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CONVERSION FACTORS, INCH-POUND TC METRIC (SI)
UNITS OF MEASUREMENT

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

metric (SI) units as follows:
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acre feet 1233.489 cubic metres
cubic feet per second 0.028317 cubic metres per second
feet 0.3048 metres
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EMPIRICAL METHODS FOR PREDICTING EUTROPHICATION
IN IMPOUNDMENTS

PART 1: INTRODUCTION

-

1. Eutrophication has several important effects on impoundment
water quality and potential uses. There are direct causal linkages be-
tween algal growth in reservoirs and water transparency, organic matter
content, and hypelimnetic oxygen concentrations. The loss of oxygen
from the bottom waters of stratified reservoirs is partially attributed
to the respiration and decay of algae which have settled out of the sur-
face layers. 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 may have
direct implications for potential uses of the water in and downstream
of the impoundment, including recreation, water supply, and wildlife
propagation. Methods for predicting eutrophication and related water
quality effects are required to aid 1in the design and operation of
reservoirs in ways which are consistent with water gquality and use
objectives.

2. Complex simulation models 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 because of extensive data requirements 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 using 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 discussed below.

3is Simpler, empirical techniques, derived largely from the
original concepts of Volleowieder (1968), have much lower data re-
quirements, principally because they deal with average conditions and
do not (or should not) have to be recalibrated and retested in each

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

11



impoundment and empirical relationships among average phosphorus,
chiorophyll, transparency, and oxygen depleticn measurements derived
from groups of lakes and/or reservoirs. Vollenweider”s original work
and most of the numerocus 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 in these models,
including hydrodynamics, sediment accumulation rate, region, and certain
morphometric characteristics (such as shoreline develcpment and
length/width ratioc) (Thornton, et al., 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. 5.
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 'qualitative differences
in the phosphorus inputs related to geographic location," specifically
referring to the fact that the populations of reservoirs examined 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 limnclogical 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

reservoirs, most of those existing consider only total phosphorus
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loading, mean depth, and hydraulic residence time as independent
variables, and do not account for variations in particulate phosphorus
or other important factors related to region and/or to impoundment type.
Structural modifications would have to be made and tested to aééount Eof
these additisnal factors if one model 1s to be used over the "continuum
of limnological conditions" discussed by Canfield and Bachman without
risk of bias at one end or the other. -

6. Regérdless of lake/reserveir differences, the limnological
literature presents a wide range of empirical eutrophication models,
seme of which may be of use in reservoir management. The objective of
the research described in this report is to identify those methods which
seem appropriate for use in reservoirs operatedby the U.S. Army Corps of
Engineers, An extensive data base describing 299 CE impoundments has
been compiled under Phase I of this study and used here as the primary
source of information (Walker, 1981). The data base (Figure 1) includes
the morphometric, hydrologic, and water quality information required for
model testing. Table 1 lists 108 CE reservoirs which were sampled by
the EPA”s National Futrophication Survey between 1972 and 1975.
Because of relatively stringent data requirements for estimation of
nutrient balavces, these projects represent the primary focus of this
study, although data from other projects are also used in testing models
which do not require nutrient loading estimates.

7. Scope 1is limited to evaluation of existing model structures
compiled from the literature and summarized in Appendix E. The models
are designed to predict the following eutrophication-related water

quality characteristics:

a. rhosphorus concentration

b. chlorophyll-a concentration
c. transparency

d. hypolimnetic oxyvgen depleticn

This work does not cover classification systems, index svstems, or any
of the wvarious methods for predicting "trophic state', definitions cof

which are variable, subjective, wmisleading, and ol questionable

i3
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Figure 1

Elements and Structure of the CE Reservoir Data Base
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applicability (Maloney, 1979, Taylor et. al, 1980)., Each model is
tested both with original and with optimized parameter estimates,
Residuals (errors) and parameter stability are analyzed to assess model
generality and regional influences. Based upon the results of model
testing, needs for restructuring to improve model generality and/or
reduce prediction error are outlined herein; these needs are being
pursued in current research.

8. The report is organized in nine sections, Parts I1, III, and
IV describe data base refiniments, data reduction procedures, and model
testing methods, respectively. Part V evaluates "internal models", or
relationships among water quality measurements within the Treservoilrs.
Part VI tests models which relate water quality to external phosphorus
loading, morphometric variables, and hydrologic variables, Part VII
evaluates methods for predicting hypolimnetic oxygen depletion. Key
results for each model category are summarized at the ends of Parts V,
VI, and VIIL, respectively. Part VIII summarizes and extends the results
of previous sections 1imn the form of a model ‘'network" relating
reservoir-average water quality conditions to external nutrient
loadings. The network 1s tested using independent data sets compiled
from the literature, Multivariate and error analyses also provide
additional insights 1into model structure and adequacy. Part IX outliues
some general conclusions and recommendations. Appendices A-D contain
supplementary tables, including the data sets used in testing and error
statistics by model category. A compilation of models derived from a
literature survey 1s 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 REFINEMENTS

Introduction
.

-

9 The CE reservoir data base developed previously (Walker, 1981)
has been augmented with additional morphometrie and hydrologic data
obtained from wvarious sources, including CE District officas, project
brochures, and USGS District offices. Because these sources are
relatively diffuse, the additional data compilation has been directed
specifically at reservoirs, time periods, and characteristics which were
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 water quality data to support
model testing. Some additional data base refinements have been made, as

discussed below.

Morphometric Data

10. A review of the morphometric data file indicated that pool and
shoreline length data were missing for 57 and 13 projects, respectively,
out of 108 projects sampled by the EPA/NES. Additional pool and
shoreline length data bhave 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 have :isc been made to the
morphometric data file in response to District feedback. The modified
file contains 4100 records referenced to project and elevation, with
pool length data for 259 projects and shoreline length data for 234
projects, out of a total of 299 reservoirs in the data base.

11. Reservoirs with significant pool areas extending up secondary
tributaries have potentially greater spatial variations in water quality
than those with simpler morphometry. These variations may, in turn,

influence loading model performance, especially 1f nutrient
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concentrations 1in the secondary tributary inflow are significantly
different from those in the major tributary inflow and advection
dominates over dispersion. To provide a basis for assessing the effects
of morphometric complexity on loading model performance, each reservoir
has been classified according to the number of major tributary arms.
This work has been based upon the project map file. Note that the
classificaticn system is based upon the number of reservcir arms, not
upon the number of tributaries, i.e., the reservoir surface must extend
for a significant distance up a secondary tributary in order for it to

be included in the classification.

Hydrologic Data

125 In attempting to formulate hydrologic balances for 108
projects sampled by the FEPA/NES, data on reservoir discharge and
elevation/volume were found to be lacking in 8 projects and 42 projects,
respectively. An additignal 19,000 daily c¢r momnthly records of pool
elevation and discharge have been obtained from CE District offices.
Daily records have been summarized on a monthly basis, including mean
flows, mean elevations, and month~end elevations. Data requests have
also been filed with it ULGLE District offices, which have provided an
additional 1008 monthly records. After merging the new information with
the existing data base, project coverage has increased substantially.
During the periods of tributary sampling by the EPA/NES, the data base
contains monthly discharge records for all 108 projects and
elevation/contents records for 107 projects. During the hydrologic year
which brackets the period of pool water quality sampling by the EPA/NES
in each project, monthly discharge records are available for 103
projects and elevation/contents records, for 107 projects.

13. The drainage area file has been updated to include information
on toiul,  eater—-contributing, and sediment-contributing areas for 287,
280, an. 256 projects, respectively. USGS monitoring station
descriptions have been reviewed to estimate water—contributing areas.

Sediment-contributing (or direct) drainage has been estimated from
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sediment survey sheets and from drainage basin maps, by identifying
upstream lmpoundments and subtracting their waler-contributing drainage

areas and the project surface area from the project water—-contributing
¢ r/' .

drainage area.

Water Quality Data

14, Spatial gradients in water quality are important in many

reservoirs. A preliminary classification system which permits sorting
of water quality stations in downstream order within each major tribuary

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

quality station map file, station descriptions, and latitude/longitude

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

station key file, but additional verification of the coding system 1ig¢
needed., This system will be wuseful 1in future studies of spatial

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

model testing completed thus far.
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PART III: DATA REDUCTION AND SUMMARY

Morrhometric Data
134 In calculating weter and nutrient balances, the
elevation/veolume/ares points listed iv the morphometric file have been
used to estimate changes in vclume or area as functions of elevatio' wnd
vice-verss. Te facilitate these calculaticns and other uses oi the
worphometric file, elevation/volume/area data peints contained 1n  the

data file have been summarized as polynomial functions of the general

form:
Lé*= In(Z) = 1lnf{E - EC) (1)
2 3 4
le(V) = Cl + C2 LZ + C3 LZ + C4 LZ + C5 L2 (2)
where,
In = base-e logarithm

total depth (feet)

total volume (acre-feet)

elevation (feet abocve mean sea level)
EQ0 = elevation at zero volume (feet above msl)

Cl - C5 = polynomial coefficients

These curves are used essentially for interpolation and smoothing of the

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

indicated
a third-degree equation generally provided an adequate fit, adding
a fourth degree significapntly improved the fit of many of the
volume/elevation curves in the current version of the morphometric file.

Differentiation of the volume polynomizl can be used to estimate area at
any elevation:

o
I

2 3
[C2 +2C3LZ+3C4LZ+4C5L2Z JV /[ (E-E0) (3)

where,

AS surface area at elevation E (acres)

*.-For convenience, symbols and unusual abbreviations are listed and
defined in the Notation, Appendix G.
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A weighted pelynomial regression has been done on logarithmic scales to
estimate the parameters CiL - C5 for each reservoir. Since only
volume/elevation points have been used in the regress%gns, EPe
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 elevgtions in a
given reservoir and to offset the greater weights inhereﬁtly given to
lower elevatioh points in logarithmic regressions, points have been
weighted by the square of the total depth (E - E0) in performing the
regressions. Lower—order polynomial regressions have been wused for
reservoirs with an insufficient number of data points to justify a
fourth-order fit. Generally, the curve fitting process has been
iterative, with reference to residuals plots Lo assess fit adequacy for
each reservoir.

16. For reservoirs without reported EO values, a single-term power
function has been fit to the first two complete sets of elevation, :irea,
volume points in order to estimate E0. According to this model, mean

depth is proportional to total depth:

Y = (V1/AL) / (v2/A2) = (E1 - EQ) / (E2 - EO) (4)

EO = (E1 - Y E2)/(1 - Y) (5)
where,

E1,Al1,Vl = elevation, area, and volume at first level

E2,A2,V2 = elevation, area, and volume at second level

Y = mean depth ratio

In a few cases, there were insufficient data to apply this estimation
procedure and EO values have been estimated based upon maximum reservoir
depths and surface elevations reported by Leidy and Jenkins (1977).

17. For five reservoirs in St. Paul District (Lac Qui Parle (179),
Gull(178), Pire River(187), Winnibigoshish(186), and Pokegama(184)),
useable volumes above  specified eclevations are listed in the
morphometric file. To estimate dead storage for these projects, total

vclume development has been assumed to follow a single-term power
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function in total depth. The following equation has been solved for VD:

[(vul+vD)/Al]l / [(Vu2+vD)/A2] = (E1-E0) / (E2-EO) (6)

where,

vul
Viz
VD

useable volume below first listed elevation point

useable volume below secona listed elevation point

dead storage (acre~feet)

Estimated dead storage values have been added to the reported wuseable
volumes prior to estimating the coefficients of the morphometric curves.

18, To test the adequacy of each fit, plots of observed and
estimated volume and area profiles have been generated for each
reservoir. These have been assembled in a notebook for future reference
by data-base users. Examination of these plots has provided a basis for
refining the fits, where necessary, by (1) identifying errant values in
the morphometric file; (2) increasing or decreasing the degree of the
polynomial; or (3) supplementing the morphometric file with additiomal
volume/elevation points derived from USGS Water Resources Data Reports
(UsGs,1977).

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

following information:

a. district code

b. reservoir code

c. minimum elevation used in regression
d. maximum elevation used in regression
e. zero-volume elevation

f. coefficients (Cl - C5)

In applying these functions to estimate volume or area at any elevation,
tests should be performed to insure that the elevation is within the
range used in the regressionr., A listing of estimated morphometric curve

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

20, Accuracies of these curves have been assessed by computing the
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following statistics for three types of applications:

a, estimating volume from elevation: |V - V7|/v”7

b. estimating area from elevation:  |A — AZI/Ag

c. estimating elevation from volume: |E - E7|

where,

= superscript denotir;, estimated value

|X-X"| = absolute value of X-X~

Since the polynomials cannot be solved explicitly for E as a funmction of
V, an iterative procedure is used to estimate elevation comsistent 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 with volume
but without elevation data.

21. Median estimation errors have been calculated for each project
and type of application and summarized in Table 2. At the 50th
percentile, estimation errors amount to 1.0% for total volume, 3.2% for
surface area, and .21 feet for elevation. At the 95%Z percentile, the
errors are 5.3%Z, 13.3%, and .99 feet, respectively. The relative
inaccuracy of the area estimation 1s attributed to the fact that
reported areas were not used in estimating the <coefficients and some
inconsistencies in the area and wvolume data may remain 1in the
morphometric data file. Percentage estimation errors generally decrease
at higher elevations in a given reservoir, owing to the greater
accuaracy of morphometric infermation at elevations nearer the surface.

22, Table 3 lists twelve projects included in the dita base but
without sufficient data for estimation of morphometric curves. These are
primarily run-of-the-river impoundments or locks and dams, which have
not been used in model testing because of water quality datz limitations.
Future refinements of the data base could involve compilation of
additional data for these projects and for others with relatively
limited morphometric information. Available data are  generally

adequate, however, for the purposes of this research.
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Table 2

Summary of Morphowetric Curve Error Statistics
(Within-Project Median Absolute Deviations)

for
Variable: Volume Area Elevation 1oad
Statistic: |V-V7I/V" [AsACI/AL  1E-E7|
Units; - ~ feet wate
- s . e R . A A out’
100%% .095 L34 2.95  maximum wit
95% .053 .133 0.99
90% .037 .087 0.77
715% L019 .057 0.44 upper quartile
50% .0098 + 32 0.21 median whe
25% L0042 015 0.081 lower quartile
10% .0017 0078 0.030 re
5% L0006 9 L0056 0.013 th
0% .00002 .0004 0.0005 winimum _
wi
Number 285 277 285 &
of Projeq£§ o e
* Percentile | ™
&=
Table 3 P
Projects Lacking Sufficient Data for
Estimation of Morphometric Curves ]
Code District Project
10-002 Mobile Coffeeville 1
10-G05 L Demopolis f
10-007 L Warrior
10-191 " Okatibbee il
10-415 1 Gainesville
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 Balances

3. Reasonably accurate hydrologic balances are required as bases
for formulating reservoir nutrient balances and testing = nutriént
load/trophic * state response relationships. Unlike nutrient balances,
water balances can be checked by comparing estimates of total inflow and
outflow over a given period, while correcting for any change in storage

within the reservoir. The basic water balance equation is:
INPUT = OUTPUT + CHANGE IN STORAGE (7

where a change 1in storage 1is positive if the total volume of the
reservoir at the end of the period is greater than the total wvolume at
the beginning and the output term includes evaporation, discharge, and
withdrawal. Because of fluctuations 1in pool levels, the change in
storage term 1s of potential importance to the short-term water and
nutrient balances of many reservoirs, although it should be relatively
small over an average annual period in reservoirs with stable operating
policies.

24, A water balance has been estimated for each of the 108 CE
reservoirs sampled by the EPA National Eutrophication Survey during the
year monitored (see Table 1). Data sources for the water balance

calculations include the following:

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

discharges, mean precipitation, drainage area)

o

U°GS (discharge flows, elevations/contents)

o
o

CE District offices (discharge flcws, elevations)

Ha ¥

US Weather Bureau (Kohler et al.,1959) (evaporation)

Calculations are outlined and results are presented in metric units for
use in nutrient balance estimation and model testing. The potential
implications of errors in the data and/or estimation methods used in
formulating these balances are discussed following the calculations.

25, The first step involves the formulation of a drainage area

"balance';
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AT = AG + AU + AR (8)
where,

AT = drainage area at reservoir discharge (km2)

AG = drainage area of gauged tributaries (km2)

AU = drainage area of ungauged tributaries (km2)

AR = reservoir surface area (km2)

The above drainage areas axre 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:

QI = QG + QU + QP (9)
where, y

QL = total water input (Im3/yvr = 10 m3/yr)

QG = gauged tributary irput (hm3/yr)

QU = ungauged tributary input (hm3/yr)

QP = precipitation input (hm3/yr)

Ungauged inflows are estimated based upon gauged inflows and drainage

areas:
QU = AU QG / AG (10)

This assumes that the runoff 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 (11)

where,
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inflow estimates, these componrents contribute tc errors in the water

balances.

28. The output term of each water balance 1s estimated as the sum

of the following components:

Q0 = QD + QW + QE (12)
where,

Q0 = total output (hm3/yr)

QD = discharge from reservoir (hm3/yr)

QW = withdrawal from reservoir (bm3/yr)

QE = evaporation (hwm3/yr)

Discharge rates are based upon reported values. Withdrawals reflect uses
for water supply, irrigation, etc.,and are bssed upon estimates 1in the

EPA/NES working papers. FEvaporation losses are estimated from:

QE = YE AR (13)

where,

|

YE = average evaporation rate (m/yr).

Evaporation rates are assumed to be regional cﬁaf&cteristics, estimated
from maps compiled by Kohler et al. (1959) and reflect average
conditions from 1946 to 1955. Year—-to-year variations in climate and
local wvariaticns in watershed/reserveir morphology (as they may
determine wind fetch, etc.) may influence evaporation rates and
contribute to the error term in the water balance equation.

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

from:

Qv = (v2-vl1) /T (14)
where,

QV = change in storage (hm3/yr)

V2 = reservoir volume at end of period (hm3)
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V1l = reservoir volume at beginning of period (bm3)

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 = QL — Q0 - QV (15)

QN = QG + QU + QP — QD - QW - QE - (V2 - V1)/T (16)
where,

QN = net inflow (bm3/yr)

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

a. errors in the drainage areas, reserveir volumes, and
gauged flows

b. 1local morphologic or climatologic factors which may
influence precipitation and evaporation

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

evaporation rates to deviate from long-term regional

averages
d. wvariations in watershed characteristics which may

contribute to errors in estimates of ungauged tributary

flows

e. 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 been assembled, covering the monitoring periods. It includes

the following}

a. mean reservoir discharge, estimated from each of

s .. three sources (where available):
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1. EPA/NES

7. USGS/WATSTORE

3. CE District offices

-

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

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

e 1o

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/cr surface areas based upon
elevations or volumes reported by the USGS., A summary of this file 1is
given in Table 4, which also identifies the perieds 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 are listed along with corresponding terms in the
nutrient balances in Appendix §. Flevation/contents data were not
available for Czddo Laxke (Z3-413), which 1is not currently under CE
control. Accordingly, the change-in-storage term for this reservoir has
not been estimated and data from this project have not been used 1in
testing loading models.

33. Considering the error sources mentioned above, the following
statistics can be wused as measures of the relative relisbility of a

given flow balance:

QN / QI = net flow (error) significance (17)
Qu / QI = ungauged inflow significance (18)
QP / QI = precipitation significance (19)
QE / QO = evaporation significance (20)

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

Reservoir Operating Ranges During Tributary Monitoring Period

Symbol Meaning

YR year tributary sampling began

MO month tributary sampling began
EMIN® minimum pool elevation (ft,msl)
EMAX*  maximum pool elevation (ft,msl)

* derived from month-end measurements

EMAX

DIS RES YR MO EMIN
02 176 WATERBURY 72 7 573.8
03 307 BELTZVILLE 73 5 622.6
Q4 312 F J SAYERS (BLA 73 5 610.1
06 2372 JOHN H KERR 73 7 297.1
08 074 CLARK HILL 73 3 326.3
08 330 HARTWELL 73 2 657.1
10 003 HOLT 73 3 186.7
10 069 ALLATOONA 73 3 826.2
10 O71 SEMINOLE (WOODR 73 23 76.9
10 072 WALTER F GEDRGE 73 3 185.6
10 076 SIDNEY LANIER 73 3 1066.5
10 411 BANKHEAD 73 3 254.5
14 ©£99 RED ROCK 74 8 724.8
15 178 GULL 72 10 1192.7
15 181 LEECH 72 10 1293.7
15 237 ASHTABULA (BALD 74 9 1263.3
16 243 BERLIN 73 5 1015.7
16 254 MDOSQUITO CREEK 73 5 898.1
16 317 SHENANGO RIVER 732 5 885.9
16 328 ALLEGHENY (KINZ 73 5 1294.1
16 393 TYGART 73 7 1025.6
17 241 ATWOOD 73 5 923.9
17 242 BEACH CITY 73 5 948.7
17 245 CHARLES MILL 73 S5 997.2
17 247 DEER CREEK 73 5 790.7
17 248 DELAWARE 73 5 910.1
17 249 DILLON 73 5 735.4
17 256 PLEASANT HILL 73 5 1017.5
17 258 TAPPAN 73 5 8941
17 373 JOHN W FLANNAGA 73 7 1410.5
17 389 BLUESTONE 73 7 1410.3
17 391 SUMMERSVILLE 73 7 1536.2
18 092 MISSISSINEWA 73 6 727.9
18 093 MONROE 73 6 536.9
18 120 BARREN RIVER 73 3 529.14
13 119 BARKLEY 73 3 354.6
19 122 CUMBERLAND (WOL 73 3 694.5
19 338 CHEATHAM 73 4 384.2
19 340 J PERCY PRIEST 73 4 483.2
19 342 OLD HICKORY 73 4 444 .1
19 343 DALE HOLLOW 73 3 639.8
20 081 CARLYLE 73 6 444 .0
20 087 SHELBYVILLE 73 6 595.6
20 088 REND 73 6 403.7
21 196 WAPPAPELLO 74 9 351.6
22 014 DE GRAY 74 6 400.9
22 019 OUACHITA (BLAKE 74 6 573.2
22 188 ARKABUTLA 73 8 213.3
30

593.
629.
630.
304,
331.
662.

187.
843.

i89.
1072.
255
746 .
1194 .
1294.
1266.
1026.
902.
899.
1328.
1095.
928.
953.
1001.
815.
915.
747.
1021.
899,
1428,
1444 .
1652,
749.
546 .
559.
367.
732.
385.
434 .
445 .
654 .
455.
616.
409.
371.
410.
580.
232.
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Table 4 (continued)

DIS RES YR MO EMIN  EMAX
22 189 ENID 73 8 237.2 265.7

22 130 GRENADA 73 8 208.6 227.9 -

22 192 SARDIS 73 8 260.0 276.6 ’
23 352 LAKE OF THE PIN 74 9 228.8 231.7
23 353 TEXARKANA(WRIGH 74 9 221.0 232.9

23 413 CADDO 74 6 . .

24 011 BEAVER 74 6 1116.2 1125.7
24 012 BLUE MOUNTAILN T4 5} 384.9 43,9
24 013 BULL SHOALS 74 6 652.5 676.2
24 016 GREERS FERRY 74 6 454.7 474.2
24 021 NIMROC 74 & 342.0 364.8
24 022 NORFOLK 74 6 5541.2 568.9
24 193 CLEARWATER 74 g 494 .4 518.8
; 24 200 TABLE ROCK 74 9 909.0 919.2
i 25 020 MILLWOOD 74 & 255.2 262.3
g 25 102 COUNCIL GROVE 74 10 1269.4 1276. 1
E 25 103 ELK CITY 74 10 787.7 811.9
3 25 104 FALL RIVER 74 10 948.1 961.2
'F 29 105 JOHN REDMOND 74 10 1036.8 1046.1
4 25  $07 MARION 74 10 1349.5 1351.3
g 2% 112 TORONTO 74 10 901.2 917.6
A 25 267 EUFAULA 74 11 580.4 589.2
| 25 269 FORT SUPPLY 74 11 2001.8 2004.5
25 273 KEYSTONE 74 11 716.2 733.8
25 275 OOLOGAH 74 11 636.2 648.3
- 25 278 TENKILLER FERRY 74 1id 628 .4 617 .4
M 25 281 WISTER 74 41 474.5 487.7
i 25 2348 TEXOMA (DENNISC 74 11 613.7 620.2
| 25 370 KEMP 74 9 1126.6 1140.9
o 26 345 BELTON(BELL) 74 9 592.5 605.2
g 26 347 CANYON 74 9 904.5 914.6
g 26 354 LAVON 74 9 470.5 484.6
j 26 355 LEWISVILLE(GARZ T4 9 S13.14 524.7
. 26 359 SAM RAYBURN (MC 74 9 157.5 166.6
i 26 360 0 C FISHER (SAN 74 9 1863.0 1890.5
i 26 361 SOMERVILLE 74 9@ 237.6 246.9
X 26 362 STILLHOUSE HOLL 74 9 621.6 635.4
26 364 WHITNEY 74 9 923.0 534.6
28 219 CONCHAS 74 12 4157.9 4173.6
28 100 RATHBUN 74 8 902.0 906.2
' 29 106 KANOPOLIS 74 10 1455.0 1468.4
29 108 MILFORD 74 10 1141.7 1146.8
| 29 109 MELVERN 74 10 1029.9 1037.6
| 29 110 PERRY 74 10 888.9 8485.6
28 111 POMONA 74 10 972.3 979.9
29 113 TUTTLE CREEK 74 10 1069.2 108B1.4
29 114 WILSON 74 10 1514.4 15171
29 194 POMME DE TERRE 74 9 837.9 B843.7
29 195 STOCKTON 74 9 863.1 872.4
29 207 HARLAN COUNTY 74 8 1938.2 1947.9
30 084 CHERRY CREEK 74 9 5548.% 55512
30 215 PAWNEE 74 & 1243.8 1244.6
30 217 BRANCHED DAK 74 8 1283.0 1284.4
30 235 SAKAKAWEA(GARRI 74 9 1838.7 1853.7
31 077 DWORSHAK 74 10 1443.9 1%97.0
32 204 KOOKANUSA(LIBBY 74 10 2286.7 2457.1
33 300 HILLS CREEK 74 10 1453.1 1541.2
34 (048 NEW DON PEDRO 74 {1 758.0 816.7
35 029 MENDOCINO 74 11 724.7 749.1
35 039 SANTA MARGARITA 74 11 1289.7 1303.5




fractions of the total inflow and evaporation expressed as a fraction of
the total outflow, respectively. The first statistic 1s a direct
measure of error, while the 1last three are indicators of potential
ETrTIOr .

34. The distributions of these error statistics are summarized in
Table 5. To provide a basis for screening the data set, a cutpoint has
been selected for each statistic and wused to tag projects with
potentially greater water balance errors. Cutpoints (generally in the
90-95 percentile range) have been selected to isolate outliers, after
examining histograms of the error statistics. Becauvse the first
statistic 1is the only direct measure of error, iL has been given greater
weight in data screening.

35. As shown in Table 5, eight out of 108 projects have water
balances errors exceeding 25%. Some of these are attributed to severe
data limitations (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 verificaticn. In some
cases, additional data compilation effort not feasible within the scope
of this project might be helpful in resolving water balance errors. The
possiblity of other sources of error and the subjective nature of the
cutpoint selection indicate that the screening procedure applied above
is only approximate. The error statistics have been carried through the
loading model evaluations in order to provide a means for testing
whether differences between model predictions and observations can be
partially explained by errors in the hydrologic balances.

36. The water balances formulated above cover the period of
tributary sampling by the EPA/NES in each project. TFor most projects,
this period does not include the period in which pool water quality
measurements were made by the EPA/NES, i.e., tributary and pool surveys
were generally conducted in different (though adjacent) hydrologic
years. There 1is a potential problem in relating the loadings to the
pool measureménts because of the effects of year-to-year wvariations in
hydrologic conditions. The data base permits comparisons of reservoir

discharges and volumes during the two monitoring pe%iods. This
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information has been used to moedify the above water Dbalances to
correspond with the hydrologic year which includes the period of EPA/NES
pool monitoring. Corresponding estimates have also been developed for
"normal" hydrologic years, based upon average annual outflows estimated
from the period of record and normal pcol elevations.

37. Since direct inflow measurements are available only for the
tributary sampling period, annual inflows during other years have been
inferred from outflow, change-in-storage, and evaporation. In order to
permit adjustment of water and nutrient balances estimates, it is
assumed that the error term (QN) in the water balance formulated above
can be attributed primarily to errors in the inflow estimates. Annual
inflows during the pool monitoring periods are based upon the annual

water balance, assuming no net error:

QI = QD° + QV° + QE (21)
wher:,

QI” = total inflow (hm3/yr)

QD" = total discharge (including withdrawals) (hm3/yr)

QV” = change in stcrage (hm3/yr)

»

= superscript denoting poo: menitoring year

FEvaporation 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 in place of QD" and assuming no net
change in storage over an average year, Outflows during the tributary
and pool sampling periods each tended to be greater than average
outflows by about 50% (median value). Sufficient data are available to
characterize hydrologic conditions during each monitoring period for all
but six projects, five of which lack outflow data for the pool
monitoring period. Appendix b lists the terms in equatiout2l), along
with average morphometric and nutrient inflow characteristics, for each
hydrologic period.

38. The procedures used above to screen project water balances for
potential errors are based upon calculated net water balances. Because

cf the possiblities for offsetting errors, there 1s no guarantee that a
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water balance which balances is "correct". Error components are
introduced by gauging errors, data recording errors, missing data,
morphometric errors, and by the required estimation of evaporatlon and
ungauged flcqs. While nominal estimates for these types of errors mlght
be employed (Winter, 1980), existing data do not permit assessment of
how they might vary from project to project. Thus, direct consideration
of these types of errors would be of little use in data scgeening.

39. In applications of empirical eutrophication models, the
effects of flow balance errors are generally not as significant as one
might expect, especially in relation to other error sources (e.g., those
inherent in the mwodels or in the average tributary  phosphorus
concentration estimates). This results from the fact that predicticns
of impoundment response are more sensitive to the average inflow total
phosphorus concentration (mass/volume) than to loadirg (mass/time). The
average inflow concentration is essentially calculated as the
flow-weighted average of all concentration estimates made 1in tributary
streams, adjusted for effects of direct and atmospheric loadings. In
this calculation, flows appear as weighting factors¢, !.e., both in the
numeratcr and 1n the denominator, so that the effects of flow balance
errors on inflow concentrations are zlways less than proportional and
far less than proportional in reservoirs with tributaries which are more
or less of uniform quality. In the case of a reservoir with a short
residence and one major tributary, estimates of impoundment phosphorus
or chlorophyll <concentration derived from a typical loading model are
completely independent of biases in the average tributary flow or
reservoir discharge estimates.

40, Thus, because of generally lower sensitivity and lack of an
independent basis for estimating and comparing the unknown exror
components of each flow balance, screening for hydrologic data errors
has been limited to a2 check on the mnet flow balance. Checks for
representative sampling of tributaries and flow regimes are incorporated
into the nutrient balance screening procedures described in the next
section. A greater emphasis has been placed on errors asscciated with

estimating average tributary concentrations based uvpon limited numbers
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of grab samples, because loading model predictions are more sensitive to
these types of errors, which can be estimated directly from the data

using the methods employed in the next section.

Nutrient Balances
41, DNutrient beslance calculations are built largely upor the water
balances described in the previocus section. For a uur-conservative

material, the basic mass balance equation is:
INPUT = OUTPUT + CHANGE IN STORAGE + ACCUMULATION £22)

where the accumulation term reflects ncu-conservative behavior and 1is
positive if there is a net loss of the material within the reservoir.
The mass balance is formulated such that a net intermal loading (net
phosphorus release from bottom sediments, for example) would show up as
a negative accumulation rate. Sfince it is determined by difference from
the other terms, however, the accumulation term 1s subject to
considerable estimation error. An attempt has been made to quantify
this estimation error in formulating the nutrient budgets.

42, A nutrient balance has been estimated for each CE reservoir
sampled by the EPA National Eutrophication Survey (see Table 1) during
the year monitored. The EPA/NES has provided flow and <concentration
data from gauged and ungauged tributaries and outflows, as well as
estimates ¢f point sources and other direct or indirect sources (septic

tanks, wile fowl, etc.). Balances have been estimated for the following

components:

| o

total phosphorus

|z

dissolved orthophosphorus

¢. total nitrogen

d. 1irnorganic (ammonia + nitrite + nitrate) nitrogen

While they do not include organic fractions, components b and d are
referred to as 'dissolved" ftorms of phosphorus and nitrogen,

respectively, in the remainder of this report. These have been included
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in the nutrient balance calculations to Qrovide bases for assessing the
impacts of nutrient availability on load/response relationships.

43, Errors in the water balances propagate to the corresponding
autrient balances, though, as discussed in the previous section, averéée
inflow concenfrations are most important in empirilcal model applications
and are generally not very sensitive to errors in average flow estimates.
More important errors are introduced when grab-sample conceﬁtration data
(in this case 10—14 samples per station-year) are used along with a
continuous flow record to estimate average mass flux (cr flow-weighted
average comcentration) 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 wmass
balances, the mean and standard error of each term has been estimated.
This has required subjective estimation  of some error terms
(precipitation and point-source loading errors, for example). out has
provided an approximate basis for ranking the reservoirs with respect to
data adequacy for use in model testing.

44 . Total nutrient input consists of the following elements:

WI = WG + WU + WP + WX + WA (23)
where,

WI = total input (metric toms/yr)

WG = input from gauged tributaries (mt/yr)

WU = input from ungauged tributaries (mt/yr)

WP = input from point scurce dischargee (mt/vr)

WX = input from septic tanks and wildfowl (mt/yr)

WA = input from atmosphere (mt/yr)
The first term, WG, 1is estimated from flow  and concentration

measurements at each gauged tributary stream :.sing & regression analysis
precedure described previcusly (Walker, 1:81). Estimates ¢f ungauged

tributary iuputs are based upon:

WU = QU (WGN/QGN) (24)

where,
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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-point-source

tributaries and ungauged loadings have been estimated from:

WU = QU CGN (25)
where,
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 estimate. To reflect ¢their relative
uncertainty, variance estimates for ungauged loadings have been doubled
relative to estimates derived from variances of gauged loadings. For

example, the squared coefficient of variation WU is given by:
2 2
CV (WU) = 2 cV (WGN) (26)

if equation (24) is used, or

2 2
¢V (WU) = 2 CV (CGN) (27)

if equation (25) is used. Note that these error variances reflect only
the errors associated with integrating flow and concentration to
estimate the flow-weighted~average concentration for each tributary.

45, FEstimates of point 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

remote from the reservoirs and often above tributary monitoring sites.
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The loadings used here include only those poimt sources which discharge
directly to the reservoir, to wungauged tributaries, or to gauged
tributaries below the monitoring stations. These sources have’:been
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
reflected in the concentration measurements made at those stations. The
WP and WX estimates are assumed to have coefficients of variation of .l
and .2, respectively. Both are assumed to be in or eventually converted
to dissolved (available) forms.

46. Estimates of precipitation input are derived from:

WA = .001 AR YA (28)

where,
AR = reservoir surface area (km?2)

YA

atmospheric 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 atmospheric loadings are highly 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 1is estimated from
measured flows and concentrations in reservoir discharges and
withdrawals using the same calculation 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-weighted concentration 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 these are generally not available, this term can be

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

WV = Qv [ wo / (QO-QE) ] (29)
where,

WV = change in nutrient storage (mt/yr)

WO = total nutrient outflow (mt/yr)

QV = change in water storage (hm3/yr)

Q0 = total reservoir outflow (including evap.) (bm3/yr)

QE = evaporation (hm3/yr)

The term in brackets represents the flow-weighted-average concentration
of the reservoir discharge. This essentially assumes that the outflow
concentration is representative of the reservoir as a whole and that the
concentration at the beginning of the monitoring period is equal to the
concentration at the end. In many reservoirs, these assumptions are
likely to be in error. Considering the change-in-volume effect 1is
preferable to ignoring this term completely. In most cases, the
magnitude of this term is insignificant relative te the other elements
of the nutrient balance. The term does not influence the loading or
inflow concentration estimates, which are the most important for model
testing purposes.

49, Table 6 is an example of the format used in the nutrient
balance calculations. A similar table has been generated for each
nutrient/reservoir combination. Results have been stored in a SAS data
base (SAS Imnstitute, 1979) and in hard copy form. Appendix B summarizes
the mass balance terms for each reservoir and nutrient,

50. Attempts have been made to correct the total loading and
inflow concentration estimates for the effects of errors in the
hydrologic 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 flow-dependent:

QIC = QI + QN : (30)

WIC

]

QIC CIC = (WP + WX) + (WI -~ WP - WX) QIC / QI (31
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OBS sequence number in file

STA station code

NESTA  EPA/NES station code

TYPE station type code (0,1 = inputi 3 = output)
NPS non-point-source code

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

L0C location description

DAREA drainage area or surface area (mi2)

OFLOW mean flow during year sampled (cfs)

LOAD estimated loading (cfs*g/m3)

VLOAD variance of above loading estimate

CLOAD coefficient of variation of lecading estimate

ORUN water runoff rate (cfs/mi2)

EXPORT nutrient export coefficient ((cfs¥*p/m3)/mi2)

cQu flow-weighted nutrient concentration (g/m3)

N number of water quality samples used to estimate loading
QMEAN  mean flow on water quality sampling days (cfs)

B slope of log(concentration) vs. log(flow) regression

CE DISTRICT CODE=31 €€ RESERVOIR CODE=0TT

0BS STA HESTA TYPE NP3 LOC OAREA  OFLOW L0AD VLOAD <CLOAD CRUN EXPORT CQw K QMEAN [}
- »
1731 000 18044 @ DWORSHAK RESERVOIR 22.91 41 .47 1.910 0.58 9.400 1.882 0.087 0.046 . 49.42 Q.000
1732 000 16Q4AD 3 EVAPQRATION . 43.77 0.000 g.oo . 5 - ¢.000 . 0.00 0.000
1733 301 165041 3 CLEARWATER RIVER 2440.00 §158.00 107.447 JI70.34 0.188 2.574 0.042 0.017 1§ 7470.00 0.069
1734 302 160442 3 1 M FX CLEARMATER AIVER 1380.00 3476.%0 S2.64% 182.8% 0.2%7 2.556 0.039% 9.015 7 3020.00 ©.00%
1735 203 16048 1 2 ELK CREEK 92.79 237.08 7.384 2.88 0.230 2.%%5 0.079 9.231 T 3J0s.0C 0Q.191
1736 307 \804F1 1 2 REEDS CREEX 62.39 175.09Q 5.938 255.49 7.592 2.805 0.09% 0.034 8 11990.00 -0.155
1737 308 180461 1§ 1 BREAXFAST CREEX 129.00 369.87 7.700 7.92 0.3g6 2.866 0.080 0.021 8 436,00 0.118
1738 309 1804H1 1 t LTTL N FK CLAWATER NIV 262,00 @ST.g3 J<.818 196.01 0.584 3.274 0.09% ©0.029 & 1020.00 0.278%
1739 666 POINT SOUPCES . . 0.000 9.00 . - A - - > .
1740 777 OTHEP LOADING N 5 0.000 0.00 . - - B " i g
1741 304 . s UNGAUGED INPUT 511.81 1377.68 24.889 €5.96 0.327 2.684 0.049 ¢.0t8 . 1803.22 0.000
1742 902 R essTOTAL [INPUT 2440,00 6531 .19 125.242 711.64 0.213 2.677 ©.0%1 0.019 . 7615.64 0.083
A 1743 903 T eserQTAL QUTPUT 2440.00 6201.77 102.4§7 370.34 ©.199 2.542 0.042 0.017 . 7470.00 0.069
1 174a 904 PR tssCHANGE [N STORAGE . -213.90 =3.%60 - 4 . - i . a .
E 1745 908 . . seeNET 09.00 S43.317 26.315 1081.98 1.290 . - 0.003 . .
E 1748 908 - *«+PERCENT ERROR g.00 8.37 2t1.012 - . - - 13.823 -
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CIC = (WP + WX) / QIC + (WI - WP - WX) / QI (32)
where,

QIC = corrected total inflow (hm3/yr)

QN = net inflow (error, see equation (15)) (hm3/yr)

WIC

CIC

corrected total loading (mt/yr)

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 mnormal 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:

b+l
CI” = c1c (QIc/Q1”) [ F + (1-F) (QI"/Qic) 1] (33)
F = (WP + WX) / WIC (34)
where,
C1” = inflow concentration estimate at QI (g/m3)

el
—
A}

i

total inflow during pool monitoring period (hm3/yr)
F = fraction of loading attributed to point sourcés,
septic tanks, and wildfowl

b = sensitivity of inflow concentration to flow

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-weighted-average slope of the

-
~
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Table 7

Listing of Corrected Water and Nutriepnt Balances
for Tributary Monitoring Period

Symbol Definition

DIS CE district code
RES CE reservoir code
GP data screering code

(4 = high priority, B = low priority)

QIN tetal inflow (hm3/yr)
QEVAP  evaporation (hm3/yr)

QOUT total discharge and withdrawal (hm3/yr)
QSTCR  change-in-storage (hm3/yr)
QNET net inflow {(error) (hm3/yr)

IPTL inflow total P (mg/m3)
OPTL outflow total P (mg/m3)

IPDS inflow ortho P (mg/m3)
0PDS outflow ortho P (mg/m3)

INTL inflow total K (mg/m3)
ONTL outflow total N (mg/m3)

ININ inflow inorganic N (mg/m3)
ONIN outflow inorganic N (mg/m3)

S 5 e e e e e S e S . e e e e e s, e e
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Table 7 (continued)

L WATER AND NUTRIENT BALANCES - TRIBUTARY MONITORING PERIOO B o R
DIS RES GP QIN QEVAP QDUT  QSTOR ONET IPTL OPTL IPDS OPDS INTL ONTL ININ ONIN
20 . OB7 SHELBYVILLE A 1694.4 47.2 1589.8 128.9 -~71.4 170 jos 95 54 8008 6194 7325 4788
20 0BB REND A 517.8 75.8 462.9  -51.1 30.2 259 86 47 23 2279 1418 781 371
21 196 WAPPAPELLO B 1790.2 25.1 1982.3 -21.4 -195.8 86 49 16 10 1501 4357 348 328
22 014 DE GRAY B 1373.1  60.5 1345.7 -41.3 8.2 16 20 3 6 190 554 73 86
22 019 OUACHITA (BLAKE B 2887.7 170.7  2697.3 -51.8 71.5 21 16 12 7 671 457 162 168
_22 188 ARKABUTLA B 3209.3  66.1  1617.9 -26.1__1551.4 106 279 47 76 967 1267 797 486
22 189 ENID A 1548 .0 75.2 1308.79 136.3  28.4 271 65 78 23 1570 875 455 372
22 190 GRENADA B 400%.2 180.7 2854.7 -151.0 1116.8 115 1086 32 25 714 939 200 209
22 192 SARDIS B 3696.5 185.3  3636.9 -235.1 109.5 76 18 15 10 642 887 262 75
23. 352 LAKE OF THE PIN B 1678.6 110.6 15584 .9 -iz2.0 -ia.8 94 27 50 8 919 730 190 71
23 353 TEXARKANA(WRIGH B 6043.7 171.8 5109.8 -9.1 771.2 1186 129 52 56 885 864 216 207
23 413 CADDO B 4352.9  164.8  4637.4 : -449.3 50 46 18 15 686 835 82 44
24 011 BEAVER A 2318.4 129.8 22i9.3 -134.7 10407 8% 16 16 6 954 773 453 279
24 012 BLUE MOUNTAIN e 767.4 19,7 742.5 2.3 2.8 25 74 12 22 806 788 30 183
24 013 BULL SHOALS A 9577.3 213.6  9881.6 -609. 1 91.3 18 12 7 6 748 777 463 370
24 016 GREERS FERRY B 2292.7 139.0 2135.1 =297 48.2 32 i1 10 5 460 1070 129 60
24 021 NIMROD B 1362.0 16.3 1302 . 1 13.4 30.2 30 39 12 11 1051 643 224 89
24 022 NORFOLK 8 2431.0  92.9  2557.3 -301.5 82.2 15 19 8 i1 1018 1042 660 346
24 193 CLEARWATER B 1029.2 6.4 1074.0 -4.6 -46.5% 14 34 8 7 1408 1356 360 194
24 200 TABLE ROCK A 5379.7 180.5 5703. -296.5 -207.4 47 i8 45 13 2032 1418 900 556
25 020 MILLWOOD A 10619.6 142.0 10501. 0.0 -23.2 82 48 17 12 713 459 187 118
25 102 COUNCIL GROVE B 133.8 8.3 107 . o' 12 772 3427 e T 75T A 5379 1647 2554 538
25 103 ELK CITY 8 963.4  21.2 211.9 -8.9 139 .1 80 146 19 30 1653 1535 753 518
25 104 FALL RIVER B &601.2 151 549.0 -2.7 39.8 43 107 17 20 1493 1352 394 426
25 105 JOHN REDMOND A 1837.5 48.8 1763.0 0.6 35717 366 178 03 iA 3357 1976 1338 741
25 107 MARTON B 92 .1 34 . 3 49 . 2 3.0 5.1 159 60 49 18 2378 1229 739 162
25 112 TORONTO B 576.5 16, 719, -1,7__-157.1__ 52 88 12 18 1240 1486 349 404
25 267 EUFAULA A 9164.8 536. 7 9533 9 TS757.4 -208.4 340 1979 78 83 {825 1475 266 484
25 269 FORT SUPPLY A 30.8 12. 23.9 -5.5 0.3 44 52 12 15 901 892 k. 77
25 273 KEYSTONE. A 13117.2 153_8 _13870.8 -437.4 _-469.9 382 109 123 B3 _ 3095 1463 865 771
25 275 Q0LOGAH ] 4401.6 174.4  4823.4 -134.9 -461.3 220 86 a5 33 1906 1825 450 481
25 278 TENKILLER FERRY A 2506.0 66.6  2511.4 -47.8 “24.2 94 48 53 T4 1906 1843 760 631
25 281 WISTER A 1635.1 44,7 1594.4  -42.8 38.8 69 71 21 46 929 903 129 166
25 348 TEXOMA (DENNISO A 8139.9 56t!.3 B8490.5 -651.1 -260.9 376 92 78 16 2525 {188 420 245
25 370 KEMP B 213.8 56.0 68.3 142.9  -53.4 43 28 13 6 853 671 487 75
26 345 BELTON(BELL} B8 736.0  77.2 1080. 1 11.9 -433.2 387 23 312 8 1535 838 B6S 302
96 347 CANYON A 885.8 49.8 829.5 -38.1 44 .6 17 i1 8 6 1320 727 301 425
26 354 LAVON A 1155.0 91.2 956.9 -28.5 135.4 208 49 69 24 1968 888 618 203
_ 26 355 LEWISVILLE(GARZ A 1538.1  157.3 1458.6 0.2 -78.1 233 77 82 44 1795 9%6 505 443
26 359 SAM RAYBURN (MC B 4533.8 5B6.6  3627.8 152.0 167.4 83 27 29 10 897 759 197 171
26 360 O C FISHER (SAN B 88.3 18.0 9.0 42.3 18.0 53 130 22 25 4006 2113 10242 26
26 361 SOMERVILLE A 731.7 89.2 747.0 0.0 -84.5 111 66 A5 20 1679 1225 249 90




Table 7 (continued)

WATER AND NUTRIENT BALANCES - TRIBUTARY MONITORING PERIOD

DIS RES GP QIN OQEVAP QOUT  QSTOR ONET IPTL OPTL IPDS OPDS INTL ONTL ININ ONIN
02 176 WATERBURY B 300.9 2.1 292.8 10.8 -4.8 23 18 7 6 917 607 500 397
03 307 BELTZVILLE A 210.5% 3.1 208.0 -1.9 1.3 13 11 7 7 1143 1149 694 739
04312 F J SAYERS (BLA A 478.6 3.5 460.9 -7.5 21.8 167 83 106 42 2670  2032. 1790 1236
06 2372 JOHN H KERR A 7412.7 196.2 7262.4 -78.5 32.5 129 26 36 13 1315 1225 354 302
08 074 CLARK HILL A 12064.8 300.7 11483.1 112.6 168.5 54 24 16 g 679 892 267 225
_o8 330 HARTWELL A 5781.9 228.9  5801.8 122.9 -371.6 52 9 20 6 669 1004 248 208
107 003 HOLT A 10077.9 14,2 10372.6 -C.4 -308.5 39 34 11 10 1372 1676 622 824
10 069 ALLATOONA A 2454.8 421 2480. 1 22.7 -90.0 75 26 16 9 722 562 297 220
10 071 _SEMINDLE (WOODR A  26483.7 180.2 26808.1 6.7 -511.3 94 76 30 23 1397 13234 442 314
10 072 WALTER F GEORGE A 128432 1{92.0 12518.1 1.7 144.8 93 90 33 33 1017 1145 423 462
10 076 SIDNEY LANIER A 3434.2 161.5  2646.5 80.2 546. 1 75 19 31 s 986 801 447 412
10 411 BANKHEAD A 9272.3  41.4__ 9522.7 5.9 -297.7 64 53 15 t1_ 1672 1557 911 728
14 099 RED ROCK A 4964.5 48.5 A4981.3 -202.6 137.3 606 217 179 120 9375 7298 7059 5952
15 178 GULL B 176.3 37.4 148.8 1.8 -11.8 28 19 10 8 937 647 242 52
15 181 LEECH B 751.5  300.0 368.6  -58.3 141,2 34 22 17 3 1569 1134 367 436
15 237 ASHTABULA (BALD A iB4.0 16.0 163.4 1.3 3.3 269 2325 142 174 2627 2211 708 512
16 243 BERLIN A 276.6 9.5 280.2 -9.1 -4.0 253 58 146 21 2808 2109 1736 1165
~ 18 254 MOSQUITO CREEK B 116.3  22.7 94.8 -1.6 0.3 148 59 64 15 1862 1747 922 370
w46 317 SHENANGD RIVER A 665.2 10.2 812.0 6.9 -15%0.0 96 70 35 13 1497 1491 698 656
16 328 ALLEGHENY (KINZ A 3893.9 31.4 3647.9 -60.0 274 .6 45 31 12 9 682 1301 371 640
_16 393 TYGART B 2938.0 4.5 2912.9 0.7 19.8 20 32 6 9 604 676 451 497
17 241 ATWOOD A 108.3 4.9 '89.5 ~-2.0 15.9 84 28 20 9 2296 948 1479 362
17 242 BEACH CITY A 310.7 2.0 288.3 -0.4 20.8 256 210 53 36 4082 381% 2979 2565
17 245 CHARLES MILL A 279.5 4.9 280.2 9.2 -3.3 173 156 50 26 3235 2920 1862 1411
17 247 DEER CREEK 8 379.3 2.9 368. 1 -0.2 7.5 91 128 35 59 3180 3920 2342 3113
17 248 DELAWARE A 424 .7 4.0 425.9 -0.1 -5. 19 265 175 94 72 4461 4001 3214 2868
_17._ 249 DILLON _ A 1023.3 5.8 1020.7 -1.7 -1.5 168 130 99 49 2562 2588 1661 1750
17 256 PLEASANT HILL A 221.8 2.4 205.3 =-1.1 15.2 55 56 25 28 2Q23 1560 1397 1006
17 258 TAPPAN B 57.9 8.0 61.6 0.0 -3.9 29 30 10 3 996 1088 623 139
17 373 JOHN W FLANNAGA A 4240 5.4 397.5 2.9 18. 4 77 12 7 5 1291 1341 4314 382
389 BLUESTONE A 6991.1 12.0 6611.7 132.5 234 .9 46 46 18 i3 1387 1418 1013 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 2908
18 093 MONROE A 546.7 39.3 515.8 -15.3 7.0 28 i3 8 6 869 701 553 351
18 120 BARREN RIVER A 2314.2  33.7 1797.6 123.7 359.2 54 47 45 18 1987 1239 1067 877
.19 119 BARKLEY A 48061.6 219.9 50941.7 48.4 -2148.4 133 122 48 42 1182 1138 6234 505
19 4122 CUMBERLAND (woL A 14746 .2 171.0 15174 .7 -826.6 227 .1 57 34 12 8 1026 905 373 608
19 338 CHEATHAM B 34315.9 28.9 35726.5 16.7 -1456 .2 170 255 61 75 147 969 487 449
19 340 J PERCY PRIEST A 2427.3  52.1 2190.7 -79.0 263.4 136 103 90 56 859 886 682 522
19 342 0LD HBICKORY A 27504.0 82.8 28375.0 ~-10.8 -943.0 106 94 32 26 1006 927 452 414
19 343 DALE HOLLOW A 2986.7 97.7  2348.4 -68. 1 608.7 17 8 7 & 635 1485 362 818
20 081 CARLYLE A 3822.7 117.0 3956.2 -210.6 -39.9 192 121 60 57 4078 3599 2873 2100
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Table 7 (concluded)

_WATER ANO NUTRIENT BALANCES - TRIBUTARY MONITORING PERIOOD

DIS RES GP OIN  QEVAP QOUT  QSTOR QNET IPTL OPTL IPDS OPDS INTL ONTL ININ ONIN
26 362 STILLHOUSE HOLL A 635.2 38 .1 714. 1 ~26..1 -30.9 46 17 14 6 1235 649 423 268
26 364 WHITNEY B 2154.2  121.4 1985.0 193.6 -145.8 285 14 45 10 1633 1219 363 818
28 219 CONCHAS 8 8.2 28.2 53.2  -59.3 -3.8 85 37 30 6 1662 1535 633 59
29 100 RATHEUN 8 256.3 423 175.2 e 42.6 384 53 122 10 2808 1734 1847 831
29 106 KANDPOLIS A 267.7 18.9 193.8 37.9 17.2 543 90 128 29 2475 1584 569 436
29 108 MILFORD A 574.3 89. 1 456.7 30.4 -2.0 449 60 178 28 2339 1491 832 237
29 109 MELVERN 3 262.7 36.6 210.3 31.7 -16.0 199 36 40 13 3638 1734 851 386
29 110 PERRY B 379.2 60.3 370.8 -9.1 -42.8 410 62 117 20 2844 1188 1465 671
29 111 POMONA A 217. 1 20.8 243.5 -5 1 -42 1 128 59 49 15 2983 2280 982 722
29 113 TUTTLE CREEK A 1522.3  94.6  1491.7 65.5 -129.5 990 136 256 77 4604 2298 1754 1197
29 114 WILSON 8 96.8 53.4 83.5 -8.3 -31.7 204 38 39 12 1794 1083 504 237
29 194 POMME DE TERRE B 678.6 35.3 676.9 -3.7 -30.0 41 65 42 311758 1776 482 411 _
29 195 STOCKTON 8 1367.0 111.8 1376.4 14 .8 -136.1 70 20 31 7 2508 2754 1410 582
29 207 HARLAN COUNTY A 253.4 65.4 172.7  -24.7 40.0 304 122 261 66 5182 1235 693 178
30 064 CHERRY CREEK B 2.4 4.1 2.4 0.0 -4.1 246 161 108 83 2758 1480 1292 365 _
30 215 PAWNEE B 8.0 3.0 3.0 0.2 1.5 278 251 163 76 1898 1691 665 689
30 217 BRANCHED O0AK B 21.4 8.0 9.4 1.0 2.9 291 255 176 189 2981 1470 1188 714
30 235 SAKAKAWEA(GARRI A 32990.3 134%1.9 2B651.0 1515.6 1481.7 341 27 21 12 1369 547 170 167
31 077 DWORSHAK A 5847.7 39.2 5513.5 -191.5 486.5 19 17 8 8 683 387 35 78
32 204 KODKANUSA(LIBBY B 49628 85.3 9670.4 -0.6 -4792.3 23 24 a 20 252 434 36 86
33 300 HILLS CREEK A 11391 5.4 1127.8 -24.,9 30.8 40 36 31 24 189 246 32 48
34 (48 NEW DON PEDRD B 2071.6 61.7 2042.9  163.1% -196. 1 34 i 18 8 815 1069 87 122
35 029 MENDOCINO A 407.7 6.5 365.9 18.3 17.0 127 63 26 25 931 750 149 118

B 10.1 3.8 4.9 -3.8 5.2 69 26 33 9 487 463 302 30

35 _ 039 SANTA MARGARITA




log(concentration) vs. log(flow) relationship across all gauged
tributaries, precipitation, and ungauged inputs. In computing the
average b values, precipitation and ungauged inputs are assumed to have
b values of. zZero. The above calculations have been rebeatedrko
calculate inflow concentrations for normal hydrologic years. No
reasonable means of correcting average outflow concentrations for
changes in flow regime are available, since they would depend upon
reservolr nutrient dynamics. Thus, outflow concentrations can be
validly compared only with inflow concentrations corresponding to
periods of tributary and outflow sampling.

52. Results of the above calculations are tabulated in Appendix
B, Table B2, which lists the terms of the water balance, estimated
inflow concentrations, and average morphometric characteristics for
each monitoring period and reservoir. Morphometric properties during
"normal" hydrologic vyears refer to normal summer pool levels, as
identified in the morphometric file; otherwise summer pool levels
typical of the EPA/NES monitoring pericds 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 inflow 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,
especially if evaporation accounts for a large portion of the total
outflow. 1In using the inflow concentration data for model testing, a

final adjustment has been applied for each time period, nutrient, and

reservolr:
CICE = CIC / (1-FE) (35)
where,
CICE = inflow concentration, adjusted for evaporation (g/m3)
FE = evaporation / total inflow

With some algebra, it can be shown that the above adjustment scheme 1is
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equivalent to defining the average inflow concentration as the total

loading divided by the reservoir discharge (when the flow-balance error
and change—in-storage terms are negligible).

54. The significance of the correction depends upon the inflow
ratio (QI°/GIC), point-source significance (F), flow/concentration
sensitivity (b), and evaporation significance (FE). Table 8 summarizes
the distributions of the hydrologic correction factors applied above.
In the case of total phosphorus, inflow concentrations are modified by
less than 10%Z in all but 9 of the 102 projects with sufficient data to
make the corrections 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—year variations in inflow
rates and their resultant impacts on pocl hydraulic residence 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 in terms of
concentration and flow shows that average inflow concentrations are much
less sensitive to hydrologic variations than are average loadings. This
is fortunate, since model predictions are more sensitive to inflow

concentrations than to loadings (see Water Balances).

55. As a means of selecting projects with relatively reliable
information for use in model testing, a2 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 1in Table 9. The first three criteria reflect water balance
accuracy, loading accuracy, and significance of ungauged nutrient
sources. The fourth is the ratio of the mearn tributary flows on days
when concentrations were measured to the wmean tributary flows over the
entire monitoring period. This has been included to reflect the
potential errors involved in estimating loadings if the streamflows on
the days : in  which concentration samples were taken were not
representative of the annual period. To some extent, the calculation

_ procedure used in estimating loadings corrects for the effects of flow

e
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Table 8

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

e

PERCENTILE
Variablex 1% 5% 10%  25% 50% 75% 90Z 95% 99%
SRS Inflow Ratios s e
pool/trib 0.23 0.43 0.63 0.93 1.04 1.23 1.79 2.40 6,20
pool/normal 0.33 0.54 0.86 1.25 1.48 1.75 1.92 2.12 2.41
trib/normal 0.09 0.67 0.87 1.18 1.47 1.68 2.00 2.28 2.46
——————————————— Inflow Teotal P Concentration Ratios ———-=====-=
pool/trib 0.61 0.93 0.96 0.99 1.00 1.02 1.06 1.20 1.66
pool/normal 0.80 0.84 0.87 0.98 1.01 1.04 1.15 1.20 1.44
trib/uormal 0.81 0.86 0.90 0.97 1.00 1,03 1.14 1.14 1.31

* pool = pool monitoring year
tribk = traibutary monitoring year
normal= normal hydrologic year
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Table 9
Statistics Used for Screening Nutrient Budgets

Definitions:

Kl = error in water balance = QN/QI

K2 = coef. of variation of total P loading = CV(WI)

K3 = ungauged locading fraction = (WP + WU)/WI

K4 = inflow sampling ratio = QIS/QIM

K5 = total P retention coefficient = 1 - Po (1-FE) / Pi

K6 = pool year inflow/tributary year inflow = QIL”/QIL
where,

Po average outflow total P concentration, gm/m3

Pi = average inflow total P concentration, gm/m3
QIS = mean inflow on tributary sampling days, hm™/yr
QIM = mear inflow over monitoring period, hm3/yr

FE = evaporation/total inflow
Percentile

5% 107 507% 90%  95% criterion number*
KI -.26 -.11 .01 .15 .20  IKL[<.25 100
K2 .05 .06 14 .39 .58 K2 < .40 99
K3 .01 .02 11 .37 .47 K3 < .25 84
K& .43 .53 .93 1.47 1.60 .5 <K& < 2.0 97
K5 ~.78 =-.40 AT .85 .91 K5 > -.2 94
K6 - K6 is nonmissing 102
all - 62 ** |

* number of reservoirs satisfying criterion (total = 108)
*% gsatisfy all criteria applied simultaneously
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variations; these corrections are limited, however, particularly if
important flow regimes (e.g., high-flow secasons or events) were not
included in the range of conditions sampled, The fifth criterion has
been included to elimirate those projects in which unsféady-sééte
conditions and/or omissions of significant bputrient sources in the
sampling program might have resulted in retention coefficients which are
considerably_ less than zero. The sixth criterion requi?es hydrologic
data availability during both the tributary and the pool monitoring
periods.

56. Reservoirs have keen placed into group A when all of the above
criteria have been satisfied, and group B when they have not. A listing
of the criteria values and groupings is giveun in Table 10. Groupings
are also identified in Appendix B, Tables B2-B4. The 62 "A" projects
conforming to each of the above criteria have been keyed into the nu-
trient budget files and used as the principal data base for model test-
ing. The distributions of various morphometric, hydrologic, and nu-
trient concentration statistics for reservoirs in this group are sum-

marized in Table 11.

Water Quality Data

57. To provide a basis for testing internal and load/response
relationships, water quality data have been retrieved from the OBS 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 indicators measured within reservoir pools). In testing
load/response models, station-year averages have been averaged by
reservoir. Because of the significance of spatial gradients in many
reservoirs, spatial averaging can be difficult without detailed
consideration of reservoir morphometry in relation to sampling station
location. This type of detail has not been feasible within the current
project scope. Thus, the reservoir-average water quality conditions do
net include spatial weighting factors or account for possible variationms

in water quality, either along the mainstem or among tributary arms.
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Listing of Nutrient and Water Balance Screeming Criteria

RE S

176
307
312
372
074
330
Q03
069
Q71
Q72
076
411
099

178

i81
237

243
254
317
328
393
241
242
245
247
248
249
256
258
373
389
391
092
093

120

119

122
338
340
342
343
081
087
088

196
014
0138

188

189

190

192
352
353
413

(note:

WATERBURY
BELTZVILLE

F J SAYERS (BLA
JOHN H KERR
CLARK HILL
HARTWELL

HOLT

ALLATOONA
SEMINOLE (WOOCR
WALTER F GEDRGE
SIONEY LANIER
BANKHE AD

RED ROCK

GULL

LEECH

ASHTABUILA (BALD
BERLIN

MOSOUITO CREEK
SHENANGO RIVER
ALLEGHENY (KINZ
TYGART

ATWOOD

BEACH CITY
CHARLES MILL
DEER CREEK
DELAWARE

DILLON

PLEASANT HILL
TAPPAN

JOHN W FLANNAGA
BLUESTONE
SUMMERSVILLE
MISSISSINEWA
MONROE

BARREN RIVER
BARKLEY
CUMEERLAND (WOL
CHEATHAM

J PERCY PRIEST
OLD HICKORY
DALE HOLLOW
CARLYLE
SHELBYVILLE
REND

WAPPAPELLOD

DE GRAY
ODUACHITA (BLAKE
ARKABUTLA

ENID

GRENADA

SARDIS

LAKE OF THE PIN
TEXARKANA{WRIGH
CADDO

statistics defined in Table 9)

GP
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DIS RES
24 011
24 012
24 013
24 016
24 021
24 022
24 193
24 200
25 020
25 102
25 103
25 104
25 105
2% 107
25 112
25 287
25 269
25 273
25 278
25 278
25 281
2% 348
25 2370
26 245
26 347
26 354
26 355
26 359
26 360
26 361
26 362
26 364
28 219
29 100
29 106
29 108
29 109
29 110
29 111
29 113
29 114
29 134
29 185
29 207
30 064
30 215
30 217
30 235
31 Q077
32 204
33 300
34 048
35 029
35 039

Table 10 (continued)

GP

BEAVER A
BLUE MOUNTAIN B
BULL SHOALS A
GREERS FERRY B8
NIMROD 8
NORFOLK B
CLEARWATER B
TABLE ROCK A
MILLWOOD A
COUNCTIL GROVE B
ELK CITY B
FaLL RIVER B
JOHN REDMOND A
MARION B
TORONTO B
EUFAULA A
FORT SUPPLY A
KEYSTONE A
DOLOGAH B
TENKILLER FERRY A
WISTER A
TEXOMA (DENNISO A
KEMP 8
BELTON(BELL) B
CANYGON A
LAVON A
LEWISVILLE(GARZ A
SAM RAYBURN (MC B
0O C FISHER (SAN B
SOMERVILLE A
STILLHOUSE HOLL A
WHITNEY B
CONCHAS B
RATHEUN B
KANOFOLIS A
MILFORD A
MELVERN B
PERRY B
POMONA A
TUTTLE CREEK A
WILSON B
POMME DE TERRE B
STOCKTON B
HARLAN COUNTY A
CHERRY CREEK 8
PAWNEE 8
BRANCHED GAK 8
SAKAKAWEA (GARRI A
DWORSHAK A
KOOKANUSA(LIBBY B
HILLS CREEK A
NEW DON PEDRO B
MENDOCINO A
SANTA MARGARITA B

=0
-0.
=0.
=0.
-0.
-0.
-D.
-0

O.

# SCREENING CRITERION VIOLATED

] 1 1
0050000000

=
¥
8]
o
o]

-0.
o}

-C
G
o

0.
0.
0.
0.
O
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
O.
O.
0.
0.
O.
0.
0.
0.
.
0.
1.
Q.
Q.
O.
&=
0.
Q.
0.
Q.
0.
QO.
0.
0.
O.
Q.
0.
O.
0.
0.
C.
Q.
C.
o
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VARLABLE

IPTL
OPTL
1PDS
0PDS
INTL
ONTL
CVI
cvo
RPTL
RNTL
SEDM
ZMAX
ZMEA
THYD
Qseov
SHDV
LNWD
DAWCSA

Table 11

Statistical Summary of Nutrient Concentration, Morphometric, and
Hydrologic Data from 62 Reservoirs

LABEL

INFLOW TOTAL P {MG/M3)

OUTFLOW TOTAL P (MG/M3)

INFLOW DISSOLVED P (MG/M3)
QUTFL.OW DISSOLVED P (MG/M3)
INFLOW TOTAL N {MG/M3)

QUTFLOW TOTAL N (MG/M3)

COEF. OF VAR. OF INFLOW TOTAL P
COEF. OF VAR. OF OUTFLOW TOTAL P
TOTAL P RETENTION COEF.

TOTAL N RETENTION COEF.
SEDIMENTATION RATE (KG/M2-YR)
MAXIMUM DEPTH (M}

MEAN DEPTH (M)

RESIDENCE TIME (YR)

OVERFLOW RATE (M/YR)

SHORELINE DEVELOPMENT RATIO
LENGTH/WIDTH RATIO

WATER CONTR DA / SURFACE AREA

STANDARD
DEVIATION

185.
.67
.92

30.
1824 .
1266.
.08
.10
“ 27

56
67

85

44
22
84

MINIMUM
VALUE

13.46
8.28
G.68
5.22

190.25
245.54

AN WO2bW-000
(o}
«©

—_-

MAXIMUM
VALUE

1050.
224.
375.
174.
9469.
7298.

46
80
65
14
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The effects of the averaging procedures on the model evaluations warrant
additional anmalysis. Thus, the accuracy of the reservoir averages
depends, 1n part, upon reasonable distribution of sampling stations

among representative areas of each reserveir, as was a key objective of

the EPA/NES éurvey designs.

58. In reducing the station-year—average file, the first step has
been to retrieve data for 1509 station-years with at least three total
phosphorus éampling dates at pool monitoring locations. Additional
requirements for at least two sampling dates for chlorophyll-a and
transparency (Secchi depth) have been applied to yield a total of 525
station—yearé. The retrieval includes data from April through October
at depths less than 15 feet, i.e., growing-season, surface~layer
concentrations., In the first reduction stage, the data from each

station, year, and sampling date have been averaged over depth:

Nsi

Csi = E Csij / Nsi (36)

=1

where,

Csij = measurement for station s, date i, depth j

Nsi number of depths sampled on date 1

Csi depth—averaged value on date 1

The above variables refer to a given year and water quality variable.
Because averaging is done within the surface layer, there 1is little
point in applying areal weighting factors with depth., Depth-averaging
is generally not applicable to chlorophyll because the samples

themselves are depth-integrated. The mnext step is to average across

dates within each year:

Ns

Cs = Z Csi / Ns (37)

i=1

where,
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(s = station-year average

Ns = number of sampling dates for station-year s

The standard error of Cs has also been estimated (as the standard
deviation divided by the square root of Ns) for total phosphorus, total
nitrogen, chlcrophyll-a, and transparency. Standard errors provide
approximate means for assessing the reliability of the station-year
summaries and are useful 1in error analyses. Estimates of maximum,
spring-average, and summer—average conditions have also been computed
for nutrients, chlorophyll, and transparency, where sampling schedules
permit. Seasonal averages are of relatively low reliability, however,
because they are based upon minimal data.

59, The following screening criteria have been applied to divide

the station~year-average data set into two groups reflecting data

reliability:

Ns(P,N,B,S$) > 2 (38)

CV(P,N,RB,5) < .5 (39)
where,

P = total phosphorus (mg/m3)

N = total N (mg/m3)

B = chlorophyll-a (mg/m3)

S = transparency (m)

CV(X) = coefficient of variation for mean X

The high-priority ("group A") data set used for model testing includes
258 station-years with at least 3 sampling dates and with coefficients
of variation less than 0.5 for the above wvariables. All of the high-
priority station-years also include measurements of ortho (or dis-
solved) phosphorus and inorganic nitrogen. In addition, the unaveraged
data have been inspected to identify a few station-years with high
percentages of low accuracy phosphorus measurements, based upon frequent
recordings of < 20 mg/m3; for example. These data are derived from
agencies other than the EPA/NES and have been placed in the low pri-
ority data set. A listing of the data is given in Appendix B, Table B3;

‘the high-priority data are summarized in Table 12.
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Table 12

Statistical Summary of High-Priority (“group A'") Pool Water Quality Data
from 258 Station-Years Passing Screening Procedures

VARIABLE  LABEL N ME AN STANDARD MINIMUM MAX T MUM
DEVIATION VALUE VALUE
CPTL TOTAL PHOSPHORUS (MG/M3) 258 56.632 52.23 4 .89 293. 19
CPOT ORTHO PHOSPHORUS {MG/M3) 223 18.82 25.92 2.83 220.91
CPDS DISSOLVED PHOSPHORUS (MG/L) 35 25.44 28.98 10.00 185.00
CNTL TOTAL NITROGEN {MG/M3) 258 981.94 857.06 236.45 6075.00
CNIN INORGANIC NITROGEN (MG/M3) 258 521. 15 704.99 39.96 5064 .16
CCHA CHLOROPHYLL-A (MG/M3) 218 10. 61 11.77 0.97 83.41
CCFU UNCORRECTED CHLOROPHYLL-A (MG/M3) 40 13.85 7.91 2.68 31.25
CCHAMX MAXTMUM CHLOROPHYLL-A (MG/M3) 218 16. 11 16.67 1.30 97.00
” CSEC SECCHI DEPTH (M) 258 1.50 1.23 0.186 6.37
~1 NPTL NUMBER DF TOTAL P SAMPLING DATES 258 3.66 1.70 3.00 21.00
NCHA NUMBER OF CHL-A SAMPLING DATES 258 3.40 0.68 3.00 7.00
NNTL NUMBER Of TOTAL N SAMPLING DATES 258 3.57 1.26 3.00 12.00
NSEC NUMBER OF SECCHI SAMPLING DATES 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 CHL-A ESTIMATE 258 0.28 012 0.01 0.50
ENTL CV OF MCAN TOTAL N ESTIMATE 258 0.15 0.08 0.01 0.37
ESEC CV OF MEAN SECCHI ESTIMATE 258 0.18 0.10 0.00 0.49
CDEP STATION DEPTH (M) 227 21.25 27.38 1.22 §75.38
CPHF PH (STANDARD UNITS) 258 7.85 0.47 6.27 8.70
CCNF CONDUCTIVITY (UMHOS/CM) 258 492,30 548.24 22.50 4948. 16
CALK ALKALINITY (MG/L) 255 96.61 57.36 10.00 309.28
cTme TEMPERATURE (DEG-C) 258 20.69 2.96 13.18 27.89
CTRJ TURDIBITY (JTU) 3 17.89 2.59 16.37 20.88
CTRH HACH TUREBIDITY (NTU) 46 10.16 11.31 1.60 40.00
CTRN -LOG(% TRANS./10Q) 209 0.35 0.43 0.02 2.48
cTCOo TRUE COLOR (PT-CO UNITS) 17 S6.49 37.62 15,00 105.00
CALPH NON-ALGAL TURBIDITY (1/M) 258 0.87 0.79 0.08 ~ 6.02
CRTL TOTAL SOLIDS (MG/L) 24 159.25 78.42 5.00 389.58
CRFL DISSOLVED SOLIDS (MG/L) 33 115,46 51.34 44 .80 208 .50
CRNF SUSPENDED SOLIDS (MG/L) 41 11.60 10.18 1.00 33.23
cALG ALGAL COUNT (NO/LITER) 2 178350.00 157614. 10 66900.00 289800 .00

CB8IO0 ALGAL VOLUME (ML/LITER) 2 0.04 0.01 C.04 . 0.05
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60. Means by reservoir-year have been calculated directly from the
statlon-year averages. Based wpon the wvariance component analyses
conducted previcusly (Walker,1980a,1981), on the average, about half of
within-station variance {expressed in logarithmic terms or,
approximately, as coefficients of wvariation) can be attributed to
variance between dates and about half to random effects. The following
formula has been used to estimate the coefficients of variation of the
reserveir mean phosphorus, rpitrogen, chloropbyll, and transparency

values computed from the station data summaries:

2
cv

2
5¢cvs [1 +1/M T /N (40)

where,
CV = coefficient of variation of reserveir mean estimate
CVS2 = mean squared within-station coefficient of variation
N
M

It

average number of sampling dates

]

total number of stations in the reserveir

The effects of spatial variance om errors in the the reservelr weans
kave nct been included because of lack of spatial weighting factors and
because serial, spatial correlation would tend te reduce their
significance (Walker, 1980a, 1981). The above error equation assumes
reasonable distribution of the stations among representative areas of
the reservolr.

61, The screening procedures described above have also been
applied to the reservoir-average data set, vielding a total cf 86
high-priority and 72 leow-priority reservoir—years for use 1in medel
testing. A listiug is given in Appendix B, Table B4, the high-priority
("group A'") data are summarized in Table 13.

62, In the high-pricrity data set, chlorophyll-a measurements for
50 out of 258 station-years were not corrected for phaeophytin, based
upon the codes used in entering the data into STORET or the Ohio River
Division (ORD) data base. The EPA/NES chlorophyll daté are measured
and corrected for phaeophytin according to the fluorometric method de-

scribed by Yentch and Mentzel (1963) (personal communication, Frank

P
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Table 13

Statistical Summary of High-Priority ("'group A") Pool Water Quality Data
from 85 Reservoir-Years Passing Screening Procedures

VARIABLE LABEL N MEAN STANDARD MINIMUM MAXIMUM
DEVIATION VALUE VALUE
CPTL TOTAL PHOSPHORUS ({MG/M3) 85 66.83 58,21 5.63 277.04
cPoT ORTHO PHOSPHORUS (MG/M3) 67 22.70 28.12 3.83 187.72
cPos DISSOLVED PHOSPHORUS (MG/L) 18 21.34 17.57 10.00 79.05
CNTL TOTAL NITROGEN (MG/M2) 8S 1159.0% . 973.24 247.34 6075.00
CNIN INORGANIC NITROGEN {(MG/M3) 85 651.38 800.26 44.54 5064.16
CCHA CHLUORDPHYLL-A (MG/M3) GS 13.04 11.52 1.18 67.13
CCFU UNCORRECTED CHLOROPHYLL-A (MG/M3) 20 9.73 6.56 2.68 27.47
CCHAMX MAXIMUM CHLOROPHYLL-A (MG/M3) 65 20.97 17.48 1.73 84,19
CSEC SECCHI DEPTH (M) 85 1.33 0.96 0.19 4,32
ol NPTL NUMBER OF TOTAL P SAMPLING DATES 85 3.80 1.89 2.1 16. 80
NCHA NUMBER OF CHL-A SAMPLING DATES 85 3.28 0.71 2,11 6.00
NNTL NUMBER OF TOTAL N SAMPLING DATES 85 3.70 1.52 2. 11 12.40
NSEC NUMBER OF SECCHI SAMPLING DATES 85 3.53 1.07 2.11 6.00
EPTL CV OF MEAN TOTAL P E£STIMATE 85 0.18 Q.09 0.04 C.42
ECHA CV OF MEAN CHL-A ESTIMATE 85 0.26 Q.10 0.06 0.49
ENTL CV OF MEAN TOTAL N ESTIMATE 85 0.14 0.06 Q.05 0.35
ESEC CV OF MEAN SECCHI ESTIMATE a5 0.17 0.09 G.03 Q.45
CDEP STATION DEPTH (M) 66 18.90 27. 11 2.18 175.40
CPHF PH {STANDARD UNITS) a5 7.84 0.49 6.37 8.48
CCNF CONDUCTIVITY (UMHOS/CM) 85 512.29 589.18 23.50 43599 .87
CALK ALKALINITY {MG/L) 82 97.05 59.24 10.50 293.75
cTmMe TEMPERATURE (DEG-C) 85 20.46 2.80 14 .85 27.56
CTRYU TURDIBITY (JTU) 1 17.62 . 17.62 17.62
CTRH HACH TURBIDITY (NTU) 22 g9.29 10.76 2.25 34 .81
CTRN -LOG(% TRANS./100) 62 ¢.48 0.49 0.05 3.45
CTCO TRUE COLOR (PT-CO UNITS) 5 54 .09 38.19 13.23 98 .65
CALPH NON-ALGAL TURBIDITY (1/M) 85 0.98 ©.84 0:15 5.24
CRTL TOTAL SOLIDS (MG/L) 8 155.36 115.94 9.50 389.58
CRFL DISSDOLVED SOLIDS (MG/L) 8 101.02 47 .64 48 .42 165.32
CRNF SUSPENDED SOLIDS (MG/L) 20 8.52 9.32 1.00 38 .56
CALG ALGAL COUNT (NO/LITER) 3 166558.33 113305.93 66900.00 289800.00

CBIO ALGAL VOLUME (ML/LITER) 3 0.03 0.02 .01 0.05
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Morris, USEPA FEnvirommental Monitoring and Support Laboratory, Las
Vegas). Chlorophyll model testing and calibrations are based exclu-
sively upon data from the 218 station-years with corrected measure-
ments. One would expect, therefore, that the calibrated models would
tend to under-predict chlorophyll-a measurements which are not corrected
for phaeophytin. About 15% of the station-years employed total dis-
solved phosphorus, as opposed to orthophosphorus, as a measure of the
available fraction. These have been used in combination with inorganic
nitrogen (nitratetnitratetammonia) for assessment of limiting nutrients.
63. Operating within the constraints of available data, the median
sawmpling frequency in the high-priority data set used for model testing
is 3 per station per year. Considering within~station variability, a
higher sampling frequency would have been desirable to provide better
estimates of average conditions at each station or in each reserveir for
use in model testing. Average <coefficients of variation of average
phosphorus, chlorophyll, and transparency estimates ave L18%, 28%, and
18%, respecLively. These errors are of ccncern in model calibration
because thbey influence the accuracies of model parameter estimates. The
variances of parameter estimates derived from a giveun data set are
proportional to the gross error variance of the medel and inversely
related to the number of cases (stations) (Snmedeccr and Cochram, 1972).
Thus, while the limited sampling regime at each station increases the
gross errvor variance of the model, effects on the variance of parameter
estimates (and on model testing conclusions) can be partially offset by
using data from a large number of stations (258). These relationships
are demonstrated further in the error analyses conducted in Part VIII.
While more than three sampling dates per station per growing season
would be advisable for model applications, the data set assembled above

is adequate for testing purposes.

Sediment Accumlatio

Rates

64. Appendix C (Table Cl1) contains a listing of sediment accumu-

lation rates which have been extracted 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/or based
upon inconsistent survey designs, with respect to range number or cal-
culation method. Sediment accumulation data from a total of 17‘projeéls
with relativély reliable nutrient balances have 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 yeaf and reflect
long-term avefages. These estimates are probably less accurate than the
nutrient balances developed above and do not necessarily reflect the

hydrologic or meteorologic conditions present during the periods of

sampling by the EPA/NES.

Data Inventoxries

65. Table 14 inventories and classifies the model testing data
sets developed above, according to priority group, region, year, station

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

a. water quality summary by station-year
b. water quality summary by reservoir-year
¢. nutrient balances by reservoir-year

d. load/response by reservecir-year

In the fourth data set, which 1s a cross between data sets b and ¢,
observations have been placed in the high-priority group only if both
the nutrient balances and the water gquality summaries are also
classified as high-priority. The resultant data set includes a total of
43 high-priority reservoir-years for use 1in evaluating lcad/response
relationships.

66. In Table 14, "regions" are defined based upon CE Divisions,
with the exceptions of the Ohio River and Southwest Divisions, which
have been subdivided by District to reflect data densities and
geographic diversities. In all data sets, regional weaknesses are
apparent in the East and Far West. The MNew England Divisicn 1is mnot

represented in any of the data sets Dbecause no chlorophyll,
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Table 14

Inventory and Classification of Model Testing Data Sets

Code: 2 D c cxb (d)
Data Set: Water Quality Water Quality  Loadings Load/Response
Basis: Station-Yrs Reservoir-Yrs Reservoir-Yrs Reservoir=-Yrs
Group:¥ N A B All A B All A B AlL A B All
Total 299 258 267 525 85 73 158 62 46 108 43 53 96
__________________________ mmm e REG L OMFE m e e e
NED 22 0 0 0 0 0 0 0 0 0 0 0 O
NAD 15 4 6 10 . 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 & 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 15 32 3 0 3 3 0 3
ORD - Nash. 7 38 19 57 9 0 9 5 1 6 5 1 6
LMVD 15 16 25 41 4 6 10 & 9 13 3 6 9
SWD - L. Rock 10 3¢ 5 41 6 2 8 3 5 8 3 5 8
SWD - Other 56 36 57 93 10 19 29 13 12 25 6 14 20
MRD 31 24 35 59 10 5 15 6 g9 15 5 10 15
NPD 27 8 3 11 2 1 3 2 1 3 1 2 3
SFD 19 0 7 7 0 7 7 1 2 3 0 0 0
““““““““““““““““““““““““““““““ Year T T T L7 e e e e e =
71 0 1 1 0 1 1

72 0 11 11 0 5 5 C 4 4 0 4 4

73 98 100 198 32 13 45 35 8 43 27 16 43

74 57 106 203 26 26 52 24 29 53 15 38 53

75 24 Z1 45 9 10 19 3 5 8 1 7 8

76 7 6 13 1 b 5

77 21 8 29 i4 7 21

78 11 8 19 3 5 8

79 0 6 6 0 2 2
------------------------------------- ABENCY ——rrrm s e e e
EPA/NES 209 207 416

ORD 32 22 54

Other 17 38 55

SRS NRNEE St iie i et A e e T St&t icn Type e e e e e
Upper Pool 58 65 123

Mid Foel 128 126 254

Near Dam 72 76 148

* N = total number of projects included in CE data base

A = data passing screening procedures (high-priority)
E data not passing screening procedures (low-priority)
All = all data
*% Regions are CE Divisions, except ORD and SWD, which are 'divided by
/Distriqt -

wownou
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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 in
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 the 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, mwmay have gone
undetected.

