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APPENDIX SUMMARY

Appendix A documents in detail the Phase IV Watershed Model hydrology calibration. The
results are presented as plots and statistical tables that compare the simulavted and observed
flows for the 8 years of calibration (1984-1991) for 17 flow calibration stations of the
Chesapeake Bay. Specifically, this appendix includes the following plots: (1) Observed and
Simulated Flows; (2) Actual Error of the Flow; (3) Observed and Simulated Cumulative Flows;
(4) Actual Error versus Percentile Sample Population; (5) Paired Frequency Distribution of
Simulated and Observed Data versus Percentile of Population; and (6) Scatter Plot and
Regression of Simulated versus Observed with Ideal Line. The appendix also contains the
following statistical tables: (1) Comparison of Annual Total Observed and Simulated Flows; (2)
Comparison of Daily and Average Monthly Total Flow Observed and Simulated Regressions;
and (3) Average Seasonal Regressions. Regression statistics include r-squared, intercept, and
slope statistics for the entire data set, on an annual basis, on a seasonal basis..

The daily observed and simulated flow plots generally show good to excellent agreement
between the model and data. The differences are mainly attributable to storm events and high-
flow, snow-melt events of the spring freshet.

The observed and simulated cumnulative flows vs. time show both under and over estimation
relative to the observed flow, but no particular bias for any of these stations.

The actual error plots generally display a flat curve around 0 cubic feet per second (cfs) and a
sigmoidal shape indicating the errors are normally distributed. A sigmoidal plot centered on
50% of the population indicates a lack of bias in the simulation.

The frequency distribution of paired simulated and observed flow plotted against percentile of
sample population show good agreement, with the greatest differences between simulated and
observed during very high flows (95th percentile or higher) or very low flows (5th percentile or
lower). Note that in the scatter plots the ideal line is drawn (slope = 1, intercept = 0) as a point of
reference for the flow data and that the flow regression statistics are displayed. As a point of
comparison, the tabular regression statistics are for the log flow regression and the regression
statistics displayed on the scatter plot are for untransformed flow data.
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Figure A.

Monitoring Stations
Chesapeake Bay Watershed

Phase IV Model Se ts:
Susquehanna River Basin

| SUSQUEHANNA RIVER BASIN
! OF THE
| CHESAPEAKE BAY WATERSHED

KAG Map Date: January 1998

Source: USGS and Chesapeake Bay Program Modeling Team




A.1l.1 EAST BRANCH SUSQUEHANNA RIVER NEAR DANVILLE, PA AT
SEGMENT 40 (1540500)

Observed and Simulated versus Date

Actual Error versus Date

Observed and Simulated Cumulative Flows (CF) 1984-1991

Actual Error versus Percentile Sample Population

Frequency Distribution-Pair, Simulated and Observed Data versus Percentile of Population
Scatter Plot and Regression of Simulated versus Observed with Ideal Line

Comparison of Annual Total Observed and Simulated

Average Daily and Monthly Regressions for 1984-1991

Average Seasonal Regressions for 1984-1991
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CHESAPEAKE BAY WATERSHED HYDROLOGIC CALIBRATION
EAST BRANCH SUSQUEHANNA RIVER, PA (Segments 10, 20, 700, 30, and 40)

Table A.1.1.1 Comparison of Annual Total Observed and Simulated flows.

Observed Flow Simulated Flow
Year (inches)* (inches)**
1984 22.64 20.94
1985 . 13.59 13.16
1986 21.02 20.93
1987 15.59 16.27
1988 12.87 14.08
1989 18.10 18.91
1990 23.93 23.50
1991 14.62 15.46
Mean 17.80 17.91
* Observed flow from Susquehanna River near Danville, PA

** Simulated outﬂow’from RCH 40

Table A.1.1.2 Regression of log simulated flow on log observed flow daily and monthly r-squared.

Average Daily Average Monthly
Year m b 2 m b 2
1984 0.92 0.36 0.86 0.91 11.80 0.88
1985 0.90 0.40 0.85 0.90 11.98 0.88
1986 0.81 0.80 0.73 0.82 23.50 0.84
1987 0.94 0.22 0.90 0.94 6.65 0.96
1988 1.03 -0.18 0.88 1.08 -11.61 0.93
1989 1.08 -0.40 0.85 1.07 -11.86 0.90
1990 0.93 0.27 0.85 0.98 241 0.96
1991 0.94 0.20 0.96 0.97 3.66 0.98
1984-1991 0.94 0.21 0.86 0.96 4.57 0.92




Table A.1.1.3 Seasonal r-squared.

Season 1 Season 2 Season 3 Season 4
Year m b 12 m b r2 m b 2 m b 2
1984 1.23 -1.14 0.96 0.87 0.61 0.82 1.14 -0.52 0.94 0.98 0.24 0.83
1985 1.00 -0.22 0.76 0.91 0.35 091 0.79 0.79 0.69 1.20 -0.71 0.91
1986 0.61 1.55 0.32 0.76 1.02 0.77 1.63 -227 0.89 0.82 0.85 0.87
1987 0.97 0.03 0.56 0.91 034 | 0.86 1.04 -0.14 0.87 1.21 -0.87 } 0.79
1988 0.71 1.09 0.63 0.78 0.95 0.66 1.20 -0.82 0.93 0.93 0.15 0.85
1989 0.47 1.98 032 098 | -0.02 | 069 1.35 -1.42 0.96 1.13 -0.56 1 0.89
1990 0.73 1.17 0.75 0.85 0.62 0.41 1.20 -0.75 0.88 0.97 0.15 0.82
1991 0.78 093 0.63 0.76 1.03 0.81 1.00 -0.02 0.89 0.85 0.56 0.94
1984-1991)  0.78 1.01 0.69 0.90 0.46 0.77 0.80 0.74 0.89 0.90 0.37 0.85

Season 1 is from Julian day 1 to 60.

Season 2 is from Julian day 61 to 150.
Season 3 is from Julian day 151 to 270.
Season 4 is from Julian day 271 to 365.




A.1.2  'WEST BRANCH SUSQUEHANNA RIVER AT LEWISBURG, PA SEGMENT 70 (1553500)
Observed and Simulated versus Date

Actual Error versus Date

Observed and Simulated Cumulative Flows (CF) 1984-1991

Actual Error versus Percentile Sample Population

Frequency Distribution-Pair, Simulated and Observed Data versus Percentile of Population

Scatter Plot and Regression of Simulated versus Observed with Ideal Line

Comparison of Annual Total Observed and Simulated

Average Daily and Monthly Regressions for 1984-1991

Average Seasonal Regressions for 1984-1991
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CHESAPEAKE BAY WATERSHED HYDROLOGIC CALIBRATION
WEST BRANCH SUSQUEHANNA RIVER, PA (Segments 50, 60, and 70)

Table A.1.2.1 Comparison of Annual Total Observed and Simulated flows..

Observed Flow | Simulated Flow
Year (inches)* (inches)**
1984 29.02 26.75
1985 19.23 17.55
1986 23.83 22.66
1987 18.38 17.94
1988 15.26 15.46
1989 21.34 21.35
1990 27.52 26.47
1991 15.22 16.16
Mean 21.23 20.54
* Observed flow from West Branch Susquehanna River at Lewisburg, PA

** Simulated outflow from RCH 70

Table A.1.2.2 Regression of log simulated flow on log observed flow daily and monthly r-squared.

Average Daily Average Monthly
Year m b 2 m b 2
1984 0.86 0.54 0.84 0.00 3.90 0.00
1985 0.94 0.18 0.86 1.00 -0.05 0.88
1986 0.84 0.61 0.78 0.84 0.63 0.78
1987 0.76 0.91 0.63 0.99 0.02 0.99
1988 0.81 0.77 0.79 0.83 0.68 0.81
1989 0.81 0.80 0.88 0.75 1.04 0.90
1990 0.89 0.43 0.77 0.90 041 0.75
1991 0.99 0.07 0.85 1.00 0.02 0.87
1984-1991 0.86 0.54 0.80 0.79 0.83 0.75

I



Table A.1.2.3 Seasonal r-squared.

Season 1 Season 2 Season 3 Season 4
Year m b 2 m b 12 m b 2 m b 2
1984 0.98 -0.04 0.75 0.66 1.52 0.55 1.06 -0.29 0.89 0.95 023 0.95
1985 091 031 0.79 0.85 0.74 0.96 0.98 0.18 0.64 1.01 -0.14 0.97
1986 095 0.23 0.44 0.73 1.18 0.82 1.10 -0.38 0.80 1.14 -0.65 0.93
1987 0.08 3.46 0.00 0.69 141 0.74 0.85 0.49 0.84 1.03 -0.19 0.82
1988 0.79 0.76 0.61 0.62 1.62 0.66 0.91 0.19 0.82 1.07 -0.44 0.90
1989 0.72 1.00 0.64 1.05 -0.16 0.85 1.12 -0.54 0.95 0.82 0.51 0.79
1990 0.66 142 0.74 0.76 1.00 0.52 0.90 0.38 0.78 1.09 -0.40 0.90
1991 0.95 0.18 053 0.70 1.28 0.87 0.69 1.04 0.46 0.85 0.30 091
1984-19911 0.75 1.05 0.63 1.02 -0.19 0.77 095 0.22 0.87 0.87 0.59 0.90

Season 1 is from Julian day 1 to 60.
Season 2 is from Julian day 61 to 150.
Season 3 is from Julian day 151 to 270.
Season 4 is from Julian day 271 to 365.

