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and at the outlet of Nevins creek to Bayou Bartholomew. continuous stage recorders
were also installed in pools near the channel of Nevins Creek as it flows tfough theconstructed wetland. A tipping-bucket rain gauge with continuous data collection
capability was located on the island in the *.u*a. Figure 3 graphically illustrates thelocations of the instrumentation installed for groundwaier, surface water, and rainfallmonitoring. In Figure 3, the piezometers are indicated as pl through p3j which are thesame as well numbers l0l0 through 1350. The middle two digits;f the well number
code correspond to the piezometer code (e.g. well ll20 is the same as piezometer p12).

The surface water elevation readings have been graphically presented so that theyillustrate the water level in the wetland 
"r.ry 

two weeks"from 13 Airil I 996 to 17
November 1997. The figures are presented as Appendix c. The fijures show the soilsurface contour and also show the routine starrgai" and stage recorder readings in thepools around the wetland. The water elevations in trre pools can be visualized by readingthe level of water in the pools and following that contoL around the soil surface. It isimportant to note that the pools are not all at the same elevation. Some oftn. poot,
upstream in the wetland may have water elevations higher than the pools at th;
downstream areas of the wetland. In addition to the eLvation readings whe, water waspooled at various disconnected locations in the wetland, the figures also show the waterelevations during storm events such as on 30 July 19g6, 22 october 1996,zsNovember
1996,17 December^l_996,4 February rgg7,3 March t9gl, ana lg April 1997. In thiscase, a large area of the wetland was inundated, and the water level is shown as largewhite areas in the wetland. Appendix D is a caiculated g.aprricut representation of thepercentages of the wetland inundated with standing watJr elevations as shown on thefigures' Figure 4 below shows the percentage of thi wetland inundated at variouselevations' The figures in Appendix D are Lased upon the study site area of 26.336 acresand were developed from the surface contour's prouid.d by the AHTD .u*.y ...* *athe CAICE model.

Figures 5, 6 and 7 are the hydrographs for the Nevins Creek inlet to the wetlandsite, the Nevins creek outlet to the wetland site, and the Bayou Bartholomew inlet to theNevins creek site. Although these locations are called inlets and outlet, the water couldactually be flowing into or out of the study area depenairrg upo, the stage on Nevinscreek and the stage on Bayou Bartholomew. The hyarogr;plrs presentei in these figuresindicate the surface water elevation with time at the stuai, site.
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The groundwater elevations in the piezometers were observed every two weeks
during the study. The groundwater elevations vary across the site, and some piezometers
were observed to have water flow over the top of the well during some observations.
Appendix E is a set of groundwater elevation maps that were prepared using CAICE and
SURFER, a surface contouring software package. All elevations are referenced to the
established data control points provided by the AHTD. Even during the hot and dry part
of the year (June through September) the groundwater was near the surface in the
wetland. It is expected that the hydrophytic vegetation will survive the dry conditions if
their roots can reach the shallow groundwater in these areas. The figures in Appendix E
are groundwater maps for every two weeks from December 1, 1995 through December
31,1997. The maps show the groundwater elevations as well as the soil surface
elevations. Appendix F indicates groundwater readings for each of the piezometers for
the entire monitoring period. These graphs show hydrographs for all 35 piezometers in
the study. The surface water monitoring data are presented in Appendix G.

During the early phase of the study, immediately after completing the
piezometers, slug tests were performed upon the piezometers. The purpose of the slug
tests was to get an understanding of the in-situ hydraulic conductivity of the soil at the
site in the soil horizons penetrated by the piezometers. The slug test analysis was based
upon limited data in terms of total depth of the aquifer at the site, depth to the aquiclude ,
and other input data into the Bouwer and Rice method for slug test analysis. The
hydraulic conductivities ranged from 3.48E-5 ft/min (1.778-5 cm/sec) at piezometer p5
(Well 1050) to 4.08E-01 ff/min (2.078-lcm/sec) at piezometer p7 (well 1070). Some
preliminary groundwater modeling using MODFLOW software was performed by Doug
Melton, a Professional Geologist and Civil Engineer. Mr. Melton's complete report is 

-

included as Appendix H.
As previously mentioned, the site was instrumented with rain gauges to obtain

rainfall data on the study area (Figure 8). Specific rainfall amounts are presented in
Appendix G.

Groundwater samples were periodically collected and returned to the Arkansas
Water Resources Center Water Quality Laboratory in Fayetteville, AR for analysis. The
results are presented in Appendix I and show low levels of the chernical species tested.
Piezometers Pl9, P21, and P 22 exhlbited elevated Na and Cl levels which suggests salt
accumulations at the lower elevations. The nutrient elements of nitrogen and phosphorus
were generally low.

l5
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OBJECTM 3. Assess the survival and composition of the established vegetation in
the created wetland.
Some aspects of objective 3 were discussed earlier with regard to Dr. Dale,s work

to assess the native species in the wetland area compared to similar vegetation in the
reference, or natural wetland. The Nevins Creek site was observed during the course of
the study to determine the establishment of wetland species as the created wetland
developed. In addition, AHTD contracted planting the wetland with various tree species
independently from the research project. A schedule ofthe species and locations oftrees
planted by AHTD as an independent activity is not includedln this report. The research
team was also released from the responsibility of assessing the survivul of th. contracted
planting. The AHTD will address the re-establishment and survival of the planted trees
with respect to Section 404 of the Clean Water Acl Since the trees were planted in the
winter of 1996-1997,theb survival could not be addressed before the end of the study
period. However, a survey was made of the hydrophytic vegetation in the created
wetland, and the map of the hydrophytic vegetation is shown as Figure 9. Dr. Henry
Langston provided the locations of the hydrophytic vegetation boundaries while the
AHTD survey team tied the boundary into established control points. This enables the
hydrophytic vegetation map to be referenced to all other maps for the site.

In evaluating survival of trees planted at the Nevins Creek Mitigation Site, it is
necessary to determine how may trees to survey to obtain a statistically valid sampling.
According to Dr. Ed Gbur, a statistician in the University of Arkansas Agricultural
Statistics Laboratory, it would require evaluating 35 trees to give a B0%o confidence of
being within l0% of the true mean. The other numbers are:

oZ Confidence Number of Trees to Survey
72.4 2s
80 35
85 44
90 s7
95 8l

Using the specified number of trees would give the respective oZ confidence that we
would be within +l'10% of the actual value. Considering all factors, 35 trees per species
appears to represent a reasonable and valid sample size.

t7
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OBJECTM 4. Quantiff the soil morphological, physical, chemical, and biological
changes in the created wetland.
The site was sampled once per year to determine soil chemical parameters.

Surface soil samples were taken from the 0 to 6 inch depth using a tube-type soil sampler,
and analyzed for Mehlich III extractable phosphorus, potassium, calcium, magnesium,
iron, manganese, and sulfur. In addition to the surface samples, a piezometer borehole
cutting was sampled and archived for analysis in the future if the AHTD chooses. The
borehole description from piezometer Pl is given in Appendix J. A summary of results
of surface soil chemical analyses are shown in Table 3 and Appendix K.

Table 3. Surface Soil Mean Mehlich III Extractable Element Concentrations.
Analyte Nutrient Concentrati

October 1995 J 1997

Phosphorus
Potassium
Calcium
Magnesium
Iron
Manganese
Sulfur

40
166
962

744
522
216
60

34
r42
900
344
358
2t4
60

26
tt2
815

253
353
l8l
40

. The numbers of soil microorganisms were also determined and the results are
presented in Table 4. The data are typical of bacterial and fungal populations found in
many Arkansas soils and suggest that the soil in the created wetland was adequately
populated with soil microorganisms.

Table 4. Number of Bacteria and Fungi in Soil Samples Collected from Eight
Locations at the Nevins Creek Site on 17 J 1996.

Soil near well number u Bacteria Xl Fungi Xl

1050
I 100

tt20
I 150
t2t0
t230
t290
1 330

Colony Forming Units/g dry soil
4.1,6 1.09
4.70 3.72
6.89 1.93
5.20 1.09
4.36 t.23
2.81 0.6s
2.27 0.81
7 .07 1.96

MEAN 4.39 1.35
u Four soil cores of 0 to 6" were collected approximately 3'from the designated well
location and composited for analyses. Bacteria were plated on 0.1X Tryptic Soy Agar
and fungi were plated on Martin's Medium.

19
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The site was surveyed during the early winter of 1997 to examine the elements of
hydric soils. The low areas of the created wetland, where water is present for most of the
winter exhibit reduced conditions in the soil. In the edges and near the pools,
approximately 5 to 10 feet from the edge of the water, low chroma soil colors and
reoxidized rhizospheres were observed. These two characteristics are consistent with and
indicative of wetland soils. The iron in the soil becomes reduced in the absence of oxygen
and the presence of organic matter. The soil microbes consume all of the free oxygen and
begin to metabolize organic matter by reducing iron and manganese compounds in the
soil under anaerobic metabolism. The result is the presence of low chroma (reduced iron)
colors. In wetland areas where wetland plants translocate oxygen from the atmosphere to
the plant roots, the oxygen re-oxidizes the iron in the soil around the roots, resulting in
"reoxidized" rhizospheres. The reoxidized rhizospheres appear as red areas ofoxidized
iron along and near the root channels. The wet areas of the Nevins Creek site are
beginning to exhibit hydric soils indicative of a wetland.

Dr. Moye Rutledge, a University of Arkansas soil morphologist surveyed the site
for hydric soil evaluation in the Autumn and Winter of 1997. Dr. Rutledge used the
Natural Resources Conservation Service (NRCS) Field Indicators of Hydric Soils in the
United States as a guide to assess the hydric soil in the mitigation area. Initial
investigation indicated that the parent material had a great influence upon the hydric soil
indicators. Additional site visits and evaluations were necessary to delineate between the
parent material effects and the effects of soil formation upon the hydric soil indicators.
The conclusion of Dr. Rutledge's survey and evaluation was that most of the wetland
toward the southwest end of the mitigation area exhibits hydric soil formation. Some of
the hydric soil formation is due to compaction of the surface by heavy equipment, and
repeated freeze-thaw cycles could potentially reverse the effects of compaction. The area
is apparently developing the indicators of hydric soil, however, a long term, more detailed
evaluation of the wetland would be necessary to determine the extent of hydric soil
formation after the wetland matures. Some additional mapping and infrared photography
would be required for the long term evaluation. A complete copy of Dr. Rutledge's report
is included as Appendix L.

Objective 5. Compare the composition and relative abundance of fish, bird, and
mammal species at the immature created wetland site to an established
natural wetland reference site.
Originally, the project objectives included assessing the composition and relative

abundance of the fish, bird, and mammal species at the immature created wetland and
comparing this composition to the natural, mature site. However, as the project
progressed, this comparison was obviously beyond the scope and budget of the project.
Casual observations of bird and mammal species were made during site visits, however a
full-scale scientific study of the fauna was not undertaken as part of this project.
Qualitative assessment of biological indicators was conducted at the Nevins Creek Site
during September 1997 by Dr. Richard L. Meyer. The wetland site had a diversity of
species with representatives from all major groups of freshwater algae. The algae present
at the site were typical of mesotrophic-to-slightly eutrophic conditions (Appendix M).

20



RECOMMENDATIONS AND CONCLUSIONS
The Nevins Creek Bottomland Hardwood Wetland Mitigation Site appears to be

developing as a wetland in terms of the functions of hydrology (groundwater and surface
water), hydric soils (NRCS indicators of hydric soils), and hydrophytic vegetation.
Currently, the hardwood trees that have been planted are young - less than one year old.
More time will be required to assess the site's development into a bottomland hardwood
wetland. The site is expected to evolve and develop over time, with soil development,
changes in the vegetation, as well as significant changes in the surface hydrology. During
the past two and a half years of active study at this site, the Nevins Creek channel through
the wetland and the Bayou Bartholomew inlet and outlet have experienced erosion and
deposition as well as backwater development due to the dam-building activities of
beavers.

Particular recommendations for this site include the following:
l. The inlet (upstream) of Bayou Bartholomew should be monitored closely and

possibly, should be stabilized using rip-rap to prevent further erosion toward the
railroad righrof-way. The researchers recommend that a qualified crew from
AHTD visit the site and evaluate the stability of the Bayou Bartholomew inlet
area.

2. The site should be monitored for development as a bottomland hardwood wetland
over the next 20 years or more. Specifically, the following evaluations should be
performed.
a- The hardwood species that were planted should be monitored for survival and

growth.
b. The natural plant species such as black willow, sweetgum, and water primrose

that have begun to establish themselves in the wetland should be monitored to
determine the mitigation area's ability to "remake" itself from an upland to a
wetland due to the changes in topography by the removal of borrow material.

3. The soil should be evaluated at least once per year for development of hydric soil
indicators. A grid of sampling stations could be established and tied to the
existing survey control system.

4. The piezometers should be monitored periodically. The monitoring interval may
be established through discussions with the AHTD and the University of Arkansas
research team.

5. The staff gauges will be left in the wetland for monitoring the surface water
levels. Again, a monitoring interval should be established through discussions
with the AHTD and the University of Arkansas research team.

6. Soil samples should be collected periodically, possibly once per year, and
analyzed for typical indicators of soil fertility.
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APPENDIX A

Evaluation of Vegetation in the
Bayou Meto Game Management Area
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EVALUATION OF VEGETATION IN BAYOU METO GAME MANAGEMENT AREA
Final Report on Vegetation Studies

by
Edward E. Dale, Jr.

INTRODUCTION

Vegetation studies were directed primarily toward fulfilling Objective 1 and the first part of
Objective 3 as described in the proposed study.

Objective l. Select a natural wetland in the same geographical area to serve as a reference

for comparison to the created wetland. The hydrophytic vegetation in the

reference wetland and the preserved vegetation in the created wetland will be

evaluated.

A search was made of the available literature for areas suitable for use in the study. In most

instances, areas were selected where at least some quantitative information on vegetation

communities was known. Examples include studies in Bayou Meto Wildlife Management Area
(Jefferson County) by Huffrnan (1976a) and Dale (1984), in Wattensaw (Prairie County) and Dagmar

(Monroe County) Wildlife Management Areas, a site west of Colt on the L'Anguille River (St.

Francis County) and several other sites on Bayou Deview and Bayou Bartholomew (Dale, l9S4).

In addition, other sites considered included an area on the lower White River (Bedinger, l97l), sites

in the Ouachita River Basin investigated by Huftnan (1976b), and sites along the Saline River, Moro

Bay, and in Felsenthal National wildlife Refuge (Kuroda, 1979;Dale et al., lggl).
Bayou Meto Game Management Area was selected as the most suitable area for the

vegetation sfudies. It is a relatively large game management area (over 33,000 acres) characterized

by level to gently undulating terrain. It includes lakes, streams, backwater swamps, bayous and

oxbow lakes.

The hydrologic environment is variable. At the lowest elevations, below 175 feet mean sea

level, the area is generally covered with water all year. On slightly higher elevations, 175 to 179 feet,

inundation can occur for several months. Between 179 and 180 feet, floods are less frequent, usually

occurring for less than 30 days.. Elevations of 181 feet or more on the higher ridges and terraces are

rarely or never flooded (Huffrnan, 1976a).
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The topographic and hydrologic features of the area result in a large variety of habitats

reflected by vegetation communities varying from those that are typically aquatic to different

lowland types and communities of the uplands. The area closely approaches being a microcosm of
principal vegetation types occurring in wetlands elsewhere in Arkansas and in the central Mississippi

Delta Region.

Practical considerations for choosing Bayou Meto include the fact that it is public land and

available for study. The vegetation of the area is best known of other wetland areas in the vicinity.

Most of the area is easily accessible by road or trail which expedites locating representative

vegetation types for sampling and it is conveniently located within a few miles of the Nevins Creek

Mitigation Area. The present investigation is concemed with evaluation of vegetation in the natural

wetland only.

A survey of the literature showed that at least two studies have been made of vegetation

communities in Bayou Meto. Huffrnan (1976a) made an extensive study of vegetation communities

of the area. This study provided much useful information, but it was not designed to meet the

objectives of this investigation. Dale (1984) in a study of the wetlands of Arkansas included a

quantitative study of two sites in Bayou Meto, but other principal community types known to be

present were not described. Therefore, it was determined that further field investigations were

necessary.

METHODS

A field reconnaissance was initiated in June, 1996 to locate suitable areas for sampling,

become acquainted with the area, and plan the field work. The field sampling was accomplished in
July.

Field methods used were similarto those used by Dale et al. (1981) and Dale (1984). Briefly,

these methods consisted of first locating representative stands of forest in uplands and areas known

to be subject to periodic flooding. A starting point was then randomly selected within each stand

on which was placed the corner of one of a series of systematically arranged sample plots.

Trees and woody understory were sampled in a minimum of six 72.6x6-foot (l/100 acre)

rectangular plots (22 x 118 m, .004 ha) arranged with the long axis parallel to the moisture gradient.
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These plots were usually 50 feet (15.23 m) apart. Data recorded for trees over 3 inches (7 .62 cm)

in diameter measured at 4.5 feet (1.37 m) above the ground, often referred to as diameter breast high

(DBH), were species present, basal area, and density. The DBH of each species present in the plot

was measured with a log scale stick and assigned to one of a series of size classes. The field data

were converted to relative frequency, relative density, relative basal area (dominance), and

importance value (Curtis and Mclntosh, 1951). The importance value (I.V.) is a single number

representing a combined measure of distribution, number, and size of tree species present. Also,

density and basal area per acre (.405 ha) were determined. Sample adequacy for trees was

determined by a running mean technique (Mueller-Dombois and Ellenberg, 1974) in which the

variation between mean density values of the dominant trees was calculated fust in 5 plots and then

in 6. If the variation exceeded 15 percent, other plots were added until sample adequacy was

obtained.

Data for high understory woody species such as saplings, shrubs, and vines greater than 4.5

feet above the ground and less than 3 inches DBH were taken from the plots and presented as density

(number of stems) per acre.

Percent cover of forest floor species less than 4.5 feet tall was estimated in 3 x 6-foot plots

located at the center of each rectangle used to sample the overstory. '
The understory was sampled in four strata: (1) bare ground, mulch, moss, and lichens , (2)

ground level to less than 6 inches (.15 m), (3) greater than 6 inches to less than2 feet (.61 m), and

(4) greater than 2 feet to less than 4.5 feet. The vegetation cover in all plots from each stand was

averaged and each stratum was assigned a percent cover value.

A determination was made of how principal species in different community types as they

occur along wet to dry gradients in Bayou Meto compared with gradients in other wetland

communities. This was accomplished by first compiling a list of principal species in different

wetland communities of the central Mississippi Delta Region including Arkansas as they occur along

moisture gradients relative to frequency and duration of flooding. The list is based upon over 200

quantitatively sampled sites. This was compared with occurrence of similar communities supporting

the same principal species as they occur along moisture gradients in Bayou Meto. The degree of
correlation was tested by regression analysis
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Soil samples were taken at each site at Bayou Meto and analyzed, by the University of
Arkansas, Soil Testing and Research Laboratory. The different soil factors were then correlated with

the different community sites using canonical correspondence analysis (CCA).

Photographs were taken at each site showing vegetation present and general characteristics

of the site. Also noted were the compass directions of gradientS, ffiy low places such as channels

or depressions, and slightly elevated places that were drier than the rest of the site.

Voucher specimens of plant species present were collected periodically during the

investigation. These were pressed, dried, and identified, and are available for study at the

Department of Biological sciences, university of Arkansas, Fayetteville.

Finally, a map and table were prepared that indicate the location of sampling sites in Bayou

Meto (Fig. l) and the dominant species (Table l).

DESIGNATION OF DOMINANTS

A dominant species is a plant that is in community control (Clements, 1916; Oosting , 1956).

This means that at least to some extent the establishment and growth of species of secondary

importance in a plant community are determined by the influence of dominant species through their

influence on the habitat by competition or allelopathy. Dominants are usually large plants, good

competitors that tend to eventually crowd out most secondary species, numerous, and except in serial

communities, present all during the year for several growing seasons. In forests, community

dominants are the trees. As used by many authors, trees with an I.V. of 75 or more are considered

as dominants and those with an I.V. greater than 15 but less than 75 arc regarded as important

secondary species. Tree species with an I.V. less than 15 are considered as interstitial. Since trees

in three sites at Bayou Meto have an I.V. of almost 74, forpurposes of this study trees in these sites

are regarded as dominants.

Dominance has been shown to occur in different strata of the understory also. Saplings and

other woody understory over 4.5 feet tall with densities of 100 or more per acre and understory

species of the forest floor with cover percentages of 10 or more are considered as dominants in their

strata. Field observations at Bayou Meto seem to support these values.
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Table 1. Summary of location, dominant species and importance values (I.V.) of dominants in each
site. Map locations of Sites are shown in Figure l.

Site
Number Location of Site

Dominant Species
Present I.V.

1

2

Nevins Creek

Edge of campground S. of
Gill Property

Sweetgum

Willow Oak

Willow Oak

Sweetgum
Nuttall Oak

Shagbark Hickory
Southern Hackberry

Overcup Oak
Green Ash

Shagbark Hickory

Cherrybark Oak

Swamp Privet

Swamp Privet

Water Hickory
Southern Hackberry

Water Hickory

Willow Oak
Persimmon

189

81

t26

- No Dominant

260

a
J

4

5

Adjacent and W. of Site 2 Water Oak

Across road W. of campground Mixed Site

6

75 yds S. of Lower Vallier
Parking Lot

E. edge of Lower Vallier
access Rd.

7 Mulberry Grove Access

8 Mulberry Grove Access

9 Long Bell Access

l0 N. of Long Pond Access

11 Cannon Break Access

12 Big Bayou Meto Access

13 Big Bayou Meto Access

14 Big Bayou Meto Access

127

87

102
l5

102
74

88

l6l

104

218

169
104

80

90
84

15 Tipton Access
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16 Tipton Access

17 Temple Island Access

18 Beaver Dam Slough S. of
Grand Cypress Lake

Persimmon

Shagbark Hickory

Water Elm
Water Locust

100

189

75

93

74

17419 100 yds NW. of Beaver Dam Slough Loblolly pine

S. of Rd. approx. I mile W.
of Grand Cypress Lake

Tupelo20
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RESULTS AND DISCUSSION

General

The difflerent forest community types based upon dominants of the tree overstory were easily

recognizable entities characterized by the presence of specific populations of trees dominated by one

or more species. These communities usually support characteristic sapling, shrub, and herbaceous

strata in their understories. It was noted also that difflerent community types occur in specific gpes

of habitats, which in Bayo Meto, are those with different moisture regimes. In some instances

boundaries between communities are fairly distinct, but in other instances they are not. Where

boundaries are not distinct, the intervening areas between communities are regarded as transition

zones.

It is realized that many ecologists do not recognize the existence of plant communities and

contend that vegetation assemblages occur as continua along diflerent types of gradients. However,

the vegetation community concept is used here because the vegetation units are readily discernible

and also as a matter of practicality and convenience.

Sixteen different principal forest community types were identified and quantitatively sampled

at Bayou Meto. Also a principal community type was sampled at the top edge of the borrow pit at

Nevins Creek. The Nevins Creek Site consisted of the preserved vegetation and was sampled to

serve as a reference. It is the driest major community type surrounding the borrow pit.

Further sampling would probably make it possible to locate and identifu other types, but they

would be of less frequent occulrence and rarely encountered. Examples include sites dominated by

cedar elm (Ulmus crassifulia) or blue beech (Carpinus caroliniana), but these often occur as

understories of other types. Also some river banks near Bayou Meto are dominated by such species

as black willow (Salix nigra) or black river birch (Betula nigra), but they are represented in Bayou

Meteo as a few trees in small stands or an occasional large tree growing along the edges of streams.

Some communities are dominated by a single species, but in others dominance is shared by

two species. Frequently codominants occur as single dominants in other stands.

Descriptions of Vegetation Communities

Sixteen different community types are present at the 19 sampling sites at Bayou Meto
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Some of these are dominated by one species and others by two. Observations in Arkansas,

Mississippi, and Louisiana indicate that many species occurring as codominants are frequently

present as a single dominant in other stands. This occurs in Bayou Meto also.

The physical characteristics of the site where a vegetation type occurs and a discussion of
principal species in the type are presented in the discussion of types that follows. A list of all

species present and quantitative data for each are given in Appendix l.

For purposes of this study, the dominant species will be used to designate each community

type. Also the name of the community type is followed by the site number(s) where the community

was sampled.

Sweetgum Type - Sites I and 6.

Site 1 at the Nevins Creek Mitigation Area was included for reference purposes because it
is located on the rim of the borrow pit and largely represents the drier part of the mitigation area.

Other parts of the rim support species that usually occur in drier areas than sweetgum, but they are

present mostly as nalrow strips on the west side of the mitigation area next to the railroad track and

on the north side as a fringe of preserved vegetation between Bayou Bartholomew and the top of the

borrow pit. This information is based upon observational data as apart of a study on principal

vegetation communities of the borrow pit, and presented elsewhere in this report.

The Sweetgum Type sampled at Nevins Creek is located in the area of preserved vegetation

on the high ground north of and immediately above the cypress plantings.

Sweetgum (Liquidambar styraciflaa) is widely distributed inthe BayouMeto andthroughout

Arkansas. It typically occurs in areas subject to periodic flooding from two weeks up to about one

month annually and is rarely found in large numbers in deep swamps or backwater areas except on

ridges. Also, it is common in areas that have been disturbed and is usually associated with weedy

species. At Nevins Creek, the most corlmon associated species include cornmon privet (Ligustrum

vulgare), Japanese honeysuckle (Lonicera japonica), greenbrier Smilax spp., and poison ivy

(Toxicodendron radicans), all of which are weedy.

At Site 6, sweetgum is associated with Nuttall oak (Quercus texano) which occurs as a

codominant. This site is not as weedy as the Nevins Creek Site, but previous disturbance of this site

is indicated by the occturence of winged elm(Umus alata) as a dominant in the high understory and
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of poison ivy which dominates in both the high understory and the forest floor. Other important

species present include shagbark hickory (Carya ovata),rattan vine (Berchemia scandens), Virginia

creeper (Parthenocissus quinquefolia), and muscadine grape (Vitis rotundifolia) which are dominant

in the high understory.

Willow Oak Type -- Sites 2,5, and 15.

Willow oak(Quercus phellos) is one of the most widely distributed trees of wetland areas.

It is present in I I sites in Bayou Meto and is the single dominant in Sites 2 and,5. It is a codominant

with persimm on (Diospyros virginiana) at Site I 5. Here persimmon occupies drier, more open parts

of the site. It is not typical as a dominant in Willow Oak Sites and can be considered as a small site

within alarger Willow Oak Site. It will be discussed further in the description of Site l5 where it
occurs as the only dominant.

Willow oak usually occurs in flat areas that are flooded two or three weeks annually, but it
can tolerate flooding for several months during the growing season. Willow Oak Sites are often

characterized by shallow channels that form a network between trees and low humps of ground.

At Site 2, the sampling rectangles extended from the edge of Grand Cypress Lake and

extended along a gentle slope upward toward a drier area. Important secondary species present at

the wet end of the gradient include water hickory (Carya aquatica), buttonbush (Cephalanthus

occidentalis), tupelo (Nyssa aquatica), and overcup oak (Quercus lyrata) with water oak (euercus

nigra) occurring on the drier end. Willow oak occupies enough of the area in between to become

the only dominant.

Site 5 is on a large, flat area and is typical of most Willow Oak Sites. The overstory occurs

as almost a pure stand (I.V. of 260) with shagbark hickory and cedar elm present as interstitial

species.

Understories in the Willow Oak Type vary considerably because of the many different types

of microhabitats common in willow oak forests. High understories in the drier areas of the Bayou

Meto sites are dominated by persimmon and winged elm. Green ash (Fraxinus pennsylvanica)

saplings are dominant in more mesic areas of Site 15.

Common vines include rattan vine, greenbrier, and eardrop vine (Brunnichia ovata) in either

the high understory or on forest floors.
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Sedges (mostly Cyperus sp. and Carex spp.) covered much of the forest floors in all sites.

Water Oak Type -- Site 3.

Water oak occurs on better drained ridges and flats of wetland areas that are flooded from

only a few days up to about two weeks during the growing season. Also, it has been found in

moister non-wetland areas.

Water oak is the only dominant in the site sampled at Bayou Meto. Important secondary

species of the overstory include shagbark hickory, sweetgum, willow oak, and cherrybark oak

(Quercus falcato var. pagodaefolia). Dominant saplings of the high understory are shagbark hickory

and winged elm. Common vines present are poison ivy and climbing dogbane (Trachleospermum

dffirme). Forest floors at this site are dominated by poison ivy.

Mixed Site -- Site 4.

This site is essentially flat and poorly drained. Apparently, it was extensively disturbed many

years ago as indicated by the high density of the overstory and the presence of trees characteristics

of both wetlands and dry uplands. None of the trees in the sample plots are very large.

Fifteen different species of overstory trees are present in this site with none of them occurring

as dominants. Water locust (Gleditsia aquatica) is the most important species with an I.V. of 61,

followed by southern hackberry (Celtis laevigata Willd.) and red mulberry (Morus rubra) with an

I.V. of 36 for each. Other important secondary species are green ash, cherrybark oak, willow oak,

overcup oak, post oak (Quercus stellata), American elm (Ulmus americana), and cedar elm.

Another evidence of disturbance is the dense stand of winged elm in the high understory

throughout most of the area. This indicates that the site must have been at least partially cleared at

one time and later abandoned. Winged elm is a common invader of abandoned fields or cleared

areas

Other dominant high understory species present include cedar elm, American elm, rattan

vine, Virginia creeper, and poison ivy.

The forest floor is almost bare withpoison ivy and Virginia creeper occurring in a fewplaces.

Shasbark Hickory Type -- Sites 7,9, and 17 .

Shagbark hickory is almost as widely distributed in Bayou Meto as willow oak, but on

slightly drier sites. It is a codominant with southern hackberry at Site 7 andthe only dominant in
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Sites 9 and 17. It occurs on drier sites throughout most of the Mississippi Delta Region and in moist

areas, usually along the sides of upland ravines in the Ouachitas and the Ozarks. It is intolerant of
flooding for more than two weeks to a month during the growing season.

Southem hackberry often occurs as a single dominant in wetland stands elsewhere, but it is

present in Bayou Meto as a codominant, important secondary species, or as an interstitial species.

It is frequently found on uplands, but it can tolerate flooding or saturated soil conditions for several

weeks in lowland habitats.

Principal secondary species at Shagbark Hickory Sites in Bayou Meto include persimmon,

winged elm, and willow oak on drier areas and Nuttall oak, American elm, and green ash in moister

places. Wet areas, such as low depressions and sloughs within the site, support low wetland species

such as overcup oak, water locust, and cedar elm. The most common species that occur in all three

Shagbark Hickory Sites are rattan vine, Virginia creeper, and poison ivy. Forest floors are almost

bare, with Virginia creeper and poison ivy comprising most of the plant cover. An exception was

in Site 9, where palmetto (Sabal minor) is present.

Overcup Oak T],pe -- Site 8.

Overcup oak typically occurs in areas with saturated soil subject to flooding from one to three

months. It is present at this site in a swale that runs through the site.

Green ash is present here on the higher ground. It is less tolerant of flooding than overcup

oak, but it can survive flooding for up to as much as six weeks during the growing season. It is
common in wetlands throughout the Mississippi Delta Region, but it also occurs as a dominant on

floodplains of larger rivers in the Ouachitas and the Ozarks.

Important secondary species at this site are southem hackberry and willow oak. The high

understory is dominated by winged elm. Principal vines of the high understory are rattan vine and

poison ivy. The forest floor is almost bare with willow oak seedlings and poison ivy comprising

most of the vegetation cover.

Cherrybark Oak Type -- Site 10.

Cherrybark oak occupies almost the same type of habitat as shagbark hickory in wetland

areas. It can tolerate flooding for up to six week, but it usually occurs in areas that flood tlree weeks

or less annually, Its distribution is more southern than shagbark hickory and it is seldom found in
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uplands. Red mulberv and Nuttall oak are the principal secondary species in the overstory at this

site. Dominant saplings ofthe high understory are shagbark hickory, southern hackberry, rough-leaf

dogwood (Cornus drummondil), winged elm, and American elm. Dominant high understory vines

are Carolina moonseed (Cocculus carolinus), greenbrier (Smilax rotundifulia) and poison ivy.

Eighteen different species are present on the forest floor, but poison ivy and Virginia creeper

constitute most of the cover.

Swamp Privet Type -- Sites l1 and 12.

Swamp privet (Forestiera acuminata) is a large shrub that occurs mostly along sluggish

streams or in poorly drained backwater areas such as old river channels or oxbow lakes. Frequently

it is found in low, wet places behind natural levees. It can tolerate flooding or saturated soils for as

long as three months. Swamp privet generally occurs as almost pure stands, but it is sometimes

associated with cypress, tupelo, or overcup oak as an understory species on the edges of backwater

lakes.

Swamp privet is the only dominant in the two stands sampled at Bayou Meto. The most

important saplings of the high understories at both sites are green ash, water hickory, water locust,

and black willow. Dominant high understory vines are rattan vine, eardrop vine, and greenbrier.

The forest floor at Site 11 was almost devoid of vegetatiori, but 14 species were present in the sample

plots at Site 12, although the cover percentage was low.

Water Hickory Type - Sites l3 and 14

Water hickory occurs as the only dominant at Site 14, but it shares dominance with southem

hackberry at Site 13 where it is present on a drier part of the site. Water hickory is common in
habitats that are frequently flooded during the growing season. It is often present in backwater areas,

but it is common also on the banks of faster moving streams as narrow, almost pure stands that

reflect spring flood levels along the stream. Important secondary species of the overstory in Site l3
include blue beech, overcup oak, southern hackberry, winged elm, American elm. and cedar elm.

The only important secondary species at Site 14 is cedar elm.

Poison ivy is the only vine dominant at both sites. Rattan vine dominates at Site 13, but is
present at Site 14. Other dominant vines in the high understory at Site 14 are eardrop vine and

Virginia creeper.
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A few sedges comprised most of the cover at Site 13, but ground cover at Site 14 was much

more varied. Principal woody species present include southern hackberry seedlings, poison ivy,

deciduous holly (Ilex decidua), and swamp privet. Also several herbaceous species are present.

Persimmon Tyne - Site l6

Persimmon occurs in both wetlands and in dry uplands, light being the primary limiting

factor. It is a weedy species that invades cut over areas, abandoned fields, or edges of fence rows

in uplands. It generally occurs as trees larger than saplings on edges of streams in both uplands and

lowlands exposed to sunlight most of the day. It occupies the drier exposed areas of this site.

Understories of persimmon communities are highly variable. At this site, the woody

understory is dominated by persimmon, green ash, willow oak, and winged elm seedlings, and ratten

vine.

No dominants were noted among the 21 species present in the plots on the forest floor.

Greenbrier, Virginia creeper, and rattan vine are species with the highest percent cover.

Water EIm Type -- Site 18.

Water elm (Planera aquatica) is very tolerant of saturated soils and flooding. It can occur

in almost pure stands, but it is frequently associated with buttonbush, swamp privet, water locust or

overcup oak. It is often present in the bottom of swales formed behind natural levees.

At Site 18, water elm shares dominance with water locust. Usually water locust occurs in
small stands and is rarely numerous enough in any one site to become a dominant species. It is only

slightly less tolerant of flooding than water elm. The only dominants in the high understory at this

site are swamp privet and rattan vine. The forest floor is almost bare, as is typical of most water elm

sites. The only other species present at Site l8 is eardrop vine.

Lobolly Pine -- Site 19.

Loblolly pine (Pinus taeda) is an upland species that can tolerate flooding for not more than

about 2 weeks. Site 19 is an upland site sampled during the study for reference pu{poses. It is
suggested that the pine was planted. Fourteen trees, some typical of uplands and some of lowlands

were present, with pine as the only dominant.

High understory dominants are willow oak, cherrybark oak, post oak, winged elm and cedar

elm. Dominant vines are rattan vine and poison ivy.
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No dominants were present on the forest floor, but poison ivy was the most important

species.

