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LEACHATE GENERATION RATES 

EXECUTIVE SUMMARY 

PurDose of Analvsis 

The purpose of this analysis is to estimate leachate generation rates for different stages 
of the life of the Fernald On-Site Disposal Facility (OSDF). These rates will be used to evaluate 
the performance of the leachate collection system (LCS), leakage detection system (LDS), and 
leachate transfer system (LTS). 

Methods of Analvsis 

US Environmental Protection Agency (USEPA) Hydrologic Evaluation of Landfill 
Performance (HELP) Model Version 3. 

Conclusions 

Worst-case scenario leachate generation rates are: 

For One Cell 

Peak daily = 1,751 gpad 
Peak monthly = 1,486 gpad 
Average Annual (AA) for initial stage of operation 
(i.e., 10 ft of waste) = 1,143 gpad 
AA for intermediate stage (30' waste and intermediate cover) = 694 gpad 
AA for post-closure = 0.0019 gpad 

For Entire OSDF 

' Total leachate rate 
(1 cell in initial stage, 1 cell in intermediate stage, and 7 cells closed). = 11,941 gpd 

GE3900-08.5/F95300 18.CD 
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INTRODUCTION 

The purpose of this document is to summarize procedures which will be used to perform analyses 
to estimate the leachate generation rates for the FERNALD On-Site Disposal Facility (OSDF). This 
document also provides general description of the OSDF systems and operations which are relevant to 
these analyses. 

GENERAL DESCRIPTION OF RELEVANT OSDF SYSTEMS AND OPERATIONS 

General Layout of the OSDF 

The OSDF will be 3600 ft long and 702 fl wide, based on the limits of waste. The final-closure 
cover system of the OSDF will extend beyond the limits of waste, and therefore, will have greater 
dimensions. The OSDF will be oriented such that the long side of the OSDF is in the north-south 
direction and will consist of 9 cells numbered 1 through 9 sequentially, from north to south (see Figure 
1). Each cell will be 400 ft wide and 6.5 acres in size. The cell bottom will be graded to slope at a 
minimum of 2 percent from the north and south sides of the cell towards the center of the cell and to 
slope at a minimum of 1 percent from east to west as shown in Figure 1. 

Double-Liner System 

The OSDF double-liner system configuration is shown in Figure 2. 

Final-Closure Cover System 

Figure 3 shows the OSDF final-closure cover system configuration. 

Leachate Collection System 

The leachate collection system (LCS) is illustrated in Figures 2 and 4. Liquids which accumulate 
in the drainage layer of the LCS flow towards a 6-in. diameter perforated HDPE pipe located in the 
middle of the cell, referred to hereafter as the LCS pipe. This pipe is placed in a gravel trench and 
extends in the long direction of the cell. The pipe becomes solid at its down-slope end @e., the western 
end) just prior to intruding the double-liner system and the perimeter berm to outside the cell. A 6-in. 
diameter backup pipe will also be used which extends from a short distance inside the cell to outside 
the cell. The main and backup leachate pipes terminate into an individual sump (Le., manhole) located 
outside the cell. A header pipe extends between all of the leachate sumps and flows towards a central 
sump located south of Cell 9. A forcemain will transfer flow from the central sump to the Advanced 
Waste Water Treatment (AWWT) facility located on the FERNALD site. 

oao947 P 
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Leakage Detection System 

The leakage detection system (LDS) is similar to the LCS except that: (i) only one pipe is used to 
transfer collected liquids to an individual sump (Le., manhole) located outside the cell; and (ii) the LDS 
sumps are not connected to each other or to the LCS sumps. 

Waste Composition and Placement Procedures 

Three waste materials make up most of the waste to be disposed of in the OSDF. These materials 
are: (i) contaminated soil (approximately 75 to 80 percent), (ii) rubble (approximately 10 percent), and 
(iii) ash (approximately 10 to 15 percent). Other wastes which are relatively small in volume include 
sludge, municipal solid waste, and others. A waste handling and disposal plan is currently under 
development. However, a few observations can be made at this time. It is anticipated that 
contaminated soil will dominate most of the OSDF cells. Rubble will most likely be placed with 
contaminated soil in a layered configuration with the contaminated soil being the dominant material. 
However, it is likely that one or more cells may be dominated by ash. This is concluded based on the 
anticipated composition of the OSDF waste stream. Over 300,000 yd3 of ash is expected to be disposed 

in the OSDF within a period of 1 to 2 years. During this time, not more than one or two cells will 

I 

dc most likely be operational, and therefore, these cells may receive most of this ash. 

Daily and Intermediate Cover 

+N 
To control fugitive emissions, daily or weekly cover may be used which consists of& or 

geotextiles or a watering system may be utilized. Areas that will not receive waste for an extended 
period of time, due to winter weather for example, may be covered with a layer of soil 12 in. thick, 
referred to hereafter as intermediate cover. 

Interim-Closure Cover System 

Extended shutdowns (i.e., several months to years) of the OSDF may necessitate partial closure. 
All slopes will be graded to promote drainage and will be capped with an interim-closure cover system 
which consists of vegetative, drainage, and barrier layers. 

LEACHATE GENERATION ANALYSIS 

Leachate generation rates will be estimated for different stages of the OSDF life. These rates will 
be used to evaluate the performance of the LCS and the LDS. The leachate generation rates will also 
be used to analyze the leachate transmission system (LTS) sumps, pumps, and pipes. The remainder 
of this section describes the methods which will be used to estimate the leachate generation rates. The 
LCS, LDS, and LTS analyses are not described in this document. 

000352 I 
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The U.S. Environmental Protection Agency (USEPA) HELP Model Version 3.03 [Schroeder, et 
al., 1994a,b] will be used to estimate leachate generation rates for the OSDF. Using HELP, average 
and maximum daily, monthly, and annual leachate generation rates (as applicable) will be estimated for 
three cases representing different cell development periods which are: 

3 0 b & S ;  

- 

Case 1: Initial Period of Operation (10 ft of waste and daily cover); 

Case 2: Intermediate Period of Operation (30 ft of waste and intermediate cover); and 

Case 3: Post-Closure Period (full height of waste and final-closure cover system). 

The estimated leachate generation rates and other information obtained from the HELP model 
results will be directly used to evaluate all hydraulic systems located inside the cell (e.g. , LCS drainage 
layer, LCS pipe) and the hydraulic systems located outside the cell which service only one cell (e.g., 
LCS sump). The time unit to be used for a specific analysis dictates which leachate generation rate to 
use (i.e., average vs. maximum, daily vs. monthly). 

To evaluate hydraulic systems which service more than one cell, total leachate generation rates will 
be calculated based on combinations of the three cell development cases described above to represent 
different stages of the life of the OSDF. For example, to size the LCS header pipe which services the 
entire OSDF, worst case scenario is used (Le. , maximum flow rate during the entire life of the OSDF). 
As an illustration, assume the leachate generation rate for Case 1 is L, gpad, for Case 2 is gpad, and 
for Case 3 is gpad. Also assume that during one of the OSDF life stages, 1 cell is in the initial 
period of operation, 2 cells are in the intermediate period of operation, 4 cells are capped with the final- 
closure cover system, and all other cells are not built yet. For this stage of the OSDF life, the total 
leachate generation rate is calculated as follows: 

- 

0 ' 

Ltod (gpad) = (1 x L, + 2 x L, + 4 x b) / 7 J 

This computation will be performed for all possible scenarios and the most critical scenario will control 
the design of the LCS pipe. 

REFERENCES 

Schroeder, P.R. , Lloyd, C.M., and Zappi, P.A. (1994a). "The Hydrologic Evaluation of Landfill 
P e q o m n c e  (HELP) Model, User's Guide for Version 3. It U.S. Environmental Protection Agency, 
Office of Research and Development, Washington, D.C. , Report No. EPA/600/R-94/168aY Sep. 

Schroeder, P.R., Dozier, T.S., Zappi, P.A., McEnroe, B.M., Sjostrom, J.W., and Peyton, R.L. 
(1 994b). It The Hydrologic Evaluation of Landfill Peqomnce  (HELP) Model Engineering 
Documentation for Version 3. I' U.S. Environmental Protection Agency, Office of Research and 
Development, Washington, D.C. , Report No. EPA/600/R-94/168bY Sep, 116 p. 
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. #  <. Vegetative layer 2 

7 7  COMBINED 

B 8 Contouring Layer Compacted Fill 

9 9. Intermediate Cover Compacted Fill 

IO Waste Type1 (<a:\) 
l a  Type2 (Ach\ 

( I I1 Protective soil Compacced Fill 

12 12 Leachate Collectinn System Crushed Stone 

/', 14 Pnmary ~ i n e r . 2  GCL 

3 13 Primary Liner I HDPE Liner 

< /$ Leak Detection System Crushed Stone 

16 I 6  Secondary Liner I HDPE Liner 

Secondary Liner 2 GCL .............................. 

Texture HELP I Layer 1 Layer I=[, 

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

Compacted .............................. Clay 

COMBINED 
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HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE 

DEVELOPED BY ENVIRONMENTAL LABORATORY 
USAE WATERWAYS EXPERIMENT STATION 

FOR USEPA R I S K  REDUCTION ENGINEERING LABORATORY 

HELP MODEL VERSION 3.03 (31 DECEMBER 1994) 

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
** ** 
** ** 
** ** 
** ** 
** ** 
** ** 
** ** 
** ** 
** ** 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PRECIPITATION DATA F I L E :  
TEMPERATURE DATA F I L E :  
SOLAR RADIATION DATA F I L E :  
EVAPOTRANSPIRATION DATA : 
S O I L  AND DESIGN DATA F I L E :  
OUTPUT DATA F I L E :  

C : \HELP3\CASElA.  D4 
C : \HELP3\CASElA.  D7 
C:  \HELP3\CASElA.  D l 3  
C :  \HELP3\CASElA.  D 1 1  
C :  \HELP3\CASElA.  D l 0  
C : \HELP3\CASElA.  OUT 

T I M E :  16:30 DATE: 10/  3/1995 

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

T I T L E :  F e r n a l d  OSDF - C a s e  1 A  

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

NOTE: I N I T I A L  MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY -STATE VALUES BY THE PROGRAM. 
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TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

THICKNESS = 120.00 INCHES 
POROS ITY - - 0.4450 VOL/VOL 

0.3930 VOL/VOL FIELD CAPACITY - 

WILTING POINT - - 0.2770 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.4091 VOL/VOL 

- 

EFFECTIVE SAT. HYD. COND. = 0 .  90000003000E-05 CM/ t 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

12.00 INCHES - THICKNESS - 

POROSITY - - 0.4450 VOL/VOL 
0.3930 VOL/VOL FIELD CAPACITY - 

0.2770 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.3930 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

- 
- 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

12.00 INCHES - THICKNESS - 

POROS I TY - 
FIELD CAPACITY - 

WILTING POINT - 

0.3970 VOL/VOL 
0.0320 VOL/VOL 
0.0130 VOL/VOL 

- 
- 
- 

(600992 
t 



INITIAL SOIL WATER CONTENT = 0.0320 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000 CM/SEC 

2.24 PERCENT - SLOPE - 

DRAINAGE LENGTH = 224.0 FEET 

LAYER 4 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

0.06 INCHES TH I C KN ESS 
0.0000 VOL/VOL POROSITY - 

0.0000 VOL/VOL FIELD CAPACITY - 

0.0000 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 

0 . 0 0  HOLES/ACRE FML PINHOLE DENSITY - 

FML INSTALLATION DEFECTS = 1 .00  HOLESIACRE 
FML PLACEMENT QUALITY = 3 - GOOD 

- - 
- 

- 

- 

- 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 17 

0.25 INCHES THICKNESS - 

0.7500 VOL/VOL POROSITY - 

0.7470 VOL/VOL FIELD CAPACITY - 

0.4000 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.7500 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.300000003000E-08 CM/SEC 

- 
- 
- 
- 
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TYPE 2 - LATERAL DRAINAGE 
MATERIAL TEXTURE NUMBER 

LAYER 
0 

12.00 INCHES - THICKNESS - 

0.3970 VOL/VOL POROSITY - 

0.0320 VOL/VOL FIELD CAPACITY - 

0.0130 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0320 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000 CM/SEC 

2.24 PERCENT SLOPE - 

DRAINAGE LENGTH = 224.0 FEET 

- 
- 

- 

- 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

0.06 INCHES THICKNESS - 

0.0000 VOL/VOL POROSITY - 

0.0000 VOL/VOL FIELD CAPACITY - 

0.0000 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 

0 . 0 0  HOLES/ACRE FML PINHOLE DENSITY - 

FML INSTALLATION DEFECTS = 1.00 HOLES/ACRE 
FML PLACEMENT QUALITY = 3 - GOOD 

- 
- 
- 
- 

- 

LAYER 8 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 0 a- THICKNESS - - 36.25 INCHES 

s ,  

mxmj4 



0.4290 VOL/VOL POROSITY . -  

0.4200 VOL/VOL FIELD CAPACITY - 

0.3670 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.4290 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.819999997000E-07 CM/SEC 

- 
- 
- 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE #26 WITH BARE 
GROUND CONDITIONS, A SURFACE SLOPE OF 5 . %  AND 
A SLOPE LENGTH OF 400. FEET. 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL WATER I N  EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOWER LIMIT OF EVAPORATIVE STORAGE 
INITIAL SNOW WATER 
INITIAL WATER I N  LAYER MATERIALS 
TOTAL INITIAL WATER 
TOTAL SUBSURFACE INFLOW 

a 
96.80 

0 . 0  
1 . 0 0 0  

12.0 
5.278 
5.340 
3.324 
2.154 

70.310 
72.464 

0 . 0 0  

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES/ Y EAR 

EVAPOTRANSPIRATION AND WEATHER ‘DATA 

NOTE : EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
C I NC I NNAT I OHIO 

MAXIMUM LEAF AREA INDEX = 0 .00  
START OF GROWING SEASON (JULIAN DATE) = 104 



END OF GROWING SEASON ( J U L I A N  DATE) = 295 
AVERAGE ANNUAL WIND SPEED = 9.10  MPH 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 7 0 . 0 0  % 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 67.00 X 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 73.00 % 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 72.00  % 

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR COV I NGTON KENTUCKY 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

J A N I J U L  F E B I  AUG MAR1 SEP APRIOCT MAY I NOV JUNIDEC 
- - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - - - - - - - - - 

3.13 2.73 3.95 3.58 3.84 4.09 . 

4.28 2 .97  2.91 2.54 3.12 3.00 

NOTE: TEMPERATURE DATA WAS SYNTHETICbLLY GENERATED USING 
COEFFICIENTS FOR C I N C I N N AT I OHIO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

F EB I AUG MAR1 S E P APRIOCT MAY I NOV JUNIDEC JAN I J U L  
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 . 33.80 

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFF I C I ENTS FOR C I NC I NNAT I OHIO 

STATION LATITUDE = 39.29 DEGREES 

0-. 
i 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  e 
AVERAGE MONTHLY VALUES I N  INCHES FOR YEARS 1 THROUGH 100 

STD. DEVIATIONS 0.1904 0.2566 
0.4353 0.3695 

PERCOLATION/LEAKAGE THROUGH LAYER 5 a 

PREC I P I TAT I ON 
- - - - - - - - - - - - -  

TOTALS 

STD. DEVIATIONS 

RUNOFF 
- - - - - -  

TOTALS 

STD. DEVIATIONS 

STD. DEVIATIONS 

JAN I JUL 
- - - - - - - 

3.45 
4.42 

1.58 
1.94 

0.000 
0.000 

0.000 
0.000 

0.943 
4.478 

0.245 
1.560 

FEBIAUG 
- - - - - - - 

2.84 
2.86 

1.33 
1.59 

0.000 
0.000 

0.000 
0.000 

1.288 
3.274 

0.330 
1.530 

MAR1 S EP 
- - - - - - - 

3.77 
2.79 

1.48 
1.78 

0.000 
0.000 

0.000 
0.000 

2.795 
2.369 

0.404 
1 :127 

0.4364 
0.6204 

0.3594 
0.2934 

APR/OCT 
- - - - - - - 

3.69 
2.35 

1.54 
1 . 1 0  

0.000 
0 ..ooo 

0.00.0 
0.000 

4.401 
2.088 

0.537 
0.737 

0.3731 
0.4674 

0.2729 
0.2077 

MAY I NOV 
- - - - - - - 

3.83 
3.22 

1.84. 
1.36 

0.000 
0.000 

0.000 
0.000 

5.135 
1.518 

1.214 
0.334 

0.4663 
0.3595 

0.4883 
0.1249 

JUN/DEC 
- - - - - - - 

4.10 
2.94 

2.18 
1 . 2 1  

0.000 
0.000 

0.000 
0.000 

4.346 
1.130 

1.725 
0.173 

0.9767 
0.3074 

0.5015 
0.1160 

i 



_ _ _ _ _ _ _ _ _ _ - - - - _ _ _ _ _ _ - - - - - - - - - _ _ - - - - -  

TOTALS 0.0000 0 .0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 ' 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION/LEAKAGE THROUGH LAYER 8 
_ - _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ - - - - - - - _ - - - - - - _ - -  

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

D A I L Y  AVERAGE HEAD ACROSS LAYER 5 

AVERAGES 0.1323 0.1577 0.2720 0.2343 0.3444 0.7940 
0.8726 0.6019 0.4040 0.2760 0.2118 0.1753 

STD. DEVIATIONS 0.1298 0.2007 0.2812 0.2073 0.4292 0.5080 
0'. 4843 0.3934 0.2861 0.1568 0.0748 0.0673 

D A I L Y  AVERAGE HEAD ACROSS LAYER 8 
_ _ _ - - _ _ _ _ - - _ _ - _ _ _ _ - _ - - - - - _ - - - - - - - - - - -  

AV E RAGES 0 . 0 0 0 0  0.0000 -0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

I 



STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

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

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

PRECIP ITATION 

RUNOFF 

EVAPOTRANSPIRATION 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 3 

PERCOLATION / LEAKAGE THROUGH 
LAYER 5 

AVERAGE HEAD ACROSS TOP 
OF LAYER 5 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 6 

PERCOLATION / LEAKAGE THROUGH 
LAYER 8 

AVERAGE HEAD ACROSS TOP . 

OF LAYER 8 

CHANGE I N  WATER STORAGE 

40.26 ( 

0 . 0 0 0  ( 

33.766 ( 

6.47968 ( 

0.00002 ( 

0.373 ( 

0.00002 ( 

0.00000 ( 

0.000 ( 

0.014 ( 

5.552) 

0 .0000)  

4.1974) 

2.16426) 

0.00001 1 

0.166) 

0 . 0 0 0 0 1 ~  

0.00000 

0.000) 

2.9337 ) 

146142.4 1 0 0 . 0 0  

0 . 0 0  0 . 0 0 0  

122571.93 83.872 

23521.223 16.09473 

0.087 0.00006 

0.078 0.00005 

0 .009  0.00001 

49.06 0.034 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  a- - 
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. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PEAK DAILY VALUES FOR YEARS 1 THROUGH 100 

PRECIPITATION 

RUNOFF 

DRAINAGE COLLECTED FROM LAYER 3 

PERCOLATION/LEAKAGE THROUGH LAYER 5 

AVERAGE HEAD ACROSS LAYER 5 

DRAINAGE COLLECTED FROM LAYER 6 

PERCOLATION/LEAKAGE THROUGH LAYER 8 

AVERAGE HEAD ACROSS LAYER 8 

SNOW WATER 

( INCHES) 
- - - - - _ _ _ _ -  

4.70 

0 . 0 0 0  

0.06447 

0.000000 

1.977 

0.00000 

0 .000000 

0: 000 

5.62 

(CU. FT. 1 

17061.000 
- - - _ _ _ - _ _ _ _ _ _  

0 .0000  

234.02110 

0.00132 

0.00129 

0.00002 

20394: 9297 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4448 

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.2664 

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

2 

3 

4 

5 

6 '  

7 

8 

SNOW WATER 

( INCHES 
- - - - - - - - 

47.3738 

4.9115 

0.4314 

0 .0000  

0.1875 

0.3840 

0.0000 

15.5512 

0 . 0 0 0  

(VOL/VOL) 

0.3948 

0.4093 

0.0360 

0.0000 

0.7500 

0.0320 

0 . 0 0 0 0  

0.4290 

- - - - - - - - - 

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

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

I 



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

................................................................................ 
** ** 
** ** 
** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ** 
** HELP MODEL VERSION 3.03 (31 DECEMBER 1994) ** 
** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
** USAE WATERWAYS EXPERIMENT STATION ** 
** FOR USEPA R I S K  REDUCTION ENGINEERING LABORATORY ** 
** ** 
** ** 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PRECIPITATION DATA F I L E :  C :  \HELP3\CASElB.  D4 
TEMPERATURE DATA F I L E :  C : \HEL\P3\CASElB. D7 
SOLAR RADIATION DATA F I L E :  C:  \HELP3\CASElB.  D l 3  
EVAPOTRANSPIRATION DATA: C : \HELP3\CASElB.  D 1 1  
S O I L  AND DESIGN DATA F I L E :  C :  \HELP3\CASElB.  D10 
OUTPUT DATA F I L E :  C:  \ H E L P 3 \ c a s e l b . O U T  

@ 

T I M E :  20:21 DATE: 10/  3/1995 

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

T I T L E :  F e r n a l d  OSDF - C a s e  1 B  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY -STATE VALUES BY THE PROGRAM. 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 31  

THICKNESS = 120.00 INCHES 
0.5780 VOL/VOL POROSITY - 

0.0760 VOL/VOL FIELD CAPACITY - 

0.0250 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.1727 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.410000002000E-02 CM/SEC 

- 

- 
- 

LAYER 2 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

12.00 INCHES - THICKNESS - 

0.4450 VOL/VOL POROS ITY - 

0.3930 VOL/VOL FIELD CAPACITY - 

0.2770 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.3930 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

- 
- 
- 

. .  e- TYPE 2 -- LATERAL DRAINAGE LAYER 

001083 i 



MATERIAL TEXTURE NUMBER 0 
12.00 INCHES - THICKNESS - 

0.3970 VOL/VOL POROSITY - 

0.0320 VOL/VOL FIELD CAPACITY - 

0.0130 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0320 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000 CM/SEC 

2.24 PERCENT SLOPE - 

DRAINAGE LENGTH = 224.0 FEET 

- 
- 

- 

- 

LAYER 4 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

0 .06  INCHES THICKNESS - 

0.0000 VOL/VOL POROSITY - 

0.0000 VOL/VOL FIELD CAPACITY - 

0.0000 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 
FML PINHOLE DENSITY - - 0 . 0 0  HOLES/ACRE 
FML INSTALLATION DEFECTS = 1.00 HOLESIACRE 

- 
- 
- 
- 

FML PLACEMENT QUALITY = 3 - GOOD 

LAYER 5 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 17 

0.25'  INCHES THICKNESS - 

POROS ITY - - 0.7500 VOL/VOL 
0.7470 VOL/VOL FIELD CAPACITY - 

- 

- 

i 



e. . 

0.4000 VOL/VOL WILTING POINT - 

INIT-IAL SOIL WATER CONTENT '= 0.7500 VOL/VOL 
EFFECTIVE SAT. HYD. COND. ' = 0.300000003000E-08 CM/SEC 

- 

LAYER 6 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

12.00 INCHES - THICKNESS - 

0.3970 VOL/VOL POROS ITY - 

0.0320 VOL/VOL FIELD CAPACITY - 

0.0130 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0320 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000 CM/SEC 

2.24 PERCENT SLOPE - 

DRAINAGE LENGTH = 224.0 FEET 

- 
- 
- 

- 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

0 .06  INCHES THICKNESS - 

0.0000 VOL/VOL POROS I TY - 

0.0000 VOL/VOL FIELD CAPACITY - 

0.0000 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYO . COND . = 0.199999996000E- 12 CM/SEC 

- 

- 

- 
- 

FML 
FML 
FML 

PINHOLE DENSITY - - 0 . 0 0  HOLES/ACRE 
INSTALLATION DEFECTS = 1 . 0 0  HOLES/ACRE 
PLACEMENT QUALITY = 3 - GOOD 

1 

4 



LAYER 8 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 0 

36.25 INCHES - THICKNESS - 

0.4290 VOL/VOL POROSITY - 

0.4200 VOL/VOL FIELD CAPACITY - 

0.3670 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.4290 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.819999997000E-07 CM/SEC 

- 
- 
- 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE #31 WITH BARE 
GROUND CONDITIONS, A SURFACE SLOPE OF 5 . %  AND 
A SLOPE LENGTH OF 400. FEET. 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
INITIAL WATER I N  EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOWER LIMIT OF EVAPORATIVE STORAGE 
INITIAL SNOW. WATER 
INITIAL WATER I N  LAYER MATERIALS 
TOTAL INITIAL WATER 
TOTAL SUBSURFACE INFLOW 

96.80 
0 . 0  
1 . 0 0 0  

12.0 
1.644 
6.936 
0.300 
0 . 0 0 0  

41.947 
41.947 

0 . 0 0  

- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES/ Y EAR 

i 
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EVAPOTRANSPIRATION AND WEATHER DATA 

I 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
C I NC I NNATI O H I O  

MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON (JULIAN DATE) 
END OF GROWING SEASON (JULIAN DATE) 
AVERAGE ANNUAL WIND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

= 0 . 0 0  
= 104 
= 295 
= 9.10 MPH 
= 70.00 % .  
= 67.00 % 
= 73.00 % 
= 72.00 % 

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFF I C  I ENTS FOR COV I NGTON KENTUCKY 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN1 JUL FEBIAUG MARIS EP APRIOCT MAY I NOV JUNIDEC 

3.13 2.73 3.95 3.58 3 . 8 4  4.09 
'4 .28  2.97 2 .91  2.54 3 .12  3.00 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - - - - - - -  

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR C I NC I NNAT I OHIO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JAN I JUL F E B I  AUG MAR1 S EP APRIOCT MAY I NOV JUN/DEC 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 
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NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR C I NC I NNATI OHIO 

STATION LATITUDE = 39.29 DEGREES 

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

AVERAGE MONTHLY VALUES I N  INCHES FOR YEARS 1 THROUGH 100 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P R E C I P I TAT I ON 
_ _ _ _ _ _ _ _ _ _ _ _ -  

TOTALS 

STD. DEVIATIONS 

RUNOFF 
_ _ _ _ _ _  

TOTALS 

STD. DEVIATIONS 

EVAPOTRANSPIRATION 
- - - - - - - - - - _ _ _ _ - _ _ _  

TOTALS 

JAN1 JUL  
- - - - - - - 

3.45 
4.42 

1.58 
1.94 

0.000 
0.000 

0.000 
0.000 

0.975 
3.205 

F E B I  AUG 
- - - - - - - 

2.84 
2.86 

1.33 
1.59 

0.000 
0 .000 

0 . 0 0 0  
0 .000 

1 .170  
2.293 

MARISEP 
- - - - - - - 

3.77 
2.79 

1.48 
1.78 

0 .000  
' 0 . 0 0 0  

0.000 
0.000 

2.345 
1.876 

APRIOCT 
- - - - - - - 

3.69 
2.35 

1.54 
1 . 1 0  

0 .000  
0 .000  

0.000 
0.000 

2.868 
1.654 

MAY I NOV 
- - - - - - - 

3.83 
3.22 

1.84 
1.36 

0 .000  
0 .000 

0 .000 
0 .000 

3.059 
1.395 

4.10 
2.94 

2.18 
1 . 2 1  

0.000 
0.000 

0 .000 
0.000 

2 .901  
1.082 



STD. DEVIATIONS 0.225 0.297 0.448 0 . 7 7 1  0.957 1.013 
1.038 0.987 0.811 0.515 0.321 0.166 

LATERAL DRAINAGE COLLECTED FROM LAYER 3 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - _ - - - - - - - - -  

TOTALS 1.0080 1.1042 1.2893 1.4090 1.6995 1.5963 
1.4775 . 1.3294 1.2391 1.2225 1.0687 0.9486 

STD. DEVIATIONS 0.5750 0.4793 0.4955 0.4737 0.4044 0.4244 
0.5198 0.5822 0.5519 0.5739 0.5307 0.4906 

PERCOLATION/LEAKAGE THROUGH LAYER 5 

TOTALS 0.0000 . 0.0000 0.0000 0.0000 0.0000 0 .0000 
0.0000 0.0000 0.0000 0.0000 0.0000 . 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

LATERAL DRAINAGE COLLECTED FROM LAYER 6 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - _  

TOTALS 0.0000 0 .0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0 .0000 

-STD. DEVIATIONS 0.0000 0.0000 0 .0000 0.0000 0.0000 0.0000 ' 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION/LEAKAGE THROUGH LAYER 8 

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
_ - _  . 0.0000 0.0000 0.0000 0.0000 0.0000 0 :  0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0'. 0000 0.0000 . 0.0000 0.0000 0.0000 0.0000 



D A I L Y  AVERAGE HEAD ACROSS LAYER 5 

AVERAGES 0.8003 1.0136 1.0752 1.2896 1.5846 1.5171 
1.3094 1.1484 1.0862 1.0192 0.8803 0.7112 

STD. DEVIATIONS -0.6061 0.5921 0.5871 0.5788 0.4973 0.5578 
0.6401 0.6874 0.6716 0.6677 0.6253 0.5442 

D A I L Y  AVERAGE HEAD ACROSS LAYER 8 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

AVERAGES 0 .0000 0.0000 0.0000 0 .0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0 .0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0 .0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

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

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

PREC I P I TAT I ON 40.26 ( 5.552) 146142.4 100 .00  

RUNOFF 0 .000 ( 0.0000) 0 .00 0.000 

EVAPOTRANSPIRATION 24.823 ( 2.5898) 90106.26 61.656 

LATERAL DRAINAGE COLLECTED 15.39211 ( 4.00820) 55873.355 38.23214 
FROM LAYER 3 . 

PERCOLATI ON / L EAKAGE' THROUGH. 0.00007 ( 0.00003) 0.266 0.00018 

i 



LAYER 5 

AVERAGE HEAD ACROSS TOP 1..120 ( 0.404) 
OF LAYER 5 

LATERAL DRAINAGE COLLECTED 0.00007 ( 0.00003) 0.257 0.00018 
FROM LAYER 6 

PERCOLATION/ LEAKAGE THROUGH 0.00000 ( 0.00000) 0.009 0.00001 
LAYER 8 

AVERAGE HEAD ACROSS TOP 0 .000  ( 0 .000)  
OF LAYER 8 

CHANGE I N  WATER STORAGE 0.045 ( 3.0775) 162.50 0.111 

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

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

RUNOFF 0.000 0.0000 

DRAINAGE COLLECTED FROM LAYER 3 0.06463 234.60153 

PERCOLATION/LEAKAGE THROUGH LAYER 5 0.000000 0.00132 

AVERAGE HEAD ACROSS LAYER 5 1.984 

DRAINAGE COLLECTED FROM LAYER 6 0.00000 0.00130 



PERCOLATION/LEAKAGE THROUGH LAYER 8 0.000000 0.00002 

AVERAGE HEAD ACROSS LAYER 8 0 .000 

SNOW WATER 5.62 20394.9297 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.5780 

M I N I M U M  VEG. SOIL WATER (VOL/VOL) 0.0214 

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

i 



AL 

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

2 

3 

4.8724 0.4060 

0.4162 0.0347 

4 0 .0000  0 .0000  

5 0.1875 0.7500 

6 0.3840 0.0320 

7 0 . 0 0 0 0  0 .0000  

8 .  15.5512 0.4290 

SNOW WATER 0 .000 

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

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

. .  

i 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ' 
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** 
** 
** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE 
** HELP MODEL VERSION 3 . 0 3  (31  DECEMBER 1994) 
** DEVELOPED BY ENVIRONMENTAL LABORATORY 
** USAE WATERWAYS EXPERIMENT STATION 
** FOR USEPA R I S K  REDUCTION ENGINEERING LABORATORY 
** 
** 

** 
** 
** 
** 
** 
** 
** 
** 
** 

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

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

PRECIPITATION DATA F I L E :  C:  \HELP3\CASE2A.D4 
TEMPERATURE DATA F I L E :  C :  \HELP3\CASEZA. D7 
SOLAR RADIATION DATA F I L E :  C :  \HELP3\CASE2A. D13 
EVAPOTRANSPIRATION DATA: C:  \HELP3\CASE2A. D l l  
S O I L  AND DESIGN DATA F I L E :  C :  \HELP3\CASEZA.D10 
OUTPUT DATA F I L E :  C :  \HELP3\CASEZA.OUT 

T I M E :  10: 8 DATE: 1 0 1  4/1995 

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

T I T L E :  F e r n a l d  OSDF - C a s e  2A 

. .............................................................................. 
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NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY -STATE VALUES BY THE PROGRAM. 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

12.00 INCHES - THICKNESS - 

0.4450 VOL/ VOL POROSITY - 

0.3930 VOL/VOL FIELD CAPACITY - 

0.2770 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.4450 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

- 
- 
- 

NOTE: SATURATED HYDRAULIC CONDUCTIVITY I S  MULTIPLIED BY 4.63 
FOR ROOT CHANNELS I N  TOP HALF OF EVAPORATIVE ZONE. 

LAYER. 2 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

THICKNESS = 360.00 INCHES 
0.4450 VOL/VOL POROSITY - 

0.3930 VOLJVOL FIELD CAPACITY - 

0.2770 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.4013 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

- 
- 
- 

LAYER 3 
- 



TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

12.00 INCHES - THICKNESS - 

0.4450 VOL/VOL POROS I TY - 

0.3930 VOL/VOL FIELD CAPACITY - 

0.2770 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.4111 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

- 
- 
- 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

12.00 INCHES - THICKNESS - 

POROSITY 
FIELD CAPACITY 
WILTING POINT 

0.3970 VOL/VOL 
0.0320 VOL/VOL 
0.0130 VOL/VOL 

- - 
- - 

- - 

INITIAL SOIL WATER CONTENT = 0.0363 VOL/VOL 
EFFECTIVE SAT. HYD: COND. = 0.100000001000 CM/SEC 

2.24 PERCENT SLOPE - 

DRAINAGE LENGTH = 224.0 FEET 

- 

LAYER 5 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

THICKNESS - - 0.06  INCHES 
POROSITY - - 0.0000 VOL/-VOL 
FIELD CAPACITY - - 0.0000 VOL/VOL 

0.0000 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 

- 

I 

Ip 
cpuzo1E; 



, 

' *- - 1-86. 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 

0 .00  HOLES/ACRE FML PINHOLE DENSITY - 
FML INSTALLATION DEFECTS = 1 . 0 0  HOLES/ACRE 
FML PLACEMENT QUALITY = 3 .- GOOD 

- 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 17 

0.25 INCHES THICKNESS - 

0.7500 VOL/VOL POROSITY - 

0.7470 VOL/VOL FIELD CAPACITY - 

0.4000 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.7500 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.300000003000E-08 CM/SEC 

- 
- 
- 

- 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

12.00 INCHES THICKNESS - 

0.3970 VOL/VOL POROSITY - 

' 0.0320 VOL/VOL FIELD CAPACITY - 

0.0130 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0320 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000 CM/SEC 

2 .24  PERCENT SLOPE - 

DRAINAGE LENGTH = 224.0 FEET 

- 
- 
- 
- 

- 

. .  
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LAYER 8 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

0.06 INCHES THICKNESS - 

0.0000 VOL/VOL POROSITY - 

0.0000 VOL/VOL FIELD CAPACITY - 

0.0000 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E- 12 CM/SEC 

0 . 0 0  HOLESIACRE FML PINHOLE DENSITY - 

FML INSTALLATION DEFECTS = 1 . 0 0  HOLESIACRE 
FML PLACEMENT QUALITY = 3 - GOOD 

- 
- 

- 
- 

- 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS - - 36.25 INCHES 
0.4290 VOL/VOL POROSITY - 

0.4200 VOL/VOL FIELD CAPACITY - 

0.3670 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.4290 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.819999997000E-07 CM/SEC 

- 
- 
- 

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 

i 
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S O I L  DATA BASE USING S O I L  TEXTURE #26 WITH BARE 
, GROUND CONDITIONS, A SURFACE SLOPE OF 15.% AND 

A SLOPE LENGTH OF 4 0 0 .  FEET. 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
I N I T I A L  WATER I N  EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOWER LIMIT OF EVAPORATIVE STORAGE 
I N I T I A L  SNOW WATER 
I N I T I A L  WATER I N  LAYER MATERIALS 
TOTAL I N I T I A L  WATER 
TOTAL SUBSURFACE INFLOW 

9 6 . 9 0  
0 . 0  
1 . 0 0 0  

3 0 . 0  
1 3 . 3 2 3  
1 3 . 3 5 0  

8 . 3 1 0  
0 . 6 6 9  

1 7 1 . 2 9 4  
1 7 1 . 9 6 4  

0 . 0 0  

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES/Y EAR 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
C I NC I NNAT I OHIO 

MAXIMUM LEAF AREA INDEX = 3 . 5 0  
START OF GROWING SEASON ( J U L I A N  DATE) = 1 0 4  
END OF GROWING SEASON ( J U L I A N  DATE) = 295 
AVERAGE ANNUAL WIND SPEED = 9 . 1 0  MPH 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY = 7 0 . 0 0  % 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY = 6 7 . 0 0  % 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY = 7 3 . 0 0  % 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY = 7 2 . 0 0  % 

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR COV I NGTON KENTUCKY 



J A N I J U L  

3.13 
4.28 

- - - - - - - 

NOTE 

NORMAL MEAN MONTHLY PRECIPITATION ( INCHES) 

FEB/ AUG MAR1 SE P APRIOCT MAY I NOV JUNIDEC 

2 .73  3.95 3.58 3.84 4.09 
2.97 2.91 2.54 3.12 3 .00  

- - - - - - - - - - - - .- - - - - - - - -  - - - - - - - - - - - - - - 

TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR C I NC I NNATI OHIO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR C I NC I N NAT I OHIO 

STATION LATITUDE = 39.29 DEGREES 

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

JAN/JUL  FEBIAUG MAR/SEP APR/OCT MAYINOV JUN/DEC 

PRECIP ITATION 



_ _ _ _ _ _ - - - - - - -  

TOTALS 3.45 
4.42 

STD. DEVIATIONS ' 1.58 
1.94 

RUNOFF 
_ _ _ _ _ _  

TOTALS 0.000 
0 .000 

STD. DEVIATIONS 0.000 
0 .000 

STD. DEVIATIONS 0.215 
1.566 

2.84 
2.86 

1.33 
1.59 

0.000 
0 .000  

0.000 
0.000 

1.265 
2.880 

0.323 
1.195 

LATERAL DRAINAGE COLLECTED FROM LAYER 4 

TOTALS 0.5514 0.3698 
0.4403 0.7949 

STD. DEVIATIONS 0.1955 0.2485 
0.4118 0.4111 

- - - - - - - - - - - - - -__________________________ 

PERCOLATION/LEAKAGE THROUGH LAYER 6 

STD. DEVIATIONS 0.0000 0.0000 
0.0000 0.0000 

3.77 
2.79 

1.48 
1.78 

0.000 
0 .000 

0 .000 
0 . 0 0 0  

2.756 
2.573 

0: 416 
0.934 

0.4868 
0.8801 

0.2590 
0.3043 

0.0000 
0.0000 

0.0000 
0.0000 

3.69 
2.35 

1.54 
1 . 1 0  

0 .000  
0 .000  

0.000 
0.000 

4.121 
1.976 

0.726 
0.698 

0.4216 
0.8540 

0.1737 
0.2709 

0.0000 
0.0000 

0.0000 
0.0000 

3.83 
3.22 

1.84 
1.36 

0.000 
0 .000 

0 .000 
0 .000 

4.855 
1.091 

1.115 
0.302 

0.1632 
0.7141 

0.1610 
0.2202 

0.0000 
0.0000 

0 .0000 
0.0000 

4.10 
2.94 

2.18 
1.21 

0 .000  
0 .000  

0 .000 
0 .000 

5.405 
0.920 

1.101 
0 .211  

0.1738 
0.6671 

0.2702 
0.2232 

0.0000 
0.0000 

0.0000 
0.0000 



LATERAL DRAINAGE COLLECTED FROM LAYER 7 

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0 .'0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

PERCOLATION/LEAKAGE THROUGH LAYER 9 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - -  

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 ' 0.0000 0.0000 0.0000 ' 0.0000 0.0000 

. STD. DEVIATIONS 0.0000 0.0000 0 .0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

AVERAGES OF MONTHLY AVERAGED D A I L Y  HEADS (INCHES) 
_ - - _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

D A I L Y  AVERAGE HEAD ACROSS LAYER 6 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

AVERAGES 0.3187 0.2435 0.2902 0.2508 0.0956 0.1140 
0.2867 0.5346 0.6067 0.5462 0.4480 0.3985 

STD. DEVIATIONS 0.1384 0.1894 0.1807 0.1090 0.1104 0.2152 
0.3169 0.3590 0.3195 0.2692 0.1934 0.1763 

AVERAGES 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

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



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

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 100 

P R E C I P I TAT I ON 

RUNOFF 

EVAPOTRANSPIRATION 
, 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 4 

PERCOLATION / LEAKAGE THROUGH 
LAYER 6 

AVERAGE HEAD ACROSS TOP 
OF LAYER 6 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 7 

PERCOLATION / LEAKAGE THROUGH 
LAYER 9 

AVERAGE HEAD ACROSS TOP 
OF LAYER 9 

CHANGE I N  WATER STORAGE 

40.26  ( 5 . 5 5 2 )  146142.4 

0.000 ( 0.0000)  0 . 0 0  

33 .691  ( 3 .7430)  122297.89 

6.51718 ( 1.82434)  23657.371 

0.00002 ( 0 .00001)  0 .079 

0 .344  ( 0 . 1 3 4 )  

0.00002 ( 0.00001) 0 .070 

0.00000 ( 0.00000) 0.009 

0 .000 ( 0.000) 

0.052 ( 3.2567)  186 .99  

PERCENT 
- - - - - - - - - 

100.00  

0 . 0 0 0  

83 .684  

16.18789 

0.00005 

0.00005 

0 .00001  

0 .128  

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

r 



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

PEAK DAILY VALUES FOR YEARS 1 THROUGH 100 

( INCHES 1 (CU. FT.)  

PRECIPITATION 4.70 17061.000 

RUNOFF 0.000 0.0000 

DRAINAGE COLLECTED FROM LAYER 4 0.06388 231.89029 

PERCOLATION/LEAKAGE THROUGH LAYER 6 0.000000 0.00130 

AVERAGE HEAD ACROSS LAYER 6 1 .951 

DRAINAGE COLLECTED FROM LAYER 7 0.00000 0.00127 

PERCOLATION/LEAKAGE THROUGH LAYER 9 0.000000 0.00002 

AVERAGE HEAD ACROSS LAYER 9 0.000 

SNOW WATER 5.62 20394.9297 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.4450 

M I N I M U M  VEG. SOIL WATER (VOL/VOL) 0.2708 

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

F I N A L  WATER STORAGE A T  END OF YEAR 100 

LAYER ( INCHES 1 ( VOL/ VOL ) 

1 4.9062 0.4088 

2 146.5006 0.4069 

3 5.0679 0.4223 

4 0.5103 0.0425 

5 0 .0000  0 .0000  

6 0.1875 0.7500 

7 0.3840 0.0320 

8 0 .0000  0 .0000  

9 15.5512 . 0.4290 

SNOW WATER 0 .000 

.............................................................................. 
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** ** 
** ** 
** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE ** 
** HELP MODEL VERSION 3.03 (31 DECEMBER 1994) ** 
** DEVELOPED BY ENVIRONMENTAL LABORATORY ** 
** USAE WATERWAYS EXPERIMENT STATION ** 
** FOR USEPA R I S K  REDUCTION ENGINEERING LABORATORY ** 
** ** 
** ** 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PRECIPITATION DATA F I L E :  C:  \HELP3\CASE2B. D4 
TEMPERATURE DATA F I L E  : C : \HELP3\CASE2B. D7 
SOLAR RADIATION DATA F I L E :  C: \HELP3\CASE2B.D13 
EVAPOTRANSPIRATION DATA: C : \HELP3\CASE2B. D l i  
S O I L  AND DESIGN DATA F I L E :  C :  \HELP3\CASE2B.D10 
OUTPUT DATA F I L E :  C :  \HELP3\CASE2B. OUT 

T I M E :  10:34 DATE: 1 0 /  4/1995 

.............................................................................. 
- ,  

T I T L E :  F e r n a l d  OSDF - C a s e  2B . .  

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



NOTE: . INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY -STATE VALUES BY THE PROGRAM. 

LAYER 1 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

12.00 INCHES - THICKNESS - 

0.4450 VOL/VOL POROS I TY - 

0.3930 VOL/VOL FIELD CAPACITY - 

0.2770 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.3390 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

- 
- 

- 

NOTE: SATURATED HYDRAULIC CONDUCTIVITY I S  MULTIPLIED BY 4.63 
FOR ROOT CHANNELS I N  TOP HALF OF EVAPORATIVE ZONE. 

LAYER 2 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 31  

THICKNESS = 360.00 INCHES 
0.5780 VOL/VOL POROSITY - 

0.0760 VOL/VOL FIELD CAPACITY - 

0.0250 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0971 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.410000002000E-02 CM/SEC 

- 
- 
- 



TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

12.00 INCHES - THICKNESS - 

0.4450 VOL/VOL POROSITY - 

0.3930 VOL/VOL FIELD CAPACITY - 

0.2770 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.3930 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

- 
- 

- 

LAYER 4 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

12.00 INCHES - THICKNESS - 
POROSITY - 
FIELD CAPACITY - 
WILTING POINT - 

0.3970 VOL/VOL 
0.0320 VOL/VOL 
0.0130 VOL/VOL 

- 
- 
- 

INITIAL SOIL WATER CONTENT = 0.0320 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000 CM/SEC 

2.24 PERCENT SLOPE - 

DRAINAGE LENGTH = 224.0 FEET 

- 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

0.06 INCHES THICKNESS - 

0.0000 VOL/VOL POROS I TY - 

0.0000 VOL/VOL FIELD CAPACITY - 

0.0000 VOL/VOL WILTING POINT - A 

INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 

- 
- 
- 
- 



EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 
0 .00  HOLES/ACRE FML PINHOLE DENSITY - 

FML INSTALLATION DEFECTS = 1.00 HOLES/ACRE 
FML PLACEMENT QUALITY = 3 - GOOD 

- 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 17 

0.25 INCHES THICKNESS - 

0.7500 VOL/VOL POROSITY - 

0.7470 VOL/VOL FIELD CAPACITY - 

0.4000 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.7500 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.300000003000E-08 CM/SEC 

- 
- 

- 
- 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

12.00 INCHES - THICKNESS - 

0.3970 VOL/VOL POROSITY - 

0.0320 VOL/VOL FIELD CAPACITY , - 

0.0130 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0320 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000 CM/SEC 

2.24 PERCENT SLOPE - 

DRAINAGE LENGTH = 224.0 FEET 

- 

- 
- 

- 
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LAYER 8 
- - - - - - - - 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

0.06 INCHES THICKNESS - 

0.0000 VOL/VOL POROSITY - 

0.0000 VOL/VOL FIELD CAPACITY - 

0.0000 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 

0 . 0 0  HOLES/ACRE FML PINHOLE DENSITY - 

FML INSTALLATION DEFECTS = 1 . 0 0  HOLES/ACRE 
FML PLACEMENT QUALITY = 3 - GOOD 

- 

- 
- 

- 

- 

LAYER 9 

186 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 0 

36.25 INCHES - THICKNESS - 

0.4290 VOL/VOL POROSITY - 

0.4200 VOL/VOL FIELD CAPACITY - 

0.3670 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.4290 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.819999997000E-07 CM/SEC 

- 
- 

- 

GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 



E. t - .- 
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S O I L  DATA BASE USING S O I L  TEXTURE #26 WITH BARE 
GROUND CONDITIONS, A SURFACE SLOPE OF 15.% AND 
A SLOPE LENGTH OF 400. FEET. 

.e 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
I N I T I A L  WATER I N  EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOWER LIMIT OF EVAPORATIVE STORAGE 
I N I T I A L  SNOW WATER 
I N I T I A L  WATER I N  LAYER MATERIALS 
TOTAL I N I T I A L  WATER 
TOTAL SUBSURFACE INFLOW 

96.90 
0 . 0  
1 . 0 0 0  

30.0 
7.848 

15.744 
3.774 
0 . 0 0 0  

60.251 
60.251 

0 . 0 0  

EVAPOTRANSPIRATION AND WEATHER DATA 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
I NCHES/Y EAR 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
C I NC I N N AT I OHIO 

MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON ( J U L I A N  DATE) 
END OF GROWING SEASON ( J U L I A N  DATE) 
AVERAGE ANNUAL WIND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

= 3.50 
= 104 
= 295 
= 9.10 MPH 
= 70.00 % 
= 67.00 % 
= 73.00 % 
= 72.00  % 

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR COV I NGTON KENTUCKY 

f 



NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

JAN / J U L  F EB/ AUG MAR/ SEP APR/OCT MAY / NOV JUN/DEC 

3.13 2.73 3.95 3.58 3.84 4.09 
4.28 2.97 2.91 2.54 3.12 3.00 

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
COEFF I C I ENTS FOR C I NC I NNAT I OHIO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR C I NC I NNAT I OH I O  

STATION LATITUDE = 39.29 DEGREES 

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

AVERAGE MONTHLY VALUES I N  INCHES FOR YEARS 1 THROUGH 100 

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

PRECIPITATION 

! 



STD. DEVIATIONS 

RUNOFF 
_ _ _ _ _ _  

TOTALS 

STD . DEVIATIONS 

EVAPOTRANSPIRATION 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

TOTALS 

STD. DEVIATIONS 

3.45 
4.42 

1.58 
1.94 

0.000 
0.000 

0.000 
. 0.000 

0.922 
4.370 

0 . 2 0 2  
1.543 

2.84 
2.86 

1.33 
1.59 

0.000 
0.000 

0.000 
0.000 

1.247 
2.868 

0.311 
1 .229  

LATERAL DRAINAGE COLLECTED FROM LAYER 4 

TOTALS 0.6797 0.4838 
0.8362 1.1522 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

STD. DEVIATIONS 0.2902 0.2608 
0.5196 0.4249 

PERCOLATION/LEAKAGE THROUGH LAYER 6 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

TOTALS 0.. 0000 0.0000 
0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 
0.0000 0.0000 

3.77 
2.79 

1.48 
1.78 

0.000 
0.000 

0.000 
0.000 

2.603 
2.480 

0.410 
1 .022  

0.6350 
1.1249 

0.2793 
0.3491 

0.0000 
0.0000 

0.0000 
0.0000 

3.69 
2.35 

1.54 
1 .10  

0.000 
0.000 

0.000 
0.000 

3.349 
1.930 

0.743 
0.686 

0.5258 
1.0644 

0.2445 
0.3369 

0.0000 
0.0000 

0.0000 
0.0000 

3.83 
3.22 

1.84 
1.36 

0.000 
0.000 

0.000 
0.000 

4.131 
1.113 

0.947 
0.225 

0.4173 
0.9160 

0.3332 
0.3079 

0.0000 
0.0000 

0.0000 
0.0000 

4.10 
2.94 

2.18 
1.21 

0.000 
0.000 

0.000 
0.000 

4.705 
0.889 

1.418 
0.158 

0.6683 
0.8483 

0.4847 
0.3001 

0.0000 
0.0000 

0.0000 
0.0000 

001033 5 



L ,TERAL DRAINAGE COL 

186 0 
F i b  

k, - . I  

ECTED FROM LAYER 7 

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0 .0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0 .0000 0 ~ 0 0 0 0  0 .0000 0.0000 0 .0000 0.0000 
0.0000 0.0000 0 .0000 .o.oooo 0.0000 0 .0000 

PERCOLATION/LEAKAGE THROUGH LAYER 9 

TOTALS 0.0000 0 .'oooo 0.0000 0.0000 0.0000 0 .0000  
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0 .0000 

_ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - _ _ - - - - - - - - - - _ - - - - - - - - _ - _ _ - - - -  

AVERAGES OF MONTHLY AVERAGED D A I L Y  HEADS ( INCHES) 

DAILY AVERAGE HEAD ACROSS LAYER 6 

AVERAGES 0.4110 0.3233 0.3837 0.3258 0.2723 0.4929 
0.6195 0.8881 0.8794 0.7589 0.6289 0.5356 

STD. DEVIATIONS 0.2489 0.2365 0.2147 0.2123 0.2973 0.4754 
0.5184 0.4684 . 0.4045 0.3771 0.3391 0.3012 

AVERAGES 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0 .0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0 .0000 

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

082034 i 



PREC I P I T A T  I ON 

RUNOFF 

EVAPOTRANSPIRATION 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 4 -  

PERCOLAT I ON / LEAKAGE THROUGH 
LAYER 6 

AVERAGE HEAD ACROSS TOP 
0 

OF LAYER 6 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 7 

PERCOLATION / LEAKAGE THROUGH 
LAYER 9 

AVERAGE HEAD ACROSS TOP 
OF LAYER 9 

CHANGE I N  WATER STORAGE 

40 .26  ( 5 . 5 5 2 )  

0 . 0 0 0  ( 0 . 0 0 0 0 )  

30 .608  ( 3.6011)  

9.35207 ( 3.01372)  

0.00003 ( 0.00002)  

0 .543  ( 0 .257)  

0.00003 ( 0.00002)  

0.00000 ( 0.00000) 

0.000 ( 0.000) 

0.300 ( 3.5768)  

146142.4 100 00 

0.00 0.000 

11 1105.99 76 .026  

33948.000 23.22940 

0 .125  . 0.00009 

0 .116  0.00008 

0 .009  0 .00001  

1088.23  . 0 .745  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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PEAK DAILY VALUES.FOR YEARS 1 THROUGH 100 

PREC I P I TAT I ON 

RUNOFF 

DRAINAGE COLLECTED FROM LAYER 4 

PERCOLATION/LEAKAGE THROUGH LAYER 6 

AVERAGE HEAD ACROSS LAYER 6 

DRAINAGE COLLECTED FROM LAYER 7 

PERCOLATION/LEAKAGE THROUGH LAYER 9 

AVERAGE HEAD ACROSS LAYER 9 

SNOW WATER 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 

M I N I M U M  VEG. SOIL WATER (VOL/VOL) 

( INCHES)  
_ - - - _ - - - - -  

4.70 

0 . 0 0 0  

0.06463 

0.000000 

1.984 

0 .00000  

. ’ 0.000000 

0 . 0 0 0  

5.62 

0.3448 

0.1178 

0.00130 

0.00002 

(CU. FT. )  

17061.000 
- - - - - _ _ - - _ _ _ _  

0 .0000  

234.60153 

0.00132 

20394.9297 

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



2 59.8707 0.1663 

3 5.1306 0.4276 

4 0.5529 0.0461 . 

5 0 . 0 0 0 0  0 . 0 0 0 0  

6 0.1875 0.7500 

7 . 0.3840 0.0320 

8 0 .0000  0 .0000 

9 15.5512 0.4290 

SNOW WATER 0 .000 

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

............................................................................... 
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*** ***************, *** k **************. ** **************** 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
** 
** 
** HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE 
** HELP MODEL VERSION 3 . 0 3  (31 DECEMBER 1994) 
** DEVELOPED BY ENVIRONMENTAL LABORATORY 
** USAE WATERWAYS EXPERIMENT STATION 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY 
** 
** 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

** 
** 

k**** 

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

SOLAR RADIATION DA 
EVAPOTRANSP I RATION 
S O I L  AND DESIGN DA 
OUTPUT DATA F I L E :  

PRECIPITATION DATA F I L E :  
TEMPERATURE DATA F I L E :  

A F I L E :  
DATA :, 
A F I L E :  

C :  \HELP3\CASE3A. D4 
C :  \HELP3\CASE3A: D7 
C :  \HELP3\CASE3A. D13 
C :  \HELP3\CASE3A. D11  
C:  \HELP3\CASE3A. D10 
C : \HELP3\CASE3A. OUT 

** 

** 
**' 
** 
** 
** 
** 
** 

TIME:  1 1 : Z  DATE: l o /  4/1995 

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

T I T L E :  F e r n a l d  OSDF - C a s e  3 A  

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



NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY -STATE VALUES BY THE PROGRAM. 

0 

LAYER 1 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 10 

6.00 INCHES THICKNESS - 

0.3980 VOL/VOL POROSITY - 

0.2440 VOL/VOL FIELD CAPACITY - 

0.1360 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.2930 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.119999997000E-03 CM/SEC 

- 

- 
- 
- 

NOTE: SATURATED HYDRAULIC CONDUCTIVITY I S  MULTIPLIED BY 4.63 
FOR ROOT CHANNELS I N  TOP HALF OF EVAPORATIVE ZONE. 

LAYER 2 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

21.00 INCHES - - THICKNESS 
0.4450 VOL/VOL POROSITY - 

0.3930 VOL/VOL FIELD CAPACITY - 

0.2770 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.4207 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

- 
- 
- 



TYPE 1 - VERTICAL PERCOLATION 
MATERIAL TEXTURE NUMBER 

6.00 - THICKNESS - 

LAYER 
2 

INCHES 
0.4370 VOL/VOL POROS I TY - 

0.0620 VOL/VOL FIELD CAPACITY - 

0.0240 VOL/VOL WILTING POINT - 

INITIAL S0I.L WATER CONTENT = 0.1920 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.579999993000E-02 CM/SEC 

- 
- 

- 

LAYER 4 

TYPE 1 - VERTICAL PERCOLATION 
MATERIAL TEXTURE NUMBER 

36.00 - THICKNESS - 

LAYER 
0 

INCHES 
0.3500 VOL/VOL POROSITY - 

0.0300 VOL/VOL FIELD CAPACITY - 

0.0100 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0300 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 100.000000000 CM/SEC 

- 

- 
- 

LAYER 5 
- - - - - - - - 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

12.00 INCHES - THICKNESS - 
POROS I TY - 0.3970 VOL/VOL - 

0.0320 VOL/VOL FIELD CAPACITY - 

0.0130 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0395 VOL/VOL 

13.40 PERCENT SLOPE - 

- 
- 

. EFFECTIVE SAT. HYD. COND. = 0.100000001000 CM/SEC 
- 



I!.!. t 

DRAINAGE LENGTH = 430.0 FEET 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

0.06 INCHES THICKNESS - 

0.0000 VOL/VOL POROSITY - 

0.0000 VOL/VOL FIELD CAPACITY - 

0.0000 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 

0 . 0 0  HOLES/ACRE FML PINHOLE DENSITY - 

FML INSTALLATION DEFECTS = 1 . 0 0  HOLES/ACRE 
FML PLACEMENT QUALITY = 3 - GOOD 

- 
- 
- 
- 

- 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 0 

24.25 INCHES - THICKNESS - 

0.4300 VOL/VOL POROSITY - 

0.4210 VOL/VOL FIELD CAPACITY - 

0.3670 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.4300 VOL/VOL 

- 
- 
- WILTING POINT - 

EFFECTIVE SAT. HYD. COND. = 0.750000027000E-07 CM/SEC 

LAYER 8 



-. . - - 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

12.00 INCHES - THICKNESS - 

0.4450 VOL/VOL POROS ITY - 

0.3930 VOL/VOL FIELD CAPACITY - 

0.2770 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.3930 VOL / VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

- 
- 

- 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

12.00 INCHES - THICKNESS - 

0.4450 VOL/VOL POROSITY - 

0.3930 VOL/VOL FIELD CAPACITY - 

0.2770 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.3930 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

- 
- 

- 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

408.00 INCHES THICKNESS \ =  

0.4450 VOL/VOL POROSITY - 

0.3930 VOL/VOL FIELD CAPACITY - 

0.2770 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.3930 VOL/VOL 

- 
- 

- 



I 

P .P- A, -- 1 8 6  
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

LAYER 11 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

12.00 INCHES - THICKNESS - 

0.4450 VOL/VOL POROSITY - 

0.3930 VOL/VOL FIELD CAPACITY - 

0.2770 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.3930 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

- 
- 
- 

LAYER 12 * 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

12.00 INCHES - THICKNESS - 

0.3970 VOL/VOL POROSITY - 

0.0320 VOL/VOL FIELD CAPACITY - 

WILTING POINT - - 0.0130 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0320 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000 CM/SEC 

2 .24  PERCENT SLOPE - 

DRAINAGE LENGTH = 224.0 . FEET 

- 
- 

- 

LAYER 13 



P 
c e b  

is- 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

0 .06  INCHES THICKNESS - 

0.0000 VOL/VOL POROS I T Y  - 

0.0000 VOL/VOL FIELD CAPACITY - 

0.0000 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 

0 . 0 0  HOLES/ACRE FML PINHOLE DENSITY - 

FML INSTALLATION DEFECTS = 1 . 0 0  HOLES/ACRE 
FML PLACEMENT QUALITY = 3 - GOOD 

- 
- 
- 
- 

- 

LAYER 14 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 17 

0.25 INCHES THICKNESS - 

0.7500 VOL/VOL POROSITY - 

. 0.7470 VOL/VOL FIELD CAPACITY - 

0.4000 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.7500 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.300000003000E-08 CM/SEC 

- 
- 

- 

- 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

12.00 INCHES - THICKNESS - 

POROSITY - 
FIELD CAPACITY - 
WILTING POINT - 

0.3970 VOL/VOL 
0.0320 VOL/VOL 
0.0130 VOL/VOL 

- 
- 
- 

88  
I -  



t .  

INITIAL SOIL WATER CONTENT = 0.0320 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000 CM/SEC 

2.24 PERCENT SLOPE 
DRAINAGE LENGTH = 224.0 FEET 

- - 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

0 .06  INCHES THICKNESS - 

0.0000 VOL/VOL POROSITY - 

0.0000 VOL/VOL FIELD CAPACITY - 

WILTING POINT - - 0.0000 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 
FML PINHOLE DENSITY - - 0 . 0 0  HOLES/ACRE 
FML INSTALLATION DEFECTS = 1 .00  HOLES/ACRE 

- 
- 
- 

FML PLACEMENT QUALITY = 3 - GOOD 

LAYER 17 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL. TEXTURE NUMBER 0 

36.25 INCHES - THICKNESS - 

0.4290 VOL/VOL POROSITY - 

FIELD CAPACITY . - - 0.4200 VOL/VOL 
WILTING POINT - - 0.3670 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.4290 VOL/VOL 

- 

EFFECTIVE SAT. HYD. COND. = 0.819999997000E-07 CM/SEC 

I 



GENERAL DESIGN AND EVAPORATIVE ZONE DATA 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
S O I L  DATA BASE USING S O I L  TEXTURE # l o  WITH A 
GOOD STAND OF GRASS, A SURFACE SLOPE OF 13.% 
AND A SLOPE LENGTH OF 430. FEET. 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
I N I T I A L  WATER I N  EVAPORATIVE ZONE 

LOWER LIMIT OF EVAPORATIVE STORAGE 
I N I T I A L  SNOW WATER 
I N I T I A L  WATER I N  LAYER MATERIALS 
TOTAL I N I T I A L  WATER 
TOTAL SUBSURFACE INFLOW 

UPPER LIMIT OF EVAPORATIVE STORAGE 

80 .90  - - 
= 1 0 0 . 0  

1 .000  
3 0 . 0  
11 .260  
13 .044  

6 .705  
0 . 0 0 0  

= 214.725 
= 214.725 

- - 
- - 
- - 
- - 
- - 

- - 

0.00 - - 

PERCENT. 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES/YEAR 

EVAPOTRANSPIRATION AND WEATHER DATA 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - -  

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
C I NC I NNAT I OHIO 

MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON ( J U L I A N  DATE) 
END OF GROWING SEASON ( J U L I A N  DATE) 
AVERAGE ANNUAL WIND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

= 3.50 
= 104 
= 295 
= 9 . 1 0  MPH 
= 70.00  % 
= 67 .00  % 
= 73.00 % . 

= 72 .00  % 



NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR COV I NGTON KENTUCKY 

NORMAL MEAN MONTHLY PRECIP ITATION ( INCHES) 

J A N I J U L  FEBIAUG MAR1 S EP APRIOCT MAY I NOV JUNIDEC 

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR C I N C I N N A T I  OHIO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

J A N I J U L  FEBIAUG MAR1 S EP APRIOCT MAY I NOV ' JUN/DEC 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR C I N C I N N A T I  OHIO 

STATION LATITUDE = 39.29 DEGREES 

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

AVERAGE MONTHLY VALUES I N  INCHES FOR YEARS 1 THROUGH 100 

..-,, 



JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

_ _ _ - _ _ _ _ _ _ - - -  

TOTALS 3.45 2.84 3.77 3.69 3.83 4.10 
4.51 2.86 2.79 2.35 3.22 2.94 

STD. DEVIATIONS 1.58 1.33 1.48 1.54 1.84 2.18 
2.35 1.59 1.78 1 . 1 0  1.36 1 . 2 1  

RUNOFF 
- - - - - -  

TOTALS 1.670 2.221 
0.327 0.097 

- STD. DEVIATIONS 1.437. 1.567 
1.345 0.313 

EVAPOTRANSP I RATION 
- - _ - - _ _ _ _ _ _ _ _ _ _ _ - _  

TOTALS 4 0.748 0.968 
4.185 2.661 

STD. DEVIATIONS 0.164 0.236 
1.436 ' 1.137 

LATERAL DRAINAGE COLLECTED FROM LAYER 5 

1 .227  
0.186 

1.280 
0.542 

2.148 
2.464 

0.395. 
0.944 

0.335 .0.165 0.230 
0.051 0.353 0.571 

0.678 0.499 0.587 
0.189 0.706 ~ 0 . 7 6 8  

3.156 4.439 4.496 
1.894 0.838 0.682 

0.641 1.024 1.484 
0.699 0.190 0.167 

_ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - -  

TOTALS 0.5559 0.1871 0.6842 1.1038 0.7188 0.4001 
0.0464 0.0224 0.0157 0.0400 0.0534 0.4127 

STD. DEVIATIONS 0.5973 0.3306 0.5298 0.4305 0.3584 0.1806 
0'. 0382 0.0499 0.0426 0.1281 0.1835 0.5089 

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 



k c  Pj//y 

0.0000 0.000 

STD. DEVIATIONS 0.0000 0.0000 
0.0000 0.0000 

STD. DEVIATIONS 0.0000 . 0.0000 
0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 
0.0000 0.0000 

LATERAL DRAINAGE COLLECTED FROM LAYER 15 

TOTALS 0.0000 0.0000 
0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 
0.0000 0.0000 

PERCOLATION/LEAKAGE THROUGH LAYER 17 

STD. DEVIATIONS 0.0000 0.0000 
0.0000 0 .0000 

0 .  3 

0.0000 
0.0000 

0 .0000 
0 .0000 

0 .0000 
0 .0000 

0.0000 
0.0000 

0 .0000 
0 .0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

b 
p i c b  

* ir- 

0.0000 0.0000 

0.0000 0 .0000 
0.0000 0 .0000 

0.0000 0.0000 
0 .0000 0.0000 

0.0000 , 0 .0000 
0.0000 0.0000 

0.0000 0.0000 
0.0000 0.0000 

0.0000 0.0000 
0.0000 0 .0000 

0.0000 0.0000 
0.0000 0.0000 

0.0000 0.0000 
0 .'oooo 0.0000 

0.0000 0.0000 
0.0000 0.0000 

0.0000 0.0000 
0.0000 0.0000 

P86 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0 .0000 

0 .0000 
0 .0000 

0 .0000 
0 .0000 

0 .0000 
0 .0000 

0.0000 
0.0000 

0.0000 
0.0000 

0.0000 
0.0000 



. 

AVERAGES OF MONTHLY AVERAGED DAILY HEADS ( INCHES) 

D A I L Y  AVERAGE HEAD ACROSS LAYER 7 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

AVERAGES 0.1024 0 .0385 0 .1272 0 .2120 0 .1336 0.0769 
0 .0086 0 .0042 0.0030 0 .0074  0 .0103 0.0767 

STD. DEVIATIONS 0.1099 0 .0680 0 .0985 0.0827 0 .0666 0.0347 
0 .0071 0 .0093  0.0082 0 .0238 0.0352 0.0946 

AVERAGES 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0 .0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

D A I L Y  AVERAGE HEAD ACROSS LAYER 17 

AV E RAG ES 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

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

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

P R E C I P I TAT I ON 4 0 . 3 4  ( 5 .640)  146443.7 100 .00  



a 

0 

! 

RUNOFF 

EVAPOTRANSP I RATION 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 5 

PERCOLATI ON/ LEAKAGE THROUGH 
LAYER 7 

AVERAGE HEAD ACROSS TOP 
OF LAYER 7 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 12  

PERCOLATION/LEAKAGE THROUGH 
LAYER 14 

AVERAGE HEAD ACROSS TOP 
OF LAYER 14  

LATERAL DRAINAGE COLLECTED 
FROM LAYER 15 

PERCOLATION/ LEAKAGE THROUGH 
LAYER 17 

AVERAGE HEAD ACROSS TOP 
OF LAYER 17 

CHANGE . I N  WATER STORAGE 

7 .434  ( 3.3631)  

28.680 ( 3.5378)  

4 .24053 ( 1.50870)  

0 .00002 ( 0.00001) 

0 .067  ( 0 .024)  

0 .00002 ( 0.00001)  

0.00000 ( 0.00000) 

0.000 ( 0.000) 

0.00000 ( 0.00000) 

0.00000 ( 0.00000) 

0.000 ( 0.000) 

-0 .012  ( 1.3297)  

26985.28 

104107.97 

15393.115 

0 .064  

0 .055  

0 .009  

0.000 

0.009 

-42 .78  

18 .427  

71 .091  

10.51129 

0.00004 

0.00004 

0.00001 

0.00000 

0.00001 

-0 .029  

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

i 



~.~ ... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

P REC I P I TAT I ON 

RUNOFF 

DRAINAGE COLLECTED FROM LAYER 5 

PERCOLATION/LEAKAGE THROUGH LAYER 7 

AVERAGE HEAD ACROSS LAYER 7 

DRAINAGE COLLECTED FROM LAYER 12 

PERCOLATION/LEAKAGE THROUGH LAYER 14 

AVERAGE HEAD ACROSS LAYER 14 

DRAINAGE COLLECTED FROM LAYER 15 

PERCOLATION/LEAKAGE THROUGH LAYER 17 

AVERAGE HEAD ACROSS LAYER 17 

SNOW WATER 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 

M I N I M U M  VEG. SOIL WATER (VOL/VOL) 

( INCHES ) 

13.00 

11.205 

- - - - - - - _ _ _  

0.08827 

0.000000 

0.509 

0 .00000  

0.000000 

0 . 0 0 0  

0 .00000 

0.000000 

0 . 0 0 0  

5.62 

0.3977 

0.2171 

(CU. FT.)  

47190.000 

40675.6289 

- - - - - _ _ _ _ _ _ _ _  

320.41122 

0.00112 

0.00081 

0.00002 

0.00000 

0.00002 

20394.9297 

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



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

F INAL  WATER STORAGE AT END OF YEAR 100 

LAYER ( INCHES 1 (VOL/VOL 1 

1 2.3321 0.3887 

2 7.7189 0.3676 

3 0.6044 0.1007 

4 1.0800 0.0300 

5 

6 

7 

8 

9 

10 

11 

12 

0.3843 

0.0000 

10.4275 

4.7160 

4.7160 

160.3440 

4.7160 

0.3840 

0.0320 

0 .0000  

- 0.4300 

0.3930 

0.3930 

0.3930 

0.3930 

0.0320 

13 0 .0000 0.0000 

' 14 0.1875 0.7500 

15 0.3840 0.0320 

16 0.0000 0 .0000  



17 15.5512 

SNOW WATER 0.000 

0.4290 

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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** ** 
** ** 
** HYDROLOGIC EVALUATION OF LANDFILL  PERFORMANCE 
** , HELP MODEL VERSION 3 . 0 3  (31 DECEMBER 1994) 
** DEVELOPED BY ENVIRONMENTAL LABORATORY 
** USAE WATERWAYS EXPERIMENT STATION 
** FOR USEPA RISK REDUCTION ENGINEERING LABORATORY 
** ** 
** ** 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

** 
** 
** 
** 
** 

PRECIPITATION DATA F I L E :  
TEMPERATURE DATA F I L E  : @ SOLAR RADIATION DATA F I L E :  
EVAPOTRANSP I RATION DATA : 
S O I L  AND DESIGN DATA F I L E :  
OUTPUT DATA F I L E :  

T IME:  11:44 

C : \HELP3\CASE3B. D4 
C : \HELP3\CASE3Bf 07 
C:  \HELP3\CASE3B. D l 3  
C : \HELP3\CASE3B. Dll 
C : \HELP3\CASE3B. D10 
C:  \HELP3\CASE3B. OUT 

DATE: 101 411995 

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

T I T L E :  F e r n a l d  OSDF - C a s e  3 B  

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



NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY -STATE VALUES BY THE PROGRAM. 

0 

LAYER 2 

LAYER 1 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 10 

6.00 INCHES THICKNESS - 

POROSITY - - 0.3980 VOL/VOL 
0.2440 VOL/VOL FIELD CAPACITY - 

WILTING POINT - - 0.1360 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.2930 VOL/VOL 

- 

- 

EFFECTIVE SAT. HYD. COND. 0.119999997000E-03 CM/SEC 
NOTE: SATURATED HYDRAULIC CONDUCTIVITY I S  MULTIPLIED BY 4163 

FOR ROOT CHANNELS I N  TOP HALF OF EVAPORATIVE ZONE. 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

21.00 INCHES - THICKNESS - 

POROS I TY - - 0.4450 VOL/VOL 
FIELD CAPACITY - - 0.3930 VOL/VOL 

0.2770 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.4207 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

- 



TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 2 

6.00 INCHES THICKNESS 
0.4370 VOL/VOL POROS I TY - 

0.0620 VOL/VOL FIELD CAPACITY - 

0.0240 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.1920 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.579999993000E-02 CM/SEC 

- - 
- 

- 
- 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 0 

36.00 INCHES - THICKNESS - 

0.3500 VOL/VOL POROSITY - 

0.0300 VOL/VOL FIELD CAPACITY - 

0.0100 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0300 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 100.000000000 CM/SEC 

- 
- 
- 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

12.00 INCHES - THICKNESS - 

POROS ITY - - 0.3970 VOL/VOL 
0.0320 VOL/VOL F I ELD CAPACITY - - 

0.0130 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0395 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000 CM/SEC 

- 

.SLOPE - - 13.40 PERCENT 



cLIc& Qs= 5bc;f% 

c 
I 

1 k = -  1 8 6  
DRAINAGE LENGTH = 430.0 FEET 

LAYER 6 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

0.06 INCHES , 
THICKNESS - 

0.0000 VOL/VOL 
0 .0000 VOL/VOL FIELD CAPACITY - 

0.0000 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 

0 . 0 0  HOLES/ACRE FML PINHOLE DENSITY - 

FML INSTALLATION DEFECTS = 1 .00  HOLES/ACRE 
FML PLACEMENT QUALITY = 3 - GOOD 

- 
- POROSITY - 
- 
- 

- 

LAYER 7 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 0 

24.25 INCHES - - 

0.4300 VOL/VOL 
THICKNESS 
POROSITY - 

0.4210 VOL/VOL FIELD CAPACITY - 

WILTING POINT - - 0.3670 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.4300 VOL/VOL 

- 
- 

EFFECTIVE SAT. HYD. COND. = 0.750000027000E-07 CM/SEC 

- .  

LAYER 8 



TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

12.00 INCHES - THICKNESS - 

0.4450 VOL/VOL POROS ITY - 

0.3930 VOL/VOL FIELD CAPACITY - 

0.2770 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.3930 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

- 

- 
- 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

THICKNESS 
POROS ITY 

- - 12.00 INCHES 
- - 0.4450 VOL/VOL 

FIELD CAPACITY - - 0.3930 VOL/VOL 
WILTING POINT - - 0.2770 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.3930 VOL/VOL' 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 3 1  

THICKNESS = 408.00 INCHES 
POROSITY - - 0.5780 VOL/VOL 
FIELD CAPACITY - - 0.0760 VOL/VOL 
WILTING POINT - - 0.0250 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0760 VOL/VOL 

i 



EFFECTIVE SAT. HYD. COND. = 0.410000002000E-02 CM/SEC 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

12.00 INCHES - THICKNESS - 

0.4450 VOL/ VOL POROS I T Y  - 

0.3930 VOL/VOL FIELD CAPACITY - 

0.2770 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.3930 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

- 

- 
- 

LAYER 12 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

12.00 INCHES - THICKNESS - 

0.3970 VOL/VOL POROSITY - 

0.0320 VOL/VOL FIELD CAPACITY - 

0.0130 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0320 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000 CM/SEC 

2.24 PERCENT SLOPE - 

DRAINAGE LENGTH = 224.0 FEET 

- 
- 

- 

- 

- LAYER 13 

i 
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TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE 'NUMBER 35 

0 .06  INCHES THICKNESS - 

0.0000 VOL/VOL POROSITY - 

0.0000 VOL/VOL FIELD CAPACITY - 

0.0000 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E- 12 CM/SEC 

0 .00  HOLES/ACRE FML PINHOLE DENSITY - 

FML INSTALLATION DEFECTS = 1.00 HOLESIACRE 
FML PLACEMENT QUALITY = 3 - GOOD 

- 
- 
- 
- 

- 

LAYER 14 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 17 

0 .25  INCHES THICKNESS - 

0.7500 VOL/VOL POROSITY - 

0.7470 VOL/VOL F I ELD CAPACITY - 

WILTING POTNT - - 0.4000 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.7500 VOL/VOL 

- 

- 
- 

EFFECTIVE SAT. HYD. COND. = 0.300000003000E-08 CM/SEC 

LAYER 15 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS - - 12.00 INCHES 
POROSITY - 

F I ELD CAPACITY - 
WILTING POINT - 

0.3970 VOL/VOL 
0.0320 VOL/VOL 
0.0130 VOL/VOL 

- 
- 
- 
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INITIAL SOIL WATER CONTENT = 0.0320 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000 CM/SEC 

2.24 PERCENT SLOPE - 

DRAINAGE LENGTH = 224.0 FEET 

- 

LAYER 16 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

0.06 INCHES THICKNESS - 

0.0000 VOL/VOL POROSITY - 

0.0000 VOL/VOL FIELD CAPACITY - 

0.0000 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 

0 . 0 0  HOLES/ACRE FML PINHOLE DENSITY - 

FML INSTALLATION DEFECTS = 1 . 0 0  HOLES/ACRE 
FML PLACEMENT QUALITY = 3 - GOOD 

- 
- 
- 

- 

- a 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 0 

36.25 INCHES - THICKNESS - 

0.4290 VOL/VOL POROSITY - 

0.4200 VOL/VOL 
0.3670 VOL/VOL 

FIELD CAPACITY 
WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.4290 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.819999997000E-07 CM/SEC 

- 
- - 
- 

i 



GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
S O I L  DATA BASE USING S O I L  TEXTURE #10 WITH A 
GOOD STAND OF GRASS, A SURFACE SLOPE OF 13.4: 
AND A SLOPE LENGTH OF 430. FEET. 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
I N I T I A L  WATER I N  EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOWER LIMIT OF EVAPORATIVE STORAGE 
I N I T I A L  SNOW WATER 
I N I T I A L  WATER I N  LAYER MATERIALS 
TOTAL I N I T I A L  WATER 
TOTAL SUBSURFACE INFLOW 

80.90 - - 

= 1 0 0 . 0  
1 . 0 0 0  

30.0 
11.260 
13.044 
6.705 
0 . 0 0 0  

85.389 
85.389 

0 . 0 0  

- - 
- - 
- - 
- - 

- - 
- - 
- - 
- - 
- - 

EVAPOTRANSPIRATION AND WEATHER DATA 

NOTE : EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
CINCINNATI  OHIO 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
I NCHES/Y EAR 

MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON ( J U L I A N  DATE) 
END OF GROWING SEASON ( J U L I A N  DATE) 
AVERAGE ANNUAL WIND SPEED 
AVERAGE 1 S T  QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

= 3.50 
= 104 
= 295 
= 9.10 MPH 
= 70 .00  % 
= 67.00 % 
= 73.00 % 
= 72.00  % 



NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFF I C  I ENTS FOR COV I NGTON KENTUCKY 

NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

J A N I J U L  F EB I AUG MAR1 S EP APRIOCT MAY I NOV JUNIDEC 

3.13 2.73 3.95 3.58 3.84 4.09 
4.28 2.97 2.91 2.54 3.12 3.00 

- - - - - - - - - - - - - -  - - - - - - -  - - - - - - - - - - - - - - - - - - - - - 

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR C I NC I NNAT I OHIO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JAN I J U L  F E B I AUG MARISEP APRIOCT MAY I NOV JUNIDEC 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 

- - - - - - _  - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 
a. 

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR C I NC I NNAT I O H I O  

STATION LATITUDE = 39.29 DEGREES 

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

AVERAGE MONTHLY VALUES I N  INCHES FOR YEARS 1 THROUGH 100 



- ~- . I - -  

F EB I AUG 
- - - - - - - 

2.84 
2.86 

1.33 
1.59 

2 .221  
0.097 

1.567 
0.313 

0.968 
2.661 

0.236 
1.137 

MARISEP APRIOCT MAY I NOV 
- - - - - - - 

3.83 
3.22 

1.84 
1.36 

0.165 
0.353 

0.499 
0.706 

4.439 
0.838 

1.024 
0.190 

0.7188 
0.0534 

0.3584 
0.1835 

0.0000 

JUNIDEC 
- - - - - - - 

3.77 
2.79 

1.48 
1.78 

1.227 
0.186 

1.280 
0.542 

2.148 
2.464 

0.395 
0.944 

0 6842 
0.0157 

0.5298 
0.0426 

0.0000 

- - - - - - - 

3.69 
2.35 

1.54 
1.10 

0.335 
0.051 

0.678 
0.189 

3.156 
1.894 

0.641 
0.699 

1.1038 
0.0400 

0.4305 
0.1281 

0.0000 

3.45 
4.51 

1.58 
2.35.  

1.670 
0.327 

1.437 
1.345 

0.748 
4.185 

0.164 
1.436 

4.10 
2.94 

STD. DEVIATIONS 2.18 
1.21 

RUNOFF 
- - - - - -  

TOTALS 0.230 
0.571 

0.587 STD. DEVIATIONS 
0.768 

4.496 
0.682 

STD. DEVIATIONS 1.484 
0.167 

0.4001 
0.4127 0.0464 0.0224 

STD. DEVIATIONS 0,. 5973 0.3306 
0.0382 0.0499 

0.1806 
0.5089 

PERCOLATION/LEAKAGE THROUGH LAYER 7 

~0.0000. 0.0000 0.0000 I 
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0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

LATERAL DRAINAGE COLLECTED FROM LAYER 12 

TOTALS 0 .0000 0 .0000 0 .0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0 .0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000. 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0 .0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

LATERAL DRAINAGE COLLECTED FROM LAYER 15 

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

TOTALS .*. 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
... 

0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0'. 0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

. I  
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VERAGE 

D A I L Y  AVERAGE HEAD ACROSS LAYER 7 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

AVERAGES 0.1024 0 .0385 0.1272 0 .2120 
0 .0086 0.0042 0.0030 0 .0074  

STD. DEVIATIONS 0.1099 0.0680 0.0985 0.0827 
0 .0071  0 .0093 0.0082 0 .0238 

D A I L Y  AVERAGE HEAD ACROSS LAYER 14  

STD. DEVIATIONS 0 .0000 0.0000 0.0000 0 .0000  
0 .0000 0 .0000 0.0000 0 .0000  

D A I L Y  AVERAGE HEAD ACROSS LAYER 17 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

AVERAGES 0 .0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 

0.1336 0.0769 - 

0.0103 0.0767 

0.0666 0 .0347 
0.0352 0.0946 

0.0000 0.0000 
0.0000 0.0000 

0.0000 0.0000 
0.0000 0 .0000 

0.0000 0.0000 
0.0000 0.0000 

STD. DEVIATIONS 0 .0000 0.0000 0.0000 0.0000 0.0000 0 .0000 
0 .0000 0.0000 0.0000 0.0000 0.0000 0.0000 

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

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

AVERAGE ANNUAL TOTALS & (STD. DEVIATIONS) FOR YEARS 1 THROUGH 100 

INCHES CU. FEET PERCENT 

P R EC I P I TAT I ON 4 0 . 3 4  ( 5 .640)  146443.7 100 .00  



RUNOFF 

EVAPOTRANS P I RAT I ON 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 5 

PERCOLATION / LEAKAGE THROUGH 
LAYER 7 

AVERAGE HEAD ACROSS TOP 
OF LAYER 7 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 12 

PERCOLATION/ LEAKAGE THROUGH 
LAYER 14 

AVERAGE HEAD ACROSS TOP 
OF L A Y E R - 1 4  

LATERAL DRAINAGE COLLECTED 
FROM LAYER 15 

PERCOLATION/ LEAKAGE THROUGH 
LAYER 17 

AVERAGE HEAD ACROSS TOP 
OF LAYER 17 

CHANGE I N  WATER STORAGE 

7.434 ( 3.3631) 

28.680 ( 3.5378) 

4.24053 ( 1.50870) 

0.00002 ( 0.00001) 

0.067 ( 0.024) 

0.00002 ( 0.00001) 

0.00000 ( 0.00000) 

0.000 ( 0 . 0 o b )  

0.00000 ( 0.00000) 

0.00000 ( 0.00000) 

0.000 ( 0.000) 

-0.012 ( 1.3297) 

26985.28 

104107.97 

15393.115 

0.064 

0.055 

0.009 

0.000 

0.009 

-42.78 

18.427 

71.091 

10.51129 

0.00004 

0.00004 

0.00001 

0.00000 

0.00001 

-0.029 

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



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

PEAK DAILY VALUES FOR YEARS 1 THROUGH 100 

RUNOFF 11.205 40675.6289 

DRAINAGE COLLECTED FROM LAYER 5 0.08827 320.41122 

PERCOLATION/LEAKAGE THROUGH LAYER 7 0.000000 0.00112 

AVERAGE HEAD ACROSS LAYER 7 0.509 

DRAINAGE COLLECTED FROM LAYER 12 0.00000 0.00081 

PERCOLATION/LEAKAGE THROUGH LAYER 14 0.000000 0.00002 

AVERAGE HEAD ACROSS LAYER 14 0.000 

DRAINAGE COLLECTED FROM LAYER 15 0.00000 0.00000 

PERCOLATION/LEAKAGE THROUGH LAYER 17 0.000000 0.00002 

AVERAGE HEAD ACROSS LAYER 17 0.000 

SNOW WATER 5.62 20394.9297 

MAXIMUM VEG. SOIL WATER (VOL/VOL) ' 0.3977 

M I N I M U M  VEG. SOIL WATER (VOL/VOL) 0.2171 

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

1 I 



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

F I N A L  WATER STORAGE AT END OF YEAR 100 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - _ - - - - - _ - _ - - - - - - - - - - - - - -  

LAYER 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

- _ _ _ _  
( INCHES 1 

2.3321 

7.7189 

0.6044 

1.0800 

0.3843 

0 .0000  

10.4275 

4.7160 

4.7160 

31.0080 

4.7160 

0.3840 

0 .0000 

0.1875 

0.3840 

0 .0000  

- - - - - - - - 
(VOL/VOL)  

0.3887 

0.3676 

0 .1007  

0.0300 

0.0320 

0 . 0 0 0 0  

0.4300 

0.3930 

0.3930 

0.0760 

0.3930 

0.0320 

0 .0000  

0.7500 

0.0320 

0 .0000  

- - - - - - - - - 



17 15.5512 0.4290 

SNOW WATER 0 .000 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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** ** 
** ** 
** 
** 
** 
** 

' ** 
** 

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE 
HELP MODEL VERSION 3.03 (31 DECEMBER 1994) 

DEVELOPED BY ENVIRONMENTAL LABORATORY ' 
USAE WATERWAYS EXPERIMENT STATION 

FOR USEPA R I S K  REDUCTION ENGINEERING LABORATORY 

** 
** 
** 
** 
** 
** 

** ** 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PRECIPITATION DATA F I L E :  C:  \HELP3\CASE3C.D4 
TEMPERATURE DATA F I L E :  C : \HELP3\CASE3C. 07 
SOLAR RADIATION DATA F I L E :  C:  \HELP3\CASE3C. D13 
EVAPOTRANSPIRATION DATA: C:  \HELP3\CASE3C. D 1 1  
S O I L  AND DESIGN DATA F I L E :  C:  \HELP3\CASE3C. D10 
OUTPUT DATA F I L E :  C : \HELP3\CASE3C. OUT 

@ 

T I M E :  12 : lO  DATE: 1 0 /  4/1995 

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

T I T L E :  F e r n a l d  OSDF - C a s e  3C 

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

i 
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NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 

COMPUTED AS NEARLY STEADY -STATE VALUES BY THE PROGRAM. 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 10 

6.00 INCHES THICKNESS - 

0.3980 VOL/VOL POROS ITY - 

0.2440 VOL/VOL FIELD CAPACITY - 

0.1360 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.1987 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.119999997000E-03 CM/SEC 

- 
- 
- 
- 

NOTE: SATURATED HYDRAULIC CONDUCTIVITY I S  MULTIPLIED BY 4.63 
FOR ROOT CHANNELS I N  TOP HALF OF EVAPORATIVE ZONE. 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 0 

21.00 INCHES - - THICKNESS 
0.4000 VOL/VOL POROSITY - 

0.3000 VOL/VOL F I ELD CAPACITY - 

0.2000 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.2823 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.999999975000E-04 CM/SEC 

- 
- 
- 



TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 2 

6 . 0 0  INCHES THICKNESS - 

0.4370 VOL/VOL POROS I TY - 

0.0620 VOL/VOL FIELD CAPACITY - 

0.0240 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.1731 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.579999993000E-02 CM/SEC 

- 

- 
- 
- 

LAYER 4 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 0 

36.00 . INCHES - THICKNESS - 

POROSITY - - 0.3500 VOL/VOL 
FIELD CAPACITY - - 0.0300 VOL/VOL 

0.0100 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0300 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 100.000000000 CM/SEC 

- 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

12.00 INCHES - THICKNESS - 

0.3970 VOL/VOL POROSITY - 

0.0320 VOL/VOL FIELD CAPACITY - 

0.0130 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0415 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000 CMISEC 
SLOPE - - 13.40 PERCENT 

- 
- 
- 

- .  - 

i 



-_ . .. 

DRAINAGE LENGTH = 4 3 0 . 0  FEET 

TYPE 4 - FLEXIBLE MEMBRANE L INER 
MATERIAL TEXTURE NUMBER 35 

0 . 0 6  INCHES THICKNESS - 

POROSITY - - 0.0000 VOL/VOL 
0.0000 VOL/VOL F I E L D  CAPACITY - 

0.0000 VOL/VOL WILTING POINT - 

I N I T I A L  S O I L  WATER CONTENT = 0 .0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0 . 1 9 9 9 9 9 9 9 6 0 0 0 E -  12 CM/SEC 
FML PINHOLE DENSITY - - 0 . 0 0  HOLESIACRE 
FML INSTALLATION DEFECTS = 1 .00  HOLES/ACRE 

- 

- 
- 

FML PLACEMENT QUALITY = 3 - GOOD 

TYPE 3 - BARRIER S O I L  L INER 
MATERIAL TEXTURE NUMBER 0 

24.25 INCHES - TH I CKN ESS - 

0 . 4 3 0 0  VOL/VOL POROSITY - 

F I E L D  CAPACITY - - 0 . 4 2 1 0  VOL/VOL 
0 . 3 6 7 0  VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0 . 4 3 0 0  VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0 . 7 5 0 0 0 0 0 2 7 0 0 0 E - 0 7  CM/SEC 

- 

- 

LAYER 8 



t -  _. . 

9 + 0 . k  

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

12.00 INCHES - THICKNESS - 

0.4450 VOL/ VOL POROSITY 
0.3930 VOL/VOL F I ELD CAPACITY 
0.2770 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.3930 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

- - 
- - 

- 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

12.00 INCHES - THICKNESS - 

0.4450 VOL/VOL POROSITY - 

0.3930 VOL/VOL FIELD CAPACITY 
0.2770 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.3930 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

- 
- - 

- 

LAYER 10 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

THICKNESS = 408.00 INCHES 
POROSITY - - 0.4450 VOL/VOL 
FIELD CAPACITY - - 0.3930 VOL/VOL 
WILTING POINT - - 0.2770 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.3930 VOL/VOL 



P -  

EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

LAYER 11 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

THICKNESS - - 12.00 INCHES 
POROSITY - - 0.4450 VOL/VOL 

0.3930 VOL/VOL FIELD CAPACITY - 

WILTING POINT - - 0.2770 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.3930 VOC/VOL 

- 

EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

12.00 INCHES - TH I CKN ESS - 

POROSITY - - 0.3970 VOL/VOL 
0.0320 VOL/VOL FIELD CAPACITY - 

WILTING POINT - - 0.0130 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0320 VOL/VOL 
EFFECTIVE' SAT. HYD. COND. = 0.100000001000 CM/SEC 
SLOPE - - 2.24 PERCENT 
DRAINAGE LENGTH = 224.0 FEET 

- 



a -  

c 
\ k: 1 8 6  

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

0.06 INCHES THICKNESS . - 

0.0000 VOL/VOL POROS ITY 
0.0000 VOL/VOL F I ELD CAPACITY - 

WILTING POINT - - 0.0000 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 
FML PINHOLE DENSITY - - 0 . 0 0  HOLESIACRE 
FML INSTALLATION DEFECTS = 1.00 HOLES/ACRE 

- 
- - 

- 

FML PLACEMENT QUALITY = 3 - GOOD 

LAYER 14 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER. 17 

THICKNESS - - 0.25  INCHES 
POROSITY - - 0.7500 VOL/VOL 
FIELD CAPACITY - - 0.7470 VOL/VOL 
WILTING POINT - - 0.4000 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.7500 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.300000003000E-08 CM/SEC 

LAYER 15 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER o 

THICKNESS - - 12.00 INCHES 
POROSITY - - 0.3970 VOL/VOL 

0.0320 VOL/VOL FIELD CAPACITY - 

WILTING POINT - - 0.0130 VOL/VOL 

- 



NITIAL 

I - e  B 86- 
' k- 

I L  WATER CONTENT = 0.0320 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000 CM/SEC 
SLOPE 
DRAINAGE LENGTH = 224.0 FEET 

2.24 -PERCENT - - 

TYPE 4 - FLEXIBLE MEMBRANE.LINER 
MATERIAL TEXTURE NUMBER 35 

THICKNESS - - 0.06  INCHES 
POROSITY - - 0.0000 VOL/VOL 
FIELD CAPACITY - - 0.0000 VOL/VOL 
WILTING POINT - - 0.0000 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0 .0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 
FML PINHOLE DENSITY - - 0 . 0 0  HOLES/ACRE 
FML INSTALLATION DEFECTS = 1 . 0 0  HOLES/ACRE 
FML PLACEMENT QUALITY = 3 - GOOD 

LAYER 17 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 0 

THICKNESS - - 36.25 INCHES 
0.4290 VOL/VOL POROS I TY - 

0.4200 VOL/VOL FIELD CAPACITY - 

WILTING POINT - - 0.3670 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.4290 VOL/VOL 

- 
- 

EFFECTIVE SAT. HYD. COND. = 0.819999997000E-07 CM/SEC 

i 



GENERAL DESIGN. AND EVAPORATIVE ZONE DATA 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
S O I L  DATA BASE USING S O I L  TEXTURE #10 WITH A 
GOOD STAND OF GRASS, A SURFACE SLOPE OF 13.9;: 
AND A SLOPE LENGTH OF 4 3 0 .  FEET. 