68. In some cases, the screening procedure may have beer 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 because of high wvariability in the mean
chlorophyll-a estimates. 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:

Model Classification

Jos

=2l

Preliminary Trsting

Paramete: rstimation

{a)

(=9

. Fesiduals Analysis

e. Parameter Stability Analysis

Each of these steps is outlined below.

70. The models compiled in Appendix E have been reviewed and
classified accordiug 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 with respect to
parameter estimates, which depend uvpon the data sets and methods wused
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:

1 predicted variable:

P = pool phosphorus R
B = chlorophyll s

outflow phosphorus

secchi depth
D = oxygen depleticn

2-3 model formulation number

4 parameter estimates:
A = original parameters
X = optimal parameters

5-6 sequence number, reflecting data sets and/or sources

o e e e o i e o o T i e A o e S i e o o e it e o e e




T

For example, model BO1A0Z predicts chlorophyll, using formulation number
1 (log(Chlorophyll) wvs. log(Phosphorus) regression), with original
parameters reported by investigator 2. Mocdels BO1X01, BO}XOZ, ind
B01X03 represent the same model with parameters optimized for different
subsets of reservoir data. Model codes are identified according to
formulation, source, and sequence number at the beginning of each
analysis. The codes are used to identify and store residuals in model
testing data sets.

71. In the preliminary testing stage, each model is applied to the
data with its original psrameter estimates. Residuals are characterized
with respect to bias ({(mean), variance, and fraction of dependent
variablility explained (R-Squared). Note that in cases of poorly
fitting models with their respective original coefficients, it is
possible for computed R-Squared values to be less than zero. This
indicates that the wvariance of the residuals is 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~1l0 logarithmic scales. Thus, the objective function
minimized is the sum of the squares of the logarithmic deviations.
Predicted variables and residuals from these models genesrally 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 omn a percentage basis than on an absolute
basis. Stability of variance (homoscedasticity) 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 wused (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 functiomns, are described in Part
vIii.

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 provides insights into parameter stability, model
error, and model applicability under wvarious 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

o
5

|or

plotting

correlations

o

stepwise regressions

[g]
.

[=9
.

regional tests

These analyses, generally conducted for models with optimized
coefficients, provide additional insights into model adequacy under
various copditions 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 model:

rumber of observations

|es

bias (mean error)

o
pe

t~test for significance of bias

|0
.

[=%

standard deviation

mean squared error

@

f. minimum
E. maximum

Kk

h. median absoclute deviation
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i. Chi-squared

In some cases, these are calculated for different data groupirgs,
defined by data reliability and averaging method. The mwmedian - absclute
deviation 1s 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 statistic (Bevington, 1969) is a weighted mean
squared error, with weights calculated as the inverses of the estimated
data error variances. Estimates ¢f model! dependent variables and some
independent variables generally represent averages over space and/or
time in a given reservolr or 1its tributaries. Because of wvariability
within the averaging realm and limited number of sampling dates and/or
locaticns, estimates of average conditions are subject to error.
Approximate methods wused for estimating these ''data errors" are
described in Part III. For a given model and observation, the weighting

factor used in the Chi-Squared calculation is given by:

W= 1/1[Var(y) + D2 Var (X) | (41)
where,

W = weighting factor used for a given observation

Var(Y) = variance of estimated dependent variable

Var(X) = variance of estimated independent variable

D = derivative of predicted Y with respect to X

In a linear model, for example, the D factor represents the coefficient
for wvariable X. Ranking models based upon Chi-squared puts less weight
on observations which are less reliable and provides an indication of
error Ssources, For example, & Chi-squared statistic approaching 1.0
indicates that all of the residual wvariance can be explained by
potential errors 1in the data, i.e., model error is insignificant. A
Chi-squared of 2.0 indicates that the error 1is partitioned equally
between model and data error effects.

1. Model residuals are tested for association with various

morphometric, hydrologic, and water quality characteristics by a
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combination of plotting, correlaticn, and stepwise regression analyses.
These analyses provide general indications of conditiors unmder which @
given model may be biased and suggest modifications which may improve
model generality. Plotting and examination of residuals is perhaps the
most important of these analyses, although 1t 1is not feasible to
reproduce these displays in a report context.

78. Interpretation of these association tests can be difficult
because of correlations amwong the factors investigated. If two factors
are highly correlated with each other, both may be correlated with a
model residual, but only one may be significant from a causation
standpoint. A statistically significant correlation coefficient 1s not,
in 1tself, adequate evidence of a real effect. Similarly, the stepwise
regressions include only statistically significant terms (p<,05), but
direct interpretation o¢f the coefficients can be misleading. The
multivariate R-squared statistic derived from the stepwise regressions
is a indicator of mwmodel generality over the range of reservoir
characteristics.

7%. Analyses of wvariance have been conducted to test for
significant regional effects on model residuals. With some exceptions,
regions are defined by CE Divisions. Recause the QOhio River and
Southwest Divisions 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 in
residuals and important related variables. Regional groupings have been
identified wusing Duncan’s multiple-range test (Snedecor and
Cochran,1972). In many cases, regional variations in residuals can be
explained by corresponding wvariations in reservoir morphometric,
hydrologic, and/or water quality characteristics, as identified through
the association tests described above.

80. A final test involves an examination of parameter stability.
One characteristic of a '"good" model 1is that its parameter or
coefficient values are stable over the range of model application.
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 determine whether the model "constants"
are constant. This type of test is more elaborate and potentially more
powerful than those discussed above and has been applied to.the modglé

which seem to work best in each category.
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PART V: INTERNAL MODELS

Introduction

8l. This report defines "internal models'" as relaticnships among
nutrient concentrations, transparency, chlorophyll-a, and hypolimnetic
oxygen depletion, measured within impoundments. In some cases,
morphometric and hydrologic factors are also included in these models.
These are distinguished £from "external models", which relate water
quality measurements to external nutrient loadings and are discussed 1in
Part VI. Internal models are classified into three categcries, based

upon predicted variables:

a. Trausparency
b. Chlorephyll

¢. Oxygen Pepletion

The first two categories are treated in the following sections. The
fourth section analyzes regional variations in these measurements and
related factors. Because the models and testing methods employed for
the oxygen depletion models are of a unique character, they are

described and tested separately in Part VII.

Transparency Models

82. In many impoundments, abscrption and scattering of light by
phytoplankton limits water transparency. Other biological materials,
dissolved humic materials (coler), and inorgaric suspended solids may
also regulate transparency. While not necessarily proportional to algal
biomass, chlorophyll-a is the most widely used measure of phytoplankton
standing crop. The relationship between chlorophyll-a and transparency
i1s important to assessing the roles of zlgae vs. other materials iz the
partitioning :of light extincticn and nutrients. As demonstrated in
subsequent sections, this partiticning bas important implications for

calibrating and applying empirical eutrophication models 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

formulations have been tested for summarizing this relationship: |
Model Code Equation
801 log(8) = K1 + K2 log(B)
$02 1/s =Kl + K2 B
K3
s03 1/s =Kl + K2 B

—— e ——— e A e R - S A B e e At Bt e

Parameter estimates and error statistics for these models are summarized
in Table 15. For model 803, the best estimate of parameter Kl is zero,
so that the model is equivalent to model S01, which explains 31 percent
of the wvariance in the transparency data, as compared with 26 percent
for model S02. 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 Kl in
models S0l and S02 varies significantly from station to station, as
influenced by allocthonous suspended solids, dissclved celor, 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 in
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 S02Z 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:

A =1/8 - K2 B (42)

where,
A = effect of non-chlorophyll-related materials on S (1/m)

K2 = slope parameter = .025 m2/mg
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Table 15

Formulations, Parameter Estimates, and Error Statistics for
Internal Chlorophyll/Transparency Models

K1-K3 = model parameter values

N= number of station-years

R2 = fraction of variance explained
MSE = mean squared error (logl0)

s . i B ot o o o o e o e e e e e B e o e e ek S e R e P e e o e B S

Model S0l: Log Transparency vs, Chlorophyll

Equation: log(S) = K1 + K2 log(B)

Code Coefficients K1l K2 N R2 MSE

S01A01 Carlson (1977) .89 -.68 218 -.39 ,145

S01A02 Jones & BRachman (1978) .81 -.55 218 -,50 .156

801X01 Optimal - All Data .49 -.49 218 .31 .082
! standard errors .046 ,050

e e e e ) i B e A B e e e e o T e e e e S S e e o e e

Model S02: Linear Transparency vs. Chlorophyll

Equation: 1/8 = K1 + K2 B

Code Coefficients Kl K2 N R2 MSE

S02A01 Classen (1980) .21 .014 218 -1.42 ,252

502X01 Optimal - All Data .41 ,052 218 .26 .087
standard errors .051 .070

——— e e i — . ke B o e e S s e o o S e S o e B B B e e o et o B e e B e e e ! e e S o S e e

Model $03: Log/Linear Transparency vs. Chlorophyll
K3
Equation: 1/8 = K1 + K2 B

Code Coefficients K1 K2 K3 N R2 MSE

S03A01 Walker (1979) .08 .059 .74 218 -1.29 .239

S03X01 Optimal - All Data .00 .32 .49 218 .31 .082
standard errors .30 .24 L10
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For simplicity, the variable "A" is referred to as 'turbidity" in the
remainder of this report, although it may be influenced by color and
nonchlorophyll-related biological materials at some stations.

85. Use of the least squares K2 estimate in Table 15 (K2=.,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 wvalues 1less than zero. In the absence of algae,
other suspended solids, and <color, there 1is 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 transparency at a minimum A value of .08 1/m follows the upper
edge of the chlorophyll/transparency relationship 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 reservoirs. The slope parameter is higher than values derived from
pure algal cultures (approximately .0l4 m2/mg, Loremzen, 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 (Carlson,1980).

86. The lines in Figure 2 depict the chlorophyll/transparency
relationship for different levels of turbidity. Based wupon 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, (r=.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 models fér predicting
transparencyl as a function of chlorophyll (or vice-versa) 1is not

generally useful in these reservoirs because of the influences of

-
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factors unrelated to chlorophyll. Additional analysis is needed to
develop predictive models for turbidity, which 1is expected to be
regulated by regional factors (erosion rates, soil types, land use,
topography, etc.), as well as reservoir wmorphometric and 'ﬁydroldgic
characteristics which influence the sedimentation process.

88. An alternative set of models relates transparency directly to
total phosphorus concentration. The relationshiyp would: reflect the
combined influences of the partitioning of phosphorus and 1light
extinction between algal cells and substances unrelated to algae. The
formulations tested are analogous to those employed for predicting

transparency as & function of chlorophyll:

Model Code Equation
S04 log(8) = K1 + K2 log(P)
s05 1/s =Kl + K2 P
K3
S06 /s =Kl + K2 P
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Residuals analyses suggest that these models tend to wunder-predict
transparency at stations with N/P ratios (inorganic or total) less than
about 8, which corresponds to a typical algal physiologic ratic (Wetzel,
1975). To eliminate possible nitrogen-limitation effects, each model
has been fit tec two data sets: one containing all station-years and the
other containing station years with N/P ratios greater 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
distinguish among these models, since the error statistics are nearly
identical. Model S05 has been selected for further analysis because of
its relative simplicity and theoretical appeal. It suggests that the
light extinction coefficient (inversely related to transparency) is a
linear function of phosphorus and that the intercept (KI) is attributed
to light extinction by factors unrelated to phosphorus, including
extinction by water alone.

89. The transparency/phosphorus relationship is displayed in
Figure 3. The regression line (model $05X02) 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 Phospherus/Transparency Models

Model S04: Log Transparency ves. Phosphorus

R2
.66
.59
.67

.77

R2
.57
+29
.64

R2
1]
.68

77

MSE
.036
.043
.034

.024

MSE
045
.075
.036

MSE
.093
.034

.024

Equation: log(S) = Kl + K2 leg(P)
Code Coefficients Kl K2 N
S04A01 Placke et al. (1980) 1.05 -.61 258
S04A02 Oglesby et al. (1978) 1.36 -.76 258
S04X01 Optimal - All Data 1.20 -.72 258
standard errors .031 .051
SC4X02* Optimal 1.40 -.87 212
standard errors .050 .032
Model 805: Linear Transparency vs. Phosphorus
Equatiom: 1/S = K1 + K2 P
Code Coefficients Kl K2 N
SO5A01 Carlson (1977) 0 .021 258
805402 Carlson (1977) 0 .015 258
$05%01 Optimal - All Data .18 .017 258
standard erxors .027 .001
805X02* Optimal .082 .022 212
standard errors .023 ,001
Model S06: Log/Linear Transparency vs. Phosphorus
K3
Equation: 1/S = Kl + K2 P
Code Coefficients K1 K2 K3 N
S06A01 Walker (1979) .08 .0093 1.03 258
S06X01 Optimal - All Data .00 .063 .72 258
standard errors .10 .029 .093
S06X02* Optimal .030 .033 .91 212
standard errors 064 .014 .091

e e e e o e o e e e ot e e A . B B e Bt o o i B e B e i e e T o e A e et e e e e

* Data set restrictions:
Inorganic N/P > 8
Total N/P > 8
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Figure 3

Transparency vs, Total Phosphorus
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of nitrogen limitation, different symbols to distinguish stations with
N/P ratios less than 8. The relationship (R%=,77, SEZ=.024) is much
stronger than the transparency/chlorophyll relationship (R2=.31,
SE2=.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 1s somewhat sensitive to the
partitioning of 1light extinction between chlorophyll and turbidity.
According to the chlorophyll/transparency model described above, the
product of chlorophyll and transparency 1s proportional to the fraction
of 1light extinction attributed to chlorophyll. Assuming that
transparency 1s inversely related to the light extinction coefficient,
the product is also proportiomal to the daily photosynthesis integral
under light-limited conditions (Vollenweider, 1970; Vollenweider and
Kerekes, 1980). This product averages about 9 mg/mz, which corresponds to
23% light extinction attributed to chlorophyll-a and related substances.
A plot of residuals from model 805X02 against the
chlorophyll-transparency product Vindicates negative bias for products
less than about 5 mg/mz. The following table summarizes the residual

distributions above and below this value:

BxS Group N Mean Std. Dev. t* Prob(t)

> 5 144 . 060 .136 5.29 <.001
<5 45 -.152 .091 ~11.20 <.001

e A B e e e e e e R e . e e e et

* t test for Ho: Mean=0

Thus, the phosphorus/transpaxency model tends to over—predict

transparency by an average of .15 log units { 35 %) at stations where
e .
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algae account for 1less than about 12% of the total light attenuation.
This effect accounts for about 25% of the total wvariance in the
residuals from model S05X02. This suggests that phosphorus associated
with algae has somewhat less of an impact on transpaféncy E%ah
phosphorus associated with turbidity.

91. Stepwise regressions explain 39% of the variance in residuals
from model S05X02 (see Appendix D), with positive iterms: for stationm
total depth; pH, shoreline development, and total nitrogen, and a
negative term for inorganic nitrogen. The positive term for station
total depth 1is the most significant. The signs of the nitrogen terms
suggest a positive correlation with organic mitrogen. Since higher pH
and organic nitrogen levels would tend to be found at stations with
higher chlorophyll levels (and chlorophyll-Secchi products), these
effects are consistent with those discussed above. The depth effect may
be also be related to the chlorophyll—-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:

P = Kl +K2B +K3A (43)
where,

K1 = 2.0 (Std. Error = .80)

K2 = 1.76 (Std. Error = .13)

K3 = 26.2 (Std. Error = 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 in the
total phosphorus data. The residual mean squared error, .019 in
logarithmic wunits, 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  assoclated with

chlorophyll or turbidity. This value tends to be higher at N-limited




Figure 4

Total Phosphorus vs. Turbidity and Chlorophyll-a
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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 mg/m3 of phosphorus is associated with each unit of turbidity
(1/m). The biases in the phosphorus/transparency model SO5 can be
explained by\multiplying both sides of equation (43) by tramnsparency and

substituting equation (42) for turbidity, yielding:

PS = 2%.2+28%+1,11 588 (44)

This equation predicts that the product of transparency and phosphorus
will be higher for reservoirs in which c¢hlorophyll 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 accurate chlecrophyll predictions, for

example, without a predictive basis for non—algal turbidity.
Chlorophyll Models

93, The direct relationship between algal standing crop and
nutrient concentrations (specifically, phosphorus) is the basis of the
empirical  eutrophication modelling approach. More complex models
relating chlorophyll to phosphorus, nitrogen, turbidity, and reservcir
morphometric and hydrologic wvariables alse fall in this category, as
outlined in Part I of Appendix E.

94. A variety of seasonal averaging schemes have been used in
develcping phosphorus/chloreophyll models (Appendix E). For chlorophyll,
these include growing-seasen means, summer mears, 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-years and the other, station-years with mean
inorganic and total N/P ratics greater than 8 and non-slgal turbidities
less than 1.0 1/m. The basis for the turbidity cut-peint is developed
in detail below. In each case, the best correlation is found by

averaging both chlorophyll and phosphorus over the growing season.
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Dependent
Variable

Bmax
Bmax

Bsummer
Bsummer

—— et e e e

Bmax
Bmax

Bsummer
Bsummer
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Seasonal Chlorophyll/Phosphorus Regressions

Independent
Variable

Pspring

P
Pspring

P
Pspring

Pspring

p
Pspring

P
Pspring

All Datag ——=——=——=—mm e e

Slope Intercept
.699 ~.251
.563 ~-.018
.697 -.064
. 557 .178
.603 -.053
437 .235
> 8, A<1.01/m
L.13 -.76
0.76 -.25
1.11 -.55
b -.04
1.04 -.57
0.63 .01
82

Table 17

N R-Squared

218
203

218
203

194
179

137
131

137
131

124
118

437
. 297

427
. 288

.310
.167

720
.359

.665
.328

.604
.235

MSE

.084
.108

.087
«110

114
-140

. 045
.104

.055
112

.066
.129
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Restricting the sampling periods to summer and/or spring reduces the
average number of samples per station and, thus, the reliability of the

station summary values. Based upon these results, growing-season-mean

-~

values are used in further model testing below.

95. Tﬁe seasenal 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 chforophyll—a as
a function of the mean value (Lee, Rast, and Jomes, 1977). One problem
with these models is that the maximum chlorophyll detected at a given
location over a given period is not independent of the number of samples
taken. For a‘given average value, the maximum estimated from 6 sampling
dates 1is 1likely to be greater than the maximum estimated from 3 dates,
for example.

96. Table 18 outlines and tests a method for calculating the
maximum~-to~-mean chlorophyll ratio as a function of the number of
sampling dates. Observed ratios increase consistently with the number
of sampling dates, with the exception of the last categories (6 and 7),
which are based upon only 3 and 5 station-years of data, respectively.
The relationship has been fit by treating the sampling process as
independent draws from a log-normal distribution. Application of the
scheme beyond 5 sampling dates is an extrapclation beyond the range of
the data and may be 1invalid because of possible wviolations in the
independent sample assumption. At high sampling frequencies, serial
correlation between successive samples may be significant. In the range
of 2 to 5 sampling dates, however, the scheme works well and explains
97% of the variance in the maximum chlorophyll levels (Figure 5). The
Lee, Rast, and Jomes (1977) model suggests a (Bmax/B) ratio of 1.6, or

+2 on a log scale. This agrees well with the model predictions for 3-4
sampling dates.

9% The «chlorophyll models compiled in Appendix E can  be

classified by the following scheme:
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Table 18

Scheme for Predicting Ratio of Maximum~to-Mean Chlorophyll-a
as a Function of Number of Sampling Dates

Mear log (Bmax/B)

pumber of  ~—--~~~--~--~---~--— npuumber of
dates Observed** Predicted statlon-yrs

2 .11 .12 124

3 .19 .19 257

4 .23 .24 50

5 .29 2] 9

6 40 .30 3

7 .30 VA 5

8 = # 34% 0

9 = L36% 0

* extrapolation
*% analysis of variance indicates significant
differences among groups (F=28,9, p<.001)

Model :

log(Bmax/B) = .28 Y

where Y 1s chosen such that:

y:

£(y) dy =n / (o+l)

where,
y = standard normal variable (mean=0, standard deviation=1)

f(y) = normal frequency distribution function
n = number of sampling dates / growing season
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Figure 5

Observed vs. Predicted Maximum Chloropnvll-a
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Model Code Equation

BO1 log(B) = K1 + K2 log(P)

BO2 B =Kl +K2P

BO3 log(B) = K1 + K2 log(N + K3 P)

BO4 log(B) = K1 + K2 log(P) + K3 A + K& log(Z) + K5 Qs
BO5 1/B = K1/Bp + K2/Bn + K3/Bl

Models B0l and B0Z relate chlorophyll to total phosphorus on logarithmic
and linear scales, respectively, and have been calibrated to several
different lake and reservoir data sets by various authors (see Appendix
E). Model B03, developed by Smith (1980), relates chlorophyll to
nitrogen and phosphorus. Model B04, developed by Walker and Kuhner
(1978), includes terms for the influences of phosphorus, turbidity, mean
depth, and surface overflow rate on chlorophyll-a levels. Model BOS,
developed by Meta Systems (1979), is a theoretical formulation which
considers the effects 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 Table 19.

98. Models B0l and B02 assume a direct relationship between
chlorophyll and phosphorus, when averaged over a growing Season at a
given location. Figure 6 depicts this relationship on logarithmic
scales, using data from all station-years with at least three sampling
dates. Stations with inorganic or total N/P ratics 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 in Appendix E. The regression line for
this data set, also shown in Figure 6, explains 447 of the chlorophyll
variance and. 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 reservoirs. It is apparent from the variability in

el
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Table 19

Formulations, Parameter Estimates, and Error Statistics
for Internal Models Predicting Chlorophyll-a

Model BOl: Log Phosphorus/Chlorophyll
Equation: log(B) = K1 + K2 log(P) <

Code Coefficients Data* Kl K2 N R2 MSE
I BO1A0l Fern et al. (1981) 1 -.11 .64 218 .42 .086
‘ BO1AO2 Kerekes (1981) 1 -.55 .96 218 .29  .104
| B0O1AO3 Jones & Bachman (1976) 1 -1.09 1.46 218 -.95 .288
. BO1X(Gl COptimal- all data 1 -.25 .70 218 LA44 084
{ standard errors .087 .054
| BO1X02 Optimal— N/P>8 2 -.38 .80 187 .51 .071
) standard errors .090 ,058
p B01X03 Optimal- N/P>8, A<1.58 1/m 3 -.60 .98 161 .64 .057
standard errors .088 .059
BO1X04 Optimal- N/P>8, A<1.0 l/m 4 -.76 1,13 157 .72 045
standard errors .087 .060
BO1X05 Optimal- Ni/Pi>10, A<.37 1/m 5 -1.09 1.44 62 .76 .039
standard errors 131 <105

Model B02: Linear Phosphorus/Chlorophyll
Equation: B = K1 + K2 P

Code Coefficients Data Kl K2 N R2  MSE
{ BO2A01 Oglesby et al. (1978) 1 -2,90 .57 218 -.81 .267
J BO2X0L Optimal - all data 1 1.65 ,13 218 .41 ,087
| standard errors .37 .012
i B02X02 Optimal - Ni/Pi>10,A<.37 1/m 5 -.97 .35 62 .72 045
E standard errors .37 .035
: Model BO3: Smith (1980), variable yield model
‘ Equation: log(B) = K1 + K2 log(N + K3 P)
Code Ceefficients Data K1 K2 K3 N R2 MSE
BO3AOL Smith (1980) 1 =-3.71 1.55 16.4 218 -.64 .242
BO3X0l Optimal - all data 1 -1.96 .81 55.5 218 .45 .082
standard errors .21 068 27.7
BO3X02 Optimal - A < .37 1/m 6 -4.09 1.53 35.7 73 .66 .059
standard errors 410 .15 1207

(continued)




Table 19 (continued)

Model BO4: Walker and Kuhner (1978), Multivariate Model
Equation: log(B) = K1 + K2 log(P) + K3 A + K4 log(Z) + K5 Qs

Code Coefficients Data Kl K2 K3 K4 K5 N R2 MSE

B04A0l Walker & Kuhner (1978) 1 .49 .88 -.23 -,59 -.00070 218 .27 .108

B04X0l Optimal - All Data 1 A4 .70 =021 =051 -.00047 218 .67 .0409
standard errors L4 064 .023 .065 .00014

BD4X02 Optimal- N/P > 8 2 .22 .83 -.23 -.46 —-.00046 189 .72 .04l
standard errors .16 .075 .025 ,07 .00017

Model BO5: Meta Systems (1979), Limiting Factor Model
Equation: Bp = P-limited biomass, mg/m3 =P - 2.2
Bn = N-limited biomass, mg/m3 (% - 2.2)/7
Bl = Light-limited biomass, mg/m3 = 440/Zm - A/b >= 20 mg/m3
b = algal light extinction coef. = .025 n2/mg
A = non-slgal turbidity, l/m =1/S - .025 B
Zm = mid-thermocline depth (m)
As = surface area (km2)
Z = mean depth {(m)

log(Zm) = ,.587 + .084 log(As) + .203 log(z) *¥

1/B = K1/Bp + K2/Bn + K3/Bl
Code Coefficients Data K1 K2 K3 N R2 MSE
BO5A01 Meta Systems (1979) 1 1.89 0 1.36 218 .51 .072
BOSX0l Optimal - All Data 1 2,28 1.91 1.24 218 .57 .063
standard errors .29 1.21 .20

* 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 - ~ 7 - 73

ok

formulation for thermocline depth based upon regression analysis of
data from 86 reservoirs (R2=.45, MSE=.012); used if measured Zm
values are missing (see Part VII)
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Figure 6

Chlorophvll-a vs. Total Phosphorus
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the regression lines and the data scatter that the
chlorophyll/phosphorus relationship is not stable across data sets and
that this model is of limited use in this collection of reservoirs as  a
whele. )

99. Additiomal analysis shows that nitrogen and turbidity are
related to chlorophyll in ways which may account for at least some of
the wvariability in the chlorophyll/phosphorus response. Possible
effects of nitrogen and turbidity have been analyzed by plotting
residuals and fitting the models to various data categories, defined by
N/P ratio and turbidity. With these data, it is diffiecult to
distinguish the performance of the log-linear model BOl from the linear
model BO2. Since for all data sets, residual variance was slightly
lower for BO1l, this model is the focus of further analysis presented
below.

100. To test for turbidity effects, 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 statioms with inorganic N/P or
total N/P ratios less than 8 have been excluded from the regressions,
leaving a total of 187 station-years for the analysis. This cutpoint
has been determined through residuals analysis and seems to be valid for
most turbidity levels, although a cutpoint of 10 may be more appropriate
at extremely low turbidities (< .37 1/m). Figure 7 plets the slope,
yield, and mean squared error as functions of maximum turbidity. The
"yield" is defired as the logarithm of the predicted chlorophyll-a
concentration at an average total phesphorus concentration of 25 mg/m3.
The yield tends to be more stable and statistically independent of slope
than the intercept parameter (K1).

101, Figure 7 shows that both the regression slcpe and yield
decrease with increasing turbidity limit. The slope varies from l.44 to
.80 and the yield, from .99 to .74 on log scales, or 10 to 5.5 mg/m3 on
linear scales. The mean squared error is relatively stable at about
.045 for maximum turbidities up to about 1.0 1/m (0. 1log wunits), but

increases to about .07 at higher 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 path of the slcpe and yield parameters for
increasing maximum turbidities. The path is shown in relation to the
regression lines reported in other studies (see Figure 6). For  a
maximum turbjdity of about .4 1/m, the regression is similar to the
Jones and Bachman (1976) relatiomship. The regression calculated for a
maximum turbidity value of 1.58 1/m (.2 log units) is similar te the
£,F,C.D, summary relationship (Kerekes,1981). When the entire turbidity
and N/P ranges are included, the parameters are similar to the
regressicn calculated by Herr et al. (1981). These results suggest that
variations in turbidity, as defined above, may explain some of the
variations in the phosphorus/chlorephyll regression lines reported im
the literature and some of the scatter in Figure 6.

103, Model B0l has been fit to five different data sets with
various turbidity and N/P bounds (Table 19). Generally, as the maximum
turbidity limit increases, the model becomes mere general (i.e. wore
stations are 1included), but model error increases and phosphorus
sensitivity decreases. Thus, information on likely turbidity levels is
important to selecting appropriate model parameters for a given
application. 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 cencentrations
less than 40 wg/m3, only one had an N/P ratic less than 8 (incrganic)
and none had a turbidity greater than 1.58 1/m (.2 log units). Thus,
for practical purposes, nodel BU1X03 in Table 19, in which chlorophyll
is roughly porportional to total rphosphorus, is applicable to all
station-years in this low total phosphorus range. Thie relationship 1is
nearly identical to the C.F.C.I}. summary relationship (Kerekes, 1981).
Similarly, all 80 station-years from reserveirs with mean depths 1
excess of 10 meters have turbidities less than 1.58 1/m. There is room
for improvement in this model, however, since residuals are negatively

correlated with turbidity and mean depth.
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Figure 8

Slope and Yield Variations in the Chlorophyll/Phosphorus Model
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105. Smith”s (1980) model, BO03, relates chlorophyll to total
phosphorus and total nitrogen. This has been calibrated tc two data
sets: one containing all station—-year averages and the other containing
station-years with turbidities less than .37 1/m. The second group
corresponds  to the lowest turbidity  group  used in the
chlorophyll/phosphorus model calibrations (model BO1X05). This model
does not explain appreciably more variance than model 301, even for
N-limited, low-turbidity stations. The formulation of the model seems
theoretically inadequate because it predicts finite chlorophyll-a
concentrations at nitrogen or phosphorus concentrations approaching
ZEro. At a given nitrogen concentration, for example, chlorophyll
becomes less sensitive to phosphorus as phosphorus concentration
decreases, 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 reservoirs and is not
analyzed further.

106. The Walker—Kuhner model (B04) is a multiple regression model
with terms for total phosphorus, mean depth, turbidity, and surface
overflow rate. This model was originally fit to EPA  National
Eutrophication Survey data from 23 reservoirs in Ohio, Indiana, and
Illinois, none of which were nitrogem limited. WNote that chlorophyll,
total P, and mean depth are log~transformed, while turbidity and surface
overflow rate are not. Thus, predicted chlorophyll-a is less sensitive
to turbidity and surface overflow rate at low values than at high
values.

107. Because the model does not include a2 term for nitrogen, it
has been fit to two data sete: one containing all the data, and the
other containirg 189 station years with inorganic and total N/P ratios
greater than 8. Many of the reservoirs included in the Walker—-Kuhner
data set are also ircluded here. To test for parameter stability, the
model has been fit to an additional data set which includes 131
station-years with the above N/P constraints from reservoirs outside of
the Ohio, Indiana, and Illinois region. The magnitudes and signs of the

regression coefficients compare reasonably with the originally-reported

values:
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optimal (B04X02) optimal¥

coefficient original mear std. error mean std. error
intercept 40 .22 .16 7 .22
phosphorus .88 .83 .075 .76 .104
mean depth —+5% —.46 .071 -.32 100
turbidity -.23 -.23 .025 =.19 034
overflow rate =-.00070 -.00047 .00020 -.00041 .0002

e e e R A e e T e o R e e By o e

* excluding station-years from Ohio, Indiana, and Illinois

108, Figure 9 summarizes the results of a parameter stability
analysis of this model. Following the scheme used in Figure 7, the
med:1 has been fit to different data sets of increasing maximum
turbidity levels. Figure 9 tracks the coefficient and mean squared
error values. Mean squared erxor is relatively stable up to turbidities
of 1.58 l/ml(.25 log units), but increases at higher values. As in the
case of the log-linear model (B0l), sensitivity to phosphorus tends to
decrease with increasing maximum turbidity, although the range of
coefficients 1s considerably lower for model BO4, The decreasing trend
suggests an interaction between turbidity and phosphorus effects which
is not accounted for in the model formulation. Depth and turbidity
coefficients are relatively stable. At low turbidities, the turbidity
coefficient 1is not significant. This is consistent with the turbidity
coefficient in B04X02, -.23, since at a maximum turbidity of .56 1/m
(-.25 log units) the estimated turbidity effect would be -.13, which
would be difficult to identify in relation to the model standard error
vhen  higher turbidity statioms 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 statioms with high overflow rates (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.

P

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 variance
explained. The regional analysis of variance (Appendix D) explains 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 =zlgal growth limitation by
phosphorus, mnitrogen, 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, the inverses of the
limiting biomass levels are wused as independent variables in the
regression equation for chlorophyll. Using an electrical circuilt
analogue, the inverses of the potential biomass levels are represented
as resistances to algal growth, which are summed, with empirical
veighting factors to calculate the total growth 'resistance'.
Calculated light-limited chlorophyll levels are negative for several
station-years, Following the original model, a minimum Bl value of 20
mg/m3 has been assumed. Theoretical shortcomings of this model include
failure to account for possible effects of (1) flushing on the limiting
biomass levels, or (2) turbidity on the bic~availablity of total
phosphorus or total nitrogen.

111, With its original parameter values (Kl1=1.89, K2=0, K3=1.36),
this model explains more chlorophyll variance (ﬁ2=.51, SE2=.072) than
any of the other models investigated with their respective original

parameter values. Optimization of the parameters (K1=2.28, ¥K2=1,91,
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K3=1.24) has 1little influence on the fit (R2=.57, SE2=.063). For most
station-years, the phosphorus term is of greatest importance in
determining the predicted chlorophyll-a concentration. The parameter
estimate for the nitrogem-limitation term, 1.91, is not stéfisticéily
significant (p<.05). Compared with residuals from the multivariate
model (BO4), residuals from BOS show greater association with reservoir
morphometric, hydrologic, and water quality characteristics (R2=.40) and
with region (R%=.23).

112, Further comparisons of model performance in various data
categories defiped by turbidity limits are given in 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 NK/P
ratios exceeding 8. In the lowest turbidity category (< .18 1/m), model
BO1X05 (similar to the Jones and Bachman (1976) regression) has the
lowest median and mean squared error. As turbidity 1s 1increased, the
error from this model blows up and the multivariate moael (B04X02)
becomes the most accurate. Differences 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 (B0O4) seems
attractive. In order to apply this model, however, an independent
estimate of turbidity is 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 wused in calibration have been estimated from measured
chlorophyll values (equation (42)) may also artificially reduce the
errer associated with this model. Thus, while the multivariate model
seems attractive from a minimum error point of view, the practicality of
the model depernds upon the feasiblity of estimating turbidity, which has
yet to be evaluated. 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.

114. Many of the above models suggest an approximate

proportionality between total phosphorus and chlorophyll in the low- to
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Table 20

Effect of Turbidity Range on Chlorophyll Model Error*

: Model
Log Max.

Group Turbidity N BO01X0l1l BO1X02 BO1X03 BO1X04 BO1X0S5 BO4X02 BOSXO01
(1/m) &
———————————————————————————— Bias x 1000 ———=memmmmm e e e e e
1 -.75 20 17 33 47 35 10 0 -28
9 -.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 i 22 =203 -264  -389 -516 -77% 7 -98
———————— mmmmme————————~ Mean Squared Error x 1000 = e e
1 -.75 20 61 56 50 43 38 39 49
2 -.50 35 73 66 53 L4 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 il 22 99 127 208 324 670 75 72
————————————————————— ~ Median Absolute Error x 100 ————--rrrmmmem oo
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 i3 14
4 .00 45 16 13 14 15 26 10 15
5 + 25 30 21 21 28 35 60 16 21
6 .75 22 22 25 37 50 75 13 16

* includes station-years with at least 3 sampling dates and inorganic
and total N/P > 8

ogreyale L Y
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mic~turbidity ranges at P-limited stations. For stations with N/P
ratios exceeding 8, the following model relates the '"response ratio"

(Hern et al., 198l) to depth and turbidity:

1og(B/P) = -.29 ~ .46 log(Z) - .58 log(A) (45)
(R%=.45, SE%=.042)

The above model explains 75% of the wvariance in chlorophyll-a and
suggests that the responmse ratio varies roughly inversely as the square
root of the product of mean depth and turbidity. It is interesting that
the depth alone is not significantly correlated with the response ratio
(R2=,01). Turbidity alone yields an R-Squared of .27, which increases
tc .45 when the depth term is added. This suggests that the product of
depth and turbidity 1s of some significance, as predicted by the kinetic
theory of algal growth wunder light-~limited conditions, since it 1is
directly related to the depth-averaged light intensity (Oskam,1973,
Lorerzer and Mitchell,1973). Residuals plots indicate a negative bias
(over-prediction) of about .2 log wunits in the above model for
reservoirs with overflow rates exceeding 100 w/yr or residence times
less than .03 years. This and alternative methods for representing
phosphorus/turbidity/chlorophyll relationships (e.g., model B04, BOS,
equation (43)) should be more thoroughly investigated for their

potential uses in reservoirs.

Regional Analysis

115. Regional distributions in transparency, chlcrophyll,
nutrients, and related factors provide additional imnsights into factors
controlling transparency and chlorophyll. Table 21 summarizes the
geometric mean concentrations of these variables on a regional basis.
To provide the broadest possible data base for regional analysis, mean
concentrations have been computed using data from 448 station-years with
at least two sampling dates for corrected chlorophyll-a. Analysis based
upon 218 station-years with at least 3 sampling dates excludes one

region (South Pacific) but gives similar results. Analyses of variance
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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 TPxS TN/TP IN/DP**
————————————————————— Regional Geometric Means—-——————==—==————e—remnmmee

All 448 7.9 1.1l4 .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
04Cc 19 8.5 1.09 .68 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 1.31 22 67 1679 23.2 .26 88 16 7
06 41 9.3 1.09 . 58 43 838 10.2 21 47 19 29
074 41 4.8 2428 « 29 21 486 11.1 .23 48 23 33
078 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————-—===r—meeeammm e e cm e e

Mean Squares (base 10 logarithms)

Within 1.412 1.503 2.124 1.430 .990 1.127 .991 .329 .807 3.504
Among . 101 .083 .127 .118 047 .094 093 .041 066 .121

Ft 13.98 18.20 16.66 12.11 21.15 11.93 10.66 8.04 12.28 29.04

* Regional Codes (C.E. Divisions)

02 = North Atlantic 06 = Lower Mississippi
03 = Scuth Atlantic 07A = Southwest (Little Rock)
i 04A = Ohio River (Pittsburg) 07B = Southwest (other)
h 04B = Ohio River (Huntington) 08 = Missouri River
th 04C = Ohio River (Louisville) 09 = North Pacific
¥ 04D = Ohio River (Nashville) 10 = South Pacific

05 = North Central
*¥% Tnorganic nitrogen/dissolved phosphorus ratio
T All F statistics significant at p < .001;

ANOVA's conducted on log scales

ST PP e SRR VT
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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 (ng/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 al. (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 1light extimction
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 wvariance 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=8.0). The relatively low variablity in P*S reflects
the low mean squared error of the phosphorus/transparency model and
covariance attributed to ncn-slgal suspended solids. f
117. Stem—and-leaf (Mosteller and Tukey, 1977) diagrams of these '
factors (Figure 10) facilitate analysis of regicmal variations. The i
chlorophyll#*transparency distribution has two low outliers: region 7B [
(Southwest Divisicn, exclusive of Little Rock District) and region 10
South Pacific Divisior, although this average is derived from only 7
station-years of data, all from one reservoir, and may not be
representative of the Division as a whole). In these regions,
relatively low percentages of incident light are  available for i
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 N/P

ratio averages less than 8: region 5 (North Central Division), region 9 .
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Figure 10

Stem~and-Leaf Diagrams of Eutrophication-Related Factors
by Region *

Station—-Years with at Least Two Sampling Dates

Chl-axSecchi Chl-a/Total P Total PxSecchi
1.31 5 -4 *% 9.1
LaZ] -.51 2.0
1.1 2 -.61 2 3 4a 4B S 1.9] 5
1.0] 3 4A 4B 6 7A -.71 4 4D 6 7A 8 1.8] 910
.91 8 4C 4D -.81 1.7] 4D
.81 9 -.91 1.6} 4B 4C € 7A 8 7B
| ~1.0! 7B 9 1.5 2 3 4aA
.61 7B 10 -1.1]1 1.4
.59 -1.2] 10 1.31
Total N/P Inorganic N/P Turbidity
1.6] 2 2.01 o
1.5] 4A 1.8 2 .0
1.4] 4B 1.61 4A 4B 4C =1 |
1.3 7A 3 4C 1.41 3 6 8 7A -.2| 4B 4C 8
1.21 5 6 8 1.2] -.31 4D 6
1.1] 4D 10 1.01 4D 7B -.41 4A 3
1.01 78 9 81 5 -.5]
.9 6] 9 -.61 2 749
.8 4110 -.71 5
.71 .2 -.81 10
Mean Depth Residence Time Overflow Rate
S 9 -.20 8 2.11 10
1.5 —3 ] 2.0
: Yol -.4] 5 7A 9 1.9] 4B 4D 9
: 1.3] -.5] 6 7B 1.8] 2
, 1.2] 10 -.6] 1.7 4A
i 1.1 7A -.71 1.6 3 4cC
! 1.0 -.8] 3 4C 1.5] 74
{ .91'2 3 4D 8 -.9] 2 4A 1.4]
b L8| 4A 4C 6 -1.0] 10 1.3
{ .71 4B 7B -1.1] 4D 1.2] 6 7B
; 6] 5 ~1.2| 4B 1.1]
i 51 -1.3] 1.0} 5 8

* regional codes defined in Table 21
** minimum of interval (loglQO 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.

118. The above outlier groups can be used to explain sowme of the
regional wvariations in chlorophyll and transparency responses to
phosphorus. Region 10 has the lowest chlorophyll/phosphorus ratio (.07)
and is als¢ found in all of the above outlier groupe. Region 9 has the
next lowest B/P ratio (.10) and is in the low N/P and deep groups.
Region 7B has the next lowest B/P value (.11), the lowest
chlorophyll*transparency product, and the highest average turbidity. The
remaining regions  are clustered are  higher B/P ratios. The
phosphorus*transparency distribution shows three high outliers, regions
5, 9, and 10. These correspond to the regions with lowest inorganic N/P
ratios and lowest turbidities. In N-limited situatiomns, appreciable
fractions of total phosphorus may be in dissolved form anéd have little
impact on transparency. While the data base is relatively weak in some
regions (especially New England, North Atlantic, North Pacifie, South
Pacific), variations in turbidity, N/P ratio, and depth, which show
strong regional patterns, determine the average responses of

transparency and chlorophyll to total phosphorus.

Conclusions

119, The following conclusions can be drawn from the internal

model testing described above:

a. Predicting transparency as a function of chlorophyll is difficult
in these reservoirs because of the influences of substances

unrelated to chlorophyll on light extinction.

b. The foliowing model can be wused to partition light into two

components :

- -1/8 = A + .025 B
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e,

where,

$ = mean transparency (m)
B = mean chlorophyll-a (mg/m ) )
A = non-algal turbidity (1/m)

Variations in 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.

At stations with inorganic and total N/P ratios exceeding 8,
transparency can be related to total P using model S05X02:
2 2
1/s = .082 + ,022 P (R =.77,SE =.024)
where,

3
P = mean total phosphorus (mg/m )

The above model over-predicts transparency by an average of 357 at
stations where chlorophyll accounts for less than about 12Z of the
total light extinction. Transparency is  under-predicted in
northern reservoirs, which tend to have lower N/P ratios and lower
non~-algal turbidity levels. Phosphorus associated with algae has a
somewhat smaller influence on transparency than thet associated

with turbidity.
The following model represents the partitioning of phosphorus at
stations with N/P ratios exceeding 8:
2 2
log(P) = 1o0g(2.0 + 1.76 B + 26.2 A) (R =.84,8E =.019)

This model has relatively low error, but cannot be used in reverse
(to predict chlorophyll, for example), without a predictive basis

for turbidity.

Effects of nitrogen, turbidity, depth, and overflow rate contribute
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to variations in phosphorus/chlorophyll relationships.

Phosphorus/chlorophyll models fit to data sets with increasingly
restrictive N/P and turbidity 1limits show increased phosphorus
sensitivity and yield, reduced error, reduced association with
reservoir morphometric, hydrologic, and water quality
characteristics, and reduced association with region, but reduced

generality and robustness.

The multivariate model (B04X02) which includes terms for the
effects of phosphorus, depth, turbidity, and overflow rate on
chlorophyll has fairly stable coefficients and applies to B87% of

the station-years studied (exclusive of N-limited stations):

log(B) = .22 + .83 log(P) -.23 A -.46 1log(Z) -.00046 Qs

2 2
(R =.72,SE =.041)
Parameter stability tests indicate an  interaction  between
phosphorus and turbidity effects which is not accounted for in the

model.

Model selection and,in the cases of models B04 and B05, model use
depend upon estimates of turbidity and N/P ratio. Means for
estimating these variables a priori 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.

In the absence of a basis for estimating turbidity or N/P ratio,
model B(1X03 may be applied to stations with mean total phosphorus
concentrations less than 40 mg/m3:

2 2
log(B) = -.60 + .98 log(P) (R =.64,SE =.057)
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This model also applies to all stations with N/P ratios > 8 and
turbidities < 1.58 1/m, or 74% of the station-years studies.

-~

Errors are not independent of mean depth or turbidity, however .

Regional variations in average chlorophyll-transparency products,
inorganic N/P ratios, and reserveoir mean depths explain regional
variations in the responses of transparency and chlorophyll to

total phosphorus.
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PART VI: LOADING MODELS

120, Another c¢lass of models relates reservoir water quality
characteristics to extermal  phosphorus loading, morphometric

characteristics, and hydrologic characteristics., These models can be

classified according to predicted variable:

mean, annual, outflow phosphorus concentration

|

mesn, growing-season, epilimnetic phosphorus concentration

o

mean, growing-season, epilimnetic chlcorophyll-a concentration

|0

[=9

rean, growing—season transparency

hypolimnetic oxygen depletion

o
.

The calibration and testing of models in the first four <c¢lasses are

described in the following sections. The fourth section discusses the
potential effects of spatial gradients on these relationships.

Hypolimnetic oxygen depletion is treated separately in Part VII.

Outflow Phosphorus

121. Prediction of outflow phosphorus concentration provides a

i
basis for establishing a phosphorus mass balance around the reservoir, '
since the outflow concentration estimates are flow-weighted and averaged i
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, mean depth, and hydraulic residence time. ?
After application of the screening criteria described in Part III, data |
from 62 "group A" reservoirs are available for model testing. The data
set 1s listed and summarized in Appendix C. . |

122. A total of 16 different model formulations have been compiled E
from the literature. Formulations, parameters, and error statistics for l

the original and optimized models are listed in Table 22. Complete ]

statistical summaries of model residuals, regional analyses, correlation

g

K
¥
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Table 22

Formulations, Parameter Estimates, and Error Statistics for
Models Predicting Outflow Phosphorus Concentration

Model ROl: first-order sedimentation
Equation: log(Po) = log(Pi) - log(l + K1 T)

Code Coefficients K1 N R2 MSE

RO1AGL Vollenweider(1969) .65 62 .135 .128

RO1A02 Mueller(1680) 2.00 62 499 074

RO1X01 Optimal 4,24 62 .633 055
standard error o 57

RO1X02 Optimal = 3.31 56 .724 . 041
standard error .45

Model RO2: first-order settling
Equation: log(Po) = log(Pi) - log(l + K1/Qs)

E Code Coefficients Kl N R2 MSE

| R0O2A0]1 Vollenweider(1969) 1C.0 62 .287 .106

| RO2A02 Dillon{1975) 13.2 62 368  .094

!‘ RO2A03 Chapra (1976) 16.0 62  .420 .086

| RO2A04 Higgins et al(1980) 92.0 62 104  .133
ROZX01 Optimal 33.3 62 . 534,070

! standard error 5.1

i RO2X02 Optimal * 25.1 56 .655 .051

] standard error 3:9
Model R03: Vollenweider(1976) and others g

: K2
Equation: log(Po) = log(Pi) = log(l + K1 T )
Code Coefficients K1 K2 N R2 MSE
RO3A0L Vollenweider(1976) 1.00 .50 62 426,085
RO3A02 Walker(1977) .82 .45 62 369 094
RO3A03 Larsen et al (1976) .89 .51 62 .379  .092
RO3A04 Mueller (1980) 2,09 .83 62 .564  .065
RO3A05 Clasen (1980) 2.27 .59 62 647 .052
RO3A06 Clasen (1980) 2,00 .50 62  .63& .054
RO3A07 Fricker (1980) 1,42 .049 62 534  .069
RO3X01 Optimal 2,98 .59 62 671 .051
standard errors .59 .13

4 R03X02 Optimal * 2,13 .50 56 .775 .033

] standard errors .39 .12

i e e e e e e e e e e e e e e e e e e e e e e e e

E (continued)
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Table 22 (continued)
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Model RO4

Equation: log(Po) = log(Pi) - log(Kl + K2 T)

Code Coefficients Kl K2 N R2 MSE

RO4AO1 Jones&Bachman (1976) 1.18 .76 62 2377 .092

RO4A02 Reckhow (1977) 1.13 .17 62 .058 .140

RO4A03 Mueller (1980) 1.14 1.83 62 .547  .067

R04X01 Optimal 1.36 3.16 62 .660 ,052
standard errors 17 .69

R04X02 Optimal * 1.38 2.16 56 .760 .036
standard errors 14 .93

Model RO5: Reckhow (1978)
Equation: log(Po) = log(Pi) - log(Kl + K2/Qs)

Code Coefficients Kl K2 N R2 MSE

ROSA01 Reckhow(1978) 1,20 11.6 62 .461 ,080

RO5X0! Optimal 1.56 18.1 62 .581 .064
standard errors .20 5.4

RO5X02 Optimal * 1.56 10.7 56 715  .043
standard errors w15 3.8

e e i e e s S S s e i e e A e el s B O s, s e S e il e i o i i e e W S s i e

Model RO6: Kirchner & Dillon (1975)
Equation: log(Po) = log(Pi)-log(l-K1 EXP(-K2 Qs)-K3 EXP(-K&4 Qs))

Code Coefficients Kl K2 K3 K4 N R2 MSE

RO6AC] Kirchner et al (1975) .426 .271 .574 .0094% 62 .508 .073

RO6A02 Ostrofski (1978) .201  ,0425 .574 .00949 62 .593  .060

RO6A03 Mueller (1980) .29 .55 .71 .00483 62 647  ,052

R06X01 Optimal R K .76  .0073 62 .663 ,.052
standard errors .050 .0022

RO6X02 Optimal * wk *d .70 .0074 56 .783  .032
standard errors .050 ,0021

*% term not significant

Model RO7: Norvell, Frink, and Hill (1979)
Equation: log(Po) = log(Pi) + log((Kl + Qs)/(K2 + Qs))

Code Coefficients Kl K2 N R2 MSE
RO7AO0]1 Norvell et al (1979) 1.2 120 62 .298 ,104
RO7X0]1 Cptimal 23.1 103.4 62 .660 ,052
standard errors 14.4 40.0
RO7X02 Optimal = 28.3 99.3 56 .781 .032
standard errors 16.5 38.9
(continued)
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Table 22 (continued)

Model RO&: Higgins and Kim (1981)

Equation: log(Po) = log(Pi) + log(Kl + K2 leg(Qs)) B "

Code Coefficients Kl K2 N R2 MSE

ROBADL Figgirs et al. (1981) .54 .51 62  .114 .13C

ROBX0L1 Optimal 084 237 62 .622 ., 056
standard errors Q85 ,059

RO8X02 Optimal * L1440 ,232 56 756  ,037
standard errors 084  .056

- — i e E A A i miam e i m e e e e ke ek S e i e e e ———

Model RO9: plug flow settling
Equation: log(Po) = log(Pi) - K1/Qs

| Code Coefficients Kl N R2 MSE
i R0%A01 Higgins et al (1981) 26,5 62 -1l6. 2.500
i RO9X0l Optimal 3.74 62 .199 121

E standard errors .62

i RO9X0Z Optimal * 3.06 56 .427 084
i standard errors w35

! Model R1C: Clasen (1980) K2 K3

Equation: log(Po) = log(Pi) - log(l + K1 T Z )

Cede Coefficients K1 K2 K3 N k2 MSE
R10A01 Classen (1980) 7.24 ,608 -.50 62 .635 .054

f R10A02 Fricker (1980) 9.35 1.00 -.69 62 .486 .076

> R10X01 Optimal 4.16 0.62 -.14 62 .675 .051

1 standard errors 1.95 .14 .18

i R10X02 Qptimal * 3.24 .54 -.17 56 .780 .034
standard errors 1.41 .13 .17

| Model R1l: Clasen (1980)
Equation: log(Po) = K1 log(Pi) +K2

Code Coefficients R1 K2 N R2 MSE

i R11A01 Classen (1980) .85 -.11 62 .554 .066

R11A02 Fricker (1980) 1.01 -.35 62 .494 075

R11A03 Fricker (1980) .88 ~.18 62 .533 .069

R11X01l Optimal .70 .28 62 .622 .058
standard errors .07 .15

‘ R11X02 Optimal = .81 .088 56 .711 .043
w standard errors 07 14

(continued)
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Table 22 (continued)

Model R1Z: Clasen (1980) K2
Equation: log(Po) = log(Pi) (1 - K1 T )
Code Coefficients K1l K2 N R2 MSE J
RI2A01 Clasen (1980) .25 .32 62 747 .038 |
R12X01 Cptimal .29 .34 62 .763 ,036
standard errcrs 024 .064
R12X02 Cptimal * .25 .32 56 .813 .028
standard errors .024 .068
Model R13: Fricker (1980) .5
Equation: log(Po) = K2 + K1 log(Pi/{(1+T ))
Code  Coefficients . K1 K2 N RZ MSE
R13A01 Fricker (1980) L906 .104 62 .613 .057
R13A02 Fricker (1980) 754 .254 62 .709 .043
R13A03 Ryding (1980) .56 ~,02 62 .613 .058
R13X01 Cptimal J4 0 .32 62 .718 .043
standard errors 060 .12
RI13X02 Optimal * .83 .19 56 .794 .031
standard errors .057 .11

Model Rl4: multivariate, Walker (1977)

Equation: log(Po) = K1 + K2 log(Pi) + K3 log(Z) + K& log(T) i
Code Coefficients Kl K2 K3 R4 N R2 MSE
R14A01 Walker (1977a) -.02 .88 =-.15 -.17 62 .672 .049
R14X01 Optimal A48 .61 -.22 -.23 62 LEIO0 .030
standard errors .20 .061  .093 .048
R14X02 Optimal * 18 .73 -.11 -.22 60 .837 .025
standard errors .21 067 091 .045
Model RIS K1 K2 K3 K4

Equation: log(Po) = log(Pi) — log(l + 10 Pi Z T )

Code Coefficients K1 K2 K3 K4 N R2 MSE
R15A01 Canfield & Bachman(1981) -.89 .55 0. .45 62 .749 .037
R15A02 Canfield & Bachman(1981) -.79% .46 0. .54 62 ..653 .051
R15A03 Canfield & Bachman(1981) -.94 .59 0. .41 62 .768 .034 i

R15X01l Optimal -1.50 .70 .46 .&3 62 .813 .03C

standard errors L40 0 .11 .18 .11 l
R15X02 Optimal * -.93 .51 .23 .44 56 .828 .027 {

standard errors .68 .14 .20 .11 ‘ !
R15X03 Optimal * -.68 .50 .00 .50 56 .828 .,027

standard errors .045 R w*k ok

#% parameters constrained to above values

{continued) |
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Table 22 {(continued)
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Model R16: Walker and Kuhner (1978)
Equation log(Po) = log(Pi) - log(l + (K1 + K2 Sr)/Qs)

Sr = sedimentation rate (kg/m2-yr)
Code Coefficients Kl K2 M R2 MSE
R16A0]1 Walker & Kuhner (1978) -4.0 1.0 17 .099 .056
R16X0l Optimal *¥% -5.5 92 17 110 ° 055
standard errors 6.2 .38

*% cages with sedimentation rate data conform to restricted data
set described below (i.e., R16X02=R16X01),
* restricted data set includes reserveoirs 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 RO1-R10 can be described as first-order models in which the

retention coefficient:
R =1 - Po/Pi (46)

where,

R = total phosphorus retention coefficient

Pi = average inflow concentration (mg/m3)

Po

average outflow concentration (mg/m3)

is estimated exclusively as a function of morphometric/hydrologic
characteristics. fis discussed in Part III, inflow concentrations have
been corrected for evaporation effects according to equation (3§2ﬁ and
correspond to the total loading divided by the reservoir discharge. For
models RC1-R10, outflow phosphorus concentration 1is assumed to be
proportional to the inflow concentration, with the proporticnality
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
RI1-R15, 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 R16, 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 4
concentrations 1is depicted in Figure 11. The regression model R11
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 extremély high concentrations of inflow total phosphorus (> 500
mg/m3) or with low percentages of orthophosphorus loading ( < 12 %).

To eliminate the influences of these reservoirs on the model parameter
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Figure 11

Outflow Total P vs. Inflow Total P
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estimates, all models have been fit to an additional data set which

excludes six 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, RlZ, and RI15.

124. Model ROL is the first—order sedimentation model proposed by
Vollenweider  (1969). This  represents the  reservoir as a
completely mixed reactor at steady-state. For the restricted data set,
the optimal decay rate parameter is 3.3 1/yr, as compared with the
originally  proposed value of .65 1l/yr. Similarly, the optimal
coefficient for the settling wvelocity model (R02) is 25 wm/yr, as
compared with lake wvalues in the range of 10 ~ 16m/yr and with a
value of 92 m/yr found by Higgins and Kim (1981) for TVA reservoirs
with total P concentrations greater than 25 mg/m3 (Appendix E).

125. Model RO3 permits the sedimentation coefficient to vary as a
power functicon of residence time. The optimal exponent 1is =.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 1lake data sets and 2 to 2.3 for other reservoir data sets
(Mueller,1980, Clasen,1980). Thus, calibration of models  RC1-RO3
indicates that, for a given residence time and mean depth, these
reservoirs tend to be more effective at removing phosphorus from the
water column than are the mnatural 1lakes wused 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.

126, The potential effects of plug flow can be calculated by
assuming that the reservoir consists of a series of n linked segments of
equal volume and applying Vollenweider”s model (R03A01) to each segment.
The resulting .expression for the outflow/inflow concentration ratio is:

.5 -n .5.-1
Po/Pi =[1+(T/n) ] = [1+KET | . (47)

where,
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T = totzl residence time (yr)

i

]
KE

number segments of egual residence time in series

effective rate constant For mixed model (R0O3)

The effective rate constant, KE, corresponds to the parameter estimate
which would result from optimizaticn of the model, assuming mixzed
conditions {or one segment)., Table 23 presents calculated ratios and
effective rate constants for values of T ranging from . to .9 vears and
values of n ranging from 1 to 5 cells. For a given residence time, plug
flow effects could cleariy result in lower outflow concentrations ané
higher effective rate constants, especially as residence time and number
of cells increase. For three cells at z residence time of .5 vear, for
example, an effective rate constant of about 2.5 1is calculated, where
each of the three segments has a rate constant of 1.0 (i.e., obeys the
original Vollenwelder/Larsen-Mercier modell),

127. Thus, it seems likely that plug flow effects could partially
account for the higher rate coefficients estimated for models ROl - RO3,
although residuals analyses described below suggest that higher sediment
accumulation rates wmay &also be ipvolved, The above analvsis is
theoretical and may over—estimate the plug-ilow effects, sipce 1i Dbas
not  been demonstrated that Vollenweider s wmedel can be successfully
applied to separate veservoir segments, especislly in series. It seewms
unlikely that the fame rate cosfficients could apply to each reservolir
segment, since, in many Cages, upper pool segments would tend to bhave
kigher percentages of allochthonous particulate phosphorus and have
different removal mechanisms, compared with near—dam segments (Thornton
et al, 1980)., More detailed medelling of spatial gradients within
reservoirs, similar to the work donme by Higgins and Kim (1281) op
Cherokee Reserveir, 1g needed in eorder to  sort out these factors.
Calibration of the plug~flow, settling model proposed by Higgins and Kim
(model ROY) is largely uosuccessful (8%=,31, SEZ=,084) because the model
requires a much higher sensitivity to overflow rate than the data
SUppoTt. It is vpossible that their appreach could be applied
successfully o reservoirs in  certain  morphometric Cand  inflow

corfentration ranges. The current study is limited, however, to a
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Table 23

Potential Effects of Plug Flow Behavior on
Phosphorus Removal and Effective Rate Coefficients

n = Effective Number of Cells
1 2 3 4 5
T(yr) ==—--==-—= Po/Pi —---mmmmem

.10 .760 .668 .605 .55 .516
.20 ,691 .577 .502 446 402
.30 .646 .520 .439 .380 .334
40 ,613 .477 .393 .333 .288
.50 .586 444 ,358 .298 .253
.60 .564 417 .330 .270 .226
70 544 395 ,307 .247 .204
.80 .528 .375 .,287 .228 .186
.90 .513 ,358 .270 .212 .171

T (yr) ~--r==-=== KE ~—==moomem e

.10 1.00 1.57 2.06 2,52 2.9
.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

e o e e e e e e~ e e e e e

* Po/Pi = outflow/inflow concentration

KE = effective rate parameter for
completely mixed model bt
n = number of segments of equal T

connected in series




"black-box" input/output analysis.

128. Of the models requiring that the retention coefficient be

independent of concentration (RO1-R10), model R03X0Z (see Figure 12) has
the best fit:

.5 2 2
Po = Pi/f(1 + 2.1 T ) (R =.78, SE =.033) (48)

Modification of the model to include a depth term (model R10) does not
improve the fit, since the optimal depth expoment is not significantly
different from =zero. Parameter estimates are identical to those found
by Clasen (1980) for the OECD Reservoir and Shallow Lakes data base
(model RO3A06). As demonstrated below (Table 24), errors from this and
other retention models are not independent of morphometric complexity.
The optimal residence time coefficient (2.1 in equation 48) is 1.8
(standard error = .25) for 36 reservoirs with ome major tributary and
2.8 (standard error = .51) for 20 reserveirs with more than ome
tributary arm. As demonstrated in Figure 13, residuals from this model
are also negatively correlated with inflow phosphorus concentration (r
=-.49. This result, coupled with the lower errors generally observed
for models RI11-R1Z, suggests that the retention coefficient should not
be considered independent of concentration.

129, Of the models not requiring first-order concentration
response, the multiple regression model (R14) has the lowest mean
squared error (.025). This model, however, along with R1l and RI3, is
somewhat deficient theoretically, since it does not require the outflow
concentration to approach the inflow concentration as the residence time
approaches zero. Model RI5 is an extensicn of the original phosphorus
sedimentation models (rROL, ROZ, RO3, R10) which permits the
sedimentation coefficient to vary as a function of residence time, mean

depth, and inflow phosphorus concentration:

S W70 .23 44 2 2
Po = Pi/(l + .12 Pi 2 T ) (R =.83,SE =.026) (49)

Considering the variances of the above parameter estimates, this can be

simplified to R15X03:
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Residuals Plots of Qutflow P Concentration Models
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3 5 2 2 exponent app
Po = Pi/(l + .21 Pt T ) (R =.83,SE =.026) (50) 131. R
Observations and predictions are plotted in Figure 12, The above model show a ter
is equivalent to the following formulation for the first-order residence E!
sedimentation coefficient: sensitivity
ceems Yeaso
K = ,21 T“-S Pi's (51) changes iDn
and the inf
where, .
K = effective first-order sedimentation ceefficient (Yr“l) i, EVER
U.S., Walk
The parameter K represents the rate of removal of phosphorus from the residence
water column per unit of phosphorus concentration., The significant errors for
dependence on Pi suggests a nonlinear response to concentration. Since by demonst
Pi/T is equal to volumetric phosphorus loading, equation (51) is similar concentrat
to relationships found by Canfield and Bachman (1981), as discussed in time, acc
detail in the next sectiom,
130, Model R12 is another non-linear formulation with relatively
low error. This model, developed by Clasen (1980), is of the following
form:
A - 25100 2 2
Po = Pi (R =.81,SE =.027) (52) where,
The above coefficients, based upon the restricted data set, are
identical to the original values found by Clasen. Compered with model
R0O3 (equation 48), model error is somewhat lower for both this data set As T ¢
(SE?=.027 vs. .034) and for the OECD/RSL data set (SE2=.050 vs. .C70, and erre
see Appendix E). The stability of the parameters and model comparisons in the
derived from both data sets suggest model generality. The lower mean becomes
squared errors for this data set may reflect the greater flexibility for sedimen
data screening which has been possible for the CE data base. The analys]
formulation of the model suggests that the sensitivity (exponent) of retent:
outflow concentration with respect to inflow concentration decreases ! in Fig
with increasing residence time. In the limit of low residence times, ‘ 1
the outflow concentration approaches the inflow wvalue, 1i.e., the availla
P rate |
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Jove model

‘irst-order

(51)

-1
(yr )
from the
gnificant
. Since
S similar
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zlatively

0llowing

exponent approaches 1.0.
131. Residuals plots (Figure 13) for all of the retention models

show a tendancy for error variance to 1ncrease as a fupction'pf
residence time. Thus, the notion of decreasing inflow concentration
sensitivity with increasing residence time may have some validity. It
seems reasonable that as residence time increases, the potential for
changes 1in water quality induced by the reservoir environment increases
and the inflow/outflow sensitivity decreases. In analyzing EPA/NES data
from over 100 lakes and reservoirs in the northeastern and northcentral
U.S., Walker (1977a) also found that model errors (RO3A02) increased with
residence time. This can be explained by assuming that estimation
errors for the effective sedimentation coefficient are stable and
by demonstrating 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) = log(Pi) - log(l + KT) (53)

2 2
DK Var(log(k)) + DI Var(log(Pi)) (54)

Var(log(Po))

2
[KT/(14KT)] Var(log(K)) + Var(log(Pi)) (55)

where,
DK = derivative of log(Po) with respect to log(K)

DI

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 in the estimated
sedimentation rates, since the term in brackets approaches one. Error
analysis results are qualitatively similar for other phosphorus
retention models and are consistent with the variance patterns evident
in Figure 13.

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) relates the effective settling

velocity to the sedimentation rate:

2
Po = Pi/(1 + U/Qs) (R =.11,SE =.055) (56)

B = ~5.5+ 92 8t (57)

where,

U = effective settling velocity for total P (m/yr)

Sr = sedimentation rate (kg/m2-yr)

Optimal parameter values for this model (-5.5 and .92) are not
significantly different from the original model formulation (-4 and
1,0). Five out of the 17 reservoirs irncluded in this data set were also
included in the data set used for model development (Walker and Kuhner,
1978) and may partially account for the stability of the parameter
estimates. Figure 14 plots the relationship between settling velocity
and sedimentation rate on log scales. While there 1s a positive
correlation between these two variables, model error for predicting
outflow phosphorus concentrations 1is higher than many of the other
formulations tested. The low R-squared of this model is related to the
low wvariance of the observed outlet concentratiocns in this subset of
data, compared with the complete data set (.062 vs. .156). Year-to-year
variability in the hydrologic conditions may contribute to variability
in this relationship, since the overflow rates refer to the year of
EPA/NES sampling and the sedimentation rates reflect long-term averages.
The availability and reliability of the sediment survey information also
limit potential applications of this model.

133. Appendix D (Table D12) presents a correlation matrix of the
residuals from five of the retention models discussed above against
various reservolr characteristics. Significant negative correlations
are apparent for shoreline development ratio, surface area, and
sedimentation rate. While the data base on sedimentation rates is
limited, residual correlations are generally strongest with this
variable, a result which supports the correlation of phosphorus setting

velocity "with sedimentation rate shown in 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 dissclved
P/total P ratio, which may reflect greater trapping efficiency for
particulate vs. dissolved phosphorus.

134, To investigate the effects of morphometric complexity on
model performance, the data set has been divided inte two groups
according to whether the reservoirs contain one or more than one major
tributary arm. Table 24 summarizes model errors by group and uses
t—-tests to identify significant differences in 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 mnot large 1in relation to the model
standard errors. While residual wvariances tend to be higher in the
second group, the differences in variance are not statistically

significant, based upon F ratioc tests.

Table 24

Effect of Number of Major Tributary Arms on Retention Model Error
and Parameter Estimates

Number of Major

Model Tributaries N Mean Std.Dev. t%* Pr(>t)

R03X02 i} 36 .036 164 1.97 054
>1 20 -.062 .200

R12X02 1] 36 042 .149 2.10 041
>1 20 -.052 .180

R13X02 i 36 .03 .153 2.04 . 046
>1 20 -.067 194

RIAXOZT 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 in
all cases, based upon F test (SAS Institute,1979)
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Reservoir Water Quality

135. Models in this category predict reservoir phosphorus,
chlorophyli, and transparency as functions of external phosphorus
leoading, morphometry, and hydrology. Calibration for predicting
growing—-season, reservoir—average values is described below.
Formulatioﬁs 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 a total of 43 reservoir—-years for testing these relationships.
The data set 1is listed in Appendix C, Table (2. Potential effects of
spatial wvariance within reservoirs on these relationships are discussed
in a2 subsequent section.

136. The models listed in  Table 25 predict average,
growing-geason, 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:

2 )
log(P) = .26 + .85 log(Po) (R = .78,SE =.033) (58)

where,
P = growing-seascn, surface-layer, total phosphorus (mg/m3)

Po =annual-mean, outflow total phosphorus (mg/m3)

This relationship is not significantly different from a simple equality
(P=Po), also shown in 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 in P/Po ratios greater than 1.0 because of
negative concentration gradients moving downstream in the reservoirs.
Stratified impoundments with bottom outlets would probably tend to have

lower P/Po ratios, owing to accumulation of phosphorus in  the
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Formulations, Parameter Estimates, and Error Statistics for Loading
Mecdels Predicting Average Phosphorus Concentrations

Table 25

Model POl: first-order sedimentation
Equation: log(P) = log(Pi) - log(l + K1 T)

Code Coefficients
POlAOLl Vollenweider(1969)
P01A02 Mueller(1980)
PO1X01 Optimal
standard error
P0O1X02 Optimal *
standard error

K1
.65
2.00
3.21
e
2.55

K
43
43
43

39

RZ

.133
373
LALS

639

Model P02 flrst—order settling velocity
Equation: log(P) = log(Pi) - log(l + X1/Qs)

Code Coefficients
P02401 Vollenweider(1969)
P02402 Dillon(1976)
PO2A03 Chapra (1976)
P0O2A04 Higgins et al.(1980)
P02X01l Optimal

standard error
P02X02 Optimal *

standard error

Kl
10.0
13.2
16.0
92.0
28.1

6.4
20.5
4.4

N
43
43
43
43
43

39

R2
.270
«32:9
.365

-.082
- 420

.651

Model PO3: Vollenweider (1976) and others

K

Equation: log(P) = log(Pi) - log(l + K1 T

Code Coefficients
PO3A0] Vollenweider(1976)
P03A02 Walker(1977a)
PO3A03 Larsen et al.(1976)
PO3A04 Mueller (1980)
P03A05 Clasen (1980)
P0O3A06 Clasen (1980)
PO3A07 Fricker (1980)
PO3X01l Optimal

standard errors
P03X02 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
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Model
Equat 1
Code
PO4AD
PO4AD
POLAD
xC
MSE RO&
.126
LX(
.091 0
.087 o
Mode
.054 g
Cod«
P05
P05
MSE ‘ ;
.106 i .
.097 1 .
s o
- - E
.086 .
‘ Cc
.052 b Pl
P
E
P
2
) 1
R2 MSE
406 086
367  .092
367 .092
443 .081
.547 .066
.64 ,063
.570 .062
606 .060
776  .034
(continued)
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Equation: 1og(P)
Code Coefficients Ki
PO4AOl Jones et al. (1976) 1.18
PO4AD2 Reckhow (1977) 1.13
PO4AO3 Mueller (1980) 1.14
P04X01 Optimal 1.86
standard erxors .24
PO4X02 Optimal * 1.66
standard errors «17

Model P05: Reckhow (1978)
Equation:

Code Coefficients
P05A01 Reckhow(1978)
PO5X01 Optimal
standard errors
P0O5X02 Optimal *
standard errors

K1
1.20 1
1.87

.24
1.65

.16

Model P04: Jones and Bachman (1976)
log(Pi) - log(Kl + K2 T)

K2

o7

&

.17
1.83
l93

.6

6

.87
.49

Table 25 (continued)

e — e T e S S Ty P S B B e . e o o
e o e et 2 e s R

log(P) = log(Pi) - log(Kl + K2/Qs)

N R2 MSE
43 .370 .091
43 119 .128
43 .449 080
43 . 582  .064
39 .767 .036
N R2 MSE

43 448 L080
43 .585  .063
39 777 034

Model PO06: Kirchner & Dillop (1975)

Equation: log(P) =

Code Coefficients

PO6AOLl Kirchner et al. (1975)

P06A02 Ostrofski (1978)
P06A03 Mueller (1980)
PO6X01 Optimal
standard errors
P06X02 Optimal *
standard errors

Ki
426
.201
.29
w387
074
-502
.066

K2

.271
.043
. 556
<353
394
.216

112

K3 X4 N
.574 00949 43
.574 .00949 43
.710 .00483 43
.613 .0023 43
.074 .0017

.498 .0012 39
.066 .0013

log(Pi)~log{1-K1l EXP(~K2 Qs)-K3 EXP(-K4& Qs))

R2
448
476
. 492
.605

79

MSE

.080
.076
074
062

.035

Model P07: Norvell,

Frink, and Hill (1978)

Equation: log(P) = log(Pl) + log((Kl + Qs)/(K2 + Qs))

Code Cocefficients Kl K2 N R2 MSE

PO7A01 Norvell et al. (1978) 1.2 12.0 43  .276 .105

PO7X01 Optimal 102.1 285.5 43 603 .060
standard errors 95.9 221.6

PO7X02 Optimal * 116.1 276.2 39 .767 .036
standard errors 99.1 116.1

129
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Table 25 (continued)

Model P08: Higgins and Kim (1980)
Equation: log(P) = log(Pi) + log(Kl + K2 log(Qs))

Code Coefficients Kl K2 N

R2 MSE
POBAOl Higgins et a2l.(1980) .54 .51 43 ~-,905 .262
P08X01 Optimal 214 156 43 .598 .061
standard errors .127  ,080
PO8X(2 Optimal * .252 .166 39 776  .034
standard errors 109 .068
Model P09: plug flow settling
Equation: log(P) = log(Pi) - K1/Qs
Code Coefficients Kl N R2 MSE
PO9AOL Higgins et al. (1980) 26.5 43 -12.0 1.890
P09X01 Cptimal 4.03 43 .245  ,112
standard errors .82
P09X02 Optimal * 3.53 39 .558 .066
standard errors .65
Model P10: Clasen (1980) K2 K3
Equation: log(P) = log(Pi) - log(l + KL T Z )
Code Coefficients Kl K2 K3 N R2 MSE
P10AOl Clasen (1980) 7.24 ,608 =-.50 43  .560 .064
P10A02 Fricker (1980) 9,35 1,00 -.69 43 ,396 .088
P10X01 Optimal 2.26 0.29 -~.,09 43 .607 .06l
standard errors 1.54 .15 W25
P10X(02 Optimal * 2.13 .30 =-.16 39 .780 .035
standard errors 1.21 .13 022
Model Pll: Clasen (1980), Fricker (1980)
Equation: log(P) = K1 log(Pi) +K2
Code Coefficients Kl K2 N R2  MSE
P11A01 clasen (1980) .85 -.11 43,597 .059
P11A02 Fricker (1980) 1.01 -.35 43 .549 065
P11A03 Fricker (1980) .88 =.18 43 ,574 .062
P11X01 Optimal .70 .28 43,682 .048
standard errors 075 .16
P11X02 Optimal * .67 .37 39 .793 .032
standard errors 074 .15
(continued)
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Table 25 (continued)

Model P12: Clasen (1980) KZ
Equation: log(P) = log(Pi) (1 - K1 T )
Cede Coefficients Kl K2 N R2 MSE
P12A01 Clasen (1980) .25 .32 43,678 047
P12X01 Optimal «23 17 43,711 044
standard errors 029 .072
P12X02 Optimal * .20 .20 39 .834 .025
standard errors 025 ,067
{ e g W, o ") P, M M S £ W g 2 i P i 57 I A W 4 O S
] Model P13: Fricker (1980) 3
3 Equation: log(P) = Kl log(Pi/(1+T )) + K2
Code Coefficients Kl K2 N RZ MSE
P13AC01 Fricker (1980) .906 104 43 .608 .057
P13A402 Fricker (1980) L7154 ,254 43 707 .042
P13A03 Ryding (1980) .86 —.02 43 ,.595 .059
P13X01 Optimal 704 .396 43 .726 .042
standard errors 067 131
P13X(2 Optimal * 677 463 39 ,833 .026
standard errors 064 ,125

e —— e D W e e e m e e A el e o ——— e

Model Pl4: multivariate, Walker (1977a)
Equation: log(P) = Kl + K2 log(Pi) + K3 log(Z) + K& log(T)

Code Coefficients Kl K2 K3 K& N R2 MSE

PI4A0]1 Walker (1977a) -.02 .88 -.15 -.17 43 .645 .051

PL4XCl Optimal .96 .53 -.41 -.053 43 .807 .031
standard errors .26 075 .12 .057

P14X02 Optimal * .96 .51 ~-.39 -,078 39 .869 .021

standard errors .25 073 .12 .05]

Model P15: generalized phosphorus sedimentation
Kl K2 K3 K4
Equation: log(P) = log(Pi) — log(l + 10 Pi Z T )

Code Coefficients Kl K2 K
P15A01 Canfield & Bachman(1981) -.89 .55 O.
P15A02 Canfield & Bachman(1981) -.78 .46 0.
P15A03 Canfield & Bachman(1981) -.94 .59 0

3 K4 N R2 MSE
0 .45 43,712 .042
0 .54 43 .610 .057
L0 .41 43 737 .038
8
5
0

P15X01 Optimal -2.45 .89 .7 06 43 .804 .031
standard errors DT 1B w2 .12

P15X02 Optimal -2.95 1.0 1. .00 43 .800 .030
standard errors .05 - - -

P15X03 Optimal * ~-2,98 1.0 1.0 .00 39 .841 .,023
standard errors .05 - = =

P15X04 Optimal * -1.75 .68 .52 .16 39 .85% .022
standard errors .60 .18 .25 .11

(continued)




Table 25 (continued)
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Model P16
Equation log(P) =
S5r =

Code Coefficients Kl K2
P16A01 Walker & Kuhner (1978) -4.0

1.00
P16X01 Optimal -5.0 .95
standard errors 7.1 41

e S A=

log(Pi) - log(l + (K1 + K2 Sr)/Qs)
sedimentation rate (kg/m2-yr)

o i
e 1

* restricted data set includes reservoirs with:

Inflow Total P < 500 mg/m3
Inflow (Dissolved P/Total P) > .12
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Table 26

Formulations, Parameter Estimates, and Error Statistics
for Loading Models Predicting Chlorophyll-a

B e e e e S T S B B B o, . e . e T P e e

Model B1O

Equation: log(B) = K1 + K2 logl Pi/(1 + 12.4/Qs) }

Code Coefficients Kl K2 N R2  MSE
B10AOl Chapra (1976) -1.08 1.45 43 -5,5 ,733
Bl10X0l Optimal .13 .46 43 .345 ,077
standard errors wil:9 .10
B10X02 Optimal * . 06 91 39 .352 .08l
standard errors 22 .11
Model Bl .5
Equation: log(B) = K1 + K2 logl Pi/(1 + T ) ]
| Code Coefficients K1l X2 N R2 MSE
i B11A01l Vollenweider (1976) - 44 .91 43 -,636 .184
y B11A02 Rast & Lee (1978) -.26 .76 43 -.006 .113
¢ B11A03 Clasen (1980) -.02 .58 43,360 .072
4 B11A04 Fricker (1980) -.22 .68 43 .328 .075
] B11A05 Fricker (1980) -.22 . 11 43 ,211 .089
E B11A06 Ryding (1980) ~+31 .81 43 ~-,221 .137
: B11A01 Ryding (1980) -.82 1.01 43 ~.182 ,110
B11X0l Optimal 10 48 43 L4322 .067
standard errors .17 .086
B11X02 Optimal * .04 .52 39 439  ,070
standard errors .19 .096
B11X03 Optimal *=* -.15 .66 29 .,583 .062
standard errors .19 .107
Model Bl2 5

Equation: log(B) = K1 + logl 1 - exp( -K2 Pif(l + 2 T ))]

Code Coefficients K1 K2 N R2 MSE

B12A01 Clasen (1980) 1.70 .007 43,020 .110

B12X01 Optimal 1.21 .022 43,408 .069
standard errors .07 .0067

B12X02 Optimal * 1.23 .025 39 .410 .077
standard errors .071 .0081

(continued)




Table 26 (continued)

—_— — T

Model Bl13 .5

Equation: log(B) = Kl + K2 log( Pi/(1 + 2 T )]

Code Coefficients Kl K2 N R2 MSE

B13A01 Clasen (1980) .06 .58 43  ,320 .075

B13X01 Optimal 517 .46 43 .431 .067
standard errors will g .083

B13X02 Optimal % .13 .50 39 .432 .071
standard errors 17 .09

Model Blé&

Equation: log(B) = K1 + K2 log[ Pi/(1l + 92/Qs) ]

Code Coefficients Kl K2 N R2 MSE

BL14AOL Walker (1980Db) 49 34 43,204 .089

Bl4X0l Optimal 9L .32 43 .205 .089
standard errors .16 .10

Bl4X02 Optimal * <2 32 39 .187 .099
standard errors 17 11

Model B1S5

Equation: log(B) = K1 + K2 log{ Pi/(1 + .001 Pi Z) ]

Code Coefficients K1l K2 N R2  MSE

B15X01 Optimal -.24 LJ1 43 540 054
standard errors .18 10

B15X02 Optimal * -0 23 .71 39 .520 .060
standard errors 20 W11

BI15X03 Optimal *% -.48 .89 29 .710 .042
standard errors .18 .10

* 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
Nonalgal turbidity > 1.58 1/m (.2 log units)
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Table 27

Formulations, Parameter Estimates, and Error Statistics
for Loading Models Predicting Transparency

——— e e e T e T e B T B e e B B e e e e B B et e e St B e o s e

Model S10: Rast and Lee (1978) <3
Equation: log(8) = K1 + K2 log[ Pi/(1 + T )]
Code Coefficients Kl K2 N R2 MSE
S10A01 Rast & Lee (1978) .93 -.36 43 .044 .101
S10A02 Ryding (1980) 1.12 -.51 43 ,485 .054
S10A03 Clasen (1980) .93 -~.20 43 -2.41 .360
S§10X01 Optimal 1.13 -.60 43  ,717 .031
standard errors A1 .058
§10X02 Optimal * 1.20 -.65 39 .807 .021
standard errors .10 .054
% S10X03 Optimal *%* 1.08 -.56 29 .828 .013
R i .088 .049
Model S11
3 Equation: log(S) = K1 + K2 logl Pi/(1 + .001 Pi Z)]
: Code Coefficients Kl X2 N R2 MSE
S11X01 Optimal 1.47 -.84 43 .795 .023
standard errors al2 . 066
S11X02 Optimal * 1.43 -.82 39 .800 .,022
standard errors sl 2 . 066
S11X03 Optimal *% 1.25 -,69 29 .845 .,012
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
Nonalgal turbidity > 1.58 1/m (.2 log units)
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hypolimnion during the summer. (Compilation of data on principal outlet
levels is currently underway to provide a means for testing effects of
outlet level on reservoir nutrient balances.) Seasonal variations could
increase or decrease the ratio, depending wupon the significancé.of
ceasonal hydrologic variations, dilution effects on point-source
discharges, internal phosphorus loadings, algal growth and sedimentation
patterns, etc. Correlation studies indicate that the F/PS ratio is not
significantly‘associated with hydraulic residence time, mean depth, or
surface overflow rate.

