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PREFACE

This report was prepared by Dr. William W. Walker, Jr., Environ-
mental Engineer, Concord, Mass., fo;féﬂe U. S. Army Engineer Waterways
Experiment Station (WES) under Contract DACW39-78-0053 dated 7 June 1978.
The study forms part of the Environmental and Water Quality Operational
Studies (EWQOS) Work Unit IE, Simplified Techniques for Predicting Reser-
voir Water Quality and Eutrophication Potential. The EWQOS Program is
sponsored by the Office, Chief of Engineers, and is assigned to the WES
under the purview of the Environmental Laboratory (EL).

The study was under the direct WES supervision of Dr. Robert H.
Kennedy and the general supervision of Mr. Donald L. Robey, Chief, Water
Quality Modeling Group; Dr. Rex L. Eley, Chief, Ecosystem Research and
Simulation Division; Dr. Jerry Mahloch, Program Manager, EWQOS; and
Dr. John Harrison, Chief, EL.

The Commanders and Directors of WES during this study were

COL John L. Cannon, CE, and COL Nelson P. Conover, CE. The Technical

Director was Mr. Fred R. Brown.

This report should be cited as follows:

’ Walker, W. W., Jr. 1981, "Empirical Methods
for Predicting Eutrophication in Impoundments;
Phase I: Data Base Development," Technical
Report E~81-9, prepared by William W.

Walker, Jr., Environmental Engineer, Concord,
Mass., for the U. S. Army Engineer Waterways
Experiment Station, CE, Vicksburg, Miss.
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CONVERSION FACTORS, U. S. CUSTOMARY TO METRIC (SI)
UNITS OF MEASUREMENT

U. S. customary units of measurement used in this report can be con-

verted to metric (SI) units as follows:

Multiply By To Obtain
acres 4046.873 square metres
acre-feet 1233.482 cubic metres
cubic feet per second 0.02831685 cubic metres per second
Fahrenheit degrees 5/9 Celsius degrees or Kelvins*
feet 0.3048 metres
inches 2.54 centimetres
miles (U. S. statute) 1.609344 kilometres
pounds (mass) per cubic foot 16.01846 kilograms per cubic metre
square miles 2.589988 square kilometres
tons (2000 1lb, mass) 907.1847 kilograms

*

To obtain Celsius (C) temperature readings from Fahrenheit (F) read-
ings, use the following formula: C = (5/9) (F - 32). To obtain Kelvin
(K) readings, use: K = (5/9)(F - 32) + 273.15.
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EMPIRICAL METHODS FOR PREDICTING

EUTROPHICATION IN IMPOUNDMENTS

PHASE I: DATA BASE DEVELOPMENT

PART I: INTRODUCTION

1. This report documents the development of a data base describing
certain water gquality aspects of reservoirs operated by the U. S. Army
Corps of Engineers (CE). The data base includes information on project
location, morphometry, water quality, hydrology, and sedimentation. As
part of the “nvironmental and Water Quality Operational Sutdies (EWQOS)
Program being conducted by the Office, Chief of Engineers, U. S. Army,
this work has been conducted to provide groundwork for assessing empiri-
cal approaches to describing and predicting reservoir trophic status.

2. One basic strategy employed in assembling this data base has
been to utilize existing, centralized sources of information first.

These have included nationwide data bases maintained by various federal
agencies, as well as a few sources of data tabulated at a regional level.
A framework has been designed and implemented for storing and accessing
this information, with flexibility for updating and general access, sO as
to meet the specific objectives of this project. Having utilized cen-
tralized data sources to their fullest extent, data gaps have been identi-
fied and used to set priorities for locating and incorporating information
from relatively diffuse sources, such as specific project design memoranda
and other published or unpublished reports dealing with individual projects.
This stage-wise data-gathering procedure has been designed with efficiency
and cost-effectiveness in mind.

3. Another basic strategy which has been employed in compiling
water quality and hydrologic data has been to assemble individual obser-
vations in space and time (i.e., "raw data"), rather than average values.

This strategy accomplishes the following:




a. It provides for the broadest possible range of future
uses of the data base.

b. It eliminates possible variations due to the use of dif-
ferent averaging procedures.

c. It provides a basis for error analysis and assessment of
data adequacy in future model testing.

These advantages must be weighed against the major disadvantage of the

approach--it involves management of a large amount of information. The
water quality file presently contains two million observations taken at
4451 stations located in or around 271* CE projects.

4. Management of these types and quantities of information entails
use of a consistent framework. One basic strategy has been to tag each
bit of information with district, project, and data source codes. While
the validity of the information at its original source cannot be sub-
stantiated, use of a systematic approach in building the data base insures
that the data are transferred and accessed properly. Keeping track of
original data sources provides a means of checking any piece of informa-
tion at its source and identifying discrepancies among multiple data
sources for the same value. The latter provides one indication of data
and source reliability. Another validity test involves checking
for internal consistencv in a given set of values. For example, the
morphometric profiles have been tested by comparing reported volumes at
any elevation with the integral of reported areas with respect to depth.
The third validity test involves distribution of portions of the data
base to district offices for verification and editing. This entails
their cooperation and assumes that district-level sources of information
for gpecific projects are the most accurate. This approach has been
taken for upgrading the morphometric data file with reasonable success.

5. In its current state, the data base is a collection of infor-
mation in a well-defined framework. It is not a user-oriented system

designed for frequent interactive use. Such a system would require

* A total of 299 projects are included in the data base; no water quality

data have been located for 28.

¥ U




extensive software development geared to a specific computer system and
to the intended uses of the information in various areas of reservoir
management. The scope of this project has been limited to compiling

the information, organizing it, and extracting portions that are directly
relevant to analysis of eutrophication problems in reservoirs. With
additional software development and systems programming, the data base
could be made accessible for more generalized purposes.

6. The complete data base consists of a collection of computer
files, reports, data forms, and maps. As discussed above, each piece
of information is referenced by CE district, project, and data source
codes. Part II of this report describes the facilities, methods, and
agency contacts used in this work. Part III describes the general
structure of the data base. Parts IV through XI document the sources
and approaches used in compiling each element and present data inven~
tories. Parts XII-XIV summarize results of specific analyses which lay
the groundwork for use of the data base in Phase II of this project.
These analyses cover the following topics: (XII) numerical characteri~
zation of reservoir hypsographic curves; (XIII) assessment of the
variability of trophic state indicators in reservoirs; and (XIV) testing
of methods for estimation of nutrient budgets. Conclusions and Recom-~
mendations are given in Part XV and XVI, respectively. Appendix A

contains data inventories by project and district.




MM A
. '

; Al

PRSP

PART II: FACILITIES AND METHODS

7. Compilation and manipulation of the various data files docu-
mented in this report have been done on an IBM 370-168 computer maintained
by the Information Processing Center of the Massachusetts Institute of
Technology (MIT). This facility has been used in a batch processing mode
(0s/vsl) and in an interactive mode through IBM's Conversational Monitor-
ing System (CMS). Three media have been used for data storage where
appropriate: (1) 9-track tapes (6250 bytes per inch); (2) 3350 disc
packs (0OS and CMS); and (3) cards. Copies of the current versions of
all files have been transferred to tapes for secure storage and future
access.

8. While most of the information used to assemble the data base has
been read from tapes supplied by various agencies, some files (in par-
ticular, the project lists, morphometry, and sedimentation files) have
been assembled from tabulated data. In these cases, cards have been
used for data entry. Keypunching has been done and verified using con-
tract services offered by MIT.

9. Programming for data manipulation and analysis is in the PL/I
and FORTRAN IV l:njuayes. The Biomedical Computer Program package
(BMDP)1 and SAS2 have also been used in preliminary data analyses. Plots
have been produced with a Calcomp line plotter.

10. Access to the Environmmental Protection Agency (EPA) STORET
system3 has been acquired through the cooperation of the Water Quality
Laboratory of the New England Division of the Corps of Engineers. The
staff of the Systems Analysis Branch of the EPA Region I Office in Boston
has been helpful in submitting STORET retrievals. The identification of
water quality and quantity monitoring stations has been done partially
using the services of the National Water Data Exchange of the U. S.
Geological Survey in Reston, Virginia. The Corvallis Environmental

Research Laboratory of the U. S. Environmental Protection Agency has

provided reports and data files from the National Eutrophication Survey

4 . . .
(NES) ". Sedimentation survey sheets have been obtained through the

12
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Sedimentation Laboratory of the U. S. Department of Agriculture and the
South Technical Service Center of the U. S. Soil Conservation Service
in Fort Worth, Texas.

11. Staff members of the Envirommental Laboratory of the U. S.
Army Engineer Waterways Experiment Station (WES) have provided assistance
in extracting and coding morphometric and drainage area data from project
design memoranda and in coding water quality data complied outside of
STORET. The Ohio River Division (ORD) of the Corps of Engineers provided
tapes containing water quality data gathered by district monitoring

programs in that division.
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PART III: DATA BASE STRUCTURE

12. Figure 1 depicts the organization of the data base into

eight major file groups:

CODES - Data Base Codes

LISTS - Project Lists

WATS - Watershed Characteristics

RESER - Reservoir Characteristics

HYDRO - Hydrology Data

wQ ~ Water Quality Data

SED - Sedimentation Data

NES - EPA National Eutrophication Survey Data
Each group contains a number of computer files, data forms, and/or maps.
File names are in two parts. The first refers to the major file group
and the second, to the specific file within that group. For exarmple,
the water quality station key is given the name WQ.KEY. A lowercase
second name indicates that the element is a map or data form (not a
computer file).

13. U. S. customary units have been used most extensively in the
files. This has facilitated the transfer and verification of information,
since most of the original sources of morphometric, drainage are=, hydro-
logic, and sedimentation data were also in U. S. customary units. Ore
exception to this convention is the EPA National Eutrophication Survey
Compendium4 file, which was supplied by the EPA in metric units.

14. The development, structure, and contents of each file group
are discussed in the following sections. The sources and approaches
used in compiling the information are described. Each file is character-
ized with respect to format and content. Since most files are too large
for listing, data holdings are summarized in an inventory format, with
categories defined by file, variable, and CE division. Data inventories
by project and district are included in Appendix A. Record formats for

the files described in this report are defined as PL/I data structures.

14
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PART IV: CODES - DATA BASE CODES

15. CODES consists of a group of files which define referencing

systems used in various portions of the data base. These include the

following:
CODES.DIS CE District Codes
CODES.DIV CE Division Codes
CODES . SOURCE Data Source Codes
CODES.TYPE Station Type Codes
CODES .POOL Pool Codes
CODES . OUTLET Outlet Codes
CODES.PARAM Parameter Codes

Listings of these files are given in Tables 1 through 5.

16. District and division codes (Table 1) provide a numerical
indexing system for each of 36 districts and 10 divisions, respectively.
Districts are grouped within divisions. The New England Division is
unique in that it is not comprised of districts. In order to permit
referencing of all projects at the district level, district number one
has been defined to represent the New England Division.

17. Data source codes (Table 2) provide a referencing system for
nine data sources which are used freguently in the data base. Identi-
fying each data entry by source provides a basis for validation and
sorting out discrepancies among multiple data sources for a given project
and characteristic.

18. A total of nine station type codes have been defined for use
in the water quality and hydrology files (Table 3). These provide a
frame of reference for locating monitoring stations within a given
project. Broadly, these permit distinction among stations located on
upstream tributaries, within reservoir pools, and in or below reservoir
discharge streams. Within-pool stations are further classified as
upper-pool, mid-pool, or near-dam. Mid-pool is used as a default for
lake stations. The remaining two are used in cases where coordinates,
maps, and/or station location descriptions provide an adequate basis
for more refined classification. Secondary tributary codes (upstream

and downstream from impoundments) have been used only for some EPA

16
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National Eutrophication Survey stations to aid in hydrologic budget

computations.
19. Pool and outlet codes (Table 4) are used in the morphometric

file. These provide systems for referencing various elevations to pool
allocations for specific uses, ranges of operating levels, and locations
and types of principal outlets. The systems were initially designed

at WES. Additional codes have been added as needed during subseguent
morphometric data compilation.

20. The parameter codes file (Table 5)* is used to reference
hydrologic and water quality data. The file contains 94 members, each
identified by a water quality parameter code, STORET code3, measurement
type, and units. The 5-digit STORET code is used in retrieving water
quality and hydrologic data from the STORET system. It is also used
to identify measurements in the hydrology files. In addition to the
89 basic water quality parameter codes included in the file, there are
11 redundant parameter codes, which have been used in retrieving water
quality data from STORET. Redundant codes result from multiple means
of expressing a given type of observation (e.g., temperature in degrees
C or degrees F or total phosphorus as P or as P04). Redundancies have

been eliminated in final data storage by applying appropriate conversion

factors in each case.

* Table 5 contains U. S. customary units of measurement. A table of
factors for converting U. S. customary units of measurement to metric
(SI) units is presented on page 8.
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Table 1

District and Division Codes

Division
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Code District Div Code
01l New England 0l 0l
02 New York 02 02
03 Philadelphia 02 03
04 Baltimore 02 04
05 Norfolk 02 05
06 Wilmington 03 06
07 Charleston 03 07
08 Savannah 03 08
09 Jacksonville 03 09
10 Mobile 03 10
11 Buffalo 05
12 Detroit 05
13 Chicago 05
14 Rock Island 05
15 St. Paul 05
16 Pittsburgh 04
17 Huntington 04
18 Louisville 04
19 Nashville 04
20 St. Louis 06
21 Memphis 06
22 Vicksburg 06
23 New Orleans 06
24 Little Rock 07
25 Tulsa 7
26 Fort Worth 07
27 Galveston 07
28 Albuquerque 07
29 Kansas City 08
30 Omaha 08
31 Walla Walla 09
32 Seattle 09
33 Portland 09
34 Sacramento 10
35 San Francisco 10
36 Los Angeles 10

New England
North Atlantic
South Atlantic
Ohio River
North Central

Lower Mississippi

South West

Missouri River
North Pacific
South Pacific

Valley
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01
62
03
04
Q5
06
07
08

Table 2

Data Source Codes

Data Source

Leidy and Jenkins

EPA National Eutrophication Survey

District or Division
Sedimentation Survey Sheets
Design Memoranda

USGS State Water Resources Data Reports

USGS/WATSTORE File
EPA STORET
INFONET - Ohio River Division

Code

01
02
03
04
05
06
07
08
09

Table 3

Station Type Codes

Station Type

Tributary

Pool

Discharge

Pool (nr. dam)

Pool (headwaters)
Unused

Point source

Sec. trib. (downstr.)
Sec. trib. (upstr.)
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Code

ol
02
03
04
05

06
07
08
09
10

11
12
13
14
15

16
17
18
19
20

Code

ol
02
03
04

Table 4

Pool and Outlet Codes

Pool Type

Flood control
Conservation
Water quality
Minimum
Summer

Winter

Water supply
Power
Recreation
Dead storage

Multiple use

Stream bed

Top of dam

Period of record minimum
Period of record maximum

Normal

Maximum power
Minimum power
Sediment

Maximum regulated

Outlet Type

Intake

Spillway crest

Surface outlet

Bottom of gated spillway

20
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Table 5

Parameter Codes

STORET HYDRO WO Component Units
00027 01 Code for agency collecting sample

00028 02 Code for agency analyzing sample

72025 03 Depth of pond or reservoir feet
00068 04 Maximum sample depth feet
72020 72020 05 Elevation ft > msl
00062 06 Elevation, reservoir surface ft

72030 07 Elevation of reservoir pool ft > msl
00054 00054 08 Reservoir storage acre-ft
72033 09 Flow, average daily, spillway cfs
72034 10 Flow, instantaneous, spillway cfs
00061 11 Stream flow, instantaneous cfs
00060 00060 12 Stream flow, daily cfs
00065 00065 13 Stream stage feet
00010 00010 14 Temp deg-C
00011 *14 Temp deg-F
00300 00300 15 02 Dissolved mg/1
00299 16 02 Dissolved, electrode mg/1
00090 17 Oxidation reduction potential mv
00094 18 Specific conductivity, field umhos /cm
00095 00095 19 specific conductivity, lab umhos /cm
00400 00400 20 pH (field) su
00403 21 pH (lab) su
60410 22 Alkalinity, total as CaCo3 mg/1
00435 23 Acidity, total as CaCo3 mg /Ll
00900 24 Hardness, total as CaCo3 mg/1
00940 00940 25 Chloride mg/1
00945 00945 26 Sulfate total mg/1
01045 27 Iron, total as Fe ug/1
71885 *27 Iron total as Fe mmg /1
01046 28 Iron, dissolved ug/1
01055 29 Manganese, total as Mn ug/1
71883 *29 Manganese total as Mn mmg /1
01056 30 Manganese, dissolved ug/1

(Continued)

* Redundant water

quality parameter code.

(Sheet 1 of 4)




Table 5 (Continued)

STORET HYDRO WQ Component Units
00916 31 Calcium, total mg/l
L 00915 32 Calcium, dissolved mg/1
! 00927 33 Magnesium, total mg/1
o 00925 34 Magnesium, dissolved mg/1
} 00929 35 Sodium, total ng/1

-3 00930 36 Sodium, dissolved mg/1
= 00937 37 Potassium, total mg/1
. ! 00935 38 Potassium, dissolved mg/1l
bl 00070 00070 39 Turbidity jtu
00074 40 Turbidity, transmissometer, percent
transmission percent

PR S

00076 41 Turbidity, Hach turbidometer ftu
00078 42 Transparency, Secchi m
; 00077 *42 Transparency, Secchi in
o 00031 43 Light, percent remaining at given depth percent
R 00034 44 Depth at which 1 percent of surface
4 light rem ft
; 00080 45 Color, true pt-co units
ﬁ; 00081 46 Color, apparent pt-co units
00955 47 Silica, dissolved mg/1
' 00956 48 silica, total mg/1
00310 49 BOD5 mg/1
: 00405 50 Carbon dioxide mg/1

! 00680 51 Carbon total organic mg/1l
00681 52 Carbon dissolved organic mg/1
00685 53 Carbon total inorganic mg/1
00691 54 Carbon, dissolved inorganic mg/1
00665 55 Phosphorus, total as P mg/1
00650 *55 Phosphate, total as P04 mg/1
, 71886 *55 Phosphorus total as P04 mg/1
00666 56 Phosphorus, dissolved as P mg/1
00669 57 Phosphorus total hydrolyzable as P mg/1
‘ 00678 58 Phosphorus, hydrol + ortho, total,
autoanal mng/1l
00671 59 Phosphorus, dissolved ortho as P mg/1
00660 *59 Phosphate, ortho as PO4 ng/1l
70507 60 Phosphorus, inorganic total ortho as P mg/1

(Continued)

* Redundant water quality parameter code.

