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FINAL COVER EROSION MAT 

EXECUTIVE SUMMARY 

Purpose: 

The purpose of this calculation is to estimate the requirements for erosion mat on recently seeded final 

cover. 

Calculation Method: 

Analysis is performed using an allowable shear stress criteria [Temple et. al., 19873 and estimating the slope e 
distance fiom the top of the final cover beyond which erosion mat will be required. The Rational method is 

used to calculate the runoff rate for the design storm. The return period for the design storm is 2 years. 

Conclusions: 

Erosion mat will be required fiom the toe of the 20H:lV slope to the limits of the final cover at 

the base of the OSDF. .. 
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FINAL COVER EROSION MAT 

CALCULATION PROCEDURES 

Introduction: 

Portions of the OSDF will be brought under final closure (i.e., installation of final cover) 

periodically during the active life of the OSDF and shortly thereafter seeded. The seeded OSDF 

slopes may be suseptible to erosion during low intensity storms prior to the establishment of 

good vegetation. Erosion mat will be used in that portion of the final cover for which erosion is 

likely. The requirements for erosion will be specified in terms of a slope distance from the top 

of the OSDF and will continue to the limits of the final cover. 

The distance down the OSDF cover beyond which the erosion mat would need to be 

installed is estimated by comparing an allowable shear stress [Temple et. al., 19871 with actual 

shear stresses exerted on the bare soil from runoff from the design storm at various locations on 

the final cover. The design storm is the 2-year 24 hour event.. 

The following iterative procedure is used. 

Step 1: Select a critical cross-section through the final cover and measure the slope 

lengths for each segment. (i. e., 20H:lV, 1OH:lV and 6H:lV) 

Step 2: Assume a trial location on the final cover for calculation of the shear stress 

exerted on the soil and seeding by stormwater runoff from the design storm. The a 
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location is defined as a slope length, L, from the top of the OSDF final cover. 

For analysis, assume a 1 ft wide representative strip extending from the top of the 

final cover to the limits of the final cover at the base of the OSDF. 

Estimate the flow rate, Q at the trial location using the Rational method. Step 3: 

where, 

C = runoff coefficient for the final cover; 
i = rainfall intensity (in/hr); and 
A = Drainage area (SF); A = (L,)(l ft wide strip) 

0 Select a value for C from Figure 1 [Goldman et. al., 19861 

0 The calculation of i is Frformed in an iterative process using Figure 2 [USDOC, 19551 

for a 2 year return period and a time of concentration, T,, calculated using the following 

equation [USDOE, 19891. ./ 

where, 

T,= time of concentration (minutes) 
C,= a coefficient equal to 1 .O for bare soil 
S = a weighted slope for the final cover at trial location. 
i = rainfall intensity for a given value of T, (in/hr) 



GEOSYNTEC CONSULTANTS PAGE 3 OF 7 

Written by: Daniel Pass 'i)& P Date:3 April 1996 Reviewed by: K O b  Date: 4 &p';/qb 

Client: FERhlCO Project: OSDF ProjectlProposal No.: GE3900 TaskNo.: 8 

/ Step 4: The allowable shear stress,r., for bare soil on the final cover is obtained from the 

calculation "Final Cover Erosion Resistance 

/ n d u k A  
Step 5: Calculate the shear stress, 'F o ,  at a distance L, down the final cover using the following 

equation: 

where, 

y 
d = depth of flow (ft) calculated using Manning's equation; and 

S = Slope of final cover at L,.(ft). 

= unit weight of water (pcf); 

Step 6: Calculate the safety factor, SF, against erosion using the following equation: 

If the value of SF is equal to 1.0 then erosion mat will be required beginning at a distance L, 

down the final cover, otherwise select a new value of L,. and repeat steps 2 through 6 .  

- -- 000016 e 
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Rational Method C Values (13) 

Land use 
~ 

C 

Business 
Downtown areas 
Neighborhood areas 

Single-family areas 
Multi units. detached 
Multi units. attached 
Suburban 

Light areas 
Heavy areas 

Parks, cemeteries 
Playgrounds 
Railroad yard areas 
Unimproved areas 
Streets 

Residential 

Industrial 

Asphaltic 
Con c r e te 
Brick 

Drives and walks 
Rcmfs 

0.70-0.95 
0.50-0.70 

0.30-0.50 
0.40-0.60 
0.60-0.75 
0.25-0.40 

0.50-0.80 
0.60-0.90 
0.10-0.25 
0.20-0.35 
0.20-0.40 

0.10-0.30 

0.70-0.95 

0.70-0.85 
0.75-0.85 
0.75-0.95 

0.80-0.95 

Land use c 
Lawns 

Sandy soil. flat, 2% 
Sandy soil, average. 2-70;. 
Sandy soil, steep, 7% 
Heavy mil. flat. 2% 
Heavy soil. average. 2-77;, 
Heavy soil, steep. 7 %  

4gricultural land. 0-309; 
Bare packed soil 

Smooth 
Rough 

Heavy. soil, no crop 
Heavy soil with crop 
Sandy soil. no crop 
Sandy soil with crop 

Heavy soil 
Sandy soil 

Cultivated rows 

Pasture 

Woodlands 
lnrren slopes, >30“;. 

Smooth, impervious 
Rough 

0.05-(1.10 
0.10-0.15 
0 . 1  5-0.20 
0.13-0.1 7 
0.18-0.22 
0.25-0.35 

0.30 0.60 
N2I )-0.50 

0.30 -0.60 
0.20- 0.50 
0.20-0.40 
0.10-0.2s 

0.15-0.45 
O.(l5-4).25 
0.05-0.25 

0.70-0.90 
0.50-0.70 

Note: The designer must une judgment to select the appropriate C value within the range. Generally. 
larger areas with permeable mils. flat slopes. and dense vegetation should have lowet (’values. Smnller 
areas with dense soils. moderate to steep slopcs. and sparse vegetation should be assigned highest (: 
values. 
*Fmm Portland Cement Association. H a n d h k  o/ Conrrrte Culuert Pipe Hydraulira. 1%. p. 45. . .  .. 
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DEVELOPMEST OF USIFORM FLOW AHD ITS FORMULAS i13 

TABLE 5-6. VALVES OF THE ROCGHNESS COEFFICIEST n (continued) 
- 

Type of channel and description i \Iinimum ; Sormal i \Inximum 

b. Mountain strerrrns. no vegetation in 
channel, banks usurrllp steep, trees 
and brush along harks submerged at 
high stages 
1.  Bottom: gravels, cobbles, and few 

boulders 
2. Bottom: cobbles with large boulders 

D-2. Flood plains 
a. Pasture, no brush 

1. Shortgrass 
2. High grass 

b. Cultivated areas 
1. S o  crop 
2. Mature row crops 
3. hiature field crops 

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 
5 .  Medium to dense b m h ,  in Bummer 

1.  Dense willows, summer, straight 
2. Cleared land with tree stumps, no 

sprouts 
3. Same aa above, but with heavy 

growth of sprouts 
4. Heavy stand of timber, a few down 

trees, little undergrowth, flood stage 
below branches 

5. Same a3 above, but with Bood stage 
reaching branches 

D-3. Major streams (top width at flood stage 
>I00 ft). The n value is less than that 
for minor streams of similar description, 
becauae b a n b  offer less effective resistance 
a. Regular section with no bouldere or 

b. Irregular and rough section 

c. Brush 

d. Trees 

brush 

-- 

0.030 

0.040 

0.035 
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 

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 

..... 

. . . . .  - 

0.050 

0.070 

.O .035 
0.050 

0.040 
0.045 
0.050 

0.070 
0.060 
0.080 
0.110 
0.160 

0.200 
0.050 

0 .  os0 

0.120 

0.1GO 

0.060 

0.100 
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FINAL COVER EROSION MATT 

DATA VERIFICATION 

The following data was used in the calculation section: 

Slope distances and lengths from figure 1. 

20H:lV slope, 78.1 f t  

1 OH: 1 V slope, 54.2 ft 

6H:lV slope, 283.9 ft 

0 Runoff Coefficient, C = 0.6 (Figure 2) which is the also the average value for rough 
barren slopes above 30% [Goldman et. al., 19861 The value of C chosen is 
conservative for the OSDF final cover slopes below 30%. 

,/ 

0 Manning’s coefficient for sheet flow, n, = 0.025 (Figure 3; [Chow, 19591); average of J 
the minimum and normal values for a cultivated area with no crop. 

0 Maximum sheet flow length = 100 ft. 

Return Period for the design storm = 2 years. / 

0 The allowable shear stress for bare soil, 2, = 0.029 as obtained from the calculation J 

titled “Erosin Resistance of the Final Cover” 

0 Unit weight of water, y = 62.4 pcf. / 
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Rational Method C Values (13) 

Business 
Downtown areas 
Neighborhood areas 

Single-family areas 
Multi units, detached 
Multi units. attached 
Suburban 

Light areas 
Heavy areas 

Parks, cemeteries 
Playgrounds 
Railroad yard areas 
Unimproved areas 
Streets 

Residential 

Industrial 

Asphaltic 
Concrete 
Brick 

Drives and walks 
Rcwfs 

0.70-0.95 
0.50-0.70 

0.30-0.50 
0.40-0.60 
0.60-0.75 
0.250.40 

0.50-0.80 
0.60-0.90 
0.10-0.25 

0.20-0.35 

0.20-0.40 

0.10-0.30 

0.70-0.95 
0.80-0.95 
0.70-0.85 

0.75-0.85 

0.750.95 

Lawns 
Sandy soil. flat, 2% 
Sandy soil. average. 2-1°, 
Sandy soil. steep. 7?. 
Heavy soil. flat. 2% 
Heavy soil. average. 2-7',. 
Heavy soil. steep. 7 %  

Apicultural land. 0-309; 
Bare packed soil 

Smcndh 
Rough 

Heavy, soil, no crop 
Heavy soil with crop 
Sandy soil. no crop 
Sandy soil with crop 

Heavy soil 
Sandy soil 

Wuodlands . 
Barren slopes, >30", 

Smooth, impervious 
Rough 

Cultivated row 

Pasture 

0.0.5-0.10 
0.10-0.1 5 

0.13-0.17 
0.18-0.22 
0.25-0.35 

0. is-.o.20 

0.30-0.60 
0.20- 0.50 
0.20- 0.40 
0.10-0.25 

0.IS-0.45 
O.(I54.25 
0.05-0.25 

0.50-0.70 c = o , b  
Note: The deaigner must uae judgment to nelect the appropriate C value within the range. Generally. 
larger arena with permeable suils. flat s l o ~ .  and denae vegetation shcmld havr lowest C valuea. Smnller 
arean with dense soils. moderate (0 steep dopea. and apam vegetation should be assigned highest C 
v.lUg. 
*Fmm PortLnd Ccment h i a t i o n .  Hondbwk o/ Conrrrlr Culwrl Ape Hydroulirs. 1964. p. 4s. 

000024 
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DEVELOPMEST OF UNIFORM FLOW AND ITS FORMULAS i13 

TABLE 5-6. VALVES OF THE ROL-GHXESS COEFFICIENT n (continued) 

Type of channel and description I Niniinum I Sormal 

b. llountain streams, no vegetation in 
channel, banks usually steep, trees 
and brush along h a r k  submerged at 
high stages 
1. Bottom: gravels, cobbles, and few 

boulders 
2. Bottom: cobbles with large boulders 

D-2. Flood plains 
a. Pasture, no brush 

1. Shortgsss 
2. High grass 

b. Cultivated are= 
1. No crop 
2. Mature row crops 
3. hlature field crops 

1. Scattered brush, henvy weeds 
2. Light brush and trees, in winter 
3. Light brush and trees, in summer 
4. Medium to dense brush, in winter 
5. Medium to dense brush, in Bummer 

1. Dense willows. summer, straight 
2. Cleared land with tree stumps, no 

sprouts 
3. Same as above, but with heavy 

growth of sprouts 
4. Heavy stand of timber, a few down 

trees, little undergrowth, flood stage 
below branches 

5. Same M above, but with Rood stage 
reaching branches 

0-3. Major streams (top width at flood stage 
>lo0 ft). The TI value is less than tha t  
for minor streams of similar description, 
because banks offer less effective resistance 
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1073 S. Milledge Avenue 
Athens, GA. 30605 

Phone (706) 3547925 
FAS (706) 3547928 

February 23, 1996 

David Bonnett, P.E. 
GeoSyntec Consultants 
1100 Lake H e m  Drive 
Atlanta, GA 30342-1523 

Subject: Preliminary Response to Review Comments on FEW Site Vegetation 
Cover Plan. ESA Project No. 9603. 