DA



A.1.3 JUNIATA RIVER AT NEWPORT, PA AT SEGMENT 100 (1567000)
Observed and Simulated versus Date

Actual Error versus Date

Observed and Simulated Cumulative Flows (CF) 1984-1991

Actual Error versus Percentile Sample Population

Frequency Distribution-Pair, Simulated and Observed Data versus Percentile of Population
Scatter Plot and Regression of Simulated versus Observed with Ideal Line

Comparison of Annual Total Observed and Simulated

Average Daily and Monthly Regressions for 1984-1991

Average Seasonal Regressions for 1984-1991

957



.........

~1- C6/10/10
2+ 98/10/T0

{9¥ €1 L6DNV8L AP 8 ydeib)
(ewnwo - jwojoid [ses sewel gd sdu] Zeroiseiep ses Lo | 24)

______

................................

..........................

.............................................................................
......................................

(PajenuIS=- ‘paAIdSqO=,)
SJO-MOT]
WL ], SNSIdA paje[nuwiig pue paAIdsqQ
00T JU2UIS9G Je IDATY ejerun|

syo-Mo[

20



(9 £1 £69NV8L AP 8 ydeiB)
{(newo (ses sawel gd sdu] Zelojseiep ses jjoid | z4)

aedq
Q QO Q 0 Q N Q o o
& & & & & & & oo,z &

%r....__._.._._____....._.._.__‘__..___._L[________...______~_.._.__—_.____-___.____.__________.._ 00002

g
©
i
4
]
£
E-Y)
s
o
o)
g
N >’ P
F )
- ooo0e 3
L o
L 0000¥
* L 00008
| 00009

SJO-MO[.]
JUWIL], SNSI9A I0OLI] Jen)dy
00T JudwI83g je IJATY ejerun|



{9y £1 260NY9L Ap ¢ ydwib)
(oywna [ses sewel gd sdu] zesolsejep ses |joid 124)

$ ® & ® ® o & &
2 & S & & & & & &
& & & & & W & ® &

..................................... T T e e e e e 0

F .}

: R N S S e . " .. 000000T

S A S D S S o, ~ | oo
e e A SO L - —~ -
E SRR SO SR e b e W;QSSS
R N ............... S o -oScSm

U SO S SURRR P b e e -1 0000009

$J2-MO[]

DT ST S T SRR R ................ ................  000000Z
N ST SO Y RN ........ . ............... ................ ................ wxooooo%
N S — o’ ...M. e .,..W ............... w ............... w ................ W ................ Jw 0000006
[ = S S S S S
T 7 S S S N .

L S S U . o I 000000zL

(paje[nung =~ ‘paaidsqQ = ,)

SJO-MO[]
dUIL], SNSIIA SMO[] dANE[NWN) PIje[NUWIS pUe PAAIdSqQ)
001 JUdWI3dG je IDATY ejerun|

1



(9¥ €1 L6DNVEY Aip 8 ydeib)
{nesqewo {ses sewrel £d sdu) Zeioisejep ses |iojd 124)

uonjendog Jo yuadiag

" ooooz-
r
' 00001-
0

F oot §

| oooor §

T [}
4

_ g

L m.

[ o000z &

‘ [

o r o,
o)
=2

T ®

| oo00e §

L [4°]

! o

'L oooov

- 0000s

-1 00009

eje(J paAIdsqQ pue pajejnwis [[y - uonnquysi £>uanbaig
SJ2-MO[]
uonjendog sydureg a[1uadIdJ SNSIIA 10113 [eNn}OY
00T JUSWI33G Je IIATY ejerun (

29



uonendog jo juadia
0L om

oe oL

(9% €1 2690nYaL AP 8 ydeiB)

(1redosdd [ses sewef £d sdu) Zesoisejep ses 110id 1 Z4)

(x) PAAI3SQQ PUE (-) pajermuis paired

SJO-MO[]
uorje[ndo  Jo 3[1UI3J SNSIIA BJe(] PIAIISqQ
pue pajenwig paired “‘uonnqrisi(q Aouanbaig

00T JU2UI33g Je JIATY ejerun|

2R



(x=A jopourBe1 20sd'gp £1 L6DNYEL AIP 87 YdBIB)
ra!:.a__ TS »oEm_nama:_ua.o.mSmunwo:o_nﬁ—ub

§J3-MO[] - paje[nuuig

N
$

S & N &

LT g S 1 00T

§J3-MO[] - PIAIISqO

[ 00001

. § e .L 00000t

C6NVII0 - B8N VIO :sJo-mo g
UIT] [e3P] YHM PIAIISq( SNSIdA

Paje[nwiIg Jo uUoIssai3day pue J0[J 13}3ed5
00T JU2WI3dG Je IIATY ejerun(

o UA



CHESAPEAKE BAY WATERSHED HYDROLOGIC CALIBRATION
JUNIATA RIVER, PA (Segments 90 and 100)

Table A.1.3.1 Comparison of Annual Total Observed and Simulated flows.

Observed Flow Simulated Flow
Year (inches)* (inches)**
1984 20.44 19.44
1985 15.84 14.39
1986 16.03 14.91
1987 14.40 14.02
1988 12.68 12.52
1989 20.98 22.00
1990 18.93 16.94
1991 13.57 11.81
Mean 16.61 15.75
* Observed flow from Juniata River near Newport, PA
** Simulated outflow from RCH 100

Table A.1.3.2 Regression of log simulated flow on log observed flow daily and monthly r-squared.

Average Daily Average Monthly
Year m b 2 m b 2
1984 0.88 0.38 0.88 0.92 0.27 0.94
1985 0.97 0.05 0.86 1.03 -0.17 091
1986 1.00 -0.05 0.85 1.08 -0.34 0.90
1987 0.84 0.55 0.79 0.99 0.01 1.00
1988 0.93 0.24 0.79 1.00 -0.02 0.87
1989 0.77 0.88 0.86 0.73 1.00 0.95
1990 0.82 0.60 0.80 0.81 0.63 0.82
1991 1.12 -0.53 0.92 1.16 -0.66 0.95
1984-1991 0.92 0.27 0.84 0.97 0.09 0.92

g



Table A.1.3.3 Seasonal r-squared.

Season 1 Season 2 Season 3 Season 4
Year m b 12 m b 2 m b r2 m b 2
1984 1.19 -0.79 0.80 0.72 1.12 0.71 1.25 -0.84 0.92 0.90 0.34 0.90
1985 0.77 0.73 0.63 0.93 0.40 0.81 0.83 0.55 0.83 0.81 0.72 0.92
1986 1.18 -0.75 0.70 0.86 0.56 0.79 1.26 -0.59 0.87 0.89 0.38 0.95
1987 -0.04 3.68 -0.01 0.78 0.90 0.74 0.82 0.55 0.71 1.09 -0.33 091
1988 0.85 0.44 0.54 0.89 043 0.72 0.71 0.88 045 0.67 1.09 0.87
1989 0.65 1.19 0.42 1.02 -0.02 0.87 1.11 -0.47 0.90 1.04 -0.26 0.80
1990 0.79 0.83 0.63 0.80 0.81 0.34 1.20 -0.66 0.88 0.98 0.05 0.87
1991 0.70 1.14 0.60 0.77 0.95 0.80 0.46 1.66 0.51 0.55 1.48 0.78
1984-19911 0.69 1.19 0.62 0.90 0.26 0.76 0.96 0.09 0.83 1.08 -0.30 0.87

Season 1 is from Julian day 1 to 60.
Season 2 is from Julian day 61 to 150.
Season 3 is from Julian day 151 to 270.
Season 4 is from Julian day 271 to 365.

na




A.1.4 LOWER SUSQUEHANNA RIVER AT HARRISBURG, PA SEGMENT 710 (1570500)
Observed and Simulated versus Date

Actual Error versus Date

Observed and Simulated Cumulative Flows (CF) 1984-1991

Actual Error versus Percentile Sample Population

Frequency Distribution-Pair, Simulated and Observed Data versus Percentile of Population

Scatter Plot and Regression of Simulated versus Observed with Ideal Line

Comparison of Annual Total Observed and Simulated

Average Daily and Monthly Regressions for 1984-1991

Average Seasonal Regressions for 1984-1991
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CHESAPEAKE BAY WATERSHED HYDROLOGIC CALIBRATION
LOWER SUSQUEHANNA RIVER, PA (Segments 10, 20, 30, 40, 50, 60,

70, 80, 90, and 100)

Table A.1.4.1 Comparison of Annual Total Observed and Simulated flows.

*
**

Table A.1.4.2 Regression of log simulated flow on log observed flow daily and monthly r-squared.

