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EXECUTIVE SUMMARY

The purpose of the study was to use scientific @ggres in fluvial geomorphology, the study of
how water shapes land, to describe how the flowntegmaintains channel and floodplain
dimensions and habitats in the Upper Santa Fe Rivewver Santa Fe River, and Ichetucknee
River and their sensitivity to hypothetical flowdrections. This is important because the habitats
used by aquatic fauna and floodplain ecosystembighdy dependent on fluvial forces that move
and organize sediments in ways that create theigdiysabitat diversity of the study area stream
corridors.

The study identified the bankfull discharges arajss that currently maintain channel dimension
and habitat structure and some thresholds necedsanyaintain alluvial features in the
floodplain. Examples of calculated bankfull disades were 109 cubic feet per second (cfs) in the
Upper Santa Fe River at Graham, 1,410 cfs in theet@Ganta Fe River at Ft. White, and 328 cfs
in the Ichetucknee River at Hwy 27. The three svstudied have variable amounts of surface
water/groundwater interaction, increasing as onevemdownstream and affecting bankfull
discharge durations, which were found to be equaledxceeded from 13 to 32% of the time
based on long-term gage records. These critical flalues represent mid- and high-flows.
Therefore, the establishment of mid- and high-flé\wLs is recommended for the Upper Santa
Fe River, Lower Santa Fe River, and IchetuckneeRig protect bankfull flow events that wet
the full extent of the open channel, and overbavnts wetting the full lateral extent of the
alluvial floodplain. These need to be crafted irmanner that specifically assures frequent
bankfull discharges as channel maintenance disebaExisting bankfull frequencies and their
average durations per bankfull event are provigethe report. Typically, several events occur
per year with average durations of at least twokegeer event. While bankfull events maintain
the open channel, higher magnitude events are s@gesto maintain the floodplain
geomorphology. The flood pulses normally provided high-flow MFLs to protect the
hydroecology of riparian wetlands are likely toringically allow for sufficient flood pulses in the
floodplain necessary to maintain its alluvial featias these provide for extended, frequent
overbank events.

The study also calculated potential reductionsankfull channel habitat dimension associated
with typical Minimum Flows and Levels (MFLs) redigts. All three rivers could be adversely
affected by groundwater withdrawals, and incremefitav reductions will ultimately create
incremental reductions in bankfull channel size habitat distribution. For example, the Upper
Santa Fe River near Graham seems to be in a nadéel decline in channel forming (or
bankfull) flow, has exhibited 1.5 ft of bed erosioand is increasingly divorced from its
floodplain as a result. The Lower Santa Fe Rivertieen inherently more geomorphically stable,
but its channel form and dimension are even marectly sensitive to groundwater withdrawals
than the Upper Santa Fe River due to an increabaddance of direct spring flow inputs.
Groundwater withdrawals will lead to tangible regioics in bankfull channel habitat. Also, some
key floodplain habitat features in the Lower SaRéaRiver have unique calcareous (shell and
marl) sediments derived from the hard water of $hangs. These could be diminished if the
balance of wet season soft water (from runoff) éases versus the spring flow. Further, the
Lower Santa Fe River and Ichetucknee River floadglare partially structured by hydraulic
interactions during wet season floods occuriimtpe Suwannee River and Lower Santa Fe
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River. This means that the wet block MFLs of thésee systems must be evaluated in concert to
assure sufficient overbank discharges occur to taaifloodplain building processes.

The Ichetucknee River is dominated by groundwdtsv.flt has geomorphic and habitat features
highly-dependant on biologically-mediated sedimgmiduction from snails, periphyton, and the
SAV meadows they live on that are in turn sensitiveflow reductions. These biologically-
mediated processes are typically not found in riadofminated rivers, but are quite ubiquitous in
large spring runs. The critical flow thresholdstbése biologically mediated processes are not
fully understood and any further substantial remmst in groundwater flow to the Iltchetucknee
River would constitute an experiment in the sewitytiof sediment production and habitat
characteristics. Further research is needed tordete critical thresholds in channel velocity and
associated oxygenation to maintain a balanced andilperiphyton community, especially given
that those communities are interacting with antafig high nutrient concentrations.

The conceptual model used to predict bankfull cehehanges in response to hypothetical flow
reductions assumes that incremental changes ifudbfiew will be associated with incremental
changes in habitat structure and dimension. A pigin more sophisticated approach would be
to set an MFL that assures the minimum frequencghainnel maintenance events will occur
during a long-term period of several decades. Tthdorequires knowledge currently unavailable
of how long a bankfull event needs to occur to heaameaningful threshold of work, and the
lower envelope of the return interval of such eseint natural, stable perennial rivers in the
region. Once that is known, the District could prdse MFLs that allow the maximum
withdrawals that lead to a no harm condition regaydhe long-term maintenance of channel and
floodplain geomorphic habitat features.
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1.0 INTRODUCTION

1.1 Project Definition and Application of Fluvial Geomorphology

The Suwannee River Water Management District (2igtrtasked AMEC Environment &
Infrastructure, Inc. (AMEC) with conducting a flaigeomorphic investigation of the Upper
Santa Fe River, Lower Santa Fe River, and Icheegkiver in support of the establishment of
MFLs. The District has established MFLs pursuanChapter 373.042, Florida Statutes (F.S.) for
the Upper Santa Fe River and is in the processtabishing MFLs for the Lower Santa Fe River
and Ichetucknee River in north central Floridkig(re 1). The District has requested AMEC'’s
assistance in investigating the three systems’idlugeomorphology in order to provide an
understanding of how the riparian corridor may atjts size and form in response to adopted
and proposed flow reductions. The discipline ofvitlh geomorphology is the study of how
flowing water shapes land, and it provides critig#brmation for a variety of practical and
applied riverine studies, including those relate@nvironmental flows and levels (Gordon et al.,
2004).

The study of fluvial geomorphology is important Aese channel systems are not static under
altered flow regimes, but are deformable as a nmoat function of the discharge regime. The
size and shape of a river cross-section is a fonatif the flow provided to the channel, the
amount and character of the sediment provided éo dmannel, and the composition of the
channel's bed and bank materials (Leopold et @64) Surface water and groundwater
withdrawals will cause adjustments in flow and sseht transport, thus AMEC explored the
sensitivities of these systems to potential witlhdia related to MFL thresholds to determine: 1)
if adverse impacts (such as channel entrenchmeth®yagur, or 2) if the systems are already in a
changing state, if adverse impacts will be exaderha

Riparian corridors adjust to sustained changeshair tfluvial forces and sediment loads with
complex spatial and temporal response patternseSmpects of the corridor adjust much more
readily and quickly to flow alterations than othefhe changes can happen chronically or
catastrophically once certain thresholds of fomesumulative effects are achieved. The norm is
for changes to occur in a stepped rather than $mtrehd as threshold levels of intrinsic
resistance to change are eventually overcome ad rthaterial in the system is re-worked by
lesser forces (Schumm, 1977). A good example df sustepped process would be an undercut
bank that is held together for many years aspraogressively and steadily eroded below the tree
root line. Eventually the bank can no longer supfpioe weight of the trees and soil mass above
the undercut and it suddenly collapses, therebgmiidy the channel.

Some forms of change are contingent on antecedwmiges, leading to somewhat predictable
sequences in channel evolution. For example, sgaamirban settings often react to increased
flow peaks first by downcutting the bed materialsen by widening and shallowing as the
widening imports more sediment than can be reattapsported, followed by a secondary
reworking of the excessive sediments by downcutiimgugh them before reaching a final phase
of equilibrium with the new regime (Simon, 1989)hefefore, lag times and thresholds are
important factors in the evolution of a drainagéamek and its associated riparian systems. These
factors mean that stream systems reflect theirgrasbften express “memory” conditions that are
a legacy of past extrinsic conditions that rase not as active in the landscape (e.g. past sea
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levels, paleo-climates, ancient and resistant ggcdb strata). A good example of such a memory
feature in the study area of this report is theelobknee Trace, a paleo-valley that once was an
active stream system that only flows during extrdloeds today. These legacy, lag-time, and
contingency effects greatly complicate fluvial gewphology as a predictive science. Directive
or trended changes can occur under time frameagakimatter of less than a few years (e.g.
pools induced by debris jams) to millennia (e.cainBige density or valley relief) (Knighton,
1998).

This study focuses on changes with comparativebytdag times (on the order of a few decades
or less to achieve a new equilibrium), but withgagerm legacies likely to last much longer. The
idea is to address changes that can occur welikwa@amormal human generation, but that once
made will leave a legacy lasting for at least salvgrenerations. For example, we are not
interested in defining terrain subsidence relatedissolution of the Floridan aquifer because it
represents a geomorphic process with gradual ckamgfelding over long time frames, perhaps
millennia, before any measurable biological effentsy result and that the natural rate of change
conceivably dwarfs any incremental response likelype caused by water supply withdrawals.
We are more keenly interested in how calcareousnsgds precipitated in the river system are
subsequently organized by fluvial forces into intpot habitat features such as alluvial ridges in
the floodplain or riffles in the open channel. Tle@ason we are interested in the latter is because
they represent changes that could reasonably becegto be altered quickly (e.g. 10 to 50
years) in response to water withdrawals and als@ mamifications concerning the long-term
plant and animal species composition and distmoutithin the system. The idea is to focus on
trended changes to alluvially-derived habitat fesduthat can conceivably adjust in less than a
few decades, resulting in an adverse impact tdehmplate conditions necessary to maintain the
habitat functions and values in the existing system

It is generally recognized that channel width aeg@td are among the most sensitive and rapid
adjustments the system can make to altered hydrdlegsgen, 1996). These changes can have
lasting effect on the availability of habitat anssaciated biological functions. A wide range of
flow conditions contribute some work to form andimt@n channel dimension and pattern, but
not all discharge quantities do equal work. Onehef major points of emphasis in the field of
applied fluvial geomorphology is to identify chahmaaintenance discharges that make the
fundamentally important contributions to channetesiand habitat features. The bankfull
discharge, defined as the discharge that corresptonithe river stage at the interface between the
open channel dominated by sediment transport amdlthvial floodplain dominated by sediment
deposition, often corresponds to the discharge ihanost effective at maintaining channel
dimension (Leopold et al., 1964). As such, it tgflic leaves notable field indicators in Florida
streams (Blanton et al., 2010).

The association between field-recognizable banlkfdiicators and effective channel maintenance
discharge applies best to perennial streams. #rofé powerful concept for targeting critical
discharges or control points that must be protetdemiaintain the channel size and the size and
distribution of alluvial habitat features such d8es, pools, alluvial ridges (aka natural levees)
linear backswamps, oxbow lakes, etc. This is doimjyortant not only because such aspects of
the channel system can decline in size and distoibun response to flow declines at or near
bankfull discharge but that all other components typical MFL assessment typically rely on

an assumption that the changes in hydrologgwad will be interacting with an unaltered
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geomorphology that is inherently non-deformableon-trended in time. For that assumption to
be valid, the channel maintenance discharges naugrdvided above some critical threshold of
magnitude and cumulative exceedance using an kquihh approach; or magnitude, duration,

and frequency using an event approach. These tywmaghes are discussed in greater detail in
Section 5.0 Summary and Recommendations.

It is readily conceivable that channel maintenadiseharge is important to protect resource
values related to template conditions regardingnsext transport, navigation, recreation, and
aquatic fauna habitat. The main goal of the repotb examine the general sensitivity of the
Lower Santa Fe River, Upper Santa Fe River, andticiknee River geomorphology to some
prospective flow declines well-within ranges typigallowed in Florida MFLs.

1.2 Project Objectives and Report Layout
This fluvial geomorphic investigation was undertaite meet the following objectives:

l. Determine the channel forming/maintaining flow .(ilmankfull discharge) and the
durations/percent exceedances at which this flosuiscfor all three systems.

Il. Determine if aggradation or degradation is occagrrithin the channel using existing
USGS at-a-station records and site observations.

[l Determine which stage of channel evolution eacliesyss in if the system is not
stable.

V. Evaluate how adopted MFLs on the Upper Santa FerRind selected flow reduction

scenarios on the Lower Santa Fe River and IcheteRiver will change the bankfull
(or channel forming/maintaining) discharge and hbg/system will react to change.

V. Characterize the sedimentation processes of thersgape and floodscape both
longitudinally and transversely (i.e. down and aerthe riparian corridor).

VI. Identify major grade controls and sensitivitie$ltov alteration.

VII.  Explore potential effects of groundwater versudasg water withdrawals on channel
morphology.

VIIl. Relate spring-run channel morphology to biochemicahditions associated with

accrual times and nutrient loads that could affectiment yield and sedimentation.

This report is divided into five sectionSection 1.0provides an introduction to the project,
outlines project objectives, and provides backgdomformation on MFLsSection 2.0describes
the three river systems by breaking them up intoioua reaches based on their fluvial
geomorphology to help provide a context for thdofelng sectionsSection 3.0describes the
methodologies utilized to meet project objectiv@sction 4.0presents study results and provides
discussion regarding the resulection 5.0provides a summary and recommendati@estion
6.0 provides a glossary for technical terminolo§ection 7.0provides references.
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1.3 Minimum Flows and Levels Background Information

Chapter 373.042, F.S., provides the legal framevinia which MFLs are based and states the
following:

1) Within each section or the water managementricisas a whole, the
Department (Florida Department of Environmental t€etion) or the district
Governing Board shall establish the following:

a) Minimum flow for all surface watercourses in tea. The minimum
flow for a given watercourse shall be the Ilimit wahich further

withdrawals would be significantly harmful to theat®r resources or
ecology of the area.

b) Minimum water level. The minimum water level Bhze the level of

groundwater in an aquifer and the level of surfaatewat which further
withdrawals would be significantly harmful to theater resources of the
area.

River systems are then prioritized and MFLs areedaled to be set. The District previously set
MFLs on the Upper Santa Fe River and is curremtlthe process of establishing MFLs on the
Lower Santa Fe River and Ichetucknee River. Adoptéd.s for the Upper Santa Fe River and
prospective MFLs for the Lower Santa Fe River acitetucknee River were used to test the
sensitivity of geomorphology to theoretical, bualigtic and typically otherwise allowable flow
reductions and are summarizedTiable L. AMEC used these theoretical MFLs solely as ashasi
from which to make comparisons for this fluvial gemrphic study. It is also important to
recognize that our analysis used the existing hdh&ignatures as a baseline condition and that
this baseline may reflect an already deterioramudition resulting from flow declines already
occurring. Notably, evidence exists for reducedrage flow in the Ichetucknee River of
approximately 100 cfs (Grubbs, 2011) and declimmgan annual flows in the Upper Santa Fe
River near Graham (AMEC-BCI Engineers & Scienti2$11).

Table 1
MFL Summary
Flow Upper Santa Fe River Lower Santa Fe River Ichetucknee River
Duration Graham Gage Worthington Springs Gage Ft. White Gage Hildreth (Hwy 27) Gage
Frequency |Existing| MFL Existing| MFL Existing| MFL Existing| MFL
(%0 Flow Flow Flow Flow Flow Flow Flow Flow Flow Flow Flow Flow
Exceedance) | (cfs) | (cfs)* |Reduction| (cfs) | (cfs)* |Reduction| (cfs) |(cfs)** |Reduction| (cfs) | (cfs)** |Reduction

5 201 171 13% 1780 1513 15% 3200 2636 17% 497 477 4%

10 128 109 13% 1100 933 153% 2570 2218 14% 447 428 4%

25 32 4 13% 432 367 15% 1820 1692 %% 383 367 4%

50 15 13 13% 131 111 15% 1280 1184 8% 334 320 4%

75 23 23 0% 42 42 0% ao7 830 3% 234 224 4%

20 04 04 0% 15 15 0% 814 176 3% 189 181 4%

95 0.2 0.2 0% g g 0% 700 667 3% 183 176 4%

* Adopted MFL flow
** Hypothetical MFL flow
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Upper Santa Fe River

MFLs were adopted for the Upper Santa Fe RiverO@72and read as follows in Chapter 40B-8
of the Florida Administrative Code (F.A.C.):

The Governing Board hereby establishes the follgwimnimum surfacewater
flows. The Governing Board finds that the followimginimum surfacewater
flows are the limit at which further withdrawals wd be significantly harmful to
the water resources or ecology.

(1) The minimum surfacewater flows for the Santa FeeRMear Graham, FL,
gage are the following points on the flow duratcamve defined in “Technical
Report — MFL Establishment for the Upper Santa keRRMay 2007

(@) 171 cubic feet per second (cfs) for a flowadion frequency of
five percent;

(b) 109 cfs for a flow duration frequency of 10 quent;
(c) 44 cfs for a flow duration frequency of 25 pant
(d) 13 cfs for a flow duration frequency of 50 part
(e) 2.3 cfs for a flow duration frequency of 75 quart;
() 0.4 cfs for a flow duration frequency of 90 pent;
(9) 0.2 cfs for a flow duration frequency of 95 qent.

(2) The minimum surfacewater flows for the Santa FeeRiat Worthington
Springs, FL, gage are the following points on tlegvfduration curve defined
in “Technical Report — MFL Establishment for the pgp Santa Fe River,
May 2007":

(@) 1,513 cfs for a flow duration frequency of fipercent;
(b) 935 cfs for a flow duration frequency of 10 qent;

(c) 367 cfs for a flow duration frequency of 25 qent;

(d) 111 cfs for a flow duration frequency of 50 qent;

(e) 42 cfs for a flow duration frequency of 75 pat;

) 15 cfs for a flow duration frequency of 90 pent;

(9) 9 cfs for a flow duration frequency of 95 perce
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In summary, flow reductions up to 15% of the bamelilow duration curve can occur at flows
greater than the established control point (75% fturation frequency), which is 2.3 cfs at
Graham and 42 cfs at Worthington Springs. The cbmiint set in this MFL explicitly focused
on in-channel discharges related to fish passagtet perimeter, and physical habitat modeling
(Water Resources Associates, 2007). It is essBn@alow-flow control point approach. The
emphasis on just low-flow critical thresholds retke an early phase in the application of
environmental flow regulation. Since then, variagencies around North America, including the
District, have found greater value in setting MRFtslow, mid, and high flow control points. In

the case of the District, budgetary and schedulegeratives largely dictated the simplicity of
MFL establishment, with high reliance on a statyfmmovision that permits MFL promulgation to
be based on the “best information available” (342(Q)(b), Florida Statutes) (J. Good - personal
communication).

Lower Santa Fe River

MFLs have not yet been established or adopted HerLiower Santa Fe River. Studies and
reporting have been or are currently being condlwatiéh the goal of establishing MFLs that will
not significantly harm the river’'s water resourcescology. In this part of the river, the District
desires to set high flow, mid flow, and low flow M& The high flow MFL will be aimed
towards protecting wetland inundation, the mid fl&W¥FL will be aimed towards protecting
wetted perimeter, and the low flow MFL will be aichéowards protecting fish passage and
habitat suitability. Other water resource metricgynalso be reviewed for possible use, such as
recreation and scenic/aesthetic values.

Ichetucknee River

As a tributary to the Lower Santa Fe River, theetobknee River is considered part of the Lower
Santa Fe River system. MFLs have not yet beenletatl or adopted for the Ichetucknee River.
Studies and reporting have been or are currenitygbeonducted with the goal of establishing
MFLs that will not cause significant harm to watesources or ecology. The District has
indicated a desire to set MFLs aimed towards ptoigovetted perimeter for mid flows and
habitat suitability for low flows. Again, other nmiels may also be examined for inclusion as the
work progresses.
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2.0 SITE DESCRIPTIONS

The rivers investigated in this study include thgper Santa Fe River, Lower Santa Fe River, and
Ichetucknee River. These systems represent a veigheitgof water sources ranging from surface
water runoff dominance in the Upper Santa Fe Rieemartesian springs providing copious
groundwater discharge in the Ichetucknee River. Ibwer Santa Fe River is sourced from a
mixed regime of spring flow and runoff. These amportant distinctions as Kiefer (2010) found
fundamental differences in geomorphic processesfamd between groundwater and runoff
dominated streams in peninsular Florida. The stseianthe study area are also noteworthy in that
they occupy a transition zone between two hydrospgraphic regions with different monthly
river flow patterns, based on relative effects gumdximity to peninsular versus continental
climates (Kelly, 2004) and degree of interactiomhwgroundwater systems. AMEC divided each
of these rivers up into distinct sub-reaches basedheir fluvial geomorphology, as described
below. Geomorphic cross-sections were surveyedimwidach reach near a USGS gage to
determine bankfull elevations, as described&éction 3.0and photographs were taken at each
cross-sectionAppendix A). A summary of the reaches and their associate@3J8ages and
geomorphic cross-sections are providedaible 2

Table 2
River Reaches

Aezociated As=zociated

River Geomorphic Cross- [ Repori

Reach Associated USGS Gage Section Figure
Santa Fe Lake to New River Hanta Fe River near Graham HE-18, ¥5-17, X5-18 DA
Upper SantaFe Hew River to Olustee Creek Santa Fe River at Worthington Springs H3-15, 3-14, X3-13 2B
Olustee Creek to River Sink Santa Fe River at O'Leno State Park HE-12, Xa-11, 3810 ac
River Rige to Highway 27 gage Santa Fe River at 15 HWY 441 near High Springs [ 305-09, Z35-08, 35-07 34
Lower SantaFe | Highway 27 gage to Ichetucknee River Santa Fe River near Fort White 3-06, 35-05, X504 3B
Ichetucknee River to Suwannee Fiver Hanta Fe Fiver near Hildreth HE-03, X3-02, 30301 3C
Ichetucknee Head Spring to Grassy Flats Ni& His 44
Ichetucknes Grassy Flats to Powetline Ichetucknee River at Dampier's Landing near Hildreth 2504, 335-03 4B
Powrerlitie to Janta Fe River Ichetucknee River at HWY 27 near Hildreth 202, 255-01 aC

2.1 Upper Santa Fe River

The Upper Santa Fe River comprises 44.5 milesvef from Santa Fe Lake to the River Sink at
O’Leno State ParkHigure 2). This river was divided into three reaches, bagedts fluvial
geomorphology, each of which is described below.

Santa Fe Lake to New River

The Upper Santa Fe River from Santa Fe Lake to\tw River comprises approximately 29
miles Figure 2). The valley through which this reaches coursegrézlominantly confined. A
“confined valley” is one where the width of theuallally-active valley floor located between two
flanking valley hillslopes is similar to the meandedth of the main channel system. In such a
system, the main channel meanders across thetgrfréhe valley floor and the outermost bends
will sporadically contact the valley hillslope & inner edge. In this reach, the valley has adluvi
features such as short secondary channels or chiuteg floodplain and a pronounced sandy
alluvial ridge (or natural levee) flanking the maimannel. The alluvial ridges support hardwood
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trees and palmettos. The floodplain chutes vargeiment composition from sandy material to
heavily textured clays and most are vegetated witked cypress and hardwood bottomland
species.

The dominant substrate in the main channel of thped Santa Fe River is sand and the channel
is significantly larger, deeper and much more ewthed than the floodplain chutes with a variety
of alluvial features dominated by large sandy shaald bend pools. Large woody debris (LWD)
and limestone and clay outcroppings are presemsteB8s fitting this description are common in
northern Florida and southern Georgia. While thgonitst of this reach represents a valley type
that comparatively concentrates flow energy duetsosteep longitudinal slope and lateral
confinement, there is an unconfined portion of tt@ach located downstream of the Sampson
River. This unconfined portion, known as Mud Swaingcomes more diffuse with lower banks
and multiple channels of roughly equal dimensiordoh other, serves to dissipate energy, and is
likely a sediment trap. An “unconfined valley” isdader than the meander belt width of the main
channel. Unconfined valleys are common in Florileose with comparatively steep longitudinal
slopes are typically associated with well-definsishgle thread main channels while those with
very low longitudinal slopes typically are assoedtwith multi-threaded channel planforms or
other semi-lotic forms with poorly defined channglgh as vegetated sloughs or strands (Kiefer,
2010). Many ecologists refer to such systems asgbébraided” but geomorphologists
conventionally reserve that term for high energyuntain or piedmont valleys with extremely
high sediment loads that cannot be continuoushsparted by a single channel. A more generic
and cross-disciplinarily term for Florida systemsghwmultiple equitable channels criss-crossing
the valley floor is “multi-threaded.” The term midihreaded is preferred for Florida streams
because they are inherently stable channel form=upying lower-gradient valleys with
substantially less sediment transport than whatirscdo annually-changing braided streams.

The USGS maintain two gages on this reach near d@&raand near Brooker; however, the
Brooker gage is only used to collect field measwet® and is not used to collect stage and
discharge data. Therefore, AMEC collected geomarphta at three cross-sections straddling the
Graham gage: XS-18, XS-17, and XS-Eg(re 2A).

New River to Olustee Creek

The Upper Santa Fe River from New River to Olusteeek comprises approximately 10 miles
(Figure 2). The valley through which this reaches coursanslar to the previous reach, with a
predominantly upland confined valley with alluvigatures such as secondary channels and a
main open channel deeply entrenched in the valleg.channel banks alternate between high on
one side and low on the other in this reach, phagidpatially variable access and interaction
with the narrow floodplain. The channel itself erder than the upstream reach due to the
additional input from the New River.

The USGS maintains one gage on this reach at tighwdy 121 bridge near Worthington
Springs. AMEC collected geomorphic data at threessisections straddling this gage: XS-15,
XS-14, and XS-13Kigure 2B).
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Olustee Creek to River Sink

The Upper Santa Fe River from Olustee Creek tdRiwer Sink at O’Leno State Park comprises
approximately 5.5 milesHgure 2). At the River Sink, the Upper Santa Fe River piszars
underground for approximately three miles as thierrcrosses the Cody Escarpment. The valley
through which this reach courses is best descrdmed perennially-wet gulley, as the river
progrades (forward, downstream directional erolat occurs in karst systems) towards the base
level of the river sink. A prograding river is otteat follows rock fractures or solution sinks. It
erodes in a downstream direction over time, towhed sink. The process is controlled by the
underlying geology and is resistant to changingvflegimes. This is opposed to a headcutting
drainage network whereby the stream erodes alluwuam upstream direction in a process called
headcutting. Headcutting of alluvium is generalljoem of grade adjustment that can be quite
sensitive to changing flow regimes. It is likelyatithe Upper Santa Fe River drainage network
has formed by combined prograding and headcuttieghanisms over recent millennia. The
important consideration here is that the river antley form at this location are governed by
geologic controls, more so than alluvial contrdsth banks are upland confined, though there
are a couple of short segments where the rivdarmkéd by riverine wetland on one side. This
section of the river is therefore predominantly emdeologic control (as opposed to alluvial
control).

The USGS maintains a gage on this reach within @L8tate Park, which only collects stage
data. AMEC collected geomorphic data at three esessions straddling this gage: XS-12, XS-
11, and XS-10Kigure 2C).

2.2 Lower Santa Fe River

The Lower Santa Fe River comprises 30.5 miles\adrrfrom the River Rise to the Suwannee
River (Figure 3). This river was divided into three reaches, basedks fluvial geomorphology,
each of which is described below.

River Rise to Highway 27 Gage

The Lower Santa Fe River from the River Rise toHiighway 27 gage comprises approximately
6 miles Eigure 3). The river in this section receives contributffgyv from adjacent springs but
also loses flow through several sinks/sucks. Ibast described as a mixed regime as its water
delivery is both runoff and karst derived. Thiservreach is flanked by a highly variable
floodplain rapidly transitioning multiple times beten narrower confined and broader
unconfined valley forms. This variability in vallepnfinement also is common throughout many
streams in Florida, and is particularly evidentandscapes with karst influences and in valleys
draining relict dunescape complexes.

USGS gages are located on this reach at the 4d@eband Highway 27 bridge. The Highway 27
gage does not currently collect data, thus AMEQectdéd geomorphic data at three cross-
sections straddling the 441 gage: XS-09, XS-08,%&d7 Figure 3A).
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Highway 27 Gage to Ichetucknee River

The Lower Santa Fe River from the Highway 27 gageéht mouth of the Ichetucknee River
comprises approximately 17.5 mildsdure 3). This reach of the river receives contributinmafl
from a higher abundance of springs than the previeach. It is best described as a mixed regime
gaining river (baseflow increases as heading dawast). The river is predominantly flanked by
riverine wetlands with natural levees on the barikss reach also receives variable amounts of
flow from several tributaries, including Cow Creek.

The USGS maintain two gages on this reach, inctythe Fort White gage and the Three River
Estates gage, the latter of which only collectgetdata. AMEC collected geomorphic data at
three cross-sections straddling the Fort White dagmause it has a good, long term discharge
record: XS-06, XS-05, and XS-0&igure 3B).

Ichetucknee River to Suwannee River

The Lower Santa Fe River from the mouth of the tigblenee River to the confluence of the
Lower Santa Fe River and Suwannee River comprippsogimately 7 milesKigure 3). The
Ichetucknee River is a major tributary to this fgawhich also has several contributing springs.
The reach is flanked by riverine wetlands with naltlevees on the banks. The levees often have
calcareous sediments with ample evidence of désivdtom snail shells and shell fragments
reworked by fluvial forces. This represents an reggéng interaction between aspects of the
mixed flow-regime. The karst groundwater suppliesalved calcium which is precipitated by
physical chemistry and biological mechanisms ared thecomes alluvium as it is transported and
sorted into classic alluvial floodplain features pulsed flow forces mainly derived from
watershed runoff. For this reason, reductions inngpflow could be expected to produce
proportional reductions in an important source edisient to this reach. Erosion was observed
along the banks of this reach, likely a result oatowakes. This segment of the river also has
backwater effects from the Suwannee River and expegs reverse flows. It seems unlikely that
groundwater withdrawals would cause threshold shiitthe floodplain hydraulics, which are
largely controlled by riverine flood pulses asstesbwith surface water runoff in the Suwannee
River and Lower Santa Fe River. However, it is @wable that groundwater withdrawals could
reduce the total amounts of dissolved solids loadetthe system that are creating an important
sediment source in this valley segment. That méaatsalthough the floodplain hydraulics will
remain similar, the sediment source could be dishied, potentially leading to changes in the
roughness and sediment composition of what is ndé@pagraphically and edaphically complex
portion of the riparian ecosystem. It is beyond $skkepe of this study to calculate how much
sediment reduction would occur under various grexatdr withdrawal scenarios, but it would
probably have to dilute the hardness such thaddtminant aquatic macroinvertebrates would
shift from one dominated by snails to one domindtgthsects for an adverse threshold to occur.

The USGS maintain a gage at the Highway 129 bridgar Hildreth. AMEC collected
geomorphic data at three cross-sections stradthiisggage: XS-03, XS-02, and XS-Ofidure
3C).
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2.3 Ichetucknee River

The Ichetucknee River is a spring run comprisingrapimately 5.2 miles from the head spring to
its confluence with the Lower Santa Fe Riveig(re 4). This river was divided into three
reaches, based on its fluvial geomorphology, edchich is described below. Prugh (1969)
conducted a bathymetric survey of the river by meag water depths and hydraulic parameters,
including calculations of the hydraulic slope, ataiety of cross-sections along its length. The
sections were not surveyed relative to any standarzontal or vertical datum and are therefore
only roughly positionable based on his descriptiogistive to his reported average transect
spacing and the positioning of some transects egustror downstream of observable spring vents.
His characterization divides the river into threaimhydrogeomorphic zones that corresponded
well to conditions present in seemingly similardbons today.

Head Spring to Grassy Flats

The Ichetucknee River from the head spring to @a aeferred to as the grassy flats comprises
approximately 1.3 milesHgure 4A). The river emerges from several headwater sprargs
forms a spring run that courses through a wetldoddplain valley. Approximately one mile
downstream of the head spring, the river becomeemand is flanked by wild riceZizania
aquatica) through which the water takes multiple routesteBal springs contribute to this reach.
The surface sediments in this reach were dug totab® inches and were predominantly fine-
textured cohesive inorganics. This condition d#gfétom many spring runs with similar littoral
shelves which often have sediments dominated bgcdlent organic materials (Odum, 1957,
Kiefer, 2010). Hensley (2010) probed the soft sedita to bedrock at this location and their
surface expressions generally conform to the patir the underlying limestone. These
characteristics suggest that this part of the yaflainder a high degree of geologic control and is
likely resistant to changes in flow regime.

The USGS does not maintain any gages on this i@atte river, therefore AMEC did not collect
geomorphic data at this reach.

Grassy Flats to Power Lines

The Ichetucknee River from the Grassy Flats toptheer lines located just upstream of Highway
27 comprises approximately 1.8 mildsgure 4). Based on the ratio of floodplain width versus
meander belt width; technically the river courde®tigh an unconfined wetland valley. It also
exhibits some pronounced limestone exposures hagtgahe banks. It is not necessarily correct
to view the valleys of spring runs as being allul\bacause many such runs rarely produce
overbank floods to distribute inorganic sedimertsttie valley flat. The valley flat is more
typically an accumulation of histosols to the etewa supportable by the local, sustained
groundwater table.

Organic soil building is an important part of thaintenance of the valley bottomland form along
this reach, but it also does flood due to backwettacts from the Lower Santa Fe River, which
in turn also experiences backwater effects from $wvannee River. The sediments also
contained fine inorganics and some marl patchesilplgsdeposited from uncommon floods. It is
also conceivable that such materials washed iw#iey from colluvial processes (e.g. valley
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hillslope erosion) or phosphate mining activitibattoccurred within small portions of the valley
prior to state acquisition.

This reach of the river has a combination of saadg organic flocculent sediments on the bed,
much of which supports dense meadows of submergedtia vegetation. In these aspects, the
system is quite similar to other arge-magnitudéngpruns studied in Florida (Kiefer, 2010). The
reach also encompasses a small alluvial shoakadbe of the river at the outlet of small lateral
spring; Coffee Spring, that supports the only kndagation of the endemic Ichetucknee siltsnail
(Cincinnatia mica). Although it would be of significant interest tharacterize the sediments of
the shoal to determine their derivation and po#traensitivity of the alluvial feature to altered
flow regimes, the sensitive nature of that workeyond the scope of this study.

The USGS maintains a gage at Dampier’s Landingiwiithetucknee River State Park. AMEC
collected geomorphic data at two cross-sectioraldling this gage: XS-04 and XS-0Bigure
4B).

Power Lines to Lower Santa Fe River

The Ichetucknee River from the power lines to tbafluence with the Lower Santa Fe River
comprises approximately 2.1 mildsigure 4). The river courses through an unconfined wetland
valley; however, the elevation of the valley flahsvnoticeably higher above the present water
level (14.55 ft NGVD, 270 cfs reported at Hwy 2gaon 8/2/2011) in this reacRl{otograph
#79 than in the previous reach (17.95 ft NGVD, 289 fported at Dampier's Landing gage on
8/1/2011) Photograph #75. This indicates that the river is more entrencagd meets the base
level of the Lower Santa Fe River. The overall peodf this reach exhibits a convex shape as it
joins the Lower Santa Fe River, meaning that itdngseater longitudinal slope than the upstream
reach Appendix B). Most rivers exhibit an overall concave profildhe convex profile suggests
the presence of grade control via resistant rockasiclose to the land surface that has retarded
channel downcutting in this reach. Consistent Whtis, there are also several areas along this
reach with limestone rapids. The backwater effecentioned in the floodplain of the middle
reach are more pronounced for this reach asawseil in elevation and closer to the Lower Santa
Fe River. Large parts of the floodplain in thisaleare likely to be under greater influence from
the Lower Santa Fe River’s discharge than the lclk@iee River’s.

The USGS maintain a gage at the Highway 27 bridge Rlildreth. AMEC collected geomorphic
data at two cross-sections straddling this gage:-0XSand XS-01 Kigure 4C).
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3.0 METHODOLOGY

To meet study objectives, AMEC evaluated existimjorimation, calculated the bankfull
discharge, and analyzed long-term gage record$ taak is described in further detail below.

3.1 Review Existing Information

AMEC reviewed existing data and reports providedhsyDistrict (e.g. the Upper Santa Fe River
MFL report, draft or final HEC-RAS models for alree systems) and conducted a literature
review of additional studies available at the Umity of Florida’s library system to gain more
in-depth project understanding. AMEC also compide&IS basemap with aerials, topography
(e.g. LIDAR provided by the District), previous apdoposed HEC-RAS survey cross-sections
locations, shoal locations, and USGS gage locatioftss review helped guide further
investigative work.

3.2  Calculate Bankfull Discharge

Bankfull stage, or the elevation at which the strgast begins to overflow onto its floodplain, is

considered an important threshold in geomorpholdggnkfull discharge, the stream flow

associated with that stage is considered “the raffsttive stream flow for moving sediment,

forming or removing bars, forming or changing beadsl meanders, and generally doing work
that results in the average morphological chareties of channels” (Dunne and Leopold, 1978).
Preliminary data collected by AMEC suggests that bankfull flow occurs at durations which

may be affected by MFLs; therefore, several tasksewcompleted to calculate the bankfull
discharge for the various river reaches.

In May 10, 2011, AMEC and District staff conduci@dield reconnaissance at various locations
along the three river systems, which served to i@ MEC with a general overview of the
systems’ fluvial geomorphology. AMEC then returrtedcollect more detailed geomorphic data
on the Upper Santa Fe River and Lower Santa FerRivdune 2011 and on the Ichetucknee
River in August 2011.

AMEC used a Total Station to survey geomorphic taed seven cross-sections along the Upper
Santa Fe River, nine cross-sections along the L&aeata Fe River, and four cross-sections along
the Ichetucknee RiverF{gures 2 through4). AMEC also used cross-sectional data from a
previous survey completed by AMEC in 2008 on thepé&ipSanta Fe River upstream of the
Graham gage (XS-18 and XS-17). Various field ingice of bankfull stage were surveyed at
each cross-section, as field indicators are ofsmduo estimate bankfull stage and the associated
bankfull discharge. Field indicators typically falim Florida streams include the elevation of the
valley flat where the slope becomes level (BKF4Rjlections or breaks in slope of the bank
(BKF-I), and scour lines or undercuts in the baoknid around plant roots (BKF-S). In general,
these indicators are located in the following ordieng the bank: BKF-F (highest in elevation),
BKF-I, and BKF-S (lowest in elevation)Appendix B). In Florida streams with a wetland
floodplain, the BKF-F indicator has been found torelate strongly with the top of bank, while
in streams without a wetland floodplain (which a#en incised), BKF-F is often absent
(Blanton, 2008). In streams with relatively highnka (such as the Upper Santa Fe River), two
inflection signatures, a high (BKF-12) and a lowK{B 1), can often be found. Although BKF-S
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is generally associated with a flow duration tlsatdo high to be considered the bankfull stage
(Blanton, 2008), its elevation was captured foradatalysis purposes. Other geomorphic facets
such as the present water line, toe of bank, topatdral levees, and other floodplain features
were also captured in the survey.

District staff accompanied AMEC during surveyingoefs to assist in locating HEC-RAS
stations. HEC-RAS stations located upstream, dawast, and near USGS gages with long-term
records were chosen for the survey as these losatiuld allow a longitudinal profile to be
drawn “through” the gage. For the majority of symeé sites, the exact HEC-RAS station
benchmarks could not be located; therefore, suveyess-sections were located as close to
HEC-RAS stations as could be approximated. Whesiples AMEC surveyed features on both
banks. During site visits AMEC also noted typica&ogorphic diagnostics, such as signs of
degradation and aggradation and floodplain charattss.

AMEC set 28 temporary benchmarks (TBMs) throughibwt study area, which were initially
surveyed to a relative datum. The District thent@mted a professional land surveyor to tie
temporary benchmarks to true positions and elenstidhe surveyor was unable to locate two
TBMs previously set by AMEC in 2008 in the Uppem&aFe River near Graham; therefore,
AMEC estimated the true elevations for these TBkésnf LIDAR-derived topography. AMEC
then converted all survey data from a relative mata NGVD29 and generated cross-sections
and longitudinal profiles for each river rea&ppendix B). A bankfull profile was generated for
each river reach by fitting a best fit line to teerveyed bankfull indicatorsAppendix B).
Because cross-sections straddled gages, the bipidtile best fit line intersected a gage height
at an elevation that was determined to be the bidindtiage. The USGS rating curve was then
used to relate this bankfull stage to an associdtecharge, which was deemed the bankfull
discharge. Calculated bankfull stage and dischanges then imported into existing HEC-RAS
models for the three river systems to validate thatbankfull field indicator occurred at a stage
most congruent with the base level of the adjadleatdplain in the model cross-section and
provided the best visual fit to the water surfacefife simulated at each reference reach. This
method allowed for the most cost-effective use loé best available information with a
comparatively minimal amount of original field-thing.

Site-specific regional curves were then createdplojting bankfull width and depth (derived
from survey and/or HEC-RAS data) against bankfidtldarge on a log-log scalagpendix C).

A power function was then applied to the pointgptoduce a regression equation that could be
used to predict how channel shape may change pomes to flow reductions. For example, if an
MFL allows for a 15% reduction in bankfull flow,site with a bankfull flow of 100 cfs will be
reduced to 85 cfs. Both flows are then plugged ihi® site specific regional curve to obtain
predicted and reduced/adjusted bankfull widths @dewgths. The difference between these values
was then calculated to estimate the percentagehighvehannel shape would be expected to self-
adjust in response to reduced flows. This calcutatelies upon an assumption that the system
will adjust dimensionally to a new equilibrium &ah association with a sustained reduction in a
single indicator variable, bankfull discharge. VWhalearly a simplification, the use of such curves
is a common practice in applied fluvial geomorplggl®o provide a sense of the magnitude and
direction of change and to screen various parthefsystem for thresholds warranting further
calculation and/or monitoring.
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The tasks described in this section helped meetabes |, 11, 11, IV, and VI.
3.3  Analyze Long-Term Gage Records

The USGS maintain gages with long-term records awh ef the three river systems of interest
(Table 3, Figures 2through4). AMEC obtained data from the USGS website, buintb that
many records contained data gaps. The USGS datahwassupplemented with data from an
Access database provided by the District, whichtaioed interpolated data (INTERA, 2011).
AMEC only used interpolated data to fill in smattd gaps (three months or less) in the gage
record. Gage records were then used to completeusatasks described below.

Table 3
Gage Summary
Drainage
Area (sq
River Gage Name ID Number Period of Record mi) Latitude | Longitude | County
Santa Fe River near Sep-57 to Nov-98
Graham* 02320700 Oct-09 to Current 94.9 29°50'46]  82°13'11" Bradfdrd
Santa Fe River at
Brooker 02320849 field measurements 24" 29°52'43" 8220 Bradford
Upper Santa F -
Santa Fe River at
Worthington Springs* 02321500 Nov-31to Current 575 529r8" | 82°25'35"| Alachug
Santa Fe River at O'Lenjo
State Park 02321898 Aug-10 to Current (stage) 840 54 82°34'48" | Columbig
Santa Fe River at US Oct-92 to Sep-02
HWY 441 near High Oct-02 to Sep-10 (collected
Springs* 02321975 by the District) 859 29°51'09"l  82°36'31] Alachya
Santa Fe River nr High Feb-31to Sep-71 (discharge)
Springs 02322000 Jul-53 to Sep-71 (stage) 868 29°50'3B"  82°37'%2" Colamb
Lower Santa Fe Santa Fe River near Fqrt
White* 02322500 Oct-27 to current 1017 29°50'5p"  82%@2'% Gichrist
Santa Fe River abovg
Ichetucknee River near
Hildreth 02322703 Oct-98 to Current 29 55 57 8247 b7 lulbia
Santa Fe River near Nov-00 to Sep-05
Hildreth 02322800 Oct-07 to Current 1374 29°54'41)' 82°51'38  Gilchript
Ichetucknee River at
Dampier's Landing nedr
Ichetucknee Hildreth 02322698 Feb-02 to Current 210 29°57'37"  82016'| Columbia
Ichetucknee River at
HWY 27 near Hildreth* 02322700 Feb-02 to Current 21 °52®9" | 82°47'10"| Columbig

*Current or potential MFL compliance gage

AMEC first used gage records to develop hydrograpitsflow duration curves (FDCs) for each
gage site Appendix D). FDCs were used to estimate flow durations (ocem@ exceedances) of
calculated bankfull discharges. Similar to HEC-R&®&lysis, flow duration analysis was used to
help validate that field bankfull indicator readinwere reasonable when comparing bankfull
hydraulics of the three rivers to other streamshia region. Kiefer (2010) provides ranges of
bankfull flow durations for streams in the regidtigfer, 2010).
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AMEC also used long-term gage records to compiargety of statistics for each gage. Gage
records were imported in the River Analysis Packédg@AP) program version 3.0.2 (Marsh,
2004), which provided general summary statistice. (mean, median, 80percentile, 19
percentile) as well as spells analysis where thkfiodl flow was used to define events and the
duration of each event was used to define its gpplbendix E). Multiple definitions of bankfull
discharge exist, some of which are more processyail than others (Williams, 1978). Therefore
it is important to keep in mind that this study siseconcept of bankfull discharge as a functional
threshold occurring at a geomorphic facet exisbegveen channel maintaining and floodplain
building processes. Under that definition, discleargelow bankfull are typically within the main
open-water stream channel while those greater baakfull are at least partially wetting the
vegetated floodplain. Spells analysis was usedatocutate the number of overbank flow events
per year, the average duration (in days) of oveebldow events, and the total number of
overbank flow days per year for each site, thuyigmg important information regarding flows
occurring and subsequently doing work in the fldadp environment (versus the riverscape).
These events allow for deposition to occur andiraportant for floodplain building and energy
dissipation.

Similar statistics and spells analysis were also far a “reduced flow record.” Adopted and
conceptual flow reductions (as providedTiable 1) were applied to the entire gage record in
order to produce a reduced flow record. This amalysas conducted to determine how flow
reductions would affect overbank frequency and wmaand if floodplain building events would

be adversely impacted.

AMEC also examined field measurements of chanmgjespaired with wetted channel width and
depth collected by the USGS to look for channel radgtions (narrowing/shallowing) or
degradation (widening/deepening) trends. This wamplished by plotting stage and width
measurements taken during flow events falling withi- 20% of either one-fourth or one-half the
bankfull flow (whichever provided more data poinéé)Upper Santa Fe River and Lower Santa
Fe River gage stations and between 70 and 90% rdtflda flow at Ichetucknee River gage
stations over time. The philosophy is to use bdbawkfull flows as a selection criteria to choose
stage and width points that were taken within thanoel itself (versus extended into the
floodplain). If the stage or width is shown to becrkasing over time, this indicates that the
channel is deepening or narrowing, respectivelyhéf stage or width is shown to be increasing
over time, this indicates that the channel is shalig or widening, respectively. Regression
statistics were then run using SigmaPlot versionO 1tb test if the slope (or trend) was
significantly different than a zero slope (p<0.0%his would indicate if stage or width are
changing (increasing or decreasing) over time stadistically significant matter. This analysis
helps look at the greatest sensitivities in charsf@pe changes versus other analyses of field
measurements.

As mentioned earlier, multiple definitions exist fmankfull discharge. An alternate definition of
practical interest is the “effective” flow. Effee@ discharge is the flow or range of flows that
transports the most sediment over the long terns @tncept enables changes to the entire flow
record to be examined for potential cumulative @ffeon channel or floodplain maintenance.
AMEC was unable to locate any sediment dischartieg&urves for northern Florida, rendering
the application of this method subject to unknowors associated with the use of uncalibrated
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sediment transport equations, and such errorsypreatly large. Therefore, this method was not
pursued further.

The tasks described in this section helped meetctbes I, 11, I, IV, V, VII, and VIII.
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4.0 RESULTS AND DISCUSSION

This section presents study results as they rétaf@oject objectives and provides discussions
regarding results.

4.1  Objective I: Determine the channel forming/maitaining flow (bankfull discharge)
and the durations/percent exceedances at which thitow occurs for all three systems

Bankfull discharge, as determined from surveyimidfindicators of bankfull stage, ranged from
109 cubic feet per second (cfs) to 1,410 cfs inwhgous river reachesTéble 4). Bankfull
discharge was found to increase from upstreamwmdiveam gages, as would be expected as the
contributing basins become largéppendix B provides the survey data from which bankfull
stages were derived. Determined bankfull flows wkrend to fall between smaller values
predicted by regional curves developed for penarsklorida (Blanton, 2008; Kiefer, 2010) and
the larger values of north Florida (Metcalf, 20q&xhibit 1). This finding suggests that the
Upper Santa Fe River, Lower Santa Fe River, andticiknee River’'s locations between two
major hydro-physiographic regions (the continemtalss and the peninsula) influences bankfull
flow relationships. Kelly (2004) also found thatets in this transitional zone exhibit different
flow patterns than rivers to the north (contineméluence) or to the south (peninsular influence)
(Exhibit 2). More specifically, transitional zone rivers havéimodal flow pattern with two peak
flows, while northern rivers have peak wet seadowd in the winter and southern rivers have
peak wet season flows in the summer. The relevahtlyese facts is that it means the rivers of
this study are clearly transitional in terms ofithEankfull discharge and dimension and seasonal
flow patterns between the geographic cores of twaindt hydro-physiographic regions, the
Northeastern Florida Coastal Plain (NEFCP) andPtyeinsular Florida Coastal Plain (PFCP).

Bankfull flow duration (or percent exceedance), degermined from long-term USGS gage
records, ranged from 13% (48 days per year on gegta 52% (188 days per year on average) in
the various river reache3dble 4). Flow duration curves (FDCs) used to estimatekhdinflow
durations are provided iAppendix D. The majority of bankfull flow durations fall wiiin the
typical range of Florida streams, which range fr@nto 40% with an average of 21% in
blackwater streams and from 35 to 54% with an @ee& 41% in spring runs (Kiefer, 2010).
Consistent with Kiefer’s findings, the gage sitaghwhe highest flow durations (Lower Santa Fe
River Fort White and Ichetucknee River sites) disd the highest contributions from springs.
Bankfull flow exceedances represent the total nunobelays per year work is being done in the
floodplain. Further spells analysis, using the mneated bankfull flow as a threshold, was
conducted to determine the frequency and duratiemdovidual bankfull events that contribute to
floodplain building. Bankfull frequency ranged fra& to 5.0 events per year, with the average
event lasting from 10 days (1.4 weeks) to 112 dagsveeks) per yeaf éble 4).

Results and discussions specific to each particidar reach are provided below. It is important
to note that field indicators of bankfull stage dige estimate bankfull flow and associated
durations represent current conditions. Long-teidC8& have a memory, and further analysis of
the flow record by decade (provided below) may catk that bankfull flow durations have
changed over time. The bankfull conditions obseregatesent an existing condition that may
very well differ from a true pre-disturbance coraht Since a pre-disturbance landscape predates
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any of the available discharge records, it is beythe scope of this study to establish a pristine
background. As described below, the bankfull dissgh amounts and flow durations appear to be
appropriate for all of the systems studied in as$on with their drainage area size when

compared to other rivers with relatively undistudbveatersheds in Florida. However, the Upper
Santa Fe River at Graham may be on a decliningl tileatt, if it continues at its rate from the past

several decades, will result in conditions outsierange of what is deemed natural today.

