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EXECUTIVE SUMMARY

This report summarizes hydrologic data collected from two sub-basins, S65A and
S65B, 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 River (C-38) which is a primary input into Lake Okeechobee from the north.
The major water control structures are S-65A and S-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-basins.
Data sets pertaining to the different hydrologic parameters were analyzed with respect to
expected range and magnitude, prediction of missing values, arid consistency with
adjacent stations. This data evaluation was applied to rainfall, stage, and flow data
obtained from the monitoring stations in both sub-basins. Statistical rainfall results for
each station are reported on a monthly and yearly basis as mean, 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 each
station 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 water 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 are 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
Kissimmec River water management basin has been reported by Ali (1998). Hydrologic
characteristics, including the main water control structures, within the S65A and S65B
sub-basins discussed in this report have been described in detail by- Abtew (1992) and
Van Horn (1996). 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

natural meandering pathways that existed as natural ecosystem wetlands prior to the
redesign efforts in the late 1960's.

The lower Kissimmee River water management basin is shown in 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 81420'26" and latitudes 27c36'24" and
27"49'36". The inflow of water into the Kissimmee River at the northern edge of this
sub-basin is controlled by the S65 structure at the southern edge of Lake Kissimmee. The
S65A 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 (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 81016'43" and latitudes 27429'48" 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 S-65B. The S65B sub-basin contributes to the second reach, Pool B, of the
Kissimnee River. The purpose of the water control structures within these two sub-
basins is to provide flood protection within their respective sub-basins, maintain
seasonally varying operational goals for pool water levels, and pass design flood without
exceeding upstream flood stages. The structures also pass sufficient discharge to
maintain downstream stages and provide minimum flow through capacity for the UKR.

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

The S65A sub-basin encompasses approximately 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 Kissimmee 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 is to maintain seasonally varying operational goals for water
levels upstream of S-65A and to pass design flood without exceeding- the upstream flood
stage. The S65A 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 1 October 1997 through 30 September 1998). The flow capacity for the S-
65A structure is I 1,000 cubic feet per second (cfs), which is 30% of the standard project
flood (SPF). This design rate will not exceed the headwater and tailwater design stages.
The maximum capacity is 14,200 cfs, 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 report include rainfall,
stage, and flow. Evaporation data were not available for this sub-basin. Daily records
exist for the above hydrologic parameters within the South Florida Water Management
District database, DBHYDRO, and are accessed through assigned 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 sets. Data were
examined with respect to consistency with adjacent stations, seasonal range, and
magnitude of recorded value. Predictions for missing data were made based on time gap
and consistency with adjacent station data.

Rainfall

The lower Kissimmee River water management basin average annual areal rainfall
was reported as 50.1 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 season 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.
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A description of rainfll mcii tonilring stat is in the S65A sub-basin is given in
Table I and includes stliion name, database key for data access from DBHYDRO, daily
calculation method, period of rcot rd, and grid coordinates. Monitoring locations for
rainfall in this basin arc shown in Figure 4. The dala from cach station were checked for
missing values, accumulated data with missing values, and consistency with respect to
adjacent stations. If data gaps of three days or less were encountered, missing data were

fable 1. Rainfall stations in S65A sub-basin.

Station Dhkey Metlodt Siart End Latitude Longitude

ARMSSO R 05750 Sum Nov/1979 Scp/1989 273954 810703
(ACR 05878 SuM Apr/1974 May/ 1998 271444 811444
YELILlAW .T _R 05964 Sumi MAy/1965 Aug/1972 2744103 810128
S65A_R 05981 SLim Jul/1965 May/1998 273935 810804
S65AR 16572 Sum Jan/ 1991 Nov/1997 273935 810804
AVON P2 R 05993 Sum Vcb/1965 .lan/1972 273751 8 1 1534
INDIAN 4_R 06200 Sum Feb/I 960 Mar/1981 274800 811900
TRIPLE_C_.R 13061 Sum Jul/1989 ld/ 1991 274205 812707

tinlicates method of reporting data were daily sum.

275500

275000

274500 -..- -.. .-...

274000 A M ._... .... 1 F

273500

813000 812500 812000 8:1500 811000 810500 810000

Longitude

Figure 4. Location of rainfall collection stations in sub-bus in S65A.

estimated using the closest station with valid rainfall. Any month with greater than thrce
days of missing data were Cxcluded from statistical analysis for that speclfic month. For
data accumulated over time, estimates were made based on tie ratio method given in
Eluation I, using the next closest sta!ion with valid data.
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PA(t) = [PA(c)/Ps(c)]*P() (1)

where

PAt) = estimated rainfall for station A on day t, inches,

PA(c) = cumulative rainfall for station A, inches,

PH(t) = observed rainfall for station B on day t, inches,

PH(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. If 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 example, at station
ARMSSOR a 10 inch rainfall event occurred that was inconsistent with the adjacent
station S65A_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 S65AR for the years 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 result 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. These data were combined for sub-basin wide
estimates 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 rainfall occurred in April for the calendar years 1963 - 1997. Also,
mean monthly rainfall was highest in June and lowest in December for the calendar years
1963 - 1997.

7



Table 2. Statistics Ior ionthly rai naIll (inc he s) over calendar years 1963 - 1997 in sub-
bsi[n S65A.

Statistic .Jan Fcb Mar Apr May Jun Jul ALu SCp Oc Nosv D)ec PORT

Munn 2.132 7590 32~8 2111 4.33 7.98 7.32 7.2 5096 3.16 2.36 1.91 .51 . 10

Stindard 1.62 1.87 2.08 I A3 2.71 366 2.58 3.46 2.59 2A14 2.57 1.52 899
Decviaionc

Mininium 0.10 0.45 0.12 o.04 1.16 2.30 293 1.56 1.33 ).49 0.19 0.21 31.88
Mcdian 2.22 2.59 2.9 1.96 310 771 7.13 7.19 5.3 2.19 1.55 1.38 51.37
MNx i mum 6,74 7,43 8.76 4.56 1161 20.65 1135 17.80 14.91 10.91 13.21 7.32 70.71

Inficrtcs IW it)L cil record for silnl s iC,

Suh-h;sin \wide statistical esti mates for rain faII over the calendar years 1963 - 1997
are shown in i gLures 5 - 7. Resull.s or this lime period showed an anurial areain maximum
rainfall of 70.7 inches, minimum of 31.9 inches. and historical average of 51.1 incIcs
(wnh a sland;ard dceviaRion of 9.0 inches). Avcrage wel season Larcal rainfall was 32,1
inches, while dry seasoi average area l ronfall was 19.1 incics over lhe years 1963 -
1997. Thcse rcsuilis are cwnsislent wi those reported by Sculleyv (1 986) or the cniic
Isiin diuring, the years 1915 - 1985 (32.8 Lnd 17.1 incnes for wet and dry sCasn,

respectively),

rso

din

20

1960 1965 1970 1975 19t0) l 3b 1990 1095 2000

Year

pLC 5. A verage annual areal rainfal in 865,A sub basin for vcars 1963 - 1997.
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Stage

ihe main structure controlling siage in the S65A sub-basin is the reinforced
concrete galed spillway and lock structure (S-65A). The spillway is designed to airnlain
a headwater stage of 46.3 feet (NGVD) and lailwater stage of 42.1 feet (NGVD)
corresponding to the design flood of 30% SPF for the C-38 canal. Water will bypass the
spillway sirucrture at an elevation of 54.0 feet (NGVD). UpsIream of the S65A sub-basin
control struciture is the RATH AM station, located in Rattlesnake Ilanunock, between the
S-65 and S-65A control structures. Characteristics of stage and flow through the S-65
control structure were reported by Ali (1998). Other struclures in the S65A sub-basin
included S65AX, a culvert in the old Kissimmee River oxbow to improve marsh flow,
and the stations ARMSO, ARMSC, and AR MSF which controlled and monitored stage in
the Armslrung slough.

A descriplion of stage data collection stations in the S65A sub-basin are given in
[able 3 and locations for these stations are shown in Figure 8. The upstream water
ctnitrol structure, S-65, is shown in italics. Stage slalistcs for the structures in the S65A
sub.-basin are shown in Figures 9 - 13. The dala show consistency wilh respect to stage,
that is, mean stage at RATIAM is at a higher elevation versus headwater stage at S65A.
Several stations showed minim.al amount of data (one year or less) and no graphical
results are presented for these (ARMSO, ARMSC_C, and ARMSF F). Summaries o)f
daily stage over each month for ARMSO, ARMSC C, and ARMSF_F are given in
tabular format in Appendix A. Daily historical results of stage for the remaining stations
are given im graphical format in Appendix A.

Table 3. Siage data collection stations in S65A sub-basin.