(Sheet 2 of 4)




Table 5 (Continued)

o STORET HYDRO WQ Component Units
! 00600 61 Total N mg/1l
- 71887 *61 Nitrogen total as NO3 mg/1
r'f 00605 62 Organic N mg/1
s 00610 63 Ammonia N mg/1
71845 *63 Ammonia, total as NH4 mg/1
00625 64 Total Kjeldahl N mg/1
00630 65 NO2 + NO3-N mg/1
00615 66 NO2-N mg/1.
71855 *66 Nitrite total as NO2 mg/l
00613 67 Nitrite nitrogen dissolved as N ng/1
71856 *67 Nitrite dissolved as NO2 mg/1l
00620 68 NO3-N mg/1
71850 *68 Nitrate N as NO3 mg/1l
00618 69 Nitrate nitrogen dissolved as N mg/1l
71851 *69 Nitrate N dissolved as NO3 mg/1
00500 70 Residue, total mg /1
00505 71 Residue, total volatile mg/1
00515 72 Residue, total filtrable dried at
105 deg C mg/1
00530 73 Residue total non-filtrable dried at
105 deg C mg/l
80154 80154 74 Suspended sediment conc - evap at
110 deg C mg/1
70300 70300 75 Residue total filtrable at 180 deg C mg/1
32209 76 Chlorophyll-A fluorometric, corrected ug/1l
32217 77 ~hlorophyll-a fluorometric, uncorrected ug/1
32211 78 Chlorophyll-A trichromatic, corrected ug/1
32210 79 Chlorophyll-A trichromatic, uncorrected ug/l
32230 80 Chlorophyll-A mg/1
60050 81 Algae, total cells/ml
00570 32 Biomass, plankton ml/1
85209 83 Algal growth potential mg/1
60990 84 Zooplankton, other no/liter
31616 85 Fecal coliform, memb filter, m-fc broth
44.5 deg no/100 ml
31673 86 Fecal streptococci, memb filter, k£
agar, 35 deg no/100 ml
31679 87 Fecal strep mf m-ent no/100 ml

(Continued)

* Redundant water

quality parameter code.

(sheet 3 of 4)
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Table 5 (Concluded)

STORET HYDRO WQ Component Units
50051 88 Flow rate instantaneous mgd
50053 89 Conduit flow - monthly mgd
70301 70301 Dissolved solids - sum of constituents mg/l
80155 80155 Sediment discharge tons/day
70291 70291 Dissolved sulfate discharge tons/day
70290 70290 Dissolved chloride discharge tons/day
70302 70302 Dissolved solids discharge tons/day

R T i M v, " 0 et e
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PART V: LISTS - PROJECT LISTS

2l. LISTS, the second major file group, defines the referencing
system used for CE projects in the data base. It consists of the fol-
lowing files:

LISTS.CPL - Central Project List
LISTS.DPL - Deleted Project List
The development and contents of these files are discussed below.

22. The data base is built around a central list of 299 reservoirs
which have been identified from various sources and placed in the LISTS.CPL
file. The regional distribution of these projects is shown in Figure 2.
Breakdowns by CE district and division are given in Table 6. The follow-

ing have been used as criteria for inclusion:

o

projects currently operated by the Corps of Engineers.

. projects having seasonal or permanent pools.

o |

The second criterion has been applied to eliminate locks and small run-
of-the-river impoundments with short hydraulic residence times and little
opportunity for inducing water quality changes, at least with respect to
eutrophication.

23. The two primary sources of information used to develop an
initial project list include a tabulation of CE projects with surface
areas greater than 500 acres compiled by Leidy and Jenkins™ and a map
of CE water resource projectsG. Based upon CE Water Resource Development
Reports.7 and information supplied by various CE district offices, the
initial list has been screened to eliminate projects which are incom-
plete, not currently under CE control, and/or do not have appreciable
pools. A separate list of impoundments which have been eliminated has
been maintained for future reference (LISTS.DPL). Because it hasg not
been feasible within the scope of this project to compile and incorporate
data from detailed, project-specific reports, the current project list
may contain some impoundments which do not conform to the above criteria.

Similarly, some projects may have been missed. Inclusion and/or screening

25



of additional projects would be possible with more time devoted to com-
piling and examining detailed reports.

24. The record format used in the LISTS.CPL and LISTS.DPL files
is given in Table 7. Files are listed in Tables 8 and 9, respectively.
Each project has been assigned a unique, three-digit identification
code to facilitate referencing in the data base. The location of each
project is identified by CE division, district, state, county, latitude,
longitude, and hydrologic unit. Hydrologic unit maps compiled by the
U. S. Geological Survey (USGS)8 have been used to provide basic location
data. Reservoirs lying on the boundaries of states, counties, and/or
hydrologic units have been referenced based upon dam location. State
and county codes refer to the standard federal cuding system (FIPS)
documented in the EPA's STORET3 user's manual. The latitudes and longi-
tudes of projects in which surface elevation monitoring stations have
been located refer to those stations, which occur most frequently at dam
sites. In other situations, coordinates have been approximated from
hydroleogic unit maps and refer roughly to dam locations.

25. As shown in Table 1, the project list is cross~referenced to
three independent data bases:

a. the EPA National Eutrophication Survey Working Papersg.

b. the U. S. Department of Agriculture (UsSDA) compilation of
reservoir sedimentation datalO.

c. the CE project file compiled by Leidy and Jenkinss.

The cross-~referencing system facilitates access to specific information

on projects contained in these sources.
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Breakdown of Projects in the Central Project List by District and Division

Total
Number Numbex
of of
Code District Projects Code Division Projects

0l New England* 22 01 New England 22
02 New York 3
03 Philadelphia 3
04 Baltimore 9

05 Norfolk 0 02 North Atlantic 15
06 Wilmington 3
07 Charleston 1
08 Savannah 2
09 Jacksonville 1

10 Mobile 17 03 South Atlantic 24
11 Buffalo 1
12 Detroit 4]
13 Chicago 0
14 Rock Island 2

15 St. Paul 13 05 North Central 16
16 Pittsburg 14
17 Huntington 28
18 Louisville 15

19 Nashville 7 04 Ohio River 64
20 St. Louis 3
21 Memphis 1
22 Vicksburg 7

23 New Orleans 4 06 Lower Mississippi Valley 15
24 Little Rock 10
25 Tulsa 35
26 Fort Worth 17
27 Galveston 0

28  Albuquerque 4 07  South West 66
29 Kansas City 11

30 Omaha 20 08 Missouri River 31
31 Walla Walla 4
32 Seattle 6

33 Portland 17 09 North Pacific 27
34 Sacramento 15
35 San Francisco 2

36 Los Angeles 2 10 South Pacific 19

Total 299 299

28
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PART VI: WATS - WATERSHED CHARACTERISTICS

26. WATS, the third major file group, contains information on
project watersheds. It consists of the following three elements:

WATS.maps - Watershed Maps
WATS.POLYS - Watershed Polygon Coordinates
WATS.DAREAS - Drainage Area Characteristics

This information supplements the location descriptors contained in the
LISTS files. Each element is described below.

27. A set of watershed maps has been compiled from the USGS hydro-
logic unit mapsB, EPA National Eutrophication Survey Working Papersg,
and a report on CE projects in the New England Divisionll. The maps are
labeled with descriptive data contained in the LISTS.CPL file and stored
in a loose-leaf notebook. Hydrologic unit maps, used most extensively,
are on a scale of 1:500,000. BAn example is given in Figure 3. In some
cases, projects have been built after map publication and only the water-
sheds are shown.

28. WATS.POLYS contains the latitude/longitude coordinates of
polygons which contain projects and their watersheds. These coordinates
have been used to identify water quality monitoring stations in STORET
(see Part IX). Each record contains up to five coordinate pairs and is
referenced by district and project codes. Coordinates have been estimated
from watershed maps contained in EPA National Eutrophication Survey
reportsg. The 108 projects which were sampled under that program are
represented in WATS.POLYS file.

29. WATS.DAREAS contains additional descriptive information on
project watersheds in the format given in Table 10. Each record is
referenced by district, project, and data source codes. Table 11 lists
the elements of the file along with corresponding data sources. Some
discrepancies among multiple data sources for the same project and
characteristic remain in the file, particularly in drainage areas and
mean flows. These could be resolved through verification of the file
at the district level. An inventory of the file contents by division
is given in Table 12. Inventories by project and district are given in

Appendix A,
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Sample Watershed Map

30530303636 30 238 06 30 2600 33400 3636 36 38 3000 T334 306 398 30 HIEIHE 6 S 64 09008

# RES: 194 POMME DE TERRE »
# DISTRICT: 29 KANSAS CITY MO »
# DIVISION: & MISSOURI RIVER »

% STATE: MO  HYOROLQGIC UNIT: 10290107 =
% LATITUDE: 37,901 LONGITUDE: 93.318 #
# MAJOR TRIBUTARY: POMME DE TERRE "
® SCALE: | 10 MILES { L
VA IE 36 36 D06 DI 6 U306 3000 J06 JH-06 48 06 38 J-00 0036 SR I I

(o]
p‘ﬂm«e y Tf
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PART VII: RESER - RESERVOIR CHARACTERISTICS

30. The fourth major file grouping, RESER, contains detailed
information on reservoir characteristics. It consists of the following

four elements:

RESER.MORPHO - Project Morphometry

RESER.desc - Verbal Project Descriptions
RESER.broch - CE Recreational Brochures
RESER.COM - Comments

Each of these elements is described below.

31. The fluctuating pool levels characteristic of many reservoirs
necessitates the compilation of morphometric data which are referenced
to pool elevations. Volume and surface area variations with elevation
are required for estimation of volume-averaged water quality conditions,
given measurem .nts made at specific depths. Seasonal variations in
reservoir volume and discharge induce variations in mean depth and

hydraulic residence time which may, in turn, influence the response of

trophic state indicators to nutrient loading. Thus, detailed morphometric

information is an essential component of the data base for eutrophication

modelling and for other general uses.

32. The record format and contents of the RESER.MORPHO file are
described in Table 13. Each record is referenced by district, project,
elevation, and data source code. 1In addition to area, volume, length,
width, and shoreline length data, the file contains a series of pool and
outlet codes, as listed in Table 4. These codes provide supplementary
descriptive information on pool allocations for various uses, ranges of
operating levels, and locations and types of principal outlets.

33, The RESER.MORPHO file was initially based upon data extracted

from project design memoranda. The other principal data sources include:

(1) a report by Leidy and Jenkinss; (2) USGS water resources data re-
ports, by state and yearl3; (3) sedimentation survey sheetslz; and
(4) district and division offices. Information compiled from these
sources has been coded and sorted by project and elevation. Initial

screening was done to identify and correct, where possible, any
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obvious errors, such as decreasing area or volume with increasing eleva-

tion within a given project. There were sufficient inconsistencies among
the various data sources for many projects to warrant independent veri-
fication of the file. Accordingly, the file was distributed to the
districts through WES and additions and corrections were made based upon
district responses. Final editing was done to eliminate most of the
redundancies in the file due to multiple data sources for the same project
and elevation. A current data inventory by division is given in Table 14.
Inventories by district and project are given in Appendix A.

34, RESER.desc consists of a collection of verbal project descrip-
tions copied from USGS water resources data reports published annually
by statel3. The descriptions are referenced by district and project
codes and assembled in a loose-leaf notebook. These descriptions summa-
rize hydrologic monitoring activities by the USGS, along with important
project characteristics and purposes. The file currently contains
entries for 260 out of 299 projects in the central project list.

35. RESER.broch is a collection of brochures published by CE dis-
trict and division offices as guides to recreation in specific projects.
These usually contain detailed project maps which are useful for locating
monitoring stations. Project purposes and characteristics are also sum-
marized. Each folder is referenced by district and project number and
stored in a hanging file. Currently, the file contains information from
eight districts: Pittsburg, Huntington, Louisville, Nashville, Vicksburg,
Tulsa, Forth Worth, and Sacramento.

36. The RESER.COM file contains miscellaneous descriptive infor-
mation on various projects. This file has been designed to hold data or
comments which do not conform to other file formats. Each record is 80
characters long and is referenced by district and project codes. A

listing of the current version of this file is given Table 15.
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01157
01165
01167
07232
26363
28408
30214
30333
33298
33305
34048
34051

Table 15

Listing of the RESER.COM File

Mad River dam now under control of State of Connecticut
Connected to Hopkinton (01167) at high water

Connected to Everett (01165) at high water

Project transferred to Wilmington District (06)
Sediment survey refers to 0ld Waco

No permanent pool

2 Separate lakes (W. twin/E. twin) below elevation 1342
Project never reached full pool

Re-regulating dam for Green Peter (33299)

Re-regulating dam for Detroit (33293)

Sediment survey refers to 0ld Don Pedro

Sediment survey refers to 0ld Excheguer
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PART VIII: HYDRO - HYDROLOGY FILES

37. The fifth file group, HYDRO, contains detailed hydrologic
data, organized in the following files:

HYDRO.KEY - Station Key
HYDRO.DAILY Daily Values
HYDRO.MONTHLY Monthly Summaries
HYDRO.YEARLY - Yearly Summaries
HYDRO.SUM Grand Summaries

This information has been compiled to provide bases for nutrient budget
calculations, estimating pool hydraulic residence times (as influenced
by reservoir elevation and discharge), and depth-averaging of water
quality observations (as influenced by reservoir morphometry and pool
level). Because of the stringent water quality sampling requirements
for estimation of nutrient budgets, streamflow data required for such
calculations have been compiled only for those projects and years
sampled by the EPA National Eutrophication Survey. Attempts have been
made, however, to compile reservoir discharge and elevation/contents
data from all projects for 1965 to date using three data sources: USGS/
WATSTORE14, the EPA National Eutrophication Surveyls, and sedimentation
survey sheetslz. The HYDRO.KEY file describes 1307 stations from all
three data sources in the format depicted in Table 16.

38. The first data source includes USGS stations monitoring
reservoir elevation/contents or streamflow at or below reservoir dis-
charge points. These stations have been identified using the Master
Water Data Index of the USGS National Water Data Exchange16 and USGS
water resources data reports by state and yearl3. Daily values have
been retrieved through STORET3 for the period from 1965 to the most
recent available as of February, 1980. Only those stations with daily
values entered in WATSTORE are included.

39. The EPA Naticnal Eutrophication Survey4, which sampled 108 CE
projects, assembled a hydrologic data base compatible with its water
quality sampling network for use in nutrient budget computations. It

includes streamflow estimates for upstream and downstream tributaries.

50




i For each station, flows are estimated on three time scales: daily (only

for the days on which water quality samples were taken), monthly (only (

for the months in which water quality samples were taken), and normalized

monthly (normal flow for each month). This information has been retrieved

aal
3

from a tape provided by the EPA Corvallis laboratoryls. Monthly and

i Ak et

normalized monthly flows have been stored in the HYDRO.MONTHLY file.

Ty~
S

Because they only refer to water quality sampling dates, daily flows

have been stofed along with the water quality data in the WQ.OBS file.

40. The third source of hydrologic data, sedimentation survey

———

sheetslz, has provided annual estimates of reservoir total inflow, mini-~

mum elevation, and maximum elevation, typically for 10 water years in

— s -

most of the 84 projects for which sedimentation survey sheets have been
located. This information has been stored in the HYDRO.YEARLY file.
41. The formats of the DAILY, MONTHLY, YEARLY, and SUM hydrology
files are listed in Tables 17 through 20, respectively. HYDRO.DAILY,
which contains data from USGS/WATSTORE stations only, is in the WATSTORE L
format. It is linked to the project list through the sequence number

stored in the HYDRO.KEY file. The other hydrology files contain direct
references to districts and projects. In retrieving daily values, all
parameter codes recorded at each station were included. Thus, the daily
file, and the monthly, vearly, and grand summaries generated from it,
contain some water quality information monitored by the USGS on a daily
basis (e.g., temperature, conductivity, suspended solids). Parameter

codes and coverage are indicated in Table 5.

42, Monthly variations in reservoir discharge and elevation are
needed in order to provide bases for calculating pool hydraulic resi-
dence times and volume~averaged water quality conditions on a seasonal
basis. Table 21 presents an inventory of reservoir discharge, elevation,
and contents data monitored at USGS stations and contained in the
HYDRO.MONTHLY file, Table 21 is organized by division. Corresponding
inventories by reservoir and district are contained in Appendix A. Since

the monthly hydrologic summary has been generated from the daily values

file, these inventories also reflect daily data holdings.




43, The files contain reservoir discharge data for 245 out of the

1

|

! 299 projects in the central project list. Elevation and contents data

‘ are included for 44 and 108 projects, respectively. Regional deficiencies
a in elevation or contents data are particularly evident for the New England,

'1 North Atlantic, South Atlantic, Ohio River, and Missouri River Divisions.

These deficiencies need to be corrected, probably using district-level

information sources, in order to provide a basis for model evaluations

: | under Phase II of this project.
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PART IX: WQ - WATER QUALITY FILES

Introduction

44. The sixth group of files, WQ, contains water quality infor-

mation for CE projects. It is organized as follows:

WQ.KEY - Station Key

WQ.DESTAT - Detailed Station Descriptions

WQ.OBS - Observations

WQ.SUM - Data Summary by Station and Parameter
WO.maps - Station Maps

Three sources of water quality data have been used: (1) EPA's STORET
system3: (2) the INFONET17 system used by the Ohio River Division of the
Corps of Engineers; and (3) miscellaneous survey data for specific
projects. The numbers of stations and observations obtained from each
source are listed in Table 22. The use of these sources and resulting

file structures and contents are described in the following sections.

STORET Data Acquisition and Processing

45. As in Table 22, STORET is the primary source of water quality
information. The following sources have been used to identify station
codes and to associate them with specific CE projects:

a. the Master Water Data Index (MWDI) maintained by the
National Water Data Exchange of the usGsl6,
18,19,

Iy

the USGS Catalogue of Information on Water Data

€. a list of stations included in the National Stream
Quality Accounting Network (NASQAN) maintained by the
UsGs20,

d. the EPA National Eutrophication Survey Working Papersg.
and

€. direct station identification retrievals from STORET
using a latitude/longitude search technique.

These sources are described below in the order used.
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Table 22

Inventory of Water Quality Data by Source

Y R

a Sample
J] Agency Stations Dates Observations
gi STORET - EPA/NES 1,637 16,119 181,173
. STORET - USGS 655 35,326 592,853
N
ﬁ STORET - CE 470 34,890 322,337
| STORET - States 541 18,243 235,894
{ STORET - Other 357 8,078 154,266
R
‘ INFONET - ORD 763 16,995 534,412
8
41 Miscellaneous 28 170 2,259
] TOTAL 4,451 129,821 2,023,194
-~
P
!
]
1
'i
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46, The Master Water Data Index (MWDI) documents water quality

‘j and quantity monitoring activities by various local, state, and federal
agencies throughout the U. S. and contains information on site loca-
tion, agency, dates, types of measurements, and data storage media.

It does not contain measurements, but serves as a means of locating

them. The MWDI registers all stations in the EPA STORET and USGS

e e

»
~

Al

WATSTORE systems, in addition to information on monitoring activities
by agencies which do not participate in other federal data banks.

Thus, this file represents the most comprehensive one available for
identifying monitoring sites and locating data. An initial list of
monitoring stations associated with specific projects was derived by
applying a latitude/longitude search technique to two large station
files acquired on tape from the National Water Data Exchange. One
contained all stations in the U, S. monitored by the Corps of Engineers,
and the other contained all lake or reservoir stations monitored by any
agency in the U. S. The station/project matching derived from this
search was verified manually by checking station location descriptions
and consulting maps, when needed.

47. The station listings derived from the MWDI did not contain
stations monitored by non-CE agencies on tributary streams. The second
and third sources listed above provided additional tributary stations
operated primarily by the USGS. NASQAN20 stations are particularly
data-rich, having been operated by monthly frequencies since 1975 with
a broad water quality parameter coverage. Forty-nine such stations have
been located in or directly below the watersheds of projects in the
central project list.

48. The STORET station list also includes all stations operated
by the EPA National Eutrophication Survey in 108 CE projects. These

stations include upstream tributaries, point sources, reservoir stations,
and reservoir discharge stations. Nutrient loading calculations for
these projects will provide a basis for the testing loading models in

Phase I1I.