- SCS RUNOFF CURVE NUMBER - 

FRACTION OF AREA ALLOWING RUNOFF = 

AREA PROJECTED ON HORIZONTAL PLANE = 
EVAPORATIVE ZONE DEPTH - 

I N I T I A L  WATER I N  EVAPORATIVE ZONE = 

UPPER LIMIT OF EVAPORATIVE STORAGE = 

LOWER LIMIT OF EVAPORATIVE STORAGE = 
I N I T I A L  SNOW WATER - 

I N I T I A L  WATER I N  LAYER MATERIALS = 
TOTAL I N I T I A L  WATER - 

TOTAL SUBSURFACE INFLOW - 

- 

- 

- 

- 

8 0 . 9 0  
1 0 0 . 0  
1.000 

3 0 . 0  
7 . 7 0 2  

1 2 . 0 9 9  
5 . 0 8 8  
0 .000  

211.163 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 

211.163 INCHES 
0 . 0 0  INCHES/YEAR 

EVAPOTRANSPIRATION AND WEATHER DATA 

NOTE : EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
CINCINNATI  OHIO 

MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON ( J U L I A N  DATE) 
END OF GROWING SEASON ( J U L I A N  DATE) 
AVERAGE ANNUAL WIND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

= 3 . 5 0  
= 1 0 4  
= 295 
= 9 . 1 0  MPH 
= 7 0 . 0 0  % 
= 67.00 % 
= 7 3 . 0 0  % 
= 7 2 . 0 0  % 

_ _  



NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR COV I NGTON KENTUCKY 

NORMAL MEAN MONTHLY PRECIPITATION ( INCHES) 

J A N I J U L  F E B I AUG MAR1 S EP APRIOCT MAY I NOV JUNIDEC 

3.13 2.73 3.95 3.58 3.84 4.09 
4.28 2.97 2.91 2.54 3.12 3.00 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - 

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR C I N C I N N A T I  OH I O  

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

APRIOCT MAY I NOV JUNIDEC 
- - - - - - - - - - - - - - 

J A N I J U L  F E B I  AUG MAR1 S EP 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR C I N C I N N A T I  OHIO 

STATION LATITUDE = 39.29 DEGREES 

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

AVERAGE MONTHLY VALUES I N  INCHES FOR YEARS 1 THROUGH 100 e 



JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 
_ _ _ _ _ _ _  - - - - - - -  - - - - - - -  - - - - - - -  - - - - _ _ _  - _ _ _ _ _ _  

P R EC I P I TAT I ON 
- - - - - - - - - - - - -  

TOTALS 3.45 2.84 3.77 3.69 3.83 4.10 
4.51 2.86 2.79 2.35 3.22 2.94 

STD. DEVIATIONS 1.58 1.33 1.48 . 1.54 1.84 2.18 
2.35 1.59 1.78 .1 .10  1.36 1.21 

RUNOFF 
_ _ _ _ _ _  

TOTALS 1.249 1.883 0.748 0 . 0 2 7  0.025 0 .080  
0.154 0 .027  0.036 0 .011  0.035 0.184 

STD. DEVIATIONS 1.291 1.451 
0.976 0.074 

EVAPOTRANSPIRATION 

TOTALS 0.815 1.045 
4.169 2.721 

STD. DEVIATIONS 0.182 0.268 
1.441 1.197 

LATERAL DRAINAGE COLLECTED FROM LAYER 5 

TOTALS 0.8885 0.3691 
0.2508 0.1180 

1.054 0.061 0 . 0 7 2  
0.084 0.041 0.079 

2.349 3.397 4.218 
2.412 1.870 0.945 

0.384 0.683 1.208 
0.994 0 .701  0 .200  

1.3487 1.2636 0.7841 
0.1925 0.1491 0.4384 

0.164 
0.496 

3.855 
0.788 

1.456 
0.156 

0.2898 
1.1982 

STD. DEVIATIONS 1.0326 0.5623 1.1041 0.9748 0.6659 0.3883 
0.6968 0.2940 0.4751 0.3675 0.8462 1.0896 

PERCOLATIONjLEAKAGE THROUGH LAYER 7 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 



0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 
0.0000 0.0000 

LATERAL DRAINAGE COLLECTED FROM LAYER 12 

TOTALS 0.0000 0.0000 
0.0000 0.0000 

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

STD. DEVIATIONS 0 .0000 0.0000 
0.0000~ 0.0000 

0.0000 0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 ' 0.0000 0.0000 

PERCOLATION/LEAKAGE THROUGH LAYER 14 

'TOTALS 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0 .0000 0 .0000 0.0000 0.0000 

STD. DEVIATIONS 0 .0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 

LATERAL DRAINAGE COLLECTED FROM LAYER 15 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

TOTALS 0 .0000 0 .0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0 .0000 0.0000 
0.0000 0.0000 0.0000 0.0000 

PERCOLATION/LEAKAGE THROUGH LAYER 17 
_ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

TOTALS 0 .0000 0.0000 0 .0000 0.0000 
0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.. 0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 

0.0000 0'. 0000 
0.0000 0.0000 

0.0000 0.0000 
0.0000 0.0000 

0.0000 0.0000 
0.0000 0.0000 

0.0000 0.0000 
0.0000 0.0000 

0.0000 0.0000 
0.0000 0.0000 



D A I L Y  AVERAGE HEAD ACROSS LAYER 7 
_ _ _ _ _ _ _ _ _ _ _ _ - _ _ - - _ _ - - - - - - - - - - - - - - - - - -  

AV E RAG ES 0 .1638  0.0759 0.2507 0.2427 0 .1457 0.0557 
0 .0466 0.0219 0.0370 0.0277 0 .0842 0.2227 

STD. DEVIATIONS 0.1907 0.1157 0.2052 0.1872 0 .1238 0 .0746 
0 .1295 0.0547 0.0913 0 .0683 0 .1625 0.2025 

DAILY AVERAGE HEAD ACROSS LAYER 14 

AV ERAG ES 0.0000 0 .0000  0 .0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0 .0000  0 .0000 . o .  0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

DAILY AVERAGE HEAD ACROSS LAYER 17 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - -  

AV E RAG ES 0.0000 0 .0000  0.0000 0.0000 0.0000 0.0000 
0 :0000 0.0000 0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0 .0000  0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 

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

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

AVERAGE ANNUAL TOTALS &. (STD. DEVIATIONS) FOR YEARS 1 THROUGH 100 

P R EC I P I TAT I ON a 4 0 . 3 4  - ( 5.640)  146443.7 100 .00  



RUNOFF 

EVAPOTRANSPIRATION 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 5 

PERCOLATION / LEAKAGE THROUGH 
LAYER 7 

AVERAGE HEAD ACROSS TOP 
OF LAYER 7 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 12  

PERCOLATION / LEAKAGE 
LAYER 14  

AVERAGE HEAD- ACROSS 
OF LAYER 14 

THROUGH 

TOP 

LATERAL DRAINAGE C@LLECTED 
FROM LAYER 15 

P ERCOLATI ON / LEAKAGE THROUGH 
LAYER 17 

AVERAGE HEAD ACROSS TOP 
OF LAYER 17  

CHANGE I N  WATER STORAGE 

4 .459  ( 2.7218)  16185.94 11 .053  

28 .586  ( 3.4126)  103766.20 70.857 

7.29091 ( 3.30831)  26465.988 18.07247 

0.00003 ( 0.00001)  0 .100  0.00007 

0 .00003 ( 0.00001)  0 . 0 9 1  0.00006 

0 .00000  ( 0 .00000)  0 .009  0.00001 

0 .000  ( 0 .000)  

0.00000 ( 0.00000) 0.000 0.00000 

0.00000 ( 0.00000)  0 .009  0 .00001 

0.000 ( 0 .000)  

0 . 0 0 7  ( 1.0585)  2 5 . 4 3  0 .017  

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



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

PEAK DAILY VALUES FOR YEARS 1 THROUGH 100 

RUNOFF 8.439 30632.2266 

DRAINAGE COLLECTED FROM LAYER 5 0.78091 2834.70923 

PERCOLATION/LEAKAGE THROUGH LAYER 7 0.000002 0.00845 

AVERAGE HEAD ACROSS LAYER 7 4.500 

DRAINAGE COLLECTED FROM LAYER 12 0.00000 0.00315 

PERCOLATION/LEAKAGE THROUGH LAYER 14 0.000000 0.00002 

AVERAGE HEAD ACROSS LAYER 14 0 .000  

DRAINAGE COLLECTED FROM LAYER 15 0.00000 0.00000 

PERCOLATION/LEAKAGE THROUGH LAYER 17 0.000000 0.00002 

AVERAGE HEAD ACROSS LAYER 17 0.000 

SNOW WATER 5.62 20394.9297 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3277 

M I N I M U M  VEG. SOIL WATER (VOL/VOL) 0.1578 

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

i 



I 

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

. LAYER 

1 

2 

3 

4 

5 

6 

7 

0 

9 

10 

11 

12 

13 

14 

15 

16 

- - - - _  
( INCHES 1 

2.2927 

6.1633 

0.5167 

1.0800 

0.3843 

0 .0000  

10.4275 

4.7160 

4.7160 

160.3440 

4.7160 

0.3840 

0.0000 

0.1075 

0.3840 

0.0000 

- - - - - - - - 
(VOL/VOL) 

0.3821 

0.2935 

0.0861 

0.0300 

0.0320 

0 .0000  

0.4300 

0.3930 

0.3930 

0.3930 

0.3930 

0.0320 

0 .0000  

0.7500 

0.0320 

0 .0000  

- - - - - - - - - 



0.4290 17 15.5512 

SNOW WATER 0.000 

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

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

i 



HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE 
HELP MODEL VERSION 3.03 (31 DECEMBER 1994) 

DEVELOPED BY ENVIRONMENTAL LABORATORY 
USAE WATERWAYS EXPERIMENT STATION 

FOR USEPA R I S K  REDUCTION ENGINEERING LABORATORY 

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

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

** ** 
** ** 
** ** 
** ** 
** ** 
** ** 
** ** 
** ** 
** ** 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PRECIPITATION DATA F I L E :  C:  \HELP3\CASE3D.D4 
TEMPERATURE DATA F I L E :  C : \HELP3\CASE3D. 07 
SOLAR RADIATION DATA F I L E :  C:  \HELP3\CASE3D. D13 
EVAPOTRANSPIRATION DATA: C : \HELP3\CASE3D. D 1 1  
S O I L  AND DESIGN DATA F I L E :  C :  \HELP3\CASE3D.D10 
OUTPUT DATA F I L E :  C : \HELP3\CASE3D. OUT 

T I M E :  12:38 DATE: 10/ 4/1995 

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

T I T L E :  F . e r n a l d  OSDF - C a s e  3D 

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

i 



NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY -STATE VALUES BY THE PROGRAM. 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 10 

6.00 INCHES THICKNESS - 

0.3980 VOL/VOL POROSITY - 

0.2440 VOL/VOL F I ELD CAPACITY - 

0.1360 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.1987 VOL/VOL 
EFFECTIVE -SAT. HYD. COND. = 0.119999997000E-03 CM/SEC 

- 
- 
- 

- 

NOTE: SATURATED HYDRAULIC CONDUCTIVITY I S  MULTIPLIED BY 4 .63  
FOR ROOT CHANNELS I N  TOP HALF OF EVAPORATIVE ZONE. 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 0 

21.00 INCHES - THICKNESS - 

0.4000 VOL/VOL POROSITY - 

0.3000 VOL/VOL FIELD CAPACITY - 

0.2000 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.2823 VOL/VOL 
EFFECTIVE SAT. HYD. COND. 0.999999975000E-04 CM/SEC 

- 
- 
- 



TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 2 

6.00 INCHES THICKNESS - 

0.4370 VOL/VOL POROSITY - 

0.0620 VOL/VOL FIELD CAPACITY - 

0.0240 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.1731 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.579999993000E-02 CM/SEC 

- 

- 
- 
- 

TYPE 1 - VERTICAL PERCOLATION 
MATERIAL TEXTURE NUMBER 

36.00 - - TH I C KN ESS 

LAYER 
0 

INCHES 
0.3500 VOL/VOL POROS I TY - 

0.0300 VOL/VOL FIELD CAPACITY - 

0.0100 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0300 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 100.000000000 CMISEC 

- 
- 
- 

LAYER 5 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

12.00 INCHES - THICKNESS - 

0.3970 VOL/VOL POROSITY 
0.0320 VOL/VOL FIELD CAPACITY - 

0.0130 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0415 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000 CM/SEC 

- - 
. I  

- 
- 

SLOPE - - 13.40 PERCENT 



DRAINAGE LENGTH = 430.0 FEET 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

0 . 0 6  INCHES THICKNESS - 

0.0000 VOL/VOL ’ POROS ITY - 

0.0000 VOL/VOL F I ELD CAPACITY - 

0.0000 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 
FML PINHOLE DENSITY - - 0 .00  HOLES/ACRE 
FML INSTALLATION DEFECTS = 1 . 0 0  HOLES/ACRE 

- 

- 
- 
- 

FML PLACEMENT QUALITY = 3 - GOOD 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 0 

24.25 INCHES - THICKNESS - 

0.4300 VOL/VOL POROSITY - 

0.4210 VOL/VOL F I ELD CAPACITY - 

0.3670 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.4300 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.750000027000E-07 CI 

- 
- 
- 

C 

LAYER 8 



TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

12.00 INCHES - THICKNESS - 

POROSITY - - 0.4450 VOL/VOL 
0.3930 VOL/VOL FIELD CAPACITY - 

WILTING POINT - - 0.2770 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.3930 VOL/VOL 

- 

EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

THICKNESS - - 12.00 INCHES 
POROSITY - - 0.4450 VOL/VOL 

0.3930 VOL/VOL FIELD CAPACITY - 
WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.3930 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

- 

. O .  2770 VOL/VOL - 

I 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 31  

THICKNESS = 408.00 INCHES 
0.5780 VOL/VOL POROSITY - 

FIELD CAPACITY - - 0.0760 VOL/VOL 
WILTING POINT - - 0.0250 VOL/VOL 
INITIAL SOIL WATER CONTENT = 0.0760 VOL/VOL 

- 

i 



1$6. 
EFFECTIVE SAT. HYD. COND. = 0.410000002000E-02 CM/SEC 

TYPE 1 - VERTICAL PERCOLATION LAYER 
MATERIAL TEXTURE NUMBER 26 

12.00 INCHES - THICKNESS - 

0.4450 VOL/VOL ' 
POROS ITY - 

0.3930 VOL/VOL FIELD CAPACITY - 

0.2770 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.3930 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.190000003000E-05 CM/SEC 

- 
- 

- 

LAYER 12 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

12.00 INCHES - THICKNESS - 

0.3970 VOL/VOL POROSITY - 

0.0320 VOL/VOL F I ELD CAPACITY - 

0.0130 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0320 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000 CM/SEC 

2.24 PERCENT SLOPE - 

DRAINAGE LENGTH = 224.0 FEET 

- 

- 
- 

- 



TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

0.06 INCHES THICKNESS - 

0.0000 VOL/VOL POROS I TY - 

0.0000 VOL/VOL FIELD CAPACITY - 

0.0000 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 

0 . 0 0  HOLES/ACRE FML PINHOLE DENSITY - 

FML INSTALLATION DEFECTS = 1 . 0 0  HOLES/ACRE 
FML PLACEMENT QUALITY = 3 - GOOD 

- 
- 

- 
- 

- 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 17 

0.25 INCHES 
0.7500 VOL/VOL 

- THICKNESS - 

POROS ITY - - 

0.7470 VOL/VOL FIELD CAPACITY - 

0.4000 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.7500 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.300000003000E-08 CM/SEC 

- 

- 

LAYER 15 

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE NUMBER 0 

12.00 INCHES - THICKNESS - 
POROS ITY - 
FIELD CAPACITY - 

0.3970 VOL / VOL 
0.0320 VOL/VOL 

- 
- 

0.0130 VOL/VOL - WILTING POINT - 



INITIAL SOIL WATER CONTENT = 0.0320 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.100000001000 CM/SEC 

2 .24  PERCENT SLOPE - 

DRAINAGE LENGTH = 224.0 FEET 

- 

LAYER 16 

TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

0.06 INCHES THICKNESS - 

0.0000 VOL/VOL POROS I TY - 

0.0000 VOL/VOL FIELD CAPACITY - 

0.0000 VOL/VOL WILTING POINT - 

INITIAL SOIL WATER CONTENT = 0.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.199999996000E-12 CM/SEC 

0 . 0 0  HOLES/ACRE FML PINHOLE DENSITY - 

FML INSTALLATION DEFECTS = 1.00 HOLES/ACRE 
FML PLACEMENT QUALITY = 3 - GOOD 

- 

- 
- 

- 

- 

TYPE 3 - BARRIER SOIL LINER 
MATERIAL TEXTURE NUMBER 0 

36.25 INCHES - THICKNESS - 

0.4290 VOL/VOL POROSITY - 

0.4200 VOL/VOL FIELD CAPACITY - 

0.3670 VOL/VOL WILTING POINT . . - 

INITIAL SOIL WATER CONTENT = 0.4290 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.819999997000E-07 CM/SEC 

- 
- 
- 



GENERAL DESIGN AND EVAPORATIVE ZONE DATA 

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
S O I L  DATA BASE USING S O I L  TEXTURE #10 WITH A 
GOOD STAND OF GRASS, A SURFACE SLOPE OF 13.% 
AND A SLOPE LENGTH OF 430. FEET. 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE 
EVAPORATIVE ZONE DEPTH 
I N I T I A L  WATER I N  EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOWER LIMIT OF EVAPORATIVE STORAGE 
I N I T I A L  SNOW WATER 
I N I T I A L  WATER I N  LAYER MATERIALS 
TOTAL I N I T I A L  WATER 
TOTAL SUBSURFACE INFLOW 

8 0 . 9 0  - - 

= 100 .0  
1 .000  

30.0 
7 . 7 0 2  

12 .099  
5 .088  
0 . 0 0 0  

81.. 827 
. 81.827 

0 . 0 0  

- - 
- - 
- - 
- - 
- - 
- - 
- - 
- - 

- - 

EVAPOTRANSPIRATION AND WEATHER DATA 

NOTE : EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
C I N C I N N A T I  OHIO 

MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON ( J U L I A N  DATE) 
END OF GROWING SEASON ( J U L I A N  DATE) 
AVERAGE ANNUAL WIND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
I NCHES/Y EAR 

= 3 . 5 0  
= 104 
= 295 
= 9 . 1 0  MPH 
= 70.00  % 
= 67.00  % 
= 73.00 % 
= 72 .00  % 

I 



B 
l? 

‘ i  

NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR COV I NGTON KENTUCKY 

NORMAL MEAN MONTHLY PRECIP ITATION ( INCHES) 

J A N I J U L  FEBIAUG MARISEP APRIOCT MAY I NOV JUN. 

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR C I N C I N N A T I  OHIO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JAN/JUL  F EB IAUG MAR1 SEP APRIOCT MAY I NOV JUNIDEC 

c - 186 

28.90 32.10 41.80 53.50 63.00 71.40 
75.40 74.10 67.50 55.30 43.40 33.80 

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFF I C  I ENTS FOR C I N C I N N A T I  OHIO 

STATION LATITUDE = 39.29 DEGREES 

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

AVERAGE MONTHLY VALUES I N  INCHES FOR YEARS 1 THROUGH 100 

0016398 Y 



P REC I P I TAT I ON 
- - - - - - - - - - - - -  

TOTALS 

STD . DEVIATIONS 

RUNOFF 
- - - - - -  

TOTALS 

STD. DEVIATIONS 

EVAPOTRANSP I RATION 
a 

STD. DEVIATIONS 

JAN/JUL 
- - - - - - - 

3.45 
4.51 

1.58 
2.35 

1.249 
0.154 

1 .291  
0.976 

0.815 
4.169 

0.182 
1.441 

F EB / AUG 
- - - - - - _ 

2.84 
2.86 

1.33 
1.59 

1.883 
0 . 0 2 7  

1.451 
0.074 

1.045 
2 .721  

0.268 
1.197 

LATERAL DRAINAGE COLLECTED FROM LAYER 5 

TOTALS 0.8885 0.3691 
0.2508 0.1180 

STD. DEVIATIONS 1.0326 0.5623 
0’. 6968 0.2940 

TOTALS 0.0000 0.0000 

MAR/SEP APR/OCT 
- - - - - - - 

3.77 
2.79 

1.48 
1.78 

0.748 
0.036 

1.054 
0.084 

2.349 
2.412 

0.384 
0.994 

1.3487 
0.1925 

1.1041 
0.4751 

0.0000 

- - - - - - - 

3.69 
2.35 

1.54 
1 .10  

0 .027  
0 .011  

0 .061  
0.041 

3.397 
1.870 

0.683 
0 . 7 0 1  

1.2636 
0.1491 

0.9748 
0.3675 

0.0000 

MAY / NOV 
- - - - - - -  

3.83 
3.22. 

1.84 
1.36 

0.025 
0.035 

0 . 0 7 2  
0.079 

4.218 
0.945 

1.208 
0 .200  

0.7841 
0.4384 

0.6659 
0.8462 

0.0000 

JUN/DEC 
- - - - - - - 

4 . 1 0  
2.94 

2.18 
1.21 

0.080 
0.184 

0.164 
0.496 

3.855 
0.788 

1.456 
0.156 

0.2898 
1.1982 

0.3883 
1.0896 

0.0000 



&L 9 p / g  

0.0000 0.0000 

STD, DEVIATIONS 0.0000 0.0000 
0.0000 0 .0000 

LATERAL DRAINAGE COLLECTED FROM LAYER 12 

TOTALS 0: 0000 0 .0000  
0.0000 0.0000 

_ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

STD. DEVIATIONS 0.0000 0.0000 
0.0000 0.0000 

TOTALS 0.0000 0.0000 
0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 
0 .0000 0.0000 

LATERAL DRAINAGE COLLECTED FROM LAYER 15 

TOTALS 0.0000 0 .0000 
0.0000 0.0000 

_ _ - - - - - - - - - - - _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - -  

STD. .DEVIATIONS 0 .0000 0.0000 
0.0000 0.0000 

TOTALS 0.0000 0.0000 
0.0000 0.0000 

STD. DEVIATIONS 0'. 0000 0.0000 
0.0000 0 .0000 

0 .0000 0.0000 0 .0000 0.0000 

0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 ' 0.0000 0.0000 

0.0000 0 .0000 0 .0000 0.0000 
0.0000 0 .0000  0.0000 0.0000 

0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0 .0000  0.0000 

0.0000 0.0000 0 .0000 0.0000 
0.0000 0.0000 0.0000 0.0000 

0.0000 0.0000 0 .0000 0.0000 
0.0000 0 .0000 0.0000 0 .0000 

0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 

0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 



D A I L Y  AVERAGE HEAD ACROSS LAYER 7 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

AVERAGES 0 .1638  . 0.0759 0.2507 0.2427 
0 .0466  0 .0219 0.0370 0 .0277 

STD. DEVIATIONS 0.1907 0.1157 0.2052 0.1872 
0 .1295  0.0547 0 .0913 0 .0683 

D A I L Y  AVERAGE HEAD ACROSS LAYER 14  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

AVERAGES 0 .0000 0 .0000  0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0 .0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 

D A I L Y  AVERAGE HEAD ACROSS LAYER 17 
_ _ _ _ _ _ _ _ _ - - - - _ _ _ _ _ _ - - - - - - - - - - - - - - - - - -  

AV E RAG E S 0 .0000 0 .0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 

STD. DEVIATIONS 0.0000 0.0000 0.0000 0.0000 
0.0000 0.0000 0.0000 0.0000 

0.1457 0.0557 
0 .0842 0.2227 

0.1238 0 .0746 
0.1625 0.2025 

0.0000 0.0000 
0.0000 0.0000 

0.0000 0.0000 
0.0000 0.0000 

0.0000 0.0000 
0.0000 0.0000 

0.0000 0.0000 
0.0000 0.0000 

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

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

AVERAGE ANNUAL TOTALS &' (STD. DEVIATIONS) FOR YEARS 1 THROUGH 100 

PREC I P I TAT I ON e . -  

a 



e. RUNOFF 

EVAPOTRANS P I RAT I ON 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 5 

PERCOLATION / LEAKAGE THROUGH 
LAYER 7 

AVERAGE HEAD ACROSS TOP 
OF LAYER 7 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 12 

PERCOLATION/ LEAKAGE THROUGH 
LAYER 14 

AVERAGE HEAD ACROSS TOP 
OF LAYER 14 

LATERAL DRAINAGE COLLECTED 
FROM LAYER 15 

28.586 ( 3.4126) 103766.20 70.857 

7.29091 ( 3.30831) 26465.988 18.07247 

0.00003 ( 0 .00001)  0.100 0 .00007  

0.115 ( 0.052) 

0.00003 ( 0.00001)  0,091 0.00006 

0 .00000  ( 0 .00000)  0.009 0 .00001  

0.000 ( 0.000) 

0.00000 ( 0.00000) 0.000 0.00000 

PERCOLATION / LEAKAGE THROUGH 0.00000 ( 0.00000) 0 :009 0 . 0 0 0 0 1  . 
LAYER 17 

AVERAGE HEAD ACROSS TOP 0 .000 ( 0.000) 
OF LAYER 17 

CHANGE I N  WATER STORAGE 0 . 0 0 7  ( 1.0585) 25.43 0 .017  

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



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

DRAINAGE COLLECTED FROM LAYER 5 0.78091 2834.70923 

PERCOLATION/LEAKAGE THROUGH LAYER 7 0.000002 0.00845 

AVERAGE HEAD ACROSS LAYER 7 4.500 

DRAINAGE COLLECTED FROM LAYER 12 0.00000 0.00315 

PERCOLATION/LEAKAGE THROUGH LAYER 14 0.000000 0.00002 

AVERAGE HEAD ACROSS LAYER 14 0 .000 

DRAINAGE COLLECTED FROM LAYER 15 0.00000 0.00000 

PERCOLATION/LEAKAGE THROUGH LAYER 17 0.000000 0.00002 

AVERAGE HEAD ACROSS LAYER 17 0.000 

SNOW WATER 5.62 20394.9297 

MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3277 

MINIMUM VEG. SOIL WATER (VOL/VOL) 0.1578 

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

001103 , 
I 
! 



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

F I N A L  WATER STORAGE AT END OF YEAR 100 

LAYER 

1 

2 

3 

4 

5 

6 

7 

- - - - _  

8 

9 

10  

11 

12 

13 

14 

15 

16 

( INCHES 1 

2.2927 

6.1633 

0.5167 

1.0800 

- - - - - - - - 

0.3843 

0 . 0 0 0 0  

10.4275 

4.7160 

4.7160 

31.0080 

4.7160 

0.3840 

0 .0000  

0.1875 

0.3840 

0 .0000  

( VOL/ VOL ) 

0.3821 

0.2935 

0.0861 

0.0300 

0.0320 

0 .0000  

0.4300 

0.3930 

0.3930 

0.0760 

0.3930 

0.0320 

0 .0000  

0.7500 

0.0320 

0 . 0 0 0 0  

- - - - - - - - - 



17 15.5512 0.4290 

SNOW WATER 0.000 

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

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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APPENDIX A 

COMPUTER SOFTWARE USED TO 
PREPARE CALCULATIONS PACKAGE 

USEPA HELP MODEL 

1 .  Schroeder, P.R., Lloyd, C.M., and Zappi, P.A., "The Hydrologic Evaluation of Landflll 
P e r f o m n c e  (HELP) Model, User's Guide for Version 3,  'I U. S. Environmental Protection Agency, 
Office of Research and Development, Washington, D.C.,  Report No. EPA/600/R-94/168a, Sep 
1994. 

2. Schroeder, P.R., Dozier, T.S., Zappi, P.A.,  McEnroe, B.M., Sjostrom, J.W., and Peyton, R.L, 
The Hydrologic Evaluation of Landfill Pe fonnance (HELP) Model Engineering Documentation 

for Version 3,  U.S. Environmental Protection Agency, Office of Research and Development, 
Washington, D.C., Report No. EPA/600/R-94/168b, Sep 1994, 116 p. 
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SECTION 1 

INTRODUCTION 

The Hydrologic Evaluation of Landfill Performance (HELP) computer program is 
a quasi-two-dimensional hydrologic model of water movement across, into, through and 
out of landfills. The model accepts weather, soil and design data, and uses solution 
techniques that account for the effects of surface storage, snowmelt, runoff, infiltration, 
evapotranspiration, vegetative growth, soil moisture storage, lateral subsurface drainage, 
leachate recirculation, unsaturated vertical drainage, and leakage through soil,- 
geomembrane or composite liners. Landfill systems including various combinations of 
vegetation, cover soils, waste cells, lateral drain layers, low permeability barrier soils, 
and synthetic geomembrane liners may be modeled. The program was developed to 
conduct water balance analysis of landfills, cover systems and solid waste disposal and 
containment facilities. As such, the model facilitates rapid estimation of the amounts of 
runoff, evapotranspiration, drainage, leachate collection and liner leakage that may be 
expected to result from the operation of a wide variety of landfill designs. The primary 
purpose of the model is to assist in the comparison of design alternatives as judged by 
their water balances. The model, applicable to open, part~ally closed, and fully closed 
sites, is a tool for both designers and permit writers. 

1.1 BACKGROUND 

The HELP program, Versions 1,2 and 3, was developed by the U.S. Army Engineer 
Waterways Experiment Station (WES), Vicksburg, MS, for the U.S. Environmental 
Protection Agency (EPA), Risk Reduction Engineering Laboratory, Cincinnati, OH, in 
response to needs in the Resource Conservation and Recovery Act (RCRA) and the 
Comprehensive Environmental Response, Compensation and Liability Act (CERCLA, 
better known as Superfund) as identified by the EPA Office of Solid Waste, 
Washington, DC. 

HELP Version 1 (Schroeder et al., 1984) represented a major advance beyond the 
Hydrologic Simulation on Solid Waste Disposal Sites (HSSWDS) program (Pemer and 
Gibson, 1980; Schroeder and Gibson, 1982), which was also developed at WES. The 
HSSWDS model simulated only the cover system, did not model lateral flow through 
drainage layers, and handled ver?ical drainage only in a rudimentary manner. The 
infiltration, percolation and evapotranspiration routines were almost identical to those 
used in the Chemicals, Runoff, and Erosion from Agricultural Management Systems 
(CREAMS) model, which was developed by Knisel (1980) for the U.S. Department of 
Agriculture (USDA). The runoff and infiltration routines relied heavily on the 
Hydrology Section of the National Engineering Handbook (USDA, Soil Conservation 
Service, 1985). Version 1 of the HELP model incorporated a lateral subsurface drainage 
model and improved unsaturated drainage and liner leakage models into the HSSWDS 
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0 model. In addition, the HELP model provided simulation of the entire landfill including 
leachate collection and liner systems. 

Version 2 (Schroeder et al., 1988) represented a great enhancement of the capabilities 
of the HELP model. The WGEN synthetic weather generator developed by the USDA 
Agricultural Research Service (ARS) (Richardson and Wright, 1984) was added to the 
model to yield daily values of precipitation, temperature and solar radiation. This 
replaced the use of normal mean monthly temperature and solar radiation values and 
improved the modeling of snow and evapotranspiration. Also, a vegetative growth model 
from the Simulator for Water Resources in Rural Basins (SWRRB) model developed by 
the ARS (Arnold et al., 1989) was merged into the HELP model to calculate daily leaf 
area indices. Modeling of unsaturated hydraulic conductivity and flow and lateral 
drainage computations were improved. Accuracy was increased with the use of double 
precision. Default soil data were improved, and the model permitted use of more layers 
and initialitation of soil moisture content. Input and editing were simplified. Output was 
clarified, and standard deviations were reported. 

In Version 3, the HELP model has been greatly enhanced beyond Version 2. The 
number of layers that can be modeled has been increased. The default soiYmaterial 
texture list has been expanded to contain additional waste materials, geomembranes, 
geosynthetic drainage nets and compacted soils. The model also permits the use of a 
user-built library of soil textures. Computation of leachate recirculation between soil 
layers and groundwater drainage into the landfill have been added. Moreover, HELP 
Version 3 accounts for leakage through geomembranes due to manufacturing defects 
(pinholes) and installation defects (punctures, tears and seaming flaws) and by vapor 
diffusion through the liner. The estimation of runoff from the surface of the landfill has 
been improved to account for large landfill surface slopes and slope lengths. The 
snowmelt model has been replaced with an energy-based model; the Priestly-Taylor 
potential evapotranspiration model has been replaced with a Penman method, 
incorporating wind and humidity effects as well as long wave radiation losses (heat loss 
at night). A frozen soil model has been added to improve infiltration and runoff 
predictions in cold regions. The unsaturated vertical drainage model has also been 
improved to aid in storage computations. Input and editing have been further simplified 
with interactive, full-screen, menu-driven input techniques. 

In addition, the HELP Version 3 model provides a variety of methods for specifying 
precipitation, temperature and solar radiation data. Now, data from the most commonly 
available government and commercial sources can be imported easily. Moreover, data 
used in HELP Version 2 can still be used with minimum user effort. Specifjing weather 
data manually and editing previously entered weather data can be easily done by using 
built-in spreadsheet facilities. 

-- 

The use of data files in Version 3 is much simpler and more convenient than HELP 
Version 2 because data are saved permanently in user defined file nama at a user- 
specified location. Similarly, the user has more flexibility to define units for every type 
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1.3.1 

1.3.2 

of data needed to run the HELP model. Finally, Version 3 of the HELP model provide 
on-line help at every step of the data preparation p-. 

Although applicable to most landfill applications, the HELP model was developed 
specifically to perform hazardous and municipal waste disposal landfill evaluations as 
required by RCRA. Hazardous waste disposal landfills generally should have a liner to 
prevent migration of waste from the landfill, a fmal cover to minimize the production of 
leachate following closure, careful controls of runon and runoff, and limits on the 
buildup of leachate head over the liner to no more than 1 ft. The HELP model is useful 
for predicting the amounts of runoff, drainage, and leachate expected for reasonable 
designs as well as the buildup of leachate above the liner. However, the model should- 
not &.expected to produce credible results from input unrepresentative of landfills. 

1.2 OVERVIEW 

The principal purpose of this User’s Guide is to provide the basic information needed 
to use the computer program. Thus, while some attention must be given to definitions, 
descriptions of variables and interpretation of results, only a minimal amount of such 
information is provided. Detailed documentation providing in-depth coverage of the 
theory and assumptions on which the model is based and the internal logic of the 
program is also available (Schroeder et al., 1994). Potential HELP users are strongly 
encouraged to study the documentation and this User’s Guide before attempting to use 
the program to evaluate a landfill design. Additional documentation concerning the 
sensitivity of program inputs, application of the model and verification of model 
predictions are under development. 

1.3 SYSTEM AND OPERATING DOCUMENTATION 

Computer Equipment 

The model entitled “The Hydrologic Evaluation of Landtill Performance“ (HELP) 
was written to run on IBMcompatible personal computers (PC) under the DOS 
environment. 

Required Hardware 

The following IBM-compatible CPU (8088, 80286,80386 or 80486) hardware is 
required: 

1. Monitor, preferably color EGA or better 

3 
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2. Floppy disk drive (5.25-inch double-sided, double- or highdensity; or 3.5-inch 
double-sided, double- or highdensity) 

3. Hard disk drive or a second floppy disk drive 

4. 400k bytes or more of available RAM memory 

5.  8087, 80287, 80387 or 80486 math co-processor 

6. Printer, if a hard copy is desired 

1.3.3 Software Requirements 

The user must use Microsoft or compatible Disk Operating Systems (MS-DOS) 
Version 2.10 or a higher version. The user interface executable module was compiled 
and linked with Microsoft Basic Professional Development System 7.1. Other executable 
components were compiled with the Ryan-McFarland FORTRAN Version 2.42. The 
Microsoft Basic Professional Development System and Ryan-McFarland FORTRAN 
compiler are not needed to run the HELP Model. 

4 



@T# * EPA 

a 

United States otfke of Research and EPA/60WR-94168b F L >' 
Environmental Protection Dew bpment September 1994 
Agenv Washington DC 20460 

L 1 8 6  
The Hydrologic ; b -  C L L  

Evaluation of 
Landfill Performance 
(HELP) Model 

Engineering 
Documentation for 
Version 3 

. _. 



September 1994 I 

' 5- 186 

THE HYDROLOGIC EVALUATION OF LANDFILL 
PERFORMANCE (HELP) MODEL 

ENGINEERING DOCUMENTATlON FOR VERSION 3 

Paul R. Schroeder, Tamsen S. Dozier, Paul A. Zappi, 
Bruce M. McEnroe, John W. Sjostrom and R. Lee Peyton 

Environmental Laboratory 
U.S. Army Corps of Engineers 
Watenvays Experiment Station 
Vicksburg, MS 39180-6199 

Interagency Agreement No. DW21931425 

Project Officer 

Robert E. Landreth 
Waste Minimization, Destruction and Disposal Research Division 

Risk Reduction Engineering Laboratory 
Cincinnati, Ohio 45268 

RISK REDUCTION ENGINEERING LABORATORY 
OFFICE OF RESEARCH AND DEVELOPMENT 
U.S. ENVIRONMENTAL PROTECTION AGENCY 

CINCINNATI, OHIO 45268 

CpQaza8 

@ printed on ~meci papet 



CONTENTS 

m 
.. DISCLAIMER . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ll 

FOREWORD.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  iii 

ABSTRACT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  iv 

FIGURES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  VLU 

TABLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ix 
ACKNOWLEDGMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  X 

... 

1. PROGRAM IDENTIFICATION. . . . . . . . . . . . . . . . . . . . . . . . .  1 

3 2. NARRATIVE DESCRIPTION . . . . . . . . . . . . . . . . . . . . . . . . .  
3. DATA GENERATION AND DEFAULT VALUES . . . . . . . . . . . .  9 
3.1 Overview.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  9 

9 3.2 Synthetic Weather Generation .......................... 
3.3 Moisture Retention and Hydraulic Conductivity Parameters . . . . . . . .  12 

3.3.1 Moisture Retention Parameters ..................... 12 
3.3.2 Unsaturated Hydraulic Conductivity . . . . . . . . . . . . . . . . . .  13 

Vegetated Materials . . . . . . . . . . . . . . . . . . . . . . . . . .  15 
3.4 Evaporation Coefficient . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  16 
3.5 Default Soil and Waste Characteristics ..................... 17 

3.5.1 Default Soil Characteristics ....................... 17 
3.5.2 Default Waste Characteristics ...................... 21 
3.5.3 Default Geosynthetic Material Characteristics . . . . . . . . . . . .  25 

3.6 Soil Moisture Initialization ............................ 25 
Default Leaf Area Indices and Evaporative Zone Depths . . . . . . . . . .  

3.3.3 Saturated Hydraulic Conductivity for 

26 3.7 

4. METHOD OF SOLUTION. ........................... 29 
4.1 Overview 29 -- - . ...................................... 

34 
4.2 Runoff 30 

4.2.1 Adjustment of Curve Number for Soil Moisture . . . . . . . . . .  
4.2.2 Computation of Default Curve Numbers . . . . . . . . . . . . . . .  36 
4.2.3 Adjustment of Curve Number for Surface Slope .......... 37 

Adjustment of Curve Number for Frozen Soil ............ 
4.2.5 Summary of Daily Runoff Computation ............... 

4.3 Prediction of Frozen Soil Conditions ....................... 40 

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

39 
39 

4.2.4 

vi 



a 

i 

I 

€ . 

4.4 Snow Accumulation and Melt .......................... 
4.4.1 Nonrain Snowmelt ............................ 
4.4.2 Rain-on-Snow Melt Condition ..................... 
4.4.3 Snowmelt Summary ............................ 

4.5 Interception . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4.6 Potential Evapotranspiration . . . . . . . . . . . . . . . . . . . . . . . . .  : . 
4.7 Surface Evaporation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4.7.1 No Snow Cover . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4.7.2 Snow Cover Present . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4.7.3 Remaining Evaporative Demand .................... 

4.8 Infiltration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4.9 Soil Water Evaporation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4.10 Plant Transpiration .................................. 
4.11 Evapotranspiration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4.12 Vegetative Growth . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4.13 Subsurface Water Routing . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4.14 Vertical Drainage . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4.15 Soil Liner Percolation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4.16 Geomembrane Liner Leakage .......................... 

4.17 Geomernbrane and Soil Liner Design Cases . . . . . . . . . . . . . . . . . .  
4.18 Lateral Drainage ' . . . . . . . . . . . . . . . . .  . I .  . . . . . . . . . . . .  
4.19 Lateral Drainage Recirculation . . . . . . . . . . . . . . . . . . . . . . . . . .  
4.20 Subsurface Inflow . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4.2 1 Linkage of Subsurface Flow Processes . . . . . . . . . . . . . . . . . . . . .  

4.16.1 Vapor Diffusion Through Intact Geomembranes 
4.16.2 Leakage Through Holes in Geomembranes 

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

. . .  

41 
42 
43 
45 
47 
48 
51 
51 
52- 
54 
55 
55 
59 
60 
62 
68 
71 
73 
74 
75 
76 
93 
98 

103 
104 
104 

5 . ASSUMPTIONS AND LIMITATIONS . . . . . . . . . . . . . . . . . . . .  106 

5.1 Methods of Solution ................................. 106 
5.2 Limits of Application . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  109 

REFERENCES ....................................... 111 

vii 

. .  

i 

4 



FIGURES 

1 Schematic Profile View of a Typical Hazardous Waste Landfdl . . . . . . . 6 

2 Relation Among Moisture Retention Parameters 
and Soil Texture Class . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 13 

3 Geographic Distribution of Maximum Leaf Area Index . . . . . . . . . . . . 26 

4 Geographic Distribution of Minimum Evaporative Depth . .. . . . . . . . . . 27 

5 Geographic Distribution of Maximum Evaporative Depth . . . . . . . . . . . 27 

6 Relation Between Runoff, Precipitation, and Retention . . . . . . . . . . . . . 31 

7 SCS Rainfall-Runoff Relation Normalized 
on Retention Parameter S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33 

8 Relation Between SCS Curve Number and Default 
Soil Texture Number for Various Levels of Vegetation . . . . . . . . . . 37 

9 Leakage with Interfacial Flow Below Flawed Geomembrane . . . . . . . . . 84 

10 Leakage with Interfacial Flow Above Flawed Geomembrane . . . . . . . . . 84 

11 Geomembrane Liner Design Case 1 . . . . . . . . . . . . . . . . . . . . . . . . 94 

12 Geomembrane Liner Design Case 2 . . . . . . . . . . .. . . . . . . . . . . . . . 95 

13 Geomembrane Liner Design Case 3 . . . . . . . . . . . . . . . . . . . . . . . . 95 

14 Geomembrane Liner Design Case 4 . . . . . . . . . . . . . . . . . . . . . . . . 96 

- .. 15 Geomembrane Liner Design Case 5 . . . . . . . . . . . . . . . . . . . . . . . . 98 
16 Geomembrane Lmer'Design Case 6 . .. . . . . . . . . . . . . . . . . . . . . . . 99 
17 Lateral Drainage Definition Sketch. . . . . . . . . . . . . . . . . . . . . . . . . 100 

viii 



TABLES 

m Pane 

19 

21 

1 Default Low Density Soil Characteristics 

2 Moderate and High Density Default Soils . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . .  

- -  - 

. . . . . . . . . . . . . . . . . . . .  22 3 Default Soil Texture Abbreviations . . . .  
4 Default Waste Characteristics . . . . . . . . . . . . . . . . . . . . . . . . . . . .  23 

5 Saturated Hydraulic Conductivity of Wastes . . . . . . .  : . . . . . . . . . . .  24 

6 Default Geosynthetic Material Characteristics . . . . . . . . . . . . . . . . . .  25 

. . . . . . . . . . . . . . . . . . . . . .  38 : . . .  7 Constants for Use in Equation 32 

77 8 Geomembrane Diffusivity Properties . . . . . . . . . . . . . . . . . . . . . . . .  

79 9 Needle-Punched, Non-Woven Geotextile Prgperties . . . . . . . . . . . . . . .  

ix 



i .  

I PROGRAM TITLE: Hydrologic Evaluation of Landfill Performance (HELP) Model 

SECTION 1 

PROGRAM IDENTIFICATION I 

WRITERS: Paul R. Schroeder, Tamsen S .  Dozier, John W. Sjostrom and Bruce M. McEnroe 
- - -  -_ - 

ORGANIZATION: U.S. Army Corps of Engineers, Waterways Experiment Station (WES) 

! DATE: September 1994 

? UPDATE: None Version No.: 3.00 

I -  SOURCE LANGUAGE: The simulation code is written in ANSI FORTRAN 77 using Ryan- 
McFarland Fortran Version 2.44 with assembly language and Spindrift Library 
extensions for Ryan-McFarland Fortran to perform system calls, and screen operations. 
The user interface is written in BASIC using Microsoft Basic Professional Development 
System Version 7.1. Several of the user interface support routines are written in ANSI 
FORTRAN 77 using Ryan-McFarland Fortran Version 2.44, including the synthetic 
weather generator and the ASCII data import utilities. 

1 

HARDWARE: The model was written to run on IBM-compatible personal computers under 
the DOS environment. The program requires an IBMcompatible 8088, 80286, 80386 
or 80486-based CPU (preferably 80386 or 80486) with an 8087,80287,80387 or 80486 
math co-processor. The computer system must have a monitor (preferably color EGA 
or better), a 3.5- or 5.25-inch floppy disk drive (preferably 3.5-inch double-sided, high- 
density), a hard disk drive with 6 MB of available storage, and 400k bytes or more of 
available low level RAM. A printer is needed if a hard copy is desired. 

1 

AVAILABILITY: The source code and executable d e  for IBM-compatible personal comput- 
ers are available from the National Technical Information Service (NTIS). Limited 
distribution immediately following the initial distribution will be available from the 
USEPA Risk Reduction Engineering Laboratory, the USEPA Center for Environmental 
Research Information and the USAE Waterways Experiment Station. i 
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M T R A C E  The Hydrologic Evaluation of LandfilI Performance (HELP) computer progmm 

and out of landfills. The model accepts weather, soil and design data and uses solution 
techniques that account for surface storage, snowmelt, runoff, infiltration, vegetative 
growth, evapotranspiration, soil moisture storage, lateral subsurface drainage, leachate 
recirculation, unsaturated vertical drainage, and leakage through soil, geomembrane or 
composite liners. Landfill systems including combinations of vegetation, cover soils, 
waste cells, lateral drain layers, barrier soils, and synthetic geomembrane liners may be 
modeled. The program was developed to conduct water balance analyses of landfills, 
cover systems, and solid waste disposal facilities. As such, the model facilitates rapid 
estimation of the amounts of runoff, evapotranspiration, drainage, leachate collection, and 
liner leakage that may be expected to result from the operation of a wide variety of 
landfd designs. The primary purpose of the model is to assist in the comparison of 
design alternatives as judged by their water balances. The model, applicable to open, 
partially closed, and fully closed sites, is a tool for both designers and permit writers. 

is a quasi-twodimensional hydrologic model of water movement across, into, through i a 
I 

i 
I 

The HELP model uses many process descriptions that were previously developed, 
reported in the literature, and used in other hydrologic models. The optional synthetic 
weather generator is the WGEN model of the U.S. Department of Agriculture (USDA) 
Agricultural Research Service (ARS) (Richardson and Wright, 1984). Runoff modeling 
is based on the USDA Soil Conservation Service (SCS) curve number method presented 
in Section 4 of the National Engineering Handbook (USDA, SCS, 1985). Potential 
evapotranspiration is modeled by a modified Penman method (Penman, 1963). 
Evaporation from soil is modeled in the manner developed by Ritchie (1972) and used 
in various ARS models including the Simulator for Water Resources in Rural Basins 
(SWRRB) (Arnold et al., 1989) and the Chemicals, Runoff, and Erosion from 
Agricultural Management System (CREAMS) (Knisel, 1980). Plant transpiration is 
computed by the Ritchie's (1972) method used in SWRRB and CREAMS. The 
vegetative growth model was extracted from the SWRRB model. Evaporation of 
interception, snow and surface water is based on an energy balance. Interception is 
modeled by the method proposed by Horton (1919). Snowmelt modeling is based on the 
SNOW-17 routine of the National Weather Service River Forecast System (NWSRFS) 
Snow Accumulation and Ablation Model (Anderson, 1973). The frozen soil submodel 
is based on a routine used in the CREAMS model (Knisel et al., 1985). Vertical 
drainage is modeled by Darcy's (1856) law using the Campbell (1974) equation for 

- - - _  unsaturated hydraulic conductivity based on the Brooks-Corey (1964) relationship. 
Saturated lateral drainage is modeled by an analytical approximation to the steady-state 
solution of the Boussinesq equation employing the Dupuit-Forchheimer (Forchheimer, 
1930) assumptions. Leakage through geomembranes is modeled by a Series of equations 
based on the compilations by Giroud et al. (1989, 1992). The pn>cesses are linked 
together in a sequential order starting at the surface with a surface wakr balance; then 
evapotranspiration from the soil profile; and finally drainage and water muting, starting 
at the surface with infiltration and then proceeding downward through the landfill profile 
to the bottom. The solution procedure is applied repetitively for each day as it simulates 
the water routing throughout the simulation period. 

_ .  
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SECTION 2 

NARRATIVE DESCRIPTION 

The HELP program, Versions 1 , 2  and 3, was developed by the U.S. Army Engineer 
Waterways Experiment Station (WES), Vicksburg, MS, for the U.S. Environmental 
Protection Agency (EPA), Risk Reduction Engineering Laboratory, Cincinnati, OH, in 
response to needs in the Resource Conservation and Recovery Act (RCRA) and the 
Comprehensive Environmental Response, Compensation and Liability Act (CERCLA,- 
better known as Superfund) as identified by the EPA Office of Solid Waste, 
Washington, DC. The primary purpose of the model is to assist in the comparison of 
landfill design alternatives as judged by their water balances. 

’ 

- 

The Hydrologic Evaluation of Landfill Performance (HELP) model was developed 
to help hazardous waste landfill designers and regulators evaluate the hydrologic 
performance of proposed landfill designs. The model accepts weather, soil and design 
data and uses solution techniques that account for the effects of surface storage, 
snowmelt, runoff, infiltration, evapotranspiration, vegetative growth, soil moisture 
storage, lateral subsurface drainage, leachate recirculation, unsaturated vertical drainage, 
and leakage through soil, geomembrane or composite liners. Landfill systems including 
various combinations of vegetation, cover soils, waste cells, lateral drain layers, low 
permeability barrier soils, and synthetic geomembrane liners may be modeled. Results 
are expressed as daily, monthly, annual and long-term average water budgets. 

t 
I 
i -  i 

The HELP model is a quasi-two-dimensional, deterministic, water-routing model for 
determining water balances. The model was adapted from the HSSWDS (Hydrologic 
Simulation Model for Estimating Percolation at Solid Waste Disposal Sites) model of the 
U.S. Environmental Protection Agency (Perrier and Gibson, 1980; Schroeder and 
Gibson, 1982), and various models of the U.S. Agricultural Research Service (ARS), 
including the CREAMS (Chemical Runoff and Erosion from Agricultural Management 
Systems) model (Knisel, 1980), the SWRRB (Simulator for Water Resources in Rural 
Basins) model (Arnold et al., 1989), the SNOW-17 routine of the National Weather 
Service River Forecast System (NWSRFS) Snow Accumulation and Ablation Model 
(Anderson, 1973), and the WGEN synthetic weather generator (Richardson and Wright, 
1984). 

i 
I 

i 
i 

I 
I 

HELP Version 1 (Schroeder et al., 1984a and 1984b) represented a major advance 
beyond the HSSWDS program (Pemer and Gibson, 1980; Schroeder and Gibson, 1982), 
which was also developed at WES. The HSSWDS model simulated only the cover 
system, did not model lateral flow through drainage layers, and handled vertical drainage 
only in a rudimentary manner. The infiltration, percolation and evapotranspiration 
routines were almost identical to those used in the Chemicals, Runoff, and Erosion from 
Agricultural Management Systems (CREAMS) model, which was developed by Knisel 
(1980) for the U.S. Department of Agriculture (USDA). The runoff and infiltration 

J 
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routines relied heavily on the Hydrology Section of the National Engineering Handbook 
(USDA, Soil Conservation Sexvice, 1985). Version 1 of the HELP model incorporated 
a lateral subsurface drainage model and improved unsaturated drainage and liner leakage 
models into the HSSWDS model. In addition, the HELP model provided simulation of 
the entire landfill including leachate collection and liner systems. 

Version 1 of the HELP program was tested extensively using both field and 
laboratory data. HELP Version 1 simulation results were compared to field data for 
20 landfill cells from seven sites (Schroeder and Peyton, 1987a). The lateral drainage 
component of HELP Version 1 was tested against experimental results from two l a rge  
scale physical models of landfill liner/drain systems (Schroeder and Peyton, 198%). The 
results of these tests provided motivation for some of the improvements incorporated into 
HELP Version 2. 

Version 2 (Schroeder et al., 1988a and 1988b) presented a great enhancement of the 
capabilities of the HELP model. The WGEN synthetic weather generator developed by 
the USDA Agricultural Research Service (ARS) (Richardson and Wright, 1984) was 
added to the model to yield daily values of precipitation, temperature and solar radiation. 
This replaced the use of normal mean monthly temperature and solar radiation values and 
improved the modeling of snow and evapotranspiration. Also, a vegetative growth model 
from the Simulator for Water Resources in Rural Basins (SWRRB) model developed by 
the ARS (Arnold et al., 1989) was merged into the HELP model to calculate daily leaf 
area indices. Modeling of unsaturated hydraulic conductivity and flow and lateral 
drainage computations were improved. Default soil data wen improved, and the model 
permitted use of more layers and initialization of soil moisture content. 

In Version 3, the HELP model has been greatly enhanced beyond Version 2. The 
number of layers that can be modeled has been increased. The default soiYmaterial 
texture list has been expanded to contain additional waste materials, geomembranes, 
geosynthetic drainage nets and compacted soils. The model also permits the use of a 
user-built library of soil textures. Computations of leachate recirculation and 
groundwater drainage into the landfill have been added. Moreover, HELP Version 3 
accounts for leakage through geomembranes due to manufacturing defects (pinholes) and 
installation defects (punctures, tears and seaming flaws) and by vapor diffusion through 
the liner based on the equations compiled by Giroud et al. (1989,1992). The estimation 

/of runoff from the surface of the landfill hasbeen i m p r o v m  nt for large landfill 
surface slopes and slope lengths. The snowmelt model has been replaced with an energy- 
based model; the Priestly-Taylor potential evapotranspiration model has beea replaced 
with a Penman method, incorporating wind and humidity effects as well as long wave 
radiation losses (heat loss at night). A frozen soil model has been added to improve 
infiltration and runoff predictions in cold regions. The unsaturated vertical drainage 
model has also been improved to aid in storage computations. Input and editing have 
been further simplified with interactive, w1-scm, menu-driven input Mqm 

The HELP model requires daily climatologic data, soil ChafaCteriStiCS, and design 
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specifications to perform the analysis. Daily rainfall data may be input by the user, 
generated stochastically, or taken from the model’s historical data base. The model 
contains parameters for generating synthetic precipitation for 139 U.S. cities. The 
historical data base contains five years of daily precipitation data for 102 U.S. cities. 
Daily temperature and solar radiation data are generated stochastically or may be input 
by the user. Necessary soil data include porosity, field capacity, Witting point, saturated 
hydraulic conductivity, and Soil Conservation S e n k  (SCS) runoff curve number for 
antecedent moisture condition 11. The model contains default soil characteristics for 42 
material types for use when measurements or site-specific estimates are not available. 
Design specifications include such things as the slope and maximum drainage distance- 
for lateral drainage layers, layer thicknesses, leachate recirculation procedure, surface 
cover characteristics and information on any geomembranes. 

- 

Figure 1 is a definition sketch for a somewhat typical closed hazardous waste landfill 
profile. The top portion of the profile (layers 1 through 4) is the cap or cover. The 
bottom portion of the landfill is a double liner system (layers 6 through ll), in this case 
composed of a geomembrane liner and a composite liner. Immediately above the bottom 
composite liner is a leakage detection drainage layer to collect leakage from the primary 
liner, in this case, a geomembrane. Above the primary liner are a geosynthetic drainage 
net and a sand layer that serve as drainage layers for leachate collection. The drain 
layers composed of sand are typically at least 1-ft thick and have suitably spaced 
perforated or open joint drain pipe embedded below the surface of the he r .  The 
leachate collection drainage layer selves to collect any leachate that may percolate 
through the waste layers. In this case whereshe liner is solely a geomembrane, a 
drainage net may be used to rapidly drain leachate from the liner, avoiding a significant 
buildup of head and limiting leakage. The liners are sloped to prevent ponding by 
encouraging leachate to flow toward the drains. The net effects are that very little 
leachate should leak through the primary liner and virtually no migration of leachate 
through the bottom composite liner to the natural formations below. Taken as a whole, 
the drainage layers, geomembrane liners, and barrier soil liners may be refened to as the 
leachate collection and removal system (drain/liner system) and more specifically a 
double liner system. 

Figure 1 shows eleven layers-four in the cover or cap, one as the waste layers, three 
in the primary leachate collection and removal system (drain/liner system) and three in 
the secondary leachate collection and removal system (leakage detection). These eleven 
layers comprise three subprofdes or modeling units. A subprofde consists of all layers 
between (and including) the landfill surface and the bottom of the top liner system, 
between the bottom of one liner system and the bottom of the next lower liner system, 
or between the bottom of the lowest liner system and the bottom of the lowest soil layer 
modeled. In the sketch, the top subprofile contains the cover layers, the middle 
subprofile contains the waste, drain and liner system for leachate collection, and the 
bottom subprofde contains the drain and liner system for leakage detection. Six 
subprofiles in a single landfill profile may be simulated by the model. 

5 I I 
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The layers in the landfill are typed by the hydraulic function that they perform. Four 
types are of layers are available: vertical percolation layers, lateral drainage layers, 
barrier soil liners and geomembrane liners. These layer types are illustrated in Figure 1. 
The topsoil and waste layers are generally vertical percolation layers. Sand layers above 
liners are typically lateral drainage layers; compacted clay layers are typically barrier soil 
liners. Geomembranes are typed as geomembrane liners. Composite liners are modeled 
as two layers. Geotextiles are not considered as layers unless they perform a unique 
hydraulic function. 

Flow in a vertical percolation layer (e.g., layers 1 and 5 in Figure 1) is either- 
downward due to gravity drainage or extracted by evapotranspiration. Unsaturated 
vertical drainage is assumed to occur by gravity drainage whenever the soil moisture is 
greater than the field capacity (greater than the wilting point for soils in the evaporative 
zone) or when the soil suction of the layer below the vertical percolation layer is greater 
than the soil suction in the vertical percolation layer. The rate of gravity drainage 
(percolation) in a vertical percolation layer is assumed to be a function of the soil 
moisture storage and largely independent of conditions in adjacent layers. The rate can 
be restricted when the layer below is saturated and drains slower than the vertical 
percolation layer. Layers, whose primary hydraulic function is to provide storage of 
moisture and detention of drainage, should normally be designated as vertical percolation 
layers. Waste layers and layers designed to support vegetation should be designated as 
vertical percolation layers, unless the layers provide lateral drainage to collection 
systems. 

Lateral drainage layers (e.g., layers 2, 6, 7 and 9 in Figure 1) are layers that 
promote lateral drainage to collection systems at or below the surface of liner systems. 
Vertical drainage in a lateral drainage layer is modeled in the Same manner as for a 
vertical percolation layer, but saturated lateral drainage is allowed. The saturated 
hydraulic conductivity of a lateral drainage layer generally should be greater than 1 x lo3 
cm/sec for significant lateral drainage to occur. A lateral drainage layer may be 
underlain by only a liner or another lateral drainage layer. The slope of the bottom of 
the layer may vary from 0 to 40 percent. 

Barrier soil liners (e.g., layers 4 and 11 in Figure 1) are intended to mtrict vertical 
flow. These layers should have hydraulic conductivities substantially lower than those 
of the other types of layers, typically below 1 x IOd cdsec. The program allows only 
downward flow in barrier soil liners. Thus, any water moving into a liner will 
eventually percolate through it. The leakage (percolation) rate depends upon the depth 
of water-saturated soil (head) above the base of the layer, the thickness of the liner and 
the saturated hydraulic conductivity of the barrier soil. Leakage occurs whenever the 
moisture content of the layer above the liner is greater than the field Capacity of the 
layer. The program assumes that barrier soil liner is permanently saturated and that its 
properties do not change with time. 

Geomembrane liners (e.g., layers 3, 8 and 10 in Figure 1) are layers of nearly 
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impermeable material that restricts significant leakage to small areas around defects. 
Leakage (percolatian) is computed to be the result from three sources: vapor diffusion, 
manufacturing flaws (pinholes) and installation defects (punctures, cracks, tears and bad 
seams). Leakage by vapor diffusion is computed to occur across the entire area of the 
liner as a function of the head on the surface of the liner, the thickness of the 
geomembrane and its vapor diffusivity. Leakage through pinholes and installation defects 
is computed in two steps. First, the area of soil or material contributing to leakage is 
computed as a function of head on the liner, size of hole and the saturated hydraulic 
conductivity of the soils or materials adjacent to the geomembrane liner. Second, the 
rate of leakage in the wetted ara is computed as a function of the head, thickness of soil 
and membrane and the saturated hydraulic conductivity of the soils or materials adjacent 
to the geumembrane liner. 

8 i 
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7. LEACHATE COLLECTION SYSTEM 

7.1 Leachate Collection System 
7.2 LCS Clogging Potential 
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LEACHATE COLLECTION SYSTEM (LCS) 

EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 
The purpose of this analysis is to evaluate the performance of the leachate collection system 

(LCS) components, which include the drainage layer, geotextile filter, soii filtration, and LCS 
collector pipe. 

METHOD OF ANALYSIS 
Drainage Layer: The maximum head, average head, and transmissivity of the drainage layer were 
calculated. 

Geotextile Filter Design: The retention, permeability, and clogging criteria were calculated. 

Soil Filtration Characteristics: 
protective soil layer. 

The required particle size distribution was calculated for the 

LCS Collector Pipe Design: The pipe flow capacity, pipe filtration, and structural stability (wall 
crushing, wall buckling, and excessive ring deflection) were. calculated for the LCS collector pipe 
design. 

CONCLUSIONS 
Drainage Laver: 

maximum anticipated leachate head, h,, = 2.05 in. 
average anticipated leachate head, havg = 1.13 in. 
calculated transmissivity, 8, = 3.05 crn2/s 

Geotextile Filter Design: 

required equivalent opening size, O,, I 2 10 pm 
required geotextile hydraulic conductivity, kgeotextile > lo-’ cm/s 
required porosity, ng > 30% 
required percent open area, A > 4% 
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Soil Filtration Characteristics: 
required d,, of protective soil layer 2 0.4 mm 

required d,, of protective soil layer I 0.1 mm 
LCS Collector PiDe Design: 

pipe flow capacity, Q, = 198 gpm 
required flow capacity, Qpr = 7.9 gpm 
flow capacity factor of safety, QdQpr = 25 
maximum allowable perforation diameter, dh milx = 0.39 in. 
factor of safety against pipe wall crushing, FS,, = 5.3 
factor of safety against pipe wall buckling, FS,, = 4.4 
factor of safety against excessive ring deflection, FSrd = 3.72 
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LEACHATE COLLECTION SYSTEM (LCS) 
CALCULATION PROCEDURES 

INTRODUCTION 

The purpose of this package is to present the calculation procedures for the leachate collection 

system. In particular, this package addresses the following analyses: 

geotextile filter design; 

soil filtration characteristics; and 

drainage layer (average and maximum leachate head and transmissivity); 

LCS collector pipe design (flow capacity, filtration characteristics and structural stability). 

METHODS OF ANALYSIS 

DRAINAGE LAYER 

Leachate Head: The HELP model estimates leachate head in the LCS drainage layer. As a 

check, the closed-form analytical solution described by Giroud and Houlihan [1995] will be used to 

estimate leachate head. For the analytical solution, the leachate generation rate estimated using HELP 

and assumed characteristics of the leachate collection layer will be used to estimate the maximum and 

average hydraulic heads in the drainage layer. 

Verification will be made that the maximum hydraulic head in the drainage layer is smaller than 

the maximum allowable head according to applicable regulations (Le., 12 in.) and is smaller than the 

LCS drainage layer thickness. The average hydraulic head will be used to estimate the infiltration 

through the primary liner. The infiltration analysis is described elsewhere. 

The following six-step approach based on Giroud and Houlihan [ 19951 will be used to calculate 

the maximum leachate head, hmm, and average leachate head, havg; 

Step I. Calculate the dimensionless parameter h using the following equation: 

a =  4 i .  / 
k t a n 2  p 

where: qi = the impingement rate of flow into the drainage layer; k = hydraulic conductivity of the LCS 

drainage layer material; and p = angle between the horizontal and slope. 

a - QOmL36 - 
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Step 2. Use Equations 2 and 3 to calculate T,,, 

(3) 

where: T,, = maximum leachate thickness; L = the length of the slope; j = corrective coefficient; h = 

parameter defined by Equation (1);  and p = angle between the horizontal and slope. 

Step 3. Calculate the maximum leachate head, hm,, from Equation 4. 

h,, = T,,,  COS^ C (4) 

Step 4. Use Table 1 or Figure 1 to obtain Tavg/Tm,. 

Step 5. From T,, obtained in Step 2 and Tavg/Tm, obtained in Step 4, calculate Tavg. 

Step 6. Calculate the average leachate head, havg, from Equation 5. 

h,, = Tuvg cos P ( 5 )  

Transmissivitv: The minimum required transmissivity of the LCS drainage layer will be 

calculated as the product of the hydraulic conductivity of the drainage layer and the drainage layer 

thickness as shown in the following equation: 

e ,= k , D , /  (6) 

where: €Id = hydraulic transmissivity of the drainage layer; 

material; and Dd = the thickness of the drainage layer. 

= the hydraulic conductivity of the drainage 

GEOTEXTILE FILTER DESIGN 

The LCS geotextile filter will separate the protective soil layer from the LCS drainage layer as 

shown in Figure 2. The LCS geotextile filter will be designed based on criteria proposed by Christopher 

and Holtz [ 19941, Giroud [ 19821, and USEPA [ 19871 which include a retention criterion, a permeability 

criterion, and a clogging criterion. These criteria are described in Table 2. Survivability requirements, 

such as grab, tear, puncture, and burst strength, to ensure adequate resistance to stresses applied on the 

geotextile during installation and during design life will be included in the material specifications for e- this project. 
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Table 1: Values of T a v J T m a x  and x&. 

0.00 
0.002 
0.005 
0.01 

0.02 
0.03 
0.04 
0.05 

0.07 
0.08 
0.09 
0.10 

0.12 
0.14 
0.15 
0.16 

0.17 
0.18 
0.20 
0.23 

0.25 
0.35 
0.40 
0.45 

0.500 
0.50 
0.5 1 
0.52 

0.53 
0.54 
0.55 
0.56 

0.57 
0.58 
0.59 
0.60 

0.61 
0.62 
0.63 
0.64 

0.65 
0.66 
0.67 
0.68 

0.69 
0.70 
0.71 
0.72 

1 .Ooo 
0.99 

0.97 

0.94 
0.92 
0.90 
0.89 

0.86 
0.85 
0.84 
0.83 

0.82 
0.80 
0.79 
0.78 

0.77 
0.76 
0.75 
0.73 

0.71 
0.70 
0.70 
0.69 

0.98 

0.50 
0.53 
0.57 
0.62 

0.67 
0.73 
0.80 
0.87 

0.95 
1.05 
1.16 
1.32 

1.58 
2.0 
3.2 
5.5 

8.5 
13 
19 
30 

55 
135 

1Ooo 
aD 

0.73 
0.74 
0.75 
0.76 

0.77 

0.79 
0.80 

0.81 
0.82 
0.83 
0.84 

0.85 
0.86 
0.87 
0.86 

0.85 
0.84 
0.83 
0.82 

0.81 
0.80 
0.79 
0.785 

0.78 

0.68 - 0.68 - 0.67 
0.68 - 0.68 - 0.66 
0.67 - 0.67 - 0.65 
0.66 - 0.66 - 0.64 

0.66 - 0.66 - 0.63 
0.65 - 0.65 - 0.61 
0.64 - 0.63 - 0.59 
0.63 - 0.62 - 0.57 

0.62 - 0.61 - 0.55 
0.60 - 0.60 - 0.53 
0.59 - 0.58 - 0.51 
0.57 - 0.56 - 0.47 

0.57 - 0.53 - 0.43 
0.51 - 0.49 - 0.37 
0.44 - 0.41 - 0.26 
0.36 - 0.31 - 0.16 

0.30 - 0.23 - 0.11 
0.25 - 0.17 - 0.07 
0.21 - 0.13 - 0.05 
0.17 - 0.09 - 0.03 

0.13 - 0.05 - 0.02 
0.08 - 0.02 - 0.01 
0.03 - 0.00 - 0.00 

0 - 0 - 0  

Note: This table was established using Equations 46, 50 and 51 for values of A B 0.25, and using charts. pub- 
by McEnroe and Schroeder (1988). for X < 0.25. The raao T , f l ,  varies very little with the slope angle. 8; when 
p varies between 0 and 45". the change in T d M  is typically less than 0.03. Therefore. the tabulated v a l w  of 
T f l -  (which are average values) are either unaffefted or affected by i 0.01. The two limit values for T d - ,  
i.e. 112 (for A = 0) and 7r14 (for X = OD), are accurate. For A < 0.5, thc values of xJZ also vary very little with 
(3; in this case, when D varies between 0 and 45". the tabluted values of x,,,L are either unaffected or afftctcd by * 
0.01. For X > 0.5, the influence of 8 onx& is sigmticant. To illustrate the iduencc of B in this case, thrrc values 
of x& are rabulaud in the last column: the value on the left is for 0 < raaB < 10%. the middle value is for tanB 
= 1/3 (i.e. a 1V:3H slope) and thc value on thc right is for raaB = I (Le. a 1V: 1H slope) (see Figure 11). It should 
be noted that. in rhe chans by McEnroe and Schrotdcr (1988). the paramna A is ~t used. Therefore. it does no( 
d p m  in those c h  that TqnM and. to a cenain extent, x& are idepedem of 8. 



Figure 2: Liner System on Landfill Base. 
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Table 2: Filter Criteria for Geotextile, Adapted From [Christopher and Holtz, 

1984; Giroud, 1982; and USEPA, 19871 

1. RETENTION CRITERION 

1.1 So i l s  w i t h  less than 50 percent pa r t i c l e -  
200) 

0.075 mm (> US Sieve No. 

Linear coe f f i c i en t  of 
uniformity of the so i l  

Density index 
of the s o i l  

(Relative densi ty)  
1 < C’, < 3 C’, > 3 

9 
loose I, < 35% 09, < C ’ U  dso 09, < - dso 
soi 1 C ’ U  

med i um 13.5 
dense 35% < I, < 65% Og, < 1.5 C’, d,, 09, < - d,o 
soi l  C’” 

dense I, > 65% 
s o i l  

1.2 So i l s  w i t h  more than 50 percent pa r t i c l e s  < 0.075 mm (US Sieve 200) 

Og, s 210 pn (2 US Sieve 70)  

2. PERMEABILITY CRITER.ION 

2.1  Cr i t i ca l  and/or Severe Appl i c a t i  ons 

kgeotextt le ’ 10 %oil 

I 
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Table 2 (Continued): Filter Criteria for Geotextile, Adapted From [Christopher 

and Holtz, 1984; Giroud, 1982; and USEPA, 19871 

2.2  

3 .  

Noncritical and Nonsevere Appl ications 

' , kgeotextile > 'soil 

CLOGGING CRITERION 

Nonwoven geotextiles: porosity, ng > 30% 

Woven geotextiles: percent open area, A > 4% 

Notes: O,, is the apparent opening size (AOS) of the geotextile. 

where dllOO and d', are the top and bottom extremities, respectively, 
of a line drawn through the central portion of a soil particle-size 
distribution curve. 

d,, and d,, are soil partlcle sizes for which 50% and 852, 
respectively, of particles are finer by weight. 

I, = (e - emin)/(emax - emin), where: e = soil void ratio; emin = soil 
minimum void ratio; and emax = soil maximum void ratio. 

kgeotextt le = geotextile hydraulic conductivity 

ksoll = soil hydraulic conductivity 

The porosity ng (dimensionless) is calculated as follows: ng - 1 - 
p A ( p ,  tJ, where: p, = geotextile mass per unit area; p, = polymer 
density; and tg = geotextile thickness. Basic SI units are: p, 
(kg/m2), P, (kg/m3), and t, (m). 
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The geotextile filter must have openings which are small enough to retain fine-grained soil 

particles and prevent them from entering the LCS drainage layer, which could result in clogging or flow 

capacity reduction of the LCS drainage layer. The geotextile filter must also have openings which are 

large enough to allow leachate to pass through the soillgeotextile interface without significant flow 

impedance. 

SOIL FILTRATION CHARACTERISTICS 

It is assumed that in the very long term, the geotextile filter may not provide adequate filtration. 

Therefore, a check is made to ensure the soils are self filtering. The following filter criteria shall be 

followed to prevent particle migration or clogging of components: 

. 

. 
(d15 of LCS drainage layer material / d85 of protective soil layer material) I 3 to 5. 

(d15 of LCS drainage layer material / d15 of protective soil layer material) 2 3 to 5 .  

LCS COLLECTOR PIPE DESIGN 
0 

The function of the LCS collector pipes is to convey the leachate collected by the LCS drainage 

layer to the LCS sumps. Collector pipes must have adequate flow capacity to convey the leachate and 

adequate structural resistance to withstand the applied loads. In addition, since collector pipes are 

perforated to permit flow of leachate into the pipes, the size of the perforations must be large enough to 

accept the flow of leachate into the pipe without the buildup of head, and small enough to prevent pipe 

bedding material from entering the pipe. 

Pipe Flow Capacity: LCS pipe flow capacity should be greater than the maximum rate of flow 

into the pipe. The pipe flow capacity will be calculated using Manning’s equation as follows: 

where: Q, = collector pipe flow capacity; Rh = hydraulic radius (defined as the ratio of the flow area to 

the perimeter of the wetted area; for a pipe with a circular cross section Rh = Bi/4; where Bi is pipe inner 

diameter); i, = hydraulic gradient (slope of the collector pipe); A, = cross-sectional area of the pipe; and 

n = Manning’s roughness coefficient. 
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The rate of flow of leachate entering a collector pipe may be calculated by multiplying the rate of 

impingement on the LCS drainage layer by the plan area of the LCS drained by the pipe: 

Qpr = qiAd 1 (8) 

where: Qpr = flow capacity required for the collector pipes: qi = design impingement rate on the LCS 

drainage layer; and Ad = plan area of the LCS drained by the pipe. 

Pipe Filtration Characteristics The ability of the pipes to provide filtration may be characterized 

by the size of the perforations. Maximum allowable diameter of perforations in the collector pipe will 

be specified to ensure retention of LCS gravel particles. The maximum allowable diameter of 

perforations in the collector pipes to provide retention of gravel particles may be determined as follows 

[USEPA, 19831: 

r 

where: dh mBX = maximum perforation diameter to provide particle retention; dgs = particle size of the 

pipe bedding material for which 85 percent by weight of the particles are finer; and F = factor varying 

from 1.2 to 2. For pipes with slots, replace d with w, where w is slot width in Equation 9. 

Pipe Structural Stability Calculations will be performed to ensure the LCS pipe is able to 

withstand the loads applied on it with an adequate factor of safety. Failure mechanisms that will be 

checked are: (i) wall crushing; (ii) wall buckling; and (iii) excessive ring deflection. Stresses applied on 

the LCS pipe will be estimated for: (i) initial condition (Figure 3) (i.e., stresses due to traffic when a 6- 

in. thick layer of LCS drainage layer material and a 1-ft thick protective soil layer are placed on the 

pipe); and (ii) final condition (Le., stresses due to overburden materials). Plastic pipe can be designed to 

resist failure by the above mechanisms using design methods presented in the technical literature [Uni- 

Bell, 1991; Phillips 66, 1988; and Chevron, 19921. 

As indicated previously, the initial condition assumes that the collector pipe is buried under 6-in. 

of LCS drainage layer material and 1-ft of protective soil layer. The stresses due to traffic are assumed 

to be applied by a truck with a capacity of 35 tons and a wheel load of 20,000 lb when full. The total 0 

I .  
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stress on the pipe is then the sum of the stresses applied by the soil layers and the stresses applied by the 

loaded truck, which can be calculated as described by ASCE [ 19791 as follows: 

where: oic = stress on the collector pipe: yp = unit weight of the soil materials; D, = thickness of the soil 

cover; B, = outer pipe diameter; C, = load coefficient (Table 3), which is a function of Bc/(2D,) and 

L,J(2DP); P = concentrated load; Fic = impact factor accounting for dynamic loads; and Lc = effective 

length of pipe, which is arbitrarily defined as follows by ASCE [ 19791: = 3 ft if pipe is longer than 3 

ft, and Li, = actual pipe length if pipe is shorter than 3-ft. 

During the post-closure condition, the stress applied to the pipe is due to the overburden 

materials above the pipe (i.e., protective soil cover material, compacted waste, and cover soils). 

Wall Crushing: Wall crushing can occur when the stress in the pipe wall, due to external 

vertical pressure, exceeds the compressive strength of the pipe material. The factor of safety against 

pipe wall crushing may be calculated using the following equation: 

20, 
( S D R  - l)o max 

where: FS,, = factor of safety against pipe wall crushing; CT, = compressive yield strength of the pipe; 

SDR = standard dimension ratio of the pipe; and omax = maximum stress applied to the pipe. 

Wall Buckling: Wall buckling, a longitudinal wrinkling in the pipe wall, can occur when the 

external vertical pressure exceeds the critical buckling pressure of the pipebedding aggregate system. 

The factor of safety against pipe wall buckling may be calculated using the following equation: 
I12 

0- ( S D q 3  F S W ,  - -"[ E'E 1 
where: FS,b = factor of safety against pipe wall buckling; omax = maximum stress applied to the pipe; E' 

= modulus of soil reaction for pipe bedding; E = modulus of elasticity of the pipe material; and SDR = 

standard dimension ratio of the pipe. 
0. 

.~ - 
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Excessive Ring Deflection: Ring deflection is the change in vertical diameter of the pipe as 

the pipehedding aggregate system deforms under the external vertical pressure. The actual ring 

deflection of the pipe must be less than the allowable ring deflection of the pipe. The factor of safety 

against excessive ring deflection may be calculated using the following equation: . 
A R E ‘  FS,, = 

1000 max 

where: AR = allowable ring deflection in percent; E’ = modulus of soil reaction for pipe bedding; and 

omax = maximum stress applied to the pipe. The allowable ring deflection of the pipe will be obtained 

from the manufacturers and technical literature. 
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LEACHATE COLLECTION SYSTEM (LCS) 

DATA VERIFICATION 

INTRODUCTION 
As described in the calculation procedures package, the following analyses will be performed: 

drainage layer (average and maximum leachate head and transmissivity); 
. geotextile filter design; 
soil filtration characteristics; and 
LCS collector pipe design (flow capacity, filtration characteristics and structural 
stability). 

In order to perform the analyses described above, the following data is required: 

DRAINAGE LAYER 
Leachate Head: 
qi = the maximum impingement rate of flow into the drainage layer = 0.0646 in. /day (peak daily 

k = hydraulic conductivity of the LCS drainage layer material = 0.1 cmhec 
p = angle between the horizontal and slope = 1.28" (2.24%) 
L = the length of the slope = 224 ft (2688 in.) 

value from HELP leachate generation analyses results; Case 1B) = 1 . 9 ~  c d s e c  

Transmissivitv: 
k = hydraulic conductivity of the drainage material = 0.1 cdsec  
D = the thickness of the drainage layer = 12 in. (30.5 (cm) 

0 7 -  I 
GEOTEXTILE FILTER DESIGN 

It is expected that more than 50% of particles of the protective soil will be c 0.075 mm (i.e., U.S. 
sieve 200). 

ksoil= protective soil hydraulic conductivity = 1 ~ 1 0 ' ~  c d s  (assumed) 
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SOIL FILTRATION CHARACTERISTICS 
It is anticipated that the brown clay onsite will be used as the protective soil layer and crushed 

stone will be used as the drainage layer. The following values were taken from the attached grain-size 
distribution chart: 

dls of LCS drainage layer material = particle size of LCS drainage layer material for which 15 
percent by weight of the particles are finer = 0.3 - 2.0 mm. ' 
dgs of LCS drainage layer material = particle size of LCS drainage layer material for which 85 
percent by weight of the particles are finer = 20 - 30 mm. / 

LCS COLLECTOR PIPE DESIGN 
The geometric characteristics of the 6-in. nominal diameter HDPE SDR- 1 1 pipes are as follows: 

outer diameter, B, = 6.625 in.; 
wall thickness, t = 0.602 in.; 
inner diamter, Bi = 5.421 in.; 
mean radius, r = 3.01 in.; and 
perforation diameter, dh = 0.625 in. 

The characteristics of the pipes to be used in structural stability calculations, as estimated fromx 
manufacturer's literature [Thillips 66, 19881, are as follows: 

modulus of elasticity of 2.74 x lo6 psf after 50 years; 
compressive yield strength of the pipe 216,000 psf; and 
allowable ring deflection of SDR- 1 1 pipe used for gravity flow is 7.0 percent. 

Pipe Flow Cauacitv: 
Rh = Bi / 4 = hydraulic radius = 1.36 in. (3.45 cm) 
i, = hydraulic gradient = 0.57" (1%) 

0 2 2  A, = xBi / 4 = cross-sectional area of the pipe = 23.1 in2 (1.5~10- m ) 
n = Manning's roughness coefficient = 0.013 s/m0.33 (for smooth pipe) 

Required Cauacitv for Collector Pipes: 
qi = the impingement rate of flow into the drainage layer = 0.06447 in./day (peak daily value 

& = plan area of the LCS drained by the pipe = 6.5 acres 
from HELP leachate generation analyses results; Case 1) = 1 .9~10-~  c d s e c  

QQll5l# 
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Required Capacity for Collector Pipes: 
qi = the impingement rate of flow into the drainage layer = 0.06447 in./day (peak daily value 

Ad = plan area of the LCS drained by the pipe = 6.5 acres 
from HELP leachate generation analyses results; Case 1) = 1 . 9 ~ 1 0 ‘ ~  cm/sec 

Pipe Filtration: 
d85 = particle size of the pipe bedding material for which 85 percent by weight of the particles are 
finer = 20 - 30 mm 
F = factor varying from 1.2 to 2 = 2 (conservative estimate) 

Structural Stability: 
yp = unit weight of the soil materials = 125 pcf (18.8 kN/m3) 
D, = thickness of the soil cover = Case 1 = 18 in.; Case 2 = assumed 65 ft 
P = concentrated load = 20,000 lb (90 kN) (assumed based on truck with a capacity of 35 tons 

Fi, = impact factor accounting for dynamic loads = 1.5 [ASCE, 1979; see procedures package for 
and a wheel load of 20,000 lb when full) 

reference] 
B, = outer pipe diameter = 0.552 ft (0.168 m) 
L,, = effective length of pipe = 3 ft (1 m) 

Wall Crushing: 
q = compressive yield strength = 216,000 psf (10,346 kPa) 

SDR = standard dimension ratio of the pipe = 11 

Wall Buckling: 
E’ = modulus of soil reaction for pipe bedding = 432,000 psf (20,560 kPa) (Countryside) 
E = modulus of elasticity of the pipe material = 2 . 7 4 ~ 1 0 ~  psf ( 1 . 3 1 ~ 1 0 ~  kPa) (50-yr design life) 
SDR = standard dimension ratio of the pipe = 11 

Excessive Ring Deflection: 
AR = allowable ring deflection in percent = 7 percent 

I 
E’ = modulus of soil reaction for pipe bedding = 432,000 psf (20,560 kPa) QOll54 
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7.2 LCS Clogging Potential 





8. LEAK DETECTION SYSTEM 

8.1 Leak Detection System 



8.1 Leak Detection System 
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LEAK DETECTION SYSTEM (LDS) 

EXECUTIVE SUMMARY 
PURPOSE OF ANALYSIS 

The purpose of this package is to present the calculation procedures for analysis of the leak 
detection system (LDS). In particular, this package addresses migration through the primary liner, 
maximum thickness of liquid in LDS drainage layer, travel time in the LDS, LDS pipe design, and 
action leakage rate. 

METHOD OF ANALYSIS 

Migration through Primarv Layer: The amount of flow into the LDS was estimated using the 
USEPA HELP model analysis performed in the Leachate Generation Rate Calculations package. 

Maximum Thickness of Liquid in LDS Drainage Layer: The maximum and average thicknesses of a 
liquid in the LDS and the transmissivity of the LDS drainage layer were calculated. 

Time of Travel in the LDS: The maximum time of travel of liquids in the LDS drainage layer and 
the pipe (Le., leak detection time) was calculated. 

LDS Pipe Design: The pipe flow capacity, pipe filtration, and structural stability (wall crushing, 
wall buckling, and excessive ring deflection) were calculated. 

Action Leakage Rate: The action leakage rate was calculated in accordance with procedures for 
RCRA Subtitle C facilities, as described in 40 CFR 0 264. 

CONCLUSIONS 
Maximum Thickness of Liauid in LDS Drainage Layer: 

0 maximum thickess of liquid, T,, = 5.47~10” ft. 
average thickness of liquid, T,,,,, = 9 . 5 7 ~ 1 0 - ~  ft. 
calculated transmissivity, €Id = 3.05 cm2/s 
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Time of Travel in LDS: 
time of travel in LDS drainage layer, t,, = 336.13 hr 
time of travel in the LDS pipe, t, = 0.06 hr 
total time of travel in LDS, t = 336.19 hr (14 days) 

LDS PiDe Design: 
pipe flow capacity, Q, = 198 gpm 
required flow capacity, QR = 4 .41~10-~  gpm 
flow capacity factor of safety, Q,,/Qpr = 4 . 4 9 ~ 1 0 ~  , OK 
maximum allowable perforation diameter, 0.39 in. I d, 

factor of safety against pipe wall crushing, FS,, = 4.09 , OK 
factor of safety against pipe wall buckling, FSWb = 3.39 , OK 
factor of safety against excessive ring deflection, FSrd = 2.86 , OK 

5 0.66 in. 

Action Leakage Rate: 
action leakage rate, Q = 200 gpad 
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LEAK DETECTION SYSTEM (LDS) 
CALCULATION PROCEDURES 

INTRODUCTION 

The purpose of A s  package is to present the calculation procedures for t,,e leak detection system 

(LDS). In particular, this package addresses the following analyses: 

0 .  migration through primary layer; 

0 LDS pipe flow capacity; 

action leakage rate. 

maximum thickness of liquid in LDS drainage layer; 

time of travel in LDS drainage layer; 

LDS pipe structural stability; and 

The LDS for the Fernald On-site Disposal Facility (OSDF) is shown in Figure 1. 

METHODS OF ANALYSIS 

MIGRATION THROUGH PRIMARY LAYER 

The purpose of this section of the package is to describe the potential sources of flow into the 

leak detection layer. Gross, et a1 [ 19901 discussed the potential sources of flow from LDSs of double- 

lined landfills. As shown in Figure 2, these sources include: (i) leakage through defects in the primary 

liner; (ii) water from precipitation that impinges the LDS during construction (“construction water”); 

(iii) water expelled from the granular LDS due to compression of the layer (“compression water”); (iv) 

water squeezed out of a clay component of a composite top liner as a result of clay consolidation 

(“consolidation water”); and (v) ground water that infiltrates the bottom liner and enters the leak 

detection layer (“infiltration water”). 

For the OSDF liner system, all of these sources may contribute flow to the LDS. However, the 

magnitude and the time period is different for each source. Construction water and compression water 

may be of significant amounts but will seep out of the LDS within days or weeks of installation of the 

primary liner. The geosynthetic clay liner (GCL) in the primary liner composite is thin and will be 

placed dry. Therefore, little or no consolidation water is expected. Infiltration of ground water is 

expected. Infiltration of the ground water is expected to be minimal or non existent for most of the cells 

0- 
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FIGURE 2: Sources of flow from leakage detection layers. 

. .  

: . .  . . . . .  , .  . . 

SOURCES: 
A = TOP LINER LEAKAGE 

= CONSTRUCTION WATER AND COMPRESSION WATER 

c = CONSOLIDATION WATER 

D = INFILTRATION WATER 
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because: (i) the perched ground water is either below the liner system or is only a few feet above the 

liner system part of the time and therefore the upward hydraulic gradient is very small; and (ii) the 

secondary liner is composed of a geomembrane underlain by a GCL and a 3-ft thick layer of compacted 

clay, and therefore very little or no infiltration should be expected. 

Based on the above, the primary source of flow in the LDS is assumed to be due to primary liner 

leakage. The amount of flow into the LDS is 2 .45~10-~  gpm (average annual daily flow) or 4 .41~10-~  

gpm (peak daily flow) based on the HELP model analysis conducted in the Leachate Generation Rate 

Calculations package. 

MAXIMUM THICKNESS OF LIOUID IN LDS DRAINAGE LAYER 

The maximum and average thicknesses of liquid in the LDS can be calculated using the 

following approach based on Bonaparte and Giroud [ 19951: 

where: T, = the maximum thickness of liquid in the LDS which occurs vertically under the primary 

liner geomembrane hole, Q = the leakage rate through the hole in the primary liner , k = the hydraulic 

conductivity of the LDS drainage material, T,,,, = the average flow thickness in the entire zone wetted 

as a result of this leakage, L = horizontal length of slope, and p = the slope angle. The above equations 

are based on the following assumptions [Bonaparte and Giroud, 19951: (i) the primary liner leakage rate 

is constant and steady-state conditions prevail; (ii) the top liner is a geomembrane with free flow through 

'the geomembrane hole (Le., the leakage rate through the top liner is low enough that the liquid heads in 0 
the LDS are independent of liquid heads in the LCS); (iii) capillarity of the drainage medium is not 
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considered; and (iv) the flow velocity is small, therefore, the flow is laminar and Darcy's equation can be 

used. 

The transmissivity of the LDS drainage layer will be calculated as the product of the hydraulic 

conductivity of the drainage layer and the drainage layer thickness as shown in the following equation: 

e ,= k , D ,  (4) 

where: €Id = hydraulic transmissivity of the drainage layer; 

material; and Dd = the thickness of the drainage layer. 

= the hydraulic conductivity of the drainage 

TIME OF TRAVEL IN THE LDS 

The amount of time necessary to detect a leak in the primary liner is referred to as the time of 

travel. The time of travel in the LDS is composed of the time of travel in the LDS drainage layer in 

addition to the time of travel in the LDS pipe. 

The time of travel in the LDS drainage layer is calculated based on Darcy's equation as follows: 

where: k = the hydraulic conductivity of the LDS drainage material, i = the hydraulic gradient (slope of 

LDS drainage layer), n = the porosity of the LDS drainage material, L = length of flow in the LDS 

drainage layer, and tDL = time of travel in the LDS drainage layer. 

The time of travel in the LDS pipe is calculated based on Manning's equations as follows: 

t ,  = Y 

Rho'66 ' P ' ' ~  

where: Rh = hydraulic radius (defined as the ratio of the 

for a pipe with a circular cross section Rh = Bi/4; where Bi 
flow area to the perimeter of the wetted area; 

is pipe inner diameter); i, = hydraulic gradient 

(slope of the collector pipe); A, = cross-sectional area of the pipe; n = Manning's roughness coefficient, 

Lp = length of pipe, and t, = time of travel in the pipe. 

The total time of travel, t, in the LDS is calculated as: 

t = tD, + I ,  

LDS PIPE FLOW CAPACITY 

(7) 
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Pipe Flow Capacity: LDS pipe flow capacity should be greater than the maximum rate of flow 

into the pipe. The pipe flow capacity will be calculated using Manning’s equation as follows: 
0.66 * 0.5 

R h  l p  A,  
Q p  = n 

where: Q, = collector pipe flow capacity; Rh = hydraulic radius (defined as the ratio of the flow area to 

the perimeter of the wetted area; for a pipe with a circular cross section Rh = Bi/4; where Bi is pipe inner 

diameter); i, = hydraulic gradient (slope of the collector pipe); A, = cross-sectional area of the pipe; and 

n = Manning’s roughness coefficient. 

The rate of flow of liquid ent&ing the LDS collector pipe will be assumed equal to the rate of 

infiltration of liquids through the primary liner. This rate will be calculated using the USEPA HELP 
- model as part of the Leachate Generation Rate Calculations package. 

Pipe Filtration Characteristics The ability of the pipes to provide filtration may be characterized 

by the size of the perforations. Maximum allowable diameter of perforations in the collector pipe will 

be specified to ensure retention of LDS gravel particles. The maximum allowable diameter of 

perforations in the collector pipes to provide retention of gravel particles may be determined as follows 

[USEPA, 19831: 

where: dh max = maximum perforation diameter to provide particle retention; dgs = particle size of the 

pipe bedding material for which 85 percent by weight of the particles are finer; and F = factor varying 

from 1.2 to 2. For pipes with slots, replace d with w, where w is slot width in Equation 9. 

LDS PIPE STRUCTURAL STABILITY 

Calculations will be performed to ensure the LDS pipe is able to withstand the loads applied on it 

with an adequate factor of safety. Failure mechanisms that will be checked are: (i) wall crushing; (ii) 

wall buckling; and (iii) excessive ring deflection. Stresses applied on the LDS pipe will be estimated for: 

(i) initial condition (Figure 1) (i.e., stresses due to traffic when a 6-in. thick layer of LDS drainage layer 
@ 
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material is placed on the pipe); and (ii) final condition (i.e., stresses due to overburden materials). 

Plastic pipe can be designed to resist failure by the above mechanisms using design methods presented in 

the technical literature [Uni-Bell, 1991; Phillips 66, 1988; and Chevron, 19921. 

As indicated previously, the initial condition assumes that the collector pipe is buried under 6-in. 

of LCS drainage layer material and 1-ft of protective soil layer. The stresses due to traffic are assumed 

to be applied by a truck with a capacity of 35 tons and a wheel load of 20,000 lb when full. The total 

stress on the pipe is then the sum of the stresses applied by the soil layers and the stresses applied by the 

loaded truck, which can be calculated as described by ASCE [ 19791 as follows: 
P R  

(10) 

where: oic = stress on the collector pipe: 'yp = unit weight of the soil materials; D, = thickness of the soil 

cover; B, = outer pipe diameter; C, = load coefficient (Table l), which is a function of Bc/(2D,) and 

LJ(2Dp); P = concentrated load; Fic = impact factor accounting for dynamic loads; and L,, = effective 

length of pipe, which is arbitrarily defined as follows by ASCE [ 19791: L,, = 3 ft if pipe is longer than 3 @ 
ft, and Li, = actual pipe length if pipe is shorter than 3-ft. 

During the post-closure condition (i.e., final condition), the stress applied to the pipe is due to the 

overburden materials above the pipe (i.e., protective soil cover material, compacted waste, and cover 

soils). 

Wall Crushing: Wall crushing can occur when the stress in the pipe wall, due to external vertical 

pressure, exceeds the compressive strength of the pipe material. The factor of safety against pipe wall 

crushing may be calculated using the following equation: 

where: FS,, = factor of safety against pipe wall crushing; o, = compressive yield strength of the pipe; 

SDR = standard dimension ratio of the pipe; and omax = maximum stress applied to the pipe. 

Wall Buckling: Wall buckling, a longitudinal wrinkling in the pipe wall, can occur when the 

external vertical pressure exceeds the critical buckling pressure of the pipe/bedding aggregate system. 0 
The factor of safety against pipe wall buckling may be calculated using the following equation: - - -- I e 08117's 

.. 
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where: FS,b = factor of safety against pipe wall buckling; Omax = maximum stress applied to the pipe; E' 

= modulus of soil reaction for pipe bedding; E = modulus of elasticity of the pipe material; and SDR = 

standard dimension ratio of the pipe. 

Excessive Ring Deflection: Ring deflection is the change in vertical diameter of the pipe as the 

pipebedding aggregate system deforms under the external vertical pressure. The actual ring deflection 

of the pipe must be less than the allowable ring deflection of the pipe. The factor of safety against 

excessive ring deflection may be calculated using the following equation: 

where: A R  = allowable ring deflection in percent; E' = modulus of soil reaction for pipe bedding; and 

omax = maximum stress applied to the pipe. The allowable ring deflection of the pipe will be obtained 

from the manufacturers and technical literature. 

0. 
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ACTION LEAKAGE RATE 

An action leakage rate shall be defined for the LDS that establishes a threshold response actions 

in the event of excessive LDS flow. The action leakage rate is the maximum design flow rate that the 

leak detection system (LDS) can remove without the fluid head on the bottom liner exceeding one foot. 

Action leakage rates shall be established in accordance with procedures for RCRA Subtitle C facilities, 

as described in 40 CFR 0 264. 

The USEPA [ 19921 presents the following procedure for calculating the action leakage rate: 

Q =  khtanaB,,, (13) 

Buvg = D/. sin a (14) 

where: Q = flow rate in the LDS (drainage layer); h = head on the bottom liner; k = hydraulic 

conductivity of the drainage medium; a = slope of the LDS; D = leak detection system thickness; and 

B,, = average width of the flow in the leak detection system, perpendicular to the flow. 0 
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LEAK DETECTION SYSTEM (LDS) 
DATA VERIFICATION 

INTRODUCTION 
As described in the calculation procedures package, the following analyses will be performed: 

0 migration through primary layer; 

0 

0 

maximum thickness of liquid in LDS drainage layer; 

time of travel in LDS drainage layer; 

0 LDS pipe flow capacity; 

0 

0 action leakage rate. 

LDS pipe structural stability; and 

In order to perform the analyses described above, the following data is required: 

MIGRATION THROUGH PRIMARY LAYER 
Maximum Thickness of Licluid in LDS Drainage - Layer: 
Q = leakage rate through the hole in the primary liner (= rate of infiltration through primary liner 

calculated using HELP) 
= 2 . 4 5 ~ 1 0 - ~  gpm (average annual daily flow calculated using HELP) 
= 4 . 4 1 ~ 1 0 - ~  gpm (peak daily flow calculated using HELP) 

k = hydraulic conductivity of the LDS drainage layer material = 0.1 c d s e c  
p = the slope angle = 1.28" (2.24%) 
L = the horizontal of the slope = 224 ft (2688 in.) 
Transmissivity: 
k = hydraulic conductivity of the drainage material = 0.1 cm/sec 
D = the thickness of the drainage layer = 12 in. (30.5 (cm) 

TIME OF TRAVEL IN THE LDS (See Figure 1 and 2) 
Time of Travel in the LDS: 
L = length of flow in the LDS = 224 ft 
n = porosity of the LDS drainage material = 0.397 (see Leachate Generation Data Verification 
Package) 
k = the hydraulic gradient of the LDS drainage material = 0.1 cm/s 
i = the slope of the LDS drainage layer = 1.28" (2.24%) 

0011133 - - 
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Time of Travel in the LDS Pipe: 
Lp = length of pipe = 620 ft (189 m) 
Rh = Bi / 4 = hydraulic radius = 1.36 in. (3.45 cm) 
i, = hydraulic gradient = 0.57" (1 %) 

n = Manning's roughness coefficient = 0.013 s/m0.33 (for smooth pipe) 

LDS PIPE DESIGN 
The geometric characteristics of the 6-in. nominal diameter HDPE SDR-11 pipes are as follows: 

outer diameter, B, = 6.625 in.; 
wall thickness, t = 0.602 in.; 
inner diamter, B, = 5.421 in.; 
mean radius, r = 3.01 in.; and 
perforation diameter, dh = 0.625 in. 

The characteristics of the pipes to be used in structural stability calculations, as estimated from a 
manufacturer's literature [Phillips 66, 19881, are as follows: 

modulus of elasticity of 2.74 x lo6 psf after 50 years; 
compressive yield strength of the pipe 216,000 psf; and 
allowable ring deflection of SDR-11 pipe used for gravity flow is 7.0 percent. 

Pipe Flow Capacity: 
Rh = Bi / 4 = hydraulic radius = 1.36 in. (3.45 cm) 
i, = hydraulic gradient = 0.57" (1 %) 

A, = nB, / 4 = cross-sectional area of the pipe = 23.1 in2 (1 Sx10- m ) 
n = Manning's roughness coefficient = 0.013 s/m0.33 (for smooth pipe) 
Required Capacity for Collector Pipes: 
Q = required capacity (= rate of infiltration through primary liner calculated using HELP) 

2 2  

= 2 . 4 5 ~ 1 0 - ~  gpm (average annual daily flow calculated using HELP) 
= 4 . 4 1 ~ 1 0 - ~  gpm (peak daily flow calculated using HELP) 

Pipe Filtration: 
d85 = particle size of the pipe bedding material for which 85 percent by weight of the particles are 
finer = 20 - 30 mm (LCS Data Verification Package for reference) 
F = factor varying from 1.2 to 2 

001186 
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Structural Stabilitv: 
yp = unit weight of the soil materials = 125 pcf (18.8 kN/m3) 

D, = thickness of the soil cover = Case 1 = 6 in.; Case 2 = assumed 70 ft 
P = concentrated load = 20,000 Ib (90 kN) (assumed based on truck with a capacity of 35 tons 

Fic = impact factor accounting for dynamic loads = 1.5 [ASCE, 1979; see LDS Procedures 

Bc = outer pipe diameter = 0.552 ft (0.168 m) 
LC = effective length of pipe = 3 ft (1  m) 
Wall Crushing: 
oY = compressive yield strength = 216,000 psf (10,346 kPa) 
SDR = standard dimension ratio of the pipe = 11 
Wall Buckling;: 
E’ = modulus of soil reaction for pipe bedding = 432,000 psf (20,560 kPa) 
E = modulus of elasticity of the pipe material = 2 . 7 4 ~ 1 0 ~  psf (1.31~10’ kPa) 
SDR = standard dimension ratio of the pipe = 11 
Excessive Ring Deflection: 
AR = allowable ring deflection in percent = 7 percent 

E’ = modulus of soil reaction for pipe bedding = 432,000 psf (20,560 kPa) 

and a wheel load of 20,000 lb when full) 

Package for reference] 

ACTION LEAKAGE RATE 
k = hydraulic conductivity of the drainage medium = 0.1 cm/s 
h = head on the bottom liner = 12 in. 

a = slope of the LDS = 1.28” (2.24%) 
D = leak detection system thickness = 12 in. 
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COMPUTATION COVER SHEET 

SUBJECT OF CALCULATION: 
Computations By: d, %..* c k f  iqq5 

LEACHATE TRANSMISSION SYSTEM 

(Cognizant Engineer) Date 
A .  O T H P W  

and Title P l Z O J E C - 7  GflGi N E- 

21 o & f 5  
Assumptions 
and Procedures Signature 
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Date 

Computations 
Checked by : 
Checked by: Printed Name 
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I (DTL and TETL) Date 
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LEACHATE TRANSMISSION SYSTEM (LTS) 

EXECUTIVE SUMMARY 

Purpose of Analvsis 

The purpose of this calculations package is to perform design analyses for the LTS 
gravity line, temporary lift station pumps, and the permanent lift station. 

Methods of Analvsis 

0 The LTS gravity line flow capacity was checked to ensure its adequate to handle 
peak flow rates from the on-site disposal facility (OSDF). 

The structural stability of the LTS gravity line was checked to ensure adequate 0 

factors of safety against wall crushing, buckling, or excessive deflection. 

0 The temporary lift station pump requirements were estimated including flow 
capacity, hydraulic head, efficiency, and number of starting times per 1 hour. 

0 The capacity of the permanent LTS lift station was checked to ensure it can 
handle flows for reasonable periods of time during operations and in the post- 
closure stage. 