Tupelo Tyne -- Site 20

Tupelo occurs in backwater areas often growing in open water on low, poorly drained places,

edges of oxbow lakes, or along sluggish streams. It can tolerate standing water and saturated soil

all year, but most stands are usually found on dry ground during part of the year. The tupelo

community sampled in Bayou Meto was at Site 20 where it is the only dominant. Bald cypress

(Taxodium distichum) is present as an important secondary species. Bald cypress and tupelo can

occur as codominants as they do in Big Cypress Lake near Site 2, but often they are present as single

stands. The presence of almost pure stands of either species can be attributed to lumber operations.

The two species when growing together are seldom of the same age or size class, thus, one is usually

logged separately leaving the other to grow to merchantable size. Although not present at this site,

woody species commonly associated with cypress and tupelo, such as on the edges of Grand Cypress

Lake include buttonbush, water elm, and swamp privet.

The soil where the tupelo is growing was saturated and almost devoid of understory species.

Sweetgum occurs as a secondary species also, but it is present on higher ground. Typically,

it does not grow with cypress and tupelo.

Occurrence of dominant species along a moisture gradient

Occurrence of dominant species along a moisture gradient in Bayou Meto was compiled on

the basis of data from the quantitatively sampled sites (Appendix 2) and field observations. It
should be noted that a complete sequence of species or communities that are present along a

composite gradient for a large area rarely occurs at one location.

A composite of vegetation sequences from different sites over the Bayou Meto area as a

whole was developed (Fig. 2). Most dominant species or corlmunity types may be present at

locations where wet to dry gradients are gradual, but on steeper slopes many types may be absent.

Thus, it is possible for one type to be adjacent to any other type. For example, a post oak type on

the upper part of a steep ridge ntay be adjacent to a bald cypress type in a flooded area immediately

below it.
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Nonwetland Species Pine or Upland Hardwoods

Trees with intermediate
tolerance to flooding or
saturated soils. Generally
flooded two weeks to one month.
Habitats supporting water
oak, shagbark hickory and
cherrybark oak may be flooded
less than two week each year
or may not be flooded during
some years.

Tree species tolerant
of flooding or saturated
soil conditions. Usually
flooded one to three
months.

Green Ash

I

Cedar Elm

I

Water Hickory

I

Overcup Oak

I

Water Locust

I

Green Ash

I

Cedar Elm

I

Water Hickory

Tree species very
tolerant of flooding
or saturated soils.
Flooded three months
to constantly.

Privet Privet

Water Elm Black River Birch

Buttonbush

I

Bald Cypress or Tupelo

Black Willow

Buttonbush

Backwater Sequence Riparian Sequence

Fig.2. Summary of relative sequences of common wetland forest trees along a moisture gradient
in Bayou Meto Game Management Area. Some species may be found in either wetland or
nonwetland habitats. Also, some typically riparian species may occur in backwater areas and
vice-versa, but the may not dominant under such conditions.
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Regression analysis based upon a comparison gradient of species present at each site in

Bayou Meto with a composite gradient derived from other studies in the Mississippi Delta region

shows strong correlation (Table 2). Both correlation coefficients (r) and Spearman rank correlation

coefficients were mostly greater than .857. Exceptions were at Site l2 where the Spearman rank is

.500 and at Site 18 with an r value of .559 and a Spearman rank of .200. At Site 16, persimmon

occurs on a high, exposed place in the site next to a low area that supports water hickory and swamp

privet. Samples were taken with the long axis of the plots across a swale with water oak occurring

on a steep hillside next to swamp privet.

Correlations between occurrence of sites and soil factors

Canonical correspondence analysis between sites and soil factors show Person and Kendall

correlations along ordination axis I with r values over .5 for pH, Ca, and Mg. Negative r
correlations are present along axis 2 with conductivity (EC), K, S, and Cu and a negative tau

correlation with EC. No correlations over .5 are present along axis 3.

How these results should be interpreted is unclear. They are presented here primarily for

future reference (Appendix 3). Extractable soil nutrient levels are also presented (Appendix 4).

CONCLUSIONS AND RECOMMENDATIONS

It is concluded that the vegetation of Bayou Meto Game Management Area is typical of
wetland vegetation that occurs elsewhere in Arkansas and much of the Central Mississippi Delta

Region. Also the sequence of tree species is representative.

In regard to species that should be planted at the mitigation area, it is recommended that any

species occurring at or below sweetgum along the gradient at Bayou Meto would be suitable where

comparable flooding or saturated soil conditions are present.

Soil factors of importance to establishment and growth of tree species in Bayou Meto are not

well known. However, the species at Bayou Meto occur over a wide geographical range in wetlands

throughout the Mississippi Delta Region, thus variable soil nutrient levels may not be a crucial factor

conceming vegetation establishment and growth in wetlands.
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Table 2. Correlation (r) and Spearman rank coeffrcients between a composite species gradient from
the Mississippi Delta Region and gradients from each site at Bayou Meto Gam" M*ug.-ent Area.
Correlations were not made from Sites 5 and 10.

Site Correlation Spearman Rank
Nrrm bers cients (r) C.oefficients

I
2

J

4
6

7

8

9

11

t2
13

t4
l5
t6
t7
l8
t9
20

.813

.859

.859

.859

.961

.961

.943

.965

.866

.778
1.000

.866

.944

.730

.923

.559

.866

.866

.800

.857

.857

.952
1.000
1.000

.950
1.000

.875

.500
r.000
.875
.950
.675
.950

.200

.875

.875

40



s

Acknowledgments

Grateful acknowledgment is made to Harvey Gill, Humphrey, Arkansas, for providing

general information about the vegetation and flooding regimes in Bayou Meto and for indicating on

a map the principal access points and roads within the area. Thanks are due also to Tim Moser,

Waterfowl Research Biologist, for other information about Bayou Meto and the Arkansas Game and

Fish Commission for providing a base map of the area. Special thanks go to Jason Krutz and Jason

Pulley, students at the University of Arkansas, and John Murdoch, Research Specialist, Agronomy

Department, for help with the field work and to Dr. E. B. Smith, Plant Taxonomist and professor,

Department of Biological Sciences, for assistance with identification of the more diffrcult plant

specimens.

4t



LITERATURE CITED

Bedinger, M.S. 1971. Forest Species as Indicators of Flooding in the Lower White River Valley,
Arkansas. Professional Paper 750-C, U.S. Geological Survey. Washington, D.C. pp.24g-
253.

Clements, F.E. 1916. Plant Succession: An Analysis of the Development of Vegetation. Camegie

Institution of Washington. Publ.. No. 242.

Curtis, J.T., and R.P. Mclntosh. 1951. An upland forest continuum in the prairie forest border region

of Wisconsin. Ecology 32:476-496.

Dale, E.E., Jr. 1984. Wetlands Forest Communities as Indicators of Flooding potential in Backwater

Areas of River Bottomlands. Arkansas Water Resources Research Center publication No.

I 06. University of Arkansas. Fayetteville, Arkansa s 7 27 0l .

Dale, E.E., Jr., G.T. Johnson, and P.M. Kuroda. 1981. Major Wetland Forest Communities of the

U.S. Army Engineer District, Vicksburg: A Phytosociological Assessment. Environmental

Laboratory, U.S. Army Engineer Waterways Experiment Station, Vicksburg, Mississippi.

Technical Report EL-84-5.

Huffrnan, R.T. 1976a. Vegetational Analysis of the Bayou Meto Wildlife Management Area. Final

Report Prepared for Department of Local Services, State of Arkansas, Little Rock, Arkansas.

Department of Botany and Bacteriology, University of Arkansas, Fayetteville, Arkansas.

72701.

Huffman, R.T. 1976b. The Relation of Flood Duration Patterns to Dominant Forest Species

Associations Occurring on Selected Bottom Sites of the Ouachita River Drainage Basin in
Southern Arkansas. Doctoral Dissertation. Department of Botany and Bacteriology,

University of Arkansas, Fayetteville, Arkansas 72701.

Kuroda, P.M.1979. The Relation of Principal Bottomland Hardwood Forest Types to Flooding in
the Central Mississippi Delta. Master's Thesis. University of Arkansas, Fayetteville.

Mueller-Dumbois, D., and H. Ellenberg. 1974. Aims and Methods of Vegetation Ecology. John

Wiley and Sons. New York

Oosting, H.J. 1956. The Study of Plant Communities. 2nd ed. W.H. Freeman Company. San

Francisco.

42



cat

o
C'(o
gl
(n
N
tr)
c)
m
c,
tr,
m

c,
G}

ct
c,
or
tr,
tr}
Itl
tr,o
(D

tr,
c,
Gl

c,
c,(D

o
m
or
01
N

tr
GI

c,.
tr(r,

c,
ct(r,

c,
cl(tt

c,o
(B

c'
tr,(t,

c,
c}
G)

c,o
(?,

UI

o
4l
o

L

v(o
(ocn
I'' CI'

t
N

r?,
m

q,CDo

lf,,
m

U

rrtgr

+@c,< f\,1

+

G,
N

rn
mt

e,gr

lD*
t\
N

+
if
t,

N

N

N(?,
Nitr,N

o
to

c,
N o

rO
nr
lD rf,c{N

ll,

(t)
r,f)

tl?

cnol
\o (lt

c,@Nr!
tN

t
U'

H HOO f frl
u)

(n
N

(n
E'

totl<6 Ni G H 3K

Nro gr
tro

(lrnlrc,Nr
N
N

E E B gRR

rDNnlO

clN

to lun|N

HIOID
tD lr. -

01
nl

N@(\l r<

oo
!f
@

r\o1
m

@
(1,

$

rD@
Nr

N
t
tr,

€
to

@

GI
N

NclN'E

gt
rI)

to

Glr
NG}

@@N

l\ r\ l\

(D<
-fi

G' (tI
C'N

€@

@
(D

10 tt,r0D

(Dc, ulnrN(\l l\,1 N

r@nctN@

(f}

tt,

t

otu,

TITTTo t-s j $ iEEgiteEqt : i
't ri flH.i' flrE'*,,i*fudi1 

*i, g1gEL l!{i'iiE?=> EE-jlmJr
E3; iHt-t{ s 

P 6 6'ot 6 uEi
Eq i :: : ,j si E H{iEt *} I;;;; [;l r 

=3 
E b!

;; ii'il 
'$ff 

i ! i i! sis ! i ! E ! i ! * iliif

c\r

(n

@

r!

lt,

?

Gl

N

o

or

@

t\

r!

lr,

t

(r,

N

I
I

L
o

.o
Elz
o

+r

rJt

tn
tJ,l

CJ
tJ.l
o-u

i

;
o
L

0)

(.)
o0

(g

z
o

{.)

z
(n
m
(o
o)

(,

C)
Cgo

-

U)
C)

(d

0)o

>.

a

x

(.)

i

I

I

I

I

I

I
I



finf+lBstotrxUIatJFZ

0
c,

Oa,!

.rl5o
coL-rfo
O.OLJ

orffff'i I rrr3 bJ h3clLo.Ocq

i b +-t,!ii:
;I.:.EE! g i qr
Outrr6ri

LOoc
;;.EH-

lrct65li

tofLa L ruuoo;L€LT,3=38
sfs

onllnLruo
€LO-oo=o

ocf,tor0o.ollL
oLO(JLl!

O0rEaEELT+oog?s0,
cr(J=(9

t ISCL,0-
nOEO8,I 5d
LO0,>o>OHOL5J3

ttE.ttHs.lrEJis!jji#
.ooo|,).rJl!ocug h g.e
ctc)oJ

3r.5**Hi E i $& s
orLrtl

'lE e s5).-3cloJ6

f\ N N rO O lD !?t Gl Gt - OO@@ @ @I\N \o\l,n ! (?r NN---
ta
c
ag

oN
3J

0lr

o
a)

UI

(D

o
+f
UI

o
aJ

ln

\o

o
4)

UT

l,,

3

ul

ra

o
4J

l.n

G'

o
al

m

(\,

o

UI

o
+f
ln

Af1Ia t.gLCr0,
O.a.ao J-tr

!,
E
o.
o
c,

o
o

('r
I

ln

(D

a

tn

UI

\o
0,

ul

U)
o
al
ul

Itg
+l

oul
ut

Glo+la
O+r
=--tl,
ofraGt

TD
o

J

tn

o-

ie o)

OP
6)E

u)7

6.) .{
0.)

sd
6co
-oN
:OF

COdC)tr*p
tB-

Xo

O. cO

u)tr
61.24r< '=z=gtr?

+C0
,i

-.J-CV)=(go
!!J()
.=oc)-dv.;
.: 'O (h
(.)
4.J!-) 50>U

=c)v
J

=Yc)AI Lu;cd
J-

L
L)U30==

=d:
=corno 'A (^.l

-- U
A !u 'f)

=?U :!U'U
t^'- ;
=-a)F

vh

a\t O C.d)a
7-

€a;
!.t

u
-O

L)
o

>--a(n

"!f,rooE- iE EE r io ! o -6 a - .l. i E

'q 'E E I t "i.:'E 
6i- ': 5r a .9i BJ

i il -i it- iiiiii- ;!i!i,ii? - liit
j 
i ! s3 i 

j3i 
i ii i! ! I i ! iij! i ffi ili

G
o

U.,toco

oo
==
4r O.
-oOF
Elv.-,
ILL
cLct
u!D
l,l . trl
Ut- L'ulL t!.-Ld

=o tn

Lff 0cr>o{
OLL ootrltL(J



rr)t

to f. ul 0l f,l ? LI ul (D N * t'l ttJ;t;OrOf.o-.U'ltntQ
-.-{OOOONOO;O-tO

t 
" " ' 

t 
" " "

llllll

(n O Ot -r N O C.l N tTr l. t -, tllcc0tNooo(colfitot!*g;;dOOOO')-tO,3-.O

f,l ('.{ C, -.1 r.n fl O f'l @ o !l l.ll cll
ii F. F c.l + c.l t tD o ltr o Q 1tt iO i O O O -{ O (,1 i.l -' (9 O

aaaaat

tl

O Ul rD r .t t O N Lr l,l tD ul tl
O d tn f"l N (D tD a r0,:,'f ltl q|

iril 11.j f'lr'! 1.: :it?al
lrrllllllllll

-{ r'.1 r! c to tn : ('l o r'l t ul ql
o ao F.. o ti:'r u ('.1 (o o ql ltl oqolq':1:qr:qc:cji!:

*l -r (l] (Il l,'l l. l. r-Tt Ul C0 (! $ Qo o F c't o x, rL rf, u] lI :1 r!(r, ro N n 0a O ('.1 l,l', f"l O ("1 tl -.t
aaaaaaaaa.a'

llllllllllll

rD -J. N * lr'l f.l t r. r. t-tt (,1 c'l tf
LONO-rOrfO:f0OUldf'l'f o f1 t -.r tf ('.1 t i"l rl o r'l -f

I

-f, : l. 1:.1 U'l tD t'n '.1 U-l i,l n ,1,i,
o o N (..1 ul lJ] rf f..l rt ,-r tD 'J L-n

t.l O c. f.l r:'.1 f'.1 d i.l o 'l' 'l' c' a

f'.t (D tD ('l :f @ lo r'l m r, !'l ':. !l+ N F N -, -C0 f. O O tD,'. r:l
n O N -J lt'l tl r|l ? * C') f"l d -f

aa

tll

)
r!
+,

t
ul
I
L

!.

}.

)
t(t
+,

g
l,
I
L

a
16

+,

g
u
I
}-

L

r,l

r'.1

t,)

x{

rt)
lro

!()
-(6

(n

at)
C)

u)

q)
()

a)

U)

a

c)o
()

U)q)
F

o

o

o

U
c.i
X

()
a.

Io 6g'6 0ctrJ
ALll 0- :l: Cl E Z A b- g t"r rJ Et

ts



rn
c)

()

\o
o

(ri
o

a()
(t
CB

0)
oq)

o()
otrq)

a
q)

u)
G)

a
rd
.t)
o

!
C)

z
)o
>\(6

EA
o

oa
rr')
q)
Lr
L{

o
v)
Lr
C)s
)
q)

a
.s(r)

U)
(d
v)

d
JZ
L

(|l

U)k
0.)

c)

Cd

LroI6
-.1
(r)
C)()

q)
V)
o
u)
o
bI)
c,3

o

Cd
Lr

o
L{
o0

>rs
O

li
,o
koA
ofr
0.)

B
U)
0)lr

()
o
l<q
(€
()

>r
(d

(d

$

0()a.q 0)

lfrd(Ja

v)
U)
>r

CB

Cs

o
CB
Li

X
C)

()

G)

a
o
E
C)

o
o)

an

0")Lq)

B
v)
0)
o.
(do

N

a_.1 C\ N C.l * oO \O tQ O\ O \O $ f: * $ O\ e.l * ..ro o o O (> o o F o - O .I o O o O cj cj o

Q c:l co o N \o t-. * ol \o s oo 16 co * r\ r) t- c.l* r N - * ce1 C.l ca C{ H 6.l * * j * + _i j \O

q I n o $ rrr $ oo c! oo o ca *<f - o co * oo Q..i 
=.r;..i 

+c.i c,i c.i +-iGrj*+JJS;S

o,-$es;ansRpssxfriaie

=RH=NRXHEHEEESSfr=pe
$xS:EE*H$€$=$s=EHE$
= 

ci ql O\ O oO O q\ l.n C\I sF tlr co O i - $ r\ N.O $ 6 O !f, co.rC Cr cn an o\ b - 6 _ -t d Or ti- (\ - e - tt.) .+ cn N \.| - G ra j o.t \o = = i\i

,+, O r? O - t: O te N $ f- O\ ca -f, O\ OO cO N (\l-' - \O H r.) co ot ot N ; i\ N c.i j ; N ; N ti

.a a h rrr o\'\o 9 oq O S O O a.+ * or g c1.+ oJ
"dS E Y s ? E e n s E N gu; X I 

= 
$ i

oo - ql !o !o o\ o\ !o 1., N oo (n o\ t .o ra \o \o \nTu?qqqc..l c..! \q\,.,.1 .1 \"?\gc.! qqvi
$ $ =f, t .+ \O \A (n trl \ar r.) \.r n d .t ri -+ rri +

EA

s I \o r\ ca ca $ q\ r- \o N C) tr) o\ o\ o\ (a oo o\5 q ca C{ (-, - Or O - - J oo cn + sf \O \O lr) =ca $ C-l $ co N c.l .a c.I ro ca N co co co t\ { oi co

r- (.) \Q oo oo s c"r Q - \o o\ $ o \o !+ c.) c! ca caN # oil * * F rn (r) $ \rt $ \O + ; .i \O .+ N i-;

U

N

z

C)
f&

a

CBz

\o
o\
o\

>.
)
0.)

o
(.)

o
U
v)!)
q
(da
oa
()

a
cg

c.)

B

oLr
boJo
Cg

EA

o
()

\5
z,

>.d
cal

o
d.'
U)
()
o
Fl

o
l.r

=z
0)

.o
(B

o(!
!
x

H.l

+
X

c.)ga

s:R$:sESsSesF=s5ess

6J

O

V

U
trl

q

..r c., + rl \o r\ * o. I = S : 
= 

: S 
= = 

I R

m m Ea Ea o Ea ca m e m o m o ca iri E E E E



E

APPENDIX B

Recommendations for Estabtishment of Wetland Tree
Species at the Nevins Creek Mitigation Site
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Recommendations for Establishment of Wetland Tree Species
at the Nevins Creek Mitigation Site

Edward E. Dale Jr.
10 July 1997

The establishment of wetland tree species in natural wetlands such as Bayou Meto Game
Management Area occurred many years ago under environmental conditions much different than
those present in the mitigation area today. Unlike the mitigation area, typical natural wetlands are
characteized by alluvial soils originating from the watershed above the wetland. Also the
fluctuations of flood levels are usually greater, of longer duration, and the water levels change more
gradually.

It is possible to restore vegetation in the mitigation area so that it will closely resemble a
natural wetland. When wetland trees become well established they can survive and prosper under
conditions very different than those under which they originated. Examples of this can be seen in
the frequent occlrrence of such species as bald cypress, hackberry, American elm, green ash, Nuttall
oak, willow oak and water oak that have been planted in upland parks and yards many years ago.

In order for a restored wetland to appear natural, the occurrence of different tree species
should be planted in habitats essentially similar to those in a natural wetland. However, plantings
need not include all species listed in Table I showing principal species present in the model natural
wetland (Bayou Meto Game management Area). It is seldom that all of these species listed are
present at any one site.

It is recommended that tree species should be planted in areas with similar topographical
features and flood regimens as those occurring in natural wetlands within the zones indicated in
Table l. The order of species occulrence within the zones is from wetter areas (boffom) to drier
(top) habitats. They should be planted in relative order from wet to dry conditions within and
between zones.

Most species should survive almost anywhere within their respective zones provided that the
seedlings receive needed care during the time of establishment.

On the basis of quantitative studies in Bayou Meto and elsewhere in the Central Mississippi
Delta Region, it was noted that some species usually occur in larger stands only in certain habitats.
For example, cypress and tupelo can tolerate permanent or near permanent standing water and should
be planted in such areas. These and other species such as buttonbush became established initially
in such sites.

Some species in natural wetlands also occur in habitat conditions different from those where
they first became established. Species such as black willow and black river birch can tolerate
constant flooding, but they cannot tolerate standing water. Although black willow often occurs in
flowing water at the edges of streams and rivers, it and other typical streamside species such as black
river birch, water hickory and buttonbush are frequently present on dry banks several feet above
flowing streams or bayous. These species became established during wet periods but survive and
grew well on formerly flooded dry banks. Buttonbush can be established in either wet or dry areas.

Water elm and swamp privet typically dominate along the sides and in the bottom of ravines
that are flooded for several months during the spring but are dry during most of the late summer and
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fall.
Larger stands of willow oak almost always occur in relatively flat areas that are dissected

with shallow rivulets occurring between the trees. Willow oak communities are by far the largest
and most extensive type of community in Bayou Meto. Other species listed were present as much
smaller stands.

Elevation zones recommended for planting different species are based on a topographic map
of the mitigation area and the frequency and duration of flooding (Fig. l).

Some problems with arriving at the proper zones for planting center on the fact that the
frequency and duration of flooding are different at the inlet area than at the outlet, and that it is
difficult to appraise the importance of slope and exposure between some zones. Finally, it should
be expected that some natural shifting of species between zones will occur later.
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Tolerance to flooding
Elevation
Zones (ft) Species

Trees with little or no tolerance
to flooding.

>207 Typical upland species such as
post oak, blackjack oak, pine,
mockemut or black hickory, white oak.

Trees with intermediate tolerance
to flooding or saturated soil.
Generally flooded two to four
weeks. No flooding during
some years.

207 to203 Shagbark Hickory
Cherrybark Oak
Water Oak
Willow Oak
Sweetgum
Nuttall Oak
American Elm
Hackberry

Tree species tolerant of
flooding or saturated
soil conditions. Usually
flooded four to twelve weeks.

203 to 199 Green Ash
Cedar Elm
Water Hickory
Overcup Oak
Water Locust
Swamp Privet

Tree species very tolerant
of flooding or saturated soils.
Flooded twelve weeks to
constantly.

199 to 197 Black River Birch
Water Elm
Black Willow
Buttonbush
Bald Cypress
Tupelo

50

Table l. Categories of tolerance to flooding, elevation zones, and recommended species for planting
in each zone at Nevins Creek Mitigation Area. Species listed are in approximate order ulong *
increasing moisture gradient (bottom to top) between zones and within each zone.
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APPENDIX C

CAICE and SURFER Surface Water Elevation Maps
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Nevins Creek Mitigation Area
(Piezometer Notes)

(Ft. ) * (cm) (c)wL# (Map wL#)

272
1,24
:]23
1- l_5
1,28
205
L23
242
L23
210
257
J.07
l_18
1,1,2
250
287
148
250
223
L24
251,
138
1,29
]-28
140
1,28
]-43
1-37
r_5 0
108
140
275
259
185
r_3 I

t-0l_0
102 0
r-03 0
r_040
105 0
1050
l_070
108 0
L090
l-100
L110
1,1,20
l_L3 0
l-14 0
115 0
1r-6 0
11-7 0
118 0
119 0
1200
L27.O
L220
1,230
1-240
1250
L260
L27 0
1280
]-290
r-3 00
l_310
1,320
133 0
r-34 0
r-350

P1
P2
P3
P4
P5
P5
P7
PB
P9
Pl_0
P1l_
Pl.2
P13
P14
P15
P15
Pt7
P18
Pr_9
P20
P21-
P22
P23
P24
P25
P26
P27
P28
P29
P30
P31
P32
P33
P34
P35

*WelI depth measurements rcs /B / gl) / aw except.ions>Wl#l-340
(08/05/96) /]nl. Readings were taken after modifications
beLow occured.

Ot.her NoLes:
Well extensions were added after 03/L3/L995 to the following wells:

1100 ,L]-90,1-21-0
Well extensions were added after 04/1-7/1995 to the following we1ls:

1050,l-340
Gravel (approx.2") was added on Lo/t6/96 to the following wells:

t-070, 111-0, 1130, 118 0, ]-250, 1,290

2L2

I

B .92
4 .07
4 .04
3.81
4.20
6.76
4 .04
7 .94
4 .04
6 .89
I .43
3 .51
3 .87
3 .57
8.20
9 .42
4.85
8.20
7 .32
4 .07
I .24
4 .53
4.23
4.20
4.59
4.20
4 .59
4 .49
4.92
3.54
4.59
g.02
8.83
5 .10
4 .53



APPEI{DIX G

Surface Water Monitoring Data
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T NEVINS CREEK MITIGATION AREA

St.aff Gage Readj.ngs

Staff Date
Gage#

Time SLage
(FE. )

Stsaff
cage#

Date Staf f
cage#

l-
z
3

4

5
6
7
8

9

10
11
t2
t3
L4
15

1
2
3
4
5
6

7
8

9
10
11
L2
13
14
15

DateTi,me St.age
lFr l

Time Stage
(FL-)

1413
2 413
3 413
4 4L3
5 413
5 413
7 4t3
8 413
9 413

10 413
11 413
L2 413
13 413
L4 413
15 413

1415
2 415
3 415
4 415
5 415
5 415
? 4L5
8 415
9 4r.5

10 415
11 415
t2 415
13 {15
14 4t5
15 415

1425
2 425
3 425
4 425
5 425
6 425

I 425
9 425

10 425
1L 425
!2 425
13 425
t4 425
15 425

1996
:-996
1995
1996
1995
1996
r.996
19 95
1996
L995
L995
1996
1995
1995
1995

13 54
1357
1408
14 04
14 03
14 01
1400
1352
134 I
L349
dry

1345
L347
L440
13 51

15 05
16 04
1544
154 I
154 9

dry
1554
L602
r.557
1559
dry

15 09
1515
1516
151 9

!320
13 15
13 12
133 9
1337
1435
]-332
].325
L344
1342
1353
1409
13 50
14 18
r42L

t.7t
r .52
r..50
0.44
3.27
0.04
1.30
L.2L
2 .48
1.05
dry

2 .62
4.4L
2 .05
3.47

1.58
r.27
L.20
0.50
3.50
dry

L .02
0.98
2.10
0.68
dry

2 .09
3.83
L -52
3.30

4.82
2.52
4.00

t.46
1. 17
0.97
0.13
2 .94
dry

0.81
0.85
1. 90
o.52
dry

1.68
3.35
0.'79
2 .04

L996
]^996
1995
1996
1995
1996
L995
1996
1996
1996
1996
1996
1996
t996
1996

1996
L996
1996
1996
!996
1996
1995
1996
1996
:-995
1995
1_996

1995
L996
L996

t996
1996
1996.
1996
1995
1995
1995
1995
1996
1996
1995
r.995
1995
19 96
r.995

10 04
1005
r 01,1
1016
1017
1019

7026
L032
103 0
1 054
1038
1041
1051
104 ?

1,{50
1447
L442
151 0
1508
1505
1505
1500
1515
r.513
1518
L525
1529
1531
153 5

105 r
1054
105?
1111
1112
1108
1107
1"102
1L17
1115
1119
LL22
1138
113 t-
1134

1.54
1.19
0. 95
0.22
3.15
dry

0.80
0.8s
1.89
0.53
dry

1, .66

19 96
1995
1995
t996
1995

1996
7996
1995
1996
t996
1996
1995
1996
1995

77 04
!7 07
L6L2 -

1

2

3

4
5
6

7
8

9

10
11
L2
13
14
15

5f,
)a
51

51
51
51,
5L
5t
51
51
51
51

51

53
63
53
63
63
53
63
63
63
53
53
63
53

63

1
2

3

4

5
6

7
8

9
10
11
r2
13
14
15

157
zbt
357

557
667
757
857
957

1067
t1 6 7
L267
136'1
L467
r.567

L'7

L7
t7
L7
r7
L7
t7
l'1

1
1

0

0

35
15
66
o7
80

3.33
0.91
2.85

161- 1
1506
15 05
15 01
lbfv
1616
r522
].625
1543
154 5
t649

dry
0 .54
0. ?3
1.68
0.48
dry

!.28
2 .98
0 .50
2.5r

.45

.2t

.89

.04

.98
dry

'18

83
86

.54
dry
.'t6
.40
.89
.81

t995
1995
L996
1995
1995
1995
19 96
1996
1996
1996
19 96
L996
1995
!995
1996

157
257
357
457
557
557
757
857
957

1057
11 57
1257
1357
1457
155'l

1

2

3

4

5
6
7

9

10
11
L2
13
r4
15

1.77
1.90
1.63
0.32
3.33
0.28
r - 5b
1. 56
2 .9t
1.50
dry

3.08
4.85
2.56
4.10

dry
0 .45
0.59
1.68
0 .32
dry

t.22
2 .92
0.33
z.2u

r.996
1996
L996
1996
1996
1996
1996
r.995
L996
1996
1995
r-9 96
1995
1995
1995

1333
134 5
134 r
t405
L404
1400
1359
1350
L4t2
1410
14t 6
L420
1445
:.434
r,438

1
1
0
0

2

0

0
1

0

1

3
0

L4
24
34
44
54
64
74
84
94

104
1L4
L24
134
L44
154

2L
2t
2L
2L
2t
2L
2l
2L
2t
2t
2r

2L
2!

t996
19 96
L995
19 96
1995
L996
1995
1996
1996
19 96
L996
19 96
1995
1995
L995

1996
19 95
L996
1 995
1996
19 95
1995
L996
1996
19 96
1996
19 95
1995
1996
L996

5 19

5 r.9
519
5 19
E 10

5 r.9
519
519
5 r-9
5 r.9
5 r,9
5 19
519
519

r-995
1995
1995
r-995
r.996
1996
19 96
1995
t 995
1995
1995
19 95
1995
19 95
1995

L444
153 8
154 3
1532
153 1
r.525
1524
1518
1515
1514
1505
L454
1455
150 0

LS02

1995
1996
1995
1995
r.9 95
19 96
1996
1996
t996
1995
1995
1995
1996
1995
L996

a246
LI2L
1125
1154
1152
1145
1145
114 0
1202
115 9
1215
12 11
L23't
L229
1233

dry
dry

1. 07
2.72
0.23
2.30

30 1996
30 1996
30 r996
30 1996
30 1996
30 1995
30 t 996
30 1996
30 1995
30 1996
30 1995
30 1995
30 1996
30 L996
30 1995

1,324
L220
12 15
L23't
L234
L23L
L229
L227
L244
t241
1254
L249
13 17
13 09
13 15

1.25
0.70
0.50

-0.39
2.67
dry
dry

0.36
1.55
dry
dry

2.97
2.60
0. s3
2.62

0.94
0.49
0.32

.16

.28
AE

dry
E2

1.82
L.76
L.77
0.2s
3.24
0.35
1.56
1.51
z.b2
r..40
dry

3.00

1.39
1.05
0 .55
0.07
2 .60

1,.28
0.87
0.51

-0.39
2.54
0.03
0.35
0.40
1.50

2
0

0

1
0

6

6

6
5

6

6
5
6

6
6

5
6

6

5
5

5

6

6
6

6

5
5
6
5

6
5

6

6

6

L7
77
L7
a7
r7
t7
1-'7

1

2

3

4
5
6

8

9

10
11
t2
13
14
15

40

5 31
531
531
531
531
531
531
531
531
531
s31
531
531
531
5 31

50
02
38

* dry = no water preaent
* md = missing dat.a

2L5

o.42
2.57

1610
1622
l617
)-642
154 1
1635

1508
r649
154 6
1553
1656
L724
7'tL6
L720



to NEVINS CREEK MITIGATION AREA

SEaff cage Readings

SEaff DaEe Time Stage
cage# (Fts. )

Scaf f
cage#

1

3

5
5
7

8

9
10
11
L2
13
L4
15

1
2

3
4

5
6

7
o

9
10
11
12
13
L4
15

Date Tj.me St.age
(Fr. )

Staff DaEe
Gage#

Tj-me St.age
(FL. )

7
7

7
7

7
7

7
7

7
7

7

't

7

1

7
7

7
7
't
7
7
'7

7
7
7

15 7996
16 L996
15 1995
15 1995
16 t995
16 7996
16 t995
16 r.996
16 1996
L6 ].996
L6 L996
15 1995
16 1995
15 1995
16 r.996

1101
1032
104 5
1117
1115
LL1 0

110 9

1056
tL26
Lt22
1t37
rL32
7205
114 5
1r.5 8

194 0

183 0
1,524
1851
184 9
1845
184 3
r.839
1859
1856
19L4
19 05
L932
1925
1-928

a256
].259
1252
13 07
13 05
1302
13 01
13 15
13 13
1311
L320
L32t
1326
132 8

133 0

0.18
0.15

-0.39
2 .5'1
dry

0.35
0. 15
0.96
0.25
dry

0.40
2."t5
0.57
2 .60

dry
0 .45
0.70
t.54
0.44
dry

1.80
3.38
2.00
2.87
5.90
1.70
3.02
3.32
4.55
3.14
1.37
4.88
6.77
4.72
5 .6'1

1995
1995
19 96
1996
199 5

r.996
1996
1995
1996
1996
1996
7996
),9 96
1996
1 996

810
7L4
?11
724
723
't]-9
718
734
735
728
745
744
802
753
'151

L322
13 37
r.3 31
L40'7
l-4 l,0
14 01
r,35 8
1347
L4L'I
t4l4
1432
1424
14 56
L449
14 51

t220
L23b
123t
r.258
!256
L25!
125 0
12 18
13 04
L302
1312
1315
1343
1335
134 0

4.35
5 .46
4.00
4 .64
7.50
3.'t9
5.06
5.28
6 .55
5.13
3 .34
6.84
8.74
6.68
I .69

1996
1996
1 995
1995
19 96
1996
t995
1996
1995
1995
1995
1996
1 996
19 96
1995

15 04
134 9
1341
14 10
1409
14 03
1404
1422
14 18
1415
L427
1428
L457
L449
1453

1.00
dry
dry

-0.33
2.53
dry
dry
dry

t.22
dry
dry

1.36
3.24
J..2L
2 .67

L.26
1.L2
0.38
0.39
2.55
dry

0 .42
0.65
r..48
0 .43
dry

0.91
2.75
0 .74
dry

1. 64
1.63
0. 94
1.07
4.05
0.11
1.35
L.27
2.22
0.81
dry

2.38
4 .18
2.!6
4.25

1
2
3
4

5
5

7
I
9

10
11
t2
13
t4
15

73L
731
731
731
73t
73L
737
731
73t
?31
? 31
7 31
731

73L

199
299
399
499
RAO

699
799
899
999

1099
11 99
1299
1399
1499
1599

t
2
3
4

5
6

7
I
9

10
11
t2
13
14
15

,o
29
29

29
29
29

,o
?o

29
29

1995
1996
L996
1996
1995
1996
1996
19 96
1995
1996
1996
1996
L995
1995
1996

1
2

3

5
5
7
I
9

10
11
L2

L4
15

1
2

3

4
5
5

7

9
L0
11
t2
13
14
15

923
o t2

923
923
923
923
923
923
923
923
923
923
923
o ,2
923

1996
1996
19 95
1996
1995
1995
1995
1996
19 96
1996
1995
1996
1995
L995
1996

1553
153 I
t432
15 05
15 03
1458
L45't
14 54
1512
1510
1534
1519
154 5
153 7
L542

1511
1514
1434
L440
1439
1443
1444
1451
1450
t448
1454
145s
1457
1459
1502

1403
124t
L228
1310
13 09
1304
13 03
1250.
13 18
1315
L322
1325
L254
1345'
134 9

1995
1996
1996
1996
1995
1995
19 96
1996
1995
1995
1996
19 96
1 996
1996
L996

\996
1996
1996
L996
1996
1995
1996
19 95
1996
1996
1995
19 96
1995
1995
1996

6 1995
5 1995
5 1995
5 r,996
6 7995
6 1996
5 1996
6 L996
6 L995
5 1996
6 1995
5 1996
6 :-996
6 t996
5 1995

13 1996
r.3 1996
13 1996
13 1996
13 1995
13 t996
13 1995
13 L996
r.3 1995
13 1995
13 1996
13 1996
13 1996
13 1996

1996
1995
L996
19 95
r-996
1996
1996
1995
7996
r-996
1 995
19 95
1995
].996
].996

1.24
L.20
0.54
'0.29
2.48
0. 04
0.6s
0.78
1.55
0.43
dry

1.36
3.10
1. 00
2.47

1.06
1. 00
0.46

-0.39
2.53
dry
dry

0.31
1.57
0.23
dry

1.55
3.52
t .50
2.44

0. 75
dry
dry

-0.93
2.52
dry
dry
dry

1.33
0.24
dry

1 EE

3.47
1.39
2.57

L.28
1.16
0.4'7

-0.39
, El

1. 09
2 .85
0.39
2.47

1 730
2 730
3 730
4 730
5 730
6 730
7 730
I 7 30
9 ?30

10 730
11 ?30
L2 730
13 730
14 730
15 ?30

1927
2 927
3 927
4 92?
5 92?
6 927
7 927
I92',1
9 927

r.0 9 27
1L 927
12 927
13 927
14 927
15 927

11010
21010
31010
41010
51010
61010
71010
81010
9 10 10

10 10 10
11 r.0 10
12 10 10
r.3 10 10
14 10 10
15 10 10

826
826
826
826
826
826
826
826
825
826
825
826
826
826
826

2 .04
3.80
2.45
2 .92
5. 96
2.L8
3 .45
3.73
4 .90
3.48
L .67
5.24
7 .07
4 .93
6 .87

1 ?30
2 730
3 7 30
4 ?30
5 730
6 7 30
7 730
I 730
9 ?30

10 730
11 730
L2 730
13 7 30
L4 730
15 ?30

19 95
1996
19 95
1996
1996
1995
L996
1996
r.996
1996
1995
1996
19 96
1996
1996

134 6
134 8
135 1
13 55
1356
13 58
1359
1420
1-402
14 01
1404
L4L7
14 15
1409
14L2

1
2

3
4
5
6
'7

R

9

10
11
L2
13
l4
15

12L4
1227
L222
13 06
3.252
L248
1,245
L243
13r.1
L257
].325
1355
1446
13 38
134 1

1996
1995
1996
1 996
1995
1996
r.9 96
1996
19 95
1995
1995
L996
1996
1996
1995

1.18
1. 07
0.38

-0.28
2 .82
dry

o.42
0. 32
1.46
0.24
dry

1. 04
2 .90
o. 88
2.24

* dry = no water present
* md = missing dat.a
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NEVINS CREEK MITIGATION AREA

Staff cage Readings

SEaf f
cage#

Date SEaff
Gage#

Dat.eTime St.age
(FE.)

