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EXECUTIVE SUMMARY

This report summarizes hydrologic data collected from two sub-basins, S63A and
565B, located within the northern section of the lower Kissimmee River water
management basin and northeast of the Lake Istokpoga water management basin, The
main water conveyance system within the sub-basins described in this report is the
Kissimmee Rijver (C-38) which is a primary input into Lake Okeechobee from the north.
The major water control structures are 5-65A and 5-65B, corresponding to Pool A and
Pool B, located on the C-38 canal.

The historical hydrologic data collected within the sub-basins and reported here
include rain, stage, flow, and runoff. No evaporation data exist for these two sub-basing,
Data sets pertaining to the different hydrologic parameters were analyzed with respect to
expected range and magnitude, prediction of missing values, and consistency with
adjacent stations. This data evaluation was applied to rainfall, stage, and flow data
obtained {rom the monitoring stations in both sub-basins. Statistical rainfall results for
each station are reported on a monthly and yearly basis as mecan, median, standard
deviation, maximum, and minimum values. Monthly and yearly areal rainfall results are
also reported for each sub-basin. Monthly and yearly statistics for stage and flow at ecach
statton within the sub-basins are presented in tabular and graphical format. Runoff
estimates are presented in graphical and tabular format for the two sub-basins. The
adjusted continuous historical flow data are stored in the South Florida Water
Management District database, DBHYDRO, as preferred database keys.
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INTRODUCTION

The lower Kissimmee River waler management basin is one of the primary water
conveyance systems feeding into the northern section of Lake Okeechobee. The upper
Kissimmee River water management basin (UKR) is the primary source of water for the
lower Kissimmee River water management basin. The two sub-basins, S65A and S65B,
discussed in this report arc located in the northern section of the lower Kissimmee River
water management basin. The primary water conveyance system within these sub-basins
is the Kissimmee River (C-38 canal).

A discussion summarizing the hydrologic data collected from the upper
Kissimmee River water management basin has been reported by Ali (1998). Hydrologic
characteristics, including the main water control structures, within the S63A and 565B
sub-basins discussed in this report have been described in detail by Abtew (1992) and
Van Horn {1696). The Kissimmee River was channelized in the late 1960°s as the C-38
canal system with associated control structures to provide flood protection for the
upstream sections of the lower Kissimmee River watershed. Currently, the District is in
the process of redesigning the Kissimmee River/C-38 canal to restore some areas to their
natura]l meandering pathways that existed as natural ecosystem wetlands prior to the
redesign efforts io the late 1960’s.

The lower Kissimnmee River water management basin is shown i Figure 1.
Figure 2 shows a detailed description of the S65A sub-basin. The S65A sub-basin is
located south of Lake Kissimmee and encompasses approximately 161 square miles. The
region is bounded by longitudes 81°00°00"" and 81°20°26™" and latitudes 27°36'24"" and
27°49°36"". The inflow of water into the Kissimmee River at the northern edge of this
sub-basin 15 controlled by the 65 structure at the southern edge of Lake Kissimmee. The
S565A sub-basin contributes to the first reach, Pool A, of the Kissimmee River, and
outflow from the sub-basin is controlled by the water control structure 5-65A (concrete
gated spillway and lock structure), The S65B sub-basin is shown in Figure 3. The region
is bounded by longitudes 80°54'25"" and 81°16'43"" and latitudes 27°29'48'" and
27°44°39"", The sub-basin encompasses just over 200 square miles. The primary water
control structure at the outlet of this sub-basin is the concrete gated spillway and lock
structure 8-65B. The S65B sub-basin contributes to the second reach, Pool B, of the
Kissimmee River. The purpose of the water control structures within these two sub-
basins is to provide flood protection within their respective sub-basing, maintain
seasonally varying operational goals for pool water levels, and pass design flood without
exceeding upstreamn [lood stages. The structures also pass sufficient discharge to
maintain downstrcam stages and provide minimum flow through capacity for the UKR.

This report presents the hydrologic summary of S65A and S65B sub-basins.
Time series of rainfall, stage, flow, and runoff estimates are presented along with the
available sources of dara. Annual and monthly hydrologic statistics are presented. When
applicable, missing data gaps were estimated and continuous flow data were stored in
preferrea database keys.
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S565A SUB-BASIN

The S65A sub-basin encompasses approximatety 161 square miles. The location of
this sub-basin and a detailed map of the sub-basin are shown in Figures 1 and 2. The
sub-basin extends from the lower edge of Lake Kissimimee southward approximately 10.5
miles. The main water conveyance structure within this sub-basin is the Kissimmee
River (C-38 canal), The small watersheds located within the sub-basin that contribute
flow through their tributaries to the C-38 canal are the Buttermilk Slough, Ice Cream
Slough, Blanket Bay Slough, Bay Hammock, Skeeter Slough, Armstrong Slough, and the
River Ranch Slough.

The major water control structure located at the southern edge of the sub-basin is a
reinforced concrete gated spillway {S-65A) with three gates and a lock structure. The
purpose of the structure js to maintain seasonally varying opcrational goals for water
levels upstream of 5-65A and to pass design flood without exceeding the upstream flood
stage, The SG65A sub-basin contributes to the first reach, Pool A, of the Kissimmee
River, and outflow from the sub-basin is controlled by the water control structure S-65A.
The regulation schedule for Pool A is set at 46.3 feet for the entire year (based on data
records for ! October 1997 through 30 September 1998). The flow capacity for the $-
05A structure i5 11,000 cubic feet per second (cts), which is 30% of the standard project
flood (SPF). This design rate will not cxceed the headwater and tailwater design stages.
The maximum capacity is 14,200 ¢fs, or 100 percent of the Standard Project Flood (SPF).
This structure is sized to provide a minimum of 3,000 cfs flow through capacity for the
Upper Kissimmee River water management basin flood control, irrespective of local
runoff conditions.

The data collected for this sub-basin and presented in this repert include rainfall,
stage, and [low. Evaporation data were not available for this sub-basin. Daily records
exist for the abhove hydrologic parameters within the South Florida Water Management
District databasc, DBHYDRO, and are accessed through sssigned database keys. Data
presented in this report were collected by the District, United States Geological Service
(USGS), and the National Oceanic and Atmospheric Administration (NOAA),
Preliminary review of the hydrologic data showed missing values or questionable data for
single and multiple days for the period of record associated with all data scts. Data were
examined with respect to consistency with adjacent stations, seasonal range, and
magnitude of recorded value. Predictions for missing data were made bascd on time gap
and consistency with adjacent station data.

Rainfall

The lower Kissimmee River water managernent basin average annual areal rainfall
was reported as 30.1 inches for the years 1915 - 1985, while District wide average annual
areal rainfall was 52 8 inches (Sculley, 1986). The wet season spans from June through
October while the dry scason occurs during the remaining months, Data compiled by
Sculley (1986) resulted in a wet season average of 32.8 inches and a dry season average
of 17.1 inches.



A description of rwinfall monitoring stations in the $65A sub-basin is given in
Table | and includes station name, database key for data access from DBHYDRO, daily
calculation method, period of record, and grid coordinates.  Monitoring locations for
ruinfall in this basin are shown in Figure 4. The data lrom cach station were checked for
missing values, accumulated data with missing values, and consistency with respect to
adjacent stations. I duta gaps of three days or less were encountercd, missing dala were

Table I, Ramfall stations in S65A sub-hasin.

Station Dbkey Method™  Start bnd Lutitude  Longitude
ARMSS(O R (5750 Sum Nov/1979 Kep/tosy 2739534 B10703
GAC_R (5878 Sum Apr/1974 May/1998 274444 811444
YLEUNAW T_R 05964 Sum May/1905  Aug/1972 274403 L0128
SO5A_R 05981 Sum Jul/1965  May/1998 273935 310804
SO65A_R 16572 Sum Jan/199f  Nov/1097 273935 10804
AVONTP2 R (5993 Sum Feb/1965  1an/1972 273751 811534
INDIAN4_R 06200 sum Feb/1960+  Mar/ 1981 274800 511900
TRIPLE_C_R 13061 Sum Jul/1989  Jul/1991 274205 812707
TIndicates method of reporting data were datly sum.
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Figure 4. Location of rainfall collection stations in sub-basin S65A.

estimated using the closest station with valid rainfall. Any month with preater than three
days of missing data were excluded from statistical unulysis for that specific month. For
data accumulated over time, estimates were made based on Lthe ratio method given in
Equation 1, using the next closest station with valid data.



Pa(t) = [Palc)/Pg(c)]*Pa(t) (1)

where

P.i(t) = estimated rainfall for station A on day t, inches,
Palc) = cumulative rainfall for station A, inchces,

Pu(t) = observed rainfall for station B on day t, inches,
Py(c) = cumulative rainfall for station B, inches.

During the process of analyzing rainfall data, results were checked for consistency
and magnitude with respect to time of year and adjacent stations. 1f erratic or erroneous
data were observed in the data set, these data were adjusted, with respect to the closest
station exhibiting valid data, or removed from the analysis. For cxample, at station
ARMSSO_R a 10 inch rainfall event occurred that was inconsistent with the adjacent
station SO5A_R.  Also, observations indicated questionable data existed over time
periods prior to and after this event. That is, extremely low rainfall values were recorded,
that were inconsistent with station S65A_R for the vears 1985 - 1989. The questionable
data were removed from the statistical analysis for this station, and subsequently for the
rainfall analysis over the entire sub-basin. The resalt was an increase of 12 - 15 inches
for average annual sub-basin rainfall during the years of 1985 — 1989.

Historical results, monthly statistics and annual sums, for each monitoring location
are given in graphical and tabular format in Appendix A. Monthly statistics {mean,
median, maximum, minimum, standard deviation) were compiled for each month over
the period of record for each station. Thesc data were combined for sub-basin wide
gstimates of average monthly and annual rainfall. For sub-basin wide average annual
areal rainfall, data from each station with temporal overlap were averaged for that year.
Monthly statistics for sub-basin rainfall results for the calendar years 1963 — 1997 are
depicted in Table 2. Monthly and annual results for sub-basin wide rainfall are given in
Appendix A.  Note that the maximum monthly rainfall occurred in June and the
minimum monthly raintall occurred in April for the calendar years 1963 — 1997, Also,
mean monthly rainfall was highest in June and lowest in December [or the calendar years
1963 — 1997,



Tahle 2. Statistics for monthly rainfall (inches) over calendar vears 1963 — 1997 in sub-
Dhuasin SO05A.

Statistic  Jun Fehb Mar Apr May Jun Jul  Aug Sep Oct Nov Dee PORT

Mean DAYy A28 2010 433 TR AT 702 390 516 230 1.9 3110
Standard 162 L7 208 143 271 300 2588 346 259 S 287 187 K09
FIeviation

Minimun L0 045 0012 GO LIe 230 295 150 133 049 019 0.1 3] 88
Meciiun 222289 200 106 A0 771 703 709 543 2019 155 1038 51.37
NMaximinm 6.4 743 576 456 13612065 15351780 40110891 1321732 7074

T ndicates pertod ol record for statrstic,

Sub-hasin wide statistical estimates (or vainfall over the calendar vears 1963 - 1997
are shown in Figures 5 -7, Results Tor this ime period showed an annual areal maximum
raunfall of 707 mches, minimum of 31.9 inches, and histoncal average of 51,1 inches
{with o stindard deviation of 94 inches). Average wel season acal ranlall was 3201
inches, while dry scason average areal ramfall was 191 inches over the years [963 -
(997, These resulty are consistent with those reported by Sculley (T98G) Tar the entire
basin during the years 1915 - 1985 (32.8 und 17.1 ienes for wet and dry scuson,
respectively ).
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Stage

The man structure controlling stage in the S65A sub-basin s the reinforced
conercte galed spillway and lock siructure (S-05A). The spillway is designed o maintain
a headwater stage of 46.3 fect (NGVD) and 1ailwater stage of 42.1 feet (NGVD)
corresponding to the design tlood of 30% SPFE for the C-38 canal. Water witl bypass the
spillway structure at an clevation of 34.0 feet (NGVD). Upstream of the S65A sub-hasin
control structure is the RATHAM station, located in Rattlesnake Hammock, between the
5-05 and S-65A control structures.  Characteristics of stage and lMow through the 8-63
control structure were reported by Alt (1998), Other structures in the S65A sub-basin
included S65AX, a culvert in the old Kissimmee River oxbow to improve marsh flow,
and the statons ARMSO, ARMSC, and ARMSFE which controlled and monitored stage in
the Armstrong slough.

