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EXECUTIVE SUMMARY

The objectives of this report are to present a summary of hydrometeorologic data
(rainfall, evaporation, stage and flow) available from the District Database (DBHYDRO)
for Martin County. and to develop a preferred data set after filling missing data and
checking for Quality Assurance (QA) and Quality Control (QC). The preferred data set
will be stored later as preferred keys in the District Database.

A set of procedures is presented for selecting and developing the preferred
database. The major issues with the climatic data set are temporal and spatial distribution.
Five rainfall stations out of 46 and two pan evaporation stations out of nine are selected
from the database. Monthly and yearly rainfall statistics (mean, median, standard
deviation, maximum, and minimum values) for each station are reported as well as
monthly and yearly areal rainfall for the county (tabular and graphical formats).

Surface water data are presented for six major water control structure sites: S-308,
S-153, S-135, S-80, S-48, and S-97. Historical daily data and corresponding monthly and
annual statistics are presented. Based on these statistics, a few comments regarding the
performance of these structures related to their operating criteria are also presented.
Taking into account the importance of the St. Lucie Canal, C-44. and the complexity of
the system, a schematic plot for the hydrologic system is presented for better
understanding. Monthly rainfall data plotted against net flow (difference between
outflows and inflows) data show a poor relationship probably due to major losses
occurring along the C-44 canal.
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1. INTRODUCTION

Martin Counly (Figure 1) is located in between Lake Okeechobee and the Atlantic
Ocean on the west and east, and St. Lucie and Palm Beach counties on the north and
south.

Seven major drainage basins are within Martin County: C-23, C-59, S-153, S-135,
C-44 (the Cs are named after the drainage canals, and the Ss after the control structures),
the Tidal St. L.ucie River, and the North Fork St. Lucie River Basins. The other sub-
basins within the county are: Palmar, Middle Coastal, South Coastal, intracoastal,
Loxahatchee River, Basin 2, Basin 4, Basin 5, Basin 6, Basin 8, Lake Okeechobee, and
Jonathan Dickinson.

Almost 50 percent of these major drainage basin areas are in Martin County (400
square miles). The rest belongs to St, Lucie County (273 square miles) and Okcechobee
County (182 square miles). Table 1 summarizes the different major drainage basin areas
within the different counties.

In addition to flood protection, the canals in these basins have other functions
such as water supply during periods of low flow, maintaining adequate groundwater table
elevation to prevent saltwater intrusion into local groundwater, and navigation from Lake
Okeechobece to the Intracoastal Waterway. C-44 canal, among the first constructed
drainage District works during the early 1900 (1916-1928), drains most of the Central
Martin County (189.8 square miles). Water supply for the County is frorn local rainfall,
Lake Okeechobee, and from pumping of groundwater from both the Surficial and the
Floridan Aquifer Systems.

Six major structures are located in the County area: S-48, S-80, S-97, S-135, S-
153, and S-308. A description of these structures is given in Table 2. The U.S. Army
Corps of Engineers operates and maintains project works on the St. Lucie Canal, locks
and major spillways, while the South Florida Water Management District operates the
remaining structures in accordance with regulations prescribed by the Corps.

This report presents a summary of the hydrometeorologic data set (rainfall,
evaporation, stage and flow) available from the District database (DBIIYDRO) for
Martin County, arid subsequently, a preferred data set will be developed after filling
missing data and checking for Quality Assurance (QA) and Quality Control (QC), The
preferred data set will be stored later on as preferred key in the District database.

Monthly and yearly rainfall statistics (mean, median, standard deviation,
maximum, and minimum values) for each station are reported as well as monthly and
yearly areal rainfall for the county (tabular and graphical formats). The same statistics are
reported for the whole data set..
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Table 1: Major drainage basins in Martin Coui

Basin

C-23

C-44

C-59

S-135

S-153

Tidal St. Lucie

North Fork of the St.
Lucie River Basin

Total (mi2)

Martin
County

(mi)

189.8

18.7

19.9

69.8

10.9

400.1

St. L
Cot

(nlt

82.7

0.

9.4

0

180.7

272.8

Okeechobee
County

(mi)

0

159.

0

0

0

182.1

Indian
River

County
(mi')

0

0

0

0
0

Table 2: Description of major structures in Marlin County
Control Type Location Specifications

structures (bhasin)
S-48 Fixed crest Outlet of Maintains stage greater than 81t. in the lower

weir C-23 reach when flow in the canal is adequate
S-80 Gated Tidal St. When S-308 closed, optimum stage: 15.0 ft. >

spillway, Lucie HW 14.0 ft.
navigation
lock

S-97 Gated C-23 When flow is adequate, headwater stage
spillway maintained between 20.5 and 22.2 ft. during

wet season, and 22.2 and 23.2 ft. during dry
season

S-135 Gated S-1.35 Pumping initiated when HW stage rises to 14
spillway, ft. and terminated when HW stage is less than
navigation 13.5 ft. When stage below 13 ft. and HW
lock, pump greater than 13 ft. spillway can discharge to
station Lake Okeechobee by gravity

S-153 Gated S-153 Optimum stage is 18.8 ft.; 19.1 HW 18.6 ft.
spillway

S-308 Gated C-44, outlet Optimum stage: Lake Okeechobee regulation
spillway, for Lake schedule
navigation Okeechobee
lock

Total

(mi 2)

I67.7

189.8

187,9

28.3

19.9

69,8

191,6

855

.... ~...__

L__...



2. CLIRIMAT"IC )A'A

2.1 EXISTIN(.; )ATA

'.1 I Ra inlzl

T Cl LrC rc -l rainullI Islat i llo I aClt.I at 36 sits ini M tinii ('+ nl1 y (Figtre
2). -l(owever, lr. iese sit s are not uiriotviomly distril ulcd throughout . (..'the ounty and
m11oo il them are conc ntraledc itn (- I basin, along the (' 44 canal.l. The olde st
sllioln is INI)IAN3, a Nlionalll (canic and Atl mospheric Administr'at:ionl
(N()AA) sil with .ata starting in 1929, bul willh a l:are pvia of rctissi llg cldaill
between 1934 and 1962. lahl e 3 'givcs eI l1s ofi t1he rtailfLall sitalills with locttion
and y's ol datula. I:aiLa ivnihilily for etch rainfall station i!s also stumrmarizd i l
Figure 3. Only seven raiinfatll station ,s h ave riecords fot r lltr. or t ha 0?() years. TIhe
majiorily a lls inh t ca11teo .ry iof Jless than tI yeart 04" 1 iita, 1iguire 4 gives a

repr seintallion of daily rainfall data ava:ilabilily for the wholc set ol rainfall

stations bfore QA/Q(C. It is obvious, i'rom ihgure 4, that daily rtaitrfltll dlata are
nol a vailable at the same time for the wllsle set of slations. Ihle mtaxilumi numbert

of concurrent stautios is 210 r lile period 1982 and 1986, which is rclalivcly shori
ind with sualic gisaps ol misiing data.

.1.2 1 v lapor'atioi

There are fnine evapora.tlin tes in Marin iCounty, 1.)ata availability r-ilanges
from two to fit cen yLirs. A sillullirry of fthis infor'lmiatiol is given in Fable 4.
Aling wiAh rainfall stations, tenmial arid space distrihution of evaptloration
stations are tri ajor issues, as it canl he sctt in Figures 5 atid 6. The tmaximum

niuinbetr of daily inl'ormation avatiliable is for six evalpotati()t silos, diiring the short

period of 198 3 1984.

2.1.3 (hlecr (hlinalic Da)ta

A few c lher clitric data ritt i also available in ic (Conity, such as solar
tradilitl, air l tlleperatire and water teil)peratu.Lrle. Tihese c'im ic datla are not Ipart
of this; report,

.2.2 ME1.11) OGY

2,2.1 SlatiO tall Siltc S Cle lionl

TICe Iirst stlep is to seloecl mloi ", the difl-rcint clilr:itic stla ltils the best set

)of data rt:t tliited for Itirtlier ;.analysis. IlTe seleclion procetutire is presenrted as
lollows:
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:I. , IIll s 1 rLe gf ]r-IJpCr (t I.stl i 1 Iheir p-rONility (s1alc site, close

distance). ;ligihteen groups are determined.

11. Statiotis with lltii, pleriold of rccord Ire conidcr-ed wvirhi each group.

c. All s(atioins wilh less hun ten years of eL'fectivc r'c.cri (e.g, days with
d11:n1 are diregarded inside 111(e groups for (),A/QC, 1)u1 will be used
for comletilg rmissin lta for selected r:ainalI'.ll s ation's.

i. All sI;tlions with imore than ten percent of missitng data ill tile series a1re
disreCarded. Missing inif niuaLion includes N (not processeld), X
(.llklinwnl value). A (aCCunill.idtL.) aIId M (tr.ily missinll) taHs in the

(ItaL)LIse. As in (c), ihese llt; Ire used in il.l 1 missing gaps in

selected ra.inf.ll stations.

Tche new list of rainfall stati ns is considercd Ior QA/)(".

U sing his prilocedure. five rainl'tall stations have been selected (lt ol ,16 ind

listed in Table 5. Inor S.80 and 5.308 sites, two (2) pairs of sl. ions located ill the
samic site, IhLVe been luseL d illn ordIL t comnplele the tong series of historical dali .
(S-0: 1)13K EYs 16618 and ()06237 S 308: DL3 KLYs 1658S aid 06239). F'or the
five IUSI)A siations Iocate d in M.onlreve Rknlch (M()NRFV2, MONRI V3,
MO()NRIV4, MONRI.V5, MONR1.V()., only one (MONRIEV5) has hcen
considered from tilhe r2eoulp.

2.2.2 QA/QC

For CuIILI:LatiVe ita'ily rainfall valUes

T]his is a commion case in thile (I at'abal.se (1)I)ll IYI)RO) for ImlILulal r-corders,
where daily valu.s ire sometlimnes irnululatJed during weekend lnfd holidays, and
lhnl I'LeI'f onecily Oill Mon'llda.y or' the next hL usinCss l.rv. TI le-.ior-e Ihe c lllated
valie may very often i over a tllrcc-day peri.L 'I'lThe case is ta ed il
I)I HIY)RO) as 111an A (for CLimulLIIted) )rcccd(Cd by X l12gs (unknown ,alucs).
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7}111=1i
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Figure 5. Location of pan evaporation sites in Martin County
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Figure 6. Daily historical pan evaporation data available for Martin County
(situation before QA/QC)
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A two-step approach is performed:

a. Horizontal distances between rainfall stations are used (under the assumption
that there is not much concern about the station elevation; which is, indeed.
the case for the South Florida area, where the topography is flat).

b. The cumulative daily rainfall values are distributed in proportionT to that of the
nearest station, which involves an iterative process whenever the nearest
station also has cumulative value. The relationship between the two gages can
be expressed as (Downey, 1999):

PAt) = [PA©/PB©H * PH(t). (1)

where:

PA(t) estimated rainfall for station A on day t. inches
PA© = cumulative rainfall for station A, inches

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

Whenever the cumulative daily rainfall values can not be distributed over the
period (no data available for nearby station), and the gap falls between two consecutive
months, the specific months will. not be included in statistical analysis (monthly and
yearly).

For missing daily rainfall values

it also involves a two-step procedure where horizontal distances are used to assign
rainfall value from the nearest station with value (zero or non-zero) to the missing daily
value station. If the nearest station has a missing value, it is necessary to proceed with the
value for the next nearest station. An M tag will be reassigned to the missing daily
rainfall value if there is no close station with data for the day.

For monthly rain fall values

The procedure involved is to: (i) establish regression relationships for monthly
total rainfall values between pairs of stations: (ii) check monthly rainfall totals (derived
from the sum of daily rainfall totals) against the estimated total monthly rainfall derived
from regression equations. If they differ significantly, then an adjustment to the estimated
daily values is necessary.

These three procedures described above for cumulative daily rainfall values, daily
rainfall values, and monthly rainfall values, will be used jointly and iteratively when
doing QA/QC. Regression relationship for pairs of stations located nearby (group of
stations) will be done. Pairs of monthly data point with missing values should be
disregarded. The estimated monthly value from the regression relationship will be used



jo:inltly withi iproc. _,urc ,Ict'. ed aba.a , ,i ,: l'Ir eLtIm1inl "_ m i ilu di "alu,] :' es. The lull
I''.)C .ell (l'i Scu N i h 've, , is 'w o.w\ ii . i h: 1i1L: fow c irt .f I:i urc 7.