Closure 

* Gravity Line Capacity 

0 Peak flow rate into the LTS gravity line = 29.2 gpm. 

0 Gravity line flow capacity = 150 adequate gpm > > 29.2 gpm. 

GE3900-08.6/F9530059. CD 
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* Gravity Line Stability 

FSwall crushing = 31 e 

FSwall buckling = 26 e 

FSring deflection = 22 e 

* Temporary Lip Station Pump 

e Qdesign = 60 gPm 

e H, = 20 ft 

- Maximum number of startdhour = 1 to 2 

* Permanent L@ Station Capacity a 
e Required = 1,752 gal, available = 4,890 gal 
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20P 
- 

- 
- 

0.1 
0.2 
0.3 
0.4 

0.5 
0.6 
0.7 
0.8 

0.9 
1.0 
1.2 
1.5 
2.0 - 

Table k Load Coefficient C,. 

0.1 0.2 
0.019 0.037 
0.037 0.07 2 
0.053 0.103 
0.067 0.131 

0.079 0.155 
0.089 0.174 
0.097 0.189 
0.103 0.202 

0.108 0.211 
0.112 0.219 
0.117 0.229 
0.121 0.2m 
0.124 0.244 

0.3 0.4 
0.053 0.067 
0.103 0.131 
0.149 0.190 
0.190 0.241 

0.224 0.281 
0.252 0.320 
0.274 0.349 
0.292 0.373 

0.306 0.391 
0.318 0.405 
0.333 0.425 
0.345 0.440 
0.355 0.454 

0.5 0.6 
0.079 0.089 
0.155 0.174 
0.224 0.252 
0.281 0.320 

0.336 0.379 
0.379 0.428 

0.441 0.499 

0.463 0.524 
0.481 0.544 
0.505 0.512 
0.525 0.596 
0.540 0.613 

0.414 0.467 

0.7 
0.097 
0.189 
0.274 
0.349 

0.414 
0.467 
0.511 
0.546 

- 0.8  

0.103 
0.202 
0.292 
0.373 

0.441 
0.499 
0.546 
0.584 

- 

0.9 

0.108 
0.211 
0.306 
0.391 

0.463 
0.524 

0.615 
0.584 

J 

1.0 1.2 
0.112 0.117 
0.219 0.229 
0.318 0.333 
0.405 0.425 

0.481 0.505 
0.544 0.572 
0.597 0.628 
0.620 0.674 

0.673 0.711 
0.701 0.740 
0.740 0.783 
0.774 0.820 
0.800 0.049 

1.5 
0.121 
0.238 
0.345 
0.440 

0.525 
0.596 
0.650 
0.703 

0.742 
0.774 
0.820 
0.861 
0.894 

- 

- 
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Tab k z  Equivalent Length of Straight Pipe for Various Fittings (feet) 

fittings 

steel 
screwed 

C . I .  

reg- steel 

WOell r.1. 
U h  flanped 

steel 

c.i. 
screwed 

long steel 

90'ell C.I. 

radius flanged 

steel 

c.i.  
screwed 

r e g  steel 
ular flanged 

(turbulent Row only. fpr any fluid) 

GQ5 
- .  

1 2 I I f 1 ;  3 2 1  3 4 5 6 8 10 12 14 16 I 8  20 24 
4 8 2 . 1  

2.3 3.1 3.6 4.4 5.2 6.6 i . 4  

. 0.9'2 1.2 1.6 2.1 2.4 3.1 3.6 4.4 5.9 7.3 8.9 12.0 14.0 17.0 18.0 21.0 23.0 25.0 30.0 

3.6 4.8 7.2 9.8 12.0 15.0 17.0 19.0 22.0 24.0 28.0 
1.5 2.0 2.2 2.3 2.7 3.2 3.4 3.6 3.6 4.0 4.6 

3.3 3.7 
1.1 1.3 1.6 2.0 2.3 2.7 2.9 3.4 4.2 5.0 5.7 7.0 U.0 9.0 9.4 10.0 11.0 12.0 14.0 

2.6 3.4 4.7 5.7 6.8 7.8 8.6 9.6 11.0 11.0 13.0 
0.34 0.52 0.71 0.92 1.3 1.7 2.1 2.7 3.2 4.0 5.5 

3.3 4.5 
0.45 0.59 0.81 1.1 1.3 1.7 2.0 2.6 3.5 4.5 5.6 7.7 9.0 11.0 13.0 15.0 16.0 18.0 22.0 

---B 

--4 

4 

1- 
line 

screwed 
r. i .  9.9 14.0 
S l W l  0.69 0.d2 1.0 1.3 1 .5  1.8 1.9 2.2 2.U 3.3 3 . d  4.7 5 2 6.0 6.4 7.2 7.6 8.2 9.6 

flanard 

450e11 I C . I .  2.1 2.9 4.5. 6.3 U.1 9.7 12.0 13.0 15.0 17.0 20.0 
~ 

I steel10.79 1.2 1.7 2.4 3.2 4.6 5.6 7 .7  9.312.0 17.0 

lR= 

flow 
branrh 

C . I .  14.0 17.0 
StccI 2.0 2.6 3.3 4.4 5.2 6.6 7.5 9.4 12.0 15.0 18.0 24.0 30.0 34.0 37.0 43.0 47.0 52.0 62.0 

C.I. 7.7 10.0 15.0 20.0 25.0 30.0 35.0 39.0 44.0 49.0 57.0 
l itcrl 2.3 3.1 3.6 4.4 5.2 6.6 7.4 U.5 9.3 11.0 13.0 

flanged 

flow I c.i.  I 1.9 2.2 3.1 3.9 4.6 5.2 5.Y G.5 7.2 7.7 U.8 
I strrl I 2.4 3.5 4.2 5.3 6.6 U.7 9.9 12.0 13.0 17.0 21.0 

scrrwcd 

reg. steel 
Ranged 

long sircl 
rad. 

c.i. 

c.i. 

flangrd c.i.  
stcrl 

scrrwrd 

lsrrewrd I 

9.0 11.0 
0.92 1.2 1.6 2.1 2.4 3.1 3.6 4.4 5.9 7.3 8.9 12.0 14.0 17.0 1U.O 21.0 23.0 25.0 30.0 

3.6 4.u 7.2 9.U 12.0 15.0 17.0 19.0 22.0 24.0 28.0 
1.1 1.3 1.6 2.0 2.3 2.7 2.9 3.4 4.2 5.0 5.7 7.0 (1.0 9.0 Y.4 10.0 11.0 12.0 14.0 

2.8 3.4 4.7 5.7 6.a 7.8 8.6 9.6 11.0 11.0 13.0 
21.0 22.0 22.0 24.0 29.0 37.0 42.0 54.0 C2.0 79.0 110.0 

C I  

180' 
return 
bend 

6 5 0  U60 
Slrrl 3U 0 4 0 0  45 0 54 0 59 0 70 0 77 0 Y4 0 120 0 150 0 190 0 260 0 310 0 390 0 

WIgk 
valvr - 

swing 
check 
valvc 
coup 
ling o 
union 

- 

valvr c.i. 77.0 99.11  150.0 210.0 270.0 330.0 

Isrrrwrd 
c.i.  
S t e e l  

flanard 

a 

1.6 2 .0  
2.6 2.7 2 3  2.9 3.1 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 3.2 

r . i .  
I steel 
scrcwrd 

C . I .  

steel 

c.1. 

stwl 

flangrd 

xrrwrd 
c.i.  

c.i. 

stcrl 
flangrd 

stwl 

c.i.  
screwed 

bell steel 
mouth 
inlrt c.i. 
square steel 

inlet c.i.  
rP- steel 
entrant 
pipe e.;. 

inlets mouth 

2.3 2.4 2.6 2.7 2.8 2.9 2.9 3.0 3.0 3.0 3.0 
12.8 15.0 15.0 15.0 17.0 111.0 18.0 18.0 l U . 0  lU.0 I U . 0  

15.0 15.0 
15.0 15.0 17.0 lU.O 18.0 21.0 22.0 2d.O 38.0 50.0 63.0 90.0 120.0 140.0 160.0 190.0 210.0 240.0 300.0 

1 23.0 3i.n 52.0 74.0 9U.0 120.0 150.0 170.0 200.0 230.0 280.0 ' 

7.2 7.3 8.0 U.U 11.0 13.0 15.0 

22.0 31.0 

22.0 31.0 52.0 74.0 98.0 120.0 

3.8 5.3 7.2 10.0 12.0 17.0 21.0 27.0 33.0 50.0 63.0 90.0 120.0 140.0 

0.14 0.18 0.21 0.24 0.29 0.36 0.39 0.45 0.47 0.53 0.65 

0.44 0.52 
0.04 0.07 0.10 0.13 O.ld 0.26 0.31 0.43 0.52 0.67 0.95 1.3 1.6 2.3 2.9 3.5 4.0 4.7 5.3 6.1 7.6 

0.55 0.7i  1.3 1.9 2.4 3.0 3.6 4.3 5.0 5.7 7.0 
0.44 0.15.3 0.96 1.3 1.d 2.6 3.1 ' 5.2 6 . i  9.5 13.0 16.0 23.0 29.0 35.0 40.0 47.0 53.0 61.0 76.0 

13.0 19.0 24.0 30.0 36.0 43.0 50.0 57.0 70.0 
0.88 1.4 1.9 2.6 3.6 5.1 6.2 .8.5 10.0 13.0 19.0 25.0 32.0 45.0 58.0 70.0 80.0 95.0 110.0 120.0 150.0 

11.0 15.0 26.0 37.0 49.0 61.0 73.0 86.0 100.0 110.0 140.0 

OQ 
5.5 7.7 
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r 

b 
r ; 
c 
0 
0 
.- c. .- 
r 

/ w= 5 FJ 

0.05 
0.04 

0.03 

0.02 
0.01 5 

0.01 
0.008 
0.008 

0.004 

0.002 

0.001 
O.ooo8 
OMx)8 
O.ooo4 

O.OW2 

o.ooo1 

0.00005 





MANHOLE VENT 
27 0 HDPE SDR-11 

. 
b 

d 
4 

z 
DISCHARGE PIPE 
2' 0 HDPE SDR 15.5- 

CONTAINMENT PIPE 
12" 0 HDPE SDR-11- 

LTS GRAVITY LINE KO HDPE SDR-11- 

\ 

7 
, :. . . 

P 
* 

7 
I 1  

.) 

2" 0 CHECK 

' 2 " o I '  
FLAT QUICK 4'-6' 

RELEASE - 

-TEMPORARY LTS FORCEMAIN 
HDPE SDR-11 

I 
" 7  

1' 

I 

J 1 1/2' THICK HDPE BASE 

2" THICK HDPE 
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Dimensions and Pressure Ratings 

1 o o o  sedea pipe ' L -  'iL 8 8 6  
i 

- . so0 
,389 
,Sl8 
.259 
.226 
.206 
.la4 
.167 
.135 
. lo8 - 

32.5 

2.29 

1-88 

1.23 

3 . 9 n  
4.327 
4.551 
4.739 
4 .845 
4.909 
c.9n 
5.033 
5.135 
5.221 - 

,412 

.171 

7.16 
5.78 
4.84 
4.03 
3.w 
3.25 
2.95 
2.66 
2.17 
1.75 - 

4.733 
5.153 
5.421 
5.643 
5 . m  
5 .a45 
S.927 
5.- 
6.115 
6.217 - 

11 
,204 

4.96 
I 6.52 

2.97 

8.625 6.161 1.232 
6.709 .958 
7.057 .784 
7.347 .639 
7.513 ..5'56 
7.611 .SO7 
7.?17 .4SL 

7.961 .332 
8.095 .265 

7.805 .411 

.. . 

7 
9 

11 
15.5 

17 
19 
21 
26 
32.5 

. - .  . 

33.75 
28.27 
23.46 
20.65 
11.95 
17.07 
15.53 
12.66 
10.21 - 

Pogo 1 
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GR5 Csh/zi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
* *  * *  

* *  
* *  
* *  
* *  
* *  

HYDROLOGIC EVALUATION OF LANDFILL PERFORMANCE 
* *  
* *  

HELP MODEL VERSION 3.03 (31 DECEMBER 1994) * *  
DEVELOPED BY ENVIRONMENTAL LABORATORY * *  
USAE WATERWAYS EXPERIMENT STATION * *  

FOR USEPA RISK REDUCTION ENGINEERING LABORATORY * *  
* *  

* *  * *  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

PRECIPITATION DATA FILE: C:\APPLICAT.ION\HELP\HELP3\MAJ.D4 
TEMPERATURE DATA FILE: C:\APPLICAT.ION\HELP\HELP3\MAJ.D7 
SOLAR RADIATION DATA FILE: C:\APPLICAT.ION\HELP\HELP3\MAJ.D13 
EVAPOTRANSPIRATION DATA: C:\APPLICAT.ION\HELP\HELP3\MAJ.D11 
SOIL AND DESIGN DATA FILE: C:\APPLICAT.ION\HELP\HELP3\MAJ.D10 
OUTPUT DATA FILE: C:\APPLICAT.ION\HELP\HELP3\MAJ.OUT 

TIME.: 17:26 DATE: 10/20/1995 

* x * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  

TITLE: FERNALD OSDF, 24-hr 2-yr storm event, newly constructed cell 

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

NOTE: INITIAL MOISTURE CONTENT OF THE LAYERS AND SNOW WATER WERE 
COMPUTED AS NEARLY STEADY-STATE VALUES BY THE PROGRAM. 

LAYER 1 
- -  - - - - - -  

TYPE 2 - LATERAL DRAINAGE LAYER 
MATERIAL TEXTURE 

- THICKNESS - 
POROSITY - 
FIELD CAPACITY - 
WILTING POINT - 
INITIAL SOIL WATER CONTENT = 
EFFECTIVE SAT. HYD. COND. - 
SLOPE - 
DRAINAGE LENGTH - 

- 
- 
- 

- 
- 
- 

J NUMBER 0 

J 

/ 

12.00 INCHES 
0.3970 VOL/VOL 
0.0320 VOL/VOL / 
0.0130 VOL/VOL J 
0.0304 VOL/VOL 

2.24 PERCENT J 
/ 0.100000001000 . CM/SEC 

224.0 FEET 



LAYER 2 

18t F l i ;  
- - - - - - _ - 

' 4- 
TYPE 4 - FLEXIBLE MEMBRANE LINER 
MATERIAL TEXTURE NUMBER 35 

0.06 INCHES - THICKNESS - 
0.00oo VOL/VOL POROSITY - 

FIELD CAPACITY - - o.oooo VOL/VOL 
WILTING POINT - - 0 . 0 0 0 0  VOL/VOL 
INITIAL SOIL WATER CONTENT = o.0000 VOL/VOL 
EFFECTIVE SAT. HYD. COND. = 0.199999996OOOE-12 CM/SEC 
FML PINHOLE DENSITY - 
FML INSTALLATION DEFECTS - 
FML PLACEMENT QUALITY = 3 - GOOD / 

- 

J 
0 . 0 0  HOLES/ACRE 
0 . 0 o HOLES /ACRE 

- 
- 

NOTE: SCS RUNOFF CURVE NUMBER WAS COMPUTED FROM DEFAULT 
SOIL DATA BASE USING SOIL TEXTURE #21 WITH BARE 
GROUND CONDITIONS, A SURFACE SLOPE OF 2.% AND 
A SLOPE LENGTH OF 224. FEET. 

SCS RUNOFF CURVE NUMBER 
FRACTION OF AREA ALLOWING RUNOFF 
AREA PROJECTED ON HORIZONTAL PLANE @ EVAPORATIVE ZONE DEPTH 
INITIAL WATER IN EVAPORATIVE ZONE 
UPPER LIMIT OF EVAPORATIVE STORAGE 
LOWER LIMIT OF EVAPORATIVE STORAGE 
INITIAL SNOW WATER 
INITIAL WATER IN LAYER MATERIALS 
TOTAL INITIAL WATER 
TOTAL SUBSURFACE INFLOW 

70.50 
0.0 
1.000 
1.0 
0.013 
0.397 
0.013 
0.000 
0.365 
0.365 
0.00 

NOTE: EVAPOTRANSPIRATION DATA WAS OBTAINED FROM 
CINCINNATI OHIO 

MAXIMUM LEAF AREA INDEX 
START OF GROWING SEASON (JULIAN DATE) 
END OF GROWING SEASON (JULIAN DATE) 
AVERAGE ANNUAL WIND SPEED 
AVERAGE 1ST QUARTER RELATIVE HUMIDITY 
AVERAGE 2ND QUARTER RELATIVE HUMIDITY 
AVERAGE 3RD QUARTER RELATIVE HUMIDITY 
AVERAGE 4TH QUARTER RELATIVE HUMIDITY 

PERCENT 
ACRES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES 
INCHES/YEAR 

= 0 . 0 0  
= 104 
= 295 
= 9.10 MPH 
= 70.00 % 
= 67.00 % - .  

= 73.00 % 
= 72.00 % 
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NOTE: PRECIPITATION DATA WAS SYNTHETICALLY GENERATED USING 
KENTUCKK COEFFICIENTS FOR COVINGTON 

186' NORMAL MEAN MONTHLY PRECIPITATION (INCHES) 

FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC 

NOTE: TEMPERATURE DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR CINCINNATI OHIO 

NORMAL MEAN MONTHLY TEMPERATURE (DEGREES FAHRENHEIT) 

JAN/ JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC 
- - - - - - -  - - - - - - -  - - - - - - - - - - - - - -  - - - - - - -  - - - - - - -  

2 8 . 9 0  3 2 . 1 0  4 1 . 8 0  5 3 . 5 0  6 3 . 0 0  7 1 . 4 0  
7 5 . 4 0  7 4 . 1 0  6 7 . 5 0  5 5 . 3 0  4 3 . 4 0  3 3 . 8 0  

NOTE: SOLAR RADIATION DATA WAS SYNTHETICALLY GENERATED USING 
COEFFICIENTS FOR CINCINNATI OHIO 

STATION LATITUDE = 3 9 . 1 0  DEGREES 

HEAD #1: AVERAGE HEAD ON TOP OF LAYER 2 
DRAIN #1: LATERAL DRAINAGE FROM LAYER 1 (RECIRCULATION AND COLLECTION) 
LEAK #1: PERCOLATION OR LEAKAGE THROUGH LAYER 2 

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

1 *  
2 *  
3 *  
4 *  
5 "  

9 *  
1 0  * 
11 * 

0 . 0 0  0 . 0 0 0  0 . 0 0 0 .  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 , 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 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  

.0000E+00 . 0 0 0 0 E + 0 0  

.0000E+00 .0000E+00 

.0000E+00 . 0 0 0 0 E + 0 0  

.0000E+00 .0000E+00 

.0000E+00 .0000E+00 

.0000E+00 .0000E+00 

.0000E+00 .0000E+00 

.0000E+00 .0000E+00 

.0000E+00 . O O O O E + O o ( p ~ ~ ~ ~ ~  

.0000E+00 .0000E+00 

. 0 0 0 0 E + 0 0  .0000E+00 
I 



1 2  
1 3  
1 4  

1 8  
1 9  
2 0  
2 1  
2 2  
23  
24  
25  
2 6  
2 7  
2 8  
2 9  
3 0  
3 1  
3 2  
33  
3 4  
3 5  
3 6  
3 7  
3 8  
3 9  
4 0  

4 3  
4 4  
4 5  
4 6  
4 7  
4 8  
4 9  
5 0  
5 1  
52  
53 
54  
5 5  
56  
5 7  
58  
5 9  
6 0  
6 1  
62 
63 
64  
6 5  

69  
7 0  
7 1  

* 0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
* 0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
* 0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
* 0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
* * 0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
* * 0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
* * 0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  

* 0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
* 0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  

0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  

* 0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
* 0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  

0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
* 0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
* 0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
* 0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  

0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0.000 0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  

* 0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
* 0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  

0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
* 0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
* 0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  

0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  

* 0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
* 0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  

0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  

* 0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
* 0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  

0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
* 0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  

0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
* 0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
* 0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  

vi%- 
64% 

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 . 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 .0000  
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 .0000  
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 . 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  
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. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

.0000E+00  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

.0000E+00  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

.0000E+00  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

.0000E+00  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

.0000E+g0  

.0000E+CXb i;e 

. 0 0 0 0 E + 0 0  

.0000E+00  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

.0000E+00  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

.0000E+00  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

.0000E+00  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

.0000E+00 

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

.0000E+00  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

.0000E+00  

. 0 0 0 0 E + 0 0  

.0000E+00  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

.0000E+00  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

.0000E+00  

. 0 0 0 0 E + 0 0  

.0000E+00  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  

. O O O O E + ~ . - -  

. 0000E+ 0 
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5 . 0 0 0 0 E + 0 0  



7 2  
73 
74  

e:: 
7 8  
7 9  
8 0  
8 1  
82  
83 
84  
8 5  
86  
8 7  
8 8  
8 9  
90 
9 1  
92  
93 
94 
9 5  
96 
9 7  
98  
99  64 

1 0 3  
1 0 4  
1 0 5  
1 0 6  
1 0 7  
1 0 8  
1 0 9  
1 1 0  
111 
1 1 2  
1 1 3  
1 1 4  
115  
1 1 6  
1 1 7  
1 1 8  
1 1 9  
1 2 0  
1 2 1  
1 2 2  
1 2 3  
1 2 4  
125  

#; 
- -8  
7.2 9 
1 3 0  
1 3 1  

0 . 0 0  
0 .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 .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  
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  
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 .000  
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 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  
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 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  
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0 . 0 0 0  
0 . 0 0 0  
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0 . 0 0 0  
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0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 . 0 0 0  
0 f 000 
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 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
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0 . 0 1 3 0  
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0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
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0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
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. 6 8 0 3 3 - 0 8  
. 6 8 0 3 3 - 0 8  
. 6 8 0 3 3 - 0 8  
. 6 8 0 3 3 - 0 8  
. 6 8 0 3 3 - 0 8  - 

. 6 8 0 3 3 - 0 8  

. 6 8 0 3 3 - 0 8  

. 6 8 0 3 3 - 0 8  

. 6 8 0 3 3 - 0 8  

. 6 8 0 3 3 - 0 8  
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252  
253  
254  
255  

258  
2 5 9  
2 6 0  
2 6 1  
2 6 2  
263  
264  
265  
266  
2 6 7  
268  
269  
2 7 0  
2 7 1  
272  
273 
2 7 4  
275  
276  
2 7 7  
278  
279  
2 8 0  

284  
285  
2 8 6  
2 8 7  
288  
2 8 9  
2 9 0  
2 9 1  
292  
293  
294  
295  
2 9 6  
2 9 7  
298  
299  
3 0 0  
3 0 1  
302  
303  
3 0 4  
3 0 5  

3 0 9  
3 1 0  
3 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 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 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 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 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 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 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 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 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 .000  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  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 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 . 0 1 3 0  
0 .0130-  

0 . 0 0 0 6  
0 . 0 0 0 5  
0 . 0 0 0 5  
0 . 0 0 0 4  
0 . 0 0 0 3  
0 . 0 0 0 3  
0 . 0 0 0 2  
0 . 0 0 0 2  
0 . 0 0 0 2  
0 . 0 0 0 2  
0 . 0 0 0 1  
0 . 0 0 0 1  
0 . 0 0 0 1  
0 . 0 0 0 1  
0 . 0 0 0 1  
0 . 0 0 0 1  
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 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 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 .0000  
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 . 0 0 0 0  

- 3 6 0 4 3 - 0 4  . 6 8 0 3 3 - 0 8  
. 3 0 7 6 3 - 0 4  . 6 8 0 3 3 - 0 8  
. 2 6 2 6 3 - 0 4  . 6 8 0 3 E L O 8  
. 2 2 4 1 3 - 0 4  .6803E- 'OC 
. 1 9 1 3 3 - 0 4  . 6 8 0 3 3 - 0 8  
. 1 6 3 3 3 - 0 4  . 6 8 0 3 3 - 0 8  
. 1 3 9 3 3 - 0 4  . 6 8 0 3 3 - 0 8  
. 1 1 8 9 3 - 0 4  . 6 8 0 3 3 - 0 8  
. 1 0 1 5 3 - 0 4  . 6 8 0 3 3 - 0 8  
. 8 6 6 2 3 - 0 5  . 6 8 0 3 3 - 0 8  
. 7 3 9 3 3 - 0 5  . 6 8 0 3 3 - 0 8  
. 6 3 0 9 3 - 0 5  . 6 8 0 3 3 - 0 8  
. 5 3 8 4 3 - 0 5  . 6 8 0 3 3 - 0 8  
. 4 5 9 5 3 - 0 5  . 6 8 0 3 3 - 0 8  
. 3 9 2 1 3 - 0 5  . 6 8 0 3 3 - 0 8  
. 3 3 4 6 3 - 0 5  . 6 8 0 3 3 - 0 8  
. 2 8 5 5 3 - 0 5  . 6 8 0 3 3 - 0 8  
. 2 4 3 6 3 - 0 5  . 6 8 0 3 3 - 0 8  
. 2 0 7 8 3 - 0 5  . 6 8 0 3 3 - 0 8  
. 1 7 7 3 3 - 0 5  . 6 8 0 3 3 - 0 8  
. 1 5 1 2 3 - 0 5  . 6 8 0 3 3 - 0 8  
. 1 2 9 0 3 - 0 5  . 6 8 0 3 3 - 0 8  
. 1 1 0 0 3 - 0 5  . 6 8 0 3 3 - 0 8  
. 9 3 7 9 E - 0 6  . 6 8 0 3 3 - 0 8  
. 7 9 9 5 3 - 0 6  . 6 8 0 3 3 - 0 8  
. 6 8 1 5 3 - 0 6  . 6 8 0 3 3 - 0 8  
. 5 8 0 7 3 - 0 6  . 6 8 0 3 3 - 0 8  
. 4 9 4 6 3 - 0 6  . 6 8 0 3 3 - 0 8  
. 4 2 1 2 3 - 0 6  . 6 8 0 3 3 - 0 8  
. 3 5 8 5 3 - 0 6  . 6 8 0 3 3 - 0 8  
. 3 0 5 0 3 - 0 6  . 6 8 0 3 3 - 0 8  
. 2 5 9 4 3 - 0 6  . 6 8 0 3 3 - 0 8  
. 2 2 0 4 3 - 0 6  . 6 8 0 3 3 - 0 8  
. 1 8 7 1 3 - 0 6  . 6 8 0 3 3 - 0 8  
. 1 5 8 7 3 - 0 6  . 6 8 0 3 3 - 0 8  
. 1 3 4 5 3 - 0 6  . 6 8 0 3 3 - 0 8  
. 1 1 3 8 3 - 0 6  . 6 8 0 3 E - 0 8  
. 9 6 1 4 3 - 0 7  . 6 8 0 3 3 - 0 8  
. 8 1 0 6 3 - 0 7  . 6 8 0 3 3 - 0 8  
. 6 8 2 0 3 - 0 7  - 6 8 0 3 3 - 0 8  
. 5 7 2 1 3 - 0 7  . 6 8 0 3 3 - 0 8  
. 4 7 8 4 3 - 0 7  . 6 8 0 3 3 - 0 8 -  
. 3 9 8 4 3 - 0 7  . 6 8 0 3 3 - 0 8  
. 3 3 0 1 3 - 0 7  - 6 8 0 3 3 - 0 8  
. 2 7 1 8 3 - 0 7  . 6 8 0 3 3 - 0 8  
. 2 2 2 0 3 - 0 7  - 6 8 0 3 3 - 0 8  
. 1 7 9 5 3 - 0 7  . 6 8 0 3 3 - 0 8  
. 1 4 3 3 3 - 0 7  . 6 8 0 3 3 - 0 8  
. 1 1 2 3 3 - 0 7  . 6 8 0 3 3 - 0 8  
. 8 5 9 3 3 - 0 8  . 6 8 0 3 3 - 0 8  
. 6 3 3 8 3 - 0 8  . 6 8 0 3 3 - 0 8  
. 4 4 1 4 3 - 0 8  . 6 8 0 3 3 - 0 8  
. 2 7 7 1 3 - 0 8  . 6 8 0 3 3 - 0 8  
. 1 3 6 9 3 - 0 8  . 6 8 0 3 3 - 0 8  
. 2 2 5 1 3 - 0 9  . 3 5 8 9 3 - 0 8  
.0000E+00 .00003+00  
.0000E+00 .00003+00 
.0000E+00 .00003+00 
.0000E+00 .00003+00  
.0000E+00 .00003+00  

0 aslagre 



3 1 2  
3 1 3  
3 1 4  

318 
3 1 9  
3 2 0  
3 2 1  
322  
3 2 3  
324  
3 2 5  
3 2 6  
3 2 7  
3 2 8  
3 2 9  
3 3 0  
331 
332  
3 3 3  
3 3 4  
3 3 5  
3 3 6  
3 3 7  
338 
3 3 9  
3 4 0  

3 4 3  
3 4 4  
3 4 5  
3 4 6  
3 4 7  
3 4 8  
3 4 9  
3 5 0  
3 5 1  
352  
3 5 3  
3 5 4  
3 5 5  
3 5 6  
3 5 7  
358 
3 5 9  
3 6 0  
3 6 1  
3 6 2  
3 6 3  
3 6 4  
3 6 5  

* 

* 

0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 0  
0 . 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 1 3 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  
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 . 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 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 0 0  

0 :  0 0 0 0  
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. 0 0 0 0 E + 0 0  . 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  . 0 0 0 0 E + 0 0  

.0000E+00  . 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  . 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  . 0 0 0 0 E + 0 0  

.0000E+00  . 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  . 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  . 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  . 0 0 0 0 E + 0 0  

.0000E+00  . 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  . 0 0 0 0 E + 0 0  

. 0 0 0 0 E + 0 0  . 0 0 0 0 E + 0 0  
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. 0 0 0 0 E + 0 0  . 0 0 0 0 E + 0 0  
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.0000E+00  . 0 0 0 0 E + 0 0  
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.0000E+00  . 0 0 0 0 E + 0 0  
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.0000E+00  .0000E+00  

. 0 0 0 0 E + 0 0  . 0 0 0 0 E + 0 0  
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.0000E+00  .0000E+00  
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PRECIPITATION 

RUNOFF 

EVAPOTRANSPIRATION 

0 . 0 0  0 . 0 0  0 . 0 0  0 . 0 0  0 . 0 0  0 . 0 0  
0 . 0 0  2 . 5 0  0 . 0 0  0 . 0 0  0 . 0 0  0 . 0 0  

0 . 0 0 0  o..ooo 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 0 3  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  

LATERAL DRAINAGE COLLECTED 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 
FROM LAYER 1 2 . 3 7 8 2  0 . 1 1 7 4  0 . 0 0 0 9  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  

PERCOLATION/LEAKAGE THROUGH 0.0000 0.0000 0.0000 0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  
LAYER 2 0.0000 0.0000 0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  0 . 0 0 0 0  

MONTHLY SUMMARIES FOR DAILY HEADS (INCHES) 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

AVERAGE DAILY HEAD ON 0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  
2 . 5 1 1  0 . 0 6 7  0 . 0 0 1  0 .000  0 . 0 0 0  0 . 0 0 0  

S’i’D. DEVIATION OF DAILY 
HEAD ON LAYER 2 

0 . 0 0 0  0 .000  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  
1 . 7 9 8  0 . 0 8 3  0 . 0 0 1  0 . 0 0 0  0 . 0 0 0  0 . 0 0 0  

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

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

RUNOFF 0.000 0.000 0.00 / 

EVAPOTRANSPIRATION 0.003 1 2 . 4 7 9  0 . 1 4  J 

DRAINAGE COLLECTED FROM LAYER 1 2 . 4 9 6 6 .  9 0 6 2 . 4 8 2  9 9 . 8 6  

PERC. /LEAKAGE THROUGH LAYER 2 0.000010 0 . 0 3 5  0 . 0 0  

HEAD ON TOP OF LAYER 2 

,HANGE IN WATER STORAGE 

SOIL WATER AT START OF YEAR 

0-. 2 1 4  9 
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SECTION 1 

a INTRODUCTION 

The Hydrologic Evaluation of Landfill Performance (HELP) computer program is 
a quasi-two-dimensional hydrologic model of water movement across, into, through and 
out of landfills. The model accepts weather, soil and design data, and uses solution 
techniques that account for the effects of surface storage, snowmelt, runoff, infiltration, 
evapotranspiration, vegetative growth, soil moisture storage, lateral subsurface drainage, 
leachate recirculation, unsaturated vertical drainage, and leakage through soil- 
geomembrane or composite liners. Landfill systems including various combinations of 
vegetation, mver soils, waste cells, lateral drain layers, low permeability barrier soils, 
and synthetic geornembrane liners may be modeled. The program was developed to 
conduct water balance analysis of landfills, cover systems and solid waste disposal and 
containment facilities. As such, the model facilitates rapid estimation of the amounts of 
runoff, evapotranspiration, drainage, leachate collection and liner leakage that may be 
expected to result from the operation of a wide variety of landfill designs. The primary 
purpose of the model is to assist in the comparison of design alternatives as judged by 
their water balances. The model, applicable to open, partially closed, and fully closed 
sites, is a tool for both designers and permit writers. 

' 1.1 BACKGROUND 

The HELP program, Versions 1 , 2 and 3, was developed by the U.S. Army Engineer 
Waterways Experiment Station (WES), Vicksburg, MS, for the U.S. Environmental 
Protection Agency (EPA), Risk Reduction Engineering Laboratory, Cincinnati, OH; in 
response to needs in the Resource Conservation and Recovery Act (RCRA) and the 
Comprehensive Environmental Response, Compensation and Liability Act (CERCLA, 
better known as Superfund) as identified by the EPA Office of Solid Waste, 
Washington, DC. 

HELP Version 1 (Schroeder et al., 1984) represented a major advance beyond the 
Hydrologic Simulation on Solid Waste Disposal Sites (HSSWDS) program (Pemer and 
Gibson, 1980; Schroeder and Gibson, 1982), which was also developed at WES. The 
HSSWDS model simulated only the cover system, did not model lateral flow through 
drainage layers, and handled vertical drainage only in a rudimentary manner. The 
infiltration, percolation and evapotranspiration routines were almost identical to those 
used in the Chemicals, Runoff, and Erosion from Agricultural Management Systems 
(CREAMS) model, which was developed by Knisel (1980) for the U.S. Department of 
Agriculture (USDA). The runoff and infiltration routines relied heavily on the 
Hydrology Section of the National Engineering Handbook (USDA, Soil Conservation 
Service, 1985). Version 1 of the HELP model incorporated a lateral subsurface drainage 
model and improved unsaturated drainage and liner leakage models into the HSSWDS 
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model. In addition, the HELP model provided simulation of the entire landfill including 
leachate collection and liner systems. 

Version 2 (Schroeder et al., 1988) represented a great enhancement of the capabilities 
of the HELP model. The WGEN synthetic weather generator developed by the USDA 
Agricultural Research Service (ARS) (lhchardson and Wright, 1984) was added to the 
model to yield daily values of precipitation, temperature and solar radiation. This 
replaced the use of normal mean monthly temperature and solar radiation values and 
improved the modeling of snow and evapotranspiration. Also, a vegetative growth model 
from the Simulator for Water Resources in Rural Basins (SWRRB) model developed by 
the A R S  (Arnold et al., 1989) was merged into the HELP model to calculate daily leaf 
area indices. Modeling of unsaturated hydraulic conductivity and flow and lateral 
drainage computations were improved. Accuracy was increased with the use of double 
precision. Default soil data were improved, and the model permitted use of more layers 
and initialization of soil moisture content. Input and editing were simplified. Output was 
clarified, and standard deviations were reported. 

In Version 3, the HELP model has been greatly enhanced beyond Version 2. The 
number of layers that can be modeled has been increased. The default soilhaterial 
texture list has been expanded to contain additional waste materials, geomembranes, 
geosynthetic drainage nets and compacted soils. The model also permits the use of a 
user-built library of soil textures. Computation of leachate recirculation between soil 
layers and groundwater drainage into the landfill hav.e been added. Moreover, HELP 
Version 3 accounts for leakage through geomembranes due to manufacturing defects 
(pinholes) and installation defects (punctures, tears and seaming flaws) and by vapor 
diffusion through the liner. The estimation of runoff from the surface of the landfill has 
been improved to account for large landfill surface slopes and slope lengths. The 
snowmelt model has been replaced with an energy-based model; the Priestly-Taylor 
potential evapotranspiration model has been replaced with a Penman method, 
incorporating wind and humidity effects as well as long wave radiation losses (heat loss 
at night). A frozen soil model has been added to improve infiltration and runoff 
predictions in cold regions. The unsaturated vertical drainage model has also been 
improved to aid in storage computations. Input and editing have been further simplified 
with interactive, full-screen, menu-driven input techniques. 

a 

In addition, the HELP Version 3 model provides a variety of methods for specifying 
precipitation, temperature and solar radiation data. Now, data from the most commonly 
available government and commercial sources can be imported easily. Moreover, data 
used in HELP Version 2 can still be used with minimum user effort. Specifying weather 
data manually and editing previously entered weather data can be easily done by using 
built-in spreadsheet facilities. 

._ 
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The use of data files in Version 3 is much simpler and more convenient than HELP 
Version 2 because data are saved permanently in user defined file names at a user- 
specified location. Similarly, the user has more flexibility to define units for every type 
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of data needed to run the HELP model. Finally, Version 3 of the HELP model provides 
.on-line help at every step of the data prepration process. 

Although applicable to most landfill applications, the HELP model was developed 
specifically to perform hazardous and municipal waste disposal landfill evaluations as 
required by RCRA. Hazardous waste disposal landfills generally should have a liner to 
prevent migration of waste from the landfill, a final cover to minimize the production of 
leachate following closure, careful controls of runon and runoff, and limits on the 
buildup of leachate head over the liner to no more than 1 ft. The HELP model is useful 
for predicting the amounts of runoff, drainage, and leachate expected for reasonable- 
designs as well as the buildup of leachate above the liner. However, the model should 
not be expected to produce credible results from input unrepresentative of landfills. 

1.2 OVERVIEW 

The principal purpose of this User's Guide is to provide the basic information needed 
to use the computer program. Thus, while some attention must be given to definitions, 
descriptions of variables and interpretation of results, only a minimal amount of such 
information is provided. Detailed documentation providing in-depth coverage of the 
theory and assumptions on which the model is based and the internal logic of the 
program is also available (Schroeder et ai., 1994). Potential HELP users are strongly 
encouraged to study the documentation and this User's Guide before attempting to use 
the program to evaluate a landfill design. Additional documentation concerning the 
sensitivity of program inputs, application of the model and verification of model 
predictions are under development. 

1.3 SYSTEM AND OPERATING DOCUMENTATION 

1.3.1 Computer Equipment 

The model entitled "The Hydrologic Evaluation of Landfill Performance" (HELP) 
was written to run on IBM-compatible personal computers (PC) under the DOS 
environment. 

1.3.2 Required Hardware 

The following IBMcompatible CPU (8088, 80286, 80386 or 80486) hardware is 
required : 

1. Monitor, preferably color EGA or better 
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2. Floppy disk drive (5.25-inch double-sided, double- of high-density; or 3.5-inch 
double-sided, double- or highdensity) 

3. Hard disk drive or a second floppy disk drive 

4. 400k bytes or more of available RAM memory 

5. 8087, 80287, 80387 or 80486 math m-processor 

6. Printer, if a hard copy is desired 

1.3.3 Software Requirements 

The user must use Microsoft or compatible Disk Operating Systems (MS-DOS) 
Version 2.10 or a higher version. The user interface executable module was compiled 
and linked with Microsoft Basic Professional Development System 7.1. Other executable 
components were compiled with the Ryan-McFarland FORTRAN Version 2.42. The 
Microsoft Basic Professional Development System and Ryan-McFarland FORTRAN 
compiler are not needed to run the HELP Model. I 
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SECTION 1 

PROGRAM IDENTIFICATION 

PROGRAM TITLE: Hydrologic Evaluation of Landfill Performance (HELP) Model 

WRITERS: Paul R. Schroeder, Tamsen S. Dozier, John W. Sjostrom and Bruce M. McEnroe 
- -- . -. . - 

ORGANIZATION: U.S. Army Corps of Engineers, Waterways Experiment Station (WES) 

DATE: September 1994 

UPDATE: None Version No.: 3.00 

SOURCE LANGUAGE: The simulation code is written in ANSI FORTRAN 77 using Ryan- 
McFarland Fortran Version 2.44 with assembly language and Spindrift Library 
extensions for Ryan-McFarland Fortran to perform system calls, and screen operations. 
The user interface is written in BASIC using Microsoft Basic Professional Development 
System Version 7.1. Several of the user interface support routines are written in ANSI 
FORTRAN 77 using Ryan-McFarland Fortran Version 2.44, including the synthetic 
weather generator and the ASCII data import utilities. 

HARDWARE: The model was written to run on IBM-compatible personal computers under 
the DOS environment. The program requires an IBM-compatible 8088, 80286, 80386 
or 80486-based CPU @referably 80386 or 80486) with an 8087,80287,80387 or 80486 
math co-processor. The computer system must have a monitor (preferably color EGA 
or better), a 3.5- or 5.25-inch floppy disk drive (preferably 3.5-inch double-sided, high- 
density), a hard disk drive with 6 MB of available storage, and 400k bytes or more of 
available low level RAM. A printer is needed if a hard copy is desired. 

AVAILABILITY: The source code and executable d e  for IBMcompatible personal comput- 
ers are available from the National Technical Information Service (NTIS). Limited 
distribution immediately following the initial distribution will be available from the 
USEPA Risk Reduction Engineering Laboratory, the USEPA Center for Environmental 
Research Information and the USAE Waterways Experiment Station. 
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ABSTRACT: The Hydrologic Evaluation of Landfill Performance (HELP) computer program 

is a quasi-two-dimensional hydrologic model of water movement across, into, through 
and out of landfills. The model accepts weather, soil and design data and uses solution 
techniques that account for surface storage, snowmelt, runoff, infiltration, vegetative 
growth, evapotranspiration, soil moisture storage, lateral subsurface drainage, leachate 
recirculation, unsaturated vertical drainage, and leakage through soil, geomembrane or 
composite liners. Landfill systems including combinations of vegetation, cover soils, 
waste cells, lateral drain layers, barrier soils, and synthetic geomembrane liners may be 
modeled. The program was developed to conduct water balance analyses of landfills, 
cover systems, and solid waste disposal facilities. As such, the model facilitates rapid 
estimation of the amounts of runoff, evapotranspiration, drainage, leachate collection, and 
liner leakage that may be expected to result from the operation of a wide variety of 
landfill designs. The primary purpose of the model is to assist in the comparison of 
design alternatives as judged by their water balances. The model, applicable to open, 
partially closed, and fully closed sites, is a tool for both designers and permit writers. 

The HELP model uses many process descriptions that were previously developed, 
reported in the literature, and used in other hydrologic models. The optional synthetic 
weather generator is the WGEN model of the U.S. Department of Agriculture (USDA) 
Agricultural Research Service ( A R S )  Nchardson and Wright, 1984). Runoff modeling 
is based on the USDA Soil Conservation Service (SCS) curve number method presented 
in Section 4 of the National Engineering Handbook (USDA, SCS, 1985). Potential 
evapotranspiration is modeled by a modified Penman method (Penman, 1963). 
Evaporation from soil is modeled in the manner developed by Ritchie (1972) and used 
in various ARS models including the Simulator for Water Resources in Rural Basins 
(SWRRB) (Arnold et al., 1989) and the Chemicals, Runoff, and Erosion from 
Agricultural Management System (CREAMS) (Knisel, 1980). Plant transpiration is 
computed by the Ritchie’s (1972) method used in SWRRB and CREAMS. The 
vegetative growth model was extracted from the SWRRB model. Evaporation of 
interception, snow and surface water is based on an energy balance. Interception is 
modeled by the method proposed by Horton (1919). Snowmelt modeling is based on the 
SNOW-17 routine of the National Weather Service River Forecast System (NWSRFS) 
Snow Accumulation and Ablation Model (Anderson, 1973). The frozen soil submodel 
is based on a routine used in the CREAMS model (Knisel et al., 1985). Vertical 
drainage is modeled by Darcy’s (1856) law using the Campbell (1974) equation for 
unsaturated hydraulic conductivity based on the Brooks-Corey (1964) relationship. 
Saturated lateral drainage is modeled by an analytical approximation to the steady-state 
solution of the Boussinesq equation employing the Dupuit-Forchheimer (Forchheimer, 
1930) assumptions. Leakage through geomembranes is modeled by a series of equations 
based on the compilations by Giroud et al. (1989, 1992). The processe~ are linked 
together in a sequential order starting at the surface with a surface water balance; then 
evapotranspiration from the soil profile; and finally drainage and water routing, s h g  
at the surface with infiltration and then proceeding downward through the landfill profile 
to the bottom. The solution procedure is applied repetitively for each day as it simulates 
the water routing throughout the simulation period. 
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SECTION 2 

NARRATIVE DESCRIPTION 

The HELP program, Versions 1 , 2  and 3, was developed by the U.S. Army Engineer 
Waterways Experiment Station (WES), Vicksburg, MS, for the U.S. Environmental 
Protection Agency (EPA), Risk Reduction Engineering Laboratory, Cincinnati, OH, in 
response to needs in the Resource Conservation and Recovery Act (RCRA) and the 
Comprehensive Environmental Response, Compensation and Liability Act (CERCLA,- 
better known as Superfund) as identified by the EPA Office of Solid Waste, 
Washington, DC. The primary purpose of the model is to assist in the comparison of 
landfill design alternatives as judged by their water balances. 

- 

The Hydrologic Evaluation of Landfill Performance (HELP) model was developed 
to help hazardous waste landfdl designers and regulators evaluate the hydrologic 
performance of proposed landfill designs. The model accepts weather, soil and design 
data and uses solution techniques that account for the effects of surface storage, 
snowmelt, runoff, infiltration, evapotranspiration, vegetative growth, soil moisture 
storage, lateral subsurface drainage, leachate recirculation, unsaturated vertical drainage, 
and leakage through soil, geomembrane or composite liners. Landfill systems including 
various combinations of vegetation, cover soils, waste cells, lateral drain layers, low 
permeability barrier soils, and synthetic geomembrane liners may be modeled. Results 
are expressed as daily, monthly, annual and long-term average water budgets. 

The HELP model is a quasi-two-dimensional, deterministic, water-routing model for 
determining water balances. The model was adapted from the HSSWDS (Hydrologic 
Simulation Model for Estimating Percolation at Solid Waste Disposal Sites) model of the 
U.S. Environmental Protection Agency (Perrier and Gibson, 1980; Schroeder and 
Gibson, 1982), and various models of the U.S. Agricultural Research Service (ARS), 
including the CREAMS (Chemical Runoff and Erosion from Agricultural Management 
Systems) model (Knisel, 1980), the SWRRE (Simulator for Water Resources in Rural 
Basins) model (Arnold et al., 1989), the SNOW-17 routine of the National Weather 
Service River Forecast System (NWSRFS) Snow Accumulation and Ablation Model 
(Anderson, 1973), and the WGEN synthetic weather generator (Richardson and Wright, 
1984). 

HELP Version 1 (Schroeder et al., 1984a and 1984b) represented a major advance 
beyond the HSSWDS program (Pemer and Gibson, 1980; Schrde r  and Gibson, 1982), 
which was also developed at WES. The HSSWDS model simulated only the cover 
system, did not model lateral flow through drainage layers, and handled vertical drainage 
only in a rudimentary manner. The infiltration, percolation and evapotranspiration 
routines were almost identical to those used in the Chemicals, Runoff, and Erosion from 
Agricultural Management Systems (CREAMS) model, which was developed by Knisel 
(1980) for the U.S. Department of Agriculture (USDA). The runoff and infiltration 
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routines relied heavily on the Hydrology Section of the National Engineering Handbook 
(USDA, Soil Conservation Sexvice, 1985). Version 1 of the HELP model incorporated 
a lateral subsurface drainage model and improved unsaturated drainage and liner l a l q e  
models into the HSSWDS model. In addition, the HELP model provided simulation of 
the entire landfill including leachate collection and liner systems. 

Version 1 of the HELP program was tested extensively using both field and 
laboratory data. HELP Version 1 simulation results were compared to field data for 
20 landfill cells from seven sites (Schroeder and Peyton, 1987a). The lateral drainage 
component of HELP Version 1 was tested against experimental results from two large- 

results of these tests provided motivation for some of the improvements incorporated into 
HELP Version 2. 

scale physical models of landfill lineddrain systems (Schroeder and Peyton, 198%). The I 

Version 2 (Schroeder et al., 1988a and 1988b) presented a great enhancement of the 
capabilities of the HELP model. The WGEN synthetic weather generator developed by 
the USDA Agricultural Research Service (ARS) (Richardson and Wright, 1984) was 
added to the model to yield daily values of precipitation, temperature and solar radiation. 
This replaced the use of normal mean monthly temperature and solar radiation values and 
improved the modeling of snow and evapotranspiration. Also, a vegetative growth model 
from the Simulator for Water Resources in Rural Basins (SWRRB) model developed by 
the ARS (Arnold et al., 1989) was merged into the HELP model to calculate daily leaf 
area indices. Modeling of unsaturated hydraulic conductivity and flow and lateral 
drainage computations were improved. Default soil data were improved, and the model 
permitted use of more layers and initialization of soil moisture content. 

In Version 3, the HELP model has been greatly enhanced beyond Version 2. The 
number of layers that can be modeled has been increased. The default soillmaterial 
texture list has been expanded to contain additional waste materials, geomembranes, 
geosynthetic drainage nets and compacted soils. The model also permits the use of a 
user-built library of soil textures. Computations of leachate recirculation and 
groundwater drainage into the landfill have been added. Moreover, HELP Version 3 
accounts for leakage through geomembranes due to manufacturing defects (pinholes) and 
installation defects (punctures, tears and seaming flaws) and by vapor diffusion through 
the liner based on the equations compiled by Giroud et al. (1989, 1992). The estimation 

/of runoff from the surface of the landfill hasbeen i m p r o v m  nt for large landfill 
surface slopes and slope lengths. The snowmelt model has been replaced with an energy- 
based model; the Priestly-Taylor potential evapotranspiration model has been replaced 
with a Penman method, incorporating wind and humidity effects as well as long wave 
radiation losses (heat loss at night). A frozen soil model has been added to improve 

model has also been improved to aid in storage computations. Input and editing have 
been further simplified with interactive, full-screen, menu-driven input techniques. 

- - - - -  

i infiltration and runoff predictions in cold regions. The unsaturated vertical drainage ! 

i 
i The HELP model requires daily climatologic data, soil characteristia, and design 
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specifications to perform the analysis. Daily rainfall data may be input by the user, 
generated stochastically, or taken from the model's historical data base. The model 
contains parameters for generating synthetic precipitation for 139 U.S. cities. The 
historical data base contains five years of daily precipitation data for 102 U.S. cities. 
Daily temperature and solar radiation data are generated stochastically or may be input 
by the user. Necessary soil data include porosity, field capacity, wilting point, saturated 
hydraulic conductivity, and Soil Conservation Sedce  (SCS) runoff curve number for 
antecedent moisture condition II. The model contains default soil characteristics for 42 
material types for use when measurements or site-specific estimates are not available. 
Design specifications include such things as the slope and maximum drainage d i s t a n w  
for lateral drainage layers, layer thicknesses, leachate recirculation procedure, surface 
cover characteristics and information on any geomembranes. 

- 

Figure 1 is a definition sketch for a somewhat typical closed hazardous waste landfill 
profile. The top portion of the profile (layers 1 through 4) is the cap or cover. The 
bottom portion of the landfill is a double liner system (layers 6 through ll), in this case 
composed of a geomembrane liner and a composite liner. Immediately above the bottom 
$composite liner is a leakage detection drainage layer to collect leakage from the primary 
liner, in this case, a geomembrane. Above the primary liner are a geosynthetic drainage 
net and a sand layer that serve as drainage layers for leachate collection. The drain 
layers composed of sand are typically at least 1-ft thick and have suitably spaced 
perforated or open joint drain pipe embedded below the surface of the liner. The 
leachate collection drainage layer serves to collect any leachate that may percolate 
through the waste layers. In this case where the liner is solely a geomembrane, a 
drainage net may be used to rapidly drain leachate from the liner, avoiding a significant 
buildup of head and limiting leakage. The liners are sloped to prevent ponding by 
encouraging leachate to flow toward the drains. The net effects are that very little 
leachate should leak through the primary liner and virtually no migration of leachate 
through the bottom composite liner to the natural formations below. Taken as a whole, 
the drainage layers, geomembrane liners, and barrier soil liners may be referred to as the 
leachate collection and removal system (draidliner system) and more specifically a 
double liner system. 

Figure 1 shows eleven layers-four in the cover or cap, one as the waste layers, three 
in the primary leachate collection and removal system (draidliner system) and three in 
the secondary leachate collection and removal system (leakage detection). These eleven 
layers comprise three subprofiles or modeling units. A subprofile consists of all layers 
between (and including) the landfill surface and the bottom of the top liner system, 
between the bottom of one liner system and the bottom of the next lower liner system, 
or between the bottom of the lowest liner system and the bottom of the lowest soil layer 
modeled. In the sketch, the top subprofile contains the cover layers, the middle 
subprofile contains the waste, drain and liner system for leachate collection, and the 
bottom subprofile contains the drain and liner system for leakage detection. Six 
subprofiles in a single landfill profile may be simulated by the model. 

5 .  
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Figure 1. Schematic Profile View of a Typical Hazardous Waste Landfill 
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The layers in the landfill are typed by the hydraulic function that they perfok Four 
types are of layers are available: vertical percolation layers, lateral drainage layers, 
barrier soil liners and geomembrane liners. These layer types are illustrated in Figure 1. 
The topsoil and waste layers are generally vertical percolation layers. Sand layers above 
liners are typically lateral drainage layers; compacted clay layers are typically barrier soil 
liners. Geomembranes are typed as geomembrane liners. Composite he r s  are modeled 
as two layers. Geotextiles are not considered as layers unless they perform a unique 
hydraulic function. 

Flow in a vertical percolation layer (e.g., layers 1 and 5 in Figure 1) is either- - 
downward due to gravity drainage or extracted by evapotranspiration. Unsaturated 
vertical drainage is assumed to occur by gravity drainage whenever the soil moisture is 
greater than the field capacity (greater than the wilting p i n t  for soils in the evaporative 
zone) or when the soil suction of the layer below the vertical percolation layer is greater 
than the soil suction in the vertical percolation layer. The rate of gravity drainage 
(percolation) in a vertical percolation layer is assumed to be a function of the soil 
moisture storage and largely independent of conditions in adjacent layers. The rate can 
be restricted when the layer below is saturated and drains slower than the vertical 
percolation layer. Layers, whose primary hydraulic function is to provide storage of 
moisture and detention of drainage, should normally be designated as vertical percolation 
layers. Waste layers and layers designed to support vegetation should be designated as 
vertical percolation layers, unless the layers provide lateral drainage to collection 
systems. 

Lateral drainage layers (e.g., layers 2, 6, 7 and 9 in Figure 1) are layers that 
promote lateral drainage to collection systems at or below the surface of liner systems. 
Vertical drainage in a lateral drainage layer is modeled in the same manner as for a 
vertical percolation layer, but saturated lateral drainage is allowed. The saturated 
hydraulic conductivity of a lateral drainage layer generally should be greater than 1 x lQ3 
cm/sec for significant lateral drainage to occur. A lateral drainage layer may be 
underlain by onIy a liner or another lateral drainage layer. The slope of the bottom of 
the layer may vary from 0 to 40 percent. 

Barrier soil liners (e.g., layers 4 and 11 in Figure 1) are intended to restrict vertical 
flow. These layers should have hydraulic conductivities substantially lower than those 
of the other types of layers, typically below 1 x lo4 cm/sec. The program allows only 
downward flow in barrier soil liners. Thus, any water moving into a liner will 
eventually percolate through it. The leakage (percolation) rate depends upon the depth 
of water-saturated soil (head) above the base of the layer, the thickness of the liner and 
the saturated hydraulic conductivity of the barrier soil. Leakage occurs whenever the 
moisture content of the layer above the liner is greater than the field capacity of the 
layer. The program assumes that barrier soil liner is permanently saturated and that its 
properties do not change with time. 

Geomembrane liners (e.g., layers 3, 8 and 10 in Figure 1) are layers of nearly 



impermeable material that restricts significant leakage to small areas around defects. 
Leakage (percolatian) is computed to be the result from three sources: vapor diffusion, 
manufacturing flaws (pinholes) and installation defects (punctures, cracks, tears and bad 
seams). Leakage by vapor diffusion is computed to occur across the entire area of the 
liner as a function of the head on the surface of the liner, the thickness of the 
geomembrane and its vapor diffusivity. Leakage through pinholes and installation defects 
is computed in two steps. First, the area of soil or material contributing to leakage is 
computed as a function of head on the liner, size of hole and the saturated hydraulic 
conductivity of the soils or materials adjacent to the geomembrane liner. Second, the 
rate of leakage in the wetted area is computed as a function of the head, thickness of soil 
and membrane and the saturated hydraulic conductivity of the soils or materials adjacent 
to the geomembrane liner. 
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10. GEOSYNTHETIC MATERIALS 

10.1 Liner System and Final Cover System 

10.2 Liner System Frost. Protection 
Materials Evaluation 



10.1 Liner System and Final Cover System 
Materials Evaluation 
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LINER SYSTEM AND FINAL COVER SYSTEM MATERIALS EVALUATION 

EXECUTIVE SUMMARY 

PurDose of Calculations: 

Select key characteristics of the following low-permeability geosynthetic 
components of the liner system: (i) primary geomembrane; (ii) primary 
geosynthetic clay liner (GCL); (iii) secondary geomembrane; (ii) secondary 
GCL; and (v) geotextile cushions. 
Select key characteristics of the following low-permeability geosynthetic 
components of the final cover system: (i) geomembrane cap; (ii) geosynthetic 
clay cap; and (iii) geotextile cushion. 
Evaluate puncture resistance of the geomembrane components of the liner and 
final cover systems. 
Evaluate significance of tensile stresses in the geosynthetic components of the 
liner and final cover systems. 

Methodolow 

Selection of key characteristics of low-permeability liner and final cover system 
components is made from the range of commercially-available geosynthetic 
products. The selection accounts for the intended function of the component as 
well as material durability, resistance to anticipated loads, and constructability . 
Puncture resistance of the geomembranes is evaluated by first estimating the 
maximum normal stress anticipated to act on each geomembrane. The 
anticipated stress is then compared to the allowable stress from Koerner et al. 
(1995) (Reference no. 2 in Procedures/Methods package). 
Tensile stresses in the geosynthetic components of the liner and final cover 
systems are evaluated by considering possible deformation modes that may 
induce tensile stresses and using information presented by Long et al. (1994) 
(Reference no. 3 in Procedures/Methods package) to assess the potential for 
tensile stresses to develop in veneer loading conditions. 
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Conclusions - The selected key characteristics are presented in the following tables: 

Geomembrane Primary GCL Secondary GCL 

HDPE NA NA 

80 NA NA 

mass density 
(glrn’) [oz/yd2] 

~ 

NA NA NA 

surface texture 

clay mineral 

textured NA NA 

NA sodium bentonite sodium bentonite 

Geotextile 
Cushion 

unreinforced - HDPE I NA I geomembrane backing 
method of 

manufacture 

PP or PET 

internally reinforced - 
geotextile backing 

NA 

Cover System 
Characteristic 

polymer type 

thickness (mils) 

~ 

340 [lo] 

Geomembrane GCL Geotextile 
Cushion 

HDPE NA P P  or PET 

40 NA NA 

NA 

mass density 
(g/m2) [oz/yd2] 

surface texture 

clay mineral 

NA 

nonwoven 
needlepunc h 

NA NA 270 [8] 

textured NA NA 

NA sodium bentonite NA 

method of 
manufacture 

~ 

I I 1 

NA unreinforced - HDPE geomembrane backing or nonwoven I internally reinforced - geotextile backing I needlepunch 

Calculated factors of safety (FS) against geomembrane puncture are 3.3 for the 
liner system and 6.8 for the final cover system. These FS, which account for 
the effect of the geotextile cushions, exceed the min. required value of 3.0. 

Predicted tensile stresses in the liner and final cover system geosynthetics are 
negligible. Anchor trenches will be used as a construction expedient to resist 
minor transient tensile stresses that could be imposed during geosynthetics 
installation and liner system construction. 

End of Executive Summary o ~ y 2 . 8 ~  
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LINER SYSTEM AND FINAL COVER SYSTEM MATERIALS EVALUATION 

PROCEDURESMETHODS 

PurDose: 

Present procedures and methods for selection of the low-permeability 
geosynthetic components of the liner system and final cover system (i.e., 
geomembranes and geosynthetic clay liners (GCLs)). Present procedures and 
methods for evaluation of the resistance of geosynthetic components of the liner 
system and cover system to imposed stresses. 

ScoDe: 

Selection of key characteristics of the primary and secondary GCLs and 
geomembranes for the liner system. 

Selection of key characteristics of the geomembrane cap and geosynthetic 
clay cap for the final cover system. 

Evaluation of tensile resistance, anchorage, and puncture resistance of 
geomembranes in liner system and final cover system under anticipated 
loads during construction, operation, and post-closure. 

Selection of key characteristics of the geotextile cushions in the liner 
system and final cover system. 

Statement of Design Problem: 

Design of the liner system and cover system includes selection of the key 
characteristics of the geosynthetic components. Key characteristics considered in 
this calculation package are polymer type, method of manufacture, surface texture, 
and thickness or mass density.. Selection of key characteristics is made from the 

GE3900-8.7lF9530046 
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geosynthetic durability, constructability and resistance to anticipated loads. 
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The components of the liner system and final cover system are illustrated on the 
following page. 

Selection of Geomembrane Characteristics: 

Liner System 

Key characteristics for the primary and secondary geomembranes in the liner 
system are polymer type, geomembrane thickness, and surface texture. The factors 
which will be considered in specifying these characteristics are hydraulic properties, 
mechanical properties, installation considerations, long-term behavior, and resistance 
to concentrated stresses. and abrasion. The selection process will consider the 
anticipated liner system service conditions. The chemical compatibility of the 
selected geomembranes with OSDF leachate will be evaluated in a separate 
testing/analysis program described in project document No. F9530007. 

Cover System 

Key characteristics for the geomembrane cap in the final cover system are 
polymer type,geomembrane thickness, and surface texture. The factors which will 
be considered in specifying these characteristics are hydraulic properties, mechanical 
properties, installation considerations, long-term behavior, and resistance to 
concentrated stresses and abrasion. The selection process will consider the 
anticipated final cover system service conditions. 

O(32287 
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Selection of GCL Characteristics: 

Liner System 

Key characteristics for the primary and secondary GCLs in the liner system are 
the clay mineral type and method of manufacture. The factors which will be 
considered in specifying these characteristics are hydraulic properties, plasticity of 
the clay component, and internal shear strength. An additional factor for the 
primary geomembrane is prevention of outward migration of the clay component. 
This additional factor is considered because the primary GCL will be placed in 
contact with the LDS drainage layer. The selection process will consider the 
anticipated liner system service conditions. 

Cover System 

Key characteristics for the GCL cap in the final cover system are the clay 
mineral type and method of manufacture. The factors which will be considered in 
specifying these characteristics are hydraulic properties, plasticity of the clay 
component, and internal shear strength. The selection process will consider the 
anticipated liner system service conditions. 

Selection of Geotextile Cushion Characteristics: 

. Key characteristics for the two geotextile cushions in the liner system and the 
single geotextile cushion in the final cover system are the polymer type, mass 
density'and method of manufacture. The factors which will be considered in 
specifying these characteristics are mechanical properties and demonstrated 
cushioning capability. The selection process will consider cushioning requirements 
during construction and post-closure conditions for both the liner system and final 
cover system. The ability of the selected geotextile cushion to provide puncture 
protection for the liner system geomembranes and the cover system geomembrane 
cap will be evaluated with detailed calculations described below. 

186 
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Evaluation of Puncture Protection for Geomembranes: 

Introduction 

Design of the liner system and final cover system includes evaluation of the 
potential for the gravel material in the liner system and cover system drainage layers 
to puncture the associated geomembranes. The evaluation considers the puncture 
potential under anticipated loads during construction, operation, and post-closure. In 
both the liner system and the cover system, geotextile cushions are used to prevent 
direct contact between the drainage gravel and geomembranes and therefore reduce 
the puncture potential. 

Liner System 

The evaluation will be performed for the secondary geomembrane. The results 
will be considered to be applicable to the primary geomembrane due to the fact that 
the loading conditions and materials of interest (i.e., geomembrane, geotextile, and 
drainage gravel) are essentially identical for both geomembranes, . The following 
step-by-step calculation procedure will be used. - 

1. Evaluate maximum vertical stress on geomembrane for oDeration and post- 
closure conditions. Conditions during facility operation will produce vertical 
stresses less than or equal to those for post-closure conditions. Therefore, 
operation conditions are implicitly considered in this step by evaluating post- 
closure conditions. Maximum vertical stress on the geomembrane for post- 
closure conditions will be evaluated using the following equation: 

- 
0 v . m  - T m  Y a w  

where, T, = maximum thickness of material to be placed above 
geomembrane in final landfill configuration 

yave = average unit weight of material placed above geomembrane 

95.10.12 
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2 .  Evaluate maximum vertical stresses on geomembrane for construction 
conditions. Maximum stresses will be induced by construction equipment 
operating above the geomembrane. The maximum stresses will be calculated 
using the following equation: 

where, t = 

Y =  

q =  

A =  

*",,ax = t y  + q A  

thickness of material overlying geomembrane on which 
equipment is operating 

unit weight of overlying material 

equipment ground pressure 

pressure reduction factor; depends on size and configuration 
of pressure loading area and value of thickness, t 

For this calculation, several sets of values for the parameters t and q will be 
obtained for tracked equipment from the restrictions on equipment operation 
above the geomembrane that are given in the project specifications. Values for 
t and q for wheeled equipment will be selected to represent a truck with a 
loaded weight of 35 tons and a tire pressure of 90 psi. This loaded weight is 
the same used in the "leachate collection system" calculation package to 
evaluate pipe crushing under equipment loads (document no. F9530017). This 
tire pressure is representative of off-road trucks. Loaded weight distribution 
between axles will be assumed to be 30:70 (front:rear). 

The parameter y will be taken as the same value used in the package entitled 
"Short-Term Liner System Stability on Side Slopes" (document no. F9530027). 

The parameter A will be obtained using published elastic theory solutions from 
Reference 1 for vertical stress distributions below loaded areas, as shown on 
the following page. The pressure loading area for tracked equipment will be 
assumed to be an infinite strip with a width of 2 ft. The pressure loading area 
for wheeled equipment.wil1 be assumed to be a circular area with a radius 
determined by tire pressure and wheel loading. 

GE3900-8.7lF9530046 95.10.12 
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3.1 Loading on an infinite Strip 

3.1.1 UNIFORM VERTICAL WADING (Ffg.5.1) 

nG.3.1 

3.3 Loading on a Circular Area 

5.1.1 UNIpORn VERTICAL LOADING 
(Pig.5.13) 

GE3900-8.7lF9530046 95.10.12 
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It is noted that this calculation for stresses induced by construction equipment 
does not account for potential vertical stress increases due to dynamic loading 
effects from equipment operation. Such potential stress increases are neglected 
because the project specification for granular drainage layer placement (project 
document no. F9530035) prohibits equipment maneuvers which are most likely 
to cause dynamic effects ( ie . ,  hard braking and sharp turning). 

3.  

4. 

Obtain vertical stress on rreomembrane for evaluation of Duncture Drotection. 
The vertical stress, pactual, will be taken as the largest value calculated from 
steps 2'. and 1. 

\ z 
Evaluate allowable vertical stress on rreomembrane. 
The allowable vertical stress on the geomembrane, pallow, will be evaluated 
using the procedure presented in Reference 2. This procedure is based on 
theoretical considerations along with puncture testing of HDPE geomembranes 
protected by needle-punched, nonwoven geotextiles. 

The procedure uses the following equations: 

where, MF, = modification factor for protrusion shape 
MFpd = modification factor for packing density 
MF, = modification factor for arching 
FS,, = factor of safety for creep 
FS,, = factor of safety for chemical/biological degradation 
plab = allowable vertical stress from controlled lab tests 

Guidelines for selection of modification factors and factors of safety 
are provided in Reference 2. 

GE3900-8.7lF9530046 95.10.12 
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Reference 2 provides the following empirical formula for p,& for 60-mil HDPE 
geomembranes : 

plab,60 =450 M / H2 (Wa) 

where, M = mass per unit area of cushion geotextile (g/n?) 
effective protrusion height (mm) , depends on maximum 
particle size of drainage gravel 

H =  

For these calculations, a value of plab is needed for geomembranes with 
thicknesses other than 60-mil. Based on the statement in part I of Reference 2 
that "the [theoretical] analysis shows that the puncture resistance of the 
geomembrane is linearly related to its thickness," the value for plab will be 
assumed to be proportional to the geomembrane thickness. For example, 
Plab.40 = 0*67 Plab.60 and Plab.80 = 1.33 Plab.60 

5 .  ComDare the actual maximum vertical stress to allowable value. 
The ratio of the allowable value to the actual value is taken as a global factor of 
safety against geomembrane puncture. Reference 2 recommends a minimum 
value of 3.0 for this ratio. This recommendation will be used for these 
calculations, as expressed by the following: 

Cover System 

The evaluation for the geomembrane cap will be performed using the same 
step-by-step calculation procedure given above for the liner system. 

GE3900-8.7lF9530046 95.10.12 
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Evaluation of Tensile Stresses in Geosvnthetic ComDonents: 

Introduction and Background 

Both short-term and long-term loadings can potentially induce local tensile 
stresses in the geosynthetic components of the liner system or final cover system of 
a disposal facility. 

For liner systems in general, the development of geosynthetic tensile stresses is 
considered for lined side slope areas. Short-term loading may be evaluated for the 
condition after a drainage material layer is placed above the geosynthetic liner 
components but before protective soil or other material is placed within the cell. 
This is termed a "veneer" loading condition. Long-term loading may be evaluated 
for the condition where the settling of material in the cell produces "downdrag" 
loading on the geosynthetic components of the side slope liner. This type of 
downdrag is most likely to occur when highly compressible materials, such as 
municipal solid waste, are placed in the cell. 

For cover systems in general, both short-term and long-term loadings involve 
the condition after a material layer(s) is placed above the geosynthetic cover system 
components. Both loading conditions are therefore of the veneer type. 

0 
With respect to veneer-type conditions, results presented in Reference 3 from 

strain compatibility analyses indicate that tension in geosynthetic components of 
typical liner and final cover systems will be negligible if the shearing resistance of 
each system interface exceeds the minimum necessary for the system to remain 
marginally stable in an infinite slope configuration (i.e., for the system to have an 
infinite-slope stability factor of safety exceeding 1 .O). For purely frictional 
interfaces the necessary stability is achieved if the friction angle of the interface 
exceeds the slope angle. The results of the analyses in Reference 3 are applicable to 
the OSDF liner and final cover systems because the shear force vs. displacement 
relationships used for the interfaces exhibit initial stiffnesses of approximately 400 to 
1,400 psf/in (1.6 to 5.2 Wa/mm) for a confining stress of approximately 350 psf (17 
E a ) ,  an initial stiffness range similar to that expected for the OSDF liner and cover 
system interfaces. 
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For evaluating veneer-type conditions, the minimum shearing resistance of the 
liner system and final cover system interfaces will be compared to the minimum 
necessary for the system to be FHRA marginally stable on an infinite slope. If the 
shearing resistance exceeds the minimum necessary value then tensile stresses in the 
geosynthetics will be taken as negligible. If the tensile stresses in the geosynthetics 
are negligible, an anchor trench to resist these stresses is not needed, and thus, 
anchor trench pullout calculations are unnecessary. Even for this condition, 
however, an anchor trench should still be used as a construction expedient to resist 
minor transient stresses that could be imposed during geosynthetics installation and 
liner system construction. 

Liner System 

For short-term conditions, the minimum interface shearing resistance for the 
. liner system is assessed in the calculation package "Short-Term Liner System 

Stability on Side Slopes" (document no. F9530027). The maximum slope angle of 
the liner system is also assessed in that package. A classical slope stability analysis 
for an infinite slope will be performed to assess whether the marginal stability 
criterion described above is satisfied. 

For long-term conditions, downdrag-induced tensile stresses will be assumed to 
be negligible for the following reasons: (i) the maximum height of the lined side 
slopes is small (i.e. less than 15 ft); (ii) the side slopes are relatively flat (Le., 
maximum inclination of 4H: 1V); and (iii) the impacted material to be placed in the 
OSDF will not be highly compressible and is therefore not expected to undergo 
significant settlement. These conditions minimize the potential for downdrag 
stresses to develop in the geosynthetic components of the liner system. 

Cover System 

The minimum interface shearing resistance for the final cover system for short- 
term and long-term conditions and the maximum slope angle for the final cover 
system is assessed in the calculation package "Cover System Stability" (document 
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no. F9530022). A classical slope stability analysis for an infinite slope will be 
performed to assess whether the marginal stability criterion described above is 
satisfied. 

References 
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LINER SYSTEM AND FINAL COVER SYSTEM MATERIALS EVALUATION 

CALCULATIONS 

PurDose: 

Present selection processes and calculations for selection and evaluation of the 
low-permeability geosynthetic components of the liner system and final cover system 
(Le., geomembranes and GCLs) and for the geotextile cushion components of both 
systems. 

ScoDe: 

Presents selection processes and calculations as described in the 
" Procedures/Methods " package. 

Selection of Geomembrane Characteristics: 

Liner System 

Polvmer Type - Polymer types considered for the liner system geomembranes are 
high density polyethylene (HDPE) , polyvinyl chloride (PVC) , and chlorosulfonated 
polyethylene (CSPE) . Geomembranes composed of these polymers are available 
from a number of manufacturers. The following bullets consider the key 
performance factors which relate to polymer type. 

The three identified polymers have acceptable hydraulic properties. All three 
have extremely low permeability and are impermeable for practical purposes. 

The most significant mechanical properties of geomembranes used in liner 
systems are tensile stiffness and yield strain. Although these properties vary 
somewhat with geomembrane thickness, HDPE is in general relatively stiff and 
has relatively small yield strain. PVC, in contrast, is relatively extensible and 
does not exhibit yield. The tensile properties of CSPE often fall between those 
of HDPE and PVC but are difficult to generalize because CSPE geomembranes 
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are often manufactured with embedded reinforcing fabrics, or scrims, which 
affect tensile response. 

Geomembranes composed of all three of the identified polymers have 
acceptable ability to maintain integrity when subjected to concentrated stresses. 
The best performance is obtained with more extensible geomembranes. 
Therefore, based on the relative extensibilities discussed above, PVC offers the 
most favorable performance. 

Key considerations with respect to geomembrane installation include ease of 
placement and seaming. PVC and CSPE are easier to place than HDPE 
because their greater flexibility makes them conform more easily to certain 
shapes and makes them less prone to develop large thermal expansion wrinkles. 
Acceptable placement and wrinkle control, can, however, be achieved with all 
three polymers if appropriate installation procedures are used. All three 
polymers are easily seamed, with HDPE usually achieving the highest seam 
strength. 

With respect to chemical resistance, it has been found that HDPE has the 
highest degree of compatibility with a wide variety of chemicals encountered in 
wastes (References 1 and 2). CSPE has good resistance to many chemicals, but 
is attacked by some which are relatively common, namely chlorinated solvents 
and hydrocarbons. PVC typically is the least chemically resistant of the three 
polymers. 

e 

With respect to long-term durability, HDPE offers the best performance. 
HDPE is a highly inert and durable material that is not susceptible to chemical 
degradation (i.e., oxidation) under conditions expected to exist in the OSDF. 
In addition, HDPE is not susceptible to physical degradation (Le., extraction or 
solvation) under conditions expected to exist in the OSDF. The durability of 
PVC geomembranes is significantly less favorable than that of HDPE. This is 
because PVC geomembranes are composed of approximately two-thirds PVC 
resin and one-third plasticizers. Over time, physical degradation (Le., 
extraction) may cause plasticizer loss which results in reduced geomembrane 
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flexibility and dimensional stability. The durability of CSPE geomembranes is 
typically between that of HDPE and PVC. 

Based on these performance factors, HDPE is selected for the geomembrane. This 
selection is based primarily on its superior chemical resistance and durability. The 
less favorable aspects of HDPE performance, related to response to concentrated 
stresses and installation, will be addressed through appropriate design, specification 
and construction quality assurance practices. 

Geomembrane Thickness - A wide range of HDPE geomembrane thicknesses are 
available. The following bullets consider the key performance factors which relate 
to geomembrane thickness. 

The durability characteristics of a HDPE geomembrane generally improve with 
increasing material thickness. 

The abrasion resistance of HDPE geomembranes increases with geomembrane 
thickness. Experience indicates that geomembranes with thickness less than 40 
to 60 mils may not have acceptable abrasion resistance within liner systems. 

The thicker the HDPE geomembrane, the higher its stiffness and the more 
prominent are the material’s less favorable performance aspects (i. e. , response 
to concentrated stresses and ease of installation issues). From this viewpoint, 
thicknesses less than 100 mils are desirable. 

The thinner the HDPE geomembrane, the more difficult it is to weld adjacent 
panels. For most effective welding, thicknesses of at least 40 mils are 
desirable, with 60 to 80 mils perhaps being best. 

Based on these performance factors, a thickness of 80 mil is selected for the HDPE 
geomembrane. This selection balances the performance factors described above. 

Surface Texture - Two surface textures are widely available for HDPE 
geomembranes, smooth and textured. The primary performance factor affected by 
surface texture is the shear strength of the interface between the geomembrane and 
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adjacent materials. The adjacent materials in the liner system are geotextile 
cushions and GCLs, both of which are known to form relatively weak interfaces 
with smooth HDPE geomembranes. Therefore, in order to provide higher interface 
shear strengths and thereby increase liner system stability, a textured surface is 
selected for the HDPE geomembrane. 

0 

Final Cover System 

Polymer Type - Polymer types considered for the final cover system geomembrane 
are the same as considered for the liner system geornembranes. The performance 
factors listed above for the liner system are also relevant to the final cover system. 

Based on these performance factors, HDPE is selected for the geomembrane. As 
described above for the liner system, this selection is based primarily on its superior 
chemical resistance and durability. 

Geomembrane Thickness - As discussed above, a wide range of HDPE 
geomembrane thicknesses are available. The geomembrane thickness-related 
performance factors listed above for the liner system are also relevant to the final 
cover system. However, the cover system geomembrane will not be exposed to 
leachate. It is also desirable for the cover system geomembrane to be flexible 
enough to accommodate the differential settlements resulting from the settlement of 
the impacted material within the OSDF. 

Based on these performance factors, a minimum thickness of 40 mil is selected for 
the HDPE geomembrane. This selection balances the performance factors. 

Surface Texture - Two surface textures are widely available for HDPE 
geomembranes, smooth and textured. The primary performance factor affected by 
surface texture is the shear strength of the interface between the geomembrane and 
adjacent materials. The adjacent materials in the final cover system are the 
geotextile cushion and the GCL, both of which are known to form relatively weak 
interfaces with smooth HDPE geomembranes. Therefore, in order to provide higher 
interface shear strengths and thereby increase final cover system stability, a textured 
surface is selected for the HDPE geomembrane. 

GE3900-8.7lF9530046 95.10.12 
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Selection of GCL Characteristics: 

Liner System 

Clav Mineral TvDe - GCLs are commercially produced using sodium bentonite clay 
or calcium bentonite clay. The sodium bentonite is a more active clay mineral with 
greater plasticity and swell potential, properties which are needed for effective GCL 
hydraulic performance. In addition, the greater the clay plasticity and swell 
potential the more effective the GCL will be in sealing around any liner system 
defects. Therefore, sodium bentonite is selected as the GCL clay mineral. 

Method of Manufacture - GCLs are commercially produced using one of the three 
manufacturing methods summarized below. 

Unreinforced with Geotextile Backing: A layer of dry, granular bentonite is 
placed between two geotextiles. A bentonite-based adhesive is used to adhere 
the geotextiles to the granular bentonite core. 

Unreinforced with HDPE Geomembrane Backing: A layer of bentonite is glued 
to one side of a HDPE geomembrane. 

Internally Reinforced with Geotextile Backing: a layer of dry, granular 
bentonite is placed between two geotextiles. The two geotextiles are joined by 
needlepunching or stitching. The needlepunched fibers or stitches serve to 
confine the bentonite and increase the in-plane shear strength of the GCL. 

For the primary GCL, the key performance factors related to method of manufacture 
are shear strength and prevention of downward migration of bentonite into the 
underlying LDS drainage layer. Long-term prevention of bentonite migration can be 
best achieved by using an unreinforced geomembrane-backed product oriented with 
the geomembrane backing between the bentonite and the LDS drainage layer. The 
use of a unreinforced geomembrane-backed product in this orientation would also 
serve to minimize bentonite hydration by c o n f i i g  the bentonite between two 
geomembranes, i.e. the primary liner system geomembrane and the geomembrane 
backing of the GCL. Minimizing bentonite hydration will provide a relatively high 
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internal GCL shear strength for short-term and interim stability conditions. 
Therefore, an unreinforced HDPE-geomembrane-backed GCL is selected for the 
primary GCL. Furthermore, the selected geomembrane backing will have a textured 
surface to maximize interface shear strength. 

For the secondary GCL, the key performance factor related to method of 
manufacture is shear strength. A relatively high internal GCL shear strength for 
short-term and interim stability conditions can be obtained by using an internally 
reinforced product with geotextile backing. Therefore, an internally reinforced 
product with a geotextile backing is selected for the secondary GCL. (Note: an 
unreinforced GCL with HDPE backing can also be used in this application.) 

Final Cover System 

Clav Mineral TyDe - The clay mineral type for the GCL cap is selected as sodium 
bentonite for the same reasons as given above for the liner system GCLs. 

Method of Manufacture - The available manufacturing methods for GCLs were 
summarized above in the liner system section. 

For the GCL cap, the key performance factor related to method of manufacture is 
shear strength. As discussed above for the liner system GCLs, a relatively high 
internal GCL shear strength can be obtained by using an internally reinforced 
product with geotextile backing. However, an acceptably high internal GCL shear 
strength can also be obtained using an unreinforced geomembrane-backed product 
oriented with the geomembrane backing between the bentonite and the compacted 
clay cap. The use of a unreinforced geomembrane-backed product in this orientation 
would serve to minimize bentonite hydration by confining the bentonite between two 
geomembranes, i.e. the geomembrane cap and the geomembrane backing of the 
GCL. Minimizing bentonite hydration will provide a relatively high internal GCL 
shear strength. Therefore, the GCL cap is selected as either an internally-reinforced 
geotextile-backed product or an unreinforced HDPE-geomembrane-backed product. 
Furthermore, if an unreinforced HDPE-geomembrane-backed product is used, the 
geomembrane backing will have a textured surface to maximize interface shear 
strengths. 
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Selection of Geotextile Cushion Characteristics: 

Polvmer T p e  - Virtually all commercially available geotextiles are composed of 
either polypropylene (PP) or polyester (PET). Both polymers are suitable for 
cushioning applications (Reference 3). Therefore, the cushion geotextiles can be 
composed of either PP or PET. 

Method of Manufacture - The three primary manufacturing methods used to produce 
geotextiles are summarized below. 

Woven: Orthogonal polymer fibers or filaments are woven together in a flat 
sheet-like structure. The product is relatively thin and incompressible. 

Nonwoven Needlepunched: A mat of randomly oriented polymer fibers is 
formed. Arrays of closely-spaced needles are punched through the mat to 
entangle the random fibers. The product is relatively thick and compressible. 

Nonwoven Heatbonded: A mat of randomly oriented polymer fibers is formed. 
The mat is heated and passed through rollers to melt the random fibers together 
at their points of contact. The product is relatively thin and incompressible. 

For the geotextile cushions, the key performance factors related to method of 
manufacture are shear strength and cushioning ability. With respect to cushioning 
ability, Reference 3 indicates that method of manufacture is not a major factor. 
However, nonwoven needlepunched geotextiles have typically been used as cushions 
and available cushion design methods are based on these materials. Therefore, use 
of a nonwoven needlepunched product is desirable. In addition, use of a nonwoven 
needlepunched product is desirable because these products generally exhibit higher 
interface shear strengths with soils and textured geomembranes than other products. 
Considering these factors, a nonwoven needlepunched product is selected. 

Mass Densitv - Nonwoven needlepunched geotextiles are available in a wide range 
of mass densities. Mass density is the key factor which determines cushioning 
capability (Reference 3). 

GE3900-8.7lF9530046 95.10.12 
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For the final cover system, minimal cushioning capability is needed for long-term 
conditions due to the relatively low magnitude of normal stresses that will act on the 
geomembrane cap. The need for cushioning for short-term construction will also be 
minimal due to the restrictions on construction equipment operation above the 
geomembrane cap that are given in the project specification "Granular Drainage 
Layer" (document no. F9530035). Based on the guidelines provided in Reference 2 
of the "Procedures/Methods" package, the minimum geotextile mass density that 
should be considered for puncture protection against gravel is 270 g/m2 (8 oz/yd2). 
Therefore, a minimum mass density of 270 g/m2 (8 oz/yd2) is selected for the 
geotextile cushion in the final cover system. 

For the liner system, it is anticipated that moderate cushioning capability is needed 
for long-term conditions due to the anticipated magnitude of normal stresses that will 
act on the primary and secondary geomembranes. The need for cushioning for 
short-term construction will be minimal due to the restrictions on construction 
equipment operation above the geomembrane cap that are given in the project 
specification "Granular Drainage Layer" (document no. F9530035). Based on these 
conditions, a minimum mass density of 340 g/m2 (10 oz/yd2) is selected for the 
geotextile cushions in the liner system. This mass density will provide more 
protection than the minimum mass density of 270 g/m2 (8 oz/yd2) given in Reference 
2 of the "Procedures/Methods" package. 
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FROST PROTECTION OF COMPACTED 
CLAY LINER DURING WINTER 

EXECUTIVE SUMMARY 

Purpose of Analvsis 

The purpose of this analysis is to estimate the thickness of the protective soil layer needed 
to prevent freezing of the compacted clay liner. 

Methods of Analysis 

The modified Berggren method was used to model frost penetration into the liner system. 

Conclusions 

Required thickness of protective soil layer is: 

Case A: 1.1 ft  if the LCS and LDS drainage layers are also placed on top of the clay 
liner. 

Case B: 1.70 ft if only the protective soil is placed on top of the clay liner. 

Based on the above, the minimum protective cover thickness for seasonal frost protection 
should be 1.5 ft  for Case A and 2.5 ft for Case B. 
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FINAL COVER SYSTEM 

EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

The purpose of this package is to evaluate the performance of the FERNALD On-Site Disposal Facility 

(OSDF) final-closure cover system. This evaluation includes infiltration , drainage layer, geotextile 

filter, soil filtration, biointrusion barrier layer, and fiost penetration depth analyses. 

METHODS OF ANALYSIS 

Infiltration: Infiltration through the cover system was estimated using the USEPA HELP model. 

Drainape Layer: The maximum and average thicknesses and heads, and the transmissivity of the 

drainage layer were calculated. 

Geotextile Filter Desim: The retention, permeability, and clogging requirements were calculated. 

Soil Filtration Characteristics: The required particle size distribution was calculated for the vegetative 

soil layer material and the particle sizes of the other layer materials were checked for self-filtration. 

Biointrusion Barrier Layer: The biointrusion layer was designed to minimize intrusion of plant roots and 

burrowing animals. 

Frost Penetration Depth: The fiost penetration depth into the cover system was calculated using the 

modified Berggren method. 

CONCLUSIONS 

Infiltration: 

0 

0 

average daily percolation = 2.05~10.~ gpad 

peak daily percolation = 6 . 3 3 ~ 1 0 - ~  gpad 
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Drainage layer: 

0 

0 

0 

Geotextile Filter Design: 

0 

Soil Filtration Characteristics: 

maximum liquid thickness = 8.5 in. 

average liquid thickness = 4.4 in. 

maximum liquid head = 8.4 in. 

average liquid head = 4.4 in. 

calculated transmissivity = 3.05 cm2/sec 

required equivalent opening size, 09,1 210 pm 

required geotextile hydraulic conductivity, K > 5.8x10-* cm/s 

required porosity for non-woven geotextile, ng > 30% 

required percent open area for woven geotextile, A > 4% 

required d,, of vegetative soil > 0.4 mm 

Biointrusion Barrier Laver: 

required d15 of vegetative soil < 0.03 mm 

granular filter, choke stone, and biointrusion barrier materials are self-filtering 

recommended thickness = 3 ft. 
0 

0 

Frost Penetration Depth: 

for a layer thickness of 3 ft, required maximum size (dloo) = 18 in. 

required minimum size (4) = 1 to 2 in. 

maximum allowable percentage of water absorbency = 1% 

estimated maximum frost penetration depth = 2.2 ft. 
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FINAL-CLOSURE COVER SYSTEM PERFORMANCE 
CALCULATION PROCEDURES 

INTRODUCTION 

The purpose of this package is to present the calculation procedures for evaluation of the 

In performance of the FERNALD On-Site Disposal Facility (OSDF) final-closure cover system. 

particular, this package addresses the following issues: 

geotextile filter design; 

soil filtration characteristics; 

biointrusion barrier layer design; 

frost penetration depth analysis. 

infiltration analysis (infiltration rate through composite cap); 

drainage layer analysis (hydraulic head and transmissivity); 

The final-closure cover system configuration is shown in Figure 1 

METHODS OF ANALYSIS 

INFILTRATION ANALYSIS 

The final-closure cover system infiltration analysis will be performed using the HELP model as 

part of the leachate generation analysis to be performed elsewhere. 

DRAINAGE LAYER ANALYSIS a 001347 
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Figure 1: Final-Closure Cover System 
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Hvdraulic Head: As part of the leachate generation rate calculations to be performed elsewhere, 

the HELP model will be used to estimate hydraulic head in the final-closure cover system drainage layer. 

As a check, the closed-form analytical solution described by Giroud and Houlihan [1995] will be used to 

estimate hydraulic head. For the analytical solution, the impingement rate of flow into the cover drainage 

layer estimated using HELP and assumed characteristics of the cover drainage layer will be used to 

estimate the average and maximum hydraulic head and thickness in the drainage layer. 

The following six-step approach based on Giroud and Houlihan [1995] will be used to calculate 

the maximum and average liquid thicknesses, T,, and Tavg,, and the maximum and average hydraulic 

heads, h, and havg : 

Stepl. Calculate the dimensionless parameter h using the following equation: 

4i a =  
k t a n ’  p 

where: qi = the impingement rate of flow into the drainage layer; k = hydraulic conductivity of the 

drainage layer material; and j3 = angle between the horizontal and slope. 

0 Step 2. Use Equations 2 and 3 to calculate T,, 

j = 1 - 0.12exp log(8a/ 5 )  518 ] ’ ] 
(3) 

where: T,, = maximum liquid thickness; L = length of the slope; j = corrective coefficient; h = 

parameter defined by Equation (1); and j3 = angle between the horizontal and slope. 

Step 3. Calculate the maximum hydraulic head, h,-, from Equation 4. 

h,, = T,, cosp 

Step 4. Use Table 1 or Figure 2 to obtain Tav$T-. 

Step 5. From T,, obtained in Step 2 and Tav$T- obtained in Step 4, calculate Tavg. 

Step 6. Calculate the average hydraulic head, h a y ,  from Equation 5 .  

h, = T, cosp 
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Table 1: ,:Values of TavJTm and mJL 

0.00 
0.002 
0.005 
0.01 

0.02 
0.03 
0.04 
0.05 

0.07 
0.08 
0.09 
0.10 

0.12 
0.14 
0.15 
0.16 

0.17 
0.18 
0.20 
0.23 

0.25 
0.35 
0.40 
0.45 

0.500 
0.50 
0.51 
0.52 

0.53 
0.54 
0.55 
0.56 

0.57 
0.58 
0.59 
0.60 

0.61 
0.62 
0.63 
0.64 

0.65 
0.66 
0.67 
0.68 

0.69 
0.70 
0.71 
0.72 

1 .o00 
0.99 
0.98 
0.97 

0.94 
0.92 
0.90 
0.89 

0.86 
0.85 
0.84 
0.83 

0.82 
0.80 
0.79 
0.78 

0.77 
0.76 
0.75 
0.73 

0.71 
0.70 
0.70 
0.69 

0.50 
0.53 
0.57 
0.62 

0.67 
0.73 
0.80 
0.87 

0.95 
1.05 
1.16 
I .32 

1.58 
2.0 
3.2 
5.5 

8.5 
13 
19 
30 

55 
135 
lo00 
a0 

0.73 
0.74 
0.75 
0.76 

0.77 
0.78 
0.79 
0.80 

0.81 
0.82 
0.83 
0.84 

0.85 
0.86 
0.87 
0.86 

0.85 
0.84 
0.83 
0.82 

0.81 
0.80 
0.79 
0.785 

0.68 - 0.68 - 0.67 
0.68 - 0.68 - 0.66 
0.67 - 0.67 - 0.65 
0.66 - 0.66 - 0.64 

0.66 - 0.66 - 0.63 
0.65 - 0.65 - 0.61 
0.64 - 0.63 - 0.59 
0.63 - 0.62 - 0.57 

0.62 - 0.61 - 0.55 
0.60 - 0.60 - 0.53 
0.59 - 0.58 - 0.51 
0.57 - 0.56 - 0.47 

0.57 - 0.53 - 0.43 
0.51 - 0.49 - 0.37 
0.44 - 0.41 - 0.26 
0.36 - 0.31 - 0.16 

0.30 - 0.23 - 0.11 
0.25 - 0.17 - 0.07 
0.21 - 0.13 - 0.05 
0.17 - 0.09 - 0.03 

0.13 - 0.05 - 0.02 
0.08 - 0.02 - 0.01 
0.03 - 0.00 - 0.00 

0 - 0 - 0  

Nou: This table was established using Equatiom 46. 50 d 5 1  for values of X 2 0.25. and using cham. published 
by McEnroc and schrocdcr (1988). for X C 0.25. The ratio T d -  varies very little with thc slopc angle. 0: whcn 
P varies bnwetn 0 and 45'. thc change in T&- is typically less rhan 0.03. Therefore. thc rabuhd values of 
T&- (which arc average values) arc eithcr uoaifsted or affected by 2 0.01. The ovo limit values for T d - ,  
i.r. I12 (for X = 0) and d 4  (for A = a). an accume. For X c 0.5. the values of x,,/L as0 vary very little with 
4: in chis cay. when d varies beouecn 0 and 45'. the tabluared values of xJL are eithcr unaffcfted or affected by c 
0.01. For X > 0.5. the influence of 9 onML is significant. To illusuau the intluence of J in rhis fay. thrrc valucs 
of~Larccabulataiinthclaacoiumx thcvalueonthcleftisfor0 c rand < ~046.themiddlevalueisfortaae 
= 113 (ix. a 1V:3H slope) and thc value on the right is for rand = I Le .  a 1V:IH slope) (see F i g m  11). It should 
be noted thar. in the chans by McEnroc and Schroedtr (19881. thc paramcctr A is mi used Therefore. it docs ~t 
appear in rho= chans thar T 6 r ,  and 10 a carain e x m .  zJL arc indrpndcnrof 9. 



Figure 2: Values of Tav$T- and xdL 
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Transmissivitv: The transmissivity of the drainage layer will be calculated as the product of the 

hydraulic conductivity of the drainage layer and the drainage layer thickness as shown in the following 

. 

where: e d  = hydraulic transmissivity of the drainage layer; kd = the hydraulic conductivity of the drainage 

material; and Dd = the thickness of the drainage layer. 

GEOTEXTILE FILTER DESIGN 

Geotextile filters are used to separate different material types from each other. In the final-cover 

system, a geotextile filter will be used between the biointrusion barrier layer and the cover drainage layer 

as shown in Figure 1. The geotextile filters will be designed based on criteria proposed by Christopher 

and Holtz [1994], Giroud [1982], and USEPA [1987] which include a retention criterion, a permeability 

criterion, and a clogging criterion. These criteria are described in Table 2. Survivability requirements, 

such as grab, tear, puncture, and burst strength, to ensure adequate resistance to stresses applied on the 

geotextile during installation and during design life will be included in the material specifications for this 

project . 

In the cover system, the openings in the geotextile must be small enough to retain fine soil 

particles and prevent them from entering the cover drainage layer and must also be large enough to allow 

liquid to pass through the soillgeotextile interface without signtficant flow impedance. 

SOIL FILTRATION CHARACTERISTICS 
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Table 2: Filter Criteria for Geotextile, Adapted From [Christopher and 

H o b ,  1984; Giroud, 1982; and USEPA, 19871 

I .  RETENTION CRITERION 

1.1 Soils with less t h a n  50 percent particles < 0,075 mm (> US Sieve No. 
200) 

Density index Linear coefficient of 
uniformity of the soil of the soil 

(Relative density) 
1 < C l U  < 3 C I u  > 3 

1 oose 
soi 1 

I, < 35% 

med i um 
dense 
soil 

35% < I, < 65% O,, < 1.S C'u  d,, 

1.2 Soils w i t h  more than  50 percent particles < 0.075 mm (US Sieve 200) 

O,, 5 210 rn ( 2  US Sieve 70) 

2. PERMEABILITY CRITERION 

2.1 Critical and/or Severe Applications 

kgeoroltt 1. > 10 ksoll 
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Table 2 (Continued): Filter Criteria for Geotextile, Adapted From [Christopher and 

Holtz, 1984; Giroud, 1982; and USEPA, 19871 

2.2 Noncr tical and Nonsevere Appl 

kgdotaxti ~r > kroi 1 

cati ons 

3. CLOGGING CRITERION 

Nonwoven geotextiles: porosity, n, > 30% 

Woven geotextiles: percent open area, A > 4% 

Notes: O,, is the apparent opening size (AOS) of the geotextile. 

where d and d', are the top and bottom extremities, respectively, 
of a line drawn through the central portion of a soil particle-sire 
distribution curve. 

d5a and d,, are soil partlcle sizes for which 50% and 852, 
respectively, of particles are finer by weight. 

I, - (e - emin)/(emrr - emin), where: 
minimum void ratio; and em = soil maximum void ratio. 

e - soil void ratio; emin = soil 

k , , m  le = geotextile hydraulic conductivity 

klo,, - soil hydraulic conductivity 
The porosity n, (dimensionless) is calculated as follows: n, - 1 - 
p d ( p ,  tJ, where: pg = geotextile mass per unit area; p, = polymer 
density: and t, - geotexttle thickness. Basic SI units are: p, 
(ks/m2), P, (kg/m'), and t, (m). 
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The final-closure cover system contains a granular filter which separates the vegetative sod layer 

and the biointrusion barrier layer. Analyses will be performed to ensure that these soils are selffiltering. 

The following filtration criteria will be used: 

. 

. 
(dls of bottom material / dg5 of top material) I 3 to 5 .  

(dls of bottom material / d15 of top material) 2 3 to 5 .  

where d15 corresponds to the material particle size for which 15 percent by weight of the particles are 

finer and dg5 corresponds to the material particle size for which 85 percent by weight of the particles are 

finer. 

BIOINTRUSION BARRIER LAYER DESIGN 

The purpose of the biointrusion barrier layer is to deter and inhibit downward advancement of 

roots and burrowing animals. However, all of the final-closure cover system components must be 

adequately designed to prevent biointrusion. These components will be designed to meet the 

requirements described below: 

@ 

The top soil layer should be vegetated with species of shallow roots @e., no deeply-rooted 

shrubs or trees). 

The top soil should be of favorable water and nutrient conditions to allow for healthy growth 

of plants and to discourage plant roots and animals fiom penetrating deeper into the 

underlying soil layers in search of water or nutrients. The top soil should also be thick enough 

and of appropriate hydraulic conductivity for optimal moisture retention (loamy soils make 

good top soils but gravels and cobbles don’t). 

