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PREFACE 

DRAFT I' 4 7 7 4  
PADDYS RUN FLOW AND INFILTRATION MODEL REPORT: 

DESCRIPTION AND RESULTS 

The following report is not intended to be a final, formal report, but is to serve as the basis for 
a technical discussion on the procedures and techniques used to model the flow and infiltration 
in Paddys Run. The report's primary purpose, as it stands, is to provide information for the 
technical discussions. The report is currently undergoing revision to clarify and expand the text 
of the report, and to increase the areal extent of the infiltration calculations. The following 
paragraphs will describe these revisions, which are either ongoing or are planned, in further 
detail. 

Generally, the text of the report will be reorganized as well as explanations expanded to make 
it more readable for individuals who are not closely involved in the modeling tasks. The 
procedure to integrate the data and results from this report into the groundwater model will be 
placed in the main body of the text, instead of being a separate document located in Appendix 
A. Also, the integration procedure will be expanded to include a section on the method which 
can be used to take the output from a single storm event and determine a yearly loading for use 
in the Great Miami Aquifer groundwater model. In addition, the calculations and significance 
of numbers listed in the results section of the report will be more fully explained. Specifically, 
this involves the percent of infiltration compared to the total runoff, the amount of infiltration 
in Paddys Run that occurs during the length (time) of the sub-basin hydrograph, and the percent 
of contaminant washed into Paddys Run which actually enters the Great Miami Aquifer through 
infiltration. 

For this report, no infiltration from the Storm Sewer Outfall Ditch (SSOD) is considered to enter 
the Great Miami Aquifer, although a portion of the SSOD may also be directly interconnected 
to the underlying Great Miami Aquifer. The infiltration and flow models will be extended to 
cover this portion of the SSOD. The current infiltration model stops at Willey Road where the 
stream is sometimes gaining water from the aquifer and sometimes losing water. The infiltration 
model will be extended down to 2500 feet south of Willey Road to provide a more conservative 
calculation of the total infiltration. At this location, the groundwater table is consistently very 
close (less than one foot) to the stream bed based on the average groundwater elevation. The 
assumption will be made that no infiltration will take place at this location. The zero infiltration 
will then be averaged with the upstream cross section infiltration to yield an average infiltration 
for that stream reach. 



The groundwater elevation used in this report was based on a sampling round in March of 1990. 
The water table elevation is higher than the average groundwater elevation. It was reasoned that 
more rainfall occurs during the spring months so that a water table elevation from that time of 
the year would yield more reasonable results for infiltration. An additional sensitivity analysis 
will be conducted to determine the effect of using the average water table elevation on the total 
infiltration into the Great Miami Aquifer. 
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1.0 INTRODUCTION 1 

intermittent stream located on the western side of the Fernald Environmental 

t (FEMP) and is a tributary of the Great Miami River. During the remedial 

ibility study (FS) conducted at the FEMP, it was discovered that Paddys Run is 

ted with the underlying Great Miami Aquifer and that a potential pathway exists 

into the aquifer through Paddys Run's streambed. Previously, Paddys Run 

was only considered as a receptor of con taminants and not as a pathway of contaminants to the Great 

MiamiAquifer. ?'he 

fate and transport mod 

using the streamflow m 

using Manning's Equati 

stom event and the 

is to quantify this effect so that it may be incorporated into 

at the FEMP far the operable unit studies. This was done 

calculations of head versus flow at points along the stream 

examines the flow duration of Paddys Run during an annual 

tion that is produced. Appendix A includes the overall project 
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1 
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It 

12 

scope, of which the information presented in this report is a par&. Appendix A also includes 13 

comespondence and documentation relevant to 14 

generated m this report. 15 

and a procedure for implementing the data 

Input data into the model consisted of geo 

stream proffie. 

just north of the FEMP down to its confluence with the Great Miami River. Topographic maps of 

on on Paddys Run's drainage basin and 16 

Stream cross sections were tions along Paddys Run from a region 17 

18 

Paddys Run Basin were also used to define subbasins for the region of Paddys Run which lies between 

each pair of stream cross sections. W a l l  data were incorporated using depth-duration maps for 
given return periods. 

Using the input data described above, a streamflow charac 

HEC-1 modeling code (U.S. Army Corps of Eugineas 

flow of a stom event m a drainage basin through the drainage basin's channels. It was used to 

simulate flow and define the resulting stream hydrograph in Paddys Run during an 

The HEC-1 model was originally developed by the USACE to assist in waterway d 

such, it is well documented and has been applied successfully to numerous regions 

States. 

Paddys Run was done using the 

. This code simulates the 

19 

20 

21 

22 

23 

24 

25 

26 

n 

28 

1-1 



FEMP OOO1 D W  
August 6,1993 

I-' _- 
6 47?4 

Rating curves were generated using Manning's Equation (Henderson 1966). Manning's Equation was 

applied along Paddys Run to determine the streamflow velocity at each cross-section location for a 

This information was used to generate a rating curve (flow versus stream depth) at 

location. To calculate infiltration, the computer code VS2DT (Healy 1990) was 

e how much seepage was produced for a given stream head. This infomation then 

ge rate to the Great Miami Aquifer along the length of Paddys Run in contact with 

the aquifer. 

Flow in Paddys Run w 

magnitude to affect s 

using unsaturated flow c 

where infiltration and c 

was assumed to consist 

xperience no losses to the groundwater system of large enough 

head. Miltration to the Great Miami Aquifer was simulated 

ltration calculations were limited to the portion of Paddy's Run 

g to the aquifer are known to be significant. The streambed 

as the Great Miami Aquifer where it cut through the 

glacial overburden and to have permeability and porosity characteristics similar to the aquifer's. 

1.1 Prelhinary Technical S~ecifications 

The Paddys Run to Great Miami Aquifer M 
Appendix A. All data collection activities w 

Management Corporation (FERMCO). Thes 

cross-section infomation for Paddys Run, determining additional needs, performing limited field 

surveys as needed, and identifkation and collection of relevant hydrogeological data. 

Technical Specifications are presented in 
by Fernald Environmental Restoration 

ded identification of available profde and 

A partion of the data analysis and model development has been 

this report. The prelhmary specifications called for the selection 

cause sigolficant surface runoff and erosion in the study area, 

determine the average stream flow rates and water elevations, estimate infiltration rate from Paddys 

Run to the Great Miami Aquifer during the storm event and perform sensitivity analyses. 

Modification to the procedures specified in the p r e l i m i ~ ~ ~  specification are described 

of this report and are summarized in Chapter 3.0. 

IT and is presented in 

tative storm event to 

moff flow rates, 

The prelmmry specifications also specify using the results from the streamflow/infil 

as input to the SWIFI' III groundwater flow and solute transport model. This task w 
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the scope of work. During the fate and transport modeliog for the RYFS work , t h e w  

will be revised to incorporate the stream flowJiafiltration analyses. 
2 

... . 
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2.0 MODELING SIMULATIONS 477 4. 1 

t stream which drains a midsize catchment (approximately 15 square 

des most of the FEMP site. It flows only a portion of the year, typically during the 

g months when precipitation events are commonly produced from regional storm 

fall months, Paddys Run is generally dry, except during storm events 

when flow occurs over a space of hours to several days depending on the seventy of the storm. The 

drainage basin extends 8 miles north of its confluence with the Great Miami River and 

approaches 3 miles in 

relatively impexmeabl 

precipitation occurs. 

by the U.S. G 

t point. The majority of the catchment is underlain by 

and generates a huge percentage of runoff when 

sin boundaries were derived using topographic maps created 

These boundaries were used to calculate runoff parameters 
far overland flow into Paddys Run and are shown in Figure 1. 

2.2 PADDYS RUN CROSS SECI'IONS 

Cross sections for Paddys Run were 

north of the FEMP to its confluence with 

were located approximately 2000 fe 

flows in direct contact with the Great Miami Aquifer. These cross sections were used to determine 

depth-area relationships for points along Paddys Run and were utilized in the calculation of rating 

curves for Paddys Run. Three of the cross sections were used m ncalculations. The 

cross sections were supplied by FERMCO and are included in Ap 

OILS along Paddys Run, from a point just 

River (Figure 1). Cross-section locations 

to cover the region of Paddys Run which 

2.3 STORM AND MEEOROLOGIC DATA 

The amount of contaminant transport caused by surface water fl 
duration, intensity and volume. This report will utilize a single storm event as the tool to represent the 

yearly flow and infiltration in Paddys Run. This approach will be similar to the app 

OU4 RI report. The information in this report will be used by CRUS 1 and 2 in the 

CRUS is currently evaluating the use of a year long continuous hydrologic simulation to 

yearly flow in Paddys Run. The continuous simulation would be based on a typical year 

rainfall data. Selection of a single representative stonn for this report is critical to 

results. A relatively small, common stoxm event may not produce erosion and sediment in appreciable 

t on the rainfall 
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c- 477 4 
quantities, while a large, uncommon event may produce a substantial amount of erosion and sediment 

but not occur frequently enough to be siflicant. 

1 

2 

select a representative storm were made using a probability weighting method to 

arge and small storm events. The weights were to be based on the rem period of 

event. A sensitivity analysis was performed to determine what storm duration 

3 

4 

5 

6 would produce the greatest amount of contaminant in the runoff. It was found that as the storm 

duration increased, the amount of contaminant also increased. A %-hour storm duration was decided 

upon, based on its wid ory and design use and availability of rainfall data. 