I i .t . ca va[ r -:aliti (1.Ul

TmIna: procedulre inlvolved i]. 1t):

a., .iit irllXilllll ri [y ai i l a ';i . CLi) rat)Itl( v ll , hli s. t l'.I - irLn loLatio r, n )illh,
IinLXilillinn cxirl-ttrrC.stlia] :acliaiioii (waler .,quivaleiIt values are ().36, ).43,
0.52, (01).9, 0... (0.64, (.63, ().60, 0.54, (,46, (038, 0.3,1 inche.N/dfIly I'or Janluary
t) ITcciIher), anid n lie I:icl I11I approxirillelly . i percent of the solar

radiatlion is noti rellec teL into unliversIl space. (Giraiy, 1). 1970). 'I'hereotf.)re,
ZUaXiIillm estimalted daily pnai e:vaporation is 0.37 inCheiLs.

h, J.*:rs ilatLC daily li i 11ss 1 1. I l Clcd L!a IIg liniL.r ilerpolTI < r . il.

12.3 Fstainualing Areal Rainfall

The objective for estiiltinsg are:1l ralinfall o s to lr(ovide I daita SuLMnarya for the
historical rainfall average over th11 sLudy arICa. Thiis ;lvcrage cani be COi i]pllt]Itd in two

ways: (i) fromg ; a weighted average u..si .ig le Thiessen polygn..( 1iLmethod, whenrevcr digital
hotnLndlary for 1.1the area is available, or (ii) sil)[y Ifroit an :rilhinetic aVci ace of the datl1a.

Since th cre .,r-e years for given stati oiis without dlti , tlhc "lh'iessen polygon
lmethlod will rcLquire (diff(ercnt weight Ior c:.ih subselquent layoul of (e rainfCll stations,
and Ithlrieore w. ill not he usedc, heing c _Ub'. erst me, Arithmietic ave age will be used in this
reporl.

23 SI.IMMARY OF CLIMAITIC D)ATA

2.3.1 Rainhll

For Ihlie selected loilitoring sites inl I igure 8, hlorizonilal ditatnces are givei in
Table 6., ad mon ih.ly rL'gression LCatin sl ips are ; sum. n ried in 'Table 7 fbi six pairs i

dlla with c O lliierlnts of deterniralia n ,1 (),7 or higheCr.

Slislorical daily rainfall dall and associated monthly la;ular statistics (c.g. nean,
m;axiltmu., mininlllin median, inl standard deviation) are lprt.entedl in Appen]dice.s A and

13. The graphical satislics are ailso) prescnted in Figures 9, 10, I I1. 12, and 13., Monthly
ireans for ile sccclctd data .set varies withii ithe (oiuniy from 3.83 inchems in the western
side (S-3)j, 1o 1.77 inhCes in the easternII side (STUART). Thle maiilm daily rainfall
(16.()5 inclles) was rectrde.cd in Stuart nl October 18, 1995.



START

INPUT
Daily rainfall values

COMPUTE
Monthly rainfall values

(Disregard month with missing values)

COM PUITE
Horizontal distances between stations

Grop ..,carhy rainfall stations

PERFORM
Monthly regression analysis
with pair of nearby station

YES

ESTIMATE
Missing daily values

using best estimated monthly value

ESTIMATE
From 3-day cumulation Tags A&X

ESTIMATE
Other daily missing values Tag M

logic path
:decision
: action

Figure 7. Flow chart For estimating missing daily rainfall values
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Table 6. Distances between selected rainfall stations (miles) in Martin County

Site
STUART 1
S-80
S-135
MAYFLO 12
MONREV5

S-80
7

S-135 MAYFLO12
27 16
23 11

13

MONREV5
12
5
22

9

Table 7. Regression relationships between selected{ *t rainfall stalions (monthly values)
within Martin County

Period
(months)**

Y = 0,8231X + 1.0785 99
175
1.-i I
175i

MONREV5
MONREV5
INDIAN3
MONREV5
MAYFLO05

S-80 Y = 0.9174X + 0.3729 0.84

66 10
78 14
78 1

STUART I
MONREV5
S-135
MAYFLO12

Y = 0.8395X + 0.8232
Y = 0.9768X + 0.3385
Y - 0.7636X + 0.5851
Y = 0.9766X + 0.0666

*: only RK greater than 0.7 have been considered
**: length of period for analysis

0.73
0.84
0.73
0.98

7
5

Jan Fob Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1 1 i%,mun m ,dian MMean M.I.i, IlM) ~ OMaximum

Figure 9. Statistics for monthly rainfall at station STUART1_R (Period: 01/01/36-
11/30/98)

S-308
27
22
8
II
20

3D.D 0

Y0,00

15.DO

.I

10.00

5.00

Site X Site Y Equation Distances
(miles)

STUARTIS-80 0.72
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Figure 12. Statistics for monthly rainfall at station MONREV5_R (Period: 12/01/58-
06/30/73)
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I listo. 'ictal lii1LI I a L :u I'LI iIll l l :tua it e in A p, endix K is g alhlicaI.lly
surllilllii.d ill FiAguc 14. Iku'. associatelCd slatistl;i c's a'e plreselted in ll i lre 15. The
:innual : ca rl rainf :.u ll ra:.nges helvu w'en ...( inches (1 98 I) and 78.9) inches ( 1994),
waveragi 52.8 inCieC.s for i1 63-year perind of record (1936.. 1998 ). Long drougll

period cran hle depicted iroI ilgureLi 14. The nlCal nintly ar:el rainfall is 4.-39
incl ,s. Maxiniullln lnd llinininllli ll t III IyI1V iJVe' xg arcal rainfillls ' e 6.71 inches
(uJric) and .2.61 inch's ( ])eccllhe'r) r lespecti'ely.I The \.te and (Iry easolns arc
clearly depIcled froln F:iIuru 15: ..lunLe ani ()cl:ler all;Jrk IvCsp:ltiv ely the

egi ti ii and IC end of thei wel sc:isoli. Thle wet sea.on (32.8 inches, froi l Jule
I) OctObLAer) a']ccOL.Its for 62 per(ct o t he whole year precipitation (52.8 inches).

2,3,2 1I..vapotatio

Two sil es o(I (l nine have been se.lected or 'iant evapolration data:

MONRKEYV2. an USI.)A site (I)HKEY 06353), and S-308 :a NO)AA sitre (i)IKEY
06376. Thel periods of recr(d or Iicse Iwo sites are, rd1alively shorl: 15 years for
MON I iV2 (1959 - 1973), and 14 yiears (seven years oi m'11tltly data itand scven
years of d ily data) for S 308 (194L 1954). H-istorical dily cv:.LpoLraIiol diata. aind
nonthly statistics are ,sum umiari.cd in Appendices (C and 1). 'The slalistics are
graphically pr-esenlte inl Figures 16 and 17. The mean maxina are reached during
the mnonth oft May for ililese silte and alret 6.43 inches (M(O)N I;V2) and 6.84
inches (S 3)08), The mean llmonllthly mi nima occuirred illn D)cCLLLIltbcl f r bothll sites,
with 2.7.5 iclhes for M()NREV2 and1( 2.97 inches for S-3()8. 1'he year mai ntly
avera ges are 4.82 inches and .61I incies fo- M)NIIV2 ndV S-30)8 respectively,
Around 70 percent of eva pormion occurs during the period of March to
ScltLct iber.
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Figure 14. Historical annual areal rainfall in Martin County
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Figure 15. Statistics for monthly areal rainfall in Martin County (Period: 1936-1999)
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3. SURFACE WATER DATA

3.1 EXISTING DATA

3.1.1 Flow

There are 38 flow-monitoring stations in Martin County located at 15
sites. Table 8 gives a set of information pertaining to these stations. The period of
record varies from one to 68 years. For 5-308, the record has been extended by
regression since the structure did not exist prior to 1978 (Fan, 1985). Most of
these stations are located on the major structures (S-135, S-308. S-48, 5-97, S-
153, and S-80); the rest are located in creeks, river and ditches. Figure 18 gives
the location of the flow sites in Martin County.

Due to the flat topography of the South Florida area, it is common to
observe two-way gravity flow through some structures and canals. Positive flow
usually characterizes the flow direction for the purpose the structure was
designed. For example: (i) 5-135 was designed to remove excess impounded
water from the tributary drainage area; therefore, flow is positive to Lake
Okeechobee when pumping is initiated, and negative for gravity discharge from
the Lake to the adjacent canal (negative flows are not frequent); (ii) S-308
together with S-80 control the discharge of Lake Okeechobee to tidewater through
the St. Lucie Canal, C-44, and therefore flow is positive when water is released
from the Lake, and negative whenever water from C-44 is a backflow to the Lake.

The operating criteria should also be a guide in understanding flow
direction and characteristics. The following is a summary of the operating criteria
for the major structures in the County.

Structure S-308:

* The lock position depends upon the Lake Okeechobee stage reading;
the lock is fully open when the Lake stage is lower than 14.5 feet, and
open from 6 AM to 10 PM when the stage is higher than 14.5 feet.

* The spillway operating criteria depends on the Lake regulatory
schedule and the tailwater located on C-44 canal. There is full release
when the Lake schedule is higher than one foot, while moderate
release happens when the Lake scneu ,-e is lower or equal to one foot.
For all other times, the tailwater is maintained to 14.5 feet as water is
available.

Structure S-135:

* Pumping is initiated only when the headwater is between 13.5 and
14.0 feet. However, when heavy rainfall is predicted to raise the

n ~ ~ ~ ,: , 4' ,..
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Figure 18. Location of flow sites in. Martin. County

headwater above 14 feet, pumping is initiated to maintain stage at 13
feet until the end of the storm.

* Gravity discharge through the spillway happens when the Lake stage
(tailwater) is below elevation 13 feet.

* When the Lake stage is greater than 14.0 feet, the lock is operated as
needed between 5:30 AM and 8:00 PM.

Structure S- 153:

* Whenever the tailwater stage (C-44 side) rises within 0,2 feet of the
headwater stage, the gates are automatically closed in order to prevent
backflow through the structure.

Upstream water control stages are maintained in the L-65 borrow canal
to an optimum headwater elevation of 18.8 feet (stationary position).
Gates will close when headwater falls to 18.6 feet, and will open when
the headwater will rise to 19.1 feet.

"'""""
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* When S-3108 is cedc' .s M) ISltI ltt :1 1atIntL Itnh w r Mlde IWe lwC'IeI1 1.0)
'lee1 and 15,0 Iet., as o1)0sile.

StrIuIre C , 7:

* When flo w is ttlcILu.lta.e, hatlwatcir stage I Itls nililnedl helween 2(0.5

tanl 22.2 Ieet (low rllIgt' conditiopis) dcurirlr I'che wel se;alont (LJune to
()October), anid between .2 and 23.2 ieel (high rangle co Iditi ons)

dttrinlL the dry season (Novicmber to M:ry).

* l)aring low rittlLC conditions, gales begila to )ea.ocl w:hen headwal tr

Clcvatin.)l Ises tl 22.2 fet an(d I)egfil tI. cloas wh ien headwac itC
elcvati Ii falls to 20.5 1ccl.

* [.)uring high rnl'i. conllititns, .gtales Iei n toeii 7 1 I ii l ldWater

cL.lcvlion rises to 23.2 feet ;1Icid hegin Ito .l sc whltc heil'liwater
elevation falls to 22.2 feet.,

Strrl.lal.t r ,e S 4 :

* When flow is ade;llclqui, Ilteaclwaer sl ge i maltainitd -greater than :
f leel in the Iower reach of (C-23 to prevent ;salt\.vater illtrusion to local
grouan.water.

3.1.2 Sltgc

There are 116 s(tae -Intniiorinl stations in Marlin County locate(d at 40i)

sites. 'thie L) eives a listing of these stations with all inll lortrial ion p-ertaining to
these sites. Most of these statiiis I v. el tless Ihal1 tentl years ; dai., I iglure 19 gives
a layu it of the waller level collcclio sires.