Appropriate materials for the granular filter layer and the choke layer should be selected to 

prevent migration of fines into the biointrusion layer. 

The biointrusion barrier layer should be of high conductivity (i.e., large voids) to prevent 

water or soil particles fiom filling the voids and therefore deter plant root penetration 

[Hakonson, 19861. This can be achieved by specifjmg a minimum particle size of 1 to 2 

inches. 
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The gradation of the biointrusion barrier layer material should be such that at least two voids 

exist along the depth of the biointrusion layer such that roots are obstructed from penetrating 

the biointrusion layer by at least two voids. This can be achieved by making the maximum 

particle size less tharfhalf of the layer thickness. 

High quality rock with low percentage of absorbency should be used for the biointrusion 

layer. 

The drainage layer and the barrier layer should be able to remove water from the cover system 

rapidly. 

The barrier layer should be protected from freeze-thaw cycling, so as to minimize degradation 

and ease of penetration. 

Of equal tP 
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FUSION PARAMETER, y 
F i g u r e  4. Lambda c o e f f i c i e n t  ( a f t e r  Aldrich4 1953);  

0.t A ,,’ C L ~  n)=-d 
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FINAL-CLOSURE COVER SYSTEM PERFORMANCE 
DATA VERIFICATION 

. INTRODUCTION 

As described in the calculation procedures package, the following analyses will be performed: 
0 

0 

0 geotextile filter design; 
0 soil filtration characteristics; 
0 biointrusion barrier layer design; 
0 frost penetration depth analysis. 

infiltration analysis (infiltration rate through composite cap); 
drainage layer analysis (hydraulic head and transmissivity); 

In order to perform the analyses described above, the following data is required: 

INFILTRATION ANALYSIS 

The final-closure cover system infiltration analysis will be performed using the HELP model as 
part of the leachate generation analysis package. 

DRAINAGE LAYER ANALYSIS 

Hydraulic Head: 
qi = the maximum impingement rate of flow into the cover drainage layer = 0.7809 in. /day (peak 

daily value from the HELP model analyses results; Cases 3C and 3D) = 2.3~10-~  cdsec  
k = hydraulic conductivity of the cover drainage layer material = 0.1 cdsec 
p = average angle between the horizontal and slope = 7.63” (13.4%) 
L = the length of the slope = 430 ft (5160 in.) 

Transmissivitv: 
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k = hydraulic conductivity of the cover drainage material = 0.1 cdsec  
D = the thickness of the cover drainage layer = 12 in. (30.5 cm) 

GEOTEXTILE FILTER DESIGN 

The biointrusion barrier layer will consist of cobbles with minimum particle size of 4 inches. It is 
anticipated that the biointrusion layer may contain minimal amounts of fines (dust attached to the 
cobbles). These fines may migrate downwards and be retained on the geotextile. To be conservative, the 
geotextile retention criterion assuming the biointrusion protection layer material is a fine-grained soils 
will be used. 

For the geotextile not to impede flow, it should have hydraulic conductivity greater than that of 
the granular filter layer which has an assumed hydraulic conductivity of 5.8~10” cm/sec.( 5 eg L ~ ~ ~ J - ~  0 genefd;on d d a  \/u;hcahl-cfi p q c k a p  J ~ u b l e  I), 

SOIL FILTRATION CHARACTERISTICS 

It is anticipated that a suitable soil from an on-site source will be used as the vegetative soil layer. 
An appropriate gradation of the vegetative soil layer will be selected based on the filtration criteria 
presented in the procedures package. ODOT aggregate base material will be used for the granular filter 
layer. ODOT #24 stone will be used for the choke layer on top of the biointrusion barrier; and the 
biointrusion barrier will have a d5o (the equivalent diameter of which 50 percent by dry weight of selected 
material is finer) of 12 inches and a maximum particle size of 18 inches, and a minimum particle size of 4 
inches. The biointrusion layer material was selected based on criteria described in the procedures 
package. 

The grain size distribution curves for the granular filter layer, the choke layer, and the biointrusion 
layer are shown in Figure 1.  Based on these curves, dl5 and d85 for these layers are summarized below: 

d15 of granular filter layer = 0.09 - 1.2 mm 
d85 of granular filter layer = 14 - 40 mm 
dl5 of choke stone layer = 20 27 mm 001365 



Figure 1: Grain Size Distribution Curves 

for Granular Filter Layer, Choke Layer, and Biointrusion Layer 

EOULOERS SAND F I N E S  c o e a L E s  GRAVEL 

COARSE FINE SILT SIZES CLAY SIZE 

10 ' 6 .  ai 0.01 0.001 'Oo0 d loo o/ GRAIN OIAMETER IN MILLIMETERS 

@J---- Granular Filter Layer 
0 --- Choke Stone Layer 
@---- Biointrusion Layer 



d85 of choke stone layer = 48 - 60 mm 
d15 of biointrusion barrier layer = 150 - 160 mm 
d85 of biointrusion barrier layer = 420 - 450 mm 

BIOINTRUSION BARRIER LAYER DESIGN 

The biointrusion barrier layer is selected to be 3 feet thick. The biointrusion barrier’s material 
gradation must prevent the passage of finer-grained soils into the rock voids. High quality rock of low 
percentage of absorbency should be used for this layer. 



Y of 44 ?* 1 8 6  GEOSYNTEC CONSULTANTS L i -  
Page- 

- .. _ _ _  . _ _  - -- -- - - 0 . -  - - -  
.- - . - - - . - - -q:ucbL . k , . . 5 0  . FA# - ~ - ---,- ----- 



GEOSYNTEC CONSULTANTS - 4- 986 page- 6 of I L C  
,i- iia- 

_--I-___ ___ ...... -. .... __ ...... _- ..... . - .. -- . ..... __ .... .. 

..... ......... -6-61: I L c l o v 3 ) .  ..  . .  . -  - 
........... __- -_ 

........ - . . . . . .  

.- _. ........... 

~~ 

.- Spruce trees. hrurh. moss over . . . . .  
pear-soil surface 0.29 (under snow) 

. . . . . .  .- . .  __ ....... -- - 
As: above with trees cleared- 

__. >oil surface 0.25 (under snow) .... 

.!.. 1 0.5 (undcr snow) 
I .o 

..... 
I - _-_I___ 

0.6 - 1.0 I 
(prohublc r x g c  lor noriherii ! ........ .. .- ... ... 

(0.Y - 0.95) . 1 .  _____ _. ....... conditioml 
Asphalt pavement 0.29 - 1.0 or greater , 



GEOSYNTEC 

. .. ._ . .  . .. , 

: . .  
. . . .  (D 

I , I  '. .. . 
0 
E 
.I4 
R 
b 
9) 
c) 
C 0 
0 

r: 
4J 

. .  . .  ..I-. . . . 
. 
. .  

5 
Q) 9 

s 

W 0 
Q) a 
C 
4 

- -! 



e 

b ,+ ia 
GEOSYNTEC CONSULTANTS k- 

Writtar by: Mj&y- Date: 95 / 10 I \\ Reviewed by: ms Date: qs/ 1 2 1  16 
YY m m  DD Y Y  m m  DD 

- _____ . _____I_._.__ __ ................. - . .............. - ....... 

..... . . ~ 1  n G  n f i d . ;  ... p.i/ pw t . m e m .  v \ u r Y ) b  0.- C L J S  



GEOSYNTEC CONSULTANTS 'P= L -  m q , , , 9  of r4 



a 

i b, 
GEOSYNTEC CONSULTANTS w 1 8 'page / o  of 14 

19.7 

....... 

. - 
- 4 3 .. 0.- 

..... 

I 

1 . 1  02 



GEOSYNTEC CONSULTANTS i p g  a -  u36 page- I /  of 14 



. .  

GEOSYNTEC CONSULTANTS 
Y-- 

' i  

I 
i .  

I *  I !  

i :  
! ! i  

I I j  

. I  ! : !  
1 



a 

GEOSYNTEC CONSULTANTS L- !r baL 1 8  6 P * e l _ F o f / y l  
! 

I 

I '  

I 
I . .  

.e ._ . 

9 - 8 7 .  

.2!3-, 4 

2-7.0 

.. 21, 8. . .  

. . C& 

t+; 

3 5 ' .  7 
. 

__ - . . 

.I, 27.q - 

. .  
! I  

i , V I  



r. 

a 

Page /L/oi IL/ 186 GEOSYNTEC CONSULTANTS - + - -  
f ptk 



GEOSYNTEC CONSULTANTS ! &  . ' E 1 8 fl Page / of 13 

1 

8 



\3 t;, GEOSYNTEC CONSULTANTS L_ 1 8  %ge&of- 

. . _  .............. ._ . 



- 

GEOSYNTEC CONSULTANTS - ?- a,-- l $ G p a g e  3 of- \ 3  

. .  . -  . , _  . . . . . . . .  . . . .  - .  

. . .  7 'L . y- 7 . .  

. . . . .  



. .  . _ .  . . . ._ . .. - . _ _  . 

GEOSYNTEC CONSULTANTS . r  4 -  1 8 6  page ct of- 13 



'F& 3 8 6  
Page l- of / 3  - +I-- GEOSYNTEC CONSULTANTS 
Date: Q5 I rb I 1 2 ,  

Y Y  MM OD 
Written b y : a  L Date: ~ J I  1' I // Reviewed by: 3Js 

YY M M  O D  

.... . - .__,. .. 



Page h of 17 

D a t e : q S I  IO I Jz 

r 
GEOSYNTEC CONSULTANTS 

Y Y  M M  DD 
Written by: &.L * Date: 9 CT f 0 I Reviewed by: WS 

YY M M  Dn 
_--- 



pip, 

GEOSYNTEC CONSULTANTS . 8QWe 8 of G- 

- 
I- 
I - 081384 



Page 9 of I3 * 

:cE 1 8 6  
GEOSYNTEC CONSULTANTS 

Date: 9 5  I I D  I a 
Y Y  m m  DD 

Date: 5 I I 0 I I Reviewed by: MS 
YY m m  

Written by: M b- 

Client: F F m  L 6  Roject: F E W A L D  OSDF Rojecl/RoposaINo.: GE 3 900 TaskNo.: @ 8.B 

1 

c) 

. .  . . . .. . . -. . .  . .  



GEOSYNTEC CONSULTANTS ! Er 86pagc /Oaf I3 

1 .o 

0.9 

0.8 

0.7 

0.6 

0.5 

0.4 

0.3 

FUSION PARAMETER, p 



GEOSYNTEC CONSULTANTS .' % - -  18&, II of 13 

Date: 45 I 16 I b2 
YY M M  DD 

Date: 4; I lo I Ir Reviewed by: ws 
Written by: M A C  YY M M  Dn 



L O /  12 Written by: M b b  Date: 9 5 I 10 I I h e v i e w e d  by: ' pxs Date: 
YY m m  DD Y Y  m m  DD 



I 
GEOSYNTEC CONSULTANTS P ee r7 w a g e  13 of 13 2 

-2-- - 

. .  . 



I-- 



12. STORMWATER MANAGEMENT 

12.1 OSDF Perimeter Swale Sizing 
12.2 OSDF Perimeter Berm Flood 
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STORMWATER MANAGEMENT: OSDF PERIMETER SWALE SIZING 

EXECUTIVE SUMMARY 

Purpose 

The purpose of this document is to provide the engineering data and calculations 
used in the design of the OSDF perimeter drainage swale. The perimeter swale is 
designed to contain and control the OSDF runoff expected from a 2,000-year, 24-hour 
storm event. 

Method of Analysis 

The computer program TR-55 was used to determine the peak runoff expected 
from the storm event and standard open channel flow equations were used to size the 
perimeter swale. An iterative approach was required to obtain the optimum swale size. 

Conclusions 

The analyses showed that a parabolic swale with a variable geometry provided the 
optimum control of the 2,000-year and smaller storm events. The swales, located 
around the OSDF, will range in size from 40 feet wide by 2.5 feet deep to 56 feet wide 
by 3.5 feet deep. The channels will be either grass or riprap lined depending on the 
runoff flow velocities within the channels. 



i )JI, 

GEOSYNTEC CONSULTANTS :g 1 8 6  Page-of- 1 3  



GEOSYNTEC CONSULTANTS -. 1 8 G g e  2 0 ,  3 

Date: sf l  10 I f C 
Y Y  m m  DD 

Adf c Date:25/ I /3 Reviewed by: 
YY m m  on 

Writtenby: &% 



l b  
GEOSYNTEC CONSULTANTS u36 Page 3 of 3 

Date: 5<1/3 I 1 6  Written by: e 5  Date: S I L O  I I3 Reviewed by: AAc Y Y  m m  DD YY m m  Dn 

P r o j e c ~ p o s a l  NO.: Task No.: Client 

. - .  _ _  .. . . .. . . . _ _  . . . - . - 



. 

b *  
. GEOSYNTEC CONSULTANTS LI-- Page I of L-F . c c =  1 8 6  

Written by: & Date: 951 io I 13 Reviewed by: Date: $;I 10 I f 6  
Y Y  M M  DD 

c 
YY M M  DD 

client: m~ Project: aS0F Projecc/Roposal NO.: 6E39O 0 Task No.: 0 8- 

. !  

1 

S W E :  



. .  . .  c  CONSULT^ . .. : _ .  . . _  

lul z;! .- 

I zoo 

. .  

- .  . 

7.72 

15. s y  

. --. 

0 D o 7 T  

0,0073 

0038398 



Date: I 16  
Y Y  M M  DD 

Written by: &% Date: 951 10 I I3 Reviewed by: /c 
YY m m  DD 

client: m m  Project -OF prOject/Roposal No.: G63WO Task No.: 08-1 

- . . .  



. . . . . . . .  . . . .  .................... .... . . . . . . . .  . . . . . . .  . . .  .. _. . . . . . . .  . . .  . . .  . . . .  ...... . .  . .  - . .  . .  
-- 

. .  ,. . .  - .  -- --.......-..... .'..I... ..-;-.I I-..* -_ t ..:'. : . .  



'186 
7B'd lU101 / 

. . . . . . .  

. . .  

.--  ........ ..-_. ....... . .- . 

..... ... . . - 

. . . . . . . . .  

. . . . . . . .  ... 

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

. . . . . . .  ..... _ _  

.... .... 

. . . . . .  ._ 

. .-- 

.... 

081402 

-- . 

..... .... .. . . . . . . . . . . . . .  . . . . . . .  . . . . . . . .  ... . __ . ,___ 
.- . -  - 

- 
SlNtlllnSN03 331NAS033 TP:PT S667-EK-130 



69 331NAS039 62:8T 5661-ET-130 

86 



8 

.......... .- - - . . __ . . __ - - - - -. - - - . .- . __ --. - - ... -. ......... _- ............ 
. . . . . . . . .  - __ . .... __ .... ................ - .................................. 

. . . . .  _ _  ..... . _ _ _  __ ..... _ _  . . . . .  ... -. . . . . .  - .  .. ... _ _  
. . . .  _ _ _ _  _. .-.- . ._ _ _  . . . . . . . . . . . . . . .  - . . .  - -- .. ... --__.-- 



a 

~ . . 

r- 



.. , . . .  . .  . .  ._.. . .  . . , . . .  - . . 





186 TABLE A-1 - RAINFALL DEPTH FOR A GIVEN DURATION 
L -  (INCHES) 

DESIGN OF SMALL DAMS 

NOTE: Rainfall Points For 2, 5, and 10 year rainfall events were adjusted per TP-40. Values for the 
500, 2000, and 10,000 Year Events were interpolated from Figure 3 (Appendix E) 

* These values are used on PH Records for HEC-1. 

\PO 148\CALCSElXALCAPP A-2 001407 



B-2 

& 
R 
P 

e 
0 . 

I 
J 

(210-VI-TI<-55, Secolld Ed., June 198ti) 



. _  .. 

CROSS- ELEVATION FOR 
S ECTlO N 
NUMBER 2,000 YEAR PMP 

CROSS- ELEVATION FOR 
S ECTlO N 
NUMBER 2,000 YEAR PMP 1 ; 1 536.0 1 z;;:; 11 ;; 1 5 5 3 . 6 r l  

536.4 554.3 570.2 

2.1 536.3 542.4 29 553.8 569.3 

11 2.2 I 536.5 I 543.1 11 30 I 553.5 569.1 11 

21.1 

22 

23 

24 

24.1 

25 

25.1 

Note: See Appendix D and E for HEC-2 Calculation supporting data. AI1 water surface elevations at referenced 
to North American Vertical Datum 1929 (NAVD 29). 

546.5 556.0 49 582.9 595.7 - 
546.8 556.5 50 / 583.4 595.9 /-+ - - 
547.8 557.1 51 583.2 595.5 

548.9 559.5 

547.9 557.5 

547.6 558.9 

553.5 569.1 

02: 148: 150:0007-95 
\PO148\CALCSEllCALCDOC 
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Sl1cel flow 

For  sheet flow of less than 300 feet, use M;iiiliiiiK*s 

kinemiltic solution (Overton and M e a d o ~ s  1'376) to 
compute T,: 

Table J-l.-Itou~hness coefficients (M;tnniiig's n )  for 
shcet flow 

Surface description I! I 

Smooth surfaces (concrete, asphalt. gi.;ivel. or 
bare soil). .................................. 0.011 

Fallow (no residue). ......................... 0.05 

Cultivated soils: 
Residue cover g 2 0 4  ...................... 0.0(i 
Residue cover >20% ...................... 0.17 

. -  
-1. 8 6. 

i )., - 
p ' -  

Crass: 

3-3 
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OSDF Perimeter Access and Flood Protection Berm . +- 1 8 6  
Channel Geometry and Calculation of Flow Area and Wetted Perimeter for various flow depths 

Equations: 

Flow Area (A): 

Wetted Perimeter (Pw): 

A = Y (W + Y/2 ( l is1 +l/S2)) 

Pw = W + Y ( (1 + l/SlA2)"0.5 + (1 + 1/S2"2)A0.5 ) 

where: Y = maximum flow depth 
W =width of channel bottom = 0 
S1 = left slope (rise/run) 
S2 = right slope (rise/run) 

Hydraulic Radius (r): r=A/Pw 

Flow Height Channel 
Choke R. Depth s1 s2  A (s9 Pw (ft) r (ft) of Berm Slope 

A 1 
2 
3 
4 
5 

B 1 

C 

D 

0.25 
0.25 
0.25 
0.25 
0.25 

0.25 
0.25 
0.25 
0.25 
0.25 

0.25 
0.25 
0.25 
0.25 
0.25 

0.25 
0.25 
0.25 
0.25 
0.25 

0.05 
0.05 
0.05 
0.05 
0.05 

0.03 
0.03 
0.03 
0.03 
0.03 

0.02 
0.02 
0.02 
0.02 
0.02 

0.02 
0.02 
0.02 
0.02 
0.02 

12.00 24.15 
48.00 48.30 
108.00 72.44 
192.00 96.59 
300.00 120.74 

17.00 34.14 
68.00 68.28 
153.00 102.42 
272.00 136.56 
425.00 170.70 

27.00 54.13 
108.00 108.27 
243.00 162.40 
432.00 216.53 
675.00 270.67 

27.00 54.13 
108.00 108.27 
243.00 162.40 
432.00 21 6.53 
675.00 270.67 

0.50 8 f t  0.01 
0.99 
1.49 
1.99 
2.48 

0.50 9 f t  0.0035 
1 .oo 
1.49 
1.99 
2.49 

0.50 8 f t  0.0086 
1 .oo 
1 S O  
2.00 
2.49 

0.50 10 ft 0.01 
1 .oo 
1 S O  
2.00 
2.49 

..... 
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TIME OF CONCENTRATION AND TRAVEL TIME Version 2.00 

I$ 
: FERMCO - OSDF User: ESS gf Date: 10-M-95 
: BUTLER State: OH Checked: Adc Date : 10 -16 - P Y  ! 

  title: PERIMETER SWALE SIZING FOR 2000 YEAR STORM - EAST SWALE 

- - -  Sheet Flow Surface Codes - - -  
A Smooth Surface F Grass, Dense - - -  Shallow Concentrated - - -  
B Fallow (No Res.) G Grass, Burmuda - - -  Surface Codes - - -  
C Cultivated e 20 % Res. H Woods, Light P Paved 
'D Cultivated > 20 % Res. I Woods, Dense U Unpaved 
E Grass-Range, Short J Range, Natural 

* - Generated for use by TABULAR method 



TABULAR HYDROGRAPH METHOD Version 2.00 

15 
: FERMCO - OSDF User: ESSYq Date: 10-&d-95 
: BUTLER State: OH Checked: h’*c Date: 10 - 1 6 - s . r  

Ltitle: PERIMETER SWALE SIZING FOR 2000 YEAR STORM - EAST SWALE 

Total watershed area: 0.020 sq mi Rainfall type: I1 Frequency: 20ooyears 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Subareas _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
A- 1 

Area(sq mi) 0.02 
Rainfall (in) 13.0 
Curve number 98 
Runoff (in) 12.76 
Tc (hrs) 0.27* 

(Used) 0.30 
TimeToOutlet 0.00 

(Used) 0.10 
Ia/P 0.00 

Time 
(hr) 

11.0 
11.3 
11.6 
11.9 
12.0 

yz: 
12.4 
12.5 
12.6 
12.7 
12.8 
13.0 
13.2 
13.4 

13.6 
13.8 
14.0 
14.3 
14.6 
15.0 
15.5 
16.0 

16.5 
17.0 
17.5 

._ i . 0  
26.0 

Total _ _ _ _ _ _ _ _ _ _ _ _ _  Subarea Contribution to Total Flow (cfs) - - - - - - - - - - - -  
Flow 

5 
7 
10 
30 
59 
113 
171P 
171 

116 
71 
50 
37 
29 
20 
17 
14 

13 
12 
11 
9 
8 
8 
7 
6 

6 
5 
5 
5 
4 
3 
3 
0 

A- 1 

5 
7 
10 
30 
59 
113 

171 
171p - p a t  F j w  

116 
71 
50 
37 
29 
20 
17 
14 

13 
12 
11 
9 
8 
8 
7 
6 

IWZQfj 
P - Peak Flow * - value(s) provided from TR-55 system routines 

Z ! u , = t  
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TIME OF CONCENTRATION AND TRAVEL TIME Version 2'. 60 

: FERMCO - OSDF User: ESd' Date: 10-3-95 
: BUTLER State: OH Checked: AAC Date: /o - 16 --gJ '. .atitle: PERIMETER SWALE SIZING FOR 2000 YEAR STORM - EAST SWALE 4- 

- - -  Sheet Flow Surface Codes - - -  
A Smooth Surface F Grass, Dense - - -  Shallow Concentrated - - -  
B Fallow (No Res.) G Grass, Burmuda - - -  Surface Codes - - -  
C Cultivated e 20 % Res. H Woods, Light P Paved 
D Cultivated > 20 % Res. I Woods, Dense U Unpaved 
E Grass-Range, Short J Range, Natural 

* - Generated for use by TABULAR method 



. .  . . . . . . . . 

TABULAR HYDROGRAPH METHOD 

: FERMCO - OSDF 
: BUTLER State: OH Checked: A r t  

User: ESS fl( 
t...Jtitle: PERIMETER SWALE SIZING FOR 2000 YEAR STORM - EAST SWALE 

Version 2.00 

15 
Date: 10-26-95 
Date: 10 - I C -  Sr 

Total watershed area: 0.036 sq mi Rainfall type: I1 Frequency : 2 w e a r s  
. . . . . . . . . . . . . . . . . . . . . . . . . .  Subareas _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
A- 2 

Area(sq mi) 0.04 
Rainfall (in) 13.0 
Curve number 98 
Runoff (in) 12.76 
Tc (hrs) 0.33* 

(Used) 0.30 
TimeToOutlet 0.00 

(Used) 0.10 
Ia/P 0.00 

Time 
(hr) 

11.0 
11.3 
11.6 
11.9 
12.0 

a: 
12.4 
12.5 
12.6 
12.7 
12.8 
13.0 
13.2 
13.4 

13.6 
13.8 
14.0 
14.3 
14.6 
15.0 
15.5 
16.0 

16.5 
17.0 
17.5 

G! . o  

26.0 

Total _ _ _ _ _ _ _ _ _ _ _ _ _  Subarea Contribution to Total Flow (cfs) - - - - - - - - - - - -  
Flow 

9 
13 
19 
54 
108 
206 
311P 
311 

211 
130 
90 
67 
5 3  
37 
30 
26 

23 
21 
19 
17 
15 
14 
13 
11 

10 
9 
9 
‘ 8  
7 
6 
6 
0 

A- 2 

9 
13 
19 
54 
108 
206 
311P 
311 

211 
130 
90 
67 
53 
37 
30 
26 

23 
21 
19 
17 
15 
14 
13 
11 

P - Peak Flow * - value(s) provided from TR-55 system routines QQl434 
?OF2 
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4- 8 8  I2 Gp 

TIME OF CONCENTRATION AND TRAVEL TIME 

if /  

Version 2 .00  

15 
Date: 10-)rb-95 : FERMCO - OSDF User: ESS, 4)[ <@E;t : BUTLER State: OH Checked: / IAC Date: / o - / G - ~ <  

!- . .  .. >title: PERIMETER SWALE SIZING FOR 2000 YEAR STORM - EAST SWALE 

Time of Concentration = 0 .31"  
----- ----- 

A 
B 
C 
D 
E 

- - -  Sheet Flow Surface Codes - - -  
Smooth Surface F Grass, Dense - - -  Shallow Concentrated - - -  
Fallow (No Res. ) G Grass, Burmuda - - -  Surface Codes 
Cultivated c 20 % Res. H Woods, Light P Paved 
Cultivated > 20 % Res. I Woods, Dense U Unpaved 
Grass-Range, Short J Range, Natural 

- - -  

* - Generated for use by TABULAR method 
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TIME OF CONCENTRATION AND TRAVEL TIME Version 2.00 

I f  
: FERMCO - OSDF User: ESS d' Date: 10-kd-95 
: BUTLER State: OH Checked: AAC Date: /0-/6-y-->" 
PERIMETER SWALE SIZING FOR 2000 YEAR STORM - EAST SWALE 

- - -  Sheet Flow Surface Codes - - -  
Shallow Concentrated - - -  A Smooth Surface F Grass, Dense - - -  

B Fallow (No Res.') G Grass, Burmuda - - -  Surface Codes - - -  
C Cultivated e 20 % Res. H Woods, Light P Paved 
D Cultivated > 20 % Res. I Woods, Dense U Unpaved 
E Grass-Range, Short J Range, Natural 

* - Generated for use by TABULAR method 



TABULAR HYDROGRAPH METHOD Version 2.00 

: FERMCO - OSDF 
: BUTLER State: OH Checked: LAC 

User: E S S ~  

PERIMETER SWALE SIZING FOR 2000 YEAR STORM - EAST SWALE 

15 
Date: 10-20-95 
Date : /O -/6- S S ~  

Total watershed area: 0.052 sq mi Rainfall type: I1 Frequency: 20Coyears 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Subareas _ - _ - _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
A-3 

Area(sq mi) 0.05 
Rainfall (in) 13.0 
Curve number 98 
Runoff (in) 12.76 
Tc (hrs) 0.38* 

(Used) 0.40 
TimeToOutlet 0.00 
Ia/P 0.00 

(Used) 0.10 

Time 
(hr) 

11.0 
11.3 
11.6 
11.9 
12.0 

ai 
12.4 
12.5 
12.6 
12.7 
12.8 
13.0 
13 -2 
13.4 

13.6 
13.8 
14.0 
14.3 
14.6 
15.0 
15.5 
16.0 

16.5 
17.0 
17.5 

@ . . :o 
26.0 

Total _ _ _ _ _ _ _ _ _ _ _ _ _  Subarea Contribution to Total Flow (cfs) - - - - - - - - - - - -  
Flow 

12 
17 
24 
51 
94 
181 
312 
395P 

383 
288 
199 
144 
109 
69 
51 
42 

37 
33 
29 
25 
23 
21 
19 
17 

15 
14 
13 
12 
11 
9 
8 
0 

A- 3 

12 
17 
24 
51 
94 
181 
312 
395P 4 PGW l9clCu 

383 
288 
199 
144 
109 
69 
51 
42 

37 
33 
29 
25 
23 
21 
19 
17 

15 
14 
13 
12 

9 
8 
0 

11 &c% F#m\ 65A3-/,55 h 

P - Peak Flow * - value(s) provided from TR-55 system routines gBGI440 

2 OF 2 
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; b  

p &  
TIME OF CONCENTRATION AND TRAVEL TI& - Version 2.00 

f5 
: FERMCO - OSDF User: ESSlfl Date: 10-20-95 
: BUTLER State: OH Checked: AAc Date: / o - / c - C G - .  
PERIMETER SWALE SIZING FOR 2000 YEAR STORM - EAST SWALE 

- - -  Sheet Flow Surface Codes - - -  
A Smooth Surface F Grass, Dense - - -  Shallow Concentrated - - -  
B Fallow (No Res.) G Grass, Burmuda - - -  Surface Codes - - -  
C Cultivated c 20 % Res. H Woods, Light P Paved 
D Cultivated > 20 % Res. I Woods, Dense U Unpaved 
E Grass-Range, Short J Range, Natural 

* - Generated for use by TABULAR method 

- .  



.::e 
Date: qcl a I Zc 

Y Y  M M  DD 
Date: 5110 I 6 Reviewed by: 

YY M M  Dn 
Written by: & 



TIME OF CONCENTRATION AND TRAVEL TIME Version 2.00 

A 
B 
C 
D 
E 

- - -  Sheet Flow Surface Codes - - -  
Smooth Surface F Grass, Dense - - -  Shallow Concentrated - - -  
Fallow (No Res.) G Grass, Burmuda - - -  Surf ace Codes 
Cultivated e 20 % Res. H Woods, Light P Paved 
Cultivated > 20 % Res. I Woods, Dense U Unpaved 
Grass-Range, Short J Range, Natural 

- - -  

* - Generated for use by TABULAR method 



TABULAR HYDROGRAPH METHOD Version 2.00 

L5 
: FERMCO - OSDF ’ User: E S d f  Date: 10-H-95 

t.y ’ : BUTLER State: OH Checked: - ,fdc Date: /6 - IC- ~r 
PERIMETER SWALE SIZING FOR 2000 YEAR STORM - EAST SWALE 

Total watershed area: 0.060 sq mi Rainfall type: I1 Frequency: 2Wyears 

Area(sq mi) 0.06 
Rainfall(in) 13.0 
Curve number 98 
Runoff (in) 12.76 
Tc (hrs) 0.39* 

(Used) 0.40 
TimeToOutlet 0.00 

(Used) 0.10 

. . . . . . . . . . . . . . . . . . . . . . . . . .  Subareas _ - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
A-4 

Ia/P 0.00 

Time 
(hr) 

11.0 
11.3 
11.6 
11.9 
12.0 
12.1 .m 
12.4 
12.5 
12.6 
12.7 
12.8 
13.0 
13.2 
13.4 

13.6 
13.8 
14.0 
14.3 
14.6 
15.0 
15.5 
16.0 

16.5 
17.0 
17.5 .g 
26.0 

Total _ _ _ _ _ _ _ _ _ _ _ _ _  Subarea Contribution to Total Flow (cfs) - - - - - - - - - - - -  
Flow 

14 
19 
28 
59 

108 
208 
360 
455P 

442 
332 
229 
166 
125 
80 
59 
48 

42 
38 
34 
29 
26 
24 
22 
19 

17 
16 
15 
14 
12 
11 
9 
0 

A-4 

14 
19 
28 
59 

108 
208 
360 
455P 4 Psar Pow 

442 
332 
229 
166 
125 
80 
59 
48 

42 
38 
34 
29 
26 
24 
22 
19 

17 
16 
15 
14 
12 
11 
9 
0 

(PQ1444 P - Peak Flow * - value(s) provided from TR-55 system routines 
2 o p . 5  
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TIME OF CONCENTRATION AND TRAVEL TIME Version 2.00 

15 User: ESS Date: 10-20-95 : FERMCO - OSDF 
State: OH Checked: /rdc Date: / 0 - / 6  -$I : BUTLER 

PERIMETER SWALE SIZING FOR 2000 YEAR STORM - WEST SWALE I 

- - -  Sheet Flow Surface Codes - - -  
A Smooth Surface F Grass, Dense 
B Fallow (No Res.) G Grass, Burmuda 
C Cultivated c 20 % Res. H Woods, Light 
D Cultivated > 20 % Res. I Woods, Dense 
E Grass-Range, Short J Range, Natural 

* - Generated for use by TABULAR method 

- - -  Shallow Concentrated - - -  
- - -  Surface Codes - - -  

P Paved 
U Unpaved 



PArs y.7 
TABULAR HYDROGRAPH METHOD .LE 186 Version 2 .00  

I5 
FERMCO - OSDF User: ES sl(' Date: 10-3-95 
BUTLER State: OH Checked: A l C  Date: /o - /c -Sr 
PERIMETER SWALE SIZING FOR 2000 YEAR STORM - WEST SWALE 

Total watershed area: 0.004 sq mi Rainfall type: I1 Frequency: 20uDyears 

Area(sq mi) 0.00 
Rainfall (in) 13.0 
Curve number 98 
Runoff (in) 12.76 
Tc (hrs) 0.21* 

(Used) 0.20 
TimeToOutlet 0.00 

. . . . . . . . . . . . . . . . . . . . . . . . . .  Subareas _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _  
B-1 . 

Ia/P 

Time 
(hr) 

11.0 
11.3 
11.6 
11.9 
12.0 

12.4 
12.5 
12.6 
12.7 
12.8 
13.0 
13.2 
13.4 

13.6 
13.8 
14.0 
14.3 
14.6 
15.0 
15.5 
16.0 

16.5 
17.0 
17.5 

@ - - . o  
26.0 

0.00 
(Used) 0.10 

Total _ _ _ _ _ _ _ _ _ _ _ _ _  Subarea Contribution to Total Flow (cfs) - - - - - - - - - - - -  
Flow 

1 
2 
3 
12 
23 
42 
46P 
28 

14 
10 
7 
6 
5 
4 
4 
3 

1 
1 
1 
1 
1 
1 
1 
0 

B-1 

1 
2 
3 
12 
23 
42 
46P 
28 

14 
10 
7 
6 
5 
4 
4 
3 

3 
3 
2 
2 
2 
2 
2 
1 

1 
1 
1 
1 
1 
1 
1 

. o  
P -I Peak Flow * 

4 Posr 

- value ( s )  provided from TR-55 system routines oQ1i&i:&B 
z o/=z 



1 8 6  page- ze.,Y(I GEOSYNTEC CONSULTANTS I i_E 



TIME OF CONCENTRATION AND TRAVEL TIME Version 2.00 

6 
: FERMCO - OSDF User: ESS f i /  Date: 1 0 - W - 9 5  
: BUTLER State: OH' Checked: /IAc Date: 10 -&- SJ-* 
PERIMETER SWALE SIZING FOR 2000 YEAR STORM - WEST SWALE 

- - -  Sheet Flow Surface Codes - - -  
A Smooth Surface F Grass, Dense - - -  Shallow Concentrated - - -  
B Fallow (No Res.) G Grass, Burmuda - - -  Surface Codes - - -  
C Cultivated c 20 % Res. H Woods, Light P Paved 
D Cultivated > 20 % Res. I Woods, Dense U Unpaved 
E Grass-Range, Short J Range, Natural 

* - Generated for use by TABULAR method 



TABULAR HYDROGRAPH METHOD Version 2.06 

k5 
: FERMCO - OSDF User: ES E d  Date: 10-&Q-95 
: BUTLER State: OH Checked: A.*c Date: / 0 - / 6 -  sf 
PERIMETER SWALE SIZING FOR 2000 YEAR STORM - WEST SWALE 

Total watershed area: 0.007 sq mi Rainfall type: I1 Frequency : 2Ot0years 

Area(sq mi) 0.01 
Rainfall (in) 13.0 
Curve number 98 
Runoff (in) 12 .76  
Tc (hrs) 0.22* 

(Used) 0.20 
TimeToOutlet 0.00 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Subareas _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - _ _ _ _ _ _  
B-2 

Ia/P 

Time 
(hr) 

11.0 
11.3 
11.6 
11.9 
12.0 

@i 
12.4 
12.5 
12.6 
12.7 
12.8 
13.0 
13 -2 
13.4 

13.6 
13.8 
14.0 
14.3 
14.6 
15.0 
15.5 
16.0 

16.5 
17.0 
17.5 
18.0 :w Ad'. 0 

26.0 

0.00 
(Used) 0.10 

Total _ _ _ _ _ _ _ _ _ _ _ _ _  Subarea Contribution to Total Flow (cfs) - - - - - - - - - - - -  
Flow 

2 
3 
4 
18 
35 
65 
70P 
42  

22 
15 
11 
9 
8 
6 
5 
5 

4 
4 
4 
3 
3 
3 
2 
2 

2 
2 
2 
2 
1 
1 
1 
0 

B-2 

2 
3 
4 
18 
35 
65 
70P -- Pmr f 5  
42 

22 
15 
11 
9 
8 
6 
5 
5 

p - Peak Flow * - value(s) provided from TR-55 system routines oGl&'%t 
? o p t  
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ks 1 $6.. 3 2  Of f l  
TIME OF CONCENTRATION AND TRAVEL IFIF, Version 2.00 

- - -  Sheet Flow Surface Codes - - -  
A Smooth Surface F Grass, Dense - - -  Shallow Concentrated - - -  
B Fallow (No Res.) G Grass, Burmuda - - -  Surface Codes - - -  
C Cultivated e 20 % Res. H Woods, Light P Paved 
D Cultivated > 20 % Res. I Woods, Dense U Unpaved 
E Grass-Range, Short J Range, Natural 

* - Generated for use by TABULAR method 

C' 



b r z m  

Version 2 . 0 0  
. p - ”  188 

TABULAR HYDROGRAPH METHOD 

45 py ject : FERMCO - OSDF 
5; title: PERIMETER SWALE SIZING FOR 2000 YEAR STORM - WEST SWALE 

User: ESS cr/ Date: 10-.3d-95 
: BUTLER State: OH Checked: /Jc Date: /b -k -S~?  . 

Total watershed area: 0 . 0 2 3  sq mi Rainfall type: I1 Frequency: 2wears 
_ _ _ _ _ _ _ _ _ _ _ _ _ - - - - _ _ _ - - - - - -  Subareas _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
B-3 

Area(sq mi) 0 . 0 2  
Rainfall (in) 1 3 . 0  
Curve number 98 
Runoff (in) 1 2 . 7 6  
Tc (hrs) 0 . 3 0 *  
TimeToOutlet 0.00 

(Used) 0.10 
Ia/P 0.00 

Time Total _ _ _ _ - _ _ - - _ - - -  Subarea Contribution to Total Flow (cfs) - - - - - - - - - - - -  
(hr) Flow B - 3  

1 1 . 0  
11.3 
1 1 . 6  
1 1 . 9  
1 2 . 0  
1 2 . 1  
1 2 . 2  -e 
1 2 . 4  
1 2 . 5  
1 2 . 6  
1 2 . 7  

1 3 . 0  
1 3 . 2  
1 3 . 4  

1 2 . 8  

6 
8 

1 2  
34  
6 8  

1 2 9  
1 9 5 P  
1 9 5  

1 3 2  

5 7  
4 2  

’ 33 
23  
1 9  
1 6  

a 2  

1 3  - 6  15 
1 3  . a  13 
1 4 . 0  1 2  
1 4 . 3  11 
1 4 . 6  1 0  
15.0 9 

1 6 . 0  7 
15 .5  a 

1 6 . 5  6 
1 7 . 0  6 
1 7 . 5  5 
1 8 . 0  5 
1 9 . 0  . 5  

4 

20.0 0 
.@ 3 

P - Peak Flow 

6 

1 2  
34  
6 8  

1 2 9  
195P E 
1 9 5  

a 

PaLC 12uCu 

1 3 2  

5 7  
42  
3 3  
2 3  
1 9  
1 6  

a 2  

15 
1 3  
1 2  
11 
1 0  

9 
a 
7 

* - value(s) provided from TR-55 system routinm1aSQ 
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TIME OF CONCENTRATION AND TRAVEL TIME Version 2.00 

- - -  Sheet Flow Surface Codes - - -  
A Smooth Surface F Grass, Dense - - -  Shallow Concentrated - - -  

C Cultivated e 20 % Res.. H Woods, Light P Paved 
D Cultivated > 20 % Res. I Woods, Dense U Unpaved 
E Grass-Range, Short J Range, Natural 

B Fallow (No Res.) G Grass, Burmuda - - -  Surface Codes - - -  

* - Generated for use by TABULAR method 



F 

TABULAR HYDROGRAPH METHOD Version 2.00 

I5 
: FERMCO - OSDF User: ES df Date: 1 0 - i d - 9 5  

ty : BUTLER State: OH Checked: / 5 c  Date: l o - - / /  
PERIMETER SWALE SIZING FOR 2000 YEAR STORM - WEST SWALE 

Total watershed area: 0 .037  sq mi Rainfall type: I1 Frequency: 2eears 

Area(sq mi) 0 .04  
Rainfall (in) 1 3 . 0  
Curve number 98 
Runoff (in) 1 2 . 7 6  
Tc (hrs) 0 .36f  

(Used) 0 . 4 0  
TimeToOutlet 0.00 

(Used) 0.10 

_ _ - _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - -  Subareas - - - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ - - - - - -  
B-4 

Ia/P 0 . 0 0  

Time 
(hr) 

1 1 . 0  
1 1 . 3  
1 1 . 6  
1 1 . 9  
1 2 . 0  
1 2 . 1  

1 2 . 4  
1 2 . 5  
1 2 . 6  
1 2 . 7  
1 2 . 8  
1 3 . 0  
1 3 . 2  
1 3 . 4  

1 3 . 6  
13 .8  
1 4 . 0  
1 4 . 3  
1 4 . 6  
15.0 
15.5 
1 6 . 0  

Total _ _ _ _ _ _ _ _ _ _ _ _ _  Subarea Contribution to Total Flow (cfs) - - - - - - - - - - - -  
Flow B-4 

8 
1 2  
1 7  
3 6  
6 7  

1 2 8  
2 2 1  
279P 

8 
1 2  
1 7  
36 
67  

1 2 8  
2 2 1  
279P - %E 

2 7 1  2 7 1  
203 203 
1 4 1  1 4 1  
1 0 2  102  

7 7  77 
49  49 
36  36 
30 30 

26  26 
2 3  23 
2 1  2 1  
18  1 8  
1 6  1 6  
15 15 
1 3  1 3  
1 2  1 2  

16.5 1 0  1 0  
1 7 . 0  1 0  1 0  
1 7 . 5  9 9 
1 8 . 0  8 8 

2 6 . 0  0 0 
0 Q&%S 7 

P - Peak Flow * -  value(s) provided from TR-55 system routines 



TIME OF CONCENTRATION AND TRAVEL TI Version 2.00 

15 
ect : FERMCO - OSDF User: ESS f l  Date: lO-Jd-95.:.: 
ty : BUTLER State: OH Checked: A i c  Date: / o - / d -  4 1  . 

PERIMETER SWALE SIZING FOR 2000 YEAR STORM - WEST SWALE 

- - -  Sheet Flow Surface Codes - - -  
A Smooth Surface F Grass, Dense - - -  Shallow Concentrated - - -  
B Fallow (No Res.) G Grass, Burmuda - - -  Surf ace Codes - - -  
C Cultivated c 20 % Res. H Woods, Light P Paved 
D Cultivated > 20 % Res. I Woods, Dense U Unpaved 
E Grass-Range, Short J Range, Natural 

* - Generated for use by TABULAR method 



TABULAR HYDROGRAPH METHOD Version 2.00 

6 
Paject : FERMCO - OSDF User: ESSBf Date: 1 0 - 2 d - 9 5 ~ , .  

lty : BUTLER State: OH Checked: A r c  Date : 10- 16- $./ 
:itle: PERIMETER SWALE SIZING FOR 2000 YEAR STORM - WEST SWALE 

Total watershed area: 0 .037  sq mi Rainfall type: I1 Frequency: 20Doyears 

Area(sq mi) 0 . 0 4  
Rainfall (in) 1 3 . 0  
Curve number 98 
Runoff (in) 1 2 . 7 6  
Tc (hrs) ' 0.34* 

(Used) 0 .30  
TimeToOutlet 0.00 

(Used) 0.10 

. . . . . . . . . . . . . . . . . . . . . . . . . .  Subareas _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
. . B-4 

Ia/P 0.00 

Time 
(hr) 

1 1 . 0  
11.3 
1 1 . 6  
1 1 . 9  
1 2 . 0  

iE 
1 2 . 4  
12.5 
1 2 . 6  
1 2 . 7  
1 2 . 8  
1 3 . 0  
1 3 . 2  
1 3 . 4  

13.6 

1 4 . 0  
1 4 . 3  
1 4 . 6  
1 5 . 0  
15.5 
1 6 . 0  

16.5 
1 7 . 0  
17.5 
18.0 

1 3 . 8  

.e 
2 6 . 0  

Total _ _ _ _ - _ _ _ _ _ _ _ _  Subarea Contribution to Total Flow (cfs) - - - - - - - - - - - -  
Flow B-4 

9 
1 3  
1 9  
56 

111 
2 1 1  
319P 
319  

217  
1 3 4  

93  
6 9  
54 

3 1  
2 7  

24 
22 
20 
1 7  
1 6  
15 
13 
11 

1 0  
9 
9 
8 

6 
6 
0 

3a 

a 

P - Peak Flow 

9 
1 3  
1 9  
56 

111 
2 1 1  
319P 
319 

217 
13 4 

93 
69 
54 

31 
27  

24 
22 
20 
1 7  
16 
15 
1 3  
11 

1 0  
9 
9 
8 

6 
6 
0 

3a 

a 

* value(s) provided from TR-55 system routines GpGl453 
2 O F Z  
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TIME OF CONCENTRATION AND TRAWL T?I& 

vr 

Version 2.00 

45 Date: 10-23-95 t : FERMCO - OSDF User: ESS~~/ 
’ : BUTLER State: OH Checked: ~ S C  Date: /o -/6 - S< 
le: PERIMETER SWALE SIZING FOR 2000 YEAR STORM - WEST SWALE 

- - -  Sheet Flow Surface Codes - - -  
A Smooth Surface F Grass, Dense - - -  Shallow Concentrated - - -  
B Fallow (No Res.) G Grass, Burmuda - - -  Surface Codes - - -  
C Cultivated e 20 % Res. H Woods, Light P Paved 
D Cultivated > 20 % Res. I Woods, Dense U Unpaved 
E Grass-Range, Short J Range, Natural 

* - Generated for use by TABULAR method 



TABULAR HYDROGRAPH METHOD Version 2.00 

L5 
Project : FERMCO - OSDF User: E S S N  Date: 1 0 - M - 9 5  
( e t y  : BUTLER State: OH Checked: A ~ ( L  Date: lo -16-  S<- 

Total watershed area: 0 . 0 6 0  sq mi Rainfall type: I1 Frequency: amears . 

Area(sq mi) 0 . 0 6  
Rainfall (in) 1 3 . 0  
Curve number 98 
Runoff (in) 1 2 . 7 6  
Tc (hrs) 0.41* 

(Used) 0.40  
TimeToOutlet 0.00 

(Used) 0 .10  

itle: PERIMETER SWALE SIZING FOR 2000 YEAR STORM - WEST SWALE 

. . . . . . . . . . . . . . . . . . . . . . . . . .  Subareas _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - - _ _ _ _ _ _  
B-5 

Ia/P 0.00 

Time 
(hr) 

1 1 . 0  
11 .3  
1 1 . 6  
1 1 . 9  
1 2 . 0  
1 2 . 1  

1 2 . 4  
1 2 . 5  
1 2 . 6  
1 2 . 7  
1 2 . 8  
1 3 . 0  
1 3 . 2  
1 3 . 4  

1 3 . 6  
1 3 . 8  
1 4 . 0  
1 4 . 3  
1 4 . 6  
1 5 . 0  
15 .5  
1 6 . 0  

1 6 . 5  
1 7 . 0  
1 7 . 5  
1 8 . 0  

:.& 
2 6 . 0  

Total _ _ _ _ _ _ _ _ _ _ _ _ _  Subarea Contribution to Total Flow (cfs) - - - - - - - - - - - -  
Flow 

1 4  
1 9  
28 
59  

1 0 8  
208  
360 
455P 

442 
332 
229 
166  
1 2 5  

80  
59  
48  

42 
38 
34 
29  
26 
24 
22  
1 9  

1 7  
1 6  
1 5  
1 4  
1 2  
11 
9 
0 

B - 5  

1 4  
1 9  
28 
59 

108  
208 
360 
455P - ?&E rcLoLu 

442 
332 
229 
166  
1 2 5  

80 
59 
48 

42 
38 
34 
29 
26 
24 
22 
1 9  

1 7  
1 6  
15 
1 4  
1 2  
11 

9 
0 

P - Peak Flow * - value(s) provided from TR-55 system routines ~~&~~~ 
zo/=2 



TIME OF CONCENTRATION AND TRAVEL TIME Version 2.00 

I5 
: FERMCO - OSDF User: ESS 6 Date: 10-26-95 

ty : BUTLER State: OH Checked: Date: /o-/c-  $f 
itle: PERIMETER SWALE SIZING FOR 2000 YEAR STORM - WEST SWALE 

- - -  Sheet Flow Surface Codes - - -  
A Smooth Surface F Grass, Dense - - -  Shallow Concentrated - - -  
B Fallow (No Res.) G Grass, Burmuda - - -  Surface Codes - - -  
C Cultivated e 20 % Res. H Woods, Light P Paved 
D Cultivated > 20 % Res. I Woods, Dense U Unpaved 
E Grass-Range, Short J Range, Natural 

* - Generated for use by TABULAR method 



y3 0 4 1  
TABULAR HYDROGRAPH METHODI - Version 2.00 

I .  
P oject : FERMCO - OSDF User: ESS 4r Date: 1 0 - A - 9 5  
[&ty : BUTLER State: OH Checked: 1 5 ~  Date: l o  -16- S 6  
‘.L title: PERIMETER SWALE SIZING FOR 2000 YEAR STORM - WEST SWALE 

Total watershed area: 0 . 0 6 0  sq mi Rainfall type: I1 Frequency: 2OLbyears 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Subareas _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
B-5 

Area(sq mi) 0 . 0 6  
Rainfall (in) 1 3 . 0  
Curve number 9 8  
Runoff (in) 1 2 . 7 6  
Tc (hrs) 0 . 3 8 *  

(Used) 0 . 4 0  
TimeToOutlet 0.00 

(Used) 0.10 
Ia/P 0.00 

Time 
(hr) 

1 1 . 0  
11 .3  
1 1 . 6  
1 1 . 9  
1 2 . 0  

.& 
1 2 . 4  
1 2 . 5  
1 2 . 6  
1 2 . 7  
1 2 . 8  
1 3 . 0  
1 3 . 2  
1 3 . 4  

1 3 . 6  
1 3 . 8  
1 4 . 0  
1 4 . 3  
1 4 . 6  
15.0 
1 5 . 5  
1 6 . 0  

1 6 . 5  
1 7 . 0  
17.5 
1 8 . 0  

2 6 . 0  

Total _ _ _ _ _ _ _ _ _ _ _ _ _  Subarea Contribution to Total Flow (cfs) - - - - - - - - - - - -  
Flow 

1 4  
1 9  
2 8  
5 9  

1 0 8  
208  
360  
455P 

442 
332 
229 
1 6 6  
1 2 5  

80  
5 9  
4 8  

42  
3 8  
34  
29  
26 
24 
22  
1 9  

1 7  
1 6  
15 
1 4  
1 2  
11 

9 
0 

B - 5  

1 4  
1 9  
28  
5 9  

1 0 8  
208  
360 
455P - 
442 
332 
229 
1 6 6  
1 2 5  

80  
5 9  
4 8  

P=Row 

42 
38 
3 4  
29  
26 
24 
22 
1 9  

P - Peak Flow * - value(s) provided from TR-55 system routines oo1L%64 
Z O F L  
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Written by: Date: S I  11 129 
Client: &M Cc) Project: O S P F  Proj./Proposal No.: G&m Task No.: e,/ 

Date: %I // I 27 Reviewed by: T b  

STORMWATER MANAGEMENT: OSDF PERIMETER BERM 
FLOOD PROTECTION 

EXECUTIVE SUMMARY 

Pumose 

The purpose of this document is to provide the engineering data and calculations 
used in the design of the OSDF perimeter access and flood protection berm. The 
perimeter access and flood protection berm is designed to protect the OSDF from: 

the flood waters resulting from the probable maximum precipitation event 
(PMP); and 

the stormwater run-on expected during a 2,000-year, 24-hour storm event. 
._- . 

Method of Analvsis 

To design for the flood waters resulting from the PMP, the elevation of the lowest 
part of the perimeter flood protection berm must be higher than the flood elevation 
expected from the PMP event. An August 1995 engineering report from Parsons 
Engineering showed that the maximum water surface elevation expected from the PMP 
is 596 ft  msl and will encroach on the western side of the OSDF. 

To design for the 2,000-year, 24-hour storm event, the computer program TR-55 
was used to calculate the peak runoff expected from the areas surrounding the OSDF. 
After calculating the peak runoff rates, "choke" points were identified around the OSDF 
flood protection berm, which is an average of 10 ft high. Cross-sectional areas were 
calculated for a range of expected flow elevations at each "choke point". Standard open 
channel flow equations were then used with the peak runoff rates to calculate the 
maximum depth of flow at each "choke point". The height of the flood protection berm 
must exceed the maximum depth of flow at the "choke point". 

Conclusions 

The analyses showed that: 

the crest of the flood protection berm on the west side of the OSDF 
should be constructed to a minimum elevation of 596 ft; 

GE3900-8.1 /F9530 138. CD 



GEOSYNTEC CONSULTANTS 

STORMWATER MANAGEMENT: OSDF PERIMETER BERM 
FLOOD PROTECTION 

- .  

the height of the flood protection berm on the east side of the OSDF 
needs to be greater than 4 ft; and 

the height of the flood protection berm on the west side of the OSDF 
needs to be greater than 2 ft. 

GE3900-8.1 /F9530 138. CD 
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P 

OSDF Perimeter Access and Flood Protection Berm 

Channel Geometry and Calculation of Flow Area and Wetted Perimeter for various flow depths ' 
' !  

Equations: 

Flow Area (A): A = Y (W + Y/2 (1/S1 +l/S2)) 

Wetted Perimeter (Pw): Pw = W + Y ( (1 + 1/S1A2)A0.5 + (1 + 1/S2A2)A0.5) 

where: Y = maximum flow depth 
W = width of channel bottom = 0 
S1 = left slope (rise/run) 
S2 = right slope (rise/run) 

Hydraulic Radius (r): r=A/Pw 

Flow Height Channel 
Choke Pt. Depth s 1  s 2  A 69 Pw(ft) r (ft) of Berm Slope 

A 1 
2 
3 
4 
5 

B 

C 

D 

0.25 
0.25 
0.25 
0.25 
0.25 

0.25 
0.25 
0.25 
0.25 
0.25 

0.25 
0.25 
0.25 
0.25 
0.25 

0.25 
0.25 
0.25 
0.25 
0.25 

0.05 
0.05 
0.05 
0.05 
0.05 

0.03 
0.03 
0.03 
0.03 
0.03 

0.02 
0.02 
0.02 
0.02 
0.02 

0.02 
0.02 
0.02 
0.02 
0.02 

12.00 
48.00 
108.00 
192.00 
300.00 

17.00 
68.00 
153.00 
272.00 
425.00 

27.00 
108.00 
243.00 
432.00 
675.00 

27.00 
108.00 
243.00 
432.00 
675.00 

24.1 5 
48.30 
72.44 
96.59 
120.74 

34.14 
68.28 
102.42 
136.56 
170.70 

54.1 3 
108.27 
162.40 
21 6.53 
270.67 

54.1 3 
108.27 
162.40 
21 6.53 
270.67 

0.50 8ft 0.01 
0.99 
1.49 
1.99 
2.48 

0.50 9ft 0.0035 
1 .oo 
1.49 
1.99 
2.49 

0.50 8ft 0.0086 
1 .oo 
1 S O  
2.00 
2.49 

0.50 10 ft  0.01 
1 .oo 
1 S O  
2.00 
2.49 
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TIME OF CONCENTRATION AND TRAVEL TIME Version 2.00 

: FERMCO - OSDF User: ESS f l  Date: 10-.X-95 
: BUTLER State: OH Checked: P S c  Date : 10 -16 - 56' 

l9 

PERIMETER ACCESS AND FLOOD PROTECTION BERM - 2000-YR STORM 

Flow Type 2 year Length Slope Surface n Area Wp Velocity Time 
rain (ft) (ft/ft) code (sq/ft) (ft) (ft/sec) (hr) 

- - -  Sheet Flow Surface Codes - - -  
A Smooth Surface F Grass, Dense - - -  Shallow Concentrated - - -  
B Fallow (No Res.) G Grass, Burmuda - - -  Surf ace Codes - - -  
C Cultivated e 20 % Res. H Woods, Light P Paved 
D Cultivated > 20 % Res. I Woods, Dense U Unpaved 
E Grass-Range, Short J Range, Natural 

* - Generated for use by TABULAR method 
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L U I ;  

TABULAR HYDROGRAPH METHOD L -  Version 2.00 

L ,  
: FERMCO - OSDF User: ESS qr Date: 10-k;lf-95 

4- ty : BUTLER State: OH Checked: h ’ s ~  Date: f 0 - / 6 *  Sd 
PERIMETER ACCESS AND FLOOD PROTECTION BERM - 2000-YR STORM 

Total watershed area’: 0.014 sq mi Rainfall type: I1 Frequency: 2ODbyears 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Subareas _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1 

Area(sq mi) 0.01 
Rainfall (in) 13.0 
Curve number 98 
Runoff (in) 12.76 
Tc (hrs) 0.43* 

(Used) 0.40 
. TimeToOutlet 0.00 

(Used) 0.10 
Ia/P 0.00 

Time 
(hr) 

11.0 
11.3 
11.6 
11.9 
12.0 
12.1 

12.4 
12.5 
12.6 
12.7 
12.8 
13.0 
13.2 
13.4 

13.6 
13.8 
14.0 
14.3 
14.6 
15.0 
15.5 
16.0 

16.5 
17.0 
17.5 

!& 

26.0 

Total - - _ - _ _ _ - - _ _ _ _  Subarea Contribution to Total Flow (cfs) - - - - - - - - - - - -  
Flow 

3 
5 
7 
14 
26 
50 
86 
109P 

105 
79 
55 
40 
30 
19 
14 
12 

10 
9 
8 
7 
6 
6 
5 
5 

4 
4 
4 
3 
3 
3 
2 
0 

P - Peak Flow 

1 

3 
5 
7 
14 
26 
50 
86 
109P - m t L & C u  

105 
79 
55 
40 
30 
19 
14 
12 

10 
9 
8 
7 
6 
6 
5 
5 

* - value(s) provided from TR-55 system routines 
ZWZ, 
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TIME OF CONCENTRATION AND TRAVEL TIME Version 2.00 

/F 
Pr ject : FERMCO - OSDF User: ESS Date: 10-3x-95 

ty : BUTLER State: OH Checked: ,Qrc Date: / O - / ~ - Y /  t - title: PERIMETER ACCESS AND FLOOD PROTECTION BERM - 2000-YR STORM 

Flow Type 2 year Length Slope Surface n Area Wp Velocity Time 
rain (ft) (ft/ft) code (sq/ft) (ft) (ft/sec) (hr) 

Subarea #I - 1 _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - -  
e 
- - - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - -  

Sheet 2.55 100 -01 F 
Shallow Concent'd 400  .0125 U 

, Open Channel 500 -010 

0.352 
0.062 

4 8 . 3  0 . 0 4 1  .04448  
Time of Concentration = 0 . 4 5 "  

----- ----- 

- - -  Sheet Flow Surface Codes - - -  
A Smooth Surface F Grass, Dense - - -  Shallow Concentrated - - -  
B Fallow (No Res.) G Grass, Burmuda - - -  Surf ace Codes - - -  
C Cultivated c 20 % Res. H'Woods, Light P Paved 
D Cultivated > 20 % Res. I Woods, Dense U Unpaved 
E Grass-Range, Short J Range, Natural 

* - Generated for use by TABULAR method 



TABULAR HYDROGRAPH METHOD Version 2.00 

IF 
: FERMCO - OSDF User: ESS k Date: 10-M-95. 

ty : BUTLER State: OH Checked: a t =  Date: l 0 - 1 6  -Sf 
PERIMETER ACCESS AND FLOOD PROTECTION BERM - 2000-YR STORM 

Total watershed area: 0.014 sq mi Rainfall type: I1 Frequency : 2 &years 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Subareas _ _ _ - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1 

Area(sq mi) 0.01 
Rainfall (in) 13.0 
Curve number 98 
Runoff (in) 12.76 

(Used) 0.40 
TimeToOutlet 0.00 

Tc (hrs) 0.45f 

Ia/P 

Time 
(hr) 

11.0 
11.3 
11.6 
11.9 
12.0 

.G 
12.4 
12.5 
12.6 
12.7 
12.8 
13.0 
13.2 
13.4 

13.6 
13.8 
14.0 
14.3 
14.6 
15.0 
15.5 
16.0 

16.5 
17.0 
17.5 
18.0 

26.0 

0.00 
(Used) 0.10 

Total _ _ _ _ _ _ _ _ _ _ _ _ _  Subarea Contribution to Total Flow (cfs) - - - - - - - - - - - -  
Flow 

3 
5 
7 
14 
26 
50 
86 

109P 

105 
79 
55 
40 
30 
19 
14 
12 

10 
9 
8 
7 
6 
6 
5 
5 

4 
4 
4 
3 
3 
3 
2 
0 

P - Peak Flow 

1 

3 
5 
7 
14 
26 
50 
86 
109P 

105 
79 
55 
40 
30 
19 
14 
12 

10 
9 
8 
7 
6 
6 
5 
5 

* - value(s) provided from TR-55 system routines 
2 01'2 
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- .. 

l ' f c f -  19 
TIME OF CONCENTRATION AND TRAVED 8&ME 184 ersion 2.00 

: FERMCO - OSDF User: ESS @ Date: l O - g 9 5  
ty. : BUTLER State: OH Checked: Arc Date : /e -16 - $.f 

PERIMETER ACCESS AND FLOOD PROTECTION BERM - 2000-YR STORM 

- - -  Sheet Flow Surface Codes - - -  
A Smooth Surface F Grass, Dense - - -  Shallow Concentrated - - -  
B Fallow (No Res.) G Grass, Burmuda - - -  Surf ace Codes 
C Cultivated e 20 % Res. H Woods, Light P Paved 
D Cultivated > 20 % Res. I Woods, Dense U Unpaved 
E Grass-Range, Short J Range, Natural 

- - -  

* - Generated for use by TABULAR method 

/ G / = L  



TABULAR HYDROGRAPH METHOD Version 2.00 

lY 
Date: 10-M!-95 

47 
User: ESS Pro j ect 

i- title: et. 
FERMCO - 
BUTLER 

OSDF 
State: OH Checked: A ~ L  Date: (0 d/~-$d' 

PERIMETER ACCESS AND FLOOD PROTECTION BERM - 2000-YR STORM 

Total watershed area: 0.075 sq mi Rainfall type: I1 Frequency: 20dyears 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Subareas _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
2 

Area(sq mi) 0.07 
Rainfall (in) 13.0 
Curve number 98 
Runoff (in) 12.76 
Tc (h r s )  0.40* 
TimeToOutlet 0.00 

0.00 
(Used) 0.10 

Time 
(hr) 

Subarea Contribution to Total Flow 
2 Flow 

11.0 
11.3 
11.6 
11.9 
12.0 
12.1 
12.2 

17 
24 
34 
73 
135 
259 
447 
565P 

17 
24 
34 
73 
135 
259 
447 
565P 

548 
411 
284 
206 
156 

548 
411 
284 
206 
156 
99 
73 
6 0  

12.4 
12.5 
12.6 
12.7 
12.8 
13.0 
13.2 
13.4 

99 
73 
60 

52 
47 
42 
36 
32 
30 
27 
24 

21 
20 
19 
17 
15 
13 
11 

0 

Flow 

13.6 
13.8 
14.0 
14.3 
14.6 
15.0 
15.5 
16.0 

52 
47 
42 
36 
32 
30 
27 
24 

16.5 
17.0 
17.5 
18.0 
19.0 

21 
20 
19 
17 
15 
13 
11 

0 

081487 value ( s )  provided from TR-55 

'2-Qi6Z 

P - Peak * system routines 
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TIME OF CONCENTRATION AND TRAVEL TIME Version 2.00 

/f 
P ject : FERMCO - OSDF User: ESS Date: 10-M-95 
i@ty : BUTLER State: OH Checked: /Ire Date : to - / L  - C-i' 
t, title: PERIMETER ACCESS AND FLOOD PROTECTION BERM - 2000-YR STORM 

- - -  Sheet Flow Surface Codes - - -  
A Smooth Surface F Grass, Dense - - -  Shallow Concentrated - - -  
B Fallow (No Res.) G Grass, Burmuda - - -  Surf ace Codes - - -  
C Cultivated c 20 % Res. H Woods, Light P Paved 
D Cultivated > 20 % Res. I Woods, Dense U Unpaved 
E Grass-Range, Short J Range, Natural 

* - Generated for use by TABULAR method 

I OF 



21 *F 29 
TABULAR HYDROGRAPH METHOb Version 2 . 0 0  

6 
FERMCO - OSDF User: &[ Date: lO-.Xf-95 
BUTLER State: OH Checked: A5c Date : io .- / G  -.. $X 
PERIMETER ACCESS AND FLOOD PROTECTION BERM - 2000-YR STORM c .. 

Total watershed area: 0.018 sq mi Rainfall type: I1 Frequency : 2 w e a r s  

Area(sq mi) 0 . 0 2  
Rainfall (in) 1 3 . 0  
Curve number 98  
Runoff (in) 1 2 . 7 6  
Tc (hrs) 0.21* 

(Used) 0 .20  
TimeToOutlet 0.00 
Ia/P 0.00 

(Used) 0.10 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Subareas _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
3 

Time 
(hr) 

1 1 . 0  
11.3 
1 1 . 6  
1 1 . 9  
1 2 . 0  
1 2 . 1  e 
1 2 . 4  
1 2 . 5  
1 2 . 6  
1 2 . 7  
1 2 . 8  
1 3 . 0  
1 3 . 2  
1 3  - 4  

1 3 . 6  
1 3 . 8  
1 4 . 0  
1 4 . 3  
1 4 . 6  
15.0 
15.5  
1 6 . 0  

16.5 
1 7 . 0  
17.5 
18. o 

,& 
26.0  

Subarea Contribution to Total Flow (cfs) - - - - - - - - - - - -  Total _ _ _ _ _ _ _ _ _ _ _ _ _  
Flow 

5 
7 

1 0  
47  
90 

1 6 5  
179P 
1 0 7  

56 
3 7  
29 
23  
1 9  
1 6  
1 4  
1 2  

11 
1 0  

9 
8 
7 
7 
6 
5 

5 
4 
4 
4 
4 
3 
3 
0 

3 

5 
7 
10 
47  
90 

1 0 7  

56 
3 7  
29  
23  
1 9  
1 6  
1 4  
1 2  

11 
1 0  

9 
8 
7 
7 
6 
5 

P - Peak Flow * - value(s) provided from TR-55 system routines 

z af=z 

001492 



22  or), 29 
TIME OF CONCENTRATION AND TRAVEL TINE+- ersion 2.00 

IF 
P ject : FERMCO - OSDF User: ES S@' Date: 10-M-95 
a t y  : BUTLER State: OH Checked: h ? s ~  Date: 1 0 - 1 ~  - 53' ' itle: PERIMETER ACCESS AND FLOOD PROTECTION BERM - 2000-YR STORM 

- - -  Sheet Flow Surface Codes - - -  
A Smooth Surface F Grass, Dense - - -  Shallow Concentrated - - -  
B Fallow (No Res.) G Grass, Burmuda - - -  Surface Codes - - -  
C Cultivated e 20 % Res. H Woods, Light P Paved 
D Cultivated > 20 % Res. I Woods, Dense U Unpaved 
E Grass-Range, Short J Range, Natural 

* - Generated for use by TABULAR method 



Project : 

itle: 

.: i i ~  1 8 6  23 OF Z? 
TABULAR HYDROGRAPH METHOD ' 4-- Version 2.00 ' 

1 [f 
FERMCO - OSDF User: ESS /& Date: 10-M-95 
BUTLER State: OH Checked: dsc Date : 1 0 - 1 ~ -  $r 
PERIMETER ACCESS AND FLOOD PROTECTION BERM - 2000-YR STORM 

Total watershed area: 0.018 sq mi Rainfall type: I1 Frequency : 2 w e a r s  

Area(sq mi) 0.02 
Rainfall (in) 13.0 
Curve number 98 
Runoff (in) 12.76 
Tc (hrs) 0.23* 

(Used) 0.20 
TimeToOutlet 0.00 

(Used) 0.10 

. . . . . . . . . . . . . . . . . . . . . . . . . .  Subareas _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
3 

Ia/P 0.00 

Time 
(hr) 

11.0 
11.3 
11.6 
11.9 
12.0 
12.1 

16 
12.4 
12.5 
12.6 
12.7 
12.8 
13.0 
13.2 
13.4 

13.6 
13.8 
14.0 
14.3 
14.6 
15.0 
15.5 
16.0 

16.5 
17.0 
17.5 
18.0 

:& 
26.0 

Total _ _ _ _ _ _ _ _ _ _ _ _ _  Subarea Contribution to Total Flow (cfs) - - - - - - - - - - - -  
Flow 

5 
7 

10 
47 
90 

165 
179P 
107 

56 
37 
29 
23 
19 
16 
14 
12 

11 
10 
9 
8 
7 
7 
6 
5 

5 
4 
4 

. 4  
4 
3 
3 
0 

P - Peak Flow 

3 

5 
7 

10 
47 
90 

165 
179P - f&3E E W  
107 

56 
37 
29 
23 
19 
16 
14 
12 

11 
10 
9 
8 
7 
7 
6 
5 

* - value(s) provided from TR-55 system routines 

.z OF2 
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k 
b 
Y 

I 

> 
I 
0 
2 a 

c * 
0 
0 
J 
W 
> 
LL 
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c 
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2 
0 
0 
a a 

a 
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2 6  o f -  27 
TIME OF CONCENTRATION AND TRAVEL ersion 2.00 

t9 
Pr ject : FERMCO - OSDF User: ESS Date: 10-a-95 

'Date : /Q-//G - C( ;@t. : BUTLER State: OH Checked: /Ire 
'L-- title: PERIMETER ACCESS AND FLOOD PROTECTION BERM - 2000-YR STORM 

- - -  Sheet Flow Surface Codes - - -  
A Smooth Surface F Grass, Dense - - -  Shallow Concentrated - - -  

Surf ace Codes - - -  B Fallow (No Res.) G Grass, Burmuda - - -  
C Cultivated c 20 % Res. H Woods, Light P Paved 
D Cultivated > 20 % Res. I Woods, Dense U Unpaved' 
E Grass-Range, Short J Range, Natural 

* - Generated for use by TABULAR method 



TABULAR HYDROGRAPH METHOD 

15 
Date: 10-X-95 23- ESS 

As t 
2000-YR 

FERMCO - OSDF User: 
BUTLER State: OH Checked : 
PERIMETER ACCESS AND FLOOD PROTECTION BERM - 

Date: / 0 - / 6 - $ <  
STORM itle: 

Frequency: 2Oa7years 

4 
Area(sq mi) 0.00 
Rainfall(in) 13.0 
Curve number 98 
Runoff (in) 12.76 
Tc (hrs) 0 . 3 3 *  

(Used) 0.30 
TimeToOutlet. 0.00 

Contribution to Total Flow Time 
(hr) 

Subarea 
4 

1 
1 
2 
5 
11 
21 
31P 
31 

21 
13 
9 
7 
5 
4 
3 
3 

2 
2 
2 
2 
2 
1 
1 
1 

1 
1 
1 
1 
1 
1 
1 
0 

Flow 

11.0 
11.3 
11.6 
11.9 
12.0 
12.1 

1 
1 
2 
5 
11 
21 
31P 
31 
- fm 

12.4 
12.5 
12.6 
12.7 
12.8 
13.0 
13.2 
13.4 

21 
13 
9 
7 
5 
4 
3 
3 

13.6 
13.8 
14.0 
14.3 
14.6 
15.0 
15.5 
16.0 

16.5 
17.0 
17.5 
18.0 

1 
1 
1 
1 
1 
1 
1 
0 26.0 

P - Peak Flow * value ( s )  provided from TR-55 

ZGFZ 

system routines 
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Preface 

Technical Release 55 (TR-55) presents siinplfied 
procedures to calculate storm runoff volume, peak 
rate of discharge, hydrographs, and storage volurnes 
required for floodwater reservoirs. These procedures 
a re  applicable in sninll watersheds, especially 
urbanizing watersheds, in the United States. First 
.issued by the Soil Conservation Service (SCS) in 
January 1975, TILS5 incorporates current SCS 
procedures. This revision includes results of recent 
research and otlier changes based on experience with 
use of the original edition. 

- 

The m i o r  revisions and additions are- 

1. A flow chart for selecting the appropriate 
procedure; 

2. Three additional rain distributions; 
3. Expansion of the chapter on runoff curve 

numbers; 
4. A procedure for calculating travel times of 

sheet flow; 
5. Deletion of a chapter on peak discharges; 
6. Modifications to the Graphical Peak Discharge 

method and Tabular Hydrograph method; 
7. A new storage routing procedure; 
8. Features of the TR-55 computer program; and 
9. Worksheets. 

.a 
This revision was prepared by Roger Cronshey, 
Hydraulic Engineer, Hydrology Unit, SCS, 
Washington, DC; Dr. Richard H. McCuen, Professor 
of Civil Engineering, University of Maryland, College 
Park, MD; Norman Miller, Head, Hydrology Unit, 
SCS, Washington, DC; Dr.Walter Rawls, 
Hydrologist, Agricultural Research Service, 
Beltaville, MD; Sam Robbins (deceased), formerly 
Hydraulic Engineer, SCS, South National Technical 
Center (NTC), Fort  Worth, TX; and Don Woodward, 
Hydzaulic Engineer, SCS, Northeast NTC, Chester, 
PA. Valuable contributions were made by John 
Chenoweth, Stan Hamilton, William Merkel, Robert 
Rallison (ret.), Harvey Richardson, Wendell Styner, 
other SCS hydraulic engineers, and Teresa Seernan. 

Revised June 1986 

(210-VI-TR-55, Second Ed., June 1986) 
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The conversion of i.iii.al land to urb;iii I;intl iisii;illy 

illcreases ei*osioti ;i i i i l  the  discharge ;uid voluti~c of 
storm runoff in n w;itei.slietl. It also c;iusrs other 
probleins that  :iffcct soil and water. As I);irt'of 
ptwjy;ims est;rblislieil to allcvinte thest! Iiroldoins, 

- C ~ ~ ~ I I C ' C I * S  iiicreasingly rnust assess the pi*o\i:iIile 

effects of urban tleveloliineiit, as well as tlcsigii ; ~ r i t l  

iniplcinent measures thnt will tnininiize its x l v e i x  
Cl'l'ec ts. 

Technical Release 55 (TK-55) presents simpliliwl 
procetlures for estii~i;itiiig runoff arid peak t1iscli:vges 
in  sinall watershecls. III  selecting the apl)roprinte 
piwcedure, consider the scope aiitl coinplexity of the 
problem, the av:iil;ible data, atid the accept;ible level 
of  error. While this TR gives special emphasis to 
urban and urbanizing watersheds, the procedures 
apply to any small watershed in which certain 
limitations are met. 

Effects of urbaii developitieiit 

An urban o r  urbanizing watershed is one in which 
impervious surfaces cover or  will soon cover n 
considerable area. Impervious surfaces iticlutle roads, 
sidewalks, parking lots, and buildings. Natural flow 
paths in the watershed may be replaced or 
supplemented by paved gutters, storm sewers, o r  
other elements of artificial drainage. 

Hydrologic studies to determine runoff and peak 
discharge should ideally be based on long-term 
slationary streamflow records for the area. Such 
records are seldom available for small drainage 
areas. Even where they a re  available, accurate 
statistical aiielysis of them is usually impossible 
because of the conversion of land to urban uses 
during the period of record. It therefore is ne~essii~.y 
to estimate peak discharges with hydrologic niotlels 
based on meiuurahle watershed characteristics. Only 
through an understanding of these characteristics 
and experience in using these inotlels C:III wt? make 
sound judgnients on how to alter model parameters 
to reflect chattging watershed conditions. . 

(210-VI-TI{-55, Sec 

For a descriptioii o f  the hy~Ii~ogt*;~pli tlcvelopnient 
inetliod usrtl by SCS, see cliaptet- I ( i  of the SCS 
Naticmil Eiigiiieeritig H;iridt)oiik, Section 
4-flytli.ology (NEI-1-4) (SCS 1!)85). 'rhc routing 
iiiethotl (hhtlified Att-Kiti) is espI:iiiictl in nppetitlixes 
C atid H of tltxft 'I'echtiic;tl IbAeasc 20 (TR-20) (SCS 
1983). 

ita i n fa I 1 

TI<-% includes four rq$)rial l*i1ilif:lll titiie 
tIistriI)utions. See nppeiidix I3 for ;i Jiscussioii of how 
these .distributions were developctl. ' 

All four (listtibutions are for a 24-liour period. This 
~icriotl w;is clioseti hecause of tl ie g:criel.ul availability 
of tlnily rainfall tlitt;\ that  were uxctl to estimate 
24-hour riiilifdl ;iaiouiits. Thg! 24-hour duration sparis 
most of the q)pIiwtions of 1.R-55. 
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One critical parameter in  the model is tirnc of e 

Storage cffccts 
ltu11off 

To estimate runoff from storm rainhill, SCS I J S ~ S  the 
Iiunoff Ciii*ve N I I I I I I ) ~ ~  (CN) inethotl (set: ch;il)Lcrs 4 
ttirougli 10 of N b:li-4, SCS 1985). I)etei~uii~i~itiuti uf 
CN depends on thc w;iLcrshed's soil aiitl cover 
conditions, whicli t hc iiiotlcl wpreseiits as hytlrologic 
sui1 gi'oup, cover LYI)L',  Liwitmi'nt, and hytli*ologic 
coiitlition. Chaplei- 2 ol' tliis 'I'R discusses the cl'l'ccL 
o l  urban developnieiit on CN and esplaiiis how lo 
use CN to estimate i-i~~ioff. e 
Time parameters 

Chapter 3 describes a method for estimating the 
parameters used to distribute the runoff iiito a 
liytlixqpph. The Inelhod is based on velocilies of 
How through segmelits of the watershed. Two major , paranieters are time of concentration (Tc) aiitl t iwel  
t h e  of flow tlirtriigh the segnients (Tt). Thcse itnil 
the other pal-aincters trsetl arc Lhc same iis those 
iisetl i i i  accepted hytli.;itilic arialyses of o l ~ e n  c1i:iiincIs. 

: 

Many methods are enlpiricitlly derived from actual 
1-irnoff hytJl.t)gi.iil)tis ;uid watershed characteristics. 
V i e  inethotl iii cli;iptcr 3 was chosen 1)ecause i l  is 
basic; tiowever, ( r t  tier melhotls niay be used. 

c 

Peak discharge and hydrographs ' 

Chu[)ter 6 ollllines ()l.occtttircs to ;iccoiitit for the 
el'fect of cleteiition-type storuge. I1 j)i-ovidcs a 
sliorlcut nwtliotl to estimate Leniporary h o d  storage 
based (rn Iiytli*dogic data clevclopcd C i x m  tlic 
C ra  h ical Peak I )isc hargc: or  ' h l i i i  lar I 1 y t 1 rograp h 
Inelllotls. 

Ry iiicrcasiiig runoff and dcci*easiiig travel times, 
ui.b;tnkatiuii ca~i  be es jmlcr l  Lo iiitwiise downstream 
peal< tliscliai*ges. Cliiipt er G discusses how !loot1 
cletentioii can modify the h y t l ~ ~ ) ~ l . i i ~ h  so that, ideally, 
downstream peak tliscliarge is 1-educec1 approximately 
to Lhe predevelolment condition. The shortcuts in 
chapter (i are useful in  sizing a basin evcii though 
the final tlesign may require a more tlctiiiletl analysis. 

Selecting the appropriate proccclures 

Figure 1-1 is a flow chart that shows how to select 
the a1)prol)riate procedures to use in 'I'R-55. In the 
figlJrC!, the tli;triion~l-sliapetl t)oX Iitbelctl "SuLarcas 
1qiiiretl?" clirects the user to the q)jwopri;ite 
iiiethotl biisctl 011 whether the tv;itei?ilied I I W ~ S  to be 
divided iiito subareas. Watcrslied subdivision is 
rccpiretl when sigiiilicaiitly tlil'fereiit cutitlitions 
al'fccling ruiiatT or tiiniiig are pi-csunt iii  the 
watershed-for exainple, if the \Vittei*slletl has widely 
differing curve numbers or nonhoniogcneous slope 
})aLterns. 

Chapter 4 describes a method for approximating 
peak rates of discharge, and chapter 5 descritws a 
method for obtaining or routing hydropaphs. Roth 

.. 
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. Limitations 

To save time, the Iwocetlures in TR-55 :ire simplified 
-by assumptions about sonie parameters. These . 
simplifications, however, limit the' use of the 
p-ocetlures and c'wi provide results that w e  less 
accurate than more detailed methods. The user 
should examine the sensitivity of the i l l i i i l~~SiS  being 
conducted to ;I v:iriation of the peak tlisch;irge 01- 

hydrograph. To ensure that the degree of error is 
tolerable, specific limitations are  giveti in chapters 2 
through 6 .  Additional general constraints to the use 
of 

a* 

TKi55 are as follows: 

The methods in this TR are based on o i ~ i  mid 
unconfined flow over land or in channels. For 
large events t lu i i i iK ivhich flow is tlivirlctl between 
sewer and ovei*l:uid flow, more infot*miitio~ about 
hytlraulics than is presented here is neetletl to 
determine T,. After flow enters a closed system, 
the discharge can be assumed corlstiint uritil 
another flow is eticountered a t  a junction or  
another inlet. 

Both the Grap1iic;il Peak Discharge and Tabular 
Hydrogwph methods are  derived frorn 1'R-20 (SCS 
1983) output. Their accuracy is comparable; they 
differ only in their products. The use of T, permits 
them to be used for any size watershed within the 
scope of the curves or tables. The Graphical 
method (chapter 4)  is used oiily for hydrologically 
homogeneous watersheds because the Iiroeetlure is 
limited to a single watershed subarea. The Tabular 
method (chapter 5) can be used for a 
heterogeneous watershed that is divided into a 
number of homogeiieous sub wa tersheds. 
Hydrographs for the subwatersheds call be routed 
and added. 

The approximate storage-routing curves (chapter 
6 )  should not be used if the  acuustinent for 
ponding (chapter 4) is used. These storage-routing 
curves, like the peak discharge and hydrograph 
procedures, are  generalizations derived from 
TR-20 routings. 

(210-VI-TR-55, Second Ed., June 1986) 
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The TR-55 procetlures have been incorporated in i~ 

cornputer prograin. The program, written i n  nASlC, 
rccluircs less tli;un 25GK memory to operate and was 
tlc\&q~ctl for ;in MS-DOS operating system. Users of 
the progl’ani, however, still need to be familiar with 
the procedures in this TR. Features of the program 
iiiclutle the following: 

The full screen (24 lines, 80 columns) is used to 
eiiter data. Flexibility of coding allows movement 

. about the scrccii for quick data modifications. 

- 

Function keys provide menu power to move to 
different modules (TR-55 chapters) within the 
program. Some keys are  permanently defined 
while others vary by module. 

“Help” screens provide pertinent information to 
the user depeiiding 011 location in the program. 
Two types of information are included: (1) define 
system operation arid (2) describe input 
parameters. 

User files provide for optional entry of local.data, 
such as rainfall-frequency, graphic peak discharge 

- equation coefficieiits, and tabular hydrographs for 
other rainfall distributions. 

Copies of the probpin can be obtained from- 

Natioiial Technical Information Service 
U.S. Department of Commerce 
5285 Port Royal Road 
Springfield, VA 221(il 
I’elephoiie (703) 487-4650 

. ‘I !? 186 
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F k  3 8 ,  0 Welcome to the TR-55 microcomputer program system. This README.lS?- 
file is intended as an introduction to the system. The printed TR-55 
document is the procedure reference for the me.thods. The program user 
should be familiar with both the computer hardware and the TR-55 
document prior to using the program. 

* * * COMPUTER REQUIREMENTS * * * 

The program system will run under PC-DOS or MS-DOS provided that the 
special keys (function, arrow, HOME, END, INS, DEL, PgUp and PgDn) 
have the same extended ASCII codes as used on IBM compatible 
equipment. Only one floppy disk drive is required but two drives are. 
recommended. About 280K RAM is needed to load the program. 

* * * TR-55 SYSTEM FILES * * * 

The system consists of two diskettes. Diskette #1 contains the 
executable program file, README and other required files. Diskette #2 
contains the tabular hydrograph files, an executable system 

soil name-hydrologic soil group and several input data files. 
-configuration file as well as samples of a county rainfall, a local 

EXECUTABLE PROGRAM FILE - - - - -  
a 

The TR-55 program is a compiled BASIC language executable file. It is 
a collection of the seven executable files used in the previous 
version of the system. A main menu, with the various TR55 chapters as 
choices, controls the program system. The remaining parts of the 
program can be categorized'as follows: 

Primary functions - Graphical Peak Discharge Method (Chapter 4 )  
Tabular Peak Discharge Method (Chapter 5 )  
Temporary Storage (Chapter 6) 

Support functions - Runoff curve number (CN) (Chapter 2) 
Time of concentration (Tc) and travel 

time through a subarea (Tt) 
(Chapter 3 )  

Load (reload previously saved data) 
Save (save current data) 
Zero (initial data) 

Utilities - Print (print current data and calculations) 

Some limitations that are included are: 

'Maximum of 10 subareas can be used for CN, Tc, Tt and tabular 
peak discharge computations. 

e 
Maximum of 7 rainfall frequencies can be used in the graphical 

peak discharge computations. QQ1511 



BASIC DATA FILES - - - - -  0 The TR55.CFG file describes the drive designations available on the 
current system, the display monitor used and the tone of the Ilbeep". 
Both color and monochrome are supported with the user free to select 
the color combinations desired. The use of the CONFIG-EXE program to 
create a TR55.CFG file is described in the section "CREATING A WORKING 

DISK#2. 
- COPY OF TR-55 SYSTEM!!. Several sample xxx.CFG files are on the TR55 

The COVER-DAT file contains the numerous Table 2-2 land use 
descriptions along with appropriate hydrologic conditions and runoff 
curve numbers for the four soil groups. The file is loaded when the CN 
support function is used and for the PRINT utility. 

Four tabular hydrograph files are available, one for each of the SCS 
TR-55 rainfall distributions (Type I,IA,II,III~. The file for the 
selected rainfall distribution is used in the computation step in the 
tabular method. Only the file required need be available on the 
mounted diskettes. The files are appropriately titled TYPEI-TBL, 
TYPEIA.TBL, TYPEII.TBL, and TYPEIII.TBL. 

OPTIONAL DATA FILES - - - - -  

'Optional data files are user created files that the system reads if 
they are-present, but will not prevent operation if they are not 
there. Five such files can be used, but only two (COUNTY.RF and 
SOILS.TYP) are expected to be widely used. The other three are briefly 
described to illustrate the flexibility they can add to the system. If 
any of the optional files are used the file naming convention given 
below must be adhered to for the TR-55 program to recognize them. 

The COUNTY.RF file contains rainfall-frequency data for up to seven 
frequencies by county name. As many counties as desired may be 
included. The file can make life a lot easier for the system user, 
even if the user always applies TR-55 in only one county. The 
COUNTY.RF file can be created using a locally available ASCII editor 
and the following record formats. 

Record 1 - Number of frequencies (maximum seven) included, 
followed by the frequencies. Separate each item with 
a comma or at least one space. 

Record 2 - County name (all uppercase) with quotes ( " 1  around 
it, followed by the rainfall amounts (inches) 
corresponding to the Record 1 frequencies. Separate 
each item with a comma or at least one space. 

Record 3 + -  Same as record 2. Continue with as many counties 
as needed for your state or area. 

A sample COUNTY-RF file for the state of Maryland is included. ~~~~~~ 

For those users that require county rainfall data from more than one 
state, separate rainfall files can be helpful (especially if the 
states have a county with the same name). To accommodate multiple state 

letter state abbreviation. When a two letter state abbreviation and a 

0 
files, change the COUNTY.RF file name to COUNTY.xx where xx is the two I 



county name are entered as part of input, the appropriate c0uNTY.x~ 
file is searched for. If found it is used, if not the COmRY.RF file 
is used if it exists. (File search time is reduced when c0uNTY.x~ is 
used instead of COUNTY.RF.1 

The SOILS.TYP can contain soil names and their applicable hydrologic 
soil groups (HSG). The file contents can be displayed in the Runoff 
Curve Number portion of the program by pressing the F10 key. No 

- computation nor automatic data entry are done with this file. Its 
purpose is solely as a system user look up table. 

The file can be created by using any locally available ASCII editor 
using the following limitations: 

Maximum line length is 30 characters (suggest 25 characters for 

Maximum of 100 lines in file 
soil name and 5 for HSG) 

A sample SOILS.TYP file is included as an example. To view the sample 
file use the DOS command 

TYPE A:SOILS.TYP ]MORE 

from the DOS prompt with TR55 Disk #1 in drive A .  

-The TYPE.RF, DISTRIB.RF, and VOLUME.RF files allow a rainfall 
distribution other than those in TR-55 to be used. The TYPE.RF file 
contains regression coefficients for peak discharge curves similar to 

hydrographs similar to those found in Exhibit 5-. The VOLUME-RF file 
contains regression coefficients for a volume-discharge curve similar 
to those found in Figure 6-1. 

those found in TR-55 Exhibit 4-. The DISTRIB.RF file contains tabular 

The development of the background material required to generate these 
files is beyond the scope of TR-55. Because of the complexity of 
procedure no details are given here. For guidance on how to develop 
these files contact your NTC hydraulic engineer. A TYPE-RF and 
DISTRIB.RF file for the Delmarva (DElaware,MARyland, VirginiA) unit 
hydrograph and Type I1 rainfall is available from the NNTC (Chester, 
Pa). A similar file for the DELMARVA unit hydrograph and Type I11 
rainfall is available from the SNTC (Ft. Worth, TX). 

SAVED INPUT FILES - - - - -  

When using the TR-55 system, data is entered on input screens. Once 
entered, it may be desirable to keep the data for future reference. 
Both a SAVE and LOAD function are part of the TR-55 system for filing 
and retrieving data. The user devises a file name (up to eight 
characters) to which a s.5511 is added by the system. The 11.5511 will 
identify the file as TR-55 user data. Several sample input files are 
on diskette #2. 

081513 * * * CREATING A WORKING COPY OF TR-55 SYSTEM * * * 
Before running TR-55 for the first time a Ilworkingll copy of the 
program and data files should be made. The working copy will be the 
one used while the original diskettes are kept in a safe place. The 

P 



following files names, sizes and dates should be on the original 
two 5 1/4Ii program diskettes. The division of files between the two 
5 1/4" diskettes follows: 

Volume TR55#1 VER2 

README EXE 38274 4-26-88 COVER DAT 7040 4-15-86 
README 1ST 18139 1-16-90 TR55 EXE 264144 1-15-90 

- 4 File(s) 33792 bytes free 

CGA 
CONFIG 
COUNTY 
EGA 
EX2 - 1 
EX2 - 2 
EX2 - 3 
EX2 - 4 
EX3 - 1 
EX4 - 1 
EX5 - 1 
EX5 - 2 

CFG 
EXE 
RF 
CFG 
55 
55  
55 
55 
55 
55 
55 
55 

Volume TR55#2 VER2 
- - - - - - - - - - - - - - - - - -  

197 1-15-90 EX6 - 1 55 
88096 1-15-90 EX6 - 2 55 
1633 4-15-86 EX6 - 3 55 
197 1-15-90 EX6 - 4 55 
488 1-16-90 SOILS TY P 
527 1-16-90 TR55 CFG 
562 1-16-90 TYPE1 TBL 
555 1-16-90 TYPEIA TBL 
640 1-16-90 TYPE11 TBL 
952 1-16-90 TYPE111 TBL 
2390 1-16-90 VGA CFG 
2450 1-16-90 

23 File(s) 60416 bytes free 

442 
453 
466 
467 
1066 
320 

46720 
46720 
46848 
46720 
197 

1-16-90 
1-16-90 
1-16-90 
1-16-90 
1-15-90 
1-15-90 
4-15-86 
8-13-86 
4-15-86 
4-15 - 86 
1-15-90 

Following instructions in your computer system operating manual, 
format two new diskettes. On one of the diskettes copy the file 
COMMAND.COM from the disk used to boot up your system. To this 
diskette add: 

1. The "TR55.EXEIl file (from TR55 DISK#l). 

2. The llCOVER.DAT" file (from TR55 DISK#l). 

3. The appropriate flTYPExxx.TBL1l file for your locale (from TR55 
DISK#2). See the Figure B-2 rainfall distribution map in TR- 
55. 

4. Run the configuration program by entering CONFIG (from TR55 
DISK#2). One at a time select the: Color Scheme; Device Search 
Sequence; and Sound Generation options to set colors, 
available disk drives and tone of BEEP. Include only the 
disk drives available in your system in the Device Search 
Sequence. Be sure to save the selections you make 
(using the File Input/Output option) on the working copy 
diskette with the name TR55 before loading. (The software 
will add I1.CFGt1 extension to the file name.) 

There is a sample TR55.CFG file included in the program 
diskettes with the capability for adding the user name, 
county, and state automatically to the input and output o ~ l s r ~  
screen headings. To do this, fill in the appropriate 
data in the sample TR55.CFG file with a local editor, 
being careful to line it up correctly under the other 
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entries. Be sure'that the Device Search Sequence entries 
conform to the machine drives available, and save the 
file. 

One can use this sample TR55.CFG file instead of running 
the CONFIG.EXE program to set one up. All that is necessary 
is that the user check and correct, if needed, the entries 
in the Device Search Sequence. 

- 
The above files are all that are required to operate the TR-55 program 
system. 

The second formatted diskette can be used to hold the foll'owing files 
from TR55 DISK#2. This diskette may only be needed while learning to 
use the program. 

1. llCOUNTY. RF" and ltSOILS .TYP" files . You will probably replace 
these with localized ones of your own. 

2 .  The sample data files which end in tt.55tt. 

3 .  The remaining ttTYPExxx.TBLtl files which may be needed with 
the sample files or for training purposes. 

Create a subdirectory (TR55) on your hard disk for the TR55 files 
using your DOS Make Directory (MD) command The syntax for the command 0 from the hard disk prompt is: 

MKDIR \TR55 

Move to the TR55 subdirectory using the DOS change directory (CD) 
command as follows: 

CD \TR55 

Using the two TR-55 original diskettes copy all of the files 
referenced above for the floppy disk system onto the hard disk. Also 
create the TR55.CFG file by executing CONFIG. 

(If the disk drive designation and TR55 subdirectory name are added to 
your systems PATH command, TR55 can be executed from anyplace 
regardless of what is currently the default drive and directory. See 
your DOS manual for more information on the PATH command.) 

* * * HELPFUL OPERATING HINTS * * * 

HELP screens are available to assist the user. They are accessed by 
pressing function key F1 for pertinent information about the current 0 part of the system being viewed. Reviewing (and printing using the 
PrtSc key) the HELP screens as you go through the TR-55 system the 
first time is a good idea. Remember, the reference for the TR-55 
program is the 1986 TR-55 revision. 

When you are ready to load the new TR55 on your system, copy any 
00151s g 



data files (those ending in 'l.55") you wish to save from the TR55 
directory to a floppy diskette. 
examples (EX2-1.55, etc.) as they are included in your new 
diskettes. Then delete all the files left in the TR55 directory 
and load in the new TR55 program diskettes. 

You do not need to copy the 

If you have data SAVEd with previous program versions, the files may 
be unusable with this version. Both LOAD and SAVE utilities have been 

- rewritten to make the saved data files more compact. 

* * * CHANGES FROM PREVIOUS VERSION * * * 

1. 

2 .  

3 .  

4 .  

* 5 .  

6. 

7. 

8. 

9 .  

10. 

12. 

13. 

I 

1 

The seven executable modules were combined into one, reducing 
size of overall program and eliminating load time between modules. 
This also eliminated the truncated print problem which occurred on 
certain buffered printers. 

Use of TR55.CFG file allows recognition of color monitors and 
different disk drive configurations. User can control colors and 
drives. 

Use of the SOILS.TYP file provides local s o i l  names and their 
hydrologic soil group(s) as a look up reference. 

Text strings no longer accept as a valid character because of 
problems which occured when data was SAVEd and reLOADed. When a 
is entered an apostrophe ( ' 1  is used instead. 

Computed CN's of less than 40 now result in a warning message and 
no transfer of the value to'one of the primary functions. The older 
program version would not allow user to leave CN portion of program 
until CN was raised. 

Rainfall types can be entered in both upper and lower cases. 

Correct display of small (~0.10 sq mi) drainage areas on tabular 
input screen when area was converted from acres entered in the CN 
portion of program. (Computations were OK.) 

Transfer of computed Tc values > 2 hours are not permitted to 
tabular method. 

Method used to find closest tabular Tc or Tt table values is 
revised. When such values were exactly halfway between table 
values, inaccuracies in storing floating point numbers may have 
made the value appear to be closer to one table value then the 
other. 

Correct printing of rounded Tc and Tt values as well as addition 
of an extra decimal place to Manning's n. 

Display of drainage area and rainfall data in the temporary 
storage portion of program when data is loaded directly to that 
screen. 

Eliminate many of the llbeepsll and user verification required 
when function key or ESC are pressed. 

Allow user to select the path in addition to drive on both 
0 0 1 5 1 G  i 
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LOADing and SAVEing. 

14. Add Range as an acceptable sheet flow surface type. 

15. Where program control will go when ESC key is pressed is now 
displayed at the bottom of most screens with the active 
function keys. 

- 
* * * STARTING UP THE TR-55 SYSTEM * * * 

Now the fun begins - - - -  Put the working copy of diskette #1 on the 
default disk drive or CD to the TR55 subdirectory on the hard disk 
and enter '1TR5511. 

HAPPY COMPUTING from the original TR-55 Computer Program Team 

Ted Burns scs Morgantown, West Virginia 
Roger Cronshey SCS Washington D.C. 
James Hailey scs Temple, Texas 
Clint Liezert scs Medina, Ohio 
Ralph Roberts ARS Beltsville, Maryland 

Program changes for the current version were made by: 

Ralph Roberts and Roger Cronshey 
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BORROW AREA STORMWATER MANAGEMENT 

EXECUTIVE SUMMARY 

This calculation was prepared to develop the stormwater management system for 
the East Field borrow area (borrow area). The borrow area is approximately 80 acres 
and is located in the south east comer of the Femald site. The South Entrance road 
divides the borrow area approximately in half. 

The computer program TR-55 (USDA-SCS, 1995) was used to calculate peak 
runoff rates for both the existing and proposed final conditions for the borrow area for 
the design storm (i.e., the 25-year, 24-hour storm). The results indicated that the total 
peak flow to Paddy's Creek for the proposed final conditions will not exceed the total 
peak flow to Paddy's Creek for the existing conditions and a stormwater detention basin 
is therefore not required. Storm water management structures consisting of one dual 
30-inch diameter culvert system, one 30-inch diameter culvert, two rip-rap aprons, and 
three trapezoidal grass-lined drainage swales were designed as permanent stormwater 
management features for the borrow area. 

a GE39OO-08.12/F953OO77. EXE 
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Borrow Area Stormwater Management: Collection and Verification of Engineering Data. 