Difficulties arose in we 

probability weighting 

threshold or lower bo 
con taminant in the runoff. This threshold was determined by setting the amount of contaminant in the 

runoff allowable and back calculating the storm 

Equation (MUSIX, Superfund Exposure Ass 

1988). The problem was in 

threshold storm. Also a method to acc 
events presented a problem (for instance, 

and 10-year storms, but the 6.4-year storm event would be neglected). 

t storm events, and at the decision of FERMCO, the 

tually abandoned. One of the problems was determining a 

the storm event would not produce a signikant amount of 

using the Modified Universal Soil Loss 

, Euvironmental Protection Agency P A ] ,  
of the yearly rainf.. would fall below this 
storm events between the standard storm 

culated and weighted for the standard 5-year 

A storm with a I-year return period and a %hour duration was c 
This storm .was chosen based on the recommendations in the S 

representative storm. 

sure Assessment Manual 

to represent short-term releases of contaminan ts. 

This storm has a small enough return period that it occus fairly 

produces a signifcant amount of runoff from the subbasins. This runoff causes soil loss and 

contaminant transport through overland flow from the FEW into Paddys Run. In 

and duration of storm has been utilized in other o p b l e  unit studies to defiie soil 1 

individual waste units. This allows consistency between this study and the operabl 

ently while at the same time it 

transport studies. 
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The HEC-1 model was used to simulate runoff from Paddys Run's drainage basin into Paddys Run. 

simulated has a l-year return period and a duration of 24 hours with a total 

of 2.5 inches. Depth-duration data required by the HEC-1 model listed in Table 1 

a synthetic storm for the simulation. The rainfall depths listed in Table 1 were 

rainfall frequency atlas of the United States (Hershfield 1961). As an example, the 

l-year, 24-hour rainfall map is presented in Appendix B. The Paddys Run drainage basin was divided 

into 12 subbasins (Figure 1) for the HEC-1 simulations such that: 

tics are similar within each subbasin 

hydrographs are desired are located at the outlet of each 

Kinematic wave and Muskingum-Cunge methods (USACE 199Oa) were employed to calculate 

subbasin flow and channel routing. In these 

movement over the basin surface (with atte 

through the channel network are modeled us 

Parameters such as channel roughness, slo 

dimensions are used to define the process 

geometry of the subbasins were read from the USGS topographic map and were approximated by two 

, the various physical processes of water 

), flow into stream channels, and flow 

of conservation of mass and energy. 

gths and areas, and stream channel 

on, various features of irregular surface 

types of basic elements: (1) an overland flow element and (2) a stream flow or channel flow element. 
Tables 2 and 3 list all data used to characterize overland flow and 

subbasin. The Soil Conservation SeMce (SCS) m e  number me 

loss to the overland surface. SCS curve numbers were estimated 

soil type, and hydrological characteristics. Table 4 provides the 

determine the SCS m e  numbers for the 12 subbasins. The entire basin was modeled by linking the 

various subbasins together. Figure 2 shows the logical relation of the subbasins, channel routing, and 

stations in the HEC-1 simulation. The additional assumptions used in the simulation 

elements for each 

to calculate the 

land vegetation cover, 

tion procedure used to 

Baseflow is negligible 
Channel loss is negligible (see Section 2.7 for justification of this assumpti 

An example HEC-1 input file is shown m Appendix C. 
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2.5 RATING CURVE CALCULATION 
The HEC-1 model provides hydrographs in terms of discharge rate versus time at each cross-section 

r to obtain the stream stage for infiltration calculations, rating curves were calculated 

Manning’s number and slope for each cross section 

were also used in the calculation. Appendix B shows the geometries of Cross 
tion for each cross section. 

-H. The resulting rating curves are presented in Appendix D. 

Use of Manning’s Equation instead of the HEC-2 model (USACE 1990b) is a modification to the 

FVehminary Technical S 
felt that the additional time required to refine the HE€-2 

ge in the calculated stage in Paddys Run versus assuming 

7 

8 

9 

10 

The HEC-2 model could not be used because of the large 

distances between cross 

model would not create 

UIl i fOIm flow (Manning 11 

2.6 INFILTRATION MODEL, 
Infiltration through the channel of Paddys Run w 

of simulating unsaturated and saturated flow 

account the wetting front as it advanced 

Paddys Run began. Following this, the mod 

stream as a mound was formed in the aq 
model was used instead of a one-dimensional model as was originally indicated in the Prelimhay 

Technical Specifications . A two-dimensional model was neces 

accurately. Significant lateral flow was found to OCCUT during infil 

ted using a numerical flow model capable 

ions. The model was able to take into 

zone to the water table once flow in 
e lateral migration of water away from the 

d y s  Run. A two-dimensional infiltration 

the infiltration 

Paddys Run’s streambed is glacial till at Cross Sections A-A and 
Sections C-C through H-H. Where Paddys Run flows on top 

negligible due to the low streambed permeability and infiltration rates were not calculated. 

and gravel at Cross 

12 

13 

14 

15 

16 

17 

18 

19 

2o 

21 

22 

23 

Infiltration calculations were not performed for the cross sections south of the FEW 

along Wiley Road. It was felt that this was reasonable because the highest concentrations 

in the south plume appear to have originated from the area between the storm sewer 

and Wiley Road (see figure in Appendix E), which is the general direction of 

area. Another reason why infiltration calculations were not performed south of the site is that 

m 

75 

26 

(SSOD) and Wiley Road. The highest concentrations in the south plume lie south n 
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groundwater elevation fluctuations south of the site resulting in groundwater flow to Paddys Run 

during a part of the year. 

1 

2 

the streambed was calculated at Cross Sections C-C, D-D, and E-E for a l-year, 

t employing the numerical model VS2DT. VS2DT is a USGS numerical model 

ter movement through variably saturated porous media. Simulated regions can be 

3 

4 

5 

6 

7 

one-dimensional columns, two-dimensional vertical cross sections, or axially symmetric, three- 

dimensional cylinders. In the simulations, the following approaches were used: 

-difference grid was designed to simulate water movement 8 

9 

10 

ddys Run’s channel. Only half the cross section was 
the region. The vertical dimension was set from the 

d mound at the boundary at any time during the 
streambed. The horizontal dimension was extended 11 

12 

13 . . . . . . . . . 

The simulations assumed there was no baseflow in Paddys Run, and that the sand and 
gravel formation is unsaturated prior to the stonn event. Initial soil moisture contents 
were initialized by the pr 
defining a minimum satur full saturation. This allowed the 
program to create a saturahon 

The stream was simulated in 
with a head value equal to 

stream head was averaged and the averaged head was used as constant head. This 
cieated a total of 10, 2-hour periods for the stom’s duration. Estimation of the discrete 
2-hour head values used in the model are presented in 

elevation and 

a constant head boundary at the streambed 
t a given time. Since stream head 

varies during the stonn, th into 2-hour periods. In each period, 

Saturated-unsaturated hydraulic conductivity enuchten equation to 
simulate variably saturated aquifer conditions. 
representative soil types (sand) taken from the 

s were chosen from 

Linear interpolation was used to calculate to between cross 
sections. 

14 

I5 

16 

17 

18 

19 
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21 
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26 

27 
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29 

Model parameters are listed in Table 5,  and the input files for these simulations are s 30 

31 

32 

33 

34 

35 

Appendix C. The results of the model show a variable intiltration rate depending on 

water table below the channel. Cross Section C-C, which is approximately 14 feet above 

table, experienced an infiltration rate ranging between 13 and 23 inches per hour (in&) 

streambed. Cross Section E-E, which is only 0.9 foot above the water table, had an S i l  

0.1 to 0.5 in./hr. This exhibits the difference in thickness of the unsaturated mne which controls the 



inflow of water to the aquifer. Cross Section D-D is an intermediate step between Cross Sections c-c 
and E-E and has a rate of 6-12 in./hr. Total infitration along Paddys Run for the three sections is 

llion cubic feet for the duration of the storm. This is approximately 25 to 

otal water flow in Paddys Run during the storm event. Infiltration versus time for 

ons and infiltration versus channel length are shown in Appendix D. 

trahon calculation, VS2DT model reported cumulative flux entering the streambed and the 

change of water stored in pore space of the underlying formation. To avoid numerical emors, these 

two quantities should 

balance for the infiltrati 

thin a tolerable error margin. Table 6 summarizes the mass 

2.7 Verification 

Inordertomakean son of the volume of water infiltrated into the Paddys Run 

streambed, a calculation of the volume of voids available to be filled with water under Paddys Run 

was made. This calculation was intended to ch order of magnitude of water infiltrating into 

Paddys Run. It assumes that Once the volume 
This calculation also assumed that infiltrated 

ed under Paddys Run, infiltration would stop. 

t travel horizontally. 

The total volume under the streambed was g the streambed elevation and 

10 

11 

12 

13 

14 

15 

16 

subtracting the elevation of the groundwater table then multiplying by the length of the stream and an 17 

average width of the stream. The streambed elevation infomution was taken from topographic maps 

of the site. Because these elevations produce a undulating surface ons were averaged to 

form a smooth surface for the streambed volume calculations (see 

groundwater elevations were based on water surface elevations in es wells along Paddys 

Run. Groundwater elevation data from 1988 to 1993 were averag dwater surface 

elevations used for calculation of the volume. Only well data with 20 or more data points were used 

in the average. The stream /width used was based on the average width (edge of water to edge of 

water) as shown on the topographic mapping. The average width used was 25 feet. 

