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Qverview 

The Northern Tampa Bay area is comprised of the counties of Pinellas, Pasco and the 
northern portion of Wsborough These counties are located in southwest Florida and surround 
the northern half of Tampa  bay.^ Pinellas County is almost entirely urbanized, as are much of 
northwest Hillsborough County and southwestern Pasco County Inland areas of Pasco are 
rapidly becoming urbanized also. Potable water supplies for these counties and municipalities 
within these counties are principally from eleven regional wellfields located in Hillsborough and 
Pasco counties drawing from the Upper Floridan aquifer. 

The f is t  of the regional wellfields began operating in the early 1930's. The eleventh 
weffield began operating in 1992. In addition to other sources, wellfields continue to be brought 
on-he  in the area to meet the potable water supply needs of the Northern Tampa Bay area. 

The surface water environment w i t h  the Northern Tampa Bay area is highly 
interconnected with the ground water system. Because of the karst geology that characterizes the 
area, a discontinuous and leaky confhng layer provides a relatively good hydraulic connection 
between the surficial aquifer and the underlying Upper Floridan aquifer. Although locaked 
areas of good confinement exist, overall the Upper Floridan aquifer is described as poorly to 
moderately conhed within the Northern Tampa Bay area. As a result, water levels in the 
aquifers are linked, and fluctuate similarly. 

0 
Without ground water withdrawals, recharge from rainfall to the surficial aquifer and 

discharge by evapotranspiration and flow from the surficial aqwfer are the only sigruScant 
driving forces of these fluctuations Very little ground water is contributed to the area from 
lateral inflow. The variable head in the surficial aquifer in turn largely regulates the recharge to 
the Upper Floridan aquifer through the leaky semi-confining unit. Therefore, the fluctuations in 
the surficial aquifer affect the fluctuations in the Upper Floridan aquifer. 

An additional stress is introduced to t h i s  process when ground water withdrawals from 
the Upper Floridan aquifer are added. Ground water withdrawals lower the potentiometric 
surface of the Upper Floridan aquifer, which in turn increase leakage from the surficial aquifer to 
the Upper Floridan aquifer. Thm additional recharge is referred to as induced recharge. The 
result is a lowering of the water table. Assessments have shown that in leaky areas of the 
Northern Tampa Bay area, most of the water withdrawn from the Upper Floridan aquifer by 
pumping is derived by vertical leakage downward from the surficial aquifer (Liu and Polmaan, 
1996). Thus, Upper Floridan aquifer water level fluctuations caused by ground water 
withdrawals affect surficial aquifer water level fluctuations, as well as the water levels of lakes 
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and wetlands that are connected to the surficial aquifer. 

Waters and wetlands account for approximately 23 percent of the land area within the 
Northern Tampa Bay area 

In the mid 1980’s, the District declared the northwest Hillsborough County area and 
limited portions of Pinellas and Pasco Counties, w i h  which several of the wellfields are 
located, to be an “area of special concern” regarding the condition of local water resources. 

In i987;the District undertook a water resource assessment project (WRAP“) to 
examine the water resources within the area of special concern. In 1989, based on preliminary 
information &om the WRAP, the District declared an area as the ‘Worthern Tampa Bay Water 
Use Caution Area” in recognition of environmental stress identified by the District. 

In 1992, the WRAP study area was expanded and became identi6ed as the “Northern 
Tampa Bay Water Resource Assessment Project” (“NTBWRAP”). The NTBWRAP is the 
District’s most recent attempt at determining the condition of the water resources in the area of 
the regional wellfields. (The N T B W  is among the materials provided with the White 
Papers). 

Due to environmental stress to the water resources in the Northern Tampa Bay area, 
Section 373.02 Florida Statutes (F.S.), as amended by the Florida Legislature in 1996, directed 
the District to establish minimum flows and levels for the region before October 1, 1997. 

Section 373.042, F.S. defines the minimum flow to a surface water course to be the flow below 
which additional withdrawals would cause s i m c a n t  harm to the water resources or ecology of 
the area. Section 373.042, F.S. defines the minimum level of an aquifer or surface water body to 
be the level below which additional withdrawals would cause sigdcant harm to the water 
resources of the area. The 1996 amendments to the statute required the District to adopt 
minimum flows and levels in Hillsborough, Pasco, and Pinellas County for priority waters that 
are experiencing or may be expected to experience adverse impacts. In response to this 
legislative direction, the District established 4 1 minimum wetland levels, minimum levels for 15 
lakes, sea water intrusion aquifer levels, narrative aquifer levels and a minimum flow for the 
Tampa Bypass Canal, Work is ongoing to establish minimum flows and levels in the hture for 
additional water bodies. 

Section 373.042, F.S. requires the District to use the best data available to set minimum flows 
and levels. The legislative requirement to set the levels by October 1, 1997 was absolute, that is, 
there was a limited time to collect additional information. Because of the time deadhe, and the 
associated requirement to use the best information available, the District was constrained to use 
existing data complete with any associated limitations of that data. 

The process to develop the methods for determination of minimum flows and levels was an open 
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public process with all interested parties invited to participate in the development of 
methodologies for determining the limit at which sipficant harm occurs to the lakes, wetlands, 
surface water courses and aquifers for which levels must be established. MMY lay and t e c h d  
representatives of the interested local governments, environmental groups and individuals did 
participate in the rule development process through months of meetings, public workshops, and 
public hearings. 

Following this public process the District staff 6nalizd methodologies and minimum levels and 
flows for approval by the Governing Board. However, effective July 1, 1997, subparagraph 
373.042(I)~a~aj,-F:S,~was,added. That paragraph directs the District to consider changes and 
structural alterations to watersheds, surface waters, and aquifers and the effects such changes and 
alterations have had when establishing minimum flows and levels. Therefore, at the Board's 
direction, staffreviewed the previous work, additional data as appropriate, continued meetings 
and workshops with affected parties and held public workshops with the Governing Board to 
ensure that the changes to the statute had been assimilated into the methodologies. 

On October 28, 1998, the Governing Board approved the subject G m u m  flows and levels. 

As permitted under subsection 373.042(4), F.S., five parties requested Scientific Peer Review of 
the s c i e n ~ c  and techcal  data and methodologes used to determine the flows and levels. The 
purpose of this series of reports is to document for the Scientific Peer Review Panel scientu5c 
and technical data and methodologies used to determine the flows and levels for priority waters 
in the Northern Tampa Bay area. 

The reports are organized in the following sections. This first section provides a general 
explanation of the area, hydrogeology, the Legslature's hection to the District and the processes 
and constraints for the District's establishment of minimum flows and levels. The next four 
sections describe the specific methods developed for determination of minimum levels in certain 
wetlands, certain lakes, and in the Upper Floridan aquifer, respectively. The last section describes 
the methods used to develop the minimum flow for the Tampa Bypass Canal. 
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Establishment of Minimum Levels in Palustrine Cypress Wetlands 
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Introduction 

In December 19%, a p u p  of wetland scientists representing the District and other interested 
parties were convened as the "wetland subcommittex of the MFL Technical Committee" to 
develop a method for establishing a wetland minimum level pursuant to Section 373.O42( l), 
Florida Statutes. Summaries of the wetland subcommittee meetings are provided as Appendix 
A. The purpose of this paper is to describe the method used to establish a miuimum level for 
palustrine cypress wetlands m the northern Tampa Bay area as begun by the wetlands 
subcommatee and completed by the District. 

The subcommittee members agreed that a relationship exists between a wetland's ecological 
condition and hydrologic condition. wortant hydrologic parameters include not only the water 
stage (level), but also the duration of time water occurs at each stage. Lowered surficial aquifer 
levels caused by groundwater withdrawal have a negative intluence on wetland water levels and 
hydroperiods (SWFWMD, 1996). Wetlands typically exhiiit a characteristic response, including 
certain changes in vegetation and soils, when subjected to these altered hydrologic conditions 
(Rochow, 1994). The degree of ecological response is directly related to the magnitude of the 
hydrologic change. 

Due to time constraints, the subcommittee chose to use existing data as our Primary source of 
information fiom which to derive a minimum level. Wetland studies and monitoring programs 
conducted in the vicinity of large groundwater withdrawals in the region have established an 
extensive body of data on wetland vegetation, soils, and hydrologic conditions (Rochow, 1994). 
Data collected by various entities on various projects over a period of two decades was evaluated 
for this study. Due to the variety of sources, the body of existing data represents a variety of 
collection methods, study periods, frequency and intensity of data collection efforts, and 
reporting formats. In conformance with a statutory requirement, the best available information 
was used in establishing a minimum level for palwhine cypress wetlands. 

Considering statutory requirements, and the constraints associated with meting these 
requirements, the purpose of this study was to achieve the following objectives: 

1. Investigate the relationship between certain ecological parameters and hydrologic 
parameters in wetlands. 

2. Identlfy a hydrologic threshold, expressed as a water level, beyond which it would be 
reasonable to expezt that "significant harm" will occur in a wetland. 



Methods 

Selection of reference wetlands 0 - 
Compilation of existing data from all known sources in tbe region yielded varying levels of 
information on 655 wetland sites, comprising a variety of wetland types, and mostly located in 
the vic& of municipal wellfields in Wsborough and Pasco counties. The subcommittee 
focused on isolated cypress swamps because the bulk of available data was collected kom this 
wetland type'. In addition, ths type of wetland is abundant throughout the study area. 

Water level data varied considerably among wetland sites examined for inclusion in this study. 
Water levels were measured at various fiquencies ranging &om daily readings to occasional 
observations. Variations in fkquency occur not only among sets but also within sets. The 
period of record also varies considerably among the wetland sites examined since the data 
originate kom a host of studies conducted by various parties for various purposes over more than 
two decades. The period of record used in our study, water years 1989 through 1995, was 
chosen because it is believed long enough to be considered representative of long term 
conditions and lessens the effect of a single year with uncommonly wet or dry conditions. 
Although a longer period of record may have provided better hydrologic information, 
requirements for a longer period of record would further reduce the number of available wetland 
SiteS. 

Reference wetlands selected for this analysis were required to meet the following criteria: 

1. Wetlands are classified as palustrine (isolated) cypress swamps. 
2. Adequate water level data, collected at least monthly, allow comparison with other 

wetlands during the period over the period of water years 1989 through 1995.2 
3. Ditches or other features that divert or obstruct surface water flows have not 

substantially altered the dramage characteristics of the basin contributing runoff directly 
to the wetland. 

4. Sites are accessible to coUect/venfy ecological assessment information and survey 
normal pool indicators. 

5. Wetland size is greater than one halfacre. 

Thuty-six of the original 655 wetland monitoring sites met the selection criteria and were chosen 
as reference wetlands. Data from each of the reference wetlands consists of measured water 
levels, both above and below ground surface, categorical ratings of nine ecological assessment 
criteria, and a determination of the normal pool elevation. The location of these wetlands is 
shown in Figure 1. 

I Furtha studies will s d  to detamine an appropriate minimum level in otha wetland trpes and m regions whae 
othm wetland are more prevalent. 

2 We ultimately acoepted twentyeight sites with six years, six sites with five yew aad two sites with four years of 
data within the study paid. 
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Ecological assessment of reference wetlands 

Wetlands af€&ed by groundwater withdrawal exhibit a characteristic pattern of changes 
including soil loss, tree mortahy, and changes in vegetation composition and zonation Wetland 
monitoring programs implemented by the District and water supply entities assess wetlands 
similarly by some measure of these parameters. In order to provide a consistent rating format for 
wetland ecological assessments, aU reference wetlands in this study were assessed using a single 
rating method developed by Biological Research Associates, Inc. 

The rating method provides for the measurement of nine parameters including groundcover 
composition, shrub strata composition, overstory composition, canopy condition, incidence of 
leaning or fallen trees, ”weedy species” (ie. abundance of opportunistic invaders), “succession” 
(i.e. changes in vegetation zonation), soil subsidence (ie. soil loss), and presence of hydrologic 
indicators. Each of the nine field measurements is recorded using a categorical rating of ow, 
two or three. A rating of three represents the least departure kom what is assumed to be the 
unaltered condition while a rating of one represents the greatest degree of departure. Categorical 
descriptions for each rated parameter are summanzed ‘ inTahle 1. 

All of the ecological parameters used in the field evaluation form for wetlands are ultimately 
related to hydrologic conditions in the wetland. This relationship is complex however, ruad 
appears to be affected by other factors, such as fire fiquency, soil organic content, and the 
proximity of invading species. As a re& variability exists m n g  individual parameters within 
a wetland and among wetlands. The parameters are not equally responsive to hydrologic change 
and raw scores for atfected wetlands are often comprised of a mix of ones, twos, and threes. 

The period of elapsed time from the initial hydrologic impact is also a determining factor in 
wetland response. Tree fall, for instance, is generally not prevalent in an affected wetland until 
sufficient time has elapsed for soil loss to expose tree roots. Another example parameter is 
change in overstory composition, which tends to occur much slower than changes in the 
composition of lower vegetation strata As a resuk the nature and degree of change in the 
measured ecological parameters varies over time. 

To help ensure that the relationship between wetland ecological conditions and hydrologic 
conditions was not obscured by less sensitive indicators, a Spearman rank correlation matrix was 
calculated between the field measured categorical responses and the d i a n  value of the stage 
frequency curve @‘SO)’. The results are ‘ .ed graphically in Figure 2 d presented, in 
full, in Appendix B. The ecological parameters appear to be divided into two broad groups. The 
first group, consisting of the five highest correlations, is comprised of succession, hydrology, 
weedy species, soil subsidence, and shrub composition. The remaining four parameters, 
including groundcover composition, canopy condition, leatlmg/faUen trees, and overstory 

0 

3 Hy&ologic cmditions are nm c a n p l ~ e l y  rcprescntcd by a stage ii-equency m e .  There are other fadars & BS 
seasonal variations and the rate of change of water levels may af€& a wetland’s rmlogical response. Because this 
method of analysis utilizs the median value (T‘SO) of the stage duration w e ,  it is possible that na all of the 
ecological paramdm being measured in b e  field arc related to this PSO due .  Additiooal variability may be caused 
by mars in field mearurwmts. 
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comsition, have a noticeably lower degree of correlation with the median stage. In addition, 
the &relation between P50 and the categories leaning/fallen eees and overstoicomposition is 
not Statistically significant (a = 0.05). 

The parameters ground cover, canopy condition, leaning/fallen trees, and overstory composition 
were dropped fium the rating metbod used in this study because of their relatively low 
correlation with the P50 of the stage duration curves. In addition, the parameter labeled 
hydrology was omitted because it is a measure of the cause (hydrologic change) rather than the 
effect (ecological response). This parameter represents the investigator's assessment of w h e k  
the wetland is being inundated on a regular or normal Ikquency to the proper leveL In certain 
wetland monitoring programs, this parameter is used as a surrogate for the actual water levels 
when evaluating wetlands without hydrologic data It was urmecessiiry in this analysis bccause 
actual water level data exists for all selected reference sites. 