Table 4
Bankfull Discharge and Duration Results Summary

Average
Numiber of | Duration of
Bankfull Duration | Dwration | Bankfull | Overbank
Most Reliahle Discharge (%o (days per | Fvents per | Event (days
River Gage Bankfull Indicater (cfs) Exceedance) year) Year Per Year)
Low hank
inflection
Grahatn (BEF-T) 109 13 48 49 10
High bank
Worthitngton inflection
Sptings (BEF-IZ) SEE 19 fhE 30 14
Ho reliable
Upper SantaFe O'Leno indicator T+ HiA NiA HiA HiA
Bank inflection
Hury 441 (BEF-T) 201 12 28] 24 34
Bank inflection
Ft. White (BEF-T) 1410 39 143 22 73
Mo reliable
Lower SantaFe Hildreth indicator 1591+ 23 a4 HiA HiA
Valley flat
Dampiet's Landing (BEF-F) 254 5 128 22 112
Bank inflection
Ichetucknes Huwry 27 (BEF-T) 328 32 1138 43 63

*Calculated from site specific regressidexfibit 1), not based on field indicators
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Exhibit 1
Florida Bankfull Discharge Regression

Regional Curve: Bankfull Discharge

10000
1000
- (c
s (b)
©
<
2
(a]
g 10 @ Santa Fe River Sites
c
@ Power (North Florida Sites (Metcalf))
1 y = 3.2x0.69 . -
R2=0.83 Power (Peninsular Florida Sites (Blanton,
o= Kiefer))
0.1 Power (Santa Fe River Sites)
0.1 1 100 1000 10000

Drainage Area (sq mi)

Note: Upper and Lower Santa Fe River sites used tgenerate sitespecific Santa Fe River regional curve: (a
Graham gage; (b) Worthington Springs gage; (c) Hwy41 gage; (d) Ft. White gags
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Exhibit 2

Geographic Distribution of Sites Exihibiting Various River Flow Patterns (Kelly, 2004)
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& Altered Flow Pattern

Upper Santa Fe River

Santa Fe Lake to New RiverFhe low bank inflection was the most reliable baikhdicator in
this reach, which corresponds to a bankfull disghaf 109 cfs at the Graham gage. This flow is
equaled or exceeded approximately 13% of time @& gber year) for the period of record. The
period of record was further divided into 10-yeatervals to determine if durations may be
changing over time. This analysis shows that bdhliow durations and mean annual flows

visually decrease over tim&dble 5, Exhibit 3).

Table 5
Upper Santa Fe River: Graham Gage Bankfull Durationand Mean Annual Discharge by
Decade
. (‘g nglgg(raagzlaonnce) Qma (CfS)
1958-1967 21 73
1968-1977 11 49
1978-1987 14 51
1988-1997 6 32
2010 8 38
ALL 13 51
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Exhibit 3
Upper Santa Fe River Graham Gage Bankfull Duration (% Exceedance by Decade

!

New River to Olustee CreeKlthe high bank inflection was the most relic bankfull indicator in
this reach anaorresponds to a bankfull discharge of 588 cf¢hatWorthington Springs gac
However, wo distinct sets offacets commonly associated wittankfull signatures were
observed: &igh bank inflection, whiclallows access to the floodplain, antba& bankinflection,
which creates aparsely vegetated, discontinudower berm.The flow corresponding to the hi
bank inflection is equaled or exceeded approxingat®Ps of the time (68 days per year), wit
the low bank inflection is equaled or exceeded 4éf the time (169 days per year), ing
outside of the normal rang&he Upper Santa Fe Rivergeographic location in the biomoc
zone (Kelly, 2004) may explaiime presence of two signatures as rivers in thie Zwmve two we
season flows (one high and one low). The high tinflection likely corresponds with the high
of the seasongleaks and was chosen as the most reliable indicatbis reach. When aryzing
flow duration data in 1@ear intervals there does not appear to be a distinct trend iw
durations or mean annual discharges over (Table 6, Exhibit 4).

Table 6
Upper Santa Fe River Worthington Gage Bankfull Duration and Mean Annual Discharge
by Decade

Bloek (‘g nglgg(raag:nnce) Qna (CfS)
1932-1941 14 344
1942-1951 23 532
1952-1961 19 408
1962-1971 25 514
1972-1981 18 395
1982-1991 21 432
1992-2001 14 336
2002-2010 13 291

ALL 19 408
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Exhibit 4
Upper Santa Fe River:Worthington Gage Bankfull Duration (% Exceedance) by Decac
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Olustee Creek to River Sink Bankfull indicators were difficult to interpret ihis reach, as th
river is deeply entrenched asitograde towards the river sink. The vasiajorities offlows are
contained within the whaped valley and are not buildir continuous active alluvi floodplain.
Although one readable crossction did correspond to an active floodplain,alihtorresponde
to an inflection following a hydraulic gradelinesading bankfullsolely from field indicators i
dubious because this systé&rso entrenche. Further,only stage data is available for tgage at
O’Leno. For these reasons, bankfull discharge assbaated duration could not Idirectly

calculated. In sme such circumstanc, bankfull discharge could be estimated for this re
using availableegional associations with drainage area, butishe®nfounded by the fact that t
stream exists between two different hy-physiographic regionsThe best podble calculation
would therefore be to develop a ri-specific bankfull discharge versus drainage argeessior
using 10 or more reliable alluvial locations upatreand then eapolding that regression to tf
drainage area reporting to River S It should then be verifiethat the discharge calculated
that manner corresponded to the scant alluvialdipein indicators available during such

event by direct observation in the fie That combination of observations is beyond the saui}
this study.

This reach is also likely to be uncsignificantly resistangjeological controls as opposed to m
readily deformable alluvial controls dwo the position of the rer bed relative to the sink and
associated limestone bedrock near the lurface.Because the system is largely under geol
control, MFL reductions are not likely to have a large intpam this reach’s fluvie
geomorphologynless withdrawals are substantial enough to infleehecondition of theriver
sink itself (e.g. bynducing a sinkholor solution pipe collapse, or lmronic subsidenc.
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Lower Santa Fe River

River Rise to US 27 Bridge Ga¢ The bank inflectiorat the inner toe of the alluvial ridwas
the most reliable indicator in this rei and correspond® a bankfull discharge 901 cfs at the
Hwy 441 gage. This flow is equaled or exceeded @pprately 12% of the time 44 days per
year). Other bankfull indicatoxbservecin this reach were the elevation of tredley flat (which
was only found on one bargt a time in this reach and had a flduration ofonly 6%) and the
scour line which had a flow duration (37%) Appendix D). This reach is a mixed regime, w
some alluvial floodplain and some spring influenités also affected by the riveise. No trends
could bedetected when breaking the flow ord into 10-year time intervatsecaus the period of
record is too shorflable 7, Exhibit 5).

Table 7
Lower Santa Fe River Hwy 441 Gage Bankfull Duration and Mean Annual Dscharge by
Decade

Quk Duration
Block (% Exceedance) Qma (CfS)
199:-2002 12 484
2002-2009 16 519

Exhibit 5
Lower Santa Fe River Hwy 441 Gage Bankfull Duration (% Exceedance) bypecads

1993-2002 2002-2009

US 27 Bridge Gage to Ichetucknee Riv— The bank inflection wathe mostreliable bankfull
indicator in this reach, the stage of which coroeg}s to a bankfull discharge of 1,410 cfs at

Ft. White gage. This flow is equaled or exceedgar@pmately39% of the time 143 days per
year). The reach’s higher bankfull flow duion can be attributed to the cumulative effect «
higher abundance of springs providing steady flowhe system. This reach is best classified

mixed regime (alluvial and sprini The bank inflection representschannel forming flonabove
a scoutine positioned along the margin of the channeleedgdnear theelevation of the linee
backswamp located behind the alluvial ri. When analyzing the flow record in -year

intervals, it appears that bankfull flow duraticarsd mean annual dischargeve been decreasir
over the last two decadesith a fotential threshold shift in the declinecurring sometime in tr
early 1990’s Table 8, Exhibit 6).
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Table 8
Lower Santa Fe River Fort White Gage Bankfull Duration and Mean Annual Discharge by
Decade
Block | 3 Ecendance)_Ore €19
193:-1942 39 1503
194:-1952 47 1695
195:-1962 40 1495
196:-1972 65 1930
197:-1982 30 1331
198:-1992 48 1614
199:-2002 19 1152
200:-2010 21 1145
ALL 39 1492

Exhibit 6
Lower Santa Fe River: FortWhite Gage Bankfull Duration (% Exceedance) by Decde
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Ichetucknee River to Suwannee Riv— The bankfull profilecreated from field indicata in this
section of the river wasighly inconclusive, as the bankfull indicatorsldpec’ the wrong
direction Appendix B). This could be due to backwater effects and revBosvsresulting from
high stages in the Suwaee Rivel In other words, as one progresses closer to theaSum
River, which drains a watershed mularger than the Lower Santa Fe Rivigre larger river ma
be creating or influencing the development of gegrhic facets similar to those used to prov
bankfull field indicators for thé.ower Santa Fe Riverconfounding their interpretatic Further,
all high flow eventdn this reach of the river also occurred when thev&nee River was hig
with pulses going backwards and likely dosome geomorphic workAppendix D). Boat traffic
wakes and subsequent erosion may also contributfalse bankfull indicator:. Therefore,
bankfull discharge and associated duration couldconclusively be alculated for the Hildret
gage from field indicatorsReactions to how the channel will react to MFL retthns are
therefore geomorphically complex and difficult tee@ict and will likely be related to conditior
in the Suwannee Rivesind their interactions with thLower Santa FeRivers flow regime.
However, such factors could be teased out witrh&rrstudy, particularly one that enabled
development of a site-spedftatchment area (drainage area plus recharge\emesals bankful
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discharge regression. AMEC developed a prelimimagression and, from that, extrapolated a
bankfull discharge of 1,890 cfs at Hildretxhibit 1). This gives an approximate, non-verified,
value for the channel maintenance flow in this heacthe Lower Santa Fe River. This discharge
value’s correspondence with field indicators wi# Mifficult to verify during bankfull events,
because the Suwannee is also typically high amtuiftes widely during such time periods.

Ichetucknee River

Headspring to Grassy Flats AMEC did not survey any cross-sections along te&ch, as there

is no long-term USGS gage to which to tie surveyults. Bankfull discharge thus was not
estimated along this reach. Two shallow cores wgoavated on the grassy flat to depths of 12 to
18 inches and both were dominated by fine textureryanic sediments.

Grassy Flats to Powerline The elevation of the valley flat was the mosalde field indicator

in this reach, the stage of which corresponds barfull discharge of 294 cfs at the Dampier’s
Landing gage. This flow is equaled or exceeded apprately 52% of the time (188 days per
year). The bank inflection corresponded with thespnt water level (17.59 ft NGVD, 280 cfs
reported at Dampier’s Landing gage on 8/1/2011induhe time of survey and had a higher flow
duration of 80%. Mean annual discharge was alscutakd for this reach as this flow can be
used to estimate channel forming flows in springsrin the absence of additional data. The mean
annual discharge was 314 cfs, which is equalekoeezled 42% of the time. This value is close
to the bankfull discharge derived from field indmwa. The period of record at this gage is not
long enough to determine if bankfull flow duratidmsve changed over time.

Powerline to Lower Santa Fe River The bank inflection was the most reliable figidicator in
this reach and corresponds to a bankfull dischaf@28 cfs at the Hildreth (Hwy 27) gage. This
flow is equaled or exceeded approximately 32% eftiime (118 days per year) and is on the low
end for karst systems studied by Kiefer (2010),clvhianged from 35% to 54% with a mean of
41%, (n = 5). This suggests that some modest impac already occurring at the bankfull
signature. The elevation of the valley flat wasicesbly higher above the present water level
(14.55 ft NGVD, 270 cfs reported at Hildreth Hwy @&ge on 8/2/2011) in this reach than in the
previous reach and corresponded to a flow duraifalb%. This may indicate that the river has
been losing water over time. However, that lattepeat should be interpreted with caution
because tributaries crossing a larger river vadlsp frequently have entrenched channels where
they cross the scarp associated with the begirofitige bigger river’s valley hillslope. Therefore,
the seemingly low (15%) flow duration of the valliégt may simply be an artifact of the position
of this reach along the Ichetucknee River's conxiggr profile as it headcuts up through the
Lower Santa Fe River’s valley scarp.

Mean annual discharge was calculated at 300 cfiehvig lower than the discharge calculated for
the upstream reach and also suggests that the megr be slightly losing, perhaps further

confounding interpretation of bankfull duration @at this reach. Important considerations along
this reach include backwater effects from the Lo®anta Fe River, convex profile shape, and
rapids which may indicate potential geologic colstréloodplain soils in this reach consisted of
marl and a mix of organic and inorganic materialgjgesting there may be some history of an
alluvial floodplain or that deposition occursirshg backwater events from the Lower Santa Fe
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River. Upstream, the floodplain sediments appedcedbe more organic. Because this reach
already appears to be at least modestly affecteuidtgric flow losses, and it already occupies a
naturally entrenched position in the longitudinabfpe, further withdrawals may exacerbate
adverse impacts to the system’s floodplain vegataind geomorphic features. The period of
record at this gage is not long enough to deternfihankfull flow durations have changed over
time.

4.2  Objective Il: Determine if aggradation or degralation is occurring within the
channel using USGS at-a-station records and site sérvations

An analysis of existing USGS field measurementiecsed for flows below bankfull (i.e. flows
within the open channel), indicates that channglttddnas been changing over time at several
gage locations along the Upper Santa Fe River, L@aata Fe River, and Ichetucknee River by
either degrading (deepening) or aggrading (shafigyv{Table 9). Changes in elevation ranged
from 0.5 to 1.5 feet, which could conceivably makealifference ecologically. For example,
degradation may be approaching a threshold at wihietbed material becomes bedrock versus
alluvial in nature or the hydraulic geometry mamge in a manner whereby overbank flooding
becomes less frequent and of reduced duration.adiggy reaches may be experiencing excessive
habitat smothering such as snag burial and im§lbf pools.

No compelling temporal trends were found for widieasurements at gage sites, indicating that
the channel adjustments are likely to be early fallasuite of contingent changes that start with
bed adjustments before progressing to width adjstsn(Schumm, 1984kkhibit 7). Appendix

F provides graphs depicting field measurements ones at both specified flow scenarios and at
all measured flows and also provides regressiorlysisastatistical test results derived in
SigmaPlot.

Observed stage data trends may be the result athéwenel self-adjusting to already-occurring
changes at the watershed or regional scale thattaffow and/or sediment inputs. Land use
changes such as urbanization or agricultural agdihg practices may be affecting sediment
yield, while increased groundwater pumping or climgattern shifts (such as the Atlantic
Multidecadal Oscillation (AMO) may be affecting Wo Land use changes and their effects on
sediment yield and flow delivery are more diffictdt quantify than changes in flow, which can
be seen in the long-term flow record. For examphean and median annual flows for the
majority of gage sites throughout the Upper SargaRiver and Lower Santa Fe River are
exhibiting decreasing trendégpendix D). Ichetucknee River sites have a relatively slgade
record (less than ten years), which may explain winyilar decreasing flow trends were not
observed.

If observed stage data trends are a result ofdlreacurring flow reductions, further reductions
may adversely impact channel shape and streamndetfanction. For example, further
degradation to the streambed can lead to chant@nehment to the point where the stream is
effectively divorced from its floodplain. This caregatively impact riparian wetland function as
well as the ability for the river to dissipate epeto the floodplain. Eventually, downcutting will
also lead to bank failure and subsequent channééning Exhibit 7). Aggradation to the
streambed, on the other hand, may lead to habathering and increased flooding. Any MFL
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program must include monitoring to detect theseesypf trends, and if trends are detected,
appropriate adaptive management actions shouladertaken.

Detected trends, however, may also be misleadiogneSmay be a result of localized effects that
are not indicative of system-wide changes or magiuseto measurement errors. An example of a
localized effect may be a sediment slug that iskimgrits way through a system and happens to
be picked up during measurement readings. Althdhgke localized trends may be difficult to
discern, it is important to attempt to rule thent atnen evaluating potential reasons trends are
occurring. Results and discussions specific to @acticular river reach are provided below.

Table 9
Summary of USGS Field Measurement Trends

Stage Width
Flow Selective p- p-
River Gage Criteria Trend (ft) value Trend value
Degrading / Deepening
22 to 33 cfs (25% of (~1.5 ft since 1958, but
Graham Qbkf +/- 20%) evidence of stabilization) <0.001| No trend 0.902
Worthingt | 235 to 353 cfs (2594 Aggrading / Shallowing
on Springs| of Qbkf +/- 20%) (~0.5 ft since 1985) 0.057 No trend 0.492
Degrading /
Upper Widening
Santa Fe O'Leno 162-325 cfs Cannot determine*| 0.013* (~3 ft)* 0.066*
168 to 372 cfs (25-| Aggrading / Shallowing
Hwy 441 50% Qbkf) (~0.5 ft since 1993) 0.047 No trend 0.411
564 to 846 cfs (5094 Degrading / Deepening
Ft. White Qbkf +/- 20%) (~0.5 ft since 1989) | <0.001| No trend 0.173
1,031 to 1,547 cfs
Lower (25th percentile
Santa Fe | Hildreth flow +/- 20%) No trend 0.333 No trend 0.27p
Dampier's| 205 to 265 cfs (70-
Landing 90% Qbkf) No trend 0.729 No trend 0.918
229 to0 296 cfs (70-| Degrading / Deepening
Ichetuckneeg| Hwy 27 90% Qbkf) (~1 ft since 1932) 0.013 No trend 0.138

Boldvalues represent statistical significance (p<0.05)
* Measurements recorded using conflgtiertical datums, thus confidence in measurematat id low
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Exhibit 7
Conceptual Channel Evolution Model

ng Channel Evolution Model
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Upper Santa Fe River

Graham Gage- Stage measurements over time show signs of degvadf up to 1.5 feet over
an approximate 50-year period from 1957 through720table 9, Appendix FH. This rather
steady degradation period encompasses pre-197andrypost-1970 wet AMO periods and also
unfolded during a period of steadily declining aalhaverage discharge in this reach from 1958-
1997 (Table 5, Exhibit 3). More recent measurements suggest that the lggedigion trend may
have leveled off; however, this may be due to ansedt slug that has been observed in the
vicinity of the gage that is making its way througte system. This degradation trend, in
conjunction with the reach’s already lower thanrage overbank flow durations (which also
appear to be decreasing over time), suggestshisatdach is sensitive to becoming excessively
divorced from its floodplain and further withdrawedt or above bankfull thresholds should be
approached with extreme caution. This caution algplies to further withdrawals that could
reduce the frequency and duration of the aboveflérikresholds.
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While reduced runoff from the watershed may be cedusediment yield to the stream, it is also
important to consider that the causes of bed degjaad may reflect land use changes in the
watershed which could decrease the amount of sediergering the system largely irrespective
of changes in the runoff regime. Where sedimernitdgiare even more greatly reduced and the
remaining discharge is subsequently sediment-slaiverill consequently remove sediment from
the bed. Such changes can be the result of a systgyaged in a secondary adjustment to
improved agricultural or silvicultural practices manage soil erosion. It could be caused by
systematic retrofits to waterbody outlet structutest increase water levels and lead to increased
sediment trapping. If the flow reductions are cdubg induced recharge from groundwater
pumping, this could disproportionately reduce rd@irafents that can carry eroded soils to the
stream valley as well.

Irrespective of anthropogenic causes, it is alsssiibe that the bed is degrading in response to
natural causes such as regional base level lowarndga subsequent aggressive natural phase of
drainage network rejuvenation. Base level is #mellsurface elevation or water surface elevation
the stream discharges into. When that is lowetssl channels upstream can headcut to a lower
elevation, leading to channel bed degradation.tkair kind of grade adjustment to occur, either
sea level would have to going down or large scalesisience of at least a couple feet would have
to be unfolding in recent decades. These naturesaseem unlikely. Irrespective of the causes
of degradation, it is important to recognize tHa¢ hydraulic interaction of this reach with its
floodplain will be increasingly sensitive shouldsttrend continue.

Worthington Gage- Stage measurements over time show signs of giltaggradation of half a
foot since 1985. The aggradation may be local,hasgage is located just downstream of the
confluence of the New River where local sedimemtodés may occur. Although there were no
width trends, it is notable that this reach hasveer than expected width-to-depth ratio based on
site specific regional curveggpendix C).

O’Leno Gage- Field measurements were collected at this gage 1977 to 1991, with a seven

year gap from 1982 to 1989. The available data wakected in two different elevational

frameworks, and when corrected for using a datuowiged by the District, the two sets of stage
measurements were still five feet oppendix F). Therefore, stage over time trends in this
reach could not be determined. Width measurememés time indicate a widening trend,;

however, this is based on a limited number of gatats (n=5) thus confidence in this trend is
low.

Lower Santa Fe River

Hwy 441 Gage- Stage measurements over time show signs of filtaggradation of half a foot
since 1993. Debris from an old bridge was obsejustidownstream of the Highway 441 bridge
and may cause sediments to accumulate in this réatimestone shoal is also located on this
reach, which may influence sediment accumulation.
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Ft. White Gage- Stage measurements over time show potentiad sijdegradation of up to half
a foot since 1989. There are no trends in widthsuesanents over time.

Hildreth Gage— No clear trends of aggradation or degradatiorewstected when analyzing
field measurements. As previously mentioned, th&ch of the river is affected by backwater and
reverse flows from the Suwannee River as well a4 traffic.

Ichetucknee River

Dampier’s Landing Gage- No clear trends of aggradation or degradatiorevadetected when
analyzing field measurements.

Hwy 27 Gage- Stage measurements over time show signs of paltelegradation of one foot
since 1932. The stream may be downcutting due gb kelocities (potentially from bridge
effects) or it may be downcutting as it meets thseeblevel of the Lower Santa Fe River. This
degradation trend, in conjunction with the reachlseeady low overbank flow durations and
possibly losing mean annual discharge, suggestshisaeach is sensitive to further flow losses.

4.3 Objective lll: Determine which stage of channekvolution each system is in if the
system is not stable

AMEC did not observe any systemic evidence of estgeschannel instabilities (i.e. bank
failures, excessively undercut banks, erosion derior channel bends or straight sections,
knickpoints) during field visits. However, analysid USGS field measurements (described
above) indicates that chronic degradation (deepgrias been occurring in the Upper Santa Fe
River at the Graham gage, the Lower Santa Fe Ritvére Ft. White gage, and the Ichetucknee
River at the Highway 27 gagddble 9). These trends suggest that the aforementionet riv
reaches may be undergoing channel evolution. Ilfctitennels are in fact evolving, they would
likely fall under the incision phase (Stage 11)Sfhumm et al.’s (1984) Channel Evolution Model
(CEM) (Exhibit 7), as trends analysis did not indicate that thgseems have also been widening
(Stage 1ll) yet.

4.4  Objective IV: Evaluate how adopted MFLs on théJpper Santa Fe River and
conceptual MFLs on the Lower Santa Fe River and lcbtucknee River will change
the bankfull (or channel forming/maintaining) discharge and how the system will
react to change

Adopted and conceptual MFLs allow for higher redutd to occur in flow durations that affect
the bankfull dischargeT@ble 1). The bankfull flow is important geomorphically defined for
this study because it represents the breakpoiniveeet erosion (channel formation) and
deposition (floodplain formation). Reductions irethankfull flow are thus likely to affect both
channel shape and floodplain building, as descriisdow.
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Channel Shape

Channel boundaries are not static and will seléssidjo changes in flow and sediment transport.
Adopted and proposed MFLs could reduce the bankfalv by up to 15%, resulting in
predictable changes to bankfull channel dimensibables 1 and 10). Site specific regional
curves relating channel width and depth (obtaimednfsurvey data and/or HEC-RAS model
cross-sections) to bankfull flow (determined fraedd indicators) were developed to predict how
reductions to the bankfull flow would most likel§fect channel shapeAppendix C). Based on
this analysis, reductions in bankfull flow are exfeel to cause the bankfull width to become more
narrow (by as much as 12 feet) and bankfull megthd® become only slightly more shallow
(Table 10. This is because width exhibited a much more iseasassociation with bankfull
discharge overall than depth for the Upper and lrdBanta Fe River valley sections studied, as
evidenced by a greater exponent in its power fonctquation and higher r-square value
(Appendix C). Spring runs have more proportional width andtlegensitivities to bankfull
discharge than those found on the Upper and LoaetaS-e Rivers.

As a result, the bankfull wetted perimeter, whisraimeasure of habitat availability at bankfull
flow, will also decreasezxhibit 8 shows how bankfull wetted perimeter is predictedhange
under various bankfull flow reduction scenarios amdicates that a 15% loss in the bankfull
wetted perimeter will not occur until bankfull floig reduced by 17% in the Upper Santa Fe
River and Lower Santa Fe River and 37% in the latletee River (from current observed and
recorded conditions). Wetted perimeter losses agdigted to decrease at a much faster rate with
increased flow reductions in the Upper and Lowart&&e Rivers than in the Ichetucknee River
because bankfull width increases at a faster ratelation to flow in the Upper and Lower Santa
Fe Rivers Appendix C). Wetted perimeter calculations are more sensiovehanges in width, as
width is generally much greater than depth in thstems and thus have a greater influence on
wetted perimeter calculations.

It is important to note that initial channel shazfustments may be more likely to occur on the
bed (depth) than on the banks (width), as the bditely to be more quickly adjustable because
its geomorphology has much less interaction withwsfjirowing woody vegetation like that
densely lining the banks. A typical progression rbaya period of modest, but rapid aggradation,
followed by a period of slower but greater chammairowing concomitant with encroachment by
the forested floodplain edge into the main chanBeldiment yields in Florida watersheds are
lower than most national norms, and the open cHasmaaintained in part from hydraulic root
pruning, limiting how far trees can become estélelils and maintain a foothold along the
shoreline. As bankfull discharge decreases, neak-lshear stresses are diminished thereby
allowing the forest to encroach further into thamhel.

It is also important to note that these results ldwely to take decades to fully adjust. For

example, AMEC staff has observed conditions on rs¢\sy/stems at phosphate mines in Polk,
Hillsborough and Hardee Counties where it typicadliges reclaimed headwater stream valleys
two to three decades to fully-form an equilibriuimonel when allowed to do so from natural

rainfall and weathering subsequent to contourinthefnew valley and its watershed. This gives a
good first approximation for what the pace of chaimgchannel width will be. The nominal 25-
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year alluvial adjustment period corresponds wethwiow long it takes newly formed forests
reach a complex, multiered closed canopy structure as v

Table 10
Predicted Channel Changes

i
Decrease
Bankfull Discharge Bankfull Width Bankfull Mean Depth Bankfull Wetted in
(cfs) (ft) (ft) Perimeter (ft) Bankfull
Predicted | Adjusted | Predicted | Adjusted | Predicted | Adjusted | Wetted
River Gage Current | Reduced | Channel | Channel | Channel | Channel Channel Channel |Perimeter
Graham (15% flow
reduction) 109 93 21 18 4 33 23 23 10
Worthington (15%
Upper SantaFe| flow reduction) 388 300 82 18 43 42 28 86 12
Hwy 441 (7% flow
reduction) 201 838 129 121 43 43 138 130 37
Ft. White (7% flow
Lower SantaFe reduction) 1410 1311 120 178 48 48 192 188 3.8
Dampier's Landing
(4% flow
reduction) 294 282 82 80 37 37 89 88 14
Hwy 27 (4% flow
Ichetucknee reduction) 328 313 34 83 39 38 0 a1 14
Exhibit 8

Predicted Decrease in Bankfull Wetted Perimeter Under Varioudlow Reduction Scenario
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Floodplain Building

Flow reductions at and above bankfull stage threlshwill inevitably decrease the number of
days the river overtops its banks and does workdsiéon) in the floodplain. Spells analysis
comparing overbank events for the existing gagerceand for the reduced flow record (applying
flow reductions provided ifable 1to the existing record) indicates that the numbjedays per
year the flow is overbank will decrease by 10% $&0l(Table 11, Appendix B. This number is
indicative of the total work that can be done ia tloodplain. However, it is unlikely that the full
amount of time available for deposition is necegsaspecially given that most of the sediment
yield will be dispersed to the floodplain earliather than later during a flood pulse.

Furthermore, the floodplain can be roughly apprated as a plug-flow reactor with an idealized
hydraulic residence time equal to the volume offtbedplain at a given sustained discharge rate
divided by the discharge. Doing this using a raofjeverbank flows at the USGS Graham gage
suggests that the average residence times hawgitedly been 1 to 2 hours for a mile length of
stream valley. That valley is about 29 miles loreiween Santa Fe Lake and the New River,
giving residence times ranging from about 1 to @ys. That is much lower than the existing
average duration of a bankfull event calculatedé¢o10 days. It is also much lower than the
projected future average overbank event duratiod @éys. Because the average overbank event
duration remains inherently longer than the idealihydraulic residence time of the system, as
long as the frequency of events is similar, theeptyal for meaningful work in the floodplain is
likely to remain reasonably intact.

Looking more closely at individual events shows tihe average number of bankfull events per
year will not be significantly reduced by flow redions Table 11). However, the average
duration of individual overbank events will decredwy 4 to 20%, which can be as much as two
weeks fewer per year that water will be overbanlerEso, reductions in flow are not expected to
significantly influence the ability of the water tihop sediment onto the floodplain, because the
frequency of fully-effective events (those in exxes$ the hydraulic residence times available to
the system) seems unlikely to decrease. In othedsyahe available deposition time will likely
still allow for sediments to routinely drop out orthe floodplain.

This analysis presumes that bankfull channel dediad will not progress, altering the stage-
discharge relationships in a manner reducing ovérlilmod frequencies. That assumption may
be problematic for the Upper Santa Fe River at @rahAnd for the Ichetucknee River at Hwy 27,
which have already exhibited trends in degradaaoa lower than typical floodplain flow
durations. In the case of the lower IchetuckneeeRithe system is entrenched such that the
bankfull stage does not represent the floodplageswvery well. Therefore, the bankfull durations
reported inTable 11for the Hwy 27 Ichetucknee River gage do not re@néthe historic impacts
that have already occurred to that system, whichehtotal long-term valley flat exceedance of
13% (compared to the bankfull exceedance of 32%3pide the trend in degradation, the existing
bankfull stage and associated discharge for theeU@anta Fe River at Graham are still
consistent with the floodplain entry elevations ahé data inTable 11 can be interpreted
accordingly.
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Table 11
Spells Analysis of Above Bankfull Events

Average # of Days per Year Above Average # of Above Bankfull Events |Average Duration of Above Bankfull
Bankfull Per Year Events (Days)
Reduced Existing Reduced Existing Reduced %0
River Gage Existing Flow Flow %0 Change Flow Flow %9 Change Flow Flow Change
Upper Santa Fe Graham 48 30 -19% 49 46 -1% 10 g -13%
Worthinston 68 39 -13% 3.0 4.7 -3% 14 13 3%
Lower Santa Fe Hwy 441 63 59 -5% 19 22 12% 26 21 -20%
Ft. White 143 126 -12%% 22 23 3% 63 34 -16%
Ichetucknee |Dampier's Landing 199 180 -10%% 22 23 3% 20 77 -14%
Hwy 27 118 100 -16% 23 1.9 -19% i1 33 4%

4.5  Objective V: Characterize the sedimentation proesses of the riverscape and
floodscape both longitudinally and transversely

This section provides an overview of the dominaadiment sources and sorting processes
inherent to each section of the river systems ohadlin the study area. Kiefer (2010) determined
that spring run geomorphology relied heavily onoabthonous biological sources of sediments
while runoff dominated rivers and streams were dat@d by inorganic sediments and physical
processes. The study area offers a broad arrayprofgsrun and runoff geomorphology with
extensive mixed regime zones, especially in thedro8anta Fe River. The two main headwater
segments are the Ichetucknee River and the Uppeta 3& River, both of which feed into
different junctions with the Lower Santa Fe River.

Upper Santa Fe River

The Upper Santa Fe River riparian corridor has mptex valley geomorphology with several
rapid transitions between unconfined and well-&tley forms, but it predominantly exists as a
well-fit (or confined) valley form, meaning thatettoutermost riverscape bends meander across
the entire valley floor between the adjacent valdislopes. The system hydrology regime is
dominated by surface water runoff, with flashy rofdgy and large wet-season flood pulses. As a
result of these flood pulses through a confinedeyalthe floodplain is a comparatively high-
energy system with a dense and complex array w¥iallfeatures including sandy alluvial ridges,
chutes with a variety of inorganic sediments (ckl, sand) and narrow linear backswamps with
fine textured inorganics and some mucky texturals.sdhis array of vertically and horizontally
variably alluvial floodplain features creates agarof hydobiological conditions supporting a
diverse array of forest types and plant species listerally compact corridor. The riverscape is
also quite rough and complex with sandy alluviatfees and with some small areas of exposed
resistant limestone and stiff clay outcrops. Thvenscape is deep with bend pools, sandy shoals
or riffles, point bars, lateral bars, over-hangiogt-scoured banks, and ample large woody debris
which further induces alluvial complexities suchsasur pools and debris jams into the channel
bed.
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Therefore, most of the Upper Santa Fe River fiestityh-gradient alluvial floodscape river type
(FW-AFS-HG) in Kiefer (2010). These systems areidgily found in valleys that are
approaching or crossing relict marine escarpmelmtshis case, the river is approaching the Cody
Scarp. Two river segments do not fit the FW-AFS-#iscription well. The first is found within
the uppermost reaches of the system where thescape enters a broad low-gradient valley
feature called the Mud Swamp. This part of theeyalierves to dissipate energy and does so at a
threshold whereby the riverscape takes on a mudiaided channel form, with an interlaced
network of smaller, shallower open channels runmimgghly parallel through the bottomland
swamp. This feature likely serves as an effectediment trap in an otherwise more effectively
transporting corridor. Another exception to the gyah FW-AFS-HG type occurs in the most
downstream reach before the river enters the O’L%in&. Here the system best fits a clay gully
form (FW-CG). These systems occur where the reagiwaterbody punctuates the valley
terminus in a manner that creates a local low-lypage level which allows the valley floor to
erode to a comparatively low elevation thereby fogra deeply entrenched channel system in a
highly confined valley hillslope (Kiefer, 2010). &@be often occur in areas where a stream crosses
the Hawthorn Group formation on its way to a sirlehas does the Upper Santa Fe River in this
reach. FW-CG systems have limited alluvial intacactwith their floodplains and are typically
under a combination of alluvial and geologic cohiindhe riverscape.

Overall, the alluvial riverscape and floodscapduess of the Upper Santa Fe River are derived
from the transport and self-organization of inoligaediments worked by highly variable fluvial
forces. Maintenance of these features, which mucth® biological diversity of the corridor
depends upon, will require attention to channeifag discharges (mid-flows) as well as the
low- and high-flow regimes of the system. It hateporally variable or flashy hydrology that
drives a spatially complex, alluvially-derived, ftabmosaic.

Lower Santa Fe River

The Lower Santa Fe River is maintained by a widayaof fluvial geomorphic processes, making
it one of the most complex riparian corridors iroria. It is also a major river, draining a
watershed in excess of 800 square miles in its umsehes and expanding to more than 1,300
square miles at its confluence with the SuwanneerRiThe upper reach is fed predominantly
from the River Rise where waters sourced from tHee@ Sink mix with other sources and re-
emerge into the valley downgradient of the CodyrcAlthough it drains more than 800 square
miles in this reach, it is receiving a negligibl@dtion of sediment transport from upstream
sources, which are cutoff by the river sink. Theref the floodplain has not been extensively re-
worked and many of the apparent alluvial featuray hmave a long history or are relictual (relicts
of processes no longer active under modern climatej cover, and sea levels; e.g. formed
during the Pleistocene) in the valley. The feattessl! to be rough and complex with an array of
chutes, linear backswamps, valley flats, subtleate&rs, and an alluvial ridge. Many of these
features have stiff, fine textured inorganic seifgl sands. The valley alternates rapidly between
confined and unconfined forms.
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The main difference between the upper segment addlensegment is a distinct increase in the
amount of springs entering the middle riverscagee middle reach is a well-mixed runoff and
spring flow regime. Much of the riverscape’s planfds quite straight, punctuated by erratic big
looping bends that mirror the valley planform. Tineerscape is basically confined within a
meandering valley and is clearly under some laegree of underlying bedrock control. This is
typical of some karst rivers, which tend to progréoward sinkholes or follow lineaments.

The middle reach is influenced by backwater efféas the Suwannee River, but these effects
are more pronounced in the lowest reach, downstrefathe Ichetucknee River. The reach is
influenced greatly by inorganic sediments trangggbftom the rest of the Lower Santa Fe River
between it and the River Rise, by organic and cets sediments transported from the
Ichetucknee River, and by the interplay of wateels with the Lower Santa Fe River, Suwannee
River, and Ichetucknee River flows which greatlyeexi overbank events in the lowermost two
reaches of the Lower Santa Fe River. This lattécefin conjunction with the high calcium
concentrations in the mixed regime waters, creatgge of allochthonously-derived calcareous
sediment source that contributes to the alluviakuiees in the lowest reach’s floodscape and
riverscapes. It is allochthonous because it fomoshfgeochemical processes such as precipitation
and biochemical processes via gastropods andghelr development. As a result, the riverscape
and floodscape form some of their own sedimentstlagi the fluvial forces organize and rework
them into alluvial features. These features inclstlelly-marl on the alluvial ridges and fine-
textured calcareous sediments in the backswampsiniue “whitewash” of fine-textured
precipitates coats the cypress trees along theneofibod elevations in the lowest reach. The
maintenance of the alluvial features in the Lowentd Fe River depends not only on
maintenance flood pulses from the river itself, &isb upon the steady delivery of spring run and
spring vent discharges (including the massive infftom the Ichetucknee River) and the
interplay of water levels from the Suwannee Rivewdstream. Careful attention should be paid
to low, mid and high flow regimes necessary to ramthis suite of characteristics related to
sediment sources and transport.

Ichetucknee River

The Ichetucknee River riparian corridor consistshoée main longitudinal zones or reaches with
distinctly different valley morphologies and grau as described earlier. Overall, the river is a
“great magnitude, deep spring run” in the parlantehe hydrobiogeomorphic (HBG) stream

classification system developed for peninsular iBorstreams (Kiefer, 2010). These systems
generally lack alluvial floodplain features and lude a main channel (or riverscape) that
gradually meanders through varied hillslope morpbigs that can rapidly and repeatedly
alternate among large unconfined wetland flatspage slopes, and well-adjusted to confining
sandy upland bluffs. Floodplain (or floodscape)iseshts are typically derived mainly from

organic hydric soil development due to high locabupdwater tables and shallow flooding.

Sometimes colluvial (hillslope) processes also rtoate inorganic sediments near the outer
floodplain margin. Riverscape sediments consistabdareous materials derived from snail shells
and perhaps chemical precipitation, interlaced withvial sands and thick deposits of organic
flocc (referred to as ‘gyttja’ by Odum (1957)). Muof the riverscape sediments are therefore of
biological derivation from the submerged aquatigetation (SAV) and its associated periphyton
and gastropod communities. This means that thersgdiyields and associated alluvial features
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in the main channels of these kinds of systemsrtepeavily on a combination of bottom-up and
top-down processes that can affect primary andrgkrg productivity and production in SAV
communities. This aspect of these systems williseudsed more fully below i&ection 4.8

In essence, most great magnitude, deep spring ysterss are perennially-wet gullies with
largely allochthonous sediment sources of bioldgmagin organized into alluvial features
including lateral bars or shelves, shoals, and aolthe floodscape. They can be viewed as
“gullies” because their amazingly steady flow reggroffer limited overbank flooding into the
floodscape, meaning that the floodscape is novially active and its sediments are derived from
organic soil building processes or relict (pre-Heaoe) alluvial features. These prototypical
characteristics fit the Ichetucknee River quitelywslth an added twist created by the substantial
water level rises that occur in the Lower SantaRieer, often in association with backwater
effects from the massive Suwannee River, that ésfigrembay and backwater large areas of the
Ichetucknee River’s floodscape. This means thatspaf the Ichetucknee River’'s floodscape
receive sustained pulses of mixed regime waterableny the formation of some calcareous
sediments in the mid-reaches and some fine-texingdanics from the Lower Santa Fe River’s
alluvial transport in the lower reach of the Icledoee River. In other words, all but the
uppermost reaches of the Ichetucknee River’s floaos belong as much to the Lower Santa Fe
River as to the Ichetucknee River. Therefore, tmmex interplay among the Suwannee River,
Lower Santa Fe River, and Ichetucknee River floadiess must be maintained to fully support
alluvial floodscape processes in the middle ancelolwhetucknee River segments. Furthermore,
the Ichetucknee River receives rare overland flpoldes from the Ichetucknee Trace upstream,
generally in response to hurricanes or tropicaissathat provide many inches of rain in less than
24 hours (for example, Hurricane Frances delivatsalt 10 inches of rain that flooded much of
the trace in 2004). The Trace is a usually dry gaieer valley with the potential to carry
sporadic inorganic alluvial loads into the uppéreiticknee River. These are unlikely to comprise
a significant part of the sediment budget, but flemd pulses could conceivably rework
previously deposited alluvial features from timditoe. The lowermost reach has some limestone
outcrops and rapids that provide highly resistaot-alluvial grade controls.

4.6 Objective VI: Identify major grade controls and sensitivities to flow alteration

Most of the total riverscape studied is deformahle] resistant layers are typically mantled by
transportable alluvium. However, some limestoneahoccur sporadically on all three rivers,

creating hydraulic critical points that offer higlegrees of local base level control. This makes
most sections of the river unlikely to cut much pkethan present levels and more likely to
achieve final adjustments to altered flow or seditaton regimes by adjusting width. This is

consistent with the fact that the site-specificdoagl curves developed for the Upper and Lower
Santa Fe Rivers showed greater sensitivity withttwighen regressed against bankfull discharge
than did depthAppendix C).
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4.7  Objective VII: Explore potential effects of graindwater versus surface water
withdrawals on channel morphology

Groundwater and surface water withdrawals areyikelaffect channel morphology in different
ways. Groundwater withdrawals are likely to deceetisw without having a large effect on the
sediment yield. Thus a large part of sediment yiebdild likely be unaffected, which may lead to
excess sediment in the system and subsequent ¢haggradation. Surface water withdrawals
would likely require an impoundment. The Districbdd has a policy of non-structural flood
control; therefore surface water withdrawals aghhji unlikely. Impoundments would inevitably
alter the flow regime and make it less dynamic.eRimorphology and ecology are dependent
upon a variety of flows, and much research has lee® on the detrimental effects of dams.
Dams may also lead to an accumulation of sedimantshe dam wall, thereby starving
downstream reaches of sediment and leading to ehategradation. Therefore, the District's
non-structural policy offers an important layer @frotection of the systems’ fluvial
geomorphology.

Groundwater withdrawals could reduce the overaljfiency and duration of bankfull events for
any of the river segments in the study area. Howehe sensitivity of river flow to groundwater
withdrawal is likely to vary among the segmentsause the direct amount of surface water and
groundwater interaction varies among them. The U§anta Fe River has the least amount of
groundwater influence on channel forming dischargeshe three segments. The Ichetucknee
River has the most, with the Lower Santa Fe Rixéil®ting an intermediate amount. As a result,
the Upper Santa Fe River is flashier and exhibitomparatively greater number of bankfull
events per year, but with fewer cumulative overbdals per year than the Lower Santa Fe
River.

The Upper Santa Fe River drains a watershed thatswaulated to have about 9 to 18 inches of
recharge during drought conditions (Schneider et 2008). This suggests that groundwater
pumping could have a substantial effect on rungfttkeating drier than normal antecedent soil
moisture conditions and by increasing storage itlands and lakes in that watershed. This could
also result in a greater fraction of river discleatzping delivered via sources engineered and
managed to reduce sediment loads (e.g. municipatewater or tailwater from agricultural
irrigation) or as baseflow rather than as overlaadoff. Larger overland runoff events can
generate disproportionately large sediment yietdavers, versus baseflow or low flow events.
Thus the observed pattern of bankfull flow redutdion recent decades with concomitant
sediment yield reductions suggested by bed lowdremngds at the Graham gauge may be at least
indirectly related to groundwater withdrawals affieg the upper basin.

The Lower Santa Fe River and Ichetucknee Rivernveapious amounts of direct groundwater
discharge. Reductions in bankfull discharge fregyeand durations can be very directly

associated with increases in groundwater pumpinthése two basins and their groundwater
recharge areas. The Lower Santa Fe may also bei@xgag indirect effects similar to those of

the Upper Santa Fe River. For example, the LoweiteSke River at the Fort White gage has
exhibited slight bed lowering concomitant with slidpankfull flow reductions.
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4.8 Objective VIII: Relate spring-run channel morphology to biochemical conditions
associated with accrual times and nutrient loads tht could affect sediment yield and
sedimentation

The Ichetucknee River experienced rising levelsdi#solved nitrogen concentrations from
watershed fertilization for several decades arthpabh watershed management has reduced the
concentrations some in recent years, larger thamalostanding crops of periphyton are
generated in portions of the spring run. At the esdime nutrient concentrations were rising,
regional groundwater pumping may have shifted greundwater basin flow boundary from its
historic position northeast of the springshed mwwlest, effectively shrinking the potential capture
zone and reducing the annual average groundwagehatige to the Ichetucknee River by 100 cfs
based on one USGS study (Grubbs, 2011).

Recent research on the Ichetucknee River sugdestthe excessive algal growth may be related
not only to bottom-up process of cultural eutropkimn, but may also be due to declines in the
top-down process of algal grazing by snails (Ev&®)7; Politano, 2008; Hefferman et al.,

2010). The dominant snail species require dissobsedjen levels associated with higher flow

velocities and volumes, and their prospective dectould be related to declines in dissolved
oxygen related to the discharge decreases (Dorr@8[@/). This complex chain of interactions

has potential ramifications for MFLs since furthdischarge declines may affect the grazers
beyond any critical thresholds already experien@ée. tie to fluvial geomorphology is that these

autochthonous biological processes generate majopenents of the alluvial sediments in spring
runs (Kiefer, 2010; Odum, 1957). If the top-downlbgical processes, notably snail grazing, are
in fact a key component limiting periphyton prodantand shifting some of that to snail shell

production, it seems likely that the sediment cosmpmn will shift though time and perhaps the

overall volume of sediment generated will as well.

Furthermore, the SAV meadows create substantiatolaythamic quiescent zones and increase
the overall friction in the stream channel (Odur@57). Any periphyton or snail shells that

slough off into these meadows are likely to be meffectively captured or have comparatively

long spiral distances through the system. This md¢ba meadows are important geomorphic
agents in at least two ways: 1) they provide th@msubstrates upon which periphyton colonies
and snail communities naturally occur thereby fiomehg as sediment sources, and 2) they trap
and probably also sequester sediments at muchrhedir@encies than the open water parts of the
in-stream system, thereby serving as sedimeningodagents. The SAV meadows are known to
decline under pressure from excessive algal groGtbss reductions of these meadows would
almost assuredly alter the fluvial forces, sedimgmbduction, and sediment transport

characteristics of the run in ways that would léagbotential threshold differences in in-stream

habitat geomorphology and substrate composition.
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Further changes to any of the bottom-up charatiesige.g. nutrients or hydrology) that alter
algal and snail production will have unintended,arabed on the what we know today, uncertain
consequences on the geomorphology and biology efichetucknee River and perhaps some
aspects of the most-downstream reach of the Loweta3-e River. For these reasons, it is safe to
assume that any further reductions to flow in #feetucknee River constitute an experiment with
complex biologically-driven sedimentation feedbdo&ps, which we are only just beginning to
explore, let alone fully understand. It is diffitwb justify further flow reductions until more is
known about the sensitivity of the system andiitiscal thresholds for stepped changes.
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5.0 SUMMARY AND RECOMMENDATIONS

Chapter 373.042, F.S. allows the District to proteavide variety of water resource values from
significant harm. Some of these values are morectlyr dependant on channel maintenance
discharges than others, with the most applicahlegbgediment loads, a fundamentally important
value typically lacking very much attention in Rba’s riverine MFLs. The reason for this
importance is that rivers are conduits not only fater, but also sediment and achieve their
equilibrium dimensions and many key habitat featureresponse to balancing the transport of
both media. Shifts in sediment load and hydrologgy iater-related and the channel adjusts its
boundaries in size and shape to accommodate sedtairanges in both (Lane, 1955). This is a
well-documented and fundamental axiom in the fiefdapplied fluvial geomorphology that
applies to perennial streams under a wide variétgediment loads and hydrologic regimes
around the globe (Leopold, et al., 1964; Schumni/1®osgen, 1996; Knighton, 1998).

Alluvial features are formed by sediment loads geuorked and distributed by fluvial forces into
a variety of geomorphic facets, including sandyle®, point bars, and lateral bars; pools;
overhanging banks; sandy natural levees or ridg@msgathe channel margin; valley flats and
linear backswamps with fine textured sedimentshenvalley floor; chutes or secondary channels
coursing through the floodplain; abandoned meanaleoxbow lakes; etc. These features provide
necessary conditions for habitat and associatedivasity throughout the riparian corridor
(Gordon et al., 2004; Thorp et al., 2008; Allan &uasktillo, 2007). This means that preventing
significant harm associated with reductions in seaht transport will also help prevent long term
declines related to alluvial habitat formation am@intenance important to fish and wildlife
habitats, navigation, and recreation values.

Florida streams have comparatively low sedimertgi&om their watersheds versus those of the
rest of North America, but because most of thelabls sediments are sand or other readily
transportable materials, alluvial habitats are cemrand important features of the vast majority
of stream types across the state (Kiefer, 2010jadty the number and characteristics of alluvial
features were important for distinguishing the yifges of streams recognized by Kiefer (2010) in
peninsular Florida. Florida stream types occur glan increasing gradient of alluvial habitat
complexity associated with increased energy arghstrpower regimes related to watershed size,
soil drainage characteristics affecting groundwatersus runoff discharge, and longitudinal
valley slope. This study of the Upper Santa Fe Riltewer Santa Fe River, and Ichetucknee
River systems provides a framework for why attentio fluvial geomorphology is likely to be
beneficial (perhaps even essential) to MFL objestivt also provides a relatively simple method
for quantifying the controlling discharge, and dission of two methods to prevent significant
harm from alterations to the channel maintenansehdirge regime.

5.1 Geomorphic Sensitivity to Adopted and Hypothetial Flow Reductions by Reach

For most reaches studied, AMEC was able to usen@ic@ation of field indicators, long term

daily flow records, and HEC-RAS modeling to calteldankfull discharge rates associated with
dominant channel-maintenance functions. The effeicteducing such discharge are a function of
the amount of flow reduction and the nature ofgeemorphic controls at each reach. In general,
we can expect the channels throughout most of hy@etJand Lower Santa Fe River to be more
sensitive to flow reductions causing adjustmentsidgth than depth based on regression analysis.
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That analysis presumes the region will retain msdpminantly rural watershed characteristics.
Threshold shifts can be expected that would retigeitechnique relatively unreliable once the
watersheds become about 20% urbanized. The IchetacRiver will likely have a complex
reaction that is more difficult to predict becalrereased eutrophication may alter sediment
production and emerging evidence exists sugge#taigthe trophic status may interact with flow
reductions in biologically complicated ways. Thigcson summarizes key findings and
suggestions for protecting the fluvial geomorphatues of each system typically regulated by an
MFL Rule.