The groundwater elevations used for the independent calculation of volume were mu 

than the elevations used in this Paddys Run Flow and Infiltration Model report. The gr 

elevations in the Paddys Run Flow and Infiltration Model report are based on a samplh 

2000-series wells in March 1990. Since most storm events will occur during the wet season of the 
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year, it was felt that using the groundwater elevations from that portion of the year would yield more 

realistic results. The length of stream channel, where infiltration into Paddys Run is believed to be 

the point where Paddys Run cuts into the Great Miami Aquifer (approximately 

4) to a point where the groundwater intercepts the streambed. Because the 

tion is different between the two methods, the point where the groundwater 

bed is different by approximately 2500 feet. The independent calculation yielded 

million cubic feet. When this is adjusted by the porosity of the Great Miami 
Aquifer (0.39 Pable 51) the volume of voids available to accept water is 1.18 million cubic feet. If 

this is adjusted to only 

Model included, this v 

of streambed that the Paddys Run Flow and Infilmtion 

0.95 million cubic feet. 

The VS2DT model all0 

wider than the width of nning a mound of saturation beneath the streambed. At the end 

of the simulation, the width of the groundwater mound is approximately 100 to 400 feet (see figure in 

Appendix E). The groundwater mound becom 

large percentage of the volume. Appn>xima 

the VS2DT model. The saturated mound w 

results and the independent volume calculati 

Merent for the two methods, they are wi 

results from the VS2DT method are reasonable. 

ow of water so that the width of saturation under Paddys Run is 

thin at its outer edges and does not contain a 

cubic feet of inNtration was calculated with 

the difference between the VS2DT model 

results of the volume calculation are 
and would indicate that the 

IT (1993) observed a high degree of correlation between the Pad hYdrograPb- 
These data were based on continuous 60-minute readings using 

The aquifer hydrograph data were measured in Monitoring 
away from Paddys Run. This monitoring well is located near 

storm event caused a rapid rise in the Paddys Run stage elevation 

two hours, the water level in Monitoring Well 2014 stiuted to rise above its initial elevation of 523.2 

feet. Within the following two hour period, the water level rose to its maximum hei 

d u m  and a data logger. 

approximately 25 feet 

April 14, 1989, a 

526.5 to 531.5 feet. Within 

It was not possible to compare the results of the infiltration model with the IT (1993 

directly, because the magnitude of the storm event and initial conditions were not 

the results from the infiltration model and the field data were compared on a 

infiItration model (cross section E-E), the stream bed and groundwater elevations were set at 525 and 
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524.1 feet, respectively. The simulated storm event produced a rapid rise in the Paddys Run stage 

elevation from 525 to 527.2 feet. The water table elevation at the approximate location of Monitoring 

ost instantaneously and achieved its maximum elevation of 525 feet Within one 

1 

2 

3 

4 

response between the infiltration model and the field data may be attributed partially 5 

6 

7 

to the difference in the initial water table elevation. In the case of the model, the distance between the 

stream bed and the initial water table was only 0.9 feet. The high initial water table resulted in less 

available pore space for 

was produced. Althou 

infiltration model was s 

ter, and consequently, a more rapid response in the water table 

parison could not be made, in general the response of the 

nse observed in the field. 

2.8 

Sensitivity analyses of certain parameters used in the Paddys Run Flow and Infiltration Model were 

performed to determine the model’s uncertainty. 

sensitivity of the total infiltration from Paddys 

conductivity, and fitting parameters in the V 

sets of simulations were performed to examine 

SCS curve number, saturated hydraulic 

relative hydraulic conductivity equation. 

The computed total runoff 
In the analysis, the SCS c 
respectively. Total calculated runoff volume at Cross Section D-D in the period of 
subbasin runoff to 
5 percent case and to 10 million for the 10 percent case. However, though variation of 
computed infiltration rate W s s  Section D-D in the nod was apparent, it 

channel at Cross Section D-D was increased from 3 cubic feet, 
respectively. 

very sensitive to the SCS curve number. 
h subbasin was increased 5 and 10 percent, 

increased fnnn 5 million to 8 million cubic feet for the 

was negligible afterwards (Appendix D). The total per feet of 

This result shows why the assumptions of negligibl 1 loss used in the HEC-1 
ely minor effect on Model is valid; large changes in channel flow have 

infiltration rate. 

Saturated hydraulic conductivity was increased from 450 feet per day to 600 feet per 
day and decreased to 300 feet per day in the sensitivity analysis. Mil 
Cross Sections C-C, D-D, and E-E corresponding to these values are s 
Appendix D. Miltration rate was more sensitive to saturated hy 
Cross Section C-C than at Cross Sections D-D and E-E, since more uns 
volume is available at Cross Section C-C. The total infiltration to the 
storm event was increased from 2 million to 2.5 million cubic feet for 
day and decreased to 15 million cubic feet for k = 300 feet per day. 

8 

9 

10 

11 

12 

13 

14 

IS 

16 

17 

18 

19 

20 
21 

22 

23 

24 

25 

26 

n 

28 

29 

30 

31 

32 

33 

34 

35 
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Relative hydraulic conductivity was calculated using Van Genuchten’s equation ( H d y  
1990) in the filtration model. Porosity of the Great Miami Aquifer was considered to be 
well defined from previous regional groundwater flow model. Other fitting parameters 

the VS2DT manual were chosen to vary m the infiltration calculation. In 
AD calculations (Appendix C), relative hydraulic conductivities computed 

idual moisture content, scaling length, and pore-size distribution parameter) for sand 

sand fitting parameters were compared with fitting parameters for Fresno medium 
and fine sand. A small variation of relative hydraulic conductivity computed using 
sets of fitting parametem was presented when moisture content was above 0.15. In 

sensitivity analysis, the fitting parameters for fine sand was input to VS2DT model. 
Cross Section C-C experienced an increase infiltration from 642 to 780 cubic feet per 
foot of channel. 

1 
2 

3 

4 

5 

6 

7 

a 
9 

10 

1 1  
12 

e number, the saturated hydraulic conductivity, and the 13 

14 

15 

16 

relative hydraulic c ge in the total inliltration of 25 percent or less. 

uncertainty is acceptable for the intended use of the 

Paddys Run Flow and Infiltration Model. 

. . . . . . . 

. .. 

... .. 

2-9 

/ 7  



3.0 RESULTS 1 

r each of the Paddys Run cross sections were developed (Appendix D). At Cross 
Run is very shallow (0.8 foot in depth) and flow will flood the right bank when 

50 cubic feet per second (cfs). Therefore, for discharge rates exceeding 50 cfs, 
this cross section were fixed at 520 feet. Stream hydrographs were generated 

-1 model for Cross Sections A-A to H-H (Appendix D). A small peak emerges before 

the larger peak at Cross Section C-C, and continues to grow at the downgradient cross sections. The 

larger peak corresponds 

the smaller peak results 

Stage versus time CUIV 

vsm4Culated infll 

(Appendix D). Table 

infiltration at each cross section. Table 8 gives key infiltration results and subbasin summaries for the 

subbasins that comprise the FEMP. Table 8 gi values of a l l  the parameters from this report that 

are needed to use the ”Procedure to Imple 

Appendix A. The duration of the runoff 

period when discharge is greater than 10 

period (see MATHCAD calculations in 
hydrograph (L-) was determined from the Subbasin 80 nmoff using the same method. 

the upper stream drainage area (105 square mile [mi2]), and 

eeam drainage area starting from the FEMP site (Figure 1). 

from the rating m e s  and hydrograph data (Appendix D). 

on the stage versus time data, were determined 

total runoff, peak stage, peak infiltration rate, and total 

Paddys Run Data” contained in 

presented in Table 8 was d&med as the 

total runoff volume was discharged in this 

s). Duration of FEMP subbasin runoff 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

The following are some of the important results of the 

total amount of infiltration is approximately 25 percent of the to 

infiltration into Paddys Run which occufs during the 

contain the site is 73 percent. Only the subbasins which c 

Miami Aquifer through infiltration is approximately 20.5 percent. 

trationMode1. The 20 

ff. Theamountof 21 

the subbasins which 22 

23 

24 

25 

contarmna . ted. The percent of contaminant which is washed into Paddys Run which enters the Great 

Modifications to the Rehinary Specifications included: 

Use of Manning’s Equation instead of the HEC-2 model (USACE 199Ob). The HEC-2 
It was 

n 
model could not be used because of the large distances between cross sectim. 
felt that the additional time required to refine the HEC-2 Model would not create a 
si@icant change in the calculated stage in Paddys Run versus assuming uniform flow 

28 

29 

30 

(Manning’s Equation). 31 



A two-dimensional infiltration model was used instead of a onedimensional model. A 1 

two-dimensional model was necessary to estimate infiltration accurately. Sigruficant 
lateral flow was found to occur during Miltration (Appendix E). 2 

3 

. . . . . . . . . 
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FEMPOOO1 DRAFT 
August 6,1993 