A deseription of stage data collection stations in the S63A sub-basin are given in
Tuble 3 and locations for these stations are shown in Figure 8. The upstream water
control structure, $-65. 15 shown in italics. Stage stalistics for the structures in the S65A
sub-basin are shown in Figures 9 - 13, The data show consisieney with respect to stage,
that is, mean stage at RATLHIAM is at a higher efevation versus headwater stage al S635A.
several stations showed minimal amount of data (one year or less) and no graphical
results are presented for these (ARMSO. ARMSC_C, and ARMSF_F). Summarics ol
datly stage over each month for ARMSO, ARMSC C, and ARMSE_F are given in
tabular format in Appendix A, Daily historical results of stage for the remaining stations
are piven m graphical format in Appendix A,

Tuble 3. Stage data collection stations in S65A sub-buasin.

Station Dbkey Method?  Start Frl Latitude  T.ongitude
RATHAM 130180 Mean Jul/ 1990 Dec/1995 274320 811005
RAFIIAM 16553 Mecan Dec/1995  Jun/1998 274320 11005
S505A_H 04426 Meun Jun/1969  Aug/1994 273935 J10504
S05A_H 06799 Meuan Mar/ 1986 May/1998 273935 KH0R04
S505A T {3428 Mcan Jun/1967  Aug/ivod 273935 ®10804
SO5A_T (QGRO0 Mcan NMay/1986 May/1998 273935 10804
S0AAX_H 12508 Mean Jul/1988  May/1998 273938 ®10754
565AX 1 {2569 Mean Tul/1988  May/1998 273038 810754
ARMSE0O_H Q5164 Meaun Jun/1983  Mar/1984 274038 RIOG17
ARMSC H 05170 Mean May/ 1983 Jun/1984 274003 810725
ARMSC_T 05172 Mecan Tun/1983  Mar/1984 274003 BI0725
ARMSE_H 03176 Meun Jun/1983  Mar/1984 273950 810626
ARM3ZET 03178 Mean Jun/1983  Mar/1984 273950 H100620

Tindicates method of reporting data were daly mean,

10
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Stage data were checked for consistency with respect 1o upstream stations, when
possible. Missing data gaps were estimated by assuming a linear arithmetic increase or
decrease belween the respective data entnes that contained valid data. For stations with
tlemporal overlap, the most recent valid data was assumed 1o be representative for that
day. 1t should also be noted that S 63 tailwater 1s o valid measure for water levels in Pool
A within the S65A sub-basin, Missing data for headwater at the $-63A structure can also
he esttmaled using tatlwater measurements al the § 65 structure. Figure 15 shows the
results for 5 65 talwater and 5-65A headwater measurcnents and the resultant water
levels associated with Pool A,
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Figure 14, S65_T (talwaler) and S65A 1 (headwater) daily stage results indicative of
water levels i Pool AL

Recall that design headwater stage for the S-05A control structure was 46.3 feet
(NGVD1, while design tailwater stage was 42,1 fect (NGVD). Ristorical results, or tme
series data, showed a maximum headwater stage of 48,15 feet (NGVD) on 27 February
1985, Maximum tadwater stuge for this structure was 46,93 feet (NGVI)Y on 23
February 1998, an E1 Nino year.



Flow

The design discharge rate for the S65A sub-basin control structure is 11,000 cfs
(30% SPF). The 100% SPF discharge rate is 14,000 cfs. The maximum flow rate that
occurred through the 5-65A control structure was 13,114 cfs on 3 October 1969. A
minimurn flow rate of 0 cfs occurred through the control structure for twenty percent of
the period of record analyzed.

The spillway structure was designed to maintain an optimum headwater elevation
of 46.3 feet (NGVD) and maximum water level drop across the structure of 10 feet. The
structure passes the design flood (30% SPF) without exceeding upstream flood stage and
restricls downstream flood stages and channel velocities to non-damaging levels (Abtew,
1992). The lock operation was cstablished by the U.S. Corp of Engineers in accordance
with the River and Harbor Act of 1917 and is currently set as: Monday through Friday,
8:00 a.m. to 5:00 p.m., all year; for Saturday and Sunday, 1 March through 31 October,
5:30 a.m. to 7:30 p.m.; for Saturday and Sunday, 1 November through 28 February, 5:30
am. to 6:30 p.m.

The data base keys and period of record for data collection at flow stations for sub-
basin S65A are shown in Table 4. Locations of the stations that monitored flow are
shown in Figure 8. The S-65A control structure was the only station with valid flow data
for the S635A sub-basin. Although stations ARMSO, ARMSC_C, and ARMSF_F indicatc
flow data exist for the years from 1979 to 1983, access of these stations through their
assigned database key in DBHYDRO showed that the data had not been processed.

Missing gaps for flow data were estimated by assuming a linear arithmetic increase
or decrcase between the respective data entries that contained valid data. For temporal
overlap, the most recent valid data was assumed to be representative for that day.
Moenthly statistics for daily flow at station S65A_S are shown in Figure 15. Data from
flow station S65A_S is stored in the database under the preferred database key HG237.
The period of record for this database key is 13 June 1969 through 31 May 1998, The
source database keys in DBHYDRO for flow station S65A_S are 04430 and 06801.
Daily historical flow for S65A_8 is shown in Appendix A. Average daily flows over
each year and yearly flow summations at station S65A_S are presented in the section
discussing runoff. Average daily flows over each month and year, and monthly and
yearly flow summations for S65A_S are presented in Appendix A.
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Table 4. Flow maonitoring stations in S65A sub-basin.

Station Dbkey Mcthod™  Start End Latitude  Longitude
SOSA_S 04430 Mean Jun/1969  Dec/1991 273935 510804
S565A S 06801 Meun May/1986 May/ 1998 273935 810804
ARMSO 05168 Mean May/[979 Tuly/1983 274038 810617
ARMSC_(C (05174 Mean Jan/ 1979 Jul/1983 274003 810725
ARMSEF_F 05150 Mcun Aug/1979  Jul/I983 273950 810626

Mndicates method of reporting data were daily mean.
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Figure 15, Statistics for daily flow over cach month at station S63A_S.



S65B SUB-BASIN

The location of sub-basin S65B within the lower Kissimmee River water
management basin is shown in Figure 1, with a detailed map of the sub-basin depicted in
Figure 3. The sub-basin encompasses approximately 200 square miles, The main water
conveyance system 15 the Kissimmee River (C-38) which extends 12.1 miles from the S-
65A control structure to the main control structure within the S65B sub-basin (8-65B).
The small watersheds contributing flow within this sub-basin are Tick Island Slough,
Pine Island Slough, Sevenmile Slough, and Duck Island Slough.

The major water control structure within this sub-basin is a reinforced concrete
gated spillway, $-65B, with three gates and a lock structure. The purpose of the structure
is to maintain seasonally varying operational goals for water levels upstream of 5-65B
without exceeding upstream flood design stage and also, restrict downstream flood stages
to non-damaging design tlood levels. The S63B sub-basin contributes to the second
reach, Pool B, of the Kissimmee River, and outflow from the sub-basin is controlled by
the water control structure $-65B. The regulation schedule for Pool B was st at 42.2 feet
(1 October 1997 through 20 April 1998). The schedule was subsequently decreased from
42.2 feet to 38.5 fect through 15 July 1998, and allowed to increase to 41.5 feet through
30 Septernber 1998, The flow capacity of the 5-65B structure is 14,000 cfs (30% SPF),
with a maximum capacity of 16,700 cfs (100% SPF). Two auxillary structures exist at
this site, S65BX1 and S65BX2. S63BX1, now disfunctional, was used for over thirty
years. The purpose of the S65BX1 structure was to maintain flow in the old oxbow
apstream and downstream of 565-B. It was abandoned when repairs were considerad 10
be uneconomical in light of the imminent obsolesence by the Kissimmee River
Restoration Project. The S65BX?2 is located approximately six tenths of a mile west of
the 5-65B control structure. The purpose of this auxiliary structure is to provide drainage
to tributary lands, including Boney Marsh, that were cut off by the local Jevee, Also, the
culverts at the S65BX2 structure allow drainage to Pool C rather than the diked off
portion of Pool B. The $-65B structure is sized to provide a minimum of 3,000 cfs flow
through capacity for the Upper Kissimmee River water management basin flood control,
irrespective of local runoff conditions.

The data coliected for this sub-basin and presented here include rainfall, stage, and
flow. No pan evaporation data was available for this sub-basin. Daily records exist for
the above hydrologic parameters in the District database, DBHYDRO. The data were
collected by the District, the USGS, and NOAA. The data reported here were checked
for consistency with respect to magnitude, upstream data collection station, and missing
or questionable data. Estimations of missing data were made based on time gap length
and consistency with adjacent stations.
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Rainfall

Average annual arcal rainfull District-wide for the years 1915 - 1985 has been
reported as 52.8 inches, while the lower Kisstmmee River water management basin was
reported as 5001 inches for same ume period (Sculley, 1986). The wet season for the
southern section of Florida spans from June through October. Sculley (1986) reporied
wet season average annual areal ramnfall as 22.8 inches and 17.1 inches for the dry season
average tor the entire lower Kissimmee River water management busin.

A description of rainfull monitoring locations for the S65B sub-basin are given in
Tuble 5. The tuble includes station name. database key for accessing information from
DRHYDRO, calculation method, period of record. and grid coordinates. Locations for
the momtoring stabions are shown in Figure 16, All rainfall data for each station were
analyzed with respect to missing values, accumolated duta with missing values, and
consistency m magnitude, time of year, and adjacent stations. I data gaps of three duys
or less were encountered, missing dita were estimated using the closest station with valid
rainfall. - Any month with greater than three days of missing data were excluded from
statistical analysis for that specific month. Data accumulated over ime were estimated
using the ratio method and the next closest station with valid data (7., cquation ). 1f
erratic or crroncous data were observed, these data were adjusted with respect to the
closest stulion exhibiting valid dala, or removed from the unalysis,

Tahle 5. Ramfall stations in S65B sub-huasin.

Station Dbkey Method!  Start End Latitude  Longitude
PEAVE R 03672 Sum Apr/ 1979 Sep/1982 274215 810125
ELLMAX R (05852 Sum Mar/1972  May/1998 274509 810439
PEAVINLE_R 05838 Sum Jun/1972 Muay/1998 273257 810125
MAXCLEY N_R (3871 Sum Apr/1974 May/1998 274100 810126
TICK ISL_R 05872 Sum Apr/ 1974 Mar/1998 274108 811112
BONEY.WS_R (5887 Sumn May/1975 Oct/1989 273204 811257
S65B_R 05994 Sum May/1965 Jun/1998 273009 811145
S65B_R 16282 Suin Feb/1995  Nov/1997 273009 Bl1145
KREFR FI280 Sum May/1997 Jun/199§ 273008 811144
KRBNR 172609 Sum OQct/1997 - Jun/1Y98 272739 R11010

Tndicutes method of reporting data were daily sum.
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Figure 16. Location of rainfall collection stations in sub-basin S65B.

Daily historical results for all rainfall collection locations, and the entire sub-basin,
are given in graphical and tabular format in Appendix B. Mean, median, standard
deviation, maximum, and minimum values were compiled {or each month over the period
of record for each station. The data from all stations were combined to estimate a sub-
busin wide average monthly and annual areal rainfall. Temporal overlap among stations
were averaged for the respective year. Monthly statistics for sub-basin ramfall results for
the calendar ycars 1966 - 1997 are depicted in Table 6. Menthly and annual results for
sub-basin wide rainfall are given in Appendix B. Note that the maximum monthly
rainfall occurred in June and the minimum monthly rainfall occurred in November for the
calendar years 1966 — 1997. Mean monthly rainfall was highest in June and lowest in
December. Statistical results, compiled over the calendar years 1966 - 1997, for the sub-
basin are shown graphically in Figures 17 — 19,

Tablc 6. Statistics for monthly rainfall (inches) over calendar years 1966 — 1997 in sub-
basin 565B.