Today we received the comments of Dr. Barbara-Ann G. Lewis on the FERMC site vegetation 
cover plan. We found the comments to be constructive and beneficial. Our preliminary response 
and plan to address them follows. 

Comment 1. Testing of the cover material and specification of amendments required for 
successful vegetation establishment has been provided for in Earth System’s 
proposal for Phase I1 testing (not yet complete). We will review the proposed list 
of analytical parameters with respect to those suggested by Dr. Lewis and revise 
the Phase I1 scope of work as needed. 

Comment 2. We agree that “low maintenance” may be a misnomer if taken in this context, and 
that burrowing animals are a major concern. We will revise pertinent sections to 
better address these issues. 

Comment 3. Integrity of the cap with respect to the rate of diffusion of Radon-222 is an issue 
which is beyond the scope of our contract. Containment of radioactive material is 
beyond our area of expertise. However, we will be glad to discuss a proposal to 
address the consequences of cap leakage on the soillplant system under a separate 
contract if needed. 

We will forward any further comments to GeoSyntec within one week and revisions to the ieport 
and Phase I1 scope of work within three weeks. If you have any questions or comments, please 
do not hesitate to call. 

Sincerely, 

E M  SYSTEMS ASSOCIATES, LTD 

Philip D. Freshley, CkSS 
Project Manager 

000033 
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DATE: February 23, 1996 

TO: David Bonnett and Mary Redican 
GeoSyntec Consultants 
1100 Lake Hearn Drive, N.E., Suite 200 
Atlanta. Georgia 30342- 1523 
FAX (404)705-9400 

FROM: Barbara-Ann G. Lewis, Ph.D. 

SUBJECT: Review of Vegetation Cover Plan 

I have reviewed the vegetation cover recommenGdtions made by Earth S ystetns 
Associates, Ltd., for the On-Site Disposal Facility at the Fernald Environmental 
Management Project Site. In my opinion, the recommendations appear well-thought out 
and the plan is reasonable. The plan is consistent with the goals of the project, and with 
the climate and general ecology of the region. Sufficient detail is provided to implement 
the plan after closure of the site. However, a number of uncertainties exist that need to be 
considered before one can predict the overall success of the plan. These include, but may 
not be limited to, the following: 

1. There is no information on the physical, chemical, or biological nature of the material 
to be used as cover over the disposal site, and that will serve as the medium for vegetative 
growth. The site soils described in the Earth Systems plan are the soils that now exist on 
the site. However, it is my understanding that much of these site soils have been 
contaminated, and will actually be removed and disposed of in the constructed cells. The 
cover that will then be vegetated will consist primarily of what is now subsoil, i.e., glacial 
till that may be primarily silty clay. If so, there is no evidence that the vegetation 
proposed for the site cover will thrive in this material without further treatment or 
amendments. I recommend that composite samples be taken of this proposed cover 
material and the following parameters (as a minimum) measured: 

a. Physical: particle size analysis (as is, and after pulverization to pass a 2-mm 
sieve), water-stable aggregates, moisture-holding capacity, available water percentage. 

b. Chemical: pH, cation exchange capacity, exchangeable sodium percentage, 
electrical conductance of saturation extracts, exchangeable bases, plant-available nutrients 
(macro- and micro-nutrients), total and soluble trace metals and non-metals that have 
potential for adverse effects on vegetation or herbivores (for example, boron, arsenic, and 
selenium). 
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c. Microbiological: Presence of Rhizobium or other genera of organisms that 

allow nitrogen fixation. If numbers of such populations are low or absent, the legume 
seeds that are planted should first be inoculated. Pretreatment of the site cover material by 
incorporation of organic matter will enhance physical and drainage characteristics. 

I further recommend that prior to full-scale implementation of the vegetative plan, that a 
small area of the project site be used as an experimental site, to test the feasibility and 
potential for success of the vegetation plan. The plan can then be modified accordingly. 
Although such experiments are more expensive than office-chair speculation, I believe it 
would be far more cost-effective in the long run than going ahead full-scale without sotne 
preliminary trials. Those trials should cover at least three growing seasons. 

2. The goals of the project are laudible, but tnay be contradictory in some cases. For 
example, “low maintenance” is desired, together with “limited root systems”. As was 
pointed out in the Earth Systems plan, the climax vegetation for that region will include 
trees, whose roots may reach (if not penetrate) the underlying clay cap. Preventing such 
root growth will require periodic maintenance for the the life of the project, Le., thousands 
of years if radioactive material is included in the disposal cells. This is not “low 
maintenance”, in my opinion, nor is there any guarantee that such maintenance will be 
provided for the thousands of years. The report also acknowledges that wildlife will 
eventually inhabit the area. In my opinion, this is a benefit that will accrue from the 
disposal site plan, but there is not enough experience with such disposal sites to determine 
whether burrowing animals will penetrate the clay cap. Excluding wildlife will not be 
possible without constant vigilance. This, too, is not “low maintenance.” 

3. My final comment is a repetition of one of my comments to you in a previous 
communication: the figure in the report (Figure 2) that describes the disposal cell shows a 
compacted clay cap of 2 feet, overlain by a 6+ foot layer of additional barriers and soil. I 
understand that the material to be disposed of in the cells will contain uranium, and its 
daughter Ra-226. Depending on the composition and degree of compaction of the clay 
cap, the 2-foot thickness may be insufficient to allow decay of Radon-222 to background 
concentrations as it diffuses through the cap. The additional 6+ feet of cover above the 
clay cap will likely have little retardation effect on diffusion of this radioactive gas due to 
the relatively open structure of the overlying material compared to the compacted clay. 
Penetration by roots of grass and other species into the overlaying material (deep-rooted 
grasses can penetrate to 6 feet or more, tree tap roots sometimes deeper), can serve as 
conduits for radon gas transport above the ground surface. Such transport and release by 
the leaves of vegetation tend to increase with leaf area index [Lewis, B.G. and Macdonell, 
M.M., “Release of Radon-222 by Vascular Plants: Effect of Transpiration and Leaf 
Area”, J. Environmental Quality : 19 (1):93-97]. 
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1. INTRODUCTION 

The following report recommends vegetation cover alternatives for various site 
conditions at the U.S. Department of Energy (DOE) On-Site Disposal Facility (OSDF) at 
the Fernald Environmental Management Project Site. A rationale for vegetation selection 
and background data is also included. The OSDF is operated by the Fernald 
Environmental Restoration Management Corporation. Earth Systems Associates, Ltd 
prepared these recommendations under subcontract to GeoSyntec Consultants of Atlanta, 
GA. 

1.1 Project Overview 

The OSDF site consists of a 65-acre area within the DOE’S Fernald, Ohio reservation to 
be used for disposal of soils contaminated by low-level radioactive material (uranium 
mine tailings). This material is referred to as “impacted material”and will be disposed of 
in one of nine subterranean cells to be constructed on the site. Following cell 
construction and filling with impacted material, the cells will be capped with 
impermeable, drainage, and biointrusion barrier layers, with a vegetated soil surface as 
final cover. Schematics of the liner and cover system designed by GeoSyntec 
Consultants are included as Appendix A 

Cell construction and filling will occur over a seven to ten year period with one cell 
completed before the next cell is opened. Seasonal vegetation cover will be required for 
temporary cover during periods when the cell is neither full or being operated. Typically, 
this will occur in October-November at the end of the fall construction period. Final 
cover is installed when the cell is full and the cap system completed. Final cover 
vegetation is to provide a permanent stable cover requiring minimal management within 
ten years. 

Vegetation cover recommendations were developed as follows: 

1. Identify site environmental factors affecting plant growth. 

2. Identify vegetation characteristics required to maintain cell integrity and meet 
project environmental and aesthetic goals. 

3. Identify regional plant communities, successional patterns, and cultural 
practices to serve as a model for selection of species and cultural and 
management practices. 

f)OQQ&g 
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4. Determine commercial availability of plant materials. 

5 .  Select seed mixes, and cultural and management practices suitable for site 
conditions and project goals. 

These analyses are presented in the following sections. 

1.2 Project Location and Physiography 

The Femald site is located in Hamilton and Butler counties in the southwest comer of 
Ohio, approximately six miles east of the Indiana state line and ten miles north of the 
Ohio River and Kentucky state line. The site lies in the Till Plains section of the Central 
Lowland physiographic province, on Wisconsian era till plains. Most of the site is flat to 
gently sloping upland till plain (Lerch, d., 1992). 

Earth Systems Associates, Ltd 
2 
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2. EWIRONMENTAL FACTORS 

Environmental factors include the climate, soil characteristics, and the disturbance regime 
from construction operations. 

2.1 Climute 

Site climate is generally characterized by hot summers and cold winters with moderate, 
well distributed rainfall. Total annual precipitation is approximately 40 inches, of which 
50% occurs during the April through September growing season. Average monthly 
temperature ranges from 32 degrees F in the winter to 71 degrees F in the summer for a 
yearly average temperature of 52 degrees. Annual minimum and maximum daily 
temperatures are approximately -8 and 96 degrees F respectively. 

Thunderstorms occur on 30-40 days of the summer and must be considered when 
planning disturbed area erosion control and planting. The first freeze date typically 
occurs in mid-October with freezing weather ending by mid- to late-April. Snowfall 
averages approximately 17 inches per year. The wettest soil conditions of the year 
typically occur following the spring thaw. Most years have a growing season of at least 
165 days. 

2.2 soil 

Site soil/mnsist mainly of the Fincastle, Henshaw, Martinsville and Xenia series located 
on flat to gently rolling till plains. The land slope of most of the site is less than 5%. 
These soils are characterized by a silt loam surface layer eight to ten inches thick 
underlain by a finer-textured (silty clay loam or clay loam) subsoil 30 to 40 inches thick 
(Lerch, 1992). The subsoil is underlain by an unstructured silt loam to clay loam 
textured till with few fi-agments greater than three inches. 

dWr-diy area 
ors 

Soil drainage ranges from moderately well drained to somewhat poorly drained. 
Permeability is moderate in the surface soil and low in the subsoil. Soil pH is moderately 
acid in the surface soil, moderately acid to neutral in the subsoil and neutral to alkaline in 
the underlying till. 

Earth &stems Associates, Ltd 
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Current construction plans indicate the cover material will consist of stockpiled subsoil (8 
to 36 inch depth) removed during the initial excavation. Based on construction plans and 
soil survey data for the site (Lerch, et al, 1992) the soil used for the seasonal and final 
cover will: 

have slopes less than 3: 1 (33%) for seasonal cover and 6: 1 (1 7%) for final 
cover; 

be well drained to somewhat poorly drained; 

be moderately acid to neutral in reaction with a pH of 5.1 to 7 S.U.; 

have a USDA texture of silt loam to clay loam (1 8%-35% clay); 

have moderately slow soil permeability of 0.1 to 0.6 inchihr where cultivated 
and less than 0.1 in/hr where compacted; and 

have low organic matter content (less than 0.5%). 

Drainage will vary by slope with low slope (4%) and flat areas expected to be 
moderately well drained, and minor areas of somewhat poorly drained soils where runoff 
water collects. Sloping areas are expected to be moderately well to well drained. 
Artificial subsurface dramage is planned for the cell cover. Drainage characteristics of 
the fTinal cover will be improved over that of the natural soil of the site which is moist to 
wet. Thus, a dry to moist soil moisture condition is expected. Vegetation 
recommendations are based on these characteristics. 

2.3 Disturbance Regime 

Construction activities, including excavation and cover, are planned for late spring to 
early fall. Cell closure due to full capacity may occur at any time during this period. 
Cover plantings may be required following cell closure. Closure is required in October- 
November each year, thus, planting of temporary and find covers will occur most 
frequently in this time b e .  Once closure is complete and the site is stabilized, no 
activity is planned for the cell surface other than essential vegetation management. 
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3. PROJECT VEGETATION GOALS 

Vegetation cover type and management regime is selected to achieve the following 
project goals: 

site stabilization; 

limited root systems; 

low maintenance; 

low wildlife impact; 

pleasing aesthetics; 

commercially available plant materials; and 

compatibility between cover types. 

A discussion of each goal follows. 

3.1 Sire Stabilization 

Both temporary and permanent cover species should provide rapid stabilization of cell 
cap soil and complete vegetative coverage for the project term to limit erosion and off- 
site sedimentation, and maintain the integrity of the cell cap. 

3.2 Limited Root Systems 

The root system of the vegetation complex should be limited to the 2.25-foot vegetative 
soil layer as much as possible. Below this soil layer is a 0.5-foot granular filter and a 3.0- 
foot rock biointrusion layer. 