49, Finally, a series of station identification retrievals were
done directly in STORET using a search technique based upon the latitude/
longitude polygons contained in the WATS.POLYS file. Because of cost
and time considerations, this technique was applied only to projects
which were in one of two categories: (1) sampled by the EPA National
Eutrophication Survey (since these will be the primary focus of Phase II
modelling efforts); or (2) without water quality data derived from
other station searching techniques. An extracting option available
in STORET was also used to identify only stations for which total phos-
phorus measurements were available,

50. Experience with these alternative station searching techniques

indicates that no one method is completely satisfactory. Each relies upon
the accuracy of the station characteristics and coordinates entered in
the STORET file. Polygon search techniques often retrieve extraneous
stations or miss relevant stations because of inaccurate latitude/longi-
tude entries in the STORET station file. Similarly, retrievals which
depend upon station types (e.g., "stream" vs. "lake") will miss stations
which have been inaccurately classified. For example, many stations
located in reservoir pools (based upon location descriptions and/or
coordinates) were classified as "stream" stations in STORET and MWDI,
The variety of methods employed to identify stations has helped to pro-
vide reasonable project coverage. All station/project matchings in the
final STORET station list have been checked manually with reference to
verbal station location descriptions and maps.

51, Preliminary STORET retrievals have been used to screen out
sites with little or no relevant information and to verify station codes.
Results have been obtained in the STORET Inventory format, which lists
station descriptions and statistical summaries of water quality components
monitored. Based upon these inventories, most stations with only one
sampling date have been eliminated from the station list.

52. Following the screening procedure, a second series of STORET
retrievals has been used to obtain copies of the data on tape for all

observations made after 1964, The most comprehensive retrieval format




. At 4500 ol

available from STORET has been used. This format, termed "MORE=5",

provides complete station descriptions along with observations of up
to 50 differeat water quality variables at each station.

53. A total of 100 variables have been selected for inclusion in
the data base, as listed in Table 5. This necessitated two retrievals
for each station. The selection of variables is based upon the objec-
tives of the project and upon the results of the preliminary station
inventories, which gave initial indications of data availability as a
function of parameter code. The list contains some redundancies due
to multiple ways of expressing various types of measurements (e.g.,
temperature as degrees F or degrees C or phosphorus as P or PO4). Con-
version routines have been used to eliminate these redundancies in tape

processing.

54, 1In a final step, the STORET tapes have been processed to

generate one file containing station descriptions (WQ.DESTAT) and another

containing water quality observations (WQ.OBS). This involved several
sort/merge steps to combine data from the individual STORET tapes in a
sequenced form. Overall, STORET has provided 1,486,523 observations at

3,660 stations.

INFONET Data Acquisition and Processing

7 .
55. The INFONET1 system used by the Ohio River Division to manage

water quality data has been accessed as a second source of information.
Five tapes have been obtained from ORD, one containing station descrip-

tions and the other four containing water quality observations for each

of the four ORD districts (Pittsburgh, Huntington, Nashville, and louis-

ville). Because the organization and formats of the INFONET tapes are
different from those obtained from STORET, a different set of programs
has been written and employed to extract the data and process it into a
form suitable for merging with output from the STORET tape processing.

56. A systematic procedure has been used in extracting data from

the ORD tapes. 1In the first step, stations of interest have been selected

63
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. from the ORD station tape based upon ORD project identification codes

and used to generate a station description file keyed to members of the
central project list. A list of primary and secondary ORD station codes

has been extracted from the station description tape. In the final step,

c——a

the station code and parameter code files have been used to extract

relevant observations from the ORD data tapes. This process has been

Fos

repeated for each district and the resulting files have been merged.

k4 A total of 763 stations and 534,412 observations have been derived from

this data source.

SRR SR

Miscellaneous Data Acquisition and Processing

57. Water quality data acquired from STORET and INFONET have been
supplemented with miscellaneous data which has been manually coded and
H entered directly into the water guality files. This has been done to
ii‘ improve the regional coverage of the water quality data base. This
\ relatively time-consuming approach has been limited to two sources:
(1) survey data obtained from Baltimore District21 for Almond, Whitney
! Point, and Alvin R. Bush Reservoirs; and (2) survey data obtained from
the North Central Division22 for Eau Galle Reservoir and Lac Qui Parle.
58. Water quality data and station descriptions from these sources
have been coded at WES. Keypunching and verification have been done at
MIT. The resulting files containing 28 stations and 2259 observations }
have been merged with data from STORET and INFONET in the formats des-
cribed below. ;

WQ File Structures

59. The water quality data base consists of four files (WQ.KEY,

WQ.DESTAT, WQ.OBS, WQ.SUM) and a set of station maps (WQ.maps). The

formats of the four files are given in Tables 23 through 26, respectively.

The structure and contents of each are discussed below.

1
i
| j
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60. WQ.KEY (Table 23) contains station source and location des-

criptors and accounting information on the amount of data in the WQ.OBS
file, including the number of observations, number of sampling dates,
date range, and depth range. Station descriptors have been derived from

the WQ.DESTAT file, and accounting information from the WQ.OBS file.

v oL
P S-S

Each station has been given a unique, 8-digit identifying code. The
first two digits represent CE district (Table 1) and the next three
represent CE project (Table 8). The last three contain a code which is
unique within each project. The following conventions have been used
in assigning the last three digits of the station code:

001 - 100 STORET stations retrieved in March of 1979
101 - 200 STORET stations retrieved in March of 1980
301 - 400 EPA National Eutrophication Survey stations
501 - 600 INFONET stations (Ohio River Division)

801 - 900 stations entered manually

[RDUSRUPINSY SV AF . & NS

i N N

s

i Station numbers have been assigned sequentially within each category and i
project, after sorting the stations by STORET agency and STORET station
codes. The station coding scheme permits sorting and analysis by
station, district, project, station, and/or data source. The WQ.KEY
1 file contains 4451 records (one per station), sorted by the 8-digit
station code.

6l. WQ.DESTAT contains detailed information on station location
and data source. As shown in Table 24, it contains four record types.
, The fourth type is repetitive and contains up to 15 lines of detailed
| descriptive text on each station. WQ.DESTAT contains about 31,000
records, sorted by the first ten digits of each record (station code/
record sequence number).

62. WQ.OBS (Table 25) contains water quality observations. Each
record is identified by station, date, time, depth, and parameter code.
Standard STORET remark codes identify measurements which are less than or

greater than indicated values or duplicate values. The last part of

e s

each record contains composite sample information. WQ.OBS, which con-

tains 2,023,194 records, sorted by the first 24 columns (station/date/

time/depth/parameter), is stored on tape (sequential access only).

70 s




63. WQ.SUM (Table 26) contains a water quality data summary by
station and parameter, derived from analysis of the WQ.OBS file. Statis-
tics include date range, depth range, value range, mean, standard devia-

tion, and value percentiles (25%, 50%, and 75%). Summary statistics are

derived from the first 1000 observations for each station/parameter combi-

nation. Each record represents one station/parameter combination and the
file contains about 75,000 records sorted by station and parameter codes.

64. To provide direct access to water quality station descriptions
and data summaries, the contents of the WQ.DESTAT and WQ.SUM file have
been produced in microfiche form. Frame format is illustrated in
Table 27. The heading of each frame contains the district, project,
station, and station type codes and names. Station descriptions are
entered from the WQ.DESTAT file. The data summary by parameter follows.
Frames are sorted by district, project, and station codes. A new fiche
card is begun with each district. Card labels indicate the district and
project described in the first frame. The last frame of each card
contains an index which lists the project, station, and associated
frame coordinates.

65. WQ.maps is a collection of station maps (one per project)
which have been produced on a Calcomp line plotter using information in
the WQ.KEY file. BAn example is given in Figure 4 which.can be compared
with the watershed map in Figure 3. Stations are located based upon
latitude/longitude coordinates. Different plot symbols are used to
identify station types. Only stations with more than 10 observations
are plotted. Adjustments in horizontal and vertical scales are made
for cach map so that a linear distance scale is preserved and the map
fits within an 8.5 x 11 inch area. A scale factor in miles per inch is
derived from the LISTS.CPL file and plotted with a triangle. These maps
are useful for identifying station locations and for refining the station
type codes. They are subject, however, to errors in the station coordi-

nates derived from STORET or INFONET. Based upon the maps and station
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Figure 4

Sample Water Quality Station Map

; n
- | o
- I 29 194 POMME OE TERARE $=2.76
< ™m
1 scale fact:or'S
L‘i (miles/inch)
5 o discharge stations -1« 301
3 (o)}
3 r\'_‘ Al sdam location
3 m
i m "4\ near-dam stations
\ (VB }
. ‘ Qil
’ © o o 10
C . 0N 0312
L P 03
| (D oy
4 ~ i
J ] pool stations-~-»0 103 :
: 013
1 839
4 a
f o)
1 ’_;\'_ ©313
k- { Tn L
{ - ois e X 304
b |
: upper pool stations
92l
™~
r ~ tributary stations-~—+X08
& M1 30
Y X 309
4 R
I r\" X 30
m
X 309 X 392 :
%) X 306
w
~
m T

"93.45  33.40  93.35  93.30  93.25  93.20
LON

73

i
|




Loy s L. . . . . ,
i descriptions, some editing of obvious coding errors in station coordi-

| nates has been possible.

s

WO Data Inventories

66. Table 28 presents an inventory of water quality data by station

F AN
'

'
Aha A

type and division. Corresponding inventories by project and district
are given in Appendix A. Overall, 271 out of 299 projects are represented

in the water quality files. Remaining regional deficiencies include

Y Aol

St. Paul District (6 out of 13 projects), Portland District (9 out of 17

e i

projects), and Los Angeles District (0 out of 2 projects).

67. An inventory by station type and parameter code is given in

Table 29. As expected, temperature, pH, and oxygen are the most fre-

o )
R N

£

quently represented parameter codes in the file. No data were located
for one code (09 -- average daily spillway flow).

68. Phosphorus, chlorophyll-a, and Secchi depth data are parti-
cularly relevant to assessing eutrophication problems and therefore to
Phase II modelling efforts. Table 30 presents an inventory of these
measurements made at pool stations (type codes 2, 4, or 5) by division.
Corresponding inventories by project and district are given in Appendix
A. Out of 299 projects in the central project list, total phosphorus
, data have been located for 211, chlorophyll-a data for 132, and Secchi
e depth data for 171. Some regional deficiencies in total phosphorus data
= are evident particularly in the New England Division (12 out of 22

| projects), North Atlantic Division (6 out of 15 projec's), North Central
4 Division (6 out of 16 projects), and North Pacifi~ L  ion (6 out of
27 projects). These are also reflected in the 1oropi.  i-4 and Secchi
depth inventories. These inventories indicate that the data base will
not be sufficient to assess the trophic state of all CE projects with
appreciable pools. The complete coverage for roughly 130 projects
indicates, however, that the data base should be generally sufficient
for model testing purposes, the primary objective of Phase II. Regiocnal

testing of models should also be possible, with a few exceptions (e.g.,

74 i

T B I T N

in b o - A s : . o . R
TR RPN i g Sy o . %




e e LL LL 4 24 Tre 012 otz 1oz 1:14 1444 Tre 66 SIvioy}

14} P43 T ¥ -1} -1 T Tt 118 oF ot o1 61 PIG]
st 8! ! ' L1 Ly L L S S 9l 9t LT QdN 6
11> 1> 3 ({1 44 Tz (1 1€ 6T 6z 92 14 13 auw 8
) T8 T 1T L'} 05 BY (12 A it (13 15 99 ams
1 G 14 ‘" St St St st b ti S St -1 QAR 9
6 6 \ ] L L S S L L L L 91 goN g
3 %) 4 4 TT 12} ¥9 09 09 8% 8% ¥ 19 v9 o¥o v
F 44 44 9 9 (114 (114 vl vl 94 91 61 61 ve avs ¢
[} 14 1 ] 6 8 8 8 -]} (]} 6 6 Sl avN 2
44 44 0 1) 144 1 44 T it [ g1 44 144 FA4 Gan' 1

SSON VISN SHON YiSN SAON V1SN S80ON ViSN SBON V1SN SS0ON ViSN royd NOISIAIQ
=S WIOI———= 11— .

—=1T1-WNV0 UVIN-—=T[====T00d-——-J |-ABVINAI¥1—=1Ivi01

**+«NOISIAIQ A8 AHINI 3HON HO 3INO HLIR S1I3r0dd 40 Y3IOWNN s=e

FIAI NOTIVIS A VIVO ALTIvAD ¥3IIVA 40 AHOLNIANI

rELETOTISYY LLPST 19T 60L0}% vSS LOGEYE TOV 0TS60S LvZt L8SLEZL LB6) 66T SIvi01

BAELL VIV SIT | 2 L[ 7 A-T 4 1] 7 Si8ct 81 E516 &¢ ELv6ZT LL 61 adS ot
TI666 ©91 €6 ] LS68BZ vE L9tT1 1t SvSZZ T 0519€ 96 X4 UdN 6
8L890Z 0€S 68EE  Ov 12L29 9 ESYET 19 pOSEY E61 LIBEL TLL 15 a¥N 8
P50b62F 006 2P 1S B9BZOY SIT  102¢S 08 z8evl ™ 6% €9006T 66F 99 ams L
0ZEBYL HOE (134:] (¥ 1600 OF 6L58C ¢ 1OEYT 19 6ZLEL 891 Gt armn 9
ayL0Z SL 06 (4 (174 8 €564 B G86L LT 6000} 0O ] aIN §
BG1bE9 00tl  6G9ZF 86 BOLET LET  6EZ181 St G0LGGZ €2Zv G8151V PES t9 qyo v
6922ST vEL s2oe Iy ISviS o8 S090C VE 18106 661 LOOLZL OTY vZ avs ¢
859¢L 00! 8EY 4 1ZEv 02 91b4 it 162 &2 Z619  Ov 51 a¥N Z
Eeovdi oLl 0 0 14812 28814 6LbGt Ob 1.881 €5 89659 1§ Tz a3N

SOON  VISN  SHBON  VISN SHON VISN SBON__ VISN SBON  VISN  SBON  VISN  ro¥d NOISIAIQ
== SVIoI====TT=—83H1D0-=== 1 T=IDUVADISTU-—T]-WV0 BVIN-——==] ! ——==100d--~~1 1 -AGVINBI¥L-=1VIO01

22+ S1VIOL NOISIAIG eee
JdAI NOTIVIS A8 V1VQ ALTTvND 83 LVM 40 AHOINIANT

UoTSTATQ IO pue 3dAL uoTiels Aq eieq A3TTend I93eMm JO AIO3ULAUI

8C ST19®yl

75




(ponuTt3juo))
YOEZ  pOl Q [] (X723 2 08 0} [ 81 180 69 S1IND 03-1d HO102 dY 18000 9%
BYGYT GES  SHZ €T UEEY  BPT  S9CT B8 ©ITC  BZT  BOVIT  IS¥  SIINA  D3-Id 80700 08000 S¢
915§ (X4} [ 0 ' v €91 Lt 91 (X4 o8t &9 SNIVYNIY LHOIN %1 1i-Hid3Q PECOO vy
6L0r ZEY Q (] 09 Tt 6921 68 »89Z  GIE 99 94 IN3OM3d  ONINWIY 17 10INI LEOOD Ep
B8IET IHIT — O L) 9TF Lt C96T7 BTT — 9V9% BbL  ¥8TT  ©LT  S¥313IN JTHWIDIS dSNvui  8L000 Zv
vSSLT  ZzOZV 29 €l LELS 161 1026 zT! pSr6  Eip 001L  €2S Nld HOYH BINGIBYL  6¥8NL 9L000
aive 909 ] 0 9¢ o »S9Z  BZH €899  6vp (14 -1} 1 SNYY L 8uny 2020
OZYYE EBE T TYS ¥ V169 LIT T WZ9T 16 ©IBV 16T OpE€IT 89v  NIN  NSHM T gang 04003
85191  0LS s 4 6bLS 65! 1008 0L 1001 68 €S€8  0SZ 1/9W SSIAQ'N  WNISSid SE600
0ZELL 119 68 [ 4 L8iE €Tt 8251 LS viEL 11 T60S 862 I/9W 101°'% WNISSld LE6DO
"EQZ1ZT BBSY 8§~ € E897 woU T SITT  wI — 8¥ITT Bl  8611T 692 N /oW T 8S14° YN Twnlaos 0£600
9S8EL 06§ 06 z 686 611 0894 6§ areL Sl 1699 G662 /9K 101'YN  WNIOOS 62600
0Z80Z &6L 0 0 LY69 861 P9I 96 122 v9i 88104 LEE 1/9m SSIQ'OW NN ISNOR 2600
TLBEV T ILY (] L) EA>¥S 2 1) S 7 4- ) Gt -T- M 21 ) S €Y L6297 0E€ /9N T T 104'OW T WNISNOW T L2600
TOLOZ 008 € 3 8,69 10T SSPL L6 0812 191 98004 OPE T/om $SIQ'YD WNIDIVD $1600 '
€9bpL  LL9 0 0 LLZy  Shi S80Z 9 9451  E€L 1569 g€ /9K 101-¥3  WNIJ1YD 91600
IvELT 9.8 134 1A OpyZ ™ EST  BOZV T TE  OBOE  BOZ  B88SY 80V 1/9n7  SSIC'NA ISINONYN  9S014C :
ELIOE €£1S§) 981 1z 6ZvL S82 1% 4 9! v62ZS I1SE 6v0Z1 00L 1/9n0 NN ISINONYN 85010
¥8LSL €26 61 L [X:1: 1 K 3% €SZy 96 11Z€ [4t4 0Z9S  LEV 1/9n $S1Q°34  NOMI 9v040
TBLOVE T 9981 BOT YT B8s6l  FieT  OEIS T 1% vhbE 1SE SP6ZT 0L — /9N 104°34 NOMI T Sv0i0 3
896Zd> 955+ TOE 6} €91Z1 @z¢ s86v Ll §985 86t €5961 LL9 /oM 101-v0S 31viINs Sv600 *
98919 LZ9) 062 6 866v0% HvE 6905 TLM €809  gst 9vZST _ vvL 1/9m 1 3G 80THD 0v600
08029 T 1981 IG6E  ET — GS081 D9E€ " S90L zZ6¥  IBITT 06y ezZvsZ~ Tos /9% €E0OVD QHYH 10L 00600
01Z01 6EY 662 81 S9IEe €L pSIL 9€ S8YE Ll Loz 102 1/ €00VD ALIQOY 1} SEVOO 3
00LES 1vWZ  6SE X4 pZZSL  EBE 996L €16 €699 106 8SYEZ  1Z6 V/oM E0OVD_ Mly L 01190 o i
0625177 9€9 T 862~ &F pZIST vl PEZY v~ OIO¥ ™ oeL €4Sy €L ns Hd T oan T €0v00 =~ 1
LELBS) ZE0E  TLZ LT EEIVZ Tiv PSILE 9LE €IE6Y LOLL  6SZLP OLLL ns Hd 00v00 0Z i
€9.86 8S0Z 162 L STLST PIE STSO0ZT  LvT 69EPZ  LZ8 €58LZ _ €99 OHWOYDIW _ ISZ LY _AALDNOND __ S6000 61 §
‘79698~ ZvSE  89Z 0% 6826 1s1 vZeIT  LeT  GB828€ wu9 9Z80Z  09p OHWOUDIN Q1313 AALINGND v6000 61
Z0LOZ Zvy (] [} 189 €S €vi8 LY ZisoL 991 99¢€1  9LI AN <40 X 0Q3N 06000 Lt
G95601 p90L 914 8l asopl 81l 61,82 91l LLB8Y Biv LE6LEL __v6E Y/on 39044 00 66200 91 _ !
‘igzoe  ecol 2T € BLIST 90 08907 €9T  ®ILIT 59l  LIesZ 104 /oM oo 00€E00 St ~
Z89ppZ 16IE mnv (¥ ZO6LE PEY 11888 £6€ 0T8Z6 v6LL  099vS 6vbil 1N3D an3it HILYA 01000 vi i
L6y pol 3 E6LL 8BS 1434 1 1Ll S L6LZ 61} 1334 39v1S NV3I¥IS _ S9000 €1
‘poeaZ” zZll Nmu — 9 apig 092 134 [:14 198 9% vi881 S.8 §49 nOY4 WY 3yLS 09000 21t
8512 909 oo. [ PEEL  POT 114 £1 €S 4} LTEEL LOD $43-4SNI  ‘mO14 WY 318 19000 4
0€81  0Z 0 ozLL 81 0 0 ] 0 oLl z _S3D___ AVMIIIJS__INVISN ___ PEOZL O) _ !
0 o o 0 -3 [} [ [} 0 0 [ [ §43°  AVMI11dS  AVO OSAY €EE0ZL 6
60L ve (] 0 [ ] €62 zz 118 zi 0 ] 14-0v  39VYHOL1S WIOAS3H 5000 8
8sS €9 0 0 14 9 LLe zz SiT 62 1 9 SN _ADEBY_ 13'A313  AVE3INDI  0€0TL L _
ozel LS 0 [] »0Z i 80€ [ 140] (14 SL1 T 1333 NI 373 J40ST w3ivm TZ9000 9
z9cy €T 0 0 (1% ] 81 0f P06Z 5§ 143 62z ISw 8y 1334 A313 ozozr §
8511 ot 0 ) (124 L 56 € s6 9 ozeL oz 1334 H1d30___dNVS XVYW___ 89000 b __
€00€ 199 [} 0 6z 9 [7X- I ¥ 1) ITi¢ 9% [4:14 69 1334 AGNOd 40 H1d30 SZ0TL €
ISCEL €8€ 0 [} SL64 T6 LE6EY B2 €Z6E 2104 9562 95} 3000 ADN3OV  3ZA7rav B8Z000 2
€98L1  ZvE 0 0 SL8Z €6 9€25 1T Z9EY 9L 06ES _ TGt 3002 AON3OY_ 1337100 L2000 | _
SGON VISN SOON VISN SHON VISN SEON VISN  SEON  ViSN S8ON  viSN ININDIWOD
l=e=c ViDL ====] | ol JHIOmmme | | ~3OYVHIS 1A=~} | VO HVIN==we!]lnce=00d=cmei|-AUVINOI¥4=—) o .