Observed Flow

Simulated Flow

Year (inches)* (inches)**
1984 23.6 24.5
1985 14.81 15.31
1986 19.96 21.49
1987 15.58 17.17
1988 13.02 1491
1989 18.92 21.49
1990 23.33 24.62
1991 13.97 15.52
Mean 17.90 19.38

Observed flow Susquehanna River at Harrisburg, PA

Simulated outflow from RCH 710

Average Daily Average Monthly
Year m b r2 m b r2
1984 0.90 0.46 091 0.90 043 0.96
1985 0.97 0.13 0.89 1.05 -0.26 0.95
1986 0.91 0.37 0.84 0.99 0.03 0.91
1987 0.92 0.35 0.88 1.00 0.00 1.00
1988 0.85 0.70 0.88 0.88 0.55 0.91
1989 0.80 0.96 0.90 0.78 1.05 0.94
1990 0.85 0.70 0.81 0.90 0.47 0.92
1991 1.05 -0.25 0.95 1.07 -0.33 0.97
1984-1991 0.91 0.43 0.38 0.95 0.24 0.95

FAL




Table A.1.4.3 Seasonal r-squared.

Season 1 Season 2 Season 3 Season 4
Year m b r2 m b 2 m b 2 m b 2
1984 0.83 0.86 0.88 0.87 0.55 0.71 0.83 0.75 0.92 0.94 0.20 092
1985 0.81 0.96 0.76 0.98 0.04 0.90 0.81 0.69 0.75 0.89 0.50 0.94
1986 0.56 2.02 0.52 1.03 -0.16 0.81 0.67 1.32 0.88 0.95 0.21 094
1987 0.54 2.06 0.34 0.99 0.00 0.79 0.97 0.13 091 0.66 1.55 098

1988 0.65 1.70 0.70 0.89 0.45 0.68 0.86 0.62 0.87 0.97 0.22 0.89

1989 0.52 220 0.44 0.77 1.10 0.85 0.79 0.93 0.96 0.85 0.73 0.86

1990 0.95 0.22 0.77 0.49 2.32 0.41 0.75 1.09 0.75 0.80 0.95 0.82

1991 0.70 1.45 0.66 1.13 -0.70 0.83 0.94 0.16 0.84 1.22 -0.84 0.95

1984-1991] 0.74 1.25 0.75 0.93 0.27 0.78 0.93 0.28 0.90 0.93 0.34 091

Season 1 is from Julian day 1 to 60.
Season 2 is from Julian day 61 to 150.
Season 3 is from Julian day 151 to 270.
Season 4 is from Julian day 271 to 365.



A.1.5 SUSQUEHANNA RIVER AT CONOWINGO, MD AT SEGMENT 140 (1578310)
Observed and Simulated versus Date

Actual Error versus Date

Observed and Simulated Cumﬁlative Flows (CF) 1984-1991 °

Actual Error versus Percentile Sample Population

Frequency Distribution-Pair, Simulated and Observed Data versus Percentile of Population
Scatter Plot and Regression of Simulated versus Observed with Ideal Line

Comparison of Annual Total Observed and Simulated

Average Daily and Monthly Regressions for 1984-1991

Average Seasonal Regressions for 1984-1991
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CHESAPEAKE BAY WATERSHED HYDROLOGIC CALIBRATION
CONOWINGO RESERVOIR, MD (Segments 10, 20, 30, 40, 50, 60, 70,

80, 90, 100, 110, 120, 140, 710, and 720)

Table A.1.5.1 Comparison of Annual Total Observed and Simulated flows.

*
*%

Table A.1.5.2 Regression of log simulated flow on log observed flow daily and monthly r-squared.

Observed Flow

Simulated Flow

Year (inches)* (inches)**
1984 25.01 20.53
1985 15.27 13.83
1986 20.66 19.53
1987 16.16 15.77
1988 13.64 13.53
1989 19.97 19.59
1990 24.21 22.27
1991 14.86 14.08
Mean 18.72 17.39

Observed flow from Susquehanna River at Conowingo, MD
Simulated outflow from RCH 140

Average Daily Average Monthly
Year m b 2 m b 2
1984 0.51 2.19 0.32 0.91 0.36 0.96
1985 0.91 0.37 0.82 1.02 -0.12 0.93
1986 0.95 0.16 0.77 1.02 -0.18 0.93
1987 0.93 0.27 0.81 0.93 0.28 0.92
1988 0.92 0.35 0.71 0.93 0.29 0.91
1989 0.86 0.63 0.75 0.84 0.72 0.94
1990 0.96 0.12 0.72 0.98 -0.03 093
1991 1.05 -0.28 0.85 1.12 -0.58 0.97
1984-1991 0.89 0.48 0.72 0.99 0.02 0.94
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Table A.1.5.3 Seasonal r-squared.

Season 1 Season 2 Season 3 Season 4
Year m b r2 m b 2 m b 2 m b r2
1984 0.84 0.80 0.70 0.80 1.07 0.71 1.01 -0.02 0.89 091 0.45 0.81
1985 0.92 0.26 0.78 0.70 1.46 0.72 0.84 0.72 0.59 094 0.33 0.86
1986 0.77 1.08 0.56 0.70 1.45 0.73 0.79 0.99 0.49 0.80 0.95 0.89
1987 0.66 1.47 0.53 0.68 1.53 0.77 0.82 0.77 0.79 0.74 1.14 0.55
1988 0.88 0.48 0.66 0.53 2.21 0.52 0.76 0.97 0.67 0.57 1.78 0.64
1989 0.87 0.46 0.43 0.91 0.44 0.74 0.98 0.09 0.85 0.64 1.54 0.67
1990 0.59 1.97 0.78 0.42 2.71 0.28 0.57 1.91 0.55 0.80 0.98 0.74
1991 0.87 0.63 0.67 0.65 1.68 0.77 0.41 223 0.36 0.54 1.88 0.68
1984-1991 0.78 1.02 0.68 0.99 -0.03 0.68 0.93 0.23 0.76 1.00 -0.03 0.74

Season 1 is from Julian day 1 to 60.
Season 2 is from Julian day 61 to 150.
Season 3 is from Julian day 151 to 270.
Season 4 is from Julian day 271 to 365.
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Figure A2

Monitoring Stations
Chesapeake Bay Watershed
Phase IV Model Segments:

Patuxent River Basin

CHESAPEAKE BAY WATERSHED

“ S ERE L

KAG Map Date: January 1998 Source: USGS and Chesapeake Bay Program Modeling Team |
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A2.1 PATUXENT RIVER AT BOWIE, MD AT SEGMENT 340 (1594440)
Observed and Simulated versus Date

Actual Error versus Date

Observed and Simulated Cumulative Flows (CF) 1984-1991

Actual Error versus Percentile Sample Population

Frequency Distribution-Pair, Simulated and Observed Data versus Percentile of Population
Scatter Plot and Regression of Simulated versus Observed with Ideal Line

Comparison of Annual Total Observed and Simulated

Average Daily and Monthly Regressions for 1984-1991

Average Seasonal Regressions for 1984-1991
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CHESAPEAKE BAY WATERSHED HYDROLOGIC CALIBRATION
PATUXENT RIVER, MD (Segments 330 and 340)

A.2.1.1 Comparison of Annual Total Observed and Simulated flows.

Observed Flow Simulated Flow
Year (inches)* (inches)**
1984 17.12 16.82
1985 8.41 9.13
1986 8.42 8.77
1987 11.39 12.73
1988 11.93 12.14
1989 18.57 24 .4
1990 14.59 13.24
1991 10.64 9.38
Mean 12.63 13.33

*Observed flow at Patuxent River near Bowie, MD

**Simulated outflow from RCH 340

Table A.2.1.2 Regression of log simulated flow on log observed flow daily and monthly r-squared.

Average Daily Average Monthly
Year m b 2 m b r2
1984 0.80 0.51 0.70 0.92 0.21 0.92
1985 0.89 0.29 0.71 0.94 0.16 0.88
1986 0.79 0.49 0.63 0.96 0.12 0.88
1987 0.81 0.49 0.64 0.91 0.26 0.83
1988 0.73 0.68 0.70 0.69 0.75 0.87
1989 0.86 0.48 0.71 1.14 -0.24 0.89
1990 0.67 0.78 0.66 0.62 0.92 0.84
1991 0.72 0.60 0.67 0.79 0.45 0.93
1984-1991 0.78 0.54 0.68 0.91 0.24 0.87
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Table A.2.1.3 Seasonal r-squared.

Season 1 Season 2 Season 3 Season 4
Year m b r2 m b 12 m b 2 m b 2
1984 0.85 0.40 0.42 0.79 0.62 0.55 0.66 0.81 0.52 0.68 0.74 0.48
1985 1.19 -0.49 0.75 0.62 0.86 0.67 0.60 0.82 0.69 0.82 0.37 0.70
1986 0.75 0.56 0.28 0.83 0.45 0.73 0.46 1.04 045 0.80 038 0.74
1987 0.65 0.79 0.31 0.79 0.53 0.38 0.76 0.50 0.67 091 0.15 0.50
1988 1.07 -0.16 0.67 0.80 0.57 0.57 0.78 0.35 0.63 0.79 0.45 0.71
1989 0.80 0.46 0.53 0.83 0.42 0.61 0.75 0.50 0.76 0.85 0.26 0.62
1990 0.93 0.23 0.55 0.81 0.59 0.57 1.03 -0.15 0.80 0.84 0.44 0.57
1991 1.03 0.00 0.62 1.10 -0.16 0.75 042 1.12 0.16 0.57 0.98 0.26
1984-1991] 0.57 1L.11 0.53 0.84 0.39 0.73 0.94 0.22 0.72 0.82 0.44 0.62

Season 1 is from Julian day 1 to 60.
Season 2 is from Julian day 61 to 150.