Only the four most sensitive ecological parameters: Succession, Weedy Species, Soil 
Subsidence, and Shrubs were used to rank the reference wetlands. This subset of the nine 
measured parameters was chosen to reduce variability and to focus on early change indicators 
rather than those associated with a delayed response. The fbal four ecological parameters are 
also correlated with each other and are redundant to an extent (e.g. the correlation between Soil 
Subsidence and Shrubs is 64 percent). AU four categories were retained in the ecological 
assessment to minimize the effects of subjectivity in field measurements. In this manner, an 
erroneous score in one category will have minimal effect upon the overall score. Table 2 lists the 
reference wetlands along with the field ratings for each of the four ecological parameters and the 
overall median score. 

The subcommittee was unwilling to identlfy a threshold rating beyond which sigdicant harm 
had occurred in a wetland because the determination of "harm" was considered a value 
judgement without scientific definition. The subcommittee agreed, however, that those wetlands 
with median ratings greater than 2.5 were "wt significantly changed", while those with median 
ratings of 2.5 or less were "significantly cbanged", based on the four most sensitive ecologd 
assessment criteria. Wetlands with median scores less than two were later classified by the 
District as "severely altered''. The final reference data set contains twenty-one wetlands in 
which alterations in ecological conditions are not considered si&imt, eleven with significant 
alteration, and four with severe alteration 

Establishment of normal pool elevation as a datam 

An elevation datum was established in each wetland to standardize the measured water levels 
and facilitate comparison among wetlands. The datum used is often referred to as the "nonormal 
pool" elevation, a wetland level c o m n l y  used in the design of wetland stormwater treatment 
systems (SWFWMD, 1988). This level can be consistently identified in cypress swamps based 
on the similar vertical locations of several indicators of inundation (Hull et d, 1989; Biological 

4 me Dishid's Governing Board subsequently made a policy decisicm to equate significant hem, rn referenced m 
law, With significant cbange m a wethd, as daermmcd by the subcommittee. The t a m s  "chmge" and ''alteration" 
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Research Associates, 1996). In wetlands where declining water levels have caused the 
downward migration of certain normal pool indicators, more persistent indicators of the 
unaltered n o d  pool elevation were used to establish the datum All analyses have been 
conducted relative to this elevation. 

Replicate meaSurements were taken of normal pool indicators in each wetland. Indicators used 
include: 

1. The elevation of the mot crown of Lyonia lucida was used whenever mature 
specimens were present in the wetland and this indicator appeared coincident witb 
other indicators. 

2. The lower limit of epiphytic bryophyks growing on cypress trees (aka moss collars) 
was used when this indicator appeared cojncident with other indicators and showed 
no evidence of downward migration due to declining water levels 

3. The upper limit of adventitious roots on Hypericum fasiculatum was used when 
coincident with other longer-term indicators. 

4. The inflection point on the buttress of cypress trees was used in the absence of other 
suitable indicators except when the ground surface appeared sunken due to soil 
subsidence. 

5. The ground elevation of cypress growing at the outside edge of the dome was used if 
no other suitable indicators could be measured. 

All indicators were marked using flagging tape and nails until they were located by a registered 
professional SUnreyorJ- Surveyed elevations of all normal pool indicators in reference wetlands 
are provided in Appendix C .  N o d  pool elevations were independently verified by an 
environmental consultant retained by the West Coast Regional Water Supply Authority 
(Benyman & Hennigar, 1997). 

Hydrulogie assessment of reference wetlands 

Water level data were kst converted into water elevations referenced to 1929 National Geodetic 
Vertical Datum (NGVD). Although some data were already referenced to NGVD, other data 
were referenced to ground level at the point of measurement or the "palmetto line" (Le. the 
waterward extent of Serenoa repens). Each site was surveyed by a registered professional 
surveyor to establish a benchmark referenced to NGVD. The survey data, supplemented by 
personal communication with the individuals who collected the original data, were then used to 
convert the raw water level data to water elevations. To maintain consistency of the time spans, 
aU data were averaged to monthly water level elevations. Water level data for all reference 
wetlands is provided in Appendix D. 

Hydrographs were prepared for all the wetland sites showing the water levels and the normal 

5 The six Grrm Swamp sites had benchmarks dm had been previwsly surveyed. Staff gage readings at these sits 
can k referenced to NGVD. Namal pool indicator elevaticms at t h e  sites w e  dctammed by measuring the 
distance above a known water level elevatiw. 
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pool elevation. This was done to identify abnormal data including inappropriate normal pool 
elevations, or abnormal water level information Sites containing problems or potential problems 
were eliminated until those problems were resolved. Appendix E contains the hydrographs for 
all thuty-six reference sites used in this analysis. 

Stage fiquencies were calculated for each wetland site. Stage, in this case, corresponds to the 
departure of the water level from tbe normal pool elevation. The Cunnane formula (Cunnane, 
1978) was used in calculating the cumulative frequencies: 

0 

p = ( i  - 0 . 4 )  1 ( n  + 0 . 2 )  
where i = the cumulative number of days 

and n = the total number of drrys 

Some sites had missing data and it is uuknown w h e k  the missing observations are due to the 
data not being collected or whetha the staff gages and wells were dry aml simply not recorded 
With missing data, a placeholder was inserted for missing data to keep adjacent readings h m  
having unrealistic time weights assigned to them. For example, if data existed for January and 
March but not February, a blank entry was inserted for February to mairdain the uniform time 
step. In the above example, depending upon how one calculates the time step, January rmgM be 
weighted by 58 days and March by 31 days whereas by using a placeholder each would receive 
only their respective time weights of 30 and 3 1 days. 

Because some data is missing, not all sites have stages to associate with all frequencies. For 
example, if 30 percent of the time the site is dry, stage fkquency can only be characterized for 
the 70 percent of the time that the site has water level data For this reason, the stage fiequency 
curves are constructed in terms of percentage of time the stage is below historic normal pool (1- 
p). Although some curves stop before reaching 100 percent, we presume this would be less than 
the lowest observed value. This presumption aEects a very small portion of the overall data and 
as such should have little or no effect upon the results. 

Results and Conclusions 

Figure 3 combines the results of the stage Wuency analysis with the resuits of the ecological 
assessments. The figure shows that the stage duration curves of wetlands categorized as not 
significantly altered exhibit the least departure from n o d  pool when compared to wetlands 
categorized as sgmficantly or severely altered. The figure also shows that stage fiequency 
curves of wetlands showing little or no alteration exhibit a great deal of similarity and the P50 
values for these wetlands o m  within a relatively narrow range. In comparison, stage kquency 
curves for wetlands categorized as significantly or severely altered show a higher degree of 
dispersion and a much wider range of lower P50 values, reflecting a relatively wid; gradient of 

6 



hydrologic conditions in altered wetlands without an effective lower Innit to waer level 
lowering. 

Figure 3 suggests that a hydrologic threshold for significant ecological chasge can be 
represented conceptually by a stage ji-equency curve that separates wetlands rated not 
significantly altered (above the curve) fiwm wetlands rated sgmfkantly altaed (below the 
curve). The Werence between the P50 elevation d the elevation of n o d  pool appa-s  to be 
a useful threshold statistic to distinguish wetlands on this basis. 

A Kolmogorov-Smimov two sample test was used to test the hypothesis that wetlands rated as 
not sigmiicantly altered come fiwm the same sampling distriiution as wetlands in 0th alteration 
categories. Results of this test are summarized in Figure 4. Full data are provided in Appendix 
F. The hypothesis is rejected when wetlands rated as not s~gnificantly altered are compared to 
either of the. more severe alteration categories. Tbe hypothesis cannot be re-, however, 
when wetlands rated as significantly altered are compared to those rated as severely altered. As 
a result, wetlands categorized as significantly altered and severely altered were combined into 
one alteration category. 

A Kolmogorov-Smimov one sample test was performed for each alteration category to test the 
assumption that the data are normally distributed. In each case, we are unable to reject an 
assumption of normahty. The results are summarized in Figures 5 and 6 .  Using estimates of the 
mean and standard deviation obtained by a “bootstrapping” technique (Mooney & Duval, 1993) 
yielded essentially the same results. Full data me provided in Appendix G. 

A threshold statistic (p50 departure fiwm n o d  pool) distingduug wetlands rated as not 
sigdicantly altered from the combined categories of altered wetlands was determined by 
graphing the n o d  cumulative frequency function for each category (Figure 7). The 
intersection of the CFF lines identifies the level at which alpha and beta errors me equal. This 
intersection occurs at a point between 1.8 and 1.9 feet below normal pooL Using this threshold, 
the probability of incorrectly predicting that a wetland will be significantly altered is estimated at 
5 percent and the probability of incorrectly predicting that a wetland is not Signiscantly altered is 
estimated at 5 percent. 

Based on this analysis, a palustrine cypress swamp is predicted to show sigm of significant 
alteration if the median stage (based on a six year stage record) is lowered to a level between 1.8 
and 1.9 feet below the unaltered n o d  pool elevation. As a policy decision, the District 
Governing Board determined that wetlands identified as siificantly altered had been 
“significantly harmed‘‘. 
group of forty-one “ s e n w  wetlands6, establishing this level 1.8 feet below the elevation of 
normal pool’. A wetland is determined to be below its minimum level if the median sage (based 
on a long-term stage record) is below the adopted minimum leveL 

The District Governing Board adopted minimum levels for an initid 

a 
6 It is anticipated that additional sentry wetlands will be added over time to establish n mme canprehfflsivc 
monitaing new& ova the entire area 
7 At the time of adoption by the Governing Board, results indicated that the -ate ofE!d was 1.8 fm below 
normal pool. Subsequent corrections to the elevation & m a d  the calcolntcd value to 1.87 fkez 

7 



Literature Cited 

Benyman & Hennigar, 1997. Establishment of normal pool elevations in forested wetlands for 
the purpose of establishing minimum wetland levels. Report submitted to the West Coast 
Regional Supply Authority. October, 1997. 

Biological Research Associates, 1996. Use of lasting indicators of historic inundation patterns m 
isolated wetlands as reference elevations to determine areal extent and intensity of 
reduced water levels near areas of groundwater withdrawals. Report submitted to the 
West Coast Regional Water Suppiy Authority. November, 1596. 

Cunnane, C., 1978. Unbiased plotting positions - a review. J. Hydrology, v.37 p.205-222. 

Hull, H. C. Jr., J. M. Post Jr., M. Lopez and R G. Perry. 1989. Analysis of water level 
indicators in wetlands: Implications for the design of surhce water management 
systems. In: Wetlands: Concerns and Successes. Proceedings of the American Water 
Resources Association, Tampa, D. Fisk (Ed.), pages 195-204. 

Mooney, C. Z. and R I. D u d ,  1993. Bootstrapping -A Nonpa~arnetric Approach to Statistical 
Inference. Quantitative Applications m the Social Sciences, Vol. 95, Sage Publications, 
Thousand Oaks, California 

Rochow, T. R., 1994. The Effects of Water Table Changes on Fresh-water Marsh and Cypress 
Wetlands in the Northern Tampa Bay Region- a Review. Technical Report 1994-1, 
Southwest Florida Water Management District. February, 1994. 0 

Southwest Florida Water Management District, 1988. Basis of Review for S& Water Permit 
Applications in the Southwest Florida Water Management District. 

Southwest Florida Water Management District, 1996. Northern Tampa Bay Water Resources 
Assessment Project. Vol. 1. Surface-Water/Ground-Water Interrelationships. 
Brooksville, FL. 

8 



List of Figures, Tables nnd Appendices 

Figure 1. 
Figure 2. 

Figure 3. 

Figure 4. 
Figure 5. 

Figure 6 .  

Locations of reference wetlands. 
Spearman rank correlations - P50 departures fiom normal pool vs. 

Stage fiequency curves for reference wetlands (adjusted to normal pool 
elevation). 
Results of Kolmogorov-Smirnov two sample test. 
Results of Kohgorov-Smimov one sample test for wetlands classified as 
“significantly altered“. 
Results of Kolmogorov-Smirnov one sample test for wetlands in the 
combined category including those classified as “significantly altered” and 
those classified as “severely altered”. 
Cumulative fiquency distributions of wetlands classified as k t  
significantly altered” and wetlands in the combined category of 
“significantly altered” and “severely altered” classifications. 

ecological ratings. 

Figure 7. 

Table 1. 

Table 2. 

Description of ecological rating categories used to classify reference 
wetlands. 
Ecological ratings of reference wetlands. 

Appendix A. Summaries of wetland subcommittee meetings. 
Appendix B. Spearman rank correlation matrix - P50 departure fiom normal pool vs. 

ecological ratings. 
Appendix C. Elevations of normal pool indicators in reference wetlands. 
Appendix D. Water level data for reference wetknds. 
Appendix E. Hydropaphs of reference wetlands. 
Appendix F. Results of Kolmogorov-Smirnov two sample test. 
Appmdix G. Results of Kolmogorov-Smirnov one sample test. 



N .. 

A e 

Figure 1. Locations of Reference Wetlands 

Public Supply Wellfield 

4, ? 



Correlation Coefficient 
0 iu b in bo 0 
0 0 0 0 0 A 

v) 
S 



Fi
gu

re
 3

. S
ta

g
e 

Fr
eq

ue
nc

y 
C

ur
ve

s 
fo

r 
R

ef
er

en
ce

 W
et

la
nd

s 

I 0 -1
 

=?
 

-2
 

c
 

-3
 

p.
 