Time Stage
(Fts. )

Seaff Date Time St.age
cage# (Fr. )

!12 I
2t2 I
312 I
4L2 I
5t2 I
6L2 8

7L2 8

812 8
9L2 I

l0 1,2 8
t1 12 I
t2t2 I
r.3 12 I
1412 I
L512 8

11118
211L8
31118
41118
51118
61118
711" 18
811r8
91118

10 11 18
11 11 18
L2 11 18
13 11 18
14 11 18
15 11 18

11021
2 r0 2),
3L027
4 ).0 2r
51021
61021
'7 r0 21
810 2l-
9102t

10 10 21
11 10 21
t2 t0 2L
13 1.0 21
14 10 21
15 r"0 21

1996
L996
L996
:.995
1996
19 95
1996
1996
1996
1996
1995
L995
1996
1995
19 96

r.995
1995
19 95
1996
1,996
]-996
t996
L996
19 96
1996
1 996
1996
1995
19 95
1996

1"509
1435
L426
1506
15 02
14 56
1455
L442
1514
151,1
153 0
1523
16 00
L544
154 8

1 .42
t.22
0.48

-o.28
2.80
dry

0.55
0.80
1.59
0.50
dry

1. 00
2 .67
0.55
2.44

4.72
6. 01
dry

5.05
8.01
4.31
5.58
5.75
7.0t
5.51
3.79

q ?1

7.05
dry

1996
7996
1995
1996
1996
1996
L996
1996
1995
1996
1995
1995
1996
]-996
1995

1996
1995
1995
1995
1996
1996
19 96
L996
7996
1995
1996
1996
L995
!996
L996

113 5
1152
1t 45
12!7
r.215
121 0

md
md

11aC

L222
L229
1,239
L237
13 07
13 12

1347 5
1253 5
1250 4
1301 5
1300 I
f256 4

1255 s
1344 6
1315 7
1312 5
1318 4
134t 7
1323 9

1327 7
1332 9

L .5r-
1.78
1.11
0.41
3.42
n ?2

1.48
1, .42
) )c

0.84
dry

2.34
4 .02
1.74
3 .48

1995
1995
L996
\996
L996
1 995
1996
L996
L995
1"995

1995
1995
1996
1995
1996

13 52
L207
1155
L326
7240
L23t

t2t4

t249
r,3 05
1258
13 31
L320
1323

1213 1
1222 3
L323 2
1236 2
1238 5
L232 1

LzZT 3

L220 3
1301 4
L242 3
r.258 1
1245 4
7247 6
1250 4
12s3 6

I .44
| .64
1.00
0.44
3.22
0.11
1.35
1.31
2 .06
0.55
dry

1. 95
5.b2
1.36
3.05

L
2

3
4
5
5

8

9
10

1 l-1
211
3 t1
411
511
5L1
7tt
811
911

10 11
11 1L

10
r.0
10

22
22
22
22

22
22

22
22
22
22
22
22
22

1359
1257
1652
131r.
L3 12
1305
13 04
L327
7324
13 19
1335
133 1
1343
1347
l lEr

19 95
1996
1995
1995
1996
1995
19 95
1995
1996
1996
1996
1996
1,996
1995
19 96

.93

.48

.08

.79

.79

.81

.08

.28

.48

.10

.28

.77

.53
s't
55

L t2 L't
2L217
31277
412r7
5 L2 t',|
612L7
7L2L7
M r'l
9!2L7

10 t2 17
l1 !2 L7
L2 L2 l7
t3 L2 17
14 t2 r7
15 L2 l7

r. t1 25
2r125
3 r,1 25
41125
51125
6Lt25
7LL25
Etr25
9]-725

10 11 25
11 11 25
12 Ll 25
13 11 25
t4 rt 25
15 11 25

1.51
1.59
0. 94
0.22
3 .10
0.10
1.33
1.28

0.53

1.40
1.33
o.75
0.06
2 .90
0. 05
0. 96
1.00
1.80
0.55

dry
1.84
3 .52

2.86

I .44
1.84
1.16
0.54
3 .51
0.36
1.53
1.49
2.22
0.81

10
10
10
10
10
10
10

1l- 10
12
13
14
15

10
10
10

12 11
13 11
14 11
15 11

1995
19 95
lvvb
19 95
1995
19 96
L996
1995
1995
1995
19 95
1995
!996
L995
1995

15 11
L449
144L
15 15
1515
15 10
r.509
1456
1524
1521
153 ?
154 0
154 3
1559

md

1523
1 401
1355
143 0
L429
t42t
L320
t404
1438
1436

md
L445
1448
r,506
1509

L996
1995
1995
1995
1995
1996
1996
1995
1995
1995
1995
1995
1995
1995
1996

t2t9
t226
t234
l23r
L232
1234
L237
t223
]-245
L243
]-249
L320
13 18
r.3 05
13 08

3.52
4.'t0
3.00
3.8s
5.80
3.00
4.26
4 .49
5. ?0
4.30
2.47
5.90
7.78
5.76
?.78

L996
1996
19 96
1995
1995
1996
19 95
L996
1996
1996
19 96
1996
1995
1996
1996

1308
1319
1315
1342
134 1'

1336
1335
L324
1350
134 8
1356
1358
t402
L420
!425

15 00
163 9
1425
1503
1502
1505
1507
144 3
1513
1511
15 17
152 0
L524
154 0
1545

10

11025
2L025
31025
4L025
51025
51025
7ao25
8102s
91025

10 10 25
11 10 25
t2 t0 25
13 10 25
t4 a0 25
r.5 10 25

t1222
zlzzz
3L222
4:.222
51222
oLzzz
71222
81222
9L222

L0 1,2 22
tt L2 22
L2 t2 22
L3 L2 22
L4 12 22
75 L2 22

7Lr25
) 11 aC

3LL25
4tL26
51126
6L]-26
7aL26
I L1 26
9Lt26

r.0 11 26
11 11 25
t2 1,1 25
13u25
L4 LL 26
L5 11 25

11230
2L230
3 12 30
4].230
5 r.2 30
6 12 30
71230
8 12 30
91230

10 t2 30
11 12 30
12 t2 30
l-3 12 30
14 12 30
15 12 30

1,.72
3.11
r.77
2.L5
5.20
1 .41
2 .68
2.90
4. O9

2 .68
0.85
4.34
5.19
4 .13
6.L4

112 2
2L2 2
3L2 2
4].2 2
5!2 2
6L2 2
7]-2 2
812 2
912 2

1012 2
1112 2
12L2 2
1312 2
L4LZ 2
L5L2 2

4 t996
4 1995
4 1995
4 L996
4 1996
4 1996
4 t996
4 ]-996
4 L996
4 L996
4 1995
4 1996
4 1995
4 L995
4 1995

1996
1995
r-996
r.996
7995
1995
1996
1995
1995
19 95
r.996
1996
L996
1995
1995

1336
1342
r,34 8

14 00
13 58
1356
1353
134 0
14 08
1406
L4L9
].420
L422
L425
L428

1995
1995
L996
1996
1996
1996
19 95
L996
19 95
1996
]-996
1995
1995
1996
1995

dry
2.28
3.98
1.68
3.54

dry
1.60
3.34
L.20
2 .68

1.37
r..33
0.'16
0 .05
2 .93
0.07
1.00
r.. 05
1.85
0.54
dry

1.60
3.35
L.26
2.49

r dry = no waEer presenE
* md = missing datsa
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to NEVINS CREEK MITIGATION AREA

St.aff cage Readings

Staff Date Time Stage
cage# (Fr. )

Date Time St.age
(Fr. )

134 I
L222
1208
1255
nd

L242
1242
1250
13 03
13 01
13 08
13 11
IJA6

13 34
L337

t432
L43',l
144 1
1351

md
1355
13 58
14 15
14 03
14 01
14L9
1418
1,42L
L422
L423

1.65
r.94
1.30
0.73

md
0 .38
r. b6
1.54
2.18
0.80
dry

2.38
4 .18
2. l"l.
4. 18

13 55
r220
1213
L302
md

1248
L245
t226
1311
1308
131?
132 0
1325
1342
134 5

1.71
1.53
2.L8
0.80
dry

2.3L
4.05
1.85
3.83

1359

md
md
md

L4 15
md

1428
1430

md
L432
1446

md
143 5
L43',7

Staff DaEe Time Slage
Gage# (Ft. )cage#

1
z
3
4

5
6
7

I
9

10
11
12
13
14
15

1
2

3
4

5
6

7

I
9

10
11

13
14
15

I

3
4

5
6

7

I
9

10
11
t2
13
L4
15

t2L4
7228
L22t
13 01
L259
L254
1252
1236
1308
13 05
L3L2
13 L4
L322
1352
135 9

L248
L122
1108
).L52
1.L51
1144
tL42
Lr26
L20!
1158
12 06
12 11
1_216
L234
1237

132 3
13 04

md
L242
123 1
1244
L225
1300
115 9
t2L4
1151
1117
1119
1,L29
113?

14 13
1418
1,402
1451

md
!42'l
L425
1455
15 00
15 05
1508
r.510
1513
1515
1519

L .43
L.77
0.95
0.30
3.15
0.14
r.44
1.38
2.06
0.74
dry

1.91
3. s5
t.22
2 .90

7 .57
8.80

md
md
md

6. 98
md

I .52
9.53

uw
5.39
9 .82

uw
9 .57

uw

1

2

3

4

5
6
1

8

9

10
11
L2
13
t4
15

l-
2

3
4

5
5
7
I

10
11
72
13
14
15

L454
1457

md
1415

md
144 0
1504
L52't
1508
15 05
1511
1510
1513
1516
1519

900
930
920
958
md
951
949
935

1 012
1010
10r.1
102 0
1,025
1045
1050

114 0
1155
lL47
l2L5

md
L212
1211
12 00
t224
L22L
1230
1233
123r
t257
13 01

LO27
104 9
1048
1130

md
1116
LLIz
1054
113 9

113 7
lL47
115 0

1159
1218
1222

3.21
4.48

md
3_49
md

2.83
4.05
4.21
5 .48
4.09
2.25
5.78
7 .64
5.58
?.55

dry
.01
.70
.40
.30

md
dry

1. 53
1.61
2.rL
0.71
dry

2 .04
3.71
L.25
2.89

1.50
2.56
0.88
1.43

md
0.89
2 .16
2.33
3.52
2.14
o.26
3.82
5.70
3.64
5.70

113
113
113
113
113
113
113
113
113
113
113
113
113
113
113

1997
L997
\997
L99"1

!99'1
1997
1997
L99?
L997
L997
199't
:-99'7
t997
L997
t997

199?
L99-t
L99"t
r99'7
1997
1997
L997
1997
L997
t997
1-997
1997
L997
1997
7997

1,99'1
L997
L997
L997
L99't
1997
199'7
1997
L997
L997
L997
L997
1997
1997
L997

210
210
2to
210
2ra
2L0
210
2L0
2a0
2!0

210
2 10
2L0

219
219
2]-9
, 10

2L9
219
219
2:-9
219
2L9
2L9
219
219
2t9
2L9

dry
.92
.62
50
45

1
2

3

4
5
6
7
8

9
10
11
!2
13
L4
15

1

3
4
5
6

7
8

9

10
11
L2
13
14
15

1

2
3

4

5

5

7
I
9

10
L1
t2
r.3
L4
15

1
1
1
0

42
94
18

.84
md
.46
.'t4
.51
.26
.88
dry
.57
.24
.02
.98

34
34
34
34
34
34
34
34

34
34
34
34
34
34

39
39
39
?q
39
39
39
39
39
39
39
39
39
39
39

0

1
1

2
4
2

3

L20
120
120
r20
\20
L20
120
120
r20
120
720
r20
a20
r20
120

L997
t997
L99',|
L997
199'l
L997
L997
].997
L99't
L997
L99'7
L997
L991
]-997
L997

1

3
4

5
6
'1

8

9

10
11
72
13
14
15

L997
L997
1_997
1997
]-997
L997
L991
t997
L997
L997
t99',?
1997
7997
L997
t997

1
1

1
1

4
0

1
1

1

44
95
z5
05
04
49
75
58
54
15

38

74
34
50
03
89
84
88

L997
L997
t997
1997
1997
199?
199't
1997
1,997
L99?
1991
199"1

L997
L997
L997

24 L997
24 L99'7
24 \997
24 L997
24 1997
24 L991
24 1997
24 1997
24 t99?
24 1997
24 L997
24 1997
24 L997
24 L997
24 L997

L8 1997
L8 1997
18 a997
18 )-997
18 L997
18 L99't
18 L997
l-8 1997
18 t997
18 L997
1,8 t997
18 1997
18 L997
1,8 t997
18 7997

1.38
1.88
1. 16
0.48

md

2
4
2
4

0.38
1.56
1.57
2.12
0.73

35
85
02
25

2

3
1

3

1
1

1
0

24
24
24
24
24
24
24
24
24
24
24
24
24
24
24

126
226
325
426
525
625
726
826
925

1026
11 25
L226
1326
L426
1526

L991
1997
1997
L997
L997
L997
L997
1997
L997
L99?
199't
L99"1
1997
t99'7
!997

224
224
224
224
224
224
224
224
224
224
224
224
224
224
224

L99't
1997
199't
L997
t997
1997
1997
)_997
),997
1997
L997
L997
L99'l
1997
t99't

1.43
1.85
1. 14
0. ?1

md

13
23
33
43
53
63
73
83
93

103
11 3
123
133
143
153

14
24
34
44
54
64
?4
84
94

10 4
11 4
124
134
144
154

43

L997
t997
]-997
L997
L99"1
t997
L997
1997
L997
L997
1997
t997
1997
1997
L997

1997
L997
1 99?
L997
1997
7997
L997
L997
1997
199't
2997
L997
L997
1997
1997

1
2
1
1

E2

78
48
91

33
33
33
33
33
33
?a
33
33
33
33
33
33
33
33

04L4
s.93
7. 01

md
md
md

5.40
md

5 .85
8.07

md
4.e4
8.36

md
8.20

md

md
1. 10

* dry = no water present
* md = missing data
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SLaff Date
cage#

Time Stage
/EF \

NEVINS CREEK MITIGATION AREA

St.aff Gage Readings

Stsaff Datse Time Stage
(FE. )Gage#

Staff
cage#

Dat.e Time Stage
(Fr.. )

1

2

3

4

5
6
7

I
9

10
11
!2
13
L4
15
18

162
262
352
462
552
662
762
852
952

10 6 2
11 62
1262
1362
1462
1562
1652
18 6 2

42L
42L
42L
42:.
42L
427
421
42r
4 2),
42r
42L
427
42].
42r
42L
421

L997
1997
1997
t997
L997
L997
L99',?
t997
L9i7
1997
1997
L997
L997
199't
L99?
L997

L424
143 8
1432

md
md

1456
1455
!443
15 11
1509
1517
152 0
1525
154 3
L547
L502

L459
134 8

md
1409

md

L402
14 01
13 51
14 15
1413
14t9
L42r
1425
1441
L444

md

615

t997
1997
L997
7997
]-997
L997
t99'1
1997
L99't
L997
1997
L997
:.997
L997
1997
L997
L99"1
1997

16 54
152 5
1518
1554

md
154 I
154 I
!529
fbuv
16 04

t6t2
1514
L620
153 I
L645
1518
l-711

md

13 15
7129

md

12 00
md

tt52
1151
1132
t2L6
12LL
L220
L223
L233
1252
1303
1123
115I
1157

163 5
1515

md
154 0

md
L532
153 1
1519
154 8
1545
1552
1555
15 03
L621
L625
15 11
r.53 8
1538

md
-0.19

md
dry

L.24
dry
dry

u.5a
dry

1.03

0. 15
1. 06
1.55
3.46
0.59

1.2't
1. 54

md

0.02
md

dry
dry

1.38
1.93
0.45
dry

1.18

0.24
2.28
1.59
3.77
0.90

728
728
728
728
728
728
728
728

728
728
728
728
728
728
l28

7?8
1 )A

I 1.5

815
815
815
815
815
815
I 1.5

815
815
815
815
815
815
815
815
815
IL5

1997
1997
L997
L997
L997
!99't
]-997
L997
L997
1997
L997
199'7
]-997
1-997

L997
1997
L997
t99't

L302
1314
130 9
7347

md
1338
1337
1316
t407
14 05
14 08
14 13
1430
).448
14 51
13 09
134 5
1343

77 09
1535

md
md
md

16 03
1602
1538
152 0
1618
L624
L626
L63't
1555
1659
153 0
16 09
1608

t402
L4L4

md
t442

md
1434
14 31
L4t7
1449.
L44 1
L454
t456
1505
1522
1525
1409
144 1
1440

dry
dry
md

-0.20
md
dry
dry
dry
dry
dry
dry
dry

1.89
dry
dry

1.04
3 .63
0.87

dry
1 .25

md

-0.21
md

dry
dry
dry

1.81
dry
dry

1.11

0.29
1. 82
1.49
3.52
0.'t6

dry
dry
md

- 0.16
md
dry
dry
dry

r. .58
dry
dry

0.95
2.36
dry

L.26
3.88
1. 14

5

6

5
6

5
6

6

6

6

1

2

3
4

5
5

7
o

9

10

1
1

1

L.28
1.58
u.3t
0.06

md
dry

49
35
57

dry
dry

.14

.61

.1"5

.82

15
15
16
16
15
ab
16
15
16

70
1
t

1

3

4

5
6

7
I
9

10

1

3

0
2
0

LL5
L26
136
t46
155
166
t76
186

16
16
15
ao
1b
15
15
t5

11
1_2

13
14
15
15
L7
f,U155

255
35s
455
555
655
't55
855
955

10 5 5
11 55
L255
1355
1455
1555
18 5 5

1523
2 523
3 523
4 523
5 s23
6 523
7 523
8 523
9 523

10 523
11 523
t2 523
13 523
L4 523
15 523
15 523
18 s23

t997
]-997
L997
L997
1997
t997
1997
].99',t
L997
L997
L997
t997
t997
7997
L997
1997

L99'.t
1997
1997
L997
1,997
t997
1997
t997
L997
1997
t997
t997
t997
t997
L997
t997
L997

1.37
1.81
md

0. 04
md
dry

L.5"1
dry

2.01
0 .6'1
dry

1.14
dry
md

-0.18
md
dry
dry
dry

1.58
dry
dry

1. 05
2.70
0.20
1.89
1.58
0. 84

1.20
L.29

md
-u-2!

md
dry
dry
dry

1.84
dry
dry
dry

2.'t0
0.18
r.. 90
r.. 55
0.74

L997
L997
199'.7

199?
1,997
7997
799't
t997
J,99'1
L997
r99'1
t99'7
L997
L997
1997
t997
L997
).997

1997
L997
L99't
L997
1997
L997
L997
1997
1997
199'1
199?
1997
1997
t997
L997
1997
L997
L997

1997
L997
\997
199?
].997
1997
199't
].997
L99't
L997
!997
1997
t997
1997
t997
L997
L997
].997

L71
271
371
471
571
671
7',| 1
87L
971

107L
11 7t
L2 't 1,

1371
14'tL
157r.
167t
t7 1t
1871

1 718
2 718
3 718
4 7L8
5 ?18
6 7L8
7 7L8
I 718
9 718

10 718
11 718
12 7-t8
13 718
14 718
15 718
15 718
L7 7 r.8
18 718

55

1
2
3

4
5

6

7

8

9

10
11

1
3

0

2

0

26
67
34
90

).2
13
74
15
L6
17
18

15 13
1450

md
1515

md
].5L7
1505
1453
!527
].522
1527
1534
153 9
1557
16 01
1445
1517

1544
L428
md
md
md

L443
L44l
14 31
15 00
1456

md
r.5 05
1510
L527
L532
1443
1445

0.85
1.13

md
-0.18

md
dry
dry
dry
dry
dry
dry
dry

2. 00
dry
dry

1997
L997
1997
L997
1997
1997
L99'1
199?
L997
L997
!997
t997
L997
1997
!997
t997
L997
L997

36
52
76

1
3
0

1
2

3
4
5
6

7
I
9

10
1t

13
14
15
l6
L7
18

825
o tE

825
825
82s
825
825
825
825
825
825
825
8 25
825
825
825
825

L997
t997
1997
L997
L997
L99',l
L997
L997
t997
1997
L99?
L997
L997
].997
L997
L99't
L997

* dry = no waEer present
* md = missing data
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SEaff
cage#

SEaff
Gage#

Time St.age
(FE. )

NEVINS CREEK MITIGATION AREA

SEaff Gage Readings

Staff Date Time SE.age
/DF \Gage#

Time St.age
(FL. )

198
298
398
498
598
698
798
898
998

10 9 8

11 9 I
7298
13 9 I
1,498
1598
15 9 8

t798
18 9 8

L
1

3
4

5
6

7
8

9

10
11
12
13
L4
15
16
L?
18

L997
L997
t997
1997
1997
1997
!997
1997
L997
L99?
1997
1997
1997
19 97
L997
L997
199'l
199't

L997
t997
1997
L997
199'1
L99'1
1997
L99't
:-997
L997
L997
1997
1997
L997
L997
L997
L997
1997

L445
1511

md

1534
md

L527
7523
1514
7542
153 9

t 545
L54',?
15 51
1607
16 11
1505
1531
153 1

135 1
14 04

md
L428
md

1419
),417
1406
L442
L439
1445
L447
1451
15 08
t5t2
1358
L426
L425

dry
dry
md

-0.06
md

dry
dry
dry
dry
dry
dry
dry

L .97
0.05
1.90
0.70
3.95
1.20

1 10
2!0
310
410
510
610
7].0
I 10
9 10

6 L997
5 t997
6 L99'7
5 L997
6 1997
6 199'1
6 1997
6 L99't
6 L99',7

6 799?
6 1997
5 1997
6 L997
6 1997
6 L997
5 L997
6 L997
6 799',t

L997
L997
L991
t997
199'1
L99'1
L99?
1997
1997
1997
!997
]-997
L99'l
1997
1997
1997
L997
L997

14 15
1310

md
1,457

md
145r.
144 8

t437
L5t2
15 05
1515
1517
252L
153 8

1542
L428
1508
1454

1,246
1137

md
14 01

md
LLs2
1151
1141
1209
1207
:-209
1,215
t2r9
1233
1237.
Lt32
115 9

1157

dry
dry
md

dry
md

dry
dry
dry
dry
dry
dry
dry

2.L6

L997
L997
L997
L997
1997
1997
1997
1997
L997
L99?
1991
1997
1997
1991
L997
t997
1997
L997

1215
123 I
md

1326
md

13 05
13 10
]-249
1333
13 31
134 0
133 I
1354
14t 5
1419
1230
L324
1-322

!204
L4L6

md
L452

md
144 0
L434
1419
1500
1458
1505
1509
1514
153 1
1s3 6

L411
1450
1448

1.30
L.76

md

dry
md

0.43

1.36
!.92
0.69
1 .04
dry

0.35
2.28
1.48
3.80
1.04

10 10
11 10
12 L0
L3 10
14 L0
L5 10
16 10
17 10
18 10

.050

1
1
3
0

11110
2L110
31110
41110
51110
61110
71110
81110
91110

10 11 10
11 L1 10
12 11 L0
13 11 10
14 11 10
15 11 L0
15 11 10
17 11 10
18 11 10

I
2

3
4

5
5
7

I
9

10
11
12
13
\4
15
15

90
01
73
99

930
930
9 30
9 30
930
9 30
930
930
9 30
930
9 30
9 30
9 30
9 30
930
930
930
9 30

dry
dry
md
dry
md
dry
dry
dry
dry
dry
dry
dry
.30
.05
.43
.20
.55
.91

0

1
1

3
0

11019
21019
31019
41019
5 10 t9
51019
71019
81019
91019

10 r0 19
11 10 19
12 10 19
1,3 10 19
14 10 19
15 10 19
16 10 19
1? 10 L9
r.8 10 19

0.88
dry
md
dry
md

dry
dry
dry
dry
dry
dry
dry

2.22
0.06
2 .02
4.25
3 .61
0.85

1"1 17
11 17
Lr. 17
11 17
11 17
11 17
t1 17
11 17
1l- 1?

1997
1997
L997
!997
1997
1997
L997
L997
1007

t997
t997
1997
1997
L99'.7
t99?
L99'7
1997
L997

11 17
11 17
11 17
11 1?
11 17
11 17
11 17

1.28
t.77

md
0.17

md
0.34
L.52
1.36
1.91
0.55
dry
.05
.74
.46

E1

.84

.08

1
a

0
2
1

3
t

17 11 17
18 11 17

* dry = no wat.er present.
* md = mi,ssing data
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NEVINS CREEK

(SLaff Gage Elevations from Caice data set

Staff Gage#

Staff Gage#

202 .887
200.585
203.130
200.958
200.816
201.351

199.825
198.568
200.391
L99.573
l_96.990
20a.258
r.98.958
].98.762
L97.L20
L98 .995
200.790
t97.428
195 . 589
197.385
r_95.320
201.046
]-99 .94-t
200.682

Uncorrected Staff Gage
Elevation Reference Pt

Ground
Elevation

04 / e7)

diff

202 .825
200.568
203.391_
200.573
200.990
20]-.258
200 .968
200 .962
200.1-20
200 .996
20L.790
200 .428
200.589
r_99.385
200.320
203 .046
203 .947
202 .682

diff
(corr)

1
2

4
5
6
7
6

9
10
L1
L2
13
t4
15
L6
t7
r-8

20
20
20
20
20
20
20
L9
20
20

09
18
03
23
96
70
88
62
69
56

.062

. o1-7

.261,

.385

.114

.103

. 14L

. 156

.483

.027

. r_06

. 058

.l_0L

. o7't

.j.49

. 990

.990

. 990

1.1
1.1
0.6
l-. 0
r..8
0.3
0.4
9.4
0.4
L.0

3 .00
2.OO
3.00
l_.00
4.00
1.00
2.00
2.20
3.00
2.OO
1.00
3.00

2.OO
5.00
2.00
4.00
2 .00

s.00

0
0

-0
0

-0
0
0
0
0
0
0

-0
-0

0
0

-1
-3
-1

L99 .957
200.692

l-
a

3
4
5
5
7
I
o

10

Coordinates (Ft. )(x) (Y)
1"2982s2 -soo 1864845.375
L297992.750 1855035.000
L297509.375 ]-864876.625
L297826.375 1865705.750
129790r-.500 1865597.375
]-29797]-.87s 1855285.750
l-298061.7s0 L855223.375
t298238.37s L865024.754
t298457.375 L865229.]-25
L298265.L2s 18553s7.750
1298678 . 500 r-855346 .250
]-298723.625 186sL99.2s0
L298964.A25 L855270.625
L299266.375 l-865570.750
L299705.625 186551-3.750
L297658.750 1865088.750
1,297874.500 1-865576.s00
t297882.OOO 1865551.250

11
L2
13
t4
15
16
L7
18

Henryt s later notes may show rr3 t' , rrsAtr , and rr5Brr .

In cise the gages were oPerational the new numbers
were added tso avoid confusion.

(New gage name tt3u = #l-6, readings start a5/23/97)
staff gage #5 missing. Installed two new ones.
(New gige name r!5A"= #17, readings starE 05/.L6/.97)
tNe, gage name "58"= #18, readings starts o4/2L/971
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Daily Rainfall Measured at Ehe Nevins Creek site 1995

Date Jan Feb Mar Apr May Jun Ju1 Aug Sep Oct Nov Dec

00
00
00
01
35
00
00
00
00
00
00
00
00
00
37
53
15
00
00
00
00
00

00
00
81
00
00
00
00
01

01
00
00
00
00
t4
01
00
00
00
01
00
00
00
00
86
0L
08
r3
00
00
o2
46
58
00
00
00
03
29

14
00
00
00
00
00
14
00
00
00
00
00
00
t"8

00
01
00
00
04
48
00
00
93
00
32
93
01
00
00

o2
01
00
00
00
00
00
00
00
00
09
02
00
00
00
00
00
00
00

0L
00
00
00
00
55

00
00

,00
.00

0.00
0.00
0.00
0.00
0.00
0 .02
0.00
0.00
0.0r
0.00
0.00
0.00
0.00
0.20
0.05
0.00
0.00
0.00
0.00
0.00
0.00
0.53
0.16
0.08
0.01
1.14
0.18
0. 00
0.00
1.96
r.75

92
00
00
00
00
01.

02
00
00
00
36
00
00
00
00
00

OI
00
00
00
00
00
00
02
00
00
00
00

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

0

0

0

0

U

0

0

0

0

0

0

0

0

0.000

0

0

0

0

0

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

L

2

3

4

5

6

7

8

9

10
11
LZ
13
14
15
15
t7
18
19
20
2).

23
24
25
26
a1

28
2v
30
31

o;
00
00
00
00
00
00
00
00
00
00
00
00
00
66
00
00
00
00

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0.55 2.98 5.10 0.77 5.18 5.55 7.50 3.69Tot.al

Daily Rainfa]] Measured aE E.he Nevins Creek Sitse 1997

Datse Jan Feb Mar APr May .lun Jul Aug Sep Oct Nov Dec

IN
00
00
45
00
00
00
33
46
00

0

0

0

0

0

0

0

0

0

0,
0,
0,
0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
0

0

0

0

0

0

0

0

0

0

00
00
00
o0
00
00
00
00
00
00
00
00
00
00
01
00
00
00
00
00
28
00
L2
06
05
00
00
00
00
00

00
00
00
03
00
00
05
23
04
00
00
t2
50
01
00
00
00
26
00
1,2

00
01
00
00
00
00

,00
,00
,00
.00
.00

0
U

0

0

0

0

0

0

0

0

0

0

1
0

0

0

0
U

0
0

0

0

1
0

0

0

0

0

0

0

0

00
00
00
00
00
00
00
2r
10
00
00
00

00
00
00
00
00
00
00
L7
00

o2

,00
,00
,00
,00
,00
.35

0.00 .00
.05
.00
.00
.00
.00
.00
.00
)a

.00

.00

.02

.00

.04

.00

.00

.00

.00

.00

.06

.00

.00

.00

.28

.00

.00

.31

.46

.00

.10

.02

0.00.00
.00
.00
.00
.00
.00
.00
.00
.75
.09
.00
.37
.00
.00
.o7
.09),
.00
.00
.00
.00
.00
.00
.00
.00
.01

r.00
t.67
r. L6
r.00

00
00
50
61
00
00
00
35
02
2'l
01
00
00
00
00
00
00
00
00
00
65
18
00
48
II

84
8't
00
00

0,
0,
2.
)
0

0
U

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
o

0
1

0
2

0

0

1 0.00 0.00 1.91
2 0. 00 0. 00 L.20
3 0.00 1.75 0.01
4 0. 09 0.25 0. 00

5 0.00 0.00 0.07
6 0.03 0.00 0.00
? 0.13 0.52 0.00
8 0.83 0.00 0.00
9 0.03 0.00 0.34

10 0.00 0.00 0.01
11 0.00 0.00 0.00
t2 0.00 0.03 0.18
13 0.00 0.62 0.?0
14 0.00 0.00 0.02
15 0. s0 0.00 0.00
16 0.00 0.00 0.00
!7 0.00 0.00 0.25
18 0.00 0.00 0.54
19 0.00 1.18 0.04
20 0.01 0 .26 0.00
2L 0.10 0.58 0.00
22 0.04 0.00 0.00
23 0.77 0.00 0.00
24 0.18 0.05 0. o0

25 0.00 0.32 0.24
26 0.00 0.76 0.00
27 0 .45 0. 00 0. 00
28 0.01 0.02 0.00
29 0.00 0.00
30 0.00 0.11
31 0.00 0.00

18 6.44 5.62 ].2.r9 L.57 3.43 1.03 1.47 !.52 3.84 3.56 L-24

)11

Tot.al 3

0. 00
0.00
0.00
0. 00
t.47
0. 00
0.00
0.00
0.02
u.2 t

0.06
0.20
0.73
0. 03
0.02
0.00
0. 00
0. 00
0. 00
0.00
0.00
0.00
0.00
0. 01
0.00
0. 00
0. 00
0. ?0
0.05
0. 00



DaEe Jan Feb Mar Apr May Jun JuI Aug Sep Oct Nov Dec

0.00 )..52 0.00 0.29 0.73 5.08
0.00 0.58 0.04 0 .26 1.02 2.23

0.00 0.26 0.00 0.18 t.32 0.98
0.00 0.23 0.04 0.18 1.33 0.87

0.00 0.39 0.05 0 .2L 0.54 1. 08
0.00 0.45 0.11. 0.23 0.?5 r.19

.0.00 0.32 0.00 0.19 0.58 1.19
0. 00 0 .28 0 . 00 0. 19 0.56 1. 15

0.00 0.21 0.00 0.14 0.'12 0.80
0.00 0.22 0.05 0.16 0.82 0.84

0.00 0.20 0.00 0.02 0.58 0 .74
0.00 0.2L 0.00 0.08 0.6? 0 .7'l

0.00 0.19 0.00 0.00 0.58 0 .'72

0.00 0.19 0.04 0.00 0.53 0 .'12
0.00 0.20 0.00 0.00 0.57 0.71

0 . 00 0.16 0 .29 0. 15 0 .7t 2.07
0.00 0.17 0.51 0.00 0.50 1.31

0.00 0.14 0.19 0.47 0.80 1.00
0.00 0.15 0 .22 0.99 1.03 L.23

0.00 0.14 0.19 0.55 0.70 0.83
0.00 0.13 0. r.7 0.39 0.70 0.87

0.11 0 .03 0. 13 1 .88 0 .63 1. 07
0.00 0.08 0.15 4.28 0.63 0.'19

o.08 0.00 0.34 0.70 4.40 1.90
0. 06 0 .00 0.30 0.86 0 .71 4.L7

0.28 0.06 0.33 0.64 3.26 1.90
0.85 0.13 0.98 0.51 1.10 3.2L

0.2t 0.10 0.43 0.72 L.27 t.23
0. 33 0.12 0 . 83 0.54 0. 90 1.67

0.33
0.28
o.zb
u.b/
u- t3
0.55
0.44
0.35
0.31
o.28
u.26
0.24
0 .21
0. 19
0.18
0.19
0.17
u - ab
0.15
0.14
0.14
0.13
0.13
0.13
0.12
0.07
0.02

1

2

3

4

5

6

7

8

9

10
11
L2
13
!4
15
15
!7
18
19
20
2L
22
23
24
25
25

28
29
30
3L

1.48 0.05 0.33 0.57 3.85 1,.1.0

3.?2 0.00 0.55 r..08

0.30
0.31
0.30
0.2't
0.25
0.30
0.31
0.30
0.27
0.25

Daily Stage Measured aE Ehe Nevins Creek Outlet 1995

Date .Tan Feb Mar Apr May Jun JUI Aug Sep Oct Nov Dec

Ft,
54
51
40
62
56
82
44
,?