- -  
4 y? 4.0 APPLICATION OF MODEL TO THE FEMP - 

model provides the total infiltration from Paddys Run streambed to the Great Miami 
th. This model also provides the runoff from each subbasin, which can be used to 

ctor fur runoff from a specified waste unit in the fate and transport modeling. 
these results. Given a subbasin along Paddys Run which contains a waste unit, 

soil loss and flow contribution must first be determined for the storm event. The 
concentration contained in the runoff must also be calculated. This runoff is then allowed 

to mix with the flow in Paddys Run at the subbasm's catchment outlet. Contaminant concentrations in 
moff  will be m W i  
concentration in Paddy 
chemical loading to th 
assuming instantaneous 
infiltrate into the aquife 
flow in Paddys Run do 
becomes a source term into the S m  III model of the Great Miami Aquifer. 

ow in the subbasin over flow in Paddys Run to derive the 
contamination concentration in Paddys Run is obtained, 
storm-induced infiltration may be calculated. This is done by 

t and allowing a percentage of contaminant to 
ge is the amount of infiltration occurring divided by the total 

e subbasin catchment outlet This chemical loading then 

2 

3 

4 

5 

6 

7 

8 

9 

10 

1 1  

12 

13 

14 

15 
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PEMP OOO1 DRAPT 
August 6.1993 

DEPTH-DURATION DATA* 
1-YEAR RETURN INTERVAL STORM EVENT 

Duration 

5 minutes 0.33 

6 hours 

0.625 

1.1 

1.4 

1.48 

1.8 

12 hours 2.1 

24 hours 

*Henhfield, D. M., 1961, Rainfall 
No. 40. Department of Commerce, 

of the United States. Technical Paper 

613 
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TABLE 6 

INFILTRATION MODEL (VS2DT) MASS BALANCE 

Total Flux* Change In 
from Stream a d  in Fluid Volume Inbalance in 

Section Channel Underlying Inbalance Percentage 
Vadose Zone (ft3) 

Total inNlrated volume per foot of the channel should be doubled due to the symetry 
of the simulated region. 

3\ 
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TABLE 7 . . . . . . . 

Y OF PADDYS FLOW AND INFILTRATION MODEL RESULTS 

Peak Infiltration 
cross Discharge Discharge Peak Stage Rate (ftlhr) 
Section W S )  <lo6 ft3) (ft) 

A-A . .  377 6.030 561.4 

B-B 6.260 553.9 

C-C 6.623 542.3 

D-D 7.067 533.9 

E-E 8.507 527.7 

2.51 

2.02 

0.05 

F-F 465 9.697 522.0 

. . . . . . . . 

.. ... 

. .. ... 
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TABLE 8 

SUMMARY OF MODELING RESULTS 

Duration of runoff hydrographs trotal 20 hours 

Duration of FEMP subbasin runoff hydrograph ts* 12 hours 

Total infiltration from hod 2,038,500 P 
Aquifer 

subbasin runoff hydro 

Runoff volume from 

Percent of total infil P 73% 

Subbasm 60 

Subbasm 70 

Subbasm 75 

Subbasm 80 

Runoff volume from subbasins upstream of 

. . . . . . . 
Lbb& 

Upstream at Subbasin 60 

upstream at Subbasin 70 

Upstream at Subbasin 75 

Upstream at Subbasin 80 

Peak discharge from FEMP subbasins: 

Subbasin 60 

Subbasm 70 

Subbasm 75 Qwbbaam75 

207,177 ft? 
339,623 ft? 
425,697 ft? 

1,351,285 

5,160,399 e 
5,310,325 ft3 
5,57630 e 
5,910,838 it? 

10.6 cfs 

63.7 cfs 

82.7 cfs 
173.6 cfs Subbasin 80 %bbsshr 80 

Discharge rate from Paddys Run when the FEW subbasin 
hydrographs are at their peak 

Upstream at subbasin 60 

Upstream at subbasin 70 

Upstream at subbasin 75 

Upstream at subbasin 80 

QPaddYa 60 

&.day. 70 

h 75 

Q P O M Y S  80 7 7 2  cfs 
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FIGURE 1 
PADDYS RUN DRAINAGE AREA 

OF HEC-1 MODEL 

LEGEND: 

- SITE BOUNDARY 

r - i VILLAGES SURROUNDING 
I I THEFEMP 

- SUB-BASIN BOUNDARY 

30 SUB-BASIN NUMBER 

CROSS SECTION LOCATION 

SCALE 
E 
0 5,000 10,000 FEET 



LEGEND: SUBBASIN 10 a 
i ROUTING 

1 CONNECTOR i 
. . . . . . . 

SUBBASIN 30 

llrcc 477 4 

1 

SUBBASIN 60 

SUBBASIN-70 

I h ROUT 1 

SUBBASIN 80 

ROUT 3 

NOTE: 
THE CALCULATIONS OF PADDY'S RUN CHANNEL ROUTING AND SUBBASIN 
RUNOFF WERE COMBINED FOR SUBBASIN 10, 20, 30, AND 40 SINCE NO 
SUBBASIN RUNOFF HYDROGRAPHS WERE DESIRED FOR THESE SUBBASINS. 

FIGURE 2 
DIAGRAM OF PADDYS RUN HEC-1 MODEL 

31D 



PADDYS RUN FLOW "ION MODEL SCOPE 

. . . . . . . 

37 



PADDY'S RUN TO 
PRELIMINARY 

L-- 4&? 
GREAT MIAMI AQUIFER MOD 
TECHNICAL SPECIFICATIONS 

D 

data on the profile and cross-sections 

0 Determine additional needs and perform limited field 
surveys of Paddy's Run if required. 

Identify ect available rain fall records and 
eological data on Paddy's Run in the other re1 

vicinity 

DATA ANALYS ODEL DEVELOPMENT 

Based on the hydrogeological data, select the duration, 
intensity, and recurrent frequency of a representative 
storm that is able to cause significant surface runoff 
and erosion in the study 

Conduct HECl and HEC2 to establish the average 
flow rate, water eleva flow duration in Paddy's 
Run caused by the repr storm. 

With the calculated fl addy's Run and the flow 
rate of the surface runoff, the proper contaminant 
dilution factor to be applied on the contaminated surf ace 
runoff can be determined. 

The groundwater flow and elevatio e assumed 
constant in the model, as in the 
condition, during and after the repr 

Estimate the infiltration rate from 
GMA during the flow caused by the 
dimensional model that can simulate 

Identify and perform sensitivity analyses on key 
parameters that affect the infiltration rate. 

Modify the SWIFT model input file to inc 
developed flow/mass loading from Paddy's R 
recurrent loading pattern into the GMA due to 
selected representative storms. 

4 



PROCEDURE TO IMPLEMENT ADDITIONAL 
PADDYS RUN DATA 

wing procedure is the suggested method to implement the data from the 
tration model to improve the modeling connection between Paddys 
iami Aquifer for a storm event. The first sections list the available 

Paddys Run Flow and Infiltration model and from the previous RI/FS 

Paddys Run basin was modeled by IT using the HEC-1 computer package. The 
modeled drainage area of Paddys Run is divided into several subbasins. There are three 
subbasins which cont . The operable units are smaller than the subbasins and 
are contained within model did not specifically calculate a runoff hydrograph 
for each operable uni 

INFORMATION 

1) INFORMATI DYS RUN FLOW/INFILTRATIONMODEL (IT 7/93) 
For a 1-yr, 24-hr storm, the following information will be provided: 

a) hydrograph for Paddys Run, b. 
b) rograph for each of the subbasins 

c) Total infiltration volume ddys Run into the Great Miami 

d) 

e) 

f )  

g) 

The duration (hrs) of the to 
The duration (hrs) of the 
containing the FEMP, 

Aquifer, L. 
The percent of total i 
from the subbasins (hb,,) which contain the FEMP, P. 
Runoff volume (d) from each of the subbasins which contain the FEMP, 

Runoff volume (d) from each of the runoff 
subbasins which contain the FEMP up to 
Peak discharge (d/s) from the subbasins 
and the discharge in Paddys Run when 

PREVIOUS RI/FS APPROACH (USED IN 

ccurs during the runoff hydrographs 

vrsubbasm - 

2) 
information was calculated (or will be) with the Modified Universal Soil Loss Equation. 
The release of contaminants from surface soils due to runoff was calculated based on a 1-yr 
24-hour storm event in the previous RI/FS reports. The following para he 
results of intermediate steps of the previous RI/FS calculations and are 
presented in those previous reports. 

a) PY = sorbed substance loading per event from OU (g) 
b) PQ = dissolved substance loading per event from OU (g) 

1 
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c) V,, = volume of runoff from OU (d) 
PROPOSED PROCEDURE 

FF VOLUME FROM SUBBASINS The OU will be a part of a larger 
n in IT'S data. The total runoff from the subbasin containing the OU can 

on information in the HEC-1 output or on the total rainfall depth and 
mber with the following equations: 

Qrs&basin= (Rt -0  2S,) '/ (R,+O 0 8SJ 

where abbasin = runoff depth from subbasin (cm) 

The total volume of 

where g,&,basin= subbasin a 
100 = conversi 

2) CONCENTRATION IN RUN SUBBASINS The concentration of 
dissolved contaminants in runoff fro can be calculated by the following 
equation. 

c s u b b a s i n  = PQ / vrsubbasm 

where ccs,&,basin = concentration in runoff fr 

This assumes that all the flow from the subbasin is compl 
peak flow from the OU hydrograph matches the time of t 
hydrograph. 

d and the time of the 
ow from the subbasin 

3) CONCENTRATION IN PADDYS RUN The concentration in Paddys Run can then 
be calculated based on the following procedure. 