137. The relationship between average pool phosphorus and average
inflow pheosphorus is shown in Figure 16. The regression line (model
PL1X01) explains 68% of the variance with 2 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 phosphorus concentrations
which exceed the inflow values may result from the combined influences
of seasonal variatiomns, 1internal or wunaccounted-for loadings, and
sampling variability.

138, Following the outflow phosphorus analysis, each model has
been fit to an additiomal data set which excludes 4 reservoirs with
inflow concentrations exceeding 500 wmg/m3 or with inflow dissolved
P/total P ratios less than .12. Residuals plots indicate negative
biases for reservoirs 1in the above categories for most models.
Results of the internal model evaluations (Part V) indicate that
chlorophyll-a levels are roughly proportional to total
phoshorus concentrations for non~algal turbidity concentrations less
than 1.58 I/m (.2 log units). To reduce the effects of relatively
turbid or N-limited reservoirs on model coefficients, 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 1/m or inflow total N/P ratios less than 8 has also
been used in fitting some models. The third data set includes 29
reservoirs. Residuals plots verify use of the above limits,
particularly for chlorophyll models, 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 coefficient, in
this case estimated from the pool and inflow P values, is independent of
concentration (P01~P10), mean squared errors range from .034 to .9?6.
An average sedimentation coefficient of 3.6 1/yr is estimated for model
P01l and an‘average settling velocity of 21 m/yr, for model P02, These
parameters are somewhat lower than those estimated for outflow
phosphorus predictions, although they are still generaliy'higher than
values derived frow lake data (Appendix E)}. The optimal parameters for

model P03 suggest & lower sensitivity to residence time (.26} than

predicted by the original Vollenweider/Larsen—Mercier model:
P =Pi/(1+ 1.8 T°2%) (R2=.6l,SE2:.06) (59)
Models P11-P12 have a lower mean squared error range (.024-.036).

140, When the sedimentation coefficient is allowed to wvary as a
function of inflow concentration, mean depth, and residence time, the
following model results (P15X01):

.89 .78 .06 2 2

P=Pif(1 +.0035Pi Z T ) (R =.80,S8E =.031) (60)
Considering the variabilities in the coefficients, this 1is equivalent
to:

P =pi/(l + .001 Pi Z ) (R2=.80,SE2=.030) (61)
The above statistics refer to the complete data set. Excluding
reservoirs with inflow total P greater the 500 wg/m3 and inflow
dissolved P/total P less than .12, the coefficients are stable but the
mean squared error reduces to .024 (model P15X03 in Table 25). The
above result 1is equivalent to the following expression for the total

phosphorus sedimentation coefficient:

K = .00l (piZ/T) =.001l0L (62)

where, )
effective first-order decay rate (yr )

L = total phosphorus loading (mg/m2-yr)

Thus, optimal coefficients suggest that the average decay rate is
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proportional to areal phosphorus loading. This 1s consistent with

results obtained by Canfield and Bachman (1981) in their analysis of
data from 704 mnatural lakes and reservoirs, 626 of whose data were
derived from the EPA National Eutrophication Survey. When lake and
reservoir data were <combined, Canfield and Bachwman 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
(P15401, P15A02, P15A03) were calibrated to all data combired, lake data
alone, and reservoir data alone, respectively. Their reservoir model
(P15A03) performs better on this data set than any of the other models
tested (R2=.74,SE2=.038) with original coefficients.

141. Models P01, P02, P03, and P10 are special cases of model P15,
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 wvarious forms of model P15, 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 P15, using each of the three data sets described above.
Results indicate that two Canfield/Bachman models (P15A01 and P15A03)

are not significantly different from the optimized forms Ffor the

restricted data sets (B and C). For these data sets, errors from the
Canfield/Bachman reservoir model (P15A03) with Pi, Z, and T exponents of

.59, 0., and .41, respectively, are not significantly lower than model

o m————

P15X02, with corresponding exponents of 1.0, 1.0, and 0.0.

142, To better define the confidence ranges for model PIL5S
parameters, residual mean squares are mapped for various'values of the
Pi, Z, and T exponents in Table 29. The model intercept (parameter Kl
in 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 T are
4 to 1.2, 0., to 1.2, and O. to .4, respectively. These ranges are

conditional; i.e., the parameters are not independent of each other.

T
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with Table 28

of
were
and Tests for Variations in Model P15 Parameters - -~
the L Data Set -~—-——--=——
e T i Parameters ——---— A B C

Model bi bt bz C AE MSE AE MSE AE MSE

nts o e B i e e e kS e B e e i S — s s ey s P e R e e
613 PO1AOI 00 1.00 .00 -.19 283 1322 240 831 220 735

P012402 .CO 1.00 .00 .30 248 961 211 572 199 517
ata P0O2A01 .00 1.00 -1.00 1.00 254 13103 209 633 193 561
lel PO2A03 .00 1.00 -1.00 1.20 229 959 189 543 170 489
| PO2404& .00 1.00 -1.00 1.96 298 1534 285 1474 296 1534

1s : PO3A01 .00 .50 .CO .CO 228 909 189 515 169 442
E P03A02 .00 .45 .00 -.09 236 972 195 559 173 480

§ PO3403 .CO .51 .00 =~.05 236 968 196 557 175 480

Bis i PO3A0& ,00 .83 .00 .32 233 852 198 500 186 455
PO3A0OS .00 .59 .00 .36 205 691 174 405 165 384

b P03406 .00 .50 .00 .30 197 665 165 378 155 350

'8 ; P03A07 .00 .C5 .00 .15 196 646 170 428 166 378
- P10AOL .00 .61 -.50 .86 194 661 163 382 154 352

P10AO2 .00 1.00 -.69 .97 228 913 192 520 174 464
t P15A01 .55 .45 .00 -.89 157 437 131  260% 121 = 233%
j P15A02 .46 .54 .00 =-.79 187 593 157 341 145 306
P15A03 .59 .41 .00 -.94 148 396 124  249% 114  220%

P15X02 1.00 .00 1.00 -2,95 138 309% 123 238* 108 189«
P15X04 .68 .16 .52 -1.75 140  330% 119  211* 105 175%

c bi bz bt
Model: P/Pi = 1/(1 + 10 Pi Z T )
Data Sets:
A = all data (n=43)

B = Pi < 500 mg/m3, Inflow Ortho-P/Total P > .12 (n=39)

C = B constraints + Turbidity < 1.58 1/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 different from
optimal values (p<.05), based upon F-ratio test (Bard, 1974):

MSE/MSE* =1 + p F / (u-p)

where,
MSE* = minimum mean squared error

i p = number of model parameters = 4

o n = number of observations (29, 39, or 43)

M F = F Statistic with p and n-p degrees of freedom
31,

?

e 141




Table 29

Confidence Regions for Model Pl5 Parameters

-04 "'.2 0- I2 .4 ;6

e B S e i e 8 e e B s e e e e e

52 37 29 28 33 46
46 33 27% 27* 33 46
42 31 26% 27% 35 49
39 30 26*% 29 38 54
38 30 28 33 43 62

o e e s e e e e e e e e e T e R et e e S B e e e

4 51 35 26% 23% 25% 33
6 46 32 25% 22% 25% 35
8 42 30 24% 23% 28 39

.0 40 30 25% 26% 32 45
2 40 31 28 31 39 54
4 41 35 33 38 49 67

bi bz bt

Model : P/Pi =(1l +cPi Z T )

parameter ¢ values optimized for each set of bi,bz, and
bt values

table entries are values of residual mean square x 1000

for estimating base~l10 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 im Table 25, This suggests that, while model P15 performs
somehat better than the other formulations, the optimal coefficients are
pot well-defined, i.e., the coefficients can vary over fairly wide
ranges without significant changes 1in error because of correlations
among the independent variables (Pi, Z and T). ;

143. The most curious aspect of equation (61) 1is that the
predicted total phosphorus concentration is independent of hydrologic
factors (residence time or overflow rate). The low hydrologic
sensitivity may reflect the fact that the completely wmixed, "bathtub"
assumption imherent in the calculation of mean hydraulic residence time
is inadequate as a representation of reservoir hydrodynamics. The
significance of mearn depth may be related to internal loading or
phosphorus exchange with the bottom sediments. The fact that reservoir
phosphorus and other response variables can be predicted independently
of hydrologic factors considerably reduces the data requirements for
model 1implementation. The original concept of a first-order
sedimentation reaction in a mixed vessel as a model 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 purely empirical results, i.e., they
have no theoretical basis.

144, TFor each response variable, it is difficult to select the
"best" formulation for normalized loading based 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
differ primarily with respect to morphometric or hydrologic
coefficients. Because variations in inflow concentration account for
most of the wvariations in the normalized loading statistics, it is
difficult to distinguish among the model formulations. Table 30
presents correlation coefficients for each response variable (total P,
chlorophyll-a, and transparency) against seven alternative expressions

of normalized phosphorus loading, derived from the model calibrations in

143




Correlation of Response Variables with Normalized Phosphorus Loadings*#*

Expression

Table 30

Total P

1 Pi
2 Pi/(14T°°)
3 Pi/(L42T°7)
& Pif(1+1.437°
.2
py (1-:2T°9)

25)

6 Pi/(l+.llh pi’
Pi/(1+.001 Pi Z)

59T'41)

1 pi

2 Pi/(1+T'5)

3 Pi/(l+2T'5)

4 Pi/(1+1.43r‘25)
.2

Pi(l—.ZT )

41
6 Pi/(l+.llh py 29T )

7 Pi/(1+.001 Pi Z)

1 pi

2 Pi/(14T)

3 Pi/(l+2T.5)

& Pif(1+1.43T°2
2

oy (1-.21°%)

%

.41
6 Pi[(l+.Ll& Pi'ng )

7 Pi/{(1+.001 Pi Z)

* data set restrictions: 1

Inflow Total P (mg/m3)} -
Inflow (Diss P/Total P) -
Inflow (Total N/Total P) =
Turbidity (1/m) -

Number of Reservoirs 43
o <R

*% all wariables log-transformed

.826
.852
.857
.853

.856
.863
.895

-—— Data Set 2%

.891
.912
.914
.914

.916
.910
.918

-—— Data Set 3%

.904
«915
. 910
.917

.918
. 906
+929

< 500
> .13

144

Data Set 1%

<643
+657
.657
.655

.654
.651
wd

656
.662
.657
.662

.658
.645
723

Transparency

-.794
-.847
-.863
~.841

-.855
-.879
-.892

~.849
-.888
-.897
-.885

~.876
=310
—« 916
-.908

-.911
-.914
~.920
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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 differences 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 expressions gested for a
given data se£ and response variable.

145.  Figures 17 and 18 illustrate response variable correlations
with two normalized loading statistics: Pv (the
Vollenweider/Larsen-Mercier expression, model B11A0l) and Pn (equation
(61)), respectively. Plots for other normalized loading statistics
listed in Table 30 are not substantially different. Regression 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-Mercier normalized loading is not significantly
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 OECD North American
impoundments are north of the impoundments in this data set (see Part
VIII, paragraphs 189-192).

146. When the Vollenweider/Larsen-Mercier expression. (Pv) is used
for normalized phosphorus loading, stepwise regressions (Appendix D,
Table D16) explain 20%, 74%, and 50% of the residual variance in
phosphorus, chlorophyll, and transparency, respectively. When equation
(61} (Pn) 1is used for normalized loading, regressiomns explain 0%, 70%,
and 187 of the residual variance, respectively. High percentages for
chlorophyll models are primarily attributed to residual correlatiomns
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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Figure 17

Observed and Predicted Water Quality

Using Pv for Normalized
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Figure 18
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P ratio at P-limited stations is inversely related to the square root of
the procduct of mean depth and turbidity, possibly owing to effects of
light-limitation and/or nutrient availablility.

147. Plots of chlorophyll-a residuals against residence time, the
product of turbidity and mean depth, inflow total N/P ratio, and inflow
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 over-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 N/P ratios less than about 8, or inflow ortho-P/total P
ratios less than about .2. Chlorophyll is under-predicted in reservoirs
with turbidity-depth products less than about 2.5 or inflow total N/P
ratios greater than about 40. Because of correlations among these
factors, it is difficult to establish which is the most important.
Stepwise regressions indicate, however, that the product of turbidity
and mean depth explains most of the residual variance. These residual
associlations 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 .0l2 to .0l8 and are considerably 1lower than the
phosphorus (.019-.025) and chlorophyll (.043-.063) model error ranges.
The relatively low 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 particulates
would tend to be greater in reservoirs which are shallower 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 from two partially offsetting mechanisms in reservoirs
with lower inflow dissolved P/total P ratios: (1) higher turbidities

associated with allochthonous particulate phosphorus (tending to
s e
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Residuals Plots of Chlorophyll-a vs. Pv

Model: log(B) = -.15 + .66 log(Pv)
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Figure 20

' Residuals Plots of Chlorophyll-a vs. Pn

Model: log(B) = -.48 + .89 log(Pn)
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Figure 21

Residuals Plots of Transparency Models

Model: log(s) = 1.08 - .56 log(Pv) Model: log(S) = 1.26 - .69 log(Pn)
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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 erxrrors of these
models.

149. Regional analyses j”iggest that both sets of loading models
tend to under-predict tra&»‘parency in  northern impoundments
(approximately above 42 degrees latitude), which tend to have lower
ron-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 reservoirs with more than one arm. Effects are not
significant, however, except for transparency predicted according to
model S11X03 (Table 27}, for which mean residuals are higher by about .1
log units in reservoirs with more than arm. The effecr 1is small 1in

relation to the error correlations discussed above.

Effects of 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 imdividual station averages.

152. To provide a basis for a preliminary assessment of spatial
variance efﬁects, the ranges of station-average | phosphorus,
transparency,. and chlorophyll values have been calculated for each
reservoir during the year sampled by the EPA/NES. Figure 22 displays the

ranges in the average phosphorus concentrations against annual-average
‘/’ ..

152

out

the

ave

22-
sta
sta
bas
val
mul
Coc
ext
uni
ex]
cal
in

vail

tr:
va:
re:
Fi;
an

8p

tr
fr

fo

ar

ba
cc

wi



18

5y

>f

ot

ly

al
5,
ch
he

ge

TR

e ——— s+ R T s E | TEWT e T

e ——T

outflow phosphorus concentration. Figures 23-25 display the ranges in
the phosphorus, chlorophyll, and transparency averages against the
average inflow phosphorus concentration.

153, Some of the within-reservoir variability depicted in Figufés'
29-25 is statistical, i.e., results from the limited accuracies of the
station-mean estimates, The average coefficient of variation of the
station-mean chlorophyll estimates is .28 (Table 12), or abéut .12 on a
base-10 1ogarithmic 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 size (Snedecor and
Cochran,1972). For an average of four stations per reservoir, then, the
expected range of the station-average chlorophyll is about .24 log
units. Corresponding calculations for phosphorus and transparency yield
expected ranges of .13 and .15 log umits, 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 1indicate that within-reservoir
variability accounts for 36%, 24% , and 21%¥ of the total wvariance,
respectively. 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 in North
Dakota, in  which station~average chlorophyll, phosphorus, and
transparency values differ by factors of 23, 36, and 21, respectively
from one end of the reservoir to the other.

155. While the models calibrated in the previous sectiom are valid
for predicting reservoir-average conditions, calculated as the simple
arithmetic means across reasonably well-distributed statioms, it is
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 cases.
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Figure 22

Ranges of Station-Mean Phosphorus Concentrations vs.
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Figure 23

Ranges of Station-Mean Phosphorus Concentrations vs.
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Firm conclusions regarding appropriate nutrient loading models for

reservoirs cannot be drawn without a more detailed analysis of spatial
variance 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 wmany 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 reservoir
into its major tributary arms and treats the nutrient balances and water
quality responses separately within each arm, while considering the
potential for longitudinal wvariations. 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,
reservolir—-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 coefficient. The
concentration-dependence may be related to the influence of
internal loading terms which are neglected in the nutrient balance

formulation.

b. Retention model coefficients for predicting outflow phosphorus

concentrations agree well with values found by Clasén (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 1in original model
development. Some of this difference can be attributed to the
effects of spatial variance or plug flow 1in reservoirs, although
higher sediment accumulation rates are probably also involved,
since residuals from all phosphorus models are negatively

correlated with sediment accumulation rate.

Alternative formulations for predicting outflow phosphorus include:

I5 2 2
Po = Pi/(1 + 2.1 T ) (R =.70, SE =.034)
. 2 2
Po = Pi/(1 + .21 Pi T ) (R =.83, SE =.026)
32
(1-.25T ) 2 2
Po = Pi (R =.81, SE =.027)
where, "
Po = outflow total P (mg/m )}
Pi = inflow total P (mg/m )
T = hydraulic residence time (years)
The first expression 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.
Residual variance from the above models 1increases 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.

3
...
-i e. Two alternative schemes for  predicting surface  phosphorus,
3 chlorophyll, and transparency values, averaged by reservoir and
% growing season are:
B 5
Pv = Pi/(1 + T )
5 | 2 2
= log(P) = .30 + .76 log(Pv) (R =.84,SE =.022)
2 2
i log(B) = -.15 + .66 log(Pv) (R =.58,8E =.062)
& 2 -
log(s) = 1.08 -~ .56 log(Pv) (R =.83,SE =.013)
and,
Pn = Pi/(1 + .00l Pi Z)
2 2
log(P) = log(Pm) (R =.86,8E =.019)
2 2
log(B) = -.48 + .89 log(Pn) (R =.71,8E =.043)
5 2 2
log(8) =1.26 - .69 log(Pn) (R =.85,SE =.012)
E‘a where,
|

3
= reservoir total P (mg/m )

= reservoir chlorophyll~a (mg/m )

reservoir transparency (m)

N W =6

mean depth (m)

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 1s 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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Residual wvariance for the second set of models is slightly lower

and shows less association with reservoir mean depth. Residuals for
both chlorophyll models are mnegatively 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
residual variance 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.

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 1is 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 wvariations (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 importance of exchange/equilibration with bottom
sediments, as oppcsed to a kinetically limited sedimentation
process, as the most important factor regulating Treservoir

phosphorus levels.

Spatial water quality wvariations within many resexvoirs 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 reservoirs into relatively
homogeneous segments would permit more refined calibration and
testing of load/response relationships and provide a framework for

predicting spatial wvariatioms in eutrophication-related water

quality characteristics in reservoirs.,
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PART VII: OXYGEN DEPLETION MODELS

Introduction

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. The models investigated are

summarized in Appendix E, Part IV.

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 peried. Estimation of depletion rates for these reservoirs
would require detailed consideration of vertical, horizontal, and
temporal wvariations 1n oXygen and temperature 1in 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,
metalimnetic 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 pg/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)

2

where,

TDO

n

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 "oxic" lakes could be distinguished from "anoxic'" 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 wvalues 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 of 200 days is equiv-
alent to discrimination at a volumetric depletion rate of 0.06 g/m3—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 potemtial errors involved in using TDO as an indicator
of oxygen status. The potential influences of spring DO variations on
model testing results are small, since variations in 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.0. variations would have negligible influence on group separation
statisties, although they may contribute to individual <lassification
ErTOTS. Classification errors are evalmated for each model with error
tolerances of accounting for variations of plus or minus 26% in spring
D.0. 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 S5-foor, l-week intervals. While anoxic conditions wmay
develop earlier at relativelvy shallow, upper-pocel stations in  some
reservoirs, data from mid-pool or near—-dam stations would be morve
representative of the total hypolimnetic volume and have been used
exclusively in these tests. Plots have been reviewed and the following

data extracted:

maximum profile depth

o
L4 -

mid-summer, mid-thermocline depth

ied
.

mid-summer, top-to-bottom temperature difference

jex

maximun extent (minimum depth) of anaerobic zone (D.0. < 2 mg/l)}

mean hypolimoetic temperature

bew

Because of the scale factors used in the contour diagrams, estimates of
top~to—bottom vtemperature difference bave 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:

Group Anaerogigl?gzctQOﬁ ggigggoggs
Oxic < .2 5
Intermediate 2= U8 12
Anoxic > .8 46

The data set includes 63 vreserveirs with stable stratification and
mid-summer, top~to-boiftom Lemperature differences greater than 6 degrees
C. This classification scheme provides an approximate basis for testing
the TDO statistic and other disceiminant fupctions (Reckhow, 1978} as

predictors o¢f oxygen status in etratified reservoirs. All of the
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reservoirs in the "Ozic™ class had no observed apaercbic conditions.
Contour plots indicate that metalimnetic oxygen demands are sigmificant
in about 10 of the above reservoirs.

162. Hean hypoiimnetic depths have been estimated using mean pool
elevations, mid~thermocline depths, and the morphomeifric polynomiazls
described in Part I1I. Estimates of average water quality conditions
needed for model testing have been derived by averaging mid-pool and
near~dam stations within each reserveir. Phospherus loading statistics
refer to the year of pocl sampling by the EPA/NES. Two sets of data have
been used in model testing: one includiepg all 63 reservoirs and another
including 27 reservoirs which passed the screening criteria for water
guality and nutrient loading data in Part 1YL, Model comparisons are
not  significantly different, however, for the two data sats. Most of
the misclassifications (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 €3, lists the data set used for

oxygen medel Lesting.

Statistical Methods

163.  Figure 26 summarizes the theory of a univariate discriminant
function for groups of unequal variance. The F-sratistic derived from a
one-way analysils of variance of the discriminent functieon (estimated
DO grouped by observed oxygen status provides one measure of
discriminating power. The following statistic is another useful meazsure

of mormalized distance between groups which does not assume homogensity

of variance:

z¥ = (Ml - M2) / {81 + $2) {64}
where,

Z* = normalized distance between groups 1 and 2

¥l = mean of group 1

M2 = mean of group 2

81 = standard deviation of group 1
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Figure 20

Theory of Univariate Discriminmant Functions for Two Groups
of Unegual Variance

Group 1 Group 4

i

Define error integral P* and critical value X% that:

) Bk
pl¥ = ‘j(fl(xi ix = pax = “iﬁ £2(x) dx
xE ot
where,
£f1{¥) = normal frequency distribution function of group 1 (M1,51)
£2{(X) = normal frequency distribution function of group Z (MI,Sl)
Pl*¥ = fraction of populaticn X1 above X¥
P2% = fraction of population X2 below X¥

Solution given by:

2% = {X* -~ ML) [/ 81 = (M2 - x*) /[ 82
X% = (Ml &2 + M2 81) / (81 + 82}
Zw = (M2 - M1) f {81 + 52)
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52 = stasndard deviation of group 2

As demonstrated in Figure 26, Z¥ reflects the overlapping of the
populations and can be used to caloulate F¥*, the probable classification
error. The critical value of the discriminating variable at which the

classification errvor probabilities are equal for each group 1s given by:
¥¥ o= (M1 82 + M2 81 ) / (51 + 82} (65)

Caleulated wvalues 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.

1864, Classification errors have Dbesen assessed by  comparing
predicted Iogl{TRO} walues with observed oxvgen status, using a nominal
estimate of 200 days (2.3 log units) as an average value for the length
of the stratified period and as & rule for distinguishing asmoxic
reservolirs from the others. Hisclassificabions have also been computed
allowing for an error margin of .1 leg units In the discriminant
function, to allow for potential wvariations in 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.

Medel Testing

185, Models can be broadly categorized intc those based upon
internal water quality measurements and those based upon external
phosphorus loadings. Table 31 1lists the codes, formulations, and
original parameter estimates for each model evaluated. HModsls have been

evaluated based upon the following criteria:

notmalized distance wmessures and ANOVA statistics

®

e

classification errors

review of bivariate ¢lassification plots

el
.

d. parameter stabilicy
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Table 31

Models for Predieting Reservelr Oxygen Etatus

et o e S e o e e -, WA Al e, e, g s o o, o i s e i W e . 0 P AT R, W, e e ey i . o T e A 5 0 s e W M, W W W S S e T . T T

DOLACL 1og(HODa) = .35 -~ 1.35 log(s}

& = mean Secchi depth (m)
HODa = areal hypolimnetic oxvgen depletion rate {g/m2-day)

oy e e K4 Vi e AP o 480 3800 Ak e e e e e 4 VA R B4 8409 b e e e s e Wik e v e e T . R a7 £ s ok ok s e s o, o < . e e i e b, W 54 5 e Sk Bt

Model D0Z: Walker, 1879

BOZAOL log(HODa) = Fm + .0204 ( ~15.6 + 46,1 log{(P) }
D02A02 log(HODa) = Fm + L0204 ( 75.3 + 44,8 log{(l./5 ~ .08} )
$02403 log(HODa) = Fa + 0204 ( 20,0 + 33.2 log(B) 3
DOZAO4L  log(HODa) = Pm + 0204 ( ~15.6 + 46.1 log(Pv) )
DO2405 log(HODa} = Fm + 0204 ( ~15.6 + 46.1 log(Pn) )
2
Fa = =3.58 + 4,55 log(Z) - 2.04 log(Z) , for 2 < 20 m
= -},12 , for 2 » 20 m
.5
Pe = Pif (1 + T }

Pn = Pif {1 + .00l Pi %)

Fam * morphometric factor

7 = mean depth {(m)

P = mean total P {(mgfm3)

B = mean chlorophyll-a (mg/m3)
PL = average inflow total P concentration (mg/m3)

T = mean hydraulic residence time (yrs)
Pv = Vollenweider/Larsen-Mercier normslized phosphorus loading
Pn = normalized leading according to equation (61), Part VI

S b e s s, e b Ao S SR B S S M i S S AR it Pt o 4o S s o S B e e S T P A 9 R TR S e S et o . S o 453 O i o T Py S e S e e et i et Yo S0 e

Model DO3: Welch and Perkins, 1979

DO3A0L  log(HODa) = —1.4% + .39 iog (P1 Z )}

(continued)
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Table 31 {continued)
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Model DO4: Cornett and Rigler, 1979

1.74
DOSADL HODa = -.277 + Q005 Ap + .005 Th + 150 In{Zh)

Ap = Qs (Pi - Po)

Ap = total phosphorus accumulation {trapping) rate {mg/m2-yr
Po = average outflow toral P {mg/m3)

e = surface overflow rate {m/yx}

Th = mean hypolimnetic temperature (deg CJ

Zh = mean hypelimnion depth (m}

Model DPO5: Rast and Lee, 1978 (DOSAOL)
Vollenweider and Herekes, 1980 {(p{5AD2)
Ryding, 1980 (D05A03)

DOSADL  log(HODa)
DO5A0Z  log(HODa)
D05403  log(HODa)

-1.07 + .467 loglPv)
~1.07 + 385 log(pv}
~2,42 + 67 log(Pv) + log(Zh)

oo

Model DO6: Reckhow, 1978

i

DO6A0L D = 2.33 - 4.61 log(Pi) + 5.73 log(Z) - 0.50 log(Qs)

discriminant score (Oxic for D > Q)

i
i

AR e R e At e A S S VS i B B e S b e i s s, AR i i b A S0 S st . e e Bt < 4G M Wb Vit Wi . AP ARRS S e S G564 i ot 4 S W ) R R Sk S SR P
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e. interpretation of cutliers (misclassified reserveoirs)

Table 327 summarizes the ANOVA statistics and distributions of calculated
discyiminznt funciions for each reservolr group and model. For
comparative purposes, the distributions of vreservoir morphometric,
hydrologic, and water quality characteyistics within each group are alseo
described. With the exception of Lake Sakakawesa, described in detail
below, mnene of the completely oxic reservoirs are misclassified by any
of the models. The sawple size for this group, however, iz limited to
4. Table 33 presents group separation statistics for reservoirs
classified into two categories, "anoxic” and "other', where the latter
vefers te the "oxic™ and "intermediate"” groups combined. Classificaticn
ervors with and without telerances are presented in Table 34 for the
above categories. 48 discussed bhelow, one oxic regervolr {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 wmeans of evaluating
the models. Most of the models are separable into morphometric and
water quality terms. F¥igures 27-35 plot these terms against each other
for esach wodel, using different symbols to distinguish reservoelr groups.
The solid line in each figure represents the solution of the model for 2
TBO value of 200 davs (or a function value of 0. for model DO6). Dashed
lines reflect an error tolerance of .1 log units, as discussed above.
The validity of each wmodel is reflected by the separation of oxygen
status groups by the IDO lines. The slopes of the lines reflect the
relative sensitivities of oxygen status te  water gquality  and
merphonetric factors.

167. Internal models (DOl and DO2) relate oxygen status to surface
measurements of chlorophyll, phosphorus, or fransparency averaged over
the growing season. F  statistics rwange from 35.0 to 50.3 for the
three-group classificstions ({(Table 32} 3and from 70.0 to 96.0 for the
two-group classifications (Table 33). Classification errors (Table 34)
range from 4.8 teo 14,07 without tolerance and 3.2 to 4.8% with
tolerance, All of the models ghow reasonable group separation on

bivariate plots {Figures 27-35), wusing a TDO wvalue of 200 days to
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Table 32

Distributions of Oxygen Discriminant Functions and other
Reservoir Characteristics by Oxygen Status Group

wwwwwwwwww Oxygen Status Group ———meeeeo-—
Dxic Intermediate dnoxic ANDYVA Resulbs®
Variable n mean std 1 mean std n  mean std F ¥

GOLACL 4 2,85 0.20 12 2.60 0.18 46 1.41 6.58  35.0 17.3
pG2A0L 4 Z.71 0,38 12 2,62 0,146 46 1.78 (.38 36.8  27.6
bUzZAGZ & 2,68 0.18 12 2.40 0.18 46 1.55 0.35 506.3  25.1
Db2A03 4 3.00 0,18 12 2.52 0.18 34 1.92 0.28  4B.1 15.3

wwwwwwwwwwwwwwwwwwwwwwwwww External Models ¥¥ s oo

D02A04 3 2,94 0,30 11 2,50 0,21 31 1,61 0,48  28.1 20.9
D0ZACS 3 03.04 0.27 11 2,48 0.14 31 1.67 G.35 47.5 31.0
DO3a01 3 2,95 0.15 11 Z.68 0.10 31 2.06 0.33 28,6 21,1
DR4AD] 30 02,90 0.14 11 Z.40 €¢,2B 31 1.80 (.49 22.5 15.5
DO5A0] 303,15 0,22 11 2.75 6.12 31 1.9L 0.45 29.4  21.8
DOSADZ 3 03.00 0.246 11 2,60 0.14 31 1,68 (.48 29,3 22,2
DO5403 32,70 0,132 11 2.69 0.17 31 Z.30 0.26 13.3 10.8
3

Do6AOL 4,02 1.34 11 2,03 1,00 31 -2.73% 2.38 31i.0 20.4

Hyp. Depth 4 1.46 0,24 12 1.16 0.10 46 0.60 0.31 33,3 15.3
Mean Depth 4 1,51 G.23 12 1.25 0.07 46 0.83 0.22 37.0 15.5
Max. Depth 4 1.92 0,25 12 1.73 €.106 46 1.32 0.25% 25.% 13.%
Res. Time 4 -0.53 0,33 12 -0.38 0,50 45 -0.6Z 0.55 1.0 i.6
Gverf, Rate 4 2.04 0.13 12 1.82 0.51 45 1.46 0.48 3.1 .3

Total ¥ 4 1,33 0.24 12 1,09 Q.13 46 1.62 0,31 17.1 i8.0
Chl-a 4 0.34 0.22 12 0.58 0.28 34 0.96 0,27 15,6 1.6
Secchi & 0.49 0,21 12 0,52 0.14 46 0,06 0.24 25,1 5.1
Inflow P 3 1.42 0,16 11 1.44 0,26 31 1,99 0.35 14.5 B.8
Py FE% 301,20 0,18 11 1.21 ©.23 31 1.80 0,39  13.3 10.E
Pg *%% 3 01.10 0,313 11 1.24 0,15 31 1.73 0.23 29.4 17.7

* F statistice derived from one-way analyses of variance;
(F using all data (n=62), F” using only datsz from reservoirs passing
nutrient bugdet and water quality date screens (n=26)});
statistics exclude Sakakawea (30-235)

**%  pxygen depletion models (Table 31) formulated to predicet days of
oxygen supply (equation 63), except for model DOB

¥¥% Dy = Pif (L +J7 ¥; Pn o= Pi/{l + .00l Pi Z)
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Table 33

Summary of Model Statistics for Distinguishing
between Anoxic and Other Reservoirs