L7
L2
0?

99
98

99
01
30
70
61
23
t4
10
50
48
99
27
61
66
20
59
43

2S

57
24
11
l-0
09
47
31
60
27
2l
2L
11
09
o7
04
30
<1

30
L4
13
06
05
29
59
72
58
47
o2
14

45
83
35
21
14

12
93
72
42

15
13
29
34
?9
30
29
31
32
23
2\

.20
,18
.20
.2L
.2t
.2L
.19
.24
.20

18
L9
24
2'l
32
33
34
35
32
30
md

md

md

md

md

md

md

.29

ao

,30
,31
,48
,30
.28
,88
.20
.43
.20
.82
.18

71
74
75
75
74
73
13
't3
't3
7t
69
6't
55
64
53
62
95

19
bv
83

64
11
61
09
03
99
96
18
02
03

3.72
1. 15
o,42
0.29
0.58
0.'17
0.95
1.04
1.08
1.13
1.19
r.26
1.30
r.32
1.37
1.40
1.39
1.38
1.35
1.34
1.33
r.29

L.24
L.2L
L.2t
!.25
1.23
1.22
L.20
L.l7

150
150
150
130
100
0't 0

040
020
01 0

990
950
93 0

91 0

89 0

000
490
340
232
19 1

3s0
620
61 5

554
9r. 1

90 1

73 1

11 0
't2 0

69 1

64 1

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

2

0

0

5

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

10
09
10
07
o5
t8
11
09

0

0

0

0

0

0
0

0

0

I
2

3

5

6

7

8

9

10
11

13
L4
15
16
L7
18
19
20
2l

23
24
25
26

29
30
31

08
07

?27

md=missing data

Daj-1y SEage Measured at Ehe Nevins Creek Inlet 1996



Daily SEage Measured at t.he Newins Creek Inl.eE I99?

Dat.e Jan Feb Mar Apr May .run JuI Aug Sep Oct Nov Dec

FT

52
53
57
59
52
51
50
92
88

0.00
0.00
0.00
0.00
0. 00
0. 00
0. 00
0. 00
0. 01
0.00
0. 00
0.00
0.2t
0.26
0.16
0.04
0.00
0.00
0.00
0.00
0. 00
0.01
0.08
0.55
0.52
0.45
0.40
0.36
0.35
0.33
0.34

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

U

0

0

00
00
00
00
00
00
00
00
00
00
00
00
13
01
01
01
01
02
01
01
01
02
13
50
'lL
59
20
02
02
01
02

.25

.24

.23

.2r

.20

.19

.L7

.L2

.06

.03

.01

.00

.00

.25

.'1 0

.40

0.32
0.30
0.30
0.30
0.55
0.93
0.50
0 .43
0.40
0.38
0.37
0.38
0.73
0.84
0 .53
0 .45

0.40
0.39
0.38
0.38
0.37
0.38
0.39
0.38
0.37
0.37
0.37
0.58
0.57

2b

0

0

0

0

U

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

1

1

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
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Daily Stsage Measured ac the Nevins Creek Outlet 1997

Dat.e Jan Feb Mar Apr May Jun ,IuI Aug Sep OcE Nov Dec

0.00 0.31
0.34
0.39
0.38
0.34
0.32
0.3r.
0.81
0 .67

0.00
0.00
0. 00
0. 00
0.00
0. 00
0. 00
0. 00
0.00
0. 00
0. 00
0. 00
0. r.6

0 .02
0. 10
0. 00
0. 00
0. 00
0. 00
0.00
0.00
0.00
0.00
0. 00
0.00
0. 00
0.00
0. 00
0. 00
0. 00
0. 00

0.01
0.01
0. 02
0. 02
o.71
0.95
0.28
0. L4
0.08
0. 07
0. 07
0. 07
0.74
0 .70
0.31
0.22
0.18
0.14
0.12
0 .11
0. L0
0.10
0.10
0. 13
0.13
0. 11
0.11
0.16
0.44
0.38

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0
0

0
0

0

0

0

0

0

0

0

t2 3.35 0.73
03 10.41 0.71

1

1

3

8

7

4

3

3

2

1

1

4

3

2

1
1

6
7

5

3
L

2

3

6

1

2

3

4

5

5

7

8

10
1L
t2
13
r4
1,5

16
L7
18
19
20
2l
22
23
24
25
26
)1

28
29
30
31

00
00
00
00
00
00
00
00

01 8.48 0.67

2S 4.05 11.28
.83 5.06 2.42

18 2.35 4.97
.15 3.80 8.28

2't 1 .40 2.51
83 1.55 3.54

00 3.78 L.61

24 1.54 1.00
50 3.14 1.09

10 6.16 0.77
03 4 .05 0.85

20 1.58 0.74
51 3.30 0.71

22 2.00 0.60
51 1.38 0.?0

49 4 .31 0.62

52 1.73 0.48
42 2.84 0.53

05 r,.05 0.95
.77 L.25 0.7L

00 0.92 0.59
83 1.03 0.75

L2 r..03 L.70

41 0.88 9.92
65 0.95 7 .55

0.83 8.15

00
00
00
00
00
00
00
00
00
00
00
00
00
26
01
00
00
00
00
00
00o.77 4.94

0.7"1
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Daity SEage Measured at t.he Barihofomew Bayou lnlet 1996
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Daily Stsage Measured at the BarEholomew Bayou Inlet 1997

Date Jan Feb Mar Apr May Jun JuI Aug Sep OcE Nov Dec

--------- Ft
0.10 0.10
0.09 0.10
0.09 0.78
0.10
0.10
0.10
0 .10
0.17
1. 93
1.33
0.33
0. 08
0.08
0.08
0.18
1.43
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Daily St.age Measured at Nevins Creek Pool #2 1996
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3.83
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3 .11
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3.04
3.00
2 .97
2 .93
2.90

2.92

2.89
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3.56
4.14
4.64
4.78
4.73

LL.323.50
4.44
9.89
9.41
5.64
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4.80
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4.94
3 .55
3 .0s
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t.73
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ABSTRACT

The Nevins Creek Constructed Wetland Project is a mitigation site nianaged by the

Arkansas State Highway and Transportation Department. The site is located in east-

central Arkansas, south of the City of Pine Blufi, and immediately adjacent to the U. S.

Highway 65 Bypass (under construction). The groundwater conditions were simulated

using MODFLOW EXT, a finite difference software package.

Using water level measurements from observations wells, and hydraulic

conductivity values calculated from drawdown tests, a model was developed that appeaser

to approximate the groundwater conditions at the study site.

While a qualitative calibration was achieved for the model, a lack of precise

vertical and horizontal control introduced a low level of confidence into any attempt to

reach a quantitative calibration. Acquisition of additional water level data, a control

survey, and refinement of recharge and evapotranspiration rates should result in a model

that could simulate conditions at Nevins Creek, and allow prediction of long-term

groundwater conditions in the wetlands.
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1.0 TNTRODUCTION

1,1 Scope and Purpose

The scope of this project r+,as one, which if successful, would reasonably result in a model

depicting the configuration and movement of the groundwater within the project site. . The scope

essentially consists of three major components; accumulation of data, simulation by a computer software

model, and an analysis of the model.

Data was accumulated from several sources, the primary source being information collected in

conjunction with a project funded by the Arkansas State Highway and Transportation Department. This

project is intended to monitor and describe the conditions associated with a constructed wetlands adjacent

to the U. S. Highway 65 Blpass around the City of Pine Bluff, Arkansas. The Nevins Creek site was

constructed to mitigate wetlands destruction caused by the construction of the highway along Bayou

Bartholomew.

Key to the monitoring of the site was the development of an understanding of the surface

hydrology and geohydrotogic conditions created during the construction of the wetlands. Inasmuch as fill
was removed from the site for the highway grade, the groundwater regime was modified from that

originally present. The regime was additionally modified by channelization and the construction of berms

and islands within the site.

The second phase of the project consisted of constructing a model that would simulate the
groundwater conditions at the site. This phase included data reduction, and selection of hydrogeologic

and climatologic parameters that would closely resemble those tlnt exist at the surface. These parameters

were utilized on subsequent runs of the model to simulate site conditions.

The final phase was that of anallzing the model created by multiple simulations. This included
calibration of the model and sensitivity analysis.

1.2 Standards

No applicable standards exist for the simulation and modeling of groundwater

1.3 Objectives

The objective of this study was acquire base data, and select hydrogeologic and climatologic
parameters that would allow the construction of a software model that would best simulate the
grcundwater regime at the project site. The design of a successful model will allow the simulation of
hydrogeologic conditions on a long term basis.

1.4 Previous Work

No prwious attempts to model the site are known, nor any site or sites within the proximity of
the wetlands project. Some base flow data exists for the surface waters @ayou Bartholomew), as well as

ongoing data collection within the monitoring project.
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2.0 SITE DESCRIPTION

2.1 Location and Legal Description

The site for the model is a tract of land that is approximately three thousand feet in length and
fifteen hundred feet in width (slightly in excess of one hundred acres). The project site lies within
Sections 19 and 20, Township 6 South, Range 9 West, Jefferson County, Arkansas. Plate I (Appendix A)
is a site map prepared by the Arkansas State Highway and Transportation Department of the Nevins
Creek site.

2.2 Site Characteristics

The project site is located on the southwest side of the City of Pine Bluff, Arkansas. The newly
constructed grade for the U. S. Highway 65 Bypass lies to the south of the site, and the St. Louis-
Southwestern Railroad rightof-way borders the site on the west. Bayou Bartholomew borders the site to
the nprth and northeast. The site is bordered on the south and southeast by Nwins Creek.

The topography of the site is typical of that encountered in the Mississippi Gulf Embayment, and
may be tJpified as low-lying wetlands, alluvial plains, and gently rolling hills. The site has been farmed
in the past, and is predominantly within the alluvial plain of the two nearby streams. Much of the original
vegetation has been removed during the removal of fill. Bayou Bartholomew has been channelized in the
past Oy a private landowner) and Nevins Creek has been rerouted during the construction of the highway
grade.

Accurate vertical control is lacking at the site, but an examination of the topographic map
indicates that probably less than 20 feet of relative relief ever existed at the site. Current site elevations
are estimated to range from approximately 195 to 205 feet MSL.

Portions of the site are flood-prone, and a significant portion of the wetlands lies within the 100
year floodplain as designated by the Federal Emergency Management Act.

2.3 General Geologt

The site lies within the Mississippi GuIf Embayment. The bedrock underlying this portion of the
embayment is a sequence of sedimentary rocks deposited during the Cenozoic and Mesozoic Eras
(Cretaceous and Tertiary Systems). These units are primarily interbedded sandstone and shales, and do
not outcrop at the project site.

2.4 Soils

The soil survey map of Jefrerson County (Gill, Larance, and Fortner, 1980) indicates that the
Nevins Creek site soils are mainly alluvial plain soils covered by Ouachita soils. These soils are an
undifferentiated series of soils that are found predominantly along streams and rivers of the region. The
soils vary in texture, but are mainly described as silty loams.

The soil profile is described as usually beginning with a surface layer of dark-brown silt loam,
overlytng a subsoil of yellowish-brown silt loam or loam. The base of the sequence is usually a yellowish-
brown fine sandy loam.

234

I

I



Gill, Larance, and Fortner (1980, p. 97-100) provide the following physical properties for this
soils series, along u'ith classifications that cover the majority of the soil exposures at the site:

SOIL CEARACTERISTIC/CLASSIFICATION VALUE OR DESCRIPTION
Permeabilitv 0.6-6.0 inch./hour

Salinity <2 mmhoVcm

DH 4.5{.0
Shrink/Swell Potential [.ow
Liquid Limit 2540
Plasticity Index 5-20

Unified Svstem ML. CL. SM.SL
AASETO Svstem 44,l^4,4.2

Table l-Physical characteristics and classifications of Ouachita soils found at the
Nevins Creek site (from Gill, Larance, and Fortner, 1980).

2.5 Hydrogeologic Setting

The aquifer at the site may be characterized as a shallow unconfined one with a water table that
is generally quite shallow. There is some evidence to suggest that locally the aquifer may exhibit signs of
confinement resulting in perched water tables.

There is an abundance ofhydrogeologic data available at the site. This data is in the form of
regular water level measurements, and drawdown tests. This data comes from a series of thirty-five
shallow observations wells drilled at the site. The observations wells were drilled to depths ranging from
four feet to forty-eight feet in depth. The approximate locations of most of these wells are plotted on Plate
l. Because ofa lack ofaccurate vertical and horizontal control, the locations and wellhead elevations of
the wells have been estimated from field notes and aerial photography.

The observation wells were constructed by drilling a hole with an auger, placing an appropriate
length of 2" diameter Schedule 40 PVC depth to total depth, and then bacldilling the annulus wirh 3/8"
nominal diameter pea gravel. After setting the casing, the wellhead u/as fitted with a plug, and portland
cement grout placed around the surface, Each well was also fitted with a piezometer.

The cuning from each well were examine( and a summary of the litholory prepared. the
lithologic descriptions of the soils encountered at each wellsite are contained in Appendix B.

Four series of water level measurements were made available for the use during this study. Those
measurements were collected between December l, 1995 and January 29, 1996, and are contained within
Appendix C.

Hydrarlic conductivity values were calculated for twelve of the obsewation wells" The
calculations were performed using the Bouer-Rice Metho4 and utilized data collected from drawdown
tests conducted on January 3 l, 1996. The field notes and summary of calculations for each of the nrelve
wells are presented in Appendix D.

The hydraulic conductivity values for the wells are summarized below in Table 2
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BOREEOLE
DIAMETER

(ft)

AQUIFER
TIIICKNESS

(f0

CASING
DI.AMETER

(f0

WELL
NUMBER

EYDRAULIC
CONDUCTIVTTY

(fUmin)

25 0.1667 0.57291050A 3.416F45
0.t667 0.57291050B 2.644E44 25
o.t667 0.57291060 3.273E42 25
o.t667 0.57291070 4.076E41 50

0.5729I 150 1.6688{3 25 0.t661
5.685E44 25 0.t667 0.5729I 170

25 0.t667 0.5729I l80A 2.t7tE43
7.627E43 25 0.t667 0.5729I l80B

25 0.1667 0.57291200 4.644845
4.1938-05 50 0.1667 0.50001240

25 0.1667 0.57291300 7.372E44
25 0.t667 0.57291320 1.352E-03

25 0.1667 0.57291330 1.034843
0.57291340 9.002E{l 50 0.1667

(Values thickness or borehole diametcr modificd tom actual values so lhat lhe software
coutd gcnerate a cunrc lhat did not rcsulr in an impresscd groundwater lcvel. Field data reduced using

AQTESOLV software and Bouer-Ricc Method.)

Table 2-SummarJ of calculated hydraulic conductivities at Nevins Creek

The calculations were performed based on an estimated soil profile of 25 feet. This value is a
reasonable estimate, and is judged to be a consewative one based on the soil thickness of more than 48
feet described in borehole 1010. The values where the aquifer thickness of borehole diameter were
adjusted most likely have mechanical problems. At least one of the wells (1340) was noted have loose
casing during water level mqmurements.

The hydraulic conductivities calculated ranged over four orders of magnitude. The lowest value
was 4.644E-05 while the highest was 9.002E41 feet per minute. When the locations of the calculated
values are considered with the well locations, there is an apparent east to west trend at the site. The trend
generally coincides with the axis of the excavated fill, and tlrc lower conductivity values appear to lie
closest to those area where the site was excavated the deepest. There is also a correlation of generally
higher conductivity values with soils having coarser grain fractions.

Because of experimental error and other sources of inaccuracy, the values of hydraulic
conductivity used as input for the simulations were mathematically rounded. The conductivity values
were also converted from feet per minute to feet per day. Table 3 below shows the actual conductivity
values used for simulation input.

Table 3-Comparison of calculated hydraulic conductivity values and actual input values.

ORDER OF MAGNITUDE OF CALCULATEI)
IIYDRAULIC CONDUCTTVITY

(feet/minute)

EYDRAULIC CONDUCTTVITY USEI)
FORSIMULATION

(feeUday)

10-r 144.00
10-2 14.400

10-r 1.4400
10'1 0.1440
10-5 0.0144
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2.52 Aquder Recharge

No actual precipitation records are available for the site, nor were any values for recharge of the
aquifer. For simulation purposes recharge to this shallow aquifer was estimated to be twenty percent of
the mean annual precipitation. Annual precipitation was estimated at 45 inches, thus recharge was
estimated to be 0.75 feet per year, or 0.002055 feet per day.

2.5 3 Evapotranspiration

No wapotranspiration (ET) data exists for the site. However, based on a mean annual lake
evaporation of 42 inches (Kohler, 1959), two values of ET were estimated. Since significant portions of
the site have been distufted by excavation, relatively low permeability soils have been exposed. These
soils with low peimeability were estimated to have ET rates of five inches annually, or 0.001142 feet per
day. The portions of the site with less disturbance and more vegetation were assigned an estimated ET
rate of 30 inches annually, or 0.006849 feet per day.

2.54 Saturated Thichrcss

Lacking good subsurface well control, no reliable values are available for the saturated thickness
of this shallow aquifer. However, based on the thickness of the soil in well 1010, the aquifer is estirnated
to have a saturated thickness ofat least 25 feet on an areal basis.

2.55 Boundarv Conditions

The project site is bound on three sides by physical. boundaries. Bayou Bartholomew and Nevins
Creek represent physical boundaries to the groundwater regime, and for the purposes of simulation were
considered to be specified head boundaries. Using the stream gradient and estimated elevations, the head
at each node of the model was assigned a constant value.

The western end of the site lacked any obvious physical or hydrologic boundary. Therefore, for
purposes of modeling, it was decided to leave that end of the model open to flow. In order to provide
grounduater to move through the aquifer, it was necessary to deal with the nature of this western end.
Alternatives that were considered were to place a series of phantom injection wells at regular intervals, or
otherwise use a constant flux to move water into the system.

A simple approach was chosen to design this constant flux boundary.. This approach involved
increasing the recharge rate over selected cell sites to mimic the actual groundwater flow. The recharge
rate was increased by a value that was calculated using Darcy's Law. The steps in this calculation were as
follows:

(l) Darry's l-aw was used to calculate the flow through an individual
cell face. The formula used is

Wtere K = hydraulic conductivity
in feeUday

A = area ofthe cell face based
a width of 150 feet and a depth
of25 feet.

i = hydraulicfoadient of t/900

Q=KAi
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(2) The flow rate Q obtained above was then used to calculate a
recharge value as follows:

Recharge = Q/A Where A = surface area of
cell with dimensions
of 100'X 100'

(3) The values used to simulate flow at the western cells are:

Recharge of 0.004 ft/day with hydraulic conductivity of 14.40 fl/day
Recharge of 0.0004 ff/day with hydraulic conductivity of 1.44 fi/day

2.56 Recharge & Discharge Zones

Recharge was assumed to take place throughout the project site. No recharge was assigned to
inactive cells, or those beyond the model boundaries. Otherwise recharge was assumed to be constant over
all the cells excepting those on the western side where recharge was increased to mimic flow, and at one
other site. Recharge was reduced at one site where the hydraulic conductivity was extremely low on the
basis that the clays ex:posed at that site would be unlikely to accept recharge values as high as the
surrounding portions of the aquifer with higher conductivities.

No discharge zones as such were utilized during the modeling process at this site, although
Nevins Creek and Bayou Bartholomew are both assumed to be gaining strearns.

3.0 MODEL DEVELOPMENT

3.1 Modeling Concept & Strategt

Because of the simplicity of the site, it was decided that a steady state model of the groundwater
regime would provide the best simulation. Additionally, the model was assumed to be a two dimensional
one of an unconfined aquifer. Although there is most likely vertical and horizontal variations in hydraulic
conductivity, these were ignored and the system was assumed to be isotropic. Finally, lithologic variations
in the aquifer were ignored and the aquifer was modeled as being homogeneous.

The model was also developed on the assumption that groundwater flowed in an easterly
direction, and that flow would be such that both Bayou Bartholomew and Nevins Creek would be
classified as gaining streams (sites of discharge from the aquifer to the stream).

It was further assumed that the model would reach steady state during a period of one yqr or
less. Finally, water level measurements from the January 29, 1996 observations were used as hydrautic
head values at the observation wells.
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3.2 Model Selection

The software package used for simulation was MODFLOW, and it was originally developed by
the United States Geological Survey. MODFLOW is a threedimensional type of finite difference program
that utilizes both strongly implicit procedure and slice successive over-relaxation solution techniques. The
specifications of the software package used are below:

Program Name: MODFLOW EXT
Title: Extended Memory Version for the Modular Three-Dimensional Finite

Difference Groundwater Flow Model
Date: March, 1993

Version:1.31
Language: ANSI Fortran 77
Compiler: Lahq F77LE|W32 Version 5.0
Linker: Pharlap 386lDos-Extended Version 4.1
Status: MODFLOW-Public Domain

PREMOD and POSTMOD-IGWMC non-copyrighted, proprietary
Authors: Michael G. McDonald

Arlen W. Harbaugh
Address: U. S. Geological Survey

Ground Water Branch, WRD
WGS-Mail Stop 433
Reston, VA 22042

Distributor: International Ground Water Modeling Center
Colorado School of Mines
Golden, CO 80401-1887 USA

The model was used as supplied and the code was not modified in any nunner

3.3 Grid Design

MODFLOW uses a block-centered approach to is solution technique. This approach requires
that a grid be superimposed on the area of investigation. The grid is generally required to be of such
dimensions that the pammeters governing groundwater flow can be accurately depicted, but of not zuch a
small scale that an inordinate amount of data is required to be input.

In the block-centered approach, the calculations for defining the aquifer characteristics are
performed as if they occur at t}te center of each cell, wen though the data for the calculations may have
come from any of the four surrounding nodal points.

For the purposes of modeling at the Nevins Creek site, it was determined that a grid consisting of
squfe cells each 150 feet to a side would be adequate. To provide coverage for all of the site, a gnd
consisting of 10 rows and 20 columns (200 cells) was utilized. The grid configuration is indicated on
Plate l.

The spatial distribution of hydraulic conductivity, hydraulic head, recharge and
wapotranspiration are shown as matries in Appendix E.

As prwiously note the model was configured as a steady state simulation, and was run for 365
days in twelve time steps with no time step multiplier.
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INPUT PARAMETER CONFIDENCE LEVEL COMMENTS
Observation well locations Moderate Lack of vertical/horizontal control

results in estimation of location of
wells within approximately 75 feet,
and estimation of wellhead elevations
within approximately 5 feet.

Eydraulic Conductivity High Excellent curve fits from drawdown
data. Suspect well data ignored.

Recharge Low No firm value for recharge into
aquifer exists.

Evaootransniration Low No firm values for ET are available.
Boundaries High Streams easily modeled as constant

head boundaries within grid system.
Hydraulic Eead Low to moderate Lack ofgood well control prevents

accurate determination of water
levels.

In view of the many estirnations and assumptions made during development of the model, there
exists a wide range of confidence in the input parameters. Those parameters and a subjective
determination of a confidence level for that parameter are shoun below in Table 4.

Table 4-Confidence limit for various input parameters.

3.4 Model Calibrafion

Lacking any flow values for Bayou Bartholomew and Nevins Creek, it was apparent that
calibration would best be accomplished by utilizing hydraulic heads. Although the model was configured
to iterate until a closure on heads of 0.001 feet was reached, the lack of accuate vertical control makes
this precision somewhat superfluous. Therefore a quantitative approach to calibration was impossible.

Using the pre-construction site map @late l) it was possible to determine head values at each
node of the streams with some reliability (within I foot). Also by using Plate I and the topographic map
for the area, it was possible to determine the low and high values for elevations with the project site.
Knowing these limits, and considering the reliability of the stream heads, the head values generated by the
model were examined.

The first simulation generated some heads that were very obviously above the maximum ground
level elevation ofthe area. This coincided with an original conductivity configuration that in retrospect
distributed the lowest conductivity values over too wide an area. The spatial distribution of the
conductivities was re-interpreted and a new conductivity distribution prepared and input.

The second simulation provided heads that appear to be a better portrayal of the conceptual
model. The generated heads indicated the assumed gradient from west to east, and in general were evenly
spaced and oriented properly. However, an elongate dome-shaped groundwater high was still present
along the trend of the excavation. Only one head appeared to be above the maximum assumed elerration
in the site. This excessive head coincided with the location of the observation well with the lorest
conductivity value. Since a high degree of reliability had been assigned to the conductivity values, the
excessive head was most likely due to an excessively high recharge value.
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A reconsideration of the lithology and the conductivity suggested that the low permeability of the
soil at that site could reduce recharge. This interpretation resulted in reducing the recharge into that cell
by a factor of 50%o.

A final simulation of the site produced a groundwater level map of the site (Figure 1). There
remains a noticeable elongate bulge in the head values along the trend of the excavations at the site.
However, the heads generated at these cells appears to be well below the estimated ground level
elevations. Any readjustment of recharge values in this area to reduce the magnitude of this bulge would
be speculative given the lack ofvertical and horizontal control.

The input and output files for the final simulation of the site are attached as Appendix F

3. 5 Sensitivity Analysis

A rigorous sensitivity analysis was not conducted on this model given the low confidence level
assigned to the well locations and elevations. However, as the site was simulated and input parameters
modified, it was generally observed that:

(l) The model is extremely sensitive to changes in recharge. A decrease
in recharge of 50%o resulted in a change in head at one cell of nearly
six feet.

(2) Evapotranspiration rates in the disturbed areas may be significantly
greater than the original estimate of 0.001142 feet per day, and might
be as much as tlree times that value.

(3) Small changes in'head along the constant head boundaries (streams)
do not significantly affect the head distribution.

3.6 Predictions

Although four sets of water level measurements are available, all four are within a 60 day
interval and are representadve of one season. This absence of temporally spaced data prwented any
attempt to veriry the accuracy of the model.

Additionally, although the model does appear to roughly calibrate, any attempt to predict future
groundwater configurations given the low confidence ascribed to the input parameters would be extremely
questionable.

3.7 Limitations

The simulation of groundwater flow using this model is obviously limited by the low confidence
levels, most particularly the wellhead elevations and locations. The assumptions concerning recharge
rates and evapotranspiration also limit the reliability of the model.

The uncertainty of these input pammeters into the simulation efrorts effectively limit the use of
this model to a snrde approximation of the heads that could be anticipated at the Nevins Creek site. The
depiction of groundwater flow from west to east supports the original assumption, as does the estimation
of the hydraulic gradient. There is insuffrcient reliability in the model at this point in time to make any
important decisions or long-term predictions.
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4.0 CONCLUSIONS AND RECOMMENDATIONS

The modeling efforts generally succeeded in a rough approximation of the groundwater flow and
direction at Nwins Creek. While there is much data available data to date, much of that data possesses a
low confidence limit because of a lack of control. The model obviously is constrained by the limitations of
the data, and a refined simulation would require the following:

(l) A controlled survey showing the location and wellhead elevations
for each of the observation wells. The survey should also provide
vertical control on selected points along the streams.

(2) An examination of the mechanical integrity of the observation wells
in light of the impressed head conditions that were calculated.

(3) A re-interpretation of the distribution of hydraulic conductivity
based on exact well locations.

(4) Construction of a series of East-West and North-South geological
cross-sections to determine potential variations in vertical
conductivity.

(5) Evaluation of climatologic and agricultural data to more accurately
estimate recharge and evapotranspiration rates.

(6) Accumulation of additional water levels and stream stages for
predictive attempts.

(7) Consideration of re-gridding the site with smaller grids to better
reflect apparent abrupt changes in hydraulic conductivity.
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lo APPENDIX A

PLATE l--Nevins Creek site map showing configuration of constructed wetlands,
approximate locations of observation wells, and model grid positioning.
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APPENDIX B

Lithologic Descriptions of Water Well Borings for Nevins Creek
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I Lithologic descriptions of water well borings for TRC-9603
"Bottomland Wetland Reforestation"

Logged by: H. Langston and D. Lumbert

Well #
NC1010

NC1020
NC1030
NCl040
NCr050
NCl060
NCl070
NCt080
NCl090
NCll00

NCI110
NC1l20

Deoth
0-20"

20-28"

28-32"
32-48"

0-5'
0-5'
0-5'
0-5'
0-5'
0-5'

0-10'
0-5'
0-3'
3-5'

0-l'
t-4'
0-5'
0-3'
3-4',

4-s',

0-2'
2-s',

NCI130
NCI140

NC1l50

NCl160
NCI170

NCll80
NCl190

NCl200

NCl210

NC1220
NC1230

Descrintion
Clay, brown to gray
Sand, medium to large grain-well rounded and sorted-w/ some pea
gravel
Sand, large grain w/ well rounded pea gravel
Clay, brown to gray-silty-modeled
Clay, brown to gray w/ some silt
Clay, gray w/ fine to medium grain sand

Fine to medium grain sandy clay, gray

Fine to medium grain sandy clay, gray
Sand, medium grain w/ some gray clay. Water flow at 4.5'
Sandy clay, gray w/ medium to large grain quartz sand near bottom
Clay, brown w/ fine to medium grain sand
Clay, brown d very fine sand
Sand, fine to medium grain, gray
Clay, gray w/ silt
CORED
Clay il silt" gray
Sand, fine to medium grain-wet at 4.5'
Sand, medium grain, gray-wet at 5'

Sand, fine to medium grain, gray
Clay, silty-brown
Sand, medium grain-wet
Sand, fine to medium grain
Sand, medium grain holding water-clay atbottom
CORED
Clay, gray to brown, silty
Same as above but wet
Clay, w/ fine grain sand, brown to purple
CORED
Clay, silty-brown to light brown
Clay, silty-red
Clay, silty-red
Clay, silty-brown to light brown (modeled)
Clay, silty-brown-wet
Clay, red
Clay, sandy-white
Sand, fine to medium grain-very wet
Sand, medium grain
Clay, gray */seams of fine grain sand

0-3'
3-4',

4-5',

0-4'
4-5',

0-3'
3-5'
0-3'
3-4',

4-s',

0-5'
0-3'
3-4',
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NCl240

NC1270

NC1280

NCl290

NCl300

NCl310

NC1320

NCl330

NCl340

NC1350

0-l'
1-5'
0-3'
3-5'
0-1'
1-5'

0-l'
t4'
4-5'
0-l'
t4'
4-s',

0-4'
4-5'

0-l'
l-3'
3-4',

4-5'
0-l'
t-4'
4-5',

0-4'
4-5',

5-9'
9-10'
0-5'
5-7',

7-10'
04'
4-s',

0-3'
3-4',

4-S',

Sand, medium grain
Clay, silty-red
Sand, very fine grain
Clay, silty-red
Sand, very fine grain
Clay, silty-red
Sand, very fine grain
Sand, very fine grain w/ thin layers of gray clay
Sand and pea gravel

Sand, fine to medium grain w/ layers of yellow to brown clay
Sand, fine to medium grain-gray
Same as above w/ increase in moisture
Sand, very fine to medium grain w/ clay lenses, white to gray
Pea gravel-very wet
Silty loam :

Clay, gray w/ some silt
Clay, red w/ very fine sand or silt
Clay, gray w/ very fine sand and wet at bottom of hole
Clay, brown w/ very fine sand
Sand, medium to fine grain-gray in color
Same as above but wet
Silty loam, w/ interbedded clay, gray
Clay, gray-silty, il some fine to medium grain sand
Clay, gray-brown, w/ layers of very fine sand

Qand, fine grain wl clay layers very wet
Compacted tan silfy loam
Clay, tan-brown
Clay, gray w/ very fine sand
Sand, fine to medium grain-tan in color
Sand, medium grain, wet
CORED
Sandy clay, brown to gray mixed w/ humid material
Clay, brown, w/ fine to medium grain sand

Clay, red to brown
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to APPENDIX C

Water Level Measurements at Nevins Creek Obseruation Wells

l

250



. WATER WELL MEASUREMENTS FOR
TRC.96O3 " BOTTOMU\ND WETLANDS RESTORATION''

l0l0
1020 49 Water

1030 139 Dry
1040 135 Dry
1050 t42 Water

1060 70 Water
1070 20 Water

1080 240 Drv
1090 139 Dry
ll00 7 Water
l1l0 240 Drv
I 120 86 Water
t 130 100 Water

133 Dry
I 150 168 Water
l 160 240 Dry

88 Water
ll80 240 Drv

70 Water
1200 138 Dry
12l0 49 Water
1220 t37 Dry
1230 135 Dry

83 Water
t250 126 Water
1260 44 Water
t270 l0r Water
1280 140 Water
1290 7L Water
1300 93 Water
l3 l0 60 Water
1320 178 Water
1330 240 Dry
1340 t22 Water
1350 25 Water

DATE: l2l0ll95
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WELL DEPTH COMMENTS

l0l0 55 Water

1020 135 Drv
1030 96 Water

1040 135 Dry
1050 24 Water
1060 26 Water
1070 0 Water At top of pipe

1080 229 Water
1090 86 Water
I 100 Under water
lll0 240 Dry
r 120 46 Water
I 130 89 Water
I 140 t07 Water
I 150 103 Water
I 160 240 Dry

83 Water
ll80 240 Dry

Under water
1200 l9 Water
12l0 Under water
1220 26 Water
1230 25 Water
t240 55 Water
1250 33 Water
1260 40 Water
t270 97 Water
1280 t20 Water
1290 70 Water
1300 5 Water
13 l0 42 Water
t320 ll7 Water

150 Water
1340 8 Water
1350 28 Water

WATER WELL MEASUREMENTS FOR
TRC-9603'BOTTOMLAND WETLANDS RESTORATION''

DATE: 12118196
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WATER WELL MEASUREMENTS FOR
TRC-9603 "BOTTOMLAND WETIIWDS RESTORATION''

l0l0 56 Water
1020 96 Water
1030 82 Water
I040 136 Dry
1050 56 Water
1060 l0 Water

1070 0 Waterat top
1080 228 Water
1090 40 Water
ll00 Under water
lll0 240 Dry
ll20 32 Wet Well loose