The HEC-1 results indicate that the runoff from the subbasins which contain 
peak before the runoff from all of the upstream hydrographs. The flow of th 
hydrograph should not be added to the entire upstream hydrograph to calculate t 
in Paddys Run since the flow from the subbasin will be over before the 

I 2 



hydrographs are completed. The- concentration in Paddys Run should then be calculated 
by mixing the peak discharge from the subbasin with the discharge in the upstream 
hydrograph which coincides with the peak discharge of the subbasin hydrograph. The 
"maximum" dissolved 'concentration of contaminants can then be calculated as follows: 

Gpnddys = csubbasin Qnubbasin / (Qaws + k b b a s m )  

ere qWs = concentration in Paddys Run ( g / d )  
Qays = flow rate of upstream hydrograph coinciding with peak flow 

rate of the subbasin hydrograph (d/s) 
C&,,bbash = peak flow rate of the subbasin hydrograph ( d / s )  

4) MASSLOAD GREAT MIAMI AQUIFER The contaminant loading 
to the Great Miami calculated with the following equations. 

= ') / ('qnddys + 'rsubbash) 

Time of duration of loading = Lbwm 

3 
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MAR 3 1 1993 

q b- P .,* -. D -* ,.*r :-? bL.. t . .  .Ji . d , b s L ! r - y  BERMCM 
itoration Management CorporatiQn P.O. BOX 398704 Cincinnati, Ohio 45239-8704 (513) 738-6200 

:: \ 

. . U. S. Department of Energy 
Fernald Environmental Management Project 
Letter No. C:CRU5: 

Jerry 2. Klein, P.G. 
Project Manager 
IT Corporation 
William Penn Plaza 
2790 Mosside Blvd. 
Monroeville, Pennsylvania 151 46-2792 

Dear Mr. Klein: 

RAINFALL DATA FOR PADDYS RU 

In response to the March 12th kick- r the development of a Paddys Run 
to GMA model and as part of the Data Collection Activity agreed to by FERMCO, 
please find enclosed: 

Rainfall Intensity-Duration Frequency Curves f .S. Department of 

MODELING EFFORT 

Com me rce 

Total Monthly Precipitation data for the Cincin 
Kentucky 

A copy of a memorandum indicating that channel data on Paddys Run has 
already been submitted to Jeff Schubert of IT 

rt in Boone County, 

Since we will be meeting with you on March 29 in Pittsburgh t 
comments on the Groundwater Modeling Report, we can also address 
relating to the precipitation data at that time. In the meantime, shoul 
questions please contact Ken Broberg at (51 3) 738-61 46 or Ron Whit 
8982. 



Je 
Le 
Pa 

c 

Environmental Man 

JCS:RDW:da h 
. . . . . . . . . . . . . . . . . 

Enclosure 

c: K. A. Broberg 
M. J. Cherry 
J. D. Chiou 
W. A. Hertel 
R. M. Ninesteel 
R. D. White 
File Record Storage Copy 120.3.1 



MEMORANDUM 

Jeff Schuben 
Bill Hertel UPA 
November 4, 1992 
Transmittal of Data Related to the Paddys Run South (PRS) Investigation in Support 
of the Update to the Surface Water Section of the OU5 RI 

Attached you will find information that was generated as part of the PRS Investigation. Most of this 
information will be useful in updating the surface water section of chapter 3 of our RI. 

0 field notes and field instrument readings 
specific conductance) taken during a walk up the 

1990. The walk was from the confluence of Paddys 
Miami River to the bridge where Willey Road 

n. Notes and field readings were taken at 15 
photographs were also taken and are included. A 

map depicting the 15 locations is also included. m e  notes and field 
readings were taken by me 

0 Attachment 2 contains flo 
Paddys Run, south of the 
3 locations. 

ments taken at 3 locations in 
ap is also included depicting the 

0 Attachment 3 contains 1 maps of 2000 series wells 
for calendar year 1990. these maps are the losing 
and gaining sections of Paddys Run. 'The gainingllosing sections of 
Paddys Run were determined by companng the water level contours 
with the elevatlon of the stream channel. L 
channel elevations were determined by survey 
and on a figure. IT surveyor Bill Church was 
survey work. If you have specific questions r 
comact Mr. Church 3t 513-738-0430. 

Water level data from locations 0125 and 0126 is being co 
couple of weeks. 

omns in the next 

?he information contained in these attachments is crucial to updating the surface water section of 
chapter 3. Please pass this information along to those individuals completing th 
sections of the RI (J. Zhang and E. Harmsen). 

Mark Hardner contacted me on November 2 and requested that I provide him with 
notes in Attachment 1. Please ensure that he gets a copy of those notes and he has 
view the pictures in Attachment 1. ?he notes / pictures provide descriptions of be 
the creek near its' intersection with state highway 128. 

ou5memo.js 
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FIGURE 5-1 
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Ref: U.S. Department of Commerce, Rainfall Intensity-Duration- 
Frequency Curves, Technical Paper No. 25. 
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2.3  2 .5  3 . 2  3 - 7  4 .2  4.6 

5 . 1  
4 . 9  
5.0 
5 . 4  
0.9 

4.7 
5.1 

4 .8  
4.6 
5.2  
4.p. 

4 . 7  

4.9 

5 .2  

G -4 s a  
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PRECBOTH. CH3 XY Char t  
F1-He1 p F2-Show c h a r t  
F6-Mai n Menu F7-Spel 1 /Text  F8-Opt i ons 

T i t l e :  
S u b t i t l e :  ES 
Footnote: OONE COUNTY 

l a t a  
't NWS FEMP 

1 J 2.75 2.7 
? F 4.94 4.16 
3 M 3.42 
1 A 3.92 2.93 

1 

2.78 

1.14 
2.92 
3.27 
1.57 
7.32 
0.48 
3.93 
2.51 

2 

F4-Draw 
F9-XY d a t a  

3 

S e r i e s  3 

F5-Mar k 
F10-Cont i nue 

4 

S e r i e s  4 

'RECBOTH. CH3 
F1-Help F2-Show c h a r t  F5-Mark 
F6-Main Menu F7-Spel l /Text  F8-Option F10-Continue 

' i t l e :  
iubt  i t l  e : 
'ootnote : 

lata X A x i s  
't Name NWS FEMP 

1000-SERI ES 
PREC I P- 1 BOONE COUNTY 

1 2 3 4 

S e r i e s  3 . S e r i e s  4 

3 J  
4 F  
5' M 
6 A  
7 M  
8 J  
9 J  
O A  
1 s  
2 0  
3 N  
4 D  

3.21 
4.67 
6.4 
5.19 
4.64 
3.04 
5.97 
5.33 
2.97 
3.18 
3.05 2.34 
1.96 0.66 

0.58 
0.88 
4.22 
6.09 
5.79 
3.07 
4.48 
4.7 
2.85 
2.13 

.. .. .. 

RECBOTH. CH3 X Y  Char t  
Fl-He1 p F2-Show c h a r t  ' F4-Draw F5-Mark 
F6-Main Menu F7-Spel l /Text  F8-Options F9-XY d a t a  F 1 0-Cont i 

i t l e :  
u b t  i t l  e : 1000-SERIES 
ootno te  : PRECI  P- 1 BOONE COUNTY 

1 2 3 4 



l a t a  
P t  

25  
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 

J 
F 
M 
A 
M 
J 
3 
A 
S 
0 
N 
D 

X A x i s  
Name 

cp .- 472.4 

NWS FEMP Ser ies  3 Ser ies  4 

2.59 1.66 
5.82 4.04 
2.75 3.31 
3.22 3.87 
9.41 6.59 
5.01 4.68 
3.68 4 
5.67 0.62 
4.13 0 
5.09 2.89 
2.31 2.26 
7.9 8.72 

PRECBOTH.CH3 Y Char t  
F1-Help F2- S how F4-Draw F5-Mark 
F6-Mai n Menu F7-Spel 1 Opt ions . F9-XY d a t a  F10-Continue 

T i t l e :  
Subt i t l  e : 
Footnote: PREC I P- lBOONE 

1000-SERI ES 

D a t a  
P t  

37 J 
38 F 
39 M 
40 A 
41 M 
42 3 
43 J 
44 A 
45 s 
46 0 
47 N 
48 D 

PREC BOTH 
F l-He1 p 
F6-Mai n 

T i t l e :  
Subt i t l  e : 
Footnote : 

Data 
P t  

49 J 
50 F 
51 M 
52 A 
53 M 
54 J 
55 J 

1 2 3 4 
X A x i s  

Name NWS 

2.84 
3.99 
6.2 
3.62 
3.41 
1.39 
2.66 
5.04 
2.6 

1.67 
1.51 
5.. 3 5 
3.26 

S e r i e s  3 S e r i e s  4 

1.37 2.46 
1.89 2.63 
5.08 4.26 

CH3 X Y  Char t  

Menu F7-Spel l /Text  F8-Options F9-XY d a t a  F10-Continue 
FE-Show c h a r t  F4-Draw 

1000-SERIES 
PRECIP-1BOONE COUNTY 

1 2 3 
X A x i s  

Name NWS FEMP S e r i e s  3 

2.99 1.94 
0.93 0.6 
4.19 1.53 I 

2.71 1.51 
2.84 5.15 
3.65 2.83 
7 9.78 



. -  
1 .  