-4
 

E
 

-5
 

0
 

&
 

-6
 

g! 
-7

 
3
 
Z
 

-8
 

(I
I 

Q
 

-9
 

Q
) n
 -

10
 

-1
 I
 

-1
 2 

N
P

 

No
 S

ig
ni

fic
an

t C
ha

ng
e 

-
 -
 S

ig
ni

fic
an

t C
ha

ng
e 

4
L

\
 

I 

, 
-
 S

ev
er

ec
h

an
g

e 
-1

3 
- 

-1
4 

I 
I 

I 
I 

I
 

I 
1 

1
 

' 
I 

' 
I 

I
 

I 
I 

I 

50
 

60
 

70
 

80
 

90
 

I0
0

 
0 

I0
 

20
 

30
 

40
 

P
er

ce
nt

ag
e 

of
 T

im
e 

B
el

ow
 N

or
m

al
 P

oo
l 



Fi
gu

re
 4

 K
ol

m
og

or
ov

-S
m

irn
ov

 T
w

o 
S

am
pl

e 
Te

st
 fo

r E
qu

al
ity

 o
f D

is
tri

bu
tio

ns
 

C
um

ul
at

iv
e 

Fr
eq

ue
nc

y 
vs

 W
at

er
 L

ev
el

 

J 

d i 1 i d I i 

2 
4 

6 
Fe

et
 B

el
ow

 N
or

m
al

 P
oo

l 

B
lu

e 
is

 s
ig

n.
 d

iff
er

en
t f

ro
m

 a
ll 

ot
he

rs
 

N
o 

si
gn

. d
iff

er
en

ce
 b

et
w

ee
n 

al
l o

th
er

s 

I 1 
F IR 

rn 
N

ot
 S

ig
ni

fic
an

tly
 A

lte
re

d 

t 
S

ig
ni

fic
an

tly
 A

lte
re

d 

I 
S

ev
er

el
y 

A
lte

re
d 

v 
C

om
po

si
te

 

-
 

10
 

8 



a 
I.
--
 

1
 

__
 

~ 
-
 a
 

-
-
 

Fi
gu

re
 5

 K
ol

m
og

or
ov

-S
m

irn
ov

 O
ne

 S
am

pl
e 

Te
st

 F
or

 W
et

 L
an

ds
 C

la
ss

ifi
ed

 a
s 

"N
ot

 S
ig

ni
fic

an
tly

 A
lte

re
d"

 

0.
8 " I 

O
L

 
0 

-
I
 
I
 

I
 

1.
5 

W
at

er
 L

ev
el

 B
el

ow
 N

or
m

al
 P

oo
l 

I
 

2 

W
et

la
nd

s 
D

at
a 

-
 N

or
m

al
 D

is
tri

bu
tio

n 

2.
5 



\ 





Table 1. Descriptions of ecological rating categories used to classify reference wetlands. a 

evident and seasonally 

drier systems neither 

fissured, oxidized, seasonally appropriate 

Shrubs 4 0 %  OBL or 50 - 75% OBL or >75% OBL or FACW 
FAC W FACW 

Canopy Foliage >50% standing dead 10 - 50% standing 4 0 %  standing dead or 
or thin dead or thin thin 

Groundcover G O %  OBL or 50 - 75% OBL or >75% OBL or FACW 
FAC W FAC W 

Leaning OY Fallen >50% leaning or 10 - 50% leaning or 4 0 %  leaning or fallen 
Trees fallen fallen 

Overstory <50% OBL or 50 - 75% OBL or >75% OBL or FACW 
Dominance FACW FAC W 



Table 2. Ecolo&al d u g s  of rekence wetlands. 

s10 25 3.47 2 2 2 3 2 
STKCEN 28 -3.76 2 2 2 3 2 

MsaS 27 4.01 2 2 2 2 2 
MB3C 20 4.14 3 2 2 2 2 
wli 28 -5.37 1 1 2 3 1.5 
w7 30 -5.51 1 2 3 3 2.5 
S30 31 -5.60 1 1 1 2 1 

WlBO 32 -6.10 2 2 2 2 2 
MB30 33 8.33 2 2 2 1 2 

MB36 35 8.50 2 2 2 2 2 
Wl 34 8.33 1 2 2 1 1.5 

544 38 8.90 1 1 1 7 1 a 

- 
Fkld Score# Modtan 

Name S b  P W t )  w-dy s-on son shrub &on, 
UWl16 1 -0.42 3 3 3 3 3 

WC342718 2 4.53 3 3 2 3 3 
sn<N 3 -0.61 3 3 3 3 3 

G l  4 4.82 3 3 3 3 3 
STK M 5 4.83 3 3 3 3 3 
Nwla 6 -0.84 3 3 3 3 3 
s88 7 -0.88 3 3 3 3 3 
08 0 -0.91 3 3 3 3 3 
G3 9 -0.94 3 3 3 3 3 

W1 10 4gs  3 3 3 3 3 
597 11 -1.00 3 3 2 3 3 
576 12 -1.04 3 3 3 3 3 

S E R E C  13 -1.11 3 3 3 3 3 
SIO 14 -1.12 3 3 3 3 3 

MBgs 15 -1.17 3 3 3 3 3 
64 16 -1.23 3 3 3 3 3 

1428f7 l ?  -127 3 3 3 3 3 
G2 18 -1.36 3 3 3 3 3 
Gs 18 -1.67 3 3 3 3 a I -8 20 -219 1 3 3 3 I -17 21 -225 2 2 2 3 v 

3 
3 
2 





M E E T I N G  SUMMARY W H I U  

December 16,1996 SWFWMD MFL Wetland 
Subcommittee Meeting 
&rregQa- Jim Bays /Mw HILL 

Shirley Denton/BRA 
Chris ShearWCRWSA 
Ross McWilliams 

Fnow Jim Bays/TPA 

rum December 17,1996 

'Ihe Minimum Flows & Levels Wetlands Subcommittee met at the SWFWMD Tampa office 
at 1330 December 16,1996. The purpose of the meeting was to review progress in 
assembling an inventory of wetland monitoring locations in the northern Tampa Bay area 
that could be suitable for developing relationships between wetland functions and 
hydrologual parameters This meeting followed a progress-report conference call held at 
1600 on Thunday December 12. 

Action Items 

1. Richadschult? would coordinate wfth Shirley Dentonto meldhis 51-j of welland 
wetkndmDnitoringlogtionswithhersummargofw~monitoringstationsthat 

b i o l o ~ ~ w t h a t E o u l d p o t e n t i a n y  beupedtoindicatewhenecologiraldrange 
hastaken place.. Thesclistswouldthenbecomparedanddiscuased ,withthegoalof 

have quantitative ecological information 

2 Wmcmbmofthesubcomrmttee ' were quested to developalist of ecological or 

developing a common orcondenscd list of parameters that we could then extmctfmm 
the data setandusedforanaAysK 

Cenemk 

RichardShuh showed that of the master list of 655 wetland rnonitoringsites assembled 
by Shirley Denton, 302 of the sites occurred ~ 5 t h  0.5 miles of I to 6 monitoring welk 
Of these 302 wetlands, 252 were within 05  miles of a Nlfidal and a Floridan well. 
Richard was going to identify the subset which of these with smff gage data. It was Felt 
that perhaps 80 sites may have staff gage data entered in the data base. 

&hard prepreda pie chart that danoNtraeed that the bulk of the wetlands in the data 
base are cypress wetlands, with s o l d  other types W e d .  It is not dear if the data 
set completely reflects the dirtribution of wetland types within the region. 

Thae was considerable discussion about wetbnd type nomclrclature A convention wiIl 
have to tiemached on how to ckssify certain types of wctfands, when the fkd data set is 
established (eg. what to Bn the cypress "donut", rhrcrine forest, a). 

ma- t 



Manny suggested Sccessingdatabases on wetlands from ERP files that were m t e d  for 
mitigaton. Diaawro ’ n followed; Mwny would look into how available these data wen?, 
and what level of effurt may be involved. 

Chris Shea had m r i a v e d S h k y s  Iist, and had made some coneciions. These were to 
be @en to Shirley. He though it best to have the consultants review t h e s u m m y  for 
a a w c y .  The time aIlotted to the MFL workshop might not be suffidmt to allow this. 

presented examples of wetland cover t ime series in severa1 wetlands in Starkey and 

Gnsiderabie discussion followed on how to associate a range of wetland ecological 
parameterswithhpdmlogiealp~lmeten RichardsuggestedretatingthcSWFWMD 

~Uaedinherana lysLcOuidbeusgfd .  Rosswasconeernedaboutmtansof 
medmhgsubeidmaasdiEcdttoquantlfg. Tedsuggestedht lang-termmonitoring 
of loss of sendive Bpcciff is auscful indicator of change Manny echoed that the use of 
mdiartor species wouldbe a useful W Qis cautioned that use of indicator species 
may be too camplex, and that asfmplerindar could be more usefuL Work is cunently 

Morediswsfo nfollowedm thk vein, but conduded with the asignment that all would 
be bsked with preparing a list of indfcators, eg. indicator wetland species OMidencane, 

wouldbccamparedandacomm~nsctofindicatoRwouldbcdcvelopsd ifpossiille 

Ted suggeskd using some sites as a prototypc for analysis and interpretation. He 

CypTeSs Getk wcll fields. 

wetlandherlthratingsto spatialdrawdom extent shirL.goUggested that the 1-3 

bcingperfhudonthisby BerrylIlan & Henigar. 

pickerelweed), upper transitiorut spedes, weedy spies,  soil subddenct ,treetall. These 

2 



M E E T I N G  S U M U A R Y  -HILL 

December 19,1996 Mn Wetland Subcommittee 
Meeting 
hrrwDas: Mn Wetknd subconrmitt+e 

PROW Jim Bays/CH2M HILL 
DATE: December 31.19%; Revised January 3,1996 after 1/2/97 renew by 

S U b c O m m i t t ~  

The Minimum R o w  and Levels Technid Subcommittee met on Thunday Decanber 19, 
1996 at 130 p.m. Subcommittee members indude 

- J ~ B ~ ~ s / C H ~ M H I L . L  

- flrirlcyDenton/BRA - M ~ ~ I I Y L O ~ / S W I W M D  - Ross McWilliams for Hillsborou@ County - 'TedRochow/SWFWMD 
- F u l a r d s c h u l t z / ~  - chrissh~a/WCRWSA 
Others in attendance included Patty Fesmire/WCRWSA, Scott Emery for Hillsborough 
County and Clark Hull for SWFWMD. 

The meeting purpose was to review progress in asremblinga data base of ecoiogical data 
h m  monitoring stations within the Hillsbomugh-Pasco-Pindas &unty area. and to 
-curther discussion on analytml approaches. No set agenda was provided. 

Broad discussion centered around each topic. The following nunmarire5 major points and 
action items r d t i n g  h m  the meeting. 

- PhilDavis/SDIhotpresent) 

DataBasepmgrm 
- Shirley Denton produced a hard copy of the dab best The types and relative 

thedataavailable for each site w m  indicatcdbya codesystem dwelopedbyshiriey. 
The data base was reviewed during the meeting, and vegctstion type categories were 
discussed. and adjusted Some con-ections werr Nednl: these would be addnsxi by 
Shea and Rochow for Authority and SWFWMD stations, rcspectivdy. - Wetland types m the data base were talliedby typcode,pieldfng the following 

of 

- 91sttsw/-dfIta - 51Site,with~anopy&ta - 60 sit= witb hcrbaCKIu~ plant daband long- hydroperiod data - 48 dtcs with canopy and long-tenn hydroperiod data - Sites prefexred for analysis will i n i w y  be focused on those with good long-tam 
hydroperiod data. - Sites will be dassitied using the following g e n d  wetland type aitegoricr 

- s  cypressstrand 



2 



M E E T I N G  S U M Y A R Y  c r w ( H / f L  

January 2,1997 MFL Wetland Subcommittee Meeting 
1- MFL Wetland Subcommittee 

my: Jim BaydCH2M HILL 

DAm January 8,1997 

The Minimum Flows and Levels Technical Subcommittee met on Thursday January 2,1997, 
at O900 a.m. Subnuni t tee  members include: 

- Phil Davis/SDI (not present) 
- ShirleyDenton/BRA 

- Ross McWiIIiams for Hiusborough County (not present) 
- TedRoch~~/ swFwMD - Richardschultz/swFwMD 
- chrisShea/WCRWSA 
Others in attendance induded Scott Emery for Hillsborough County and Clark Hull for 
SWFWMD. 

The meeting purpose was to (1) review progress in assembling a data base of ccologiGll 
data from rnonito&g stations within the Hillsborough-Pasco-Phellas County area, and (2) 
to review proposed ecological indicators of hydrologic change An agenda is attached. 

Mrnutes of the December 19,1996 meeting were reviewed and amended. A revised copy is 
attached. 

The following smmmkes major points and action items resulting from the meeting. 

"Normal Pool" Hydroperiod Asresanent 

- Ted M o w  posted three example rehtionships that may serve to dcsaik vegetative 
trends m response to hydroperiod changes These are attached to this r n e m o d u m  - Considerablediscusslo . n followed on the dehnition of n o d  or mean pool, and how it 
is determined. Clark provided a diagram of a cypress trunk ikstmting the relative 
position and indicators used in setting Normal Pool and seasonal High Water., and 
example hydroperids m isolated and riverhe wetlads The attendees agreed that 
some form of standad relative elevation for measuring hydmpemds was deshble and 
a signihcant improvement from usingwetland groundslrrface.but thereis 
disagreement as to whether normal seasonal h@, or other standard elewion should 
be used. At this point, it was determined that we win proceed with the hydroperiod 
data such as it ir, and try to work out elevation related concerns later. 

DataBasePmgress 

- Shirley Denton produced a revised hard copy of the data base. Some comctions to 
wetland type and data assessment were still thought to be needed, but it wa5 the sense 

- J ~ B ~ Y S / C H ~ M H I L L  

- MannyLopez/swFwMD 



of theattcndees that m need to startperkmnhg at leastprclimiwy analyses now, and 
that thereis not su&ient time to perfgtly dassify all wetiand sites. 

- The following list of categories of ccoiogical bdhmrs of hydrologic change were 
developed by ping around the table and everyone presented and contributed their 
thoughts on what indicators may prove useful, a priority for their analysis, and 
expgted utility of the available data 

0 EcologicalIndiPlton 

PrioIity Gteg0r.Y 
A 

B 
A 
B 

B Soil subsidetKe 

Indicator Plant Species and Community Z o ~ t i a n  (includes aquatic 
and terrestrial composition) 

Fire (scanink lateral intrusion into wetlands, return frequency) 

Tree Canopy Condition (mor!Aity/tree f a I l / b d  -/density) 

Loss of wildlife habitat (jnduding reptiles, a m p h i i ,  birds, 
mammals, habitat use characteristics, e.g. bird rookery) 

- The priorities for the above reaectS judgments about the availability and quality of the 

The following list of plant mdicakim was developed for initial testing by Rodrow. At 
the meeting, comparisons weremade witha list of indicator plant species dwelopedby 
Dr. John Rice for WCRWSA. After some M o n ,  SubcDrnmittee membexs a@ 
thatforinitialtrialanatpsesthefaltowinglistwouldbesuitablc 

De- hueasem 

data, as we3 as an interest in developing “earY indicators of change - 

(decrease with decreasing hydroperiod) (increase with deueashg hydrop&&! 
Ellpntotium - sp. 