» Effects of reducing bankfull flow are a functiontbke amount of reduction and the nature
of geomorphic controls at each reach (i.e. alluvaabkus geologic)

* In general, channels throughout the Upper and LdBamta Fe River are expected to
adjust width more sensitively than depth

Upper Santa Fe River

Santa Fe Lake to New River This system is vulnerable to further flow reductipim part,
because it has apparent multi-decadal trends ifindex annual average discharge, a further
degrading bed (1.5 feet in 50 years) in an alrezatyrally deep channel system, and a multi-
decadal declining trend in the duration of overbalents. The existing annual bankfull
exceedances averaged only 8% in 2010 and 6% frd@8-1997 versus 21% from 1958-1967
(Table 5. Existing exceedances appear to be at the lowodrile range for normal Florida
blackwater streams, which spanned 7% to 48% witiean of 24% (n = 15) in Kiefer’'s (2010)
study. Further reductions could risk the mainteeanfcn-stream and floodplain alluvial habitats.
AMEC did not examine the potential hydraulic andifoperiod effects on floodplain vegetation,
but this system seems to warrant a detailed queatidn of those effects as well.

The adopted MFL for the Upper Santa Fe River alléovsup to a 15% reduction in the flow
guantities encompassing bankfull discharge. Suctedaction would allow the channel to
ultimately shrink by about 3 feet in width, redugirthe bankfull wetted perimeter by
approximately 10%. The adopted MFL was based dicakilow-flows occurring at discharge
quantities much lower than bankfull discharge. Toe-flow analyses conducted in support of
that MFL assume stable (non-trended) channel ggamodogy. It is not certain that the predicted
modest reductions in channel size would effectiveWalidate that underlying assumption, but it
is recommended that physical habitat modeling, edefierimeter inflections, and fish passage
characteristics be re-examined for potential sefigitto that level of channel size reduction. It
seems feasible that if significant harm was defibgdan inflection in bankfull wetted perimeter,
or a 15% reduction in the availability of suitalblabitat conditions that even a modest reduction
in channel size over time could change the hydragkometry such that critical low-flow
thresholds would necessarily have to be re-defined.
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Perhaps more importantly, AMEC recommends thatmige and high-flow MFLs be re-visited
for the Upper Santa Fe River. Bankfull dischargeusently 109 cfs at the Graham gage and it
occurs with sufficient cumulative duration to qéalas either a mid- or high-flow depending on
what exceedance threshold is used to define suesa Normally, bankfull exceedances are in
excess of 10% and therefore could be viewed asit@atrmid-flow quantity necessary to
maintain channel geometry and alluvial habitatsooBiplain maintenance requires higher
(overbank) flows and it seems probable that highvflegimes protective of organic soils and
hydric vegetation would also be protective of aldifloodplain maintenance events, as these
flows would extend into the floodplain and likelp advork in the floodplain. However, further
research is needed to determine the duration reegessr an overbank event to conduct
meaningful alluvial work. Thus this assumption ddooot be left untested, and maintenance of
an alluvially-viable high-flow regime should be Wfed after setting the hydroperiod-based
criteria for high flows.

» Multi-decadal trends in decreasing annual averagehdrge and bankfull discharge
duration

» Degrading bed (1.5 feet in 50 years)

* 15% reduction in bankfull flow predicted to decre&snkfull wetted perimeter by 10%

» Bankfull discharge is currently 109 cfs at Grahaagey

* Recommend revisiting mid- and high-flow MFLs

New River to Olustee CreekThis reach has not experienced the same kind gfterm bankfull
duration declines or channel entrenchment appagsiteam. This suggests that the Upper Santa
Fe River reach draining Santa Fe Lake is expemgndifferent temporal trends than that of the
New River watershed. Differences in these watershedpecially their hydrogeology, water
resource management history, and land use historégsbe worth exploring to determine why
the Santa Fe Lake reach trends differ from thosendtream of the New River and may provide
valuable information for more robustly protectingrestoring the uppermost reach of the Upper
Santa Fe River’s hydrobiogeomorphology.

The adopted MFL'’s allowable 15% reduction in bafikflischarge would allow the channel to
ultimately shrink by about 11 feet in width, redugi the bankfull wetted perimeter by
approximately 12% in the vicinity of the Worthingt@age. This appears to warrant the same
kinds of low-flow re-examinations recommended fog tipper reach.

Perhaps more importantly, AMEC recommends thatnige and high-flow MFLs be re-visited
for this reach of the Upper Santa Fe River. Bamkflischarge is currently 588 cfs at the
Worthington gage and it occurs with sufficient cdative duration to qualify as a mid-flow
quantity necessary to maintain channel geometryadiogtial habitats. Floodplain maintenance
requires higher (overbank) flows and it seems ptebdhat high flow regimes protective of
organic soils and hydric vegetation would also b&tqrtive of alluvial floodplain maintenance
events, as these flows would extend into the flteidpand likely do work in the floodplain.
However, further research is needed to determiaeltination necessary for an overbank event to
conduct meaningful alluvial work. Thus this assumptshould not be left untested, and
maintenance of an alluvially-viable high-flow reginmshould be verified after setting the
hydroperiod-based criteria for high flows.
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In summary:
* 15% reduction in bankfull flow predicted to decre&snkfull wetted perimeter by 12%
e Bankfull discharge is currently 588 cfs at Worthimg Springs gage
* Recommend revisiting mid- and high-flow MFLs

Olustee Creek to River Sink This section of the river is dominated by non-aklgeologic
controls and bankfull discharge could not be rd&§iascertained using field indicators as in the
other reaches. Although less dominant, alluviatuiess are present. Conceivably, the hydraulic
conductivity of the river sink’s inlet could be s#ive to sediment loads brought toward the sink
by the river. As long as sufficient protection teaanel and floodplain maintaining discharges are
provided from upstream sources, this reach shaeilstdible and in good geomorphic condition. In
support of that objective, it might be prudent steblish a channel maintenance MFL for Olustee
Creek, which is a major tributary to this reachtted Upper Santa Fe River and presumably is a
major source of sediment transport to the reach.

In summary:
* Reach dominated by non-alluvial geologic control
* Not likely sensitive to bankfull flow reduction$)dugh may be prudent to establish MFL
protecting bankfull flow in Olustee Creek

Lower Santa Fe River

River Rise to Highway 27 Gage No MFLs have been set for the Lower Santa Fe River.
Therefore, any future flow reductions AMEC conse&tem this reach are purely hypothetical. An
MFL allowing a 7% reduction in bankfull dischargewid allow the channel to ultimately shrink
by about 8 feet in width, reducing the bankfull tedt perimeter by approximately 6% in the
vicinity of the Highway 441 gage. This appears tarmant the same kinds of low-flow
examinations recommended for the upper reach.

AMEC also recommends that mid- and high-flow MFLes déstablished for this reach of the
Lower Santa Fe River to preserve the riverscapeflandscape alluvial maintenance discharge
regimes. Bankfull discharge is currently 901 cfstreg Highway 441 gage and it occurs with
sufficient cumulative duration to qualify as a nfidw quantity necessary to maintain channel
geometry and alluvial habitats. Floodplain maintex@arequires higher (overbank) flows and it
seems probable that high flow regimes protectiverganic soils and hydric vegetation would
also be protective of alluvial floodplain maintenarevents, as these flows would extend into the
floodplain and likely do work in the floodplain. Mever, further research is needed to determine
the duration necessary for an overbank event tawtinmeaningful alluvial work. Thus this
assumption should not be left untested, and maante of an alluvially-viable high-flow regime
should be verified after setting the hydroperioddshcriteria for high flows.
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This mixed-regime system is part of a small popoadf such river types in Florida, each likely
to have unique characteristics dependent upon Haeiable degree of geologic versus alluvial
control and the relative amounts of spring versumff discharge. It seems unlikely that general
or prototypical conditions lending themselves tgioaal curves can be derived for such streams
and it also seems unlikely that baseline conditiftvsdegraded systems could be derived by
comparing them to one another in a space-for-tieptacement approach. What is clear is that
this reach of the Lower Santa Fe River is curreethhibiting a small frequency of bankfull
events per year (average 2.4 per annum) and tlgtstt8 to 10 times less frequent than most
Florida blackwater rivers. This could very well henatural state of affairs because the mixed
flow regime’s variability is greatly dampened byetbteady input of groundwater discharge from
springs and the attenuating effects of the dis&hamgrking its way through underground
conduits between the river sink and river rise. Témilt is fewer bankfull events, but these occur
with moderately long durations averaging about htiger event. The small frequency of these
events makes each one valuable to the maintendirtibe system’s geomorphology, and it would
be most appropriate to focus on maintaining the memof events and assuring that they are of
similar duration to existing conditions.

In summary:
* 7% reduction in bankfull flow predicted to decreasakfull wetted perimeter by 6%
e Bankfull discharge is currently 901 cfs at Hwy 4gHge
« Recommend setting mid- and high-flow MFLs, possifdgusing on maintaining the
number of bankfull events

Highway 27 Gage to Ichetucknee RiverThis reach picks up an even greater amount of gprin
flow, as well as runoff contributing area than tifestream reach and the bankfull discharge of
this mixed-regime segment of the river is 1,410 afs¢he Fort White gage. Average annual
bankfull event frequency remains similar to thetrgem reach at 2.2 times per annum, but the
average bankfull duration more than doubles, awegagpbout 2.5 months per event. This increase
in overbank duration is likely due to increaseddbasv combined with backwater effects from
the Suwannee River. A 7% hypothetical reductioamkfull discharge at this location would
reduce channel width by about 12 feet and wettetneger at bankfull conditions would decline
by about 6%. As with the other reaches in the stidg recommended to take this kind of
reduction into account during low-flow investigatg Exhibit 8 provides a relationship between
prospective bankfull flow reductions and channehe&hsion. Channel maintenance will rely on
protecting the infrequent bankfull events and tigpical range of long pulse durations as well as
establishing a high-flow MFL that protects the moi@ for alluvial work in the floodplain, as
with other reaches previously discussed.

In summary:
* 7% reduction in bankfull flow predicted to decreas@kfull wetted perimeter by 6%
» Bankfull discharge is currently 1,410 cfs at ForhiW¥ gage
« Recommend setting mid- and high-flow MFLs, possifidgusing on maintaining the
number of bankfull events
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Ichetucknee River to Suwannee RiverFeld indicators of bankfull discharge were greatly
confounded by backwater effects from the SuwanneerRor this reach. However, a site
specific regional curve was developed for the Uget Lower Santa Fe Rivers relating bankfull
discharge to drainage ardaxfibit 1). Use of this regression suggests a tendencyh&bankfull
discharge at Hildreth to be approximately 1,890 €fgs quantity should serve as a good channel
maintenance flow to use for this reach. Floodpraaintenance requires attention to the interplay
between Suwannee River water levels with the Lof%enta Fe River’'s range of over-bank
discharge conditions. It also requires attentiotht quality of water, especially that sourced by
springs and spring runs to maintain allochthonauwses of biogeochemical sediment production
rather unique to this river reach.

In summary:
+ Backwater effects from Suwannee River
e Bankfull discharge is currently 1,890 at Hildrethgg

Ichetucknee River

Head Spring to Grassy Flats This reach is not strongly alluvial, but has impottsources of
biologically-derived internal sediment loads thia worked into alluvial features by the sustained
discharge and its hydraulic interaction with SAV adews, woody debris, and limestone
outcroppings. This reach is probably the most seasportion of the Ichetucknee River to the
previously described interactions among nutrietits;harge, periphyton and grazers because it is
the lowest discharge reach and the most likehhtmk at thresholds which could change canopy
closure at thresholds likely to reduce SAV meadowhkese interactions drive sediment
production and characteristics and are likely atlerersus pre-disturbance conditions by cultural
eutrophication. In other words, it is probably l@sformative to use regional curves to predict
channel dimension adjustments as single-variatecages of discharge, because the nutrient
enrichment has altered sediment yields and thesdsyare likely to be a differential function of
discharge via interactions with the grazer commesit

In summary:
* Reach sensitive to interactions among nutriensghdirge, periphyton, and grazers
* Flow reductions could cause channel dimension tezh& susceptible to reaching
thresholds that could decrease canopy closure ecr@éakse SAV meadows

Grassy Flats to Power LinesFhis reach forms the recreational core of one efrtiost visited

state parks in Florida, and it represents one @fldhgest spring run rivers in the state. Bankfull
discharge is currently 294 cfs at the Dampier'sdiag gage, and it consists of 2 or 3 long
sustained pulses that cumulatively occur for aldmlf the year during most years. Overbank
stages are typically controlled by backwater coodg in the Lower Santa Fe River. A
hypothetical 4% reduction in bankfull discharge Wohave almost non-measurable long-term
effect on overall channel dimension, perhaps alibdeet in width at Dampier's Landing,

representing about a 1% change in wetted periméteder this threshold of change, it is
probably safe to conduct low-flow assessmentsnglypon no trend in hydraulic geometry with
time. Itis important to protect bankfull dsrge as a mid-flow regime control on channel
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maintenance and in fact, it may be necessary t& woorecover some of the apparent reduction in
flow that has already occurred. High-flow pul$em the Ichetucknee River are probably not
important to floodplain geomorphology, probablyrgeitrumped by backwater effects from the
Lower Santa Fe River.

Complex hydrobiochemical interactions drive seditmproduction and characteristics and are
likely altered versus pre-disturbance conditions dwtural eutrophication. In other words,
although AMEC explored the effects of 4% bankfedluctions using regressions, it is probably
less informative to use such regional curves taliptechannel dimension adjustments as single-
variate associates of discharge for this reachusecthe nutrient enrichment has altered sediment
yields and these vyields are likely to be a difféis@rfunction of discharge via interactions witleth
grazer communities. More research is necessaryhesdest available information warrants a
cautious approach to allowing any further redudioim channel maintaining discharge
frequencies or duration.

In summary:
* 4% reduction in bankfull flow predicted to have ashnon-measureable effect on channel
dimension

« Bankfull discharge is currently 294 at Dampier's\tlang gage

* Recommend setting mid-flow MFL to protect bankfigiwv

» High-flow pulses from Ichetucknee River probablyt as important as backwater effects
from the Lower Santa Fe River for floodplain mardace

» Complex hydrobiochemical interactions require fartresearch

Power Lines to Lower Santa Fe RiverThis reach has a greater degree of geologic cothtaol
the upstream reach, but alluvial features are pteBankfull discharge is currently 328 cfs at the
Hildreth gage, and it consists of 2 or 3 long sust pulses that cumulatively occur for about
one-third of the year during most years. Overbaaes are typically controlled by backwater
conditions in the Lower Santa Fe River. A hypottatid% reduction in bankfull discharge would
have almost non-measurable long-term effect onativelnannel dimension, perhaps about 1 foot
in width at Highway 27, representing about a 1%ngeain wetted perimeter. Under this
threshold of change, it is probably safe to condlmetflow assessments relying upon no trend in
hydraulic geometry with time. It is important toopect bankfull discharge as a mid-flow regime
control on channel maintenance and in fact, it fm@yecessary to work to recover some of the
apparent reduction in flow that has already ocalrréligh-flow pulses from the Ichetucknee
River are probably not important to floodplain gewphology, probably being trumped by
backwater effects from the Lower Santa Fe River.

Complex hydrobiochemical interactions drive seditmproduction and characteristics and are
likely frameshifted versus pre-disturbance condgidoy cultural eutrophication. In other words,
although AMEC explored the effects of 4% bankfedluctions using regressions, it is probably
less informative to use such regional curves tadiptechannel dimension adjustments as
monotypic associates of discharge for this readatalse the nutrient enrichment has altered
sediment yields and these yields are likely to beliféerential function of discharge via

interactions with the grazer communities. Moesearch is necessary, so the best available
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information warrants a cautious approach to allgwiany further reductions in channel
maintaining discharge frequencies or duration.

In summary:

* Reach under greater degree of geologic control

* 4% reduction in bankfull flow predicted to have ashnon-measureable effect on channel
dimension

e Bankfull discharge is currently 328 at Hwy 27 gage

* Recommend setting mid-flow MFL to protect bankfigiv

* High-flow pulses from Ichetucknee River probablyt as important as backwater effects
from the Lower Santa Fe River for floodplain mardaece

» Complex hydrobiochemical interactions require fartresearch

5.2 General Approaches for Preventing Adverse Effés Related to Channel
Maintenance Flow Reductions

The equilibrium approach assumes an incrementadlodgi@al response to an incremental
adjustment in discharge. This is the approach &lffyidaken by the Southwest Florida Water
Management District (SWFWMD) when assessing hydilopical aspects of river MFLs
(Munson et al., 2005). Equilibrium approaches afteno characterized using a summary
expression of the flow regime and proposed alt@natto it using period of record flow duration
curves (FDC). The main advantage of the equilibriamproach is that it is generally
straightforward in its derivation and the infornoatinecessary to calculate the effects is either
readily available or straightforward to developeTiiggest disadvantage of the approach is that it
requires the project team to determine what le¥¢he modeled incremental change constitutes
significant harm. By precedent, 15% is often deemeecceptable threshold. AMEC is unaware
of any scientific basis that could be used to fysti 15% reduction in channel dimension as a
result of diminishing channel maintenance flows.other disadvantage is that FDCs provide
period of record summary statistics that lose paifiy valuable information regarding the
importance of the duration of individual eventsr Egample, FDCs represent 90 one-day events
the same way as one 90-day long event. For a nmvendebrate with a 90-day aquatic life cycle
requirement, a 15% reduction will have no effedthie former case because the species is already
precluded, and it will provide significant harm {emgation) in the latter. The effect is not
incremental. It is either no harm or significantrha

The event approach is more nuanced, recognizingnibtaall measurable changes in hydrology
will result in subsequent changes to the biologploysical resource values of the system. This is
often a valid assumption for riverine systems whach formed and maintained by combinations
of frequent to infrequent events providing pulsestudtbances that structure the ecology of the
system over a period of decades. Five aspectsesktpulsed disturbances matter: magnitude,
duration, frequency, rate-of-change, and seasgn@hioff, 1997). Three of these (magnitude,
duration and frequency) are likely to be affectgdribst Florida water withdrawal systems while
rate-of-change and seasonality are generally oogerns for large in-line dams not common in
Florida use (Neuabauer et al., 2008).
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The concept is to define a functional event or @dildisturbance based on critical thresholds in
the magnitude and duration of the discharge nepessaupport a specific biological or physical
component of the system. For example, upland tremsbegin to encroach into a wetland during
a prolonged natural drought, but are routinelyekilivhenever a foot of water occurs for a 45 day
period, which is not lethal to the wetland specf@sce the critical event has been defined, based
on magnitude and duration; a long-term frequencylsaestablished based on the recovery time
of the component. In the case of the upland titesesmportant to assure that they do not gain a
reproductive advantage, so the long-term frequefdiie event needs to be greater than the time
it takes the species to reach reproductive age Teygars). The MFL is set to achieve preventing
a significant harm result by managing the frequeoicthe functional event. In other words, the
new flow regime must maintain a long term returtenmal of the critical event that is shorter than
the time would take for a harmful outcome to ocdumis approach is typically favored by the St.
Johns River Water Management District (SJRWMD) snfbrmulated by defining events based
on a combination of magnitude, duration, and fregyethresholds known to be necessary to
support the biological communities of greatest riede (Neubauer et al., 2008). The primary
advantage of this approach is that it is aimed i=jyiat determining a condition by which only
either no harm or significant harm conditions vaRist. The biggest disadvantage is that it is
comparatively complex in its derivation, requirikigowledge of event magnitude, event duration,
and return interval thresholds that are not alwaasaslable.

Both equilibrium (SWFWMD approach) and event (SJRI/Mpproach) approaches can be
readily adapted for protecting resource valuestedldo channel maintaining discharges. The
regression methods taken for this report followedeguilibrium approach based on the best
available and readily developable information. Eneral, equilibrium approaches make great
screening tools for identifying potential problenasid for arriving at order-of-magnitude
estimates of trended changes. We observed potgntiatiesirable outcomes in some of the
reaches using the equilibrium approach and thatars of the reason we further investigated
aspects of the system using spells analysis iR software, which is more akin to an event
approach. The methods are not mutually exclusiwd, @ our preliminary assessment shows,
they can be used in a complimentary manner.

It is important to recognize that bankfull chanmeiintenance concepts focus on a single
threshold and risk neglecting the fact that a wideiety of flows above and below bankfull
discharge contribute to the fluvial form of the mahannel (riverscape) and that flows above
bankfull are clearly necessary to maintain thevadliufloodplain (floodscape). The good news is
that this risk is generally mitigated by riverineFMs in Florida because they typically have
focused on multiple flow thresholds, almost alwayduding flows less than bankfull to protect
resources associated with availability of suitaiblestream habitat for particular aquatic fauna,
and more generic hydraulic habitat considerati@bated to wetted perimeter and fish passage.
Critical discharges above bankfull also are rouginargeted to maintain hydroperiods necessary
for wetland communities in the floodscape. Therefalischarges straddling channel maintenance
flows are typically well-represented, but the chelnmaintenance discharge has seldom been
explicitly targeted itself.
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AMEC recommends using equilibrium approaches asreesing tool and, when the District
determines those results warrant further investigausing an event approach to actually set the
MFL requirement. This will require further researtth develop meaningful channel forming
event duration and frequency thresholds though.

In summary:

e Equilibrium approach (SWFWMD) based on proposingerations to a summary
expression of the flow regime (such as the flow ation curve); method is
straightforward, but non-scientific basis for chogsthresholds and ignores duration of
individual events

* Event approach (SJRWMD) based on critical threshaddmagnitude and duration of
discharge known to affect biological communitiegt method is complex and requires
knowledge not always available

« Approaches are not mutually exclusive and both weed in the geomorphic study (i.e.
regression methods = equilibrium, spells analysssent)

 Recommend using equilibrium approach as a screawimigand event approach to set
MFL

53 Future Research

Determine Minimum Durations and Frequencies forifdefi Channel and Floodplain
Maintenance Events

AMEC recommends this line of research because ulavéacilitate the development of MFLs
that target no impact to channel geomorphologylendiiowing for optimal withdrawals to occur
during near-bankfull events. Analytical and statatapproaches could be engaged depending on
schedules, budgets, and data availability. Oncentedaration and frequency thresholds are
known, they could be applied to a wide range og¢rritypes to maximize allowable withdrawals
without causing harm and without fear of violatitigaditional low- and mid-flow MFL
investigations requiring an assumption of a nondesl deformation in channel dimension or
alluvial habitat types. Separate thresholds wittessarily be determined for the riverscape and
the floodscape.

Develop Sediment Rating Curves for Florida Rivers

One weakness of using bankfull discharge as aesidghnnel-maintenance flow is that it is an
oversimplification that may preclude the develophwmore desirable water supply alternatives
that would still be protective of channel dimensemd pattern. Discharges larger and smaller
than bankfull can conduct much meaningful work drarmels, especially those with highly

mobile sand beds. It is conceivable that reduction®ankfull discharge could be offset by

increasing the frequency of overbank events or datiwve duration of events somewhat less than
bankfull discharge. Such effects can be tested dweldping effective discharge curves and
cumulative density diagrams for sediment transgort the existing versus proposed flow

regimes. To do so, it is necessary to have sedinaging curves relating discharge to sediment
transport.
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This could be conducted by taking sediment trartsp@asurements (bed material load equal to
bedload plus suspended sediments) over a rangeabfagiges in various reaches across the study
area. This is generally an expensive, multi-yeanitoang and laboratory research endeavor,
typically tackled by federal organizations suchtes USGS, BLM, or USFS. It may be of greater
overall utility for agencies to pool resources tmduct a series of such studies across a variety of
Florida river types and use those curves to devdiagpensionless sediment rating curves that
could be used to calibrate site-specific modelgliegble to rivers where site-specific rating
curves have not been developed.

Determine Critical Discharge/Velocity Thresholds 8AV Periphyton Communities and Their
Grazers in the Ichetucknee Spring Run

We simply do not know enough about these relatipssto adequately predict biological and
associate geomorphic outcomes. What are the drticrodynamic thresholds to maintain snail
populations at levels sufficient to provide top-aoweontrols on periphyton? How much

periphyton cover can an SAV meadow take beforeimiag in aerial extent? An important

corollary to this line of research may be the duteation of the maintenance components
necessary for the protection of the Ichetucknéasmsill shoal near Coffee Spring.

Determine Causes of Long-Term Trends in Annual AgerFlow Reductions and Bed
Degradation in the Upper Santa Fe River at Graham

AMEC did not uncover much related information shaddight on why this reach appears to be
experiencing long-term, sustained trends in anfioal volume reduction, bankfull flow duration,
and bed elevation. Further watershed analysis essary to identify the causes of these
potentially degrading conditions, and to deternviagys to arrest or reverse them.
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6.0 GLOSSARY

Aggradation — An increase in land elevation due to the deposiof sediment. Aggradation
occurs in areas in which the supply of sedimergreater than the amount of material that the
system is able to transport. Channel aggradationocaur in the form of shallowing (sediment
accumulating on the stream bed) or narrowing (sedtraccumulating on stream banks).

Alluvial — Soil or sediment which has been eroded, reshapetipor deposited by water/fluvial
forces.

Allochthonous — Found in a place other than where they and tweistituents were formed. The
sediment in the Ichetucknee River is allochthonbasause it is derived from geochemical
processes such as precipitation and biochemicatepses via gastropods and their shell
development.

Bankfull discharge/flow — The flow that fills a stable alluvial channel ttee elevation of the
active floodplain; representing the breakpoint lestw forces of erosion (the open channel) and
deposition (the alluvial floodplain). It is ofterferred to as the most effective streamflow for
moving sediment, forming or removing bars, formiog changing bends and meanders, and
generally doing work that results in the averagephological characteristics of channels (Dunne
& Leopold, 1978).

Base Level The land surface elevation or water surfaceatlem a stream discharges to.

Channel Evolution Model — Channels adjust to changes in their hydrology sediment load.
Shcumm et al. (1984) offers a model describingvidr@ous stages of channel evolutidexhibit

7). The first stage of channel evolution in respotmsehanges in the watershed involves channel
incision and headcutting, generally associated aittnickpoint. Once the channel becomes too
entrenched, bank failure will occur and the chanmél widen. It will then develop a new
floodplain as it stabilizes to its new hydrologegme.

Colluvial — Soil or sediment accumulated through the actiogratity at the base of a cliff or
slope, rather than through stream deposition.

Confined valley/floodplain — Confined valleys occur when streams have valeles or
hillslopes that are closer together and that ekhipieater lateral relief. This valley
geomorphology provides a more U-shaped cross-seetinich at least partially confines the
migration path of the open channel. In other wotte, meander beltwidth of the channel is as
wide as the valley bottom, with its shoreline fregtly abutting the outer portion of the valley toe
(Exhibit 9). This means that the riverscape has direct iatierawith upland hillslope as well as
its flat wetland bottomlands. These valleys camabgociated with high-energy systems, so the
alluvial floodpain features tend to based on heawiaterials (e.g. sand levees) and scour (e.qg.
chutes and secondary channels) as opposed to fexlyred sediments and depositionally driven
features (e.g. oxbow swamps).
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Exhibit 9
Confined Valley

A)

A) Crosssection view of a confined valley; B) Photographaof upland unconfined valley along the Up
Santa Fe River; lanform view of a confined vall

Concave/Convex river profile— Rivers generally exhibit an overall concave proéitethey mee
their base levelExhibit 10A); a convex shap¢Exhibit 10B) indicates that the river has a gre:
slope than the upstrearaach, suggesting the presence of grade contralegiatant rock stral
close to the land surface that has retarded chauawahcutting

Exhibit 10
Convex versus Concave River Profil

Ichetucknee River Lower Santa Fe River
Profile Profile

18.00
17.00 /
16.00
A
15.00
&
14.00

13.00

Heagmt

Elevation, it NGVD

A) B) River mile

A) Convex river profile from the Ichetucknee Riv8i);, Concave river profile from the Lower Santa Fe R

Degradation - The decrease in land elevation due to the erodigediment. Degradation occt
in areas in which the supply of sediment is less tthe amount of material that the system is
to transport. Channel degradation can occur in the forin deepening (sedimel
eroding/downcutting from stream beds) or widenisgdiment eroding from stream ban

Entrenchment/incision — This describes the degree of vertical containmémt channel withir
its floodplain. When a channel becomes too entredictt becomes effectively divorced from
floodplain, with the majority of flows being cardewithin the open channel rather than be
dissipated throughout the floodple

Fluvial geomorphology— The study of how water shapes the [
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Headcut - When base level is lowered, the channel upstreamheadcut to a lower elevation,
whereby the stream erodes alluvial in an upstremectibn. Headcutting of alluvium is generally
a form of grade adjustment that can be quite Seasiv changing flow regimes and generally
leads to channel bed degradation.

Inflection — A change or break in slope of the bank is a comfvenkfull indicator in Florida
streams (BKF-I). In high-energy confined valleytsyss, such as the Upper Santa Fe River, two
sets of inflection points can often be fourixlibit 11)

Exhibit 11
Inflection and Scour Line

= e T
High Bank Inflection

Knickpoint — A location in a channel where a sharp changehaneel slope occurs, resulting
from differential rates of erosion above and betbe knickpoint Exhibit 7). Differential rates of
erosion can occur from a change in the lithologthefriver channel or due to a channel evolving
to changes in its watershed (i.e. base level laweichanges in hydrology and/or sediment load).
Knickpoints often migrate in an upstream directfbeadcutting) as the stream attempts to create
a graded profile. No knickpoints were observed inithe study area.
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Meander belt width — The width of the valley through which a streamamders as bends
laterally migrate over long time frames. This cawviewed as the “wiggle room” for the stream.
(Exhibit 12)

Exhibit 12
Meander Belt Width

Multi-threaded — A stream where flow is distributed among muéipghannels (versus a single
channel). The term multi-threaded is preferred Ftmrida streams because they are inherently
stable channel forms occupying lower-gradient yall@ith substantially less sediment transport
than what occurs in annually-changing braided sigea

Prograde - Forward, downstream directional erosion thatuogen karst systems. A prograding
river is one that follows rock fractures or soluti®inks. It erodes in a downstream direction over
time toward the sink. The process is controlledtiiy underlying geology and is resistant to
changing flow regimes. This is opposed to a heaitcutvhereby the stream erodes alluvium in
an upstream direction. It is likely that the Upfgamta Fe River drainage network has formed by
combined prograding and headcutting mechanismsregent millenia.

Relictual - Relicts of processes no longer active under modimate, land cover, and sea levels
(e.g. formed during the Pleistocene)

Riverscape/Floodscape- The riverscape refers to the open channel, whéefloodscape refers
to the adjacent floodplairEkhibit 13)
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Exhibit 13
Riverscape versus Floodscape

Scour line — This feature is commonly seen in Florida streavhsre the flow has created an
undercut bank exposing plant roots. This featutenofeaches an interior elevation slightly below
bankfull stage (BKF-S)Exhibit 11).

Spells analysis —This analysis involves determining the frequency aaration of particular
flow events. For example, spells analysis was cotaduin the study to determine the number of
times and the number of days flow was overbank doihg work in the floodplain. Spells
analysis can also be used to determine the freguarat duration of other flow thresholds such as
zero flow days, which may have repercussions ofiqodar biota.

Unconfined valley/floodplain — This describes a valley in which the stream ok&migrates
freely through a broad relatively flat bottomlanalley that is partially formed by fluvial forces
and that has frequent overbank flooding. The vatietom is wider than the meander beltwidth
of the open channel, a condition which is calledwarderfit” channel or an “unconfining” valley.
An unconfined valley is broader than the meandédr welth of the main channel and is a
common valley type in Florid&khibit 14).

Exhibit 14
Unconfined Valley

A) Cross-section view of an unconfined valley; Bhoograph of an unconfined wetland valley along the
Ichetucknee River; C) Planform view of an uncondinalley
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Photograph #2: Upper Santa Fe River — Graham XS-16 facing Downstream
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Photograph #4: Upper Santa Fe River — Graham XS-16 facing Left Bank
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Photograph #6: Upper Santa Fe River — Worthington Springs XS-15 facing
Downstream



Suwannee River Water Management District AMEC Project No. 600050.1
Fluvial Geomorphic Investigation April 2012
(APPENDIX A) Page 4

Photograph #7: Upper Santa Fe River — Worthington Springs XS-15 facing Right
Bank

Photograph #8: Upper Santa Fe River — Worthington Springs XS-15 facing Left Bank
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Photograph #10: Upper Santa Fe River — Worthington Springs XS-14 facing Downstream
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Photograph #12: Upper Santa Fe River — Worthington Springs XS-14 facing Left Bank
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Photograph #14: Upper Santa Fe River — Worthington Springs XS-14 facing Downstream
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Photograph #15: Upper Santa Fe River — Worthington Springs XS-13 facing Right Bank

Photograph #16: Upper Santa Fe River — Worthington Springs XS-13 facing Left Bank
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Photograph #18: Upper Santa Fe River — O’Leno XS-12 facing Upstream
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Photograph #19: Upper Santa Fe River — O’Leno XS-12 facing Right Bank

Photograph #20: Upper Santa Fe River — O’Leno XS-12 facing Left Bank
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Photograph #21: Upper Santa Fe River — O’Leno XS-11 facing Upstream

Photograph #22: Upper Santa Fe River — O’Leno XS-11 facing Downstream
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Photograph #24: Upper Santa Fe River — O’Leno XS-11 facing Left Bank
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Photograph #26: Upper Santa Fe River — O’Leno XS-10 facing Downstream
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Photograph #28: Upper Santa Fe River — O’Leno XS-10 facing Left Bank
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Photograph #30: Lower Santa Fe River — Hwy 441 XS-9 facing Downstream
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Photograph #32: Lower Santa Fe River — Hwy 441 XS-9 facing Left Bank
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Photograph #34: Lower Santa Fe River — Hwy 441 XS-8 facing Downstream
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Photograph #36: Lower Santa Fe River — Hwy 441 XS-8 facing Left Bank
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Photograph #38: Lower Santa Fe River — Hwy 441 XS-7 facing Downstream
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Photograph #40: Lower Santa Fe River — Hwy 441 XS-7 facing Left Bank
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Photograph #42: Lower Santa Fe River — Ft. White XS-6 facing Downstream
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Photograph #44: Lower Santa Fe River — Ft. White XS-6 facing Left Bank



Suwannee River Water Management District AMEC Project No. 600050.1
Fluvial Geomorphic Investigation April 2012
(APPENDIX A) Page 23

Photograph #45: Lower Santa Fe River — Ft. White XS-6 facing Upstream

Photograph #46: Lower Santa Fe River — Ft. White XS-5 facing Downstream
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Photograph #47: Lower Santa Fe River — Ft. White XS-5 facing Right Bank

Photograph #48: Lower Santa Fe River — Ft. White XS-5 facing Left Bank
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Photograph #50: Lower Santa Fe River — Ft. White XS-4 facing Downstream
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Photograph #52: Lower Santa Fe River — Ft. White XS-4 facing Left Bank
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Photograph #54: Lower Santa Fe River — Hildreth XS-3 facing Downstream
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Photograph #55: Lower Santa Fe River — Hildreth XS-3 facing Right Bank

Photograph #56: Lower Santa Fe River — Hildreth XS-3 facing Left Bank
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Photograph #57: Lower Santa Fe River — Hildreth XS-2 facing Upstream

Photograph #58: Lower Santa Fe River — Hildreth XS-2 facing Downstream
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Photograph #59: Lower Santa Fe River — Hildreth XS-2 facing Right Bank

Photograph #60: Lower Santa Fe River — Hildreth XS-2 facing Left Bank
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Photograph #61: Lower Santa Fe River — Hildreth XS-1 facing Upstream

Photograph #62: Lower Santa Fe River — Hildreth XS-1 Downstream
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Photograph #63: Lower Santa Fe River — Hildreth XS-1 facing Right Bank

Photograph #64: Lower Santa Fe River — Hildreth XS-1 facing Left Bank
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Photograph #66: Ichetucknee River — Dampier’s Landing XS-4 Facing Downstream
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Photograph #67: Ichetucknee River — Dampier’s Landing XS-4 Facing Right Bank

Photograph #68: Ichetucknee River — Dampier’s Landing XS-4 Facing Left Bank
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Photograph #70: Ichetucknee River — Dampier’s Landing XS-3 Facing Downstream
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Photograph #72: Ichetucknee River — Dampier’s Landing XS-3 Facing Left Bank
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Photograph #74: Ichetucknee River — Hwy 27 XS-2 Facing Downstream
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Photograph #75: Ichetucknee River — Hwy 27 XS-2 Facing Right Bank

Photograph #76: Ichetucknee River — Hwy 27 XS-2 Facing Left Bank
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Photograph #77: Ichetucknee River — Hwy 27 XS-1 Facing Upstream

Photograph #78: Ichetucknee River — Hwy 27 XS-1 Facing Downstream
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Photograph #79: Ichetucknee River — Hwy 27 XS-1 Facing Right Bank

Photograph #80: Ichetucknee River — Hwy 27 XS-1 Facing Left Bank
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Field Indicators of Bankfull Stage and Their Typical Locations

Flat Floodplain High Inflection

(BKF-F)
BKF-12
Inflection ¢ ) Upland ’
| (BKF-1) Floodplain

Notes regarding field indicators of bankfull stage and their typical locations:

The following field indicators of bankfull stage are commonly found in peninsular Florida streams:

« Elevation of flat floodplain (BKF-F): This is the position on the bank where the slope first
becomes level. This feature can be identified by facing the stream and dragging your foot along
the bank until it flattens.

« Inflection or break in slope of the bank (BKF-I): This feature can be identified by finding
the first break in the bank’s slope as you look or feel from the streambed up the side of the bank.

» Top of scour or undercuts in the bank (BKF-S): This feature usually reaches an interior
elevation slightly below bankfull stage and may be found around plant roots.

« Alluvial break (BKF-A): This feature can be identified by finding the break between more
easily transported streambed material and less easily transported bank material. This break may
be found where roots become denser and prevent movement of sediment from the banks, where
sediment texture changes (i.e., bank material may consist of more organics), or where sediment
color changes (i.e., bank material may be darker in color due to the presence of organics).

In general, bankfull indicators are located in the following order along the bank: BKF-F (highest in
elevation), BKF-I, BKF-S, and BKF-A (lowest in elevation). In streams with a wetland floodplain, the
BKF-F indicator appears to be correlated strongly with the top of bank, while in streams without a
wetland floodplain (which were often incised), BKF-F is often absent (Blanton, 2008). BKF-S and BKF-
A indicators are generally closely associated with water surface elevation, occurring at a flow duration
considered too high to be the bankfull stage (Blanton, 2008). In streams with relatively high banks (such
as the Upper Santa Fe River), two sets of inflection points, a high (BKF-12) and a low (BKF-I), can
often be found.
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Lower Santa Fe: Hildreth Gage
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Ichetucknee: Dampier's Landing Gage
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Upper Santa Fe River: Graham Gage
Hydrograph (1958-1997)
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Upper Santa Fe: Worthington Gage
Hydrograph (1932-2010)
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Upper Santa Fe: Worthington Gage
Mean Annual Flow (1932-2010)
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Lower Santa Fe: Hwy 441 Gage
Hydrgraph (1993-2009)
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Lower Santa Fe: Hwy 441 Gage
Mean Annual Flow (1993-2009)
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Lower Santa Fe: Ft. White Gage

Hydrograph (1933-2010)
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Discharge (cfs)
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Lower Santa Fe: Hildreth Gage
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Lower Santa Fe River: Hildreth Gage
Mean Annual Flow (2001-2005 & 2008-2010)
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Ichetucknee: Hwy 27 Gage
Hydrograph (2002-2010)
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Fluvial Geomorphic Investigation RAP Analysis Upper Santa Fe: Graham Gage (Page 1 of 17)
Santa Fe- Graham 1958- Santa Fe- Graham 1958-
Name 1997 1997 REDUCED
Reporting Period Summary
Start based on User 1/1/1958 1/1/1958
End Date 12/31/1997 12/31/1997
General Statistics
Whole Period
Minimum 0.03 0.03
Maximum 1870 1589.5
Percentile 10 0.66 0.66
Percentile 90 135 114.75
Mean 51.292 43.623
Median 20 17
Zeros 0 0
Total 749374.51 637335.325
Lessor equal 109 12724 13062
Greater or equal 109 1902 1548
Summary for each year
Minimum for 1958 19 19
Minimum for 1959 20 17
Minimum for 1960 4 34
Minimum for 1961 0.5 0.5
Minimum for 1962 0.3 0.3
Minimum for 1963 0.1 0.1
Minimum for 1964 2.9 2.465
Minimum for 1965 11 11
Minimum for 1966 6.5 5.525
Minimum for 1967 0.58 0.58
Minimum for 1968 0.06 0.06
Minimum for 1969 0.09 0.09
Minimum for 1970 15 15
Minimum for 1971 0.22 0.22
Minimum for 1972 11 9.35
Minimum for 1973 17 17
Minimum for 1974 0.31 0.31
Minimum for 1975 0.55 0.55
Minimum for 1976 0.16 0.16
Minimum for 1977 0.07 0.07
Minimum for 1978 0.98 0.98
Minimum for 1979 0.06 0.06
Minimum for 1980 0.18 0.18
Minimum for 1981 0.03 0.03
Minimum for 1982 2.2 2.2
Minimum for 1983 34 2.89
Minimum for 1984 1.3 1.3
Minimum for 1985 0.11 0.11
Minimum for 1986 0.52 0.52
Minimum for 1987 0.37 0.37
Minimum for 1988 0.25 0.25
Minimum for 1989 0.07 0.07
Minimum for 1990 0.1 0.1
Minimum for 1991 0.12 0.12
Minimum for 1992 0.24 0.24
Minimum for 1993 0.22 0.22

Minimum for 1994 0.17 0.17



Suwannee River Water Management District
Fluvial Geomorphic Investigation

APPENDIX E
RAP Analysis

AMEC Project No. 600050.1

Upper Santa Fe: Graham Gage (Page 2 of 17)

Santa Fe - Graham 1958- Santa Fe - Graham 1958-

Name 1997 1997 REDUCED
Minimum for 1995 10 8.5
Minimum for 1996 0.47 0.47
Minimum for 1997 0.06 0.06
Maximum for 1958 343 291.55
Maximum for 1959 984 836.4
Maximum for 1960 979 832.15
Maximum for 1961 811 689.35
Maximum for 1962 206 175.1
Maximum for 1963 132 112.2
Maximum for 1964 1870 1589.5
Maximum for 1965 393 334.05
Maximum for 1966 630 535.5
Maximum for 1967 383 325.55
Maximum for 1968 1090 926.5
Maximum for 1969 407 345.95
Maximum for 1970 1790 15215
Maximum for 1971 242 205.7
Maximum for 1972 689 585.65
Maximum for 1973 618 525.3
Maximum for 1974 381 323.85
Maximum for 1975 300 255
Maximum for 1976 91 77.35
Maximum for 1977 85 72.25
Maximum for 1978 1060 901
Maximum for 1979 431 366.35
Maximum for 1980 323 274.55
Maximum for 1981 145 123.25
Maximum for 1982 443 376.55
Maximum for 1983 545 463.25
Maximum for 1984 477 405.45
Maximum for 1985 506 430.1
Maximum for 1986 400 340
Maximum for 1987 650 552.5
Maximum for 1988 751 638.35
Maximum for 1989 79 67.15
Maximum for 1990 31 26.35
Maximum for 1991 240 204
Maximum for 1992 1000 850
Maximum for 1993 186 158.1
Maximum for 1994 601 510.85
Maximum for 1995 278 236.3
Maximum for 1996 268 227.8
Maximum for 1997 660 561
Percentile 10 for 1958 5.2 442
Percentile 10 for 1959 30 255
Percentile 10 for 1960 17 14.45
Percentile 10 for 1961 7.08 6.018
Percentile 10 for 1962 1 1
Percentile 10 for 1963 0.4 0.4
Percentile 10 for 1964 11 9.35
Percentile 10 for 1965 5.88 4,998
Percentile 10 for 1966 104 8.84
Percentile 10 for 1967 1.9 1.9
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Percentile 10 for 1968
Percentile 10 for 1969
Percentile 10 for 1970
Percentile 10 for 1971
Percentile 10 for 1972
Percentile 10 for 1973
Percentile 10 for 1974
Percentile 10 for 1975
Percentile 10 for 1976
Percentile 10 for 1977
Percentile 10 for 1978
Percentile 10 for 1979
Percentile 10 for 1980
Percentile 10 for 1981
Percentile 10 for 1982
Percentile 10 for 1983
Percentile 10 for 1984
Percentile 10 for 1985
Percentile 10 for 1986
Percentile 10 for 1987
Percentile 10 for 1988
Percentile 10 for 1989
Percentile 10 for 1990
Percentile 10 for 1991
Percentile 10 for 1992
Percentile 10 for 1993
Percentile 10 for 1994
Percentile 10 for 1995
Percentile 10 for 1996
Percentile 10 for 1997
Percentile 90 for 1958
Percentile 90 for 1959
Percentile 90 for 1960
Percentile 90 for 1961
Percentile 90 for 1962
Percentile 90 for 1963
Percentile 90 for 1964
Percentile 90 for 1965
Percentile 90 for 1966
Percentile 90 for 1967
Percentile 90 for 1968
Percentile 90 for 1969
Percentile 90 for 1970
Percentile 90 for 1971
Percentile 90 for 1972
Percentile 90 for 1973
Percentile 90 for 1974
Percentile 90 for 1975
Percentile 90 for 1976
Percentile 90 for 1977
Percentile 90 for 1978
Percentile 90 for 1979
Percentile 90 for 1980

Upper Santa Fe: Graham Gage (Page 3 of 17)
Santa Fe- Graham 1958- Santa Fe- Graham 1958-
1997 1997 REDUCED
0.34 0.34
21 2.064
3.8 3.23
0.36 0.36
25 21.25
6.7 5.695
11 11
18 1.8
0.27 0.27
0.13 0.13
7.08 6.018
12 12
0.44 0.44
0.06 0.06
9.1 7.735
9.44 8.024
31 2.635
0.16 0.16
0.828 0.828
0.846 0.846
0.405 0.405
0.264 0.264
0.17 0.17
0.61 0.61
1.85 1.85
0.4 0.4
3.24 2.754
15 12.75
11 11
0.378 0.378
133.2 113.22
291.2 24752
305 259.25
198.8 168.98
28 23.8
64 54.4
237 201.45
188 159.8
162.6 138.21
93.2 79.22
68.5 58.225
157.6 133.96
258 219.3
69.2 58.82
2455 208.675
157 133.45
80.6 68.51
55.2 46.92
195 16.575
28.6 24.31
193.2 164.22
152.4 129.54
114.5 97.325
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Fluvial Geomorphic Investigation RAP Analysis Upper Santa Fe: Graham Gage (Page 4 of 17)
Santa Fe- Graham 1958- Santa Fe- Graham 1958-
Name 1997 1997 REDUCED
Percentile 90 for 1981 30 255
Percentile 90 for 1982 111.6 94.86
Percentile 90 for 1983 145.4 123.59
Percentile 90 for 1984 154 130.9
Percentile 90 for 1985 139.6 118.66
Percentile 90 for 1986 131.2 111.52
Percentile 90 for 1987 216.8 184.28
Percentile 90 for 1988 140 119
Percentile 90 for 1989 24.6 20.91
Percentile 90 for 1990 9.96 8.466
Percentile 90 for 1991 73.6 62.56
Percentile 90 for 1992 95 80.75
Percentile 90 for 1993 84.2 71.57
Percentile 90 for 1994 98 83.3
Percentile 90 for 1995 103.6 88.06
Percentile 90 for 1996 58.5 49.725
Percentile 90 for 1997 70.6 60.01
Mean for 1958 46.6 39.616
Mean for 1959 146.707 124.701
Mean for 1960 124.134 105.514
Mean for 1961 69.744 59.288
Mean for 1962 13.053 11.162
Mean for 1963 21.675 18.463
Mean for 1964 113.634 96.589
Mean for 1965 78.067 66.365
Mean for 1966 85.017 72.265
Mean for 1967 35.935 30.573
Mean for 1968 36.374 30.938
Mean for 1969 56.286 47.854
Mean for 1970 123.996 105.414
Mean for 1971 25.786 21.941
Mean for 1972 101.208 86.027
Mean for 1973 72.957 62.019
Mean for 1974 28.399 24.171
Mean for 1975 26.077 22.196
Mean for 1976 7.324 6.285
Mean for 1977 8.042 6.876
Mean for 1978 77.595 65.961
Mean for 1979 58.112 49.41
Mean for 1980 38.267 32.587
Mean for 1981 11.068 9.448
Mean for 1982 52.739 44.83
Mean for 1983 63.774 54.208
Mean for 1984 52.186 44.373
Mean for 1985 46.465 39.55
Mean for 1986 43.608 37.129
Mean for 1987 68.349 58.137
Mean for 1988 50.475 42.93
Mean for 1989 8.637 7.402
Mean for 1990 3.608 3.119
Mean for 1991 29.508 25.127
Mean for 1992 49.399 42.012

Mean for 1993 26.861 22.862



Suwannee River Water Management District APPENDIX E AMEC Project No. 600050.1

Fluvial Geomorphic Investigation RAP Analysis Upper Santa Fe: Graham Gage (Page 5 of 17)
Santa Fe- Graham 1958- Santa Fe- Graham 1958-
Name 1997 1997 REDUCED
Mean for 1994 45,669 38.827
Mean for 1995 46.652 39.654
Mean for 1996 21.112 17.983
Mean for 1997 36.355 30.933
Median for 1958 20 17
Median for 1959 97 82.45
Median for 1960 65.5 55.675
Median for 1961 29 24.65
Median for 1962 5.9 5.015
Median for 1963 5.7 4.845
Median for 1964 66.5 56.525
Median for 1965 55 46.75
Median for 1966 61 51.85
Median for 1967 12 10.2
Median for 1968 7.4 6.29
Median for 1969 31 26.35
Median for 1970 53 45,05
Median for 1971 11 9.35
Median for 1972 53.5 45.475
Median for 1973 52 44.2
Median for 1974 94 7.99
Median for 1975 16 13.6
Median for 1976 1.45 1.45
Median for 1977 0.45 0.45
Median for 1978 29 24.65
Median for 1979 33 28.05
Median for 1980 3.7 3.145
Median for 1981 2.9 2.465
Median for 1982 32 27.2
Median for 1983 40 34
Median for 1984 155 13.175
Median for 1985 5 425
Median for 1986 14 11.9
Median for 1987 16 13.6
Median for 1988 15 12.75
Median for 1989 3.6 3.06
Median for 1990 0.71 0.71
Median for 1991 15 12.75
Median for 1992 27 22.95
Median for 1993 9.8 8.33
Median for 1994 26 22.1
Median for 1995 29 24.65
Median for 1996 7.85 6.672
Median for 1997 7.3 6.205
Zerosfor 1958 0 0
Zerosfor 1959 0 0
Zeros for 1960 0 0
Zerosfor 1961 0 0
Zerosfor 1962 0 0
Zerosfor 1963 0 0
Zerosfor 1964 0 0
Zeros for 1965 0 0
Zeros for 1966 0 0
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Santa Fe- Graham 1958- Santa Fe - Graham 1958-
Name 1997 1997 REDUCED
Zerosfor 1967 0 0
Zerosfor 1968 0 0
Zerosfor 1969 0 0
Zerosfor 1970 0 0
Zerosfor 1971 0 0
Zerosfor 1972 0 0
Zerosfor 1973 0 0
Zerosfor 1974 0 0
Zerosfor 1975 0 0
Zerosfor 1976 0 0
Zerosfor 1977 0 0
Zerosfor 1978 0 0
Zerosfor 1979 0 0
Zeros for 1980 0 0
Zerosfor 1981 0 0
Zeros for 1982 0 0
Zerosfor 1983 0 0
Zerosfor 1984 0 0
Zerosfor 1985 0 0
Zeros for 1986 0 0
Zerosfor 1987 0 0
Zeros for 1988 0 0
Zerosfor 1989 0 0
Zeros for 1990 0 0
Zerosfor 1991 0 0
Zeros for 1992 0 0
Zerosfor 1993 0 0
Zerosfor 1994 0 0
Zeros for 1995 0 0
Zerosfor 1996 0 0
Zerosfor 1997 0 0
Lessor equal 109 for 1958 315 326
Lessor equal 109 for 1959 201 223
Lessor equal 109 for 1960 221 249
Lessor equal 109 for 1961 302 310
Lessor equal 109 for 1962 359 360
Lessor equal 109 for 1963 362 364
Lessor equal 109 for 1964 254 278
Lessor equal 109 for 1965 271 288
Lessor equal 109 for 1966 271 296
Lessor equal 109 for 1967 337 346
Lessor equal 109 for 1968 343 344
Lessor equal 109 for 1969 302 313
Lessor equal 109 for 1970 238 250
Lessor equal 109 for 1971 345 351
Lessor equal 109 for 1972 276 289
Lessor equal 109 for 1973 305 316
Lessor equal 109 for 1974 345 349
Lessor equal 109 for 1975 353 354
Lessor equal 109 for 1976 366 366
Lessor equal 109 for 1977 365 365
Lessor equal 109 for 1978 293 305