56 A 
57 s 
58 0 
59 N 
60 D 

3.17 
3.23 
1.11 
4.31 
1.36 

. . .  

. . . . . . . . . . . . . . . . . 

J --- - 4774 

. . . . . . . . 

. . . . . . . . 
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June 17, 1993 

Mr. James Slcridulis 
FERMCO 
Trailer 80 
7400 Willey Road 
Fernald, Ohio 45030 

Dear Mr. Slcridulis: 

Enclosed is the scope and manhours that J. 
Paddys Run flow model. This task 
under the remaining budget. IT Co 
June 21, 1993, and have it completed on 
contact either of the undersigned if you h 

Sincerely, 

ested for additional work on the 
model scope but can be covered 

ared to begin work on this task on 
requested by J. D. Chiou. Please 
or comments. 

Jerry 2. Klein-Frfi 
OU5 Manager 

Francis X. Markert 
Project Hydrogeologist 

JZK:FXM:jar 

cc: J. D. Chiou 
D. Witt 
Central Files 

Regional Office 
William Perm Plaza 2790 Mosside Boulevard Monroewlle, Pennsylvania 15146-2792 412-372-7701 

IT Corpomtion IS a wholly owned subsidiary of International Technology COrpOmllOn 

37 
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PADDYS RUN INFILTRATION MODEL; 
SCOPE AND MANHOURS 

realistic infiltration model than was originally scoped as part of the Paddys 
y. The infiltration model is to take into account the mass balance of water 

vs. water infiltrating and flow in the unsaturated and saturated zones below 
Paddys Run. Document and append to the existing report; 

Method; The modeling will consist of two parts: 
-An unsaturated 

unsaturated conditions. 
moisture similar to the 

is fully saturated. 
formation of a mou 

ode1 using a unit gradient and Darcy's Law modified for 
conductivity will be assumed to vary as a function of soils 
y the HELP model. 

el which will begin once the vadose zone below Paddys Run 
11 take into account lateral movement of water and the 

analytical solution for determining groundwater flow. 

Both models will be constructed and documented for each cross-section location along Paddys 
Run presented in the original report. Results ' resented in the present report tables and 
will include the volume and percent of infil rring along each reach of Paddys Run. 
Infiltration times and basin concentration also be documented, with particular 
emphasis on times from the FEMP. 

Manhours; This task has been scheduled within 1.5 weeks after receiving the 
notice to proceed. Assuming the notice ed on or by June 21, the modeling 
work and documentation will be completed on June 30. The manhours and computer hours are 
listed below: 

Jerry Klein (E10): 8 hours 
Eric Harmsen (E10): 16 hours 
Jian Zhang (E8): 40 hours 
Frank Markert (E8): 32 hours 
Wei Hua Li (E6): 64 hours 

Computer Time: 120 hours 
. . . . . . . 



Summary of IT/FERMCO Meeting 
June 14, 1993 

- 4714 

M : J.D. Chiou (FERMCO) 
Dan Witt (FERMCO) 
Eric Harmsen (IT) 
Jerry Klein (IT) 
Frank Markert 0 
Jian Zhang (IT) 

Issue 1: The Padd 
FERMCO in draft 

Issue 2: FERMCO an the results of the infiltration model used in the Paddys Run 
simulations. Both ach used by the task scope resulted in a simplistic model 
which was not yiel Discussion was held on how to improve the infiltration 
model. IT agreed to prepare a work scope for transmittal to FERMCO by June 17, 1993. IT 
would also examine the task budget to de . e if additional funds would be necessary. 
FERMCO requested that the additional mo pe be completed by the end of June. 

Issue 3; A technical discussion on the in odel developed the items that FERMCO 
wished to have addressed by the new m 

- Checking the water balance in determine if excessive infiltration is 

- Using an infiltration calculation similar to the HELP model 
- Potentially allowing both an unsaturated and saturated flow component of infiltration 

percent of infiltration 
times from runoff 

odel: Description and Results Report was submitted to 

occurring 

in the new model. 
In addition, FERMCO requested output results showing the 
at each cross section. FERMCO is also interested in the infil 
from the FEMP site. 

.. . ... 

57 



Summary of IT/FERMCO Meeting 
June 21, 1993 

M s: Dan Witt (FERMCO) 
Eric Harmsen (IT) 
Frank Markert (IT) 
Jian Zhang (IT) 

Issue 1: The comments provided by FERMCO on the Paddys Run Flow Model Report were 
reviewed and clarified . IT agreed to address all comments. 

Issue 2: FERMCO 
IT agreed, but stipu 
further discussion, i 
formal final report s 
that he would have 

report be provided in a bound, formal report format. 
t schedule would not accommodate this change. Upon 

IT would provide a letter report on July 1 followed by a 
of July 5th. Dan Witt stated that this was agreeable but 

Issue 3: A discussion was held on the infiltration model to be created for Paddys Run. It was 
agreed that the model should be able to sim vertical and lateral movement of water to 
be realistic. A numeric model will be used t te vadose zone movement and an analytical 
solution will be used for the mounding PO eed to have a model solution selected by 
June 24 for review by FERMCO. 
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COMPUTER INPUT CALCULATIONS 



HEC-1 



'ADDY3. HC1 July 26, 1993 

[D Paddy's Run Simulation (07-17-1993/WHL) 
[D Storm Size: 24-hour and 1 YEAR RETURN PERIOD 
tDIAGRAM 
CT 10 01JAN93 1200 300 
CO 

ZK 
CM 
(0 

t 

150. 0.07 0.4 100 
500 0.07 0.045 0.06 TRAP 0 1 
3200 0.05 0.045 0.47 TRAP 0 1 

0.015 0.0 

FROM SUBBASI 

63.7 
0.075 0 

4500 0.065 0-0 TRAP 0 1 
4800. 0.015 0.045 TRAP 1 YES 

SUB30 
RUNOFF FROM SUBBASIN 30 40 AND 41 
5.188 

63 
200 0.08 0.4 100 
3600 0.05 0.045 0.18 0 1 
6000 0,007 0,045 1.297 0 1 

10800 0.003 0.045 TRAP 20 1 YES 

SUB50 

3 0 

BASIN 10 

0.333 0.625 1.100 1.400 1.480 1.800 

NO 

2.1 2.5 

5200. TRAP 0 1 

SUB2 0 
RUNOFF 
1.589 

200 

0 
f12.4) 

1 21 

66 
0.04 
0.02 

0.4 
0.045 

100 
0.322 TRAP 0 

YES 
0.035 

140 
563.07 

0.045 
141.1 
560 

2800 
144.1 

559.03 

0.002 
168.1 
559.03 

190 
561.17 

194.1 
562.12 

196.2 
564.07 

0 1 21 

0.035 
83 

559.17 

0.045 
86 
555 

1599.8 
86.5 

551.98 

0.004 
120.1 

551.98 
12 3 

554.16 
126 
555 

0 1 21 

59.8 
0.08 0.4 100 

73 



ADDY 3. HC1 July 26, 1993 Page 1-2 

D 4500 0.04 0.02 0.15 
D 
C 0.045 0.035 0.045 1599.8 
X 77 83 86 86.5 
Y562.16 559.: 

TRAP 

0.004 
120.1 

551.98 

21 

5 

12 3 
554.16 

1 

126 
555 

MROUTE FROM CROSS SECTION B-B TO C-C 
0 0 1 21 
D 
C 0.045 0.025 0.0 0.004 
x 11.3 53.7 119.8 168.8 179.7 
Y 551 551 5 540 545 550 

K SUB70 
0 0 21 
A 0.313 
S 61 88.8 
K 150 0.013 0.4 75 
K 200 0.013 0.15 25 

K ST70 
M COMBINE RUNOFF FROM SUB70 
0 0 
C 2 

D 4000 0.013 0.045 0.13 

1 

. . . . . . . . 

5 1 

K ROUT1 
M ROUTE 
0 
D 
C 0.045 
x 100 
Y541.07 

K SUB75 
0 
A 0.408 

150 
200 
4000 

FROM CROSS SECTION C-C TO D-D 
0 1 21 

0.025 0.045 3093 0.003 
109.2 125. 134.2 151.1 163 
540. 532.1 531.3 531.3 535 

. ... 
0 1 21 

61 88.8 
0.013 0.4 75 
0.013 0.15 25 
0.013 0.045 0.13 TRAP 5 

ST75 
COMBINE RUNOFF FROM SUB75 

0 1 21 
2 

ROUT2 
ROUTE FROM CROSS SECTION D-D TO E-E 

0 1 21 

NO 
NO 

130.1 
560 

NO 

194.6 
555 

YES 

200 
566.4 

YES 



. e  

DDY 3. HC1 July 26, 1993 Page 1-3 w- 47'6 4 
h 

0 82.3 93 102.9 129 150 200 . 237.8 
532 531.2 525 525 530 535 536 533 

SUB80 
RUNOFF FROM SUB80 (STORM SEWER OUTFALL DITCH) 

1 21 

D 87 
L 200 0.4 75 50 
L 250 0.15 25 50 
1 6500 0.045 0.65 TRAP 5 1 

L 1.223 

r 

I 

1 5866 0.025 TRAP 26 2.27 

k S T ~ O  

3 0 21 
4 COMBINE RUNOFF FROM STORM SEWER OUTFALL DITCH TO PADDY'S RUN 

- 2 

<ROUT2 5 
ul ROUTE FROM CROSS SE TO F-F 
3 0 21 
3 2613 0.002 0.0 

.1 

TRAP 52.8 4.55 YES 

<SUB130 
Y RUNOFF FROM SUBBASIN 130 
3 0 1 
9 1.385 
5 68.2 
K 200 0.033 0.4 100 
3 5000 0.016 0.045 0.588 1 
3 1800 0.02 0.025 4.55 

R ST130 
Y COMBINE RUNOFF FROM FROM SUB130 TO PADDY'S RUN. 
3 0 1 21 

2 

KSUBl 00 
!4 RUNOFF FROM SUB100 AND ROUTE FROM CROSS SECT10 G-G 
3 0 1 21 
R 0.510 
S 62.1 62.11 
K 180 0.1 0.4 30 
K 250 0.018 0.3 70 

D 2773 0.0003 0.025 TRAP 27.2 26.32 YES 

1 
w 

D 4000 0.01 0.045 0.412 TRAP 5 1 

. .  . 