3.2 MITIIO)DOI,)CY

..2. 1 Sl;llion and Sile Selection

)1nly the flow and sligeZ slalionsl located ill 1It' li ajor watler st-ruellties are
considcl red. i. In Ilhi manner, cx si ites Lire sclcteld '1or 'tartlhloi' a alysi.s: S-3 S, S
153, 8 1 35, ,S 8), S 48, and S-9)7. Fo r el:tch sel' lcd site., ia illi sel is h uilt based
on all xi l tinll l f w La td Stil.e ilo()n lion. *hL longest litteC srcies witlhi n the site

datw set ( low anId siace) cLre selccted flor QA/QC.,
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Figure 20. Flow chart for estimating missing daily flow values
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Table 12: Flow data summary

Mean daily
(cfs)

46

139

748

(*): hackflow (**): release

Maximum mean daily
(cfs)

3.370

8,150

419

1,799

992

9,315

Mininmnim mean daily
(cfs)

0

0.
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Mean - Mlnlmum Median - Maximum -...... .Stand.Dev

Figure 21. Monthly statistics for mean daily Lake Okecchobec backflow through S-308
(Period: 01/01/63-03/31/99)
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Figure 24. Monthly statistics for mean daily flow at S-80 (Period: 10/01/52-03/31/99)
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Figure 25. Monthly statistics for mean daily flow at S-153 (Period: 07/01/83-03/31/99)
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0 Outflow from Lake Okeechobee, C-44 canal Intiow

( Inflow (backflow) to Lake Okeechobee, C-44 canal Outflow

Drainage water from L-65 and C-153, C-44 canal Inflow

Drainage water from C-44 basin, C-44 canal Inflow

S Outflow from C-44 canal

Oiveraions in C-44, 0-44 canal outflow

Losses from C-44 canal

Figure 28. Schematic hydrologic system for C-44 canal
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Figure 29. Mean monthly rainfall, inflow and outflow in C-44 basin
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* )uillow are ii: hiloIl Iwi ' th I IIi ini t . T dif Icie e is (I I () l 'i m jor rainfIalI
C()nitr lli iltFi (v Ie'r til ltiint.1i .. ilu , I h112 1 Wi e i lc >:vcir.

* M\laj:r (ot]t.ftlo\ con[trihUlinil i , fr+.oii S-80. BackloIw~, to Lake ()keclllubce
repr)'CscntS alou(t 15 pccenlit of the 1(lal ourtlflow,

i* Inflt , ' c nlibFl utIo rolIll I\a .6 . -15.3 is relant ely io ifi cnn IA.i it icoi i .iareil

tl release flrom Lake ()kccl ce' tlilroutih S-308. It repre eleis t+only len

p)crccLtl th Lic ti al ll]fiow.

D)aily rainfall and net flow (O(utflo ... Inflow) are plotoled in Fi gurt' 30. The
irelatio shi[p 1lctweei the noiithly tot;1 all ;iilfal :andIi noithly total n,'t flow is also
plol.tted ill Fig LIIe 31. Posilive ne HOW de ttlles greater OLutflow, meaning ma.or
rainfall coitrihiluion to C.-44, canal; while niogativc i c flo)w (Ioilte.t ,C greIater'

iIIIL)W ml ealing laj i Osses (esaporati(oi, infiltl'iti(alo ) and cliversioils l .ti( T O (l
(C-44 canal. In l te first case, nct low is mostlly relatdcc to.l riiirilfil; while ill the
Seco.lttl ca se iiel flow is relalw to bohll rainftall and locse. This can explain the
poor -relationship) between these two variablces as pl(ottl'd in l'icure 3c I. A sirnilar
regre.ssiou eqLatalion ( Y = t()..3()1X - 0.05(6) with ai highler co(et.fficient of
delernirnati(mon (0.72) was given in 1987 for Marti (Cotilily (NLeaIlon, 1987). The
positive siope (01,.30) was con sidered typical for the regiom. 'l'he double rlass curve

pIlottCd ftol' cululativoe rairfall and nulative rllt fl w in C 44 for c the period
1963-1989 (FigLurn 32) shows thiat the lcl Ilow discharge relatioiship is r-elatively
con1slant tii- ough the years. The regresion coefficient is 099 and the relaitionship
is given as:

C(.nlulated Net flow - ((Cumulated rainfall x ().22? 1) + 14-,1427 (2)

3.32 Stne

Hlistorical daily stage dat are snnlmarized in Appendix i, while monlthly
and annual sillistics are slrniialri ed in Appentdix II. Surnilary ot the tabulated
data in Appendices (. and 11 is given in Table 13.- Monthllly statistics for thelic ie.an
stage tlani are LIst givei in griphical lornil in Figures 33 to 42. The following is
a few coel'l1s related to the stage data:

* Ifor S 153 wCe denote i good coitrol o the itpsxlirim staUcs (Iheadwater)

located in the L 65 loirow (anal as designed. iT mean monlct r itlily (19.0)8 feet)
falls withfin tie stage Icvels interval of 18.6-19.1 fet for gateics closing andc

o elinir. Optiluin opieratlion withl a halcdwaler elevation ofl I8.8 feet is not

oss1ble.
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Figure 30. Daily rainfall and net flow in C-44 basin
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Figure 33. Monthly statistics for mean daily headwater stage at S-153 (Period: 01/01/83-
03/31/99)
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Figure 34. Monthly statistics for mean daily tailwater stage at S-153 (Period: 01/01/83-
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4. SUMMARY

This report presented a summary of hydrometeorologic data such as: rainfall,
evaporation, stage and flow data for Martin County. A methodology has been
presented in order to fill missing data in the District database. The resulted data has
been presented in graphical (daily historical, monthly statistics) and tabular formats
for a better understanding of the results.

There are many rainfall stations located in Martin County. However, most of them
are inactive, only seven have records for more than 20 years and are not equally
distributed in the County. Wet and dry seasons have been depicted; June and October
mark respectively the beginning and the end of the wet season. The wet season (32.8
inches, from June to Octob ) accounted for 62 percent of the whole year
precipitation (52.8 inches). Long drought periods have been also depicted during the
seventy-year period of record (1929-1998). The driest year was 1981 with 35.0
inches, while 1994 was the wettest year for the County with 78.9 inches.

Two sites have been selected out of nine for pan evaporation data. The periods of
record were relatively short (14 to 15 years). Around 70 percent of evaporation
occurred during the period of March to September, with mean maxima reached
during the month of May and varying from 6.43 to 6,84 inches.

Flow and stage data have been presented for the major structures located in the
County. A schematic plot for the hydrologic system has been presented for the St.
Lucic Canal, C44, for better understanding. Negative Ilows have been verified with
both stage and flow data. Net flow (Outflow - Inflow) has been plotted against
rainfall and poor relationship has been found due to important losses (evaporation,
infiltration, and diversions) in the canal.

In terms of operation of the system, it is observed that a good control at the
headwater in S-153 of the upstream stages in the L-65 Borrow Canal was maintained
as designed; however, the optimum operation headwater elevation of 18.8 feet was
not possible. At the tailwater of S-153 located in St. Lucie Canal, C-44, backflow
from C-44 to L-65 has been fully controlled during the period of record (01/01/83-
03/31/99). Headwater stage at S-97 has been mostly operated in low range conditions
during the period of record (()3/01/86-03/31/99). Maintaining headwater stage at S-48
greater than 8 feet in the lower reach of C-23 has been achieved during the period of
record (05/01194-03/31/99) as dictated by e---..'ting criteria in order to prevent
saltwater intrusion. Gravity discharge through the spillway of S-135 occasionally
happened during a few days of the year.
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Table B 1. Monthly and annual rainfall (inches) at station STUARTI R

Year

1936
1937
1938
1939
1940

1941

1942
1943
1944
1945
1946

1947
1948
1949

1950
1951

1952

1953
1954

1955
1956
1957
1958

1959
1960

1961
1962

1963
1964

1965
1966

1967
1968
1969

1970
1971

1972
1973
1974

1975
1976
1977
1978

1979

1980

1981
1982

1983

Month
.lai Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1,87 4.58 4.15 2.12 5.60 7.26 5.48 4.23 6.39 8,70 4,78 4,56
1.65 1.88 5.65 8.27 2.94 4.88 3.97 2.99 9.42 18.81 5,92 1.06
i.00 1.32 0,38 0.08 1.94 7.64 5.64 0.61 6.66 11.14 3.03 2.06
1,34 0,17 1,33 5,16 8,99 4,50 4,94 12.06 7,19 1 1.04 0.89 1.67
2.20 3.48 6.85 1.20 2.50 5.59 3.40 7.56 16.40 3.31 0,15 6.34
6.27 5.47 2.5(1 6.38 4.87 9.72 8.56 1.66 9.51 4.71 3,44 1.70
2,-12 3.32 5.50 1.83 6.93 12.82 2.04 4.67 9,42 5.56 0.,78 3.25
0.49 0,67 4.34 1.91 7.05 5.56 8.93 3.66 7.91 2.40 3,25 0,80
2.31 0,25 0.53 2.18 2.69 4.18 9.80 4.07 8,17 10.11. 051 0.88

-- 2.00 0.02 0.71 -- 6.05 8.34 -- 12.84 7.33 2.77 2.12
2.64 1,45 1.73 0.00 ,k 9 6.51 8.51 5,42 4.18 2.17 5.86 1.84
1,29 2,44 3.02 6.62 3.13 9.03 9.11 4.73 17.24 11.85 3,44 1.27
3.50 0,83 1.87 4.86 3,38 3.29 5.09 4.33 14.86 4.12 1,16 1.30

0.87 0.42 0.45 4.07 9.40 4.56 - .. 5.84 '1,05 8.67
0.49 0.97 3,70 -- 3,08 3,36 4.52 6.74 7,21 8.33 1,19 0.58
0.55 2.11 0.28 3.65 5.04 3.73 5.20 8.27 4.97 10.57 2.36 1.23
1.29 6.62 4.04 1.51 2.30 2.86 -- 6.39 5.10 17.36 0,58 0.62
1.97 2,80 4.31 3.92 1.94 8.66 10.77 6.63 14,51 -- 2.14 5.00
0.33 3.31 4.37 4.01 6.77 10.38 7.80 8.88 12.27 6.75 4.20 1.01
2.49 1,93 2.29 5.25 3.51 9.61 3.08 4.06 2,18 5.09 0,17 3.86
2.17 2,60 1.15 2.75 5.17 2.60 6.55 4.43 5.12 5.66 0,63 1.85
1.77 4.02 3.43 5.77 5.78 4.76 8.42 7.97 6.14 8.70 1.53 3.67
10.66 0.69 5.58 2.62 8.35 3.04 4.34 3.30 5.04 9.19 2,30 5.52
5,14 0.55 8.65 6.30 4.35 11.46 6.86 9.42 13.24 11.86 6,64 3.31
0.23 4.58 1.74 5.47 1.73 7,71 11.53 4,60 18.45 2.12 1.68 1.06
4,46 0.76 4.98 1.63 11,02 4.33 1.13 6.32 2.39 4.80 1,80 0,14
1.39 0.77 3.53 2.56 1.44 8.18 13.12 11.91 6.18 0.89 1.42 0.20
0,90 4.59 1.54 0.82 2.73 6,10 2,17 2.51 10,05 10.36 2,80 10.06
2.25 3.95 1.37 2.84 3.85 4.40 6.58 15.11 5.18 11.81 2.38 2.51
0,61 4.28 2.27 1.10 0.65 7.13 7,69 2.62 5.36 6.47 1,62 0.77
6.36 3.86 3.37 4.12 3.69 15.48 3.70 5.66 8.11 6.91 1.20 1.27
1,09 1,86 2.56 0.11 0.33 9.90 7.66 7.99 4,95 9.25 2.84 1,11
0.52 2.22 0,93 1.78 8.38 13.72 8,29 6.15 6,57 6.39 2,65 0.12
2.02 1.28 5.52 1.17 7.12 3.31 3.45 8.54 6.79 6.82 2.41 3.45
4,94 4.56 18.12 0.00 5.31 7,59 2.40 1.50 8,12 9,37 0.40 0.28
0.46 2.33 1.68 1.98 6.75 4.14 7.01 2.87 8.44 5.43 4.21 4.72
1,67 1,85 3.68 6.45 7.37 11.12 11.14 3.30 3,60 2.49 4,61 2.63
4.51 6.0(13 2.07 0.89 4.30 7.92 5.56 6.94 6.82 6.87 0.91 1.48
1.87 0,80 1.40 1.36 3,47 8,25 12.44 5.06 3.59 4.40 3,22 2,04
0.16 1.53 1.59 1.46 8,82 7,48 4.55 1.97 6,04 3.04 0,90 1,30
0.46 2.63 0.03 2.57 9.17 6.68 3.15 6.53 2.82 4.08 5.94
3.52 0.68 0.59 0.21 3.37 3,56 5.49 3.96 12.40 6.99 3.65 4.46
3.10 2.19 2,28 2.61 4.99 3.92 6,14 3.42 3,22 4.25 3.08 7.23
7.03 0.66 1.05 4.08 6.38 3.84 3.07 5.36 -- 2.70 5,42 1.95
3.42 3.30 1.41 1.42 5.01 5.17 -- 3.26 4.71 2.47 4,20 0.30
0.67 1.82 0.65 0.71 4.21 1,89 2.72 8.72 10.86 3.39 1,93 0.45
0.81 7.28 13.01 3.56 13.50 9.07 8.74 5.17 6.63 2.41 12.71 2.35
3.83 13.47 5.72 2.85 2.32 6.79 6.89 -- 6,73 12.69 2,20 5.49