Lessor equal 109 for 1979 308 318
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Santa Fe - Graham 1958- Santa Fe - Graham 1958-
Name 1997 1997 REDUCED
Lessor equal 109 for 1980 326 335
Lessor equal 109 for 1981 359 362
Lessor equal 109 for 1982 326 344
Lessor equal 109 for 1983 305 317
Lessor equal 109 for 1984 314 320
Lessor equal 109 for 1985 310 322
Lessor equal 109 for 1986 319 327
Lessor equal 109 for 1987 291 299
Lessor equal 109 for 1988 320 326
Lessor equal 109 for 1989 365 365
Lessor equal 109 for 1990 365 365
Lessor equal 109 for 1991 345 350
Lessor equal 109 for 1992 336 340
Lessor equal 109 for 1993 350 353
Lessor equal 109 for 1994 336 343
Lessor equal 109 for 1995 332 337
Lessor equal 109 for 1996 355 357
Lessor equal 109 for 1997 338 340
Greater or equal 109 for 1958 50 39
Greater or equal 109 for 1959 164 142
Greater or equal 109 for 1960 145 117
Greater or equal 109 for 1961 64 55
Greater or equal 109 for 1962 6 5
Greater or equal 109 for 1963 3 1
Greater or equal 109 for 1964 113 88
Greater or equal 109 for 1965 94 77
Greater or equal 109 for 1966 95 69
Greater or equal 109 for 1967 29 19
Greater or equal 109 for 1968 23 22
Greater or equal 109 for 1969 63 52
Greater or equal 109 for 1970 129 115
Greater or equal 109 for 1971 20 14
Greater or equal 109 for 1972 92 77
Greater or equal 109 for 1973 62 49
Greater or equal 109 for 1974 20 16
Greater or equal 109 for 1975 12 11
Greater or equal 109 for 1976 0 0
Greater or equal 109 for 1977 0 0
Greater or equal 109 for 1978 72 60
Greater or equal 109 for 1979 57 47
Greater or equal 109 for 1980 40 31
Greater or equal 109 for 1981 6 3
Greater or equal 109 for 1982 40 21
Greater or equal 109 for 1983 62 48
Greater or equal 109 for 1984 52 46
Greater or equal 109 for 1985 55 43
Greater or equal 109 for 1986 47 38
Greater or equal 109 for 1987 74 66
Greater or equal 109 for 1988 46 40
Greater or equal 109 for 1989 0 0
Greater or equal 109 for 1990 0 0
Greater or equal 109 for 1991 20 15

Greater or equal 109 for 1992 30 26
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Santa Fe - Graham 1958- Santa Fe - Graham 1958-

Name 1997 1997 REDUCED
Greater or equal 109 for 1993 15 12
Greater or equal 109 for 1994 30 22
Greater or equal 109 for 1995 34 28
Greater or equal 109 for 1996 11 9
Greater or equal 109 for 1997 27 25
Summary of interannual measures

Mean of all years Minimum 1.86 1.643
Mean of all years Maximum 537.45 456.832
Mean of all years Percentile 10 4.678 4.044
Mean of all years Percentile 90 124.686 105.984
Mean of all years Mean 51.286 43.618
Mean of all years Median 24.629 20.944
Mean of all years CV 1.56 1.556
Mean of all years Standard Deviation 74.949 63.692
Mean of all years Skewness 3.356 3.26
Mean of all years Variability -9.07 -8.722
Mean of all years Zeros 0 0
Mean of all years Total 18734.363 15933.383
Mean of all years S Log 0.533 0.518
Mean of all years Lanes 0.57 0.553
Mean of all years Less or equal 109 318.1 326.55
Mean of all years Greater or equal 109 47.55 38.7
Median of al years Minimum 0.34 0.34
Median of all years Maximum 419 356.15
Median of al years Percentile 10 15 15
Median of all years Percentile 90 113.05 96.092
Median of al years Mean 46.532 39.583
Median of all years Median 15.75 13.388
Median of all years CV 1.534 1.53
Median of al years Standard Deviation 69.353 58.928
Median of all years Skewness 2.372 2.376
Median of all years Variability -6.409 -6.409
Median of all years Zeros 0 0
Median of al years Total 16984.435 14447.943
Median of all years S Log 0.54 0.526
Median of all years Lanes 0.561 0.54
Median of all years Less or equal 109 326 336
Median of al years Greater or equal 109 40 29.5
High Flow Spell result

Whole Period

High Spell Threshold 109 109
Number of High Spell 193 180
Longest High Spell 57 45
Mean of High Spell Peaks 289.819 264.034
Mean Duration of High Spell 9.756 8.572
Total Duration of High Spell 1883 1543
Total of periods Between High Spells 12670 13010
Mean period Between High Spells 65.99 72.682
Longest period Between High Spells 910 911
Total (Sum) Raw Vaues 433336 335172
Mean Raw Values 2245.264 1862.067
Summary for each year

High Spell Threshold for 1958 109 109
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Santa Fe - Graham 1958- Santa Fe- Graham 1958-
Name 1997 1997 REDUCED
High Spell Threshold for 1959 109 109
High Spell Threshold for 1960 109 109
High Spell Threshold for 1961 109 109
High Spell Threshold for 1962 109 109
High Spell Threshold for 1963 109 109
High Spell Threshold for 1964 109 109
High Spell Threshold for 1965 109 109
High Spell Threshold for 1966 109 109
High Spell Threshold for 1967 109 109
High Spell Threshold for 1968 109 109
High Spell Threshold for 1969 109 109
High Spell Threshold for 1970 109 109
High Spell Threshold for 1971 109 109
High Spell Threshold for 1972 109 109
High Spell Threshold for 1973 109 109
High Spell Threshold for 1974 109 109
High Spell Threshold for 1975 109 109
High Spell Threshold for 1976 109 109
High Spell Threshold for 1977 109 109
High Spell Threshold for 1978 109 109
High Spell Threshold for 1979 109 109
High Spell Threshold for 1980 109 109
High Spell Threshold for 1981 109 109
High Spell Threshold for 1982 109 109
High Spell Threshold for 1983 109 109
High Spell Threshold for 1984 109 109
High Spell Threshold for 1985 109 109
High Spell Threshold for 1986 109 109
High Spell Threshold for 1987 109 109
High Spell Threshold for 1988 109 109
High Spell Threshold for 1989 109 109
High Spell Threshold for 1990 109 109
High Spell Threshold for 1991 109 109
High Spell Threshold for 1992 109 109
High Spell Threshold for 1993 109 109
High Spell Threshold for 1994 109 109
High Spell Threshold for 1995 109 109
High Spell Threshold for 1996 109 109
High Spell Threshold for 1997 109 109
Number of High Spell for 1958 10 7
Number of High Spell for 1959 12 13
Number of High Spell for 1960 7 10
Number of High Spell for 1961 5 5
Number of High Spell for 1962 1 1
Number of High Spell for 1963 1 1
Number of High Spell for 1964 6 9
Number of High Spell for 1965 6 9

Number of High Spell for 1966 12 10
Number of High Spell for 1967 6 3
Number of High Spell for 1968 4 4
Number of High Spell for 1969 9 7
Number of High Spell for 1970 5 6
Number of High Spell for 1971 4 3
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Santa Fe - Graham 1958- Santa Fe - Graham 1958-
Name 1997 1997 REDUCED
Number of High Spell for 1972 10 9
Number of High Spell for 1973 6 4
Number of High Spell for 1974 4 3
Number of High Spell for 1975 1 1
Number of High Spell for 1976 0 0
Number of High Spell for 1977 0 0
Number of High Spell for 1978 5 5
Number of High Spell for 1979 7 6
Number of High Spell for 1980 5 4
Number of High Spell for 1981 2 1
Number of High Spell for 1982 10 4
Number of High Spell for 1983 9 9
Number of High Spell for 1984 3 3
Number of High Spell for 1985 5 7
Number of High Spell for 1986 4 4
Number of High Spell for 1987 5 6
Number of High Spell for 1988 4 3
Number of High Spell for 1989 0 0
Number of High Spell for 1990 0 0
Number of High Spell for 1991 4 4
Number of High Spell for 1992 4 5
Number of High Spell for 1993 2 2
Number of High Spell for 1994 6 4
Number of High Spell for 1995 7 6
Number of High Spell for 1996 3 3
Number of High Spell for 1997 2 2
Longest High Spell for 1958 19 18
Longest High Spell for 1959 45 43
Longest High Spell for 1960 57 40
Longest High Spell for 1961 26 21
Longest High Spell for 1962 6 5
Longest High Spell for 1963 3 1
Longest High Spell for 1964 42 31
Longest High Spell for 1965 52 31
Longest High Spell for 1966 31 28
Longest High Spell for 1967 11 9
Longest High Spell for 1968 20 19
Longest High Spell for 1969 13 11
Longest High Spell for 1970 48 45
Longest High Spell for 1971 7 6
Longest High Spell for 1972 21 16
Longest High Spell for 1973 26 24
Longest High Spell for 1974 13 12
Longest High Spell for 1975 12 11
Longest High Spell for 1976 NaN NaN
Longest High Spell for 1977 NaN NaN
Longest High Spell for 1978 38 32
Longest High Spell for 1979 23 15
Longest High Spell for 1980 12 10
Longest High Spell for 1981 4 3
Longest High Spell for 1982 12 11
Longest High Spell for 1983 18 16

Longest High Spell for 1984 22 19
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Santa Fe - Graham 1958- Santa Fe - Graham 1958-

Name 1997 1997 REDUCED
Longest High Spell for 1985 25 11
Longest High Spell for 1986 16 14
Longest High Spell for 1987 37 34
Longest High Spell for 1988 23 21
Longest High Spell for 1989 NaN NaN
Longest High Spell for 1990 NaN NaN
Longest High Spell for 1991 8 7
Longest High Spell for 1992 14 12
Longest High Spell for 1993 8 6
Longest High Spell for 1994 12 11
Longest High Spell for 1995 10 9
Longest High Spell for 1996 7 6
Longest High Spell for 1997 20 19
Mean of High Spell Peaks for 1958 191.6 188.943
Mean of High Spell Peaks for 1959 339.583 276.969
Mean of High Spell Peaks for 1960 433.143 326.06
Mean of High Spell Peaks for 1961 390.6 338.3
Mean of High Spell Peaks for 1962 206 175.1
Mean of High Spell Peaks for 1963 132 112.2
Mean of High Spell Peaks for 1964 548.667 374
Mean of High Spell Peaks for 1965 232.667 191.628
Mean of High Spell Peaks for 1966 200.333 184.195
Mean of High Spell Peaks for 1967 197.5 246.783
Mean of High Spell Peaks for 1968 384.25 326.612
Mean of High Spell Peaks for 1969 222,111 213.714
Mean of High Spell Peaks for 1970 851.8 622.483
Mean of High Spell Peaks for 1971 189 180.767
Mean of High Spell Peaks for 1972 345.7 321.3
Mean of High Spell Peaks for 1973 230.167 247.775
Mean of High Spell Peaks for 1974 208.5 201.733
Mean of High Spell Peaks for 1975 300 255
Mean of High Spell Peaks for 1976 NaN NaN
Mean of High Spell Peaks for 1977 NaN NaN
Mean of High Spell Peaks for 1978 388.2 329.97
Mean of High Spell Peaks for 1979 213.143 202.442
Mean of High Spell Peaks for 1980 212.2 198.262
Mean of High Spell Peaks for 1981 1325 123.25
Mean of High Spell Peaks for 1982 175.5 221.85
Mean of High Spell Peaks for 1983 224111 190.494
Mean of High Spell Peaks for 1984 385 327.25
Mean of High Spell Peaks for 1985 282.4 211.771
Mean of High Spell Peaks for 1986 299.25 254.362
Mean of High Spell Peaks for 1987 365.2 278.092
Mean of High Spell Peaks for 1988 392.75 413.667
Mean of High Spell Peaks for 1989 NaN NaN
Mean of High Spell Peaks for 1990 NaN NaN
Mean of High Spell Peaks for 1991 182.25 154.912
Mean of High Spell Peaks for 1992 446.5 326.74
Mean of High Spell Peaks for 1993 171 145.35
Mean of High Spell Peaks for 1994 227.833 242.675
Mean of High Spell Peaks for 1995 189 171.133
Mean of High Spell Peaks for 1996 185.667 157.817
Mean of High Spell Peaks for 1997 444.5 377.825
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Santa Fe - Graham 1958- Santa Fe - Graham 1958-

Name 1997 1997 REDUCED
Mean Duration of High Spell for 1958 4.7 5.571
Mean Duration of High Spell for 1959 135 10.846
Mean Duration of High Spell for 1960 20.429 11.7
Mean Duration of High Spell for 1961 12.6 11
Mean Duration of High Spell for 1962 6 5
Mean Duration of High Spell for 1963 3 1
Mean Duration of High Spell for 1964 18.833 9.778
Mean Duration of High Spell for 1965 15.667 8.556
Mean Duration of High Spell for 1966 7.917 6.9
Mean Duration of High Spell for 1967 45 6.333
Mean Duration of High Spell for 1968 5.75 55
Mean Duration of High Spell for 1969 6.778 7.429
Mean Duration of High Spell for 1970 254 19
Mean Duration of High Spell for 1971 5 4.667
Mean Duration of High Spell for 1972 9.1 8.556
Mean Duration of High Spell for 1973 10.167 12.25
Mean Duration of High Spell for 1974 5 5.333
Mean Duration of High Spell for 1975 12 11
Mean Duration of High Spell for 1976 NaN NaN
Mean Duration of High Spell for 1977 NaN NaN
Mean Duration of High Spell for 1978 14.2 12
Mean Duration of High Spell for 1979 8.143 7.833
Mean Duration of High Spell for 1980 8 7.75
Mean Duration of High Spell for 1981 3 3
Mean Duration of High Spell for 1982 4 5.25
Mean Duration of High Spell for 1983 6.889 5.333
Mean Duration of High Spell for 1984 17.333 15.333
Mean Duration of High Spell for 1985 10.8 6
Mean Duration of High Spell for 1986 11.75 9.5
Mean Duration of High Spell for 1987 14.8 10.833
Mean Duration of High Spell for 1988 115 13.333
Mean Duration of High Spell for 1989 NaN NaN
Mean Duration of High Spell for 1990 NaN NaN
Mean Duration of High Spell for 1991 5 3.75
Mean Duration of High Spell for 1992 75 5
Mean Duration of High Spell for 1993 75 6
Mean Duration of High Spell for 1994 5 55
Mean Duration of High Spell for 1995 4714 4.667
Mean Duration of High Spell for 1996 3.667 3
Mean Duration of High Spell for 1997 135 125
Total Duration of High Spell for 1958 47 39
Total Duration of High Spell for 1959 162 141
Total Duration of High Spell for 1960 143 117
Total Duration of High Spell for 1961 63 55
Total Duration of High Spell for 1962 6 5
Total Duration of High Spell for 1963 3 1
Total Duration of High Spell for 1964 113 88
Total Duration of High Spell for 1965 94 77
Total Duration of High Spell for 1966 95 69
Total Duration of High Spell for 1967 27 19
Total Duration of High Spell for 1968 23 22
Total Duration of High Spell for 1969 61 52
Total Duration of High Spell for 1970 127 114
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Santa Fe - Graham 1958- Santa Fe - Graham 1958-
Name 1997 1997 REDUCED
Total Duration of High Spell for 1971 20 14
Total Duration of High Spell for 1972 91 77
Total Duration of High Spell for 1973 61 49
Total Duration of High Spell for 1974 20 16
Total Duration of High Spell for 1975 12 11
Total Duration of High Spell for 1976 NaN NaN
Total Duration of High Spell for 1977 NaN NaN
Total Duration of High Spell for 1978 71 60
Total Duration of High Spell for 1979 57 47
Total Duration of High Spell for 1980 40 31
Total Duration of High Spell for 1981 6 3
Total Duration of High Spell for 1982 40 21
Total Duration of High Spell for 1983 62 48
Total Duration of High Spell for 1984 52 46
Total Duration of High Spell for 1985 54 42
Total Duration of High Spell for 1986 47 38
Total Duration of High Spell for 1987 74 65
Total Duration of High Spell for 1988 46 40
Total Duration of High Spell for 1989 NaN NaN
Total Duration of High Spell for 1990 NaN NaN
Total Duration of High Spell for 1991 20 15
Total Duration of High Spell for 1992 30 25
Total Duration of High Spell for 1993 15 12
Total Duration of High Spell for 1994 30 22
Total Duration of High Spell for 1995 33 28
Total Duration of High Spell for 1996 11 9
Total Duration of High Spell for 1997 27 25
Total of periods Between High Spellsfor 1958 242 215
Total of periods Between High Spells for 1959 138 157
Total of periods Between High Spells for 1960 113 137
Total of periods Between High Spellsfor 1961 156 159
Total of periods Between High Spells for 1962 NaN NaN
Total of periods Between High Spellsfor 1963 NaN NaN
Total of periods Between High Spells for 1964 242 267
Total of periods Between High Spells for 1965 185 201
Total of periods Between High Spells for 1966 166 184
Total of periods Between High Spellsfor 1967 164 170
Total of periods Between High Spells for 1968 34 34
Total of periods Between High Spells for 1969 258 237
Total of periods Between High Spellsfor 1970 118 130
Total of periods Between High Spellsfor 1971 95 14
Total of periods Between High Spellsfor 1972 247 252
Total of periods Between High Spellsfor 1973 149 141
Total of periods Between High Spellsfor 1974 31 34
Total of periods Between High Spellsfor 1975 NaN NaN
Total of periods Between High Spells for 1976 NaN NaN
Total of periods Between High Spellsfor 1977 NaN NaN
Total of periods Between High Spellsfor 1978 134 143
Total of periods Between High Spellsfor 1979 282 284
Total of periods Between High Spells for 1980 160 56
Total of periods Between High Spellsfor 1981 27 NaN
Total of periods Between High Spells for 1982 217 235

Total of periods Between High Spells for 1983 259 273
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Santa Fe - Graham 1958- Santa Fe - Graham 1958-

Name 1997 1997 REDUCED
Total of periods Between High Spellsfor 1984 54 59
Total of periods Between High Spellsfor 1985 42 52
Total of periods Between High Spells for 1986 204 211
Total of periods Between High Spellsfor 1987 153 162
Total of periods Between High Spells for 1988 191 170
Total of periods Between High Spells for 1989 NaN NaN
Total of periods Between High Spells for 1990 NaN NaN
Total of periods Between High Spellsfor 1991 129 133
Total of periods Between High Spells for 1992 78 81
Total of periods Between High Spellsfor 1993 16 17
Total of periods Between High Spellsfor 1994 258 252
Total of periods Between High Spells for 1995 132 136
Total of periods Between High Spells for 1996 105 106
Total of periods Between High Spells for 1997 221 223
Mean period Between High Spells for 1958 26.889 35.833
Mean period Between High Spells for 1959 12.545 13.083
Mean period Between High Spells for 1960 18.833 15.222
Mean period Between High Spellsfor 1961 39 39.75
Mean period Between High Spells for 1962 NaN NaN
Mean period Between High Spellsfor 1963 NaN NaN
Mean period Between High Spells for 1964 48.4 33.375
Mean period Between High Spells for 1965 37 25.125
Mean period Between High Spells for 1966 15.091 20.444
Mean period Between High Spellsfor 1967 32.8 85
Mean period Between High Spells for 1968 11.333 11.333
Mean period Between High Spellsfor 1969 32.25 39.5
Mean period Between High Spells for 1970 29.5 26
Mean period Between High Spellsfor 1971 31.667 7
Mean period Between High Spellsfor 1972 27.444 315
Mean period Between High Spellsfor 1973 29.8 47
Mean period Between High Spellsfor 1974 10.333 17
Mean period Between High Spellsfor 1975 NaN NaN
Mean period Between High Spellsfor 1976 NaN NaN
Mean period Between High Spellsfor 1977 NaN NaN
Mean period Between High Spellsfor 1978 335 35.75
Mean period Between High Spellsfor 1979 47 56.8
Mean period Between High Spellsfor 1980 40 18.667
Mean period Between High Spells for 1981 27 NaN
Mean period Between High Spells for 1982 24.111 78.333
Mean period Between High Spells for 1983 32.375 34.125
Mean period Between High Spellsfor 1984 27 29.5
Mean period Between High Spells for 1985 105 8.667
Mean period Between High Spells for 1986 68 70.333
Mean period Between High Spells for 1987 38.25 324
Mean period Between High Spellsfor 1988 63.667 85
Mean period Between High Spells for 1989 NaN NaN
Mean period Between High Spellsfor 1990 NaN NaN
Mean period Between High Spellsfor 1991 43 44.333
Mean period Between High Spells for 1992 26 20.25
Mean period Between High Spells for 1993 16 17
Mean period Between High Spellsfor 1994 51.6 84
Mean period Between High Spells for 1995 22 27.2
Mean period Between High Spells for 1996 525 53
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Santa Fe - Graham 1958- Santa Fe - Graham 1958-

Name 1997 1997 REDUCED
Mean period Between High Spells for 1997 221 223
Longest period Between High Spells for 1958 86 87
Longest period Between High Spells for 1959 42 51
Longest period Between High Spells for 1960 78 80
Longest period Between High Spells for 1961 130 131
Longest period Between High Spells for 1962 NaN NaN
Longest period Between High Spells for 1963 NaN NaN
Longest period Between High Spellsfor 1964 152 153
Longest period Between High Spells for 1965 76 78
Longest period Between High Spells for 1966 33 51
Longest period Between High Spells for 1967 154 157
Longest period Between High Spells for 1968 22 22
Longest period Between High Spells for 1969 128 129
Longest period Between High Spellsfor 1970 110 113
Longest period Between High Spellsfor 1971 83 10
Longest period Between High Spells for 1972 93 95
Longest period Between High Spellsfor 1973 101 106
Longest period Between High Spellsfor 1974 14 19
Longest period Between High Spells for 1975 NaN NaN
Longest period Between High Spellsfor 1976 NaN NaN
Longest period Between High Spellsfor 1977 NaN NaN
Longest period Between High Spellsfor 1978 120 121
Longest period Between High Spellsfor 1979 121 122
Longest period Between High Spells for 1980 109 33
Longest period Between High Spells for 1981 27 NaN
Longest period Between High Spells for 1982 78 82
Longest period Between High Spells for 1983 103 104
Longest period Between High Spells for 1984 41 44
Longest period Between High Spells for 1985 30 32
Longest period Between High Spells for 1986 167 169
Longest period Between High Spells for 1987 124 126
Longest period Between High Spells for 1988 162 164
Longest period Between High Spells for 1989 NaN NaN
Longest period Between High Spells for 1990 NaN NaN
Longest period Between High Spells for 1991 60 62
Longest period Between High Spells for 1992 48 49
Longest period Between High Spells for 1993 16 17
Longest period Between High Spells for 1994 133 180
Longest period Between High Spells for 1995 50 54
Longest period Between High Spells for 1996 94 95
Longest period Between High Spells for 1997 221 223
Total (Sum) Raw Values for 1958 8358 6384.35
Total (Sum) Raw Values for 1959 41455 33159.35
Total (Sum) Raw Values for 1960 36079 28067.85
Total (Sum) Raw Values for 1961 16367 13101.9
Total (Sum) Raw Values for 1962 907 668.95
Total (Sum) Raw Values for 1963 356 112.2
Total (Sum) Raw Values for 1964 29838 22856.5
Total (Sum) Raw Values for 1965 17602 13246.4
Total (Sum) Raw Values for 1966 17972 12661.6
Total (Sum) Raw Values for 1967 5742 4123.35
Total (Sum) Raw Values for 1968 8450 7079.65
Total (Sum) Raw Values for 1969 11965 9271.8
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Santa Fe - Graham 1958- Santa Fe - Graham 1958-
Name 1997 1997 REDUCED

Tota (Sum) Raw Values for 1970 35960 30091.7
Total (Sum) Raw Valuesfor 1971 3150 2096.1
Total (Sum) Raw Values for 1972 23636 18733.15
Total (Sum) Raw Values for 1973 13251 10071.65
Tota (Sum) Raw Valuesfor 1974 4242 3206.2
Total (Sum) Raw Values for 1975 2362 1909.95
Total (Sum) Raw Values for 1976 0 0
Total (Sum) Raw Valuesfor 1977 0 0
Total (Sum) Raw Values for 1978 19322 15349.3
Total (Sum) Raw Values for 1979 10537 7943.25
Total (Sum) Raw Values for 1980 7038 5077.05
Total (Sum) Raw Values for 1981 783 359.55
Total (Sum) Raw Values for 1982 7260 4261.9
Total (Sum) Raw Values for 1983 11648 8488.1
Total (Sum) Raw Values for 1984 10989 8722.7
Total (Sum) Raw Values for 1985 10736 7929.65
Total (Sum) Raw Values for 1986 9207 6927.5
Total (Sum) Raw Values for 1987 18705 14952.35
Total (Sum) Raw Values for 1988 12207 9782.65
Total (Sum) Raw Values for 1989 0 0
Total (Sum) Raw Values for 1990 0 0
Total (Sum) Raw Values for 1991 3179 2190.45
Total (Sum) Raw Values for 1992 8966 7062.65
Total (Sum) Raw Values for 1993 2269 1620.95
Total (Sum) Raw Values for 1994 6642 4851.8
Total (Sum) Raw Values for 1995 5721 4352
Total (Sum) Raw Values for 1996 1897 1406.75
Total (Sum) Raw Values for 1997 8538 7050.75
Mean Raw Values for 1958 835.8 912.05
Mean Raw Vaues for 1959 3454.583 2550.719
Mean Raw Values for 1960 5154.143 2806.785
Mean Raw Vaues for 1961 3273.4 2620.38
Mean Raw Values for 1962 907 668.95
Mean Raw Vaues for 1963 356 112.2
Mean Raw Values for 1964 4973 2539.611
Mean Raw Vaues for 1965 2933.667 1471.822
Mean Raw Values for 1966 1497.667 1266.16
Mean Raw Vaues for 1967 957 1374.45
Mean Raw Values for 1968 2112.5 1769.913
Mean Raw Values for 1969 1329.444 1324.543
Mean Raw Values for 1970 7192 5015.283
Mean Raw Vauesfor 1971 7875 698.7
Mean Raw Valuesfor 1972 2363.6 2081.461
Mean Raw Vauesfor 1973 2208.5 2517.913
Mean Raw Valuesfor 1974 1060.5 1068.733
Mean Raw Vauesfor 1975 2362 1909.95
Mean Raw Valuesfor 1976 NaN NaN
Mean Raw Vauesfor 1977 NaN NaN
Mean Raw Valuesfor 1978 3864.4 3069.86
Mean Raw Vauesfor 1979 1505.286 1323.875
Mean Raw Values for 1980 1407.6 1269.262
Mean Raw Vaues for 1981 3915 359.55
Mean Raw Values for 1982 726 1065.475
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Fluvial Geomorphic Investigation RAP Analysis Upper Santa Fe: Graham Gage (Page 17 of 17)
Santa Fe - Graham 1958- Santa Fe- Graham 1958-
Name 1997 1997 REDUCED
Mean Raw Vaues for 1983 1294.222 943.122
Mean Raw Values for 1984 3663 2907.567
Mean Raw Vaues for 1985 2147.2 1132.807
Mean Raw Values for 1986 2301.75 1731.875
Mean Raw Vaues for 1987 3741 2492.058
Mean Raw Values for 1988 3051.75 3260.883
Mean Raw Vaues for 1989 NaN NaN
Mean Raw Values for 1990 NaN NaN
Mean Raw Vaues for 1991 794.75 547.612
Mean Raw Values for 1992 2241.5 1412.53
Mean Raw Values for 1993 1134.5 810.475
Mean Raw Values for 1994 1107 1212.95
Mean Raw Vaues for 1995 817.286 725.333
Mean Raw Values for 1996 632.333 468.917
Mean Raw Vaues for 1997 4269 3525.375
Summary of interannual measures
Mean of all years High Spell Threshold 109 109
Mean of all years Number of High Spell 4.9 4575
Mean of all years Longest High Spell NaN NaN
Mean of all years Mean of High Spell Peaks NaN NaN
Mean of all years Mean Duration of High Spell NaN NaN
Mean of all years Total Duration of High Spell NaN NaN
Mean of all years Total of periods Between High Spells NaN NaN
Mean of all years Mean period Between High Spells NaN NaN
Mean of all years Longest period Between High Spells NaN NaN
Mean of all years Total (Sum) Raw Values 10833.4 8379.3
Mean of all years Mean Raw Values NaN NaN
Median of all years High Spell Threshold 109 109
Median of all years Number of High Spell 5 4
Median of al years Longest High Spell 20.5 16.5
Median of all years Mean of High Spell Peaks NaN NaN
Median of al years Mean Duration of High Spell 10.166 7.166
Median of all years Total Duration of High Spell NaN NaN
Median of al years Total of periods Between High Spells NaN NaN
Median of all years Mean period Between High Spells 39.166 NaN
Median of al years Longest period Between High Spells 90.5 NaN
Median of all years Total (Sum) Raw Values 8494 6989.125
Median of al years Mean Raw Values NaN NaN



Suwannee River Water Management District APPENDIX E AMEC Project No. 600050.1

Fluvial Geomorphic Investigation RAP Analysis Upper Santa Fe: Worthington Gage (Page 1 of 34)
Santa Fe - Santa Fe -
Worthington 1932- Worthington 1932-
Name 2010 2010 REDUCED
Reporting Period Summary
Start based on User 1/1/1932 1/1/1932
End Date 12/31/2010 12/31/2010
General Statistics
Whole Period
Minimum 0 0
Maximum 19000 16150
Percentile 10 14 14
Percentile 90 1080 918
Mean 407.723 347.332
Median 124 105.4
Zeros 266 266
Total 11764850.54 10022268.89
Less or equal 588 23507 24207
Greater or equal 588 5358 4648
Summary for each year
Minimum for 1932 1.3 1.3
Minimum for 1933 9 9
Minimum for 1934 5.5 5.5
Minimum for 1935 1.9 1.9
Minimum for 1936 5.1 5.1
Minimum for 1937 10 10
Minimum for 1938 3.3 3.3
Minimum for 1939 10 10
Minimum for 1940 8.1 8.1
Minimum for 1941 1.9 1.9
Minimum for 1942 21 21
Minimum for 1943 5.6 5.6
Minimum for 1944 18 18
Minimum for 1945 2.8 2.8
Minimum for 1946 34 34
Minimum for 1947 27 27
Minimum for 1948 17 17
Minimum for 1949 13 13
Minimum for 1950 2.6 2.6
Minimum for 1951 3.1 3.1
Minimum for 1952 7.3 7.3
Minimum for 1953 21 21
Minimum for 1954 5.7 5.7
Minimum for 1955 0.6 0.6
Minimum for 1956 1 1
Minimum for 1957 16 16
Minimum for 1958 16 16
Minimum for 1959 119 101.15
Minimum for 1960 30 30
Minimum for 1961 13 13
Minimum for 1962 3.9 3.9
Minimum for 1963 8.8 8.8
Minimum for 1964 18 18
Minimum for 1965 11 11

Minimum for 1966 50 42.5



Suwannee River Water Management District APPENDIX E AMEC Project No. 600050.1

Fluvial Geomorphic Investigation RAP Analysis Upper Santa Fe: Worthington Gage (Page 2 of 34)
Santa Fe - Santa Fe -
Worthington 1932- Worthington 1932-
Name 2010 2010 REDUCED
Minimum for 1967 9.7 9.7
Minimum for 1968 6.2 6.2
Minimum for 1969 19 19
Minimum for 1970 31 31
Minimum for 1971 8.3 8.3
Minimum for 1972 33 33
Minimum for 1973 19 19
Minimum for 1974 17 17
Minimum for 1975 27 27
Minimum for 1976 15 15
Minimum for 1977 5.3 5.3
Minimum for 1978 19 19
Minimum for 1979 19 19
Minimum for 1980 10 10
Minimum for 1981 4.1 4.1
Minimum for 1982 35 35
Minimum for 1983 43 36.55
Minimum for 1984 20 20
Minimum for 1985 5.9 5.9
Minimum for 1986 15 15
Minimum for 1987 18 18
Minimum for 1988 5 5
Minimum for 1989 1.2 1.2
Minimum for 1990 15 15
Minimum for 1991 9.6 9.6
Minimum for 1992 22 22
Minimum for 1993 1.7 7.7
Minimum for 1994 4.4 4.4
Minimum for 1995 38 38
Minimum for 1996 18 18
Minimum for 1997 12 12
Minimum for 1998 2.9 2.9
Minimum for 1999 15 15
Minimum for 2000 0 0
Minimum for 2001 0 0
Minimum for 2002 0 0
Minimum for 2003 13 13
Minimum for 2004 0 0
Minimum for 2005 19 19
Minimum for 2006 0 0
Minimum for 2007 0 0
Minimum for 2008 0 0
Minimum for 2009 20 20
Minimum for 2010 1.9 1.9
Maximum for 1932 1540 1309
Maximum for 1933 3120 2652
Maximum for 1934 16900 14365
Maximum for 1935 10900 9265
Maximum for 1936 1780 1513
Maximum for 1937 7900 6715

Maximum for 1938 7900 6715



Suwannee River Water Management District APPENDIX E AMEC Project No. 600050.1

Fluvial Geomorphic Investigation RAP Analysis Upper Santa Fe: Worthington Gage (Page 3 of 34)
Santa Fe - Santa Fe -
Worthington 1932- Worthington 1932-
Name 2010 2010 REDUCED
Maximum for 1939 2140 1819
Maximum for 1940 1950 1657.5
Maximum for 1941 14700 12495
Maximum for 1942 4000 3400
Maximum for 1943 1970 1674.5
Maximum for 1944 15700 13345
Maximum for 1945 4000 3400
Maximum for 1946 4640 3944
Maximum for 1947 14400 12240
Maximum for 1948 14700 12495
Maximum for 1949 7410 6298.5
Maximum for 1950 12200 10370
Maximum for 1951 1110 9435
Maximum for 1952 1440 1224
Maximum for 1953 5860 4981
Maximum for 1954 2200 1870
Maximum for 1955 892 758.2
Maximum for 1956 3250 2762.5
Maximum for 1957 5860 4981
Maximum for 1958 2190 1861.5
Maximum for 1959 8310 7063.5
Maximum for 1960 7390 6281.5
Maximum for 1961 4160 3536
Maximum for 1962 706 600.1
Maximum for 1963 1880 1598
Maximum for 1964 19000 16150
Maximum for 1965 3510 2983.5
Maximum for 1966 5700 4845
Maximum for 1967 4880 4148
Maximum for 1968 11700 9945
Maximum for 1969 3620 3077
Maximum for 1970 9930 8440.5
Maximum for 1971 2780 2363
Maximum for 1972 4340 3689
Maximum for 1973 5980 5083
Maximum for 1974 2930 2490.5
Maximum for 1975 2910 2473.5
Maximum for 1976 864 734.4
Maximum for 1977 1920 1632
Maximum for 1978 5340 4539
Maximum for 1979 2780 2363
Maximum for 1980 5800 4930
Maximum for 1981 1660 1411
Maximum for 1982 3970 3374.5
Maximum for 1983 4260 3621
Maximum for 1984 4770 4054.5
Maximum for 1985 6980 5933
Maximum for 1986 3830 3255.5
Maximum for 1987 5080 4318
Maximum for 1988 7430 6315.5

Maximum for 1989 729 619.65



Suwannee River Water Management District APPENDIX E AMEC Project No. 600050.1

Fluvial Geomorphic Investigation RAP Analysis Upper Santa Fe: Worthington Gage (Page 4 of 34)
Santa Fe - Santa Fe -
Worthington 1932- Worthington 1932-
Name 2010 2010 REDUCED
Maximum for 1990 495 420.75
Maximum for 1991 5590 47515
Maximum for 1992 14800 12580
Maximum for 1993 1400 1190
Maximum for 1994 3230 2745.5
Maximum for 1995 2420 2057
Maximum for 1996 3610 3068.5
Maximum for 1997 4160 3536
Maximum for 1998 11900 10115
Maximum for 1999 338 287.3
Maximum for 2000 280 238
Maximum for 2001 1510 1283.5
Maximum for 2002 1220 1037
Maximum for 2003 5440 4624
Maximum for 2004 7810 6638.5
Maximum for 2005 3550 3017.5
Maximum for 2006 2240 1904
Maximum for 2007 1100 935
Maximum for 2008 5950 5057.5
Maximum for 2009 2160 1836
Maximum for 2010 2430 2065.5
Percentile 10 for 1932 3.4 3.4
Percentile 10 for 1933 19 19
Percentile 10 for 1934 16 16
Percentile 10 for 1935 3.1 3.1
Percentile 10 for 1936 16 16
Percentile 10 for 1937 43 36.73
Percentile 10 for 1938 104 10.4
Percentile 10 for 1939 20.4 20.4
Percentile 10 for 1940 12 12
Percentile 10 for 1941 20 20
Percentile 10 for 1942 30.8 30.8
Percentile 10 for 1943 11 11
Percentile 10 for 1944 35.5 35.5
Percentile 10 for 1945 13 13
Percentile 10 for 1946 79 67.15
Percentile 10 for 1947 51 43.35
Percentile 10 for 1948 61 51.85
Percentile 10 for 1949 74 62.9
Percentile 10 for 1950 16 16
Percentile 10 for 1951 8.52 8.52
Percentile 10 for 1952 18 18
Percentile 10 for 1953 55.4 47.09
Percentile 10 for 1954 8.52 8.52
Percentile 10 for 1955 6.4 6.4
Percentile 10 for 1956 8.3 8.3
Percentile 10 for 1957 23 23
Percentile 10 for 1958 37 37
Percentile 10 for 1959 178.2 151.47
Percentile 10 for 1960 89 75.65
Percentile 10 for 1961 36 36



Suwannee River Water Management District APPENDIX E AMEC Project No. 600050.1

Fluvial Geomorphic Investigation RAP Analysis Upper Santa Fe: Worthington Gage (Page 5 of 34)
Santa Fe - Santa Fe -
Worthington 1932- Worthington 1932-
Name 2010 2010 REDUCED
Percentile 10 for 1962 13 13
Percentile 10 for 1963 19.4 19.4
Percentile 10 for 1964 475 41.65
Percentile 10 for 1965 54.4 46.24
Percentile 10 for 1966 76 64.6
Percentile 10 for 1967 20 20
Percentile 10 for 1968 145 145
Percentile 10 for 1969 52 44.2
Percentile 10 for 1970 40 38.55
Percentile 10 for 1971 28 28
Percentile 10 for 1972 76 64.6
Percentile 10 for 1973 33.8 33.8
Percentile 10 for 1974 31 31
Percentile 10 for 1975 44 40
Percentile 10 for 1976 38 36.775
Percentile 10 for 1977 10 10
Percentile 10 for 1978 37 36.73
Percentile 10 for 1979 374 37
Percentile 10 for 1980 15 15
Percentile 10 for 1981 6.4 6.4
Percentile 10 for 1982 52 44.2
Percentile 10 for 1983 80.4 68.34
Percentile 10 for 1984 55.5 47.175
Percentile 10 for 1985 20 20
Percentile 10 for 1986 31.4 31.4
Percentile 10 for 1987 43.4 39.95
Percentile 10 for 1988 12.5 12.5
Percentile 10 for 1989 8.5 8.5
Percentile 10 for 1990 3.14 3.14
Percentile 10 for 1991 33 33
Percentile 10 for 1992 66 56.1
Percentile 10 for 1993 18 18
Percentile 10 for 1994 21 21
Percentile 10 for 1995 81 68.85
Percentile 10 for 1996 41 37.7
Percentile 10 for 1997 24 24
Percentile 10 for 1998 154 154
Percentile 10 for 1999 4.44 4.44
Percentile 10 for 2000 0.33 0.33
Percentile 10 for 2001 0.29 0.29
Percentile 10 for 2002 2.8 2.8
Percentile 10 for 2003 34.4 34.4
Percentile 10 for 2004 5.25 5.25
Percentile 10 for 2005 42 39.04
Percentile 10 for 2006 0 0
Percentile 10 for 2007 0 0
Percentile 10 for 2008 2.25 2.25
Percentile 10 for 2009 30 30
Percentile 10 for 2010 3.4 3.4
Percentile 90 for 1932 242 205.7

Percentile 90 for 1933 630.2 535.67



Suwannee River Water Management District APPENDIX E AMEC Project No. 600050.1

Fluvial Geomorphic Investigation RAP Analysis Upper Santa Fe: Worthington Gage (Page 6 of 34)
Santa Fe - Santa Fe -
Worthington 1932- Worthington 1932-
Name 2010 2010 REDUCED
Percentile 90 for 1934 915 777.75
Percentile 90 for 1935 1050 892.5
Percentile 90 for 1936 652 554.2
Percentile 90 for 1937 1310 1113.5
Percentile 90 for 1938 555.4 472.09
Percentile 90 for 1939 674.2 573.07
Percentile 90 for 1940 680.5 578.425
Percentile 90 for 1941 1570 1334.5
Percentile 90 for 1942 1790 15215
Percentile 90 for 1943 272 231.2
Percentile 90 for 1944 1500 1275
Percentile 90 for 1945 919.8 781.83
Percentile 90 for 1946 1860 1581
Percentile 90 for 1947 2042 1735.7
Percentile 90 for 1948 2140 1819
Percentile 90 for 1949 698.2 593.47
Percentile 90 for 1950 1016 863.6
Percentile 90 for 1951 256.4 217.94
Percentile 90 for 1952 274 232.9
Percentile 90 for 1953 1960 1666
Percentile 90 for 1954 356.6 303.11
Percentile 90 for 1955 168 142.8
Percentile 90 for 1956 272.5 231.625
Percentile 90 for 1957 539 458.15
Percentile 90 for 1958 1116 948.6
Percentile 90 for 1959 2266 1926.1
Percentile 90 for 1960 1875 1593.75
Percentile 90 for 1961 1082 919.7
Percentile 90 for 1962 179.6 152.66
Percentile 90 for 1963 926.4 787.44
Percentile 90 for 1964 2170 1844.5
Percentile 90 for 1965 1508 1281.8
Percentile 90 for 1966 1888 1604.8
Percentile 90 for 1967 831.8 707.03
Percentile 90 for 1968 718 610.3
Percentile 90 for 1969 1438 1222.3
Percentile 90 for 1970 2028 1723.8
Percentile 90 for 1971 720.6 612.51
Percentile 90 for 1972 1590 13515
Percentile 90 for 1973 1300 1105
Percentile 90 for 1974 1310 11135
Percentile 90 for 1975 616.8 524.28
Percentile 90 for 1976 518 440.3
Percentile 90 for 1977 667.2 567.12
Percentile 90 for 1978 1942 1650.7
Percentile 90 for 1979 943.8 802.23
Percentile 90 for 1980 1070 909.5
Percentile 90 for 1981 267.6 227.46
Percentile 90 for 1982 1100 935
Percentile 90 for 1983 1626 1382.1

Percentile 90 for 1984 1435 1219.75



Suwannee River Water Management District APPENDIX E AMEC Project No. 600050.1

Fluvial Geomorphic Investigation RAP Analysis Upper Santa Fe: Worthington Gage (Page 7 of 34)
Santa Fe - Santa Fe -
Worthington 1932- Worthington 1932-
Name 2010 2010 REDUCED
Percentile 90 for 1985 1330 1130.5
Percentile 90 for 1986 915 777.75
Percentile 90 for 1987 1842 1565.7
Percentile 90 for 1988 1540 1309
Percentile 90 for 1989 264.6 22491
Percentile 90 for 1990 126 107.1
Percentile 90 for 1991 1348 1145.8
Percentile 90 for 1992 1315 1117.75
Percentile 90 for 1993 741.2 630.02
Percentile 90 for 1994 924.8 786.08
Percentile 90 for 1995 864.8 735.08
Percentile 90 for 1996 794 674.9
Percentile 90 for 1997 1394 1184.9
Percentile 90 for 1998 2136 1815.6
Percentile 90 for 1999 82.2 69.87
Percentile 90 for 2000 96.5 82.025
Percentile 90 for 2001 125 106.25
Percentile 90 for 2002 276.2 234.77
Percentile 90 for 2003 1820 1547
Percentile 90 for 2004 1035 879.75
Percentile 90 for 2005 1500 1275
Percentile 90 for 2006 519 441.15
Percentile 90 for 2007 37.6 37.24
Percentile 90 for 2008 323 274.55
Percentile 90 for 2009 822.4 699.04
Percentile 90 for 2010 579.8 492.83
Mean for 1932 93.607 80.677
Mean for 1933 268.131 229.254
Mean for 1934 481.117 410.324
Mean for 1935 382.586 326.137
Mean for 1936 210.38 179.909
Mean for 1937 563.238 479.042
Mean for 1938 286.084 243.918
Mean for 1939 247.104 211.366
Mean for 1940 248.547 212.05
Mean for 1941 656.264 558.252
Mean for 1942 558.096 475.215
Mean for 1943 115.445 100.067
Mean for 1944 659.374 561.058
Mean for 1945 335.65 286.368
Mean for 1946 794.307 675.253
Mean for 1947 861.542 732.379
Mean for 1948 931.667 792.24
Mean for 1949 419.203 356.526
Mean for 1950 519.993 442.966
Mean for 1951 126.549 108.288
Mean for 1952 144.236 123.981
Mean for 1953 707.096 601.282
Mean for 1954 139.961 120.457
Mean for 1955 68.263 59.548

Mean for 1956 136.056 116.858



Suwannee River Water Management District APPENDIX E AMEC Project No. 600050.1

Fluvial Geomorphic Investigation RAP Analysis Upper Santa Fe: Worthington Gage (Page 8 of 34)
Santa Fe - Santa Fe -
Worthington 1932- Worthington 1932-
Name 2010 2010 REDUCED
Mean for 1957 252.896 216.076
Mean for 1958 407.238 346.748
Mean for 1959 1044.184 887.556
Mean for 1960 734.74 624.6
Mean for 1961 441.403 375.774
Mean for 1962 82.199 71.309
Mean for 1963 337.588 287.522
Mean for 1964 951.393 809.039
Mean for 1965 618.762 526.192
Mean for 1966 775.562 659.227
Mean for 1967 346.476 295.583
Mean for 1968 420.57 358.03
Mean for 1969 516.745 439.558
Mean for 1970 822.463 699.656
Mean for 1971 265.147 226.224
Mean for 1972 655.899 557.715
Mean for 1973 573.378 487.926
Mean for 1974 389.197 331.751
Mean for 1975 318.214 270.94
Mean for 1976 211.361 180.191
Mean for 1977 237.589 202.883
Mean for 1978 635.501 540.77
Mean for 1979 427.233 363.686
Mean for 1980 401.653 342.353
Mean for 1981 97.82 84.738
Mean for 1982 450.589 383.242
Mean for 1983 657.94 559.249
Mean for 1984 547.391 465.46
Mean for 1985 450.997 384.022
Mean for 1986 354.493 302.022
Mean for 1987 577.888 491.638
Mean for 1988 542.945 462.032
Mean for 1989 96.961 83.741
Mean for 1990 51.131 44,741
Mean for 1991 586.769 499.478
Mean for 1992 665.328 565.783
Mean for 1993 223.059 190.964
Mean for 1994 391.46 333.188
Mean for 1995 383.674 326.172
Mean for 1996 325.579 277.223
Mean for 1997 437.49 372.518
Mean for 1998 785.676 668.637
Mean for 1999 37.78 33.859
Mean for 2000 34.337 30.636
Mean for 2001 71.482 62.325
Mean for 2002 94.784 81.801
Mean for 2003 648.181 551.644
Mean for 2004 473.927 403.752
Mean for 2005 486.079 413.64
Mean for 2006 156.765 133.819

Mean for 2007 30.798 27.198



Suwannee River Water Management District APPENDIX E AMEC Project No. 600050.1

Fluvial Geomorphic Investigation RAP Analysis Upper Santa Fe: Worthington Gage (Page 9 of 34)
Santa Fe - Santa Fe -
Worthington 1932- Worthington 1932-
Name 2010 2010 REDUCED
Mean for 2008 210.056 179.829
Mean for 2009 278.608 237.956
Mean for 2010 237.032 202.174
Median for 1932 26 26
Median for 1933 75 63.75
Median for 1934 66 56.1
Median for 1935 46 40
Median for 1936 66 56.1
Median for 1937 253 215.05
Median for 1938 99 84.15
Median for 1939 65 55.25
Median for 1940 113 96.05
Median for 1941 266 226.1
Median for 1942 266 226.1
Median for 1943 35 35
Median for 1944 167 141.95
Median for 1945 102 86.7
Median for 1946 495 420.75
Median for 1947 381 323.85
Median for 1948 416 353.6
Median for 1949 191 162.35
Median for 1950 74 62.9
Median for 1951 89 75.65
Median for 1952 59.5 50.575
Median for 1953 274 232.9
Median for 1954 29 29
Median for 1955 20 20
Median for 1956 50 425
Median for 1957 78 66.3
Median for 1958 220 187
Median for 1959 588 499.8
Median for 1960 340 289
Median for 1961 151 128.35
Median for 1962 50 425
Median for 1963 133 113.05
Median for 1964 456 387.6
Median for 1965 358 304.3
Median for 1966 460 391
Median for 1967 115 97.75
Median for 1968 121.5 103.275
Median for 1969 277 235.45
Median for 1970 268 227.8
Median for 1971 107 90.95
Median for 1972 344 292.4
Median for 1973 364 309.4
Median for 1974 122 103.7
Median for 1975 194 164.9
Median for 1976 143 121.55
Median for 1977 82 69.7
Median for 1978 275 233.75