Season 3 is from Julian day 151 to 270.
Season 4 is from Julian day 271 to 365.
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KAG I\/E;p Date: January 1998

Monitoring Stations
Chesapeake Bay Watershed
Phase IV Model Segments:

Potomac River Basin

Figure A3

N
%
POTOMAC RIVER BASIN /¥

OF THE

CHESAPEAKE BAY WATERSHED

| S

Source: USGS and Chesapeake Bay Program Modeling Team
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A3.1 UPPER POTOMAC RIVER AT HANCOCK, MD AT SEGMENT 175 (1613000)
Observed and Simulated versus Date

Actual Error versus Date

Observed and Simulated Cumulative Flows (CF) 1984-1991

Actual Error versus Percentile Sample Population

Frequency Distribution-Pair, Simulated and Observed Data versus Percentile of Population
Scatter Plot and Regression of Simulated versus Observed with Ideal Line

Comparison of Annual Total Observed and Simulated

Average Daily and Monthly Regressions for 1984-1991

Average Seasonal Regressions for 1984-1991
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CHESAPEAKE BAY WATERSHED HYDROLOGIC CALIBRATION
UPPER POTOMAC RIVER, MD (Segments 160, 170 and 175)

Table A.3.1.1 Comparison of Annual Total Observed and Simulated flows.

Observed Flow Simulated Flow
Year (inches)* (inches)**
1984 18.19 18.69
1985 17.3 18.67
1986 11.35 11.48
1987 13.47 13.26
1988 11.07 11.04
1989 15.59 18.5
1990 12.33 14.83
1991 11.08 9.97
Mean 13.80 14.56

*Observed flow at Upper Potomac River at Hancock, MD
**Simulated outflow from RCH 175

Table A.3.1.2 Regression of log simulated flow on log observed flow daily and monthly r-squared

Average Daily Average Monthly
Year m b r2 m b r2
1984 0.66 1.25 0.59 0.51 1.76 0.70
1985 0.74 0.97 0.69 0.70 1.09 0.86
1986 0.82 0.65 0.80 0.85 0.58 0.94
1987 0.56 1.59 0.57 0.54 1.63 0.78
1988 0.72 1.00 0.74 0.63 1.27 0.90
1989 0.74 0.98 0.50 0.62 1.41 0.65
1990 0.82 0.64 0.52 0.58 1.47 0.48
1991 0.82 0.59 0.82 0.84 0.53 0.94
1984-1991 0.74 0.96 0.65 0.71 1.03 0.82
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Table A.3.1.3 Seasonal r-squared.

Season 1 Season 2 Season 3 Season 4
Year m b r2 m b r2 m b r2 m b r2
1984 0.92 0.47 0.80 0.85 0.62 0.72 0.83 0.33 0.80 0.89 0.18 0.68
1985 0.69 1.05 0.44 0.88 0.51 0.71 1.07 -0.42 0.82 0.98 0.02 0.85
1986 1.10 -0.47 0.64 1.03 -0.10 0.86 0.70 0.86 0.59 0.72 0.92 0.84
1987 0.42 2.00 0.31 1.03 0.06 0.79 0.91 0.04 0.83 1.03 -0.19 0.74
1988 0.90 0.32 0.64 0.91 0.38 0.82 1.15 -0.65 0.62 0.78 0.66 0.76
1989 0.73 0.94 0.49 0.31 0.78 0.70 0.86 0.33 0.68 0.55 1.46 0.47
1990 0.34 2.48 0.25 0.57 1.56 0.48 0.72 0.79 0.56 0.78 0.66 0.75
1991 0.72 0.09 0.39 0.89 043 0.75 0.53 1.32 0.59 0.61 1.24 0.79
1984-1991f 0.74 0.92 045 0.89 0.30 0.73 0.87 0.61 0.71 0.95 0.25 0.74

Season 1 is from Julian day 1 to 60.
Season 2 is from Julian day 61 to 150.
Season 3 is from Julian day 151 to 270.
Season 4 is from Julian day 271 to 365.
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A.32 SHENANDOAH RIVER AT MILLVILLE, WV AT SEGMENT 200
(1636500)

Observed and Simulated versus Date

Actual Error versus Date

Observed and Simulated Cumulative Flows (CF) 1984-1991

Actual Error versus Percentile Sample Population

Frequency Distribution-Pair, Simulated and Observed Data versus Percentile of Population
Scatter Plot and Regression of Simulated versus Observed with Ideal Line

Comparison of Annual Total Observed and Simulated

Average Daily and Monthly Regressions for 1984-1991

Average Seasonal Regressions for 1984-1991
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CHESAPEAKE BAY WATERSHED HYDROLOGIC CALIBRATION
SHENANDOAH RIVER, VA (Segments 190 and 200)

Table A.3.2.1 Comparison of Annual Total Observed and Simulated flows.

Observed Flow Simulated Flow
Year (inches)* (inches)**
1984 17.73 19.25
1985 12.93 14.55
1986 6.88 7.00
1987 13.88 12.18
1988 7.69 6.78
1989 11.96 13.20
1990 11.52 13.86
1991 10.45 10.09
Mean 11.63 12.11

* Observed flow at Shenandoah River at Millville, WV
** Simulated outflow from RCH 200

Table A.3.2.2 Regression of log simulated flow on log observed flow daily and monthly r-squared.

Average Daily Average Monthly
Year m b r2 m b 2
1984 0.72 1.05 0.74 0.60 1.44 0.82
1985 0.84 0.58 0.76 0.88 0.44 0.80
1986 0.98 0.05 0.87 1.01 -0.05 0.91
1987 0.82 0.55 0.76 0.98 0.67 0.87
1988 0.72 0.87 0.88 0.72 0.89 0.92
1989 0.90 0.38 0.66 1.06 -0.15 0.72
1990 0.71 1.03 0.58 0.49 1.76 0.44
1991 0.94 0.17 0.83 0.95 0.12 0.87
1984-1991 0.83 0.59 0.76 0.87 0.44 0.81
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Table A.3.2.3 Seasonal r-squared.

Season 1 Season 2 Season 3 Season 4
Year m b r2 m b r2 m b r2 m b 2
1984 0.68 1.31 0.81 0.89 0.49 0.83 0.64 0.96 0.73 0.90 0.05 0.6!
1985 0.91 0.27 0.64 1.06 -0.14 0.41 1.10 -0.52 0.60 1.04 -0.29 0.8¢
1986 1.56 -1.98 0.78 0.97 0.18 0.84 1.00 -0.11 0.71 0.83 045 0.9:
1987 0.44 1.87 0.20 0.88 0.63 0.78 0.95 0.04 0.80 1.25 -0.82 0.8¢
1988 1.06 -0.17 0.65 1.31 -0.89 0.90 1.68 -2.26 0.83 0.73 0.67 04,
1989 1.30 -0.81 0.67 0.82 0.78 0.34 0.75 0.71 0.56 0.96 -0.02 0.65
1990 0.81 0.69 0.53 0.71 1.05 0.48 0.85 0.29 048 0.86 0.34 0.74
1991 1.09 0.28 0.65 0.96 0.20 0.80 0.80 0.44 0.74 0.67 0.88 0.83
1984-1991] 0.84 0.54 0.76 0.95 0.05 0.86 1.02 0.04 0.76 1.10 -0.22 0.85

Season 1 is from Julian day 1 to 60.
Season 2 is from Julian day 61 to 150.
Season 3 is from Julian day 151 to 270.
Season 4 is from Julian day 271 to 365.
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A3.3 LOWERPOTOMAC RIVER AT CHAIN BRIDGE NEAR WASHINGTON
DC AT SEGMENT 220 (1646500)

Observed and Simulated versus Date

Actual Error versus Date

Observed and Simulated Cumulative Flows (CF) 1984-1991

Actual Error versus Percentile Sample Population

Frequency Distribution-Pair, Simulated and Observed Data versus Percentile of Population
Scatter Plot and Regression of Simulated versus Observed with Ideal Line

Comparison of Annual Total Observed and Simulated

Average Daily and Monthly Regressions for 1984-1991

Average Seasonal Regressions for 1984-1991
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CHESAPEAKE BAY WATERSHED HYDROLOGIC CALIBRATION
LOWER POTOMAC RIVER (Segments 180, 210 and 220)

Table A.3.3.1 Comparison of Annual Total Observed and Simulated flows.

Observed Flow Simulated Flow
Year (inches)* (inches)**
1984 19.38 19.41
1985 13.58 14.22
1986 9.55 8.76
1987 13.47 11.38
1988 10.26 8.85
1989 14.04 14.40
1990 12.27 12.83
1991 10.89 8.22
Mean 12.93 12.26
* Observed flow at Potomac River at Chain Bridge near Washington, D.C.

