2 ~0_B9 6.14 0 . 12 0.20 
--33--300 ORTHO P 28.26 6.a , 0.00 0.00 0.'3 '35.21 27.05 -0.60 8.76 0. '2 0.28 

33 300 TOTAL N 166.59 40 . 15 0.00 0.03 B. B8 2 15.65 276.91 -6.12 - 55. 13 0. 18 0.3 6 
33 300 INORG N 26 . 08 6.29 0.00 0.03 4.44 36 .83 53 . 69 - 1 . 19 - 15.67 0.14 0.20 
3 3 300 FLOW 908 .65 219 '.00 10.98 11 38 .63 5.42 11 32. 75 -24 .93 30 . 8 1 
34 048 TOT AL P 26.75 31.77 10.62 0.00 1.21 70.36 32.98 2 .63 34.76 
34 048 OR THO P 12 . 50 14.50 10.62 0.00 0 .61 38 . 23 17 . 26 1.38 19 .58 

--3404s- fofAC- r;r--S7:J:"95 752.1123.56 0.(9 40 .37 1690.19 2183 .03174.29 -667.13 
34 048 INORG N 49.88 88.09 23.56 0. 19 20 . 18 18 1 .9 1 250.08 19.97 -88.1 3 
34 048 FLOW 1248 .40 786.0B . 36 . 29 2070.77 61.68 2103.77 163. 03 -196.03 

0.23 
0. 50 
o:1'S 
0.2 2 

0.19 
0.09 
0:1"2" 
0.03 

- --3s- -629TOTALP--46. 61 5. 16 0.00 0.00 0.20 51. 97 22.8 8 1.14 27 .95 0.35 0.15 
35 029 ORTHO P 9.50 1.05 0.00 0.00 0.1 0 10.66 9.26 0.4 6 0. 93 0 . 15 0.1 1 
35 029 TO TA L N 3 35 .7 2 37. 19 0.00 0.00 6.7 3 379.64 274.54 13. 72 91.37 0.21 0.1 2 

--js-0291'NORG N 51.52 5.7' 0.00 0.00 3.36 60. 59 43. 15 2. '6 '5 .28 0.22 0.'5 
3 5 029 FL OW 357.78 39.63 10. 13 40 7.54 6.51 372.26 18.28 16.99 
35 039 TOT AL P 0.43 0.17 0.00 0.00 0.08 0.69 0. 13 -0 . 10 0.66 
3'5 ' 039 ORTHO P 0 .. 20 0.08 0.00 0.00 0.04 0.32 0.04 -0.03 0.31 
35 039 TOTAL N 1 .24 0.48 0.00 0.21 2.74 4 .67 2.28 - 1 .77 4 . 16 
35 039 INORG N 0 . 88 0.34 0.00 0,2 1 1.37 2 . 81 0. 15 -0.11 2.78 
35 039 F LOW 5.57 2.17 2 . 31 10.05 3.77 8.69 -3.8 3 5.19 , 

/ 

0. 39 
0 . 25 
0.26 
0.3 6 

0. 17 
0.22 
0. 42 
0 . 12 
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Table B2 

Water Balances and Inflow Concentrations by Period 

Symbol Me a ning 

DIS 
RES 
GP 
PD 

QINC 
QOUT 
QEVAP 
QSTOR 
ELEV 
AREA 
VOLUME 
ZMAX 
ZMEAN 
QS 
THYD 
IPTL 
IPDS 
INTL 
ININ 

CE District cod e 
CE reservoir code 
data screening cod e (A = high accuracy, B = low accuracy) 
period (N = normal hydrologic year, P = year of pool monitoring 
by EPA/NES, T = period of tributary monitoring by EPA/NES) 
corrected total inflow (hm3/yr) = (cubic hectornetre /yr) 
total outflow (hm3/yr) 
evaporation (hm3/yr) 
change in storage (hm3/yr) 
mean elevation (ft,msl) 
mean surface area (km2) 
mean volume (hm3) 
maximum depth (m) 
mean depth (m) 
surface overflow rat e (m/yr) 
hydraulic residence time (yr) 
inflow total P concentration (mg/m3) 
inflow ortho P concentration (mg/m3) 
inflow total N concentration (mg/m3) 
inflow inorganic N concentration (mg/m3) 

B-17 
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, WATER BALANCES AND INFLOW CONCENTRATIONS_~B~Y __ ~P~E~R~I~O~O~ ____ . _______________ _____________ __ 

OIS RES GP PO OINe OOU T OEVAP OS TOR ELEV AREA VOLUME ZMA X ZMEAN OS TH YD I PTL IPDS INT L ININ 

02 176 B N 210 .1 :208.1 2 . 1 0.0 580.0 3.4 33.124.0 9.6 60.50.159 22.8 7 . 2 906 .5 462.7 
02 17G 8 p 2. 1 -2 .0 583.6 3. 37 . 725.1 12.3 
02 176B T 305.7 292 . 8 2.1 10 . 8587.9 3.3 41.026.412.690 .00. 140 23 . 2 6 .8 917.2 499~.~7 __ __ 

----03 307., A N "95. I 19'2.0 3.1 0.0 628 .0 3 . 8·---50 . 9-·38 :-7~'3---50. 1 0.26 5 13 . 7 6.6 ·1- 13~-2---693.6 
03 307 A P 212.5 207.5 3 .1 .9 6 28. 2 3 . 8 5 1. 3 38. 8 13.5 54.50.247 13.2 6.6 1144.8 694.1 
03 307 A T 209 . 2 208.0 3.1 -1.9 627.6 3 . 8 50.6 38.6 13.4 55.10 . 243 13 . 3 6.6 1143.4 69 4 .0 
04 312 A N 387.0 383 .5 3.5 0.0 630 . 0 7.0 35. 5 15 . 2 5.1 54.80.093 174.3 1 ( 3:"""6269s:s-18'4""7-'-,;:;7----
04 312 A P 477.1 4 76.5 3.5 -2 .9 621 . 6 4.8 22.712.7 4.7 99.10.048165.11 0 4.0 2663.91775.2 
0 4 312 A T 4 56 . 8 460.9 3.5 -7 . 5 6 20.6 4.7 2 1 . 4 12.4 4.5 98 . 00.046 166.9 105.9 2670. 4 1790 . 0 
06 37 2 A N 6825 .6 66 29.4 196.2 0.0 302 .02 15. 0 1888.6 33.2 8.8 30.80 .285 128.1 36.2 1301.6~6~.~8----
06 3·72 A P 10868.3 1062 1.3 196.2 50 . 8 300 .8 199.6 18 65.832. 9 9 .3 53.20.176 133 .0 33.0 1386 . 1 371.3 
06 372 A T 7380.1 7 262 .4 196.2 -78.5 299.6 192.8 1787 .3 32.5 9.3 3 7 . 7 0.246 12 8 .8 35.6 1314 . 6 3 53.8 
08 074 A N i 770.1 746~i~·4·300 .7---0_:_0 330.0287.93098 . 342.7 10. 8 25 .90. 415 54.8 15.8 643 .6 237~,""6----
08 074 A P 12520.8 11 864. 2300 .7 356.0 328.5277 . 72967 . 842.2 10.7 42.70.250 54.2 15 .5 684.0 2 71.1 

___ ~Oo:B,---074 A T 11896.311483.1300 . 7 112.6 329.228 1. 4 302 1. 542.4 10 . 7 40.80 . 263 54 .3 15 . 5 679.5 267,=-,-.~3 __ __ 
08 330 A N 3950.5 37 21.6228.9 0.0 660.0 227 . 1 3f47-:-2-5·s:---4I3~6____:4O'8-46~422':'"2---6-73.9'---23·9. 4 
08 330 A P 5756.5 5317 . 1 228.9 210.5 659. 4 223.1 3098.4 56.2 13.9 23.80.583 51.8 20.5 669.5 246 . 1 
08 330 A T 61 53.6 5801 .8228.9 12 2.9 660.02 24 . 9 3138.2 56.4 14 .0 25.80 , 541 52 .0 20.2 668.9 247 . 7 
10 003 A N 653 2. 3 6518.1 14-.-2---0.'0 187.0 13.3 145 .621.9 10.9 48'8:'26":""0"'2'23'~O·.s 1314 .3 665~,i;-2----
10 003 A P 9539 . 8 9524.6 14.2 1. 0 186 . 8 13 .3 145.021 .9 10.9715 .30.0 15 38.0 11.0 1279.6 629 .8 
10 00 3 A T 10386 . 4 10372.6 14.2 -0.4 lB6 . 8 13.3 145.021.9 10.9779.1 0.014 38.6 11.1 1271.9 622~.27-__ _ 
10 069 A N 17 26.4 1684.3 42.1 0.0 848 .0 57.7 582.145.1 10. 1 " :;2'9-: 2 0.346 6 1.8 16. 7 661.5 283.1 
10 069 A P 26 43.5 2539.1 42 . 1 62 .3 835.5 42.3 380.04 1.3 9.0 60.0 0.150 7 6.1 16. 4 728 . 5 298.9 
10 069 A T 254 4.9 2480. 1 42.1 22 . 7 836 . 3 42 . 4 388 . 841.5 9.2 58 .50 .157 74.6 16 . 4 722.2 297.4 

-----,0- 071 A N 20248 . 620'068.4180.2 0.0 ·n.0151~~r53.4 10.1 3.0 132.20.023 85.3 29.6 1298. 0 442--:-4----
10 071 A P 29270.6 29040.4 180.2 50. 1 77.2 153.0 463.0 10.1 3 ,0 189 .80.0 16 96 . 6 30.6 1426.1 4 4 2.0 
10 071 A T 26995.026808 . 1180.2 6.7 77.3 154.0 465.91 0.1 3 . 0174.1 0.0 17 94 . 0 30.4 1396.9 4 4 2C'.-;'~ __ _ 
10 072 A N 9990.5 9798~5192.0 0.0 1-96~8'D1 153.4 28.4 6.3 53-:-6O':"Ti893.~3-:-71023.2 433.8 
10 072 A P 13087 .5 12806.3 192.0 89.2 187.4 173 . 1 1017.9 27.6 5.9 74.00 .079 93.5 32.4 10 16 .3 422.0 
10 072 A T 12698 . 4 12518 . 1 192.0 -11. 7 187 . 7175 .5 1033.027 .7 5.9 71.30.083 93 .5 32. 5 1017. 1 4 23.3 

-----,0 0 76 A N 209~933.7 161.5 0.0 107"().'()t54.0 2366.3 45 . 7 15.4 12.6 1.2'2 4 72.9 3 4'.0 8 '4 0. 2 3'9~1-----
10 076 A P 3003.2 2443. 9 161 . 5 397.8 1068 .0 150.9 2278 .6 45 . 1 15 . 1 16.20.932 75.4 30.2 1006. 1 45 3.9 
10 076 A T 2888.2 2646.5 161. 5 80.2 1069.9 154.8 2364.7 45.7 15.3 17 . 10 .894 75 .1 30.6 986 . 3 447~. 4~ __ _ 
10 411 A N 6079.5 6038 . 0 41.4 0.6-:24~i8.2 22 1 .320.3 7.8 213~O.037 65 .5 15.5 1682.4 903.3 
10 411 A'P 8822 . 6 ' 8782.4 41.4 -1.2 254.7 38.7 364 .2 24.3 9.4226 .70.041 6 4.1 15 .1 1673.6 909.7 
10 411 A T 9570.1 9522 .7 41 . 4 5 .9 254.7 38 . 8 364.7 24.3 9.4 245 .60 .038 63 . 8 15 . 0 1671 . 7 911.2 
14 0 99 A N 4128.0 4079.5 48. 5 6~O~30~O-46~2135_:_i·~ 12.2 2.9 88-~o.'033 601. 4 183.3 8960.86591.4 
14 099 A P 9330. 1 9670 . 8 48.5 -389.2 736 . 8 64,4 320 .8 14 .3 5.0 150.30.033627.8 163.7 11339.6942 1.6 

_ __ -T.'4~ 099 A T 48 27.2 4981 . 3 48.5 -202 .6 731.8 51 . 5 181 .6 12.7 3.5 96.7 0.036606.3 179.3 9374.77058.8 
15 178 B -N 144. 7 107.3 37.4 0.01193.8 52 .8 67'-.021.9 12 . 7 2. 06.254 28.1 10.4 927. 3 2 48 . 0 
15 178 B P 242 .0 204.0 37.4 0. 6 1193.5 52.5 663.8 2 1.9 12. 6 3.93.254 28. 3 9.0 948. f 238.4 
15 178 B T 188_:...9 148 .8 37.4 1.8 119~_. 5 52.5 663 .3 21.9 12.6 2. 8 4 . 457 28 .2 9.7 936. 7 24 2 . 1 
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__________________________________ ~W~A~T~E~R~8~A~L~ANCES AND INFLOW CONC~NTRATIO~~ PERI~ ______ _ 

DIS RES GP PO OINe Qour QEVAP OSTOR ELEv AREA VOLUME ZMA X ZMEAN QS TH YD IPTL IPOS INTL ININ 

------·'5---,81 B N 691.6 391 , 6300.0 0.01294.5481.92170.145.6 4.5 0.85.5-42 33 .7 16.6 1637.1 3.8=70 -. 72---
15 181 B P 886 .3 502.4 300 . 0 83 . 9 1294.5482 .02171. 0 45.6 4.5 1 .0 4.32 1 34.0 16.6 1782.7 407 . 7 
15 181 B T 610.3 368.6 300.0 -58 .3 1294 . 1 482.02171.045.5 4.5 0.85.890 33 . 6 16 . 7 1568 .6 367.3 

--------i1'5237 - r;N- -'-f9.-7- 'fo3.7 16.0 0.0 1266~i.o 87.113.2 4.0 4.7 0. 840 25~jB.5 24~6.9 6 14.5 
15 237 A P 228.5 211.4 16.0 1.11264.1 20.0 74.212.6 3.7 to.6 0 . 351278. 0 144.82708,5 773.7 

_____ --,15 237 A T 180.7 163 . 4 16.0 1.31264.9 21.0 79.2 12.9 3.8 7.80 . 485268.6 141.8 2627.4 708 . 1 
16 243 A N 2 14.2 204.7 9.5 0 '.0 101 9.0 10 .5 50 "72T:3--4~9."4-0.248 280.1180.92832.2 1676.1 
16 243 A P 3 19. 8 303.9 9 .5 6.4 1020.7 11.4 59_6 21.9 5.2 26.6 0.196242 . 2 132 .6 2803.3 1778.2 
16 243 A T 280.6 280. 2 9.5 -9_ 11021. 7 12.1 62. 3 22.2 5.2 23.20 . 222252_61 46 .4 2807.5 1 7 3=6~.~4 ____ _ 
16 2 54 B N 99 .7 77 .-0 22. 7 0.0 901.4 31.8 101.7 9.9 3.2 2.4 " 1.321 152.2 68.81f170.2 9 1'7.5 
16 254 B P 124.2 111. 7 22 . 7 -10.2 900 .3 30.0 91.8 9.6 3. 1 3 . 70.822 146.6 61.51858.6 924 .1 
16 254 B T 116.0 94.8 22.7 -1 . 6 900 . 1 29.8 89.9 9.5 3. 0 3.20.948 148 . 2 63 . 61 86 1.9 921.6 
16 317 A N 656 . 3 64 6.1 10.2 0.0 896 .0 14.4 50 .6 6. 8 3.5 44.80.078 104.0 39 . 6 1424.8 62~-4'-'.'-'4'--~-
16 317 A P 819.8 807.2 10.2 2.4 893.6 13 .0 41.2 6.1 3. 2 62. 1 0. 051 9 5. 3 34.7 14 98.8 700.2 
16 3t7 A T 81 5. 2 812.0 10.2 -6 .9 893.6 13. 3 41.6 6 . 1 3 . 1 61.00.051 95.5 34.8 1496.9 698.2 

--~--16-~8 A N 3446.5 34 1~~~ 4 0 . 0 1328 .0 48.9 706.8 40.6 14 .5 69.80.207 46.1 12.4 694~3:~7~9~.~3~---
16 328 A P 37 26.1 3629.9 31 . 4 64.8 1322.3 47.7 638.738.8 13.4 76.10.176 45.0 12.1 674.8 366.5 

~ ______ ~16 328 A T 3619 . 33647.9 31.4 -60 .0 1319 . 0 45.7 600.3 37.8 13.1 79 .8 0.165 45 .4 12 .2 682.0 37,,'~.~2~ __ _ 
16 393 B N 2074.12069.6 4.5 0.0 1088. 0 6.8 122. 8 39.0 18_1304.4 0.059 19.6 6 .6 591 . 0 4 2 2 .5 
16 39 3 B P 2578.92548 . 8 4.5 25_ 6 1069.7 5.8 97 . 7 33.4 16.8 437 . 20.038 19.9 6.4 599.1 440.7 
16 393 B T 2918.2 2912.9 4 . 5 0 . 7 1069. 7 5.9 95.3 33.4 16.1 491 . 50_033 20.0 6.3 603.7 451 . 3 
17 241 A N ' €;"~6 64.6 4.9 0.0 92 8 . 0 6. 2 29.112.4 4 .7 10.40.451 93.0 23:22253'.8 1413.4 
17 241 A P 81 . 3 76.4 4.9 -0 _1 928.0 6.5 29.2 12.5 4 . 5 11.80.382 87.7 21 .4 2276 .0 1447.7 
17 241 A T 92.4 89.5 4 .9 -2.0 926.9 6.2 27 . 2 12 .1 4.4 14.3 0 . 304 83.6 20 .1 2296.2 14 78 . 7 

--------i,7 ·-242-A---N---238.023~---i.0 0.0 948.0 1.7 2.1 3.6 1.3138.8 0.009 25·5":"'"155~-63926.8 281~1.-~4~--
17 242 A P 382.1 380.6 2.0 -0.5 949.6 2.2 3.1 4.1 1.4 175. 70 .008257 . 6 49.44320.53243.6 

______ ~'~7c__242 A T 289.9 288.3 2 .0 -0.4 950.4 2.5 3.8 4.3 1.5 117 .10.0 13255 .8 52.8 4082.4 2979.5 
17 245 A N 176.7 "71. 8 4.9 0.0 997.0 5.5 7.4 3.7 1.4 31.40.043166.7 48.9 2962. 6 1574.3 
17 24 5 A P 316.9 314 . 3 4.9 -2.2 998.0 5.6 9.0 4.0 1 . 6 56.00.029 174. 1 50_2 3 305 .0 1939.6 
17 245 A T 282 .8 280.2 4 . 9 -2.2 998 .5 6.0 9.9 4.1 1.7 4 7.0 0 .035 172.6 49.9 3235.0 1861 . 9 
17 2478 N 230.0 226.2 3.9 0.0 805.0 4.5 18 .6 12_2 4.1 49.8 0.082 103 . 7 40.1 2970 .8 21 14.4 
17 2478 P 398. I 394.9 3.9 -0.7 805.6 4 . 5 19.9 12.4 4.4 88.00.050 89.2 34.33211.02376.7 

______ ~" 2478 T 371.8 368. 3.9 -0.2 805.94.6 21.0 '2 . 5 4.6 79.90.057 90.9 35.03'80.02342.2 
17 2 48 A N 306.1 302 . 1 4 .0 0.0 915.0 5.3 15 .9 10.7 3.0 57.00.053 263. 4 9 8.6 4117.4 2800 . 8 
17 248 A P 532.2 532.5 4_0 -4.3 913.4 4. 7 14.3 10.2 3.1 113 .80.027 265.6 e .1.4 469 2.1 3506 . 6 
17 248 A T 429.8 425.9 4. 0 -0 . 1 913.9 4 .8 15.0 10.3 3.1 88 . 8 0.035 264 .7 94.1 44 60 . 5 32 14 .2 
17 24 9 A N 706.7 700. 9 5.B 0.0 737.0 6.1 19. 9 11.3 3.3 115.5 O.02·8195T115~9-2853.3-----r78~7--
17 249 A P 1088.1 1083.5 5.8 - 1.3 736.1 6 .0 18.3 1 1 . 0 3 .0 180.00.017 163.5 87.1 2518.6 1641.4 

_______ '~7~~2 49 A T 1024.8 1020 . 7 5.8 - 1 . 7 739.0 7.2 24 . 9 11.9 3.5 142 . 30.024 167.7 90.7 2562 . 1 1660 . 7 
17 256 A N 174.1 17 '1-.-7--2.4 0.01020.0 3 .4 16.7 14.6 4.8 49.90.097 59.8 27. 1 1948.3 1322.8 
17 256 A P 254.1 248.5 2.4 3.2 1014 .4 2.5 13.2 12.9 5.3 99.50.053 50.5 21 .8 2118.0 1494. 6 
17 256 A T 206 . 6 205.3 2.4 - 1.11019 .8 3.0 17.114.6 5.7 68_80. 083 55.3 24.52023.01397.5 
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, WATER BALANCES AND INFLOW CONCENTRATIONS BY PERIOD 

DIS RES GP PO OINe QOUT QEVAP OSTOR ElEv AREA VOLUME ZMAX ZMEAN OS THYD IPTl IPOS ]NTL ININ 

17 258 B N 73.9 65.9 B.O 0.0 899.0 9.5 42.6 12.9 4 .5 6.90 :-647 '28.5 9.B 989.4 635.1 
17 258 B P 90 .5 78.5 8.0 4 . 1 897.3 8 . 7 37 . 8 12.4 4.3 9 .0 0.482 27.5 9.4 981.4 651 . 4 
17 2588 T 61.8 6 1 . 6 8.0 0 .0 899.0 9.5 42.6 12 . 9 4.5 6.50 . 691 29 . 3 10 . 1 995.9 623.3 

- -17- 373 A N 252.2 246.7 5.4 0.0 1396 . 0 4.6 82.756.7 17.9 53.30.335 64.7 7.9 1276.9 413.5 
17 3 73 A P 326.0 299. 7 5 . 4 20.9 1420.5 6 . 3 123.664 .2 19.6 47.40.413 71.0 7.6 1284 .6 422.6 
17 37 3 A T 405 .9 397.5 5.4 2 . 9 1421.4 6.4 125.1 64.4 19.5 62.00.315 76 . 9 7.3 1291.2 4 30. 6 

- - -'-7-"3'S9A N 492 4.4 4912.3 12.0 0.0 14100 B.O 41.7 12 . 8 5 . 2 612.5 0.008 46 . 5 18 .7 1412.1 1022 . 4 
17 389 A P 6588.6 6578.2 12.0 -1.61411.6 6.1 49 .11 3.3 6.1 812 . 10.007 45.9 18 .3 1389 . 11013 .5 
17 389 A T 6 756.2 6611.7 12.0 132.5 1437.5 14.5 14 2 .6 21.2 9.8 455.20 .022 45.8 IS.2 1387.2 1012.7 
"1""73"9'1A N 1932.3 1926.8 5.4 0.0 1652.0 10 .6 239.884.4 22 . 6 181.4 0.124 23.6 6-:9 884.2 678-:--6--
17 391 A P 2582.4 2514.4 5.4 62.6 1599 .8 6.7 140 .4 68.5 21.0 376.30.056 24.2 6. 7 927.9 707.5 
17 391 A T 23!:>8.2 2353. 7 5.4 -1. 01604. 2 7.1 142.8 69 . 9 20 . 1 330.60.061 24 .0 6.8 914.0 698.3 

- - '18092- A- "---625-.'7--6--15-:2-"10.5 0.0 i 3''1':-012."g-g2-:-S 22.0 7.2 47.80 . 151 3;4.4 102.'95195.23105.4 
18 092 A P 1092 .6 1073.3 10 . 5 8.7 731.5 11 . 4 84.620.3 7.4 93 . 90.079334.5 106.55681.4 3425. 2 
18 09 2 A T 1043.1 1032.6 10 . 5 0.0 736.2 12.9 95.021.7 7.3 79.80.092332 . 8106.2 5639 .2 339-,;7~.~3 __ 

- --(s-093''A N 459.4 420.2 39 .3 0.0 538.0 43.5 225 . 0 f4-.-6--!r.-2--9-:7 0. 535·-29~-8-:--6869.9--S25.6 
18 093 A P 686.8 649 .4 39.3 -1.9 540.6 47.3 264.4 15.4 5.6 13.7 0.407 27.2 7.7 869.4 597.0 
18 093 A T 539.8 515.8 39.3 -15. 3 538 . 8 45.4 236.8 14.9 5 .2 11.4 0.459 28.3 8 .2 869. 5 552.8 

--~120 A N 1330.9129 7.2- -33-.7 0.0 552.0 4'0.5 316.420.6 7.8 32 .0 0.244 64.0 50.9 1974 . 9 975.0 
18 120 A P 1858 . 5 1790.2 33.7 34.6 546.6 35.4 270 . 4 18.9 7.6 50.60.151 55.6 45.4 1985.2 1053 .7 
18 120 A T 1955.0 1797 .6 33.7 123 .7 548.5 3 5.8 286.4 19 . 5 8.0 50.20 . 159 54 . 5 44.7 1987.2 1066.8 
19 11 9 A N 348'iTT3465'-. 3219.9 0.0 354 . 0 lS·3.1 753.022.6' 4.1 189.3 0. 022 136.5 54.1 1149 .8 641.9 
19 119 A P 50980. 1 50716 . 0219.9 44.2 358.3230.2 1115 .2 23.9 4.8 220.30.022 132.6 48.2 1181.6 634.4 
19 119 A T 5 1210.050941.72 19 . 9 48 . 4 358.9233.6 1168.624.0 5.0 218.10.023 132.6 48.1 11 82 .0 634.3 

--19122A-r:J--82B·~811o.-7 171.0 0. 0 690.0i6~6·-309·7.3 44.2 18.7 4STQ.382 56.2 -1i--:-Si06T~635:C4"."6C---
19 122 A P 12456.0 12008 . 6 171.0 276.5 716. 0201.8 4589.052.1 22.7 59.50.382 57 .1 12 . 5 1035 .3 367.8 
19 12 2 A T 14519.115174 . 7 171.0 ~826.6 712.5 197. 74 385.7 51.1 22.2 76.80 . 289 57.4 12 . 31025.6 372.9 

---,9~3~~076.5 21047.6 28 . 9 0.0 385.0 30 . 2 '128. 4 12.2 4.3 s9 i.6 0.006168.1 68.51080 . 1 475.9 
19 33 8 B P 32387 . 732354.7 28.9 4.1 385.2 30.8 133.112.3 4.31049.40.004 169.6 61.9 1133 .6 484.0 
19 338 B T 35 77 2.1 35726.5 28.9 16 . 7 385.2 30.7 132.6 12 . 2 4.3 1165. 50.004 170.2 60.6 1147.3 486.8 

---T9 340 A N 1275.1 12 23-:'0- 52 . 0.0 480.6 42.8 330.824.5 7 . 7 28 . 60.271164.0111 . 31012.7 710 . 5 
19 340 A P 2155.6 2093 . 5 52.1 10.0 488.5 55.7 460.1 27.1 8.3 37.60.220 136.5 90.6 859.7 682.6 
19 340 A T 2163.9 2190.7 52 . 1 -79.0 488 . 3 55.4 456.4 27.0 8.2 39.6 0.208 136.4 90.4 858 .7 682.4 

- - -,9- :)42--A"·- N--16907. ·916825.0 82.8 0. 0 445.0 91~rB:41a:-3 5.7 184.70.031 93.6 29.3 1057 .9 420 .8 
,19 342 A · P 24640. '1 24558.9 82.8 -1.6 444.6 87.5 508 . 2 18 .2 5. 8 280.60.021 102.2 31.4 1020.1 442.9 

___ -7'~9 --342 A T 28447.028375.0 82.8 -10.8 444 .7 88.0 511.4 18 .2 5.8 322.50 . 018 105.7 32 . 2 1006.0 451.7 
19 343 A N 1477.1 1379.4 97.7 0.0 64~.0 105 . 7 1492.541.8 14 . 1 13.0 1.082 17.2 7.8 686.2 36 4. 7 
19 343 A P 2175 . 1 2053.0 97 . 7 24.3 647.9 109 . 2 1570.142.7 14.4 18.80.765 16.8 7.3 644.1 362.2 
19 343 A'T 2378 . 1 2348 .4 97.7 -68.1 648.4109.71586. 142 . 8 14 .5 21.40.675 16 .7 7.2 634.8 361.6 
20 on' A N 2207.4 2090.4 "7.0 0 . 0 445.0 105.3 349 . 3 11.9 3.3 19.9 0.167 '88.9 56.03527.4 2383.9 
20 081 A P 3899.7 3793.7 11 7.0 -10 .9 448.3 124.5 462.2 12.9 3.7 30.5 0 . 122 192.3 60.1 4087. 9 2882.5 
20 081 A T 3862.6 3956.2 117.0 -210.6 448 . 9 131 . 4 481.8 13.1 3.7 30.10.122 192.3 60.04077.82873.3 



'" 1 
N ,.... 

__________________________________ W~A~T~E~R~B~A~L~A~N~C~E~S_AND INFLOW CONCE~TRAT I ONS BY PERI ~DO~ _____ . 

DIS RES GP PO OI Ne QOUl OEVA P OSTOR ELEV AREA VOLUME ZMA X ZM EAN OS TH YD IPTL IPDS INTL ININ 

20 087 A N -924.2 877~~ 0 .0 599.7 44.9 259.2 16 .4 5 . 8 19.50.2962 10. 111 9 . 8 6 7"90. 8 561 0.6 
20 087 A P 1725 . 4 1683.7 47 . 2 -5.5 605.7 55.8 351 .9 18.2 6 . 3 30. 20.209 171.0 96 .2 796 1.07255.5 

___ -o2,,0~_;0S<87 A T 1765 . 8 1589 .8 47 . 2 128 .9 603.7 53.0 320 . 0 17.6 6.0 30. 00. 201 169.7 95.4 BOOB. 1 732 5 . 1 
20 OS 'S A N 43G-.4360~~~405.0 76.9 22'2 . 8 7.9 2 .9 4.70.61 8258.1 47.1 227'~~8--
20 088 A P 458.0 336.7 75.8 45.5 405 .3 76.1 234 . 5 8.0 3.1 4.4 n.696 258.~ 47.0 2277 . 3 775.7 

___ ~2;'0i-_"088 A T 487 .6 462.9 75.8 - 51. 1 406 . 8 82."1 268.0 8.5 3. 2 5 . 6 0.579258.6 46.9 2279 . 0 780.7 
2 1 1968 N 1390. 1136 5.0 25.1 0.0 355. 0 "21.0 47.613.6 2. 3 64 . 8 0 .035 77.6 15.5 1380. 7 327 :-04-----
21 1968 P 2283.72257 .7 25.1 0.9 36 1. 7 28.3 95.9 15 .6 3.4 79.90. 042 89.4 16.6 1551.1 356.9 
21 1968 T 1986 . 1 1982 . 3 25.1 -21.4 360.6 26 . 0 83.? 15 . 3 3.2 76.30.042 85.9 16.2 1501.1 348.3 

-----;i2014--s-N---i7~15.-5--60·~--o~4·6~-54TBO_a._2 60~4 14 .9 13':2- 1-.-130 16.6 7.0 i1O'-8-7·2~.0~---
22 014 B P 4 90. 4 280.4 60.5 149.5 403. 6 50 . 1 729. 1 59.0 14 . 5 5.62 .600 17.5 7.7 229.3 71.6 
22 014 B T 1364.9 134 5.7 60. 5 -41. 3 406 .5 52 .8 772.0 59.9 14 .6 25.5 0 . 574 15.6 6.2 190. 3 72 . 9 

--- 22-6;g--a---N- '492. 0 1321 .3 170 .7 0.0 578--:-0162"-:-2 2654~416":""4--8-:-1~009 20 .5 11. 5 575.7 134 . 5 
22 0 19 B P 26 15.52341. 0 170. 7 103.8 576. 2 158 .7 2579.0 59.8 16 . 2 14.7 1. 102 20.5 11.7 659 . 3 158 . 8 
22 019 B T 2816.2 2697.3 170 . 7 -51.8 576 . 6 159 . 7 2596.9 59.9 16 .3 16.90.963 20 .6 11.7 671.2 162 , 4 

----~22 188 B N 1225 .6 11 59. 5 66 . 1 0.0- 2-20.0 51.6 155.3 9.4 3.0 22.5 0.134 105.5 49.1 937.0 731 .3 
22 188 B P 2364.52302. 7 66.1 -4.3 22 9 . 8 91. 4 399 .0 12 . 5 4.4 25 . 20.173 106 .9 45. 0 1006. 0 885 . 

___ .;2.;2c--~1~e8 B T 165 "1 . 9 1617. 9 66 .1 - 26 . 1 221.9 63 .3 207 . 7 10.0 3.3 25.50 .128 10 5 . 6 46.7 967 . 0 796 . 9 
2 2 189 A N 9 18.3 S43~75 . 2 0.0 25~-8·1:2--490.3 19.2 6.0 1'0.""40.58'2 271 . 4 78.3 1 57~45S":"3----
22 189 A P 1633. 0 14 69.6 75 . 2 88.2 254. 9 78 .3 485.7 18.6 6.2 18.80.33 1 271.4 78.3 1570.2 455.0 
22 189 A T 1519.7 1308 . 1 7 5.2 136.3 252. 2 72. 1 4 05.7 17 . 8 5.6 18 . 1 0 . 3 10271.4 78.3 1570 . 3 455.0 

------:22 190 B N 1911.5 1730 . 8 180.7 0.0 221. 0182 . 7 977. 1 i""8~6 5.3 9.50.565 111.5 29.4 717~196 .'-'1:----
22 190 B P 3034.3 2328 .3 180.7 525 .2 220. 2 180 .9 1064.0 18.4 5.9 12.90 . 457 115. 0 32.3 713.7 20 1.4 
22 190 B T 2884.52854 . 7 180.7 '-1 51.0 2 19.3 173 .2 9 29.2 18 . 1 5 . 4 16.50 .326 114 .6 32.0 71 4. 2 200.2 

---~22 19 28 N 2299.62114.3 185.3 '0."0 268.0 167.21138.119 . 5 6.8 12.6 0.5 3'8 7-4.8 14 '. 2 6 78.0 249.0 
22 1928 P 4060.63261.6 18 5.3 61 3.6 271.5 185. 9 1401. 520 .6 7 . 5 17.5 0.430 76.2 14 . 7 6 32.7 265.9 
22 192 B T 3587. 3636.9 185 . 3 -235 . 1 269 . 8 177 .7 1248 . 920. 7.0 20.50. 343 75. 9 14.6 642.3 262 . 1 
'23 352 B N 730.1 619.5110 . 6 0 .0 229.0 75.7 3 14.6 14.9 4 .2 8.20.508 110.3 59.4 1035.0 263.9 
23 352 B P 110 . 6 52.2 229 . 9 84.9 342 . 6 15.2 4 .0 

_____ ;c2~3--352 B T 1693.5 1594.9 110 . 6 -12.0 230 . 5 86.9 358 . 6 15.3 4 . 1 18 . 30.225 94.0 
23 353 B N 2724.92553.1 171.8 0.0 22-0 .0 82.2 179.4 12. 2 2 . 2 31.1 0.070 112. 5 

49 .7 
48:-7 

91 8 .6 
885.6 

23 3538 P 171. 8 72.6 226.7 125.8 387 .014.2 3 . 1 
23 353 B T 52 72 .551 09 .8 171. 8 -9 . 1 227.9 135 .1 431 . 1 14 .6 3.2 

--- -;;2 3 413 B N 2202 .8 20:3"8 . 0164:""8 0.0 170.612 1 . 5 209.8 3.0 1.7 
23 413 B P 389S . 3 164 . 8 

37 . 80.084 11 6.3 51.9 884 .9 
16.8 O. i03 51. 3 16':5~694~4 

190. 
225.6 

216.4 
7 3-:6 

23 413 B T 4802.2 46 37 . 4 164.8 49.6 19,2 686 .5 82. 1 
24 0 1 1 A N 1372.'51242 .7 129. 8 0.01120.0114.32039.162.8 17 .8 10.9 1. 64 1 53.6 14 . 5 9 1 9 . S ·4~--
24 011 A P 2246.1205 1 .5 129.8 64 .8 1 122.0 1 18.62103.063.4 17 .7 17.3 1.025 58.9 15 . 9 954.6 454. 1 
2 4 011 A T 22 14 . 4 2 219.3 129 . 8 -134.7 11 2 1.9 118.7 2100.1 63.4 17 . 7 18.70.946 58.7 15.9 953. 6 4 53 .4 
2 4 0 12 B N 472.9 453.2 19 . 7 0.0 387.0 13.8 42.111.7 3.1 32 .90. 093 25.8 11. 8 786 .7 86.3 
24 0 12 B P 574 . 3 557.2 19 .7 -2 .6 388.6 14.3 4 7. 1 f 2.2 3 . 3 38 .80. 084 25.5 11.7 794.3 87 . 7 
24 0 12 B T 764.6 742.5 19 . 7 2.3 39 1 . 8 17.6 63.5 13.1 3.6 4 2.1 0 . 086 25.0 11.6 805.1 89 .8 
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\ WATER BALANCES AND INFLOW CONCENTRATIONS BY PERIOD~ ____________ __ 

DIS RES GP PO QrNe QOUT QEVAP QSTOR ELEV AREA VOLUME ZMAX ZMEAN QS THYD IPTL IPDS INTL ININ 

24 013 A N 5633.8 5420.2213":"6- 0.0 654.0 184.03762.461-.6 iO.4 29.50.694 16.7 7.4 698.4 440.2 
24 013 A P 9331.0 8702.7 213.6 414.7 663.7 205.1 4369.464.5 21.3 42.40.502 17.7 7.4 746.8 462.1 
24 013 A T 9486.0 9881.6213.6 -609.1 663.8204.74315.864.621.1 48.30.437 17.8 7.4 748.4 462.9 
24 016.8 N 1713.3 1574.3 139.0 0.0 461:0127.4 2356.9 57.618.5 12.4 1.497 32.6 10.8 459.3 127~."'3~--
24 016 B P 2188.8 2114.3 139.0 -64.6 462.6 131.02447.658.118.7 16.11.158 32.3 10.3 460.1 128.8 
24 016 B T 2244.4 2135.1139.0 -29.7 461.8130.12414.657.918.6 16.4 1.131 32.3 10.3 460.2 129.0 
24 021 B N 770.0 753.7 16.3 0.0 345.0 18.6 51. 1 13.7 2--.8--40'.6 0.068 28. 5 1-1:"-~898-:-21-90:O-----
24 021 B P 999.1 1027.1 16.3 -44.4 348.9 23.5 82.5 14.9 3.5 43.70.080 29.2 11.9 967.9 205.7 
24 021 B T 1331.8 1302.1 16.3 13.4 350.9 26.3 97.7 15.5 3.7 49.50.075 30.1 12.2 1051.1 224.5 
24 022 B N 1750.4 1657.5 92.9 0.0 552.0 89.0154'4.557.5 17.3 18.6 0.9:f2-f3-.-4--7-:-1----98~6C,7C'.c:3c----
24 022 B P 2891.2 2790.4 92.9 7.8 559.5 97.6 1751.959.8 18.0 28.60.628 15.8 8.3 1043.5 735.0 
24 022 8 T 2348.8 2557.3 92.9 -301.5 556.9 94.8 1676.359.0 17.7 27.00.655 14.8 7.8 1017.8 660.2 
2·4---193 B N 800.8 794.4 6.4 0.0 498.0 7.6 35.6 11.6 4.7 104.9 0.04-5---(3-.2--7~41-246.-·7--329_=_-4--
24 193 B P 1431.9 1430.3 6.4 -4.8 505.6 10.8 64.5 13.9 5.9 131.80.045 14.1 7.7 1585.3 391.7 
24 193 B T 1075.8 1074.0 6.4 -4.6 500.3 8.8 42.5 12.3 4.8 122.50.040 13.6 7.5 1408.4 359.6 
24 200 A N 3351.5 3171.0 180.5 0.0 915.0 174.4 3334.3 67. 1 19-.-,----,8~~51 52.6 47.3 1975.4 903.5 
24 200 A P 6103.4 5879.9 180.5 43.0 917.2 175.8 3456.2 67.7 19.7 33.4 0.588 46.3 44.6 2043.2 899.9 
24 200 A T 5587.1 5703.1 180.5 -296.5 915.7 173.0 3377.9 67.3 19.5 33.00.592 47.2 44.9 2033.0 900.4 
25 020 A N 6035.3 5893.2 142.0 0.0 2-58-:0-108.1 212.3 13.7 2.0 -54~5Q.036 61.4- 18.7 695.6 18-9~-4-----
25 020 A P 8952.3 8787.1 142.0 23.1 260.4 121.4 280.9 14.5 2.3 72.40.032 61.4 17.4 707.8 194.8 
25 020 A T 10643.5 10501.4 142.0 0.0 259,9 116.3 264.7 14.3 2.3 90.30.025 61.5 16.9 713.4 197.4 
25 102 B N 126.5 f08.2 18.3 0.0 1274.0 13.1 59--:915.2 4.6 8.3 0.5-~;j342--:------74____:_7-53~55D---
25 102 B P 228.8 250.6 18.3 -40.11271.9 12.8 54.414.6 4.2 19.50.217411.5 81.96720.73240.5 
25 102 B T 126.6 107.0 18.3 1.21272.1 12.9 54.8 14.7 4.3 8.30.512342.2 74.75379.0255,,,4,-'.,,'0.-__ _ 
25 1038 N 411.0 389.8 21.2 0.0 790.0 12.1 32. 9.1 2.6 32.1 O~682~i3.7 18.3 ·i5~8- 589.6 
25 1038 P 799.8 780.7 21.2 -2.2 796.1 17.5 61.311.0 3.5 44.50.079 79.5 19.01646.0 744.6 
25 1038 T 824.3 811.9 21.2 -8.9 794.4 16.1 57.5 10.5 3.6 50.60.071 79.5 19.1 1652.6 752'-:.50'-__ _ 
25 1048 N 319.1 304.0 15.1 0.0 948.0 9.5 27.0 9.4 2.8 31.90.089 53.9 1-8.-5 1474.9 408.6 
25 104 B P 610.0 620.8 15.1 -25.9 951.0 11.7 37.110.4 3.2 52.90.060 47.0 16.3 1495.6 391.6 
25 104 B T 561.4 549.0 15.1 -2.7 950.4 11.4 35.610.2 3.1 48.10.065 47.8 16.51492.9 393.7 
25 105 A N 1446.1 1397.3 48.8 0.01036.0 31.5 66.7 8.2 2.1 44.40048360.4 104.93315.51"2-'75-----:--,--
25 105 A P 2581.2 2968.2 48.8 -435.8 1041.0 42.9 130.6 9.8 3.0 69.1 0.044 374.7 99.4 3426.2 1447.0 
25 105 A T 1802.4 1753.0 48.8 0.6 1039.1 38.4 95.4 9.2 2.5 45.70.054365.8 102.7 3357.0 133~7~.~7----~ 

--25 107 B N 109.0 74.2 34.8 0.0 135·t"~~~~213.-,~4-.-3--3":"0T:""4-31f6~O.3 24-i6-:-7~52. 
25 107 B P 175.8 188.0 34.8 -47.1 1351.0 25.3 108.4 13.1 4.3 7.40.577 169.3 52.6 2533.5 781.3 
25 107 B T 87.0 49.2 34.8 3.0 1350.4 24.5 103.4 12.9 4,2 2.0 2.104 159.3 49.2 2377.8 738~.~7 ____ _ 
25 112 B N 453.8 43"7":""716.1 0.0 902.0 11.0 27.012.2 2.5 39.80.062 52.7 13.9 1208.0~3.4 
25 112 B P 904.2 944.2 16.1 -56.2 905.2 12.0 3'1.3 13.2 3.1 78.80.040 51.8 13.4 1253.8 361.7 
25 112 B T 733.5 719.1 16.1 -1.7 904.3 11.5 35.2 12.9 3.1 fi2._? 0.049 52.0 13.5 1239.6 349.4 
25 267 A N 5694.5 5157.9536.7 0.0 565.0 189.9 1067.5 21.4 5.6 27.20.207 326.8 85.6 1809.3 261.9 
25 267 A P 7161.8 6637.2536.7 -12.0 586.5404.2 2992.7 27.9 7.4 16.40.451 332.5 82.0 1815.9 263.5 
25 267 A T 9373.2 9593.9 536.7 -757.4 586.7405.6 3019.7 28.0 7.4 23.70.315 339.6 7~.3 1824.6 266. 
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W}l~R BALA_~CES AND INFLOW CONCENTRAIIONS BY PERIOO 

DI S RES GP PO OINC OOUT OEVAP OSTOR ELEV AREA VOLUME ZMAX ZMEAN OS THYO IPTL IPD S INTL ININ 

--2- 5- 269 A N 64.1 52.0 12. --0-.02004.0 7.4 17 . 1 4.9 2.3 7 . 10:330 42. 7 to. 1 757.4 207. 4 
25 269 A P 33.3 18.6 12 . 1 2.6 2003.9 7.4 17 . 0 4 .9 2 . 3 2.5 0.913 44 . 1 12 . 0 882.1 263 . 7 

___ 2~§.9 A T 30.5 23 . 9 12 . 1 -~ . S 2003.8 7 . 4 1 .E?..:.~ 4 . 8 2 . 3 3.2 0.704 44 . 3 12 . 2 900 . 5 27 2. 4 
25 273 A N 6529 . 8 6376 .0 153.8 0.0 714.0 81 . 6 560 .7 18 . 3 6 .9 7 8. 1 0088 358.9 127.7 2575.0 4 55. 1 
25 27 3 A P 13546 .6 14059.2 153.8 -666 .5 727.6 118 . 4 957 . 822.4 8 . 1 11 8.7'0068382.3 122.7 3092 . 8 863.0 
25 2 73 A T 13587. 2 13870.8 153 . 8 -437.4 726 .4 114 . 1 920.922 . 1 8.1 

-----is- 275 "B N 280~6-2636:-1---U--..r:4--o.-0-S:38.()121:-56·a3." l"i5.s----s.G 
' 2 '- 6 0_ 066 382 _ 4 122 _ 7 3095. 86=5~.-=3 _ _ 
2' . 7 0.260 1 ~6.4 42. 0 1817.1 462 . 7 

25 275 B P 5180.4 5289. 4 174 . 4 - 288 .5 641,7 132.5 840.2 16 . 9 6 . 3 39.9 0 . 159 224 . 2 45.6 191 6.6 448 . 7 
25 275 B T 4862.9 4823 . 4 174 . 4 -13 4 . 9 641.1129.3 818 . 216 . 7 6 . 3 

--25 2 78 A N 1437.7 137 1. 2 66 .6 0.0 595.0 29.8 357.1 33.9 12.0 
37.30 . 170220.0 45.1 1906 . 0 450~ . .;,' __ 
46.0 0 ~~~0~1~4-_ -7-1804 .0 7 14 . 5 

2 5 278 A P 2 7 12 . 4 2649 .9 66.6 -4 . 1 634.8 53.7 857 . 846 . 1 16 .0 49 .30.324 91.1 53 . 4 1919.0 765.0 
25 2 78 A T 25 30.1 2511.4 66 . 6 -47 . 8 634.6 53 . 4 855 . 046.0 16 . 0 47 . 00 .340 90 . 8 53.4 1905.7 759 . 6 
2S 28 1 A N 987.o-9·.ri .3 44 . 7 0.0 4TI.016.-i- 33 .4 \ 1 . 0 2 . 1 58.2 0.035 67.2 19 . 6 888. 1 116 .8 
25 28 1 A P 1479,4 1401 .9 44 .7 32 . 8 4 79.5 32 . 6 98 .0 13.3 3.0 43 .0 0.070 68.9 21.0 922 . 6 127.2 
25 28 1 A T 1596 .3 1594 . 4 44 .7 -42 . 8 481 .0 35.9 111.4 13 .7 3 .1 

--~2~5 3 48 A N 4485 .9 3924. 5 5 6 1 . 3 0 .0--590.0 17B.6 1295. t 21 . 3 7 . 3 
44 . 40 .070 69.3 21.2 929 . 2 129. 3 
22 . 00.330 364 . 3 88.2 2 2 42 .9 387.0 

25 348 A P 5107.2 4 578.9 5 6 1. 3 -33.0 6 16 . 6351.1339 4.329 . 4 9 .7 13 .00. 741 366 . 6 86.3 22 98. 1 393.5 
25 348 A T 8400 . 7 8490.556 1 . 3 -651. 1 6 17. 2 355.8 3458. 1 29 . 6 9.7 23 .9 0. 40 7 3 7 5 .6 79.4 2524 .5 420 . 4 

- - :is--370- S---;:J--'9-1---:9---, 3S--:-9- S'S-:-0-- o.o·j ·i 4"4":"05-7-:-3330-:a 19.8 -5.8 2.4 2 . 435--41-:-4-'-3-. ~792. 8--4"ii"Q:'-6---
25 370 B P 14 3. 8 118 . 5 56 .0 -30 . 7 11 32.0 33.1 17 1 .0 16.1 5.2 3 .6 1 .443 40.4 13 . 4 749 .3 409 .8 
2S 3 70 B T 2 67.2 68 . 3 56 . 0 142.91 133 . 1 34.4 18 3 . 516.5 5.3 2.02 . 685 42. 6 13 . 0 853 . 1 487 . 5 

--26- 345 B N 592_-3--5T5---:- ;--7'i":""2---~0569-:-o-2a::J24 2 _ 7 27 _ ;-8."6 18.2 0.471 39:L9~91·551 . 4 873.0 
26 3458 P 289.3 150.9 77.2 61.1 593 . 2 51.6 546. 3 34 . 5 10 . 6 2.9 3.620 408.2 346 . 9 1609.0 922.2 
26 3458 T 1169 . 2 lOtiO . I 77 . 2 11.9 596 .7 54.2 604 .435 . 6 11.2 19 . 90.560386.7 312.4 15 34 . 7 865 . 0 

---2·S-347A--N---376.1 326.3 49.8 0.0 906.0 32 . 0 441.74 7. 6 13.8 10 .2 1 .354 15.6 -7.0 1522.8 97 9.9 
26 347 A P 484 . 8 461.3 4 9.8 " 2 6 . 3 908.3 34.5 461.948 . 3 13 . 4 13 . 4 1.001 16 . 1 7.2 1455.6 954. 1 
26 347 A T 84 1 . 2 829.5 49 . 8 - 38.1 909 . 5 34 . 9 473.7 48 .6 13.6 

----2]--354 A N 418 . 0 326.8 9 1 .2 0.0 492.0 B6 .5 563.5 15 .8 6.5 
23 . 7 0. 571 17 . 5 7. 7 13 20 .1 900",,,,-,-_-'.-7 _ _ 