Station Dbkey Methodt Start End Latitude Longitude

RATHAM 13089 Mean JulI/1990 Dec/l1995 274320 811005
RAT11AM 16553 Mean Dec/i995 Jun/1998 274320 811005
S65A_H 04426 Mean Jun/1969 Aug/1994 273935 810804
S65A_H 06799 Mean Mar/1986 May/1998 273935 810804
S65A_T 04428 Mean Jun/1967 Aug/1994 273935 810814
S65A_T 06800 Mean [May/1986 May/ 1998 273935 810804
S65AX_H 12568 Mean Jul/1988 May/1998 273938 810754
S65AX T [2569 Mean .Jul/1988 May/1998 273938 810754
ARMSO_H 05164 Mean Jun/1983 Mar/1984 274038 810617
ARMSC Hi 05170 Mean May/1983 Jun/1984 271003 810725
ARMSCT 05172 Mean .Jun/1983 Mar/1984 274003 810725
ARMSF_H 05176 Mean Jun/1983 Mar/1984 273950 810626
ARMSF_T 05178 Mean Jun/1983 Mar/1984 273950 810626

Indicates method of reporting data were daily mean,

In
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Figure 8. Stage and flow data collection locations in S65A sub-basin.
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Figure 12. Statistics for daily headwater stage over each month at station S65AX_H
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Stage data wcre checked for consistlncy with respect. to upstream stations, when
possible. Missing data gaps were estimated by assumirg a linear arithmetic increase or
decrease hetween the respectivc data entries ilhat contained valid data. For slat ions with
LCmpora l overlap, the miost recenI valid data was assumed to he representative for that
day. !t shoulId also be noted that S 65 tailwater is a valid measure for water levels in Pool
A within the S65A sub-basin. Missing data for hcadwaier at the S-65A structure can also
he cstirnaled using tailwater rncasuremens al the S 65 structure. Figurc 15 shows ihe
results for S 65 tailwater and S-65A headwater mcasurenents anTd the resultant water
levels associated with Pool A.
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Figure 14. S65_T (tailwatcr) and S65A II (headwater) daily stage results indicative of
water levels in Pool A.

Recall that design headwater stage for the S-65 A COT trol sruct ure was 46.3 feet
(NGVD), while design lailwater stage was 42.1 feet (NGVD). Historical results, or timenc
series data, showed a maximum headwater stage of 48,15 feet (NGVD) on 27 February
1988. Maximum tailwater stage for this structure was 46.93 feCt (NGV)) on 23
February 1998, an El Nino year.
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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 S-65A control structure was 13,114 cfs on 3 October 1969. A
minimum 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
restricts downstream flood stages and channel velocities to non-damaging levels (Abtew,
1992). The lock operation was established 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
a.m. 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 S65A sub-basin. Although stations ARMSO, ARMSC_C, and ARMSF_F indicate
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 decrease 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.
Monthly statistics for daily flow at station S65A_S are shown in Figure 1.5. 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_S 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 monitoring stations in S65A sub-basin.

Station D7bkey Mcthodt Sar End Latitude Longitude

S65A_S 04430 Mean Jun/1969 Tec/991 273935 810804
S65A S 06801 Meun May/1986 May/1998 273935 810804
ARMS) 05168 Mean May/ 1979 July/1983 274038 810617
ARMSC_(C 05174 Mean Jan/1979 Jul/1983 274003 810725
ARMISF_F 05180 Mean Aux/1979 Jul/1983 273950 810626
Indicales method of reportinlg data were da ily mean.
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Figure 15. Statistics for daily flow over each month at station S65A_S.
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5B 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 is 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 (S-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, S-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 S-65B
without exceeding upstream flood design stage and also, restrict downstream flood stages
to non-damaging design flood levels. The S65B 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 S-65B. The regulation schedule for Pool B was set at 42.2 feet
(1 October 1997 through 20 April 1998). The schedule was subsequently decreased from
42.2 feet to 38.5 feet through 15 July 1998, and allowed to increase to 41.5 feet through
30 September 1998. The flow capacity of the S-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, S65BXl and S65BX2. S65BX1, now disfunctional, was used for over thirty
years. The purpose of the S65BX1 structure was to maintain flow in the old oxbow
upstream and downstream of S65-B. It was abandoned when repairs were considered to
be uneconomical in light of the imminent obsolesence by the Kissimmee River
Restoration Project. The S65BX2 is located approximately six tenths of a mile west of
the S-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 levee. Also, the
culverts at the S65BX2 structure allow drainage to Pool C rather than the diked off
portion of Pool B. The S-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 collected 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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Rin fall

Average annual areal rainfall District-wide for the Vears 1915 - 1985 has been
reported as 52.8 inches, while the lower Kissirnmee River water managereni basin was
reported as 50.1 inches for same timne perod (Sculley, 1986). The wet season for the
soulhen seciion of Florida spans from June through Octoher. Sculley (1986) reported
wet season average annual areal rainfal] as 32.8 inches and 17.1 inches for the dry season
average for the eni ire lower Kissimme River water mana gement basin.

A description of rainfall monitoriing locations for h e S65B sub-basin are given in
Table 5. The table includes station name, database key for accessing information from
r)HYDRO, calculation imcthLOd, period of record, and gid-1 coorditnates. Locations for
the lolitoring stations are shown in Figuir 16. All rainfall data for each station were
analyzed with respect to missing values, accumnulated data with missing values, and
consistency in magnitude, ti me of year, and adjacent stations. If data gaps of three days
or less were encountered, missing dia 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 til.h Data accumulated over lime were estimated
using the ratio method and the next closest station with valid data (i.e., equation I ). If
erratic or erroncous data were observed, these data were adjusted with respect to the
closest station exhibiting valid dala, or removed from the analysis.

Table 5. Rainfall stations in S65B sb-hasin.

Station Dbkey Methodt Start End TLatiitude Longitude

PEAVFR 05672 Sum Apr/1979 Sep/1982 274215 810125
ELMAX R 05852 Sum Mar/1972 May/l998 274509 810439
PEAVINE_R 05858 Sum Jun/1972 May/1.998 273257 810125
MAXCEY N_R 05871 Sum Apr/1974 May/1998 274100 810126
TICK ISL_R 05872 Sum Apr/] 974 Mar/1 998 274108 81 11 12
BONEY.WS_R 05887 SuTI May/1975 Oct/1989 273204 811257
S65B_R 05999 Sum May/1965 Jun/1998 273009 811145
S65B_R 162X2 Sum Feb/1995 Nov/1997 273009 811145
KREFR F1286 Sumn Miy/1997 JLn/1998 273008 811111
KRBNR 17609 Sum Oct1997 Jun/1998 272739 811016

tlndicates method of reporting dal.a 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 for each month over the period
of record for each station. The data from all stations were combined to estimate a sub-
basin wide average monthly and annual areal rainfall. Temporal overlap among stations
were averaged for the respective year. Monthly statistics for sub-basin rainfall results for
the calendar years 1966 -- 1997 are depicted in Table 6. Monthly 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.

Table 6. Statistics for monthly rainfall (inches) over calendar years 1966 - 1997 in sub-
basin S65B.

Statistic Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec PORt

Mean 2.15 2.52 2.92 2.03 4.09 7.59 6,59 6.14 5.66 2.90 2.05 1.61 45.92
Standard 1.74 1.85 2.12 1.62 2.29 2.91 2.09 2.37 2.18 2.30 2.00 1.21 8.09
Deviation
Minimum 0.14 0.32 0.07 0.08 0.92 2.98 3.22 1.42 2.61 0.65 0.04 0.12 32.83
Median 1.76 2.18 2.30 1.75 3.86 7.01 6.54 6.07 5.28 2.38 1.43 1.32 44.28
Maximum 6.52 8.97 8.42 5.26 10.53 15.80 13.21 13.76 11.26 13.20 8.06 5.50 63.41

i Indicates period of record for statistic.
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Figure 19. Minimum, median, and maximum monthly areal rainfall in S65B sub-basin
for years 1966 - 1997.

Rainfall analysis for the S65B sub-basin over the calendar years 1966 - 1997
showed an annual area 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 wet season rainfall for
these years was 28.7 inches and dry season rainfall was 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 S-65B reinforced concrete gated spillway and lock structure controls stage in
the 86513 sub-basin. The spillway is designed to maintain seasonally 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 30% SPF for
the C-38 canal at this structure. Water will bypass the structure at an elevation of 46.5
feet (NGVD). The spillway is operated in accordance with the "Interim 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
cfs) the elevation should be raised to 42.0 feet (NGVD).

Additional structures between the S-65A and S-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
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Weir 2, and Weir 3 are Kissimmec River Demonstralion structures on Pool B. The
Boney sites monitored flow-through detail at Boney Marsh Slough, S65BX1 was an
auxiliary culvert on C-38, now disfunctional in light of the imminent obsolescence by the
Kissi mmce River Restoration Project. This structure was used to maintain flow in the old
oxbow upstreamr1 and downstream ojf S-65B. 865BX2, was constructed in order to
provide drainage to tributary lands, including Roney Marsh, that were cut off by the local
levcc.. Ihe cu lverts at S65BX2 allow drainage to Pool C rather than the diked off portion
of Pool I3. KRFN, KREN, KRBN are Kissimmec River Resloration structures for stage
mneasr emnts,

An overview of the stage monitoring locations dalabase keys for DBHYDRO
access, meilhod of reporting stage, period of Irecorcl and grid locationS a-e givern in T'able
7. Filgur 20 shows locationis o- the stlions in this sub-basin, with the upstream watcr
control structure, S-65A, shown in italics. Historical resmuls for all stations (cxcluding
I3ONLY locations, KRFN, KRLN, KRBN) arc given in Appendix B-in graphical l'ormiat.
Avcrac daily stage, over each month a-e given in tahular ornmal . for the BONEY
locations and KR EN, KREN, and KRBN, since the period oIf records were one year or
less.

Table 7. Srage data collection stamions in S65B sub-basin.