SPfinlFm sp. Andmpoa~ 
P&dC?h 

.€!&am&& 
Rubus 

NvmpJlnm 

-inpetnlpurpurm E* 
sa@tnrin Amnoplcs 
~ p a o f i n i p m  L Y V  

i 

Poiyph l u t c o / l u m a / ~ .  Pinu 
xyris Fm67im) Pncdmh 
Rhyndrarporn t?uqiijwmiculata/inundntn ParpPlum notnturn 
E k h a r i s  sp. faccpt Wzoiniij Blcchnum 

Woodrprudin - sp. 
IfypriaanfrrscraJotum 
1 - w  smilax sp. CpLIIICp) 

- This list of deueasers and incleasers conflicts m some ways with thedanifieation 
developed by the WCRWA consultanL Shea would try to bring John Rice to the next 
scheduled meeting of the Sukommittee to dixllss 



- Theunderahdm . g of theattendacP was that the c~verestirnates for each of these 
species h a  given station would be summedby category, and that this data would be 
porhlyed with hydroperiod data. This stsp is exploratory at this point. there is no 
standad way of-g tNsk\formablon.SchultcandRochow were going to work 
together with thc available SWFWMDdata to show ways of analyzing the data. - The mxesity of protgtiag lake edge wetlands was mentioned and it was noted that 
information developed for cypress wetlands would help in protecting these wetlands. 
'Ibe next wcting was scheduled for 09w January 7,1997 at SWFWMDTampa. For that 
meeting, we wil l  review any of the initial analyses p e r f o d  by Rochow and Shultz and 
any otha, and to discuss the WCWRSA indicator work with John Rice, ffhe is 
available 



M E E T I N G  S U M M A R Y  ct6MHlLi 

January 7,1997 Mn Wetland Subcommittee Meeting 
A-: MFL Wetland Subcommittee 

Jim Bays/CH2M HILL ,- - M 

UTE: January 8,1947 

The Minimum Flows and Levels Tdmical  Subcommittee met on Tuesday January 7,1997, 
ar 09M) a.m. Subcommittee members indude: 

- JimBays/cH2MHILL - PhilDavis/sDI - ShirleyDenton/ERA 
- MannyLoper/swFwMD - 

/ 

ROSS McWilliamd for Hillsborough County - TedRoth~~/swFwMD - RichardschulE/SWFWMD - OuisShea/WCRWSA 
Others in attendance included Scott Emery for Hillsborough County Jenny Hinton for 
FDEP, Dr. John Rice and Dan Scbmua of Berryman & Henigar for WCRWSA. 

The meeting purpose was to (1) receive an impromptu presentation by John Rice and Dan 
Schmutz on their rerrnt work in developing a list of "dea-ease and "inueasef' indicator 
plant species, and dixuss ways that this information could be applied to the MFL process, 
and (2) to review the progress in assembling a data base of ecological data from monitoring 
stations within the Hilkborough-Pax-Pinellas Gunty area. An agenda is attached. 

Minutes of the January 2 1996 rnceting were brief@ reviewed; Rochow provided several 
corrections that were included. A revised copy is attached. 

Tht following SUPLP\BljZeZ major points and action itfsns resulting fmm the 
Wetland Trend Vegetative Micator Review 

- John Rice and Dan sdunuk provided a summary overview of their work for the 
Authority in developing a list of plant species that show statistidly 3igx1ikmt 
increasing or deaeasing trends as hydmpexiods d-e in altered wetlands. This 
work has been pertormed as part of the Authority Environmental Management Pkn. 
Dan illustrated the CoIVgpt that p h t  spedes are dLrtributed a h g  a compla spatial 
a n d t e m p ~ h y d r c ~ g r a d i e n t a n d ~ t b y s t e ~ y c D m p a r i n g t h e ~  
and relative abbe of plants before and after hydrologic chrulges have been noted, 
it is possible to assign a "d-ef, 
pknL This analysis used sophisticated and innovative resampling methods from a data 
set corn- of hansect plant cover totals averaged for a given wetland. with each 
tramect sample event comprising a data point Some data sources extend over a 17- 
year period. 

, "transitional" or other stetus to the 

1 



- Considerable diwussion followed; substantial overlap was h i n d  with the list 
developed by the MFL. wetlands p u p .  Some important points iruhded the high 
speafuity of a spezies listforspeEifk: wellfield study areas (specks unique to w d  fields 
included 59 Crossbar, 14 Cypress creek 44 Starkey, 31 North Pasco); the lack of precise 
topographic information fur individual quadrau; d i f f h h s  ' withvaryingdegreesof 
taxonomic identification between observers and seasons; apparent goodness of a 
dassifiation as a deczeaser or increaser dependmg in some cases on the "starting 
point"; importance of udng species - genera or fadies  is probably too broad a 
Q"g0V. - This method was found to be superior than the use of the National Wetlands Inventory 
(NWI) classification for bend assessment and monitoring applications. It was noted 
that the NWI was prepared as a wetland classification tool, not for eend assessment. 
It was also noted that use of the trend indicator alone would not be complete; other 
types of data shouid be used (eg. hydroperiod). 
Other important factors were described as not taken into account directly by this 

Gncem was expressed that rushing through our analysis for the sake of the legislative 
deadline m a y  lead to a faulty conclusion on the use of appropriate indicator plants. We 
may have to define a stopgap measure to use. until a more complete analysis is 

- 
- 
- method inchding depth of inundation, Fire history. . 

_ -  - 
m-ied. - Much more discussion followed on the use of adiacent shallow wells as an indicator of 
hydroperiod or surrogate for a wetland, with a re'tum to the need for precisely surveyed 
topographic data at all quadrats and transecb, and concern expressed over the need to 
consider the wetland depth and side slopes when correlating with shallow well data to 
develop hydroperiod relationship - Much of the discussion appeared to be return to ideas and suggestions that would 
improve a monitoring p r o m  Dixussions about how to relate this information to 
5ignifiQnt harm were not candusive at this time. - John suggested that the data analysis effort could be streamlined by focusing on wet 
season vegetative meannements. - T%e MFL Wetlands Sukommittee extended their thanks and appreciation to Dan and 
John for their time, high quality analysis and presentation, and their suggestions. 

- Shirley Denton provided an electronic copy of vegetative data to Richard Schultz for his 

- Discussion on thedata base focused briefly on the concept that it may not be possible to 
fully explore the data lor all wetlands. Some effort would have to be spent on reducing 
the effort to a more manageable group of demonstration sites that would iliuskate a 
methodology for analysis. The compiled "shorterlist" of wetland stations may have to 
suffice for now. 

- Ted and Richard provided a summary overview of the analysis of some of Ted's data 
using a ratio of intreaw to decreaser ~ateg0rieS established at the 1/2/97 meeting. 
Thcy have applied this list to the observations in Wetland B at Cypress Creek and 
plotted the data with a steep change in water table elevation of 6feet measured in an 
adjacent well. n\e results show a va-y rapid inflection in the ratio with a dsline m 

DataBasehgrE!ss 

use 

EailogicalIndiQltors 



water hble elevation. Mom sites will be analyzed by Ted and Rich, and resulk will be 
reviewed at the next meeting. 

In order to broaden the analysis from simply herbaceous sperics, other data sctr will be 
needed- Bays will work with Shea to assemble a tree canopy data set for similar 
analysis, and shirlry Dentun will assemble a data base of the ranked site assessment 
data. Qlris will assemble a ijst desaibing the status of the survey work in the well 
fields, and Bays wiu fax to the group. 

- All agreed on the benefit of several lines of analysis to desaibe ecological changes, with 
expectations that they will converge on a range of hydrologic changes that may used to 

- Progress of the group was reviewed by all,and thefollowingnumwp is offered: 

1. Progress has been dow. Howwa,  The emphasis has been on establishing a common 
spantigtive data base and approach for assessing what changes have taken place in 
relation to hydrological changes, and of these, what can be deemed signibnt 

2 The group has assunblda list of decreaser andinueaserpkntspedesthat d b e u s e d  
as a tool for desaibing hydrologic change, and could be used in a wetland site 
assessment methodology. 

3. Thegmuphaspreparedaprioritized list of or ecolopal indicators for analysis. Data 
availability and quality weighed strongly in the priority ranking. All yield valuable 
informam on change to a wetland, and its importance However, for the time king, 
we wilI fDcus on the habaceous and canopy data, w h i t  exists 

4. The grouphm assembleda data base of wetland stations that could beused to 
quanthtively characterize vegetative and other indicator response to change in 
hydroperiod, and be extension, changes in adjacent aquifer webs. A list of adjacent 
wells has been identi&d for correlation of ecological changes with hydrolopal 
changes. Analysis wil l  soon reveal the benefit of this approach. 

- 

assignminimumlwels. 

The next rnaeting was scheduied for O900 Wednesday Jarmary 15 at SWFWMD. 



M h h u m  Flows and Levels Subcommittee 

Suggested Agenda 

January 7,1997 

09M)BDSWFWMDfampaofficc 
US HWY. 301 

1. Review and Correct Meeting Minutes 

2 Review and Discuss Candidate Eco logd  Indicators of Hydrologic Conditions 
- Jan- 2,1997 Minutes 

- John Rice/Berryman Q Henigar wil l  provide inf6rmakn on the tackpound and 
imphentation of the Wetland Indicator Study currently underway with 
WCRWSA - Rochow and Schdtz to provide update on their prelrmmary - Any other subcommittee member with data analyzed is invited to present 
preliminaryresdts. - From prelimrnary analysis, idennfy any hydrologic changes that 
appear associated with changes in vegetative indicators, and discuss potential 
means to relate shifts in vegetative indicators to other measures of wetland change. 

3. Review Data Base Progress (This item was not discussed in detail during January 2 
meeting) - Data base development update (Denton, Schultz, Shea) - Data availability and practicabihty to "normalize" hydroperiod to historic wetland 

NP Denton. Shea) - SWFWMD hydrologic data availability (Shultz) - . & w g p j d :  Prepare a prelimiwg list of cypress wetlandstationswith 
adequate quantitative vegetative, hydmpaiod, and adjacent SA/FA well data for 
thepast5years. 

durkrg January 2 metiing) - Suggested/prcfmcd approaches 0 

list of steps breduce the data and depict 
- EJmmpleSo - AsuPPatcd~~akPrepareapnltmmary 

analysis of indiplton. . .  

4. Preview Data Analysis and Propose Examples (This itemwasnotdixxlsscd in detail 

, .  
an example of how the ecologid indicator data could be portrayed on a 
hydrolo@ regime gradient How will these data be related to assessment of 
change/hann? 

5. Reviw Additional Issues from Members 0 

6. Recap the Meeting 

- Summarize SigrufiGlnt Progress - RioritizeActionItans - ConPirmTasLs - setschedule 
EQk 

ParenthesesindkatepcrsonwithprimaryrespDnsibJity 



! OUTLINE SUMMARY OF AQUIFER SLBCOMMlT7EE/WE"L&lW 
SUBCOMMITTEE MEETING WEDNESDAY JANUARY 8,1997 a ,  

Aqrrifcr Committee purpose for meeting with the wcltands Commmn: 

1. To develop an 
Simif im Harm-) the wethuds commmff is producing or plans to produce. 

2. To tommrrrricatC thc AsldfacommmeC's fvas,  ie. to develop ahydropmiod 
(wata kvd durati4n) relationship betwem the UF& SAS, and surfkce fcatmcs (ie. 
walsnds. and lakes). 

- A gmuic  wdlrmd was drawn on a board end tite following questions wcrc posed; 

' 
of what dataflcvels i n f d o n  and format (it. 

1. How arc the biologists were viewing the needed I&? 
2. How many levels arc needcd? 
3. what type of lev& will they be, fixed, tiW duratio~~ ac.? 
4. Do wc have cnoughdatato relatcthe Hydropcriodconceptto the data? 
5. What typc of dafa could the aquifer anticipate to d v e  from the mtlands 
cammina to use in establishing levels in the UFA? What format? 





M E E T I N G  S U M M A R Y  WjaFrm 

January 15,1997 MFL Wetland Subcommittee Meeting 
(with update on January 21 Conference Call) 
A l E t D E E %  MFL Wetland Subcommittee 

Roy: Jim Bays/CH2M HILL 

DATE January 21,1997 

The Minimum Flows and Levels Technical Subcommittee met on Wednesday January 15, 

- Jim Bays/cH2M HILL - Phil Davis/SDI (not present) - ShirleyDenton/BRA 

- Ross McWillianu for Hillsborough County 

1997, at o900 a.m. Subcommittee members include. 

- MannyLopez/SwFwMD 

- Ted Rmhow/SWFWMD - RichardSchultz/SWFWMD - ChrisShm/WCRWSA 

Others in attendance included Jenny Hinton and her intern Robin for FDEP. 
The meeting =Me was to review progress in developing different methodologies for 

assessing minimum wetland water levels An agenda is attached. 

No changes were proposed for the minutes of the January 8,1996 meeting. 

The following summarks major points and action items resulting from the meeting. 

Ecolo@ Indicators (Plan A) 

- Ted and Richard provided a summary overview of the analysis of some of Ted‘s data 
wing a ratio of increaser to daxeaser categories estabiished at the 1 /2/97 meeting. 
They have applied this list to the observations to the data set of 20 wetlands with 
readily available data. For about half of the sites, the indicator analysis showed a “flip” 
in the I/D ratio at some point in the time series. Others show what appear to be n a d  
fluctuations m the ratio, OT no change. Attempts to associate the ”fhp’’ with wetland 
water level changes have met with uneven S U C C ~ ~ ~ ,  primarily because the wetlands 
appeared to dry up and therefore yield no useful data. Richard has regressed available 
wetland water elevations with adjacent shallow wells for wetlands J and K at Starkqr 
WF. R-sqwred values are low, and scatter is high. Richard was going to continue to 
pursue these analyses, and check the suitability of the wells selected. 

Wetland Water Regsme (Plan 8)  

- Bays provided a handout showing a method for estimating an average water elevation 
for a single wetland, and two ways of establishing a measure of the “minimum” 

0 

0 



elevation associated with a type of wetland, using cypress as an example. Other 
handouts included graphics showing the average relative elevation of occurrence of 
different canopy and ground cover species relative to the wetland average water 
elevation and hydroperiod. These measure could be used to associate a ”normal” 
water regime for a g~ven  wetland type which would include an a5sessment of the 
statistical variability in these measures. This statistical “minimum” level could be 
mapped out on a landscape d e  using the Dinrict’s GIS map, which could then be 
treated as a statistical nvface to be intersected by a map of the surficial aquifer levels. 

Wetland Water Regme - Surficial Aquifer (Plan C) 
- Shirley Denton described efforts by BRA and SDI to develop a family of stage-duration 

m e s  for different types of wetlands in different ranks of apparent ecological 
conditioh This effort is ongoing. but could lead to idenbfying minimum levels 
associated with certain degrees of ecological change, that could them be used to set 
surfirial acpfer Iwels. 

Dist~ict Overlay Method (Plan D) 
- Ridrard briefly reviewed the Distxict’s Overlay Method. rhis method stablishes a 

drawdown contour around a well field through either flow modeling or regression 
analysis of Floridan aquifer and well field pumping, which is then overkin with a map 
of wetland health based upon the District Rapid Assessment Method RAM). This 
allows the dis@ihtion and condition of affected wetlands to be spatially correlated with 
different drawdown contours. This method is the most well developed of all 
approaches at this time. Richard stated that the m c t  staff are becoming increasingly 
involved in developing this method, which may affect his or his staff‘s availability in 
testing different methods proposed by the group. 