Statistic  Jan  Feb Mar Apr May Jun Jul  Aug Scp Oct Nov Dec PORT

Mean 215 252 292 203 409 7.59 6,59 6.14 566 290 205 1.61 4592
Standard 174 1.85 2.12 1.62 229 291 209 237 218 230 2.00 1.21 809
Deviation

Minimum 0.14 032 0.07 0.08 092 298 322 142 261 0.65 0.04 0.12 3283
Median 176 2.18 230 1.75 3.86 7.0l 6.54 6.07 528 238 143 132 44728
Maximum 6.52 8.97 842 526 10.5315.8013.2113.7611.2613.208.06 550 034l

T Indicates period of record for statistic.
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Rainfall analysis for the S65B sub-basin over the calendar years 1966 - 1997
showed an annual arcal maximum of 63.4 inches, minimum of 32.8 inches, and average
of 45.9 inches (with a standard deviation of 8.1 inches). Average wel season rainfall for
these years was 28.7 inches and dry season rainfall war 13.7 inches. These results are
lower than those reported by Sculley (1986) for the lower Kissimmee River water
management basin during the years 1915 - 1985 (32.8 and 17.1 inches for wet and dry
season, respectively).

Stage

The 5-05B reinforced concrete gated spillway and lock structure controls stage in
the 565B sub-basin. The spillway is designed to maintain scasonally varying operational
goals for water levels upstream of S65-B. Prior to 1984 the operational target stage was
40.0 feet (NGVD). Seasonal stage levels are now targeted for a headwater stage of 40.0
feet (NGVD) and tailwater stage of 35.7 feet (NGVD) corresponding to the 309% SPF for
the C-38 canal at this structure. Water will bypass the strocture at an elevation of 46.3
feet (NGVD). The spillway 1s operated in accordance with the "Intenm Regulation
Schedule - Kissimmee River Pools”, dated July 1982. Optimum headwater should be
between 39,0 and 42.0 feet (NGVD). During high discharge periods (greater than 3,000
¢ls) the elevation should be raised to 42.0 feet (NGVD).

Additional structures between the S-65A and 5-65B control structures within the
sub-basin are used for different purposes. The C-38.MRSH location monitors stage
through marsh C-38 Pool B, north of Pine Island Slough. C-38.PINE monitors stage at
Pine Island Slough near the outfall to C-38, below the S-65A control structure. The
station FTKISS monitors Kissimmee River stage at Ft. Kissimmee. Weir 1, Weir 2, and



Weir 2, and Weir 3 ure Kissimmee River Demonstration structures on Pool B, The
Boney sites monitored flow-through detai] at Boney Marsh Slough, S63BX1 was an
auxiliary culvert on C-38, now disfunctional in light of the imminent ohsolescence by the
Kissimimee River Restoration Project. This structure was used to maintain flow in the old
oxbow upstream and downstream of $-65B.  S65BX2, was constructed in order (o
provide draimage to tributary lands, including Boney Marsh, that were cut off by the local
levee. The culverts at S65BX2 allow drainage to Pool € rather than the diked off portion
of Pool B. KRIN, KREN, KRBN are Kissimmee River Restoration structures for sluge
nesrements,

An overview ol the stage monitoring locattons databise keys for DBHYDRO
access, method ol reporting stage, periad of record and grid locations ure given in Table
7. Frgure 20 shows locations for the stations in this sub-busin, with the upstrcam water
conlral structuee, 5-05A0 shown in jtalics, Historical results for all stations (excluding
BONEY [ocations, KREN, KREN, KRBN) are given in Appendix B-in graphicot Tormat,
Average daly stage over cach month are given in tabular formal for the BONEY
locutions and KREN, KREN, und KRBN, since the period of records were one year or
lesy.

Table 7. Stage data collection stations in S651 sub-basin.

Station Dbkey Method”  Start End Latttude  T.ongitude
$6513 1 04432 Mean  Nov/1967 Jan/1994° 273009  R11145
56518 H 06802 Mean Mur/ 1986 Mar/ 1998 273009 511145
S5658_T (4434 Mecan Nov/1967 Jan/1994 273009 al1145
S65B T 06803 Mean Mar/ 1986 Mar/1998 273009 811145
S05BXI1_H 04442 Mcan Feb/t9g4  Jui/1992 273005 311202
S565BXI1 T 04444 Meun Feb/to84  Jul/1992 273005 211202
S65BX2_H 044148 Mecan Feh/1984  Jul/1992 272957 811219
S00BX2_T 04450 Mceun Feb/1984  Jul/1992 272957 811219
WEIRI_H (}3590 Mcun Apr/1985 Dcco/1995 273439 S10938
WLEIR3_H O6U0H Mcun Oct/1986  Jun/1998 273439 510935
WLIRA_T (15598 Mucan Apr/1985  Jun/1998% 273439 S10938
WEIR2 ] (056012 Mean Apr/1985  Dec/1995 273352 811033
WLEIRZ_H 12766 Mean Jan/1989  May/1998 273352 al 1033
WLEIRZ2_T 05604 Mean Apr/1985  May/1908 273352 11033
WEIRI H (5608 Meun Aug/i9ay Dec/1995 273214 R11204%
WEIRT 11 12768 Mean Dec/1986  May/1998 273214 811209
WEIRT_T (5610 Mean Aug/1985 May/[998 273214 11209
FTKISS 00191 Mean Dec/194]  Sep/1967 273530 210919
CIB.PINE 06842 Mean May/1986 May/1998 273703 R10818
C38.MRSH 06893 Mean Apr/1987  May/1998 273818 SH8I12
BONEY M1 12691 Mean Nov/I988  Aug/1usy 273231 K11257
BONEY M2 12692 Mean Nov/ 1988 Aug/l989 273220 811257




Table 7. continued.

Station Dbkey Method”  Start End Latitude  Longitude
BONEY.M3 12693 Mean Nov/1988 Aug/1989 273210 811257
BONEY M4 12698 Mean Nov/1988 Aug/1989 273158 811257
BONEY M5 12699 Mean Nov/1988 Aug/1989 273143 811257
AVON P3 04440 Mean Sep/1984  May/1998 273237 811220
KRFN (4893 Mean Nov/1997 Jun/1998 272739 811016
KREN FZ604 Mean Nov/1997  Jun/1998 274501 811037
KRBN [FZ599 Mean Oct/1997  Jun/1998 274717 811133
T Indicates method of reporting dala were daily mean,
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Figure 20. Stage and flow data collection locations for S65B sub-basin.

Maximum headwater and tailwater stages for several monitonng locations and
dates of occurrence over the historical period of records are given in Table 8. The design
headwater stage for the S-65B structure was 40.0 feet (NGVD), while tailwater was 35.7
feet (NGVD). Statistical results for all stations (excluding stations with one year or less
of data and stations S65BX1 and S65BX2) are shown in Figures 21 - 33, Daily historical
results for stage are given in Appendix B in graphical format for all stations except for
BONEY .M#, KRBN, KREN, and KREN which are given as daily averages over each
rmonth in tabular format.



Table 8. Maximum headwater and tailwaler occurrences lor severl stations in sub-basin
Y6513,

Station Fleadwater maximium Tatlwaler maxaimum Laate of occurrence
(1 NGV (fENGVD)
S05B H A45.04 O1/21/87
5658 T 35.00 10/04/60
WLIRL_H A48 (3272208
WEIRL T 437 (/72187
AVONPJ 40 .37 O3/2198.03/22/98
WLIR2 I F5.71 02/25/88
WIEIR2 T 45 17 (222008
WTEIR2Z H 16,7 022208 .02/ 23/98
WEIRZ T 45772 O2/25/8%
FTKISS 50012, 46.72 D/ 18745 02/23/98
38 PENLE AT.2 D3/22/98
CASMRSIT 48.03 (Y3/22/48
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Figure 22,
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Figure 23. Statistics for daily stage over each month at station FTKISS for years 194] -
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Figure 25. Statistics for daily headwater stage over cach month at station WEIR3_H.

0



50 25
| s
a5 —_— t+ 20 g
% 40 — l 15 E
& 35 1 L 10 §
7 - ®
30 ~ 05 E
: 177]

25 ‘ . : ‘ S 00

0 2 4 6 8 10 12

NManth

—eeMean - - - - -Min. —a— Median ——— Max, —e—S.0.

Figure 26, Statistics for daily tailwater stage over each month at station WEJR3_T.
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Figure 27. Statistics for daily headwater stage over each month at station WEIRZ_H.
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Figure 30. Statistics for daily headwater stage over each month at station WEIR1_H.
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Figure 31. Statistics for daily tailwater stage over each month at station WEIR1_T.
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Figurce 33, Statistics for daily tallwater stage over each month at stution 8638 _T,

stage data were checked [or consislency with upsteeam slations, Missing data caps
were estimated by assurmng o binear acithmetic inercase or decreuse between  the
respective data entries that contained valid duta. For stations with temporal overlap
(stutions with multiple databuse kevs), the most recent valid data was assumed (o
represent stagze for thut day, Also, as was the case Tor the S65A sub-busin, 5 6513
tailwaler 1s o valid measure for water levels downstream, as are the respective structures
(Weir 3, Werr 2, and Wenr Dy, indicating that 5 658 headwaler measurements are valid
measurcments for water levels i Poal BL Figunres 34 - 38 show the resultant waler levels
assocraed with Pool Bo The higher stage at AVON P3 versus Weir |_H (Figure 37)
shows the addition ol Tlow ta 38 at this point alomyg the canal,
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Figure 34. S65A_T (tailwater) and Weird_H (headwater) daily stage along C-38 in
S63B sub-basin.
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Flow

The design discharge for the S65B sub-basin control structure is 14,000 cfs (30%
SPF). The maximum discharge for this structure 15 rated at 16,700 cfs (100% SPF). The
maximurm flow rate for the period of record reported here was 16,809 ¢fs and oecurred on
4 October 1969. A minimum flow of O ¢fs occurred through the structure for twenty
percent of the period of record for this station,

The spillway structure was designed to maintain optimum upstream waler control
stages in C-38. The structure passes the design flood (30% SPF) without excceding
upstream flood stage and restricts downstream flood stages and channel velocities to non-
damaging lcvels (Abtew, 1992). The lock operation was established by the U.S. Corp of
Engineers in accordance with the River and Harbor Act of 1917 (8 Angust 1917) and 15
currently set as: Monday through Friday, 8:00 a.m. to 5:00 p.m., all year; for Saturday
and Sunday, I March through 31 October, 5:30 am. to 7:30 p.m.; for Saturday and
Sunday, 1 November through 28 February, 5:30 a.m. to 6:30 p.m.

The source database keys and period of record for data collection at flow collection
stations for sub-basin $63B are shown in Table 9. Although station PEAVF2_F shows
dates for flow measurements, no flow data existed for this database key. Locations of the
stations that monitored flow were shown in Figure 20. Missing data gaps for flow data
were estimated by assuming 4 linear arithmetic increase or decrease between the
respective data entries that contained valid data. For stations with multiple database keys
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and temporal overtap, the most recent valid data wag assumed o be representative for
that day.  Statistics for average daily (low over cach month Tor all flow stations,
excluding SBXI1 Cand SBX2_C are shown tn Figures 39 - 42, Daily historical ow for
ail stations are shown in Appendix B. Tables with average daily ows over each year
und yearly flow summations for 8658 §, Weird_W through Weirl W are presented in
the section discussing runoft.  Avetage daily low over cach month and year, and
monthly und yearly tlow sumnnions for 863188, Weir3_W through Weirl W are given
im Appendix 13,

Table 90 Flaw monnoring stations i SO5B sub-hasin.

stution Dhkey Method™  Stan Lind Luatitude  Longitudes
PEAVIEZ_L 07005 Mean Jul/ 1979 Sep/1ths2 274216 S10611
565B § 044306 Mean Nov/ 1967 Jun/L994 273009 sI1145
SO33_S 06841 Mein Mar/ 1986 Muw/1909% 273009 SLTL45
S05BX1_C 04116 Mcan Feb/1984 Jul/tovl 273005 511202
SO3BXI_C 15334 Mcan Qe 199G Jul/1vw2 273005 g11202
S65BX2 € 04452 Mcun Feb/1984  Jul/1992 272957 811219
S658X2_C 153335 Mein Qct/1990 Jul/1992 272957 SL1219
WLIR3_W 05600 Mean Apr/ 1985 Dec/1995 273439 510938
WEIR3_W 16744 Mean Dec/1995 Jun/199% 273439 510938
WEIR2 W 50060 Meun Apr/HO85  Dec/1995 273352 8110033
WHIRZ_W 16743 Mean Pec/ 1995 Mwr/ 1998 273352 B11033
WEIRL_W 05612 Mean Aug/l985 Dec/1995 2732104 811209
WEIRT_W 16742 Mein Dec/ 1995 May/ 1008 273214 511209

T Indicates method of reporting data were daily mean.
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Freure 39, Stanistics for daily flow over cach month an station WEIR3_W.
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Figure 40. Statistics for daily flow over cach month at station WEIR2_W,
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Preferred database keys have been established for the ilow stations and are listed i
Table 10 Also shown in this table are source datubase keys from DBEHYDRO and period
of record for the data assigned 1o the prefered database key, Prefored datahase kevs
were assigned il [low stations had multiple database keys assigned in DBHY DRO and/or

estimations were made for missing data sups.