Station Dbkey Methodt Start End Latitude Iongitude

565111. 04432 Mean Nov/1967 Jan/1994 273009 811145
5651 f1 06802 Mean Mar/I1986 Mar/1998 273009 811145
S6513_T 04434 Mean Nov/1967 Jan/1994 273009 811145
S65B T 06803 Mean Mar/1986 Mar/1998 273009 811145
S6513X 1_ 014442 Mean Fcb/ 1984 Jul/ 1992 273005 811202
S65BXI T 04444 Mean Feb/1984 Jul/1992 273005 811202
S65B3X2_Hi 04448 Mean Feb/1984 Jul/1992 272957 811219
S65BX2_T 04450 Mean Feb/1984 Jul/1992 272957 811219
WEIR3_H 05596 Mean Apr/1985 Dec/1995 273439 810938
WEIR3_H 06908 Mean Ocl/1986 Jun/1998 273439 810938
WEIR3_T 05598 Mean Apr/1985 Jun/1998 273439 810938
WEIR2 11 05602 Mean Apr/1985 Dec/1995 273352 811033
WL1R2_HI 12766 Mean Jan/ 1989 May/ 1998 273352 8 11033
WLIR2_T 05604 Mean Apr/1985 May/1998 273352 811033
WEIR I H 05608 Mean Aug/1 985 Dec/1995 273214 81 1209
WHIRl 11 12768 Mean Dec/1986 May/1998 273214 811209
WEIR I_T 05610 Mean Aug/1985 May/1998 273214 811209
FTKISS 00191 Mcan Dec/1941 Sep/I967 273530 810919
C.38.PINE 06842 Mean May/1986 May/1998 273703 810818
C38.MRSH 06893 Mean Apr/1987 May/1998 273818 810812
BONEY.M1 12691 Mean Nov/1988 Aug/1989 273231 811257
BONRY.M2 12692 Mean Nov/1988 Aug/1989 273220 811257



Table 7. continued.

Station Dbkey Methodt Start End Latitude Longitude

BONEY.M3 12693 Mean Nov/1988 Aug/1989 273210 811257
BONFY.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 81 1220
KRFN G4893 Mean Nov/1997 Jun/1998 272739 811016
KREN FZ604 Mean Nov/1997 Jun/1998 274501 81 1037
KRBN FZ599 Mean Oct/1997 Jun/1998 274717 811133

t Indicates method of reporting data 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 monitoring 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 S65BX 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 KRFN which are given as daily averages over each
month in tabular format.
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Figure 22. Statistics for daily stage over each month at station C38.PINE.
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Figure 23. Statistics for daily stage over each month at station FTKISS for years 1941 -
1967.
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Figure 26. Statistics for daily tailwater stage over each month at station WETR3_T.
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Figure 27. Statistics for daily headwater stage over each month at station WEIR2_H.
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Figure 30. Statstics for daily headwter stage over each month at station WEIRLIH.
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Figure 31. Statistics for daily tailiwater stage over each month at station WEIR I -T.
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Slage data were checked for- conls ise0ncy with up)streamn stat1ions, Missing d~al.ta gaps
wvere estimaltted by assumng a1 linear arithmetic increa.se, or decrease betwe en 01he
respective da~ta entriel s 11hat contained valid data1. For stations with temporal overlap
(stat1ions with multiple database keys), theC most5 recent valid data wa~s atssumred to
replresent. stage for- that day. Also, as was the case for the S65A sub-basin, S 65LB
Inrilwaler is a valid measure for' water levels downstream1, Ls are. the respective structures
(Weir 3, Weir. 2, and Wecir I), indicalling thlat S 6513 head~water" mea. suremtenrts are valid
measurements for' water levels, in Pool B3. Figures 34 - 38 show they resultanit water- levels
associate(d with Pool B. The highier stag e at AVON P3I versus Weir 1_H3 (Figure 317)
Shows the addition of .low 1o C 38 at this point uong the canal
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Figure 34. S65AT (tailwater) and Weir3_H (headwater) daily stage along C-38 in
S65B sub-basin.
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Figure 37. AVON P3 and Weil1_H (headwatr) daily sitage along C-38 in S65B sub
basin).
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Figure 38. WeirlJ (tailwater) and S65B_H (headwater) daily stage along C-38 in S65B
sub-basin.

Flow

The design discharge for the $65B sub-basin control structure is 14,000 cfs (30%
SPF). The maximum discharge for this structure is rated at 16,700 cfs (100% SPF). The
maximum flow rate for the period of record reported here was 16,809 cfs and occurred on
4 October 1969. A minimum flow of 0 efs occurred through the structure for twenty
percent of the period of record for this station.

The spillway structure was designed to maintain optimum upstream water control
stages in C-38. The structure passes the design flood (30% SPF) without exceeding
upstream flood stage and restricts downstream flood stages and channel velocities to non-
damaging levels (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 August 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 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 S65B 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 a 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 overlap, tie most recent valid dlita Was assumed to be representative for
that day. Statistics for average (ailly low over each monh f1or all flow stations,
excluding SBX I _C and SB X2_C, are shown in Figures 39 42. Daily histoimcal 11low for
all statioTIs are show n in Appendix B. Tables wilh average daily flows over each year-
a rd yealy ilow summatiofins for S65B S, Weir3_W thi Ugh Weirl W are presented in
the section discussi n1g runof. Average daily flow over each month aid year, and
monthly and yeairly flow suLnnlations for S65H .S, Weir3 _V through Weirl .W are igivcn
in Appendix. E3.

Table 9. Flow mon ioring stations in S65 sub-lhsiin.

Station D )hkoy Methodt Scri Lnd I-ai IILide I -oni itude

PLA V 12_1 07005 Mean J ul/ 1979 Sep/I1982 274-216 81061 1
S65B S 04436 Mean Nov/l967 Jan/1994 273009 811145
S651B_ S 06841 Meian Mar/ 1986 Mar/1998 273009 8 11145
S65BXI_C 01116 Mean Feb/1941 .Iul/1992 273005 811202
S65B X IC 15334 Mean Oct/ 1990 Jul/1992 273005 8 I 1202
S65BX2 C 04452 Mean Fel/l984 Jul/1992 272957 8 11219
S65HX2_C 15335 Mean (t/1990 JIul/1992 272957 811219
WLIR3_W 05600 Mean Apr/1985 Dee/1995 273439 810938
WLIR3_W 16714 Mean Dec/ 1995 Iun/ 1998 273439 810938
WFIR2 W 05606 Mean Apr/1085 Dec/1995 273352 811033
WHlR2_ W 16743 Mean Dec/1995 Mar/ 1998 2733 52 811033
WEIRL1_W 05612 Mean Aug/1985 Dac/199. 273214 811209
WELR 1_W 16712 Mean Dec/ 1995 May/1998 2732 14 811209

Indicates rmiethod of reporl inn' data were daily mucan.

1500 3000

1 (MO , {
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(II

- 1 0 0 U ( - 0

-1500 ...--.-- . ., 0

7 2 4 6 8 0 12

1lAnth

IWan * S Min. " din . Max

Figeura 39. St istics fo- daily flow over eaceh month at station WE IR3 _W.
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Figure 40. Statistics for daily flow over each month at station WEIR2-W.
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Figure 41. Statistics for daily flow over each month at station WEIRIW.
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Figure 12. Stati stics fbr daily flow over each i month at slaiiion S6511 S.

Preferred database keys have been established for, the Ilow sliaion s and are listed in
Table 10. Also shown in this table are soure dat abase key.s from DBIYDRO and period
of record for the data assigned to the prcfeirred database key. Preferred dal ahase keys
were assigned iF flow slalions had mrultiple database keys assi gned in DlYL)RO and/or
estinillions were made for missing data gaps.

Table 10. Prcle]erd database key assignmen s or flow stations inl S65B sulb-basin.

Station Dhkcy Period of record Preferred Darabase key

S651B S 04436/06841 1 1/27/67-03/3 /98 11G238
S65 BXI _C 04446/15334 09/11/81-07/09/9 11(3239
S65BX2 ( 04452/1533.5 09/11/84 07/04/92 1G240
WEIR1 _W 05600/1671'1 08/15/85 05/31/98 HGI24
WEIR2_ W 05606/16743 0'I/26/85-05/3 1/98 11(3242
WEIR3 W 05612/16712 04/26/85 06/30/98 I-(243

*3('>



S65A AND 865B 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 S-65A and S-65B
structures along the C-38 canal. Historical flows through the S-65 structure at the
southern edge of Lake Kissimmee were presented by Ali (1998). Daily averages over
each month and year, and monthly and yearly flow summations for the S65 flow control
structure for the years 1969 - 1998 are given in tabular format in Appendix C.

Runoff estimates are obtained by subtracting average daily flow measured at the
upstream control structure from average daily flow measured at the downstream control
structure. The data are then adjusted to obtain runoff in inches/day. Monthly and yearly
statistical results for runoff within the S65A and S65B sub-basins are presented in tabular
format in Appendix C. Negative flows exist 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 negative for 31% of the events recorded (S-65A
flow subtracted by S-65 flow). The S65B sub-basin showed that 42% of the total runoff
events were negative (S65-B flow subtracted by S65-A flow).

Temporal results for rainfall and runoff data for the S65A 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 exist for the sub-basin on a
daily, monthly, and yearly basis. Negative runoff implies flow losses along the canal
between the S-65 and S-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).

8 --- 4

7 -- 3

4- 0

c 3 - -1

cc 2 - p -2

1 1, i 1-3

H , , ,, I . .4

1/1/69 1/1/73 1/1/77 1/1/81 1/1/65 1/1/89 1/1/93 1/1/97

Date

Rainfall ....... Runoff

Figure 43. Temporal results for rainfall and runoff in S65A sub-basin.
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(observed as points), regression line, and 90% confidence intervals (CI). The equation
describing runoff is:

RO = 0.121R + 5.99 (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 runoff (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 effect of rainfall
is observed after one year.