Most species of perennial grasses root to depths of two to six feet (this provides drought 
resistance), however, 80% of the root mass occurs in the top foot of soil (Gist and Smith, 
1948). Rooting depth is limited by physical impedance and root aeration. Tree roots are 
larger than grass roots and may extend to great depth (30-40 feet) where surface soils are 
droughty, particularly species with large tap roots like pine (Pritchett and Fisher, 1987). 

;Q$JQQ@& 
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Like grasses, most of the tree root mass is in the tap root. Grass roots may extend to the 
geomembrane, but are judged to have the least potential to breech the geomembrane cap 
of any perennial vegetation type. The goal of limiting root systems is accommodated in 
the coveriecommendations by excluding shrubs and trees from the site, particularly those 
with top roots. 

3.3 Maintenance Requirements 

Unmanaged vegetaive succession in the region inevitably terminates in forest species. 
Thus, exclusion of deep-rooted tree species from the site will require periodic site 
maintenence over the life of the project. The selected vegetation cover should be capable 
of progression to maturity with the least management input practical. Ideally, vegetative 
maintenance should be limited to vegetation repair for erosion control and control of 
deep-rooted (tree and shrub) invaders. 

3.4 Wildlge Impacts 

The cover should have as little impact on wildlife as possible, either positive or negative. 
It is recognized that in many ways, this goal is in conflict with the goal of providing a 
low-maintenance grassland environment. Grasslands tend to naturally succeed to species 
that provide cover and food sources for wildlife adapted to edges and openings, 
regardless of the initial seeding mix. 

To accommodate this goal, plant species will be selected that have similar or less 
attraction for wildlife than vegetation in the surrounding landscape. This should limit the 
potential for drawing wildlife onto the site from surrounding areas. Also, wildlife will 
not be excluded from the site, thus, plant species known to be injurious to wildlife should 
not be used. 

Regardless of the vegetation selected, habitat suitable for burrowing animals such as 
groundhogs and other rodents will be created. Periodic surveillance of the site for 
burrowing animal activity should be included in the site management plan. Burrowing 
animal control measures are species specific. Appropriate measures are best determined 
at such time as project impact and target species are identified. 

- 

3.5 Aesthetics 

The selected vegetative cover should blend into the landscape and be aesthetically 
pleasing. Typical pastureland and old-field successional species will emulate farm land 
in the vicinity of the project site. Native grassland species will provide a taller grassland 
that will emulate tall grass prairie found farther west in Illinois and Kansas. Both of these 
cover options meet aesthetic goals. 

;&jQfj)Qf&$? 
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3.6 Commercially Available Seed 

The selected species must have commercially available seed to accommodate site 
operations. 

3.7 Compatible Short- and Long-Term Cover 

Seasonal cover species will be compatible with the final cover species. 

;mmf&@j 
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4. REGIONAL PLANT COMMUNITIES 
AlvD SUCCESSIONAL PATTERN 

Southwest Ohio, like much of the eastern U.S., has a fiagmented landscape dominated by 
human disturbance. Rural areas are typically made up of permanent pasture and row crop 
lands on gentle to moderate slopes with forest on steep slopes and in riparian areas. In 
the vicinity of urban centers, much of the gently sloping land is used for suburban 
housing and associated commercial developments. If undisturbed, the ecological 
succession for the region will result in a climax vegetation of north-central hardwood 
forest (Lerch,U. ,  1992). The species composition of this forest reflects the 
intermingling of the oak-hickory and beech-maple hardwood forest types (Kricher and 
Morrison, 1988). 

Long-term vegetation management for the project site is determined by identifying the 
best practices for managing successional patterns to conform with project goals (Section 
3). A discussion of regional plant communities and succession patterns follow. Eastern 
forests give way to the Tall Grass grasslands region of the Great Plains along a line fiom 
northeast Indiana to central Missouri (Voigt and MacLauchlan, 1985). In the past, these 
grasslands were more extensive. The tall grass vegetation type intermingles with 
hardwood forest in areas where disturbance prevents succession to tree species. Due to 
the proximity of the Tall Grass region, many native grassland species are well adapted to 
southwest Ohio (Van Keuren and George, 1985). North-central hardwood forest, tall 
grass grassland, and the forage plant associations developed for local agriculture and 
erosion control are considered the primary vegetative material pool to be considered for 
the project. 

4.1 North-Central Hardwood Forest 

This upland forest is characterized by black oak, northern red oak, pin oak, white oak, 
ash, beech, sugar maple, black cheny, yellow poplar, sweetgum, and black walnut. 
Understory species include dogwoood, sassafras, hawthorn, and hophornbeam. Forest 
nut production is essential to several wildlife species including blue jay, wild turkey, 
summer tanager, rose-breasted grosbeak, gray and fox squirrels, flying squirrel and 
eastern chipmunk. 

Earth Systems Associates, Ltd. 
8 



4.2 Tall Grass Grassland 

The tall grass community is dominated by tall (4-8 foot) warm-season bunchgrasses. 
Several species of this region have been found to thrive on sites as far east as West 
Virginia. Species found to be well adapted to southwest Ohio include big bluestem, 
Indiangrass, switchgrass, and eastern gamagrass. Canada wildrye is a fast sprouting 
native annual that has also been found to be well adapted to the region. The eastern edge 
of the tall grass region was protected fiom advancing woody vegetation by fire and bison 
grazing until control measures were instituted by European settlers. Most of the original 
tall grass region has been converted to agriculture due to adequate rainfall and an inherent 
high fertility. Grassland wildlife includes homed lark, meadowlark, mourning dove, 
pheasant, barn swallow, red-tailed hawk, ground squirrel, prairie dog, and bison 
(formerly). Whitetail deer are an edge species which are adapted to most vegetation 
types, hardwood forest and grassland included. 

4.3 Forage Associations 

Much of the original forest area has been converted and maintained in forage production 
as either permanent pasture or hayland. Due to large-scale beef and dairy production 
which began in the late 1930's and 1940's, many areas of southwest Ohio were 
transformed into grasslands consisting of cool-season perennial grasses introduced fiom 
Europe (Ball, g$& 199 1). Widely used species are tall fescue, Kentucky bluegrass, 
orchardgrass and reed canarygrass. These grasses are typically seeded with an annual or 
perennial legume such as alfalfa, red clover, white clover, alsike clover, birdsfoot trefoil, 
crown vetch, and Korean lespedeza. All of the major grass and legume species used for 
commercial hay production are exotics. The cool-season grasses are fiom Europe, and 
the legumes are from the Mediterranean, Europe, and Korea. 

4.4 Successional Pattern 

The process of vegetation development expected to occur at the project site is old field 
succession, the most common successional pattern in Eastern North America (Kricher 
and Morrison, 1988). Old field succession begins at any disturbance event which 
eliminates vegetation. Typically, the successional pattern begins with annual weeds like 
horseweed, ragweed and crabgrass in the first year followed by asters, goldenrods, 
broomsedge, various grasses, and other herbaceous plants in years two and three. Woody 
species such as red maple, sweetgum, black cherry, eastern red cedar, black locust, and 
pine are first seen in the third and fourth years as seedlings and saplings and become a 
major component of the landscape by year ten. From age 10 years to approximately 60 

Earth Dstems Associates, Ltd 
9 



448 

years, the forest of light seeded tree species and shrubs evolves into a closed canopy 
deciduous forest dominated by heavier seeded tree species such as white oak , northern 
red oak, mockernut hickory and beech. This climax forest may persist for hundreds of 
years, depending on disturbance. 

Based on the above scenario, management to arrest succession at the grassland stage will 
require disturbance every four to six years, depending on how aggressive woody invasion 
is. On sites that have not been forested for many years, and are not in close proximity to 
a forest area (seed source), the appearance of woody vegetation may be delayed by a year 
or two. 

4.5 Disturbance Methods 

Woody reproduction can be eliminated mechanically, chemically or by fie. Many 
woody species maintain the root system when cut and rapidly resprout. The root system 
continues to grow through repeated cuttings and can become quite extensive. For this 
reason, chemical herbicides (spraying of individual trees and shrubs) or f i e  are preferred 
for woody control where eradication of the whole plant including the root system is the 
goal. A combination of mechanical and chemical treatment where cut stumps are treated 
with herbicide to prevent resprouting is also effective. The most effective method should 
be determined by condition of site vegetation, available equipment and expertise, and 
cost. Selective herbicide applications will cost fkom $75 to $1 50 per acre. Controlled 
burning wn be done for as little as $25 per acre once lire breaks are established. 
Combination cut and spray options will be in the range of $200 to $300 per acre. 

Emth Systems Associates, Ltd 
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5, POTENTUL COVER SPECIES 

Plant species that are considered potentially suitable for use on the project site and have a 
readily available seed source are presented in Tables 1,2, and 3. Characteristics 
important to suitability are also presented to provide a basis for modification of seeding 
mixes if soil or operating conditiodassumptions change. 

Both native and exotic species are included. Table 1 includes annuals and short-lived 
perennials that are suitable for temporary cover. These are principally small grains and 
ryegrass that are to be planted for erosion control during the operating season (warm 
season), or on temporary cover at the end of the operating season (October). Table 2 
includes perennial grasses for permanent cover. The cool season grasses listed are the 
exotic varieties typically planted for local pastures. The wann season bunchgrasses are 
all native species and can be used to emulate a native grassland. Table 3 includes 
legumes that are suitable as companion crops to the perennial grasses. Legumes increase 
the fertility of soil by accumulating nitrogen fiom the atmosphere, and thus improving 
growth, survival, and reducing the need for supplemental fertilization for the grass stand 
as a whole. Inclusion of a legume in the grass mix is highly recommended. 

Earth Systems evaluated a mix of fine fescues proposed for final cover by Prairie Nursery 
of West Field, WI. The mix is designed to provide a low growing lawn turf that has 
reduced mowing requirements. The mix consists of six varieties of fine fescues and, a 
cool season perennial bunchgrass. These species do not tolerate shade or poor drainage 
and require annual mowing to maintain uniform stocking. We concur with the suitability 
of fine fescues for the site, but recommend the use of these species with a sodgrass, 
annuals, and legumes to provide a more diverse plant community which should have 
greater long-term stability. 

Based on the characteristics of available species listed in Tables 1,2 and 3, seed mixes 
were developed to achieve project goals over the expected range of site conditions. 

- 
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Planting Period 

6. RECOMMENDED SEED MIXES 

Class 

Wet 
Swales - Waterways 

Moist 
Slopes of 1% - 9% 

Dry 
Slopes of 10% - 33% 

Drought 
Slopes > 33% 

Recommended seed mixes for the project are presented in Tables 4 and 5. Table 4 
presents the recommendations for seasonal cover. Table 5 presents the recommendations 
for permanent cover. Regional suppliers of grass seed are listed in Appendix B. 

Species 

Annual Ryegrass 

Oats 
sudangrass 

Oats 
sudangrass 

Korean lespedeza 
sudangrass 

Table 4. Recommended seed mixes for seasonal cover. 

Ib/ac 

40 

64 
80 

Species 

Annual Ryegrass 

Rye 
Perennial 
Ryegrass 

I 

Iblac 

40 

80 
20 

80 
20 

6.1 Seasonal Cover 

64 
80 

Rye 
Perennial 
Ryegrass 

No Slopes 
< 33% planned 
for this period 

The primary considerations for seasonal seed mixes are suitability for the site, rapid 
stabilization, and planting season. These plants are annuals and short-lived perennials that 
will die-out or be replaced by the permanent cover. Table 4 presents seeding options based 
on anticipated site moisture conditions and expected planting season. Moisture conditions 
are expected to more or less conform to site slopes. Swales, waterways, and depressions are 
expected to be wet, slopes fiom 1% to 9% are expected to be moist, and slopes fiom 10% to 
33% are expected to be dry to droughty. The maximum slope allowed in the construction 
plan is 33%. 
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Native Species I Apr. - May' 

Species2 lblac 

Big Biuestem 10 
Switchgrass 5 

Table 5. Recommended seed mixes for permanent cover. 

Pasture Species I Mar. 15 - May 
or Aug. - Sep. 

Species lblac 

Reed Canarygrass 8 

Alsike Clover 5 
Kentucky Bluegrass3 10 

Slope - 
MoistureClass 

Big Bluestem 
Indiangrass 

Canada Wildrye 
Switchgrass 

Wet 
Swales - Waterways 

5 Creeping Red Fescue 
5 Annual Ryegrass 
1 Kentucky Bluegrass' 
3 Alsike Clover 

Moist 
Slopes of 1% - 9% 

Big Bluestem 
Indiangrass 

Canada Wildrye 
Switchgrass 

Dry 
Slopes of 10% - 17% 

5 Creeping Red Fescue 20 
5 Annual Ryegrass 10 
3 Kentucky Bluegrass' 10 
5 Flatpea 5 

20 
10 
15 
5 

'Switchgrass should be frost seeded (Jan. - Feb.) by broadcasting into wintercover. 
2"Cave-in-rock" switchgrass variety recommended. Species other than switchgrass planted by 
drilling during April - May. 
'Substitute Red Top on strongly acid sites. 