3 . 8 1.724 190. 8 67~866. I 589.2 
26 354 A P 61 1.0 480.8 91 .2 39.0 474 . 7 48.4 209.7 10 . 6 4 . 3 9 . 9 0.436 196.4 66.9 1906 .2 598 .6 
26 35 4 A T 1019.6 956 . 9 91 .2 -28 . 5 4 7 8.8 56.0 278.7 11.8 5.0 17. t 0 . 291 207.5 69.3 1967 . 9 617 . 8 

--26--355AN-·-·6B8~~3~i57-:- 3---~51S.0 94.0 564 . 9 18.3 6 . 0 5 .7 1. 063 2'43~5~' 1837 .2 623.8 
26 3 55 A P 672 .0 554 .0 157 . 3 -39.3 515.7 90.4 581 . 1 18 . 5 6.4 6.1 1.049 243.9 t 0 3 . 4 1840 . 5 629 . 2 
26 35 5 A T 1616. 1 1458.6 157.3 0. 2 517 . 5 96 . 6 641.0 19 . 1 6.6 15 . 1 0.439233 . 0 81.9 1794 . 6 505 . 4 

---26 3 5'9 B N 191 0,7 13 i4. 1 58t;.6 0.0 164.0459 .23521.325 . 6 7 .7 2.92 . 659 89.4 31 . 8 942 . 7 27 1 . 2 
26 3598 P 586 .6 -604 . 8 163.8459 . 23512.725.6 7 .7 
26 3598 T 4366 . 3 3627.8 586.6 152 . 0 163.0 443 . 33379.0 25.3 7 . 6 8 . 2 0. 931 82 . 7 _ 29 .4 896 . 8 197 . 3 

--26-3608 N 33.8 14. 8 19 .0 0 . 0 1908.0 22 . 0 -142.921.7 6 . 5 0 . 79.634 54 . 4 21.5 3426. 9 61 02.5 
2 6 360 B P 70.9 7 . 6 19.0 44.3 1866 . 4 3.2 9.3 9.0 2.9 2 . 4 1 . 222 53 .3 21.840 12.5 10298.5 
26 360 B T 70.4 9 .0 19. 0 42 . 3 1888 . 6 10.1 53 .7 15 . 7 5.3 0.9 5 . 952 53 .3 21.84005 . 910242 . 3 
26 36 1 A N 360.1 290.9 69 . 2 0 . 0 238 . 0 46.4 197.611.6 4.3 6 . 30.679 110 .0 44 . 8 1554 . 4 255.2 
26 36 1 A P 456.4 356 .8 69 .2 30. 4 238 .7 48.2 210.8 11.8 4 . 4 7.40.591 109.9 44 .5 1588 .3 252.6 

___ 2~ _ _ ~§.~._ A T 816.2 747 . 0 69 . 2 O . O .~~q . .:.~ 50.4 232.5 12 . 2 4 . 6 14.80.311 110 .7 44 . f! 1678 .§ 249 . 3 
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. ________________ . ______ ~W~A~T~E.R B~~~~~ES AND INFLOW CON~ENTRATIONS BY PERIOD ' 

DIS RES GP PO OINe QOUT QEVAP OSTOR ELEV AREA VOLUME ZMAX ZMEAN QS THYO IPTL IPOS INTL 

26 362 A N 294.8 256.8 38.'---0.0 622.0 26 .0 290.937.8 11.2 9~9------r:-133 -4--;r:-o 11.91073.8 
26 362 A P 262.3 192.8 38.1 31.5 622.1 25.7 293.137.8 11.4 7.51.520 43.8 11.9 1048.5 
26 362 A T 726.1 7 14 .1 38.1 -26.1 625 . 7 27. 2 323.838 . 9 11.9 26.3 0.453 ~6.4 13.6 1294.8 

ININ 

343 . 9 
335.2 
423.5 

---2G- 7i648 N 1534-:--614~212-1 . 4 0.0 533.0 95.4 774.131 .7 B.l 14.80.548 261.2 43.'015ro.7 34",.1 

26 3'64 B P 516.0 558.412t.4 -163.8 5~B.7 80.4 659.230 .4 8.2 6.91.181 208.2 40 .0 1425.6 308 .0 
____ ~2~6 364 B T 2300 .0 1985.0 121 . 4 193.6 532.2 86 . 8 747.631.5 8.6 22.90.377 284.9 44 . 7 1633.0 363.2 

28 219 B N 270 .2 242.0 28.2 0.04201.0 39.2 407.539.6 10.4 6.2 1.684 88.6 31.6 t600.8 605.1 
28 2198 P 139.2 160.4 28.2 -49 . 44168.7 17.9 149 . 329.8 8 .3 9.00 .931 87.3 30.7 1605.4 600.8 
28 2198 T 22 . 1 53 . 2 28.2 -59.3 4166.8 17.3 139 . 629.2 8.1 3.1 2.624 85.2 29.6 1661.5 633~.2~ __ 
~o -a N 198. 7 156-:-4-42.-3---0---:-c>904~O-44. 6 253.5 14.9 . 5 . 7 3.5 ', .62038"2':-4121-:-2--:2785'. 7 1803.0 
29 100 B P 479.1 557.5 42 .3 -1 20. 7 906 . 1 48.2 284.4 15.6 5 . 9 11.6 0.5 10 409.3129 .53075.52415.9 
29 100 B T 2 13 . 8 175.2 42.3 -3. 7 903.7 44 .9 250.1 14.9 5 . 6 3 . 9 1.427 384 . S 121.82808.3 1846.9 

- --0;2"'9 106 A N 323.7 304.9 i8~9 0.0 '463 .0 '4.2 68.2 'D.' 4.8 2 1.S 0.224 628.7 '3·'-:-7~10. 4 488~·-8--
29 106 A P 612.2 789.6 18.9 -196 .3 1467.9 18.0 99.5 11 .6 5.5 44.0 0.126 907.9 141. 52826. 1 335.2 
29 106 A T 250.5 193.8 18 . 9 37.9 1460 .5 12.8 61.3 9 . 3 4.8 15 . 20.316 542. 9 128.32474.8 569.0 

--29 108 A N 838.9 749 . 8 89.1 0.01144.0 64.8 504.6 23.5 7.8 11.60.673 511.5 180 .42305.5 977.3 
29 108 A P 1421.6 1883.9 89.1 -551.5 1147.0 70.4 574.924 .4 8 . 2 26.80.305 615.7 183.9 2259.5 1226.2 
29 108 A T 576.2 456.7 89 . 1 30 . 41144.1 64 . 9 50G.523.5 7.8 7 . 01.109 448.6178 . 12339 .3 832.4 

-----29----u59-BN·-210.91·7~36:'6---0.0 103~6-2~---,9·0:s---2·~6 . 8 6.2 1.0§4-19~38 .3 3462.9 i5 1.6 
29 109 B P 36.6 2.4 1027.9 22.3 12 5 . 8 21. 3 5.6 
29 1098 T 278.7 210.3 36.6 31.71033.9 27.7 171 . 623.1 6.2 7.60 . 816 199.3 39.53637 . 7 850.7 

-----29-110-·6 N 66 4.6 604-. 3 60.3 0.-0892.0 50.1 307.821.9 6 . 1 12.1 0.509 442.7 120.43195.9 1745.7 
29 110 B P 866 .8 12 29.2 60.3 -422.7 893 . 8 54.3 335.4 22.5 6.2 22.6 0 . 273 463 . 2 122.8 3422.9 1936.4 
29 110 B T 422. 0 370 . 8 60.3 -9.1 890 . 8 49.3 281.721.6 5 . 7 7 . 50.760 41 0. 3116.92844.11464 . 5 

------29 111 A N i76~3-15·5.6 20.8 0.0 974.0 16 . 2 87:-T·13·~ 8 5.4 9 . 60.560 124 . 2 46.3 2875. 5 931-'.~s'-----
29 111 A P 269.2 305.3 20 .8 -56.8 975.6 17 .0 96.0 14 . 3 5.7 18 . 00.314 128.0 49.72994.3 987.1 
29 111 A T 259.2 243.5 20 . 8 -5. 1 974. 5 16 .3 90.014 . 0 5.5 14 . 90.370 127.6 49 .3 2983 . 4 98 1.9 
29 11 3 A N 1818.8 l i24.2 94.6 0.0 1075.0 64.1 52~~~-26.90-:30~027~~2'6 .7 1820;2-'.'0'-----
29 113 A P 2654.2 3968.4 9 4 .6 -1408.8 1080.9 80.6 708.4 32.9 8.8 49.3 0.1 79 11 86. 3265 . 2 5243.62118.9 
29 11 3 A T 1651 .9 1491.7 94 . 6 65 . 5 1075. 0 68 . 9 531.5 3 1. 7 . 7 21.70.356 990.3255.7 4603. 8 1754 . 0 

-----29---1 -14-B-~-99 . 0 45.6 53.4 0.0- 1-516.0 36. 6 305.9 27.8 8.4 1. 2 6. iTC)1ffi-.-s--35.""81745 . 9 51·3;.c:. 3~---
29 114 B P 225 . 2 235.0 53.4 -63.3 1517.8 39.6 323 . 028.3 8.1 5.9 1. 374 261.0 47.7 1904 .6 485.9 
29 11 4 B T 1?8.6 83 . 5 53.4 -8 . 31 515.6 37.5 296.927.6 7 . 9 2.2 3 . 557 204. 2 38.91794 . 3 504 '-,. :,' _ __ 

- - -ig-' 194 B N 440.3 405 . 0 3'5.3 6~ 0 839 . 0 31.9 298.2 27. 1 9 :·3-1-2--:7----0:756·~44--:-7-41.0 1698 .0 407.3 
29 194 B. P 651.9 610 . 6 35.3 6.0 840 . 5 33.4 314.227 . 6 9.4 18.3 0.5 15 4 1. 3 41.9 1747.7 467 .9 
29 194 B T 708.5 676.9 35.3 -3.7 840 . 2 33.1 3 11.1 27.5 9 . 4 20.50.460 40 . 6 42.2 1758.4 482 . 0 

- - -2'9 - - 1'95 B N 982.6 870.8 111-.8 0.0 867.0100.3 1095. 0 32.6 ·-~--83· 1~ 258 71.4 32.52437 .2 1404. 4 
29 195 B P 1618. 7 1450.1111.8 56.8 868.0106.71148.232.9 10.8 13 . 60.792 70.1 30.62520.11410.9 
29 195 B T 1503. 0 1376 . 4 111.8 14 .8 867.2 104 . 6 1121.532 . 7 10.7 13 . 20.815 70.3 30.92507.6 1409.9 
29 207 A N 322.7 257.3 65 . 4 0.01946. 0 54.0 39'4.720.1 7.3 4.81.534- 306.0280.35969 . 1 811. 3 
29 207 A P 272 .3 281.6 65.4 -74. 7 1946.4 53.8 403. 3 20.3 7.5 5.2 1. 432 305.1 271.8 5631.4 759.2 

____ ~9 ___ 207 A T 213 . 3 172.7 65.4 -24.7 1941.4 47.6 325.7 18.7 6.8 3.6 1.886 304.3260.55182.1 692.8 



WATER BALANCES ANQ INFLOw C9NCENTRATID.NS BY PERIOD 

DIS RES GP PO OINe oaUT QEVAP aSTOR ElEV AREA VOLUME ZMAX ZMEAN os TH YD IPTL IPOS JNTL ININ 

30 064 B N 7.9 3 . 8 4 . 1 0.0 5550.0 3.4 16.3 8.2 4 '. 7 1.1 4.329 263.6 ' 08: 328-' 5 . 6 1280.2 
30 064 B P 6.5 2.4 4 . 1 0.0 5549.9 3.4 16.2 8.2 4.8 0.76.786245.3 107.7 2755.9 1291. 9 
30 064 B T 6.6 2.4 4.1 0.0 5549.9 3.4 16 . 2 8 .2 4 . 8 0.7 6.777 245.9 107.8 2757.8 1291. 5 

30215 B N 7.4 4 .1 3.3 0.0 1244 .0 2.9 10.2 11 .6 '~5--, -. 42~792~59~ 8-' T909-:-4-634-:a 
30 2 15 B p 15.8 13 . 6 3.3 - 1 • 1 1244 . 5 3.0 10.7 11 . 7 3 . 6 4.60.788 285 .7 142 .8 1973.2 487 .8 
30 :115 8 T 6.5 3 . 0 3 .3 0 . 2 1244 . 2 2 . 9 10.4 11. 6 3.6 1.03.497 278.3 163.0 1898 . 4 664 . 9 

~o 217 B N 23.2 15.2 8.0 0.0 1284.0 7.2 32. 1 10 . 4 4.5 2. 1 2.113 310.8 185.9 327 4 .9--r:2~-4---

30 2 17 8 P 51.0 48.0 8 . 0 -5 .0 1284 .4 7.4 33 . 0 10.5 4.5 6.5 0.687 391.5 226.5 4530.4 1462 . 2 
30 2 17 B T 18 . 5 9 . 4 8.0 1.0 1283.7 7.2 31.4 10 .3 4.4 1. 3 3 .328 290.7 175 .6 2981.3 118 7 . 6 
30 235 A N 25238.4 23896 . 5 1341.9 0.0 1850 .0 1490.627941.0 55.5 18 . 7 16.0 1 .169 257 .9 19 . 2 1282.7 147. 1 
30 235 A P 21222.8 1896 1.9 1341 . 9 919 .0 1843.5 1389.624966.7 53.5 18.0 13 .6 1.3 17 207.2 17.8 1219 . 1 131.3 
30 235 A T 31508.628651.0 1341.9 1515.6 1845.1 1425.4 25674 . 9 54.0 18 .0 20.10.896341 .4 21.3 1369 .3 170 . 3 

'" -3- ,--077 A N 5130 . 5 5091 :3 39.2 0.0 1545.0 55.1 3320.5 175 . 3 60.3 92.5 0 .652 19 .1 7.9 676-. 8--34~ 
I 31 077 A P 5414.1 5505.3 39.2 - 130.4 1545 . 2 56 .7 3285.2 175.4 58 . 0 97 . 20.597 19 .2 8 . 0 69 f . 4 34.5 N 

'" 31 077 A. T 5361. 2 5513 . 5 39 . 2 - 191 . 5 1543 .2 57.0 3285_cL!l~~~6~~"-~~_2_lc.L~8.~_._7 _ _ ~~ _ _ 
32""204 B N 10768.5 10683. 3 85.3 6.0 2405.0 139.4 45 13.4 89.9 32. 4 76.60. 42 2 23.0 8.0 251.6 35.6 

32 204 B P 10433.7 9655.9 85.3 692.6 2380.0 124.0 3974.5 82.3 32.1 77.90 . 412 22.9 8.0 2S 1 .9 35.8 
32 204 B T 9755. I 9670.4 85.3 - 0.6 2380 . 0 128 .9 3974 . 5 82.3 30.8 75 .00. 411 22.7 8.0 252.4 36 . 2 

-33300-A--~23~t8~---s.-4-----O:-0-15'4--;-:-6--,-6·. 4 431.6 90.3 41 .-3"9·jTb-.4 424-4·o.ti-:H. 1 189. 4 32.0 
33 300 A P 1141. 8 112 6. 1 5 . 4 10.3 1503.5 8.8 327.8 78.8 3 7 .1 127.5 0.29 1 39.8 30.8 189.3 32.5 
33 300 A T 1108.2 112 7 . 8 5 . 4 -24 . 9 1503.5 8.9 327.8 78.8 36.9 126.9 0 . 291 40.0 30 . 9 18 9 . 3 32.3 
34048 B N 1368.0 1306.3 61.7 0.0 650.0 20.3 63 8 . 7 89.8 3 1.5 64.4 - 0.489 39.2 15.0 846.9 86 . I 
3' 0 48 B P 2238.5 1969.8 G 1.7 207.0 784.7 40.3 1869 .6 130.8 46.4 48.8 0.949 33.6 18 . 0 815.7 86.8 
34 048 B T 2267.7 2042.9 61.7 163. I 785.8 40.4 1883.4 131. 2 46 . 6 50 . 6 0.922 33.5 18 . 0 814.9 86.8 
~029 A N 3" 2.3 305.7 6.5 0.0 737.5 7.0 86.4 29.7 12.3 43 :-6 0.28311-'.6 24. 1 916 .6 14 5.9 
35 029 A P 393.8 369.8 6.5 17.5 738. 1 6.8 89.4 29 . 9 13.2 54.7 0.242 128. 1 26.2 931.7 148 . 7 
35 029 A T 390.7 365 . 9 6.5 18 . 3 738 . 8 6.7 90.7 30 . 1 13 . 5 54.3 0 . 248 127.5 26 . I 931. 2 148.6 
35 039 8 N 21.2 ,., . 4 3.8 0.0 1300.7 2.9 28.9 33.8 9 . 8 5.9 1.657 62 . 8 27 . 8 260 . 7 41 9.5 
35 039 B P 7.0 3.8 3.8 -0.5 1298 .2 2.8 27.2 33 .0 9.8 1.4 7.220 67.3 '- 31 .2 414 . 3 319.9 
35 0 39 B T 4.9 4.9 3 . 8 -3 .8 1297 . 8 2.7 26 . 9 32 . 9 9.8 1.85.454 69.0· 32.5 486 . 6 301 . 6 

\ 



Table B3 

'dater Quality Data Summary by Station-Year 

Symbol Meaning ----------------------------------------------------------------
DIS CE District code 
RES CE reservoir code 
STA CE water quality station code 
TYPE station type code (D=near-dam, M=mid-pool, U=upper-pool) 
YEAR year of sample 

Note: Data listed by screen code (A or B) and in 2 parameter groups; 
screen codes reflect data reliability(see Part III of the main text); 
District and reservoir codes are defined in Appendix A. 
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WATER QUALIT Y SUMMARY BY STATION- YEAR 
POOL DA TA SCREEN ~C~O~O~E~~~A ________ __ 

VARI ABLE LABEL N MEAN STANDARD MINIMUM MAXIMUM 
DEVIATION VALUE _____ ---'Vc::A LU'cE _ _ _ 

CDEP STATION DEPTH (M) 227 21.25 27.38 1.22 175.38 
CPHF PH (SIANOARO UNrTS) 258 7 . 85 0.47 6.27 8 .70 
CCNF CONDUCT I V I TV (UMHOS/CM) 258 49 3.30 548.24 22. 50 494·8~. ~'6~----
CALK ALKALINITY (MG/ L ) 255 96.61 57.36 10 . 00 309.28 

_ _ _ _ _ CTMP TEMPERATURE (OEG-C) 258 20.6 9 2 .96 13 . 18 27.89 
CTRJ TUROI"SITV(JTU, 3· 17.89 2.59 16. 37 20 . 88 
CTRH HACH TURBIDITY (NTU) 46 10.16 I L31 1.60 40 . 00 
CTRN -LOG(% TRANS./l00) 209 0.35 0.43 0.02 2.48 

-------;CTCO TRUE COlOR- (Pl':CO UNI TS) 17 56.49 37.62 15.00 105.00 
CAlPH NON-ALGAL TURBIDITY (I / M) 258 0.87 0.79 0.08 6.02 
CRn TOTAL SOLIDS (MG/ L) 24 159 . 25 78.42 5.00 389.58 
CRF L OiS SOLVE-O SOLlDS-U.iG/L) 33 115.46 5 '1.34 44.80 208.~5"'0---
CRNF SUSPENDED SOLIDS (MG!L) 41 11 .60 10.18 1.00 39.33 
CALG ALGAL COUNT (NO/ LITER) 2 178350.00 157614.10 66900 . 00 289800.00 

·--- -O:C"'81O .LGALVOuiME-(i';L/ LITER) 2 -b .04 0.01 0 . 04 0.05 

------- ------ . ---- ---- -------- - ----- --- POOL OAT A SCREEN COOE:8 ---------------------------------- --- --

COEP STA TION DEPTH (M) 205 15 .82 12.72 1.32 82.32 
CPHF PH (STANDARD UNITS) 264 7.70 0.56 6.26 8. 74 

------;C"'CNF CONoueT J VI TV (UMHOsTcM) 260 455 . 93 524. 19 34.33 3999. 1''':,'----
CA LK ALKALINIT Y (MG/L ) 250 85.67 71.31 10.00 324.33 

____ CTMP TEMPERATURE (OEG-C) 265 22.19 4.46 10.00 29.74 
Ci'RJ- --T-U-ROIBIT Y (JTuT 9 63.83 83.87 2 . 50 280.00 
CTRH HACH TURBIDI TY (NTU) 30 3.29 2.84 0 . 67 13.77 
CTRN -LOG(% TRANS. / l 00) 207 0.49 0.72 0 . 04 4 . 61 

--- ---CTCO TRUE COLOR -(PT- CO UN[TS) 6 67.96 114.06 .-0.00 300.00 
CALPH NON-ALGAL TURBtoITY (I/M) 267 1.01 1.14 0 . 08 6.40 
CRTL TOTA L SOLIDS (MG/ L ) 22 184 .14 117.59 10.00 465.93 
CRF L O[SSOLVEO'SOUOS (MG/ L) 21 119.96 133.06 8.8 0 500. 00 
CRNF SUSPENDED SOLIDS (MG/l) 40 25 . 21 88.73 0.00 566.67 
CALG ALGAL COUNT (NO/LITER) 13 192065 . 38 197137 . 09 61500.00 738500.00 
C810 ALGAL VOLUME (ML /UTER ) 12 0.08 0.11 0.01 0.30 



"\ WATER QUALIT Y SUMMARY BY STATION-YEAR 

----- --- -------- -- ---- - ------------------------ POOL OArA SCREEN CODE=A ------------------------------------------------

DI S RES srA TYPE YEAR CDEP CPHF CCNF CALK CTMP CTRJ CTRH CTRN erco CALPH CRTL CRFl CRNF CA LG CBIC 

03 307 305 0 73 37.0 7.1 5 46 12 17.5 0.10 0.15 
03 307 306 M 73 22 . 7 7.06 47 11 18.2 0.1 1 0. 15 
-O-~7--367 U 73 1 1.9 7.13 131 10 18 :8 0.1 6 0.20 

04 312 311 D 73 9.0 7.92 273 106 17.6 0.16 0.49 
06 372 322 0 73 30 . 5 7.60 504 29 22.5 0. 11 0.36 

- -66-372- 323>1---73 15 .5 7.57 550 29 22.3 0. 12 0 . 39 
06 372 32 4 M 73 24.3 7.66 51 3 31 22.8 0 . 15 0.57 
06 372 326 U 73 4.9 7.30 466 32 21.9 0.48 2.07 

O S----n232"7" u 73 4.8 7.28 482 43 20.0 0.75 2.16' 
10 001 011 U 77 7.12 156 52 21. 0 34.0 10 1 1. 22 87 
10 00 1 015 M 77 7.30 145 44 17.0 36.7 102 1. 02 81 

- ,0-00' 016 D 77 7.20 145 43 21.0 33.8 90 1.09 78 
10 003 311 D 73 22 . 7 6.74 784 19 25.0 0 . 16 0.75 
10 004 0 18 M 77 7.12 123 42 23.8 24.0 64 1.06 72 
10 008 007 D 77 7.07 135 39 22.5 23.8 100 0.94 76 

'" 
10 008 0 16 D 77 7. 17 153 42 23.3 26.0 91 0.96 88 

I 10 008 0 17 D 77 7 . 20 155 43 2 3 . 6 40.0 98 1 . 18 85 
N - '0--008018 D '17 7.20 149 42 23 . 3 35. 0 105 1.16 88 CI:> 

10 072 005 0 78 6.87 62 17 26.4 7 . 4 21 0 .66 65 4 
10 072 006 0 78 7.90 57 16 26.5 6.6 19 0.60 52 5 
10 072 007 M 78 7.5 2 63 17 27.2 7. 6 22 1. 27 55 5 
10 072 009 M 78 7.12 62 16 27.0 8.0 2 I 0.70 55 6 
10 072 0 10 M 78 7.37 72 17 26.2 12.6 20 0. 91 49 10 

--,0--07-3-'18 M i s 6.68 58 18 22. 3 16.4 30 1 .77 56 45 11 
10 07 3 121 M 75 6.72 53 16 21.3 20.9 34 1 . 76 67 55 13 
10 073 124 M 75 6.85 58 16 22.5 16 . 4 26 1.90 60 45 15 
~T13'14 M 73 17.3 6.80 938 30 25.2 0.17 0 . 62 
10 411 316 U 73 10.4 6.46 621 18 26 . 5 0. 32 1.24 
15 17 8 005 M 77 19.2 8 . 00 22 3 113 18.5 2.1 15 0.23 3 
~37305 0 74 8.3 8. 26 625 277 14 . a 0.13 0.72 
15 237 306 M 74 4 .6 B.44 595 265 17. 0 0.16 0.56 
15 237 307 M 74 6.6 8.48 690 309 16.9 0.1 5 0.08 
16 "243 309 0 73 7.2 7.80 398 73 19.1 0. 15 0.75 
16 243 310 M 73 12.0 7.89 401 71 19. 0 0.16 0.8 5 
16 243 3 13 U 73 5.2 7.86 465 85 19.5 0 . 35 0. 64 

- i6 254 305 M 73 3.9 7.70 2 11 43 18.4 0.42 0. 11 
16 254 306 0 73 6.9 7.7 3 228 .. 17 . 9 0.23 0 . 35 
16 317 319 M 73 5. 3 8.08 199 50 19 .0 0.24 0 . 44 
16 3 17 320 D 73 8.8 7 . 48 215 52 17 . 9 0.16 0.61 
16 317 321 M 73 4.4 8.45 21 0 57 18 .5 0.19 0.25 
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WATER QUA LCT Y SUMMARY BY STATION - YEAR 

---------- - -------------------- - --------------- POOL DATA SCREEN COOE=A ------------ - ---------------------------- - --- ---

OIS RES STA TYPE YEAR COEP CP HF CCNF CALK CTMP CTRJ CTRH CTRN CTCO CALPH CRTl CRFL CRNF CALG CBIO 

16 328 337 0 73 30 . 3 7 . 67 118 25 15.5 0.08 0.30 
16 328 338 M 73 26.8 7.62 12 0 23 16 .1 0.09 0.31 
163~339 U 73 2.' 7.31 181 19 16 .3 0.42 1. 08 
16 328 340 M 73 20 . 5 7 .65 133 27 17 .4 0.09 0.26 
16 393 312 0 73 35 . 8 6.61 487 13 22.4 0.17 0 . 32 
16 393 313 M 73 27 .7 6.60 510 10 22 .0 0 . 13 0.31 
16 393 314 U 73 22.9 6.33 565 10 22.6 0.04 0.26 
11 241 306 M 73 8.5 7.88 262 46 18.8 0 . 25 0 . 50 
~41307 M 73 5.5 8.11 265 46 19.1 0.34 0.61 
11 241 308 U 73 3.2 8.30 371 50 19.2 0.60 0 . 87 
\7 241 309 U 73 1 . 4 8.70 279 52 19.9 0.53 1.29 
17"242 312 0 73 2.3 7 .56 559 72 19 . 1 2. 15 3 . ;ff 
17 245 306 U 73 1 . 5 8 . 23 444 lSI 19.4 2.48 0.73 
17 245 307 M 73 6.3 8 . 07 373 126 19 .1 1.03 0.38 
T7--24-S 308 0 73 2.0 8.45 37' 126 19 . 4 1. 63 0.89 
11 247 306 0 73 10.6 8 . 17 466 188 20.1 0.62 0.9 1 

'" 11 2'7 307 M 73 4.5 8.39 480 195 20.0 0 . 78 0.89 
1 11 248 309 0 73 9.1 8.04--45614519.6 0.58 1 .7 4 
'" '"' 11 248 310 M 73 2 . 2 8 .05 510 160 19.9 I. 12 2.23 

11 248 311 U 73 1.2 8.23 514 169 19.6 2.06 3 . 04 
17 249 3 11 0 73 --8.3 7.89 412 126 20.6 0 . 60 1 . 18 
17 245 312 M 73 2.8 8.18 434 133 20.1 1. 52 1 .2 1 
17 256 309 M 73 3.3 8 .36 323 129 HI. 9 0 .28 0 . 48 
TI- -2-sif310 '--D 73 8.5 8 . 13 324 127 18 .3 0 . 24 0 .25 
11 258 305 0 73 7.8 8 . 34 603 75 19 .0 0.2c1 0.26 
17 258 306 M 73 5 . 9 8 .04 631 76 19. 0 0.31 0.33 
-'-7--258 307 U 73 2.9 8.38 772 77 19.6 0. 73 0.26 
17 373 308 0 73 39 . 8 7.59 1073 19 21.6 0.32 0.23 
11 391 313 U 73 1 d. 7 7 . 28 343 11 20.1 O. 10 0 .28 
18 090 502 D 75 8.0\ 341 158 21.1 5.5 0 .7 9 195 6 66900 0 . 035 
18 090 502 0 77 8 . 19 341 96 22.5 4. 0 0.76 3 
18 091 502 0 75 8.05 517 ISS 21.5 19 . 5 1 . 93 390 21 289800 0.047 
'8 0 92 3 16 U 73 5 .1 e. 13 1998 204 19.2 1. 24 2. 10 
18 092 3 17 M 73 14.2 7.93 1820 167 20.0 0.24 1.16 
18 092 318 0 73 19.4 7.99 1730 164 t9 . 6 0.11 0.81 
18 093 312 0 73 17 .0 7.46 575 32 22.0 0.10 0.16 
18 093 313 M 73 14 . 9 7.58 571 28 22.3 0.09 0.24 
18 093 314 M 73 12 . 8 7.61 557 30 22.2 0. 10 0.38 
18 093 3 15 U 73 7.5 7.34 541 30 21.9 0.36 0.85 
18 093 502 0 77 7.65 139 25 21.2 2.7 0.41 2 

\. 



WATER QUALITY SUMMARY BY STATION-YEAR 
"\ 

------------------------------- -.- ----------- -- POOL DATA SCREEN CODE=A ------------------------------------- - ----------

DI S RES ST. TYPE YEAR CDEP CPHF CCNF CA LK CTMP CTRJ CTRH CTRN crco CAL PH CRTL CRFL CRNF CALG CBIQ 

18 095 502 0 77 8.28 381 120 22 .0 3.0 0.73 3 
18 097 502 0 77 B . 15 402 133 21.7 2 . ' 0.65 5 3 
18 097 503 M 77 8.25 400 131 21.3 2.' 0.66 14 3 
18 120 313 D 73 17.7 7.76 861 7 . 23.3 0.02 O. '2 
18 120 31. M 73 14 . 4 7.88 8" 76 23.3 0.03 0.46 
18"1'20 315 M 73 14 . 0 8.12 668 77 23.2 0.08 0 . 53 
18 120 316 M 73 14 . 0 7.96 595 80 24. 1 0 .. 14 0.56 
18 120 317 M 73 9 .6 B.19 624 81 ".0 0.17 0.71 

-'·8 120 320 M 73 6.3 8.21 1032 81 26.0 0.16 0.60 
18 120 321 M 73 13.2 8.05 592 74 23.7 0.15 0.60 
18 120 322 M 73 10.5 7.95 1063 77 25.5 0.22 0.67 
18 120 323 M 73 5.1 8.0·0 1089 88 25.4 0.44 1 : 2"2' 
18 120 502 0 77 8 . 35 194 72 24.8 2.3 0.44 1 
18 121 502 0 77 7 . 62 161 22.0 3.7 0.62 7 
18 12G 502 D 77 7.68 137 4 3 22.9 3.2 0.54 2 
18 128 502 0 77 8.27 227 24.3 2.4 0 . 46 2 

'" 18 129 502 0 77 7.67 205 80 22.6. 2.3 0 . 49 2 1 18 260 505 M 77 7.55 321 19~-----~9 2.34 39 w 
a 18 263 502 0 77 8.36 434 182 19.7 3.6 0.70 4 

18 263 504 M 77 8 . 30 440 173 19 . 2 5.3 1.26 8 
-"9 119 32 4 0 73 20 .9 7.86 751 71 22.9 0.44 0.82 

19 122 32 5 0 73 52.3 7. 40 633 36 21.7 0.10 0.32 
19 122 326 M 73 38.0 7 . 49 603 40 22.6 0.11 0.39 

-'9 122 327 M 73 27.0 7.47--603 41 22.9 0.14 0.39· 
19 122 328 M 73 36.3 7.50 607 35 23.0 0.24 0.54 
19 12 2 330 U 73 31.6 7.80 652 40 22.2 0.3 1 0.58 
19 122 331 U 73 20.0 7.64 679 38 22.3 1 . 17 1. Hi 
19 338 322 D 73 11.3 7.55 873 58 24.2 0,39 1.21 
19 340 315 0 73 22 . 1 7.92 965 109 23.2 0 . 07 0 . 26 
~40 316 M 73 18.4 8.01 1002 108 23.6 0.09 0 . 25 
19 340 317 M 73 20.4 8.20 961 118 23.1 0.12 0.26 
19 340 318 M 73 12 . 1 8 . 00 1008 125 22 . 7 0.18 0.48 

-f9- 3-4-0-3"f9--U 7 3--1~8~Os--1076 134 22 . 3 0.28 0.74 
19 ·340 504 M 76 6.1 7.63 272 145 24.6 5.8 0.76 180 168 12 
19 340 504 M 78 5.7 7.35 289 167 24,4 3.7 1 . 17 195 157 39 
19 340 505 U 75 10.7 8.00 304 146 27,9 5.6 0.93 168 156 12 
19 340 505 U 76 10.2 7.95 276 152 23.5 6.5 0.53 176 162 14 
19 340 505 U 78 10 .0 7.50 292 170 23.9 6.3 1,22 199 177 23 
19 340 506 U 75 6.6 8.19 296 144 27.4 5.7 0.95 169 140 29 
19 340 506 U 76 6 . 6 7.67 321 172 23,9 5.7 0.50 217 204 13 



WATER QU ALITY SUMMARY BY STAiION-YEAR 

__ _________ ___ _ _________ __ ___ ___ ______ A _______ _ POOL DATA SCRE EN CODE=A ------- ---- -- ---- - --- -- ----- - - - --- -- --- ---------

DI S RES STA TYPE YEAR CDEP CPHF CCNF CA LK CTMP CTRJ CTRH CTRN CTCO CALPH CRTL CRFL CR NF CALG CB ID 

19 340 506 U 78 6. 4 7 . 6 1 345 175 25.3 2.7 0 . 73 217 209 9 
19 340 507 U 75 7 .7 7.90 363 156 27.7 7.5 0.67 176 137 39 
i9 340 507 U 76 6 .8 7 .72 286 158 24.0 6.3 0.40 184 .171 13 
19 340 507 U 78 7.0 7.49 314 176 25.6 3.8 0.97 194 176 18 
19 340 508 M 75 16 .8 7.9 6 294 134 27 . 8 2 . 1 0. 45 174 158 16 
19 340 508 M 76 1 ff"B- 7 . 70 260 141 23. 4 3 . 6 0.55 169 158 11 
19 340 508 M 78 16.1 7 . 66 268 144 24 .2 2.3 0.6 1 162 14 0 22 
19 340 509 M 76 4 . 3 7 . 72 260 138 2 3. 3 5.7 0.70 161 151 11 

- - 19 --340-5-10 M 75 9 . 3 8 . 21 193 105 27.6 1. 6 0.50 139 123 16 
19 340 51 0 M 76 9.6 7 . 70 257 133 23. 1 2.9 0. 33 158 153 5 
19 342 319 D 73 18.5 8 . 15 612 45 21 .4 0 . 27 0.79 

--'9--3~(2 321 M 73 18. 1 7 .89 552 53 20.8 0.27 1.1 0 
19 342 323 U 73 13.6 7.37 565 49 20.5 0.26 1. 28 
19 343 3 12 0 73 34.5 7 . 78 784 62 22.5 0.03 0 . 1 1 
19 343313--f.I ij 33. 5 7.62 806 59 22.9 0.03 0 . 11 
19 343 31 4 M 73 29.9 7.58 818 59 22.8 0.04 0.17 

'" 19 343 316 U 73 19 . 1 7.63 809 58 22.9 0. 10 0.22 1 --'9 343 317 U 7'5--11.6 7.49 849 61 2 1. 5 0.07 0.51 w 
f-' 20 081 312 M 73 6.5 7 .97 1517 136 20 . 3 0.74 1. 45 

20 081 31 3 M 73 10.3 7.9 1 1496 132 20 . 5 0.74 1. 80 
--20 -08 1 3 14 D 73 9.2 8.2015:2'4 131 20.7 0.52 1. 05 

20 087 313 D 73 10 . 7.89 1711 169 20.5 0.26 0. 50 
20 087 315 M 73 10.4 8 . 04 1688 166 20.8 0 . 29 0.57 

- 20-- 08 7 31 6 M 73 10.9 8.11 1675 161 20.8 0.34 0.6 1 
20 087 317 U 73 8. 4 8.08 1690 161 20.8 0.37 0.68 
20 087 3 18 U 73 6.3 8.08 1520 157 20.2 0.56 1 .22 
20 088 310 D 73 5. 4 7.72 13 14 62 21.2 0.26 0.75' 
20 088 311 M 73 5 . 5 7.88 1361 62 21.5 0.56 1 . 03 
20 088 3 12 U 73 3 . 4 7.59 1342 62 21.5 0 . 78 0 .8 2 

-'-20-088 313 u 73 3.0 7.53 525 65 21.2 0.63 0.79 
21 196 308 D 74 6.9 8.05 168 75 18 .3 0.19 0.51 
2 1 19 6 309 M 74 10 .9 7.83 178 78 17.6 0.21 0.76 

- -2" 196 3 10 U 7 4 6.3 7 . 75 124 55 17.4 0.26 0.80 
21 196 311 U 74 9.6 7 . 71 18 6 87 16.8 0.18 0.92 
24 011 312 D 74 58.3 8 . 00 12 2 53 20.5 0.06 0.17 
~- 011 31 3 M 74 49 .2 7.90 122 54 20.0 0.07 0.26 

24 0 11 314 M 74 3 4.5 7 .80 119 50 20.2 0 . 08 0.35 
24 011 3 15 M 74 29.6 7.50 117 4 3 20.1 0. 10 0 . 56 
24 0 11 316 U 74 18.4 7.24 106 4 3 20.3 0. 17 0.85 
24 011 317 U 74 13 .7 7 . 40 110 41 19.7 0.18 1. 21 

-. 



WATER QUALITY SUMMARY BY STATION-YEAR 

:---------------------------------------------- POOL DATA SCREEN COOE=A ---------------------------------- -- --- . --------

DIS RES STA TYPE YEAR COEP CPHF CCNF CALK CTMP CTRJ CTRH CTRN eTCO CALPH CRTL CRFL CRNF CALG C8IO 

24 013 321 D 74 59.6 8.30 210 126 19.9 0.06 0.15 
24 013 322 M 74 57. 2 8.30 205 128 20.1 0.05 0.15 -i4--6Tj 323 M 74 47.3 8.26 202 127 20.3 0.06 0.17 
24 D13 324 U 74 30.3 8.22 213 14. 20.3 0.06 0.18 
24 013 325 M 14 46 . B 8 . 30 195 '25 20.3 O.OB . 0.15 

-24·--oT3~:26--M·---74____:J4·~6 8.48 .84 126 20.5 0.08----0-,-11 
24 0 13 327 M 74 25.5 8.40 .82 '23 20.0 0.07 0.16 
24 013 328 U 74 19 .6 8.45 194 117 19 , 6 0.07 0.26 
-24--016J·16--M----i4--5-5~--7-. 2-2--43"1-8--23".-2 0.04 0.15 

24 016 311 M 74 37.0 7.06 46 1. 23.2 0.05 0.17 
24 016 312 U 74 30.0 6.97 47 20 23.9 0.05 0.19 --24--016 313 U 74 16.3 6 '.79 39 17 23.3 0 . 06 0.3·S 
24 022 318 D 74 54.0 8.17 237 157 20.1 0.07 0.16 
24 022 319 U 74 34 . 0 8.22 230 '52 20 . 7 0 . 05 O. 18 

-24--62~o-M 74 48.2 8.22---250 158 20.7 0.04 0.17 
24 022 32' M 74 37.4 8.2 7 257 160 20.7 0.08 0.20 

to 24 022 323 M 74 29 .5 8 . 36 247 161 20 .7 0.06 0.31 I 
24 022 324 U 7' 11.4 8.39 245 158 20.8 0.10 0.39 w 

N 2' 193 307 D 74 12 . 1 8.08 214 97 17.3 0.16 0.55 
24 193 308 U 74 4 . 4 7.98 222 105 16.1 O. to 0.57 

- 2 4 193 309 M 7. 6.6 8. 0 1 219 '06 17.1 0 .27 0.87 
24 200 317 D 74 56.8 8.40 194 95 19 . 6 0.09 O. 12 
24 200 318 U 74 34 .6 8.37 203 96 19.9 0.09 0.19 

-"2"--200 319 M 74 53.5 8.18 193 95 19.8 0.14 0.22 
24 200 3 20 M 74 38.0 8.03 '89 92 19.9 0.13 0.24 
24 200 321 M 74 32.7 8 .07 187 86 19 .9 0 . 12 0.23 

- :f4--200-j22 u i. 19.0 8.12 179- --8-4--' 19.6 0.07 0.29 
24 200 323 M 74 23 . 5 8 . 23 207 104 20.3 0.08 0.21 
24 200 3 24 M 74 42.8 8.35 214 110 20 .2 0.10 0.23 
24--200--3~---742~-8~ 27 264 12 • 20.3 0.1 7 0 .59 
25 105 312 0 74 3.0 8 .• 2 404 180 16.7 1.28 6.02 
25 107 308 M 74 4 .0 8 . 43 526 131 16.8 1.76 2.74 
25 267 315 D 74 24.6 7.73 399 83 20.8 0.21 '.28 
25 267 3.6 M 74 21.0 7.93 395 84 25 . 3 0.26 1 .64 
25 267 317 M 74 18.9 7.91 339 75 21.3 0.21 1. 43 
25 267 318 M 74 20.1 7.52 168 41 22.3 0.71 3.35 
25 267 319 U 74 12 . 3 7.33 83 22 20 . 9 1.08 3.98 
25 267 32 • M 74 '8.2 7.98 490 94 20.9 0.37 2.25 
25 267 322 U 74 10.7 B. 08 642 110 21.5 0.92 2. 20 
25 267 323 U 74 15.0 7. 76 448 10' 20 . 8 0.87 3.06 
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WATER QUALITY SUMMARY BY STATION- YEA R 

- - - - - - - - - - - - - - - - - - - - - - - .. - - - - - - -:~~--- - - - - - - - - POOL OAT A SCR 'E EN COOE;'A - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --

o~s RES STA TYPE y EAR CDEP CPHF CCNF CALK ClMP ClRJ CTRH CT~~ CTCO CALP H CRlL CR FL CRN F CALG CBIO 

25 273 319 
25 273 320 

-25--273- 324 

25 2 75 312 
25 275 313 
25 275 3 18 
25 275 3 19 
25 275 320 
25 278 306 
25 278 3 07 
25 278 308 
~78 309 
2 5 28 1 307 
25 28 1 308 
25--3~303 

25 370 306 
26 354 3 17 

- -26--354- 318 

26 354 3 19 
26 355 318 

-26--355320 
2 6 355 322 
28 2 19 307 
28 219 308 
28 2. 19 309 
28 219 310 
29 l OG 3 11 
29 108 3 14 
29 108 315 
29 108 316 
29 110 3 15 
29 110 316 
29 110 3 17 
29 110 3 18 
29 1 1 1 310 
29 1 11 31 1 
29 194 3 11 
29 194 312 
29 194 3T"3 
29 194 314 

M 74 16.8 8 . 12 1397 11 9 20 .2 0.43 1.36 
M 74 17.3 8.03 1270 114 20.0 0 . 64 1.55 
M 74 --'-6-'~79 865 11 0 19.7 Cr-S7 2 .60---'---~---'---~---'----
D 74 21.8 7.74 282 111 19.6 0.46 1 . 9 0 
M 14 11.7 7. 79 298 112 19.6 0 .4 5 1.61 
U 7 4' 1('-:5 8.093'35 113 22.7 0.20~--'---;'1-'-.;;3";7---'---~---'---~-----'---
M 74 9.3 7.50 326 111 21 .6 0.50 2. 15 
M 74 9 . 0 7. 69 308 108 21.5 1 .3vO _ __, __ ~2~.~3S4~-~--.~--~----,----,----
o 7..---42-:-9-')"":9.-- '57 7 3 20.7 0.09 0.39 
M 74 34.0 8. 10 161 76 20.9 0 .09 0.39 
M 74 27.1 8 . 15 164 75 21. 3 0.11 0.43 
U-- -741:f.8 8. 17 169 78 21. 2 0.23 O. 9~'--~---'----'-----'----'.---
o 74 11.8 6. 46 62 23 22.8 0.3 1 1.66 
M 74 10.3 6 . 27 60 20 22.6 0 . 64 1.52 
o 74 10.2 8.24 4948 88 22.0 0.08 0 . 52 
M 74 7 . 5 8.29 48 52 84 22. 7 0. 11 0.90 
D 7 4 7 . 7 8.25 317 134 23.8 0.39 227 
M 74 '3 .7 8.29 32 1 136 23 . 9 0.7 2 2:38 
M 7 4 5.7 B.27 31 5 135 24 . 6 0.9 2 2.63 
M 74 9.5 8 . 26 356 115 23 . 7 0 . 23 0.7 8 
M 74" 8 . 4 8 . :i 1- -35 7 1 14 24. 1 0.40 1. 1 ';i4'---'---~---'----'.----'----
U 74 3.0 B. 14 332 106 24.0 1.77 3.65 
D 75 19.3 8 .28 826 154 18.6 0.06 0 . 80 
U 7 5 14 . 2 8. 29 808 154 19 . 0 0 . o'G--'.--"0:~. "6"'5---~---'---~---'.---''-----
M 75 17. 9 8 .27 820 157 18.6 0 .06 0.64 
M 75 14.3 8.33 816 152 18.0 0.09 0.96 
M 74 4 . 8 8.11 1:i8;'- -15 6 17.0 ;-~6-7 3 .00---'---'----''----'----'----

M 74 14 .8 8. 39 74 9 19 1 16 .5 0.25 0.60 
M 74 10 . 3 8.33 774 192 16 . 5 0.41 1. 07 
'M' 74 5. 1 8· ~________a632"j-2--,_6~.'-:8~--'----'--~,-'-. "9-;4---'--c:2".~O'~7.--~---'-----'----'--'-'-----

D 74 16.2 8.34 397 164 17 . 7 0.1 4 1.34 
U 74 10.1 8 . 25 398 167 17.1 0.19 1.57 
M 74 14.9 8.24 3951 68 17. 1 0.26 2.04 
M 74 10 . 1 8.11 336 172 17.1 0 . 88 2. 19 
o 74 9.9 8.25 330 144 18.1 0.2 1 1 . 67 
M 74 7 . 8 8. 1 8 354 1 4 2 "7~.~4o--'----'--~0-'-. .;2"5- --'---:," .-8'''8.---'--- -'------'----'--'-'--- - -

D 74 21.5 8.25 234 114 18.5 1.22 0.30 
M 74 17 . 4 8.02 250 119 17 . 5 0. 17 0.46v __ ~ __ -,-_ _ -,-__ ~ _ _ _,_ __ 
U 74 B.68. 03 287138 17.0 0 . 32 0. 88 
M 74 11.5 8.24 182 104 1B .0 0 .11 0.71 

" , 



\ 
WATER QUALITY SUMMARY BY STATION-YEAR 

---------- - ------------------------------------ POOL DATA SCREEN CODEsA ------------------------------------------------

DIS RES STA TYPE YEAR COEP CPHF CCNF CALK CTMP CTR,J CTRH CTRN CTCO CAlPH CRTl CRFL CRNF CAlG C8IO 

2'9 195 31? 0 74 29.3 8.24 284 132 16.8 0.09 0.34 
29 207 310 0 74 16.4 8.46 496 199 16.1 0.16 0.63 

-:-2g--~3'11-M---74 11.7 8.32 507 198 15.6 0.19 1. 14 
30 064 305 0 75 5.5 8 . 28 490 181 15.4 0 . 15 0.96 
30 064 307 M 75 5.2 8.42 458 167 15.6 0 . 09 1.02 
36~5---:J20 0 74 54.9 8.27 690 166 14.6 0.07 0.20 

30 235 321 M 74 19.9 8.19 693 166 14.5 0.08 0.35 
30 235 322 M 74 39.6 7 . 85 727 166 14.2 0 . 76 0 . 20 
30 235 323 M 74 24 . 9 8 . 03 708 162 15.5 0.09 0 . 27 
30 235 324 M 74 30 . 0 8.30 638 159' 14 . 2 0.05 0.20 
31 077 311 0 75 175.4 7.51 25 20 20.1 0.06 0.38 
31 077 312 M 75 175.4 7 . 21 24 14 14.0 0.04 0.31 
31 077 313 M 75 175.4 7 . 25 23 15 13.2 0 . 05 0.34 
31 077 314 M 75 175 . 4 6 . 99 23 19 13.4 0 . 05 0.32 
31 077 315 M 75 175.4 7.08 22 19 13 . 6 0.05 0.37 
32 204 314 M 75 82.3 8.42 187 101 17.5 0.04 0.15 

'" 32 204 315 0 75 82.3 8.49 192 102 16.0 0.03 0.08 
I 32 204 316 M 75 38.1 8 . 35 177 97 17.0 0 . 11 0~32 w 

'" 
---------.------ - ----------------------------. - POOL DATA SCREEN COOE'B ---------.---------------- - -----.---------------

DIS RES STA TYPE YEAR COEP CPHF CCNF CALK CTMP CTRJ CTRH crRN crco CALPH CRTl CRFL CRNF CAlG CBIO 

02 176 301 a 72 7.02 95 16 18.4 0.07 0.34 
02 176 302 M 72 7.11 124 16 19.6 0.07 0.25 
04 312 312 M 73 4.8 8.20 21'3 105 17.1 0 . 2·4 0.42 
04 320 005 M 74 7.57 212 69 20.1 0 . 49 
04 320 006 M 74 7 . 57 197 59 21.0 0.28 
D' 320 007 M 74 7.33 17. 51 21.0 0.16 
08 074 320 0 73 42.5 6.98 225 16 28.4 0.09 0.16 
08 074 321 M 73 34.0 7 . 10 213 13 2B.0 0 . 07 0.31 
08 074 323 U 73 26 . 5 7.58 227 17 28 . 9 0.09 0 . 41 
08 074 324 U 73 14.3 7.00 272 23 28.6 0.11 0.34 
08 07. 325 M 73 22.0 7.73 250 20 28.8 0.09 0.25 
08 074 326 U 73 14.2 7.60 28. 23 28.9 0.14 0.30 
08 074 327 U 73 7.8 7.33 288 19 28.4 0.22 0 . 54 
08 0 74 328 M 73 14 . 6 7.80 241 18 28.3 0.13 0.39 
08 074 329 U 73 11.7 7.56 276 19 27.8 0.33 1.00 
08 074 330 U 73 13.0 7.63 225 18 26.9 0.15 0.64 



'" I 
W 
V1 

WATER QUALITY SUMMARY BY STATJON-YEAR 

.~------~- ~------------- -- --'----- POOL O-ATA SCREEN CODE"'B ---:: ~~ ..... --~=--=-=-:-----~~~ ------~-

08 330 340 D 73 51.7 6.82 155 12 28,2 0.05 

08 330 343 M 73 31.4 7.27 300 12 28,1 1.64 
08 

"-OS'-

0.08 

0.27 

OS 330 346 M 73 2 167 11 28.3 O.i? 036 

08 330 349 M 73 16,5 186 13 29. 0.10 0.29 
28 4 
28, 

10 003 310 U 73 17,8 6.73 1305 21 24.9 0.16 075 
10 O. 0,40 

-'10 6', 0.4i 

10 069 313 U 73 5.0 6,74 202 21 ');7.1 0.17. 0.49 

10 069 316 U 73 11.0 152 14 26,4 0.08 0.48 
071 311 U 
071'3'i2 0 

10 071 313 M 73 7,9 1.41 593 49 28.6 0,17 0,94 
10 7,64 946 
10 7,33--620 
10 072 321 D 73 11.1 8.'24 316 19 297 0.11 0.40 

20 29. 0.22 
20 28. ··--·0 ~-:H 

10 072 324 M 73 6.9 7,52 308 16 28.2 0.40 1 i7 
8 
'/ 

10 076 312 0 73 43.0 7.48 134 11 27.2 0.01 0.20 
7.71 134 4. 0.01 0.26 
6.11 ,';' 3 _ 3 .. ---.. ---0-01'--0~'2 i 

10 076 315 M 73 42 5 741 138 11 27 8 0.01 

:~~:J -+iH:----'-----······· 
10 01£ 318 U 73 22 4 8.40 174 14 28,0 0.16 

29.9 7 
---t4-~-9-- 7. 