2000-

1600-

1200

Saa
800

E
400

0 40 80 120 160 200

Cumulative runoff (inches)

-- Prediction - 90% C.I.

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 yearly 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 S-65B 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 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
50. The result shows a double mass curve, rainfall versus runoff, 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 line had a rsquared value of 0.58. Again, as
with the effects within the S65A sub-basin, this curve does not produce meaningful data
for runoff until 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 S65B sub-basin.
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Hgure 50. Double mass curve for cuulIil live rainfall and cumulative runoft in S65B
sub-baswin.

An overview of the rc.sultin n verage daily flows and yearly flow surnmatioris
through tie coTItrol structures S-65, S 65A, and S-65B, calcu lated runoff flows For S65A
and S65B sLb-basins and flows through Wei r3, Weir2, and Weirl, for the years 1969 -
1998 are given in Tables II and 12. The resulls, in general, show consistency with
respect to upstream and dlownstreami structures. Over the period of record ana]yzed, 31 %
Of the daily rllolffI evenis within the S65A sUb--basin wcrc negale, while 42% of he
daily un1111f evenis were neg ative within the S65B sub-basin. Also, several years show
upj)stiream averagx daily flows were greale r 11han downstream average daily flows. The
same effect is seen with several yearly tota a [low summations. This implies flow losses
along the C 38 canal 1etweel the S-65 and S 65B stLctLuIes. Again, these losses may he
due to evaporation. secepage., diver-sions wIhi oxbows that are not returned to tie canal,
a combination of these physical elfec s, or other uniacCoLntled for losses al ong the 11 cinal
(Pool A and Pool H).
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SUMMARY

This report summarized rainfall, stage, and flow data for the S65A and 56513 sub-
basins located in the northern section of the lower Kissimmee River water management
basin. Time series results 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 presented 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
stations 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 each month and year.
Double mass curves were presented for rainfall versus runoff within each sub-basin.

Rainfall results from the S65A sub-basin were two percent higher for the calendar
years 1963 - 1997 versus previous data analyses reported by Sculley (1986) 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 season results were 10 %
higher for this sub-basin. $65B sub-basin rainfall results for 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 exceeded 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 this structure, while the tailwater stage was exceeded less than one 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 data 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 S65 and S-65B control structures. These losses may be due to evaporation,
seepage, diversions from oxbows that do not return to the C-38 canal, a combination of
these effects, or other unaccounted for losses along the C-38 canal.
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APPENDIX A: S65A SUB-BASIN DATA
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Figure A2. Daily rainfall at station GAC .R.
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Figure A3. Daily rainfall at station YEEHAW J-R.

10-

9-

8-

7-

6-

5.

i4
0 3

2-

1-

0

1/1/65 1/1/69 1/1/73 1/1/77 1/1/81 1/1/85 1/1/89 1/1/93 1/1/97

Date

Figure A4. Daily rainfall at station S65A_R.
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Figure A5. Daily rjinflhall at station AVON P'2_R.
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Figure M. Daily rainfall at station INDIAN 4_R.
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Table A 1. Monthly and annal rainfal (inches) in the S65A Sub-baSir-

Year In Feb Mar Apr M .y iiini Mu Aug a Sep S if:O Nnv Dee SumF

1960. .O 4.21 4.2.6 . . . . 1-3.5
196] 1 8 I 67 240 -- 2.00 5.35 -- --- -- |30(
1962 -- 1.12 I.(.5 6 8L) 886 1 50 l.101 3.68 1.0?. 40.12
1963 1.7.) 6 33 138 032 1.61 5.31 357 5 48 372 0.85 .5.12 2.61 50 12
1964 .165 4.59 . 79 207 4.31 3')4 70 14.8 6 53 0/M 0 8.1 U.55 52.36
1%S 1.02 -1.99 3.36 3 18 4 56 10.74 9.83 11.18 6 51 5.78 1.12 239 (4.77
19% x.16 6.14 1.12 1.97 50(14 A 70 6A.5 6.. (i61 2 1 0. 1 6'i 5(.73
1967 >32 4.67 2.34 1.% 1.52 7952 075 0.18 >31 1.91 IR9 1.51 49.88
IO% 054 1.90 0.4 0.51 1.32 976 5.13 3.3 11 5.94 J 51 0.35 3.29
1909 1.93 22 /6X 1.A2 762 846 .24 9.81 7 110 9l 25 109 614.75
1971 2 92 1 95 493 11.18 -. 47. 7 71 9 32 4.08 .1.7 7 67 041 0.91 .10.17
1971 0 10 3 7c 0.84 10.0 2.55 8.98 8 42 4.;0 .1.6( 6.1Zl 0 47 1.17 11.00
1972 1 67 4 83 2 60 261 6.12 11.11 4 i 7,07 1.33 2.58 477 2 48 Ja.31
19(' 2.91 (187 2 77 364 2./3 2.11 5,71 4.75 3 63 1.1- O.78 1.18 3118
1994 (.38 I 9 ( ).17 I 47 :12/ 16.9. 10.70 111.01 5 8x 0.1 46 2.66 5667

1975 (184 .1.0:3 2.12 124 0187 593 a,'.9 7.62 '.1 0 9 0314 [.64 55.8
1176 149 091 2.2/3 1.28 839 8 31 7.82 I63 1.81 1. 237 2.53 1.5±
1077 I 98 1 52 089 0.( 167 4,34 7 37 4 (1 .8 2.15 3 67. 3.97 40.66
1978 2.9) 3 75 3.44 03 2/2.5 9.37 15 35 3 15 6 3.01 (1.54 3 28 58 16
1979 6.21 1.27 198 -41 7,30 4.96 .7 6.29 14 91 0.49 1.12 167 53060
1980 2.67 1.12 1.77 357 5 1 ,61 :.i 6.87 359 1.11 1.35 143 4762
1981 .40 2.59 1 )4 1)4 2.3-4 3.42 .7,6 10(O 742 1.08 1..23 1107 39 18
1982 0.94 1 .111 2.96 .292 290 /.122 1.51 4.94 6 23 2.1 0.78 1.52 3792
1953 4.23 -/A 6.20 1.71 221 .87 .18 1.28 431 3.49 1.24 4.10 5331
1984 (.52 t.13 2.3') 2.R1} 747 6 13 6.5 4.11 ;75 ()0) 4.34 0.71 4. 81
1'985 1.h5 045 2.44 21.07 I19 1M.62 5 79 5.21 659 1 2.26 2.91 43.11
19X6 7.88 1.30 4.74 0.20 2.19 11.30 4.7'; 5.3/ 1,6! .45 1.86 3.19 46.85
1987 2.27 J 33 6.7 b 1.16 1.10 5.42 7.79 1.56 9 61 5.38 8.48 0.25 52.84
1181 2.61 2.98 5.91 1.18 1.09 4.A( 10 56 10 51 395 131 3.13 I 18 49584
1989 3.04 1.62 4.17. 341 3.14 -7.6 7.01 7.30 536 1.25 2.o 447 4927
I>'>; 1).62 4.27 1.46 1.17 299 9.2c 6.1> 7.97 5 31 2.63 1.03 10.48 43 "
1991 3 07 0.92 4.34 3.6 6.44 8.40 1() 42 9.32 1 57 699 D.45 .71 582)
1992 067 3.17 1.6 4A3 1.16 20.65 510 17810 1 71 1.91 155 0.87 63.66
19 525 2.29 .9' 4.45 7.116 290 849 98; 1.02 6I04 D.8 1.1') 57.51

1994 7 38 2.93 2.91 4.06 .05 '9.38 I).73 1049 -. 26 2 73 3.63 2.83 63.39
1995 208 3.18 3.99 4.0 2.106 7.41 10 12 13.13 1 89 6.20 1.56 0.21 .5984
1996 4.21 067 0.0b 1.8/ 9.13 9.105 ).93 8.70 2)199 68 114> 1.93 54.38
199/ 2.'1 1.34 1.87 45 2.65 /7/I A1.11 6.87 Iii? 1(81 1321 7,32 70.74
1(98 6.08 6.85 8.76 1.55 I 30 .- -- -- - 24.46

indiem p1ial yeml

Stalistic in FLb Mm Apr May Iun .lul Aug Sep Oc1 Noiv 1Dec J'PO

Mean 2.3~ 290 328 2.11 43 7.98 732 762 4.6 1.16 736 191 51.111
Stanlartl I 62 I 87 208 l 43 2. I 3.6 2.58 3 46 2.59 2.11 2,57 152 8.99
Deviai11n
Minimum 0.-.0 0,45 (11 004 1 I 2.1 2.1; 156 133 .49 '1.119 11 21 31.8±
4,alina 2 22 2,59 2.69 1.%I 3190 77. 7 13 7.1'J 5A3 119 1.b3 1.38 51.37
Maxinmm 6.24 743 8.'/6 4.6 13I 211.5 1 555 17 80 14.1 1 91 13 1/ 32 70.74

indIic'aIt'; pQl of TL-wid fur sllior and exclulcs p1iail year r-siubs
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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 Nov Dec Sum

1979 -- -- -- 2.52 3.24 3.60 4.92 5.52 10.92 0.12 0,72 2,76 34.32
1980 1.80 2.88 1.80 2,04 4.44 4.32 8.52 4.20 2.76 0.72 3.24 1.08 37.80
1981 0.24 2.28 1.32 0,00 2.76 4.44 4.56 11.28 5.88 2.28 1.44 0.00 36.48
1982 1.44 2.76 4.56 3.36 4.80 12.48 4.80 10.20 7.32 1.56 1 08 0.60 54.96
1983 3,48 7.20 3.48 1.68 1,92 9.00 3.24 3.00 4.08 2.40 0.72 4.08 44.28
1984* 0.60 -- -- 2.52 5.28 5.58 3.00 1.62 2.04 0.00 3.75 0.21 24.601

tindicates partial year

Statiste Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec POR'