Rye was selected as the primary annual cover due to its adaptability to a variety of soil 
conditions including low fertility and acidity. Ryegrass was added to the mix for rapid 
stabilization and a longer growing season. Sudangrass, lespedeza and oats were selected for 
temporary cover in the summer due to their adaptability to the region and site conditions. 
Seasonal seed mix costs for the mixes shown in Table 4 are estimated at $35 to $50 per acre. 
Cost of site preparation., fertilizer and seeding are additional. 

6.2 Permanent Cover 

In addition to site and planting considerations cited for seasonal cover, a native species mix is 
also included as an option for permanent cover (Table 5). The native mix will provide 
effective erosion control and a different look than the pasture grasses. In general, native 
grasses are taller, more aggressive on dry sites, and require a spring or dormant season 
planting regime. The seed is substantially more expensive than commonly grown pasture 
grasses. The cost of native mixes ranges from $53 to $125 per acre while pasture mixes 
range from $45 to $50 per acre. Growth of native grasses occurs mainly in the summer and 
they are dormant in the winter. 

Earth @stems Associates, Ltd 
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Pasture grasses have a longer growing season than native species with most growth occurring 
in the spring and fall. Tall fescue is the most widespread grass planted in the Eastern U.S., 
but is not recommended for the project due to potential toxicity problems for wildlife caused 
by a fungal endophyte infection common in this species. Wildlife agencies in several states 
have encouraged the use of alternative grass species due to observation of adverse effects of 
wildlife grazing on infected tall fescue stands. 

The decision to select native or exotic vegetation depends on aesthetics and environmental 
goals. Pasture grasses will conform with the adjacent rural landscape which uses similar 
pasture species. The taller native grasses will give the site a "wilder" look and should 
provide better competition to prevent invading trees and shrubs due to increased height and 
shading. Both mixes will provide wildlife habitat under a low-intensity management regime, 
however, more cover will be provided by the native mix. Mixes for both native and pasture 
mixes are presented in Table 5 .  

The pasture grass seedings were designed around low growing and sod forming grasses best 
suited to site soils and climate. Kentucky bluegrass is the best adapted perennial sod-forming 
grass and is combined with a fine fescue bunchgrass for diversity. Reed canarygrass is added 
for wet sites due to its adaptability on saturated soils. Annual ryegrass is included in the mix 
to provide immediate stabilization (quick coverage). A perennial legume is included in each 
mix for building soil fertility. Alsike clover was selected for its adaptability to moist sites. 
Flatpea was selected for the sloping cell perimeter due to its tolerance for poor dry soils and 
its aggressive competition with woody invaders. 

The native mixes include Canada wildrye for rapid establishment and stabilization. The 
remaining species provide a diverse tall grass community. Only switchgrass and big 
bluestem are recommended for wet sites. 

Earth Systems Associates, Ltd 
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7. PLANTING METHODS 

Planting methods include site preparation, liming, fertilization, mulching and repair. The rate 
and type of liming and fertilization will be based on soil test results and will be specified in 
the Phase I1 Supplemental Report. These recommendations are based on USDA Technical 
Standards for Critical Area Planting (USDA, 1989; Dean, 1995). 

7.1 Seedbed Preparation 

All areas to be planted will be tilled to loosen the soil to a depth of four to six inches. All 
debris greater than six inches in diameter should be removed from the soil. All tillage 
operations will be conducted along the contour of the land. 

In typical erosion control practice, hydroseeding is required in areas with slopes of 40% or 
more. Hydroseeding may be used on any sloping areas of the site which cannot be operated 
with conventional equipment. These areas do not require tilling, but should be scarified to 
improve seed retention. The soil surface will be pitted or trenched across the slope with hand 
tools to provide furrows 6-8 inches apart where seed will lodge and germinate. 

7.2 Liming and Fertilization 

Lime and fertilizer should be broadcast before land preparation and mixed with the soil 
during seedbed preparation. The seed bed must be prepared within 48 hours of amendment 
application. 

For hydroseeding, these amendments are mixed with seed in a slurry and broadcast together. 
The miXing must be done within one hour of application. Rates and types of fertilizer will be 
addressed in the Phase I1 report following evaluation of site soil analyses. 

7.3 Seeding 

The primary seeding periods for permanent cover are March 15 through May 3 1 and August 
1 to September 30. Planting outside of these dates has a significant risk of failure. Seasonal 
plantings are more flexible as indicated in Table 1. 

0 0006@9 
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Seeding may be done by drilling to a depth of 0.25 inch and cultipacking or use of a cultipack 
-type seeder operated along the contour. Alternatively, the seed may be broadcast and then 
covered with approximately 0.25 inch of soil with a light harrow or similar equipment. 
Hydroseeding will be done at the same rate (Table 4,5) as broadcasting. 

No-till seeding is planting in an existing crop which is dead or dormant. No-till seeding of 
permanent vegetation is desirable in temporary cover crops when planting is done following 
maturity of the cover crop. No-till seeding equipment is required for uniform seed 
distribution and proper planting depth. Mulch is not required on no-till areas. 

7.4 Mulching and Irrigation 

Mulch must be applied to all slopes greater than 3%, and to all areas when seeding is done 
near the end or after the specified planting period. Mulch must also be applied in all grassed 
waterways and swales regardless of slope. For hydroseeding, the mulch can be applied in the 
seed mix (hydromulching), or blown on with a tackifier following hydroseeding. 

Mulch material should be cereal grain straw or good quality hay and applied by blower or 
hand at a rate of 2.5 air-dried tons per acre within 24 hours of seeding. The mulch must be 
spread uniformly such that 75% or more of the soil surface is covered. 

On unstable slopes, mulch may be anchored with emulsified asphalt or synthetic tackifiers 
sprayed on the hay as it is blown, or by pressing into the soil with a packer disc or straight 
disc harrow. Soil retention blankets, erosion control netting, or block sod may be required in 
concentrated flow areas or severe slopes. Plastic mesh or netting should be no larger than 
one inch by one inch. 

Rainfall is usually adequate for establishment during the planting periods cited. However, 
irrigation may be required if drought conditions occur soon after germhation and before an 
adequate root system is developed. If these conditions occur, the plantings should be 
irrigated as needed with portable equipment. Irrigation water should be applied at a slow rate 
(less than 0.15 inch/hr) to prevent runoff. 

7.5 Non- Vegetative Stabilization 

For all areas with slopes greater than 3% requiring stabilization after the fall planting season, 
soil retention blankets made of geotextiles, natural fiber (coconut, jute) or some combination 
should be used as erosion control cover until the following planting season. 
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All blankets must be secured and buried at the top of the slope to prevent erosion underneath 
the blanket. For areas with slopes less than 3%, heavy straw mulch will be applied such that 
100% of the ground is covered. 

Dormant season planting is an alternative that is sometimes used in areas stabilized after the 
fall planting season. This practice is not recommended for the project site due to expected 
wet soil conditions in winter and early spring and associated seed rot. 

7.6 Repair of Failed Areas 

Failed areas fall into two categories, soil erosion and seed failures. Erosion failures are 
typically caused by concentrated flow washing away soil and seed. These repairs are 
conducted by first diverting the erosive flow to a suitable vegetated area or drainage structure 
to dissipate the energy (a dirt berm, staked haybales, or erosion fencing can be used), and 
then reshaping and reseeding the area. Where concentrated flow cannot be completely 
diverted, sodding is required. 

Failed seed areas are due to improper planting time, poor seed, etc. These areas should be 
reseeded as prescribed with species identified in Table 4 and 5 at the soonest planting period 
for either seasonal or permanent cover. 

Eurth *stems Associates, Ltd. 
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8. SUMNMRY 

A grass cover was selected for the Fernald OSDF to limit root penetration of the final cover 
and provide uniform soil stabilization. Perennial grasses are expected to have root systems 
extending to a depth of six feet except where baniers are encountered. Approximately 80% 
of the root mass is expected to be in the top foot of soil cover. 

Twelve seed mixes were developed to cover a range of site and environmental considerations 
for the OSDF. For permanent cover, both native and exotic mixes were developed. Native 
mixes will climax in a taller grassland than pasture type mixes and should provide greater 
competition for woody invaders and lower maintenance costs. The exotic mixes will emulate 
the permanent pasture common in the site vicinity, and are expected to require more fiequent 
disturbance to maintain a grass community. Cultural practices for all mixes and sites are 
specified. 

Based on professional experience and review of pertinent literature, the site vegetation will 
climax in hardwood forest over an approximately 60-year period if undisturbed. Based on 
regional successional patterns, disturbance is required every four to six years to control 
woody invasion and arrest succession at the grassland stage. Provisions for repair of failed 
plantings, irrigation specifications, and non vegetative stabilization methods are included. 

Earth @stems Associates, Ltd. 
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APPENDE A 

Schematic of Cell Cover 
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0 Arrow Seed Co., Inc. 
P.O. Box 722 
Broken Bow, NE 68822 
(800)622-4727 

Booming Native Plants 
2323 Co. Rd. 6 
B~IIIW, MN 55707-8748 
(21 8)389-3220 

Caudill Seed Company 
1201 Story Ave. 
Louisville, KY 40206 
(502)583-4402 

CRM Ecosystemflrairie Ridge Nursery 
9738 Overland Road 
Mount Horeb, WI 53572 
(608)437-5245 

Emst Crownvetch Farms 

Meadville, PA 1633 5 
0 Rd #5, Box 806 

(800)873-332 1 

F.W. Schumacher Co., Inc. 
36 Spring Hill Road 
Sandwich, MA 02563 
(508)888-0659 

Hybritech Seed International, Inc. 
5912 N. Meridian 
Wichita, KS 67204 
(800)346-2256 

McGinnis Tree and Seed 
309 E. Florence 
Glenwood, IA 5 1534 
(712)527-4308 

Osenbaugh Grass Seeds 
R.R. 1, Box 44 
Lucas, IA 50151 
(5  15)766-6476 

Prairie Nursery 
P.O. Box 306 
Westfield,WI 53964 
(608)296-3679 

Prairie Moon Nursery 
Rt. 3, Box 163 
Winona, MN 55987 
(507)452-1362 

Stock Seed Farms, Inc. 
28008 Mill Road 
Murdock, NE 68407 
(402)867-377 1 

Sylva Native Nursery & Seed Co., Inc. 
RD #2, Box 1033 
New Freedom, PA 17349 
(No Phone) 

Taylor Creek Restoration Nurseries 
17921 SmithRoad 
P.O. Box 256 
Brodhead, WI 53520 
(608)897-864 1 

Ion Exchange 
1878 Old Mission Drive 
Harpers Ferry, IA 52146-7533 
(800)291-2 143 



ERNS?' 
R.D. 5, Box 806, Meadville, PA 16335 

(800) 873-3321 (814) 425-7276 FAX (814) 425-2228 
WHOLESALE PRICE LIST - 11/1/95 

PENNGLFT CROWNVETCH (CORONILLA VARIA) PI ANI'S nrc \VCII nlnldishcd plnnts growing in trnys (72 plants 
p tray) ready for display or field planting, requiring n niinimum of cacc nnrl nttcntinn. Wc ship thcm gunranteed to arrive in good condition. 
Available from March to November. 

1'1 icc: 
Quantity Irn ~ I l l l l l l  

72 - 504 . . . . .  .50.28 Recommendcd Spacings: 
576 - 1,368 . . . . . . .  0.26 Minimum Maximum 

9.648 and up . . . . . .  .0 .22  Plants ~ L T  I .OOO sq. fl.: 445 plants 250 plants 

. . . . . . .  2 feet 1,440 - 2,376 0.25 Ilistancc on center: I8 inches 
2,448 - 9,576 . . . . . . .  0.24 Covcrngc per plmt: 2.25 sq. A. 4 sq. ft. 

PENNGIFT CROWNVETCH CROWNS (Iinrc ma) :ire CWIC ~ I I '  ciIti IicIcI ~I'WVII sLdIings \villi n siiflicicnt root growth to insure 
rapid recovery. They are packaged (25 to a bundle) in moisture retaining lings for cnsy handling. Avnilnhle from October to May. 