Purpose: The purpose of this document is to summarize and verify the 
engineering data used to design the stormwater management 
system for the borrow area. This data will be used to design, 
for the borrow area, permanent (i.e., long-term) stormwater 
management structures. 

Scope: Collection and verification of data related to precipitation type 
and mount, ground surface soil type, cover condition and 
slope are presented here. Sources of data and the determination 
of design values are also presented. Data was collected from 
site-specific information and published correlations. 

Design: Engineering data is used to calculate the peak runoff at the 
borrow area for the 25 yr.-24 hr. storm event for the existing 
and proposed final grades. The calculated results are used to 
design storm drainage structures including culverts and swales. 
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Soil Name 

Fincastle Silt Loam 

Loam 
Martinsville Silt 

Loam 

Silt Loams 
Raub Silt Loam 

Russell Silt Loam 
Xenia Silt Loam 

Markland Silty Clay 

Miamian-herme pin 

1) Precinitation: TR-55 requires the 2 yr.-24 hr. rainfall, the design rainfall @e.. the 25 yr.-24 
hr. rainfall) and the SCS 24-hour rainfall distribution type as part of the program input. 

Hydrologic Soil 
Group 

C 
C 

B 

C 

C 
B 
B / 

Rainfall distribution type : The type was obtained from USDA-SCS (1986, pp. B-1) in 
accordance with the geographic location of the site, see Figure 3. 

0 SCS 24-hour rainfall distribution type is I1 J 

2) Surficial So il - Hydrologic Soil Gro up: TR-55 requires the classification of the drainage area 
surface soils according to Hydrologic Soil Group, HSG (i.e. . either A, By C or D). The HSG is 

- used in determination of Runoff Curve Numbers. 

4 Predevelopment Conditions: Table 1 lists the names of surface soils located within . the Borrow watershed area and their associated HSG classifications [See Tables A1 
through A6 (USDA, 1986),]. The distribution of these soils across the site is shown 
in Figure 4 (USDA, 1992). Surface soils classify as group B for approximately 80% 
of the total drainage area and as group C for the remaining 20%. 

Table 1 : Surface soils lot 
Map Symbol 

FeA, FdA 
MaB, Mac2 

McA 

MoE2 

RdA 
RwB2 

XfA, XfB2 

Restored Conditions: The present topsoil covering the borrow area will be removed 
at the start of the borrow area development and replaced after excavation of borrow 
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is complete. Thus the topsoil layer for the restored conditions will be a mix of the 
existing topsoil layer soils. A review of existing geotechnical studies indicates that 
clay percentages decreasefwith depth to the bottom of the targeted brown till borrow 

\ccrl’\* 

material. The decreasing clay percentages suggests that the surface soils in the 
restored conditions will trend towards a better draining HSG classification than those 
of the predevelopment conditions. 

fl Design HSG Classification: For analysis a HSG classification of C will be used for 

1. For comparison of runoff for predevelopment and restored conditions, the use 
of the same HSG for both predevelopment and restored conditions is 
conservative as the more permeable near surface soils of the restored 
conditions will result in less runoff than the existing near surface soils. 

2. For the design of storm drainage structures, the selection of a group C for the 
whole drainage area is conservative (results in higher calculated inflows). 

predevelopment and restored conditions, for the following reasons: 

/ 

3) Surface Features: TR-55 input requires surface features data including topography, ground 
cover type and flow characteristics for evaluation of runoff, time of concentration and travel 

- times. 

Topography: The ground surface topography of the borrow area is shown in Figure 5 .  
Elevation contours are based on a 1992 site flyover, provided by FERMCO. 

Ground Cover Type and Hydrologic Condition: Descriptions of vegetal cover within the 
borrow watershed area were obtained from aerial photographs of the site. 

Predevelopment conditions- 
The existing vegetal cover for drainage areas north of Willey Rd. is grassland 
(US Dept. of Energy, 1994) (See Figure 6). Grasses are long and in good 
condition. The existing vegetal cover for the watershed area south of Willey Rd. 
consists of straight row crops generally aligned perpendicular to the direction of 
surface water flow that area. 

On-site areas will be reseeded. Hydrologic conditions are expected to be good. 
No grazing or mowing (i.e., for hay) will be permitted. 

Restored Conditions- 

Based on the above ground cover descriptions, the following classifications for Ground 
Cover type and Hydrologic Condition were selected within the TR-55 program (USDA, 
1986a): . 
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w Ngt< 
Table 2: Borrow area ground cover, type and hydrologic condition’. 

Location Ground Cover Type 

Pasture, Grassland or 
Range 
Row Crop, Straight with 
CroD residue Cover 

Hydrologic 
Condition 

Good 

Good 

Predevelopment North Willey Rd. 

J 

Meadow 
Row Crop, Straight with 
Crop residue Cover 

Manning’s Roughness Coefficiena: 

not applicable 
Good 

0 Manning’s roughness coefficients for overland (sheet) flow and channel flow are 
shown in Tables 3 and 4. 

Condition Location Surface description 

Predevelopment North of Willey Rd. Range (natural) 
South of Willey Rd. 

Restored North of Willey Rd. Range (natural) 
South of Willey Rd. 

Cultivated soils 
Residue cover > 20% 

Cultivated soils 
Residue cover > 20% 

Manning Corresponding 

Surface Code2 
Coefficient’ TR55 

0.13 E 
0.17 D 

0.13 E 
0.17 D 



Condition Location 

Predevelopment North of 
Willey Rd. 
South of 

Willey Rd. 
Restored North of 

Willey Rd. 
South of 

Willey Rd. 
Drainage 

Structures, 
predevelopment 

and restored 

Channel type Channel Manning 
Description Coefficient, n 

Flood plain, pasture High grass 0.035' 
and no brush 
Flood plain, cultivated Mature field 0.040' 
area crops 
Flood plain, pasture High grass 0.035' 
and no brush 
Flood plain, cultivated Mature 0.040' 
area 
Culvert Reinforced 0.012' 

Concrete 

Swale Grassed 0.033* 
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TABLE%O 

RAINFALL DEPTH FOR A GIVEN DURATION 
(INCHES) 

w 
45 \\0\2? 

2 

5 

10 

25 

50 

+ 100 

+ 500 

2000 

10,000 

NOTE: Rainfall Points For 2, 5, and 10 year rainfall events were adjusted per TP-40. Values for the 500, 2000, and 
10,000 Year. Events were interpolated from Figure 3. 

These values am used on PH Records for HEC-1. 

SYS 8142 C:WECPAQC\WBl\TABLl .CAL 

Daniel Pass 23 Oct. 95 FERMCO/OSDF GE3900, Task 8.11 



E V O T A  
EVRC 
E L I I U  
F A I l U S  

CACCV 
CACTORV 
CACTORV. W O I S l  
F A D D I U  
F A O O L L  
CAGAU 
CAGASA 
F A H E V  
F A I M  
C A I M .  WOIST 
F A I R I A N K S  
F A I R B U R M  
F A  I R C  H I L O  
f A I R D A L E  
f A I  Rf AX 
F A I R C  I C L D  
?A I R M A V E U  
FA I R L  IC 

F A I R M O U N T  
F A I R P L A Y  
F A I R P D I U T  
F A  1 R P O R T  
F A I R W A V  
F A I R V D E L L  
F A  IRVLAWM 

P A c e v I L L c  

. ? A I R L O  

FAJARDO 
C A L A V A  
C I L I A  
f A L C O U  
F A L F A  

Exhibit All, continued: Hydrologic soil groups for United States soils 

f A L f  URR I AS 
C A L K  
C A L K I R K  
C A L  KUCR 
F A L L B R O O K  
F A L L C R E C K  
f A L L E R T  
F A L L O U  

A I F A R R A G U T  
0 I FARRAR 
B 1 F A R R C L L  
B I F A R R C U B U R G  
B I f A R R O 1  
9 I CARSOU 
c I CAnSOU.  I C 1  
B I F A R V A  
0 I C A P V A U T  
8 I F A S H l N G  
C 
C 
I 
C 
9 
B 
O 
C 
I 
I 
B 
B 
0 
B 
0 
I 
C 
C 
C 
C 
0 
C 
D 
0 
0 
C 
A 
C 
B 
C 
B 
C 
B 
C 

F A L L D U .  U O U f L D O D C D  I 
F A L L S A M  0 
F A L L S I N G T O W  B /D 
F ALOMA 0 
F A L S E U  A 
C A L U L A  0 
F I N A L  C 

F A S K I M  

F A T I M A  
C A T T I G  
C AUNCC 
FAUWSOALC 
CAUOU I C R  
F A U S S C  
C A V R C T  
C A W I M  
F A X  
C AXDU 
C A V C T T C  
F AVCT T C V  I L L €  
F AVWOOO 
CC 
C U R S  
F E A T H C R L E G S  
FEATHCRSTDUC 
CEDJ1 
F E D O R A  
f EDSCRCCK 
f E L A U  

f E L O A  
F C L D A  

rArnom 

Facnem 

DCPRC I S  I OU A L  
r t L i c i  i v  
FeLIPe 
C E L  I2 
F E L K C R  
reLLowsnt P 
CCLOR 
r t L i  
F E L T A  
F E L T H A M  
F E L  I UER 
F E L T O W  
f E L T O N  I A 
FCUCC 
F C W D A L L  

F I N C H C R  
F A U D A U C L E  
FAUDOW 
FAMG 
F A U M l U  
FAMUO 
CAUSHAW 
FAUTL 
F AMU 
F A P S  
FARAWAV 
F A D B  
F A R B E R  
FARGO . 
FAR IS I T I  
F A R L A U D  
FARLOW 
FARLO.. H I G H  

R A I U F A L L  
F I R M E L L  
F A R M I N G T O U  
FARMSWORTH 
CARWTDU 
F I R V H A M  
F A R N H A M I O M  
F I R U U F  

F I R U U L  
FARNUC. r e i  

C I F E N E L O U  
c I F e w  
0 I F E U S T C R  
I I F E M W I C K  
a I CCMWOOO 
C I CERA 
I I CCRDCLCORD 
C I F C R O I N A U O  
B I re iceee  
c I C E R C U S  
D 1 CEPU C L I C C  
0 I CERUAUDO 
B I CERUCRCCK 
0 I F E R N O A L E  
0 I F E R N C Y  
9 I F E R N H A V C N  
B I F E R U L E Y  
C I FERNOW 

I C E R U P O l N T  
B I FERNW000 
C I FERRELZ)  
0 I C E R R I S  
0 I CERROBURRO 

C I C E R l A L I r t C  

C I F C S T I H A  

B I F t q a o M  

e I FERTEG 

e I r e t i  

c I t C T l I C  
B I F C T L E R  
B I C C L  
8 I CIANCER 
C I F I A N D E R .  O Q A I U E D  
e I F I A T  
C I F I D A L C O  
C I F I D D L E 9  
0 I F I D D L C T O W l  
0 I CIODVMCUT 

0 I C L A T R O U  
C 1 F L A T T O P  
C I F L A X T O M  
0 I C L C A K  
C I C L E C R  
C I F L C I S C H L A U U  
C I F L E M l N G  
C I F L C M I U G T D U  
8 I F L E T C H E R  
0 I F L E W S I C  

I I F I E L D  . c I f L E X  
A I F I E L D C R E E K  B I F L O  
B I F l E L D l M G  . B I C L D E R  
C I C I L L F O M  B / O l  F L O K C  

e/ol  C I N C H C O R D  
I I F l N D D U T  
I I f l N G A L  
C I f I M G C D D C K  
0 I F l N L A N O  

I I C I N L E V P O I Y T  

A I F I U O  
8/01 F l W L  
9 I F l O N C  
B I C I F A O A  

B/DI  C I P C I O X  
0 I F l D E S T E C L  

I F I P C S T O U E  
A I F I R M A G C  
0 I F l D O  
9 I C l R O K C  
e I F I R S T Y I E W  

8 I C I N L E V  

0 I CINUEPTV 

e I C I a E e A L L  

o I F I R T H  
B I fmtn.  ~ O A I U E D  

c I C I S W E R ~  
I F I S H C R M A V  

R 1 F I S M C I N  
0 I F I S H H O O K  
8 I F I S H L I K E  
8 I F I S M P O T  
B I F I S H R O C K  
C I F I S H T R A P  
c I C I S K  
0 I F l T C M V I L L E  
B I C I T Z G C R A L D  
c I r i iznucn 
B I C I V C B L O C K  
c I F I v t M i L e  
C I F I V C M I L E .  S A L I N E  
c I F iveon 
0 I r l Y c P l u c  . 
B I F I V C S  
B I C I V E S P R I V G S  
8 I F L A C D  
0 I F L A G G  
e I F L A G L E R  
0 I F L A G S T A F F  

C I F L A C B E A U  
B I F L A Y I N G  

I F L A U A G A U  
B I C L A N D R C A U  

0 I F L A N L V  
0 I C L A S H E R  
0 I ? L A 1  HORM 
0 I C L A I M C A D  
C I F L A T I R O U S  

0 I F L A T O U I A  

.e I FLAC 

e I FLAUE 

e I C L A T U O S E  

C 
0 
C 
B 
B 
0 
B 
C 
B 
C 

e 
B 

e 

F L O W  
F L O M A T O U  
C L O Y 0 1  
CLOODWOOD 
F L O R A W M C  
C L O R A L A  
f L O R E N C L  
f L O R C S V  I LLe 
F L O R I D A M A  
F L O R I D A U A .  

C L O R  IOAMA.  f L O O D C O  
C L O P  I U  
F L O R I S S A U T  
F L D R I T A  
C L O T A G  
F L O W E L L  
CLOWLRCC 
F L O W  

f L U G L E  
F L U K E R  

O C P R C S S I O U A L  

C L u C T s c n  

C 1 F L U V A U U A  
8 I C L V I O W  
0 I C L V G I R E  
e I FLYNU 
c I C L V U N C O V E  
C I F O A D  
I I COARD 
D I F o e w i n  
B I C o I o e L  
0 I F O L A  
C I F O L O A n L  
0 I C O L E *  
c I C O L L E T  
0 I F O Y S C U G  
0 I CONDA 
P I F O N D I S  
C 1 F O U U E R  

C 1 COUTANA 
e I FOUS 

c I COUTRCCU 
e I FOPIAUO 
C I C O R A 0 1  
B I C O R A K E R  
0 I F C R B A D  
e I CORBCS 
C 
C 
e 
e 

e 

e 
e 

C 
C 

A 

C 
B 
O 
B 
B 
C 
B 

C O R O C S V I L L C  
F O R B I N C  
F O R 0  
F O R 0  I C E  
C O D O Y t V  
C r n D U C V .  WET 
F W O T R A U  
CORDUM 
F O D D V  I L L €  
F ORE L A U D  
F C R E L L E  
F O O C S C A U  

F O R C S T D A L C  
f ORCSTCQ 
F O R C S  TON 
FORGAY 

ronestouw 

0 I f O R K  

0 I FORKWOO0 
0 1 F O R C A D E R  
B I FORMAU 
0 1 F O R M P A L C  
A / O l  FORUCV 

C 1 F O R R E S T  
0 I FOQSCCR 

B I F O R S C R C N  

D I roauon 

e I CORSCV 

D 1 F O R S V T H  
A I F O R T  C O L L I U S  
D I f o u l  MCAOC 
0 I C O R 1  Y O I T  
e /ol  FORT ROCK 
A I CORTAUK 
9 I c o I ) T c s c u c  
B I CORTUNA 
A I CORTWIUGATC 
c I FORTVCOUR 
C I C O R V I C  
C I COPWAR0 
B/DI COSS 
0 I F O S S I L O N  

I COSSUM 
0 I COSTCR 
C I f 0 S T O R l A  
C I C O U M T A I U  
B I F O U R  S T A R  

B 
C 
B 
B 
O 
B 
C 
C 
9 
C 
A 
9 
A 
A 
C 
C 
c/o 
0 
C 
C 
C 
B 
I 
D 
A / D  
C 
I .  
0 
C 

I I FOUR STAR.  O R A I U C D  B 
C I COURCWC B 
B I COURLOG 0 
B I roume B 
I I C O U R M I L C  I 
B I F O X  B 
C I F O X C R C t K  0 
C I " f O X C R C C K e  DRAIULD C 
0 I COXMOMC 
9 I COXMOUUT 
e I COXDL 
B I F D X T O M  
C I COXWORTW . 
0 I f R A D O L C  
8 I F R A I L C V  
I 1 C R A I L T C U  
B I F R A M  

0 I F R A U C I S C A W  
0 I C R A U C I S O U I T O  
C I F R A M C I T A S  
0 I CRAUOSCU 
C I F Q A U K f O R l  
B I CRANXIR).  
B 1 F R A U K L I U  
B I CRAMKSTOWU 
B I CRAUKTOWM 
0 I C R A U K V I L L C  
I / O l  CRATERMIDAD 
0 I C D A V A L  
0 I f R A V A L .  G R 4 V C L L V  
C I FRALCR 
C 1 F R A L C R T O U  
0 I CRCD 
0 I FRCOCMSIORG 
8 I F R C D C R I C K  
4 I FRCOOU 
C I CRCDOUIA 
c I FRCDOUVCR 
0 1 CRCC 
B I C P E E I U R G  

B I FRCEDDM 

A I PRCCHOLD 
0 I C R C C L A N D  
C I CRCCMAU 
C I C R C C M A M V I L L C  
B I F R E C O M  
C I F R E E D  

e I FRANCIS 

o I FPctce 

e I meeoom. SALINE 

I 
C 
D 
C 
A 
e 
B 
0 
B 
A 
C 
C 
O 
B 
C 
C 
B 
I 
0 
I 
0 
C 
B 
C 
B 
C 
C 

C 
C 
C 
B/D 
C 
0 
C 

B 
C 
C 
B 

C 

e 

e 

e 

M O I C S :  TWO H Y D R O L O G I C  S O I L  GROUPS S U C H  A S  B / C  I N O I C A T C S  TWE O R A I N C O / U N D R A I M C D  S I T U A T I O U .  
M O D l f I E R S  SnOwu. E-&.. B E O R O C K ' S U I S T R A I U Y .  R E P E R  TD A S P E C I F I C  S O I L  SERIES PHASC F O U U D  IN S O I L  C A P  L C  P'sZ5j 

i (210-VI-TR-55, Second Ed., June 1986) Table A1 A-15 
Daniel Pass 10 Oct. 95 FERMCO/OSDF GE3900, Task 8.1 



Exhibit A-1, continued: Hydrologic soil groups for United States soils 

Y A G O T S U  
Y A G U A V O  
Y A U A L A  
U A U A L A S V I L L E  
M A U A h  
YAUANA 
MAUASKA 
Y A U O G A h  
Y A U O N I N G  
YAUOOSUC 
Y A U T O Y E O I  
W A U T O W A  
Y AUUK ON A 
MA I A  
M A I O C N  
MA I L E  
Y A I N S T A V  
M A I T L A N O  
Y A d A O A  
Y A J U B A  
M A K A A C A E  
Y A K A U  
Y A K A L A P A  
MAKAP I L  1 
MAK A W A D  
MAKAWEL I 
MAKENA 
YAK I 
M A K I K 1  
M A K L A K  
MAKO7 I 
Y A L  

- ,  M A L A  
Y A L A B A R  
Y A L A B A R  

Y A L A B A R  
D E P R E S S I O N A L  

F R E O U E U  T L V  

Y A L A B O N  
M A L A C U V  
MALAGA 
YALAGA.  S T O h V  
YALAMA 
Y A L A R G O  
Y A L A V A  
Y A L B I S  
Y A L C D L Y  
Y A L O E N  
M A L E L A  
Y A L U E U R  
Y A L I B U  
Y I A L l N  
Y A L  J A Y A R  
M A L L D R Y  
M A L Y  
M A L Y E S A  
Y A L O  
Y A L O T E R P E  . 

YALOV 
M A L P A I S  
Y A L S T R O U  
M A L V E R N  
YAMALA 
YAUOV 
MANAUAA 
Y A Y A U A W K I N  
YAYANA 

Y A L O T T  

MANAGO 
YANAPD. G R A V E L L Y  

WANASS1 
SUBS T I  A TUM 

Y A N A S S A S  
Y A N A S T A S U  
MANATEE 

0 I YANAWA 
c I MANBURY 
0 '  I MANCELONA 
B / O I  Y A N C U E S T E R  
C I U A N D A N  
B I U A N D A R I N  
B I M A N D C R F I E L D  
C I U A N D E V I L L E  
0 I YANOV 
A I MANET 
A I M A N F R E D  
C / D I  YANGUM 
B I M A N U A T T A N  
B I M A N H E I Y  
C I U A N I  
A I Y A N I K A N  
0 I Y A N I L A  
B I M A N I S T E E  
B I Y A N I T A  
C I MAWITOUISU 
8 I Y A N L E V  
B I U A N L I U S  
0 1 YANN 
8 I U A N N I N G  
B I YANOGUE 
B I CANDR 
B I L A N S E L O  
C I U A N S F I E L D  
B I M A N S I C  
A I M A N S K E R  
B 1 M A N S O N I A  
C I Y A N T A C H I E  
B I M A N I E C A  
B / o l  Y A h T E O  
0 I Y A N T E R  

I U A N T O N  

I Y A N V E L  
I M A N V E L .  S A L I N E  

D I Y A N U  

C I Y A N Z A N A R  
B I M A N Z A N I T A  
B I U A N Z A N I T A .  
A I G R A V E L L Y  
A I Y A N L A N O  
B I M A N Z A N O L A  
0 I Y A P L E  Y O U N T A I U  
B 1 M A P L E C R E S T  
B I Y A P L E U I L L  
A I Y I P L E 1 r ) N  
B I Y A P L E T O N .  STONY 
C I YARACK 
0 I M A R A G U E Z  
C I Y A R A N A  
9 I Y A R A T U D N  
C I Y A R B L E  
C I M A R B L E C R E E K  
0 I L A R E L E M O U N T  
B I L A R B L E Y O U K T .  
0 1 CUANNERV 
B I MARCADO 
B I Y A R C E L I N A S  
B I Y A R C E L L D N  
9 I Y A R C E T T A  
C I Y A R C I A L  
D I M A P C L A Y  
C I U A R C O L A  
C I Y A D C O h l  
0 I Y A R C D T T  
C I Y A P C O U  
0 I Y A R C V Y  
C I MARCUS 

C I YARCY 
9 1 Y A R D I N  
C I YARENGO 
B / D I  Y A R E S U A  
0 I Y A R C A T E  

0 I M A P G I E  

I MARCUSE 

I MAPGERUM 

C I MARGO 
0 I Y A R I A  
A I M A R I A N A  
A NARIAS 

C I Y A R I C A O  , 

b I M A R I C O D A  
E I Y A R I E T T A  
C I M A Y l L L A  
6 1 M A D I * C L  
D I M A R l U E L .  D R A I N E D  
0 I M A R I N A  
A I C:ARINE 
C I U A R I O N  
C 1 Y A C I C C  
B I UARlDOSl 
C I M A R l S C A L  
A 1 M A R I S S A  
C I M A R K t S  

B I M A I K E T  
C I U A R K E V  
B / D I  MARKWAY 

e I YARIBVILLE 

e I Y A R K E S A N  

B I U A D V S T O U N  
E I U A S A O A  
C 1 MASARDIS 
0 I C A S A R V C  
[I I M A I C A Y P  
E M A S C A R E N A S  
B I P A S C U E T A U  
C I b!ASCDTTE 
C I MASCOTTE.  
C I D E P R E S S I O N A L  
e I M A S E T  
B I W A S M A *  
C I M A S H E L  
D I M A S U U L A V I L L E  

C I YASOL: 
0 I YASOUFORT 
C I MASONTOWN 
D I UASSACK 
B I YASSACK.  ORAIUCD 
C I YASSADDNA 
A / D I  YASSAUETTA 
C 1 U A S S A N U T T E N  

e I MASKELL 

B I U A R K L A K E  
0 1- MARKLAND C I L A S S E U A  
B I Y A R K L E P A S S  A 0 I L A S S I E  
8 I C A R K T O Y  
0 I MARLA 
8 I Y A G L A K E  
B I Y A P L P O R D  
B I M A R L E A N  
C I Y A R L E T T E  
C I MACLOW 
C / O 1  Y A D L T O N  
B I YARUARTH 
B I Y A U U A R T H e  COOL 
C I Y A R N 1  
B 1 MbfiOSA 
C I C A P O 1 2  
C I Y A P P A  
C I M A R P L E E N  
C I MAROUI ITTE 

I MAROUEZ 
e I * m a  

e I YARROWBONE 
C I M A D R I D T I  

8 I Y A R S D E N  
C I M A R S E I L L E S  
C I Y A P S E L L  
C / O 1  M A f i S H A L L  
C I MAPSUAU 
B I MARSUBROOK 
B I Y A P S U D A L E  

I C I 
Y A S T E I S O N  

0 I Y A T A  
0 1 YATAGOROA 
B I YATACOROS 
B I MATANUSKA 
B I YATAULAS 
C I Y A T A C E A K E  
C I C A T A U A h  
B 1 MATCHER 
C I Y A T F I E L D  
C / O 1  Y A T G D  
8 I M b T U E N V  
C I Y A T U E R S  
C I M A T U E R T D N  
0 ! *ATMESON 
A I YATUIAS 
C I Y A T N I S  
e I UATUISION 
e I MATWON 

e I M A T O Y  
e I M A T T A W S K E E T  

e / o t  W A T T A P E X  

C I Y A T L A C U A  
R I M A T N E F L A T  

B I M A T T A N  

0 I Y A T T A P O ~ I  
D I MATUNUCK 

C I M A F T I N S O Y  I C  I 
C . I  M A R T I U S V I L L C  e 1  
6 I M A R T I N T O N  4 c  I 
C I M A R T I S  
B I D 1  M A R T I S C D  
D I M A R T V  
D I MARUYSCC 
C I M A R V A N  
C/O1 C A R V E L L  
B I M A R V I N  
B / C l  C A R V V U  
E I M A R Y  
C I M A R V S L A h O  

O E D P E S S I O N A L  
YANATEE s F L O O D E D  

NOTES:  110 U V D R D L O G I C  S C l L  GROUPS S U C H  AS b / C  I N D I C A T E S  T H E  D R A l N E O / U N D R A l N C D  S I T U A I I O N .  

~~ 

MARSHDALE.  D R A I N E D  C I M A U  

Y A P S I N G  C I CAUOE 
Y A D T  B I U A U O L I N  
M A R T E L  0 I YAUGUAU 
M A R T E L L A  C I Y A U K E V  
M A R T  I N  C I MAUMEE 
M b C T I N  P E Y A  0 I Y A U N A B D  
U A P T  I N E C K  D I M A U P I N  
C A R T  I N E Z  0 I M M J R E P A S  
* A R T  IN1 B I MAURERTOUN 

YARSUF I L L 0  e / o t  CAUBILA 

Y A P 1  I N S B U R G  , e I UAURICE 
U A U R V  
Y AUV A IS 
MAVCO 
M I V E P I C K  
M A V I F  
M A b A E  
YAUER 
M A X  

Y A X C R E E K  
M A X E V  
MAXC IELD 
M A X I O N  
Y A X V I L L E  
Y A X W E L L  

C I Y A Y  

C I Y A Y  G A Y  
A 1 Y A V A C A V A  
A I M A Y B E L L  
0 I M A V B E R R V  
C I Y A V S E S G  
B I M A V B I D  
E / D l  MAVDOL 
0 1 MAVED 

I M A V F S  

0 I U A V F L O U E R  
B I UAVGER 
8/01 UAVUEW 
B I Y A V Y E A D  
B I Y A V U E N  
0 I MAYNARD L A K E  
0 I Y A Y 0  
C I YAVODAN 
B I U A V O U D P T U  
E 1 Y A V O U C E N  

e I UAV~IELD 

e I WAYSDOIF 
e I MAVSPPINGS 
e I M A Y T A G  
C I U A V T O b N  
D I Y A V V I L L C  
E I YAVWOOC 
C I Y A Z A R N  
D I M A L A S K A  
C I Y A Z D A L E  
e I Y A Z O U R K A  
e I YALUMA 
B I WC C O R 1  
C I Y C A F E E  
A 1 M C A L L E N  
C I M C A L L I S T E R  
E I M C A L P I N  
R I U C P E E  

B I MCBETH. S A L I N E  
E I U C B E I U .  O R A I N C O  

e I MCBEIU 

B I M C e l G G A M  
c I Y C B R l O F  
C I M C C A F F F D V  
E I Y C C A I U  
c I U C C A L E e  
B I M C C A L L  
C I Y C C A L L I  
b I YCCACYOU 
G I YCCANY 
C I MCCACCV 
C I Y C C A R R A h  
0 I YCCARTUV 
C I Y C C A S U  
C I MCCLAVC 

@ I Y C C L C L L A N  
c I MCCLOUD 
C I U C C L U R E  
A/DI  U C C O I U  
D I M C C C L L  
c I U C C C L L U M  
E I YCCDYUEL 
0 I UCCONNEL. F L O O O E D  
B I MCCOOK 

e I YCCLEARV 

e I YCCORNICK 
c I wccoai 

e / o i  MECROW 

C I MCCOV 
C I MCCREL 

A I YCCROSKET 
B I MCCULLOUGU 
E I Y C C U L L V  
B / O l  Y C C U W E R  
C I MCCUNE 
B / D I  YCCURDV 
P I h C C U T C U E N  
B I YCDADE 
0 I Y C D A N I C L  

8 
0 
C 

c 
D 
D 
B 
B / O  
D 

C 
C 
D 
B 
D 

B 
E 
C 
B 
E 
B 
0 
C 

t) 
C 
C / b  
B 
C 
8 
B 
C 
B 
C 
C 
C 
D 
C 
C 
C 
b 
A 
C 
b 

3 
C 
9 
C 
B 
B 

C 
D 
B 
C 
C 
0 
D 
A 
P 
A 
B 
C 
B 
C 
B 
D 
B 
B 
C 
B 
0 
C 
0 
C 

A 

e 

A 

e 

e 

e 

e 
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Exhibit A-1, continued: Hydrologic soil groups for United States soils 

U C D E O U O T T  
U C D O L E  
VCDON ALD 
U C D O N A L D S V I L L E  
U C D U F F  
U C E L U C  
U C E L R O V  
VCEUEh' 
U C F A D D i L i  
V C F A I h  
VC F L R L  AhC 
U C F A U L .  
WCGAFFEY 
VCGAPR 
VCGAQVEY 
VCGARV 
MCGEHEE 
V C G l  L V E  C Y  
U C G I  NNI S 
MCG I N 1.Y 
V C G I P K  
M C G I R K .  LOW 

UCGOUAN 
U C G R A T U  
VCGREW 
C C G U F F E Y  
UCGU I RE 
CCUE N R Y  

V C I N T O S H  

V C l V E Y  
YCKAM I E  

P R E C I P I T A T I O N  

UCILUAI~IE 

~c i w i v a e  

V C K E N N A  
VCKENNA.  G R A I N E D  
V C K E N Z  I E  
NCK I NLE V 
U C K I N N E Y  
V C K N  I G H T  
U C L A I N  
Y C L A U F l h  
UCLEOO 
UCLDUGWL I N  
U C V E E N  
WCU I L L E  
U C M U L L I N  
U C u U R D  I c 
VCUUPRAY 
V C U U P P A V .  D R A I N E D  
VCNARV 
H C N E A L  
U C N U L L  
Y C N U L T V  
M C P A U L  
M C 3 H  I E 
V C 3 U A R R  I C  
UCOUEEN 
M c a A E  
U C R A V E N  
UCTAGGAC T 
CC VEGA S 
WCV I C K E R S  
NE A D  
U E A D I N  
UEAOLANO 
U E A D O I e R 3 0 ~  
Y E A O O U C R E E I  
V E A D O U L A K E  . 
V E A O O W V I L L E  
WEANS 
UEARES 
WECAN 

3 I U E C K L E N W J P G  c 1 P(EPDEN 
e I Y E C O S T A  A I U f P E c I T H  
C I UEDA E I V t k E T A  
C / O 1  MEOANO C I VEPGEL 
C I U E D i D V  C I CtYlClAN 
c I u E o e L i a N  F. I C E R I N O  
0 I vcocc 0 I UFPKEL 

e I YEDFPA C I U E E U E N T A U  
9 I UEDFORO e I UEFLIY 

c I U E D I C I N C  e I HCPMILL 
e I MEDLEY e I UCFNA 
C I V E D L I N  D I C F R C S  
e I MFDCMAK Cb I M E P R I C K  
C I UEDCRA t I M l C R I L L  
C I UEDUAV e I U E P O I L L A N  
C 1 UECGERNOT b I C E P R I M A C  
c I UEECERO E I W F P R I T T  

C I *'EELS P I S U S S T R A T J M .  
R I VELTEETSE P I r P A I N E D  
C I VEGALOS 0 I U E R P I T T .  D P b I N E D  
D I U E G G E T T  D I M E R S H O N  

D I U E E H A Y  e I U E R R I T T .  C C A V E V  

I U5GONDT c I UEPTOh'  
R I U E G U I Y  3 I M E R T Z  
B I EEHLrl09N C I C E r U I N  
e I WIKLE D 1 V E S A  
0 I C E l S S  C I U E S A e A  
E I C E K I N O C K  0 I U E S C A L  
U 1 L ' E L A K b A  C I U C S C A L E R D  
e I MCLASD c I U C S E I  
6 I VELbOUPhE R I U E S P U N  
e I M r L P v  I ULSSER 
c I YCLO c I M E T  
D I C t L D E P  e I MtTACDPA 
5 I V E L G A  E I U B T C A L F  
0 I C t L W O V L S  t. I Y t T E l  
e I VELITA A I V E T H  
A I L C L L E N T H I N  c I CLTIGOSHE 
3 I MCLLOR D I V t T C L I U E  

D I S U B S T 9 A T l J M  I W E T I  
C I Y E L L O R .  C T R A T I F I F C  C I I ' E T P C  

e I V E L L O T T  6 I M F X I C O  
c I Y E L o c n E  D I C F X 1 Z P R ) I N S  
9 I YELOLAUD C I V t Y S T C F  
C I YELROSL C I UhCON I 
R I C E L l D N  
e I UCLVILLE 
e I MELVIN 

e I WWPUIS 
C I U E ' 4 A L O O S E  

3 I UENAHGA 
C I L C N \ R O  
D I UPNASHA 
C I V E N e O  
D I VCNGEB3lJRE 
P I VEMDELTNA 
Z I CENDELTNA. 
9 1 L A C U S T R I h E  
e I SUBSTRATUC 
e I Y E Y O E N ~ A L L  
3 I vENO1 
C I UCNDOClhO 
e I VEYOON 
C I VCSDUTA 
a I UENEFCE 
D I WEYFEO 
c I C'5.11.3 
3 I VEND 
A I U E N O K E N  
C I M E N O V I N E E  
5/01  C F Y T J  
C I YEYTOR 
C 1 MFNLEL 
9 I VECUDY 
C I MCP ROUGE 
0 I C E P C E D  
P I U F R C E O E S  
C I CEJCCP 
c I r E P C E Y  

D 
P 
3 
C 
e 

r 

A 
R 

C 
C 
D 
e 

0 
e 
e 
e 
P 
D 

G 
C 
C 
A 
C 
6 
6 

E 
D 
0 
C 
C 

e 

L 

0 I Y I K I U .  UET 

C 1 U I K K A L O  
e I s u e s i w i u m  

e I UILACA 
e I LILAN 

E I miLev  

r I KILDPEO 
8/01 W I L E S  
e I UILFORO 

C I V I L P U R Y  

0 I h I L C A N  

A I C I L U A Y  
e I C I L I T A P V  
c I U I L L  YOLLOU 
C I U I L L A O O R E  
A I U I L L A P O  
C I H I L L B O R O  
e I V l L L B R O O K  

I M I L L l U R N E  
I U I L L E R  

c I M I L L E R L U X  
P I UlLLERTON 
C 1 C I L L E R V I L L E  
A / D l  C I L L E T T  
e I r i L L G p o v E  
C I U l L L H E l M  
c I U l L L W I  
C I U I L L t ' O P D E R  
c I V l L L I C H  
b I C I L L I C O M A  
C I VILLIGIW 
R I V I L L I N C  

e I YILLERLAKE 

e I MILLINGTON 
0 I C I L L I S  
e I u i L L P A u  
c I U I L L P C T  
B I C I L L R A C C  
6 I C l L L P O C K  
D I U l L L S A P  
R I * ILLSOALE 
0 I VILLSWOLM 
0 I K I L L S I l C  
P I Y I L L V I L L E  
D I urLLuOOD 

I U l C C O  
I U I C H E L S O N  
I CICHIGAMWC. 
I u I C K f V  
I * I C R O Y  
I U l P A S  
I ~ I D C O  
I V I D D L C  
I V I P D L E B U R V  
I U I D O L E U A a C H  
I V I D D L E T O W N  
I M I D D L C U O J 3  
I C l D E L I ~ H T  
I U I D E S S A  
I U I C F 0 9 K  . 
I Y I O L A k O  
I U I O M C N T  
I UlCNIGUl 
I U I D C  
I C I O E A W  
I C I U V A L E  
I b 1 O U A V  

I Y I F R U F  
I U I E S E N  
I Y l F F L I N  
I W I G E F N  
I M I G U E L  
I L I K E  
I V I K € S E L L  
I U I K l V  

I V I E R W I L L  

1 e /o i  v I L a w  
e I MILTOM 

D I viueEes 
C I U I L V A P  

C I M I M O S A  
C I WIN. 
A I UINALOOSA 
C I U I N A U  
e I C I N A T  
e I U I Y A T A R E  
e I UINCWEY 

e I WINDEGO 

0 I C I Y C H U L I N A  
e I C I N C O  

E I U I N O C N  
C' I C I N E  
C I U I N E C L A  
0 I M I N E R  
A I V I N E R A L  
C I M I N E P A L  U O U N T A l N  
c I U I N E C S V I L L E  
C I CINESINGER 
C I UlNETA 
e I V l N G C  
C I V I N G U S  
B I V I N I D O K A  

0 I V I N L I T M  
D I U I P N E H A  
C I Y I N N L I S K A  

e I UINKLER 

e I M r N u E o P A  

C I VINNEOSA 
I U l M N E O U A  

C I M l N N E T O N K A  
C 1 U I N W C T O N K A .  
B I S U I S T R A T U C  
C I M I Y N E Y A U K A h  

C I M I N N I E P E A K  
C I ~ I N N I E P E A K .  

8/01 G P A V E L L V  
6 I M I N N I L P E A K .  
b I O V E R B L D U N  
P I M I N N I E V I L L E  
C I M l N N I U A U F  

D I UILiNYE 

9 I U I N O C O U A  

R I L I N T 0  
D I V l N U  
D I M I N V A L E  
A / O I  M I N V E N O  

e I UINNIECE 

P I D V C R e L O u N .  

n I MINNITH 

e I Minor 

D I M i Y T E a  

e I ~ I N U E L L S  
e /o i  L IOY 
C I V I D D D N  
D I UIRABAL 
A I C l Q A C L C  
0 I UIRAGE 
C I UIPAMAP 
C I M I R A N O  
D I M I P A N O A  
WDI r i a c s  

e 
C 
D 

S I L T Y  c/o 

C I U I P E S .  S T O N Y  
C I UIRKUOOD 
e I UIRPOR 
e I M I R R O R  L A K E  

D I U I S E N H E I ~ E R  
A I MISAO 

8/01 M l S h A K  
D I M I S H A R .  DRAINED 
E I MISSION 
R I C I S S I S O U O l  
0 I M I S S L E R  
e I CIZSOULA 
e I Miicw 

c 1 FLDOOED 
c I -1TCt 'CLL 
C I V I T I V A h G A  
P I U I T K O F  

C I U I T C W .  R A R E L Y  

D 
A 

A/O 

e 

e 

C 
C 
C 
P 
C 

0 
C 

e/o 

D 
e 
D 
C 

C 
C 

C P 
0 

C 
e 

'C 

0 
A 

0 B C y"1 
A 
e 
C 
D 
C 
0 I 
A 
e 
0 
b 
C I 
e 
C 

CI I LITRING 
R I M I T T F N  
0 I M I V I D A  
e I MIZEL 
o I unhe 
R I MOAG 
C I M O I N O  
B I MOAPA 
e I ~ O A U L A  , 

A I MORATL 
D I U O B E E T I E  
c I LDPCRG 
c I M o m  
e I MOERIDGE E 
C 1 COCA D 
C I UOCAREY D 
C I VDCHO e 

C 
e 
e 

e 
D 

D 
0 
C 

D 
9 
R 

A 

e 

e 
e 

C I 'OCKLEP 

C 
C I UOCUONT 
D I MOCTILEME 
D I M O D I  0 
C 1 YOOALE C 
P I UEDFNA e 
e I CCDESTE C K E S V  I L L €  

S O I L  GROUPS SUCH AS t / C  I N O l C A T E S  T-4E O R A 1 N E D / U L O R A I N E C  S I T U A T I O N .  
V G D I F I E R S  SUOUN. E.G.. SEDROCR S U B S T R A l U U .  R E F E R  1 3  A S P E C I F T C  C O I L  S E P I C S  P H A S E  F D U N O  I N  S C I L  M A P  L C G i ? N D 0 0 ~ 5 3 0  4 

w p  
Table A3 

A-26 (210-VI-TR-55, Second Ed., June 1986) 
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Exhibit All, continued: Hydrologic soil groups for United States soils 

P o o u o N o c K  

PORRC I T  
PORRONC 
PORT 
PORT I T R O N  
P O R T A G t  
PORT A G C  V ILLL 
Poll T A L C  S 
POR T A L TO 
P O R W R C I C L D  
PORTLRS 
P O R T E R V I L L C  
P O R T M  ILL 
PORT I A 
PORT I NO 
P O R T L A N O  
POOTUWYT 
PORTNCUC 
P O R T O L A  
POR TSNOUTM 
P O R U N  
POSAYT 

POSCT 

POSITAS 
P O S K  I N 
POSO 
POSOS 
POST 
P O T A N U S  
P D T C W U I  
P O T C C T  
P D T C L L  

P O T L A T C M  
P O T O N A C  

pow i o  i o  

I 

I 

Pose* 

PosevviLLe 

. PO TM 

POTOS I 
POTRATZ 
POTSOAN 
P O T T C R  
POTTINCCW 
POTTS 
P O T T S O U R G  
POUDRC 
P O U J A D C  
P O U L S I O  
POUWCLT 
P O V C R T T  
P O V L T  
POWOCR 
POUDCRMORN 
POWDCRUASM 
powem 
PoweLL 
P O w t  R 
P O W C R L I N C  
POWLCT 
POUNCNT 

P O U U A T K A  
POT 
POTGAN 
POTWOR 
P O 2 0  
PO20  B L A N C 0  
PRAC 
PRA I I) l e v  ILLe 
W A Y I S S  
PPATMCR 
P R A T L C T  
P P A T T  
PRCACMCP 
PRC AKYCSS 
PRCATORSON 
P R C I  I SM 
P I C I L L  

PowuAMcee 

PtatLo 

s a  
0 
0 
I 
I 
C 
0 
C 
e 
C 
0 
I 
C 
C 
I 
C 
C 
A 
A 
C 
C 
C 
I 
I 
I / o  
0 
0 
0 
D 
0 
I 
I 
C 
C 
C 

PR I M G L t  
PPI TCMARD 
P R I T C M C T T  
P P O C M A S K A  
P R O C T O R  

PRONISC 
PWoN0 
PRONG 
PROPMCTSTOUN 
000sPe c T 

Pwcmesso 

PwosPew 
paossem 
PPOT I v I N  
P P O U T  ' 

P R O U T T  

PROV I c 
PWoVO 
PWOVO O A T  
PROW 
PWUOT 

PWU I T  TON 

P W O R  
P S U C A  
PTARNICAN 
P U A P U A  
P U A U L U  
P U C M T A N  

P K R C O  
P K R T A  
P U C R T C C  I T O  

Pmviocmce 

Pwue 

P w N i e  

PUOOL e 

C I P U C T T  
o I ouvren 
c I PUCLT 
0 I PLGCT. P R O T C C T C O  

. c  1 P U G S L C T  
I Ipu(I 
C 1 P U M I M A U  
o I Puice 
0 I P U A  
I I P U A N T A T  
C 1 P U L A S K I  
I I P U C A N  

I I P U L C X A S  
C I P U L N A N  
C I P U P I T  
c I P U L S  
A I pusipwen 
I I P U T M C T  
WOI PuneL 

c I Paemu 

I 1 P U N C M I O U L  
C I P W G  
8 I PUNGO 
8 I PUNOWU 
8 I PVUSIT  
A I P U N T A  
B 1 C U N T I L L A  
c I P U P C L L L A  
I 
C 
C 
I 
D 
D 
C 
D 
B 
I 
C 
8 
D 
C 
C 
A/O 
S 
C 
0.  
D 
C 
W O  
I 
I 
C 
C 

P U R C M C S  
PVOOAL 
P U R D T  

P I R G A T O R T  

P U R O I  

Puat T T  

puamea 

PmsLer 
mmvcs 
PUSMMATAMA 
P U S T O I  
PUTNAM 
P U T N C T  
P U T T  
P U T T S T B R  
PUU 00 
P W  OPAC 
P W  P A  

P U J K A L A  

P U T A L L U P  
P T I U R N  
P T L C  
P T L O N  
O W T C  

PW P A .  NDNST'ONT 

owomc 

C I P T P A Y I D  
C I P V P N O N T  
C I PTRMONT. Y C D P K K  
C I S U P S T R A T U M  
0 I P T W L L L  
D I OUACCWO 
D I OUAKCR 
B I O U A K E R T O U Y  
I I O U A N  
I I DUANOW 
D I O U A K A M  
C I OUANDCD 
I I O U A N T I C O  
C 1 O U A R L C S  
0 I O U A f i T Z I U * C I  
A I O U A R T Z V I L L C  
8 I O U A R Z  . 
0 I O U A T  
D I O U A Z O  
0 I D U C A L M A N  
D I O U C A L T  
D I O U E I R A D A  

e I OUATANA 

o I oueemv 
c I o u e c ~ ~  

I I oucmzca 
D I o w a c  

C I O L E L A D O  

C I O U C R C W C I A  
c I O U C T I C O  
C I O U I C K S C L L  
0 I O U I C K S I L V C R  
C I O U I C K V C U T  
I 1 O U I D C N  
e I o u i c N s A e e  
D I O U l L T U S  
c I O U I G L C T  
0 I OUIWI 

C I O U I L L A V U T E  
D I O U I L O T O S A  

D I o u i L c c w  

I I P U C L .  N O N G R A V C L L T  C 1 Q U I L T  
c/o1 Punpen 8 1 O U I M A  
0 I P U M A  A I O U I N C T  
E I PUWALUU D I O L ' I N L A N  

0 I O U I N L I V E N  
c I O U l N N  
D I ouiwmcv 
A I O U I N T A N A  
C I D U I N T O  
S / O l  O U I N T O M  
8 I O U I T E R I A  
I I O U I T N A N  
c 1 O U I V C R A  
c I O W Y S C T  
0 I O M P A N T  
I I O U O S A T A N A  
c I P A I I I T C K  
0 I R A I C R  
0 I R A I I D E U .  
e I PAIW 
D I RACL 
C I P A C I N C  
C I R A C K C P  
0 I R A C O L I C S  
I I RACOON 
C I RAD 
C I RAD. L A C U S T R I N C  
A I S U I S T R A T U N  

A I R A D O L C  
e I PAD. rLoooeo 

c I 
c I S A D L R S I U R G  
C I PADCORO 
8 I R A O L C T  
D I RADMOR 
8 I P A C A C L  
0 I RACTON 
A I R A F T R I V C R  
D I R A G L A N  
D I P A G Y A R  
c I P A G N C L  

I R A G 0  
0 1 R A G P I C  
C I R A G S O A L L  

C I RANROD C 
9/01 P A L S D C L L  D 
C I P A L S D E L L .  D R A I W t D  C 
8 I P A Y S C T  
D I RAMSMORN 
C I P A M A  
I I DAl rCC 

C I RAYOADD 
A I PANOALL 
D I PAMOCORC 
0 I RAYDNAN 
8 I R A Y l r C L P M  
C I RANDS 

I I RAMCCC 
8 I R A Y G C P  
I I R A N W C C  
A I R A M S L O  

C / O 1  RAWSTCIN 
I . I  PAMTDUL 
C I RAPATCL 

I R A D C L J C  
C I R A P Y  
I 1 R U M 0  
D I R A P I D A N  

I I R A P P A M A N N O C I  
I I P A P S O N  

0 I R A R I C K  
0 I RAPITAN 
C I R A S S A N D  
8 I R A S I L L C  
I I RASSCR 
b I RASSCT 
C I R A S T U S  
0 I R A T A K C  

c I PAMCMOSCCO 

n I R A m o s e u e G  

e I RAYSON 

e I R A D L C L  

c I RADDCN 

C I RACTOUN 
S / O l  R A M A L  
A I RAMN 
I I PAYUORTM 

I I R A I L C I T Y  
D I RAINIOU 
C I R A l N C T  
I I R A I N I C R  
C I R A I N 0  
C I P A I N S  
8 I R A I N S .  CLOODCD 
D I RAINSOOR0 
C I P A I N S V I L L C  
0 I RAIROENT 
C I P A I S I D  
D 1 R A K A N C  

C I R A X I C D  
D I P A L C l G Y  
C I R A L L O D  
e I DALLS 
0 I R A L P Y  
C I R A L P M S T O N  
D I R A L S C N  
C I R A N A O C R O  
B I R A N I L A  
C I D A ~ I O U I L L C T  
C I R A U C L L I  
S I R A N l W C S  . 
c I R A N N L L  
C I R A M 0  
e I R A M O N A  
D I PAYOMA. M A R 0  
D f S U I S T R A T U M  
e I RANPART 
A I RANPAOTCR 
C I RAMPS 

e I RAIL 

e I a u c t  

C I R A T L A K C  
C I O A T L C C L A T  
C I R A T L I C C  
I I R A T O N  
0 I PATSOW 
A I R A T T L C P  
C I R A T T O  

D 
8 
D 
C 
C 
C 
D 
D 
D 
C 
C 
D 
D 
C 
0 
D 
c 
I 
0 
D 
8 
e 
e 
8 
C 
0 
I 
C 
C 
C 
e 
e 

e 
S 

C 
0 
C 
I 
0 
I 
I 
0 
C 
D 

I C  

S/Ol  R A U T I L L C  r 
0 1 P A U Z l  

e I RAVALLI. i e o r n o c K  
e I SUBSTPATUN 

c I a A v c N o A L c  
D I r u v e m e u  

C I P A V I L L I  

C I R A V C N  

C I R A V C N N A  
D I RAVCYSUOOD 
D I R A V I A  
9 I R A V O L A  
E I RAWAM 

0 I R A U L C S  
I I R A W L I N S  
C I eAWSON 
8 I P A U S O N V I L L C  
C I R A T I U W N  
c I ahvex 
C I PATCORD 
C I P A T L A K C  
e I RAVMONDVILLC 
C I RATNE 

f RATNESCORO 
I I RATNMAN 
I I R A T N O L O S O N  
I I R A T O M I L L  

e I m i r e  

D 
0 
D 
I 

A 
0 
0 '  
C 
C 
C 

C 
C 
I 
I 

C 
D 
D 
C 
D 
D 
8 

C 

C 

e 

e 

e 

e 

I 
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bL r -  1-86 

QOO I E 
PODUAN 
a o w o =  
ROEBUCK 
DOELL E N  
QOEUEP 
so€ TE x 
9 0 F  I S S  
Q O G A W  
WOGEPSOC 
G C G E P  T 
aoGRueE 
a o t u E  
QOUAN 
UC*NERV I L L 5  
QOUOhOA 
P O U P E P S V I L L E  
3 0 1 c  
Q3 JO 
R O L E T l E  
Q O L F E  
QOL I E 
Q O L I S S  
QOLLA 
P O L L I N G S T O N E  
POLOC 
P O L O F F  
QOMSEPG 
POUBO 
QOMC 
SOU-EO 
G O M E Q O  
DOUGAN 

QOUS 1 OCK 
QCUUL L's 
P O N A N  
DOYO 
P O W 3 € A U  
PONOCLL 
PONDOWA 
UONNEBY 
CONSEL 
Q O k S O N  
QOONE Y 

QOOSC V E L 1  

POOTEL 
QOPER 
R O S A L I E  
QUSAUONO 
QOSALONO. 

S A L I N C - A L K A L I  rn 

FLOODLO 

aoosE T 

a c o i  

POSANE 
i lOSANKV 
ROSA11 10 
POSCOE 
PCSCOUUDh 
QOSE CREEK 
POSE CREEK. 

POSE VALLEY 
O P A  I NE 0 ' 

Posceconv 
n o s E e L o o *  
aosEBonouGu 
Q O S E I U O  
QOSERURG 
WOSEOUU 
D O S E G L E h  
POSEUAVCN 
9 0 S E U  I L L  

Exhibit A-1, continued: Hydrologic soil groups for United States soils 

r! I POSLNOALE 
A I DOSEYUALL 
3 I Q O S E V I L L E  
D I POSEWOOO 
o i aI)siuoo3. . E T  
C I UCSEWORTU 
0 I COSUE S P D I N G S  
tl I COSUE S O Q I N C S .  
9 I O P A I N E D  
D I POSHOLT 
0 I P C S I N E  
e I R E S I T A S  
B I POSJTAS. CLAYEY 
0 I S U B S l * A T U M  
9 I C O S I T A S .  L O A L V .  
c I WET 
0 I a O S I T A S .  mer 
r I O O S L Y N  
C I POCLAN 
C I QOSNEY 
c I COSS 
o I a o s s e u o c  
8 /01  P O S S C I E L O  
C I RO5SMOOR 
C I OOSSLOYhE 
0 I OOSWELL 
C I R 3 S Y  

I R O T A U E P  
C I PCTAN 
R I C O T U I C A N  
@ I R O T U I E Y A Y  
0 I W O l h S A Y  
C I f iDT1NOM 
B I P O T 0  
9 I C O T T U L P E  
C I G O U B l O E A U  
b/OI POULN 
B I P o u c u c a E E x  
3 I FOUWiLOCK 
0 I P W G U U O U N T  
C I POUNO B U T T E  
A I 0  I COUNOAPOUT 

9 1 IOUNCUCAO 
C I POIJNOOO 
B I KOUhOTOP 

0 I COUNOV 
C I QOUSSEAU 
C I COYTON 
9 / 0 1  P O U l T  
C I POVAL 
8/01 COWOCh 
B I P W O Y  
e I U O W C  
c I POWEL 

a I QOUNOPARN 

e I LOUNOUO 

1 POWENA 
I ROWLANO 

O I ROULEY 
c I RO'IAL 

o I ncxeufiv 

a I POI 
I COYAL 

0 I WOYCE 
0 I COYGOCGE 
0 I R O Y O S A  
B I R O V S T  
3 I POYSTONE 
e I Q O Z A  
a / o l  POLELLVILLE 

9 I P O L L E E  
0 I f i U A R C  
B I D U B I C O N  
0 I PUB10 
0 I CUSSON 

C 1 QOLANA 

A / O l  POXER 
C I R P X T O N  

d I C O Z E T T A  

c I RUBY 
D I D U e Y u I L L  
R 
A / [  

0 
F 
c 
C 

a 
e 
A 
C 

C 

C 
B 
9 
e 

QUCU 
PUCKER 
PUCK L F  S 
WUCL I CK 
Puoo 
0 bC0L.E Y 
RUOEEN 
RUGV APD 
P U E O L O F F  
P U E L L A  
PUFUS 
PUGAP 
PUGG 
P U G L E S  
PUUF 
P U l C C S O  
P U I N P O I N T  
Q U I Z  

H I au to  
B I P U L E  
B I PUUBLECREEK 
9 I WL'VbO 
c I PUUFOPO 
b I PUI!LCY 
B I R L ' L ' Y F Y  
e I RUMPAU 
c I PL'YPLC 
B I PUUUkG 
C I RUNC 
P I P U N E E E P G  
F I PUNGE 
c I aur .N 
C I P U F L P  
c I P L U L C Y  
C I PUSCO 
c I PL'SCO. POY>EO 
r I RGSE 
c I PUSU 
0 I RUSP'YOQE 
C I DUSb'lOUN 
E I P U S U V I L L E  
w c i  PCSG 
c I PUSOI.  

e 1  
e 1  
0 1  
C I  
C I  
D l  
C I  

E l  
€ 1  
D I  
C I  

F I  
0 1  
C I  
B I  
A I  

r i  

e i  

S A B I N E  
SABLE 
5 AC 
S A C U L E N  
SACUETT 
S A C 0  
SACRAMENTO 
S A C T U S  
SACUL 
SAOOLE 
SAOOLEBACK 
S AOOLL G A 0 
SAOOLEROCK 
SAOCR 
S A D I E  
S A O L E P  
S A C F E L L  
S A G  

0 I S A G A N I N G  
e I S A G A S E R  
e I SAGE 

e I S A G E Y l L L  

c I SAGFPS 

C I S r G E C R E E K  
R 1 SAGEOALC 

C I S A G F U O O R  

C 1 CAGEWTON 
C I SAGLI? . 
C I S A G O  
C/O1 SAGOUSPE 
P I SAGOUSOE. OOAINEO 
0 1 SAGUACUC 
C I E A M A L I E  
b I S A U U A R I T A  
C 1 S A I D  
0 I S A 1 0 0  
C I SAILBL'AT 
E I S A I L B C A I .  ORAINEO 
e l 0 1  S A l P A N  
k I SAL 
r I SALACAR 

. I I S I L I C O N  
C I SALAL 

c I P b S S  F I SALAUATOF 

C I 0 i . S S I A N  @ E I SALAS 
c I- PLJSSELL e I SALANOEP 

I C I SALCHACET A 1 P U S S L E Q  
0 I R U S T I C E  F I S L L C O  
C I R U S T I G A T E  C I SALEM 
L I P U S T C N  P I S L L E P A T U S  
c I P U S T Y  B I S A L E P N O  
c I PuTAe @ 1 SALGA 
C I W U T E P S v I L L E  C I S A L I O A  
0 I P U T H F O F O P J  C I S A L I N A S  
C I P U T L A N O  c I s A L I s e u a v  
c I a u i L E c e  e / o i  S A L 1 1  

0 I R Y A N  PAQK e I SALLISAD 
C 1 R Y A N  0 I S A L C U U  

e I R Y A P U  A I S A L L Y A N N  
0 I QYCO C I SALVO 
5 I CVDE C I S A L V O h  
c I P Y C E P  C I S A L O N I C  
5 I P Y O O L P U  C I S A L T  CUUCK 
5 I PYCGATE C I S A L T  L A K E  
C I R Y F L L  B 1 S A L T A I R  

A f P V E P A T C H  C I S A L T E P Y  
c I R Y E P  C I S A L T C S E  
P I P Y K E P  B I S A L T I N E  
C I Q Y M A P .  C 1 S A L T O N  
e I & Y ? G P  C I SALUOA 

C I Q V C L L .  S A L I N C  0 I S A L T E D  

B I RYPOC a I SALVISA 
c I avus e I S A L Z E P  
E / O l  S A 1 9  c I S A L Z E P .  P a o i C c  

D I SAL.€ e I S A M D A Y  

A I S A a A H A  C I S A Y a l  
C/O1 C-AIANA SECA C I E A M B P I T O  

TEO 

e I SAYINIEGO 
C I S A L I S U  
A 
e/o 
e 
A 
C 
0 
0 
0 
C 
C 
c/o 
B 
0 
0 
C 
C 
e 
e 

S A V l A M I S M  
SAMOIST 
S A M O P  
SAMPSEL 
SAYPSON 
S A M S I L  
SALSULA 
SAW ANOPEAS 
SAY ANTON 
S I N  ANTONIO 
SAN A R C A C I O  
S I N  B E N I T 0  
SAN ELlGOlO 
SAN GCRYAN 
S A Y  I S A B E L  
SAN J O A O U I N  
SAN J O N  
SAW JOSC 

A / O I  SAN JUAN 
P I S I N  L U I S  
0 I SAW L A T E 0  
P 1 S A N  L I G U E L  
C I S I N  S A B A  
e I SAN S E B A S T I A N  
e I SAN siwEoN 
a I S A W  TIMOTEO 
c I SAN vsioao 
C 1 SANCHEZ 
0 I S A N C L E U E N I C  
C I SANOALL 
B I SANOBRANCN 
B I SANOCRLCK 

e I S A N E U I L L  
E I S A N D 1 1  

C 1 SANOOVAL 
6 I SANOPIOGC 
B I SANDSOPING 
0 I SAUOUN 
0 I SANOUSKY 
0 I I A N O V I C U  

a I SANDERSON 

e I SANOOSE 

C I SANOWASU 
0 I S A Y O D I C U  

I S A N E L I  
C 1 SANPORO 
8 I SAhGLR 
e I S A W G O  
e I SANHEDRIN 
c I S A N l B E L  
6/01 S A N I L A C  
c I SANJC 
A I SANLOREN 

C I S A N O I T C U  

P I SANSAOC 

C I SANTA C L I R A  
C/O1 SANTA P E  

0 I S A N T A  L U C I A  
A I SANTA M A R I A  
0 I S I N T I  YNCZ 
0 I SANTANA 

0 I S A N I A O U I N  
0 I SANTAROSA 
C I SAWTCE 
0 1 S A N T I A G O  
c I S A N T I A U  
C I SANTO 
0 1 SANTO TOWAS 
c I S A N T O N I  
0 I SAWWELL 
8 I SAPEHA 
0 I SAPLLO 

e I SANPCTE . 

e I SAWPCIL 

e I SANIA 

e I SANIA I s A e e L  

e I S A N T A N E L A  

C 
0 
0 
0 
0 
0 
B 
0 
a/o 
e 
B 
C 
C 

B 
0 
A 
0 
C 

A 
C 
B 
C 
0 

0 
C 
0 
0 
0 
C 

0 
B 
B 

e 

a 

e 

a 

e 
A 
0 
A 

e 
0 

C 

0 

0 
C 
B 

e 

e 

e. 

e 

e/o 
e 

e 
B 

B 
C 
0 
0 
0 
C 
0 
0 
C 
C 
0 
0 
0 
A 

0 

C 

e 

e 

e 
e 

a 

0 
B 

0 

I 
1 
I 
I 
I 
I 

'"7 
I 
I 

1 
I 
I 
I 

4 
I 
1 

..,.ES: TWO U Y E O O L O G I C  S O I L  GPOUPS SUCU A S  B/C l N O l C A l C S  TrlE ~ P A I N E O / U N O P A I N E O   SITUATION^ 
MOOIFIERS SHOWN. E . G . .  BEOUOCK S U B S T R A I U U .  R E F E R  TO A S O E C I F I C  S C l L  S E R I C S  PUASC fOUNO I N  S O I L  L A P  LEGEND.  

OOIS32 
9 G P  

Table A5 
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Exhibit All, continued: Hydrologic soil groups for United States soils 

W I L S O N  
W I L S O N G U L C H  
W I L S O N V I L L C  
WILSOR 
WILST 
W I L T O N  
W I N A O A  
W I N B E R R V  
W I N C H E S  TER 
WINCHUCK 
W I N O  R I V E R  
WINOCOAT 
W I N D E R  
W I N O E Q  s 

W I N O H A Y  
W I N O I C R C E K  
W I N O Y  ILL 
W I N O S O R  
I I N O T H O R S  1 
W I N O V N I S T L E  
W I W O W N I S T L E .  WARY 
W I NOY 
W I N O V P O I N 1  
WINE6 
W I N E Y A  
W I N E I T 1  
W I N E Y A O A  
U I N F A L L  
WINF I E L O  
W I N G  
V I  N C A l C  
W I N G E R  

O E P R L S S I O N A L  

. ~- 
U I  N G I  NAW 
W I  NGV I L L C  
4 I N  I F R C O  

W I N K E L  
W I N K L E Y A N  
WINKLE MAN^ WET 
W I N K L E  R 
W I N L E R  
W I N L O  
WINN 
W I  NNC B A G 0  
U I N N C C O N N E  
WlMMCCOOK 
W I  N N F  YUCCA 
W I N N C S H I E K  
W I N H E T T  
W 1  NNSBORO 
W I N 9 Y  
W I N O N A  
W I  N O O S K I  
W I N O P E C  
W I N R I  OGE 
W I N S H I P  
w I N S P E C  1 
W I N S T O N  
WIN1 
W I N l E R f  I C L O  
U I N T C R U A V E N  

U I N l C R S  

WIN~ERSET 
1 I N T U  R O P  
w I N T L E V  
W I N l O N  
W I N ~ O N E R  
W I N U  
W I N 2  
W I O T A  
W I P D L E  

* W I N K  

UINTERIOCE 

I N l E R S E U R G  

rial 

B I WOCKLEV 
e I WOOA 
B I WOOCN 
C I WOOSKOW 
E I WWSKOW. D P A I N E O  
c I uonLf 
e I MOLCO . 
B I W O L C O l T  
0 I WCJLOALE 

I WOLDALE. D R A I N E D  
e / o l  WOLF 
0 I W O L f  P O I N T  
0 I WOLFCREEK 
C I WOLFESOW 

0 I W O L f E V  
C I W Q F P C N  
0 I WOLFTEVER 
B I U O L L A R O  
D I U Q L E N T  
0 I WQOT 
C I W O L V C R I N E  

e I WOLFESON. U E r  

e I WOMACK 
c I WW 

e I WW. W E T  
e I wooo RIVER 

C I OVERWASH 

0 I WOOOBCCK 
D I WOOOBIWE 
0 I WOOOBRIOGE 
D I W 0 0 0 B U R N  

E I WOC)OCOCK 
0 I WOOOFORO 
C I W M O G U L C H  
9 I u m o w u  
B I W o o o w u R s T  
0 I W M O I N  
A / O l  U W O I N G T O N  
B I # M O I W V I L L C  

C I O R A I N C O  
C I WOOOLlWN 
C I W W O L E A F  
A I W W O L V  
9 I WOOOLTN 
C I W M O Y A M S I E  

C I WOODYON1 
D I WOOOPASS 
5 I WOOOROCK 
C I WOODROW 

9 I S A L I N E - A L K A L I  
C 1 W M D R O W .  
A 1 O C C A S I O N A L L Y  
0 I F L D O O E O  

e I WWOIURV 

e I UOOOINVILLE. 

e I uwonEqe 

e I W W O R O W .  

C I WCOOS CROSS 
B I WOOOSEVC 
C I W O C O S F I E L O  
D I UOOOSlOE 
C I WOODSLAKE 
C I WOOOSON 
B I WOODSTOCK 
B / O I  WOOoSTDWv 
c I WOODTELL 
e/oi  C O O O V I L L E  
B I WOODWAR0 
0 1 WOOOWEST 
C I WCOFUS 
A/Ol  WDOLPER 
0 I WOOLSEV 
C I W O O L S T A L F  
e I Y O O L S ~ E O  
D I WCONSOCKET 
e I WOOSLEV 
0 I U O O S l E R  
c I UORCESTEQ 
fl I WOROEN 
L' I W 0 1 F  
0 I WOP?KA 
e I ULIRFMAW 
C I * O R F S l O N E  
e I DORK 
e I U W K .  GRAVELLY 

e /o i  W O R L E V  

e I W O R S U A M  

e I WORTHEM 
c I u o a r u t w  

C I U O P L A N D  

0 I W O R I S L P  
C I WOROCK 

C I UORTH 

0 I WCPTYAN 
C I UCRTUAN. 5ANOV 
A I U O V O K A  
C I I R A N C E L L  
C I WQANGO 
D I W E A V H A  
B I W R € O A U  
A I UREYCOE 
C I WRCNMAN 
B I WRENTHAU 
C I WRIGMT 
C I U P I G H T U A Y  
o I uoicniseoao 
e I W R r c w r s v r L L E  
e I reicuruooo 
C I WUKOKI  
c I W U K S I  
0 I U U L F E P T  
E I WUNJEV 
0 1 W U P A T K I  
A I * U R N 0  
C I WURSTEN 
C I WURlSBORO 
C I W V A L U S I M G  
e / O l  W V A M C O T T C  
D I WVANT 
C I U V A F O  

I WVARNO 
e I U V A l T  
c I UVCCLO 
e I W V E  

e I WVEVILLE 

D I U V C I S l  
5 I W V E T H  

c I W V I C <  
6 I WVKEHAM 
C I WVKCFF 
B I WVUAY 
C I WYMCRE 

C I U V N N  
I WVNOMERE 

I L V N N V I L L E  
I d V N 0 N A  

0 I WVMOOSE 0 1  
0 I WVCCENA B I  
C I WYOMING A I  
e I WVRENE e 1  
0 1 W V S O C K I N G  c /o  I 

e l  0 I X A M A  
C / O 1  XANAOU 6 1  
C I X A V I E R  e i  
0 I X E N I A  e i  

I XCNO ) e l  0 1  

C I  
0 1  
C I  

e l  

e i  
e i  
e i  
e i  
C I  
C I  
C I  
C I  
0 1  
0 1  
0 1  
C I  
C I  

C I  
D l  
C I  
E l  
0 1  
C I  

3 1  
0 1  
A I  
e l  
D l  
A I  
0 1  

0 1  
C I  
C I  
C I  
C I  
C I  
0 1  
e l  
e l  

0 1  
e l  
0 1  
C I  
e l  
C I  
0 1  
0 1  
C I  
e l  
e l  
C I  
C I  
e i  
0 1  
e l  
C I  
0 1  
3 1  
e l  
e i  
0 1  
5 1  
e i  
C I  
C I  

e i  

e l  

8 1  

A I  

VCGEN 
VEGUA S 
VEL J A C K  
VELLOVB A *  
VELLOWHOUWO 
VELLOWROCa 
V E L L O V S l O N E  
*ELM 
YEMASSEE 
VENCE 

X E R T A  I c I VENLO 
X E Q X C S  0 I VENRAB 
X I C A  
X I N €  
x I P E  
X I P E .  YOOERATELV 

WE T 
X U A N  
V A C O L T  
V A G 0  
VAYANA 
V A H A R A  
V A H U E  
V A H O L A  
T A H O O  
V A I N A X  
V A K  I 
Y A K  I Y A  
V A K U S  
V I K U T A l  
V A L E L A K E  
V A L C S V I L L E  
V I L L A N I  

V A Y A C  

V A Y D  
Y A M S A Y  
VANA 
VANCV 
Y A N K E E  
YANKTON 
VALiUSU 
V A P  
YAPOAH 
V A D U 1  
V A O U  I NA 
V A O U I N A .  D R A I N E D  
VARCO 
V A C D L E V  
* A 9 1 5  
V A 1 A HONE V 
V A l A U O N E V .  S T O N Y  
V A T E S  
VAUCD 
V A U Y A N N A H  
V AUPON 
Y A W 0  I M  
VAWHEE 
VAWKEV 
V I I O N  
VCAGER 
V ? A O V  

vALnCa 

vAnnIu. 

V E A T E S  noLLou 

C I YEOMAN 

0 I V E O I M G T O N  
c I YEoPIn 

c I VCR*O 
I .vCsun 

0 I V E T l E M  
e I v E r u u  
c I V I G O  
C I V I P O R  
c I V L I G  
c I voce 
e I v o c n u w  
D I VOCKEV 
B I VODER 
0 I voov 
e I VOUUPT 
0 I VOKAVO 
A I VOKOHL 
0 I V O K U l  
C I V O L L A B C L L V -  
B I VOLO 
e I YOLOGO 
e I VOYBA 

e I VONGES 

e I *one1 

C I V O M O M l  

0 I VDNNA 

0 1 VCRK 
0 I V O R K l O W N  
8 I VORKTREE 
B I V O R K V I L L E  
B I V O S T  
e I Y O S T .  ORAINCO 
B I vouo 
0 I VDUGA 
C I VOUGA.  SANOV 
0 I S U B S T R A l U Y  
C I V O U J A V  
B I VOUYAN 
C I V O U Y G S l f l N  
0 I VOUNGSTON. I C 1  
0 1 YOURAYE 
C I V O U l L K U E  

0 I V D S I  
0 I V Q I B A R R E N  

e I V O v I n P A  

e I VSIOORA 
e I VTURBIOL 
e I VTU.QRIA 

e I YUKON 

A I V U 8 1  
C I VUKO 

c I Y U L E €  
VUMES 
VUNOUE 
vuan 
VUTRUE 
V U V A S  
Z A A R  
2 1 8 .  
ZACA 
L A C H A D  I A S  
I A C H A C V  
L A C K  
Z A O O G  
ZAOVAR 
ZAFRA 

e 

e 

e 

C 

9 

A 
0 
C 
C 
C 
B 
A 

B 
e 

e 

e 

A 

B 

B 
A 

B 
C 
C 
C 
C 

C 
0 
0 
0 

0 

0 
B 

0 
0 
0 
C 
0 
C 

. D  
0 

0 

0 

0 
C 

C 

0 
0 
C 
0 
C 
A 
A 
0 
0 
0 
0 
0 
C 
0 
0 

0 

0 

C 

e 

e 

e 

e 

' C  

e 

e 

e 

0 P 

9 $ 

A / O  t 
0 2 
e 

e E % 

0 t 
\ 
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'rtible Z-Zc.-lhmoff curve n u m k m  for other timicultuml I;rnds' 

Cover description 
Curve numbers for 

hydrologic soil gmup- 

Hydrologic 
Cover type condition x B C D 

forage for grazing.2 Fair 49 

Meadow-continuous grass, protected from - 30 58-w 78 
NOn7H SIW W I  LLBY Ai, ?aoPeSeQ - rU17#,t14 aonm& n m b  grazing and generally mowed for hay. 

Gaaowrq rrmrrs 
Brush-hrush-weed-gns mixture with brush Poor 48 67 77 83 

the major elemenL3 Fair 35 56 70 77 
Good 430 48 65 73 

ivootls-grass combination (orchard 
or  tree f m L 5  

Woodss 

1.'~irrnsteatl?;-huiItlinKu, lanes. tllivtWitys, 
and surrounding lots. 

Poor 5 i  73 82 &i 
Fair 43 65 i 6  82 
Good 32 58 72 79 

Poor 45 66 77 83 
Fair 36 60 73 79 

(;lIlH1 430 55 71) 77 

- 59 74 *L 86 

IXver-dpe runoff condition. antl I:, = 0.25. 

WP 
(210-VI-TR-55, Second Ed., June 1986) Table A7 2-7 I 
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a Table 2-2b.-Kunoff curve numbers for cultivated apicultural lands' 

[ h t ~ t *  iiumhers fitr 

Cover c l t w x i l h o t l  hytlrolitrric soil group- 

Hydrologic 
Cover type Treatment2 condition3 A B C D 

Fallow Bare soil . 

Crop residue cover ICR) 

Row crops 

a .;mall v a i n  SR 

SR + C R  

c + (;I< 

('&T + CK 

Close-seeded SI: 
or broadcad 
legumes or c: 
ri )tat ic in 

meadow (:&T 

Poor 
Good 
Poor 
Good 
Poor 
Good 
Poor 
Good 
Poor 
GI MnI 
1'Itl)r 

Gootl 

Poor 
C o d  
Poor 
Good 
Poor 
tiootl 
Poor 
( ;I I 1  )I 1 
P'oor 
t i 0 1  It 1 
PI t i  11' 

t i l t l t t l  

Poor 
(;ltotl 

€'Ill 11. 

C;olttl  

I'onr 
Good 

82 
83 
81 
80 
78 
i!) 
77 

84 
83 
83 
HO 
n2 
81 
81 
tu20 
i 9  
78 
7H 
7 i  

X.5 
f i l  
$3 
i h  
X( j 
7fi 

2-6 
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Table :bl.-RRoughness coefficients (Manning's n)  for 
sheet flow 

Surface description n1 

Smooth surfaces (concrete. asphalt, gravel. or 
bare soil) ................................... 0.011 

Fallow (no residue). . . . . . . . . . . . . . . . . . . . . . . . . . .  0.05 

Cultivated .soils: 
...................... 0. Residue cover < 20% 

Residue cover > 20% ...................... 
SOUTH Sloe L ~ J ~ L L ~ Y  eo ,  ' - 

&*(ISTIN6 m a  pedPbrEo Grass: 
Short grass prairie ........................ 0.15 
Dense grasses*. ........................... 0.24 
Bermudagrass ............................. 0.4 1 

Range (natural) ........................... 
);A 

W O O ~ S : ~  
Light underbrush.. . . . . . . . . . . . . . . . . . . . . . . . .  0.40 
Dense underbrush ......................... 0.80 

'The n values are a conyosite ot  iiiformatioti compiled by Engman 
( 1986). 
2Includes species such a s  weeping lovegnss. bluegrass. buffalo 
grass. blue grclma grass. and native u a s s  mixtures. 
3When selecting n. consider cover to  a height of about 0.1 ft. This 
is the only part of the plant cover that will obstruct sheet flow. 

(2.11)-VI-TR-S5. Second Ed.. June 1W) 
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13 
5 

b 

TABLE 5-6. VALUES OF TlIE ROUQHNESS COEFFICIENT n (COnfinUed) 

Type of cliniiiicl niitl description 

b. hlountnin strenms, no vegetation in 
channel, bnnks usunlly steep, trees 
and brush along banks submerged a t  
high stages 
1. Dottom: gravels, cobbles, and few 

bouldera 
2. Bottom: cobbles with large boulders ruci AND 

pZopOSeD D-2. Flood plains I a. Pasture, no brush 

b. Cultivated areaa 
1.  No crop 

S Q U 7 d  S I N  2. Mature row crops 1 f l C C € S S  QJ ' 3. Mature field crow 

I 
c. Brush 

1 .  Scattered brush, heavy weeds 
2. Light brush and trees, in winter 
3. Light brush and trees, in summer 
4. Medium to dense brush, in winter 
6. Medium to dcnee brush, in summer 

1. Ilense willows, summer, atrnight 
2. Cleared lsnd with tree stumps, no 

sprouts 
3. Same ne s1)ove, but  with heavy 

growth of sprouts 
4. Heavy stnnd of timber, a few down 

trees, little undergrowth, flood stage 
below branches 

b. Sam? aa above, but  with flood atage 
reaching branches 

D-3. Major stream (top width at flood stage 
>lo0 ft). The n value is less than tha t  
for minor streams of similar deacription, 
because banks offer less effective resistance 
a. Regular section with no boulders or 

b. Irregular and rough section 

d. Trees 

brush 

Minimum 

0.030 

0.040 

0.025 
0.030 

0.020 
0.025 
0.030 

0.035 
0.035 
0.040 
0.045 
0.070 

0.110 
0.030 

0.050 

0.080 

0 .  loo 

0.025 

0.035 

Normal 

0.040 

0.050 

0.030 
0.035 

0.030 
0.035 
0.040 

0.050 
0.050 
0.060 
0.070 
0.100 

0.150 
0.040 

0.060 

0.100 

- - 

- 

0.120 

..... 

. . . . .  

h.1 nx i m u m 
~ 

0.050 

0.050 

0.035 5. 
0.050 

0.040 
0.0455( , 

7 

3 
0.060 
0.080 
0.110 
0.160 

0.200 
0.050 

0.  os0 

0.120 

0 . 1 G O  

0.060 

0.100 

Daniel Pass 10 Oct. 95 FERMCO/OSDF GE3900, Task 8.11 .' 1 
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I 

¶ 
Y 
r 
Ln * 

a m  

5fe 
a 5  
-I- 

w o  
I- 

Lnu 
28  

- 
a 

d 
m 

z 0 

I 

I 

EARLY SUCCESSION ( W 1  1 
MID-SUCCESSION (W2) 001543 

INTRODUCED GRASSLAND ( I G )  

I LEGEND: 

NOTE 
H A B I T A T  BOUNDARIES ARE 
APPROXIMATE. 

P I N E  PLANTATION ( P P I  

R I P A R I A N  ( R )  
WOODLANDS 
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PACE I OF 36 
1 8 6  GEOSYNTEC CONSULTANTS 

Written by: Daniel Pass Date: imctober 95 Reviewed by: f6E 
Client: FERhICO Project: OSDF Projecflroposal No.: CE 3900 Task No.: 8.11 

Stormwater Management Calculations: 
The purpose of these calculations is to: 

1. Determine the peak borrow area runoff rates for the 25 y. - 24 hr. design storm, for both existing and 
post-development conditions. The results will be used to show that a no greater peak runoff rate 
occurs after development than existed prior to development. 

2. Determine peak flow rates for drainage areas and sub-areas for use in design of borrow area 
stormwater management structures. 

3. Design stormwater management structures. 

Drainage area maps for both existing and post-development conditions are presented in Figures 1 and 2. 
Stormwater drainage structure locations are presented in Figure 3. Design data values are listed below. 

Summary of Data: 

0 Designstorm 
0 

0 

0 Cover Condition 

25 yr. - 24 hr. rainfall 
2 yr. - 24 hr. rainfall 
Soil Type, existing and post-development 

1. Existing Conditions 
North of Willey Rd. 
South of Willey Rd. 

2. Post-development Conditions 
North of Willey Rd. within borrow area 
grading limit 
North of Willey Rd. outside borrow area 
grading limit 
South of Willey Rd. 

Grassland, in good condition 
Straight row crops, in good condition 

Grasses, in good condition 

as existing condition 

as existing condition 

Determination of existing and post-development peak flow rates: The PC program TR-55 (USDA-SCS, 
1986b) is used to estimate peak runoff rates. The procedure for obtaining design data used in the TR-55 
program is described in detail in the Collection and Verification of Data package. 

1. Curve Number: TR-55 uses input data related to soil type and cover conditions to obtain a SCS curve 
number for each drainage area. These values are presented below. 



a 
GEOSYNTEC CONSULTANTS PAGE 2 OF 3E, 

Written by: Daniel Pass 

Client: FERRIC0 Project: OSDF ProjectlProposal No.: GE 3900 Task KO.: 8.11 

Date: idOctober 95 Reviewed by: f3E w(Mo@$ Date: zobtr/1121 

Table / : Existing conditions for borrow area drainage areas. 
Area Name Sub-areaName . Area (acres) Cover conditions Weighted CN 

I none 10.3 grassland 74 
I1 none 41.8 grassland 74 
I11 A 19.7 grassland 74 
I11 B 3.9 grassland 74 
I11 C 3.9 grassland 74 
I11 D 22.5 straight row crops 82 
IV none 10.2 grassland 74 

Table 2: Post-development conditions for borrow area drainage areas. 
Area Name Sub-area Name Area (acres) Cover conditions Weighted CN 

1 none 53.1 79 % meadow 72 

2 none 15.7 87 % meadow 71 

3 A 23.3 straight row crops 82 

21 % grassland 

13 % grassland 

3 B 23.7 meadow 71 
4 none 11.5 meadow 71 a 

2. Time of Concentration: Drainage is generally from East to West and all flow ultimately discharges to 
Paddy’s Creek. For each drainage area, for both existing and post-development conditions, the longest flow 
path was identified and broken down by flow type (Le., sheet, shallow concentrated and open channel) into 
individual flow segments (See Figures 1 and 2). For each flow type TR-55 calculates a time of concentration 
using one of the following equations [USDA-SCS, 1986al: 

0 Sheet flow: Sheet flow was assumed to change to shallow concentrated after 100 ft. 

T, = 0.007 (IL)~ 
(P2)0.5 

[Equation 11 J 

where: 

T, = travel time (hr); 
n = Manning’s roughness coefficient; 
L = maximumflowlength; 
P2 = rainfall from a 2-year, 24-hour storm event (in.); and 
s = slope (grade) of land (Wft). 
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0 Shallow Concentrated Flow: 
Ai 

n c c r 5 5 -  
For slopes greater than 0.005 Wft, the average runoff velocity, V, is obtained using Figure 
[USDA-SCS, 1986al 

After obtaining V, calculate T, using the following equation [USDA-SCS, 1986al: 

T, = L [Equation 21 4 
3600V . 

where: 

T, = travel time (hr); 
L = maximum flow length (ft); and 
V = average runoff velocity (Ws). 

0 Open Channel Flow: The drainage swales for the borrow area are assumed to have a V-shaped 
Time of travel is then cross-section. 

calculated using equation 1. 
Flow velocity is calculated using Manning’s equation. 

V = 1 . 4 9 p s u  
n 

[Equation 31 d 

where: 

V = flow velocity (Ws); 
r = hydraulic radius (ft), which is equal to dp,; 
a = cross sectional area of flow (ft2>; 
pw = wetted perimeter (ft); 
s = slope of channel (Wft); 
n = Manning’s coefficient of roughness; and 

A summary of the flow path data for both existing and post-development conditions, as well as TR- 
55 calculated travel times (tJ and times of concentration (tc), is presented in Tables 3 to 6 . 

? A G E ~  i 6  a ~ b i 7  
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3. Peak Flow Rate: Peak flow rates for the 25 yr. 24 hr. storm event were calculated using the Tabular 
Hydrograph method in TR-55. Input data including rainfall, CN, Tc and Tt values are presented in previous 
sections of this calculation summary. The resulting peak flows to Paddy’s Creek are: 

0 Peak flow rate for entire borrow area watershed, existing and post-development conditions. 

Table 7 : Peak flow rates and peak runoff rate for existing conditions 
Drainage Area Name Flow Rate (Q), Cfs fat :2.2 

I -33 LL 
I1 -80 7 8  
I11 -94 91 
IV 

Peak Runoff Rate - W f s  z2s 

4 i ,  2 3  ciiOS 

Table fj : Peak flow rates and peak runoff rate for post-development conditions 
Drainage Area Name 

1 * G4 
2 
3 

Flow Rate (Q), Cfs @+&H++) 

4 9’ 27- 
Peak Runoff Rate mcfs 2 0 6  

TO 7~ L. T o  TA L. 
- 0 The results indicate that the.Dost-development peak flow rates will not exceed the pre-development 

flow rates, 

Peak flow rates for individual drainage areas for post-development conditions 

Table 8 : Peak flow rates for individual drainage areas 
Drainage Area-Sub- 

area Names 
Peak Flow Rate, (Q) Cfs Time (from start of rainfall), hr. 

1 6c1 12.6 
2 23 12.4 
3 53 + ,H A i j L 3  C C T C S  12.3 

3-A 55- 54 12.4 
3 -B LgL 95 12.3 
4 22 12.3 
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0 TR-55 input values and output is provided in Attachment A. 
a,. 13 ci r kiG 

&Borrow Area Stormwater Structures: The post development peak flow rates are used to design the 
following drainage structures (See Figure 3). 

Drainage swales along the east Side of the South Access Rd. (Swales 1B and 2A). 
Drainage swale along the north edge of the borrow area (Swale 1A). 
Culverts under the South access Rd. (Culverts 1 and 2). 
Riprap aprons at outlets of culverts 1 and 2 (Aprons 1 and 2). 

Calculations for these drainage structures are presented below. 

Culverts: Culverts are designed to convey flow from the east to the west side of the South Access Rd. 
Location of culverts and drainage areas are shown in Figure 1. 

1. Design parameters for each are as follows: a 
Culvert 1 d y  a i ,  t3 a i r  9 5  

Design Discharge', Q = # Cfs 
Culvert type: Circular reinforced concrete 

0 Culvert Length, L = 95 ft 
Culvert Slope, S = 1 YO 
Culvert Manning's Coefficient = 0.012 
EndType- 

Inlet end - Groove end with headwall 
Outlet end - flared section 

Culvert 2 1 

Design Discharge', Q = 23 Cfs 
Culvert type: Circular reinforced concrete 
Culvert Length, L = 130 ft 
Culvert Slope, S = 1 YO 
Culvert Manning's Coefficient = 0.012 
EndType- 

Inlet end - Groove end with headwall 
Outlet end - flared section 

Q, for 25 yr. 24 hr. storm event. I 
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Diameter, in. Headwater, ft 
two 30' 3.1 

30 2.4 

2. Select Culvert Size: Pipes were analyzed for inlet control conditions using Manning's equation,and the 
nomograph shown in Figure 'i (ACPA, 1987). The results are presented below. Inlet 
control conditions were assumed as discharge is to a nearly flat area. 

Culvert 
1 
2 

Table 9 : Culvert diameter and headwater deDth 

Outlet Velocity, fps 
9.9 
9.1 

3. Determine Outlet Velocities: Outlet velocities were determined using Manning's equation. The results are 
presented below. Note that for design flows pipes are partially full. 

a 

Riprap Aprons: Rip Rap Aprons will be provided to reduce velocities at the culvert outlets to non-erosive 
velocities for the downstream receiving area. It is assumed that the culverts discharge to a flat area and 
therefore tailwater depth will be minimum. The design procedure used is as outlined in Technical Standards 
and Specifications for Outlet Protection and for Riprap [SCS-Ohio, 19871. 

1. Apron length and riprap size were determined using the chart shown in Figure s(SWC, 1992) . 
The results are presented below. 

Table I I : Results of analysis for riprap apron 
Culvert Minimum Apron Riprap Size , ft . 

Length', ft 

An extrapolation was made to obtain these values for 30 
in. diameter culverts. 
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Item Culvert 
1 2 

Length, ft 14 6 
Width at outlet, fi 10 8 
Width at end of apron, ft  19 8.5 
Thickness, in. 6 6 
Size d,,,, ft 0.5 0.5 
Maximum diameter, fi 0.75 0.75 

2. Use the following specifications (Table )2) for riprap aprons. Apron dimensions are shown in 
Figure 6 along with a schematic of the apron and associated outlet structure. 

A 

width, end of 
apron = 8.5’ 

v 

width at 
outlet = 10’ 

30” RCP 
30” RCP 

? Apron length = 14’ 

Culvert 1 

L 

width, end of 
apron = 19’ 

Culvert 2 
Figure 6 : Schematics for aprons and associated outlet structures 

Permanent Drainage Swales: Permanent drainage swales, used to divert runoff from the borrow area to 
sediment ponds, will be provided at locations shown in Figure 1. The design procedure used is as outlined in 
Technical Standards and Specifications for Permanent and Temporary Diversions [SCS-OHIO, 19871. 

1. Flow rates: Drainage areas contributing flow to these locations are shown in Figured Design flow rates 
are as follows: 

3 

0 Swales 1A and 1B: Design flows were calculated as a percentage of the total flow into 
culvert 1 (i.e., 65 Cfs), based on the percentage of the total area contributing to each swale. 

64 C F5 2 3  dc.7 95- 

0 Swale 2A: The design 8‘ ow for swale 2A is the total flow rate into culvert 2. 
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2. Cross-section: Use a trapezoidal cross-section for drainage channel as shown in Figure 7 . A Manning's 
roughness coefficient of 0.04 was obtained for a grass lined channel [AISI, 19831 

................ .....-......___.___ 

* 

4 b I bottom width, b = 5' I 
Figure 7 : Cross section of drainage channel 

'?>r-R,Nl>dCS CIi-IhJ*N 

3. Capacity: GAverts were analyzed for capacity using a combination of Manning's and Chezy's equations as 
shown below [USDA-SCS, 1986~1. Results are shown in the following Table@ 

I3 A' 
2 3  d C T  9.5 

where: 

Q = a 1 . 4 9 p s d U  . d [Equation 41 
n 

V = flow velocity (ftjs); 
r = hydraulic radius (ft), which is equal to dp,; 
a = cross sectional area offlow (ft2); 
pw = wetted perimeter (ft); 
s = slope of channel (ftjft); 
n = Manning's coefficient of roughness; and 
Q = Design flow rate (ft3/s). 
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WVJ zs oml ;  
Table 13 : Results of capacity analysis for drainage channels. 

Additional depth requirements 
Freeboard, ft Sedimentation, Total depth 

ft Required, ft 
Swale 

2A 23 .O 

Flow rate, 
Cfs 

I 2. Design depths: Based on the above analysis drainage channels use the following depths. 

* Table19 : Drainage channel depths 
Swale Channel Depth, ft 

[gu%Gd 1A 20- i .  75- / 
1B 1.5 
2A 1.75 

4 1 ,  L 3  i c r  55- 

Channel slope conforms to the slope of drainage areas 
(ie., 0.005). 



. 3- a,_-- ’186 
GEOSYNTEC CONSULTANTS PAGE 10 OF 36 

Written by: Daniel Pass Date:uOctober 95 Reviewed by: BK bBNDm 6 Date: i b w / 2 %  

Client: FERMCO Project: OSDF Projectmroposal No.: GE 3900 Task No.: 8.11 

REFERENCES: 

1. 

2. 

3. 

4. 

5 .  

6 :  

- ... 

American Concrete pipe Association, “Concrete Pipe Design Manuel”, Vienna 
Virginia, 1987. 

American Iron and Steel Institute, “Handbook of Steel Drainage & Highway 
Construction Products”, 3rd edition., Washington, DC, 1983. 

Soil Conservation Service - Ohio, “Water Management and Sediment Control for 
Urbanizing Areas”, Columbus, Ohio, 1987. 

United States Department of Agriculture - Soil Conservation Service, Engineering 
Division, “TR-55 Microcomputer Program System”, Washington, DC, June 1986a. 

Virginia Department of Conservation and Recreation - Division of Soil and Water 
Conservation, “Virginia Erosion and Sediment Control Handbook”, Richmond, 
Virginia, 1992. 

2cpp~n,rfic.y~ QF f i & 2 t C . a ~ 7 & , 9 ~ ;  - S C I  c LC.Y>F*qu‘ATIOtd X-.Cb‘fCG, 
~ A I T C : O  5 i a : C S  

€:,e6 I . ~ C E  ,e t.dG 
i , + , f 1 5 , 4 , d ~ ~ c d i  D C  , -J-L<M~ 19‘36 b 

1 ’  u,~&.//r/ / ~ ~ ~ ~ c . ~ L - ~  f 5 . & l A L L  Lu’ f lF f iSb@DS .‘, 3i ~r’; *= I C C ~ U ,  

p A n s v N s  , ’. 2 - yc,qL r-iC,c:3 

F ~ ~ ~ c e i i r X v  .at‘Tcx,wI&,4r,:N - ,~i2&6(~ W ‘ i r  .7 , 

j 7 d c 7 J 3 H ~ % f  f l&Xl*”*w FcC’uD--  si’FGJiac 

.. nc-v l  s,5i.\1 A ,  A 4 G f l > T  /vcC, 



a .50 

.20 

.10 

.06 

.04 

.02 

. 01 

.005 
‘ I  
1 

1 
2 

I I I I I I I I  
4 6 10 

Average v e l o c i t y ,  f t / s e c  

Figure 3-l.-Avera~e velocities for egtirnatinK tnmtl time for shallow concentrated flow. 

., . , 

I 
20 

3-2 (210-VI-TR-55, Second Ea.. June 1986) z+d 
Daniel Pass 23 Oct. 95 FERMCO/OSDF GE3900, Task 8.11 

i 







P 

3/0SDF GE3900, Task 8.11 - 



DW 230 CONCRETE PIPE DESIGN MANUAL 

FIGURE 33 75 \\0\24 
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HEADWATER DEPTH FOR CIRCULAR CONCRETE 4 -  
PIPE CULVERTS WITH INLET CONTROL 

L 12. 

BUREAU OF PUBLIC ROADS JAN. 1963 T z F  HEADWATER SCALES 2&3 
REVISED MAY 1964 I 
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Drainage area 

Name Name 
Sub-area 

370 0.0405 495 141 0.005 
610 0.0246 7 20.1 0.059 
990 0.01 92 442 143 0.022 
990 0.01 92 442 144 0.022 

Time of Travel T, 
Open Channel Flow Total 

Length, ft Slope Area, ft2 WP, ft T,?, hours Tcl ,  hours 

0.08 

0.02 

Table 6: Summary of flow path data and TR-55 calculated time of 
concentration for post-development conditions. 

Drainage Area I Time of Concentration, T, - 
Sub-Area I Shallow Concentrated Flow 

Name Name I Lenath. fi SloDe T-1. hours 

i 
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RUNOFF CURVE NUMBER COMPUTATION Version 2.00 
Project : Fermco/OSDF User: DGP Date: 10-02-95 
County : Hamilton State: OH Checked : Datg: 

185 Subtitle: East Field Borrow Area: Predevelopement Conditions r i k  
\rea : I %- 
- - - - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Hydrologic Soil Group 
COVER DESCRIPTION A B C D 

Acres (CN) 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
OTHER AGRICULTURAL LANDS 
Pasture, grassland or range good - - 1 0 . 3 ( 7 4 )  - 

Total Area (by Hydrologic Soil Group) 

Daniel Pass 23 Oct. 95 FERMCO/OSDF GE3900, Task 8.11 i~ 



RUNOFF CURVE NUMBER COMPUTATION Version 2.00 
Project : Fermco/OSDF User: DGP Date: 10-02-95 
County : Hamilton State: OH Checked : 
Subtitle: East Field Borrow Area: Predevelopement Conditions 

Date: 

_ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Hydrologic Soil Group 

ere, : I1 

COVER DESCRIPTION A B C D 
Acres (CN) 

- - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ - - - - - - - - - - - - - - - -  
OTHER AGRICULTURAL LANDS 

- - 4 1 . 8 ( 7 4 )  Pasture, grassland or range good - 

Total Area (by Hydrologic Soil Group) 4 1 . 8  

I 
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RUNOFF CURVE NUMBER COMPUTATION 
Pro] ect : Fermco/OSDF User: 
County : Hamilton State: OH Checked : 

W 3 6  ~ 

Version 2.00 
DGP. - Date: 10-02-95 

Sybtitle: East Field Borrow Area: Predevelopement Conditions 
Date: 

Hydrologic Soil Group 
COVER DESCRIPTION A B C D 

Acres (CN) 

Total Area (by Hydrologic Soil Group) 

Daniel Pass 23 Oct. 95 FERMCO/OSDF GE3900, Task 8.11 # I  1 



RUNOFF CURVE NUMBER COMPUTATION Version 2.00 
Project : Fermco/OSDF User: DGP Date: 1 0 - 0 2 - 9 5  
County : Hamilton State: OH 
Subtitle: East Field Borrow Area: Predevelopement Conditions 

Checked : Date: 

: IIIB 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Hydrologic Soil Group 
COVER DESCRIPTION A B C D 

Acres (CN) 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
OTHER AGRICULTURAL LANDS 
Pasture, grassland or range good - - 3 . 8 6 ( 7 4 )  - 

Total Area (by Hydrologic Soil Group) 

D G p  
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Versim 2.00 4-- RUNOFF CURVE NUMBER COMPUTATION 
Pro] ect : Fermco/OSDF User: DGP Date: 10-02-95 
County : Hamilton State: OH 
Subtitle: East Field Borrow Area: Predevelopement Conditions 

Checked: Date : 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - _ - - - - - _ _ - - _ - - _ - - - _ - - - - - - - - - -  

COVER DESCRIPTION 
' Hydrologic Soil Group 
A B C D 

Acres (CN) 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - _ - - - - - - - - - - - - - - - - - - - - - - - - _ - - - - - - _ _ - -  
OTHER AGRICULTURAL LANDS 
Pasture, grassland or range good - - 3.93(74) - 

Total Area (by Hydrologic Soil Group) 

Daniel Pass 23 Oct. 95 FERMCO/OSDF GE3900, Task 8.11 



RUNOFF CURVE NUMBER COMPUTATION Version 2.00 
Project : Fermco/OSDF User: DGP Date: 10-02-95 
County : Hamilton State: OH 
Subtitle: East Field Borrow Area: PredeveloDement Conditions 

Checked: Date : 

Total Area (by Hydrologic Soil Group) 22.. 5 
- - -_  - - _ _  

a 

i 
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RUNOFF CURVE NUMBER 
Project : Fermco/OSDF 
County : Hamilton State: OH 

COMPUTATION 
User: 

Checked : 
DGP 

Versisn 2 . 0 0  
Date: 1 0 - 0 2 - 9 5  

COVER DESCRIPTION 
Hydrologic Soil Group 

A B C D 
Acres (CN) 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
OTHER AGRICULTURAL LANDS 
Pasture, grassland or range good - - 1 0 . 2 ( 7 4 )  - 

Total Area (by Hydrologic Soil Group) 

a .  