63 Water
ll40 l16 Water
I 150 ll9 Water
I 160 240 Dry
I 170 53 Water
I r80 240 Dry
I 190 Under Water
1200 2A Water
l2l0 Under Water
1220 38 Water
t230 45 Water
1240 20 Water

69 Water
t260 35 Water

89 Water
1280 t24 Water

56 Water
1300 26 Water
13 l0 62 Water
1320 143 Water
1330 t75 Water
1340 l5 Water Well loose
1350 29 Water

DATE: 01114196
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WELL DEPTH
NUMBER (cm)

CONDITION COMMENTS

l0l0 57 Water

1020 ll4 Water

1030 83 Water
1040 t37 Drv
1050 58 Water

1060 8 Water

1070 0 Water At top of pipe

1080 225 Water
1090 55 Water
I 100 Under Water
ln0 240 Drv
tt20 3l Water Well loose
I 130 60 Water
I 140 97 Water
I 150 ll9 Water
I 160 240 Dry
I 170 43 Water
I 180 2t6 Water
I 190 Under water
1200 20 Water
l2l0 Under water
t220 4t Water
r230 6l Water

l8 Water
1250 73 Water
1260 30 Water

90 Water

t22 Water
1290 56 Water
1300 26 Water
l3 l0 63 Water
1320 t42 Water
1330 t57 Water
1340 l3 Water Well loose
1350 28 Water

WATER WELL MEASUREMENTS FOR
TRC-9603 "BOTTOMI,AND WETII\NDS RESTORATION"

DATE: 01129/96

12401

12701

12801
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APPENDIX D

Drawdown Test Data and Hydraulic Conductivity Calculations

255



Highway Mitigation US{5 Blpass
Nevins Creek Project
Pine Bluff, Arkansas

Drawdown Test of Monitoring Wells

Date
Well#
Total Well Depth (ft)
Depth TO Static Water Table (ft) 1.81

Screen l-€ngth (ft)
Well Diameter (in)
Casing Diameter (in) 2

3l Jan 1996
1050

Comments
Did this one twice

Time (sec) Depth (ft)

3.00
2.94
2.92
2.90
2.89
2.88
2.88
2.86
2.86
2.85
2.85
2.85
2.85

(Second try)
Time (sec) Depth (ft)

0
l1

3. l8
Missed reading

3. l0
2.98
2.96
2.95
2.94
2.93
2.93

23
29
36
4t
49
68
ll5
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AQTESOLV RESULTS
Version l.l0

03107t96 08:37:05

TESTDESCRtrTION

Data set........... nevl 050a.dat
Data set title..... NEVINS CREEK 10504

Knovms and Constants:
No. of data points.................. 8

Radius of well casing............ ... 0.1667
Radius of we11........... 0.5729
Aquifcr saturated thickness......... 25

Well screen 1en9t1r.................. 4
Static height of water in weII...... 1.81

Iog(Re/Rw)... .0.7428
A,B,C.......... l.gl3, 0.246, 0.000

A}.IALYTICAL METHOD

Bouwer-Rice (Unconlined Aquifer Slug TesQ

REST LTS FROM VISUALCT RVE IVIATCHING

VISUAL IVIATCH PARAI{ETER ESTI}VIATES

Estimale
K = 3.475T8-0f,5
y0 = l.O466E{01

TYPE CI.JRVE DATA

K = 3.47574E405
yO = 1.05290E401

Time Drawdown Time Drawdovm Time Drawdown

0.000E{00 1.0538401 1.800E{O02 9.318E403
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AQTESOLV RESULTS
Version l.l0

03t07t96 08:52:17

TEST DESCRIPTION

Data set........... nevl050b.dat
Data set ti0e..... NEVINS CREEK I050B

Knowns and Constants:
No. of data points.................. 5

Radius of well casing............... 0.1667
Radiu of we11........... 05729
Aquifer ssturated thickness 25

Well screen l€r4th-................. 4
Static height of watcr in we11...... l.8l
l,og8e/Rw)... .0.7428

A, B, C.......... l.gl3, 0.246, 0.000

A}.IALTNCAL IVIETHOD

Bouwer-Rice (Unconfined Aquifer Slug Test)

RESULTS FROM VISUAL CLJRI{E IvIATCHING

VISUAL lvlATCH PARAMEIER ESTIIVIATES

Estimate
K = 2.6441E40/.
y0 = 0.6UIE-S83

TYPE CI.'R\IE DATA

K = 2.64408F{n4
y0 = 1.33626E{00

Time Drawdovm Time Drawdown Time Drawdown

0.000E{00 1.3368{00 4.900E{01 8.813E{03
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Highway Mitigation US65 Bypass
Ner/ins Creek Projea
Pine Blufr, Arkansas

Drawdovvn Test of Monitoring Wells

Date
Well#
Total Well Depth (ft)
Depth TO Static Water Table (ft) 0.03
Screen Lenelh (ft)
Well Diameter (in)
Casing Diameter (in)

3l Jan 1996
1060

Comments
Gravel in first

few bail outs.
(8cm)

2

Time (sec) Depth (ft)

0
9

45
60
90
120
180
210
240
270
300
330
360
390
420
450
480
510
540
570
600

4.32
4.30
4.28
4.26
4.24
4.22
4.20
4.18
4.16
4. l5
4. l3
4.11
4.10
4.08
4.07
4.05
4.02
4.01
4.00
3.99
3.98
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AQTESOLV RESULTS
Version l.l0

03107t96 09:09:48

TESTDESCRtrTION

Data set........... nevl 060.dat
Data set title..... NEVINS CREEK 1060

Knowns and Constants:
No. of data points.................. l9

Radius of nell cashg 0.1667
Radius ofwe11........... 0.5729
Aquifer satuated thickness......... 25

Wcll soeen lenglh.................. 4
Static height ofwater in we11...... 0.03
Log(Re/Rw).......................... 50.73

A B, C.......... t.813, 0.246, 0.000

A}.IALYNCAL METHOD

Bouwer-Ricc (Unconlined Aquifer Slug Tcst)

RESI LTS FRCI\d VISUAL CT RVE I{ATCHING

VISUAL L,TATCH PARAMETER ESTIT,TATES

Estirnate
K = 3.2731E402
yO= 0.0000E+0OO

TEECURVEDATA

K = 3.27312E402
y0 = 3.408t6E{0t

Time Drawdown Time Drawdovm Time Drawdown

0.000E+o00 3.408E401 1.000E+001 5.319E{02

I
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Highway Mitigation US65 Bypass

Nevins Creek Project
Pine Bluff, Arkansas

Drawdown Test of Monitoring Wells

Date
Well#
Total Well Depth (fr)
Depth TO Static Water Table (ft) 0.M
Screen Length (ft)
Well Diameter (in)
Casing Diameter (in)

(note sure about time 0 sec)
(13cm)

3l Jan 1996
1070

Comments
first well

2

Time (sec) Depth (ft)

t0
23
3l
44
60
100
130
139
t47
154
202

223
232
237
246
256

326
344
497

439
511

3. t0
2.70
2.50
2.25
2.00
1.78
1.60

1.50
1.43
1.38
1.30
t.25
1.20
t.t2
l.l0
1.05

1.00
0.95
0.90
0.85
0.80
0.75
0.70

2t0

311
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AQTESOLV RESULTS
Version 1.10

03t07t96

TESTDESCRIPTION

Data set........... nevl070.dat
Data set title..... NEVINS CREEK 1070

Knowns and Constants:
No. of data points.................. 22

Radius of well casin9............ ... 0.1667
Radius of wcII..................... . 0.5729
Aquifer sahuated thickness......... 50

Well scn:cn 1cn91h.................. 4
Static height of water in we11...... 0.04

Ing(Re1Rw).......................... 26I
A, B, C.......... 1.813, 0.246, 0.000

A}.IALYIICAL METHOD

Bouwer-Rice (Unconfined Aquifer Slug Test)

RESULTS FROM VISUAL CUR\IE NIATCHING

VISUAL IvIATCH PARAI,IETER ESTIIVIATES

Estimate
K = 4.0756E{01
yO= 2.7822E40A

N'PECUR\IEDATA

K = 4.07555E-001
yO=2.323748+N0

Time Drawdown Time Drawdown Time Drawdown

0.0008+000 2.324Ei{00 9.000E{00 4.06T8402

262
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Highuay Mitigation US65 Blpass
Nevins Creek Project
Pine Blufr, Arkansas

Drawdown Test of Monitoring Wells

Date
Well#
Total Well Depth (ft)
Depth TO Static Water Table (ft) 3.54

Screen Leneth (ft)
Well Diameter (in)
Casing Diameter (in)

3l Jan 1996
ll50

Comments
Well top 3.58'

above ground.
Gravel in first

few bail outs.

2

Time (sec) Depth (ft)

0
6
l0
20
25
3l
38
45
50
53
57
6l
67
7t
16
8l
87
92
toz
ll5
t32
t62
206
240
270
300
330
360

5.44
5. l8
5.04
4.78
4.64
4.54
4.45
4.36
4.3t
4.29
4.25
4.22
4.18
4.15
4.1I
4.09
4.05
4.03

4
3.95
3.90
3.85
3.80
3.76
3.73
3.7t
3.71
3.70
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AQTESOLV RESULTS
Version l.l0

03107196

TESTDESCRIPTION

Data set........... nevl l50.dat
Data set title..... NEVINS CREEK I150

Knorvns and Constants:
No. of data points..........-. ...... 25

Radius of well casing............ ...0.1667
Radius of we11........... ........... 0.5729
Aquifer saturated thickness......... 25

Well screen length.................. 9
Static height of water in we11...... 3.54
Ing@e/Rw).......................... 1.243

A B, C.......... 2.039, 0.306, 0.000

A}.IALYNCALMETIIOD

Bouwer-Rice (Unconfined Aquifer Slug TesQ

RES{JLTS FROM VISUAL CI]R\/E }VIATCHING

VISUAL I{ATCH PARAI\dETER ESTIMATES

Estimate
K = 1.6678E{03
y0 = 4.83&48+l 13

TYPE CUR\IE DATA

K = 1.66781E-003
yO = 1.34539E+000

Time Drawdown Time Drawdown Time Drawdown

0.000E+o00 1.345E+000 5.0008+000 r.745E402

264
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Highuay Mitigation US{5 Bypass
Ner/ins Creek Project
Pine Bluff, Arkansas

Drawdovvn Test of Monitoring Wells

Date
Well#
Total Well Depth (ft)

3l Jan 1996
I 170

Comments

Depth TO Static Water Table (ff) 1.38
Screen I*neth (fr)
Well Diameter (in)
Casing Diameter (in) .,

Time (sec) Depth (ft)

0
9
17

26
3l
37
44
50
57
63
69
77
84
92
99
106
ll3
122
130
137
145

153

159
169

174
r82
190
199
207
2t5
224
23L
24t
250
260
269
277

4.20
4.16
4. l3
4.10
4.08
4.06
4.04
4.02
4.00
3.98
3.96
3.94
3.92
3.90
3.88
3.86
3.84
3.82
3.80
3.78
3.76
3.74
3.72
3.70
3.68
3.66
3.64
3.62
3.60
3.58
3.56
3.54
3.52
3.50
3.48
3.46
3.44

265



286
293
304
3t4
324
334
345
355
366
376
387
397
407
420
431
445
455
468
480
497

508
52t
540
549
510
600

3.42
3.40
3.38
3.36
3.34
3.32
3.30
3.28
3.26
3.24
3.22
3.20
3.18
3. 16

3.14
3.t2
3.10
3.08
3.06
3.04
3.02
3.00
2.95
2.95
2.91

2.87

266



AQTESOLV RESULTS
Version l.l0

03107t96 10:49.24

TESTDESCRtrTION

Data set........... nevl l70.dat
Data set title..... NEVINS CREEK ll70

I(nov,rns and Constants:
No. of data points.................. 60

Radius of well casin9............ ... 0.16f'7
Radius of wc11........... 0.5729
AquiGr saturated thickness......... 25

Well screen len9th.................. 4
Static height of water in we11...... 1.38
Log@e/Rw)... .0.609

A B, C.......... 1.813, 0.246, 0.000

A}.IALYNCAL METHOD

Bouwer-Rice (Unconfined Aquifer Slug Test)

REST LTS FROM VISUAL CURI/E I,IATCHING

VISUAL N{ATCH PARAI\dETER ESTI}V{ATES

Estimate
K = 5.6847E-0M
y0= 3.7247E-2gO

TYPE CIJRVEDATA

K = 5.684698404
yO = 1.670258+000

Time Drawdown Time Drawdown Time Drawdown

0.000E+o00 1.670E+{00 1.000E{{01

TYPE CIJRVEDATA

K =3.767328404
y0 = 1.28405E+000

Time Drawdown Time Drawdown

1.137E{0r

Time Drawdown

0.000E{00 l.2ME+{00 1.000E{01 2.164E{01
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Highway Mitigation US{5 BlPass

Nevins Creek Project
Pine Bluff, fukansas

Drawdown Test of Monitoring Wells

Date
Well#
Total Well Depth (ft)
Depth TO Static Water Table (ft) 7.18

Screen Lenglh (ft)
Well Diameter (in)
Casing Diameter (in)

'pretty white sand"
when hole bas bored

(Henry)

3l Jan 1996
I 180

Comments
2 attempts

2

Time (sec) Depth (ft)

0
l0
l6
30
60
90

L20
180

7.70
7.65
7.64
7.62
7.62
7.6r
7.6t
7.60

(Second attempQ

Time (sec) Depth (ft)

0
5

t2
17

36
53
120

7.72
1.68
7.66
7.65
7.64
7.63
7.63

268



AQTESOLV RESULTS
Version LlO

o3lo7196 l0:54:47

TESTDESCRIPTION

Data set........... nevl l80l.dat
Data set title..... NEVINS CREEK ll80A

Knowns and Constants:
No. of data points.................. 6

Radius ofwell casing 0.1667
' Radius of weII.................... .. 0.5279
Aquifer saturated thickness......... 25

Well screen Iength.................. 9
Static height of water in we11...... 7.18
log@c/Rw)... ....................... l.&4

A, B, C.......... 2.072, 0.316, 0.000

ANALYTICAL MET}IOD

Bouwer-Rice (Unconfined Aquifer Slug Test)

RESI]LTS FROM VISUAL CTIRVE NATCHING

\IISUAL MATCH PARAI{ETER ESTI}VIATES

Estimate
K = 2.17068-003
yO= 3.7247E-280

TYPE CI.'RIr'E DATA

K =2.17056E-003
y0 = 4.50350E-002

Time Drawdown Time Drawdown Time Drawdown

0.000E+000 45uE402 2.000E{00 8.142E{03
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AQTESOLV RESULTS
Version l.l0

03107196 l0:56:34

TESTDESCRtrTION

Data set........... nevl l80b.dat
Data set title..... NEVINS CREEK I l80B

Knowns and Constants:

No. of data poins.................. 4
Radius of well casing 0.1667

Radius of we11........... 0.5279
Aquifer saturated thickness 25

Well screm 1eng1h.................. 9

Static height of uater in we11...... 7.18
Iog(Re/Rw)... .l.W

A, B, C...-...... 2.072, 0.316, 0.000

AI.IALYTICAL METI{OD

Bouwer-Rice (Unconfined Aquifer Slug Test)

RESULTS FROM VISUAL CUR\18 tvmTCHING

\IISUAL MATCH PARAIVIETER ESTIMATES

Estimate
K = 7.6266E403
y0= 3.724T8-280

TY?E CURVE DATA

K =7.626&E403
yO = 5.61936E402

Time Drawdown Time Drawdown Time Drawdown

270
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to
Highway Mitigation US55 Blpass

Nevins Creek Project
Pine Blufr, Arkansas

Drawdown Test of Monitoring Wells

Date
Well#
Total Well Depth (ft)
Depth TO Static Water Table (ft) 0.55
Screen I*ngth (ft)
Well Diameter (in)
Casing Diameter (in)

3l Jan 1996
1200

Comments

2

Time (sec) Depth (ft)

0
3

I
20
40
60
90
120

150
180
210
240
270
300
330
360
390
420
450
480

3.20
3. l5
3. 14

3.12
3. l0
3.09
3.08
3.07
3.06
3.05
3.04
3.03

3.03
3.02
3.02
3.01
3.00
3.00
3.00
2.99

I
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AQTESOLV RESULTS
Version l.l0

03t07t96 l0:59:01

TEST DESCRIPTION

Data set........... nevl2O0.dat
Dats set title..... NEVINS CREEK 1200

Knowns and Constants:
No. of data points.................. l8

Radius of well casing.......... ..... 0.1667
Radirs of we11........... 0.5279
Aquifer mturatcd thichess......... 25

Well screen 1en9th.................. 4
Static height of watcr in we11...... 0.55
LoeEe/Rw)... .0.03678

A, B, C.......... 1.933, 0.249, 0.000

A}.IALYTICAL IUETHOD

Bouurcr-Rice (Unconfined Aquifer Slug Test)

RESULTS FROM VISUAL C{rR\IE NmTCHING

VISUAL MATCH PARAMETER ESTIIVIATES

Estimate
K = 4.6,443E.005
yO= 3.724T8-280

TY?ECUR\IEDATA

K =4.64431E405
yO = 1.6t654E401

Time Drawdown Time Drawdown Time Drawdown

0.000E{00 l.6l7E40l 8.000E+o00 8.822E403
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Highway Mtigation US-65 Bypass
Nwins Creek Projea
Pine Bluff, Arkansas

Drawdown Test of Monitoring Wells

Date
Well#
Total Well Depth (ft)
Depth TO Static Water Table (ft) 0.51
Screen l*nelh (ft)
Well Diameter (in)
Casing Diameter (in)

3l Jan 1996

1240
Comments

Water lwel
oscillations
when cap removed

2

Time (sec) Depth (ft)

0
6
l0
l3
17

l9
2l
23
26
30
33
36
39
42
46
50
54
58
62
66
7t
75

80
E5

90
95
l0l
t08
114
120
l2t
I35
143

t5l
160
170

180

3.00
2.85
2.75
2.70
2.65
2.60
2.55
2.50
2.45
2.40
2.35
2.30
2.2s
2.20
2.15
2.t0
2.05
2.00
1.95
1.90
1.85
1.80
t.75
1.70
1.65
1.60
1.55
1.50
1.45

1.40
1.35
1.30
t.25
t.20
L15
l.l0
1.05

273



l9t
204
218
233
249
268
293
322

1.00
0.95
0.90
0.85
0.80
0.75
0.70
0.65

274



AQTESOLV RESULTS
Version l.l0

03t07196 2O:46:31

TESTDESCRIPNON

Data set........... nevl24O.dat
Data set title..... NEVINS CREEK 1240

Knowns and Constants:
No. of data points.................. 43

Radius of well casing............ .. - 0.1667
Radius of weII...................... 0.5

Aquifcr saturated thickn€ss......... 50
Well scrcen Iength.................. 4

Static height of water in we11...... 0.51

Iog(Re1Rw)... .0.01788
A, B, C.......... 1.846, 0.250, 0.000

A}.IALYTICAL METHOD

Bouwer-Rice (Unconfined Aquifer Slug Test)

RESITLTS FROM VISUAL CLTRVE IVIATCHING

VISUAL lvlATCH PARAIVIETER ESTIIvGTES

Estimate
K = 4.l93lE-005
)O = 1.0000E{04

TYPE CURVE DATA

K = 3.63264E{05
y0 = 2.34658Er{00

Time Drawdown Time Drawdown Time Drawdown

0.000E+o00 2.3478<i00 5.000E+o00 1.260E401
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Highway Mitigation US-65 Bypass
Nevins Creek Project
Pine Bluff, Arkansas

Drawdown Test of Monitoring Wells

Date
Well#
Total Well Depth (ft)
Depth TO Static Water Table (ft) 0.83

Screen Lene1h (ft)
Well Diameter (in)
Casing Diameter (in)

31 Jan 1996
1300

Comments

2

Time (sec) Depth (ft)

0
6

25
49
60
90

120
150

180

240

2.50
2.48
2.46
2.45
2.45
2.44
2.44
2.43
2.42
2.42

276



AQTESOLV RESULTS
Version l.l0

03107t96 19:44:43

TESTDESCRtrTION

Data set........... nevl 300.dat
Data set title..... NEVINS CREEK 1300

Knowns and Constants:

No. of data points.................. 5

Radius of well casing 0.1667

Radius of weII..................... . 0.5729

Aquifa saturated thickness......... 25
Well screen lcnglh.................. 4

Static height of water in we11...... 0.83
Log(Re1Rw)... .0.29n

A"8,C.......... t.813, 0.246, 0.q)0

ANALYNCALMETHOD

Bouwer-Rice (Unconlined Aquifer Slug Test)

RESLTLTS FROM VISUAL CIJR\IE IVfATCHING

VISUAL NmTCH PARAMETER ESTIMATES

Estimate
K = 7.3717E4M
yO = -1.3965E+001

TY?E CURVEDATA

K = 7.37173E-0M
yO = 5.7M78E402

Time Drawdown Time Drawdourn Time Drawdown

0.000E+o00 5.785E402 3.000E+000 6.817E403
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Highway Mitigation US65 Bypass

Nevins Creek Project
Pine Bluff, Arkansas

Drawdown Test of Monitoring Wells

Date
Well#
Total Well Depth (ft)
Depth TO Static Water Table (ft) 4.62

Screen Lene[h (ft)
Well Diameter (in)
Casing Diameter (in)

3l Jan 1996
1320

Comments

2

Time (sec) Depth (ft)

0
28
60
90
120
180

240
300

8.12
8.05
8.03
8.03
8.02
8.01
7.99
7.97

278



AQTESOLV RESULTS
Version LlO

03t07t96 19:46:23

TESTDESCRIPTION

Data set........... nevl 320.dat
Data sct title..... NEVINS CREEK 1320

Knowns and Constants:

No. of data points.................. 6
Radius of well casing 0.1667
Radius of we11........... 0.5729
Aquifer saturated thickness......... 25

Well screen length.................. 4
Static height of water in well.. ....4.62
l,og(Re/Rw).......................... 1.096

A, B, C.......... 1.813, 0.246, 0.000

A}.IALYTICAL METI{OD

Bouwer-Rice (Unconftred Aquifer Slug Test)

RESI.]LTS FROM VISUAL CT'R\IE }UATCHING

VISUAL IVIATCH PARAMETER ESTIIVIATES

Estimate
K = l.35l5E{03
yO= -1.3965E+0Ot

TYPE CUR\IEDATA

K = 1.35148E-003
yO=9.@93T8402

Time Drawdown Time Drawdown Time Drawdown

0.0008.+000 9.u9E402 4.000E{00 2332E{02

TY?ECURVE DATA

K = 1.351488-003
yO = 9.64937E402

Drawdown Time Drawdown Time Drawdown

0.000E+o00 9.6498fi2 4.000E{00 2.332Em2

Time
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to
Highuay Mitigation US-65 Blpass

Nevins Creek Project
Pine Bluff, Arkansas

Drawdown Test of Monitoring Wells

Date
Well#
Total Well Depth (ft)
Depth TO Static Water Table (ft) 5.38

Screen l*neth (fr)
Well Diameter (in)
Casing Diameter (in)

3t Jan 1996
1330

Comments
Edge of tree line

2

Time (sec) Depth (ft)

7.7t
7.68
7.67
7.66
1.66
7.65
7.64
7.64
7.63

0
l3
33
69
90
120
180

240
300

280



I
AQTESOLV RESULTS

Version LlO

03t07t96 l9:48:07

TESTDESCRIPTION

Data set........... nevl 330.dat
Data settitle..... NEVINS CREEK 1330

Knowns and Constants:

No. of data points.................. 7
Radius of well casing 0.1667
Radius of we11........... 0.5729
Aquifer saturated thickness......... 25

Well screen 1ength.................. 9

Static height of water in we11...... 5.38
Log(Re/Rw).......................... 1.45

A, B, C.......... 2.038, 0.306, 0.000

A}.IALYNCALMETHOD

Bouwer-fuce (Unconfined Aquifer Sltrg Test)

RESULTS FROM VISUAL CUR\IE MATCHING

VISUAL N4ATCH PARAMETER ESTIMATES

Estimate
K = 1.0340E{03
yO= -1.3965E+001

TYPE CURVE DATA

K = 1.03396E{03
yO=5.26224EN2

Time Drawdoun Time Drawdown Time Drawdown

0.000E+000 5.262E402 4.000E{00 8.291E403
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Highway Mitigation US-65 BlPass

Nevins Creek Project

Pine Blufr, Arkansas

Drawdown Test of Monitoring Wells

Date
Well#
Total Well Depth (ft)
Depth TO Static Water Table (ft) 0.04 (llcm)
Screen Leneth (ft)
Well Diameter (in)
Casing Diameter (in)

3l Jan 1996
1340

Comments
Edge of tree line

2

Time (sec) Depth (ft)

0
9
l4
30
37
34
40
44
5l
55
58
64
70
78
85
96
105

tt7
t32
149
t72
198
240

2.20
1.95
1.82

r.69
1.57
L.49
1.40
1.35
1.30
t.25
1.20
r.l5
l.l0
1.05
1.00
0.95
0.90
0.E5

0.80
0.75
0.70
0.65
0.60

282



b
AQTESOLV RESULTS

Version LlO

o3lo7196 20:01:35

TEST DESCRtrTION

Data set........... nevl 340.dat
Data settiile..... NEVINS CREEK 1340

Knowns and Constants:
No. of data points.................. 2l

Radius of well casing 0.1667
Radius ofwe11........... 0.5729
Aquifer saturated thickness......... 50

Well screen length.................. 4
Static height of water in welI...... 0.04

l,og(Re/Rw).......................... 261

A 8, C.......... 1.813, 0.246, 0.000

ANALYTICAL IUETHOD

Bouwer-Rice (Unconfined Aquifer Slug Test)

RESULTS FROM VISUAL CI,'R\IE MATCHING

VISUAL }vIATCH PARAI\,IETER ESTILdATES

Estimate
K = 9.00248401
yO= 2.78228-308

T)'PE CI.'R\/E DATA

K = 9.00244E-001
y0 = 1.63334E+000

Time Drawdown Time Drawdovm Time Drawdown

0,m0E+000 1.6338{00 4.0008+000 3.078E402
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APPENDIX E

Matrices of Input Parameters
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999.000
999.000
19,000

999.000
t99. t59
999.000
999.000
r98.802
196.000
202.121
19E.699
196.000
20t.6t2
198.640
196.000
201.000
199.000
195.000
999.000
999.000
999.000

202.722
198.458

202.467
198.477

201 -9()6
t98.280

201.419
19E.000

200.8n
t98.000

201.0q)
999.000

202.461
198.?29

202.596
198.216

201 .121
198.093

200.688
198.000

200.213
999.000

200.000
999.000

202.Q2
197.987

200.790
197.910

200.269
r98.000

200.000
198.000

200.000
999.000

999.000
999.000

202.2n
197.710

200.t76
197.425

200.000
197.000

999.000
999.000

999.000
999,000

202.288
197.53?

199.941
197.v6

200.000
197.094

999.000
197.000

999.000
999.000

7
t6

202.562
197.t16

199.609
197.215

199.491
197.073

'199-000

197.000

999.000
999.000

999.000
999.000

202. r03
197.096

199.336
196.964

r99.205
t96.912

t99.000
197.000

999.000
999.000

999.000
999.000

999.000
999.000

oIEAD UIlt BE SAVEo Or WtI 24 AI ErD OF IIXE SIEP 6, STiESS pERtO I
1 DRAAOl.tl tX LAYEI 1 AI ED OF ITIIE STEP 6 tX SIIESS PERI(D I

999.000
999.000

9
16

E

17

6
t5

5

11

I
l3

3

12

1

t0
19

2

11

20

0 t 999.000 999.000 ,9.000 o.oo0o0o 999.000
0.000000 0.000000 0.000000 0.00qt00 o.0oooo0
999.000 999.000

0 2 999.000 999.000 999.000 0.644E 3 0.000000
,9.000 gr.uD 999.000 999.000 999-OOO
9r.000 999.000

0 I 999.000 999.000 999.000 1.58n .O.t87rr9
-1.509E5 -4.14737 -2.N' 1.068flrE-04 l.!5617
999.000 999.000

0 4 tr.000 999.000 9r.000 0.633&,4 -1.E7;224
-1.lrn6, -1.7m 0.258:tr9 r.?p980 1.99E03
0.000000 999.000

0 5 999.000 999.m0 -2.222t2 -t.a6o5r -1.a2192
-1.09:181 0.741272 1.53166 't.7to51 2.01302
0.000000 999.000

0 6 999.000 999.000 -0.4t6915 -0.t95840 -0.6S98%
1.97401 3.1981E 2.52321 r.ru9t 1.059E0

0.439209 0.000000
0.7 999.000 -0.122747 9.395562E.02 0.179031 3.054E10E-02

1.01643 1.50148 0.720413 -9.27t8m8-0? 0.000000
0.62E082 0.000000

0 E -0.52426r .0.6t?11'r .0.4t9220 0.3il%6 0.000000
0.000000 0.959595 0.000000 0.000000 0.000000
0.66't1t89 0.000000

0 9 0.000000 0.000000 0.123426 0.78'a99 0.000000
999.000 0.000000 0.000000 999.000 999.000

0.000000 0.000000
0 l0 999.000 9r.000 0.000000 0.000000 999.000

*D.qN 999.000 999.000 999.000 999.000
999.000 999.000

oDmlom vltt tE s vED or uxtr 25 AI ErD 0r ItxE srEp 6, sTREss PERIoo t
0

999.000
0.000000

0.000000
999.000

-0.t2132'
0.737701

0.247177
2.19325

-1.274V
2.28981

1.3?468
,l.57481

0.000000
0.000000

,9.000
999-000

999.000
999.000

999.000
9{n.qn

999.000
0.000000

0.000000
999.000

1.05913
r.65590

999.000
999.000

0.000000
0.000000

1.39075
1.7851t

999.000
999.000

0.000000
999.000

-2.83044

0.890594

-0.803131

0.903839

1.66395
1.03569

0.7953f4
8,793640E-0

0.000000
0.000000

999.000
999.000

999.000
999.0!0

-9.815979E-02 -7.2158818-02 -1.46n74
0.884293 0.216241 0.000000

-0.169209 -2.40309
1.t7f53 1.r7U9

-1.288:!5 -1.16224
1.4817 1.6t425

0.000000 0.508743
0.906113 0.92t222

999.000 0.000000
0.000000 0.000000

999.000 999.000
999.000 999.000

999.000 999.000
999.000 999.000

0

VOII'IETRIC EIDGET ffi EXTIRE 
'U)Et 

AI EIID OF It'iE SIEP 6 tr SIRESS PERI@ 1

crr{rtATtvE voLrr{Es L.r3 t^lEs ffi lltts rmE srEP. L.r5lT

IT:

309
tt:

I

I

t.

I



0

0

0

0

0

-'rt*^G, 
=

COISIAII IEAD =
nECIARCE !

ET-
TOTAL lX =

(UI!

SlmGE.
OOaSTAII IIEAD .

IECIARGE !
ET:

TOIAL CI'T t
tr-ortt

PERCEXI DISCREPAXCY .

0.00000
O.UTm+06
0.798458+06
0.00000
0.1&6?E+07

0.00000
0.12860E+07
0.00000
0.36024E+(b
O.l&62e+Ol
-1.5000

-'rr*^n, 
.

CoilSIAXT ilElD '
RECIAnGE s

EI=
IofAL lI =

:::
sroR cE r

oOlSfAIr [ElD .
lECfAncE -

ET-
IOIAL C'I .
lI-(UIr

PERCEII DISCTEPAICY .