It was agreed that a field visit to wetlands exhibiting a wide range of ecological 
conditions would be performed in the Starkey Well Field in February. (Note added: 
Based on the Jarmary 21,1997 conference d, the field visit has k . s e t  for February 11 
and V and expanded to include wetlands in areas affected by causes other than 
groundwater production The location and x o p e  of activities for the field visit will be 
cstablkhed at another meeting to be held at S-D at 9 3  on January 29,1997). 

At this point, it is not appropriate to state any consensus by the group, but there has been 
agreement that whatever method is proposed, it is not expected to be sufficiently pr& to 
allow description of harm to a sppccific wetland. Rather, this method will have a landscape 
type of applicatiorL Also, there b agreement that the different approaches being developed 
have a great deal of overlap in their technical basis, and may be found to be complementary 
in the long run. 

The next meeting was scheduled as a conference call for ~ O C I  p.m. Tuesday January 21. 

Note added during prepmtm ’ ofminutes: The conference call meeting was held and updates 
were provided by Ted, Richard, Jim, and Shirley. It was decided that although the 
indicator method is yielding useful information, it may not be as productive in the short 
term to continue pursuing this method as a means of setting minimum levels. Richard 
agreed to perform some additional example analyses that would illustrate how the method 



could be used to establish a minimum level, by hacking the performance of the indicator 
over time, and focusing water level analysis on the time period when the ratio "flipped", 
which would indicate that a minimum level had been achieved which resulted in a 
pronounced vegetative change. The work performed by Ted and bch has significant 
t e c h n i d  merit, and has been independently corroborated in large part by analysis 
performed for the Authority by Berryman & Henigar. Suggestions were made for 
examining and reconsidering the list of species selected for analysis when time was less 
PTeSsing. 

Jim presented several figures describing how hydroperiod and stageduration relationships 
may be cornpard between wetlands. Although each wetland is unique, there does appear 
to be a range of stageduntion relationships that define cypress wetlands, and it may be 
possible to define an average or other level that wiU maintain cypress wetlands in an 
unaffested condition It may also be possible to define stageduration relationships that are 
more closely associated with other types of wetJand or upland communities. The length of 
the data record is  very important when performing this type of data analysis. 

Shiriey is actively involved in collecting field data on a subset of wetlands defined in the 
data base analysis that would allow her to tie the existing water level data to wetland 
vegetation zones in a similar relationship as d e s c r i i  by Jim's analysis. If the data allow, 
the wetland vegetatiomtage relationship could be associated with the adjacent surficial 
aquifer water table h a m t i o n ,  which in turn could be modeled. 

Richard reported that the District is continuing to map the wetlands and develop the 
statistid relationships between the FA and pumpage for the District Overlay Method. 

The next meeting wils scheduled for January 29 at 9 3  am at SWFWMD. The field trips 
were set for FebruKy 11 and 12 



M E E T I N G  S U M M A R Y  M H I U  

January 29,1997 Mn Wetland Subcommittee Meeting 
AlT€?JDEEs: MFL Wetland Subcommittee 

RIOU: Jim Eays/CH2M HILL 

DATE: February 4,1997 

The Minimum Flows and Levels Technical Subcommittee met on Wednesday January 29, 
1997, at 0900 a.m. Subcommittee members indude: 

' - Jim Bay~/cH2M HILL - PhilDavis/SDI 
- Shirley Denton/BRA (by teleconference) 

- Ross M c W X i  for Hillsborough County 
- MannyLopez/swRNMD 

, - RichardschLlltz/swFwMD 
- Ted Rochow/SWWMD 

- ChrisShm/WCRWSA 
- Uark Hull/SWFWMD 

The meeting purpose was to establish an itinerary for a field kip to be held on February 17 
and 12,1997 to review a series of wetlands and discuss methodological approaches towards 
setting minimum levels. An agenda is attached. 

No changes were proposed for the minutes of the January 15.1996 meeting. 

The following  summarize^ major points and action items resulting from the meeting. 

Proposed Itinerary for Starkey Well Field Review on February 11,1997 

- Meet at the Starkey Park kiosk near the west entrance at o400. 

- Four-wheel drive vehides will be provided by CHZM HILL, SWFWMD, WCRWSA. 

- This is an all-day trip. Please bring your own lunch and water. 

- Nine sites will be visited include the following, identified by the District and West Coast 
identification numbers: 

0 '  

STK D/SU 
STK Powerline/% 
STK Central/S-87 
S f K  T/S106 
5-104 
STK S / S  
SIX E a s t / s n  

1 



STK Grass Rakie/S-29 etc 
STK South Central/S-85 - These wetlands span a range of low or no effects to severe effects, according to the 

District's wetland health assessment and Benyman & Henigar's stress categories. 

- Chris S e a  will assemble the p m o d  of record water level data collected by the 
Authority. Recent descriptions of the ecological history of each site will be provided by 
the Authority. 

- The District will assemble water level data for each wetland from their files, including 
adjacent shallow and deep monitor well data, if available. 

Proposed ltinerary for Field Review of Northwest Hillsborough Wetlands on February 
12,1997 

- Meet at Lake Park parking lot at 0800. A n y  cars not driven during the day will be 
parked m the park maintenance yard. - W e  wi l l  visit up to 8 wetlands. At the time of this writing. I am still coordinating with 
Peter NeSmith/WAR for access and directions. This field trip will visit a wide range of 
wetlands in a developed setting, spanning a range of apparent ecological condition. A 
iinal itinerary will be faxed to all subcommittee members. 

- Vehicles wi l l  be provided by CH2M HILL, SWFWMD, WCRWSA. 

The types of field work to be performed durjnp this fieid trip are expected to indude the 
following: review long-term wetland hydrographs, relative elevation measurements, 
vegetative cover, apparent health, wildlife habitats, and soils. 



M E E T I N G  S U M M A R Y  atiRRm 

January 29,1997 MFL Wetland Subcommittee Meeting 
(Revised) 

MFL Wetland Subcommittee 

RKYL: Jim Bays/- HILL 

DATE: February 4,1997 

The Minimum Rows and Levek T e c h i d  Subcommittee met on Wednesday J a n u q  29, 
1997, at O900 a.m. Subcommittee members indude: 

- JimBaytfcH2MHILL - PhilDavis/SDl - Shirley Denton/BRA (by teleconference) 
- MamyLopcz/swFwMD - Ross McWilliams for Hiusborough County 
- T ~ ~ R o c ~ ~ w / S W N V M D  - R i t h a r d k h u . l k / s W ~  - ChriSShdWCRWSA 
- ClarkHull/SWFMrMD 

The meeting purpose was to establish an itinerary for a field trip to be held on February 11 
and 12,1997 to review a series of wetlands and discuss methodological approaches towards 
sethg minimum levels. An agenda is attached. 

No changes were proposed for the minutes of the January 15,1996 meeting. 

The following summarizes major points and action items resulting fmm.the meeting. 

Proposed Itinerary hStarkey WelI Field Review on February 11,1997 

- Meet at the Starkey Park k i s k  near the west e n m c e  at O900. 

- Four-wheel drive vehicles will be provided by CH2M HILL, SWFWhfD, WCRWSA. 

- Nine sites will be visited mdude the following, identified by the Dktria and West Coast 
identification numbers: 

5l-K D l S 2 7  
STK P o w e r i i n e / ~  
SIX centlal/s87 
STK T/S-lL% 
S104 
SIX s/565 
5TK East/S-73 
STX Grass Prairie/S29 etc 

rprxI21yBIIlLmc O W  I 



STK South GmmV5-85 - These wetlands span a range of low or no effects to severe effects, according to the 
District's wetland health assessment and Berryman k Henigafs 5tress categories. 

- Chris Shea will assemble the period of record water level data collected by the 
Authority. Recent descriptions of the ecologcal history of each site will be provided by 
the Authority. 

- The Distria will assemble water level data for each wetland from their files, including 
adjacent shallow and deep monitor well data, if available. 

Proposed Itinerary for Field Review of Northwest Hillsborough Wetlands on February 
12,1997: A tentative list is provided below. 

1. NC2127l8is 
2. Znnsis 
3. c162818cn 
4. Nco42B18m 
5. c14m71c 
6. NC2627l7ii . 
7. SQm7ii - WCRWSA will provide graphs of hydrographs and stage duration curves for all 

wetlands, as well as avaiiable plant ecology and wildlife data. - Peter Nesmith of WAR will help lead the field trip. - Meet at Lake Park at 0800 on Wednesday, Feburary 12. 



I 
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M E E T I N G  S U M M A R Y  cFEumu 

February 11 and 12,1997 Wetlands Subcommittee 
Field Review 
A m = :  MFL Wetland Subcommittee 

PRDY Jim Bays/CHZhl HILL 
ME February 14,1997 

The Minimum Flows and Levels Wetlands Technical Subcommittee met on Tuesday and 
Wednesday, February 11 and 12,1997. Subcommittee members include: 

- Jim BaydCH2h4 HILL - Phil Davis/SDI (replaced for the field trip by Kathleen Bowdoin/SDD 
- Shirley Denton/BRA (replaced by John Bailcy/BRA on Wednesday) 
- Manny Lopez;/SWFWMD (Tuesday) - Scott Emery for Hillsborough County (Tuesday) 
- Ross McWilliams for Hillsborough County Wednesday) 

- Richard Sdrultz/SWFWMD (Tuesday) 

- Dave Parsons/WCRWSA for survey assistance 

- Steve Shaw/Beqman k Henigar muesday) - John Rice/Benyman & Henigar (Tuesday) - Peter NeSmith/Water & Air Research (Wednesday) 

- T & R O C ~ ~ ~ / S W F W M D  

- ChrisShea/WCRWSA 

- CbrkHd/SWFWMD 

The meeting purpose was to review a series of wetlands on the Starkey Well Field 
(Tuesday) and the Northwest Hillsborough area (Wednesday). We surveyed in critical 
elevations along a vegetative trans& extending from upland to wetland interior, and 
wetland health ratings were recorded by Ted Rochow. In this way, the available stage data 
and wetland water elevation data can be summarized in a manner similar to that which has 
been collected by the lake subcommittee. This should allow a direct comparison between 
wetlands stage exceedence data and apparent vegetative condition. 

Five sites were visited at  the Starkq Well Fieid on February 11: 

Srrc D/S27 
SIX Powerline/S44 
SIX East/S73 
STK Grass Prairie "B" and 57 
S K  South CentraI/S-85 

John Rice passed out an analysis of the available hydroperiod and vegetation data for 
Starkey 5 2 4  for the 19881996 period. and made a short presentation discussing his 
findings concerning an application of the increaser/decreaser ratio. Other information on 

rprxm49homc D M  1 



the vegetation and wetland water level information for the wetlands was distributed and 
discussed. 

The bllowing six sites were visited in the NW Hillsborough area on February 12 

NU12TIB is 
2727lSis 
C16281h 
NCO4261Scn 
c1427l7ic 
sc3327l7ic 

Chris Shea was going to work up the survey data. Jim Bays would reduce the 
vegetation data. Peter Ne5mith will reduce the W A R  water level information and 
prepare stage duration curves. A conference call was scheduled for Monday m, 
February 17 @0900. Jim Bays would distriite call-in information. 

- h k  you all for your time, patience, and knowledgable assistance during these two 
days.  

0 ’  



Appendix B. Spearman rank correlation matriv - P50 deparhrre h o r n  aormal pool vs 
ecological ratings. 
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Appeodrx C. Elevations of normal pool indicators in reference wetlands. 



Appendix Nonnal pool lndhtor elevations in reference wetlands. 0 
Moms Bridge WF 
Normal Pool Elevations 
ID# NW115 L 1  

(=X4) L2 
L 3  
L4 
L5 
L6 
L7 
L8 

NW HILLSB. WF 
NORMAL POOL 
ID# WC342718 L1 

L2 
L3 
L4 
L5 
L6 
L7 
L8 
L9 
L10 

Starkey WF 
Normal Pools 
ID# "N" L1 

I2 
L3 
L4 
L5 
L6 
L7 
L8 
L9 

42.4 
42.5 
42.5 
42.3 
42.7 
42.4 
42.3 

54.8 
54.8 
54.8 
54.6 
54.8 
54.8 
54.9 
54.8 
54.0 
54.7 

47 
46.8 
47 

46.9 
47 
47 

46.7 
46.8 
46.9 

MEAN= 
42.4 

STDEV= 
0.14 

MEAN = 
54.8 

STDEV= 
0.10 

MEAN = 
46.9 

mEv= 
0.11 



G m n  Swamp 

ID# G l  
NormalPool 

Starkey WF 
Nwmal Pool 
ID# "tvl" 

SllIl2WR17 

Morns Bridge WF 
Normal Pool Elevations 
ID# MB-60 

(=NW 125) 