Median for 1979 245 208.25



Suwannee River Water Management District APPENDIX E AMEC Project No. 600050.1

Fluvial Geomorphic Investigation RAP Analysis Upper Santa Fe: Worthington Gage (Page 10 of 34)
Santa Fe - Santa Fe -
Worthington 1932- Worthington 1932-
Name 2010 2010 REDUCED
Median for 1980 143 121.55
Median for 1981 25 25
Median for 1982 224 190.4
Median for 1983 357 303.45
Median for 1984 173.5 147.475
Median for 1985 126 107.1
Median for 1986 125 106.25
Median for 1987 130 110.5
Median for 1988 107 90.95
Median for 1989 49 42
Median for 1990 18 18
Median for 1991 409 347.65
Median for 1992 317 269.45
Median for 1993 72 61.2
Median for 1994 210 178.5
Median for 1995 249 211.65
Median for 1996 137 116.45
Median for 1997 198 168.3
Median for 1998 157 133.45
Median for 1999 17 17
Median for 2000 14 14
Median for 2001 16 16
Median for 2002 43 40
Median for 2003 335 284.75
Median for 2004 75 63.75
Median for 2005 203 172.55
Median for 2006 3.6 3.6
Median for 2007 6.3 6.3
Median for 2008 50.5 42.925
Median for 2009 100 85
Median for 2010 63 53.55
Zeros for 1932 0 0
Zeros for 1933 0 0
Zeros for 1934 0 0
Zeros for 1935 0 0
Zeros for 1936 0 0
Zeros for 1937 0 0
Zeros for 1938 0 0
Zeros for 1939 0 0
Zeros for 1940 0 0
Zeros for 1941 0 0
Zeros for 1942 0 0
Zeros for 1943 0 0
Zeros for 1944 0 0
Zeros for 1945 0 0
Zeros for 1946 0 0
Zeros for 1947 0 0
Zeros for 1948 0 0
Zeros for 1949 0 0
Zeros for 1950 0 0
Zeros for 1951 0 0
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Fluvial Geomorphic Investigation RAP Analysis Upper Santa Fe: Worthington Gage (Page 11 of 34)
Santa Fe - Santa Fe -
Worthington 1932- Worthington 1932-

Name 2010 2010 REDUCED
Zeros for 1952 0 0
Zeros for 1953 0 0
Zeros for 1954 0 0
Zeros for 1955 0 0
Zeros for 1956 0 0
Zeros for 1957 0 0
Zeros for 1958 0 0
Zeros for 1959 0 0
Zeros for 1960 0 0
Zeros for 1961 0 0
Zeros for 1962 0 0
Zeros for 1963 0 0
Zeros for 1964 0 0
Zeros for 1965 0 0
Zeros for 1966 0 0
Zeros for 1967 0 0
Zeros for 1968 0 0
Zeros for 1969 0 0
Zeros for 1970 0 0
Zeros for 1971 0 0
Zeros for 1972 0 0
Zeros for 1973 0 0
Zeros for 1974 0 0
Zeros for 1975 0 0
Zeros for 1976 0 0
Zeros for 1977 0 0
Zeros for 1978 0 0
Zeros for 1979 0 0
Zeros for 1980 0 0
Zeros for 1981 0 0
Zeros for 1982 0 0
Zeros for 1983 0 0
Zeros for 1984 0 0
Zeros for 1985 0 0
Zeros for 1986 0 0
Zeros for 1987 0 0
Zeros for 1988 0 0
Zeros for 1989 0 0
Zeros for 1990 0 0
Zeros for 1991 0 0
Zeros for 1992 0 0
Zeros for 1993 0 0
Zeros for 1994 0 0
Zeros for 1995 0 0
Zeros for 1996 0 0
Zeros for 1997 0 0
Zeros for 1998 0 0
Zeros for 1999 0 0
Zeros for 2000 26 26
Zeros for 2001 30 30

Zeros for 2002

w
w
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Fluvial Geomorphic Investigation RAP Analysis Upper Santa Fe: Worthington Gage (Page 12 of 34)
Santa Fe - Santa Fe -
Worthington 1932- Worthington 1932-
Name 2010 2010 REDUCED
Zeros for 2003 0 0
Zeros for 2004 3 3
Zeros for 2005 0 0
Zeros for 2006 100 100
Zeros for 2007 99 99
Zeros for 2008 5 5
Zeros for 2009 0 0
Zeros for 2010 0 0
Total for 1932 34260.3 29527.8
Total for 1933 97867.8 83677.65
Total for 1934 175607.7 149768.25
Total for 1935 139643.9 119039.9
Total for 1936 76998.9 65846.85
Total for 1937 205582 174850.45
Total for 1938 104420.6 89030
Total for 1939 90193 77148.55
Total for 1940 90968.1 77610.45
Total for 1941 239536.4 203762
Total for 1942 203705 173453.6
Total for 1943 42137.6 36524.45
Total for 1944 241331 205347.2
Total for 1945 122512.3 104524.45
Total for 1946 289922 246467.45
Total for 1947 314463 267318.45
Total for 1948 340990 289959.85
Total for 1949 153009 130131.9
Total for 1950 189797.6 161682.5
Total for 1951 46190.5 39525.1
Total for 1952 52790.5 45377.2
Total for 1953 258090 219468
Total for 1954 51085.9 43966.75
Total for 1955 24916.1 217349
Total for 1956 49796.6 42770
Total for 1957 92307 78867.6
Total for 1958 148642 126563.05
Total for 1959 381127 323957.95
Total for 1960 268915 228603.7
Total for 1961 161112 137157.6
Total for 1962 30002.7 26027.7
Total for 1963 123219.6 104945.55
Total for 1964 348210 296108.4
Total for 1965 225848 192059.9
Total for 1966 283080 240618
Total for 1967 126463.7 107887.7
Total for 1968 153928.8 131038.95
Total for 1969 188612 160438.55
Total for 1970 300199 255374.35
Total for 1971 96778.6 82571.65
Total for 1972 240059 204123.8
Total for 1973 209283 178092.9

Total for 1974 142057 121089.1
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Fluvial Geomorphic Investigation RAP Analysis Upper Santa Fe: Worthington Gage (Page 13 of 34)
Santa Fe - Santa Fe -
Worthington 1932- Worthington 1932-
Name 2010 2010 REDUCED
Total for 1975 116148 98893.05
Total for 1976 77358 65950.05
Total for 1977 86720.1 74052.45
Total for 1978 231958 197380.9
Total for 1979 155940 132745.5
Total for 1980 147005 125301.05
Total for 1981 35704.3 30929.35
Total for 1982 164465 139883.15
Total for 1983 240148 204125.8
Total for 1984 200345 170358.5
Total for 1985 164614 140168.05
Total for 1986 129390 110238.15
Total for 1987 210929 179447.9
Total for 1988 198717.7 169103.8
Total for 1989 35390.8 30565.6
Total for 1990 18662.9 16330.4
Total for 1991 214170.6 182309.4
Total for 1992 243510 207076.65
Total for 1993 81416.5 69701.8
Total for 1994 142883 121613.45
Total for 1995 140041 119052.85
Total for 1996 119162 101463.65
Total for 1997 159684 135969
Total for 1998 286771.7 244052.6
Total for 1999 13789.7 12358.55
Total for 2000 12567.25 11212.6
Total for 2001 26090.85 22748.7
Total for 2002 34596.17 29857.37
Total for 2003 236586 201349.95
Total for 2004 173457.46 147773.26
Total for 2005 177419 150978.65
Total for 2006 57219.05 48844.1
Total for 2007 11241.12 9927.42
Total for 2008 76880.64 65817.54
Total for 2009 101692 86854
Total for 2010 86516.5 73793.5
Less or equal 588 for 1932 353 355
Less or equal 588 for 1933 327 331
Less or equal 588 for 1934 309 317
Less or equal 588 for 1935 321 323
Less or equal 588 for 1936 325 333
Less or equal 588 for 1937 278 294
Less or equal 588 for 1938 330 335
Less or equal 588 for 1939 317 329
Less or equal 588 for 1940 322 329
Less or equal 588 for 1941 256 266
Less or equal 588 for 1942 272 285
Less or equal 588 for 1943 351 352
Less or equal 588 for 1944 265 274
Less or equal 588 for 1945 306 315

Less or equal 588 for 1946 199 214
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Fluvial Geomorphic Investigation RAP Analysis Upper Santa Fe: Worthington Gage (Page 14 of 34)
Santa Fe - Santa Fe -
Worthington 1932- Worthington 1932-

Name 2010 2010 REDUCED
Less or equal 588 for 1947 221 242
Less or equal 588 for 1948 229 241
Less or equal 588 for 1949 321 328
Less or equal 588 for 1950 301 307
Less or equal 588 for 1951 357 359
Less or equal 588 for 1952 347 349
Less or equal 588 for 1953 245 261
Less or equal 588 for 1954 349 352
Less or equal 588 for 1955 358 361
Less or equal 588 for 1956 352 354
Less or equal 588 for 1957 334 343
Less or equal 588 for 1958 284 293
Less or equal 588 for 1959 183 202
Less or equal 588 for 1960 222 233
Less or equal 588 for 1961 284 301
Less or equal 588 for 1962 363 364
Less or equal 588 for 1963 274 291
Less or equal 588 for 1964 221 236
Less or equal 588 for 1965 227 241
Less or equal 588 for 1966 205 218
Less or equal 588 for 1967 306 313
Less or equal 588 for 1968 321 327
Less or equal 588 for 1969 263 281
Less or equal 588 for 1970 224 236
Less or equal 588 for 1971 321 326
Less or equal 588 for 1972 243 259
Less or equal 588 for 1973 263 275
Less or equal 588 for 1974 301 308
Less or equal 588 for 1975 325 332
Less or equal 588 for 1976 340 351
Less or equal 588 for 1977 321 330
Less or equal 588 for 1978 256 264
Less or equal 588 for 1979 290 305
Less or equal 588 for 1980 291 302
Less or equal 588 for 1981 356 357
Less or equal 588 for 1982 268 287
Less or equal 588 for 1983 236 252
Less or equal 588 for 1984 276 287
Less or equal 588 for 1985 294 299
Less or equal 588 for 1986 299 313
Less or equal 588 for 1987 263 270
Less or equal 588 for 1988 286 292
Less or equal 588 for 1989 355 363
Less or equal 588 for 1990 365 365
Less or equal 588 for 1991 233 267
Less or equal 588 for 1992 270 286
Less or equal 588 for 1993 315 325
Less or equal 588 for 1994 296 304
Less or equal 588 for 1995 299 309
Less or equal 588 for 1996 312 323

Less or equal 588 for 1997 303 309
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Fluvial Geomorphic Investigation RAP Analysis Upper Santa Fe: Worthington Gage (Page 15 of 34)
Santa Fe - Santa Fe -
Worthington 1932- Worthington 1932-
Name 2010 2010 REDUCED
Less or equal 588 for 1998 247 253
Less or equal 588 for 1999 365 365
Less or equal 588 for 2000 366 366
Less or equal 588 for 2001 356 357
Less or equal 588 for 2002 360 360
Less or equal 588 for 2003 239 256
Less or equal 588 for 2004 318 321
Less or equal 588 for 2005 282 291
Less or equal 588 for 2006 334 339
Less or equal 588 for 2007 359 360
Less or equal 588 for 2008 341 344
Less or equal 588 for 2009 312 319
Less or equal 588 for 2010 329 331
Greater or equal 588 for 1932 13 11
Greater or equal 588 for 1933 38 34
Greater or equal 588 for 1934 56 48
Greater or equal 588 for 1935 44 42
Greater or equal 588 for 1936 41 33
Greater or equal 588 for 1937 87 71
Greater or equal 588 for 1938 35 30
Greater or equal 588 for 1939 48 36
Greater or equal 588 for 1940 44 37
Greater or equal 588 for 1941 109 99
Greater or equal 588 for 1942 93 80
Greater or equal 588 for 1943 14 13
Greater or equal 588 for 1944 101 92
Greater or equal 588 for 1945 61 50
Greater or equal 588 for 1946 167 151
Greater or equal 588 for 1947 145 123
Greater or equal 588 for 1948 137 125
Greater or equal 588 for 1949 44 37
Greater or equal 588 for 1950 64 58
Greater or equal 588 for 1951 8 6
Greater or equal 588 for 1952 19 17
Greater or equal 588 for 1953 120 104
Greater or equal 588 for 1954 16 13
Greater or equal 588 for 1955 7 4
Greater or equal 588 for 1956 14 12
Greater or equal 588 for 1957 31 22
Greater or equal 588 for 1958 81 72
Greater or equal 588 for 1959 183 163
Greater or equal 588 for 1960 144 133
Greater or equal 588 for 1961 81 64
Greater or equal 588 for 1962 2 1
Greater or equal 588 for 1963 91 74
Greater or equal 588 for 1964 145 130
Greater or equal 588 for 1965 138 124
Greater or equal 588 for 1966 160 147
Greater or equal 588 for 1967 59 52
Greater or equal 588 for 1968 45 39

Greater or equal 588 for 1969 102 84
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Santa Fe -

Santa Fe -

Worthington 1932- Worthington 1932-

Name 2010 2010 REDUCED
Greater or equal 588 for 1970 142 129
Greater or equal 588 for 1971 44 39
Greater or equal 588 for 1972 123 107
Greater or equal 588 for 1973 102 90
Greater or equal 588 for 1974 64 57
Greater or equal 588 for 1975 40 33
Greater or equal 588 for 1976 26 15
Greater or equal 588 for 1977 44 35
Greater or equal 588 for 1978 110 101
Greater or equal 588 for 1979 76 60
Greater or equal 588 for 1980 75 64
Greater or equal 588 for 1981 9 8
Greater or equal 588 for 1982 97 78
Greater or equal 588 for 1983 129 113
Greater or equal 588 for 1984 90 79
Greater or equal 588 for 1985 71 66
Greater or equal 588 for 1986 66 52
Greater or equal 588 for 1987 102 95
Greater or equal 588 for 1988 80 74
Greater or equal 588 for 1989 10 2
Greater or equal 588 for 1990 0 0
Greater or equal 588 for 1991 132 98
Greater or equal 588 for 1992 97 80
Greater or equal 588 for 1993 50 40
Greater or equal 588 for 1994 69 61
Greater or equal 588 for 1995 66 56
Greater or equal 588 for 1996 54 43
Greater or equal 588 for 1997 63 56
Greater or equal 588 for 1998 118 112
Greater or equal 588 for 1999 0 0
Greater or equal 588 for 2000 0 0
Greater or equal 588 for 2001 9 8
Greater or equal 588 for 2002 5 5
Greater or equal 588 for 2003 126 109
Greater or equal 588 for 2004 48 45
Greater or equal 588 for 2005 83 74
Greater or equal 588 for 2006 31 26
Greater or equal 588 for 2007 6 5
Greater or equal 588 for 2008 25 22
Greater or equal 588 for 2009 53 46
Greater or equal 588 for 2010 36 34
Summary of interannual measures

Mean of all years Minimum 13.654 13.252
Mean of all years Maximum 5157.266 4383.676
Mean of all years Percentile 10 30.731 28.119
Mean of all years Percentile 90 1015.566 863.298
Mean of all years Mean 407.708 347.319
Mean of all years Median 169.214 144.29
Mean of all years Zeros 3.367 3.367
Mean of all years Total 148922.159 126864.163
Mean of all years Less or equal 588 297.557 306.418
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Fluvial Geomorphic Investigation RAP Analysis Upper Santa Fe: Worthington Gage (Page 17 of 34)
Santa Fe - Santa Fe -
Worthington 1932- Worthington 1932-
Name 2010 2010 REDUCED
Mean of all years Greater or equal 588 67.823 58.835
Median of all years Minimum 9.7 9.7
Median of all years Maximum 3970 3374.5
Median of all years Percentile 10 21 21
Median of all years Percentile 90 924.8 786.08
Median of all years Mean 391.46 333.188
Median of all years Median 126 107.1
Median of all years Zeros 0 0
Median of all years Total 142883 121613.45
Median of all years Less or equal 588 303 313
Median of all years Greater or equal 588 63 52
High Flow Spell result
Whole Period
High Spell Threshold 588 588
Number of High Spell 382 364
Longest High Spell 112 83
Mean of High Spell Peaks 2315.995 2075.357
Mean Duration of High Spell 13.976 12.747
Total Duration of High Spell 5339 4640
Total of periods Between High Spells 23039 23667
Mean period Between High Spells 60.47 65.198
Longest period Between High Spells 1020 1021
Total (Sum) Raw Values 8447696 6804571.3
Mean Raw Values 22114.387 18693.877
Summary for each year
High Spell Threshold for 1932 588 588
High Spell Threshold for 1933 588 588
High Spell Threshold for 1934 588 588
High Spell Threshold for 1935 588 588
High Spell Threshold for 1936 588 588
High Spell Threshold for 1937 588 588
High Spell Threshold for 1938 588 588
High Spell Threshold for 1939 588 588
High Spell Threshold for 1940 588 588
High Spell Threshold for 1941 588 588
High Spell Threshold for 1942 588 588
High Spell Threshold for 1943 588 588
High Spell Threshold for 1944 588 588
High Spell Threshold for 1945 588 588
High Spell Threshold for 1946 588 588
High Spell Threshold for 1947 588 588
High Spell Threshold for 1948 588 588
High Spell Threshold for 1949 588 588
High Spell Threshold for 1950 588 588
High Spell Threshold for 1951 588 588
High Spell Threshold for 1952 588 588
High Spell Threshold for 1953 588 588
High Spell Threshold for 1954 588 588
High Spell Threshold for 1955 588 588
High Spell Threshold for 1956 588 588

High Spell Threshold for 1957 588 588
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Santa Fe - Santa Fe -
Worthington 1932- Worthington 1932-

Name 2010 2010 REDUCED
High Spell Threshold for 1958 588 588
High Spell Threshold for 1959 588 588
High Spell Threshold for 1960 588 588
High Spell Threshold for 1961 588 588
High Spell Threshold for 1962 588 588
High Spell Threshold for 1963 588 588
High Spell Threshold for 1964 588 588
High Spell Threshold for 1965 588 588
High Spell Threshold for 1966 588 588
High Spell Threshold for 1967 588 588
High Spell Threshold for 1968 588 588
High Spell Threshold for 1969 588 588
High Spell Threshold for 1970 588 588
High Spell Threshold for 1971 588 588
High Spell Threshold for 1972 588 588
High Spell Threshold for 1973 588 588
High Spell Threshold for 1974 588 588
High Spell Threshold for 1975 588 588
High Spell Threshold for 1976 588 588
High Spell Threshold for 1977 588 588
High Spell Threshold for 1978 588 588
High Spell Threshold for 1979 588 588
High Spell Threshold for 1980 588 588
High Spell Threshold for 1981 588 588
High Spell Threshold for 1982 588 588
High Spell Threshold for 1983 588 588
High Spell Threshold for 1984 588 588
High Spell Threshold for 1985 588 588
High Spell Threshold for 1986 588 588
High Spell Threshold for 1987 588 588
High Spell Threshold for 1988 588 588
High Spell Threshold for 1989 588 588
High Spell Threshold for 1990 588 588
High Spell Threshold for 1991 588 588
High Spell Threshold for 1992 588 588
High Spell Threshold for 1993 588 588
High Spell Threshold for 1994 588 588
High Spell Threshold for 1995 588 588
High Spell Threshold for 1996 588 588
High Spell Threshold for 1997 588 588
High Spell Threshold for 1998 588 588
High Spell Threshold for 1999 588 588
High Spell Threshold for 2000 588 588
High Spell Threshold for 2001 588 588
High Spell Threshold for 2002 588 588
High Spell Threshold for 2003 588 588
High Spell Threshold for 2004 588 588
High Spell Threshold for 2005 588 588
High Spell Threshold for 2006 588 588
High Spell Threshold for 2007 588 588

High Spell Threshold for 2008 588 588
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Fluvial Geomorphic Investigation RAP Analysis Upper Santa Fe: Worthington Gage (Page 19 of 34)
Santa Fe - Santa Fe -
Worthington 1932- Worthington 1932-
Name 2010 2010 REDUCED
High Spell Threshold for 2009 588 588
High Spell Threshold for 2010 588 588
Number of High Spell for 1932 3 4
Number of High Spell for 1933 3 3
Number of High Spell for 1934 4 3
Number of High Spell for 1935 1 1
Number of High Spell for 1936 3 4
Number of High Spell for 1937 7 6
Number of High Spell for 1938 4 4
Number of High Spell for 1939 5 4
Number of High Spell for 1940 5 5
Number of High Spell for 1941 8 8
Number of High Spell for 1942 7 6
Number of High Spell for 1943 2 2
Number of High Spell for 1944 5 5
Number of High Spell for 1945 6 6
Number of High Spell for 1946 8 8
Number of High Spell for 1947 8 8
Number of High Spell for 1948 7 6
Number of High Spell for 1949 4 4
Number of High Spell for 1950 4 4
Number of High Spell for 1951 1 1
Number of High Spell for 1952 1 1
Number of High Spell for 1953 7 6
Number of High Spell for 1954 1 1
Number of High Spell for 1955 1 1
Number of High Spell for 1956 1 1
Number of High Spell for 1957 5 3
Number of High Spell for 1958 6 6
Number of High Spell for 1959 10 10
Number of High Spell for 1960 6 6
Number of High Spell for 1961 8 7
Number of High Spell for 1962 1 1
Number of High Spell for 1963 7 6
Number of High Spell for 1964 7 7
Number of High Spell for 1965 8 9
Number of High Spell for 1966 8 8
Number of High Spell for 1967 4 5
Number of High Spell for 1968 3 3
Number of High Spell for 1969 10 8
Number of High Spell for 1970 4 5
Number of High Spell for 1971 4 4
Number of High Spell for 1972 7 6
Number of High Spell for 1973 7 6
Number of High Spell for 1974 5 5
Number of High Spell for 1975 5 4
Number of High Spell for 1976 7 6
Number of High Spell for 1977 5 5
Number of High Spell for 1978 7 6
Number of High Spell for 1979 6 5
Number of High Spell for 1980 7 6
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Fluvial Geomorphic Investigation RAP Analysis Upper Santa Fe: Worthington Gage (Page 20 of 34)
Santa Fe - Santa Fe -
Worthington 1932- Worthington 1932-
Name 2010 2010 REDUCED

Number of High Spell for 1981
Number of High Spell for 1982
Number of High Spell for 1983
Number of High Spell for 1984
Number of High Spell for 1985
Number of High Spell for 1986
Number of High Spell for 1987
Number of High Spell for 1988
Number of High Spell for 1989
Number of High Spell for 1990
Number of High Spell for 1991
Number of High Spell for 1992
Number of High Spell for 1993
Number of High Spell for 1994
Number of High Spell for 1995
Number of High Spell for 1996
Number of High Spell for 1997
Number of High Spell for 1998
Number of High Spell for 1999
Number of High Spell for 2000
Number of High Spell for 2001
Number of High Spell for 2002
Number of High Spell for 2003
Number of High Spell for 2004
Number of High Spell for 2005
Number of High Spell for 2006
Number of High Spell for 2007
Number of High Spell for 2008
Number of High Spell for 2009
Number of High Spell for 2010
Longest High Spell for 1932

Longest High Spell for 1933

Longest High Spell for 1934

DooNvNNPRPWNRNRPNOORMRODNNOROTONMNWWNANE ©FR
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Longest High Spell for 1935 44 42
Longest High Spell for 1936 25 12
Longest High Spell for 1937 27 18
Longest High Spell for 1938 13 12
Longest High Spell for 1939 22 19
Longest High Spell for 1940 12 11
Longest High Spell for 1941 38 36
Longest High Spell for 1942 49 48
Longest High Spell for 1943 9 9
Longest High Spell for 1944 47 44
Longest High Spell for 1945 21 20
Longest High Spell for 1946 69 67
Longest High Spell for 1947 69 67
Longest High Spell for 1948 51 50
Longest High Spell for 1949 17 16
Longest High Spell for 1950 20 18
Longest High Spell for 1951 8 6
Longest High Spell for 1952 19 17
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Fluvial Geomorphic Investigation RAP Analysis Upper Santa Fe: Worthington Gage (Page 21 of 34)
Santa Fe - Santa Fe -
Worthington 1932- Worthington 1932-
Name 2010 2010 REDUCED
Longest High Spell for 1953 36 29
Longest High Spell for 1954 16 13
Longest High Spell for 1955 7 4
Longest High Spell for 1956 14 12
Longest High Spell for 1957 12 11
Longest High Spell for 1958 35 33
Longest High Spell for 1959 46 44
Longest High Spell for 1960 40 39
Longest High Spell for 1961 27 23
Longest High Spell for 1962 2 1
Longest High Spell for 1963 38 35
Longest High Spell for 1964 63 61
Longest High Spell for 1965 52 38
Longest High Spell for 1966 34 33
Longest High Spell for 1967 23 21
Longest High Spell for 1968 30 28
Longest High Spell for 1969 22 22
Longest High Spell for 1970 63 61
Longest High Spell for 1971 19 19
Longest High Spell for 1972 45 42
Longest High Spell for 1973 30 28
Longest High Spell for 1974 34 33
Longest High Spell for 1975 21 20
Longest High Spell for 1976 5 4
Longest High Spell for 1977 21 17
Longest High Spell for 1978 42 40
Longest High Spell for 1979 29 27
Longest High Spell for 1980 19 17
Longest High Spell for 1981 9 8
Longest High Spell for 1982 22 13
Longest High Spell for 1983 56 46
Longest High Spell for 1984 26 24
Longest High Spell for 1985 52 50
Longest High Spell for 1986 20 17
Longest High Spell for 1987 82 64
Longest High Spell for 1988 40 37
Longest High Spell for 1989 6 2
Longest High Spell for 1990 NaN NaN
Longest High Spell for 1991 30 23
Longest High Spell for 1992 28 25
Longest High Spell for 1993 27 22
Longest High Spell for 1994 17 16
Longest High Spell for 1995 25 24
Longest High Spell for 1996 11 11
Longest High Spell for 1997 19 19
Longest High Spell for 1998 93 69
Longest High Spell for 1999 NaN NaN
Longest High Spell for 2000 NaN NaN
Longest High Spell for 2001 7 7
Longest High Spell for 2002 5 5

Longest High Spell for 2003 53 46
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Fluvial Geomorphic Investigation RAP Analysis Upper Santa Fe: Worthington Gage (Page 22 of 34)
Santa Fe - Santa Fe -
Worthington 1932- Worthington 1932-
Name 2010 2010 REDUCED
Longest High Spell for 2004 48 45
Longest High Spell for 2005 28 27
Longest High Spell for 2006 15 14
Longest High Spell for 2007 6 5
Longest High Spell for 2008 15 14
Longest High Spell for 2009 16 14
Longest High Spell for 2010 35 34
Mean of High Spell Peaks for 1932 1082 857.862
Mean of High Spell Peaks for 1933 2410 2048.5
Mean of High Spell Peaks for 1934 5243.75 5774.333
Mean of High Spell Peaks for 1935 10900 9265
Mean of High Spell Peaks for 1936 1351 1078.012
Mean of High Spell Peaks for 1937 3525.429 3541.667
Mean of High Spell Peaks for 1938 2821.5 2398.275
Mean of High Spell Peaks for 1939 1226.8 1203.175
Mean of High Spell Peaks for 1940 1536.8 1306.28
Mean of High Spell Peaks for 1941 3048.125 2590.906
Mean of High Spell Peaks for 1942 1665.571 1567.258
Mean of High Spell Peaks for 1943 1630 1385.5
Mean of High Spell Peaks for 1944 4840.6 411451
Mean of High Spell Peaks for 1945 2009.833 1708.358
Mean of High Spell Peaks for 1946 2774.625 2439.5
Mean of High Spell Peaks for 1947 3068.625 2677.075
Mean of High Spell Peaks for 1948 4237.714 4114
Mean of High Spell Peaks for 1949 3385.75 2877.888
Mean of High Spell Peaks for 1950 5942.5 5051.125
Mean of High Spell Peaks for 1951 1110 943.5
Mean of High Spell Peaks for 1952 1440 1224
Mean of High Spell Peaks for 1953 2579.143 2510.475
Mean of High Spell Peaks for 1954 2200 1870
Mean of High Spell Peaks for 1955 892 758.2
Mean of High Spell Peaks for 1956 3250 2762.5
Mean of High Spell Peaks for 1957 1802 2190.45
Mean of High Spell Peaks for 1958 1348 1145.8
Mean of High Spell Peaks for 1959 3001.2 2551.02
Mean of High Spell Peaks for 1960 2948.333 2506.083
Mean of High Spell Peaks for 1961 1571 1450.95
Mean of High Spell Peaks for 1962 706 600.1
Mean of High Spell Peaks for 1963 1083.571 1057.258
Mean of High Spell Peaks for 1964 5064.429 4304.764
Mean of High Spell Peaks for 1965 2001.125 1665.906
Mean of High Spell Peaks for 1966 2434.75 2069.538
Mean of High Spell Peaks for 1967 2450 1805.4
Mean of High Spell Peaks for 1968 4616.667 3924.167
Mean of High Spell Peaks for 1969 1587.4 1556.138
Mean of High Spell Peaks for 1970 5647.5 3995
Mean of High Spell Peaks for 1971 1433.25 1218.262
Mean of High Spell Peaks for 1972 2303.857 2188.75
Mean of High Spell Peaks for 1973 1925.714 1820.417
Mean of High Spell Peaks for 1974 1619.2 1376.32

Mean of High Spell Peaks for 1975 1279.6 1231.65
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Santa Fe - Santa Fe -
Worthington 1932- Worthington 1932-
Name 2010 2010 REDUCED
Mean of High Spell Peaks for 1976 761.143 666.4
Mean of High Spell Peaks for 1977 1160.8 995.35
Mean of High Spell Peaks for 1978 2492.571 2385.667
Mean of High Spell Peaks for 1979 1277.5 1252.05
Mean of High Spell Peaks for 1980 2012.571 1901.308
Mean of High Spell Peaks for 1981 1660 1411
Mean of High Spell Peaks for 1982 1514.444 1293.785
Mean of High Spell Peaks for 1983 1860.636 1644.905
Mean of High Spell Peaks for 1984 2363.143 2008.671
Mean of High Spell Peaks for 1985 2800.75 2380.638
Mean of High Spell Peaks for 1986 1595.714 1497.417
Mean of High Spell Peaks for 1987 3520.667 3300.833
Mean of High Spell Peaks for 1988 4463.333 3793.833
Mean of High Spell Peaks for 1989 675 619.65
Mean of High Spell Peaks for 1990 NaN NaN
Mean of High Spell Peaks for 1991 1650 1315.481
Mean of High Spell Peaks for 1992 3021.778 3145.607
Mean of High Spell Peaks for 1993 998.75 848.938
Mean of High Spell Peaks for 1994 1483.625 1363.521
Mean of High Spell Peaks for 1995 1272.714 1176.117
Mean of High Spell Peaks for 1996 1579.714 1342.757
Mean of High Spell Peaks for 1997 1793 1853
Mean of High Spell Peaks for 1998 4260 3827.125
Mean of High Spell Peaks for 1999 NaN NaN
Mean of High Spell Peaks for 2000 NaN NaN
Mean of High Spell Peaks for 2001 1144.5 972.825
Mean of High Spell Peaks for 2002 1220 1037
Mean of High Spell Peaks for 2003 2064.143 1780.75
Mean of High Spell Peaks for 2004 7810 6638.5
Mean of High Spell Peaks for 2005 1803.714 1533.157
Mean of High Spell Peaks for 2006 1583.667 1759.5
Mean of High Spell Peaks for 2007 1100 935
Mean of High Spell Peaks for 2008 3785 3217.25
Mean of High Spell Peaks for 2009 1273.714 1082.657
Mean of High Spell Peaks for 2010 1524.5 2065.5
Mean Duration of High Spell for 1932 4 2.75
Mean Duration of High Spell for 1933 12.667 11.333
Mean Duration of High Spell for 1934 14 16
Mean Duration of High Spell for 1935 44 42
Mean Duration of High Spell for 1936 13.667 8.25
Mean Duration of High Spell for 1937 12.286 11.833
Mean Duration of High Spell for 1938 8.75 75
Mean Duration of High Spell for 1939 9.6 9
Mean Duration of High Spell for 1940 8.8 7.4
Mean Duration of High Spell for 1941 13.625 12.375
Mean Duration of High Spell for 1942 13.143 13.167
Mean Duration of High Spell for 1943 7 6.5
Mean Duration of High Spell for 1944 20 18.4
Mean Duration of High Spell for 1945 10.167 8.333
Mean Duration of High Spell for 1946 20.875 18.875

Mean Duration of High Spell for 1947 18 15.5
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Santa Fe - Santa Fe -
Worthington 1932- Worthington 1932-
Name 2010 2010 REDUCED
Mean Duration of High Spell for 1948 19.571 20.833
Mean Duration of High Spell for 1949 11 9.25
Mean Duration of High Spell for 1950 16 145
Mean Duration of High Spell for 1951 8 6
Mean Duration of High Spell for 1952 19 17
Mean Duration of High Spell for 1953 17 17.333
Mean Duration of High Spell for 1954 16 13
Mean Duration of High Spell for 1955 7 4
Mean Duration of High Spell for 1956 14 12
Mean Duration of High Spell for 1957 6.2 7.333
Mean Duration of High Spell for 1958 135 12
Mean Duration of High Spell for 1959 18.3 16.3
Mean Duration of High Spell for 1960 24 22.167
Mean Duration of High Spell for 1961 9.875 9.143
Mean Duration of High Spell for 1962 2 1
Mean Duration of High Spell for 1963 13 12.333
Mean Duration of High Spell for 1964 20.714 18.571
Mean Duration of High Spell for 1965 17.25 13.667
Mean Duration of High Spell for 1966 20 18.375
Mean Duration of High Spell for 1967 145 10.4
Mean Duration of High Spell for 1968 15 13
Mean Duration of High Spell for 1969 10.2 10.5
Mean Duration of High Spell for 1970 35.25 25.8
Mean Duration of High Spell for 1971 11 9.75
Mean Duration of High Spell for 1972 17571 17.833
Mean Duration of High Spell for 1973 14571 15
Mean Duration of High Spell for 1974 12.8 114
Mean Duration of High Spell for 1975 8 8.25
Mean Duration of High Spell for 1976 3.714 25
Mean Duration of High Spell for 1977 8.8 6.8
Mean Duration of High Spell for 1978 15.571 16.833
Mean Duration of High Spell for 1979 12.667 11.8
Mean Duration of High Spell for 1980 10.571 10.667
Mean Duration of High Spell for 1981 9 8
Mean Duration of High Spell for 1982 10.667 7.7
Mean Duration of High Spell for 1983 11.636 10.182
Mean Duration of High Spell for 1984 12.857 11.286
Mean Duration of High Spell for 1985 17.75 16.5
Mean Duration of High Spell for 1986 9.429 8.667
Mean Duration of High Spell for 1987 34 31.667
Mean Duration of High Spell for 1988 26.667 24.667
Mean Duration of High Spell for 1989 5 2
Mean Duration of High Spell for 1990 NaN NaN
Mean Duration of High Spell for 1991 10.077 6.062
Mean Duration of High Spell for 1992 10.778 11.429
Mean Duration of High Spell for 1993 125 10
Mean Duration of High Spell for 1994 8.625 8.714
Mean Duration of High Spell for 1995 9.429 9.333
Mean Duration of High Spell for 1996 7.714 6.143
Mean Duration of High Spell for 1997 7.75 9.333

Mean Duration of High Spell for 1998 29.5 28
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Fluvial Geomorphic Investigation RAP Analysis Upper Santa Fe: Worthington Gage (Page 25 of 34)
Santa Fe - Santa Fe -
Worthington 1932- Worthington 1932-
Name 2010 2010 REDUCED
Mean Duration of High Spell for 1999 NaN NaN
Mean Duration of High Spell for 2000 NaN NaN
Mean Duration of High Spell for 2001 4.5 4
Mean Duration of High Spell for 2002 5 5
Mean Duration of High Spell for 2003 17.714 13.5
Mean Duration of High Spell for 2004 48 45
Mean Duration of High Spell for 2005 11.857 10.571
Mean Duration of High Spell for 2006 10.333 13
Mean Duration of High Spell for 2007 6 5
Mean Duration of High Spell for 2008 125 11
Mean Duration of High Spell for 2009 7.429 6.571
Mean Duration of High Spell for 2010 18 17
Total Duration of High Spell for 1932 12 11
Total Duration of High Spell for 1933 38 34
Total Duration of High Spell for 1934 56 48
Total Duration of High Spell for 1935 44 42
Total Duration of High Spell for 1936 41 33
Total Duration of High Spell for 1937 86 71
Total Duration of High Spell for 1938 35 30
Total Duration of High Spell for 1939 48 36
Total Duration of High Spell for 1940 44 37
Total Duration of High Spell for 1941 109 99
Total Duration of High Spell for 1942 92 79
Total Duration of High Spell for 1943 14 13
Total Duration of High Spell for 1944 100 92
Total Duration of High Spell for 1945 61 50
Total Duration of High Spell for 1946 167 151
Total Duration of High Spell for 1947 144 124
Total Duration of High Spell for 1948 137 125
Total Duration of High Spell for 1949 44 37
Total Duration of High Spell for 1950 64 58
Total Duration of High Spell for 1951 8 6
Total Duration of High Spell for 1952 19 17
Total Duration of High Spell for 1953 119 104
Total Duration of High Spell for 1954 16 13
Total Duration of High Spell for 1955 7 4
Total Duration of High Spell for 1956 14 12
Total Duration of High Spell for 1957 31 22
Total Duration of High Spell for 1958 81 72
Total Duration of High Spell for 1959 183 163
Total Duration of High Spell for 1960 144 133
Total Duration of High Spell for 1961 79 64
Total Duration of High Spell for 1962 2 1
Total Duration of High Spell for 1963 91 74
Total Duration of High Spell for 1964 145 130
Total Duration of High Spell for 1965 138 123
Total Duration of High Spell for 1966 160 147
Total Duration of High Spell for 1967 58 52
Total Duration of High Spell for 1968 45 39
Total Duration of High Spell for 1969 102 84

Total Duration of High Spell for 1970 141 129
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Fluvial Geomorphic Investigation RAP Analysis Upper Santa Fe: Worthington Gage (Page 26 of 34)
Santa Fe - Santa Fe -
Worthington 1932- Worthington 1932-
Name 2010 2010 REDUCED
Total Duration of High Spell for 1971 44 39
Total Duration of High Spell for 1972 123 107
Total Duration of High Spell for 1973 102 90
Total Duration of High Spell for 1974 64 57
Total Duration of High Spell for 1975 40 33
Total Duration of High Spell for 1976 26 15
Total Duration of High Spell for 1977 44 34
Total Duration of High Spell for 1978 109 101
Total Duration of High Spell for 1979 76 59
Total Duration of High Spell for 1980 74 64
Total Duration of High Spell for 1981 9 8
Total Duration of High Spell for 1982 96 77
Total Duration of High Spell for 1983 128 112
Total Duration of High Spell for 1984 90 79
Total Duration of High Spell for 1985 71 66
Total Duration of High Spell for 1986 66 52
Total Duration of High Spell for 1987 102 95
Total Duration of High Spell for 1988 80 74
Total Duration of High Spell for 1989 10 2
Total Duration of High Spell for 1990 NaN NaN
Total Duration of High Spell for 1991 131 97
Total Duration of High Spell for 1992 97 80
Total Duration of High Spell for 1993 50 40
Total Duration of High Spell for 1994 69 61
Total Duration of High Spell for 1995 66 56
Total Duration of High Spell for 1996 54 43
Total Duration of High Spell for 1997 62 56
Total Duration of High Spell for 1998 118 112
Total Duration of High Spell for 1999 NaN NaN
Total Duration of High Spell for 2000 NaN NaN
Total Duration of High Spell for 2001 9 8
Total Duration of High Spell for 2002 5 5
Total Duration of High Spell for 2003 124 108
Total Duration of High Spell for 2004 48 45
Total duration of Falls for 1984 83 74
Total Duration of High Spell for 2006 31 26
Total Duration of High Spell for 2007 6 5
Total Duration of High Spell for 2008 25 22
Total Duration of High Spell for 2009 52 46
Total Duration of High Spell for 2010 36 34
Total of periods Between High Spells for 1932 20 21
Total of periods Between High Spells for 1933 142 144
Total of periods Between High Spells for 1934 32 37
Total of periods Between High Spells for 1935 NaN NaN
Total of periods Between High Spells for 1936 23 30
Total of periods Between High Spells for 1937 180 190
Total of periods Between High Spells for 1938 271 275
Total of periods Between High Spells for 1939 23 27
Total of periods Between High Spells for 1940 152 157
Total of periods Between High Spells for 1941 218 227

Total of periods Between High Spells for 1942 182 181



Suwannee River Water Management District APPENDIX E AMEC Project No. 600050.1

Fluvial Geomorphic Investigation RAP Analysis Upper Santa Fe: Worthington Gage (Page 27 of 34)
Santa Fe - Santa Fe -
Worthington 1932- Worthington 1932-
Name 2010 2010 REDUCED
Total of periods Between High Spells for 1943 9 10
Total of periods Between High Spells for 1944 124 131
Total of periods Between High Spells for 1945 297 308
Total of periods Between High Spells for 1946 128 142
Total of periods Between High Spells for 1947 189 204
Total of periods Between High Spells for 1948 213 166
Total of periods Between High Spells for 1949 247 253
Total of periods Between High Spells for 1950 54 58
Total of periods Between High Spells for 1951 NaN NaN
Total of periods Between High Spells for 1952 NaN NaN
Total of periods Between High Spells for 1953 234 165
Total of periods Between High Spells for 1954 NaN NaN
Total of periods Between High Spells for 1955 NaN NaN
Total of periods Between High Spells for 1956 NaN NaN
Total of periods Between High Spells for 1957 94 102
Total of periods Between High Spells for 1958 96 104
Total of periods Between High Spells for 1959 117 135
Total of periods Between High Spells for 1960 96 105
Total of periods Between High Spells for 1961 142 152
Total of periods Between High Spells for 1962 NaN NaN
Total of periods Between High Spells for 1963 156 171
Total of periods Between High Spells for 1964 210 225
Total of periods Between High Spells for 1965 223 236
Total of periods Between High Spells for 1966 106 118
Total of periods Between High Spells for 1967 150 156
Total of periods Between High Spells for 1968 10 14
Total of periods Between High Spells for 1969 217 235
Total of periods Between High Spells for 1970 118 129
Total of periods Between High Spells for 1971 91 95
Total of periods Between High Spells for 1972 227 240
Total of periods Between High Spells for 1973 112 107
Total of periods Between High Spells for 1974 118 124
Total of periods Between High Spells for 1975 204 210
Total of periods Between High Spells for 1976 307 307
Total of periods Between High Spells for 1977 228 235
Total of periods Between High Spells for 1978 119 121
Total of periods Between High Spells for 1979 255 269
Total of periods Between High Spells for 1980 148 136
Total of periods Between High Spells for 1981 NaN NaN
Total of periods Between High Spells for 1982 163 179
Total of periods Between High Spells for 1983 194 209
Total of periods Between High Spells for 1984 189 199
Total of periods Between High Spells for 1985 140 143
Total of periods Between High Spells for 1986 286 289
Total of periods Between High Spells for 1987 157 8
Total of periods Between High Spells for 1988 169 173
Total of periods Between High Spells for 1989 21 NaN
Total of periods Between High Spells for 1990 NaN NaN
Total of periods Between High Spells for 1991 124 157
Total of periods Between High Spells for 1992 147 162

Total of periods Between High Spells for 1993 33 41



Suwannee River Water Management District APPENDIX E AMEC Project No. 600050.1

Fluvial Geomorphic Investigation RAP Analysis Upper Santa Fe: Worthington Gage (Page 28 of 34)
Santa Fe - Santa Fe -
Worthington 1932- Worthington 1932-
Name 2010 2010 REDUCED
Total of periods Between High Spells for 1994 211 218
Total of periods Between High Spells for 1995 184 193
Total of periods Between High Spells for 1996 238 244
Total of periods Between High Spells for 1997 253 259
Total of periods Between High Spells for 1998 171 176
Total of periods Between High Spells for 1999 NaN NaN
Total of periods Between High Spells for 2000 NaN NaN
Total of periods Between High Spells for 2001 45 46
Total of periods Between High Spells for 2002 NaN NaN
Total of periods Between High Spells for 2003 150 144
Total of periods Between High Spells for 2004 NaN NaN
Total of periods Between High Spells for 2005 198 207
Total of periods Between High Spells for 2006 30 20
Total of periods Between High Spells for 2007 NaN NaN
Total of periods Between High Spells for 2008 158 159
Total of periods Between High Spells for 2009 118 123
Total of periods Between High Spells for 2010 69 NaN
Mean period Between High Spells for 1932 10 7
Mean period Between High Spells for 1933 71 72
Mean period Between High Spells for 1934 10.667 18.5
Mean period Between High Spells for 1935 NaN NaN
Mean period Between High Spells for 1936 115 10
Mean period Between High Spells for 1937 30 38
Mean period Between High Spells for 1938 90.333 91.667
Mean period Between High Spells for 1939 5.75 9
Mean period Between High Spells for 1940 38 39.25
Mean period Between High Spells for 1941 31.143 32.429
Mean period Between High Spells for 1942 30.333 36.2
Mean period Between High Spells for 1943 9 10
Mean period Between High Spells for 1944 31 32.75
Mean period Between High Spells for 1945 59.4 61.6
Mean period Between High Spells for 1946 18.286 20.286
Mean period Between High Spells for 1947 27 29.143
Mean period Between High Spells for 1948 35.5 33.2
Mean period Between High Spells for 1949 82.333 84.333
Mean period Between High Spells for 1950 18 19.333
Mean period Between High Spells for 1951 NaN NaN
Mean period Between High Spells for 1952 NaN NaN
Mean period Between High Spells for 1953 39 33
Mean period Between High Spells for 1954 NaN NaN
Mean period Between High Spells for 1955 NaN NaN
Mean period Between High Spells for 1956 NaN NaN
Mean period Between High Spells for 1957 235 51
Mean period Between High Spells for 1958 19.2 20.8
Mean period Between High Spells for 1959 13 15
Mean period Between High Spells for 1960 19.2 21
Mean period Between High Spells for 1961 20.286 25.333
Mean period Between High Spells for 1962 NaN NaN
Mean period Between High Spells for 1963 26 34.2
Mean period Between High Spells for 1964 35 37.5

Mean period Between High Spells for 1965 31.857 29.5
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Santa Fe - Santa Fe -
Worthington 1932- Worthington 1932-
Name 2010 2010 REDUCED
Mean period Between High Spells for 1966 15.143 16.857
Mean period Between High Spells for 1967 50 39
Mean period Between High Spells for 1968 5 7
Mean period Between High Spells for 1969 24.111 33.571
Mean period Between High Spells for 1970 39.333 32.25
Mean period Between High Spells for 1971 30.333 31.667
Mean period Between High Spells for 1972 37.833 48
Mean period Between High Spells for 1973 18.667 21.4
Mean period Between High Spells for 1974 29.5 31
Mean period Between High Spells for 1975 51 70
Mean period Between High Spells for 1976 51.167 61.4
Mean period Between High Spells for 1977 57 58.75
Mean period Between High Spells for 1978 19.833 24.2
Mean period Between High Spells for 1979 51 67.25
Mean period Between High Spells for 1980 24.667 27.2
Mean period Between High Spells for 1981 NaN NaN
Mean period Between High Spells for 1982 20.375 19.889
Mean period Between High Spells for 1983 194 20.9
Mean period Between High Spells for 1984 315 33.167
Mean period Between High Spells for 1985 46.667 47.667
Mean period Between High Spells for 1986 47.667 57.8
Mean period Between High Spells for 1987 78.5 4
Mean period Between High Spells for 1988 84.5 86.5
Mean period Between High Spells for 1989 21 NaN
Mean period Between High Spells for 1990 NaN NaN
Mean period Between High Spells for 1991 10.333 10.467
Mean period Between High Spells for 1992 18.375 27
Mean period Between High Spells for 1993 11 13.667
Mean period Between High Spells for 1994 30.143 36.333
Mean period Between High Spells for 1995 30.667 38.6
Mean period Between High Spells for 1996 39.667 40.667
Mean period Between High Spells for 1997 36.143 51.8
Mean period Between High Spells for 1998 57 58.667
Mean period Between High Spells for 1999 NaN NaN
Mean period Between High Spells for 2000 NaN NaN
Mean period Between High Spells for 2001 45 46
Mean period Between High Spells for 2002 NaN NaN
Mean period Between High Spells for 2003 25 20.571
Mean period Between High Spells for 2004 NaN NaN
Mean period Between High Spells for 2005 33 34.5
Mean period Between High Spells for 2006 15 20
Mean period Between High Spells for 2007 NaN NaN
Mean period Between High Spells for 2008 158 159
Mean period Between High Spells for 2009 19.667 20.5
Mean period Between High Spells for 2010 69 NaN
Longest period Between High Spells for 1932 16 17
Longest period Between High Spells for 1933 134 135
Longest period Between High Spells for 1934 18 31
Longest period Between High Spells for 1935 NaN NaN
Longest period Between High Spells for 1936 16 19

Longest period Between High Spells for 1937 135 135
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Fluvial Geomorphic Investigation RAP Analysis Upper Santa Fe: Worthington Gage (Page 30 of 34)
Santa Fe - Santa Fe -
Worthington 1932- Worthington 1932-
Name 2010 2010 REDUCED
Longest period Between High Spells for 1938 177 179
Longest period Between High Spells for 1939 9 17
Longest period Between High Spells for 1940 84 84
Longest period Between High Spells for 1941 102 103
Longest period Between High Spells for 1942 110 112
Longest period Between High Spells for 1943 9 10
Longest period Between High Spells for 1944 86 89
Longest period Between High Spells for 1945 182 183
Longest period Between High Spells for 1946 92 94
Longest period Between High Spells for 1947 110 111
Longest period Between High Spells for 1948 95 97
Longest period Between High Spells for 1949 136 140
Longest period Between High Spells for 1950 37 38
Longest period Between High Spells for 1951 NaN NaN
Longest period Between High Spells for 1952 NaN NaN
Longest period Between High Spells for 1953 106 107
Longest period Between High Spells for 1954 NaN NaN
Longest period Between High Spells for 1955 NaN NaN
Longest period Between High Spells for 1956 NaN NaN
Longest period Between High Spells for 1957 43 51
Longest period Between High Spells for 1958 61 63
Longest period Between High Spells for 1959 51 53
Longest period Between High Spells for 1960 70 71
Longest period Between High Spells for 1961 90 91
Longest period Between High Spells for 1962 NaN NaN
Longest period Between High Spells for 1963 111 119
Longest period Between High Spells for 1964 83 85
Longest period Between High Spells for 1965 77 78
Longest period Between High Spells for 1966 45 46
Longest period Between High Spells for 1967 145 147
Longest period Between High Spells for 1968 7 9
Longest period Between High Spells for 1969 127 144
Longest period Between High Spells for 1970 111 113
Longest period Between High Spells for 1971 78 80
Longest period Between High Spells for 1972 102 104
Longest period Between High Spells for 1973 61 63
Longest period Between High Spells for 1974 48 50
Longest period Between High Spells for 1975 148 148
Longest period Between High Spells for 1976 112 113
Longest period Between High Spells for 1977 163 195
Longest period Between High Spells for 1978 60 61
Longest period Between High Spells for 1979 170 193
Longest period Between High Spells for 1980 99 101
Longest period Between High Spells for 1981 NaN NaN
Longest period Between High Spells for 1982 58 77
Longest period Between High Spells for 1983 55 57
Longest period Between High Spells for 1984 92 94
Longest period Between High Spells for 1985 112 113
Longest period Between High Spells for 1986 159 161
Longest period Between High Spells for 1987 153 6