** Simulated outflow from RCH 220

Table A.3.3.2 Regression of log simulated flow on log observed flow daily and monthly r-squared.

Average Daily Average Monthly
Year m b 12 m b 2
1984 0.76 0.98 0.70 0.61 1.58 0.82
1985 0.78 0.87 0.74 0.72 1.07 0.77
1986 0.77 0.86 0.87 0.74 0.96 0.92
1987 0.68 1.21 0.72 0.98 0.05 0.99
1988 0.68 1.20 0.78 0.63 1.38 0.00
1989 0.78 0.88 0.63 0.67 1.31 0.00
1990 0.74 1.01 0.56 0.39 235 0.00
1991 0.66 1.22 0.80 0.25 2.77 0.00
1984-1991 0.73 1.03 0.73 0.62 1.43 0.44
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Table A.3.3.3 Seasonal r-sqaured.

Season 1 Season 2 Season 3 Season 4
Year m b 2 m b r2 m b r2 m b r2
1984 1.37 -1.89 0.88 1.91 -1.03 0.89 1.32 -1.06 0.82 0.84 0.77 0.69
1985 0.79 0.82 0.69 0.93 0.07 0.65 0.78 0.90 0.83 0.86 0.66 0.81
1986 0.82 0.70 0.90 1.08 -0.50 0.90 0.54 1.63 0.72 0.99 0.18 0.93
1987 0.89 0.44 0.39 1.04 -0.47 0.89 0.82 0.78 0.77 0.83 0.79 0.99
1988 0.20 3.08 0.22 0.86 0.41 0.75 0.48 191 0.61 1.04 -0.02 0.84
1989 0.84 0.54 0.69 1.16 -0.86 0.83 0.81 0.84 0.68 0.98 0.23 0.74
1990 0.65 1.33 0.26 0.95 -0.04 0.58 0.86 0.64 0.66 0.90 0.47 0.72
1991 0.91 0.17 0.69 1.00 -0.19 0.87 0.54 1.68 0.46 0.60 1.35 0.56
1984-1991] 0.79 0.78 0.65 1.00 -0.18 0.83 0.83 0.76 0.79 0.94 0.32 0.86

Season 1 is from Julian day 1 to 60.
Season 2 is from Julian day 61 to 150.
Season 3 is from Julian day 151 to 270.
Season 4 is from Julian day 271 to 365.
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Figure A.

Monitorig Stations
Chesapeake Bay Watershed

Phase IV Model Se ts:
Rappahannock River Basin

KAG Map Date: January 1998 Source: USGS and Chesapeake Bay Program Modeling Team |
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A4  RAPPAHANNOCK RIVER NEAR FREDERICKSBURG, VA AT SEGMENT 230 (1668000)

Observed and Simulated versus Date

Actual Error versus Date

Observed and Simulated Cumulative Flows (CF) 1984-1991

Actual Error versus Percentile Sample Population

Frequency Distribution-Pair, Simulated and Observed Data versus Percentile of Population
Scatter Plot and Regression of Simulated versus Observed with Ideal Line

Comparison of Annual Total Observed and Simulated

Average Daily and Monthly Regressions for 1984-1991

Average Seasonal Regressions for 1984-1991
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CHESAPEAKE BAY WATERSHED HYDROLOGIC CALIBRATION
RAPPAHANNOCK RIVER, VA (Segments 230)

Table A.4.1.1 Comparison of Annual Total Observed and Simulated flows.

Observed Flow Simulated Flow
Year (inches)* (inches)**
1984 21.77 19.77
1985 13.05 15.07
1986 7.48 7.64
1987 13.43 16.53
1988 8.31 8.21
1989 15.36 13.04
1990 | 15.51 12.60
1991 10.04 7.74
Mean 13.12 12.58

* Observed flow at Rappahannock River near Fredericksburg, VA
*ok Simulated outflow from RCH 230

Table A.4.1.2 Regression of log simulated flow on log observed flow daily and monthly r-squared.

Average Daily Average Monthly
Year m b 2 m b 2
1984 0.85 0.44 0.72 0.85 0.43 0.79
1985 0.72 0.85 0.63 0.66 1.03 0.58
1986 0.57 1.20 0.41 0.53 1.31 0.39
1987 0.87 0.47 0.77 0.90 0.38 0.78
1988 0.59 1.24 0.65 0.54 1.37 0.70
1989 0.89 0.27 0.73 1.18 -0.62 0.86
1990 0.55 1.30 0.44 0.06 2.87 0.10
1991 0.71 0.77 0.77 0.71 0.75 0.82
1984-1991 0.72 0.82 0.64 0.68 0.94 0.63

1NSs




Table A.4.1.3 Seasonal r-squared.

Season 1 Season 2 Season 3 Season 4
Year m b 2 m b r2 m b 2 m b r2
1984 0.71 0.93 0.46 1.05 0.36 0.89 '0.92 0.22 0.55 0.97 0.10 0.76
1985 0.99 -0.06 0.80 0.65 0.76 0.18 0.78 0.77 0.71 0.73 1.05 0.78
1986 1.82 -2.92 0.77 1.06 -0.51 0.84 0.27 1.94 0.05 1.19 -0.14 0.93
1987 0.32 2.23 0.08 1.01 -0.09 0.81 0.96 0.23 0.85 0.90 045 0.75
1988 0.62 1.24 0.58 1.02 -0.29 0.77 0.59 1.26 0.64 0.87 0.61 0.73
1989 0.67 0.87 0.80 0.90 0.28 0.80 0.80 0.51 0.61 1.06 0.27 0.61
1990 0.49 1.39 0.34 0.89 0.15 0.59 0.39 1.81 0.35 0.87 0.42 0.60
1991 1.32 -1.20 0.86 0.95 -0.13 0.78 0.60 1.03 0.54 0.81 0.59 0.83
1984-1991] 0.82 047 0.51 1.04 -0.32 0.77 0.72 0.85 0.64 0.82 0.63 0.76

Season 1 is from Julian day 1 to 60.
Season 2 is from Julian day 61 to 150.

Season 3 is from Julian day 151 to 270.

Season 4 is from Julian day 271 to 365.
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Figure A5

Monitoring Stations
Chesapeake Bay Watershed

Phase IV Model Segments:
e York Rive? Basem

i
Y > w E
* OF THE
R CHESAPEAKE BAY WATERSHED

KAG Wp% January 1998 Source: USGS and Chesapeake Bay Program Modeling Team
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A.5.1 MATTAPONI RIVER NEAR BEULAHVILLE, VA AT SEGMENT 240 (1674500)
Observed and Simulated versus Date

Actual Error versus Date

Observed and Simulated Cumulative Flows (CF) 1984-1991

Actual Error versus Percentile Sample Population

Frequency Distribution-Pair, Simulated and Observed Data versus Percentile of Population
Scatter Plot and Regression of Simulated versus Observed with Ideal Line

Comparison of Annual Total Observed and Simulated

Average Daily and Monthly Regressions for 1984-1991

Average Seasonal Regressions for 1984-1991
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CHESAPEAKE BAY WATERSHED HYDROLOGIC CALIBRATION
MATTAPONI RIVER, VA (Segments 235 and 240)

Table A.5.1.1 Comparison of Annual Total Observed and Simulated flows.

Observed Flow Simulated Flow

Year (inches)* (inches)**
1984 21.65 18.21
1985 11.81 14.77
1986 7.57 6.52

1987 0.00 16.19

1988 0.00 7.65

1989 0.00 17.75

1990 13.59 10.76
1991 5.99 7.45
Mean 12.12 11.54+

* Observed flow at Mattaponi River at Beulahville, VA

*k Simulated outflow from RCH 240
+ Using only 1984, 1985, 1986. 1990, and 1991 years.

Table A.5.1.2 Regression of log simulated flow on log observed flow daily and monthly r-squared.

Average Daily Average Monthly
Year m b r2 m b r2
1984 1.05 -0.28 0.76 1.23 -0.78 0.89
1985 0.83 0.42 0.56 0.89 0.27 0.57
1986 0.82 0.35 0.83 0.85 0.28 0.89
1987 0.94 0.22 0.80 1.01 0.02 0.99
1988 0.00 0.00 0.00 0.00 0.00 0.00
1989 1.05 0.01 0.99 1.06 0.00 1.00
1990 0.93 0.05 0.83 1.02 -0.18 0.92
1991 0.65 0.90 0.67 0.66 0.89 0.7t
1984-1991 0.78 0.21 0.68 0.84 0.06 0.75
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Table A.5.1.3 Seasonal r-squared.