Orher Anoxic ANOVA T

Model n mean std n mean std ¥ F ettt

~~~~~~ Internal Models ~wmmemmmemmrmmm e e e

BOLAOL 16 2,66 0.21 46 1.41 0.58 70.0 35.0 1.58 2.33
DOZACL 16 2,64 0.21 46 1,78 0.38 T4.4 49.6 1.a6 2,33
D02402 16 2.47 0.22 46 1.55 0.35 96.2 48,1 1l.62 2.1z
DO2A03 10 2.64 0,28 34 1.92 0.28 70.9 35.8 1.28 2.28
wwwwwwwwwwwwwwwwwwwww External Models —oemerremmmronv e
DO2A04 14 2.60 0,29 31 1.61 0.48 51.6 35.0 1.30 2.23
D02405 14 2,60 0.29 31 1.67 0,35 75.0 43.9 1.45 2,18

DO4a01 14 2.350 0.33 31 1.60 0.49 39.9 27.1 1,11 2.14
DOSA0L 14 .83 0.22 31 1,91 0.45 34.1 38,1 1.39 1.53
DOSACZ 14 2.69 0.23 31 1.69 0.48 54.6 39,2 l.41 2.37
DO5A03 14 2,69 0,16 31 2,30 0.26 27.1 21.7 94 2.54
DOGAOL 14 2,46 1.33 31 ~2.75 2.38 58.4 3k.1 1.4l .59

W e e T o o b o e 0 SHE o s e . e, W Rk s e o ey i 2 e Kb S S s, e e Y e S S ot

2
2
DO3AGL 14 2,74 0,15 31 2.06 0.33 53.8 38.2 1.41 2.5%
Z
z

F statistics derived from analvses of variance; F” includes
enly reserveirs passing data mutrient balance and water gquality
data screens

see Figure 26, 2% = normalized distance between groups;
£F = fupetion value for distinguishing betwesn groups
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Table 34

Classification Error Summary for Oxygen Depletion Medels

—e—eee Oxygert Status ————mme

Observed Other¥ Other Anoxic Anoxic Total Total Percent
Estimated @ Anoxic Other Other  Apnoxic Proj. Errors Error
*********************** Internal Models = rrwrmmmm o o o i o i i
DO1ADL 0 {oy& 16 3 (3} 43 62 3 (33 h.& (4.8)
DOza01 0 (0 16 4 (3} 42 62 4 {3) 6.5 (4.8}
DOZAOZ 3 (2y 13 1 0y 4% 62 4 (D 6.5 (3.2}
DO2A03 1 (1) 15 & (1) 25 50 7 (23 14,0 (4.40)
e - e EREQTTIAL FOA@LE oo s oo oo s s i 6102 o s e 47 o o
DOZAQL AR 1) iz 2 £ 28 45 4 (2) 8,9 (4.4
DO2A0H 1 (o 14 T 30 45 2 (1) 4.6 (2.2)
DO3AGL o (o 14 g (95 22 45 9 (3) 20,0 (11.1)
DOAADL & {3) o 3 {2 28 45 7 (5) 15.6 €11.1)
DO5A0L 0 (07 i4 8 (%) 23 45 g2 (5 L7.8 (31,1
DO5SA0Z g {0y 14 3 (1} 28 45 3 (1) 6.7 (2.2)
DOSAD3 0 (0) 14 16 (12) 15 45 16 (12)  35.6 (26.7)
$osA01 ¢ () 14 4 (23 27 45 4 (2} 5.9 (4.4

* MAnoxic! group includes reservoirs with >80% anaercélc hypolimnisa;
"Other' group includes the rest of the reservoirs; none of the completely
cuic reservoirs (04 anaerchic fraction) are misclassified by zny of the
the models; statistics exclude Sakakawea {reservoir 30-235%)

#% clagsification criterfion: "Amoxic" if estimated log(TDO) < 2.3, 200
davs for models DO ~ DO6; "Anoxic" if discriminant fupction < § for
model DO6; numbers in paventheses reflect classification errers with
& tolerance of .1 {e.g. 1og{TDO} = 2.2 te 2.4) for models DOL-DO6 and
with a tolerance of .5 for model D06 (discriminant function = -.5% te ,5)
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distinguish the anoxic reservoirs from the others. The model 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 ~- DO06) relate oxygen status to
phosphorus loading, hydrology, and morphometry. External forms of model
D02 have also been tested, by substituting two alternative expressions
for normalized phosphorus loading for the observed phosphorus
concentration in model D02A0l. The expressions (see Table 31) include
the Vollenweider/Larsen-Mercier statistic (D02A04) and the expression
derived from the loading model calibrations in Part VI (D02A05). The
latter model (Figure 32) vyields the best group separation and least
classification error of any of the external models evaluated. F and Z¥
statistics for models D0O5A01 (Rast and Lee, 1978) and D05A02
(Vollenweider and Kerekes, 1980) are also relatively high. Figure 33
shows that recalibration of DO05A01 (or use of a discriminant value
higher than 200 days) would be required in order to  reduce
classification errors. The plots indicate that external loading models
D02 and D05 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 wvariations in the internal phosphorus/oxygen depletion
relationships.

169. The F statistics for morphometric factors in Table 32 are
appreciable in relatiom 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 reservoirs with mean depths
less than 13 meters or mean hypolimnetic depths less than 9 meters are

classified 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 oxic
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
classification error for some models. Estimation and wuse 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 mainstem reservoir 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 to 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 mié-pool stations and the lowest concentrations
are found at the deep, near-dam stations. For the internai models, use
of area-weighted averaging schemes, possibly excluding data from
unstratified stations, would probably eliminate the misclassification.
Modifications of the external models to account for the effécts 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" in 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 TDO wvalues greater than 200 days for all of the modeis.

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 in
mid-July. By the end of September, the bottom and mid-depth anmaerobic
zones have merged and the entire hypolimnion is anoxic, Classification
of this reserveir 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
assimilate 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 which 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 nitrogen-limitation effects, although the
separation between the oxic and anoxic groups would increase if
N~limitation effects were taken 1nto account, since three out of the
five oxic reservoirs had average inorganic N/P ratios less than 8. 1f
nitrogen were limiting, estimated TDO 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 phosphoxus
concentration or loading, as compared with models based upon

transparency or chlorophyll.
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Conclusions

175. Results of the oxygen depletion model testing described above

-

can be summarized as follows:

a.

When formulated to predict days of oxygen supply or volumetric
depletion rate, several of the existing hypolimﬂetic oxygen
depletioﬁ models can be used to discriminate between anoxic
reservoirs (those in which more than 80% of the hypolimnion falls
below 2 g/m3 at some point during the stratified period) and other,
stratified reservolrs, using a TDO wvalue of 200 days or a HODv

value of .06 g/m3-day.

Reservoir classifications do not provide any bases for rejecting or
distinguishing between internal models DOl (Lasenby,1975) or D02
(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.

Among the models which employ normalized phosphorus loading as the
water quality factor, model DO02ZA05, based upon the phosphorus
loading expression derived in Part VI (equation (61)), has the
strongest discriminating power and least classification error.
Thus, this expression seems to work best for predicting all
response variables (chlorophyll, phosphorus, transparency, and
oxygen depletion), despite 1its hydrologic independence. If
allowances for recalibration are made, «classification errors for
model D05 (Rast and Lee, 1978, Vollenweider and Kerekes, 1980) and
D06 (Reckhow, 1978) are equal to model D02A0S5, but group separation

is less distinct, based upon analysis of variance statistics.

Two outliers (comsistently misclassified reservoirs) can be

explained by the effects of significant spatial gradients and
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metalimnetic oxygen demand.

The strong influence of morphometric factors on  oxygen de;leti%n
makes it difficult to distinguish asmong alternative expreggions fgru
water quality or nutrient loading sensitivity. Estimation of areal
depletion rates would provide a better basis for model comparisons.
Potenrizls for metalimnetic demands and spatial variations iu
hypolimnetfic deficits should also be considered in future
development of empirical methods for predicting reservoir oxygen

status.
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PART VIII: MODEL NETWORK

176. Previous chapters have identified, calibrated, and tested
empirical models which seem to work best for CE reservoirs. This "
chapter presents a model "network" which summarizes relationships among
external phosphorus loadings and reservoir-average water  quality
conditions. Presentation in the form of a network emphasfzes the fact
that these models, like the reservoir ecosystems which they partially
represent, are not a series of unrelated equations or relationships, but
a multivariate "system" with multiple controls and interactions.

177. The network is calibrated to data from 29 phosphorus-limited,
low-turbidity impoundments, which are defined as reservoirs with inflow
total N/P ratios greater than 8 and non-algal turbidities (1/Secchi -
.025 Chl-a) less than 1.58 1/m (.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 1is not
completely adequate, however, since the inflow total N/P ratio does not
necessarily equal total N/P or inorganic N/P ratios measured within the
reservoirs. Based wupon the second criterion, all reservoirs with mean
Secchi depths greater than .63  meters are included in the
"low-turbidity" group, regardless of chlorophyll-a values.

178. As demonstrated in previous sections, some systematic effects
of N/P 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 addressed in future
research.

179. The network is tested below using independent reservoir data
sets compiled from the literature., The feasibility of using organic
nitrogen as a fifth indicator of eutrophication {in addition to

chlorophyll, phosphorus, transparency, and oxygen depletion) 1is

demonstrated. Using multivariate statistical techniques, composite




peasures of impoundment response are coustructed and related teo external
phosphorus  loadings. Error analyses ave 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 qualiity conditions.

180, All wmodels in the network are ene=-variable, linear
regressions with the dependent and independent varigbles transformed to
base~10 logarithms. Two alternstive  expressions for  normalized

phosphorus loading are considered:

Pi /(1 + JF ) (66)

Py
Pa = Pi / (1 + .00l Pi 2 ) (61 bisa)

where,
Py = Vollenveider/Larsen-Mercier expression (mg/m3)
Pn = normalized loading developed in Part VI (mg/m3)
Pi = average inflow total P concentration {mg/m3d 3}
T = mean bydraulic residence time {(vears)

Z = mean depth (m)

A unique feature of the second formulation is rhat it is independent of
hydrologic factors {residence time or overflow rate). Based upon
analyses in Parts VI and ¥VII, Pu seenms to work somewhat better than Pv
as a predictor of all impoundsment response variables. Tests wusing the
independent data sets provide Ffurther discrimination between these

formulations.

Independent Testing

181. Table 35 summarizes the characteristics and sources of three
independent data segs which have beep compiled for use in model testing.

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 Bets Used in Testing Models for Predicting
Reservoir-Average Conditions

e wns s T e e e e e . v i ks o M Vs s W b o i it o e e - b . Gy e e Sk 6 e Bt AR SR R e . Y S U B W, S i R105 R S SRA AN R  Y, n p dek , R  ehos xa

1. EPA National Butvophication Survey Compendium
106 CE Reservoirs
Error Screening Criterien¥®:
Rp > ~.1, based upon inflow/eutflow data {n = %4
Data Heduction:
Chlerophyll, Secchi: mean, spring-fall
Total P: median, sprivg-fall
Refevence: USEPA (1978)

2. TVA Reservoirs:
10 Tributary
% Mainstem Tenmnesses River
Error Screening Criteria®: none
Data Reduction:
Chlorophyil, Secchi: mean summer
Total P (EPA/NES): median spring-fall
Beferences:
Higgins et al.{1380), Higgins and Kim (1981)
Walker (1980b) (Wormandy)
USEPA (1978) (impoundment phosphorus data)

3. OBECD Reservoilr and Shallow Lakes Project

43 Impoundments from Furope, Australiaz, Japan, U.5.
8 {shallow) natural lakes
8 artificial (pumped storage) reservoirs
27 Ysemi-artificial™ reservoirs {impounded natural valleys)
several sampled more than one year {reservoir-vears = 81}
many impoundments sampled near dam only

Screening Criteria®:
incliude only data from “semi-artificial®™ reservoirs
exclude Mount Bold (heavy silt load (Clasen, 1980))
exclude Grafham Water (outlier, inflow P = 4900 mg/m3)

Datz Reduction:
chlovephyll, rotal P: mean, anmal, euphotic zone
transparency: median, amnuszl

Reference: Clasen (1980}

KO- skt i . s e e e e e St T, e o o o o . e Mo e e . .

* additional screening criteris applied in computing error statistics
for all models:

Criterion BEA TVA QECD
Inflow Total N/P > 8 X na X
Turbidity < 1.58 1/n X na na

na = no impoundments with data viclated criterion
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{3) OECD 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 N/P and
turbidity criteria discussed above and upon other, limited criteria
presented in Table 35. Data sets are listed in Appendix F, aleong with
plots of observed and predicted conditions for each model and data set.
Different symbols are wused to identify impoundments in  variocus
categories, Factor~of-two accuracy limits are indicated in ovder to
provide perspective on error magnitudes; they do not mpecessarily reflect
prediction confidence limits.

182. Figures 36-38 illustrate the relationships for all data sets
combined, using different symbols te differentiate data scurces. 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:

Parameter Set
a b <

slope original original optimized

intercept original optimized optimized

"Original" refers to coefficients estimated for the CE reservoir data
set. "Optimized" 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
in mean squared error between cases g and b. In some cases, instability
in the intercept mav 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-reservolr variations tend fo be
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Figure 36

Internzl Model Evaluastions Using the Combined Datz Set
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Figure 37

CObserved vs. Predicted Water Quality Usivg Pv for
Hormalized Phosphorus Loading and the Combined Data Set
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Figure 38

Observed vs. Predicted Water Quality Using Pa for
Normalized Phosphorus Loading and the Combined Data Set
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Table 36
Summary of Model Eguations and Exrors by Pata Bet

R~-8quared Megan Sqd Error - .,
Data n  Vy a b ¢ a b £ Mean Med Q3-Qr

- o - [Ep— o e — e b b e e 44 A A e e B A T

model: log(P) = log(PFn)

CE 29 133 857 839 857 19 19 19 ~29 . =21 178
EPA 51 131 563 704 705 57 30% 39 -1A8# -1A0 310
TVA 15 75 701 719 753 22 z1 iB 53 75 273
QECD 27 316 774 778 769 71 70 73 -&0 -24 41}
model: log{B) = ~,48 + .89 log(Pn)
CE 29 143 T17 707 646 41 42 44 0 ~13 342
EPA 51 102 567 6l1 624 44 40% 38+« ~73# -88 193
TVA 14 44 78 267 272 40 32 32 -190# ~103 297

UECD 26 234 749 750 147 5¢ 39 3% -48 ~-95 332

model: log(8) = 1.26 ~ .69 log{Pn)

CE 29 73 B30 Bae 84D 11 11 iz ¢ o 177
EPA 51 67 709 709 766 20020 2 -1l 0 183
TVA 18 42 407 435 400 25 24 25 ~50  ~-42 280

OECD 29 86 -B56 3580 694 160 36% 26% 354F 351 239

model: log(P) = .30 + .76 log(Pv)

CE 29 133 843 839 833 1 zz 12 0 -12 173
EPA 31131 616 638 641 50 &7 &7 -62 -110 330
TVA 19 75 528 533 497 i5 35 38 52 132 32z

OECDH 27 316 875 899 8% 40 32% 33% 94§ -113 195

model: logi{B) = —,15 + .66 log{Pv)

CE 29 143 595 581 581 58 60 63 o 0 39
EPA 51 102 436 441 469 58 87 54 -4l <43 248
TVA 15 44 =~162 235 265 51 33%  32% ~1384 ~170 2632

QECD 26 234 T34 749 744 62 59 60 -76 -~107 316

model: log{(8) = 1.08 - .56 log(Pv)

CE 28 73 836 829 813 12 13 13 4] 18 297
EFA 31 &7 568 587 602 ¢ 28 27 ~43 -14 Q0%
VA 18 42 275 244 239 30 32 3z -20 -36 331

OECD 29 86 ~1631 280 580 227 6I% 35% A409%F 414 3%]
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{continued)
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CE
EPA
TVA
OECD

Table 36 (continued)

R-Squared Mean Sqgd Errorx

b ¢ a b ¢ Mean Med G3-Q1

e s b e e e e e b, S U 45 e P A WA, ARNE S ¥ 9 R St 6 G Rt B Yt Y B A sl g S U B

model: log(B) = ~,60 + 98 log(P}

29 143 691
51 102 58]

15 25 =2B35-2349 ~52 86 83 6%

24 212 790

680 681 44 46 46 5 ~16 3218
586 684 43 42 34 ~4&1 ~43 248
136 -82 476
784 B19 44 48 38 ~14 -5 320

model: log(S8) = 1.18 - .66 loglF)

2% 73 801
51 67 712
15 34 733
7 81 ~9%4

193 786 15 15 16 0 =21 175
g22 817 19 1zx (2% -B44 ~B2 178
21 72 9 g 10 -2 ~Z6 131

34 646 165  47%  29%% 3464 314 2B3

: all statistics %

data = dats set,

1000 (except n), loglC scales
screened according to c¢riteria in Table 35

o = number of impoundment-years
Vy = variance of dependent variable
R-squared = fraction of variavce explained

varamaters D.oE.
a — original n
b~ intercept optimized n—1

¢ — slope and intercept optimized n-2

B.F.= error degrees of freedom used in computing
mean squared error and R-sguared

erroer statistics for original parameters:
Mean = mean errvor (bias)
Med = median errorx

Q3-01 = interquartile range {75th ~ 25th percentile)

*mean syuared erver for case b or ¢ significantly
lower than mean squared error for case a {p<.05)

# mean error significantly different from zero at p<.03
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log-normally distributed (Walker, 1981), the median would tend to be
lower than the arithmetic mean for a given collection of measurements.
This would cause a lower intercept for the EPA/NES data set and models
which predict reservoir phosphorus. Differences between ‘the mé;n
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.v Significant
variations 1in ﬁodel slope have been found only in the cases of models
predicting transparency using the OECD/RSL data set. These variations
are discussed below.

184. TFor each set of residuals calculated for data set a, 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 wvariations in
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 wused 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
tributary and impoundment measurements, it is not truly "independent".
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, screeming), this
data set also provides an indication of the sensitivity of model errors
to these factors. 7To eliminate impoundments with possible errors in the
nutrient balance estimates, twelve with reported phosphorus retention
coefficients less than -.l 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.

192



With these adjustments, the 1loading models employing Pn as an
independent variable explain between 61 and 71 percent of the variance
in impoundment response variables. Explained variance 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 factors would tend to inhibit the
chlorophyll/phosphorus response. This is consistent with the
over-prediction of chlorophyll in 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
in the observed data; mean squared errors are similar to and, in many
cases, lower than errors determined for other data sets.

188. The OECD Reservoir and Shallow Lakes Project (Clasen, 1980)
includes data from 8 shallow, mnatural 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 OECD/RSL study.

VR |

189, The OECD reservoirs generally have lower non-algal

turbidities than reservoirs 1in the other data sets; this may result

ety el

i primarily from the fact that most are located in northern, glaciated
% areas. All of the OECD/RSL impoundments in North America and Europe are
4 above 42 degrees latitude, with the exception of Kerr Reservoir, a CE

!j project in Virginia. CE reservoir models tend to  under-predict
3 transparency substantially (by roughly a factor of 2) in many of the
fu OECD 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 in northern latitudes 1is
evident, although there are only three impoundments at latitudes higher
: than 42 degrees and two of these are potentially nitrogen-limited.
L Results of model testing in Part V indicate that phonphorus associated
with non-algal turbidity tends to have scmewhat greater effect on
transparency than phosphorus associated with chlorophyll. The positive
bias in the transparency models is consistent with the mnorthern
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, they cannot be reliably used 1im areas further north.
5 Compilation of additiomal data from northern impoundments and

b modification of the models to account explicitly for effects of

e

non-algal turbidity would be needed in order develop a single set of

ANt
7

s

models which can be used in all CE Districts.

L

190. The OECD data set also includes many impoundments which are

e oy
e

?;1‘ more highly enriched than those included in the CE data set. The OECD
3 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 wvalue. The chlorophyll/transparency plot indicates that some of

the OECD impoundments have mon-—algal turbidities which are less than

zZero. This suggests a possible bias in the chlorophyll 1light

attenuation factor (.025 m2/mg) for these impoundments. Differences 1in
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data-reduction procedures may alsc contribute to wvariations in the
chlorophyll/transparency relationship, since the OECD data set includes
mean, anncal chliorophyll and median, annual Secchi depths.

181. Despite the transparency model biasss, the CF loading models
explain 77-88% of the variance in OECD total phosphorus dats and 73-75%
of the wvariance in OECD chlorophyll data, without significant
ad justments 1in slope or intercept. Error variances for the OECD data
get are similar to or higher thsn errvor variances for the other data
sets, despite the fact that the OECD sampling programs were more
intensive  temporsily than the EPA/NES sampling programs used 1in
development of the CE data set.

18z, Comparisons of error wariance for the twe alternative
expressions for pormelized phosphorus loading, each dats set, and sach
reapongse variable indicate that, with the exception of phosphorus
predictions in the OECD/RSL dats set, Pn is squal to or bestter than Pv
as a predictor of impoundment response, despite its hydrolegic
independence. While wuse of spatiazl weighting factors for sveraging
within-poel measurements may shed additional light on the diffevences
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 alons; except that observed chlorophyll levels will tend to be
lower than predicted in reserveirs with residence times less than

about .03 vears.

Organic Nitrogen

183, Organic nitrogen has been suggested as a eutrophication in-
dicator which is less sensitive Lo wariztions in nonalgal particulate
materials than is total phosphorus; it has been included as
a4 component in many of the various trophic state indices which have been
proposed (Shaunon and Brezonik, 197Z; Boland, 197%; Taylor et al. ,1979;
Witzig and Whitehurst, 1981). Primary productivity resuvlts in the

conversion of dporganic o 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 mnitrogen
loadings and low hydraulic residence times. The conversion of organic
nitrogen to ammonia has been represented in various ecological models as
a first-order process with a rate constant on the order of 0.1 day_l 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 below; 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 N/P or
impoundment N/P ratio than are the other internal models. An inflow
total N/P cutoff point of 10 seems to be more appropriate for
distinguishing between N and 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 N/P ratios
greater than 10 and non-algal turbidities less than 1.58 1/m.

195. The regressions presented 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 1is
consistent with phosphorus limitation of primary production, which
results in conversion of 1inorganic N to organic N. Residuals plots
indicate higher levels of organic N than those predicted by. chlorophyll
inl'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
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relatively insensitive to N/P

N/chlorophyll relationship seems to be

ratio; turbid reservoirs, however, tend to 1lie 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 and below the regression
line, while most of the N-limited impoundments are below the line. The
apparent lack of turbidity effect may be attributed to association of
ory gic N and phosphorus with algal and non—algal particulates; this is
aﬁaeﬁgous to the phosphorus/inverse transparency relationship 1in that
variations in algal and non—algal parxticulates 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 in the organic
N/total P plot.

197. Mean squared errors for predicting organic N as a function of
chlorophyll-a and total phosphorus are .0099 and .0079, respectively,
vs. errors in the range of .0l6 to .046 for other internal models in the
network. The relatively high R-Squared values and low error variances
suggest that organic nitrogen 1s a useful indicator of impoundment
eutrophication. Because turbidity and N/P effects are apparently less
strong, organic N 1s better than total phosphorus as a predictor of
chlorophyll in the data set analyzed above (R2=.76 wvs. 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 requirements and the correlation of chlorophyll with total
nitrogen is relatively weak (R2=.39). Essentially, o;ganic N is a
better ‘"surrogate" wvariable for chlorophyll than is phosphorus or
transparency, particularly when impoundments with short residence times
are excluded,

198. _Figure 41 shows the relationships betweén organic N and
normalized phosphorus 1loadings. Regressions wusing 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 Loading Relationships
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mean squared errors of .0l2 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 wuse of organic N (vs. chlorophyll) 1in
eutrophication assessment opens up larger data sets for analysis, since
chlorophyll-a measurements are limiting in many cases and organic N 1is
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-
mary production. Additional investigations of TKN and organic carbon
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, particularly in impoundments with short resi-

dence times, should also be researched. >
Multivariate Analysis

200. Variations in tectal  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 1loadings, 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

ad
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high spatial and temporal variability and by variations in analytical
procedures,

201. The methed of partial correlation (Snedecor and Cochran,1972)
can provide some useful insights into relationships among these measurés
of trophic state. Partial correlation coefficients among the four
reservoilr response measurements are given Table 37. The partial
correlation coefficient "XY.Z" reflects the covariance between X and Y
controlled for variations in 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.Z" 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 mnetwork 1is
controlled for organic N, however, the phosphorus/chlorophyll and
chlorophyll/transparency correlations become imnsignificant; this may
reflect the relative strength of organic N as a trophic state indicator.
The phosphorus/transparency ccrrelation remains strong, even after
controlling for both organic N and 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 indicaters of eutrophication, it dis useful to
summarize them din the form of one composite wvariable using a
principle component analysis (Harris, 1975). This is the approach taken
by Shannon and Brezonik (1972) and by Boland (1976) 1in 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 reservoir
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

--— Data Set ---
Coefficient All Restricted

e e e o e e e e e 8 e e e Bl A e e . G

PB. 717 814
SB. -.567 -.769
NB. .799 .870
NP. .764 .898
SP- -0851 "'n908
SN. -.698 -.875
NP.B 455 .663
SP.B -.775 -.760
SN.B =, 494 -.65
PB.N WG o .152
SP.N -.688 -.573
SB.N ~.021 -.032
SP.NB ~,710 -.576

B

Total P
Secch1i Depth
Chlorophyll-a
Organic M

Z o ;o
mronon

XY.Z = correlation between X and Y
controlled for variations in Z

All = 43 CE reservoirs

Restricted = 26 CE reservoirs with
Turbidity < 1.58 1/m
Inflow N/P > 10

All correlations on log scales

Table 38

Principal Components Analysis of Reservoir Response Measurements ¥

Correlation Matrix:

Total P Chl-a Secchi Org-N
Total P 1.000
Chl-a .814 1.000
Secchi ~.908 -.769 1.000
Org-N .898 .870 ~-.875 1.000
Mean 1.540 .937 .155 2.650
Std. Dev. L343 .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 set (Table 37);logl0 scales

203




PCl = .57 log(P) + .61 log(B) - .44 log(S) + .33 log(No) (67)

PCl = first principal component
P = total phosphorus (mg/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 "internal discriminant analysis'. The high percentage of
variance explained by the first component indicates that it is a wuseful
statistic for discriminating among (or ranking) reservoirs. The
R-Squared value of 89% indicates that, if each of the response
measurements were regressed separately against PCl, a total of 89% of
the variance would be explained.

204. The magnitude and scale of PCl 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 PCl
value. The statistical procedure does not guarantee that PCl 1is 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 in chlorophyll
and algal standing crop. Since the analysis has been done using data
from phosphorus-limited, low—turbidity reservoirs only, the significance
of the phosphorus and transparency terms may be inflated in 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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(67)
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Table 39
CE Reservoirs Ranked Based upoun PCl Values
Reservolr * PC1 P B 8 No Pn Py TS
Dale Hollow 1.44 1.01 0.56 0.64 2.41 1.15 0.97 OM
Dworshak 1.45 1.11 0.38 0.40 2.28 0.9 1.04 0
Beltzville 1.58 1.03 0.69 0.54 2.43 1.05 0.95 M
Bull Shoals 1.63 1.20 0.60 0.60 2,52 1.12 1.03 M
Summersville 1.68 1.11 0.79 0.55 2.42 1.21: 1.29 M
J.W. Flannagan 1,72 1.03 0.75 0.35 2,51 1.48 1.64 M
Cumberland 1.74 1.19 0.58 0.23 2.43 1.40 1.55M
Allegheny 1.81 1.32 0.57 0.34 2,57 1.45 1.50 M
Holt 1.83 1.38 0.41 0.09 2,50 1.43 1.53 E
Beaver 1.89 1.49 0.59 0.33 2,49 1.47 1.49M
Table Rock 2.11 1.47 0.96 0.36 2.53 1.39 1.43 E
Bankhead 2.15 1.60 0.50 0.08 2.70 1.60 1.73 E
Tenkiller Ferry 2.17 1.58 0.82 0.21 2.57 1.57 1.77 E
Monroe 2.19 1.49 0.86 0.21 2,71 1.40 1.25E
Sakakawea n 2.26 1.86 0.87 0.36 2.48 1.65 2.01 O-E
J. Percy Priest n 2,33 1.65 1.00 0.25 2,65 1.81 1.98 E
Barren River 2.34 1.65 0.93 0.07 2,59 1.60 1.61 E
John H. Kerr 2,39 1,70 0.91 0.04 2.65 1.78 1.98 E
0ld Hickory n 2.49 1.76 0.95 -0.12 2.55 1.81 1.95 E
Pomona t 2.53 1.66 0.93 -0.32 2.63 1.89 1.95E
Eufaula nt 2.55 1.95 0.64 -0.35 2.67 1.9%9 2.33 E
Wister t 2.55 1.98 0.71 -0.23 2.64 1.77 1.75 E
Atwood 2,58 1.62 1.22 -0.02 2,72 1.82 1.76 E
Pleasant Hill 2.62 1,61 1,36 0.04 2,67 1.60 1.62 E
Berlin 2.71 1.77 1.16 =0.07 2.90 2.04 2,24 E
Shelbyville 2,75 1.84 1.23 -0,01 2.84 1.92 2.08 E
Barkley n 2,77 2,10 1,12 -0.16 2.46 1.%1 2.06 E
F.J. Sayers 2.78 1,98 1.26 0.08 2.75 1.97 2.14 E
Milford o 2.85 1,98 1.28 -0.07 2.73 2.01 2.63 E
Shenango River 2,85 1.78 1.43 -0.03 2.87 1.87 1.9 E
Kanopolis nt 2.91 1.83 1.20 -0.46 2.81 2.18 2.84 E
Mississinewa 2.92 2,02 1,20 -0.17 2,90 1.98 2.42 E
Carlyle 2.92 1.93 1.24 -0,25 2.87 2,06 2.17 E
Lewisville ot 2.95 2.12 1.24 -0,20 2.70 2.02 2.20 E
Delaware t 2.95 2,01 1,04 -0.39 2.99 2.17 2.36 E
Rend n 2.95 1.85 1.37 -0.14 2.99 2.20 2,23 E
Harlan County 3.12 2.10 1.44 -0.22 2.86 2,00 2.26 HE
Beach City t 3.12 2.22 1.04 -0.55 2,92 2,28 2.38 E
John Redmond ot 3.19 2.34 0.98 -0.73 2.80 2.25 2.50 E
Keystone nt 3.33 2,33 1.43 -0.44 2,83 1.97 2.49 E
Dillon t 3.36 2,27 1.42 -0.33 3.17 2.04 2,16 E
Ashtabula n 3.49 2,44 1,62 -0.13 3.16 2.15 2.27 E
E

Charles Mill 3.50 2.10 1.83 -0.35 3.10 2.14 2.18

* n = inflow total N/P < 10 , t = non-algal turbidity > 1.58 1l/m

PCl = first principal component of P, B, S, and No (Table 38)

All data in loglO units:
P = reservoir total P (mg/m3) B = chlorophyll-a (mg/m3)
S = transparency (m) No = organic N (mg/m3)
Pon = Pi / (1 + .001 Pi Z ) Pv = Pi / (1 + JT)

"trophic state' assessed by EPA National Eutrophicatiom Survey
(0=01igotrophic,M=Mesotrophic,E=Eutrophic,HE=Hyperequophic)
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values of approximately 1.5 and 2.0, respectively. As discussed in
Parts VI and VII, Lake Sakakawea 1s eutrophic at one end and
oligotrophic at the other. Its intermediate ranking (PC1=2.26) refers
to "average" conditioms and 1is somewhat deceptive; this further
emphasizes the need for <considering spatial wvariations 1in some
reservoirs.

206. The second principal component of the reservoir response

measurements is given by the following expression:
PC2 = .46 log(P) - .77 log(B) - .45 log(S) + .02 log(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, wusing
data from all 43 reservoirs in the CE load/response data set, While
PCl as a possible measure of eutrophication 1is 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
is proportional to the fraction of 1light extinction attributed to
chlorophyll-related substances; it is also proportional to the
daily-integral photosynthetic rate per unit area 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 1is
also reflected by the stronger correlation between organic N and
chlorophyll than between total P and chlorophyll and by the partial
correlation coefficients listed in Table 37. Table 41 ligts data from

43 ?E reservoirs, sorted by increasing PC2 value.
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Table 40

Correlations of Principal Components
with Reservoir Characteristics

Component

Measurement PC1 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
Residence Time -.349 -.329
Pi / (1 +,001 Pi Z ) . 929 .431
Pi/ (1 + IT) .861

. 453

e e —————— e ———

PCl and PC2 defined in Table 37;

all variables on log scales

based upon data from 43 reservoirs
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Figure 42

Second Principel Component vs. Turbidity and
Chlorophyll/Secchi Product
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Table 41
CE Reservoirs Ranked Based upon PCZ values

Code Reservoir * FC2 B¥S A T

17391 Summersville -(.29 1.34 =0.83 =-1.2%
17256 Pleasant Hill -0.27 1.40 -0.44 -1.28
03307 Beltzville ~0,24 1,23 -0.78 ~G,61
16317 Shenango River -0.21 1.40 -0.36 ~1.29
17245 Charles Mill -0,21 1.48 =-0,18 . ~1.54
17373 J.W. Flannagan -0.20 1.19 -0.35 -0.38
1934% Dale Hollow -3, 20 .20 -0.66 -0,12
24200 Table Rock -0,17 1.3z -0.59  ~-0.23
17241 Atwood -0.13 1.20 -0.0% -0.42
24013 Bull Shoals -0.12 1.20  =0.78 -=0.30
20088 Rend n -0,07 1.23 -0.07 ~0,16
19340 J. Percy Friest n -0.06 1.25  -0.40 -0.66
04312 F.J. Sayers ~0.03 1.34 -0.34 -1.32
20087 Shelbyville ~3.03 1.22 -0.19 -{3.68
18093 Monroee -3.01 1,07 -0.17 . -0.39
15237 Ashtabula n 0.01 1.49 -0, 43 =0, 45
16243 Berlin g.02 1.09 -0.07 -{,71
29108 Milford n 0.02 1.21 .02 =0.52
29207 Harlan County $.02 1.22 6.13 0.15
19122 Cumberland 0.05 0.81 -0.27 -0.42
25278 Tenkiller Ferry 0.06 1.03 ~0.28 -0.49
16328 Allegheny 0.07 .91 ~0.31 -.75
18120 Barremn River 0,07 1.00 -0.13 -{,82
30235 Sakakawea n 0.08 1.23 0.03 0.12
31077 Dworshak 0.09 0.78 ~0.46 -0.22
20081 Carlyle 0.11 .99 g4.16 -{.91
06372 John H. Kerx 0.12 (.85 0.05 ~3.76
24011 Beaver 0.14 0.92 -0.25 0.01
15092 Mississinewa G.14 1,03 0.13 -1.10
17249 Dillon t 0.17 1.09 0.21 -1.77
26355 Lewisville nt .17 1.04 0.22 0.02
29106 Kanopeolis nt 0.19 0.74 0.42 -0.90
19342 01d Hickory n 0.19 $.83 ¢.05 -1.68
25273 Keystone nt (.23 .99 0.51 -1.17
15119 Barkley n 0.23 0.96 0.05 -1.66
29111 Pomona t 0.25 .61 .28 -0.50
10411 Bankhead 0.30 ¢.68 0,10 -1.38
10003 Holt 0.34 0.50 -0.12 -1.82
17248 Delaware t 0.36 0.65 0.37 ~-1.57
17242 Beach City t  0.53  0.49  0.52 -2.09
25281 Wister t 0.53 0.48 0.20 -1.18
25267 Eufaula nt  0.62 0.29 0.38 -0.35
25105 John Redmond nt 0,71 0.25 0.72 -1.36

second principal component (Table 38)

A = non-algal turbidity = 1/8 - .025 B

B*S = secchi depth x chlorophyll-a (mg/m2)

T = mean hydraulic residence time {yrs)

*n = inflow N/P < 10 , t = turbidity > 1.58 1/m
209
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207. Classification of resexvoirs based upon PCl and PC2 is shown
in TFigure 43, which plots PC2 against PCl using different symbols to
distinguish "N-limited" and "turbid" impoundments. The impoundments
exceeding the non-algal turbidity limit of 1.58 l/m 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 "algae-dominated" to "turbidity-dominated". Two impoundments
(Holt and Bankhead) lie in the upper left-~hand region of the plot, but
are classified in the "low-turbidity" group. 1f the defimition 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 PC2 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)

PCl

2 2
.30 + 1.17 Pv (R = .78, SE = ,076) (70)

The error variance 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 rankings based upon Pn (or Pv) should be
similar to those based wupon PCL. Thus, both PCl 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 from P-limited,

low-turbidity impoundments, R-Squared values are .77 and .59 for the Pn

210
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Figure 43

Second Principal Component vs. First Principal Component

PC2

0.81

0.4+

"turbidity-dominated™

"algae-dominated"

1.3 1.6 1.9

"oligotrophic"

PC1 =
PC2 =

symbol

+ 4

"eutrophic"

.57 log(P) + .61 log(B) - .44 log(S) + .33 log(No)
.46 log(P) - .77 log(B) - .45 log(S) + .02 log(No)

meaning

CE Reservoir

inflow N/P < 10

turbidity > 1.58 1/m

inflow N/P < 10, turbidity >.58 1l/m
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Figure 44

First Principal Component vs. Normalized Phosphorus Loading Statistics: pirst Prin
CE Data Set ‘
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Figure 45

ics: First Principal Component vs. Normalized Phosphorus Loading Statistics:

EPA/NES Data Set
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and Pv equations, respectively. Mean squared errors (.075 and .132,
respectively) are higher than those in Figure 44; this may be related to
differences in 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 PCl; 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 PCl/PC2
classification system does not completely separate eutrophicatioen from

turbidity effects. Using factor analysis techniques (Harris, 1975), it

may be possible to expand upon the above results and to develop summary a Tota
statistics which separate these factors and which consider nitrogen ;;;OE
limitation. This is left for future work.
b Erro:
cond:
Error Analysis
¢ Erro:
conci
211, In the data-reduction procedures described 1in Part IV,
attempts were made to estimate the error variances associated with
estimates of inflow nutrient concentrations and average water quality
d Appri

conditions for each impoundment. These error variances reflect spatial,
temporal, sampling, and analytical variability 1n relation to the
sampling program designs. Table 42 presents pooled estimates of total .
and error variance for impoundment response and inflow concentration
variables. For the response measurements, between 4.8 and 10.3 percent

of the total wvariance can be attributed to error Qariance; 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 individualfﬁ

impoundment %esponse values range from 1.36 to 1.75. The higher errofé;

in the case of chlorophyll reflects greater temporal, sampling, and/of =

analytical variability.
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Table 42

Summary of Estimated Variance Components of Measurements
Involved in Empirical Model Framework

Total(a) Error Percent
Variable Variance Variance Error £95(d)
------ Reservoir-Average Conditions (b) ——--——-
Total P .1332 0071 543 1.47
Chl-a .1429 L0147 10.3 1.75
Secchi .0734 .0058 7.9 1.42
Organic N L0630 .0030 4.8 1.36
————— Normalized Phosphorus Loadings (c) =—--——-
Pv .1918 . 0042 242 1.35
Pn .1282 .0025 2.0 1.26

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 1/m (.2 log units)

Error variance reflects errors in estimating reservoir—average
conditions based upon limited sampling (Part IV)

Error variance reflects errors in estimating average inflow
concentration based upon limited tributary sampling (Part IV)

Pi/ (1 + JfT)
Pi / (1 + .001 Pi Z2 )

Pv
Pn

]

Approximate 95% confidence factor for impoundment mean value:

§/£95 < y < § ¥ £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, TFigure 46 summarizes all equations involved in the model
network. Mean squared errors and 95% confidence factors are presented
for total and model error components. The former 1is applicable for
comparing predictions with observations based upon data similar to that
used in model development (i.e., the EPA/NES sampling design). Model
error varilance 1s essentially the total error variance, corrected for

the effects of data variance:

2 2 2

SE = §E -V -b V (7L1)
m t Yy X

where,

2

SE = model mean squared error
m
2

SEt = total mean squared error

V= estimated data error variance of dependent variable
¥y

v = estimated data error variance of independent variable
X

regression slope

The above equation is approximate, because it assumes that the error
variances 1in the dependent and independent variables are uncorrelated.
Because covariance terms would be expected to be important in
calculation of PCl, partitioning of model and data errur is not feasible

for models involving this statistic. Model error statistics would

reflect expected error distributions derived from comparing predictions
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generally Figure 46
i peflacs Summary of Empirical Model Network Relating
s Reservoir—Average Conditions
three or
led better /Il’x\é—'lo———> PCl =
e greater ‘ 3 ///l 4
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¥y a small 6 ”l/// ]\\\\\\ 7iii:\\
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he model Fk\\\‘s l 9 ’///”
\:J
e /
presented L
able for 2 2 2
el vk a bR s s o
Model la P Pn .00 1.00 .857 .0190 1.89 .0094 1.56
scted for 2a Chl-a Pn -.48 .89 717 L0435 2,63 .0268 2.13
i 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
(71) 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 Ny .756 .0099 1.58 .,0037 1.32
‘ 10a  PCl Pn -.25 1.58 .886 .0386 2.47 - =
le 10b  PCl Pv .30 1,17 775 .0761 3.56 - -
ibia 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)
£95 = approx. 95% confidence factor: §/£95 < y < §*£95
Px = normalized Inflow P Concentration (Pv or Pn)
> error Pv. =Pi /[ (1 + IT ) Po = Pi / (1 + .001 Pi 2Z)
culakiad P = regervoir Total P Pi = Inflow Total P
’ : PCl = first principal component of P, Secchi, Chl-a, Org~N (R2=,887)
mt  in = .58 log(P) + .61 log(Chl-a) -.44 log(Secchi) + .33 log(org-N)
teasibila * estimated model mean squared error and £95, adjusted for data
' error component (see text and Table 41)
s would
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with error—-free data (i.e., in the 1limit, data derived from highly optimal

intensive sampling programs). effects
214, All error statistics in Figure 46 refer to P-limited, analysit
low-turbidity impoundments. Chlorophyll values tend to be lower than possible

predicted in N-limited and/or turbid impoundments. Based wupon the
results of residuals testing, the models alsc tend to over—predict
transparency and chlorophyll in impoundments with residence times less
than about .03 vyears. The framework is based largely upon data from
reservoirs south of 42 degrees latitude. Tests described above indicate
possible biases (particularly for transparency predictions) in
reservoirs above this latitude. Augmentation of the data base would be
required for development and testing of models applicable to northern
impoundments.

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 Secchl 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 conditions. 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 is 1limited partially
by the lack of a predictive basis for turbidity (or
chlorophyll/transparency product).

217. As demonstrated in Part VI, spatial variance probably

contributes to errors in all of the loading models and -may influence

L
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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 recommendations regarding models in each category

can be found at the ends of Parts V, VI, and VII. Some general cén-

clusions are outlined below:

2.

Empirical eutrophication models can be adapted ‘for use for
reservoirs, with expected errors which are similar in magnitude to
those reported in ‘'global" studies of natural lakes.  Error
variance for predicting chlorophyll is generally more than twice
that for ©predicting phosphorus or tramsparency. This difference
reflects temporal variability in the sizes and compositions of
algal populations and wvariability in the chlorophyll measurement
process, both of which tend to reduce the reliability of the
station-mean or reservoir-mean chlorophyll estimates derived from
limited 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.

The following factors have been shown to be correlated with model
residuals and to induce variability in the parameter estimates of
phosphorus-based models in various categories:

1. turbidity

2, inflow and reservoir N/P ratios

3. flushing

4. mean depth

5. inflow ortho-P/total P ratio

6. sediment accumulation rate

7. morphometric complexity
Modifications of existing model structures to account for some or
all of the above factors would result in significant reductions in

error. In particular, about 704 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

s

probably related to light-limitation and nutrient availability.'

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,

Owing to data availability constraints, the regional distribution
of the CE impoundments which have been used in model testing 1is
heavily weighted 1in mid and southern latitudes of the U.S.
{roughly, below 42 degrees). Because of regional geologic
factors, the calibrated models may give biased predictions

(particularly of transparency) in northern impoundments.

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. Modifications of these models to permit

prediction of spatial variations would represent significant

improvements.

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
Morphometric Curve Parameters
" E 2
This appendix contains a listing of estimated morphometric
curve parameters® for 285 reserveirs, by reservoir.

Symbol Meaning

1 DIS CE district code

i RES CE reservolr code

: EMIN minimum elevation with volume data (ft,msl)
l EMAX max imum elevation with volume data (ft,msl)
1 EZERO  base (zero-volume) elevation (ft,msl)

Cl-C5 morphometric curve parameters

* Equations for using the parameters to estimate reservoir
total depth, volume, and area at any elevation are given
in Part IIL of the main text (equations 1-3); equations
should not be used cutside of EMIN - EMAX range.
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MORPHOMETRIC CURVE PARAMETERS
DIS RES EMIN EMAX EZERO [=3] c2 c3 ca CcH5
01 NEW ENGLAND DIV 142 BUFFUMVILLE 493.0 524.0 477.8 2.15 1.88 0.000 0.000 0.0000
01 NEW ENGLAND DIV 144 EAST BRIMFIELD 619.0 653.0 619.0 0.20 3.10 -0.060 0.000 0.0000
O1 NEW ENGLAND DIV = 147 LITTLEVILLE 432.0 576.0 432.0 ~15.08 10.64 -1.655 0. 110 0.0000
01 NEW ENGLAND DIV ™ 148 TULLY 625.0 668.0 625.0 1.58 -0.22 1.321 =0. 177 0.0000
01 NEW ENGLAND DIV - 150 WESTVILLE 515.0 572.0 515.0 =0.77 2.31 0.380 -0.244 0.0393
01 NEW ENGLAND DIV 151 BLACK ROCK 410.0 520.0 410.0 -16.16 21.50 -8.969 1.766 -0. 1251
01 NEW ENGLAND DIV 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
O1 NEW ENGLAND DIV 156 HOP BROOK 292.0 364.0 292.0 6.10 =15-70 10.661 -2.444 0.1975
O1 NEW ENGLAND DIV 158 MANSFIELD HOLLO 195.0 257.0 195.0 -16.17 19.46 -5.998 0.891 -0.0474
O1 NEW ENGLAND DIV 159 NORTHFIELD BROO 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 5.91¢ -3.916 1.204 -0.1187
Q1 NEW ENGLAND DIV 164 EOWARD MCOOWELL 804.0 946.0 904.0 -16.23 19.29 -5.366 Q.547 0.0000
2> 01 NEW ENGLAND DIV 165 EVERETT 325.0 418.0 325.0 -24.40 34.75 -15.027 2.953 -0.2083
& 01 NEW ENGLAND DIV 166 FRANKLIN FALLS 300.0 389.0 300.0 4.41 4.00 -1.939 0.526 -0.0466
01 NEW ENGLAND DIV 167 HOPKINTON 370.0 416.0 370.0 -11.36 13.03 =2.912 0.274 0.0000
01 NEW ENGLAND DIV 168 OTTER BROOK 670.0 781.0 670.0 65.96 =70.93 29. 106 -5,025 0.3196
01 NEW ENGLAND DIV 169 SURRY MOUNTAIN 485.0 550.0 485.0 -12.64 13.63 -3.052 0.266 0.0000
01 NEW ENGLAND DIV 170 BALL MOUNTAIN 806.0 1017.0 806.0 1.63 -0.29 0.680 -0.085 0.0053
01 NEW ENGLAND DIV 172 NORTH HARTLAND 390.0 546.0 390.0 1.54 =1.23 1.892 -0.390 0.0275
01 NEW ENGLAND DIV 173 NORTH SPRINGFIE 450.0 546.0 450.0 ~14.82 13.00 -2.499 0.194 0.0000
01 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 BARRE 1165.0 1179.8 1138.2 4,38 1.52 0.000 0.000 0.0000
02 NEW YORK 176 WATEREURY $30.0 625.0 501.3 -~37.39 29.99 -6.708 0.535 0.0000
02 NEW YORK 177 WRIGHTSVILLE 620.0 715.0 607.4 1.0, 951 1.54 0.9070 0.000 0.0000
03 PHILADELPHIA 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 18.69 -6.511 1.090 -0.0643
O3 PHILADELPHIA 316 PROMPTON 1090.0 1205.0 1080.0 22.33 =-29.31 14.793 -2.861 0.1976
04 BALTIMORE 227 ALMOND 1229.0 1300.0 1229.0 -5.44 4.45 -0.216 0.000 0.0000
04 BALTIMORE 229 WHITNEY POINT 950.0 1025.0 935.0 -23.36 -10.62 18.238 ~5.1785 0.4520
04 BALTIMORE 306 ALVIN R BUSH (K 810.0 937.0 806.7 ~4.32 3.69 -0.102 .. Q.000 0.0000
04 BALTIMORE 310 CURWENSVILLE 1126.0 1228.0 1126.0 =22.79 27.66 -10.379 1.909 -0.1317
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MCRPHOMETRIC CURVE PARAMETERS

DIS RES EMIN EMAX EZERD C1 c2 C3 ca CS5
04 BALTIMORE 312 F J SAYERS (BLA 580.0 657.0 580.0  -38.46 30.15 -6.019 0.239 0.0365%
04 BALTIMORE 320 RAYSTOWN 600.0 826.0 600.0 16.06 -13. 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 1508.0 1240.0 -29.58 30.33 -9.685 1.4314 -0.0772
. 04 BALTIMORE 401 SAVAGE 1313.0 1463.0 1313.0 -3.86 2.73 Q.000 0.000 0.0000
i 06 WILMINGTON 233 B EVERETT JORDA 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 Q.1244
06 WILMINGTON 375 PHILPOTT 805.0 1016.0 805.0 15.62 -18.17 8.553 -1.485 0.0938
E 07 CHARLESTON 232 W KERR SCOTT 370.0 1075.0 951.8 13. 11 -16.07 7.752 -1.302 0.0779
i 08 SAVANNAH 074 CLARK HILL 120.0 346.0 190.0  189.25 -142.96 23.479 -1.574 0.00C0
b 08 SAVANNAH 330 HARTWELL 475.0 674.0 475.0 -33.48 24.74 -4.945 0.379 Q.0000
b 09 JACKSCNVILLE 066 OCKLAWAHA(ROOMA 0.0 23.0 -13.4 -18.10 11.36 -0.848 0.000 Q.0000
| 10 MDBILE 001 CLAIBORNE 2.0 50.0 0.8 -0.77 3.43 1.317 -0.641 0.0768
] > 10 MOBILE 003 HOLT 115.0 202.0 115.0 4.867 0.41 0.485 -0.047 0.0000
| il 10 MOBILE 004 JONES BLUFF 64.0 140.0 61.6 -47.09 40.88 -10.228 0.923 0.0000
4 10 MOBILE 008 MILLERS FERRY 17.0 100.0 14,1 11.54 -27.39 20.691 -5.341 0.4725
10 MOBILE 069 ALLATUONA 700.0 860.0 700.0 -31.00 36.67 -13.061 2.03%9 -0. 1083
10 MOBILE 070 GEORGE W ANDREW 62.0 108.0 62.0 67.60 -66.51 22.390 -2.333 0.0000
10 MOBILE 071 SEMINOLE {WOODR 44 .0 79.0 44.0 3.32 2.01 0.221 -0.006 0.0000
10 MOBILE 072 WALTER F GEDRGE 160.0 200.0 96.9 -6.29 10.79 -2.890 0.327 0.0000
10 MOBILE 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 0.0471
10 MOBILE 076 SIDNEY LANIER 920.0 1086.0 920.0 1.89 1.68 0.236 -0.014 0.0000
10 MOBILE 411 BANKHEAD 200.0 270.0 175.0 29.48 -28.90 12. 4486 -2.101 0. 1291
11 BUFFALD 228 MT MORRIS 584.2 760.0 578.1 1.214 4.01 -1.062 0.229 -0.0176
14 ROCK ISLAND 098 CORALVILLE 652.0 712.0 652.0 18.04 -12.66 4. 514 -0.420 0.0000
14 ROCK ISLAND 089 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 0.0000
15 ST PAUL 179 LAC QUI PARLE 924.0 948.0 918.2 8.42 -1.44 1.214 -0.132 0.0000
l 15 ST PAUL 182 ORWELL 1038.0 1075.0 1034.8 5.73 -1.28 0.372.. 0.219 -0.0388
‘ 15 ST PAUL 184 POKEGAMA 1270.4 1276.4 1173.2 -2.10 2.71 0.196  -0.017 0. 0000
l 15 ST PAUL 186 WINNIBIGOSHISH 1294.9 1303. 1 1241.C  -39.37 34.25 -8.345 0.772 0.0000

|
|
|
|




MORPHOMETRIC CURVE PARAMETERS

Dis RES EMIN EMAX EZERO c1 c2 c3 C4 CS
15 ST PAUL 187 PINE RIVER 1227.3 1230.3 1157 .1 2.08 2.52 ©.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 BERLIN 949.0 1032.0 949.0 6.24 -g,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 0.261 0.0000
16 PITTSBURGH 254 MOSQUITO CREEK 869.0 907.0 869.0 -7.16 7.42 -0.569 -0.010 0.0000
16 PITTSBURGH 308 CONEMAUGH RIVER 848.0 986.0 848.0 ~31.25 39.79 16.277 3.045 -0.2056
16 PITTSBURGH 309 CROOKED CREEK 804.0 940.0 804.0 18.97 -19.68 8.941 -<1.53%5 0.0959
16_PITTSBURGH 311 EAST BRANCH CLA 1523.0 1685.0 1523.0 2.90 -5.30 3.755 -0.707 0.0469
16 PITTSBURGH 314 LOYALHANNA 869.0 975.0 8638.0 -17.83 18.20 -6.828 1.407 -0.1083
16 PITTSBURGH 315 MAHONING CREEK 1010.0 1162.0 1010.0 28.15 -28.67 12.689 -2.366 0.1677
16 PITTSBURGH 317 SHENANGO RIVER 881.2 2919.0 873.5 -6.66 17.64 -7.989 1.754 -0.1396
16 PITTSEURGH 318 TIONESTA 1043.0 1180.0 1043.0 -11.09 9.92 =1.714 0.132 0.0000
16 PITTSBURGH 318 YOUGHIOGHENY RI 1313.0 1480.0 1313.0 -1.00 2.40 0.376 -0.104 0.0078
16 PITTSBURGH 322 WOO0DCOCK 1138.0 1210.0 1138.0 =6.51 5.90 -0.708 0.053 0.0000
16 PITTSBURGH 328 ALLEGHENY (KINZ 1195.0 1365.0 1195.0 -49.86 52.27 18. 169 2.912 -0.1723
16 PITTSBURGH 393 TYGART 960.0 1167.0 960.0, 50. 44 -45.10 16.530 -2.522 0.1423
17 HUNTINGTON 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 0.0602
17 HUNTINGTON 239 PAINT CREEK 748.0 860.0 748.0 11.65 -13.14 7.075% -1.350 0.0948
17 HUNTINGTON 241 ATWOGD 8390.0 941.0 887.2 -0.83 2.57 0.248 -0.040 0.0000
17 HUNTINGTON 242 BEACH CITY 948.4 977.0 936.3 -0.33 3.88 ~0.461 0.068 0.0000
17 HUNTINGTON 245 CHARLES 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 CREEK 765.0 835.0 765.0 -46 .44 37.66 -8.851 0.748 0.0000
17 HUNTINGTON 248 DELAWARE 880.0 947.0 880.0 -16.13 15.07 -3.341 ©.317 Q.0000
17 HUNTINGTON 249 DILLON 700.0 780.0 700.0 -9.47 7.00 ~0.469 0.000 0.0000
17 HUNTINGTON 251 LEESVILLE 954 .0 978.0 S06.2 2.96 -1.56 1.322 -0.127 0.0000C
17 HUNTINGTON 255 PIEDMONT 881.8 924.6 877.3 =427 3.93 -0.132 -0.015% 0.0000
17 HUNTINGTON 256 PLEASANT HILL 972.0 1065.0 972.0 0.38 2.20 0.044 0.000 0.0000
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HORPHOMETRIC CURVE PARAMETERS

0rs RES : EMTN EWMAX EZERD €1 o] c3 ca Gt
17 HUMTINGTON 257 SENECAVILLE 2:2.8 843.0 804,73 582 -1 32 1,363 -0, 168 0. D000
{7 HUNTINGTON FEHE TAFDAN #8338 50970 855.6 CETG T “D. 174 . 000 G 0000
17 HUNTINGTON 259 BURR QAK{TOM JE 589.0 740.0 £585.9 0.08 3.41 -0.241 o, 083 0. 0000
37 HUNTINGTON 261 WILLS CREEK 735, 0 T 0O 16,8 37.62 “30. DY 9,745 -0, 9n4d ., DOC0
$7 HUNTINGTON FF3 O JOHN WO OFLANMAGA 1210.0 1450, 1210.0 ~-1.72 3.728 ~{}. 444 0.055 £, 0000
17 HUNTINGTON FT4 NORTH FORK OF p TREG, O 16RO 1BE0 .0 10,78 ~7.32 BLET4 w183 G, 0000
17 HUNTENGTON 989 BLUESTOME 1368 .0 1820.0 1368.0 -9.77 13,58 -4, 330 G704 -G 0427
F7 WUNTIMGTON 390 EAST LYNN BE3 S TO1.0 §13.8 o.81 o7 0.945 -b.103 0.6000
17 HUNT INGTON 3891 SUMMERSVILLE 14875.0 P71 375 . ¢ 5,37 -1, 28 0. 446 0. 000 Q. 0000
47 HUNTINGTON 382 SUTTON £10.0 1000.0 810.0 5.4t -8 .32 3.879 -0 TR L0460
17 HUNTINGTON 406 MORICANVILLE 937 O 963.0 5294 T TEO3 2 EaT ~0. 280 O o000
18 LOUISVILLE 080 CAGLES MILL £§31.9 704, 0 588.6 .89 .41 0. 000 0.000 O, 00
18 LDUISVILLE 091 _HUNTINGTON 7150 798 .0 715.0 146 -4 46 5,500 -1.510 Q. 1391
18 LOUTSYILLE D02 MISSISSINEWA 665 .0 779, 0 565. 0 {7240 ~i2.35 . 617 -1, 383 5. 1054
18 LOUISVILLE 093 MONROE 4900 BES 490, O G2 57 “14.76 A%, DHG -6, G0 . 4595
18 LOUISVILLE 094 SALAMONIE 584.0 TOR.0 680.0 -7.614 12,919 -5 . 429 1.485 -G, 1136
T8 LOUISVILLE 0% © M HARDEN (MAN GO 150 557 .0 T4.83 1z, 57 4.691 <RS0 0.0850
18 LOUISYILLE 087 BRODKVILLE B28.0 TS0 6280 18, 40 -G08 2,793 “O . 28Y 0. 0000
18 LBUJSVILLE 120 BARREN RIVER 478.0 Bi8. O 484.4 5,44 -2.08 1.945 -¢y. 349 0.0230
8 LOUTEVILLE 127 BUOCKHDEN P15.0 848, 0 PRI -5, %52 35,40 “UE L GEG BAR4 BSREL R
18 LOUISVILLE 1246 GREEN RIVER BOG. O T 0 5900 24,87 ~34, a5 17 .247 <3261 02198
18 LOUTSVILLE 128 NOLIN RIVER 415.0 560.0 435.0 -0 10 G114 -2.318 . 558 -0, 0473
18 LOUISVILLE 1349 ROUGH BIVER 430,03 5E4.0 ad. 7 2% .73 -24.79 13,383 -2 RATR Q. 13496
18 LOUISVILLE 134 CAVE RUN 856 .0 TE% O 656.0 27,30 19.81 -3.43% 0,228 0. 0000
18 LOUISVILLE 260 WEST FORK OF #] 536.0 702.0 §36.0 - 14 .53 7.85 -0 517 0,000 0.0000
18 LOUTSVILLE a5 ELAREREE T BWOW GEE 0 1043 945,80 BT CRD) <4y, 2an G005 0. 0008
189 MASHYILLE 119 BARKLEY ZAQ.O 3750 PEG.0 -475 .55 506.8% -4G7 . 200 33.812 -2 1433
18 MNASHVILLE 122 CUMBERLAND (WOl SLE 773.0 5450 41.51 -3, 57 13.033 -4 895 G. 0888
T8 NASHVILLE 337 CENTER HMILL BIETH 845 5 AT F 11,508 “ETEY 1707 -G, 131 G. 0060
19 MASMVTLLE 338 CHEATHAM G450 3980 345.0 -26 .45 30,02 -B.85% 0.5899 2.0000
19 NASHVILLE 340 J PERCY PRIEST 408 0 504 .5 399§ ~28 64 31,84 -4 . 736 0. 396 0. Q000
T8 HARHVILLE 347 OLD HICKORY HEHE D 450, 1 3850 {812 &80 g EEY BT 0. 1769
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HORPHOMETRIC CURVE PARAMETERS

Bis RES EMIN EMAX TZER0 i tz [ojel €4 S
19 NASHVILLE 343 DALE HOLLOW 508.0 663.0 508.0 2548 -16.71 4.759 -0.373 0.0000
70 ET LOUTS GE1 CARLVLE 406.0 4550 408 0 -CBI A% B7.B0  ~48.G83 T 482 0.8176
20 ST LOUIS 087 SHELBYVILLE 546.0 626.0 546.0 4.71 0.92 0.243 0.000 0.0000
20 ST LOUIS £B8 REND 379.0 411.4 379.0 29.95 4610 24.148 5, 265 0. 4269
71 MEMPHYS 106 WARPAPELLD EFONY 420.0 310.8 59,94 “FY 44 37,480 RENT 73050
22 VICKSBURG 014 DE GRAY 210.0 450.0 Z10.0 -5.22 7.52 -1.613 D.187  -0.0035
22 VICKSBURG 018 CREESON [NARROW 396.0 526.0 396.0 -6.03 5.08 -0).574 0,080 C. 0000
25 VITKSBURG 018 BUACHTTA [8LAKE TN B1670 586,06 K TH 6T 408 REN-F 1) 0. DI&
22 VICKSBURG 185 ARKABUTLA 18%,0 264 0 189.0 3.87 -6.15 6.251 -1.861 0. 1331
22 VICKSEURG 189 ENID 194.0 153.0 194.0  -33.25 15.68 5. 197 0.39% 0. 0000
3% VITKSBURG 190 GRENADE 1650 FEE. 0 T6070 B2 72 "6, 62 3558 -7 485 O BOZY
2% VICKSBURG 192 SARDIS 204.0 511.0 204.0  20.38 -22.43 11.710 ~2.275 0. 1536
29 NEW ORLEAMS 138 WALLACE 139.0 176.0 130.0  -15, 85 22.08 -7.123 1,110 00800
25 NEW ORLEANS 857 LAKE OF THE PIN 185.0 ZEETS 18G4 7655 BT 16837 ~3.203 G 2153
23 NEW ORLEANS 353 TEXARKANA{WRIGH 180.0 265.0 180.0  -23.90 §4.23 -1.232 0.000  G.0000
23 _WEW URLEANS 413 CADDO 160.0 184.0 160.0 7. 80 1.97 ~. 084 0.012 ©. 0000
24 LTTTUE ROCK ™ 011 BEAVER 814.0 1142.0  Bi4.0 -11.71 9. 47 ~1.476 0718 ¢.0000
24 LITTLE ROCK 012 BLUE MOUNTAIN 354.0 445.0 348.7 4,85 -4 .58 2677 -0, 278 0. 0000
24 LITTLE ROCK 012 BULL SHOALS 452,0 708.0 452 .0 14,832 “11,68 §.246 -0. 838 0.0499
24 LITTLE ROCK 016 GREERS FERRY 272.0 503.0 27z.0  -16.46 23.62 ~3.385 1761 -0, 1152
24 LITTLE ROCK 017 CARDANELLE ZRT.0 3540 287 .0 §. 40 .54 ©.330 0,007 0.00G0
24 LITTLE ROCK 021 MIMROD 4900.0 400.0 3000 41.73 -33 .38 3.88% <0, 859 0. 0000
24 LITTLE ROCK  OF3 NURFOLK 3800 596.0 363.3 g.o8 ~3.36 3 248 0. 602 6.0388
24 LITTLE ROCK 023 DZARK 365 .4 382.0 323.0  143.86  ~¥90.53 97.589  ~19.431 1.8114
24 LITYTLE ROCK 193 CLEARWATER 460.0 808.Q 460.0 0.41 0.75 1.511 -0, 380 0.0311
24 LITTLE ROCK  2G0 TABLE ROCK B85.0  ©947.0 645, 0 -6, 14 6.3 0,780 GT06E 00000
25 TULSL 020 MILLWODD 713.0 R87.0 212.0  128.96 - 113,15 33,325 -3.084 00000
25 TULSA 102 COUNCIL GROVE 1224.0  12B9.0  1224.0 14.00 -13.64 5.483 0,563 0. 0000
25 TULSA 103 ELK CITV 760.0 B25.0  760G.0 .00 T4 76 "B .00% 7.083 -0, 1808
28 TULSA 104 FALL RIVER 917.0 988.0  917.0  51.63 ~60. 24 27.818 5. 282 0.3875
25 TULSA 10% _JOHN_REDMOND 100%.0  1078.0  1009.0  78.38  -407.30 54.249  -11.317 0.8581
25 TULSA 707 BARION Te0UR.0  1363.0  180B.0 47.08 ~23.57 76 158 & 541 G.4278
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MORPHOMETRIC CURVE PARAMETERS

oIS RES EMIN EMAX EZERC Ci €3 c3 ca C5
25 TULSA 142 TORONTO 862 .0 942.0 862.0 15.30 ~16.78 7.353 -%.039 0.0487
25 TULSA 264 BROKEN BOW 424 .C 628.0 424 G 8,54 -8.79 4.606 -0.74% 0.0426
25 TULSA 265 CANTON i1580.0 1638.0 1580.0 9,83 -g.14 &.438 -1.4786 0.1208
25 TULSA 266 CHOUTEAU 480.0 530.0 480.0 §.53 -3.24 1.875 -Q.185 0. 0Q00
25 TULSA 267 EUFAULA 495 .0 Gi12.0 495 .0 -11.20 10.35 -1.104 -Q. 094 0.0249
25 TULSA 268 FORT GISSON 550.6 582 .0 465.8 -8.76 4.39 -0.039 Q.00 0.0000
25 TULSA 769 FORT SUPPLY 1988 .0 2028.0 §888.0 2.74 3.49 -0.735% 0. 168 -0.0138
25 TULSA 270 GREAT SALT PLAL T15.0 1138.5 t11i5.0 ~5 .05 12.53 -3.432 0.388 0. 0000
25 TULSA 271 HEYBURN 730.0 792.0 73¢.0 -38.41 57.48 -28.794 6.473 -0.5239
25 TULSA 272 HULAH $96.0 765.0 696.0 26.60 -2%.56 7.147 -0.670 0.0000
25 TULSA 273 KEYSTONE 648 0 760.0 654.0 7.47 -0.29 0.472 -Q.017 0. 0000
25 TULSA 274 NEWT GRAHAM SQC.0 S50.0 487 .2 -3.21 403 -3_343 0.034 Q. 00C0o
25 TULSA 275 0OLOGAH §592.0 661.0 586.3 12.02 -4.06 1.611 -0, 428 0. 0000
25 TULSA 276 PINE CREEK 384 .0 48C.0 384.0C -36.87 48.65 ~20:.99% 4,136 ~(), 2945
25 TULSA 277 ROBERT S KERR 412 .0 472 .0 442.0 19.21 -12.96 4.4138 -{).382 0. G000
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 39C.0 414.0 390.0 4.32 .67 1.890 -0, 540 0.0566
25 TULSA 280 WEBBERS FALLS 438.0 520.0 438 .0 -13.79 15.19 -3.596 0.358% 0.0000
25 TULSA 281 WISTER 436.0 510.0 436 .0 55.89 ~48 .44 14.765 -1.362 0.0000
25 TULSA 282 CLAYTON 530.0 611.0 530.0 58 .68 -72.41 33 T4z -%.433 0.4477
25 TULSA 283 KAW 931.0 1075.0 931.0 4,86 -5.30 4,077 -0. 807 0.0569
25 TULSA 284 COPAN 670.0 732.0 670.0 175.79 -206 .25 89.505 -16.551 i.1262
D8 TULSA 285 HUGD 360.0 438.0 360.0 11.68 -14.64 7,874 -1.343 0.076%
25 TULSA 286 OPTIMA 2703.0 2778.0 2703.0 -9.81 11.49 -2.368 0.207 0. 0000
25 TULSA 287 WAURIKA £90.0 970.0 890.0 30.29 -41.85 22.048 -4.52% 0.335C
25 TULSA 348 TEXOMA (DENNISO 520.0 643.2 520.0 31,13 -33.18 15.434 -2.817 0. 1877
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 -24.30 29.44 -0, 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 380.0 439.0 380.0 -5 60 5.43 -(+.633 0.025 0.0000
26 FORT WORTH 345 BELTON(BELL) 480.0 §31.0 480.0 -6. 10 B.95 -3.185 0.723 -0.0569
26 FORT WORTH 346 BENBROOK 52G.0 T41.0 518.7 IRE 3.00 -1.478 0. 571 -0. 0580




MORPHOMETRIC CURVE PARAMETERS

oI5 RES EMIN EMAR EZERG 1 Tz <3 <4 5
26 FORT WORTH 347 CANYOM 750.0 970.0  750.0 -41.33 37.04  -11.999 1,833 -0. 1157
26 FORT wORTH 349 GRAPEVINE ATEG T BBY.OT 4700 867 1047 6.352  -1.959 R
26 FORT WORTH 354 HORDS CREEK 1654.0  1520.0  1854.0 -1.,40 4,23 <1.081 0,246  -D.0%74
26 FORT WORTH 354 LAVON 443.0  503.% 4401 -2.04 5.24 0,134  -0.296¢ 0.0331
26 FURT woRTH GEE LEWISVILLE(GARZ — 485.0 8256 4860 75 48 T THT0ay NI 0. 7188
26 FORT WORTH 256 NAVARRDS MILLS 390.0  452.0 390.0 4.03 -2.71 2.956  -0.638  0.0497
26 FURT WORTH 358 PROCTOR 1120.0  1201.0  1120.0 ~53.45 56.85  -20.B14 382 -0.2003
26 FGRT WORTH 359 GaM RaVBURN [MC 850 (EERY #0.0 87,80 SR 372,668 -5.883 0. 3842
26 FORT WORTH 360 0 ¢ FISHER (SAN  1840.0  19868.0  3837.0 -6.09 5.85 -G.395  -0.045 0.0104