Tuble [0 Preferred databuase key sssignments for flow stations in $65B sub-basim.

Stalion

Dbkey

Feriod of record

Preferraed Database key

5058 8§

S05BX1_C
S63BX2_C
WEIR_W
WLIRZ_W
WLIR3_W

04436/0084 1
04446/ 15334
04452715335
05600/ 16714
03600/ 16713
05612/16742

L1/27067-03/31/198
OV ALRA-OT/00/97
09/11/84 O7/04/92
O8/15/85 O5/31/98
OA726/85-05/31/9%
04/26/85 OG/30/98

11G238
1163239
H{240
H(G241
242
HG243
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S65A AND 565B SUB-BASIN RUNOFF

Flow data have been presented with respect to the S65A and S65B sub-basins.
Runoff within these sub-basins contribute to the total flow through the $-65A and 5-65B
structures along the C-38 canal. Historical flows through the S-65 structurc at the
southern edge of Lake Kissimmee were presented by Al (1998). Duaily averages over
each rmonth and year, and monthly and yearly flow summations for the 565 flow control
structure for the years 1969 ~ 1998 are given in tabular format in Appendix C.

Runofl estimates are obtained by subtracting average daily flow measured at the
upstream control structure from average daily flow measurcd at the downstream control
structure. The data are then adjusted to obtain runoff in inches/day. Monthly and ycarly
statistical results for runoft within the S65A and S65B sub-basins are presented in tabular
format in Appendix C. Negative flows cxist for these data (monthly and yearly). The
temporal results for the period of record analyzed (June 1969 — May 1998) showed that
runoff within the S65A sub-basin was ncgative for 31% of the events recorded (S-65A
flow subtracted by $-65 flow). The S65B sub-basin showed that 42% of the total runoff
events were negalive (865-B flow subtracted by 563-A flow).

Temporal results for rainfall and runoff data for the S63A sub-basin are presented
in Figure 43. Monthly and yearly summations for this sub-basin are presented in Figures
44 and 45. All three figures show that negative runoff can cxist for the sub-basin on a
claily, monthly, and yearly basis. Negative runoff implics flow losses along the canal
between the 5-63 and $-65A structures. These losses may be due to evaporation,
seepage, diversions within oxbows that are not returned to the canal, a combination of
these physical effects, or other unaccounted for losses along the canal (Pool A).

~1
—t
ha L) R

Rainfall {inches)
B

o
Runoff {inches)

4
2 L .2
1 -3
0 - ’ ' doeq
1/1/68 11/73 17 1/1/81 1/1/85 1/1/89 11193 11/97

Date
Rairfall ....... Ruroff

Figure 43. Temporal results for rainfall and runoff in S65A sub-basin.

37



:I ' : 1 '
Ao . Lo Colh
: i .
W {\ o Dy —
8 20 = . e ) 2
= A o 1y ! =
E} 3 e &
= ? Y ! £
=8 . 5=
Y i :-,'_—6
T 0 3
i | B«
5 ‘ -15
Jon 88 dan-ty 0 lan-/v Juan-81 Jan-85 0 Jan 88 Jan-skd o Jan-97
Date
Hainfall ... ... Bunalf
Figure 44, Monthly summations for rainfall and runofl in S635A sub-basin,
v
30
el 50 ——
3 8
= =
Ty Q
= 30 =
g 5
£ 20 &
10 L
A F7 o s4 76 THOOBO B2 B4 RS 81 o0 W 44 Be
Your
—- Rainfall - ..o .. Hurnoft

Figure 45, Yearly summuations Tor ramlall and runotf in S65A sub-hasin,

An assessment of the efteet of rainfull with respect (o runoff is shown in Figure 46.
The result shows a double mass curve, rainfall versus runofl, for the period of
overlappmng recards tor the twao parameters. The resulting plot gives actual data
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{observed as points), regression line, and 90% confidence intervals (CI). The equation
describing runoff is:

RO = 0.I2IR+599 (2)
where

RO = runoff, inches, and

R = rainfall, inches

The data used to produce this curve were based on yearly cumulative results for rainfall
and runolf (1970 — 1997). The regression line had a rsquared value of 0.95. Clearly, this
curve does not produce meaningful data for runoff until the cumulative cffect of rainfall
is obscrved after one vear, .

2000 -
1600 -
1200

800

Cumulative rainfall {inches)

400

0 40 a0 120 1650 200
Cumulative runoff (inches)

— Prediction -90% C.1.

Figure 46. Double mass curve for cumulative rainfall and cumulative runoff in S65A
sub-basin,

Temporal results for rainfall and runoff data for the S65B sub-basin are presented
in Figure 47. Monthly and yzarly summations for this sub-basin are presented in Figures
48 and 49. All three figures show that negative runoff can exist for the sub-basin on a
daily, monthly, and yearly basis. Negative runoff implies flow losses along the canal
between the S-65A and 5-65B structures. These losses may be due to evaporation,
seepage, diversions within oxbows that arc not returned to the canal, a combination of
these physical effects, or other unaccounted for losses along the canal (Pool B).
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Figure 49. Yearly summations for rainfall and runoff in S65B sub-basin.

An assessment of the effect of rainfall with respect to runoff is shown in Figure
530. The result shows a double mass curve, rainfall versus runoft, for the period of
overlapping records for the two parameters. The resulting plot gives actual data
{observed as points), regression line, and 90% confidence intervals (CI). The equation
describing runoff is;

RO = 0.145R - 13.66 (3)
where
RO = runoff, inches, and

R rainfall, inches

The data used to produce this curve were based on yearly cumulative results for rainfall
and runoff (1970 — 1997). The regression linc had a rsquared valuc of 0.58. Again, as
with the effects within the S65A sub-basin, this curve does not produce meaningful data
for runoff untit the cumulative effect of rainfall is observed after one year. Also of note,
is the higher variability, or lack of prediction ability for runoff based on rainfall
measurements (low rsquared value) within the 565B sub-basin.
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An overview ol the resulling average daily (lows and vearly tlow summations
through the control structures 5-03, 5 05A, and 5-05B. calculated runoff flows for S65A
antd 565B sub-busins. and Tlows throush Weird, Wair2, and Weirl, for the years 1969 -
998 are given in Tables 11 and 2. The results, in gencral, show consistency with
respect to upstream and downstreant structures. Over the period of record analvzed, 31%.
of the daily runofl” cvents within the S63A sub-basin were negative, while 42% ol the
datly runoft events were negative within the S65B sub-basin, Also, several years show
upstream average dutly flows were greater than downstrewm average daily flows. The
sime effect is seen with several yearly total How summations. This implies flow osses
along the € 38 canal between the 5-65 and 8 658 structures. Aguin, these losses may be
due to evaporation, seepage, diversions within oxbows that arc not returned o the canal,
a combination of these physical effects, or other unaccounted for losses along the canal
(Pool A and Poal B)
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SUMMARY

This report summarized rainfall, stage, and flow data for the S65A and 5658 sub-
basins located in the northern section of the lower Kissimmee River water managernent
basin. Time seres resulls were presented for daily rainfall for each station in the
respective sub-basin.  Monthly statistics for rainfall at each station were presented in
tabular format. Areal rainfall statistics were presented for each sub-basin. Daily average
stage data over each month were presented in graphical format as well as daily historical
graphs for the period of record at each station within the respective sub-basin. Flow data
were prasented as time series graphs and daily statistics over each month were presented
in graphical format for each station within the respective sub-basin (excluding several
stanons with less than one year of data). Runoff results were estimated by subtracting
flows at upstream and downstream structures. The data were presented as average daily
flows over the period of record and total flow summations for cach month and year.
Double mass curves were presented for rainfall versus runoft within each sub-basin.

“Rainfali results from the S65A sub-basin were two percent higher for the calendar
years 1963 - 1997 versus previous data analyses reported by Sculley (19806) for the years
1915 — 1985 for the entire lower Kissimmee River water management basin. Wet season
values were two percent lower than Sculley's results while dry scason results were 10 %
higher for this sub-basin. S65B sub-basin rainfall results {or the calendar years 1966 —
1997 were eight percent lower than previous data reported by Sculley (1986) for the years
1915 - 1985, Wet season results for this sub-basin were 13% lower than Sculley’s results
while dry season results were 20% percent lower for this sub-basin.

Stage data for the S65A sub-basin control structure showed that headwater results
exceeded the 30% SPF value for 50% of the data over the period of record analyzed.
Tailwater results excecded the 30% SPF value for 14% of the data over the period of
record analyzed. The 100% SPF design value was not exceeded for the headwater stage
at thig structure, while the tailwater stage was exceeded less than onc percent {50
incidents) over the period of record analyzed. Stage data for the S65B sub-basin control
structure, for both headwater and tailwater results, never exceeded the 100% SPF design
value. However, headwater results exceeded the 30% SPF design value for 62% of the
data over the period of record analyzed, while tailwater results exceeded the 30% SPF
design value three times (less than 0.1%) over the period of record analyzed.

Flow dats results for the S65A sub-basin control structure showed that the 30%
SPF discharge design value was exceeded one time and this incident occurred on 3
October 1969. The 100% discharge design value was never exceeded for the period
analyzed. The 100% SPF and 30% SPF discharge design value for the S65B sub-basin
control structure were exceeded one time on 4 October 1969 over the period considered.

Runoff calculations indicated that flow losses occurred along the C-38 canal
between the 565 and 5-63B control structures. These losses may be due to evaporation,
secpage, diversions {rom oxbows that do not return to the C-38 canal, a combination of
these eflects, or other unaccounted for losscs along the C-38 canal.
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Figure A7. Daily rainfall at station TRIPLE_C_R.
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Tuble A1, Monthly and annual rianfall (inches) in the S65A sub-basin.

Year Tan Fuls Mar Apr My Jun Tl Auy Sep it Niv iz Surn

100 . a2 A.24 320 - 13,38
1617 13K 167 240 - 2.00 535 - -- -- 130
19621 -- 142 TG 6HY & 86 250 1.1t} ERiL 1.02 40.12
1963 1.7 (O] | 38 0.2 Lol 331 3.57 543 3 (.85 512 201 3012
1964 LS 1.51 19 207 +4.31 304 7.0 1468 033 (1 (.41 11.55 52.30
RN .02 A1.949 330 i 4 5 LU kY 11018 64l 308 114 240 nd. 77
{901ty ERLH 1 1.12 1.97 S A0 SR .54 A 204 0.4 007 LT
1367 I d67 RIE] 1.4 1.57 757 73 U 3l 1. | B0 .51 488
1130 34 1.90 0.5 1Al 450 Q70 303 KLY a2 B .04 I3l 0.35 KO
1044 [IRLR] 1.32 ik 1.n2 Tl 2406 T sl TR ap 223 A 0175
11F7T} 287 193 440 (.18 3010 271 LN 4.0% AT anT Mtd] .91 A0 17
1471 il 370 034 {140 255 H.94 52 4.4 A0 601 47 117 A1410
1972 1.2 4483 205 2.0l 12 TLEL 42 7405 143 258 477 248 2137
1975 201 (L2 207 lod 200 2.0 371 475 3nd 1.1 {174 1.14 31R%
1974 (L 1 0.2 | 47 327 Lty 7 10l 5 654 0.6l 040 100 3667
{975 0 #1 KRR ER K 124 IR7 593 VR T.03 URTH OO% . 034 [ F9.80
19746 44 [ 20 .24 K39 &3l 782 LR RA 1.23 237 2.33 158
1477 I R4 |32 050 0.67 0T 4Ad 73 4400 (I A ] 302 Ay 0.6
1y 1449 175 144 035 P 9AT 1531 313 ey A .54 328 816
1979 .24 1.27 158 14 750 4.6 hAT .24 a4 Il .07 53040
1404 2 A0 1.77 137 513 305 L i3 39 1.11 1.4 1.43 47 652
w1 (.40 L4 1.494 (a4 234 hoak A T 742 1.0% M 1417 39014
joR2 (.44 1.41 246 247 2.0 V22 141 4.5 nai 208 (.78 .52 KR
IRthit 4.2 FEIR 0.0 1.71 22 Q.87 RN Rk 4 31 340 .24 116 5331
1934 .52 dah 2030 20 T47 [N (.00 411 S35 (1,80 1.4 070 47481
L9R5 .65 145 244 200 1.5 1062 537% 321 {r.a4 el ] 220 291 4311
1K1 1EA 1.30 474 1h.2) 2 1.3 474 LY Al 445 (15" R A085
LH7 222 ]33 [P 116 ER ] 3.47 779 1506 Ul 53K H.43 025 B AN
(R 161 204 591 118 1.69 4.0 A6 10051 Jos 1.51 313 118 49 55
L9y a.04 .62 4.12 4l KNE" 1o ER 7.0 534 1.2 20 447 44927
[RURY 1162 +4.27 1an 1.17 2499 920 Gl 7.7 5 31 203 1.4 .48 4% an
1941 307 0o 4.4 KR G.dd .40 042 an2 3a7 R 345 071 5H.20
1947 i 67 317 [ Wi 443 1. 16 eSS 50 1780 4 1.1H I 55 .87 H3.06
11113 315 229 547 [ R 2.0 344 R wAld (.04 [PR1) 1.14 57.51
1M1 238 293 204 400 ERTH 028 .72 1049 720 273 36 281 H3.5
11115 208 8 3.4 ENEE] 2000 741 [0 131 a8a 6.1 1.56 021 SHH4
11406 4.2 o7 0.0 1.87 AT 005 YR} A0 2049 01k [y di 1.8 5438
1997 2.0 i.34 1.42 430 245 e 1 (.47 oy sl 1321 732 T
(L b My KT 155 L300 . - - - 2446
* indlicares pinrtial yon