Price 
Quantity pcr crown 
25 - 975 . . . . . .  $0.17 Recommended Spacings: 

I.OO0 - 2,475 . . . . . . .  0. I5 Minimum Maximum 
2,500 -4.975 . . . . . . .  0.14 Ilistance on center: I8 inches 2 feet 
5.000 -9,975 . . . . . . .  0.13 Coverage per plant: 2.25 sq. A. 4 sq. A. 

10,OOO andup . . . . . .  .0 .12 Plants per 1 .OOO sq. fl . :  445 plants 250 plants 

P E N N G m  CROWNVETCH SEED 

Coverage - One pound per 1 ,OOO square feet 
(with inoculant) 

1 - 9 F d s  ............ S11.50perpotmd 
IO - 19p0& . . . . . . . . . . . . .  10.50wpo1~1d 
20 -49po~nds . . . . . . . . . . . . . .  9 . 5 0 ~ ~ ~ p 0 ~ n d  
50 - 99 POUIKIS . . . . . . . . . . . . . .  8.50 pound 

.......... 100 ormorepounds 8-00 Per polmd 

CROWNVETCH SEEDING MIX 
(50% Crownvctch, 40% Annual Ryegrnss and 1OOh Alsike Clover) 

Covcrngc - Two pounds pcr 1 .OOO q u a r c  f'eet 
IO - 18poundsseedingmix . . . . . . . . . . . . . .  S6.15perpound 
20 
40 - 98 pounds seeding mix . . . . . . . . . . . . . .  5.10 per pomd 

100 - 198 pounds . d i n g  mix ............... 4.57 per paund 
200 or morc pounds seeding mix . . . . . . . . . . . .  4.30 per pound 

- 38 pounds secding mix . . . . . . . . . . . . . . .  5.62 per pound 

COMBO PACK: two pounds of Crownvetch W i n g  Mix (described nhovc) in an attractivc convenience package with directions and 
brochure for display and resale. 
3ne pack will cover approximately 1 ,OOO square fcet. 

Onetanine . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  S 1 2 . 5 0 d -  
Ten or mom . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1 S O  each 

Free delivery on all itemslisted above within SI 500 mile radius of Meadville, PA. 
We also have seed of the following soil conserving species available, each suitable for II specific purpose. 

LATHCO FLATPEA (certified) - a long-lived. pcrcnninl Icgitrnc csccllait Tor slhilizing disturbed and harc nrcns, controlling 
eroSiOn, and reducing water runoff. It provides effective cowr on road hanks. tlanis. hnrrorv nrens, gravcl pits, logging roads and mine spoil. 
Wpea suppresses the invasion of ~wody plants making it  n vnlunhlc plant lo ~ I S C  on r o x l  Ilnnks, Iopging ronds nnd utility ri$its-of-way whcrc 
t is dcsirnble to retain open nrcas for wildlife. acsthctic considcrations OI' i~cccss to ntilitics. It is iiscd for fixxi ;ad uwcr hp stiiiic spccics of 
wildlife . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.90 per pound 

I'IOGA DEERTONGUE (certifed and treated) - usctiul for rcvcgclnting : d t l  con1 nnd other surface minc spoil nnd sandy id'ertile 
rbed areas such as highway slopes and gravel pits. 11 is lolcrniit of silm with n 111 1 ns lo\v ns 3.8. nluminum conccntration which limits 
ih of other species and light textured soil wvliicli is tlroitglity and inticililc. I)ccr-tongiic llns consideroblc rncrit for food nnd cover for 

CVca ncccrpf VISA a d  MAS?XRCXRI)! 
vildlife . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.25 per pound 

Prices subject to change withorti notice. 

e 
PLANTS AND SEED FOR CONSERVATION 000070 



Alsike Clover 
ediuni Rcd Clover 

New Zealand Whitc Clover 
White Dulcli Clovcr 
Ladino Clover 
Trophy Blcnd Decr Clovcr Mis  
Crimson Clover 
Yellow Blossom Sweetclover 
White Blossom Sweetclover 

Birdsfoot Trefoil, V.N.S. 
Empire Birdsfoot Trefoil 
Empire Birdsfoot Trefoil, Ccrtificd 
Leo Birdsfoot Trefoil, Certifisd 
Narcen Birdsfoot Trefoil 
Norcen Birdsfoot Trefoil, Ccrtilicd 

Appalow Lespedeza 
Bicolor Lespedeza 
Korean Lespedeza 
Serecia Lespedeza 
VA70 Shrub Lcspcdeza 

erennial Sweetpea 4 :rownvctch, 100 lbs. or murc 

4 4 8 ?30f4 

\.\’liolcsalc Price List - 11/1/95 (800) 873-3321 Page 2 
I’ It ICE/I, B 

I .30 
O.65 
1.50 
0.90 
2.20 
3.20 
2.60 
4.50 
I .20 
0.40 
I .35 

2.50 
2.75 
3 .OO 
3 .OO 
3.00 
3. IO 

3.50 
3.40 
0.90 
2.25 
4.50 

30.00 , 

7.75 
CrOWnVClCh, Certified, 100 Ibs. or niure 8.25 

Black Locust 3.00 
Bristly Locust 35.00 ------------------------------------------------------ 

NATIVE GRASSES P R IC E/LB 
Bladwcll Switchgrass 3.00 PLS 
Cave-in-Rock Switchgrass, Ccrtificd 3.50 PLS 
NE28 Switchgrass, Ccrtifid 2 . M  PLS 
SIicItcr Switdigass, Ccrlilicd 3.50 PLS 
Sunburst Switchgrass, Ccrtiliul 2.50 PLS 

Kaw Big Bluestem 5.25 PLS 
Niagara Big Bluestem, Certilicd 5.00 PLS 
Aldous Little Bluestem 12.00 PLS 
Camper Liule Blucstcm, Certilid 10.00 PLS 
Goldstrihc Saiitl Illiicstctll (I (IO 1’1 .S 

Garrison Creeping Foxtail 4.75 
Meadow Foxtail 4.30 
Side Oats G r a m  7.15 PLS 
Indiangrass 6.00 PLS 
NE27 Sand Lovcgrass 5. 10 PLS 

tlantic Coastal Panicgrass 8.50 PLS 

SPECIAL MIXES PRICE/LB 

he Intermediate Wheatgrass I .00 -------------------------------------------------------------- Q 
Wildlife Food Plot Seed Mixturc 

Wildflower Mixes (area specific) 25.0Ollb. 

0.45 
(Dwarf Sorghum, Proso Millet, Bwkwticat and Dwnrf Suiiflowcr) 

GRASSES . PRICELB 
Kciitucky Bluegrass 1 .50 
Kciib I ue Kentuchy B I uegrass I .70 
Mcrit Keniuchy Bluegrass 2.20 
Nc~vport Kentucky Bluegrass 1.70 
Park KentucAy Bluegrass, Certified 2.10 
Washington Kentucky Bluegrass 2.80 
Canada Bluegrass 3.00 
Pori Trivialis 2.10 

Kciitucky 3 1 Tall Fescue 0.80 
Fawii Tall Fescue - Endophyte Free 0.80 
Jollnstone Tall Fescue 1.10 
Turf-Type Tall Fescue 1 .oo 
Crecping Red Fescue 0.70 
Pc~uiIa\vn Red Fescue 0.95 
Chcwiiigs Fescue I .oo 
Capitol Chewings Fescue 1.20 
Rcliant, Scaldis or Serra Hard Fescue 2.00 
Sheep Fcscue 2.00 

Annual Ryegrass 0.44 
Tetraploid Annual Ryegrass 0.46 

Turf Type Perennial Ryegrass 1.05 
Tclraploid (Pasture) Perennial Ryegrass 0.95 

Liun Perennial Ryegrass 0.85 

Distans Alkali Grass - 2.80 
‘H ighland/Colonial Bentgrass 1.45 
Crccping Bentgrass 4.00 
Smooth Bromegrass 1 S O  
Rced Camygrass 3.50 
Palaton Reed Canarygrass 4.00 
Weeping Lovegrass 2.50 
Foxtail Millet 0.80 
Japanese Millet 0.70 

Axioiii Orchardgrass I .30 
Kcd *lbp 2.75 

0.50 
0.60 

Timothy 
Climax Timothy 

Potoiiiac Orchardgrass 1.10 

------ ----- I-------- 

COVER CROPS PRICE 
1 1 .oo/bu. Buckwheat 

O ~ I ~ S ,  c l c i i d  & t ~ ~ t c d  3.84hu. 
Oglc Oats, Certiliul 4.50hu. 
Grain Rye 6.16hu. 
Armslook Rye 7.84/bu. 
Wheal G.OO/bu. 

Austrian Winter Pea 0.40Ab. 

HAND SEEDERS PRICE 
25.00 ea. 
70.00 ea. 

Hairy Vetch 0.70nb. 

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

Spyker Canvas Model 126 
Spykcr Bucket Model 74 
Evcn Spread Canvas oooo7je~oo ea. 



Plant Shipping Seasons: 
Spring: Early April to mid-June. 

Falk &ly September to mid-November. 

Seed Shipping Season: 
seed is shipped throughout the year. Place your order in winter for 
the best selection. You can choose the shipping date and we will 
reseeve and ship your seed when you want it. (Plauc see Rrscmal 
policy b r h f m  udditional i+rmtia) 

R e s e d s :  
If you wish to reserve plants or seed for later shipment, we require 
either a valid credit card, signed government purchase order or a 
50% cash deposit. Plants and seed will be subject to sale until your 
deposit is received. Credit card leservals are charged when shipped, 
for cash reservals outstanding balance is due prior to shipment. 
Cancelled reservaln are subject to restocking fees. 

Delivery: 
prairie Nursery will ship your order as quickly as possible. 
Please allow a minimum of one week for p'ocessing. Due to the 
spring rush, orders placed in April and May omisionally take longer 
toprocgs. 

0 
PLANTS~ehippedUPS~RPSdeSSotherarrangemerts 
are requested Normal delivery time in the continental UNted States 

UPS/RPS Blue Label (2nd Day Air) service is available (See 
is 2-4 days. shipments to IharasLsmay take along a ~ 5  days. 

shipplng&Handlingk). 

If you wish to use m/m Red label (Next Day Air) service, 
pleasecOntactoUrofficefordetailSOn~ingcharges. 

New York City residents: To e ~ u l p  timely delivery, please use 
UPS/RPS Blue Label Befirice for phnt shipments. 

If you wish to receive your order on a particular day, please indicate 
this in the appropriate space on the order form. We will do our very 

keep in mind that we have no contml over UPS/RF5 schedules. For 
minimum time in transit, we recommend scheduling delivery on 
Wednesdays through Fridays. 

SEEDS are shipped via UPS/RPS or first class mail. 

best to get your order to you onor near the day you request. please 

Terms: 
Full payment must accompany all orders, unless credit has been 
approved prior to ordering. For your convenience, we accept 
MasteKard/VEA and Discover. Prairie Nursery does not charge 
prior to shipping your order. 

In the event we cannot supply a species ordered, and no substitution 
has been indicated, we will jssue a one year Credit Slip. You may 
apply the Credit Slip towards your next order, or a cash refund. 

Credit Terms: 
Credit is available to established accounts only. To establish an 
account please contact our office one week in advance of ordering. 
It takes time to check credit references, so if you need immediate 
shipment, we suggest you send payment with your first order, or 
usee credit card. 

Payment on credit orders is due 30 days from date of invoice. 
Over-due accounts are subject to a 15% monthly (189" annual) 
financedrarge. 

Restocking Fee: 
ALL CANCELLED ORDERS are subject to a 25% mtodring fee. 

Plant Shipments to Canada: 
We ship p h k  to Canada. Please add an additional 5% Shipping 
and allow an additional 15 days for Department of Agriculture Phyto 
Sanitation Certification. h4inimum plant order to Canada $250. 

PLEASE REMIT PAYMENTS IN U.S. FUNDS. 

Sales Tax: 

sales t a x , M c E p T f o r r e s i ~ o f t h e f o ~ c o u n t i e s :  Brown, 
Wisconsin residents must add 5% state sales tax and a 0.5% county 

Calumet, Clark, Eau Claire, Flom% Fond d u  Lac, Forest, Cant ,  
Green, Green Lake, Lafaye,  Ivlanitowoc, Marinetbe, Outagamie, 
Racine, Rock, shebaygan, Taylor, Vernon, Washington. Waukesha, 

. residenbofMilwaukee, 
Ozaukee, Racine, Washingtan end Waukeaha must add 0.1% 
Stadium Tax. OF 

W i n n e b a g O a n d W o o d A L s o , ~  

All pick up orders must add the 5% state sales tax PLUS an 
additional V;% Marquet6e County 5ales Tax. 

W i i n  statutes state that all shipping charges are subject to state 
and county sales tax. Please include shipping and han- charges 
W h  computing sales tax. 