L1 
L2 
L3 
L4 
L5 
L6 
L7 
L8 
L9 
L10 

L1 
L2 
L3 
L4 
L5 
L0 
L7 
L8 

Mi 
Id2 
M3 
w 
M5 
M5 
M7 
M8 
MQ 
M10 

100.5 MEAN = 
100.5 100.5 
100.6 
100.6 STDEV= 
100.4 0.10 
100.6 
100.4 
100.4 
100.3 
100.5 

44.8 MEAN = 
44.7 44.8 
44.9 
44.8 STDEv= 
44.9 0.12 
44.7 
44.6 
44.6 

34.8 MEAN= 
34.8 34.8 
34.8 
34.9 STDEV= 
34.8 0.06 
34.7 
34.8 
34.8 
34.8 
34.7 



starkey WF 

ID# s68 
NomrelPool 

GREEN SWAMP 
NORMAL POOL 
ID# G6 

GREEN SWAMP 
NORMAL POOL 
ID# G3 

LM1 
LM2 
LM3 
LM4 
LM5 
LM6 
LM7 
LM8 
LM9 
L M l O  

M1 
M 2  
M3 
ti44 
M5 
M6 
M7 
M8 
M9 
M10 

L1 
L2 
L3 
L4 
L5 
L6 
L7 
L8 
L9 
L10 

43.9 
43.8 
43.9 
43.9 

44 
43.9 
43.9 
43.9 
43.9 
43.9 

97.7 
97.7 
97.8 
97.7 
97.7 
97.8 
97.8 
97.8 
97.8 
97.8 

102.6 
102.8 
102.8 
102.8 
102.7 
102.7 
102.9 
102.9 
102.7 
102.6 

MEAN= 
43.9 

STDEV= 
0.05 

MEAN = 
97.6 

STDEW 
0.04 

MEAN = 
102.7 

STOW= 
0.10 



NW HILLSB. WF 

ID# NW6 1 
NormalPool 

Starkey WF 
Normal Pool 
I[)# sg7 

Starkey WF 
Noml  Pool 
1W s75 

c 1  
c 2  
c3 
c4 
c5 
C6 
c7 
C8 
c9 
c10 

L1 
L2 
L3 
L4 
L5 
L6 
L7 
L8 
L9 
L10 

L l  
L2 
L3 
L4 
L5 
L6 
L7 
L8 

34.5 MEAN = 
34.3 34.2 
34. I 
34.2 STDEW 

34 0.17 
34 

34.4 
34.1 
34.1 
34.1 

44.3 
44.2 
44.3 
44.4 
44.2 
44.2 
44.2 
44.2 
44.1 
44.1 

47.4 
47.5 
47.1 

47 
47.1 
46.9 
47.2 
47.2 

MEAN = 
44.2 

mEv= 
0.09 

MEAN = 
47.2 

STDEV= 
0.20 



Starkey WF 

ID# EASTERN REC. L1 
SlTT26m17 I2 

L3 
L4 
L5 
L6 
L7 
L8 
LQ 

Starkey WF 
N o m l  Pool 
ID# S70 LM1 

LM 2 
LM3 
LM 4 
LM5 
LM 6 
LM7 
LM 8 
LM 9 
LM 10 

Moms Bridge WF 
Normal Pool Elevations 
ID# MBQ6 M I  

M2 
M3 
M4 
M5 
M6 
M 
M8 
MQ 
M10 

46.6 
46.3 
46.5 
46.4 
46.4 
46.4 
46.4 
46.2 
48.2 

44.6 
44.5 
44.8 
44.7 
44.6 
44.6 
44.6 
44.7 
44.7 
44.8 

MEAN = 
46.4 

STDEV= 
0.13 

MEAN= 
44.7 

STDEV= 
0.10 

35.4 MEAN= 
35.4 35.4 
35.3 
35.4 mEv= 
35.4 0.05 
35.4 
35.3 
35.3 
35.4 
35.4 



GREEN SWAMP 
NORMALPOOL 
ID# 64 L1 

u 
L3 
L4 
L5 
L6 
L7 
L8 
L9 
Ll 0 
L l  1 

NW HILLSB. WF 
NORMAL POOL 
1[3# 142817 L1 

u 
L3 
L4 
L5 
L6 
L7 
L8 
L9 
L l  0 

GREEN SWAMP 
NORMAL POOL 
ID# G2 H1 

H2 
H3 
H4 
H5 
H6 
H7 

102.9 MEAN = 
103.0 102.8 
102.9 
102.8 mEv= 
102.9 0.08 
102.9 
102.9 
102.9 
102.7 
102.8 
102.8 

15.8 MEAN = 
15.8 15.7 
15.5 
15.9 STD€V= 
15.7 0.10 
15.7 
15.7 
15.7 
15.7 
15.7 

100.3 MEAN = 
100.4 100.4 
100.3 
100.3 STDN= 
100.3 0.06 
100.5 
100.3 



GREEN SWAMP 0 NORMALPOOL 
ID# G5 L1 

L2 
L3 
L4 
L5 
L6 
L7 
L8 
L9 
L10 

NW Hillsb. WF 
Normal Pool 
ID# WC302818 L1 

L2 
L3 
L4 
L5 
L6 
L7 
L8 
L9 
L10 

M N  Hillsb. WF 
Normal Pool 
ID# NC242717 L l  

K 
L3 
L4 
L5 
L6 
L7 
L8 
L9 
L l  0 

92.0 MEAN = 
91.8 91.9 
92.0 
91.8 STDEV= 
92.0 0.08 
91.9 
91.9 
91 .8 
91.8 
92.0 

20.7 
21.1 
20.9 
21.1 
21.6 
20.8 

21 
21.3 
21.4 
21.5 

51.4 
51.3 
50.9 
51.1 

51 
51.1 
50.7 
50.5 
51.1 
50.6 

MEAN = 
21.1 

STDEW 
0.30 

MEAN = 
51 .O 

STDEV= 
0.29 



Udridgc Wilde WF 

lo# Ewll 
NonalPod 

Starkey WF 
Normal Pool 
ID# STK-S4 

Li 
L2 
L3 
L4 
L5 
L6 
L7 
L8 

L1 
I2 
L3 
L4 
L5 
L6 
L7 
L8 
L9 
L10 

NW Hillsb. WF 
Normal Pool 
ID# WC 10281 7 81 

82 
83 
84 
B5 
Be 
87 
B8 
89 
B10 

38.4 MEAN= 
38.4 38.5 
38.5 
38.4 STDN= 
38.8 0.13 
38.5 
38.5 
38.5 

39.8 
39.7 
39.8 
39.6 
39.8 
39.6 
39.7 
39.7 
39.7 
39.8 

23.5 
23.6 
23.6 
23.4 
23.5 
23.5 
24 

23.9 
23.7 
23.7 

MEAN= 
39.7 

STDEV= 
0.08 

MEAN = 
23.6 

STDEV= 
0.19 



Starkey WF 
Normal Pool 
ID# STK CEN 

Ll 
L2 
L3 
L4 
L5 
L6 
L7 
L8 
L9 
L10 

Ll 

L3 
L4 
L5 
L6 
L7 
L8 
L2 

Moms Bridge WF 
Normal Pool Elevations 
I t 2  MB88 L2 

(Clay Gullly Cypress) L1 
L3 
H1 
H2 
H3 
H4 
H5 

29.1 
29.4 
29.3 
29 

29.1 
29.1 
29 

29.3 
29.2 
29.2 

45.1 

44.8 
45 

45.3 
44.9 
45.3 
45.4 
43.8 (deleted) 

MEAN= 
29.2 

STDEV= 
0.13 

MEAN = 
45.1 

STDO/= 
0.23 

41.1 (deleted) 
41.6 MEAN= 
41.4 
41.6 

41.6 

41.8 STDO/= 
41.6 
41.8 
41.5 

0.08 



Moms Bridge WF 

ID# ME14 
Normal Pool Elevations 

(=MB3C) 

Cypress Ck. W.F. 
Normal Pool Elevations 

ID# w-11 

Cypress Ck. W.F. 
Normal Pool Elevations 

ID# W-17 

B1 
B2 
83 
84 
85 
86 
87 
88 
B9 
610 

L i  
L2 
L3 
L4 
L5 
L6 
L7 
LB 

L1 
L2 
L3 
L4 
L5 
L6 
L7 
La 

35.1 
35.1 
35.1 
35.1 

35 
35 

35. I 
35 

35.2 
35.2 

69.5 
69.4 
69.6 
69.2 
69.5 
69.4 
69.3 
69.1 

65 
64.6 
64.5 
64.9 
65.1 
65.2 
64.7 
65.2 

MEAN= 
35.1 

STDEV= 
0.07 

MEAN = 
69.4 

STDEV= 
0.17 

MEAN = 
64.9 

mEV= 
0.27 



starkey WF 0 NomlPool 
ID# S-30 

Moms Bridge WF 
Normal Pool Elevations 
ID# W160 

(= MB91) 

Moms Bridge WF 
Normal Pool Elevations 
ID# MB 30 

Bl 
82 
83 
84 
B5 
86 
B7 
B8 
09 
B10 

MB1 
MB2 
MB3 
MB4 
MB5 
MB6 
MB7 
MB8 
MBQ 
MBlO 

B1 
82 
83 
B4 
B!5 
B6 
87 
B8 
BQ 
B10 

32 
32 

31.6 
32.1 

32 
31.8 
31.8 
31.9 
32.1 
31.6 

36.3 
36.3 
36.3 
36.2 
38.2 
36.3 
36.2 
36.2 
36.3 
36.2 

34 
33.7 
33.9 

34 
34.4 
34.2 
34 

34.4 
34.3 
34.1 

MEAN= 
31.9 

STDEV= 
0.1q 

MEAN= 
36.3 

STDEV= 
0.05 

MEAN= 
34.1 

STOW= 
0.23 



CYPRESS CK. WF 

ID# W41 
0 NORMALPOOL 

Moms Bridge WF 
Normal Pool 
ID# MB35 

Starkey WF 
Normal Pools 
ID# 544 

C l  
c 2  
c 3  
c4 
c5  
C6 
c 7  
C8 
c 9  
c10 

L l  
L2 
L3 
L4 
L5 
L6 
L7 

L1 
L2 
L3 
L4 
L5 
L6 
L7 
L8 
L9 
L10 

74.9 
74.9 

75 
74.9 
75. I 

74.7 
74.7 

75 
74.9 

74.8 

35.5 
35.5 
35.2 
35.6 
35.6 
35.7 
35.5 

35.1 
35.3 
35.3 
35.1 
35.5 
35.4 
35.4 
35.1 
34.9 
35.5 

MEAN = 
74.9 

STDEV= 
0.13 

MEAN = 
35.5 

STDEVE 
0.16 

MEAN= 
35.3 

mEv= 
0.20 



Appendix D. Water level data for reference w&&. 



Vn W T A  

L d  
42.48 
4207 
4 2 M  
42% 
4272 
4242 
4202 
41.45 
41,452 
41.45 
41.48 
41.70 
41.48 
41.45 
41.45 
41.46 
41.45 
41.45 
41.45 
41.45 
41.45 
41.45 
41.46 
41.45 
4i.45 
41.45 
41.45 
41.45 
41.45 
41.46 
41.46 
41.45 
41.45 
4270 
4276 
42.32 
4212 
41.45 
41.45 
41.45 
41.45 
41.45 
41.45 
41.45 
41.45 
41.45 
41.45 
4202 
42% 
4232 
4218 
4212 
4232 

42en 
42U2 
41.46 
41 .U 
41.45 
4270 
42.52 
4220. 
4 2 m  
4248 
4278 
4248 
4232 
4240 
423s 
42.- 
43.00 
4 z a l  
42E4 
4274 
4 2 M  
4280 
4 2  
4- 
41.82 
4216 
U.16 
4 2 m  
4 2 6 8  

4 2 m  

HNP 
4244 
42.44 
4 2  u 
42.44 
4244 
42.44 
4244 
4244 
4244 
42.44 
4244 
4244 
4244 
42.44 
4244 
4244 
4244 
4244 
4244 
42.44 
4244 
42.44 
4244 
42.44 
4244 
4244 
4244 
4244 
4244 
4244 
4244 
4244 
4244 
4244 
42.44 
4244 
4244 
4244 
42.44 
4244 
4244 
4244 
4244 
4244 
4244 
4244 
4244 
4244 
4244 

4244 
42.44 
4244 
4244 
4244 
4244 
4244 
4244 
4244 
4244 
4244 
4244 
42.44 
4 2 u  
4244 
42.44 
4244 
4244 
4244 
42.44 
4244 
4244 
4244 
4244 
4244 
4244 
4244 
4244 
u44 
4244 
4244 
4244 
4244 

4 a . u  

M 
41~45 
41.45 
41.45 
41.45 
41.45 
41.46 
41.45 
41.45 
41.46 
41.45 
41.45 
41.45 
41.45 
41.45 
41.45 
41.45 
Al.45 
41.45 
41.45 
41.45 
41.45 
41~45 
41.45 
41.45 
41.45 
41.45 
41.45 
41.45 
41.45 
41.45 
41.45 
41.45 
41.45 
41.45 
41.45 
41.45 
41.4s 
41.45 
41.70 
41.82 
4202 
4202 
4202 
4207 
42.12 
4212 
4 2  18 
4218 
42.26 
4220 
4232 
4232 
42.32 
4232 
4 2 3  
4259 
4240 
42.42 
4248 
42.46 
4240 
4252 
42% 
4258 
42.84 
4 2 w  
4 2 M  
4268 
4 2 M  
4270 
4272 
4 2  74 
4278 
4278 

42.78 
42m 

4266 

4 2 f a  
43.00 
43.18 

427e 

urn 

a m  

HNP I 
4244 
42.44 
4244 
4244 
4244 
4244 
42.44 
4244 
42.44 
4244 
42.44 
4244 
42  U 
4244 
42.44 
42.44 
42.44 
4244 
42.44 
42.44 
42.44 
42.44 
42.44 
4244 
4244 
4244 
4244 
42.44 
4244 
42.44 
4244 
42.44 
42.44 
42.44 
4244 
42.44 
4244 
42.44 
4244 
42.44 
4244 
4244 
4244 
42.44 
4244 
4244 
4244 
4244 
4244 
4244 
42.44 
4244 
4244 
4244 
42.44 
4244 
42.44 
42.44 
42-44 
42.44 
4244 
42.44 
4244 
42.44 
4244 
42.44 
4244 
4244 
U U  
4244 
42.44 
4244 
42.44 
4244 
4244 
4244 
4244 
4244 
4244 
4244 
4244 
4 2 U  
4244 

av.UNP T 
4.98 
4.88 
4.98 
4.K 
4.88 
4.88 

4.w 
4.99 
4.99 
-0.88 
4.90 
4.99 
4 .99  
4.89 
4.99 
4.99 
4.99 
4.48 
4.99 
4.88 

4.m 
4.99 
4.s 
4.m 
4.88 

a m  

4.88 

4.m 
4.m 
4.88 
4.98 
4-99 
4.98 
4.98 
4.90 
4.88 
4 . 9 9  

4.085 
4.746 
4.62 
4.42 
4.42 
4.42 
4.37 
4.32 
4.32 
4.28 
4.26 
4.18 
4.18 
4.12 
4.12 
4 .12  
4.12 
4.00 
4.05 
4.04 
4.02 
0.02 
0.02 
0.04 
0.M 
0.14 
0.14 
0.14 
0.18 
0.72 
0.24 
0.24 

0 . a  
0.3 
0.32 
0.32 
0.32 
0.34 
0.38 
0.38 
0.42 
0.42 
0.54 

0.72 

om 

a% 

im Freq U.den 
28 
35 
28 
34 
35 
21) 
19 
A4 
29 
23 
27 
21 
28 
27 
33 
42 
28 
41 
n 
49 
33 
34 
21 
24 
25 
35 
42 
21 
42 
21 
26 
28 
28 
37 
28 
?4 
28 
27 0 . w  
49 0.52e 
19 0.518 
7.7 0.508 
28 0.407 4.42 
21 0.M9 
20 0.481 
22 0.472 
43 0 . 4 s  
35 0.442 
33 0.428 
M 0.421 
36 0.407 
28 0.386 
29 0.3W 
42 0.24% 
15 0.382 
52 0.241 
28 0.327 
28 0.316 
35 0 x 3  
19 0.295 
33 0.281 

35 0.283 

28 0.241 
y1 0 . a  
30 0.200 
36 0.194 
21 0.1M 
36 0.171 
41 0155 
2.8 0.144 
4s 0.125 
15 0.119 
25 o.1m 
42 0 . m  
29 o m 2  
27 0.071 
10 0 . m  
37 0.040 