Mean 1,51 3.78 2.79 2.02 3,74 6.57 4.84 5.97 5.50 [.18 1.83 1.46 43.38
Standard 1.27 2.29 1.50 1.14 1.30 3,47 1.98 3.93 3.30 1.06 1.33 1.62 8.44
Deviation
Minimum 0,24 2.28 1.32 0.00 1.92 3.60 3.00 1.62 2.04 0.00 0 0.72 0.00 36.48
Median 1.44 2,82 2.64 2.28 3.84 5.01 4.68 4.86 4.98 1.14 1.26 0.84 41.04
Maxirnum 3.48 7,20 4.56 3.36 5.28 12.48 8,52 11.28 10.92 2.40 3.75 4.08 54.96

indicates period of record for station and excludes 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

1974 - -- -- *- 5.26 21.76 -- -- 8.84 0.26 0.28 3.19 39.59
1975 0,97 2.51 2.43 0.90 13.88 4,87 8.34 5.15 10.23 6.70 (1.17 0.40 56.55
1976 0.45 1.48 3.28 0.72 8.79 6,53 6.85 ,97 10.23 1.15 2.47 1.64 52.56
1977 2.26 1,45 0.96 1.31 4.80 3.18 8,57 4.29 5.85 1.66 3.79 3.05 41,17
1978 3.65 4.18 3.50 0.67 7.25 10.9] 18.58 1.63 6,62 4.20 0.49 3.03 64.71
1979 5,75 1.52 1.32 2.78 9,36 6.52 5.03 6.83 18.95 0.37 1,75 1.06 61.24
1980 3.68 5 15 0.87 5.35 6.00 4,96 8.61 6.28 3.65 1.96 4.31 1.70 52.52
1981 0.50 2.16 3.06 0.11 4.25 4.27 4.21 8,97 7.50 0.05 4.30 3.05 42.43
1982* 3.21 2.76 6.85 5,04 9.21 -- -- 6.92 9,37 3.44 0.93 1.15 48.88
1983 5.74 6.24 9.99 0.87 1.88 12.35 7.43 4.13 4.62 6,37 1,59 3.73 64.94
1984 0.39 3.60 2.17 3.70 9.39 7.07 8.75 6.99 3.79 0.67 4.81 0,69 52.02
1985 0.36 0.55 2.58 2.04 1.74 12.80 4,26 7.91 6.89 1.76 3.21 3.15 47.25
1986 2.74 1.69 6.69 0.24 1.64 10.94 3.54 5.45 5.02 3.91 0,90 4.20 46.96
1987 1.30 1,64 8.25 0.25 3.11 5.54 8.40 2.18 11.93 5.72 8.92 0.10 57.34
1988 2.36 3.26 7,32 2.05 1.12 4.01 11.82 14,95 3.18 1.18 3.83 1.42 56.50
1989* -- -- 3,97 4.15 4.21 6.08 4,64 9,26 7.82 0.77 2.34 -- 43.24
1990* -- 4.71 2,10 0.67 1.67 10.92 8.18 8,98 5.68 3,18 2.07 0.80 48.96
1991 2.61 1.14 5.65 3,81 8.00 8.98 12.29 4.73 3,96 7,93 0.33 0.87 60.30
1992 0.42 3.70 1.40 5.09 1.53 23.82 3.57 19.11 2.83 1,65 1.55 0.67 65.34
1993 4.57 2,34 5.79 4.93 2.46 3.51 11,56 7.39 6.36 6.69 0.49 0.92 57.01
1994 1.86 2.49 2.68 6.14 4.49 10.74 10.18 12.70 8.84 1.03 3.97 2.94 68.06
1995 2.49 3.38 2.96 4.28 2,54 8.69 13.20 M 6.38 6.91 1.45 0.17 52.45
1996 5.88 0.82 6.41 2.49 8.23 9.84 3,29 11.86 3.48 6.71 0.39 2.30 61.70
1997* 3.49 1.26 -- 9.50 11,05 8.11 11.62 2.32 13.18 8.95 69.48
1998* 6.48 4.45 8,95 1.66 1.68 -- -- - - -- -- 23,22

indicates partial year
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Table A3. continuLied.

Stastic J:in Feh Mm[ Apr May In liii Au2 Scp XL Nov 1cc I'C)R

Man 2.78 2.12 4.51 2.58 5.10 4) 03 8 29 7.8 . 7.1 ',19 2.81 2 14 55 84
Stmdard I.%( [.5 2./2 1.94 x,44 524 384 4,0i .1./ 2.57 1.00 1.93 776
I tvia:11 nn

Minimum 0.36 1 55 0.5'/ 0.51 1.12 3.1 3 29 1.63 2.: 0.05 0.17 f).0. 41 17
Median 2.55 2.49 3 28 2.05 -1./ 8.9 8.37 7 19 6 56 2.14 1 91 1.64 56.55
Maxirmjum 6A8 624 999 614 138 282 158 1911 1s95 793 i8 8.95 68116

mdica1- pe iod of icLcoid for slatli n and c xcluil partia1 V0:11 csIIl

Tahle AL. Monthly and annual rain Fll (inches) at station YEIEHAW T R.

YeJit Ihm L Mar Apr May Ji Jul Aug. Scp (Ot Not 1cc Sum

177' -- - -.00 152.21 7..17 5.8 I 6 2 68 37 81
'1%66 9' 535 0.19 .11 8.17 1167 833 691 -- .86 1 127 0.13 52.34

1961 1.70 4 '.1 025 (1.0 0.91 6.92 6.14 8.31 3 02 .( t0 10 1.73 3150
1968 (.55 2.105 1 1 0 81 -. 9/ I 8 (.04 4.77 5(14 ( 1 lo 2359 1.2' 55.55

I9 ( 2.21 1.5 9.15 1.0 400 10525 6.6 11.12 41.9> 227 3.54 51.58
1'17053 30 2.14 1.59 0.39 135 - - -- . 0 26 1.03 14.02
1971 1106 0 4'i 0.06, 7.95 1. 91 9 51 4.09 3 '0.72 05 1.28 43 43
19'/2 1.14 5 12 2110 3,11 n/Il 10,11 3.24 -.. . .- 31.24

ind ales:4 parIi1 yetar

Sta.tLic Jan F 1b Mau Apr May J1m i 1l1 Aug SLp Oct Nov Dec N )R

Mean 1.849 ,42 7 I 1 1.59 11(75 6.99 7.91 4 80 5.83 1.06 I.53 47.12
StandIrd I 86 171 348 I 18 2.79 2.23 116 T.31 1 68 426 093 1.24 1.91
lknvimaion[
Minimum 1 06 1.55 ([.25 0(.0 0.94 6 92 3.24 4.09 .1,2 180 0.26 0 13 33.50
Median 1 14 3 22 1.21 0. 1 4.09 10 '0 6.o4 761 4.93 .18 1.56 1.28 52.34
Maximum 5.29 535 905 3.03 8.17 1,85 9.51 1224 7.47 10.60 2. J9 3.54 55.55

indicates perinod oi rcord for siation and excludes partial year rsait.

Tahlc A5. Moihly and annual rainfall (inches) a11 station S65A_R.

Year hi bcli Mar Apr May Ji Jul Aug Sep (O1 Noi Dec Sumu

I 1%5 - -- -- -- 1017 1(.32. 4 34 4 ()1 1/ 2.16 33.11
1966, 435 495 (.92 1166 32.4 506 >2> .89 6.8-' 160 01I8 0.50 42A.45
1967 0 (3 225 (),0 010 11,01 0 10 / 16 5.21 01.83 () 00 0 30 310.6
1'8 1 10 3770 1.10 01t 4 58 2.4 4.10 8.21 5.7 1 2.6 0.60 1 j
1)691 1 3. 1 50 5 33 .1 2.06 1( 1( -- -- 1:.23 1 93 76 39.63
1910 3.115 .37 5.13 010 5.05 1.9- 1130 4.92 3 111 11 5185 4268
19/1 0((IS 2.62 0.74 .16 2.1(8 S6 7440 4.9(8 3.4 1.66 (135 1.26 34.94
1972 1.%6 471 2.78 2.45 8.2 1 1.) 6 8 658 2.02 2.41 5,25 1.79 56(03
1973 -1.76 .0(0 1.47 4.2/ -. 1 4 82 x8 91() 7.(9 1.9: 5 .2/ 1.27 54.01
1974 0.16 1.82 010 1.34 584 17.0") 76 .1)5. 461 1.26 0.11 2.13 52.14
1975 ( 21 2.1/3 2.57 2 12 (00 4.5 6,10 7.12. 5.73 5 18 6.55) 5/85 45.86
1976 (134 .65 1.26 1.7) 91 93 8 74 7.(14 6.76 .416 [81 I 25 300 51.03
19/ 1.29 I 28 / .4 0.11 ,57 767 4336 2.2 6.A 2.-18 172 259 3524
1971[ 2.3-1 -- 2 88 0.0m 5.92 9.59 14.01 ,.720 8 09 2.12 0.66 .2-1 98 29
1979 .'_1 1.1 1.41 I62 /6 .2. 3.89 8.1?3I.7 13 46 i 93 .:5 5015

19 2.32 -- 6l 21 94 4110 6.'/2 4 1 9.2.9 44) 113 4.O 1.5/ 41.29
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Table A5. continued.