_I _ _
Year
Total
59.72
67,44
41.50
58.28
58.98
64.79
58.54
46.97
45.68

49.50
73.17
48.59

**

47.96
**

*4*

70.08
43.52
40,68
61.96
60.63
87.78
60.90
43.76
51.59

54,63
62.23
40.57
63.73
49,65
57.72
51.88
62.59
50.02
59.91
54.30

47.90
38.84
48.98
48.88
46.43

38,02
85.24

**
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lable 12. Monthl v and annual ra(if ll incsh' I st:in .S80 R

Year
1940
1941
1942
1943
1944
1945
1946
1947

1948
1949

1950
1951
1952
1953
1954

1955

1956
1957
1958

1959
1960

1961
1962
1963

1964
1965
1966

1967
1968
1969

1970
1971
1972
1973
1974
1975
1976

1977
1978
1979
1980
1981
1982
1983
1984

1985
1986

1987
1988

Month
,Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
-- -- -- 0.96 3.73 6.26 5.12 6.66 13.51 4.02 0.15 4,58

6.11 4.49 2.81 7.05 3.22 15.82 8.25 5.88 7.91 3.79 2.I04 0.96
1.36 3.22 3.70 3.00 5.26 1.1.53 2,09 2.91 12.16 2.70 1.58 3,15

10.75 1.12 6.15 3.06 5,99 1.75 4.61 2.43 9.16 2.95 4,78 0.18
0.4 0.22 0.92 4,81 -- -- -- 4.49 4.55 13.09 0.61 0,02

4.94 0.00 2.54 0,47 -- 4,47 -- -- 4,.37 -- 1,21
1.83 0.81 1.69 0.17 12.19 4.90 10.36 6.63 -- 1.03 7.80 5.64
0.50 2.75 10.98 8.25 -- -- 11,86 5,95 22.67 11.79 0,74 0.87
3.03 0.17 1.89 4.47 4.70 3.31 3.32 5.94 15.50 2.71 0.44 0.67
0.47 0.95 0.22 1.07 5,20 8.89 4,40 12,98 6,76 3,42 0.92 7.04
1,24 0.55 3.31 2.76 5.78 3.81 3.22 7.21 7.58 13.77 1.46 0.96
0.A1 2.06 0.58 6.26 6.20 4.75 7.54 4.86 2.33 12.90 1.69 0.69
1.40 6.27 3.64 1.84 1,74 2,74 6,42 5,95 5.86 11.63 0.12 0.43
2.18 2.18 2.50 4.88 0.27 1.,26 10.29 5.89 I1.11 9,60 J.62 2.38
0,46 2.73 2.69 3.39 6.18 1.0.08 6.25 7.67 10.91 4.76 3.43 1.03
1.29 3.36 1.29 2.98 1.99 10.66 3.87 3,77 2.54 3.15 0.02 5.67
1.100 0.54 0.23 2.72 3.07 5.87 4.65 6.61 4.64 5.73 0.22 2.58
2.76 3.12 3.17 5.07 5.06 5.17 9.67 10.24 4.55 9.29 1.10 3.81
9.02 0.69 4.93 2.82 7.17 3.64 4.66 2.63 6.43 7.42 1.50 5.93
4.34 0.31 7.26 4.48 9.80 12.69 5.65 7,13 9.10 8.23 5.42 3.88
0.25 5,41 1.66 7.36 4.85 10.07 8.68 4.88 19.42 3,79 1,19 0.48
3.97 0.64 1.28 1.77 9.50 3,82 1.39 6.97 1.55 4.88 1.64 0.02
0.98 0.64 3.20 5.30 2.10 7.82 8,90 12.78 9.49 0.76 0.81 0.08
0.77 4.08 1,36 0,23 4.74 6.43 3.51 3.26 8,82 5,70 2.88 8.11
2.03 2.53 0.23 2.63 3.42 4,15 7.38 12.79 4.89 11.48 1.18 1.62
0.82 4.79 1.92 1.26 0,36 9,04 3.34 4.21 6.13 8.16 0.52 0.68
7,00 4.57 2.53 4.31 3.66 15.08 4.01 4.17 7.64 9.05 2.41 1.19
1.28 3.45 1.74 0.07 1.30 7.95 5.09 9.74 5.89 14.78 1.10 1.24
0.33 1.97 0.43 0,25 8.44 15.1.0 7.15 7.76 7.59 9.45 2.36 0.00
1.64 1.45 4.74 1.29 13.19 2.59 5.06 4.83 4.50 9.83 2.14 2.33
5.39 4.11 13.13 0.00 4.57 9.27 4.06 4.39 7.88 5.91 0.00 0.11
0.47 3.69 1.66 0.19 10.19 3,86 8,89 5.74 7.19 5.09 4.76 2.37
0.59 2.51 3.11 5.38 14.31 14.16 5.81 3.07 3.03 3.56 3.26 2.26
2.58 1.99 1.49 1.34 3.48 6.36 11.26 8.29 9.02 5.19 2.19 1.17
2.16 0.12 2.27 0.93 3.53 10.98 12.26 3.31 4.91 5.43 3.19 1.21
0.39 2.43 1.01 0.83 8.70 9.28 8.42 2.51 8.73 3.20 1.58 0.57
0,31 2.65 0.03 2.09 15.01 8.03 4.97 9.22 6.25 1.43 3.64 2.91
2.74 0.23 0.21 1,29 1.10( 6.14 6.74 5.29 9,56 8.70 4.17 4.43
1.92 1.67 1.82 1.74 3.43 -- 6.96 2.31 3.92 4.71 3.08 10,72
5.79 0.25 0.97 3,63 8,73 3.25 2.46 2.55 17.12 2.70 3.26 1.63
1,83 4.31 2.06 1.30 4.84 3.77 6.88 2.74 2.90 4.38 2.59 2.39
0.61 1.98 1.02 0.28 4.52 2.09 4.74 15.73 5.75 2.57 (.99 0.57
0.89 2.63 11.46 4.50 12.28 12.01 10.06 5.93 5.63 2.95 12.53 2.22
4.26 -- 4.12 2.76 0.65 6.47 8.93 14.14 6.78 11.20 3,67 3,99
0,90 2.09 5.61 1.69 3,63 4.40 5.21 4.94 10.69 1.30 6.62 0.02
0.95 0.06 4.74 8.39 0.49 4.00 6.78 5.37 10.29 -- 1.28 3.45
5.72 1.30 4.20 0.04 2,08 14.53 3,99 4,37 1.62 7.35 1.77 2.98
1.22 0.46 1.26 0.08 3.24 2.79 8.21 3.74 6.17 6.69 7.82 0.03
2.25 4.23 2.10 -- 3.30 3.06 10.30 2.76 1.54 0.42 3.65 --

Year

'Total
* *

68.33
52,66
45,93

**

4*

**

46.15
52.32
51.65
5(0.27
48.04
64.16
59.58
40.59
37.86
63.01
56.84
78.29
68.04
37.43
52.86
49,89
54.33
41.23
65.62
53.63
60.83
53.59
58.82
54.10
61.05
54.36
50.30
47.65

56.54
50.60

52.34
39.99
40.85
83.09

**

47.10

49.95
41.71

----
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Stattistic ,Ian i l Mmr- A p- May lin lil ,Aug Sip ()ct Nov Ile" Pl.),H.*

M l23r l 2.47 ..23 .I .01 72 6.21 7 7.62 ' .. 7.1 2.11 55.84
Si;i il. I)ev 'i) I. 5 3..14 2.48 .'/0 i ..11 '6 .100 ..( 12 -.111 './' 30 1I2.35

Miniiitniin UJ.2.5 l.0o 0.00 0.0 ) 0.27 1.77 1.3 2..113 I I 1 i .12 ().(0 0.( . .43
M din:li 1.:5 ..25 2.10) 2.76 .76 6.A 5, i, 5'l1 6.7.8 i .51 ! i I 13 53.61

Matxi111 u.112 111.5 1.1.91 ,9 1 5.01 15.82 12.2r 22.64 2 2 7 1 7' 13.36 10.72 9..32

: id l icatI CS pii)en li OfT(c r(Ids fi tation in11 d tx ltls, i:1nii y.li r esult.;
. irl icti l.' 'ILtial yd 'aril

-- ; ilile' no data 11 valbc or In' ,: .. ps 01 " T win! data

\lniit 911m1th
Yriar .1n 1F(A) Mar Air Na ,Jm u .1I .. Autl Sep (Oct No) IPeg

1981) 1.3.5 (.2 .. ( T 1 77 8.10> 7.(0 3.' /.12 (1 : . i .1
I'90 J I. P l 131 3.13 1.8 l .2 . (t 10.45 10 Tll . .7 1.3') 0.44

1'I9 1 -.6() .11 1.7 .12 .' :'1 i. 7 ( 97 1..15 (1.0(, 1.O / 'I.0

1'1) 2 1.4' .. 4 I. .8 (1 0 ). .1 I I.(15 4.00 14. 2 .4 , ..1 1 10 ( 0.76,
1 9:i. 7.()0 .10 .5 3.1 ) (.i.8 ... I ,.9 7 .1:3 I 1. .) i I. ' ;...() o( .1.i

1)94 4..2(} ;'.97 ?, 0 I .95 3.76 7.0 9. ] 1:..2 I 1 1 7 :21 3..6 r 2
1995 . 2.12 3.7'9 8.-4- 2.65 1() 1 I )3 72.64 6. 7( I1'.17 0..i1 .'

96 1.6.5 0 I .91 1.71 1 .157 5.1)3 5.50 .. 43 4.7 5 2 77 1.895

190)/ {9 :, . 16 55 1 3.14 /. 1/ 2.5 ( 9.71 .75 I).2 4.4.1 4./
1998O .1I 1(0.57 5SU 3. A .. (. / 5..' 1(, l1 ! 3:. I. !..44 2...7

I1990 3. 1.3') 0.92 ..