O01S1rt'8 

PG e 
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c -  
TIME OF CONCENTRATION AND TRAVEL TIME Version 2 . 0 0  

Project : Fermco/OSDF User: DGP Date: 1 0 - 0 2 - 9 5  
County : Hamilton State: OH Checked : Date: 
Subtitle: East Field Borrow Area: Predevelopement Conditions 

_ _ _ _ _ _ _ _ _ _ _ _ _ - - _ - _ _ _ _ _ _ _ _ _ _ _ _  Subarea #I - 1 - - - - - - - - - - - - - - - - - - - -___________  
.Flow Type 2 year 

rain 

Sheet 2 . 5 5  
Shallow Concent'd 
Shallow Concent'd 
Open Channel 
Open Channel 

- - - _ _ _ _ _ _ _ _ _ _ _ - - - - - - -  

Length Slope Surface 
(ft) (ft/ft) code 

1 0 0  . 0 1 2 5  e 
3 3 0  . 0 2 4 2  U 
1 8 5  . 0 1 0 8  U 
1 2 5  . 0 1 4  
1 2 5  . 0 1 4  

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

n Area Wp Velocity Time 
(sq/ft) (ft) (ft/sec) (hr) 

0 . 2 2 1  
0 . 0 3 7  
0 . 0 3 1  

. 0 3 5 2 4  4 0 . 1  0 . 0 1 0  
0 . 0 0 8  . 0 3 5 6 7 . 5  9 0  

Time of Concentration = 0 . 3 1 *  
- - - -_  - - - _ _  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Subarea #2 - 11 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Flow Type 2 year Length Slope Surface n Area Wp Velocity Time 

rain (ft) (ft/ft) code (sq/ft) (ft) (ft/sec) (hr) 

0 . 2 4 1  Sheet 2 . 5 5  1 0 0  .OlOO e 
Shallow Concent'd 3 2 0  -0141 U 0 . 0 4 6  
Shallow Concent'd 5 0 5  . 0 1 1 9  U 0 . 0 8 0  
Open Channel 6 8 0  . 0 2 6 5  . 0 3 5 1 2 6 .  1 0 3  0 . 0 2 4  
Open Channel 3 4 0  . 0 1 0 3  . 0 3 5 1 8  6 0  0 . 0 4 9  

- _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Time of Concentration = 0 . 4 4 *  

Flow Type 2 year Length Slope Surface n Area Wp Velocity Time 
rain (ft) (ft/ft) code (sq/ft) (ft) (ft/sec) (hr) 

Sheet 2 . 5 5  100 . 0 2 5  e 0 . 1 6 7  
Shallow Concent'd 3 5 0  . 0 3 2 9  U 0 . 0 3 3  

0 . 0 2 1  Open Channel 9 7 0  . 0 2 1 6  . 0 3 5 4 4 3  1 5 0  

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

Time of Concentration = 0 . 2 2 *  
- _ _ _ _  ----- 

* - Generated for use by TABULAR method 

DG P 
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TIME OF CONCENTRATION AND TRAVEL TIME Version 2 . 0 0  

Project : Fermco/OSDF User: DGP Date: 1 0 - 0 2 - 9 5  
County : Hamilton State: OH Checked : Date: 
Subtitle: East Field Borrow Area: Predevelopement Conditions 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - _ _ _ _ _ _ _ _ _  Subarea #4 - IIIB - - - - - - _ - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Wp Velocity Time 

rain (ft) (ft/ft) code (sq/ft) (ft) (ft/sec) (hr) 

a 
Flow Type 2 year Length Slope Surface n Area 

_ _ _ _ _ _ _ - _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  - _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - -  

Sheet 2 . 5 5  100 . 0 3 5 7  e 0 . 1 4 5  
Shallow Concent'd 3 2 0  . 0 2 5  U 0 . 0 3 5  
Open Channel 4 5 0  - 0 1 2 2  . 0 3 5 5 2 . 3  5 5 . 1  0 . 0 2 8  

Time of Concentration = 0 . 2 1 *  
----- ----- 

Open Channel 
Open Channel 

5 8 0  
3 7 0  

.0 .224 

. 0 4 0 5  
35..  1 0 . 0 3 6  . 0 3 5 2 1  

. 0 3 5 4 9 5  1 4 1  0 . 0 0 5  
Travel Time = 0 . 0 4 *  

Open Channel 
6 1 0  
9 9 0  

. 0 2 4 6  

. 0 1 9 2  
- 0 4  7 2 0 . 1  0 . 0 5 9  
. 0 3 5 4 4 2  1 4 3  0 . 0 2 2  

Travel Time = 0 . 0 8 *  
----- ----- 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Subarea # 6  - IIID _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Flow Type 2 year Length Slope Surface n Area Wp Velocity Time 

rain (ft) (ft/ft) code (sq/ft) (ft) (ft/sec) (hr) 

Sheet 2 . 5 5  1 0 0  .0111 d 
Shallow Concent'd 7 5 0  - 0 0 8 7  U 
Shallow Concent'd 8 7 0  . 0 2 1 8  U 0 . 1 0 1  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
0 . 2 5 6  
0 . 1 3 8  

- 0 . 0 4 0  Open Channel 4 2 0  . 0 1 5 5  . 0 4  2 5  5 0 . 4  
Time of Concentration = 0 . 5 4 "  

Open Channel 9 9 0  . 0 1 9 2 '  . 0 3 5 4 4 2  1 4 4  0 . 0 2 2  
Travel Time.= 0 . 0 2 *  

----- ----- 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Subarea #7 - IV - _ _ _ _ - - _ _ _ _ _ _ _ _ - _ _ _ _ - - - - - - - - - - -  
F w Type 2 year Length Slope Surface n Area Wp Velocity Time 

rain (ft) (ft/ft) code (sq/ft) (ft) (ft/sec) (hr) 

%(' 0 . 0 7 4  
2 . 5 5  Sheet 

Shallow Concent'd 
Open Channel 1 2 0  . 0 4 1 7  . 0 3 5 8 2 . 5  5 5 . 3  0 . 0 0 3  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
0 . 1 7 2  . 1 0 0  . 0 2 3 3  e 00 1s '70 6 5 5  . 0 2 3 3  U 

- -  6 
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Time of Concentration = 0 . 2 5 *  
----- ----- 

- - -  Sheet Flow Surface Codes - - -  
Shallow Concentrated - - -  A Smooth Surface F Grass, Dense - - -  

- - -  Surface Codes B Fallow (No Res.) G Grass, Burmuda - - -  
C Cultivated c 20 % Res. H Woods, Light P Paved 
D Cultivated > 20 % Res. I Woods, Dense U Unpaved 
E Grass-Range, Short J Range, Natural 

* - Generated for use by TABULAR method 

I 
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TABULAR HYDROGRAPH METHOD Versim 2 . 0 0  
Project : Fermco/OSDF User: DGP Date: 1 0 - 0 2 - 9 5  
County : Hamilton State: OH Checked: Date: 
Subtitle: East Field Borrow Area: Predevelopement Conditions 

m a 1  watershed area: 0 . 1 7 5  sq mi Rainfall type: I1 Frequency: 2 5  years 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Subareas - - _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
I I1 IIIA IIIB IIIC IIID IV 

Area(sq mi) 0 . 0 2 *  0 . 0 7 "  0 . 0 3 *  0 . 0 1 *  0 . 0 1 "  0 . 0 4 *  0 . 0 2 *  
Rainfall (in) 4 . 7  4 . 7  4 . 7  4 . 7  4 . 7  4 . 7  4 . 7  
Curve number 7 4 *  74  * 7 4 *  74"  74"  8 2 *  7 4 *  
Runoff (in) 2 . 1 3  2 . 1 3  2 . 1 3  2 . 1 3  2 . 1 3  2 . 8 1  . 2 . 1 3  
Tc (hrs) 0 . 3 1 *  0 . 4 4 *  0 . 2 2 *  0 . 2 1 *  0 . 3 5 *  0 . 5 4 *  0 . 2 5 *  

(Used) 0 . 3 0  0 . 4 0  0 . 2 0  0 . 2 0  0 . 3 0  0 . 5 0  0 . 2 0  
TimeToOutlet 0 . 0 0  0 . 0 0  0.00 0 . 0 0  0.00 0.00 0.00 
Ia/P 0 . 1 5  0 . 1 5  0 . 1 5  0 . 1 5  0 . 1 5  0 . 0 9  0.15 

(Used) 0 . 1 5  0 . 1 5  0 . 1 5  0 . 1 5  0.15 0 . 1 0  0 . 1 5  

Time Total - - - - - - - - - - - - -  Subarea Contribution to Total Flow (cfs) - - - - - - - - - - - -  
(hr) Flow I I1 IIIA IIIB IIIC IIID IV 

1 1 . 0  
1 1 . 3  
1 1 . 6  
1 1 . 9  
1 2 . 0  
1 2 . 1  
1 2 . 2  
1 2 . 3  

7 
9 

11 
37 
7 4  

1 4 5  
2 0 6  
2 0 9 P  

1 
1 
1 
3 
7 

1 4  

2 2  
\22pI 

1 2 . 6  
1 2 . 7  
1 2 . 8  

. 1 3 . 0  
1 3 . 2  
1 3 . 4  

1 3 . 6  
1 3 . 8  
1 4 . 0  
1 4 . 3  
1 4 . 6  
1 5 . 0  
1 5 . 5  
1 6 . 0  

1 8 0  
1 4 2  
1 0 8  

7 9  
6 1  
4 2  
3' 1 
2 6  

2 3  
2 1  
2 0  
15 
13  
1 2  
11 
11 

1 6  
1 0  

7 
5 
4 
3 
2 
2 

2 
34 
4 
8 

1 6  
3 2  
5 9  
p.J 
7 7  
5 9  
4 2  
3 1  
2 3  
1 5  
1 2  

9 

1 0 0 2 
2 0 0 2 
2 0 0 3 

11 2 1 6 
2 3  4 3 9 

1 7  
11 

9 
7 
6 
5 
4 
4 

1 
1 
1 
6 

1 2  

4 " 
3 4 0  
2 2 9  
2 . 2 2  
1 1 4  
1 9 
1 7 

9 
6 
5 
4 
3 
3 
-2 
2 

1 1 6 2 
1. 1 5 2 
1 1 5 1 
0 1 4 1 
0 0 4 1 
0 0 3 1 
0 0 .  3 1 
0 0 3 1 

1 6 . 5  9 1 3 2 0 0 2 1 
1 7 . 0  8 1 3 1 0 0 2 1 
1 7 . 5  8 1 3 1 0 0 2 1 
1 8 . 0  8 1 3 1 0 0 2 1 
1 9 . 0  8 1. 3 1 0 0 2 1 
2 0 . 0  6 1 2 1 0 0 1 1 

4 0 2 & 0 0 0 
1 
0 

0 
0 

0 
0 

1 
0 

0 
0 0015'72 

T G P  
P - Peak Flow * - value(s) provided from TR-55 system routines 

i 
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.?E 1 9 6  24 136 
Versign 2.00 

Project : GE 3900-08.2 User: DGP Date: 10-02-95 
County : Hamilton State: OH 
Subtitle: East Field Borrow Area: Restored Conditions 

RUNOFF CURVE NUMBER COMPUTATION 4 -  

Checked : Date : 

‘\rea : 1 
- - - - - - - _ - - - _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Hydrologic Soil Group 
a 

COVER DESCRIPTION A B C D 
Acres (CN) 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
OTHER AGRICULTURAL LANDS 
Pasture, grassland or range good - - 13.5(74) - 

Meadow -cont. grass (non grazed) - - - -  - - 39.6(71) 

Total Area (by Hydrologic Soil Group) 

Q?s P 
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RUNOFF CURVE NUMBER COMPUTATION Version 2.00 
Project : GE 3900-08.2 User: DGP Date: 10-02-95 
County : Hamilton State: OH Checked: Date: 
S title: East Field Borrow Area: Restored Conditions 

\rea : 2 Q _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

COVER DESCRIPTION 
Hydrologic Soil Group 

A B C D 
Acres (CN) 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
OTHER AGRICULTURAL LANDS 
Pasture, grassland or range good - - 2.01(74) - 

- Meadow -cont. grass (non grazed) - - - -  - -  13.7(71) - 

Total Area (by Hydrologic Soil Group) 

-GP 
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RUNOFF CURVE NUMBER COMPUTATION Version 2.00 
Project : GE 3900-08.2 User: DGP Date: 10-02-95 
County : Hamilton State: OH Checked: Date: 
Subtitle: East Field Borrow Area: Restored Conditions 

_ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Hydrologic Soil Group 

Wea : 3A 

COVER DESCRIPTION A B C D 
Acres (CN) 

Total Area (by Hydrologic Soil Group) 

i 
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RUNOFF CURVE NUMBER COMPUTATION Version 2.00 
Project : GE 3900-08.2 User: DGP Date: 10-02-95 

Date: County : Hamilton State: OH Checked: 
Subtitle: East Field Borrow Area: Restored Conditions 

COVER DESCRIPTION 
Hydrologic Soil Group 

A B C D 
Acres (CN) 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
OTHER AGRICULTURAL LANDS 
Meadow -cont. grass (non grazed) - - - -  - - 23.7(71) - .  

Tota1,Area (by Hydrologic Soil Group) 
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RUNOFF CURVE NUMBER COMPUTATION Version 2 . 0 0  
Project : GE 3900-08.2 User: DGP Date: 1 0 - 0 2 - 9 5  
County : Hamilton State: OH Checked : Date: 

Hydrologic Soil Group 
COVER DESCRIPTION A B C D 

Acres (CN) 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
OTHER AGRICULTURAL LANDS 
Meadow -cont. grass (non grazed) - - - -  - - 11.5(71) - 

Total Area (by Hydrologic Soil Group) 
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TIME OF CONCENTRATION 
Project : GE 3900-08.2 
County : Hamilton State: OH 
Subtitle: East Field Borrow Area: Restored 

L -  

AND TRAVEL TIME Version 2.00 
User: DGP Date: 10-02-95 

Checked : Date: 
Conditions 

Flow Type 2 year Length Slope Surface n Area Wp Velocity Time 
rain (ft) (ft/ft) code (sq/ft) (ft) (ft/sec) (hr) 

- - - _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Sheet 2.55 100 .0071 e 0.277 
Shallow Concent‘d 278 0.023 U 0.032 
Shallow Concent’d 1700 .0065 U 0.363 

Time of Concentration = 0.67* 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Subarea #3 - 3A _ - - - _ _ _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Flow‘Type 2 year Length Slope Surface n Area Wp Velocity Time 

rain (ft) (ft/ft) code (sq/ft) (ft) (ft/sec) (hr) 

2.55 100 .0111 d 0.256 
0.138 750 .0087 U 

@et 
Shallow Concent’d 

0.101 Shallow Concent’d 870 .0218 U 
0 . 0 4 0  Open Channel 420 .0155 0.0425 50.4 

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

Time of Concentration = 0.54* 
---_- --- -_  

Shallow Concent‘d 900 .0167 U 0.120 
Travel Time = 0.12* 

- - _ _ _  ----- 

i 
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TIME OF CONCENTRATION AND TRAVEL TIME Version 2.00 

Project : GE 3900-08.2 User: DGP Date: 10-02-95 
County : Hamilton State: OH Checked: Date: 
Subtitle: East Field Borrow Area: Restored Conditions 

_ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - _ - - - - - - - - -  Subarea #5 - 4 - - - - - _ - - - - - - - - - - _ _ - - _ _ _ _ _ _ _ _ _ _ _  
Wp Velocity Time 

rain (ft) (ft/ft) code (sq/ft) .(ft) (ft/sec) (hr) 

Sheet 2.55 40 .2 e 0.035 
Sheet 60 . 0 1  e 0.160 
Shallow Concent‘d 580 .0056 U 0.133 

a 
Flow Type 2 year Length Slope Surface n Area 

- - - - - _ - - -  _ _ _ _ _ _ _ _ _ _ - _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ - - - - - - - - - - - -  

Time of Concentration = 0 . 3 3 *  
- - - _ _  _ _ _ _ _  

- - -  Sheet Flow Surface Codes - - -  
A Smooth Surface F Grass, Dense - - -  * Shallow Concentrated - - -  
B Fallow (No Res. G Grass, Burmuda - - -  Surface Codes - - -  
C Cultivated c 20 % Res. H Woods, Light P Paved 
D Cultivated > 20 % Res. I Woods, Dense 
E Grass-Range, Short J Range, Natural 

U Unpaved 

* - Generated for use by TABULAR method 
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TABULAR HYDROGRAPH METHOD Version 2.00 
Project : GE 3900-08.2 User: DGP Date: 10-02-95 
County : Hamilton State: OH Checked : Date: 
Subtitle: East Field Borrow Area: Restored Conditions 

m d l  watershed area: 0.199 sq mi Rainfall type: I1 Frequency: 25 years 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - - - - - - - -  Subareas - - _ - _ - - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1 2 

'Area(sq mi) 0.08" 0.02* 

Curve number 72* 71* 
Runoff (in) 1.97 1.89 
Tc (hrs) 0.67* 0.62* 

(Used) 0.75 0.50 
TimeToOutlet 0.00 0.00 

Rainfall (in) 4.7 4.7 

Time 
(hr) 

11.0 
11.3 
11.6 
11.9 
12.0 
12.1 
12.2 
12.3 

9 5  
12.6 
12.7 
12.8 
13.0 
13.2 
13.4 

13.6 
13.8 
14.0 
14.3 
14.6 
15.0 
15.5 
16.0 

16.5 
17.0 
17.5 
18.0 
19.0 
20.0 

3A 3B 
0.04* 0.04* 
4.7 4.7 
82* 71* 

2.81 1.89 
0.54* 0.34* 
0.50 0.30 
0.00 0.00 

4 
0.02* 
4.7 
71* 

1.89 
0.33f 
0.30 
0.00 

0.17 0.17 0.09 0.17 0.17 
(Used) 0.17 0.17 0.10 0.17 0.17 

Total - - - - - - - - - - - - -  Subarea Contribution to Total Flow (cfs 
Flow 

5 
7 
10 
21 
.3 6 
70 
122 
160 

167P 
160 
144 
124 
105 
71 
52 
39 

31 
27 
24 
19 
18 
16 
14 
12 

11 
10 
10 
10 
8 
7 
6 
0 

P - Peak Flow 

1 

1 
2 
3 
4 
5 
8 
14 
26 

42 
56 

64 
58 
41 
29 
21 

16 
13 
11 
9 
8 
7 
6 
5 

5 
4 
4 
4 
3 
3 
2 
0 

(64p( 

2 

1 
1 
1 
2 
3 
6 
12 
19 

la 
22 
18 
14 
11 
7 
5 
4 

3 
3 
3 
2 
2 
2 
2 
1 

1 
1 .  
1 
1 
1 
1 
1 
0 

3A 3B 4 

2 1 0 
2 1 1 
3 2 1 
6 6 3 
10 12 6 
17 26 13 
32 43 

/ 48 45P I 

54P 
52 
41 
30 
23 
14 
10 
8 

6 
5 
5 
4 
4 
3 
3 
3 

2 
2' 
2 
2 
2 
1 
1 
0 

32 
20 
14 
11 
9 
6 
5 

. 4  

4 
4 
3 
3 
3 
3 
2 
2 

2 
2 
2 
2 
1 
1 
1 
0 

21 

16 
10 
7 
5 
4 
3 
3 
2 

1 
1 
1 

1 
1 
1 

* - value(s) provided from TR-55 system routines (Pols88 
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COMPUTER SOFTWARE USED TO 
PREPARE CALCULATIONS PACKAGE 

USDA-SCS TR-55 

1 . United States Department of Agriculture. -'Urban Hydrolopfor Small Wafersheds, " Soil Conservation 
Service. Engineering Division, Washington, DC, Technical Release 55, June 1986. 

FILE: B-TR55 D.DOC 
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Appendix C: Computer program 

The TR-55 procedures have been incorporated in a 
computer program. The program, written in BASIC, 
requires less than 256K memory to operate and was 
developed for an MS-DOS operating system. Users of 
the program, however, still need to be familiar with 
the procedures in this TR. Features of the program 
include the following: 

. 

a. 

The full screen (24 lines, 80 columns) is used to 
enter data. Flexibility of coding allows movement 
about the screen for quick data modifications. 

Function keys provide menu power to move to 
d~fferent modules (TR-55 chapters) within the 
program. Some keys are permanently defined 
'while others vary by module. 

"Help" screens provide pertinent information to 
the user depending on location in the program. 
Two types of information are included: (1) define 
system operation and (2) describe input 
parameters. 

User files provide for optional entry of local data, 
such as rainfall-frequency, graphic peak discharge 
equation coefficients, and tabular hydrographs for 
other rainfall distributions. 

Copies of the program can'be obtained from- 

National Technical Information Service 
U.S. Department of Commerce 
5285 Port Royal Road 
Springfieid, VA 22161 
Telephone (703) 4874650 

(210-VI-TR-56, Second Ed., June 1986) f c- 1 

A-1-113 
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Preface 

Technical Release 55 CrR-55) presents simplified 
procedures to calculate storm runoff volume, peak 
rate of discharge, hydrographs. and storage volumes 
required for rloodwater reservoirs. These procedures 
are applicable in small watersheds, especially 
urbanizing watersheds. in the United States. First 
issued by the Soil Conservation Service (SCS) in 
January 1975, TR-55 incorporates current SCS 
procedures. This revision includes results of recent 
research and other changes based on experience with 
use of the original edition. 

The major revisions and additions are- 

1. .A flow chart for selecting the appropriate 
procedure: 

2. Three additional rain distributions; 
3. Expansion of the chapter on runoff curve 

numbers; 
4. A procedure for calculating travel times of 

sheet flow: 
5. Deletion of a chapter on peak discharges; 
6. Modifications to the Graphical Peak Discharge 

method and Tabular Hydrograph method; 
7 .  A new storage routing procedure; 
8. Features of the TR-55 computer program; and 
9. Worksheets. 

This revision was prepared by Roger Cronshey, 
Hydraulic Engineer. Hydrology Unit, SCS, 
Washington, DC; Dr. Richard H. McCuen, Professor 
of Civil Engineering, University of Maryland. College 
Park, MD: Norman Miller. Head, Hydrology Unit, 
SCS. Washington, DC: Dr.Walter Rawls, 
Hydrologist, Agricultural Research Service, 
Beltsville. MD; Sam Robbins (deceased), formerly 
Hydraulic Engineer, SCS, South National Technical 
Center (NTC), Fort Worth, TX; and Don Woodward, 
Hydraulic Engineer, SCS, Northeast NTC, Chester, 
PA. Valuable contributions were made by John 
Chenoweth, Stan Hamiiton, William Merkel, Robert 
Rallison (ret.), Harvey Richardson, Wendell Styner, 
other SCS hydraulic engineers, and Teresa Seeman. 

Revised June 1986 

(210-VI-TR-55, Second Ed., June 1986) 
001584 1 
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Chapter 1: Introduction 

The conversion o i  rural land to urban land usually 
increases erosion and the riischarge and volume o i  
storm runoif in a watershed. I t  aiso causes other 
xoblems that affect soil and water. As part of 
programs established to alleviate these problems. 
Ingneers increasingly must assess the probable 
aifects or urban development. as well as design and 
implement measures that will minimize its adverse 
eifects. 

Technical Release 55 (TR-55) presents simplified 
procedures for estimating runoif and peak discharges 
in small watersheds. ‘In selecting the appropriate 
xocedure, consider the scope and complexity of the 
Droolem. the available data, and the acceptable level 
of error. While this TR g v e s  special emphasis to 
urban and urbanizing watersheds. the procedures 
apply to any small watershed in which certain 
!imitations are met. 

Effects of urban development e 
An urban or urbanizing watershed is one in which 
impervious surfaces cover or will soon cover a 
considerable area. Impervious surfaces include roads, 
sidewalks. parkmg lots, and buildings. Natural flow 
paths in the watershed may be replaced or 
supplemented by paved gutters, storm sewers, or 
other elements of artiiicial drainage. 

Hydrologc studies to d e t e m e  runoff and peak 
discharge should ideally be based on long-term 
stationary streamflow records for the area. Such 
records are seldom available for small drainage 
areas. Even where they are available. accurate 
statistical analysis of them is usually impossible 
because of the conversion of land to urban uses 
during the period of record. It therefore is necessary 
to estimate peak discharges with hydrologic models 
based on measurable watershed characteristics. Only 
through an understanding of these characteristics 
and experience in using these models can we make 
3ounci judgments on how to alter model parameters 
t o  reflect changmg watershed conditions. 

.e 

Urbanization changes a watershed’s response to 
precipitation. The most common eifects are reduced 
infiltration and decreased travel time, which 
si.gmiicantly increase peak discharges and runoff. 
Runoif is determined primardy by the amount of 
precipitation and by infiltration characteristics 
related to soil t-ype. soil moisture. antecedent rainfall. 
cover type, impervious surfaces. and surface 
retention. Travel time is determined primarily by 
slope. length of flow path. depth of flow, and 
roughness of flow surfaces. Peak discharges are 
based on the relationshp of these parameters and on 
the total drainage area of the watershed, the location 
of the development. the effect of any flood control 
works or other natural or manmade storage, and the 
time distribution of rainfall during a gven storm 
event. 

The model described in TR-55 begms with a rainfall 
amount ulllformly imposed on the watershed over a 
specitied time distribution. Mass ramfall is converted 
to mass runoff by using a runoff curve number (CN). 
CN is based on soils, plant cover, amount of 
impervious areas, interception. and surface storage. 
Runoff is then transformed into a hydrograph by 
using unit hydrograph theory and routing procedures 
that depend on runoff travel time through segments 
of the watershed. 

For a description of the hydrograph development 
method used by SCS. see chapter 16 of the SCS 
National Engineering Handbook, Section 
4-HydrolOgy (NEH-Q) (SCS 1985). The routing 
method (Modifed Att-Kin) is explained in appendixes 
G and H of draft Technical Release 20 CTR-20) (SCS 
1983). 

Rainfall 

TR-55 includes four regional rainfall time 
distributions. See appendix B for a discussion of how 
these distributions were developed. 

All four distributions are for a 24-hour period. This 
period was chosen because of the general availability 
of daily ramfall data that were used to estimate 
%hour rainfall amounts. The %hour duration spans 
most of the applications of TR-55. 

GeSWCC 
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One criticai +rameter in the model is time oi 
..uncentration tT,:j, :vnich is the time it takes Cor 
xnur'f to iravei to ;L point of interest from the 
i?y(iraiiiicaily !nost distant point. Sormaily ;I rainiall 
:itir;ition tft!uai to or krreater than T.! is useti. 
T!ierer'ore. ihe r:iiniall tlistributions were tiesigned to 
.:l)ntain the intensity o i  any titiration of rainiall for 
:.!-e t'rec!uency oi the event chosen. That is. if the 
1U-year Crec!uency. 24-hour rainfall is used. ihe most 
i!ittnse hour \vi11 approximate the IO-year. I-hour 
:xitifail vniume. 

I< u no t'f 

?:I t x ima te  runoff from storm rainfall. SCS uses the 
Eunor'f Curve Sumber (.CY) method (see 'chapters 4 
:hroucn 10 of NEH-4. SCS 1985). Determination of 
( . 'S tiepencis on ihe ivatersneti's soii and cover 
(.:or,ditions. ivhich the model represents as hydrologc 
soil group. cover tjpe. treatment. and hydrologc 

ndition. Chapter 2 of this TR discusses the effect e urban development on C N  and explains how to 
use CN to estimate runoif. 

Time parameters 

( 'iiapter :: k c r i b e s  ;i methoti for e5timAtin.g the 
i)urameters used to ciistribute the runoff into a 
iiytirognph. The method is based on velocities of 
:'!ow throush segments o i  the watershed. T y o  major 
y rame te r s  are time o i  concentration tT,) and travel 
Lime ~) i ' t low throu.gh the se,gments tTJ These and 
:.ne other parameters used are the same :IS those 
asetl in accepted hydrauiic analyses of open channels. 

.\.Ian: methods a re  empirically derived from actual 
runoif hydrocaphs and watershed characteristics. 
The method in chapter 3 was chosen because it is 
basic: however. other methods may be used. 

Peak discharge and hydrographs 

methocis \vere tierived from hydroTaphs prepared by 
procedures outiinea in cnapter 16 of NEH4 (SCS 
19851. The computations were made with a 
wmputenzeCi SCS hyciroloqc model. TR-20 (SCS 
1983). 

The methods in chapters 1 and 5 should be used in 
accordance w t h  specuic widelines. If  basic data are 
improperly prepared or adjustments not properly 
useci. errors,tvill result. 

Storage effects 

Chapter 6 outlines procedures to account for the 
effect of detention-type storaqe. I t  provides a 
shortcut method to estimate temporary flood storage 
based on hvdrologc data developed from the 
Graphical Peak Discharge or Tabular Hydrograph 
methods. 

By increasing runoff and decreasing travel times, 
urbanization can be expected to increase downstream 
peak discharges. Chapter 6 discusses how tlood 
detention can modify the hydrograph so that, ideally, 
downstream peak discharge is reduced approximately 
to the predevelopment condition. The shortcuts in 
chapter 6 are  useful in sizing a- basin even though 
ihe finai t1esi.p may require a more detailed analysis. 

Selecting the appropriate procedures 

Figure 1-1 is a rlow chart that  shows how to select 
the appropriate procedures to use in TR-55. in  the 
figure. the diamond-shaped box labeled "Subareas 
requred?" directs the user to the appropriate 
method based on whether the watershed needs to be 
divided into subareas. Watershed subdivision is 
required when signliicantly different conditions 
affecting runoff or timing are present in the 
watershed-for example. if the watershed has widely 
cliffering curve numbers or nonhomogeneous slope 
patterns. 

0 apter 4 describes a method for approximating - 
peak rates of dischar,ge. and chapter 5 describes a 
method for obtaining or routing hydro,gaphs. Both 
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. Limitations 

To save time. the procedures in TR-33 are simplified 
by assumptions about some parameters. These 
simplifications. however, limit the use of the 
procedures and can provide results that are less . 
accurate than more detailed methods. The user 
should examine the sensitivity of the analysis being 
conducted to a variation of the peak discharge or 
hydrognph. To ensure that the degree of error is 
tolerable. speclfic limitations are given in chapters 2 
through 6. Additional general constraints to the use 
oi 

0 

TR-55 are as follows: 

The methods in this TR are based on open and 
unconfined flow over land or in channels. For 
luge  events during which flow is divided between 
sewer and overland flow, more information about 
hydraulics than is presented here is needed to 
determine T,. After flow enters a closed system, 
the discharge can be assumed constant until 
another flow is encountered at  a junction or 
another inlet. 

Both the Graphical Peak Discharge and Tabular 
Hydrograph methods are derived from TR-20 (SCS 
19833) output. Their accuracy is comparable: they 
differ only in their products. The use of T, permits 
them to be used for any size watershed within the 
scope of the curves or tables. The Graphical 
method (chapter 4) is used only for hydrologically 
homogeneous watersheds because the procedure is 
limited to a single watershed subarea. The Tabular 
method (chapter 5) can be used for a 
heterogeneous watershed that is divided into a 
number of homogeneous subwatersheds. 
Hydrographs for the subwatersheds can be routed 
and added. 

The approximate storage-routing curves (chapter 
6) should not be used if the adjustment for 
ponding (chapter 4) is used. These storage-routing 
curves, like the peak discharge and hydrograph 
procedures, are generalizations derived from 
TR-20 routings. 

. .  
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EROSION AND SEDIMENT CONTROL: OSDF E&S BASIN SIZING 

EXECUTIVE SUMMARY 

Pumose 

The purpose of this document is to provide the engineering data and calculations 
used in the design of the OSDF erosion and sediment control (E&S) basin. The E&S 
basin was designed to control the runoff from a disturbed area equal to one-third of the 
total project area because it is expected that construction will be performed in three 
phases of approximately equal size. The same basin design will be used for each phase 
of construction. The basin was designed in accordance with Ohio Soil Conservation 
Service (Ohio-SCS) specifications. 

Method of Analysis 

, 
I The Ohio-SCS specifications were used to determine the size and shape of the 

sediment basin. The computer program TR-55 was used to determine the peak runoff 
expected from a 25-year, 24-hour storm event; and standard open channel flow 
equations were used to size the spillway. 

Conclusions 

The sediment basin should have interior dimensions of 55 feet by 110 feet and 
have a minimum sediment storage volume of 23,400 cubic feet. The spillway should 
be comprised of a 60-in. corrugated metal riser pipe attached to a 48-in. corrugated 
metal, outlet pipe. 
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+ 500 

2000 

10,000 

0.93 2.1 4.3 5.2 5.9 7.3 

1.2 2.6 5.8 7.2 8.2 10.2 

1.4 3.4 8.2 10.5 12.0 15.5 

a TABLE A-1 - RAINFALL DEPTH FOR A GIVEN DURATION 
(INCHES) 

11  DURATION^ TIME -- 

TP-40 HYDRO-35 

2 HOURS 

1.408 

2.01 6 

2.277 

2 

5 

10 

25 

50 

+ 100 
I 1 

~~ 

3 HOURS. 
~~ 

6 HOURS 12 HOURS 2 4  HOURS 

2.2 2.552 

2.88 ' 3.072 

' 3.465 4.059 

4.0 4.7 

4.2 5.2 

5.0 5.6 

1 .848 

2.496 

1.54 

2.1 12 

2.475 3.069 

3.4 

3.9 

3.0 

3.25 

3.6 4.1 * 
19.2 

HMR-5 1 II DESIGN OF SMALL DAMS .. . II 

NOTE: Rainfall Points For 2, 5, and 10 year rainfall events were adjusted per TP-40. Values for the 

500, 2000, and 10,000 Year Events were interpolated from Figure 3 (Appendix E) 

These values are used on PH Records for HEC-1.  
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MANNING'S NUMBER TABLES (continued) 

s g s . 2  g % $  ; r j $ $ - Z S  z z  O O O O  C I  m Y O r a  s '-7 %. In IO o o o  e m , o  

0 0 0 0  0 0 0  0 0 0  0 0  0 0  0 0 0 0  0 .o 0 0 0 oc 'o  
0 0 0 0  0 0 0  0 0 0  0 0  0 0  - . 0 y y  . 0 0 0 0 0 0 -  . .  

o r o o u ?  g s $  % %  2 %  %%zo 
9 9 0  0 0 0  0 0  0 0  0 0 0 ;  

000 c o  0 0  0 0 0 0  

aDOOPIm E m 0  t o u ? o  roto v i m  oov) ' ua 0 P )  ro 0 r o o u a  

0000 0 0 0  000 00 0 0 0 0 0 0 0 0  

- d c a N  NN.0 N C I C ?  - 0  C I O  m 0 - 9 8  . ; ? ? ? 6 0 0 0  - T u ? -  9 0 0 0  0 0 0  9 0 0  2 %  0 0  

OPEN CHANNEL HYDRAULICS by Ven Te Chow, Copyright I959 by McGraw-Hill 

. .  



. .  

- 
- . .  

0 
I -  
'= - -10 

9 
- 0 8  

r u. 
d 
Q 
0 '  
.- 3 - - - 
L - 

z 7  O 0.02 

z 6  
Q 
0 .  

> 
.- - 

0.03 

5 5  0.04 
0.05 

4 0.06 
0.07 
0.08 
0.09 

- 
-3 0.1 - - 

- - - - 

- 2  - 

- 
- 
- 
- 
- 
=-1 

0.9 - 
0.8 

0.7 2.0 

- - - 

Figure 4-24 Nomograph for Manning formula, Eq. 
pipes flowing full  based on n = 0.013. 
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Riser 
Diameter I 

- 

:e& in Feet 

ORIFZCE 
L 

9.3 

10.7 

12.3 

15.L 

- 
- 
- 

7.6 

8.8 

10.1 

12.6 

15. 1 

7 

- 
- 
- 

17.7 

20.2 

22.7 

25. 2 

- 
- 
- 

21.6 

2L. 6 
- 
- 
27.7 - 
30.8 

&2 7.5 10.5 13.8 

h8 8.6 12.0 15.7 

SL 9.6 13.5 17.7 

60 10.7 15.0 19.7 

P, 85.5 93.2 100.9 109.0 117.1 125.6 13&.5 u.3 

60 5 . 0  103.6 112.1 121.1 130.1 139.5 lt9.3 159.2 169.0 

?DES: (1) The discharge capacftier shun in this table em based on the 
fonaula: 5 fa 

0 C 2 L  
. Q = dfschnrge capcity of weir, in c.f.8. 

C2 = weir coefficient m 3.33 
L = length of weir crest, in feet (for circular riser vith 

headuall, L m 2.57 times diameter of riser). 
H2 = distance from crest of riser to vater surface in 

reservoir, in feet. 
(2) tha diameter of the riser should be at least 

dfameter of barrel. 
(3) U8e thi8 table in conJunetion with orifice flov a d  full pipe 

flov conditions to detennfne capacity of the drop inlet. 

times the 

.. . 

.. . 

, Figure 6-27 Chart for determining i n l e t  proportions ' 

and required head over I n l e t .  
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TIME OF CONCENTRATION AND TRAVEL TIME Version 2.00 

: FERMCO - OSDF 
nty : BUTLER 
title: E & S BASIN 

Date: 10-15-95 
State: OH Checked: P S C  Date: /0'-/6 -GI- 

,d- 
User: ESS 

- - -  Sheet Flow Surface Codes - - -  
Shallow Concentrated - - -  A Smooth Surface F Grass, Dense - - -  

B Fallow (No R e s . )  G Grass, Burmuda - - -  Surf ace Codes 
C Cultivated e 20 % Res. H Woods, Light P Paved 
D Cultivated > 20 % Res. I Woods, Dense U Unpaved 
E Grass-Range, Short J Range, Natural 

- - -  

- 
* - Generated for use by TABULAR method 



TABULAR HYDROGRAPH METHOD Versfon 2.00 

FERMCO - OSDF User: ESS 4-f Date: 10-15-95 
BUTLER 
E & S BASIN 

State: OH Checked: 

Total watershed area: 0.020 sq mi Rainfall type: I1 Frequency: 25 years 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - -  Subareas - - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
A 

Area(sq mi) 0.02 
Rainfall (in) 4 . 7  
Curve number 94 
Runoff (in) 4.01 
Tc (hrs) 0.26* 

(Used) 0.30 
TimeToOutlet 0.00 
Ia/P 

Time 
(hr) 

11.0 
11.3 
11.6 
11.9 
12.0 6; 
12.4 
12.5 
12.6 
12.7 
12.8 
13.0 
13.2 
13.4 

13.6 
13.8 
14.0 
14.3 
14.6 
15.0 
15.5 
16.0 

16.5 
17.0 
17.5 
18.0 

9: 
26.0 

0 :03 
(Used) 0.10 

Total _ _ _ _ _ _ _ _ _ _ _ _ _  Subarea Contribution to Total Flow (cfs) - - - - - - - - - - - -  
Flow 

2 
2 
3 
10 
19 
36 
55P 
55 

37 
23 
16 
12 
9 
7 
5 
5 

4 
4 
3 
3 
3 
3 -  
2 
2 

2 
2 
2 
1 
1 
1 
1 
0 

P - Peak Flow 

A 

2 
2 
3 
10 
19 
36 
55P 4 eapr R- 
55 

37 
23 
16 
12 

9 .  
7 
5 
5 

0Cz1GrllS 
* - value(s) provided from TR-55 system routines 

' 1  
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0.0002 
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Figure 4-24 Nomograph for Manning formula, Eq. 4-25, for circular 
pipes flowing full based on n = 0.013. 
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6-43a 

R i  set 
Diameter 
Inches 

15 

Head in  Feet h 
0.41 0.5 0.6 0.7 0.81 0.91 1.01 1.11 1.21 1.31 1.41 1.51 1.6 

2.71 3.8 4.9 6.3 OJUFLCE 

30 5.b 7.5 9.8 12.6 15:& 18.2 

36 6.4 9.0 11.9 15.1 18.5 21.8 

Sk 9.6 13.5 17.7 22.7 27.7 32.8 

A 60 10.7 15.0 19.7 25.2 30.8 36.4 

.e 

A 8  I b 9 . 2 a 6 3 . 3  71.0 78.7 86.L 

NTIES: (1) The discharge capacitiet shorn in t h i s  *le ambased on the 

?I2 
fornula: 

02 - CPL 2 
i 02 - disclarge cappcity of wir8 in c.f,8. 

C2 - weir coefficient - 3.33 
L - length of weir crest, in feet (for circular riser uith 

heachl18 L = 2.57 times diameter of riser), 
Hp - distance from crest of r i s e r  t o  uater surface in 

reservoir, in f e d .  
(2) 'Rra diameter of the r i s e r  should be at least  4 tfmes the 

(3) Ure t h f r  table in  conJunctfon w i t h  orifice flow ard full pipe 
flm conditions t o  determine capacity of the drop inlet, 

diameter of barrel, 0@161'7 

c 

Figure 6-27 Chart €or determining i n l e t  proportions WC!A-.&&g 
and required head over i n l e t  t 

::-.set 2 of 3 
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Preface . 

Technical Release 55 (TR-55) presents simplified 
procedures to cnlculate storm runoff volume, peak 
rate of discharge, hydrographs, and storage volurnes 
required for floodwater reservoirs. These procedures 
are applicable in small watersheds, especially 
urbanizing watersheds, in the United States. First. 
.issued by the Soil Conservation Service (SCS) in 
January 1975, ‘I‘R-55 incorporates current SCS 
procedures. This revision includes results of recent 
research arid otlier changes based on experience with 
use of the origirial edition. 

- 

The mqjor revisions and additions are- 

1. 

.- 2. 
3. 

4. 

- 5. 
6. 

a 7. 
8. 
9. 

A flow chart for selecting the appropriate 
procedure; 
Three additional rain distributions; 
Expansion of the chapter on runoff curve 
numbers; 
A procedure for calculating travel times of 
sheet flow; 
Deletion of a chapter on peak discharges; 
Modifications to the Graphical Peak Discharge 
method and Tabular Hydrograph method; 
A new storage routing procedure; 
Features of the TR-55 computer program; and 
Worksheets. 

This revision was prepared by Roger Cronshey, 
Hydraulic Engineer, Hydrology Unit, SCS, 
Washington, DC; Dr. Richard H. McCuen, Professor 
of Civil Engineering, University of Maryland, College 
Park, MD; Norman Miller, Head, Hydrology Unit, 
SCS, Washington, DC; Dr.Walter Rawls, 
Hydrologist, Agricultural Research Service, 
Beltsville, MD; Sam Robbins (deceased), formerly 
Hydraulic Engineer, SCS, South National Technical 
Center (NTC), Fort Worth, TX; and Don Woodward, 
Hydraulic Engineer, SCS, Northeast NTC, Chester, 
PA. Valuable contributions were made by John 
Chenoweth, Stan Hamilton, William Merkel, Robert 
Rallison (ret.), Harvey Richardson, Wendell Sty ner, 
other SCS hydraulic engineers, and Teresa Seeman. 

Revieed June 1986 

(210-VI-TR-55, Second Ed., June 1986) i 
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sheet f low..  ........................... 3-3 
I, valuc?s for riiiioff cwve iiuiiitwts . . . . . .  4-1 
A(l.iusttiictrt fiiclor (I4',,) for p o i i ( I  ;itit1 

sw;itiip :II-C';IS that  ;ire spread throughout 
the w;itershetl ......................... 4-2 
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Exhibits . ,  

4-1: 

4-IA: 

4-11: 

4-111: 

5-1: 

6-IA: 

5-11: 

5-111: 

A-1: 

Unit peak discharge (q,) for SCS type I 
rainfall distribution .................... 4-4 
Unit peak discharge (q,) for SCS type !A 
rairifall distribution .................... 4-5 
IJiiit peak discharge (q,) for SCS type I1 
rainfall tlistributioti .................... 4-6 
Unit peak discharge (qu) for SCS type 111 
,-ainfiall distribution .................... 4-7 
l'nbular hydrograph unit discharges 

5-9 
Tabular hydrograph unit discharges 
(csni/in) for type 1A rainfall distribution. . 5 1 9  
Tabular hydropapti  itnit discharges 
(csidin) for type 11 rainfall distribution . . 5-29 
Tabular hydrograph unit tlischargcs 

5-39 
Hydrologic soil groups for United States 
soils .................................. A-3 

(csrdin) for type 1 rainfall distribution ... 

( c sd in )  type 111 rainfall distribution. .... 
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(210-VI-TR-65, Second Ed., June 1986) 

... 
1U 

i 



Cl1aptel- I: 

effects of urban rle+elo~iinent, as well as  tlcsipi :uid . 

iiiiplcment measures that  will inininiize its ;itlversc 
effects. 

Technical Release 55 (1'K-55) preserits simplifktl 
procetlures for cstiii1;itiiig runoff aiid peak tliscli;ii*ges 
in sinall watershetls. I I I  selecting the approprinte 
procedure, consider the scope ant1 complexity nf the 
problem, the av;iil;ible th ta ,  aiid the iicceptnblc level 
of error. While this TR gives special emphasis to 
urban and urbaniziiig watersheds, the procedures 
apply to any small watershed in which certain 
limitations are met. ' 

Effects of urban developitieiit 

An urban or  urbanizing watershed is one in  which 
impervious surfaces cover or will soon cover n 
considerable area. Impervious surfaces include roads, 
sidewalks, parking lots, and buildings. Natural flow 
paths in the watershed may be replaced or 
supplemented by paved gutters, storm sewers, or 
other elements of artificial drainage. 

Hydrologic studies to determine runoff aid  peak 
discharge should ideally be based on long-term 
stationary streamflow records for the area. Such 
records are  seldom available for siiiall drainage 
areas. Even where they are  available, accurate 
statistical a~ialysis of them is usually impossible 
because of the conversioii of land to urban uses 
during the period of record. I t  therefore is 1ieceSsitl.y 
to estimate peak discharges with hydrologic niotlels 
based on me:~ssurahle watershed characteristics. Only 
through an understanding of these chaixto.istics 
and experience in using these models ~ ; L I I  H'C make 
sound 'judgments on how to alter model parameters 
to reflect chattging watershed conditions. 

- 

. 

The inotlcl described i n  'I'R-55 beKitis with a rainf;ill 
:uiiouiit uiiifoimly iiiil)osecl oil the \\,iite~.~iied over a 
specified tiinc tlisti.il)ution. klass . i * i i i i i f d l  is conveited 
t.o inass i.urioff by usiiig ;I i*unoff curve number (CN). 
CN is based on soils, p l a i i t  cover, 'nniouiit of - 
irnpci.vious ;irc;is, iiitc!rcqtioii, aiitl siiif;ice storage. 
l h i o f f '  is ttiert t,.;insfoi.rnecl into ;I hydrograph by 
using iiiiit hydri)gi-alih theory and iwuting p~*ocetlures 
thal tleliend (III  t*urioff tixvel time through segments 
of the watershed. 

ita i n fa I I 

TI<-55 includes four rtbgional i-:iinf:~Il tiiiie 
tlistril~utions. See :ilq)endix I3 for n discussioii of how 
these .distributions were developed. 

All four distributions are for a 24-liour period. This 
period W;IS cliosen bec:iuse of the gctie~il availability 
of tli~ily riinfiill t l i i h  that were usetl to estimate 
24-hour I.;iiiifiill ;unouiits. Tht! 24-hour duration spatis 
inost of the ;ipplications of 1'11-55. 

(210-VI-Tit-55, Second Ed., June 198(9 1-1 



e One criticnl parameter in the model is timc of 

I ~ U l I O f f  

use CN to estimate 111noff. e .  
Time parameters 

Chapter 3 describes a method for estimating the 
parameters used to distribute tlie runoff itito a 
hytlrogriiph. The inethotl is based on velocities of 
flow through segmeiits of the watershed. Two major , ~iai'anieters are time of' concentration (TJ ant1 travel 
time of flow. through the segments (TJ. These mil 
tlie other paiuinelers used are the same i iS those 
used iii  accepted hy(li*;uilic arirtlyses of open cli:iiiiicls. 

'- 

Many methods are enipiricdly derived from actual 
runoff hytlt*ogriil)lis a t i d  watershed ch;iracteristics. 
"lie iiiethoil in cIi;iptw-3 was chosen 1)ccause it is 
basic; however, ot tier methods may be used. 

b 

Peak discharge and hydrographs . . .  

Chapter 4 describes a method for approximating 
iieak rates of discharge. aiitl chapter 5 desci*ibes a - .  
method for obtaining or routing hydrographs. Both 

I -- 
1-2 c2 IO-VI-TR-55, Se 

Storage effects 

Chapter G outlines procedures to ;iccoitnt for the 
effect of tletctition-type sttrrage., I I pi*ovides a 
slioitcut riietltotl to estimate ~ ~ I I I ~ J I J I X I . ~  h o d  storage 
based .on Iiytlrulogic data ilevelopctl f't-wii the 
Craphiciil l'cak I)ischurg.e or 'l':il~\~li~r 14ytlrograph 
Inelhotls. 

Ry increasing i*unoff and clcc~.easing travel times, 
urb;inizatiuii can be e ~ j ~ ~ l e t l  to inci*e;is;c: downstream 
pc.;ik tlischai-@s. Clinpt er  G discusses Iiow Hood 
tletentioti can modify the hytll*ogi.ii~h so that, ideally, 
downstream peak tlischarge is reduced approximately . . 

to the pret1eveloi)inent' condition. The shortcuts in 
chapter ci are useful in sizing a basin evcii though 
the fi1iiil design may require a more clelailetl analysis. 

. .  

Selecting tlie .appropriate procedures 

Figure 1-1 is a flow chart that shows how to select 
the appropriate procedures to use in 'I'R-55. In the 
figtire, the t l i i ~ r i i ~ ~ n ~ l - s l i ~ p ~ ~ l  h x  Iiibelctl "Sirbareas 
requiretl'!" (lit-ects the user to the ;rlqlropriiite 
iiiethotl biisctl 011 whether the ivaterslied iieeds to be 
divided into stibareiis. Watershed subtlivision is 
i.equiretl when signilicantly tliffcrciil cutiditions 
affecting rurioff or tiiniiig are present in the 
watershed-for cxainple, if the w;ttei.sliccl has widely 
differing curve numbers or nonhoniogcneous slope 
pi+tterns. 

!coiid Ed., June 1981;)' 
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. Limitations 

To save time, the I)i*ocetlures in TR-55 :ire siinplifietl 
-by assumptions about some parameters. These 
simplifications, however, limit the use of the 
procedures ant1 c:in p*ovide results that w e  less 
accurate than more detailed methods. The user 
should examine thc sensitivity of the iilliiiysis beirig 
conducted to R v:iriation of the peak tlischiirge or 
hydrograph. To ensure that the d e p w  of error is 
tolerable, specific liniitations are given in  chapters 2 
through 6. Additioild general constraints to the use. 
of TH-55 are  as follows: 

. 

The methods in this TR are based on open m d  
unconfined f lwv  over land or in channels. F o r  
large events tluriiig which flow is tlividctl between 
sewer and o v e i h i d  flow, iwre  inform;itioii about 
hydraulics than is presented here is needed to 
determine T,. After flow enters a closed system, 
the discharge n i n  be assumed coilstant until . 

another flow is ellcountered a t  a junction or 
another inlet. 0' Both the Crap1iic;il Peak Discharge and Tabular 
Hydrogxaph methods are derived from TR-20 (SCS 
1983) output. Their accuracy is comparable; they 
differ only in their products. The use of T, permits 
them to be used for any size tviitershed within the 
scope of the curves or tables. The Graphical 
method (chapter 4) is used o d y  for hytlrologically 
homogeneous watersheds because the p-~~cedure  is 
limited to a siriglc watershed subarea. The Tabular 
method (chapter 5) can be used for a 
heterogeneous watershed that is divided into a 
number of hornogeiieous subwatersheds. 
Hydrographs for the subwatersheds can be routed 
and added. 

The approximate storage-routing curves (chapter 
6) should not be used if the aaustinent for 
ponding (chapter 4) is used. These storage-routing 

- curves, like the peak discharge and hydrograph 
procedures, are generalizations derived from 
TR-20 routings. 

(210-VI-TR-55, Second Ed., June 1986) 



I‘lie TR-55 pi*ocetlures have been incorporated ill. a 
coinpiiter ~irogram. ‘I’he program, written in UASIC, 
requires less tllnii 25GK memory to operiite and was 
t le \~lopcd for a 1 1  MS-DOS operating system. Users of 
the progixni, however, still need to be familiar with 
the procedures in  this TIL Features of the program 
iiiclutle the following: 

T h e  full screen (24 lines, 80 columns) is used to 
enter data. Flexibility of coding allows movement 

‘ about the screen for quick data modifications. 

- 

Function keys provide menu power to move to 
diffei*en t inotlules (TR-55 chapters) within the’ 
progrum. Some keys are  permanently defined 
while others vary by module. 

. 

0 “Help1’ screens pi-ovide pertinent information to 
the user depending 011 location in the program. 
Two types of itiformation are included: (1) define 
system operation arid (2) describe input 
p;ir;me ters. 

User files provide for optional entry of local data, 
such as rainfall-frequency, graphic peak discharge 

- equation coefficients, and tabular hydrographs for 
other rainfall distributions. 

Copies of the pi*ogr;im can be obtained frorn- 

Natioiial Technical Information Service 
U.S. Department of Commerce 
5285 Port Royal Road 
Springfield, VA 22161 
I’elephoiie (703) 487-4650 

. .  
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2.0  

Welcome to the TR-55 microcomputer program system. This README.1ST 
file is intended as an introduction to the system. The printed TR-55 
document is the procedu're reference for the methods. The program user 
should be familiar with both the computer hardware and the TR-55 
document prior to using the program. 

* * * COMPUTER REQUIREMENTS * * * 
The program system will run under PC-DOS or MS-DOS provided that the 
special keys (function, arrow, HOME, END, INS, DEL, PgUp and PgDn) . 

have the same extended ASCII codes as used on IBM compatible 
equipment. Only one floppy disk drive is required but two drives are 
recommended. About 280K RAM is needed to load the program. 

* ,* * TR-55 SYSTEM FILES * * * 
The system consists of two diskettes. Diskette #1 contains the 
executable program file, README and other required files. Diskette #2 
contains the tabular hydrograph files, an executable system 

soil-name-hydrologic soil group and several input data files. 
-configuration file as well as samples of a county rainfall, a local 

EXECUTABLE PROGRAM FILE. - - - ' 

The TR-55 program is a compiled BASIC language executable file. It is 
a collection of the seven executable files used in the previous 
version of the system. A main menu, with the various TR55 chapters as 
choices, controls the program system. The remaining parts of the 
program can be categorized as follows: 

Primary functions - Graphical Peak Discharge Method (Chapter 4) 
Tabular Peak Discharge Method (Chapter 5) 
Temporary Storage (Chapter 6) 

Support functions - Runoff curve number (CN) (Chapter 2) 
Time of concentration (Tc) and travel 

time through a subarea (Tt) 
(Chapter 3 

Utilities - Print (print current data and calculations) 
Load (reload previously saved data) 
Save (save current data) 
Zero (initial data) 

Some limitations that are included are: 

Maximum of 10 subareas can be used for CN, Tc, Tt and tabular 

Maximum of 7 rainfall frequencies can be used in the graphical 
OQl62;B  peak discharge computations. 

peak discharge computations. I 



BASIC DATA FILES - - - - -  

The TR55.CFG file describes the drive designations available on the 
current system, the display monitor used and the tone of the Ilbeepll. 
Both color and monochrome are supported with the user free to select 
the color combinations desired. The use of the CONFIG.EXE program to 
create a TR55.CFG file is described in the section "CREATING A WORKING 

DISK#2. 
- COPY OF TR-55 SYSTEM". Several sample xxx.CFG files are on the TR55 

The COVER-DAT file contains the numerous Table 2-2 land use 
descriptions along with appropriate hydrologic conditions and runoff 
curve numbers for the four soil groups. The file is loaded when the CN 
support function is used and for the PRINT utility. 

Four tabular hydrograph files are available, one for each of the SCS 
TR-55 rainfall distributions (Type I, IA, 11,111) . The file for the 
selected rainfall distribution is used in the computation step in the 
tabular method. Only the file required need be available on the 
mounted diskettes. The files are appropriately titled TYPEI.TBL, 
TYPEIA.TBL, TYPEII.TBL, and TYPEIII.TBL. 

OPTIONAL DATA FILES - - - - -  

-Optional data files are user created files that the system reads if 
they are present, but will not prevent operation if they are not 
there. Five such files can be used, but only two (COUNTY-RF and 
SOILS.TYP) are expected to be widely used. The other three are briefly 
described to illustrate the flexibility they can add to the system. If 
any of the optional files are used the file naming convention given 
below must be adhered to for the TR-55 program to recognize them. 

The COUNTY.RF file contains rainfall-frequency data for up to seven 
frequencies by county name. As many counties as desired may be 
included. The file can make life a lot easier for the system user, 
even if the user always applies TR-55 in only one county. The 
COUNTY-RF file can be created using a locally available ASCII editor 
and the following record formats. 

Record 1 - Number of frequencies (maximum seven) included, 
followed by the frequencies. Separate each item with 
a comma or at least one space. 

it, followed by the rainfall amounts (inches) 
corresponding to the Record 1 frequencies. Separate 
each item with a comma or at least one space. 

Record 2 ->County name (all uppercase) with quotes ( I 1 )  around 

Record 3 + -  Same as record 2. Continue with as many counties 
as needed for your state or area. 

A sample COUNTY.RF file for the state of Maryland is included. 

For those users that require county rainfall data from more than one 
state, separate rainfall files can be helpful (especially if the 
states have a county with the same name). To accommodate multiple state 
files, change the COUNTY.RF file name to C0UNTY.xx where xx is the two 
letter state abbreviation. When a two letter state abbreviation and a 

i 



county name are entered as part of input, the appropriate C0UNTY.xx 
file is searched for. If found it is used, if not the COUNTRY.RF file 
is used if it exists. (File search time is reduced when c0uNTY.x~ is 
used instead of COUNTY .RF. 

The SOILS.TYP can contain soil names and their applicable hydrologic 
soil groups (HSG). The file contents can be displayed in the Runoff 
Curve Number portion of the program by pressing the F10 key. No 

- computation nor automatic data entry are done with this file. 'Its 
purpose is solely as a system user look up table. 

The file can be created by using any locally available ASCII editor 
using the following limitations: 

Maximum line length is 30 characters ' (suggest 25 characters for 

Maximum of 100 lines in file 
soil name and 5 for HSG) 

A sample SOILS.TYP file is included as an example. To view the sample 
file use the DOS command 

TYPE A:SOILS.TYP IMORE' 
from the DOS prompt with TR55 Disk #1 in drive A. .. 

- 

'The TYPE-RF, DISTRIB.RF, and VOLUME.RF files allow a rainfall 
. distribution other than those in TR-55 to be used. The TYPE-RF file 
contains regression coefficients for peak discharge curves similar to 
those found in TR-55 Exhibit 4 - .  The DISTRIB-RF file contains tabular 
hydrographs similar to those found in Exhibit 5-. The VOLUME.RF file ' 

contains regression coefficients for a volume-discharge curve similar 
to those found in Figure 6-1. 

The development of the background material required to generate these 
files is beyond the scope of TR-55. Because of the complexity of 
procedure no details are given here. For guidance on how to develop 
these files contact your NTC hydraulic engineer. A TYPE-RF and 
DISTRIB.RF file for the Delmarva (DElaware,MARyland, VirginiA) unit 
hydrograph and Type I1 rainfall is available from the NNT.C (Chester, 
Pa). A similar file for the DELMARVA unit hydrograph and Type I11 
rainfall is available from the SNTC (Ft. Worth, TX). 

SAVED INPUT FILES - - - - -  

When using the TR-55 system, data is entered on input screens. Once 
entered, it may be desirable to keep the data for future reference. 
Both a SAVE and LOAD function are part of the TR-55 system for filing 
and retrieving data. The user devises a file name (up to eight 
characters) to which a a . 5 5 f f  is added by the system. The f1.551f will 
identify the file as TR-55 user data. Several sample input files are 
on diskette #2. 

* * * CREATING A WORKING COPY OF TR-55 SYSTEM * * * 

QplGm 1 
Before running TR-55 for the first time a llworkingff copy of the 
program and data files should be made. The working copy will be t 
one used while the original diskettes are kept in a safe place. The 



following files names, sizes and dates should be on the oriqinal 
two 5 1/4" program diskettes. The division of files between 
5 1/4" diskettes follows: a 
COVER 
README 

- 

CGA 
CONFIG 
COUNTY 
EGA 
EX2 - 1 
EX2 - 2 
EX2 - 3 
EX2 - 4 
EX3 - 1 

. EX4-1 
EX5 - 1 
EX5 - 2 

DAT 7040 4-15-86 README EXE 
.1ST 18139 1-16-90 TR55 EXE 

4 File(s) 33792 bytes free 

CFG 
EXE 
'RF 
CFG 
55 
55 
55 
55 
55 
55 
55 
55 

DISK SYSTEM 

Volume TR55#2 VER2 
_ _ _ _ _ _ _ _ - - - - - - - - - _  

197 1-15-90 EX6 - 1 
88096 1-15-90 EX6 - 2 
1633 4-15-86 EX6 - 3 
197 1-15-90 EX6 - 4 
488 1-16-90 SOILS 
527 1-16-90 TR55 
562 1-16-90 TYPE1 
555 1-16-90 TYPEIA 
640 1-16-90 TYPE11 
952 1-16-90 TYPE111 
2390 1-16-90 VGA 
2450 1-16-90 

55 
55 
55 
55 
TY P 
CFG 
TBL 
TBL 
TBL 
TBL 
CFG 

23 File(s) 60416 bytes free 

Following instructions in 
format two new diskettes. 
COMMAND.COM from the disk 
diskette add: 

1. 

2. 

3. 

4. 

38274 
264144 

442 
453 
466 
467 
1066 
320 

46720 
46720 
46848 
46720 
197 

the two 

4-26-88 
1-15-90 

1-16-90 
1-16-90 
1-16-90 
1-16-90 
1-15-90 
1-15-90 
4 - 15 - 86 
8-13-86 
4-15-86 
4-15-86 
1-15-90 

your computer system operating manual, 
On one of the'diskettes copy the file 
used to boot up your system. To this 

The llTR55.EXE" file (from TR55 DISK#l). 

The ffCOVER.DAT1l file (from TR55 DISK#l). 

The appropriate llTYPExxx.TBL1l file for your locale (from TR55 
DISK#2). See the Figure B-2 rainfall distribut.ion map in TR- 
55. 

Run the configuration program by entering CONFIG (from TR55 
DISK#2). One at a time select the: Color Scheme; Device Search 
Sequence; and Sound Generation options to set colors, 
available disk drives and tone of BEEP. Include only the 
disk drives available in your system in the Device Search 
Sequence. Be sure to save the selections you make 
(using the File Input/Output option) on the working copy 
diskette with the name TR55 before loading. (The software 
will add II.CFG" extension to the file name.) 

There is a sample TR55.CFG file included in the program 
diskettes with the capability for adding the user name, 
county, and state automatically to the input and output 
screen headings. To do this, fill in the appropriate 00%&3% 
data in the sample TR55.CFG file with a local editor, 
being careful to line it up correctly under the other 
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entries. Be sure that the Device Search Sequence entries 
conform to the machine drives available, and save the 
file. 

One can use this sample TR55.CFG file instead of running 
the CONFIG.EXE program to set one up. A l l  that is necessary 
is that the user check and correct, if needed, the entries 
in the Device Search Sequence. 

- 
The above files are all that are required to operate the TR-55 program 
system. 

The second formatted diskette can be used to hold the following files 
from TR55 DISK#2. This diskette may only be needed while learning to 
use the program. 

1. llCOUNTY .RF" and llSOILS .TYPtl files. You will probably replace 
these with localized ones of your own. 

2 .  The sample data files which end in a.5511. 

3 .  The remaining 'ITYPEXXX.TBL~~ files which may be needed with 
the sample files or for training purposes. 

i. 

HARD DISK SYSTEM - 
---------------- ---------------- 

Create a subdirectory (TR55) on your hard disk for the TR55 files 
using your DOS Make Directory (MD) command The syntax for the command 
from the hard disk prompt is: 

MKDIR \TR55 

Move to the TR55 subdirectory using the DOS change directory (CD) 
command as follows: 

CD \TR55 

Using the two TR-55 original diskettes copy all of the files 

create the TR55.CFG file by executing CONFIG. 

(If the disk drive designation and TR55 subdirectory name are added to 
your systems PATH command, TR55 can be executed from anyplace 
regardless of what is currently the default drive and directory. See 
your DOS manual for more information on the PATH command.) 

. referenced above for the floppy disk system onto the hard disk. A l s o  

* * * HELPFUL OPERATING HINTS * * * 

HELP screens are available to assist the user. They are accessed by 
pressing function key F1 for pertinent information about the current 
part of the system being viewed. Reviewing (and printing using the 
PrtSc key) the HELP screens as you go through the TR-55 system the 
first time is a good idea. Remember, the reference for the TR-55 
program is the 1986 TR-55 revision. 

When you are ready to load the new TR55 on your system, copy any 



data files (those ending in t1.5510 you wish to save from the TR55 
. directory to a floppy diskette. You do not need to copy the 

examples (EX2-1.55, etc.) as they are included in your new 
diskettes. Then delete all the files left in the TR55 directory 
and load in the new TR55 program diskettes. 

If you have data SAVEd with previous program versions, the files may 
be unusable with this version'. Both LOAD and SAVE utilities have been 

- rewritten to make the saved data files more compact. 

* * * CHANGES FROM PREVIOUS VERSION * * * 
1. 

2. 

3 .  

4. 

0 5. 
6 .  

7. 

8 .  

9. 

10. 

11. 

12 * 

a- 
13. 

The seven executable modules were combined into one, reducing 
size of overall program and eliminating load time between modules. 
This also eliminated the truncated print problem which occurred on 
certain buffered printers. 

Use of TR55.CFG file allows recognition of color monitors and 
different disk drive configurations. User can control colors and 
drives. 

Use of the SOILS.TYP file provides local soil names and their 
hydrologic soil group(s) as a'look up reference. 

Text strings no longer accept as a valid character because of- 
problems which occured when data was SAVEd and reLOADed. When a 
is entered an apostrophe ( ' 1  is used instead. 

Computed CN's of less than 40 now result in a warning message and 
no transfer of the value to one of the primary functions. The older 
program version would not allow user to leave CN portion of program 
until CN was raised. 

Rainfall types can be entered in both upper and lower cases. 

Correct display of small (~0.10 sq mi) drainage areas on tabular 
input screen when area was converted from acres entered in the CN 
portion of program. (Computations were OK.) 

Transfer of computed Tc values > 2 hours are not permitted to 
tabular method. 

Method used to find closest tabular Tc or Tt table values is 
revised. When such values were exactly halfway between table 
values, inaccuracies in storing floating point numbers may have 
made the value appear to be closer to one table value then the 
other. 

Correct printing of rounded Tc and Tt values as well as addition 
of an extra decimal place to Manning's n. 

Display of drainage area and rainfall data in the temporary 
storage portion of program when data is loaded directly to that 
screen. 

Eliminate &ny of the ltbeepstl and user verification required 
when function key or ESC are pressed. 

Allow user to select'the path in addition to drive on both 



LOADing and SAVEing. 

Add Range as an acceptable 'sheet flow surface. type. 

Where program control will go when ESC key is pressed is now 
displayed at the bottom of most screens with the active 
function keys. 

- 

Now 

* * * STARTING UP THE TR-55 SYSTEM * * * 
the fun begins - - - -  Put the working copy of diskette #1 on the 

default disk drive or CD to the TR55 subdirectory on the hard disk 
and enter 11TR5511. 

HAPPY COMPUTING from the original TR-55 Computer Program Team 

Ted Burns scs Morgantown, West Virginia 
Roger Cronshey SCS Washington D.C. 
James Hailey scs Temple, Texas 
Clint Liezert scs Medina, Ohio 
Ralph Roberts ARS Beltsville, Maryland 

Program changes f o r  the current version were made by: 

Ralph Roberts and Roger Cronshey 

. -  . .  
. -. 
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Computations By: Signature la d.a/w 

and Title @& .-?c.g &-p. 

Assumptions . 
and Procedures Signature I 
Checked by: 

(Checker) 

Computations 
Checked by : 
Checked by: 

Computations 
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(Cognizant Engineer) 
Printed Name 

and Title 

Signature lO(,2C/!q< 
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Printed Name 
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Written by: Kara Olen Date: 15 Dec 1995 Reviewed by: Date: -35 

Client: FERMCO Project: Fernald OSDF Project/Proposal No.: GE3900 Task No.: 08.2 

BORROW AREA E&S BASIN SIZING 

EXECUTIVE SUMMARY 

The computer program TR-55 (SCS, 1986) and design regulations of the Ohio 
Administrative Code (OAC 3745-27) were used to estimate the required storage 
volumes for four temporary erosion and sedimentation (E&S) basins for the borrow 
area. The locations of these temporary E&S basins are shown in Figure 2 of these 
calculations. OAC is used to calculated the required volume needed to contain sediment 
between scheduled basin cleanouts. TR-55 is used to calculate an additional volume 
required to temporarily detain the stormwater so that the peak flow rate out of each 
E&S basin for the design storm (25-yr 24-hr storm) does not exceed the peak runoff for 
the final restored conditions for the same location i t  the borrow area. The results 
indicate that the following temporary E&S basin volumes are required: 

TemDorary E&S Basin No. Rea’d Vol. (ac-ft) 

1 6.98 
2 2.90 
3 7.21 
4 2.36 

GE3900-O8.2/F953008 1 .  EXE 
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RAINFALL DEPTH FOR A GIVEN DURATION 
(INCHES) 

- --- 
'L GEOSYNTEC CONSULTANTS 

ATLANTA, GEORGIA 

..CITE: Rainfall Points For 2, 5, and 10 year rain.JI1 events were adjusted per TP-40. Values for th- 
500, 2000, and 10,000 Year Events were interpolated from Figure 3 (Appendix E) 

These values are used on PH Records for HEC-1. 

FIGURE NO. n G E  1 
PROJECT NO. 

DOCUMENT NO. 

FILE NO. 
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FIGURE NO. FIGURE 2 
PROJECT NO. 
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FILE NO. 
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- FIGURE NO. FIGURE 3 
PROJECT NO. 

DOCUMENT NO. 

FILE NO. 
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'L GEOSYNTEC CONSULTANTS 
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FIGURE NO. FIGURE 4 
PROJECT NO. 

DOCUMENT NO. 

FILE NO. 
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United States Department of Agriculture - Soil Conservation Service, “Soil 
of Hamilton County, Ohio”, Washington, DC, August 1982. 

United States Department of Agriculture - Soil Conservation Service, 
Division, “TR-55 Microcomputer Program System”, Washington, DC: 
162 p. 

United States Department of Agriculture - Soil Conservation Service, 
Division, “Urban Hydrology for Small Watersheds” Technical 
Washington, DC, June 1986% 162 p. 

Engineering 
June 1986% 

Engineering 
release 55, 

Soil Conservation Service - Ohio, “Water Management and Sediment Control for 
Urbanizing Areas”, Columbus, Ohio, 1987. 
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V% 
version 2.00 

OTHER AGRICULTURAL LANDS 
Pasture, grassland or range good 

Total Area (by Hydrologic Soil Group) 

- 23.3(74) 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
SUBAREA: 1. TOTAL DRAINAGE AREA: 38.3 Acres WEIGHTED CURVE NUMBER: 81 

- ,  



Project : GE3900-8.2 
County : HAMILTON 

. RUNOFF 
FERNALD 

CURVE NUMBER COMPUTATION 
User: 

State: OH . Checked: 
KLO 
LBAL 

'Iv; 
Version 2.00 

Date: 1 0 - 2 1 - 9 5  
Date : 951 IO lze 

COVER DESCRIPTION 
Hydrologic Soil Group 

A B C D 
Acres (CN) 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
CULTIVATED AGRICULTURAL LANDS 

1 5  (91) Fallow Bare soil - - - - -  - - 

OTHER AGRICULTURAL LANDS 
Pasture, grassland or range good 

Total Area (by Hydrologic Soil Group) 

- . 1 5 . 5 ( 7 4 )  

i 



Version 2.00 
Project : GE3900-8.2 FERNALD User: KLO 
County : HAMILTON State: OH Checked: 

BORROW AREA- CONSTRUCTION PHASE CZTT Z ~ L  *,-I 
'rea : 3A 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Hydrologic Soil Group 
COVER DESCRIPTION A B C D 

Acres (CN) 

CULTIVATED AGRICULTURAL LANDS 
Row crops SR + Crop residue good - - 23.3(82) - 

Total Area (by Hydrologic Soil Group) 

f.. 

i 



$\Ob- \ o / z 4 4 (  
WWJ 

& 3 9 P d % Z  RUNOFF CURVE NUMBER 
Project : GE3900-8.2. FERNALD 

COMPUTATION Version 2.00 
Date: 10-2 -95 
Date : YEi)\O\N 

User: KLO 

title: BORROW AREA- CONSTRUCTION PHASE 6 ~ 7  W L  s+-> 
County : HAMILTON State: OH Checked: 

- s  
&rea : 3B 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  _ _ _ _ - - -  - - - - - - -  
Hydrologic Soil Group 

COVER DESCRIPTION A .  B C D 
Acres (CN) _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

CULTIVATED AGRICULTURAL LANDS 
Fallow Bare soil - - - -  - - - 15 (91) 

OTHER AGRICULTURAL LANDS 
Pasture, grassland or range good 

Total Area (by Hydrologic Soil Group) 

- 8.7(74) 

a: 



m w  
RUNOFF CURVE NUMBER F ? / d -  &&390091+ COMPUTATION 

User: 
Checked : 

1 '25  
Version 2.. 00 

Project : GE3900-8.2 FERNALD 
County : HAMILTON State: OH 

Date: 10 2 -95 
9r [ I O 1  24 

KLO w Date: 
title: BORROW AREA- CONSTRUCTION PHASE (25y-Z4k%> 
rea : 4 _ _  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Hydrologic Soil Group 
@ 

COVER DESCRIPTION A B C D 
Acres (CN) I 

Total Area (by Hydrologic Soil Group) 

. .  



\Llw-- \ol..-re( ‘s h%39d, @TIME OF CONCENTRATION AND TRAVEL TIME Version 2.00 
Project : GE3900-8.2 FERNALD User: KLO Date 10-2 -95 
County : HAMILTON State: OH Checked: 
s11 title: BORROW AREA- CONSTRUCTION PHASE (25-r mb s+,.,,) 

Flow Type 2 year Length Slope Surface n Area 

Date i q5 lor24 

- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - _ - _ _ _ _ _ _ _ _ _  Subarea #I - 1 - - - -_ - - - - - - - - - - -_ - -____________  
Wp Velocity Time 

rain (ft) (ft/ft) code (sq/ft) (ft) (ft/sec) (hr) 

3 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ - - - - - - - _ - -  

0.205 Sheet 2; 55 100 .0150 E 
Shallow Concent’d 420 .044 U 0.034 
Shallow Concent‘d 1350 .006 U 0.300 

Time of Concentration = 0.54* 
----- ----- 

Flow Type 2 year Length Slope Surface n Area Wp Velocity Time 
rain (ft) (ft/ft) code (sq/ft) (ft) (ft/sec) (hr) 

Sheet 2.55 . 100 .0128 E 
Shallow Concent’d 400 .0500 U 
Shallow Concent’d 1250 .0060 U 

0.219 
0.031 
0.278 

Time of Concentration = 0 . 5 3 *  

Flow Type 2 year Length Slope Surface n Area Wp Velocity Time 
rain (ft) (ft/ft) code (sq/ft) (ft) (ft/sec) (hr) 

2.55 100 .0111 D 0.256 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

750 .0087 U 0.138 : 

Sheet 
Shallow Concent‘d 
Shallow Concent’d 870 .0218 U 0. 101, _, 

Open Channel 420 .0155 .04 25 50.4 O<-O 4 0- ,‘ 
Time of Concentration = 0.54* I 

Shallow Concent’d 900 .0167 U 0.120 . 

Travel Time = 0.12* 
----- ----- 

Subarea #4 - 3B . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Flow Type 2 year Length Slope Surface n Area Wp Velocity Time 

rain (ft) (ft/ft) code 

----- ----- --_ , 

* - Generated for use by TABULAR method 



AND TRAVEL TIME Versibn 2.00 
User: KLO. Date: 10,-2J-95 

County : HAMILTON State: OH Checked: & 
title: BORROW AREA- CONSTRUCTION PHASE -WL -1 

_ _  _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ - - _ _ _ _ _ _ _ _ _  Subarea #5 - 4 - - - - -_ - - - - - - - - -_ - -_____________  
Wp Velocity Time 

rain (ft) (ft/ft) code (sq/ft) (ft) (ft/sec) (hr) 

@ 
Flow Type 2 year Length Slope Surface n Area 

Sheet 2.55 40 .2 E 
Sheet 60  . 0 1  E 
Shallow Concent'd 580 .0056 U 

- - -  Sheet Flow Surface Codes - - -  
A Smooth Surface F Grass, Dense 
B Fallow (No Res.) G Grass, Burmuda 
C Cultivated e 20 % Res. H Woods, Light 
D Cultivated > 20 % Res. I Woods, Dense 
E Grass-Range, Short J Range, Natural 

* - Generated for use by TABULAR method 

0.035 
0 . 1 6 0  
0.133 

Time of Concentration = 0.33* 
----- ----_ 

Shallow Concentrated - - -  - - -  
- - -  Surface Codes 

P Paved 
U Unpaved 

- - -  



'7% Versibn 2.00 
i :tj;d\iG5 Project : GE3900-8.2 FERNALD User: KLO 

County : HAMILTON State: OH Checked: DM 

T~,al watershed area: 0.199 sq mi Rainfall type: I1 Frequency: 25 years 

itle: BORROW AREA- CONSTRUCTION PHASE (ZY? ZL( %) 

 subareas subareas subareas subareas 
SOF 

1 2 3A 3B 4 
Area(sq mi) 0 . 0 6 *  0 . 0 5 *  0.04* 0.04* 0.02* 
Rainfall (in) 4.7 4.7 4.7 4.7 4.7 

#b& aAA= Z A S "  Curve number. 81* 82" 82* 85" 91* 
Runoff (in) 2.72 2.81 r2.81 3.09y3.69 
Tc (hrs) 0.54* 0.53* 0.54* 0.34* 0.33* 

(Used) 0.50 0.50 0.50 0.30 0.30 
TimeToOutlet 0.00 0.00 0.00 0.00 0.00 
Ia/P 0.10 0.09 0.09. 0.08 0.04 

(Used) 0 . 1 0  0.10 0 . 1 0  0 . 1 0  0 . 1 0  

Time 
(hr) 

11.0 
11.3 
11.6 
11.9 
12.0 
12.1 
12.2- 

8 1. . 

12.5 
12.6 
12.7 
12.8 
13.0 
13.2 
13.4 

13.6 
13.8 
14.0 
14.3 
14.6 
15.0 
15.5 
16.0 

16.5 
17.0 
17.5 
18.0 
19.0 
20.0 

Total - - - - - - - - - - - - -  Subarea Contribution to Total Flow (cfs) - - - - - - - - - - - -  
Flow 

10 
14 
20 
45 
81 
149 
245 
309P 

294 
254 
195 
145 
111 

. 70 
5 1. 
41 

33 
29 
27 
22 
21 
18 
17 
15 

13 
11 
11 
11 
10 
7 
7 
0 

P - Peak Flow 

1 

3 
4 
5 
9 
15 
28 
50 
76 

IZa 
83 
65 
48 
37 
23 
16 
12 

10 
9 
8 
7 
6 
5 
5 
4 -  

4 
3 
3 
3 
3 
2 
2 
0 

* -  

2 

2 
3 
4 
8 
13 
23 
41 
6.3 

r71pl 
68 
54 
40 
30 
19 
13 
10 

8 
7 
6 
5 
5 
4 
4 
3 

3 
3 
3 
3 
2 
2 
2 
0 

3A 3B 

2 2 
2 3 
3 5 
6 14 
10 27 
17 51 
32 77P 1 7 7 )  
54P 53 
52 32 
41 22 
30 17 
23 13 
14 9 
10 8 
8 7 

6 6 
5 5 
5 5 
4 4 
4 4 
3 4 
3 .  3 
3 3 

2. 3 
2 2 
2 2 
2 2 
2 2 
1 1 
1 1 
0 0 

4 

1 
2 
3 
8 

16 

& 
45. 

30 . 
19 
13 
10 
8 '  
5 
4 
4 

value ( s )  provided from TR-55 system routines 



CURVE NUMBER COMPUTATION Version 2.00 

User: KLO Date: 10,-21-95 . ; 
State: OH 

OTHER AGRICULTURAL LANDS 
Pasture, grassland or range good - - 23.3(74) 

Total, Area (by Hydrologic Soil ,Group) 

a- 

i 



CURVE NUMBER 

State: OH’ 

COMPUTATION Version 2.00 

OTHER AGRICULTURAL LANDS 
Pasture, grassland or range good 

User: KLO 

Total Area (by Hydrologic Soil Group) 

Date: 10-21-95 

- 15.5(74) 

i 



)I.Ob- P(wif 
RUNOFF CURVE NUMBER COMPUTATION l bw-  

pfd4 & . 3 @ O t " b r t  

Total Area (by Hydrologic Soil Group) . 23.3 
---- ---- 



WlW L+214( w 
w h  w m  RUNOFF CURVE NUMBER COMPUTATION Version 2.00 

t : GE3900-8.2 FERNALD User: KLO 
' : HAMILTON- State: OH Checked: 
le : BORROW AREA- CONSTRUCTION PHASE .(loy-w C\ *) 

Subarea : 3B 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Hydrologic Soil Group 
COVER DESCRIPTION A B C D 

Acres (CN) 
_ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ - - - - -  
CULTIVATED AGRICULTURAL LANDS 
Fallow Bare soil - _ - -  - - - 15 (91) 

OTHER AGRICULTURAL LANDS 
Pasture, grassland or range good - 8.7(74) 

Total Area (by Hydrologic S o i l  Group) 

\ 

I 

i 



%.I 
versibn 2.00 

Date: 10-2 -95 
Date: TT\\o\z+ 

: GE3900-8.2 FERNALD User: KLO 
: HAMILTON State: OH Checked: & 
BORROW AREA- CONSTRUCTION PHASE C i o ~ - w k / r  s h 3  

- _  Subarea : 4 

COVER DESCRIPTION 
Hydrologic Soil Group 

A B C D 

Total Area (by Hydrologic Soil Group) 



K d p / t ’  L O ~ z & \ ’  

Version 2 . 0 0  
m-J w~&- &E~LU&LTIME OF CONCENTRATION AND TRAVEL TIME 

Date: 1 0 - 2  - 9 5  
Date: 951 

: GE3900-8 .2  FERNALD User: KLO @E;‘ : HAMILTON State: OH Checked: J)w 
sL- iitle: BORROW AREA- CONSTRUCTION PHASE &+-wl,- sh> 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - _ - _ _ _ _ _ _ _ _ _ _ _ _  Subarea #I - 1 - - - _ _ - - _ _ - - - - - - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _  
Flow Type 2 year Length Slope Surface n Area Wp Velocity Time 

rain (ft) (ft/ft) code (sq/ft) (ft) (ft/sec) (hr) 

Sheet 2 . 5 5  100 . 0 1 5 0  E 0 . 2 0 5  
Shallow Concent’d 4 2 0  - 0 4 4  U 0 . 0 3 4  
Shallow Concent‘d 1 3 5 0  .006  U 0 . 3 0 0  

- _ _ _ _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

Time of Concentration = 0 . 5 4 *  
----- ----- 

Shallow Concent’d 900  . 0 1 6 7  U 0 . 1 2 0  
Travel Time = 0 . 1 2 ”  

----- ----- 

0. * . Generated for use by TABULAR method 



\0\244 r' 

TIME OF CONCENTRATION AND TRAVEL TIME Version 2.00 L 6 3 W k r L  

Date: 10-2 -95 
Date : q5! lo t Z 4  

: GE3900-8.2 FERNALD User: KLO 
: HAMILTON State: OH Checked: VBd 
BORROW AREA- CONSTRUCTION PHASE (low, -34 h 5+) 

- - -  Sheet Flow Surface Codes - - -  
Shallow Concentrated - - -  A Smooth Surface F Grass, Dense - - -  

B Fallow (No Res.) G Grass, Burmuda - - -  Surf ace Codes 
C Cultivated c 20 % Res. H Woods, Light P Paved 
D Cultivated > 20 % Res. I Woods, Dense U Unpaved 
E Grass-Range, Short J Range, Natural 

- - -  

* - Generated for use by TABULAR method 

.I 

i 



TABULAR HYDROGRAPH METHOD Versibn 2.00 

: GE3900-8.2 FERNALD User: KLO Date 10-2 -95 
Date i 751 Ity : HAMILTON State: OH Checked: brJ 

LSdiitle: BORROW AREA- CONSTRUCTION PHASE (19 - )-t *) 
Total watershed area: 0.199 sq mi Rainfall type: I1 Frequency: 10 years 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Subareas _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1 2 3A 3B 4 

Area(sq mi) 0.06* 0 . 0 5 *  0.04* 0.04* 0.02* 
Rainf ail (in) 4.1 4.1 4.1 4.1 4.1 
Curve number 81* 82* 82" 85* z-z~+z(r' = z ,38 (1 -h  &.,-&3 
Runoff(in1 1-1 b-7 12.25 2 . 5 6 s  z 
Tc (hrs) 0.54* 0.53* 0.54" 0.34* 0.33* 

(Used) 0.50 0.50 0.50 
TimeToOutlet . 0.00 0.00 0 . 0 0  

0.30 0.30 
0.00 0.00 
0.09 0.05 
0.10 0.10 

0.12 0.11 0.11 
(Used) 0.12 0.11 0 . 1 1  

Subarea Total _ _ _ _ _ _ _ _ _ _ _ _ _  Time 
(hr) 

Cont'ribution to Total Flow (cfs) 
1 

2 
3 
4 
7 
11 
21 
38. 
59 

68P 
65 
52 
39 
30 
18 
13 
10 

8 
7 
6 
5 
5 
4 
4 
4 

3 
3 
3 
3 
2 
2 
2 
0 

Flow 2 3A 

1 
2 
3 
5 
7 
14 
25 
38 

43P 
41 
33 
24 
19 
12 
8 
6 

5 
4 
4 
3 
3 
3 
2 
2. 

2 
2 
2 
2 
1 
1 
1 
0 

3B 

2 
3 
4 
11 
22 
42 
63P 
63 

43 
26 
18 
14 
11 
7 
6 
5 

5 
4 
4 
3 
3 
3 
3 
2 

2 
2 
.2 
2 
1 
1 
1 
0 

4 

11.0 
11.3 
11.6 
11.9 
12.0- 

8 
12 
16 
36 
63 
120 
195 
247P 

2 
2 
3 
6 
10 
18 
32 
50 

1 
2 
2 
7 
13 
25 
37P 
37 

. .  

12.4 
12.5 
12.6 
12.7 
12.8 
13.0 
13.2 
13.4 

235 
202 
157 
117 
90 
56 
41 
32 

56P 
54 
43 
32 
24 
15 
10 
8 

25 
16 
11 
8 
6 
4 
4 
3 

13.6 
13.8 
14.0 
14.3 
14.6 
15.0 
15.5 
16.0 

28 
24 
21 
18 
17 
16 
14 
12 

7 
6 
5 
5 
4 
4 
3 
3 

_ .  

3 
3 
2 
2 
2 
2 
-2 
1 

16.5 
17.0 
17.5 
18.0 

10 
10 
1 0  
1 0  
7 
7 
6 
0 

P - Peak Flow * - value(s) provided from TR-55 system routines 1 
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Appendix C: Computer program 

a 
The TR-55 procedures have been incorporated in a 
computer program. The program, written in BASIC, 
requires less than 256K memory to operate and was 
developed for an MS-DOS operating system. Users of 
the program. however, still need to be familiar with 
the procedures in this TR. Features of the program 
include the following: 

0 

0 

0 

0. 

The full screen (24 lines, 80 columns) is used to 
enter data. Flexibility of coding allows movement 
about the screen for quick data modifications. 

Function keys provide menu power to move to 
different modules (TR-55 chapters) within the 
program. Some keys are permanently defined 
while others vary by'rnodule. 

"Help" screens provide pertinent information to 
the user depending on location in the program. 
Two types of information are included: (1) define 
system operation and (2) describe input 
parameters. 

User fies provide for optional entry of local data, 
such as rainfall-frequency, graphic peak discharge 
equation coefficients, and tabular hydrographs for 
other rainfall distributions. 

Copies of the program can be obtained from- 

National Technical Information Service 
US. Department of Commerce 
5285 Port Royal Road 
Springfield, VA 22161 
Telephone (703) 4874650 

(210-VI-TR-56, Second Ed., June 1986) 
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Preface 

Technical Release 55 (TR-55) presents simplified 
procedures to calculate storm runoff volume, peak 
rate of discharge, hydrographs, and storage volumes 
required for floodwater reservoirs. These procedures 
are applicable in small watersheds, especially 
urbanizing watersheds. in the United States. First 
issued by the Soil Conservation Service (SCS) in 
January 1975, TR-55 incorporates current SCS 
procedures. This revision includes results of recent 
research and other changes based on experience with 
use of the original edition. 

. 

The major revisions and additions are- 

1. 

2. 
3. 

4. 

5. a. 6. 

7. 
8. 
9. 

A flow chart for selecting the appropriate 
procedure: 
Three additional rain distributions:. 
Expansion of the chapter on runoff curve 
numbers; 
A procedure for calculating travel times of 
sheet flow; 
Deletion of a chapter on peak discharges: 
Modifications to the Graphical Peak Discharge 
method and Tabular Hydrograph method: 
A new storage routing procedure: 
Features of the TR-55 computer program: and 
Worksheets. 

This revision was prepared by Roger Cronshey, 
Hydraulic Engineer. Hydrology Unit. SCS, 
Washington, DC; Dr. Richard H. McCuen, Professor 
of Civil Engineering, University of Maryland, College 
Park, MD: Norman iMiller, Head, Hydrology Unit, 
SCS, Washington, DC; Dr.Walter Rawls, 
Hydrologist, Agricultural Research Service, 
Beltsville, MD; Sam Robbins (deceased), formerly . 

Hydraulic Engineer, SCS, South National Technical 
Center (NTC), Fort Worth, TX; and Don Woodward, 
Hydraulic Engineer, SCS, Northeast NTC, Chester, 
PA. Valuable contribhions were made by John 
Chenoweth, Stan Hamilton, William Merkel, Robert 
Rallison (ret.), Harvey Richardson, Wendell Styner, 
other SCS hydraulic engineers, and Teresa Seeman. 

Revised June 1986 

GaSWCC 
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second by multiplying by 0.0283. 
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converting back to cubic feet per second, you 
obtain the original value (step 1) with three 
signifcant digits. 

Symbol Unit 
ft:! 
mfz 

ft 
in 
ft 
ft 

in 

in 

ft 
cfs 
cfs 
cfs 
cfs 
csmiin 

c s d i n  
in 
ft 

fff f t  
in 

hr 
hr 
h r  
hr 
ftls 
acre-ft. ft3. 
or water- 
s hed-inch 

acre-ft. ft3. 
or water- 
shed-inch 

Definition 
Cross sectional flow area 
Drainage area 
Runoff curve number 
Composite runoff curve 

Pervious runoff curve number 
Maximum stage 
Pond and swamp adjustment 

Head over weir crest 
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Number of flow segments- 
Manning's roughness 

Rainfall 
Percent imperviousness 
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Wetted perimeter 
Hydrograph coordinate 
Peak inflow discharge 
Peak outflow discharge 
Peak discharge 
Tabular hydrograph unit 

Unit peak discharge 
Runoff 
Hydraulic radius 
Ratio of unconnected 

impervious area to total 
impervious area 

Slope of hydraulic grade line 
Potential maximum retention 

after runoff begins 
Hydrograph time 
Time of concentration 
Time to peak 
Travel time 
Average velocity 
Runoff volume 

number 

factor 

coefficient 

rainfall 

discharge 

Storage volume 

iv 
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Chapter 1: Introduction 

The conversion of rural land to urban land usually 
increases erosion and the discharge and volume of 
storm runoff in a watershed. I t  also causes other 
problems that affect soil and water. .As part of 
programs established to alleviate these problems. 
engmeers increasingly must assess the probable 
effects of urban development, as well as design and 
implement measures that will minimize its adverse 
eflects. 

Technical Release 55 (TR-55) presents simplified 
procedures for estimating runoff and peak discharges 
in small watersheds. In selecting the appropriate 
procedure, consider the scope and complexity of the 
problem. the available data, and the acceptable level 
of error. While this TR g v e s  special emphasis to 
urban and urbanizing watersheds, the procedures 
apply to any small watershed in which certain 
limitations are met. 

Effects of urban development 

h urban or urbanizing watershed is one in which 
impervious surfaces cover or will soon cover a 
considerable area. Impervious surfaces include roads, 
sidewalks, parking lots, and buildings. Natural flow 
paths in the watershed may be replaced or 
supplemented by paved gutters, storm sewers, or 
other elements of artificial drainage. 

Hydrologic studies to determine runoff and peak 
discharge should ideally be based on long-term 
stationary strearnflow records for the area. Such 
records are seldom available for small drainage 
areas. Even where they are available, accurate 
statistical analysis of them is usually impossible 
because of the conversion of land to urban uses 
during the period of record. It therefore is necessary 
to estimate peak discharges with hydrologic models 
based on measurable watershed characteristics. Only 
through an understanding of these characteristics 
and experience in using these models can we make 
sound judgments on how to alter model parameters 
to reflect changing watershed conditions. 

Urbanization changes a watershed’s response to 
precipitation. The most common effects are reduced 
infiltration and decreased travel time, which 
sigmticantly increase peak discharges and runoff. 
Runoff is determined primady by the amount of 
precipitation and by infiltration characteristics 
related to soil type, soil moisture, antecedent rainfall, 
cover type, impervious surfaces, and surface 
retention. Travel time is determined primarily by 
slope, length of flow path. depth of flow, and 
roughness of flow surfaces. Peak discharges are 
based on the relationship of these parameters and on 
the total drainage area of the watershed, the location 
of the development, the effect of any flood control 
works or other natural or manmade storage, and the 
time distribution of ramfall during a gven  storm 
event. 

The model described in TR-55 begins with a rainfall 
amount uniformly imposed on the watershed over a 
specified time distribution. Mass rainfall is converted 
to mass runoff by using a runoff curve number (CN). 
CN is based on soils, plant cover, amount of 
impervibus areas, interception, and surface storage. 
Runoff is then transformed into a hydrograph by 
using unit hydrograph theory and routing procedures 
that depend on runoff travel time through segments 
of the watershed. 

For a description of the hydrograph development 
method used by SCS, see chapter 16 of the SCS 
National Engineering Handbook, Section 
4-Hydrology (NEH-4) (SCS 1985). The routing 
method (Modified Att-Kin) is explained in appendixes 
G and H of draft Technical Release 20 (TR-200) (SCS 
1983). 

Rainfall 

TR-55 includes four regional rainfall time 
distributions. See appendix B for a discussion of how 
these distributions were developed. 

All four distributions are for a %hour period. This 
period was chosen because of the general availability 
of daily rainfall data that were used to estimate 
24-hour rainfail amounts. The 24-hour duration spans 
most of the applications of TR-55. 

h a C w r P  
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One critical parameter in the model is time of 
concentration cT,:), ivnich is che time.it takes i& 
mnoii’ to travel to a point o i  interest from the 
il ytirauiicaily most distant point. Sormally a rainfall 
liuration equal to  or greater than T, is used. 
Theretore. the rainfall distributions were designed to 
contain the intensitv of any duration of rainfall for 
che ireyuency of the event chosen. That is. if the 
10-year frequency, %-hour rainfall is used. the most 
intense hour \vi11 approximate the 10-year. l-hour 
!*ai nia 11 YO I ii me. 

Runoff 

To estimate runoff from storm rainfall, SCS uses the 
‘Runoif Curve Number (CN) method (see chapters 4 
:hrouch 10 of XEH-4, SCS 1985). Determination of 
C:,U clepends on ihe watershed’s soil and cover 
conditions. .which the model represents as hydrologic 
<oil group, cover type, treatment. and hydrologc 

mdition. Chapter 2 of this TR discusses the effect a .ii urban development on CN and explains how to 
use CN to estimate runoff. 

Time parameters 

c:’hapter Y describes a method for estimating the 
parameters used to distribute the runoff into a 
hydrogkph. The method is based on velocities of 
tlow through segments of the watershed. Two major 
parameters are time of concentration (T,) and travel 
time of flow through the segments (TJ. These and 
the other parameters used are the same as those 
used in accepted hydraulic analyses of open channels. 

Manv methods are empirically derived from actual 
runoff hydro.graphs ‘and watershed characteristics. 
The method in chapter 3 was chosen because it is 
basic: however, other methods may be used. 

Peak discharge and hydrographs 

4 describes a method for approkmating .. 
V L  

peak rates of discharge. and chapter 5 describes a 
method for obtaining or routing hydrographs. Both 

methods were derived from hydrographs prepared by 
procedures outlined in chapter 16 of NEH-4 (SCS 
1985). The computations were made with a 
computerized SCS hydro lop  model. TR-20 (SCS 
1983). 

The methods in chapters 4 and 5 should be used in 
accordance with speclfic guidelines. If basic data are 
improperly prepared or adjustments not properly 
used. errors will ‘result. 

Storage effects 

Chapter ti outlines procedures to account for the 
effect of detention-t-ype storage. It provides a 
shortcut method to estimate temporary flood storage 
based on hydrologic data developed from the 
Graphical Peak Discharge or Tabular Hydrograph 
methods. 

By increasing runoff and decreasing travel times, 
urbanization can be expected to increase downstream 
peak discharges. Chapter 6 discusses how flood 
detention can m o d e  the hydrograph so that, ideally, 
downstream peak discharge is reduced approximately 
to the predevelopment condition. The shortcuts in 
chapter 6 are useful in sizing a basin even though 
the final design may require a more detailed analysis. 

.. 

Selecting the appropriate procedures 

Figure 1-1 is a flow chart that shows how to select 
the appropriate procedures to use in TR-55. In the 
figure. the diamond-shaped box labeled “Subareas 
required?” directs the user to the appropriate 
method based on whether the watershed needs to be 
divided into subareas. Watershed subdivision is 
required when significantly different conditions 
affecting runoff or timing are present in the 
watershed-for example, if the watershed has widely 
differing curve numbers or nonhomogeneous slope 
patterns. . 

1-2 (210-VI-TR-55, Second Ed., June 1986) 
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TR-5s 
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A 
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Compute 
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(chapter 5) 

4 

Y hydrograph 

+ 
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m f f  
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t 
w t e  
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TC 
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-- . 
2.- 

- -  

(chapter 2) 
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Tc and Tt 
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effect effect 

(chapter 6) 

1 I 

Figure l-1.-Flow chart for selecting the appmpriate procedures in TR-55. 
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Limitations 

To save time. the procedures in TR-56 are simplified 
by assumptions about some parameters. These 
simplifications. however, limit the use of the 
procedures and can provide results that are less 
accurate t h m  more detailed methods. The user 
should examine the sensitivity of the analysis being 
conducted to a variation of the peak discharge or 
hydrograph. To ensure that the degree of error is 
tolerable. specific limitations are given in chapters 2 
through 6. Additional general constraints to the use 
of TR-55 are as follows: 

e 

a 
e 

e 

The methods in this TR are based on open and 
unconfined flow over land or  in channels. For  
large events during which flow is divided between 
sewer and overland flow, more information about 
hydraulics than is presented here is needed to .  
determine T,. After flow enters a closed system, 
the discharge can be assumed constant until 
another flow is encountered at  a junction o r  
another inlet. 