3dAL NOILVIS ONV ¥3I13AVEVY A6 ViV OM 30 ANOLN3IANI

adAl uotiels pue jusuodwo)y Ag eieq A3TTend 193BM JO AI0jUSAUT

6Z 2T9eL

——— e o




€551 .8} $§S81  .BI (] [} [ [] (] 0 0 0 ATHINON O9OW-ROTd  LINAONOD €5005 68
~IPST S8BT IWST ST L I ] 1} 0 1Y O 0 (] UOSW 1SNY~  Jivd (3 F) 15006 08
ZY9e  6ST 004 T L€6 SS ot 14 14 St ipiZ  SEL AN00L/  ANI-W IN dIN1SII4 6L91€ L8
LybS  TOE L9T 14 givL b9 €zy €} 9s€lL 85 €861  S91 IN00L/  YVYOVARIW 3815034 €LIIE 98 _
TDEITT GBOT €% ¥ CTIFF BBl S95T €6 L2123 BT IBH0T  £05 IW00T/  E824-W4W 110D 033 9191€ g6
$LE 8L [} [ -1 12 9¢ 9 108 Ty 651 95 ¥311v/ Y3H10 HNV1400Z 06609 v8
1444 vE 0 0 b1 T v9 S (14 zz \p S 1/9%  VINd 089 Tvoly 60258 €8 _
—i8b TH 0 0 0 ) 11,14 TT BET y44 I 3 V71N NOLXNVY1d  SSYWold 0.500 28
6008 €02 0 [} S8 zE -1 -1 €19 L9 8504 oY IN/0 Ivi0L Ivoy 05009 18
X1 A5 1) 0 0 061 6 z9t € BES 61 LEE S 1/9W 93dSNA V=1HD 0€ZZE 08 _
TR98LT 90T U U 8ZT  TZ  BIE BT 586 BB 90F 83 1790 INN-DIN{  V-IWIT 012Z¢ 6L
S8 68 0 0 -1 L IEY 8 68 oz LLe (4] 1/9n  H0I-DI¥L  ¥-IHD 11ZTE 8L
0LSL  LBY 0 0 9 z oSt oLt IS vig € ) /90 ONN-NT4  ¥~THD LiZZE LL_
—B9¥ 1T 0 0 1] 1] T ] o [} 591 T 790 ¥02-N137T ¥-IHD T 60ZZ€ 9L
TOVOT SEL LTl 4 LE69 T8O\ $86 zL €8€F e 0L601 S6E 1/9W 0 081-SSIA 3NCISIY 00£0L SL
6€EZy 1S54 0 0 65E€L bbb (14 [4 6€ 9 €6LZ 66 /9% ONO2 035 dsns vS108 vL_
T66vpZT 98TT 124 [} Lovb— LET10GHF oC¢v 1809 To€  19z6 (1Y) V79w~ 474N 101 3IngIsay 0ESO0 €L
GE68 69§ TS L StLL TH) €8L 9§ T19, €€ EY9Y 192 /9% O S0L-SSIO 3N0IS3Y §1600 ZL
Ti96 Z8p € € §901L &L S8LT 1§ B0€E 661 ISP pIZ /W 10A 101 3INGISIY 50500 (L _ ~
TRLELY vl 1134 14 LVET LET 80F  tH  BYSP  @BT  06.9  CEE  V/9W V10l T3nQISI¥  00S00 OL ~
0251 LSP 0 0 LTrS  Thi 372 144 1691 g9 SEEL 012 /9% ssSIqQ N-€ON 81900 69
08ZLZ 661 ISpL 891 9865  GOE vs9lL Lz} L9%Z zIT TTLSL  08L1 /M RLZT T N-EON 02900 89
T0E9y” 19T 0 0 LA TS 4] GoY -1 BLTT  ©§ Ti6l vii 1790 sSIq N-ZON €1900 L9
vo6ptL LLSE  SIEVL 091 $3LT  LEZ T0S Ly 0EL €L T6S6  v66 /M Ivi0L N-ZON S1900 99
Y6EOS 6LIE  6EPT  SYT vovL  T6E 9abL Ll 11904 Lyl vIHTT_ BvS1 1/98 T¥I0L-N_ EONPZON 0€90% §9
TTBOBLY 11TE T E9pZ T evf  98L9  e6E  9SVL £IT T 6l8E eIl bZSIZ 18G1 Y7oW N T3Ir% 101 62900 v9
EVZES HSHPE  BOYZ  OpZ LS8L  6SY T6LL t6l vLLLL  S2Zg TIOBT  LE9) 1/9% Iviod N-€HN 01900 €9
ZLLE  L\9 €1 [ 4 0Z0Z 50! 6LbL €5 SLET  Ebi SHZP  vIE /98 N N 90 50900 Z9_
TSz 188 (] 0 SL2€” 86  TEIT  BY 8661 0Z1 6v09 12€ 79N N N Ivi0l1 00900 9
8L6y  vEP 06 T LELL 6 €1 1S 1001 Bt LgZZ  9fe d /9N OHI¥0  1-SOHd L0S0L 09
SPOEE 9vvZ  ELZT  TET S60p 982 0E1E L) 9ZEL 195 1229 061t d T/9W OHINO $10-SOHd 42900 6§ _
—e9z  ss 0 [] €z [ .14 61 9 (D es L d 179W  HIHO+QAH 10i-SOHd 8.900 8S
€S 6 0 [ 0t € -] [ [4 1 12 [ d /N O¥QAH 101-SOHd 69900 2%
LYBZI  S89 €z 6 1591 9Z) G665y €6 886  LLy pZOE 082 d 1/9% S10-SOHd 99900 95 _
TopSiL 108t 16bT 08T  sz6€r ¢ee€§  vese € O00€T zes  o06ZEE codi d 179K d viol §9900 §S
;14 L [} 0 (114 z Tz 3 96 v [} 0 /98 ] 9 5y01 @ 16900 v$
€SLL_ pb 0 0 [X:14 zi 68 € 9% 9 St €L /90 ) O¥ONI "2 §6900 €S _
ezt ozT 0 [] vov 113 321 6 [1:34 vE 66€1F 2t 179w 5 o 930 4 18900 2S
01604 6bL Opi z 096Z  Bvl LZ0} (¥4 808,  pZi SLES  vOvY 1/ ] J 9M0 L 08900 1§
LivZ) SvS 0 0 TE6E Gt z6L v9 G614 1z TEYY  Sve 1/oN z0d S0v00 0§
—6£981 8EOT 612 € ity L2ZZ 06T 06 PITT 00z €€001 81§ 179K Avd § aos 0LE00 6¥
654 oL (] 0 061 oz I 9 .82 61 sZ1 114 /oM w0l ¥I1I1s 95600 ¥
_92TYL 188 L i SEIS  EGI 06L 99 €1t 68 6SIL  ZTpe 1/9%___Q3A10S1G  v21IlS 65600 L¥_
SAON VISN SAON VISN S8ON VISN SHON VISN S3ON VISN SSON  VYISN ININO4NOD
t~==1¥i01 === 1 =——WIHL0-=——=| | -IDYVYHISIQ—=} i VA YV¥IN===} ~~==100d—==~} | ~AUVINGIY¥L~~} . —
3dAT NOILVIS ONV BILINVEVA A@ Vivd OM 30 ANOINIANI
(pepPnIdou0d) 67 21dey
) T o DA 4 LA T e —— - - —_—
" e o " YN Y o » . ) . .c ‘ - = e e — - -




1 (¥ A) ‘L (YA Tet TEL (4} 14581 (%4 11z (¥4 (¥4 66Z SviOoly

L L Lz L € T € € €l £t €t El 61 ads ot
v v v v v 14 v v 9 9 9 9 LT adN 6
1€ 1€ 1€ 1€ Si St Sy st e ME 1€ 1€ 1€ OuW 8 __
vE (25 (1 (23 vE 43 vE ve at 9 o 9y 99 oms L
£l €1 €t £l €1 A £1 €1 £l (A} €l €1 S aAWl 9
9 9 9 9 9 9 9 9 _ 9 ___9_ 9 9 9y QXN § _
€S €5 €S €S 6€ 6€ 6€ 6E 19 19 19 i9 v9 a¥0 v
L L Lt Lt €1 €1 €l €1 Ly Lt L Ly vZ avs €

9 9 9 9 s S S ____S 9 9 9_ 8 . S\_ __aw ez
0 0 0 0 0 0 0 0 z1 z zi zi zT Q3N
1SV1Q  ASHI4Q SOON  VISN _ ISVIQ  1S¥1J0 SAON  VISN _ 1SV1IQ_ 1SYI40 SBON__ VISN__ rOdd _ NOISIAIQ
oo ITHIdIG THOATS -2 R V-17AHd0¥0TAD - =—== - d 1viDl~—=-===17v101

***NDISTAIQ A8_AHANI 3HOW ¥0 3INO Ih—} mbuuﬁOma 40 YIONNN s»»

{SNOTLIV1S 100d) vi¥V3 1HID3IS ® ‘v-1HD ‘d-1Vv101 40 AMOLINIANI

SOL16L 60L089 BLSY LL6 90806L pZOL1, GESE €9 oLI008 $010G9 PEBIT 91Tt 66 SIviOL

w
TIVOIBL 60L089 ST 12 C¥IIGL OIEO5Z 66 Vi~ BI0IEL Zivoil §18 33 &1 045 o1 =
0E0ISL BZEOSL OF 81 60508, 1190p, v8S 61 STOIBL vOL0S9 IZEV 8T LT GdN 6
Z0BO6L 919069 Z19 BEL 1€L08L BOYOp. 9SZ oL Z0BO6L b0O10G9 LSZZ  ®IT L€ aynw 8
K{OTISL POEODL 1SPT  ©PT  EZLUEL TVZVZL 629 8 vOZi16L 10£089 Lz9b~ BLE 99 oms £
S1806L S0S0ZL BET 99 t1IVbL S0S0ZL b81 9g S1806L H0Z169 9€6 €L st aAmY 9
90806L ZOLOZL it o€ 90806L TOLOZL LL) 8z 100164 €120L9 S09 o€ 91 QON §
21018L &§ZZOVL ZBIE €OF  TIOIBL ®IOLiL ivetr 061 1011627601099 0zi8  BbE v9 auo v
60806L LOVOEL 869 9t 0ELO6L LOVOE.L 99Z i8 011008 b010S9 66G2 bl vz avs ¢
10606L 11,089 BE 9t LZLO9L 01S0ZL 89 91 10G06L 0150TL TZZ 1z Sl awn T
¥ B « B 4] ] K] 0 0 18081 109011 Zs8€ 62 b4 03N

1Sv1Q  1S¥I40 SBON  YISN  1SV10 1SMIJQ SHON  VASN _ 15v1Q  1SH14Q SEON wwwm9| ro¥d _ NOISIAIQ
ST B R FVIE R o RTE RSy ) Py S--io3d WI0I-==-=-=2TiV101

*¢e¢ SIYLI0L NOISIAIQ eee

(SNOTLVIS 100d) viva 113335 ¥ 'V-THD "d-1¥101 40 ANOINIANT

UOTSTATA D Aq SUOTIE3S [00d 3B ©IBQ TUD09S pue ‘e-TTAydoxoTy) ‘snzoydsoyd 1e30l JOo Axozusaug

0¢ ®14GeL




a

) 7

(]

. T

w e
SR AR

!

the lack of chlorophyll-a or Secchi depth data for projects in New
England).

69. The EPA National Eutrophication Survey is a primary source
of data for testing nutrient loading models and relationships among
within-pool measures of trophic state. An inventory of data holdings
by agency, station type, and parameter code is given in Table 31. Two
agency groupings are used: "EPA", representing the National Eutrophi-
cation Survey; and "OTHER", representing all other agencies and monitoring
programs. Station types include tributary (type code 1), discharges
(type code 3), and pool (type codes 2, 4, and 5). The parameter list
includes a variety of nutrient, biological, chemical, and optical
characteristics pertinent to eutrophication analysis. Within each
category, the numbers of observations, sampling dates, stations, projects,
and districts are indicated, along with the total period of record in
station-months. Includina data from agencies other than the EPA/NES has
more than doubled the total numbers of observations of most parameters
and provided additional useful measurements for some projects, such as
algal cell numbers and volumes, turbidity, and suspended solids. At
pool stations, non-EPA agencies provide more chlorophyil-a observations
(2036 vs. 1499) concentrated in fewer projects (43 vs. 108). These and
other statistics in Table 31 reflect the relative intensities of ujency
monitoring efforts -- many of the non-EPA programs are more intensive
and extensive temporally than the three-date, one-growing-season program
employed by the EPA/NES.

70. Based upon data inventories in Appendix A, some projects for
which non-EPA data monitoring of trophic state indicators has been
partic ly intense include the following:

06-372 John H. Kerr

15-399 Eau Galle

16-311 East Branch Clarion River
18-093 Monroe

18-120 Barren River

19-340 J. Percy Priest

26-359 Sam Rayburn

29-111 Pomona

32-204 Kookanusa

79
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Table 31

Inventory of Eutrophication-Related Water Quality Components
by Station Type and Monitoring Agency

CTYPE: TRIB pscH POQL
. AGENCY: EPA OTHR ALL EPA OTHR ALL EPA OTHR ALL
)|
| _TOTAL_P__ NOBS 9794_23496_3329Q___1450_ 12475 13925 6689 15145 21814
. TOTAL P NDAT 9771 22370 32141 1428 11895 13323 1418 7889 0307
J TOTAL P NSTA 806 937 1803 116 416 532 479 737 1216
: _T0TAL P NPRY 109 214 236 108 211 237 108 18§ 211 ]
TOTAL P NDIS 27 30 31 27 29 30 27 28 29
" i TOTAL P MTHS 8469 35292 43761 1230 21050 22280 2628 18388 21016
B o
; ORTHO-P  NDBS 9878 12198 22076 1456 5433 6889 &5668 12851 10519
- ORTHO-P  NDAT 9855 10386 20741 1434 5063 6497 1418 53931 7349
p _ORTHO=P__ NSTA BO8 726 1534 316 _ 311 427 _ 479 _ S75 105§
; ORTHO-P  NPRY 109 186 223 108 193 225 108 167  20%
. ORTHQ-P NDIS 27 29 31 27 28 30 27 26 29
_ORTHO=-P MTHS 8499 15628 24087 1219 BE7Q_ 9888 29293 131554 14182
2 NH3-N NOBS 10002 14010 24012 1464 6393 7857 5682 12284 18066
" _NH3-N NDAT 9979 13380 _23359 1442 ©264__7706__1418_ =379 7396
b NH3-N NSTA 808 829 1637 116 343 459 179 539 1118
f NH3-N NPRY 109 197 221 108 198 226 108 169 202
_NH3-N NOIS 27 29 3Q 27 . 28 3Q 27 25 29 _
: NH3-N MTHS 8508 21659 30167 1231 11633 12864 2528 14073 16702
¥ _TKN NOBS____ 9970 11554 21524 __ 1461__S325 6786 5575 10459 +2035
TKN NDAT 9953 171032 20985 1439 5211 6650 1391 3754 614%
N TKN NSTA 804 77T 1581 116 276 392 avo sz ags
_TKN NPRY 109 _175__206__ 108 173 211 105 182 192
TKN NDIS 27 29 3 27 26 30 26 24 28
TKN MTHS 8505 18057 26562 1230 8830 10060 2599 10869 13468
i
' ND2+3~-N  NOBS 9999 12425 22424 1454 6000 7464 6882 11285 18067
NO2+3-N  NDAT 9975 119C7 21883 1342 5906 7348 1318 €302 6720
_NO2+3-N _ NSTA____8Q7__ 741 __1S48 11§ _ 276 392 472 €15 a4 _
NC2+3~N  NPRY 109 165 194 108 154 188 108 128 167
NO2+3~N  NDIS 27 28 29 27 23 29 27 24 28
_NO2+3-N_ MTIHWS _ BS51C 17687 28177 1231 9360 10591 2623 12448 143774
NO3-N NOBS 5978 17079 23057 784 10629 11413 0 5%83 6563
’ _NO3-N NDAT 5963 _16133.021Q1  7A1 Q0987 (9763 O a7z azTo
NO3-N NSTA 773 526 1299 111 274 385 0 ap9  4ac9
NO3-N NPRY 106 173 208 107 168 211 9 183 153
JNO3-N__ NDIS 25 28 3025 26 29 Q 28 26—
4 NC3-N MTHS 4904 207B0 25684 617 13582 14199 0 7588 7588
_CHL=-A NORBS 3 743 746 . 8 318 2324 1499 2033 353S
; CHL=-A NDAT 3 728 7™ & 313 319 1490 1129 2619
CHL-A NSTA 1 74 75 2 30 32 482 147 629
_CHL-A NPR.L 1 29 (] 1 19 19 108 a3 132
CHL-A NDIS 1 14 15 1 12 12 27 13 28
CHL=-A MTHS S 1189 1194 8 377 ass 2660 3145% 2890S
ALGAE(#) NOBS 0 1058 1058 0 875 875 0 1076 1076
; ALGAE(#) NOAT 0 1053 1053 0 875 875 0 907 907
| _ALGAE(#) NSTA 0 a8 48 Q 3232 0 123 123
2 ALGAE(#) NPRU 0 26 26 ) 29 29 ) 59 s9
% ALGAE(¥#) NDIS ) 12 12 0 14 14 0 12 12
¢! _ALGAE(#) MTIHS 01272 1212 Q1122 1122 Q 1337 1432
|
&
i (Continued)
| 80
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Table 31 (Concluded)