K ROUT3 
M: ROUTE FROM CROSS SECTION G-G TO H-H 
D 3626 0.0025 0.025 TRAP 63.6 7.30 

KSUBllO 
KRUNOFF FROM SUB110 
A 0.823 
S 61.9 69 
K 200 0.2 0.4 50 
K 150 0.03 0.3 50 
D 500 0.04 0.045 0.21 TRAP 0 1 



-.  - _ _  

100 100 
500 0.15 TRAP 
8000 TRAP 

. .  ... . . . . .. 

S T 1 2 0  
COMBIN FROM SUB110 AND SUB220 TO 

0 1 21 

P a g e  1-4 

20 3.33 

0 1 
20 3.33 

PADDY'S RUN 

. . . . . . . . . . 
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C . DAT July 4, 1993 Page 1 

nfiltration through cross section C-C simulation 
8 0. 0. 
EETHOUR LBS 
6 23 
0 50000000 

7 / 1 / 9 3  

F F  
F T T F  
T T T T  
3 . 5  

. 4  70 
0.1 

. 3  1. 
8 

2 3 4 5 6. 7 8 .  9 10. 11 12. 1 3  1 4 .  15  16. 17 .  1 8 .  

1 32 
.E-5 0 . 1 5  0.0 
5 999 

6 

.1 1 8 . 7 5  0 .0001  0 . 3  

20 23 1 
0. 

4 - 3 .  
F 

0 .001  
. 0 5  0 . 0 1  0 .0001 0 . 1  
. 0 5  0 . 0  

F F  

2 1 3 4 0 . 7 4  
99999 / 
0.001 C-1 New Recharge Pe 

.05 0.01 0 . 0 0 0 1  0.1 

.05 0.0 

F F  

2 1 3 4 2 .  
99999 / 
0.001 C-1 New Recharge Period 

.05 0 . 0 1  0 . 0 0 0 1  0 . 1  

. 0 5  0 . 0  

F F  

2 1 3 4 1.5 
99999 / 

.05 0.01 0 .0001  0 . 1  

. 0 5  0 . 0  

0 .0005 C-1 New Recharge Period 

lor- 4 w 4  



3 .  DAT 

F F  

July 4, 1993 

2 1 3 4 1.2 
39999 / 

.05 0.01 0.1 

.05 0.0 

0.0005 

F F  

2 1 3  4 1.1 
39999 / 

0 . 0 0 0 5  

Page 1-2 

C-1 New Recharge Period 

C-1 New Recharge Period 
.05 0.01 0.0001 0.1 
.05 0.0 

F F  

2 1 3 4 1 .  
39999 / 

. 05  o . o i  o.oooi 0.1 
0.0005 C-1 New Recharge Period 

.05 0.0 

F F  

2 1 3 4 0.96 
39999 / 
0.0005 

.05 0.01 0.0001 0.1 

.05 0 . 0  

.:.:.... .: .....: .... .... .. .. .. . . . . . . . . . . . . . . . . 
,.:: ....... .... .... . ..... -.. .. ,.......,... . . . ..: ............ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

C-1 New Recharge Period 

. . . . . . . . . . . . . . 

F F  

2 1 3 4 0.7 
39999 / 

.05 0.01 0.0001 0.1 

.05 0.0 

0.0005 C-1 New Recharge P 

F F  

2 1 3 4 0.34 
39999 / 

.05 0.01 0.0001 0.1 

.05 0.0 

0.0005 C-1 New Recharge Period 

.IC- : 4774 

F F  

2 1 3 4 0.16 



2 .  DAT July 4, 1993 Page 1-3 

39999 / 
39999 / 

. . .  

.. . 



filtration through 

ETHOUR LBS 

50000000 

2 3 4 5 6 . 7  8.9 

E-5 0.25 0.0 

.05 0.01 0.0001 0 

.05 0.0 

2 1 4 4 0.96 
99999 / 

.05 0.01 0.0001 0.1 

.05 0.0 

0.001 C-1 New Recharge Pe 

. . . . . . . . 
' F F  

4, 1993 Page 1 

cross section D-D simulation 711 

10. 11 12. 13 14. 15 16. 17. 18. 

c- 47t 4L 
,193 

19. 20. 

F F  

2 1 4 4 2.2 
199999 / 

.05 0.01 0.0001 0.1 
1.05 0.0 
1 .  

' F F  

0.001 C-1 New Recharge Period 

I 

I 2 1 4  4 1.69 
199999 / 
! 0.0005 
..05 0.01 0.0001 0.1 
1.05 0.0 
1. 

C-1 New Recharge Period 



1 .  DAT July 4 ,  1993 

F F  

2 1 4 4 1.4 

Page 1-2 

,05 0.01 0.0001 0.1 
,05 0.0 

F F  

2 1 4  4 1.2 
39999 / 

>05 0 . 0 1  0.0001 0.1 
,05 0.0 

0.0005 C-1 New Recharge Period 

F F  

2 1 4  4 1.1 
)9999 / 

,05 0 .01  0.0001 0.1 
,05 0.0 

0.0005 

F F  

2 1 4 4 0 . 8 4  
39999 / 

,05 0 . 0 1  0.0001 0.1 
,05 0.0 

0.0005 C-1 New Recharge P 

F F  

! 2 1 4 4 0 . 4 4  
I99999 / 
! 0.0005 
..05 0.01 0.0001 0.1 
1.05 0.0 
1 .  

P F F  
1 
! 2 1 4  4 0.2 

i- 

C-1 New Recharge Period 

4774. 

. . . . . . . 
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Z .  DAT July 5, 1993 Page 1 

ifiltration through cross section E-E simulation 
1. 0 .  0. 
3ETHOUR LBS 
5 10  
1 50000000 
F F  
F T T F  
T T T T  
1 . 6  

# 4  30 
0.05 
,3 1. 
1 

7/5/93 

2 3 4 5 6. 7 8. 9 10. 11 12. 13 14. 15 16. 17. 18. 19. 20. 

1 32 
.E-5 0.25 0.0 
5 999 

6 

.1 18.75 0.0001 0.39 

2 6  10 1 

2 1 5 4 1.32- 
9999 / 
0.001 C-1 New Recharge Pe 

.05 0.01 0.0001 0.1 

.05 0.0 

. . . . . . . . 
F F  

I 
2 1 5 4 2.23 
99999 / 
0.001 C-1 New Recharge Period 

.05 0.01 0.0001 0.1 

.05 0.0 

F F  

2 1 5 4 1.77 
99999 / 

.05 0.01 0.0001 0.1 

.05 0.0 

0.0005 C - 1  New Recharge Period 

. . . . . . . . 



E. DAT July 5, 1993 Page 1-2 

F F  

2 1 5 4 1.39 
99999 / 

.05 0.01 0.1 

.05 0.0 

0.0005 C-1 New Recharge Period 

F F  

2 1 5 4 1.23 
99999 / 
0.0005 C-1 New Recharge Period 

.05 0.01 0.0001 0.1 

.05 0.0 

F F  

2 1 5 4 1.15 
99999 / 
0.0005 C-1 New Recharge Period 

.05 0.01 0.0001 0.1 

.05 0.0 ' 

F F  

2 1 5 4 1.05 
99999 / 

.05 0.01 0.0001 0.1 

.05 0.0 

0.0005 

F F  

2 1 5 4 0.82 
99999 / 

.05 0.01 0.0001 0.1 
0.0005 C-1 New Recharge P 

.05 0.0 

F F  

2 1 5 4 0 . 4 6  
99999 / 

.05 0.01 0.0001 0.1 

.05 0.0 

0.0005 C-1 New Recharge Period 

F F  

2 1 5 4 0.21 



. DAT July 5 ,  1993 

9999 / 
9999 / 

Page 1 - 3  
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PADDYS RUN STAGE VOLUME AND 
RELATIVE ONS 



Program: MATHCAD v.4.0 

Objective: 
Using hydrographs created by the HEC-1 model and the rating curves resulting from the 

on (see Appendix C) to calculate river stage versus time at each cross 

stream heads to be used in the infiltration model. 
off from each subbasin containing FEMP. 

ented in this section were performed using MATHCAD 4.0. For more 
information on MATHCAD 4.0 procedures and syntax, see MATHCAD 4.0 using guide, Math 
Soft Inc. 