26 FORT WORTH 361 SOMERVILLE 200.0 _ 275.0 _ 200.0 15.81 ~22. 26 13,845 -3.134 0.2501
28 FORT WORTH 38% STTLLHOUSE HOLL 448.0  BAi.0  438.0 341 165 SC.836 0 6.383 -0 05t
26 FORT WORTH 383 WACO 400.0 470,38 2322.9 -474.63 89.63 -5.436  0.000  0.0000
26 FORT WORTH 354 WHITNEY 429.0  BV1.0_ 429.0 ~18.27 26,13 ~10.429 1.946  ~0.1288
28 FORT WORTH 37V 8 A STEINHAGEN G0 T 4570 6,47 “3UEy [ L - TN v (R VY oTs
28 ALBUOUERQUE 085 JOHN MARTIN (MA  376%5.0 3870.0  3765.0 36.93 -50.42 25.334  -4.985  ©.351%
28 ALBUCUERQUE 298 AB1QUIU BUECLO  B362.0  B0E0.0 -9. 4% .10 1,944 -0.450 0.0197
28 ALEUDUERQUE 218 CONCHAS 40710 T4REs 0 TEGTY TETTT TG A8 457648 -§.212  0.5289
28 ALBUQUERQUE 407 TRINIDAD 8081.0 6281.0 S021.0 1. 64 ~3.08 2.482  -0.450  0.0305
29 KANSAS CITY 100 RATHBUN B55.0  946.0  855.0 4.69 ~3.77 2.807  -0.497 0.0384
29 KANSAS TITY 106 KANOPOLTS 1430.0  1837.0 1430.0 “Z.33 12,46 -5 488 1.163  -0.0837
29 KANSAS CITY 108 MILFORD 1141.2  1178.2  1067.0 o2 N 0.156  -0.028  0.0018
29 KANSAS CITY 109 MELVERN 453.0 1073.0  958.0 4,42 -1 86 1637 -0.334  0.0000
29 KANSAS CITY 110 PERRY 8200 8270 820.0 7408 -83eR 33.075 7 “EIZET T 0349
29 KANSAS CITY 111 PUMONA $42.0  1008.0  8I8.7 2.19 2.03 0128 -0.010 0.0000
2B KANSAS CITY 113 TUTTLE CREEK 1010.0  1140.0  873.0 131.64  -144,99 56,837  -3.231 0.5451
23 KANSAS CITY | 114 WILSON 1436.G  1B82.0  1425.0 -5, 24 611 -G.391 G000 0.0030
29 KANSAS CITY 194 POMME DE TERRE TEQ.O  874.0 TBO.O 9.51 ~7. 44 3.870 -~0.633 00392
29 KANSAS CITY 195 STOCKTON 760.0 897.0 7600 35.71 -48. 01 22,723 -4.132 0.2879
29 KANSAS GI1TY 207 HARLAN GOUNTY 1880.0  1982.0  1880.0 ~10.97 71,34 ~2.020 D157 0.0000
30 OMAHA 064 CHERRY CREEK B523.0  BE4C.0 5523.0 5,59 12,21 -4 524 0.834  -0.0548
30 _OMAHA 203 FORT FECK 2093.0  2251.6  2038.0 3.49 0.28 1.022  -0.182 0.0089
30 OMAHA 208 OLIVE CREEK TE0.0 1357.0  18iD,0 4.87 7. 89 §.050  -1.405  ¢.i1168
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30 OMAHA 209 BLUESTEM 1276.0 1332.0 1276, 0 52.84 -59.06 34114 -7.009 0.5308
30 DMAHE 210 WAGDN TRAIN 12560 13080 TIBE D BT 41,47 -15.223 3,541 ~0. 3376
30 OMAkA 211 STAGECOACH 1248.0 1291.0 12480 “14.23 22.27 ~10.062 2. 201 -0. 1752
30 OMAHA 212 YANKEE MILL 12190 1267 .0 1219.0 12.432 - 16,89 10,203 -2.272 0. 1543
S OMAHA 217 CDNESTOGA T187.0 288 G 11870 ENT 7164 8,685 1.787 01350
B0 OMAHA 214 TWIN 13060 12640 1306 .0 10,68 -11.,47 5,618 0. 923 0.0559
30 _OMAHA 215 PAWNEE 1206.0 17890 +206.0 At -41, 80 21,170 ~4.245 0.5094
30 DMANA 316 HOLMES PARK i216.0 126590 1215 0 18,92 vaTan LS ET SN EL T 0250
30 OMaHA 217 BRANCHED DAK 1250. 0 1317.0 1250.0 21.50 ~21.43 10,626 ~2.065 o, 1477
30 DMAHA 234 BOWMAN HALEY 2715.¢ 278:1.0  2715.0 ~2.48 3.72 ~0. 181 0.023 0.0000
30 DMAHA 295 SAKAKAWES (GARRT 16880 1860.0 16650 71,56 CEETH 12183 -2 169 01373
30 OMAHA 331 SHARPE (BIG BEN 13400 1430.0 1340.0 -19. 41 19.20 ~4.085 0. 334 0.0000
GG OMAHA 332 COLD BRODK 35760 3666.0 3544 6 “1.64 1,59 o, 142 0. 000 0. 0000
G0 OMARA 334 FRANCIS CASE (F 1227 6 1390.0 1240.0 -12.50 14 4% S NNT 0.224 0. 0000
30 OMAHA 335 LEWES AND CLARK 1160, O 1230.0 11600 10. 1% 5. 34 2.827 -0, 446 0. 0000
30 OMAHA 336 OAHE 1420.0 1520 0 14200 0,10 5. .87 -0, 938 0.083 0. 0000
30 OMAHA 415 CHATFIELD EZ80. 6 EEEL0 B380. 0 BV ET;! 71786 “1UESS G, 128 )
31 WALLA WALLA 07T DWORSHAK 270.0 1640.0 970.0 0. 19 7.60 ~0. 184 &.023 0. 0000
31 WALLA WALLA 078 LUCKY PEAK 2822.0 30800 2827.0 14.92 -17.44 8.272 -4, 408 £.0845
3T WALLA WALLA 079 RIRTE BUSE0 CEREW 4822.0 . 19 T 0107 T, 008 &. 0000
31 WALLA WALLA 379 ICE HARBOR 3780 4400 a75.0 7.31 1.4 0,000 &L 000 0. 0000
32 SEATTLE 0BG ALBENI FALLS (P 2048 4 2087 6 1951, 7 7.08 i.81 0. 000 0. 000 o, OUoo
37 SEATTLE 204 KOOKANUSA{LIBBY 2110.0 24531 T80 3.88 EENET! 5 B0 “5.EET 6. 0477
32 SEATYLE 477 RUFUS WOUDS (CH TEE . O YE5E .0 780.0 -1.29 7. 80 -2 . 858 0,477 ~0. OB
32 SEATTLE 384 MUD MOUNTAIN 915.0 1241.0 895.0 10.02 -5.23 1.801 “0. 117 0. 0000
3% SEATTLE F8E WYNOOCHEE B40.0 G0 . 0 G40 .0 ST 3583 ST Ak 1,430 0. 0960
32 SEATTLE 386 HOWARD A HANSON 1035.0 1222. 4 1035.0 -0.20 5.91 -2.6867 0. 805 -0.0434
33 PORTLAND 288 BLUE RIVER 1102.90 1857.0 1102.0 -3.12 4.19 -0, 107 0.092 0. 0029
35 PORTLAND 760 COTTAGE GROVE i85 802.6 71970 ST 5.85 "B.412 0. 003 & 8650
33 PORTLAND 281 COUGAR 1274.0 1699 .0 1274.0 -6 37 5.5% ~1.15% 0,199 ~0.0145
48 PORTLAND 232 CELILO {DALLES) 1550 1600 1036 5 26 §.85 0.000 0. 000 0.0000
A POETLAND 793 DETROIT 12000 1869, 0 72660 ) 558 O.BZE “0.043 &O600
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MORPHOMETRIC CURVE PARAMETERS

bis RES EMIN EMAX FZERD bt ¢2 c3 ¢4 8
39 PORTLAND 294 DEATER 880.9 695.0 654, 1 4.69 1,49 0. HDo 0. 000 0. Q000
33 PORTLAND 285 DORENA T36.0 8860 RN Y34 TE o7 -2 BuE 0,215 6. 0000
33 PORTLAND 296 FALL CREEK §73.0 839.0 6730 -2.33 5.69 -1.626 o.31% -, 0222
33_PORTLAND 297 FERN RIDGE 339.0 375, 1 339.0 -4.98 8.05 ~2,031 0.222 0. 0000
33 PORTLAND 298 FOSTER $25.0 §40.0 £25.0 3777 ~26.40 7,054 G573 0. 5500
33 PORTLAND 299 GREEN PETER 700.0 1015.0 700.0 -2.19 -0.39 1.052 ~0.082 0. 0000
33 PORTLAND 300 HWILLS CREEK 1245.0 1544.0 1245.0 a.57 ~0.88 1,144 -0 190 0.0118
3F PURTLAND FO2 LOBKOUT POTRT §8B.0 34,0 BBB. U Y420 18,74 6. 603 10 ~0. 0554
8% PORTLAND 304 LOST CREEK 15500 18500 1860, ¢ 16.94 -8.34 2. 145 SORTE O GO00
33 PORTLAND 308 BIG CLIFF 1193.0 1205, 0 1123.0 0.0t 1.97 0. 000 ¢.000 0. 0000
4 EACRAMENTD 0%4 BLACK BUTTE FET.O 390.0 38T.0 0,36 5.43 ~Z.298 0.593 “0. 0495
34 SACRAMENTO 026 ENGLEBRIGHT 285.0 §50.0 295.0 5.16 ~5.29 3.083 . 538 0. 0344
34_SACRAMENTO DUE ISABELLA 2455.0 2820.0 2485.0 28 .82 -24.60 &, 160 “(. 434 00000
B4 SRCRAMENTG 030 MANTIS CREEK 57450 58830 57450 714 4,30 NN 0. 600 T Ouo0
34 SACRAMENTO 037 NEW HOGAN 535.0 720.0 535.0 4.15 0.97 -0. 304 0.169 -0.0164
34 SACRAMENTO 032 PINE_FLAT 563.5 960.0 56%.5 -23.46 14.21 -2.002 0,112 0.0000
34 SACRAMENTD 036 SUCCESS £38.0 690, 0 5380 9,53 “10.63 5818 “TUES 0. 0797
34 SACRAMENTO 0a7 KAWEAH (TERMINU 807.0 720.0 807, 0 “B.82 8.61 -2.888 0.585 -0. 0289
B4 SACRAMENTO Q41 FOLSOM 240.0 486, 0 240.0 -17.27 24,04 -8.385 1,329 -0.0744
G4 SACRAMENTD 04 NEW BULLARDS B8R 1800.0 15600 73447 EEIET 78 T5oaue G062 “556ET
34 SACRAMENTO 044 CAMENCHE 104.0 234.8 B9.5 841 -G 12 5.534 -f.0n32 0.0674
24 SACRAMENTO D47 CHERRY VALLEY 4430.0 _ 4700.0  4430.C £5.89 65,45 95,686 -3.898 0.2125
34 SACRAMENTO 04 NEW DON PEDRO 550.0 830.0 456.6 G.78 “Naz 1,455 ~0.214 G 0103
34 SACHAMENTO O%1 MCCLURE {NEW EX 4400 870.0 410,58 2.88 -4.03 2.631 -0, 400 0.0223
34 SACRAMENTO 054 MILLERTON (FRIA 375.0 580.0 285. 4 ~0. 12 ~0.87 1. 488 -, 341 0.0140
35 SAN FRANCISCO 028 MENDGOCTNG 837.0 800.0 840.0 1.26 3.85 - T §.a73 (5. 0364
35 SAN FRANCISCO 039 SANTA MARGARITA 119040 1320.0 1490.0 -8.49 9.27 ~2.815 6.520 -0.0335
36 LOS_ANGELES 009 ALAMO 1040.0 1259.0 960.0 ~71,20 37.94 -6.027 0.351 ©.0000
36105 ANGELES 627 HANSEN $80.0 1087 .0 500 IENGE SENE ENEET ~1.368 O 0943




APPENDIX B

Dats Listings

This appendix summarizes the mass balance terms by reser-

voir and nutrient for each of 108 reservoirs sampled by the U. 5.

Environmental Protection Agency's National Eutrophication Survey,

and high- and low-priority water quality data by station-year

and reservoir-year.

Table Bl:

Table BZ:

Table B3:

Table B4:

Mutrient Budget Summaries
Water Balances and Inflow Concentraticns by Period
Water Quality Data Summary by Station-Year

Water Quality Data Summary by Reservoir-Year
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LGAUG
LUNGD
LPOINT
LOTHER
LPREC
LTOTAL
LEVAP
LOUT
LDSTOR
LNET
CvI
Vo

Table Bl

Nutrient Budget Summaries

Meaning

CE District code

CE reservoir code

Total P, Ortho P, Total H, Inorg N in metric tons/yr;
Flow in million w°/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 teotal loading estimate
coefficient of variation of total outflow estimate

Hote: Hydrologlc conditions refer to year of tributary monitoring by
EPA Hatiomnal Eutrophication Survey, as identified in Table 4,
Part III of the main text.
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NUTRIENT BUDGET SUMMARIES

OIS RES PAEAM LGalG LUNGD  LPOINT  LOTHER  LPREC LTOTAL LEVAP LOUY  LOSTOR LNET ¥l CvD
_bo__1TE TOYAL P 4.87 2.30 D.O0  ©.00 0. 10 6,87 .30 0,29 1,48 ©.18 0,21
o 176 ORTHO P 1,46 0.5% 0,067 0.00 G.05 .04 - 170 o.06 0798 0.0% 5.13
o 176 TOTAL M 09, 32 T AD 0,00 0.00 3,26 7597 177,714 £. 56 91.69 0.3t .08
02 178 INORG N 104,40 47,03 000 0.00 {87 150.36 ) 116 .32 4,30 29.74 0,11 0,09
63 176 FLOW fR1,92 11w 0 . ; 84 30076 207 194 73 16 EA 4.7 . .
03 30T TOTAL P 2414 O.27 0.00 0,00 SRR 2.7% 3.38  ~0.032 0.5% 0.10 013
£33 307 ORTHO P 1.18 0.18 G.00 Q.00 0.08 1.39 1,40 =001 SO0 0,06 0.1
53 307 TOTAL M 219,45 1780 0.00° 0.00 377 240,72 Zae R4 .78 0.0 O, 13
03 3OT  INDRG N 144,45 2.78 O.00 0,00 1.a8 145, 11 . $83.73 -t.37 -6.24 0,04 0,04
03 307 FLOW 180,25 24.76 . . 5.44 210,45 3.07 241,01 -1.86 1,34 ; .
04 T3V THOVAL R 75,79 G 4B g.00 0,00 0.4 TH. 80 ; G678 -0.63 42738 0. 27 Q.79
04 317 ORTHO P B0 A4 .19 0,00 0.00 007 5G.7C 19,17 0.3 21.88 Q.22 O.19
04 312 TOTAL N (237,63 a5. 71 0.00  0.00 4.70 1278.05 436 .66 -15.34 966.73  G.i8 (.09
O 312 INORE N 829,73 24 61 S N 2.358 BEG.BS . £897Fg -5 33 266,253 0,14 D0
4 312 FLOW 457,91 1512 . . 4.38 47841 3.47 464,17  -7.54 21.78 ; )
Of 372 TOTAL P aty. 22 16.07 2170  0.13 5 78 954,91 188.35  -2.04 T68.60 O.08 (.25
GE 472 ORTHG P 35495 ATET IV RS TS i.BY 263765 97,00 <1.08 167,69 (.08 .31
06 372 OTOTAL N ©141.73  277.03 127.86 5.07 192 .88 874438 8894.00 -96.10 946 .47 0,12 0.19
_0B 372 INORG N 3345.56 43,90 127.956  5.07 95,29  262%.48 . 2194 .51 23,71 454,39 0.08 (.09
88T TEYE FLDW B8S4. 1B A16.67 . . I38.95  T408.80 18610 | 7455 .71 ~7B.44 YRV A .
08 Q74 TOTAL P 620,07 26 .64 0.0 0.07 8.43 655,17 278,79 2.73 373.8% 0O.17 0.14
08 074 ORTHO P 174,29 B.75 .00 0.07 430 187 .33 100, 13 0.38 B6.32 ©O.14 0,13
Ca oTd  TATEL N FRER VY B4 23 T RN ST I R KT ¥ 0244 .81 TIO0 AT -2147.99 0l 14 039
08 OTF4  INORG N 2983.32 98 .25 C.00 2.80 440,55  3225.02 , 2582 .20 25.5¢% 617.5% ©0.i0 0.07
_08 074 FLOW 11126 09 516,23 . . 417 81 12060.14 300,55 19779.320 112 .52 168 .42 . .
a8 330 TOTAL P 55,79 20,43 13.8%2 1.54 6,74 361,32 £330 1. 15 F37 00 0.07 O.29
OB 330 ORTHO P 90, B5 8,74 13,82 1.54 247 117.78 23,30 0.7 83.78 0.05 0,13
OB 330 TOTAL N 2899.53 663.37 30 .75 54 .44 224,67 G872.76 S5824.66 123,40  -2075.29 0,05 0,48
08 330 [NORG N 1047.33 198,33 30.75 B4.44  112.33 1437.18 . 1206 .58 25,56 205.04 0,17 0.186
T8 330 FLOW 4231.70 175,38 . . A72.65  BTT9.73 228.77  BOIR.IT 122.86 -371.54 . .
10 003 TOTAL P 382 _88 551 GO0 0,01 0. 40 q88.78 85 48 ~0.01 AT 30 013 013
0 00D ORTHO P §i0. 8% 1,22 0.00  &.01 G.20 112.25 iGE. 4% -0.00 9.8 G.13 ©.18
10 O0%  TOTAlL N 12607 88 197.19 .00 0,10 13.30 12848, 48 17888.38  ~0.68  -4869%.22 0.12 O, 14
_iD 003 IMORG N &212.83 8037 Q.0 DLW 6.65  6270.02 . 8549.08 -0.33 -297B.71 0.0% ©.08
10 003 FLOW 9834.54  236.67 : ; 7277 10073.88  14.22 10382 7% -0.481 -308 .41 A ‘
10 OBy TGTAL P TEH .15 18.27 5. 66 ¢.08 .27 183.42 . 83 .84 O 88 118,99 o1 Q.37
10 069 URTHO P 31.26 292 5,66 (.08 0.64 40.53 21.38 .20 18.85 0.08 O 10
D 088 TOTAL N TEZE a3 194 .72 E.¥5  2.20 437 .38  1773.39 1393.04  iz.74 367.61 .07 657
10 069 THNDRG M 631,51 66 .76 BTS00 2.20 21,19 730,41 . 545 16 4,09 180.27 G.0B Q.13
10 088 FLOW 2580.71 214,93 61,95 2453.90 42,08  2521.23 22.67 ~g0.00
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NUTRIENT BUDGET SUMMARIES

0I5 RES PARAM LGAUG  LUNGD LPOINT LOTHE®R  LPREC LTOTAL LEVAP {BuT LOSTOR LNET ©VI ¢Vl
40 071 TOTal P 2422 .05 BE . TH 6.57 Q.00 4.61  2490.21% 2032. 16 0.51% 457,54 0.05 0.23
0T e RETRG FEEGETT e W EUEY .00 FCT] Ald G5 8i1.18 0,18 199,68 O.04 0,16
10 071 TOTAL N 36414.54 418.50  §.42 0,00  153.81 235%95.08 3IBTE4. TS 8.83 1221.36 0.12 0,22
£ 079 INORG M $IBES.10 K774 B.42 0.00 96,81 11TCE 17 ) 8426.54 9,10 3279.53 010 0. 14
0071 FLOW TEGi4.80 ©46.55 . ; 332.06 26473.50 180,12 25877.99 &.69 -511.09 A .
1 072 TOTAL P 1478.0% g8.64  7.26 0.04 5.26  1200.21 192%,43 -1.05 71,84 0.08 012
10 Q7R ORTHD P 404, 78 2.B5 7.2 .04 2,63  417.58 417,34 ., 39 0.61_0.08 0.2
107 072 TTOTAL W TioeZs .8 235.12 21.78 1,44 175.435 13082.25 14327 .75 TTERE T CVEBILTY0N08 0l e
10 O7F  INORG M B2T76.BO 48,89 21,78 .44 a47.68 5436 .26 . 578%.92 -G 80 ~341.25 0,10 0.08
10 072 FLOW 12201.20 305.57 ) . 331.45 12838,.23 19%.95 1270%, 19 -6 144,72 . )
TOTETE TR R L Te T B & I ¥ R S g4 i764 FER IR i§7i4 789 203.08 0.16 0,45
10 076 DORTHD P 54,29 12.87 21.05 0.414 2.32 101.04 13.82 0,42 86.80 0.13 0.07
10 O76 FTOTAL N 2362.66 BOO.54 43.08 15,27 i64.64  3376.19 2121. 18 54,08 1190.76 0,08 O 17
160777076 INORG N 1009 80 380.17 43 08 15.a7 77.32 1525 .35 . 10a0. 86 3%.08 401,74 0.05 0.08
10 076 FLOW B531.34  &11.42 . } TOO. 13 B432.00  161.41  2EOS. 88 8O 17 B45 , BY . )
10 411 TOTAL P 583,76 §.53  0.00 0,02 1,16 551,48 500,67 9.34 80.50  0.14  0.26
10 TTEITTORTRG P 135789 .83 0.00 .02 0. 58 146 . 82 10948 0,07 d9.07 0.0 6.8
10 411 TOTAL N 15083.55 377.80 0,00 0. 80 A%, T4 1SEOD, TO 14§2%. 99 S 687.50 .08 0.7
10 411 INORG N 8201.82 226.81 0.00 0. 80 19.37  B448.60 . 6934, 16 4,31 1510.13  0.09  0.06
6 ai1  FLow 4935.34 26B.25 . . 6%, 18 GeB4.TT AT aTTEEED AR O “HaT .63 . :
14 099 TOTAL P 2968.73  34.79 4.93 OO0 1.54  300%8.99 1081 .88 ~44, 1972.12  0.47  0.09
14 098 DRTHG P 878.24 5.9 4.93 0.00 .77 890, 13 BYY .07 “34.37 319,43 007 0. 14
14 099 TOTAL N 46139.88 343.60 14.7% G. 00 B{.48 A46539.76 36%54.27 -1478.8%  {i664.233 O. 10 0.06
14 093 INDRG M 34912.38 B9.80 14.78 o, 00 5. 74 38047, 714 . 2O6H0 .G 1206, 45 B5GE.24 Q.12 0.07
14 099 FLOW 4830.95 95 172 : . 26,48 4062 .55 48 48 507,89 -202.58 137,09 . .
15 {7 YOTALTP FT8 oo 16 EEn FIEE BT 4u7 378 o.03 .93 0.4i4 0.05
15 178 ORTHO P 0.74 .04 0,00 0. 18 0.78 1.72 1.13 0.01 G.57 0.19 0.19
15 i78 TOTAL N 102 .05 5.2% OO 85,714 52,47 165,48 a8, 31 1,13 S8.00 0.14 Gl
1% 178 TNURG N 1O BE 4,21 oo 5.7 26,24 43708 ) . ¢.09 3516 0.25 ©.23
i85 178 FLOW 125. 45 7.04 . . 43.70 176,20  37.40 $RE, 19 1,77 11,76 . .
18 181 TOTAL P 2,28 1,268 % 7% 000 12,88 24,87 8.19 ~4, 530 17.87 Q.22 ©0.27
18 TET BRTHD B 3,18 0.45 1.75 Q.00 6,80 12,18 3.24 -G.B1 §.43 0.23 0.21
{5 181 TOTAL M 836.78  82.23  8.27 0,18 483.08  1177.53 418,13 ~56.13 825.83 Q.16 ©.30
15 181 INORG N 96,68 5.0 5.27 0.18  226.55 274 .77 ) 16068 -25 41 133,80 0.33 0.75
HE 81 FLOW GB6 . 2B G705 ; ) 307 .88 751 21 289 86 668.33 “88.27 41,18 .

15 237 TOTAL P 43.632 F.44 4, 8B 0.03 0.63 49,40 36.73 .29 12,38 0.22 0.4
IS o007 DRTHG P 2. 61 1,43 {68 0,63 .31 26.07 28 .45 .23 -2.61 Q.28 0.1
16 Aa¥  TOTAL M A18.08 38.42 .08 T.06 20 . %8 483 .39 361.21 2. 88 T16.30  ©.320 0.07
18 237 INDRG N 103 .29 10,31 5,08 1.08 10,49 130 .20 . 83.59 o.67 45. 94 (.45 O.83
15 237 FLOW 159, 44 13,01 . 11,30 183.985  16.02 179. 35 1,30 3. 30




NUTRIENT BUDGET SUMMARIES

e’

0I5 RES PARAM LGAUG  LUNGD LPOINT LOTHER LPREC LTGTAL  LEVAP LOUT  LDSTOR INET GVI cvo
16 243 YOTAL P 30.68 9.70 29.37 0.18 0.36 70.29 ) 16.15% -0.53 54.66 0.09 0.21
16 243 ORTHO P 8,75 2.45  29.37 0. 18 O.18 40.92 . 5.88 ~0.19 35.24 ©.08 0.23
16 243 TOTAL N 515.91 176.06 &7.01 6.%58 i2.08 1T . 540.92 -19.28 2W06.09 0.05 0.1
16 243 INORG N 294.58  107.340 7.0t 6.68 6.03 481,41 . 326.58 -10.66 165.49 ©.07 0.1i2
18 243 FLOW 197 . 14 G67.74 . . $1.65 276.53 5.62 28%.65 ~9. 14 -3.98 R .
16 254 TOTAL P 5.42 7.28 3.62 0.00 0.89 17.22 ] 5.58 -0.09 11.73 ©.860 0.15
16 234 ORTHO P 1.16 2,16 3.62 0.0 Q.45 7.39 . 1.38 -0, 02 6.03 0.28 0.52
16 284 TOTAL N 73.11 105.88 774 ¢.00 29.76 216.47 . 165 .69 274 53.52 .27 0.21
16 254  INDRG N 32.85 51.70 7.71 .00 14,68 107 .14 . 35.10 -0.58 72.63 0.46 0.32
16 254  FLOW 37.18 51.07 . . 27.98 116.23 22.73 117.52 -1.57 .27 . )
16 317 TOTAL P 62.119 Q.98  $.00 .07 0,40 63,57 . 56 .84 -0.49 7.21 0.11 0.13
16 317 GRTHO P 22.50 0.33  0.00 .07 0.20 23.16 . 10.81 -0.09 12.44 0.11 0.14
16 217 TDTAL N 950.67 31.55  0.00 0.22 13.29 995.74 . §210.77  -10.36 -204.88  0.06 0.08
16 217 INORG N 442 12 15 .44 .00 0.22 6.64 464 .44 . 532.98 -4 56 -63.98 0.08 0.15
16 317 FLOW 632.26 13.73 . . 11.93 664.92 10.13  821.84 ~6.94 -149.97 . .
16 328 TOTAL P 169.88 5.40 0.00 0.13 1.37 176.78 . 113,83 -1.87 $4.82 0.20 0.186
16 328 ORTHO P 44,74 1.87 0.00 0.13 0.69 47 .50 . 32.79 -0.54 15.25 0.14 ©.31
16 328 TOTAL N 2335,95 273.44 Q.00 0.67 45.89 2855.75 . 4744.08 -~78.01 -2010.32 0,15 Q.15
16 328 INODRG N 1300.15 121.70  0.00 0.67 22.8%5  144%,37 . 2335.08  -38.40 -851.28 0.17 ©.20
16 328 FLOW 3526.3% 316.33 . . 49.64 3B92.35 31.41 3677.86 -59.39% 27446 . .
16 393 TOTAL P 51.12 7.50 Q.00 0.0 0.18 58.81 . 93.13 0.02 -34.35 0.1t 0.4t
16 293 QRTHO P 15,31 3.08 000 .01 0.0% 18.50 . 25.25% 0.01 -6.76 0.47 ©.22
16 383 TOTAL N 1498 .56 26R.66 0.00 0.65 5.92 1{773.79 . 1870.27 0.50 -196.98 ©0.C6 ©.13
18 383 INQRG N §142.17 $80.22  $.00 0.65 2.96 1326.00 . 1448 .27 0.37 -122.65 ©0.04 ©.08
16 393 FLOW 24G6.54 462,30 . . 8.03 29836.87 4.52 2916.332 0.74 19.80 . .
17 241 TOTAL P 7.63 118 0.00 o.05% G. 19 g, 05 . 2.486 -0.05% 6.64 0.i1 0©0.07
17 241 OQRTHO P 1.65 Q.36  0.00 0.0% 0.0% 2.17 . C.E5 ~0.02 1.34 0.10 ©.14
17 241 TOTAL N 155.71  79.47  ©.00 £.25  6.24 247.67 } 84.80 -1.89 164.76 .05 0,10
17 241 INORG N 86.02 83.71 .00 .25 3,12 159,11 . 32.38 -0.72 127 .44 0.08 Q.17
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 .56 0.07 79.30 . 50.61 ~0.09 18.77 ©.21  0.37
77 242 ORTHO P 11.86 1.45 2.29 0.56 0.C4 16.20 . 16.25% -0, 01 5.956 ©0.09 0.12
17 242 YOTAL N 1009.32 226.94 6_87 20.97 2.48 126B6.58 . 1098 .64 ~1.5% 169.47 ©O.0B 0.12
17 242 INORG N 728.87 165.90 6.87 20.97 1.23 $23.83 . 739.38 -1.04 185.49 ©O.16 0.32
17 243 FLOW 24433 64.68 : ) 2. B2 390.62 2,00 29C. 19 -0, 41 20 .83 ) .
17 245  TOTaL P 46.07 1.94  0.00 0.05 0.8 48.24 . 43.77 -0.34 4,81 0.18 0.z21
17 245  ORTHO P 12.32 1.42  0.00 .05 0.0% 13.9% . 7.39 -0.08 6.62 0.10 0.16
17 245  TOTAL N 796.01 100.31 0.00 1.89 5.96 304 18 . Bi8.02 ~6.39 92 .55 ©.08 0.03
17 245 INORG N 457.44 58,1 0.00 1.39 2.98 520G.42 . 395.20 -3.09 128.31 0O.t1 0.31
17 245  FLOW 218.48  54.48 6.43 279.38 4.86  284.92 -2.19 -3_34
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NUTRIENT BUDGET SUMMARIES
DIS RES PARAM LGAUG TLUNGD LPOINT LOTHER LPREC LTOTAL LEVAP LOUT LDSTOR LNET CVI CVo
3 247 TOTAL P 33.27 0.92  0.14 Q.00 0. 14 34.47 47.00 -0.02 -12.51 0.14 _©.10
17 247 QRYHG P 12.60 G. 4%  ©.14 .00 ¢.07 13.26 21.76 -3 01 -8.49 ©.12 ©.26
1 247 TOTAL N 1146.35 54.78  0.42 0.00 4.80 1206.15 1442.74 -0.69 -235.90 ©.22 ©.12
i7 247 INORG N 844,41 41.56  0.42 0.00 2.30  888.3% . 1145, 88 -0.5%  -256.94 0.28 0.12
17 247 FLOW 353.54 20.50 . . 5.11 379. 15 3.86 374.78 -0, 18 7.954 . .
17 248 TOTAL P 96.56 15.52  0.08 0.142 0. 14 112.43 74.55% -0.02 37.90 ©.12 0.25
$7 248 OQRTHO P 32.35 7.32  0.08 0.12 o.07 39.96 30.61 -0.01 2.35 0.06 0.18
17 248 TOTAL N 1523.54 361.38  ©.25 4,49 4.79 1894.486 1703.65 -0.38 190.9C¢ 0.03 0©0.c8
17 248 INORG N 1066.77 291.21  0.25 4. 49 2.40  1365.13 1221.34 -0. 28 144.06 ©.07 0.1¢
17 248 FLOW 347.26  71.87 . ) 5.41 424 .54 4.03  428.75 ~0.10 -5, 11 . .
17 249 TOTAL P 168 .59 2.42 0.34 0.03 C.21 171.60 132.94 0. 22 38.89 Q.17 (.08
17 249 ORTHO P 91.87 0.73  0.34 ©.03 Q.11 92,78 5G.27 -0.08 42.60 0.28 0.13
17 249 TOTAL N 2469.49  $43.09 1.0 1.40 7.16 2621.86 2641.65 -4.48 -15.34  0.04  0.04
17 249 INORG N 1589.38 104.39 $.01 1.10 2.58 1699.47 1786.40 -3. 01 -83.82 0.05 0.04
i7 249 FLOW 918 10 97.20 . . 7.63 1022.92 5.84 1026.14 -1.72 -4.49 . :
17 256 TOTAL P 10,31 .99 1.19 .00 G.09 12,18 14.41 -0, 06 Q.84 Q.11 0,10
17 256  ORTHO P 3.90 0.21 1.19 .00 ©.04 5. 35 5.67 -0.03 -0.29 0©.08 0.22
17 256 TOTAL N 382.71 49,13  3.58 .00 2.98  348.40 320.24 -1.67 129.82 0.05 0.09
i7 256 INORG M 262.56 42.05 3.58 0.00 1.49 30%9.68 208, 46 -1.08 104.30 0.05 0.11
17 256 FLOW 18%5.27 23.22 . . 3.22 221.70 2.43 207 .61 -1.07 i5.16 . )
17 258 TOTAL P .94 0.7 0.00 0.03 0.64 2.32 i.84 -0.20 0.68 0©0.13 Q.29
17 258 QORTHO P 0,25 .19 0.00 0.03 0.32 0.80 0.358 -0.08 Q.28 0,17 0,19
17 268 TOTAL'N 32.18 23.87 0.00 1.26  2%.48 78.7% 67.09 -7.27 .88 0.13 0.18
17 258 INGRG N 21.39 15.87 0.00 1.26 10. 74 49,27 B.S7 -¢. 923 41.63 0.14 0.35
17 258 FLOW 32.35 24 Q0 . . 22.86 75,21 17.50 7911 -6.68 &.78 . .
17 373 TOTAL P 25.84 6.8 ©0.C0 0.00 ¢, 19 3%.64 4.88 C.04 27.70 ©.18 .13
17 373 ORTHO P 2.50 0.48  £.00 0.00 0.10 3.08 2.10 Q.02 0.97 0.06 0.03
17 373 TOTAL M 425.81 115.18  ©.00 0.00 §.48 547.48 533.03 3.91 10.54  ©£.39  0.10
ki 373 INORG N 141.4%  37.30 .00 0.00 3. 24 182 .59 151.69 i1 23.78 ©.08 (.03
17 373 FLOW 326.41 89.38 . . 8.06  423.85 5.45  402.82 Z.91 18,11 . .
17 289 TOTAL P 310.12 5,60 4.22 0.02 £.43 320,39 302,07 6.0% §2.27 Q.07 G.09
17 389 ORTHO P 124,47 1.88  4.22 0.02 0.21 127 .20 126.78 2754 -2.12 0.08 0.10
17 389 TOTAL N 9483.4%  186.37 12.67 0.69 14,31 ©697.50 9376.22 187.90 133.238 0.04 0£.07
17 389 INORG N 8940.29 1318.87  12.67 0.89 7.1% _7079.67 7018.70  140.866 -79.69 _0.04 0.07
17 389 FLOW 6772.08 198.50 . . 17.84 6988.42 $2.02 6621.18 132.4%5 734.79 . .
17 391 TOTAL P 52.47 2.77  0.00 0.00 0,21 55.46 35.60 -0. 01 19.87 ©.1i3 0©.19
7 381 ORTHO P 14,89 0.64 £.00 0.00 G011 15.673 15.95 -0. 01 -0.31 .08 0.13
17 31 TOTAL N 2012.51 92.88 0.00 O.G0 F.11 2912.51 2018.55 -, 84 94 .80 C.02 .05
17 391 INORG N 1544.23  66.28 0.00 0.00 3.56 1614.05 . 1650. 89 -0.5%9 -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




NUTRILNT QUDGET SUMMARIES

-9

AR AM LGAUG LUNGD  LPOINT  LOTHER LPRET ETOTAL LEVAP LOUT LDSTOR TLNET oVl CVD
TOTAL P 826, 28 12,41 0.58  0.0% .38 33%.69 . 13609 o.00 203,60 0.25 0.40
ORTHD P 103, 16 4, 4% 0.58  ©.02Z GLig 104 .45 . 62,27 C.00 45,48 0.10 0.43
TOTAL N S5415.74 333.29 .54 1.1 12.93 57%5.70 . 4083 .27 OO0 1673.43 0.08 .14
IMORG N 333373 22321 3. %4 1,18 B 47 3468, 13 . 300294 0. 00 485 18 ©.12 .18
FLOW 947 3 &7 38 . . 15772 1020.4%  10.54 103%.70 0,00 “u3 28 . .
TOTAL B 15,87 1.84 0.66 0,02 1,36 15 4% . & SR -, 20 .06 0.08 0.31%
QRTHG £ 2,87 $.43 0.66 0.0z 0.68 4. 47 . _2.88 -0.09 1.87 Q.07 0.0%9
TOTAL N 360,59 63.8% 408 1.44 4% .33 475 2% X 361.68 50,74 124.36 0,08 0.086
INORG N 235, 50 43 .46 4,08 t.44 2267 302. 14 . 18O, B3 -5 3T 126,68 0.0% 0.07
FLOW 422.76 Ti.86 . . 51 BO 546,51 39,24 554 , RE - 15,32 6.96 . .
ToTaL B 84,75 8. 34 365,92 0.02 1,07 121,10 . fd ., 94 .85 30,32 0,04 G186
ORTHG P 4. 4% 6.680  96.%2 0.0% O, 5 98,49 ; 32,83 2.28 B3.40 O.28 0.28
TOTAL N 3708.05  774.35  67.23  0.49 3%.7%5  4586.14 . 2226, 41 153,23 2206.50 ©.37 .07
TNORG N 1828, 12 B4l 67.2%2 0.69 17,88 2450.29 ; 1576, 85 108 . 53 770,80 .18 0.0
FLOW 1780 .28 488,23 . . 44,75 201%.26  B3.87 1830 . 56 13,67 3%9. 04 . .
TOTAL P 6284 43 42.95  33.8% .08 7.00  6373.28 . £228. 30 5,92 129.08  0.0% ©.08
GRYHD P 2350 B2 13.95 S8.BY  0.08 3.50 231418 . 21i8.89 2.01 195.2% .11 007
TOTAL N S5007.32  t463.83 {10.0% Z.0i8 233.36  S56813.7% . 57970, 25 55.05 -i211.%% 0.14 ©.13
INGRG M 29346.48 915 60 110.08  3.19 116 68 3049302 . 5723 30 24.43  4746.2% 010 O.08
Fi, (v 46T 71 999 FE ) . H1RVEE 4A0AT 04T 219, BT 89749 EE 4%.36  -5147,18 . .
TOTAL P 744.28 9&, 92 Q.00 ©.02 5,92 B47, 14 , 512.91 -27.94 ABZ.1B 0.17 0.18
ORTHD P 163, 865 15,23 0.00  0.02 2,88 182.07 . 120,05 -5 54 68 .56 Q.10 ©.14
TOTAL N 13200.64 {72412 GO0 0,78 187.49 15122 03 . 18734 33 -748 .47 2136.87 £.2% .38
INORG N 4819, 21 %80, 68 0.06  0.78 98,74 549942 . 9233.74 503,00 -3231.31 0.04  O.53
FLOW 12887 .20 1961.41 . . 296.82  14740.%0 170,93 15339.80  -826 . 31 227.02 . .
FoTaL £ BR0486 TEEE Ty 2B 0GE ooed BABR 4G . G113.68 4.27 -3064.66 .15 0O 19
ORTHG P 1655, 64 165,87 2%7.80 0,06 $.45 Q090,63 . 288021 1.26 -550.84 . 14 &, 18
TOTAL M 37145 .91 140616 B18,.62  2.18 30 83 09403, 59 . 34634, 384 16214 A7ED. 04 0,55 0,18
INORGTN (G187 .02 71%.04 818 8% F I8 B HT e EE T . BOoaT B3 7.51 GRA Y2 010 506
FLOW 33382.89 877.95 . . 42 08 34302.63  28.8% 35741.58 16.72 -14%5%5 . &8 ] .
TATAL P 272 .87 39,87 21.27  £.08 1,64 I8 40 . Bes . 4 -8 12 111,11 0.0 0198
GRTHO P 175.74 15,08 21,27 0.03 O.83 216,65 . {53788 “§743 98,43 O.11 0.20
TOTAL N 172G.06 251,20 50,22 1,17 5%.3%  2077.8% . 1941.35 ~69., 97 206. 61 0.04 0.09
INORG M 1362.32 208.7T% BO.22 1,17 2767 1850, +7 . 1442 .78 -4 1B 548.60 C.04 O, 14
FLOW 2001.06 346,37 R . 78.97 242640 Bz.12  2242.00 78,892 263.332 . .
TATAL P 35YT. 41 B17 .45 10,10 0,08 2.64  28907.38 . 2670.04 -1.03 238.3% 0.17 .13
ORTHO £ 742,81 131.686 10,10 0.08 1.3% 8EE . TT . 744, 14 “{3. 28 141,682 O 15 0,13
TOTAL N 2655%9,03  1003.7 16,87 2.92 87.8% 27670.50 . 26312. 50 -4, 04 136B.01 O.14 O 1%
IMORG M 1181B.82  a42.25% 15,87 2.92 43.95 12424 .91 . $4T4T. 84 -d . 47 BET.67 O.11 809

FLOW 26631.64 736249 . - 126.44 2749337 82 .79 24446 82 -iG.79 -S43 .67
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NUTRIENT SUDSET SUMMARIES

BIS REST PARAM LGAUG LURGD T TIRETINT LOTHER LPHRED LTOTAL  LEVAP LouT TLDSTOR CNET eV ova
19 3473 TOTAL P 43 63 2.80 0,00 Q.01 3.29 45,79 19,46 ~0, 56 20,90 0.05 9.13
19 343 ORTHO P 18.7% 1,98 0.0 a.01 [ 31,573 1TH, 08 “{3.28 a.85 0.0 .08
19 343  TOTAL W 1668, 11 117,83 000 0. 31 10%.63 1895 .87 3486 .76 -101.07 -1489.81 Q.06 0.27
1% 34D INORG N 957, 18 7R85 0,00 a. 31 5481 1079 .98 1920.84 -85 BB -T785.17 0.0d4  0.43
1€ 343 FLOW 2EOT. 4% 171,80 . . 208,78 2885, 58 87 .68 2445 14 -858.05 GOB .42 . .
20 Q8% TOTAL 636 43 34,30 0.38 G.02 3.94 735.04 478.02 -25.4% 282,48 0.09 0.15
20 0831 DRTHD P 218,18 3.83%  0.38 . 02 1.97 259, 43 29383 -11.%2 17.89 ©.13 8,17
20 OB1 TOTAL N 14800.18  ESAT9S .15 0. 71 T37.25  1538B.27 14237 .89 -758.05 2108.73 0.05 ©.11%
20 081 INDRG N 407328.24 18B.03 1.15 0.7 65,62  10983.78 . BI0G.87  -442.28 241917 0.08 0.20
20 QB1_FLOW 416,54 24% .37 . . 163,08 3821, 34 116,94 4071 5% 210 56 ~29 8% . )
20 GBT TOVAL P 286,78 28 .40 Q.88 Q.G 1.59 I 6% 187 .82 13.60 106,22 .12 0.32
20 0ORT ORTHQ P 147,97 12,40 .86 0.01 0.7 G TS a5, 57 §.94 6%.24 012 0,32
20 OB7  TOTAL N $4847.37 188%.8% .63 0,84 57,86 13589 49 ag47 .38 VOBR.28  NOeZR.92 0,03 O.i6
20 087  INORS N 10514.97 188880 2.463 0.64 I6.45 12412, 143 . TE12. 13 617.08 412,91 ©0.0% 0.21
20 087 FLOW 1405, 9% 20%, 18 ; . 83,65 1693, 7% AT.18 636,33 125,83 D . ;
20 0OBB_ TOYAL P 111.81 19,60  0.00 GO0 2.48 135,90 35,88 4 A0 o8.45 0.18 ©.17
i 088 ORTHO P {8 .94 4. i1 OO0 .00 .24 24 30 G 78 -f.18 14,70 0.22 ¢4
20 Q8B TOTAL N TEE .67 3I8.88 0.0 0,00 8267 1180.0% 55636  ~72.49 596.16 0.08 0.1¢
20 088 INORG N 223, 12 138 .78 .01 ©.00  41.33 404 .25 . 171.80 ~18.97 751.42 ©.1% Q.18
20 GBB  FLOW LYY 193,54 . . 97,21 51753 7%.76 BAR.47  -B1.11 30.23 . .
21 198 TOTAL P 14712 10.27 000 0,07 .78 153 84 .47 -1, Q4 58,41 0,850 .14
24 196 ORTHO P 2518 3.4%  0.00 Q.07 0.3% 29.09 20,50 .22 §.82 0.46 0.8
#1 196 TOTAL N 2139 B4 Hi9. 11 L O 2,813 25.97 ZGR7 .55 2690, 16 RGO 26,40 .27 (.12
24 196 INORG N 478,23 129.81 Q.00 .83 12.98 523, 8% . S5O, 4% -0 -19,85 0.2t 0.20
21 196 FLOW 1321.24  4739.02 . . 29,26 1789.52 25,12  2008.65  -2%.37 ~188 76 . .
DA TTOTALP 14,61 8T .00 &4 158 21,99 7738 -G 84 “H.18 006 ©.18
27 014 QRTHO P &§.09 1.63 Q.00 0.03 0.73 8.64 7.7 -~ 24 1.0 .07 0.10
22 0l4 TOTAL M $35.61 GE.81 0,00 1,13 52.77 261,22 745,35  -22.8B6 -481.16 O.iD  0.41
22 Di4 IMOEG N 47 .64 2492 (.00 I 3838 10007 . 116,00 S S8 BN L A S I VI T
22 014 FLOW 241.67 349,31 . B 823,84 1372 .61 B0, 45 1405 .63 ~41.25 2. .23 . .
22 019 TGTAL P 38.63 15.23 .58 o.0 4,79 59,34 42.58 ~13, 82 17.59  0.09 5,32
v Gty ORTHO P 2320 7.54 .58 .01 2,39 38,73 18,21 -3, 3% 15,87 ©.22 O.1%
27 O4% TOTAL M 1416.40 358,22 2.53 0.4% 159 .57 1938, 16 1232.,3% .23 .63 729,46 (.20 0.24
27 D19 INORG N 339.54 46.BY  2.83 .43 74,79 468 .90 . 454 .00 -8, 71 23.62 G490 ©.20
39 044 ROV 1828.4% 73E.58 ) A Hag FETT 288888 170,81 2p68 &8 ~51.78 T 46 ; .
22 188 TOTAL P 28300 22 7% 1606 0.02 1.90 323.73 451 81 -7.28 ~iR0.80 0.08  0.42
23 188 ORTHD P 168 .95 8.76 18.08 O.02 0. 95 134,70 123,08 -1,9% 15,59 0.0% (.18
27 1B8  TOTAL N 27686 .50  222.40  235.51% 101 €3.2%  a078. 71 d050.65  -33.04 Y061, 10 .67 O.24
22 188  INORG N 2700.48 184,143 25,51 1,01 31.865  2832.77 . 786.39  ~12.57 1759.06 ©.10 0.24
22 182 FLOW 2883.02  731.78 93,25  3308.03 68.08 1683 .34  ~76.08 15EQ. 75




MNUTRIENT BURRET SUMMARIES

&4

OIS RES PARAM LGALG LUNGD  LPOINT  LOTHER  LPREC  LTIOTAL LEVAP LouT  LDSTOR LNET  oVi
2% 189 TOTAL P 414,83 3.20 0,00 G0 216 420,21 . 84,59 B.84  326.47 0.3 O,
23 189 ORIHO P 11943 0.85  0.00 .01 1.08 121,18 : 30, 29 30T §7.63 ©.30 0.
22 189  TOTAL N 2311.74 465,441 0.00 G.67 1207 2430.84 . 1145 .06 $49.30 116646 O.24 O,
32 189 INDRG N 658,87 2.82 Q.00 Q.62 36.03  704.35 . 486, 30 50,66 i167.838 0.28 .
23 189 FLOW 1568 12 24, 0B . . Y4807  1h47. 45 75,22 1284.88 138723 38,36 . :
22 190 TATAL P 453 42 0,31 ©.00 .0 518 45864 . 01,88 -15.897 172,72 0.04 0.
o 130 ORTHO R 125,30 G.06 0.00 0,01 3,80 127,97 . 7.9 -3, 86 59,86  0.05 0,
22 o0 TOTAL N 2&£82 18 1,81 0L 0,28 173.0% REHT . 46 . REBO 29 149,76 318,94 0O.04 Q.
2 190 INORG N TIZ. 4T 0.45 000 e]: B5.54  BOD.76 . 595 .87 -31.52  23I6.31 0.06 O
29 G FLOW 366203 2.84 . ) 384.81 3999 .70 480,66 034,29  -180.83 1116.34 . )
% 193 YOTAL P RETRY 11,76 0,00 o.G0 833 28056 A 66.98 PP R VT I T
22 192 ORTHO P 4%, i1 2.068 0.00 .00 2.56 53,684 . 35,21 -G, 28 20 81 0.0 O,
23 192 TOTAL M 2089 .80 98.97 0.00 0,00 3177.50  2374.37 ) 600,17 =161.564 35.83 ©.04_ 0.
32 192 INORG N 847 65 T O8E T ¢.00 4,60 ER_ 75 96868 ) 277,98 -47.85 VRV O.07 o
ol 192 FLDW 348145 1549, 44 ) . 354,54 3695, 13 185.26  2HL0.TS  ~23%5.04 109 41 . ]
23 352 TUTAL P 110.94 38,14 6.13 0,09 2.84% 15791 . 42,34 ~Q.32 145,93 0,14 O,
23 3%2 ORTHO P 59 BE 16,28 6.13 &L 08 130 B340 . 13743 -0. 09 FI738 0.19 Q.
23 3T OTOTAL N fOS5.0%  378.62 18,40 3.52 85 8% 1542 14 . 1164 .28 ~#.79  386.5% 0.09% O©.
2% 452 INORG N 308,06 48 . 1B 16.10 2.52 43 .42 149,29 . 113,92 -0,86  208.23 O.08 0,
23 352 FLOW 1048,545 SO0 .43 R . R84 877 .97 110, 59% 1704 .84 =12 .08 "ifihﬁot‘é . .
23 383 TOTAL P B0O4,38 183,70 0,73 5.00 4.05  702.85 ) 556 .85 -4 17 47.47 0.t 0.
23 353 ORTHO P 211,895 98,99 ©0.73 0,00 2.0%  313.60 . 287.09 -, 51 27 .01 .28 0.
23 A%E O OTOTAL N 387383 ieas YR o 60 0,00 494.94  Sg48. 16 ; 441676 T 88 ea9.%s 0.0% 4.
23 smg o INORG N BT5.32 0 3B3.79 0 0,90 0.00 87.47  1307.4% . 1056, 44 ~1.89 257,93 0.24 O,
23 353 FLOW 814,09 2015, 68 ) . 214,66 6041.42 171.76 §279,63 -a. 4z T B . .
3% 413 T0TAL #2071 54 §.69 0.48 .26 DT R R T Y . 51847 . ITATT 011 ol
23 4413 ORTHD P 73,43 3.0 0.48 0,26 i.98 7916 . TALO7 . B.00 O.1% 0.
23 413 TOTAL N 2716.96  128.98 1,50 .79 132.04 2889 27 . ARTD 48 . SHEZ. 20 0.0 0.2
TE 4vE T INQRE TN 270743 10.65 1,50 4,73 66.07 353 41 . TG4 7 4 . 153.87 ©.15 O,
23 413 FLOW 3941.94 202,75 . . POG.S5H 4351.27 i84.71 4800.36 . -44%. 08 . .
24 013 TOTAL P $14, 18 $8.37 0,00 0.61 3.56 192541 . 36, 14 -3, 19 102,20 0,20 0.
24 011 QRTHO » 2736 Foeo 0,00 o.01 1.78 6. 76 . T5EE ~GH1 24.34 0.5 G,
24 011 TOTAL N 1BE7.02 524.77 0,00 0,88 P18.B8 2210.73 . 1718.13  -104.14 588.74 0.0 0.2
24 041 INORG N G9Z.19  25B.30 000 O. 38 59.27 051,18 . 619.48  -37.58%  469.27 0.05 0.
24 011 FLOW 1871.88  489.97 . . i75.98 FH1Y BT 74876 2348 17 ~134.63 03,96 . ;
24 12 TOTAL P 17 41 1,22 G.00 0,00 .53 19,16 . 54 B2 0.17 ~3AB.EB3 01T O
24 012 ORTHD P 7.a3 0.6 Q.00 .00 0.26 8, B9 . 15.53 .08 -7, 82 0.1% 0.
TE T Olg TOTAL N 5B0.9% 49,852 0,00 525 17.61 Big.34 . HBHE . 26 1,80 3128 0.8 O,
24 D12 INDRG N 55, {14 4. g1 0. 0.

. . G .28 #.8% £8.88 . 136. 18 0.42 -BTLT0 .08
24 D12 FLUW G686 .64 80. 19 . . 2¢.28 76711 18.73 TE1.,98 2.8 2.8% .




0T-%

NUTRIENT BUDGET SUMMARIES

DIS RES PARAM L GAUT LUNGD T LPOINT  LOTHER  LPRES LTOTAL  LEVAFR LOUT  LESTOR TLHNET VY Cvo
24 i TOTAL P 1501, 4 13.67 Q.00 OO0 6,14 170 .26 122 489 -7, 56 58 22 O,t4 0.8
24 03 ORTHO P 51,74 53 OO0 003 Y 70,76 56,16 -3. 48 TB.05 O.08 0,10
%4 013 TOTAL N 8235, 18 TIH B0 0.00 1.22 204.53  7167.54 TETA.TL ~4T3.04 -33.45 0.1t ©.21
24 013 INORG N 4017.78 341,89 000 1.22 .27 4433245 . 3651.39%  -225.08 1006, 85 O 17 0,87
4 013 FLOW 8249.41 151486 . . 309,33 9573 .80 212.47 10091.28 -808.80 a1 22 ) .
24 018 YOTAL P 3868 27,39 4,02 .02 3.%0 3. 89 a4, 2% -, 34 49.98 ©.42 0.07
24 018 ORTHO P .53 7.83 4.02 o0 1.9 23,45 1.7+ -0.18 11,80 041 0,08
24 016 TOTAL N B3 18 370,37 2i.28 C.97 129,495 1054.63 284,04 3%, 72 -11937.69 0,18 ©.3%
24 016 INORE N 124.74 #3.39 2t.28 0.97 54,498 285 36 . 341, RT w75 ~41.76 Q.37 0.1
24 Q46 FLOW t174.77 918,79 . . 198, 24 2794.7%  i38.9%  2273.22 -39 64 48,21 . )
24 0Bt TTOTALP 3ETES 4750 000 0.0 0,78 EGRL 51,17 ¢ 52 10 F1 .11 o.18
24 02t ORTHO P 13,74 2.46 0,00 O.01 .38 1658 14,64 o, 15 .78 0.2 018
24 021 TOTAL N 1084.05 340.68  0.00 G614 26,29 1431, 6% 836.92 858 586,12 0.24 (.20
a4 Q21 INDRG W d6R.492 22.0% ¢.00 0.6t 13,14 305.73 X 116. 456 IORT: 188,07 0.38 0.18
74 031 FLOW 1031.43  301.98 ; . 18.07 31,47 46,31 1317 .94 13,35 20, i8 . .
24  pI7 TATAL P 29.26 3.8  0.00 0.02 2.4 35.90 49.35 -5.82 -7.e0  0.10_ 0.25
24 022 ORYHO P 15 46 3.0% Q.00 5.03 1.42 18,98 7 .45 MY 5,28 014 0,15
24 022 TOTAL N 19941.38 3B7 .02 0.00 1.13 w471 2474.24 2665, 10 ~214,18 $129.32 0,08 Q.18
24 Q22 INORG N 1360.78 195 .6% 0,00 1.13 47.35 1504 .95 . B8%.99  -104.21 825.18 0.08 0.20
24 Q27 FLOW 1957,08 398,77 R . 163,22 2430, 01 G.8%  2649,23 -301.36 8215 . .
24 193 TOYAL P 11.66 73 0.38 0.0 .26 14,02 36,68 -3, 16 -30,%1 0,13 0.3%
o4 193 ORTHO P G, 10 1.6 D38 5.0 0,13 7.79 7,69 3,0 0.43 0.0%  0.14
53 TR TOTAL M 1223.94 5. 26 1,54 G.56 8,75 T44%. 65 1455 .97 5. B0 ~GL07T Q.27 U.24
G4 198 LNORG N 289 .BS% L 1.14 0. 55 4,38 370,47 . 208,74 -0. 89 162,30 Q.08 &.30
24 199 FLOW 841,90 177.2% . . 986 1028 .84 5 38 1079.93 -4 857 -46.52 . .
24 200 TOTAL P a3 8z 13.80 1.15 £4.03 598 253.79 10317 -5 .36 155,88 .08 0.08
4 200 DRTHO P 227,39 10.8% 1,15 0.03 2.59 241.82 a3, 23 -2.81 172,40 0.%5 G114
D4 200 TOTAL N 9512.57 1247 .01 3.55 1.28 172 .86 1093728 BO8TF. 1% -420.50  3270.68 0,09 0. 10
24 260 INORG M 4t12.74 &89 BE 4. 5% 1,28 BE.43  4849.89 . 3190 .74 -164.87 {88807 0.08 0.2
24 200 FLOW 4466 68  8R7.35 . . 223,32 §377.8% 80,42 SE81.34 29842 -307.27 . .
2% QU0 TOTAL P 504 51 137 .86 7.37 0. 00 3.49 £53. 23 . 506, # 4 o, 00 145,41 0. 44 0.14
25 020 ORTHO P 113,84 56,80  7.37 0. 06 1.74 75585 109 14 & 00 &0,81 .19 0,10
2% 020 TOTAL N 8153.7% 1278.74 26.8% .00 118,19 7575.5Y 4819,66 CLO0 275%.82 0.13  0.08
2% 020 INORG N 1521.62  389.82 25 .85 g, 00 58.10  7096.09 . 1240.54 .00 855,87 Q.14 0.18
2% 020 FLOW 8614.1% {BG7.43 . . 83 . 6010615 . 47 141.88 1063936 G R i .
25 102 TOTAL P 29.40 15.9% ©.00 0.00 0.39 45,77 103,80 Q.92 35.08 0.46 (.24
2% G2 ORTHO P 5.03 4.78 0,00 Q.00 .19 10.00 3.39 Q.05 5 856 1.70 0.3
25 T0E TUTAL W 28t.88 414.71  O.0C .00 13,84 ¥19.5% 176 . 34 1.38 B4y 20 0 &1 O.08
24 {02 INORG M £10.28 224 BT .00 0. 00 5,42 341.65 . 87,55 0.65 283.4% 1.26 0.22
2% 102 FLOW 50.42 TR I0 1058 133,71 18,31 12% .34 §.20 7,21




NUTRIENT BUDGET SUMMARIES

PARAM LGAUG LUNGD LPOINT LOTHER LPREC LTOTAL LEVAP LouT LDSTOR LNET CVI cveo
TOTAL P 56.40 19.08 0.54 0.0 0.48 76.51 : 118.32 -1.29 -40.52 0.05 ©.17
ORTHO P 13.086 4.42 0.54 0.00 0.24 18.26 < 24.16 -0.26 ~5.63 0.04 0.22
TOTAL N 1176. 25 397.98 1.63 C.00 16.04 1591.91 3 1246.46 -13.60 359.04 0.023 0©.16
INORG N 534.30 180.78 1.63 Q.00 8.02 724.73 i 420.48 -4.5% 308.86 0.03 0.13
FLOW 705.82 238 .81 5 . 18.41 963.04 21.24 832.83 -8.8% 138.06 : .
TOTAL P 20.65 7.74 0.00 0.00 C.34 28.73 . 58.76 -0.29 -29.74 0.07 0.31
ORTHO P 7.75 2.02 0.00 0.00 0.17 9.84 5 10.93 -0.05 -0.93 0.08 0O.15
TOTAL N 617.68 268.25 0.00 0.2t 11.414 897.5¢6 . 742.15 -3.68 159.08 0.08 0.06
INORG N 170.37 60.43 C.00 Q.21 5.70 236.71 . 233.82 -1.16 4.05 0.08 0O.11
FLOW 424.25 163.65 . . 13.09 600.99 15.10 563.88 =272 39.83 . .
TOTAL P 603.56 65.67 1.65 0.00 1.15 672.04 . 312.10 Q.10 359.84 0.11 0.19
ORTHGQ P 172.28 14.23 1.65 .00 0.57 188.74 ; 125.09 Q.04 63.861 0.06 0.15
TOTAL N 5444 .34 680.75 4.96 0.00 38.32 6168.38 ] 3463.53 1.14 2703.72 0.07 _0.13
INORG N 2205.65 228. 16 4.96 0.00 12.16 2457.93 . 1299.76 ©.43 1157.75 0.07 Q.14
FLOW 1590.60 202.19 . . 43.97 1836.77 48.77 1801. 11 0.58 35.08 2 ;
TOTAL P 9.37 4.58 0.00 0.00 0.73 14.68 5 2.95 0.18 11.54 0.39 0.08
ORTHO P 3.05 1. 12 0.00 0.00 0.37 4,54 : O.88 0.05 3.60 0.38 0.13
TOTAL N 128.12 66.49 0.00 0.00 24.43 219.04 : 60. 44 3.70 154.89 0.37 0.19
INORG N 31.84 23.99 0.00 0.00 12.22 68.05 ] 7.94 0.49 59.62 0.32 0.17
FLOW 36. 11 36. {8 i : 19.79 92.08 34.83 83.97 3.01 5.10 - 2
TOTAL P 22.16 7.04 0.52 0.01 0.34 30.08 . 63.10 ~0.15 -32.87 0.06 0.17
QRTHO P 5.17 2.01 0.52 0.01 0.17 7.88 . 12.74 -0.03 -4.83 0.03 0.24
TOTAL N 529.80 171.60 1.56 0.56 11.49 715.02 . 1068.46 -2.53 -350.90 0.06 0.12
INORG N 153.07 40.24 1.56 0.56 5.75 201.88 . 290.68 -0.69 -88.11 0.08 0.08
FLOW 419,31 143.74 - v 13.19 576.24 16.09 734.96 -1.70 -157.02 . .
TOTAL P 2884 .45 188.81 27.30 0.01 12.16 3112.82 . 1832.51 -144 .67 1424 .99 0.06 0.26
ORTHO P 641.84 42 .65 27.30 0.01 6.08 T717.87 s 568.00 -44 .84 194.72 0.0B 0.25
TOTAL N 14205.08 2032.84 80.39 027 405.25 16723.84 . 14148.17 -1116.95 3692.62 0.08 0.13
INDRG N 1947 .01 210.30 &0.39 0.27 202.63 2440.60 - 4639.05 -366.24 -1832.22 0.31 0.24
FLOW 5564.10 3021.59 i 3 575.53 9161.23 536.46 10126.69 =757 .12 -208.35 ; .
TOTAL ¢ 1.10 0.04 .00 0.00 Q.22 1.36 3 1,23 -0.29 0.42 0.23 0.1
ORTHO P 0.25 0.01 0.00 0.00 0. 11 0.38 . 0.36 -0.08 0.10 0.18 0.09
TOTAL N 19.43 0.77 0.00 Q.10 7.41 2971 . 21:35 -4.94 11.30 0.14 0.28
INORG N 4.37 0.20 0.00 0.10 3.70 8.38 . 1.85 -0.43 6.96 0.20 0.50
FLOW 2%9.95 0.45 . . 4.36 30.76 12.07 36.00 =5 53 Q.30 5 z
TOTAL P 4779.82 213.61 19.93 0.01 3.42 5016.78 . 1513.53 -47.73  3550.98 0.15 0.04
ORYHO P 1556.80 31.45 19.83 0.01 1.71 1609.90 . 1191.93 -37.59 455.55 ©.07 _0.10
TOTAL N 37469.40 2962.24 55.45 0.39 113.96 406Q1.45 . 20297.25 -640.04 20944.24 0.10 0.10
INORG N 10609.82 629.82 55.45 C.39 56.98 11352.47 10693 .29 -337.20 996.38 0.21 0.33

FLOW 11395.79 1572.04 : E 144.36  13112.19 153:75 14019, 16 -437.23 -469.75

./‘




NUTRIENT BUDGET SUMMARIES

DIS RES PARAM LGAUG LUNGD LPOINT LOTHER LPREC LTOTAL LEVAP LouT LDSTOR LNET cCVI CcV0
25 . 275 TOTAL P 935.19  21.53  8.33 0.01 3.88 968.94 443.56  -11.57 566.95 0.62 0.16
25 275 ORTHO. P 168.58 20.56 8.33 0.01 1.94 19942 157 .17 -4.40 46.64 0.21 0.25
25 275 TOTAL 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 -271.75 0.25 0.05
25 275 FLOW 3742781 489.55 B : 167 .60 4399.96 174.36 4995.95 -134.87 -461.12 : .
25 278 TOTAL P 195,85 i4.37 15.83 .02 1.60 227.68 120.19 -2.29 109.77 0.14 0.14
25 278 DORTHO P 109.22 8.01 15.83 .02 0.80 133.88 76.76 -1.46 58.58 0.10 0.17
25 278 TOTAL N 4170.26 520.63 31.01 0.70 $3.34 4775.94 4629.23  -88.14 234.85 0.09 0.186
25 278 INORG N 1751.25  94.22 31.01 0.70 26.67 1903.85 . 1583.81 -30. 16 350.20 ©0.15 0.18
25 278 FLOW 1969.30 462.30 . . 73.40 2504.99 66.53 2576.93 -47.80 -24.14 . )
25 281 TOTAL P 100.92 11.25  0.00 0.00 1.08 113.25 112,90 -3.03 3.39 0.12 0.11
25 281 ORTHO 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%  0.00 0.14 35.85 151934 1440.40  -38.71 117.66 ©0.23 0.14
25 281 INORG. N 169. 71 24.16 ©.00 0.14 17.92 211.33 R 264 .49 -7.14 -46.05 ©0.20 0.24
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 B.79 0.22 10.67 3058.02 780.87 -59.89  2337.03 0.31 0.33
25 348 ORTHO P 617.65 14.71 8.79 0.22 5.33 646.70 394.10 -30.22 282.8B2 0.20 0.44
25 348 TOTAL N 19356.74 806.31 23.16 8.44  355.51 20550.17 10080.86 -773.88 11233.18 0.14 0.29
25 348 INORG N 2825.92 387.80 23.16 B.44 177.76  3423.09 ; 2077.64 -159.34 1504.7¢ 0.15 ©.18
25 348 FLOW 6863.75 B856.10 ) : 416.88 B136.74 561,11 9048.39 -650.90 -260.75 . ;
25 370 TOTAL P 7.15 ©.76  0.00 0.21 1.03 9.16 1.94 4.086 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 Q.11 0.15
25 370 TOTAL N 127.95% 13.57 0.00 8. 14 34.35 184 .01 45.87 95.90 42.24 ©.43 0,14
25 370 INORG N 72.80 7.72  0.00 B.14 17.18 105. 84 . 5.16 10.78 89.91 0.2t 0.37
25 370 FLOW 171.24 18.16 . . 24,31 213.71 55.96 124.28 142.83 -53.40 . .
26 345 TOTAL P 216.62 60.25 9.72 0.05 1.62 288.26 24 .44 0.27 263.55 0.06 0.15
26 345 QRTHO P 168.07 54.93 9.72 0.05 0.81 233.58 9.06 0.10 224.41 0.06 O0.16
26 345 TOTAL N 878.66 168.73 42.60 1.94 54.14 1146.07 905. 21 9.94 230.91 0.0% 0.06
26 345 INORG N 463,71 117.83 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 : . 48,35 735.7%  77.148 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 G.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 -27.66 584 .04 0.04 0.05
26 347 INDRG 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 ©0.32 0.24
26 354 ORTHO P 68.72 3.07 6.47 0.08 0.84 79.19 22.7% -0.68 57.10 0.68 ©0.35
26 354 TOTAL N 2014.64 185.81 11.51 3.10 55.96 2271.02 849.69 -25.34 1446 .67 ©0.50 0.15
26 354 INDRG N $76.77 92.23 11.51 3.10 27.98 711.60 . 193,94 -5.78 523.44 0.36 0.25
26 354 FLOW 991.64 97.23 65.67 1154.54  91.17 1047.74  -28.53 135.34




-
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NUTRIENT BUDGET SUMMARIES

DIS RES PARAM LGAUG LUNGD LPDINT LOTHER CLPREC  LTOTAL LEVAP LOUT LDSTOR LNET CVI cVvO0
26 355 TOTAL P 288.41 37.89 30.72 Q.00 2.89  359.91% ; 112.36 0.02 ~ 247.54 _0.30 0.09
26 355 ORTHO P 79.35 15.94 30.72 ©0.00 1.45 127 .46 } 63.83 0.01 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 0.12 0.14
26 355 FLOW 914.06 516.83 . } 106.57 1537.46 157.21 1615.24 0.25 -78.03 . :
26 359 TOTAL P 253.23 107.33 1.06 0.03 13.29 374.95 . 98.03 4.11 272.81 0.06 0.20
26 359 ORTHO P 83.74 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 1.30 442.94 4065.73 . 2754_.41 115.39 1195.94 0.06 0.28
26 358 INORG N  452.48 215,87 3.2 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 4212.73 151.92 167.38 . }
26 360 TOTAL P 3.71 0.70 0.00 0©0.00 0.30 a.71 _ 1.147 5.49 -1.95 0.05 0.00
26 360 ORTHO 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 TDTAL N 289.34 54.45 0.00  0.00 10.09  353.89 ; 19.05  89.48 245.37 0.03 0.00
26 360 INORG N 757.26 142 54 0.00 0.00 5.04 504 .84 ; 0.23 1.40 903.51 0.05 0.00
26 360 FLOW 68.89 12.97 : : 6.45 88.31 19.00 28.01 42 .33 17.97 : y
26 361 TOTAL P 65.71 11.81 2.17 0.00 1.61  81.214 ; 49.08 0.00 32.12 0.09 ©.15
- 26 361 ORTHO P 25.57 4.53 2.7 0.00 0.76 33.02 ] 14.99 0.00 18.03 ©0.12 0.33
1 26 361 TOTAL N 977.67 194 .18 6.49 0.21 50.34 1228.89 ; 915.05 0.00 313.84 0.04 0.10
= 26 361 INORG N 125.19 26.06 6.49  0.21 25.17 183.12 . 67.20 0.00 115.92 0.13 0.25
26 361 FLOW 564 .14 107.22 . . 60.04 731.40 69.20 815.88 0.00 -84 48 : :
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 -0.18 5.32 0.19 0.1t
26 2362 TOTAL N 835.51 35,50 2.04 0.00 2717  900.22 . 463.71 -16.93 453.43 (.25 0.08
26 362 INORG N  263.34 15.54 2.04 0.00 13.58  294.50 . 184.25 -6.73 116.98 ©.13 0.09
26 362 FLOW 615.01 55.66 : : 24.26_ 694.93 38.04  751.90 -26.06 -30.91% . .
76 364 TOTAL P 608.56 1.02 1.83 0.25 2.60 613.95 : 28.54 2.78 S582.62 1.32 0.30
26 364 DRTHOD 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 : 2419.96 236.04 862.71 0.63_ 0.35
26 364 INORG N 688.10 37.80 4,59 9.42 43.34  783.26 : 1623.92 158.40 -999.06 0.41 0.73
26 364 FLOW 1989.82 84.17 . : 79.41 2153.33 121.37 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 0.00 0.04 0.26 0.55 . 0.33 -0.37 _ ©.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 0.37 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 ;i . 4.82 18.22 28.18 81.37 -59.31 -3.85 ) .
29 100 TOTAL P 63.41 32.92 0.56 0.16 1.3% 98.41 ; 9.29 -0.20 89.31 0.06 0.13
29 100 ORTHO P 19.53 10.14 0.56 0.16 0.67 107 . 1.69 -0.04 29.41 0.14 0.14
29 100 TOTAL N 442.29 229.59 1.70 ©.92 44.85 719.35 . 303.81 -6.43  421.97 0.16 ©.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 0.08

29 100 FLODW 145.95 75.76 y 3 34.52 256.24 42:25 217.38 -3.71 42,56




NUTRIENT BUDGET SUMMARIES

AR

DIS RES PARAM LGAUG  (UNGD LPOINT LOTHER LPREC LTOTAL LEVAP LOUT LDSTOR LNET CVI cVvo
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 ©.81 0.01 0.19 34.29 . 5.64 .70 27.55 0.07 ©.17
29 106 TOTAL N 510.74 137.33 1.05 0.49 12.77 ©62.38 . 306.89 60.00 295.49 0.11 0.16
29 106~ INORG N 75.97 68.31% 1.09 0.49 6.39 152.21 ; 84.53 16.53 51.16 0.15 0.19
29 106 FLOW 195.72 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 1.94 257.57 : B7.22 1.81 228.54 0.08 0.24
29 108 ORTHO P 91.72 §.74 0.83 0.00 0.97 102.26 . 12.95 0.86 88.45 0.10 0.27
29 108 TOTAL N 1086.80 189.12 2.48 0.00 64.79 1343.20 . 681.05 45.34 616.81 0.12 0.41
29 108 INORG N  386.02 57.04 2.48 0.00 32.40 477.94 . 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 T0TAL P 27.77 23.46 0.31 0.00 0.83 52.37 . T 7.54 1.14 43.69 0.26 0.15
29 1089 ORTHO P 5.24 4.43 0.3t 0.00 0.41 10.39 . 2.66 0.40 7.34 0.09 0.31
29 109 TOTAL N 502.52 424.40 Q.93 0.00_ 27.66  955.51 . 364.64 55.00 535.88 0.11 0.17
29 109 INORG N 113.15 95.56 0.93 0.00 13.83 223.48 _ B1.20 12.25 130.03 1.62 0.33
29 109 FLOW 129.85 109.67 . , 23.04 262.55 36.61 246.86  31.71 -16.03 . .
29 110 TOTAL P 145.87 6.62 1.78 0.00 1.48 155.74 . 23. 11 -0.57 133.20 0.06 ©.38
29 110 ORTHD P 40.37 1.62 i.78 0.00 0.74 44.51 . 7.28 -0.18 37.41 0.03 0.5
29 110 TOTAL N 921.12 103.15 5.33 0.00 49.30 1078.9% 440.34 -10.77 649.34 0.06 0.19
29 110 INORG N 484.94 40.8%  5.33 0.00 24.65 555.82 ; 248.80 -6.09 313.11 0.10 ©.33
29 110 FLOW 268.71 73.0% : : 8727 379.01 60.25 430.390 -9.07 -42.82 2 :
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 7.25 2.65 0.68 0.00 0.24 10.82 . 3.60 -0.08 7.29 0.3t 0.16
29 111 TOTAL N 479.6%1 149.396 2.04 0.00 16.30 647.92 555.03 -11.58 104.47 0.34 0.09
29 114 INORG N 163.08 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 1296.17 0.07 0.23
29 113 ORTHC P  368.28 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 INORG N 2409.53 201.52 26.74 0.00 34.41 2672.20 : 1785 76.38 808.20 0.19 0.24
29 113  FLOW 1267,33 202.40 " : 52.01 1521.73 94.61 1585.73 65.45 -129.4% . .
29 114 TOTAL P 18.32 012 0.27 Q.00 i.12 19.84 ; 3.14 -0.31 17.0t 0.18 0.14
29 114 ORTHO P 2.39 0.02 0.27 0.00 C.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 INORG N 21.53 7.94 0.81 0.00 18.73 49.02 . 19,77 -1.97 31.22 0.17 0.08
29 114 FLOW 74.06 7.46 : 15.28 96.80 53.41 136.84 -8.72 -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. 1% 8.05 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 -1 52 50.24 1.09 0.22
29 194 FLOW 448.52 193.09 : . 36.68 678.30 35.32  711.97 -5 .71 -29.97




NUTRIENT BUOGET SUMMARIES

DIS RES PARAM LGAUG  LUNGD LPOINT LOTHER  LPREC LTOTAL LEVAP LOUT LDSTOR LNET CcVI CVO
29 185 TOTAL P 56.11 36.51 0.38  0.00 3.14 96. 14 . 27.72 ©.30 68.12 Q.22 0.05
29 195 ORTHO P 28.47 11.81% 0.38 0.00 1.67 42,24 . 9.86 0. 11 32.27 0.14 0.06
29 195 TOTAL N 2092.22 1229.91 .97 0.21 104.56 3427.87 . 3790.59 40.83 -403.55.0.05 0.06
29 195 INORG N 1111.50 762.41 0.97  0.21 52.28 1927.37 ; 800.56 8.62 1118.18 0.04 0.08
29 195 FLOW 741.51 508.81 . . 116.11 1366.43 111.79 1487.64 t4.82 -136.03 . .
29 207 TYOTAL P 72.19 .14 1.92 0.04 1.43 76.72 . 21.05 -3.02 58.69 0.09 0.09
29 207 ORTHO P 62 .50 0.45 1.92 Q.04 0.71 65.63 . 11.42 -1.64 55.85 0.18 0.16
29 207 TOTAL N 1253.35 3.48 5.59 1.60 47.55 1311.57 : 213.28 -30.57 1128.86 0.13 0.08
29 207 INORG N 142.40 0.80 5.59 1.60 23T 17417 . 30.66 -*.39 147 .90 1.79 0.27
29 207 FLOW 223.10 1.13 < i 29.02 253.26 65.36  237.97 -24.74 40.03 . .
30 064 TOTAL P 0.46 ©.03 0.00 0.00 0. 10 0.60 ; 0.38 0.0t 0.21 0.96 ©.31
30 064 ORTHO P 0.19 ¢.01 0.00 0.00 0.05 0.26 0.20 0.00 0.06 0.%0 0.56
30 064 TOTAL N 2.99 0.22 0.00 0.24 3.37 6,83 3.54 0.05 3.23 0.54 Q.21
30 064 INORG N 1.26 0.09 0.00 0.24 1.69 3.28 0.87 0.01 2.39 0.66 0.37
30 064 FLOW 0.92 0.07 ] . 1.43 2.42 4.12 6.51 0.04 ~4.13 . :
30 215 TOTAL P 1.56 0.57 0.00 0.00 0.0% 2.22 0.75 0.06 1.41 ©.08 0.40
- 30 215 ORTHO P 0.92 0.34 0.00 0.00 0.04 1.30 0.223 0.02 1.06 0.13 0.69
I 30 215 TOTAL N 8.95 2.26 ©.00 0.00 2.92 15.13 5.0% 0.38 9.70 0.08 0.28
i 30 215 INORG N 2.81 1.02 0.00 0.00 1.46 5.30 . 2.05 0.15 3.09 0.13 0.57
30 215 FLOW 4.54 1.65% s . Laild 7.97 3.27 6.26 0.22 1.48 . .
30 217 TOTAL P_ 3,89 2.92 0.00 ©.00 0.22 6.23 2.40 Q.26 3.56 O0.11 0.29
30 217 ORTHO P 2..37 1.28 0.00  0.00 0.11 3.76 . 1.78 0.19 1.78 0.11_0.30
30 217 TOTAL N 36.71 18,97 0.00 .00 7.18 63.85 . 13.87 “1.50 48.49 0.08 Q.21
30 217 INDRG 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 6.01 ; : 4.34 21.41 B.04 i7.47 1.02 2.92 . .
30 235 TOTAL P 10887.86 314.25 17.65 0.01 42.72 11262.50 : 779.57 41.24 10441.69 0.24 .38
30 23% ORTHO P 567 .45 94.08 17.65 0.01 21.36 700.55 : 345.58 18.28 336.69 0.18 0.486
30 235 TOTAL N 41805.09 1889.53 52.94 0.45 1424 .15 45172.17 . 15676.70 829.28 28666.19 ©.12 0.21
30 235 INORG N 4683.45 167.10 52.94 0.45 712.08 5616.02 : 4792.39 253.51 570.12 0.29 0.20
30 235 FLOW 31337.46 1030.59 : . 608.47 32977.53 1341.41 29981.41 1515.02 1481,10 . ;
31 Q77 TOTAL P 88.12 22.26 0.00 0.00  1.71 112.089 ] 91.73 -3.19 23.55 0.21 0.19
31 077 ORTHO P 37.06 8.54 0.00 0.00 0.85 46 .46 R 42.76 -1.49 5.19 0.30 0.17
31 Q77 TOTAL N 3093.39 876.93 0.00 0.00 56.99 4027.31 . 2135.39 -74.17 1966.10 0.18 0.23
31__077 INORG N 136.34 37.20 0.00 0.00 28.50  202.04 . 428.64 -14.92 -212.68 0.11 0.13
31 077 FLOW 4578.89 1229.44 : . 37.07 5845.40 39.17 5550.58 -191.44  486.26 . .
32 204 TOTAL P 24.04 84.67 0.00 0©0.00 3.86 142.57 . 233.29 -0.01 -120.70 0.07 0.10
32 204 ORTHO P 12.88 24.94 0.00 ©.00 1.93 39.75 : 198.06 -0.01 -158.30 0.13 0.13
32 204 TOTAL N 144 .41 979.56 0.00 ©.00 128.77 1252.75 : 4194.20 -0.24 -2941.21 0.22 0.30
32 204 INORG N 18.09 97.27 0.00 ©0.00 64.39 179.75 5 828.34 -0.05 -648.54 0.21 0. 11

32 204 FLOW 332.19 4569.96 ¥ A 58.72 4960.87 85.23 9751.890 -0.56 -4790.47




NUTRIENT BUDGET SUMMARIES

91-4

DIS RES PARAM LGAUG  LUNGD LPDINT LOTHER LPREC  LTOTAL LEVAP LOUT LDSTOR LNET CVI  CvO
33 300 TOTAL P 36.50 8.80 _0.00 ___ 0.00 Q.27 45.57 . 40.32 _ -0.89 6.14 _0.12 0.20
33 300 ORTHG P 28.26 6.81 0.00  0.00 0.43 35.21 ; 27.05 -0.60 8.76 0.12 0.28
33 300 TOTAL N 166.59 40.15 0.00  0.03 8.88 215.65 ; 276.91 -6.12 -55.13 0.18 0.36
33 300 INORG N 26.08 6.29  0.00 0.03 4.44 36.83 ; $3.69  -1.19  -15.67 ©0.14  0.20
33 300 FLOW 908.65 219.00 } . 10.98 1138.63 5.42 1132.75 -24.93 30.81 . .
34 048 TOTAL P 26.75 31.77 10.62 0.00 1.21 70.36 i 32.98 2.63 34.76 0.23 0.19
34 048 GQRTHO P 12.50 _14.50 10.62 0.00 0.81 38.23 . 17.26 1.38 19.58 0.50 0.09
345 048 TOTAL N 873.95 752.11 23.56 0.19  40.37 1690.19 . 2183.03 174.29 -667.13 0.i6 0.12
34 048 1INORG N 49.88 88.09 23.56 0.19  20.18  181.91 . 250.08 19.97 -88.13 ©.22 0.03
34 048 FLOW 1248.40 786.08 . . 36.29 2070.77 61.68 2103.77 163.03 -196.03 . .
35 029 TOTAL P 46.61 5.16  0.00 000  0.20 54.97 . 27.88 1.14 27.95 0.35 0.15
35 029 ORTHO P 9.50 1.05 ©0.00 0.00  0.10 10.66 . 9.26 0.46 0.93 0.15 Q.11
35 029 TOTAL N 335.72  37.19  G.00 _ 0.00 6.73  379.64 ! 274.54  13.72 91.37 0.21 0.12
35 029 1NORG N 51.52 5.71 0.00  0.00 3.36 60.59 : 43.15 2.16 15.28 0.22 0.15
35 029 FLOW 357.78  39.63 : : 10.13  407.54 6.51 372.26  18.28 16.99 . ;
35 039 TOTAL P 0.43 0.17  ©.00 0.00 0.C8 0.69 0.13 _ -0.10 0.66 0.39 0.17
35 039 ORTHO P 0.20 ©0.08 ©0.00  0.00 0.04 0.32 . 0.04 -0.03 0.31 0.25 0.22
35 039 TOTAL N 1.24 0.48 0.00  0.21% 2.74 4.67 i 2.28 -1.77 4.16 0.26 0.42
35 039 INORG N 0.88 0.34 _0.00 _ 0.21 1.37 2.81 0.15  -0. 11 2.78 0.36 0.12
35 Q39 FLOW 5.57 2.17 2.31 10.05  3.77 8.69 -3.83 5.19




Table B2

Water Balances and Inflow Concentrations by Period

P

Symbol Meaning

DIS CE District code

RES CE reservoir code

GP data screening code (A = high accuracy, B = low accuracy)

PD period (N = normal hydrologic year, P = year of pool monitoring

by EPA/NES, T = period of tributary monitoring by EPA/NES)
QINC corrected total inflow (hm3/yr) = (cubic hectometre/yr)
QOUT total outflow (hm3/yr)
QEVAP  evaporation (hm3/yr)
QSTOR  change in storage (hm3/yr)
ELEV mean elevation (ft,msl)
AREA mean surface area (km2)
VOLUME mean volume (hm3)
ZMAX maximum depth {(m)
ZMEAN  mean depth (m)

Qs surface overflow rate (m/yr)

THYD hydraulic residence time (yr)

IPTL inflow total P concentration (mg/m3)
IPDS inflow ortho P concentration (mg/m3)
INTL - inflow total N concentration (mg/m3)
ININ inflow inorganic N concentration (mg/m3)

B-17

|
1
|
|
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DIS RES GP PD QINC QOUT  QEVAP GQSTOR ELEV AREA VODLUME ZMAX ZMEAN QS  THYD IPTL IPDS  INTL ININ
02 176 B N 210.1 208. 1 2.1 0.0 580.0 3.4 33.1 24.0 9.6 60.5 0.159 22.8 7.2 S06.5 462.7
02 176 8 P . . 2.1 -2.0 583.6 3.1 37.7 25.1 12.3 . . . .

02 176 8 T 305.7  292.8 2.1 10.8 587.9 3.3 41.0 26.4 12.6 90.0 0.140 23.2 6.8  917.2 499.7
03 307,A N 195. 1 192.0 3.1 0.0 628.0 3.8 50.9 28.7 3.3 50.1 0.265 13.7 6.6 1137.2 £€93.6
03 307 A P 212.5  207.5 3.1 1.9 628.2 3.8 51.3 38.8 43.5 54.5 0.247 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 55.1 0.243 3.3 6.6 1143.4 694.0
04 312 A N 387.0 383.5 3.5 0.0 630.0 7.0 35.5 i5.2 5.1 54.8 0.093 174.3 113.6 2695.6 1847.7
04 312 A P 4771 476.5 3.5 -2.9 621.6 4.8 22.7 12.7 4.7 99.1 0.048 165.1 104.0 2663.9 1775.2
04 312 A T 456.8 460.9 3.5 -7.5 620.6 4.7 21.4 12.4 4.5 98.0 0.046 166.9 105.9 2670.4 1780.0
06 372 A N B825.6 6629.4 196.2 0.0 302.0 215.0 1888.6 33.2 8.8 30.8 0.285% 128.1 36.2 1301.Q 350.8
06 2372 A P 10868.3 10621.3 196.2 50.8 300.8 1938.6 1865.8 32.9 9.3 53,2 0.176 133.0 33.0 1386.1 371.3
06 372 A T 7380.t 7262.4 196.2 -78.5 299.6 192.8 1787.3 32.5 9.3 37.7 0.246_128.8 35.6 1314.6 _353.8
08 074 A N 7770.1 7469.4 300.7 0.0 330.0 287.9 3088.3 42.7 10.8 25.9 0.415 S54.8 15.8 643.6 237.6
08 074 A P 12520.8 11864.2 300.7 356.0 2328.5 277.7 2967.8 42.2 10.7 42.7 0.250 54.2 15.5 684.0 271.1
08 074 A T 11896.3 11483.1 300.7 112.6 329.2 28%.4 3021.5 42,4 10.7 40.8 0.263 54.3 15.5 679.5 267.3
08 330 A N 3950.5 3721.6 228.9 0.0 660.0 227.1 3147.2 56.4 13.9 16.4 0.846 51.4 22.2 673.9 239.4
08 330 A P 5756.5 5317.1 228.9 210.5 659.4 223.1 3098.4 56.2 13.9 23.8 0.583 S51.8 20.5 669.5 246.1
Q8 330 A T 6193.6 5801.8 228.9 122:.98 660.0 224.9 3138.2 56.4 14.0 25.8 0.541 52:.:0 20.2 668 .9 247 .7
10 003 A N 6532.3 6518.1 14.2 0.0 187.0 13.3 145.6 21.9 10.9 488.2 0.022 35.3 10.5 1314.3 €65.2
10 003 A P  9539.8 9524.6 14.2 1.0 186.8 13.3 145.0 21.9 10.9 715.3 0.015 238.0 11.0 1279.6 629.8
10 003 A T 10386.4 10372.6 14.2 -0.4  186.8 13.3 145.0 21.9  10.9 779.1 0.014 38.6 11.1 1271.9 622.2
10 069 A N 1726, 4 1684 .3 42 .1 0.0 B48.0 57.7 582.1 45.1 10.1 28.2 0.346 61.8 16.7 661.5 283.1
10 069 A P  2643.5 2539.1 42.1 62.3 835.5 42.3 380.0 41.3 9.0 60.0 0.150 76.1 16.4 728.5 298.9
10 069 A T  2544.9 2480.1 42.1 22.7 836.3 42.4 388.8 41.5 9.2 58.5 0.157 74.6 16.4 722.2 297.4
10 071 A N 20248.6 20068.4 180.2 0.0 77.0 151.8 453.4 10.1 3.0 132.2 0.023 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 3.0 189.8 0.016 96.6 30.6 1426.1 442.0
10 071 A T 26995.0 26808.1 180.2 6.7 77.3 154.0_ 465.9 10.1 3.0 174.1 0.017 94.0 30.4 1396.9 442.1
10 072 A N  9990.5 9798.5 192.0 0.0 190.0 182.9 1153.4 28.4 6.3 53.6 0.118 93.2 33.7 1023.2 433.8
10 072 A P 13087.5 12806.3 192.0 89.2 187.4 173.1 10i7.9 27.6 §.9 74.0 0.079 93.5 32.4 1016.3 422.0
10 072 A T 32698.4 12518.1 192.0 -11.7 187.7 175.5 1033.0 27.7 5.9 71.3 0.083 93.5 32.5 1017.1 423.3
10 076 A N  2095.2 1933.7 161.5 0.0 1070.0 154.0 2366.3 45.7 15.4 12.6 1.224 72.9 34.0 840.2 399.1
10 076 A P  3003.2 2443.9 161.5 397.8 1068.0 150.9 2278.6 45.1 15.1 16.2 0.932 75.4 30.2 1006.1 453.9
10 076 A T  2888.2 2646.5 161.5 B0.2 1069.9 154.8 2364.7 45.7 15.3 17.1 0.894 75.1 30.6  986.3 447.4
10 411 A N 6079.5 6038.0 41.4 0.0 2415 28.2 231.3 20.3 7.8 213.8 0.037 65.5 15.5 1682.4 903.3
10 411 A P B822.6 8782.4 41.4 -1.2 2%54.7 38.7 364.2 24.3 9.4 226.7 0.04% 64.1 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 9.4 245.6 0.038 63.8 15.0 1671.7 911.2
14 089 A N 4128.0 4073.5 48.5 0.0 730.0 46.2 135.7 12.2 2.9 B&.4 0.033 601.4 183.3 8%60.8 6591.4
14 099 A P  9330.% 9670.8 48.5 -389.2 736.8 64.4 320.8 14.3 5.0 150.3 0.0323 627.8 163.7 1133%9.6 9421.6
14 089 A T 4827.2 4981.3 48.5 -202.6 731{.8 51.5 181.6 12.7 3.5 96.7 0.036 606.3 173.3 9374.7 7058.8
i5 178 B N 144.7 107.3 37.4 0.0 1193.8 52.8 671.0 21.9 12.7 2.0 6.254 28.1 10.4 927.3 248.0
15 178 B P 242.0 204.0 37.4 0.6 1193.5 52.5 663.8 21.9 12.6 3.9 3.254 28.3 9.0 948.1 238.4
i5 1788 T 188.0 148.8 37.4 1.8 1193.5 52.5 663.3 21.9 32.6 2.8 4.457 28.2 9.7 936.7 242.1
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DIS RES GP PD QINC  QOUT QEVAP QSTOR ELEV AREA VOLUME ZMAX ZMEAN QS THYD 1IPTL IPDS INTL ININ
15 181 8 N 691.6 391.6 300.0 0.0 1294.5 481.9 2170.1 45.6 4.5 0.8 5.542 33.7 16.6 1637.1 380.2
15 181 B P 886.3 502.4 300.0 83.9 1284.5 482.0 2171.0 45.6 4.5 1.0 4.32% 34.0 16.6 1782.7 407.7
15 181 B 7T 610.3 368.6 300.0 -58.3 1294.1 482.0 2171.0 45.5 4.5 0.8 5.890 33.6 16.7 1568.6 367.3
15 237 A N 119.7 103.7 16.0 0.0 1266.0 22.0 87.1 13.2 4.0 4.7 0.840 254.8 138.5 2496.9 6314.5
15 237 A P 228.5 211.4 16.0 1.1 1264.1 20.0 74.2 12.6 3.7 10.6 0.35t 278.0 144.8 2708.% 773.7
15 237 A T 180.7 163.4 16.0 1.3 1264.9 21.0 79.2 12.9 3.8 7.8 0.485 268.6 141.8 2627.4_ 708.1
16 243 A N 214.2 204.7 3.5 0.0 1019.0 10.5 50.7 21.3 4.8 19.4 0.248 280.1 180.9 2832.2 1676.1
16 243 A P 519.8 303.9 9.5 6.4 1020.7 11.4 59.6 21.9 5.2 26.6 0.196 242.2 132.6 2803.3 1778.2
16 243 A T 280.6  280.2 9.5 -9.1 1021.7 12.1% 62.3 22.2 5.2 23.2 0.222 252.6 146.4 2807.5 1736.4
16 254 B N 99.7 77.0 22.7 0.0 901.4 321.8 101.7 9.9 3.2 2.4 1.321 152.2 68.8 1870.2 917.5
16 254 B P §24.2 141.7 22.7 -10.2 900.2 30.0 91.8 9.6 3.1 3.7 0.B22 146.6 61.5 1858.6 924.1
16 254 B T 116.0 94.8 22.7 -1.6_900.1 29.8 89.9 9.5 3.0 3.2 0.948 148.2 63.6 1861.9 921.6
16 317 A N 656.3 646.1 10.2 0.0 896.0 14.4 50.6 6.8 3.5 44.8 0.078 104.0 39.6 1424.8 624.4
16 317 Ao P 819.8 B07.2 10.2 2.4 893.6 13.0 41.2 6.1 3.2 62.1 0.051 95.3 34.7 1488.8 700.2
i6 317 A T 815.2 812.0 10.2 -6.9 893.6 13.3 41.6 6.1 3.1 _61.0 0.051 95.5 34.8 14396.9 698.2
16 328 A N 3446.5 3415.1 31.4 0.0 1328.0 48.9 706.8 40.6 14.5 69.8 0.207 46.1 12.4 694.4 379.3
16 328 A P 3726.1 3629.9 31.4 64.8 1322.3 47.7 638.7 38.8 13.4 76.1 Q.176 45.0 12.1 6&74.8 366.5
N 16328 A T 3619.3 3647.9 31.4 -60.0 1319.0 45.7 600.3 37.8 13.1 79.8 0.165 45.4 42.2 682.0 371.2
? 16 393 B N 2074.1 2069.6 4.5 0.0 10B8.0 6.8 122.8 39.0 18.1 304.4 0.058 19.6 6.6 591.0 422.5
= i 2393 B P 2578.9 2548.8 4.5 25.6 1069.7 5.8 97.7 33.4 16.8 437.2 0.038 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 16.1 491.5 ©.033 20.0 6.3 603.7 451.3
17 241 Ao N 69.6 64.6 4.9 0.0 928.0 6.2 29.1 12.4 4.7 10.4 0.451 93.0 23.2 2253.8 1413.4
17 241 A P 81.3 76.4 4.9 0.1 928.0 6.5 29.2 12.5 4.5 41.8 0.382 87.7 21.4 2276.0 1447.7
17 241 A T S2.4 89.5 4.9 2.0 9726.9 6.2 27.2 12.1 4.4 14.3 ©.304 83.6 20.1 2296.2 1478.7
17 242 A N 238.0 236.0 2.0 0.0 948.0 1.7 2.1 3.6 1.3 138.8 0.009 255.1 55.6 3926.8 2811.4
17 242 A P 382.1 3B0C.6 2.0 -0.5 949.6 2.2 3.1 4.1 1.4 175.7 ©.008 257.6 49.4 4320.5 3243.6
17 242 A T 289.9  288.3 2.0 -0.4 950.4 2.5 3.8 4.3 1.5 117.1 ©.013 255.8 52.8 4082.4 2879.5
17 245 A N 176.7 171.8 4.9 0.0 997.0 5.5 7.4 3.7 1.4 31.4 0.043 166.7 48.9 2962.6 1574.3
i7 245 A P 316.9 314.3 4.9 2.2 898.0 5.6 9.0 4.0 1.6 56.0 0.029 174.1 50.2 3305.0 1939.6
17 245 A T 282.8 ©280.2 4.9 -2.2 998.5 6.0 9.9 4.1 1.7 47.0 0.035 172.6 49.9 3235.Q i861.8
17 247 8 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 2114.4
{7 247 B P 398.1 394.9 3.9 -0.7 B805.6 4.5 19.9 12.4 4.4 B88.0 0.050 89.2 34.3 3211.0 2376.7
17 247 B T 371.8 368.1 3.9 -0.2 805.9 4.6 21.0 12.5 4.6 79.9 0.057 90.9 35.0 3180.0 2342.2
17 248 A N 306.1 302.% 4.0 0.0 915.0 5.3 15.9 10.7 3.0 57.0 0.053 263.4 98.6 4117.4 2800.8
17 248 A P 532.2 532.5 4.0 4.3 913.4 4.7 14.3 10.2 3.1 113.8 0.027 265.6 91.4 4692.1 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 4460.5 3214.2
17 24% A N 706.7 700.9 5.8 0.0 737.0 6.1 19.9 11.3 3.3 115.5 0.028 195.9 115.9 2853.3 1785.7
i7 249 A P 1088.1 1083.5 5.8 1.3 736.1 6.0 18.3 11.0 3.0 180.0 0.017 163.5 87.1 2518.0 1641.4
17 249 A T 1024.8 1020.7 5.8 1.7 739.0 7.2 24.9 11.9 3.5 142.3 0.024 167.7 90.7 2562.1 1660.7
17 25 A N 174.1 171.7 2.4 0.0 1020.0 3.4 16.7 14.6 4.8 49.9 0.097 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 99.5 0.053 50.% 21.8 2118.0 1494.6
17 256 A T 206.6 205.3 2.4 1.1 1019.8 3.0 17.1 14.6 5.7 68.8 0.083 55.3 24.5 2023.Q 1397.5
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DIS RES GP PD QINC QOUT QEVAP QSTOR ELEV AREA VOLUME ZMAX ZMEAN QS THYD IPTL I1PDS INTL ININ
17 258 B N 73.9 65.9 8.0 0.0 B899.0 ©.5 42.6 12.9 4.5 6.9 0.647 28.5 9.8 989.4 6351
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 65%1.4
17258 8 T 61.8 61.6 8.0 0.0 89%9.0 9.5 42.6 12.9 4.5 6.5 0.691 29.3 10.1 995.9 623.3
177 373 A N 252 .2 246.7 5.4 0.0 1396.0 4.6 82.7 56.7 17.9 53.3 0.335 64.7 7.9 1276.9 413.5
17 373 A P 326.0 299.7 5.4 20.9 1420.5 6.2 123.6 64.2 19.6 47.4 0.413 71.0 7.6 1284.6 422.6
17 373 A T 405.9 397.5 5.4 2.9 1421.4 6.4 25,1 64.4 19.5 62.0 0.315 76.9 7.3 1291.2 430.6
17 389 A N 4824 .4 4812.3 12.0 0.0 1410.0 8.0 41,7 12.8 5.2 612.5 0.008 46.5 18.7 1442.1 1022.4
17 389 A P 6588.6 6578.2 12.0¢ -1.6 1411.6 8.1 49.1 13.3 6.1 812.1 0.007 45.9 18.3 13839.1%1 1013.5
17 389 A T 6756.2 6611.7 12.0 132.5 1437.5 14.5 142.6 2.2 9.8 455.2 0.022 45.8 18.2 1387.2 1012.7
17 391 A N 1932.3 1926.8 5.4 0.0 1652.0 10.6 239.8 B84.4 22.6 iB1.4 ©.124 23.6 6.9 B84.2 678.6
17 391 A P 2582.4 2514.4 5.4 62.6 1599.8 6.7 140.4 68.5 21.0 376.3 0.056 24.2 6.7 927.9 707.5
17 391 A T 2358.2 2353.7 5.4 -1.0 1604.2 7.1 142.8 69.9 20.1 330.6 0.061 24.0 6.8 914.0 698.3
i8 092 A N 625.7 615.2 10.5 0.0 737.0 12.3 92.8 22.0 7.2 47.8 0.151 314.4 102.9 5195.2 3105.4
i8 092 A P 1092.6 1073.3 10.5 B.7 731.% 1.4 B84.6 20.3 7.4 93.9 ©.079 334.5 106.5 5681.4 3425.2
18 092 A T 1043.1 1032.6 10.5 0.0 736.2 12.9  95.0 24.7 7.3 79.8 0.092 332.8 106.2 5639.2 3397.3
18 093 A N 453.4 420.2 39.3 0.0 S38.0 43.5 225.0 14.6 5.2 9.7 0.535 29.0 8.6 869.9 525.6
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
i8 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.% 552.8
18 120 A N 1330.9 1297.2 33.7 0.0 552.0 40.5 316.4 20.6 7.8 32.0 0.244 64.0 50.9 1974.9 $75.0
18 120 A P 1858.5 1790.2 33.7 34.6 546.6 35.4 270.4 18.9 7.6 50.6 0.151 55.6 45.4 1985.2 1053.7
18 1204 T 1955.0 1797.6 33.7 123.7 54B.5 35.8 286.4 19.5 8.0  50.2 0.359 54.5 44.7 1987.2 1066.8
19 119 A N 34871.2 34651.3 219.9 0.0 354.0 183.1 752.0 22.6 4.1 183.3 0.022 136.5 54.1 1149.8 641.9
19 118 A P 50980.1 50716.0 219.9 44.2 358.3 230.2 1115.2 23.9 4.8 220.3 0.022 132.6 48.2 1181.6 634.4
19 119 A T _51210.0 _50941.7 218.9 48.4 358.9 233.6 1168.6 24.0 5.0 218.1 0.023 132.6 48.1 1182.0 634.3
19 122 A N  8281.7 B8110.7 171.0 0.0 690.0 166.0 3097.3 44.2 18.7 48.8 0.382 56.2 12.8 t061.6 354.6
19 122 A P 12456.0 12008.6 171.0 276.5 716.0 201.8 4589.0 52.1 22.7 59.5 0.382 57.1 12.5 1035.3 367.8
19 122 A T 14516.1 15174.7 171.0 -826.6_ 712.5 197.7 4385.7 51.1 22.2 76.8 0.289 57.4 12.3 1025.6 372.9
19 338 B N 21076.5 21047.6 28.9 0.0 385.0 30.2 128.4 12.2 4.3 697.6 0.006 168.1 68.5 1080.1 475.9
19 338 B P 232387.7 32354.7 28.9 4.1 385.2 30.8 133.1 12.2 4.3 1049.4 0.004 169.6 61.9 1133.6 484.0
19 338 B T 35772.1 35726.5 28.9 16.7 385.2 30.7 132.6 12.2 4.3 1165.5 0.004 170.2 60.6 1147.3 486.8
19 340 A N 1275. 1 1223.0 B2 1 0.0 480.0 42.8 330.8 24.5 T:7 28.6 0.271 164.0 111.3 1012.7 710.5
19 340 A P 2155.6 2093.5 52.1 10.0 488.5 55.7 460.1 27.1 8.3 37.6 0.220 136.5 90.6 859.7 682.6
19 34C A T 2163.2 2490.7 52.1 -79.C__48B.3 55.4 456.4 27.0 8.2 39.6 0.208 136.4 90.4 858.7 682.4
19 342 A N 16907.9 16825.0 82.8 0.0 445.0 91.1 518.4 18.3 5.7 184.7 C.031 93.6 29.3 1057.9 420.8