10 076 321 M 73 30.5 7,41 132 10 27.8 0.12 

0.21 
0.2' 
0.21 
0.20 

0,28 

l 

~~-~,--

\ 



\ WATER QUALITY SUMMARY BY STATION-YEAR 

------------------------------------- --- ------- POOL DATA SCREEN CODE=B ------------------------------------------------

DIS RES S.!~!.~.LJ~~~DEP CPHF CCNF CALK CTMP CTRJ CTRH CTRN CTCa CALPH CRTL CRFL CRNF CALG CBla 

10 076 322 M 73 24.7 7.61 132 11 27.9 0.15 0.27 
10 076 32'3 U 73 15 . 2 7.65 135 12 27.8 0.13 0.15 

- -10-- 411 313 a 7j--'S:-0' 6.73 988 25 24.8 0.28 0.55 
10 411 315 U 73 10.2 6.76 719 25 25.3 0.21 0.79 
14 099 312 0 74 13.9 B.03 635 293 17.9 0 . 79 0.89 

-f4-----------099~13--M 74 7,"5 7.90 703 292 14.0 1 .61 2.27 
15 178 005 M 76 8.33 223 liD 18.2 2.2 23 0 . 15 
15 178 005 M 78 19.8 7.90 213 98 1.3 10 0 . 27 3 

- 1517""8 006 a 77 19.8 7.93 237 123 18.1 3.3 12 0.09 3 
15 178 305 M 72 8.18 404 100 15.2 0.10 0.08 
15 178 306 M 72 8.18 441 105 15.6 0.11 0.17 

--'5--17s3~ a '12 8.20 449 Hi3 15.7 0.12 0.18 
15 179 802 M 79 8.28 550 232 19.4 0.08 15 
15 179 803 M 79 8.55 216 20.0 0.08 25 - -15--179 804 M 79 8.32 683 220 18.4 0.08 19 
15 179 805 M 79 8.56 218 19. 1 0.08 17 

td 15 179 806 M 79 8 . 42 726 226 19.1 0.42 19 I 
w 15 181 309 M 72 8.16 265 136 15 . 7 0.41 0 . 24 a- 15 18.' 310 M 72 8.26 261 134 14.4 0.53 0 . 38 

15 181 311 0 72 B.28 264 133 14 .6 0.54 0.29 
15 181 312 M 72 8.27 261 132 14.6 0.52 0.32 
15 237 309 M 74 6.1 8.74 697 324 19.3 0.14 0.11 
15 399 801 M 78 8.20 188 13.3 0.34 

-(5 399 801 M 79 8.05 373 13-3 15.5 0.24 9 
15 399 802 U 78 8.20 190 10.0 0.23 
16 243 311 U 73 7.3 7 . 80 402 75 15 . 9 0.12 0.77 

-,6'243 312 U 73 4 . 4 8.20 406 75 16 .3 0.11 0.68 
16 243 314 M 73 3.7 7.95 462 92 20.1 0.65 1 .39 
16 328 336 M 72 7.87 163 36 17.3 0.31 0.45 
17 247 308 U 73 1.7 8.35 452 183 16.9 2.45 1. 99 
17 249 313 U 73 2. 1 7.85 441 142 16 . 8 0.60 2.43 
17 373 309 . M 73 30.3 7.76 1910 26 25.6 0.08 0.14 

--o~:1310--U 73 14.5 7.22 1376 24 21.6 0.24 0.85 
17 373 311 M 73 11 .6 7.02 1040 26 18.3 0.15 0.57 
17 389 328 a 73 11.7 8.20 752 55 20.7 0.54 0.80 
17 389 329 M 73' 4.8 7 . 83 675 54 20 . 2 0.64 1.43 
17 389 330 M 73 2.4 8 .27 774 54 18 . 5 0.62 1.17 
17 389 331 U 73 2.4 7.95 689 52 24.1 0.17 1. 18 
17 391 310 D 73 64.0 7.08 296 11 20.6 0.12 0 . 08 
17 391 311 M 73 12 . ., 7.04 276 10 20.9 0.20 0.15 

m~ .-- - - ---. - - .• '- .--~.--



'" , w -... 

WATER QUALIT Y SUMMAR Y BY ST ATION- YEAR 

--- - .. -- ---- -- --- ---- --- ----- -------------- ----- POOL OATA SCR EEN COOE=B --------- -- --------- -- --------------------------

Q~~gL_~!.__T_Y_~E YEAR COEP CPHF CCNF CA~~_C;.!MP ._~l~ J CTRH CTRN CTca CA_.~~~SRFL~~_F_~~_~Sl_C~Q __ 

17 39 1 312 M 73 31.9 6.98 3 13 11 21.0 0.16 0.08 
18 090502 0 73 7.91 369 13521.3 0.63 208 5 11 3 1000.075 
"1s-091502 0 74 8 .04 536 149 l' ~r:2 13.8 2.2"3---466 57--7385000.262---
18 09 1 502 0 77 8.04 690 19.8 2.8 0.72 17 
18 092 502 0 74 8.03 542 15 2 22.5 0 . 7 0.95 30 8 4 837 75 0 . 020 
-' -S--092-502 0 75------S-.1·5-- 47·6- - '-5·6-·20.3 4.0 0.95 3'41 S- -2637oo-M2-2--

18 092 502 0 77 8. 20 529 21.3 4 .5 0.82 6 
18 093 31 7 M 73 5.8 6. 86 608 30 23. 3 0 .48 1. 74 
IS- - 094- 5020 1S 8 " 13--4-2Of::ig:-20:g-' 3. 2 0 . 8b<----~3'C2,,;-,--~--"6--oS"'667 0020--

18 095502 0 76 8.31 361 137 19.2 5.0 0.5 1 216 5 468000 
18 097 503 M 75 8 . 20 424 17 6 2 1. 2 4.1 0.69 285 5 139667 0.013 
18 120 "3 -18 U 73 5.9 8.:f2 973 99 22.2 ' 1 .00 1.28----
18 120 3 19 U 73 5.0 8.36 8 44 87 23.5 0.47 1.03 
18 121 502 0 7 5 7 .42 125 3 1 24 .6 6 . 2 0.73 77 6 82333 0.302 
~26--s62 0 i4 7.69--'3'--44- 20.6 0.5 1 76 6 61500 0.015- -
18 128 502 0 75 8.06 199 121 21.8 6.8 0.64 12 8 5 S9333 0.020 
18 1:29 502 a 74 7.9 1 254 941 9.3 2.5 0.66 139 
~\34502 0 75 7.6 1 104 34' 25 . 8 6. 3 0.36 73 

4 113000 0. 191 
·--'-----;5~----;, 4 297 5 O. 0""'-"--

18 134 502 0 77 7.61 '19 22.2 2.5 0.58 2 
18 263 502 0 75 8 . 16 540 256 18.4 8.8 0.75 367 17 1 19300 0.009 
19 11 9 325 M 73 16.8 7.94~B-81-23. 3 0.34 0.1:5'2 
19 11 9 326 M 73 lB.7 7.90 510 79 20.7 0.49 1.10 
19 119 327 M 73 21. 6 7. 68 682 77 23.0 0.38 1. 02 
T9--"'il932-s--M 73 18.6 7.68 55'4--71""20.'9 0.55 1.38 
19 119 32 9 M 73 16.3 7.51 652 73 22.3 0.33 1.18 
19 11 9 330 M 73 16.3 7_51 610 70 2 1 . 2 0.50 1.30 
19-119 33 1 U 73 15. S- i-:-'4s-650---71--2 1.8 0.33 1 .27 
19 119 332 U 73 16.0 7.50 640 65 21.0 0 . 48 1.53 
19 122 329 M 73 35.0 7.60 606 38 22.6 0 . 23 0.47 
19 338 323 M 73 9.5 7.20 6 11 57 2 '1.1 0. '36 1.4e;----~--~---'--------'-----"----
19 340 502 D 75 29.7 8.54 197 104 27.5 1. 8 0.42 129 122 B 
19 340 502 0 76 29 .2 7.68 248 134 22 .1 2.6 0.27 156 152 4 
19 340 502 0 78 29.5 7.72 250 136 24. 4 1.2 0.44 152 147 5 
19 340 503 M 75 24.5 B.30 2 17 108 27 . 1 2 .7 0.54 131 120 11 
19 340 503 M 76 2 4 . 5 7 .65 256 134 23. 1 2.8 0.44 17r 170 8 
19 340 503 M 78 24.3 7.75 247 131 24.2 1.3 0.39 157;--':'5~3:C--"';4'i-----~---'----
19 342 320 M 73 21.3 B.33 598 59 22.1 0.3 1 0.87 
19 342322 M 73 17.87.71 536 5420.7 0.36 1 .5 5 
~~315 U 73 16. 6 7.80 822 70 22.9;-~~----~--~0~.0~47----'------i0~. ~2·01~----~----~----~------~----'-------
20 08 7 314 M 73 15.5 8.05 1773 168 21.0 0.26 0.29 



'. WATER QUALIT Y SUMMAR Y BY STATION- YEAR 

-=-=-.--=-=-=-=-.------------ -- -------------------------- POOL DATA SC REEN CODE=ii ------."---- -- ---------- -- ---- -- - - -------- ---- ---

DIS RES SeA TYPE YEAR CDEP CP HF CCNF CALK CTMP crRJ CTRH CTR N CTCD CA LPH CR TL CRFL CRNF CALG CBID 

22 014 309 D 74 51.5 6 , 88 5 7 23 22,S 0 , 08 0,08 
22 01 4 31 ,0 M 74 3 4.9 7.45 46 2 1 23,0 0,13 0,08 
n-01431" 1 U 74 10,7 6,70 63 22 22 .7 0.11 0,20 
22 0 14 3.2 M 74 , 5.5 7.03 68 25 22,8 0, 10 O, OB 
22 014 3 13 M 74 18 . 3 7 .36 75 27 23 .5 0.11 0,19 
22 019 313 D 74 42 .7 7,30 79 25 22.2 0 ,06 0.17 
22 0 19 31 4 M 74 39.9 7 .34 76 25 22,6 0. 07 0. 17 
22 019 3 15 M 74 33.4 6 ,96 80 23 22 ,2 0.06 0.21 

- 22 0.9 3 16 U 74 18.7 6,97 98 32 22 . 4 0,08 0,60 
22 019 317 U 74 23, 0 6,75 75 18 22.5 0,08 0,30 
22 019 3 18 U 74 21,8 6,87 80 20 22.4 0 , 08 0,20 

--22""""1-8~-.-,--M 7 3 8,7 7. ra 212 ' 9 i6. 4 0,53 2, 05 
22 188 312 D 73 1 1 . 1 7.27 6 1 21 27.4 0.49 1, 78 
22 188 313 M 73 5,5 7.05 6 4 22 27.3 0.54 2.92 
22 189 307 U 73 6 , 6 6.6 5 49 15 27,8 0,22 0,94 
22 189 308 M 73 13,9 6.75 47 15 28.2 0.15 0.80 co 22 189 309 0 73 12 . 8 1.06 48 .7 29 . 2 0, .5 0.78 I 

Co) -22 190 310 0 73 15.4 6,75 54 15 26,6 0,29 1.50 co 22 190 3 11 U 73 9,8 6 , 92 54 15 27.5 0 ,30 1.54 
22 190 312 U 73 13.4 6,88 54 17 26.9 0,26 1. 42 

--22 192 311 0 73 16.6 7,20 60- --113-2'7 . 2 0.16 0,65 
22 19 2 3 12 M 73 14.3 7,28 59 16 21.8 0,16 0,52 
22 19 2 313 M 73 14 .3 7 _ 31 58 17 27.3 0.15 0,57 
22 . 9 2 31 4 U 73 12,7 7,07 59 ' 7 28,1 0, 19 0,57 
24 012 308 0 74 9 , 5 6.61 73 21 20,2 0.44 1.66 
24 0 12 309 M 74 2.7 6.65 78 22 20. 4 0. 61 2.32 

----,4--02 1 308 M 7 ' 2 -:-66---:-29 3' 13 20,9 0, 23 0.74 
24 021 309 0 74 11.4 6.26 34 12 21.4 0. 19 0.58 
24 022 322 M 74 30.2 8.21 256 '60 20 .9 0,04 0.10 
25 020 323 0 7"";--10-.4 6,95 50 17 22.7 0.1S 0,35 
25 020 324 M 74 9, , 6. 4 5 62 20 22,5 0,29 1. 29 
25 020 325 M 74 3 . 8 8,65 161 70 22. 4 0, 19 0 , 42 
25 .102 3 t'2 ' 0 74 12.8 8.13 328 155 16.7 0.60 2."44" 
25 102 313 M 74 2 ,9 8,23 336 162 17,1 2,1 3 3.27 
25 102 314 M 74 5,5 8.18 330 154 16 .6 0.86 2.17 
25 103 307 0 7. 13 .7 7.87 304 122 18 . 3 2.45 4.16 
25 104 305 0 74 10.6 8.07 417 155 16 . 0 1. 0 3 3.07 
25 104 306 M 74 3,8 8.03 382 162 18 . 0 1 . 18 3.52 
25 105 3 13 M 7. 1.3 8 ,20 380 173 18.7 2.39 4 .46 
25 ' 07 307 0 7. 10.6 8.36 521 130 16.3 0.71 1.72 



4. - =~ ~~-=. S;:n=n 

WATER QUALI TY SUMMARY BY STATION-YEA R 

----------------------------------------------- POOL DA TA SCR EEN COD E=S·- ---- --- --- -- ----- ----- -- - - ----------------------

DIS RE S STA TYPE YEAR CD EP CPHF C~NF CALK CTMP CTRv CTRH CTRN CTCO CA LPH CR Tl CRF L CRNF CAlG C810 

25 112 308 0 74 7 .08.00 375140 17.7 1. 80 3.33 
25 112 309 M 74 3 . 8 8.0 1 31 0 153 17.8 2.64 3.19 

25 267 320 U 74 5.9 8.0 1 62 3 12 2 21.5 1.69 2.55 
25 269309 0 74 3.88 . 381204 181 17.7 0.74 3.09 
25 269 310 M 74 1.8 8.3"1 12 14 183 17.6 0.55 2. 46 

-~73-3(6 0 74 B.8 8.19 1363 115 18 . 1 0.31 1 . 4~2----'---~---~---'----'-----
25 2 7 3 3 17 U 7 4 6.2 B . 45 3700 166 18.9 2.49 4.33 
25 273 321 M 74 12 .0 8 . 18 1782 110 20 . 8 1. 15 2.53 
25 27 3 322 U 74 4.0 8.0a--12:73i66 , 8. · ~4--~--'--'3i-'.-;,:'2c---~·-F:5-'-. 5iic95---'----'---~--'----'----
25 273 323 U 74 7. 6 8.05 1345 152 19.6 4 . 61 6. 14 
25 273 325 0 74 21 . 4 7.90 1157 107 22.B 0.77 1 .9 1 
2~n-326 U 74 8.1 8.02 10"43 137 1"9-'-."'7----'---''---'i2c-. .,;3:i;8--~-4;i-'-;.8''4;----''---~---'---'---'----

25 27 5 321 U 74 2 .7 7.60 304 108 21.5 2.07 4.34 
25 348 31'1 D 74 28.9 7. 92 1436 126 22.4 0.09 0. 37 
~~4s-:318 M 74 23.6 9.3'- 1404 127 2'3-'-.~2----'---'--~0~.~,S0~--'-~O~.2~1----'----'---~---'----'------

25 348 319 M 74 21.2 8.29 11 15 136 23.5 0. 11 0.38 
~ __ ~~~? 320 U 74 4.9 9.13 729 1~1 24.0 2. 13 2.79 
w 25 348 32 1 M 7 4 17.5 8.20 172 1 115 23.4 0. 13 0.39 
-.0 25 348322 M 74 7. 18.231656112 23.6 0 . 20 0.58 

25 348 323 U 74 3.3 8.32 2 53 1 11 3 24 .3 2 . 88 3 . 20 
25 370 304 M 74 3.2 8.32 3999 83 22.6 2.98 1 .9~3--~---'---''---'----'-----
26 354 101 0 74 8.17 3 41 25.1 40 .0 1.57 15 
26 354 101 0 '75 7.82 325 26 . 6 2.94 16 
26 354 101 0 77 8 .06 31-1 139 'i2.7 0. 81 198 567 
26 3 5 4 101 0 78 8 . 0 5 317 122 27.9 0. 79 185 5 
26 3 54 102 M 74 8 . 16 341 25 . 8 47.5 3. 18 24 
2~5~~M----75 7.92 338 2 7 .3 6. 40 58 

26 354103 M 74 8.20340 26.2 52.5 4 . 05 25 
26 354 103 M 75 7.16 308 26.8 5 . 47 25 
26 3 5 5 317 0 74 15. f 8.10 356 113 23. 0 0.20 0.61 
26 3 55 3 19 M 74 9 . 3 8.20 307 \05 23. 6 0.20 1.17 
26 3 55 321 U 74 7 .3 8.13 344 103 24.2 1.01 2.62 

2 6359109 M 75 6.B7 144 21 24.7 2.5 0.45 4 
26 359 1 10 U 75 6 . 75 260 47 2 4 . 6 45.0 1.58 10 17 
26 359 1 10 U 76 6 . 77 282 32 27.5 72.5 1 . 48 11 
26 359 11 0 U 78 6.95 638 44 28 . 7280.0 3001.48 441 6 
26 359 319 0 74 16.2 7.86 139 17 27.5 0.04 0.4 4 
26 359 320 M 74 1 1. 7 7.98 135 20 28.3 0.04 0 . 45 
26 359 32 1 M 74 13.9 8.15 140 20 28.3 0.04 0.24 
26 359 322 M 74 16.6 7.89 150 22 28.5 0.04 0. 19 



\ WATER QUALITY SUMMARY BY STATION-YEAR 

- ----------------------- - ------- - -------------- POOL DATA SCREEN CODE=B ------------------------------------------------

-----.f'~~ __ .2.T~XPE YEAR CDEP CPHF CCNF CALK CTMP CTRJ CTRH CTRN eTeo CALPH CRTL CRFL CRNF CALG CBIO 

26 359 323 U 74 6. 4 7.70 148 28 28.7 0.07 0.32 
26 359 324 U "1 4 5.3 7.16 312 47 28.0 0.24 1. 06 
26 360 303 a 74 5.8 8. 1-4 492 133 23 . 2 0.90 1.47 
28 2 18 007 a 77 23.0 0.32 
28 219 012 a 77 25.2 0.47 
28 219 012 a 78 0.47 
29 100 305 D 74 13.4 7.87 265 87 17. 1 0.26 0 .98 
29 100 306 M 74 8.5 7. 89 266 90 17.5 0.36 0.97 

- 29 100 307 M 74 9.8 7.92 263 90 d~6 0.39 1.33 
29 100 308 M 74 9. 7 7.83 267 96 17.9 0.39 1 , 18 
29 100 309 U 74 7.1 7.6 7 312 132 18.2 2.42 2.81 

-2-9-- 1003 10 U 74 7.9 7.88 269 101 18 .2 0.69 1.67 
29 106 310 D 74 9.8 8.01 1307 155 16 .3 0.70 2.24 
29 108 313 a 74 15.3 8.32 753 196 16.4 0 . 19 0.45 

~- 109 307 D 74 17 .6 8.29 546 148 17.4 0.10 0.28 
29 109 308 M 74 14 .5 8.45 545 147 17.5 0.12 0. 08 

to 29 109 309 M 74 5.7 8.28 635 157 17.7 0.16 0.54 1 

'" -29--'-10319 U 74 9.1 8.26 398 163 20 .5 0.27 1. 62 
0 29 111 312 M 74 4.8 8.18 370 147 17.5 0.56 2.22 

29 11 3 327 a 74 19.7 B . 22 550 195 17.1 0.1 3 0.70 
29 11 3 328 M 74 10.9 8.26 551 195 16.6 0.18 1. 09 
29 113 329 M 74 8.1 8.23 632 231 17 . 0 1.00 3.01 
29 114 307 D 74 17 . 5 8.13 2365 151 16 .9 0.13 0.46 '2"9---,-(" 308 'M 74 1'5.9 8.29 2372 149 16.5 0.12 0. 47 
29 114 309 M 74 12 . 3 B.19 24 42 155 16 .9 0.18 0.58 
29 194 3 15 U 74 3.5 8.44 248 125 21.6 0 .58 1. 22 

-:ig'- {95 - '31 6 M 74 21.3 8.16 283 132 16 .7 0.11 0.25 
29 195 317 U 74 21.3 8.14 283 131 16 .9 0.15 0.45 
29 195 318 M 74 23.1 8 . 20 293 130 17. :2 0.09 0.35 

--29-1~95-319 U 74 17 . 0 8".24 281 128 17.6 0.13 0.34 
29 207 312 U 74 1.6 8.4 6 581 206 16.5 1. 80 2.28 
30 06 4 306 M 75 3.3 8.41 463 178 15 .9 0 . 28 0.13 

-:rO---215~4 D 74 7.4 7.74 466 2 0 9 16.9 0.15 0.44 
30 215 305 M 74 6 . 8 7.98 465 244 17.3 0.17 0.50 
30 217 306 0 74 10.7 7 .88 480 250 17.0 0.13 0 .4 4 
30 2 17 307 M 74 9. 1 7.82 478 244 16.8 0.15 0.44 
30 217 308 M 74 6.3 7.76 481 247 16 . 4 0 . 12 0.56 
30 235 325 M 74 23.6 8.25 560 151 13 .9 0 . 11 0.51 
30 235 326 M 74 9.8 8.2 1 595 165 16. 1 0.4 2 1. 05 
30 235 327 U 74 3.4 8.34 789 269 16 .0 2.55 2.20 



30 23~5 __ ~"~£~"~ __ ~----~~----30 235 326 M 74 9.8 8.21 ~~~ 
30 235 327 U 74 3.4 8.34 789 269 16.0 

WATER QUALITY SUMMARY BY STATION -Y EAR 

--------------------- - ------------------------- POOL DATA SCREEN COOE-8 . --------------------------------- -- ------------

DIS RE S STA TYPE YEAR COEP CPHF CCNF CALK CTMP CTRJ CTRH CTRN CTCO CALPH CRTL CRFL CRNF CA LG CaIO 

30 235 328 U 74 2.0 8. 12 678 173 16 . 8 2.31 4.61 
32 204 313 M 75 35.5 8.08 161 99 13.5 0.41 0.34 

OJ ~--204--3 17 M 75 82.3 8.38 17 9 98 16:7 0.21 0.18 1 ..,. 33 300 306 0 75 78.8 8 . 21 40 28 16 .2 0.04 0.49 .... 34 041 112 D 71 7 . 36 56 24 19 . 4 1.0 0.15 40 0 
34 041 11 2 0 72 7 . 54 57 21 20.3 0.9 0.12 44 0 
34 04 1 112 0 73 7.30 60 19.8 1.1 0.16 49 
34 04 1 112 0 74 6.91 54 21.2 1.1 0.12 
~64 1 112 0 75 7.55 65 18.2 1.9 0.21 
34 041 112 0 76 7.8 3 57 19. 1.4 0.28 
34 04 1 112 0 78 7.48 67 20.2 0.9 0 . 27 500 
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WATER QUALITY SUMMAR Y BY STATION-YEAR 
POOL DATA SCR EEN SODE=A 

VAR IABLE LABEL N MEAN S TANDARD MINIMUM MA XI MUM 
DE VIATION VALUE VALUE 

CPTL TO TAL PHOSPHORUS (MG/ M3 ) 258 56.6 3 52.23 4.89 293. 19 
CPOT OR THO PHOSPHORUS (MG/ M3) 223 18.82 25.92 2 . 83 220.91 

- - CPOS 6fsSOLVEO-PHQ-SPHORlisTMG/ L) 35 25.4-4 28.98 10.00- 155 . 00 
CN TL TOTAL NITROGEN ( MG/M3) 258 98 1. 94 857.06 236.45 6075.00 
CNIN INq~~AN1S NITRO~§..~_~~G/~3) 258 52 1 . 15 70 4.99 39.96 5064 . 16 
CCHA CHLORO PHY LL- A (MG/M3) 218 10.6 1 11 .77 0.97 83.41 
CCFU UNCORREC TED CHLOROPHYLL-A (MG/M3) 40 13.85 7 . 91 2 . 68 31.25 
CCHAMX MAXIMUM CHL ORO PHYLL-A (MG/M3) 218 16.11 lS.67 I. 30 97.00 

--C- S:EC SECCHI DEPTH ( M) 258 1. 50 I. 23 0. 16 6.97 
NPT L NUMBE R OF TOTAL P SAMPLING OATES 258 3.66 1. 70 3.00 21.00 
NCHA NUMBER OF CHL-A SAMP LING DA TES 258 3.40 0.68 3 .00 7.00 
NNTL NUMBER OF TOTAL-"'NSAMPLING OATES 258 3 . 57 1.26 3. 00 13 . 00 
NSEC NUMBER OF S ECC HI SAMPLING OATE S 258 3.46 0.78 3.00 6.00 
EPTL CV OF MEAN TOTAL P ESTIMATE 258 0.18 0 . 10 0.01 0.48 
ECHA CV OF MEAN CH L-A EST IMA TE 258 0.28 0. 12 0.0 1 0.50 
ENTL CV OF ME AN TOTAL N ESTIMAT E 258 0.15 0.08 0 . 0 1 0.37 

_ _ E?EC CV OF ~EAN 5ECCHI ES TIMATE 258 0.18 0.10 0.00 0. 49 

--- ~ --- - .- ---------- --- -------------- - -- --- POOL DATA SCREEN COOE=6 --- - - - --------- -- ---- - ------ ---- ------ -- ---

CP TL TOTAL PHOSPHORUS (MG / M3) 267 65.82 
CPO T ORTHO PHOSPHORU5 (MG/ M3) 225 22.36 
CPOS OI SSDLVED PHOSPHORUS (MG/L) 44 29. 70 
CNTl TOT ALNI TROGE N (MG/M3) 23. 1056.95 
CNIN INORGANIC NITROG EN (MG/M 3) 260 546.32 
CC HA CHlORO PHYLL - A (MG/M3) 230 12 . 28 
CCFU UNCORRECTED CHLOROP HY LL-A (MG / M3 ) 40 8.85 
CC HAMX MAXIMUM CHL ORO PHYLL - A (MG/M3) 230 20. 0 1 
CSEC SECCHI DEPTH (M) 267 1 .45 
NPTL NUMBER OF TOTA·L P SAMPLING DATES 267 2.81 
NCHA NUMBER OF CHL -A SA MPLING DATES 267 2.61 
Nr:JTL NUMBER OF TOT AL N SAMPLING OATES 267 2 . 37 
NSEC NUMBER OF SECCHI SAMPLING OATE S 267 2.78 
EPTL CV OF ME AN TOTAL P ES TIMATE 267 0.25 
ECHA CV OF MEAN CHL-A ESTIMATE 267 0 .36 
ENTL CV OF MEAN TOTAL N ESTIMATE 234 0. 16 
ESEC CV OF MEAN SECCHI ESTIMATE 267 0.21 

------------
--------_ .. _-------_._---------------­. ----- - '- ' - -, -. ----., -- -". - -.. ' . -- . 

DI S RES STA TY PE YEAR ("0 .,. , --------~ 

._------
QUALITY SUMMARY By STA TION _YEAR 

------ - - -- POO C-OAfA-:SCREF N ("~~~ 

WATE R 

70.93 6-.-33 469.52 
28.98 0.00 196.13 
31.74 3 . 94 129.07 

11 90 .19 114. ·99 9307. f4 
984.31 20. 00 74 3 4 . 28 

13 . 43 0.63 92 . 70 
8 . 92 1. 60 45.49 

24.37 1. 24 181.00 
1. 16 0. 14 7.08 
1. 80 2.00 18. 00 
0.96 2. 00 7.00 
1. 72 0. 00 14 . 00 
1. 17 2. 00 7.00 
0 . 18 0.00 0.85 
0 . 22 0.00 0.97 
0.13 0.00 0.74 
0.17 0.00 0.9 3 

--_._----. 
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CV OF MEAN SECCHI ESTIMATE 267 0.:£1 

WATER QUALITY SUMMARY BY STATION-YEAR 

------------- - -- .- - - - -----------.---------- ---- POOL DATA SCREEN COOE=A ------- --- - -- - - ------ - -- --.---------- ----- - --

DIS RES STA TYPE YEAR CPTL _CPO_T CP()~g.NTL CNIN CCHA CCFU CCHAMX CSEC NPTL NCHA NNT~SC EPTL ECHA ENTL ESEC 

03 307 305 0 73 12 6 941 650 5.4 8.4 3.56 3 3 3 3 0.03 0.30 0.14 0. 12 
03 307 306 M 73 10 4 972 636 5. 0 6.2 3.66 3 3 3 3 0.05 0.16 0.11 0.13 
03 307 307 U 73 10 5 909 694 4.2 5.7 3 .27 3 3 3 3 0.070.18 0.16 0.12 
04 312 311 D 73 50 28 1525 1045 6.5 8.3 1 .5 4 3 3 3 3 0.16 0.140.040.31 
06 372 022 D 73 26 7 474 190 7.6 14.2 1. 82 3 3 3 3 0.390.44 0.04 0.29 
06 372 323 M 73 28 7 648 120 14.7 23.2 1. 32 3 3 3 3 0.08 0.36 0.24 0.19 
06 372 324 M 73 36 9 611 205 5.5 7.0 1 . 42 3 3 3 3 0.38 0.15 0.16 0.29 
06 372 326 U 73 97 36 959 317 8 . 3 11.9 0.44 3 3 3 3 0.14 0.35 0.20 0.10 

--'OG-:i'72 3"27-'U 73 63 10 693 287 4 .3 5.3 0.44 3 3 3 3 0.17 0.13 0.10 0.31 
10 001 011 U 77 100 27 457 252 5.8 0.73 4 4 4 4 0.26 0.07 0.30 0.03 
10 001 0 15 M 77 150 22 475 250 8 .3 0 . 81 4 4 4 4 0.17 0.35 0.24 0.09 
10 00 1 0 16 D 77 165 30 400 328 6.4 0.80 4 4 4 4 0.14 0.14 0.130.05 
10 003 311 D 73 22 7 1043 803 2.7 3 . 7 1. 22 3 3 3 3 0.450.330.04 0.31 
10 004 018 M 77 195 47 495 197 6 . 0 0~.2 4 4 4 4 0.38 0.14 0.07 0.12 

---Io-ooe oo-]t)--77277 17 470 258 6.7 0.90 4 4 4 4 O.36-~1a-o.22 0~5 
10 008 016 0 77 130 22 510 218 16 . 9 0.72 4 4 4 3 0.350.38 0.31 0.07 
10 008 017 D 77 132 32 552 293 11.5 0.68 4 4 4 3 0.260.24 0.30 0.09 

---100080 18 D 77 170 15 531 268 12.0 0.68 " 3 4 3 0.17 0.29 b.27 0.06 
10 072 005 D 78 31 4 580 136 10. 1 18 .0 1 . 10 5 5 3 5 0.430.35 0.11 0.19 
10 072 006 D 78 57 4 413 294 11 .6 21.0 1. 13 5 5 3 5 0.46 0.33 0.37 0.09 
10 072 007 M 78 52 5 457 146 10. 4 21.0 0.65 5 5 3 5 0.17 0.33 0.33 0.40 
10 072 009 M 78 78 5 437 180 15 .3 33.0 0.93 5 5 3 5 0.26 0.41 0.14 0.18 
10 072 0 \ 0 M 78 72 6 663 224 14.8 25.0 0.78 5 5 3 5 0.31 0.27 0.18 0.13 
10-0-'73 118 M 75 44 25 520-3-45 9.9 16.4 0.50 16 5 13 4 O. 13 0.2~ 0.04 0.15 
10 073 121 M 75 68 32 595 377 17 .2 32.4 0.46 13 5 10 4 0 . 100.3 1 0.090.19 
10 073 12 4 M 75 74 33 7 25 442 11.5 29.5 0.46 21 6 13 5 0.07 0 . 330.08 0.21 
~4-fl 314 M 73 26 6 1907 130 7 4.9 7.2 1. 35 3 3 3 3 0.230.240.140.17 
10 411 316 U 73 39 12 945 569 2 .8 3.6 0.76 3 3 3 3 0.15 0.30 0 . 02 0 . 20 
15 178 005 M 77 23 7 650 253 4 . 8 6.1 2.87 3 3 3 3 0.290.160 . 13 0 . 05 
15 237 305 D 74 270 221 16 11 5 52 12.9 17.1 0.96 3 3 3 3 0.06 0.29 0.30 0 . 29 
15 237 306 M 74 273 170 1795 300 45.2 61.4 0.59 3 3 3 3 0.140.210.110 . 28 
15 23 7 307 " 74 293 163 2184 21663.9 78.3 0.61 3 3 3 3 0.26 0 . 12 0 . 20 0 . 25 
16 243 309 0 73 34 5 11 22 561 8.3 13.2 1.04 3 3 3 3 0 , 11 0.300.26 0 . 11 
16 243 310 M 73 33 5 117 7 5 35 11.0 14.7 0.89 3 3 3 3 0.13 0.24 0.19 0 . 07 
16 243 313 U 73 7 1 8 1683 574 26 . 3 52.5 0.77 3 3 3 3 0.39 0.500 .. 27 0 . 17 
16 254 305 M 73 77 9 13i4~74·3.6 62.1 0.83 3 3 3 3 0.27 0.2 1 0 : 18 0. 13 
16 254 306 D 73 49 4 1064 162 28. 8 40.2 0.93 3 3 3 3 0. 26 0.20 0.11 0.06 
16 317 319 M 73 77 10 1106 239 3 5.6 57.5 0.75 3 3 3 3 0 . 270.36 0.14 0.11 
16 317 320 0 73 45 7 992 378 15 .3 22.3 1.01 3 3 3 3 0 .240 . 240.08 0.11 
16 317 321 M 73 58 7 1028 280 29.6 55.3 1. 02 3 3 3 3 0.070 . 440 ' .'00.10 
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\ WATER QUALITY SUMMARY BY STATION-YEAR 

----------------------------------------------- POOL DAtA sc~EEN CbOE-A --------------------------------------------- . 

DIS RES STA TYPE YEAR CPTL CPOT CPOS CNTL ~~IN CCHA CCFU CCHAMX eSEe NPTL NCHA NNTL N ~)EC EPTL ECHA ENTL ESEe 

16 328337 D 73 18 6 899 406 2.7 3.6 2 .69 3 3 3 3 0.160.310.11 0.39 
16 328338 M 73 13 5 757 373 2.7 4.6 2.66 3 3 3 3 0.200.460.070.28 

- ---;'''S"3Z'S33SU- --7-3- -3-j 9 646 31'S 4.0 5.8 O.S·S 3 3 3 3 0.44 O~39 0.100.23 
16 328 340 M 73 19 5 636 365 5.5 7.7 2.51 3 3 3 3 0.230.24 0.15 0.30 

___ 16 393 3\2 0 73 6 6 659 404 1.4 2.0 2.79 3 3 3 3 0.09 0.23 0.100.34 
16 393 3 13 M 73 5 4 644 394 1.0 .6 2.96 3 3 3 3 0.050.310.220.16 
16 393314 U 73 6 5 550 370 1.1 1.6 3.49 3 3 3 3 0.060.290.080.05 
17 241 306 M 73 25 5 719 442 9.5 10.3 1.35 3 3 3 3 0.150 .070.330,12 

----017 2~r1367 M 73 30 6 8"99 4369.8 13.41.173 3 3 3 O.300.180.2·~3~OC..-;'~6~---
17 241 308 U 73 32 4 911 350 10 .6 20 . 4 0.88 3 3 3 3 0.240.47 0.11 0.16 
17 241 309 U 73 78 7 1249 46335.9 61.8 0.46 3 3 3 3 0.180.460.180.28 
17 2 42 3"12 0 73 167 20 2887 2072 10.9 19.4 0.28 3 3 3 3 0.350.41 0.090.14 
17 245 306 U 73 159 15 2091 623 83.4 91.2 0.36 3 3 3 3 0.34 0.07 0.02 0.14 
17 245 307 M 73 104 12 1611 53055 . 2 75.9 0 . 57 3 3 3 3 0.29 0 . 19 0.10 0.19 
17 245 308 0 73 118 9 1593 35662.8 85.5 0.41 3 3 3 3 0.290.200.090.25 
17 247 306 0 73 67 27 32602588 9.7 14.4 0.87 3 3 3 3 0.260.290.240.26 
17 247307 M 73 74 22 33232691 11.5 14.2 0.85 3 3 3 3 0.31 0.160.250.28 
17 248309 0 73 79 24 305-32'237 7.9 14.9 0.52 3 3 3 3 0.08 0.44 0.1C;9~O".-;O"9;----
17 248 310 M 73 99 28 28902015 11.4 16 .8 0.40 3 3 3 3 0.04 0.26 0.19 0.13 
17 248 31 1 U 73 130 50 3375 2073 13.3 15.6 0.30 3 3 3 3 0.17 0.14 0.18 0.22 

----o'~7 249 311 0 73 125 25 2814 143620.2 25.9 0.59 3 3 3 3 0.040.160.120.08 
17 249 312 M 73 219 43 3273 1548 42.5 60.3 0.44 3 3 3 3 0.100.35 0 . 160.20 
17 256 309 M 73 47 11 979 46524 . 2 32.3 0 . 92 3 3 3 3 0.200 . 200 .' 11 0.06 

- - --;17 2563100 73 34 9 92149521.5 41 .71. 273 3 3 3 0.230.470.130.08 
17 258 305 0 73 40 9 1018 269 30.5 35.9 0.98 3 3 3 3 0.24 0.09 0.05 0.01 
17 258 306 M 73 43 7 979 257 27.4 35.2 0.99 3 3 3 3 0.28 0.16 0.03 0 . 12 
17 258 307 U 73 75 10 1159 20355.2 97.0 0.61 3 3 3 3 6.380.400.150.25 
17 373 30B 0 73 11 5 485 209 4 .8 B.3 2.85 3 3 3 3 O. t 7 0.36 0.13 0.34 
17 391 313 U 73 15 5 715 556 3.1 4.9 2.83 3 3 3 3 0.140.440.21 0.37 

- ---1a-0-90502 0 75 55 lB 2550 1822 3.5 1.14 G 3 6 6 0.20 0.43 0.07 0.19'- ---
18 090 502 0 77 2B 12 2792 1722 12.3 0.94 6 3 6 6 0.050.370.22 0.22 
18 091 502 0 75 118 43 60755064 12.6 0.44 6 4 6 6 0.220.29 0.240 . 21 

- -c---;,C;S;-092316 U 73 173 51 2901 187928.4 46.7 0.36 3 3 3 3 0.09 0.42 0.04 0.15 
18 092 317 M 73 75 33 3019 23 41 B.6 10.1 0.73 3 3 3 3 0.300.09 0.16 0.08 

_____ --o'~S~~09 2 31B 0 73 64 25 3288 2614 10 .3 14.2 0.94 3 3 3 3 0.34 0.27 0.14 0.04 
18 093312 0 73 16 8 709 233 9.5 17.2 2.51 3 3 3 3 0.110 . 430 .070.09 
lB 0933-13 M 73 216 5952076.9 11.42.4033330.140.350.100.13 
18 093 314 M 73 23 8 65B 232 7 . 1 10 . 0 1 .78 3 3 3 3 0.200.290.090.22 
18 093 315 U 73 37 6 680 187 7.0 10.6 0.97 3 3 3 3 0.22 0.28 0.17 0.29 
18 093 S02 0 77 20 10 492 217 5.0 1.89 6 4 6 5 0.40 0.150.140.06 

------------------ - ---~---------~-------------- PUOL DATA SCREEN COOE=A 
-------------- ------------- ---------- --
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WATER QUALITY SUMMARY BY STATION - YE AR 

J o~ __ ~c-~ ;r--3 3 0 . 220. 28 O. lf U.-' " 

4 6 5 0.40 0 . 15 0.14 0.06 

---------------------------- --. - ----- --- -.---- - POO L DATA SCREEN COOE:A ---------------------------- - - - -- -- --------. 

DIS RE S STA TYP E YEAR CP T ~, .. 0:9T CPOS CNT l CNJN CCHA CCFU CCHAMX CSEC NPTl N~HA NNTl NS EC EPTl Eq,HA ENTL ESEC 

18 095 502 0 77 27 14 2367 1555 9.4 1.04 6 4 6 6 0. 15 0.270.11 0.13 
18 09 7 502 0 77 16 10 14 17 778 8 . 2 1.17 6 4 6 6 0. 100. 21 0. 19 0.12 

---180"97-503 M 77 26 {015S'O 'S4'0 14 .9 0.97 5 4 5 6 0.070.230.200.07 
18 1203 13 0 73 19 7 753 378 4 .9 9.2 1 .83 3 3 3 3 0.160 . 44 0. 21 0. 10 
18 120314 M 73 24 5 640 354 5 . 6 9 . 8 1 .66 3 3 3 3 0.19 0.310.30 0 .16 
~::f0315 ·M 73 24 5 683 277 6·.8 10. 1 1.4'3 3 3 3 3 0.02 0.260.290 .1"4---
18 120316 M 73 25 7 901 357 7.2 10.4 1.35 3 3 3 3 0.01 0.22 0.2t 0.18 
18 1203 17 M 73 35 8 704 330 10. 8 10 . 9 1 .02 3 3 3 3 0 . 080.01 0. 300. 15 

----018 120320 M 73 30· 6 6 '16303 8 . 4 9 .8 1.23 3 3 3 3 0.09 -6 . 10 0.34~0~.-o' ''4'----
18 120321 M 73 25 6 579 24 4 7.5 8.5 1.2 7 3 3 3 3 0 .040.070.31 0.05 
18 120322 M 73 27 5 594 290 7 .4 10.6 1.18 3 3 3 3 0 . 06 0.30 0. 32 O . lf 

---~18 120 323 M 73 44 5 6 78 330 10.5 12.9 0.6 8 3 3 3 3 0.22 0. 13 0.31 0 . 25 
18120 502 D 77 15 It 600 462 5.1 1.785 3 5 6 0. 150.060.280. 15 
19 121502 0 77 19 11 470 239 2.8 1.45 5 3 5 4 0.340.070.130. 42 

--- -;-,8 126502 0 77 25 '·5 543 330 2.7 1.64 7 6 7 4 0.25 0.2 1 0.1 50.36---
18 128502 0 77 18 10 683 485 5.6 1 . 68 6 5 6 6 0.27 0 .1 40 . 270.1 0 
18 129 502 D 77 17 14 64 2 448 3.7 1.72 6 4 6 6 0.150.14 0.260 .12 
18 260505 M 77 234 79 1705 678 27.5 0 . 3'3 7' 4 7 6 0.17 0.14 0. 11Q.O~8~--
18 263 502 0 77 28 11 14 7 1 70 9 9.5 1.07 7 4 7 6 0.210.430.060 . 16 
18 263 504 M 77 50 12 168 1 808 15 . 2 . 0.61 7 3 7 6 0 . 160. 36 0. 100.21 

-----'9--1·193'24 0 73 103 40 i4"e-4-f9" 16 .3 2Y-:-30~81 3 3 3 3 0.04---0:-406-:-"1""6 0'-:. 0~7';---
'9 122325 0 73 11 7 435 206 4 .2 7 . 5 2.34 3 3 3 3 0 . 14 0.440.200.12 
19 122326 M 73 11 8 55 1 198 4 .5 8.0 1.98 3 3 3 3 0.160.410.070.29 

-----:''''9· 122 32"1 M 73 12 6 5 16 197 4 . 3 7 .9 2.01 3 3 3 3 O. f8-6~43o.-11-o-:-·i8---
19 122328 M 73 13 7 454 195 3 .9 7.6 1.57 3 3 3 3 0.25 0.490 .050.2 5 
19 122330 U 73 18 8 429 188 3 . 3 6 . 4 1.51 3 3 3 3 0.20 0.48 0. 140.31 

----~122 331 U 73 30 10 500 227 2.4 3.6 0. ·S6 3 3 3 3 0.46- 6:-290.030.4"8;---
19 338322 a 73 14 6 84 799 467 7.3 11.5 0 .72 3 3 3 3 0.230.290.030.09 
19 340 3 15 0 73 26 8 4 3 1 97 6 . 8 10 . 4 2.32 3 3 3 3 0.09 0.28 0. 130 .07 

---+'9~ 3403 ' 6 M 73 29 \0 "·60 93 7 .5 '~~27 3 3 3 :3 o. 12 0 :-3g-o.-'i50-.-0:C9~--
19 340317 M 73 34 13 602 106 8. 6 13.5 2. 08 3 3 3 3 0 . 060.280.30 0. 19 

___ -;':.;9:--*3403 18 M 73 58 21 648 129 11 .8 13. 6 1.29 3 3 3 3 0 . 080.120. 21 0 . 16 
19 340 319 U- 73 77 29 706 153 15.1 22.7 0.90 3 3 3 3 0. ' 100.25 0. 14 0.0"2;---
' 9 3 40504 M 76 60 23 300 '50 20.2 0 . 79 3 3 3 3 o. '9 0.14 0. 19 0. 08 
t 9 3 40504 M 78 106 17 750 375 16.4 0.63 4 4 4 4 0.27 0.310 . 210.09 
19 340505 U 75 70 27 800 175 26.2 0.63 4 3 4 ·f 0.32 0.030.170.04 
19 340505 U 76 53 16 467 243 24.7 0.87 3 4 3 4 0.080 . 120. 07 0.15 
19 340505 U 78 8 4 21 950 426 22.4 0.56 6 7 6 5 0.130 . 180 . 260 . 13 
19 340506 U 75 83 22 900 150 25.2 0.6 3 3 3 3 3 O. 13 6~06 0.28 0.02 
19 340506 U 76 139 92 8 7 5 600 26.3 0.86 4 4 4 4 0 . 20 0.3 6 0.~2 0.20 
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\ WATER QUALITY SUMMAR V BY STAT ION-Y EAR 

-------------- -- ------------- --------- --------- POOL OArA SC REEN COO E=A --------------------------------- - ----------

DIS RE S STA TYPE YEAR CPT L CPOT CPOS CNTl CNIN CCHA CC FU CCHAMX eSEC NPTL NCHA NNTL NSEC EPTL ECHA [NTL ESEC 

19 3 40 506 U 78 17 4 155 11 60 800 22.8 0.77 4 5 5 -4 0 . 250.210. 19 0.09 
19 3 40507 U 75 38 10 533 150 2 1 .2 0.83 3 3 3 3 0. 12 0050 . 060.08 
',9 340507 U 76 45 20 425 1i5 31.2 0.84 4 4 4 3 0 . 080 . 2 7 0.22 0.16 
19 340507 U 78 90 38 700 4 32 16.B 0.72 5 6 5 4 0.17 0. 16 0. 12 0 . 08 
19 340508 M 75 27 15 600 ISO 18.3 1.10 -4 3 4 3 0. 410 .190.070 .06 
19340508 M 7 6 27 10 4'00 150 14 . 4 1.105 5 5 5 0. 190.090.110. 05 
19 340508 M 78 46 16 600 207 21.3 0 .88 6 6 6 4 0.200.240.120.15 
19 . 340509 M 76 45 15 350 175 11.8 1.01 -4 -4 -4 -4 0 .200.200.180.10 

---"'"I "'9~"'34~'0 51 0 " - - 75--'7 '0 433 150 12.7 1.22 3 3 3 3 0.40o.1i"3(5"'OB 0.00 
193405 10 M 76 24 10 325150 10 .2 1 .7 14 -4 -4 -4 0.260.190.190.32 
19 342 3 19 0 73 69 23 578 270 16.3 24.0 0.84 3 3 3 3 0.22 0.28 0.18 0.16 

--- - ,-9 342 321 M 73 55 15 6'10 2 4 9 6.6 8.4 0.-i9 3 3 3 3 0.040.130.220.21 
19 342 323 U 73 54 19 574 348 3.6 5.7 0.73 3 3 3 3 0.10 0.30 0.09 0.16 
19 343312 0 73 11 7 41 0 150 1.8 3 .3 6 . 40 3 3 3 3 0.200.420.190.36 