Stunhstie Tan Fuly M Apr My Jun lul Aug Sep [§75] M e ICH

Muan K 290 KR 2 N T8 7352 7602 MR 116 230 1.01 MM
Stambind 1.2 I %7 208 43 2 300 25K 346 254 244 257 132 .t
Leviahon

Minimum (.0 (.45 alz 00 Pin 2000 R 1560 133 .44 149 [N 315K
Medlinn 1 244 264 1.4 300} 77 T ey 5.3 RL] 1.5 .38 137
Maximum 0.2 741 LIS 450 136 2005 1355 170 144 1412 1320 7a2 70074

Vindieates peiod of sevond Tor station and exclides patial year resolig
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Table A2. Monthly and annual rainfall (inches) at station ARMMSO_R,

Year Jan Feb Mar  Apr May  Jun Jul Aug  Sep Oct Moy Dec  Sum
1979* - - .- 252 324 360 4.92 5.52 10.92 012 0.72 2,76 3432
1980 1.80 2.88 1.30 2.04 4.44 431 352 420 216 0z 3.24 1.08 37.80
1951 0.24 2.28 1.32 0.00 276 4.4 4.56 11.28 538 228 |.44 (LO0 36.48
1982 144 276 4.536 3.36 480 1248 480 L2y 7.32 1.36 |08 (.00 34.90
1933 148 7.20 Jag 1.6& 192 2.00 324 300 4.08 2.40 .72 4.08 44 28
1084} .00 - -- 2.52 5.28 3.58 3.00 1.62 2.4 0.00 375 0.21 24 641
Findicates partial year

Statistic Jan Feb  Mar  Apr May Jun Jul Aug  Sep  Oua MNov  Ige PORY
Mean .3l 3.78 27y 202 374 a’57 4.84 597 5.50 [.1 1.83 1.46 43,38
Standard 1.27 229 1.50 1.14 1.30 347 1.98 393 3.30 1.0 1.33 1.61 #.44
Deviation

Minimum 0.24 228 1.32 0.00 1.92 360 3400 142 244 a0 072 D00 3648
Median 1.44 2382 2.64 228 3.84 5.01 4.68 4.86 4498 1.14 1.24 .84 41.04
Maximum A48 720 4.56 336 323 1248 852 11.28 1292 240 375 408 54.96
" indicates period of record [or station and exciudes partial year results,

Table A3. Monthly and annual rainfall {inches) at station GAC_R.

Year Jan Feb Mar  Apr  May Jun Jul Aug  Sep Oct Nov  Dec  Sum
1074* v - - - 5.26 217 - - 8.84 0.26 0.28 3.19 39.59
1975 0.97 2.51 243 0.90 [3.88  4.87 8.34 5.15 1023 670 .17 D.40 56,55
1976 045 1.48 328 172 %79 6.33 6.85 5.97 1623 1.15 147 .64 52,530
1977 226 ] 0.96 131 4.80 318 8.37 4.29 585 1.66 379 305 41.17
978 365 4.18 3.50 0.67 7.25 1091 1833 1.63 6.62 4,20 0.49 3.03 64.71
1979 575 1.52 1.32 .78 936 652 5.03 a.83 189 0.37 1,75 1.06 61.24
1980 3.68 515 (.37 535 G600 496 8.6l 6.28 65 1.96 4.31 1.70 52.52
1981 0.50 216 306 011 4.25 4.27 4.21 8.97 7.50 0.05 4.30 305 42.43
1982% 3.21 276 6.85 5.04 .21 -- -- 6.92 Q.37 344 0.93 115 48 8%
1983 574 6.24 RRL 0.87 1.88 1235 743 4.13 462 60.37 1.59 373 64.94
1984 0.39 3.60 217 370 9.39 T07 B.75 6.99 79 067 431 0.6% 52,02
1935 0.36 0.35 2.58 2.4 1.74 1280 420 7.91 6.89 1.76 3.2 3.15 47.25
1936 174 1.69 649 0.24 1.64 1094 3.54 545 5.02 391 Q.90 4,20 46.90
1987 1.30 1.64 825 0.25 i 5.54 240 218 1193 572 2492 Q.10 57.34
1938 136 3.26 7.32 2405 1.12 4401 1182 1495 118 I.18 183 1472 36.30
19g9* - - 397 4.15 4.21 6.08 4.64 .26 7.82 077 1.34 - 43.24
1o90* - 4.7] 2.10 0.47 1.87 1092 418 598 5.68 3.18 207 0.80 48.96
1941 2.61 .14 5.63 381 5.00 3.98 1229 473 3.96 793 0.33 0.87 60.30
1942 042 370 1.40) 5.09 1.53 2382 357 1911 283 .65 1.55 0.67 65.34
1993 4.57 234 579 493 .44 351 1156 7.39 6.36 6.69 (.49 09z 57.01
1994 1.86 2.4 2.68 6.4 4.49 10.74 118 1270 B84 1.03 397 294 68.06
1535 2.49 338 2.96 4.28 234 B.69 1320 ™ 6.38 6.91 1.45 0.17 52.45
1995 5.88 .82 a.41 249 R23 Q.84 3,29 11.86 348 6.71 0.39 2.30 &1.70
1997* 349 1.26 . - - 0.50 1103 811 a2 232 1318 893 69.48
1998* 648 445  BBS 166 L& - - - - - - - B

* indicatcs partial year
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Table A3, continued.

Slatistic Jan Feh M Apr Mav  Jun I Aug B Okl v e POR
Moan 27 A 158 51 a0d 820 7Rl 7. A I ] 214 5584
Stanednrd 1.6 1.51 22 1. dd 524 384 407 RR{Y) a7 3.00 [ROX 774
Leviiien

Winimum .30 033 s/ 011 112 308 124 .62 2w (s (.17 N1 4117
Mudian 255 244 3as 20 1.3 A K37 718 Han 214 L 1.0 3035
Maximun [{EL 0.24 G4 al4 [T T R S T S LN LBy 7493 1618 ¥A5 OHAb
" nelientes porion of weord for station and excindes pactial yes ity

Tuble Ad. Monthly and annual rainfall (inches) at station YEEHAW T R.

Yenr Tan tich NMar o Apr May  lun Jul Aug sep (et Moy D Sum

1965* -- - . SOU 122V AT A8 126 268 ST8)
166 S 33 R 2.1 L .67 #33 [ -- 20 .27 013 5254
1906/ .71 44 025 (LI (.4 [ER R n.ld 1.3 302 150 A4 1.73 33.50
14965 (I A%] 208 12l e FRTM] 138y i 477 a04 o) 2059 0.1 55.55
[4940F 2. Lay  UNA Lor 408 1025 6 1112 43 Y354 ar
1970F I A 035 138 - - - - 0.3 103 s
19717 0 047 {140 2.495 v uil 400 Ao 72 (1.50 [Ath] 4343
194! 1.4 512 210 XIS hWa Tty 374 -- - 31724
Vindiales parial year

Slalistic Tan Felh M Apr Miay  Jmun HT Ag Sep it Now e POR:
Mean 1.84 A4 270 114 .04 173 i 7. 4 80 383 1406y 1.53 47.1%
Standard [BE14] 1.7} 148 11 209 2.2 206 Al 1.0k 470 N3 124 RN
Deviption

Mininmm 00 1.35 (.25 .00 0.04 (R 324 4.0 a0z R 0.26 al3 3350
Mudim 1.14 322 1.21 A 4.0 1080 n.6d 761 4.0 318 .50 .25 5334
Maxirmurn 5.3 5.35 9495 303 817 1385 951 1224 747 L 2 1.54 35.59
! indicates period of record tae siion and acludes partial vear resnles,

Table A5, Monthly and annual rainfull (inches) al station S65A_R.

Year [ET belr Mur Apr May Tun lul Aug sep O Mo T S

10657 ~ - - - ~ a7 1037 434 401 071 246 3iAl
14900 458 4.9 (uz 1.0y i 3.00 525 FRY R0 140 [ 11.50 4245
1967 (an3 225 (LK 0.0 0.04 oo 9 14 T A 520 (153 (1 1H) 030 KRS
14n%? (gt} R 1.10 (.00 4 5% 74 A1) 8.2 370 126 (.60 RS R
14t [ 1 30 333 1.0 2.0 100140 -- -- 13.25 43 ] 36l
14900 305 2T 547 0.10 505 1.0= 3w 402 Jun ERE .kl (L83 42 6Y
14971 4RI 202 074 0.0 208 {1540 7 4i) 408 345 400 (135 1.20 3494
972 1.6 471 274 245 "2 PRI 6378 658 2.2 241 h13 TY 3603
1973 A.70 2406 1.47 4.2! M ARZ HH2 490 709 1.9 0.2y 127 REN
1974 16 1.5 00 1.34 1] Pro BT6 g2 44l |.263 (.71 243 5214
1975 04l 203 .57 212 300 4.0z .00 713 5.73 518 (.50 185 4540
176 034 (105 1.2 .70 993 514 FRIC 070 6 51 |23 R 5103
1y .20 I 2% 0.7 .11 2A7 Thy 430 RV (.18 2.4 LT3 159 3524
st 2034 .- 2 RR 0.0 H12 .59 1401 .l ®.00 122 (.01 A2 8.4
1979 [N 1.4 141 162 R .2k 3.HY €17 (34 122 TN I.3% 500,40
Lot 230 .- 2.6l N L N A N S S L1343 187 44
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Table A5. continued.

Year Jan Feb Mar  Apr May  lun Jul Aug  Sep Cet Nov  Dec Sum
1941 0.4t 276 251 Gt 000 TB4 250 12.16 8.88 092 095 015 39.08
1942 139 2.8 433 539 380 918 874 48] 1138 4,93 .25 096 3879
1933 346 584 513 2.57 283 826 438 270 424 1.71 141 408 3071
1934 0.57 330 261 2.19 775 514 812] 373 391 1.73 5.05 119 4598
1985 0% 03 230 200 2153 844 732 250 G628 263 1.30 267 38.96
1986 an .94 278 016 273 Thoe 604 528 4.20 4.5 2.81 17 46.73
1987 3 101 3235 007 469 330 7% 0 729 5040 03 030 ada
1988 2.8% 270 4350 030 225 478 329 606 472 1.8¢ 243 094 4266
1989 i 062 426 2.66 200 904 938 .29 564 25%  3el 49  56.1%
1990 047 455 (486 174 468 1336 679 708 564 466 0BG 065 51.34
1941 EX1"] 111 619 483 11.01 846 8.35 1381 318 6035 0.57 Q60 6732
1992 0.91 2.64 139 77 078 17.4% 662 1648 664 .16 .54 1.06 61.97
1993 509 224 615 307 1.65 114 3.42 1235 0.67 339 1.2} 1.75  58.01
1994 290 336 320 198 361 8.02 11.27  R.27 508 443 3.29 2N 58.72
1995 .67 2.08 502 AN 1.5 613 703 1313 340 5.48 1.67 024 5210
1996 254 051 5.69 1.25 082 828 257 554 250 624 . 053 1.60  47.05
1997 2.45 142 1832 456 265 592 7.1 563 10,51 130 13.25 568 0197
190* 553 925 BA7 143 092 . s - . - - - 2570
¥ indicutes partial year

Stanstic Tan Feb Mur  Apr May  Jun Fut Aug  Sep Qe Nav Dec POR*
Mean 225 2.66 309 1.94 438 187 131N 616 348 2.17 1.7 4041
Standard 1372 2.00 2.0% 1.56 310 3ed 253 358 270 150 2.66 1.38 0.03
Devigtion

Minimum 003 034 000 000 000 193 250 094 202 0@ 000 015 3096
Median 232 225 2.61 1.74 341 THR4 725 6.91 566 259 1.25 1.35 50.56
Max.mnm 6.24  9.258 857 539 1101 1748 1401 1648 346 1323 1325 3568 6152
! indicates period of recond far stution and excludes partial year results.