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Sum

1981 0,41 2.76 2.51 0.00 0.00 7.84 2.50 12.16 8.88 0.92 0.95 0.15 39.08
1982 1.39 2.68 4,33 5.39 3.90 9.18 8.74 4.61 11.38 4.98 1.25 0,96 58.79
1983 3.46 8,84 5.13 2.57 2.83 8.26 4.88 2.70 4.24 1.71 L41 4.68 50.71
1984 0.57 3,30 2.61 2.19 7.75 5.74 8,21 3.73 3.91 1.73 5.05 1.19 45.98
1985 0.93 0.34 2.30 2.10 2,15 8.44 7.32 2.50 6.28 2.63 1.30 2.67 38.96
1986 302 0.90 2.78 0.16 2.73 11.66 6.04 5.28 4.20 4.98 2.81 2.17 46.73
1987 3.14 [.01 5.25 0.07 4.69 5.30 7.18 0.94 7.29 5.04 8.03 0.39 48.33
1988 2.85 2.70 4.50 0.30 2.25 4.78 9.29 6.06 4.72 1.84 2.43 0.94 42.66
1989 3,04 0.62 4.26 2.66 2.06 9.04 9.38 8.29 5.64 2.59 3.61 4.96 56.15
1990 0,47 4,55 0.86 1,74 4.68 13.36 6.79 7.08 5,64 4.66 0.86 0,65 51,34
1991 3.04 1.11 6.19 4,85 11,01 8,46 8.55 1391 318 6.05 0.57 0,60 67.52
1992 0.91 2.64 1.9 3.77 0.78 17.48 6.62 16.48 6.64 2.16 1.54 1.06 61.97
1993 5.92 2.24 6.15 3.97 1.65 2.2K 5.42 12.35 9.67 5.39 1.22 1.75 58.01
1994 2.90 3.36 3.20 1.98 3.61 8.02 11.27 8.27 5.68 4.43 3.29 2.71 58.72
1995 1.67 2.98 5.02 3.77 1.58 6.13 7.03 13.13 3.40 5.48 1.67 0.24 52.10
1996 2.54 0.51 5.69 1.25 9.82 8.26 2.57 5.54 2.50 6.24 . 0.53 1.60 47.05
1997 2.46 1,42 1.82 4,56 2.65 5.92 7.77 5.63 10.51 1.30 13.25 5.68 62.97
1998* 5,53 925 8.57 143 0,92 -- 25.70

indicates partial year

Statistic Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec POR'

Mean 2.25 2.66 3.09 1.94 4.38 7.87 7.37 7.31 6.16 3.48 2.17 1.79 49.41
Standard 1.72 2.09 2.09 1.56 3.10 3.63 2.53 3.58 2.70 2.50 2.66 1.38 9.03
Deviation
Minimum 0.03 0.34 0.00 0.00 0.00 1.93 2.50 0.94 2.02 0.81 0.00 0.15 30.96
Median 2.32 2.25 2.61 1.74 3.61 7.84 7.25 6.91 5.66 2.59 1.25 1.35 50.56
Max:mum 6.24 9.25 8.57 5.39 11.01 17.48 14.01 16.48 1346 13.23 13.25 5.68 67.52

indicates period of record for station 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

19655 -- -- -- -- -- -- -- -- -- -- -- -- 0.00
1966# -- -- - 2.39 0.20 0.80 3.39
19679 3.81 -- 0.10 0.06 0.90 10.55 10.31 -- 3.53 1.95 0.65 2.26 34.12
1968 0.51 1.84 1.03 0.64 4.74 15.44 6.73 4.60 7.31 7.45 2.38 0.49 53.16
19691 .78 1.66 8.71 1.41 1.88 -- 7,14 6.03 6.80 9,67 137 3.25 49,70
1970 2.77 1.99 4.75 0.00 5,70 3,11 8,90 4,55 7.12 1.82 0,18 0.66 41.55
1971# - 2.65 0.59 0.05 3.05 9.20 8.59 4.55 5.31 4.84 0.49 -- 39.32

indicatcs partial year

Statistic Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dcc POR-

Mean 2.22 2.04 3.04 0.43 3.25 9.58 8.33 4.93 6.01 4.69 0.88 1.49 47.36
Standard 1.41 0.43 3.67 0.61 1.98 5.08 1.44 0.73 1.60 3,27 0.85 1.21 8.21
Deviation
Minimum 0.51 1.66 0.10 0.00 0.90 3.11 6.73 4,55 3,53 1.82 0.18 0.49 41,55
Median 2.28 1.92 1.03 0.06 3.05 9.88 8.59 4,58 6.80 3.62 0.57 0.80 47.36
Maximum 3.81 2.65 8.71 1.41 5.70 15.44 10.31 6.03 7.31 9.67 2.38 3.25 53.16

indicates period of record for station and excludes partial year results,
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Table A7. Monthly and anLnulal TrTall (inches) at station INDIAN 4_R.

Year Jil Fdi Mar Apr May ki Jul Aug Sep Oer Nov Dcc Sum

190. -- 4.08 424 426 -- .. -. -- 1338
19* 1 58 167 240 -- 7.Y0 535 -- -. -- ... 1300

1%2 . -- -- ).42 i 65 689 8.86 50 .1 3.8 I 02 40 12
1961 1 79 6.33 1.3 0.32 13(1 534 357 548 1/2 (185 5.12 261 5012
1'6.4 3.65 4.59 2 79 2./ *1.:1 ,1N 763 146 (1. 0.1 / .?l 0.55 5.36

1)o.1.7 499 3 .($ .l.1 .1.6 ( (1 .74 )81 109) 7 2 12l 1.2 2.134 67.37
1966 5.1) 8.13 149 1I. .1.12 9.3 i.77 482 6..') I/I 0 12 1.25 50.41
19%7 072 ;.81 (07 000 0.1 './6 12.1-1 11 28 538 1.24 .16 2.72 .15.18
198 046 1.87 1.18 034 400 14.72 6.17 2.7 3 530 2.22 .' 148.53

19'' 23') 1 6 .71 2.64 ' 46 .02 /.9. 12.27 10.75 9 84 3 44 4.00 68.3:1
1'101 2 54 130 .22 1. 4.56 3 10 7.u6 -xAh '13 3 ((7 0.39 1.11 37.9-

1971 ( 17 6.02 1.55 103 2.10 8.9 7 .1I .1 1.79 4 83 (.- 06 41.2')
1972 1.76 4.60 (1O8 7.36 403 1122 3.12 7.5( 064 274 4.31 116 48.63
1973 5.82 1.63 4 ,1 7 28 5.46 4 5' 11.42 9'3- 7.25 2 34 156 2.36 63o

19'/, 1.00 2 13 0.24 1 .9 5.71 17190 1264 10.90 -1.2(1 (0 (.38 7. 36 5344
(01 (94 456 I.37 0.'/ 7.72 8.38 I99 10.58 11. 6.1(1 . (.34 068 6499

1976 0.68 0.78 3.64 1,.4 .6 966 9.56 1(.16 98>0 I /2 3 18 2.96 6114
1977 2.8 1.2 003 0 39 364 2 1' '9 19 5.00 682 2 30 4:1 6.26 4556
1971 2.98 .. 2 194 () 31) 558 '/ 62 11.-lo 1.55 Ti5 7 5S 04 18 .17.13
1979 6 77 (0 88 2.00 2.701 9 14 6 47 7.3 4-1 1. i .2.5 1 09 1 52 59 35
1980 218 432 1.82 .1.96 6.18 67( 7,38 04 05 (II 5,47 1.35 51.76
19811 (A(6 3(6 Oi/ -- -- . . . .. .. 449
inldicatecs partial year

SLULsdie Jan Feb Mar A(pr May Jimi 1i 1 
Ju iAg Svp Oct Nov Dec fN)Rl

Mean 2.27 3.37 2.56 1.92 181 7m7 8 55 7.96 6.39 291 2.7 .18 53 18
Stalndrd 1.1 2.05 1.78 183 2.91 130 2.89 367 379 2.64 1.85 1.14 K91

M\Dinmul 0.17 ((., 0.07 0.)1 (15 278 :.11 1.55 04 025 012 0.55 317.917
Median 1.7M 324 2.00 1.59 4.31 7 16 795 1,06 6. 2310 1 42 2.34 51.09
Maximum 6.72 8 13 6.11 /.28 1361 14,77 13 45 14(/8 16.31 9.1 547 6.26 68.33

niiCxtCS JCI iUd of 'eco'd for sLlion and 1\riCcs px)ital year 'csulk.

T able AXS. Monthly and annual rainfall (inches) at station TRIPLEICLC R.

Year (all Febl Milar Apr M1y u1m Jul Au Sep (ha Nov Dec Sum

(99 -- -- -- 4.315 2.6) (.4 005 3.98 1 1.')
1'99110 I1-'7 154 ] 41 1 1 2.63 3.5 333 7.84 4 2 116 (.16 0 28 96

1990 3 ); 51 ] .14 7 6 ((3 7;7 -- .. .. .. 1557
indiales parlial y/ar

S11s11C .Inn Feb Mar Apr Maiy (un ;1 Aug 5ep (SI Nov Dcc ('Oj.