TYPE: TRIB DSCH POOL
AGENCY? EPA  QTHR ALL EPA OTHR ALt EPA QTHR  ALL
_ALGAE(V)__NOBS s 7 7 0 0 0 9 444 _ 444
ALGAE(Y) NOAT [+] 7 7 0 0 0 0 430 430
ALGAE(V) NSTA 0 1 1 0 0 0 0 a0 a0
_ALGAE(V)_NPRJY 0 1 1 0 \] 9 s} 14 14
ALGAE(V) NDIS Q 1 1 0 0 0 0 1 1
ALGAE(V) MTHS ¢] 6 6 0 0 0 0 832 832
TSECCHI NOBS 3 1181 1184 6 420 426 1487 <091 6578
SECCHI NOAT 3 1152 1155 & 349 355 1478 43969 6447
_SECCH! NSTA 1 172 173 2 35 37 481 496 977
SECCHI NPRJ 1 42 43 1 28 29 108 121 171
SECCHI MDIS 1 14 14 1 12 12 27 20 28
_SECCHI MTHS S 2137 2142 8 597 605 2629 12314 12943
TRANS (%) NOBS S a0 45 24 12 36 6781 2556 9337
_TRANS(%) NOAT 2 23 25 6 9 16 1419 368 1797
TRANS (%) NSTA 1 18 19 2 8 10 ag1 96 577
TRANS(%) NPRY 1 11 12 1 8 9 108 21 121
_TRANS(%) NOIS 1 2 3 t ! 2 27 4 22
TRANS(%) MTHS 3 6 9 8 10 18 2484 816 3300
_LIGHT (%) NCBS (*] 66 66 Q 60 60 486__ 3457 19%3
LIGHT (%) NDAT 0 21 21 0 24 24 329 531 860
LIGHT (%] NSTA a 16 16 "] 12 12 203 201 404
_LIGHT (%) __NPRJ 0 10 10 Q 12 12 52 a2 91
LIGHT (%) NDIS 0 1 1 Q 3 3 12 4 18
LIGHT(X) MTHS 0 7 7 Q 17 17 335 494 829
“YUR8IDIT NOBS 0 24440 24440 0 14708 14708 0 22258 ~22%8
TURBIDIT NDAT 0 23815 23815 0 14555 14585 0 10580 10580
_TURBIDIT__NSTA 0 904 g04 o} 350 350 0 €2 782
TURBIDIT NPRU 0 201 201 0 199 199 0 171 171
TURBIDIT NDIS 0 30 30 9 28 28 0 25 25
_TURBIDIT MTHS 0 24945 249485 0 12907 12907 9 19679 19579
SUSP SOL NOBS 0 12054 12054 d 5766 5766 0 10669 10659
_SUSP sOL__NDAT 0 11470 11470 Q0 5672 5A72 0 4234 4234
SUSP® SOL NSTA 0 586 688 o 264 264 0 429 4329
SUSP SOL NPRY 0 168 168 0 169 169 0 116 116
. SUSP_SOL__ NDIS 0 29 29 Q 26 26 ) 2y 21
SUSP SOL MTHS 9 18422 18422 o 8277 8277 0 8401 B4OY
_OXYGEN_ NCBS 842216 _42223% 1829216 29234__£202' 113948120050
OXYGEN NDAT 3 33919 33922 5 25106 26112 1494 17465 18959
CXYGEN NSTA 1 1062 1063 2 412 a14 482 1051 1533
_OXYGEN NPRY ' 212 212 1 217 27 108 191 2318
OXYGEN NDIS 1 30 30 1 29 29 27 29 29
OXYGEN MTHS S 40323 40328 8 22191 22199 2668 31533 34201
“FLOw NOBS 7934 24977 32911 1447 15753 17200 0 1468 1468
FLOW NOAT 7933 23692 31625 1447 15173 16620 0 1373 1373
_FLOwW NSTA %90 8331123 108 268 376 Q Q3 93
FLCW NPRJ 106 156 185 106 175 210 0 35 3s
FLOW NDIS 27 30 31 27 25 30 Q 1?7 17
FLOW MTHS 6454 22028 29482 1174 14345 15519 0 197% 1978

ek -




Thus, it will not be necessary in Phase II to rely exclusively upon

data from the EPA/NES for assessing relationships among within-pool

measures of trophic state. The stringent water quality and flow sampling
program requirements required for estimation of nutrient budgets and
time limitations of this project suggest, however, that EPA/NES data be

used exclusively for evaluating nutrient loading models.
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PART X: SED - SEDIMENTATION DATA

71. The seventh major file group describes sedimentation charac-
teristics of CE reservoirs. It contains the following elements:
SED.sheets - Sedimentation Survey Sheets
SED.RATES - Sedimentation Rate File
This information has been derived from a collection of sediment survey
data for U. S. reservoirs compiled in 1975 by the Agricultural Research

2
Service of the U. S. Department of Agriculturelo'l . A total of 84 CE

projects in the central project list were included in that compilation.
These are identified by the sedimentation survey key in the LISTS.CPL
file (Table 8).

72. SED.sheets consists of a collection of the most recent sedi-
mentation survey sheets contained in the appendix to the U. S. Department
of Agriculture (USDA) compilationlz. These sheets contain detailed in-
formation on project location, morphometry, hydrology, as well as sedi-
mentation. An example is given in Table 32. Sheets have been assembled
in a loose-leaf notebook, identified, and arranged by district and proj-
ject code.

73, SED.RATES is a file containing the most recent estimates of
sedimentation rates for each of the 84 projects located in the USDA com-
pilationlo The format of this file is given in Table 33. Many of the
sedimentation rate measurements antedate the water quality file. For 45
projects, the most recent survey data available were taken during or

before 1965, Rate estimates for some projects, however, will be useful

for testing relationships between sedimentation rate and nutrient trapping

efficiency during Phase II of this study.

83
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Table 32

Sample Sedimentation Survey Sheet

RESERVOIR SEDIMENT U & OLPaRTMENT OF MamICULTURE
DATA SUMMARY CANTON LAKE
$C3-34 Aow. 8-46 NAME OF RESEAVOIR 46-13b
T 0AtA sl RO
g |l owner _Corpe of Ungineers (& STROAM North Canadian (3 STATY Oklahoms
2[s 272833 Twh. LGN RanGE 13W |3 NEAMEST P O. Capeopg 2 N |6 COUNTY mlgqng
?. uf.“v . o’ 4 oM 9&6 ‘ ”18 TOP QF DAM ELEVATION 16)4&‘ 0 9. SMLLWAY CREST LIV. 1 /18R 0
10. $TORAGE 1. ELEVATION 12 OmGINAL 13 OmQINAL 14 GROSS STORAGE, |15, DATE
aLOcATION TOP OF POOL | SURPACE AREA, ACH TY. ACREFL Acrgseny STORAGE REGAN
s FLOOQ CONTROL 1638.0 15,750 272,300 401,500 2
g b WULTIFLE USE 28 Jul 47
; ¢ POWER 16. OATE ~OR.
w! o warEn susmy 3, 1ol5.3 §,360 106,450 129, 200 AL OPER BEGA
£{ « 1amaarion
1. CONSERVATION 1395.5 3,340 22,730 22,750 4 Jul 48
& NACTIVE
17, LENGTH OF RESEAVOIR 1J.1 MILES, AV. WIOTH OF RE3ERVOIR 1,3 i Es
o118 TOTAL ORAMINAGE ARLA 4/ 12,483 $Q. i1 22 MEAN ANNUAL PRECIMTATION 1§, 3] NCHES
Z 119, NET 3EDIMENT CONTMBUNING ARTA S/ 5. OB1  3Q. w123, MUAN ANNUAL AUNOPP 0. 78 (23,58 vrs) "cres
[ cavare 300 WILES AV, wioTs 50 WILES |26 MEAN anmuAL fumors 186 400 e
S wax aev. 300 " ELev. 18378 2. ANNUAL TEMP WiAn S8 5 %ANGL 106 £o -2.3
0 OATY OF . 2. rveg Qr NO.OF RANGES| JL SURFACE |11 caPaciTY, 13 . 2anio,
uRvEY mﬂ v.lcﬂ-‘ syavey O COMYOUR INT, ARRA, ACRES Ju acne gy AC. Fv 4R aC. T
July 1947 -~ - Range ( b 13.75044} 401, 500 l 2.15
§/May 1953 5.83( 5.83 Range ( 22 15,730 ] 390,800 | ..
| 5/0ct 1959 6.42)12.25 Range ( 22 15,7%0 385,900 | .97
| Sepc 1964 6.92{19.17| Range ( 2 18, 700 383,300 | 2.%6
}
e
. oary of T ANEE 8. PERIOD NATER 'NFLOW. ACRE-IET 16. NATER "NFL "0 SATE, AC..7"
suRvey PRECIMTATION o MEAN ANNUALID. ¥AR ANNUAL (¢ PIRIO0 "OTAL|a. WEAN ANNUAL §  "ATAL °0 OArL
1
May 1953 20.08 288,390 340,420 | 1,686,200 | 288,390 |1,684.290
Oct 1959 19.51 162, 760 422,930 | 1,064,900 | 222,730 1,729,100
| Sept 1966 18.69 99,170 159,390 586,260 | 178,160 3,415,360
a |
z _ L
2 2e oare or 37 PERIOD CAPACITY LOSS. ACRE-EET 18 TOTAL SED. DJEPOSITS TO DATE, ACRE-FEET
a utvey o SERMOD TOTAL (B AV. ANNUAL it PER 3Q. Wi YEARIe. TOTAL “0 OATE{D. av. ANNUAL ¢ *ER 3Q. Wi vEAR
May 1953 10,690 1,83 0.302 10,690 1,83 0.302
Oet 1959 4,880 760 0.128 15,570 1.271 0.209
Sept 1966 2,660 38 0.063 18,230 951 0.156
b/ll.SOO 1/ 965 2/0.159
8 OATE OF |3V AV, ORY waT. [ag.SED._DCP . TONS PERSQ WI—vA |41 STORAGE LOSS, PLT s, SED. INFLOW. *#M
suRvey L8R AR CU. T[T semio0 B, TOTAL TO OATE[s.AV ANNID. TOT.TOOATE! o, ERIOD  [b. TOT “00ATL
May 19353 70.9 466.4 466.4 0.487 2.66 7,224 7.212
Oct 19%9 $6.2 85.3 255.8 0.317 3.88 1,798 5.138
Sept 1966 s6.1 76.4 190.6 0.237 4.5 3,447 4,799
(Continued)
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Table 32 (Concluded) ]

1
|
’ } . oaryor ot OEPTH DESIGNATION RANGE IN FEET BELOW. AND ABOVE. CREST ELEVATION
survey 63-55]55-45]65-40]60-35]35+30]30-25]25-2020-15[15-8 i8-cr [ecr +5 +5-+
_4 PERCENT OF TOTAL SEDIMENT LOCATED WITHIN DEPTH DESIGNATION
May 1953 4.3 12,1 1.9 15.7{ 17.1] 15.2| 12.0§ 7.4 4.3 0.0 ;0.0 0.0
' Qect 1959 3.2 7.7) 5.6] 12.0) 16.4] 22,2 14.7] 9.9 6.7] 1.6 | 0.0 (0.0
J Sept.1966 3.5 13.2) 9.1} 13.1] 16,3 15.4¢ 11.5] 7.4} 6.2 2.8 | 1.4 !0.1
1
H 28 oAy OF 4. REACHM OESIGNATION PERCENT OF TOTAL ORIGINAL LENGTH OF RESERVO.R
i suevey 0-10 40-40 | 60-701 *0-80 | %0-20 {90-100f -:03( -iiof .-ui8f -i20
; PERCENT OF TOTAL SEDIMENT LOCATED WITHIN REACH OESIGNATION
T |
May 19%3 | 2.5(6.4 {10.7 19.% 21.317.9 15.6]6.0 2.3 ] 0.0 0.0] 0.0{ 0.9190.0 (0.0
e oet 1959 | 2.3|2.24 4.7 17.9 27.319.1 17.1'6.1 3.1]1.2]0.0] 0.0f{ 0.010.0|0.0
Sept 1966 | 4.3{S.7 | 7.7118.9 22.316.2{16.1{5.3 {3.3{1.8) 1.3] 0.0 0.0(0.9 (0.0
ot
i N i
. RANGE !N RESERVOIR OPERATION
H NATER +EAR MAX ELEV. iIN LRV INPLOW, AC, FT! wWATER YEAR “ax. ELEV NN ELEV. | NFLOW, aC FT
A 1947 (2 wo) - - 28 1957 1625.51 | 1596.32 | 422,930
‘ 1948 1599.30 - 90, 300 1958 1616.12 | 1613.58 185,310
1949 1614.27] 1595.91 137,640 1959 1615.30 1613.12 104,130
* 1950 1623.384( 1602.35 (532,180 1960 1615.56 | 1613.79 145,230
1991 1628.38| 1602.36 540,420 1961 1614.55 | 1613.79 135,330
1952 | 1605.30( 1598.65 { 31.170 1962 1615.16 | 1613.12 106.920
1983 i 1598.7S; 1588.66 | 19,530 1963 1616.21 | 1610.21 | 61,326
] 1954 ' 1596.7%| 1588.30 | 52,946 1964 1611.93 1600.36 20.513
' 195 , 1615.50( 1585.66 ‘223. T90 1965 i 1616.18 1600.41 ; 159,190
1956 | 1613.27] 1604.33 10,393 1966 I 1815.52 1809.32 TL, T
I ’ ;
a8 ELEVATIONCAREA-CAPACITY OATA
(LIVA"IQNT AREA ZAPACITY LLEVATION ARLA ! CAPACITY ; SLEVATION AREA ) APACITY
. 1580 | 0 9 | 1610 6,323 79,130 1 ‘
1583 %2 256 | 1616 7535 | 106,700 1 |
’ 1550 1.489 | 3,987 | 1615 7.879 | 116,400 } i
1599 2,678 | 14,160 1620 9,497 157,800 . | 1
1596.5 3,018 | 18,530 1628 11,258 209,300 ; :
1600 3,652 | 29,950 1630 12,756 | 269,800 | l
. 1603 4,011 | 42,100 1635 164,510 338,100 | {
1608 4,873 1 51,390 1638 15,700 383,200 ; |
il
1 4
"ff"“?::% :p({ﬂmcyﬂgun closed. Spillway crest i{s ac elevation 1613.0,
2/ Date of diversiom.
3/ Reservoir is being operated at "designated” pool elevatiom 1615.2 which
temporarily provides municipal Jacer supply for Oklahoma Cicty.
4 Ares as determined by AWR committee for April 1954 drainage ares daca jublicatden.
S Excludes 4.642 3q. mi. of watershed not comntributing to sediment; 1735 sq. adi.
! above Fort Supply Dam and 25 sq. md. surface ares of Canton Lake.
§/ To provide a uniform presentacion of data from all sedimentation resurveys of

Canton Lake, datca summaries for the 1933 and 1959 resuzveys have been ravised
to conform with present instructions.
1/ Includes above crest deposits.
8. AGENCY VAKING Sumvey U. S. Army Engineer Discrict, Tulsa
«0. AGENCY SUPPLYING 0aTA U. S. Army Engineer District. Tulsa o.o0ate _Qcooher 1970

’ AU ATITITLT ¢4 08 aem .
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PART XI: NES - EPA NATIONAL EUTROPHICATION SURVEY DATA

74. The eighth file group consists of data and reports obtained
from the EPA National Eutrophication Survey4’9, exclusive of the water
quality, hydrologic, and drainage area data described in previous sec-
tions. It consists of the following elements:

NES.reports - EPA/NES Working Papers
NES .COMP - Compendium of Lake and Reservoir Data
NES.SUM - Compendium Summary
This file group contains information on 108 CE projects as well as the
other 704 lakes and reservoirs which were sampled by the EPA/NES through-
out the U. S. Besides providing detailed information on point-source
nutrient loadings to CE projects needed for nutrient budget estimation
in Phase II, it provides a basis for comparisons of lakes and reservoirs
with respect to morphometric, hydrologic, and nutrient loading response
characteristics. Such comparisons, in turn, can provide means of inter-
preting the performance of lake nutrient loading models in reservoirs.
75. During 1972-75, the EPA conducted a systematic survey of 812
lakes and reservoirs in the U. S. The original objective of the National
Eutrophication Survey was to develop a data base for assessing the
impacts of point-source nutrient discharges on the trophic conditions
of lakes and reservoirs. The NES produced a series of working paper59
summarizing and interpreting the results for each impoundment or lake
monitored. Results have also been summarized in a compendium format and
published in four volume523
76. NES.reports consists of the collection of working papers des-
cribing NES surveys and results in each of 108 CE projects. Each report
has been referenced to the data base by district and reservoir code.
Maps extracted from the reports have been included in the WATS.maps file.
77. NES.COMP is a computer file containing a nationwide summary
of NES data for 775 lakes and reservoirs, obtained from the Corvallis
laboratory of the EPA4. A sample printout of data from the file is

given in Table 34. Similar printouts have been produced for all CE
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projects in the compendium file and arranged in a notebook by district
and project code. The compendium contains data for 106 out of 108 CE
projects sampled by the EPA/NES.

78. NES.SUM is a summary of the NES.COMP file, with a few modifi-
cations. The format of the summary file (Table 35) is more convenient
for input to statistical analysis programs, since one record is used
for each lake or reservoir. A number of missing latitude and longitude
coordinates have been added, based upon estimates derived from USGS
Hydrologic Unit Maps6. Each lake or reservoir has also been referenced
by CE division to provide a basis for regional contrasts of lake and
reservoir characteristics.

79. A few simple analyses have been done to provide descriptions
of types and amounts of data contained in the NES.SUM file. The regional
distribution of lakes and reservoirs described in the file is depicted
in Figure 5. A breakdown of impoundment numbers as a function of trophic
state, impoundment type, and CE division is given in Table 36. The
numbers of CE projects are listed as a function of division and trophic
state in Table 37.

80. The results of preliminary lake/reservoir comparisons which
have been made using data from the NES compendium tape are summarized
in Table 38. Three groups of impoundments have been compared: natural
lakes (N=310); non-CE reservoirs (N=359); and CE reservoirs (N=106).

The stratification of thirty-six original and composite variables across
these groups has been studied using the BMDP-77 computer programl.
Within-group means and Analysis of Variance (ANOVA) statistics are
listed in Table 38. Detailed results with histograms are presented in
a previous report24.

8l. While the scope of this report precludes detailed interpreta-
tions of the data, a few comments on these results seem appropriate:

a. At the 95% significance level, differences across groups
are evident in all cases except longitude, conductivity,
phosphorus retention coefficient, nitrogen retention
coefficient, and the second Vollenweider phosphorus
loading statistic23,




b. Strongest differences across groups are apparent for
drainage area (F=77.5), drainage area/surface area
(F=73.6), outflow rate (F=60.7), and drainage area/
¢ maximum depth (F=53.4).

§ ; c. Reservoirs have higher potential phosphorus concentra-

‘ tions, based upon phosphorus loading and the Vollenweider
statistics, but lower observed phosphorus and chlorophyll-a
A concentrations than natural lakes. This is an indication
3 that the Vollenweider statistics may give biased predic~
tions in reservoirs (i.e., over-predict loading impact).

—

d. Reservoirs have less transparency, despite less chloro-
phyll-a. This is probably an effect of mineral turbidity

in reservoirs.
e. N/P loading ratios are somewhat lower for reservoirs than
for natural lakes; the reverse is true, however, for
inorganic N/dissolved P ratios measured during the summer
within the impoundments.

sl h
i P
— e o O e 2 "

7
va. .