Season 1 Season 2 Season 3 Season 4
Year m b 2 m b 2 m b r2 m b r2
1984 1.11 -0.23 0.49 0.99 -0.06 0.84 0.57 0.90 0.55 0.87 0.01 0.63
1985 0.68 0.78 0.65 1.16 -0.72 0.57 0.77 0.65 0.43 0.74 0.93 0.64
1986 1.51 1.60 0.62 0.67 0.70 0.46 0.73 0.51 0.56 0.94 0.16 0.92
1987 0.31 2.51 0.06 0.90 0.20 0.72 1.12 -0.17 0.80 0.00 0.00 0.00
1988 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
1989 0.00 0.00 0.00 0.00 0.00 0.00 0.99 0.02 0.97 037 1.87 0.33
1990 0.39 1.72 0.34 0.72 0.63 0.62 1.03 -0.16 0.74 0.94 0.02 0.77
1991 0.94 0.27 0.71 1.01 -0.15 0.89 0.65 1.04 0.27 0.79 0.49 0.75
1984-1991] 0.84 0.44 0.41 1.09 -0.40 0.83 0.64 0.83 0.51 0.90 0.26 0.74

Season 1 is from Julian day 1 to 60.
Season 2 is from Julian day 61 to 150.

Season 3 is from Julian day 151 to 270.
Season 4 is from Julian day 271 to 365.




A52 PAMUNKEY RIVER NEAR HANOVER, VA AT SEGMENT 260
(1673000)

Observed and Simulated versus Date

Actual Error versus Date

Observed and Simulated Cumulative Flows (CF) 1984-1991

Actual Error versus Percentile Sample Population

Frequency Distribution-Pair, Simulated and Observed Data versus Percentile of Population
Scatter Plot and Regression of Simulated versus Observed with Ideal Line

Comparison of Annual Total Observed and Simulated

Average Daily and Monthly Regressions for 1984-1991

Average Seasonal Regressions for 1984-1991
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CHESAPEAKE BAY WATERSHED HYDROLOGIC CALIBRATION
PAMUNKEY RIVER, VA (Segments 250 and 260)

Table A.5.2.1 Comparison of Annual Total Observed and Simulated flows.

Observed Flow | Simulated Flow

Year (inches)* (inches)**
1984 20.59 18.55
1985 13.95 15.66

1986 7.80 6.35

1987 14.71 16.55
1988 8.17 7.39

1989 14.76 17.92
1990 14.17 11.44

1991 7.13 8.09
Mean 12.66 12.74

* Observed flow at Pamunkey River at Hanover, VA

** Simulated outflow from RCH 260

Table A.5.2.2 Regression of log simulated flow on log observed flow daily and monthly r-squared.

Average Daily Average Monthly
Year m b 12 " m b 2
1984 0.92 0.20 0.78 0.98 0.01 091
1985 0.81 0.53 0.54 0.83 047 0.44
1986 0.68 0.76 0.50 0.66 0.81 0.49
1987 0.73 0.81 0.63 0.99 0.07 0.97
1988 0.55 1.21 045 0.44 1.48 0.39
1989 0.78 0.75 0.61 0.71 0.94 0.59
1990 0.65 0.96 0.65 0.54 1.28 0.75
1991 0.64 1.04 0.55 0.59 1.13 0.57
1984-1991 0.72 0.78 0.59 0.72 0.77 0.64
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Table A.5.2.3 Seasonal r-squared.

Season 1 Season 2 Season 3 Season 4
Year m b r2 m b r2 m b 2 m b r2
1984 0.81 0.58 0.69 1.07 -0.37 0.79 0.86 0.30 0.76 0.89 0.29 0.64
1985 0.92 0.18 0.74 0.53 0.89 0.22 0.83 0.61 0.63 0.63 1.35 0.61
1986 2.11 -3.63 0.86 0.83 0.11 0.59 0.62 0.92 0.53 1.08 0.01 0.88
1987 0.32 2.19 0.05 1.00 0.19 0.69 0.98 0.29 0.79 0.67 147 0.88
1988 0.90 0.23 0.77 1.05 -0.56 0.78 0.56 1.17 0.41 1.17 -0.04 0.81
1989 0.91 0.28 0.75 0.82 0.56 0.69 0.85 0.63 0.65 0.57 1.41 0.23
1990 0.69 0.82 0.51 1.46 -0.73 0.69 0.84 0.57 0.73 0.72 0.85 0.62
1991 1.24 -0.76 0.75 0.95 -0.10 0.82 0.78 0.81 0.60 1.00 0.37 0.79
1984-1991] 0.89 0.28 0.53 1.11 -0.60 0.77 0.81 0.62 0.66 0.80 0.71 0.70

Season 1 is from Julian day 1 to 60.
Season 2 is from Julian day 61 to 150.

Season 3 is from Julian day 151 to 270.
Season 4 is from Julian day 271 to 365.
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Figure A.6

Monitoring Stations
Chesapeake Bay Watershed
Phase IV Model Segments:

James River Basin

270

4>

{AG Map Date: January 1998 Source: USGS and Chesapeake Bay Program Modeling Team
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A.6.1 JAMES RIVER AT CARTERSVILLE, VA AT SEGMENT 280 (2035000)
Observed and Simulated versus Date

Actual Error versus Date

Observed and Simulated Cumulative Flows (CF) 1984-1991

Actual Error versus Percentile Sample Population

Frequency Distribution-Pair, Simulated and Observed Data versus Percentile of Population
Scatter Plot and Regression of Simulated versus Observed with Ideal Line

Comparison of Annual Total Observed and Simulated

Average Daily and Monthly Regressions for 1984-1991

Average Seasonal Regressions for 1984-1991
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CHESAPEAKE BAY WATERSHED HYDROLOGIC CALIBRATION
JAMES RIVER, VA (Segments 265, 270, 280 and 290)

Table A.6.1.1 Comparison of Annual Total Observed and Simulated flows..

Observed Flow Simulated Flow
Year (inches)* (inches)**
1984 20.52 19.50
1985 16.33 16.10
1986 9.10 7.22
1987 19.16 20.26
1988 8.18 6.63
1989 20.27 23.76
1990 18.18 15.66
1991 15.09 12.28
Mean 15.85 15.18

*
k%

Observed flow at James River at Cartersville, VA
Simulated outflow from RCH 280

Table A.6.1.2 Regression of log simulated flow on log observed flow daily and monthly r-squared.

Average Daily Average Monthly
Year m b r2 m b r2
1984 0.79 0.78 0.77 0.72 1.06 0.90
1985 0.92 0.23 0.80 0.96 0.09 0.80
1986 0.86 0.37 0.80 0.94 0.10 0.85
1987 0.82 0.73 0.81 1.00 0.03 0.99
1988 0.66 1.13 0.76 0.68 1.06 0.82
1989 0.94 0.30 0.72 1.15 -0.52 0.71
1990 0.77 0.83 0.78 0.63 1.34 0.85
1991 1.01 -0.12 0.87 1.04 -0.24 0.91
1984-1991 0.85 0.53 0.79 0.89 0.37 0.86
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Table A.6.1.3 Seasonal r-squared.

Season 1 Season 2 Season 3 Season 4
Year m b 2 m b 2 | m b r2 m b r2
1984 0.93 0.16 0.82 0.94 0.13 0.81 1.05 -0.10 0.68 0.71 1.08 0.63
1985 0.68 1.20 0.71 0.88 0.20 0.67 0.99 0.02 0.81 0.95 0.26 0.95
1986 0.73 0.91 0.83 0.80 0.49 0.71 0.58 1.23 0.70 1.04 -0.10 0.92
1987 0.67 1.37 0.34 0.91 0.27 0.83 1.02 0.07 0.84 -0.62 5.89 0.10
1988 0.75 0.86 0.88 0.78 0.60 0.66 0.64 1.19 0.76 0.71 1.02 0.67
1989 0.78 0.72 0.88 0.88 0.42 0.84 1.06 -0.01 0.80 0.96 0.23 0.75
1990 0.83 0.56 0.72 1.22 -1.09 0.77 0.79 0.78 0.93 0.93 0.31 0.76
1991 0.88 042 0.83 0.99 -0.14 0.87 1.04 -0.13 0.84 1.26 -1.05 0.84
1984-1991] 0.81 0.68 0.74 1.04 -0.36 0.85 1.09 -0.25 0.83 1.02 -0.04 0.85

Season 1 is from Julian day 1 to 60.
Season 2 is from Julian day 61 to 150.
Season 3 is from Julian day 151 to 270.
Season 4 is from Julian day 271 to 365.
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A.62 APPAMATTOX RIVER AT MATOACA, VA AT SEGMENT 310
(2041650)

Observed and Simulated versus Date

Actual Error versus Date

Observed and Simulated Cumulative Flows (CF) 1984-1991

Actual Error versus Percentile Sample Population

Frequency Distribution-Pair, Simulated and Observed Data versus Percentile of Population
Scatter Plot and Regression of Simulated versus Observed with Ideal Line

Comparison of Annual Total Observed and Simulated

Average Daily and Monthly Regressions for 1984-1991

Average Seasonal Regressions for 1984-1991
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CHESAPEAKE BAY WATERSHED HYDROLOGIC CALIBRATION
APPOMATTOX RIVER, VA (Segments 300 and 310) -

Table A.6.2.1 Comparison of Annual Total Observed and Simulated flows.

Observed Flow Simulated Flow

Year (inches)* (inches)**
1984 18.16 18.03
1985 12.83 12.75
1986 7.68 7.63

1987 14.55 14.46

1988 7.42 7.36

1989 14.52 14.43
1990 11.37 11.29
1991 8.19 8.14
Mean 11.84 11.76

* Observed flow at Appomattox River at Matoaca, VA

** Simulated outflow from RCH 310

Table A.6.2.2 Regression of log simulated flow on log observed flow daily and monthly r-squared.