19 342 A- P 24640.1 24558.9 B82.8 -1.6 444.6 B87.5 508.2 18.2 5.8 280.6 0.021 102.2 31.4 1020.1 442.9
19 342 A T 28447.0 28375.0 82.8 -10.8 444.7 88.0 511.4 18.2 5.8 322.5 0.018 105.7 32.2 1006.0 451.7
ig 343 A N 14a77.1 1379.4 97.7 0.0 645.0 105.7 1492.5 41.8 14.1 13.0 1.082 17.2 7.8 686.2 364.7
19 343 A P 2175.1 20%3.0 97.7 24.3 647.9 109.2 1570.1 42.7 14.4 18.8 0.765 16.8 7.3 644.1 362.2
i9 343 A T 2378 . 1 2348.4 97.7 -68.1 648.4 109.7 1586.1 42.8 14.5 21.4 0.675 16.7 7.2 634.8 361.6
20 081 A N  2207.4 2090.4 1i7.0 0.0 445.0 105.3 349.3 11.9 3.3 19.9 0.167 188.9 56.0 3527.4 2383.9
20 081 A P 3899.7 3793.7 147.0 -10.9 448.3 124.5 462.2 12.9 2.7 30.5 0,122 192.3 60.1 4087.9 2882.5
20 081 A T 3862.6 3956.2 317.0 -210.6 448.9 131.4 481.8 13.1 3.7 30.1 0.122 192.3 60.0 4077.8 2873.3
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DIS RES GP PD QINC QOUT OQEVAP QSTOR ELEY AREA VOLUME ZMAX ZMEAN QS THYD IPTL IPDS INTL ININ

20 087 A N 924.2 877.0 47.2 0.0 599.7 44.9 259.2 16.4 5.8 19.5 0.296 210.1 119.8 6790.8 5610.6
20 087 A P 1725.4 1683.7 47.2 -5.5 605.7 55.8 351.9 18.2 6.3 30.2 0.209 171.0 96.2 7961.0 7255.5
20 Q87 A T 1765.8 1589.8 47.2 128.9 603.7 S$3.0 320.0 17.6 6.0 30.0 0.201 169.7 95.4 8008.1 7325.1
20 088 A N 43G.4 360.6 75.8 0.0 405.0 76.9 222.8 7.9 2.9 4.7 0.618 258.1 47.1 2276.1 771.8
20 088 A P  458.0 336.7 75.8 45.5 405.3 76.1 234.5 8.0 3.1% 4.4 0.696 258.3 47.0Q 2277.3 775.7
20 088 A T  487.6 462.9 75.8 -51.1 406.8 82.7 268.0 8.5 3.2 5.6 0.579 258.6 46.9 2279.0 780.7
21 196 B N 13%0.1 1365.0 25.1 C.0 355.0 21.0 47.6 13.6 2.3 64.8 0,035 77.6 15.5 1380.7 327.4
21 196 B P 2283.7 2257.7 25.1 0.9 361.7 28.3 95.9 15,6 3.4 79.9 0.042 B8%.4 16.6 1551.1 356.9
21 196 B T 1986.1 1982.3 25.1 -21.4 360.6 26.0 83.2 15.3 3.2 76.3 0.042 85.9 16.2 1501.1 348.3
22 014 B N 775.9 715.5 60.5 0.0 408.0 54.3 808B.2 60.4 14.9 13.2 1.130 16.6 7.0 210.8 72.0
22 014 B P 490.4 280.4 60.5 149.5 403.6 S50.1 729.1 59.0 14.5 5.6 2.600 17.5 7.7 229.3 71.6
22 014 B T 1364.9 1345.7 60.5 -41.3 406.5 52.8 772.0 59.9 14.6 25.5 0.574 15.6 6,2 180.3 72.9
22 019 B N 1492.0 1321.3 170.7 0.0 578.0 162.2 2654.4 60.4 16.4 8.1 2.009 20.5 11.% 575.7 134.5
22 019 B P 2615.5 2341.0 170.7 103.8 576.2 158.7 2579.0 59.8 16.2 4.7 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 16.8 0.963 20.6 11.7 671.2 162.4
22 188 B N 1225.6 1159.5 66. 0.0 220.0 51.6 155.3 9.4 3.0 22.5 0.134 105.5 49.1 937.0 73!.3
22 188 B P 2364.5 2302.7 66.1 -4.3 229.8 91.4 399.0 12.5 4.4 25.2 0.173 106.9 45.0 1006.0 885.1
- 22 188 B T 1657.9 1617.9 66.1 -26.1 221.9 63.3 207.7 10.0 3.3 25.5 0.128 105.6_ 46.7 967.0 796.9
'S 22 189 A N 918.3 843.0 75.2 0.0 257.0 81.2 490.3 19.2 6.0 10.4 0.582 271.4 78.3 1570.5 455.3
= 22 189 A P 1633.0 1469.6 75.2 88.2 254.9 78.3 485.7 18.6 6.2 18.8 0.331 271.4 78.3 1570.2 455.0
22183 A T §519.7 1308.1 75.2 136.3 252.2 72.1 405.7 17.8 5.6 18.1 0.310 271.4 78.3 1570.3__455.0
22 190 B N 1911.5 1730.8 180.7 0.0 221.0 182.7 977.1 18.6 5.3 9.5 0.565 111.5 29.4 717.8 190.1
22 190 B P 3034.3 2328.3 180.7 525.2 220.2 180.9 1064.0 18.4 5.9 12.9 0.457 115.0 32.3 713.7 201.4
22 190 B T 2884.5 2854.7 180.7°-153%.0 219.3 173.2 929.2 18.1 5.4 16.5 0.326 114.6 32.0 714.2 200.2
22 192 B8 N 2299.6 2114.3 185.3 0.0 268.0 167.2 1138.1 19.5 6.8 12.6 0.538 74.8 14.2 678.0 249.0
22 192 B P 4060.6 3261.6 185.3 613.6 271.5 185.9 1401.5 20.6 7.5 17.5 0.430 76.2 14.7 632.7 265.9
22 192 8 T 3587.1 3636.9 185.3 -235.1 269.8 177.7 1248.9 20.1 7.0 20.5 0.343 75.9 14.6 642.3 262.1
23 3528 N 730.1 619.5 110.6 0.0 229.0 75.7 314.6 14.9 4.2 B.2 0.508 110.3 59.4 1035.C 263.9
23 352 B P . . 110.6 52.2 229.9 B84.9 342.6 15.2 4.0 . . . ; i .
23 352 B T 1693.5 1594.9 110.6 -12.0 230.5 86.9 358.6 15.3 4.1 18.3 0.225 94.0 49.7 918.6 190.1
23 353 B N 2724.9 2553.1 171.8 0.0 220.0 B82.2 179.4 12.2 2.2 31.1 0.070 112.5 48.7 885.6 225.6
23 353 B P : . 171.8  72.6 226.7 125.8 387.0 14.2 3.1 ; : : ; : s
23 3%3 B T 5272.5 5109.8 174.8 -9.1 227.9 135.1 431.1 14.6 3.2 237.8 0.084 116.3 51.9 884.9 216.4
23 413 B N 2202.8 2038.0C 164_8 0.0 170.0 121.5 209.8 3.0 1.7 16.8 0.i03 51.3 16.5 694.4 73 .6
23 413 B P . 3898.2 164.8 . b . .
23 413 B T 4802.2 4637.4 164.8 : ) . . . . . . 49.6 _18.2 686.5  82.1
24 Q011 A N 1372.5 1242.7 129.8 0.0 1120.0 114.3 2039.1 62.8 17.8 10.9 1.641 53.6 14.5 919.9 431.8
24 O11 A P 2246.1 2051.5 129.8 64.8 1122.0 118.6 2103.0 63.4 17.7 17.3 1.025 S8.9 15.9 954.6 4541
24 011 A T 2214.4 2219.3 129.8 -134.7 1121.9 118.7 2100.%1 63.4 17.7 18.7 0.946 SB.7 15.9 953.6 453.4
24 012 B N 472.3 453.2 19.7 0.0 387.0 13.8 42.1 11.7 3.3 32.9 0.083 25.8 1i.8 786.7 86.3
24 012 B P 574.3 557.2 19.7 -2.6 388.6 14.3 47.1 12.2 3.3 38.8 0.084 25.5 1t.7 794.3 87.7
24 012 B T 764.6 742.5 19.7 2.3 391.8 17.6 63.5 13.1 3.6 42.1 0.086 25.0 11.6 805.7 89.8




A WATER BALANCES AND INFLOW CONCENTRATIONS BY PERIGD

DIS RES GP PO QINC QOUT QEVAP QSTOR  ELEV AREA VOLUME ZMAX ZMEAN Q5 THYO  IPTL IPDS  INTL  ININ
247 013 A N  5633.8 5420.2 213.6 0.0 654.0 184.0 3762.4 61.6 20.4 29.5 0.694 16.7 7.4 698.4 440.2
24 013 A P 9331.0 8702.7 213.6 414.7 663.7 205.% 4369.4 64.5 24.3  42.4 0.502 17.7 7.4 746.8 4621
24 013 A- T 9486.0 9881.6 213.6 -60S.1 663.8 204.7 4315.8 64.6 21.1 48.3 0.437 17.8 7.4 748.4 462.9
24 Q16 . B N 1713.3 1574.3 139.0 0.0 4%1.,0 127.4 23%6.9 97.6 18.%5 2.4 1,497 32.6 10.8 4%9.3 127.3
24 016 B P 2183.8 2114.3 139.0 -64.6 462.6 131.0 2447.6 58.1 18.7 16.1 1.158 32.3 10.3 460.1 128.8
24 016 B T  2244.4 2135.1 139.Q0 -29.7 461.8 130.1 2414.6 57.9 18.6 6.4 1.131 32.3 10.3 460.2 129.0
24 021 8B N 770.0 753.7 16.3 0.0 345.0 48.6 51.1 13.7 2.8 40.6 0.068 28.5 11.6 898.2 1%0.0
24 0218 P 999.1 1027.t 16.3 -44.4 348.9 23.5 82.5 14.9 3.5 43.7 0.080 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 i15.5 3.7 49.5 0.075 30.1 12.2 1051.1 2245
24 G22 B N 1750.4 1657.5 92.9 0.0 552.0 89.0 1644.5 57.5 17.3 18.6 0.932 13.4 7.1 Q82.8 567.3
24 022 B P 2891.2 2790.4 92.9 7.8 559.5 ©97.6 1751.9 59.8 18.0 28.6 ¢.628 5.8 8.0 1043.5 735.0
24 022 B T 2348.8 2557.3 92.9 -301.5 556.9 94.8 1676.3 59.0 17.7 27.0 0.655 14.8 7.8 1017.8 660.2
24 193 B N 80C.8 794.4 6.4 0.0 498.0 7.6 35.6 11.6 4.7 104.9 0.045 13.2 7.4 1246.7 329.4
24 193 B P 1431.9 1430.3 6.4 -4.8 505.6 10.8 64.5 13.9 5.9 131.8 0.045 4.1 7.7 1585.3 391.7
24 193 B T 1075.8 1074.0 6.4 -4.6 530.3 B,8 42.5 12.3 4.8 122,5 Q.04C 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 19.1 8.2 1.051 52.8 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 5587.7 5703.1 180.5 -2986.5 935.7 173.0 3377.9 67.3 19.5 33.0 0.592 47.2 44.9 2033.0 900.4
f 25 020 A N 6035.3 5893.2 142.0 0.0 "258.0 108.7 212.3 13.7 2.0 54.5 0.036 65.4 8.7 695 6 (89.4
b 25 020 A P 8952.3 8787.1 142.0 23.1 260.4 121.4 280.9 14.5 2.3 72.4 0.032 61.4 {7.4 707.8 194.8
25 020 A T 10643.5 10503.4 142.0 0.0 259.9 116.3 264.7 14.3 2.3  90.3 0.025_61.5 _16.9 713.4 197.4
25 102 B N 126.5 108.2 18.3 0.0 1274.0 13.1 ©59.9 15.2 4.6 8.3 0.553 342.1 74.7 5378.4 2553.8
25 102 B P 228.8 250.6 18.3 -40.1 127t.9 12.8 S54.4 14.6 4.2  19.5 0.217 411.5 81.9 6720.7 3240.5
25 102 B T 126.6  107.0  18.3 1.2 1272.1__12.9  54.8 14.7 4.3 8.3 0.512 342.2 74.7 5379.0 2554.1
25 103 B N 417.0 389.8 21.2 0.0 79%0.0 2.1 32.1 9.1 2.6 32.1 0.082 78.7 18.3 1505.8 689.6
25 103 B P 799.8 780.7 21,2 -2.2 796.1 17.5 61.3 11.0 3.5 44.5 0.079 79.5 19.0 1646.0 744.6
25 103 B T B24.3 811.9 21.2 -8.9 794.4 16.%t 57.5 10.5 3.6 50.6 0.071 79.5 19.1 1652.6 752.5
25 104 B N 319.1 304.0 15.1 0.0 948.0 9.5 27.0 9.4 2.8 31.9 0.08% 53.9 18.5 1474.9 408.6
25 104 B P 6§10.0 620.8 5.1 -25.9 951.0 11.7 37.1 10.4 3.2 52.9 0.060 47.0 16.3 1495.6 391.6
25 104 B T 561.4 549.0 15.1 -2.7 950.4 11.4 35.6 10.2 3.1 48.1 ¢.065 47.8 16.S5 1492.9 393.7
25 105 A N 1446.1 1397.3 48,8 0.0 1036.0 31.5 66.7 8.2 2.1 44.4 O.048 360.4 104.9 3315.5 12751
25 105 A P 2581.2 2968.2 48.8 -435.8 1041.0 42.9 130.6 9.8 3.0 69.1 C.044 374.7 09.4 2426.2 1447.0
25 105 A T  1802.4 1753.0 48.8 0.6 1033.1 38.4 95.4 9.2 2.5 45.7 0.054 365.8 102.7 3357.0 1337.7
25 107 8 N 109.0 74.2 34.8 0.0 13510 24.3 106.2 13.1 4.3 3.0 1.431 162.5 50.3 2426.7 752.1
25 107 B P 175.8 ° 1B8.0 34.8 -47.1 1351.0 25.3 108.4 13.1 4.3 7.4 0.577 169.3 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 B8 N 453.8  437.7 16.1 0.0 902.0 11.0 27.0 12.2 2.5 39.8 0.062 52.7 13.9 1208.0 323.4
2% 112 B P 904.2 944.2 16,1 -56.2 905.2 12.0 37.3 13.2 3.1 78.8 0.040 51.8 13.4 1253.8 361.7
25 112 B T 733.5  719.1 6.1 -1.7 904.3 11.5 35.2 12.9 3.1 $2.5 0.049 52.0 13.5 1239.6 349.4
25 267 A N  5694.5 5157.9 536.7 0.0 565.0 189.9 1067.5 21.4 5.6 27.2 0.207 326.8 85.6 1809.3 261.9
25 267 A P Ti161.8 6637.2 536.7 -12.0 586.5 404.2 2992.7 27.9 7.4 16.4 0.451 332.5 82.0 1B15.9 263.5
25 267 A T 9373.2 9593.9 536.7 -757.4 586.7 405.6 3019.7 28.0 7.4 23.7 0.315 339.6 78.3 1824.6 266.1
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DiS RES GP PD QINC QouTt QEVAP QSTOR ELEV AREA VOLUME ZMAX ZMEAN @S THYD IPTL IPDS INTL ININ

25 269 A N 64 .1 520 1251 0.0 2004.0 7.4 17.1 4.9 2.3 7.1 0.330 42.7 10.1 757.4 207.4
25 269 A P 33.3 18.6 12.1 2.8 2003.9 7.4 7.0 4.9 2.3 2.5 0.913 44.1 12.0 882.1 263.7
25 269 A T 30.5 23.9 12.1 -5,5 2002.8 7.4 16.8_ 4.8 2.3 3.2 0.704 44.3 12.2_ 900.5 272.4
2% 273 A N 6528.8 6376.0 153.8 0.0 714.0 B81.6 B560.7 18.3 6.9 78.1 0.088 2358.9 127.7 2575.0  455.1
25 273 A P 13546.6 14059.2 153.8 -666.5 727.6 118.4 957.8 22.4 8.1 118.7 0.088 382.3 122.7 3092.8 863.0
.25 273 A T 43587.2 13870.8 153.8 -437.4 726.4 114.1 920.9 22.1 8.1 121.6 0.066 382.4 122.7 3095.1 865.3
25 275 B N 2804.6 2630.1 174.4 0.0 638.0 121.5 683.1 15.8 56 21.7 0.260 186.4 42.0 1817.1 462.7
25 275 B P 5180.4 5289.4 174.4 -284.5 641.7 132.5 840.2 16.9 6.3 39.9 0.159 224.2 45.6 1916.6  448.7
25 2758 T  4862.9 4823.4 174.4 -134.9 641.1 129.3 818.2 16.7 6.3 37.3 0.170Q 220.0 45.1 1906.0  450.1
25 278 A N 1437.7 1371.2 66.6 0.0 595.0 29.8 357.1 33.9 12.0 46.0 0.260 90.1 54.7 1804.0 714.5
25 278 A P  2712.4 2649.9 66.6 -4.1 634.8 53.7 857.8 46.1 16.0 49.3 0.324 91.1 53.4 1919.0 765.8
25 278 A T _ 2530.1 2511.4 66.6_ -47.8 634.6 53.4 855.0 46.0 16.0 47.0 0.340 90.8 53.4 1905.7  759.6
25 281 A N 987.0 942.3 44.7 0.0 472.0 16.2 33.4 t1.0 2.1 58.2 0.035 6€7.2 19.6 888.1 116.8
25 281 A P 1479.4 1401.9 44.7 32.8 479.5 32.6 98.0 13.3 3.0 43.0 0.070 68.9 21.0 922.6 127.2
25 281 A T 1596.3 1594.4 44.7 -42.8 481.0 35.9 111.4 13.7 3.1 44.4 0.070 69.3 21.2 929.2 129.3
25 248 A N  4485.9 3924.5 561.3 0.0 590.0 178.6 1295.1 21.3 7.3 22.0 0.330 364.3 88.2 2242.9 387.0
25 348 A P 5107.2 4578.9 561.3 -33.0 616.6 351.1 3394.3 29.4 9.7 13.0 0.741 366.6 86.3 2298.1 393.5
- 25 348 A__ T 8400.7 8490.5 561.3 -651.1 617.2 355.8 3458.1 29.6 9.7 23.9 0.407 375.6_ 79.4 2524.5 420.4
| 25 370 B N 191.9 135.9 56.0 0.0 1144.0 57.23 2330.8 19.8 5.8 2.4 2.435 41.4 13.2 792.8 440.6
. 25 370 B P 143.8 118.5 56.0 =-30.7 1132.0 33.1 171.0 16.1 5.2 3.6 1.443 40.4 13.4 749.3  409.8
25 370 B T 267.2 68.3 56.0 142.9 1133.1 24.4 183.5 16.5 5.3 2.0 2.685 42.6 13.0 8531 487.5
26 345 B8 N 592.3 515.1 77.2 0.0 568.0 28.3 242.7 27.1 8.6 1B8.2 0.47% 392.9 324.9 1551.4 873.0
26 345 B P 289,73 150.9 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
26 345 B T 1169.2 1080.1 77.2 11,9 596.7 S4.2 604.4 35.6 11.2 19.9 0.560 386.7 312.4 1534.7  865.0
26 347 A N 376.1 326.3 49.8 0.0 906.0 32.0 441.7 47.6 13.8 10.2 1.3%4 15.6 7.0 1522.8 979.9
26 347 A P 484.8 461.3 49.8 -26.3 908.3 34.5 461.9 48.3 13.4 13.4 1.001 16.1 7.2 1455.6  954.1
26347 A T 841.2 829.5 49.8 -38.1 909.5 34.9 473.7 48.6 13.6 23.7 0.571_ 17.5 7.7 1320.1 800.7
26 254 A N 418.0 326.8 91.2 0.0 492.0 86.5 563.5 15.8 6.5 3.8 1,724 190.8 67.3 1866.1 589.2
26 354 A P 611.0 480.8 91.2 39.0 474.7 48.4 209.7 10.6 4.3 9.9 0.436 186.4 66.9 1906.2 598.6
26 _354 A T  1619.6 956.9 91.2 -28.5 478.8 56.0 278.7 11.8 5.0 17.1 0.291 207.5 69.3 1967.9 617.8
26 355 A N 688.6 531.3 157.3 0.0 515.0 94.0 564.9 18.3 6.0 5.7 1.063 243.3 102.5 1837.2 623.8
26 355 A P 672.0 554.0 157.3 -39.3 515.7 90.4 581.4 18.5 6.4 6.1 1.049 243.3 103.4 1840.5 629.2
26 355 A T 1616.1  1458.6 157.3 0.2 517.5 96.6 641.0 19.1 6.6 15.1 0.439 233.0 B81.9 1794.6  505.4
26 359 B8 N 1910.7 1324.1 586.6 0.0 164.0 459.2 3521.3 25.6 7.7 2.9 2.659 89.4 31.8 942.7 271.2
26 3598 P . . 586.6 -604.8 163.8 459.2 3512.7 25.6 7.7 . . . . . .
26 359 8B T 43566.3 3627.8 586.6  152.0 163.0 443.3 3379.0 25.3 7.6 8.2 0.931 82.7 .29.4 896.8 197.3
26 360 B N 33.8 ta.8 19.0 0.0 1908.0 22.0 142.9 21.7 6.5 0.7 9.634 54.4 21.5 3426.9 6102.5
26 360 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 21.8 4012.5 10298.5
26 3608B T 70.4 9.0 19.0 42.3 1888.6_ 10.% 53.7 15.7 5.3 0.9 5.952 53.3 21.8 4005.9 10242.3
26 361 A N 3601 290.9 69.2 0.0 238.0 46.4 197.6 11.6 4.3 6.3 0.679 110.0 44.8 1554.4 255.2
26 361 A P 456.4 356.8 69.2 30.4 238.7 48.2 210.8 11.8 4.4 7.4 0.591 109.9 44.5 1588.3 252.6
26 361 A T 816.2 747.0 69.2 0.0 240.1 50.4 232.5 12.2 4.6 14.8 0.311 110.7 44.8 1678.6  249.3




WATER BALANCES AND INFLOW CONCENTRATIONS BY PERIOD-

DIS RES GP PD QINC  QOUT OQEVAP  OSTOR  ELEV AREA VOLUME ZMAX ZMEAN QS THYD  IPTL IPDS INTL ININ
26 362 A N  294.8 256.8 381 0.0 622.0 26.0 290.9 37.8 11.2 9.9 1.133 44.0 11.9 1073.8 343.9
26 362 A P 262.3 192.8 38.1 31.5 622.1 25.7 293.1 37.8 11.4 7.5 1.520 43.8 11.9 1048.5 335.2
26 362 A T 726.1 714.1 381 -26.1 625.7 27.2 323.8 38.9 11.9 26.3 0.453 46.4 13.6 1294.8 423.8%
26 364 B N 1%34.6 1413.2 121.4 0.0 533.0 95.4 774.1 31.7 8.1 14.8 0.548 261.2 43.0 1570.7 343.7
26 364 B P 516.0 558.4 12t.4 -163.8 528.7 B80.4 659.2 30.4 8.2 6.9 1.181 208.2 40.0 1425.6 308.0
26 364 B T 2300.0 1985.0 121.4 193.6 532.2 86.8 747.6 31.5 8.6 22.9 0.377 284.9 44.7 1633.0 363.2
28 219 B N  270.2 242.0 28.2 0.0 4201.0 39.2 407.5 39.6 10.4 6.2 1.684 88.6 31.6 1600.8 605.1
28 219 B P 139.2 160.4 28.2 -49.4 4168.7 17.9 149.3 29.8 8.3 9.0 0.931 87.3 30.7 1605.4 600.8
28 219 B T 22.1 53.2 28.2 -59.3 4166.8  17.3 139.6 29.2 8.1 3.1 2.624 85.2 29.6 1661.5 633.2
29 100 B N 198.7 156.4 43.3 0.0 904.0 44.6 253.5 14.9 5.7 3.5 1.620 383.4 121.2 2785.7 1803.0
29 100 B P 479.1 557.5 42.3 -120.7 906.1 48.2 284.4 i5.6 5.9 11.6 0.510 409.3 129.5 3075.5 2415.9
29 100B T 213.8 175../2 4_2_ a «3.7 903.7 44.9 250.1 14.9 5.6 3.9 1.427 384.5 121.8 28B08.3 1846.9
29 106 A N 323.7 304.9 38.9 0.0 1463.0 14.2 68.2 10.1 4.8 21.5 0.224 628.7 131.7 2570.4 488.8
29 106 A P 612.2 789.6 18.9 -196.3 1467.9 18.0 99.5 11.6 5.5 44.0 0.126 907.9 141.5 2826.1 335.2
29 106 A T 250.5 193.8 18.9 37.9 1460.5  12.8 61.3 9.3 4.8 15.2 0.316 542.9 128.3 2474.8 569.0C
29 108 A N 838.9 749.8 89.1 0.0 1144 . 0 64.8 504.6 23.5 7.8 11.6 0.673 511.5 180.4 2305.5 977.3
29 108 A P 142%.6 1883.9 89.1 -551.5 1147.0 70.4 574.9 24.4 8.2 26.8 0.305 615.7 183.9 2259.5 1226.2
29 108 A T 576.2 456.7 89.1 30.4 1144.1 64.9 506.5 23.5 7.8 7.0 1.109 448.6 178.1 2339.2 832.4
29 109 B N 210.9 174.2 36.86 0.0 1036.0 28.0 190.5 23.8 6.8 6.2 1.034 196.9 38.3 3462.9 751.6
29 109 B P . ; 36.6 2.4 1027.9 22.3 125.8 21.3 5.6 . ; . . .
29 1098 T 278.7 210.3 36.6 31.7 1033.9_27.7 171.6 23.1 6.2 7.6 0.816 199.3 39.5 3637.7 850.7
29 110 B N 664.6 604.3 60.3 0.0 892.0 50.1 307.8 21.9 6.1 12.1 0.509 442.7 120.4 3195.9 1745.7
29 110 B P 866.8 1229.2 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 49.3 281.7 21.6_ 5.7 7.5 0.760 410.3 116.8 2844.1 1464.5
29 111 A N i76.3 155.6 20.8 0.0 974.0 16.2 87.1 13.8 5.4 9.6 0.560 124.2 46.3 2875.5 931.5
29 111 A P 26%.2 305.3 20.8 -56.8 975.6 17.0 96.0 14.3 5.7 18.0 0.314 128.0 49.7 2994.3 987.1%
29 111 A T 259.2 243.5 20.8 -5.1 974.5 16.3 90.0 14.0 5.5 14.9 0.370 127.6 49.3 2983.4 981.9
267 113 A N 1818.8 §724.2 94.6 0.0 1075.0 64.1 525.0 3i.1 B.2 26.9 0.304 1027.% 257.5 4726.7 1822.1
29 {13 A P 2654.2 3968.4 94.6 -1408.8 1080.9 B80.6 708.4 32.9 8.8 49.3 0.179 1186.3 265.2 5243.6 2118.9
29 113 AT 1651.8 1491.7 94.6 65.5 1075.0 68.9 531.5 31.1 7.7 21.7 0.356 990.3 255.7 4603.8 1754.0
29 114 8 N $9.C 45.6 53.4 0.0 1516.0 36.6 305.9 27.8 8.4 1.2 6.710 482.5 35.8 1745.9 513.3
29 114 B £  225.2 235.0 53.4 -63.3 1517.8 39.6 323.0 28.3 8.1 5.9 1.374 281.0 47.7 1%04.6 485.9
29 114 B T 128.6 83,5 53.4 -8.3 1515.6 37.5 296.9 27.6 7.9 2.2 3.557 204.2 38.9 1794.3 5041
29 194 B N 440.3 405.0 35.3 0.0 B39.0 31.9 298.2 27.1 9.3 142.7 0.736 44.7 41.0 1698.0 407.32
29 194 B. P 651.9 610.6 35.3 6.0 840.5 33.4 314.2 27.6 9.4 18.3 0.515 41.3 41.9 1747.7 467.9
29 194 B T 708.5 6G76.9 35.3 -3.7 840.2 33.1 311.1 27.§ 9.4 20.5 0.460 40.6 42.2 i758.4 482.0
29 195 B8 N 982.6 870.8 111.8 0.0 867.0 100.3 1095.0 32.6 10.9 8.7 1.288 71.4 32.5 2437.2 1404.4
28 195 B P 1618.7 1450.1 111.8 56.8 868.0 106.7 1148.2 32.9 10.8 13.6 0.792 70.1 30.6 2520.1 1410.9
29 195 B T 1503.0 1376.4 111.8 14.8 867.2 104.6 1121.5 32.7 10,7 13.2 0.815 70.3 30.9 2507.6 1409.9
29 207 A N  322.7 257.3 65.4 0.0 1946 .0 54.0 394.7 20.1 7.3 4.8 1.534 306.0 2B0.3 5969.1 811.3
29 207 A P 272.3 281.6 65.4 -74.7 1946.4 53.8 403.3 20.3 7.5 5.2 1.432 305.1 274%.B 5631.4 759.2
29 207 A T 213.3 172.7 65.4 -24.7 1941.4 47.6 325.7 18.7 6.8 3.6 1.886 304.3 260.5 5182.1 692.8
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WATER BALANCES AND INFLOW CONCENTRATIONS BY PERIOD

DIS RES GP PD QINC QOUT QEVAP QSTOR ELEV AREA VOLUME ZMAX ZMEAN QS THYD IPTL IPDS INTL ININ
30 064 8 N 7.9 3.8 4.1 0.0 5550.0 3.4 16.3 8.2 4.7 1.1 4.329 263.6 108.3 2815.6 1280.2
30 064 B P 6.5 2.4 4.1 0.0 5549.9 3.4 16.2 8.2 4.8 0.7 6.786 245.3 107.7 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
30 215 B N 7.4 a1 3.3 0.0 1244.0 2.9 10.2 11.6 3.5 1.4 2.479 279.4 159.8 1909.4 634.8
30 215 B P 15.8 13.6 3.3 -1.1 1244.5 3.0 10.7  11.7 3.6 4.6 0.788 285.7 142.8 1973.2 487.8
30 2158 T 6.5 3.0 3.3 0.2 1244.2 2.9 10.4_ 11.8 3.6 1.0 3.497 278.3 163.0 1898.4 664.9
30 217 B N 23.2 15.2 8.0 0.0 1284.0 T2 32.1 10.4 4.5 2.1 2.113 310.8 185.9 3274.9 1244.4
20 217 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
30 217 8 T 18.5 9.4 8.0 1.0 1283.7 7.2 21.4 10.3 4.4 1.3 3.328 290.7 175.6 2981.3 1187.6
30 235 A N 25238.4 23896.5 1341.9 0.0 1850.0 14390.6 27941.0 55.5 18B.7 16.0 1.169 257.9 19.2 1282.7 147.1
30 235 A P 21222.8 18961.9 1341.9 919.0 1843.5 1389.6 24966.7 S3.5 18.0 13.6 1.317 207.2 17.8 1219.1 131.3
30 235 A T 31508.6 28651.0 1341.9 1515.6 1845.1 1425.4 25674.9 54.0 18.0 20.1 0.896 341.4 21.3 1369.3 170.3
31 077 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 34.6
31 077 A P 5414.1 $505.3 39.2 -130.4 1545.2 56.7 3285.2 175.4 58.0 97.2 0.597 19.2 8.0 691.4 34.5
_ 3t 077 A T 5361.2 5513.5 39.2 ~191.5 1543,2 57.0 3285.2 174.8 57.6 96.7 0.596 19.2 7.9 688.7 34.5
32 204 B N 10768.5 10683.3 85.3 0.0 2405.0 139.4 4512.4 B89.9 32.4 76.6 0.422 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 77.9 0.412 22.9 8.0 251.9 35.8
32 2048B T 9755.1_9670.4 _ 85.3 -0.6_2380.0 128.9 3974.5 82.3 30.8 75.0 Q.411 22.7 8.0 252.4 36.2
33 300 A N 1023.9 1018.5 5.4 0.0 1541.0 10. 4 431.6 90.3 41.3 97.5 0.424 40.4 31.1 189.4 32.0
33 300 A P 1141.8 1126.1 5.4 10.3 1503.5 8.8 327.8 78.8 37.1 127.5 0.291 39.8 30.8 189.3 32.5
33 300 A T 1108.2 1127.8 5.4 -24.9 1503.5 8.9 327.8 78.8 36.9 126.9 0.291 40.0 30.9 189.3 32.3
34 048 B N 1368.0 1306.3 61.7 0.0 650.0 20.3 638.7 89.8 31.5 64.4 0.489 39.2 15.0 B846.9 86.1
34 Q4B B P 2238.% 1969.8 61.7 207.0 784.7 40.3 1869.6 130.8 46.4 48.8 0.949 233.6 8.0 815.7 86.8
34 048 B T 2267.7 2042.9  61.7 163.1 785.8 40.4 1883.4 131.2 46.6 50.6 0.922 33.5 18.0 814.9 86.8
35 029 A N 312 8 305.7 6.5 0.0 1737.5 7.0 B6.4 29.7 12.3 43.6 0.283 111.6 24.1 916.6 145.9
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 26.1 931.2 148.6
35 039 B N 21.2 17.4 3.8 0.0 1300.7 2.9 28.9 33.8 9.8 5.9 1.657 62.8 27.8 260.7 419.5
35 039 B P 7.0 3.8 3.8 -0.5 12988.2 2.8 27.2 33.0 9.8 1.4 7.220 67.3 +31.2 414.3 318.9
35 039 B T 4.9 4.9 3.8 -3.8 1297.8 2.7 26.9 32.9 9.8 1.8 5.454 69.0- 32.5 486.6 301.6
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Table B3

T T

Water Quality Data Summary by Station-Year

DIS CE District code
RES CE reservoir code
STA CE water quality statiom 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.

B~26
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WATER QUALITY SUMMARY BY STATION-YEAR
POOL DATA SCREEN CODE=A
VARIABLE LABEL N MEAN STANDARD MINIMUM MA X IMUM
DEVIATION VALUE VALUE
CDEP STATION DEPTH (M) 227 21.25 27.38 1.22 175.38
CPHF PH (SIANDARD UNITS) 258 7.85 0.47 6.27 8.70
CCNF CONDUCTIVITY (UMROS/CM) 258 493 .30 548 .24 22.50 494816
CALK ALKALINITY (MG/L) 255 96.61 57.36 10.00 309.28
CTMP TEMPERATURE (DEG-C) 258 20.69 2.96 13.18 27.89
CTRJ TURDIBITY (JTU) 3 17.89 2.59 16.37 20.88
CTRH HACH TURBIDITY (NTU) 46 10. 18 14.31 1.60 40.00
CTRN -LOG(% TRANS./100) 209 0.35% 0.43 0.02 2.48
cTCO TRUE COLOR (PT-CO UNITS) 17 56.49 37.62 15.00 105.00
CALPH NON-ALGAL TURBIDITY (1/M) 258 0.87 0.79 0.08 6.02
CRTL TGTAL SOLIDS (MG/L) 24 159.25 78.42 5.00 389.58
CRFL DISSOLVED SOLIDS (MG/L) 33 115,46 S1.34 44 .80 208.50
CRNF SUSPENDED SOLIDS (MG/L) 41 11.860 10.18 1.00 39.33
CALG ALGAL COUNT {(NO/LITER) 2 178350. 00 157614.10 66900.00 289800.00
CBIG ALGAL VOLUME (ML/LITER) 2 0.04 0.01 0.04 0.05
--------------------------------------- POOL DATA SCREEN CODE=B =-=-=---~-----cmcmmmommmmmcmc oo oo o om
CDEP STATION DEPTH (M) 205 15.82 12.72 1.32 82.32
CPHF PH (STANDARD UNITS) 264 7.70 0.56 6.26 8.74
CCNF CONDUCTIVITY {(UMHOS/CM) 260 455.93 524,79 34.33 3999 .11
CALK ALKALINITY (MG/L) 250 85.67 71.31 10.00 324.33
CTMP TEMPERATURE (DEG-C) 265 22.19 4.46 10.00 29.74
CTRJ TURDIBITY (JTUJ 9 63.83 83.87 2.50 280.00
CTRH HACH TURBIDITY (NTU) 30 3.29 2.84 0.67 13.77
CTRN -LOG{% TRANS./100) 207 0.49 0.72 0.04 4.61
CTCD TRUE COLGR (PT-CO UNITS) 6 67.96 114.06 10.00 300.00
CALPH NON-ALGAL TURBIDITY (1/M) 267 1.0 i.14 0.08 6.40
CRTL TOTAL SOLIDS (MG/L) 22 184 .14 117.59 10.00 465.93
CRFL DISSOLVED SOLIDS (MG/L) 21 119.96 133.06 B.80 . 500.00
CRNF SUSPENDED SOLIDS (MG/L) 40 25.21 88.73 0.00 - 566.67
CALG ALGAL COUNT (ND/LITER) 13 192065.38 197137.09 61500.00 738500.0C
CBIO ALGAL VOLUME (ML/LITER) 12 0.08 0. 11 0.01 0.30




X WATER QUALITY SUMMARY BY STATION-YEAR

----------------------------------------------- PODL. DAT & SOREEN CUDE=R, o womnm i e i o imm i m m m m

_DIS RES STA TYPE YEAR CDEP CPHF CCNF CALK CTMP CTRJ CTRH CTRN CTCO CALPH CRTL CRFL CRNF CALG CBIO

03 307 305 D 73 37.0 7.15 46 12 17.5 ” . 0.10 . 0.15
03 307 _306 M 73 22.7 7.06 47 11 18.2 ; . B . _0.15

03 307 307 u 73 11.8 7.13 131 10 18.8 d . 0.16 . 0.20

04 312 31t D 73 9.0 7.92 273 106 17.6 : . 0.16 . 0.49

06__ 372 322 D 73 _80.5 7.60 504 29 22.5 ; . _0.11 . _0.36 . ; : : 2

06~ 372 323 M 73  15.5 7.57 550 28 22.3 . . 0.12 - 0.39 : . : » .

06 372 324 M 73 24.3 7.66 513 31 22.8 . . ©0.15 . 0.57 . ; . : .
__06 372 326U 73 4.3 7.30 _ 466 32 21.9 ) . 0.48 . 2.07

06 372 327 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 . 101 1.22 . 87

10 001 015 M 77 7.30 145 44 17.0 . 36,7 . 102 1.02 . 81

10 007 016 D 77  7.20 145 43 21.0 . 33.8 . 90 1.08 . 78

10 003 311 D 73 22.7 6.74 784 19 25.0 . 0.16 . 0.75 . .
__10 004 018 M 77 7.12 123 42 23.8 2 24.0 : 64 1.06 4 72

16~ 008 007 D 77 7.07 135 39 22.5 s 23.8 100 0.94 ; 76

10 008 016 D 77 7.17 153 42 23.3 . 26.0 . 91 0.96 ; 88
_10 008 017 D 77 7.20 155 43 23.6 . __40.0 . 38 1.18 : 85

o 008 ©0ig DO 77 7.20 149 42 23.3 . 35.0 . 105 1.16 : 88

10 072 005 D 78 6.87 62 17 26.4 7.4 21 0.66 . 65 4

10 072 006 D 78 7.90 57 16 26.5 6.6 19 0.60 . 52 5

0 072 007 M 78 7.52 63 17 27.2 7.6 22 1.27 . 55 5

10 072 009 M 78 7.12 62 16 27.0C . 8.0 21 0.70 . 55 6
_ 10 072 010 M 78 7.37 72 17 26.2 . 12.6 . 20 0.91 . 49 10

10 073 118 M 75 6.68 58 18 22.3 16.4 s . 30 1.7 56 45 11

10 073 121 M 75 6.72 53 16 21.3 20.9 . . 34 1.76 €7 55 13

10 073 124 M 75 . 6.85 58 16 22.5 16.4 . i 26 1.90 60 45 15

10 411 314 WM 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 . o DB . 1.24 . : :

15 178 Q0S5 M 7T 19.2 B8.00 223 113 18.5 = 2.1 x 15 .23 “ s 3

15 237 305 D 74 8.3 8.26 625 277 14.8 : e G018 . 0.12 ; :

15 237 306 M 74 4.6 B8.44 595 265 17.0 . . 0.16 . 0.56

15 237 307 M 74 6.6 8.48 630 309 16.9 . . 0.15 . _0.08

i6 ‘243 309 D 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 . . 0.18 . 0.85 . .

16 243 313 U 73 5.2 7.86 465 85 19.5 . . 0.35 . 0.64 . )

16 254 305 M 73 3.9 7.70 211 43 18.4 . . .  0.42 M R . ;

16 254 306 D 73 6.9 7.73 228 44 17.9 . . 0.23 . 0.35

16317 319 M 73 5.3 8.08 199 S0 19.0 i . 0.24 . 0.44

16 317 320 D 73 8.8 7.48 215 52 7.9 . . 0.16 . 0.61

16 317 321 M 73 4.4 8.45 210 57 18.5 . . 0.19 . 0.25
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WATER QUALITY SUMMARY BY STATION-YEAR

----------------------------------------------- POOL DATA SCREEN CODE=A ---m------s-c--m-mm---sosmmeomommmoo-oooooo—ooos

DIS RES STA TJYPE VYEAR CDEP CPHF CCNF CALK CTMP CTRJ CTRH CTRN CTCO CALPH CRTL CRFL CRNF CALG CBIO
16 328 337 D 73 30.3 7.67 118 25 15.5 0.08 : 0.30

16 328 338 M 73  26.8 7.62 120 23 16.1 0.09 ; 0.31

16 328 339 U 73 2.4 7.31 181 19 16.3 0.42 P 1.08

16 328 340 M 73 20.5 7.65 133 27 17.4 0.09 i 0.26

16 393 312 D 73 35.8 6.61 487 13 22.4 0.17 . 0.32

16 383 313 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 . ©.26

17 241 306 M 73 8.5 7.88 262 46 18.8 0.25 « 0.50

17 241 307 M 73 5.5 B8.11 265 46 19.1 0.34 ; 0.61

17 241 308 U 73 3.2 8.30 374 50 19.2 0.60 = 0.87

17 241 309 U 73 1.4 8.70 279 52 19.9 Q.53 : 1.29

17 242 312 D 73 2.3 7.56 559 72 19.1 2.15 i 3.31

17 245 306 U 73 1.5 8.23 444 151 19.4 2.48 : 0.73

17 245 307 M 73 6.3 B8.07 a73 126 19.1 1.03 ; 0.38

17 245 308 D 73 2.0 8.45 374 126 19.4 1.63 i Q.89

17 247 306 D 73 10.6 8.17 466 188 20.1 0.62 . 0.91

17 247 307 M 73 4.5 8.39 480 195  20.0 0.78 . 0.89

17 248 309 D 73 9.1 8.04 456 145 19.6 0.58 . 1.74

17 248 310 M 73 2.2 8.05 510 160 19.9 ) . 2.23

17 248 311 u 73 1.2 B8.23 514 169 19.6 2.06 . 3.04

17 249 311 D 73 8.3 7.89 412 126 20.6 0.60 . 1.18

17 245 312 M 73 2.8 B.18 434 133 20.1 1.52 . 1.21

17 256 309 M 73 3.3 8.36 _ 323 129 18.9 0.28 . 0.48

17 256 310 D 73 8.5 8.13 324 127 18.3 Q.24 : 0.25

17 258 305 O 73 7.8 8.34 603 75 19.0 0.24 . 0.26

17 258 306 M 73 5.9 8.04 631 76 19.0 0.31 i 0.33

17 258 307 1] 73 2.9 8.38 772 77 19.6 0.73 ; 0.26

17 373 308 D 73 39.8 7.59 1073 19 21.6 0.32 y 0.23

17 391 313 U 73 14.7 7.28 343 11 20.1 0. 10 . 0.28 : ; . ; .
18 090 502 D 75 8.01 341 158 21.1 5.5 0.79 195 : 3 66900 0©.035
18 090 502 D 77 8.19 341 96 22.5 4.0 0.76 ; : 3 . :
18 091 502 DO 75 ; 8.05 517 155 21.5 19.5 ; 3 1.93 390 e 2 289800 0.047
18 092 316 U 73 5.1 8.13 1998 204 19.2 1.24 : 2.10 : p s
18 092 317 M 73 14,2 7.93 1820 167 20.0 0.24 A 1.16

18 092 218 D 73 19.4 7.99 1730 164  19.6 0.17 N 0.81

18 093 312 D 73 17.0 7.46 575 32 22.0 0.10 . 0.16

18 093 313 M 73 14.9 7.58 577 28 22.3 0.09 . 0.24

18 093 314 M 73 12.8 7.61 557 30 22.2 0.10 . 0.38

18 093 315 U 73 7.5 7.34 541 30 21.9 . . 0.36 . 0.85 . . .

18 093 502 D 77 . 7.65 139 25 21.2 . 2.7 . . 0.41 . . 2
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WATER QUALITY SUMMARY BY STATION-YEAR

----------------------------------------------- POOL DATA SCREEN CODE=A ----------=--m-s-sc--om---oococmmmmmoa--—oooooos

DIS RES STA TYPE YEAR CDEP CPHF CCNF CALK CTMP CTRJ CTRH CTRN CTCO CALPH CRTL CRFL CRNF CALG CBIO

18 095 502 D 77 ; 8.28 381 120 22.0 3.0 0.73 . : 3
18 097 502 D 77 8.15 402 133  21.7 2.4 .65 S ; 3
18 097 503 M 7 8.25 400 131 21.3 2.4 . Q.66 14 3
18 120 313 D 73 17.7 7.786 861 74 23.3 0.02 .42
18 120 314 M 73 14.4 7.88 841 76 23.3 0.03 Q.46
18 120 315 M 73 14.0 8.12 668 77 23.2 0.08 0.53
18 120 316 M 73 i4.0 7.96 595 80 24.1 0..14 0.56
18 120 317 M 73 9.6 8.19 624 81 24.0 0.17 Q.71
18 120 320 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 W™ 73 5.1 8.00 1083 88 25.4 . 0.44 1.22 ;
18 120 502 D 77 8.35 194 72 24.8 2.3 0.44 1
18 129 502 D 77 7.62 161 . 22.0 3.7 0.62 7
18 126 502 D 77 7.68 137 43 22.9 3.2 0.54 2
18 128 502 D odr ) B.2T 927 . 24.3 2.4 0.46 2
18 129 502 D 77 7.67 2{_)5 80 22.6 2.3 0.49 2
i8 260 505 M 77 7.55 321 ” 19.9 29.9 2.34 39
18 263 502 D 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
19 119 324 0D 73 20.9 7.86 751 71 22.9 0.44 0.82
19 122 325 D 73 52.3 7.40 633 36 21.7 0.0 0.32
18 122 326 M 73 38.0 7.49 603 40 22.6 0. 11 0.39 .
19 122 327 M 73 27.0 7.47 603 41 22.9 0.14 0.39 P
18 122 328 M 73 36.3 7.50 607 35 23.0 0.24 0.54
19 122 330 U 73 31.6 7.80 652 40 22.2 0.31 O.58
19 122 331 1] 73 20.0 7.64 679 38 22.3 1.17 .40
19 338 322 D 73 11.3 7.5% 873 58 24 .2 0.39 .21
19 340 315 D 73  22.1 7.92 965 109 23.2 0.07 0.26 o
19 340 316 M 73 18.4 8.01 1002 108 23.6 . 0.09 0.25
19 340 317 M 73 20.4 B8.20 961 118  23.1 N 0.12 0.26
19 340 318 M 73 12.1 8.00 1008 125 22.7 0.18 0.48
19 340 319 U 73 12.0 8.08 1070 134 22.3 . 0.28 0.74 . - .
19  .340 504 " M 76 6.% 7.63 272 145 24.6 5.8 0.76 180 168 i2
18 340 504 M 78 5.7 T:35 289 167 24 .4 3.7 1.17 195 157 39
19 340 505 U T5 10.7 8.00 304 146 27.9 5.6 0.93 168 196 12 E :
19 340 505 U 76 0.2 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
i 340 506 U 75 6.6 8.19 296 144 27.4 5.7 0.95 169 140 29 :
19 340 5s508 U 76 6.6 7.67 321 172 23.9 5.7 C.50 217 204 13 =

- LT




WATER QUALITY SUMMARY BY STATION-YEAR

----------------------------------------------- PODL DATA SCREEN CODE=A ------------=------mm-mm—---m-e-c-—-wmsmomoo—oon

DIS RES STA TYPE YEAR CDEP CPHF CCNF CALK CTMP CTRJ CTRH CTRN CTCO CALPH CRTL CRFL CRNF CALG CBIO

18 340 506 U 78 6.4 7.61 345 175 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
19 340 507 U 76 6.8 7.72 286 158 24.0 6.3 0.40 184 471 13 -
19 340 507 U 78 7.0 7.49 344 176  25.6 3.8 0.97 194 176 18
_ 19 340 508_ M 75 16.8 7.96 294 134  27.8 2.1 0.45 174 158 16
19 340 508 M 76 16.8 7.70 260 {141 23.4 36 0.55 163 158 11
19 340 S08 M 78  16.1 7.66 268 144  24.2 2.3 0.61 162 140 22
_ 19 340 509 M 76 4.3 7.72 260 138 23.3 5.7 0.70 161 __ 151 11
19 340 510 M 75 9.3 8.21 193 105 27.6 1.6 .50 139 123 16
19 340 510 M 76 9.6 7.70 257 133  23.1 2.9 . ©.33 158 153 5
_ 19 342 319 0 73 18,5 8.15 612 45 21.4 0.27 0.73 . ; .
18 342 321 M 73 18.1 7.89 552 53 20.8 0.27 1.10
19 342 323 u 73  13.6 7.37 565 49  20.5 . 0.26 1.28
19 343 312 D 73  34.5 7.78 784 62  22.5 ©.03 .11
19 343 313 M 73 33.5 7.62 806 59 22.9 0.03 0. 11
18 343 314 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
w 18 343 317 U 73 11.6 7.49 843 61 21.5 0.07 0.51 .
L 20 081 312 M 73 6.5 7.97 1517 136  20.3 0.74 1.45
__20_ 081 313 M 73  10.3 7.91 1496 132  20.5 0.74 1.80
200 081 314 D 73 9.2 8.20 1524 131 20.7 0.52 1.05
20 087 313 D 73 10.1 7.89 1711 169  20.5 0.26 ©.50
20 087 315 M 73 10.4 8.04 1688 166 _ 20.8 0.29 0.57
20 087 316 M 73 10.9 8.11 1675 161 20.8 0.34 0.61
20 087 317 U 73 8.4 8.08 1690 161 20.8 0.37 0.68
20 087 318 U 73 6.3 8.08 1520 187 20.2 0.56 1.22
20 088 310 D 73 5.4 7.72 1314 62 21.2 0.26 0.75
20 088 311 M 73 5.5 7.88 1361 82 21.5 0.56 1.03
_.20 088 312 U 73 3.4 7.59 1342 62 21.5 0.78 ©.82
20 088 313 U 73 3.0 7.53 525 &5 21.2 0.63 0.79
21 196 308 D 74 6.9 8.05 168 75 8.3 0.19 0.51
21 _ 196 309 M 74 10.9 _7.83 178 78 7.6 0.21 0.76
21 196 310 U 74 6.3 7.75 124 55 17.4 0.26 0.80
21 196 311 U 74 3.6 7.71 186 87 6.8 0.18 0.92
24 011 312 D 74 58.3 8.00 122 53 20.5 0.06 0.17
24 011 213 M 74 49.2 7.90 122 54 20.0 0.07 G.26
24 011 314 M 74 34.5 7.80 119 50 20.2 0.08 0.35
24 011 315 M 74 29.6 7.50 117 43  20.1 0.10 0.56
24 011 316 U 74 18.4 7.24 106 43 20.3 o. 17 0.85
24 0ft 317 U 74  13.7 7.40 140 4t 19.7 0.18 . 1.214

e




QUALTITY SUMMARY BY STATION-YEAR

POOL DATA SCREEN CODE=A

DIS RES STA TYPE VYEAR CDEP CPHWF CCNF  CALK CTMP_ CTRJ CTRH CTRN CTCO CALPH CRTL CRFL CRNF _CALG C8IQ
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
24 013 323 M 74 47.3 8.26 202 127 20.3 0.08 0.17
24 013 324 U 74 30.3 8.22 213 141  20.3 0.06 0.18
24 043 325 M 74 46.8 8.30 195 125  20.3 0.08 0.15
24 013 326 M 74 324.6 8.48 184 126 20.5 0.08 0.11
24 013 327 M 74 25.5 8.40 182 123  20.0 0.07 0.16
24 013 328 U 74 19.6 _ 8.45 194 117 19.6 0.07 0.26
24 016 310 ™ 74 55.5 7.22 43 18 23.2 0.04 0.15
24 016 311 M 74 37.0 7.06 46 19 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 .06 ©.35%
24 022 318 D 74 54,0 8.17 237 157  20.1 ’ 0.07 0.16
24 022 319 U 74 34.0 8.22 230 152  20.7 0.05 0.18
24 022 3320 M 74 48.2 B8.22 250 158 20.7 0.04 0. 17
24 022 321 M 74 37.4 8.27 257 160  20.7 0.08 0.20
24 022 323 M 74 29.5 8.36 247 161 20.7 0.06 0.31 .
24 022 324 U 74 11.4 8.39 245 158 20.8 0.10 0.39
24 193 307 D 74 12.1 8.08 214 g7 17.3 0.16 0.55
_ 24 193 308 U 74 4.4 7.98 222 105 16. 1 0.10 0.57
24 1937 309 M 74 6.6 8.01 219 106 171 0.27 0.87
24 200 347 D 74 S56.8B 8.40 194 95 19.6 0.09 0.12
24 200 318 U 74 34.6 8.37 203 96 19.9 0.09 0.19
24 200 319 M 74 53.5 8.18 193 95 18.8 Q.15 0.22
24 200 320 M 74 33.0 8.03 189 92 19.9 .13 0.24
24 200 321 M 74 32.7 B.07 187 86 19.9 . 0.12 0.23
24 200 322 u 74 19.0 B8.12 179 84 19.6 0.07 0.29
24 200 323 M 74 23.5 8.23 207 i04  20.3 0.08 0.21
24 200 324 M 74 42,8 8.35 214 110 20.2 0.10 0.23
24 200 325 U 74 22.1 8.27 264 121 20.3 0.17 0.59
25 105 312 D 74 3.0 8.12 404 18O 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 3939 83 20.8 0.21 1.28
25 267 316 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 ai 22.3 Q.71 3.35
25 267 318 U 74 128 7.9%8 83 22 20.9 1.08 3.98 .
25 267 321 M 74 18.2 7.98 490 94  20.9 0.37 2.25 '
25 267 322 U 74 0.7 B8.08 642 110 21.5 0.92 2.20
25 267 323 U 74 15.0 7.76 448 101 20.8 0.87 3.06 @




WATER QUALITY SUMMARY BY STATION-YEAR

------------------------------------------------ POOL DATA SCREEN CODE=A —-----v---------mm----am---o——mscmse——aeo=oous

OIS RES STA TYPE YEAR CDEP CPHF CCNF  CALK CTMP CTRJ CTRH CTRN CTCO CALPH CRTL CRFL CRNF CALG CBIO

25 273 319 M 74 i6.8 8.12 1397 119 20.2 0.43 1.386
25 273 320 M 74 17.3 8.03 1270 114 20.0 0.64 1.55
25 273 324 M 74 16.7 7.79 865 110 19.7 0.87 2.60
25 27% 312 D 74 21.8 7.74 282 111 19.6 . Q.46 1.90
25 275 313 M 74 11.7 7.79 298 112 19.6 0.45% 1.61
25 275 318 U 74 10.5 8.09 335 113 9.7 0.20 187
25 275 319 M 74 9.3 7.50 326 1114 21.6 0.50 2: 15
25 275 320 M 74 9.0 7.69 308 108 21.5 130 2.34 "
25 278 306 D 74 42.9 7.94 157 73 20.7 .09 0.39
25 278 307 M 74 34.0 8.10 161 76 20.9 C.09 0.39
25 278 308 M 74 27.1 8.15 164 75 21.3 .11 0.43
2% 278 208 u 74 i3.8 8.17 169 78 21.2 0.23 Q.91
25 281 307 D 74 i1.8 6.48 82 23 22.8 0.31 1,66
_ 25 281 308 M 74 10.3 6.27 60 20 22.6 0.64 1.52
25 370 303 D 74 10.2 8.24 4948 88 220 0.08 Q.52
25 370 306 M 74 7.5 8.29 4852 84 22.7 O.11 0.90
? __ 26 354 3i7 D 74 7.7 8.25 317 134 23.8 Q.39 2.27
w2 26 354 318 M 74 3.7 8.29 321 136 23.9 0.72 2.38
e 26 354 319 M 74 5.7 B8.27 315 135 24.6 0.92 2.63
__ 26 355 318 M 74 9.5 B8.26 356 115 23.7 0.23 0.78
26 355 320 M 74 8.4 8.21 357 114 241 Q.40 1.14
26 355 322 u T4 3.0 8.14 332 106 24.0 1.77 3.65
28 219 307 D 75 19.3 8.28 826 154 18.6 0.08 0.80
28 219 308 u 75 14.2 8.29 808 154 19.0 0.06 0.65
28 219 309 M 75 17.9 8.27 820 157 i8.6 0.06 0.64
28 219 310 M 75 14.3 8.33 816 152 i8.0 0.09 Q.96
29 106 311 M 74 4.8 B8.11 1384 156 17.0 1.67 3.00
29 108 314 M 74 i4.8 8.39 749 191 i6.5 0.25 0.60
29 108 315 M 74 10.3 8.33 774 192 16.5 0.41 1.07
29 108 316 M 74 5.1 8.38 863 232 16.8 1.94 2.07
29 110 31% D 74 16.2 8.34 397 164 s 7 0.14 1.34
29 110 316 U 74 10.1 8.25 398 167 17. 1 0.1¢8 1.57
29 110 317 M 74 14,9 8.24 395 168 o 2 2 0.26 2.04
29 110 318 M 74 10.1 8.11 336 172 1704 0.88 2.19
29 111 310 D 74 9.9 8.25 33¢C 144 18 .1 0.21 1.67
29 111 311 M 74 7.8 8.18 354 142 17.4 0.2% 1.88
23 i94 311 D 74 21.%5 8.25 234 114 18.5 1.22 0.30
29 194 312 M 74 i7.4 8.02 250 119 17.5 0.17 Q.46
29 194 313 U 74 8.6 B8.03 287 138 17.0 0.32 0.88
29 194 314 M 74 i1.5 8.24 182 104 i8.0 0. 11 0.71 .

P




he-d

WATER QUALITY SUMMARY BY STATION-YEAR

POOL DATA SCREEN CODE=A --r-----=---=crm----mmmccsmmmcommmos-mmooo—oooo-

DIS RES STA TYYPE YEAR CDEP CPHF CCNF CALK CTMP CTRJ CTRH CTRN CTCO CALPH CRTL CRFL CRNF CALG CBIO
28 195 315 D 74 29.3 8.24 28B4 132 16.8 . : 0.09 0.34
23 207 310 D T4 16.4 B.46 496 199  16.1 0.16 0.63
29 207 311 ™ 74 11.7 8.32 507 198 15.6 0.19 114
30 064 305 D 75 5.5 8.28 480 181 15,4 0.15 0.96
30 084 307 M 75 5.2 8.42 458 167 15.6 0.09 1.02 ) . . . .
30" 235 320 D 74 4.9 8.27 690 166 14.6 0.07 0.20 . . . . ;
30 235 321 M 74 19.9 B.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 B8.03 708 162 15.5 0.09 0.27
30 235 324 M 74 30.0 8.30 638 159 14.2 0.05 0.20
31077 311 D 75 175.4 7.51 25 20 20.1 0.086 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 ™ 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 7.5 0.04 0. 15
32 204 315 D 75 82.3 B8.49 192 102 _ 16.0 0.03 0.08 :
32 204 316 M 75 38.1 8.35 177 §7  17.0 0.11 0.32
----------------------------------------------- POOL DATA SCREEN CODE=B -----------------------m--------------ono———o=on
DIS RES STA TYPE YEAR CDEP CPHF CCNF__CALK CTMP__CTRJ CTRH CTRN CTCD CALPH_CRTL CRFL CRNF__CALG CBIG
02 176 301 D 72 7.02 95 16 18.4 0.07 0.34
02 176302 M 72 . 7. 11 124 16 19.6 0.07 0.25
04 312 312 M 73 4.8 8.20 273 105 17.1 0.24 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
04 320 007 M 74 . 7.33 114 51 21.0 ) 0.16
08 074 320 D 73 42.5 €.98 225 16 28.4 0.09 0.16
08 074 321 M 73 34.0 7.50 213 13 28.0 0.07 ©.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
08 074 325 M 73 22.0 7.73 250 20 28.8 0.09 0.25
08 074 326 U 73 14.2 7.60 284 23 28.9 0.14 0.30
08 074 327 U 73 7.8 7.33 288 19 28.4 0.22 0.54
08 074 328 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




WATER QUALITY SUMMARY BY STATION-YEAR

L L S T T POOU BATA EEREEN CODE=g - - - - @ Too @ T T T

Ot RES  STA TYPE YEAR CDEP  CPHF  CONF  CALK  CTMP CTRJ  CYRH  CTRN  CTOO  CALPH  CRTL  CRFL . CRNF LALG  CBID

08 333 340 0 13 51.7 5.82 155§ 2 28.2 0.05 0.08 .

0B 333 341 U 7a 17,9 6,53 16§ 19 28,7 0.09 .09

CE AR TE4TTM 7% 46,6 7.00 168 0 il e 0. 14 G2z

OB 330 G427 M 13 31.4 7.27 200 12 281 1.64 0,27 )
OB 330 344 U 73 8.8 7.04 D87 15 981 6. 10 0.52

gg T 43077345 U 73 0¥ TUE R T iGE iG 2501 0.35 T GUARS

o8 020 246 M 3 19.2  G.63  1G7 11 28.3 o.12 . 0,38 .
LG8 330 347 M 73 18.7 @.61 182 10 28.8 0,08 Q.24 .

0F 330 34F W 337 Aa5 7 68T 15 29,1 G. 10 0.25

08 330 249 M T3 16.5 7,11 188 ve o 9. 0. 10 0.29

08 30 350 M 73 17.5  6.93 316 14 284 1,51 0.286

o E30 T EEYT Y T3 125 F.06 214 16 2808 o 12 Q.19

10 003 310 U 73 47.8 6.73  BOS 21 34,9 G, 16 0.75
77777 10 068 311 D 73 40,3 7.06 150 17 25.4 . G.05 0. 40

107 GedTTHIZ T M 73 17.4  7.027iEs @I oL 09 o.a

10 08% 2tz U 73 5.0 8. 74 200 21 271 . o7, o. 48 .

10 0BG 314 M 73 14,0 7.22 185 s 27.a G.05 ©.31

{0 o9 afs U 73 FOB 7.12 200 1% 26.4 ] . G.23 o060

0 089 316 U R 41,0 7.o% 157 14 26.4 . ; 0.08 0.48 .

10 071 311U 73 7.6 7.41 87 23 28 4 . . 0,29 0. 87

WTETTTETETTE Ta B.2 7.57 448 a0 8.9 . (T EE .

10 071 313 M 73 7.8 7.41 593 49 28.6 0,17 0,94 .
_____ 10 071 314 M 78 2.2 7.64 946 B6  28.7 0. 14 0.58

i CTTEIR U T Tra YA Te2b BSTTRE G T 0. 83

10 o7z 32D 73 11.% 8,24 316 19 23.7 0. 11 0. 40
B 072 3en M 73 2.0 8.%0 325 30 994 0.22 0. 49 ) .

(o7 TOFTTERE T T3 28 Y B 1T a0 30 28.3 SR o 88 . .

¢ 072 a4 M 73 6.9 7.52 308 5 28.2 0. 40 . AT . . .

0 073 i3 M 75 6.66 53 18 2.9 12,7 . 9 1.1% &7 57 10

iGeFE ETH i e ER TR TR . FAETEA 68 s 28

1o o7e 31z D 73 43.0 7.48 134 11 a27.2 ; 0.07 0. 20 . . .
_________ 19 ure 313 73 25,2 F.71 134 19 274 0.07 024

6076 314 U F T D R - A g 273 00T 0.2

0 076 415 M 73 42.5 .47 138 11 27.8 G.07 0.21

10 076 315 M Y3 27.6  7.85T7 140 11 ne.3 .07 0,71

10 078 317 M V3 aE.1 7.63 13a 12 7.9 . . 0.07 0,21

19 078 318 U T3 Zn.4 8B40 174 14 280 . . G. 16 0.20

10 078 319 M T3 28.8 F. 42 134 12 27.9 . . 0,14 0.3

0 ore 320 U 73 14,9 7.3777149 12 268 . . 0.13 G.ae .

19 078 321 M TH OG0B 7.41 132 100 27.8 . . 0.42 0.28 %




2 WATER QUALITY SUMMARY BY STATION-YEAR

----------------------------------------------- POOL DATA SCREEN CODESB ~------=------m=------m---==<--------<----------

DIS RES STA TYPE YEAR CDEP CPHF CCNF CALK CTMP CTRJ CTRH CTRN CTCO CALPH CRTL CRFL CRNF CALG CBIO

10 076 322 M 73 24.7 7.61 132 11 27.9 . . 0.15 . 0.27
10 076 323 U 73 15,2 7.65 135 12 27.8 . . 0.13 . 0.15
10 411 313 D 73 18.0 6.73 988 257 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 D 74 13.9 8.03 635 293 17.9 . . 0.79 0.89
14 099 313 M 74 7.5 7.90 703 292 14.0 . ; 1.61 . 2.27
{5 178 005 M 76 . 8.33 223 110 18.2 2.2 . 23 0.15 .
15 178005 M 78 198.8 7.90 213 98 . . 1.3 10 0.27 3
15 178 006 D 77 19.8 7.93 237 123 8.1 . 3.3 : 2 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 ;
15 3178 307 D 72 8.20 449 103 15.7 . : 0.12 0.18
15 179 802 M 79 8.28 550 232 19.4 ; 0.08 15
1S 179803 M 79 8.55 . 216 20.0 0.08 25
15 176 804 M 79 8.32 683 220 18.4 . . 0.08 19
o 15 179 B80S M 79 8.56 .o218 19.1 . . 0.08 17
. 15 179 808 M 79 B.42 726 226 19.1 . . . 0.42 19
b is— 181 309 M 72 8.16 265 136 15.7 . . 0.41 0.24
15 181 310 M 72 8.26 261 134 14.4 . . 0.53 0.38
15 181 311 D 72 8.28 264 133 14.6 . ; 0.54 0.29
15 181 312 M 72 8.27 461 132 14.6 . : 0.52 0.32
15 237 309 M 74 6.1 8.74 697 324 13.3 . : 0.14 0.11
15 399 801 M 78 8.20 . 188 13.3 ; 0.34
15 399 801 M 79 8.05 373 133 15.5 0.24 3
15 399 802 U 78 . B.20 . 180 10.0 : : 0.23
16 243 311 U 73 7.3 7.80 402 75 15.9 . . 0.12 0.77
16 243 312 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
17 247 808 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 . i 0.60 2.43
t7 373 303 .M 73 30.3 7.76 1910 26 25.6_ X 0.08 0.14
17 373 310 U 73  14.5 7.22 1376 24 21.6 . p g.24 0.85
17 373 311 M 73 11.6 7.02 1040 26 18.3 . : 0.15 0.57
17389 328 D 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 3I30 M 73 2.4 8.27 774 54 18.5 . : 0.62 .17
17 389 331 __ U 73 2.4 7.95 &89 52 24.1 i 0.17 1.18
17 391 2310 D 73  64.0 7.08 296 i1 20.6 . ; 0.12 0.08
17 391 211 M 73 12.1 7.04 276 10 20.9 . . 0.20 0.15 3
R —p— e "'T— — = - » w




WATER QUALITY SUMMARY BY STATIDN-YEAR

POOL DATA SCREEN CODE=B

Le-d

RES STA__ TYPE CDEP CCNF  CALK CTMP CTRJ CTRH CTRN CALPH CRTL CRFL CALG_ CBIO
391 312 M .9 313 11 21.0 . . 0.16 0.08 ; . . .
090 502 D 363 135 21.3 . . 0.63 208 5 113100 0.075
091 502 D 536 149 19.2 . 13.8 2.23 466 57 738500 0.2852
091 502 0O 690 19.8 2.8 0.72 . 17 . .
082 502 © 542 152 22.5 0.7 0.85 308 4 83775 0.020
082 502 D 476 156 20.3 4.0 0.95 341 8 263700 0.022
092 502 D i 529 . 233 4.5 : 0.82 6

093 317 M .8 608 30 23.3 . 0.48 1.74 . . . .
094 502 D 420 139 20.9 3.2 0.80 321 6 81667 0.020
085 502 D 361 137 19.2 5.0 0.51 216 5 488000 .
087 503 M : 424 176 21.2 4.1 : 0.69 285 5 139667 0.013
120 318 U .9 973 99 22.2 1.00 1.28

120 319 U .0 844 87 23.5 : 0.47 1.03 . : : >
1219 502 D 125 31 24.6 6.2 0.73 77 6 82333  0.302
126 502 D 131 44 20.6 ] 0.51 76 6 61500 0.015
128 502 5] 199 121 21.8 6.8 0.64 128 5 89333 0.020
129 502 0 254 94 19.3 2.5 0.66 139 4 113000 ©O.191
134 502 D 104 34 25.8 6.3 0.36 73 5 142975 0.011
134 502 D 119 . 22.2 2.5 0.58 . 2 . .
263 502 O . 540 256 18.4 g.8 A 0.75 367 17 119300 0.009
119 325 M .8 748 81 23.3 0.34 0.62

119 328 M T 510 79 20.7 0.49 1.10

119 327 M .6 682 77 23.0 0.38 1.02

119 328 M .6 554 71 20.9 0.55 1.38

119 329 M .3 652 73 22.3 0.33 1.18

112 330 M 3 610 70 21.2 0.50 1,30

119 331 U 5 650 71 21.8 0.33 § .o

119 332 U .0 640 65 21.0 0.48 1.53

122 329 M .0 606 38 22.8 0.23 0.47

338 323 M .5 611 57 21.1 . 0.36 .48 . . .

340 502 D T 187 104 27.5 1.8 0.42 129 122 8

340 502 D -2 248 134 22,1 2.6 0.27 156 152 4

340 502 D .5 250 136 24.4 1.2 0.44 152 147 5

340 S03 M .5 217 108 27.1 2.7 0.54 134 120 1

340 503 M .5 256 134 23.1 2.8 0.44 17¢ 170 8

340 503 M .3 247 131 24.2 1.3 : 0.39 157 153 4

342 320 M .3 598 59 22.1 0.31 0.87

342 322 M .8 536 54 20.7 0.36 1.55

343 315 u .6 822 70 22.9 0.04 0.21

087 314 M .5 1773 168 21.0 0.26 0.29 .




B WATER QUALITY SUMMARY BY STATION-YEAR

----------------------------------------------- PGOL DATA SCREEN CODE=B ~---------=------------c----c----em------=2=-=-=

DIS RES STA TYPE YEAR CDEP CPHF CCNF CALK CTMP CTRJ CTRH CTRN CTCO CALPH CRTL CRFL CRNF CALG CBIO

22 014 308 D 74 51.5 6.88 57 23 22.5 0.08 . 0.08
22 014 310 M 74 34.9 7.45 46 21 23.0 0.13 . 0.08
22 014 311 U 74 10.7 6.70 63 22 22.7 o. 11 . 0.20 :
22 014 312 M 74  15.5 7.03 68 25 22.8 0.10 . 0.08 .
22 014 313 M 74 13.3  7.36 75 27 23.5 .11, 0.19 . . . . .
22 019 313 D 74  42.7 7.30 79 25 22.2 0.06 . C.17 . . . . . :
22 019 314 M 74  39.9 7.34 76 25 22.6 . . 0.07 . 0.17 i
22 019 315 M 74 33.4 6.96 80 23 22.2 . . 0.06 . 0.21 . .
22 0is 216 U 74 18.7 6.97 28 32 22.4 0.08 . 0.60 : : . . :
22 01% 317 U 74 23.0 6.75 75 18 22.5 0.08 . 0.30 ; . ; . .
22 012 318U 74 21.8 6.87 80 20 22.4 0.08 . 0.20 . ;
22 188 311 ™ 73 8.7 7.18 212 19 26.4 0.53 . 2.05
22 188 312 D 73 11.1 7.27 61 21 27.4 0.49 . 1.78
22 {88 313 M 73 5.5 7.05 64 22 27.3 0.54 . 2.92
22 189 307 U 73 6.6 6.65 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
s 22 489 302 D 73 12.8 7.06 48 17 29.2 0.15 . 0.78
w 22 190 310 D 73 15.4 6.75 54 i5 26.6 0.29 . .50
2 22 190 311 U 73 9.8 6.92 54 15 27.5 0.30 . 1.54
22 130 312 U 73___13.4 6.88 54 17_26.9 . 0.26 . 1.42 . . .
227 192 31t D 73 16.6 7.20 60 16 27.2 0.16 . 0.65 . : ;
22 192 342 M 73 14.3 7.28 59 16 27.8 0.16 . 0.52
22 192 313 M 73 14.3  7.31 58 17 27.3 0.15 . 0.57 ;
22 192 g&i4 U 73 12.7 7.07 59 17 281 0.19 . 0.57 ”
24 012 308 O T4 9.5 6.61 73 21 20.2 6.44 . 1.86
24012 303 M 74 2.7 6.65 78 22 20.4 0.61__ . 2.32
24~ 021 308 M 74 276 6.29 34 12 20.9 0.23 . 0.74
24 021 309 D 74  11.4 6.26 34 12 21.4 0.18 . 0.58
24 022 322 M 74__30.2 8.21 256 160 20.9 0.04 . 0.10
25 020 323 O 74 10.4 6.95 50 17 22,7 0.5 . 0.35
25 020 324 M 74 9.1 6.45 62 20 22.5 0.29 . 1.29
25 020 325 M 74 3.8 8.65 161 70 22.4 0.13 . 0.42
25 102 312 D 74 12.8 8.13 328 155 16.7 0.60 . 2.34
25 102 313 M 74 2.9 B8.23 336 162 17.14 2.43 . 3.27
25 102 314 M 74 5.5 B.18 330 154 6.6 0.86 . 2.17
25 103 307 D 74 13.7 7.87 304 122 18.3 2.45 . 4186
25 104 305 D 74 10.6 B8.07 447 155 18.0 1.03 . 3.07
25 104 308 M 74 3.8 8.03 382 162 18.0 1.18 . 3.52
25 105 313 M 74 1.3 8.20 380 173 18.7 . 2.39 . 3.6
25 107 307 D 74  10.6 8.36 521 130 16.3 . 0.71 1.72




WATER QUALITY SUMMARY BY STATICON-YEAR

----------------------------------------------- PDOL DATA SCREEN CODE=B -------------~=----------mm=---fc-—wmmmmaooo o=

RES STA TYPE VYEAR CDEP CPHF CCNF CALK CTMP CTRJ CTRH CTRN CTCO CALPH_CRTL CRFL CRNF CALG CBIO

112 308 D 74 7.0 8.00 375 140 177 1.80 3.33
112 309 M 74 3.8 8.01 310 153 17.8 2.64 3.19
267 320 U 74 5.9 8.01 623 122 21.5 1.69 2.55
269 309 D 74 3.8 8.38 1204 181 17.7 0.74 3.09
_ 269310 M 74 1.8 B8.37 1214 183 17.6 0.55 2.46
273 316 D 74 8.8 8.19 1363 115 181 0.31 1.42
273 317 U 74 6.2 B8.45 3700 166 18.9 2.49 4.33
273 321 M 74 12.0 8.18 1782 110 20.8 1.15 2.53
273 322 U 74 4.0 B8.08 1273 160 18.4 3.12 5.59 .
273 323 U 74 7.6 8.05 1345 152 19.6 4.614 6.14
273 325 D 74 21.4 7.90 1157 107 22.8 0.77 1.91
273 326 U 74 8.1 B.02 1043 137 19.7 2.38 4.84
275 321 U 74 2.7 7.80 304 108 21.5 2.07 4.34
348 317 D 74  28.9 7.92 1436 126 22.4 0.09 0.37
348 318 M 74 23.6 8.32 1404 127 23.2 0.10 0.21
348 319 M 74 21.2 8.29 1115 136 23.5 0. 11 0.38
348 320 U 74 4.9 B8.13 729 144 24.0 2.13 2.79 .
348 321 M 74 17.5 8.20 1721 115 23.4 0.13 0,39 2
348 322 M 74 7.1 8.23 16%6 112 23.6 0.20 0.58 .
348 323 U 74 3.3 8.32 2531 113 24.3 2.88 3.20
370 304 M 74 32 8.32 3999 83  22.6 . 2.98 1.93
354 101 D 74 8.17 341 . 25 .1 40.0 . 1.57 . 15
354 101 D 75 7.82 325 . 26.6 2.94 . . 16
354 101 D 77 8.06 311 139 22.7 . 0.81 . 198 567
354 101 D 78 8.05 317 122 27.9 . 0.79 . 185 5
354 102 M 74 8.16 341 . 25.8  47.5 3.18 24
354 102 M 75 7.92 338 . 27.3 ; 6.40 58
354 103 M 74 8.20 340 . 26.2 52.5 4.05 25
354 103 M 75 : 7.16 308 . 26.8 ’ 5.47 25
355 317 D 74 15.1 8.10 356 113 23.0 0.20 0.61
355 319 M 74 9.3 8.20 207 105 23.6 0.20 1.17
355 321 U 74 7.3 8.13 344 103 24.2 . 1.01 2.62
359 {09 M 75 6.87 144 21 24 .7 2.5 0.45 :
359 110 U 75 6.75 260 47 24.6  45.0 1.58 10 7
359 110 U 76 6.77 282 32 27.5 72.5 . 1.48 . . 1
359 110 U 78 . 6.95 638 44 28.7 280.0 ) 300 1.48 ; 441
359 319 D 74 16.2 7.86 139 17 27.5 0.04 0.44 .
359 320 M 74 11.7 7.98 135 20 28.3 0.04 0.45
359 321 M 74 13.9 8.15 140 20 28.3 0.04 0.24 B
359 322 M 74 16.6 7.89 150 22  28.5 0.04 0.19 >




5 WATER QUALITY SUMMARY BY STATION-YEAR

----------------------------------------------- POOL DATA SCREEN CODE=B -------------------m-----c---------------~----=-

DIS RES STA TYPE YEAR CDEP CPHF CCNF _CALK CTMP CTRJ CTRH CTRN CTCO CALPH CRTL CRFL CRNF CALG CBIG
26 3%9 323 U 74 6.4 7.70 148 28 28.7 0.07 0.32
26 359 324 U 14 5.3 7.16 312 47 28.0 0.24 1.06
26 360 303 D 74 5.8 8.14 492 133 23.2 0.90 . 1.47
28 218 007 O 77 23.0 0.32
28 219 012 D 77 25.2 0.47
28 219 012 D 78 : . . - : . Q.47
29 100 305 D 74  13.4 7.87 265 87 17.1 0.26 ©.98
_ 23 100 306 M 74 8.5 7.89 266 90 _17.5 ©.36 0.97
29 100 307 M 74 9.8 7.92 263 90 17.6 0.39 1.33
29 100 308 M 74 9.7 7.83 267 96 17.9 0.39 .18
29 100309 U 74 7.1 7.67 312 132 18.2 2.42 2.81 .
29 100 310 U 74 7.9 7.88 269 101 18.2 0.69 1.67
29 108 310 D 74 3.8 B8.01 1307 155 16.3 0.70 2.24
29108 313 D 74 15.3 _8.32 753 196 16.4 0.19 0.45
29 109 307 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
29 109309 M 74 5.7 8.28 635 357 17.7 0.16 0.54
29 110 319 U 74 9.1 8.26 398 163 20.5 0.27 1.62
28 111 @12 M 74 4.8 8.18 370 147 17.5 0.56 222
28 413 327 D 74 19.7 8.22 550 195 17.1 0.13 0.70
29 913 328 M 74 10.9 8.26 551 195 16.6 0.18 7.09
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 15t 16.9 0.13 0.46
29 114 308 ™ 74 15.9 B.29 2372 149 16.5 0.12 0.47
29 114 309 M 74  12.3 8.19 2442 155 16.9 0.18 0.58
29 124 315 U 74 3.5 8.44 248 125 21.6 0.58 1.22
287 {857 316 M 74 21.3 8.16 283 132 6.7 G.11 0.25
29 135 317 U 74 21.3 8.14 283 131 16.9 0.15 0.45
29 195 318 M 74 23.t 8.20 293 130 17.2 0.09 0.35
29 195 ais U 74  17.0 8.24 281 128 17.6 0.13 0.34
29 207 312 U 74 1.6 8.46 581 206 16.5 1.80 2.28
30 064 306 M 75 3.3 8.41 463 {78 15.9 0.28 0.13
30 215 304 D 74 7.4 7.74 466 209 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 D 74 10.7 7.88 480 250 17.0 0.13 0.44
30 217 307 M 74 9.1 7.82 478 244 16.8 0.15 0.44
30 217 308 M 74 6.3 7.76 48y 247 16.4 0.12 0.56
30 235325 M 74 23.6 8.25 560 151 13.9 0. 11 0.51
30 235 326 M 74 3.8 8.21 595 165 16.1 0.42 1.05
30 235 327 U 74 3.4 8.34 789 269 16.0 2.55 2.20
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WATER QUALITY SUMMARY BY STATION-YEAR
-------------------------------- 1TCTITTI------ POOL DATA SCREEN CODE=B ~----- - sr-r----ioc-----co-cmmmroms-s-mem---n-
RES STA TYPE VYEAR CDEP CPHF CCNF  CALK CTMP CTRJ CTRH CTRN CTCO CALPH CRTL CRFL CRNF_CALG CBIO
235 328 U 74 2.0 8.12 678 173  16.8 2.31 4.61
204 313 M 75  35.5 B.08 161 98 13.5 0.41 0.34
204 317 M 75 82.3 B8.38 179 a8 16.7 0.21 0.18
300 306 D 75  78.8 B.21 40 28 16.2 : 0.04 0.49 ..
041 112 D 71 7.36 56 24 19.4 1.0 0.15 40 ©
041 112 © 72 7.54 57 21 20.3 C.9 0.12 44 0
04i 112 © 73 7.30 60 19.8 1.1 0.16 49
041 142 D 74 6.91 54 21.2 1.1 0.12
041 112 D 75 7.55 65 18.2 1.8 0.21
a1 112 D 76 7.83 57 19.1 1.4 0.28 .
041 112 D 78 7.48 67 20.2 0.8 0.27 500




WATER QUALITY SUMMARY BY STATION-YEAR
POOL DATA SCREEN CODE=A

VARIABLE  LABEL N MEAN STANDARD MINIMUM MA X 1MUM
DEVIATION VALUE VALUE
CPTL TOTAL PHOSPHORUS (MG/M3) 258 56.63 52.23 4.89 293. 19
cPOT ORTHO_PHOSPHORUS (MG/M3) 223 18.82 25.92 2.83 220.91
CPDS DISSOLVED PHOSPHORUS (MG/L) 35 25.44 2898 10.00 15500
CNTL TOTAL NITROGEN (MG/M3) 258 981.94 857.06 236.45 6075.00
CNIN INORGANIC NITROGEN (MG/M3) 258 521.15 704.99 39.96 5064 .16
CCHA CHLORGPHYLL-A (NMG/M3) 218 10.61 11.77 0.97 83.
CCFU UNCORRECTED CHLOROPHYLL-A (MG/M3) 40 12.85 7.91 2.68 31.
CCHAMX MAXIMUM CHLORUPHYLL-A (MG/M3) 218 16. 11 16.67 1.30 97.
CSEC SECCHI DEPTH (M) 258 1.50 1.23 0.16 8-
NPTL NUMBER OF TOTAL P SAMPLING DATES 258 3.66 1.70 3.00 <RI
NCHA NUMBER OF CHL-A SAMPLING DATES 258 3.40 0.68 3.00 7
NNTL NUMBER OF TOTAL N SAMPLING DATES 258 3.57 1.28 3.00 13
NSEC NUMBER OF SECCHI SAMPLING DATES 258 3.46 0.78 3.00 6.
EPTL CV _OF MEAN TOTAL P ESTIMATE 258 0.18 0.10 0.01 0.
i ECHA CV OF MEAN CHL-A ESTIMATE 258 0.28 0.12 0.0+ 0.
£ ENTL CV OF MEAN TOTAL N ESTIMATE 258 0.15 0.08 0.01 0.
B ESEC CV_OF MEAN SECCHI ESTIMATE 258 0.18 0.10 0.00 0.
------------------------------------------- POOL DATA SCREEN CODE=B ===~ === == oo mmmoo oo
CPTL TOTAL PHOSPHDRUS {MG/M3) 267 65 82 70.93 6.33 469
cPOT ORTHO PHOSPHORUS (MG/M3) 225 22.36 28.98 0.00 196
CPDS DISSOLVED PHOSPHORUS (MG/L) 44 29.70 31.74 3.94 129
CNTL TOTAL NITROGEN (MG/M3) 234 1056 .95 7186, 19 114.99 9307
CNIN INORGANIC NITROGEN (MG/M3) 260 546.32 984 .31 20.00 7434
CCHA CHLOROPHYLL-A (MG/M3) 230 12.28 13.43 0.63 92
CCFU UNCORRECTED CHLOROPHYLL-A (MG/M3) 40 8.85 B.92 1.60 45
CCHAMX MAXIMUM CHLOROPHYLL-A (MG/M3) 230 20.014 24.37 1.24 181
CSEC SECCHI DEPTH (M) 267 1.45 1.16 0.14 7
NPTL NUMBER OF TOVAL P SAMPLING DATES 267 2 81 1.80 2.00 18
NCHA NUMBER OF CHL-A SAMPLING DATES 267 2.61 0.96 2.00 7
NNTL NUMBER OF TOTAL N SAMPLING DATES 267 2.37 1.72 0.00 14
NSEC NUMBER OF SECCHI SAMPLING DATES 267 2.78 17 2.00 7.
EPTL CV OF MEAN TOTAL P ESTIMATE 267 0.25 0.18 0.00 0.
ECHA CV_OF MEAN CHL-A ESTIMATE 267 0.36 0.22 0.00 0.
ENTL Cv OF MEAN TOTAL N ESTIMATE 234 0.16 .13 Q.00 Q.
ESEC CV OF MEAN SECCHI ESTIMATE 267 0.21 0.17 0.00 0.93

—— .
WATER
ﬁﬁﬁﬁﬁ — QUALITY Summapy BY STarron —
—__DIS REg T ‘. “YEAR T
=52 5TA TYPE Yepp v - POOL DATA SCREFN FAame——— T e—



NTL CV UF MEAN tuime tn wormeos: = o o oo
ESEC CV OF MEAN SECCHI ESTIMATE 267

PE——————— b}
S
e

i e b ST S Sl el e T U s AR o P ) iy | e

ek gt o il o T

WATER QUALITY SUMMARY BY STATION-YEAR

----------------------------------------------- POOL. DATA "SCREEN (CODE=A, monr fimmmiimmm i m m i i i o = o o i i ST

DIS RES STA TYPE YEAR CPTL CPOT CPDS CNTL CNIN CCHA CCFU CCHAMX CSEC NPTL NCHA NNTL NSEC EPTL ECHA ENTL ESEC

03 307 305 D 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 6356 5.0 6.2 3.66 3 3 3 3  0.05 0.6 0.11 0.13
03 307 307 U 73 10 5 v 909 694 4.2 5.7 3.27 3 3 2 3 0.07 0.18 0.16 0.12
04 312 311 D 73 50 28 1525 1045 6.5 8.3 1.54 3 3 3 3 0.16 0.%14 0.04 0.31
06 372 322 D 73 26 7 474 190 7.6 14,2 1,82 3 3 3 3  0.39 0.44 0.04 0.29
06 372 323 M 73 28 7 ) 648 120 14.7 23.2 1.32 3 3 3 2 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 ©.29
06 372 326 U 73 97 36 ) 959 317 8.3 14.9 0.44 3 3 3 3  0.14 0.35 0.20 0.10
06 372 327 U 73 63 10 ] 693 287 4.3 ] 5.3 0.44 3 3 3 3 Q.17 0.13 0.10 0.31
10 001 C11 U 77 100 27 ) 457 252 5.8 0.73 4 4 4 4  0.26 0.07 0.30 0.03
10 001 015 M 77 150 22 475 250 8.3 0.81 4 4 4 4 ©.17 0.35 0.24 0.09
i0 001 016 D 77 165 30 400 328 . 6.4 . 0.80 4 4 4 4 ©.14 Q.14 0.13 0.05
10 003 311 D 73 22 7 1043 803 2.7 . 3.7 1.22 3 3 3 3  0.45 0.33 0.04 0.31
10004 018 M 77 195 47 495 197 . 6.0 0.82 4 4 4 4  0.38 0.14 0.07 0.12
10 008 007 © 77 277 17 : 470 258 . 6.7 0.90 4 4 4 4 0.36 0.18 0.22 0.05
3 10 008 016 O 77 130 22 3 510 218 . 16.9 0.72 4 4 4 3  0.35 0.38 0.31 0.07
1 10 008 017 D 77 132 32 552 293 . 11.5 0.68 4 4 4 3 0.26 0.24 0.30 0.09
:: 10 008 018 D 77 170 15 531 268 . 12.0 . 0.68 4 3 4 3  0.17 0.2% 0.27 0.06
10 072 005 D 78 31 4 580 136 10.1 18.0 1.10 5 5 3 5 0.43 0.35 0.11 0.19
10 072 006 D 78 57 4 413 294 11.6 21.0 1.13 5 5§ 3 S5 0.46 0.33 0.37 0.09
10 072 007 M 78 52 5 457 146 10.4 21.0 0.65 5 & 3 5 0.17 0.33 0.33 0.40
10 072 002 M 78 78 5 437 180 15.3 33.0 0.3 5 5 3 S 0.26 0.41 0.14 0.18
10 072 010 M 78 72 5 . 663 224 14.8 25.0 ©0.78 5 5 3 5 0.310.27 0.18 0.13
10 073 118 M 75 44 . 25 520 345 9.9 16.4 0.50 16 5 13 4 0.13 0.26 0.04 0.15
10 073 121 M 75 68 . 32 595 377 17.2 32.4 0.46 13 5 10 4 0.10 0.31 0.09 0.19
10 073 124 M 75 74 . 33 725 442 11.5 29.5 0.46 21 6 13 S5 0.07 0.33 0.08 0.21
10 411 314 M 73 26 6 . 1907 1307 4,9 7.2 1.35 3 3 3 3 0.23 0.24 0.14 0.17
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
15 178 003 M 77 23 7 . 650 253 4.8 6.1 2.87 3 3 3 3 0.29 0.16 0.13 0.05%
15 237 305 D 74 270 221 . 1611 552 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 0.14 0.27 0.11 0.28
15 237 307 M 74 293 163 . 2184 216 63.9 78.3 0.61 3 3 3 3  0.26 0.12 0.20 0.25
16 243 309 D 73 34 5 1122 561 8.3 13.2 1.04 3 3 3 3 0.11 0.30 0.26 0. 11
16 243 310 M 73 33 5 1477 535 11.0 14.7 0.88 3 3 3 3 0.13 0.24 0.18 0.07
16 243 313 U 73 71 8 1683 574 26.3 52.5 0.77 3 3 3 3 0.29 0.50 0.27 0.17
16 254 305 M 73 7T 9 1374 177 43.6 62.1 0.83 3 3 3 3 0.27 0.21 0.18 0.13
16 254 306 D 73 49 4 1064 162 28.8 40,2 0.93 3 2 3 3 0.26 0.20 0.11 0.06
16 317 319 M 73 77 10 1106 239 35.6 57.5 0.75 a3 3 3 0.27 0.36 0.14 0.11
16 317 320 D 73 45 7 992 378 15.3 22.3 1.01 3 3 3 3 0.24 0.24 0.08 0. 11
16 317 321 M 73 58 7 1028 280 29.6 55.3 1.02 3 3 3 3 0.07 0.44 0310 0.10
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WATER QUALITY SUMMARY BY STATION-YEAR

POOL DATA SCREEN CODE=A

_.___ DIS_RES SYA_TYPE YEAR CPTL CPOT CPDS CNTL CNIN CCHA CCFU CCHAMX CSEC NPTL NCHA NNTL N$EC EPTL ECHA ENTL ESEC
16 328 337 D 73 8 6 899 406 2.7 3.6 2.69 3 3 a 3 0.16 0.31 0.11 ©0.39
16 328 338 M 73 13 5 757 373 2.7 4.6 2.66 3 3 3 3 0.20 0.46 0.07 0.28
16 328 339 U 73 337 9 646 318 4.0 5.8 0.85 3 3 3 3 0.44 0.39 0.10 0.23 .
16 328 340 M 73 19 5 636 365 5.5 7.7 2.51 3 3 3 3  0.23 0.24 0.15 0.30
16393 312 D0 73 66 659 404 1.4 2.0 2.79 3 3 3 3 0.09 0.23 0.0 0
i6 333 313 M 73 5 4 6447394 1.0 1.6 2.96 3 3 3 3 0.06 0.31 0.22 0
i6 393 314 U 73 6 5 550 370 1.1 1.6 3.43 3 3 3 3 0.06 0.29 0.08 O
17 241 306 M 73 25 5 719 442 9.5 10.3_1.35 3 3 3 3 0.15 0.07 0.33 0
17 241 307 ™ 73 30 6 899 436 9.8 13.4 1.17 3 3 3 3 0.30 0.18 0.23 0
17 241 308 U 73 32 4 911 350 10.6 20.4 0.88 3 3 3 3 0.24 0.47 0.11 0
17 244 309 U 73 78 7 . 1249 463 35.9 .  61.8 0.46 3 3 3 3 0.18 0.46 0.18 O
17 242 312 D 73 167 20 .~ 2887 2072 10.9 9.4 .28 3 3 3 3 0.35 0.41 0.09 0
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

s 17 245 307 M 73 104 12 . 1611 530 55.2 75.9 0.57_ 3 3 3 3 0.29 0.19 0.10 ©
17 245 308 D 73 118 9 . 1593 356 62.8 85.5 0.41 3 3 3 3  0.29 0.20 0.09 O
17 247 306 D 73 67 27 . 3260 2588 9.7 14.4 ©.87 3 3 3 3 0.26 0.29 0.24 O
17 247 307 M 73 74 22 . 3323 2691 11.5 1.2 0.85 3 3 3 3 0.31 0.16 0.25 O
17 248 309 D 73 79 24 . 3053 2237 7.9 {49 0.52 3 3 3 3  0.08 0.44 0.19 O
17 248 310 M 73 99 28 . 2890 2015 11.4 16.8 0.40 3 3 3 3 0.04 0.26 0.19 O
17248 311 U 73 130 S0 . 3375 2073 13.3 15.6 _0.30 3 3 3 3 0.17 0.14 0.18 O
17~ 249 311 © 73 125 25 . 2814 1436 20.2 . 25.9 0.59 3 3 3 3  0.04 0.16 0.12 0
t7 249 312 M 73 219 43 . 3273 1548 42.5 60.3 0.44 3 3 3 3 0.10 0.35 0.16 ©
17 256 309 M 73 47 11 . 979 465 24.2 32.3 0.32 3 3 a 3 0.20 0.20 0.11 ©
i7 256 310 D 73 34 9 921 495 21.5 41.7 1.27 3 3 3 3 0.23 0.47 0.13 O
17 258 305 D 73 40 9 1018 269 30.5 35.9 0.98 3 3 3 32 0.24 0.09 0.05 O
17 258 306 M 73 43 7 . 973 257 27.4 35.2 0.99 3 3 3 3 _0.28 0.6 0.03 0
17 258 307 U 73 75 10 ~ 1159 203 55.2 97.0 0.61 3 3 3 3 0.38 0.40 0.15 O
17 373 308 O 73 115 485 209 4.8 B.3 2.85 3 3 a 3 0.17 0.36 0.13 0
17 391 313 U 73 15 5 . 715 556 3.1 4.9 2.83 3 3 3 3 0.14 0.44 0.21 O
ig 090 502 D 75 55 18 2550 1822 3. .14 6 3 3 & ©.20 0.43 0.07 ©
18 090 502 D 77 28 12 2792 1722 2% . 0.94 6 3 6 6 0.05 0.37 0.22 0
18 091 502 D 75 118 . 43 6075 5064 T2k . 0.44 & 4 6 6 0.22 0.29 0.24 O
18 092 316 U 737 173 81 . 2901 1879 28.4 46.7 0.36 3 3 3 3  ©0.09 0.42 0.04 O
18 092 317 M 73 75 33 3019 2341 8.6 10.1 0.73 3 3 3 3 ©0.30 0.09 0.16 O
18 092 318 D 73 64 25 3288 2614 10.3 14.2 0.94 3 3 3 3 0.34 0.27 0.14 0
18 093 312 D 73 6 8 . 709 233 9.5 7.2 2.51 3 3 3 3 0.11 0.43 0.07 O
18 093 313 M 73 29 8 595 207 6.9 11.4 2.40 3 3 3 3 0.14 0.35 0.10 O
18 (093 314 M 73 23 _ 8 658 232 7.1 10.0__1.78 3 3 3 3 ©0.200.29 0.09 O
18 082 315 U 73 37 6 . 680 187 7.0 . 10.6 0.97 3 3 3 3 0.22 0.28 0.17 O.

18 Q93 502 D 77 20 10 482 217 5. . 1.89 & a 6 § 0.40 0.15 0.14 0.06
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WATER QUALITY SUMMARY BY STATION-YEAR

----------------------------------------------- POOL DATA SCREEN CODE=A ---=---==cssee=-=emem-——---weemco———oooo—o--

OIS RES _STA TYPE YEAR CPTL CPOT CPOS CNTL CNIN CCHA CCFU CCHAMX CSEC NPTL NCHA NNTL NSEC EPTL ECHA ENTL ESEC

18 09% 502 D 77 27 . 14 2367 1555 9.4 1.04 6 4 6 6 0.15 0.27 0.11 0.13
18 097 502 D 77 16 . 10 1417 778 8.2 1.17 6 4 8 6 - 0.10 0.21 0.19 0.12
18 087 503 M 77 26 ; 10 1580 8340 . 14.9 Z 0.97 S a 5 6 0.07 0.23 0.20 0.07
18 120 313 D 73 19 7 . 753 378 4.9 9.2 1.83 3 3 3 3 0.6 0.44 0.21 0.10
18 120 314 M 73 24 5 640 354 5.6 9.8 1.66 3 3 3 3 0.19 0.37 0.30 0.16
18 120 315 M 73 24 5 683 277 6.8 10.1 1.43 3 3 3 3 0.02 0.26 0.29 ©.14
18 120 316 M 73 25 7 901 357 7.2 10.4 1.35 3 3 3 3 0.01 0.22 0.21 0.18
18 120 317 M 73 35 8 704 330 10.8 10.9 1.02 3 3 3 3  0.08 ©0.01 0.30 0.15
18 120 320 M 73 30 6 616 303 8.4 9.8 1.23 3 3 3 3 0.09°0.10 0.34 0.14
18 120 321 M 73 25 6 579 244 7.5 8.5 1.27 3 3 3 3 0.04 0.07 0.31 ©.05
18 120 322 ™ 73 27 5 594 290 7.4 10.6 1.18 3 3 3 3 0.06 0.30 0.32 0.11
18 120 323 M 73 a4 5 . 678 330 10.5 . 12.9 0.68 3 3 3 3 0.22 0.13 0.31 0.25
18 120 502 D 77 15 . 11 600 462 5.1 1.78 5 3 5 6 ©0.15 0.06 0.28 0.15
18 121 502 0 77 19 . 11 470 239 2.8 1.45 5 3 5 4 Q.34 0.07 0.13 0.42
18 126 502 O 77 25 . 15 543 330 2.7 1.64 7 6 7 4 ©.25 0.21 ©.15 0.36
18 128 502 O 77 18 . 10 683 485 5.6 1.68 6 5 6 6 ©0.27 0.14 0.27 0.10
i8 129 S02 0D 77 17 . 14 642 448 3.7 1.72 B 4 6 6  ©0.15 0.14 0.26 0.12
18 260 505 M 77 234 . 79 1705 678 27.5 0.33 7 4 7 6 ©.17 0.14 6.11 0.08
18 263 502 D 77 28 2 11 1471 709 2.5 1.07 7 4 7 & 0.21 0.43 0.06 0.16
18 263 504 M 77 50 ; 12 1681 808 . 15.2 ; 0.61 7 3 7 6 0.16 0.36 Q.10 0.21
19 119 324 D 73 103 40 746 419 16.3 27.3 o©.81 3 3 3 3 0.04 0.40 0.10 0.07
19 122 325 D 73 11 7 435 206 4.2 7.5 2.34 3 3 3 3 0.14 0.44 0.20 0.12
19 122 326 M 73 11 8 551 198 4.5 8.0 1.98 3 3 3 3 0.16 .41 0.07 0.29
19 122 327 M 73 12 6 516 197 4.3 7.9 2.01 3 3 3 34 0.18 0.43 0.11 0.18
19 122 328 M 73 127 454 185 3.9 7.6 1.57 3 3 3 3  0.25 0.49 0.05 0.25
19 122 330 U 73 18 8 . 429 188 3.3 6.4 1.51 3 3 3 3 0.20 0.48 0.14 0.31
19 122 331 U 73 30 10 . 50O 227 2.4 3.6 0.86 3 3 3 2 0.46 0.29 0.03 0.48
19 338 322 O 73 146 B4 . 799 487 7.3 11.5 0.72 3 3 3 3  0.23 0.29 0.03 0.09
19 340 315 0 73 26 8 . 431 97 6.8 10.4 2.32 3 3 3 3 0.09 0.28 0.13 0.07
19 340 316 ™ 73 29 10 . 460 93 7.5 13.3 2.27 3 3 3 3  0.12 0.39 0.10 0.09
19 340 347 M 73 34 13 . 602 106 8.6 13.5 2.08 3 3 3 3 0.06 0.28 ©.30 0.19
19 340 318 M 73 58 21 . 648 129 11.8 13.6 1.29 3 3 3 3 0.08 0.12 0.21 0.16
19 340 319 U 73 77 29 . 7066 1353 15.1 : 22.7 0.90 3 3 3 3 0.10 0.25 0.1i4 0.02
19 340 504 M 76 60 ; 23 200 150 . 20.2 : 0.79 3 3 3 3  0.19 0.14 0.19 0.08
19 340 S04 M 78 106 : 17 750 375 . 16.4 3 0.63 4 4 4 4 ©.27 ©0.31 0.21 0.08
19 340 505 U 75 70 . 27 800 175 . 26.2 0.63 4 3 4 4  ©.32 0.03 0.17 Q.04
19 340 505 U 76 53 . i6 467 243 . 24.7 0.87 3 4 3 4 0.08 0.12 0.07 0.15
19 340 505 U 78 B4 . 21 950 426 . 22.4 0.56 6 7 6 5 0.13 Q.18 0.26 0.13
19 340 506 U 75 83 . 22 900 150 . 25.2 0.63 3 3 3 3 0.13 0.06 0.28 0.02
19 340 506 U 76 139 . 92 875 600 . 26.3 0.86 4 4 4 4 0.20 0.36 0.%22 0.20




3 WATER QUALITY SUMMARY BY STATION-YEAR

----------------------------------------------- POOL DATA SCREEN CODE=A -----------m--------=--s------cs-----------

DIS RES STA TYPE YEAR CPTL CPOT CPDS CNTL CNIN CCHA CCFU CCHAMX CSEC NPTL NCHA NNTL NSEC EPTL ECHA ENTL ESEC

19 340 506 U 78 174 . 155 1160 800 . 22.8 0.77 4 5 5 4 0.25 0.27 0.19 0.09

19 340 507 U 75 38 . 10 533 150 . 21.2 0.83 3 3 3 3 0.12 0.05 0.06 0.08

19 340 507 U 76 45 . 20 425 175 . 31.2 0.84 4 4 4 3 0.08 0.27 0.22 0.16

19 340 507 U 78 90 . 38 700 432 . 16.8 0.72 5 6 5 4 0.17 0.16 0.12 0.08

19 340 508 M 75 27 . 15 600 150 . 18.3 . 1.10_4 3 4 3 0.41 0.19 0.07 0.06