Table A6. Monthly and annual rainfall (inches) at station AVON P2_R.

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Sum
1965* - - - - - - - - - - - 0.00
1966* - - - o - - - - .- 2.39 020 080 339
1067% 31 - e D 0.90 s 1wy - ) 1.95 065 1.26 a2
1968 0.51 1.84 103 o4 494 1544 673 4860 731 7.45 238 049 5316
1969% .78 166 871 1.41 1.88 - T14 603 6BO 967 1.37 12 4970
1970 277 199 475 000 370 311 880 4355 7.12 .62 018 066 4155
1971¥ - 2.63 039 0035 305 9.20 8.9 4.35 331 4.84 (4% - .52
*indicatcs partial ycar

Statistic Jan Feb Mar  Apr May Jun Tul Aug  Sep Oct Nov  Dec POR*
Mean 222 204 304 043 325 9358 B33 493 6.01 4.69 088 149 4736
Standard 1.41 0.43 367 061 198  5.08 144 073 LeG¢ 327 0.85 1.21 8.21
Deviation

Minimym 0.51 1ot Q10 000 090 311 673 433 3,53 182 {018 049 4135
Median 228 1.a2 O3 006 303 YER B59 438 6B0 3462 057 0.80  47.36
Maaitnum 3.81 2.65 R.71 1.41 3.70 15.44 1031 603 7.3 9.67 238 3.25 ail6

* indicates period of record for station and excludes partial year results,
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Table AT. Monthly and annual rainfall (inches) at station INDIAN 4_R.

Year Tin Feb Mur Apr May  Jun Jul Aug Sep Ot Mo Dew Sum
1900t . - Hai d.24 420 - -- - 1358
tontt LS8 167 2400 200 535 - - 1300
149627 . - - 1412 rnd awo bR Al 11 S.0H 1042 40 12
[RUTR] 174 6,33 .34 0t 13601 534 AA7 S48 A {1LH5 5.12 24l 5012
1 8414 .03 JAG 279 L 4.1 RN 703 [dei 643 [ e 1155 5230
| %61 1.02 4949 330 AN L 150 10,74 I Jiywy 72 2 1z 254 6737
15606 S8 LA 1 44 1.53 RIS 0.5 .77 442 (D] 171 012 1.23 a4l
14967 )72 ER:a 007 00 015 5 120 1320 5 3% 12w .10 22 45448
Haos {1 1.47 1.1k (14 4 {0 1472 nat a7 B3 330 222 thay AW
164 2349 1.4 .71 2nd 146 02 FATE 1227 10" 9Rd 144 400 fuh. 1
1H) 2354 .30 5.22 {26 456 310 T.hh 5.0 13 307 ().39 1.1i KAty
1971 ai7 6.2 1.45% i3 20 ot w19 5.1 .74 413 0.+h 0.0 1
ja7: 1.70: 464 ERIh R3] 403 PE2E 32 7.50 (14 274 4.4 3160 ARA0
1974 EEw 1.ai 401 7.2 .40 450 1142 950 7.25 oA b 50 230 IR
1974 1.00 23 0.24 (i .70 P2 12ad nan 4.0 (1.3 134 236 55
1975 .94 4 56 137 0.0 732 H.IK [ DA Dt et o400 034 IE{H] fid 00
1476 o 078 daod [ a4 Ynh 950 I 950 172 A% 296 ohid
1477 RR{H I42 003 D3 Gpd I 900 500 oA A dns 6 4556
1U7H 208 RREN 344 .30 533 TN lidx 1.as 155 BRCt {48 WoR R
1474 nit 0 ni 240 2.7 974 647 Tol EN Inat .25 113 | 52 5935
[h1)] R 432 .82 BRI .15 670 T3 g dah .0l 5.47 1.33 5176
1981’ A 316 08y - - : - - 4449
*indicatey martial year

Statisue Tan Frl Maur Apr May  Jim Inl Aug Hep (et Mo e PR
Muan 2,27 3.37 2.50 w1 A.81 707 B.53 TG (D] 2l 207 218 53 1%
Stanilard 1.1H 205 1.74 a3 291 30 1.H9 10y 379 204 .45 114 £
1% vipnion

Wi, 17 008 nan? {hIM} 015 278 Al 1.55 .04 0323 012 .55 RYA N
buehan 174 324 200 1.54 4.31 T 16 7495 1) (R 250 142 234 5109
Maximum .72 LA 6.1l .28 A6 1472 1545 463 1631 547 .20 63.33
Dindicates period of record for station and exeludes partial year resulls,

Table AE. Monthly and annual rainfall (inches) at station TRIPLE_C R,

e Tan Fieh Mar  Apr May  Fun Tul Aup Hep (ht Moy e Sum
19307 - - PN 2.4 (4 0405 3o 1.0
19903 {1 354 141 1.1 203 3. 333 7.64 4.02 1100 i i 2590
it A A1 11K ) N3 1 - -- - 15.57
Vindreiles partial year

Slatshe lan Felr Mar  Apr May  Jun aul Aug  hep iwt Mo (IR PR
Muean 16 203 .30 1.68 1.47 S04 AN O 14 N2 (.23 >l 19 23.106
mtundard 1.7 24 010 0.8 103 ERIN 247 142 (h24 1308 | -
eviation

Mintmnnm 0 .51 1.14 IR Q30 450 RAR 4.35 1al (4 11.03 (3.0 2H 0
Median 20 2.4 1.0 T.OR 147 504 Aan [ERR] 367 021 0.11 140 M
NMiximum 3.55 354 .41 2.0 2407 7.7 3.0 e .02 (144 16 Jus 2850,

imnlieantcs poriod of record Tor statton and gxeludes partial year resulls.
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Figure A8. Daily stage at station RATHAM.
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Maxirmurn stage of 48.15 (ft NGVD) on 27 February 1988
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Figure A9, Daily headwater stage at station S65A_H.
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Figure AL Daily flow at station S65A_8.
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Stage {ft NGVD)
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Maximum stage of 48.08 (ft NGVD) on 23 February 1998
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Figure A12. Daily headwater stage at station S65AX_H.
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Figure A13. Daily tailwater stage at station S65AX_T.
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Table AY Staustics for daily stage (fLNGVD) over cach nonth at ARMSC_T,
ARMSC 11 ARMSO_H, ARMSF T, ARMSE H (983 - 1984).

Month ARMR_T ARMSC 1 ARMSCI_E] ARMSE T ANMEE 1
n ST 17500 S 51 a6y A2 14
Pl H6. 20 17 37 MLEA 5133 RER
Min RE LY 1717 RIRR 517 R
Apr BT

May AR -

Jun R 17 54 417 f R A
Inl diy b YR Sy R R SRR
Aug BRI 17 ak Sl ERih A2
L A 17 w4 R Y7 RERT]
O ey 1 A7 S0 67 Ml AR
Moy 1619 A0 30,57 Atnd B
e iy 2 LA AT REY S1 ot

Mot e ddn separmed s enlaen siiee ot station ARMS(Y T
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1Tl FLFY  Fu0 all Ly LTEE Lid K FaOE %6 o8 Ttlt LlL Ll
] ol t s Flit LB 31 ht vy 8de 8TFI LTe BEFL N
Gial F8s1 BETT  T38C LEfr 09 TaFl EASY ATE (B9l 9] (&Ll 0391 LAl
8TEI FiLe  ¥OE [QIE  B9EE  ZREC Y90  o0sT LEE {35 ¥rrl 894 &L FéaE
EIaN | T o O BoE Fel a8l iF 061 FLIFAN S ]| LETE Ebor BT
9Le ROL [8E Tk 10%1 rAL abs PSS9 1212 5T BBLI L TGl
2011 ] T ESSI Ea | 106 ESIT [E% K61 LA | [E1 £l 3 .13}
[&:39 £ £ 6HE acd £k GLYF L] GlF Ll RE9  tFIT  6gsl Q66 [
H0s sF [ ¥8 B 6k FFl 6L el Lt La0] L1010 519 hi6l
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iy jirs ng 2% vafl 9801 6l a8 [(A).) R0 N <1l a LI} Lol
RéG L2 LL1 Bt 1) FEO[ g89 96 L0 L[4 EBOH LLBT [§541 Fanl
E1 oY | BEFL tT UF Yoo BTUR[ K10 LITA pra | ke POFF SEEE GO0% tR6L
DETI LE] [or  Thel S0TT  TIBT  LTAC 1E52  LITI (L% £F 0 L] [£:,3)
Hlel} 1 Z1 £l L8 OFl ] [ (3 16 ol L+ 8L [E:51)
alL %6 sl el aiE 68E e 951 el ot TiLl 19491 Ta9l 086l
Sa0E gLl Led FOIT  feld LET [L L& [%6 9 Lyl 5550 OFYD aLal
Q%6 gLt LE DRI 6ol 9I6T 1R 8t B OLL  BEFI £59T g6kl Finl
R1g 9T s £E A 1T ¥ Bt Zn T LEL1 GRP1 0L Linl
akn LHIL B0 BrE BODL  FFET (E133 ®e OTOI [0 &E9l GFFT 91 QLA
Ge:] LOE ol T R TR FFTL Gl tir FIZE LLA FFT e Bl1 SLA1
Ll L BFl L8 OLIT  98:F  SPEP RS Qs 06k ai¥F LEH 26 Fiol
GEh i 1% SEL ELOT L8OT Fe t0f ekl BAFC  EOFI BeEl 1z Yial
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APPENDIX B: S65B SUB-BASIN DATA

67



hes!

)
» !
o x

Rainfall fia

[t ]

|
ol ll u.i 11|::|l ll]L |...!||: H MI“ |l1 ;Hu”” ..... P

11779 171780 #1581 SR . 11787
Late

Ergure 31, Diaily rainfall al station PEAVE_R.

W

Rairfall {inche

0
11477 11776 171411 17184 1108 1/ 17198

Matte

Figure B2, Daily rainfall at station E1LMAX_R.

Lt



1

—

Rainfall {inches}
M L &= m L2 N | L2 ] =]

L

I
[

—
L

0 I .
11772 11776 1/1/80 11/84 1/1/88 1/1/82 11798

Date

Figure B3, Daily rainfall at station PEAVINE_R.

10 -
9 4
B_
—_
[7+) 4
@7
R
£
== g
o
I
o i
o 31
2
[
1 | i
0
111774 111/78 171/B2 1/1/88 1/1/90 1/1/94 1/1/08

Date

Figure B4. Daily rainfall at station MAXCEY N_R.

69



LR sl

cresk
pary’ =]

T

Rainfall {ir;

14074 11716 17 /82 1i1/85 IREA 141594 171710
Date

ignre BS, Dxaily rainfull ot stanon T1CK ISL_R.

Rainfall {inches}

175 11/79 171403 1/1/87 1/1/91

Date

Figure B6. Duatly rainfall at stalion BONEY WS_R,

70



10 4
9 4
B 4
7 4
5 -
5
4 -
3 4
r
14

0 A
11/65  11/89% 1173 77 11 /es  1A1/89  1/1/93- 1/1/g7

Date

Rainfall {inches)

Figure B7. Daily rainfall at station S65B_R.

71



Tuble B1. Monthly and annual ramall (inches) in sub-basin S6518.