Average Daily Average Monthly
Year m b 2 m b 2
1984 0.77 0.75 0.76 0.90 0.35 0.89
1985 0.85 0.52 0.65 0.92 0.36 0.67
1986 0.65 1.03 0.52 0.67 0.99 0.58
1987 0.82 0.65 0.76 1.02 0.06 0.98
1988 0.35 1.89 0.27 0.29 2.04 0.24
1989 0.70 0.98 0.67 0.72 0.93 0.70
1990 0.64 1.09 0.67 0.58 125 0.77
1991 0.74 0.84 0.62 0.75 0.83 0.61
1984-1991 0.69 0.97 0.61 0.73 0.85 0.68

14K



Table A.6.2.3 Seasonal r-squared.

Season 1 Season 2 Season 3 Season 4
Year m b r2 m b 2 m b 12 m b r2
1984 0.55 1.57 0.71 0.73 0.88 0.86 0.46 1.57 049 0.95 0.17 0.70
1985 0.62 1.21 0.81 1.31 -1.03 0.78 1.08 0.14 0.75 0.77 0.99 0.75
1986 0.84 0.40 0.54 0.90 0.10 0.64 0.89 0.50 0.52 0.78 0.94 0.78
1987 0.44 1.98 0.21 0.87 0.38 0.82 1.08 0.07 0.72 1.12 0.45 0.99
1988 1.04 -0.11 0.87 -0.02 2.79 0.01 0.12 2.42 0.02 0.57 1.34 0.64
1989 0.86 0.37 0.79 0.62 1.26 0.69 0.68 1.08 0.62 0.86 0.55 0.48
1990 0.44 1.76 034 1.07 0.38 0.80 0.70 0.98 0.55 0.74 0.80 0.54
1991 0.98 0.26 0.69 0.80 0.53 0.86 0.84 0.65 0.46 0.60 1.16 0.29
1984-1991] 0.72 0.94 0.51 0.95 0.02 0.80 0.77 0.82 0.56 0.81 0.73 0.69

Season 1 is from Julian day 1 to 60.
Season 2 is from Julian day 61 to 150.

Season 3 is from Julian day 151 to 270.
Season 4 is from Julian day 271 to 365.
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Figure A.7

Monitoring Stations
Chesapeake Bay Watershed

Phase IV Model Se ts:
Eastern Shore Maryland

{AG Map Date: January 1998 Source: USGS and Chesapeake Bay Program Modeling Team
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A.7.0 NANTICOKE RIVER AT BRIDGEVILLE, DE AT SEGMENT 780 (1487000)
Observed and Simulated versus Date

Actual Error versus Date

Observed and Simulated Cumulative Flows (CF) 1984-1991

Actual Error versus Percentile Sample Population

Frequency Distribution-Pair, Simulated and Observed Data versus Percentile of Population
Scatter Plot and Regression of Simulated versus Observed with Ideal Line

Comparison of Annual Total Observed and Simulated

Average Daily and Monthly Regressions for 1984-1991

Average Seasonal Regressions for 1984-1991
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CHESAPEAKE BAY WATERSHED HYDROLOGIC CALIBRATION
NANTICOKE RIVER, VA (Segment 780)

Table A.7.0.1 Comparison of Annual Total Observed and Simulated flows.

Observed Flow Simulated Flow

Year (inches)* (inches)**
1984 21.49 19.43

1985 8.87 11.21

1986 9.55 10.41

1987 14.05 12.49
1988 10.15 11.53
1989 23.85 25.85

1990 16.83 16.65

1991 12.23 12.09
Mean 13.65 14.96

* Observed flow at Nanticoke River at Matoaca, VA

** Simulated outflow from RCH 780

Table A.7.0.2 Regression of log simulated flow on log observed flow daily and monthly r-squared.

Average Daily Average Monthly
Year m b 2 m b 2
1984 1.08 -0.15 0.84 1.21 -11.73 0.93
1985 0.57 0.67 0.37 0.58 19.98 0.24
1986 0.92 0.10 0.74 0.93 2.30 0.74
1987 1.37 -0.69 0.88 1.40 -22.45 0.88
1988 0.94 0.05 0.62 1.00 -2.05 0.74
1989 0.53 0.93 0.69 0.48 31.92 0.58
1990 1.14 -0.30 0.77 1.28 -16.84 0.83
1991 1.03 -0.05 0.79 1.06 -3.00 0.89
1984-1994 0.95 0.07 0.71 0.99 -0.23 0.73
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Table A.7.0.3 Seasonal r-squared.

Season 1 Season 2 Season 3 Season 4
Year m b 2 m b r2 m b 2 m b 2
1984 0.22 1.70 0.12 0.65 0.85 0.53 1.25 -0.54 0.96 0.46 0.79 0.64
1985 1.45 -0.88 0.83 0.72 0.54 0.15 0.33 0.96 0.18 0.67 0.45 0.44
1986 1.56 -1.04 0.93 140 | -062 ] 094 0.20 1.08 0.04 0.72 0.29 0.87
1987 033 1.53 0.19 1.01 0.12 0.44 1.10 -0.25 0.87 0.44 0.65 0.73
1988 0.94 -0.09 0.56 0.59 -0.85 | 0.19 0.79 025 0.42 191 -124 } 0950
1989 n/a n/a n/a n/a n/a n/a n/a n/a n/a 0.53 093 0.69
1990 0.83 041 0.46 0.76 0.5% | 0.65 0.98 -0.08 0.58 0.67 046 0.67
1991 0.78 045 0.76 0.92 0.21 0.37 1.00 -0.01 0.58 0.66 0.51 0.66
1984-1991} 0.55 0.88 0.57 0.81 0.30 0.76 0.83 0.34 0.72 091 0.26 0.81

Season 1 is from Julian day 1 to 60.

Season 2 is from Julian day 61 to 150.
Season 3 is from Julian day 151 to 270.
Season 4 is from Julian day 271 to 365.
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A.8.0 CHOPTANK RIVER NEAR GREENSBORO, MD AT SEGMENT 770(1491000)
Observed and Simulated versus Date

Actual Error versus Date

Observed and Simulated Cumulative Flows (CF) 1984-1991

Actual Error versus Percentile Sample Population

Frequency Distribution-Pair, Simulated and Observed Data versus Percentile of Population
Scatter Plot and Regression of Simulated versus Observed with Ideal Line

Comparison of Annual Total Observed and Simulated

Average Daily and Monthly Regressions for 1984-1991

Average Seasonal Regressions for 1984-1991

187



(€5 61 £6TNM8Z Mp € ydeIb)
{awnwo - Wwoiojd [ses sowel £d sdu] zerojselep ses Liod | zA)

1 Z6/TI0/10
y: [ 68/10/T0

X
v* .
...................................... L :
* ._
N ;
>3 >k ﬁ
| m
............................................. * : Y
............................................................................... w1 000 3
E 3 p
. @
t
Nt
R S 'L ooog
............................................................................... ey Loooow

(pajrenurg=- ﬁmamm&Ou*v
SJo-MOTq
SUIL], SNSISA paje[nwiIg pue paAIdsqO

0L Yuawi3ag e 1Ay dueiydoy)

189



(£5 61 £61Nr8Z AP B ydesB)
{newo [ses sewel £d sdu] gesoiserep ses 10 1 24)

e
W) o Q O S ) N N Q
0/1 ?0/1 A(O//. 4‘0/? ?0/2 ?0/( ?0/1 A(O//. ?O/f
O © & & @ Y @ &
...... A _ 1 B ] 1. i 1 A 1 1 1 1 o1 I} 1 1 1 H 1 1 il -3 o1 1 o1 o) 11 3 ) U Y Y B S | vl 1 1 A AL Y . i
| 1 1 4 ] 1 ! . 000z-
|
|
H ﬁ ¥« [ ooor-
* - [
> ﬂ *x 5 ﬁ
3 n. b A .m \m-. .%m“ .. 4 m vul 0
,“ D | . — ] M. —.-. ‘ . e r 3
1.9  : u
: 3
[ 1
1]
wu
% m
L x| oy
g g I 0001 T
3 r o,
ﬁ 2
[~
k. I (7]
t )
[ 4
b3 1]
P k {9
L 000T
i
* [
k
L 000¢
[ 000p

SJ3-MOT]
SWIL], SNSIJA IOLI [ENPY

04 YuawI3ag e 1Ay ueydoy)

T1AaN



(€5 61 261782 Mp e Tydesl)
{oywno [ses sswel £d sdu] Zesoiseiep ses Liod 1ZK)

-1 000002
T

s3>-mo[J

|
!
'{- 00000€

|

|

.} 00000V

{pare[nuig =~ ‘paarasqQ = .)