19 340 508 M 76 27 . 10 400 150 . 14.4 1.10° 5 5 5 5 0.19 0.09 0.11 0.05

19 340 508 M 78 46 . 16 600 207 . 21.3 0.88 6 6 6 4 0.20 0.24 0.12 0.15

19. 340 509 M 76 45 . 15 350 175 . 11.8 1.01 4 4 4 4  0.20 0.20 0.18 0.10

19 340 510 M 75 17 . 10 433 150 . 12.7 1.22 3 3 3 3  0.40 ©0.03 0.08 0.00

19 340 510 M 76 24 . 10 325 150 . 10.2 a 171 @ 4 4 4 0.26 0.19 0.19 0.32

19_ 342 313 D 73 69 23 . 578 270 16.3 24.0 0.84 3 3 3 3 0.22 0.28 0.18 0.16

19 342 321 M 73 55 15 . 610 249 6.6 8.4 0.79 3 3 3 3 0.04 0.i3 0.22 0.21

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

19 343 312 D 73 14 7 . 410 150 1.8 3.3 6.40 3__ 3 3 3 0.200.42 0.19 0.36

19 343 313 M 73 8 6 . 392 205 1.5 2.5 6.97 3 3 3 3 0.19 0.37 0.16 0.17

19 343 314 M 73 9 7 . 441 224 1.4 2.6 4.98 3 3 3 3 0.15 0.41 0.16 0.24

i 19 343 316 U 73 9 5 . 492 179 4.7 7.7 2.96 3 3 3 3 0.26 0.45 0.25 0.27
£~ 19 343 317 U 73 12 5 . 414 199 7.9 13.2 1.41 3 3 3 3 0.8 0.40 0.04 0.13
o 20 081 312 M 73 101 3t . 2322 1316 27.9 8.8 0.47 3 3 3 3 0.07 0.27 0.11 0.16
20 081 313 M 7379 33 . 2009 1372 12.6 17.8  0.47 3 3 3 3 0.01 0.21 0.03 0.04

20 081 314 D 73 73 29 . 1942 1276 11.6 150 0.74 3 3 3 3 0.08 0.16 0.07 0.10

20 087 313 D 73 41 13 . 4525 3904 11.5 19.7 1.27 3 ] 3 3 0.30 0.36 0.26 0.33

20 087 315 M 73 50 _ 18 . 4475 3867 19.0 27.7 0.96 3 3 3 3 0.310.28 0.29 0.39

20 O87 316 M 73 71 36 . 4383 3795 15.8 2736 1.00 3 3 3 3 0.29 0.22 0.27 0.31

20 087 317 U 73 112 61 . 3895 3200 24.2 39.5 0.78 3 3 3 3  0.36 0.39 0.23 0.41

20 087 318 U 73 97 52 . 4209 3435 11.2 18.8 _0.67 3 3 3 3 0.32 0.41 0.23 0.42

20 088 310 D 73 44 14 . 1236 312 11.1 14.3 0.97 3 3 3 3  0.12 0.17 0.20 ©.07

20 088 31t M 73 68 21 . 1209 240 26.4 35.2 0.59 3 3 3 3  0.06 0.31 0.23 0.19

20 088 312 U 73 85 12 . 1213208 32.0 51.4 0.62 3 8 3 3 0.08 0.31 0.20 0.13

20 088 313 U 73 88 10 . 1186 185 24.6 27.2 0.71 3 3 ] 3 0.06 0.06 0.17 0.07

21 196 308 D 74 3% 5 . 357 303 12.3 14.4 1.22 3 3 3 3 0.03 0.10 0.05 0.27

21 196 309 M 74 36 6 . 375 97 10.2 12.8 0.99 3 3 3 3 0.05 0.17 0.07 0.27

21 196 310 U 74 37 4 401 93 7.6 9.9 1.01 3 3 3 3 0.05 0.30 0.06 0.41

21 196 311 U 74 34 4 409 143 8.5 13.1 0.88 3 3 3 3  0.21 0.32 0.05 0.24

24 011 312 DO 74 11 4 351 137 2.7 3.5_4.19 4 4 4 4 _0.07 0.15 0.07 0.17

24 011 313 M 74 12 4 403 156 2.6 3.4~ 3.10 4 4 ) 4 0.13 0.14 0.22 0.22

24 01t 314 M 74 22 6 559 250 3.6 6.5 2.27 4 4 4 4 0.25 0.32 0.19 0.21

24 011 315 M 74 28 7 616 297 3.7 6.0 1.53 4 4 4 4  ©.13 0.22 0.11 0.28

) 24 011 316 U 74 52 10 652 283 5.5 7.6 1.02 4 4 4 4 0.22 0.24 0.13 0.33
24 011 317 U 74 53 47 702 315 5.3 12.4 0.74 4 4 4 4 0.11 0.44 0.04 0.21

WATER QUALITY SUMMARY BY STATION-YEAR

----------------------------------------------- POOL DATA SCREEN CODE=A --=---------------=-=--oo-------- - ----<i----
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WATER QUALITY SUMMARY BY STATION-YEAR

----------------------------------------------- PODL DATA SCREEN CODE=A --==----~---s-----==--mm=--o-mcoc-s--e-—os-oo

DIS RES STA TYPE YEAR CPTL CPOT CPDS CNTL CNIN CCHA CCFU CCHAMX CSEC NPTL NCHA NNTL NSEC EPTL ECHA ENTL ESEC

24 013 321 0 T4 13 5 556 194 2.3 3.4 4. TT 4 4 4 4 .18 0.20 0.08 0.20

24 013 322 M 74 14 4 533 176 2.8 3.4 4.55 4 4 . 4 4 - 0.24 0.13 0.13 0.15

24 013 223 M 74 13 3 440 180 2.3 3.2 4.41 a 4 4 4 ©.13 0.18 0.26 0.17

24 i3 324 U 74 16 4 512 169 2.6 3.3 4.07 4 4 4 4 C.14 0.15 0.13 0.15

24 013 325 M 74 14 3 526 198 3.2 5.0 4.31 4 4 4 4 C.12 0.26 ©.16 0.18

24 013 326 M 74 15 4 502 208 5.4 10.6 4.09 4 4 4 4 0.12 0.34 0.24 0.21

24 013 327 M 74 16 4 549 220 6.3 12.7 3.19 4 4 4 4 0.08 0.34 0.20 0. 14

24 013 328 U 74 2% 6 602 221 7.0 10.0 2.31 4 4 4 4 0.13 0.16 ©.29 0. 186

24 016 310 M 74 11 5 389 64 2.5 2.9 4.67 3 3 3 3 0.11 0.11 0.12 0.17

24 016 311 M 74 11 3 285 73 3.4 5.2 3.86 3 3 3 3 0.06 0.29 0.15 0.09

24 016 312 U 74 14 4 280 623 4.5 5.3 3.35 3 3 3 3 0.17 0.13 0.03 0.09

24 016 313 U 74 16 3 366 73 6.7 8.4 1.93 3 3 3 3 0.11 0.14 0.13 ©.14

24 022 318 D 74 15 8 504 212 2.2 3.6 4.65 4 4 4 4 0.10 ©.32 0.19 0.16

24 022 319 U 74 14 5 391 170 2.3 2.9 4.27 4 4 4 4  0.22 0.15 0.09 0. 11

24 022 320 M 74 15 5 421 200 2.1 3.6 4.43 4 4 4 4 0.20 0.31 0.17 ©.22

" 24 022 32% M 74 15 5 545 219 2.7 3.9 3.81 4 4 4 4 0.18 0.23 0.22 0.19
| 24 022 323 M 74 16 4 448 224 3.5 5.1 2.%3 4 4 4 4 0.08 0.17 0.23 Q.26
£ 24 022 324 U 74 23 6 495 213 4.8 7.7 1.97 4 a4 4 4 0.17 0.33 0.21 0.23
24 193 307 D 74 15 4 324 145 4.8 6.6 1.50 3 3 3 3 0.08 0.20 C.18 0.37

_ 24 193 308 U 74 14 4 377 159 1.2 2.2 1.68 3 3 3 3  0.15 0.48 0.17 0.34
24 193 308 M 74 27 4 3127 150 4.7 6.1 1.02 3 3 3 3  0.22 0.23 0.22 0.41

24 200 317 O 74 8 6 688 224 12.3 22.6 2.31 4 4 4 4 0.20 0.30 0.12 0.13

24 200 318 U 74 20 5 608 219 313.3 30.9 1.91 4 4 4 4 0.13 0.46 0.06 0.10

24 200 319 M 74 23 7 548 246 6.5 9.5 2.60 4 4 4 4 0.21 0.23 0.21 0.19

24 200 320 M 74 17 6 485 180 4.4 6.6 2.82 4 4 4 4 0.07 0.20 0.06 ©.17
24200 321 M 74 17 4 413 133 4.0 6.0 3.06 4 4 4 4 0.12 0.27 0.15 0.12

24 200 322 U 74 21 5 478 192 6.3 15.2 2.23 4 4 4 4  0.11 0.47 0.10 0.156

24 200 323 M 74 28 4 . 411 139 11.9 28.9 1.87 4 4 4 4  0.19 0.48 0.25 0.08

24 200 324 M 74 31 12 : 747 401 7.3 9.3 2.46 4 4 4 4 0.32 0.21 0.35 0.19

24 200 325 U 74 90 44 N 1346 872 15.7 26.8 1.02 4 4 a 4 0.11 0.27 0.20 0.05

25 105 312 D 74 125 74 . 1712 1220 8.2 16.1 0.16 3 3 3 3 0.10 0.50 0.09 0.42

25 107 308 M 74 71 12 ) 1191 595 14.7 24.0 0.32 3 3 3 3 ©.17 0.45 0.30 0.2t

25 267 215 0D 74 48 27 . 742 346 2.6 4.2 0.74 4 4 4 4 C.11 0.21 0.02 0.17

25 267 316 M 74 53 25 . 715 346 3.0 4.7 0.58 4 4 4 4 0.10 0.23 0.12 0.14

25 267 317 M 74 42 12 . 705 245 4.4 7.5 0.65 4 4 4 4 0.12 .26 0.06 0.14

25 267 318 M 74 106 31 ; 841 450 1.8 2.3 0.29 S 4 5 5 0.13 0.14 .05 0.08

25 267 319 U 74 129 36 : 898 422 2.2 4.2 0.25 4 4 4 4 0.16 0.32 0.06 O.11

25 267 321 M 74 83 48 ; 862 424 3.9 5.2 0.43 4 4 4 4  0.07 0.23 0.01 0.20

25 267 322 U 74 133 87 : 1096 505 7.3 13.6 0.42 4 4 4 4 0.12 0.33 0.08 0.22

25 267 323 U 74 86 29 p 1001 425 3.4 7.5 0.32 4 4 4 4 0.23 0.40 0.06 0.23




L WATER QUALITY SUMMARY BY STATION-YEAR

----------------------------------------------- POOL DATA SCREEN CODE=A --rr=m--e~--mmmmcemeo—mm—eeooooconoooomommo-

DIS RES STA TYPE YEAR CPTL CPOT CPDS CNTL CNIN CCHA CCFU CCHAMX CSEC NPTL NCHA NNTL NSEC EPTL ECHA ENTL ESEC

25 273 319 M 74 105 68 . 1109 564 9.1 18.4 ©.63 4 4 4 4 .15 0.41 0.09 0.23

25 273 320 M 74 116 82 . 1060 593 6.7 12.4 0.58 4 4 4 4 0.17 ©0.45 G.12 0.23

25 273 324 M 74 151 102 . 1362 797 2.8 6.8 0.37 4 4 4 4  0.14 0.48 ©.03 0.28

25 27% 312 D 74 61 34 946 568 1.6 3.0 0.5% 4 4 4 4 0.21 0.35 0.05 0.21

25 275 313 M 74 57 26 . 833 555 4.0 8.8 0.58 4 4 4 4  0.21 0.43 0.08 0.27

25 275 318 U 74 63 18 . 812 533 8.2 13.8 0.63 3 3 3 3  0.19 0.49 0.12 0.27

2% 275 319 M 74 70 24 . 830 549 4.8 7.2 0.44 3 3 3 3  0.36 0.46 0.17 0.29

25 275 320 M 74 88 26 . 1014 563 5.0 7.4 0.41 3 3 3 3  0.3% 0.46 Q.10 0.30

25 278 306 D 74 35 20 . 933 479 3.9 6.6 2.07 4 4 4 4 0.15 0.39 0.10 0.26

25 278 307 M 74 29 15 . 711 432 4.5 7.1 2.00 4 4 4 4 0.14 0.33 0.21 0.21

) 25 278 308 M 74 32 14 . 736448 7.1 14.4 1.64 4 4 4 4 0.13 0.41 0.20 0. 11
25 278 309 U 74 55 21 . 968 518 11.1 24.6 0.84 4 4 4 F] 0.17 0.46 0.14 0.15

25 281 307 O 74 91 32 . 702 279 5.2 6.5 0.56 3 3 3 3  0.18 0.13 0.04 0.33

25 281 308 M 74 103 31 . 670 211 5.0 8.4 0.61 3 3 3 3 0.18 0.35 0.09 0.25

25 370 303 O 74 22 10 . 570 92 11.5 18.7 1.24 3 3 3 3 ©0.12 0.39 0.06 0.08

- 25 370 306 M 74 25 10 . 566 105 12.3 18.0 0.83 3 3 3 3 0.02 0.35 0.19 0.25
1 26 354 317 D 74 62 18 . 654 328 7.8 . 15.0 0.4% 3 3 3 3 0.05 0.47 0.27 0.10
= 26 354 318 M 74 69 T 698 324 5.5 8.1 0.40 3 3 3 3 0.06 0.25 0.27 0.24
26 354 319 M 74 63 21, 613 315 7.3 9.1 0.36 3 3 3 3 0.04 0.13 0.31 0.15

26 355 318 M 74 34 g . 692 238 17.9 29.3 0.81 3 3 3 3 0.19 0.32 0.17 0.13

26 355 320 M 74 70 29 808 335 19.9 32.9 0.61 3 3 3 3 ©.25 0.33 0.15 0.29

26 355 322 U 74 246 59 . 986 431 22.9 25.8 0.24 3 3 2 3 0.38 0.08 0.19 0.34
28 219 307 D 75 19 4 386 40 2.6 3.9 1.16 3 3 3 3 0.13 0.29 0.09 0.03
28 219 308 U 75 18 & . 368 52 3.0 5.0 1.38 3 3 3 2 0.16 0.40 0.07 0.11

28 219 303 M 75 18 6 . 331 42 2.4 4.1 1.43 3 3 3 3 0.15 0.35 0.20 0.05%

28 219 310 M 75 26 5 . 290 44 5.4 8.9 0.92 3 3 3 3 0.15 ©.39 0.06 0.11%

29 106 311 M 74 a8 7. 1187 475 23.3 36.1 0.28 3 3 3 3 0.24 0.32 0.09 Q.05

29 108 314 M 74 o4 27 . 1198 652 15.2 24 .4 1.02 3 3 3 3 (.48 .39 0.21 ©.39

29 108 315 M 74 72 30 . 1153 620 16.5 25.7 0.68 3 3 3 3 0.41 0.31 0.19 0.18

29 108 316 M 74 176 a1 . 19112 467 32.6 5.1 0.35 3 3 3 3 0.27 0.3% 0.21 0.06

29 110 315 O 74 43 23 . 1468 1108 4.1 5.1 0.69 3 3 3 3 0.18 0.15 0.10 0.08

29 {110 316 U 74 54 15 . 1347 898 7.8 13.2 0.57 3 3 3 3 0.08 0.35 0.03 0.10

29 110 317 M 74 52 19 . 1644 1224 5.8 9.6 0.46 3 3 3 3 0.09 0.41 .16 0.19

29 110 318 M 74 74 23 . 1603 1075 6.9 12.8 0.42 3 3 3 3  0.34 0.50 0,24 0.14

29 111 310 D 74 41 19 . 1558 14133 8.2 13.8 0.53 3 3 3 3 0.18 0.3% 0.08 0.08

28 111 311 M 74 44 20 . 1444 1104 7.6 9.9 0.48 3 3 3 3 ©0.14 ©.25 0.14 0.05

29 194 311 D 74 35 15 . 837 400 8.9 13.2 t.92 3 3 3 3 0.26 0.24 0.26 0.28

29 194 312 M 74 44 15 . 871 394 7.9 11.9 1.53 3 3 3 2  0.32 0.26 0.17 0.30

29 194 313 U 74 49 1. 978 439 8.2 14.2 0.92 3 3 3 3 0.03 0.42 0.13 0.33

29 194 314 M 74 45 13 . 732 325 5.8 6.6 1.17 3 3 3 3 0.29 C.11 0.31 0.34

WATER QUALITY SUMMARY BY STATION-YEAR
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WATER QUALITY SUMMARY BY STATION-YEAR

----------------------------------------------- PODL DATA SCREEN CODE=A --m~-------------m-wmc----=me----coom--—non

DIS RES STA TYPE YEAR CPTL CPOT CPDS CNTL CNIN CCHA CCFU CCHAMX CSEC NPTL NCHA NNTL NSEC EPTL ECHA ENTL ESEC

29 195 315 D 74 17 & . 891 561 5.5 9.7 2.11 3 3 3 3 0.14 0.39 0.16 0.15
29 207 310 D 74 107 _S7 . 1112 317 _20.5 22.1 0.87 3 < 3 3 0.13 0.06 0.21 0.38
29 207 311 M 74 {106 60 . 1056 361 14.9 25.7 0.86 3 3 3 3  0.12 0.42 0.24 0.43
30 064 305 D 75 56 7 818 47 12.3 14.2 0.79 3 3 3 3 0.16 0.11 0.07 0.12
30 064 307 M 75 49 7 724 50 8.5 11.6 0.81 3 a 3 3 0.13 0.36 0.12 0.13
30 235 320 O 74 15 8 445 143 1.4 1.7 4.32 3 3 3 3 0.16 0.21 0.13 0.19
30 235 321 M 74 13 5 321 122 1.8 2.1 2.52 3 3 3 3 0.22 0.09 0.04.0.03
30235 322 M 74 11 s 325 148 1.3 1.5 4.23 3 3 3 3 0.06 0.09 0.06 0.12
3G 235 323 M 74 i7 8 334 143 2.2 3.4 3.04 3 3 3 3 0.13 0.28 0.04 0.15
30 235 324 M 74 a1 28 464 139 2.0 3.1 3.96 3 3 2 3  0.42 0.26 0.20 0.22
31077 311_0D 75 i5 9 24851 3.9 6.7 2.08 3 3 3 3 0.18 0.36 0.06 0.06
31 077 312 M 75 13 10 260 62 2.7 4.4 2.64 3 3 3 3 0.10 0.37 0.15 0.13
31 077 313 M 75 12 6 255 S4 2.7 3.5 2.42 3 3 3 3 0.19 0.20 0.14 0.14
31 Q77 314 M 75 12 6 236 58 1.0 1.3 2.88 3 33 3 0.14 0.21 ©0.07 0.23
31 077 215 M 75 P A 238 58 1.8 3.0 2.44 3 3 3 3 0.16 0.40 0.07 0.18
32 204 314 M 75 49 32 . 281 75 2.9 5.5 4.50 4 3 4 3 0.27 0.44 0.08 0.49
32 204 315 D 75 a0 23 . 253 52 3.8 5.3 5.93 3 3 3 32 0.15 ©0.28 0.13 0.31
32 204 316 M 75 50 42 . 304 70 2.4 3.f 2.65 3 3 3 3 0.34 0.17 0.34 0.36

e e e s e STEioesooS oo o-SWTTo---=<-POOL DATA SCREEN CDDE=B -----=r------=+vooocomemeeoo-ameToooooaaaliaoas

DIS RES STA TYPE YEAR CPTL CPOT CPDS CNTL CNIN CCHA CCFU CCHAMX CSEC NPTL NCHA NNTL NSEC EPTL ECHA ENTL ESEC

02 176 301 D 72 65 . 4 S R 5.8 2.34 3 2 0 3 0.230.73 . 0.12
02 176 302 M 72 7. 4 . 233 6.5 7.5 2.45 3 3 ) 3 0.16 0.10 . 0.25
04 312 312 M 73 142 81 . {1924 1266 29.6 . 76.2 0.868 3 3 3 3 0.58 0.79 0.31 0.24
04 320 005 M 74 58 17 . 1257 865 3.2 1.75 3 2 3 3  0.44 0.69 0.10 0.56
_ 04 320 006 M 74 13 3 960 593 4.4 2.59 3 3 3 3 0.25 0.49 0.18 Q.27
04 320 007 M 74 26 0 1017 647 . 2.3 ~ 4.88 2 3 3 3  0.00 0.57 0.20 0.19
08 074 320 D 73 16 7 431 100 6.8 7.8 3.00 2 2 2 2  ©0.37 0.14 0.28 0.32
08 074 321 M 73 15 6 461 111 6.0 9.1 2.16 2 2 2 2 0.38 0.50 0.29 0.5
08 074 323 U 73 16 7 2908 110 9.3 2.1 1.56 2 2 2 2 0.13 0.30 0.10 0.19
08 074 324 U 73 21 5 423 102 8.2 8.9 1.84 2 2 2 2 0.27 0.09 0.23 0.01
08 074 325 M 73 17 7 410 98 9.8 12.5 2.02 2 2 2 2 0.22 0.28 0.04 0.08
08 074 326 U 73 23 6 480 103 (1.0 12.8 1.73 2 2 2 2 0.38 0.6 0.26 0.12
08 074 327 U 73 23 6 522 105 5.7 7.2 1.47 2 2 2 2 0.24 0.25 0.12 0.03
08 074 328 M 73 20 7 488 110 7.6 8.7 1.73 2 2 2 2 0.07 0.14 0.22 0.03
08 074 329 U 73 3375 601 220 5.7 6.6 0.88 2 2 2 2 0.20 0.15 0.14 0.04
08 074 330 U 73 25 4 553 155 7.2 9.9 1.22 2 2 2 2 0.18 0.37 O.17 ©0.25




% WATER QUALITY SUMMARY BY STATION-YEAR

----------------------------------------------- PODL. DATA ECREEN BODERE ~—-rmrrmmrmrcmr s e s s s mom s R m e s S m s

DIS RES STA TYPE YEAR CPTL _CPOT CPDS CNTL CNIN CCHA CCFLJ CCHAMX CSEC NPTL NCHA NNTL NSEC_EPTL ECHA ENTL ESEC

08 330 340 D 73 7 3 385 115 4.4 4.7 7.01 3 2 2 0.13 0.06 ©.25 0.43
08 330 341 U 73 9 3 381 77 10.9 15.0 2.74 2 2 2 2 0.05 0.38 0.02 0.33
08 330 34z ™ 73 9 3 407 82 3.9 45 3.15 2 2 2 2 0.22 0.15 0.03 0.13
08 330 343 M 73 ¥ 2 362 100 4.7 55 2.59 2 2 2 2  0.07 0.17 0.19 0.06
08 330 344_ U 73 18 3 351 113 7.7 9.0 1.40 2 2 2 2 0.06 0.17 0.16_0.24
08 330 345 U 73 15 4 425 104 2.8 2.9 1.04 2 2 2 2 0.29 0.02 0.04 0.46
08 330 346 M 73 11 4 373 92 6.4 7.7 1.93 2 2 2 2 0.04 0.19 0.22 ©.12
08 330 347 M 73 9 4 453 85 5.6 6.0 2.65 2 2 2 2  0.04 0.06 0.07 0.20
08 330 348 M T3 10 7 441 103 6.5 8.2 2.44 2 2 2 2 0.11 0.25 0.04 0.13
08 330 349 M 73 13 4 346 109 6.8 7.5 2.16 2 2 2 2 0.13 0.10 0.26 0.12
08 330 350 M 73 12 4 433 97 7.9 10.4 2.18 2 2 2 2 0.03 0.32 0.10 0.09
08 330 351 U 73 13 4 329 942 92.0 17.5 2.04 2 2 2 2 0.39 0.46 0.30 0.12
16 003 310 U 73 26 7 1262 883 2.5 3.6 1.24 3 3 3 3 0.51 0.26 0.10 ¢.23
10 069 311 D T3 18 7 989 141 4.6 4.6 i.94 g 2 2 2 Q;JA 0.00 0.45 0.07
10 069 312 M 73 17 5 916 155 8.7 11.2° 1.60 2 2 2 2 0.27 0.28 0.12 0,14
i 10 ©69 313 U 73 18 4 727 124  B.A1 0.1 1.45 2 2 2 2 0.24 0.25 0.01 0.05
{ 10 069 314 M 3 12 5 665 92 8.3 9.9 1.92 2 2 2 2  0.08 0.19 0.08 0.0%
g; 10 069 315 U 73 27 5§ 630 168 8.8 13.5 1.22 2 2 2 2 0.20 0.%4 0.30 0.13
10 069 316 U 73 24 5 677 124 7.0 9.3 1.52 2 2 2 2 0.15 0.33 0.5% 0.20
10 071 311 U 73 40 B 814 307 10.4 15.3 0.89 2 2 2 2  0.36 0.47 0.03 0. 14
10 071 312 D 73 43 4 730 262 9.6 10.2 0.79 B 2 7 2 ©.310.06 0.05 0.
10 071 313 M 73 40 9 773 455 6.1 7.2 0.91 4 2 2 2  0.43 0.18 0.07 0. 06
10 071 314 M 73 25 g 704 288 4.5 6.1 1,45 2 2 2 2 0.37 0.34 0.23 0. 26
10 073 2315 U 73 44 20 1020 691 3.2 4.5 1.09 2 2 2 2 0.29 6.41 0.07 0.
10 072 321 O 73 30 & 667 132 10.8 13.6 1.50 2 2 2 2  0.22 0.25 0.01 o.14
10 072 322 M 73 32 5 992 137 15.3 16.5 1.15 2 2 2 2 Q.24 0.08 0.23 0.12
10 072 323 M 73 45 9 317 291 8.7 12.4 0.94 2 2 2 2 0.45 0.42 0.07 ©.03
10 072 324 M 73 69 16 . 913 430 4.8 7.0 0.77 2 2 2 2 0.32 0.44 0.17 ©.08
10 073 113 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 1.3 42.0 0.40 16 6 12 5 ©.05 0.55 0.10 0.20
10 076 312 D 73 7 2 308 109 4.4 4.9 3.20 2 2 2 2 0.24 0.11 0.07 0.05%
10 076 333 U 73 9 4 506 113 3.4 3.6 2.92 2 2 2 2 0.13 0.04 0.53 0.04
10 076 314 U 73 18 5 506 113 4.7 4.7 3.05 2 2 27 2 0.34 0.00 0.16 0.00
10 076 315 M 73 16 2 452 127 4.3 4:7 3.12 2 2 2 2 0.37 0.08 0.17 0.02
10 076 316 M 73 16 3 324 90 5.4 6.9 2.83 2 2 2 2 0.48 0.27 ©.00 0.05
10 076 317 M 73 9 3 320 96 5.0 5.6 2.9%5 2 2 2 2 0.20 0.12 0.19 0.07
10 076 318 U 3 44 14 723 173  10.8 12.2 2,13 2 2 2 2 0.07 0.13 0.04 0.29
10 076 319 M 78 12 3 533 119 5.3 5.5 2.16 2 2 2 2  0.04 0.05 0.01 0.13
10 076 320 U 73 22 7 575 149 6.4 7.2 1.95 2 2 2 2 0.20 0.13 0.25 0.06
10 076 321 M 73 13 4 514 127 5.2 5.7 2.44 2 2 2 2 0.06 0.10 0.17 0.00
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WATER QUALITY SUMMARY BY STATION-YEAR

----------------------------------------------- POGL 'DETA SCREEN CODEAB ~orrmasmmmn m o ot e S r i e S e o o

DIS RES STA TYPE YEAR CPTL CPOT CPDS CNTL CNIN CCHA CCFU CCHAMX CSEC NPTL NCHA NNTL NSEC EPTL ECHA ENTL ESEC

10 076 322 M 73 15 2 . 628 143 7.7 8.8 2.16 2 2 2 2 0.09 0.14 0.16 0.13

10 076 323 U 73 20 3 . 586 121 13.1 17.9 2.08 2 2 2 2 0.23 0.37 0.07 0.02

i0 411 313 D 73 28 15 . 1695 1193 2.6 4.6 1.62 3 3 3 3 0.58 0.41 0.18 0.28

10 411 315 U 73 67 8 . 1089 595 5.8 7.2 1.07 3 3 3 3 0.57 0.12 0.07 0.14

14_ 099 312 D 74 179 9% . 5828 5120 13.5 25.4 0.81 2 3 2 3 0.02 0.51 0.58 Q.45

14 099 313 M 74 187 104 . 6106 5537 14.3 17.5 0.38 2 2 3 2 0.11 0.22 0.63 0.20

15 178 005 M 76 23 5 13 . 140 8.8 9.6 2.75 3 3 0 3 ©0.18 0.06 . 0.05
15178 005 M 78 i6 3 . 710 233 7.1 7.9 2.23 3 3 3 3 ©.33 0.09 0.06 0.20
15 178 006 O 77 9 8 ~ 747 257 9.7 19.7 2.97 3 3 3 3  0.04 0.52 0.07 0.02

15 178 305 M 72 22 .13 . 114 15.0 19.1 2.58 3 3 o 3 0.25 0.23 0.13

15 178 306 M 72 21 P . 110 11.4 16.3 2.18 _3 3 0 3 0.16 0.30 0.08

15 178 307 © 72 21 . 14 122 11.0 14.0 2.18 3 3 0 3 0.21 0.14 0.06

15 479 802 M 79 157 . 129 . 254 30.5 54.3 1.58 4 3 0 3 0.30 0.39 0.31

15 479 803 M 78 272 .97 . 109 83.0 118.0 0.69 4 3 0 4 0.31 0.40 0.41

15 179 804 M 78 186 . 108 . 50 74.6 99,9 0.79 4 3 0 4 0.24 0.31 0.15

o 15 179 805 M 79 188 . 93 .23 74,1 106.0 0.71 4 3 0 4 0.18 0.32 0.19
i 15 179 BO6 M 79 245 ._ 118 .78 72.2 108.3 0.45 4 3 0 3 0.26 0.42 0.33
u 15 181 309 M 72 22 7 . 124 5.9 7.5 2.61 3 3 0 3 0.21 0.14 0.12
15 181 310 M 72 16 . 9 . 139 5.2 6.9 1.95 3 3 0 3 0.01 0.21 0.13

15 181 311 D 72 17 .12 . 137 7.3 8.4 2.13 3 3 0 3 0.19 0.11 0.08

15 181 212 M 72 20 13 133 6.5 8.7 2.06 3 3 0 2 0.24 0.21 . 0.11

15 237 309 M 74 272 196 . 1366 112 43.4 57.6 0.84 2 2 2 2 0.13 0.33 0.11 0.09
15399 801 M 78 61 .22 : . 16.4 22.8 1.33 3 3 0 3 0.09 0.21 0.07

15 399 801 M 79 119 . 66 . 854 18.4 31.9 1.43 7 7 o 7 0.09 0.18 0.12

15 399 802 U 78 49 .20 . . 20.6 28.9 1.33 3 3 0 3 0.07 0.24 . 0.07

16 243 311 U 73 40 6 . 1273 805 9.7 11.7 0.99 2 2 2 2 0.36 0.20 0.19 0.03

16 243 312 U 73 50 6 . 1468 604 16.4 22.7 0.91 2 2 2 2 0.03 0.38 0.19 0.00

16 243 314 M 73 125 33 . 1842 991 15.8 15.9 0.56 2 2 2 2  0.11 0.01 0.00 0.09

16 328 336 M 72 35 .16 . 399 12.86 16.7 1.30 3 3 0 3 0.330.16 . 0.32

17 247 308 U 73 202 36 . 3287 2284 7.7 11.7 0.46 2 2 2 2  0.54 0.51 0.43 0.78

17 249 313 U 73 216 76 . 3525 2119 15.5 20.2 0.36 2 2 2 2  0.38 0.30 0.27 0.14

17 373 309 M 73 7 5 . 471 140 5.4 7.0 3.66 2 2 2 2 0.16 0.28 0.02 0.00

17 373 310 U 73 14 ] . 58% 203 8.6 16.4 0.94 3 3 3 2 0.09 0.46 0.07 0.25

17 373 311 M 73 11 4 . 545 242 3.6 6.4 1.52 2 2 2 2 .0.14 0.75 0.01 0.60

17 389 328 D 73 65 17 . 1416 1153 23.1 41.9 0.73_ 3 3 3 3  0.06 0.51 0.09 0.25

17 389 329 M 73 78 20 . 1274 979 11.4 21.5 0.58 3 3 3 3 0.03 0.50 0.09 0.29

17 389 330 M 73 94 20 . 2316 1899 11.5 21.5 0.69 2 2 2 2 0.08 0.87 0.38 0.33
17389 331 U 73 88 24 . 2069 1739 11.3 20.5 0.69 2 2 2 2 0.04 0.81 0.46 0.33

17 391 310 D 73 K 7 957 626 7.9 17.3 4.37 3 3 3 2 ©0.10 0.63 0.03 0.19
17391 311 M 73 14 6 . 977 591 6.5 12.1 3.23 3 3 3 3  0.20 0.52 Q.08 0.53
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DIS RES STA TYPE YEAR CPTL CPOT CPOS CNTL CNIN CCHA CCFU CCHAMX CSEC NPTL NCHA NNTL NSEC EPTL ECHA ENTL ESEC

17 381 312 M 73 12 5 ; 782 635 7.5 : 19.4 3.71 3 3 3 3  0.23 0.80 0.17 0.44
. 18 ..090 502 D 73 24 ; 15 3087 2301 8.5 ; 1.18 4 2 4 6  0.11 0.68 0.22 0.15
18 091 502 D 74 211 ; &5 0307 7434 ; 4.5 0.43 7 2 7 5  0.50 0.45 0.10 0.26
18 081 502 D 77 68 . 35 6767 4541 . 19.0 0.84 3 2 2 2 0.34 0.62 C.40 0.09
18 092 502 D 74 56 . 36 8180 7002 3.4 0.96 5 2 5 5 0.39 0.07 0.19 Q.23
18 092 502 D 75 60 . 26 4025 3271 41 0.95 6 2 6 6 0.23 0.07 0.13 0.18
18 092 502 D 77 37 . 26 6212 5487 ; 2.9 . 1.12 4 2 4 3 0.35 0.20 0.27 0.18
18 093 317 M 73 59 13 . 1173 370 5.5 . 6.4 0.53 2 2 2 2 0.07 0.16 0.02 ©.33
i8 094 502 D 75 38 . 22 3733 3090 ; 5.4 1.07 6 3 6 6 0.27 0.58 0.07 0.12
18 095 502 D 76 32 . 12 2367 1702 13.6 1.17 6 2 6 7 0.34 0.36 0.13 0.18
18 Q97 S03 M 75 37 . 22 2400 1812 . 14.6 . 0.95 6 2 6 5§ 0.16 0.72 0.16 0.09
18 120 318 U 73 186 66 . 2334 1796 14.2 ; 12.6 Q.61 2 2 2 2 0.07 0.38 0.18 Q.00
18 120 319 U 73 a7 9 5 732 320 9.5 : 10.6 0.79 3 7] 3 3 0.21 0.1% 0.25 0.15
18 1217502 0] 75 24 & 16 540 150 & 1.6 - 1.29 7 2 5 5] 0.38 0.69 0.16 0.17
18 126 502 D 74 17 A 114 9719 566 6.5 1.48 & 2 7 4 7 Q.34 0.08 0.18 0.186
18 128 502 D 75 44 : 25 1043 496 6.4 1.24 7 2 7 7  0.38 0.01 0.24 0.15
18 129 502 D 74 21 ; 11 1257 759 3.9 1.33 7 2 7 7 0.18 0.41 0.13 0.13
18 134 502 D 75 21 ; 15 760 620 3.5 2.23 7 3 5 5 0.24 0.18 0.35 0.09
18 134 502 D 77 14 . 11 636 361 3.2 1.52 7 4 7 2 0.19 0.15 0.22 0.60
18 263 502 D 75 48 . 16 2044 1245 . 5.0 . 1.14 8 3 8 7 0.21 0.53 0.14 0.09
i9 119 32% M 73 i14 37 . 724 340 26.2 . 29.1 Q.79 2 2 2 2 0.C0 ©0.11 0.04 0.10
19 119 326 M 73 107 43 . 720 428 19.0 . 28.4 0.63 2 ) 2 2  0.05 0.49 0.02 0.20
19 119 327 M 73 131 50 ; 731 451 13.4 ; 13.9 0.74 2 2 2 2  0.03 0.03 0.04 0.17
19 119 328 M 73 130 61 ; 716 461 12.0 . i8.5 0.60 2 2 2 2 0.01 0.54 0.02 0.23
19 119 329 M 73 136 63 ; 726 533 11.1 17.0 Q.69 2 2 2 2  0.13 0.53 0.03 0.07
19 119 320 M 73 139 69 g 760 506 7.6 12.4 0.67 2 2 2 2 0.10 0.63 ©.07 0.09
19 119 331 U 73 117 54 : 815 543 6.6 10.0 0.70 2 2 2 2 0.01 0.52 ©.03 0.09
19 119 332 U 73 145 69 . 810 496 7.2 9.4 0.58 2 2 2 2 0.03 0.31 0.21 0.13
19 122 329 M 73 14 8§ ) 454 187 4.2 8.5 1.74 3 3 3 3  0.15 0.52 0.18 0.30
19 338 323 M 73 {38 57 . 721 443 9.4 . 10.2 0.58 2 2 2 2 0.28 0.08 0.13 Q.22
18 340 502 D 75 15 . 10 450 150 8.1 .61 4 2 4 3 0.24 0.35 0.14 0.12
19 340 502 D 76 13 . 10 320 150 6.0 2.38 5 & 5 5 0.15 0.10 0.06 0.10
19 340502 D T8 14 R 14 440 150 . 6.2 i.63 5 6 5 5 0.29 0.20 0.20 0.10
19 340 503 M 75 i6 . 10 475 150 . 10.8 1.23 4 3 4 4 0.29 0.10 ©0.05 0.05
19 340 5023 M 76 i4 B 10 367 150 v 9.4 1.49 3 4 3 4 0.30 0.12 0.09 0.12
19 340 503 M 78 20 . 12 533 221 . 17.3 . 1.22 6 6 6 5 0.25 0.20 0.08 0.08
19 342 320 M 73 53 12 . 736 224 10.2 11, 4 ¢.89 2 2 2 2 0.17 0.08 0.33 0.14
19 342 322 M 73 57 {9 . 648 316 8.0 12.7 0.57 2 2 2 2  0.25 0.59 0.19 0.16
19 343 315 UL 73 13 5 ” 508 176 4.1 9.1 3.18 3 3 3 3 0.13 0.60 0.23 0.22
20 087 214 M 73 45 10 . 4627 3921 21.2 43.5 t.22 3 3 3 3 0.28 0.54 0.27 ©.21
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WATER QUALITY SUMMARY BY STATION-YEAR
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DIS RES STA TYPE YEAR CPTL CPOT_CPDS CNTL CNIN CCHA CCFU CCHAMX CSEC NPTL NCHA NNTL NSEC EPTL ECHA ENTL ESEC

22 Q14 309 D 74 18 8 455 78 13.8 . 23.3 2.36 2 2 2 2  0.07 0.68 0.14 0.31
22 014 310 M 74 21 3 372 50 16.3 . 29.0 2.29 2 2 v} 2  0.11 0.78 0.28 0.07
22 014 311 U 74 24 3 361 107 11.3 . 18.9 2.08 2 3 2 2 0.06 0.G7 0.%6 0.02
22 014 312 M 74 18 4 321 73 15.6 . 25.3 2.36 2 2 2 2  0.21 0.62 0.01 0.03
22 014 313 M 74 22 3 356 93 15.9 22.1 1.70 2 2 2 2 0.27 0.39 0.04 0.0f
22 019 313 D 74 23 6 390 60 3.1 3.7 4.04 2 2 2 2 0.32 0.17 0.08 0.06
22 019 314 M 74 12 7 285 62 3.3 3.4 3.91 2 2 2 2 0.00 0.03 0.05 0.09
22 019 315 M 74 15 5 397 80 5.4 7.9 2.89 2 2 2 2  0.08 0.45 0.38 0.05
22 019 316 U 74 18 3 266 81 6.9 g.5 1,29 2 2 2 2 0.07 0.37 0.18 0.89
22 049 317 U 74 20 3 301 103 5.6 7.8 2.26 2 2 2 2 0.04 0.38 0.27 0.28
22 019 318 U 74 13 2 281 81 7.8 12.2 2.51 2 2 2 2 0.06 0.57 0.04 Q.15
22 188 311 M 73 140 17 1177 365 5.7 7.3 0.46 2 2 2 2 0.59 0.28 0.00 Q.44
22 188 312 D 73 136 19 931 332 3.7 4.5 0.53 2 2 2 2 0.59 0.22 0.02 0.52
22 188 313 M 73 154 17 1139 407 4.3 6.0 0.33 2 2 2 2 0.61 0.38 0.0 0.38
22 189 307 U 73 63 18 678 203 4.0 5.9 0.97 2 ) 2 ) 0.48 0.46 0.13 0.26
22 189 208 M 73 42 7 734 170 4.9 6.1 1.08 2 2 2 2 0.52 0.23 0.01 0.29
T 22 189 309 D 73 43 6 808 183 5.5 6.8 1.09 2 2 2 2 0.47 ©.24 0.06 0.30
o 22 190 310 D 73 61 10 896 345 4.1 4.7 0.62 2 2 2 2 0.38 0.13 0.19 0.51
22 190 311 U 73 62 9 841 310 5.3 6.6 0.60 2 2 2 2  0.40 0.25 0.20 0.49
22 190 312_ U 73 59 7 746 335 6.3 9.3 0.63 2 4 2 2  ©0.48 0.48 0.13 0.52
22 182 311 O 73 45 23 646 204 6.6 7.0 1.22 2 2 2 2  0.58 0.05 0.00 0.63
22 182 312 M 73 40 6 586 152 B.4 $2.7 ¥.37 @ 2 2 2  0.64 0.50 0.06 0.67
22 192 313 M 73 30 7 531 148 5.8 7.5 1.40 2 2 2 2 0.47 Q.28 0.10 0.67
22 192 314 U 73 41 7 613 186 7.7 10.4 1.31 2 2 2 2 0.62 0.35% 0.02 0.65
24 012 308 D 74 62 8 481 153 8.6 9.4 0.53 2 2 2 2 0.21 0.09 0.20 0.33
24 012 309 M 74 82 8 597 127 12.0 14.1 0.38 2 2 2 2 0.29 0.17 0.09 0.20
24 021 308 M 74 47 9 441 162 19.7 35.9 ©.81 2 2 2 2 0.12 0.82 0.03 0.13
24 021 308 D 74 38 5 446 204 19.4 36.5 0.894 2 2 2 9 0.06 0.88 0.04 .03
24 022 322 M 74 16 5 491 215 6.3 16.4 3.90 4 4 4 4 Q.41 0.53 0,14 0.18
25 020 323 © 74 39 5 561 74 18.7 29.6 1.22 2 2 2 2  0.09 0.58 0.06 0.25
25 020 324 M 74 43 7 640 188 7.8 2.8 0.67 2 2 2 2 0.%4 0.23 0.13 0.13
25 020 325 M 74 67 7 745 57 34.1 50.6 Q.79 2 2 ) 2 0.02 0.48 0.17 0.186
25 102 312 D 74 61 26 1314 904 7.3 11.6 0.38 2 3 2 3 0.50 0.41 0.39 0.12
25 102 313 M 74 105 29 1356 809 12.3 20.0 0.28 2 3 2 3 0.64 0.40 0.43 0.05%
25 102 314 M 74 62 27 1265 904 9.8 15.1 0.41 2 3 2 3 0.27 0.43 Q.38 0.17
25 103 307 D 74 57 14 933 620 2.6 3.7 0.24 2 3 2 3 0.%0 0.38 0.22 0.19
25 104 305 D 74 51 15 786 495 8.6 18.9 0.30 2 3 2 3 0.22 0.61 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 0.29 0.23 0.06
25 105 313 M 74 317 74 2004 1207 10.8 15.2 0.21 3 3 3 3 0.63 0.37 0.25 0.28
25 107 307 D 74 56 13 1053 607 10.1 21.5 0.51 3 3 3 3 0.40 0.59 Q.29 0.29
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25 112 308 D 74 64 10 . 665 468 5.9 12.0 ©.29 2 3 2 3 0.02 0.51 0.14 0.08
25 ..112 309 M 74 7711 . 825 447 7.2 13.5 ¢.30 2 3 2 3 0.12 0.46 0.18 0.03
25 267 320 U 74 128 35 825 308 10.6 25.4 0.36 4 4 4 4  0.14 0.51 0.08 0.10
25 269 309 D 74 73 16 . 762 16t 7.5 10.8 0.30 2 2 2 2 0.06 0.43 0.08 0.00
25 269 210 M 74 66 14 . 677 i35 6.6 10.5 0.38 2 2 2 2  0.08 0.58 ©.13 0.20
35 273 316 D 74 37 60 . 1191 580 11.6 2%.1 0.58 3 3 3 3 0.18 0.60 0.17 0.28
25 273 317 U 74 250 100 . 1109 378 23.7 45.6 0.20 3 3 3 3 0.10 0.53 0.10 0.47
25 273 321 M 74 130 76 . 1078 530 7.2 20.5 0.37 4 4 4 4 0.15 0.61 0.08 0.23
25 273 322 U 74 470 103 . 1294 357 71.8 i54.7 0.14 3 3 3 3 0.20 0.62 0.21 0.35
25 273 323 U 74 371 123 . 1854 B21 41,0 71.1 0.14 2 2 2 2 0.05 0.73 0.2¢ 0.09
256 273 325 D 74 154 110 . 1419 805 3.8 9.6 0.50 2 3 2 3 ©0.26 0.77 0.08 0.38
25 273 326 U 74 273 122 . 1398 598 93.7 T81.0 0.14 2 2 2 2  0.06 0.95 0.02 0.45
25 278% 321 U 74 152 37 . 1199 850 B.0 16,5 0.22 3 3 3 3 0.18 0.54 ©.05 0.23
25 348 317 D 74 as 19 . 588 185 7.7 11.8 1.78 2 3 2 3 0.12 0.39 0.04 0.17
25 348 318 ™ 74 37 14 . 5§73 138 11.3 16.5 2.03 2 3 2 3 0.07 0.28 0.01 0,18
25 348 319 M 74 40 16 . 650 188 0.2 12.7 1.57 2 3 7 3 0.02 0.21 0.14 0.23
w 25 348 320 U 74 176 _40_ . 1008 330 13.5 29.6 _0.30 2 3 2 3 0.56 0.40 0.02 0.29
L 25 348 321 M 74 53 29 . 631 160 13.7 18.1 1.37 2 3 2 3  0.06 0.32 0.00 0.11
o 25 348 322 M 74 61 26 . 605 151 20.6 29.6 0.91 2 3 2 2 0.09 0.36 0.13 0.19
25 348 3323 U 74 188 65 . 981 298 29.5 53.8 0.25 2 2 2 2 0.15 0,82 0.16 0.20
25 370 304 ™ 74 93 12 . 780 203 3.6 . 23.5 0.44 3 3 3 3 0.36 0.38 0.10 0.80
26 354 101 D 74 23 10 . . 340 5.5 0.58 2 2 0 2 0.43 0.27 0.43
26 354 101 D 7% 168 66 . 415 . 3.5 0.33 2 2 0 2 0.21 0.38 0.08
26 354 101 D 77 98 24 . . 304 . 28.0 0.66 3 3 0 3 0.28 0.90 0.44
26 354 101 D 78 163 35 . . 430 3.3 1.14 2 2 0 2 0.57 0.97 0.33
26 354 102 M 74 32 10 . . 345 4.0 0.30 2 2 0 2 0.58 0.00 0.17
36 354 102 M 75 204 117 . . 295 6.8 0.5 2 2 ) 2 0.15 0.04 G.00
26 354 103 M 74 3@ 10 . . 335 4.0 0.24 2 2 0 2 0.22 0.00 0.26
. 26 354 103 M 75 158 92 . 230 . 6.4 . ©.18 2 2 0 2 0.16 0.21 . 0.i4
26 355 317 D 74 3 15 . 6§20 27% 9.7 19.4  1.317 3 3 3 3  ©0.15 0.50 ©.19 0.28
26 355 319 M 74 233 22 . 1104 343 17.3 31.7 Q.63 3 3 3 3 0.85 0.42 0.37 0.46
26 355 321 U 74 167 31 . 915 448 16.5 . 20.7 0.33 3 3 3 3 0.56 0.14 0.26 0.47
26 359 108 M 75 17 ~ 10 . . . 15.5 1.19 2 2 ) 2 0.40 0.03 G 0%
26 359 110 U 75 82 43 . 45.5 0.37 2 2 0 2 0.27 0.47 0.10
26 359 110 U 76 76 17 295 31.0 0.44 2 2 0 2 0.74 0.10 0.37
26 359 110 U 78 248 62 . . 400 _ 14.0 . ©.55 2 2 0 2 0.68 0.29 . 0.77
26 359 313 D 74 58 42 . 486 97 2.5 2.6 1.99 2 2 2 2 0.61 0.02 0.45 0.30
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
26 359 321 M 74 83 41 . 446 121 7.5 12.0 2.3% 2 2 2 2 ©.59 0.59 0.5 C.30
26 359 322 M T4 59 46 . 396 86 11.1 17.3 2.13 2 2 2 2  0.58 0.55 0.19 0.29
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DIS RES STA TYPE YEAR CPTL CPOT CPDS CNTL CNIN CCHA CCFU CCHAMX CSEC NPTL NCHA NNTL NSEC EPTL ECHA ENTL ESEC

26 359 323 U 74 66 91 . 470 91 11.4 13.1 1.65 2 2 2 2  0.61 0.15 0.11 ©0.08
26 353 324 U 74 95  &i . 715 412 3.8 4.8 0.86 2 2 2 2  0.48 0.25 0.08 0.06
26 360 303 D 74 1107 29 . 1081 145 28.5 . 42.6 0.46 2 3 2 3 0.00 0.26 0.05 ©.33
28 218 007 D 77 20 7 . 356 3.8 4.0 7.8 2.41 3 3 3 3  0.30 0.%4 0.41 0.19
28 219 012 D 77 22 5 : 456 4.4 4.7 6.8 1.71 2 2 2 2 0.586 0.53 0.23 0.38
28 219 012 D 78 26 17 28 430 . 2.6 2.7 2.8 1.88 2 2z 2 2 0.18 0.07 0.23 0.30
29 100 305 D 74 56 7 % 1794 1231 9.9 23.4 0.81 2 3 2 3 0.28 0.68 0.09 0.06
29 100 306 M 74 G 1 7 . 1605 1041 i7.6 38.8 0.71 2 3 2 3  0.34 0.80 ©.05 0.07
29 100 307 M 74 60 8 _ 1745 1133 7.5 15.1 0.66 2 3 2 3 0.25 0.54 G.10 0.15
29 100 308 M 74 72 9 . 18%4 1241 13.5 31.5 0.66 2 3 2 3 0.27 0.67 .09 0.08
23 100 303 U 74 ag 12 . 1764 971 11.8 25.3 0.32 2 3 2 3 0.12 0.59 0.14 0.50
29 100 310 U 74 73 g 1958 1152 11.9 28.8 0.51 2 3 2 3 ©0.21 0.73 ©.09 0.20
29 106 31C D 74 48 12 . 1188 603 8.7 14.8 0.41 3 3 3 2 0.18 0.46 0.14 0.13
29 108 313 D 74 66 38 . 1214 755 11.3 24.6 1.37 23 3 3 3  0.40 0.62 0.18 0.50
29 109 307 D 74 37 10 . 811 334 24.5 58.6 1.12 3 3 3 3 ©.22 0.71 0.25 0.39
- 29 109 308 M 74 36 4 . 932 302 36.3 74.7 .23 3 3 3 3 0.27 0.55 0.17 0.37
f 29 109 309 M 74 34 12 ’ 889 339 30.4 60.7 0.77 3 3 ! 3 0.08 0.53 0.17 0.10
o 29 110 2i9 U 74 57 21 . 1485 1056 2.4 2.9 0.60 2 2 2 2 0.5 0.21 0.22 0.02
29 141 3142 M 74 50 22 2 1976 1080 9.5 1.3 0.4 3 2 3 3 0.19 ¢.98 0.10 0.13
29 143 327 D 74 134 105 . 1804 1417 5.1 7.5 1.20 2 3 2 3 0.37 0.26 0.20 0.45
29 113 328 M 74 153 106 . 1810 1404 10.1 i4.4 0.74 2 3 2 3  0.25 0.23 0.23 0.45
28 113 329 M 74 197 75 . 1451 815 18.6 34.5 0.29 2 3 2 3  0.20 0.46 0.05 O.21
29 114 307 D 74 22 6 956 305 8.4 19.4 1.49 2 3 2 3 0.05 0.67 0.09 (.44
29 tid 308 M 74 21 3 855 276 7.8 15.9 1.50 2 2 2 37 0.06 0.53 Q.02 0.39
29 114 309 M 74 25 4 . 850 290 10.4 17.5 1.18 2 3 2 3 Q.09 0.44 0.19 0.39
29 194 315 U 74 64 7 ; 634 95 19.7 20.9 0.58 2 2 2 2  0.18 0.06 0.31 0.30
29 195 216 ™ 74 20 3 950 632 10.6 25.8 1.95 3 3 3 3  0.21 0.73 ©.21 0.22
29 195 217 8] 74 26 5 1026 688 12.3 29.2 1.31 3 3 3 B 0.17 .70 .24 0.21
29 195 318 M 74 19 7 215 534 5.8 13.0 2.03 3 3 a3 3 0.08 0.63 0.15 .18
29 195 319 U 74 28 8 ] 865 556 10.7 21.8 1.64 3 3 3 3  0.13 0.53 ©.22 0.24
29 207 312 U 74 164 7% : 929 275 47.9 101.6 0.29 3 3 3 3 0.45 0.57 ©0.36 Q.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
30 215 304 © 74 57 20 . 1055 246 11.4 21.1 1.37 2 3 2 3 0.47 0.42 0.272 0.33
30 215 305 M 74 66 20 . 1101 155 $9.3 34.5 1.02 2 3 2 3  0.56 0.43 0.26 0.26
30 217 306 D 74 60 18 . 983 177 _20.0 27.5 1.07 2 3 2 3 0.43 0.25 Q,24 0.14
30 217 307 M 74 53 18 . 946 68 17.6 32.1 1.13 2 3 2 3 0.45 0.41 0.12 0.13
30 217 308 M 74 52 i5 , 813 68 13.5 21.4 1.12 2 3 2 3 0.38 0.32 0.07 0.12
30 235 325 M 74 27 13 : 316 158 7.6 10.8 1.42 2 3 2 3  0.01 0.32 0.06 0.26
30 235 326 M 74 37 12 2 356 162 7.2 8.1 ¢.81 2 3 2 3 Q.48 0.08 O.Bé Q.25
30 235 327 U 74 109 14 . 732 100 30.3 35.5 0.34 2 3 2 < Q.44 Q.10 0\56 .18
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WATER QUALITY SUMMARY BY STATION-YEAR

——————————————————————————————————————————————— POOL DATA SCREEN CODESB --==-r-m=-w-mmse-mmms--meoosomeoooooo s oo

DIS RES STA TYPE YEAR CPTL CPOT CPDS CNTL CNIN CCHA CCFU CCHAMX CSEC NPTL NCHA NNTL NSEC EPTL ECHA ENTL ESEC

30 23% 328 U 74 388 15 . 845 305 12.7 14.8 0.20 2 3 2 3 0.82 0.16 0.74 0.

- 32 204 313 M 75 62 51 . 286 92 3.4 5.9 2.37 2 2 2 2 0.27 0.74 0.23 0.
1 32 204 317 M 75 44 34 . 280 83 1.3 1.9 4.74 3 3 3 2 0.45 0.21 Q.14 O.
g: 33 300 306 D 75 20 10 . 288 57 3.2 3.8 1.75 2 2 2 2 0.09 0.17 0.24 0.
. 34 041 112 D 71 45 9 x 262 41 1.0 1.8 5.68 8 5 6 7 0.17 0.223 0.14 0.

34 04t 112 D 72 16 7 . 264 21 1.3 - 2.5 6.50 7 7 i C 0.13 0.21 0.23 0.

34 041 112 D 73 10 10 z 115 25 0.9 1.5 5.44 & 6 6 3 0.00 0.19 0.04 0.

34 041 112 D 74 10 10 s 186 24 0.8 1.8 7.08_ 7 7 7 7 0.00 0.23 0.22 O.

34 041 112 O 75 i3 10 : . 34 1.5 3.3 3.95 7 7 Q & 0.14 0.24 0.

34 041 112 D 76 10 10 : 2 20 0.6 1.2 3.44 6 7 0] 5 0.00 0.20 . 0.

34 041 112 D 78 12 10 ; 205 47 1.0 1.6 3.39 4 4 4 3 0.20 0.25 0.35 O.

|30N



Table B4

Water Quality Data Summary by Reservoir-Year
Symbol Meaning
CE District code

CE reservoir code
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.

|




WATER QUALITY SUMMARY BY RESERVOIR-YEAR
POOL DATA SCREEN CODE=A

VARITABLE LABEL N MEAN STANDARD MINIMUM MAX IMUM
g DEVIATION VALUE VALUE

CDEP STATIGN DEPTH (M) 66 18.90 27. 11 2.18 175.40

CPHF PH (STANDARD UNITS) 85 7.84 0,49 6.37 8.48

CCNF CONDUCTIVITY (UMHOS/CM) 85 $12.29 G89.18 23.50 4598.87

CALK ALKALINITY (MG/L) 82 97.0% 59 .24 10.50 293.75

CTMP TEMPERATURE (DEG-C) 85 20.46 2.8Q t4.85 27.56

CTRY TURDIBITY (JTU) 1 17.62 : 17.62 17.62

CTRH HACH YURBIDITY (NTU) 22 9.29 10.76 2.8 34.81

CTRN -LOG(% TRANS./100) 62 0.48 Q.49 0.0% 2.15

CTCO TRUE COLOR (PT-CO UNITS) 6 54 .09 38.19 13.33 98.65

CALPH NON-ALGAL TURBIDITY (1/M) 85 0.98 0.84 0.15 5.24

CRTL TOTAL SOLIDS {MG/L) 8 155.36 115.94 9.50 389.58

CRFL DISSOLVED SOLIDS (MG/L) 8 101.02 47 .64 48 .42 165.32

CRNF SUSPENDED SOLIDS (MG/L) 20 8.52 9.32 1.00 38.56

T CALG ALGAL COUNT (NO/LITER) 3 166558.33 113305.93 66900.00 289800.00
23 CRIO ALGAL VOLUME {ML/LITER) 3 0.03 0.02 0.01 0.05

--------------------------------------- POOL _DATA SCREEN CODE=B - ===~v==--c-macmoomooooomoao oo

CDEP STATION DEPTH (M) 33 14,27 13,46 2.82 78.80
CPHF PH (STANDARD UNITS) 70 7.71 Q.51 6.27 8.43
CCNF CONDUCTIVITY (UMHOS/CM) 68 345.36 365.02 34 .33 22393.00
CALK ALKALINITY (MG/L) 61 96.82 74.20 11.35 292.83
CTMP TEMPERATURE (DEG-C) 71 21,46 4,47 11.65 28.91
CTRU TURDIBITY (JTU) 4 105.73 117.87 23.75 280.00
CTRH HACH TURBIDITY (NTU) 22 3.48 3.17 0.67 13.77
CTRN -LOG(% TRANS./100) 36 0.50 Q.56 0.04 2.45
CTCO TRUE COLOR (PT-CO UNITS) 3 111, 11 163.72 10.00 300.00
CALPH NON-ALGAL TURBIDITY (4/M) 73 .95 0.97 0.12 4.93
CRTL TOTAL SOLIDS (MG/L) 13 226.27 135.16 10.00 465.93
CRFL DISSOLVED SOLIDS (MG/L) 9 164 .84 186.86 8.80 500.00
CRNF SUSPENDED SOLIDS (MG/L) 25 32.25 112.00 0.00 566.67
CALG ALGAL COUNT (NO/LITER) 12 196156. 24 205325.84 61500.00 738500.00

CBlO ALGAL VOLUME (ML/LITER) 11 0.09 .11 0.01 0.30
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WATER QUALITY SUMMARY BY RESERVOIR-YEAR
----------------------------------------------- POCL DATA SCREEN CODE=A =+----=--=--m-------cccccmmmememconnnnn-ne=-=-
DIS RES_YEAR CDEP CPHF CCNF CALK CTMP CTRJ CTRH CTRN CTCO CALPH CRTL CREL CRNF CALG _CBIQ
03 307 73  23.8 7.11 74 i1 18.2 ) . 0.12 0.17
04 312 73 6.9 _8.06 273 105 17.3 . . 0.20 0.45.
06 a7z 73 16.0 7.48 503 33 21.9 : . 0.32 e Tkl ;
10 001 77 . 7.21 148 46 19.7 . 34.8 . 98  1.11 82
10 003 73 20.2 6.74 795 20 24.3 . . 0.18 . 0.75
10 004 77 7.12 123 42 23.8 . 2340 . 64  1.06 72
10 008 77 7.16 148 a4 23.2 : 81.2 99  1.06 84
10 072 78 7.36 63 17 26.7 : 8.4 . 21 0.83 . 55 6
10 073 7 . 6.69 56 17 22.1 17.6 . . 31 (.77 64 48 15
10 41t 73  13.9 ©.62 816 25 25.4 . . 0.25 . 0.80
15 178 77 19.5 7.97 230 118 18.3 . 2.7 . 13 0.16 3
15 237 74 6.4 8.48 652 294 17.0 . - 0.15 0.37
16 243 73 6.6 7.92 422 79 18.3 . . 0.26 c.85
16254 73 5.4 7.71 220 44 18.2 . . 0.33 0.23
16 317 73 6.2 8.00 208 53 18.5 . . 0.20 0.43
16 328 73 20.0 7.57 138 23 16.3 . . 0T 0.49
& 16 393 73  28.8 6.51 521 11 22.3 ; s G 0.30
W 17 241 73 4.6 8.25 294 48  19.2 . . 0.43 0.82
e 17 242 73 2.3 7.56 559 72 19.1 ; . 2.15 3.31
17 245 73 3.3 8.25 397 134 19.3 : . 4T 0.67
17 247 73 5.6 8.30 466 188 19.0 . . 1.28 1.56
17 248 73 4.2 8.11 493 158 19.7 . . 1.25 2.34
17 249 73 4.4 7.97 429 134 19.2 . . 0.91 1.61
17 256 73 5.9 8.24 323 128 18.6 . . 0.26 0.37
17 258 73 5.6 8.26 669 76 19.2 : . 0.43 0.28
17 373 73 24.1 7.40 1350 24 20.0 . . 0.20 0.45
17 391 73 30.7 7.10 307 10 20.7 . . 0.14 0.15 ; . , .
18 090 75 8.01 341 158 21.1 5.5 0.79 195 . 6 66900 0.035
18 030 77 8.19 341 96 22.5 : 4.0 0.76 : : 3 i s
18 031 75 . 8.05 517 155 21.5 19.5 . 1.93 390 : 21 289800 0.0a7
18 092 73 12.9 8.02 1849 178 19.6 0.55 1.36 . . i 5
18093 73  11.6 7.37 572 30 22.3 . 0.23 0.68 .
ig o093 77 . 7.65 139 25 21.2 2.7 0.41 2
18 095 77 . 8.28 381 120 22.0 3.0 0.73 . 3
18 097 77 . 8.20 401 132 21.5 2.4 . 0.66 10 3
18 120 73 10.5 B8.07 835 81 24.0 . 0.26 0.74 ;
18 120 77 8.35 194 72 24.8 2.3 0.44 1
18 121 77 7.62 161 . 22.0 3.7 0.62 7
18 126 77 7.68 137 43 22.9 3,52 0.54 2 .
12 128 77 8.27 227 . 24.3 2.4 0.46 2 X




WATER QUALITY SUMMARY BY RESERVOIR-YEAR

----------------------------------------------- POOL DATA SCREEN CODE=A ------------=----=-----c-----------c------~----

OIS RES YEAR CDEP CPHf CCNF_CALK CTMP CTRJ CTRH CTRN CTCC CALPH CRTL CRFL CRNF CALG CBID

18 128 77 7.67 205 80 22.6 2.3 0.49 : : 2 : y
18 134 75 7.61 104 34 25.8 6.3 0.36 73 ; 5 142975 0.011
18 %60 77 7.55 321 . 19.9 29.9 234 39 3
18 263 77 . 8.33 437 178 19.5 4.5 p 0.98 6
19 118 73 7.9 7.67 644 73 21.9 0.43 1.3
19 122 73 34.3 7.56 626 38 22.5 0.33 0.54 .
19 338 73 10.4 7.38 742 58 22.6 0.37 1.34
19 340 73 17.0 8.04 1001 119 23.0 . 0.14 0.40 . . . . .
19 340 75 i5.1 B8.16 266 128 27.6 3.9 0.64 i55 136 19 . .
19 340 76 12,7 T.732 274 145 23.4 4.7 0.50 175 165 10 . .
19 340 78 14.2 7.58 286 157 24.6 3.0 . 0.79 182 165 17 .
19 342 73 17.9 7.89 573 52 21.1 0.29 B 1.12
19 343 73 24.2 7.65 815 62 22.6 0.05 0.22
20 081 73 8.7 B8.03 1512 133 20.5 0.67 1.43 .
20 087 73 1C.3 8.04 1676 164 20.7 0.35 0.
20 088 73 4.3 7.68 1136 63 2t.4 0.56 0.
e 21 196 74 8.4 _7.83 164 74 17.5 0.21 0.
o 24 011 74 34.0 7.64 116 47 20.1% 0. 11 0.
o 24 013 74 40.1 8.34 198 127 20.1% 0.07 0.
24 Q16 74 34.7 7.0f 44 18 23.4 0.05 0.
24 022 74 35.0 B.26 246 158 20.7 B 0.06 0.
24 193 74 7.7 B.02 218 103 16.9 0.18 0.
24 200 74 35.9 8.22 203 98 19.9 0.11 0.
25 05 74 2.2 B.16 392 176 17.7 i.84 5.
25 107 74 7.3 8.39 524 130 16.5 i.24 2.
25 267 74 i6.3 7.81 399 81 21.7 0.70 2.
25 273 74 11.9 B8.08 1520 129 19.8 1.68 3.
25 275 74 i0.9 7.73 309 114 214 0.83 2.
25 278 74 29.5 8.09 163 75 21.0 0.13 0.
25 281 T4 11.0 6.37 61 22 22.7 0.47 1.
25 370 74 6.9 8.28 4600 85 22.4 1.086 1
26 355 74 8.8 8.17 342 108 23.8 0.63 1.
28 219, 75 16.4 8.29 817 154 18.5 0.07 0.
29 106 74 7.3 8.06 1345 156 16.7 1.18 18
29 108 74 i1.4 B8.36 785 203 16.5 0.70 1
29 109 74 12.6 B.34 575 150 17.5 0.12 0.
29 110 74 12.1 8.24 385 167 17.9 0.35 1.
29 111 74 7.5 8.20 351 144 17.7 0.34 1.
29 194 74 2.5 8.20 240 120 18.% 0.48 0.
29 185 74 22.4 B.19 285 130 17.0 0. 11 0.

h—_-ﬂ—5—h_—-____-h-—____"—‘_h____q—u______—‘“‘“‘—*--—a___

WaTER QUArT;:h:::Tii“—H—__—_‘-H_h*_“‘—“—-————f




——"ng 194 e ag.4 B.YY = P

29 195 7

o el

mmﬂw&’:‘&-lA EE P TS

WATER QUALITY SUMMARY BY RESERVOIR-YEAR

----------------------------------------------- POOL DATA SCREEN CODE=A -r----------------=----------==-mm-------------=

DIS RES YEAR CDEP CPHF CCNF CALK CTMP CTRJ CTRH CTRN CTCO CALPH CRTL CRFL CRNF CALG CBIO

29 207 74 9.9 8.41 528 201 i6.1 0.72 . t.35
30 0G4 75 4.6 B.37 470 175 15.6 0. 17 . 0.70
30 235 74 23.1 8.17 675 175 15.1 0.72 . 1.07 - .
3t 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 0.186 i 0.21 :

——————————————————————————————————————————————— POOL DATA SCREEN CODESB =--~~---ccmoueccccomeuocecomoooeomoammmmmmm e

DIS RES YEAR CDEP CPHF CCNF CALK CTMP CTRJ CTRH CTRN CTCO CALPH CRTL CRFL CRNF CALG CBIO
02 176 72 7.07 110 16 19.0 . p 0.07 0.30

04 2320 74 . 7.49 194 59 20.7 . 0.31

o8 074 73 20.1 7.43 250 19 28.3 0.14 0.43

o8 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 Q.45

10 071 73 7.0 7.47 593 48 28.4 0.22 Q.85 -

10 072 73 11.5 8.11 312 19 28.9 0.24 0.72

10 076 73 27.8 7.54 138 11 27.7 0.10 0.24

14 099 74 10.7 7.97 €69 293 15.9 1.20 1.58

15 178 72 8.19 431 103 15.5 0. 11 0.15

15 178 76 8.33 223 110 18.2 . .2 = 23 0.15

15 178 78 19.8 7.90 213 98 . . 1.3 . 10 0.27 - 3

15 179 79 8.43 653 222 19.2 - - 0.15 19

15 181 72 8.24 263 134 14.8 0.50 0.31

15 399 78 8.20 i 189 11.6 0.29

15 399 79 8.05 373 133 15.5 ] 0.24 9

16 328 72 7.87 163 36 17.3 0.31 0.45

17 389 73 5.3 _8.06 723 ~ S4 20.9 0.49 1.14 : . . :

ie Q90 73 7.91 369 135 21.3 . 0.63 208 5 113100 0.07%
i8 091 74 8.04 536 149 19.2 13.8 2.23 466 57 738500 0.262
i8 091 77 8.04 690 . 19.8 2.8 0.72 . 17 5 .

18 092 74 8.03 542 152 22.5 0.7 0.95 308 4 '© 83775 0.020
18 092 75 . 8.15 476 156 20.3 4.0 0.95 341 8 263700 0.022
18 092 77 . 8.20 529 - 21.3 4.5 0.82 . 6 ‘ s

18 094 75 8.13 420 138 20.9 3.2 0.80 321 6 81667 0.020
18 095 76 8.31 361 137 19.2 5.0 0.51 216 5 468000 :

18 097 75 8.20 424 176  21.2 4.1 0.69 285 5 139667 0.013
18 121 75 7.42 125 31 24.6 6.2 0.73 77 6 82333 0.302
18 126 74 7.69 131 44 20.6 0.51 76 & 61500 G.015




WATER QUALITY SUMMARY BY RESERVOIR-YEAR

POOL DATA SCREEN CODE=B

DIS RES YEAR CDEP CPHF CCNF CALK CTMP CTRJ CTRM CTRN CTCO CALPH CRTL CRFL CRNF CALG CBIO
18 128 75 8.06 199 124 21.8 6.8 0.64 128 5 89333 0.020
i8 129. 74 7.91 254 94 19.3 2.5 .66 139 4 113000 ©0.191
18 134 77 7.61 119 . 22.2 2.5 Q.58 . 2 ; :
18 263 75 ; 8.16 540 256 18.4 8.8 . 0.75 3867 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 7.17 112 21 27.0 0.52 2.25
27 189 73 11.1 6.82 48 16 28.4 0.17 0.84
22 is0 73 12.9 6.85 54 16 27.0 0.28 1.49 =
22 192 73 4.5 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 7.1 8.18 331 157 16.8 1.20 2.63
25 103 74 13.7 7.87 304 122 18.3 2.45 4.16
25 104 74 7.2 8.05 400 158 182.0 1.11 3.30
? 25 112 74 5.4 8.00 343 146 17.7 2.22 3.286
o 25 269 74 2.8 8.37 1209 182 17.7 ©.65 2.78
Lol 25 348 74 15.2 8.20 1513 124 23.5 ; 0.80 1.13 :
26 354 74 5.7 8.22 329 135 74,9 46,7 0.68 2.68 94
26 354 75 7.64 324 ; 26.9 4.93 . 33
26 354 77 8.06 311 139 22.7 0.84 198 567
26 354 78 . 8.05 317 122 27.9 ; 0.79 185 5
26 358 74 1.7 7.79 171 26 28.2 R 0.08 0.45 € .
26 359 75 6.81 202 34 24.6 23.8 1.01 10 10
26 359 76 6,77 282 32 27.5 72.5 . 1.48 . 11
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 G.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 7.1 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 8.21 40 28 16.2 . .04 0.49 . 5
34 0414 71 7.36 56 24 19,4 1.0 0.15 40 0
34 041 72 7.54 57 21 20.3 0.9 0.12 44 0
34 041 73 7.30 60 19.8 1.1 0.16 49
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WATER QUALITY SUMMARY BY RESERVOIR-YEAR

----------------------------------------------- PODL DATA SCREEN CODE=B -------==---------------------<cc----------=---~=

? DIS RES VYEAR CDEP CPHF CCNF_ CALK CTMP CTRJ CTRH CTRN CTCO CALPH CRTL CRFL CRNF CALG CBIO
o
et 34 041 74 5 6.91 54 J 21.2 1.1 Q.12

34 041 75 : 7.55 65 . 18.2 1.9 0.21

34 041 76 . 7.83 o7 . 19.1 1.4 Q.28 . -

34 041 78 . 7.48 67 v 20.2 0.9 Q.27 . 500
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WATER QUALITY SUMMARY BY RESERVOIR-YEAR
POOL DATA SCREEN CODE=A .

§

|
! T
VARIABLE LABEL N MEAN STANDARD MINIMUM MAX IMUM ﬁ__

- i e DEVIATICON VALUE VALUE o
i
CPTL TOTAL PHOSPHORUS (MG/M3) 85 £6.83 58.21 5.63 277.04 Hf
CPOT ORTHO PHOSPHORUS (MG/M3) 67 22.70 28.12 3.83 187.72 Sy
CcPDS DISSOLVED PHOSPHORUS (MG/L) 18 21.34 17.57 10.00 79.05 =]
CNTL TOTAL NITROGEN (MG/M3) 85 1159.05 973.24 247 .34 6075.00 | 73
CNIN INORGANIC NITROGEN (MG/M3) 85 651.38 800.26 44,54 5064 . 16 - i
CCHA CHLOROPHYLL-A (MG/M3) 65 13.04 11.52 1.18 67.13 i
CCFU UNCORRECTED CHLOROPHYLL-A (MG/M3) 20 9.73 6.56 2.68 27.47
CCHAMX MAXIMUM CHLOROPHYLL-A (MG/M3) 65 20.97 17.48 1.73 84.19
CSEC SECCHI DEPTH (M) 85 1.33 0.96 Q.19 4.32
NPTL NUMBER OF TOTAL P SAMPLING DATES 85 3.80 1.89 240 16.80
NCHA _NUMBER OF CHL-A SAMPLING DATES 85 3.28 0.71 2444 &.00 .
NNTL "NUMBER OF TOTAL N SAMPLING DATES 85 3.70 1.52 244 12. 40
NSEC NUMBER OF SECCHI SAMPLING DATES 85 3.53 1.07 2.9 6.00
EPTL CV OF _MEAN TOTAL P ESTIMATE 85. 0.18 0.09 0.04 0.42 f
? ECHA CV OF MEAN CHL-A ESTIMATE B5 0.26 0.10 0.06 0.49
o ENTL CV OF MEAN TOTAL N ESTIMATE 85 0.14 .08 0.05 0.35
= ESEC CV OF MEAN SECCHI ESTIMATE 85 0.17 0.09 0.03 0.45 i
e R POOL DATA SCREEN CODE=B =----=-=-=-==-====-s===c----uo-=- R
CPTL TOTAL PHOSPHORUS (MG/M3) 73 57.49 52.99 6.55 248 .29
CPOT ORTHO PHOSPHORUS (MG/M3) 51 18.81 22.20 3.233 97.06
CPDS DISSOLVED PHOSPHORUS (MG/L) 24 26.34 23.28 4.03 108.62
CNTL TOTAL NITROGEN (MG/M3) 57 1541.61 2005.60 114 .99 9307. 14
CNEIN 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 (MG/M3) 25 9.20 8.93 1.60 30.99
CCHAMX MAXIMUM CHLOROPHYLL-A (MG/M3) 51 14 .83 15.48 1.24 g97.29
____CSEC SECCHI DEPTH (M) 73 1.59 1.39 0.22 7.08
T NRTL NUMEER OF TOTAL P SAMPLING DATES 73 3.47 1.99 2.00 8.00
NCHA NUMBER QOF CHL-A SAMPLING DATES 73 2.83 1.35 2.00 7.00
NNTL NUMBER OF TOTAL N SAMPLING DATES 73 2.66 2.28 0.00 8.00
NSEC NUMBER OF SECCHI SAMPLING DATES 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
ENTL CV OF MEAN TOTAL N ESTIMATE 57 Q.17 .10 ©.03 0.52
ESEC CV OF MEAN SECCHI ESTIMATE 73 0.20 0.14 0.04 0.77
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WATER QUALITY SUMMARY BY RESERVOIR-YEAR

----------------------------------------------- POOL DATA SCREEN CODE=A ----------------s=----------=--~--=oo---o--~oo--

DIS RES_YEAR CPTL CPOT_CPDS CNTL CNIN 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 18 0.11 0.10
04 312 73 96 54 . 1724 1156 18.0 42.2  1.20 3 3 3 3 0.37 ©.49 0.19 0.24
08 372 73 50 14 ; 677 224 8.1 ; 2.3 1.09 3 3 3 3 0.20 0.24 0.13 0.19
10 00t 77 138 27 ) 444 277 4 6.8 ; 0.78 4 4 4 4 0.16 0.18 0.19 0.05
10003 73 24 7 . 4152 843 2.6 : 3.6 1.23 3 3 3 3 0.42 ©.26 0.07 0.24
10 004 77 195 a7 . 495" g7 . 6.0 ; 0.82 4 4 4 4 6.38 0.14 0.07 0.12
10 oos 77 177 22 . 516 259 . 1i.8 ; 0.75 4 4 4 3 0.23 0.22 0.22 0.05
10072 78 58 5 . 510 196 12.4 _23.6_0.92 5 5 3 5 0.27 0.26 0.19 0.18
io o732 75 57 32 615 376 12.4 31.9  0.50 17 s 2 4 0.08 0.33 0.06 0.13
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 2 3 0.18 0.33 0.09 0.03
15 237 74 277 188 739 295 41.3 3.6 0.75 3 3 3 3 0.13 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
16254 73 83 7 1219 169 36.2 5.1 0.88 3 3 3 3 0.23 0.18 0.13 0.09
16 317 73 60 8 T 1042 299 26.8 25.0 0.93 3 3 3 3 0.17 0.29 0.09 ©.09
o 16 328 73 21 6 i 735 2366 3.7 5.4 2.18 3 3 3 3 0.22 0.28 0.0% 0.24
T 16 393 73 6 5 618 390 1.2 1.7 _3.08 3 3 3 3 0.06 0.23 0.12 0.18
S 717 241 73 4l & . 945 423 16.4 26.5 0.96 3 3 3 3 0.18 0.27 0.18 0.15
17 242 73 167 20 . 2887 2072 10.9 19.4  0.28 a 3 3 3 0.35 0.41 ©0.09 0.14
17 245 73 127 12 . 1765 503 67.1 84.2  0.44 3 3 3 3 0.25 0.14 0.06_0.16
7 247 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 0.5 ©.13
17 249 73 187 48 . 3204 1701 26.1 _ 35.4  0.46 3 3 3 3 0.17 0.23 0.15 0.12
17 256 73 40 10 : 950 480 22.8 37.0 1.10 3 3 3 3 0.19 0.31 0.10 0.06
17 258 73 52 9 . 1052 243 37.7 56.0 0.86 3 3 3 3 0.25 0.21 ©.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 €.30
i7 391 73 13 6 ; 858 602 6.2 ; 13.4 3.53 3 3 3 3 0.14 0.43 0.11 0.33
18 090 75 55 . 18 2550 1822 : 3.5 114 6 3 6 6 0.20 0.43 0.07 ©0.19
18 090 77 28 .12 2792 1722 . {9 3 0.94 6 3 6 6 0.05 0.37 0.22 0.22
18~ 031 15 Ti8 . 43 6075 5064 . 12.6 . 0.44 3 4 6 6 0.22 0.29 0.24 0.21
18 092 73 104 36 . 3070 2278 15.8 23.6 0.67 3 3 3 3 0.22 0.24 0.10 0.08
18 093 73 31 8 i 763 246 7.2 . 11.1  1.64 3 3 3 3 0.13._0.25 0.08 0.17
18 093 77 20 10 492 217 . 5.0 1.89 6 4 6 5 0.40 0.15 0.14 0.06
18 095 77 27 .14 2387 1555 . 9.4 $.04 6 4 6 6 0.15 0.27 0.11 0.13
18 Q97 77 21 .10 1498 809 . 11.6 . 1.07 6 4 6 6 0.07 0.19 0.17 0.09
& 120 73 44 12 . §38 453 8.4 . 1.1 1.19 3 ] 3 3 0.10 0.19 0.21 O.11
18 120 77 15 R 600 462 5.1 1.78 5 3 5 6 ©0.15 ©0.06 0.28 0.15
18 121 77 19 L 470 239 2.8 1.45 5 3 5 4 0.34 0.07 ©0.13 0.42
8 126 77 25 . 15 543~ 330 T 1.64 7 3 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
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WATER QUALITY SUMMARY BY RESERVCOIR-YEAR

----------------------------------------- PRRL DATA SCREEN CODE=A s=-smsmsssscscsasEsmcoonesnomoamnroosascmssdesuns
DIS RES YEAR CPTL CPOT CPDS CNTL CNIN CCHA CCFU CCHAMX CSEC NPTL NCHA NNTL NSEC EPTL ECHA ENTL ESEC j
18 129 iivs 17 14 642 448 3.7 1.72 6 4 6 6 .15 0.14 0.26 0.12

_18 134 75 21 15 760 620 3.5 2.23 7 3 5 5 ©.24 0.18 0.35 0.09
18 260 77 234 79 1705 678 27.5 0.33 7 4 7 & 0.17 0.14 0.11 0.08
i8 263 77 39 . 12 1576 759 . 12.4 . 0.84 7 4 7 5] 0.16 0.35 0.07 0©.17
19 118 73 125 54 . 750 464 13.3 18.4 0.69 2 2 2 2 0.05 0.33 0.06 ©.10
19 122 73 16 7 477 200 3.8 T 172 3 3 3 3 .18 ©0.233 0.10 0.22
19 338 73 142 Al 760 465 8.4 i0.8 0.65 3 3 3 3 ©.22 0.20 0.07 0.13

_1s 340 73 45 16 . 569 116 10.0¢ s 14.7 1.77 3 3 3 3 0.07 0.22 0.15 Q.10
19 340 75 38 15 599 154 17.5 1.04 4 3 4 3 0.22 0.11 0O.11 0.05
19 340 76 a7 23 425 216 17.2 1.23 4 4 4 4 0.15 0.14 0.12 0.12
19 340 78 76 3 38 733 373 ; 17.7 : 0.92 5 6 5 4 Q.17 0.17 ©0.43 0.08
19 342 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©.48
20 Q81 73 84 31 2091 1322 1i7.4 23.9 0.56 3 3 3 3 0.05 0.18 0©.08 0.09
20 087 73 69 32 & 4352 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 0.07 0.19 0©.16 0.10
21 196 74 34 S 386 109 9.6 i2.5 1.02 3 3 3 3 0.08 0.19 0.05 0.24
24 011 74 31 8 547 240 3.9 6.6 2.14 4 4 4 4 0.13 ©€.21 Q.11 0.19
24 013 74 16 4 527 196 4.0 6.4 3.96 4 4 4 4 0.11 ©.17 0.15 0.13
24 016 74 13 4 320 68 4.2 5.4 3.45 3 3 3 3 0.10 0.14 0.09 0.10
24 022 74 i6 5 471 208 3.4 6.2 3.65 4 4 4 4 Q.12 0.24 0.14 0.15
24 193 74 19 4 337 151 3.6 5.0 1.40 3 3 3 3 ¢.13 0.27 0.16 0.31
24 200 74 29 0 636 230 9.1 17.3 2.27 4 4 4 4 0,13 0.25 0.14 Q.10
25 105 74 2214 74 1858 1214 9.5 15.6 0.19 3 3 3 3 0.39 0.38 0.16 ¢©.31
25 107 74 64 i3 1122 601 12.4 22.8 0.41 3 3 3 3 0.27 0.45 0.26 0©.22
25 267 74 30 36 854 386 4.4 8.3 0.45 4 4 4 4 0.10 0©0.23 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 8.3 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 Q.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 47 11 639 133 12.5 20.1 0.84 3 3 3 3 0.18 0.30 0.10 0©.40
26 355 74 131 28 . 854 343 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 0.1t2 0.28 0.09 0©.07
29 106 74 68 =] 1193 539 16.0 25.4 ©O.34 3 3 3 3 Q.18 ©.34 0.10 0.08
29 108 74 84 34 1169 623 18.9 31.4 0.85 3 3 3 3 0.31 0.34 0.168 0.26
29 109 74 36 9 877 325 30.4 64.6 1.04 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 74 45 20 1526 1109 8.4 1:3.7 0.47 3 3 3 3 0.14 0.24 0.09 0.07
29 194 74 48 12 810 331 10.1 133 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

)
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WATER QUALITY SUMMARY BY RESERVOIR-YEAR

----------------------------------------------- PORL DATH SOREEN GUDEFE mrrrmsmsrmsmn s mm e s o B R A e it S

DIS RES YEAR CPTL CPOT CPDS CNTL CNIN CGHA CCFU CCHAMX CSEC NPTL NCHA NNTL NSEC EPTL ECHA ENTL _ESEC

29 207 74 125 63 . 1033 318 27.8 49.8 .61 3 3 3 3 .23 0.33 0.23 0©.27
30 Q64 75 57 8 v 815 48 23.3 50.1 0.78 3 3 -3 3 ¢.13 ©0.40 0.10 ©.10
30 235 74 73 12 ) 460 158 7.4 3.0 2.32 3 3 3 3 .27 0.353 0.23 0©.15
31 077 75 13 8 . 247 57 2.4 3.8 2.49 3 3 3 3 0.12 0.25 0.08 0©.12
3z 204 7S 47 37 i 281 74 2.8 4.3 4.04 3 3 3 3 0.24 Q.30 Q.11 ©.45

PSS Sl R S eSS e R e SR R POGL. DATA SCREEN' CODERE - dds-o sHpERomsmaseainsre o s b st m s i sims G s

DIS RES YEAR CPTL CPOT CPDS CNTL CNIN CCHA CCFU CCHAMX CSEC NPTL NCHA NNTL NSEC EPTL ECHA ENTL ESEC

0z 176 72 7 } a . 251 4.9 ; 6.6 2.39 3 7 ) 3 0.17 0.41 . A7
04 320 74 at 7 1078 702 . 3.3 . 2.97 3 3 3 3 0.25 0.47 0.%14 0.31
OB 074 73 22 6 473 121 7.7 9.6 1.76 2 2 2 2 0.20 0.20 0.15 0.12
08 330 13 1 4 3807 100 6.7 §2 2.61 2 2 2 2 ¢10 0.77 0.13 0.18
10 0% 73 20 5 767 134 7.8 9.8 1.81 2 2 2 2 0.15 0©0.24 0.25 0.09
10 071 73 38 10 808 401 6.8 8.7  1.03 2 2 2 2 ©.28 0.25 0.09 0.13
10 o7z 73 44 g 872 248 9.9 2.4 1.09 2 2 2 2 C.25 0.26 0.12 0.08
10 076 73 17 4 506 124 6.0 7.3 2.59 2 2 2 2 0.18 0.12 0.15 ©0.08
14 099 74 183 97 . 5967 5328 13.9 21.4  0.80 2 3 2 3 ©.07 0.36 0.52 0.32
15 {78~ 72 29 } 13 115 12.5 16.5 2.32 3 3 0 3 ¢.17 0.19 0.07
15 178 76 23 5 13 . 140 8.6 9.6 2.75 3 3 o 3 .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 i79 79 209 ; 109 103 66.9 37.3 ©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 G.17 0. 14 0.09
15 599 78 55 ) 21 . . 18.5 25.8  1.33 3 3 ) 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 a5 . 15 . 399 12.8 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 09GC 73 24 - 15 3087 2301 8.5 t.18 4 2 4 8 0.11 0.68 0.22 0.15
18 091 74 211 ) 65 9307 7434 4.5 0.43 7 2 7 5 0.50 0.45 0.10 0.28
18 091 77 68 ) 35 6767 4541 19.0 0.84 3 2 2 2 0.34 0.62 0.40_ 0.09
18 092 74 56 . 36 8180 7002 3.4 0.96 5 2 5 5 0.39 0.07 0.12 ©.23
18 092 75 60 . 26 4025 3271 4.1 0.95 & 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 ©.20 0.27 0.18
18 094 75 38 ) 22 3733 3090 5.4 1.07 & 3 6 G 0.27 0.58 0.07 0©.12
18 095 76 32 . 12 2367 1702 13.8 1.7 & 2 6 7 0.34 0.36 0.13 0©.18
18 097 75 37 ) 22 2400 1812 14.6 0.95 & 2 6 5 0.16 ©.72 0.16 _0.09
18 121 75 24 p 16 540 150 1.6 1.29 7 2 5 6 0.38 0.69 0.16 0.17
18 126 74 17 ; t1 971 566 6.5 1.48 & 2 7 7 0.34 0.08 0.18 0.16

—=8



- WATER QUALITY SUMMARY BY RESERVOIR-YEAR

----------------------------------------------- POOL DATA SCREEN CODE=B ------v---=--s--ce-sorossso-cm--om-oomoom-oommas

CCHAMX CSEC NPTL NCHA NNTL NSEC EPTL ECHA ENTL ESEC

g

89-d

_DIS RES YEAR CPTL CPDT CPDS CNTL CNIN CCHA CCFU

18 {28  75. 41 25 1043 496 6.4 1.24 7 2 7 7 0.38 0.01 0.24 0.15
18 129 74 21 ; 11 1257 759 3.9 1.83 7 2 7 7 0.18 0.41_ 0.13_0.13
s 134 77 4 1 636 361 3.2 1.52 7 4 7 2 0.1 0.15 0.22 0.60
18 263 75 48 . 16 2044 1245 ; 5.0 2 1.14 8 3 8 7 0.21 0.58 0.14 0.09
22 014 74 21 4 373 8O 14.6 : 23.7 _ 2.16 2 2 2 2 0.13 0.50 G.12 ©0.11
22 019 74 17 5 330 78 5.4 7.4 2.82 2 2 2 2 0.11 0.28 0.16 0.30
22 188 73 142 18 1082 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
22 190 173 61 3 828 330 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 ©.08 0.52
24 012 74 72 8 539 140 10.3 i1.7_ 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 2 0.09 0.74 0.03 0.08
25 020 74 51 5 649 106 20.3 30.0 0.83 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
25 103 74 57 14 $33 620 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
25 269 74 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_0.18
26 354 75 177 a2 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 ) 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
26 353 74 65 47 510 99 6.7 . g.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
76 359 78 248 62 400 . 14.0 0.55 2 2 0 2 0.68 0.29 . 0.77
26 360 74 110 29 1081 145 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
28 219 77 22 5 . 456 4.4 4.7 6.8 1.71 2 2 2 2 0.56 0.53 0.23 0.38
28 219 78 26 17 28 430 . 2WE BT 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
29 113 74 162 95° 1688 1212 11.3 18.8  0.74 2 3 2 3 0.23 0.27 0.14 0.32
29 {14 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
30 217 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 0.13
34 041 71 45 9 262 4% 1.0 1.8 5.68 8 5 6 7 0.17 0.23 0.14_ 0.06
34 041 72 16 7 264 21 1.3 2.5 6.50 7 7 7 g 0.15 0.21 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 O.14




WATER QUALITY SUMMARY BY RESERVOIR-YEAR

——————————————————————————————————————————————— POOL DATA SCREEN CODE=B -----------mmr-=-=----s--ooior--oo--momoooooooo

? OIS RES YEAR CP7TL CPOT CPDS CNTL CNIN CCHA CCFU CCHAMX CSEC NPTL NCHA NNTL NSEC EPTL ECHA ENTL ESEC

»

0 34 41 74 10 10 . iB6 24 0.8 1.8 7.08 7 7 7 7 0.00 0.23 0.22 0.09
34 C41 75 13 10 & - 34 1.5 3.3 3.95 7 7 o 6 0.14 0.24 ; 0.18
34 041 76 10 10 2 . 20 0.6 152 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 Corps of Engineers Model Testing Data Sets

Table Cl: Mutrient 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 C2Z include only
data passing screening criteria described in Part III of the
main text and listed in Table 14.
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Table Cl

Nutrient Input/Output Data Set

VARIABLE LABEL N MEAN STANDARD MINIMUM MAX IMUM
DEVIATION VALUE VALUE
IPTL INFLOW TOTAL P (MG/M3) 62 179.13 185.85 13.46 1050. 46
OPTL OUTFLOW TOTAL P (MG/M3) 62 72.17 56.867 8.29 224.80
1PDS INFLOW DISSOLVED P (MG/M3) 62 61.97 67.92 6.68 375.65
aprPDS QUTFLOW 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 INFLOW 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
THYD RESIDENCE TIME (YR) 62 0.32 0.33 0.01 +.89
Qsov OVERFLOW RATE (M/YR) 62 81.59 123.88 3.23 779. 14
SEDM SEDIMENTATION RATE (KG/M2-YR) 17 35.79 39.80 3.97 142.10
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NUTRIENT INPUT/QUTPUT DATA SET

DIS RES IPTL OPTL IPDS 0PDS INTL ONTL ININ ONIN ZMEA THYD Qsov SEDM
03 307 BELTZVILLE 13.5 10.9 6.7 6.7 1160 1149 704 739 13.4 0.243 55.1
04 312 £ J SAYERS (BLA 168.2 82.9 106.7 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 0.246 377, 23.56
08 074 CLARK HILL 55.7 24.3 15.9 8.7 697 892 274 225 10.7 0.263 40.8
(0F:] 330 HARTWELL 54.0 ‘9.2 21.0 5.7 895 1004 257 208 14.0 Q.541 25.8
10 003 HOLT 38.6 34.3 11.2 10.8 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. 157 58.5
10 071 SEMINOLE (WOODR 94.7 75.8 30.6 22.8 14086 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 G.083 71.3
10 076 SIDNEY LANIER 79,2 18.6 32.4 5.2 1045 801 474 412 16.3 0.894 17.1
10 411 BANKHEAD 64.1 52.6 15.0 11.5 1679 1857 915 728 9.4 $.038 245.6
14 099 RED ROCK 612.5 217.2 181.1 120.3 9470 7298 7130 5952 3.5 0.0386 96.7 .
1% 237 ASHTABULA (BALD 294.8 224.8 155.6 174 .1 2883 2241 777 512 3.8 0.485 7.8 8.18 i
o 16 243 BERLIN 261.4 57.86 151.6 210 2906 210¢ 1797 1165 5.2 0.222 23.2
d) 16 317 SHENANGO RIVER 86.8 70.0 35.2 13.3 1516 1491 T07 656 3.1 0.051 61.0
16 328 ALLEGHENY (KINZ 45.8 31.2 2.3 2.0 688 1301 374 640 13.1 C. 165 79.8
17 241 ATWOOD 88.3 27.5 21.2 9.5 2426 948 1562 362 4.4 0.304 14.3
A7 242 BEACH CITY 257.8 210.2 53.1 35.6 44111 3811 3000 2565 1.5 ©.013 117 .1 :
17 245 CHARLES MILL 175.6 156.2 50.8 26.4 3292 2920 1894 14 11 1.7 0.035% 47.0 12.31
17 248 DELAWARE 267.2 175.0 95.0 74:9 4503 400t 3245 2868 3.1 0.03% 88.8 2.75
17 249 DILLON 168.7 130.2 91.2 49.3 2577 2588 1670 1750 3.5 0.024 142.3 24,48
17 256 PLEASANT HILL 56.0 55.6 24.8 27.6 2047 1560 1414 1006 5.7 0.083 G8.8
17 373 JOHN W FLANNAGA 78.0 12.3 7.4 5.3 1309 1341 436 382 19.5 0.315 62.0 A
17 389 BLUESTONE 45.2 45.7 18.2 19.2 1390 1418 1015 1062 9.8 0.022 455.2 45.31
17 391 SUMMERSVILLE 24 .1 5.1 6.8 6.8 916 858 700 701 20.1 0.061 330.6
18 092 MISSISSINEWA 336.1 131.8 107.3 81.3 5697 3955 3432 2908 7.3 0.082 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
i9 119 BARKLEY 133.1 122.5 48.3 41.6 1187 1138 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 0.208 39.6 .
19 342 OLD HICKORY 106.0C 94 .1 32.3 26.2 1009 227 453 414 5.8 0.018 322.5 16.36

|

|

l

|
-

matery ST R
e S N T e —

— e T—




f=D

RES

343
081
087
088
189
o1
013
200
020
105
267
269
273
278
281
348
3a7
354
355
361
362
106
108
111
113
207
235
o77
300
029

DALE HOLLOW
CARLYLE
SHELBYVILLE
REND

ENID

BEAVER

BULL SHOALS
TABLE ROCK
MILLWOOD

JOHN REDMOND
EUFAULA

FORT SUPPLY
KEYSTONE
TENKILLER FERRY
WISTER

TEXOMA (DENNISO
CANYON

LAVON
LEWISVILLE(GARZ
SOMERVILLE
STILLHOUSE HOLL
KANQPOLIS
MILFORD

POMONA

TUTTLE CREEK
HARLAN COUNTY
SAKAKAWEA(GARRI
DWORSHAK

HILLS CREEK
MENDOCIND

OPTL

8.3
120.8
105.6

86.1
64.9
16.3
i2.4
18.1
48.3
178.0
191.0
81.5
109. 1
47.9
70.8
92.0
11.3
49.0
77.0
65.7
17.2
89.7
59.6
59.5
136. 1
121.9
27 .2
16.6
35.7
62.5

1PDS

7.8
61.9
981
55.6
82.4
16.8
7.6
46.4
17.2
105.86
83.0
20.2
124.1
54.8
21.8
85.1
8.2
76.1
90.7
49.0
14.4
138.8
210.7
53.6
274.8
375.6
22.2
8.0
31.1
26.6

gPDS

5.6
56.6
53.8
23.3
23.2

6.0

5.7
12.8
12.3
71.4
59.2
14.9
85.9
30.6
26.5
46.4

5.7
23.8
43.8
20.1

6.1
29.1
28.4
14 .8
iy o
66. 1
12.1

7.8
24.0
25.3

INTL

662
4205
8228
2698
1652
1013

766
2101

723
3450
1935
1492
3131
1957

956
2705
1403
2161
1988
1834
1366
2676
2767
3243
4884
7473
1430

694

190

947

NUTRIENT INPUT/OUTPUT DATA SET

ONTL

1485
3599
6194
1418
875
773
777
1418
459
1976
1475
892
1463
1843
203
1188
727
888
956
1225
649
1584
1494
2280
2298
1235
547
387
246
750

ININ

377
2963
7526
924
479
482
a74
930
200
1375
282
451
875
780
133
451
a57
678
560
272
447
€15
98s
1067
1861
999
178
35
32
151

ONIN

818

~N
z
m
>

—_

DHOP IO D RENPON A O s WBNWU = d DR O =

13.5

THYD

0.675
0.122
0.201
0.579
0.310
0.946
0.437
0.592
0.025
0.054
0.315
0.704
0.066
0.340
0.070
0.407
0.571
0.291
0.439
0.311
0.453
0.316
1.109
0.370
©.356
1.888
0.896
0.596
0.291
0.248

Qsov

21.4
30.1
30.0
5.6
18.1
18.7
48 .3
33.0
90.3
45.7
23.7

121.6
47.0
44 .4
23.9
23.7
17.1
15.1
14.8
26.3
15.2

4.9

21.7

20.1
96.7
126.9
54.3

SEOM

13.37

53.86
60.3%5
13.55
122.73

142. 10

19.18
16.84
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Table C2

Hutrient Loading/Water Quality Response Data Set

VARIABLE LABEL N MEAN STANDARD LIS €L MA KT MUM
DEVIATION VALUE VALUE
CPTL TOTAL PHOSPHORUS (MG/¥W3) 43 TH. §R 52.44 10,17 277 .04
oPTL CUTFLOW TOTAL P {ME/M3Y 4% 77.52 5%, 46 8.29 224 80
CHTL TOTAL MITROGEMN (MG/MD) 43 1065, 61 887.27 247 .34 4352 .30
CSEC SECCHI DEPTH {#) a3 1,32 §.03 0.19 4.3%
CCHA CHLOBOPHYLL-A (8G/M3) 43 13,685 12,08 2.41 57.13
CALPH MOMALGAL TURBIDITY (4/M) 43 1,12 1.0% 0.15 5.24
IPTL INFLOW TOTAL & {RE/M3) 43 187,45 187 .74 13,36 936.81
P05 INFLOW DISSDLVED P (MG/M3) 43 85 .08 66,87 .68 357.6%
ENTL INFLOW TOTAL N (MG/M3) 43 2380, 67 1T 4B 674.42 BE484 .93
ININ INFLOW INORGANIC N (MG/M3) 43 1808, 62 13048, 186 24 .80 7459, 61
ZHMEA BMEAN DEPTH {M) 43 9,98 %61 1,42 57 98
THYD RESIDENCE TIME (YR} 43 G, 32 .35 0.0 1,43
ROV OVERFLOW RATE (M/YR) 43 g8 86 9408 4,43 745,30

SEDM SEDIMENTATION RATE (KE/MZ-YR) {3 29,87 3z.57 .87 142.73
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NUTRIENT LOADING/WATER QUALITY RESPONSE DATA SET

DIS RES’ YEAR CPTL OPTL CNTL CSEC CCHA CALPH IPTL IPDS INTL ININ ZMEA THYD QSOv SEDM
Q3 307 BELTZVILLE 73 10.7 10.9 941 3.49 4.9 0.17 13.4 6.7 1162 704 13.5 0.247 54.5
04 312 F J SAYERS (BLA 73 96.5 82.9 1724 1.20 18.0 0.45 166.3 104.8 2683 1788 4.7 0.048 99.1 i
06 372 JOHN H KERR 73 50.0 25.9 677 1.09 8.1 §.11 135.5 33.6 14912 378 9.3 0.176 S3.2 23.56
10 CO3 HOLT 73 24.2 34.3 1152 1,23 2.6 Q.75 38.0 11.0Q 1282 631 10.9 0.01% 715.3
10 411 BANKHEAD 73 40.1 52.6 1409 1.20 4.0 0.80 64.4 15.1 1682 914 9.4 0.041 226.7 .
15 237 ASHTABULA (BALD 74 277.0 224.8 1739 0.75 41%.3 0.37 298.9 155.7 2913 832 3.7 0.35%1 10.6 8.18
16 243 BERLIN 73 58.8 57.6 1428 O0.B6 14.6 0.85 249.6 136.7 2889 1833 5.2 0.196 26.86
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 6&2.1
16 328 ALLEGHENY (KINZ 73 20.9 31.2 735 2.18 3.7 0©.49 45.4 12.2 681 370 13.4 0.176 76.1
17 241 ATWOOO 73 41.3 27.5 945 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 ©.28 10.9 3.31 258.9 49.7 4343 3261 1.4 0.008 175.7 ;
17 24% CHARLES MILL 73 127.0 156.2 1765 ©.44 67.1 Q.67 176.8 50.9 3356 1970 1.6 0.028 56.0 12.31
17 248 DELAWARE 73 102.5 175.0 3106 ©0.40 10.8 2.34 267.6 92.1 4728 3533 3.1 0.027 113.8 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.C 24.18
17 256 PLEASANT HILL 73 40.4 5%.6 950 1.10 22.8 0.37 50.9 22.0 2138 1509 5.3 0.053 99.5
17 373 JOHN W FLANNAGA 73 i0.6 12.3 523 2.24 5.6 0.45 72.2 7.7 1306 430 19.6 0.443 47.4
17 391 SUMMERSVILLE 73 12.8 15.1 858 3.53 6.2 0.15 24.2 6.7 930 709 21.0 0.056 376.3
18 092 MISSISSINEWA 73 103.8 131.8 3070 0.67 15.8 1.36 337.7 107.6 5737 3459 7.4 0.079 93.9
18 093 MONROE 73 31.1 12.8 763 1.64 7.2 Q.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 8.4 0.74 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 1.6 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 10.0 0.40 139.9 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 14.4 0.765 18.8 &