Calculation: 
Input rating curves for e 

RTA :=READPRN(ecaa) 

RTD :=READPRN(ecdd) RTE :=READPRN(ecee) 

RTC . = READPRN( eccc) 

RTF '=READPRN(ecQ 

RTG :=READPRN(ecgg) RTH:=READP 

(Discharge rate in cfs, colu input rating curve) 

(Stage of Paddys Run at crossection A-A, column 2) 

(Stage of Paddys Run at crossection D-D in feet ) 

(Stage of Paddys Run at crossection E-E in feet ) 

(Stage of Paddys Run at crossection F-F in feet ) 

(Stage of Paddys Run at crossection G-G in feet ) 

(Stage of Paddys Run at crossection H-H in feet ) 

Using interpolation method, produce a function which represents a continuous 
rating curve. 



vsa := cspline( Qr. STa) 

vsd : = cspline( Qr, STd) 

vsb := cspline( Qr. STb) 
vse : = cspline( Qr , STe) 

STg) vsh := cspline( Qr,STh) 

vsc := cspline( Qr, STc) 

vsf : = cspline( Qr, STf) 

(rating curve function for cross section A-A, 
QRaa is discharge rate and STaa is stage) 

STbb( Qrb) := interp(vsb,Qr, STb,Qrb) 

...... ........ . . . . . .  ........ ......... .... ........ :.:.:..: ........... :: ......... ......... ....... STgg(Qrg) := if(Qrg<50,in~~~~,RTG.::.::~.i::::i:STg,Qrg),520) *.,@, 

SThh(Qrh) := interp(vsh,Qr,STh,Qrh) 

Plot. all rating curves in the following figures 

Q := 5,lO.. 500 discharge rate rang 

I I 562 - 

STU(Q) - - 

0 200 400 600 

Q 

54.4 536 I I I I 

534 - 
- STdd( Q) STCC(Q) 542 - - - 

I I ..... 530 * 540 
0 200 400 600 0 200 400 600 

Q Q 
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512 I I 

- 
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- 

I I 

Q 
200 400 600 

Hydrographs at each cross section were calculated using HE 
24-hour 1 -year storm. 

r a  

i :=0,1..299 

10 dt :=- 
60 

each hydrograph contains 300 data. point 

time interval for hydrograph calculation 

ti := (i + 1 ).dt elapsed time (hour) 

input all hydrographs for eight cross-sections 

~m :=READpRN(hydraa) discharge rate (cfs) 

Qbb : = E A D P R N (  hydrbb) 460  = READPRN( sub60) 

QCC :=READPRN(hydrcc) 470  :=READPFW(sub70) 

Qdd := READpRN( hydrdd) 475 '= READPRN(sub75) 

Qee :=READPRN(hydree) Q80 :=READPRN(sub80) 

Qff : = READPRN( hyda) 
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600 I I 

400 - - 
Qui - 

200 - - 

0 I 

Qgg : = READPRN( hydrgg ) 

Qhh :=READPRN(hydrhh) 

400 - I 

Q q 2 0 0  - - - 

1 0 

hs in the following 

0 20 40 60 

'i 

6oo 7 

'i 

figures: 
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562 554 I 1 I 

- 553 - - 
Sai Sbi - - 

552 , - 

I I 

1. 

. . . . . . . . 

1. 

Use rating curve and hydrograph to obtai 
section. 

sus time at each cross 

Sai := STaa(Qaai) Sbi := STbb(Qbbi) Sd. : = STdd( Qddi) 

Sei : = ~ ~ e e  ( ~ e e ~ )  Sfi : s~ff ( ~ 5 )  Sgi := STgg(Qgg) Shi :=SThh(Qhhi) 

Plot stage versus time curves in the following figures: 

. . . . . . . . . . . . . . . . . 

1. 1. 



534 

Use interpolation method to produce a continuous function for stage versu 
section C-C, D-D and E-E. 

I . . . . . . . . 

1. 

524 
0 20 40 60 

1. 

530 
0 20 40 60 
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510 

60 
509 

0 20 40 

'i 

vstc : cspline( t , Sc) vstd : = cspline( t , Sd) vste : = cspline( t , Se) 

vstcc(t') := interp(vstc, t,  Sc, 1') vstdd( t') := interp( vstd, t ,  Sd, 1') vstee( 1') : = interp(vste, t ,  Se, 1') 



Use time weighted average method to calculate average stage for each two-hour time 
interval, 

Savge. := dt' 
J 2 

dt' Savgd. := 
J 

J "j 

Plot the results in the foll 

. . . . . . . . . 
542 
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534 I I I 
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528 
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hvFj 526 
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525 

524 
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J 
E. 

These two-hour average stages will be used in the VS2DT model as constant head during 
each two hour interval. 



Next, calculate the total volume of runoff from the subbasins containing the FEMP and at each 
cross section. Build a continuous function by interpolation to represent the hydrograph. 

Vq70 := cspline( t ,470) Vq75 : = cspline( t, 475) Vq80 := cspline( t , Q80) 
..... 

Qqa( 1') := interp( Vqa, t,  Qaa, t Qqb( 1') := interp( Vqb, t , Qbb, 1') 

. . . . , . . . . 

Qqc( t') = interp( Vqc , t , Qcc, t') 

Qqe(t') = interp( Vqe,t ,Qee, t') 

Qqd( t') = interp( Vqd, t , Qdd, 1') 

Qq70( t') = interp( Vq70, t ,470, t') 

Qq80( 1') = interp( Vq80, t , Q80, t') 

Total runoff from subbasin 60, 70, 75, and 80 is given as 

. . . . . . . . 

Qq60(t').3600 dt' =2.07177*105 

Qq70(t').3600 dt' = 3.39623.10' 

1; Qq75(t1).36O0 dt' 4 . 2 5 6 9 7 4  IO5 

1; QqSO(t').3600 dt' = I.35128S.106 

(cubic feet, subbasin 60) 

(cubic feet, subbasin 70) 

(cubic feet, subbasin 75) 

(cubic feet, subbasin 80) 

. . ... 



Calculate runoff volume from the upstream end of each subbasin containing FEMP, up to the 
time when runoff from the subbasin vanishes. 

(cubic feet, upstream of subbasin 60) 

(cubic feet, upstream of subbasin 70) 

[24 Qqc(t').3600 dt' =5.57624*106 (cubic feet, upstream of subbasin 75) 
..... Jo 

1; Qqd(t')-3600 dt' =5.9108 ubic feet, upstream of subbasin 80) 

.... . 

1; Qqd(t').3600 dt' =6.982281*106 t').3600 dt' = 7.066775-106 

7.066775.106- 6.982281.106 = 1 . 1 9 5 6 5 1 . 1 0 ~  

7.0667751 O6 

Duration of runoff is defined as the period when runoff is gr 
runoff is about 20 hours (from 12 to 32). Calculation above 
total volume of runoff is neglected by using 20 hour runoff 

10 cfs. Duration of 
only 1.2 percent of the 

. . . . . . . . 



-- 4r74 
Program: MATHCAD 4.0 

Objective 
nuchten Method to calculate the relation of moisture content, hydraulic conductivity 

for the porous medium under Paddys Run channel bed. 

d obtained from the VST2DT manual were chosen to calculate relative hydraulic 
model. Calculation of relative hydraulic conductivity using fitting parameters for 

no medium sand were also performed for comparison. For the results of the infiltration analysis 
see Appdedia D-6 sensitivity analysis results. Parameters used in calculation are defined as the following, 

8s := 0.39 poros 

er 

B 

a porous medium (meters) 
1 V(B) := 1 - - 
B 

' h :=0.01,0.02.. 5 range of the head (meter) lculation (negtive) 

B(h,8r,a, p) := Or+ 
content as a function of total head 

p -r(P) [ 1 - ( y - l . [  1 + (:) ] ] 
Kr(h,a,B) := 

d(P) relative hydraulic 
total head 

.... . 

co function of 

8 1 (h) :=e( h,0.02,0.232,3. I ) Krl (h) :=Kr(h, 0.232,3.1) Fresno medium sand 

83(h) := O(h,0.069,0.326,3.9) Kr3(h) := Kr(h, 0.326,3.9) Sand 

e4(h) := e(h, 0.072,0.96,6.9) Kr4( h) : = Kr(h. 0.96,6.9) 
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4774 

Figure 1 : Moisture-c 
Solid line - Fresno 
Dotted line - Sand 
Dashed line - Fine sand 

e (moisture as a function of pressure head). 

. . . . . . . . . . . . 



Solid line - Fresno medium sand 
Dotted line - sand 
Dashed line - Fine sand 

. . . . . . . 



4 

Figure 3: Relative hydraulic condu 
Solid line - Fresno medium sand 
Dottedline - Sand 
Dashed line - Fine sand 

f moisture content. 
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DATE: APPROVED: DATE: NOTES: I__ PADDYS RUN PROFILE 
REF. NO.: 

REF. NO.: DATE: APPROVED: _________. AVERAGED PADDYS RUN PROFILE DATE: 

C O R P O R A T I O N  DATl REF. NO.: DATE: APPROVED: 
I I 

TI H DRAFTER: 

DESIGN F I L E  
/uar/err 

DEPARTMENT 
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