The composite statistic (Secchi depth/mean depth) is
strongly stratified across groups (F=44.8). Assuming

that the depth of the photic zone is roughly twice the
Secchi depth, the means in Table 38 indicate that typi-
cally 62% of the volume of lakes is available for
photosynthesis, compared with 30% in the case of CE
reservoirs. Reservoirs probably have greater shoreline
development, however, and may be more influenced by photo-
synthetic processes occurring in littoral zones.

| Hh

3 Ve
4. o ol

While a 4-degree difference is evident in the average
latitude of CE reservoirs as compared with lakes, a
detailed look at Figure 5 reveals that the distribution
of NES lakes is bimodal, with clusters in the North

| (primarily Minnesota, Wisconsin, Michigan, and Maine)

) and in the extreme South (Florida). The maximum reser-
’ voir density occurs between these extremes.

‘ Because of the strong regionality of the lake vs. reservoir distributions
4 evident in Figure 5, it is difficult to separate the effects of impound-
ment type from those of regior with analyses of the type described above.
Thus, in future, more complete analyses, it will be important to control

for regional differences by comparing subsets of lakes and reservoirs

| within defined regions.

- At ¢
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Table 38

Summary of Lake/Reservoir Comparisons Derived from EPA/NES Compendium

WITHIN-GROUP MEANS ANOVA RESULTS
(N=309) (N=360) (N=106)

. Nat. Non~CE CE Prob
c Variahle Lakes Reserv. Reserv. ) 4 (greater F)
A Latitude (degrees N) 41.6 39.0 37.6 34.8 <.0001
A Longitude (degrees W) 91.7 93.6 92.3 1.9 .16
G  Drainage Area (im?) 222. 1358. 3228.  77.5 <.000l
G  Surface Area (km?) 5.6 8.6 34.5  44.4 "
G Volume (km2m) 27.3 50.8 239, 36.4 .
G Maan Depth (m) 4.5 5.7 6.9 10.4 "
G Maxumum Depth (m) 10.7 15.8 19.8 18.8 "
G Hydraulic Res. Time (yr) .74 .23 <37 23.5 "
G Overflow Rate (m/yr) 6.5 25, 19. 40.9 "
G  Outflow Rate (km?m/yr) 47.9  236. 650.  60.7 "
G Dr. Area/ Surf. Area 33. 156. 93. 73.6 "
G Dr. Area/Volume (l/m) 6.6 26. 13. 39.5 "
G Maximum Depth/Mean Depth 2.5 2.8 2.9 7.3 .0008
G Ralative Depth .40 .47 .30 8.6 .0002
G Surf A/ Max Depth .53 .56 1.7 24.6 < .,0001
G Dr. Area/Max Depth 20. 86. 162. 53.4
A PE 8.06 7.74 7.63 24.1 <.0001
G Alkalinity (mg/1) 87. 63. 65. 8.6 .0002
G Conductivity (UMhos/cm) 253. 214. 208. 2.4 .0950
G Total Phosphorus (mg/l} .054 .053 .039 3.6 .0268
G Dissolved P (mg/l) .021 .018 .011 9.5 <.0001
G Inorganic Nitrogen (mg/l).20 .26 .30 9.7 <.0001
G Secchi Depth (m) 1.4 1.2 1.1 7.7 .0005
G Chlorophyll-a (mg/1) 14. 10. 8.9 11.4 <.0001
G Algal Assay Yld (mg/l) 2.5 2.2 1.3 4.0 .0194
G P Loading (q/nz-yr) .87 2.9 1.7 29.1 <,0001
A P Retention Coef. .36 .35 .40 0.7 .51
A NPS load Fraction -~ P .72 .80 .81 8.4 .0002
G N Loading (g/m2-yr) 18. 4s. 28. 22.6 <.0001
A N Retention Coef. .24 .20 .17 2.5 .C81
A NPS Load Fraction -~ N .87 .93 .96 18.7 <.0001
G N Load/P load 20. 16. 16. 8.0 .0004
G Inorg N/ Diss. P 2.1 14. 26. 29.4 <.0001
G  +Vollenweider Stat, 1 .31 .56 .42 15.2 "
G +Vollenweider Stat. 2 .056 .067 .057 1.9 .1586
G Secchi D/ Mean Dept@ .31 .20 .15 44.8 <.0001

* C = Code for Type of Mean (A = Arithmetic, G = Geometric)
+ Statistics for Assessing Phosphorus Loading Impacts on Lake Eutrophication;
Stat.1 = L,/Qq*>-(ref.25); Stat.2 = (L,/0g)/(1 + /T) - (ref.26)
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PART XII: NUMERICAL CHARACTERIZATION OF RESERVOIR HYPSOGRAPHIC CURVES
Introduction

82. Estimates of reservoir volume and area variations with eleva-
tion are required for computing volume-averaged concentrations and pool
hydraulic residence times. This information is generally available in
the form of a table which lists area at and volume below specific eleva-
tions. Morphometry tables have been compiled for most of the 303 CE
projects in the data base. This paper describes numerical investigations
of these tables, specifically covering the relative accuracies of various
curve-fitting and interpolation techniques. Results will be used to
design methods for summarizing, storing, and applying morphometric
information in other phases of the project. Results are also relevant
to other aspects of reservoir management, specifically including the
estimation of reservoir volumes and sedimentation rates from range survey
or contour area data.

83. This study has been performed prior to completion of the
project morphometry file. A subset of data has been selected which
covers 147 projects, each with at least five listed elevations and with-
out obvious errors (such as decreasing areas or volumes with increasing
elevation). A total of 1285 elevation/area/volume data points have been
compiled for these 147 projects from various sources. Results of this
study are summarized below. Details can be found in a working paper

submitted as a progress report under this contractze.

Approach

84. The objective is to design and evaluate methods for estimating
area and volume at any elevation, given information available for specific
elevations. Methods can generally be classified as curve-fitting or
interpeolating. Accuracies of these methods can be assessed by comparing

observations and predictions of the following:

Py




V(V) = volume estimated from volume/elevation points

a.
i £

b. A(V) = area estimated from volume/elevation points

c. A(A) = area estimated from area/elevation points

d. AV(A) = incremental volume estimated from area/elevation

points

Statistics a and c are simple curve-fitting or interpolating problems.

————

Statistic b involves differentiation of the volume curve to estimate area:

cy = Y
A(V) = 37 (1)

where

b

i
e o R bacat £ )

Z is the total depth, ft
Statistic d involves integration of the area curve between specific

depth limits (Zl and Z2) to estimate incremental volume:

A‘AJ(A) =/AdZ (2)

85. 1In testing each method, a jackknife procedure27 has been used

ITsal

ol

— . s an

¥ to estimate the above statistics for internal elevation points (i.e.,

tests are not made for the top and bottom listed elevations in each

project, although these elevations are used in the fitting or inter-

polating process). In applying the jackknife, information from the

point being tested is not used in estimating the parameters of the pre-

i dictive function. For instance, estimates of area or volume at the

% second listed elevation are derived exclusively from information in the
first and third through last listed elevations.

4 86. Reported values and predictions are compared using the follow-

ing error statistic:
D = loge 2Y = (3)
Y+ Y

reported value (V, A, or AV)

where

estimated value

O =Kir=
]

error statistic
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For errors of the magnitude studied here, the value of D approaches the 3

difference between the reported and predicted values, expressed as a . i

fraction of their average. In most cases, the D statistic seems to have
reasonably symmetric error distributions. For each of the four types
of area/volume comparisons, estimates of bias and standard error in D

have been derived for a variety of predictive methods, as described below.

Curve-Fitting Schemes

87. A single~term power function has some useful properties for

fitting these types of curves and is the simplest of the methods evalu-

ated:

~ b

V=c2 v (4)

~ ba

A= caz (5)

= E =~

2 E0 (6)
where

S ca, bv' ba = empirical parameters

Z = total depth (ft)

E = elevation (ft, msl)

Eo = elevation at V=A=0 (ft, msl)

Model parameters can be estimated using linear regression by transforming
Vv, A, and Z values to logarithms. The following equalities should hold

if the model is valid for a particular reservoir:

v by-1_

3z = bvch =A (7)
f.ca = bvcv (8)
ba =bv-l (9)

Equations (8) and (9) can be used to test the consistency of the volume

and area curves. The slopes of volume and area vs. total depth on a
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log/log plot should differ by 1.0. Dividing equation (4) by equation (5)

yields the following:

¢\ Sy by-b
(K)=c_vzv ®=b,2 (10)

Y

If the basic model holds, the ratio of volume to area (or mean depth)
should be proportional to the total depth. Thus, the model can be tested

through regression analysis of the following equation:

5 b
VY _ z
(—A) = czZ (11)

A t-test can be applied to the mean and standard error bz within each
project to determine whether the estimate is significantly different
from 1.0.

88. 1In testing the power function model, the parameters in equa-
tions (4), (5), and (11]) have been estimated for each of 147 reservoirs.
The statistical distributions of the optimal slope parameters (bv’ ba'
bz) are shown in Figure 6 on log-normal probability scales. Median
values are 2.97, 1.97, and 0.97, respectively. Thus, in the "typical"
reservoir, volume and area increase approximately as the cube and square
of total depth, respectively. This corresponds to the solid geometry
of an inverted cone or pyramid. About 10% of the projects have bv
values exceeding 4 and 4% have bv values less than 2. The parameters
b_ and bv contain roughly the same information as the statistically-
defined "lake form" proposed by Hakanson28

89. Based upon t~tests, the bz parameter differs significantly
(p=.05) from 1.0 in about 35% of the projects. This means that the
single-term power function model fits about two thirds of the pgojects.
In the remaining one third, the slope parameters bv and ba are inconsis—
tent and/or variable with depth.

90. Table 39 lists error statistics for this model. Estimates of
the first (¥(V)) and third (A(A)) statistics are derived directly from

equations (4) and (5), respectively. Areas are estimated from volume

29
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Table 39

L

Evaluation of the Power Function Model

> FU

{
gi Gross* Median**
’ Statistic Standard Error Standard Error
¥4
ki
3 v(V) .097 .062
A(V) .115 .081
A(n) .097 .062
AV (A) 177 .081

* estimated from mean-squared D value (equation (3))

** median of within-project mean-squared D values
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curves according to equation (7). Changes in volume within various

strata are estimated from area curves according to:

z,, Z,. b,
fAdZ - fc z 23z (12)

z z.J 2

1 1

A Z
272 171 (13)

AV (A)

Standard errors of D range from .097 (V(V)) to .177 (AV(A)). The higher
standard error of AV(A) could be related to the fact that it is an incre-
mental value which is more subject to measurement error on a percentage
basis than is total volume or area. A D standard error of .097 corres-
ponds roughly to a standard error of 10%, or to 95% confidence limits
of * 20% in an estimated area or volume. The differences between the
gross standard error and the median, within-project standard error
reflects the skewness of the error distribution across projects, i.e.,
the model seems to fit some projects considerably better than others,
as indicated by the bz distribution.

91. 1In order to improve upon the above model, variations in the
slope parameters bV and ba with depth must be accounted for. The sim-
plest way of doing this is to include higher-order terms in the regres-

sion equations:

m
Uk = x1
_Z c2 (14)
i=0
. m
* = *1
A E 4,z (15)
i=0
where
ci, di = empirical coefficients (i=0, m)
*

= superscript denoting log10 transformation

m = maximum degree of polynomial

The error distributions of these functions have been evaluated for

maximum degrees ranging from 1 to 5. For m=1, the scheme is equivalent

o




c-—— .

rol

.

. -
PO

A S
VENEDAE NI

..

YA
Lt Lne

a

to the single-term power function model discussed above. For comparative

purposes, linear polynomial functions have also been tested:

V=3 c.z" (16)
N 1
i=0

. o i

A=) 4.,z (17)

i=0

For each reservoir, the maximum degree of the polynomial has been limited
to the minimum of m and the number of elevations in the table minus two.

92. The error statistics in Table 40 indicate that logarithmic
polynomials are preferable to linear ones according to most criteria.
Log transformation tends to linearize the relationships and renders them
easier to fit with low-order polynomial terms. Some reduction in error
is achieved by including quadratic and cubic terms in depth. Addition
of fourth- and fifth~order terms, however, tends to increase estimation
error, presumably because higher-order polynomials can have local minima
and/or maxima between the fitted points. These are artifacts of the
fitting process which can cause large estimation errors between the
fitted points. Cubic polynomials apparently have about the best combina-

tion of flexibility and smoothness for these purposes and data densities.

Interpolation Schemes

93. Interpolation methods can be used as alternatives to the
curve-fitting techniques described above. Interpolation essentially
involves fitting different curves to different sections of each volume/
area/elevation table. A variety of interpolation methods have been
tested on the same data set used above26. These involve different trans-
formations of the volume and area points, including inverse power func-
tions (first through fifth order) and logarithmic. Of the methods
tested, one involving logarithmic transformations of volume, area, and
total depth points has been shown to have the lowest error statistics26.

The errors, however, are essentially equivalent to the error

102
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Table 40

S T
A A

Evaluation of Polynomial Functions

20

L
?é Maximum Gross Standard Error
:;i Transformation Degree V(v) A(V) A(B) AV (a)
;S logarithmic 1 . 097 .115 .101 .182
'fl 2 .069 .083 .081 .166
14 3 .062 .067 .081 .164
fl 4 .216 .292 .129 .173
k- 5 1.198 1.280 .534 .491
ﬂ
- linear 1 .371 .615 .200 .281
2 .249 .170 .134 .212
3 .134 .088 .106 .196
4 .150 .085 .111 .193
5 .221 .136 .147 .265

-
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characteristics of the best curve-fitting scheme (log/log cubic poly-

nomials). Results suggest that either of these methods probably

approaches the limits of data accuracy.
Conclusions

94. In one sense, numerical interpolation methods are preferable
to fitted curves because the former are more flexible and do not rely
strongly upon particular forms or curve shapes. Interpolation requires
storage of and access to the entire table, however, as opposed to a few
parameters in the case of a fitted function. Fitted curves also provide
some smoothing of the entries in the table which may serve to filter
errors.

95. Based upon relative errors, storage requirements, and compu-
tational considerations, log/log cubic polynomials seem to be the best
alternative for summarizing hypsographic curves, given data of the
type examined here. The approximate equivalence of the Q(V) and A(V)
error statistics indicates that storage of the parameters of the volume
curve alone would be adequate as a basis for estimating both area and
volume. Algebraic differentiation of the volume polynomial can be used
to estimate area at any given depth. Thus, both the area and volume

curves can be summarized by a total of four polynomial parameters

according to the following scheme:

z* = loglo(E-Eo) (18)
v* = loglo(V) (19)
A* = 1oglo(A) (20)
vr = co+clz*+c2z*2+c3z*3 (21)

A = (cl + 2c2Z* + 3c3Z*2)V/(E - Eo) (22)




For cases in which data from only a few elevations are available and/or

i the quadratic or cubic terms do not add appreciably to accuracy (as
assessed via stepwise polynomial regression), first- or second-order
polynomials may be used.

96. Use of the method requires knowledge of the base elevation,
1 Eo. If not available, it can be estimated approximately by extrapolating
.i a plot of Vl/3 vs. E to the horizontal axis. Any error in Eo estimated
! in this way would be offset in subsequent estimation of the polynomial
,i coefficients.

97. The same functions can be used in very data-limited situations
in which only estimates of mean depth, maximum depth, and surface area
are available. Approximate parameter estimates in this case are given

“ L by:
- c,=c, =0 (23)

(24)

Q
]

_ji 1 Zmax/zmean

c = loglO(AZme ) ) (25)

an’ ~ clloglo(zmax
B 98. To insure that the fitted polynomial is not used outside of
| the range of data availability, maximum and minimum elevations should
also be stored with the fitted coefficients. It will be necessary to

test the fitted coefficients to insure that the areas estimated through

(- differentiation (equation (22)) are positive and increasing with eleva-

tion throughout the application range.
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Distributions of Volume and Area Slope Parameters

Figure 6
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PART XIII: VARIABILITY OF TROPHIC STATE INDICATORS IN RESERVOIRS

Introduction

99. The development and testing of empirical eutrophication models

for reservoirs requires averaging of water quality measurements over
spatial and temporal scales. If within-pool water quality variations
are not random with respect to date, station, or depth, then summary
statistics for a given reservoir will depend to some extent upon the
particular data-reduction method employed. The choice of reduction
method may, in turn, influence conclusions regarding the adequacy of
existing models as well as the parameter estimates of any new models
which may be developed.

100. There is no standard data reduction procedure which can be
used prior to'model development, testing, or application. Methods have
included, for example: (1) taking the median or mean of all within-pool
observationsz3; (2) sequential averaging over depths, stations, and
dateszg; (3) seasonal averaging within specific depth ranges3o; and
(4) various weighted-averaging schemes which reflect morphometric char-
acteristics. As compared with natural lakes, many reservoirs pose
special data reduction problems due to extreme spatial and/or temporal
variations in conditions.

101. 1In this section, a subset of the current CE water quality
data base is analyzed in order to describe spatial and temporal varia-
tions in trophic state indicators within a group of reservoirs. The
analysis covers spatial relationships, seasonal relationships, variance
components, and error estimation. Implications of the results are dis-
cussed with respect to the design of monitoring programs and use of the
data in model development and evaluation. Details on many of the

31,32
procedures used and results discussed below can be found elsewhere™ '
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Data Base

102. EPA National Eutrophication Survey (NES)9 data from 484
stations located within 108 CE projects have been used as a basis for
this analysis. The relatively uniform sampling program designs used by
the NES provide data which are suitable for statistical treatment. One
drawback, however, is that under this program, reservoirs were typically
sampled only three times during one growing season. In Phase II of this
project, there are plans to examine data from other agencies, which, in
many cases, are more intensive and/or cover longer periods.

103. surface total phosphorus, Secchi depth, and chlorophyll-a
values have been expressed in terms of Carlson's Trophic State Indices

respectively)3o:

(Ip, IT and IB’
Ip = 4,2 + 33.2 loglOP N (26)
IT = 60 - 33.2 loglozs (27)
IB = 30.6 + 22.6 loglOB (28)

where
P = total phosphorus concentration (mg/m3)
ZS = Secchi depth (m)
B = chlorophyll-a concentration (mg/m3)

The indices are calibrated such that the three versions are equivalent,

on the average, when applied to midsummer, epilimnetic data from northern,

natural lakes. Expression of measurements on the above scales tends to
reduce the skewness in the distributions of the variables and provides

benchmarks for assessing reservoir trophic state relationships in com-

parison to those typical of natural lakes. A statistical data summary is

given in Table 41.
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Table 41

Statistical Summary of EPA/NES Trophic Index
Data from 108 CE Projects

standard
Variable n mean deviation minimum maximum
Ip 1421 55.8 13.1 24.1 99.0
IT 1493 58.9 12.7 25.4 112.9
I 1505 48.2 10.3 8.0 8l.6

sthen.




Case Studies of Spatial Relationships

104. Spatial variations typical of a few reservoirs are depicted
in Figqures 7-10. Mainstem stations are displayed in downstream order
within each reservoir (not to scale) and mean values are plotted for
each version of the Trophic State Index. These plots provide initial

perspectives on the types of spatial trends and relationships which can

be found in reservoirs and are important supplements to the more formal
statistical treatment of the data presented in subsequent sections. The
plots seem to illustrate a number of important controlling processes,
which are discussed below in relation to each reservoir.