Trar Lan teh Mar Apr jun Jul Ange s Mo S
Taha - 7034 bls 15k 04 2361
1462 N R 0,63 L7A Hs ARVK} R RN ] AR
IR [ARAN L7 1t 14 Y 574 Ang | fats 1310} 123
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1477 1.4 A 300 I 74 5.2 A N2 1.7t sl 1110
v AR5 .54 2.0 Ao A3 G 3,060 175 154 I
140 1,24 TR 17 (VL PIsner T0&G A58 I {17

1405 42 175 [ [ i t fr 1 L85 n7i

174 1146} .00 1.7 [ fr 4] sz 0 1) 1) R 2405

19 1 34 [ERLIEH thard 1120 CRVR] 5 30 g4 | .63 § )

1R 214 R A 012 sy 137 147 20 |3y

[RHAY fa IR SRR Ty Ly 1.5 5.7 it s

11360 I L] 1.4 272 g7 FOR - i 337

1k SR R 1 4] 0l 50 373 1. Poal B

145 .58 320 Rl KRt N0 7.4 T A 2.h

[EER] A 4k Rtk TEY Mo 1.4 1 K (R

[REE RN RS in A ERON n7a 143 I tas |31

[REE 072 .42 1 i 2.1t fabd 14 Mk A AR

R L 07w 24 (.13 [han o da ER] BT N7

1087 1 36 N7 a 0.6l SRR 1 I 4.R7 T

[RLE 2 234 350 113 4Az 7T 71 1l 2810

FH L4 (L2 R b72 AR fi 5k [ 7t 14

IR (3 1y 440 (VAT 074 YR 54 07 T (YRS S0
18 170 174 3 KRR 500 ty 37 747 A (+l 44tk
Rt i 417 127 383 [N A 3 sl | [N IR
JREUR] RN 2510 550 375 Fal 0,00 #19 R 144 A0.57
162 2w RARE 204 171 1209 9.1 100 300 ARV 0341
(R 1.4 RIT RS a7 B[00 T (KA 5 H1 1.27 578N
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1)y L .46 174 5.20 [N | Tl 797 10 LN 6l Ry
EIE D R A 07 41
T idicates [RUTIRIRSTS
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e R o) 1AL anz RN 1o .54 .1 T A 1593
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Mudnin 1./ 218 3an {75 ERdl| .94 o7 AT 144 S
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o - wi
Table B2. Monthly and annual rainfall (inches) at station PEAVF_R.
Year Jan Feb Mar Apr May Jun Jul Aug Sep Oet Mov Deg Suim
1979* - - -- -- 072 432 564 348 1243 000 048 072 2784
1980 .08 09 084 144 480 288 636 240 048 03 2152 156 2563
1981 Loy 328 163 000 I[BB8 252 1096 5.88 .64 1.68 312 00D 2844
1982 - (184 324 396 540 544 -- 6.1% - - - - 24.61
*indicates partial year,
Statisric Jun Feh Mar Apr May Jun Jul Aug Sep et Nov [ec POR?
Meun 0.54 1.36 1.92 1R 315 3.69 5.32 4.47 6.20 (1.6H 2.04 (L.T6 2704
Standard 0.76 (.K0 1.22 2.00 2.30 1.149 1.23 1.83 6.02 (1LAX 1.38 (.74 1.95
Deviation
Miniruem naoo o084 08 000 02 252 39 240 048 Q00 D48 000 2568
Meidian 0.3 096 | 68 144 324 340 564 468 jed 036 L5272 2706
Maxirmurn 1.0% 2.24 3.24 396 5.40 5.04 .36 6.13 1248 1.6 312 1.56 28.44
* indicutes period of record for station and excludes partial year results,
Table B3, Monthly and annual rainfall (inches) at station ELMAX_R.
Year Jan Feb Mar Apr May  Jun Jul Aug Sep el Nov Dec Sum
1972 - -- - 234 549 778 ind 5098 264 161 6.37 243 31528
1973 5.48 1.6] 1.57 610 393 485 758 55) 1z 26l 166 097 5299
1974% .06 164 D07 112 407 12,18 1438 - 397 080 0I5 2,38 40,77
1975 (.33 228 2.01 379 11.83  59a 1047 631 481 454 031 .44 5354
197¢6F 020 030 402 1.34 1457 671 6.15 706 078 225 240 45490
977 21 08 069 0.5] 982 321 8§82 250 - - 467 282 3610
1978* 1.66 397 365 .14 6.532 11.11 12.34 - 240 301 {1533 2.8y SU62
1979 532 078 085 239 4.4 125 821 683 1820 (068 062 1.21 5062
1580 [.58 310 173 243 421 (.55 7.53 371 179 0353 433 1.4 3853
19581 030 237 156 021 383 4200 4300 983 398 (83 .51 0.15 35.07
1442 231 189 474 494 544 088 670 al3 794 198 173 089 55.65
1983 126 571 5.56 1 .69 l.84 948 210 488 381 279 £22 0 417 4649
1954* 060 279 - 706 921 Ti4 146 377 0% 4.6 .21 38.9%
L1285 0.63 0.38 b.57 248 1.4% 1k 14 e85 597 7.23 1.94 L3 .56 4457
|4Bs 171 (.52 EJ O W ) 1.70 11.83 632 502 609 320 Lo 344 44,55
1987 1.55 L.OR 543 010 253 a60 510 238 1310 41 916 {144 51.63
1488 2RO 265 520 .33 149 394 54l 706 473 038 198 093¢ 3827
1989 444 034 3064 | B3 229 666 1197 707 549 132 209 313 50.37
1490 013 &.15 LY Q9% 506 814 799 776 624 232 056 038 46,71
19491 164 .74 1.80 3490 494 5401 1198 1053 260 453 05 (9% 52.21
1492 072 3493 139 410 1.07 1958 388 R22 492 1.58% 151 075 51.96
1993 4.35 203 717 396 435 742 125 907 505 487 413 090 ol49
1994 kil 34 ez 2098 3.05 1331 1557 1122 1236 - 176 292 74985
1095* 273 556 432 454 205 1246 916 - - 854 245 042 52.23%
1996 487 036 B6% 093 740 1090 284 1168 486 519 018 384  6i54
1997 1.75 L6 230 820 - - 11.45 348 1Ll 236 1422 917 7037
1998* 744 923 B29 099 266 - - - - - - -- 28.6]

*indicates pantial ycar.



Table B3, continued.
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Tabte B4 Monthly and annoal raindlall (inches) al station PEAVINE R

Yoear Tim Feh M A My Jun Jul Ay e [ Y e S

oy Iy . .41 .10 1.41 K A | Wy YRR
1973 sl 174 1Ak 2.3 RN 102 HA2 330 XN | 37 .2 144 BRI
1414 {1 3% RN {41 T NI | ERBRTA T SR 3.0 7 1.3 1.21 40,22
1075 a3l 17 [ (¥ r4 AL 14005 04 T 60 035 b LR
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[h [ ARy .51 778 T i 551 72 700 | 46 148 1.1 EToRs
11053 117 R.A5 32k {1,440 FLED 2R Ann g2l ERL 118 A Al.As
[ 0y 3ol 254 v fll 3 1.4 L 04l R 103 RN
14 (R [hatt] TR RN 449 HER 1.tk | 215 ; 154 4250
[DHeS 2 1} ) 243 14 182 591 . - AR 1.003 R 3577
[0KT 1 57 (1710 .40 30 R LRI [ 2oAs 1400 J.H0 7S 0 56 oy
[h 29 172 A5 104 Tdn 404 % Al ) AN LR A4 Kl A8 T
[Rhe 20 1.4y7 a.R0 20 122 5 K ARt 575 fl K| 143 1Ay 458010
14in) 122 A0 14l 184 ket 5 51 #28 116 A4 525 112 0 e
Tui 150 223 4.1 RN .16 Wy 1wl KT TRT 545 037 iy R
[EDER 1.22 - 590 T 119 yal RV 71 (.76 3703
[ 1100 3.74 SR 175 203 FAE 7.0 hCE 1408 112 174 57 .13
14904 Ry R RRHY 1030 1y Byl Troh 3 M0 2 Ly i
1494 LN EEN KRR wA RN ! Ly 1222 524 703 1) AH 14 fatn 13
140y RS 141 T 1ty Tt 514 1. I+ 4y 135 P RT Ay il Ad i
14! A5 L 1.17 A 541 v W9 77N [T Imh LR 7 33
e’ A Ll 1209 52 11 - - 13 RT
ek parinl vear.

Stanistic T Fuh M A May  Jun Jul Aug Sep th Noy [BIN% PO,
Mean Y I R 43 4,84 706 .54 S 048 i1 R K 197 RAYINTH
Stanedard 150 300 I RY ER R 354 33 R 30 Tt 140 137 14l 1,79
[eviaton

Mintunum 0.z .24 0.0 0.1 nn 150 147 T8 135 141 (.25 007 a3l
Modiam R 2412 2.55 2.4 KAt (.21 0.7} 5.0 A1l IR 1% 1.8 47.84
Maxitium {1,068 § Ry 120v N1 120 1845 1205 1430 1400 703 IR .07 7687
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Table B5. Monthly and annual rainfall {inches) at station MAXCEY N_R.

Year Jan Feb Muar  Apr May  Jun Jul Aug  Sep Gt Now Dec Sum
1974 -- - - - 215 9.25 245 4.3 2.60 0.95 (.35 214 31.28
1475 [r45 2.06 1.9 1.56 .59 5.25 4.62 546 5.14 235 0.94 0.68 AT.0%
1976 022 .43 226 .96 Ll 392 T.02 7.24 6.98 1.51 1.92 .51 45.08
1977 1.34 0ol 0958 0.06 3359 6.38 643 4,85 6.93 216 a.l10 | 79 4149
1978 178 334 3.04 021 514 1276 983 1.29 119 151 0.84 2.4] 45,64
l'JT‘Jr 7.74 n.71 (73 2.40 .d{) 4.496 -- -- 333 1.07 (.94 1.55 32417
1980 219 3.50 1.30 ey 4.57 300 5.65 4.62 .80 052 Y04 1.70 REN]
1 931: 0.24 2.26 2.62 .06 241 6.95 5.18 - 8.2 306 .31 0.0 1290
1ag2* 1.54 202 520 5.50 £7a 678 651 - - 0,03 113 NS5 35l
1943 3.30 7.14 345 2.02 1.34 G948 4,71 498 5.33 1.63 117 1.36 qu.71
1934 .34 3.32 207 2,064 504 5.63 T.84 365 4.57 (L04 360 1.31 40,12
1085 .72 .33 1.325 188 247 6.02 613 6,23 481 291 |68 0.74 1077
1986 204 {174 281 011 .70 1352 871 527 512 423 0.8D 214 47.79
1947 1.18 045 502 Q00 2493 5.2 .01 0.95 98] 4.40 7.05 037 43,56
1944 166 1.57 360 097 0.90 4,64 2.9] 512 L.67 11.54 1.95 (.70 3142
1959 165 {160 32 1LIR | 46 691 .68 71.58 180 283 . 195 2.09 35497
1900 (.00 4.91 (.50 .37 300 9.t6 6.63 6.72 2.75 1.06 0.66 051 3545
199] 162 1.84 125 352 1.74 ilé 5.6 4,45 2,69 1.66 .24 (.43 34.21
1992 (.66 242 1.0%) 273 (.54 17.20  5.59 1070 5.38 1.19 |.R2 0.62 5039
1993 1.34 1.6 4.1% 2.5 301 294 4.47 #.26 5.40 4.11 1,30 .76 41.53
1904 1.a3 139 [.28 313 0.1 Loy 628 5.59 B.45 3.02 272 240 49,99
1995 .58 3.00 216 480 0,92 729 182 12533 4493 6,08 |48 0 48,75
1986 2.27 058 603 097 4 B9 8.00 517 044 210 1,50 0.54 196 44,45
F9y7 1.61 249 143 1H5 155 3.47 1721 3,79 6.45 L8] 6.6 2.87 5114
1oeg? 671 624 656 136 103 - - - - - - - 2190
* indicates purtial year.

Statistic Jan Feh Mar Apt May fen Jul Aug Sep Oet Mov Dee FOR'
Mecan 2.17 2.35 278 .87 129 7.40 5.19 6,10 4,94 222 2.15 147 42,54
Standard 1.95 .82 1.70 151 246 .48 2.01 .81 2.18 156G 1.91 1.413 6.0
LDeviation

Minimurm 0.09 0.33 0.50 006 058 2.04 .68 0.05 .67 .03 0.20 0.20 Alea2
Median 170 2.04 244 1.72 2.93 6.58 613 546 512 191 .58 141 431.55
Muximum 7.74 7.14 636 5350 Ty 172 GR3 1257 981 6.08 1.405 4.34 116
*indicates period of record for station and excludes partial year results,

Table B6. Mean and annual rainfall (inches) at station TICK ISL_R.