T tI c 132. ( .llitnuci

YV ,l r'

59.11
%f. I

6) 95

{15. 12

5'. 1

73.7-1
: :



Table B3. Monthly and annual rainfall (inches) at station S 135_R

Year
1971
1972
1973
1974
1975
1976
1977
1978

1979
1980
1981
1982
1983
1984
1985
1986
1987
1988

1989
1990
1991
1992
1993
1994
1995
1996

1997
1998
1999

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

2.98 1.17
2.71 2.05
1.07 0.33
0.22 2.39
0.17 2.70
3.49 1.96
3.32 1,72
4,28 0.22
2.94 1.81
0.77 2.13
0.71 2.48
3.99 R.48
0.71 3.1.71
0.45 0.19
2,75 0.69
2.55 1.57
1.95 2.84
1.02 0.07
0.60 2.16
3.35 1.30(
0.76 3.13
8.72 3.13
3.25 5.08
2.97 1.44
1.99 0.33
1.20 0.19
2.42 7.65
2.07 0.60

0.36 2.48
4.46 1 17
0.10 --
1.45 0.84
0.10 2.34
0.58 0.19
2.80 0.97
2.42 0.60
2.61 2.39
1.30 0.23
7.95 2.05
5.25 3.18
3,95 3,06
2.12 ,.32
3.70 0.19
3.64 0.00
3.05 2.72
3.13 7.05
0.53 0.92
2.21 5.63
1.43 2.84
.5.52 [.21
5.85 6.74
3.07 0.98
8,13 1.45
2.85 6.45
5,53 0.94
0.40 --

4.51
6,45
2.09
5.13
9.81
2,28
1.45
8.23
6.13
1.87
3.87
1.63
4.36
0.99
2.15
4.54
1,24
1.41
2.00
2.40
0.58
0,93
2.29
5.95
6.28
4.75
1,42

8.10
3,67
9.96
1.88

10.49
4.58
8.12
1.37
1.79
3.83
9.79
8.10
5,77
5.53
12.09
4.82
8,45
6.05
5.23

15.62
8.19
5.98
6.32
6.85
6.75
4,97

2.67
9,78
1.1.85
2.83
5.20
4.72
5,07
3.25
8.85
5.01
3.95
5.04
9,33

7.41
7.40
7.32
4,55
4.65
6.77
8.99
8.16
3.27
4.01
5.48
2.54
7.45
3,63

3.18
5,76
7.14
5.21
5.00
7.82
5.26
9.08
4.53
10.54
5.07
7.51
3.33
3.02
8.05
2.74
4.91
11.45
8.09
3.74
5,69
1,75
8.04
11.56
2.21
3.11
7,37

7.53
3.58 1.64
4.36 8.90
3.93 1,93
9.85 3.08
6.18 1.26
9.31 2.13
4.18 5,22
17.35 1.42
7.22 1.54
7.53 0.8 1
4.97 2.)40
7.19 3.99
7.72 0,61
10.33 1.59
7.70 3.39
6.12 5.29
1.62 0.79
6.90 7.35
8.44 3.52
4.18 3.51
4.56 2.50
7.34 3.41
6.00 2.55
7.97 9.24
3.15 5.24
8.85 0.30
7.06 1,84

3.07 4.03
3.45 1.49
0. 1) I.26
1.32 1.67
1.59 0.20
2.48 1.83
3.77 2.95
2.00 4,26
1.53 1.72
2.53 1.80
0.92 0.07
3.20 0.70
2.72 3.43
4.1I I 110 8
0.51 1.94
1.63 3.27
6.77 0.28
4.65 0.92
0.57 2.32
0.71 0.52
1.62 1.17
3.61 0,71
1,91 0.60)
4.22 4.75
0.57 0.34
0,96 1.67
2.90 3.94
7.49 0,50

Year
Total

4*

35.61
50.67

34.67
47.56
43.78
44.37
51.47
44.14
35.01
47.14
60.51
46.73
36.40
53.01
45.64
37,69
51.97
39.49

*4

49,59
45,98
58.76
55.89
40.80
48.74
50.82

**

Statistic Jan Feb Mar Apr May .lun Jul Aug Sep Oct Nov Dec P.O.R,*
Mean 2.26 2.20 3.02 2.27 3.51 6,70 5,90 5.97 6.80 3,32 2.53 1,73 46.26
Stand. Dcv 1.76 2.05 2.22 2.06 2,44 3.25 2,49 2.77 3,03 2.48 1,81 1.39 7.23
Minimum 0,17 0,07 0.10 0.00 0.58 1,37 2.54 1.75 1.62 0.30 0.10 0.07 34.67
Median 2.25 1.89 2,83 1.75 2.29 6.19 5.07 5.26 7.06 2.53 2.24 1.58 46.73
Maximum 8.72 8.48 8.13 7.05 9.81 15,62 11.85 11.56 17.35 9.24 7,49 4.75 60.51

*: indicates period of records for station and excludes partial year results
** : indicates partial year
-- ; indicates no data available or large gaps of missing data
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Table BS. Monthlv and annual rainfall Rinches at station S3)8 R

Year
1940
1941
1942
1 943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957

1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972

1973
1974

1975
1976

1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987

1988

Month
Jan Feb Mar Apr May Jun .Jul Aug Sep Oct Nov Dec

4,00 4,41
1,40 3.17
0,06 0.40
1.19 (.,)8
-- 0.23

0.82 1.86
0.15 2.16
2.99 0.00
0,00() 0H)
0.02 1.64
0.00 1.75
0,97 4,19
1.38 1.59
0.00 2.56
1,64 0.58
0.63 1.16
2.42 2.47
7.06 0.51
1.18 0.32
0.00 5.79
1.73 0.31
0.26 0.92
0.86 3.85
1.48 2.41
0.21 3.99
4,00 3.73
0.88 3.19
0.25 2,38
1,51 2.02
3.11 3.64
0.19 2.22
1.76 1,39
1.69 1.83
1.29 0.22
0.92 2.23
0,16 2,00)
4.53 0.66
2.94 1.66
6.75 0.14
2.98 1.84
0,94 1.16
0,46 2.35

-- 9.83
0.81 3.30
0.54 0.12
2.45 0.68
1,64 1,10
1.99 2.83

-- 2.92

3.73 9.07
5.11 1.79
2.12 3.10
1,61 3.38
0.00( 0.69

3,27 0.00
9.00 2.53
1.92 3.97
0.04 1.61
4.70 0.33
0.68 4.72
1.24 1.50
1.43 3.26
2.42 6.88
1.48 3.08
0.70 3.88
3.52 4,81
5.85 3.32
4.36 1.64
0.70 3.97
1.98 1.41
3.86 4.17
0.64 1.37
0.36 4.29
1,95 0.19
0.80 4.50
1.06 0.05
0,88 0.20
6.53 1.54
14.65 0.03
0.90 0.17
2.38 4.23
3.15 0.87
0.19 2.20
1L.93 0.27
0.09 1.07
1.24 0.73
3.07 1.46
2.36 1.51
1.67 2.77
1,00 0.10
9.62 0.75
4.42 3.41
4,19 0.56
2.20 3.07
3.19 0.09
3.44 1.02
2.32 0.14

2,93
1.89
7.66
1.32
5,27
1.75
5.37
5,82
1.09
1.64
4.65
1.59
3.50
1.25
4.16
1.58
1.93
4,46
6.64
8.88
2.90
4,45
0.45
3,99
3.88
1,40
4,47
3.44
8.23
5.43
9.24
6.12
3.60
3.86
1,75
4.84

2.71
3.89
5.55
5.87

7,63
2.78
7,41
1.74
1.91
2,71
3.69

7.44 4,92
3.09 10.81
7.66 5.25
6.91 8.30

1.44 --

-- 6.58
6.09 6,38
5,90 8.02
2.10 9.51
10.09 4.64
1.41 7.54
10.58 6.78
2,71 6.22
13.,58 9.93
10.22 4.95
10.04 7.77
3.12 1.97
2,12 4.87
3.33 3.50
9.16 6.45
4.97 3.01
1.95 3.61
4.38 7.22
7,40 5.34
8.16 11.70
10.68 7.73
12.05 5.45
11.79 6.30
14,75 5,67
8.08 4.69
7.19 6.97
3.23 9.11
10.98 10.91
8.70 11.54
11.28 3.67

13.48
6.47 3.38
2.06 7.33
- 8.02

3.54 3.27
1.20 4.72
0,98 4.05

-- 7.50
6.45 2.66
6.13 7,77
6.74 --
9.80 7.32
5.59 4.64
4.83 9.55

8.02
4.42
5.88
5.15
3.46

2.98
5.74
7.71
10.89
4.90
7.13
5.47
10.22
2.75
7.67
3.57
4.39
4.35
3.42
3.56
5.91
4.07
5.43
9.61
8.77
5.23
8.033
3,84
5.87
9.,)4
5,69
5.78
6.57
7.60
3.56
9.86
8.38
6.33
3.64
4.63
9,72
4.17
3.80
3.31
0.55
4.02
1.21
13,58

6.71 0.96
8,30 5,09
1.76 0.40
6.78 1.39
5.72 7.37
11.52 6.59
4.98 1.71
14.29 10.35
10.57 1.75
6,76 3,04
2.84 9.57
6.66 8.45
10,21 9,49
7.51 6.69
7.34 3.29
5.86 1,95
5.17 8.74
7.71 2.43
5.52 2.39
7.19 6.33
11.22 3,20
1.15 4.66
7.53 3.25
3.12 1.31
3.54 4.58
3,96 10,26
3.50 9.37
8.41 6.09
5.79 8.26
8.67 11,15
2.45 2.90
4.25 9.25
2.95 1.48
2.34 4.93
9.19 2.17
6.33 3.77
3.57 1,74
11.67 2.84
9.34 3.45
14.90 2.88
9,70 2.26
4.23 0.90
5.53 1.15

-- 6.25
7.80 0.40
6.16 2.74
7.34 2.98
2.82 6.70
1.19 0.38

0.18
2.53
0,79
2.07
0.27

1.417
4.70
021
0.32
0.84
1.47
1.79
0,20
9,98
1.09
0.12
0.19
0.74
0.06
2.42
1.04
1.19
1.87

2.15
0.12
0.12
0.34
0.16
2.15
1.78
0.09
2.41
1.84
0. I (
1.66
0.57
2.87
5,33
3.16
2.12
1,81
0.92
1.90
1.73
4,61
0.00
2.55
5.93
5.38

Year
Total

60.31
42,54
37,79

39.79
65,07
41.94
42.34
39,72
50.18
46.16
58.,84
47.07
44,79
31.13
45.63
45.98
52.74
40.88
28.38
38.14
41.08
51.11
50.26
53.84
50.93
52,42
60,65
59.50
45.67
49.76
47.01
42.19

**

52.04
**

48,10
40.57
26.21

46.36
**

44.74
36.83
46.71
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iable B6. Monthly and annual areal rainfall (inches) in Martin County

Yearl

1936
1937
1938
1939
1940
1941
1942
1943
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984

Month

.lan Ielb Mar Apr May Jun ,Jul Aug Sep Oct Nov Dec
1.87 4.58 4.15 2.12 5.60 7.26 5.48 4,23 6.39 8.70 4,78 4.56
1.65 1.88 5.65 8.27 2.94 4.88 3.97 2.99 9.42 18.8 5.92 1.06
1.00 1.32 0.38 0.08 1.94 7.64 5.64 0.061 6.66 11,14 3.03 2,06
0.34 0.17 1.33 5.16 8.99 4.50 4.94 12.06 7,19 11,04 0,89 1.67
2.20 3.48 6.85 1.69 3.05 6.43 4.48 7.11 12.21 2.76 0.16 4.68
5,46 4.79 3.01 7.50 3.33 9.54 9.21 3,99 8,57 4.53 2.67 1.88
1,73 3,24 4.77 2,21 6.62 10,67 3.13 4,.49 7.78 2.89 1.05 2.69
0.43 0.73 4,21 2.69 4.79 5.74 7.28 3.75 7.95 2.25 3.37 0.39
1.45 0.18 1.02 3.46 3.98 2.81 9.80 4.01 6.15 10,19 0.46 0,35
-- 2.39 0,01 1,31 1.11 6.05 6,46 -- 11.20 6.15 2.12 1.56

1.76 1.37 2.23 (0.0 8.92 5.83 8.42 5,01 3.54 1.64 6.12 3.04
10,65 2,45 7,67 5,80 4,48 7.47 9,66 5.47 18.07 I1.3.1 1.46 1.01
3.17 0.33 1.89 4.43 3.06 2.90 5.97 5,99 13.64 2.86 0.64 0.66
0.24 0.61 0.23 1.04 3.64 9.46 4.53 12.16 6.76 4.10 0.94 6.17
0.63 1.05 3.90 1.31 4.50 2.86 5.09 6.28 5.88 10.56, 1,37 0.73
0.32 1.97 0.51 4.88 4.28 6.35 6.51 6.75 4.65 10.64 1,95 0,.66
1.22 5.69 2.97 1.62 2.51 2.77 6.32 5,94 7,06 12.83 0(.30 0.50
1,84 2,19 2.75 4,0)2 1,15 11,17 10.33 7.58 11.04 8.15 1.58 2.80
0.26 2.87 3.16 4.76 5.70 10.23 6.33 6.43 10.17 4.93 2.91 1.15
1.81 1.96 1.69 3.77 2.36 10.10 4.91 5.17 3.53 3,40) 0.10 4.18
1.27 1.43 0,69 3,12 3,39 3.86 4.39 4.87 4.98 6.71 0.35 1.50
2.32 3.20 3.37 5.22 5.10 4.02 7.65 7.53 6.13 6.81 1.12 4.39
8,91 0.63 5.45 2.92 7,39 3.34 4.17 3,43 5.66 6.33 1.29 4.49
3.44 0.37 6,84 4.32 6.93 10.95 6.00 6.60 9.26 8.97 5.33 3.21