105. Figure 7 contair.s data from the White River system on the

Arkansas/Missouri border. Four reservoirs are connected in series:

Bt il as

Beaver, Table Rock, Taneycomo, and Bull Shoals. With the exception of
Taneycomo, they are all deep reservoirs with hydraulic residence times
in excess of 250 days. Trophic State Index behavior in the first reser-
voir, Beaver, iz considerably different from that typical of the down-
stream impoundments. Concurrent reductions in IP and IT most likely
reflect sedimentation and the three index curves do not converge until
the dam. Once most of the sediment load has been removed in Beaver,
agreement among the index curves is good at most downstream stations.
Increases in Table Rock probably reflect the influence of a major point

source which accounts for more than 70% of the total phosphorus loading 4

to that reservoir. The relatively low values of I_ in Taneycomo can be

explained by the direct influence of subsurface dizcharge from upstream 3
Table Rock Dam. Taneycomo has a short hydraulic residence time (7 days) ]
and surface water temperatures at the times when summer chlorophyll-a
samples were taken roughly matched temperatures at the 100-foot level
just above Table Rock Dam (~15°¢) . Taneycomc's short hydraulic residence
time is apparently insufficient to permit recovery of temperatures and

algal populations from those typical of the Table Rock hypolimnion.

Decreases in all versions of the index are evident moving downstream in

Bull Shoals, and relatively stable conditions are reached over the last

four stations.
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Figure 8 Sakakawea

|~ SAKAKAWEA (t=584 days)
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Figure 9 014 Hickory
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106. Lake Sakakawea (Figure 8), on the Missouri River in Montana,

shows TSI variations over 40 units, or sixteenfold differences in trans-
parency and total phosphorus. Upstream portions were classified by the
EPA/NES as "hyper-eutrophic" and stations near the dam as “oligotrophic".
Below the second station, the chlorophyll-a index follows but remains
roughly 5-10 index units below the phosphorus and transparency indices.
107. 014 Hickory (Figure 9), on the Cumberland River in Tennessee,
shows relatively small downstream reductions in phosphorus and trans-
parency and a steady increase in chlorophyll-a. With a mean residence
time of 11 days and sediment removal by upstream reservoirs on the
Cumberland River, longitudinal variations in IP and I_ are not as evident

T

as in above panels. The gradual increase in I, might be a hydraulic

B
residence time effect, i.e., the time scale required for algal popula-
tions to "equilibrate" with available nutrient and light levels may be
appreciable in relation to time-of-travel within the pool.

108. Similar behavior is evident in Lake Barkley (Figure 10),
which is located further downstream on the Cumberland River and has a
residence time of 16 days. One important difference is that the phos-
phorus index remains consistently higher than the other versions. Both
ambient available nutrient concentrations and bioassays indicate, how-
ever, that algal populations in Lake Barkely were nitrogen-limited at
the times of sampling. Use of IP alone as a measure of nutrient avail-
ability may not be appropriate in this case.

109. The above case studies illustrate a number of factors which
can be important in assessing reservoir trophic state relationships:
sedimentation, upstream impoundment effects, hydraulic residence time
effects, and nitrogen limitation. Reservoir hydrodynamics partially
determine the transformations of these and other factors into spatial
variations in the trophic state indicators. Upstream/downstream varia-
tions contain information on rates and directions of controlling processes.
Graphing of spatial relationships and expression/analysis in terms of
distance (river mile) and/or time (time-of-travel) will aid in quanti-

tative data analysis and interpretation. Use of station means rather
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than reservoir means seems to make more sense for model testing purposes.

Seasonal Relationships

110. Average seasonal variations in the index components are de-
picted in Figure 11. Station means have been computed and their effects
removed from the data prior to calculating the mean and standard error
for each month (March-November) and index component. Analyses of vari-
ance indicate that monthly effects are significant (p < .0001) for each
component and strongest in the case of chlorophyll-a. The seasonal
variations depicted in Figure 11 are characteristic of this collection
of reservoirs but not necessarily of each reservoir individually.

111. Average seasonal effects on phosphorus and transparency are
similar: both tend to be lowest during March and midsummer and highest
during April and November, possibly reflecting seasonal flow and turbid-
ity variations and influences of turnover periods. Monthly effects on
chlorophyll-a suggest a spring maximum (April-May), followed by a June
depression, a midsummer maximum, and lower values in November. Tempera-
ture and light effects may be responsible for the relatively low chloro-
phyll-a levels during March and November. The June depression may be
due to seasonal succession of algal species. A more detailed examination
of the data indicates that lower June chlorophyll-a levels are character-
istic of about half of the stations sampled in June, while the rest have
June levels more typical of May or July values. In testing seasonal
aspects of TSI behavior, Carlson30 also noted a June depression in chloro-
phyll-a index relative to the phosphorus index in three natural lakes.

112. Differences among various versions of the index provide a
measure of "lake-like" behavior, since the index system is calibrated so
that IB' IT' and IP values are equivalent, on the average, when applied
to midsummer, epilimnetic data from northern, natural lakes. Figure 11
indicates that the range of index means is generally lowest during mid-
summer (approaching 5 during August) and highest during March, June, and

November (approaching 15). Minor recalibration of the phosphorus and/or
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Monthly Variations in Trophic State Indices
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transparency index would bring I

and IT into agreement for all seasons,

P
since the monthly effect curves in Figure 12 are roughly parallel. Since

seasonal chlorophyll-a behavior is fundamentally different, however,
recalibration alone would not eliminate biases (i.e., significant dif-
ferences between IB and IP or between IB and IT) for all seasons.

113. Thus, seasonal factors must be considered in reducing the
data and in recalibrating/redesigning the index system for use in reser-
voirs. One approach would be to restrict averaging period to midsummer.
An alternative would be to include explicit seasonal effect terms in the
model or index system. These approaches will be investigated in future

model development work.

Variance Component Estimation

114. Two-way Analyses of Variance have been applied to each reser-
voir and index component to test for the significance of variations
associated with station and sampling date. Results are summarized in
Table 42. Significant (p< .l) differences among station means in I_,

P

I and IT were found in 46, 37, and 52 out of 105 projects, respectively.

Bl
Significant differences among date means were found in 62, 67, and 64
projects, respectively.

115. The following ANOVA model has been employed to derive pooled

estimates of the variance components of each version of the index:

Yhis =¥ Y Tn t Shi T thy t ohij (29)
where
yhij = index measurement in reservoir h at station i on date j }
U = grand mean 4
rh = average effect of reservoir h on grand mean
Shi = effect of station i in reservoir h
thj = effect of date j in reservoir h
ehij = random effect

117 t




3 Table 42

"

Summary of ANOVA Results

Station Effects

PR, SR

Date Effects Not Significant Significant**
Phosphorus Index ~-—=-- - -
Not Significant 32* 11
Significant 27 35
Chlorophyll-a Index -- _——
Not Significant 33 5
Significant 35 32
Transparency Index - _—
Not Significant 27 14
Significant 26 38

* number of projects in category (total = 105)

** gignificance defined at p <.10

118 :




———
-

4t

i+
P P

The relative magnitudes of the within~ and between-reservoir components

are of special significance to monitoring and modelling efforts. With
relatively large within-reservoir components, it would be difficult to
obtain much accuracy in reservoir summary statistics (e.g., reservoir
mean) with limited data. This would reduce the explainable variance
(Rz) of any model calibrated to the reduced data set, make it more dif-
ficult to distinguish among alternative model formulations, and increase
the error associated with model parameter estimates.

116. SAS procedures2 have been used to estimate the above variance
components for each index separately and to estimate analogous covariance
components for each pair of indices (IB/IT, IB/IP, IT/IP). Results are
shown in Fiqure 12. The phosphorus and transparency index components
exhibit similar patterns: between-reservoir differences account for
60-66% of the total index variance, as compared with 29% in the case of
chlorophyll-a index. Between-reservoir variances indicate that differ-
ences in chlorophyll-a are considerably less marked than would be
predicted based upon differences in the phosphorus or transparency indices.
Conversely, there is greater temporal and random variance in chlorophyll-a
than in phosphorus or in transparency.

117. The covariance components on the right-hand side of Figure 12
provide some insights into relationships among the indices at different
averaging levels. The between-reservoir and between-station covariance
components are positive in all cases. Thus, the various versions of the

index correlate positively both among reservoirs and among stations

within reservoirs. Temporal components indicate a positive covariance
for phosphorus/transparency but slightly negative covariances for the
pairs involving chlorophyll-a. Thus, when temporal variations a: a

given station are analyzed, one would expect, on the average, to find

a positive correlation only between the phosphorus and transparency
indices. This correlation might be attributed, for example, to turbidity
variations following seasonal or short-~term (storm-event) flow variations.

Despite its positive covariance between reservoirs and between stations,

chlorophyll-a does not covary temporally with the other indices.
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Variance and Covariance Components of Trophic State Indices
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118. The EPA/NES data base includes measurements from one growing
séason within any reservoir and does not permit testing for between-year
variance or covariance components. Thus, it is not possible with this
data set to test for year-to-year covariance between chlorophyll-a and
phosphorus or transparency. Distinguishing between seasonal and year-
to-year variance components will be possible with an expanded data base

including data from other agencies and monitoring programs.

Errxor Analysis

119. The above analyses demonstrate that within-reservoir varia-
tions cannot be considered random with respect to dates or stations, the
primary parameters used in monitoring program design. This has impli-
cations for estimating the accuracy of reservoir or station mean values
calculated from the data set. If variations were random and serially
independent with respect to station and date, the following statistic

would be appropriate for estimating the variance of a reservoir mean:

Var (§) = Va—;()i (30)

where

N = total number of observations within a reservoir for a
given index

Using two-stage sampling theory33, the following formula is more appro-

priate:
2 2 2
_ o O, 9
vVar(y) = . + . + ~ (31)
5 t
where
02 = mean sqguared deviation
n, = number of stations sampled
n, = number of dates sampled

The first term accounts for the influence of between-station varia-

tions, the second for between-date variations, and the third for random




variations. HNote that equation (31) reduces to equation (30) when spatial
and temporal variations are insignificant (o§==ci==0 and Var(y) = 02).
Because both spatial and temporal variations often exhibit patterns or
trends (see Figures 7-11), they cannot be considered serially independent.
Thus, equation (31) provides error variance estimates which are approximate
but useful for assessing the relative contributions of spatial and tem-
poral variance to the variance of reservoir means.

120. Based upon the total number of observations, stations, and
reservoirs in the NES data set, the "typical" reservoir survey program
covers 5 stations (ns) on 3 dates (nt), for a total of 15 observations
(N). Using these values and the pooled variance cc.aponents depicted in
Figure 5, equations (30) and (31) have been applied to each version of the
index and results are displayed in Figure 13.

121. Considering the effects of spatial and temporal variance
components (equation (31)) increases mean error by about a factor of
three over estimates derived from equation (30). Most of the error vari-
ance is due to the temporal component, especially in the case of the
chlorophyll-a index. The error variances indicate that the EPA/NES
sampling strategy has provided estimates of reservoir geometric means
which are typically accurate (p< .05) to within factors of 1.6, 2.2, and
1.7 for surface phosphorus concentration, chlorophyli-a concentration,

and Secchi depth, respectively.

Monitoring Implications

122. Error anal,ses can be used to improve upon monitoring program
designs. For example, given the objective of collecting data to be used
in estimating a reservolr mean with minimum variance, the above results
suggest that an increase in sampling dates would be more effective than
an increase in sampling stations, because the date effect term dominates
the error equation. Since the variance component estimates have been

pooled, these results apply to this collection of reservoirs as a whole

and not necessarily to each reservoir. The same approach could be
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applied using parameters estimated for each reservoir individually (ns,

2
e N, o:, ot, 02). "Optimal” designs could be formulated based upon

the error analysis framework and upon functions which relate n_, n, and

n

N to monitoring cost. Given variance components estimated from prior
monitoring data, improvements in program design (changes in n_, n., and

N) for a given reservoir could be formulated to yield minimum error for

ha -

a fixed total cost or minimum cost for a fixed total error. The approach

.

could be expanded to include depth as a third sampling dimension. This

represents a logical application for the error analysis framework in a

.
RO SURPIVU W1 SR PRI (U5 VISPV IOIPR- SN
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monitoring context.

Modelling Implications

123, In evaluating models, differences between observations and

predictions can be attributed to three types of error: parameter error,
data error, and model error. The first reflects uncertainty in the model

coefficients, the second, errors in the predicted and/or predictor vari-

2

v, andd 42T A

.

ables, and the third, influences of factors which are not considered in
. the model structure. Analyses of the type conducted above can be used

" to quantify potential data errors and separate them from the other com-
ponents. This provides insights into the adequacy of a data base for use
in model testing. If, for example, the data error component dominates,
it would be difficult to distinguish among alternative models or to

improve upon them without first improving the data base.

e e e At e it on i e dailila i

f" 124. Table 43 summarizes results of regression analyses which
have been done to summarize relationships among the three versions of

3 the index using station mean and reservoir mean values. Results further
demonstrate the need for recalibration of Carlson's index system in
applications to reservoirs. The sensitivity of the chlorophyll-a com- ]

ponent to phosphorus or transparency ranges from .30 to .37 and is in

all cases significantly different from 1.0, the value obtained when the

index system is calibrated to natural lakes. In contrast, the sensi-

tivity of IP to IT is .88 for stations means and .91 for reservoir means.

—_—— i
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Regression and Corresponding Error Analyses

Table 43

Total** Sampling*

Sampling Error

Model r s;** Error  Error Total Error
Station Means (n=484) - —
IB = 28.7 + .35 IP .55 .024 42.3 23.1 .55
IB = 30.0 + ,31 IT .46 .027 47.6 22.7 .48
IP = 4.0 + .88 IT .83 .027 47.6 25.9 .54
Reservoir Means (n=108) ———
IB = 28.0 + .37 IP .59 .048 32.5 16.3 .50
IB = 31.0 + .30 IT .44 .059 41.0 16.0 .39

.83 .059 41.0 22.1 .54

I, = 2.0 + .21 IT

* Sampling Error dne to error in estimating mean index values within
each station or reservoir; sampling errors for station mean phosphorus,

chlorophyll-a , and transparency indices are estimated at 14.3, 21.3,
and 15.0, respectively;corresponding sampling errors for reservoir-

means are 11.2, 14.8, and 13.1.

*+ Total Error = mean squared residual

= standard error of regression slope

125

eiitiisiai




- While the correlation coefficients (and explained variance) are con- i
i C s .
siderably lower for predicting chlorophyll-a (.44-.59) than for predic-

ting phosphorus from transparency (.83), the mean squared prediction

errors are similar.

adi

"1 i25, Part of the mean squared error for each regression model can
be attributed to sampling error in estimating the reservoir and station
' mean values. The sampling error component of the mean squared error for i

each model is estimated from: ;

Var (- b¥) = Var(§) + b°Var(®) (32)

s K
PRSPy N

where,
predicted index

=
]

predictor index 1

]

ke 0 e

b slope of regression model

[}

Results of error analyses have been used to estimate sampling errors in

station mean and reservoir mean values. Results indicate that roughly

T y
A ity ng A

‘ half (39-54%) of the residual standard error can be attributed to sampling
‘{ error in the data values. The remaining variance presumably reflects
model error, or the effects of factors (e.g., season, sediment) which 1

are not accounted for in the model. The choice of averaging method

(stations vs. reservoirs) does not influence the model coefficient values

. significantly. Mean squared errors are reduced when reservoir mean

-

values are used, partially resulting from a reduction in the sampling

error component. The standard errors of the regression slopes, however,
increase roughly twofold when reservoir mean values are used in place

of station means. Thus, using station means permits better definition

126. The intent of the regression analyses presented in Table 43

is to demonstrate the error analysis approach and identify influences

[ ]
‘ of model coefficients. i
|

of data reduction method. The models suggest that chlorophyll/phosphorus
and chlorophyll/transparency relationships in these reservoirs are sig-

nificantly different from those which are typical of natural lakes.

i
1
|

|
| 126 4
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The models are inadequate for predictive use, however, because a number
of important factors have not been considered, including season, nitrogen
limitation, hydraulic residence time, region, and external sediment
loading. These and other factors will be considered in developing a

Trophic State Index system applicable to reservoirs under Phase II of

this project.
Conclusions

127. Statistical models of index (or water quality) variations
within reservoirs have been shown to be complicated by the effects of
spatial and temporal variations and by non-randomness or serial depen=
dence in these variations. The above analyses have demonstrated how
some of these influences can be approximately treated and applied to
assess data adequacy for computing reservoir means and to improve upon
monitoring program designs. A more thorough statistical treatment
would require more intensive data sets and involve the construction of
more complex statistical models applied separately to each reservoir
using simulation techniques. This level of detall is not justified or
feasible within the context of this study.

128. The following general conclusions can be drawn from the
analyses of EPA/NES data in previous sections:

a. Spatial relationships among trophic state indicators are
important in some reservoirs, especially when stations
are viewed in downstream order.

Analyses of Variance indicate that within-reservoir vari-
ations are often non-random with respect to stations
and/or sampling dates within a given year. Variations
with respect to date are typically stronger than varia-
tions between stations, particularly in the case of
chlorophyll-a.

o

c. Some of the temporal variance within reservoirs and
stations is fixed with respect to month or season.
Seasonal effects on phosphorus are qualitatively similar
to seasonal effects on transparency but differ from
seasonal effects on chlorophyll-a.
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d. Between-reservoir variance in Carlson's chlorophyll-a
index is roughly one third of the between~reservoir
~e variances in the phosphorus and transparency indices.

e. For this data set, chlorophyll-a variance between
sampling dates within reservoirs is greater than its
variance between reservoir means. The reverse is true
for phosphorus and transparency.

] f. Covariance components indicate significant positive cor-
! relations among the three versions of the index system
3 when variations between reservoirs and between stations
within reservoirs are considered. The chlorophyll-a
} index does not correlate with either of the other indices,
bad however, when temporal variations (at a given station or
within a given reservoir) are considered.

Because of non-randomness with respect to stations and
dates, the error variance of reservoir mean values for
each index are typically three times those estimated from
the familiar formula for mean variance (o2/n).

. S
ka

(U I

h. Given the objective of estimating reservoir means with
minimum variance, error analyses indicate that increases
in the number of sampling dates would be generally more
effective than increases in the number of stations per
reservoir for improvement in the EPA/NES sampling design.

- &

o

Regression analyses indicate that chlorophyll-a levels
are significantly less sensitive to phosphorus or trans-
parency, as compared with the natural lakes used in
developing Carlson's index system. Future development

of an index system for reservoirs should consider the
effects of season, region, nitrogen limitation, residence
. time, and sediment loading.

- e
|+

. Jj. Use of station means, as opposed to reservoir means, in
| recalibrating the index system causes small increases in
: standard error of estimate but substantially reduces the
. standard errors of model parameters.

Implications for Data Reduction Strategies

129, The conclusions in the previous section suggest that the fol-
lowing data-reduction/analytical strategies be used in testing and
developing models under Phase II of this project:

a. Since spatial variations and trends have been shown to be
often statistically identifiable and useful for interpreta-
tion purposes, use of station means would seem to be more

128
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desirable than use of reservoir means for model testing.
Use of station means would also permit better definition

of model parameters.

It would be useful to develop a scheme for spatial orien-
tation of stations within each reservoir with respect to
major tributary (arm) and distance (river mile). Some
aggregation of stations based upon proximity may be
feasible within this framework.

Seasonal factors should be considered in averaging data
within each station or station group. This would involve,
for example, estimation of "spring”, "summer", "fall", as
well as "growing season" and "annual" averages.

For non-NES stations which are sampled during more than
one year, tests for significant year-to-year differences
should be made and used to decide whether aggregation of
data from different years is justifiable.

While the above analyses have been based exclusively upon
surface sampled for phosphorus, averaging with depth
should be considered, at least within the photic zone,
for testing of relationships among phosphorus, chloro-
phyll-a, and transparency.