Yeur Jan lieb Mar Apr May  Jun Jud Aug Sep Qel Nov e Sum
1974 -- - -- - 7.23 1545 - - B.56 046 - -- 317
1975% -- - 196 239 682 370 §.84 788 812 0623 0.86 078 4178
1976 .47 073 1.21 L.11 g.19 6.92 5.40 7.5 2.13 0.68 215 1 50 4464
1977 1.62 0.74 0,52 0.57 3.0 6,99 4.44 6.bh G.88 3162 .00 Gl 1929
1978 274 388 1.72 0.16 4.10 11.71] 1486 2.73 822 30 (.45 3100 O 5R
1979 6.56 0.62 0.99 2.76 5.82 .34 302 7.73 1358 243 (.04 0 3 50,19
1980 0.88 475 153 135 597 3.05 a9.83 029 6.19 0.74 5.28 147 G813
1951} 0.50 -- 2.02 0.11 3.6] 5.70 4.69 1377 546 1.03 1.73 010 3872
1942 162 3.02 5,59 4,56 1.70 0.88 0.25 2.26 1146 3565 2.35 105 65.30
1993 4.1%9 %.53 3.21 2.36 1.46 %15 4.65 2,14 3,36 215 .58 4,81 50.63
1984 (1.43 265 224 223 101 571 558 7.a2 T 1.37 4.95 1.01 47,30
1985 (.58 {.35 1.93% 1.98 1.7% Q.86 354 2.80 .36 1.56 2.36 .38 34,48
toget 234 {.08 340 0.18 255 1406  7.04 582 4.50 378 -- 360 A8.34
1257 145 039 580 o2 110 975 16l .71 10.02 439 7.24 0.73 4141
1988 .89 272 488 1.13 0.29 14 6.24 7.50 195 .67 2.57 .84 36.57
1289 4.60 43 322 1.72 1.30 625 7.32 444 4.90 119 212 282 4031
] 49¢) (.33 394 1.17 (+.39 418 1111 942 380 941 324 1.12 53 48.70
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Table Ba, contmued.
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! SRS wlw T4
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Atatintic Jun I'eh Mo Al Mav  lon lul Ay Hep Ll Ny (I pokt
Menn T 2.A5 0o Kt A K35 fy 1 .0l o0l LRI 1 43 NURRY
Stambird e AREYS 207 Il 2 M R R i | w7 174 0
Peviation

NMinmnun (1,45 33 o .62 ny R BN (71 1.1+ Uoln itid i1 IR
Moedion 1.00) 2418 Rk o ERINS 70 b 070 156 RON o0 e KDREY
Muasimum ity BN L 50 WRIZ 1545 Frkn Jins 1isd o1 B B [ER Y

Canedicabes periesd o recerd for siation i eselinles i yeur e,

Table B7. Mean and annual ramfall (inches) at station BONEY. WS R,

Year Jan [RRY Mar A May Tun il Auy i el Moy e Sum

1oris’ -- .- au7 AN : .00 RN -- REY
it : - . i 0 alG RO L6l DAY 1740
177 (.02 (140 Il .00 47 1 KRR EREh 1,50 L 04 a0 U
1975 R 20 300 SX1}] BN B BRI R 073 2auld I35 .48 RORER
14979 [ 100y (2 R R 104 (L5 314 wul .08 [ 124 15 74
MR 151 RN 174 R 200 TAR RN 130 Tond Lyl iR (Wt 4250
[DEN [ERtR] 2K 1.14 i 484 B9 155 RN 351 LAl LAY (: Ny At
DA I i 208 5.27 S0 ENtH an7 Gl [y o442 ud wIS N7 73 ALY
THHs 220 T i 485 163 0 &6 112 171 1M Al |15 1.0 Al 4537
|4 1,15 ias 24 200 LY 7.0} 34K 377 KR! SR R D) 4390
1443 1.7 i ¢ . 2n fa 20 517 niy TR 1 Ha o 1.08) EL RIS
189456 2 thiy] Al A2 2.20 133 Al 320 bus A0F {137 Ags ARG
1987 [ 23 [} M 5497 I 4. Gl ! [ERTS 777 4w ) ({38 45 kG
1IRH TR Tl e (] (IR L R 444 241 02y 225 (196 RN
pumyt 205 K RPN 1.4 (] 1uu 7% 773 A . - (37

T
e s [ hal MT

Slatste T Ich Mar A My Jun Tt g Sep () Mo Frow POR:
Muan 14l R L 173 RNt Lo R 1 3 1Y 179 RS 1Ak RIERN
Standhrd 160 193 171 1.OK T 2560 315 U] r27 52 207 12 I
Ieviaton

Mintmuny 0.2 0 03l 1.0 ) &0y 2 75 0103 [ ok (Y 0060 M0
Mudinn | a2 24K () S48 .13 KR KRN G da 1.4 225 [ 1 VT
& FESTITI fi ¢ £l 547 BNk LRV LY e 10200 59 AR Tl RV Hl 3
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Table B8. Monthly and annual rainfall (inches) at station S65B_R.

Year Jan Fub Mar Aprt May  Jun Jul Aug Sep CQct Nov Dec Sum
19657 - -- -- -- - 7.24 - 6137 479 A8 a40 1.65 2361
1966 3.53 233 0.63 1,73 7.73 R0 6.03 4.98 4.42 164 Q.10 054 4375
1967 0.59 347 0.51 (.14 0.a2 8.03 573 368 573 L.a6 Q.10 197 12.83
1968 0.84 12] 0.97 0.44 570 1349 714 5.00 32 1.K0 235 0.45 44.60
1968 1.76 i57 §.6% 336 354 g6l jzz £.19 6.21 1320 239 127 62001
1970 189 1.91 5.25 N.0R/ 403 2498 §.62 285 53.28 204 0.04 047 35.04
1971 (.14 4.74 1.03 15 1.56 528 543 4.78 4.60 476 038 o7l 3155
1972 1.14 331 2.66 1.18 222 .70 5l 469 143 .10 13s 1.52 3542
1973 548 1.28 3.50 251 5.54 121 870 5.04 9.53 106 0.61 -- 5076
1974} 0,19 289 a7 -- - - 123 623 - 1.1& 0.24 1.63 2376
[975 0,57 089 Q.59 041 5.17 8496 4 80 rO7 670 279 0.65 .66 HG2
1276 .33 (R 1.14 {1.U8 7.40 4.0 299 4.53 6.45 (.68 2.03 .56 33.05
la77* .08 .41 0.73 Q.15 2491 3.58 4.09 -- 4.13 0.68 [£%.1 171 17.33
1578 .08 2.23 222 0.04 233 171 1554 535 4.08 2.39 77 2.66 45.40
1979 692 L.14 089 341 £.01 19 7.03 1.65 11.1% 0.0 2.06 207 47.66
1180 1.93 151 1.69 303 317 254 5.94 5.11 i) N.al1 2.00 0.94 3339
1481 0.26 1326 .44 0,10 316 G4 2.51 3,21 AL 1.43 0.70 0l 2758
1G5 1.210) 2.00 541 632 3.40 6.93 6.2% 113 /34 4.59 |.64 1.55 5581
1983 28l 833 5.50 2378 0.95 6.94 4.75 346 352 1.35 .26 380 45,25
1984 0.34 2.8l 278 349 g.61 7.38 337 496 2.19 0.50 4,35 1.07 47,65
1385 0.47 0.23 1467 1.91 1.69 7.57 390 680 3.94 385 141 073 15.27
1986 1.74 0.63 24y 0.13 | 10.39 504 1.63 373 5.55 0.40 EE Y 37.50
1987 1.18 0.60 371 1.91 251 4.68 1.26 119 681 552 583 D41 4361
1988 2.06 1.71 414 L.06 1.10 539 670 246 243 0,68 297 163 38.37
14989 1.99 091 344 2,14 1.38 4.53 1.7% 7.55 847 224 .32 35 45.07
1990* 0.52 4.38 1.24 1.11 -- 1093 9.37 5.90 6.24 235 Q.71 0.72 46.47
1991* 3.79 [.B3 3143 3.15 528 5.35 7109 4.52 - 309 a.57 0.24 38.34
1992} .39 276 0.96 4.09 L.16 15.18 1.37 11.14 319 w 1.28 0356 42,08
1993 4.1% 251 4.64 4.53 202 333 553 343 317 297 .27 083 3741
1994 2.19 2.54 1.93 625 421 11.84 926 569 8.76 225 419 259 3270
1995 1.52 3.07 228 4.20 2.63 6.80 675 1653 3.96 L 0.63 .53 54.92
1996 338 1.19 602 1.21 6.74 7.48 473 513 358 2,66 0.67 1.72 4454
1997 2,34 1.27 1.35 377 3.36 o 4.71 4.63 9.52 11 7.47 5.04 34.74
1995+ 4.37 3.96 ©.32 3.24 2.44 D.RY - -- - - -- - 2922
*indicates partial vear.

Statistic Juan leb Mar Apr Muy Jun Jul Aug Sep Chel Nov Dec POR*
Mean 1.93 247 285 2.24 37 7.04 6.34 587 5.23 278 1.9] 54 4352
Stundurd [.67 1.93 219 .89 224 32 274 2m 228 248 .08 119 866
Deviation

Minimum 0.14 023 0.17 0.04 Doz 089 1.37 1.19 2.19 0.00 004 011 2738
Median 1.32 2.00 224 1.91 317 7.21 601 308 4.74 2.26 [.2% 1 54 4308
Maximnpm 6.7 5.96 4.32 06,32 9.41 13,18 15584 1633 1109 1320 747 304 61,0t
* indicates period af record for station and excludes partial year resolts.

Table B9. Monthly rainfall (inches) at stations KREFR and KRBNR.

Yedr Jan Feb Mar Apr May  Jun Jul Aug Sep Ocr Nov Dec Sum
KREF|957" - -- -- -- - 6.7 58 9.17 117 246 7.49 625 48.64
KREF199%° 5.88 8.14 831 n.74 2.77 277 - - -- -- -- 2661
KRBN1397} -- -- -- - - - - - 0.14 DEl 095
KREF19y%7 445 1213 2.42 nis 0.87 - -- -- 1113

* indicates partial year.

77



a0 C238.Hne and CG38.MNSH maximum slages of 47 21 and —

ARO3 (FUNGY I, respeeively on 22 March 1998 Ty,
45 ‘
=
T !
0 40
-
i COB RN rminirmrm slage ol i C3HMISH minimum stags of 4285 (11 MGV
& A0 A1 7R (FLNGVYD) on 15 20 o LB - P8 durie 1987 and 14 - 19 July 1460/
o hrLy 14986
a0
]
a5 } e e , e
17186 171760 1/11040 1/1/85 17173

Dale

 C38.PING — C38.MRASH

Figure BIO. Duily stage al stations C38.MRSEH and C38 PINE.

ra— Mazximum stage of 5017 (f NGYLY on 18 Septerber 1044
50 -
45
a
{;"_} 40
=
g a5
ful ‘
o T
‘ M slage ot 37.95 (ff NGV
30 - on 29 May 1062
25 . \ S P . .
11741 1/1/45 11745 111773 11457 11/81 171765
Date
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Figure B12. Daily stage at station FTKISS for years 1984 —1997.
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Figure B13. Daily headwater stage at station WEIR3_H,
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Figure B16. Daily headwater stage at station WEIR2_H.
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Figure B17. Daily tailwater stage at station WEIR2_T.
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Figure B20. Daily headwater stage at station WEIR1_H.

50 1

45

40

35 4

Stage {ft NGVD)

30 -

i
|
25 |

Maxirmum stage of 43.21 (H NGVD)

/ an 21 January 1987

/

Mirimurn stage of 37.44 (ft NGVD)
an 4 June 1895

1/1/85

1/1/89 11/93 11/97
Date

Figure B21. Daily tailwater stage at station WEIRI_T.
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Figure B23. Daly headwater stage at station S658, H.
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Figure B24. Daily tailwater stage at station S63B_T.
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Figure B25. Daily flow at station S65B_8S.
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Figure B28. Daily flow at station S65BX1_C.
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Figure B29. Daily headwater stage at station S65BX2_H.
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