.15 4.87 1,30 5.72 3.36 7.6R 7.87 4.44 17.15 3.22 1.24 0.62
3.53 0.58 2.66 1.58 8.88 3.71 2.16 6.64 1.62 4.62 1.50 0.11
1.03 0.83 3.77 4.57 1.75 6.80 9.85 10.08 8.18 1.31 1.18 0.17
0.88 4.15 1.00 0.79 4.33 6.14 3.49 4.09 7.39 5.52 2,48 7,97
1.83 2,75 0.62 2.97 3.88 5.39 8,93 12.16 5.23 10.42 1.21 1.55
0.54 4.41 2.32 0.66 I.00 9.30 6.66 5.48 5.09 8.67 0.78 0.86
6.09 4.21 2.17 4.30 4.46 14.96 5.07 5.26 6.68 8.25 1,49 1.11
1.05 2,83 2.01 0.16 1.80 9,98 6.95 7.90 5.74 10.79 1.45 1.27
0.42 2.04 0.67 0.57 7.76 15.22 6.45 5.87 7.06 8.26 2.26 0.08
1,76 1.56 5.52 1.32 9.36 5.40 4,40 6,43 6,86 10.(04 2.04 2.51
4.38 4.00 14,92 0.10 5.79 7.92 5,60 4.93 6.48 5.43 0.12 0.18
0.34 2.62 1.25 0,67 7,46 4.74 8.87 5.80 6.81 6.80 3.93 3.14
1.54 1.62 2.53 5.07 7.55 11.04 7.08 3.61 3.02 2.56 3.09 2.07
2.99 2.84 2.51 1.06 4.16 6.89 9.82 6.89 5.64 6,47 0,83 1.34
1.60 0.37 0.99 1.50 2.71 10.12 10.06 5.78 5,41 3.48 2.35 1.47
0.42 2.15 1.50 0.85 6.87 6.21 7.32 3.31 7.74 3.27 1.16 0.60
0.28 2.50 0.06 2.02 11.33 7.92 4.18 7.25 5.63 1.81 3.27 2.94
3.57 0.88 0.66 0,61 2.37 4.09 6.07 6.36 10.74 5.17 4.23 4.101
2.82 1.81 2.49 1.70 3.44 6.02 6.5 ' " 5.17 4.41 2.83 6.63
5.96 0.32 1.70 2,46 7.22 3.00 3,01 5,16 16.46 2.43 3.08 1.69
2.79 2.82 1.94 1.97 5.46 2.98 7.03 3.79 6.13 2.66 2.78 1.40
0.75 1.77 0.99 0.33 3.16 2.20 4.13 11.18 7.09 1.92 1,19 0.32
0,72 3.69 10.51 2.72 9.32 9.12 7.56 5.09 5.71. 2.23 7.59 1,50
4.28 10.47 4,88 3.05 1.85 6,.95 5.88 8.48 6.63 8.53 2.58 3.90
0.83 3.72 4.58 1.60 6.63 5.38 6.57 3.99 8.74 0.99 6.59 0.15

Year
Total
59.72
67.44
41,50
58.28
55.41
64.48
51.25
43.56
43.86

47,94
75.51
45.56
49,87
44.17
49.47
49.73
64.60
58.91
42.97
36.56
56.87
54.01
72.20
57.61
37.58
49.52
48.23
56.91
45.76
64.02
51.92
56.63
57.18
59.84
52.42
50.78
51.43
45.82
41.40
49.17
48.83
48.19
52.48
41.76
35.02
65.74
67.48
49.76~LL~
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APPENDIX C

Historical Daily Evaporation Data
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APPENDIX D

Monthly and Annual Evaporation Statistics
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APPENDIX E

Historical Daily Flow Data
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Figure E3. Historical mean daily pumping at S-135
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Tabhl F1 Mann dail flnu (rfe nver earh rnth 8nrd ear at S-308

Year
1963
1964
1965
1966
1967

1968
1969

1970
1971
1972

1973
1974
1975

1976
1977

1978
1979

1980
1981
1982

1983
1984
1985

1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999

Statistic Jan Feb Mar Apr May .iun Jul Aug Sep Oct Nov Dec P.O.R*
Mean 326 402 669 739 128 41 261 255 -85 145 301 203 284

Stand.Dev 597 896 1.731 1,518 326 571 1,414 1,411 587 943 1.167 466 534
Minimum -244 -420 -647 -531 -4012 -1,107 -618 -940 -1.036 L1.101 -344 -375 -214
Median 124 129 90 325 121 0 -16 -14 -157 3 28 112 65
Maximum 2.295 3.289 7,246 6,.789 1.131 2.093 6.143 5,379 2,831 4.605 6,076 1,916 1,508

*: indicates period of records for station alid excludes partial year results
**: indicules partial year

; indicates no data available or large gaps of missing data
Negative flows indicate lake Okeechobee intlows through S308, while positive flows are outflows from the lake

Month
.Ian Feb Mar Apr May Jun Jul Aug Sep Oct Nv Dec

67 -420 90 -10 -251 -187 -113 69 -357 249 38 -9!
-244 -198 315 116 351 -123 -605 "592 63,4 -469 -344 23

-5 -111 181 627 -76 -666 -152 -628 -464 39 -121 248

-09 -.89 13 -120 -157 2.093 5,465 5.379 532 -1241 -11 154

17 1(13 140 -182 25 -147 -280 -838 -463 -719 -191 33

519 -65 271 270 --02 1,372 6,143 4.744 -304 -258 -272 125
16 70 2,287 2.227 51 1.065 559 581 -213 4,605 6.076 209

1,966 2.855 3.840 6.789 346 -561 -245 -683 -294 89 .7 20'9
128 35 317 87 82 -221 403 -380 -232 -83 -180 -226

11 686 -229 -333 -268 -525 -500 -427 -309 -460 95 439
477 54 .35 -170 174 -109 -347 -637 -462 -249 -277 -95
440 129 -152 380 105 -275 -318 3.409 -443 -179 -225 300

20 139 16 161 -329 -221 -595 -27 -304 -67 -79 19
232 -20 3 46 -199 72 -70 -239 223 -71 -25 -320
-17 241 33 407 221 148 -92 -589 -272 -528 -59 -375

261 109 8 0 -381 -213 -559 0 2 6 52 91

808 767 524 219 92 224 78 -832 -4-1 21 23 48
500 731 693 657 138 86 31 20 9 141 -10 1.630
-55 -339 191 -2tl 101 -4 -5 -65 *406 -80 52 127
44 0 0 -18 123 225 82 0 145 846 14 42

151 3,264 7,246 4,620 1,131 57 45 17 15 1.8 13 110

143 155 636 1,430 363 425 549 1,032 59 66 232 114
274 220 -116 -167 191 80 149 -425 -649 -333 -2 -225

-130 246 -33 484 239 -420 -506 36 0 95 100 144
106 123 117 671 197 653 271 -247 -101 -1,101 -120 134

118 289 772 581 360 68 202 0 82 228 130 83
124 365 -647 424 71 0 -618 -940 -1.036 -55 603 123

16 -13 49 101 120 0 0 -524 -361 -522 33 93
-43 -24 -95 -531 -242 -402 794 -36 0 0 70 24

145 54 63 111 212 -54 0 45 227 0 47 10
1].92 645 22 997 237 -519 -444 291 374 392 592 669

558 427 -27 626 221 -1,107 -26 0 12 617 1,033 1,916

2,295 1,.374 855 834 141 39 76 1.523 2,831 2,290 3.396 1.069
928 263 75 493 54 297 868 25 116 59 193 1
-106 -181 -146 485 553 250 111 162 38 80 179 434

2.095 3,289 6,954 4,494 1,031 93 -143 -51 65 8I 75 117
123 165 427 -- -- -- -- - - --

-~~~~---- ~

W ,. 't """' '"" """"""""" """' "" '"'"""'
Year

Average
-76

-200(
-94

1,038
-214
1,012
1,461
1,192

-9(1
-152
-140
264

-111
-10t
-74
-52
236

385
-58

125

1.390
434
-84

21
58

243
-132

-84
-40
72

287
354

1,394
281
155

1,508
*4
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Table F3. Mean daily Lake Okeechobee outflow (cfs) through S-308
Month

Jan Feb Mar Apr Mlay Jun Jul Aug Sep Ot. Nov DecC
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
19910
1991
1992
1993
1994

67 0 90 0 0 0) 0 69
0 0 315 116 351 0 0 0
0 0 181 627 0 0 0 0
0 0 130 0 0( 2.093 5.465 5.379

17 103 1-10 0 25 () 0
519 0 271 270 0 1.372 6,143 4,744

16 70 2,287 2,227 51 1,065 559 581
1.966 2.855 3.840 6.789 346 0 0 0

128 35 317 87 82 0 0 (I
II 686 0) 0 ( 0 0 0

4177 54 0 0 174 0 0 0
440 129 0 380 1(05 0 0 3,409
20 139 0 161 0 0 0 0

232 0 3 46 (0 72 0 0)
0 241 33 -407 221 J48 0 0

314 233 16 0 57 293 198 0
80t 767 524 219 92 224 78 0
500 731 693 657 138 86 31 20
180 60 503 71 128 67 18 3
44 0 0 17 123 225 82 0
151 3,264 7,246 4,620 1.131 57 45 17
143 155 636 1,430 363 425 549 1,032
274 220 235 140 299 289 283 188
29 333 34 504 271 23 28 187

106 123 117 671 197 870 554 104
118 289 772 581 360 68 202 0
200 543 175 474 213 0 3 65
17 59 49 101 122 0 0 0
60 39 4 0 4 14 1,271 2
145 54 63 111 212 162 0 45
192 645 22 997 237 68 3 576
562 586 220 945 668 21 0 0

2,295 1,374 855 834 141 39 76 1,523 2.831 2,290 3,396 1,069
928 263 75 493 54 297 868 25 116 56 193 69
17 12 14 487 553 304 228 168 42 87 186 449

2,095 3,289 6.954 4,494 1,.038 148 33 46 67 82 134 117
123 166 430 .. .. .. .