Mean 2:6 203 1:10 1.648 1 47 5,(4 33j 6. I (.32 1.23 ()l I 1.9 28.96
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Maximum stage of 50.26 (ft NGVD) on 18 February 1998
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40 nirrum stage of 45.55 (ft NGVD) on 28 May 1994
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Figure AS. Daily stage at station RATHAM.
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Maximum 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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Mxirrum stage of 48.08 (ft NGV D) 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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APPENDIX B: S65B SUB-BASIN DATA
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Figure B3. Daily rainfall at station PEAVINE_R.
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Figure B4. Daily rainfall at station MAXCEY N_R.
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Figure B6. Daily rainfall at station BONfEY.WS_ P.
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Figure B7. Daily rainfall at station S65BR.
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Table B2. Monthly and annual rainfall (inches) at station PEAVF-R.

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Sum

1979 - -- -- -- 0.72 4.32 5.64 3.48 12.48 0.00 0.48 0.72 27.84
1980 1.08 0.96 0.84 1.44 4.80 2.88 6.36 2.40 0.48 0.36 2.52 1.56 25.68
1981 0.00 2.28 1,68 0,00 1,68 2,52 3,96 5.88 5.64 1.68 3.12 0.00 29.44
1982$ -- 0.84 3.24 :3.96 5.40 5.04 -- 6.13 -- -- -- -- 24.61

indicates partial year,

Statislic Jun Feh Mar Apr May Jun Jul Aug Sep Oct Nov Dcc POR'

Mean 0.54 1.36 1.92 1 .801 3.15 3.69 5.32 4.47 6.2 (1.68 2.04 0.76 27.06
Standard 0.76 (1.801 1.22 2.100 2.30 1.19 1.23 1.83 6.02 0.8 1.3 0.79 1.95
Deviation
Minimum 0.00 0.84 0.84 0.00 0.72 2.52 3.96 2.40 0.48 0.00 0.48 0.00 25.68
Median 0.54 0.96 1.68 1.44 3.24 3.60 5.64 4.68 5.64 0.36 2.52 0.72 27.06
MuximuI 1.08 2.28 3.24 3.96 5.40 5.04 6.36 6.1.3 12.48 1.68 3.12 1.56 28.44

- indicates period afrecord for sation and excludes partial year res'l,

Table B3. Monthly and annual rainfall (inches) at station ELMAX_R.

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Sum

19721 - -- -- 2.34 5.49 7.78 3.64 5.98 2.64 1.61 6.37 2.43 38.28
1973 5,48 1.61 1.57 6.10 3.93 4.85 7.58 5.51 11.12 2.61 1.66 0.97 52.99
1974# 0.06 1.64 0.02 1.12 4,07 12.18 14,38 -- 3,97 0.80 0,15 2.38 40,77
1975 0.33 2.28 2.01 3.79 11.83 5.96 10.47 6.31 4.81 4.54 0.81 0.44 53.58
1976* 0.20 0.30 4.02 1.34 14.57 6.71 6.15 -- 7.06 0.78 2.25 2.49 45.90
19779 2.10 0.96 0,69 0.51 9,82 3,21 8,82 2.50 - -- 4,67 2.82 36.10
1978# 3.66 3.97 3.65 0.14 6.52 11.11 12.34 -- 2.80I 3.01 11.53 2.89 50.62
1979 5.32 0.78 0.85 2.29 4.41 3.25 6.20 6.83 18.20 0.66 0.62 1.21 50.62
1980 1.58 3.1(1 1.73 2.43 4.21 6.55 7.53 3.71 1,79 0.53 4.33 1.014 38.53
1981 0.30 2.37 1.56 0.21 3.83 4.20 4.30 9.83 5.98 0.83 1.51 0.15 35.07
1982 2,31 1,89 4.74 4.94 5.41 10.88 6.70 6.13 7.94 1.98 1.73 0.99 55.65
1983 3.26 5.71 5.56 1.69 1.84 9.48 2.10 4.86 3.81 2.79 1.22 4.17 46.49
1994# 0.611 2.79 - - 7.06 9.23 7,14 2.46 3.77 0.56 4.16 1.21 38.99
1985 0.63 0.38 1.57 2.4K 1.49 111.14 10.55 5.77 7.23 1.94 1.83 (1.56 44.57
1986 1.71 0.82 3.119 0.19 1.70 11.83 6.32 5.1)2 6.09 3.20 1,09 3.49 44.55
1987 1.55 1.08 5.43 0.10 2.53 6.60 5.10 2.38 13.113 4.12 9.16 l.4X 51.63
19 88 2.810 2,65 5,20 1.33 1.49 3.94 5,61 7,06 4.73 0.58 1.98 0.90 38.27
1989 4.44 0.34 3.64 1,83 2.29 6.66 11.97 7.17 5.49 1.32 2.09 3.13 50.37
1990 0.13 6.15 1.14) 0.98 5.06 8.14 7.99 7.76 6.24 2.32 056 (.28 46,71
1991 3.64 1.74 1.80 3.90 4.94 5.01 11.98 10.53 2.60 4.53 0.56 0.98 52.21
1992 0.72 3.93 1.39 4.10 1,07 19.58 3.88 8,22 4,92 1.89 1,51 0.75 51.96
1993 4.35 2.93 7.17 3.96 4.39 7.42 7.25 9.07 5.05 4.87 4.13 0.90 61,49
1994# 3.72 3.04 3.02 2.98 3.05 13.31 15.57 11.22 12.36 -- 3.76 2.92 74.95
1995* 2.73 5,56 4.32 4.54 2.05 12.46 9.16 -- -- 8.54 2.45 0.42 52.23
1996 4.67 0.36 8.69 0,93 7.40 10.90 2.84 11.68 4.86 5.19 0.18 3.84 61.54
1997' 1.75 1.96 2.30 8.20 -- -- 11.45 8.48 10.49 2.36 14,22 9 17 70.37
1998# 7.44 9.23 8.29 0.99 2.66 -- -- -- -- -- -- -- 2861

indicates partial year.
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Table B5. Monthly and annual rainfall (inches) at station MAXCEY N_R.

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Sum

19 7 4x -- -- -- -- 2.15 9.25 9.45 4.39 2.60 0.95 0.35 2.14 31.28
1975 0.45 2.06 1.89 1.56 6.59 5.25 4.62 5.46 5.18 2.35 0.94 0.68 37.03
1976 0.22 0.43 2.26 0.96 £1.11 3.92 7.02 7.24 6.98 1.51 1.92 1.51 45.08
1977 1.34. 0.91 0.95 0.06 3.59 6.38 6.4.3 4.85 6.93 2.16 6.I0 1 79 41,49
1978 1.78 3.34 3.04 0.21 5.14 12.76 9.83 1.29 3.29 1.51 0.84 2.61 45,64
1979[ 7.74 0.71 0,73 2.40 6,40 4.96 -- -- 5.53 1.07 0.98 1.55 32.07
1980 2.19 3.50 1.30 2.21 4.57 3.00 5.65 4.62 1.80 0.52 3.04 1.70 34.10
1981 0.24 2.26 2.62 0.06 2.11) 6.95 5.18 -- 8.02 3.06 2.31 0.20 32.90
1982# 1.54 2.02 5.29 5.50 5.76 6.78 6.51 -- -- 0.03 1.13 0.55 35.11
1983 3,30 7.14 3,45 2.02 1,34 998 4,71 498 5.33 1.63 1.-17 1.36 -19.71
1984 0,34 3.32 2.07 2,64 5,04 5.63 7.84 3 65 4.57 0.04 3.66 1.31 10.12
1985 0.72 0.33 1.25 1.$8 2.07 6.02 6.13 623 4.81 2.91 1.68 0.74 3:.77
1986 2.04 0.74 2.81 0.11 1.70 13.52 8.71 5.27 5.12 4.23 0.80 2.74 47.79
1987 116 0.45 5.02 0.09 2.93 5.32 6.01 0.95 9.81 4.40 7.05 0.37 43.56
1988 2,66 1,57 3.99 0.92 0.90 4,64 8.91 5,12 1.67 0.59 1.95 0.70 33.62
1989 3.65 0.60 3.21 1.18 1.46 6.91 0.68 7.58 3.80 2.83 - 1.98 2.09 35.97
1990 0.09 4.91 0.50 0.37 3.09 9.16 6.63 6.72 2.75 4.06 0.66 0.51 39.45
1991 3.62 1,84 3.25 3.52 1.74 5.16 5.16 4,45 2,69 1.66 0.29 0.83 34.21
1992 0.66 2.92 1.00 2.73 0.5X 17.20 5.59 10.70 5.38 1.19 1.82 0.62 50.39
1993 4.34 1.96 4.18 2.50 3.01 2.94 4.87 8.26 5.30 4.11 1.30 0.76 43.53
1994 1.93 3.39 1.28 3.13 0.77 11.03 6.28 5.59 8.45 3.02 2.72 2.40 49.99
1995 1.58 3.00 2.16 4.60 0.92 7.29 3,82 12,53 4,95 6O0 1.48 0 34 49,75
1996 2.27 0.58 6.03 0.97 4.89 8.00 5.17 9,44 2.10 2,50 0.54 196 44,45
1997 1.61 2.09 1,83 3,85 3,55 5.47 7,21 8,79 6.45 3.81 6.63 2.87 51.16
1998# 6.71 6.24 6.56 1.36 1.03 -- -- -- -- -- -- -- 21.90

indicates partial year.