If you intend to resell plants or seeds purchased from Prairie 
Nursery, enclose a completed Wisconsin Resale Cef i ca t e  with 
your order to avoid being charged sales tax. You will be responsible 
for any sales tax until we have a completed Resale Certificate on file. 

Need Help? 
Call Us! 
608-296-3679 

00007;1' 
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$!$ PlantPrices 1996 ,$gd /L 
Price Per Plant 

Plants are extra-large, 2 year old, bare-root transplants unless listed otherwise. 

Species are alphabetically listed according to their Latin Name. 
ITEM t f  SPECIES PageNo. 1-2 3 -9 10-25 26-50 51-100 101-500 

35660 
35750 
35943 
36550 
36720 
36730 
36740 
36860 
37080 
77053 
3 7850 
38040 
38060 
38070 
38440 
38460 
38480 
38723 
38743 a ;:;;: 
38780 
39250 
39350 
39350 
39650 
39770 

Great Blue Lobelia Lobelia siphilitica 2 yr. 
Lupine Lupinus perennis 
Bergamot Monarda fistulosa 3"pot 
Wild Quinine Parthenium integrifolium 
Smooth Penstemon Penstemon digitalis 
Slender Penstemon Penstemon gracilis 
Beardtongue Penstemon granditlorus 
Purple Prairie Clover Petalostemum purpureum 
False Dragonhead Physostegia virginiana 
Jacobs Ladder Polemonium reptans 3"pot 
Yellow Coneflower Ratibida pinnata 
Black-Eyed Susan Rudbeckia hirta 
Sweet Bladr-Eyed Susan Rudbedrio subtomentosa 
Branched Coneflower Rudbeckia tnloba 
Compassplant Silphium laciniatum 
Cupplant Silphiumperfoliatum 
Prairie Dock Silphium terebinrhinaceum 
Zigzag Goldenrod Solidago flexicaulus 3'pOt 
Ohio Goldenrod Solidago ohioensis 3"pot 
Riddell's Goldenrod Solidago riddellii 3"pot 
Stiff Goldenrod Widago rigida 
Showy Goldenrod Solidago speciosa 
Meadom'e Thalictnrm dasycarpum 
Spiderwort Tradescantia ohiensis 
White Splderwort Tradescantia ohiensis a/& 
Ironweed Vernonia fusckulata 
Culveh Root Veronicastrum virginicum 2 yr. 

39860., Birdsfoot Violet Wola pedata 
39920 Heanleaf Golden Alexanders Zizia aptera 

27 
27 
27 
28 

28 
28 
28 
29 
29 
29 
'30 
30 
30 
30 
31 
31 
31 
32 

28 

32 
32 
32 
32 
33 
33 
33 
33 
33 

$3.50 
$3.50 
$3.50 
$450 
$4.00 
$350 
$3.50 
$350 
$350 
$4.50 
$3.50 
$3.50 
$4.00 
$3.50 
$3.50 
$3.50 
$3.50 
$3.50 
$4.50 
$350 
$3.50 
$3.50 
$3.50 
$4.00 
$4.00 
$3.50 
$4.00 
$4.50 
$3.50 

$250 $1.95 
$2.50 $1.95 
$250 $1.95 
$3.50 $2.75 
$2.95 $225 
$250 $1.95 
$250 $1.95 
$2.50 $1.95 
$250 $1.95 
$3.50 $2.75 
$250 $1.95 
$250 $1.95 
$2.95 $225 
$2.50 $1.95 
$2.50 $1.95 
$250 $1.95 
$2.50 $1.95 
$250 $1.95 
$3.50 $2.75 
$2.50 $1.95 
$250 $1.95 

$1.75 $ 1 .so 
$1.75 $1.50 
5 1.75 5 1 .so 
$2.50 $2.25 
$1.95 $1.75 
$1.75 $150 
$1.75 $150 
$1.75 $150 
$1.75 $150 
$250 $225 
$1.75 $1.50 
$1.75 $1.50 
$1.95 $1.75 
$1.75 $150 
$1.75 $150 
$1.75 $150 
$1.75 $1.50 
$1.75 $150 
$250 $2.25 
$1.75 $1.50 
$1.75 $1.50 

$250 $1.95. $1.75 $l>O 
$250 AVABllPBLE FMIVY 996 $1 50 
$2.95 $225 $1.95 $1.75 
$2.95 $235 $1.95 $1.75 
$2.50 $1.95 $1.75 $150 
$2.95 $225 $1.95 $1.75 
$350 AVAERBLE FWPlsa 996 $225 
$250 $1.95 $1.75 $150 

$1.25 
$1.25 
5 1.25 
$1.95 
$1.45 
$125 
$125 
$1.25 
$125 
$ 1.95 
$125 
$1.25 
$1.45 
$125 
$1.25 
$125 
$1.25 
$ 1.25 
$1.95 
$1 25 
$125 
$ 1.25 
$1 25  
$1.45 
$ 1.45 
$125 
$1.45 
$1.95 
$125 

Grasses & Sedges 
40530 Big Bluestem Andrapugon gerardi 
41 523 
44463 
45523 Junegrass Koeleria cristata 3"pot 
47570 Switchgrass Panicum virgatum 
40560 Little Bluestem Schizachyrium scoparium 
48550 lndiangrass Sorghastrum nutans 
48880 Prairie Cordgrass Spartinapectinata 
49052 Prairie Dropseed Sporobolus heterolepis I yr. BR 
49053 Prairie Dropseed Sporobolus heterolepis 3"pot 
43142 Pennsylvania Sedge Carexpensylvanica 3"pot 

Sideoats Grama Bouteloua curtipendula 3"pot 
Sweet Grass Hierochloe odorata 3"pot 

34 $3.50 $250 $1.95 $1.75 $150 - $125 
35 $3.50 $250 $1.95 $1.75 $150 $125 

53.50 $250 $195 $1.75 $150 $1.25 
35 $350 $250 A V A m L E  Fm0J996  $150 $125 
35 $3.50 . $250 $1.95 $1.75 $150 $125 
36 $3.50 $2.50 $1.95 $1.75 $1.50 $1.25 
36 $3.50 $250 $1.95 $1.75 $1.50 $1.25 
36 $3.50 $2.50 $1.95 $1.75 $1.50 $1.25 

$2.95 $2.75 $2.50 37 $5.00 $3.95 $3.25 
52.25 $1.95 $1.75 $1.45 37 $4.00 $2.95 

37 $3.50 $2.50 AVAmMLE F&&b9996 $1.50 $1.25 

Retail Nurseries, Landscape Architects and Contractors: 
Save money on large plant orders! 

a 
Call for details G )  prices (608) 296-3679. 000073 I 
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448 Seed Prices 1996 
Species are alphabetically listed according to their Latin Name. 0 

ITEM # SPECIES Page No. Seedsloz 118 0 2  114 0 2  112 0 2  102 1 Ib 

wildflowers 
10220 
10350 
10430 
10690 
10710 
11030 
60970 
61 170 
1 1230 
11260 
1 1270 
11280 
11310 
11320 
11340 
11350 
11370 
1 1450 
11520 
1 1550 

11750 
61650 
11950 
12040 
12050 
61970 
12150 
1 2340 
12750 
12850 
12920 
12950 
12960 
13050 
13150 
13240 
13260 
13350 
13720 
13950 
14230 
14260 
14270 

14550 
14760 
14950 
14960 
15240 

Lavender Hyssop Agastoche foeniculum 
Nodding Pink Onion Allium cemuum 
Leadplant Amorpho canescens 
Virginia Anemone Anemone virginiano 
Angelica Angelica atropurpurea 
Columbine Aquilegia canadensis 
Rock Sandwort Arenaria stricta 
Jack in the Pulpit Msuema triphyllum 
R e d  Milkweed Asclepias incamafa 
Prairie Milkweed Asc/epias sullivantii 
Common Milkweed Asclepias syriaca 
Butterflyweed Asclepias tuberosa 
Sky Blue Aster Astermreus 
Heath Aster Asterericoides 
Smooth Aster Asterlam's 
New England Aster Asternovawngliae 
White Aster Asterptamicoides 
Canada Milk Vetch Astragolus canadensis 
Blue False Indigo Baptisia australis 
White False Indigo hptisia leucantha 
Cream False Indigo hptisia leucophaea 
Pale Indian Plantain Cacalia afriplicifolia 
Sweet Indian Plantain Cacalia suaveolens 
Poppy Mallow Callirhw triangulata 
Marsh Marigold Calfha palustris 
Harebell Cornpanula rotundifolia 
Partridge Pea Cassia fasciculafa 
Wild Senna Cossia hekorpa 
Blue Cohosh Caulophyllum thalictroides 
New Jersey Tea Ceanothus americanus 
Lanceleaf Coreopsis Coreopsis lanceolata 
Canada Tick-Trefoil Desmodium canadense 
Shooting Star Dodecotheon meadia 

14 
14 
15 
- 
15 
45 
- 
45 
15 

15 
16 
16 
16 
16 
17 
17 
17 
17 
17 
17 
17 
18 

- 

ia 
ia 
18 

18 
45 
19 
19 
19 
19 

Nanow-leaf Purple Coneflower Echinoceo angustifolio 20 
20 Pale Purple Coneflower Echinocea pallido 

Purple Coneflower Echinocea purpurea 20 
Fireweed Epilobium angustifohm 20 
Rattlesnake Master Eryngium yuccifolium 20 
Joe Pye Weed Eupatorium maculatum 
Boneset Eupaforiurn perfoliafum 21 
Flowering Spurge Euphorbia corollato 21 
Bottle Gentian Genfiania andrewrii 21 
Prairie Smoke Geum friflorum 22 
Sawtooth Sunflower Helionthus grosseserratus 22 
Downy Sunflower Helionthus mollir ' 22 
Western Sunflower Helionthus occidentalis 22 
Woodland Sunflower Helionthus strumorus 45 
Ox-Eye Sunflower Heliopsis helionthoides 23 
Alum Root Heuchera richardsonii 23 
Great St. Johnswort Hypericum pyramidaturn 23 
Wild lris lris shrevei 23 
Blue Flag lris Iris versicolor 23 
Roundheaded Bushclover Lespedeza capitato 23 

21 

65,000 
7,700 
17.000 
20,000 
6.600 
25,000 
250,000 

440 
4500 
5300 
4.000 
3,500 
82,000 
140,000 
48.000 
70,000 
70,000 
16,000 
1.600 
1.600 
1,700 
6,500 
12,000 
6,000 
50,000 
800,000 

1,400 
120 

7.000 
12,500 
4,500 
75,000 
as00 
5,000 
6,600 

620,000 
8.000 
85,000 
200,000 
10.000 
800,000 
34,000 
12,500 
7,700 
13,000 
4,500 
6,500 

220,000 
1,400 
1.500 
10,000 

aoo,ooo 

59.00 
$9.00 
56.00 
$9.00 
54.50 
$9.00 

$6.00 
$18.00 
$4.50 

S 18.00 
S 18.00 

Sl5.00 
5 18.00 
54.50 
$6.00 
57.50 

S 18.00 
$6.00 
$4.50 
$24.00 

$36.00 
$1.50 
$6.00 

$36.00 
$ 1 .so 
$450 
$15.00 
$6.00 
$4.50 
$3.00 

56.00 
$9.00 
56.00 
$6.00 
$15.00 

57.50 
54.50 

5 12.00 
5 12.00 
53.00 
$22.50 
$3.50 
$3.00 
$4.50 
$4.50 

518.00 

18.00 

s 1 8.00 

5 1 2.00 5 18.00 530.00 
5 1 2.00 s 18.00 530.00 
58.00 $12.00 520.00 

5 1 2.00 5 18.00 530.00 
$6.00 $9.00 5 15.00 
$12.00 $ 18.00 $30.00 

5 1 O/gram 
AVAllABLE FALL 1996 

$8.00 5 12.00 $20.00 
$24.00 $36.00 $60.00 
$6.00 $9.00 s 15.00 
524.00 $36.00 $60.00 
524.00 $36.00 $60.00 
$24.00 $36.00 560.00 
524.00 $36.00 560.00 
$20.00 $30.00 $50.00 
$24.00 $36.00 $60.00 
$6.00 $9.00 Sl5.00 
58.00 $1 2.00 520.00 

s 10.00 Sl5.00 $25.00 
524.00 $36.00 $60.00 
58.00 $12.00 $20.00 
$6.00 $9.00 Sl5.00 
532.00 $48.00 580.00 

$48.00 $72.00 $120.00 
52.00 $3.00 $5.00 
$8.00 $12.00 $20.00 

AVAILABLE FALL 1996 

AVAILABLE FALL 1996 
$48.00 572.00 
$2.00 $3.00 
$6.00 $9.00 
$20.00 $30.00 
$8.00 $12.00 
$6.00 $9.00 
54.00 $6.00 

5 1 Olgram 
$8.00 

$ 12.00 
$8.00 
$8.00 
$20.00 
524.00 
5 10.00 
56.00 

5 16.00 
S 16.00 
54.00 
$30.00 
55.00 
54.00 
$6.00 
56.00 

$12.00 
518.00 
$12.00 
$3 12.00 
$30.00 
$36.00 
5 15.00 
59.00 
524.00 
524.00 
$6.00 
$45.00 
$7.00 
56.00 
$9.00 
59.00 

5 1 20.00 
$5.00 

s 15.00 
550.00 
$20.00 
$1 5.00 
5 1 0.00 

$20.00 
$30.00 
$20.00 
520.00 
550.00 
$60.00 
525.00 
515.00 
$40.00 
540.00 
5 10.00 
$75.00 
5 12.00 
s 10.00 
Sl5.00 

$450.00 
$450.00 
5300.00 
$450.00 
5225.00 
5450.00 

$300.00 
$900.00 
$225.00 
$900.00 
$900.00 
$900.00 
$900.00 
$750.00 
$900.00 
5225.00 
$300.00 
5375.00 
5m.00 
$300.00 
$225.00 

NA 

NA 
$75.00 
5300.00 

NA 
$75.00 
$225.00 
$750.00 
$300.00 
$225.00 
5 150.00 

5300.00 
$450.00 
5300.00 
$300.00 
$750.00 
$900.00 
$375.00 
5225.00 
5600.00 

NA 
$ 150.00 

NA 
5 180.00 
5 150.00 
$225.00 
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Seed Prices 1996 448 
Species are nlphabetically listed according to their h t i n  Name. 