Jan Feb Mar Apr IMay Jun Jul Au Sep Oct Nov Dec P.O.R*
357 473 736 804 215 234 464 505 1-19 316 369 257 409
579 857 1.701 1,483 267 444 1[.346 1,288 489 852 1.141 443 489

0 0 0 0 0 0 0 0 0 40 0 0 24
143 139 140 325 133 67 23 10 6 2-1 38 116 207

2,295 3,289 7,246 6.789 '131 2.093 6,143 5.379 2.831 4,605 6.076 1,916 1,541

*: indicules period of records for station and excludes partial year results
**; indicates partial year

: indicates no data available or large gaps of missing dlall

Year
AverageYear

0 249 38 0
(1 0 0 2.3
0 39 0 248

532 0 0 154
0( (1 () 0
0 0 0 125
0 4,605 6.076 209
0 8') 0 209
0 0 0 0
(1 (0 95 439
0 0 0 0
0 0 0() 300

0 0 0 0
(10 ( 0 0
(0 01 0 (0
2 6 52 91
0 921 23 48
9 141 165 1,750

10 22 55 127
(45 846 14 42

15 18 13 110
59 66 232 114

161 26 5 309
0 95 100 144

191 0 10 134
82 228 130 83
12 386 603 168
12 2 38 93
(0 0 70 24

227 0 47 10
842 511 592 677
12 617 1.033 1,916

Statistic
Mean
Stand, Dev
Minimum
Median
Maximum

,
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Table 15. Mc.n daily flow uIt S-80 (fs)

Year

2,374 480 10 10
10 10 10 I
1) 10 LU 10
10 10 10 10
10 1I) 10) - ,4
40 40 46 40
40 41 4t 41
50 50 50 47
43 43 2,434 1,988

2.067 2.724 4.665 6.887
48 48 48 46
20 20 20 18
20 20 20 18
20 20 20 18
20 20 20 18
20 20 20 18
20 20 20 18

20 20 20 18
1,514 976 591 55
322 1,435 884 1.055

92 230 E43 88
18 20 20 18

204 3,777 7,453 4.784
245 186 834 1,480

65 32 20 20
20 20 20 20

186 36 261 501

300 575 1,022 548
287 292 292 535

34 31 23 22
31 32 32 33
42 83 42 62

863 918 607 1.183
36 35 97 35

2,616 1,537 1,062 651
857 16 416 713

35 35 35 35
2,317 4,058 7,185 4,461

100 53 35 --

It) 10 10 10 10 10 tO 10
10 JO 10 10 10 10 10
10 14) 10 1.0 10 110 10 10
10 10 10 64 10 10 t1) 10
10 10 10 10 i0 II 37 40
40 2,528 5,880 6.006 1.,083 22 40 42
42 30 30 30 30 30 40 40
35 2,396 6,598 5.339 33 26 36 41

845 1,103 486 708 26 5,312 6,774 277
780 26 26 27 27 26 38 44
21 12 12 12 12 12 18 18
18 14 28 28 21 12 18 18

1.8 12 12 t 12 12 12 18
18 12 175 3,850 12 12 18 18
18 12 12 12 12 12 18 18
5 4 12 12 12 12 18 1.8

18 370 342 12 12 12 18 18
18 985 723 1.634 263 165 141 147

221 128 86 12 1,590 2,148 318 74
99 75 157 115 350 46 18 18
18 12 12 12 12 12 18 18

18 12 464 571 292 1,222 414 81
878 371 247 384 490 757 329 303
306 550 902 1.169 527 219 412 125

20 20) 20 20 20 20 20 20
20 20 12 314 376 143 110 48
67 574 36 12 12 295 789 281

480 364 658 1,069 416 282 369 286
452 261 63 320 26 31 36 28

19 16 12 15 19 23 31 30
32 32 35 781 1,051 468 65 43
35 471 475 1.449 822 493 489 140

109 53 37 35 31 42 35 37
35 35 563 639 996 1,811 1.874 2.486
85 194 214 2.681 3,392 4.051 3.645 1,030

317 631 943 120 169 288 79 41
35 35 35 272 317 101 41 645

898 75 .16 138 612 184 758 95

Year
Avcrage

Statistic Jan Feb Mar Apr May Jur Jul Aug Sep Oct Nov Dec P.O.R*
Mean 509 555 760 812 382 567 807 1,178 933 1,038 880 557 748
Stand.Dev 943 1.237 1,727 1.651 909 1.113 1,800 1.958 1.961 2.256 2.167 1,634 1,046
Minimum 0 0 0 0 0 0 0 10 10 10 10 10 10
Median 40 35 33 38 35 35 36 129 32 ;36 37 41 296
Maximum 3,445 5.986 7,453 6.887 5.322 5.162 6.598 6.331 7.701 9.315 8,305 8,283 4,253

*: indicates period of records 0for statinn and excludes partial year results
+*; indicates partial year
--. indicates no data available or large gaps of missing data

Month
,.an Feb Mar Apr Mlay ,Iurn Jul Aug Sep Oct Nov Dee

. , .3.108 1,325 0
0 0 1 0 0 0 0 5.649 7.701 9.315 8,305 8.283

3,445 1010 U 10 .012 5.162 6.245 5,758 1.793 635 10 12
10 10 10 10 10 10 10 10 10 10 10 61
II) 10 10 I) 10 II0 0 I 0i 110 11 I10
10 1I0 J0 10 746 1.503 10 1.376 6.385 4,088 IU I)

3.295 5.986 3.777 6,117 5.322 2.148 2.382 1.599 466 10 10 10
II 10 r0 1,872 1,60)5 41.3441 6.519 6.3i 6,480 6,722 7.078 4.463

1.649 1.423 2.644 3.339 2.791 1.442 2,542 5.533 6.924 8,604 7,941 6,155

"' ' " '



181)12l [6f. Meaij1 d ll Clow iW 1. i1 ,1

71;,1~~~. 1 I 1.} 1' Ii7i

I1884 I"I 'I 1 I>I i' f 1' 32 I t I.4 li1 n .{ . .',/ w"8

1i t' ;I' t Ir if' F I K . }I) ' IJ '1; ,

[3 42 . n 1 1 I

~I') )1 ? i1 . f F: : 12 241 4 10 2 I 10 Itp 1I 22h
18') .; 7 1(+h I 'F4 6 a C' II

I'"} il I I II _'. 1 S' IT 1i 18 [. MI t.1 11 28f 41
'(83) i7) I0 85 3 54 1 8 Th 'i I

Mean Fo) 1. -. .3 % I 7.8 i_& 8 I} 1f7

'iin II w 87 1' Th? -- 11 *. II 7 II

8i411 .sh 1 3 ,;i 71 i t ?7 - (V
I 8x8I ( III Iti 14 24 57 11l 187 16 11 . 3 ( I .8:t 81)

7SI4;risli JT01C 417'1 .l~ui Fvh tIi; Y h :.CIII(r.- J'-i~ ul AuNSSLc M Lv Iti1

Muimumzc- Ikrnt "iI 1C41 124 57Ya 271 II')M0 IS416:1 71;, 13



Table F7. Mean daily flow at 5-97 (crs)
Month

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov DecYear

1965
1966
1967

1968

1969
1970
1971

1972

1973
1974

1975

1976

[977

[978

1979

1980
1981

1982

1983

1984
1985

1986

1987

1988

1989

1990
1991

1992

1993

1994
1995

1996

1997

1998
1999

-- 196 10 15
0 158 81 28

489 11)02 125 36
I 23 3.5 2
0 0 0 0
3 9 230 24

357 199 518 136
0 0 0 I)

2 16 26 186
3 158 65 2
0 0 1) 0
() 3 2 --

1 0(1 0 )
75 24 16 0

180 121 172 44

383 68 24 2

45 120 31 60
1 '11 0 3
4 79 318 215

-- 584 397 71
71 78 176 45
o 0 66 100

181 229 112 7

215 119 240 69

118 197 128 0

36 2 59 32
-- -- -- 0

117 -- --

0 2 0 0
740 293 609 215

198 434 197 318
117 112 172 6
1 4 337 131

36 16 0 191
198 586 265 0

12 0

Statistic Jan Feb Mar Apr May Jn Juil Aug Sep Oct Nov Dec P.O.R*
Mean 113 130 134 59 61 231 259 343 332 289 149 65 189
Standlcv 171 164 158 83 102 276 229 250 224 343 180 94 91
Minimum 0 0) 0 0 0 0 0 17 22 0 0 0 69
Median 36 78 66 24 15 1[[7 207 273 295 223 76 16 161
Maximum 740 586 609 318 473 1.023 966 1,235 1.023 1.799 634 396 408

*: indicates period of records for sation and excludes partial year results
**' in 'icates partial year

-- ': indicates no data available or large gaps of mnissing data

Year
AvErae

4 0 44 342 200 49 11

3 2 152 222 260 426 180
.16 418 790 458 .1)3 717 68

0 I08 316 212 78 234 27

115 1.023 966 346 89 80

139 329 179 566 362 744 469
27 L46 395 365 242 535 35
0 12 253 273 305 33 234

161 711 105 117 22 2 f0
3 489 298 263 589 308 234
I 124 4-17 546 2)8 125 0

-- 223 320 135 217 146 0

473 503 59 144 2017 () 13
8 15 46 110 40-) 22 191

13 107 -- -- 150 145

70 72 116 139 1.023 256- 51

-- 8 75 . 166 227 7 -I

2 6 7 * 428 -- -- 21

147 546 432 560 292 134 122

4 71 33 -228 505 529 127

52 101 208 184 304 151 281
15 I 339 419 773 355 57

30 656 482 558 344 150 123

6 18 60 17 106 313 547

65 0 126 418 102 0 96

4 1 52 257 146 210 17

-- 467 .516 336 0

0 538 645 952 -17-1 252 560
37 98 206 131 259 -- 73

302 773 341 332 625 347 634
13 54 234 1,235 675 1,799 24
86 283 160 85 55 223 43

80 L38 389 432 279 65 109
0 {0 0 210 . 341 49 460
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APPENDIX G

Historical Daily Stage Data
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Figure (13. Historical mean daily stage at S-97
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Figure G4. Historical mean daily headwater stage at S-48
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APPENDIX H

Monthly and Annual Stage Data Statistics
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1988
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1'')8

Nionth
,jan b .Mar .Apr 1XNav ,lJun .Jul Aug Sep (Ot Nov

19 I I
I') II

Il. I

10.1.310.13

19.20

I 9()7

18.98
IX i.l
IXX.F

18.88

1 . 14

I') 13I9.1 0

9116

19.1)(6

19.06

19.01

18.87
I .X ')

IR.'lb
10 .1II
1'1.1

Jt) I.I

19.1 .1

19.13
19.11)
10.17

(1 ()1

19 (05
IX Xg

8.S5

10.1)7

I0 I2

I'I Is

1' . 1 .

19.11

19.15
19. 19
S1.(I 9

1I0)(16

19.05
S18.1)

18.86

I0 In19 .')

10. 5

1. It

I') .
I . 24

18.9

I 9.1(1

IlI.i)/

I S.89.l X .

10.117

10.141 .17

10 In'

I0.17

I) .'1

I 1. )'

(1.) .

18 99

18.8.53

0.III
| 1{I

19 14.

I )j 15

19.154
10.14
19.1

19.0625

19.04)7

19.01

18.85

19.)00

19. i -1
19 I
11 11

I' . 1 1
19. i -1

19.25

19.10),

I 41HIlII I-1

9.11
9.14

I') I
1 I'

I9.1 I
19.25
I'.(1(I1

'10 (l)1
11).1

I TL.I' 1 .)0

1..)

19.I ;

-'). I l9

I1 I) I

0.11
19.1 3

19. c

10.22

1904
I 8i.9

18.84

Il)e

I .I I I1.12
I I 5 1 '1 .1 .4

I P  I') 14
1).1 I 9. 13

9.1" 19.12

19.2 1 1 .2
10 ^:'I 10 go {

1J .1 I I .05
11)116h 11).)4
10.06 I4.)6

I 91).()4 19.()6
f1.I : 11).)00

S O.IJ [ .98
18.90 I1885

.. .. l

" ""~'

Stallis ,ltc t Ict tb Mar Apl'r N .lul ,.ul Augl Sep l  (ct Nov I)Dec PI. ()R
MtainL 19.07 19.016 19.07 10.{(18 1.10 19.09 1.09 1(0.0 9 l (18 19.08 10.09 19.08 19.(.)08

Sland I . UjI .09 0.09 11(0 (.) 0().(1l 1).( 10.09 11.1)9 (1.0 0.() ) (0.08 ).(19) ),0
Mlinlil lil 18.87 18.87 I 8.83 18.8A 1.80, 18.8. 18 85 1 8.8 I 88 18 .g4 18.0 I. 8,8 18.85

M edlal 19).l1 19( 6 19.1.1 1)..08 19.10 19,11) I'1.I) L').I I I 19 1 I 19,10) 19.10 19.0()
M:axilmum 19. 1.16 1 .17 19 ) '4 , 119.21 19.25 19.25 1'."5 1..'22 19.21 19.23 19,21

*: ildicates eIX od of rn ord-: k ll .laliol :IllI cxcnv lI:.ds putial year TCsul',
* : indicalcs parti l.eair

. ilt{.h'.'- nodt a aailable or rl. c a:als 1 Il sing L.lata

... .. . . l~

Tl'hle Ihk' . M olitl[ y a id .1 lIul:i 1 " ;n'v r I'l';tvlwt.' taue" i .tS-153 (II, N(EVi))

Year

A 'ra ge

19.2I

10.14
1. .13
19.13

10.14

19 I
19.0621

I 9.06
19.0

19.01

1 8.99
e >=.I.