Both the Graphical Peak Discharge and Tabular 
Hydrograph methods are derived from TR-20 (SCS 
1983) output. Their accuracy is comparable: they 
differ only in their products. The use of T, permits 
them to be used for any size watershed within the 
scope of the curves or tables. The Graphical 
method (chapter 4) is used only for hydrologically 
homogeneous watersheds because the procedure is 
limited to  a single watershed subarea. The Tabular 
method (chapter 5) can be used for a 
heterogeneous watershed that is divided into a 
number of homogeneous subwatersheds. 
Hydrographs for the subwatersheds can be routed 
and added. - -- 

The approximate storage-routing curves (chapter 
6) should not be used if the adjustment for 
ponding (chapter 4) is used. These storage-routing 
curves, like the peak discharge and hydmgraph 
procedures, are generalizations derived from 
TR-20 rout ine .  

' 

. 

i 

i 

, 
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IMPACTED RUNOFF CATCH BASIN SIZING 

EXECUTIVE SUMMARY 

The computer program TR-55 (SCS, 1986) and design guidelines of the "Water 
Management and Sediment Control for Urbanizing Areas" (Ohio SCS, 1987) were used 
to estimate the required storage volume for the impacted runoff catch basins. The 
location of the worst-case (Le., basin with the largest contributory area) impacted 
runoff catch basin is shown in Figure 1 of these calculations. The Ohio SCS guidelines 
are used to calculate the recommended basin volume needed to contain the accumulated 
sediments. TR-55 is used to calculate an additional volume required to temporarily 
detain the runoff so that the peak flow rate out of each impacted runoff catch basin for 
the design storm (25-yr 24-hr storm) can be discharged through a 6-inch diameter 
HDPE pipe and ultimately to the 8-inch diameter HDPE leachate transfer pipe. The 
resulting impacted catch basin geometry will be 80 ft long by 24 ft wide by 5 ft deep 
(or 9600 cf). 
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TABLE A-1 - RAINFALL DEPTH FOR A GIVEN DURATION 
(INCHES) 

 DURATION^ TIME II 

NOTE: Rainfall Points For 2, 5; and 1 0  year rainfall events were adjusted per TP-40. Values for the 
500, 2000, and 10,000 Year Events were interpolated from Figure 3 (Appendix El 

' 

These values are used on PH Records for HEC-1. 

\PO 148\CALCSETCALCAPP A-2 
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Project : FERMCO - OSDF User: ESS Date:. 10-pS-95 
State: OH Checked: Date : 95 \\o!w 

- - -  Sheet Flow Surface Codes - - -  
A Smooth Surface F Grass, Dense - - -  Shallow Concentrated - - -  
B Fallow (No Res. G Grass, Burmuda - - -  Surface Codes 
C Cultivated c 20 % Res. H Woods, Light P Paved 
D Cultivated > 20 % Res. I Woods, Dense U Unpaved 
E Grass-Range, Short J Range, Natural 

- - -  

* - Generated for use by TABULAR method 
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: FERMCO - OSDF User: ESS Date: 10-Jd-95 
: BUTLER State: OH Checked: Date: f f !p ! l4  

.  title: IMPACTED RUNOFF CATCH BASIN 

Total watershed area: 0.002 sq mi Rainfall type: I1 Frequency: 25 years 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  Subareas _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

A 
Area(sq mi) 0.00 
Rainfall(in) 4.7 
Curve number 

Tc (hrs) 0.40* 
TimeToOutlet 0.00 
Ia/P 0.05 

(Used) 0.10 

. Runoff(in1 6333 

Time 
(hr) 

' 11.0' 
11.3 
11.6 
11.9 
12.0 
12.1 6' 
i ~ . 4  
12.5 
12.6 
12.7 

13.0 
13.2 
13.4 

13.6 

14.0 
14.3 
14.6 
15.0 
15.5 
16.0 

16.5 
17.0 
17.5 

12. a 

13. a 

i a .  o 

0: 
. o  

Total _ _ _ _ _ _ _ _ _ _ _ _ _  Subarea Contribution to Total Flow (cfs) - - - - - ' - - - - - - -  

Flow 

0 
0 

P 0 
/' 1 
1 
2 
4 
5. P 

5 
4 
3 
2 
1 
1 

, 1  
% 1  

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

'. . 

P - Peak Flow 

A 

0 
0 
0 
1 
1 
2 
4 
5P-@1L Row 

5 
4 
3 
2 
1 
1 
1 
1 

0' 
0 
0 
0 
0 
0 
0 -- 
0 

0 
0 
0 
0 
0 
0 
0 
0 

* - value(s) provided from TR-55 system routines 
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APPENDIX A 

COMPUTER SOFTWARE USED TO 
PREPARE CALCULATIONS PACKAGE 

USDA-SCS TR-55 

1. United States Department of Agriculture, “Urban Hydrology for Small Watersheds,” Soil Conservation 
Service, Engineering Division, Washngton, DC, Technical Release 55, June 1986. 

FILE: B-TR55D.DOC 
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Appendix C: Computer program 

The TR-56 procedures have been incorporated in a 
computer program. The program, written in BASIC, 
requires less than 256K memory to operate and was 
developed for an MS-DOS operating system. Users of 
the program, however, still need to be familiar with 
the procedures in this TR. Features of the program 
include the following: 

w 

The full screen (24 lines, 80 columns) is used to 
enter data. Flexibility of coding allows movement 
about the screen for quick data modifications. 

Function keys provide menu power to move to 
different modules (TR-55 chapters) within the 
program. Some keys are permanently defined 
while others vary by module. 

“Help” screens provide pertinent information to 
the user depending on location in the program. 
Two types of information are included: (1) define 
system operation and (2) describe input 
parameters. 

User files provide for optional entry of local data, 
such as rainfall-frequency, graphic peak discharge 
equation coefficients, and tabular hydrographs for 
other rainfall distributions. 

Copies of the program can be obtained from- 

National Technical Information Service 
U S .  Department of Commerce 
5285 Port Royal Road 
Springfield, VA 22161 
Telephone (703) 487-4650 

(210-VI-TR-56, Second Ed., June 1986) 
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Preface 

Technical Release 55 (TR-55) presents simplified 
procedures to calculate storm runoff volume, peak 
rate of discharge, hydrographs, and storage volumes 
required for floodwater reservoirs. These procedures 
are applicable in small watersheds, especially 
urbanizing watersheds, in the United States. First 
issued by the Soil Conservation Service (SCS) in 
January 1975, TR-55 incorporates current SCS 
procedures. This revision includes results of recent 
research and other changes based on experience with 
use of the original edition. 

The major revisions and additions are- 

1. 

2. 
3. 

4. 

5. 
6. 

7. 
8. 
9. 

A flow chart for selecting the appropriate 
procedure: 
Three additional rain distributions: 
Expansion of the chapter on runoff curve 
numbers; 
A procedure for calculating travel times of 
sheet flow: 
Deletion of a chapter on peak discharges: 
Modifications to the Graphical Peak Discharge 
method and Tabular Hydrograph method: 
A new storage routing procedure; 
Features of the TR-55 computer program; and 
Worksheets. 

(210-VI-TR-55, Second Ed., June 1986) 

This revision was prepared by Roger Cronshey, 
Hydraulic Engineer, Hydrology Unit, SCS, 
Washington, DC; Dr. Richard H. McCuen, Professor 
of Civil Engineering, University of Maryland, College 
Park, MD: Norman iMiller, Head, Hydrology Unit, 
SCS, Washington, DC; Dr.Walter Rawls, 
Hydrologist, Agricultural Research Service, 
Beltsville, MD; Sam Robbins (deceased), formerly 
Hydraulic Engineer, SCS, South National Technical 
Center (NTC), Fort Worth, TX; and Don Woodward, 
Hydraulic Engineer, SCS, Northeast NTC, Chester, 
PA. Valuable contributions were made by John 
Chenoweth, Stan Hamilton, William Merkel, Robert 
W o n  (ret.), Harvey Richardson, Wendell Styner, 
other SCS hydraulic engineers, and Teresa Seeman. 

Revised June 1986 
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Definitions of symbols 

Symbol  Unit 
ft:! 
mi2 

ft 
in 
ft 
ft 

in 

in 

ft 
cfs 
cfs 
cfs 
cfs 
csmin 

csm/in 
in 
f t  

ftlft 
in 

hr 
hr 
h r  
hr  
ftls 
acre-ft. ft3, 
or water-. 
s hed-inch 

ace-ft. ft3, 
or water- 
shed-inch 

(210-VI-TR-55, Second Ed., June 1986) 

Definition 
Cross sectional flow area 
Drainage area 
Runoff curve number 
Composite runoff curve 

Pervious runoff curve number 
Maximum stage 
Pond and swamp adjustment 

Head over weir crest 
Initial abstraction 
Flow length 
Weir crest length 
Number of flow segments 
Manning's roughness 

Rainfall 
Percent imperviousness 
Two-year frequency, 24-hour 

Wetted perimeter 
Hydrograph coordinate 
Peak inflow discharge 
Peak outflow discharge 
Peak discharge 
Tabular hydrograph unit 

Unit peak discharge 
Runoff 
Hydraulic radius 
Ratio of unconnected 

impervious area to total 
impervious area 

Slope of hydraulic grade line 
Potential maximum retention 

after runoff begins 
Hydrograph time 
Time of concentration 
Time to peak 
Travel time 
Average velocity 
Runoff volume 

number 

factor 

coefficient 

rainfall 

discharge 

Storage volume 
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Chapter 1: Introduction 

The conversion of rural land to urban land usually 
increases erosion and the discharge and volume of 
storm runoff in a watershed. I t  also causes other 
problems that affect soil and water. As part of 
programs established to alleviate these problems, 
engmeers increasingly must assess the probable . 

eflects of urban development. as well as design and 
implement measures that will minimize its adverse 
efFects. 

Technical Release 55 CTR-55) presents simplified 
procedures for estimating runoff and peak discharges 
in small watersheds. In selecting the appropriate 
procedure, consider the scope and complexity of the 
problem, the available data, and the acceptable level 
of error. While this TR gives special emphasis to 
urban and urbanizing watersheds, the procedures 
apply to any small watershed in which certain 
limitations are met. 

Effects of urban development 

h urban or urbanizing watershed is one in which 
impervious surfaces cover or will soon cover a 
considerable area. Impervious surfaces include roads, 
sidewalks, parking lots, and buildings. Natural flow 
paths in the watershed may be replaced or 
supplemented by paved gutters, storm sewers, or 
other elements of artificial dramage. 

Hydrologic studies to determine runoff and peak 
discharge should ideally be based on long-term 
stationary streamilow records for the area. Such 
records are seldom available for small drainage 
areas. Even where they are available, accurate 
statistical analysis of them is usually impossible 
because of the conversion of land to urban uses 
during the period of record. It therefore is necessary 
to estimate peak discharges with hydrologic models 
based on measurable watershed characteristics. Only 
through an understanding of these characteristics 
and experience in using these models can we make 
sound judgments on how to alter model parameters 
to reflect changing watershed conditions. 

Urbanization changes a watershed’s response to 
precipitation. The most common effects are reduced 
intiltration and decreased travel time. which 
sigtllfcantly increase peak discharges and runoff. 
Runoff is determined primarily by the amount of 
precipitation and by infiltration characteristics 
related to soil type, soil moisture, antecedent rainfall, 
cover type, impervious surfaces, and surface 
retention. Travel time is determined primarily by 
slope, length of flow path, depth of flow, and 
roughness of flow surfaces. Peak discharges are 
based on the relationship of these parameters and on 
the total drainage area of the watershed, the location 
of the development, the effect of any flood control 
works or  other natural or manmade storage, and the 
time distribution of rainfall during a given storm 
event. 

The model described in TR-55 begins with a rainfall 
amount uniformly imposed on the watershed over a 
specified time distribution. M y  rainfall is converted 
to mass runoff by using a runoff curve number (CN). 
CN is based on soils, plant cover, amount of 
impervious areas, interception, and surface storage. 
Runoff is then transformed into a hydrograph by 
using unit hydrograph theory and routing procedures 
that depend on runoff travel time through segments 
of the watershed. 

For a description of the hydrograph development 
method used by SCS, see chapter 16 of the SCS 
National Engineering Handbook, Section 
4-HydrolOgy (NEH-4) (SCS 1985). The routing 
method (Modified Att-Kin) is explained in appendixes 
G and H of draft Technical Release 20 CTR-20) (SCS 
1983). 

Rainfall 

TR-55 includes four regional rainfall time 
distributions. See appendix B for a discussion of how 
these distributions were developed. 

All four distributions are for a 24-hour period. This 
period was chosen because of the general availability 
of daily rainfall data that were used to estimate 
24-hour rainfall amounts. The %hour duration spans 
most of the applications of TR-55. 

i 
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One critical parameter in the model is time o i  
concentration (TJ, wnich is the time it takes ior 
runoif to travel to  a point of interest !ram the 
hyriraulicaiiy nost distant point. Xormally ;I rainiall 
rluration equal to or .greater than .T, is used. 
Thererore. the rainfall distributions were designed to 
contain the intensity of any duration of rainfall for 
[he h-euuency o i  the event chosen. That is. if the 
l0-year frequency, "-hour rainfall is used. the most 
intense hour will approximate the 10-year. l-hour 
!.ainfall volume. 

methods were aerived from hydrographs prepared 
procedures outlined in chapter 16 of NEH-4 (SCS 
19851. The computations were made with a 
computerized SCS hydrolo.gic model. TR-20 (SCS 
1983). 

The methods in chapters 4 and 5 should be used in 
accordance with specrfic guidelines. If  basic data are 
improperly prepared or adjustments not properly 
used, errors will result. ' . 

Storage effects 
Runoff 

To estimate runoff from storm rainfall. SCS uses the 
Runoif Curve Xumber (CN1 method (see chapters 4 
chroueh 10 of NEH-4. SCS 1985). Determination of 
(3s clepends on ihe watershed's soil and cover . 

condtions; which the model represents as hydrologc 
-oil group, cover type, treatment. and hydrologic 

ndition. Chapter 2 of this TR discusses the effect. @ ,i urban development on CN and explains how to 
use CN to estimate runoff. 

Time parameters 

cJhapter 3 describes a method for estimating the - 
;)arameters used to distribute the runoff into a 
hydroqraph. The method is based on velocities of 
flow through segments of the watershed. Two major 
parameters are time of concentration (T,) and travel 
time of flow through the segments (Tt). These and 
the other parameters used are the same as those 
used in accepted hydraulic analyses of open channels. 

Many methods are empirically derived from actual 
runoif hydrographs and watershed characteristics. 
The method in chapter 3 was chosen because it is 
basic: however. other methods may be used. 

Peak discharge and hydrographs 

a iapter 4 describes a method for approximating . 
- .  
.Ijeak rates of dischar.ge. and chapter's describes a 
method for obtaining or routing hydrographs. Both 

Chapter ti outlines procedures to account for the 
effect of detention-type storage. I t  provides a 
shortcut method to estimate temporary flood storage 
based on hydrologic data developed from the 
Graphical Peak Discharge or Tabular Hydrograph 
methods. 

By increasing runoff and decreasing travel times, 
urbanization can be expected to increase downstream 
peak discharges. Chapter ti discusses how flood 
detention can mod@ the hydrograph so that, ideally, 
downstream peak discharge is reduced approximately 
to the predevelopment condition. The shortcuts in 
chapter 6 are useful in sizing a basin even though 
the final design may require a more detailed analysis. 

Selecting the appropriate procedures , 

Figure 1-1 is a flow chart that shows how to select 
the appropriate procedures to use in TR-55. In the 
figure. the diamond-shaped box labeled ''Subareas 
required?" directs the user to the appropriate 
method based on whether the watershed needs to be 
divided into subareas. Watershed subdivision is 
required when significantly different conditions 
affecting runoff or timing are present in the 
watershed-for example, if the watershed has widely 
differing curve numbers or nonhomogeneous slope 
patterns. 

i 
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Figure 1-1.-Flow chart for selecting the appropriate procedures in TR-55. 
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Limitat ions 

To save time, the procedures in TR-55 are simplified 
by assumptions about some parameters. These 
simplifications. however, limit the use of the 
procedures and can provide results that are less 
accurate than more detailed methods. The user 
should examine the sensitivity of the analysis being 
conducted to a variation of the peak discharge or 
hydrograph. To ensure that the degree of error is 
tolerable. specific limitations are given in chapters 2 
through 6. Additional general constraints to the use 
of TR-55 are as follows: 

e 

0 
e 

0 

The methods in this TR are based on open and 
-unconfined flow over land or in channels. For 
large events during which flow is divided between 
sewer and overland flow, more information about 
hydraulics than is presented here is needed to 

-determine T,. After flow enters a closed system, 
the discharge can be assumed constant until 
another flow is encountered at  a junction or 
another inlet. 

Both the Graphical Peak Discharge and Tabular 
Hydrograph methods are derived from TR-20 (SCS 
1983) output. Their accuracy is comparable: they 
differ only in their products. The use of T, permits 
them to be used for any size watershed within the 
scope of the curves or tables. The Graphical 
method (chapter 4) is used only for hydrologically 
homogeneous watersheds because the procedure is 
limited to a single watershed subarea. The Tabular 
method (chapter 5) can be used for a 
heterogeneous watershed that is divided into a 
number of homogeneous subwatersheds. 
Hydrographs for the subwatersheds can be routed 
and added. 

The approximate storage-routing curves (chapter 
6) should not be used if the adjustment for 
ponding (chapter 4) is used. These storage-routing 
curves, like the peak discharge and hydrograph 
procedures, are generalizations derived from . 
TR-20 routings. 

! .  . 
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USDA 
Silt Loam 

Loam 
SandyLoam 
LoamySand 

Sand 

Clay Loam 

EROSION REUS TANC E: OS DF FINAL COV ER SYSTEM 

USCS 
ML 
CL 
ML 
SM 
SM 
sw 

EXECUTIVE SUMMARY 

Provided in this package are the analyses of the resistance of the final cover topsoil to erosion. 
The analyses are parametric studies to outline different combinations of topsoil texture and grass cover 
that meet the following criteria: 

0 Soil loss from the final cover due to sheet and rill erosion no greater than 5 tons/acre/year 

No formation of gullies from water erosion in the final cover topsoil during the 200O-yeary 
24-hour storm. Gullies could quickly erode away the final cover topsoil and vegetative 
support layers, exposing the biotic barrier. 

No specific grass cover types were analyzed. The grass covers were defined by “vegetal retardance 
classes”. 

RESULTS: 

cover. However, the grass cover quality required with gravelly topsoils is slightly less than that required 
with other topsoils. Still, the grass cover is the critical component for minimizing erosion. To meet the 
erosion criteria, the grass cover must cover at least 95 percent of the ground (or 80 percent with gravelly 
topsoils), and classify in at least vegetal retardance class “C” (or “E” for clayey gravel (GC)topsoil). 

All the topsoils analyzed will meet the erosion criteria, provided they have an adequate grass 
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EROSION RESISTANCE - OSDF FINAL COVER SYSTEM 

COLLECTION AND VERIFICATION OF ENGINEERING DATA 

Purpose: The purpose of this document is to identify a range of topsoil and grass cover 
conditions for the OSDF final cover system to minimize sheet, rill, and gully 
erosion in accordance with the following criteria: 

0 demonstrate that topsoil loss to sheet and rill erosion will occur at a rate no 
greater than 5 tonslacrelyear 

demonstrate that sheet erosion will not result in excessive soil loss over the 
design life of the OSDF (Le., at least 200 years with continued effectiveness 
for up to 1000 years up to the extent practicable and reasonably achievable) 

a. 0 demonstrate that the 2000-year, 24-hour storm will not cause gullies to form 
in the final cover topsoil 

Scope: The erosion resistance calculations are conducted as a parametric study in which 
the variable components are topsoil type and grass type and density. A window of 
various combinations of topsoil and grass conditions required to meet the above 
criteria are identified. 

Two methods are implemented to evaluate erosion resistance: 
1. The Modified Universal Soil Loss Equation (MUSLE); Caltrans (1992) to 

calculate the rate of soil loss due to sheet and rill erosion; and 
2. The Tractive Force Method; Temple (1980) developed for vegetative channels 

and modified for evaluating slopes in USDOE (1989); to calculate the 
potential for gullies to form in the topsoil from the 2000-year, 24-hour storm. 

- 
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+ t 3 & &  Collection and verification of the following data needed for these methods are discussed: 
1. Modified Universal Soil Loss Equation 

0 average annual rainfall energy 
0 pertinent geometry (slope lengths and inclinations) for OSDF final cover 

topsoil textural classification according to USDA Classification System 
grass cover type and density 

2. Tractive Force Method 
properties for the topsoil 

. classification according to USCS 

. topsoil plasticity index (PI) 

. void ratio 
pertinent geometry (slope lengths and inclinations) for OSDF final cover 
rainfall and infiltration for the 2000-year, 24-hour storm 
grass cover type and density 
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COLLECTION AND VERIFICATION OF DATA FOR THE MODIFIED UNIVERSAL SOIL 
LOSS EQUATION (MUSLE): 

1. Average annual rainfall energy. 

The average annual rainfall energy (factor “R’ in the MUSLE) is given in the Ohio SCS 
guidelines for “‘Water Management and Sediment Control for Urbanizing Areas” (1987) as 175 for the 
OSDF area. See Figure 1. 

2. Pertinent geometry (slope lengths and inclinations) for study area. 

The pertinent geometry of the OSDF and East Field borrow area is shown on the design drawings 
for the Fernald OSDF, currently being prepared by GeoSyntec Consultants. Relevant drawings are 
shown in Figures 2 and 3. A verbal summary of the pertinent OSDF geometry is given below. 

In summary, the OSDF, once complete, will have a rectangular footprint of approximately 3780 

0 a top segment of 20 Horizontal to 1 Vertical (20H: 1V) that is 90 ft long on the east and west 
sides; 

0 a middle segment of IOH: 1V that is 60 ft long on the east and west sides; and 
0 bottom segment of 6H: 1V that is 290 ft long on the east side and 3 10 ft long on the west side. 

ft by 880 ft,. The OSDF final cover side slopes have three segments: 

The OSDF will be surrounded by a perimeter drainage swale. The bottom of the OSDF final 
cover slopes is the centerline of the perimeter swale. 

The slope geometry of the OSDF final cover is used to determine the LS factor in the MUSLE, 
which is calculated using an equation in Caltrans (1992). 
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Figure 1 - Rainfall Energy Factor Map For Ohio. From Ohio SCS (1987) 
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3. Topsoil textural classifcation according to U.S. Department of Agriculture (USDA) System. 

iLoam I 0.32 I 

The topsoil USDA classification is used to determine a soil erodability factor in the MUSLE. 
The soil erodability factors given by the Ohio SCS (1987) for different USDA soil textures are shown in 
Table 1. All soils shown in Table 1 will be analyzed to determine acceptable topsoil / grass cover 
combinations. 

Silt Loam 
Clav Loam 

Table I - Soil Erodc 

0.37 
0.32 

a 

Sandy Loam 
Loamy Sand 
Sand 

'bility Factor Values For DlfSerent Topsoil Textures From Ohio SCS (1987) 
Tomoil Texture I Soil Erodabilitv Factor Value I 

0.24 
0.17 
0.15 

Percentage of ground covered with grass 
0% 
20% 
40% 
60% 
80% 
95% 

VM factor (MUSLE)" 
0.45 
0.20 
0.10 

0.047 
0.029 
0.01 1 

On-site materials may be used as topsoil in the OSDF final cover. Extensive geotechnical data 
from Parsons (1995b,c) exists for the soils under the OSDF area and north portion of the East Field 
borrow area. The soils in these areas are glacial till, with the majority classifying as USCS Lean Clay 
(CL). Isolated portions of this soil that do not classify as CL generally classify as USCS Fat Clay (CH), 
Silt (ML), Silty Sand (SM), and Clayey Sand (SC). Some index information for these soils is shown in 
Table 4. 

0 

4. Grass cover type and density. 

The grass cover type and density is used to estimate the vegetative measures, VM, factor in the 
MUSLE. Various values of the VM factor for different grass heights and percentages of ground covered 
by grass are shown in Figure 4, and summarized in Table 2. 
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COLLECTION AND VERIFICATION OF DATA FOR THE TRACTIVE FORCE METHOD: 

1. Properties for the topsoil. 

USCS Classification 

The topsoil textural classifications were previously discussed in the .collection and verification of 
data for the MUSLE. Schroeder et al. (1994) gives corresponding USCS classifications to the USDA 
soil textures listed in Table 1; these are shown in Table 3. 

As mentioned in the collection and verification of data for the MUSLE, extensive geotechnical 
data from Parsons (1995b,c) exists for the soil under the OSDF area and north portion of the East Field 
borrow area. The soil in these areas is glacial till, with the majority classifying as USCS Lean Clay 
(CL). Isolated portions of this soil that do not classify as CL generally classify as USCS Fat Clay (CH), 
Silt (ML), Silty Sand (SM), and Clayey Sand (SC). 

Topsoil plasticity index (PI) 

The topsoil PI will be used to in conjunction with the USCS soil classification to determine the 
allowable tractive force on the soil. PI data for soils in the OSDF and north borrow area is shown in 
Table4. 

- 

Topsoil void ratio 

The topsoil void ratio will also be used in conjunction with the USCS soil classification to 
determine the allowable tractive force on the soil. The void ratio will be estimated from Schroeder et al. 
(1994), who give values of porosity for different soils based on degree of compaction and USDA 
textural classification (porosity can be converted to void ratio through a simple relation - see the 
calculations for further explanation). Porosity values are shown in Table 3. 

2. Pertinent geometry (slope lengths and inclinations) for study area. 

See the collection and verification of data for the MUSLE. 

3. Rainfall and infiltration for the 2000-year, 24-hour storm 

The rainfall depth for the 2000-year, 24-hour storm is 13 inches, as shown in Table 5. This value 
is used in the TR-55 method (USDA, 1986a) to determine the peak flow off the final cover. 
Furthermore, in TR-55 analysis, the runoff curve number (CN) is assumed to be 98 - the highest value 
allowed by TR-55. This corresponds to an infiltration rate of approximately zero (recommended by 
USDOE, 1989) See the calculations for further explanation. 0. 
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Table 3 - Porosities and USCS Classifications for DffSrent Topsoil USDA Textures. From Schroeder et 

al. (1994) 

0.578 0.076 0.025 
Municipal Incinerator I I I I 

Moderately Compacted 
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Table 4 - Index Properties of Soils in the OSDF Area and North Borrow Area. From Parsons (1995~).  
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Table 5 - Rainfall Depths in Inches for  Different Storm Return Periods and Durations of Interest. From 
Parsons (1 995n). 

NOTE: Rainfall Points For 2, 5, and 10 year rainfall events were adjusted per TP-40. Values for the 
500, 2000, and. 10,000 Year Events were interpolated 

t 

1 
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4. Grass cover type and density 

The grass cover type and density is used to estimate two coefficients, CI and Cf, which are used 
in determining the actual tractive force applied and the soil surface - water interface for given flow 
conditions.. These coefficients are used in a curve fitting equation to the “vegetal retardance” curves, 
shown in Figure 5. The curves in Figure 5 are separated into vegetal retardance classes (A-E). Values of 
CI and Cf for average uniform stands of grasses corresponding to each vegetal retardance class are shown 
in.Table 6. 

. The grass cover type and density is used to estimate two coefficients, CI and CF, which are used 
in determining the actual tractive force applied at the soil surface - water interface for given flow 
conditions 

Four predominant soil groups in the OSDF area and borrow areas area identified in USDA 
(1982). They are Fincastle (FdA), Martinsville (McA), Raub (RdA), and Xenia (XfA). Table 7 lists 
recommended grasses for these soil groups. Kentucky bluegrass and tall fescue are listed as 
recommended grasses for all these soil groups. 

“ __- 
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Table 6 - Values of C! and C’ for  Good Uniform Stands of Grass. Front USDOE (I 989). 

Cover Cf CIa 

Reference 
stem density 

(stems/sqs: re  foot) b 

-- Burmuda grass, 12-inch height 0.9 10.00 
Weeping 1 ovegrass 

500 
500 

Buffalo grass 
Kentucky bluegrass 
Blue gramma 

Grass - 1 egume mixture 

Weeping lovegrass 
Burmuda grass, 6-inch height 

Yellow bluestem 

Alfalfac 

Lespedeza sericea, 2-inch 
he i gh t c  

Common lespedeza 

Sudan grass 

Bermuda grass, burned stubble 

0.87 7 . 6 4  

0.75 

0.75 
0.75 

0.75 

0.5 

0.5 

0.5 

0.5 

0.5 

5.60 

5 .60  
5.60 

5.60 

4 . 4 4  

4 . 4 4  

4 . 4 4  

2.88 

2.88 

4 0 0  
350 
3 50 

200 

350 
350 

350 

350 

300 

150 

50 

50 

aIf vegetation i s  n o t  uniformly distributed over the areas present, C I  and C f  
will be set equal t o  zero. I n  other words, the cover will be designed as i f  i t  
were bare soil only. 

bMultiply the stem densit ies given by 1/3, 2/3, 1, 4/3, and 5/3, for poor ,  f a i r ,  
good,  very good, and excellent covers, respectively. The equivalent adjustment 
t o  C f  remains a matter of engineering judgment until more d a t a  are obtained or 
a more analytical model i s  developed. A reasonable, b u t  a rb i t ra ry ,  approach i s  
t o  reduce the cover factor by 20 percent for  f a i r  stands and 50 percent for  
poor stands. Values of Cf for  untested covers may be estimated by recognizing 
t h a t  the cover factor  i s  dominated by density and uniformity of cover near the 
so i l s  surface. Thus, the sod-forming grasses near the t o p  of the table  exhibit 
higher C f  values t h a n  the bunch grasses and annuals near the bottom. 

CFor tke legumes tes ted,  the effective stem count for  resistance (given) i s  
approximately f ive times the actual stem count very close t o  the bed. Similar 
adjustment may be needed for  other unusually large-stemmed, branching, and/or 
woody vegetation. 
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Table 7 - Recommended Grasses fo r  Planting in Soil Series in Hamilton County, Ohio. From USDA 
(I 982). 

I I 

S o i l  name and  I V i n e s  and  
map symbol  I ground  c o v e r  

I 

I 

Urban l a n d .  

EpA, EpB2, EpC2------- 
E ldean  

I I 

Urban l a n d .  

C o t o n e a s t e r ,  E n g l i s h  
i v y ,  m y r t l e ,  w i n t e r  
c r e e p e r ,  j u n i p e r .  

C r e e p i n g  s p e e d w e l l ,  
Hall  h o n e y s u c k l e ,  
j u n i p e r ,  moss p i n k ,  
p l a n t a i n  l i l y .  

C r e e p i n g  s p e e d w e l l ,  
H a l l  h o n e y s u c k l e ,  
j u n i p e r ,  moss p i n k ,  
p l a n t a i n  l i l y .  

Bugleweed,  g o u t w e e d ,  
l i l y  t u r f ,  p l a n t a i n  
l i l y ,  y e l l o w  r o o t ,  
s w e e t  w o o d r u f f .  

Bugleweed,  g o u t w e e d ,  
l i l y  t u r f ,  p l a n t a i n  
l i l y ,  y e l l o w  r o o t ,  
s w e e t  w o o d r u f f .  

C r e e p i n g  s p e e d w e l l ,  
H a l l  h o n e y s u c k l e ,  
j u n i p e r ,  moss p i n k ,  
p l a n t a i n  l i l y .  

C r e e p i n g  s p e e d w e l l ,  
H a l l  h o n e y s u c k l e ,  
j u n i p e r ,  moss p i n k ,  
p l a n t a i n  l i l y .  

L i l y o f t h e v a l l e y ,  
p a c h y s a n d r a ,  m y r t l e ,  
p l a n t a i n  l i l y .  

L i l y o f t h e v a l l e y ,  
p a c h y s a n d r a ,  m y r t l e ,  
p l a n t a i n  l i l y .  

S h r u b s  I T r e e s  I G r a s s e s  and  
I .I l e g u m e s  

I I 

# 

Amur p r i v e t ,  r e d o s i e r I E a s t e r n  r e d c e d a r ,  
dogwood, J a p a n e s e  I Norway m a p l e ,  
yew, T a t a r i a n  honey-:  t h o r n l e s s  honey-  
s u c k l e .  I l o c u s t ,  r a d i a n t  

I c r a b a p p l e ,  y e l l o w -  
I p o p l a r ,  S c o t c h  p i n e .  

Red f e s c u e ,  
Ken tucky  b l u e -  
g r a s s ,  c r o u n v e t c h ,  
t a l l  f e s c u e .  

I 
0 I I 

I 

L e a t h e r l e a f  v i b u r n u m , I B l a c k  w a l n u t ,  e a s t e r n I T a 1 1  f e s c u e ,  r e d  
j u n i p e r ,  s e r v i c e -  I w h i t e  p i n e ,  r e d  I f e s c u e ,  K e n t u c k y  
b e r r y .  I p i n e ,  t h o r n l e s s  I b l u e g r a s s ,  

I h o n e y l o c u s t ,  w h i t e  I c r o w n v e t c h .  
I o a k ,  y e l l o w - p o p l a r .  I 

6 

I 

L e a t h e r l e a f  v i b u r n u m , l B l a c k  w a l n u t ,  I f a l l  f e s c u e ,  r e d  
j u n i p e r ,  s e r v i c e -  I e a s t e r n  w h i t e  p i n e ,  I f e s c u e ,  Ken tucky  
b e r r y .  I r e d  p i n e ,  t h o r n l e s s  I b l u e g r a s s ,  

I h o n e y l o c u s t ,  y e l l o w - :  c r o w n v e t c h .  
I p o p l a r ,  w h i t e  o a k .  I 

I 

Arrowwood, b o t t l e -  :Sweetgum, y e l l o w -  
b r u s h  b u c k e y e ,  r e d  I p o p l a r ,  w h i t e  a s h ,  
c h o k e c h e r r y ,  Amur I r e d  n a p l e ,  swamp 
p r i v e t ,  r e d o s i e r  I w h i t e  o a k ,  London 
dogwood. I p l a n e  t r e e .  I 

I I 

I 

Arrowwood, b o t t l e -  :Sweetgum, y e l l o w -  
b r u s h  b u c k e y e ,  r e d  I p o p l a r ,  w h i t e  a s h ,  
c h o k e c h e r r y ,  Amur I r e d  m a p l e ,  swamp 
p r i v e t ,  r e d o s i e r  I w h i t e  o a k ,  London 
dogwood. I p l a n e  t r e e .  

, 
I 

L e a t h e r l e a f  v i b u r n u m , I E a s t e r n  w h i t e  p i n e ,  
j u n i p e r ,  s e r v i c e -  I r e d  p i n e ,  t h o r n l e s s  
b e r r y .  I h o n e y l o c u s t ,  w h i t e  

. I o a k ,  y e l l o w - p o p l a r ,  
I w h i t e  a s h .  

r e d t o p ,  t a l l  

# 

:Red f e s c u e ,  
I K e n t u c k y  b l u e g r a s s ,  
I c r o w n v e t c h ,  t a l l  
I f e s c u e ;  
I 

I 

I , 
L e a t h e r l e a f  v i b u r n u m , I E a s t e r n  w h i t e  p i n e ,  

j u n i p e r ,  s e r v i c e -  I r e d  p i n e ,  t h o r n l e s s  
b e r r y .  I h o n e y l o c u s t ,  w h i t e  

I o a k ,  y e l l o w - p o p l a r ,  
I w h i t e  a s h .  
, 
I 

B a y b e r r y ,  r e d o s i e r  ; E a s t e r n  c o t t o n w o o d ,  
dogwood, n a n n y b e r r y  I l o c u s t ,  Norway 
v i b u r n u m ,  Amur I m a p l e .  
p r i v e t .  I 

I 

B a y b e r r y ,  r e d o s i e r  :Eastern c o t t o n w o o d ,  - 
dogwood, n a n n y b e r r y  I l o c u s t .  
v ibu rnum,  Amur 
p r i v e t .  

I I I 

I 

I 

I 

;Red f e s c u e ,  
I Kentucky  b l u e g r a s s ,  
I c r o u n v e t c h ,  t a l l  
I f e s c u e .  
6 

I 

I 

I 

:Red f e s c u e ,  
I Kentucky  b l u e g r a s s ,  i t a l l  f e s c u e .  
I 

I 
I I 

0 I 

:Red f e s c u e ,  
I K e n t u c k y  b l u e g r a s s ,  
I t a l l  f e s c u e .  
I 
I 0 

I 
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I I I 

I I I 
I I I 

I I 

I I I 

I 

S h r u b s  I T r e e s  I Grasses a n d  
I I l e g u m e s  

S o i l  name a n d  V i n e s  a n d  
map s y m b o l  ; g r o u n d  c o v e r  

! 

I 
I I 

1 I I 
I I I 

HoA-------------------:Goutweed. b u g l e w e e d ,  : A r r o w w o o d ,  r e d  
Henshaw 

MaB, MaC2, MaD2, MaE2- 
H a r k l a n d  

+ 1 

E u r o p e a n  w i l d  I c h o k e c h e r r y ,  
g i n g e r ,  sweet ; r e d o s i e r  d o g w o o d ,  
w o o d r u f f ,  y e l l o w  Amur p r i v e t .  
r o o t .  

l i l y o f t h e v a l l e y ,  I n a n n y b e r r y  v i b u r n u m ,  
m y r t l e ,  p a c h y s a n d r a , :  Amur p r i v e t .  
p l a n t a i n  l i l y .  I 

I I 

I I 

F o r s y t h i a ,  I B a y b e r r y ,  d o g w o o d ,  

I I 
I 

P l a n t a i n  l i l y ,  : J u n i p e r ,  n a n n y b e r r y  
j u n i p e r ,  H a l l  h o n e y - ;  v i b u r n u m .  
s u c k l e .  I I 

, I 
I I 

H a l l  h o n e y s u c k l e ,  ! J u n i p e r ,  n a n n y b e r r y  
j u n i p e r ,  p l a n t a i n  I v i b u r n u m .  
l i l y .  I 

I I 

4 I 

E u r o p e a n  w i l d  g i n g e r , l R e d  c h o k e c h e r r y ,  Amur 
sweet w o o d r u f f ,  I p r i v e t ,  r e d o s i e r  
l i l y o f t h e v a l l e y ,  I d o g w o o d ,  m o c k o r a n g e .  
m y r t l e ,  c r e e p i n g  I 
t h y m e .  I I 

I -- C r e e p i n g  t h y m e ,  H a l l  ! F o r s y t h i a ,  l e a t h e r -  
I h o n e y s u c k l e ,  I l e a f  v i b u r n u m ,  
: j u n i p e r ,  moss p i n k ,  I s e r v i c e b e r r y ,  
I p l a n t a i n  l i l y .  I J a p a n e s e  yew.  
I I 

1 

I 

T h o r n l e s s  h o n e y l o c u s t i R e d  f e s c u e ,  
I K e n t u c k y  b l u e -  
: g r a s s ,  c r o w n v e t c h ,  
I t a l l  f e s c u e .  

Sweetgum,  y e l l o w -  ! K e n t u c k y  b l u e g r a s s ,  
I I 

p o p l a r ,  e a s t e r n  I r e d t o p ,  t a l l  f e s c u e .  
c o t t o n w o o d ,  r e d  
m a p l e ,  s i l v e r  m a p l e , I  
w h i t e  a s h .  

I I 

I I 

I I 

Norway m a p l e ,  I T a l l  f e s c u e ,  
t h o r n l e s s  h o n e y -  I r e d  f e s c u e ,  
l o c u s t ,  b l a c k  1 K e n t u c k y  b l u e -  
w a l n u t ,  y e l l o w -  I g r a s s ,  c r o w n v e t c h .  
p o p l a r .  I I 

H o n e y l o c u s t ,  
A m e r i c a n  s y c a m o r e ,  
e a s t e r n  c o t t o n w o o d ,  
W a s h i n g t o n  h a w t h o r n .  

H o n e y l o c u s t ,  A m e r i c a n  
s y c a m o r e ,  e a s t e r n  
c o t t o n w o o d ,  . 
W a s h i n g t o n  h a w t h o r n .  

E a s t e r n  w h i t e  p i n e ,  
r e d  p i n e ,  w h i t e  o a k ,  
y e l l o w - p o p l a r .  

E a s t e r n  w h i t e  p i n e ,  
t h o r n l e s s  h o n e y -  
l o c u s t ,  r e d  p i n e ,  & 

w h i t e  o a k ,  
yellow-Doplar , b l a c k  . .  

1 I 

I I I 
I I 

I I w a l n u t .  

;Amur p r i v e t ,  : R a d i a n t  c r a b a p p l e ,  HnC2--------- - - - - - - - - -IForsythia,  
M i a m i a n  . l i l y o f t h e v a l l e y ,  I r e d o s i e r  dogwood,  I Norway m a p l e ,  

I m y r t l e ,  p a c h y s a n d r a , :  J a p a n e s e  yew,  I t h o r n l e s s  h o n e y -  
I p l a n t a i n  l i l y .  I n a n n y b e r r y  v i b u r n u m . ;  l o c u s t ,  y e l l o w -  
I I 

, I 
I I p o p l a r ,  e a s t e r n  
I I w h i t e  p i n e .  

, .  

! I I 

HoD2, MoE2': I I I 
I I 

Miamian-- - - - - - - - - - - - - ;Forsy th ia ,  IAmur p r i v e t ,  r e d o s i e r l R a d i a n t  c r a b a p p l e .  
I l i l y o f t h e v a l l e y ,  I dogwood,  J a p a n e s e  
I m y r t l e ,  p a c h y s a n d r a , ;  yew,  n a n n y b e r r y  
I p l a n t a i n  l i l y .  v i b u r n u m .  - I I 

I 
I I 
I I 
I I 

I 
Hennepin--------------:Plantain l i l y ,  IJuniper-------------- 

I j u n i p e r ,  H a l l  h o n e y - :  
; s u c k l e ,  c r e e p i n g  I 
I s p e e d w e l l .  I I 

Miamian-------- - - - - - - ;Forsythia ,  l i l y o f t h e - : A m u r  p r i v e t ,  r e d o s i e r  

I I 
I 
1 I 

I HuC': 

I v a l l e y ,  m y r t l e ,  I d o g w o o d ,  J a p a n e s e  
I p a c h y s a n d r a ,  I yew, n a n n y b e r r y  
I p l a n t a i n  l i l y .  I v i b u r n u m .  
! I 

See f o o t n o t e  a t  e n d  of t a b l e .  

Norway m a p l e i -  
t h o r n l e s s  h o n e y -  
l o c u s t  , y e l l o w -  
p o p l a r ,  e a s t e r n  
w h i t e  p i n e .  

r h o r n l e s s  h o n e y s u c k l e  

P a d i a n t  c r a b a p p l e ,  
Norway m a p l e ,  
t h o r n l e s s  honey-  
l o c u s t ,  y e l l o w -  
p o p l a r ,  e a s t e r n  
w h i t e  p i n e .  I 

Red f e s c u e ,  
K e n t u c k y  b l u e g r a s s ,  
t a l l  f e s c u e .  

Red f e s c u e ,  
K e n t u c k y  b l u e g r a s s ,  
t a l l  f e s c u e .  

T a l l  f e s c u e ,  r e d  
f e s c u e ,  K e n t u c k y  
b l u e g r a s s ,  
c r o w n v e t c h .  

I Red f e s c u e ,  
K e n t u c k y  b l u e g r a s s ,  
c r o w n v e t c h ,  t a l l  
f e s c u e .  

Red f e s c u e ,  
K e n t u c k y  b l u e g r a s s ,  
c r o w n v e t c h ,  
t a l l  f e s c u e .  

Red f e s c u e ,  
K e n t u c k y  b l u e g r a s s ,  
c r o w n v e t c h ,  t a l l  
f e s c u e .  

Red f e s c u e ,  
K e n t u c k y  b l u e g r a s s ,  
c r o w n v e t c h ,  
t a l l  f e s c u e .  

Red f e s c u e ,  
K e n t u c k y  b l u e g r a s s ,  
c r o w n v e t c h ,  t a l l  
f e s c u e .  
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I I I I 
I I I 
I 8 
I I S h r u b s  I Trees I Grasses and 

I I I I 

I I 

I I I 0 
I I I 

I I , 
I I 

I I legumes 
Soil name and Vines and 

map symbol ; ground cover 

, 1 
I I 

I 

1 I 

I I 
HUC': 
Urban land. 

I 

PbB2, PbC2, PbD, PbE--:Creeping speedwell, 
Parke-----7----------I Hall honeysuckle, 

I juniper, moss pink, 
I plantain lily, 
I English ivy. 
I I 

I I 

I I PcB, PcC4: 
parke----------------:Creeping speedwell, 

I Hall honeysuckle, 

Urban land. 

f juniper, moss pink, 
I plantain lily, 
I English ivy. 
I 

I I 

I I 

PfC, PfD, PfE---------;Plantain lily, lily 
Pate I turf, yellow root, 

I sweet woodruff, 
t juniper. 
I I 
I 

I 

t I PhD4 : 
Pate-----------------;Plantain lily, lily 

I turf, yellow root, 
I sweet woodruff, 
I juniper. 

PrA, PrB', PrC2-------- 
Princeton 

RpA, RpB2, RpC2------- 
Rossmoyne 

Bugleweed, fern, 
plantain lily, 
yellow root, gout- 
weed, sweet 
woodruff. 

Creeping speedwell, 
Hall honeysuckle, 
juniper, m o s s  pink, 
plantain lily. 

Coutweed, bugleweed, 
plantain lily. 

I 

IForsythia, leather- 
1 l e a f  viburnum, 
I serviceberry, 
I Japanese yew. 
I I 

I 

I 

I I 

4 

IForsythia, leather- 
I l e a f  viburnum, 

I 

Eastern white pine, ;Red fescue, 
thornless honey- I Kentucky b 
locust, red Pine, I crownvetch 
white oak, yellow- I fescue. 

walnut. 
' poplar, black I I 

I I 

I 
I 

I 

:Eastern white pine, (Red fescue, 
~ thornless honey- I Kentucky b 

I serviceberry, I locust, red pine, 
I Japanese yew. I white o a k ,  yellow- 
I 

I 

I I 
1 
I I 

I I 
I I 

I I poplar, black 

I 
IAmur privet, redosiertEastern white pine, 
I dogwood, Japanese I Norway maple, 
I yew. I radiant crabapple, 
I I thornless honey- 
I I locust, yellow- 
I I poplar. 

I walnut. 

I 

I 

I 

I , 
I 

I I 
I 

IAmur privet, redosierIEastern white pine, 
I dogwood, Japanese 1 Norway maple, 
I yew. I radiant crabapple, 
I I thornless honey- 
I I locust ;?: ' *b-  

I -pLar. 
! 

I 

I a - _  
I I 
I 

t I 

I I I 

;Red chokecherry, AmurlRed maple, silver 
I privet, inkberry, I maple, sweetgum, 
f mockorange. I swamp white oak, 
I I white ash. 
I t I 

I I I 

IForsythia, juniper, ;Eastern white pine, 
nannyberry viburnum,: red pine, white 

I serviceberry. I oak, yellow-poplar , 
I I black walnut. 

IArrowwood, red ISweetgum, red maple, 
I chokecherry, I silver maple, 
I redosier dogwood. I poplar. 

I 

I I 

I t 

uegrass, 
t a l l  

uegrass, 
I crownvetch, 
I tall fescue. 
I 
I I 

I I 

I I 

I 

:Red fescue, 
I Kentucky bluegrass, 
I crownvetch, t a l l  
I fescue. 
I I 

I , I 
1 I 

:Red fescue, 
I Kentucky t. 
I crownvet. - 
I fesr.25. 

. -  .s, 

I .  
0 I 

I I 

I 

I I 

:Redtop, reed 
I canarygrass, 
I t a ll fescue, 
I Kentucky bluegrass. 
I I 

I 

;Kentucky bluegrass, 
I red fescue, 
I crownvetch, 
I t a ll fescue. 

Kentucky bluegrass. 

I 1 I 

Juniper, plantain ;Juniper, nannyberry IHoneylocust, !Red fescue, 
. I viburnum. I black locust, I Kentucky bluegrass, 

I I 

I 
I Washington I tall fescue. 

lily. 

I I hawthorn, American ; I 

I I sycamore. I 
1 I I 

I I 

Phlox, honeysuckle, :Red chokecherry, AmurlEastern white pine, ; R e d t o p ,  
lilyofthevalley, I privet, mockorange, I red maple, sweetgum,: Kentucky bluegrass, 
pachysandra, I inkberry, redosier I silver maple, I t all fescue, 
plantain lily, I dogwood. I yellow-poplar. : crownvetch. 
winter creeper. I I I 

1 
1 I I 
I I 

w 

S e e  footnote at end of table. 
"L;J7uu-u".L I UULl LL . U.U"L 
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I I .. . I 
I 

I I 

I I 

I .  Shrubs I Trees Grasses and I 

I 

I 

I 

t I 
I 
I 

I I 

Soil name and vines ana 

I 
I 

I 

I I legumes map symbol I ground cover 
- 

. I  I 
UmB, lJmC4: 
Urban land. 

I I I I I I 
I 
I 

ITall fescue, :Norway maple, 
I dogwood, nannyberry I thornless honey- I red fescue, 

I locust, black I Kentucky bluegrass, 
I privet. I walnut, yellow- I crownvetch. 

Martinsville--------- [Creeping thyme, Hall ;Bayberry, redosier 
I honeysuckle, 
I juniper, moss pink, I viburnum, Amur 
I plantain lily. 
I I poplar. I I 

. I  I 

1-104: 
Urban land. 

I I 1 
I I 

I 
8 I 

I Redtop, reed I wild ginger, gout- I redosier dogwood, I white oak, eastern I canarygrass. 
I weed, yellow root. I spice bush, common I cottonwood. 

I winterbeyry. 

Patton--------------- :Bugleweed, European ;Red chokecherry, IAed maple, swamp 

I I 

I 

I 

, I I 

Ur B4 : 
Urban land. 

I 

I 1 .  

I I 

! I Rossmoyne------------ IPhlox, honeysuckle, ;Red chokecherry, AmurIEastern white pine, Ifall I fescu.e, 
I lilyofthevalley, 
I pachysandra, winter I inkberry, redosier 
I creeper. I dogwood. I crownvetch. 

I ?rivet, mockorange, I red maple, sweetgum,I redtop, Kentucky 
I bluegrass, I silver maple. 

I 
8 
I 

I I 
I 
I I 

I 

I I 

I I 

I I 

I I 

I I 

I I rban land. I I 

I I I I 
IPlantain lily, ILeatherleaf viburnum,:Eastern white pine, ;Tall I fescue, 
I juniper, moss pink, I juniper, service- 
I creeping speedwell. I berry. I black walnut. . I Kentucky bluegrass, I 
I I ! I 

I red pine, white oak,, red fescue, 
I 

I 
I I crownvetch. 

I I I 
I I 

I 
I I 

;Red maple, river !Redtop, red Wa-------------------, IGoutweed, bugleweed, :Red chokecherry, 
I European wild I redosier dogwood, I birch, swamp I fescue, 
I ginger, sweet I spice bush, common I white oak. I tall fescue. I woodruff. I winterberry. 

IPlantain lily, ILeatherleaf viburnum,IEastern white pine, :Tall fescue, 
I juniper, moss pink, I juniper, service- I red pine, white oak,; red fescue, 
I creeping thyme. I berry. 

I crownvetch. 

Wakeland 

I I 

I 

I I 

, I 
1 I 

I 

WbA----------------,,, 
W a r s a w  Variant 

I I black walnut. I Kentucky bluegrass, 
I 
I 

I I 

I I I I 

I red pine, white oak,: red fescue, 
WeA-----------------,, :Forsythia, lilyofthe-;Leatherleaf viburnum,IEastern white pine, :Tall I fescue, 
Wea I valley, pachysandra.; juniper, service- 

! I 

I 
I I berry. I black walnut. I Kentucky bluegrass, 
0 

I 
I ! I crownvetch. 
I I I 

UhA-----------------,, IGoutweed, bugleweed, IArrowwood, red choke-ISweetgum, poplar, . I I Kentucky bluegrass, 
I redtop, t a l l  Whitaker ' I European wild I cherry, redosier I red maple, 

I ginger, I dogwood, Amur I swamp white oak, I fescue. I sweet woodruff, I privet, spice bush. I London plane tree. I 
I lily turf, yellow I ! I I root. I I I 

I I 
I 
I 

I 

I 

I I 

I 

XfA, XfBZ----------- lilyofthe-;Forsythia, juniper, :Eastern white pine, 
Xenia i nannyberry viburnum,; red pine, white oak, 

I serviceberry. I yellow-poplar. 
I creeper. 
I 

4 S e e  description of t h e  map unit for composition and behavior characteristics of the m a p  unit. 
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EROSION RESISTANCE - OSDF FINAL COVER SYSTEM 

CALCULATIONS 

Pumose: The purpose of these calculations is to determine combination of topsoil and 
vegetative cover that will provide required erosion resistance in the On-Site 
Disposal Facility Final Cover. 

Scope: Parametric study of various topsoil types and vegetation types to calculate various 
volumes of sediment eroded from the topsoil in the OSDF final cover in sheet and 
rill erosion. The Modified Universal Soil Loss Equation (MUSLE) (Caltrans, 
1992) is the method used. The MUSLE is different from the Universal Soil Loss 
Equation (USLE); in that it is used to calculate soil loss from non-agricultural 
lands. 

0 

Parametric study of various topsoil types and vegetation types to calculate the 
potential for gullies to form in the OSDF final cover from the 2000-year, 24-hour 
design storm using the “Tractive Force Method”. This method was developed by 
Temple (1980) for swales, and modified for slopes in USDOE (1989). , 

I 

Design: The following requirements govern the selection of topsoil and vegetative cover: 
1. Rate of soil loss due to sheet and rill erosion no greater than 5 tons/acre/year 

[Ohio Administrative Code, 3745-27-08 (C)( 15)(f)] 
2. No potential for gullies to form during the 2000-year, 24-hour storm (USDOE, 

1989). 

GE3900-08.2 / 082FCCAL.DOC 



GEOSYNTEC CONSULTANTS P a g e 2  of * 
Written by: DAVE WARREN Date: 20-Oct-95 Reviewed by: Date: 2 3 e r / f l r  
Client: FERMCO Project: ON-SITE DISPOSAL FACILITY ProjecWroposal No.: GE3900 Task No.: 08.2 

PRELIMINARY DISCUSSION- 

Sheet erosion, rill erosion, and gully erosion are discussed in Maidment (1992) and USDOE (1989). 
Sheet erosion will occur as a result of raindrops impacting soil. Concentrated sheet flow (shallow 
concentrated flow) over the soil can cause rills, or very small gullies, to form (rill erosion). Sheet and 
rill erosion will occur to some degree in all topsoil - vegetative cover combinations, regardless of the 
erosive resistance. If shallow concentrated flow is strong enough to exceed the allowable tractive force 
of the topsoil and vegetation, gullies will form (gully erosion). Gully erosion can quickly wear away the 
topsoil and vegetative support layers in the OSDF final cover, exposing the biotic barrier. As shown 
below, if the soil lost to sheet and rill erosion is kept at or below 5 tons/acre/year, the biotic barrier will 
not be exposed by sheet and rill erosion within 980 years. 

, The calculations will proceed in the following sequence: 

1. Estimate the rate of topsoil lost to sheet and rill erosion from the final cover for different topsoil 
and vegetative cover combinations using the MUSLE. 

2. Evaluate the potential for gully erosion on the final cover using the tractive force method (on 
acceptable topsoil-vegetation combinations determined in Step 1). a 

Note - Time to Expose Biotic Barrier: 
Topsoil and vegetative support layer in the final cover are 6 in and 21 in thick, respectively, totaling 27 
in (2.25 ft). Assuming the unit weight of the soil in these layers is 100 lbs/ft3: 

Topsoil and vegetative support layer - weight per unit area = 100 lb/ft3 x 2.25 ft = 225 lb/ft2 / 

Soil loss rate = (5 tons/acre/year) x (2000 lb/ton) / (43,560 ft2/acre) = 0.23 lb/ft2/year 

(225 lb/ft2) / (0.23 lb/ft2/year) = 980 years 

/ 

1 
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SECTION 1 - 
ESTIMATE EROSION RATE OF THE OSDF FINAL COVER FROM SHEET AND 
RILL EROSION. FOR DIFFERENT COMBINATIONS OF TOPSOIL AND GRASS 

COVER 

/ Method: The Modified Universal Soil Loss Equation (MUSLE) is (Caltrans, 1992): 
A = R x K x LS x VM 

Where, R = rainfall energy factor 
LS = length and slope factor 

K = soil erodability factor 
VM = vegetative measures factor 

STEP 1: 
Find rainfall energy factor, R. / 

R = 175 (see collection and verification of data) J 
. .  

a. 

West Side I East Side 
I 

Figure 5 - OSDF West-East Cross-section For Determining 
‘LS’ Factor In MUSLE and USLE 

. GE3900-08.2 I082FCCAL.DOC . 
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Section Length Slope 
(ft> 

TOP 90 5.00% 
Middle 60 10.00% 
Bottom 290 17.00% 

TOTAL 450 13.40%” 

Written by: DAVE WARREN Date: 21-Oct-95 Reviewed by: Date: L‘3&fi!*r- 

m LS Section Length Slope m LS 
(ft) 

0.5 0.503 Top 90 5.00% 0.5 0.503 
0.5 1.049 Middle 60 10.00% 0.5 1.049 
0.6 6.043 Bottom 310 17.00% 0.6 6.289 

0.6 5.386 TOTAL 460 13.74%* 0.6 5.676 

J 

Client: FERMCO Project: ON-SITE DISPOSAL FACILITY ProjectlProposal No.: GE3900 Task No.: 08.2 

rJ-i ZJ8‘95 
STEP 2: 

a 
Find combined field length and slope factor, LS. 

650 + 450s + 65s’ 
Use the equation for LS from Caltrans (1992): 

Where: L = Slope length 
S = Slope grade (%) 

m = 
(0.3 for slope grades of 0 to 0.5% 
{ 0.5 for slope grades of 0.5 1 to 10% 
(0.6 for slope grades > 10% 

Pertinent final cover geometry is shown in Figure 5. Compare LS for flow paths down east and west 
side slopes. Use the larger LS. 

B. Find total LS. 
LS = the maximum LS calculated above = 6.289 / 

STEP 3: 

than 5 tons/acre/year or less of soil being eroded away. 
Find required combinations of soil texture and percentage of grass cover that result in no greater 

Soil Texture: 
Grass Cover Consistency: 

Determines the “Soil erodability factor”: K 
Vegetative measures factor, VM; 

Sources of values for the coefficients K and VM are discussed in the collection and verification of data. 
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Values of Soil Lost to Erosion in TonsIAcreflear For Different SoilNegetation Combinations As 
Calculated by the Modified Universal Soil Loss Equation (R  = 175, LS = 6.29) 

The highlighted values in .the above table show acceptable topsoil texture and grass cover combinations 
(i.e., yielding a soil loss rate to sheet and rill erosion equal to or less than 5 tons/acre/year). As 
calculated by the MUSLE, a grass ground cover of at least 95 percent is required to limit erosion to 5 - 

tons/acre/year, for a topsoil with at least the erosion resistance of silt loam. 

One point about topsoil: Caldwell and Reith (1993, p.94-95) recommend “clump grass in vegetated 
gravelly soil” as the “final cover erosion barrier with the most significant advantages”. No K factor 
values were given for gravelly soil in the MUSLE reference used, but Caldwell and Reith, and the trend 
in the erosion rate solutions indicate that the erosion resistance of gravelly soil will be greater than sand. 
Therefore, a gravelly topsoil will provide adequate erosion resistance with a grass ground cover of 80%. 

Local soils identified in the soil survey of Hamilton County, Ohio generally have silt loam topsoil, with 
subsoils ranging from sandy loam to clay loam (USDA, 1982). Kentucky bluegrass [identified as having 
very good erosion resistance in USDOE (1989)] and tall fescue are recommended grasses for all local 
soils and for most all soil series in Hamilton County (USDA, 1982). See the collection and verification 
of data for more information. 

Based on the MUSLE results and discussion, using any of the soils shown the previous table and 
establishing a vigorous grass cover that covers at least 95 percent of the ground are required to limit 
erosion to 5 tons/acre/year. 
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SECTION 2 - 
EVALUATE THE POTENTIAL FOR GULLIES TO FORM IN THE TOPSOIL OF THE 
OSDF FINAL COVER FROM THE 2000-YEAR, 24-HOUR STORM 

Resistance to Gully Formation 

Low 
Moderate 

CH High 

USCS Soil Classification 
ML , OL , SM 
GM , CL , S C 

Method: Use the “Tractive Force Method”, modified to apply to slopes (USDOE, 1989). 

USDA 
Silt Loam 

Loam 
Sandy Loam 
Loamy Sand 

Sand 

Clay Loam 

STEP 1: 
Find allowable tractive force for bare topsoil, T ~ .  

USCS 
ML 
CL 
ML 
SM 
SM 
SW 

A. Estimate pertinent soil index properties of topsoil. 
1. Background 

The results of Section 1 show that most any texture of topsoil, provided it can support a 
dense grass cover, will yield acceptable soil loss rates to sheet and rill erosion. On-site topsoils 
may be used for the OSDF final cover. Generally, the topsoils on the site are silt loam (ML) 
(USDA, 1982). Generally, the subsoils on the site are mostly CL, with small quantities of CH, 
ML and SM (Parsons, 1995b,c). Furthermore, Caldwell and Reith (1992) indirectly state that 
adding gravel to topsoils can increase the soils’ erosion resistance. 

Evaluate resistance to gully formation for a set of soils that encompasses the range of 
classifications outlined in the above paragraph. 

I GC 1 Very High 1 
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Figure 6 - Graph for Determining, Tab Cfrom USDOE,1989) 
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USCS 
Soil Type 

ML 
SM 
GM 
CL 
GC 

Based on the information in the previous tables, analyze the tractive force for ML, SM, GM, CL, 
and GC. This will encompass the range of different erosion resistances achievable. 

Void Ratio 
To Use 

1.00 
0.828 
0.776 
0.866 
0.754 

3. Plasticity Index (PI) 

the collection and verification of data for more detailed information. 
PI'S from the site geotechnical data and from the USCS definitions are shown below. See 

/ 

"Number of samples 
The PI to use is a conservative (low) estimate of what the PI will be. From Figure 6, it can be 
seen that a lower PI will yield less allowable stress. 

4. Void Ratio (e) 

Schroeder et al.( 1994) gives typical porosities for several loose soils @e., topsoils), based 
on USDA textures. These are shown in the table below, 'md in the collection and verification of 
data. 

' 

0.437 0.776 I Sand I iz 1 0.437 I I 
Loamv Sand* 0.437" I I SandvClav" I GC 11 0.430" I 0.754 I 

~ ~~ ~ 

*Chosen based on judgment as to what USDA soils would 
GC 

n Note that e = - 
1-n 

most closely correspond to GM 

/ 

and 

-. 
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B. Estimate allowable tractive force for bare topsoil (T~): 
The tractive force method in USDOE (1989) uses two equations; one for coarse-grained soils and 
one for fine-grained soils. All soils evaluated should be relatively fine-grained because they have 
to support a good grass cover. Note that as interpreted from the equations in USDOE (1989), 
GM and GC can be considered either coarse-grained or fine-grained soils. The equation in 
USDOE (1989) for fine-grained soils is: 

Ta = Tab C: (USDOE, 1989) / 

RESULTS: 

/ 

*zab assumed to be same as that for soil with PI=10 because Temple (1980) gives 2,=0.02 psf for 
“easily erodable soils”, which corresponds to Tab for ML and SM at PI=lO on Figure 6. 

STEP 2: 

The guidelines for the tractive force method recommend using the Rational Formula, modified to 
account for flow concentrations and infiltration, to obtain the unit discharge, q. Peak rainfall intensity 
for the 200O-yeary 24-hour storm was not readily available, therefore, the TR-55 computer program 
(USDA, 1986a) was used to obtain q. According to Maidment (1992), TR-55 has largely replaced the 
rational method in the U.S. for runoff calculations. 

Find unit discharge, q. 

Input and results from TR-55 are discussed below. See collection and verification of data for more 
information. 

A. Runoff Curve No. (CN) 

USDOE (1989) recommends using c=l .O in the rational method (Q=ciA) when determining PMP storm 
runoff. In other words, all the soil is saturated by the time of interest, and any precipitation that hits the 
surface will run off. 98 is the highest CN the TR-55 program will allow to be used. CN=98 is 
approximately CN=100, which corresponds to 100 percent runoff 

CN = 98 
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Figure 7 - Graph for Determining c, @om USDOE,1989) 
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West Side. East Side + 

a 
.Figure 8 - OSDF West-East Cross-Section For Determining 

Peak Flow Off Final Cover 

, 
f 
I 

I 

I 

I 

i 
s 
\ 

Figure 9 - OSDF Plan View Showing East and 
West Side Slope Widths 
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Ground Cover Unpaved Unpaved 
Area 27 ac 31 ac 

B. Flow Path Parameters. 
See Figure 8 for lengths and slopes of segments. Assume sheet flow on 20H:lV slope, and 
shallow concentrated flow on other slopes. Assume the bottom edge of the 6H:lV slope is the 
centerline of the perimeter drainage swale. Assume fair grass cover on all slopes - this is 
conservative (less grass = more runoff). 

The east and west side slopes are both 2905 feet wide, measured north-south (Figure 9). 
The 2-year, 24-hour rainfall is 2.55 inches (Parsons, 1995a). 

Determine the time for a water drop to flow from the top to the bottom of the final cover slope; 
this is the longest drainage path on the final cover. Evaluate paths o,n both the east and west 
sides. 

Flow Path Segment 

Segment 1 

Segment 2 

Segment 3 
I Flow I Shallow Conc. I Shallow Conc. I 

Note: Due to the compound grade of the final cover, the path a drop of water follows will be 
slightly longer and steeper than that for the cross section perpendicular to the slope, shown in 
Figure 3 and outlined in the above table. However, the length and grade difference between the 
true flow path and the path perpendicular to the slope is negligible. 

With this geometry, use the program TR-55 (SCS, 1986a) to determine the peak flow off the east 
and west side slopes of the final cover. Use both the tabular hydrograph and graphical peak 
discharge methods. Use the 2000-year, 24-hour storm: 13 inch rainfall (Parsons, 1995c), 
Type I1 distribution (SCS, 1986a). The TR-55 results are summarized in the following table, 
and the computer program output is shown at the end of these calculations. 
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Peak Flow (per unit width), q 

Tabular I Graphical 
East 
West 

544 cfs 502 cfs 0.19 cfs/ft 0.175 cfs/ft 
624 cfs 576 cfs 0.22 cfs/ft 0.20 cfs/ft 

As can be seen, the peak flow per unit width (9) is higher for the west slope than the east slope, 
and higher for the tabular method than the graphical method. Therefore, if the allowable tractive 
force is not exceeded on the west slope, it will not be exceeded on the east slope. 

NOTE: Back-calculating an equivalent rainfall intensity from the peak flow above: 
q = 0.22 cfs/ft = ciA = 1.0 x i x 460 ft i = 20.7 in/hr / 

STEP 3: 
Find vegetal coefficients CI and Cf. 

Values for CI and Cf are given in USDOE (1989)for “good uniform” stands of grass, and 
are recommended to be reduced by 20 percent for “fair uniform” stands of grass. The coefficient 
values are grouped by “vegetal retardance class”, and correspond to the curves in Figure 5. 
These are shown below. See collection and verification of data for more information. 

Retardance 
Grass Cover 

Buffalo grass 
Kentucky bluegrass 

Grass-legume mixture 
Weeping lovegrass 
Bermuda grass, 6-in high 
Yellow Bluestem 
Alfalfa 
Lespedeza sericea, 2-in high 

C 

D 

a 
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STEP 4: 
Determine Manning’s “n” for soil roughness (n,). 

Assume all soil types are fined-grained (d75 > 1.27mm). Therefore, n, = 0.0 156 
(USDOE, 1989) 

STEP 5: 
Determine the Manning’s computed flow resistance coefficient (n,). 

0.Ol329Cl (In RV)2-0.09543CI (In RV)+0.2971 CI -4.16 / Use the equation from USDOE (1989): n, = e  
Where: RV = hydraulic radius x velocity - q = 0.22 cfs/ft 

CI = vegetal coefficient (Step 3 )  , 

This equation was fitted to the curves in Figure 5, but can predict a much higher n, for low flows 
than would be interpreted from Figure 5. Because of this, and that a higher n, will result in lower 
tractive force acting on the soil, use the smaller of 

n, calculated with the above equation 
n, interpreted from Figure 5. 

Results are as follows (RV = 0.22 cfs/ft): 
Grass Cover 

Retardance 

Good 0.575 
Fair 0.279 

Good 5.60 0.219 

I 1 Fair .I 44: I 0.129 
Good 0.127 

nr (or nv’) 

Max. from -r Figure 5 To Use 

0.3 1’ 0.310 
0.250 

Fair 0.083 
Good 0.06 1 
Fair 2.30 0.046 

‘Interpreted from Figure 4 
2Calculated by: n,(fair, class i) = [n,(good, class i) + n,(good, class i-I)] / 2 

0.078 
0.058 
0.044 

/ 

STEP 6: 
Compute Manning’s coefficient of resistance on a vegetated slope (n,’). 

n,’ = (n: - 0.01562 + n:)’’2 and n, = 0.0156, so n,’ = nr (USDOE, 1989) / 

Values of n,’ are shown in Step 5. 
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1.486 y 
q = V D = [ T D  S . ] D  D =  

STEP 7: 
Compute the flow depth down the vegetated slope. 
Use Manning’s Equation and continuity: 

f 

4 
1.486 1/2 

S 

\x 

\ 11,’ I 
Where: V = velocity 

D = flow depth 
S = Slope 

/ 

The worst case will be on the bottom (6H: 1V) slope, since it is the steepest and receives the flow 
from the slopes above. Therefore, S = 1/6 = 0.17 The results are shown in the table in Step 9. 

STEP 8: 
Determine the coefficient of vegetal resistance, K,. 

2 

(USDOE, 1989) 

The results are shown in the table in Step 9. 

/ 

STEP 9: 
Determine the “effective actual” tractive shear stress, ze. 

Z, = K, z0 = K, (yDS) (USDOE, 1989) (y = unit weight of water = 62.4 pcf) / 

Results: 

I 
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STEP 10: 
Compare Te to Ta. 

If, T~ > za, OK, gullies will not form during the 2000-year, 24-hour storm 
If, Te e za, No Good, gullies will form during the 2000-year, 24-hour storm 
Results are shown in table below: 
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COMBINE RESULTS OF MUSLE AND RESULTS OF TRACTIVE FORCE METHOD: 

~ Grass i h e r  1 
Retardance oE6 

Class Quality re ( p s ~  

A Good 8.20E-05 
Fair 8.18E-04 

Fair 2.91E-03 

Fair 1.10E-02 

B Good 4.78E-04 

OK 
C Good 3.36E-03 

Results o f  Tractive Force Method: 

GM a CL GC 

OK 
OK 
OK 
OK 
OK 
OK 

D Good 1.40E-02 OK I Fair I 2.97E-02 11 No Good 

OK OK 
OK OK 
OK OK 
OK OK 
OK OK 
OK OK 

E 

SM 

Good 3.79E-02 NO Good 
Fair 6.57E-02 No Good 

0.017 

OK 
OK 
OK 
OK 
OK 
OK 
OK 

No Good 
No Good 
No Good 

0.027 I 0.029 I 0.068 

No?Eod 1 No?Eod 1 E 
No Good No Good 
NoGood NoGood 

From the MUSLE, a dense, uniform grass cover (covering at least 80 or 95 percent of the ground 
depending on the topsoil type) is needed to adequately resist sheet and rill erosion. From the Tractive 
Force Method, a good or fair uniform stand of grass (of at least vegetal retardance class C or E, 
depending on the topsoil type) is needed to adequately resist gully formation. 

e c-w that a s t r o n g . e  grass cover IS nec- 
or 
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RUNOFF CURVE NUMBER COMPUTATION Version 2. . O O  

: Fernald OSDF k c % c C  --OS-'L User: DWW Date: 10-14-95 

: Flow off West Side of Final Cover - Tabular Method 
State: Checked : Date: 

Subarea : Areal 
- - - _ _ _ - - - - - - - -  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - -  

Hydrologic Soil Group 
COVER DESCRIPTION A B C D 

Acres (CN) 
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
FULLY DEVELOPED URBAN AREAS (Veg Estab.) 
Impervious Areas 

- - Paved parking lots, roofs, driveways - 31 ( 9 8 )  

Total Area- (by Hydrologic Soil Group) 

i 



w 5 a  
. TIME OF CONCENTRATION AND TRAVEL TIME Version 2.00 

f&B i - r / f .  
Date: 10-14-95 

3 3 2  
Project : Fernald OSDF 37m-cs * User: DWW 

State: Checked: . Date: L-’z,,i Flow off West Side of Final Cover - Tabular Method 

- - -  Sheet Flow Surface Codes - - -  
A Smooth Surface F Grass, Dense - - -  Shallow Concentrated - - -  
B Fallow (No Res. G Grass, Burmuda - - -  Surface Codes 
C Cultivated c 20 % Res. H Woods, Light P Paved 
D Cultivated > 20 % Res. I Woods, Dense U Unpaved 
E Grass-Range, Short J Range, Natural 

- - -  

* - Generated for use by TABULAR method .. 

i 



TABULAR HYDROGRAPH METHOD Version 2.00 

: Fernald OSDF ciEsc,W-Cu32 User: DFW Date: 10-14-95 
:=.>, BL zXrr/fr,, 

1ty : State: Checked : Date: 
Flow off West Side of Final Cover - Tabular Method 

Total watershed area: 0.048 sq mi Rainfall type: I1 Frequency: 100 years 
. . . . . . . . . . . . . . . . . . . . . . . . . .  Subareas - - - - - - - - - - - - - - - - - - - _ _ _ _ _ _ _  
Areal 

Area(sq mi) 0.05* 
Rainfall (in) 13.0 
Curve number 98* 
Runoff (in) 12.76 
Tc (hrs) 0.13* 

(Used) 0.10 
TimeToOutlet 0.00 

Time 
(hr) 

11.0 
11.3 
11.6 
11.9 
12.0- 
12.1 

12.4 
12.5 
12.6 
12.7 
12.8 
13.0 
13.2 
13.4 

13.6 
13.8 
14.0 
14.3 
14.6 

; 15.0 
. 15.5 

16.0 

16.5 
17.0 
17.5 
18.0 

ies 
2E . o  

0.00 
(Used) 0.10 

Total. - - - - - - - - - - - - -  Subarea Contribution to Total Flow (cfs) - - - - - - - - - - - -  
Flow Areal 

15 
21 
33 
206 
400 
624P 
388 
134 

91 
76 
64 
53 
47 
41 
35 
32 

28 
26 
23 
21 
20 
18 
16 
14 

13 
12 
12 
11 
9 
8 
7 
0 

P - .Peak Flow 

15 
21 
33 
206 
400 
624P 
388 
134 

91 
76 
64 
53 
47 
41 
35 
.3 2 

28 
26 
23 
21 
20 
18 
16 
14 

13 
12 
12 
11 
9 
8 
7 
0 

* - value(s) provided from TR-55 system routines 009759 



RUNOFF CURVE NUMBER COMPUTATION 
42/50 

Version 2.00 

Date: 10-16-95 
-3a: 

User: DWW c7zy,tc. -- c . c1 I.>. a Project : Fernald OSDF 

@:::lei Flow off West Side of Final Cover - Graphical Method 
Subarea : areal 

State: Checked : Date: 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
Hydrologic Soil Group 

COVER DESCRIPTION A B C D 
Acres (CN) 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
FULLY DEVELOPED- URBAN AREAS (Veg Estab.) 
Impervious Areas 

- 

. Paved.parking lots, roofs, driveways - - - 3 1  (98) 

Total Area (by Hydrologic Soil Group) 

SUBAREA: areal TOTAL DRAINAGE AREA: 31 Acres WEIGHTED CURVE NUMBER: 98* 

* - Generated for use by GRAPHIC method 



TIME OF CONCENTRATION AND TRAVEL TIME Version 2 .00  

Fernald OSDF 'bE 3c7G-c9:2 User: DWW Date: 10-16-95 
%2 p$z 13Ce7/955 

State: Checked: Date: 
Flow off West Side of Final Cover - Graphical Method 

Flpw Type 2 year Length Slope Surface n Area Wp Velocity Time 
rain (ft) (ft/ft) code (sq/ft) (ft) (ft/sec) (hr) 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0.117 Sheet 2 .55  90 0 . 0 5  E 

Shallow Concent'd 60 0.1 U 0.003 
Shallow Concent'd 310 0.17 U 0 . 0 1 3  

Time of Concentration = 0 . 1 3 *  
----- ----_ 

- - -  Sheet Flow Surface Codes - - -  
Shallow Concentrated - - -  A Smooth Surface F Grass, Dense - - -  

B Fallow (No Res.) G Grass, Burmuda - - -  Surface Codes 
C Cultivated c 20 % Res. H Woods, Light P Paved 
D Cultivated > 20 % Res. I Woods, Dense U Unpaved 
E Grass-Range, Short J Range, Natural 

- - -  

* - Generated for use by GRAPHIC method 

i 



44/50 
GRAPHICAL PEAK DISCHARGE METHOD Versim 2.00 

Project : Fernald OSDF ~ ~ ~ @ c - e c Q + z  User: DWW Date: 10-16-95 

@:::le: Flow off West Side of Final Cover - Graphical Method 

&g& z = T / e  - 2 L L  
State: Checked : Date: 

Data: Drainage Area : 31 * Acres 
Runoff Curve Number : 98 * 
Time of Concentration: 0.13 * Hours 
Pond and Swamp Area : NONE 
Rainfall Type : I1 

Storm Number 

Frequency (yrs) 
. . . . . . . . . . . . . . . . . . . . . .  

24-Hr Rainfall (in) 

Ia/P Ratio 

Used 

Runoff (in) 

Unit Peak Discharge 
- (cfs/acre/in) 

nd and Swamp Factor 
0.0% Ponds Used 

. . . . . . . . . . . . . . . . . . . . . .  
Peak Discharge (cfs) 

1 

100 

13 

0.00 

0.10 

12.76 

1.456 

- - - - - -  

1.00 

- - - - - -  
576 



RUNOFF CURVE NUMBER COMPUTATION -- fzg z2ecr/9.. 
Pro] ect : Fernald OSDF bf.5 %a- User: DWW Date: 10-14-95 :mty iitle: : Flow off East Side of Final Cover - Tabular Method 
Subarea : Areal 

Checked : Date : State: 

Total Area (by Hydrologic Soil Group) 

i 



TIME OF CONCENTRATION AND TRAVEL TIME Version 2.00 

: Fernald OSDF (.&5'L,:Cc-Cg.z User: DWW Date: 10-14-95 
--l&b @?J z=7'9% 

Checked: Date: 1ty : State: 
Flow off East Side of Final Cover - Tabular Method 

Sheet 2.55 90 .05 E 
Shallow Concent'd 60 .1 U 
Shallow Concent'd 255 0.17 U 

A 
B 
c 
D 
E 

- - -  Sheet Flow Surface Codes - - -  
Smooth Surface F Grass, Dense 
Fallow (No Res. ) G Grass, Burmuda 
Cultivated e 20 % Res. H Woods, Light 
Cultivated > 20 % Res. I Woods, Dense 
Grass-Range, Short J Range, Natural 

* - Generated for use by TABULAR method 

Time of Concentration 

0.117 
0 . 0 0 3  
0.011 

0 . 1 3 *  
----- ----- 

- - -  Shallow Concentrated - - -  
Surface Codes 
P Paved 
U Unpaved 

- - -  - - -  

" 

i 



47/50 
Version 2.00 TABULAR HYDROGRAPH METHOD --= zyar/m- 

User: DWW Date: 10-14-95 Fernald OSDF b ~ % ~ G ~ - ~ % - ~  

Checked: Date: State: 
Flow off East Side of Final Cover - Tabular Method 

Area (sq mi) 
Rainfall ( in) 
Curve number 

, Runoff (in) 
Tc (hrs) 

TimeToOutlet 
Ia/P 

(Used) 

(Used) 

Areal 
0.04* 
13.0 
98* 

12.76 
0.13* 
0.10 
0.00 
0.00 
0 . 1 0  

Time 
(hr) 

11.0 
11.3 
11.6 
11.9 
12.0- lir’ 
12.4 
12.5 
12.6 
12.7 
12.8 
13.0 
13.2 
13.4 

13.6 
13.8 
14.0 
14.3 
14.6 
15.0 
15.5 
16.0 

16.5 
17.0 
17.5 
18.0 

26.0 

Total - - - - - - - - - - - - -  Subarea Contribution to Total Flow (cfs) - - - - - - - - - - - -  
Flow Areal 

13 
18 
29 
180 
348 
544P 
338 
117 

79 
66 
56 
46 
41 
36 
31 
27 

25 
23 
20 
18 
‘17 
16 
14 
12 

11 
11 
10 
10 
8 
7 
6 
0 

13 
18 
29 
180 
348 
544P 
338 
117 

79 
66 
56 
46 
41 
36 
31 
27 

25 
23 
20 
18 
17 
16 
14 
12 

11 
11 
1 0  
10 
8 
7 
6 

- 0  

P - Peak Flow * - value ( s )  provided from TR 55 system routines 



RUNOFF CURVE NUMBER COMPUTATION 
q8/50 

Version 2 . 0 0  

: Fernald OSDF c~~%icc'-c8-'i User: DWW Date: 10.-16-95 
1ty : State: Checked : Date: 
_;itle: Flow off East Side of Final Cover - Graphical Method 

Subarea : East 

- - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
FULLY DEVELOPED URBAN AREAS (Veg Estab. 
Impervious Areas 
Paved parking lots, roofs, driveways 27 (98) 

Total Area (by Hydrologic Soil Group) 

* - Generated for use by GRAPHIC method 



TIME OF CONCENTRATION AND TRAVEL TIME 

- 3 2  LL 
: Fernald OSDF bE-3<s-cC-c.8.L User: DWW Date: 10-16-95 

State: Checked : Date: 
Flow off East Side of Final Cover - Graphical Method 

- - -  Sheet Flow Surface Codes - - -  
Shallow Concentrated - - -  A Smooth Surface F Grass, Dense - - -  

- - -  Surface Codes B Fallow (No Res. ) G Grass, Burmuda - - -  

D Cultivated > 20 % Res. I Woods, Dense U Unpaved 
E Grass-Range, Short J Range, Natural . 

. C  Cultivated e 20 % Res. H Woods, Light P Paved 

* - Generated for use by GRAPHIC method 

i 



53/ 9 
Version 2.00 GRAPHICAL PEAK DISCHARGE METHOD 

\ \  axT/5 j - i  -3Ld 
User: DWW Date: 10-16-95 : Fernald OSDF C>E3@ -cg..r 

: State: Checked : Date: 
b,.dtitle: Flow off East Side of Final Cover - Graphical Method 

Data: Drainage Area : 27 * Acres 
Runoff Curve Number : 98 * 
Time of Concentration: 0.13 * Hours 
Pond and Swamp Area : NONE 
Rainfall Type : I1 

Storm Number 

Frequency (yrs) 

24-Hr Rainfall (in) 

Ia/P Ratio 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

Used 

Runoff (in) 

Unit Peak Discharge 
. (cfs/acre/in) 

nd and Swamp Factor 
0.0% Ponds Used 

I 

1 

100 

13 

0.00 

0.10 

12.76 

1.456 

- - - - _ _  

1.00 

- - - - - _  
502 

* - Value(s) provided from TR-55 system routines 

081768 
I 



13.6 Erosion Resistance: OSDF Perimeter 
Drainage Swale 



COMPUTATION COVER SHEET 

SUBJECT OF CALCULATION: EROSION RESISTANCE: OSDF PERIMETER DRAINAGE SWALE 
Computations BY: Signature -- I 4 V& L j L  13 O C T y s  
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Written by: DAVE WARREN Date: 13-Dec-95 Reviewed by: Date:/3-&e-/53r 

Client: FERiiCO Project: ON-SITE DISPOSAL FACILITY Projectmroposal No.: GE3900 Task No.: 08.2 8 
EROS ION RESISTANCE: 

OSDF PERIMETER DRAINAGE SWALE 

EXECUTIVE SUMM4RY 

Provided in this package are the analyses of the resistance of the topsoil in the perimeter drainage 
swale to erosion. The analyses are parametric studies to outline different combinations of topsoil texture 
and grass cover that meet the following criteria: 

Soil loss from the perimeter drainage swale due to sheet and rill erosion no greater than 5 
tons/acre/year 

No formation of gullies from water erosion in the perimeter drainage swale during the 2000- 
year, 24-hour storm. Gullies could quickly erode away the topsoil and vegetative support 
layers in the swale, exposing the underlying biotic barrier. 

Topsoil textures analyzed were as follows: a 

No specific grass cover types were analyzed. The grass covers were defined by percentage of ground 
covered, and by a “vegetal retardance class”. 

RESULTS: 
All the topsoils analyzed will meet the erosion criteria, provided they have an adequate grass 

cover. The grass cover is the critical component for minimizing erosion. To meet the erosion criteria, 
the grass cover must be uniform and generally of sufficient strength to classify in vegetal retardance 
class “B”. One subarea of the swale (A-4) required grass cover of sufficient strength to classify in 
vegetal retardance class “A” with all topsoils except clayey gravel (GC). 

. GE3900-08.2 / 082PSSUM.DOC 
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Z J a C P f  
e 

EROSION RESISTANCE - OSDF PERIMETER DRAINAGE SWALE: 

COLLECTION AND VERIFICATION OF ENGINEERING DATA 

Purpose: The purpose of this document is to identify a range of topsoil and grass cover 
conditions for the OSDF perimeter drainage swale to minimize sheet, rill, and 
gully erosion in accordance with the following criteria: 

0 rate of topsoil loss to sheet and rill erosion no greater. than 5 tons/acre/year 

no excessive soil loss to sheet erosion over the design life of the OSDF (i.e., at 
least 200 years with continued effectiveness for up to 1000 years up to the 
extent practicable and reasonably achievable) 

the 2000-year, 24-hour storm will not cause gullies to form in the perimeter 
swale topsoil 

Scope: The erosion resistance calculations are conducted as a parametric study in which 
the variable components &e topsoil type and grass type and density. A window of 

. various combinations of topsoil and grass conditions required to meet the above 
criteria are identified. 

Two methods are implemented to evaluate erosion resistance: 
1. The Modified Universal Soil Loss Equation (MUSLE); Caltrans (1992) to 

calculate the rate of soil loss due to sheet and rill erosion; and 
2. The Tractive Force Method; Temple (1980) to calculate the potential for 

gullies to form in the topsoil from the 2000-year, 24-hour storm. 

GE3900-08.2 I 082PSCVD.DOC i 
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& V 0 b 4  
Collection and verification of the following data needed for these methods are discussed: 

1. Modified Universal Soil Loss Equation 
0 average annual rainfall energy 

0 

0 

pertinent geometry (profiles and cross-sections) for OSDF perimeter drainage swale 
topsoil textural classification according to USDA Classification System 
grass cover type and density 

I 

2.  Tractive Force Method 
properties for the topsoil 

. classification according to USCS 

. topsoil plasticity index (PI) 

. void ratio 
pertinent geometry (profiles and cross-sections) for OSDF perimeter drainage swale 
rainfall and infiltration for the 2000-year, 24-hour storm 
grass cover type and density 

GE3900-08.2 / 082PSCVD.DOC 
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& tJeut.o5 
COLLECTION AND VERIFICATION OF DATA FOR THE MODIFIED UNIVERSAL SOIL 
LOSS EOUATION (MUSLE): 

1. Average annual rainfall energy. 

The average annual rainfall energy (factor “R’ in the MUSLE) is given in the Ohio SCS 
guidelines for “‘Water Management and Sediment Control for Urbanizing Areas” (1987) as 175 for the 
OSDF area. See Figure 1. 

2. Pertinent geometry (profiles and cross-sections) for study area. 
1 

The pertinent geometry of the OSDF perimeter drainage swale is shown on the design drawings 
for the Fernald OSDF, currently being prepared by GeoSyntec Consultants (1995a). For design, the 
perimeter drainage swale was divided into nine “subareas” (GeoSyntec, 1995b). A uxbd-summary of 
the pertinent OSDF geometry is given below. The swale geometry is shown and summarized in Figure 2 
and Table 1. 

The slope lengths and inclinations of the OSDF perimeter drainage swale are used to determine 
the LS factor in the MUSLE. The equation for LS is shown in the calculations. 

0 Table 1 - Pertinent c (I995b) 

-. 

GE3900-08.2 I 082PSCVD.DOC 
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Figure 1 - Rainfall Energy Factor Map For Ohio. From Ohio SCS (1987) 
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Client: FERMCO Project: ON-SITE DISPOSAL FACILITY ProjectlProposal No.: GE3900 Task No.: 08.2 

Date: -230ct $5 Reviewed by: //& Date: m r / $  

tz/ 13Q*u35 

\, 

I I 

A-2 
A-3 
A-4 

B- 1 
B-2 2.5 
B-3 40 2.5 

Figure 2 -. Typical Cross-Section of OSDF Perimeter Drainage Swale. Modified From GeoSyntec 
( 1  9956) 
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Written by: DAVE WARREN Date: 21-Oct-95 Reviewed by: Date: z 3 a  I'/ffr 

Topsoil Texture 
Silt Loam 
Clay Loam 
Loam 
Sandv Loam 

Client: FERMCO Project: ON-SITE DISPOSAL FACnITY Projectmroposal No.: GE3900 Task No.: 08.2 

Soil Erodability Factor Value 
0.37 
0.32 
0.32 
0.24 

3. Topsoil textural classification according to U.S. Department of Agriculture (USDA) System. 

Percentage of ground covered with grass 
0% 

The topsoil USDA classification is used to determine a soil erodability factor in the MUSLE. 
The soil erodability factors given by the Ohio SCS (1987) for different USDA soil textures are shown in 
Table 2. All soils shown in Table 2 will be analyzed to determine acceptable topsoil / grass cover 
combinations. 

VM factor (MUSLE)* 
0.45 

Table 2 - Soil Erod 

40% 
.60% 
80% 
95% 

0.10 
0.047 
0.029 
0.01 1 

es From Ohio SCS (1 987) 

LoamvSand I 0.17 I 
Sand I 0.15 I 

On-site materials may be used as topsoil in the OSDF perimeter drainage swale. Extensive 
geotechnical data from Parsons (1995b,c) exists for the soils under the OSDF area and north portion of 
the borrow area. The soils in these areas are glacial till, with the majority classifying as USCS Lean 
Clay (CL). Isolated portions of this soil that do not classify as CL generally classify as USCS Fat Clay 
(CH), Silt (ML), Silty Sand (SM), and Clayey Sand (SC). Some index information for these soils is 
shown in Table 5. 

- 

0 
4. Grass cover type and density. 

The grass cover type and density is used to estimate the vegetative measures, VM, factor in the 
MUSLE. Various values of the VM factor for different grass heights and percentages of ground covered 
by grass-are shown in Figure 3, and summarized in Table 3. 

Table 3 - 

20% 0.20 

GE3900-08.2 I 082PSCVD.DOC 
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Written by: DAVE WARREN Date: 21-Oct-95 Reviewed by: Date: 23 ar/*r 
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COLLECTION AND VERIFICATION OF DATA FOR THE TRACTIVE FORCE METHOD: 

1. Properties for the topsoil. 

USCS Classification 

The topsoil textural classifications were previously discussed in the collection and verification of 
data for the MUSLE. Schroeder et al. (1994) gives corresponding USCS classifications to the USDA 
soil textures listed in Table 3; these are shown in Table 4. 

As mentioned in the collection and verification of data for the MUSLE, extensive geotechnical 
data from Parsons (1995b,c) exists for the soil under the OSDF area and north portion of the borrow 
area. The soil in these areas is glacial till, with the majority classifying as USCS Lean Clay (CL). 
Isolated portions of this soil that do not classify as CL generally classify as USCS Fat Clay (CH), Silt 
(ML), Silty Sand (SM), and Clayey Sand (SC). 

Topsoil plasticity index (PI) 

The topsoil PI will be used to in conjunction with the USCS soil classification to determine the 
allowable tractive force on the soil. PI data for soils in the OSDF and borrow area is shown in Table 5. 

Topsoil void ratio 

The topsoil void ratio will also be used in conjunction with the USCS soil classification to 
determine the allowable tractive force on the soil. The void ratio will be estimated from Schroeder et al. 
(1994), who give values of porosity for different soils based on degree of compaction and USDA 
textural classification (porosity can be converted to void ratio through a simple relation - see the 
calculations for further explanation). Porosity values are shown in Table 4. 

2. Pertinent geometry (swale profiles and cross-sections) for study area. 

See the collection and verification of data for the MUSLE. 

3. Peak flow rates for the 2000-year, 24-hour storm 

Peak flow rates in different subareas of the perimeter drainage swale for the 2000-year, 24-hour 
storm are shown in Table 1, and were determined in the swale design calculations (GeoSyntec, 1995b). 
For information, the rainfall depth from the 2000-year, 24-hour storm is 13 inches (Parsons, 1995a). 
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Table 4 - Porosities and USCS Classifications for Different Topsoil USDA Textures. From Schroeder et 

al., 1994) 

Moderately Compacted 
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Table 5 - Index Properties of Soils in the OSDF Area and Borrow Area. From Parsons ( 1  99.5~). 
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4. Grass cover type and density 

The grass cover type and density is used to estimate two coefficients, Ci and CF, which are used 
in determining the actual tractive force applied at the soil surface - water interface for given flow 
conditions. These coefficients are used in a curve fitting equation to the “vegetal retardance” curves 
shown in Figure 4. The curves in Figure 4 are separated into vegetal retardance classes (A-E). Values of 
CI and CF for average uniform stands of grasses corresponding to each vegetal retardance class are 
shown in Tables 6 and 7, respectively. 