SPECIES Page No. Seedsloz 118 oz 114 0 2  112 0 2  1 0 2  1 Ib 

15310 
15340 
15350 
15360 
15370 
15640 
15660 
15750 
15870 
15960 
15980 
16010 
16110 
16220 
16550 
16720 
16730 
16740 
16820 
16860 
67050 
17220 
17760 
17850 
17920 
17930 
18040 
18050 
18060 
18070 
18360 
18420 
18440 
18460 
18480 
18530 
18560 
18670 
18730 
18750 
18740 
18770 
18780 
19070 
19250 
19350 
19540 
19560 

19770 
19920 
19930 

Rough Blazingstar Liatris aspera 
Meadow Blazingstar Liatris ligulisrylus 
Dotted Blazingstar Liatris ponctata 
Prairie Blazingstar Liatris pycnostachya 
Dense Blazingstar Liatris spicata 
Cardinal Flower Lobelia cardinalis 
Great Blue Lobelia Lobelia siphilitica 
Lupine Lupinus perennis 
Prairie Loosemife Lysimochia quadriflora 
Bergamot Monarda fistulow 
Dotted Mint Monardapunctato 
Glade Mallow Napea dioica 
Evening Primrose Oenothera biennis 
Prickly Pear Cactus Opuntia compresw 
Wild Quinine Parfhenium integrifolium 
Smooth Penstemon Penstemon digitalis 
Slender Penstemon Penstemon gracilis 
Beardtongue Penstemon grandiflorus 
White Prairie Clover Peralostemum candidum 
Purple Prairie Clover Petalostemum purpureum 
Jacob’s Ladder Polemonium reptans 
Great Solomon’s Seal Polygonarum canaliculatum 
Prairie Buttercup Ranunculus rhomboideus 
Yellow Coneflower Ratibida pinnata 
Meadow Rose Rosa blanda 
Pasture Rose Row Carolina 
Black-Eyed Susan Rudbeckia hirfa 
Green-headed Coneflower Rudbeckia huniata 
Sweet Bkk-Eyed Susan Rudbeckia wbmentasa 
Branched Coneflower Rudbeckia trfloba 
Royal Catchfly Sikne regia 
Rosinweed Silphium integrifolium 
Compassplant Silphium laciniatum 
Cupplant Silphium pedoliarum 
Prairie Dock Silphium terebinthinaceum 
Blue Eyed Grass Sisyrinchium campestre 
Mountain Blue Eyed Grass Sisyrinch. montanum 
Solomon‘s Plume hilacina racemow 
Sweet-Scented Goldenrod Solidago jejunifolia 
Grey Goldenrod Solidago nemoralis 
Ohio Goldenrod Solidago ohioensis 
Stiff Goldenrod Solidago rigida . 

Showy Goldenrod Solidago speciosa 
Fame Flower Talinum rugosperrnum 
Meadowrue Thalictrum dasycarpum 
Spiderwort Tradescantia ohiensis 
Blue Vervain Verbena hastata 
Hoary Vervain Verbena stricto 
Ironweed Vernonia fasciculata 
Culvefs Root Veronicastrum virginicum 
Heartleaf Golden Alexanders Zizia aptera 
Golden Alexanders Zizia aureo 

26 
26 
26 
26 
26 
27 
27 
27 
27 
27 
27 
28 
28 

28 
28 
28 
28 

- 

- 
28 
29 
29 
29 
29 
29 
29 
30 
29 
30 
30 
30 
30 
30 
31 
31 
- 

31 
45 
31 
31 
32 
32 
32 
32 
32 
32 
33 
33 
33 
33 
33 
33 

13,500 
13,000 
8.000 

12,000 
12,000 

300,000 
470,000 

1 ,000 
88,000 
78.000 
%000 
5,300 

550,000 
1BW 
6800 

1 00,000 
208,000 

11.000 
15,900 
20,000 
22,000 

1,200 
28,000 
27,000 

L900 
1 00,000 
1 5 m  
46,000 
33,000 
23,000 
4,000 

650 
1 Po0 
1,100 

39,000 
29,000 

900 
130,000 
240,000 
90,000 
46,m 

105,ooo 
71,000 
13,900 
8.000 

100,000 
32,000 
20,000 

750,000 
9.000 

1 Lo00 

- 

5 15.00 
5 18.00 
5750 
$7.50 
56.00 

530.00 
56.00 
53.00 

57.50 
54.50 
56.00 
$2.50 
56.00 

512.00 
57.50 

522.50 
56.00 
54.50 
53.00 

57.50 
$15.00 
$250 
56.00 
56.00 
5150 
5750 
56.00 
59.00 

524.00 
5 12.00 
5750 
$750 

$750 
524.00 
$12.00 
5 18.00 
$9.00 

524.00 

$12.00 
53.00 
$1.50 
59.00 

530.00 
$12.00 
$4.50 

$20.00 530.00 
524.00 $36.00 
5 10.00 Sl5.00 
510.00 5 15.00 
58.00 $12.00 

540.00 560.00 
58.00 5 12.00 
54.00 56.00 

5 10.00 5 15.00 
56.00 $9.00 
58.00 $12.00 
53.50 $5.00 
58.00 . $12.00 

5 1 6.00 $24.00 
510.00 Sl5.00 
530.00 545.00 

58.00 512.00 
56.00 $9.00 
54.00 56.00 

SlOfgram 

$50.00 
$60.00 
$25.00 
525.00 
520.00 

5 100.00 
520.00 
5 10.00 

525.00 
515.00 
520.00 
58.00 

520.00 
540.00 
$25.00 
$75.00 
520.00 
5 1 5.00 
5 10.00 

AVAllABLE FALL 1996 
5 10.00 515.00 525.00 
520.00 530.00 $50.00 

5350 55.00 $8.00 
58.00 $12.00 520.00 
$8.00 512.00 520.00 
52.00 53.00 $5.00 

$10.00 $15.00 $25.00 
58.00 5 12.00 520.00 

512.00 5 1 8.00 $30.00 
532.W 548.00 580.00 
$ 16.00 $24.00 540.00 
5 1 0.00 51 5.00 $25.00 
$ 10.00 $15.00 $25.00 

AVAILABLE FALL 1996 
$Sfgram 
55fgram 

510.00 $15.00 $25.00 
532.00 548.00 580.00 
516.00 $24.00 $40.00 
524.00 536.00 560.00 
5 12.00 5 18.00 $30.00 
532.00 548.00 580.00 

S2SIgram 
AVAILABLE FALL 1996 

5 16.00 524.00 $40.00 
54.00 56.00 5 10.00 
52.00 53.00 $5.00 

Sl2.00 5 18.00 530.00 
$40.00 560.00 S 100.00 
5 16.00 $24.00 540.00 
56.00 59.00 $15.00 

$750.00 
$900.00 
$375.00 
$375.00 
5300.00 

5 1,500.00 
5300.00 
5 150.00 

5375.00 
$225.00 
$300.00 
5 120.00 
5300.00 
5600.00 
5375.00 

$1,125.00 
5300.00 
$225.00 
$ 1 50.00 

5375.00 
5750.00 
5 120.00 
5300.00 
5300.00 
575.00 

5375.00 
5300.00 
$450.00 

NA 
5600.00 
5375.00 
5375.00 

5375.00 
NA 

$600.00 
NA 

5450.00 
$ 1,200.00 

$600.00 
Sl50.00 
575.00 

5450.00 
5 1,500.00 

5600.00 
. $225.00 
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Seed Prices 1996 

Species nre alphnbeticnlly listed nccording to their h t i n  Nnnie. 

ITEM # SPECIES Page No. Seeds/oz 112 02 1 0 2  114 Ib. 1/2 Ib. 1 Ib 

Grasses 
20530 
21520 
23520 
23528 
23470 
24020 
24070 
25520 
27570 
20560 
28550 
29050 

Big Bluestem Andropogon gerordi 
Sideoats Grama Boutelouo curripendulo 
Canada Wild Rye Eiymus conadensis 
Virginia Wild Rye Elymus virginicus 
Purple Lovegrass Erogrostis spectobilis 
Rattlesnake Grass Glycerio conudensis 
Fowl Manna Grass G/ycerio striata 
Junegrass Koeleriu crisroro 
Switchgrass Panicum virgotum 
Little Bluestem Schizochyrium scoporiurn 
lndiangrass Sorghosrrum nutons 
Prairie Dropseed Sporobolus heterolepis 

34 8.200 
35 8,000 
35 4,200 
35 3,900 

- 130,000 
- iao,ooo 

35 150,Ooo 
35 18,000 
36 8,800 
36 8,300 
37 14,000 

52.00 5 3 .OO s 10.00 $ 18.00 $30.00 
$2.50 $3.50 s 12.00 $20.00 $32.00 
s 1 .oo 51.50 $5.00 $9.00 S 14.00 
55.00 57.50 $25.00 $45.00 $75.00 
$9.00 $1 5.00 $55.00 $105.00 $200.00 

5 15.00 $25.00 $95.00 $175.00 NA 
$15.00 $25.00 595.00 $175.00 5300.00 
$9.00 $15.00 $55.00 5105.00 $200.00 
5 1 .oo 5 1 .so $5.00 59.50 $15.00 
$2.00 $3.00 $10.00 $18.00 $30.00 
51.50 $2.00 $7.00 $12.00 $20.00 
$6.00 $10.00 $35.00 $65.00 $120.00 

Sedges Page No. Seeds/oz 1/8 02 1/4 oz 1/2 02 1 02 llb 

2301 7 Bebbs Sedge Corexbebbii 37 100,000 $9.00 s 12.00 $ 18.00 $30.00 $450.00 
23094 Porcupine Sedge Corer hystericino 37 36,000 $9.00 $12.00 s i  8.00 530.00 NA 
23 197 Fox Sedge Curer vulpinoideo 37 90,Ooo $6.00 58.00 $ 12.00 $20.00 $300.00 

Seed Quality: Pvice versus Value 
Cheap Price may be a Poor Value 

0 

One ounce of Prairie Nursery's Grey Goldenrod (Solidago nemoralis) 
seed (on the left), compared to I ounce of seed material purchased from 
another major ruildflower seed retailer (on the right). 

Prairie Nursery Seed 
Purchased Weight: 1.00 ounce (28.35 gm) 
Piirchnse Price $40.00 @ A c t d  Clentf Seed Weight: 1 .oo Ounce (28.35 gm) 
You'will spend $40.00 to get 102. of seed 

7he same seed compared after cleaning. The ounce of the other retailer's 
seed material (on the righf) reduced to barely u tenth of an ounce of 
clean seed. 

Another Wildflower Producer's Seed 
Purchnsed Weight: 1.00 ounce (28.35 gm) 
Purchnse Price $10.00 

Actitnl Clenti Seed Weight: 0.11 Ounce (3.2 gm) 

You must spend $88.60 to get 1 oz. of seed. 