Table 112. Monthly and annual average,.tailwater stage at S 153 (ft, NGVD)
Month Year

Year .lan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Average
1983 14.25 14,92 17.30 15.28 14.35 14.38 14.22 14.30 14.34 14.38 14.28 14.14 14.68
1984 14.27 14.22 14.31 14,.39 14.28 14,27 14.30 14.37 1-1,30 14.20 14.22 14.12 141,27
1985 14.08 14.06 13.51 13.15 12.61 11.94 12.13 12.76 13.73 14.45 14.19 13.97 13.38
1986 14.(4 14.16 [4.22 13.98 13.19 13.12 14.09 14.35 14.29 14.27 1426 14.30 14.02
1987 14.26 14.14 14,26 1-1.32 14.22 14.22 13 13. 13. 13.81 13.55 13.92 14.30 14.28 14,11
1988 1-1,34 14.34 14.28 14.25 14.25 1428 14.33 14,27 14.07 14.07 14.1(1 14,07 14.22
1989 14.14 13.80 13.53 12,97 12.52 11.53 11.31 11.33 11.76 12.64 12.59 11.98 12.51
1990 11.74 12,09 11.7 10.70 10.41 1(10.41 11.14 11.95 12.45 13.01 12.39 11.84 I 1.66
1991 12.19 12.39 12.41 13,11 12,57 13,07 13,99 14.23 14,22 11.26 14,23 14.20 13,41
1992 14.08 14.22 14.15 14.16 14.14 14.39 14.18 14.24 14.29 14.26 14.34 14.29 14.23
1993 14,39 14.36 14.39 14.42 14.31 14.33 14.30 13.79 13.98 14.33 14.36 14,21 14,26
1994 14.15 14.40 14.36 14.22 13,91 11.17 14.27 14.23 14.33 14.38 14.46 14.57 14.29
1995 14.65 14,-12 14.27 14.32 14.23 14.26 14.25 14.58 14.89 15.18 15.5( 14.29 14.57
1996 11,14 14.17 14.30 14.22 14.23 14.18 14,19 14,11 14,09 14,17 14,15 14.20 1418
1997 13.85 13.72 13,27 12.89 13.15 13.57 13.76 14.20 14.16 14.06 14.13 14.27 13.75
1998 1.4.31 14.63 17.30 16.01 14.35 14,42 14,37 14.26 14.15 14.03 14.30 14.13 14.69
1999 14.19 14,12 14.18 . -- -- -- -- -- -- **

Statistic Jan Feb Mar Apr Mlay Jun Jul Aug Sep Oct Nov Dec '.0,R*
Mean 13.93 14.00 14.23 13.90 13.54 13.54 13.68 13.80 13,91 14,10 14,12 13,93 13.89
Sland.Dev 0.79 0.75 1.42 1,18 1.09 1.22 1.09 0.94 0.77 0.57 0.71 0.80 0.81
Minimum 11.74 12.09 11.78 10.70 10,41 10.41 11.14 11.33 11.76 12.64 12.39 11.84 11,66
Median 14,15 14.19 14.27 14.22 14.18 14.20 14.19 14.23 14.15 14.23 14,24 14,20 14.20
Maximum 14.65 14.92 17.30 16.01 14,35 14,42 14.37 14.58 14.89 15.18 15.50 14.57 14.69

*: indicates period of records for station and excludes parnial year results
**: indicates parial year

-- indicates no data available or large gaps of missing data



_.:rian b M:.... r Apr .'1av j,.l Jul Aug p Oct No' 1Lr

1981

I '.){ly
I 984
1987

I')'

1990

1)99 I
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Table H4. Monthly and antnual average tailwater stage at S,308 (ft, NGVD)
Month Year

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct. Nov Dec Average
1981 -- -- -- -- -- -- .. -- 11.35 10.09 9.84 **
1982 9.95 10.63 10.75 11.02 10.76 12.47 14.36 14.36 14..38 14.47 14.46 14.32 12,66
1983 14.32 15.03 17.47 15.39 14.39 14.43 14.29 14.36 14.40 14.45 14.35 14.22 14.76
1984 14.33 14.32 1..42 14.50 14.39 14.39 14.41 14.49 14.42 14.32 14.35 14.28 14.38
1985 14,20 14.17 13.65 13.26 12,71 11,99 12.17 12.79 13.78 14.48 14.22 14.03 13.45
1986 14.12 14.16 14.26 14.00 13,23 13.13 14.13 14.36 14.3) 14.30 14.32 14.32 14,05
1987 14.30 14.17 14.29 14.35 14.24 14.27 14,02 13.85 13.59 13.97 14.40 14.31 14.15
1988 14.39 14.37 14,31 14,28 14.30 14.32 14.38 14.38 14.10 14.12 14.14 14.12 14,27
1989 14.17 13,81 13.57 13.00 12.56 11.57 11.34 11.39 11.80 12.45 12.55 12.01 12.52
1990 11.77 12.12 11.82 10.73 10,37 10.-44 11.18 11.98 12.46 13.03 12142 11.88 11.68
1991 12.21 12.42 12,45 13.14 12.59 13.09 13.98 14.25 14.23 1 14.29 14.24 14.23 13.43
1992 14,07 14.23 14.18 14.19 14.15 14.42 14,19 14.27 14,35 1-4.30 14,36 14.32 14.25
1993 14.43 14.38 14,40 14,46 14.33 14.35 14.32 13.81 14.00 14.33 14.38 14.22 14.28
1994 14,17 14.42 14.38 14.23 13,93 14.18 14.28 14.27 14.35 14.40 14.49 14.61 14,31
1995 14.69 14,45 14,30 14.34 14.24 14.28 14.26 14.61 14.94 15.23 15,56 14.32 14.60
1996 I ,17 14.20 14.33 14.25 14,26 14,21 14.22 14.14 14.12 14.20 14 18 1 .23 14.21
1997 13.87 13.75 1,31 12,92 13.18 113.60 13.79 14.23 14.19 14.09 14.16 14.30 13.78
1999 14.34 14.66 17,35 16.05 14.38 14.45 14.41 14,29 14.-18 14.06 14.33 14.16 14.72
1999 14.22 14.15 14.21 -- -- - -- -- - .. -- -- **

Statistic .lan Feb Mar Apr May .Jun Jul Aug Sep Oct Nov Dec P.O.R*
Mean 13.74 13.84 14.07 13,77 13.41 13.51 13.75 13.87 13.98 13.99 1.3.94 13,76 13.85
Stand.Dev 1.24 1.10 1.63 1.35 1.27 1.22 1.07 0.92 0,76 0.88 1.18 1.24 0.85
Minimum 9.95 10.63 10.75 10,73 10.37 10.44 11.18 11.39 11.80 11.35 10.09 9.84 11.68
Median 14,17 14.20 14.29 14.23 14.15 14.21 14.22 14.27 14.19 14.29 14.33 14.23 14.21
Maximum 14.69 15,03 17.47 16.05 14.39 14.45 14.41 14.61 14,94 15,23 15.56 14.61 14.76

*: indicalles period of records for stalion arid exctludes partial year results
**; indicates partial year'
-': indicates ro data available or large gaps of missing data
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Table H7. Monthly and annual average headwater stge at S-48 (ft, NGVD)
Month Year

Year Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Average
1994 .- .. - 8.53 9.39 8.80 8.83 9.26 8.79 9.03 8.76 **
1995 8.32 8.21 8.37 8.13 8.11 8.11 8.11 9.70 9.34 10.52 8.16 8.11 8.60
1996 8,10 8.08 8.61 8,42 8.31 8.74 8.51 8.32 8.24 8.58 8.24 8.14 8,36
1997 8.16 8.12 8.10 8.36 8.19 8.48 8.89 9.02 8,71 8.17 8.15 8.33 8.39
1998 6.59 9,17 8,63 8.08 6.05 8.13 8.14 8.59 8.77 8,25 8.83 8,10 8.44
1999 8.11 8.10 8.01 -- -- -- -- - .- .. '*

Statistic Jan Feb Mar Apr May Jun Jul Au g  Sep Oct Nov Dec P.O.R*
Mean 8.29 8.40 8.43 8.25 8.24 8.57 8.49 8.89 8.87 8.86 8.48 8.29 8.45
Stand.Dev 0.22 0.52 0.25 0.17 0.19 0.53 0.36 0.52 0.45 0.96 0.42 0,28 0.11
Minimum 8.10 8.08 8.10 8,08 8.05 8.11 8.11 8.32 8.24 8.17 8.15 8.10 8.35
Median 8.24 8.16 8.49 8.25 8.19 8.48 8.51 8.83 8,77 8.58 8.24 8,14 8.42
Maximum 8.59 9.17 8.63 8.42 8.53 9.39 8.89 9.70 9.34 10.52 9.03 8.76 8.60

': indicates period of records for station and excludes partial year results
**: indicates partial year

: indicates no data available or large gaps of missing data

Table H8. Monthly and annual average headwater stage at S-135 (ft. NGVD)
Month Year

Year .jan Feb Mar Apr May .un Jul Aug Sep Oct Nov Dec Average
1979 -- 13.87 13.84 13.61 13.79 13,64 13,71 13,58 13.67 13.92 15.78 13.59 *
1980 13.801 13.83 13.82 13.86 13.84 13.60 13.68 13.75 13.85 13,83 13,88 13.82 13.80
1981 13.53 1.3.30 12.93 12,00 10,91 10,43 9.37 10.2] 11.66 11.78 11.48 11.10 11.56
1982 10.80 10.78 10.97 11.12 10.86 12.50 13.78 13,79 13,83 13.76 13.83 13.73 12.48
1983 13.81 13.71 13.78 13.82 13.66 13.73 13.85 13.69 13.61 13.55 13.7-4 13,71 13.72
1984 13.81 13.75 13.71 13.47 13.66 13.81 13.79 13.66 13.65 13.75 13.70 13.84 13.72
1985 13,86 13.69 13.67 13.23 12.70 1.2,01 12.21 12.80 13.49 13.44 13.40 13.58 13.17
1986 13.73 13.69 13.56 13.74 13.20[ 13.12 14.09 14.33 13.73 13,43 13,62 13.76 13.67
1987 13.71 13.75 13.68 13.61 13.73 13,44 13.78 13.70 13.59 13.64 13.68 13.74 13.67
1988 13.81 13.74 13.64 13.54 13.65 13.67 13.70 13.68 13.64 13.51 13.74 13.76 13.67
1989 13.47 13.65 13.52 13.01 12.55 11.64 11.34 11.37 11.80 12.65 12.57 12.29 12.49
1990 12.33 12.36 12.04 11.28 10.79 10.65 11.13 11.86 12.37 12,90 12.80 12,45 11.91
1991 12.48 12.44 12.53 12.70 12.54 13.05 13.86 14.23 14.22 14.26 14.23 14.20 13.40
1992 14.07 13.58 13.51 13.51 13.48 13.63 13.48 13.36 13.47 13,43 13.54 13,55 13.55
1993 13.49 13.55 13.46 13.49 13.37 13.52 13.50 13.66 13.50 13.45 13.65 13.74 13.53
1994 13.74 13.59 13.64 13,64 13.59 13,66 13.60 13.68 13.75 13.63 13.50 13.68 13.64
1995 13.61 13.62 13.62 13.57 13.61 13.58 13.56 13,46 13.60 13.63 13,64 13.63 13.59
1996 13.65 13.43 13.58 13.65 13.63 13.62 13.39 13.59 13.57 13.61 13.52 13.57 13.57
1997 13.62 13.43 13.25 12.92 13.17 13.50 13.53 13.51 13.57 13.60 13.62 13.59 13.44
1998 13.60 13.52 13.56 13.54 13.56 13.56 13.49 13.53 13.39 13.50 13.70 13,68 13.55
1999 13.69 13.49 13.60 -- -- -- -- - -- - -- -- **

Statislic Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec P.O.R*
Mean 13.42 13.36 13.32 13.17 13.01 13.02 13.14 13.27 13.40 13.46 13,58 13.45 13.27
Stand.Dcv 0.77 0.73 0.71 0.80 1.01 1.03 1.20 1.00 0,66 0.52 0.78 0,71 0.66
Minimum 10.80 10.78 10.97 11.12 10,79 10.43 9.37 10.21 ] .66 11.78 11.48 11.10 11.56
Median 13.65 13.60 13.57 13.53 13.52 13.54 13.58 13.62 13.60 13.57 13.64 13.68 13.55
Maximum 14.07 13.87 13.84 13.86 13.84 13.81 14.09 14.33 14,22 14.26 15.78 14.20 13.80
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