To permit testing of loading response models, seasonal
estimates of reservoir means could be derived by averaging
across stations. Due to longitudinal variations in many
reservoirs, however, near-dam or discharge conditions
should also be used as bases for loading model evaluations.
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PART XIV: EVALUATION OF METHODS FOR ESTIMATING PHOSPHORUS LOADINGS i
Introduction

130. The estimation of reservoir nutrient budgets entails estima-
tion of the total mass of nutrients passing given sampling points over
a given period of time, typically at least one year. While continuous,
flow-weighted composite sampling for concentrations would provide the
best basis for deriving such estimates, usually only periodic grab-
samples are available for stream concentrations. These concentrations
must be integrated with flow records (typically continuous) in order to
estimate the desired loadings. The purpose of this section is to test
and compare alternative methods in order to provide some guidance for

future nutrient budget calculations on CE reservoirs.

Preliminary Analysis

131. The relationship between concentraton and flow influences
the appropriateness of a given loading calculation method at a given
station. A subset of flow and phosphorus concentration data from the
current CE data base has been analyzed in order to provide some perspec-
tive on this relationship34. The subset includes 86 tributary and 33
discharge stations, each with at least 25 total phosphorus/streamflow
pairs obtained from STORET. Table 44 describes the symbols and funda-
mental equations used to characterize flow and concentration variations.

132. Results of the preliminary analysis are given in Table 45,
with data grouped by station type. The regression model relating the
logarithm of concentration to the logarithm of flow explains, on the
average, 12.3% of the variance in concentration at tributary stations
and 6.6% of the variance in concentration at discharge stations.

Figure 14 shows that the upper percentiles of the R2 distribution at

tributary sites are roughly twice those found at discharge sides.

130
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Table 44

Fundamental Equations and Symbols

loading Definitioa:

Flow/Concentration Model:

Distributions:

S ols:

L QC

W=X+Y

C=a Qb

Y = logloa +b X

Y:{mean= ¢ , std.dev.= 0 )
Y Y

X:{mean= u _, std.dev.= 0 )
x x

L = Loading (mass/time)

Q = Flow (volume/time)

C = Concentration (mass/volume)
W= loglo(L)

X = 1oglo(Q)

Y = loglo(C)

a,b = Regression model parameters

131
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Table 45

Preliminary Analysis of Flow/Total P Concentration Relationships

Station Type

Statistic Tributary Discharge
number of stations 86 33
fraction of variance explained 123 & _151* 066 * .078
by regression model
residual variance .101 * 075 .090 * .050
serial correlation of residuals .228 © .205 .300 F .276
conc/flow sensitivity (b) .124 ¥ .250 .097 * .138
standard dev. of log, (flow) .573 T 246 .600 * .303
.323 * 133 .297 t .os8

standard dev. of loglo(conc)

* mean I one standard deviation




Figure 14

Distributions of R2 Values at Tributary and Discharge Stations

EXPLAINED VARIANCE (R%)

7

v ——r v 1 - —
- 4
,/
L . p
o
. S g
(I TRIBUTARY STATIONS
I ; 1
’
.
.
- o A '
/s L
) _ . A —DISCHARGE STATIONS
- 4 " -
L&
N :
N i - ——
1 5 10 25 50 i 90 9y 99
PERCENTILE
Figure 15

Distributions of Regression Slopes at Tributary and Discharg.: Stations
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133. Both the mean and the standard deviation of the regression
slope (b) are larger in the case of tributary stations. The distribu-
tions of b are compared on a normal probability scale in Figure 15,
While the medians are nearly equal, the upper percentiles are higher
and the lower percentiles are lower in the case of tributary stations.
The wide distribution of b values across stations suggests that loading
calculation methods must be capable of accounting for alternative flow/
concentration relationships.

134. These results indicate that concentration tends to be more
flow-dependent at upstream tributary stations than at discharge stations.
Reservoir pools may buffer variations associated with runoff events
{which would tend to produce high b values) or point source discharges
(which would tend to produce low b values). The fact that streamflow
is highly requlated at reservoir discharge points may also contribute
to weaker flow/concentration relationships. The serial correlation of
residuals (i.e., concentration, after the effect of flow is removed)
tends to be higher in the case of discharge stations (.30 vs. .23 on
the average). This suggests that seasonal factors or long-term trends
may have greater influences at discharge points.

135. Table 46 lists means regression slopes by station type and
component (dissolved P, total P-dissolved P, and total P, respectively).
This breakdown is based upon measurements of total P and dissolved P at
52 tributary and 17 discharge stations. For both station types, the
mean slopes of dissolved phosphorus with respect to flow are not signi-
ficantly different from zero. In the case of total P-dissolved P, how-
ever, the mean slope is .34 + .05 at tributary stations and .11 + .09
at discharge stations, although the latter is not significantly different
from zero. The influence of streamflow on the transport of particulate
phosphorus probably accounts for these results. The dissolved component
tends to be more independent of flow than the particulate component.
The relative weakness of the dissolved phosphorus/flow relationship may
reflect a buffering effect of adsorption chemistry on stream phosphorus

levels and/or the fact that transport efficiency for dissolved phosphorus

134
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Table 46

Concentration/Flow Sensitivities by Component and Station Type

Component
Station Number of Total P -
Type Stations Dissolved P Dissolved P Total P
*
Tributary 52 .341 * ,050 .019 * .034 .239 * .044
Discharge 17 .109 ¥ .o087 .036 ¥ .101 .082 ¥ .o38
* mean * one standard error of mean

135

PP PU A SURR O NP U UINP S VR



i

P AP

- o . e
e amee e Al L

Pht-wnitinhuii — -

is not velocity-dependent, as in the case of the particulate fraction.

Estimation Methods

136. Four algorithms for estimating loadings have been tested:

a. average loading.

b. average concentration x average flow.

¢. flow-weighted average concentration x average flow.

d. regression estimate based upon log (concentration) vs.

log(flow) relationship.
These schemes are described in Table 47. A few other types of regression
models have also been evaluated, but none proved better than the model
used in Method 4 (see Table 47). Two approaches to evaluating these
methods have been taken: one involves subsampling from simulated flow
and concentration data and the other, subsampling from real flow and con-

centration data. These methods and results are described below.

Tests Based Upon Simulated Data

137. Table 48 describes an algorithm used to generate flow and
concentration time series using Monte-Carlo techniques. This method has
been used to produce five years of simulated daily-average flow and con-
centration data. Mean loadings have been calculated directly for each
year and compared with estimates based upon subsampled taken at monthly
intervals and employing the calculation methods listed in Table 47
For each year, a total of thirty trials (sets of subsamples) have been
made, representing reqular sampling on day 1 to day 30 of each month,
respectively. Thus, error statistics are based upon a total of 150
trials for each method. Results have been found to be insensitive to
the number of trials. The simulation algorithm is not adequate for
evaluation of interpolation methods (in which the sequence of samples
is considered), since no serial correlation or seasonal factors are

included. The parameters of the simulation model are typical of the

136
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Table 47

Estimation Methods

Method 1 : Average loading

tqici

)

i -

Method 2 : Average Concentration X Average Flow

- 2ci

- 3

a

Method 3 : Flow~weighted Average Concentration x Average Flow

l:qi c;

(3R]
[ ]
©

!:qi

Method 4 : Reqression Estimate

xqici na
n '4:qi

L, -

where,
qitnowonsampledatai
¢, = concentration on sample date i
n = number of sample dates

= glope of log(c) vs. log(q) regression

o

o]}

= sum over all sample dates (i=l to n)

(]

137

= average flow over entire period, based upon continuous flow record
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Takle 48

Algorithm for Generation of Flow/Concentration Time Series

Input Values:

U, = mean of logarithm of flow

“y = mean of logarithm of concentration

dx = standard deviation of logarithm of flow
dy = standard deviation of logarithm of conc

{random component)

b = slope of flow/concentration model

Algorithm:
Xi = U, + N(O,l)dx
Y = + -
i uy + N(O,l)dy (Xi ux)b
Symbol:

[

.52

.26

(-.8 + .8)

N(0,1) = normal random deviate with mean zero and

deviation one

standard

[ ST




data distributions depicted in Figure 15 and Table 45. A range of

flow/concentration sensitivities (b in Table 47) have been used (-.8 to
+.8).
138. The following error statistics have been used to compare

"observed" and estimated loadings for method and trial:
1 & -
Bias, = § kS;:l (Lk - ij)/Lk (33)

M
SL S (o -i P
MSEJ =M ] (Lk ij) /Lk (34)

where,

Biasj = bias associated with method j

MSEj = mean squared error associated with method j

M = total number of trials = 150

Lk = actual loading for trial k (mass/time)
ij = estimated locading for method j and trial k (mass/time)
For each method, these errcr statistics are plotted vs. the flow/concen-
tration sensitivity statistic in Figures 16 and 17, respectively.

139. Only Method 1 is unbiased for all values of b. The MSE of
this method, however, is significantly higher than that of the other
methods at values of b greater than -.2. This method is best under
conditions where loading is relatively independent of flow (b-+-1).

This might be the case, for instance, at a station which is located
below a major point source of nutrients, but not where storm~-event or
non-point loads are significant.

140. The performance of Method 2, in which concentration and flow
are averaged independently, is a strong function of b, both with respect
to bias and variance. This method is unbiased only at b=0, but has
biases of +35% and -23% at b values of -.2 and +.2, respectively. Trends
in bias continue moving toward more negative or more positive b values.

The method has a sharp minimum in MSE at b=0. This scheme is apparently

best only when concentration and flow are truly independent, but gives
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substantial biases and MSE's for even weak tlow/concentration relation-

ships.

141. Method 3, which employs the flow-weighted average concentra-
tion, behaves qualitatively similar to Method 2, but is not as sensitive
to b values. 2Zero bias and minimum viriance are evident at b=0. This
method is analogous to a "ratio estimate" used in classical sampling
theory35.

142, Method 4 has less bias and variance than Method 3 for most
b values. Unlike the other methods, the regression model can adjust to
different types of flow/concentration relationships and estimation errors
are less sensitive to b values. Bias becomes more significant at high
values of b. At b=.6, for example, Method 4 underpredicts loading by an
average of 15%. The MSE at this b value is .13, which corresponds to a
standard error of + 36%. Thus, bias is less than one half of one stan-
dard error and accounts for 17% of the MSE (.152/.13) at b=.6. Additional
tests indicate that applying the regression model separately to each
daily flow in the year, a more tedious calculation, does not reduce the

bias or variance of Method 4 at any b value.

Tests Based Upon Real Data

143. Calculation methods have also been tested using the flow and
concentration data from the 119 stations analyzed above. Subsamples of
12 flow/concentration pairs have been taken at regular intervals from
each station. ILoadings estimated for each subsample and method have
been compared with loadings estimated by applying Method 1 to all flow/
concentration pairs available for each station. A total of 508 subsamples
have been taken from 86 tributary stations and 190 subsamples from 33
discharge stations. Bias and MSE estimates are given in Table 49 for
each method and station type. These results are approximate because of
errors involved in estimating actual loading.

144. Generally, Methods 3 and 4 appear to perform better than

Methods 1 or 2 for both station types. The MSE of Method 3 equals that




Table 49

Results of Method Testing Using Real Flow and Concentration Data

Estimation Method**

Statistic Method 1 Method 2 Method 3 Method 4
Tributary Stations (N=86,M=508;

Bias -.002 -.027 -.029 -.023

MSE .530 .297 .176 .176
Discharge Stations (N=33,M=190)

Bias .001 .068 -.017 -.000

MSE .272 .585 .108 .156

* N = number of stations, M =z humber of trials
** gsee Table 47
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of Method 4 in tributary stations (.176), but is lower in discharge
stations (.108 vs. .156). When averaged over the range of b values in

the data set, none of the methods is appreciably biased.

Prior Error Estimation

145. To provide bases error analysis and assessment of data
adequacy, a means for estimating the variance of loading estimates de-
rived from a given set of flow/concentration data is needed. Table 50
presents a formula appropriate for use with Method 4 (or with Method 3
when b=0). This approximate formula, derived from expected value theory,
has two terms: one reflecting variance around the flow/concentration
regression model, and one reflecting variance in the estimate of the
slope parameter b.

146. Figure 18 compares the observed mean squared estimation
errors for Method 4 with error variances estimated from the formula in
Table 50 using simulated data. Reasonable agreement between observed
and estimated variances is apparent over the range of b values typically
encountered. Similar tests have been done using real flow and concen-
tration data. The formula in Table 50 overestimates the error mean
square by an average of 18% for tributary stations and underestimates

the error mean square by an average of less than 1% at discharge stations.
Conclusions

147. Preliminary data analysis has characterized the distributions
of flow/concentration relationships in tributary and discharge streams.
Methods 3 and 4 are generally better than Methods 1 or 2 for estimating
loadings, given the distribution of concentration/flow sensitivies en-
countered at various stations (see Figure 15). Method 3, which employs
the flow-weighted average concentration, is actually a special case of
Method 4, with b=0. In calculating loadings, it seems reasonable to use

a regression analysis to estimate the slope parameter b and to use
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Figure 18

Observed and Estimated Mean Squared Error in Loading Estimates
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= Method 4 unless the slope estimate is not significantly different from

! zexo, in which case Method 3 would be used. The formula in Table 50

can be used to derive approximate estimates of error associated with a
& given mean loading calculated using Methods 3 or 4. Error variances

4 can be used, in turn, to characterize the accuracies of reservoir nutrient

loading and discharge estimates.
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PART XV: CONCLUSIONS

148. The compilation, description, and preliminary analyses of
the data base described in previous sections lead to the following con-
clusions:

a. Using primarily centralized sources of information, it
has been possible to compile sufficient data on water
quality, hydrology, sedimentation, and other project
characteristics to permit testing of empirical eutrophi-
cation models under Phase II of this study.

b. The hydrology files need to be augmented with monthly
elevation/contents data from several districts and
projects.

¢. Information in the water quality files will not be ade-
quate for assessing the trophic states of all 299 reser-
voirs in the central project list. It should be adequate,
however, for characterizing about 130 reservoirs and for
testing empirical models relating within-pool measures
of trophic state.

[§e7

Use of data sources outside of the EPA/National Eutro-
phication Survey has generally more than doubled the
total numbers of observations of various within-pool
trophic state indicators. Non-NES data are generally
more extensive temporally.

e. Comparisons derived from the EPA National Eutrophication
Survey compendium reveal significant differences between
lakes and reservoirs in the means of most morphometric,
hydrologic, and trophic state indicator variables. Com-
pared with natural lakes, reservoirs have greater potential
nutrient enrichment problems, as gauged by Vollenweider
phosphorus loading models, but lower observed levels of
chlorophyll-a, on the average. The validity of existing
loading models in reservoirs is in question due to lake/
reservoir differences in morphometry, hydrodynamics,
sedimentation, and region. Because of the relative geo-
graphical distributions of lakes and reservoirs in the
U. S., it is difficult to distinguish the effects of
region from those of impoundment type.

I

For the purposes of this project reservoir hypsographic
curves can be conveniently summarized using low-order
polynomial equations relating the logarithm of total
volume to the logarithm of total depth. Errors charac-
teristic of this curve-fitting scheme are similar to
those characteristic of direct interpolation methods.
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Within-reservoir variations of trophic state indicators
generally cannot be considered random with respect to
station and date, the primary parameters used in monitor-
ing program design. Spatial variations contain informa-
tion on rates and directions of processes controlling
eutrophication within reservoirs. Variance component
analyses indicate that phosphorus and transparency have
variance structures which are similar to each other, but
fundamentally different from the variance structure of
chlorophyll-a. Implications of these variance structures
for monitoring and modelling efforts have been discussed.

A method for estimating the mean and error variance of
nutrient loadings derived from continuous-flow and grab-
sample-concentration measurements has been developed and
tested using real and simulated flow/concentration time
series. The method employs a regression model relating
concentration to flow and has been shown to compare
favorably with alternative calculation methods with
respect to bias and variance of loading estimates under
a range of conditions.

s it dtah b dai




PART XVI: RECOMMENDATIONS

149. The following additional data base development work is re-
N quired in order to permit testing of empirical eutrophication models
and should therefore be included in the scope of Phase II of this study:

! a. compilation of monthly elevation/contents data from many
3 districts and projects, as indicated by the inventories
in Appendix A.

b. development of a scheme for sorting of water quality

5l

- stations in downstream order within reservoirs.
1
'é 150. While compiled for the specific purposes of this project, the
; data base described in this report could be adapted for other, more
generalized uses. As discussed in the introduction to this report, the
¢ current data base consists of a number of computer files, reports, maps,
!
K and data forms organized in a consistent framework. It is not a system
] designed for frequent interactive use, Given the current data base, the
:ji development of such a system would involve the following:
. a. definition of objectives (desired scope of data base uses).
b. definition of operating environment (direct users, main-
tainence personnel, and computer system).
f
¢. development of appropriate software for various purposes
(e.g., accessing, updating, editing, summarizing, dis-
playing, analyzing).
d. compilation of any additional data required for intended
uses of the data base (e.g., inclusion of priority pollut-
) ants, development of a digital reservoir mapping capa-
bility).
» e. appropriate modifications in file designs.
| f. establishment of channels and procedures for updating and

verification of information.

testing of the system in an operational environment.

ka

. documentation of the system.

(=2

i. orientation of potential users.
It is recommended that the Corps of Engineers consider expanding upon the
existing data base, as outlined above, in order to permit more generalized

use of the information which has been compiled under this project. The ]

149 pr
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final product would represent a valuable resource for reservoir design,

operation, and research at various organizational levels within the Corps

of Engineers.
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DATA INVENTORIES BY PROJECT AND DIVISION
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Inventory of WATS.DAREAS File
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Table A4

Inventory of Water Quality Data by Station Type
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Inventory of Phosphorus, Chlorophyll-a, and
Secchi Data at Pool Stations
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In accordance with letter from DAEN-RDZ, DAEN-ASI dated
22 July 1977, Subject: Facsimile Catalog Cards for
Laboratory Technical Publications, a facsimile catalog
card in Library of Congress MARC format is reproduced
below.

Walker, William W.

Empirical methods for predicting eutrophication in
impoundments : Report 1 : Phase I, data base development /
by William W, Walker, Jr. (Environmental Laboratory,

U.S. Army Engineer Waterways Experiment Station). --
Vicksburg, Miss. : The Station ; Springfield, Va.
available from NTIS, [1981].

153, 55 p. : i1l. ; 27 em. -- (Technical report /

U.S. Army Engineer Waterways Experiment Station ; E-81-9).

Cover title.

"May 1981."

"Prepared for Office, Chief of Engineers, U.S. Army,
under Contract DACW 39-78-0053, EWQOS Work Unit IE."

"Monitored by Environmental Laboratory, U.S. Army
Engineer Waterways Experiment Station."

Bibliography: p. 151-153.

1. Computer programs. 2. Eutrophication. 3. Mathematical
models. k4, Prediction theory. 5. Reservoirs.

Walker, William W.
Empirical methods for predicting eutrophication : ... 1981.
(Card 2)

I. United States. Army. Corps of Engineers. Office of

the Chief of Engineers. II. U.S. Army Engineer Waterways
Experiment Station. Environmental Laboratory. III., Title
IV. Series: Technical report (U.S. Army Engineer Waterways
Experiment Station) ; E~81-9.

TAT.W34 no.E-81-9
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DEPARTMENT OF THE ARMY

WATERWAYS EXPERIMENT STATION. CORPS OF ENGINEERS
P.Q. BOX &3

VICKSBURG. MISSISSIPPI 39180 LT

REPLY TO
ATTENTION OF T
WESEV-1 11 March 1985 Iy

Errata Sheet

No. 2

EMPIRICAL METHODS FOR PREDICTING
EUTROPHICATION IN IMPOUNDMENTS

Report 1

PHASE I: DATA BASE DEVELOPMENT S

Technical Report E-81-9

May 1981

Page 139, Equations 33 and 34: change (Lk - ij) to (ij - Lk).
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