Longest period Between High Spells for 1988 152 155
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Upper Santa Fe: Worthington Gage (Page 31 of 34)

Santa Fe -

Worthington 1932- Worthington 1932-

Name 2010 2010 REDUCED
Longest period Between High Spells for 1989 21 NaN
Longest period Between High Spells for 1990 NaN NaN
Longest period Between High Spells for 1991 33 34
Longest period Between High Spells for 1992 48 51
Longest period Between High Spells for 1993 22 24
Longest period Between High Spells for 1994 106 107
Longest period Between High Spells for 1995 56 94
Longest period Between High Spells for 1996 88 89
Longest period Between High Spells for 1997 122 123
Longest period Between High Spells for 1998 123 124
Longest period Between High Spells for 1999 NaN NaN
Longest period Between High Spells for 2000 NaN NaN
Longest period Between High Spells for 2001 45 46
Longest period Between High Spells for 2002 NaN NaN
Longest period Between High Spells for 2003 67 68
Longest period Between High Spells for 2004 NaN NaN
Longest period Between High Spells for 2005 67 68
Longest period Between High Spells for 2006 19 20
Longest period Between High Spells for 2007 NaN NaN
Longest period Between High Spells for 2008 158 159
Longest period Between High Spells for 2009 44 45
Longest period Between High Spells for 2010 69 NaN
Total (Sum) Raw Values for 1932 10595 8653
Total (Sum) Raw Values for 1933 58924 47895.8
Total (Sum) Raw Values for 1934 139064 113881.3
Total (Sum) Raw Values for 1935 116935 98284.65
Total (Sum) Raw Values for 1936 39248 28937.4
Total (Sum) Raw Values for 1937 148256 118094.75
Total (Sum) Raw Values for 1938 61004 49065.4
Total (Sum) Raw Values for 1939 56011 41157.85
Total (Sum) Raw Values for 1940 46176 35533.4
Total (Sum) Raw Values for 1941 189609 155660.5
Total (Sum) Raw Values for 1942 151374 121482.85
Total (Sum) Raw Values for 1943 17454 14315.7
Total (Sum) Raw Values for 1944 199077 164922.1
Total (Sum) Raw Values for 1945 82788 64498
Total (Sum) Raw Values for 1946 244599 199250.2
Total (Sum) Raw Values for 1947 272257 220550.35
Total (Sum) Raw Values for 1948 283872 234919.6
Total (Sum) Raw Values for 1949 86188 69484.95
Total (Sum) Raw Values for 1950 157018 130259.1
Total (Sum) Raw Values for 1951 6731 4652.9
Total (Sum) Raw Values for 1952 19746 15664.65
Total (Sum) Raw Values for 1953 209724 170142.8
Total (Sum) Raw Values for 1954 17777 13463.15
Total (Sum) Raw Values for 1955 5277 2818.6
Total (Sum) Raw Values for 1956 21660 17352.75
Total (Sum) Raw Values for 1957 46937 34957.1
Total (Sum) Raw Values for 1958 93650 74667.4
Total (Sum) Raw Values for 1959 322969 263621.55
Total (Sum) Raw Values for 1960 222435 183134.2



Suwannee River Water Management District APPENDIX E AMEC Project No. 600050.1

Fluvial Geomorphic Investigation RAP Analysis Upper Santa Fe: Worthington Gage (Page 32 of 34)
Santa Fe - Santa Fe -
Worthington 1932- Worthington 1932-
Name 2010 2010 REDUCED
Total (Sum) Raw Values for 1961 112500 88963.55
Total (Sum) Raw Values for 1962 1314 600.1
Total (Sum) Raw Values for 1963 83571 61935.25
Total (Sum) Raw Values for 1964 295530 243110.2
Total (Sum) Raw Values for 1965 177687 142732.85
Total (Sum) Raw Values for 1966 234047 191998.85
Total (Sum) Raw Values for 1967 83303 67507.85
Total (Sum) Raw Values for 1968 107506 88145
Total (Sum) Raw Values for 1969 135160 105119.5
Total (Sum) Raw Values for 1970 264592 218354.8
Total (Sum) Raw Values for 1971 51620 41150.2
Total (Sum) Raw Values for 1972 183126 146902.1
Total (Sum) Raw Values for 1973 145783 117496.35
Total (Sum) Raw Values for 1974 96141 77870.2
Total (Sum) Raw Values for 1975 48062 37109.3
Total (Sum) Raw Values for 1976 18369 9749.5
Total (Sum) Raw Values for 1977 41763 29819.7
Total (Sum) Raw Values for 1978 183188 151477.65
Total (Sum) Raw Values for 1979 93875 70528.75
Total (Sum) Raw Values for 1980 105809 84522.3
Total (Sum) Raw Values for 1981 10195 8131.95
Total (Sum) Raw Values for 1982 111136 84195.05
Total (Sum) Raw Values for 1983 185681 149302.5
Total (Sum) Raw Values for 1984 151611 122979.7
Total (Sum) Raw Values for 1985 124168 102844.9
Total (Sum) Raw Values for 1986 83023 63068.3
Total (Sum) Raw Values for 1987 175247 145179.15
Total (Sum) Raw Values for 1988 160441 133097.25
Total (Sum) Raw Values for 1989 6420 1228.25
Total (Sum) Raw Values for 1990 0 0
Total (Sum) Raw Values for 1991 165935 122643.95
Total (Sum) Raw Values for 1992 177390 141666.95
Total (Sum) Raw Values for 1993 44156 32080.7
Total (Sum) Raw Values for 1994 83838 67043.75
Total (Sum) Raw Values for 1995 71416 55317.15
Total (Sum) Raw Values for 1996 67196 51113.05
Total (Sum) Raw Values for 1997 104054 85411.4
Total (Sum) Raw Values for 1998 258090 216183.05
Total (Sum) Raw Values for 1999 0 0
Total (Sum) Raw Values for 2000 0 0
Total (Sum) Raw Values for 2001 9453 7485.1
Total (Sum) Raw Values for 2002 5241 4454.85
Total (Sum) Raw Values for 2003 189954 152965.15
Total (Sum) Raw Values for 2004 141026 118287.7
Total (Sum) Raw Values for 2005 125726 102009.35
Total (Sum) Raw Values for 2006 39008 30543.9
Total (Sum) Raw Values for 2007 5319 3994.15
Total (Sum) Raw Values for 2008 50559 41299.8
Total (Sum) Raw Values for 2009 60271 48022.45
Total (Sum) Raw Values for 2010 50841 42136.2

Mean Raw Values for 1932 3531.667 2163.25
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Fluvial Geomorphic Investigation RAP Analysis Upper Santa Fe: Worthington Gage (Page 33 of 34)
Santa Fe - Santa Fe -
Worthington 1932- Worthington 1932-
Name 2010 2010 REDUCED
Mean Raw Values for 1933 19641.333 15965.267
Mean Raw Values for 1934 34766 37960.433
Mean Raw Values for 1935 116935 98284.65
Mean Raw Values for 1936 13082.667 7234.35
Mean Raw Values for 1937 21179.429 19682.458
Mean Raw Values for 1938 15251 12266.35
Mean Raw Values for 1939 11202.2 10289.462
Mean Raw Values for 1940 9235.2 7106.68
Mean Raw Values for 1941 23701.125 19457.562
Mean Raw Values for 1942 21624.857 20247.142
Mean Raw Values for 1943 8727 7157.85
Mean Raw Values for 1944 39815.4 32984.42
Mean Raw Values for 1945 13798 10749.667
Mean Raw Values for 1946 30574.875 24906.275
Mean Raw Values for 1947 34032.125 27568.794
Mean Raw Values for 1948 40553.143 39153.267
Mean Raw Values for 1949 21547 17371.238
Mean Raw Values for 1950 39254.5 32564.775
Mean Raw Values for 1951 6731 4652.9
Mean Raw Values for 1952 19746 15664.65
Mean Raw Values for 1953 29960.571 28357.133
Mean Raw Values for 1954 17777 13463.15
Mean Raw Values for 1955 5277 2818.6
Mean Raw Values for 1956 21660 17352.75
Mean Raw Values for 1957 9387.4 11652.367
Mean Raw Values for 1958 15608.333 12444 .567
Mean Raw Values for 1959 32296.9 26362.155
Mean Raw Values for 1960 37072.5 30522.367
Mean Raw Values for 1961 14062.5 12709.079
Mean Raw Values for 1962 1314 600.1
Mean Raw Values for 1963 11938.714 10322.542
Mean Raw Values for 1964 42218.571 34730.029
Mean Raw Values for 1965 22210.875 15859.206
Mean Raw Values for 1966 29255.875 23999.856
Mean Raw Values for 1967 20825.75 13501.57
Mean Raw Values for 1968 35835.333 29381.667
Mean Raw Values for 1969 13516 13139.938
Mean Raw Values for 1970 66148 43670.96
Mean Raw Values for 1971 12905 10287.55
Mean Raw Values for 1972 26160.857 24483.683
Mean Raw Values for 1973 20826.143 19582.725
Mean Raw Values for 1974 19228.2 15574.04
Mean Raw Values for 1975 9612.4 9277.325
Mean Raw Values for 1976 2624.143 1624.917
Mean Raw Values for 1977 8352.6 5963.94
Mean Raw Values for 1978 26169.714 25246.275
Mean Raw Values for 1979 15645.833 14105.75
Mean Raw Values for 1980 15115.571 14087.05
Mean Raw Values for 1981 10195 8131.95
Mean Raw Values for 1982 12348.444 8419.505

Mean Raw Values for 1983 16880.091 13572.955
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Upper Santa Fe: Worthington Gage (Page 34 of 34)

Santa Fe -
Worthington 1932- Worthington 1932-

Santa Fe -

Name 2010 2010 REDUCED
Mean Raw Values for 1984 21658.714 17568.529
Mean Raw Values for 1985 31042 25711.225
Mean Raw Values for 1986 11860.429 10511.383
Mean Raw Values for 1987 58415.667 48393.05
Mean Raw Values for 1988 53480.333 44365.75
Mean Raw Values for 1989 3210 1228.25
Mean Raw Values for 1990 NaN NaN
Mean Raw Values for 1991 12764.231 7665.247
Mean Raw Values for 1992 19710 20238.136
Mean Raw Values for 1993 11039 8020.175
Mean Raw Values for 1994 10479.75 9577.679
Mean Raw Values for 1995 10202.286 9219.525
Mean Raw Values for 1996 9599.429 7301.864
Mean Raw Values for 1997 13006.75 14235.233
Mean Raw Values for 1998 64522.5 54045.762
Mean Raw Values for 1999 NaN NaN
Mean Raw Values for 2000 NaN NaN
Mean Raw Values for 2001 4726.5 3742.55
Mean Raw Values for 2002 5241 4454.85
Mean Raw Values for 2003 27136.286 19120.644
Mean Raw Values for 2004 141026 118287.7
Mean Raw Values for 2005 17960.857 14572.764
Mean Raw Values for 2006 13002.667 15271.95
Mean Raw Values for 2007 5319 3994.15
Mean Raw Values for 2008 25279.5 20649.9
Mean Raw Values for 2009 8610.143 6860.35
Mean Raw Values for 2010 25420.5 42136.2
Summary of interannual measures

Mean of all years High Spell Threshold 588 588
Mean of all years Number of High Spell 4.975 4.734
Mean of all years Longest High Spell NaN NaN
Mean of all years Mean of High Spell Peaks NaN NaN
Mean of all years Mean Duration of High Spell NaN NaN
Mean of all years Total Duration of High Spell NaN NaN
Mean of all years Total of periods Between High Spells NaN NaN
Mean of all years Mean period Between High Spells NaN NaN
Mean of all years Longest period Between High Spells NaN NaN
Mean of all years Total (Sum) Raw Values 106932.861 86140.528
Mean of all years Mean Raw Values NaN NaN
Median of all years High Spell Threshold 588 588
Median of all years Number of High Spell 5 5
Median of all years Longest High Spell 25 21
Median of all years Mean of High Spell Peaks 1802 1708.358
Median of all years Mean Duration of High Spell 12.5 11
Median of all years Total Duration of High Spell 62 52
Median of all years Total of periods Between High Spells 142 144
Median of all years Mean period Between High Spells 30.333 32.75
Median of all years Longest period Between High Spells NaN 89
Median of all years Total (Sum) Raw Values 93650 70528.75
Median of all years Mean Raw Values 16880.091 14105.75
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Name

Reporting Period Summary
Start based on User
End Date

General Statistics
Whole Period
Minimum
Maximum
Percentile 10
Percentile 90

Mean

Median

Zeros

Total

Lessor equal 744
Greater or equal 744
Summary for each year
Minimum for 1993
Minimum for 1994
Minimum for 1995
Minimum for 1996
Minimum for 1997
Minimum for 1998
Minimum for 1999
Minimum for 2000
Minimum for 2001
Minimum for 2002
Minimum for 2003
Minimum for 2004
Minimum for 2005
Minimum for 2006
Minimum for 2007
Minimum for 2008
Minimum for 2009
Maximum for 1993
Maximum for 1994
Maximum for 1995
Maximum for 1996
Maximum for 1997
Maximum for 1998
Maximum for 1999
Maximum for 2000
Maximum for 2001
Maximum for 2002
Maximum for 2003
Maximum for 2004
Maximum for 2005
Maximum for 2006
Maximum for 2007
Maximum for 2008
Maximum for 2009
Percentile 10 for 1993
Percentile 10 for 1994

APPENDIX E
RAP Analysis

Santa Fe - 441 1993-

2009

1/1/1993
12/31/2009

0
9150
40
1100

498.223

292
103

3093465.61

5110
1099

99
146
176
195
231
518
132

42

139

350
122.09
50.43
27.39
45.49
1760
2210
1540
6890
3080
9150
660
320
266
504
5260
8960
3390
1770
256.66
3709.2
1236.1
196
254

AMEC Project No. 600050.1

Lower Santa Fe: Hwy 441 Gage (Page 1 of 8)

Santa Fe - 441 1993-
2009 REDUCED

1/1/1993

12/31/2009

0
7594.5
38.12
983.82
444959
272.558
103

2762751.212

5200
1011

94.347
139.138
167.728
185.835
220.143

479.15
125.796

40.026

0.953
0
132.467

80.052

323.75
116.352

48.06

26.103
43.352

1460.8

1834.3

1294.5
5718.7

2556.4
7594.5

613.8

296
253.498

466.2
4365.8
7436.8
2813.7
1469.1
244.597

3078.636
1066.754

186.788
242.062



Suwannee River Water Management District APPENDIX E AMEC Project No. 600050.1
Fluvial Geomorphic Investigation RAP Analysis Lower Santa Fe: Hwy 441 Gage (Page 2 of 8)

Santa Fe - 441 1993- Santa Fe - 441 1993-

Name 2009 2009 REDUCED
Percentile 10 for 1995 308 284.9
Percentile 10 for 1996 254 242.062
Percentile 10 for 1997 285 270.1
Percentile 10 for 1998 614 571.02
Percentile 10 for 1999 183 174.399
Percentile 10 for 2000 515 49.079
Percentile 10 for 2001 4 3.812
Percentile 10 for 2002 0 0
Percentile 10 for 2003 209 199.177
Percentile 10 for 2004 94 89.582
Percentile 10 for 2005 455 420.875
Percentile 10 for 2006 134.722 128.39
Percentile 10 for 2007 57.474 54,773
Percentile 10 for 2008 28.09 26.77
Percentile 10 for 2009 56.754 54.087
Percentile 90 for 1993 1346 1161.598
Percentile 90 for 1994 1000 930
Percentile 90 for 1995 929.8 864.714
Percentile 90 for 1996 929.5 864.435
Percentile 90 for 1997 1160 1004.4
Percentile 90 for 1998 2738 2272.54
Percentile 90 for 1999 517.8 478.965
Percentile 90 for 2000 148.5 141.521
Percentile 90 for 2001 125.6 119.697
Percentile 90 for 2002 74.6 71.094
Percentile 90 for 2003 1326 1144.338
Percentile 90 for 2004 2930 2431.9
Percentile 90 for 2005 1880 1560.4
Percentile 90 for 2006 1092 982.08
Percentile 90 for 2007 149.488 142.462
Percentile 90 for 2008 367.76 340.178
Percentile 90 for 2009 527.908 488.315
Mean for 1993 606.019 540.681
Mean for 1994 585.786 532.224
Mean for 1995 562.227 514.949
Mean for 1996 622.929 562.285
Mean for 1997 654.989 592.886
Mean for 1998 1335.003 1162.252
Mean for 1999 290.353 272.831
Mean for 2000 105.096 100.014
Mean for 2001 48.636 46.35
Mean for 2002 26.518 25.149
Mean for 2003 733.709 652.503
Mean for 2004 871.913 746.465
Mean for 2005 1042.962 914.154
Mean for 2006 472.851 429.126
Mean for 2007 102.171 97.369
Mean for 2008 193.522 174.152
Mean for 2009 215.652 201.456
Median for 1993 363 335.775
Median for 1994 457 422.725

Median for 1995 486 44955



Suwannee River Water Management District
Fluvial Geomorphic Investigation

Name

Median for 1996
Median for 1997
Median for 1998
Median for 1999
Median for 2000
Median for 2001
Median for 2002
Median for 2003
Median for 2004
Median for 2005
Median for 2006
Median for 2007
Median for 2008
Median for 2009
Zerosfor 1993
Zerosfor 1994
Zeros for 1995
Zeros for 1996
Zerosfor 1997
Zeros for 1998
Zeros for 1999
Zeros for 2000
Zeros for 2001
Zeros for 2002
Zeros for 2003
Zeros for 2004
Zeros for 2005
Zeros for 2006
Zeros for 2007
Zeros for 2008
Zeros for 2009
Total for 1993
Total for 1994
Total for 1995
Total for 1996
Total for 1997
Total for 1998
Total for 1999
Total for 2000
Total for 2001
Total for 2002
Total for 2003
Total for 2004
Total for 2005
Total for 2006
Total for 2007
Total for 2008
Total for 2009
Lessor equal 744 for 1993
Lessor equal 744 for 1994
Lessor equal 744 for 1995
Lessor equal 744 for 1996

APPENDIX E
RAP Analysis

Santa Fe - 441 1993-
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AMEC Project No. 600050.1
Lower Santa Fe: Hwy 441 Gage (Page 3 of 8)

Santa Fe - 441 1993-
2009 REDUCED
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APPENDIX E
RAP Analysis

Suwannee River Water Management District
Fluvial Geomorphic Investigation

Santa Fe - 441 1993-

Name 2009
Lessor equal 744 for 1997 271
Lessor equal 744 for 1998 186
Lessor equal 744 for 1999 365
Lessor equal 744 for 2000 366
Lessor equal 744 for 2001 365
Lessor equal 744 for 2002 365
Lessor equal 744 for 2003 253
Lessor equal 744 for 2004 287
Lessor equal 744 for 2005 157
Lessor equal 744 for 2006 295
Lessor equal 744 for 2007 365
Lessor equal 744 for 2008 350
Lessor equal 744 for 2009 344
Greater or equal 744 for 1993 114
Greater or equal 744 for 1994 87
Greater or equal 744 for 1995 62
Greater or equal 744 for 1996 57
Greater or equal 744 for 1997 94
Greater or equal 744 for 1998 179
Greater or equal 744 for 1999 0
Greater or equal 744 for 2000 0
Greater or equal 744 for 2001 0
Greater or equal 744 for 2002 0
Greater or equal 744 for 2003 112
Greater or equal 744 for 2004 79
Greater or equal 744 for 2005 208
Greater or equal 744 for 2006 70
Greater or equal 744 for 2007 0
Greater or equal 744 for 2008 16
Greater or equal 744 for 2009 21
High Flow Spell result

Whole Period

High Spell Threshold 744
Number of High Spell 38
Longest High Spell 189
Mean of High Spell Peaks 2095.781
Mean Duration of High Spell 28.921
Total Duration of High Spell 1099
Total of periods Between High Spells 4946
Mean period Between High Spells 133.676
Longest period Between High Spells 1566
Total (Sum) Raw Values 1746863.42
Mean Raw Values 45970.09
Summary for each year

High Spell Threshold for 1993 744
High Spell Threshold for 1994 744
High Spell Threshold for 1995 744
High Spell Threshold for 1996 744
High Spell Threshold for 1997 744
High Spell Threshold for 1998 744
High Spell Threshold for 1999 744

High Spell Threshold for 2000 744

AMEC Project No. 600050.1
Lower Santa Fe: Hwy 441 Gage (Page 4 of 8)

Santa Fe - 441 1993-
2009 REDUCED
282
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295
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365
351
345
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0
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71
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1441421.27
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Suwannee River Water Management District
Fluvial Geomorphic Investigation

Name

High Spell Threshold for 2001
High Spell Threshold for 2002
High Spell Threshold for 2003
High Spell Threshold for 2004
High Spell Threshold for 2005
High Spell Threshold for 2006
High Spell Threshold for 2007
High Spell Threshold for 2008
High Spell Threshold for 2009
Number of High Spell for 1993
Number of High Spell for 1994
Number of High Spell for 1995
Number of High Spell for 1996
Number of High Spell for 1997
Number of High Spell for 1998
Number of High Spell for 1999
Number of High Spell for 2000
Number of High Spell for 2001
Number of High Spell for 2002
Number of High Spell for 2003
Number of High Spell for 2004
Number of High Spell for 2005
Number of High Spell for 2006
Number of High Spell for 2007
Number of High Spell for 2008
Number of High Spell for 2009
Longest High Spell for 1993
Longest High Spell for 1994
Longest High Spell for 1995
Longest High Spell for 1996
Longest High Spell for 1997
Longest High Spell for 1998
Longest High Spell for 1999
Longest High Spell for 2000
Longest High Spell for 2001
Longest High Spell for 2002
Longest High Spell for 2003
Longest High Spell for 2004
Longest High Spell for 2005
Longest High Spell for 2006
Longest High Spell for 2007
Longest High Spell for 2008
Longest High Spell for 2009

Mean of High Spell Peaks for 1993
Mean of High Spell Peaks for 1994
Mean of High Spell Peaks for 1995
Mean of High Spell Peaks for 1996
Mean of High Spell Peaks for 1997
Mean of High Spell Peaks for 1998
Mean of High Spell Peaks for 1999
Mean of High Spell Peaks for 2000
Mean of High Spell Peaks for 2001

APPENDIX E
RAP Analysis

Santa Fe - 441 1993-
2009
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AMEC Project No. 600050.1
Lower Santa Fe: Hwy 441 Gage (Page 5 of 8)

Santa Fe - 441 1993-
2009 REDUCED
744
744
744
744
744
744
744
744

\‘
HOHO\JHO\JOOOO#@#\IU‘II—‘:&

w

111
25
15
21
17
122
NaN
NaN
NaN
NaN
51
71
180
68
NaN
15
10
1460.8
1236.646
1010.263
2178.885
1410.182
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Suwannee River Water Management District

Fluvial Geomorphic Investigation

APPENDIX E
RAP Analysis

Santa Fe - 441 1993-

AMEC Project No. 600050.1
Lower Santa Fe: Hwy 441 Gage (Page 6 of 8)

Santa Fe - 441 1993-

Name 2009 2009 REDUCED
Mean of High Spell Peaks for 2002 NaN NaN
Mean of High Spell Peaks for 2003 2903.333 2426.157
Mean of High Spell Peaks for 2004 4868 7436.8
Mean of High Spell Peaks for 2005 2079.333 1753.113
Mean of High Spell Peaks for 2006 1770 1469.1
Mean of High Spell Peaks for 2007 NaN NaN
Mean of High Spell Peaks for 2008 3709.2 3078.636
Mean of High Spell Peaks for 2009 975.493 879.603
Mean Duration of High Spell for 1993 57 55.5
Mean Duration of High Spell for 1994 21.75 15
Mean Duration of High Spell for 1995 8.857 7.571
Mean Duration of High Spell for 1996 114 11.75
Mean Duration of High Spell for 1997 15.667 13.833
Mean Duration of High Spell for 1998 59.667 415
Mean Duration of High Spell for 1999 NaN NaN
Mean Duration of High Spell for 2000 NaN NaN
Mean Duration of High Spell for 2001 NaN NaN
Mean Duration of High Spell for 2002 NaN NaN
Mean Duration of High Spell for 2003 37.333 35.333
Mean Duration of High Spell for 2004 39.5 355
Mean Duration of High Spell for 2005 69.333 65
Mean Duration of High Spell for 2006 70 68
Mean Duration of High Spell for 2007 NaN NaN
Mean Duration of High Spell for 2008 16 15
Mean Duration of High Spell for 2009 7 6.667
Total Duration of High Spell for 1993 114 111
Total Duration of High Spell for 1994 87 75
Total Duration of High Spell for 1995 62 53
Total Duration of High Spell for 1996 57 47
Total Duration of High Spell for 1997 94 83
Total Duration of High Spell for 1998 179 166
Total Duration of High Spell for 1999 NaN NaN
Total Duration of High Spell for 2000 NaN NaN
Total Duration of High Spell for 2001 NaN NaN
Total Duration of High Spell for 2002 NaN NaN
Total Duration of High Spell for 2003 112 106
Total Duration of High Spell for 2004 79 71
Total Duration of High Spell for 2005 208 195
Total Duration of High Spell for 2006 70 68
Total Duration of High Spell for 2007 NaN NaN
Total Duration of High Spell for 2008 16 15
Total Duration of High Spell for 2009 21 20
Total of periods Between High Spells for 1993 5 NaN
Total of periods Between High Spellsfor 1994 195 203
Total of periods Between High Spells for 1995 188 196
Total of periods Between High Spells for 1996 224 169
Total of periods Between High Spells for 1997 220 231
Total of periods Between High Spells for 1998 131 140
Total of periods Between High Spells for 1999 NaN NaN
Total of periods Between High Spells for 2000 NaN NaN
Total of periods Between High Spells for 2001 NaN NaN

Total of periods Between High Spells for 2002 NaN NaN



Suwannee River Water Management District
Fluvial Geomorphic Investigation

Name

Total of periods Between High Spells for 2003
Total of periods Between High Spells for 2004
Total of periods Between High Spells for 2005
Total of periods Between High Spells for 2006
Total of periods Between High Spells for 2007
Total of periods Between High Spells for 2008
Total of periods Between High Spells for 2009
Mean period Between High Spells for 1993
Mean period Between High Spellsfor 1994
Mean period Between High Spells for 1995
Mean period Between High Spells for 1996
Mean period Between High Spells for 1997
Mean period Between High Spellsfor 1998
Mean period Between High Spells for 1999
Mean period Between High Spells for 2000
Mean period Between High Spells for 2001
Mean period Between High Spells for 2002
Mean period Between High Spells for 2003
Mean period Between High Spells for 2004
Mean period Between High Spells for 2005
Mean period Between High Spells for 2006
Mean period Between High Spells for 2007
Mean period Between High Spells for 2008
Mean period Between High Spells for 2009
Longest period Between High Spells for 1993
Longest period Between High Spells for 1994
Longest period Between High Spells for 1995
Longest period Between High Spells for 1996
Longest period Between High Spells for 1997
Longest period Between High Spells for 1998
Longest period Between High Spells for 1999
Longest period Between High Spells for 2000
Longest period Between High Spells for 2001
Longest period Between High Spells for 2002
Longest period Between High Spells for 2003
Longest period Between High Spells for 2004
Longest period Between High Spells for 2005
Longest period Between High Spells for 2006
Longest period Between High Spells for 2007
Longest period Between High Spells for 2008
Longest period Between High Spells for 2009
Total (Sum) Raw Values for 1993

Total (Sum) Raw Values for 1994

Total (Sum) Raw Values for 1995

Total (Sum) Raw Values for 1996

Total (Sum) Raw Values for 1997

Total (Sum) Raw Values for 1998

Total (Sum) Raw Values for 1999

Total (Sum) Raw Values for 2000

Total (Sum) Raw Values for 2001

Total (Sum) Raw Values for 2002

Total (Sum) Raw Values for 2003

APPENDIX E
RAP Analysis

Santa Fe - 441 1993-
2009
97
9
72
NaN
NaN
NaN
36
5
65
31.333
56
44
65.5
NaN
NaN
NaN
NaN
48.5
9
36
NaN
NaN
NaN
18
5
149
96
87
116
92
NaN
NaN
NaN
NaN
70
9
64
NaN
NaN
NaN
30
142152
99511
66067
93703
113881
367120
0
0
0
0
169563

AMEC Project No. 600050.1
Lower Santa Fe: Hwy 441 Gage (Page 7 of 8)

Santa Fe - 441 1993-
2009 REDUCED
102
NaN
85
NaN
NaN
NaN
36
NaN
50.75
32.667
56.333
46.2
46.667
NaN
NaN
NaN
NaN
51
NaN
425
NaN
NaN
NaN
18
NaN
152
97
88
117
95
NaN
NaN
NaN
NaN
72
NaN
67
NaN
NaN
NaN
30
121268.28
79385.35
52454.18
73949.04
92203.9
303189.12
0
0
0
0
142337.73



Suwannee River Water Management District
Fluvial Geomorphic Investigation

Name

Total (Sum) Raw Values for 2004
Total (Sum) Raw Values for 2005
Total (Sum) Raw Values for 2006
Total (Sum) Raw Values for 2007
Total (Sum) Raw Values for 2008
Total (Sum) Raw Values for 2009
Mean Raw Valuesfor 1993

Mean Raw Values for 1994

Mean Raw Valuesfor 1995

Mean Raw Values for 1996

Mean Raw Values for 1997

Mean Raw Values for 1998

Mean Raw Valuesfor 1999

Mean Raw Values for 2000

Mean Raw Values for 2001

Mean Raw Values for 2002

Mean Raw Values for 2003

Mean Raw Values for 2004

Mean Raw Values for 2005

Mean Raw Values for 2006

Mean Raw Values for 2007

Mean Raw Values for 2008

Mean Raw Values for 2009

APPENDIX E
RAP Analysis

Santa Fe - 441 1993-

2009
258948
299947

84532
0
31746.4
19693.02
71076
24877.75
9438.143
18740.6
18980.167
122373.333

NaN

NaN

NaN

NaN

56521
129474
99982.333
84532

NaN
31746.4
6564.34

AMEC Project No. 600050.1
Lower Santa Fe: Hwy 441 Gage (Page 8 of 8)

Santa Fe - 441 1993-
2009 REDUCED

210903.51
249472.26
72869.48
0
26102.485
17285.935
121268.28
15877.07
7493.454
18487.26
15367.317
75797.28
NaN
NaN
NaN
NaN
47445.91
210903.51
83157.42
72869.48
NaN
26102.485
5761.978



Suwannee River Water Management District APPENDIX E AMEC Project No. 600050.1
Fluvial Geomorphic Investigation RAP Analysis Lower Santa Fe: Ft. White Gage (Page 1 of 33)

Santa Fe - Ft. White 1933- Santa Fe - Ft. White 1933-

Name 2010 2010 REDUCED
Reporting Period Summary

Start based on User 1/1/1933 1/1/1933
End Date 12/31/2010 12/31/2010
General Statistics

Whole Period

Minimum 342 325.926
Maximum 16900 14027
Percentile 10 764 728.856
Percentile 90 2460 2262
Mean 1491.883 1367.293
Median 1240 1153.2
Zeros 0 0
Total 42502242.5 38952820.08
Less or equal 1410 17446 18699
Greater or equal 1410 11168 9790
Summary for each year

Minimum for 1933 816 778.464
Minimum for 1934 838 799.452
Minimum for 1935 690 658.26
Minimum for 1936 1020 973.08
Minimum for 1937 1020 973.08
Minimum for 1938 954 910.116
Minimum for 1939 862 822.348
Minimum for 1940 864 824.256
Minimum for 1941 912 870.048
Minimum for 1942 1180 1097.4
Minimum for 1943 817 779.418
Minimum for 1944 810 772.74
Minimum for 1945 930 887.22
Minimum for 1946 1050 1001.7
Minimum for 1947 1050 1001.7
Minimum for 1948 1640 1525.2
Minimum for 1949 1440 1339.2
Minimum for 1950 1020 973.08
Minimum for 1951 1020 973.08
Minimum for 1952 903 861.462
Minimum for 1953 896 854.784
Minimum for 1954 876 835.704
Minimum for 1955 675 643.95
Minimum for 1956 633 603.882
Minimum for 1957 617 588.618
Minimum for 1958 988 942,552
Minimum for 1959 1250 1162.5
Minimum for 1960 1430 1329.9
Minimum for 1961 1110 1032.3
Minimum for 1962 872 831.888
Minimum for 1963 768 732.672
Minimum for 1964 870 829.98
Minimum for 1965 1520 1413.6
Minimum for 1966 1650 1534.5
Minimum for 1967 1090 1013.7

Minimum for 1968 980 934.92



Suwannee River Water Management District APPENDIX E AMEC Project No. 600050.1
Fluvial Geomorphic Investigation RAP Analysis Lower Santa Fe: Ft. White Gage (Page 2 of 33)

Santa Fe - Ft. White 1933- Santa Fe - Ft. White 1933-

Name 2010 2010 REDUCED
Minimum for 1969 1090 1013.7
Minimum for 1970 1230 1143.9
Minimum for 1971 950 906.3
Minimum for 1972 1150 1069.5
Minimum for 1973 1060 1004.4
Minimum for 1974 819 781.326
Minimum for 1975 911 869.094
Minimum for 1976 835 796.59
Minimum for 1977 768 732.672
Minimum for 1978 972 927.288
Minimum for 1979 1020 973.08
Minimum for 1980 895 853.83
Minimum for 1981 674 642.996
Minimum for 1982 682 650.628
Minimum for 1983 1050 1001.7
Minimum for 1984 1250 1162.5
Minimum for 1985 1100 1023
Minimum for 1986 1070 1004.4
Minimum for 1987 1130 1050.9
Minimum for 1988 1110 1032.3
Minimum for 1989 821 783.234
Minimum for 1990 616 587.664
Minimum for 1991 608 580.032
Minimum for 1992 888 847.152
Minimum for 1993 790 753.66
Minimum for 1994 874 833.796
Minimum for 1995 852 812.808
Minimum for 1996 844 805.176
Minimum for 1997 855 815.67
Minimum for 1998 910 868.14
Minimum for 1999 707 674.478
Minimum for 2000 517 493.218
Minimum for 2001 468 446.472
Minimum for 2002 446 425.484
Minimum for 2003 759 724.086
Minimum for 2004 708 675.432
Minimum for 2005 1090 1013.7
Minimum for 2006 700 667.8
Minimum for 2007 560 534.24
Minimum for 2008 542 517.068
Minimum for 2009 342 325.926
Minimum for 2010 685 653.49
Maximum for 1933 2810 24447
Maximum for 1934 11100 9213
Maximum for 1935 6280 5212.4
Maximum for 1936 2070 1925.1
Maximum for 1937 4730 3925.9
Maximum for 1938 4250 3527.5
Maximum for 1939 2480 2306.4
Maximum for 1940 1930 1794.9
Maximum for 1941 7280 6042.4

Maximum for 1942 4750 3942.5



Suwannee River Water Management District APPENDIX E AMEC Project No. 600050.1
Fluvial Geomorphic Investigation RAP Analysis Lower Santa Fe: Ft. White Gage (Page 3 of 33)

Santa Fe - Ft. White 1933- Santa Fe - Ft. White 1933-

Name 2010 2010 REDUCED
Maximum for 1943 1760 1636.8
Maximum for 1944 9160 7602.8
Maximum for 1945 3650 3029.5
Maximum for 1946 3820 3170.6
Maximum for 1947 7980 6623.4
Maximum for 1948 11800 9794
Maximum for 1949 5420 4498.6
Maximum for 1950 7440 6175.2
Maximum for 1951 1670 1553.1
Maximum for 1952 2010 1869.3
Maximum for 1953 5080 4216.4
Maximum for 1954 5000 4150
Maximum for 1955 1300 1209
Maximum for 1956 2200 2046
Maximum for 1957 4090 3394.7
Maximum for 1958 2450 2278.5
Maximum for 1959 7970 6615.1
Maximum for 1960 6290 5220.7
Maximum for 1961 3750 31125
Maximum for 1962 1240 1153.2
Maximum for 1963 2060 1915.8
Maximum for 1964 16900 14027
Maximum for 1965 5100 4233
Maximum for 1966 5850 4855.5
Maximum for 1967 3790 3145.7
Maximum for 1968 6500 5395
Maximum for 1969 3130 2723.1
Maximum for 1970 7980 6623.4
Maximum for 1971 3240 2714.4
Maximum for 1972 4440 3685.2
Maximum for 1973 6530 5419.9
Maximum for 1974 2830 2462.1
Maximum for 1975 2330 2166.9
Maximum for 1976 1310 1218.3
Maximum for 1977 2240 2083.2
Maximum for 1978 4110 3411.3
Maximum for 1979 2790 2427.3
Maximum for 1980 4690 3892.7
Maximum for 1981 1720 1599.6
Maximum for 1982 3150 2740.5
Maximum for 1983 3900 3237
Maximum for 1984 5030 4174.9
Maximum for 1985 5750 47725
Maximum for 1986 3190 2775.3
Maximum for 1987 4940 4100.2
Maximum for 1988 7030 5834.9
Maximum for 1989 1460 1357.8
Maximum for 1990 1100 1023
Maximum for 1991 4660 3867.8
Maximum for 1992 10600 8798
Maximum for 1993 2130 1980.9

Maximum for 1994 2580 2362.2



Suwannee River Water Management District APPENDIX E AMEC Project No. 600050.1
Fluvial Geomorphic Investigation RAP Analysis Lower Santa Fe: Ft. White Gage (Page 4 of 33)

Santa Fe - Ft. White 1933- Santa Fe - Ft. White 1933-

Name 2010 2010 REDUCED
Maximum for 1995 2180 2027.4
Maximum for 1996 3330 2763.9
Maximum for 1997 3360 2788.8
Maximum for 1998 13400 11122
Maximum for 1999 1140 1060.2
Maximum for 2000 1110 1032.3
Maximum for 2001 1230 1143.9
Maximum for 2002 1080 1004.4
Maximum for 2003 4780 3967.4
Maximum for 2004 9410 7810.3
Maximum for 2005 3210 2740.5
Maximum for 2006 2370 2204.1
Maximum for 2007 842 803.268
Maximum for 2008 3340 2775.3
Maximum for 2009 4470 3710.1
Maximum for 2010 2080 1934.4
Percentile 10 for 1933 859 819.486
Percentile 10 for 1934 860 820.44
Percentile 10 for 1935 749 714.546
Percentile 10 for 1936 1070 1020.78
Percentile 10 for 1937 1180 1097.4
Percentile 10 for 1938 1000 954
Percentile 10 for 1939 922 879.588
Percentile 10 for 1940 912 870.048
Percentile 10 for 1941 1020 973.08
Percentile 10 for 1942 1280 1190.4
Percentile 10 for 1943 853 813.762
Percentile 10 for 1944 831 792.774
Percentile 10 for 1945 960 915.84
Percentile 10 for 1946 1140 1060.2
Percentile 10 for 1947 1160 1078.8
Percentile 10 for 1948 1835 1706.55
Percentile 10 for 1949 1520 1413.6
Percentile 10 for 1950 1090 1020.78
Percentile 10 for 1951 1060 1004.4
Percentile 10 for 1952 917 874.818
Percentile 10 for 1953 975 930.15
Percentile 10 for 1954 910 868.14
Percentile 10 for 1955 700 667.8
Percentile 10 for 1956 666 635.364
Percentile 10 for 1957 658 627.732
Percentile 10 for 1958 1074 1011.24
Percentile 10 for 1959 1674 1556.82
Percentile 10 for 1960 1575 1464.75
Percentile 10 for 1961 1260 1171.8
Percentile 10 for 1962 888 847.152
Percentile 10 for 1963 856 816.624
Percentile 10 for 1964 1210 1125.3
Percentile 10 for 1965 1724 1603.32
Percentile 10 for 1966 1850 1720.5
Percentile 10 for 1967 1170 1088.1

Percentile 10 for 1968 1020 973.08



Suwannee River Water Management District APPENDIX E AMEC Project No. 600050.1
Fluvial Geomorphic Investigation RAP Analysis Lower Santa Fe: Ft. White Gage (Page 5 of 33)

Santa Fe - Ft. White 1933- Santa Fe - Ft. White 1933-

Name 2010 2010 REDUCED
Percentile 10 for 1969 1134 1054.62
Percentile 10 for 1970 1354 1259.22
Percentile 10 for 1971 982 936.828
Percentile 10 for 1972 1250 1162.5
Percentile 10 for 1973 1120 1041.6
Percentile 10 for 1974 896.4 855.166
Percentile 10 for 1975 940 896.76
Percentile 10 for 1976 870 829.98
Percentile 10 for 1977 793 756.522
Percentile 10 for 1978 1070 1011.24
Percentile 10 for 1979 1094 1021.668
Percentile 10 for 1980 954 910.116
Percentile 10 for 1981 720.2 687.071
Percentile 10 for 1982 852 812.808
Percentile 10 for 1983 1270 1181.1
Percentile 10 for 1984 1340 1246.2
Percentile 10 for 1985 1144 1063.92
Percentile 10 for 1986 1100 1023
Percentile 10 for 1987 1210 1125.3
Percentile 10 for 1988 1200 1116
Percentile 10 for 1989 849 809.946
Percentile 10 for 1990 674.8 643.759
Percentile 10 for 1991 971.4 926.716
Percentile 10 for 1992 947.5 903.915
Percentile 10 for 1993 829 790.866
Percentile 10 for 1994 929 886.266
Percentile 10 for 1995 869 829.026
Percentile 10 for 1996 937 893.898
Percentile 10 for 1997 955 911.07
Percentile 10 for 1998 1134 1054.62
Percentile 10 for 1999 725 691.65
Percentile 10 for 2000 600 572.4
Percentile 10 for 2001 488 465.552
Percentile 10 for 2002 503 479.862
Percentile 10 for 2003 873 832.842
Percentile 10 for 2004 735 701.19
Percentile 10 for 2005 1140 1060.2
Percentile 10 for 2006 740.2 706.151
Percentile 10 for 2007 584 557.136
Percentile 10 for 2008 560.5 534.717
Percentile 10 for 2009 585 558.09
Percentile 10 for 2010 696.8 664.747
Percentile 90 for 1933 1880 1748.4
Percentile 90 for 1934 2360 2194.8
Percentile 90 for 1935 2628 2326.26
Percentile 90 for 1936 1825 1697.25
Percentile 90 for 1937 2730 2375.1
Percentile 90 for 1938 1856 1726.08
Percentile 90 for 1939 1920 1785.6
Percentile 90 for 1940 1580 1469.4
Percentile 90 for 1941 3082 2681.34

Percentile 90 for 1942 3938 3268.54
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Santa Fe - Ft. White 1933- Santa Fe - Ft. White 1933-

Name 2010 2010 REDUCED
Percentile 90 for 1943 1190 1106.7
Percentile 90 for 1944 2865 2492.55
Percentile 90 for 1945 2088 1941.84
Percentile 90 for 1946 2852 2481.24
Percentile 90 for 1947 3702 3072.66
Percentile 90 for 1948 4285 3556.55
Percentile 90 for 1949 2456 2267.34
Percentile 90 for 1950 2748 2403.48
Percentile 90 for 1951 1416 1316.88
Percentile 90 for 1952 1385 1288.05
Percentile 90 for 1953 3124 2685.88
Percentile 90 for 1954 1916 1781.88
Percentile 90 for 1955 972 927.288
Percentile 90 for 1956 918 875.772
Percentile 90 for 1957 1806 1679.58
Percentile 90 for 1958 2146 1995.78
Percentile 90 for 1959 4234 3514.22
Percentile 90 for 1960 3265 2714.4
Percentile 90 for 1961 2212 2057.16
Percentile 90 for 1962 1100 1023
Percentile 90 for 1963 1750 1627.5
Percentile 90 for 1964 3290 2766.6
Percentile 90 for 1965 3650 3029.5
Percentile 90 for 1966 3648 3027.84
Percentile 90 for 1967 2210 2055.3
Percentile 90 for 1968 1935 1799.55
Percentile 90 for 1969 2300 2139
Percentile 90 for 1970 3632 3014.56
Percentile 90 for 1971 2012 1871.16
Percentile 90 for 1972 2880 2505.6
Percentile 90 for 1973 2692 2352.9
Percentile 90 for 1974 2022 1880.46
Percentile 90 for 1975 1556 1447.08
Percentile 90 for 1976 1200 1116
Percentile 90 for 1977 1540 1432.2
Percentile 90 for 1978 2746 2389.02
Percentile 90 for 1979 1630 1515.9
Percentile 90 for 1980 2220 2064.6
Percentile 90 for 1981 1136 1056.48
Percentile 90 for 1982 2032 1889.76
Percentile 90 for 1983 2792 2429.04
Percentile 90 for 1984 3295 2757.9
Percentile 90 for 1985 2326 2163.18
Percentile 90 for 1986 2220 2064.6
Percentile 90 for 1987 3406 2826.98
Percentile 90 for 1988 3275 2749.2
Percentile 90 for 1989 1266 1177.38
Percentile 90 for 1990 904.2 862.607
Percentile 90 for 1991 2426 2241.12
Percentile 90 for 1992 2155 2004.15
Percentile 90 for 1993 1866 1735.38

Percentile 90 for 1994 1620 1506.6
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Santa Fe - Ft. White 1933- Santa Fe - Ft. White 1933-

Name 2010 2010 REDUCED
Percentile 90 for 1995 1562 1452.66
Percentile 90 for 1996 1730 1608.9
Percentile 90 for 1997 2128 1979.04
Percentile 90 for 1998 4096 3399.68
Percentile 90 for 1999 992.6 946.94
Percentile 90 for 2000 867.5 827.595
Percentile 90 for 2001 828.4 790.294
Percentile 90 for 2002 766.4 731.146
Percentile 90 for 2003 2256 2098.08
Percentile 90 for 2004 3725 3091.75
Percentile 90 for 2005 2436 2257.26
Percentile 90 for 2006 1826 1698.18
Percentile 90 for 2007 725.6 692.222
Percentile 90 for 2008 1210 1125.3
Percentile 90 for 2009 1420 1320.6
Percentile 90 for 2010 1412 1313.16
Mean for 1933 1236.682 1154.232
Mean for 1934 1497.458 1369.558
Mean for 1935 1399.148 1271.565
Mean for 1936 1303.005 1216.455
Mean for 1937 1776.493 1622.878
Mean for 1938 1398.326 1297.341
Mean for 1939 1293.022 1209.353
Mean for 1940 1187.893 1114.789
Mean for 1941 1747.874 1579.408
Mean for 1942 2191.37 1958.464
Mean for 1943 1024.803 969.306
Mean for 1944 1682 1528.391
Mean for 1945 1389.238 1288.988
Mean for 1946 1950.685 1770.357
Mean for 1947 2034.137 1809.466
Mean for 1948 2846.831 2506.717
Mean for 1949 1936.904 1772.327
Mean for 1950 1758.795 1592.801
Mean for 1951 1217.068 1136.03
Mean for 1952 1104.172 1040.025
Mean for 1953 1729.721 1567.884
Mean for 1954 1353.975 1251.482
Mean for 1955 843.789 803.869
Mean for 1956 808.025 768.326
Mean for 1957 1140.625 1062.074
Mean for 1958 1438.148 1340.003
Mean for 1959 2669.836 2358.395
Mean for 1960 2314.891 2069.84
Mean for 1961 1664.63 1534.732
Mean for 1962 987.797 937.081
Mean for 1963 1194.688 1121.992
Mean for 1964 2422.331 2165.371
Mean for 1965 2544.356 2258.278
Mean for 1966 2684.274 2365.124
Mean for 1967 1594.904 1468.8

Mean for 1968 1454.295 1334.16
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Santa Fe - Ft. White 1933- Santa Fe - Ft. White 1933-

Name 2010 2010 REDUCED
Mean for 1969 1582.027 1464.848
Mean for 1970 2445.507 2155.05
Mean for 1971 1409.775 1302.532
Mean for 1972 1970.601 1788.733
Mean for 1973 1880.027 1715.944
Mean for 1974 1216.329 1140.292
Mean for 1975 1230.521 1150.975
Mean for 1976 997.664 944.396
Mean for 1977 1075.627 1014.481
Mean for 1978 1732.83 1583.537
Mean for 1979 1374.959 1276.692
Mean for 1980 1508.833 1392.956
Mean for 1981 897.562 851.672
Mean for 1982 1392.584 1298.451
Mean for 1983 1891.836 1728.891
Mean for 1984 2070.246 1867.934
Mean for 1985 1628.986 1488.259
Mean for 1986 1487.89 1379.31
Mean for 1987 2081.178 1857.932
Mean for 1988 1901.913 1711.466
Mean for 1989 1018.893 962.354
Mean for 1990 793.455 756.67
Mean for 1991 1709.142 1571.585
Mean for 1992 1555.538 1423.518
Mean for 1993 1184.693 1114.547
Mean for 1994 1263.573 1183.381
Mean for 1995 1161.192 1090.503
Mean for 1996 1274.79 1188.36
Mean for 1997 1383.819 1286.639
Mean for 1998 2464.652 2176.167
Mean for 1999 855.466 815.019
Mean for 2000 708.514 675.35
Mean for 2001 625.762 595.993
Mean for 2002 601.811 574.057
Mean for 2003 1474.197 1361.366
Mean for 2004 1632.019 1458.723
Mean for 2005 1626.904 1500.249
Mean for 2006 1126.63 1060.842
Mean for 2007 656.293 626.104
Mean for 2008 780.639 736.033
Mean for 2009 961.307 900.93
Mean for 2010 905.24 857.67
Median for 1933 1070 1020.78
Median for 1934 1070 1020.78
Median for 1935 926 883.404
Median for 1936 1180 1097.4
Median for 1937 1550 1441.5
Median for 1938 1260 1171.8
Median for 1939 1150 1069.5
Median for 1940 1090 1013.7
Median for 1941 1360 1264.8

Median for 1942 1800 1674
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Santa Fe - Ft. White 1933- Santa Fe - Ft. White 1933-