---'9 3 4 3 313 M 73 8 6 392 205 1.5 2.5 6.97 3 3 3 3 0.'90.370.160.17 
19 343 314 M 73 9 7 441 22 4 1.4 2.6 4.98 3 3 3 3 0.150.41 0.160. 24 
19 34331 6 U 73 9 5 49 2 179 4.7 7.7 2.96 3 3 3 3 0. 260.450.25 0 . 27 

----;';-;9<--0;3·43 317 U 73 12 5 414 199 7.9 13.2 1.41 3 3 3 3 0.180. 400.04 0.13 
20 081 3'2 M 73 10 1 31 2322 '3 16 27.9 38.8 0.47 3 3 3 3 0.07 0.27 0.1' 0.16 

__ __ -420 081 313 M 73 79 33 2009 1372 12.6 17 .8 0.47 3 3 3 3 0.0 1 0.21 0.03 0 . 04 
20 081314 D i3 7 3 29 1942 1276 11.6 15. '0 0 .74 3 3 3 3 0.080 . 160.070 . '0 
20 087 313 D 73 41 13 45 253904 '1.5 19.7 1.27 3 3 3 3 0 . 300.360.260 .33 
20 087 315 M 73 50 19 44753867 19 .0 27.7 0 . 96 3 3 3 3 0.310 . 280 .2 9 0 . 39 

---~20 087 316 M 73 71 36 43833795 IS.B 2-2-.6 1. 00 3 3 3 3 0 . 290 . 220 . 27 0 ."'3'"',<---
20 087 317 U 73 112 61 389532002 4 .2 39.5 0.78 3 3 3 3 0.360 . 390 . 230 . 41 
20 OB7318 U 73 9 7 52 42093435 11.2 18 . 8 0 . 67 3 3 3 3 0 .32 0 . 41 0 . 230.42 

----~08831"'0--D-·-- 73 44 14 1236 3 12 11 . 1 14-:-30.97 3 3 3 3 0~12·0. 17 0 . 20 0."0"'7;-- -
20 088 3 1 1 M 73 68 21 1209 24026.4 3 5.2 0. 5 9 3 3 3 3 0.06 0.3 1 0.23 0. 19 
20 088 3 12 U 73 85 12 1213 208 32 . 0 5 1.4 0 . 62 3 3 3 3 0.080 . 310.20 0. 13 

--~2~0 0883 13 U 7 3 88--'0 '1!i6--18S- 24. 6 2 7. 2 0.71 3 3 3 3 0.060.060 . 17 0 . 07 
21 196308 0 74 3 1 5 357 103 12.3 14 . 4 1.22 3 3 3 3 0.03 0.10 0.05 0.27 
2 1 196309 M 74 36 6 375 97 10 . 2 12 . 8 0 . 99 3 3 3 3 0 . 05 0 . 17 0.07 0 . 27 

---';2'-:1 196 3~U 7 4 37 4 401 93 7. 6 9 . 9 1. 0 1 3 3 3 3--0- . 050. 300 .060.4 1 
21 196 3 11 U 74 3 4 4 409 143 8.5 13. 1 0.88 3 3 3 3 0.2 1 0 . 320.050.24 
24 0113 12 0 7 4 II 4 351 137 2.7 3. 5 4 . 19 4 4 4 4 0.070 . 15 0.070.17 
24 0 1 1313 M 74 12 4 403156 2.6 3. 4 3.10 4 4 4 4 0.130 . 140.220.22 
24 011 314 M 74 22 6 559 250 3.6 6.5 2 .27 4 4 4 4 0 .25 0 . 32 0.190.21 
24 011 315 M 74 28 7 616 297 3 . 7 G.O 1.53 4 4 4 4 0. 13 0.22 0.11 0.28 
24 0 11--316 U 7 4 52 10 652 2~5.5 7.6 1.02 4 4 4 4 0.220.240.130.33 
24 0 11 317 U 74 59 17 702 315 5.3 12.4 0.74 4 4 4 4 0.110.440.040.21 

WATER QUA LIT Y SUMMARY BY STATION-YEAR 

- -- ------ ---------- --------------- -- ----------- POOL DATA SCREEN CODEcA . -------------------------------- - _ _ ____ __ __ _ 
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24 011 315 M 74 28 
24 011 316 U 74 52 
24 0" 317 U 74 59 

7 b'b ~~ f 
10 652 283 5.5 7 .6 1 . 02 .4 .4 4 .; 
17 702 315 5.3 12 . 4 0 . 74 4 4 4 .4 

WATER QUALITY SUMMA RY BY STATION-YEAR 

0.22 0.24 O. 1~ U.~~ 
0. 11 0.44 0.04 0.21 

--------- -------- ----------- - - - -------------- -- POOL DATA SCREEN CODE=A - -------------------------- - - ---- -- - - -- - - - ---

______ ~DI S RE S STA TYPE YEA~ CPTL CPOT CPD S CNTL CNI N CCHA CCFU CCHAMX eS EC NPTL NCHA NNTL NSEC EPTL [CHA [NTL ESEC 

24 0 13 321 0 74 13 5 556 194 2.3 3 . 4 4.77 4 4 4 4 0.180.200.080 . 20 
24 0 13 322 M 74 14 4 533 176 2 . 8 3. 4 4.55 4 4 4 4 0.24 0.13 0. 13 0. 15 

------~2 4 013 323 M 74 13 3 440 180 2 . 3 3.2 4.41 4 4 4 4 0.130.180.260. 1"7-----
24 013 324 U 74 16 4 512 169 2 . 6 3.3 4.07 4 4 4 4 0.14 0. 15 0. 130. 15 
24 013325 M 74 14 3 526 198 3 . 2 . 5.0 4.31 4 4 4 4 0.120 . 260. 160 . 18 

------024--013"3.26 M 74 15 4 502 208 5 . 4·- ----- 1(5.6 4.09 4 4 4 4 0.120.340.240.2'(-, ------
24 0 13 327 M 74 16 4 549 220 6 . 3 12.7 3.19 4 4 4 4 0.080 .34 0.20 0 . 14 

_ ____ ~24 0 13 328 U 74 25 6 602 221 7 . 0 10.0 2.31 4 4 4 4 0.13 0. 16 0.29 0~.-;',,6-----
24 0 16310 M 74 '-1 5 389 64 2 . 5 2 . 9 4.67 3 3 3 3 0.1 1 0. 11 0.120 . 17 
24 0 16311 M 74 11 3 285 73 3.4 5.2 3.86 3 3 3 3 0.060.290.15 0.09 
2 4 0 16312 U 74 14 4 280 63 4 . 5 5.3 3 . 35 3 3 3 3 0. 170. 13 0 . 03 0.09 

------02"'4016313 U 74 i6 3 366 736.7 8.41.933 3 3 3 0. 11 0 .14 0. 13 0. 14 
24 022 318 0 74 15 8 504 2 12 2.2 3.6 4 . 65 4 4 4 4 0. 100. 320 . 19 0.16 
24 022 319 U 74 14 5 39 1 170 2.3 2.9 4 .2 7 4 4 4 4 0.22 0 . 15 0.090 .11 

---"2'40':2"2 320 M 74 15'5 421 200 2. 1 3:6 4.43 4 4 4 4 0.200 . 310.17 0.2 2 
24 02232 1 M 7 4 15 5 545 219 2.7 3 . 9 3 . 8 1 4 4 4 4 0. 180. 230.220 .19 

_ __ -;24 0 22 323 M 74 16 4 4 4 8 224 3.5 5. 1 2.53 4 4 4 -4 0 . 08 0 . 17 0.23 0.26 
24 022324 U 74 23 6 4 9 5 213 4.8 7.7 1. 97 4 4 4 4 0.17 0.33 0.210.23'----
24 193307 0 74 15 4 321 145 4.8 6.6 1. 50 3 3 3 3 0.080.200.180.37 
24 193 308 U 7<1 14 4 377 159.2 2 .2 1.68 3 3 3 3 0 . 15 0 . 48 0.17 0.3 4 

- ----i 4- l9j-30--g---M 74 27 4 3 12-150 4.7 6.1 1. 02 3 3 3 3 0.22 0.23 0.22 0 ".4~1------
2 4 200 317 0 74 18 6 688 224 12.3 22.6 2.31 4 4 4 4 0 . 20 0.30 0.120. 13 
24 200318 U 74 20 5 608 219 13.3 30.9 1.91 4 4 4 4 0. 130 . 4 6 0.06 0 . 10 

- --' 24':1'0031-9- " 74 23 7 548 246 6.5 9.5 2.60 4 4 4 4 0.2 '10 . 230 . 21 0'"'.' 1C>9;---
24 200320 M 74 17 6 485 180 4.4 6.6 2.82 4 .4 4 4 0 .070 . 200.060. 17 
2 4 200 321 M 74 17 4 41 3 133 4.0 6.0 3.06 4 4 4 4 0 . 120 .2 7 0 . 150.12 

-------024 206'''322 U 74 2 1 5 478 192 6.3 15.2 2.23 4 4 4 4 0. 110 . 47 0 .1 00. 15 
24 200323 M 74 28 4 411 13911.9 28.9 1.97 4 4 4 4 0. 19 0 . 480 .250 . 08 
24 200 324 M 74 3 1 12 747 401 7.3 9.3 2.46 4 4 4 4 0 . 320 . 210.350 . 19 

----7.i4 2003:2s--U---74 --90 44 13 4 6 872 15.7 26.8 1.02 4 4 4 4 0. 11 0 . 27 0 . 20;c-;0'"'."0"'5'------
25 105 312 0 74 125 7 4 1712 1220 8.2 16.1 0. 16 3 3 3 3 0.100.50 0 . 09 0.42 
25 107308 M 74 7 1 12 1 19 1 595 14 .7 24.0 0.32 3 3 3 3 0.17 0.45 0 . 30 0 . 21 

----2"5267315-b 74 49 2 7 74 2 3 46 2.6 4.2 0. 74 4 4 4 4 0.'1 1 0.2 1 0.02 0.17 
25 267 316 M 74 53 25 7 15 346 3.0 4.7 0.58 4 4 4 4 0.10 0.23 0. 12 0. 14 
25 267 317 M 74 4 2 12 70 5 2 45 4 .4 7.5 0.65 4 4 4 4 0.120.260.060.14 

-----25-267 3 18 M 74 106 31 8~ 1 450 1 .8 2. '3 0.29 5 4 5 5 0.130.14 0.05 0~.0""6:;------
25 2673 19 U 74 129 36 898 422 2 . 2 4.2 0.25 4 4 4 4 0.160.320.06 0.11 
2 5 267 32 1 M 74 83 46 862 424 3 . 9 5 . 2 0.43 4 4 4 4 0.07 0.23 0.01 0.20 

----'5267322 U 74 133 87 1096 505 7.3 13.6 0.42 4 4 4 4 0.120.330.08 0.22 
25 267323 U 7 4 86 29 100 1 425 3, 4 7.5 0.32 4 4 4 4 0.230.400.06 0.23 
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\ WATER QUALITY SUMMARY BY STATION-YEAR 

------- - ----- -- - -- --------------------- - ------- POOL DATA SCREEN CODE=A --------------------- - -------- - -------------

______ ~D~lS~RES $ TA TYPE YEAR CPTl CPOT CPOS CNTL CNIN CCHA CCFU CCHAM X CSEC NPTL NCHA NNTL N$ EC EPTL ECHA ENT L ES~E~C __ __ 

25 273 319 M 74 105 68 1109 564 9.1 18 . 4 0.63 4 4 4 4 0.150 .4 10 .09 0.23 
_____ :=?_~.~7..L].?9~ ___ 7~~6 82 1060 5,9~ 6 . 7 12.4 0.58 4 4 4 4 0.17 0 . 45 O. 12 O~. 2:c3:c-__ _ 

25 2 73 324 M 74 151 102 1362 797 2.8 6.B 0.37 4 4 4 4 0.14 0.4 8 0.03 0 . 28 
25 275312 0 74 61 34 946 568 1.6 3.0 0.51 4 4 4 4 0 .21 0.350.050 . 21 
25 275 3\3 M 74 57 26 833 555 4.0 B . 8 0.58 4 4 4 4 0.21 0.430.080.27 

----2'S-27 S-318 U 7~---'18 912 533 8.2 13 .8 0.6'3 3 3 3 3 0.190.49 0.1 2 0.27- --
25 275 3 19 M 74 70 24 930 54~ 4.8 7.2 0.44 3 3 3 3 0.360.46 0. 17 0.:29 
25 275 3:20 M 74 88 26 1014 563 5.0 7.4 0.41 3 3 3 3 0 . 390.46 0. 100.30 

----~25 27B 3 0 6 D 74 35 20 933-.-79 3.9 6.6 2.07 4 4 4 4 0.'50.39 0.'0 0:~.';:2::;6'----
25 278307 M 74 29 15 711 432 4.5 7.1 2 . 00 4 4 4 4 0.140.330 . 2 1 0.2 \ 
25 278308 M 74 32 14 736 448 7.1 14.4 1.64 4 4 4 4 0.13 0. 410. 200 .11 

------2;;- 2"78309 U 74 55 21 968 51ii 11 . 1 24.6 0.84 4' 4 4 4 6. 17 O ~46O"":1"40~5--
25 28 1 307 0 74 91 32 702 279 5 . 2 6.5 0. 56 3 3 3 3 0.18 0. 13 0.04 0.33 
25 2 81308 M 74 103 31 670 211 5 . 0 8.4 0 . 6 1 3 3 3 3 0.18 0.35 0.09 0 . 25 

-----025370 3030 74 22 10 5709211.5 18 . 71.243 3 3 30.120.390.060. 08-----
25 370306 M 74 2 5 10 566 105 12.3 lB .O 0.83 3 3 3 3 0.020 .350.190.25 

_ ____ ~26 354 3 17 D 74 62 18 654 328 7.8 15 .0 0.41 3 3 3 3 0.050 . 470 . 270 . 10 
26 354~3;8 M 74 69 22 698 324 5.5 8.1 0.40 3 3 3 3 0-.06-0---:-25 0-:27-----0:-24'---
26 354 3 19 M 74 63 21 613 315 7.3 9.1 0.36 3 3 3 3 0.04 0.130 . 3 1 0.15 
2 6 355 318 M 74 34 9 692 238 17.9 29.3 0 . 81 3 3 3 3 0.190.32 0 . 17 0 . 13 

- ----26 355320 M 74 70 29 ·80B 335 '9.9 32.9 0 . 61 3 3 3 3 0.25 0.330. 150.29--
26 355 322 U 74 246 59 9B6 43' 22.9 25.8 0.24 3 3 3 3 0. 380.08 0. ' 90 .34 
28 219 307 D 75 19 4 386 40 2 .6 3.9 1.'6 3 3 3 3 0.'30 . 290.090.03 

- --- 282--1'"930S- V 75 18 6 --368 52 3.0 5.0 1 ~38 3 3 3 3 b~-6~-~o 0.670":1--,---
28 219309 tv! 75 18 6 331 42 2.4 4 . 1 1.43 3 3 3 3 O. IS 0.35 0.200 . 05 
28 219310 M 75 26 6 290 44 5.1 e . 9 0.92 3 3 3 3 0.150.390.060 . 11 

- ----.,;29 1063i1-M- --74 88 7 119'7- 475 23.3 36.1 0.28 3 3 3 3 0 . 240 . 320.090.05 
29 108 314 M 74 64 27 1198 652 15.2 24.4 1.02 3 3 3 3 0 . 480.390.21 0.39 
29 10831 !:i M 74 72 30 1153 62016 . 5 25.7 0 . 68 3 3 3 3 0 . 410.310 . 190.1 8 

-----2S- 1"·08316M 74 176-- 41 ' .112 4tH 32.6 51.1 0.35 3 3 3 3 0.270.310.210.06 
291103150 74 43 2 3 146811084.1 5.10.693 3 3 30.180.150 . 100.09 
29 1 10 316 U 74 54 15 1:,14 7 898 7 . 8 13 .2 0.57 3 3 3 3 0.080 .350.030 .10 
29 110317 M 74 52 19 1644 1224 5.8 9.6 0.4 6 3 3 3 3 0 .090 . 410.160.19 
29 11 03 18 M 74 74 23 1603 1075 6 . 9 12.8 0.42 3 3 3 3 0 . 340.500.240.14 
29 ,,, 3 10 0 74 41 19 1558 1133 B . 2 13.8 0.53 3 3 3 3 0.160 . 39 0.08 0 . 08 

- -'-2-9--1' 1· 1 311 M 7 4 44 20 1444 1104 7.6 9.9 o . ·is 3 3 3 3 0.14 O.2!S-~40~O-5---
29 194 311 0 74 35 15 837 400 8.9 13 . 2 \.92 3 3 3 3 0.260.240.260.28 
29 194 312 M 74 44 15 871 394 7.9 11.9 1.53 3 3 3 3 0 . 320 . 260.170.30 

- - --29 194 313 U 7 4 49 11 978 43 9 8.2 14.2 0.92 3 3 3 3 0 . 030.420.130.33 
29 194 314 M 74 45 '3 732 325 5 . 8 6.6 1 . 17 3 3 3 3 0 . 29 0.110.310.34 

- - ------------.--------- -------------------------------------------------------------------------------------------------------------

WA TE R QUALITY SUMMARY BY STAT10N-YEAR 
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29 194 31:l M ,~ 
-'-" - -i91g4--j·13 -·U- - - ·i '.a 49 I i 

29 194 3\4 M 7 4 45 13 

------

978 4:J~ /j.L 

732 325 5.B 
6.6 1 . 173 

WATER QUALIT Y SUMMARY BY STATION-YEAR 

3 " 

------------------------------------------------ POOL DATA SCREEN CDDE~A ___________ · ________ __ _______ C· ___________ C"_,,_C"_--

___ =-o~r .s R~S STA TYPE YEAR CPTL C?q~ CNTL CNJ_~CHA CCFU CCHAMX CSEC NPTL NCHA NNTL NSEC .§.f'!.~_ EC~~NTL ESEC 

29 195315 0 74 17 6 891561 5.5 9.7 2.11 3 3 3 3 0.140. 390.160.15 
29 207310 0 74 107 5 7 1112317 20.5 22.1 0.87 3 3 3 3 0.130 . 060 . 210.38 

- ---i92073"1-'-·M 74 lOG 60 1056 36-' 14.9 25.7 0.66 3 :3 3 3 0-:-12- 0-:-,<1"2-0:-240.4"3--
30 064305 0 75 56 7 818 .117 12.3 14 .2 0.79 3 3 3 3 0.160.110 .070. 12 

___ .,,30 064 307 M 75 49 7 724 50 8 . 5 11.6 0 . 81 3 3 3 3 0.130.36 0 . 12 0.13 
30 235320 0 74 I'S 8 445-'43 1 . 4 " .7 4 .3 2 3 3 3 3 0 .f6·O~2· i""""Q:13-0~19--
30 235321 M 74 13 5 321 122 1.8 2.1 2.52 3 3 3 3 0 . 220.090.04 . 0 . 03 
30235322 M 74 11 5 325148 1.3 1.54.233 3 3 3 0.060.090 .060 . 12 

- ---0;3623'5323 M 74 17 8 334143 2.2 3.4 3.04 3 3 j 3 O.13 -0~O.04~ 
30 23 5 324 M 74 41 28 464 139 2.0 3 . 1 3.96 3 3 3 3 0.42 0.26 0.20 0.22 
31 077 311 0 75 15 9 248 51 3.9 6 . 7 2.08 3 3 3 3 0.180.360 .060.06 

- ----0;3 I 077 3'-2" M 75 13 10 260 62 2.7 4.4 2-.64- -·3· 3 3 3 O. 10 0.37 o. 15 ';:;0C'".""'*3--
3 1 077 313 M 75 12 6 255 54 2.7 3.5 2 . 42 3 3 3 3 0.19 0.20 0.14 0.14 
31 077 314 M 75 12 6 236 58 1.0. 1.3 2.88 '3 3 3 3 0. 140.21 0.07 0 . 23 

---3107'7- 315 M--75- -,i - - 'Y 238 58--1-=-8----3--'O~4-3---3-3---3______o:_:16-0~ 4(r-O.07 0~-;,Ci8c----
32 204 314 M 75 49 32 281 75 2.9 5.5 4.50 4 3 4 3 0.270.440.080.49 
32 204 315 D 75 30 23 253 52 3.8 5.3 5.93 3 3 3 3 0.150.28 0.130.31 
32 204 3" 6 M 75 50 42 304 70 2.4 3.1 2.65 3 3 3 3 0.340.170 . 140.36---

----------- - ------------------------- - ------ --- POOL DATA SCREEN CODE =6 ------- - ------ - -------- -. ----------------------

_ __ "O.IS RES STA TYPE YEAR CPTL CPOT CPOS C~I_L CN!N CCHA CCFU CCHAM~ CSEC NPTL NCHA NNTL NSEC EPTL .ECHA ~NTL .,E"S..,E"C'--__ 

02 176301 0 72 6 4 270 3.3 5.8 2.34 3 2 0 3 0.230.73 0.1 2 
02 176302 M 72 7 4 . 233 6.5 7.5 2 . 45 3 3 0 3 0,16 0.10 . 0.25 

----(f4 312312 M 73 142 ' 81 1924126629.6 76.2 ~6 3 3 3 3--O:SBO~7Sio: ·3i____0.2 ·4--
04 320005 M 74 58 17 1257 865 3.2 1.75 3 2 3 3 0.440.690.100 . 56 
04 320006 M 74 13 3 960 59 3 4 .4 2.59 3 3 3 3 0.250 . 49 0.18 0.27 
04 320 007 M 74 20 0 1017 647 2 . 3 4.58 2 3 3 3 0.00 0.57 0.20 0.19 
08 074 320 0 73 16 7 491 100 6.8 7.8 300 2 2 2 2 0.370.140.280.32 
08 074 321 M 73 15 6 461 '" 6.0 9. I 2.16 2 2 2 2 0.380.50 0.29 0.15 
08 074323 U 73 16 7 298 110 9.3 12.1 1.56 2 2 2 2 0 : 130.300.100.19 
08 074 324 U 73 2 1 5 423 102 8 .2 8.9 1.84 2 2 2 2 0 . 270090.230.01 
08 074 325 M 73 17 7 4'0 98 9.8 12.5 2.02 2 2 2 2 0.220 .280:04 0.06 

----oO~8 074326 U 73 29 6 48010-3 11.0 12.8 1 .73 2 2 2 ·--2--0~38o~160~60":"1-2---
08 074327 U 73 23 6 522 105 5.7 7.2 1.47 2 2 2 2 0.240.250.120.03 
08 074328 M 73 20 7 488 "0 7.6 8 . 7 1.7 3 2 2 2 2 0.070 .1 40.220.03 
08 074 329 U 73 33 5 601 220 5.7 6.6 0.88 2 2 2 2 0.200.15 0 . 140.04 
OS 074330 U 73 25 4 553 155 7.2 9.9 1 . 22 2 2 2 2 0 . 180.370'.170.25 
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\ WA TER QUALITY SUMMARY BY STA TION-YEA R 

------ - ------- - -- - -- ------- -- ------- -- ------- -- POOL DATA SCREEN CODE=B ------.-----------------------------------. " 

______ ~D~r~s~Rf~S STA TYPE YEAR CP T~ CPOT CPOS C~!L CNIN C~A CC~U CCH~MX CS~~ NPTL NCHA NNTL NSfC EPT~~CHA EN TL ESE C 

08 330340 D 73 7 3 385115 4 .4 4.7 7.01 2 2 2 2 0.13 0 . 060.250. 43 
_____ --->0,,8:--330341 U 73 9 3 381 77 10 . 9 15.0 2. 74 2 2 2 :2 0.050.380.020 . 33 

08 330 - 342M---- 73-----9 3 407 82 3.9 4-:s---3~-t-5--2---2----2----2---0:2~15 O.030~13---

08 330343 M 73 1 1 3 362 100 4.7 5.5 2.59 2 2 2 2 0.070 .17 0 . 19 0 .06 
06 330344 U 7 3 18 3 3 5111 3 7.7 9 . 0 1.40 2 2 2 2 0.060 .17 0 . 16 0 . 24 

------""08 33034S-U 73 15 4 4 2'5 104 2.8 2.9 1.04 2 2 2'-2---6':-2 9-0~02 0.04-0 :-46---
0833034 6 M 73 11 4 373 92 6.4 7 .71.93 2 2 2 2 0 .040.190 . 220.12 

______ ~08 330 34 7 M 73 9 4 453 85 5.6 6.0 2 . 65 2 2 2 2 0.04 0 .06 0 . 07 0.20 
08 336-3~M 73 10 7 4"i', lo'9 6 . 5 8.2 2.44 2 2 '2 2----0-. 11-·o~o:-o4Q."1 3----
08330349 M 73 13 4 346 109 6.8 7 . 52.16 2 2 2 2 0.1 30.100 .260. 12 
0 8 330 350 M 73 12 4 . 4 3 3 9 7 7.9 10 . 4 2.18 2 2 2 2 0. 030 . 320.100. 09 

------.;;08~36'-j51 U 73 13 4- ------ 322- T 12 12. 0 17. 5 2. 0 4 2 2 2 2 0.19 -0 ':'4'6 0.30 " )".- '"2- -
10 003 3 10 U 73 26 7 1262883 2.5 3 . 6 1.24 3 3 3 3 0.510.26 0.1 0 0.23 

______ ~10 0693 11 0 73 18 7 989 14 1 4.6 4 . 6 1 . 94 2 2 2 2 0.1 40. 00 0.45 0 . 07 
10 0693 12-;:,;·--73-----,7' 5 9 16 155 8.7 11. 2 1.60 :2 2 2 2 6:270 .280 . 120.14 
10 0693 13 U 73 18 4 727 124 8.1 10. 1 1.45 2 2 2 2 0 . 240.250 . 010.05 
10 0 6931 4 M 7 3 12 5 665 92 8.3 9.9 1 .9 2 2 2 2 2 0 . 080.190 . 0 80 .05 

--------;,·0 0693 15 U 73 27 5 - 630i68 8 . 8 13.5 1.22 2 2 2- T----0:2oo.-S40 .300.13-----
10 069 316 U 73 24 5 677 124 7 . 0 9.3 1 .52 2 2 2 2 O. I S 0.33 0 . 550.20 
10 071 3'1 U 7 3 40 8 . 814 307 10 . 4. 15.3 0 . 89 2:2 2 2 0. 360.470 . 0 30.14 

-------10- 071 .. 312 0 73 43---4- - --- ----i 30 262- 9-.6--- - ---16-:---2-------0:-79 2 2 2 2 0.3 'iO~60~O-~. ~'6O:----
10 071 313 M 73 40 9 773 455 6.' 7 . 2 0.91 2 2 2 2 0.43 0. 180.07 0.06 
10 071 3 14 tot 73 25 9 704 288 4 . 5 6 . 1 1.45 2 2 2 2 0.3 7 0 . 34 0.230 . 26 
10 071 3 15 U 7 3 44 20 1020 691 3.2 4 .5 1 .09 2 2 2 2 0.290.4 1 0.076-:-12- -
10 072321 0 73 30 6 667132 10.8 13.6 1 .50 2 2 2 2 0.2 20.250 . 0 1 0.14 

______ ~1 .0 072 32 2 tot 73 32 5 992 137 15.3 16 . 5 1.1 5 2 2 2 2 0 . 24 0.080 . 23 0 . 12 
10 0 72323 M 73 45 9 9 17291 8.7 12.4 0.9 4 2.2 2 2 0.4~f()-:-42-6 ~070~O-3--
10 072324 M 73 69 16 913 430 4.8 7.0 0 . 77 2 2 2 2 0. 32 0.440 . 17 O. OB 
10 073 11 3 M 75 39 24 477 210 12 . 0 39.1 0 . 69 18 5 14 4 0.14 0. 58 0 . 09 0.06 
10 073 131 M 75 107 46 756 507 1 1.3 4 2.0 0.40 16 6 12 5 0.0~!:r "0.5 5 0 . 100.20 
10 076 312 0 73 7 2 308 109 4.4 4 . 9 3.20 2 2 2 2 0.24 0.1 1 0.070. 05 

______ ~1 0~~076 313 U 73 9 4 606 113 3.4 3.6 2.92 2 2 2 2 0.130 . 04 0.53 0 . 04 
10 07·6-"'3~U--·i3 18 5 5661'i 3 4. 7 4 .-~·5 2:2 2 2 O. -34- 0:-000-:-160.0-b-----
10 07 6 3 15 M 73 16 2 452 127 4 .3 4 .7 3.12 2 2 2 2 0.370.08 0.170 . 02 
10 076 316 M 73 16 3 324 90 5.4 6.9 2.89 2 2 2 2 0 . 48 0.2 7 0.00 0 . 05 
10 076 3 17 M 73 9 3 320 96 5.0 5.6 2.95 2 ~ 2 2 0.20 0.1 2 0. 19 0.07 
10 0 76 318 U 73 44 14 723 173 10.8 12.2 2.13 2 2 2 2 0.07 0 . 13 0 . 0 4 0.29 
10 0 76 319 M 73 12 3 533 119 5.3 5.5 2.16 2 2 2 2 0 . 04 0.05 0 . 0 1 0.1 3 

------'0 076320 U 73 22 7 575 149 6 . 4 7.2 1 . 95 2 2 2 2 0.20 0. 130. 250.06 
10 076 321 M 73 13 4 514 127 5.2 5.7 2.44 2 2 2 2 0.06 0. 10 0.170 . 00 

WATE R QUA LITY SUMMARY BY STATI ON - YE AR 

----- -- ------------ - -------- onnl n6 T~ ~r.Q ~Fhl r.nnF= R ----- - ----- - - ------ --- ---- - -- ---------- -. - --
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WATER QUALITY SUMM ARY BY STATION-YE hR 

2 
2 

2 
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0.20 0 . 13 0.25-6.06 
0.06 0. 10 0.17 0.00 

- -- --- ---- -- - - - -------------------- --- - --- ---- - POOL DATA SCREEN COOE=B ------------------------------ - ------ -- -----

_____ ~L~ RES STA TYPE YEAR CPTl CPOT CPDS CNT l CNIN C~~~ CCFU ~~HAMX CSEC NPTL NCHA NNTL NSEC EPTL ECHA ENTL ESEC 

10 076322 M 73 15 2 628 149 7.7 8.8 2.162: 2 2 2 0.090 . 140.160.13 
10 076 323 U 7 3 20 3 586 121 13 . 1 17 . 9 2.08 2 2 2 2 0 .23 0.3 7 0. 07 0.02 

----------'-'0 411 3 '3 D 73 28 '5 '695 11 99 2.6 4 .6 1.62 3 3 3 3 0.S8 0.410.180"".""2"'8------
10 411 31 5 U 7 3 67 6 1089 59 5 5.8 7.2 1.07 3 3 3 3 0.57 0 . 120.07 0.14 
14 0 99 312 D 74 179 91 5828 5120 13.5 25.4 0 . 81 2 3 2 3 0. 02 0 . 51 0 . 58 0.45 

- - -ci·I4 09-9"313 M 74 187 104 61065537 14.3 17.50. 38 2 2 2 2 0. 110.22 0. 630.20 
15 178 005 M 76 23 5 13 140 8.6 9.6 2.75 3 3 0 3 0.18 0 . 06 0.05 
15 178 005 M 78 16 3 710 233 7 . 1 7.9 2.2 3 3 3 '3 '3 0 . 330.090.060 .20 

- - - -'5--, 78006 0 77 19 8 747 257 9.7 19.7 2.97 3 3 3 3 0.040.520.07 002 
15 178 305 M 72 22 13 114 15.0 19 . 1 2.58 3 3 0 '3 0 . 25 0.2 3 0 . 13 
15 f78306 M 72 21 12 110 11.4 16 .32.18 3 3 0 '3 0.160 . 30 0 . 06 

- -----0
,"5 '1783"07 0 72 2 1 14 1'22 1 1 .0 14 .0 2. 18 3' 3 0 3 O. 2 1 O. 14 O. oe------
15 179802 M 79 157 129 254 30. 5 54 . 3 1.58 4 3 0 3 0.300.39 0. 31 
15 179 803 M 79 272 97 10983.0 11 8.0 0. 69 4 3 0 4 0 . 310.40 0.41 

- - ---1 s--179·-a 04 M 7'9 186 108 5074.6 -99 .90.79 4 3 0 4 0.240.31 0. 15 
15 179 805 M 79 188 93 23 74.1 106.00.71 4 3 0 4 0 . 180.32 0. 19 
15 179 806 M 79 245 116 7872 .2 108 .30. 45 4 3 0 3 0.260 . 42 0 . 33 

--~-1813'09 M 72 22 17 124 5.9 7~ ·5""2.6 1 3 3 0 3 0.3 1 0.14 0.12 --
15 18 1 31 0 M 72 16 9 139 5.2 6 . 9 1.95 3 3 0 3 0. 01 0.21 0.13 
15 181 311 0 72 17 12 137 7.3 8.42.13 3 3 0 3 0.19 0. 11 0.08 

---"C'~5 181312 M 72 20 13 133-' 6. 5 8. 72. 06 3 3 0 2 0 . 240.21 0.1 1 
15 237 309 M 74 272 196 1366 112 43.4 57.60.84 2 2 2 2 0. 130. 330.11 0.09 
15 399 801 M 78 61 22 . 16 . 4 22 .8 1 .33 3 3 0 3 0 .090. 21 0.07 

---"C,c;5"'-3-99 8 0 1 M 79 119 66 854 18 .11 31.9 1.43 7 7 0 7 0.09 6. 18 0.12 
15 399802 U 78 49 20 20.6 28 . 9 1 .3 3 3 3 0 3 0.070 .2 4 0. 07 
16 243311 U 73 40 6 1273 605 9 . 7 11 . 70 . 99 2 :2 2 2 0.360 .200. 190.03 

------~,6 243 31 2 U 73 50 6 1468 604 16. 4 22.70.91 2 2 2 2 0.030.38 0. 19 0.00 
16 243 314 M 73 125 33 1842 991 15.8 15.90.56 2 2 2 2 0. 11 0.0 1 0.000 . 09 
16 328336 M 72 35 16 399 12.6 16 . 7 1. 30 3 3 0 3 0.330. 16 0.3 2 

---ci,7 2-47308 U 73 202 36 32872284 7.7 11.70.46 2 2 2 2 0.546.510.430.78 
17 249 313 U 73 2 16 76 3525 2 119 15.5 20 . 20.36 2 2 2 2 0.380 . 300.27 0 . 14 
17 373 309 M 73 7 5 471 140 5.4 7.03 .66 2 2 2 2 0.160 . 280. 02 0 . 00 

---17-373 310 U 73 14 4 589 203 a.6 16.40. 94 3 3 3 2 0 .. 09 0 . 46 6~'07 0.35 
17373311 M 73 11 4 5452423 .6 6.41.522 2 2 2 0.140.750.010.60 
17 389328 0 73 65 17 1416115323.1 41.90.73 3 3 3 3 0.06 0.510. .09 0 .26 

-----+,7 389329 M 73 78 20 ;27 4---979 11,4 21.50.58 3 3 3 3 0.030.500.090. 29 
17 389330 M 73 94 20 23 16 1899 11.5 21 . 50.69 2 2 2 2 0.080.870.380.33 

__ ....,17 389 33 1 U 73 88 24 2069 1739 1 1.3 20 . 50.69 2 2 2 2 0.040 . 810.460.33 
17 391310 0 7 3 11 7 957 6 26 7.9 17.34 . 37 3 3 3 2 0.1 00.630. 03 0. 19 
17 391 3 1 1 M 73 14 6 977 591 6.5 12.1 3.23 3 3 3 3 0.200.52 G.08 0.53 , 
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\ WATER QUAL IT Y SU MMARY BY STATION-YEAR 

--- . ---- .---- - - ------ - -- ------ - - -------- --.-- -- POOL DATA SCREE}..I--COOE=B --- ---- ---- ---- ----- ---- ---------- ---- -----

_ __ -'D'-'I'-'S~RES STA TYPE YEA~ CPTL CPOT CPOS CNTL CNIN CCHA CC FU CCH AMX C$E C NPTL NCHA NNTL NSEC EPTL ECHA ENTl E.SEC 

17 391312 M 73 12 5 782 635 7. 5 19.4 3.7 1 3 3 3 3 0.230.800.17 0.44 
18 · ,090 502 0 73 24 15 30B7 2301 8.5 1 . 18 4 2 4 6 0.11 0,680 . 22 0.15 
~1- 5ci2--b 74 21\ 65 930774-34 4.5 O~43 7 2 7 5 0.500 . 450 . 100.26 
18 091 502 0 77 68 35 6767 4541 19.0 0.84 3 2 2 2 0.3 4 0 . 62 0.40 0.09 
18 092502 0 74 56 36 8180 7002 3.4 0.96 5 2 5 5 0.390.07 0.190.23 
18()g-2502 0 is 60 26 '4025 327 1 4',1 0.95 6 2 6 6 O ~23-0.07 0. 13 0 . 18 
18 09 2 502 0 7 7 37 26 62 12 5487 2.9 1.12 4 2 4 3 0 . 350.200.270,18 
18 093 317 M 73 59 13 1173 370 5.5 6.4 0.5 3 2 2 2 2 0.070.160.020 . 33 

- ----,8-094502 D 75 38 22~33690 5.4 1.07 6 3 6 6 0.27 O~'58 0.670":"12- --
180955020 76 32 1223671702 13 . 6 1.17 6 2 6 7 0.340 . 360 . 130.18 
18 097 503 M 75 37 22 2400 1812 14.6 0.95 6 2 6 5 0.16 0 . 72 0 . 160. 09 
:;-a-120 318 U 7 3 186 66 2334 1796 14.2 19 .6 O. S"I:2 2 i 2 0.07 0.380. 180. 00 
18 120 319 U 73 47 9 732 320 9.5 10.6 0.79 3 2 3 3 0.210.110.250.15 
18 121502 0 75 24 16 540 150 1.6 1 . 29 7 :2 5 6 0.380 . 690. 160.17 
181265020 7 4 17 11 971566 6.5 1 .486 2 7 7 0 . 340.080 .1 80.16 
18 128 502 0 75 41 25 1043 496 6.4 1.24 7 :2 7 7 0 . 380.0 10.24 0. 15 
18 129 502 0 74 2 1 11 1257 759 3.9 1.33 7 2 7 7 0 . 180.4 10.1 30 . 13 

----7, 8 134 50-2 0 75 21 15 760 620 3.5 2.2 3 7 3' 5 5 0.2"40.180.350 . 09 
18134502 D 77 14 11 63636 1 3.2 1.527 4 7 2 0.190. 15 0 . 220.60 
18 263502 0 75 48 16 2044 1245 5.0 1.14 8 3 8 7 0.210.530.140.09 

----;,~9 119325 M 73 11 4 37 72434026.2 29.10.792 2 2 2 0.00 0. 1 10.040. 10 
19 11 9326 M 73 107 43 7 20 428 19.0 28.4 0 . 63 2 2 2 2 0.05 0.490.020.20 
19 119 327 M 73 131 50 731 45 1 13 . 4 13.9 0 . 74 2 2 2 2 0.030.030.040. 17 

--- --,9·- Tf9328M 73 130 61 716 461 12 .0 18 .5 0.60 '2 '2 2 2 0 . 01 0 . 54 0.020.23 
19 119 329 M 73 136 63 726 533 11 . 1 17 . 0 0.69 2 2 2 2 0. 130.53 0.030.07 
19 119 330 M 73 13 9 69 760 506 7.6 12 . 4 0.67 '2 2 2 '2 0 . 10 0.63 0.070 . 09 

----,9-(t9331·U 73 11-7 54 815 5 4 3 6.6 10.0 0.70 '2 2 2 2 0 . 010.520.03 O;;-'c.O"'gi<-- -
19 119332 U 73 145 69 810 496 7.2 9.4 0.58 2 2 '2 '2 0.030.310.210. 13 
19122329 M 73 14 6 454187 4.2 8.51.74 3 3 3 3 0.150.520 . 180 . 30 

---~'~9 338 3i~M 73 138 57 721 443 9.4 10.2 0.58 '2 2 2 2 0.280.080 . 13 0.2-2--
19 340502 0 75 15 10 450 150 8.1 1 .61 4 2 4 3 0.240.350 . 14 0.1 2 
19 340502 0 76 13 10 320 150 6.0 2 . 38 5 6 5 5 0 .15 0 . 100 . 060.10 

---~;fb--:-502 0 '78 14 14 4'401 50 6. 9 i . 635 6 5 5 0.290 . 200.200.10 
19 340503 M 75 16 10 475 150 to. 8 1 . 23 4 3 4 4 0.290 . 100.050.05 

___ -+'9~...,3,,4:c:O 503 M 76 14 10 367 150 9.4 1.49 3 4 3 4 0.30 0 . 120.09 0.12 
19 340503 M 78 20 12 533 22 1 17.3 1.22 6 6 6 5 0.250.20 0.08 0.08 
19 342 320 M 73 53 12 736 2'24 10.2 11 . 1 0.89 2 2 2 2 0, 17 O.OB 0.33 0,14 
19 342 322 M 73 57 19 648 316 8.0 12 . 7 0.57 2 2 2 '2 0 .25 0.59 0.19 0 . 16 
19343315 U 73 13 5 508176 4.1 9.13.183 3 3 3 0. 130.600.230 . 22 
20 087 314 M 73 45 10 4627392 1 21.2 43.5 .22 3 3 3 3 0. 280. 540 . 270.21 

- - - - ----- --- - -. ----------------~-~-=- -:-:-:-~:---::--~ WATER QUALI TY SUMMARY BY ST.o.rr"'~, ----------------
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WATER QUALITY SUMMA RY BY STAT ION- YEAR 

--- -------- --- - - - ------------- -------- --------- POO L DATA SCREEN COO E=B ___ __ ____ ______________ __ :~:77:~:~~:~.-

__ ~~~ __ RES STA TYP E YEAR CP TL CPPT CPOS CNTL CNIN CCHA CCFU CCHAMX CSEC NPTL NCHA NNTL NSEC E P~~EC~A EN!h-ESEC 

22 014 309 0 7 4 18 6 4 55 78 13.8 23.3 2.36 2 2 2 '2 0 . 070.680.140.3 1 
22 014 310 M 74 2 1 3 3 7 2 50 16.3 29.0 2.29 2 2 2 2 0. 11 0.780.280.07 
22 014311 U 74 24 3 361 10 7 11.3 18.9 2.08 2 2 2 2 0.06 0 .G7-0.160~02--
22 014 312 M 74 18 4 321 73 15.6 25.3 2.86 2 2 2 2 0 . 2 1 0.620.01 0.03 
22 014 313 M 74 22 3 356 93 15.9 22.1 1. 70 2 2: 2 '2 0. 270.390.04 0.0 1 
22 019 313 0 74 23' 6 390 6 0 3. 1 3.7 4.04 2 2: 2 2: 0. 32 Cr:-'17-O:08 0.06---
22 019 314 M 74 12 7 285 62 3.3 3.4 3.91 2 2 2 2 0.000.030.050.09 
22 0 19315 M 74 15 5 . 397 80 5.4. 7.9 2.89 2 2 2 2 0.080 . 450 .380 .05 
22 0 19 3 16 U 74 ,'"S--- Aj"----2S·s---B16-. 9-----9-.-5--, -.ig- 2---i · 2 2 0 '.070.370. 18-'0.8-9--

22 019317 U 74 20 3 301 103 5.6 7.8 2.26 2 2 2 2 0.040.380.270.28 
22 019318 U 74 13 2 281 81 7.8 12 .3 2.5 1 2 2 2 2 0.060.570.040 . 15 

----2·:2'1"88311- ,. - - 73 14 0 17 1177~365 5 .7 7.3 0 '."4-6 2 2 2 '2 0.590.280 . 000 . 44 
22 198 3 12 0 73 136 19 931 332 3. 7 4.5 0.53 2 2 2 2 0.590.220.020.52 
22 188 313 M 73 151 17 1139 407 4 .3 6.0 0 . 33 2 2 2 2 0.6 1 0.380.090.38 

- - - -0;22 189307 U 73 63 ;8 678 203 4.0 5.9 0.97 2 2 2 2 0.48 0.46 0. 13~6---
22 189308 M 73 42 7 734 170 4.9 6. 1 1. 08 2 2 2 2 0.520.230.010 .29 
22 189309 0 73 43 6 809 183 5.5 6 . 8 1. 09 2 2 2 2 0.470.24 0.060.30 
22 1903" 0 0 73 61 10- 896 345 4.1 4. 7 0.lf2 2 2 2 2 0.380.-'3 0. 190. 51 
22 1903 11 U 73 62 9 841 310 5.3 6.6 0.60 ~ 2 2 2 0.400.25 0.200.49 
22 190 312 U 73 59 7 746 335 6 . 3 9.3 0.63:2 2 2 2 0.480.48 0.130 . 52 

--- i"2'1923tl 0 73 45 23 646 204 6.6 7 . 0 1' . 22 2 2 2 2 0.58-0:-05 0.00"0"":"'63- -
22 19231 2 M 7 3 40 6 586 15 2 8.4 12.7 1.37 2 2 2 2 0.640.50 0.060.67 
22 1923 13 M 73 30 7 531 148 5.8 7. 5 1.40 2 2 :2 2 0.470.28 0. 10 0.67 

-----iC22 192314 U 7 3 41 7 613· 156 7.7 10 . 4 1. 3; 2 2 2 2 0.620.35- 0 -.-02- 6-:65---
24 012 308 0 7 4 62 8 481 15 3 8 .6 9 . 4 0.53 2 2 2 2 0.21 0.090. 200. 33 

___ -.;2,:4 012 309 M 7 4 82 8 597 127 12 .0 14 . 1 0.38 2 2 :2 2 0.290.17 0.09 0.20 
24 02'" 308 M 74 4 7 9 4 4 1 163 19-.7 35.90.8 1 2 2 2 2 0.13·6~ 82 0.030-:-1-3--
2 4 021 309 0 74 38 5 446 204 19 . 4 36.5 0.94 2 2 2 2 0.060.880.04 0.03 
24 022 3 22 M 74 16 5 491 215 6 . 3 16.4 3.90 4 4 4 4 0.11 0.530. 14 0.18 
~6-323 0 7 4 39 5 '!'-6-,--1"n 8~"7 29.6 i~2 2 2 2 2 0.09 6-:-5'8-'0.060-:-:2"5---· 
25 020324 M 74 49 7 640 188 7.9 9.8 0.67 2 2 2 2 0.14 0.230. 13 0. 13 
25 020 325 M 74 6 7 7 74 5 57 34 . 1 50.6 0.79 2 2 2 2 0 . 02 0 . 48 0 . 17 0. 16 
25 102 312 D 74 6 1 26 1314 904 7 .3 11 .6 0.38 2 3 2 3 0 .. 500:410--:-39 0-~i2--
25 102 313 M 74 105 29 1356 809 12.3 20.0 0.28 2 3 2 3 . 0.640 .400. 430.05 
25 102314 M 74 62 27 1265 904 9.8 15.1 0.41 2 3 2 3 0 . 270 . 430 .380. 17 
25 103307 0 74 57 14 933 620 2.6 3.7 0.24 2 3 2 3 0. 50 0.38 6--:-2"2~ 
25 104 305 0 74 51 15 786 495 8.6 18.9 0.30 2 3 2 3 0 . 22 0 .6 1 0.17 0.00 
25 104 306 M 74 51 16 825 486 6.8 10.8 0.27:2 3 2 3 0. 12 0 . 290 .2 30.06 
25 105 313 M 74 317 74 2004 l i07 10.8 15.2 0.21 3 3 3 3 0 . 630.370.250.28 
25 107 307 D 74 56 13 1053 607 10 . 1 21.5 0.51 3 3 3 3 0.40 0.59 ~.29 0.29 
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\ WATER QUALITY SUMMARY BY STATION-YEAR 

----------------:~~~~~~~~~- POOL DATA SCREEN CODE=B -------------------------------------------

. ______ ~DIS RES STA TYPE YEAR CPTL CPOJ CPOS CNTL CNIN CCHA CCFU CCHAMX CSEC NPTL NCHA NNTL NSEC EPTL ECHA ENTL ~E~S~EC~ __ _ 

25 1-12 308 0 74 64 10 665468 5.9 12.0 0.29 2 3 2 3 0.020.51 0.140.06 
25 .. 1'2 309 M 74 77 11 825447 7.2 13.5 0.30 2 3 2 3 0.120.460.180.03 

------~2~5~267-320'-u-----7412·9· 35 825 308 10.6 25.4 0.36 4 4 4 4 6~-o_:_51O~o8'___o_:1o-----
25 269309 0 74 73 16 752 161 7.5 10.8 0.30 2 2 2 2 0.060.430.080.00 
25 269 310 M 74 66 14 677 135 6.6 10.5 0.38 2 2 2 2 0.08 0.58 0.130.20 

-----:25---2733-16 D 74 97 60 119159011.6 25.10,583 3 3 3 O.180.600.170~9---
25 273317 U 74 250 100 1109378 23.7 45.6 0.20 3 3 3 3 0.100.530.100.47 
25 273321 M 74 130 76 1078530 7.2 20.5 0.37 4 4 4 4 0.150.610.080.23 
25 273 322 U 74 470 103 1294 357 71.8 154.7 0.14 3 3 3 3 0.206.620.21 O.js 
25 273323 U 74 371 123 1854821 41.0 71.1 0.14 2 2 2 2 0.050.730.210.09 
25 273325 0 74 154 110 1419805 3.8 9.6 0.50 2 3 2 3 0.26 0.77 0.09 0.38 

-------0025 273 326 U 74 273 122 139859"8 92.7 181.0--0~2 2 2 2 0.06 0.95 6.02 0.45 
25 275 321 U 74 152 37 1199550 8.0 15.5 0.22 3 3 3 3 0.180.540.050.23 
25 348317 0 74 38 19 588185 7.7 11.8 1.78 2 3 2 3 0.120.39 0.04 0.17 

-----c25348318 M 74 37 14 573 138 11.3 16.5 2.03 2 3- 2 3 0.07'0.-2'80.010.18 
25 348319 M 74 40 16 650 188 10.2 12.7 1.57 2 3 2 3 0.020.210.140.23 
25 348 320 U 74 176 40 1008 330 19.5 29.6 0.30 2 3 2 3 0.56 0.400.020.29 

-------02"5 348 321 1'01---7-4---5929-------63-,--,60 13.7 18.1 1.37 2 3 2 3 0.06 0.320.00 '0:-1-,---
25 348 322 M 74 61 26 605 151 20.6 29.6 0.91 2 3 2 3 0.090.360.130.19 
25 348 323 U 74 188 65 981 298 29.5 53.8 0.25 2 2 2 3 0.150.820.160.20 