35 0 . m  
29 0.015 
?d 0 . m  

13 o . m  
a o.zu 

P a.ua 



a 

~- ,_  
E*vmondpmm- 52.84 
HWRffiRAPH DATA 

Dea L r m u H  
P a w w  

i i m i m  1.a tam 
oimime 1.17 53.81 
mm 1.15 53.79 

12mllM 0.50 53-14 

m 1 m  129 53.83 
DUolBU 1.37 54.01 
csa1m 0.62 9 .47  
Mlm 0.50 53.14 
07m1m 1.- Y.Z 
oMlim 1.25 53.~0 

i i m i m  1.z s3.88 

oimim i.67 54.31 

oO101nto 1.33 S1.97 
lG'O1a 1.30 53.01 

1 m 1 m  1.18 53.83 

OMllSo 1.75 54.39 
ml/W 1.31 53.86 
w 0 1 m  1.35 53.99 
MlOIIwl 1.30 53.M 
m1m 1.33 53.97 
mmim 1.58 54.a 
m i m o  1.- 54.22 

i1milSo 1.55 w.19 

oimiai  1.42 54.08 
o m m i  1.50 54.14 

m i m i  1.80 64.24 
051oimi 1-85 5429 

mmiis1 1.w 5424 
o m i m i  1.58 YZ 

i im imi  1.50 54.14 

o imim 1.40 54.04 
m i 1 9 2  1.60 54.24 

m 1 m 2  1.m s.30 

OglO1mz 1.70 54,s 
07mimz 1.61 Y . ~ S  
w 1 m 2  7-60 -24 

iauim I.= na 
1im1m2 1.m 54-24 

o imim i.so 54.14 

mmim3 1.m 54.u 

p4101.W 1 . 0  €424 
1 w 1 m  1.Y Y.18 

l m 1 B  1.40 Y.04 

rmO1Bl 1.54 9 . 1 4  

M lB1 1.70 54.34 

m 1 a 1  1.W Y 2 4  
1M)lBl 1.55 54.18 

l M l B 1  1.87 54.31 

03m1182 1.50 54.14 

0M)lBZ 1.25 53.68 

W l t 3 2  l.M Y.44 

l m l B 2  1.75 %.SB 

OYDlm 1.71 54.35 

ou01m 1.50 54.22 
0510193 1.70 54.34 
m1m 1.m 54.44 

m1m 1.m 54.24 
oDAl193 1.00 54.24 
1 M l 1 m  1.10 51.34 

lmlm 1.m 54.34 

07mim3 1 . ~  Y.U 

i i m i m  1.80 54.44 

oimitw 1.70 w . 3  
azmiiw 1.m Y.U 
mlw 2w 54.84 
ouo1(pL 1.63 Y.44 
OSQllM 1.63 €4.24 
m1a4 1.33 53.04 

OM11184 ZM 54.64 
OOmlM zw 54-84 
lMl1lol 1.70 54.34 

1m1m 1.54 54.18 

OMlm5 1.m 54.27 
am1185 1.a5 54.18 
WtM 1.53 54.17 
OYDlmi 1,a U.W 
oM)11%5 1.m 5424 

oM11ms 1.90 54.54 

mmim uo m.84 

wmim i . ~  u.01 

o i m a s  1 .w  %.a4 

o7mias 1 . n  54.42 

HNP 
54.77 

51.77 

Y.77 

54.77 
54.77 

n.n 
54.n 
n.n 

54.77 
54.n 
54.n 
54.77 
54.77 
54.n 
s~n  
sm 
54.77 
54.77 
54.77 
54.77 
5477 
54.77 
5177 
Y.77 
54.77 
54.n 
54.n 

54.n 
54.77 

54-77 

54.77 
54.77 
54.77 
Y.n 
s.n 
54.n 
54.77 
54.77 
Y.77 
Y.77 
54.77 
54.77 
Y.77 
54.77 
54.77 
54.77 
54.77 
54.77 

u.n 
9.77 
n.n 

54.71 

54.n 
54.77 
54.77 
54.n 
64.77 

54.21 
y.n 
9.n 
51.n 
y.n 
s.n 
Y.n 
54.n 

54.77 

54.77 

9.77 
54.77 

54.n 

54.77 

54.77 
Y.77 
54.77 
54.77 
9.77 

Y.77 
61.77 

54.77 
54-77 

54.n 

54.n 

rrsl 
0.50 
0.50 
0.83 
1.15 
1.17 
1.25 
1.25 
1.25 
1.25 
1.28 
1.28 
1.30 
1.30 
1.30 
1.30 
1.30 
1~31 
1.23 
1.33 
1.35 
1.37 
1.40 

Ml 
E*y LW-HNPTM. 

53.14 -1.83 31 
53.14 -1.62 30 
53.47 -1.30 50 
53.78 4.98 31 
9.81 4.88 31 
53.69 4.80 31 
53.80 4.88 31 
53.88 4.68 30 
53.89 4.88 30 
s3.m 4.81 30 
53.95 4.M 2d 
53.8.1 4.83 31 
53.04 4 . a ~  3( ~~ 

53.84 4.83 30 
59.84 4.83 30 
53.8.1 4.83 30 
53.95 4-02 28 
53.97 4.M 31 
u.07 4.80 31 
53.w 4.78 31 
S.01 4.76 31 
Y.M 4.75 31 

1.44 Y.04 
1.42 54.a 
1.50 54.14 
130 Y.14 
1.54 5414 
1.50 5414 
1.50 5 4 1 4  
1.51 Y.15 
1.53 5417 
1 . Y  54.18 
1.55 Y.19 
1.55 54.19 
1.55 5418 
1.M 54.22 
1.68 54.22 
1.- 5422 
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31 
31 
31 
30 
3a 
31 
31 
31 
30 
31 
31 
28 
30 
31 
30 
31 
31 
30 
31 
31 
31 
34 
31 
31 
28 
$1 
31 
31 
31 
31 
30 
30 
28 
30 
30 
31 
30 
31 
2a 
31 
48 
31 
3a 
31 
31 
31 
31 
31 
90 
28 
a 
30 
30 
2u 
27 
11 
35 

a i  

Fm - 
0.878 
0.W 
0.WZ 
0.d.1 
0 . W  
0.917 
0.- 
0.893 
0.881 
0 . m  
0.857 
0.848 
0.- 
0.821 
0.809 
0.797 
0.x16 

0.701 
0.749 
0.757 
0.725 
0.713 
0.701 
0.800 
0.6?8 
0.886 
0.854 
0.m2 
O d J D  
0.810 
010g 
0.604 
0.582 
0.610 
0.658 
0 . W  
0.536 
0.623 
0.511 
0.m 
0.487 4.78 
0.475 
0.404 
0.461 
0.43 
0.427 
0.416 
0.403 
0.381 
0.3w 
0.308 

0.344 
0.332 
0.m 
0.308 
0- 
0.a5 
0.272 
0.m 
0150  
0f38 
Olas 
0216 
0203 
0.166 

0.161 
0.149 
0.137 
0.124 
0.112 
0.1m 
0 . W  
0.077 
0.m 
0 . W  
0.040 
0.m 
0.01~ 
01)14 
0 . m  

0.773 

0,3m 

o . i n  



-- . . .- -.I-Y ..I nn r m t  I r 0  LINE AS DATUM: 
Ekvltkn of WemmD lir* dzuhhd fmn: TPMs 3 of'Annwl Rep& Ecokqknl Urn- of me Mom 
WWKI wll . *vPian oivsn -41.9 R w h k h  U g h n  01 0.2 'mi ibovr p.hMttD lim 

Wellheld Wale1 Ye 

41.70 =pahrn4m.*v 

HYDROGRAPH DATA P50 DATA 
Rsv Lswl Lsvel 

b!B LeWl E h  HNP Data Leni E b v  HNP Lsv.-HNPTme Freq Ma 
101ZM19 -3.03 38.87 41.56 W29/40 6.68 35.02 41.56 6,s 42 
11117188 -3.58 38.12 41.56 051M192 8.53 35.17 41.56 6.39 23 0.964 

oin4mi  4.43 35.27 41.56 -6.29 41 0.942 1 Y l W  4.23 37.37 41.56 
01- -2.91 38.79 41.56 oJR2191 6.38 35.32 41.56 4.24 30 0.925 
DZRBIBO -323 38.47 41.56 02RWQl 4.28 35.42 41.56 6.14 27 0.910 
mR31Do -3.93 37.77 41.56 02124192 6.08 35.62 41.56 -5.94 38 0.689 
WlIbgO 4.43 37.27 41.56 WIlW91 -5.98 35.72 41.56 -5.84 28 0.874 
W1M -5.78 35.82 41.56 04R7192 -5.93 35.77 41.56 -5.79 33 0.856 
0812811)o 4.88 35.02 41.56 01117192 -5.93 35.77 41.56 -5.79 28 0.840 
07/30190 -5.43 36.27 41.56 OSIIBIQO -5.78 35.92 41.56 -5.M 29 0.824 
W U B O  4.53 37.17 41.56 08129182 -5.78 35.92 41.56 -5.64 40 0.802 
DBn1/90 4.38 37.32 41.56 1 2 1 W  -5.68 36.02 41.56 -5.54 14 0.794 
1 W l W  4.13 37.57 41.56 05t31141 -5.61 36.09 41.56 -5.47 42 0.771 
1 1 M O  4.91 36.79 41.56 03R5142 -5.48 36.22 41.56 - 5 . 3  30 0.755 
1 Y l W  -5.ffl 111.02 41.56 07150140 -5.43 36.27 41.56 -5.29 31 0.737 
OlRUB1 4.43 35.27 41.56 O m 3  -5.43 36.27 41.56 -5.29 33 0.719 

28 0.704 02CWBI -628 35.42 41.56 12120191 -5.43 36.27 41.56 -5.29 
0322B1 -6.38 35.32 41.56 07129182 -5.28 36.42 41.56 -5.14 30 0.687 
WlWDl  -5.98 35.72 41.56 1115W90 4.91 36.78 41.56 4.77 42 0 . W  

WZ&V1 4.08 37.82 41.56 04115194 4.78 36.92 41.56 4.64 15 0.644 
07RE.91 4.73 40.97 41.56 OW21142 4.73 36.97 41.56 -4.59 23 0.631 
0&2&91 4.B 40.77 41.56 07RW93 4.55 37.15 41.56 4.41 40 0.609 
08/23/81 -2.58 39.32 41.56 0812W 4.53 37.17 41.56 4.38 25 0.596 
1oIpIB1 -323 38.47 41.56 OyuyaJ 4.48 37.22 41.56 4.34 31 0.578 
1112u81 4.43 37.27 41.56 04119f30 4.43 37.27 41.56 429 27 0.563 
12R(Ygl -5.43 36.27 41.56 11-1 4.43 37.27 41.56 -428 31 0.546 
01/17/92 -5.53 35.77 41.56 OgnlfaD 4.38 37.32 41.56 4.24 28 0.531 
1)2124192 -8.U 35.82 41.56 12111vBB 4.33 37.37 41.56 4.19 31 0.514 
G%!YQZ -5.48 36.22 41.58 10118190 4.13 37.57 41.56 -3.99 28 0.498 4. 
W&2 -5.93 35.77 41.56 061uyBI 4.08 37.62 41.56 -3.94 28 0.483 
DyzoIBz 4.53 35.17 41.58 O?J2390 -3.93 37.77 41.56 -3.79 25 0.469 
O B R I Y ~ ~  -5.7.9 35.82 41.58 05BIB4 -3.85 37.85 41.56 -3.71 46 0.444 
07/28/82 - 5 . a  38.42 41.56 11117189 -3.58 111.12 41.58 -3.44 28 0.428 

31 0.411 o%R1&2 4.73 36.97 41.56 mrJlt94 -3.53 38.17 41.56 -3.39 
GS2W@Z -213 39.57 41.56 01122193 -3.43 38.27 41.58 -3.29 24 0.398 
lMJlsz -258 39.32 41.56 I l R W  -3.38 38.32 41.56 -3.24 32 0.380 
11Ru92 -3.3 38.32 41.56 1zR41B2 -3.38 38.32 41.56 -324 35 0.361 
1 2 ~ ~ 1 9 2  -3.38 38.32 41.56 OZQW90 -3.23 38.47 41.56 -3.09 31 0.344 
01122/83 -3.43 3E.27 41.M 1 W 1  -3.23 38.47 41.56 -3.09 29 0.328 
outyI)3 -1.93 39.77 41.58 WlYW -3.08 38.62 41.56 -2.94 15 0.319 

20 0.308 Mll83 -1.88 40.02 41.56 1OnoIB9 -3.03 38.67 41.56 -2.89 
WZ'm -2.73 38.87 41.56 0 1 m  -2.91 38.79 41.56 -2.77 39 0207 
W28Q3 4.48 3122 41.58 12129193 -278 38.92 41.56 -284 30 0.210 

27 0.255 WlEW 4.88 36.82 41.56 04mf99 -273 38.97 41.56 -259 
24 0.242 07RBnn -4,s 31.15 41.56 1orm82 -238 39.32 41.56 -224 
28 0.227 -3 -5.43 38.27 41.56 OW391 -2.38 39.32 41.56 -224 

oBRIbg3 -1.35 40.37 41.56 02RW94 -235 39.35 41.56 -2.21 41 0.204 
1 W 3  4.83 40.87 41.56 07114194 -2.26 39.42 41.56 -2.14 2s 0.188 
11- -208 38.62 41.56 DB129182 -2.13 39.57 41.56 -1.99 38 0.167 
IZRBIBJ -278 38.B2 41.56 llRBIB3 -2.08 39.82 41.58 -1.94 32 0.149 
01/18/94 4.88 41.02 41.56 oMW33 -1.93 39.77 41.56 -1.79 32 0.131 

36 0.111 O%Z&'B -235 39.35 41% mim -1.68 40.02 41.56 -1.- 
oyJ11B4 -3.53 38.17 41.58 OW30194 -1.38 40.32 41.56 -1.24 47 0.086 
M Y S O  4.78 36.92 41.56 0%7%93 -1.33 40.37 41.58 -1.19 30 0.088 
El31161 -3.85 37.85 41.58 0BRM)I 4.93 40.77 41.96 4.79 31 0.052 
0611YSO -3.08 111.62 41.58 1 0 R W  4.83 40.87 41.56 -0.69 29 0.038 
07bW - a 8  39.42 41.55 07Wl 4.73 40.97 41.56 4.59 28 0.020 
08130164 -1.3 40.32 41.58 Ol/ l&'B4 4.66 41.02 41.58 4.54 20 0 . m  
08/15/84 -0.58 41.12 41.58 0811594 4.58 41.12 41.56 -0.44 16 O.OO0 