Name 2010 2010 REDUCED
Median for 1943 990 944.46
Median for 1944 1400 1302
Median for 1945 1220 1134.6
Median for 1946 1870 1739.1
Median for 1947 1470 1367.1
Median for 1948 2380 2213.4
Median for 1949 1720 1599.6
Median for 1950 1320 1227.6
Median for 1951 1170 1088.1
Median for 1952 1030 982.62
Median for 1953 1230 1143.9
Median for 1954 1120 1041.6
Median for 1955 851 811.854
Median for 1956 766 730.764
Median for 1957 1070 1004.4
Median for 1958 1260 1171.8
Median for 1959 2250 2092.5
Median for 1960 2150 1999.5
Median for 1961 1530 1422.9
Median for 1962 992 946.368
Median for 1963 1080 1020.78
Median for 1964 2140 1990.2
Median for 1965 2360 2194.8
Median for 1966 2500 2279.4
Median for 1967 1440 1339.2
Median for 1968 1170 1088.1
Median for 1969 1510 1404.3
Median for 1970 2080 1934.4
Median for 1971 1260 1171.8
Median for 1972 1750 1627.5
Median for 1973 1750 1627.5
Median for 1974 1040 992.16
Median for 1975 1190 1106.7
Median for 1976 956.5 912.501
Median for 1977 947 903.438
Median for 1978 1570 1460.1
Median for 1979 1310 1218.3
Median for 1980 1350 1255.5
Median for 1981 844 805.176
Median for 1982 1210 1125.3
Median for 1983 1730 1608.9
Median for 1984 1805 1678.65
Median for 1985 1300 1209
Median for 1986 1300 1209
Median for 1987 1710 1590.3
Median for 1988 1520 1413.6
Median for 1989 997 951.138
Median for 1990 783 746.982
Median for 1991 1730 1608.9
Median for 1992 1240 1153.2
Median for 1993 1040 992.16

Median for 1994 1180 1097.4
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Santa Fe - Ft. White 1933- Santa Fe - Ft. White 1933-
Name 2010 2010 REDUCED
Median for 1995 1090 1020.78
Median for 1996 1170 1088.1
Median for 1997 1290 1199.7
Median for 1998 1600 1488
Median for 1999 834 795.636
Median for 2000 682 650.628
Median for 2001 574 547.596
Median for 2002 555 529.47
Median for 2003 1290 1199.7
Median for 2004 883 842.382
Median for 2005 1400 1302
Median for 2006 964 919.656
Median for 2007 645 615.33
Median for 2008 607 579.078
Median for 2009 840 801.36
Median for 2010 778 742.212
Zeros for 1933
Zeros for 1934
Zeros for 1935
Zeros for 1936
Zeros for 1937
Zeros for 1938
Zeros for 1939
Zeros for 1940
Zeros for 1941
Zeros for 1942
Zeros for 1943
Zeros for 1944
Zeros for 1945
Zeros for 1946
Zeros for 1947
Zeros for 1948
Zeros for 1949
Zeros for 1950
Zeros for 1951
Zeros for 1952
Zeros for 1953
Zeros for 1954
Zeros for 1955
Zeros for 1956
Zeros for 1957
Zeros for 1958
Zeros for 1959
Zeros for 1960
Zeros for 1961
Zeros for 1962
Zeros for 1963
Zeros for 1964
Zeros for 1965
Zeros for 1966
Zeros for 1967
Zeros for 1968
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Santa Fe - Ft. White 1933- Santa Fe - Ft. White 1933-

Name 2010 2010 REDUCED
Zeros for 1969 0 0
Zeros for 1970 0 0
Zeros for 1971 0 0
Zeros for 1972 0 0
Zeros for 1973 0 0
Zeros for 1974 0 0
Zeros for 1975 0 0
Zeros for 1976 0 0
Zeros for 1977 0 0
Zeros for 1978 0 0
Zeros for 1979 0 0
Zeros for 1980 0 0
Zeros for 1981 0 0
Zeros for 1982 0 0
Zeros for 1983 0 0
Zeros for 1984 0 0
Zeros for 1985 0 0
Zeros for 1986 0 0
Zeros for 1987 0 0
Zeros for 1988 0 0
Zeros for 1989 0 0
Zeros for 1990 0 0
Zeros for 1991 0 0
Zeros for 1992 0 0
Zeros for 1993 0 0
Zeros for 1994 0 0
Zeros for 1995 0 0
Zeros for 1996 0 0
Zeros for 1997 0 0
Zeros for 1998 0 0
Zeros for 1999 0 0
Zeros for 2000 0 0
Zeros for 2001 0 0
Zeros for 2002 0 0
Zeros for 2003 0 0
Zeros for 2004 0 0
Zeros for 2005 0 0
Zeros for 2006 0 0
Zeros for 2007 0 0
Zeros for 2008 0 0
Zeros for 2009 0 0
Zeros for 2010 0 0
Total for 1933 451389 421294.746
Total for 1934 546572 499888.568
Total for 1935 510689 464121.306
Total for 1936 476900 445222.44
Total for 1937 648420 592350.56
Total for 1938 510389 473529.306
Total for 1939 471953 441413.802
Total for 1940 434769 408012.906
Total for 1941 637974 576484.036

Total for 1942 799850 714839.5
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Santa Fe - Ft. White 1933- Santa Fe - Ft. White 1933-

Name 2010 2010 REDUCED
Total for 1943 374053 353796.642
Total for 1944 615612 559391.168
Total for 1945 507072 470480.528
Total for 1946 712000 646180.2
Total for 1947 742460 660455.16
Total for 1948 1041940 917458.4
Total for 1949 706970 646899.3
Total for 1950 641960 581372.2
Total for 1951 444230 414650.94
Total for 1952 404127 380649.078
Total for 1953 631348 572277.712
Total for 1954 494201 456790.834
Total for 1955 307983 293412.102
Total for 1956 295737 281207.178
Total for 1957 416328 387656.992
Total for 1958 524924 489101.256
Total for 1959 974490 860814.3
Total for 1960 847250 757561.3
Total for 1961 607590 560177.3
Total for 1962 360546 342034.644
Total for 1963 436061 409527.234
Total for 1964 886573 792525.642
Total for 1965 928690 824271.5
Total for 1966 979760 863270.4
Total for 1967 582140 536112
Total for 1968 532272 488302.608
Total for 1969 577440 534669.6
Total for 1970 892610 786593.3
Total for 1971 514568 475424.112
Total for 1972 721240 654676.2
Total for 1973 686210 626319.74
Total for 1974 443960 416206.56
Total for 1975 449140 420105.96
Total for 1976 365145 345649.05
Total for 1977 392604 370285.656
Total for 1978 632483 577990.902
Total for 1979 501860 465992.4
Total for 1980 552233 509821.882
Total for 1981 327610 310860.18
Total for 1982 508293 473934.522
Total for 1983 690520 631045.08
Total for 1984 757710 683663.9
Total for 1985 594580 543214.6
Total for 1986 543080 503448.12
Total for 1987 759630 678145.1
Total for 1988 696100 626396.4
Total for 1989 371896 351259.104
Total for 1990 289611 276184.494
Total for 1991 623837 573628.698
Total for 1992 569327 521007.678
Total for 1993 432413 406809.522

Total for 1994 461204 431933.976
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Santa Fe - Ft. White 1933- Santa Fe - Ft. White 1933-

Name 2010 2010 REDUCED
Total for 1995 423835 398033.55
Total for 1996 466573 434939.762
Total for 1997 505094 469623.076
Total for 1998 899598 794301.092
Total for 1999 312245 297481.89
Total for 2000 259316 247177.944
Total for 2001 228403 217537.422
Total for 2002 219661 209530.674
Total for 2003 538082 496898.428
Total for 2004 597319 533892.526
Total for 2005 593820 547591
Total for 2006 411220 387207.24
Total for 2007 239547 228527.838
Total for 2008 285714 269388.116
Total for 2009 350877 328839.556
Total for 2010 3304125 313049.445
Less or equal 1410 for 1933 297 307
Less or equal 1410 for 1934 250 261
Less or equal 1410 for 1935 262 275
Less or equal 1410 for 1936 275 294
Less or equal 1410 for 1937 120 176
Less or equal 1410 for 1938 229 266
Less or equal 1410 for 1939 259 279
Less or equal 1410 for 1940 290 318
Less or equal 1410 for 1941 206 223
Less or equal 1410 for 1942 63 75
Less or equal 1410 for 1943 354 357
Less or equal 1410 for 1944 186 203
Less or equal 1410 for 1945 254 270
Less or equal 1410 for 1946 103 118
Less or equal 1410 for 1947 170 191
Less or equal 1410 for 1948 0 0

Less or equal 1410 for 1949 0 33
Less or equal 1410 for 1950 204 223
Less or equal 1410 for 1951 328 342
Less or equal 1410 for 1952 335 340
Less or equal 1410 for 1953 198 204
Less or equal 1410 for 1954 273 288
Less or equal 1410 for 1955 365 365
Less or equal 1410 for 1956 351 352
Less or equal 1410 for 1957 277 299
Less or equal 1410 for 1958 225 247
Less or equal 1410 for 1959 3 4

Less or equal 1410 for 1960 0 19
Less or equal 1410 for 1961 134 171
Less or equal 1410 for 1962 365 365
Less or equal 1410 for 1963 278 290
Less or equal 1410 for 1964 74 88
Less or equal 1410 for 1965 0 0

Less or equal 1410 for 1966 0 0

Less or equal 1410 for 1967 173 201

Less or equal 1410 for 1968 256 291
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Santa Fe - Ft. White 1933- Santa Fe - Ft. White 1933-

Name 2010 2010 REDUCED
Less or equal 1410 for 1969 146 184
Less or equal 1410 for 1970 47 61
Less or equal 1410 for 1971 256 271
Less or equal 1410 for 1972 71 93
Less or equal 1410 for 1973 114 127
Less or equal 1410 for 1974 298 303
Less or equal 1410 for 1975 313 323
Less or equal 1410 for 1976 366 366
Less or equal 1410 for 1977 291 324
Less or equal 1410 for 1978 148 171
Less or equal 1410 for 1979 250 299
Less or equal 1410 for 1980 200 236
Less or equal 1410 for 1981 352 356
Less or equal 1410 for 1982 217 227
Less or equal 1410 for 1983 59 77
Less or equal 1410 for 1984 69 95
Less or equal 1410 for 1985 241 250
Less or equal 1410 for 1986 220 247
Less or equal 1410 for 1987 83 108
Less or equal 1410 for 1988 153 182
Less or equal 1410 for 1989 360 365
Less or equal 1410 for 1990 365 365
Less or equal 1410 for 1991 133 151
Less or equal 1410 for 1992 241 261
Less or equal 1410 for 1993 271 286
Less or equal 1410 for 1994 282 313
Less or equal 1410 for 1995 314 324
Less or equal 1410 for 1996 284 304
Less or equal 1410 for 1997 240 276
Less or equal 1410 for 1998 127 159
Less or equal 1410 for 1999 365 365
Less or equal 1410 for 2000 366 366
Less or equal 1410 for 2001 365 365
Less or equal 1410 for 2002 365 365
Less or equal 1410 for 2003 226 242
Less or equal 1410 for 2004 250 260
Less or equal 1410 for 2005 193 219
Less or equal 1410 for 2006 285 295
Less or equal 1410 for 2007 365 365
Less or equal 1410 for 2008 343 349
Less or equal 1410 for 2009 327 337
Less or equal 1410 for 2010 328 332
Greater or equal 1410 for 1933 68 58
Greater or equal 1410 for 1934 115 104
Greater or equal 1410 for 1935 103 90
Greater or equal 1410 for 1936 91 72
Greater or equal 1410 for 1937 245 189
Greater or equal 1410 for 1938 136 99
Greater or equal 1410 for 1939 106 86
Greater or equal 1410 for 1940 76 48
Greater or equal 1410 for 1941 168 142

Greater or equal 1410 for 1942 308 290
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Santa Fe - Ft. White 1933- Santa Fe - Ft. White 1933-

Name 2010 2010 REDUCED
Greater or equal 1410 for 1943 11 8
Greater or equal 1410 for 1944 182 163
Greater or equal 1410 for 1945 112 95
Greater or equal 1410 for 1946 262 247
Greater or equal 1410 for 1947 197 174
Greater or equal 1410 for 1948 366 366
Greater or equal 1410 for 1949 365 332
Greater or equal 1410 for 1950 161 142
Greater or equal 1410 for 1951 38 23
Greater or equal 1410 for 1952 31 26
Greater or equal 1410 for 1953 168 161
Greater or equal 1410 for 1954 94 77
Greater or equal 1410 for 1955 0 0
Greater or equal 1410 for 1956 15 14
Greater or equal 1410 for 1957 89 66
Greater or equal 1410 for 1958 140 118
Greater or equal 1410 for 1959 362 361
Greater or equal 1410 for 1960 366 347
Greater or equal 1410 for 1961 237 194
Greater or equal 1410 for 1962 0 0
Greater or equal 1410 for 1963 87 75
Greater or equal 1410 for 1964 294 278
Greater or equal 1410 for 1965 365 365
Greater or equal 1410 for 1966 365 365
Greater or equal 1410 for 1967 196 164
Greater or equal 1410 for 1968 114 75
Greater or equal 1410 for 1969 221 181
Greater or equal 1410 for 1970 319 304
Greater or equal 1410 for 1971 114 94
Greater or equal 1410 for 1972 296 273
Greater or equal 1410 for 1973 253 238
Greater or equal 1410 for 1974 67 62
Greater or equal 1410 for 1975 52 42
Greater or equal 1410 for 1976 0 0
Greater or equal 1410 for 1977 74 41
Greater or equal 1410 for 1978 219 194
Greater or equal 1410 for 1979 125 66
Greater or equal 1410 for 1980 168 130
Greater or equal 1410 for 1981 13 9
Greater or equal 1410 for 1982 149 138
Greater or equal 1410 for 1983 311 288
Greater or equal 1410 for 1984 300 271
Greater or equal 1410 for 1985 124 115
Greater or equal 1410 for 1986 149 118
Greater or equal 1410 for 1987 284 257
Greater or equal 1410 for 1988 219 184
Greater or equal 1410 for 1989 6 0
Greater or equal 1410 for 1990 0 0
Greater or equal 1410 for 1991 234 214
Greater or equal 1410 for 1992 131 105
Greater or equal 1410 for 1993 95 79

Greater or equal 1410 for 1994 86 52
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Santa Fe - Ft. White 1933- Santa Fe - Ft. White 1933-

Name 2010 2010 REDUCED
Greater or equal 1410 for 1995 53 41
Greater or equal 1410 for 1996 82 62
Greater or equal 1410 for 1997 128 89
Greater or equal 1410 for 1998 249 206
Greater or equal 1410 for 1999 0 0
Greater or equal 1410 for 2000 0 0
Greater or equal 1410 for 2001 0 0
Greater or equal 1410 for 2002 0 0
Greater or equal 1410 for 2003 139 123
Greater or equal 1410 for 2004 116 106
Greater or equal 1410 for 2005 180 146
Greater or equal 1410 for 2006 80 70
Greater or equal 1410 for 2007 0 0
Greater or equal 1410 for 2008 23 17
Greater or equal 1410 for 2009 39 28
Greater or equal 1410 for 2010 37 33
High Flow Spell result

Whole Period

High Spell Threshold 1410 1410
Number of High Spell 152 163
Longest High Spell 1006 922
Mean of High Spell Peaks 3078.487 2728.02
Mean Duration of High Spell 73.421 60.018
Total Duration of High Spell 11160 9783
Total of periods Between High Spells 16942 18316
Mean period Between High Spells 112.199 113.062
Longest period Between High Spells 1562 1567
Total (Sum) Raw Values 25053600 20650559.7
Mean Raw Values 164826.316 126690.55
Summary for each year

High Spell Threshold for 1933 1410 1410
High Spell Threshold for 1934 1410 1410
High Spell Threshold for 1935 1410 1410
High Spell Threshold for 1936 1410 1410
High Spell Threshold for 1937 1410 1410
High Spell Threshold for 1938 1410 1410
High Spell Threshold for 1939 1410 1410
High Spell Threshold for 1940 1410 1410
High Spell Threshold for 1941 1410 1410
High Spell Threshold for 1942 1410 1410
High Spell Threshold for 1943 1410 1410
High Spell Threshold for 1944 1410 1410
High Spell Threshold for 1945 1410 1410
High Spell Threshold for 1946 1410 1410
High Spell Threshold for 1947 1410 1410
High Spell Threshold for 1948 1410 1410
High Spell Threshold for 1949 1410 1410
High Spell Threshold for 1950 1410 1410
High Spell Threshold for 1951 1410 1410
High Spell Threshold for 1952 1410 1410
High Spell Threshold for 1953 1410 1410

High Spell Threshold for 1954 1410 1410
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Santa Fe - Ft. White 1933- Santa Fe - Ft. White 1933-

Name 2010 2010 REDUCED
High Spell Threshold for 1955 1410 1410
High Spell Threshold for 1956 1410 1410
High Spell Threshold for 1957 1410 1410
High Spell Threshold for 1958 1410 1410
High Spell Threshold for 1959 1410 1410
High Spell Threshold for 1960 1410 1410
High Spell Threshold for 1961 1410 1410
High Spell Threshold for 1962 1410 1410
High Spell Threshold for 1963 1410 1410
High Spell Threshold for 1964 1410 1410
High Spell Threshold for 1965 1410 1410
High Spell Threshold for 1966 1410 1410
High Spell Threshold for 1967 1410 1410
High Spell Threshold for 1968 1410 1410
High Spell Threshold for 1969 1410 1410
High Spell Threshold for 1970 1410 1410
High Spell Threshold for 1971 1410 1410
High Spell Threshold for 1972 1410 1410
High Spell Threshold for 1973 1410 1410
High Spell Threshold for 1974 1410 1410
High Spell Threshold for 1975 1410 1410
High Spell Threshold for 1976 1410 1410
High Spell Threshold for 1977 1410 1410
High Spell Threshold for 1978 1410 1410
High Spell Threshold for 1979 1410 1410
High Spell Threshold for 1980 1410 1410
High Spell Threshold for 1981 1410 1410
High Spell Threshold for 1982 1410 1410
High Spell Threshold for 1983 1410 1410
High Spell Threshold for 1984 1410 1410
High Spell Threshold for 1985 1410 1410
High Spell Threshold for 1986 1410 1410
High Spell Threshold for 1987 1410 1410
High Spell Threshold for 1988 1410 1410
High Spell Threshold for 1989 1410 1410
High Spell Threshold for 1990 1410 1410
High Spell Threshold for 1991 1410 1410
High Spell Threshold for 1992 1410 1410
High Spell Threshold for 1993 1410 1410
High Spell Threshold for 1994 1410 1410
High Spell Threshold for 1995 1410 1410
High Spell Threshold for 1996 1410 1410
High Spell Threshold for 1997 1410 1410
High Spell Threshold for 1998 1410 1410
High Spell Threshold for 1999 1410 1410
High Spell Threshold for 2000 1410 1410
High Spell Threshold for 2001 1410 1410
High Spell Threshold for 2002 1410 1410
High Spell Threshold for 2003 1410 1410
High Spell Threshold for 2004 1410 1410
High Spell Threshold for 2005 1410 1410

High Spell Threshold for 2006 1410 1410
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Santa Fe - Ft. White 1933- Santa Fe - Ft. White 1933-

Name 2010 2010 REDUCED
High Spell Threshold for 2007 1410 1410
High Spell Threshold for 2008 1410 1410
High Spell Threshold for 2009 1410 1410
High Spell Threshold for 2010 1410 1410

Number of High Spell for 1933
Number of High Spell for 1934
Number of High Spell for 1935
Number of High Spell for 1936
Number of High Spell for 1937
Number of High Spell for 1938
Number of High Spell for 1939
Number of High Spell for 1940
Number of High Spell for 1941
Number of High Spell for 1942
Number of High Spell for 1943
Number of High Spell for 1944
Number of High Spell for 1945
Number of High Spell for 1946
Number of High Spell for 1947
Number of High Spell for 1948
Number of High Spell for 1949
Number of High Spell for 1950
Number of High Spell for 1951
Number of High Spell for 1952
Number of High Spell for 1953
Number of High Spell for 1954
Number of High Spell for 1955
Number of High Spell for 1956
Number of High Spell for 1957
Number of High Spell for 1958
Number of High Spell for 1959
Number of High Spell for 1960
Number of High Spell for 1961
Number of High Spell for 1962
Number of High Spell for 1963
Number of High Spell for 1964
Number of High Spell for 1965
Number of High Spell for 1966
Number of High Spell for 1967
Number of High Spell for 1968
Number of High Spell for 1969
Number of High Spell for 1970
Number of High Spell for 1971
Number of High Spell for 1972
Number of High Spell for 1973
Number of High Spell for 1974
Number of High Spell for 1975
Number of High Spell for 1976
Number of High Spell for 1977
Number of High Spell for 1978
Number of High Spell for 1979
Number of High Spell for 1980
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Santa Fe - Ft. White 1933- Santa Fe - Ft. White 1933-
Name 2010 2010 REDUCED
Number of High Spell for 1981
Number of High Spell for 1982
Number of High Spell for 1983
Number of High Spell for 1984
Number of High Spell for 1985
Number of High Spell for 1986
Number of High Spell for 1987
Number of High Spell for 1988
Number of High Spell for 1989
Number of High Spell for 1990
Number of High Spell for 1991
Number of High Spell for 1992
Number of High Spell for 1993
Number of High Spell for 1994
Number of High Spell for 1995
Number of High Spell for 1996
Number of High Spell for 1997
Number of High Spell for 1998
Number of High Spell for 1999
Number of High Spell for 2000
Number of High Spell for 2001
Number of High Spell for 2002
Number of High Spell for 2003
Number of High Spell for 2004
Number of High Spell for 2005
Number of High Spell for 2006
Number of High Spell for 2007
Number of High Spell for 2008
Number of High Spell for 2009
Number of High Spell for 2010

[N
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Longest High Spell for 1933 35

Longest High Spell for 1934 112 104
Longest High Spell for 1935 103 90
Longest High Spell for 1936 74 47
Longest High Spell for 1937 115 79
Longest High Spell for 1938 57 46
Longest High Spell for 1939 106 86
Longest High Spell for 1940 43 17
Longest High Spell for 1941 78 72
Longest High Spell for 1942 308 290
Longest High Spell for 1943 11 8

Longest High Spell for 1944 77 69
Longest High Spell for 1945 55 47
Longest High Spell for 1946 217 208
Longest High Spell for 1947 99 99
Longest High Spell for 1948 366 366
Longest High Spell for 1949 365 166
Longest High Spell for 1950 117 117
Longest High Spell for 1951 26 13
Longest High Spell for 1952 31 26
Longest High Spell for 1953 138 134

Longest High Spell for 1954 94 70
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Santa Fe - Ft. White 1933- Santa Fe - Ft. White 1933-

Name 2010 2010 REDUCED
Longest High Spell for 1955 NaN NaN
Longest High Spell for 1956 15 14
Longest High Spell for 1957 36 26
Longest High Spell for 1958 86 76
Longest High Spell for 1959 362 361
Longest High Spell for 1960 366 331
Longest High Spell for 1961 128 88
Longest High Spell for 1962 NaN NaN
Longest High Spell for 1963 47 42
Longest High Spell for 1964 155 154
Longest High Spell for 1965 365 365
Longest High Spell for 1966 365 365
Longest High Spell for 1967 121 63
Longest High Spell for 1968 92 74
Longest High Spell for 1969 147 66
Longest High Spell for 1970 319 304
Longest High Spell for 1971 87 54
Longest High Spell for 1972 149 147
Longest High Spell for 1973 251 238
Longest High Spell for 1974 67 62
Longest High Spell for 1975 43 36
Longest High Spell for 1976 NaN NaN
Longest High Spell for 1977 48 21
Longest High Spell for 1978 81 78
Longest High Spell for 1979 43 38
Longest High Spell for 1980 99 84
Longest High Spell for 1981 13 9
Longest High Spell for 1982 122 114
Longest High Spell for 1983 271 206
Longest High Spell for 1984 295 259
Longest High Spell for 1985 124 115
Longest High Spell for 1986 106 98
Longest High Spell for 1987 284 201
Longest High Spell for 1988 118 81
Longest High Spell for 1989 6 NaN
Longest High Spell for 1990 NaN NaN
Longest High Spell for 1991 195 186
Longest High Spell for 1992 108 70
Longest High Spell for 1993 95 59
Longest High Spell for 1994 34 27
Longest High Spell for 1995 22 16
Longest High Spell for 1996 27 24
Longest High Spell for 1997 74 24
Longest High Spell for 1998 165 152
Longest High Spell for 1999 NaN NaN
Longest High Spell for 2000 NaN NaN
Longest High Spell for 2001 NaN NaN
Longest High Spell for 2002 NaN NaN
Longest High Spell for 2003 67 62
Longest High Spell for 2004 116 104
Longest High Spell for 2005 87 69

Longest High Spell for 2006 80 40
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Santa Fe - Ft. White 1933- Santa Fe - Ft. White 1933-

Name 2010 2010 REDUCED
Longest High Spell for 2007 NaN NaN
Longest High Spell for 2008 21 17
Longest High Spell for 2009 23 11
Longest High Spell for 2010 37 17
Mean of High Spell Peaks for 1933 2406.667 2126.6
Mean of High Spell Peaks for 1934 6270 9213
Mean of High Spell Peaks for 1935 6280 5212.4
Mean of High Spell Peaks for 1936 1900 1819.7
Mean of High Spell Peaks for 1937 2755 2468.42
Mean of High Spell Peaks for 1938 2260 2480.933
Mean of High Spell Peaks for 1939 2480 2306.4
Mean of High Spell Peaks for 1940 1732.5 1720.5
Mean of High Spell Peaks for 1941 2918 4300.1
Mean of High Spell Peaks for 1942 4750 3942.5
Mean of High Spell Peaks for 1943 1760 1636.8
Mean of High Spell Peaks for 1944 5203.333 4364.167
Mean of High Spell Peaks for 1945 2860 2516.433
Mean of High Spell Peaks for 1946 3260 2761.75
Mean of High Spell Peaks for 1947 4270 3108.375
Mean of High Spell Peaks for 1948 11800 9794
Mean of High Spell Peaks for 1949 5420 2621.625
Mean of High Spell Peaks for 1950 3606.667 3106.2
Mean of High Spell Peaks for 1951 1630 1515.9
Mean of High Spell Peaks for 1952 2010 1869.3
Mean of High Spell Peaks for 1953 3780 3261.4
Mean of High Spell Peaks for 1954 5000 2809.7
Mean of High Spell Peaks for 1955 NaN NaN
Mean of High Spell Peaks for 1956 2200 2046
Mean of High Spell Peaks for 1957 2680 2356.067
Mean of High Spell Peaks for 1958 2053.333 1909.6
Mean of High Spell Peaks for 1959 7970 6615.1
Mean of High Spell Peaks for 1960 6290 3345.05
Mean of High Spell Peaks for 1961 2433.333 2190.7
Mean of High Spell Peaks for 1962 NaN NaN
Mean of High Spell Peaks for 1963 2003.333 1863.1
Mean of High Spell Peaks for 1964 7863.333 6568.567
Mean of High Spell Peaks for 1965 5100 4233
Mean of High Spell Peaks for 1966 5850 4855.5
Mean of High Spell Peaks for 1967 3205 2409.467
Mean of High Spell Peaks for 1968 4010 3404.3
Mean of High Spell Peaks for 1969 2920 1999.243
Mean of High Spell Peaks for 1970 7980 6623.4
Mean of High Spell Peaks for 1971 2540 1980.5
Mean of High Spell Peaks for 1972 2996.667 2586.74
Mean of High Spell Peaks for 1973 3985 5419.9
Mean of High Spell Peaks for 1974 2830 2462.1
Mean of High Spell Peaks for 1975 1960 1822.8
Mean of High Spell Peaks for 1976 NaN NaN
Mean of High Spell Peaks for 1977 2025 1732.9
Mean of High Spell Peaks for 1978 2746 2608.475
Mean of High Spell Peaks for 1979 1680 1732.125

Mean of High Spell Peaks for 1980 2946.667 2128.9
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Santa Fe - Ft. White 1933- Santa Fe - Ft. White 1933-

Name 2010 2010 REDUCED
Mean of High Spell Peaks for 1981 1720 1599.6
Mean of High Spell Peaks for 1982 2700 2416.5
Mean of High Spell Peaks for 1983 3145 2505
Mean of High Spell Peaks for 1984 3235 2864
Mean of High Spell Peaks for 1985 5750 47725
Mean of High Spell Peaks for 1986 2196.667 2289.75
Mean of High Spell Peaks for 1987 4940 2984.75
Mean of High Spell Peaks for 1988 2690 2598.233
Mean of High Spell Peaks for 1989 1460 NaN
Mean of High Spell Peaks for 1990 NaN NaN
Mean of High Spell Peaks for 1991 2886.667 2529.267
Mean of High Spell Peaks for 1992 39325 3119.26
Mean of High Spell Peaks for 1993 2130 1748.4
Mean of High Spell Peaks for 1994 2057.5 2070.8
Mean of High Spell Peaks for 1995 1900 1767
Mean of High Spell Peaks for 1996 2242.5 1897.56
Mean of High Spell Peaks for 1997 2210 2191.86
Mean of High Spell Peaks for 1998 4982.5 4240.125
Mean of High Spell Peaks for 1999 NaN NaN
Mean of High Spell Peaks for 2000 NaN NaN
Mean of High Spell Peaks for 2001 NaN NaN
Mean of High Spell Peaks for 2002 NaN NaN
Mean of High Spell Peaks for 2003 3126.667 2748.467
Mean of High Spell Peaks for 2004 9410 4616.6
Mean of High Spell Peaks for 2005 2232 2194.05
Mean of High Spell Peaks for 2006 2370 2166.9
Mean of High Spell Peaks for 2007 NaN NaN
Mean of High Spell Peaks for 2008 2405 2775.3
Mean of High Spell Peaks for 2009 2240 2194.65
Mean of High Spell Peaks for 2010 2080 1813.5
Mean Duration of High Spell for 1933 22.667 19.333
Mean Duration of High Spell for 1934 57.5 104
Mean Duration of High Spell for 1935 103 90
Mean Duration of High Spell for 1936 45.5 24
Mean Duration of High Spell for 1937 61.25 37.8
Mean Duration of High Spell for 1938 27 33
Mean Duration of High Spell for 1939 106 86
Mean Duration of High Spell for 1940 19 12
Mean Duration of High Spell for 1941 33.6 71
Mean Duration of High Spell for 1942 308 290
Mean Duration of High Spell for 1943 11 8
Mean Duration of High Spell for 1944 60.667 54.333
Mean Duration of High Spell for 1945 37 31.333
Mean Duration of High Spell for 1946 131 123.5
Mean Duration of High Spell for 1947 65.333 43.5
Mean Duration of High Spell for 1948 366 366
Mean Duration of High Spell for 1949 365 83
Mean Duration of High Spell for 1950 53.667 47.333
Mean Duration of High Spell for 1951 19 11
Mean Duration of High Spell for 1952 31 26
Mean Duration of High Spell for 1953 84 80.5
Mean Duration of High Spell for 1954 94 38.5
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Santa Fe - Ft. White 1933- Santa Fe - Ft. White 1933-

Name 2010 2010 REDUCED
Mean Duration of High Spell for 1955 NaN NaN
Mean Duration of High Spell for 1956 15 14
Mean Duration of High Spell for 1957 29.667 22
Mean Duration of High Spell for 1958 46.667 39.333
Mean Duration of High Spell for 1959 362 361
Mean Duration of High Spell for 1960 366 1735
Mean Duration of High Spell for 1961 78.667 64.667
Mean Duration of High Spell for 1962 NaN NaN
Mean Duration of High Spell for 1963 29 25
Mean Duration of High Spell for 1964 98 92.667
Mean Duration of High Spell for 1965 365 365
Mean Duration of High Spell for 1966 365 365
Mean Duration of High Spell for 1967 98 54.333
Mean Duration of High Spell for 1968 56.5 375
Mean Duration of High Spell for 1969 110.5 25.857
Mean Duration of High Spell for 1970 319 304
Mean Duration of High Spell for 1971 57 31
Mean Duration of High Spell for 1972 98.333 54.4
Mean Duration of High Spell for 1973 126.5 238
Mean Duration of High Spell for 1974 67 62
Mean Duration of High Spell for 1975 26 21
Mean Duration of High Spell for 1976 NaN NaN
Mean Duration of High Spell for 1977 37 13.667
Mean Duration of High Spell for 1978 43.6 48.5
Mean Duration of High Spell for 1979 15.625 16.5
Mean Duration of High Spell for 1980 56 25.8
Mean Duration of High Spell for 1981 13 9
Mean Duration of High Spell for 1982 74.5 69
Mean Duration of High Spell for 1983 155.5 96
Mean Duration of High Spell for 1984 150 135.5
Mean Duration of High Spell for 1985 124 115
Mean Duration of High Spell for 1986 49.667 59
Mean Duration of High Spell for 1987 284 128.5
Mean Duration of High Spell for 1988 31.143 30.667
Mean Duration of High Spell for 1989 6 NaN
Mean Duration of High Spell for 1990 NaN NaN
Mean Duration of High Spell for 1991 78 71.333
Mean Duration of High Spell for 1992 32.75 21
Mean Duration of High Spell for 1993 95 39.5
Mean Duration of High Spell for 1994 21.5 17.333
Mean Duration of High Spell for 1995 17.667 13.667
Mean Duration of High Spell for 1996 20.5 12.4
Mean Duration of High Spell for 1997 21.333 17.8
Mean Duration of High Spell for 1998 62.25 51.5
Mean Duration of High Spell for 1999 NaN NaN
Mean Duration of High Spell for 2000 NaN NaN
Mean Duration of High Spell for 2001 NaN NaN
Mean Duration of High Spell for 2002 NaN NaN
Mean Duration of High Spell for 2003 46.333 41
Mean Duration of High Spell for 2004 116 53
Mean Duration of High Spell for 2005 36 36.5
Mean Duration of High Spell for 2006 80 35
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Santa Fe - Ft. White 1933- Santa Fe - Ft. White 1933-

Name 2010 2010 REDUCED
Mean Duration of High Spell for 2007 NaN NaN
Mean Duration of High Spell for 2008 115 17
Mean Duration of High Spell for 2009 7.8 7
Mean Duration of High Spell for 2010 37 16
Total Duration of High Spell for 1933 68 58
Total Duration of High Spell for 1934 115 104
Total Duration of High Spell for 1935 103 90
Total Duration of High Spell for 1936 91 72
Total Duration of High Spell for 1937 245 189
Total Duration of High Spell for 1938 135 99
Total Duration of High Spell for 1939 106 86
Total Duration of High Spell for 1940 76 48
Total Duration of High Spell for 1941 168 142
Total Duration of High Spell for 1942 308 290
Total Duration of High Spell for 1943 11 8
Total Duration of High Spell for 1944 182 163
Total Duration of High Spell for 1945 111 94
Total Duration of High Spell for 1946 262 247
Total Duration of High Spell for 1947 196 174
Total Duration of High Spell for 1948 366 366
Total Duration of High Spell for 1949 365 332
Total Duration of High Spell for 1950 161 142
Total Duration of High Spell for 1951 38 22
Total Duration of High Spell for 1952 31 26
Total Duration of High Spell for 1953 168 161
Total Duration of High Spell for 1954 94 77
Total Duration of High Spell for 1955 NaN NaN
Total Duration of High Spell for 1956 15 14
Total Duration of High Spell for 1957 89 66
Total Duration of High Spell for 1958 140 118
Total Duration of High Spell for 1959 362 361
Total Duration of High Spell for 1960 366 347
Total Duration of High Spell for 1961 236 194
Total Duration of High Spell for 1962 NaN NaN
Total Duration of High Spell for 1963 87 75
Total Duration of High Spell for 1964 294 278
Total Duration of High Spell for 1965 365 365
Total Duration of High Spell for 1966 365 365
Total Duration of High Spell for 1967 196 163
Total Duration of High Spell for 1968 113 75
Total Duration of High Spell for 1969 221 181
Total Duration of High Spell for 1970 319 304
Total Duration of High Spell for 1971 114 93
Total Duration of High Spell for 1972 295 272
Total Duration of High Spell for 1973 253 238
Total Duration of High Spell for 1974 67 62
Total Duration of High Spell for 1975 52 42
Total Duration of High Spell for 1976 NaN NaN
Total Duration of High Spell for 1977 74 41
Total Duration of High Spell for 1978 218 194
Total Duration of High Spell for 1979 125 66

Total Duration of High Spell for 1980 168 129
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Santa Fe - Ft. White 1933- Santa Fe - Ft. White 1933-

Name 2010 2010 REDUCED
Total Duration of High Spell for 1981 13 9
Total Duration of High Spell for 1982 149 138
Total Duration of High Spell for 1983 311 288
Total Duration of High Spell for 1984 300 271
Total Duration of High Spell for 1985 124 115
Total Duration of High Spell for 1986 149 118
Total Duration of High Spell for 1987 284 257
Total Duration of High Spell for 1988 218 184
Total Duration of High Spell for 1989 6 NaN
Total Duration of High Spell for 1990 NaN NaN
Total Duration of High Spell for 1991 234 214
Total Duration of High Spell for 1992 131 105
Total Duration of High Spell for 1993 95 79
Total Duration of High Spell for 1994 86 52
Total Duration of High Spell for 1995 53 41
Total Duration of High Spell for 1996 82 62
Total Duration of High Spell for 1997 128 89
Total Duration of High Spell for 1998 249 206
Total Duration of High Spell for 1999 NaN NaN
Total Duration of High Spell for 2000 NaN NaN
Total Duration of High Spell for 2001 NaN NaN
Total Duration of High Spell for 2002 NaN NaN
Total Duration of High Spell for 2003 139 123
Total Duration of High Spell for 2004 116 106
Total Duration of High Spell for 2005 180 146
Total Duration of High Spell for 2006 80 70
Total Duration of High Spell for 2007 NaN NaN
Total Duration of High Spell for 2008 23 17
Total Duration of High Spell for 2009 39 28
Total Duration of High Spell for 2010 37 32
Total of periods Between High Spells for 1933 123 129
Total of periods Between High Spells for 1934 7 NaN
Total of periods Between High Spells for 1935 NaN NaN
Total of periods Between High Spells for 1936 175 191
Total of periods Between High Spells for 1937 87 101
Total of periods Between High Spells for 1938 205 227
Total of periods Between High Spells for 1939 NaN NaN
Total of periods Between High Spells for 1940 129 150
Total of periods Between High Spells for 1941 153 44
Total of periods Between High Spells for 1942 NaN NaN
Total of periods Between High Spells for 1943 NaN NaN
Total of periods Between High Spells for 1944 82 92
Total of periods Between High Spells for 1945 248 264
Total of periods Between High Spells for 1946 81 88
Total of periods Between High Spells for 1947 132 144
Total of periods Between High Spells for 1948 NaN NaN
Total of periods Between High Spells for 1949 NaN 33
Total of periods Between High Spells for 1950 204 223
Total of periods Between High Spells for 1951 296 310
Total of periods Between High Spells for 1952 NaN NaN
Total of periods Between High Spells for 1953 98 105

Total of periods Between High Spells for 1954 NaN 10
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Santa Fe - Ft. White 1933- Santa Fe - Ft. White 1933-

Name 2010 2010 REDUCED
Total of periods Between High Spells for 1955 NaN NaN
Total of periods Between High Spells for 1956 NaN NaN
Total of periods Between High Spells for 1957 48 66
Total of periods Between High Spells for 1958 47 64
Total of periods Between High Spells for 1959 NaN NaN
Total of periods Between High Spells for 1960 NaN 19
Total of periods Between High Spells for 1961 61 93
Total of periods Between High Spells for 1962 NaN NaN
Total of periods Between High Spells for 1963 161 170
Total duration of Falls for 1984 58 74
Total of periods Between High Spells for 1965 NaN NaN
Total of periods Between High Spells for 1966 NaN NaN
Total of periods Between High Spells for 1967 86 108
Total of periods Between High Spells for 1968 2 19
Total of periods Between High Spells for 1969 96 136
Total of periods Between High Spells for 1970 NaN NaN
Total of periods Between High Spells for 1971 24 45
Total of periods Between High Spells for 1972 71 12
Total of periods Between High Spells for 1973 27 NaN
Total of periods Between High Spells for 1974 NaN NaN
Total of periods Between High Spells for 1975 143 149
Total of periods Between High Spells for 1976 NaN NaN
Total of periods Between High Spells for 1977 4 33
Total of periods Between High Spells for 1978 36 52
Total of periods Between High Spells for 1979 202 248
Total of periods Between High Spells for 1980 58 84
Total of periods Between High Spells for 1981 NaN NaN
Total of periods Between High Spells for 1982 48 52
Total of periods Between High Spells for 1983 11 32
Total of periods Between High Spells for 1984 17 17
Total of periods Between High Spells for 1985 NaN NaN
Total of periods Between High Spells for 1986 209 141
Total of periods Between High Spells for 1987 NaN 17
Total of periods Between High Spells for 1988 90 106
Total of periods Between High Spells for 1989 NaN NaN
Total of periods Between High Spells for 1990 NaN NaN
Total of periods Between High Spells for 1991 5 19
Total of periods Between High Spells for 1992 91 103
Total of periods Between High Spells for 1993 NaN 5
Total of periods Between High Spells for 1994 197 227
Total of periods Between High Spells for 1995 103 112
Total of periods Between High Spells for 1996 204 218
Total of periods Between High Spells for 1997 237 158
Total of periods Between High Spells for 1998 64 103
Total of periods Between High Spells for 1999 NaN NaN
Total of periods Between High Spells for 2000 NaN NaN
Total of periods Between High Spells for 2001 NaN NaN
Total of periods Between High Spells for 2002 NaN NaN
Total of periods Between High Spells for 2003 75 87
Total of periods Between High Spells for 2004 NaN 10
Total of periods Between High Spells for 2005 185 219
Total of periods Between High Spells for 2006 NaN 3
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Santa Fe - Ft. White 1933- Santa Fe - Ft. White 1933-

Name 2010 2010 REDUCED
Total of periods Between High Spells for 2007 NaN NaN
Total of periods Between High Spells for 2008 161 NaN
Total of periods Between High Spells for 2009 62 38
Total of periods Between High Spells for 2010 NaN 2
Mean period Between High Spells for 1933 61.5 64.5
Mean period Between High Spells for 1934 7 NaN
Mean period Between High Spells for 1935 NaN NaN
Mean period Between High Spells for 1936 175 95.5
Mean period Between High Spells for 1937 29 25.25
Mean period Between High Spells for 1938 51.25 1135
Mean period Between High Spells for 1939 NaN NaN
Mean period Between High Spells for 1940 43 50
Mean period Between High Spells for 1941 38.25 44
Mean period Between High Spells for 1942 NaN NaN
Mean period Between High Spells for 1943 NaN NaN
Mean period Between High Spells for 1944 41 46
Mean period Between High Spells for 1945 124 132
Mean period Between High Spells for 1946 81 88
Mean period Between High Spells for 1947 66 48
Mean period Between High Spells for 1948 NaN NaN
Mean period Between High Spells for 1949 NaN 11
Mean period Between High Spells for 1950 102 1115
Mean period Between High Spells for 1951 296 310
Mean period Between High Spells for 1952 NaN NaN
Mean period Between High Spells for 1953 98 105
Mean period Between High Spells for 1954 NaN 10
Mean period Between High Spells for 1955 NaN NaN
Mean period Between High Spells for 1956 NaN NaN
Mean period Between High Spells for 1957 24 33
Mean period Between High Spells for 1958 235 32
Mean period Between High Spells for 1959 NaN NaN
Mean period Between High Spells for 1960 NaN 19
Mean period Between High Spells for 1961 30.5 46.5
Mean period Between High Spells for 1962 NaN NaN
Mean period Between High Spells for 1963 80.5 85
Mean period Between High Spells for 1964 29 37
Mean period Between High Spells for 1965 NaN NaN
Mean period Between High Spells for 1966 NaN NaN
Mean period Between High Spells for 1967 86 54
Mean period Between High Spells for 1968 2 19
Mean period Between High Spells for 1969 96 22.667
Mean period Between High Spells for 1970 NaN NaN
Mean period Between High Spells for 1971 24 225
Mean period Between High Spells for 1972 35.5 3
Mean period Between High Spells for 1973 27 NaN
Mean period Between High Spells for 1974 NaN NaN
Mean period Between High Spells for 1975 143 149
Mean period Between High Spells for 1976 NaN NaN
Mean period Between High Spells for 1977 4 16.5
Mean period Between High Spells for 1978 9 17.333
Mean period Between High Spells for 1979 28.857 82.667

Mean period Between High Spells for 1980 29 21
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Santa Fe - Ft. White 1933- Santa Fe - Ft. White 1933-

Name 2010 2010 REDUCED
Mean period Between High Spells for 1981 NaN NaN
Mean period Between High Spells for 1982 48 52
Mean period Between High Spells for 1983 11 16
Mean period Between High Spells for 1984 17 17
Mean period Between High Spells for 1985 NaN NaN
Mean period Between High Spells for 1986 104.5 141
Mean period Between High Spells for 1987 NaN 17
Mean period Between High Spells for 1988 15 21.2
Mean period Between High Spells for 1989 NaN NaN
Mean period Between High Spells for 1990 NaN NaN
Mean period Between High Spells for 1991 2.5 9.5
Mean period Between High Spells for 1992 30.333 25.75
Mean period Between High Spells for 1993 NaN 5
Mean period Between High Spells for 1994 65.667 1135
Mean period Between High Spells for 1995 51.5 56
Mean period Between High Spells for 1996 68 54.5
Mean period Between High Spells for 1997 47.4 39.5
Mean period Between High Spells for 1998 21.333 34.333
Mean period Between High Spells for 1999 NaN NaN
Mean period Between High Spells for 2000 NaN NaN
Mean period Between High Spells for 2001 NaN NaN
Mean period Between High Spells for 2002 NaN NaN
Mean period Between High Spells for 2003 37.5 43.5
Mean period Between High Spells for 2004 NaN 10
Mean period Between High Spells for 2005 46.25 73
Mean period Between High Spells for 2006 NaN 3
Mean period Between High Spells for 2007 NaN NaN
Mean period Between High Spells for 2008 161 NaN
Mean period Between High Spells for 2009 155 12.667
Mean period Between High Spells for 2010 NaN 2
Longest period Between High Spells for 1933 118 121
Longest period Between High Spells for 1934 7 NaN
Longest period Between High Spells for 1935 NaN NaN
Longest period Between High Spells for 1936 175 183
Longest period Between High Spells for 1937 69 78
Longest period Between High Spells for 1938 155 168
Longest period Between High Spells for 1939 NaN NaN
Longest period Between High Spells for 1940 83 129
Longest period Between High Spells for 1941 100 44
Longest period Between High Spells for 1942 NaN NaN
Longest period Between High Spells for 1943 NaN NaN
Longest period Between High Spells for 1944 74 76
Longest period Between High Spells for 1945 168 177
Longest period Between High Spells for 1946 81 88
Longest period Between High Spells for 1947 105 108
Longest period Between High Spells for 1948 NaN NaN
Longest period Between High Spells for 1949 NaN 26
Longest period Between High Spells for 1950 175 192
Longest period Between High Spells for 1951 296 310
Longest period Between High Spells for 1952 NaN NaN
Longest period Between High Spells for 1953 98 105

Longest period Between High Spells for 1954 NaN 10
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Santa Fe - Ft. White 1933- Santa Fe - Ft. White 1933-

Name 2010 2010 REDUCED
Longest period Between High Spells for 1955 NaN NaN
Longest period Between High Spells for 1956 NaN NaN
Longest period Between High Spells for 1957 32 36
Longest period Between High Spells for 1958 41 51
Longest period Between High Spells for 1959 NaN NaN
Longest period Between High Spells for 1960 NaN 19
Longest period Between High Spells for 1961 56 82
Longest period Between High Spells for 1962 NaN NaN
Longest period Between High Spells for 1963 145 151
Longest period Between High Spells for 1964 53 59
Longest period Between High Spells for 1965 NaN NaN
Longest period Between High Spells for 1966 NaN NaN
Longest period Between High Spells for 1967 86 106
Longest period Between High Spells for 1968 2 19
Longest period Between High Spells for 1969 96 107
Longest period Between High Spells for 1970 NaN NaN
Longest period Between High Spells for 1971 24 40
Longest period Between High Spells for 1972 69 5
Longest period Between High Spells for 1973 27 NaN
Longest period Between High Spells for 1974 NaN NaN
Longest period Between High Spells for 1975 143 149
Longest period Between High Spells for 1976 NaN NaN
Longest period Between High Spells for 1977 4 23
Longest period Between High Spells for 1978 23 33
Longest period Between High Spells for 1979 99 184
Longest period Between High Spells for 1980 51 58
Longest period Between High Spells for 1981 NaN NaN
Longest period Between High Spells for 1982 48 52
Longest period Between High Spells for 1983 11 26
Longest period Between High Spells for 1984 17 17
Longest period Between High Spells for 1985 NaN NaN
Longest period Between High Spells for 1986 131 141
Longest period Between High Spells for 1987 NaN 17
Longest period Between High Spells for 1988 46 74
Longest period Between High Spells for 1989 NaN NaN
Longest period Between High Spells for 1990 NaN NaN
Longest period Between High Spells for 1991 3 16
Longest period Between High Spells for 1992 64 67
Longest period Between High Spells for 1993 NaN 5
Longest period Between High Spells for 1994 150 212
Longest period Between High Spells for 1995 93 98
Longest period Between High Spells for 1996 83 86
Longest period Between High Spells for 1997 115 117
Longest period Between High Spells for 1998 32 50
Longest period Between High Spells for 1999 NaN NaN
Longest period Between High Spells for 2000 NaN NaN
Longest period Between High Spells for 2001 NaN NaN
Longest period Between High Spells for 2002 NaN NaN
Longest period Between High Spells for 2003 53 60
Longest period Between High Spells for 2004 NaN 10
Longest period Between High Spells for 2005 73 120

Longest period Between High Spells for 2006 NaN 3
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Santa Fe - Ft. White 1933- Santa Fe - Ft. White 1933-