-------0;25 370304 M 74 93 12 780203 13.6 23.5·-C4'4""3-----3----3-----3--6:-360:-:"fs-0.l0 0.80 
26 354 101 0 74 23 10 340 5.5 0.58 2 2 0 2 0.430.27 0.43 
26 354 101 0 75 168 66 415 3.5 0.33 2 2 0 2 0.210.38 0.08 
26 354 101 0 77 98 24 304 28.0 0.66 3 3 0 3 0.280.90 0.44 
26 354 101 0 78 163 35 430 3.3 1.14 2 2 0 2 0.570.97 0.33 
26 354 102 M 74 32 10 345 4.0 0.30 2 2 a 2 0.58 0.00 0.17 

----:i6-354102 M 75 204 117 295 6.8 0.'15 2 2 0 2 0.15-~04 0.00 
26 354 103 M 74 38 10 335 4.0 0.24 2 2 0 2 0.220.00 0.26 
26 354 103 M 75 158 92 290 6.4 0.18 2 2 a 2 0.160.21 0.14 
26 355317 0 74 36 15 620275 9.7 19.4 1.17 3 3 3 3 0.15 0.50 0.19 O-~'2-8--
26 355 319 M 74 233 22 1104 343 17.3 31.7 0.63 3 3 3 3 0.850.42 0.37 0.46 
26 355 321 U 74 167 31 915448 16.5 20.7 0.33 3 3 3 3 0.560.140.260.47 
26 359 109 M 75 17 '-0 15.5 1.19 2 '2 a 2 0.400.03 0.09 
26 359110 U 75 82 43 45.5 0.37 2 2 0 2 0.270.47 0.10 
26 359 110 U 76 76 17 295 31_0 0.44 2 2 0 2 0.74 0.10 0.37 

------02"6:;----0359 110 U 78 248 62 400 14.0 0.55 2 2 0 2 0.680.29 0.77 
26 359 319 0 74 58 42 486 97 2.5 2.6 1.99 2 2 2 2 0.61 0.020.450.30 
26 359 320 M 74 62 48 548 87 3.8 4.5 1.83 2 2 2 2 0.67 0.18 0.05 0.25 
26 359321 M 74 53 41 4'46 121 7.5 12.0 2.35 2 2 2 2 0.59 0.59-----o:-1SO:-jO-----
26 359322 M 74 59 46 396 86 11.1 17.3 2.13 2 2 2 2 0.580.55 0.19 0.29 

~------- --~ WATER QUALITY SUMMARY BY STATION-YEAR 
--------------------- - ------------------------- POOL n.T •• ____ . 
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WATER QUALITY SUMMARY BY STATION-YEAR 

POOL DATA SCREEN CODE=B -------------------------------------

DIS RES STA TYPE YEAR CPTL CPOT CPOS CNTL CNIN CCHA CCFU CCHAMX CSEC NPTL NCHA NNTL NSEC EPTL ECHA ENTL ESEC 

26359323U 74 6651 4709111.4 13.11.6522220.610.150.110.08 
26 359 324 U 74 95 51 . 715 112 3.8 4.8 0.86 2 2 2 2 0.48 0.25 0.08 0.06 

---26360-30"3'0--7'4--110--29----10-81 145 28.5 42.60.46 2 3- 2 3 0.000.260.050--:-33----
28 218007 0 77 20 7 356 3.84.0 7.8 2.41 3 3 3 3 0.300.540.41 0.19 
28 219012 0 77 22 5 456 4.4 4.7 6.8 1.71 2 2 2 2 0.560.530.23 0.38 

---28 219012 0 78 26 17 28 430 2.62.7 2.8 1:88 2 2 2 2 0.190.07 0.23 O.3~O---
29 100305 0 74 56 7 1794 1231 9.9 23.40.Bl 2 3 2 3 0.280.680.09 0.06 
29 100 306 M 74 61 7 1605 1041 17.6 38.80.71 2 3 2 3 0.340.60 0.050.07 

----0;29 100-3()"1-;;' 74 60 8 17451133 7.5 15.10.66 2 3 2 3 0.250.510.100.15 
29 100308 M 74 72 9 1854 1241 13.5 31.50.66 2 3 2 3 0.270.670.090.08 
29 100309 U 74 98 12 1764 971 11.8 25.30.32 2 3 2 3 0.120.590.140.50 

----;029 100310 U 74 73 9 1958 1152 11.9 28.80.5'1 2 3 2 3 0.210.730.090.20 
29 106310 0 74 48 12 1189 603 8_7 14.80.41 3 3 3 2 0.180.460.140.13 
29 108313 0 74 66 38 1214 75511.3 24.6 .37 3 3 3 3 0.400.620.190.50 

---29 109307 0 74 37 10 811 33424.5 58.61.12 3 3 3 3 0.220.710.250.39 
29 109308 M 74 36 4 932 30236.3 74.7 1.23 3 3 3 3 0.270.550.170.37 
29109309 M 74 34 12 88933930.4 60.70.773 3 3 3 0.080.530.170.10 

----o2"9--'-10-319 U 74 57 21 1485 10562.4 2.90.60 2 2 2 2 0~150.21O-:220-:-~-
29111312 M 74 50 22 157610909.5 11.30.413 2 3 3 0.190.180.100.13 
29 113327 0 74 134 105 18041417 5.1 7.51.20 2 3 2 3 0.370.260.200.45 

----o2"90--o113328 M 74 153 106 1810140410.1 14.40.74 2 3 2 3 0.250.230.230.45 
29 113 329 M 74 197 75 1451 815 18.6 34.50.29 2 3 2 3 0.200.460.050.21 
29 114307 0 74 22 6 956 305 8.4 19.4 1.49 2 3 2 3 0.050.670.090.44 

---029 1'i43i5B""M-~-74--21 6 855 276 7.8 15.9 1.50 2 3 2 3 0.060.530.02 0.3"9---
29 114 309 M 74 25 4 850 290 10.4 17.5 1.18 2 3 2 3 0.090.440.190.39 
29 194315 U 74 64 7 634 9519.7 20.90.58 2 2 2 2 0.180.060.310.30 

---o29-19531i3-M 74 20 6 95063210~- 25.8 1.95 3 3 3 3 0.210-:-i30-:2·10.22----
29 195317 U 74 26 5 1026 68B 12.3 29.2 1.31 3 3 3 3 0.170.700.240.21 
29 195318 M 74 19 7 815 534 5.8 13.02.03 3 3 3 3 0.060.630.15 0.18 

------~2~9--~,~95 319 U 74 28 8 '865 556 10.7 21.8 1.64 3 3 3 3 0.130.530.22 0.24 
29 207 312 U 74 164 71 929 27547.9 101.60.29 3 3 3 3 0.450.570.36 0.06 
30 064 306 M 75 66 12 903 47 49.2 124.5 0.74 3 3 3 3 0.17 0.77 0.15 0.14 

----3-02153~D74 57 20 1055 246 11.4 21.1 1.37 2 3 2 3 0,.470.420.220.33 
30 215305 M 74 66 20 1101 155 19.3 34.5 1.02 2 3 2 3 .0.560.430.260.26 

___ ~30 217 306 0 74 60 18 983 177 20.0 27.5 1.07 2 3 2 3 0.430.250,24 0.14 
30 217 307 M 74 53 18 946 68 17.6 32.1 1.13 2 3 2 3 0.450.41 0: 12 0.13 
30 217 308 M 74 52 15 813 68 13.5 21.1 1.12 2 3 2 3 0.380.320.07 0.12 

___ ~30 235 325 M 74 27 13 316 158 7.6 10.8 1.42 2 3 2 3 0.01 0.320.060.26 
30 235 326 M 74 37 12 356 162 7.2 8. 0.81 2 3 2 3 0.480.080.38 0.25 
30 235 327 U 74 109 14 732 10030.3 35.50.34 2 3 2 3 0.44 0.100,56 0.18 '. 
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WATER QUALITY SUMMARY BY STATION-YEAR 

.----- ~ -------------- --- ----------- - ----------- POOL DATA SCREEN CODE=B -------------------------------.----.----.-

DIS_RES STA TYPE YEAR CPTL CPOT CPOS CNTL CNIN CCHA CCFU CCHAMX CSEC NPTl NCHA NNTL NSE C EPTL ECHA ENTL ESEC 

30 235 328 U 7. 386 15 845 305 
32 204 313 M 75 62 51 286 92 
32 204 317 M 75 44 34 280 83 
33 300 306 0 75 20 10 288 57 
3. 041 112 0 71 45 9 262 41 
34 041 11 2 0 72 16 7 264 21 
34 041 112 0 73 10 10 115 25 
34 041 112 0 74 10 10 186 24 

- ---34041112 0 75 13 10 34 
34 041 112 0 76 10 10 20 
34 041 112 0 78 12 10 205 47 

-------- -------

12 .7 14.8 0.20 2 
3.4 5.9 2.37 2 
1.3 1.9 4.74 3 
3.2 3.8 1 .75 2 
1 .0 1.8 5.68 8 
1.3 2.5 6.50 7 
0.9 1.5 5.44 6 
0.8 1.8 7.08 7 
1.5 3.3 3 ~ 95 7 
0.6 1.2 3.44 6 
1. 0 1.6 3.39 4 

3 2 3 
2 2 2 
3 3 2 
2 2 2 
5 6 7 
7 7 L 
6 6 ~ 

7 7 7 
7 0 6 
7 0 5 
4 4 3 

z 
o 
" 

0 . 82 0.160.74 0 .25 
0 . 27 0.74 0.23 O.BO 
0.45 0.21 0.14 0.93 
0.090.170.240 . 13 
0.170 . 230 . 14 0 . 06 
0.15 0 . 21 0.23 0.12 
0. 00 0.19 0.04 0.14 
0.00 0.23 0.22 0 . 09 
0.140.24 0 . 19 
0.000.20 0.24 
0 . 200.250.350.49 



Table B4 

Water Quality Data Summary by Reservoir-Year 

§~~~~~--~:~~~~~--------------------------------------------
DIS 
RD 
YEAR 

CE District code 
CE reservoir code 
year of sample 

Note: Data listed by screen code (A or B) and in 2 parameter groups; 

.' 

screen codes reflect data reliability (see Part III of the main text) 
District and reservoir codes are defined in Appendix A. 

B-S7 
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VAR"IABLE LABEL 

WATER QUALITY SUMMARY BY RESER VO IR -Y EAR 
POOL OATA SCREEN CODE=A 

N MEAN STA NDARD MINIMUM MAXIMUM 
DEVIATION VALUE VALUE 

COEP STATIONDEPTH{M) 66 18.90 27.11 2 . 18 175 . 40 
CPHF PH (STANDARD UNITS) 85 7.84 0. 49 6 . 37 8.48 

----CCNF C6NDUCTiVTTvfuM~jOS/CM) 85 512.29 589.18 23.50 4S99.8:~7;----
CALK ALKALINITY (MG/L) 82 97.05 59 . 24 10.50 293 .75 
CTMP TEMP ERATURE (OEG-C) 85 20.46 2.80 14.85 27.56: ___ _ 
CTRJ TURDIShy (JTU) 17.62 · 17.62 17.62 
CTRH HACH TURBIDIT Y (NTU) 22 9.29 10.76 2.25 34 . 81 
CTRN -LOG (r. TRANS./l00) 62 0.48 0 .49 0.05 2.15 

--- -·"C·TCO TRUE COLOR (PT-CO UNITS) 6 54.09 38.19 13.33 9B.65 
CALPH NON- A LGAL TURBIDITY (l / M) 85 0.98 0.84 0.15 5.24 
CRTL TOTAL SOLlOS (MG/L) B 155.36 115.94 9 . 50 3B9.58 

------cCR FL DIS SOLV ED SOLIDS (MG/ L) 8 101. 02 47.64 48·. 42 165'-:.3"'2~---
CRNF SUSPENDED SO LIDS (MG/L) 20 8.5 2 9.32 1.00 38.56 

____ CA LG ALGAL COUNT (NO/LITER ) 3 166558 .33 113305.93 66900.00 289800 .00 
CBIO ALGA L VOLUME (ML/LITER) 3 0.03 0.02 0.01 0.05 

---- -----.---- ---------- - --.- ---------- POOL DATA SCREEN CODE=B --------------------------------------_. ______ __ 

CDEP STATION DEPTH (M) 33 14 .27 13.46 2.82 78.80 
CPHF PH (STANDARD UNITS) 70 7.71 0.5 1 6.27 8.43 
CCNF CONIDUCT IVITY (UMHOS / CM) 69 345.36 365.02 34 . 33 2393. 00 
CALK ALKALINITY (MG / L) 61 96.82 74.20 11 .35 292.83 

____ "'C~TMP TEMPERATURE (DEG-C) 71 21.46 4.17 11 . 65 28 .. "9"",-__ _ 
CTRJ TURDIBI T Y (JTU) 4 105 . 73 117.87 23.75 280.00 
CTRH HA CH TURBIDITY (NTU) 22 3.48 3.17 0.67 13.77 
CTRN ·LOG(% TRANS . /l00) 36 0.50 0 . 56 0.04 2.45 

----"'CTCO TRUE COLOR (PT--COUNITS) 3 111.11 163 . 72 10. 00 30';0~.-i00~---
CALPH NON-ALGAL TURBIDITY (11M) 73 0.95 0 . 97 0.12 4 .93 

_~_~CRTL TOTAL SO LIDS (MG/L) 13 226.27 135.' 6 10.00 465 .93 
CRFL DIS SOL VED SOLjDS- (MG/L) 9 164.84 186 .86 8.80 500 00 
CRNF SUSPENDED SOLIDS (MG/L) 25 32.25 112 .00 0.00 56667 
CALG ALGAL COUNT (NO / LITER) 12 196156 . 24 205325.84 61500.00 738500 00 
CBIO - --ALGAL VOLUME ( Ml / LlTER) 1 t 0.09 0.11------ ----0:-01- 0.30 

-------_._ .. __ ._ .. _ - ---------------------

----------------------
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WAT ER QU ALIT Y SUMMARY BY RESERVO I R- YEAR 

- - ----- ----- ----------- - - ----- -- - -- - -- --------- POOL DATA SC REEN COD E: A ---------------------------------- - -- -- -- -----

DI S RE S YEAR CDE P CPHF CCN F CA LK CTMP CTRJ CTRH CTRN CTCD CALPH CRTL CRFL CRN F CA LG caI D 

03 307 73 23.8 7. 11 74 , , 18.2 0. 12 0. 17 
0 4 3'2 73 6. 9 8 . 06 2 73 ' 05 17.3 0 . 20 0 .4 5 . 
06-_· 37 2 73 16 .0 7.48 50 3 33 2 1.9 0.32 1 . 11 
' 0 00' 77 7.2 1 '48 46 19. 7 34 .8 98 1 . 11 82 
10 003 73 20.2 6 . " 4 79 5 20 24.9 Q. 16 0.75 
10 004 77 7. '2 12-3 42 23.8 24 .0 64 1.06 72 
' 0 008 77 7.1 6 '48 4 , 23.2 31.2 99 1.06 84 
10 072 78 7 . 36 63 17 26.7 8 . 4 2 ' 0 . 83 5 5 6 
10-----0737 5 6. 69 56 17 22. 1 17 . 6 3 ' 1 .7 7 64 4 8 15 
10 4 11 73 13.9 6 . 69 8 16 25 25 . 4 0.25 0.80 
' 5 178 77 19 . 5 7 .97 230 11 8 18.3 2.7 13 0. 16 3 
' 5 237 7. 6.4 8 . 4S- 652 294 17 .0 O . ' 5 0.37 
' 6 243 73 6.6 7.92 42 2 79 18 .3 0.26 o 85 
16 254 73 5. ' 7 . 7 1 220 44 l S . 2 0 . 33 0 . 23 

---1"63"17' 7 3 6.2 8 . 0 0 20 8 53 18.5 0.20 0.43 
, 6 328 73 20.0 7. 57 '38 23 16. 3 0. 17 0. 4 9 

'" , 6 393 73 28.8 6.5 1 521 " 22.3 O. " 0 . 30 I 

'" 17 2 41 73 4 .6 8.25 2·9. 48 19.2 0.43 0.82 
'.D 17 242 73 2 .3 7.56 559 72 19.1 2. I S 3.31 

17 245 73 3. 3 8.25 397 ' 34 '9.3 1 . 7 1 0 . 67 
17 247 73 5.6 8.30 466 ' 88 19.0 1. 28 1. 26 
17 248 73 4.2 8 . 1 1 493 158 19.7 1. 25 2.3 4 
'7 249 73 4.' 7.97 429 134 19.2 0.9 1 1 . 6 1 
17 256 73 5 .9 8.24 3·2 3 ' 28 18.6 0.26 0.37 
17 258 73 5 .6 8 . 26 669 76 19. 2 0. 4 3 0.28 
17 373 7 3 2 4 .1 7.4 0 1350 24 20.0 0 .20 0 . 45 
17- - 39'1 73 30.7 7 . 10 30 7 10 :2"0.7 0.14 0 . 15 
18 090 75 8 . 01 34 I 158 21. 1 5.5 0.79 '95 6 66900 0.035 
18 090 77 8 . 19 341 96 22.5 4 . 0 0 . 76 3 
18--0~fl 75 8 .05 5 17 155 21.5 19.5 1. 93 390 2 , 28980 0 0 . 047 
' 8 092 73 12.9 8.02 1849 178 19. 6 0. 55 1. 36 
' 8 093 73 1 1 .6 7.37 572 30 22. 3 0.23 0 . 68 
' 8 09 3 77 7.65 '39 25 2 1. 2 2 . 7 0. 41 2 
' 8 095 77 8.28 38 I ' 20 22.0 3.0 0.73 3 
'8 097 77 8 . 20 40 ' 132 2 1. 5 2.4 0 . 66 10 3 
' 8 ' 20 73 10.5 8.07 835 8 , 2 4 .0 0.26 0.7 4 
'8 ' 20 77 8.35 ' 94 72 24 .8 2.3 0. 44 
'8 '2 , 77 7.62 16 ' 22.0 3 .7 0 . 62 7 
1'S ' 26 77 7.68 ' 3 7 4 3 22.9 3.2 0.54 2 
18 '28 77 8.27 227 24 . 3 2 . 4 0. 4 6 2 
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WA TER QU ALI TY SUMMA RY BY RESER V0 1R- YEAR 

- - - - ---- - - -- -- - -- - --- - -- - -- - -- ----- ----- - - -- --- POOL DATA SCREEN CO DE =A - - -- - -- - -------- - --- - - - ---- -. ---- - -- - ----- - ---- . 

____ ~O~IS~ RE~~~~DEP CPHF C~NF CALK CIMP CIRJ CTRH CTRN Cl e o CA LPH CRIL CRFL CRNF CALG c e I a 

18 12 9 7 7 7 .67 20 S 8 0 2 2.6 2 . 3 0.4 9 2 
18 134 75 7 . 6 1 104 3 4 25.8 6.3 0.36 73 5 14 2 9 7 5 0 . 01 1 
18 260 7 7 7.55 321 '19~- 29 .9 2.34 3 9 
18 263 77 8. 33 437 178 19 .5 4:5 0. 9 8 S 
19 11 9 73 17.9 7.67 6 44 73 21. 9 0. 4 3 1. 13 
19 122 73 34 .3 7.5 6 626 3822. 5 0. 3 3 0.54 
19 33 8 73 10.4 7.38 742 58 22 .6 0 .37 1 . 34 
19 340 73 17 . 0 8. 04 1001 1 1923.0 0. 14 0. 40 

------~,·9 340 75----'-5-. 1-~16 2 66 128 2~7~.~6--~-----,3~.c9~~~~~----~0~.~6~4~---,~5~5~--TI3~6~--7,9O-------~--~---------
19 340 76 12.7 7.7 2 27 1 14 5 23. 4 4 .7 0.50 175 16 5 10 
19 34 0 78 14. 2 7.58 286 157 24 . 6 3.0 0. 79 182 165 17 

------"19--j42 73 1·7 ·T"7.S9---S·73 52 21 . 1 0 . 2 9 1 . ·~,2~----'-~"'--~=--~-'--------~~--~-------
19 343 7 3 24.2 7 .65 81 5 6 2 22 .6 0. 05 0.22 
20 081 7 3 8.7 8.03 15 12 133 20. 5 0.67 1. 43 

-----20- -68 7 73 10. 3 8-. 04 16 76 164 20. 7:--~------~--:0'".O";3ii5~-"----i;0~.".6;-4------~----"-----'---------'-----'----------
20 0 88 73 4 .3 7 .68 1136 63 2 1. 4 0. 56 0 .85 
21 196 74 8 . 4 7.83 164 7 4 17 . 5 0. 21 0.7 5 

-----"240"';'1" 7 4 34 .07 . 6 4 116 4 7 20.1 0.1 1 O·~.,,5ci7-------'-----~----~------~--~-------
24 0 13 74 40. 1 8 .34 198 127 20.1 0.07 0 .1 7 
2 4 01 6 7 4 34.7 7 . 0 1 44 18 2 3 .4 0.05 0.22 
2 4 0?1 74 3 5 .0 8.2'S· 246 158 20. 7 ~6=---'----0~.~271-------'------'-----'----------'-----'--------
2 4 ' 93 7 4 7 .7 8 . 02 218 103 16. 9 0.18 0.66 
24 200 74 35.9 8.2 2 203 98 19 . 9 0. 11 0.26 
~05 74 2 . 2 8 .1 6 39 2 lis- l7. 7 1. 8 4 5. 2~4-------'-----~--~~------~--~-------
2 5 107 74 7. 3 8.39 524 130 \6.5 1.24 2.23 
25 26 7 7 4 16 . 3 7.8 1 399 8 1 21. 7 0.70 2. 42 
25 273 74 11.9 8. 08 Is io ' 29 19. 8 1. 68 3 . 2 3 
25 2 75 74 10 . 9 7.73 309 111 2 1 . 1 0.8 3 2 .29 
25 278 74 29 .5 8 . 0 9 163 75 2 1 . 0 0.1 3 0. 5 3 
25 2 8 1 74 11.0 6.37 6 1 22 2 2.7 0 . 4 7 1 . 59 
25 3 70 74 6.9 8 .28 4 600 8 5 22.4 1. 06 1.12 

_____ ~26 355 7 4 8.8 8 .17 34 2 109 23 .8 0. 63 1, 66 
28 2 19 . 7 5 16.-4 8. 29 8 17 15 4 18. 5 0 .07 0. 7 6 
2 9 106 74 7.3 8.06 134 5 156 16.7 1.1 8 2.6 2 
29 108 7 4 11 .4 8 . 36 7 85 203 16 . 5 0.70 1 .04 
29 109 7 4 12 . 6 8 .34 575 150 17.5 0. 12 0.30 
29 11 0 7 4 12 .1 8 .24 385 167 17 . 9 0.35 1.75 
2 9 111 7 4 7. 5 8.20 3 51 144 17 . 7 0.34 1.93 
29 19 4 7 4 12. 5 8.20 2 4 0 120 18.5 0 .48 0.71 
2 9 19 5 74 22. 4 B . 19 2 B5 1301 7. 0 0 .11 0.35 

--- ~ - INATER OUAI TT y 



'" I 
~ 
t-' 

- 29 
29 

1~" 

195 74 22.4 8.'':::1 

WATER QUALITY SUMMARY BY RESERVOIR-YEAR 

. -------------------------.-.------------ ------ POOL DATA SCREEN COO£-A ------------------------------------------------

DIS RES YEAR COEP CPHF CCNF CALK CTMP CTR') CTRH CTRN CTCD CALPH CRTL CRFL CRNF CALG CBID 

29 207 74 9.9 8 . 41 528 201 16.1 0.72 1. 35 
30 064 75 4.6 8 . 37 470 175 15.6 0.17 0.70 
30 235 74 23.1 8 . 17 675 175 15.1 0.72 1. 07 
31 077 75 175.4 7.21 23 17 14.9 0.05 0.35 
32 204 75 145.8 8 . 35 179 99 16 . 2 0.16 0.21 

-- - -------------------------------------------- POOL DATA SCREEN CDDEeB -----------------------------------------.-- - ---

DI S RES YEAR CDEP CPHF CCNF CALK CTMP CTR') CTRH CTRN creo CALPH CRTL CRfL CRNF CALG CBIO 

02 176 72 7.07 110 16 19.0 0.07 0.30 
04 320 74 7.49 194 59 20 . 7 0.31 
08 074 73 20.1 7.43 250 19 28 . 3 0.14 0 . 43 
08 330 73 23.3 6.87 207 12 28.3 0.36 0.30 
10 069 73 15.9 7.07 170 16 26.8 0.11 0 . 45 
10 071 73 7.0 7.47 593 48 28.4 0.22 0.85 
' 0 072 73 11.5 8.11 3'2 '9 28.9 0.24 0 . 72 
'0 076 73 27.8 7.54 '38 11 27 . 7 O. '0 0.24 
'4 099 74 10.7 7.97 669 293 15 . 9 1. 20 1. 58 
'5 '78 72 8.19 '43"1 103 '5.5 0.11 o',""'iS 
' 5 '78 76 8.33 223 110 18.2 2.2 23 0.15 
'5 178 78 19.8 7 . 90 213 98 1.3 10 0.27 3 
'5 '79 79 8.43 653 222 '9.2 O. '5 19 
, 5 '8' 72 8.2. 263 '34 14.S 0.50 0.3' 
'5 399 78 8.20 '89 11.6 0.29 
'5 399 79 8. 05 37 3 '33 15.5 0 . 24 9 
'6 328 72 7 . 87 '63 36 17.3 0.31 0.45 
, 7 389 7 3 5 . 3 8 . 06 723 54 20.9 0.49 1. 14 

'8 090 73 7.91 369 '35 21.3 0 . 63 208 5 11 3100 -- 0.075 
18 09' 74 8 . 04 5 36 149 19.2 13.8 2.23 466 57 738500 0.262 
'8 09' 77 8 . 04 690 19.8 2.8 0.72 '7 
'8 092 74 8.03 542 , 52 22.5 0.7 0 . 95 308 4 83775 0.020 
, 8 0 92 75 8.15 476 156 20.3 4 . 0 0.95 34' 8 ' 263700 0.022 
, 8 092 77 8.20 529 21.3 4 .5 0 . 82 6 
, 8 094 75 8. '3 420 139 20 . 9 3.2 0 . 80 321 6 8'667 0.020 
'8 095 76 8.31 36' 137 19.2 5.0 0 . 51 2'6 5 468000 
'8 097 75 8.20 424 176 21.2 4. , 0 . 69 285 5 139667 0.0'3 
'8 121 75 7.42 '25 3' 24 . 6 6 . 2 0 . 73 77 6 82333 0.302 
'8 '26 74 7.69 13' 44 20 . 6 0.51 76 6 6'500 0-0'5 



\ WATER QUALITY SUMMARY BY RESERVOIR-YEAR 

-------------------.--------------------------- POOL DATA SCREEN CODE-S ------------------------------------------------

DIS RES YEAR COEP CPHF CCNF CALK CTMP eTRJ CTRH CTRN CTC.9~H CRTL CRFL CRNF CAlG ceIa 

18 128 75 8.06 199 121 21.8 6.8 0.64 128 5 89333 0.020 
18 129, 74 7.91 254 94 19.3 2.5 0.66 139 4 113000 0.191 
18 134 77 7.61 119 22.2 2.5 0.58 2 
18 263 75 8.16 540 256 18.4 8.8 0 . 75 367 17 119300 0.009 
22 014 74 25.2 7.09 62 24 22 . 9 0.10 0.13 
22 019 74 29.9 7 . 03 81 24 22.4 0.07 0.28 
22 188 73 8.4 7. 17 1\2 21 27.0 0.52 2.25 
22 189 73 11. 1 6.82 48 16 28.4 0 . 17 0.84 
2:< 190 73 12.9 6.85 54 16 27.0 0.28 1.49' 
22 192 73 14.5 7.22 59 17 27.6 0.17 0.58 
24 012 74 6 . 1 6 . 63 76 21 20.3 0 . 52 1. 99 
24 021 74 7 .0 6.27 34 13 21.2 0 . 21 0.66 
25 020 74 7.8 7.35 91 36 22.5 0.21 0.69 
25 102 74 7. I 8. 18 331 157 16 . 8 I. 20 2.63 

---2-5--' 0 3 74 13.7 7.87--304 122 18.3 2.45 4.16 
25 104 74 7.2 8.05 400 158 18.0 1.11 3.30 

tJj 25 112 74 5.4 8.00 343 146 17.7 2 . 22 3 . 26 I 

'" 25 269 74 2.8 8.37 1209 182 17.7 0.65 2 . 78 

'" 25 348 74 15.2 8.20 1513 124 23 . 5 0.80 l. 13 
26 354 74 5.7 8 . 22 329 135 24.9 46.7 0 . 68 2.68 21 
26 354 75 7 . 64 32'4 26.9 4 . 9'3 33 
26 354 77 8.06 31\ 139 22.7 0.81 198 567 
26 354 78 8.05 317 122 27 . 9 0 . 79 185 5 
26 359 74 j f . 7 7.79 171 26 28.2 0.08 0.45 
26 359 75 6.81 202 34 24.6 23.8 1.01 10 \0 
26 359 76 6.77 282 32 27.5 72.5 1.48 \I 
'26 359 78 6.95 638 44 28.7 280.0 300 1 . 48 441 6 
26 360 74 5.8 8.14 492 133 23.2 0.90 1. 47 
28 218 77 23 .0 0.32 
28 219 77 25.2 0.47 
28 219 78 0.47 
29 100 74 9.4 7.84 274 99 17.7 0.75 1 . 49 
29 113 74 12.9 ' 8.24 577 207 16 . 9 0.43 1. 60 
29 114 74 15.2 8.20 2393 152 16.8 0.14 0.51 
30 215 74 7 . I 7 . 86 466 227 17.1 0.16 0.47 
30 217 74 8.7 7.82 480 247 16.7 0.13 0.48 
33 300 75 78.8 B.21 40 28 16.2 0.04 0.49 
34 041 71 7.36 56 24 19.4 1.0 0.15 40 0 
3 4 041 72 7.54 57 21 20.3 0.9 0.12 44 0 
34 041 73 7.30 60 19. B 1.1 0.16 49 
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WATER QUALITY SUMMARY BY RESERVOIR- YEAR 

---------------------- ----------------- -------- POO L DATA SCREEN CDQE=B -----------.---------------------------------- - -

DIS RES YEAR COEP CPHF CCNF CA LK CTMP CTR,J CTRH CTRN creo CALPH CRTL CRFL CRNF CA LG CBID 

34 04' 74 6.91 54 2 1.2 1.1 0 . 12 
34 041 75 7.55 65 18.2 1.9 0.21 
34 041 76 7.83 5 7 19. 1 1.4 0 . 28 
34 041 78 7.48 67 20.2 0.9 0. 27 500 

\ 
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WATER QUALITY SUMMARY BY RESERVOIR-YEAR 
POOL DATA SCR~[~· E~N~C~O~D~E~.~A~ ____________________________________ __ 

VARIABLE LABEL N MEAN STANDARD MINIMUM MAXIMUM 

--~.~-- ---
. _________________ ~D~E~V~IATl~O~N~ __ _ VALUE VALUE 

CPTL TOTAL PHOSPHORUS (MG!M3) 85 66.83 58.21 5 . 63 277.04 
CPOT QRTHO PHOSPHORUS (MG!M3) 67 22.70 28 . 12 3 . 83 187.72 
CPOS DISSOLVEO-p;:::j'"OSPHoRUS (MG/L) 18 2 1.34 17.57 10.00 79.05 
CNTL TOTAL NITROGEN (MG/M3) 85 1159 .05 973.24 247.34 6075.00 
CNIN INORGANI C NfTROGEN (MG!M3) 85 651.38 800.26 44.54 5064.16 

---fCHA Cl-iL"OROPHYlL-A (MG/M3) 65 13.04 11.52 1.18 67.13 
CCFU UNCORRE CT ED CHLQROPHYLL-A (MG/M3) 20 9.73 6.56 2.68 27.47 
CCHAMX MAXIMUM CHLOROPHYLL-A (MGIM3) 65 20 . 97 17.48 1.73 84.19 

---CSEC----SECCHIOEPTH eMf . 85 1.33 0.96 0.19 4.32 
NPTL NUMBER OF TOTA L P SAMPLING DATES 85 3 .80 1.89 2.11 16.80 
NCHA NUMBER OF CHL-A SAMPLING DATES 85 3 . 28 0.71 2. 11 6 . 00 
NNTL NUMBE R OF TOTAL N SAMPLING DATES 85 3.70 1.52 2.11 12.40 
NSEC NUMBER OF SECCHI SAMPLING OATES 85 3.53 1.07 2.11 6.00 
EPTL CV OF MEAN TOTAL P ESTIMATE 85· 0.18 0,09 0.04 0.42'--_ _ 
ECHA CV OF MEAN CHL-A ESTI MATE 85 0.26 0. 10 0 . 06 0.49 
ENTL CV OF MEAN TOTAL N ESTIMATE 85 0. 14 0.06 0.05 0 . 35 

____ ~E~SEC CV OF ME AN SECCHI ESTIMATE 85 0.17 0.09 0 .03 0.45 

-- - -----.---.- .-- -----------------------.-- POOL DATA SCREEN CDOE:B ------------------------------- - - - ----- - - - -

CPTL fDTALPHDSPHORu$(MG1"-3)-- ---------73 57.49 --52:99--- - 6.55248.29 
CPOT ORTHO PHOSPHORuS (MG/M3) 51 18.81 22. 20 3.33 97.06 
CPOS DISSO LVE D PHOSPHORUS (MG/L) 24 26.34 23.28 4.03 108 . 62 
CNTL TofA'C NITROGfN- (MG7M~ 57 \541.61 2005.60 114 .99 9307. 14 
CNIN INORGANIC NITROGEN (MG/M3) 68 897.34 1606 .22 20.00 7434.28 
CCHA CHLOROPHYLL-A (MG / M3) 51 9.76 10. 15 0.63 66.88 

-----CCFU UNCORRECTED CHlOROPHYLL-A~3) 25 9.20 8.93 1.60 30.99 
CCHAMX MAXIMUM CHLOROPHYLL-A (MG/M3) 51 14.83 15 . 48 1.24 97.29 
CS EC SECCH I DEPTH (M) 73 1 . 59 1.39 0 . 22 7.08 

---NP.TL NT,jr~BERoF TOT AL P SAMPLING DATES 73 3.4'1 1.99 2.00 8 . 00 
NCHA NUMBER OF CHL-A SAMPLING OATES 73 2.83 1.35 2.00 7.00 
NNT L NUMBER OF TOTAL N SAMPLING DATES 73 2 . 66 2.28 0.00 8.00 
NSEC NUMBER OF SEC CHI SAMPLING OATES 73 3.45 1 . 75 2.00 7.00 
EPTL CV OF MEAN TOTAL P ESTIMATE 73 0.24 0 .16 0 . 00 0.74 
ECHA CV OF MEAN CHL-A ESTIMATE 73 0 .32 0 . 20 0.01 0 . 97 
ENT'L CV OF MEAN TOTAL N ESTIMATE 57 0.17 0.10 0.03 0.5 2 
ESEC CV OF MEAN SECCHI ESTIMATE 73 0.20 0 . 14 0.04 0.77 



-

WATER QUALITY SUMMARY BY RESERVOIR-YEAR 

-------- - -------------------------------------- POOL OATA SCREEN CODE=A --------------------- - --------------------------

DIS RES YEAR CPTL CPOT CPOS CNTl CNJN CCHA CCFU CCHAMX CSEC NPTl NCHA NNTL NSEC EPTL ECHA ENTL ESEC 

03 307 73 11 5 941 660 4.9 6.8 3.49 3 3 3 3 0.04 0.18 0.11 0.10 
04 312 73 96 54 1724 1156 18 . 0 42 . 2 1. 20 3 3 3 3 0 . 37 0.49 0 . 19 0.24 
06 37 2 73 50 14 677 224 8.1 12.3 1.09 3 3 3 3 0.20 0.2 4 0 .13 0 :'-9--

10 001 77 138 27 444 277 6.8 0.78 4 4 4 4 0.16 D. 18 O. '9 0. 05 
!O 003 7 3 24 7 1152 843 2 . 6 3 . 6 1. 23 3 3 3 3 0 . 42 0.26 0.07 0.24 
10 004 77 195 47 495 197 6.0 0.82 4 4 4 4 0.38 0 .-'4 0.07 0 . 1-2- -

10 008 77 177 22 516 259 11 .8 0.75 4 4 4 3 0.23 0 .22 0.22 0.05 
10 07 2 78 58 5 5.10 196 12 .4 23.6 0 . 92 5 5 3 5 0.27 0.26 O. 19 0.18 
10 073 75 67 32 615 376 12.4 31.9 0.50 17 5 12 4 0 .68 0.33 0.06 0.1 3 
10 411 73 40 10 1409 917 4. 0 5.6 1. 20 3 3 3 3 0 . 34 0. 23 0.09 0.16 
15 178 77 21 7 698 255 7 . 2 12.9 2.92 3 3 3 3 D . 18 0.33 0 . 09 0.03 
15 237 74 277 188 t7'~95 41.3 53.6 O~5 3 3 3 3 D. 13 0.20 0.16 0 .20 
16 243 73 59 11 1428 645 14.6 21.8 0.86 3 3 3 3 0.18 0.25 0 . 16 0.08 
16 254 73 63 7 1219 169 36.2 51.1 0.88 3 3 3 3 0 . 23 0.18 O. 13 0.09 
16 317 7 3 60 8 1042 299 26.8 45.0 0.93 3 3 3 3 0.17 0 . 29 0. 09 0.09 
16 328 73 21 6 735 366 3.7 5.4 2.18 3 3 3 3 0.22 0.28 0. 09 0. 24 

'" 16 393 73 6 5 618 390 1.2 1.7 3.08 3 3 0.06 0.23 0.12 0. 18 I 3 3 
a- 17 241 73 41 6 94 5 423 16 . 4 26.5 0.96 3 3 3 3 O. Ie 0 . 27 0.18 0 . 15 

'" 17 242 73 167 20 2887 2072 0.09 0.14 10.9 19.4 0.28 3 3 3 3 0.35 0.41 
17 245 73 127 12 1765 503 67 . 1 81:1.2 0.44 3 3 3 3 0.25 O. 14 0.06 0.16 
17 247 73 114 28 3290 2521 9.6 13.4 0.73 3 3 3 3 0 .30 0.27 0.25 0 . 37 
17 248 73 102 34 3106 2108 10.8 15.7 0.40 3 3 3 3 0.09 0 . 25 0.15 0.13 
17 249 73 187 48 3204 1701 26 .1 35.4 0.46 3 3 3 3 0.17 0.23 0 . 15 O. 12 
17 256 73 40 10 950-4-8022"'.8 37.0 1.10 3 3 3 3 0". 19 0 . 31 0 .1 0 0.06 
17 258 73 52 9 1052 243 3 7 .7 56.0 0.86 3 3 3 3 0 .25 0.21 0.08 0.13 
17 373 73 11 4 523 198 5 . 6 9.5 2.24 3 3 3 2 0 . 11 0.38 0.07 0. 30 

"1'7 391 73 13 6 ifs'8 602 6.2 13.4 3.53 3 3 3 3 0.14 0.49 0.11 0. ""5-3--

18 090 75 55 18 2550 1822 3.5 1.1.d 6 3 6 6 0.20 0.43 0.07 0 .19 
18 090 77 28 12 2792 1722 12.3 0.94 6 3 6 6 0.05 0.37 0.22 0.22 
18 091 75 11'S 43 6075 5064 12.6 0.44 6 4 6' 6 o. i2 0.29 0.24 0 . 21 
18 092 73 104 36 3070 2278 15.8 23 . 6 0.67 3 3 3 3 0.2 2 0. 24 0 . 10 0.08 
18 093 73 31 8 763 2 46 7.2 11.1 1.64 3 3 3 3 0.13. 0. 25 0.08 0.17 

1 8 09 3 77 20 10 492 217 5. 0 1.89 6 4 6 S 0. 40 0.15 O. 1-4- 0 .-06--

18 09 5 77 27 14 2367 1555 9.4 1.04 6 4 6 6 0 . 15 0.27 0. ,11 0.13 
18 097 77 21 10 1498 809 11.6 1.07 6 4 6 6 0.07 O. 19 O.n 0.09 

- 18- 120 7 3 44 12 838 45 3 8.4 11.1 1. 19 3 3 3 3 0.10 0.19 0.21 0.r1--

18 120 77 15 11 600 462 5.1 1. 78 5 3 5 6 0.15 0.06 0.28 0.15 
18 121 77 19 11 470 239 2.8 1. 45 5 3 5 4 0. 34 0 . 07 0. 13 0 . 42 
18 126 77 25 15 543 330 2.7 , .64 7 6 7 4 0.25 0 . 21 0 .". 5 0.36 
18 128 77 18 10 683 485 5.6 1. 68 6 5 6 6 0.27 0 .14 0.27 0.10 



\ WATER QUALITY SUMMARY BY RESERVOIR-YEAR 

--- - --- ----------------- - - - -------------------- POOL DATA SCREEN CODE'. ------------------ - ------------ - ----- --- --------

DIS RES YEAR CPTL CPOT CPOS CNTL CNIN CCHA CCFU CCHAMX CSEC NPTl NCHA NNTL NSEC EPTL ECHA ENTL ESEC 

18 129 77 17 14 642 448 3.7 1. 72 6 4 6 6 0.15 0.14 0.26 0.12 
10 134 7·5 21 15 760 620 3.5 2.23 7 3 5 5 0.24 0.18 0.35 0 . 09 
18 260 77 234 79 d05 678 27.5 0.33 7 4 7 6 0.17 0. 14 0.11 0.08 
18 263 77 39 12 1576 759 12.4 0.84 7 4 7 6 0.16 0.35 0.07 0.17 
19 119 73 12 5 54 750 464 13 . 3 18.4 0 .69 2 2 2 2 0.05 0 .33 0.06 0.10 
19 122 73 16 7 477 200 3.8 7. 1 1. 72 3 3 3 3 0.18 0.33 0.10 0.22 
19 338 73 14 2 71 760 465 8.4 10.8 0. 65 3 3 3 3 0.22 0.20 0.07 0.1 3 
19 340 73 45 16 569 116 10 0 14.7 1. 77 3 3 3 3 0.07 0.22 0. 15 0. 10 

-19 3~O 75 38 15 599 154 17.5 1.04 4 3 4 3 0.22 0.11 0 . 11 0.05 
19 340 76 47 23 425 216 17.2 1. 23 4 4 4 4 0.15 0 . 14 0.12 0.12 
19 340 78 76 39 733 373 17 . 7 0.92 5 6 5 4 0.17 0.17 0.13 0.08 

19- - 54'2 73 58 18 629 281 8.9 12 .4 0.76 3 3 3 3 0.13 0.24 0.16 0.13 
19 343 73 10 6 443 189 3.6 6.4 4.32 3 3 3 3 0.14 0.34 0.14 0.19 
20 081 73 84 31 2091 1322 17.4 23.9 0.56 3 3 3 3 0.05 0. 18 0. 06 0.09 
20 087 73 69 32 43 52 3687 17.1 28",6 0.98 3 3 3 3 0.24 0.29 0.20 0 . 27 

'" 
20 088 73 71 14 1211 237 23.5 32.0 0. 72 3 3 3 3 o 07 0. 19 0. 16 0.10 

I 21 196 74 34 5 386 109 9.6 12 . 5 1.02 3 3 3 3 o 09 0.19 0 . 05 0.24 
0- 24 011 74 31 8 547 240 3.9 6.6 2.14 4 4 4 4 0.13 0.21 0.11 0.19 0-

24 013 74 16 4 527 196 4.0 6.4 3.96 4 4 4 4 0.11 0.17 0.15 0.13 
24 016 74 13 4 330 68 4.2 5.4 3.45 3 3 3 3 0.10 0.14 0.09 0. 10 
24 022 74 16 5 471 208 3.4 6.2 3.65 4 4 4 4 0.12 0.24 0.1 4 0. 15 
24 193 7 4 19 4 337 151 3.6 5.0 1.40 3 3 3 3 0.13 0.27 0.16 0.31 
24 200 74 29 10 636 290 9. 1 17.3 2 . 27 4 4 4 4 0.13 0 . 25 0.14 0 . 10 
25 105 74 221 74 1858 1214 9.5 15 . 6 0.19 3 3 3 3 0.39 0 . 38 0.16 0.31 
25 107 74 64 13 1122 601 12.4 22 . 8 0.41 3 3 3 3 0 . 27 0.45 0.26 0.22 
25 267 74 90 36 854 386 4 . 4 8.3 0 . 45 4 4 4 4 0.10 0 .2 3 0.05 0.12 
25 273 74 212 95 1287 603 27.0 54.5 0.37 3 3 3 3 0.12 0.45 0.09 0.23 
25 275 74 82 28 972 553 5.3 9.3 0.47 3 3 3 3 0.20 0. 34 0.08 0 . 20 
25 278 74 38 17 837 469 6.6 13 .2 1.64 4 4 4 4 0.12 0.31 0.13 0.15 
25 281 74 97 32 686 245 5.1 7.4 0 . 58 3 3 3 3 0. 16 0.23 0.06 0.25 
25 370 74 4 7 11 639 133 12.5 20.1 0.84 3 3 3 3 0.18 0 . 30 0.10 0.40 
26 355 7. 131 28 854 3 45 17.4 26.6 0.63 3 3 3 3 0.35 0.25 0.18 0.27 
28 219 75 20 5 344 45 3.3 5.5 1. 22 3 3 3 3 0.12 0.28 0.09 6-:07 
29 106 74 68 9 1193 539 16.0 25.4 0.34 3 3 3 3 0.18 0.34 0.10 0.08 
29 108 74 94 34 1169 623 18.9 31.4 0.85 3 3 3 3 0.31 0.34 0. 16 0 . 26 
29 109 74 36 9 877 325 30.4 64.6 I. 04 3 3 3 3 0.17 0.49 0.16 0.26 
29 110 74 56 20 1510 1072 5.4 8.7 0.55 3 3 3 3 0.15 0.27 0.13 0.10 
29 111 7 4 45 20 1526 1109 B.4 11.7 0 . 47 3 3 3 3 0.14 0.24 0.09 0.07 
29 194 74 48 12 810 331 10.1 13.3 1. 23 3 3 3 3 0.19 0.20 0.19 0.24 
29 195 74 22 7 910 594 9.0 19.9 1.81 3 3 3 3 0.12 0.47 0.15 0.16 



'" I 

'" '" 

29 195 74 22 7 "'V "'" 

WATER QUALITY SUMMARY BY RESERVOIR-YEAR 

----------------------------------------------- POOL DATA SCREEN COOE=A 

DIS RES YEAR CPTL CPOT CPOS CNTL CNIN CCHA CCFU CCHAMX CSEC NPTL NCHA NNTL NSEC EPTL ECHA ENTL ESEC 

29 207 74 125 63 1033 318 
30 064 75 57 8 815 48 
30 235 74 73 12 460 158 
31 077 75 13 8 247 57 
32 204 75 47 37 281 74 