0.00000
4&5.3
437t-1

0.00000
9020.4

0.00000
70t$.3

0.00000
1973.9
9020.4

0.97656E-03

0

0.00 0.00

II'IE s['El^FY AT EXD OF TI]IE STEP 6 IT STRESS PERIOO 1

sEcotDs rtxulEs lqns DAYS YEARS

IttlE SIEP tExcTll 0.262800E+07 43&O.O 730.OOO 10.4167 0.E327638-Ol
SITESS P€R100 TttlE 0.t576E0E+08 262800. 4380.00 IE2.500 0.49965E

T0IAI Slllr[ATtol TltlE 0.lt76E0E+1ts ?62800. 4380.00 1E2.500 0.69965E
t

1 ITETAIIOIS Ffi TI}IE STEP 7 TT SIRESS PETTO '1

ilAXtnil [EtD CI|AXGE ffi EACII tTEtATtOI:
o rEAD Clr lrGE tlYER,Iqt,OOL lGil' CN IGE t^YEt,nqt,ooL IEAD Ci rGE tAYEt,Rqr,COt IEAD CIAIGE TIYEd,ROU,OOL [ErD Clt ilGE LAYER,RqI,OO

-0.9247E-6 ( 1, 4, ll)
0
o[ErDlDl locrra PRlImrrT fLAC r I IOIAT U.DGEI PttITqrI FL G 3 t
(ntprrr ftAcs tfi Att tAYEts ARE TIE s ilE:

rEID DRAID(lil IEAD DRAIorqJtI

PTIXIq'I PNITIII'T SAVE SAVE

CEtl-lY-CElt Ft(ta IERII Ft G = 1

I
0 corsTAIT
0 oolsTAlr
0 corslAlr
0 coflsrAlr?
0 coxsIA[T
0 ooxsrAlll
0 corsrAlT
0 corsrAxt
0 @IsrA[T
0 coIsl^tlr
0 coxsr^flr
0 cilsrAlr
0 clt{srAilr
0 oolslAxT
0 oolsrAxT
0 co{srAllr
0 oorsr^rt
0 qnsTAlll
0 coNsrAxr
0 mxsTAllr
0 collsr^xr
0 colsTAllr
0 @xsrAllr
0 colsrAllr
0 cotsr^ll
0 clilsrAflr

t
PERIO
PERIO
PERIO
PERI00
PERI(D

PERI@
PEnt00
PERI@
PEII@
PERIOO

PERI@

PERIOO

PERIO
PENI@

P€TIO
PERI@

PERIO
PERIOO

PERIOO

PERI(D

PERI(D
PEtt00
P€RIO
PERIO
PERIOO

PERIO

-1 10.&)80
0.ooo0ooo
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
-211.6019
-E5.52491
-69.93571)
-51.t 721
-76.44461

16.76002
-r 17.3141
-68.66846

208.6{b8
-y.3.1424
-220.6913

5186.215
-21.E7897
-329.5193
-225.6072
-244.1145
-t020.7t6
- r40.6289

1

IIEAD

TIEAD

ilEA0

I{EAD

IIEAD

HEAD

HEAD

IIEAD

IIEAD

I{EAD

HEAD

I{EAD

IIEAD

I{EAD

BE0
IIEAD

IIEAD

IIEAD

IIEAD

IIEAD

IIEAD

HEAD

rEA0
IIEAD

IIEAD

IIEAD

I
SIEP

SIEP

STEP

STEP

STEP

SIEP
STEP

STEP

SIEP
SIEP

SIEP
SIEP

SIEP
SIEP

SIEP

SIEP
STEP

SIEP
STEP

STEP

SIEP
STEP

STEP

SIEP

SIEP
SIEP

LAYER

IAYER

IAYET

TAYER

TAYER

LAYER

TAYEI

TAYEI

LAYER

LAYER

IAYER

LAYER

TAYTR

TAYER

LAYER

TAYER

LAYER

TAYER

IAYEI
LAYEI

LAYER

IAYEI
LAYEI

LAYER

IAYER

IAYER

RATE

RATE

TAIE

RATE

RAIE

RAIE

RAIE

RAIE

RAIE

IAIE
IAIE
TAIE

IATE
RAIE

tAtE
RAIE

IAIE
RAIE

RAIE

RAIE

RAIE

IIIE
ttE
NAIE

TAIE

IATE

7
7

7
7

7

7
7
7
7
7

7
7
7
7
7

7
7

7
7
7
7
7
7
7

7
?

tqltcot4
Rqa I col l0
RCtr I CoL 11

nq, I 001 12

rqi I ooL 13

tctt 1 coL l4
t(lJ t 001 15

rcH t Bot 16
rw20or5
tcu 2 00t 6

rcl 2 coL f
tq, 2 001 8

ror 2 col 9

rq, 2 cor 17

t(H 3 cot t8
tfl { cll 19

tor 5 col 19

tq, 6 001 20

tcr, 7 col 6
809 7 COL 7

tql 7 ooL t4
tc, 7 ooL 15

Rql 7 001 20
nqj t coL 5

R(t, E COL 8

R(t, 8 Cot 9

310



c

0orsIALT
@xslAxI
coilsIAltI
cotsrAxT
coflsIAllI
corsTAltr
coflsIA[I
coilsIAxr
cotsrAxr
cotslAltr
CilSIAII
cotsrAtT
corslAllr
crotslAxr
cotsrAxr
00[sTAr{I
cilsrAlrT

PETt(D
PERIOO

PEnt00
PERI(D

PERI@
PERIO
P€RI(D
PERIO
PERIq)
PENIA
PERI(D
PERI@
PERI@
PERTOO

PETIO
PERIO
PERI(D

STEP 7
SIEP 7
SIEP 7
SIEP 7
STEP 7
STEP 7

STEP 7
STEP 7
SIEP 7
STEP 7
STEP 7
SIEP 7
STEP 7
S'EP 7
STEP 7
STEP 7
STEP 7

LAYER

LAYEI

LAYER

LAYER

LAYEI

LAYER

LAYER

LAYER

LAYER

LA'ER

TAYEI

IAYEI
LAYER

LAYER

IAYER

TAYER

LAYER

10 tArE
1? RAIE

13 RAIE

14 nAIE

16 RATE

17 RATE

t8 RAIE

20 RATE

1 RATE

2 RAIE

5 RATE

ll tArE
12 RATE

t9 tlrt
20 rTE
3 TATE

4 RATE

252.5901
-614.4084
-60.E2803

0.0000000
-56.EE853
-45.53960

459.0882
-20'1.397t
-39.9E978

42.2n19
- 152.1570
241.3979

0.0000000
-ml.3971
0.0000000
90.6E871

-t52.157()
7, sTnEss

7, STRESS

1

IIEAD

I{EAD

IIEAD

IIEAD

TIEAD

IIEAD

lIEAD

IIEAD

IIEAD

IIEAD

IElo
IIEAD

IIEAD

IIEAD

IIEAD

IIEAD

HEAD

ROU 8 COL

Rq] E COL

tcJ 8 coL

RC[a E ooL
TCJ 8 OOL

RqJ 8 COL

to, 8 col
TCJ 8 COL

RSr 9 CoL

tcH 9 coL

tqJ 9 coL
RqJ 9 OOL

t(tl 9 ool
tcH I 001

tcra 9 coL

tol t0 001

Ror 10 cor
RECIIARGEN qDGEI VATUES UILI 8E SAI'ED OI I'IIT 28 AI EIIO OF IIilE SIEP

EIX BTDGET VAII'ES UILT 8E SAVED il IilII 27 AI EXD OT II}IE SIEP
I{EAD IX LAYER I AI EXO OF TIXE SIEP 7 IT STTESS PERIO

PERIO
PElt00

1

t0
l9

2

1t
20

9
t8

E

17

7

16

5

11

4

l3
3

12

6
t5

01

02

03

04

999.000
199.000
999.(tro
999.000
999.000
999,000
999.000
200.910
999.000
999.000

191).026

195.561
999.(x)0
198.9U
196.372
201.524
199.000
t96.333
201.000
999.000
t96.000
999.000
999.000
999.000

999.000
199.000
999.000
999.000
999.000
999.000
999-000
202.*7
999.000
999.000
200.vl
999.000
999.000
199.159
999.000
999.000
198.802
196.000
20?.123
198.699
1%.000
201.6t2
198.640

999.000
199.000

999.000
999.000

999.000
201.2:'E

999.000
198.{t2

202.722
19E.468

20?.467
198.4n

201.906
198.280

201.419
r98.000

200.8n
19E.000

201.000
999.000

200.000
199.000

999.000
t98.000

200.000
999.000

200-187
198.144

999.000
198.000

200.000
999.000

200.121
198.252

200.753
197.&7

?02.275
197.710

200.376
197.42'

200.000
197.000

999.000
999.000

999.000
999.000

999.000
99r.OOO

999.000
r98.000

200.000
999.000

200.098
198. I 16

200.789
197.622

zo2.?8;8
197.r32

199.941
197.346

999.000
999.000

200.000
198.000

200.072
197.744

202.403
197.422

?oz-162
197.y6

199.609
197.215

199 -L91
197.073

199.000
r97.000

999.000
999.000

999.000
999.000

I
17

999.000
999.000

199.000
999.000

200.(r1
r97.000

202.830
't97.109

202.103
197.096

199-336
196.964

199.205
196.912

199.000
197.000

999.000
999.000

999.000
9t9-m

200. t55
999.000

200.427
200.200

20t.398
ri?.ooo

0 5 999.000
201.094
197.000

0 6 9r.000

20r.365 200.E72
196.200 tgE.(x)Z

202.t.61 202.422
t98.229 197.987

202.196 200.790
198.216 197.940

20r.t21 200.269
198.093 t98.000

200.688 200.000
198.000 198.000

200.213 m0.000
999.000 999.000

200.000 999.000
999.000 ,n.M,

07

08

09

010

200.000
197.O94

196-000
201.000
199.000
195.000
999.000
cag.ooo
999.000

999.000
197.000

999.000
999.000

999.000
*n.o00

oIEAD 9lt! BE SATTED Ot U]llT 26 AT Ello 0f rtr{E STEP 7, STRESS PERIoo I
1 DRAIDOI'II IX TAYER I AT EIID OF IIXE STEP 7 III SIRESS PERIOO 1

2

1t
20

1

10

19

5

1a

4

13

6

15

9

l8
7

t6

0 I 999.000
0.000000

.;:;;;
0.000000

999.000
0.000000

0.000000
0.000000

999.000
0.000000

999.000
eee.009

999.000
999.000

31 '1

999.000
0.000000

999.000
0.000000

0

o

0

0
0

0

0

0

0

0

0
0
0
0

0

0

0

I

I

3

12



999.000 999.000
o 2 999.OOO 999.000 999.000 0.844833 0.000000 0.000000

999.OOO 999.000 999.000 999.000 999.000 999.000

999.000 999.000

o 3 999.000 999.000 999.000 1.3'7,,?, '0.187119 '0.12t323
-r.50983 -1.14737 -2.23U5 l.06Et15E'04 1.856t7 0.737m1

999.000 999.000
0 4 999.000 999.000 9r.000 0.631804 '1.En221 0.2b7177

-1.39769 -1.Tm71 0.?6f,219 t.71980 '.l .99803 2.19!125

0-000000 999.000
0 5 999.000 999.000 -2.27,?5,2 -1.46051 '1.4?192 '1.27477

-r.ogitEl 0.741272 1 .53t66 t .77(E1 2.01502 2.U981
0.000000 999.000

0 6 999.000 999.000 -o.wclc' -0.56840 -0.689896 1.12tfi
1.07101 3.19818 2.5A22 1.78:191 1.059E0 1.574Et

0.439209 0.000000
o 7 999.000 -0.1227a7 9.39636:ZE-02 0,179031 3.054E108-02 0.00(x'00

r-01643 3.30150 0.20413 -9.27CiBmE-O2 0.000000 0.000000

0.628082 0.000000
o 8 -0.524261 -0.632111 -0.419220 0.3.11956 0.000000 999.000

0.000000 0.95695 0.000000 0.000000 0.000000 999.000

0.66'tfi9 0.000000
0 9 0.000000 0.000000 0.12328 0.787399 0.000000 999.000

999.000 0.000000 0.000000 909.000 999.000 9r.000
0.000000 0.000000

0 t0 9r.000 999.000 0.000000 0.000000 99.000 999.000
999.000 999.000 999.000 999.000 999.000 999.000
999.000 999.000

(DM|pCHII UILI 3E SAVED OI UIII 25 AT EID Of TIIIE STEP 7, STRESS PENIOO I
0

-9.81597?E-02 -7.2.l588rE-02 -1.@71
o.wzy3 0.256241 0.000000

0.000000 0.000000
999.000 0.000000

-0.189209 -2.40309
1.37t5' 1-r7U9

-1.28825 .1.56224

r.46617 1.65425

0.000000
999.000

-?,83&4
0.890594

-0.Eo3tr6
0.901619

1.86:195

t -0t569

0.7951:14
E.79t640E-02

0.000000
0.000000

999.000
999.000

999.000
999.000

1.05913
r.65390

1.19075
t.7a53r

0.000000 0.508743
0.96t13 0.9i2T222

999.000 0.000000
0.000000 0.000000

999.000 999.000
999.000 999.000

999.000 999.000
999.000 999.OOO

0

VDLI.IIEIRIC B(DGET 
'OT 

EXIITE I*DEL AI EIIO Of IIXE SIEP 7 IX SIRESS PERI@ 1

cltut^rtvE voLlIEs Lr3 t IES ron llts TtxE SIEP Lr.3/t

0
0

0

0

0

0.00000
0.98906E+06
0.93153E+06
0.00000
0. l92o6E+07

0.00000
0.15003E+07
0.00000
0,420?8E+06

0. t92o6E+07
- I -5000

0.00

TITE SI,I,II.IARY AT.EXD Of TIHE SIEP 7 IT SIRESS PERIOO 1

sEoolDs lllruTEs llct Rs

n:

ST*AGE =
CoilSTAxI HEIO s

RECTIARGE =
EI 3

fOfAL II =

i::
SIORAGE =

CollsfAlf IEAD =
REC{ARGE =

ET:
TOTAI, q^ll B

lr-CUT=
PERCEIT DISCREPAICY =

t lt:

SImAGE =
0(IISIAII ilElD -

nEC[AiGE t
ET-

ToTAL lx !

T:
SIffAGE =

CoISTAIIT IEAD r
. nECI RGE .

EI=. 
TOTAL q'T .
ll-(UT-

PERCE'II OISCNEPAICY =

YEARS

.0.00000

4&5.3
4t75.1

0.00000
9020.{

0.00000
70r,6.5

0.00000
197t.9
9020.4

0.976568-03

0

DAYS

TIXE SIEP LEIGTX

STRESS PERIOO ITIIE

roT^t slnLATloll TlllE
1

0.2628008+07
0.183960E+08
0.1839508+08

13800.0
106600.

306600.

7t0.000
51 10.00
51 10.00

30.4167
212.917
?12.917

0.E32763E-01

0.582934
0.582934
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I IIERATIOTS roR IIXE STEP 8 t[ SInESS pERtoo 1

illxll(,r HEID cnAxGE ;fi EAc[ ITEnATI0|:
0 HEAD CIIAXGE IAYER,RqT,COL llElD CI{AXGE LAYEn,RqI,oOL I{EAD CIAIGE LAYEI,RCI,CoL ilEAD CIAXGE LAYER,R(II,COL I|EAD CltAltGE LAYER,ROT,OOL

0.62:EE-06 ( 1, 5, 9)
0
ollEAD/DtAOqJX PRlItq,I FL G 3 I IOIAL alDGEI PnIIIOJI fLAG B I
Oq,TPUT fIAGS FOR AIt TAYERS ATE TTE $I4E:

I|EAD oRAtaora IEAD 0t lD(tfl
PRITIq,I PTIXIq,I SAVE SAI'E

CELL-BY-CELL FL(IJ IER|{ fLAG = 1

It
0 @llsl^ltT IEAD

0 ootsTAII rEAD

0 0orsIAxI IEAD

0 cotsTAxr rErD
0 corSIAxI IEAD

0 oorsT^xl IEAD

0 cotsl^ltl iEAD
0 oilsTArI [E^D
0 oorsT^rl I|EAD

0 @arsr^ltr IEAD

0 ailsTAxI I|EAD

0 oorsl^xl |{EAD

0 .-oilsT^xT [EtD
0 oorsTAxT IEAD

0 oOrsrAII IEAD

0 oOrsTAxI ilElD
O OOISIAIII HEAD

O OOISIAIIT IIEAD

O @IISIAXI HEAD

0 cotsTAII [E D

O OilSIATT IEAD

O CilSIAII TEAD

O COISTATT IIEAD

0 oilsr^Ir I|EAD

0 oorsT^rl IEAD

0 coIsIAxI IEAD

0 ooilsIAII iEAD
() GilSTAXT IIEAD

0 oilsIAII IEAD

0 coilslAltl lrE^o

0 corsr^xr BEAD

0 oilgIArT IEAD

O COIISIAXI IIEAD

0 cilsrAltr t{EAo

0 cotsT^lr IEAD

0 oo.rsl^ll rEAD

0 colslAxr IEAD

0 coflsrAxT fiEAD

0 corslAilr rEAD

0 cotsrAlT |{EAD

0 corsrAlrT I|EAD

0 cotslAxr IEAD

0 corsr m [E D
{ RECIIARGET

1 ET"
I

-1t0.&80
0.fl,00000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
-244.&19
-85.52492
-69.91t570
-31.15721

'76.tt*61
16.76m3

-l r7.l14r
-6a.&4
208.5{b8

-]l.t.1424
-220.69t3
51E6.2t5

-2t.E7880
-329.5r95
-225-e72
-?u.1145
-1020.7t6
.140.6289

252.590t
.614,4083
-60.82798

o-ooooood
-58.EE852
-45.5395e
459.0882

-201.t971
-39,98978

t2.27718

' t52. t571t
241.3979

0.0000000
-201.1971

0.0000000
90.68871

-t52.1571'
6, STRESS PERT(D

8, sTnEss PERTO
1

1t
PENI@1 STEPS LAYENl N(X I COL 4 RAIE
PERIO T STEP E TAYEN T TOU 1 OOT 10 TATE

PETIq' 1 STEP E LAYEN 1 R(X I OOL 11 TAIE
PEnr(D I sTEp E L yEr I r(x t cor t2 tArE
PEnIO I STEP E tAyEt 1 tq, I oot tt iAIE
PERI@ 1 STEP E IAYER I Tq' T OOI. 1( IAIE
PENIO T SIEP E LAYEI 1 Rq{ 1 OOL 15 IATE
PER!@ I SIEP t LAYER t tfl I cot 16 iAIE
PERIOl SIEPE LAYERI Nq' 2 OOt 5 TATE

PERTOI STEPS LAYETT TqI 2 OOL 6 IAIE
PEttol SIEPS tAYEtt tcrr 2 oot 7 mTE
PERIOl SIEPS LAYERl T(rl 2 OOt 8 IAIE
PERIOI STEP8 LAYERl Nqr 2 COL 9 RAIE
PETI@ 1 STEP E IAYEN 1 ftl, 2 GOt 17 RAIE
PERIO 1 STEP 8 IAYER 1 R(rr 3 COL 18 RATE
PERIO 1 SIEP E LAYER I I(IJ 4 COT t9 IAIE
PERIO 1 SIEP E TAYER 1 rq{ 5 OOL 19 RATE

PERI(I) 1 STEP 8 L^YER 1 Rql 6 COt 20 IATE
PERTOI STEPE LAYETI Tq' 7 COL 6 RAIE
PEnt@ t srEP t tYEr l tql 7 oot 7 iAIE
PETIOO 1 SIEP E LAYER 1 ICT' 7 COL 14 RATE
PERI(D I STEP E TAYER 1 Iq, 7 OOt 15 RAIE
PENTO I STEP E TAYER 1 IqJ 7 OOL 20 iATE
PEntol SIEP6 tlYERt t(la E oor, IATE
PERIOl STEPE TAYENI Id.8 COL 8 RATE

PERI(DI SIEPE tlTERl RCH 6 COL 9 TAIE
PERIO 1 STEP 8 TAYER 1 N(tI 8 COt 10 RTTE

PERIOO I STEP 8 LAYES 1 ROU 8 OOL 12 RATE

PERI(D 1 STEP E LAYER I TOII 8 COL T3 RAIE
PENIO 1 STEP 8 TAYER 1 Rfi E OOL T4 TATE

PERIO 1 STEP E TAYER I R(X 8 ClL 16 NATE

PERI(D 1 STEP E LAYEI I Tfl 8 OOL 17 TATE
PEITO 1 STEP 8 LAYEN 1 Rq' 8 OOL 18 TAIE
PERI@ T SIEP 8 LAYCI 1 t6J 8 OOL 20 IATE
PERTOl STEP8 tAYErl r0lr 9 oot I tArE
PERI@1 STEPS TAYERl TqJ 9 ooL 2 RAIE
PERI@1 SIEP8 LAYERl TCT.' 9 Clr 5 BAIE
PERIO I STEP E TAYEX I RqJ 9 OOL 11 TATE

PENIO 1 STEP E LAYER I Iq] 9 OOt 12 RIIE
PERIOO 1 SIEP 8 IAYER I Iry 9 OOL 19 TAIE
PERIO I SIEP 8 LAYER I ICI 9 @I 20 TATE
pERroo 1 srEp 8 tAyER 1 t09 10 001 3 RAIE

PERI@ 1 STEP 8 IAYER I IqT IO OOL 4 IAIE
SIPGEI VAII'ES gILt BE SAI'ED OtI UIIII 28 AI EID OF II'IE SIEP
SI,DGEI VALUES gILt BE SAVED OX UXII 27 AI EIID OF ITilE SIEP

IIEAD IX LAYER I AI EXD OF IITE SIEP E IT SITESS PERTOO

5

t4
4

t3
3

12

I
t0
t9

2
fi
z0

6
t5

7 9

18

E

17t6

999.000
199.000

999.000
199.000

999.000
t99.000

200.000
t99.000

999.000
198.000

999.000
19E.000

999.000
198.000

999.000
999.000

999.000
999.000

0

31a



L
.

z0

999.000
999.000
999.000
999.000
999.000
200.910
999.000
999.000
20.l.398
197.000
999-000
201 -094
197.000
999.000
199.O?5

196.561
999.000
r9E.9E4
196.rT2
201.521
199.000
196.333
201.000
,9.000
196.000
999.000
999.000
999.000

999.000
999.000
999.000
999,000
999,000
202.347
999.000
999.000
200.7t1
999.000
999.000

199.159
999.000
999.000
198.E02
196.000
202.123
198.699
196.000
201.632
198.640
196.000
201.000
199.000
'195.000

999.(x)0
999.000
999.000

999.000
999.000

999.000
201.238

999.000
198.4!2

202.722
198.468

201.906
t98.280

201.419
198.000

200.677
'198.000

201.000
999.000

202.$t
$8.2A

202.422
197.%?

200.000
999.000

200. tzl
198.252

200.753
197.U7

202.2n
197.710

200.376
197.12'

200.000
197.000

999.000
999.000

999.000
999.000

999.000
999.000

200.000
999.000

200.098
198.1 t6

200.789
197.622

202.28
197.5t?

199.911
197.116

200.000
197.@1

999.000
197.000

999.000
999.000

999.000
999.000

200.000
198.000

200.072
197.7a1

202.403
197.422

202.56?
t97.y6

199,W
197.21'

199-191
197.073

199.000
197.000

999.000
999.000

199.000
999.000

200.06r
197.000

202.8t0
't97.109

202.103
197.096

t99.3l5
195.9&

199,205
195.9t2

199.000
t97.000

999.000
999.000

999.000
999.000

.;:;;;
999.000

0.000000
999.000

-2.83044

0.890594

-0.803r3r
0.903839

1.86195
1.0t569

0.795:84
E.793640E-0:

0.000000
0.000000

999.000
999.000

999.000
999.000

200.155 200.000
999.000 999.000

200.427 200.rE7
200.200 198.144

?01.366 200.E7?
198.200 198.002

03

04

05

06

07

08

09

0t0

?02.596 200.7?0
198.215 197.940

201.t2r 200.269
198.093 198.000

200.688 200.000
198.000 198.000

200.215 200.000
999.000 9r.000

200.000 999.000
999.000 999.000

999.000
999.000

oIEAD UtLr BE S VEo Ot lIilT 24 AI EXD OF TIXE STEP 8, SiRESS pERtS I
I ONAI0Ci.III IX TAYER 1 AI ETD OF ItilE SIEP E t[ STIESS PIRTO I

3

12

I
10
t9

2
11

20

9
18

7
t6

6
t5

4

13

5

999.000
0.000000

1.059r3
1.65390

999.000
999.000

8
17

999.000
999.000

14

01

0?

03

04

05

06

o7

08

09

010

999.000
0.000000
999.000
999.000
999.000
999.000
999.000

- 1 .50983
999.000
999.000

- l .39769
0.000000
999.000

-1.09f81
0.000000
999.000
1.97101

0.1t9209
999.000
1.0t543

0.628082
-0.5?4?61

0.000000
0.67389
0.000000
999.000

0.000000
999.000
999.000
999.000

999.000
0.000000
999.000
999.000
999.000
999.000
9r.000

-4.1473f
999.000
999.000

-1.Tm71
999.000
999.000

o.741272
999.000
999.000
f.1981 8

0.000000
-0.1227A7

3.30r50
0.000000

-0.6321 1 1

0.959595
0.000000
0.000000
0.000000
0.000000
999.000
999.000
999.000

999.000
0.000000

999.000
999.000

999.000
-?.23U5

999-000
0.268219

-2.22232
1.53166

-0.4&995
2.52122

-0.119220
0.000000

0.123428
0.000000

0.000000
999.000

0.000000
0.000000

0.E44E33

999.000

0.633804
1.79980

- l .46{t51
1.7f051

-0.595840

1.78391

0.31 1966

0.000000

0.7a7399
999.000

0.000000
999.000

999.000
0.000000

0.000000
999,000

-1 -4722t,
1.99803

-1.47192
2.01302

-0.6E9896

1.05980

0.000000
0,000000

0.000000
999.000

999.000
999.000

999.000
0.000000

0.000000
999.000

-0.12132t
o.7t7m1

0.217177
2.19325

-1.27477
2.2E981

1.32448
1.57481

999-000
999.000

999-000
999.000

1.57329 -0.187119

t.068'lt5E-04 1.E5617

-9,815979E-02 -7.215881E.02 -1.46071
0.884293 0.256241 0.000000

0.000000 0.000000
999.000 0.000000

-0.189209 -2,40109
1.17t53 1.r7U9

-1.28825 -1.16'224
1.4817 1 .61425

9.3963628-02 0.17!031 3.05{EtG-02 0.a00000,
0.720tr13 -9.278870E-02 0.000000 0.000000

o-l',,,0,,o 0.508743
0.906113 0.927322

999.000 0.000000
0.000000 0.000000

999.000 .999.000
999.000 999.000

1.J9075
1.7853r

999.000
999.000

999.000
999.000

"1 
A

2OZ.tS7
198.4V



Io

(DtAtDqil ytLt 8E s tED ofl uxtl ?5 AT EID of TUIE SrEp 8, STnESS pERrO I
0

VOLIiIEIRIC BTDGET FOR EIIIITE XOOEL AI ETD OF IIHE SIEP 8 tII STRESS PENTOO r

clrt LATlvE volulEs L.r3 RATES foR TXIS llttE STEP 1ft3/T0

0

0

0

0
0

0.00000
0. I tl06E+07
0.10646Ei07
0.00000
0.21950E+07

0.00000
0. t7l46E+07
0.00000
0.48032E+06

0.2tlt50E+07
- I .5000

0-00

TtxE stl[uty AT EXD 0f ilIE SIEP 8 tx slnEss pERto I
SEOilDS TITUIES iqNS

:::
SIilAGE t

O(tSTAtlI [ElD .
nECmncE r

Efr
TOIAL II .

T:
STonAGE '

OOISIAIIT llElD .
RECIAnGE =

ETr
rorAt crr r
lI-q,l3

PERCETI DISCREPAXCY r

:::
SIORAGE t

COISIAf,I flEAD =
RECIARGE s

EI'
IOTAL lX =

:::
SIORAGE r

ColtSIAlI ttEAD 3

nECil tcE =
Ef=

TOIAL tul s

lll - CJI =
PEICEII DISCREPAXCY =

0-00000
t&5.3
4371.1

0.00000
9020.t

0.00000
7045.5

0.00000
1973.9
9020.4

0.19531E.O2
0.00

0

0AYS YEARS

rlrE srEP LErcrH 0.262E008+07 43E00.0 z30.oo0 to.416t o.E32z6lE-ot
srnEss PEllo rIxE 0.210240r+08 rs&oo. s860.oo 243.133 0.6662t0

TorAt slrrlATlor Tlt{E 0.2102408.08 !5o4oo. 5a40.00 243.93 o.666zto
I

I tIEnAItOaS tOR rtIE STEP 9 tx sltEss pEttoo r
Ouxtnil [E^0 CIAIGE Ffi EACI| tIERAItOt:
o IIEAD cllAxGE L YEt,Rqr,OOr rEAD c[ArGE LAYER,ROII,OOL [ElD ClrAlcE tAyEt,tcH,Got I|EAD ct{AxcE rAyER,RCll,coL I1EAD CIAXGE t1yEr,tfl,co

-0.69238-6 ( 1. 5, 9)
0
ollEAD/oR^tDqllt PRIXT(UT ftAG t I TorAt SIDGEI PRtxIq,I FIAG s t
OCT'TruI FIAGS fff ALL IAYERS ARE TilE SAilE:

ltEto DtArDqil IEID 0R loq'til
PRIIIq'T PIIXT(I'T SAVE SAVE

CELL-BY-CELL fLota IERII fl^c : I

I
coxslAxt
ootsr^lr
ooilsrAlrr
cilsrAlll
coxstAilr
m[sr^lrr
00ilsTAIt
00ltsTAltr
oolsrAllr
lottsIAII
coilsrA[r
00ltsrAxT
cotstAltl
cils?Alrr
cotsrAxl
corsrA[t

I
IIEAD

I{EAD

IIEAD

IIEAD

rEl0
lIEAD

IIEAD

IEAo
IIEAD

IIEAD

I{EAD

I{EAD

IIEAD

XEAD

IIEAD

XEAD

LAYER

LAYET

TAYER

!AYER

um
t-AYEX

LAYER

LAYER

LAYET

LAYER

LAYER

TAYER

LAYEN

LAYEN

LAYER

IAYER

IAIE
RAIE

rATE

TAIE

RAIE

TATE

TATE

rATE

IAIE
RAIE

RAIE

TAT€

IAIE
t^tE
IAIE
RATE

I
PEtto I
PERTO I
PERI(D I
PERIO I
PERI(D I
PEnt@ I
PEtr(D I
PERIO T

PERIO I
PERIO 1

PERIOO 1

PETI@ 1

PENI(D I
PERIO 1

PERIOO I
PElto t

Rq,
RqJ

n(I,
RqJ

r(tl
n(lJ
RCIJ

tql
l0[l
lol
tql
Rql
R(H

tqa
tclr
t(tl

ool 4
oot l0
!01 tl
col 12

00r t,
col t4
aol l5
col 16

001 5

001 6
00t 7

coL 8

coL 9
cot 17

0or tE
mt 19

-fl0.&)80
0.0000000
0.0000000
0.0000000
0.0000000
0.b000000
0.0000000
0.0000000
-211.6019
-u.5?492
-69.93570
-5r.35r21
-76.44461

16.76003
- r 17.3r41
-6E.66843

31q

t
srEp g

SIEP 9
SIEP 9
STEP 9
S?EP 9
STEP 9
SIEP 9

STEP 9
STEP 9
SIEP 9.SIEP 

9
SIEP 9
SIEP 9
STEP 9
SIEP 9
SIEP 9



Io

CONSTAIII

oilstAltr
cotsrAxl
cotasT^ltr

00ltsrAt{r
colsIA[T
oilsr^[r
00trsTlIr
oilsrAllT
00atsrAxr
00rsrAxr
corsTAlr
corsTAxr
ooltSTAIr
cilsr^lT
c(ttsrArtr
cilsrAxr
oof,sTAxr
@ISTAXT

cotsr^xr
00ltsr^rr
00rsrA[r
00.lsr^[r
GoISIAIT
cilslAltI
00ltsrlxr
cotsrAlrr

PER tCT)

PERIO
PERIOO

PERI(D

PERIOO

PERI(D

PERI(D
PERIOO

PERIOO

PERIOO

PERI(I'
PERIO
PERT(D

PEIIO
PEII@
PERIO
PERI@

PERI(D
PEIIO
PERIO
PETI@
PERI(D

PERIOO

PERIO
PERI(D
PERIO
PERIO

STEP 9
S?EP 9

SIEP 9

SIEP 9
STEP 9
STEP 9

STEP 9
SIEP 9
SIEP 9
STEP 9
SIEP 9
STEP 9
STEP 9
STEP 9
SIEP 9
SIEP 9
STEP 9
STEP 9
STEP 9
STEP 9
SIEP 9

STEP 9
STEP 9

SIEP 9
STEP 9
STEP 9
SIEP 9

rAYEt t
LAYER 1

LAYER 1

I.AYET 1

tlvEt I
I^YEN I
TAYER 1

TAYER I
UYEN 1

TAYER I
LAYEN 1

TAYER t
I.AYER 1

IAYER 1

IAYER 1

IAYER I
I^YET T

LAYET T

IAYER I
IAYEn 1

TAYER I
TAYER I
TAYER 1

TAYER 1

tAYEt 1

LAYEN T

TAYER I

RAIE

RAIE

IAIE
RATE

RAIE

IATE

tATE

RATE

TAIE

TAIE

IAIE
RAIE

TATE

TAIE

TAIE
IAIE
RATE

NAIE

IAIE
RAIE

TAIE

RAIE

TAIE

IAIE
RATE

RATE

TAIE

riEA0

IIEAD

IIEAD

IIEAD

HEAD

I{EAD

'IEADI{EAD

IIEAD

I{EAD

I{EAD

IIEAD

lEA0
IIEAD

IIEAD

IIEAD

I{EAD

IIEAD

IIEAD

IIEAD

IETD

IIEAD

IIEAD

IIEAD

I{EAD

IIEAD

IIEAD

tqt 5 001 t9
r0r, 6 coL 20

Rql7C016
toJ 7 ooL 7

nqJ 7 col 14

Rql 7 coL t5
rfl 7 coL 20
Rfl8COL5
t6J 8 ooL E

tfi8coL9
t(r, E 001 l0
n(rr E cor t2
rcl E c(x. t3
tcr E cor la
IqJ E OOL 16
r(rr 6 001 t7
Rq, E Oot lE
Rqr 8 !01 20
rcrl900Lt
Rql9GOL2
ncr 9 ooL 5

t(tt 9 cot 11

tor 9 00t- t2
tq, 9 mL 19

Rou 9 col 20
tqa t0 0u I
tcH t0 @L 4

408.6(19
-!/-t.1L?4
-220.6913

3rE6.215
.21.87E72
-3?9.1192
-225.60n
-244.11a6
-to20.Tt6
-140.52E9

252.1902
-6r4.40E3
-60.E2795

0.0000000
-5E.E8E50
-45.53958

459.@2
-201.3971
-39.98979

42-27718
-152.1rm
241.!97?

0.0000000
-201.3971

0.0000000
90.6E871
-1rz.lrm

RECIATGE{ S{pGEMLTES Uttt 8E S VEo 0I lrllr 28 Ar Exo 0r TmE sIEp 9. sTnEss pEtto
Ero BTDGET V LTES UrLL SE SIVED'oI| UXti 27 Ar EID OF rtriE SrEp 9, SIRESS pERrO

IIEAD T'I.LAYER I AI EID OF TITE STEP 9 IT SITESS PERTO 1

1

10

19

6
1'

5

14

4

l3
2

fi

::
1?

9

18

8
17

7

t6

0

01

02

04

05

06

OE

09

999.000
199.000
999.000
999.000
999.000
999.000
999.000
200.910
999.000
999.000
201.198
197.000
999.000
201.094
t97.000
999.000
r99.026
196^561

999.000
198.984
196.t72
201.r?4
199.000
196.333
201.000
999.000
196.000
999.000
999.000
999.000

999.q)0
199.000
999.000
999.000
999.000
999.000
999,000
202.y7
999.000
999.000
200.771
999.000
999.000
199.159
999.000
999.000
r98.802
196.000
202.123
198.699
195.000
201.6t2
198.640

999.000
199.(x)0

999.000
999.000

999.000
201.2:'8

999.000
198.132

20?.72?
r98.468

202.467
198.4n

201.906
198.280

201.419
198.000

200.8n
r98.000

20t.000
999.000

200.000
199.000

200. r55
999.000

?00.427
200.200

201.366
'r98-200

202.461
198.229

20?.596
r98.2t6

201. ta
198.093

200.688
196.000

200.2r3
999.000

200.000
999.000

999.000
r98.000

200.000
999.000

200.8r2
r98.00?

202.422
197.987

200.790
197.940

zg(t.269
198.000

200.000
198.000

?00.000
999.000

999.000
999.000

999.000
198.000

200.000
999.000

200.121
198.262

200.8t
197.E07

202.28
197.710

200.376
197.425

200.000
197.000

999.000
999.000

999.000
999.000

999.000
999.000

999.(x)0
198.000

200.000
999.000

200.098
r98. 1 16

200.789
197.6??

202.28
197.9r2

.l99.941

197.*6

z(xr.000
197.@4

999.000
197.000

999.000
999.000

999-000
999.000

999.000
999.000

202.403
197.L22

202.162
197.Y.6

199.609
197.215

199.491
197.073

199.000
t97-000

999.000
999-000

19t.(x,0
999.000

200.061
197.000

202.830
197.109

202.103
197.096

r99.336
196.9&

199.4t
196.912

199.000
197.000

999,000
999.000

999.000
999.000

3

200.000
t98.000

200.072
197.7U

200.187
198.144

999.000
999.000

999.000
999.000

0 7

t96.000
20r.000
199.000
195.000
999-000
999.000
999.000

0t0

316

0
0

0

0

0

0

0

0
0

0

0

0
0

0

0
0

0

0
0

0
0

0

0

0

0
0

0
,
I

t



I
t

OHEAD T'ITL 8E SAVEO OI UXII 24 AI EXD OF TIilE SIEP 9, SIRESS PERIoo 1

I DRAID(rfl IX LAYER I AT EXD OF ITIIE STEP 9 IX STRESS PENIO I

2
11

20

3
12

5
t4

4
1'

I
t0
t9

6
15

9
t8

7
16

8
17

o r 999.000 999.000 999.000 0.000000 999.000

0.000000 0.000000 0.000000 0.000000 0.000000

999.000 909.000
o 2 999.OOO 999.OOO 999.000 0.844853 o.OOOOOO

999.000 999.000 999.000 999.000 999.000
9r.000 999.000

0 3 999.000 999.000 999.000 1.5TlA -0.t87119
-1.509E3 -4.1a737 -2.N3 1.0681158-04 l.t55t7
999.000 999.000

o 4 999.000 999.000 999.000 0.633804 -1.tn24
-r.39769 -1.77071 0.26a219 1.79980 1.99801
0.000000 999.000

0 t 999.000 999.00t) -2.2242 -1.460:il -1.4?192
-1.09581 o.7L1272 1.5316E 1.7051 2.01302
0.000000 999.000

0 6 999.000 999.000 'O.t66995 -0,595840 '0.5896%
1.97401 3.1961E 2.5A22 1.7E39t 1.05980

0.459209 0.000000
0 7 999.000 .0.122787 9.t96:t62E-02 0.179031 3-0568r0E-02

1.01643 3.30150 0.ZO4r3 .9.279870E-02 0.000000
0.64E0E2 0.000000

0 E -0.524261 -0.6211r -0.419220 0.311966 0.000000
0.000000 0.959595 0.000000 0.000000 0.000000
0.66RE9 0.000000

0 9 0.000000 0.000000 0.1&28 0.787399 0.000000
999.000 0.000000 0.000000 999.000 999.000

0.000000 0.000000
0 10 9r.000 999.qn 0.000000 0.000000 9r.000

999.000 999.@0 999.000 999.000 999.000
9r.000 999.000

DnAlD(lil gltl BE sA\rED Ot UXIT 25 Ar EXo 0F ImE SIEP 9, STnESS PErroO 1

0

:::
SIonAGE =

OOISIAIT IEAD !
RECHARGE =

EI=
IoIAL I[ =

:::
SToRAGE -

COISIAII IEAD =
RECIARGE 3

EI=
tor^L ct T r
tx - ctr "

PERCEII DISCREPAICY 3

0.00000
O.'127178+07
0. t 19ZE+07
0.00000
0-24693E+07

0.00000
0. l9?90E.07
0.00000
0.540368+(b
0.24693E+07
- t.2500

999.000
0.000000

0.000000
999.000

-0. r2r323
0.737701

o-247177
2. 19525

-1.?7477

2.289Et

1.32448
t.5768r

0.000000
0.000000

999.000
999.000

999.000
999.000

999.000
999.000

1.05913
1.65390

1.39075
r.7\531

999.000
999.000

0.0000q)
999.000

-2.43044
0.E90594

-0.8031 16
0.9014t9

1.86395
1.03569

0.795334
8.79:1540E-0?