Name 2010 2010 REDUCED
Longest period Between High Spells for 2007 NaN NaN
Longest period Between High Spells for 2008 161 NaN
Longest period Between High Spells for 2009 28 29
Longest period Between High Spells for 2010 NaN 2
Total (Sum) Raw Values for 1933 139040 112989.3
Total (Sum) Raw Values for 1934 299420 250992.2
Total (Sum) Raw Values for 1935 277330 224934.9
Total (Sum) Raw Values for 1936 159360 122118.3
Total (Sum) Raw Values for 1937 500440 377448.5
Total (Sum) Raw Values for 1938 245990 177243.3
Total (Sum) Raw Values for 1939 191110 150501.9
Total (Sum) Raw Values for 1940 122980 76427.4
Total (Sum) Raw Values for 1941 411460 329500.9
Total (Sum) Raw Values for 1942 726970 622825.3
Total (Sum) Raw Values for 1943 17900 12536.4
Total (Sum) Raw Values for 1944 434870 362534.6
Total (Sum) Raw Values for 1945 223810 181098.2
Total (Sum) Raw Values for 1946 586850 509274
Total (Sum) Raw Values for 1947 537250 439482.9
Total (Sum) Raw Values for 1948 1041940 917458.4
Total (Sum) Raw Values for 1949 706970 601515.3
Total (Sum) Raw Values for 1950 402320 332110
Total (Sum) Raw Values for 1951 58150 32345.4
Total (Sum) Raw Values for 1952 54260 43672.8
Total (Sum) Raw Values for 1953 419980 363579.4
Total (Sum) Raw Values for 1954 198780 155896.3
Total (Sum) Raw Values for 1955 0 0
Total (Sum) Raw Values for 1956 27560 24291.6
Total (Sum) Raw Values for 1957 168950 123365.5
Total (Sum) Raw Values for 1958 262390 214290.6
Total (Sum) Raw Values for 1959 970590 855838.8
Total (Sum) Raw Values for 1960 847250 731614.3
Total (Sum) Raw Values for 1961 440970 348155.9
Total (Sum) Raw Values for 1962 0 0
Total (Sum) Raw Values for 1963 151640 124787.4
Total (Sum) Raw Values for 1964 800690 690803.1
Total (Sum) Raw Values for 1965 928690 824271.5
Total (Sum) Raw Values for 1966 979760 863270.4
Total (Sum) Raw Values for 1967 373570 297501.9
Total (Sum) Raw Values for 1968 245190 167328.6
Total (Sum) Raw Values for 1969 404050 318695.7
Total (Sum) Raw Values for 1970 832500 710231
Total (Sum) Raw Values for 1971 224910 175461
Total (Sum) Raw Values for 1972 632050 540053.7
Total (Sum) Raw Values for 1973 551320 480317
Total (Sum) Raw Values for 1974 140990 122696.1
Total (Sum) Raw Values for 1975 89940 70056.9
Total (Sum) Raw Values for 1976 0 0
Total (Sum) Raw Values for 1977 120520 67006.5
Total (Sum) Raw Values for 1978 457900 382335.6
Total (Sum) Raw Values for 1979 210920 115510.5

Total (Sum) Raw Values for 1980 327810 246002.8
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Santa Fe - Ft. White 1933- Santa Fe - Ft. White 1933-

Name 2010 2010 REDUCED
Total (Sum) Raw Values for 1981 20670 13810.5
Total (Sum) Raw Values for 1982 283880 247827
Total (Sum) Raw Values for 1983 626470 539946.9
Total (Sum) Raw Values for 1984 669920 562810.4
Total (Sum) Raw Values for 1985 296860 254133.4
Total (Sum) Raw Values for 1986 286470 222829.5
Total (Sum) Raw Values for 1987 659730 547917.2
Total (Sum) Raw Values for 1988 508550 405893.4
Total (Sum) Raw Values for 1989 8630 0
Total (Sum) Raw Values for 1990 0 0
Total (Sum) Raw Values for 1991 490880 421454 .4
Total (Sum) Raw Values for 1992 309040 241127.7
Total (Sum) Raw Values for 1993 166640 133157.4
Total (Sum) Raw Values for 1994 151280 94240.2
Total (Sum) Raw Values for 1995 88220 65825.4
Total (Sum) Raw Values for 1996 152480 112569.8
Total (Sum) Raw Values for 1997 241090 168495.4
Total (Sum) Raw Values for 1998 758100 603903.2
Total (Sum) Raw Values for 1999 0 0
Total (Sum) Raw Values for 2000 0 0
Total (Sum) Raw Values for 2001 0 0
Total (Sum) Raw Values for 2002 0 0
Total (Sum) Raw Values for 2003 296650 247669.3
Total (Sum) Raw Values for 2004 385600 318660.4
Total (Sum) Raw Values for 2005 365430 289599.7
Total (Sum) Raw Values for 2006 148700 124573.5
Total (Sum) Raw Values for 2007 0 0
Total (Sum) Raw Values for 2008 48140 35257.1
Total (Sum) Raw Values for 2009 79920 56898.7
Total (Sum) Raw Values for 2010 62910 51587.1
Mean Raw Values for 1933 46346.667 37663.1
Mean Raw Values for 1934 149710 250992.2
Mean Raw Values for 1935 277330 224934.9
Mean Raw Values for 1936 79680 40706.1
Mean Raw Values for 1937 125110 75489.7
Mean Raw Values for 1938 49198 59081.1
Mean Raw Values for 1939 191110 150501.9
Mean Raw Values for 1940 30745 19106.85
Mean Raw Values for 1941 82292 164750.45
Mean Raw Values for 1942 726970 622825.3
Mean Raw Values for 1943 17900 12536.4
Mean Raw Values for 1944 144956.667 120844.867
Mean Raw Values for 1945 74603.333 60366.067
Mean Raw Values for 1946 293425 254637
Mean Raw Values for 1947 179083.333 109870.725
Mean Raw Values for 1948 1041940 917458.4
Mean Raw Values for 1949 706970 150378.825
Mean Raw Values for 1950 134106.667 110703.333
Mean Raw Values for 1951 29075 16172.7
Mean Raw Values for 1952 54260 43672.8
Mean Raw Values for 1953 209990 181789.7
Mean Raw Values for 1954 198780 77948.15
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Santa Fe - Ft. White 1933- Santa Fe - Ft. White 1933-
Name 2010 2010 REDUCED

Mean Raw Values for 1955 NaN NaN
Mean Raw Values for 1956 27560 24291.6
Mean Raw Values for 1957 56316.667 41121.833
Mean Raw Values for 1958 87463.333 71430.2
Mean Raw Values for 1959 970590 855838.8
Mean Raw Values for 1960 847250 365807.15
Mean Raw Values for 1961 146990 116051.967
Mean Raw Values for 1962 NaN NaN
Mean Raw Values for 1963 50546.667 41595.8
Mean Raw Values for 1964 266896.667 230267.7
Mean Raw Values for 1965 928690 824271.5
Mean Raw Values for 1966 979760 863270.4
Mean Raw Values for 1967 186785 99167.3
Mean Raw Values for 1968 122595 83664.3
Mean Raw Values for 1969 202025 45527.957
Mean Raw Values for 1970 832500 710231
Mean Raw Values for 1971 112455 58487
Mean Raw Values for 1972 210683.333 108010.74
Mean Raw Values for 1973 275660 480317
Mean Raw Values for 1974 140990 122696.1
Mean Raw Values for 1975 44970 35028.45
Mean Raw Values for 1976 NaN NaN
Mean Raw Values for 1977 60260 22335.5
Mean Raw Values for 1978 91580 95583.9
Mean Raw Values for 1979 26365 28877.625
Mean Raw Values for 1980 109270 49200.56
Mean Raw Values for 1981 20670 13810.5
Mean Raw Values for 1982 141940 123913.5
Mean Raw Values for 1983 313235 179982.3
Mean Raw Values for 1984 334960 281405.2
Mean Raw Values for 1985 296860 254133.4
Mean Raw Values for 1986 95490 111414.75
Mean Raw Values for 1987 659730 273958.6
Mean Raw Values for 1988 72650 67648.9
Mean Raw Values for 1989 8630 NaN
Mean Raw Values for 1990 NaN NaN
Mean Raw Values for 1991 163626.667 140484.8
Mean Raw Values for 1992 77260 48225.54
Mean Raw Values for 1993 166640 66578.7
Mean Raw Values for 1994 37820 314134
Mean Raw Values for 1995 29406.667 21941.8
Mean Raw Values for 1996 38120 22513.96
Mean Raw Values for 1997 40181.667 33699.08
Mean Raw Values for 1998 189525 150975.8
Mean Raw Values for 1999 NaN NaN
Mean Raw Values for 2000 NaN NaN
Mean Raw Values for 2001 NaN NaN
Mean Raw Values for 2002 NaN NaN
Mean Raw Values for 2003 98883.333 82556.433
Mean Raw Values for 2004 385600 159330.2
Mean Raw Values for 2005 73086 72399.925
Mean Raw Values for 2006 148700 62286.75
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Santa Fe - Ft. White 1933- Santa Fe - Ft. White 1933-

Name 2010 2010 REDUCED
Mean Raw Values for 2007 NaN NaN

Mean Raw Values for 2008 24070 35257.1
Mean Raw Values for 2009 15984 14224.675

Mean Raw Values for 2010 62910 25793.55
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Ichetucknee - Dampiers | chetucknee - Dampier s 2002-

Name 2002-2010 2010 REDUCED
Reporting Period Summary

Start based on User 1/1/2002 1/1/2002
End Date 12/31/2010 12/31/2010
General Statistics

Whole Period

Minimum 138 132.48
Maximum 609 584.64
Percentile 10 211 202.56
Percentile 90 430 412.8
Mean 313.379 300.844
Median 304 291.84
Ccv 0.256 0.256
Standard Deviation 80.103 76.899
Skewness 1.031 1.031
Variability -0.72 -0.72
Zeros 0 0
Total 1030076.281 988873.23
S Log 0.112 0.112
Lanes 0.113 0.113
Less or equal 294 1513 1667
Greater or equal 294 1794 1620
Summary for each year

Minimum for 2002 189 181.44
Minimum for 2003 138 132.48
Minimum for 2004 209 200.64
Minimum for 2005 215 206.4
Minimum for 2006 344 330.24
Minimum for 2007 275 264
Minimum for 2008 243 233.28
Minimum for 200¢ 152 145.9:
Minimum for 2010 205 196.8
Maximum for 2002 236.997 227.517
Maximum for 2003 399 383.04
Maximum for 2004 448 430.08
Maximum for 2005 609 584.64
Maximum for 2006 439 421.44
Maximum for 2007 366 351.36
Maximum for 2008 389 373.44
Maximum for 2009 318 305.28
Maximum for 2010 335 321.6
Percentile 10 for 2002 195 187.2
Percentile 10 for 2003 190.6 182.976
Percentile 10 for 2004 241.5 231.84
Percentile 10 for 2005 418 401.28
Percentile 10 for 2006 353 338.88
Percentile 10 for 2007 281 269.76
Percentile 10 for 2008 254 243.84
Percentile 10 for 2009 228 218.88
Percentile 10 for 2010 249 239.04
Percentile 90 for 2002 220 211.2
Percentile 90 for 2003 375 360
Percentile 90 for 2004 404.5 388.32
Percentile 90 for 2005 509 488.64
Percentile 90 for 2006 427.6 410.496
Percentile 90 for 2007 355 340.8

Percentile 90 for 2008 300 288
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Ichetucknee - Dampiers | chetucknee - Dampier s 2002-

Name 2002-2010 2010 REDUCED
Percentile 90 for 2009 294 282.24
Percentile 90 for 2010 321 308.16
Mean for 2002 206.207 197.959
Mean for 2003 308.742 296.393
Mean for 2004 323.664 310.717
Mean for 2005 453.247 435.117
Mean for 2006 384.704 369.316
Mean for 2007 316.392 303.736
Mean for 2008 274.779 263.788
Mean for 2009 258.416 248.08
Mean for 2010 294.336 282.563
Median for 2002 203 194.88
Median for 2003 343 329.28
Median for 2004 329 315.84
Median for 2005 452 433.92
Median for 2006 367 352.32
Median for 2007 308 295.68
Median for 2008 271 260.16
Median for 2009 257 246.72
Median for 2010 304 291.84
Zeros for 2002 0 0
Zeros for 2003 0 0
Zeros for 2004 0 0
Zeros for 2005 0 0
Zeros for 2006 0 0
Zeros for 2007 0 0
Zeros for 2008 0 0
Zeros for 2009 0 0
Zeros for 2010 0 0
Total for 200: 75265.5: 72254.91
Total for 2003 112691 108183.36
Total for 2004 118461 113722.56
Total for 2005 165435 158817.6
Total for 2006 140417 134800.32
Total for 2007 115483 110863.68
Total for 2008 100569 96546.24
Total for 2009 94322 90549.12
Total for 2010 107432.742 103135.432
S_Log for 2002 0.018 0.018
S_Log for 2003 0.1 0.1
S_Log for 2004 0.091 0.091
S_Log for 2005 0.084 0.084
S_Log for 2006 0.029 0.029
S_Log for 2007 0.032 0.032
S_Log for 2008 0.03 0.03
S_Log for 2009 0.038 0.038
S_Log for 2010 0.044 0.044
Lanes for 2002 0.02 0.02
Lanes for 2003 0.11 0.11
Lanes for 2004 0.081 0.081
Lanes for 2005 0.074 0.074
Lanes for 2006 0.038 0.038
Lanes for 2007 0.042 0.042
Lanes for 2008 0.031 0.031
Lanes for 2009 0.039 0.039

Lanes for 2010 0.046 0.046
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Ichetucknee - Dampiers  Ichetucknee - Dampier s 2002-
Name 2002-2010 2010 REDUCED

Less or equal 294 for 2002 365 365
Less or equal 294 for 2003 135 139
Less or equal 294 for 2004 77 80
Less or equal 294 for 2005 19 19
Less or equal 294 for 2006 0 0
Less or equal 294 for 2007 127 181
Less or equal 294 for 2008 309 342
Less or equal 294 for 2009 329 351
Less or equal 294 for 2010 152 190
Greater or equal 294 for 2002 0 0
Greater or equal 294 for 2003 232 226
Greater or equal 294 for 2004 289 286
Greater or equal 294 for 2005 346 346
Greater or equal 294 for 2006 365 365
Greater or equal 294 for 2007 242 184
Greater or equal 294 for 2008 61 24
Greater or equal 294 for 2009 46 14
Greater or equal 294 for 2010 213 175
Summary of interannual measures

Mean of all years Minimum 218.889 210.133
Mean of all years Maximum 393.333 377.6
Mean of all years Percentile 10 267.789 257.077
Mean of all years Percentile 90 356.233 341.984
Mean of all years Mean 313.387 300.852
Mean of all years Median 314.889 302.293
Mean of all years Zeros 0 0
Mean of all years Total 114452.92 109874.803
Mean of all years Less or equal 294 168.111 185.222
Mean of all years Greater or equal 294 199.333 180
Median of all years Minimui 20¢ 200.6¢
Median of all years Maximum 389 373.44
Median of all years Percentile 10 249 239.04
Median of all years Percentile 90 355 340.8
Median of all years Mean 308.742 296.393
Median of all years Median 308 295.68
Median of all years Zeros 0 0
Median of all years Total 112691 108183.36
Median of all years Less or equal 294 135 181
Median of all years Greater or equal 294 232 184
High Flow Spell result

Whole Period

High Spell Threshold 294 294
Number of High Spell 16 17
Longest High Spell 860 802
Mean of High Spell Peaks 358.505 346.678
Mean Duration of High Spell 112.062 95.176
Total Duration of High Spell 1793 1618
Total of periods Between High Spells 920 1092
Mean period Between High Spells 61.333 68.25
Longest period Between High Spells 234 278
Total (Sum) Raw Values 664090.742 587203.674
Mean Raw Values 41505.671 34541.393
Summary for each year

High Spell Threshold for 2002 294 294
High Spell Threshold for 2003 294 294
High Spell Threshold for 2004 294 294
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Ichetucknee - Dampiers | chetucknee - Dampier s 2002-

Name 2002-2010 2010 REDUCED
High Spell Threshold for 2005 294 294
High Spell Threshold for 2006 294 294
High Spell Threshold for 2007 294 294
High Spell Threshold for 2008 294 294
High Spell Threshold for 2009 294 294
High Spell Threshold for 2010 294 294
Number of High Spell for 2002 0 0
Number of High Spell for 2003 3 2
Number of High Spell for 2004 3 3
Number of High Spell for 2005 2 2
Number of High Spell for 2006 1 1
Number of High Spell for 2007 1 1
Number of High Spell for 2008 3 3
Number of High Spell for 2009 4 1
Number of High Spell for 2010 3 8
Longest High Spell for 2002 NaN NaN
Longest High Spell for 2003 124 122
Longest High Spell for 2004 188 186
Longest High Spell for 2005 253 253
Longest High Spell for 2006 365 365
Longest High Spell for 2007 242 184
Longest High Spell for 2008 39 13
Longest High Spell for 2009 27 14
Longest High Spell for 2010 159 129
Mean of High Spell Peaks for 2002 NaN NaN
Mean of High Spell Peaks for 2003 358.667 375.36
Mean of High Spell Peaks for 2004 391.333 375.68
Mean of High Spell Peaks for 2005 528 506.88
Mean of High Spell Peaks for 2006 439 421.44
Mean of High Spell Peaks for 2C 36€ 351.3¢
Mean of High Spell Peaks for 2008 341.667 332.48
Mean of High Spell Peaks for 2009 302 305.28
Mean of High Spell Peaks for 2010 328.029 306.85
Mean Duration of High Spell for 2002 NaN NaN
Mean Duration of High Spell for 2003 77.333 113
Mean Duration of High Spell for 2004 96.333 95.333
Mean Duration of High Spell for 2005 173 173
Mean Duration of High Spell for 2006 365 365
Mean Duration of High Spell for 2007 242 184
Mean Duration of High Spell for 2008 20.333 8
Mean Duration of High Spell for 2009 115 14
Mean Duration of High Spell for 2010 70.667 21.625
Total Duration of High Spell for 2002 NaN NaN
Total Duration of High Spell for 2003 232 226
Total Duration of High Spell for 2004 289 286
Total Duration of High Spell for 2005 346 346
Total Duration of High Spell for 2006 365 365
Total Duration of High Spell for 2007 242 184
Total Duration of High Spell for 2008 61 24
Total Duration of High Spell for 2009 46 14
Total Duration of High Spell for 2010 212 173
Total of periods Between High Spells for 2002 NaN NaN
Total of periods Between High Spells for 2003 11 16
Total of periods Between High Spells for 2004 77 80
Total of periods Between High Spells for 2005 19 19

Total of periods Between High Spells for 2006 NaN NaN
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Ichetucknee - Dampiers 2002-

Name 2002-2010 2010 REDUCED
Total of periods Between High Spells for 2007 NaN NaN
Total of periods Between High Spells for 2008 114 130
Total of periods Between High Spells for 2009 34 NaN
Total of periods Between High Spells for 2010 4 41
Mean period Between High Spells for 2002 NaN NaN
Mean period Between High Spells for 2003 55 16
Mean period Between High Spells for 2004 38.5 40
Mean period Between High Spells for 2005 19 19
Mean period Between High Spells for 2006 NaN NaN
Mean period Between High Spells for 2007 NaN NaN
Mean period Between High Spells for 2008 57 65
Mean period Between High Spells for 2009 11.333 NaN
Mean period Between High Spells for 2010 2 5.857
Longest period Between High Spells for 2002 NaN NaN
Longest period Between High Spells for 2003 8 16
Longest period Between High Spells for 2004 58 60
Longest period Between High Spells for 2005 19 19
Longest period Between High Spells for 2006 NaN NaN
Longest period Between High Spells for 2007 NaN NaN
Longest period Between High Spells for 2008 112 122
Longest period Between High Spells for 2009 24 NaN
Longest period Between High Spells for 2010 2 15
Total (Sum) Raw Values for 2002 0 0
Total (Sum) Raw Values for 2003 82645 77624.64
Total (Sum) Raw Values for 2004 99899 95036.16
Total (Sum) Raw Values for 2005 160910 154473.6
Total (Sum) Raw Values for 2006 140417 134800.32
Total (Sum) Raw Values for 2007 80477 60578.88
Total (Sum) Raw Values for 2008 19092 7695.36
Total (Sum) Raw Values for 20 1386: 4188.4¢
Total (Sum) Raw Values for 2010 66788.742 52806.234
Mean Raw Values for 2002 NaN NaN
Mean Raw Values for 2003 27548.333 38812.32
Mean Raw Values for 2004 33299.667 31678.72
Mean Raw Values for 2005 80455 77236.8
Mean Raw Values for 2006 140417 134800.32
Mean Raw Values for 2007 80477 60578.88
Mean Raw Values for 2008 6364 2565.12
Mean Raw Values for 2009 3465.5 4188.48
Mean Raw Values for 2010 22262.914 6600.779
Summary of interannual measures

Mean of all years High Spell Threshold 294 294
Mean of all years Number of High Spell 2.222 2.333
Mean of all years Longest High Spell NaN NaN
Mean of all years Mean of High Spell Peaks NaN NaN
Mean of all years Mean Duration of High Spell NaN NaN
Mean of all years Total Duration of High Spell NaN NaN
Mean of all years Total of periods Between High Spells NaN NaN
Mean of all years Mean period Between High Spells NaN NaN
Mean of all years Longest period Between High Spells NaN NaN
Mean of all years Total (Sum) Raw Values 73787.86 65244.853
Mean of all years Mean Raw Values NaN NaN
Median of all years High Spell Threshold 294 294
Median of all years Number of High Spell 3 2
Median of all years Longest High Spell NaN NaN
Median of all years Mean of High Spell Peaks 341.667 332.48
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Ichetucknee - Dampiers | chetucknee - Dampier s 2002-

Name 2002-2010 2010 REDUCED
Median of all years Mean Duration of High Spell 77.333 95.333
Median of all years Total Duration of High Spell 232 184
Median of all years Total of periods Between High Spells NaN NaN
Median of all years Mean period Between High Spells NaN NaN
Median of all years Longest period Between High Spells NaN NaN
Median of all years Total (Sum) Raw Values 80477 60578.88

Median of all years Mean Raw Values 27548.333 31678.72
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I chetucknee - Hwy27 2002- |chetucknee - Hwy?27 2002-
Name 2010 2010 REDUCED
Reporting Period Summary
Start based on User 1/1/2002 1/1/2002
End Date 12/31/2010 12/31/2010
General Statistics
Whole Period
Minimum 124 119.04
Maximum 554 531.84
Percentile 10 197 189.12
Percentile 90 420 403.2
Mean 299.288 287.317
Median 286 274.56
Zeros 0 0
Total 983761.111 944410.667
Less or equal 328 2235 2390
Greater or equal 328 1063 897
Summary for each year
Minimum for 2002 181 173.76
Minimum for 2003 124 119.04
Minimum for 2004 137 131.52
Minimum for 2005 141 135.36
Minimum for 2006 310 297.6
Minimum for 2007 241 231.36
Minimum for 2008 200 192
Minimum for 2009 142 136.32
Minimum for 2010 185 177.6
Maximum for 2002 219 210.24
Maximum for 2003 439 421.44
Maximum for 2004 475 456
Maximum for 2005 554 531.84
Maximum for 2006 444 426.24
Maximum for 2007 363 348.48
Maximum for 2008 381 365.76
Maximum for 2009 297 285.12
Maximum for 2010 341 327.36
Percentile 10 for 2002 184 176.64
Percentile 10 for 2003 177.2 170.112
Percentile 10 for 2004 183.5 176.16
Percentile 10 for 2005 383.4 368.064
Percentile 10 for 2006 316 303.36
Percentile 10 for 2007 252.4 242.304
Percentile 10 for 2008 232 222.72
Percentile 10 for 2009 243 233.28
Percentile 10 for 2010 250 240
Percentile 90 for 2002 206 197.76
Percentile 90 for 2003 370.6 355.776
Percentile 90 for 2004 438 420.48
Percentile 90 for 2005 525 504
Percentile 90 for 2006 425 408
Percentile 90 for 2007 357 342.72
Percentile 90 for 2008 279 267.84
Percentile 90 for 2009 272.6 261.696
Percentile 90 for 2010 314 301.44
Mean for 2002 195.055 187.253

Mean for 2003 290.518 278.897



Suwannee River Water Management District APPENDIX E AMEC Project No. 600050.1

Fluvial Geomorphic Investigation RAP Analysis Ichetucknee: Hwy 27 (Hildreth) Gage (Page 2 of 5)
I chetucknee - Hwy27 2002- |chetucknee - Hwy?27 2002-
Name 2010 2010 REDUCED
Mean for 2004 305.115 292.91
Mean for 2005 439.427 421.85
Mean for 2006 365.997 351.357
Mean for 2007 300.77 288.739
Mean for 2008 250.74 240.711
Mean for 2009 253.603 243.459
Mean for 2010 292.488 280.788
Median for 2002 195 187.2
Median for 2003 324 311.04
Median for 2004 302 289.92
Median for 2005 440 4224
Median for 2006 356 341.76
Median for 2007 290 278.4
Median for 2008 244 234.24
Median for 2009 254 243.84
Median for 2010 303 290.88
Zerosfor 2002 0 0
Zerosfor 2003 0 0
Zerosfor 2004 0 0
Zerosfor 2005 0 0
Zerosfor 2006 0 0
Zerosfor 2007 0 0
Zerosfor 2008 0 0
Zerosfor 2009 0 0
Zerosfor 2010 0 0
Total for 2002 71195.111 68347.307
Total for 2003 106039 101797.44
Total for 2004 111672 107205.12
Total for 2005 160391 153975.36
Total for 2006 133589 128245.44
Total for 2007 109781 105389.76
Total for 2008 91771 88100.16
Total for 2009 92565 88862.4
Total for 2010 106758 102487.68
Less or equal 328 for 2002 365 365
Less or equal 328 for 2003 204 272
Less or equal 328 for 2004 256 300
Less or equal 328 for 2005 25 26
Less or equal 328 for 2006 72 92
Less or equal 328 for 2007 234 245
Less or equal 328 for 2008 358 360
Less or equal 328 for 2009 365 365
Less or equal 328 for 2010 356 365
Greater or equal 328 for 2002 0 0
Greater or equal 328 for 2003 163 93
Greater or equal 328 for 2004 117 66
Greater or equal 328 for 2005 340 339
Greater or equal 328 for 2006 294 273
Greater or equal 328 for 2007 131 120
Greater or equal 328 for 2008 8 6
Greater or equal 328 for 2009 0 0
Greater or equal 328 for 2010 10 0

Summary of interannual measures
Mean of all years Minimum 184.556 177.173
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Fluvial Geomorphic Investigation RAP Analysis Ichetucknee: Hwy 27 (Hildreth) Gage (Page 3 of 5)
I chetucknee - Hwy27 2002- |chetucknee - Hwy?27 2002-
Name 2010 2010 REDUCED
Mean of al years Maximum 390.333 374.72
Mean of al years Percentile 10 246.833 236.96
Mean of al years Percentile 90 354.133 339.968
Mean of al years Mean 299.301 287.329
Mean of all years Median 300.889 288.853
Mean of all years Zeros 0 0
Mean of all years Total 109306.79 104934.519
Mean of all years Less or equal 328 248.333 265.556
Mean of all years Greater or equal 328 118.111 99.667
Median of all years Minimum 181 173.76
Median of all years Maximum 381 365.76
Median of al years Percentile 10 243 233.28
Median of all years Percentile 90 357 342.72
Median of all years Mean 292.488 280.788
Median of all years Median 302 289.92
Median of all years Zeros 0 0
Median of all years Total 106758 102487.68
Median of all years Less or equal 328 256 300
Median of all years Greater or equal 328 117 66
High Flow Spell result
Whole Period
High Spell Threshold 328 328
Number of High Spell 17 15
Longest High Spell 540 526
Mean of High Spell Peaks 386.118 381.824
Mean Duration of High Spell 62.529 59.8
Total Duration of High Spell 1063 897
Total of periods Between High Spells 1511 1052
Mean period Between High Spells 94.438 75.143
Longest period Between High Spells 545 484
Total (Sum) Raw Values 421141 351158.4
Mean Raw Values 24773 23410.56
Summary for each year
High Spell Threshold for 2002 328 328
High Spell Threshold for 2003 328 328
High Spell Threshold for 2004 328 328
High Spell Threshold for 2005 328 328
High Spell Threshold for 2006 328 328
High Spell Threshold for 2007 328 328
High Spell Threshold for 2008 328 328
High Spell Threshold for 2009 328 328
High Spell Threshold for 2010 328 328
Number of High Spell for 2002 0 0
Number of High Spell for 2003 5 7
Number of High Spell for 2004 6 4
Number of High Spell for 2005 2 2
Number of High Spell for 2006 3 1
Number of High Spell for 2007 1 2
Number of High Spell for 2008 1 1
Number of High Spell for 2009 0 0
Number of High Spell for 2010 3 0
Longest High Spell for 2002 NaN NaN
Longest High Spell for 2003 51 27
Longest High Spell for 2004 46 45
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I chetucknee - Hwy27 2002- |chetucknee - Hwy?27 2002-
Name 2010 2010 REDUCED

Longest High Spell for 2005 254 253
Longest High Spell for 2006 286 273
Longest High Spell for 2007 131 119
Longest High Spell for 2008 8 6
Longest High Spell for 2009 NaN NaN
Longest High Spell for 2010 7 NaN
Mean of High Spell Peaks for 2002 NaN NaN
Mean of High Spell Peaks for 2003 384.8 364.251
Mean of High Spell Peaks for 2004 387 397.68
Mean of High Spell Peaks for 2005 519.5 498.72
Mean of High Spell Peaks for 2006 371 426.24
Mean of High Spell Peaks for 2007 363 339.84
Mean of High Spell Peaks for 2008 381 365.76
Mean of High Spell Peaks for 2009 NaN NaN
Mean of High Spell Peaks for 2010 337 NaN
Mean Duration of High Spell for 2002 NaN NaN
Mean Duration of High Spell for 2003 32.6 13.286
Mean Duration of High Spell for 2004 19.5 16.5
Mean Duration of High Spell for 2005 170 169.5
Mean Duration of High Spell for 2006 98 273
Mean Duration of High Spell for 2007 131 60
Mean Duration of High Spell for 2008 8 6
Mean Duration of High Spell for 2009 NaN NaN
Mean Duration of High Spell for 2010 3.333 NaN
Total Duration of High Spell for 2002 NaN NaN
Total Duration of High Spell for 2003 163 93
Total Duration of High Spell for 2004 117 66
Total Duration of High Spell for 2005 340 339
Total Duration of High Spell for 2006 294 273
Total Duration of High Spell for 2007 131 120
Total Duration of High Spell for 2008 8 6
Total Duration of High Spell for 2009 NaN NaN
Total Duration of High Spell for 2010 10 NaN
Total of periods Between High Spells for 2002 NaN NaN
Total of periods Between High Spells for 2003 78 69
Total of periods Between High Spells for 2004 249 228
Total of periods Between High Spells for 2005 25 26
Total of periods Between High Spells for 2006 71 NaN
Total of periods Between High Spellsfor 2007 NaN 3
Total of periods Between High Spells for 2008 NaN NaN
Total of periods Between High Spells for 2009 NaN NaN
Total of periods Between High Spellsfor 2010 68 NaN
Mean period Between High Spells for 2002 NaN NaN
Mean period Between High Spells for 2003 195 115
Mean period Between High Spells for 2004 49.8 76
Mean period Between High Spells for 2005 25 26
Mean period Between High Spells for 2006 355 NaN
Mean period Between High Spells for 2007 NaN 3
Mean period Between High Spells for 2008 NaN NaN
Mean period Between High Spells for 2009 NaN NaN
Mean period Between High Spells for 2010 34 NaN
Longest period Between High Spells for 2002 NaN NaN
Longest period Between High Spells for 2003 37 32
Longest period Between High Spells for 2004 141 168
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I chetucknee - Hwy27 2002- |chetucknee - Hwy?27 2002-

Name 2010 2010 REDUCED
Longest period Between High Spells for 2005 25 26
Longest period Between High Spells for 2006 69 NaN
Longest period Between High Spells for 2007 NaN 3
Longest period Between High Spells for 2008 NaN NaN
Longest period Between High Spells for 2009 NaN NaN
Longest period Between High Spells for 2010 54 NaN
Total (Sum) Raw Vauesfor 2002 0 0
Total (Sum) Raw Vauesfor 2003 57609 32884.8
Total (Sum) Raw Values for 2004 44761 26697.6
Total (Sum) Raw Values for 2005 155353 148818.24
Total (Sum) Raw Values for 2006 111094 99923.52
Total (Sum) Raw Values for 2007 46128 40735.68
Total (Sum) Raw Vauesfor 2008 2860 2098.56
Total (Sum) Raw Vauesfor 2009 0 0
Total (Sum) Raw Valuesfor 2010 3336 0
Mean Raw Values for 2002 NaN NaN
Mean Raw Values for 2003 11521.8 4697.829
Mean Raw Values for 2004 7460.167 6674.4
Mean Raw Values for 2005 77676.5 74409.12
Mean Raw Values for 2006 37031.333 99923.52
Mean Raw Values for 2007 46128 20367.84
Mean Raw Values for 2008 2860 2098.56
Mean Raw Values for 2009 NaN NaN
Mean Raw Values for 2010 1112 NaN
Summary of interannual measures

Mean of all years High Spell Threshold 328 328
Mean of al years Number of High Spell 2.333 1.889
Mean of al years Longest High Spell NaN NaN
Mean of all years Mean of High Spell Peaks NaN NaN
Mean of all years Mean Duration of High Spell NaN NaN
Mean of al years Total Duration of High Spell NaN NaN
Mean of all years Total of periods Between High Spells NaN NaN
Mean of all years Mean period Between High Spells NaN NaN
Mean of al years Longest period Between High Spells NaN NaN
Mean of al years Total (Sum) Raw Values 46793.444 39017.6
Mean of al years Mean Raw Values NaN NaN
Median of all years High Spell Threshold 328 328
Median of all years Number of High Spell 2 1
Median of all years Longest High Spell 8 NaN
Median of all years Mean of High Spell Peaks 363 364.251
Median of all years Mean Duration of High Spell 8 NaN
Median of all years Total Duration of High Spell 117 NaN
Median of all years Total of periods Between High Spells 68 NaN
Median of all years Mean period Between High Spells 19.5 NaN
Median of all years Longest period Between High Spells 37 NaN
Median of all years Total (Sum) Raw Values 44761 26697.6
Median of all years Mean Raw Values 2860 NaN
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UPPER SANTA FE: GRAHAM GAGE

Upper Santa Fe: Graham Gage
Stage Measurements (ALL)

Gage Height (ft)

Upper Santa Fe: Graham Gage

L6 Width Measurements (ALL)
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Stage (25% BANKFULL +/- 20%)

Upper Santa Fe: Graham Gage
Stage Measurements (25% BKF)
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Linear Regression
Data source: Graham - 25% BANKFULL in Analysis
Date = 2488916.202 - (9364.761 * Stage)
N =33
R =0.624 Rsqr =0.389  Adj Rsgr = 0.369
Standard Error of Estimate = 4686.135
Coefficient Std. Error t P
Constant 2488916.202 10085.552 246.780<0.001
Stage -9364.761 2107.712 -4.443 <0.001
Analysis of Variance:
DF SS MS F P
Regression 1 433511344.984 433511344.984 19.741 <0.001
Residual 31 680755675.985 21959860.516
Total 32 1114267020.970 34820844.405
Normality Test (Shapiro-Wilk) Failed (P =<0.001)
Constant Variance Test: Passed (P =0.875)

Power of performed test with alpha = 0.050: 0.980
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Width (25% BANKFULL +/- 20%)

Upper Santa Fe: Graham Gage
Width Measurements (25% BKF)
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Linear Regression
Data source: Graham - 25% BANKFULL in Analysis
Date = 2442098.753 + (16.653 * Width)
N =27 Missing Observations = 6
R =0.0250 Rsqr = 0.000623 Adj Rsgr = 0.000
Standard Error of Estimate = 4629.347
Coefficient Std. Error t P
Constant 2442098.753  3103.535 786.876<0.001
Width 16.653 133.4470.125 0.902
Analysis of Variance:
DF SS MS F P
Regression 1 333729.860  333729.860  0.0156 0.902

Residual 25 535771453.325 21430858.133
Total 26 536105183.185 20619430.123

Normality Test (Shapiro-Wilk) Failed (P =0.024)
Constant Variance Test: Failed (P = 0.005)
Power of performed test with alpha = 0.050: 0.033

The power of the performed test (0.033) is below the desired power of 0.800.

Less than desired power indicates you are less likely to detect a difference when one actually exists. Negative

results should be interpreted cautiously.
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UPPER SANTA FE: WORTHINGTON SPRINGS GAGE

Upper Santa Fe: Worthington Gage
Stage Measurements (ALL)
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Stage (25% BANKFULL +/- 20%)

Upper Santa Fe: Worthington Gage
Stage Measurements (25% BKF)
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Linear Regression
Data source: Worthington - 25% BANKFULL in Analysis
Stage = -164.860 + (0.0000714 * Date)
N =14
R =0.528 Rsqr=0.279 Adj Rsgr=0.219
Standard Error of Estimate = 0.324

Coefficient Std. Error t P
Constant -164.860 81.118 -2.032 0.065
Date  0.0000714 0.0000331 2.155 0.052
Analysis of Variance:

DF SS MS F P
Regression 1 0.489 0.489 4.644 0.052
Residual 12 1.263 0.105
Total 13 1.752 0.135
Normality Test (Shapiro-Wilk) Passed (P = 0.643)
Constant Variance Test: Passed (P =0.482)

Power of performed test with alpha = 0.050: 0.496

The power of the performed test (0.496) is below the desired power of 0.800.
Less than desired power indicates you are less likely to detect a difference when one actually exists. Negative

results should be interpreted cautiously.
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Width (25% BANKFULL +/- 20%)

Upper Santa Fe: Worthington Gage
Width Measurements (25% BKF)
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Linear Regression
Data source: Worthington - 25% BANKFULL in Analysis
Width = -2841.442 + (0.00119 * Date)
N =14
R =0.201 Rsqr = 0.0402 Adj Rsqr = 0.000
Standard Error of Estimate = 16.462
Coefficient Std. Error t P
Constant -2841.442 4115.722 -0.690 0.503

Date  0.001190.001680.709 0.492

Analysis of Variance:

DF SS MS F P
Regression 1 136.376136.3760.503  0.492
Residual 12 3251.981 270.998
Total 13 3388.357 260.643

Normality Test (Shapiro-Wilk) Passed (P = 0.066)

Constant Variance Test: Passed (P = 0.988)

Power of performed test with alpha = 0.050: 0.099

The power of the performed test (0.099) is below the desired power of 0.800.

Less than desired power indicates you are less likely to detect a difference when one actually exists. Negative
results should be interpreted cautiously.
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UPPER SANTA FE: O’LENO GAGE

Upper Santa Fe: O'Leno Gage
Stage Measurements (ALL)
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Stage (25-50% BANKFULL)

Upper Santa Fe: O'Leno
Stage Measurements (25-50% BKF)
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Linear Regression
Data source: O'Leno 25-50% BANKFULL in Analysis
Stage = -12192.925 + (0.00500 * Date)
N =8 Missing Observations = 1
R=0.817 Rsqgr=0.667 Adj Rsqr = 0.611
Standard Error of Estimate = 2.091
Coefficient Std. Error t P
Constant -12192.925 3527.052 -3.457 0.014
Date  0.005000.001443.466 0.013

Analysis of Variance:

DF SS MS F P
Regression 1 52.498 52.498 12.012 0.013
Residual 6 26.224 4371
Total 7 78.722 11.246

Normality Test (Shapiro-Wilk) Passed (P =0.192)
Constant Variance Test: Passed (P =0.207)

Power of performed test with alpha = 0.050: 0.727
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Width (25-50% BANKFULL)

Upper Santa Fe: O'Leno
Width Measurements (25-50% BKF)
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Linear Regression

Data source: O'Leno 25-50% BANKFULL in Analysis
Width = -5343.264 + (0.00222 * Date)

N =7 Missing Observations = 2

R=0.723 Rsqr =0.523  Adj Rsqr = 0.428

Standard Error of Estimate = 1.268

Coefficient Std. Error t P
Constant -5343.264 2315.527 -2.308 0.069
Date  0.002220.000947 2.343 0.066

Analysis of Variance:

DF SS MS F P
Regression 1 8.822 8.822 5.490 0.066
Residual 5 8.035 1.607
Total 6 16.857 2.810

Normality Test (Shapiro-Wilk) Passed (P =0.261)

Constant Variance Test: Passed (P = 0.096)

Power of performed test with alpha = 0.050: 0.448

The power of the performed test (0.448) is below the desired power of 0.800.

Less than desired power indicates you are less likely to detect a difference when one actually exists. Negative
results should be interpreted cautiously.
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LOWER SANTA FE: HWY 441 GAGE

Lower Santa Fe: Hwy 441 Gage
Stage Measurements (ALL)
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Lower Santa Fe: Hwy 441 Gage
Width Measurements (ALL)
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Stage (25-50% BANKFULL)

Lower Santa Fe: Hwy 441 Gage
Stage Measurements (25-50% BKF)
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Linear Regression
Data source: 441 in Analysis
Stage = -457.813 + (0.000200 * Date)
N =12
R =0.583 Rsqr=0.340 Adj Rsqr = 0.274
Standard Error of Estimate = 0.233

Coefficient Std. Error t P
Constant -457.813 215.965-2.120 0.060
Date  0.000200 0.0000881 2.270 0.047

Analysis of Variance:

DF SS MS F P
Regression 1 0.280 0.280 5.154 0.047
Residual 10 0.542 0.0542

Total 11 0.822 0.0747
Normality Test (Shapiro-Wilk) Passed (P =0.713)
Constant Variance Test: Passed (P = 0.415)

Power of performed test with alpha = 0.050: 0.517
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Width (25-50% BANKFULL)

Lower Santa Fe: Hwy 441 Gage
Width Measurements (25-50% BKF)
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Linear Regression
Data source: 441 in Analysis
Width = -4205.979 + (0.00178 * Date)
N =9 Missing Observations = 3
R=0.314 Rsqr =0.0986 Adj Rsqr = 0.000
Standard Error of Estimate = 4.032
Coefficient Std. Error t P
Constant -4205.979 4975.165 -0.845 0.426
Date  0.001780.002030.875 0.411

Analysis of Variance:
DF SS MS F P

Regression 1 12.445 12.445 0.766 0.411
Residual 7 113.77716.254
Total 8 126.22215.778

Normality Test (Shapiro-Wilk) Passed (P = 0.180)

Constant Variance Test: Passed (P =0.462)

Power of performed test with alpha = 0.050: 0.122

The power of the performed test (0.122) is below the desired power of 0.800.

Less than desired power indicates you are less likely to detect a difference when one actually exists. Negative
results should be interpreted cautiously.



Suwannee River Water Management District AMEC Project No. 600050.1
Fluvial Geomorphic Investigation April 2012
(APPENDIX F) Page 13

LOWER SANTA FE: FT. WHITE GAGE

Lower Santa Fe: Ft. White Gage
Stage Measurements (ALL)
35
*
30
£ 20
@
T 15
a
& 10
)
0
NI P P G M P P A I P L A A
AU A LA U A A A A A
Lower Santa Fe: Ft. White Gage
Width Measurements (ALL)
300 .
.
250 .} P4 o
= 200
g :
E 10 e a4
3
2 100
50
0
> DD D ;P DD P PO
(;,\'\9J Q,\\c") q;.,\'\c':,j (o\\?) ‘o\,@ (o\\?’ co\'@ (o\\q (o\qS) (0\q’0 co\r& (o\q’g (o\qS) co\qp
AL\ VAU U\ CEIPA U LI VAL LI VA U LI




Suwannee River Water Management District AMEC Project No. 600050.1
Fluvial Geomorphic Investigation April 2012
(APPENDIX F) Page 14

Stage (50% BANKFULL +/- 20%)

Lower Santa Fe: Ft. White Gage
Stage Measurements (50% BKF)
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Linear Regression
Data source: Ft. White - 50% BANKFULL in Analysis
Stage = 185.808 - (0.0000670 * Date)
N =32
R =0.567 Rsqr=0.321  Adj Rsgr = 0.299
Standard Error of Estimate = 0.243

Coefficient Std. Error t P
Constant 185.80843.616 4.260 <0.001
Date -0.0000670  0.0000178 -3.769 <0.001

Analysis of Variance:

DF SS MS F P
Regression 1 0.841 0.841 14.206 <0.001
Residual 30 1.776 0.0592

Total 31 2.618 0.0844
Normality Test (Shapiro-Wilk) Failed (P =0.013)
Constant Variance Test: Passed (P =0.801)

Power of performed test with alpha = 0.050: 0.933
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Width (50% BANKFULL +/- 20%)

Lower Santa Fe: Ft. White Gage
Width Measurements (50% BKF)
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Linear Regression
Data source: Ft. White - 50% BANKFULL in Analysis
Width = 2186.405 - (0.000835 * Date)

N =14 Missing Observations = 18
R =0.386 Rsqr =0.149  Adj Rsgr = 0.0781

Standard Error of Estimate = 6.712

Coefficient Std. Error t P
Constant 2186.405 1412.861 1548 0.148
Date -0.000835 0.000576 -1.449 0.173

Analysis of Variance:

DF SS MS F P
Regression 1 94.633 94.633 2.101 0.173
Residual 12 540.58245.048
Total 13 635.21448.863

Normality Test (Shapiro-Wilk) Passed (P =0.671)

Constant Variance Test: Passed (P =0.189)

Power of performed test with alpha = 0.050: 0.271

The power of the performed test (0.271) is below the desired power of 0.800.

Less than desired power indicates you are less likely to detect a difference when one actually exists. Negative
results should be interpreted cautiously.



Suwannee River Water Management District
Fluvial Geomorphic Investigation

AMEC Project No. 600050.1
April 2012
(APPENDIX F) Page 16

LOWER SANTA FE: HILDRETH GAGE
Lower Santa Fe: Hildreth Gage

- Stage Measurements (ALL)
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Stage (25" Percentile +/- 20%)

Lower Santa Fe: Hildreth Gage
Stage Measurements (25th percentile)
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Linear Regression

Data source: Hildreth - 25th percentile in Analysis
Stage = -339.992 + (0.000141 * Date)

N =17

R=0.250 Rsqr = 0.0627 Adj Rsqr = 0.000174

Standard Error of Estimate = 1.717

Coefficient Std. Error t P
Constant -339.992 344.191-0.988 0.339
Date  0.000141 0.000140 1.001 0.333

Analysis of Variance:

DF SS MS F P
Regression 1 2955 2955 1.003 0.333
Residual 15 44.202 2.947
Total 16 47.157 2.947
Normality Test (Shapiro-Wilk) Passed (P = 0.488)
Constant Variance Test: Passed (P =0.234)

Power of performed test with alpha = 0.050: 0.158

The power of the performed test (0.158) is below the desired power of 0.800.

Less than desired power indicates you are less likely to detect a difference when one actually exists. Negative

results should be interpreted cautiously.
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Width (25" Percentile +/- 20%)

Lower Santa Fe: Hildreth Gage
Width Measurements (25th percentile)
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Linear Regression
Data source: Hildreth - 25th percentile in Analysis
Width = -6066.527 + (0.00254 * Date)
N =5 Missing Observations = 12
R=0.614 Rsqr=0.378 Adj Rsgr=0.170
Standard Error of Estimate = 17.700
Coefficient Std. Error t P
Constant -6066.527 4613.618 -1.315 0.280
Date  0.002540.001881.349 0.270
Analysis of Variance:

DF SS MS F P
Regression 1 570.100570.1001.820 0.270
Residual 3 939.900313.300
Total 4 1510.000 377.500
Normality Test (Shapiro-Wilk) Passed (P = 0.445)
Constant Variance Test: Passed (P = 0.050)

Power of performed test with alpha = 0.050: 0.172

The power of the performed test (0.172) is below the desired power of 0.800.

Less than desired power indicates you are less likely to detect a difference when one actually exists. Negative

results should be interpreted cautiously.
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ICHETUCKNEE: DAMPIER’S LANDING GAGE

Ichetucknee: Dampier's Landing Gage
Stage Measurements (ALL)
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Stage (70-90% BANKFULL)

Ichetucknee: Dampier's Landing Gage
Stage Measurements (70-90% BKF)
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Linear Regression

Data source: Ichetucknee - Dampiers (70-90% BANKFULL in Analysis

Stage = 149.747 - (0.0000575 * Date)
N =10 Missing Observations = 3
R =0.394 Rsqr =0.155 Adj Rsqr = 0.0496
Standard Error of Estimate = 0.167

Coefficient Std. Error t P
Constant 149.747116.4161.286 0.234
Date -0.0000575 0.0000474 -1.212 0.260

Analysis of Variance:

DF SS MS F P
Regression 1 0.0410 0.0410 1.470 0.260
Residual 8 0.223 0.0279
Total 9 0.264 0.0294

Normality Test (Shapiro-Wilk) Passed (P =0.477)
Constant Variance Test: Passed (P = 0.185)

Power of performed test with alpha = 0.050: 0.195

The power of the performed test (0.195) is below the desired power of 0.800.

Less than desired power indicates you are less likely to detect a difference when one actually exists. Negative

results should be interpreted cautiously.
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Width (70-90% BANKFULL)

Ichetucknee: Dampier's Landing Gage
Width Measurements (70-90% BKF)
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Linear Regression
Data source: Ichetucknee - Dampiers (70-90% BANKFULL in Analysis
Width = -2400.574 + (0.00101 * Date)
N =6 Missing Observations =7
R=0.477 Rsqr=0.228  Adj Rsqr = 0.0346
Standard Error of Estimate = 2.276
Coefficient Std. Error t P
Constant -2400.574 2277.991 -1.054 0.351
Date  0.001010.000928 1.086 0.339

Analysis of Variance:

DF SS MS F P
Regression 1 6.110 6.110 1.179 0.339
Residual 4 20.724 5.181

Total 5 26.833 5.367

Normality Test (Shapiro-Wilk) Passed (P = 0.457)
Constant Variance Test: Failed (P = 0.040)

Power of performed test with alpha = 0.050: 0.144

The power of the performed test (0.144) is below the desired power of 0.800.

Less than desired power indicates you are less likely to detect a difference when one actually exists. Negative

results should be interpreted cautiously.
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ICHETUCKNEE: HWY 27 (HILDRETH) GAGE

Ichetucknee: Hwy 27 Gage
20 Stage Measurements (ALL)
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Stage (70-90% BANKFULL)

Ichetucknee: Hwy 27 Gage
Stage Measurements (70-90% BKF)
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Linear Regression
Data source: Ich - Hwy27 in Analysis
Col 2 =106.939 - (0.0000375 * Col 1)
N =78 Missing Observations = 3
R=0.281 Rsqr = 0.0789 Adj Rsqr = 0.0667
Standard Error of Estimate = 1.416
Coefficient Std. Error t P
Constant 106.93935.885 2.980 0.004
Col1 -0.0000375 0.0000147 -2.551 0.013

Analysis of Variance:

DF SS MS F P
Regression 1 13.053 13.053 6.507 0.013
Residual 76 152.4642.006

Total 77 165.5182.150
Normality Test (Shapiro-Wilk) Failed (P =<0.001)
Constant Variance Test: Passed (P =0.202)

Power of performed test with alpha = 0.050: 0.705
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Width (70-90% BANKFULL)

Ichetucknee: Hwy 27 Gage
Width Measurements (70-90% BKF)
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Linear Regression
Data source: Ich - Hwy27 in Analysis
Date = 2450091.507 + (41.734 * Width)
N =29 Missing Observations = 52
R =0.282 Rsqr =0.0795 Adj Rsgr = 0.0455
Standard Error of Estimate = 2415.251
Coefficient Std. Error t P
Constant 2450091.507 1985.492 1233.997 <0.001
Width 41.734 27.321 1.528 0.138
Analysis of Variance:
DF SS MS F P
Regression 1 13611467.628 13611467.628 2.333 0.138
Residual 27 157502790.514 5833436.686
Total 28 171114258.142 6111223.505
Normality Test (Shapiro-Wilk) Failed (P =<0.001)
Constant Variance Test: Passed (P = 0.644)
Power of performed test with alpha = 0.050: 0.315

The power of the performed test (0.315) is below the desired power of 0.800.

Less than desired power indicates you are less likely to detect a difference when one actually exists. Negative

results should be interpreted cautiously.
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