27.8 
23.3 
7.4 
2.4 
2.8 

49.8 
50.1 
9.0 
3.8 
4.3 

0.61 
0.78 
2.32 
2.49 
4.04 

~~~-------------------------------------------- POOL DATA SCREEN COOE=B 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

3 
3 
3 
3 
3 

0.23 
0.13 
~27 
0.12 
0.24 

0.33 0.23 
0.40 0.10 
o~-----0:2 :3 
0.25 0.08 
0.30 0.11 

0.27 
0.10 
Q.15 
0.12 
0.45 

------------------------------------------------

DIS RES YEAR CPTL CPOT CPOS CNTL CNIN CCHA CCFU CCHAMX CSEC NPTL NCHA NNTL NSEC EPTL ECHA ENTL ESEC 

02 176 72 7 4 251 4.9 6.6 2.39 3 3 0 3 0.17 0.41 0.17 
04 320 74 31 7 1078 702 3.3 2.97 3 3 3 3 0.25 0.47 0.14 0.31 
08 074 73 22 6 4"3 121 7.7 9.6 1.76 2 2 2 2 0.20 0.20 0.15 0.12 

Oa--330--:Y-3---11 4 390 100 6.7 8.2 2.61 2 2 2 2 0.1-0 0.17 0.13 0.18 
10 069 73 20 5 767 134 7.6 9.8 1.61 2 2 2 2 0.15 0.24 0.25 0.09 
10 071 73 38 10 808 401 6.8 8.7 1.03 2 2 2 2 0.28 0.25 0.09 0.13 
10 072 73 44 9 872 248 9.9 12.4 1.09 2 2 2 2 0.25 0.26 0.12 0.08 
10 076 73 17 4 506 124 6.3 7.3 2.59 2 2 2 2 0.180.120.150.08 
14 099 74 183 97 5967 5328 13.9 21.4 0.60 2 3 2 3 0.07 0.36 0.52 0.32 

--'-5--178 72 21 13 115 {2. 5 16.5 2.32 3 3 0 3 O. 17 O. 19 0.07 
15 178 76 23 5 13 140 8.6 9.6 2.75 3 3 0 3 0.18 0.06 0.05 
15 178 78 16 3 710 233 7.1 7.9 2.23 3 3 3 3 0.33 0.09 0.06 0.20 
15 "179 79 209 109 103 66.9 97.3 0.85 4 3 0 4 0.20 0.29 0.23 
15 181 72 19 13 133 6.2 7.9 2.19 3 3 0 3 0.17 0.14 0.09 
15 399 78 55 21 18.5 25.8 1.33 3 3 0 3 0.07 0.20 0.06 
15 399 79 119 66 854 18.4 31.9 1.43 7 7 0 7 0.09 0.18 0.12 
16 328 72 35 15 399 12.6 16.7 1.30 3 3 0 3 0.33 0.16 0.32 
17 389 73 81 20 1769 1442 14.3 26.3 0.67 3 3 3 3 0.04 0.52 0 . 22 0.24 
18 090 73 24 1530872301 8.5 1.18 4 2 4 6 0.110.680.220.15 
18 091 74 211 65 9307 7434 4.5 0.43 7 2 7 5 0.50 0.45 0.10 0.26 
18 091 77 68 35 6767 4541 19.0 0.84 3 2 2 2 0.34 0.62 0.40 0.09 

--'-8--092 74 56 36 8180 7002 3.4 0.96 5 2 5 5 0.39 0.07 0.19 0.23 
18 092 75 60 26 4025 3271 4.1 0.95 6 2 6 6 0.23 0.07 0.13 0.18 
18 092 77 37 26 6212 5487 2.9 1.12 4 2 4 3 0.35 0.20 0.27 0.18 
18 094 75 38 22 3733 3090 5.4 1.07 6 3 6 6 0.27 0.58 0.07 0.12 
18 095 76 32 12 2367 1702 13.6 1.17 6 2 6 7 0.34 0.36 0.13 0.18 
18 097 75 37 22 2400 1812 14.6 0.95 6 2 6 5 0.16 0.72 0.16 0.09 
18 121 75 24 16 540 150 1. 6 1. 29 7 2 5 6 0.38 0.69 O. 16 O. 17 
18 126 74 17 11 971 566 6.5 1.48 6 2 7 7 0.34 0.08 0..18 0.16 



'. WATER QUALITY SUMMARY BY RESERVOIR-YEAR 

---- - -----------------------------------------. POOL DATA SCREEN COOE-8 --------- - --------------------------------------

_Q~ES YEAR CPTL CPOT CPOS CNTl CNIN CCHA eCFU CCHAMX eSEC NPTL NCHA NNTL NSEC EPTL ECHA ENTL ESEC 

18 128 75 . 41 25 1043 496 6.4 1. 24 7 2 7 7 0.38 0.01 0.211 0 . 15 
18 129 7~ 21 11 1257 759 3.9 1. 33 7 2 7 7 0.18 0 . 41 0.13 0.13 

-18- -134 77 14 11 G36 361 3 . 2 1.52 7 4 7 2 0.19 0.15 0 . 22 0.66 
18 263 75 48 16 2044 1245 5.0 1. 14 8 3 8 7 0.21 0.53 0 . 14 0.09 
22 014 74 21 4 373 80 14.6 23.7 2. 16 2 2 2 2 0.13 0.50 0.12 0 . 11 

-'2'2- - -0'9 74 17 1; 320 78 5.4 7.4 2.82 "2 2 2 2 o .-,-, -o:280~o-.36-

22 188 73 142 18 10B2 368 4.6 5.9 0 . 44 2 2 2 2 0.49 0.24 0.04 0.37 
22 189 73 49 10 740 185 4.8 6.3 1.05 2 2 2 2 0.40 0.27 0 . 07 0 . 23 
22 190 73 61 9 828 330 5.2 6.9 0.62 2 2 2 2 0.34 0.26 0 . 14 0.41 
22 192 73 39 11 594 165 7.2 9.4 1. 32 2 2 2 2 0.46 0.27 0.05 0 . 52 
24 012 74 72 8 539 140 10.3 11.7 0.46 2 2 2 2 0.22 0.12 0.13 0,24 
24 021 74 43 7 444 184 19.6 36.2 0.88 2 2 :; 2 0.09 0.74 0.03 0.08 
25 020 74 51 6 649 106 20.3 30.0 0.89 2 2 2 2 0.08 0.37 0.10 0. 15 
25 102 74 76 28 1312 872 9.8 15.6 0.36 2 3 2 3 0.40 0.34 0.33 0.10 

-25--'·03 74 57' 14 933 620 2.6 3.7 0.24 2 3 2 3 0.50 0.38 0.22 0 . 19 
25 104 74 51 16 806 491 7.7 14 .8 0.29 2 3 2 3 0.15 0.41 0 . 18 0.04 

'" 25 112 74 71 10 745 458 6 .6 12.8 0 . 29 2 3 2 3 0.07 0. 42 0 . 14 0 .04 1 
~ 25 269 7. 70 15 715 148 7.1 10.6 0.34 2 2 2 2 0.06 0.44 0.09 0.12 

'" 25 348 74 85 30 719 207 16 . 1 24.6 1. 18 2 3 2 3 0.17 0.31 0.07 0. 15 
26 354 74 48 15 655 331 5.7 7.9 0.38 3 3 2 3 0 . 21 0.20 0.33 O.IB 
26 354 75 177 92 333 5.6 0.22 2 '2 0 2 0.14 0.21 0.08 
26 354 77 98 24 304 28.0 0.66 3 3 0 3 0.28 0.90 0.44 
26 354 78 163 35 430 3.3 1. 14 2 2 0 2 0 . 57 0.97 0 . 33 

26- -3'59--7"- 65 47 510 99 6.7 9.0 1.80 2 2 2 2 0.45 0.27 0.16 0 . 18 
26 359 75 49 27 30.5 0.78 2 2 0 2 0.29 0.29 0.08 
26 359 76 76 17 295 31.0 0 .44 2 2 0 2 0 . 74 0.10 0.37 
26--3sg--'i8~48 62 400 14 .0 0.55 2 2 0 2 0.68 0.29 0.77 

26 360 74 110 29 1081 14 5 28.5 42.6 0.46 2 3 2 3 0.00 0.26 0.05 0.33 
28 218 77 20 7 356 3.8 4.0 7 . 8 2.41 3 3 3 3 0.30 0 . 54 0.41 0.19 
~fi9 77 22 5 456 4.4 4 . 7 6.8 1 .7 1 2 2 2 2 0.56 0.53 0 . 23 0.38 
28 219 78 26 17 28 430 2 . 6 2.7 2.8 1. 88 2 2 2 2 0.19 0.07 0.23 0.30 
29 100 74 70 9 1787 1128 12.0 27.1 0.61 2 3 2 3 0.19 0.48 0,07 0.18 
2 '9 .113 74 162 95 · 1688 1212 11. 3 18. B 0.74 2 3 2 3 0.23 0.27 0.14 0 . 32 
29 114 74 23 5 887 290 8.9 17 . 6 1.39 2 3 2 3 0.05 0.45 0. 10 0.33 
30 215 74 62 20 1078 200 15.4 27.8 1. 19 2 3 2 3 0.45 0.37 0.21 0.26 
~-i7 74 55 17 914 104 17.0 26.9 1. 11 2 3 2 3 0.34 0.27 0. 13 0.11 
33 300 75 20 10 288 57 3.2 3.8 1. 75 2 2 2 2 0.09 0.17 0.24 0.1 3 
34 04 1 71 45 9 262 41 1.0 1.8 5.68 8 5 6 7 0.17 0.23 0.14 0 . 06 

-3"4'- 041 72 16 7 264 21 1.3 2.5 6.50 7 7 7 6 0.15 0.2f 0.23 0.12 
34 041 73 10 10 115 25 0.9 1.5 5 . 44 6 6 6 6 0.00 0.19 0.04 0.14 



- ---
WATER QUALITY SUMMARY BY RESERVOIR- YEAR 

------- - •. - • • ----- . ---------------------------- POOL DATA SCREEN COOE-S -------------.---------------------------- .- ----

'" DIS RES YEAR CPTL 
I 

CPOT CPOS CNTL CNIN CCHA CCFU CCHAMX CS EC NPTL NCHA NNTL NSEC EPTL ECHA ENTL ESEC 

"" '" 34 041 74 10 10 186 24 0.8 1.8 7.08 7 7 7 7 0.00 0.23 0.22 0.09 
34 041 75 13 10 34 1.5 3.3 3.95 7 7 0 6 0.14 0 . 24 0.19 
34 041 76 10 10 20 0.6 1.2 3.44 6 7 0 5 0.00 0 . 20 0.24 
34 041 78 12 10 205 47 1.0 1.6 3.39 4 4 4 3 0.20 0.25 0.35 0.49 



APPENDIX C 

U. S. Army Corp s of Engineers Model Testing Data Sets 

Table Cl: tlutrient Input/Output Data Set 
Table C2: Nutrient Loading/Water Quality Response Data Set 
Table C3: Oxygen Status Data Set 

Note : Data summaries precede listings; tables Cl and C2 include only 
data passing screening cri t eria described in Part III of the 
main text and l isted in Table 14. 

C-l 
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Table Cl 

Nutrient Input/Output Data Set 

(") 
VARIAB LE LABEL N MEAN STA NDARD MINIMUM MAXIMUM 

I DEVIATION VALUE VALUE 
N 

IPTL INFLOW TOTAL P (MG/M3) 62 179.13 185 . 85 13.46 1050.46 
OPTL OUTFLOW TOTAL P (MG/M3) 62 72.17 56.67 8.29 224.80 
IPOS INFLOW DISSOLVED P (MG/M3) 62 6 j .97 67.92 6.68 375.65 

OPDS OUTFLOW DISSOLVED P (MG/M3) 62 30.52 30.44 5.22 174.14 

INTL INFLOW TOTAL N ( MG /M3 ) 62 2214.49 1824.22 190.25 9469.81 

ONTl OUTFLOW TOTAL N (MG/M3) 62 1596.49 1266.84 245.54 7298.11 

ININ INFL OW INORGANIC N (MG/M3) 62 1082 . 84 1378.57 32.50 7526.29 

ONIN OUTFLOW INORGANIC N ( MG /M3) 62 812.55 1052.74 47.61 5952.35 

ZMEA MEAN DEPTH (M) 62 9.81 8.97 1. 53 57.59 
THYQ RESIDENCE TIME (YR) 62 0.32 0.33 0.01 1.89 

OSOV OVERFLOW RATE (M/YR) 62 81.59 123.88 3.23 779. 14 

SEDM SEDIMENT ATION RATE (KG/M2-YR) 17 35.79 39.80 3.97 142.10 



\ 
NUTRIENT INPUT/OUTPUT DATA SET 

DIS RES IPTl OPTL IPOS OPOS INTL ONTL ININ ONIN ZMEA THYO OSOV SEOM 

03 307 BELTZVILLE 13.5 10.9 6.7 6.7 1160 1149 704 739 13.4 0.243 55.1 
04 312 F J SAYERS (BlA 168.2 B2.9 106. 7 41.6 2691 2032 1804 1236 4.5 0.046 98.0 
06 372 JOHN H KERR 132 . 4 25.9 36.6 13.4 1351 1225 363 302 9.3 0.246 37.7 23.56 
08 074 CLARK HILL 55.7 24.3 15.9 8.7 697 892 274 225 10.7 0.263 40.8 
DB 330 l'-iARTWELL 54.0 ' 9.2 21.0 5.7 695 1004 257 208 14 .0 0 . 541 25.8 
10 003 HOLT 38.6 34.3 11.2 10 .5 1274 1676 623 824 10.9 0.014 779. 1 
10 069 ALLATOONA 75.9 25.7 16.7 8.6 734 562 302 220 9.2 0.15 7 58 . 5 
10 071 SEMINOLE (WOODR 94.7 75 .8 30.6 22.8 1406 1334 445 314 3.0 0.017 174. 1 
10 072 WALTER F GEORGE 94.9 90.2 33.0 33.3 1033 1145 430 462 5.9 0.083 71.3 
10 076 SIDNEY LANIER 79.5 18 .6 32.4 5 . 2 10 45 801 474 412 15.3 0.894 17.1 
10 411 BANKHEAD 64.1 52 . 6 15.0 11 . 5 1679 1557 915 728 9.4 0.038 245.6 
14 099 RED ROCK 612.5 217.2 181 . t 120 . 3 9470 7298 7130 5952 3.5 0.036 96.7 
15 237 ASHTABULA (BALD 294.8 224.8 155.6 174 .1 2883 2211 777 512 3.8 0.485 7.8 8.18 

(') 16 243 BERLIN 261.4 57.6 151.6 21.0 2906 2109 1797 1165 5 . 2 0.222 23.2 
I 16 3 17 SHENANGO RIVER 96.8 70.0 35.2 13 .3 1516 1491 707 656 3. 1 0.051 61 .0 

W 
16 328 ALLEGHENY (KINZ 45.8 31.2 12.3 9.0 688 1301 374 640 13 . 1 0.165 79.8 
17 24 1 ATWOOD 88.3 27.5 21.2 9.5 2426 948 1562 362 4.4 0.304 14.3 

" 242 BEACH CITY 257.6 210 .2 53.1 35.6 4111 3811 3000 2565 1.5 0.013 117 . 1 
17 245 CHARLES MILL 175.6 156.2 50.8 26.4 3292 2920 1894 1411 1.7 0.035 47 .0 12.31 
17 248 DELAWARE 267.2 175.0 95.0 71.9 4503 4001 3245 2868 3.1 0.035 88.8 9.75 
17 249 DILLON 168.7 130. 2 91.2 49.3 2577 2588 1670 1750 3.5 0.024 142 .3 24. 18 
17 256 PLEASANT HILL 56.0 55.6 24.8 27.6 2047 1560 1414 1006 5.7 0.083 68.8 
17 373 JO HN W FLA NNAGA 78.0 12.3 7.4 5.3 1309 1341 436 382 19 . 5 0.315 62. 0 
17 389 BLUESTONE 45 .9 45.7 18.2 19.2 1390 1418 1015 1062 9.8 0.022 455 .2 45.31 
17 391 SUMMERSVILLE 24.1 15.1 6.8 6.8 916 858 700 701 20. t 0.061 330.6 
18 092 MISSISSINEWA 336.1 131. 8 107.3 61.3 5697 3955 3432 2908 7.3 0.092 79.8 
18 093 MONROE 30.5 12.8 8.8 5.6 938 701 596 351 5.2 0.459 11.4 
18 120 BARREN RIVER 55.4 47.3 45.5 18.3 2022 1239 1086 877 8 .0 0.159 50.2 
19 119 BARKLEY 133.1 122.5 48.3 41.6 1187 1 t38 637 505 5.0 0.023 218.1 
19 122 CUMBERLAND (WOl 58.1 33.8 12.5 7.9 1038 905 377 608 22.2 0.289 76.8 
19 340 J PERCY PRIEST 139.7 102.9 92.7 56.1 880 886 699 522 8.2 0.20B 39.6 
19 342 OLD HICKORY 106.0 94.1 32.3 26.2 1009 927 453 414 5.8 0.018 322.5 16.36 



NUTRIENT INPUT/OUTPUT DATA SET 

DIS RES IPTL QPTL IPOS OPOS INTL ONTL ININ ONIN ZMEA THYD OSOV SEDM 

19 3 43 OALE HOLLOW 17.4 8 . 3 7.5 5.6 662 1485 377 818 14 .5 0 . 675 21.4 
20 081 CARLYLE 198.3 120 . 8 61.9 56 . 6 4205 3599 2963 2100 3.7 0.122 30.1 13 . 37 
20 087 SHELB YV ILLE 174 .4 105.6 98.1 53.8 8228 6194 7526 4 788 6.0 0.201 30.0 
20 088 REND 306.2 86. 1 55.6 23.3 2698 1418 924 371 3.2 0.579 5.6 
22 189 ENID 285.6 64.9 82.4 23.2 1652 875 479 372 5.6 0.310 f8.1 
24 011 BEAVER 62.4 16 . 3 16 .8 6.0 101 3 773 482 279 17.7 0.946 18.7 
2 4 013 BULL SHOALS 18 . 2 12.4 7.6 5.7 766 777 474 370 21.1 0.437 48.3 
24 200 TABLE ROCK 48.7 18 . 1 46 . 4 12.8 2101 1418 930 556 19.5 0.592 33 . 0 
25 020 MILLWOOD 62.3 48.3 17.2 12.3 723 459 200 118 2 . 3 0.025 90.3 
25 105 JOHN REDMOND 375.9 178.0 105 .6 7 1 . 4 3450 1976 1375 741 2.5 0.054 45.7 53 . 86 
25 267 EUFAULA 360.2 191 .0 83.0 59.2 1935 1475 282 484 7.4 0.315 23.7 60.35 
25 269 FORT SUPPLY 73 . 4 51.5 20.2 14.9 1492 892 451 77 2.3 0.704 3 . 2 13 .55 

" 
25 273 KEYSTONE 3~6.8 109 . 1 124. 1 85.9 3131 1463 875 771 8. 1 0.066 121.6 122 .73 , 25 278 TENKrlLER FERRY 93.2 47.9 54 . S 30.6 1957 1843 780 631 16.0 0.340 47.0 

'" 25 281 "'ISTER 71.3 70 . 8 21.8 26.5 956 903 133 166 3.1 0.070 44.4 3.97 
25 348 TE XOMA (DENNISO 402 . 5 92.0 85. , 46.4 2705 1188 451 245 9.7 0.407 23.9 142.10 
26 347 CANYON 18 .5 11.3 8.2 5.7 1403 727 957 425 13 .6 0.571 23 . 7 
26 354 LAVON 227.9 49.0 76.1 23.8 2161 888 678 203 5.0 0.291 17.1 19 . 18 
26 355 LEWISVILlE(GARZ 258.2 77.0 90.7 43.8 1988 956 560 449 6.6 0.439 15.1 16 . 84 
26 36 1 SOMERVILLE 120 .9 65 . 7 49 .0 20.1 1834 1225 272 90 4 .6 0.311 14 .8 
26 362 STIllHOUSE HOll 49.0 17.2 14.4 6.1 1366 649 447 258 11.9 0.45 3 26.3 
29 106 KANOPOLI S 587. 1 89.7 138 . 8 29.1 2676 1584 615 436 4.8 0.316 15.2 
29 108 MIL FORD 530 . 6 59.6 210.7 28.4 2767 1491 985 237 7.8 1.109 7.0 
29 111 POMONA 138.7 59.5 53 . 6 14 . 8 3243 2280 1067 722 5.5 0.370 14.9 
29 113 TUTTLE CR EEK 1050.5 136 . 1 271.3 77. 1 4884 2298 1861 1197 7.7 0.356 21.7 
29 207 HARLAN COUNTY 438.8 121. 9 375.6 66.1 7473 1235 999 178 6.8 1.886 3.6 ~2.80 
30 235 SAKAKAWEA(GARRI 356.6 27 . 2 22 . 2 12.1 1430 547 178 167 18 .0 0.896 20 . 1 
3 1 077 D"'ORSHAK 19 . 3 16.6 8.0 7.8 694 387 35 78 57 . 6 0.596 96.7 
33 300 HILLS CREEK 40 .2 35.7 31.1 24 . 0 190 246 32 48 36.9 0.291 126 .9 
35 029 MENOOCIND 129 .6 62.5 26.6 25 .3 947 750 151 118 13.5 0.248 54.3 

\ 



Table C2 

Nutrient Loading/Water Quality Response Data Set 

co 
I VARIABLE LABEL N MEAN STANDARD MINIMUM MAXIMUM 
'" OEVIATION VALUE VALUE 

CPTl TOTAL PHOSPHORUS 43 75.98 62.44 10.17 277.04 
OPTL OUTFLOW' iOTAL P 43 77,52 59,16 8.29 224,80 
CNTl TOTAL NITROGEN 43 1255 61 887,27 247.34 4352.30 
OSEe SECCHI DEPTH 43 Ln 1.03 0,19 4.32 
CCHA CHLOROPHYlL-A (MG/M3) 43 13 65 12,06 2.42 57,13 
CAlPH NONALGAl TURerOITY (I/M) 43 i, 12 1 02 0,15 5.24 
IPTl INFLOW TOTAL P (MG/M3) 43 183 45 182,74 13,36 936.81 
IPDS INFLOW DISSOLVED P (IAG/M3) 43 65,09 66,97 6.68 357.65 
INTL INFLOW TOTAL N (Ma/MO) 43 2380,67 1704.49 674,42 8184.93 
ININ INFLOW INORGANIC N (MG/M3) 43 1208 62 1308,18 34,80 7459,61 
ZMEA MEAN DEPTH (M) 43 9 95 9,S1 1.4:2 57.98 
THYD RESIDENCE TIME (YR) 43 0,32 0,35 0,01 L 43 
QSOV OVERFLOW RATE (M!YR) 43 88,96 126.05 4,42 715.30 
SW" SEDIMENTATION RATE (KG!M2-YR) i3 29,81 32.57 3,97 122,73 

\ 



\ 

NUTRIENT LOADING/WATER QUALITY RESPONSE OATA SET 

DIS RES ' YEA R CPTL OPTL CNTl CSEC CCHA CALPH IPTl IPOS INTL ININ ZMEA THYD OSDV SEDM 

03 307 BELTZVILLE 73 10.7 10.9 941 3.49 4 . 9 0.17 13.4 6.7 1162 704 13.5 0 .2 47 54 .5 

04 312 F J SAYERS (BLA 73 96.5 82.9 1724 1.20 18.00.45 166.3 10 4 . 8 2683 1788 4.70 .048 99.1 

06 372 ,JOHN H KERR 73 50.0 25.9 677 1.09 8.1 1.11 135.5 33.6 1412 378 9.3 0.176 53.2 23.56 
10 003 HOLT 73 24.2 34.3 1152 1. 23 2.60.75 38 . 0 11.0 1282 631 10.9 0,015 715.3 

10 411 BANKHEAD 73 40.1 52.6 14 09 1.20 4.0 0 . 80 64.4 15. 1 1682 914 9.4 0.041 226 . 7 

15 237 ASHTABULA (BALD 74 277.0224.8 17390.7541.30.37 298.9 155.72913 832 3.7 0.351 10.6 8.18 
16 243 BERLIN 73 58.8 57.6 1428 0.86 14 .6 0.85 249.6 136.72889 1833 5.2 0.196 26.6 

16 317 SHENANGO RIVER 73 59.8 70.0 1042 0.93 26.8 0.43 96.5 35.1 1518 709 3.2 0.051 62.1 

16 328 ALLEGHENY (KINZ 73 20.9 31.2 735 2.18 3.70.49 45.4 12.2 681 370 13.40.176 76 . 1 

17 241 ATWOOD 73 41 .3 27.5 9 45 0.96 16.4 0.82 93.4 22.8 2423 1541 4.5 0.382 11.8 

17 242 BEACH CITY 73 167 .2 210.2 2887 0.28 10.9 3.31 258.9 49.7 4343 3261 1.40 .008 175.7 

17 245 CHARLES MILL 73 127.0 156, ,2 17650.44 67.1 0.67 176.8 50.9 3 3 56 1970 1.6 0.029 56.0 12.31 

17 248 DELAWARE 73 102.5 175.0 3106 0.40 10 . 8 2.34 267.6 92.1 47283533 3.10.027 113.8 9.75 

" 17 249 DILLON 73 186.6 130.2 3204 0.46 26.1 1.61 164.4 87.6 2532 1650 3.0 0.017 180.024.18 
1 17 256 PLEASANT HILL 73 40.4 55.6 950 1.1022.80.37 50 .9 22.0 2 138 1509 5.3 0.053 99.5 

cr-
17 373 JOHN W FLANNAGA 73 10.6 12.3 523 2.24 5.6 0. 45 72 . 2 7.7 1306 430 19.6 0.413 47.4 

17 391 SUMMERSVILLE 73 12.8 15 . 1 858 3.53 6.2 0.15 24.2 6.7 930 70921.00.056376.3 
18 092 MISSISSINEWA 73 103.9 131.8 30700.67 1S.B 1. 36 337.7 107.65737 3459 7,4 0.079 93.9 

18 093 MONROE 73 3 1. 12.8 763 1. 64 7.2 0.68 28.9 8.1 922 633 5.6 0.407 13.7 

18 120 BARREN RIVER 73 44.2 47.3 838 1. 19 8.40.74 56 . 6 46.2 2022 1073 7.6 0.151 50.6 

19 119 BARKLEY 73 124.8 122.5 750 0.69 13 _ 3 1. 13 133.2 48.4 1187 637 4.8 0.022 220.3 

19 122 CUMBERLAND (WOL 73 15.6 33.8 477 1.72 3.8 0.54 57.9 12 .7 1050 373 22.7 0.382 59.5 

19 340 J PERCY PRIEST 73 45 .1 102.9 569 1.77 10.00.40 139.9 92 . 8 881 699 8.3 0 . 220 37.6 

19 342 OLD HICKORY 73 57.8 94.1 629 0.76 8 . 9 1.12 102.5 31.5 1024 444 5.8 0 . 021 280.6 16.36 

19 343 DALE HOLLOW 73 10. 2 8.3 443 4.32 3.6 0.22 17 .6 7.7 674 379 14.40.765 18.8 

20 081 CARLYLE 73 84.4 120.8 209 1 0.56 17.4 1.43 198.3 61 .9 4214 2972 3.70. 122 30.5 13.37 

20 087 SHELBYVILLE 73 69.3 105.6 4352 0.98 17.1 0.64 175 . 9 98.9 8185 7460 6.30.209 30.2 

20 088 REND 73 71.1 86.1 1211 0.7 2 23.50 . 85 309.6 56.4 2729 929 3.1 0.696 4.4 

24 011 BEAVER 74 30.7 16 .3 547 2.14 3.9 0.57 62.5 16.9 1013 482 17 .7 1.025 17.3 

2 4 013 BULL SHOALS . 74 15.9 12.4 527 3.96 4.0 0.17 18.2 7.6 764 473 21.30.502 42.4 
. 24 200 TABLE ROCK 74 29.4 18.1 6362.:27 9.10.26 47.7 45.9 2105 927 19.70.588 33.4 

25 105 JOHN REDMOND 74 221.1 178.0 1858 0.19 9.5 5.24 381.9 101.3 3492 1475 3.0 0.044 69.1 53.86 



NUTRIENT LOADING/WAl£R QUALITY RESPONSE DATA SET 

DIS RES YEAR CPTl OPTl CNiL CS(C CCHA CALPH IPTL IPDS INTL ININ Z~~A THYO OSOV $EDM 

25 267 EUFAULA 74 90.0 191,0 854 0,45 4.4 2.42 359.4 88,7 \963 285 '1.4 0.451 16.4 60,35 
26 273 KEYSTONE 74 :.? 11.7 109,1 12870.37 27.03.23 386,7 124 i 3128 873 C 1 0,068 118.7 122.73 
25 278 TENKIlLER FERRV 74 37,7 47,9 837 1.64 6,6 0.53 93.4 54.7 1967 785 i(?O 0,324 49.3 

(") 25 281 WISTER 74 96.9 70.8 686 0.58 5, 1. 59 71.1 21.6 95\ 131 3 0 0.0'lO 43.0 3.97 
I 26 355 lEWISVIlLE(GARZ 74 \31,0 77.0 854 0.63 17.4 1. 66 31B.5 135.0 2403 821 6,4 1.049 6.1 16.84 
'J 

29 106 KANOPOLIS 74 68" 1 89.7 11930.34 16.0 2.62 936,8 146.0 2916 346 5 5 0, 126 44.0 
29 108 M1LrORO 74 94.5 59.6 1169 0.85 18.9 1.04 656,8 196.2 2411 t30B B.2 0,305 26.8 
29 t11 POMONA 74 45.2 59,5 1526 0.47 8,4 1.93 138.7 53,8 3245 \070 5.70 3t4 18.0 
29 207 HARLAN COUNTY 74 125.3 121.9 10330.61 27.8 1 35 401 6 351 7 1411 999 7.5 1.432 5.2 22,30 
30 235 SAKAKAWEA(GARRI 74 72.9 27.2 4602.32 7.' 1.07 221,2 19 0 130i 140 18.0 1.317 13.6 
31 077 DWORSHAK 75 13.0 16.6 247 2.49 2.4 0,35 19.3 8.0 696 35 58.0 0.597 97.2 



Table C3 

Oxygen Status Data Set 

VAR I AB LE LABEL N MEAN STA NDARD MINIMUM MA XIMUM 
n , DEVIATION VALUe VA LUE 

'" DTMAX TOP - TO-BOTTOM TEMP. DIFFERENCE (OEG-C) 63 13.38 1 5.191 6 .000 24 . 000 
ZTHERM MI D THERMOCLINE DEPTH (M) 63 8 . 272 3.44 4 2.400 25.915 
PZMAX MA XIMUM 02 PROFILE DEPTH (M) 63 31. 4 3 1 20.206 3.049 91. 4 6 3 
PZOOM MIN IMUM DEPTH OF ANOXIC COND o (M) 63 16 . 521 19.664 1.524 9 1 .463 
TH MEAN HYPOLIMNION TEMP . (OEG-G) 63 14 . 45 2 4.437 7.500 22. 500 
CP TL TOTAL PHOSPHORUS (MG/M3) 63 4 3. 978 42 . 704 5 . 470 234 . '67 
CCHA CHLOROPHYLL-A (MG/ M3) 51 9.092 9 . 497 1. 036 58.9B3 
CSEC SECCHI DEPTH (M) 63 1 . BB6 1 .245 0.330 6 . 115 
IPH INFLOW TOTAL P (MG/ M3) 46 ' OB . 025 122 .6 12 13 .363 656.829 
OPH OUT FLOW TOTAL P ( MG/ M3) 46 52 . 9 11 55 . 692 8 .286 279.132 
TH VO RE S IDENCE TIME (YR ) 62 0 .533 0.7 45 0.007 4.321 
OS OV OV ERFLOW RATE (M /YR ) 62 66. 436 122 .062 f .042 8 12 . 107 
ZMEA MEAN DEPTH ( M) 63 11.520 9.163 f . 601 57 .9 B2 
ZH MEAN HYPO LIMNION DEPTH (M) 6 3 8.6BO 8 . 848 0.6 24 55.270 



OXYGEN STATUS DATA SET 

~ -----------------------------------------~-- OXYG~N STATUS GROUP~OXIC ------------- - -----------

DIS RES DTMAX ZTHERM PZM4X PZDQM TH CPTL CCHA CSEC IPTL OPTL THYD QSQV ZMEA ZH 

30 235 SAKAKAWEA(GARRI 15 25.9 57.9 57 9 10.5 2::L9 3.3 2.90 221 . .2 27.2 1 317 13.6 18.0 9.2 
31 077 DWQRSH4K 18 9,0 61.0 81 0 7.5 13.0 2.4 2.49 19.3 16 6 0.597 97 2 58.0 55.3 
32 204 KOOKANUSA(LIBBY 15 9,0 91.5 91.5 7.5 47_2 2.8 4.04 23.1 24. 1 0.412 77 ,9 32 _ 1 26.6 
33 300 HILLS CREEl< 15 9,0 67 I 67.1 7.5 20 1 3 2 L 75 40,0 35.7 0.291 127.5 37.1 32.8 
34 041 FOLSOM 18 9 1 68.6 68.6 10.5 16.6 1.0 5.07 0.104 151 _ 8 15.8 14.5 

C'l 
~ ------------------------- ---- ------ -- OXYGEN STATUS GROUP=INTERMEDIAT£ -- ---- ---------~~ - -------------------

I ," DIS R(S DTMAX ZTHERM PZMAX PZDOM TH CPTL CCHA CSEC I PTL OPTL THYD OSOV ZMEA lH 

03 307 BELTZVIllE '8 6 36,6 15.2 13 5 10.9 5 2 3 61 13.4 109 0.247 54.5 13.5 11.9 
16 393 TYGART 12 10.7 36.6 21.3 HL5 5.5 1.2 2,88 '9.9 32.0 0.038 437.2 16.8 9.5 
17 373 JOHN W FlANN'G' 2' 7.6 50.3 39.6 10.5 9.6 4.6 2.68 72 2 12.3 O.4~3 47.4 19,6 17.8 
17 391 SUMMERSVILLE 21 9. , 76.2 53.4 13.5 13 , 7.3 3.77 24 2 15. 1 0.056 376.3 21.0 11 . 3 
19 122 CtJM8ERLANO OWL 16 7 6 54.9 313.6 10.5 12.2 4,2 1.93 57 9 33.8 0.382 59.5 22.7 '8.3 
19 343 DALE HOLLOW 31 '3. , 42,7 18.3 10,5 9,1 1.6 G 11 17 6 9.3 0.765 18.8 14 4 10.2 
22 014 DE GRAY 24 6.7 51.8 30.5 7.5 19.9 15,4 2'.18 1.130 13.2 14.9 13,7 
22 019 OUACHITA (BLAKE 24 7.6 53.4 36,0 7.5 '6.5 4.0 3.61 22.0 15.8 1.102 14 7 16 2 14,0 
24 011 BEAVER 21 9.8 59.5 38" 1 7.5 18,2 3.2 2.77 62.5 16.3 1.025 17.3 17.7 15,5 
24 013 BULL SHOALS 2, 8.2 57 9 39,6 7.5 14,3 3,7 4.22 18,2 12.4 0.502 42 4 21 3 19, 1 
24 019 GREERS FERRY 2 1 8.2 54.9 39 6 7.5 10,9 2.9 4.27 34.5 11.4 1,158 16" 1 18,7 15,0 
2' 022 NORFOLK 18 9.1 53.4 HL3 7.5 15,2 3 4 3.88 16.4 19.3 0.628 28.6 18,0 15,4 



OXYGEN STATUS DATA SET 

- - --- ---------~--------- ------- OXYGEN STATUS GRour=ANOXIC ------~~~~-------

DIS RES DTMAX ZTH:cRM PZMAX PZDD" TH CPTl CCHA CSEC IPTL QPTL THVO QSOV ZMEA ZH 

06 372 JOHN H KERR 15 10.7 30 5 7.6 16.5 29 9 9 2 1.52 135.5 25.9 0.176 53.2 9.3 6 9 
08 074 CLARK HILL 15 6.1 42.7 8.1 16.5 17. 7.6 2.22 55 6 24.3 0.250 42 7 10.7 9.6 
08 ::330 HARTWELL 15 7.6 61.8 10."1 16.5 10 2 5.8 3.01 54.0 9.2 0.583 23.8 13.9 12 8 
10 073 WEST POINT 9 6.7 22.9 6.2 22.5 66.7 12 4 0.50 0.152 46.8 7.1 6.2 
10 076 SIDNt:Y LAN! ER 18 6 1 44.2 10.7 13.5 12.7 6.3 2.70 '19.7 18.6 0.932 16.2 15. i 13.1 
15 178 GULL 9 12.2. 19.8 11.3 13.5 20.6 9.7 2.54 33.5 18 9 3.?54 3.9 12.6 5.6 
15 181 LEECH 12 14.0 25.9 15.2 10.5 16 8 6.2 2.19 51.3 22 2 4.321 1.0 4.5 5.2 
15 399 EAU GAllE 6 2 4 3.0 2.4 13 5 90.0 17.4 1. 38 o 069 45.5 3.1 2. " ~{ 
16 243 BERLIN 6 7.6 22.9 4.3 19.6 64" 1 11.7 0.83 249.6 57.6 0.196 26.6 5.2 3 7 
16 328 ALLEGHENY (KINZ 12 9.1 30.5 10 7 13.5 21.4 5.8 2.29 45.4 31. 2 0.176 76.1 13.4 10.3 
17 241 ATWOOD 9 6. I 10.7 4 3 16.5 27. 3 9.7 1. 26 93 4 27.5 0.382 11 .8 4.6 2. 1 

CO 17 245 CHARLES MILL 9 3.7 7 6 2 4 13.5 ,,1. 2 59.0 0.49 116.8 156.2 0.029 56.0 1.6 0.6 
I 17 247 DEER CREEK 6 7.6 13.7 5.6 16.5 70.4 10.6 0.86 90.1 127.7 0,050 88.0 4.4 o 8 l-" 
a 17 249 DILLON 6 4.6 9. 2.4 19.5 171.1 31.3 0.52 164.4 130.2 0.017 180.0 3.0 1.6 

17 258 TAPPAN 9 5 5 9.1 4 3 16 6 41.3 28.9 0.99 30.1 29.9 0.482 9.0 4 3 2.2 
17 389 BLUESTONE 6 9 1 13.7 9. 19.6 7B.9 15 3 0.67 46.0 46.7 0.007 812.1 G.l 1.6 
18 090 eAGLES MXLl 15 6 1 15.2 2.4 13.5 35,8 1.09 0.13:0 45.4 5.9 3.5 
18 091 HUNTrNGTON 6 4 6 9.1 4.0 19.5 132 3 0.51 0.029 146.7 4.2 2.0 
18 092 MISSISSINEWA 9 7.6 21 3 5.5 16 5 58 5 9.4 0.94 337.7 131 a 0.079 93.9 7 4 4.8 
18 093 MONROE 15 7.6 16.8 6.5 16.5 27.7 7 3 1. 82 28.9 12 8 0,407 13.7 5 6 2.2 
18 094 $AlAMON1[ 12 7.6 21.3 3.7 16.5 38.3 1 01 0,167 38 6 6 5 4.2 
18 095 C M HARDEN (MAN 12 1.6 16.8 5.5 16 5 29.4 1. 1 1 0.317 23.0 7.3 4 2 
18 097 BROOKVILLE 18 1.6 29.0 5 5 10.5 26.2 1.03 0.696 15.4 10.7 8.2 
is 120 8ARREN RIVER 15 7.6 21.3 6. j 13.5 26.8 7.1 1. 34 56.6 47.3 O. j'3 1 50.6 7.6 4.2 
18 121 BUCKHORN 12 7.6 18.3 8.2 16.5 21.9 1. 37 o 077 99.6 7.7 6.2 
18 126 GREEN RIVER 18 6 7 24.4 5.5 13,5 20.8 1. 56 0.331 27 4 9. 1 6.0 
18 128 NOLIN RIVER 18 6.7 29.0 7 3 13.5 29.5 1. 46 0.265 33.8 9 0 6.9 
18 129 ROUGH RIVER 15 7 6 19.8 4,6 18.5 18.7 1. 53 0.241 29.2 7.0 '.0 
18 134 CAVE "RUN 15 6.7 21 3 5 5 10.5 17 5 1.88 0.291 28.2 8 2 4.9 
18 260 WEST FORK OF MI 9 2.4 6.1 1.5 16.5 234.2 0.33 0.073 34.8 2.6 2.2 



OXYGEN STATUS DATA SET 

---------------------------------------------- OXYGEN STATUS GROUP=ANOXIC ----------------------------------------------

DIS RES DTMAX ZTHERM PZMAX PZDOM TH CPTL CCHA CSEC IPTL OPTL THYO QSOV ZMEA ZH 

18 263 CLARENCE J BROW 12 6.7 13.7 4.5 13.5 42.1 0,94 5.3 2.4 
19 340 J' PERCY PRIEST 18 7.6 29.0 5.5 13.5 32.9 8.7 1. 44 139.9 102<9 0.220 37.6 8.3 6.4 
20 087 SHELBYVILLE 9 6.1 15.2 6. i 19.5 51.7 16.9 1.11 175.9 105.6 0.209 30.2 6.3 4.5 
22 188 ARKABUTLA 9 4.6 12.2 4.6 19.5 142.5 4.6 0.44 110.0 279. t 0.173 25.2 4.4 2.4 
22 189 ENID 9 7.6 13.7 8.2 19.5 42.6 5.2 1. 09 284.6 64.9 0.331 18.8 6.2 2.8 
22 190 G.QENAOA 9 9. 15.2 6.7 19.5 60.6 ".1 0.62 122.3 105.7 0.457 12.9 5.9 2.1 
22 192 SARDIS 9 7 ' 16.8 4.3 19.5 38.4 7.0 1. 33 79.9 18.4 0.430 17 _ 5 7.5 4.2 

" 
•. 0 

I 24 200 TA8lE ROCK 21 9.1 65.5 12.2 7.5 22.3 7.8 2.54 47.7 1 B. t 0.588 33.4 19.7 17.4 
,~ 

25 267 EUFAULA 6 17.0 24.4 15.2 22.5 66.6 3"2 0.54 359.4 191.0 0.451 16.4 7.4 3.2 
25 278 TENKILLER FERRY 12 13.7 42.7 9.1 16.5 31.9 5.2 1. 90 93.4 47.9 0.324 49.3 16.0 i 1 .4 
25 281 WISTER 6 6. 10.7 3.7 22.5 96.9 5.1 0.58 71.1 70.8 0.070 43.0 3.0 1.8 
26 355 LEWISVILLE(GARZ 6 9.1 16.8 9.1 19.5 93.3 16.2 0.80 318.5 77 .0 1.049 6.1 6.4 3 _ 1 
26 359 SAM RAYBURN (Me 12 10.7 25.9 7.6 19.5 49.7 6.3 1. 90 2.659 2.9 7.7 3.8 
29 108 MILFORD 6 15.2 19.8 15.2 19.5 94.5 18.9 0.85 656.8 59.6 0.305 26.8 8.2 3.0 
29 194 POMME DE TERRE 15 7.6 25.9 4.6 10.5 41.4 7.5 1. 54 43.6 64.6 0.515 18.3 9.4 6.8 
29 195 STOCKTON 12 7.6 30.5 8.5 16.5 18.9 7.3 2.03 75.3 20.1 0.792 13.6 10.8 7.8 



APPENDIX D 

Model Residual Summaries and Analyses 

Table D1 

Key to Appendix D Tables 

Mode 1 Categor): Internal P Retention Load/Response 

Report Section: v VI VI 

----------------------------------------- Table ------------------
Model Code and 
Data Set Definitions 16,19* 22* 25,26,27* 

Statistical Summaries: 
Original Parameters D2 D4 D6 
Optima 1 Parameters D3 D5 D7 

Regiona 1 Ana lyses D8 D9 DI0 

Correlation Matrices D11 D12 D13 

Stepwise Regressions D14 D15 D16 

* In the main text. 

0-1 



Table D2 

Error Statistics for Internal Models with Origina 1 Parameters 

MODEL N MEAN STD MSE T PRT MIN MAX R2 CHI2 MAD 
--------------------------.----------------------------------------.. ---
BOlAOl 218 -0.049 .289 .086 -2.48 .012 -0.93 0.65 0.417 5.14 .181 
BOlA02 218 -0.112 .304 .104 -5.42 <.001 -1.14 0.50 0.291 5.92 .184 
BOIA03 218 -0.358 .400 .287 -13 .21 <.001 -1.65 0.41 -0.949 16.52 .316 
B02A01 218 -0.381 .350 .267 -16.05 <.001 -1.51 0.41 -0.811 15 .65 .360 
B03A01 218 -0.346 .351 .242 -14.56 <.001 -1.39 0.29 -0.643 13.47 .297 
B04A01 218 -0.231 .234 .108 -14.60 <.001 -1.01 0.33 0.267 7.10 .264 
B05A01 218 -0.093 .253 .072 -5.40 <.001 -0.81 0.51 0.508 4.31 .186 

SOlAOl 218 -0.244 .294 .145 -12.26 <.001 -1. 26 0.27 -0.391 8.29 .17 5 
SOlA02 218 -0.274 .286 .156 -14.16 <.001 -1.23 0.28 -0.497 8.88 .215 
SOlAOl 218 -0.405 .298 .252 -20.11 <.001 -1.28 0.21 -1.417 14.59 .379 
S03AOl 218 -0.395 .289 .239 -20.22 <.001 -1.34 0.15 -1.288 13.73 .338 

S04AOl 258 -0.022 .189 .036 -1.89 .070 -0.56 0.64 0.655 3.86 .132 
S04A02 258 -0.093 .185 .043 -8.02 <.001 -0.56 0.58 0.591 4.91 .1 48 
S05A01 258 -0.027 .212 .045 -2.03 .050 -0.52 0.73 0.565 4.88 .132 
S05A02 258 -0.173 .212 .075 -13.11 <.001 -0.66 0.59 0.286 9.23 .216 
S06AOl 258 -0.233 .197 .093 -18.98 <.001 -0.64 0.46 0.112 11.50 . 262 
----------------------.------------------------------------------------

Statistic Definitions 

N number of observations 
MEAN mean residual (bias) 
STn standard deviation 
MSE mean squared error (uncorrected for degrees of freedom used in 

parameter estimation) 
T t-test for HO: mean=O 
PRT probability if greater T, given HO 
MIN minimum residual 
MAX maximum residual 
R2 R-Squared 
CHI2 Chi-Squared (see Part IV of main text) 
MAD median absolute deviation 
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Table D3 

Error Statistics for Internal Models with Optimized Parameters 
-' 

MODEL N MEAN STD MSE T PRT MIN MAX R2 CHI2 MAD 

SOlX01 218 -0.005 0.285 0.081 -0.25 .201 -0.929 0.565 0.308 4.85 0.192 
S02X01 218 -0.001 0.294 0.086 -0.06 .239 -0.887 0.555 0.2645.22 0.206 
S03X01 218 -0.010 0.285 0.081 -0.50 .154 -0.934 0.560 0.307 4.84 0.189 

S04X01 258 0.004 0.185 0.034 0.31 .190 -0 . 484 0.673 0.675 3.45 0.124 
S04X02 212 0.001 0.153 0.023 0.12 .226 -0.370 0.311 0.774 2.86 0.117 
S05X01 258 0.010 0.194 0.038 0.82 .103 -0.432 0.662 0.641 3.81 0.125 
S05X02 212 -0.001 0.154 0.024 -0.09 .233 -0.342 0.333 0.773 2.90 0.125 
S06X01 258 0.003 0.185 0.034 0.25 .201 -0.485 0.673 0.675 3.45 0.124 
S06X02 212 0.000 0.153 0.023 0.03 .243 -0.363 0.314 0.774 2.86 0.120 

BOIX01 218 -0.003 0.289 0.083 -0.15 .220 -0.914 0.681 0.437 4.96 0.184 
B01X02 189 0.005 0.266 0.070 0.26 .199 -0.845 0.624 0.507 4.10 0.175 
B01X03 161 0.006 0.237 0.056 0.31 .189 -0.630 0.515 0.637 3.40 0.156 
B01X04 137 -0.006 0.211 0.044 -0.31 .189 -0.487 0.435 0.717 2.60 0.148 
BOIX05 62 -0.006 0.197 0.038 -0.23 .204 -0.461 0.411 0.759 2.89 0.135 

B02X01 218 0.007 0.294 0.086 0.33 .186 -0.935 0.687 0.414 5.26 0.178 
B02X02 62 -0.005 0.212 0.044 -0.20 .210 -0.490 0.370 0.719 3.36 0.155 
B03X01 218 -0.005 0.285 0.081 -0.25 .202 -0.887 0.686 0.450 4.91 0.17 9 
B03X02 73 0.016 0.239 0.057 0.57 .570 -0.630 0.445 0.661 2.83 0.153 
B04XOl 218 -0.005 0.219 0.048 -0.32 .187 -0.659 0.596 0.674 2.58 0.136 
B04X02 189 0.007 0.201 0.040 0.45 .163 -0.673 0.590 0.718 2.22 0.129 
B05X01 218 -0.023 0.251 0.063 -1.33 .046 -0.772 0.543 0.572 3.68 0.169 

in 



Table D4 

Error Statistics for Phosphorus Retention Models with Original Parameters 

MODEL N MEAN STD MSE T PRT MIN MAX R2 CHI2 MAD 
-----------------------------------------------------------------------
R01AOl 62 -0.265 0.243 0.128 -8.59 <.001 -0.918 0.077 .135 10.97 0.190 
R01A02 62 -0.155 0.227 0.074 -5.37 <.001 -0.672 0.276 .499 6.440.125 

R02A01 62 -0.209 0.252 0.106 -6.53 <.001 -0.942 0.459 .287 8.89 0.150 
R02A02 62 -0.178 0.252 0.094 -5.56 <.001 -0.898 0.553 . 368 7.96 0.118 
R02A03 62 -0.153 0.252 0.086 -4.77 <.001 -0.863 0.621 .420 7.43 0.142 
R02A04 62 0.213 0.299 0.133 5.60 < .001 -0.408 1.316 .104 17.92 0.187 

R03A01 62 -0.173 0.237 0.085 -5.75 <.001 -0.828 0.184 .426 7.12 0.124 
R03A02 62 -0.190 0.242 0.094 -6.21 <.001 -0.867 0.153 .369 7.88 0.114 
R03A03 62 -0.190 0.239 0.092 -6.26 <.001 -0.852 0.161 .379 7.72 0.118 
R03A04 62 -0.123 0.225 0.065 -4.29 <.001 -0.654 0.308 .564 5.62 0.122 
R03A05 62 -0.055 0.224 0.052 -1.95 .056 -0.622 0.363 .647 4.83 0.141 
R03A06 62 -0.058 0.226 0.054 -2.01 .049 -0.656 0.341 .638 4.89 0.151 
R03A07 62 0.021 0.264 0.069 0.63 .529 -0.736 0.350 .534 7.91 0.226 

R04AOl 62 -0.185 0.243 0.092 -6.00 < .001 -0.8380.157 .377 7.67 0.119 
R04A02 62 -0.268 0.263 0.140 -8.02 <.001 -1.009 0.055 .058 12.21 0.209 
R04A03 62 -0.126 0.228 0.067 -4.34 < .001 -0.673 0.284 .547 5.77 0.111 
R05AOl 62 -0.133 0.252 0.080 -4.16 <.001 -0.868 0.527 .461 6.72 0.111 
R06AOl 62 -0 . 131 0.23 8 0.073 -4.33 <.001 -0.837 0.422 .508 6.18 0.125 
R06A02 62 -0.095 0.229 0.060 -3.26 .002 -0.761 0.418 .593 5.40 0.121 
R06A03 62 0.010 0.230 0.052 0.34 .736 -0.669 0.444 .647 5.57 0.160 
R07AOl 62 -0.210 0.247 0.104 -6.68 <.001 -0.939 0.383 .298 8.74 0.149 
R08AOl 56 0.243 0.269 0.130 6.78 <.001 -0.376 0.977 .114 18.39 0.226 
R09AOl 62 0.743 1.407 2.500 4.16 <.001 -0.392 7.747 -15.8 395.7 0.353 

Rl0AOl 62 -0.035 0.232 0.054 -1.19 .240 -0.703 0.535 .635 5.17 0.134 
RIOA02 62 -0.143 0.238 0.076 -4.74 <.001 -0.7880.521 .486 6.66 0.120 
RllAOl 62 0.077 0.248 0.066 2.44 .018 -0.625 0.396 .554 8.45 0.223 
R1lA02 62 -0.019 0.276 0.075 -0.55 .582 -0.803 0.324 .494 8.04 0.220 
R11A03 62 0.083 0.252 0.069 2.60 .012 -0.634 0.398 .533 8.92 0.224 
R12AOl 62 -0.026 0.194 0.038 -1.07 .289 -0.501 0.372 .747 4.08 0.121 
R13AOl 62 -0.100 0.219 0.057 -3.60 <.001 -0.719 0.218 .613 4.99 0.132 
R13A02 62 0.036 0.206 0.043 1.37 .176 -0.526 0.409 .709 5.04 0.168 
R13A03 62 -0.078 0.229 0.058 -2.68 .009 -0.718 0.245 .613 5.10 0.135 

R14AOl 62 -0.082 0.206 0.049 -3.15 .003 -0.624 0.325 .672 4.27 0.135 
R15AOl 62 -0.060 0.185 0.037 -2.55 .013 -0.539 0.375 .749 3.90 0.121 
R15A02 62 -0.122 0.193 0.051 -4.96 <.001 -0.605 0.277 .653 4.83 0.114 
R15A03 62 -0.033 0.184 0.034 -1.42 .161 -0.519 0.415 .768 3.82 0.118 

R16A01 17 -0.031 0.243 0.056 -0.53 .601 -0.526 0.444 .099 5.25 0.156 
-----------------------------------------------------------------------

." 
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Table D5 

Error Statistics for Phosphorus Retention Models with Optimal Paramet ers 

MODEL N ~ffiAN STD MSE T PRT MIN MAX R2 CHI2 MAD 

-------------------------- All Data -----------------------------------

ROIX01 
R02XOI 
R03XOI 
R04XOl 
R05XOI 
R06XOI 
R07XOI 
R08XOl 
R09XOI 
RIOXOI 
RUX01 
RI2XOI 
R13XOI 
R14X01 
RI5XOI 
R16XOI 

62 -0.030 0.234 0.055 
62 -0.038 0.262 0.069 
62 0.001 0.223 0.049 
62 -0.000 0.226 0.050 
62 0.000 0.251 0.062 
62 -0.002 0.226 0.050 
62 0.002 0.226 0.050 
62 -0.001 0.239 0.056 
62 -0.182 0.296 0.119 
62 0.002 0.222 0.048 
62 0.000 0.239 0.056 
62 0.014 0.189 0.035 
62 0.001 0.206 0.042 
62 0.001 0.169 0.028 
62 0.005 0.168 0.028 
17 -0.065 0.232 0.055 

-0.99 
-1.13 

0.03 
-0.01 

0.01 
-0.08 

0.07 
-0.02 
-4.84 

0.06 
0.01 
0.57 
0.04 
0.04 
0.21 

-1.16 

.324 -0.488 0.483 0.633 . 

.264 -0.701 0.888 0.534 

.978 -0.538 0.440 0.671 

.993 -0.495 0.446 0.660 

.992 -0.726 0.702 0.581 

.936 -0.650 0.440 0.663 

.946 -0.663 0.452 0.660 

.984 -0.713 0.534 0.622 
<.001 -0.931 1.005 0.199 

.951 -0.559 0.447 0.675 

.992 -0.625 0.361 0.622 

.568 -0.434 0.441 0.763 

.969 -0.554 0.380 0.718 

.969 -0.376 0.427 0.810 

.833 -0.402 0.398 0.813 

.261 -0.552 0.347 0.123 

6.06 0.120 
7.18 0.137 
5.13 0.139 
5.55 0.141 
6.42 0.164 
5.30 0.157 
5.27 0.157 
5.68 0.152 

10.97 0.167 
5.11 0.130 
6.38 0.189 
4.48 0.109 
4.56 0.165 
3.17 0.108 
3 .54 0.100 
4.70 0.155 

---------------------- Restricted Data Set* ---------------------------

ROIX02 56 -0.035 0.199 0.040 -1.33 .189 -0.464 0.407 0.724 4.47 0.088 
R02X02 56 -0.039 0.222 0.050 -1.31 .194 -0.486 0.790 0.655 5.35 0.111 
R03X02 56 0.002 0.182 0.033 0.07 .942 -0.394 0.358 0.775 3.65 0.117 
R04X02 56 -0.000 0.188 0.035 -0.00 .997 -0.426 0.362 0.760 3.99 0.130 
R05X02 56 -0.000 0.205 0.041 -0.01 .996 -0.474 0.534 0.715 4.63 0.144 
R06X02 56 -0.002 0.179 0.031 -0.09 .928 -0.404 0.351 0.783 3.73 0.116 
R0 7X02 56 0.002 0.179 0.032 0.10 .917 -0.406 0.357 0.781 3.70 0.114 
R08X02 56 0.001 0.190 0.035 0.03 .976 -0.443 0.428 0.756 3.99 0.117 
R09X02 56 -0.162 0.241 0.083 -5.02 .000 -0.651 0.794 0.427 8.05 0.148 
RI0X02 56 0.003 0.180 0.032 0.12 .903 -0.398 0.369 0.780 3.58 0.111 
RllX02 56 0.000 0.206 0.042 0.01 .992 -0.530 0.285 0.711 5.31 0.171 
R12X02 56 0.007 0.166 0.027 0.30 .765 -0.417 0.368 0.813 3.42 0.107 
R13X02 56 0.005 0.174 0.030 0.23 .815 -0.459 0.315 0.794 3.55 0.132 