SJ>-MO[]
oW [, SNSIdA SMO[ dATjR[NWIND) PAJ[NUIIG PUR PIAIISqQ)

04 YU3W3ag je 1A yueiydoy)




(€5 61 26INrZ AP B Ydesb)
{118sqBWO [sBS sBwel £d sdu} zeloiseiep ses jod |1 24)

‘uoyeindog jo yusdrag

o
=
L]
~t
!
14
]
£
3 »
Y
. a
X [}
i 2
: w
! n
uA . . . . . » . . . o T M
..... X N . . . X . X X s [+
Tt T oot ST oo DTt et e VT - 000z =
* “.
K
k. . s . . X s . X . L
Lo e ............. G -+ 000€
.............. R T T et O O O S B T

ele(] paAlasqQ pue pajenwig [y - uonnqnsiq Louanbaiy
SJO-MOT]
uonjeindo g aydwreg a[1}uadIdJ SNSIAA I0LID [ENJOY

044 yuowi33g je 1Ay Sueiydoy)

1492



(€5 61 261Nr82 A1p & ydeit)
{iredosdd [ses sewsl £d sdu] ze.oiseiep ses Llod 124}

:o:ﬁ:aom_ mo Juaay
666 66 06 0. oe ot 3 10

L 0001

L 000T

(x) P2AISQQ PUE (-) PasRNTIG paired

-t 000¢

................. PRI = 1 [1]1) 4

SJ>-MOJ]
uonje[ndo g Jo 3[juadI3J SNSIAA BJe(] PIAIISGQ
pue pajenuiig paireJ ‘uonnquisi(y Aouanbaxg

04Z Yu2w3dg je 1Ay ueydoy)H

1A



§J2-mol[] - paje[nuIlg

{x=A jspouis'Bes 20.d'EG B4 L6TNEZ AP B ydeib)
(sBonwoy [ses sewel gd sdu) Zeroiseiep ses Liojd | z4)

W

E262=N
., kG 0=oedoIS

pbv 2G6=1Us013)U]

. 95°0=4900 110D
© 10'0=edols 13 pIS
: 0°€=019)U1 13 PIS
104 10 UOISS81DaY 1eautt]

a2 fed et BN

)
=3
w
[¢]
. 3
.................. *V.A. D...
* et}
3
A
w @
* m
.......... * * ”l
« m
; !
Ll R P el I 0000t

C6NVIT0 - PSNVITO :sJ>-Mo[]
QUIT [eaPI YHM PIAIISq() SNSIdA

paje[huig Wo uoIssaIgay pue Jo1J uﬁm—mum
044 FUSUIS3G e JIATY ueipdoyr

1RA



CHESAPEAKE BAY WATERSHED HYDROLOGIC CALIBRATION
CHOPTANK RIVER, MD (Segment 770)

Table A.8.0.1 Comparison of Annual Total Observed and Simulated flows.

Observed Flow [ Simulated Flow

Year (inches)* (inches)**
1984 19.52 18.81

1985 8.36 11.07

1986 11.07 9.80

1987 12.10 10.45
1988 9.19 10.27

1989 26.30 27.73

1990 13.78 14.52

1991 11.96 11.14
Mean 14.04 14.22

* Observed flow at Choptank River near Greensboro, MD

*k Simulated outflow from RCH 770

Table A.8.0.2 Regression of log simulated flow on log observed flow daily and monthly r-squared.

Average Daily Average Monthly
Year m b 2 m b 2
1984 0.82 0.37 0.82 0.83 0.35 0.91
1985 0.84 0.31 0.52 0.85 0.30 0.67
1986 0.75 0.36 0.64 0.75 0.36 0.69
1987 0.74 0.44 0.86 0.68 0.61 0.83
1988 0.85 0.28 0.75 0.91 0.17 0.81
1989 0.71 0.65 0.43 0.74 0.59 045
1990 0.67 0.66 0.57 0.69 0.62 0.67
1991 0.68 0.56 0.51 0.72 0.49 0.57
1984-1991 0.76 0.45 0.64 0.79 0.39 0.77
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Table A.8.0.3 Seasonal r-squared.

Season 1 Season 2 Season 3 Season 4
Year m b 2 m b 2 m b 2 m b 2
1984 0.86 0.49 0.58 0.70 0.75 0.53 0.82 0.18 0.81 0.58 0.55 0.73
1985 1.01 -0.21 0.76 0.60 0.83 0.74 0.24 0.96 0.19 0.77 0.39 0.77
1986 0.86 0.50 0.86 1.03 0.30 0.84 0.13 0.97 0.04 0.93 -0.15 | 090
1987 0.36 1.60 0.19 0.55 1.06 0.25 0.90 -0.03 0.72 045 0.48 0.70
1988 1.15 -0.63 0.54 055 098 048 0.99 0.01 0.64 1.20 026 | 092
1989 0.87 0.46 0.84 0.77 0.62 047 0.42 1.20 0.17 0.63 0.77 0.67
1990 0.61 0.95 027 0.59 097 0.59 043 0.85 0.23 0.76 031 0.34
1991 0.63 0.84 0.79 0.87 0.40 0.79 0.64 0.69 0.14 0.61 0.44 047
1984-199 0.62 0.75 047 1.05 -024 | 0.75 0.87 0.28 0.61 0.82 0.43 0.72

Season 1 is from Julian day 1 to 60.

Season 2 is from Julian day 61 to 150.
Season 3 is from Julian day 151 to 270.
Season 4 is from Julian day 271 to 365.

1AA




Figure A.9

Monitoring Stations
Chesapeake Bay Watershed

Phase IV Model Se ts:
Western Shore Maryland Basin

N
mﬁl’ "’; W* E
o, %;;:;ov ovars

<AG Map Date: January 1998 Source; USGS and Chesapeake Bay Program Mogehng Team




A.9.0 PATAPSCO RIVER AT HOLLOFIELD, MD AT SEGMENT 760(1589000)
Observed and Simulated versus Date

Actual Error versus Date

Observed and Simulated Cumulative Flows (CF) 1984-1991

Actual Error versus Percentile Sample Population

Frequency Distribution-Pair, Simulated and Observed Data versus Percentile of Population
Scatter Plot and Regression of Simulated versus Observed with Ideal Line

Comparison of Annual Total Observed and Simulated

Average Daily and Monthly Regressions for 1984-1991

Average Seasonal Regressions for 1984-1991
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CHESAPEAKE BAY WATERSHED HYDROLOGIC CALIBRATION
PATAPSCO RIVER, MD (Segment 760)

Table 9.0.1 Comparison of Annual Total Observed and Simulated flows.

Observed Flow | Simulated Flow
Year (inches)* (inches)**
1984 27.48 19.15
1985 9.74 10.33
1986 8.07 12.00
1987 12.44 13.39
1988 11.86 10.12
1989 17.93 21.02
1990 15.58 13.11
1991 11.38 11.44
Mean 14.31 13.82
* Observed flow at Patapsco River near

** Simulated outflow from RCH 760

Table 9.0.2 Regression of log simulated flow on log observed flow daily and monthly r-squared.

Average Daily Average Monthly
Year m b 2 m b 2
1984 0.81 0.51 0.51 0.99 3.86 0.58
1985 0.67 0.57 0.47 0.71 15.02 0.27
1986 0.59 0.65 048 0.61 18.71 0.44
1987 0.47 1.06 042 043 34.70 0.48
1988 0.54 0.94 0.43 0.82 13.00 0.64
1989 0.44 1.20 0.51 0.47 35.00 0.74
1990 0.50 1.10 0.35 0.65 24.36 0.41
1991 0.53 0.94 0.39 0.52 29.00 0.31
1984-1991 0.57 0.87 0.45 0.65 21.71 0.48
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Table A.9.0.3 Seasonal r-squared.

Season 1 Season 2 Season 3 Season 4
Year m b r2 m b 2 m b r2 m b 12
1984 0.17 1.96 0.03 1.02 027 0.84 0.63 0.85 0.48 0.47 1.01 0.51
1985 0.76 0.60 0.73 0.33 1.41 0.41 0.65 0.43 0.84 0.66 0.50 0.42
1986 0.56 0.92 0.65 0.51 1.05 0.77 0.03 1.34 0.00 0.79 0.00 0.82
1987 0.24 1.58 0.08 0.38 1.37 032 0.45 1.05 0.48 0.56 0.80 0.36
1988 0.37 1.33 0.14 0.46 1.28 0.44 0.34 1.22 0.27 0.40 1.09 0.27
1989 0.62 0.77 0.52 0.66 0.71 0.58 0.36 142 0.64 032 1.39 0.24
1990 0.50 121 0.46 0.34 1.53 0.29 0.47 1.06 0.37 055 094 042
1991 0.25 1.71 0.35 0.65 0.95 0.73 0.23 1.27 0.12 0.35 1.13 032
1984-1991] 0.82 0.33 0.41 092 0.00 0.56 0.79 0.33 0.44 0.73 0.60 0.39

Season 1 is from Julian day 1 to 60.

Season 2 is from Julian day 61 to 150.
Season 3 is from Julian day 151 to 270.
Season 4 is from Julian day 271 to 365.
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Chesapeake Bay Program

U.S. Environmental Protection Agency
Chesapeake Bay Program Office

410 Severn Avenue, Suite 109
Annapolis, MD 21403
1-800-YOUR BAY

www.epa.gov/chesapeake