0.000000
0.000000

999.000
999.000

999.000 999.000
0,000000 999.000

0.000000 0.000000
999.000 0.000000

-0.189209 -2.40309
1.1775' r.57149

r.28E25 -1.56224
1.46E17 1.6542'

-9.El5979E-02 -7.215EEtE.02 -1.46[t7t
0.88429t 0.?56?41 0.000000

0.000000 0.508743
0.905113 0.927722

999.000 0-000000
0.000000 0.000000

999.000
999.000

999.000
999.000

999.000
999.000

999.000
999.000

999.000
999-000

0

VOLI,lElRlC BTDGEI toR EIIIIRE IiOEL AI EllD OF llliE S'EP 9 lI SIRESS PERT(D I

crfirL^IlvE roLurEs 1..3 RAIES FOR TXIS IIIiE SIEP L'T3/I

:::
SIoRAGE 3

COISTAXI IEAD =
RECIARGE =

Ef=
TOIAL II t

q,T:

SIORAGE =
COISIAII fiEAD t

REgfiARGE :
ET.

IOIAL q'I -
lI-CUI=

PERCEXI DISCREPAICY 3

0.00000
7U6.5

0.00000
19f3.9
9020.4

0. t953tE.02

0.00000
4645.3
437).1

0.00000
9020.40

0

0

0

0

317

0.00 0.00



T

0

TI'.IE SI'.II,IARY AI EIID OF IIiIE STEP 9 I[ STRESS PERIO 1

sEcotos HmuIEs {qJns DAYS YEARS

TtxE sTEp LExGil{ 0.262E008}07 43800.0 2t0.000 ,0.4167 0.E327638-Ot
SIiESS PEnt(! TtxE 0.2365208+08 394200. 6570.00 ?T|.t5,O O.t4948t

ToIAL Stlt LAIlil TIIE 0.2365208+08 !96at0. 6570.00 ZtZ.?iO O.?4g4Bz
I

I tIERATtOtS rfi TIHE SIEP t0 tI srrcss pEtt@ 1

ilAXtnfi IEAD CIA{GE foR EACI| tTEtAItOt:
0 IIEAD CI{AXGE LAYEt,t(lr,ooL xElD cllAxGE tAYEt,l(lr,cot IEAD CIAIGE t YEt,Rqr,coL [EtD cltA[cE t yEt,lql,oot iEAD Clt xGE LAYER,I(X,OOI^

0.6536E-06 ( 1, 5, 9)
0

ollElD/DRllDqJtl PRlllTqrI fLAc 3 | TOTAL ADGEI pRrxlqrl fLAG = 1

Oq,IruI fl^6s TM AL! TAYERS ARE IIE SArlE:
flE D DRllo(til IEAD DtAlO(IJr

PRIITq'T PNI$CT'I SAT'E SA1G

CEI!-8Y-CELL llos TERI FtAc = I

t1
ooilsl^xr I|EAD

corslAll BEAD

oolslAxl I|EAD

OOISIilI IIEAO

coxslAltl flEAD

oo[sTAlI IEAD

ooftsT^lr? ilEAD

corsIAII I|EAD

ooilsT^ltT IEAD

oOtsIA[T I|EAD

ooflsrAlr tEAo
cotsT^ttT I|EAD

coxslAfll IEAD

CilSI^II IIEAD

oolslAxr |{EAD

oolsT^xr ilEAD

corsr^xr I|EAD

colsT^xr I|EAD
' coxsl^ltT t{EAo

cotslAxr IEAD

colslAlr |{EAD

ootslAirr |{EAD

colsIA[I flEAD

cotslAxr taEAD

@ilslAltT I|EAD

colsl^lr |{EAD

oorsTAlt [ElD
cotst^xl flEAD

cotst^lrl IEAD

coxsl^ltl I|EAD

cotsTAIT |{EAD

Co|ISTAIII HEAD

cltasl^lr IEAD

cotsl^xr [EAo
cotsTA[I |{EAD

coilsrAltT llEAD

_ coilslA[I IEAD

cotsIA[T I|EAD

OOISIATT IEAD

colsrAltr |{EAD

cor.slAlrT IEAD

cotsl^xl xEAD

clNtsTA[I IEAD

I
SIEP 'IO

SIEP IO
SIEP 10

STEP 10
srEp 10

SIEP IO
SIEP IO
STEP TO

STEP 10
STEP IO
SIEP 10

STEP IO
STEP IO
STEP 10
SIEP TO

SIEP TO

SIEP IO
STEP TO

SIEP IO
STEP IO

STEP'IO
STEP IO
SIEP TO

stEP t0
STEP TO

srEP l0
srEp l0
STEP 10

STEP 'IO

STEP TO

STEP TO

STEP 10

SIEP TO

STEP 10

SIEP IO
STEP 

'OSIEP 10

STEP 10

STEP IO
SIEP IO
STEP IO

SIEP 10

SIEP 10

- l r0.Eo80
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
-244.6019
',i6.52t92
-69.9:1570
-51.35721
-76.t4451
16.7&01

- 1 t7.3140
-66.65843

20E.6069
-313,1121
-220.6913

5185.215
-21.E787
-529.5192
-u5.@72
-214.1146
-10?0.775
-140.6289

252.5902
-614.4082
-60.82794

0.0000000
-58.88850
-45.53958

459.W2
.201.t971
-59.96979

42.2V17
- 152. r570
241.rg'n

0.0000000
-201.397r

0.0000000
90.68871

- 152.1 570

1

PERIO
PERI(D
PERI(D

PERT(D

PEIt(D
PERIO
PERIO
PERIO
PERIO
PERI(D
PEIIO
PERIO
PETT@

PERIOD

PERIO
PERIO
PEII(D
PERIO
PERTOO

PERIO
PERIO
PEII(D
PERIOO

PERIO
PERIOO

PERIOO

PERIO
PERIO
PERIO
PEIIO
PERI(D

PERIO
PERI(D

PEntq)
PERTOO

PERIO
PEnt00

PERIO
PER IOO

PERIO
PERIO
PERI(D

PERIO

LAYEN

TAYER

TAYER

TAYEN

IAYEI
IAYER

LAYER

LAYER

TAYER

IAYER

IAYER

TAYER

LAYER

TAYER

TAYER

I.AYER

TAYER

TAYEN

LAYER

TAYEI

IAYER

LAYER

LAYER

LAYER

IAYER

LAYER

LAVER

LAYER

LAYER

LAYER

LAYER

LAYER

LAIER

TAYER

LAYER

TAYER

TAYER

LAYER

IAYER

LAYEI

IAYER

TAYER

TAYER

tor l 00L 4 tIE
R(X 1 COL 10 RATE

tql 1 col tl tTE
nq, t cot t2 RArE

tcn t cot 13 iATE
R(rr I 001 14 t IE
tou t cot 15 RArE

RCt I CoL 16 nATE

RqJ2cotSiATE
Rq,?@L6IAIE
lqJ20orTiATE
tor2coLStArE
tolz00t9RATE
tq, 2 001 17 tArE
lol 5 00r t8 t TE

rcH 4 col 19 tlIE
tql 5 coL 19 RAIE

RO' 6 001 20 IAIE
nolTcot6RAIE
RCJTOOLTRAIE
rorJ 7 cor 14 IAIE
rc[] 7 coL 15 RAIE

t09 7 col 20 RATE

toiScol5RArE
torJSootSiATE
ROr 8 00L 9 tTE
rq, I coL t0 iATE
Iqr 8 ooL t2 IATE
rol 8 001 13 RATE

ror 8 coL 14 RAIE

RorJ 8 'q,L t6 tAlE
ROr I 001 17 iATE
l(r 8 0(I. tE iAIE
rqi E cor 20 tArE
RqJ9OOLIRATE
RCH9COt2RAIE
ROr9CoLSiATE
lq, 9 cot tl t IE
ror 9 col 12 rArE
nqa 9 coL t9 t tE
RqJ 9 OOL ?O IAIE
Rfl IO COL 3 RATE

tqJ 10 cot 4 iAIE
RECHASGEtr EI.DGEI VALUES IITLL 8E SAVEO Oil UXII 28 AI EID Or TtilE SIEP 10, SIRESS PEITOO T

3't8

I

0

0
0

0

0

0



Ertr ElpGEr v luts 9lLL BE sAvED il ulltr 27 AT Ello ot rtilE stEP ro, sTREss pERIoD I
IIEAD IX IAYER I AT.EXD Of II!4E SIEP IO tX SINESS PERIOO r

1

10

t9

9
18

7

16

6
t5

5

14

4

13

2
11

20

999.000
999.000

l
1?

8
17

0l

02

03

04

05

06

07

08

09

010

999.000
199.000
9r.000
999.000
999.000
999.000
999.000
200.910
999.000
999.000
201.398
t97.000
999.000
?01.994
t97.000
9t9.000
199.026
196.551
999.000
198.964
196.372
201.524
199.000
196.331
201.000
999.000
t%.(x)0
999.000
999.000
999.000

999.000
t99.000
999.000
999.000
999.000
999.000
999.000
202.y7
999.000
999.000
290.771
999.000
999.000
199. t59
999.000
999.000
198.&2
196.000
202.18
198.699
196.000
201.632
r98.640
196-000
201.000
t99.000
195.000
999.000
999.000
999.000

999.000
199.000

999.000
999.000

999.000
201.238

999.000
r98.432

202.722
t96.466

20?.467
198.477

201.906
198.280

20t.at9
198.000

200.877
198.000

200.000
199.000

200. I 55

999.000

200.4?7
200.200

201.356
r98.200

202.461
19E.28

202.596
198.216

201 .121
198.093

200.688
t98.000

200.213
999.000

200.000
,9.000

999.000
198.000

999.000
198.000

999.000
198.000

200.000
999.000

200.098
.l98. 

I 16

200.789
197.622

20?..288
197.532

199.941
197.y6

200.000
197.091

999.000
197.000

999.000
999.000

999.000
999.000

200.000
999.000

200.187
19E.14[

200.872
198.002

202.422
197.987

200.7p0
197.940

200.259
198.000

200.000
198.000

200.000
999.000

999.000
999,000

200.000
999.000

200.121
198.262

200.753
197.607

20z.zT5
197.710

200.375
197.4?5

200.000
197.000

999.000
999.000

999-000
999.000

999.000
999.000

200.000
198.000

200.072
197.7U

202.103
197.422

20?.562
197.*6

199.509
197.21'

199.491
197.O77

199.000
197.000

999.000
999.000

999.000
999.000

999.000
999.000

199.000
999.000

200.061
197.000

202.E30
197.1ff

202. r05
197.@6

r99.336
196.954

199.205
196.912

199.000
197.000

999,000
999.000

999.000
999.000

999.000
999.000

0.000000
999.000

-2.83&4
0.890594

-0.8031r1
0.903839

1.86395
1.03569

0.795314
8.793640E-O

201.000
999.000

OIIEAO gItI BE SAT'ED Ofl UIIII 24 AT ETD OF TTIIE SIEP tO, SIRESS PEN!@ r
I Dl^loqil r[ I^YER 1 AI EIID OF IIXE SIEP rO rX SIRESS PERT(D

999.000
0.000000
999.000
999.000
999.000
999.000
,9.000

- 1 -50983
999.000
999.000

- 1 .59769
0.000000
999.000

- 1 .0938r
0.000000
999.000
1.97101

0.419209
999.000
1.01643

999.000
0.000000
999.000
999.000
999.000
999.000
999.000

-4.14737
999.000
999.000

-1.n071
999.000
999.000

0.74127?
999.000
999.000
3,19E16

0.000000
-0.1227E7

5.30150

999.000
0.000000

999.000
999-000

999.000
-2.23U3

999.000
0.2a;n9

-2.2223?
1.53168

.0.466995

2.5?322

4

t3

0.000000
0.000000

0.E44833

999.000

0.63t804
1.799&)

- r .4605r
1.7m51

-0.595840

1.ru91

0.000000
999.000

-0.12132:t

0.737701

0.217177
2. r9325

- 1.2747t
2.28981

1.12448
1.17481

0.000000
0.000000

999.000
0.000000

0.000000
999.000

0.000000
0.906r r3

999.000
999.000

0.000000
0.000000

0.508743
0.9273??

1

10
t9

z
tt
20

9

18

7
16

6
t5

3
1?

5

11
I

17

0t

02

03

04

05

06

07

0.000000
999.000

1.5Tt,9 .0.187119

1.068fi58-04 1.83617
-9.815979E-02 -7.2158818-02 -1.46074
0.E84108 0.u6211 0.ooo0o0

-1.87221

1.99803

-1.42192

2.01302

-0.689896

1.05980

-0.189209 -2.40309
1.r775.S 1.57849

-t.288e5 -1.56224
1-46817 1.65425

1.39075
1.7853r

.05913

.61390

9.1963628-02 0.17!031 3.o548tOE-02
0.72(}413 -9.27C8708-02 o.0oo0oo

31o

t

I

999.000 999.000
0.000000 0.000000



08

09

196.372
?01.521
199.000
196,313
20t -000
999.000
196.000
999.000
999.000
999.000

196.000
201.632
198.640
196.000

20t.419
198.000

200.877
198.000

200.688
t98.000

200. ?13

999.000

200.000
999.000

200.000
198.000

200.000
999.000

999-000
999.000

999.000
999.000

999.000
999.000

999.000
999.000

r99.000
r97.000

999.000
999.000

199.000
197.000

999.000
999.000

999.000
999.000

999.000
197.000

201.000
999.000

201.000
199.000
195.000
999.000
999.000

999.000
0-000000

0.000000
0.000000

0.844853
999.000

0,63:,804
1.79980

- I .4605 1

1.7t051

-0.595840
1.78591

0,31 1966

0.000000

0.787399
999.000

0.000000
999.000

999.000
0.000000

0.000000
999,000

1.87224
1.99803

-1.42197
2.0r302

-0.689895
1.05980

0.000000
0.000000

0.000000
999.000

999.000
999.000

999.000
0.000000

0-000000
999,000

-0.121323

0.737701

0.247177
2.19125

-1.27L77

2.28981

1.32448
1.17481

999.000
999.000

999.000
999.000

999.000
999.000

999.000
999.000

999.000
999,000

999.000
0,000000

0.000000
999.000

-0.189209

137n3

-1.2C825

1.4817

1.05913
1.65390

0.000000
0.9061 13

999.000
0.000000

999.000
999.000

999.000
999.000

999.000
999.000

0.000000
0.000000

-?.40ro9
1.57U9

-1.552?4

1.654?5

1.59075
1.78551

0,508743
o-927322

0.000000
0.000000

999.000
999.000

999.000
999.000

0.000000
999.000

-2.830/,1
0.890594

-0.8031 16

0.905839

999.000
999.000

9
18

8
17

7

16

010

999.000

OXEAO UILL 8E SAVED ol{ UXIT 24 AT EXD OT IIHE SIEP 1I, SIRESS PERT(D I

I oR^rooutl ttl LAYER I AT EtaD Ot rlxE STEP 11 lll STRESS PERloo 1

1

t0
t9

2
11

20

5

14

4

13

3

12

6
t5

0l

0z

03

04

05

07

08

09

010

999.000
999.000

999.000
0-000000
999.000
909.000
999,000
999.000
999.000

- 1.50983
999.000
999.000

-1.19759

0.000000
999.000

- 1 .09381
0.000000
999.000
1.9740'.1

0.439209
999.000
1.01643

0.528082
-0.5?1261

0.000000
o-67389
0,000000
999.000

0.000000
999.000
999.000
999.000

999.000
0.000000
999.000
999.000
999.000
999.000
999.000

-4.14737
999.000
999.000

-1.77071
999.000
999.000

0.741272
999.000
999.000
3.19818

0.000000
-0.122787

3.10150
0.000000

-0.6321 1 1

0.959595
0.000000
0.000000
0.000000
0-000000
999.000
999,000
999.000

999.000
-?.23U5

999.000
0.268219

-2.22232
r.51168

-0.466905

?.12322

-0.419220
0.000000

0.1?3428
0.000000

0.000000
990.000

1.57329 -0.187119

1.([8115E-04 1.E5617

-9.El597?E-02 -7.215881E-02 -1.4@74

0.884293 0.216211 0.000000

9.r96362E-02 0.17903.1 5.0t4Et0E'02 0.000000

o.z04t3 -9.27r870E-02 0.000000 0.000000

999.000
999.000

1.86395
1.0t569

0.795334
8.793540E-02

0.000000
0.000000

999.000
999.000

999.000
999.000

ooRAro(,tfl urLL 8E SAVED Oll Ulltr 25 AT Ello ot rrilE srEP 11, STIESS PERIoD 1

0

0.00000
0.13542e+OT
0.14638E+07
0-00000
0.30181E+07

VOLI'IEIRTC $DGET TOR EIITTRE I'IOOEL AT EXD OT III,IE STEP 11 tII SIRESS PERIOO 1

CUi{JLAIIVE VOLI 'tEs Lrt3 RAITS FOR TIITS TII4E STEP LT3/I

I )l:

0.00000
46{5.3
1375.1

0.00000
9020.4

0
0

STORAGE E

COISIAIT fiEAD :
RECflARGE '

ET=
ToIAL l[ =

:::
322

:::
STORAGE =

COilSTAII HEAD =
RECflARGE 3

ET=
TOTAL IT =

Y:

0



0
0

0

j

STORAGE

co)tsTA[T HEAD

RECHARGE

ET

TOTAL (lJT

IT . CT,,T

PERCEIIT OISCREPAIICY

0.00000
0.235768+07
0.00000
0.66044E+05

0.301818+07
-0.75000

STORAGE !
CotlSIAxT IEAD =

RECIIARGE =
EI=

TOTAL qJI =
lll - (IJT =

PERCEIII DISCREPA'ICY J

YEARS

0,00000
7046.5

0.00000
197t.9
9020.4

o.n297e-02
0.00 0.00

0

lntE st,ilARY AT EltD 0F ImE SIEP 11 llt SIRESS PERT(D I
sEcoros ilxulEs ltct Rs DAYS

InaE sTEp LElrcTH 0.252800€+07 438{10.0
STIESS PERI(D TIIIE 0.2890&)E+08 481800.

IoTAL SIilULAtloft IlxE 0.289O80E+08 481E00.
t

I TTERAIIO}IS FOR TIXE SIEP 12 TII STRESS PERTO I
OrAxt!{il |{EAD orAxGE FOR EACH tIErATtOt:

730.000
8030.00
8030.00

t0,4167
334.583
33(.583

0.8327638-01
0.916039
0.916039

0 IIEAD cll^llcE LAYER,ROiI,COL IIEAD CllAllGE LAYER,Rq|,COL IEAD CIAIGE LAYER,ROII,COL I|EAD CI|AIGE LAYER,ROI,COL HEAD CEAltcE LAYER,iO9,COL

0.66t5E-06 ( 1, 5, 9)
0

orEAD/oRAtoOytt PRllTqrT ftAG - 1 IOTAL BTDGEI PRtilTOI FLAG = I
Oq,TruT FI^GS FOR AtL LAYERS ARE IIIE SAilE:

I|EAD DRA|DOUI iEAD DRAUDot'il

PRIilTq'I PRITIq'T SAVE SAVE

CELL-BY-CELL tlqa IERI rLAc = 1

1t
0 cotst^xT I|EAD

0 corsTAxr IEAD

0 0orsT^ltT IEAD

0 ooxsT^lrT I|EAD

O @XSTAXI HEAD

0 oottsTA[r fitAD

0 co[sTAIr flsAD

0 m[sTA[T iEAD

O CINSIAXI HEAD

0 cotslAlrr IEAD

0 c![sIAxT flEAD

0 coNsr^ltr flEAD

0 . cotsr^[I HEAD

0 co{sr^}tl HEAD

0 coilslAlT |{EAD

0 c!ilsr^[r t{EAo

0 coxsrAilr flEAD

0 co{sT^ltT IiEAD

0 colsr^xr I|EAD

0 coilslAltl ]|EAD

0 coftsl^ltr IEAD

0 cor{srArar HEID

0 coflsT^xr I|EAD

0 oolsrAltr HEAD

0 cotsT^lfi IIEAD

0 Co|{STAIT [EAo

0 coilsr^[r |{EAD

0 corsrArr f€AD

0 colsT^xT HEAD

0 ootsr^lll IIEAD

0 colsr^llt I|EAD

0 croatst^ltT I{EAD

0 coIsTAltI |{EAD

0 coilsIAIT xEAo

I
PERIOO 1

PERIOO I
PERIA 1

PERIOO T

PERIO 1

PERIOO I
PERI(I) I
PERIOO 1

PERIOO 1

PERIO I
PERTO 1

PERIO I
PERIO 1

PERT(I) 1

PERIO 1

PERI@ I
PERIO 1

PERIO 1

PERIOO 1

PERI(I) 1

PERIOO 1

PERIM 1

PERIO I
PERTM 1

PERIOO I
PERIO I
PERIOD 1

PERIOO 1

PERIOO 1

PERI@ I
PERI@ 1

PEtto t
PERTO 1

PERIO 1

- r r0.8080
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
0.0000000
o.000oo0o
-211.6019
-%.52492
-69.93570
-51.t5721
-76.44461

16.75001
- 1 I 7.3140
-6a.e2
208.6069

-r43.1424
-220.6911
3186.215

-21.87%2
-t29.5192
-225.&72
-244.1146
-3020,7t6
- 140.6289
252.590?

-614.1082
-60.82792

0.0000000
-58.88850
-45.53957

459.088?
-201.397r

I
STEP 12

SIEP 12

STEP 12
SIEP 12
STEP 12

STEP I?
STEP 12

SIEP 12

SIEP 12

SIEP 12

SIEP 12

srEP 12

STEP T2

SIEP 12

SIEP 12

STEP 12

STEP 12

SIEP 12
SIEP 12
SIEP IZ
SIEP 12

SIEP 12

SIEP 12

SIEP 12

SIEP 12

SIEP 12

SIEP 12

SIEP 12

STEP 12
SIEP 12

STEP 12

SIEP 12

SIEP 12
STEP 12

LAYEI 1

LAYER 1

LAYER I
LAYER T

LAYER 1

LAYET 1

TAYER I
TAYER I
LAYER 1

LAYER 1

LAYER 1

LAYER 1

LAYER I
LAYER ,l

LAYER I
LAYER I
LAYER 1

LAYER 1

LAYER I
LAYER I
LAYER 1

LAYER T

LAYEi I
LAYER 1

LAYER 1

LAYER 1

TAYER 1

TAYER T

LAYER 1

LAYEI 1

LAYER I
LAYER I
LAYER I
LAYER 1

RATE

RAIE

RATE

TATE

RAIE

RAIE

RATE

RAIE

RAIE

RATE

RATE

RAIE

RATE

RAIE

RATE

RAIE

RATE

RAIE

RAIE

RATE

RATE

RAIE

NATE

TAIE
RATE

RATE

RAIE

RAIE

RAIE

RATE

RAIE

TAIE

RAIE

RATE

tot t coL 4

FqJ I CoL l0
ROI I Clr ll
to, 'l coL 12

ROI I @L t3
ROr t 001 14

Rql t coL 15

roL 1 cor 16

tou 2 col 5

ROI 2 CoL 5
RorJ 2 col 7

RG, 2 COL 8
t(lr ? cot 9
Rqr 2 coL 17
nclr 3 coL 18

ROI 4 COL 19
RqJ 5 COL 19
Rou 6 coL 20
RClr 7 coL 6
RorJ 7 col 7
R(rI 7 CoL 14

ROg 7 CoL 15

ROiJ 7 coL 20
Rorl I coL 5

R(ll 8 col 8
R(H 8 COL 9
R(H 8 CoL l0
ROr 8 CoL 12

Rqr 8 coL 13

rql 8 col t4
RCI 8 COt 16

tori 8 ooL 17

torJ 8 coL 18

RCnl 8 COL 20
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collslAltl
coltsIA[r
COTISIANI

coltsTAxr
coltsrAlrr
coilsrAlrT
coltsrAlrT
c0[STAIT
coilsTAII

lIEAD

HEAD

HEAD

HEAD

IIEAD

HEAD

IIEAD

IIEAD

,IEAD

SIEP 12

SIEP 12

SIEP 12

SIEP 12

SIEP 12

STEP 12

STEP 12

SIEP 12

SIEP 12

LAYER

LAYER

LAYER

LAYER

LAYEI

LAYER

LAYET

LAYER

LAYER

RAIE

RAIE

RATE

RAIE

RAIE

RATE

NAIE

RATE

RAIE

PERI00 1

PEilo 1

PERTO 1

PERI(I) I
PERIOO 1

PERIOO I
PERTO I
PERT00 1

PERI(D I

RotJ 9 COL

t(Il 9 col
tql 9 col
Ro] 9 coL

ROr 9 CoL

to,l 9 col
R(IJ 9 col
Ror' 10 COL

Ror, l0 coL

1

2

5

11

12

19

20
3

4

-39.9897'
42.?7717

- t52.1570
241.3979

0.0000000
-201.3971

0.0000000
90.6E871

-152.1570
RECHIRGEI SI.DGET V LUES r{ttl 3E SAVED 0I Ullll 28 AI EID 0f It]tE STEP 12, STRESS pERt(D

EIt ETDGEMLUES lflLL 8E S VED oil U[tT 27 Ar EID 0F TIilE STEP ,l2, 
STRESS pEnto

HEAD III TAYER I AI EIID Of II'IE STEP 12 I'I STRESS PETTO t

I
10

t9

2
11

20

9
18

8
17

6
t5

5

14

4

t!
3

12

200.000
999.000

7
16

01

02

03

04

05

06

,07

08

09

010

999.000
199.000
999.000
999.000
999.000
999.000
999.000
200.910
999.000
999.000
201.598
197.000
999.000
201.094
197.000
999.000
199.026
r96.561
999.000
't98.984

196.372
201.t24
199.000
196-333
201.000
999.000
t96.000
999.000
999.000
999.000

999.000
199.000
999.000
999.000
999.000
999.000
999.000
202.t47
999.000
999.000
200.771
999.000
999.000
199, t59
999.000
999.000
198.802
196.000
202.18
198.699
196.000
?01.632
198.640
196.000
?01.000
199.000
r95.000
999.000
999,000
999.000

999.000
199.000

999.000
999.000

999,000
201.238

999.000
198.432

202.72?
198.468

202.t 67
198.4n

20r.905
198.280

201.419
,l98,000

200.877
r98.000

201 .000
999.000

200.000
199.000

200.155
999.000

201.W
198.200

202.461
198.2?9

?02.396
198.216

?01.121
198.093

200.688
198.000

200.213
999.000

999.000
198-000

999.000
198.000

200.000
999.000

200.121
198.26?

200.753
197.807

202.28
197.710

?o0.376
197.425

200.000
197.000

999.000
999.000

999.000
999.000

999.000
999.000

999.000
198.000

200.000
999.000

200.098
.l98.1 16

20a.7a9
197.6??

202.288
197.532

199.941

't97.345

200.000
197.49L

999.000
197.000

999,000
999.000

999.000
999.000

999.000
999.000

200.000
I98.000

200.072
197.744

?02.103
197.122

202.562
197.346

199.509
197.?15

199.491
197.073

199.000
197.000

999.000
999.000

999.000
999.000

999.000
999.000

199.000
999.000

200.061
197.000

202,830
197.109

202.103
197,096

199,136
196.954

199.705
196.912

199.000
197.000

999.000
999.000

,9.000
999.000

999.000
999.000

200.4?7
200.200

200.187
198.114

200.000
999.000

200.87?
198.00?

202.422
197.987

200.7t0
197.940

200.269
t98-000

200.000
198.000

200.000
999.000

999.000
999.000

0|EAD ItLt 8E SAVED Oil UXII 24 AT EilD 0F TmE SIEP 12, SIRESS pERtOO I
DRAIIDdJX III LAY€R 1 AI EIID OF TI}IE SIEP 12 IX STRESS PERTOO I

1

10

19

?
t1
20

9
t8

7
16

5

t4
3

12

4 6
15

E

01

0z

03

04

999,000
999.000

999.000
0.000000
999.000
999.000
999.000
999.000
999.000

- 1 . 10983
999.000
999.000

999.000
0.000000
999.000
999.000
999.000
999.000
999.000

-4.14737

..;:;;;
0.000000

13

0.000000
0,000000

0.844851
999.000

999.000
0.000000

0.000000
999.000

999.000
0.000000

0.000000
999.000

17

999.000 999.000
0.000000 999.000

0.000000 0.000000
999.000 0.000000

0,000000
999.000

999.000
999.000

999.000 1.51329 -0.187119 -0.t21323 -9.8159798-02 -7.2158818-0? -1.t6071
-2.?ru5 1,068115E-04 1.A5617 0.737701 0.884108 0.216241 o.0oo00o

999.000 0.633804 -1.872?4 0.?47177 -0.189209 -2.401@ -?.83041
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0

0

0

0

0

0
0
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-1.t9769 -1.71071 0.268219 1.7!980 1.99803
0.000000 999.000

0 5 999.000 999.000 -2.22232 -1.45051 ,-1.t2192
-t.093E1 O.lt 12TZ 1.5316E 1.n051 2.01302

0.000000 999.000
0 6 999.000 999.000 -0.469qt -0,55810 -0.689896

1.97101 3.19818 2.523?2 1.78391 1.05980
0.459209 0.000000

0 7 999.000 -o.1227A7 9.3963628-02 0.179031 3.054810E-02
1.01643 3.30150 0.720413 -9.278,l70E-02 0.000000

0.628082 0.000000
0 8 -0.52426r -0.632111 -0.119?20 0.311%6 0.000000

0.000000 0.959595 . 0.000000 0.000000 0.000000
0.667389 0.000000

0 9 0.000000 0.000000 0.121428 0.782t99 0.000000
999.000 0.000000 0.000000 999.000 999.000

0.000000 o-oo0ooo
0 t0 999.000 999.000 0.000000 0.000000 999.000

999.000 999.000 999.000 999.000 999.000
999,000 999.000

(DR ro(til utLL 8E s^vEo oir uxrT 25 Ar EID or lllrE STEP 12, sTREss PERI@ 1

0

2.19325 1.37713 1.57U9 0.890594

0.000000
0.000000

0.000000
0.9061 l5

-1.27477

2.28981

1.32118
't.57481

999.000
999.000

999.000
999.000

999.000
999.000

- 1 .28825
1.4817

1.05913
1.65390

999.000
0.000000

999.000
999.000

999.000
999.000

1.562?4
1.551?5

1.39075
1.7853r

0.508743
o.92752?

0.000000
0.000000

999-000
999.000

999.000
999.000

-0.803131

0.903839

1.86195
1.03569

0.795554
8.793640E-02

0.000000
0.000000

999.000
999.000

999.000
999.000

IIOLT'IETRIC BTDGEI FOf, EXIIRE IIOOEL AI EIID OF TIIIE SIEP 12 III SIRESS PERIO 1

c1,4ul^rIvE volrr4Es Ld3 RATES FOR T}IIS TIIIE STEP LT'3/T

0

0

0.00000
0. t6955E+07

0.15969E+07
0.00000
O.3?9Z4E+07

0-00000
0.25720E+07

0.00000
0.720488+06
O.3Z9ZLE+07
0.75000

0.00

TII{E SI,I,II.IARY AI EIID OF IIIIE SIEP I2 III STRESS PERTO I
sEco[Ds ,{lltulEs HcuRs

:::
SIORAGE =

C(XSTAII flEAD =
RECHARGE =

ET=
IOIAL tlt =

:t:
SIoRAGE s

COIISTAiIT flEAD =
R€CI|ARG€ =

ET=
1OTAL CI.|T :
Ix-qJI=

PERCETI DISCREPA},ICY =

:::
STORAGE =

COISTAIT HEAD =
RECIARGE =

ET=
IOIAL ltl =

:t:
SIoRAGE =

COISIAiII BEAD =
RECHARGE =

ET=
IOIAL CT,T =
l[-CUT=

PERCEIT DISCREPATICY =

YEARS

0.00000
4&5.3
4375.1

0.00000
9020.4

0.00000
7046.5

0.00000
1973.9
9020.1

o.a?97e-o2
0

0

0 0.00

0

DAYS

Itl,tE STEP LEIIGIH

SIRESS PERIO TIIIE
IOIAL SIIIJLATTOII IIXE

I

0.2628008+07
0.51 53608+08
0.51 5360E+08

43800.0
525600.
525600.

730.000
8760.00
8760.00

30.4167
365.000
365.000

0.632763E-0'l
0.999316
0.999315
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APPET{DIX I

chemical Analysis of Ground and Surface water
Samples
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f. Soil: Unconsolidated sediment; NC 1O1O

II. Countv: Jefferson

fff . Locatj-on: Nevins Creek Mitigation Wetland

rv. Described bv: phillip R. owens and s. curtis osier 2/96
v. sampred bv: Dr. Duane c. wolf and AHTD personnel

VII. Pedon Description:

yI
t1
5/

c O-2O cm; Brown (10YR S/3) fine sand
structureless massive; friable; few
fine distinct yellowish brown (1OyR
aceumulation; clear boundary.

20-52 cm; Gray (LOyR 5/L) Ioamy fine sand;structureless massive; friable; few fine and few veryfine pores; few fine distinct brownish yerlow (royR '

6/8) masses of iron accunulation; aUrupl boundary.

52-74 cm; Light gray (10yR 7l2l fine sand,.structureless single grainr- roosel- 22 rounded quartz
and chert gravels; abrupt boundary.

74-150+ cm; Grayish brown (1oyR s/z) loam; no pedogenicstructure present, but soil praty due to "orpultioi andbedding planes; firm; common- medl-um distinct' yettowisnbrown (10YR 5/6) and common medium distinct =Lro.gbrown (7.5YR 4/6) masses of iron accumuration; aaixbrown (7.5YR 3/3) partiarly decayed leaves and otherorganic rnaterial arranged on bedding planes; boundarynot observed.

oam;
ne pores; few
8) masses of iron

cg1

cg2

2cg
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I

Hronrc Sou, DBwLopMENT IN TIrE Nel,rNs Cnprr pnolgcr

E. Moye Rutledge, Ph.D., P.S.C.*

Introduction

This report is the result of field studies of soil morphology in order to evaluate the

amount of saturation and reduction as well as subsequent oxidation that has occurred in

the Nevins Creek Project. It is based entirely on observations of soil morphology in

the southwestern one-fourth to one-third of the study area. Morphological properties of
soils are essentially those that can be evaluated in the field such as color, texture,

structure, root channels, etc.

The Nevins Creek project is an attempt to build a wetland by the Arkansas State

Highway and Transportation Department in order to mitigate areas of wetlands

destroyed in construction of a highway bypass for Pine Bluff, Jefferson County,

Arkansas. Details as to the location and nature of this project are contained in other

chapters of this report.

The classic factors which control soil formation are: 1) the parent material, 2)climate,

3) biota (usually only vegetation is considered), 4) topography and 5) time.

*Professor of Agronomy (Pedology), University of Arkansas, Fayetteville
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A Hydric Soil is "a soil formed under conditions of saturation, flooding or ponding

long enough during the growing season to develop anaerobic conditions in the upper

part." (NRCS, 1996)



Recently we have become more aware that man (or at least his activities) can be a

significant soil forming factor. Man certainly has been a significant soil forming factor

in the Nevins Creek Project.