RI4X02 56 0.002 0.155 0.024 0.08 .940 -0.404 0.378 0.837 2.70 0.100 
RI5X02 56 0.006 0.159 0.025 0.29 .773 -0.416 0.375 0.828 3.11 0.094 
----------------_.-._----------------------------------------------------
* Inflow Total P < 500 mg/m3, Inflow Ortho-P/Total P > .12 
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Table D6 

Error Statistics fo r Phosphorus Loading Models with Original Parameters 

MODEL N MEAN STD MSE T PRT HIN MAX R2 CHI2 MAD 
---------------------------- ------------------------ -------------_._--------
P01A01 43 - 0.255 0 . 249 0 .1 26 -6 . 70 <.000 - 1.104 0 . 154 0.133 16.25 0.223 
P01A02 43 -0.148 0 .266 0 . 091 - 3 . 66 <.001 -1 . 041 0 . 291 0 . 373 11 . 44 0. 198 
P02A01 43 -0.206 0 . 255 0.106 -5 .31 <.000 -1.050 0 . 270 0.270 13 .14 0.225 
P02A02 43 -0 . 177 0 . 260 0 . 097 - 4 .46 <.000 -1 .025 0 .325 0.329 11.88 0.189 
P02A03 43 -0 . 154 0 . 265 0 .092 -3 . 80 <.000 - 1.004 0 . 368 0 .365 11.10 0 .187 
P02A04 43 0 .196 0 .348 0 .1 57 3 .68 .001 -0 .648 0.954 -0.082 21.29 0 . 215 

P03A01 43 - 0 .167 0.244 0 .086 -4.47 <. 000 - 1.007 0 . 247 0.406 10.94 0. 169 
P03A02 43 -0 .1 83 0.244 0 .092 -4 . 92 <. 000 -1 .017 0 . 230 0 . 367 11.65 0 .190 
P03A03 43 - 0.183 0 . 245 0 .092 -4.90 <.000 - 1. 022 0 . 227 0 .367 11. 66 0.176 
P03A04 43 - 0 . 118 0 . 262 0 .081 - 2.96 .005 -1. 001 0 .331 0.443 10.21 0.189 
P03A05 43 -0 . 053 0 . 254 0 . 066 -1.37 . 179 - 0.915 0 .402 0.547 8.71 0 . 154 
P03A06 43 -0 . 055 0 . 248 0 .063 -1 . 44 .1 57 -0 . 906 0.390 0.564 8.47 0.155 
P03A07 43 0 .031 0.251 0 .062 0.82 . 416 -0.781 0 . 485 0.570 9.39 0.139 

P04AOl 43 - 0 . 175 0.249 0 . 091 -4 . 60 <.000 -1.024 0.234 0 .370 11.740.163 
P04A02 43 -0 . 257 0 . 252 0 .1 28 -6.68 <.000 -1. 077 0 .192 0. 11 9 16 . 38 0 . 204 
P04A03 43 - 0 .11 9 0.260 0 .080 - 2. 99 . 005 -1.002 0 .308 0.449 10.17 0.172 
P05AOl 43 -0 .1 30 0 . 254 0.080 - 3 .36 . 002 - 0 . 973 0 . 343 0.448 9.89 0 .155 
P06A01 43 - 0.132 0.245 0 .076 -3.52 .001 - 0 . 932 0 .346 0 . 476 9 . 27 0.168 
P06A02 43 -0 .098 0 . 256 0 .074 -2.50 . 016 -0 . 910 0 . 448 0 . 492 8 .92 0 . 140 
P06A03 43 0 .007 0.248 0.060 0.19 .847 - 0 . 768 0 . 508 0.586 8.47 0 .1 50 

P07AOl 43 - 0 . 207 0 . 252 0 . 105 - 5 .37 <. 000 -1.046 0 . 269 0.276 13 .02 0 . 224 
P08AOl 39 0 . 246 0.455 0 . 262 3 . 37 .002 -0 . 613 1. 865 - 0.905 41.45 0 . 219 
P09AO l 43 0 .657 1. 222 1. 890 3 . 53 . 001 -0 . 559 5 .1 26-12.029 203 .6 0 . 295 
PI0A01 43 -0 . 036 0 . 253 0 .064 - 0 . 92 .361 - 0 . 866 0 . 476 0 . 560 8 .19 0 .130 
P10A02 43 - 0.143 0 . 262 0.088 -3 . 57 . 001 -1.005 0.367 0 . 396 10 .61 0 .185 

PllAOl 43 0.090 0.227 0 .059 2.59 .013 - 0.583 0.522 0 . 597 8 . 71 0 .159 
PllA02 43 -0 . 008 0 . 259 0 . 065 -0 . 21 . 838 -0 . 829 0 . 458 0 . 549 9 .40 0 . 165 
PllA03 43 0 .096 0 . 232 0.062 2 . 71 .0lD -0.606 0 . 535 0 . 574 9.37 o . 1ll 
P12AOl 43 - 0 . 022 0 . 217 0.047 - 0 .67 . 503 -0. 756 0 .410 0.678 5 .63 0 . 127 
P13AOl 43 -0 .092 0. 223 0 .057 - 2 . II . 0lD - 0 . 844 0.297 0.608 7 . 22 0 . 135 
P13A02 43 0 .046 0 . 203 0 .042 1.50 .1 41 -0.562 0 . 474 0 . 707 5 .62 0 .121 
P13A03 43 -0 . 071 0.234 0 . 059 -1.98 .055 -0 . 873 0 .326 0 . 595 7 . 70 0 .1 34 
P14A01 43 -0 . 076 0.216 0 . 051 -2 . 29 . 027 -0.812 0.285 0.645 6 .60 0 . 140 

P15A01 43 - 0.054 0.199 0 . 042 -1.79 . 080 -0.638 0 .420 0. . 712 4 . 90 0 . 107 
P15A02 43 ~0_116 0.210 0 . 05 7 -3.63 . 001 - 0.794 0 . 319 0 .610 6.87 0 . 160 
P15A03 43 - 0 . 027 0 .1 96 0 .038 - 0.92 .364 - 0.566 0.462 0.737 4 .44 0.117 
P16AOl 13 -0.044 0. 188 0 .035 -0.84 . 417 -0.396 0 . 156 0 . 252 7.05 0 . 112 
---------"-------------------------- ----------------------------------------

(continued) 
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Table D6 (continued) 

Error Statistics for Phosphorus Loading Hodels with Original Parameters (ct) 

HODEL N MEAN STD HSE T PRT MIN MAX R2 CHI2 MAD 
---------------------------------------------------------------------------
BI0AOl 43 -0.691 0.511 0.733 
BI1AOl 43 -0.283 0.326 0.184 
BIIA0243 -0.179 0.288 0.113 
B11A03 43 -0;077 0.260 0.072 
BI1A04 43 -0.058 0.272 0.075 
B11A05 43 -0.117 0.27 7 0.089 
B11A06 43 -0.223 0.299 0.137 
B11A07 43 -0.093 0.356 0.133 
B12A01 43 -0.191 0.292 0.120 
B13AOl 43 -0.092 0.262 0.075 
B14AOl 43 -0.006 0.302 0.089 

-8.88 
-5.70 
-4.09 
-1.93 
-1.40 
-2.77 
-4.90 
-1.71 
-4.28 
-2.30 
-0.14 

<.001 -1.865 
<.001 -1.041 
<.001 -0.872 

.060 -0.691 

.169 -0.714 

.008 -0.786 
<.001 -0.938 

.095 -0.894 
<.001 -0.877 

.027 -0.686 

.891 -0.593 

0.264 -5.527 
0.327 -0:636 
0.429 -0.006 
0.583 0.360 
0.575 0.328 
0.507 0.211 
0.371 -0.221 
0.546 -0.182 
0.346 -0.067 
0.537 0.329 
0.718 0.204 

40.29 0.736 
10.66 0.325 
6.840.246 
4.68 0.187 
4.93 0.211 
5.56 0.212 
8.14 0.294 
8.26 0.259 
7.56 0.298 
4.80 0.189 
5.76 0.189 

S10AOl 43 -0.243 0.207 0.101 -7.69 <.001 -0.758 0.163 0.044 12.95 0.264 
S10A02 43 -0.151 0.180 0.054 -5.53 <.001 -0.575 0.271 0.485 6.67 0.184 
S10A03 43 -0.545 0.255 0.360 -14.02 <.001 -1.155 -0.095 -2.410 49.01 0.543 
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Table D7 

Error Statistics for Phosphorus Loading Models with Optima 1 Parameters 

MODEL N MEAN STD MSE T PRT MIN MAX R2 eHI2 MAD 

------------------------------ All Data -------------------------------

P01X01 43 -0.078 0.284 0.085 -1.81 .077 -0.911 0.396 0.415 10.58 0.221 
P02X01 43 -0.070 0.285 0.084 -1.60 .116 -0.925 0.529 0.420 9.85 0.170 
P03X01 43 0.001 0.242 0.057 0.04 .971 -0.826 0.418 0.606 8.37 0.146 
P04X01 43 0.000 0.249 0.061 0.00 .999 -0.842 0.419 o .582 8.65 0.153 
P05X01 43 -0.000 0.248 0.060 -0.00 1.000 -0.828 0.445 0.585 8.440.118 
P06X01 43 -0.000 0.242 0.057 -0.01 .991 -0.787 0.487 0.605 8.15 0.139 
P07X01 43 -0.001 0.243 0.058 -0.03 .973 -0.785 0.489 0.603 8.22 0.137 
P08X01 43 -0.001 0.244 0.058 -0.02 .987 -0.811 0.463 0.598 8.21 0.135 
P09X01 43 -0.173 0.285 0.109 -3.99 <.001 -1.047 0.348 0.245 13 .27 0.234 
P10XOl 43 0.001 0.242 0.057 0.03 .976 -0.822 0.430 0.607 8.25 0.147 

PllX01 43 0.001 0.217 0.046 0.02 .981 -0.563 0.431 0.682 6.07 0.127 
P12X01 43 0.015 0.207 0.042 0.47 .643 -0.670 0.433 o .711 5.54 0.105 
P13X01 43 0.000 0.202 0.040 0.01 .992 -0.561 0.447 o .726 4.97 0.110 
P14X01 43 -0.001 0.169 0.028 -0.03 .980 -0.433 0.389 0.807 3.64 0.110 
P15X01 43 0.005 0.170 0.028 0.21 .836 -0.432 0.359 0.804 3.79 0.107 
P16X01 13 -0.063 0.180 0.034 -1. 27 .226 -0.401 0.121 0.264 7.340.096 

B10X01 43 0.001 0.2740.074 0.02 .982 -0.543 0.711 0.345 4.89 0.182 
B11X01 43 0.001 0.256 0.064 0.02 .982 -0.569 0.689 0.432 4.33 0.178 
B12X01 43 -0.0 27 0.259 0.066 -0.69 .494 -0.578 0.615 0.408 4.65 0.202 
B13X01 43 0.002 0.256 0.064 0.06 .952 -0.546 0.670 0.431 4.29 0.172 
B14X01 43 -0.000 0.302 0.089 -0.00 .997 -0.587 0.730 0.205 5.77 0.185 
B])X01 43 -0.003 0.231 0.052 -0.08 .934 -0.533 0.548 o .536 3.35 0.165 

S10X01 43 0.009 0.17 5 0.030 0.35 .726 -0.360 0.443 0.717 3.08 0.109 
Sl1X01 43 0.006 0.149 0.022 0.27 .788 -0.312 0.301 0.795 2.48 0.091 

-----------------------------------------------------------------------
(continued) 
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Table D7 (continued) 

Error Statistics for Phosphorus Loading Models with Optimal Parameters'/(ct) 

MODEL N MEAN STD MSE T PRT MIN MAX R2 CHI2 MAD 

Restricted Data Set * --------------------

P0 1X02 39 -0~076 0.218 l.052 -2.16 
PGX02 39 -0.072 0.216 ,_, .051 -2.08 
POJX0 2 39 0.000 0.182 0.032 0.01 
P04X02 39 -0.000 0.186 0.034 -0.00 
P05X02 39 -0.000 0.182 0.032 -0.00 
P06X02 39 0.000 0.181 0.032 0.00 
P07x02 39 -0.003 0.186 0.034 -0.09 
P08X02 39 0.001 0.182 0.032 0.04 
P09X02 39 -0.142 0.212 0.064 -4.18 
PI0X~2 39 -0.000 0.181 0.032 -0.00 

P llX02 39 0.001 0.1750.030 0.02 
P12X02 39 0.007 0.157 0.024 0.26 
P13X02 39 0.001 0.158 0.024 0.06 
P14X02 39 -0.000 0.140 0.019 -0.01 
P15X02 39 0.005 0.145 0.020 0.20 
P15X03 39 -0.003 0.154 0.023 -0.12 

BI0X02 39 0.002 0.281 0.077 0.03 
BllX02 39 -0.001 o .261 0.067 -0.02 
B12X02 39 0.000 0.2680.070 0.01 
B13X02 39 0.001 0.263 0.067 0.03 
B14X02 39 0.002 0.315 0.096 0.04 
BloX02 39 -0.010 0.241 0.057 -0.25 

S10X02 39 0.004 0.151 0.022 0.17 
SllX02 39 0.000 0.145 0.021 0.01 

.037 -0.452 0.342 0.639 

.044 -0.440 0.435 0.651 

.991 -0.338 0.373 0.776 

.998 -0.365 0.371 0.767 

.997 -0.345 0.394 0.777 

.999 -0.340 0.413 0.779 

.928 -0.301 0.437 0.767 

.971 -0.316 0.417 0.776 
<.001 -0.510 0.301 0.558 

.997 -0.326 0.391 0.780 

.982 -0.341 0.381 0.793 

.792 -0.276 0.375 0.834 

.953 -0.302 0.380 0.833 

.990 -0.240 0.361 0.869 

.839 -0.252 0.353 0.859 

.902 -0.338 0.369 0.841 

.973 -0.581 0.681 0.352 

.987 -0.60 7 0.658 0.439 

.991 -0.562 0.631 0.410 

.975 -0.576 0.642 0.432 

.971 -0.594 0.722 0.187 

.803 -0.543 0.538 0.521 

.862 -0.306 0.335 0.788 

.991 -0.317 0.305 0.803 

8.01 0.195 
7.02 0.168 
5.99 0.131 
6.17 0.132 
5.75 0.126 
5.77 0.119 
5.85 0.141 
5.68 0.119 
9.60 0.192 
5.75 0.120 

4.65 0.123 
3.80 0.096 
3.59 0.105 
2.790.100 
3.01 0.105 
3.42 0.100 

5.180.206 
4.58 0.177 
4.97 0.199 
4.58 0.186 
6.27 0.190 
3.67 0.169 

2.71 0.109 
2.48 0.084 

----------------------- Low-Turbidity Data Set ** ---------------------

BllX03 29 -0.008 0.244 0.057 -0.18 .857 -0.445 0.538 0.582 3.85 0.187 
B15x03 29 -0.005 0.203 0.040 -0.14 .890 -0.378 0.411 0.709 2.71 0.168 

S10X03 29 0.002 0.112 0.012 0.09 .928 -0.213 0.196 0.828 1.66 0.101 
S11X03 29 -0.009 0.106 0.011 -0.43 .667 -0.201 0.17 9 0.845 1.37 0.086 

* Inflow Total P < 500 mg/m3, Inflow Ortho-p/Total P > .12 
** Above constraints, plus turbidity < 1.58 11m, inflow Nip> 8 
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Table DS 

Regiona 1 Ana lys is of Internal Model Residuals 

Model B01X01 B01X03 BOIX05 
--------_._-------------------------_._----_._---_._----------
Region N Mean Gr. N Mean Gr. N Mean Gr. * -------------- ---------_._---------------_._------------_._-_. 
02 NAD 4 .13 ABCD 4 .14 AB 3 .29 A 
03 SAD 16 .00 BCDE 9 - .07 BC 1 -.08 BC 
04A ORO-Pitts. 15 .13 ABC 15 .0 9 AB 9 -.00 B 
04B ORD-Hunt. 22 .25 A IS .21 A 6 .16 AB 
04C ORD-Louis. 16 .11 ABCO 15 .05 AB 2 .1S AB 
040 ORO-Nash. 21 -.01 CDE 17 -.01 BC 6 .04 AB 
05 NCD 4 .04 ABCDE 1 -.05 BC 1 - .19 BC 
06 LMVD 16 .1 8 AB 15 .05 AB 0 
07A SWD-L.Rock 36 -.01 CD E 36 - .02 BC 2S -.04 B 
07B SWD-Other 36 -.25 E 15 - .11 BC 0 
08 MRD 24 -.06 DE 13 - .16 C 6 - .24 C 
09 NPD 8 -.27 E 3 -. 24 C 0 

Among Regions 
Sum of Squares 5.437 1.795 .911 
Deg. of Freedom 11 11 8 
Mean Square .494 .163 .114 

Within Regions 
Sum of Squ ares 12.642 7.210 1.448 
Deg. of Freedom 206 149 53 
Mean Square .061 .048 .027 

F Ratio 8.05 3.37 4.17 
Prob ) F <.001 <.001 <.001 

R-Squared ** .301 .199 .387 

* means followed by the same letter are not significantly 
different at p<.05, Duncan's multiple range test 

** percent of total residual variance explained by regional 
effe c ts 

(cont inu ed) 
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Table D8 (ct) 

Regiona 1 Analysis of Internal Model Residuals (ct) 

Model B04X02 B05X01 S05X02 
-----------------------------------------------------------
Region N Mean Gr. N Mean Gr. N Mean Gr. * -----------------------------------------------------------
02 NAD 4 .06 AB 4 .04 ABCDE 4 .10 A 
03 SAD 14 .06 AB 16 .01 BCDE 14 -.07 AB 
04A ORD-Pitts. 15 .04 AB 15 .07 ABC 15 -.01 A 
04B ORD-Hunt. 22 .10 A 22 .19 A 22 .03 A 
04C ORD-Louis. 16 .02 AB 16 .05 ABCD 30 -.05 AB 
04D ORD-Nash. 17 .03 AB 21 -.02 BCD E 26 -.02 A 
05 NCD 1 - .11 B 4 .06 ABCD 1 .23 A 
06 LMVD 16 -.01 AB 16 .13 AB 16 .05 A 
07A SWD-L.Rock 36 .01 AB 36 -.08 CDE 36 .12 A 
07B SWD-Other 27 -.07 B 36 - .19 DE 27 -.11 B 
08 MRD 18 -.05 B 24 -.06 CDE 18 -.01 A 
09 NPD 3 .05 AB 8 -.26 E 3 -.05 AB 

Among Regions 
Sum of Squares o .49" 5.242 1.167 
Deg. of Freedom II 11 11 
Mean Square .045 .295 .106 

Within Regions 
Sum of Squares 7.100 10.383 3.819 
Deg. of Freedom 177 206 200 
Mean Square .040 .050 .019 

F Ratio 1.11 5.85 5.55 
Prob > F .356 <.001 <.001 

R-Squared ** .065 .234 .234 

* means followed by the same letter are not significantly 
different at p<.05, Duncan's multiple range test 

** percent of total residual variance explained by r eg ional 
effects 

,-



Table D9 

Regiona 1 Ana lys is of Phosphorus Retention Model Residuals 

Model R03X02 R12X02 R13X02 R14X02 R15X02 
----------------------------_._------------------------------------
Region N Mean Gr. Mean Gr . Mean Gr. Mean Gr. Mean Gr . 
-------------------------------------_._---- -----------------------
02 NAD 2 .04 AB -.00 AB .01 A -.03 C -.02 B 
03 SAD 9 -.09 B -.10 B -.10 A - .12 C -.11 B 
04A ORD-Pitts. 3 -.07 B -.06 AB -.05 A - .06 C -.06 B 
04B ORD-Hunt. 8 .03 AB .04 AB .09 A .00 C .02 AB 
04C ORD-Louis. 3 .01 AB -.01 AB -.01 A -.00 C -.02 B 
04D ORD-Nash. 5 .10 AB .08 AB .10 A .08 ABC .08 AB 
05 NCD 1 .28 AB . 37 A .32 A .3 8 A .37 A 
06 LMVD 4 -.08 B -.02 AB -.03 A .01 Be -.01 B 
07A SWD-L.Rock 3 .04 AB -.05 AB -.10 A -.04 C -.04 B 
07B SWD-Other 13 -.03 B -.01 AB - .02 A .00 C -.00 B 
08 MRD 2 .02 AB .13 AB .01 A .09 ABC .13 AB 
09 NPD 2 .32 A .21 A .18 A .26 AB .25 A 
10 SPD 1 -.00 AB .02 AB .01 A . 08 ABC .06 AB 
------------------------------------------------------------------
Among Regions 

Sum of Squares .484 .417 .413 .482 .462 
Deg. of Freedom 12 12 12 12 12 
Mean Square .040 .03 5 .034 .040 .038 

Within Regions 
Sum of Squares 1.338 1.096 1.254 .836 .929 
Deg. of Freedom 43 43 43 43 43 
Mean Square .031 .026 .029 .01 9 .022 

F Ratio 1.30 1.36 1.1 8 2.07 1.76 
Prob > F .255 .221 .327 .041 .082 

R-Squared ** .267 .275 .248 .367 .3 32 
-----,----------------------------------_._-------------------------
* means followed by the same letter are not significantly 

different at p<.05, Duncan's IDu1tiple range test 
** percen t of total residual variance explained by regi~nal 

effects 
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Table D10 

Regional Analysis of Phosphorus Loading Model Res iduals 

, --
Model 

Predicted Vat:. Phosphorus Chlorophyll Transparency 
Model Code P13X02 P1SX02 BllX03 B1SX03 SlOX03 SllX03 
----------------------------_._----,---------------------.----------------
Region N Mean Gr. Mean Gr. Mean Gr. M£an Gr. Mean -Gr. Mean Gr. * 
------------------------------------------------------------------------
02 NAD 2 .03 AB -.00 ABC .11 ABC .11 AB .09 A .10 A 
03 SAD 3 -.09 B -.04 BC -.35 C -.30 C -.04 A -.08 A 
04A ORD-Pitts. 3 -.07 B - .16 C -.03 BC -.05 BC .05 A .06 A 
04B ORD-Hunt. 4 -.00 B -.08 BC .33 A .28 A - .07 A -.03 A 
04C ORD-Lou is-. 3 .07 AB .06 ABC -.01 ABC .00 ABC -.06 A - .07 A 
04D ORD-Nash. 4 -.04 B -.05 BC - .12 BC - .10 BC -.02 A -.02 A 
05 NCD 1 .40 A .29 A .28 AB .19 AB .07 A .11 A 
06 LMVD 3 -.08 B -.19 C .02 ABC -.07 BC -.01 A .04 A 
07A SWD-L .Rock 3 .08 AB .06 ABC .01 ABC .02 AB .08 A .09 A 
07B SWD-Other 1 -.08 B .00 ABC - .19 BC -.09 BC .13 A .05 A 
08 MRD 1 .07 AB .10 ABC .11 ABC .15 AB -.03 A -.09 A 
09 NPD 1 .02 AB .15 AB - .14 BC .01 ABC - .10 A -.20 A 
-----------------------------------------------------------------------
Among Regions 

Sum of Squares .290 .343 1.030 .738 .112 .158 
Deg. of Freedom 11 11 11 11 11 11 
Mean Square .026 .031 .094 .067 .010 .014 

Within Regions 
Sum of Squares .315 .178 .635 .419 .240 .156 
Deg . of Freedom 17 17 17 17 17 17 
Mean Square .019 .010 .037 .025 .014 .009 

F Ratio 1.43 2.97 2.51 2.72 0.72 1.56 
Prob > F .247 .021 .043 .031 .705 .198 

R-Squared ** .480 .658 .619 .637 .318 .503 
-----------------------------------------------------------------------
* means followed by the same letter are not significant ly d if feren t 

at p<.OS, Duncan 
, 

s multiple test range 
** pe rcent of total residual variance exp lained by regiona 1 effec ts 
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Factor 

Table DII 

Correlation of Internal Model Residuals with Various 
Reservoir Characteristics 

Hodel 
S05X02 BOIXOI BOIX03 B01X05 B04X02 B05XOl 

-------------------------------------------------------------------
Number of Sta-Yrs 

Year Impounded 
Shoreline Dev. Ratio 
Length/Width 
Drainage A./Surf. A 

Surface Area 
Volume 

Mean Depth 
Haximum Depth 
Station Total Depth 

Residence Time 
Overflow Rate 

Alkalinity 
pH 
Conductlvity 
Temperature 

Non-Algal Turb. 
Turb.*Mean Depth 

Total P 
Total N 
Ortho-P 
Inorgan ic N 

Total N/P 
Inorganic N/P 

212 

.016 

.296* 
.183* 

- .113 

.144* 

.178* 

.180* 

.199* 

.266* 

.092 

.013 

.139* 

.184* 
-.067 
-.132* 

-.534* 
-.446* 

.030 

.092 

.002 

.041 

.065 

.051 

218 

-.159* 
-.197* 
-.197* 
-.433* 

-.373* 
-.395* 

-.289* 
-.310* 
-.327* 

.001 
- .190* 

.008 

.212* 

.118* 

.067 

-.285* 
-.587* 

-.001 
.182* 

-.277* 
-.004 

.184* 

.266* 

161 

-.164* 
-.176* 
-.247* 
-.433* 

-.290* 
-.330* 

-.291 * 
- .307 * 
-.300* 

.062 
-.270* 

-.088 
.141* 
.043 
.121 

-.300* 
-.600* 

.005 

.077 
-.264* 
- .102 

.083 

.121 

62 

.108 
-.305* 
-.097 
-.246* 

-.521* 
-.505* 

-.258* 
-.267* 
- .301 * 

-.238* 
.084 

-.448* 
-.296* 
- .103 

.318* 

-.086 
-.289* 

-.003 
.336* 

-.141 
.189 

.264* 

.269* 

* correlation coefficient significant (p < .10) 
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189 

- .068 
- .1l8 
-.008 
- .17 9* 

-.209* 
- .160* 

- .011 
-.039 
- .17 4* 

.000 
-.008 

- .180* 
.006 

- .020 
.085 

-.055 
-.074 

.017 

.063 
- .122* 
-.008 

.049 

.120* 

218 

- .119* 
-.193* 
-.218* 
-.333* 

- .354* 
-.403* 

- .346* 
-.353* 
-.409* 

-.055 
-.163* 

.000* 

.168* 

.141 * 

.104 

- .106 
- .436* 

.149* 

.242* 
- .1l4* 

.063 

.047 

.176* 



Table D12 

Correlation of Phosphorus Retention Model Residuals with 
Various Reservoir Characteristics 

Model 
Factor· R03X02 R12X02 R13X02 R14X02 R15X02 

Year Impounded .013 -.026 -.035 .029 .005 
Shoreline Dev. Ratio - .186 -.274* -.275* -.236* -.248* 
Leng th/Wid th .111 .061 .183 .07 5 .092 
Drainage A./Surf. A. .204 .359* .448* .294* .382* 

Surface Area -.204 -.226* -.301* -.149 - .159 
Volume -.103 -.225* -.342* -.119 -.131 

Mean Depth .298* .072 -.027 .166 .153 
Maximum Depth .230* -.010 - .107 .077 .062 

Res idence Time .016 .007 -.273* .017 .031 
Overflow Rate .127 .130 .237* -.030 .105 

Inflow Total P -.488* - .123 -.066 .001 - .038 
Inflow Total N -.266* -.002 .034 .043 .024 
Inflow Ortho-P -.355* -.009 .009 .121 .078 
Inflow Inorganic N -.219 -.071 .027 -.086 -.101 

Inflow Ortho-P/Total P .285* . 266* . • 182 .292* .283* 

Sedimentation Rate (0=17) -.563* -.492* -.502* -.401* -.367 

* correlation coefficient significant at p < .10 
based upon 56 observations, except sedimentation rate 
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Table D13 

Correlation of Loading Model Residuals with Various 
Reservoir Characteristics 

Predicted Variable: 
Factor 

Year Impound ed 
Shoreline Dev. Ratio 
Length/Width 
Drainage Area/Surf. A. 

Surface Area 
Volume 

Mean Depth 
Haximum Depth 

Res idence Time 
Overflow Rate 

Alkalinity 
Conductivity 
Ph 
Temperature 

Non-Algal Turbidity 
Turb.*Mean Depth 

Total N/P 
Inorganic Nip 
Inflow N/P 

Inflow Total P 
Inflow Tota 1 N 
Inflow Ortho-P 
Inflow Inorganic N 

Inflow Ortho-P/Tota1 P 

Model 
Phosphorus Chlorophyll Transparency 

P13X02 P15X02 B11X03 B15X03 S10X03 SllX03 

-.020 
.137 
.153 
.074 

-.014 
-.137 

-.288 
-.239 

.012 
- .19 8 

.383* 
- .073 

.348* 
- .150 

- .097 
-.396* 

-. 512* 
-.503* 

.030 

.008 

.036 

.144 
-.014 

.343* 

.050 -.062 -.030 

.232 -.292 - .306 

.37 9* -.383* -.319* 

.418* -.267 -.128 

.076 

.127 

.158 

.198 

-.021 
.124 

.242 
-.214 

.155 
-.1 88 

-.430* -.457* 
-.530* - .455* 

-.461* -.243 
-.470* -.263 

.074 .080 
-.374* -.241 

.337* 
-.101 

.275 
-.225 

.532* .488* 
-.362* -.444* 

.115 

.1 97 
-.057 
- .105 

.098 

.232 

.359* 

.409 * 

.291 
- .07 5 

.039 
-.074 

.055 
- .170 

.064 

.177 
-. 212 
- .443* 

.035 

.052 

.058 

.113 

.375 
-.358* 

.1l1 
-.033 

.195 
- .142 

-.129 
.054 

-.346* -.461* -.362* -.460* 

- .406* 
-.503* 

.1l0 

-.093 
-.036 

.095 
-.208 

.448* 

-.805* -.673* .061 -.348* 

- .148 
- .1l7 

.237 

.011 

.217 

.115 

.256 

.263 

- .06 7 
-.105 

.361 * 
-.088 

.181 

.065 

.166 

. 362* 

.244 

.0 24 
-.08 2 

.044 
-.008 

.116 

.065 

.1 92 

.200 

.030 
-.063 

.006 
-.044 

.058 

.161 

.131 

Sedimentation Rate(n=6) -.801* -.494 -.591 -.460 .108 -.386 

* correlation coefficient significant at p < .10 
bosed upon data from 29 reservoirs 
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Table D14 

Results of Stepwise Regressions of Internal Model Residuals Against 
Various Reservoir Characteristics 

Model 

Factor S05X02 B01X01 BOIX03 B01X05 B04X02 B05X01 

Number of Station-Yrs 
With Complete Factor Data 170 
Intercept· -2.11 * 

Year Impounded 
Surface Area 
Volume 
Mean Depth 
Maximum Depth 
Station Total Depth 

Drainage A./Surface A. 
Length/Width 
Shoreline Dev. Ratio 
Res idence Time 
Surface Overflow Rate 

pH 
Temperature 
Alkalinity 
Conductivity 

Total Phosphorus 
Ortho Phosphorus 
Total Nitrogen 
Inorganic Nitrogen 

Total N/P 
Inorganic N/P 

Non-Algal Turbidity 
Turbidity*Mean Depth 

R-Squared 
Mean Squared Residual 

.20 

-.11 

.14(1) 

.11 

.11 

.53 
-.25 

.389 

.016 

185 
-3.20 

- .17 

.13 

.33 

-.33 

-.18 
.96 

-.45 

117 
.69 

- .07 

-.14 

-.11 

-.24(1) -.31(1) 

.610 

.034 
.435 
.033 

59 
-7.87 

.004 

161 
.28 

185 
.22 

-.13(1) -.42(1) -.09 
.33 

.025 

.355 

.026 

-.21 -.22 

-.09 

.179 

.034 

- .11 

.19 

-.340) 

.402 

.038 

0) variable entered first in stepwise regression 

* 

** 

coefficient in mUltiple linear regression equation; all coefficients 
significant at p < .05 
all independent variables transformed to base-l0 logarithms except pH, 
temperature, and year impounded 
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Table DIS 

Results of Stepwise Regressions of P Retention Model Residuals 
Against Various Reservoir Characteristics 

Model 
Factor** R03X02 R12X02 RI3X02 R14X02 Rl5X02 
------------------------------------------,-----------------------
Number of Res ervoir 
With Complete Factor Data 51 
Intercept .28* 

Year Impounded 
Surface Area 
Volume 
Mean Depth 
Maximum Depth 

Drainage A./Surface A. 
Length/Width 
Shoreline Dev. Ratio 
Residence Time 
Surface Overflow Rate 

Inflow Total P 
Inflow Ortho P 
Inflow Tota 1 N 
Inflow Inorganic N 
Inflow Ortho P/Total P 

R-Squared 
Mean Squared Residual 

.11 

-.250) 

.329 

.026 

51 
-.24 

Sl 
-.30 

.12(1) .150) 

.117 

.025 
.165 
.025 

(1) variable entered first in stepwise regression 

51 
*** 

.000 

51 
-.14 

.13(1) 

.28 

.208 

.021 

* coe fficient in mUltiple linear regres sion equation; all 
coefficients significant at p < .05 

** a ll independent variables transformed to base-IO logarithms 
*** no factors met .05 significance level 
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Table D16 

Results of Stepwise Regressions of Loading Model Residuals Against 
Various Reservoir Characteristics 

Predicted Var; 
Mode 1 Code 

Number of Reservo.irs with 
Complete Factor Data 
Intercept 

Year Impounded 
Surface Area 
Volume 
Mean Depth 
Maximum Depth 
Station Total Depth 

Drainage A./Surface A. 
Length/Width 
Shoreline Dev. Ratio 
Res idence Time 
Surface Overflow Rate 

pH 
Temperature 
Alkalinity 
Conductivity 

Inflow Total P 
Inflo.w Ortho P 
Inflow Total N 
Inflow Inorganic N 

Phosphorus 
P13X02 P15X02 

27 
.14 

27 
*** 

Model 
Chloro.phyll 

B11X03 B15X03 

27 
.58 

.14 

27 
.54 

-.032 

Transparency 
SlOX03 SllX03 

27 
-.77 

.32(1) 

.19 

27 
.23 

-.11(1) 

Inflow N/P .26 -.16 
Inflow Ortho P/Total 

No.n-Algal Turbidity 
Turbidity*Mean Depth 

R-Squared 
Mean Squared Residual 

P 

-.21(1) 

.204 

.018 
.000 

-.700) -.42(1) 

.741 

.018 
.702 
.015 

(1) v3riable entered first in stepwise regression 

.500 

.007 
.176 
.010 

* coefficient in mUltiple linear regression equation; all coefficients 
significant at p < .05 

** all independent variables transformed to. base-l0 lo.ga rithms except pH, 
temperature, and year impounded 

*** no. variables met .05 significance level 
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Appendix E 

Compilation of Empirical Eutrophication Models 

This appendix summarizes the results of a literature review on 

empirical eutrophication models. Models have been classifiea into the 

following general categories: 

PART 1: Internal Relationships--Chlorophyll 

PART 11: Internal Relationships--Transparency 

PART III : Nutrient Load /Response Relationships 

PART IV: Hypolimnetic Oxygen Depletion Models 

PART V: Trophic State Discriminant Functions 

The review does not cover ranking schemes) index systems, or any of the 

various methods of defining II trophic state". Since in-depth discussion 

of each model is not feasible within this context, the following aspects 

are summarized: 

author(s) and date* 

data set characteristics 

number of lakes or reservoirs 

region 

averaging periods 

other characteristics which may restrict model applicability 

model equation(s) and parameter value(s) 

statistics 

percent of variance explained 

mean squared error 

Models have been converted to consistent sets of units and symbols, as 

summarized in Table El. Descriptions are arranged chronologically within 

each of the above categories. 

* See References section on page 222 of main text for complete listing . 
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Table EI 

Variable, Subscript, and Statistic Definitions 

Variable Definitions 

P total phosphorus (mg/m3) 
N total nitrogen (mg/m3) 
S Sec chi depth (m) 
B chlorophyll-a (mg/m3) 
Qs = surface overflow rate (m/yr) 
T = hydraulic residence time (yr) 
Z = mean depth (m) 
Zmx = maximum depth (m) 
Zm mixed depth (m) 
Lp phosphorus loading (mg/m2-yr) 
Pi average inflow phosphorus concentration (mg/m3) = Lp/Qs 
Pv Vollenweider normalized P loading = Pi/(l + sqrt(T» 
HOD = hypolimnetic oxygen depl e tion rate (g/m2-day) 
HODv = volumetric HOD (g/m3-day) 
R retention coefficient 
I trophic state index 
U first-order settling velocity (m/yr) 
K first-order sedimentation rate (l/yr) 
D discriminant function 

Subscript Definitions 

an annual 
eu euphotic zone 
sp spring 
su summer 
wn winter 
gs growing season 
mx max~mum value 
0 = outflow 
i inflow 
p phosphorus 
n nitrogen 

Statistic Definitions 

n = number of lakes or reservoirs in data set 
82 = mean squared error (base-IO logorithms) 
R2 = percent of variance explained 
log = base-10 logarithm 
In =· base-e logarithm 
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.p/Qs 
I) 

PART I: INTERNAL RELATIONSHIPS--CHLOROPHYLL 

Sakamoto, 1966: (as calculated by Dillon and Rigler, 1974) 
28 lakes , exclud ing "very low" N/P values 

log(Bsu) = -1.13 + 1.58 log(Psp) (R2=.96) 

Edmondson, 1972: Lake Washington (l8<p < 66) 

log(Ban) = -0.73 + 1.25 log(Pan) 

Dillon & Rigler, 1974: 46 natural lakes, N/P > 12 

log(Bsu) = -1.14 + 1.45 log(P sp) (R2=.90,S2=.047) 

Norvell & Frink, 1975: 23 Connecticut lakes (] < Psp < 70) 

log(Bsu) -1.52 + 1.80 log(Psp) 

10g(Bsu) -1.28 + 1.62 log(psu) 

Bsu = .99 Psp - 10.1 

Bsu .86 Psu - 8.2 

Jones & Bachman, 1976: 143 northern lakes 

10g(Bsu) = - 1.09 + 1.46 log (Psu) 

Carlson, 1977: 43 northern temperate lakes 

10g(Bsu ) = 1.45 10g(Psu) - 1.06 

Williams et al., 1977: eastern EPA/ NES lakes 

(R2=.68) 

(R2=.79) 

(R2=.74) 

(R2=.88) 

(R2=.90) 

(R2=.72) 

10g(BgS) 

10g(Bgs) 

-.05 + .64 10g(Pgs) (all 418 eastern lakes) 

-.11 + .70 10g(Pgs) (31 8 lakes with T > 14 days) 

Lee, Rast, & Jones, 1977: US por tion of OEeD North American Project 

Bmx = 1.6 Bsu + 3.74 (R2=.92, for Bsu > 5 ug/l) 
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Schindler, 1978 approx. 60 lakes, mostly northern glacial 
Ni/Pi > 5 

10g(Ban) -0.85 + 1.21 log(Pan) (R2=.77) 

Oglesby & Schaffner, 1978: 16 New York lakes 

Bsu = -2.90 + .574 Pwn (R2=.82) 

Walker & Kuhner, 1978: EPA/NES data from midwestern impoundments 
22 lakes and 23 reservoirs 
none N-limited 

a = non-algal turbidity = 1./Sgs - .02 Bgs 

10g(Bgs) =-.256 +1.103 10g(Pgs) - .055 a -.219 10g(Z) -.0049 Qs 
(22 lakes, R2=.925, 52=.018) 

10g(Bgs) .490 + .875 10g(Pgs) - .231 a -.586 log(Z) -.0007 Qs 
(26 reservoirs, R2=.742, 52=.022) 

Oskam, 1973: light-limited chlorophyll (theoretical) 

BL (27 /Zm - Ew)/Eb 

Zm mixed depth (m) 
Ew non-algal extinction coef (l/m) 
Eb = algal extinction coef (m2/mg) 

Meta Systems, 1979 : EPA/NES data from midwestern impoundments 
22 lakes and 23 reservoirs; none N-limited 

Light-limited chlorophyll: 

BL = F/Zm - 81.02 ,(minimum=20 mg/m3) 
F = light integral = 440 
a = non-algal turbidity = 1/5gs - .02 Bgs 
Zm = mixed depth (m) 

P-Limited chlorophyll BP Pgs - 2.2 

N-Limited chlorophyll BN (Ngs-2.2)/7 

1.866/BP + 1.363/BL regre,s 5 ion : 

general model 

I I Bgs (R2=.82,S2=.023) 

l/Bgs KP/BP + KN/BN + KL/BL 
KP,KN,KL = empirical parameters 

E-4 
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Vermont Department of Water Resources, 1979 29 Vermont Lakes 

10g(Bgs) -0.27 + .898 10g(P8p) (R2=.82,S2=.022) 

10g(Bsu) = -0.30 + . 895 10g(Psp) (R2=.79,S2=.026) . ,-

10g(Bmx) = -0.15 + 1.09 log(Psp) (R2=.83,S2=.029) 

Walker, 1979: 45 northern temperate lakes 

10g(Ssu) = -1.07 + 1.39 log(psu) (R2=.81,S2=.058) 

Pl ' cke & Bruggink, 1980: TVA reservoirs 

30 stations, tributar y reservoirs (10 < P < 30) 

10g(Bg8) = 1.56 10g(Pgs) - 1.04 

22 stations, tributary reservo irs (Nip> 10) 

10g(Bgs) = 1.90 10g(Pgs) - 1.3 8 

19 stations, mainstem reservoirs (20 < P < 30) 

10g(B) = 0.73 10g(Pgs) - 0.55 

Smith, 1980: 56 northern lake s "variable yield model" 

10g(Bsu) = 1.55 10g(Psu) - 1.55 10g[6.026/(.0204(Nsu/Psu)+.334)] 

Nip 25 
intercept: -1.36 

equivalent to: 

17 
-1. 51 

10 
-1.67 

7 
-1.7 5 

10g(Bsu) = -3.71 + 1.55 10g(Nsu + 16.4 Psu) 

for 21 lakes with Nip> 32.6: 

10g(Bsu) = 1.55 10g(Psu) - 1.25 (R2= . 97) 

Clasen, 1980: OECD Reservoir and Shallow Lakes Project, 46 water bodies 
excluded 3 "turbid" reservoirs from regressions ; 
all but 2 have Nip> 15 

10g(Ban) -.37 + 0.88 10g(Pan) 

10g(Bmx) 0.74 Pan 

10g(Bmx) = -.24 + 1.07 10g(Pan) 
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Fricker, 1980: OECD Alpine Lakes Project, 25 lakes 
1 with N/P < 11 

10g(Ban) -.080 + .596 10g (Pan) 

10g(Ban) -.152 + .604 10g(Psp) 

Ryding, 1980: OECD Nordic Project, 10 lakes 

Bmx 1.96 Bsu .24 

Bmx 2.06 Ban + 1.96 

Bsu -5. 0 + 0.61 Psu 

10g(Bsu) = -0.54 + 1.093 10g(Psp) 

(R2= .35 ,S2=.097) 

(R2=.36,S2=.096) 

Hern et al., 1981: 757 EPA/NES lakes and reservoirs 

10g(Bsu) = -0.11 + 0.64 10g(Psu) 

Kerekes, 1981 : OECD Summary Analysis 
approx. 60 lakes 

10g(Bgs) 

10g(Bmx) 

-.55 + .96 10g(Pan ) 

-.19 + 1.05 10g(Pan) 

(R2=.36) 

(R2=.77,S2=.063) 

(R2=.81,S2=.066) 

PART II: INTERNAL RELATIONSHIPS -- TRANSPARENCY 

Transparency vs. Chlorophyll 

Norvell, Frink, & Hill, 1979: 23 Connecticut l akes 

l/Ssu = .137 + .0167 Bsu 

10g(S5u) = .857 - .383 10g(Bsu) 

l/Ssu = .078 + .0066 Color + .0171 Bsu 

Carlson, 1977 : 147 northern lakes 

10g(siu) = 0.89 - 0.68 10g(Bsu) 

Rast & Lee, 1978 : OECD North American Project .• ' 
10g(Ssu) = 0.803 - .473 10g(Bsu) 
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Jones & Bachman, 1978: > 100 lakes 

log(Ssu) = .807 - .549 log(Bsu + .03) 

Brezonik, 1978: 55 Florida lakes , 4 < Color < 550 Pt Co Units 

10g(S~n) = .63 - .55 10g(Ban) 

1/San .48 + .032 Ban 

(R2=.75) 

(R2=.59) . 

I/San .106 + .128 Turb,FTU + .0025 Color (R2=.89) 

Oglesby & Schaffner, 1978: 16 New York lakes 

10g(Ssu) = .961 - .606 log(Bsu) 

Theoretical model: 

lIs = a + b B 

a non-algal turbidity and color (11m) 

.020 

.014 
(Walker & Kuhner, 1978) 
(Lorenzen, 1980) 

(R2=.85) 

b 
b 
b 
b 
b 

.014, a=.214 

.032, a=.48 

.008-.054 

(Clasen, 1980): fit of OECD reservoirs 
(Brezonik, 1978): fit of Florida lakes 
(Carlson, 1980): literature range 

Walker, 1979: 45 northern lakes 

10g(1/Ssu - a) = 0.74 10g(Bsu) - 1.23 (R2=.80,S2=.063) 

a non-algal turbidity ( 11m) 

a .04 + .003 Color , averaged .08 11m ~n 45 lakes 

Placke & Bruggink, 1980: TVA tributary reservoirs 

10g(Sgs) = 0.596 - .315 10g(Bgs) 

Hern et al., 1981: 757 EPA/NES lakes and reservoirs 

10g(Ssu) = 1.09 - .86 10g(Bsu) (R2=.31) 



Transparency vs. Phosphorus 

Carlson, 1977: northern lakes 

log(Ssu} 

log(Sgs} 

1.68 - log(psu} 

1.81 log(Pgs} 

or Ssu 

or Ssu 

Oglesby & Schaffner, 1978: 16 New York lakes 

log(Ssu} = 1.36 - .764 log(Pwn} 

Walker, 1979: 45 northern lakes 

48/Psu 

64/Psu 

log(l/Ssu - .08 } = 1.03 log(Psu} - 2.03 

Placke & Bruggink, 1980: 11 TVA tributary reservoirs 

log(Sgs} = 1.05 - .608 log(Pgs} 

Verduin et al., 1976: 

SS = suspended solids (g/m3) 

l/S = .06 SS 
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PART III: NUTRIENT LOAD RESPONSE RELATI ONSHIPS 

Vollen~eider, 1969: K = phosphorus sedimentation rate (l/yr) 

P = Pi /(1 +Kp T) 

Kp 10 / Z 

or, Kp 5.5 Z-·85 

Kirchner & Dillon, 1975: 15 So. Ontario lakes , Rp estimated from Psp 

Rp .426 exp(-.27l Qs) + .574 exp(-.00949 Qs) 

Chapra, 1975: 15 southern Ontario lakes 

Psp = Pi Qs/(Qs + Up) , Up = 16 m/yr 

Dillon & Kirchner, 1975: northern lakes 

Up = 13.2 m/yr 

Jones & Bachman, 1976: 51 northern lakes 

Psu = .84 Pi / (1 + .65 T) 

(R2=.88) 

(R2=.85) 

log (Bsu) = -1.09 .+ 1.46 log[ .84 Pi / (1 + .65 T) 1 (R2=.79) 

Chapra & Tarapchak, 1976: composite model, N/P > 12 

Up = 12.4 m/yr 

Pan = .9 Psp (20 lakes) 

10g(Bsu) = -1.08 +1.449 log[ Pi Qs / (Qs+Up)] 

Larsen & Mercier, 1976: 20 EPA/NES northea s t ern / northcentral l akes 

Po = Pi/(1 + .89 T· 51 ) (R2=.88) 

E-9 



Vollenweider, 1976: 60 northern lakes 

Pv = Pi/(l+T· 5) 

log(Ban) = -.44 + .91 log(Pv) (R2=.75) 

Walker,1977a; 105 northern temperate lakes and reservoirs 