20 081 CARLYLE 73 84.4 120.8 2091 0.56 17.4 1.43 198.3 61.9 4214 2972 3.7 0.122 36.5 13.37
20 087 SHELBYVILLE 73 69.3 105.6 4352 0.98 17.4 0.64 175.9 98.9 8185 7460 6.3 0.209 30.2
20 088 REND 73 71.1 86.1 1211 ©.72 23.5 0.85 309.6 56.4 2729 929 3.1 0.696 4.4
24 Q11 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
24 013 BULL SHOALS . 74 15.9 12.4 527 3.96 4.0 0.17 18.2 7.6 764 473 21.3 0.502 42.4

24 200 TABLE ROCK 74 29.4 18.1 636 2.27 9.1 0.26 47.7 4%.9 2105 927 19.7 0.588 33.4 .
25 105 JOHN REOMOND 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
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DIS RES
25 287
25 273
25 278
25 2814
28 385
23 108
29 a8
29 111
29 207
40 485
R B

EUFAULA
KEYSTONE
TENKILLER FERRY
WISTER
LEWISVILLE{GART
KARGPOLIS
HILFORD

PFOMONA

MARLAN COUNTY
SARAKAWE A (GARRY
DWURSHAK

T4
T4

PUTRIEMT LOSDING/WATER UUALITY RESPONSE DATA SET

as,
I I
37.
96,
131.

1491
pleic)

47 .
VO,

YEAR  CQPTL OPTL

Rt
Lk
G
B
e
.7
53
5
.9
.2

.6

CHTL

454
1287
837
G586
BS54
11893
1169
1526
1033
460
247

CBEC

o, 45
.37
1.64
O.568
0.863
.34
0.8%
0. 47
Q.61
4.32
2.4%9

COMA

2

LR o b

o N N Rl iy, S

CALPH IPTL
2.42 359,
3.23 386.
.53 B3,
1.59 7.
1.88  318.
2.52 938,
.04 BEE.
.93 13g,
.39 401,
1.07 2214,
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IPDS TINTL
88.7 1963
. G124
54,7 1987
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LG 2402
146,00 2816
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ABTUT TAA
19,0 1304
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ININ ZBEa
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873
788
131
e
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1370
peloee]
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EmMALNENDEHC S
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T OO0 0000

THYD

LA5Y
Rel:t:
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SO0
.48

146
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L4332
L3117
. 597

Q50V SEDH
6.4 &0.35
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49.3 .
43.0 3.97
6.1 16.84
44.0
26.8
8.0 .
5.2 22.80
13.6
97.2



8=0

VARIABLE

DTMAX
ZTHERM
PZMAX
PZDOM
TH
CPTL
CCHA
CSEC
IPTL
OPTL
THYD
QsoV
ZMEA
ZH

Oxygen Status Data Set

LABEL

TOP-TO-BOTTOM TEMP. DIFFERENCE (DEG-C)
MID THERMOCLINE DEPTH (M)
MAXIMUM D2 PROFILE DEPTH (M)
MINIMUM DEPTH OF ANOXIC COND. (M)
MEAN HYPOLIMNION TEMP. (DEG-G)
TOTAL PHOSPHORUS (MG/M3)
CHLOROPHYLL-A (MG/M2)

SECCHI DEPTH (M)

INFLOW TOTAL P (MG/M3)

QUTFLOW TOTAL P (MG/M3)

RESIDENCE TIME (YR)

OVERFLOW RATE (M/YR)

MEAN DEPTH (M)

MEAN HYPOLIMNION DEPTH (M)

Table C3

MEAN

13

31

66

1.
8.

.381
.272
.431
16.
.452
43,
.092
.886
108.

52.
.533
.436

521

978

025
911

520
680

STANDARD
DEVIATION

5.191
3.444
20.2086
19.664
4.437
42.704
9.497
1.245
122.612
55.692
0.745
122.062
9.163
8.848

MINIMUM
VALUE

s
O =« =200 WO+ =WNO

.0C0
. 400
.0483
.524
-500
. 470
.036
.330
. 363
.286
. 007
.042
.601
.624

MAX IMUM
VALUE

24 . 000
25.915
91.463
91.463
22 .500
234.167
58.983
6.115
656.829
279.132
4.321
812.107
57.982
55.270



GRYGEMN STATUS DATA SET

“““““““““““““““““““““““““““““““ S e AYEEN STATUS GROUPBOATC —mm m oo o m o i s s e o i o 00 o 05 0 oo o = o
SIS RES DTMAX  ZTHERM PIMax  PIOOM TH CPTL  CCHA  CSEC IPTL OPTL THYD G0V IMEA H
a0 235 SAKAKAWEA(GARRI 1% 5.9 5.9 87.98 1.% 22,9 3.3 2.80 221.2 7.2 1.817 13.6 18.0 9.2
31 G777 DYORSHAK 18 9.0 1.0 81,0 T.EOO13.0 2.4 2.49 19.3 6.8 O.Bg7 gr.2 868.0 095.3
32 204 KUODKANUSA(LIBBY 15 9.0 91.8 91,5 7.5 47.3% 2.8 4.04 23,1 2401 QL4112 77.8 32.% 28.8
33 GO0 HILLS CREEXK 16 9.0 a7.1 7.1 7.5 20,1 3.2 1.7% 4.0 35.7 o281t 1278 37,1 32.8
34 G411 FOLSOM 18 9.1 68.6 88.6 0.3 16.8 1.0 5.07 . . 0.104  151.8 15.8 14.5

""""""""""""""""""""""""""""""""""""""""" QXYGEM STATUS GROUP=INTERMEDIATE --rrrmeormmmr s i e m o o
BIs RES DYMAX  ZTHERM PIMAX PZOOM TH CETL LOHA CBEC IPTL  OPTL TRHYD QS0V  ZMEA it 2|
03 307 BELTZVILLE 8 Bl 36.6 15.2 2.5 0.2 .4 3.61 13,4 10,8 0,247 4.5 13.5 1.9
igG 393 TYGART 12 .7 36 .8 21.3 9. 5% 5.8 $.2  X.88 w8 32.0 C.038 437.2 8.8 9.5
17 373 JOHM W FLANNAGA . 7.6 5.2 39.6 0.5 9.8 4.8 2.88 72,2z 2.3 0©.413 47.4 13.6 7.8
17 38t BUMMERSVELLE 24 2.1 76.2 23.4 LRSS I b FLROOFLTE 2403 4501 0.058 3T7H.3 2100 173
19 122 CUMBERLAND {wOL 18 7.8 54.9 36.6 10.3 2.2 4,2 1.3 S57.8 33.8 0,382 5g.5  22.7 8.2
19 343 BALE HOLLUOW 1 P 42 .7 2.3 10.5 .t .6 B.14 17.8 B.2 0.783% 18.8 14.4 40,2
232 014 DE GRAY Q4 6.7 51.8 30.5 T.5 O A%.% 15,4 248 : . 1.130C 13.2 4.8 3.7
22 019 OQUACHETA {BLAKE 24 7.6 53.4 36.0 T.E 6.8 4.0 3.61 220 15.8 1,102 4.7 16.2 14,0
24 211 BEAVER 21 .8 5%.8 38.1 7.9 8.2 3.2 2,77 62.5 18.3  1.028 iv.3 177 8.5
24 013 BULL SHDALS 21 g.2 57.92 35,6 7.5 14.3 BT 4,28 8.2 12.4 0.3702 42.4  24.3 1819
24 148 CGREERS FERRY 21 8.2 54.% 39,6 7.9 10.9 4.9 4,27 34.5 1t.4 1,158 g .t 8.7 8.0
24 Q22 NAORFOLK it 9.1 53.4 5.3 7.8 15,2 3.4 3.88 16.4 1.3 {¢.8IB 28.6 18,0 1%.4
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OAYGEN STATUS DATA SET

------------------------------------------------- OXYGEN STATUS GROUPSANDXIC === oo oo bt e oo i kst

Di% RES DYMAX  ZTHERM PZMAX PIDOM TH CPTL  CCHA  CSEC  IFTL UPTL THYD G50V IMER 2M
QG 378 JOMM H KERR % 10.7 as.5 7.8 16.5 AG. B g.2 1.%3 13%.% 2%.8 0,178 B3.2 9.3 &8
o8 T4 CLARK HMILL 18 &, 1 42.7 B.% 18.85 171 7.6 2.22 55.6 4.3 Q.2%0 42,7 W7 9.6
o8 330 HARTWELL 18 7.6 51.8 0.7 16.5 10.2 5.8 3.0t 54 .0 9.2 {.583 3.8 12.2 12.8
G QY WEST PRINT 2 &.7 2.9 5.2 22.% 6.7 12.4 0.80 . . Lo ) 4%.8 7.t 5.2
0 G768 SIDNEY LANIER ig 8.1 44,2 1.7 188 12.7 5.3 2.70 LT 18,8 0,232 6.2 8.1 13,1
15 178 GULL g 12.2 ig. B 1.3 13.5 0.6 9.7 2.84 33.5 18.9 L2543 3.9 2.8 5.6
5 P81 LEECH 12 14,0 25.% 5.2 10.8 8.8 6.2 2.1% %1.3 2.2 4.3 1.0 4.5 5.2
16 399 EAl GALLE g 2.4 3.0 2.4 13.5 G0 7.4 1,34 - . 0,089 43,5 Fo1 2.7
16 243 BERLIN 5] 7.6 22.% 4.3 18.5 4.1 $1.7 .83 249.8 87.6  ($.196 28.6 5.2 3.7
16 328 ALLEGHENY {MINZ 12 .1 B0.8 10,7 13.5 #1.4 .8 2.4% 45,4 dv.2 Q78 7.1 3.4 103
47 247 ATWOOD g §.14 W7 4.% 16,5 7.3 9.7 1.28 93.4 27.5  Q.582 11.8 4.5 2.8
17 Z4% CHARLES MILL b 3.7 7.8 2.4 12,5 181,22 59.0 O.4% 1¥5.8 188.2 0.2 56 .0 .6 P8
17 47 DEER CREER & 7.6 18.7 5.8 16.3% TG94 1.8 (.88 3.1 1277 G050 88.0 4.4 0.8
17 249 UDILLON @ 4.8 g.1 2.4 19.5 17,7 31.3  0.52 i64.4 130.2 0.017 180.0 3.0 1.6
17 B8 TAPPAM 3 S.9 9.1 4.3 1659 41.3 d8.% 0.89 30,1 29,8 (.482 9.4 4.3 .2
17 389 BLUESTOME & S 13.7 8.1 19,5 B8 .3 G.87 46 .0 4%.7  £.007  Bi1ZOA [ 1.5
18 RO CAGLES MILL 15 #.1 i5.2 2.4 13.% 35.8 1.08 . . [EINR Re 14 45 . 4 5.9 2.5
18 Ot HUNTINGTDN [ 4.8 8.1 4.0 18,5 132.2 . 087 . . 0,089 148.7 4.2 2.0
18 GB2 MISSISSINEWR g 7.8 21.3 5.9 1.5 S8.9 .4 0.94 337.7 131.8 o0.079 83.9 7.4 4.2
14 083 MONROE i5 7.8 8.8 5.% 16.5 27.7 7.3 1.82 28.9 2.8 0.407 13.7 5.6 2.2
i8 %4 SALAMONIE 12 7.8 21.3 3.9 16.58 38,3 A 1.07 . . O, 187 8.8 g5 4,2
14 095 ¢ M HARDEM (MAN 12 7.6 16.8 5.5 16.%8 29.4 1,011 \ . 0.317 23.0 7.G 4.2
18 D97 BROOKVILLE 18 7.8 28.0 5.% 16,5 26.2 . 1.03 . . 0. 898 15.4 10.7 2.2
18 120 BARREM HIVER 15 T8 21,3 §.1 13.8% 6.8 TP 1,34 GG .6 47.3 0.5 G508 7.8 4.2
18 123 BUCKHORN 12 7.6 i18.3 8.2 11B.% 21.9 1.37 . . 0.077 99,4 7.7 6.2
i8 146 GREEN RIVER 14 &7 244 5.8 13.% 20.8 1,56 . . 5. 334 i7.4 a1 &.0
18 128 NOLIN RIVER 18 &7 29.0 1.3 13,5 29.5 1.46 . . 0,265 33.8 8.0 6.9
18 129 ROUGH RIVER 13 7.8 19.8 4.6 2.5 18.7 1.53 - . .24 8.2 7.0 4.0
8 134 CAVE RUN 15 8.7 21.3 5.% 10.%9 7.5 1.88 . . LR 28.4 8.3 4.9
18 260 WEST FORK OF MI e *.4 §.1 1.5 16.% 234.2 .33 . . L0732 34.8 2.8 2.2



OXYGEN STATUS DATA SET

—————————————————————————————————————————————— GXYGEN STATUS GROUP=ANOXIC

RES

263
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O87
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APPENDIX D

Model Residual Summaries and Analyses

Table DIl

Key to Appendix D Tables

————— e T " . ! S = e S . S S  ———— — T Y S e S o S S e e e i e e e e

Model Category: Internal
Report Section: v
Model Code and
Data Set Definitions 16,19%*
Statistical Summaries:
Original Parameters D2
Optimal Parameters D3
Regional Analyses D8
Correlation Matrices D11
Stepwise Regressions D14

* Tn the main text.

P Retention Load/Response

VI

D4

D5

D9

D12

D15

VI

i ——— —————

25,26 ,27*

D6
D7
D10
D13

D16

——— e e e o e e e B o e e e ———




Table D2

Error Statistics for Internal Models with Original Parameters

MEAN STD MSE T PRT MIN MAX R2 CHI2Z MAD

e e e e S A A e e e e e e S e o B S o e e e e e B b S S A B e

BO1AOL
B01AO2
BO1AO03
BOZAOL
B03401
B04AO01
BOSAO1

S01A01
S01A02
S02A01
S03401

804A01
504A02
S05A01
S05A02
S06A01

-0.173 .212 .075 ~13.11 <.001 -0.66 0.59 0.286 9.23 .216
~0.233 ,197 .093 -18.98 <,001 -0.64 0.46 0.112 11.50 .262

o e e o e T - —— e e e s s B e e e

Statistic Definitions

N
MEAN
STD
MSE

PRT

MIN

R2
CHIZ2

number of observations

mean residual (bias)

standard deviation

mean squared error (uncorrected for degrees of freedom used in
parameter estimation)

t-test for HO: mean=0

probability if greater T, given HO
minimum residual

maximum residual

R-Squared

Chi-Squared (see Part IV of main text)
median absolute deviation




in

Error

Table D3

Statistics for Internal Models

with Optimized Parameters

S01X01
502%01
S03X01

S04X01
504X02
S05X01
§05X02
S06X01
S06X02

BO1X01
BO1X02
BO1X03
BO1X04
BO1X05

BO2X01
B02X02
BO3X01
B0O3X02
BO4X01
B04X02
BO5X01

0.003
0.000

-0.003
0.005
0.006

-0.006

~0.006

0.007
-0.005
-0.005

0.016
-0.005

0.007
-0.023



Table D&

Error Statistics for Phosphorus Retention

MODEL N

e e e = e S e e Bt ot o o e e e o e S e o o e o e . e Tt e ot e B e B e e

RO1AO1
R0O1A02

ROZACL
RO2A02
RO2A03
RO2A04

RO3A01
R03A02
RO3A03
RO3A04
RO3A05
RO3A06
RO3A07

RO4AOD1
RO4AQ2
RO4AQ3
RO5A01
RO6A01
RO6A02
RO6A03
RO7A0L
ROBADI
RGOAOL

R1CAO1
RI0AOQ2
R11A01
R11A02
R11A03
R12A01
R13A01
R13A02
R13A03

RI14AQL
R1I5A01
R15A02
R15A03

R16A01

62
62

62
62
62
62

62
62
62
62
62
62
62

62
62
62
62
62
62
62
62
56
62

62
62
62
62
62
62
62
62
62

62
62
62
62

e i et B S e i i T S e i e e D e e e (B e i s e e e e i Pt B e sl v e e e i e b e Y s T e S e e e e e e . B
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Table D5

Error Statistics for Phosphorus Retention Models with Optimal Parameters

MODEL N  MEAN STD MSE T PRT MIN MAX R2 CHI2 &AD

RO1X01 62 ~0.030 0.234 0.055 -0.99 .324 -0.488 0.483 0.633 6.06 0.120
R0O2X01 62 -0.038 0.262 0.069 -1.13 .264 -0.701 0.888 0.534 7.18 0.137
RO3X01 62 0.001 0,223 0,049 0,03 .978 -0.538 0.440 0,671 5.13 0.139
R0O4X01 62 -0.000 0,226 0.050 -0.01 .993 -0.495 0.446 0.660 5.55 0.141
RO5X01 62 0.000 0.251 0.062 0,01 .992 -0.726 0.702 0.581 6.42 0.164
RO6X01 62 -0.002 0.226 0.050 -0.08 .936 -0.650 0.440 0.663 5.30 0.157
R0O7X01 62 0.002 0.226 0.050 0.07 .946 -0.663 0.452 0.660 5.27 0.157
RO8X01 62 -0.001 0.239 0.056 -0.02 .984 -0.713 0.534 0.622 5.68 0.152

0

0

0

OO C OO

R0O9X01 62 -0.182 0.296 0.119 -4.84 <.001 -0.931 1.005 0.199 10.97 0.167
R10X01 62 0.002 0.222 0.048 0,06 .951 -0.559 0.447 0.675 5.11 0.130
R11X01 62 0,000 0.239 0.056 0.01 .992 -0.625 0.361 0.622 6.38 0.189
R12X01 62 0.014 0.189 0.035 0.57 .568 -0.434 0.441 0.763 4.48 0.109
R13X01 62 0.001 0.206 0.042 0.04 .969 -0.554 0.380 0.718 4.56 0.165

' R14X01 62 0.001 0.169 0.028 0.04 .969 -0.376 0.427 0.810 3.17 0.108
R15X01 62 0©.005 0.168 0.028 0.21 .833 -0.402 0.398 0.813 3.54 0,100
R16X01 17 -0.065 0.232 0.055 -1.16 .261 -0.552 0.347 0.123 4.70 0.155
\ —————————————————————— Restricted Data Set¥® ———————s————rmm—e e e

? R0O1X02 56 -0.035 0.199 0.040 -1.33 .189 -0.464 0.407 0.724 4.47 0.088
R0ZX02 56 -0.039 0.222 0,050 -1.31 .194 -0.486 0.790 0.655 5.35 0.111
RO3X02 56 0.002 0.182 0.033 0.07 .942 -0.394 0.358 0.775 3.65 0.117
RO4X02 56 -0.000 0.188 0.035 -0.00 .997 -0.426 0.362 0.760 3.99 0.130
RO5X02 56 -0.000 0.205 0.041 -0,01 .996 -0.474 0.534 0,715 4.63 0.144
RO6X02 56 -0.002 0.179 0.031 -0.09 .928 -0.404 0.351 0.783 3.73 0.1l16

N RO7X02 56 0.002 0.179% 0.032 0.10 .917 -0.406 0.357 0.781 3.70 0.114
0 RO8X02 56 0.001 0.190 0.035 0.03 .976 -0.443 0.428 0.756 3.99 0.117
3 RO9X02 56 -0.162 0.241 0.083 -5.02 ,000 -0.651 0.794 0.427 8.05 0.148
;2 R10X02 56 0.003 0.180 0.032 0.12 .903 -0.398 0.369 0.780 3.58 0.111
;l R11X02 56 0.000 0.206 0.042 0.01 .992 ~0.530 0.285 0.711 5.31 €¢.171
: R12X02 56 0.007 0.166 0.027 0.30 .765 -0.417 0.368 0.813 3.42 0.107
32 R13X02 56 0.005 0,174 0,030 0.23 .815 -0.459 0,315 0.794 3.55 0.132
22 R14X02 56 0.002 0.155 0.024 0.08 .940 -0.404 0.378 0.837 2.70 0.100

R15X02 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

D-5




Error Statistics

Table D6

for Phosphorus Loading Models with Original Parameters

POLAOY 43 -0.255
P01A02 43 -0.148
PO2A0L1 43 -0.,206
PO2A02 43 -0.177
P0O2A03 43 -0.154
PO2A04 43 0.196

PO3AOL 43 -0.167
PO3A02 43 -0.183
PO3A03 43 -0.183
PO3A04 43 -0.118
PO3A05 43 -0.053
PO3A06 43 -0.055
PO3A07 43 0.031

PO4AOL 43 -0.175
PO4AO2 43 -0.257
PO4AO3 43 -0.119
POSAOL 43 -0.130
PO6AOL 43 =0.132
PO6A02 43 -0.098
PO6AO3 43 0.007

PO7A0L 43 -0.207
PO8BAOL 39 0.246
PO9AOLl 43 0.657
P10AO1 43 -0.036
P10AO2 43 -0.143

P11A01 43 0.090
P11A02 43 -0.008
PL1AO3 43 0.096
P12A01 43 -0.022
P13A0L 43 -0.092
P13A02 43 0.046
P13A03 43 -0.071
P14A01 43 ~0.076

P15A01 43 -0.054
PISA02 43 -0.116
P15A03 43 -0.027
P16A01 13 ~0.044

T PRT
-6.70 <,000
-3.66 <,001
-5.31 <.000
=4.46 <,000
-3.80 <,000

3.68 .001
~4.47 <.000
-4.92 <.,000
-4.90 <.000
-2.96 .005
=137 <179
-1.44 157

0.82 .416
-4.60 <,000
-6.68 <.000
-2.99 .,005
-3.36 .002
~3.52 001
-2.50 .016

0.19 .847
-5.,37 <.000

3.37 .002

3.53 .001
-0.92 .36l
=-3.57 .001

2,59 .013
-0.21 .838

2,71 .010
-0.67 .503
-2.,71 .010

1.50 .1l41
-1.98 .055
~-2.29 .027
-1.79 .080
-3.63 .00l
-0.92 .364
-0.84 .417

—
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0.269 0.276
1.865 -0.905
5.126-12.029
0.476 0.560
0.367 0.396

0.522 0.597
0.458 0.549
0.535 0.574
0.410 0.678
0.297 0.608
0.474 0,707
0.326 0.595
0.285 0.645

0.420 0.712
0.319 0.610
0.462 0.737
0.156 0.252

13.14 0.225
11.88 0.189
11.10 0.187
21.29 0.215

10.94 0.169
11.65 0.190
11.66 0.176
10.21 0.189
8.71 0.154
8.47 0.155
9.39 0.139

11.74 0.163
16.38 0.204
10.17 0.172
9.89 0.155
9.27 0.168
8.92 0.140
8.47 0.150

13.02 0.224
41 .45 0,219
203.6 0.295
8.19 0.130
10.61 0.185

8.71 0.159
9.40 0.165
9.37 0.171
5.63 0.127
7.22 0,135
5.62 0.121
7.70 0.134
6.60 0.140

4,90 0.107
6.87 0.160
4,44 0.117
7.05 0.112

e e e e . e e e . e A e e e e o e . e s S e et e

(continued)



Table D6 (continued)

Error Statistics for Phosphorus Loading Models with Original Parameters (ct)

e e e s e B S Lttt A e e e P e T B e e e s T e e e .

B10AOL 43 -0.691 0.511 0.733 -8.88 <,001 -1.865 0.264 -5.527 40.29 0.736

B11A01 43 -0.283 0.326 0.184 =5.70 <.001 ~1.041 0.327 -0.636 10.66 0.325

; z B11A02 43 ~0.179 0.288 0.113 -4.09 <.001 -0.872 0.429 -0.006 6.84 0.246
, B11A03 43 -0.077 0.260 0.072 =-1.93 .060 -0.691 0.583 0.360 4.68 0.187
B11AO4 43 —0.058 0.272 0.075 -1.40 .169 -0.714 0.575 0.328 4.93 0.211
BI11A05 43 -0.117 0.277 0.089 -2.77 .008 -0.786 0.507 0.211 5.5¢ 0.212
B11A06 43 -0.223 0.299 0.137 -4.90 <.001 -0.938 0.371 -0.221 8.14 0.294

g B11A07 43 -0.093 0.356 0.133 -1.71 .095 -0.894 0.546 -0.182 8.26 0.259
6 B12A01 43 -0.191 0.292 0.120 =4.28 <.001 -0.877 0.346 -0.067 7.56 0.298
9 B13A01 43 -0.092 0.262 0.075 =-2.30 .027 -0.686 0.537 0.329 4.80 0,189
'4 B14A01 43 -0.006 0.302 0.089 -0.14 .891 -0.593 0.718 0.204 5.76 0.189
;3 i S10A01 43 -0.243 0.207 0.10F -7.69 <.,001 -0.758 0,163 0,044 12.95 0.264

510402 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




Table D7

Error Statistics for Phosphorus Loading

POLXO1
P0O2X01
PO3X01
PO4X01
P0O5X01
PO6X01
PO7X01
PO8X01
POSX01
P10X01

P11X01
P12X01
P13X01
P14X01
P15X01
P16X01

B10X01
B11X01
B12X01
B13X01
B14X01
B15X01

510X01
§11X01

43 -0.078
43 -0.070
43 0.001
43  0.000
43 -0.000
43 -0.000
43 ~0.001
43 -0.001
43 -0.173
43 0.001

43  0.001
43 0.015
43 0.000
43 -0.001
43 0.005
13 -0.063

43 0.001
43 0.001
43 -0.027
43 0.002
43 -0.000
43 -0.003

43 0,009
43 0.006

0.284
0.285
0.242
0.249
0.248
0.242
0.243
0.244
0.285
0.242

0.217
0.207
0.202
0.169
0.170
0.180

0.274
0.256
0.259
0.256
0.302
0.231

0.175
0.149

0.085
0.084
0.057
0.061
0.060
0.057
0.058
0.058
0.109
0.057

0.046
0.042
0.040
0.028
0.028
0.034

0.074
0.064
0.066
0.064
0.089
0.052

0.030
0.022

-1.81
~1.60

0.04

0.00
-0.00
-0.01
-0.03
-0.02
-3+99

0.03

0.02
0.47
0.01
-0.03
0.21
-1.27

0.02
0.02
-0.69
0.06
-0.00
-0.08

077
.116
971
«399
1.000
.991
«973
.987
<.001
.976

.981
.643
«992
.980
.836
.226

.982
.982
494
.952
.997
.934

.726
.788

Models

with Optimal

Parameters

D-8

MIN MAX R2 CHI2 MAD
-0.911 0.396 0.415 10.58 0.221
~0.925 0.529 0.420 9.85 0.170
-0.826 0.418 0.606 8,37 0.146
-0.842 0.419 0.582 8.65 0,153
-0.828 0.445 0.585 8.44 0.118
-0.787 0.487 0.605 8.15 0.139
~0.785 0.489 0.603 8.22 0.137
-0.811 0.463 0.598 8.21 0.135
-1.047 0.348 0.245 13,27 0.234
-0.822 0.430 0.607 8.25 0.147
-0.563 0.431 0.682 6.07 0.127
-0.670 0.433 0.711 5.54 0.105
-0.561 0.447 0.726 4.97 0.110
-0.433 0.389 0.807 3.64 0.110
~0.432 0.359 0.804 3.79 0.107
-0.401 0.121 0.264 7.34 0.096
~-0.543 0.711 0.345 4.89 0.182
-0.569 0.689 0.432 4.33 0.178
-0.578 0.615 0.408 4.65 0.202
-0.546 0.670 0.431 4.29 0.172
-0.587 0.730 0.205 5.77 0.185
-0.533 0.548 0.536 3.35 0.165
-0.360 0.443 0.717 3.08 0.109
-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

POLX02 39 -0.076 0.218 (.052 -2.16 .037 =-0.452 0.342
PG X0Z 39 -0,072 0,216 -.051 -2,08 .044 -0.440 0.435
P0,X02 39 0.000 0,182 0.032 0,01 .991 -0.338 0.373
P04X02 39 -0.000 0.186 0.034 -0.00 .998 -0.365 0.371
P05X02 39 -0.000 0.182 0.032 -0.00 .997 -0.345 0.394
P06X02 39 0.000 0.181 0.032 0.00 .999 -0.340 0.413
PO7X02 39 -0.003 0.186 0.034 -0.09 ,928 -0.301 0.437
PO8X02 39 0.001 0.182 0.032 0.04 .,971 -0.316 0.417
P09X32 39 ~0.142 0.212 0.064 ~4.18 <,001 -0.510 0.301
PLO¥D2 39 -0,000 0,181 0.032 -0.00 .997 -0.326 0.391

639 8.01 0.195
651 7.02 0.168
776 5.99 0.131
767 6.17 0.132
J77 5,75 0.126
779 5,77 0.119
.767 5.85 0.141
776  5.68 0.119
.558 9.60 0.192
.780 5.75 0.120

OO0 OO OO OC

P12X02 39 0.007 0.157 0,024 0.26 .792 -0.276 0.375 0.834 3.80 0.096
! P13X02 39 0.001 0.158 0.024 0.06 .953 -0.,302 0.380 0.833 3.59 0.105
; P14X02 39 -0.000 0.140 0.019 -0.01 .990 -0.240 0.361 0.869 2.79 0.100
P15X02 39 0.005 0.145 0.020 0.20 ,839 -0.,252 0.353 0.859 3.01 0.105
P15X03 39 -0,003 0.154 0.023 -0.12 .902 -0.338 0.369 0.841 3.42 0.100

|
1 P11x02 39 0.001 0.175 0.030 0.02 .982 -0.341 0.381 0.793 4.65 0.123

: i B10X02 39 0.002 0.281 0.077 0.03 .973 -0.581 0.681 0.352 5.18 0.206
: Bl11X02 39 -0,001 0.261 0.067 -0.02 ,987 -0.607 0.658 0.439 4.58 0,177
) B12X02 39 0.000 0.268 0.070 0,01 .991 -0.562 0.631 0.410 4.97 0.199
; B13X02 39 0.001 0.263 0.067 0.03 .975 -0.576 0.642 0.432 4.58 0.186

= * Bl4X02 39 0.002 0.315 0.096 0.04 .971 -0.594 0.722 0.187 6.27 0.190
5 B15X02 39 -0,010 0,241 0.057 -0.25 .803 -0.543 0.538 0.521 3.67 0.169

i : $10X02 39 0.004 0.151 0.022 0.17 .862 -0.306 0,335 0.788 2.71 0.109
§11X02 39 0.000 0.145 0.021 0.01 .991 -0.317 0.305 0.803 2.48 0.084

B ——————————————————————— Low-Turbidity Data Set %% ——————————o——mm————

B11X03 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
§11X03 29 -0.009 0.106 0.011 -0.43 .667 -0.201 0.179 0.845 1.37 0.086

e e e e e e B e e B e e o e B A e S e e o B e e e e S e e

* Inflow Total P < 500 mg/m3, Inflow Ortho-P/Total P > .12
*% Above constraints, plus turbidity < 1.58 1l/m, inflow N/P > 8

R A AT = R
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Table D8

Regional Analysis of Internal Model Residuals

Model BO1X01
Region N Mean Gr. N
02 ©NAD 4,13 ABCD 4
03 SAD 16 .00 BCDE 9
04A ORD-Pitts. 15 .13 ABC 15
04B ORD-Hunt. 22 .25 A 18
04C ORD-Louis. 16 .11 ABCD 15
04D ORD-Nash. 21 -.01 CDE 17
05 NCD 4 .04 ABCDE 1
06 LMVD 16 .18 AB 15
074 SWD-L.Rock 36 -.01 CDE 36
07B SWD-Other 36 -.25 E 15
08 MRD 24 .06 DE 13
09 NPD 8 —-.27 E 3
Among Regions

Sum of Squares 5.437

Deg. of Freedom 11

Mean Square 494
Within Regions

Sum of Squares 12.642

Deg. of Freedom 206

Mean Square .061
F Ratio 8.05
Prob > F <.001
R-Squared *% .301

BOLX03 BO1X05

Mean Gr. N Mean Gr.*
.14 AB 3 .29 A

-.07 BC l -.08 BC
.09 AB 9 -.00 B
.21 A 6 .16 AB
.05 AB 2 18 AR

-.01 BC 6 .04 AB

-.05 BC 1 -.19 BC
.05 AB 0

-.02 BC 28 -.04 B

-.11 BC 0

-.16 C 6 —.24 C

-.24 C 0

1.795 L911

11 8

163 114

7.210 1.448

149 53

048 027
3..37 4.17

<,001 <,001
.199 .387

i i e i i e o e 5 el e s s e e i A o i et e i o e o S e e s S s i

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

effects

(continued)



Table D8 (ct)

Regional Analysis of Internal Model Residuals (ct)

Model BO4X02 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 BCDE 126 -.02 A
05 NCD ° 1-.11 B 4 .06 ABCD 1 .23 A
i 06 LMVD 16 —.01 AB 16 .13 AB 16 .05 A
| 07A SWD-L.Rock 36 .01 AB 36 -.08 CDE 36 .12 A
i 07B SWD-Other 27 -.07 B 36 -.19 DE 27 -.l1 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 0.400 5.242 1.167
Deg. of Freedom 11 11 11
Mean Square .045 «295 .106
Within Regions
Sum of Squares 7.100 10.383 3.819
| Deg. of Freedom 177 206 200
E Mean Square .040 .050 .019
i F Ratio 1.p1 5.85 5.55
; Preb > F .356 <.,001 <.001
|
i R-Squared ** .065 <234 .234
;a __________________________________________________________
1 * weans followed by the same letter are not significantly
| different at p<.05, Duncan”s multiple range test
B *% percent of total residual variance explained by regional
% effects
i
!




Table D9

Regional Analysis of Phosphorus Retention Model Residuals

Model RO3X02 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 ¢ -.02 B
03 SAD 9 -.09 B -,10 B -.10 4 -.12 ¢ =-,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 ¢ .02 AB
04C ORD-Louis. 3 .01 AB ~-.01 AR ~.01 A ~-.00 ¢ -.02 B
04D ORD-Nash. 5 10 AB .08 AB .10 A 08 ARBRC .08 AB
05 NCD 1 28 AB 37 A 32 A .38 A 37 A {
06 LMVD 4 -,08 B ~-.02 AB -.03 A .01 BC -.01 B f
07A SWD-L.Rock 3 .04 AR -.05 AB -.10 A -.04 C¢ -~.04 B (
07B SWD-Other 13 -.03 B -.01 AB -.02 A .00 € ~.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 C
10 SPD 1 -.00 AB .02 AB .01 A .08 ABC .06 AB c
__________________________________________________________________ O
Among Regions -
Sum of Squares 484 417 J413 482 462 A
Deg. of Freedom 12 12 12 12 12
Mean Square .040 .035 .034 .040 .038
Within Regions
Sum of Squares 1.338 1.096 1.254 .836 .929 i W:
Deg. of Freedom 43 43 43 43 43 i
Mean Square .031 .026 .029 .019 .022
F Ratio 1.30 1.36 1.18 2.07 1.76 :
Prob > F w255 .221 .327 041 .082 : F
i Pr
R-8quared ** 267 w275 248 .367 .332
———————————————————————————————————————————————————————————————————— R~
* means followed by the same letter are not significantly g =t
different at p<.05, Duncan”s multiple range test 3 *
%% percent of total residual variance explained by regional &
effects g *
D-12
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Table D10

Regional Analysis of Phosphorus Loading Model Residuals

Model

Predicted Var. Phosphorus Chlorophyll Transparency
Model Code P13X02 P15X02  B11X03 B15X03 S10X03 S11X03
Region N Mean Gr. Mean Gr. Mean Gr. Mean 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-.064A -.08A4A
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 284 -,07 A -.03A
04C ORD-Louis. 3 .07 AB 06 ABC -.0l 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 A1 A
06 LMVD 3 ~-.08 B -,19 ¢ .02 ABC -.07 BC -.01 A .04 A
07A SWD-L.Rock 3 08 AB 06 ABC .01 ABC .02 AB 08 & .09 A
07B SWD-Other 1 ~-.08 B .00 ABC ~.19 BC -.09 BC .13 A .05 4
08 MRD 1 07 AB 10 ABC .11 ABC .15 AB ~-.03 A ~-.09 A
03 NPD 1 02 AB 15 AB -.14 BC .01 ABC ~.10 A ~.20 A

——— — —— — e e B 1 o A e e B e 4 R A e e e i S e e s e s S

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 L043 .031 .705 .198
R-Squared ** . 480 .658 .619 .637 .318 .503

* 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 effects




Correlation of Internal Model Residuals with

Factor

Number of Sta-Yrs

Year Impounded

Shoreline Dev. Ratio

Length/Width

Drainage A./Surf. A

Surface Area
Vo lume

Mean Depth
Maximum Depth

Station Total Depth

Residence Time
Overflow Rate

Alkalinity
pH
Conductivity
Temperature

Non-Algal Turb.
Turb.*Mean Depth

Total P
Total N
Ortho-P
Inorganic N

Total N/P
Inorganic N/P

Table D11

Reservolr Characteristics

Model

S05X02 BO1X01 BO1X03 BO1XO05

ot e e A A e e e L o o o s o o o e B o i S B o B o . e o B B A e e e e e

212 218 161 62
Q16 —.159% -, 164% .108
.296% ~,197*% -_176% —,305%
JA83*%  —,197%  -,247% -,097
-.113 —-.433%  ~,433% - 246%
JA44% =, 373% - ,290% -.521%
JA78%  -.395% -.330% -.505%
L180% -.289% -,291% -, 258%
199%  -.310% -.307% -.267%
.266%  -,327% -.300% -,301%
.092 .001 062 -.238%
013 -.190% -,270% 084
139% .008 -.088 -.448%
.184% L212% Jd41*  —-,296%
-.067 L118% .043 -,103
-.132% .067 121 J18*
-.534% -,285% -.300% -.,086
-.b4b* -, 587% -,600% -, 289%
030 ~.00l .005 ~-.003
.092 .182% .077 .336%
002 -,277% ~,264% -,14]
041  -,004 -,102 .189
.065 .184%* .083 . 2064%
.051 .266% -121 2269%

Various

B04X02

~.068
-.118
-.008
-.179%

~.209%*
-.160%

011
.039
JA74%

.000
.008

.180%
.006
.020
.085

!

~.055
074

.017
.063
2 122%
-.008

|

.049
.120%*

BO5X01

=.119%*
=.193%
.218%*
.333%

I

.354%
.403%*

!

-.346%
~.353%
409+

.055
-.163%

.000*
.168*
.141%
104

-.106
~.436%

.149%

L242%
-.114%

.063

047
L176%

o e B o e . B e e e o A o s A A At o e e e e e

* correlation coefficient significant (p < .10)
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Table D12

Correlation of Phosphorus Retention Model Residuals with
Various Reservoir Characteristics

Model
Factor- R0O3X02 R12X02 R13X02 R14X02 R15X02
Year Impounded 013 -,026 -.035 .029 .005
Shoreline Dev. Ratio -.186 =-.274% -,275% -,236% ~,248%
Length/Width A1l 061 .183 .075 .092
Drainage A./Surf. A. .204  .359%  L448%  ,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
Residence 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 oL 2L .078
Inflow Inorganic N -.219 =-.071 027 -.086 -.101
Inflow Ortho~P/Total P L285%  ,266% 182 .292% ,283%

Sedimentation Rate (n=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

Reservolr Characteristics

Model
Predicted Variable: Phosphorus Chlorophyll Transparency
Factor P13X02 P15X02 B11X03 BI5X03 S10X03 S11X03
Year Impounded -.020 .050 -.062 -.030 w115 064
Shoreline Dev. Ratio .137 .232 -.292 - .306 .197 177
Length/Width .153 379% -,383% -.319*% -.057 -.212
Drainage Area/Surf. A.  .074  .418% -,267 -.128 -.105 ~-.443%
Surface Area -.014 076 —.430% —,457%  ,098 .035
Volume -.137 L1270 =.530% —,455% L1232 .052
Mean Depth ~.288 158 —.461% —,243 .359*% ,058
Maximum Depth -4239 .198 -.470% -.263 LA409% (113
Residence Time .012 =~.021 074 .080 .291 .375
Overflow Rate -.198 124 =.374% ~,241 -,075 -.358%
Alkalinity .383% 242 .337%  ,275 .039 J111
Conductivity -.073 -.214 -.101 =-,225 -.074 -.033
Ph .348% [155 .532%  [488% ,055 .195
Temperature -.150 -.,188 ~.362% -,444% - 170 -.142
Non—-Algal Turbidity -.097 =.129 =.346% ~,461% —,362% — 460%*
Turb.*Mean Depth -.396*% .054 ~.805% -.673% 061 -.,348%
Total N/P -.512% = 406% ~,148 -.067 L2464 .200
Inorganic N/P -.503% -,503% -,117 -.105 024 .030
Inflow N/P .030 .110 +237 361% ~-.082 ~.063
Inflow Total P .008 -.093 011 -.088 044 .006
Inflow Total N .036 -.036 .217 .181 -,008 -.044
Inflow Ortho-P JA44 .095 115 .065 116 .058
Inflow Inorganic N -.014 ~.208 .256 .166 .065 .161
Inflow Ortho-P/Total P J343%  448% (263 .362% 192 .131
Sedimentation Rate(n=6) -.801%* -,494 -.591 ~-.460 .108 -.386

* correlation coefficient significant at p < .10
based upon data from 29 reservoirs
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Table D14

k Results of Stepwise Regressions of Internal Model Residuals Against
' Various Reservoir Characteristics

Model '

i Factor SO5X02 BO1X01 BO1X03 BOIX05 B04X02 BO5X01

Number of Station-Yrs :
With Complete Factor Data 170 185 117 59 161 185
Intercept -2,11* =3.20 .69 -7.87 .28 .22
Year Impounded 004
Surface Area -.07 -.13(1) -.42(1) ~.09
Volume - .33
I Mean Depth
Maximum Depth
Station Total Depth .20 -.21 -.22
Drainage A./Surface A. -.11 -.17 -.14 -.09 -.11
Length/Width
Shoreline Dev. Ratio o 1 (1)
Residence Time
Surface Overflow Rate .11 .13
: pH 11 .33
. Temperature
Alkalinity -.33
Conductivity

P e

k Total Phosphorus .19
i Ortho Phosphorus -.18 S 1§

Total Nitrogen .53 .96

Inorganic Nitrogen -.25 —.45

Total N/P
Inorganic N/P

Non-Algal Turbidity - -.34(1)
Turbidity*Mean Depth - ~.24(1) -.31(1)

o o e e i st o s S i e e S e e e e o TS e o e e B s A i B e S S S ettt T e e e e B e s e e

R-Squared .389 .610 .435 .355 .179 402
Mean Squared Residual 016 .034 .033 .026 .034

e e i o et e e e e e e i e e e o o ot e e e e e e . o St S e et o e e e e A B o B e e o e B o

(1) variable entered first in stepwise regression
* coefficient in multiple linear regression equation; all coefficients
significant at p < .05

all independent variables transformed to base-10 logarithms except pH,
temperature, and year impounded

ek

D~17




Table D15

Results of Stepwise Regressions of P Retention Model Residuals
Against Various Reservoir Characteristics

Factor¥¥%

Number of Reservoir
With Complete Factor Data
Intercept

e o ot e G . . . i, s T T o B S S e P S P e e vy e S Skt St i e ot B ey B et e e

Year Impounded
Surface Area
Volume

Mean Depth
Maximum Depth

Drainage A./Surface A.
Length/Width
Shoreline Dev., Ratio
Residence Time
Surface Overflow Rate

e e e e e e = e M B o A | e e i o 2 . B B B e e e e S e B S | e e S e e e S Bt

Inflow Total P

Inflow Ortho P

Inflow Total N

Inflow Inorganic N
Inflow Ortho P/Total P

Model
R0O3X02 R12X02 RI3X02 RI14X02 RI15X02

o e e o e T B L P e S . o 5 B, o A o e o e o e e o e e o ) i S e e e e

51

15(1)

e e e 2 e B S 4= B = A i o e o e . P s e i o o B e S e e e e . e St . . AP . B e B P . s S e e . o

R-Squared
Mean Squared Residual

51 51
L28% =24
.11 .12(1)
.25(1)
.329 117
.026 025

.165
.025

51 51

*xEkX _._]_4
13(1)

.28

.000 .208

- .021

o e et B B S R e e e e B e e s e s S . B8 e o, S W B o i . oy i B B B e o e 4 o ot e S e e e e e

(1) variable entered first in stepwise regression

* (gefficient in multiple linear regression equation; all
coefficients significant at p < .05
*%¥ a1l independent variables transformed to base-10 logarithms

*%% 30 factors met .05 significance level

D-18
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Table D16

Results of Stepwise Regressions of Loading Model Residuals Against
Various Reservoir Characteristics

Model . -~
Predicted Var: Phosphorus Chlorophyll Transparency
Model Code P13X02 P15X02 B11X03 B15X03 S10X03 S11X03

— e e e e e — P e o e e e e . e e S e e S S e S e S S e e e e S e . e e - e

Number of Reservoirs with :

Complete Factor Data 27 27 27 27 27 27
Intercept J4 Fxk .58 .54 ~F1 .23
Year Impounded

Surface Area

Vo lume

Mean Depth

Maximum Depth .32(1)
Station Total Depth

Drainage A./Surface A. -.11(1)
Length/Width

Shoreline Dev. Ratio

Residence Time A4

Surface Overflow Rate

e e B et B e B e A L i B B e S B e B A A e e ot B e A B ] A e e e A e S e P — —

Temperature -.032
Alkalinity

Conductivity

Inflow Total P

Inflow Ortho P

Inflow Total N

Inflow Inorganic N .19

Inflow N/P .26 -.16
Inflow Ortho P/Total P

Non-Algal Turbidity

Turbidity*Mean Depth 2 1€L) ~.70(1) -.42(1)

R-Squared .204 .000 741 .702 .500 .176

Mean Squared Residual .018 - .018 .015 .007 .010

(1) variable entered first in stepwise regression

* ccefficient in multiple limear regression equation; all coefficients
significant at p < .05

*% al]l independent variables transformed to base-10 logarithms 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 classified into the

following general categories:

PART I: Internal Relationships--~Chlorophyll
PART iI: Internal Relationships--Transparency
PART III: Nutrient Load/Response Relationships
PART IV: Hypolimnetic Oxygen Depletion Models

PART V: Trophic State Discriminant Functions

review does not cover ranking schemes, index systems, or any of the
Since in-depth discussion

The
various methods of defining "trophic state'.
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 El

Variable, Subscript, and Statistic Definitions

Variable Definitions

= total phosphorus (mg/m3)

= total nitrogen (mg/m3)

= Secchi depth (m)

chlorophyll-a (mg/m3)

s = surface overflow rate (m/yr)
= hydraulic residence time (yr)
= mean depth (m)

Zmx = maximum depth (m)

Zm = mixed depth (m)

Lp = phosphorus loading (mg/m2-yr)

P
N
s
B
Q
T
z

Pi = average inflow phosphorus concentration (mg/m3) = Lp/Qs
Pv = Vollenweider normalized P loading = Pi/(1 + sqrt(T))

HOD = hypolimnetic oxygen depletion rate (g/m2-day)
HODv = volumetric HOD (g/m3-day)

retention coefficient

trophic state index

= first-order settling velocity (m/yr)
first-order sedimentation rate (1l/yr)
discriminant function

I3}

Il

gWNaHX

Subscript Definitions

an = annual
euphotic zone
Sp = spring

summer

wn = winter

gs = growing season
mx = maximum value
o

1

P

n

T
=
1l

0]
[+
]

it

outflow
inflow
phosphorus
nitrogen

Statistic Definitions
n = number of lakes or reservoirs in data set
S2 = mean squared error (base-10 logorithms)
R2 = percent of variance explained
log = base-10 logarithm
1n = base-e logarithm

.

e L

[ =
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.p/Qs
1)

PART I: INTERNAL RELATIONSHIPS--CHLOROPHYLL
Sakamoto, 1966: (as calculated by Dillon and Rigler, 1974)
28 lakes , excluding "very low" N/P values

log(Bsu) = =1.13 + 1.58 log(Psp) (R2=.96)

Edmondson, 1972: Lake Washington (18 < 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(Psp) (R2=,90,52=.,047)

Norvell & Frimk, 1975: 23 Connecticut lakes (7 < Psp < 70)

log(Bsu) = -1.52 + 1.80 log(Psp) (R2=.68)
log(Bsu) = -1.28 + 1.62 log(Psu) (R2=.79)
Bsu = .99 Psp - 10.1 (R2=.,74)
Bsu = .86 Psu - 8.2 (R2=,88)

Jones & Bachman, 1976: 143 northern lakes

log(Bsu) = - 1.09 + 1.46 log (Psu) (R2=.90)

Carlson, 1977: 43 northern temperate lakes

log(Bsu) = 1.45 log(Psu) - 1.06 (R2=.72)

Williams et al., 1977: eastern EPA/NES lakes

log(Bgs) = -.05 + .64 log(Pgs) (all 418 eastern lakes)

log(Bgs)

-.11 + .70 log(Pgs) (318 lakes with T > 14 days)

Lee, Rast, & Jones, 1977: US portion of OECD North American Project

Bmx = 1.6 Bsu + 3.74 (R2=.92, for Bsu > 5 ug/l)

E-3




Schindler, 1978 : approx. 60 lakes, mostly northern glacial
Ni/Pi > 5

log(Ban) = -0.85 + 1.21 log(Pan) (R2=.77)

Oglesby & Schaffner, 1978: 16 New York lakes
Bsu = =2.90 + .574 Puwm (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

log(Bgs) =-.256 +1.103 log(Pgs) - .055 a -.219 log(Z) -.0049 Qs
(22 lakes, R2=,925, $2=.018)

log(Bgs) = .490 + .875 log(Pgs) - .231 a ~.586 log(Z) -.0007 Qs
(26 reservoirs, R2=.742, $2=.022)

Oskam, 1973: light-limited chlorophyll (theoretical)

BL = (27/Zm - Ew)/Eb

Zm = mixed depth (m)

Ew = non-algal extinction coef (1/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 - a/.02 , (minimum=20 mg/m3)

F = light integral = 440

a = non-algal turbidity = 1/Sgs — .02 Bgs
Zm = mixed depth (m)

P-Limited chlorophyll : BP = Pgs -~ 2.2
N-Limited chlorophyll : BN = (Ngs-2.2)/7
regression : 1/Bgs = 1.866/BP + 1.363/BL (R2=,82,52=.023)

general model : 1/Bgs = KP/BP + KN/BN + KL/BL
KP,KN,KL = empirical parameters
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Vermont Department of Water Resources, 1979 : 29 Vermont Lakes

log{Bgs) = =-0.27 + .898 log(Psp) (R2=.82,82=.022)
log(Bsu) = -0.30 + .895 log(Psp) (R2=.79,52=.026)
log(Bmx) =

~0.15 + 1.09 log(Psp) (R2=.83,52=.029)

Walker, 1979: 45 northern temperate lakes

log(Bsu) = -1.07 + 1.39 log(Psu) (R2=.81,82=.058)

Pl:cke & Bruggink, 1980: TVA reservoirs

30 stations, tributary reservoirs (10 < P < 30)

log(Bgs) = 1.56 log(Pgs) - 1.04

22 stations, tributary reservoirs (N/P > 10)

| log(Bgs) = 1.90 log(Pgs) - 1.38

19 stations, mainstem reservoirs (20 < P < 30)
\

| log(B) = 0.73 log(Pgs) - 0.55

Smith, 1980: 56 northern lakes

| "variable yield model"
g log{Bsu) = 1.55 log(Psu) - 1.55 logl[6.026/(.0204(Nsu/Psu)+.334)]
% N/P 25 17 10 7
intercept: -1.36 -1.51 -1.67 -1.75
g equivalent to:
v

log(Bsu) = -=3.71 + 1.55 log(Nsu + 16.4 Psu)

for 21 lakes with N/P > 32.6:

log(Bsu) = 1.55 log(Psu) - 1.25 (R2=.97)

Clasen, 1980: OECD Reservoir and Shallow Lakes Project, 46 water bodies

excluded 3 "turbid" reservoirs from regressions;
23) all but 2 have N/P > 15

log(Ban) = -.37 + 0.88 log(Pan)

(82=,055)
log(Bmx) = 0,74 Pan (s2=.060)
log(Bmx) = -.24 + 1.07 log(Pan) (82=,059)
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Fricker, 1980: OECD Alpine Lakes Project , 25 lakes
1 with N/P < 11

log(Ban) = -.080 + .596 log(Pan) (R2=.35,82=.097)

log(Ban) = -.152 + .604 log(Psp) (R2=.36,52=.096)

Ryding, 1980: OECD Nordic Project, 10 lakes

1.96 Bsu - .24

Bmx

[}

Bmx = 2.06 Ban + 1.96
Bsu = =-5.0 + 0.61 Psu

log(Bsu) = -0.54 + 1.093 log(Psp)

Hern et al., 1981: 757 EPA/NES lakes and reservoirs

log(Bsu) = -0.11 + 0.64 log(Psu) (R2=.36)

Kerekes, 1981: OECD Summary Analysis
approx. 60 lakes

log(Bgs) = ~.55 + .96 log(Pan) (R2=,77,52=.063)

log(Bmx) = -.19 + 1.05 log(Pan) (r2=.81,52=.066)

PART II: INTERNAL RELATIONSHIPS -- TRANSPARENCY

Transparency vs. Chlorophyll

Norvell, Frink, & Hill, 1979: 23 Connecticut lakes

1/8su = .137 + .0167 Bsu (R2=.,80)
log(Ssu) = .857 - .383 log(Bsu) (R2=.69)
1/Ssu = .078 + .0066 Color + .0171 Bsu (R2=.89)

Carlson, 1977: 147 northern lakes

log(Ssu) = 0.89 - 0.68 log(Bsu) (R2=.86)

Rast & Lee, 1978 : OECD North American Project

o

log(Ssu) = 0.803 -~ .473 log(Bsu) (rR2=.72)
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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

log(San) = .63 - .55 log(Ban) (R2=.75)

1/San = .48 + ,032 Ban (R2=,59) .

1/San

i

.106 + ,128 Turb,FTU + .0025 Color (R2=,89)

Oglesby & Schaffner, 1978: 16 New York lakes

log(Ssu) = .961 - .606 log(Bsu) (R2=.85)

Theoretical model:

e R S

1/8 =a+bB

j+i]
]

non-algal turbidity and color (1/m)

.020 (Walker & Kuhner, 1978)

.014 (Lorenzen, 1980)

.014, a=.214 {(Clasen, 1980): fit of OECD reservoirs
.032, a=.48 (Brezonik, 1978): fit of Florida lakes
= .008-.054 (Carlson, 1980): literature range

nn

Il

o oo oo

Walker, 1979: 45 northern lakes

log(1/Ssu - a) = 0.74 log(Bsu) - 1.23 (R2=.80,52=.063)

a = non-algal turbidity (1l/m)

[\
Il

= .04 + ,003 Color , averaged .08 1/m in 45 lakes

|
|
|

%

Placke & Bruggink, 1980: TVA tributary reservoirs

log(Sgs) = 0.596 - .315 log(Bgs)

Hern et al., 1981: 757 EPA/NES lakes and reservoirs

log{(Ssu) = 1.09 - .86 log(Bsu) (R2=.31)




Transparency vs. Phosphorus

Carlson, 1977: northern lakes

log(Ssu) = 1.68 - log(Psu) , or Ssu = 48/Psu

Il

64/Psu

I

log(Sgs) = 1.81 — log(Pgs) , or Ssu

Oglesby & Schaffner, 1978: 16 New York lakes

log(Ssu) = 1.36 -~ .764 log(Pwn)

Walker, 1979: 45 northern lakes

log(1l/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)

1/5 = .06 SS

E-8
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PART IITI: NUTRIENT LOAD RESPONSE RELATIONSHIPS

Vollenweider, 1969: K

phosphorus sedimentation rate (1/yr)
P

3

Pi /(1 +Kp T)
Kp =10/ 2

or, Kp = 5.5 Z_'85

Kirchner & Dillon, 1975: 15 So. Ontario lakes, Rp estimated from Psp

Rp = .426 exp(-.271 Qs) + .574 exp(-.00949 Qs) (R2=.88)
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=.85)
log (Bsu) =

-1.09 + 1.46 log[.84 Pi / (1 + .65 T) ] (R2=.79)

Chapra & Tarapchak, 1976: composite model, N/P > 12

Up = 12.4 m/yr

Pan = .9 Psp (20 lakes)

log(Bsu) = ~1.08 +1.449 logl Pi Qs / (Qs+Up)]

Larsen & Mercier, 1976: 20 EPA/NES northeastern/northcentral lakes

Po = Pi/(1 + .89 T'°h)

(R2=.88)




Vollenweider, 1976: 60 northern lakes

Pv = Pi/(1+T'5)

log(Ban) = —.44 + .91 log(Pv) (R2=.75)

Walker, 1977a: 105 northern temperate lakes and reservoirs

model: Po/Pi = 1/(1+4K T), K = a (1/T)b

data set number a b R2  $82(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 Fil .824 . 546 127 .018%

e e e o s B B e 4 R A e A S B e L Y B B S S e et e e 8 e e e e

* 82 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=.901, $2=.032)
Walker, 1977b: 71 eastern/central EPA/NES lakes and reservoirs
log(Bgs) = =.27 + .77 log(Px) (R2=.71, S2=.068)

Px = Pif(1.+.82 T'45)

[

P P concentration at location x

=
Wa
Reckhow, 1977; 197%9a, b: 95 northern temperate lakes and reservoirs

95 lakes, "quasi-general'':
Pgs = Pi Qs / (11.6 + 1.2 Qs) (R2=.915,82=.016)
33 oxic lakes, Qs < 50 m/yr:

Pgs = Pi Qs / [18 Z/(10+Z) + 1.05 Qs exp(.012 Qs)j
(R2=.876,82=,015)

Schi
28 lakes Qs > 50 m/yr:

Pgs = P1 Qs / [2.77 Z + 1.05 Qs exp(.0011 Qs)]
(R2=,949,52=.013)

21 anoxic lakes:

P

Pgs = Pi Qs / (.17 Z + 1,13 Qs) (R2=.948,52=.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 particuate P exported from watershed
§ Pwn = .992 + .338 LPAV (R2 = .83)
% Bsu = -4.05 + .24 LPAV (R2 = .78)
E Bsu = -2.90 + .574 Pwn (R2 = .82)
; log(Ssu) = 1.36 - .764 log(Pwn) (R2 = .81)
log(Ssu) =

.961 - .606 log(Bsu) (R2 = .85)

Rast & Lee, 1978: US portion of OECD North American Project
54 lakes and reservoirs

n

log(B) = -.259 + .76 log(Pv)

log(s) = .925 - .359 log(pv)

log(HOD) = -1.07 + .467 log(®v)

Walker & Kuhner, 1978: midwestern impoundments, 12 reservoirs, 4 lakes

T
o e -

-5 Sr = sedimentation rate (kg/m2-yr), est. from sediment surveys
Po/Pi = Qs/(Qs + Up) (n=16 ,R2=,73,82=,014)

16) ‘ﬁ Up = 8r - 4

% Pgs = .78 Po (n=50,R2=.88,52=.020)
015) % Schindler, 1978: approx. 60 lakes, mostly northern glacial

% Ni/Pi > 5

% log (Ban) = .968 log(Pi*) - 0.620 (R2=.58)
..013) ; log(Pan) = .779 log(Pi*) + ,214 (R2=.77)

Pi* = (Pst T + Pi)/(1 + T)

z=.011)

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

.194 Pv n=31, R2=.76

Pan = 8.11 +

Pan = 8.46 + .081 Pi n=31, R2=.83

Pan = 5.50 + .25 P1i*% n=22, R2=.,90

Ban = 1.13 + .21 Pv n=31, R2=.,71

Ban = 1,35 + .088 P1i 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 H
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=.73 |
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

Higgins &

CSTR P retention models:

Up

Rp

plug flow P retention model:

Px
Tx

Px/Pi = exp(-Kp Tx)

Kp

=Pi (Qs + 1.2)/(Qs + 12) (std error = 6.9 ppb)

Kim, 1981: 10 TVA tributary reservoirs (Rp>0, Pi>25)

Il

92 m/yr

1 - Po/Pi = 1.54 - .22 1n(Qs) (R2=.85)

P concentration at location X
time-of-travel to X

= 61/2 (or, Up = 61 m/yr)

Frick,
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Mueller, 1980: EPA/NES western reservoirs (Rp>0)
' 5 oligotrophic, 16 mesotrophic, 47 eutrophic

Pgs = Pi/f(16.4 + Qs)

(R2=.27,82=.17)
Pgs

Pi (1-Rp)

Rp = .29 exp(-.556 Qs)+.71 exp(-.00483 Qs) (R2=,26,52=,14)

*Pgs = .882 Pi / (1 + 1.61 T) (R2=.45,82=.11)

«pgs = Pi/(1 + 2.09 1°832) (R2=.46 .52=.10)

*approximate form:

Pgs =Pi / ( 1+ 2T)

(R2=.46,52=,11)
(i.e., Kp = 2 1/yx)

Pgs = Po (R2=,74,52=,040)

Clasen, 1980: OECD Reservoir and Shallow Lakes Project ,

46 Waterbodies, 23% natural, 20% pumped storage,
47% "semi~artificial reservoirs”

70% eutrophic, 20% oligotrophic, 10% mesotrophic
.6 < Qs <773, 1.7 <2 <76, 5 <Pi <490

Pan = Pi/(1 + 2.271 1'586)

(82=,070)
[approx = Pi/(1 + 2 T'S)] (82=.071)

Pan = Pi/(1 + 7.239 T+808;--500, (52=.065)
[approx = Pif(l + 7/(Qs )] (52=.065)
log(Pan) = =-.11 + 0.85 log(Pi) (R2=.89,52=,063)

_ .32 .
log(Pan) = (1 - .25 T°77) log(Pi) (82=.050)

Pe = Pi/(1 + 2 T'S)

Ban = 50 ( 1 - exp(-.007 Pe)) (52=.047)
log(Ban) = .06 + .58 log(Pe) (82=.077)
log(Ban) = -.02 + .58 log(Pv) (52=.079)

Fricker, 1980: OECD Alpine Project
log(Pan) = 1.013 log(Pi) -.348 (R2=.72,.52=.082)
log(Peu) = .882 log(Pi) -.182 (R2=.74, $2=.071)
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for lakes with T > 1 year , Rp > 0:

P/Pi = 1/(1 + 1.417 T'0489)
log(Kp) = .971 - .692 log(Z) (R2=.29,52=,078)
log(Peu) = .906 log(Pv) + .104 (R2=.73,82=.072)

excluding "non-fitting lakes':

log(Peu) = 754 log(Pv) + .254 (R2=.78,52=.047)
log(Ban) = .675 log(Pv) - .219 (R2=.81,82=.050)
log(Bsu) = .706 log(Pv) - .219 (R2=,75,52=.083)
log(Bmx) = .837 log(Pv) + .050 (R2=.86,52=.052)
log(Ssu) =-.200 log(Pv) + .925 (R2=,46,52=.019)

Ryding, 1980 : OECD Nordic Project, 10 lakes

log(Pan) = -=.02 + .96 log(Pv) (R2=.72)
log(Nan) = -1.19 + .60 log(Nv) (R2=.71)
log(Bsu) = -.31 + .81 log(Pv) (R2=.67)
log(Nsu) = -2.18 + 1.12 log{Nv) (R2=.58)
log(Ssu) = 1.12 - .51 log(Pv) (R2=.62)

Ban = 1.2 + 1.3 Lp + .05 Ln

Ban Zm = 46.9 + 7.4 T - 12,2 (Zmx/Z)

log(Ban) = 1.01 log(Pv) - .82 (R2=.59)
log(Ban) = 1.26 log(Nv) - 2,82 (R2=.61)
log(Kp) = -.53 log(z) + .52 (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)
log(Bgs) = 0.49 + .339 log(Phk) (R2=.72,52=.008)

Phk

Higgins & Kim (1981) normalized inflow P (mg/m3)

Pi Qs / (Qs + 92)

* error statistics refer to predictions of log(Pgs)
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Kerekes, 198l: QECD Summary Analysis, approx 87 waterbodies

log{Pan) = .19 + .82 log(Pv) (R2=.85,52=.037,n=87)
log(Po) = .13 + .92 log(Pan) (R2=.90,82=.030,n=62)
log(Po) = .07 + .98 log(Peu) (R2=.92,82=.023 ,n=59)
log(Ban) = -.43 + .79 log(Pv) (R2=,77,52=.066 ,n=67)
log(Bmx) = —.13 + .89 log(PV) (R2=.79,52=.081 ,n=45)

Canfield and Bachman, 1981: 290 natural lakes, 433 reservoirs
' 626 from EPA National Eutrophication Survey

natural lakes:

; K = .162(1,/2) %0 (R2=.69,52=.059)%
| reservoirs:
K = .114(LP/Z)'589 (R2=.67,52=,061)%
both:
_ . 549 _ _
K = .129(LP/Z) (R2=.66,52=.066)%

et SR
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PART 1IV: HYPOLIMNETIC OXYGEN DEPLETION MODELS

Lasenby, 1975: 21 natural lakes

log(HOD) = .35 — 1.35 log(Ssu) (R2=.72)

Rast & Lee, 1978: OECD North American Project, 32 lakes

log(HOD) = -1.07 + .467 log(Pv)

Reckhow, 1978: oxic vs. anoxic discriminant function
northern temperate lakes

D = -11.5 - 4.61 1og(Lp/1000) + 5.73 log(Z) + 4.1 log(Qs)

prob(oxic) = 1./(l+exp(-D))

Cornett & Rigler, 1979: 20 lakes

1000 HOD = -277 + .5 Ap + 5 Th1'74+150 In(Zh) (R2=.75)
Ap = P accumulation rate (mgP/m2-yr)
Th = mean hypolimnion temperature (deg C)
Zh = mean hypolimnion thickness (m)

Walker, 1979: 30 natural lakes

-15.6 + 46.1 log{(Psu)
20.0 + 33.2 log(Bsu)
75.3 + 44.8 log(l/Ssu - .08)

I = trophic index

LI O |

log(HOD) = -3.58 + .0204 I + 4.55 log(Z) - 2.04 [1og(z)]2
(Z < 20 meters, R2=,91,82=.010)

Welch & Perkins, 1979: 26 lakes

log(HOD) = -1.49 + 0.39 log(ilp T) (R2=.53)

Ryding, 1980: OECD Nordic Project, 10 lakes

log(HODv) = .67 log(Pv) - 2.42 (R2=.40)

_Vollenweider & Kerekes, 1980: 33 OQOECD study lakes

log(HOD) = .585 log(Pv) -1.07 (R2=,52)
E-16
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Ciecka, Fabian, & Merilatt, 1979 :

PART V: TROPHIC STATE DISCRIMINANT FUNCTIONS

Vollenweider, 1968: northern lakes

Full » 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/(l+T'5) , oligotrophic < 10 < mesotrophic < 20 < eutrophic

Walker, 1977a, b: 100 northern temperate lakes, EPA/NES classification
trophic state probabilities

45

Px = Pi/(1 + .82 T°"7)

D = ,001 Px'82Lp'18 , Dt = - (D_'ZS)
xe = exp(~-18.51-20.49 Dt)
xm = exp(-36.77-29.33 Dt)
exp(-53.80~35.65 Dt)

X0

X8 = xe + xm + Xo

prob(e) = xe/xs
prob(m) = xm/xs
prob(o) = xo/xs

Yeasted & Morel, 1978: trophic state
northern temperate lakes , mostly EPA/NES

De = -12.54 log(Pi/1000) + 1.65 log(T) — 5.89
Dm = ~25.06 log(Pi/1000) + 5.15 log(T) - 18.87
Do =

-31.48 log(Pi/1000) + 9.13 log(T) - 30.01

: midwestern lakes and reservoirs
D > 0 implies eutrophic

D =1.68 + 1.77 1n(Lp/1000) ~ .64 1n(Qs) —.07 [1n(Qs)]?
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APPENDIX F

Independent Data Sets

——————— Data Sources —--————---—-—
CE EPA/NES TVA  OECD/RSL

Data Tables App. C F-1 F-2 F-3,4
Figures:
Internal Models F-1 F-4 F-7 F-10
Loading Models - Pv* F-2 F-5 F-8 F-11
Loading Models — Pnk* F-3 F-6 F-9 F-12

e e et e B e e o B b e o, S e e i e o Y e i B e Bk o B

CE = Corps of Engineers Data Set (See Appendices B,C)

EPA/NES = EPA National Eutrophication Survey (USEPA, 1978)

TVA = Tennesse Valley Authority Reservoirs (Higgins and Kim, 1981)
OECD/RSL = OECD Reservoir and Shallow Lakes Program (Clasen, 1980)

*# Vollenweider normalized P loading
*% Equation (61) (see Part VI, main text) P loading
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Table F-1
EPA/NES Data on CE Reservoirs

disres®code pi ni po tp chla secchi zmean t

62176 1 24 851 18.2 6.9 52 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 50 776 849 12.9 6.2 2.0 13.8 .831
10003 1 35 1513 22,4 18,2 22 1.3 749 .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 | 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 15545 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 3wl 2.2 14,5 .209
16393 1 21 631 19,5 6.0 1.2 3l 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 21 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 L141
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 5745 8.9 0.8 5.6 .030
19343 1 30 1000 10.0 1l0.0 3.6 4.3 14,5 1.202
20081 1 195 3090 120.2 83.2 17.4 0.6 247 173
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 16,2 1.862
* See page F-4 for key (continued)




‘ Table F-1 (continued)

\ disres code pi ni po tp chla secchi zmean t
i 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 1174 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. 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 25 . 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 2 260 3715 67.6 52.5 12.3 0.4 4.1 2,398
e 25112 0 54 1349 75.9 67.6 6.6 0.3 245 060
: 25267 3 347 2238 218.8 8l.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
318 29111 2 8L 1905 67.6 39.8 8.3 0.5 6.5 524
867 L e
————— (continued)
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disres code pi

disres = CE district/reservoir code (see Table 1)
= used in error analysis
inflow N/P < 8

pi
ni
po

secchi
zmean

t

R
P
N/P

1023
155
59
71
398
1047
575
363
380
22

3

39
37
96
76

e L o T S VL O S O G S S S #1

Rp < -.1
turbidity > 1.58 1/m 3
inflow total p concentration (mg/m3)

inflow total n concentration (mg/m3)

outflow total p concentration (mg/m3)

median, reservoir total p concentration (mg/m3)
mean chlorophyll-a
mean secchi depth (m)

mean depth (m)

mean hydraulic residence time (yrs)
retention coefficient of phosphorus
total nitrogen/phosphorus ratio
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Table F-2
TVA Reservoir Data

Reservoir pi ni tp chla secchi =zmean t

————————————— Mainstem Tennessesee River =———=—===r===——--~-

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
Wheeler 35 618 - 4.4 - 5.3 021
Guntersville 38 654 44 4.8 1.1 4.2 024
Nickajack 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 Loudon 44 1033 54 5.9 0.9 7.3 026
Bttty Tributary —————==—r———————m——m——e e

Chatuge 21 360 14 DD 2.7 9.5 .435
Cherokee 155 1424 51 10.9 L7 13.9 .216
Douglas 67 722 26 6.3 1.6 10.7 .117
Fontana 45 581 11 4.1 2.6 37.8 .282
Hiwasse 21 343 15 5.0 2.4 20.2 .153
Normandy 170 770 - 15.0 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 .687

pi = inflow total p (mg/m3)

ni = inflow total n (mg/m3)

tp = median total p (mg/m3) (EPA/NES)

chla = mean, summer chlorophyll-a (mg/m3)

secchi = mean, summer transparency (m)
zmean = mean depth (m)
= mean hydraulic residence time (years)
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Impoundment

Table F-3
Impoundments in the OECD/RSL Data Base

Country

01
02
03
04
05
06
07
08
09
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41

© 42

43

De Grote Rug
Laugh Leane

Louch Ennel
Hundred dn Dertig
Petrusplaat
Braakmann II
Braakmann III
Biwa North

Biwa South
Kasamigaura West
Kasamigaura North
Nisramont

Eupen

Brielse Meer

E1l Burguillo
Lough Neagh
Farmoor

Grafham Water
Loch Leven

Queen Elizabeth II
Mt. Bold

Wahnbach

Oleftal

Prospect

Sorpe

Mohne

Verse

Sose

Furwigge

Vechten
Tjeukemeer
Eoneppe

Blackhawk

Twin Valley

Kerr Res. Roanoke
Isles

Cox Hollow

Dutch Hollow

Kerr Res. Nutbush
Virginia

Redstone

Camelot Sherwood
Stewart

Netherlands
Ireland

Ireland
Netherlands
Netherlands
Netherlands
Netherlands
Japan

Japan

Japan

Japan

Belguim

2

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.S8. - Wisconsin
— Wisconsin
- Virginia
- Minnesota
- Wisconsin
Wisconsin
- Virginia
- Wisconsin
- Wisconsin
- Wisconsin
- Wisconsin

.
.
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# code number in OECD/RSL data base (Table F-4)
Type: 1 = natural lak
p = pumped storage impoundment

* = not specified in OECD/RSL report

(r assumed)

e, T = reservoir,

F-6
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Table F-4
OECD 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 - = = 547 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
k 5.76 3 357 5518 200 5200 8.0 2.9 12.4 ,094
i 6.74 3 550 13666 190 8100 32.0 20 9.3 .850
] 6.75 3 644 11600 250 7000 71.0 1.7 8.4 .760
i 6.76 3 300 10833 340 3200 47.0 2.0 6.2 1.170
E 7.74 3 232 6800 29 6600 17.0 3.0 9.3 .560
{ 7.75 3 311 7444 21 4500 20.0 33 8.0 1.330
i 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 2l Tai9 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 55 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 Ll 4,2 450
12.74 1 = ~ A ~ 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 1l 5.4 .290
14.75 1 1056 9105 360 4100 27.8 1.4 5.4 .430
15.74 1 55 889 27 889 8.0 245 20.3 .410
15.75 1 70 976 40 1095 3.0 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 4%00 = = 3990 8.0 4,2 9.5 5.800
* See page F-8 for key (continued)




resyr ¢ pi ni tp tn chla secchi zmean t
19.74 2 146 3567 68 1520 39.0 1.4 3.9 .588
20.69 3 - - - - 2.0 3.0 15.3  .147
21,73 5 231 1894 98 1330 3.0 - 13.4  .400
21.75 5 150 1905 97 1420 3.0 1.0 13.3  .330
21.76 5 153 1593 101 1500 4.0 1.4 12.7  .480
22.74 1 82 - 25 - 4,7 4.0 17.8 .740
22,75 1 85 - 22 - 6.0 4,0 177 1.370
22.76 1 100 - 16 - 5.1 4,0 17.3 1.270
23,75 1 9 - 12 - 147 6.1 15.5 .610
23.76 1 6 - 8 - 5.6 5.7 13.7  .430
24,75 3 14 359 11 — 340 3.2 9.7 .115
24,76 3 12 402 10 - 3.1 2.1 9.7 .119
25.74 1 198 3805 42 2190 8.6 4.0 20.4 1.140
26.73 1 366 4063 75 - 21.6 2.2 12.9 760
26,75 1 453 5463 77 3040 10.2 2.9 12.9 .670
27.76 1 33 2894 12 1630 2.9 8.2 20.0 1.510
28.74 1 14 - 4 - - 6.9 18.8 .350
28.75 1 6 - 5 = 0.6 6.6 18.5 .670
28.76 1 7 - 4 = 1.5 6.4 16.4 .520
29,76 1 19 2781 8 1620 2,4 11.5 8.3 .400
30,74 1 - - = - 4.5 - 6.0 9.300
31.75 1 - - - - 50.0 - 1.8 -
32,74 1 822 6628 168 4380 - 3.9 12,2 .,330
32.75 1 533 4363 208 4670 - 2.9 12.2  .330
33.73 1 229 2396 85 - 15.0 3.6 4,9 .500
34,73 1 223 2019 65 = 19.0 1.5 3.8 .450
35.75 4 105 7134 - - 13.0 1.4 10.3 .200
36.71 1 449 - =2 - 53.0 1.0 2,7 .600
37.73 1 288 2972 80 - 27.0 1.5 3.8 .592
38.73 1 600 6285 260 - 34.0 0.8 3.0 1.820
39.75 4 449 1517 - - 21..1 1.2 8.0 4.980
40,73 1 1044 14711 85 - 29.0 1.7 1.7 1.370
41,73 1 519 6010 70 = 13.0 1.6 4.3 1.430
42.73 1 93 1278 35 = 6.3 2.0 3.0 .110
43,73 4 2666 3083 60 1240 50.0 1.4 1.9 .080
resyr = impoundment code (see Table F-3).year
¢ = code: 1 = reservoir 2 = natural lake

3 = pumped storage (artificial) reservoir

4 = inflow N/P < 8

5 = reservoir excluded from error analysis

pi
ni
tp
tn
chla

o mnn

inflow total p (mg/m3)

inflow total n (mg/m3)

mean, annual, euphotic zone total p (mg/m3)

mean, annual, euphotic zone total n (mg/m3)

= mean, annual, euphotic zone chlorophyll-a (mg/m3)

secchi = median, annual secchi depth (m)

Zmea

n = mean depth (m)

t = hydraulic residence time (yrs)
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Figure F-1

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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F-3

Observed vs. Predicted Water Quality Using Pn 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

Observed vs. Predicted Water Quality Using Pv for
Normalized Phosphorus Loading and the EPA/NES Data Set
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Figure F-6

Observed vs. Predicted Water Quality Using Pp 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
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Figure F-8

Observed vs. Predicted Water Quality Using Pv for
Normalized Phosphorus Loading and the TVA Data Set
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Figure F-9

Observed vs. Predicted Water Quality Using Pn for
Normalized Phosphorus Loading and the TVA Data Set
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Figure F-10

Internal Model Evaluations Using the OECD/RSL Data Set
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Figure F-11

Observed vs. Predicted Water Quality Using Pv for
Normalized Phosphorus Loading and the OECD/RSL Data Set
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Figure

F-12

Observed vs. Predicted Water Quality Using Pn for
Normalized Phosphorus Loading and the OECD/RSL Data Set
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APPENDIX G: NOTATION

superscript denoting estimated value e i
superscript denoting pool-moniteoring year
annual (subscript)

effect of nonchlorophyll-related materials on °S (turbidity)
(1/m)

average absolute error

drainage area of gauged tributaries (ka)

total phosphorus accumulation (trapping) rate (mg/mz-yr)
reservoir surface area (ka)

surface area at elevation E (acres)

drainage area at reservoir discharge (ka)

drainage area of ungaged tributaries (hnz)
sensitivity of inflow concentration to flow
regression slope

chlorophyll-a (mg/mS)

inflow concentration estimate at QI' (g/m3)
coefficient of variation of reservoir mean estimate
average nutrient concentration in sampled, but ungauged
tributaries not under point source influence (g/m3)
corrected inflow concentration (g/mB)

depth-averaged value on date 1

mean squared within-station coefficient of variation
coefficient of variation for mean X

inflow concentration, adjusted for evaporation (g/m3)
measurement for station s , date i , depth j
polynominal ceoefficients

derivative of predicted Y with respect to X
discriminant function

discriminant score (oxic for D > 0)

derivative of log(PO) with respect to log(Pi)

derivative of log(PD) with respect to log(K)




dof

DOsp

E

EO

eu
E1,Al,V1
E2,A2,V2
F

FE
Fm
£(y)
gs
Ho
HOD
HODa
HODv

5 ﬁ =+ e

in
log

mx
Med
MSE

MSE*

M1

M2

error degrees of freedom used in computing mean squared error
and R-squared

oxygen concentration at onset of stratification (g/m3)

elevation (feet above mean sea level)

elevation at zero volume (feet above msl)

euphotic zone (subscript)

elevation, area, and volume at first level

elevation, area, and volume at second level

fraction of loading attributed to point sources, septic

tanks, and wildfowl

F Statictic with p and n-p degrees of freedom

evaporation/total inflow

morphometric factor

normal frequency distribution function

growing season (subscript)

the null hypothesis

hypolimnetic oxygen depletion rate (g/mz-day)

estimated areal oxygen depletion rate (g/mz-day)

volumetric HOD (g/m3-day)

inflow (subscript)

trophic state index

first-order sedimentation rate (1/yr)

effective rate constant for mixed model

slope parameter = 0.025 mZ/mg

base-e logarithm
base-10 logarithm

total phosphorus loading (mg/mz—yr)
total number of stations in the reservoir

maximum value (subscript)

median error

mean squared error

minimum mean squared error

mean of group 1

mean of group 2

- S

G-2



ror H n

i No
Nsi

P
Pi
Pn
Po
Pv
PC1
PC2
QD
QD!
QE
QG
QI
QI'
QN
Qo

= ST R TS L o

QP
Qs
Qu
Qv
Qv!
QW

average number of sampling dates
number of lakes or reservoirs in data set

nitrogen (subscript)

‘number of sampling dates/growing season

number of impoundment-years

total N (mg/m3)

organic nitrogen (mg/m3)

number of depths sampled in date i

outflow (subscript)

phosphorus (subscript)

number of model parameters

total phosphorus (mg/m3)

probable classification error

average inflow phosphorus concentration (mg/m3) = Lp/Qs
equation (61) normalized P loading = Pi/(l + 0.001 PiZ)
average outflow total P concentration

Vollenweider normalized P loading = Pi/(l + sqrt(T))
first principal component

second principal component

discharge from reservoir (cubic hectometres/yr)

total discharge (including withdrawals) (cubic hectometres/yr)
evaporation {cubic hectometres/yr)

gauged tributary input (cubic hectometres/yr)

total water input (cubic hectometres/yr = 106 ms/yr)
total inflow {(cubic hectometres/yr)

net inflow (error, see equation (15)) (cubic hectometres/yr)

total reservoir outflow (including evaporation) {cubic
hectometres/yr)

precipitation input (cubic hectometres/yr)

surface overflow rate (m/yr)

estimated ungaged tributary input (cubic hectometres/yr)
change in water storage (cubic hectometres/yr)
change-in-storage (cubic hectometres/yr)

withdrawal from reservoir (cubic hectometres/yr)
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QGN

QIC

QIM

QIs

R
R-squared
R2

sp

s5u

SE
SE

SE
Sr
S1
S2

o3 N D

Th
TDO

Var(X)
Var(Y)
vD

VUl
vuz2

Vi
V2

inflow from gauged tributaries not under the influence of
point sources {cubic hectometres/yr)

corrected total inflow (cubic hectometres/yr)

mean inflow over monitoring period, cubic hectometres/yr
mean inflow on tributary sampling days, cubic hectometres/yr
retention coefficient

fraction of variance explained

percent of variance explained

spring (subscript)

summer (subscript)

transparency (m)

mean squared error

model mean squared error

total mean squared error

sedimentation rate (kg/mz—yr)

standard deviation of group 1

mean squared error (base-10 logarithms)

standard deviation of group 2

length of monitoring period (yr)

total hydraulic residence time (yr)

mean hypolimnetic temperature (deg C)

days of oxygen supply at onset of stratification (days)
first-order settling velocity (m/yr)

total volume (acre-feet)

variance of estimated independent variable

variance of estimated dependent variable

dead storage (acre-feet)

useable volume below first-listed elevation point (acre-ft)
useable volume below second-listed elevation -point (acre-ft)
estimated data error variance of independent variable
variance of dependent variable

estimated data error variance of dependent variable
reservoir volume at beginning of period (cubic hectometres)

reservoir volume at end of period (cubic hectometres)
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wn = winter (subscript)

W = weighting factor used for a given observation
WA = input from atmosphere (mt/yr)

WG = input from gauged tributaries (mt/yr)

Wl = total input (metric tons/yr)

= total nutrient outflow (mt/yr)

= input from point source discharges (mt/yr)
input from ungaged tributaries (mt/yr)

= change in nutrient storage (mt/yr)

232 E&3F38

= input from septic tanks and wildfowl (mt/yr)

WGN = nutrient input from gauged tributaries not under the in-
fluence of upstream point sources (mt/yr)

WIC = corrected total loading (mt/yr)
| X-X'l = absolute value of X-X'

X% = critical value of discriminating variable
y = standard normal variable (mean = 0, standard deviation = 1)
Y = mean depth ratio

YA = atmospheric nutrient loading (kg/kmz—yr)

YE = average evaporation rate (m/yr)

YP = precipitation rate (m/vyr)
Z = total depth (feet) (Part I, equation (1) only)

= mean depth (m)
Z% = normalized distance between groups 1 and 2

Zh = mean hypolimnetic depth = volume/area (m)

Zm = mixed depth (m)

Zmx = maximum depth (m)
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