The parent materials of the Nevins Creek Project are primarily loamy sediments from

the Jackson Group of the Gulf Coastal Plain (David Lumbert personal communication

and AGS field sheet), which are normally gray. These Jackson materials have followed

several modes of transportation to become soil parent materials in the Nevins Creek

Project. A few soils which originally formed in the Jackson sediments are still in

place. Other parent materials were deposited recently by water and include a few

reddish sediments. The most common situation seems to be 8 to 18 inches of loamy

"stock" material over Jackson materials from which the original soil has been removed.

These "stock" materials are soils and parent materials, which were stock piled

(A horizon?) and returned to the surface of the site after fill removal was completed

(about 2 r/z to 3 years ago). They consist of former soils and soil parent materials.

Apparently many of the trees on the site and other wood scraps were pushed into piles

and burned. Therefore, the stock also contains ashes, charcoal and various woody

pafts. These woody materials comprise about 8% of the stock by volume.

The climate on this site is humid subtropical. It is not a variable across the site, except

for variable additions of water. Water from Nevins Creek enters the site in a controlled

manner. This additional water should enhance the formation of Hydric soils. The

topography at the project site was created mainly by man's actions and has already

been a factor in soil formation. The topography varies from a fairly level plain with

areas of depression, to side slopes of 0 to abott 30%. Also some of the original soils

remain on uncut areas which are essentially ridges. The depressions within the plain

retain water and thus have more development related to saturation and reduction.
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The time for soil development in the project has, in most cases, been very short (2 yz

to 3 years). However, significant and quite obvious soil development has occurred.

The visible soil properties are mainly structure, root channels and changes in color due

to reduction and subsequent oxidation. Man's activities as a factor in soil formation

are a major, major factor at this site. They have influenced much of the parent

materials, shaped the land surface and strongly compacted the soil parent materials.

The concept of the processes of reduction and subsequent oxidation being reflected in

soil color properties is as old as the U.S. soil survey program which started about 99

years ago. Likely it goes back to the 1850s and 1860s and perhaps to earlier periods.

Vepraskas (1992) has recently organized our knowledge of soil morphological features

which reflect previous occurrence of saturation and reduction with or without

subsequent oxidation. He refers to these properties as redoximorphic features. Most

redoximorphic features are due to changes in valence of iron and manganese to a lesser

extent. Simply put, Vepraskas (1992) refers to area of the soil that are more gray than

the matrix or assumed matrix as depletions (primarily depletion of iron). He refers to

browner or black areas as concentrations (of iron or iron and/or manganese). The terms

concentration and depletion are to be used only when one interprets them to be due to

redoximorphic processes.

The Natural Resource Conservation Service, in conjunction with others, primarily

Federal agencies, has developed a set of field indicators of Hydric soils. They are

primarily depletion. Concentrations are used to a lesser extent. In some areas of the

country, the indicators are supported by data on saturation and reduction. In most

cases they seem to be a matter of opinion unsupported by scientific information.

Recognition of Hydric soils is not simply identification of these indicators, but is based

on recognition of these indicators and an interpretation of the soil development
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processes that formed them. Field identification of Hydric soils is an interpretation of
soil genesis.

Results and Discussion

In order to determine the area of Hydric and non-Hydric soils in the project area, the

Field Indicators of Hydric Soils in the United Srates (NRCS, 1996) was used. The

indicator F3 (p 10 & 1l of 24) seemed the most applicable:

F3 Depleted Matrix. For use in all Land Resource Regions (LRRs) except

w, x, and Y (see NRSC, 1996). A layer at least 15 cm (6 in.) thick with a
depleted matrix that has 60Vo or more chroma 2 or less starting within 25

cm (10 in.) of the surface.

Depleted Matrix User Notes: redox concentrations include iron and manganese masses

(reddish mottles) and/or pore linings. The low chroma matrix must be due to wetness

and not a relict or parent material feature.

After applying this indicator for a few hours it seemed obvious that there was a

problem. Hydric soils were being identified on essentially all landscape positions.

Dave Lumbert, a geologist with the Arkansas State Highway and Transportation

Department, pointed out that most of the parent materials in the Jackson formation,

were gray and would most likely meet the requirements of F3. A little checking

showed this to be correct. Parent material colors frequently had hues of loyR; 2.5y,
and 5Y with values of mostly 5 and 6 and chromas of ( 1 , l, and z. All of these

colors meet the definition of F3. However, these colors are not the result of soil

genesis, but rather are parent material colors. The User Notes for F3 state .,The low
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chroma matrix must be due to wetness and not a relict or parent material feature". At
this point it became apparent that the job of identifying Hydric soils in this project area

was not to be taken lightly and some serious field work needed to be done.

Attachment No. I is the field notes that were taken on this project. From these

observations, a set of potential field indicators were proposed specifically for this

project.

Proposed Field Indicators for Hydric Soils in the Nevins creek project

Hydric soils have:

1.. six inches (cumulative) or more of glayed matrix colors within l0
inches of the surface q

2. six inches (cumulative) or more of chroma < 1.0 within l0 inches of
the soil surface q

3. The presence of a hydrogen sulfide odor within the upper l0 inches

of the soil surface.

These proposed field indicators are just that, proposed. They should be tested during

the wetter part of the growing season with s,a-dipyridyl which is a field ihdicator for
ferrous iron (Fe**). One often encounters the opinion that soils which are frequently

ponded or flooded for long durations are Hydric. They are Hydric only if they are

saturated in the upper part.

It is apparent that some saturation and reduction with subsequent reoxidation has

occurred over most of the Nevins Creek Project, even on the side slopes. Many soils
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are on their way to becoming Hydric if they are not already there. Compaction by

equipment seems to have had a pronounced effect on water movement. In most places,

including the side slopes, water has been trapped between the plates of the platy

structure which is assumed to have been caused by compaction from heavy equipment.

Redoximorphic features related to the platy structure are. primarily redox concentrations

(bright colors). Concentrations are not as reliable to use as indicators as are

depletions. Concentrations can move with the water before they precipitate and

depletions remain where they were formed. However, some argument could be made

that the concentrations are the result of reduction and saturation in the upper part of the

soil on the side slopes and thus, these are Hydric soils. The definition of Hydric soils

does not say where the upper part of the soil is or the duration of saturation and

reduction that is required. Since Hydric soils normally do not occur on side slopes,

except in seep areas, I proposed indicators that would exclude most of the side slopes

from the Hydric classification.

The platy structure and compaction which evidently retards water movement

throughout the project area presents an interesting situation. With time, freezing and

thawing, root biological actions should reduce the compaction (bulk density) of

activities, and other the soil and thus increase the hydraulic conductivity. Will this

convert Hydric soils to non-Hydric and result in relic redoximorphic features? I don't

think anyone knows the answer.

Considering the southwest portion of the project area, the potential indicators proposed

above would indicate:

1. The slopes and remnants of the ridge are non-Hydric soils with a few

exceptlons.
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2. The plain at about 205 foot elevarion is non-Hydric with several

exceptions. The plain is moving toward Hydric and could become

Hydric in a few years.

3. Depressions within the plain occurring at about 205 feet are mainly

Hydric. This includes the depressions in the southwest corner, south of

the bridge. Also some very shallow depressions under and near the

bridge are Hydric. some of the deeper equipment tracks are Hydric and

some are non-Hydric.

Please remember the proposed Hydric indicators are untested and should be tested with
a,tt-dipyridyl before being taken too seriously.

If a map of proposed Hydric soils is desired, it should be made on a aerial photograph

background. Due to the rough and rutted surface, a topographic map would require a 1

or 2 inch contour interval and still would not be as helpful as an aerial photograph. I
suggest a 1:8,000 to 1:12,000 scale color I.R. photograph.

349



Summary

A lot of saturation and reduction is occurring in the upper part of the soils of the

Nevins Creek Project. How much is enough to call them Hydric soils is unclear.

The gray parent materials make the identification of the redox depletions quite difficult.

It appears that a significant part of the saturation and reduction has been caused from

compaction by heavy equipment. Perhaps the compaction will be reduced with time

and the hydraulic conductivity increased with time thus improving the drainage, with

time, of some of these soils.

Using some of the herein proposed Hydric indicators, which need verification, it
appears that most of the low spots in the 205 foot elevation - plain are Hydric including

some of the vehicle tracks. Most other areas are non-Hydric.

If a map is to be made of Hydric soils, it is recommended that the proposed indicators

be verified and a color LR. photograph be used as a base map.
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Attachment No. 1

Field Notes on Soil Morphology in the Nevins project Area

30 ocToBER 1997

Stop #1 - Near middle of bridge

Grays and pale brown - seems to be mainly a parent material effect; some oranges
which also tumed out to be chunks of parent material - INCONCLUSIVE -
probably redoximorphic features; little or no organic material at the site.

Stop #2 - Six paces NW of Stop #1.

Same as Stop #1; many parent materials; no oxidized root channels.

Stop #3 - South of water depth gauge and 3 paces south of water pool approximately I
foot above water level.

Oxidized root channels of yellowish red (5YR 5/8) and common (15%)yellowish
red (5YR 5/8) iron concentrations.

Stop #4a - Ten paces ENE of Stop #3 and ESE of depth gauge.

Similar to Stop #3 - oxidized root channels and redoximorphic concentrations;
also approximately I cm of dark gray (lOYR 4ll); anaerobic by smell; surface
material (?); oxidized root channels extend to l0+ inches; lower part loamy sand
could also have concentrations - not clear because of variable parent material.

stop #4b - Just north of stop #3 at approximately 207 feet erevation.

0-8+ inghes; physical mixture of light brownish gray (2.5yR 6/2) (70%), pale
brown (l0YR 613) (20%), and strong brown (7.5yR 5/6 and 5/8) (10%o) loam;
weak medium subangular blocky strucfure; common fine roots matted on fracture
and structure faces; (no redoximorphic features; assumed to be moved into this
location).
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Stop #4c - North side of water body about 4 inches under water

0-10 inches; greenish gray (10G 6/1) [between greenish gray (10G 6/l) and gray
(5Y 6/1)]; many fine and medium roots all of which are associated with
approximately 3 mm diameter concentrations of strong brown (7.5yR 5ig); too
wet to determine structure; little or no change with depth except roots are more
cornmon in the upper inch.

Stop #5 - Three feet south of the water's edge and 3 inches higher than the water level

0-7 inches; essentially the same as Stop #4; extensive oxidized root channels;
perhaps a few concentrations other than those associated with roots.

Stop #6 - Three feet south and2 inches higher than Stop #5

0-2 inches; gray (5Y 6/1) loam; weak medium granular structure; very friable;
many very fine, many fine, and few medium roots all haloed with strong brown
(7.5YR 5/8) iron concentrations; few strong brown (7.5YR 5/6) concentrations on
what was old platy structure.

2-14 inches; greenish gray (10G 5/1) loam; structureless massive; common fine
and medium roots, all with some strong brown (7.5yR 5/8) concentrations;
approximately 2Yo yellowish brown (10YR 5/6) parent material volumes.

NOTES:
1. Lower part smells of hydrogen sulfide gas.
2. Water is within 11 inches of the soil surface and rising.

12 DECEMBER 1997

Stop #7 - Ten feet south and 7 inches higher than Stop #6.

0-3 inches; light olive brown (2.5Y 5/3) loam; moderate medium fine and medium
subangular blocky structure; approximately 3o/o inclusions of 2-4 mm yellowish
brown (l0YR 5/8) and strong brown (7.5YR 5/8) materials; many very fine, many
fine and few medium roots (no redoximorphic features or oxidized root channels);
clear smooth boundary.
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3-11 inches; brown (10YR 5/3) loam; weak medium subangular blocky structure;
3% inclusions of wood chunks approximately 4-10 mm in diameter; few very fine
and common fine roots; approximately 20 inclusions of yellowish brown
(lOYR 5/8) and strong brown (7.5YR 5/8) material as above; few fine gray (2.5y
5/1) depletions on ped faces; no oxidized root channels observed.

1 1-16+ inches; graysh brown (2.5Y 512) clay loam; weak coarse subangular
blocky structure; few fine faint dark reddish gray (2.5YR 5/1) depletions; 3%
inclusions of yellowish brown (1OYR 5/6) pareat material.

NOTES:
1. Visual differences between this soil and the previous soil with greenish gray
(10G 5/1) are quite striking.

Stop #8 - Half way between Stops #6 &#7. Flag estimated to be 10 feet from the edge of
the water and 8 inches above the water level.

0-16+ inches; no gley colors; no oxidized root channels; no hydrogen sulfide gas
odor.

Stop #9 - At water's edge; zero inches to water level.

0-6+ inches; gray (5Y 6/1); essentially all roots have oxidized root channels.

Stop #10 - Ten feet south of Stop #9 and 4 inches higher.

0-3 inches; gray (5YR 5/1); no oxidized root channels.

3-11 inches; gray (5YR 5/1); most root charurels oxidized.

11-16 inches; more yellow brown (1OYR 5/6) parent material; gray (5y 6/l) still
present with oxidized root channels.

Stop #11 - Flag is located approximately 11 feet from the water's edge and 4-6 inches
above it.

0-13 inches; Iight brownish gray (10YR 612) with occasional oxidized root
channels.
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13+ inches; gray(1OYR 6/l) with oxidized root channels.

stop #12 - creek bank at deer crossing approximately 30 m south of the bridge.

0-14 inches (fill); 600/o gray (2.5Y 5/1) parent material chunks, 40% light olive
brown (2.5Y 5/3) areas of parent material; both material are loam; the iight olive
brown (2.5Y 5/3) is very friable and the gray (2.5y 5/1) is noticeably firm; the
gray (2.5Y 5/l) material has oxidized root channels and yellowish brown
(10YR 5/6) and strong brown (7.5YR 5/8) concretions on the faces of some peds;
the light olive brown (2.5Y 5/3) material shows no oxidized root channels and
extends from the surface to the contact; [the gray (2.5Y 5/l) and light olive brown
(2.5Y 5/3) are both parent material colorsl.

14-20+ inches; stratified loamy fine sand, the grayest of which is light brownish
gray (2-5Y 612); the iron concentration probably was liberated outside (here) and
some iron was liberated from the sands; [non-Hydric gray (2.5Y 5/1) is the parent
material color].

Stop #13 - Across the creek from Stop #11.

Jackson sediments 97o/o gray (5Y 6/l) and3%obrown; outside one inch oxidized a
little; mostly loams.

Stop #14 - Two meters west of Stop #13; creek overbank.

Sands; no redoximorphic features at 16+ inches

Stop #15a - Five meters west of Sto p #r4;row area behind deposits.

0-6+ inches; light brownish gray (2.5y 6/2) andpale brown (1O\IR 6/3); few
redoximorphic features, mostly oxidized root channels.

Stop #15b- Downstream at gauging station; water level approximately 2 inches below
rod.

Few narrow (1-5 cm) bands of very dark gray (2.5Y 3/1) silty clay loam observed.
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Stop #16 - Parent material; south of bridge about 30 meters on west bank of eastern
stream.

0-6 inches (fill); grayish brown (rO]IR 5/2) roarny; no oxidized root channels, few
spots of concretions.

6-12+ inches; light brownish gray (1OyR 6/2); no oxidized root channels;
occasional strong brown (7.5yR 6/2) andoccasional light yellowish brown
(10YR 614) onfracture face; massive.

LLINCH

Stop #17a - Ten meters west of Stop #16.

0-5 inches; brown (1OYR 4/3) with some dark grayish brown (1OyR 4/2);loamy;
no oxidized root channels; occasional strong brown (7.5yR 5/8) concretions.

5-14+ inches; loamy; gray (2.5y 5/r) with co,mon yellow brown (lOyR 5/6)
concretions on weak ped faces and old platy faces.

Stop #17b - Three meters west of Stop #17a.

0-1 inch; loamy sand.

1-5 inches; brown (1OyR 4/3) with dark grayish brown (rOyR 4/2) redox
concentrations.

6-12+ inches; light brownish gray (z.sy 612) loamy; common (r2%)
redoximorphic concretions of yellowish brown (10yR 5/6), strong brown
(7.5YR 5/6), and brown (10yR 4/3); (some concretions probably due to
compaction with equipment and may improve with time).

Stop #18 - Ten meters east of water body.

0-4 inches; brown (1OYR 4/3) with few dark grayish brown (lgyR 4/2) redox
concentrations.
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4-8+ inches; dark grayish brown (10YR 4/2); common redox concentrations.

Stop #19a - 1.5 meters east of water body.

0-2 inches; gray (25y 5/1) to greenish gray (t0G 5/t).

2-12+ inches; gray (5y 5 / 1 ); commo n (l o%) redoximorphic concentrations;
picture of iron and matted roots on compaction fracture face.

Stop #19b - Greenish gray (10G 5/l) from under water.

13 DECEMBER 1997

Parent Material Observations

stop #1 - Below the bridge east side: light brownish gray (rOyR 6/2).

Stop #2 - South side of 2rree island: gray (t0yR 6/l).

Stop #3 - About t/3 to l/2 theway up the slope.

01- inch; light brownish gray (lOYR 6/2) loarny dine sand; structureless massive;
no redoximorphic features.

1-3 inches; gray (10yR 6fi)very fine sandy loam; structureless massive; many
medium and common coarse yeilow brown(loyR 5i6) reric .or..ro*iorr'
common fine and colnmon medium roots; no oxidized root channels or other
current redoximorphic features.

3-16+ inches; same as above except no roots.

NOTES:
1' No redoximorphic features related to roots or other current features. No
change in concentrations with depth
2' At rain gauge station: few narrow band of very dark gray (2.5y 3/1) silty clay
loam.
3. Water level approximately 2 inches below rod.
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Stop #4 - 48 inches from stop #3 to north side of bridge. pedon 4, upland, south of
bridge approximately 2I1 feet in elevation.

0-4 inches; brown (l0YR 4/3) loam with small volumes (<s%total) of brown
(10YR 5/3), yellowish brown (IOYR 516) , andstrong brown (7.5yir 5/g) loamy
material; loh charcoal; many very fine and many fine roots matted on structural
faces; structure assumed to be due to compaction; no redoximorphic features;
abrupt boundary.

4-6 inches; yellowish brown (1OYR 5/8) loam; many medium plus large pale red
(2-5 YR 713) mateials with fracture plains, some ofwhich have .orr--on fine and
common very fine roots on surfaces (not sure if moved or compacted in place);
<Io/o charcoal <4 mm in diameter; abrupt wavy boundary.

11-16+ inches; strong brown (7.5yR 5/6) with corrunon, medium pale brown
(lOYR 6/3) relic depletions; weak medium platy structure; no roots; observed few
faint clay films.

NOTES:
1. Assume compacted in place; hard to dig.
2. Probably former Savanah soil.

29 DECEMBER 1997

NOTES: - Testing proposed indicators

Stop #1 - Under bridge.

Stop #2 - Backup 10 paces to small stream; where stream is 6 inches wide, lots of
redoximorphic features.

Stop #3 - Under south bridge, between 3'd and 4th pillars from east end. Standing water
0-6 inches deep; all Hydric; irregular slope, topographical map not help, need I or
2 inch interval.
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Stop #4 - South side of south bridge between posts 3 and 4 from the east.

1/4 to 3/4 inch water - non-Hydri c;3/4 to 2 inches - Hydric.

Stop #3 and#4 are both standing, not flowing.

Stop #5a - Ten paces south of bridge; level surface; close but non-Hydric.

Stop #5b - Two paces south; under l/4 inchof water; even closer but non-Hydric.

Apparently many of the lows in this landscape that hold ponded water (non-
flowing) will be Hydric.

These soils are noticeably hard to dig, contain platy rock structure in places and
evidently are still compacted from equipment. They are not saturated beneath thesurface 2 cm.

These soils show noticeable depletions (reduction) around old sticks 1/4 to
3+ inches in diameter; depletions extend r/4 to 3/4 inches outward.

Stop #6 - one-third the way up the south hill. Close, some depletions, but not duplicated
enough; non-Hydric.

Stop #7 - Mid-slope; shows some depletions, non-Hydric; not safurated.

Stop #8 - Top of slope in old tractor ruts; Hydric; water 0-2 inches, mostly I inch deep;not saturated.

Stop #9 - Top of slope - 3 observations in old cut and fill area; almost Hydric but
non-Hydric.

Stop #10 - Side slope to west; r/2 way up close but non-Hydric, fill.

Combination of compaction and some buried carbon (charcoal) have made strangefellows; likely to get better with time.

Stop #11 - Top of south hill; around old tree roots; top 10 inches show no redoximorphic
features; apparently was Savanah.
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Stop #12 - Between bridges, nearest north bridge; standing water 0-4 inches deep; Hydric
a little beyond the waters edge between 4th and 5rh iupport from east 6_g m in
diameter.

Work out the low spots (micro lows) with ponded water. Check more side slopes and
equipment tracks.
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APPEI{DIX M

Biological Analysis of Aquatic Organisms at the
Nevins Creek Wetland Area
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lntroduction:
The ponds created in the borrow pit during the construction of the highway

represents a unique habitat. The ponds are new communities where none
previously existed. ln addition these depressions initially tack organic bottom
deposits and diverse marginal vegetation. Within a briei period, 

-one 
or two

pioneering vascular vegetation species dominate the margin and littoral zone. ln
time additional species are expected to appear. Thus, diversity increases as the
ponds mature.

with the development of the marginal vegetation wave action is
suppressed, filtration of erosional components increases and with the deposition
of organic litter a true littoral zone begins. This littoral zone or subcommunity is a
major source of algal species and is a refuge for zooplankton and other animals
(Round, 1981). Until the littorat zone develops onty a limnetic zone (open water)
exists. This latter zone is anticipated to have limited algal diversity and
production and thus limit the diversity of herbivorous zooplankton. These
limitations are expressed throughout other levels of the food web.

The ponds in the borrow pits are now at an early stage of development.
They have margins dominated by a single species of vascul-lar plant with only
minimal representation by a second species. ln time additionai species may
occur naturally and be introduced by transplantation.

Algal species are introduced by periodic flooding. Those associated with
the stream system may exist temporarily and are unimportant to the system.
Those organisms transported from upstream ponds will serve as an innoculum
and probably survive. Additional species may be introduced on the feathers and
feet of water fowl.

The ponds are young and at an early stage of developmnet. lt is
anticipated that they will continue to receive introductions of a wide divers1y of
organisms. Those adapted to tolerate the existing conditions will populate the
ponds. They, in turn, will modify the standing crop or food supply'and lead io-
further maturation of the system. The ponds are unique in thai tire systems can
be disturbed by flooding or drought.

The information presented in this report establishes a baseline upon
which future collections can be compared. lt is assumed that through time
habitat modification will continue, new species will be introduced, sJme will
survive to become important and certain present species will be lost. This is to
be expected during early maturation of new communities. lt is during the time
when succession progresses rapidly and the systems are changing It tneir
maximum dynamic rate. This study, therefore, is important by provioing tne
present status of the system as well as a reference for future comparisons.
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Site Description:
The general site consisted of one major pond and several wet areas.

Along the southwestern region a ephemeral creek channel contained shallow
water. Other depressions were dry during late summer. These ephemeral pools
and depression were not collected since their populations are dependent on
introduced organisms via flooding, random windborne transport or transtocation
by waterfowi and aquatic mammals. These ephemeral poois and depressions
are not dependable for typifying the site or characterizing trends. Therefore,
they are not included in this study

The standard collection sites were selected from the large pond located
within the south-central/southeastern region of the area. These sites were
populated by the water Primroses (Ludwigia peploides (H.B.K.) Raven and L.
altemafolia L.,) and a small island of Cattails (Typha latifotia L..). water
Primrose was the predominant emergent vascular vegetation. These plants are
perennialwith the ability to survive rising and falling water levets. At the time of
collection the water level had decreased greater than one-half meter. The
vegetation was dense and flowering. These plants stabilize the pond margins
thereby reducing erosion and associated turbidity. Also, there was evidence of
organic matter accumulation within the littoral zone. The dissolved organic
matter was present in great enough concentration to tinge the water slighly
brown.

The algae and associated organisms were present in two zones. The
littoral zone vegetation contained well established surficiat groMhs of
filamentous and other attached algae. The open water, limnetic zone, contained
a surface film of the remains of an Anabaena flos-aquae (a filamentous
bluegreen alga) bloom. The floating remnants of this population produced an
intense light green layer on the surface. Other planktonic species were present
is reduced numbers.

Samples were collected in August so that the summer populations and
subcommunities would be at their maximum development. During development
in spring and early summer the emergent vascular vegetation secrete an
exudate which diminished colonization by epiphytic (attached) algae and
protozoans. As the plants mature during the summer a harder epidermal layer
develops and their surface supports the maximum quantity and quality of
epiphytic organisms. During fall and winter the stem surfaces undergoes
sloughing and decomposition. The epiphytic subcommunity is dramatically
diminished and biased. Since the open water subcommunity of ponds and
pools is strongly influenced by the rich biological source from the littoralzone it is
best to sample in mid{o-late summer. Also the most favorable expression of
trophic condition in the true planktonic subcommunity (euplanktonic) is
determined during this period. Therefore the August collection provide an
adequate representation of the present biological conditions.
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Material and Methods:
Samples were collected with a 1Scm diameter 25 mesh conical plankton

net. An integrated net sample was collected from 5 m into the water body to
shore. The net was maneuvered to collect surface, subsurface, intermediate and
suprabottom populations. Samples were stored submerged in ice water (2-4.C)
and returned to the laboratory for analysis. The samples were maintained in a
24 hour illuminated culture chamber at 8oC.

The samples were analyzed with an olympus BH2 light microscope
containing brightfield, phase-contrast and differential interference optics.
ldentifications of living organisms were made to the species level where
possible. ln certain instances special preparations or culturing to produce
additional life history stages would be required for complete identification. ln
these cases the number of probable species was enumerated and assigned a
number value, i.e., 1, 2, 3,...

Results:
The table given below is a qualitative list all of the organisms identified in

the samples collected from the major pond at the Nevins Creek borrow pit site.

Biological Analysis of Aquatic organisms samples

TAXON
Algae

Chlorophyceae (Greens)
Bulbochaete sp. 1

Ankistrodesmus falcatus
Chlamydomonas sp. 1

Coesastrum cambricum
Coelastrum heteracanthum
Crucigenia tetrapedia
Crucigenia sp. 1

Eudorina elegans
Kirchneriella lunaris
Microglena sp. 1

Oedogonium sp. 1

Pediastrum boryanum
Pediastrum duplex
Pediastrum simplex
Scenedesmus bijuga
Scenedesmus q uad racauda

Sample I Sample 2

X
x
X
X
X
X
X
X
X
X

X

X
X

x
x

X
x
X

X
X
X
X
X
x
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Scenedesmus serratus
Selenastrum palustre
Tetraedron minimum
Ulothrix sp. 1

Ulothrix sp. 2

Conjugatophyceae (Desmids, etc.)
Closterium setosum
Cosmarium angulosum
Cosmarium bioculatum
Cosmarium granulatum
Cosmarium lundeii
Cosmarium regnellii
Cosmarium sexangulare
Cosmarium subcucumis
Cosmarium transiforum
Euastrum binale
Euastrum kriegeri
Gonatozygon kinihana
Hyalotheca mucosa
Mougeotia sp. 1

Pleurotaenium ehrenbergii
Spirogyra sp. 1

Staurastrum paradoxum
Staurodesmus alternans
Stau rodesm us claviferus
Staurodesmus dickii
Staurodesmus disputatus
Staurodesmus laponicus
Zygnema sp. 1

Euglenophyceae (Euglenoids)
Euglena charkowiense
Euglena gracilis
Euglena mutabilis
Euglena pisciformis
Euglena spirogyra
Euglena splendida
Lepocinclis ovum
Lepocinclis texta
Phacus brevicaudus
Phacus longicaudus
Phacus pulcherrima
Phacus suecicus
Phacus swirenkoi
Trachelomonas armata

x

X
X
X
x
X

X

X

X

x

X

x

X

x
x
x
x
x

X
X
X
X
X
X
X
X
X
X
X
X
X
X
X
x
X
x
X
X

x

X
X

X
x
x
X
X

X
X
x
X
X
X
x

x
x
X
X
X

x
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Trachelomonas cylindricus
Trachelomonas hisPida

Trachelomonas volvocina

Tri bophyceae (Yellow-g reens)

Centritractus belong iformis

Pyrrhophyceae (Dinoflagellates)
Peridiniopsis Palustre

Baciltariophyceae (Diatoms)
Cyclotella menegihana
Cyclotella stellata
Cymbella sp. 1

Eunotia sp. 1

Melosira islandica
Navicula sp. 1

Navicula sp. 2
Nitzschia sp. 1

Nitzschia sp. 2
Ophephora sp. 1

Pinnularia sp. 1

Cryptophyceae (CryPtomonads)
Cryptomonas ovalis

Gyanophyceae (Bluegreen)
Anabaena flos-aquae
Anabaena plancktonica
Aphanizomenon fl os-aquae
Merismopedia trollerii
Microcystis incerta
Oscillatoria princiPes
Oscillatoria sp. 1

Oscillatoria sp. 2

Animalia
Amoebidae
Amoeba sp. 1

Difflugia sp. 1

Mastogophora
Euplotes sP. 1

Paramecium sP. 1

Vorticella sp. 1

X
X

x

x

X

x

x
X
x
x
x
x
X
x
x
x
x

x

x
x
x
X
x
x
x
x

X

x
x
X
X

X
X

x
X
x

x
x

x
X
X
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Trachelomonas cylind ricus
Trachelomonas hispida

Trachelomonas volvocina

Tribophyceae (Yellow-greens)
Centritractus belong iformis

Pyrrhophyceae (Dinofl agellates)
Perid iniopsis palustre

Bacillariophyceae (Diatoms)
Cyclotella menegihana
Cyclotella stellata
Cymbella sp. 1

Eunotia sp. 1

Melosira islandica
Navicula sp. 1

Navicula sp. 2
Nitzschia sp. 1

Nitzschia sp. 2
Ophephora sp. 1

Pinnularia sp. I

Cryptophyceae (Cryptomonads)
Cryptomonas ovalis

Cyanophyceae (Bluegreen)
Anabaena flos-aquae
Anabaena plancktonica
Aphanizomenon fl os-aq uae
Merismopedia trollerii
Microcystis incerta
Oscillatoria principes
Oscillatoria sp. 1

Oscillatoria sp. 2

Animalia
Amoebidae
Amoeba sp. 1

Difflugia sp. 1

Mastogophora
Euplotes sp. 1

Paramecium sp. 1

Vorticella sp. 1

X
X

X

x

X

x

x
X
X
X
x
x
x
x
X
x
x

X

x
x
x
x
X
x
X
X

X

X

X

X

X
X
x

X

X
X
x
x

X
X

X
X
X

X
X

X
X
x
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Rotifers
Keratella sp. 1

Polyarthra sp. 1

Copepods
Aplanchna sp. 1

Nematodes
Species 1

Species 2

The algae and animals collected from the two sites have a diversity
(number of species) of 74 and 67, respectively. Fourty-eight species are
common in both samples. A comparison of the similarity between the two
samples shows that they have a Sorensen (1948) Similarity lndex value of 68%.
This high similarity from random net tows indicates minimal patchiness and a
high degree of homogeniety. The reduced patchiness is related to the open
fetch of the pond surface, i.e., the exposure to wind action, and the ponds
shallow depth. Thus the wind has a strong influence on the distribution of the
planktonic organisms and the movement of littoral zone floating species into and
throughout the pond. The organisms are more-or-less evenly distributed through
the community. This suggests that a simple, reduced sampling program can be
used for future tracking of ecosystem succession and maturation.

The presence of a large diversity of desmids and euglenoid algae strongly
indicate the presence of dissolved organic matter, thus the influence of the
marginal vegetation is clearly expressed. Almost all of the diatoms present were
epiphytic taxa dislodged from the vegetation. Many of the bluegreen algae were
associated with the vegetation or mud-water interface (epipelic zone).

The open water (euplanktonic) zone contained a reduced diversity of
algae but was populated with a dense bloom of the bluegreen alga Anabaena
flos-aquae and an developing population of Aphanizomenon flos-aquae. These
organisms typify moderatelyto-highly enriched waters. Each of these organisms
are capable of fixing atmospheric nitrogen. The green algae present in the
p lan kton are typica I of mesotroph ic-to-moderately eutroph ic cond itions.

The animals present are those commonly found in permanent ponds.
They were actively reproducing. Numerous eggs and juvenile stages were
observed. Those observed were herbivores grazing on the algal primary
producers. They was supported by gut content analysis . The gut contents of the
zooplankters included numerous planktonic algae. This interaction between the
algae and animals probably results in a reduction of the standing crop of algae.
These animals are capable of filtering large quantities of phytoplankton and
reducing the diversity and quantity of algae present at any point in time. Thus

X
X

X

X
X

X
x

x

X
X
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the limited number of phytoplanktors present may be the result of intense grazing
by the zooplankton. These observations suggest that a healthy food web is
becoming established between these two trophic levels, i.e., the primary '

producers and herbivores. No carnivorous zooplankters were observed. This
would suggest that only the base levels an immature food web has been
established. ln time additional levels may become established. The
development of upper levels of the food web is dependent upon stability in the
systems, i.e., the reduction of disturbance by the stream or drought and the
introduction of appropriate species. The reduced diversity of animal species
suggest that this trophic level lacks adequate redundancy and can be easily
disturbed or destroyed.

The growth, development and maturation of the primary producers, the
algae, are described in detail in the compendia by Round (1981) and Sandgren
(1988). These general references provide a window into the extensivti literature
base for understanding probable future development of the pond community and
its several subcommunities. The Nevins Creek ponds, however, may be unusual
since they are periodically flooded. Flooding will certainly dilute the existing
populations. Also the change from stand to flowing water may eliminate certain
species not tolerant to current. ln addition a new innoculum will be introduced
with each flood. Severaltaxa may survive and populate the pond. Alternatively,
drought conditions apply strong selective pressure and only those organisms
which can quickly produce resistant spores or cysts may survive. Certain
species are tolerant of the increasing salinity and temperature associated with
drying. These latter organisms will dominate the ponds as they are refilled via
ground water inflow. Ground water seldom contains organisms and it represents
a filtered water recharge of the pond. Therefore the drought resistant organisms
have an initial advantage in repopulating the re-established pond community.

After the dramatic impacts of flooding or of drought the patterns of
succession of the flora and fauna may be dramatically altered. These two
conditions, flood and drought, may result in unstability. !f these disturbances
occur frequently the pond will not achieve stability and succeed into a mature
system. Only regular periodic sampling can assess the impacts of these events
and the recovery towards nominal conditions.

Conclusions and Recommendations:
. The pond has a diversity of species with representatives from all major

groups of freshwater algae.
. The agae present are typical of mesotrophic-to-slightly eutrophic csnditions.
. The algal species present will probably remain however their concentration

and importance will vary as the pond matures and/or the zooplankton quantity
and quality changes.

. The diversity of algae in the littoral zone are limited by the species of present
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Gonclusions and Recommendations:
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groups of freshwater algae.
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vascular vegetation and the predominance of water primrose.
The animal diversity is limited by method of introduction and will probably
increase through time unless the system is disturbed.
It is recommended that additional marginal vegetation be introduced to
increase it diversity as well as the diversity of algae and zooplankton. This
will reduce the fragile nature of the present aquatic ecosystem. Locally
adapted species of pond weed (Potomogeton), water willow (Justicia\, rushes
(Sci4ous), and sedges (Carex) should be considered.
Future sampling can be limited to two open water sites and tows through
representative beds of marginal vegetation. The two open water sites should
be taken away from but near the vegetation on the windward shore and
perpendicularly (90o) from the wind direction. All samples are best collected
in mid-spring and early fall.
Chlorophyll concentrations should be determined from the open water
samples as an estimate of the trophic status (richness) of the pond. This is
an excellent method to determine long-term trends.

a

Literature Cited:
Round, F. 1981. The Ecotogy of Atgae. Cambridge University Press

Cambridge, UK

Sandgren, C. D. 1988. Grovvth and Reproductive Sfrafegies of Freshwater
Phytoplankton. Cambridge University Press. New York, NY

Sorensen, T. A. 1948. A method of establishing groups of equal amplitude in
plant sociology based on similarity of species content, and its application
to analysis of the vegetation of Danish commons. Kgl. Danske Vidensh.
Selsh., Biol. Skr. 5@):1-34

370