W31)91 -5.61 36.09 41.56 08118193 4.88 38.82 41.56 -4.74 21 0.652 

- 



.... 
LLYJlzW 4.Q -3.63 3207 35.51 - 4% 4.X 2224 36.51 O7MW1 -3.33 -3.13 3252 35.61 

0911m -213 -1.03 Y.07 36.81 1 W r W  -2.84 -2.a 31.24 36.51 
1 W S 4  -268 -2a Y . 1 4  35.53 O7nw -2.3 -210 33.52 35.51 
1 1 m  -203 -1.83 2477 s . 5 1  -2.36 -2.18 u.52 35.51 
1- an .zm n.67 35.51 
m1lD6 4.m A.na 3262 36.51 Wllypl -2 13 - 1 . U  =.TI 36.51 

Lw.-HNP Trmm Frsq Medhn 
-1244 40 
-12.44 23 
-12.38 33 0.954 
-1211 42 0.934 
-11.94 15 0.927 
.11.09 30 0.913 
-11.84 18 0.904 
-11.70 30 0.890 
-11.79 38 o m 2  
-ll.m 15 0.w 
-11.67 46 0.843 
-11.54 27 0.m 
-11.28 41 0.011 
-10.54 28 0.797 
-10.04 3l 0.781 
-10.01 40 0.761 
.s.m 28 0.740 
-8.38 23 07m .. . . . .. ~~ 

.o.m 28 0.m 
4.24 28 0.711 
d.84 
4.w 
4.89 
-7.79 
-7.74 
-7.84 
-7.54 
-7.M 
-7.44 

- 1 . 3  
-7.08 
4.94 
4.- 
d.Y 

-7.34 

4,n 
-8.m 
4 .19  
-5.59 
-5.47 
-5.18 
-5.34 
4.04 
4.04 
4.84 

4.64 
4 4 9  
4.4B 
4.24 
4.17  
4.09 
-3.79 
-3.84 
-3.49 
-3.44 
-2M 
-2.27 
-1.W 
-1.PB 
-1.84 
-1.74 
-1.84 
-1.60 
-1.14 
-1.09 
4.u 
4.w 
-3.64 

4 .m 

34 0.705 

31 0.611 
31 0.597 
28 0.584 
25 0 . g 2  
27 0.559 
28 0.54 
30 0332 
31 0.517 
28 0.6M 
41 0.404 4 . 5 0  
25 0.472 
31 0.457 
31 0.443 
39 0.424 
24 0.413 
35 0.396 
32 0.381 
32 0,385 
m 0.352 
32 0.336 
39 0.318 
30 0.301 
TB 0.m 
24 0.276 
47 0.2% 
27 0243 
Y 0.227 
24 0.218 
45 0.191 
36 0.177 
16 0.188 
42 0.148 
2a 0.139 
35 0.122 
29 0.100 
16 0.101 
33 0.005 
36 0.m 
17 0 . m  
u o.ma 
15 o m 1  
43 0.010 
21 0 . m  



HYDROGRAPH DATA 

Dale L s v s l o s v  
R a r L o w  

DBRyag -5.1 30.68 
m 9  -5.3 30.53 
IRZW89 4.4 29.38 
11117189 -7.4 3 . 3 8  
1ZlW -5.1 30.88 
01- 4 . 5  31.35 

P50 DATA 

Dale L& 
Ls*M 
O S V  HNP HNP LeV.-HNP 1 

4.01 
-7.91 
-7.76 
-7.76 
-7.61 
-7.61 
-7.51 
-7.51 

?me f 
27 

:req Median 

0.958 
0.951 
0.937 
0.931 
0.821 
0.808 
0.889 
0.877 
0.858 
0.846 
0.832 
0.820 
0.805 
0.795 
0.780 
0.762 
0.750 
0.729 
0.716 
0.704 
0.687 
0.673 
0.861 
0.648 
0.638 
0.624 
0.807 
0.598 
0.585 
0 578 
0.567 
0.53 
0.540 
0.523 
0.507 
0.483 4.14 
0.481 
0.488 
0.453 
0.439 
0.422 
0.411 
0.405 
0.3M 
0.364 
0.363 
0.m 
0.338 
0.328 
0.307 
0.286 
0 . m  
0.258 
0.248 
0230 
0222 
0.213 
0.197 
0.185 
0.170 
0.157 
0.137 
0.131 
0.117 
0.110 
0.097 
0.0112 
0.087 
0.058 
0.045 
0.030 
0.019 
0.wO 

35.m w2mr 4 . 7  
06RB180 -8.6 
w31191 -8.5 

~ .~ .. 
TI.08 35.09 
27.18 35.09 
27.33 35.08 

42 
42 
30 
14 
23 
29 
41 

35.09 
35.09 
35.09 0322tB1 -8.5 

1211uBo 4 3  
27.33 35.09 
27.48 35.08 
n.48 35.09 
27.58 35.09 
n.98 35.09 
27.83 35.08 

35.09 
35.09 
35.09 

oiimvii -8.3 
W l r n  -82 
OlRUB1 -8.2 

--.~ . .~ 
(RnBrBo -3.2 32.58 
Wi23.W 4.7 31.08 
w1m -6.3 Z3.a 35.09 

35.09 
35.08 

04tlslsl -8.0 
11130180 -7.5 
11I17ntB -7.4 
07RWD2 -7.1 
1 0 H m  -6.7 
07130180 -6.7 
OBRUBO -6.6 

-7.26 
4.74 
6.71 
-6.41 
4.01 

28 
42 
28 
30 

05118180 42 27.58 
DBRBIBO 4.6 27.18 

mug0 -6.8 2923 
OBRlIgO 4.4 29.43 
1 0 1 1 ~  4.7 29.08 
1 1 m  -7.5 28.55 
1 2 1 1 m  4.3 n.48 

0 7 n m  4.7 29.08 

~~ 

28.35 35.09 
20.38 35.08 
28.69 35.09 
29.08 35.09 28 
28.08 35.09 
2823 35.w ~ .~ 
29.33 35.09 -5.76 
29.33 35.08 -5.76 
29.38 35.09 -5.71 

29.43 35.08 
29.41 35.m -5.88 

-6.01 
-5.66 

~~ 

31 
25 
33 
40 
28 

35.08 
35.09 
%.On 

Mi27192 4.5 
oBRIy82 -6.5 
1 W m 9  -6.4 
llmlm4 -6.4 

- .~ ~. 
OlRUBl 42 27.58 
m 1  -8.7 71.08 
O M 2 1 1 ) I  -8.5 27.23 

35.m 
35.09 
35.08 

46 
oenlno -6.4 - 5 . E  

2948 3508 -5.81 
-5.44 
-5.31 
-521 
-5.21 
-5.01 
-5.01 
4.86 
4.81 

-5.3 4.55 
-5.2 30.58 35.09 4.51 
-5.1 4.41 
-5.1 4.41 
-5.0 4 2 6  
4.9 421 
4.9 30.64 . 35.09 421 
4.8 31.03 33.09 4 , W  
-4.7 4.01 
-4.7 -4.01 
4.6 -3.91 
4.5 31.33 35.09 -3.76 
4.5 31 35 S.lXl -3.74 
4.0 -326 
-3.8 -3.11 
-3.4 -2.71 
-3.2 -2.51 
-32 -2.48 
-3.1 -241 

-2.31 
-2.08 
-2.M 
-1.91 
-1.71 

20 
27 ou18181 -8.0 27.85 35.09 

?so9 
4.3 ~~ ._.. 
-62 29.55 35.09 
4.0 29.78 35.08 

29.88 35.09 

MI31181 
DSi2%81 
0 7 m 1  

-8.5 
-3.0 
4.7 
-0.8 
-1.6 

27.23 
32278 
35.08 
34.m 

40 
30 
28 

35.09 
35.09 
35.09 
35.w 

-5.9 
01/17/92 
~1~ 

-5.9 29.88 35.08 
30.06 35.08 

28 
23 
31 
38 
21 

3423 -5.7 
-5.7 
-5.6 
-5.5 

1 m 1  
1 1 m 1  
1mm1 
01117192 

-3.1 
4.7 
-5.9 
-5.9 
-5.6 
4.0 
4.5 

4.5 
-7.1 
-5.7 
4.9 
4.0  
4.6 
4.9 
-3.4 
-1.6 
-1.7 
-28 
-5.7 
5.5 
62 
4.8 
-1.3 
-1.8 
-23 
-24 
-1.7 
-2.8 
4.5 
-3.0 
-6.4 
-52  
-5.0 
-2.6 
-03 
-0.5 
4.7 
4.6 

-8.3 

32.88 
31 .oB 
28.88 
28.88 

35.09 

35.09 
35.09 

35.09 

~ ..~. 
3c.08 35.09 
30.23 35.08 
3026 35.09 
30.~3 35.09 28 

15 3023 
29.78 

35.08 
35.09 25 

31 
29 
39 

29.33 
n.48 
29.33 
28.68 

35.k 

35.08 
35.09 

36.09 
35.09 
35.08 
35.08 
35.08 
35.09 
35.08 

35 
33 
25 
31 
32 

3l.m 
30.88 
31.83 
31.18 
30.88 
3238 
31.P 
34.13 
53.03 
30.08 
Jo.28 
29.65 
31.W 
34.s 
34.03 
33.53 
3330 
34.08 
33.05 
31.33 
31 .BE 
28.41 

31.08 35.09 
31.00 35.09 
31.18 33.09 

31 
39 
24 
15 
24 

~~ ~~ 

35.09 
35.09 
36.08 
35.09 
35.08 

31.83 35.09 
31.98 35.09 
32.38 35.09 
32.53 35.09 
32.60 35.09 
32.68 35.09 
32.78 35.08 
33.03 35.09 
33.05 35.08 

-2.4 33~58 35.09 
33.18 35.08 

31 
oL42Y05 
1 m 1  

38 
29 
28 
27 
41 

35.08 
35.08 
35.09 
35.09 

35.09 
35.09 
35.09 
35.08 
35.09 
35.08 
m m  

35.08 

. 
-1 

o2lzaw 
w 7 m 3  

~~ ~ 

-3.0 
-2.8 
-2.8 
-2.0 47 

30 
32 
28 
35 
17 

~ 

-2.3 
-1.8 
-1.7 
-1.7 

-1.58 
-1 .ffi 
-1.01 

33.53 35.09 
34.03 35.09 

34.08 35.08 
3 . 0 8  35.08 

-1.01 

3413 3509 4-96 
34.08 35.09 -1.01 -1.7 

-1~7 
20 
36 
28 
32 
30 
Y 
15 
31 
16 
28 
34 

30.58 
30.83 
33.18 
35.3 
3.28  

~~~ 

-1.6 
-1.6 

. .. .. 
3 - 1 3  35.08 
59.23 35.09 
34.53 35.08 
34.75 35.08 

35.09 
35.09 
35.09 
35.08 

4.86 
-0.86 
4.56 -1.3 

-1.1 
4.8 
-0.8 
-0.0 
-0.7 
-0.7 
4.7 
-0.6 35.18 35.08 
-0.6 
4.5 
4.5 
4.5 

-0.34 
34.98 35DB 4.11 35 13 3s.w 

3523 
35.08 
3488 
34.75 
34.08 

~.~.. 
35.09 
35.09 
35.08 
35.09 

. 
4.11 
-0.08 
4.01 

4.7 
-0.8 
-1.1 
-1.7 

-0.01 
0.04 35.09 33 

20 
28 
10 

-3.2 
-1.7 
-0.6 
-03 
4.8 

~ ~~ 

35.08 
35.00 
36.08 
35.09 

0.m 
0.14 
0.19 35.18 

3 5 2  
35.03 

0.19 
0.19 

43 
42 



Dr 
1 0 1 1 ~  
11nuaa 

Rr 
u 

1 . 0  
1.12 
m 
1.m 
o.n 
em 
a12 

a i a  
-2B 
-278 
4.33 
533 
4 3 1  
4fl 
-3.40 
.ltd 

-3.63 
4.m 
4.66 
428 

4.m 
4.11 
d.11 
d l 3  
4.13 
d l 3  
4.13 
4.13 
499 

028 
0.64 
0.m 
0.19 
,206 
42a 
4 1 3  
4 1 a  
4.13 
4.13 
4.52 
4.32 
4.s7. 
dp 
4 8 1  
SU 

-2s 
-3.51 
-2W 
-XI8 
-8.13 
-2- 

a12 

4.65 

a i a  

*la 

4 i a  
6 1 3  

4 i a  
4.19 

4.11 
4 1 3  

4.79 
4.79 
4.79 
4.- 
4.n 
4-19 
4.79 
4.n 
-3.04 
424 
Dl9 

-217 
-3.07 

-1.0 

an 

4.P 
-7.m 
au 
0 8  
061 

. 
lW5W 

PSO DAT* 
Ls.4  

Lm E k  L. . .+RIPM FlaS - 
4.31 61.S -7.73 30 
blt 6 i . u  -7.n at 
4.9 e1.u -1.n 30 
4 - 1 3  B ~ . M  - r . s  30 
6.13 01-84 -7.- a1 
d . i a  61.84 -7.54 a1 

4.13 61.M -7.54 a1 
4.13 81.84 -7.54 24 

4.n 6t.w -7.54 31 
4.13 81.M -7.54 30 
ail 6 1 . ~  -7.54 29 
d.13 6l.M -7.64 a1 
d,Ta 6 1 . ~  -7.u 28 
4.13 8 1 . ~  - 7 . ~  30 
4.13 81.84 -7.54 7d 
4 . 1 3  61.84 -754 Y) 
d.13 61-84 1 . 5 4  30 
4.11 61.84 -7.- 31 
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Appendix G. Results of Kohgomv-Smirnov one sample test 



I 
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0.62 0.166667 0.161918 0.004749 
0.83 0.214286 029124 0.076954 
0.84 0.261905 0.298415 0.03651 
0.86 0.309524 0.313002 0.003478 
0.91 0.357143 0.35073 0.006413 
0.94 0.404762 0.374126 0.030636 

1 0.5 0.422253 0.077747 
1.04 0.547619 0.455045 0.092574 
1.11 0.595238 0.513039 0.082199 
1.12 0.642857 0.52133 0.121528 
1.17 0.690476 0.562575 0.127901 
1.23 0.738095 0.611 148 0.126947 
1.27 0.785714 0.642638 0.143076 
1.36 0.833333 0.709778 0.123555 
1.67 0.880952 0.884463 0.003511 , 
2.19 0.928571 0.988675 0.060104 
2.3 0.97619 0.993931 0.017741 

0.96 0.452381 0.389992 0.062389 

I Ro 
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21 n 4.582576 

Bootstrap 
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0.47365 std 
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Water Sample Normal 
1-e- Distribution Distribution Delta 
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