Four predominant soil groups in the OSDF area and borrow areas area identified in USDA 
(1982). They are Fincastle (FdA), Martinsville (McA), Raub (RdA), and Xenia (XfA). Table 8 lists 
recommended grasses for these soil groups. Kentucky bluegrass and tall fescue are listed as 
recommended grasses for all these soil groups. 
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Table 6 - Values of CI for Average Uniform Stands of Grass. From Temple (1980). 
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Table 7 - Values of CF for Average Uniform Stands of Grass. From Temple (1980). I 

Pennisd ble velocity 

Erodon resistant soils Easily eroded soifr 
Cover Slope -. 
factor, ranges, (fa a 0.034 Iblft') (ra 0.020 Ibllt') 

Cover CF percent f tl, f t l r  

..... 0.9 t Be nn udagrass 

Buf falograss 
Kentucky bluegrass 
Smooth brome 
Blue grama 

Grass mixture 

..... 0.87 

..... 0.75 
1 
t 

0-5 
5-1 0 

over 10 

0-5 
5-1 0 

over 10 

0-5 s 
5-10 

..... 0.5 0-5 9 

..... 0.5 0 - 5 t  
I 

Lespedeza sericea 
Weeping love grass 
Yellow bluestem 
Kudzu 
Alfalfa 
Cra bgrarr 
Common lespedeza11 
Sudan graull t 

5 
4 

3.5 

3.5 

2.5 

2.5 

~~~~ ~ ~~~~ ~~ ~ ~~ ~ ~ ~- 

Reproduced from USDA. SCS (1954) with CF and ra values added. Footnotes are as they appear 

t U s e  velocities exceeding 5 f t ls  only where good covers and proper mdntenance can be 

$Do not  use on slopes steeper than 10 percent except for side slopes in a combination channel. 
$ D o  not use on slopes steeper than 5 percent except for side slopes in a combination channel. 
IIAnnuals-used on mild dopes or as temporary protection until permanent covers are ertabllrhed. 
#Use on slopes steeper than 5 percent Is not recommended. 

on the original. 

obtained. 

001785 



GEOSYNTEC CONSULTANTS Page \b of Y8 

Date: z 3 ~ ~ @ ~  
3 

Written by: DAVE WARREN 

Client: FERMCO Project: ON-SITE DISPOSAL FACILITY Projectlproposal No.: GE3900 

Date: s3°cT% Reviewed by: f#b 
Task No.: 08.2 

/%. t30ut4j  
Table 8 - Recommended Grasses for Planting in Soil Series in Hamilton County, Ohio. From USDA 

(I 982) 

I I 
I I S o i l  name and  V i n e s  and S h r u b s  

map symbol  I ground  c o v e r  I 

I I 
EeB, E e C ,  EeV: ; C o t o n e a s t e r ,  E n g l i s h  ;Amur p r i v e t ,  r e d o s i e r  

I c r e e p e r ,  j u n i p e r .  I yew, T a t a r i a n  honey-  
I I s u c k l e .  

I 

I 
I 

Eden-----------------: i v y ,  m y r t l e ,  winter I dogwood, J a p a n e s e  

I I 
I I I 

I I 

Urban l a n d .  I I 

Eldean  I Ha l l  h o n e y s u c k l e ,  I j u n i p e r ,  s e r v i c e -  

I I 

EpA, EpB2, EpC2-------ICreeping s p e e d w e l l ,  I L e a t h e r l e d f  v i b u r n u m ,  

I j u n i p e r ,  moss p i n k ,  I b e r r y .  
I p l a n t a i n  l i l y .  I 
I I 

I 

ErA, ErB.: I 

Eldean---------------;Creeping s p e e d w e l l ,  
I Hall h o n e y s u c k l e ,  
I j u n i p e r ,  moss p i n k ,  
I p l a n t a i n  l i l y .  
I 

Urban l a n d .  I 

FdA--------------- - - - IBugleweed,  g o u t w e e d ,  
F i n c a s t l e  I l i l y  t u r f ,  p l a n t a i n  

I l i l y ,  y e l l o w  r o o t ,  
I s w e e t  w o o d r u f f .  

Fincast le------- - -  - I  Bug leweed ,  g o u t w e e d ,  
I l i l y  t u r f ,  2 l a n t a i n  
I l i l y ,  y e l l o w  r o o t ,  
: sweet w o o d r u f f .  
4 

Urban l a n d .  6 

L e a t h e r l e a f  v i b u r n u m ,  
j u n i p e r ,  s e r v i c e -  
b e r r y .  

Arrowwood, b o t t l e -  
b r u s h  b u c k e y e ,  r e d  
c h o k e c h e r r y ,  Amur 
p r i v e t ,  r e d o s i e r  
dogwood. 

Arrowwood, b o t t l e -  
b r u s h  b u c k e y e ,  r e d  
c h o k e c h e r r y ,  Amur 
p r i v e t ,  r e d o s i e r  
dogwood. 

I 

FoA, FoB2-------------:Creeping s p e e d w e l l ,  : L e a t h e r l e a f  v i b u r n u m ,  
Fox I H a l l  h o n e y s u c k l e ,  I j u n i p e r ,  s e r v i c e -  

I j u n i p e r ,  moss p i n k ,  I b e r r y .  
I p l a n t a i n  l i l y .  I 

I I 
I I 

FpA.: I I 

Fox------------------ICreeping s p e e d w e l l ,  ! L e a t h e r l e a f  v i b u r n u m ,  
H a l l  h o n e y s u c k l e ,  I j u n i p e r ,  s e r v i c e -  

Urban l a n d .  

j u n i p e r ,  moss p i n k ,  I b e r r y .  
p l a n t a i n  l i l y .  I 

I 
I I 

I 

I 

L i l  yo f t h ev  a 11 e y  , : B a y b e r r y ,  r e d o s i e r  

I p r i v e t .  

p a c h y s a n d r a ,  m y r t l e , ;  dogwood, n a n n y b e r r y  
p l a n t a i n  l i l y .  I v iburnum,  Amur 

I 

t 

I 

L i l y o f t h e v a l l e y ,  : B a y b e r r y ,  r e d o s i e r  
p a c h y s a n d r a ,  m y r t l e , :  dogwood, n a n n y b e r r y  
p l a n t a i n  I l l y .  I viburnum, Amur 

I. p r i v e t .  
I I 
I 

! 

T r e e s  I G r a s s e s  and  
I l e g u m e s  

I 

Eastern r e d c e d a r ,  :Red f e s c u e ,  
Norway m a p l e ,  I K e n t u c k y  b l u e -  __ 
t h o r n l e s s  honey-  g r a s s ,  c r o w n v e t c h ,  
l o c u s t ,  r a d i a n t  I t a l l  f e s c u e .  
c r a b a p p l e ,  y e l l o w -  I 
p o p l a r ,  S c o t c h  p i n e .  I 

1 

I 

I 

Black  w a l n u t ,  e a s t e r n I r a 1 1  f e s c u e ,  r e d  
w h i t e  p i n e ,  r e d  I f e s c u e ,  K e n t u c k y -  - - 
p i n e ,  t h o r n l e s s  I b l u e g r a s s ,  
h o n e y l o c u s t ,  w h i t e  I c r o w n v e t c h .  
o a k ,  y e l l o w - p o p l a r  . I 

0 

I 

Black  w a l n u t ,  : T a l l  f e s c u e ,  r e d  
e a s t e r n  w h i t e  p i n e ,  I f e s c u e ,  Ken tucky  
r e d  p i n e .  t h o r n l e s s  I b l u e g r a s s ,  
h o n e y l o c u s t ,  ye l low- I  c r o w n v e t c h .  
p o p l a r ,  w h i t e  o a k .  I 

Sweetgum, ye l low-  
p o p l a r ,  w h i t e  a s h ,  
r e d  m a p l e ,  swamp 
w h i t e  o a k ,  London 
p l a n e  t r e e .  

Sweetgum, y e l l o w -  
p o p l a r ,  w h i t e  a s h ,  
r e d  m a p l e ,  swamp 
w h i t e  o a k ,  London 
D l a n e  t r e e .  ~ 

E a s t e r n  w h i t e  p i n e ,  
r e d  p i n e ,  t h o r n l e s s  
h o n e y l o c u s t ,  w h i t e  
o a k ,  y e l l o w - p o p l a r ,  
w h i t e  a s h .  

E a s t e r n  w h i t e  p i n e ,  
r e d  p i n e ,  t h o r n l e s s  
h o n e y l o c u s t ,  w h i t e  
o a k ,  y e l l o w - p o p l a r  , 
w h i t e  a s h .  

E a s t e r n  c o t t o n w o o d ,  
l o c u s t ,  Norway 

m a p l e .  

E a s t e r n  c o t t o n w o o d ,  
l o c u s t .  

Red f e s c u e ,  
K e n t u c k y  b l u e g r a s s ,  
c r o w n v e t c h ,  t a l l  
f e s c u e .  

Red f e s c u e ,  
Ken tucky  b l u e g r a s s ,  
c r o w n v e t c h ,  t a l l  
f e s c u e .  

Red f e s c u e .  
Ken tucky  b l u e g r a s s ,  : 
t a l l  f e s c u e .  

Red f e s c u e ,  
K e n t u c k y  b l u e g r a s s ,  
t a l l  f e s c u e .  
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Table 8 - Continued 
I . _  I I 
I I I I 
I I I 

I I 

I I I I 
I I I I 

I I 
I I 

I I I I 
I 

I I I Trees I Grasses and 
I I legumes 

Soil name and Vines and S h r u b s  
m a p  symbol I ground cover 

: 

; juniper, Hall honey-, I Kentucky blue- 
I suckle, creeping I 
I speedwell. 

I 

HeF-------------------IPlantain lily, !Juniper--------------!Thornless honeylocustlRed fescue, 
I 

I 
I I grass, crownvetch, 

Hennepin 
I I 

I I I I 
I I 

I I I tall fescue. 

HoA-------------------IGoutweed, bugleweed, IArrouwood, red :Sweetgum, yellow- ;Kentucky bluegrass, 
I redtop, t a l l  fescue. 
I -- - ._ - 

Henshaw I European wild I chokecherry, : poplar, eastern 
: ginger, sweet I redosier dogwood, I cottonwood, red I 

I woodruff, yellow I Amur privet. I maple, silver maple,; 
I : root. I I white ash. I 

I I I 1 
I 1 I I 

Hu---------- - - - - - - - - - - tForsythia :Bayberry, dogwood, ;Norway maple, :Tall fescue, 
Huntington I lilyofthevalley, I nannyberry viburnum,: thornless honey- I red fescue, 

I myrtle, pachysandra,: I Amur privet. 
I plantain lily. I walnut, yellow- 

I locust, black I Kentucky blue- 

I poplar. 

1 American sycamore, I Kentucky bluegrass, 

I grass, crownvetch. 
I I I 

I I I I 
I I 

I 

Ju--------------------IPlantain lily, ;Juniper, nannyberry IHoneylocust, ;Red fescue, 
I juniper, Hall honey-; I viburnum. 
I suckle. I I eastern cottonwood, I tall fescue. 

Jules 
1 0 

I I d I 
1 I I 

I I I Washington hawthorn.: 

Lg--------------------IHall honeysuckle, :Juniper, nannyberry IHoneylocust, AmericanIRed fescue, 
I juniper, plantain I viburnum. I sycamore, eastern I Kentucky bluegrass, 

I I 
I 

I I 
I I 
I I 

I tall fescue. I cottonwood. 
Lanier 

: lily. 

HaB, HaC2, HaD2, MaEZ-:European wild ginger,lRed chokecherry, Amur 
Markland I sweet woodruff, I privet, redosier 

: lilyofthevalley, I dogwood, mockorange. 
I myrtle, creeping I 
I thyme. ' I 

I 

McA, McB----------- thyme, Hall :Forsythia, leather- 
Hartinsville honeysuckle, I l e a f  viburnum, 

I juniper, moss pink, I serviceberry, 
I plantain lily. I Japanese yew. 
I I 
I I 
I I 

I ! . I  

Washington .hawthorn. I 
! 

Eastern white pine, :Tall fescue, red 
red pine, white oak,: fescue, Kentucky 
yellow-poplar. I bluegrass, 

I crownvetch. 
! 

Eastern white pine, 

locust, red pine, 
thornless honey- 

white oak, 
yellow-poplar , black I 
walnut. 

Kentucky bluegrass, 

1 

MnC2------------------IForsythia, ; A m u r  privet, :Radiant crabapple, :Red fescue, 
Miamian I lilyofthevalley, I redosier dogwood, I Norway maple, I Kentucky bluegrass, 

I myrtle, pachysandra, I Japanese yew, I thornless honey- I crownvetch, 

I I I poplar, eastern 
I plantain lily. 

I I white pine. I 

I nannyberry viburnum.: locust, yellow- I tall fescue. 
I I I 

I I 0 

I I I I 
I I 

I I I I 
I I I HoD2, M o E P :  

Miamian--------------:Forsythia, :Amur privet, redosier:Radiant crabapple, ;Red fescue, 
I lilyofthevalley, I dogwood, Japanese I Norway maple, I Kentucky bluegrass, 
: myrtle, pachysandra,; yew, nannyberry I thornless honey- I crownvetch, tall 
I plantain lily. ; viburnum. I locust, yellow- I fescue. 

I I poplar, eastern I 

I ' I  I white pine. I 

I I 

I I I 

- . . ... - 

I I I I 
I I I 

Hennepin-------- - - - - - - (Plantain lily, ;Juniper--------------;Thornless honeysucklelffed fescue, 
I juniper, Hall honey-: I I Kentucky bluegrass, 
I suckle, creeping I 
I speedwell. 

I I crownvetch, 

I 
I I 
I I tall fescue. 

I I I I 
I I 
I I I MuC4 : I 

Miamian--------------:Forsythia, lilyofthe-IAmur privet, redosierlRadiant crabapple, :Red fescue, 
I valley, myrtle, I dogwood, Japanese : Norway maple, I Kentucky bluegrass, 
I pachysandra, I yew, nannyberry I thornless honey- crownvetch, tall 
I plantain lily. : viburnum. ; locust, yellow- 
I I I white pine. , 

I fescue. 
I I I - I I 1 poplar, eastern I 

e- 
I I 
I I 

S e e  footnote a t  end o f  table. 
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Table 8 - Continued 

I I I I Trees I Grasses and 
I I legumes 

Soil name and Vines and Shrubs 
map symbol I ground cover - 

I I I 

nut.: 
Urban land. 

pbB2, PbC2, PbD, PbE--!Creeping speedwell, ;Forsythia, leather- :Eastern white pine, 
parke-----T----------I Hall honeysuckle, ; leaf viburnum, I thornless honey- 

I white oak, yellow- 

I walnut. 

I juniper, moss pink, I serviceberry, I locust, red pine, 
I plantain lily, 
I English ivy. 

! I 4 I 

I I Japanese yew. 
1 I poplar, black 

I 1 I 

1 I 

I 
I I 

1 I 

I I 

:Red fescue, 
I Kentucky bluegrass, 
I crownvetch, tall 
I fescue. 

PCB, PcC': I I I 1 I 1 I 

Parke----------------!Creeping speedwell, IForsytnia, leather- IEastern white pine, ;Red fescue, 
I Kentucky bluegrass, I Hall honeysuckle, I leaf viburnum, I thornless honey- 

I juniper, moss pink, I serviceberry, I locust, red pine, I crownvetch, 
I plantain lily, I I Japanese yew. I white oak, yellow- I tall fescue. 
I English ivy. I poplar, black I I 

1 I I I 
I I 

I 

I I 

t 
I I walnut. 
I I I 
I I 
I I I 
t I 0 I 1 I 

Urban land. 

pfC, PfD, PfE---------;Plantain lily, lily IAmur privet, redosierIEastern white pine, ;Red fescue, 
I Kentucky bluegrass, I turf, yellow root, I dogwood, Japanese I Norway maple, 

I sweet woodruff. I yew. I radiant crabapple, I crownvetch, tall 
Pate 

0 I juniper. 
I I 

1 

I 

I thornless honey- I fescue. 
I locust, yellow- I 

I poplar. 
I I 

I 
I I 

PhD': I I I I , I I I 

Pate-----------------;Plantain lily, lily !Amur privet, redosierlEastern white pine, ;Red fescue, 
I turf, yellow root, I I dogwood, yew. Japanese 1 Norway maple, I Kentucky ?. 
I sweet woodruff, 
I juniper. 

I radiant crabapple, I crownvet. 
I thornless honey- 1 fescue. I 

I 
I I locust. : . P " ? ! i -  I 

Urbar, land. 8 I 
I 

I 
I I 

I 
I : ;:kAar. 0 

I 
I I , I 

I I 

! 

I 

PrA, PrB, PrC2--------ICreeping speedwell, 
Princeton I Hall honeysuckle, 

I juniper, moss pink, 
I plantain lily. 

I 
I I 

Rn--------------------IJuniper, plantain 
Ross I lily. 

I I 

I I 
I 

I 

RpA, RpB2, RpC2-------IPhloxl honeysuckle, 
Ro s smo y ne I lilyofthevalley, 

pachysandra, 
I plantain lily, 
; winter creeper. e - _- 
I 

See footnote at end of table. 

8 I I I 

Red chokecherry, AmurlRed maple, silver (Redtop, reed 
I canarygrass, privet, inkberry, 1 maple, sweetgum, 

mockorange. I swamp white oak, I tall fescue, 
I I Kentucky bluegrass. I t white ash. 

- 1  I 
I 
I . I  

Forsythia, juniper, IEastern white pine, !Kentucky bluegrass, 
nannyberry viburnum,: red pine, white I red fescue, 
serviceberry. I oak, yellow-poplar, I crownvetch, 

I I black walnut. 

ISweetgum, red maple, 
chokecherry, I silver maple, 
redosier dogwood. I poplar. 

I tall fescue. 

Kentucky bluegrass. 

I I 

Arrowwood, red 

Juniper, nannyberry IHoneylocust, 
viburnum. ; black locust, 

I Washington 
I hawthorn, American 
I sycamore. 

Red chokecherry, AmurlEastern white pine, 
I 
I 

privet, mockorange, I red maple, sweetgum, 
inkberry, redosier I silver maple, 
dogwood. I yellow-poplar. 

I 

I I 

;Red fescue, 
I Kentucky bluegrass, 
I tall fescue. 

I 

I Redtop, 
I Kentucky bluegrass, 
I tall fescue, 
I crownvetch. 
I 
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0 

- 

I 
I 

I 

I I 

I I 

6 I I Grasses and 
I legumes 

Trees 
I I 

Soil name and Vines and Shrubs 
map symbol I ground cover I I 

I I 

I 

I I 

I I I 

I I I I 
t I I 

I I 
I I 
I 
1 I 

I I 
I I 

I I 

I I 
I 

UmB, UmC+: I I 1 

Urban land. I 

Martinsville---------;Creeping thyme, Hall !Bayberry, redosier ;Norway maple, Ifall fescue, 
I dogwood, nannyberry ; thornless honey- I red fescue, 
! viburnum. Amur ; locust, black 

I I 
I 

: honeysuckle, 
I Kentucky bluegrass, : juniper, moss pink, 

; plantain lily. 

I 
uo+: I 

I 1 

Urban land. t 1 

Patton---------------: Bugleweed, European 
1 wi-ld ginger, gout- 
: weed, yellow root. 
I 
I 

I I 

I I 

UrB*: 
Urban land. 

.Rossmoyne------------ :Phlox, honeysuckle, 
! lilvofthevalley, 

0 u x + :  

i pachysandra, winter 
I creeper. 

Urban land. 1 

I 

Stonelick------------(Plantain l i l y ,  
; juniper, moss pink, 
I creeping speedwell. 
I I 

I I 

I 

Ya--------------------;Goutweed, bugleweed, 
Wakeland I European 'wild 

I ginger, sweet 
; woodruff. 

. ~~ 

I privet. 
I 

I I 

I l 

I 

I crownvetch. __ . I walnut, yellow- 
I poplar. 
! 

. I  

I 

I 
I I I 
;Red chokecherry, ;Red maple, swamp :Redtop, reed 
I redosier dogwood, I white oak, eastern I canarygrass. 

I winterberry. 
spice bush, common I cottonwood. I 

0 I 
I I 

I I 
I I 
I I 
I I 
I I , I 

I I 

t I 

t I 

, I 

I 

, I 
;Red chokecherry, AmurlEastern white pine, ITall fescue, 
I 2rivet, mockorange, I red maple, sweetgum,; redtop, Kentucky 
I inkberry, redosier ; silver maple. I bluegrass, 
I dogwood. I I crownvetch. 

I 

I 0 I 

: I 
I I 

1 
I I I 

;Leatherleaf viburnum,IEastern white pine, ;Tall fescue, 
I juniper, service- I red pine, white oak,: red fescue, 
I i black walnut. I Kentucky bluegrass, 

I crownvetch. 
I berry. 
I 
1 I 
I 

I I 

I I 

, I I I 

:Red chokecherry, (Red maple, river ;Redtop, red 
I redosier dogwood, I birch, swamp 
I spice bush, common I white oak. 
I winterberry. 

;Leatherleaf viburnum,lEastern white pine, 
I juniper, service- 
; berry. 
! 

I fescue, 
I tall fescue. 

, I 

I I 

I I 

I I I I 

:Tall fescue, 
I red pine, white oak,: red fescue, 
I I .  black walnut. I Kentucky bluegrass, 

f crownvetch. I 

I I I I 

YeA-------------------;Forsythia, lilyofthe-;Leatherleaf viburnum,lEastern white pine, 
; valley, pachysandra.: juniper, service- 

I 

I I I 

;Tall fescue, 
I red pine, white oak,; red fescue, 

I I I black walnut. I Kentucky bluegrass, 
I crownvetch. 

I berry. 

; Kentucky bluegrass, 

I 
Wea 

I I I I I I I 

WhA-------------------;Goutweed, bugleweed, ;Arrowwood, red choke-jsweetgum, poplar, Yhitaker I European wild I cherry, redosier I red maple, I redtop, tall 
I ginger, . I dogwood, Amur I swamp white oak, I fescue. 
! sweet woodruff, I privet, spice bush. I London plane tree. I . - .~ 

I lily turf, yeliow ; I I 
I I 

I I 

i 
I 

XfA, XfB2----------- (Forsythia, lilyofthe-lforsythia, juniper, ;Eastern white pine, 
I nannyberry viburnum,; red pine, white oak, 

I 

I 

Xenia valley, myrtle, 
pachysandra, winter serviceberry. I yellow-poplar. 

. I  I 
I 

I creeper. 
I 

See description of the map unit for composition and behavior characteristics o f  the map unit. 

1 
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EROSION RESISTANCE - OSDF PERIMETER DRAINAGE SWALE 

CALCULATIONS 

Purpose: The purpose of these calculations is to determine combinations of topsoil and 
vegetative cover that will provide required erosion resistance in the On-Site 
Disposal Facility Perimeter Drainage Swale. 

ScoDe: Parametric study of v’arious topsoil types and vegetation ‘types to calculate various 
volumes of sediment eroded from the topsoil lining the OSDF perimeter drainage 
swale in sheet and rill erosion. The Modified Universal Soil Loss Equation 
(MUSLE) (Caltrans, 1992) is the method used. The MUSLE is different from the 
Universal Soil Loss Equation (USLE); in that it is used to calculate soil loss from 
non-agricultural lands. 

Parametric study of various topsoil types and vegetation types to calculate the 
potential for gullies to form in the OSDF perimeter drainage swale from the 2000- 
year, 24-hour design storm using the “Tractive Force Method”. This method was 
developed by Temple (1980) for swales, and modified for slopes in USDOE 
(1989). 

Desipn: The following requirements govern the selection of topsoil and vegetative cover: 
1. Rate of soil loss due to sheet and rill erosion no greater than 5 tons/acre/year 

[Ohio Administrative Code, 3745-27-08 (C)( 15)(f)] 
2. No formation of gullies from erosion during the 200O-yeary 24-hour storm 

(USDOE, 1989). 

GE3900-08.2 I 082PSCAL.DOC 
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PRELIMINARY DISCUSSION- 

Sheet erosion, rill erosion, and gully erosion are discussed in Maidment (1992) and USDOE (1989). 
Sheet erosion will occur as a result of raindrops impacting soil. Concentrated sheet flow (shallow 
concentrated flow) over the soil can cause rills, or very small gullies, to form (rill erosion). Sheet and 
rill erosion will occur to some degree in all topsoil - vegetative cover combinations, regardless of the 
erosive resistance. If shallow concentrated flow is strong enough to exceed the allowable tractive force 
of the topsoil and vegetation, gullies will form (gully erosion). Gully erosion can quickly wear away the 
topsoil and vegetative support layers in the OSDF final cover and perimeter drainage swale, exposing the 
biotic barrier. As shown below, if the soil loss to sheet and rill erosion is kept below 5 tons/acre/year, 
the biotic barrier will not be exposed by sheet and rill erosion within, 980 years. 

The calculations will proceed in the following sequence: 

1. Estimate the rate of topsoil loss to sheet and rill erosion from the perimeter drainage swale for 
different topsoil and vegetative cover combinations using the MUSLE. 

2. Evaluate the potential for gully erosion on different sections of the perimeter drainage swale for 
different topsoil and vegetative cover combinations using the tractive force method. 

Outline topsoil - vegetative cover combinations that are found satisfactory in both steps 1 and 2. 3. 

Note - Time to Expose Biotic Barrier: 
The topsoil and vegetative support layer in the perimeter drainage swale are 6 in and 21 in thick, 
respectively, totaling 27 in (2.25 ft). Assuming the unit weight of the soil in these layers is 100 lbs/ft3: 

/ 
Topsoil and vegetative support layer - weight per unit area = 100 lb/ft3 x 2.25 ft = 225 lb/ft2 

Soil loss rate = (5 tons/acre/year) x (2000 lb/ton) / (43,560 ft2/acre)-= 0.23 lb/ft2/year 

(225 .1b/ft2) / (0.23 lb/ft’/year) = 980 years 

GE3900-08.2 I 082PSCAL.DOC 
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SECTION 1 - 
ESTIMATE RATE OF TOPSOIL LOSS FROM THE OSDF PERIMETER DRAINAGE 
SWALE DUE TO SHEET AND RILL EROSION, FOR DIFFERENT COMBINATIONS 

OF TOPSOIL AND GRASS COVER 

0.467 
0.39 1 
0.355 
0.368 

Method: The Modified Universal Soil Loss Equation (MUSLE) is (Caltrans, 1992): 
A = R x K x LS x V M  

B- 1 
B-2 
B-3 
B -4 

STEP 1: 
Find rainfall erosivity factor, R. 

R = 175 (see collection and verification of data) 

. STEP2: 
Find combined field length and slope factor, LS. 

Ls = [ 650 + 450s + 65S2 
Use the equation for LS from Caltrans (1992): 

10000 + s2 

e- 

Where: L = Slope length 
S = Slope grade (%) 

m = 
(0.3 for slope grades of 0 to 0.5% 
{ 0.5 for slope grades of 0.51 to 10% 
(0.6 for slope grades > 10% 

Pertinent perimeter swale geometry is shown in Figure 2 and Table 1. Compare LS for flow paths along 
east and west swale and LS for sides of swale (sides of maximum swale cross-section). Use the larger 
LS . 

A. LS for paths along swale (see Table 1 for swale geometry). 

I 
0.75% 
0.75% 
0.50% 
1.28% 

0.752%" 

0.5 
' 0.5 

0.5 
0.5 

0.5 

.I *weighted average 

GE3900-08.2 I 082PSCAL.DOC 

Length 
(ft) 
594 
234 
1282 
1012 +I-= 0.786 TOTAL 4322 

I 
0.75% 
0.75% 

LS 

0.333 
0.197 
0.430 
0.382 
0.362 
w 
03% - 
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Bottom 
Middle 

Top 
TOTAL 

Client: FERMCO Project: ON-SITE DISPOSAL FACILITY ProjectlProposal No.: GE3900 Task No.: 08.2 

B. LS for swale sides at maximum cross - section(see Figure 2 for swale geometry). 

Length (ft) Slope m LS 
14.03 6.25% 0.5 0.223 
7.05 12.5% 0.6 0.399 
7.22 25% 0.6 1.237 
4269 0.752%* 0.5 0.929 

C. FindLS 
LS = maximum LS calculated above (for individual and combined slopes) = 1.237 

STEP 3: 

than 5 tons/acre/year or less of soil being eroded away. 
Find required combinations of soil texture and percentage of grass cover that result in no greater 

Soil Texture: 
Grass Cover Consistency: 

Determines the “Soil erodability factor”: K 
Vegetative measures factor, VM; 

Sources of values for the coefficients K and VM are discussed in the collection and verification of data. 

Values of Soil Lost to Erosion in Tons/Acre/Year For Different SoilNegetation Combinations As 

The highlighted values in the previous table show acceptable topsoil texture and grass cover 
combinations (i.e., yielding a soil loss rate to sheet and rill erosion no greater than 5 tons/acre/year). As 
calculated by the MUSLE, a grass ground cover of at least 60 percent will result in no more than 5 
tons/acre/year of soil loss, for a topsoil with at least the erosion resistance of silt loam. 

GE3900-08.2 I 082PSCAL.DOC 001793 
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Local soils identified in the soil survey of Hamilton County, Ohio generally have silt loam topsoil, with 
subsoils ranging from sandy loam to clay loam (USDA, 1982). Kentucky bluegrass [identified as having 
very good erosion resistance in USDOE (1989)] and tall fescue are recommended grasses for all local 
soils and for most all soil series in Hamilton County (USDA, 1982). See the collection and verification 
of data for more information. 

One point about topsoil: Caldwell and Reith (1993, p.94-95) recommend “clump grass in vegetated 
gravelly soil” as the vegetated cover “erosion barrier with the most significant advantages. No K factor 
values were given for gravelly soil in the MUSLE reference used, but Caldwell and Reith, and the trend 
in the erosion rate solutions indicate that the erosion resistance of gravelly soil will be greater than sand. 
Gravelly soil may not be needed to achieve acceptable soil loss rates to sheet and rill erosion, but may be 
necessary to help prevent the formation of gullies from the 2000-year, 24-hour storm, analyzed in the 
next section. 
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SECTION 2 - 
EVALUATE THE POTENTIAL FOR GULLIES TO FORM IN THE TOPSOIL OF THE 
OSDF PERIMETER DRAINAGE SWALE FROM THE 2000-YEAR, 24-HOUR STORM 

USCS Soil Classification 
ML,OL,SM 
GM,CL,SC 

CH 
GC 

Method: Use the “Tractive Force Method”, (Temple, 1980). 

Resistance to Gully Formation 

Low 
Moderate 

High 
Very High 

STEP 1: 
Find allowable tractive force for bare topsoil, za. 

USDA 
Silt Loam 

Loam 
Clay Loam 

A. Estimate pertinent soil index properties of topsoil. 
1. Background 

The results of Section 1 show that most any texture of topsoil, provided it can support a 
dense grass cover, will yield acceptable soil loss rates to sheet and rill erosion. On-site topsoils 
may be used for the OSDF final cover. Generally, the topsoils on the site are silt loam (ML) 
(USDA, 1982). Generally, the subsoils on the site are mostly CL, with small quantities of CH, 
ML and SM (Parsons, 1995b,c). Furthermore, Caldwell and Reith (1992) indirectly state that 
adding gravel to topsoils can increase the soils’ erosion resistance. 

Evaluate resistance to gully formation for a set of soils that encompases the range of 
classifications outlined in the above paragraph. 

USCS 
ML 
CL 
ML 

USCS soil types correspondini 

Sand SW 

Based on the information in the previous tables, analyze the tractive force for ML, SM, GM, CL, 
and GC. This will encompass the range of different erosion resistances achievable. 

GE3900-08.2 I OS2PSCAL.DOC 
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Figure 5 - Graph for Determining, Tab Cfrom USDOE,1989) 
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USDA 
Silt Loam 
Clay Loam 

Loam 
SandvLoam 

3. Plasticity Index (PI) 

the collection and verification of data for more detailed information. 
PI'S from the site geotechnical data and from the USCS definitions are shown below. See 

Ratio, e 
m 
CL 0.464 0.866 
ML 0.862 
SM 0.453 0.828 

"Number of samples 
The PI to use is a conservative (low) estimate of what the PI will be. From Figure 5, it can be 
seen that a lower PI will yield less allowable stress. 

Sand 
LoamySand* 
Sandy Clay* 

4. Void Ratio (e) 

sw 0.437 0.776 
GM 0.437" 0.776 
GC 0.430" 0.754 

Typical porosities for several loose soils (Le., topsoils), based on USDA textures. These 
are shown in Table 5, and below: 

I LoamvSand I SM 11 0.437 7 0 . 7 7 6 7  

Note that e = - n 
1-n 

I USCS 11 VoidRatio 1 

0.776 
0.866 
0.754 

would most closely correspond to GM and 

GE3900-08.2 / 082PSCAL.DOC 
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B. Estimate allowable tractive force for bare topsoil (7,): 
The tractive force method in USDOE (1989) uses two equations; one for coarse-grained soils and 
one for fine-grained soils. All soils evaluated should be relatively fine-grained because they have 
to support a good grass cover. Note that as interpreted from the.equations in USDOE (1989), 
GM and GC can be considered either coarse-grained or fine-grained soils. The equation in 
USDOE (1989) for fine-grained soils is: 

Tta = C,' (USDOE, 1989) 

RESULTS: 

*Tab assumed to be same as that for soil with PI=10 because Temple (1980) gives 2,=0.02 
"easily erodable soils", which corresponds to z,b for ML and SM at PI=10 on Figure 4. 

psf for 
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STEP 2: 
Calculate the “effective tractive force”, Ze, in each swale subarea, using the method of Temple 
(1980), as outlined below. 
A. Given: Swale geometry -swale subarea length 

-swale maximum width 
-swale maximum depth 
-swale slope, S o  

Maximum flow in swale subarea 
Vegetal parameters CI and CF that correspond to retardance classes “A - E” (see 
Tables 7 and 8) 
Soil resistance coefficient, n, = 0.0156 for fine-grained soils (Temple, 1980) 
Unit weight of water = 62.4 pcf 

B. Guess at a value for Manning’s roughness coefficient, n 

c. Calculate ARhU3 from Manning’s formula: AR,X = Qn 
(1.486)( So )% 

D. Guess at the maximum flow depth in the swale, D 

E. Calculate the corresponding maximum flow width, W; flow area, A; wetted perimeter, WP; a hydraulic radius, Rh; and the value ARhU3 

F. If in “E” matches ARhU3 in “C”, go to “G”; otherwise go to “D” 

G. Calculate the product of the velocity and hydraulic radius, VRh 

H. Calculate the “computed flow resistance coefficient”, n,, using the formula in Temple (1980) 
n =e 0.01329Cz (In VRh )2 -0.09543CI(1n VRh)+0.297 lCz -4.16 

r 

1. If n, in “H” matches n in “B”, go to “J”; othem’ise go to “B” 

J. Calculate the slope of the energy grade line, S 

K. Calculate the “effective tractive force”, Ze, using the formula in Temple (1980): 

The procedure outlined above was performed on each subarea of the perimeter drainage swale, for each 
vegetation retardance class shown in Tables 6 and 7. The calculations for Ze are shown Tables 9 - 17. 
The calculations are further explained in the check of the spreadsheet used to produce Tables 9-17, 
which is shown starting on the page after Table 18. 

. 
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C 
C 
B 
B 
B 

Notes: 
In several swale subareas, for vegetal retardance class A (defined in Tables 6 and 7 ) ,  the 

calculated flow depth was higher than the maximum depth of the swale. The reason for this is that the 
calculated roughness coefficient, n, for a swale with this vegetation is much higher than what is normal 
in grass-lined swales and what n was assumed to be in the swale sizing calculations (GeoSyntec, 1995b). 
In these calculations, it will be assumed that all swale subareas are deep enough to contain the flow (i.e, 
the swale sides will extend up following the same parabola equation as defines the current cross section), 
Doing this leads to the largest (most conservative) estimation of 2,. An example of this is shown in 
Table 18, where a Te value calculatedby (1) using a deeper than actual swale was checked against 2, 
calculated by (2) assuming the flow depth equal to the swale design depth (which yields a larger 
velocity), and Te calculated by (3) using a swale large enough to handle the flow (defined by a different 
parabola equation). As can be seen, the Te value calculated using method 1 is the largest (most 
conservative) of the three. Finally, if it is determined to design the swale with vegetation of retardance 
class A, those subareas that are currently too small to contain the design flow will be enlarged. 

. 

In all but one subarea, the energy grade slope was less than that of the swale bottom. To be 
conservative, the larger of the energy grade slope and the cell bottom slope was used in the equation for 
2,. 

RESULTS: 
The results of the effective tractive force calculations are shown below. The required vegetation 
retardance class is the least vigorous vegetation class for which any of the topsoils analyzed will 
be OK (i.e., allowable tractive force, za, not exceeded by effective actual tractive force, Ze). 

A-2 
A-3 
A-4 

B 
B 

A** 

. : 
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Y 

cf 
Y 
c, 
% 

CALCULATION O F  PERIMETER SWALE EROSION POTENTIAL BY TRACTIVE FORCE METHOD 

SWALE SUBAREA A-1 (EAST SWALE) 

Swale Geometry 
1 Subarea Length (ft) 1508 I508 1508 1508 1508 
2 Swale Width (ft) 40 40 40 40 40 
3 Swale Depth (ft) 2.5 2.5 2.5 2.5 2.5 
4 Swale Slope 0.75% 0.75% 0.75% 0.75% 0.75% 

5 Maximum Flow, Q (cfs) 171 171 171 171 171 

Vegetation Parameters (Table I and 2 from Temple) 
Retardance Class A B C D E 

6 c, 10 7.643 5.601 4.436 2.876 
7 CF 0.9 0.87 0.75 0.5 0.5 

8 Guessat n 0.1076 0.0647 0.0430 0.0343 0.0258 

9 ARD3 142975 85.971 57.137 45.576 34.282 

Flow Parameters 
10 

35.777 33.941 31 799 I 1  Flow width, W, (ft) 
12 
13 
14 
15 

16 
17 

18 
19 
20 

Area, A (ft') 
Wetted Perimeter (ft) 

Hydraulic Radius, R h  (ft) 
ARU3 

Line 9 - Line 15 ? 

RhV (ft2/s) 
n, 

Line 8 - Line 17 ? 

n, 
Y (PCO 

Energy grade slope 

44.181 
89.836 
44.737 

2.008 
142.990 

OK 

3.82 
0.1076 

OK 

0.0156 
62.4 

< 0.75% 

39.273 
63:099 
39.664 

1.591 
85.989 

OK 

4.3 1 
0.0647 

OK 

0.0 156 
62.4 

< 0.75% 

47.703 
36.073 

1.322 
57.47 1 

OK 

4.74 
0.0430 

OK 

0.0 156 
62.4 

< 0.75% 

40.729 
34.194 

1.191 
45.766 

OK 

5.00 
0.0344 

OK 

0.01 56 
62.4 

< 0.75% 

33.495 
32.007 

1.046 
34.525 

OK 

5.34 
0.0258 

OK' 

0.01 56 
62.4 

< 0.75% 

*Flow depth is larger than swale depth - This is OK, it results in a conservative estimate of T~ 
See page before Table 9 for further explanation. 
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CALCULATION OF PERIMETER SWALE EROSION POTENTIAL BY TRACTIVE FORCE METHOD 

SWALE SUBAREA A-2 (EAST SWALE) 

Swale Geometry 
1 Subarea Length (ft) 1056 1056 1056 1056 I056 
2 Swale Width (ft) 50 50 50 50 50 

4 Swale Slope 0.75% 0.75% 0.75% 0.75% 0.75% 

5 Maximum Flow, Q (cfs) 31 I 31 I 31 1 31 I 31 1 

3 Swale Depth (ft) 3 3 3 3 3 

Vegetation Parameters (Table 1 and 2 from Temple) 
Retardance Class . A B C D E 

6 c, IO 7.643 5.601 4.436 2.876 
7 Cc 0.9 0.87 0.75 0.5 0.5 

8 .  Guessat n 0 OS60 0.0554 , 0 0317 0.0245 

9 ARU3 . 207.831 133.882 93.524 76.607 59.208 

Flow Parameters 
IO 
1 1  Flow width, W, (ft) 53.307 48. I32 44.347 42.328 39.896 
12 Area, A (ft’) 121.185 89.204 69.773 60.670 50.801 . 
13 Wetted Perimeter (ft) 53.883 48.557 44.680 42.6 I8 40. I38 
14 Hydraulic Radius, Rh (ft) 2.249 1.837 1.562 1.424 1.266 
15 ARU3 208.024 133.806 93.915 76.778 59.439 

Line 9 - Line 15 ? OK OK OK OK OK 

16 
17 

RhV ( ft2/S) 5.77 6.40 6.96 7.30 7.75 
n, 0.0860 0.0554 0.0387 0.03 17 0.0245 

Line 8 - Line 17 ? OK OK OK OK OK 

18 n, 0.0 I56 0.0 I56 0.0 156 0.0156 0.0 156 
19 Y (PCO 62.4 62.4 62.4 62.4 62.4 
20 Energy grade slope 0.712% 0.708% 0.706% 0.704% 0.702% 

*Flow depth is larger than swale depth - This is OK, it results in  a conservative estimate of ‘5, 

See page before Table 9 for further explanation. 
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21 Z e (PSf) 

Topsoil 2, (PSf) 

ML I .60E-02 
I .70E-02 

CL 2.908-02 
GC ~ n ~ - n 2  

2.70E-02 

CALCULATION OF PERIMETER SWALE EROSION POTENTIAL BY TRACTIVE FORCE METHOD 

4.613-03 1.15E-02 3.773-02 1.01E-01 1.47E-01 

OK OK NoGood NoGood NoGood 
OK OK NoGood NoGood NoGood 

OK OK NoGood NoGood NoGood 
OK OK OK NoGood NoGood 

OK OK NoGood NoGood . NoGood 

Qi 
U 
3 

0, 

v 

SWALE SUBAREA A-3 (EAST SWALE) 

Swale Geometry 
I Subarea Length (ft) 1150 I I50 I I50 1 I50 I I50 
2 Swale Width (ft) 56 56 56 56 56 

4 Swale Slope 0.50% 0.50% 0.50% 0.50% 0.50% 
3 Swale Depth (ft) 3.5 3.5 3.5 3.5 3.5 

5 Maximum Flow, Q (cfs) 395 395 395 395 395 

Vegetation Parameters (Table 1 and 2 from Temple) 
Retardance Class A B C D E 

6 c, IO 7.643 5.601 4.436 2.876 
7 CF 0.9 0.87 0.75 0.5 0.5 

~ ^ ^ ,  

8 Guess at n . 0.0812- I 0.0532 0.03 7 6  0.03 I I 0 0 2 4 2 ,  

9 ARU3 305.246 199.988 141.345 116.91 1 90.972 

Flow Parameters 
IO 
1 1  
12 
13 
14 
15 

16 
17 

18 
19 
20 

Flow width, W, (ft) 
Area, A (ft') 

Wetted Perimeter (ft) 
Hydraulic Radius, Rh (ft) 

ARU3 

Line 9 - Line 15 ? 

RhV (ft2/s) 
n1 

Line 8 - Line 17 ? 

n, 

Energy grade slope 
Y (PCO 

59.941 
160.243 
60.649 
2.642 

306.254 

OK 

6.5 1 
0.08 12 

OK 

0.0156 
62.4 

0.449% 

54.294 50.177 
119.085 93.999 
54.821 50.594 
2.172 1.858 

199.739 142.060 

OK OK 

7.21 7.81 
0.0532 0.0376 

OK . OK 

0.0 I56 0.0156 
62.4 62.4 

0.457% 0.464% 

47.987 
82.217 
48.35 1 

1.700 
117.129 

OK 

8.17 
0.03 1 1 

OK 

0.01 56 
62.4 

0.468% 

45.198 
68.701 
45.503 

1.510 
90.4 17 

OK 

8.68 
0.0242 

OK 

0.0156 
62.4 

0.474% 

*Flow depth is larger than swale depth - This is OK, it results in a conservative estimate of re 
See page before Table 9 for further explanation. 
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CALCULATION OF PERIMETER SWALE EROSION POTENTIAL BY TRACTIVE FORCE METHOD 

e 
SWALE SUBAREA A-4 (EAST SWALE) 

Swale Geometry 
+ 
2 1 Subarea Length (ft) 555 555 555 555 555 

3 Swale Depth (ft) 3.5 3.5 3.5 3.5 3.5 3 

3 

3 2 Swale Width (ft) 56 56 56 56 56 9 

4 Swale Slope 1.28% 1.28% I .28% I .28% 1.28% 6 
'v u 
3 5 Maximum Flow, Q (cfs) 455 45 5 455 455 455 w 

.- E: . Vegetation Parameters (Table 1 and 2 from Temple) 
Retardance Class A B C D E 

6 c, IO 7.643 5.601 4 436 2.876 
7 CF 0.9 0.87 0.75 0.5 0.5 

8 
.- 2 8 

4 
2 

4 

I 

2 

9 ARU3 198.106 133.965 96.888 81.191 64.141 

Flow Parameters 
IO 
I 1  Flow width, W, (ft) 54.21 1 49.548 45.887 44.094 41.800 

13 Wetted Perimeter (ft) 54.736 49.950 46.206 44.378 42.04 1 
1.556 1.437 . 1.293 14 Hydraulic Radius, Rh (ft) 2.166 1.812 

15 ARU3 198.430 134.522 96.526 8 1.248 64.478 

12 Area, A (ft') 118.542 90.508 71.889 63.790 54.339 

Line 9 - Line 15 ? OK OK OK OK OK 

16 
17 

RhV (ft2/S) 8.3 1 9.11 9.85 10.25 10.82 
n, 0.0732 0.0495 0.0358 0.0300 0.0237 

Line 8 - Line 17 ? OK OK OK OK OK 

n, 0.0156 0.01 56 0.01 56 0.01 56 0.0156 18 
19 Y (PCO 62.4 62.4 62.4 62.4 62.4 

1.236% 20 Energy grade slope I .387% 1.339% I .300% 1.274% 

Topsoil 

1.60E-02 NoGood NoGood NoGood NoGood 
1.70E-02 No Good NO Good No Good NO Good 
2.708-02 NoGood NoGood NoGood NoGood 
2.908-02 OK NoGood NoGood NoGood NoGood 
6 80E-02 OK OK NoGood NoGood NoGood 

i 
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CALCULATION O F  PERIMETER SWALE EROSION POTENTIAL BY TRACTIVE FORCE METHOD 

Date: L 3  cLm5 Reviewed by: -' 

a 
SWALE SUBAREA B-1 (WEST SWALE) 

Swale Geometry . 

1 Subarea Length (ft) 594 594 594 594 594 
2 Swale Width (ft) 40 40 40 40 40 

4 Swale Slope 1 .OO% 1.0090 1 .OO% 1.00% 1 .OO% 
3 Swale Depth (ft) 2.5 2.5 2.5 2.5 2.5 

5 Maximum Flow, Q (cfs) 46 46 46 46 46 

Vegetation Parameters (Table 1 and 2 from Temple) 
Retardance Class A B C ' D  E 

6 c, IO '7.643 5.601 4.436 2.876 
7 CF 0.9 0.87 0.75 0.5 0.5 

8 ~ u e s s h t  n 0.2615 0.1188 0.0646 0.0468 0.0311 

9 ARU3 80.949 36.775 19.997 14.487 9.627 

Flow Parameters 
IO 
1 1  Flow width, W, (ft) 38 699 32.299 28.057 26 046 23.732 
12 Area, A (ft') 60.370 35.098 23.007 18.406 13.923 
13 Wetted Perimeter (ft) 39.073 32.517 . 28.200 26.161 23.819 
14 Hydraulic Radius, Rh (ft) 1.545 1.079 0.816 0.704 0.585 
15 ARU3 80.684 36.93 1 20.087 14.560 9.733 

Line 9 - Line 15 ? OK OK OK OK NO 

16 
17 

RhV (ft2/S) 1.18 1.41 1.63 1.76 1.93 
n, 0.26 15 0.1 188 0.0646 0.0468 0.03 1 1 

Line 8 - Line 17 ? OK OK OK OK OK 

18 n, 0.01 56 0.0156 0.0 I56 0.0156 0.01 56 
19 Y (PCO 62.4 62.4 62.4 62.4 62.4 
20 Energy grade slope < 1 .OO% < 1 .OO% < 1 .OO% < 1 .OO% < 1 .OO% 

21 

Topsoil 

ML 

CL 
GC 
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CALCULATION OF PERIMETER SWALE EROSION POTENTIAL BY TRACTIVE FORCE METHOD 

SWALE SUBAREA B-2 (WEST SWALE) 

Swale Geometry 
1 Subarea Length (ft) 234 234 234 234 234 
2 Swale Width (ft) 40 40 40 40 40 
3 Swale Depth (ft) 2.5 2.5 2.5 2.5 2.5 
4 Swale Slope 0.88% 0.88% 0.88% 0.88% 0.88% 

5 Maximum Flow, Q (cfs) 70 70 70 70 70 

Vegetation Parameters (Table 1 and 2 from Temple) 
Retardance Class A B C D E 

7 CF 0.9 0.87 0.75 0.5 0.5 
6 c, IO 7.643 5.601 . 4.436 2.876 

- 
8 Guessat n 0.1883 0.095l 0.0556 0.0418 0.0291 

9 ARU3 94.556 47.755 27.920 20.990 14.613 

Flow Parameters 
IO 
1 1  Flow width, W, (ft) 40.160 
12 
13 
14 
15 

16 
17 

18 
19 
20 

Area, A (ft’) 
Wetted Perimeter (ft) 

Hydraulic Radius, Rh (ft) 
ARU3 

Line 9 - Line 15 ? 

RhV (ft2/s) 
nr 

Line 8 - Line 17 ? 

ns 

Energy grade slope 
Y (PCf) 

67.468 
40.577 

1.663 
94.691 

OK 

1.73 
0.1883 

OK 

0.01 56 
62.4 

0.800% 

34.3 16 
42.095 
34.577 

1.217 
47.993 

OK 

2.02 
0.095 1 

OK 

0.01 56 
62.4 

0.783% 

30.252 
28.840 
30.432 
0.948 

27.826 

OK 

2.30 
0.0556 

OK 

0.01 56 
62.4 

0.782% 

28.284 
23.570 
28.43 1 
0.829 

20.80 1 

OK 

. 2.46 
0.0418 

OK 

0.0 156 
62.4 

0.782% 

26. I69 
18.667 
26.285 
0.7 IO 

14.859 

NO 

2.66 
0.029 1 

OK 

0.01 56 
62.4 

0.778% 

21 

Topsoil 

ML 

GC 

*Flow depth is larger than swale depth - This is OK, it results in a conservative estimate of T~ 
See page before Table 9 for further explanation. 
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CALCULATION OF PERIMETER SWALE EROSION POTENTIAL BY TRACTIVE FORCE METHOD 

SWALE SUBAREA B-4 (WEST SWALE) 
P 

2 1 Subarea Length (ft) 1012 1012 1012 1012 1012 

3 Swale Depth (ft) 3 3 3 3 3 s 

Swale Geometry Q 
ct 

3 2 Swale Width (ft) 50 50 50 50 50 -Q 

4 Swale Slope 0.75% 0.75% 0.75% 0.75% 0.75% d 
ct 5 5 Maximum Flow. Q (cfs) 319 319 319 319 319 

@ 
0, w 
3 
E 

v 

Vegetation Parameters (Table 1 and 2 from Temple) 
Retardance Class ' A B C . D  E 

7 CF 0.9 0.87 0.75 0.5 0.5 

-- 
6 c, IO 7.643 5.601 . 4.436 2.876 : 

L 
QJ 
*r 

v 
3 
23 u 

8 Guessat i 0.085 I 0. os50 0.0385 0.0316 0.0245 

9 ARU3 210.946 136.334 95.434 78.330 60.73 1 

Flow Parameters 
IO 
1 1  Flow width, W. (ft) 53.463 48.39 1 44.535 42 525 40. I04 
12 Area, A (ft') 122.253 90.652 70.662 61.519 51.601 
13 Wetted Perimeter (ft) 54.045 48.822 44.872 42.8 18 40.350 
14 Hydraulic Radius, Rh (ft) 2.262 1.857 1.575 1.437 1.279 
15 ARU3 2 10.668 136.946 95.644 78.330 60.794 

Line 9 - Line 15 ? OK OK OK OK OK 

16 RhV (ft2/s) 5.90 6.53 7.1 1 7.45 7.9 1 
17 nr 0.0851 - 0.0550 0.0385 0.03 16 0.0245 

Line 8 - Line 17 ? OK OK OK OK OK 
L, 

18 n, 0.0 156 0.0156 0.0 I56 0 0156 0 0156 
19 Y ( P a  62.4 62.4 62.4 62.4 62.4 
20 Energy grade slope 0.717% 0.714% 0.713% 0.71 1% 0.710% 

$ 
% 
E 
0 

*Flow depth is larger than swale depth - This is OK, i t  results in a conservative estimate of T~ 
See page before Table 9 for further explanation. 

, 
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CALCULATION OF PERIMETER SWALE EROSION POTENTIAL BY TRACTIVE FORCE METHOD 

SWALE SUBAREA B-3 (WEST SWALE) 

21 Z e ( P S f )  

Topsoil Za (PSf) 

ML 1.60E-02 
1.70E-02 
2.708-02 
2.908-02 

G C  6.808-02 

Swale Geometry 
1 Subarea Length (ft) 1282 I282 I282 I282 I282 
2 Swale Width (ft) 40 40 40 40 40 
3 Swale Depth (ft) 2.5 2.5 2.5 2.5 2.5 
4 Swale Slope 0.75% 0.75% 0.75% 0.75% 0.75% 

5 Maximum Flow, Q (cfs) I95 I95 195 195 I95 

3.543-03 9.753-03 3.443-02 9.573-02 1.47E-01 

OK OK NoGood NoGood NoGood 
OK OK No Good No Good No Good 
OK OK No Good No Good No Good 
OK OK NoGood NoGood NoGood 
OK OK OK NoGood NoGood 

Vegetation Parameters (Table I and 2 from Temple) 
Retardance Class A B C . D  E 

6 c, IO 7.643 5.601 4.436 2.876 
7 CF 0.9 0.87 0.75 0.5 0.5 

Guessar n 0. I004 0: 061 7 0.0416 0.0254 

9 ARU’ 152.131 93 491 63.035 50.76 I 38 487 

Flow Parameters 
IO 

44 757 40.080 36.573 34.779 32.594 1 1  Flow width, W, (ft) 
12 Area, A (ft’) 
13 Wetted Perimeter (ft) 
14 Hydraulic Radius, Rh (ft) 
15 ARU3 

16 
17 

Line 9 - Line 15 ? 

Line 8 - Line 17 ? 

18 n, 
19 Y (PCQ 
20 Energy grade slope 

93.393 
45.334 
2.060 

I5 1.208 

OK 

4.30 
0. I004 

OK 

0.01 56 
62.4 

0.698% 

67.067 
40.495 

1.656 
93.881 

OK 

4.82 
0.06 I7 

OK 

0.01 56 
62.4 

0.69 1 % 

50.959 
36.889 

1.381 
63.207 

OK 

5.29 
0.04 16 

OK 

0.01 56 
62.4 

0.688% 

43.822 
35.05 1 

1.250 
50.857 

OK 

5.56 
0.0335 

OK 

0.0156 
62.4 

0.687% 

36.07 I 
32.819 

1.099 
38.417 

OK 

5.94 
0.0254 

OK 

0.0156 
62.4 

0.686% 

*Flow depth is larger than swale depth - This is OK, it results in a conservative estimate of 7, 

See page before Table 9 for further explanation. 
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CALCULATION OF PERIMETER SWALE EROSION POTENTIAL BY TRACTIVE FORCE METHOD 

Pane - of - 

SWALE SUBAREA B-5 (WEST SWALE) 

Swale Geometry 
I Subarea Length (ft) 1200 1200 1200 I200 1200 

3 Swale Depth (ft) 3.5 3.5 3.5 3.5 3.5 
2 Swale Width (ft) 56 56 56 56 56 

4 Swale Slope 0.50% 0.50% 0.50% 0.50% 0.50% 

5 Maximum Flow, Q (cfs) 455 455 455 455 455 

Vegetation Parameters (Table 1 and 2 from Temple) 
Retardance Class A B C D E 

6 c, IO 7.643 5.601 4.436 2.876 
7 CF 0.9 0.87 0.75 0.5 0.5 

8 Guessat n 0,0770 0.0513 0.036 7 0.030s 0.0240’ 

9 ARU3 333 425 222.139 I58 9 I8 132.07 I 103.925 

Flow Parameters 
IO 
11  Flow width, W, (ft) 61.125 55.679 5 1.499 49 367 46.66 1 
12 
13 
14 
15 

16 
17 

18 
19 
20 

Area, A (ft’) 
Wetted Perimeter (ft) 

Hydraulic Radius, Rh (ft) 
ARU3 

Line 9 - Line 15 ? 

RhV (ft’/s) 
nr 

Line 8 - Line 17 ? 

n, 

Energy grade slope 
Y (PCQ 

169.929 
61.876 
2.746 

333.245 

OK 

7.35 
0.0770 

OK 

0.01 56 
62.4 

0.438% 

128.433 
56.247 
2.283 

222.704 

OK 

8.09 
0.05 13 

OK 

0.0156 
62.4 

0.446% 

101.625 
5 1.949 

1.956 
158.957 

OK 

8.76 
0.0367 

OK 

0.01 56 
62.4 

0.452% 

89.519 
49.764 

1.799 
132.409 

OK 

9. I4 
0.0305 

OK 

0.0156 
62.4 

0.456%’ 

75.591 
46.997 

1.608 
103.771 

OK 

9.68 
0.0240 

OK 

0.0 156 
62.4 

0.46 I % 

21 

Topsoil 

ML 

GC 

*Flow depth is larger than swale depth - This is OK, it results in a conservative estimate of te 

See page - for fbrther explanation. 
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CALCULATION OF PERIMETER SWALE EROSION POTENTIAL BY TRACTIVE FORCE METHOD 

COMPARISON OF re CALCULATED BY: 
I - Assuming Swale Sides Extend Up (At Same Parabola Equation As Was Used To 

I1 - Assuming Flow Depth Equals Swale Depth Design Depth (Larger Velocity) 
I11 - Swale Large Enough To Accomodate Flow (Different Parabola Equation) 

Define Design Cross-Section) Until They Equal Flow Depth 

SWALE SUBAREA B-5 (WEST SWALE) 
I I1 I11 

Swale Geometry 
I Subarea Length (ft) 1200 I200 1200 

3 Swale Depth (ft) 3.5 3.5 4.5 
4 Swale Slope 0.50% 0.50% 0.50% 

2 Swale Width (ft) 56 56 72 

5 Maximum Flow, Q (cfs) 455 455 455 

Vegetation Parameters (Table 1 and 2 from Temple) 
Retardance Class A A A 

6 CI IO IO IO 
7 CF 0.9 0.9 0.9 

8 Guessat n 0.0770 I 0.0770 0.0806 

9 ARU3 333.425 333.425 349.014 

Flow Parameters 
IO 
1 1  Flow width, W, (ft) 61.125 56.000 68. I36 
12 Area, A (ft2) 169.929 130.667 183.060 
13 Wetted Perimeter (ft) 61.876 56.578 68.767 
14 Hydraulic Radius, Rh (ft) 2 746 2.309 2.662 
15 ARU3 333.245 228.302 35 1.616 

Line 9 - Line 15 ? OK NO OK 

16 
17 

RhV (ft2/s) 7.35 8.04 6.62 
nr 0.0770 0.0742 0.0806 

Line 8 - Line 17 ? OK NO OK 

18 n, 0.01 56 0.0156 0.01 56 
1.9 Y (PCO 62.4 62.4 62.4 
20 Energy grade slope 0.436% 0.454% 0.404% 

5.343-03 4.833-03 4-703-03 
I1 111 Te(PSf)  I . 21 

*Flow depth is larger than swale depth - This is OK, it results in a conservative estimate of re 
as can be seen in the table above 
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COMBINE RESULTS OF MUSLE AND RESULTS OF TRACTIVE FORCE METHOD: 

Required Vegetal Subarea Required Vegetal 
Retardance Class* Retardance Class* 

Results of MUSLE (<=5.0 is OK): 
h 

B-1 
B-2 
B-3 
B-4 

Vegetation:l Grass 1 Percent Groundcover: 0% I 20% I 40% I 60% I 80% I 95% 

~ 

C 
C 
B 
B 

I 

0.2 0.1 0.047 0.029 0.011 

Silt Loam 0.37 
Clay Loam 0.32 
Loam 0.32 
Sandy Loam 0.24 
Loamy Sand 0.17 
Sand 0.15 

I I I I I I 

A-1 
A-2 
A-3 
A-4 

B 
B 
B 
A 

From the MUSLE, a grass cover of 40% of the ground area, with any topsoil type analyzed, is needed to 
adequately resist sheet and rill erosion. From the Tractive Force Method, a uniform stand of grass, of at 
least vegetal retardance B (with any topsoil analyzed) is-needed to resist gully formation in all but one 
subarea of the perimeter drainage swale (A-4). In subarea A-4, a uniform stand of grass, of vegetal 
retardance class A (with any topsoil analyzed) or €3 (with GC topsoil), is needed to resist gully 
formation. 

GE3900-08.2 I082PSCAL.DOC 
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14. WATER DEMAND 

14.1 Decontamination Water Demand 

14.2 Construction Water Demand 
Estimation 
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(Cognizant Engineer) Date 
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Checked by: 
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Checked by : 
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DECONTAMINATION WATER DEMAND ESTIMATION 

EXECUTIVE SUMMARY 

PURPOSE OF ESTIMATION 

The purpose of this package is to estimate the water demand for the site decontamination facilities. This 

estimation includes water demand at the truck decontamination pad and the showers in construction 

trailer. 

- METHODS OF ESTIMATION 

The Truck Decontamination Pad: The water demand quantity for the decontamination pad was 
a 

calculated. 

The Showers in Construction Trailer: The water demand quantity for the showers in construction trailer 

was calculated. 

CONCLUSIONS 

The Truck Decontamination Pad : 

0 

The Showers ;h Construction Trailer: 

0 

water demand = 52,000 gallodday 

water demand = 2,200 gallodday 

Total Decontamination: 

0 water demand = 54,200 gallons/day .a. 
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CONSTRUCTION WATER DEMAND ESTIMATION 

EXECUTIVE SUMMARY 

PURPOSE OF ESTIMATION 

The purpose of this package is to estimate the water demand for irrigation of final cover vegetation, dust 

control spraying, compacted clay construction, and structural fill construction. 

METHODS OF ESTIMATION 

Irrig;ation: The water demand quantity for irrigation was calculated. 

Dust Control: The water demand quantity for dust control was calculated. 

Compacted Fill: The water demand quantity for compacted clay was calculated. 

Structural Fill: The water demand quantity for structural fill was calculated. 

CONCLUSIONS 

Irrigation: 

0 

Dust Control: 

0 

Compacted Clay: 

0 

Structural Fill: 

0 

water demand = 68,000 gallonslday (8 hours) 

water demand = 85,000 gallons/day (8 hours) 

water demand = 16,200 gallons/day (8 hours) 

water demand = 8 1,000 gallons/day (8 hours) 0 Total Construction: 

,o water demand = 250,200 gallons/day (8 hours) 
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15. VOLUlME CALCULATIONS 

15.1 OSDF Required Volume 
15.2 OSDF Capacity Verification 
15.3 Earthwork Required Volumes 
15.4 Borrow Area Capacity Verification 



: .: 

15.1 OSDF Required Volume 

8 

a 



COMPUTATION COVER SHEET 

SUBJECT OF CALCULATION: OSDF REOUIRED VOLUME 
Computations By: Signature R ,d l j 3 -m c;r .ulce 17 044 f 

i 

(Cognizant Engineer) Date 
Printed Name P u &  % o l ? W a d h  

and Title py;,.,&,d 

Assumptions 
and Procedures Signature (7-  o,+S 
Checked by: /- Date 

(Checker) Printed Name V , d  /& LdC-.! [ I  
and Title A55 * G - A  

Computations Signature .-. I*c+Gr 
1 - 

Date 
Checked by: Printed Name 2d.4 c3 cw< I /  Checked by: 

and Title a 5r*,?-k 

17 Od 4f 
Date 

Computations 
Backchecked by: Signature 

ik (Cognizant Engineer) 
Printed Name p~dolph swap” 

and Title pv;, ci 

l7&.+95 
Date 

11 1 
\pproved by: Signature +??kz%/ 
( P W  

Printed Name x/e*,,f-L W C L  
0 

and Title &ze,!ck 
Approved by: 17 d c k w  

I 

Date (le (DTL and TETL) 
Printed Name Q d d o  /P& 8 mapa 

and Title P4;,, c;p&f 

Record of Revision (Number and initial all revisions) 

95.10.17 oa1sgsl 



GeoSyntec Consultants Page - / I  of - 
Written by: R. BONAPARTE Date: 15 Dec 1995 Reviewed by: Date: IS D e  9 3  

a 
Client: FERMCO Project: Fernald OSDF ProjectlProposal No.: GE3900 Task No.: 08.11 

OSDF REQUIRED VOLUME 

EXECUTIVE SUMMARY 

Calculate the required volume of the OSDF considering the design requirement of 
2,500,000 yd3 of "bankhnbulked" materials to be disposed and taking into account: (i) impacted 
material bulking; (ii) post-placement material settlement; and (iii) placement of seasonal (winter) 
closure cover soils. 

Contents 

e Calculation Procedure 

e Data Verification Package 

e Calculation Results 

Findinm 

The required OSDF volume is 2,750,000 yd3 assuming compaction of impacted soils to 90% 
relative compaction based on standard Proctor compaction procedures. The required volume is 
2,880,000 yd3 if 85% relative compaction is assumed. 

Recommendations 

Design of OSDF for a volume of 2,880,000 yd3 

Consider providing a contingency volume equal to about 10% of the required volume to 
account for: 

additional volume resulting from confirmatory sampling 
minor overexcavation 
unanticipated seasonal (winter) or partial closure activities 

a 
GE3900-08.1 llF9530071 .CD 
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TABLE 7-3 

ASSUMED TO MEEX' WASIE ACCEPI'ANCE CRITERIA FOR 
ON-PROPERTY DISPOSAL 

(Assumed for CRARE Analysis) 

Quantity 
Source Material (cubic yards) 
o u 2  F3 Solid waste landfill material 18,000 v c, South Field material 120,000 

F4 Inactive fly ash pile material 

jrG Lime sludge ponds material 
c4 Active fly ash pile materid 

18,000 
80,000 

109.000 
Subtotal 345,000 

OU3 & Windows, wood, insulation 5837 1 
F2 Asphalt and concrete 167,797 
Fb Structural steel 2274 
f,, Equipment, conduitlwire, piping 64,485 

224 GI, Painted light gauge metals 
766 fb Brick 

3843 
Subtotal 297,960 

qbTransite, floor tile, fire brick 

OU4 C. Concrete 3ooo 
Subtotal 3000 

OU5 $ 1  soil 1,750,000 
30.000 

Sub total 1,780,000 
F5 Sludge - groundwater/wastewater treatment facilities 

I 

2 

3 

4 

J 

7.1.3 Of€-- 
This seaion provides information on the material assumed, as part of the adopted criteria randy,  to 
be disposed of off-property. Table 7 4  lists these wastes. Assumed quantities given are in-place 
cubic yards and no allowances have been made for volumes following excavation, treatmat, and/or 
containerization. 

7-7 
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% DIFFERENCE 

Date: 12Wqg Reviewed by: md Date: -6 
Client: Project: ProjectProposal NO.: 3400 Task No.: 1 

3,118,801.48 cyd 2,753,689.11 cyd 
3,275,394.24 cyd 2,898,035.08 cyd 

4.80% 4.98% 

OSDF CAPACITY VERIFICATION 

EXECUTIVE SUMMARY 
PURPOSE OF ANALYSIS . 

The purpose of this package is to present the OSDF capacity verification summary. Results 
are given for the volume of a 9 cell OSDF (ninth cell is a contingency cell) and an 8 cell OSDF. 

METHOD OF ANALYSIS 
The OSDF capacity (for a nine cell OSDF) was calculated using two methods: (1) hand 

calculated using the average end area method for the midsection (see Figure 1) and approximating the 
ends as a pyramid; and (2) using the Earthworks volume calculation package developed by SOFT'DESK 
for AUTOCAD@. The OSDF capacity was also calculated by hand for an eight cell OSDF by 

subtracting one cell from the midsection (see Figure 1). 

CONCLUSIONS 
a 

I I 9-CELL OSDF I 8-CELL OSDF I 
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Copyright63 by Softdesk, Inc. 
All Rights Reserved 

This manual and the accompanying software are governed by the terms and conditions of the 
Softdesk, Inc. Customer Software License (see the following page). 

Neither the documentation nor the software may be copied, photocopied, reproduced, translated, 
or reduced to any electronic medium or machine-readable format except in the manner described 
in the documentation. 

Softdesk. Inc. reserves the right to revise and improve its products as it sees fit. This publication 
describes the state of the product at the time of its publication, and may not reflect the product at 
all times in the future. 

Program Credits 

The installation program used to install Softdesk Earthworks, INSTALL, is based on licensed 
software provided by Knowledge Dynamics Corp, P.O. Box 1558, Canyon Lake, Texas 78130- 
1558 (USA). INSTALL is Copyright 0 1987-1992 by Knowledge Dynamics Corp which reserves 
all copyright protection worldwide. INSTALL is provided to you for the exclusive purpose of 
installing Softdesk products. Softdesk has modified the software as provided by Knowledge 
Dynamics Corp, and thus the performance and behavior of the INSTALL program shipped with 
Earthworks may not represent the performance and behavior of INSTALL as shipped by 
Knowledge Dynamics Corp. Softdesk or the authorized Softdesk Reseller is exclusively 
responsible for the support of Earthworks, including support during the installation phase. In no 
event will Knowledge Dynamics Corp provide any technical support for Softdesk products. 

Trademarks 
The Softdesk Logo, Softdesk. Tech Talk. The Auto-Architect, Archsoft. Aastemare and CAD Overlay are registered in the U.S. 
Patent and Trademark Office and other iurisdictions by Softdesk. Inc. The Image System logo. ViewBase. AAStation. SCAN 
Overlay and PowerPak are trademarks of Softdesk, Inc. intelliiADD is a registered trademark licensed exclusively to Softdesk, 
Inc. AutoFM is a trademark of Decision Graphics, Ltd. AutoCAD is registered in the U.S. Patent and Trademark Office by 
Autodesk, Inc. All other company names and produd names mentioned are the pmpey of their respective owners. 
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SOFTDESK, INC. 

Customer Software License 

-READ THIS BEFORE USE - 
Please read this License carefully. 

You are purchasing a license to use SORDESK Software. The Software is  owned by and 
remains the property of SOFTDESK, is protected by international copyrights, and is 
transferred to the original purchaser and any subsequent owner of the Software media for 
their use only upon the license terms set forth below. Opening the packaging and I or 
using SOFTDESK Software indicates your acceptance of these terms. If you do not agree 
to all of the terms and conditions, or if after use you are dissatisfied with your SOFTDESK 
Software, return the Software, manuals and any partial or whole copies within thirty (30) 
days of purchase to the party from whom you received it for a full refund. 

GRANT OF LICENSE. SOFTDESK, INC. ("SOFTDESK'). hereby grants the original purchaser 
("Licensee") the limited rights to possess and use the accpmpanying SOFTDESK Software 
("Software"), consisting of machine-readable computer code and documentation, upon the terms 
and conditions specifically set out in this License. 

YOUR AGREEMENT. 

Licensee agrees that the Software will be used solely for Licensee's internal purposes, and that at 
any one time, the Software will be installed on a single computer only. If the Software is installed 
on a networked system, or on a computer connected to a file server or other system that 
physically allows shared access to the Software, Licensee agrees to provide technical or 
procedural methods to prevent use of the Software by more than one user at one time. Additional 
Software copies (and license rights) must be purchased for multiple users. 

Licensee is granted a perpetual, royalty-free license to copy and distribute the block symbols or 
other graphic representations ('SOFTDESK SYMBOLS') included within the Software, in both 
hard-copy format or upon computer-readable media, PROVIDED: 

such distribution arises exclusively from the inclusion of SOFTDESK SYMBOLS within 
Licensee's proprietary drawings, plans or other workproduct ('Licensee Workproduct') 
developed in the ordinary course of Licensee's business; 

SOFTDESK SYMBOLS are not incorporated within a software application or file which is or is 
part of a soitware application; 

no Software code is distributed: and 

Licensee provides clear notice as to the inclusion within Licensee Workproduct of proprietary, 
copyrighted material owned by SOFTDESK, INC. 
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One machine-readable copy of the Software may be made for BACK-UP PURPOSES ONLY, 
and the copy shall display all proprietary notices, and be labeled externally to show that the 
back-up copy is the property of SOFTDESK, and that its use is subject to this License. 
Documentation in whole or part may not be copied. 

Use of the Software by any department, agency or other entity of the U.S. Federal 
Government is limited by the terms of the attached “Rider for U.S. Governmental Entity 
Users’, which is incorporated by reference. 

Licensee may transfer its rights under this License, PROVIDED that the party to whom such 
rights are transferred agrees to the t e n s  and conditions of this License, and written notice is 
provided to SOFTDESK. Upon such transfer, Licensee must transfer or destroy all copies of 
the Software. 

Except as expressly provided in this License, Licensee may not use, copy, disseminate, . 
modify, distribute, sub-license, sell, rent, lease, lend, give or in any other way transfer, by any 
means or in any medium, including telecommunications, the Software. Licensee will use its 
best efforts and take all reasonable steps to protect the Software from unauthorized use, 
copying or dissemination, and will maintain all proprietary notices intact. 

- TERM. This License is effective as of the time Licensee receives the Software, and shall continue 
in effect until Licensee ceases all use of the Software and either destroys, or returns to 
SOFTDESK, all copies thereof, or until automatically terminated upon the failure of Licensee to 
comply with any of the terms of this License. 

LIMITED WARRANTY. SOFTDESK warrants the Software media to be free of defects in 
workmanship for a period of ninety (90) days from purchase. During this period SOFTDESK will 
replace at no cost any such media returned to SOFTDESK, postage prepaid. This service is 
SOFTDESKs sole liability under this warranty. 

DISCLAIMER. LICENSE FEES FOR THE SOFTWARE DO NOT INCLUDE ANY 
CONSIDERATION FOR ASSUMPTION OF RISK BY SOFTDESK, AND SOFTDESK DISCLAIMS 
ANY AND ALL LIABILITY FOR INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT 
OF THE USE OR OPERATION OR INABILITY TO USE THE S O W A R E ,  OR ARISING FROM 
THE NEGLIGENCE OF SOFTDESK OR ITS EMPLOYEES, OFFICERS, DIRECTORS, 
CONSULTANTS OR DEALERS, EVEN IF ANY OF THESE PARTIES HAVE BEEN ADVISED OF 
THE POSSIBILITY OF SUCH DAMAGES. FURTHERMORE, LICENSEE INDEMNIFIES AND 
AGREES TO HOLD SOFTDESK HARMLESS FROM SUCH CLAIMS. THE ENTIRE RISK AS TO 
THE RESULTS AND PERFORMANCE OF THE SOFlWARE IS ASSUMED BY THE LICENSEE. 
THE WARRANTIES EXPRESSED IN THIS LICENSE ARE THE ONLY WARRANTIES MADE BY 
SOFTDESK, AND ARE IN LIEU OF ALL OTHER WARRANTIES, EXPRESSED OR IMPLIED, 
INCLUDING BUT NOT LIMITED TO IMPLIED WARRANTIES OF MERCHANTABILITY AND OF 
FITNESS FOR A PARTICULAR PURPOSE. 

THIS WARRANTY PROVIDES LICENSEE SPECIFIED LEGAL RIGHTS, AND LICENSEE MAY 
ALSO HAVE OTHER RIGHTS WHICH VARY FROM JURISDICTION TO JURISDICTION. SOME 
JURISDICTIONS DO NOT ALLOW THE EXCLUSION OR LIMITATION OF WARRANTIES, SO 
THE ABOVE LIMITATIONS OR EXCLUSIONS MAY NOT APPLY. 
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GENERAL. This License is the complete and exclusive statement of the parties' agreement. 
Should any provision of this License be held to be invalid by any court of competent jurisdiction, 
that provision will be enforced to the maximum extent permissible, and the remainder of the 
License shall nonetheless remain in full force and effect. This License shall be controlled by the 
laws of the State of New Hampshire and the United States of America, as applicable. 

Sian and Mail the Enclosed Reaistration Card Now. and Receive: 

Notice of Software Updates 

Quarterly Technical Newsletter 

RIDER FOR U.S. GOVERNMENTAL ENTITY USERS 

This is a Rider to the SOFTDESK, INC. Customer Software License, ("License"), 

and shall take precedence over the License where a conflict occurs. 

1. 

2. 

3. 

4. 

The Software was: developed at private expense: no portion was developed with government 
funds: is a trade secret of SOFTDESK and its licensor for all purposes of the Freedom of 
Information Act: is 'commercial computer software" subject to limited utilization as provided 
in any contract between the vendor and the government entity: and in all respects is 
proprietary data belonging solely to SOFTDESK and its licensor. 

For units of the DOD, the Software is sold only with "Restricted Rights" as that term is 
defined in the DOD Supplement to DFAR 252.227-7013 (b)(3)(ii), and use. duplication or 
disclosure is subject to restrictions set forth in subparagraph (c)(l)(ii) of the Rights in 
Technical Data and Computer Software clause at 252.227-701 3. Manufacturer: SOFTDESK, 
Inc., 7 Liberty Hill Road, Henniker, NH 03242 USA 

If the Software was acquired under a GSA Schedule, the Government has agreed to refrain 
from changing or removing any insignia or lettering from the Software or Documentation or 
from producing copies of manuals or disks (except for backup purposes) and: (1) Title to and 
ownership of the Software and Documentation and any reproductions thereof shall remain 
with SOFTDESK and its licensor: (2) use of the Software shall be limited to the facility for 
which it is acquired: and (3) if the use of the Software is discontinued at the original 
installation and the Government wishes to use it at another location, it may do so by giving 
prior written notice to SOFTDESK, specifying the new location site and class of computer. 

Governmental personnel using the Software, other than under a DOD contract or GSA 
Schedule, are hereby on notice that use of the Software is subject to restrictions that are the 
same or similar to those specified above. 
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Chapter 1 

Introduction 

The Softdesk Earthworks module is a complete package for Civil Engineers and Surveyors. 
Softdesk Earthworks calculates cut and fill quantities for sites, roadways, and other applications. 
It can calculate total site volumes or localized subsite volumes as well as producing a proposed 
site surface using grading commands. The Earthworks module operates within the AutoCAD 
drawing editor. 

How this Guide is Organized 
As a reference text, this guide provides detailed explanations of the unique Softdesk Earthworks 
commands. Information.on installation, system basics, Setup commands, and customization can 
be found in the respective chapters of the Sofrdesk COG0 Reference Manual. Information on 
project management can be found in the respective chapter of the Sofrdesk DTM Reference 
Manual. 

This reference manual is divided into the following sections. 

0 

0 

a 
a 

0 

0 

Chapter 1, Infroduction, provides a summary of the topics covered in this guide. It also 
describes the conventions used in this guide. 

Chapter 2, Earrhworks Seffings, describes the settings used to manage the Earthworks 
project. 

Chapter 3, Grading, describes commands that produce the finished surface of a site. 

Chapter 4. Volumes, describes commands that define the total site for volume calculations 
and compute the volume between two surfaces. 

Chapter 5 ,  Earthwork Tools, describes commands that manipulate. DTM and Earthworks 
entities by their layers, and commands that set, import, and list information about 
Earthworks points. 

Appendix A, Glossary, defines common DTM and Earthwork terms. . 
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Command List 

0 Appendix B, Revision History, describes the changes made from the previous release of 
Earth works. 

0 Appendix C ,  File Listing, contains a description of the files created by Earthworks. 

For Unix and DOS installation and set up procedures for this module, see the Sofrdesk Core 
Reference Manual. 

Requirements and Recommendations 
This version of Earthworks operates on any true 386 or 486 compatible computer. The minimum 
hardware requirements for the software are as follows: 

0 8MB of Ram, with 1MB of this memory containing 640K of conventional memory for 
AutoCAD Release 12 and 16MB of Ram with IMB of this containing 640K of conventional 
memory for AutoCAD Release 13 

0 A floppy drive with a 3-1/2" high density drive. 5 1/4" high density drives are supported by 
special request only. 

0 The MAXV switch set to the amount of memory used by Softdesk and AutoCAD programs 
and data if using expanded memory. 

0 A 387 math coprocessor (486 computers have a built-in 387 coprocessor) is recommended, 
but not required. 

The minimum software requirements for the software are as follows: 

DOS 5.0 or higher 

e Softdesk Cure Version 7.0 

Softdesk COG0 Version 7.0 

0 Softdesk DTM Version 7.0 

AutoCAD Release 12 or 13 

Conventions Used in this Guide 
This section describes the format of the notations used in the Softdesk reference manuals. It is 
important to realize the distinctions between these conventions; to both expedite and ensure your 
comprehension of the material. 

We have adopted some conventions that make descriptions more consistent and easier to 
understand. 

a. 
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Typographical Conventions 

Throughout the manual we use different formatting to express different information. This section 
describes the typographical conventions used in this manual. 

Formatting Description 
italic Italicized text is used for filenames, file extensions, directory paths, 

manuals and module names. It is also used to represent variable data (data 
that may change from one instance to another). 
Text in this monospaced typeface represents text displayed on the 
computer screen, including prompts and the contents of ASCII text files. 
Bold text represents an action that you must make. 
Text in angle brackets represents a key or keys on the computer keyboard. 
Italic text in curly brackets represents a variable value. The value displayed 
on your monitor may vary from one instance to another. 
AutoCAD command names and system variable names are shown in all 
caoital letters. 

prompt t e x t  

bold 

cEnteh 
(variable} 

ZOOM 

JCommand] Softdesk command names are shown with brackets. 

In addition, the following formatting conventions are used to highlight important information: 

1 Note: This denotes important information that you should keep in mind. 

! This denotes a situation that may cause an error or a loss of data. 

Menu Formats 
Each menu reference in the manual contains the following information. 

A menu location, or directory, is given to assist in locating the menu. This is given on the 
introductory menu page and is shown in the following form: 

9 Commands on the menu are described in the order in which they appear on the menu in the 
sections immediately following the menu path. 

- 
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Command List 

Command Reference Formats 
Each command contains a description of the command, including tips on how to most effectively 
use a command. The command description often describes techniques to make a command easier 
to use, and may include prerequisites. 

The complete prompt sequence is given with brief explanations where required. Any dialogue 
boxes accompanying the command are displayed and explained as well. 

Installation 
For information about installing the software, refer to the Sofrdesk Core Reference Manual. 

Changes From Previous Releases 
The following sections contain information for previous users of the Earthworks module. For 
more information, see the Revision History appendix. 

Defining Strata 

One feature of Earthworks is the ability to define surface combinations and the associated 
volumetric differences as strata. Most commonly, a pairing df existing and finished ground 
surfaces and the resulting cut and/or fill, taken as a whole, may be referred to as a stratum. 

The following illustration shows an example of a surface and a stratum. 

- 

Surface and Stratum 

Multiple strata may also be defined with various types of combinations. For instance, an existing 
ground surface may be established, then one or more finished ground surfaces to comp.are with 
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that existing ground surface may be created. Surface pairings may then be defined as individual 
strata using the single existing ground surface and each of the multiple finished ground surfaces. 

When calculating volumes, you will be prompted for the stratum to be used for those 
computations. Note that a TIN must have been created for each surface in the indicated stratum 
prior to executing any volumes calculations. 

Average End Area Command Location 

The [Average End Area] command of previous versions of Eurrhworkr is now a type of 
calculation used to generate volumes. The explanation of the radio button that controls the type of 
section calculation can be found in the Volumes chapter. 
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Client: FERMCO Project: Fernald OSDF Project/Proposal No.: GE3900 Task No.: 08.11 

OSDF EARTHWORK/BORROW REQUIREMENTS 

EXECUTIVE SUMMARY 

Earthwork quantities for the OSDF are calculated in this section. All quantities 
are presented in terms of compacted volumes. The earthwork quantities were calculated 
for the following earthwork components of the OSDF: 

e 

e 

e 

e 

e 

e 

e 

e 

e 

e 

' e  

e 

e 

e 

compacted clay liner, 
leachate detection system (LDS) drainage layer, 
leahcate collection system (LCS) drainage layer, 
granular protective layer, 
compacted clay cap, 
cover drainage layer, 
biointrusion layer, 
choke layer, 
granular filter, 
vegetative soil layer, 
topsoil, 
seasonal cover, 
structural fill, and 
road aggregate. 

Materials for compacted clay liner, compacted clay cap, vegetative soil layer, 
seasonal cover, and structural'fill are anticipated to be obtained on-site from either 
beneath the OSDF footprint or the East Field borrow area. These calculations also 
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i 
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Written by: Kara Olen Date: 15 Dec 1995 Reviewed by: PJJ 

Client: FERMCO Project: Femald OSDF ProjectlProposal No.: GE3900 Task No.: 08.11 

include a4estimate of clay till quantities required from these areas to construct the 
above-mentioned components. The required quantities in cubic yards are summarized 

compacted clay liner 
leachate detection system 
(LDS) drainage layer 
leahcate collection system 
(LCS) drainage layer 
granulare protective layer 
compacted clay cap 
cover drainage layer 
biointrusion layer 
choke layer 
granular filter 
vegetative soil layer 
topsoil 
seasonal cover 
structural fill 
road aggregate 

8 CELLS 

308,935 
~ 

85,582 

85,582 
18,798 

199,348 
114,732 
344,195 
37,859 
57,363 

200,781 
57,363 
29,785 

286,029 
4.604 

9CELLS 

347,473 

96 , 278 

96,278 
21,146 

223,052 
128,021 
384,062 
42,244 
64,007 

224,037 
64,007 
34,040 

313,407 
5,049 

Of the above quantities, the compacted volume of on-site till required to construct 
the compacted clay liner, compacted clay cap, vegetative soil layer, seasonal cover, and 
structural fill is 1,024,878 CY for 8 cells and 1,142,009 CY for 9 cells. 
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BORROW AREA CAPACITY VERIFICATION 

EXECUTIVE SUMMARY 

This calculation package was prepared to verify the volume of uorrow material the 
East Field Borrow Area as calculated by CADD. The CADD calculated volume is 873,756 cy. 
The verification is achieved by conducting end area method volume calculations using cross 
sections shown in Figures 2 to 7. Two volumes are presented. 

The first volume is for verification of the CADD generated volume for the current 
This volume represents the borrow available to construct the borrow area grading plan. 

following earthwork components for 8 cells. 

0 Compacted Clay Liner 

0 Compacted Clay Cap 

0 Vegetative Soil Layer 

0 Seasonal Cover 

a Structural Fill (for the perimeter access corridor) 

The second volume represents an additional volume available in the event that the ninth 
(contingency) cell is constructed. 
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DATA COLLECTION AND VERIFICATION: 

The grading plan shown in Figure '1 and the cross sections shown in Figure 
2 through 7 were obtained from the plan titled "BOKOW Area Restoration Plan" 

Procedure : 

Verification of CADD volume 

Planimeter cross sectional borrow areas shown in Figure 2 through 7 .  

Average adjacent areas and multiply this value by the distance between the 
stations (i. e., 100 ft) to obtain the volume of borrow between cross sections 

Calculation of additional volume for a ninth cell: 

Delineate the grading limits showing from which additional volume will be 
obtained. These limits coincide with a 100 ft right of way. 

Extend current proposed grading to new limits. 

Calculate additional volume using the end area method. 
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Table 1 : Data and Calculated Volumt 
Cross Section 

Station I Area, sf JAvg. area, s 
50 

100 

200 

300 

400 

500 

600 

700 

800 

800A 

900 

1000 

1100 

1200 

1300 

1400' 

1500 

1600 

1700 

1800 

1900 

2000 

2100 

2200 

0 

4,161 

10,476 

11,915 

12,308 

11,035 

9,762 

6,727 

7,844 

9,267 

11,145 

12,458 

12,057 

12,172 

12,233 

13,012 

12,836 

15,159 

16,647 

13,577 

9,114 

4,343 

681 

0 

2,081 

7,319 

11,196 

12,112 

11,672 

10,399 

8,245 

7,286 

8,556 

10,206 

11,802 

12,258 

12,115 

12,203 

12,623 

12,924 

13,998 

15,903 

15,112 

11,346 

6,729 

2,512 

34 1 

Total Volumf 

for Borrow AI 
Dist. Betweer 

Stations, ft 

s (cf. cv) 

50 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

100 

40 

3 Capacity Verification 
Volume 1 

cf I CY I 
104,025 

731,850 

1 , I  19,550 

1,211,150 

1,167,150 

1,039,850 

824,450 

728,550 

855,550 

1,020,600 

1,180,150 

1,225,750 

1,211,450 

1,220,250 

1,262,250 

1,292,400 

1,399,750 

1,590,300 

1,511,200 

1,134,550 

672,850 

251,200 

13,620 

3,853 

27,106 

41,465 

44,857 

43,228 

38,513 

30,535 

26,983 

31,687 

37,800 

43,709 

45,398 

44,869 

45,194 

46,750 

47,867 

51,843 

58,900 

55,970 

42,020 

24,920 

9,304 

504 

06.1992 
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APPENDIX A 

COMPUTER SOFTWARE USED TO 
PREPARE CALCULATIONS PACKAGE 

1. Autodesk@, Inc., AutoCAD" Release 13 User's Guide, September 1994. 

2. SOFTDESK@, Inc., SOFTDESK@ CiviYSurvev: Earthworks Reference Manual, Henner, NH, 
November 1994. 
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Copyright0 by Softdesk, Inc. 
All Rights Reserved 

This manual and the accompanying software are governed by the terms and conditions of the 
Softdesk, Inc. Customer Software License (see the following page). 

Neither the documentation nor the software may be copied, photocopied, reproduced, translated, 
or reduced to any electronic medium or machine-readable format except in the manner described 
in the documentation. 

Softdesk, Inc. reserves the right to revise and improve its products as it sees fit. This publication 
describes the state of the product at the time of its publication, and may not reflect the product at 
all times in  the future. 

Program Credits 

The installation program used to install Softdesk Earthworks, INSTALL, is based on licensed 
software provided by Knowledge Dynamics Corp, P.O. Box 1558, Canyon Lake, Texas 78130- 
1558 (USA): INSTALL is Copyright 0 1987-1992 by Knowledge Dynamics Corp which reserves 
all copyright protection worldwide. INSTALL is provided to you for the exclusive purpose of 
installing Softdesk products. Softdesk has modified the software as provided by Knowledge 
Dynamics Corp, and thus the performance and behavior of the INSTALL program shipped with 
Earthworks may not represent the performance and behavior of INSTALL as shipped by 
Knowledge Dynamics Corp. Softdesk or the authorized Softdesk Reseller is exclusively 
responsible for the support of Earthworks, including support during the installation phase. In no 
event will Knowledge Dynamics Corp provide any technical support for Softdesk products. 

Trademarks 
The Softdesk Logo, Softdesk, Tech Talk, The Auto-Architect. Archsoft, Rasterware and CAD Overlay are registered in the U.S. 
Patent and Trademark Office and other jurisdictions by Softdesk, Inc. The Image System logo, ViewBase. RAStation. SCAN 
Overlay and PowerPak are trademarks of Softdesk. Inc. intelliCADD is a registered trademark licensed exclusively to Softdesk. 
Inc. AutoFM is a trademark of Decision Graphics, Ltd. AutoCAD is registered in the U.S. Patent and Trademark Office by 
Autodesk, Inc. All other company names and product names mentioned are the property of their respective owners. 

2 



SOFTDESK INC. Customer Software License Page 1 

SOFTDESK, INC. 

Customer Software License 

-READ THIS BEFORE USE - 
Please read this License carefully. 

You are purchasing a license to use SOFTDESK Software. The Software is owned by and 
remains the property of SOFTDESK, is protected by international copyrights, and is 
transferred to the original purchaser and any subsequent owner of the Software media for 
their use only upon the license terms set forth below. Opening the packaging and / or 
using SOFTDESK Software indicates your acceptance of these terms. If you do not agree 
to all of the terms and conditions, or if after use you are dissatisfied with your SOFTDESK 
Software, return the Software, manuals and any partial or whole copies within thirty (30) 
days of purchase to the party from whom you received it for a full refund. 

GRANT OF LICENSE. SOFTDESK, INC. ("SOFTDESK"), hereby grants the original purchaser 
("Licensee") the limited rights to possess and use the accompanying SOFTDESK Software 
("Software"), consisting of machine-readable computer code and documentation, upon the terms 
and conditions specifically set out in this License. 

YOUR AGREEMENT. 

Licensee agrees that the Software will be used solely for Licensee's internal purposes, and that at 
any one time, the Software will be installed on a single computer only. If the Software is installed 
on a networked system, or on a computer connected to a file server or other system that 
physically allows shared access to the Software, Licensee agrees to provide technical or 
procedural methods to prevent use of the Software by more than one user at one time. Additional 
Software copies (and license rights) must be purchased for multiple users. 

Licensee is granted a perpetual, royalty-free license to copy and distribute the block symbols or 
other graphic representations ("SOFTDESK SYMBOLS") included within the Software, in both 
hard-copy format or upon computer-readable media, PROVIDED: 

such distribution arises exclusively from the inclusion of SOFTDESK SYMBOLS within 
Licensee's proprietary drawings, plans or other workproduct ("Licensee Workproduct") 
developed in the ordinary course of Licensee's business; 

SOFTDESK SYMBOLS are not incorporated within a software application or file which is or is 
part of a soitware application: 

no Software code is distributed: and 

Licensee provides clear notice as to the inclusion within Licensee Workproduct of proprietary, 
copyrighted material owned by SOFTDESK, INC. 

0 
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Page 2 SOFTDESK INC. Customer Software License 

One machine-readable copy of the Software may be made for BACK-UP PURPOSES ONLY, 
and the copy shall display all proprietary notices, and be labeled externally to show that the 
back-up copy is the property of SOFTDESK, and that its use is subject to this License. 
Documentation in whole or part may not be copied. 

Use of the Software by any department, agency or other entity of the U.S. Federal 
Government is limited by the terms of the attached "Rider for U.S. Governmental Entity 
Users", which is incorporated by reference. 

Licensee may transfer its rights under this License, PROVIDED that the party to whom such 
rights are transferred agrees to the terms and conditions of this License, and written notice is 
provided to SOFTDESK. Upon such transfer, Licensee must transfer or destroy all copies of 
the Software. 

Except as expressly provided in this License, Licensee may not use, copy, disseminate, . 
modify, distribute, sub-license, sell, rent, lease, lend, give or in any other way transfer, by any 
means or in any medium, including telecommunications, the Software. Licensee will use its 
best efforts and take all reasonable steps to protect the Software from unauthorized use, 
copying or dissemination, and will maintain all proprietary notices intact. 

TERM. This License is effective as of the time Licensee receives the Software, and shall continue 
in effect until Licensee ceases all use of the Software and either destroys, or returns to 
SOFTDESK, all copies thereof, or until automatically terminated upon the failure of Licensee to 
comply with any of the terms of this License. 

LIMITED WARRANTY. SOFTDESK warrants the Software media to be free of defects in 
workmanship for a period of ninety (90) days from purchase. During this period SOFTDESK will 
replace at no cost any such media returned to SOFTDESK, postage prepaid. This service is 
SOFTDESK's sole liability under this warranty. 

DISCLAIMER. LICENSE FEES FOR THE SOFTWARE DO NOT INCLUDE ANY 
CONSIDERATION FOR ASSUMPTION OF RISK BY SOFTDESK, AND SOFTDESK DISCLAIMS 
ANY AND ALL LIABILITY FOR INCIDENTAL OR CONSEQUENTIAL DAMAGES ARISING OUT 
OF THE USE OR OPERATION OR INABILITY TO USE THE SOFTWARE, OR ARISING FROM 
THE NEGLIGENCE OF SOFTDESK OR ITS EMPLOYEES, OFFICERS, DIRECTORS, 
CONSULTANTS OR DEALERS, EVEN IF ANY OF THESE PARTIES HAVE BEEN ADVISED OF 
THE POSSIBILITY OF SUCH DAMAGES. FURTHERMORE, LICENSEE INDEMNIFIES AND 
AGREES TO HOLD SOFTDESK HARMLESS FROM SUCH CLAIMS. THE ENTIRE RISK AS TO 
THE RESULTS AND PERFORMANCE OF THE SOFTWARE IS ASSUMED BY THE LICENSEE. 
THE WARRANTIES EXPRESSED IN THIS LICENSE ARE THE ONLY WARRANTIES MADE BY 
SOFTDESK, AND ARE IN LIEU OF ALL OTHER WARRANTIES, EXPRESSED OR IMPLIED, 
INCLUDING BUT NOT LIMITED TO IMPLIED WARRANTIES OF MERCHANTABILITY AND OF 
FITNESS FOR A PARTICULAR PURPOSE. 

THIS WARRANTY PROVIDES LICENSEE SPECIFIED LEGAL RIGHTS, AND LICENSEE MAY 
ALSO HAVE OTHER RIGHTS WHICH VARY FROM JURISDICTION TO JURISDICTION. SOME 
JURISDICTIONS DO NOT ALLOW THE EXCLUSION OR LIMITATION OF WARRANTIES, SO 
THE ABOVE LIMITATIONS OR EXCLUSIONS MAY NOT APPLY. 

4 
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GENERAL. This License is the complete and exclusive statement of the parties' agreement. 
Should any provision of this License be held to be invalid by any court of competent jurisdiction, 
that provision will be enforced to the maximum extent permissible, and the remainder of the 
License shall nonetheless remain in full force and effect. This License shall be controlled by the 
laws of the State of New Hampshire and the United States of America, as applicable. 

Sian and Mail the Enclosed Reaistration Card Now, and Receive: 

Notice of Software Updates 

Quarterly Technical Newsletter 

RIDER FOR U.S. GOVERNMENTAL ENTITY USERS 

This is a Rider to the SOFTDESK, INC. Customer Software License, ("License"), 

and shall take precedence over the License where a conflict occurs. 

1. The Software was: developed at private expense; no portion was developed with government 
funds; is a trade secret of SOFTDESK and its licensor for all purposes of the Freedom of 
Information Act; is "commercial computer software" subject to limited utilization as provided 
in any contract between the vendor and the government entity; and in all respects is 
proprietary data belonging solely to SOFTDESK and its licensor. 

For units of the DOD, the Software is sold only with "Restricted Rights" as that term is 
defined in the DOD Supplement to DFAR 252.227-7013 (b)(3)(ii), and use, duplication or 
disclosure is subject to restrictions set forth in subparagraph (c)(l)(ii) of the Rights in 
Technical Data and Computer Software clause at 252.227-701 3. Manufacturer: SOFTDESK, 
Inc., 7 Liberty Hill Road, Henniker, NH 03242 USA 

3. If the Software was acquired under a GSA Schedule, the Government has agreed to refrain 
from changing or removing any insignia or lettering from the Software or Documentation or 
from producing copies of manuals or disks (except for backup purposes) and: (1) Title to and 
ownership of the Software and Documentation and any reproductions thereof shall remain 
with SOFTDESK and its licensor; (2) use of the Software shall be limited to the facility for 
which it is acquired; and (3) if the use of the Software is discontinued at the original 
installation and the Government wishes to use it at another location, it may do so by giving 
prior written notice to SOFTDESK, specifying the new location site and class of computer. 

4. Governmental personnel using the Software, other than under a DOD contract or GSA 
Schedule, are hereby on notice that use of the Software is subject to restrictions that are the 
same or similar to those specified above. 

2. 
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Chapter 1 

Introduction 

The Softdesk Earthworks module is a complete package for Civil Engineers and Surveyors. 
Softdesk Earthworks calculates cut and fill quantities for sites, roadways, and other applications. 
It can calculate total site volumes or localized subsite volumes as well as producing a proposed 
site surface using grading commands. The Earthworks module operates within the AutoCAD 
drawing editor. 

How this Guide is Organized 
As a reference text, this guide provides detailed explanations of the unique Softdesk Earthworks 
commands. Information on installation, system basics, Setup commands, and customization can 
be found in the respective chapters of the Sofdesk COG0 Reference Manual. Information on 
project management can be found in the respective chapter of the Softdesk DTM Reference 
Manual. 

This reference manual is divided into the following sections. 

0 

0 

0 
0 

0 

0 

Chapter 1, Introducrion, provides a summary of the topics covered in this guide. It also 
describes the conventions used in this guide. 

Chapter 2. Earthworks Settings. describes the settings used to manage the Earthworks 
project. 

Chapter 3, Grading, describes commands that produce the finished surface of a site. 

Chapter 4, Volumes, describes commands that define the total site for volume calculations 
and compute the volume between two surfaces. 

Chapter 5, Earthwork Tools, describes commands that manipulate DTM and Earthworks 
entities by their layers, and commands that set, import, and list information about 
Earthworks points. 

Appendix A, Glossary, defines common DTM and Earthwork terms. 0 8 2xlz 3 
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Command List 

0 Appendix B, Revision History, describes the changes made from the previous release of 
Earthworks. 

0 Appendix C, File Listing. contains a description of the files created by Earthworks. 

For Unix and DOS installation and set up procedures for this module, see the Softdesk Core 
Reference Manual. 

Requirements and Recommendations 
This version of Earthworks operates on any true 386 or 486 compatible computer. The minimum 
hardware requirements for the software are as follows: 

0 8MB of Ram, with 1MB of this memory containing 640K of conventional memory for 
AutoCAD Release 12 and 16MB of Ram with 1MB of this containing 640K of conventional 
memory for AutoCAD Release 13 

16 

0 A floppy drive with a 3-1/2" high density drive. 5 1/4" high density drives are supported by 
special request only. 

0 The MAXV switch set to the amount of memory used by Softdesk and AutoCAD programs 
and data if using expanded memory. 

0 A 387 math coprocessor (486 computers have a built-in 387 coprocessor) is recommended, 
but not required. 

i 

The minimum software requirements for the software are as follows: 

0 DOS 5.0 or higher 

0 

0 Softdesk Core Version 7.0 

0 Softdesk COCO Version 7.0 

0 Softdesk DTM Version 7.0 

AutoCAD Release 12 or 13 

Conventions Used in this Guide 
This section describes the format of the notations used in the Softdesk reference manuals. It is 
important to realize Be distinctions between these conventions; to both expedite and ensure your 
comprehension of the material. 

We have adopted some conventions that make descriptions more consistent and easier to 
understand. 
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Typographical Conventions 

Throughout the manual we use different formatting to express different information. This section 
describes the typographical conventions used in this manual. 

Formatting Description 
italic Italicized text is used for filenames, file extensions, directory paths, 

manuals and module names. It is also used to represent variable data (data 
that may chanae from one instance to another). 

prompt text 

bold 
<Enter, 
{variable} 

Text in this monospaced typeface represents text displayed on the 
computer screen, including prompts and the contents of ASCII text files. 
Bold text represents an action that you must make. 
Text in angle brackets represents a key or keys on the computer keyboard. 
Italic text in curly brackets represents a variable value. The value displayed 
on vour monitor mav vaw from one instance to another. 

ZOOM 

JCommand] 

AutoCAD command names and system variable names are shown in all 
capital letters. 
Softdesk command names are shown with brackets. 

In addition, the following formatting conventions are used to highlight important information: 

I Note: This denotes important information that you should keep in mind. 

1 . This denotes a situation that may cause an error or a loss of data. 

Menu Formats 
Each menu reference in the manual contains the following information. 

A menu location, or directory, is given to assist in locating the menu. This is given on the 
introductory menu page and is shown in the following form: 

0 Commands on the menu are described in the order in which they appear on the menu in the 
sections immediately following the menu path. 
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Command Reference Formats 
Each command contains a description of the command, including tips on how to most effectively 
use a command. The command description often describes techniques to make a command easier 
to use, and may include prerequisites. 

The complete prompt sequence is given with brief explanations where required. Any dialogue 
boxes accompanying the command are displayed and explained as well. 

Installation 
For information about installing the software, refer to the Sofrdesk Core Reference hhznual. 

Changes From Previous Releases 
The following sections contain information for previous users of the Earthworks module. For 
more information, see the Revision History appendix. 

Defining Strata 

One feature of Earthworks is the ability to define surface combinations and the associated 
volumetric differences as strata. Most commonly, a pairing of existing and finished ground 
surfaces and the resulting cut and/or fill, taken as a whole, may be referred to as a stratum. 

The following illustration shows an example of a surface and a stratum. 

F I bl I S H E D GROUND 

I 

Surface and Stratum 

Multiple strata may also be defined with various types of combinations. For instance, an existing 
ground surface may be established, then one or more finished ground surfaces to compare with 
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I. 
that existing ground surface may be created. Surface pairings may then be defined as individual 
strata using the single existing ground surface and each of the multiple finished ground surfaces. 

When calculating volumes, you will be prompted for the stratum to be used for those 
computations. Note that a TIN must have been created for each surface in the indicated stratum 
prior to executing any volumes calculations. 

Average End Area Command Location 

The [Average End Area] command of previous versions of Earthworks is now a type of 
calculation used to generate volumes. The explanation of the radio button that controls the type of 
section calculation can be found in the Volumes chapter. 
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