Statistic Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec POR

Mean 2.17 2.35 2.78 1.87 3.29 7.40 6.19 6.10 4.94 2.22 2.15 147 42.54
Standard 1.95 1.82 1,70 1.51 2,46 3.48 2.01 2.81 2.18 1.56 1.91 1.13 6.08
1)eviation
Minimum 0.09 0.33 0.50 0.06 0.58 2.94 0.68 0.95 1.67 0.03 0.29 0.20 33.62
Median 1.70 2.04 2.44 1.72 2.93 6.58 6.13 5.46 5.12 1.91 1.58 1.41 43.55
Maximum 7.74 7.14 6.56 5.50 11.11 17.20 9.83 12.53 9.81 6.08 7.05 4.36 51 16

- indicates period of record for station and excludes partial year results.

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

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Bec Sum

1974 -- -- -- -- 7.23 15.45 -- -- 8.56 0.46 -- -- 31.70
19757 -- -- 1,96 2,39 6.82 3,70 8,84 3,88 8,32 6.23 0.86 078 42.78
1976 0,47 0.73 1.21 1.11 8.19 6.92 5,40 7,15 9,13 0,68 2.15 150 44.64
1977 1.62 0.78 0,55 0.57 3,0' 6,99 4.44 6 16 6.88 3.62 3.00 1 61 39.29
1978 2.74 3.88 1.72 0.16 8.10 11.71 14.86 2.73 8.22 3.01 0.45 300 0,58
1979 6.56 0.62 0.99 2.76 5.82 6.34 3.02 7.73 13.58 2.43 (.04 030 50 19
1980 0.88 4.75 1.53 3.35 5.97 8.05 9.83 9.89 6.39 0.74 5.28 1.47 58.13
19817 0.50 -- 2.02 0.11 3.61 5.70 4.69 13.77 5.46 1.03 1.73 0 10 38.72
1982 1.62 3.02 6.59 4.56 7.70 9.88 9.25 2.26 11.46 5.65 2.35 1.05 65.39
1983 4.19 8.53 5.21 2.36 1.46 8.15 4.65 2,19 5.36 2,15 l.58 4,81 50.63
1984 0.43 2.65 2.24 2.28 10.12 5.71 5.58 7.62 3.34 1.37 4.95 1.01 47,30
1985 0.58 0.35 1.93 1.98 (1.75 9.86 3.34 2.80 6.56 1.56 2.36 2.38 34,48
l986# 2.34 0.98 3.49 0.18 2.55 14.06 7.04 5.82 4.50 3.78 -- 3.60 4X.34
1987 1.45 0.59 5.80 0.02 3.10 9.75 3.61 0.71 10.02 4.39 7.24 0.73 47.41
1988 1.99 2.72 4.88 1.13 0.89 5.14 6.24 7.50 1.95 0.67 2.57 0.89 36.57
1989 4.60 0,43 3.22 1.72 1.30 6.25 7.32 4.44 4.90 1.19 2.12 2.82 40.31
1990 035 3,98 1.17 0.39 4.18 11.11 9.42 3.80 9.41 3.24 1.12 0.53 48.70
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Table B8. Monthly and annual rainfall (inches) at station S65B_R.

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Sum

1965 -- -- -- -- -- 7.24 -- 6.15 4.79 3.38 0.40 1.65 23.61
1966 3.53 2.33 0.63 1,75 7.73 8.05 6.03 4.98 4.42 3.64 0.10 0 56 43.75
1967 0.89 3.47 0.51 0.14 0.92 8.03 5.73 3.68 5.73 1.66 0.10 1 97 32.83
1968 0.84 1.2] 0.97 0.44 5.70 13.49 7.14 5.00 5.21 1.80 2.35 0.45 44.60
1969 1.76 1.57 6.69 3.36 3.54 8.61 3.22 8.19 6.21 13.20 2.39 3.27 62.01
1970 3.89 1.91 5.25 0.08 4,63 2.98 8.62 2.85 5.28 2.04 0.04 0.47 38.04
1971 0.14 4.74 1.03 0.15 1.56 5.26 5.43 4.78 4.60 4.76 0.38 072 33.55
1972 1.14 3.31 2.66 1.18 2.22 8.70 5.11 4.69 3.43 1.10 3.36 1.52 3812
1973# 5.48 1.28 3.80 2.51 5.54 7.21 8.70 5,04 9.53 1.06 0,61 -- 90.76
19741 0,19 2,89 0.17 -- -- -- 11.23 6.25 -- 1.16 0.24 1.63 2316
1975 0,57 0.89 0.89 0.41 5.17 896 4,80 8,07 6.76 2.79 0.65 0.66 40.62
1976 0.33 0.96 1.14 0.98 7.40 9.00 2.99 4.53 6.45 0.68 2.03 1.56 38.05
1977 1.08 1.41 0.73 0.15 2.91 3.58 4.09 -- 4.13 0,68 6,6 1.71 27.33
1978 1.08 2.23 2.22 0.04 2.33 7.71 15.54 5.35 4.08 2.39 2.77 2.66 48.40
1979 6.92 [.14 0.89 3.41 6.01 3.29 7.03 3,65 11.19 0.00 2.06 2.07 47.66
1980 1.93 3.51 1,69 3,65 3,17 2.59 5.98 5.11 2.21 0.61 . 2.00 0.94 33.39
1981 0.26 3.26 1.44 0,10 3.26 6,91 2.51 5,21 2.19 1.43 0.70 0.11 27.38
1982 1.20 2.00 5,41 6.32 3.40 6.93 6.28 10.15 6.34 4.59 1.64 1.55 55.81
1983 2.61 8.33 5.50 2.78 0.95 6.94 4.75 3.46 3.52 1.35 1.26 3.80 45,25
1984 0.34 2.61 2.78 3.49 9.61 7.38 8.37 4.96 2.19 0.50 4.35 1,07 47.65
1985 0.47 0.23 2,67 1,91 1.69 7.57 3.90 6.80 5.99 3.85 2.41 0.78 38.27
1986 1.74 0.63 2.48 0.13 2.31 10.39 5.04 1.63 3.73 5.55 0.40 3.47 37.50
1987 1.18 0.60 5.71 1.9L 2.51 4.68 7.26 1.19 6.81 5.52 5.83 0.41 43.61
1988 2.06 1.71 4.14 1.06 1.10 5.39 6.70 8.46 2,45 0,68 2.97 1 65 38.37
1989 1.99 0.91 3,44 2,14 1.58 4.53 7.75 7.55 8.47 2.24 1.32 3.15 45.07
1990# 0.52 4.38 1.24 1.11 -- 10.93 9.37 8.90 6.24 2.35 0.71 0.72 46.47
1991$ 3.79 1.83 3.43 3.15 5.28 5.35 7.09 4.52 -- 3.09 0.57 0.24 38.34
1992# 0.39 2.76 0.96 4.09 1.16 15.18 1.37 11.14 3.19 - 1,28 0 56 42,08
1993 4.18 2.51 4.64 4.53 2.02 3.33 5.53 3.43 3.17 2.97 0.27 0 83 37.41
1994 2.19 2.54 1.93 6.25 4.21 11.84 9.26 5.69 6.76 2.25 4 19 2 59 59,70
1995 1.52 3,07 2.28 4.20 2.63 6.80 6,75 16.53 3.96 ' 0.63 0.53 54.92
1996 3.36 1.19 6.02 1.21 6.74 7.48 4.73 5.23 3,58 2.66 0.67 1.72 44,59
1997 2.34 1,27 1.35 5,77 5,36 5,01 4.71 4.63 9.52 2.27 7.47 5.04 54.74
1998$ 4.37 8.96 9.32 3.24 2.44 0.89 -- -- -- -- -- -- 29.22

indicates partial year.

Statistic Jan Veb Mar Apr May Jun Jul Aug Sep Oct Nov Dec POR-

Mean 1.95 2.47 2.85 2.24 3.71 7.04 6.34 5.87 5.23 2.76 1.91 1.56 43 52
Standard 5.67 1.93 2.19 1.89 2.24 3.12 2.74 2.97 2.28 2.48 1.95 119 8.66
Devialiun
Minimum 0.14 0.23 0.17 0.04 0.92 0.89 1.37 1.19 2.19 0.00 004 0 ll 27.38
Median 1.52 2.00 2,28 1.91 3,17 7,21 6.01 5,08 4.79 2.26 1.28 1 54 43,68
M"Iximum 6.92 8.96 9,32 632 9,61 15,18 15.54 16.53 11.19 13.20 7.47 5(4 6201

indicates period of record for station and excludes partial year results.

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

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Sum

KREFJ997 -- -- -- -- -- 6.7 8.8 9.17 7.77 2.46 7.49 6.25 48.64
KREF1998* 5.88 8.14 6.31 0.74 2.77 2.77 -- -- -- -- -- -- 26.61
KRBN 1997 -- -- -- -- -- -- -- -- -- 0.14 0.81 0.95
KREF1998 4.96 12.13 -- 2.42 0.75 0,87 -- -- -- -- -- 21.13

* indicates partial year.
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Figure B 13. Daily headwater stage at station WEJR3_H.
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i gure 1F15. Daily l1w al stit ion WLIR3_ W.
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Figure B 16. Daily headwater stage at station WEIR2_H.
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Figure B17. Daily tailwater stage at station WER2_T.
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Figure B20. Daily headwater stage at station WETR l-H.
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Figure B21. Daily tailwater stage at station WEIR1_T.
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Figurc Bi2. Dl v headwater stage at station S65B H.
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Figure B24. Daily tailwater stage at station S65B_T.
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Figure B25. Daily flow at station S65B_S.
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Figure 1327. DaiIy headwater stag at station S65BX I T
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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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Figure 131. Daily flow data at slation S65BX2_C.
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