model: Po/Pi = 1/(I+K T), K = a (I/T)b 

data set number a b R2 s2(Po/Pi) 

all 105 .912 .492 .723 .023 
oligotrophic 22 .817 .489 .849 .013 
mesotrophic 23 .778 .517 .704 .025 
eutrophic 60 1.050 .434 .693 .027 
Pi < 100 mg/m3 71 .824 .546 .727 .018* 
-------------------------------------------------------
* S2 for log(Po) = .029 

multivariate model: 105 northern lakes and reservoirs 

log(Po) = 1.029 log(Pi) - .145 log(Lp) - .310 log(T) - .023 
(R2=.90l, S2=.032) 

Walker, 1977b: 71 eastern/central EPA/NES lakes and reservoirs 

log(Bgs) = -.27 + .77 log(Px) (R2=.71, 52=.068) 

P P concentrat ion at l ocation x 
x 

Reckhow, 1977; 1979a, b: 95 northern temperate lakes and reservoirs 

95 lakes, I'quasi-general": 

Pgs = Pi Qs / (11.6 + 1.2 Qs) (R2=.91S,S2=.016) 

33 oxic lakes, Qs < 50 m/yr: 

Pgs = Pi Qs / [18 Z/(10+Z) + 1.05 Qs exp(.012 Qs)] 
(R2=.876,S2=.015) 

28 lakes Qs > 50 m/yr: 

Pgs = Pi Qs / [2.77 Z + 1.05 Qs exp(.0011 Qs)] 
(R2=.949,S2=.013) 

21 anoxic l akes : 

j;'gs = Pi Qs / (.17 Z + 1.13 Qs) (R2=.948,S2=.011) 
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Ostrofski, 1978: northern lakes 

Rp = .201 exp(-.0425 Qs) + .574 exp(-.00949 Qs) 

Oglesby & Schaffner, 1978: 16 New York Lakes 
T > .5 year 

LPAV = bio-available P load per volume of mixed layer (mg/m3-yr) 
BAP = total soluble P + labile P 
labile P < 5% total part icuate P exported fr;om watershed 

Pwn 

Bsu 

Bsu 

.992 + .338 LPAV 

-4.05 + .24 LPAV 

-2.90 + .574 Pwn 

(R2 

(R2 

(R2 

10g(Ssu) 1.36 .764 log(Pwn) (R2 

.606 log(Bsu) (R2 loge Ssu) .961 

.83) 

.78) 

.82) 

.81) 

.85) 

Rast & Lee, 1978: US portion of OEeD North American Project 
54 lakes and reservoirs 

10g(B) 

logeS) 

-.259 + .76 10g(Pv) 

.925 - .359 log(Pv) 

10g(HOD) = -1.07 + .467 log(Pv) 

Walker & Kuhner, 1978: midwestern impoundments, 12 reservoirs, 4 lakes 

Sr = sedimentation rate (kg/m2-yr), est. from sediment surveys 

Po/Pi = Qs/(Qs + Up) (n=16,R2=.73,S2=.014) 

Up = Sr - 4 

Pgs = .78 Po (n=50,R2=.88,S2=.020) 

Schindler, 1978: approx. 60 lakes, mostly northern glacial 
Ni/pi > 5 

log (Ban) = .968 10g(Pi*) - 0.620 

log (Pan) = .779 10g(Pi*) + .214 

Pi* = (Pst T + Pi)/(1 + T) 

(R2=. 58) 

(R2=.77) 

Pst = mean lake total P conc. at start of monitoring period 
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Schindler, Fee, & Ruszczynski , 1978: 15 Canadian experimental lakes 

mean annual regressions 

Pan 8.11 + .194 Pv n=31, R2=.76 
Pan 8.46 + .081 Pi n=31, R2=.83 
Pan 5.50 + .25 Pi* n=22, R2=.90 
Ban 1.13 + .21 Pv n=31, R2= .71 
Ban 1.35 + .088 Pi n=31, R2=.79 
Ban -1.78 + 0.27 Pi* n=22, R2=.79 
Ban -5.26 + 0.98 Pan n=42, R2=.85 

growing season, epilimnetic regressions 

Pgs 8.48 + .22 Pv n=31, R2=.69 
Pgs 9.12 + .09 Pi n=31, R2=.73 
Pan 5.54 + .27 Pi* n=22, R2=.76 
Bgs .03 + .27 Pv n=31, R2= .64 
Bgs .28 + .11 Pi n=31, R2=. 7 3 
Bgs -3.56 + 0.33 Pi* n=22, R2=.66 
Bgs -7.29 + 1.19 Pgs n=41 , R2= .69 

(Pi* defined in Shindler,1978 (see above)) 

Norvell, Frink, & Hill, 1979: 33 Connecticuit lakes and reservoirs 

Psp = Pi (Qs + 1.2)/(Qs + 12) (std error = 6.9 ppb) 

Higgins & Kim, 1981: 10 TVA tributary reservoirs (Rp>O, Pi>25) 

CSTR P retention models: 

Up 92 m/yr 

Rp 1 - Po/Pi 1.54 - .22 In(Qs) 

plug flow P retention model: 

Px P concentration at location X 
Tx time-of-travel to X 

Px/Pi = exp(-Kp Tx) 

Kp = 61/Z (or, Up = 61 m/yr) 
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Mueller, 1980: EPA/NES western reservoirs (Rp>O) 
5 oligotrophic, 16 mesotrophic, 47 eutrophic 

Pgs pi/(16.4 + Qs) 

Pgs - pi (l-Rp) 

(R2~.27 ,S2~.I7) 

Rp ~ .29 exp(-.556 Qs)+.71 exp(-.00483 Qs) (R2~.26,S2~.14) 

*Pgs .882 Pi I (1 + 1.61 T) 

*Pgs ~ Pi/(1 + 2.09 T· 832 ) 

*approximate form: 

Pgs ~ Pi I ( 1 + 2 T) 
(i.e., Kp = 2 l/yr) 

Pgs ~ Po 

(R2= .45 :S2~.I1) 

(R2~.46 .S2~.10) 

(R2~.46,S2~.1l) 

(R2~.74,S2~.040) 

Clasen, 1980: OECD Reservoir and Shallow Lakes Project, 
46 Waterbodies , 23% natural, 20% pumped storage, 
47% lI sem i-artificial reservoirs ll 

70% eutrophic, 20% oligotrophic, 10% mesotrophic 
.6 < Qs < 773, 1.7 < Z < 76, 5 < Pi < 4900 

Pan ~ Pi/(l + 2.271 T· 586 ) 

(approx = Pi/(l + 2 T· 5») 

Pan ~ Pi/(l + 7.239 T·608Z-·500) 

[approx = Pi/(l + 7/(Qs·5») 

log(Pan) 

log(Pan) 

Ban ~ 50 

log(Ban) 

log(Ban) 

-.11 + 0.85 log(Pi) 

1 - exp(-.007 Pel) 

.06 + .58 log(Pe) 

-.02 + .58 log(Pv) 

Fricker, 1980: OECD Alpine Project 

log(Pan) 

log(Peu) 

1.013 log(Pi) -.348 

.882 log(Pi) -.182 
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(S2~.070) 

(S2= .071) 

(S2=.065) 

(S2=.065) 

(R2=.89,S2=.063) 

(S2= .050) 

(S2= .047) 

(S2=.077) 

(S2=.079) 

(R2=.72, S2=.082) 

(R2=.74, S2=.071) 



for lakes with T > 1 year , Rp > 0: 

p/Pi = 1/(1 + 1.417 T· 0489 ) 

10g(Kp) = .971 - .692 10g(Z) 

10g(Peu) = .906 log(Pv) + .104 

excluding "non-fitting lakes ll
: 

10g(Peu) 

10g(Ban) 

10g(Bsu) 

10g(Bmx) 

.754 10g(Pv) + .254 

.675 10g(Pv) - .219 

.706 10g(Pv) - . 219 

.837 10g(Pv) + .050 

10g(Ssu) =-.200 10g(Pv) + .925 

Ryding , 1980 : OEeD Nordic Project, 10 lakes 

log(Pan) 

10g(Nan) 

10g(Bsu) 

10g(Nsu) 

log(S su) 

-.02 + .96 10g(Pv) 

-1.19 + .60 log(Nv) 

-.31 + .81 10g(Pv) 

-2.18 + 1.12 10g(Nv) 

1.12 - .51 l og(Pv) 

Ban = 1.2 + 1.3 Lp + .05 Ln 

Ban Zm = 46.9 + 7.4 T - 12.2 (Zmx/Z) 

10g(Ban) 

10g(Ban) 

1.01 log (Pv) .82 

1.26 log(Nv) - 2.82 

10g(Kp) = -.53 10g(Z) + .52 

(R2=.29,S2=.078) 

(R2=.73,S2=.072) 

(R2=.78,S2=.047) 

(R2=.81,S2=.050) 

(R2=.75,S2=.083) 

(R2=.86,S2=.052) 

(R2=.46,S2=.019) 

(R2=.72 ) 

(R2=.71) 

(R2=.67) 

(R2=. 58) 

(R2=.62) 

(R2=.59) 

(R2=.6l) 

(R2=.18) 

Walker, 1980: EPA/NES data from 26 southeastern reservoirs 
with Sgs*Bgs > 10 (i.e., low nonalgal turbidity 
(3 < Bgs < 16 mg/m3) 

10g(Bgs) = 0.49 + .339 log(Phk) (R2=.72,S2=.008) 

Phk Higgins & Kim (1981) normalized in flow P (mg/m3) 

Pi Qs / (Qs + 92) 

* error statistics refer to predictions of 10g(Pgs) 
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Kerekes, 19S1: OECD Summary Analysis, approx 87 water bodies 

log(Pan) .19 + .82 log(Pv) (R2=.8~,S2=.037,n=S7) 

log(Po) .13 + .92 log(Pan) (R2=.90,S2=.030,n=62) 

log(po) .07 + .98 log(Peu) (R2=.92,S2=.023,n=59) 

log(Ban) - .43 + .79 log(Pv) (12=.77,82~.066,n=67) 

log(Bmx) -.13 + .89 log(Pv) (12=.79,S2=.081,n=45) 

Canfield and Bachman, 1981: 290 natural lakes, 433 reservoirs 
626 from EPA National Eutrophication Survey 

natural lakes: 

K .162 (Lp/Z)· 458 (12=.69,82=.059)* 

reservoirs: 

K (R2=.67,82=.061)* 

both: 

K .129 (Lp/ Z)· 549 (12=.66,82=.066)* 

DOS) 
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PART IV: HYPOLIMNETIC OXYGEN DEPLETION MODELS 

Lasenby, 1975: 21 natural lakes 

log (HOD) = .35 - 1.35 10g(Ssu) 

Rast & Lee, 1978: OECD North American Project, 32 lakes 

log (HOD) = -1.07 + .467 10g(Pv) 

Reckhow, 1978: oxic vs. anoxic discriminant function 
northern temperate lakes 

(R2=.72) 

D = -11.5 - 4.61 log(Lp/l000) + 5.73 10g(Z) + 4.1 10g(Qs) 

prob(oxic) = 1./(l+exp(-D» 

Cornett & Rigler, 1979: 20 lakes 

1000 HOD -277 + .5 Ap + 5 Thl •74+l50 In(Zh) 

Ap P accumulation rate (mgP/m2-yr) 
Th = mean hypolimnion temperature (deg C) 
Zh = mean hypolimnion thickness (m) 

Walker, 1979: 30 natural lakes 

I = trophic index -15.6 + 46.1 10g(Psu) 
20.0 + 33.2 log(Bsu) 
75.3 + 44.8 10g(I/Ssu - .08) 

(R2=.75) 

log (HOD) 
2 

-3.58 + .0204 I + 4.55 10g(Z) - 2.04 [log(Z)] 

(Z < 20 meters, R2=.91,S2=.OI0) 

Welch & Perkins, 1979: 26 lakes 

log (HOD) = -1.49 + 0.39 log(Lp T) (R2=.53) 

Ryding, 1980: OECD Nordic Project, 10 lakes 

log(HODv) = .67 log(Pv) - 2.42 (R2=.40) 

Vollenweider & Kerekes, 1980: 33 OECD study lakes 

log(HOD) = .585 log(Pv) -1.07 
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PART V: TROPHIC STATE DISCRIMINANT FUNCTIONS 

Vollenweider, 1968: northern lakes 

, oligotrophic < 25 < mesotrophic < 50 < eutrophic 

Vollenweider, 1975: northern lakes 

D = 0.1 Lp Qs-'; oligotrophic < 10 < mesotrophic < 20 < eutrophic 

Vollenweider, 1976: northern lakes 

D = Pi/(1+T· 5), oligotrophic < 10 < mesotrophic < 20 < eutrophic 

Walker, 1977a, b: 100 northern temperate lakes, EPA/NES classification 
trophic state probabilities 

xe exp(-18.51-20.49 Dt) 
xm exp(-36.77-29.33 Dt) 
xo exp(-53.80-35.65 Dt) 

xs xe + xm + xo 

prob(e) 
prob(m) 
prob(o) 

xe/xs 
xm/xs 
xo/xs 

Dt 

Yeasted & Morel, 1978: trophic state 
northern temperate lakes , mostly EPA/NES 

De 
Om 
Do 

-12.54 log(Pi/1000) + 1.65 
-25.06 log(Pi/l000) + 5.15 
-31.48 log(Pi/lOOO) + 9.13 

log(T) 
log(T) 
log(T) 

5.89 
- 18.87 
- 30.01 

Ciecka, Fabian, & Merilatt, 1979 midwestern lakes and reservoirs 
D > 0 implies eutrophic 

D 1.68 + 1.77 In(Lp/l000) - .64 In(Qs) -.07 [In(Qs))2 



APPENDIX F 

Independent Data Sets 

------- Data Sources ----------
CE EPA/NES TVA OECD/RSL 

Data Tables 
Figures:. 

Internal Models 
Loading Models - Pv* 
Loading Models - Pn** 

App. C 

F-l 
F-2 
F-3 

F-l 

F-4 
F-S 
F-6 

F-2 

F-7 
F-8 
F-9 

F'-3 ,4 

F-IO 
F-ll 
F-12 

CE = Corps of Engineers Da t a Set (See Appendices B,C) 
EPA/NES = EPA National Eutr ophication Survey (USEPA, 1978) 
TVA = Tenne sse Valley Authority Reservoirs (Higgins and Kim, 1981) 
OECD/RSL = OECD Reservoir and Shallow Lakes Program (C la sen, 1980) 

* Vollenweider normalized P l oading 
** Equation (61) (see Part VI, main text) P l oading 
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Table F-1 
EPA/NES Data on CE Reservoirs 

d isres* code pi ni po tp chla secchi zmean t 
-------------------------------------------------- -------------
02176 1 24 851 18.2 6.9 5.2 2.4 12.6 .230 
03307 1 16 1174 11 .5 10.0 4.9 3.5 12.9 .380 
04312 3 182 1071 95.5 64.6 15.1 1.2 1.6 .030 
06372 1 132 1288 24.5 43.7 8.7 1.0 10.7 .338 
08074 1 55 724 20.9 24.0 6.8 1.5 11.0 .371 
08330 1 50 776 8.9 12.9 6.2 2.0 13.8 .831 
10003 1 35 1513 22.4 18.2 2.2 1.3 7.9 .015 
10069 1 62 645 21. 9 20.0 7.4 1.4 9.3 .281 
10076 1 81 891 8.5 15.8 5.4 2.6 19.5 1.584 
10411 1 107 1096 36.3 28.8 4.0 1.2 3.1 .019 
14099 1 617 7413 245.5 177.8 14.8 0.7 3.0 .026 
15178 1 30 1174 18.6 21. 9 12.6 2.3 9.1 2.884 
15181 1 44 2570 20.0 15.1 6.2 2.2 4.7 5.248 
15237 1 302 2884 245.5 257.0 40.7 0.7 4.0 .831 
16243 1 263 2691 64.6 41.7 15 .. 5 0.9 4.9 .223 
16254 1 112 2187 61.7 57.5 36.3 0.9 2.7 .955 
16317 1 89 1202 66.1 57.5 26.9 0.9 2.5 .057 
16328 1 49 758 30.9 15.8 3.7 2.2 14.5 .209 
16393 1 21 631 19.5 6.0 1.2 3.1 17.4 .055 
17241 1 174 2290 60.3 30.9 16.2 1.0 4.7 .489 
17242 2 182 3388 151.4 123.0 11.0 0.3 1.2 .008 
17245 1 178 2884 147.9 125.9 67.6 0.4 1.7 .055 
17247 1 126 3311 102.3 97.7 10.0 0.8 5.0 .114 
17248 2 240 4265 138.0 85.1 11.0 0.4 3.3 .063 
17249 1 275 3890 134.9 162.2 27.5 0.5 3.0 .025 
17256 1 71 1778 55.0 36.3 22.9 1.1 4.8 .095 
17258 0 41 1318 83.2 39.8 38.0 0.9 4.6 .660 
17373 1 45 1174 13.2 11.0 6.0 2.1 18.2 .323 
17389 1 45 1288 39.8 74.1 14.8 0.7 5.8 .008 
17391 1 18 812 16.6 11. 0 6.2 3.5 20.9 .138 
18092 1 246 4897 123.0 107.2 15.8 0.7 7.2 .141 
18093 1 35 1122 19.1 25.1 6.9 1.6 5.2 .660 
18120 1 72 1659 46.8 26.9 8.1 1.2 5.8 .218 
19119 3 166 1230 169.8 128.8 12.6 0.6 4.6 .043 
19122 1 50 1258 30.9 15.8 3.8 1.7 24.0 .616 
19338 0 123 851 173.8 141.3 8.1 0.7 4.3 .005 
19340 3 214 1230 190.5 56.2 10.0 1.8 8.5 .380 
19342 1 79 1000 87.1 57.5 8.9 0.8 5.6 .030 
19343 1 30 1000 10.0 10.0 3.6 4.3 14.5 1.202 
20081 1 195 3090 120.2 83.2 17.4 0.6 2.7 .173 
20087 1 295 6165 102.3 61.7 17.4 1.0 5.0 .363 
20088 1 251 2570 125.9 70.8 23.4 0.7 4.7 1.202 
21196 0 25 1047 39.8 33.1 9.5 1.0 3.0 .038 
22014 1 19 316 16.6 19 • .1 12.3 2.0 14.8 1.318 
22019 1 20 524 16.6 15.1 4.3 2.8 1(,.2 1.862 
---------------------------------------------------------------

" * See page F-4 for key (cont inued) 
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\ Table F-l (continued) 

disres code pi n1 po tp chla secchi zmean t 
---------------------------------------------------------------
22188 0 89 758 223.9 199.5 6.5 0.4 9.1 .295 
22189 3 288 1737 61.7 61.7 6.6 0.9 15.5 1.122 
22190 1 105 1096 95.5 51.3 6.0 0.6 16.6 1.096 
22192 1 74 955 61.7 40.7 6.5 1.3 16.6 1.096 
23352 1 126 1412 33.1 30.9 12.9 1.5 4.1 .602 
23353 0 107 955 120.2 104.7 19.1 0.5 3.0 .154 
23413 1 47 691 50.1 51.3 18.2 0.9 1.8 .114 
24011 1 60 1114 13.8 21. 9 3.9 2.1 17.8 1.513 
24012 0 37 933 69.2 57.5 8.9 0.4 2.6 .067 
24013 1 20 1318 12.3 15.1 3.9 3.5 20.4 .707 
24016 1 25 588 13.2 12.0 3.8 3.3 21.4 2.238 
24021 '0 20 691 39.8 38.9 15.8 0.8 2.5 .046 
24022 0 14 1047 17 .8 15.1 3.4 3.6 17.4 .977 
24193 0 10 1047 28.2 17.0 3.6 1.4 4.1 .036 
24200 1 71 1318 18.2 21. 9 9.1 2.3 19.1 .912 
25020 1 49 676 52.5 39.8 15.1 0.8 2.2 .049 
25102 2 316 5248 104.7 69.2 9.8 0.4 3.9 .602 
25103 2 115 1584 63.1 30.2 3.2 0.2 2.4 .123 
25104 0 68 1737 85.1 52.5 7.8 0.3 3.0 .109 
25105 2 288 3235 166.0 117.5 9.5 0.2 2.0 .063 
25107 2 240 3715 67.6 52.5 12.3 0.4 4.1 2.398 
25112 0 54 1349 75.9 67.6 6.6 0.3 2.5 .060 
25267 3 347 2238 218.8 81.3 4.4 0.4 10.0 .851 
25269 2 59 933 46.8 69.2 9.8 0.4 12.0 1.584 
25273 2 324 2630 144.5 134.9 21.4 0.4 7.8 .151 
25275 2 182 1862 70.8 58.9 5.1 0.4 5.8 .302 
25278 1 91 2187 49.0 38.9 6.6 1.6 15.5 .660 
25281 0 55 776 69.2 79.4 4.8 0.5 2.3 .043 
25348 3 339 2511 134.9 41.7 12.6 1.2 5.8 .478 
25370 1 105 1862 31.6 22.9 10.2 1.1 5.2 2.818 
26345 3 589 2818 51.3 15.8 7.9 3.1 10.7 1.584 
26347 1 11 1047 6.6 10.0 2.5 3.0 14.1 1.000 
26354 2 219 2138 50.1 63.1 5.4 0.4 6.5 1.412 
26355 1 178 1584 56.2 44.7 14.1 0.6 6.0 .851 
26359 1 55 660 31.6 28.8 6.3 1.5 7.8 1.412 
26360 1 107 5370 89.1 97.7 24.5 0.5 6.5 10. 964 
26361 1 76 1318 50.1 52.5 24.5 0.7 4.3 .602 
26362 1 32 933 12.0 18.2 3.9 2.4 11.2 1.000 
26364 1 123 1737 29.5 28.2 6.9 1.8 8.1 .794 
28219 1 74 1174 4.5 20.0 3.3 1.2 11. 7 3.020 
29100 1 363 3020 64.6 70.8 12.0 0.6 6.8 1.000 
29106 3 490 3235 107.2 56.2 15.8 0.3 4.5 .331 
29108 3 661 3630 74.1 79.4 19.1 0.9 7.8 .776 

202 29109 1 145 3311 55.0 33.9 30.2 1.0 6.0 1.096 
,038 29110 3 427 3235 104.7 55.0 5.6 0.5 3.7 .776 
.31 8 29111 2 81 1905 67.6 39.8 8.3 0.5 6.5 .524 

862 ---------------------------------------------------------------
--- (continued) 

Que") 

F-3 



L 

Table F-1 (continued) 

disres code pi ni po tp chla secchi zmean 

29113 
29114 
29194 
29195 
29207 
30064 
30215 
30217 
30235 
31077 
32204 
33300 
34048 
35029 
35039 

3 1023 
1 155 
1 59 
1 71 
1 398 
3 1047 
3 575 
1 363 
3 380 
1 22 
o 3 
3 39 
1 37 
1 96 
1 76 

5495 
2630 
1737 
2570 
3467 
5623 
4466 
3890 
1584 

631 
42 

195 
912 

1202 
645 

166.0 
46.8 
36.3 
15.5 
81..3 

158.5 
144 .5 

72.4 
26.3 
16.6 
23.4 
34.7 
18.2 
58.9 
46.8 

162.2 
22.9 
42.7 
21. 9 

112.2 
53.7 
60.3 
43.7 
15.8 
10.0 
44.7 
38.0 
12.9 
20.0 
37.2 

11.2 
8.9 
9.3 
8.9 

27.5 
23.4 
15.5 
17.0 
6.9 
2.4 
2.7 
2.3 
3.6 
3.1 
9.1 

0.8 
1.4 
1.3 
1.8 
0.6 
0.8 
1.2 
1.1 
2.3 
2.5 
4.1 
1.7 
3.0 
1.6 
2.5 

disres = CE district/reservoir code (se e Table 1) 

8.1 
8.3 
9.5 
7.2 
7.8 
5.2 
3.7 
5.5 

19.1 
55.0 
38.0 
38.9 
47.9 
19.1 
10.0 

code: 0 = Rp < -.1 1 = used in error analysis 
2 = turbidity > 1.58 l/m 3 = inflow N/P < 8 

pl = inflow total p concentration (mg/m3) 
ni inflow total n concentration (mg/m3) 
po outflow total p concentration (mg/m3) 
tp = median, re servoir total p concentration (mg/m3) 
chla = mean chlorophyll-a (mg/m3) 
sec chi = mean secchi depth (m) 
zmean = mean depth (m) 
t = mean hydraulic residence time (yrs) 
Rp = retention coefficient of phosphorus 
Nlp = total nitrogen/phosphorus ratio 
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t 

.380 
2.818 

.851 
1.071 
1.412 
3.630 
2.884 
2.818 
1.584 

.831 

.741 

.416 
1.698 

.457 
1. 584 



Table F-2 
TVA Reservoir Data 

Res ervoir pi ni tp chla secchi zmean t 

---------------- Mainstem Tennessesee River ----------------

Kentucky 74 717 81 9.1 1.0 5.0 .038 
Pickwick 51 709 56 3.9 0.9 6.5 .017 
Wilson 56 685 53 5.9 1.4 12.3 .013 
Wheel er 35 618 4.4 5.3 .021 
Guntersville 38 654 44 4.8 1.1 4.2 .024 
Nickaj ack 36 623 51 2.8 1.1 6.8 .007 
Chickamauga 26 575 31 3.0 1.1 5.0 .017 
Watts Bar 40 739 32 6.2 1.0 7.3 .035 
Ft Loud on 44 1033 54 5.9 0.9 7.3 .026 

--------------------- Tributary ------------------------

Chatuge 21 360 14 5.5 2.7 9.5 .435 
Cherokee 155 1424 51 10.9 1.7 13.9 .216 
Douglas 67 722 26 6.3 1. 6 10.7 .117 
Fontana 45 581 11 4.1 2 .6 37.8 . 28 2 
Hiwasse 21 343 15 5.0 2.4 20.2 .153 
Normandy 170 770 15. a 1.2 9.5 .369 
Norris 38 944 2.1 3. 9 16.3 .372 
So Holston 34 732 14 6.5 2.6 23.4 .550 
Tims Ford 24 721 21 6.1 2.4 14.9 .561 
Watauga 51 724 2.9 2.7 24.5 .6 87 

pi = inflow t otal p (mg/m3) 
n, = inflow total n (mg/m3) 
tp median total p (mg/m3) (EPA/NES) 
chla mean, summer ch1orophyll-a (mg/m3) 
secchi mean, summer transparency (m) 
zmean mean depth (m) 
t mean hydraulic residence time (years) 
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Table F-3 
Impoundments ln the OECD/RSL Data Base 

1/ Impoundment 

01 De Grote Rug 
02 Laugh Leane 
03 Louch Enne 1 
04 Hundred dn Dertig 
05 Petrusplaat 
06 Braakmann II 
07 Braakmann III 
08 Biwa North 
09 Biwa South 
10 Kasamigaura West 
11 Kasamigaura North 
12 Nisramont 
13 Eupen 
14 Brielse Meer 
15 EI Burguillo 
16 Lough Neagh 
17 Farmoor 
18 Grafham Water 
19 Loch Leven 
20 Queen Elizabeth II 
21 Mt. Bold 
22 Wahnbach 
23 Oleftal 
24 Prospect 
25 Sorpe 
26 Mohne 
27 Verse 
28 Sose 
29 Furwigge 
30 Vechten 
31 Tjeukemeer 
32 Enneppe 
33 Blackhawk 
34 Twin Valley 
35 Kerr Res. Roanoke 
36 Is les 
37 Cox Ho 11 ow 
38 Dutch Hollow 
39 Kerr Res. Nutbush 
40 Virginia 
41 Redstone 
42 Camelot Sherwood 
43 Stewart 

Type 

P 
I 
1 
p 
p 
p 

P 
I 
I 
I 
I 

* 
* 
r 
r 
I 
p 
r 
I 
p 
r 
r 
r 
p 
r 
r 
r 
r 
r 

* 
* 
* 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 
r 

Country 

Netherlands 
Ireland 
Ireland 
Netherlands 
Netherlands 
Netherlands 
Netherlands 
Japan 
Japan 
Japan 
Japan 
Belguim 
? 
Netherlands 
Spain 
United Kingdom 
United Kingdom 
United Kingdom 
United Kingdom 
United Kingdom 
Australia 
Germany 
Germany 
Australia 
Germany 
Germany 
Germany 
Germany 
Germany 
Netherlands 
Netherlands 
Germany 
U.S. - Wisconsin 
u.s. - Wisconsin 
u.S. - Virginia 
u.s. - Minneso ta 
U.S. - Wisconsin 
u.S. - Wisconsin 
U.S. - Virginia 
u.s. - Wisconsin 
U.S. - Wisconsin 
u.s. - Wisconsin 
U.S. - Wisconsin 

U code number in OECD/RSL data base (Table F-4) 
Type: 1 natural lake, r = reservoir, 

p pumped storage impoundment 
* not specified in OECD/RSL report 

(r assumed) 
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Table F-4 
OEeD Reservoir and Shallow Lakes Project Data 

resyr* c pi ni tp tn chla secchi zmean t 
------------------------------------------------------------
1. 74 3 529 5757 83 3700 16.0 1.1 5.3 ·.457 
1. 75 3 514 4443 72 2700 13 .0 1.5 5.5 .471 
1. 76 3 629 5657 88 2670 23.0 1.3 4.5 .385 
2.73 2 26 4.6 2.8 13.7 .363 
2.74 2 22 5.7 2.6 13,.7 .304 
3.75 2 328 70 26.0 1.4 7.5 2.100 
3.76 2 151 38 27.0 1.3 7.5 1.680 
4.74 3 486 5932 330 5600 5.0 2.8 14.7 .218 
4.75 3 455 5713 300 4900 6.0 3.4 14.7 .225 
4.76 3 558 6353 360 5500 6.0 3.4 14.7 . 219 
5.74 3 331 5579 170 5400 4.0 3.5 12.4 .097 
5.75 3 293 4947 200 4700 6.0 3.6 12.4 .097 
5.76 3 357 5518 200 5200 8.0 2.9 12.4 .094 
6.74 3 550 13666 190 8100 32.0 2.0 9.3 .850 
6.75 3 644 11600 250 7000 71.0 1.7 8.4 .760 
6.76 3 300 10833 340 3200 47.0 2.0 6 .2 1.170 
7.74 3 232 6800 29 6600 17.0 3.0 9.3 .560 
7. 75 3 311 7444 21 4500 20.0 3.5 8.0 1.330 
7.76 3 125 4125 100 1800 44.0 3.0 7.3 1.380 
8.74 2 39 566 8 2.1 7.8 6.5 5.990 
8 .75 2 41 592 7 381 1.8 8.1 6.5 6.170 
8.76 2 40 568 8 363 2.1 7.9 6.5 5.820 
9.74 2 23 453 24 5.1 2.5 0.8 .034 
9.75 2 22 509 15 441 3.5 3.0 0.8 . 035 
9.76 2 23 495 21 459 5.5 2.0 3.8 .033 
10.74 2 232 3498 49 1260 35.2 1.2 3.9 .608 
10.75 2 232 3498 51 1357 19.1 1.2 3.4 .608 
10 .76 2 232 3498 64 1143 35.7 1.4 3.9 .608 
11. 74 2 183 2707 58 980 28.3 1.2 4.2 .450 
11. 75 2 183 2707 53 1000 18.8 1.2 4.2 .450 
11. 76 2 183 2707 59 906 30.5 1.1 4.2 .450 
12.74 1 8.4 2.8 6.4 .008 
12.75 1 82 34.6 2.2 6.4 .016 
12.76 1 11.6 2.1 6.4 .022 
13.74 1 0.7 3.0 18.5 .370 
13.75 1 2.1 4.0 17.5 .340 
13.76 1 1.4 4.3 16.8 .300 
14.74 1 1071 9611 230 5300 21.5 1.1 5.4 .290 
14.75 1 1056 9105 360 4100 27.8 1.4 5.4 .430 
15.74 1 55 889 27 889 8.0 2.5 20.3 .410 
15.75 1 70 976 40 1095 9.0 2.2 20.4 .395 
15.76 1 119 1444 42 988 16.0 2.3 17. 7 .287 
16.74 2 179 2081 121 400 21.0 1.7 8.9 1.170 
17.71 3 386 20.0 4.3 8.9 .470 
17.72 3 454 18.0 3.8 9.1 .500 
17.73 3 745 16.5 3.8 9.1 .430 
18.69 5 1830 9.9 3.4 9.5 5.800 
18.73 5 4900 3990 8.0 4.2 9.5 5.800 
------------------------------------------------------------
* See page F-8 for key (continued) 
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Table F-4 (continued) 

resyr c pi 

19.74 2 146 
20.69 3 
21. 73 5 231 
21.75 5 150 
21.76 5 153 
22.74 1 82 
22.75 1 85 
22.76 1 100 
23.751 9 
23.76 1 6 
24.75 3 14 
24.76 3 12 
25.74 1 198 
26.73 1 366 
26.75 1 453 
27.76 1 33 
28.74 1 14 
28.75 1 6 
28.76 1 7 
29.76 1 19 
30.74 1 
31.75 1 
32.74 1 822 
32.75 1 533 
33.731 229 
34.73 1 223 
35.75 4 105 
36.71 1 449 
37. 73 1 288 
38.73 1 600 
39.75 4 449 
40.73 1 1044 
41. 73 1 519 
42.73 1 93 
43.73 4 2666 

3567 

1894 
1905 
1593 

359 
402 

3805 
4063 
5463 
2894 

2781 

6628 
4363 
2396 
2019 

734 

2972 
6285 
1517 

14711 
6010 
1278 
3083 

tp 

68 

98 
97 

101 
25 
22 
16 
12 

8 
11 
10 
42 
75 
77 
12 

4 
5 
4 
8 

168 
208 

85 
65 

80 
260 

85 
70 
35 
60 

tn 

1520 

1330 
1420 
1500 

2190 

3040 
1630 

1620 

4380 
4670 

1240 

resyr = impoundment code (see 

chla secchi zmean 

39.0 
2.0 
3.0 
3.0 
4.0 
4.7 
6.0 
5.1 
1.7 
5.6 
3.0 
3.1 
8.6 

21.6 
10.2 

2.9 

0.6 
1.5 
2.4 
4.5 

50.0 

15.0 
19.0 
13 .0 
53.0 
27.0 
34.0 
21.1 
29.0 
13 .0 
6.3 

50.0 

1.4 
3.0 

1.0 
1.4 
4.0 
4.0 
4.0 
6.1 
5.7 
3.2 
2.1 
4.0 
2.2 
2.9 
8.2 
6.9 
6.6 
6.4 

11.5 

3.9 
2.9 
3.6 
1.5 
1.4 
1.0 
1.5 
0.8 
1.2 
1.7 
1.6 
2.0 
1. 4 

Table F-3).year 

3.9 
15.3 
13.4 
13 .3 
12.7 
17.8 
17.7 
17.3 
15.5 
13.7 

9.7 
9.7 

20.4 
12.9 
12.9 
20.0 
18.8 
18.5 
16.4 
8.3 
6.0 
1.8 

12.2 
12.2 
4.9 
3.8 

10.3 
2.7 
3.8 
3.0 
8.0 
1.7 
4.3 
3.0 
1.9 

t 

.588 

.147 

.400 

.330 

.480 

.740 
1.370 
1.270 

.610 

.430 

.ll5 

.ll9 
1.140 

.760 

.670 
1. 510 

.350 

.670 

.520 

.400 
9.300 

.330 

.330 

.500 

.450 

.200 

.600 

.592 
1.820 
4.980 
1.370 
1.430 

.llO 

.080 

c = code: 1 reservoir 
3 pumped storage 
4 = inflow NIp < 8 

2 = natural lake 
(artificial) reservoir 

5 = reservo ir excluded from error analysis 
pi inflow total p (mg/m3) 
nL inflow total n (mg/m3) 
tp = mean, annual, euphotic zone total p (mg/m3) 
tn = mean, annual, euphotic zone total n (mg/m3) 
ch la = mean, annual, euphotic zone chlorophyll-a (mg/m3) 
secchi = median, annual secchi depth (m) 
zmean = mean depth (m) 
t = hydraulic residence time (yrs) 
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Figure F-l 

Internal Model Evaluations Using the CE Data Set 
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Figure F-2 

Observed vs. Predicted Water Quality Using Pv for 
Normalized Phosphorus Loading and the CE Data Set 
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Figure F-4 

Internal Model Evaluations Using the EPA/NES Data Set 
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Figure F-5 

Obse rv ed vs. Pred i c ted Water Quality Using Pv for 
Normalized Phosphorus Loading and t he EPA/NES Data Set 
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Figure F-6 

Observed vs. Predicted Water Quality Using Pn for 
Normalized Phosphorus Loading and the EPA/NES Data Set 
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Figure F-7 

Internal Model Evaluations Using the TVA Data Set 

LOG I TRANSPARENCY, M ) 

1.3 

1.0 

0.7 

O. , 

0 .1 

-0. 2 

-0,5 

-0.8 
0.4 0.7 1.0 1. 3 

LOG [ 

LOG ( TRANSPA.RENCY. H J 

1.3 ,-0 

\.0 

0.7 

0.4 

a-.S 

0.1 

-0.2 

,-2 
-{). 5 

.. 

1.6 

TOTAl. 

•• • 

1. 18 - . 66 , 

• 
, , , 

" :!:y 

. " 
1.9 2.2 Z.5 2.' 
p. HC/K) ) 

lis .. a + .02 5 B 

-0. ':'<;---;-C'7':--;:--;--;:-"~:-:--.,.--:--~c--::-:_1 
-0 . 4 -0.1 0.2 O.S 0 . 8 1.1 1.4 1. 7 2.0 

Loe CRL-A, MG / H.3 I 

LOG [ 

2.0 

1.7 

1.4 

1.1 

0.' 

0.' 

0.2 

- 0.1 

-{).4 

0.4 

Symbol 
t 
m 

line 

CHL-A., KG/ MJ ) 

2y , , , 
, , 

, , 

~ . , , 
",," ~ . ' . ~ , 

t , • , 
/ 

0( • 
/ , , 

/ 

, - -.60 + .98 

0.7 1.0 1.3 1.6 1.9 2.2 2. , 

LOG ) tOTAL p. MG/ H3 ) 

Meaning 
TVA Tributary Reservoir 
TVA Mainstern Reservoir 

, 

." 

, 

2.8 

regression for CE reservoirs 
and CE data set 

dashed line = 2-fold accuracy limits 

F-15 



-- - - -- -- - -- -.~-- - ~. -------~----- ~-

Figure F- 8 

Observed vs. Predicted Water Qua lit y Using Pv for 
Normalized Phosphorus Loading and the TVA Data Set 
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Figure F-IO 

Internal Model Evaluations Using the OECD/RSL Data Set 
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Figure F-ll 

Observed vs. Predicted Water Quality Using Pv for 
Normalized Phosphorus Loading and the OECD/RSL Data Set 
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Figure F-l2 

Observed vs. Predicted Water Quality Using Pn f or 
Normalized Phosphorus Loading and the OECD/RSL Data Set 

LOG ( TOTAL p. Hc/K) J 

2.8 

2.\ 

2 . 2 

1.9 

1.6 

1.3 

1.0 

0.7 
0 

0.4 

0.4 0 .7 

o 0 

/ 
~ 

1.0 

LOG I 

0, 
/ 

, 
1.3 

PI 

LOG ( TJl.J..NSPARENCY. Jot I 

o 
1.0 

o 

1.6 

(l . 

... 0 ;" 
00 0 0 .... 

0.7 , 
o,,! 

0.4 . 0 
0 0 

0 . 1 

, 
- 0. 2 

-O. S 

-0 .8 
0.4 0.7 1.0 1.3 1.6 

LOG p[ (I • 

/ ' 

1.9 

.001 

, 
,0 

o 

2y 

Y • , 

2.2 2. , 

PI 2 ) I 

o 

2.8 

y .. 1. 26 - . 69 x 

., 
~o fo , -, 00 

o .~ 
• , 0 

• <lOb,. 
~ .. 

' 0 0 

, 
"'2y 

y 

. Sy 

1.9 2. 2 2. \ 2.8 

.001 PI2 ) I 

LOG ( CHL-A, !'4G / MJ I 

2.0 

1.7 

1.4 

1.1 

0 . 8 

0 .\ 
/ 

0.2 

-0 .1 
0 

-0.4 
0 .4 0.7 

0 
0 

1.0 

LOG I 

o 
/ 

o / 

1.3 

PI 

Symbol Meaning 
o Reservoir 

/ 2, 

0' 
/ 

y , - .(.8 + 

1.6 1. 9 2.2 2 . \ 

(l • . 001 PI Z ) ) 

x Inflow Total N/P < 8 

.8 9 x 

2.8 

z Excluded Res.(Grafam or Mt Bold) 
+ Pumped Storage Reservoir 

Natural Lake 

line = regression for CE reservoirs 
and CE data set 

dashed line = 2-fold accuracy limits 
PI = average inflow phosphorus 

concentration (mg/m3) 
Z mean depth (m) 

F-20 



y 

...- Sy 

" , 
!.8 

Mt Bold) 

.mits 

APPENDIX G: NOTATI ON 

= superscript denoting es timated value 

= superscript denoting pool-monitoring year 

an annual (subscript) 

A = effect of nonchlorophyll-related materials on S (turbidity) 
( lim) 

AE average absolu te error 

AG = drainage area of gauged tributaries (km2) 

Ap 

AR 

2 = total phosphorus accumulation (trapping) rate (mg/m -y r) 

= reservoir surface area Ckm2) 

As = surface area at elevati on E (acres) 

AT = drainage area at reservoir discharge Ckm2) 

AU = drainage area of ungaged tributaries Ckro2) 

b = sensitivity of inflow concentration to flow 

= regression slope 

B = chlo rophyll-a Cmg/m3 ) 

CT' = inflow concentration estimate at QT' 

CV = coefficient of variation of reservoir mean estimate 

CGN = average nutr ient concentrat ion in sampled, but ungauged 

tributaries not under point sourCe influence (g/m3) 

CIC = corrected inflow concentration (g/ m3) 

Csi = depth-averaged value on date i 

CVS 2 mean squared within-station coefficient of variation 

CVCX) = coefficient of variation for mean X 

CICE 

Csij = 
CI-C5 = 

D = 
= 
= 

01 = 
DK = 

3 inflow concentration, adjusted for evaporation (g/ m ) 

measu rement for station s , date i , depth j 

polynominal coefficient s 

derivative of predicted Y with respect to X 

discriminant functi on 

discriminant score (oxic for D > 0) 

derivative of 10g(P ) with respect to 10gCP. ) 
a 1 

derivat ive of 10g(P ) with respect to 10g(K) 
a 

G-l 



dof = er ror degrees of freedom used in computing mean squared e rror 
and R- squared 

3 DOsp = oxygen co ncent ration a t onset of s t rat ification (g/m ) 

E = e levation (feet above mean sea level) 

EO = elevati on at zero volume (feet above msl) 

eu = euphotic zone ( subscript) 

El,Al,Vl = e levati on, area, and vol ume a t fir s t leve l 

E2,A2,V2 = elevation, area, and vol ume at se cond level 

F = fraction of loading attr ibuted to point sources, septic 
tanks, and wildfowl 

= F Statictic wi t h p and n-p deg ree s of fre edom 

FE = eva poration/to tal i nf low 

Fm = morphometric facto r 

fe y) = normal frequency di stribution fun ct ion 

gs growing s eason (subscript) 

Ho = the null hypothes i s 

HOD = hypolimnetic oxygen deple t io n rate (g/m2-day) 

HODa = es timated areal oxygen depletion rate (g/m
2

-day) 

HODv = volumetric HOD (g / m3-day) 

i inflow (subscript) 

I = trophic state index 

K = first-order sed ime nta tion rate ( l /yr) 

KE = effect ive rate constant 

K2 = slope parameter = 0.025 

In ; base-e loga rithm 

= base -1 0 logarithm 

for mixed 
2 m / mg 

model 

log 

Lp 
2 

= total phosphorus load i ng (mg/m -yr) 

M = total numbe r of sta tions in the reservoir 

mx = maximum va lue (subscr1pt) 

Ned = medi an error 

HSE = · m~an squared e rror 

HSE* = minimum mean squa red e rror 

HI = mean of group I 

H2 mea n of group 2 

G- 2 



ror n = average number of sampling da t es 

= number of lakes or res ervoirs in data set 

= nitrogen (subs cript) 

= ' numbe r of sampling date s/growing seas on 

= number of impoundment-yea r s 

N total N 3 = (mg/m ) 

No = ·organic nitrogen 3 (mg/m ) 

Nsi = number of depths sampled in date i 

0 = outflow (subscript) 

p = phosphorus (subs cript) 

= numbe r of model parameters 

P = total phosphorus (mg / m3) 

P'" = probable classi ficat ion error 
3 Pi = avera ge in flow pho sphorus concentration (mg /m ) = Lp/Qs 

Pn = equation (6 1) normali zed P loading = P,/(1 + 0,001 Pi Z) 
1 

Po = average outflow total P concentra tion 

Pv = Vollenweider normalized P l oadi ng = P,/(l + sqrt(T) ) 
1 

PCl = fi rs t principal component 

PC2 = second prinCipal component 

QD = discharge from reservoir (cubic hectometres/yr) 

QD ' total discharge ( including withdrawals) (cubic hectometres/yr) 

QE = evapo ra tion (cubic hectometres/yr) 

QG = gauged tr ibutary input (cubi c hec tometres/yr) 

QI = total water input (cubic he ctomet res /yr = 10
6 

m3/yr) 

QI' = total inflow (cub i c he ctometres /yr) 

QN = net inflow (error, see equa ti on (15) ) (cubic he ctometres/yr) 

QO = total reservoir outfl ow (inc luding evaporation ) (c ubic 
hectometres/y r) 

QP = precipitation input (cubic he ctometres/y r ) 

Qs = surface overflow rate (m/yr) 

QU = estimated ungaged tributary input (cub ic hectometres/yr) 

QV = change in water sto rage (cub i c he ctometres/yr) 

QV' = change-in- storage (cubic hectometres /yr) 

QW = withdrawal from reservoir (cubic hectometres/yr) 
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QGN = inflow from gauged tributaries not under the influence of 
paint sources (cubic hectometres/yr) 

QIC = corrected total inflow (cubic hectometres/yr) 

QIM = mean inflow over monitoring period, cubic hectometres/yr 

QIS = mean inflow on tributary samp ling days , cubic hectometres/yr 

R retention coefficient 

R-squared = fraction of variance explained 

R2 = percent of variance explained 

sp = spring (subscript) 

s u summer (subscript) 

S = 
SE

2 = 

SE
2 = m 

SE
2 = 
t 

transparency (m) 

mean squared error 

model mean squared er ror 

total mean squared error 

Sr 2 = sedimentation rate (kg/m -yr) 

SI = standard deviation of group I 

S2 = mean squared er ror (base-IO logarithms) 

= s tandard deviation of group 2 

T = length of monitoring period (yr) 

= total hydraulic residen ce time (yr) 

Th = mean hypolimnetic temperature (deg C) 

TDO = days of oxygen supply at onset of stratifi cation (days) 

U = firs t-order settling velocity (m/yr) 

V = total volume (acre-feet) 

VadX) = variance of estimated independent variable 

Va dY) = variance of estimated dependent va riahle 

VD = dead storage (acre- feet) 

VUl = usea ble volum e below first-listed elevation point (acre- ft) 

VU2 = useable volume below second-li s ted elevation -point (acre-ft) 

v = estimated data error variance of independent variahle 
x 

V = variance of dependent variable 
y 

= estimated data error variance of dependent variable 

VI = reservoir volume at beginning of period (cuhic he ctometres) 

V2 - reservoir volume at end of per iod (cub ic hectometres) 
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\,om = winter (subscript) 

W = weighting f actor used for a given observa tion 

lolA = input from atmosphere (mt /y r) 

WG = i npllt fro m gauged tributaries (mt/yr) 

WI = total input (metri c tons/yr) 

1010 = tot.al nutr ient outflow (mt/yr) 

WP = i nput from point so urce di scharges (mt/y r ) 

WU = input from ungaged tributaries (mt/yr) 

WV = change in nutr i ent sto r age (mt / yr) 

WX = input from septi c ta nks and wildfowl (mt /yr) 

WGN = nu trient i npu t f r om gauge d tributaries not under the in­
fluence of upstream poi nt sources (mt/yr) 

Wle = corrected t otal l oading (mt /yr) 

I x-x'i = absolute value of X-X' 

x* = critica l va lue of discriminating variable 

y = standard normal variable (mean = 0, standard deviation = I ) 

Y = mean de pth ratio 

YA = atmos pheric nutrient loa din g (kg/km2-yr) 

Yt: = averag<l e va poration ra t e (m/yr) 

YP = precipi t ation rate (m/yr) 

Z = total dep th (feet) (Part I , equatio n (1 ) only) 

= mea n depth (m) 

Z* norma l ized dista nce be t wee n groups 1 and 2 

Zh mean hypo l imnetic depth = vo l ume/area (m) 

2m = mixed dept h (m) 

Zmx = maximum depth (m) 
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