Grey Goldenrod seed was used in this comparison. Similar results were obtained with many other seed species purchased. ' 

08007fi 
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11.3 Cover System Erosion Resistance 
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@ 23&Yb 
COVER SYSTEM EROSION RESISTANCE 

EXECUTIVE SUMMARY 

Purpose 

To demonstrate that the erosion resistance of the OSDF final cover system will satisfy the 
following design criteria: 

Topsoil shall have a maximum projected erosion rate of 5 tons/acre/year (1 1 tonneshalyear). 

0 Properties of the topsoil and underlying layers should be adequate to result in a cumulative 
projected volume of eroded material over the design life of the facility that results in sufficient 
remaining soil thickness to provide freeze-thaw protection of the compacted clay component of 
the final cover system. 

Topsoil and vegetation should resist gully initiation under the tractive forces of surface-water 
runoff from the cover. 

Properties of the biointrusion barrier shall be adequate to resist erosion in the 2000-year storm, 
should the biointrusion barrier be exposed by erosion gullies that have breached the overlying 
layers. 

Contents 

0 Executive Summary 

0 Calculation Procedure 

0 Collection and Verification of Data 

0 Calculations and Results 

Results 

A well-established grass cover on the proposed clay loam topsoil should not exceed the maximum 
allowable rate of soil loss due to sheet and rill erosion. A less dense grass cover may be adequate if a e 
GE3900-08.2 / FCSUM2.DOC 
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gravelly topsoil is used, but a gravelly topsoil will prohibit grass growth and encourage the growth of 
weeds, and is therefore not recommended. 

At the calculated soil loss rate of 4.35 tons/acre/year, the topsoil and vegetative soil layers of the 
OSDF final cover will have a thickness of 22 inches after 200 years and a thickness of 3.5 inches after 
1000 years. The results of the calculations indicate that a well-established native-grass cover should 
preclude formation of erosion gullies in the OSDF final cover during the 2000-year storm. However, 
circumstances may arise which cannot be accounted for through calculations; such as exposed soil due to 
burrowing animals, poor vegetation conditions due to severe drought, etc. For this reason, the resistance 
of the.biointrusion barrier to erosion in the 2000-year storm and probable maximum precipitation (PMP) 
was calculated, assuming a gully has penetrated the overlying final cover system layers (gravel choke, 
vegetative soil, and topsoil). The results of these calculations indicate that the biointrusion barrier will 
stop the advancement of any gullies which penetrate the overlying layers, even in the PMP. 

Recommendations 

Use a native-grass vegetative cover on the OSDF final cover system. Calculations indicate that 
erosion gullies should not form in this vegetative cover in the 2000-year storm. Furthermore, in the 
event that gullies develop due to circumstances that cannot be accounted for through calculations, gullies 
should not penetrate the biointrusion barrier, and thus not breach final cover integrity. 

0 

GE3900-08.2 / FCSUM2.DOC 
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Written by: Date: Reviewed by: Date: 

Client: FERMCO Project: OSDF ProjectProposal No.: GE3900 Task No.: 8.2 0 
COVER SYSTEM EROSION RESISTANCE 

TABLE OF CONTENTS 

Page 

1. Calculation Procedures 

2. Collection and Verification of Data 

0 

0 

0 

0 

Modified Universal Soil Loss Equation 
Thickness of Topsoil and Vegetative Soil Layer at 
End of OSDF Design Life 
Design Flow 
Temple Method 
HortonINRC Method 
Permissible Velocity Method 
Design Flow Per Unit Width in a Gully Penetrating 
to the Biointrusion Barrier 
Stephenson Method 
Hartung and Scheuerlein Method 

3. Calculations 

CALCUL. TOC 

3/76 

4/76 

5/76 

14/76 
17/76 ’ 

25/76 
34/76 
36/76 

39/76 
42/76 
45/76 

5 1/76 
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I% ala% COVER SYSTEM EROSION RESISTANCE 

CALCULATION PROCEDURE 

1. Evaluate the ability of the planned native-grass cover and topsoil to satisfy the required soil loss rate 
to sheet and rill erosion (S 5 tons/acre/year). Use the Modified Universal Soil Loss Equation 
(MUSLE), [Nelson et al., 19861. 

2.. Accounting for soil loss to sheet and rill erosion a rate of 5 tons/acre/year, determine the thickness 
of the topsoil and vegetative soil layers at the end of the design life of the OSDF (200 years, up to 
1000 years to the extent practicable and achievable). 

3. Evaluate the resistance of the planned native-grass cover to gully formation in the topsoil layer of 
the OSDF final cover. The design storm is the 2000-year storm. Use the following methods: 

Temple Method [Temple et al., 19871 

Horton/NRC Method [NRC, 19901 

Permissible Velocity Method [NRC, 1990 and USDA-SCS, 19861 

4. Evaluate the ability of the riprap in the biointrusion barrier to resist erosion, should the 
biointrusion barrier be exposed by erosion gullies that have breached the overlying OSDF final 
cover layers. The design storm is the 2000-year storm (resistance in the probable maximum 
precipitation is also checked for information). Use the following methods: 

Stephenson Method [Abt et al., 19881 

Hartung and Scheuerlein Method wartung and Scheuerlein, 19701 

GE3900-08.2 / FCSUM2.DOC 
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COVER SYSTEM EROSION RESISTANCE Jh 23@4G 

COLLECTION AND VERIFICATION OF DATA (CVD) 

OUTLINE 

SOIL LOSS RATE TO SHEET AND RILL EROSION 

1. Modified Universal Soil Loss Equation 

2. Thickness Of Topsoil And Vegetative Soil Layer At End Of OSDF Design Life 

POTENTIAL FOR GULLIES FORMING IN OSDF COVER 

3. Design Flow 

4. Temple Method 0 
5. Horton/NRC Method 

6. Permissible Velocity Method 

ABILITY OF BIOINTRUSION BARRIER TO STOP GULLY ADVANCEMENT 

7. 

8. Stepehenson Method 

9. Hartung And Scheuerlein Method 

Design Flow Per Unit Width In A Gully Penetrating To The Biointrusion Barrier 

000083 
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Topsoil Texture 
Silt Loam 
Clay Loam 

Date: 20-Feb-96 Reviewed by: D a t e 2  % Written by: DAVE WARREN 

Client: FERhICO Project: ON-SITE DISPOSAL FACILITY ProjedProposal No.: GE3900 Task No.: 08.2 

&=b% 
1. MODIFIED UNIVERSAL SOIL LOSS EQUATION b t3&Y(*  

Soil Erodability Factor Value 
0.37 
0.32 

The Modified Universal Soil Loss Equation (MUSLE) [Nelson et al., 19861 is: 
A =  R x Kx LS x V M  

Where: A = rate of soil loss to sheet and rill erosion by water in tons/acre/year 
R = rainfall energy factor K = soil erodability factor 
LS = length and slope factor VM = vegetative measures factor 

1.1 Rainfall Enerpv Factor lFQ 

R = 175 See Figure 1. 

1.2 Soil Erodibility Factor (K) 

See Table 1. On-site materials fiom the East Field borrow area will probably be used as topsoil in 
the OSDF final cover. The soils in the OSDF area and the East Field borrow area are glacial till, with 
the majority classifying as USCS Lean Clay (CL) or Sandy Lean Clay (CL), as shown in Table 2. CL 
generally corresponds to USDA Clay Loam, as can be seen in Table 3. Therefore, a soil erodability 
factor corresponding to clay loam will be used. * 

K = 0.32 

Table I - “K”  Factor 

Sandy Loam 
Loamy Sand 
Sand 

000084 
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Figure I - Rainfall Energy Factor Map For Ohio. From USDA- SCS [I 9871 



rr 4 4 8  
GEOSYNTEC CONSULTANTS P a s  3- of ?b 

Written by: DAVE WARREN Date: 19-Feb-96 Reviewed by: n b \  Date:D, m% 
Client: FERMCO Project: ON-SITE DISPOSAL FACILITY Projecflroposal No.: CE3900 Task No.: 08.2 

Table 2 - Index Properties of Soils in the OSDF Area and North Borrow Area. Modijiedfiom Parsons 
[I 995bl 

.. 
m 
a2 -. 

2 

0000136 
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Table 3 - Typical Porosities and USCS Classifications for Diflerent USDA Soil Textures. From 
Schroeder et al. [I9941 +&, ti F A  9 !  

/La z3kbrc 

e 
I 

30 Cod-~urnrng ELcccnc P h  
Fly Ash' 0541 0.187 0.047 S.oxl0' 

31 Cod-Bumg EICCUIC P h I  
Bottom Ash' 0578 0.076 0.025 4.1~10' 

32 Municipal Inememor 

33 Frnt Copper Slag' 0.375 o.os5 0.020 4.1~10' 
34 Dnuuge Na (0 6 em) 0 8SO I 0.010 0.m 3.3~10" 

Fly Ash. 0 450 0.116 0.049 1.ox10' 

a 
Moderately Compacted 

oooot37 
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Slope (YO) 
s 5  1.0 

1.0 < s 53.0 
3.0 < s 55.0 
5.0 < s 5 10.0 

s >  10.0 

GEOSYNTEC CONSULTANTS Page 9 of 7b 

m 
0.2 
0.3 
0.4 
0.5 
0.6 

Written by: DAVE WARREN Date: 21-Feb-96 Reviewed by:- D a t e : a  

Client: FERMCO Project: ONSITE DISPOSAL FACILITY Project/Proposal No.: GE3900 Task No.: 08.2 

1.3 Lendh and Slope Factor (LS) 

The “LS” factor is calculated using the following equation [Foster and Wischmeier, 19741: 

1 n S.h”r” -Sjh;:; 
L S = - C  For: Sj = (0.043s; + 0 . 3 0 ~ ~  + 0.43)/6.613 

he j=1 72.6”’ 

Where: he = Total length (slope includes n segments) 
n = number of segments in slope 
Sj = slope factor for segment j 
sj = slope for segment j (percent) 
hj = Length from top of entire slope to bottom of segment j 
hj.l = Length from top of entire slope to bottom of segment j-1 
m = slope-length exponent (Section 1.3.1) 

Geometry of the OSDF is shown in Figures 2 through 4. The worst-case slope for erosion on the 
OSDF final cover will be the west-side slope, which at its longest, consists of the three segments below 
(see Figure 4): 

0 

0 

0 

90 ft long top segment at 20 Horizontal to 1 Vertical (20H:lV) (0.05 Wft); 
60 ft long middle segment at 10H: 1V (0.10 Wft); and 
370 ft long bottom segment at 6H:lV (0.167 Wft). 

Values of LS are presented’in the calculations section. 

1.4 Veyetative Measures Factor (VhQ 

The VM factor is estimated from Table 4. From Table 4, VM = 0.01 for “permanent seedings after 
12 months” (i.e., good grass cover). Also, VM = 0.01 can be achieved during vegetative cover 
establishment by using adequate mulching [Caltrans, 19921. a 
GE3900-08.2 / FCCVD2.DOC 
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I 

t 

Figure 2 - Plan of OSDF Final Cover. From GeoSyntec [I 9961 
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Figure 3 - West-East Cross Section of OSDF. From GeoSyntec [I 9961 

4 4 8 “176 
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I 

Figure 4 - West-Side Slope of OSDF Final Cover, and Estimate of Minimum Required Critical Distance 
for the Hortonlh'RC Method. Modifiedfiom GeoSyntec [I 9961 
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Table 4 - Values for VM” Factor in MUSLE. Modijiedfiom Caltrans [I 9921 

CONDITION VM FACTOR 

1. 

4. 

5. 

6. 

Bare Soil Conditions 
freshly disked to 6-8 inches 1.00 
after one rain 0.89 
loose to 12 inches smooth 0.90 
loose to 12 inches rough 0.80 
compacted bulldozer scraped up and down 1.30 

same except root raked 1.20 
compacted bulldozer scraped across slope 1.20 

same except root raked across 0.90 
rough irregular-tracked all directions 0.90 
seed and fertilize, fresh 0.64 

same after six months 0.54 
seed, fertilizer, and 12 months chemical 0.38 
not tilled algae- crusted 
tilled algae crusted 
ComDacted fill 
undisturbed except scraped 

scarified only 
sawdust 2 inches deep, disked in. 

temporary, 0 to 60 days 
temporary, after 60. days 
permanent, 0 to 60 days 
permanent, 2 to 12 months 
permanent, after 12 months 

Seedings 

Brush 

Excelsior blanket with plastic net 

PVA 
Terra-Tack 
Wood fiber slurry, 1000 lb/acre fresh 
Wood fiber slurry, 1400 lb/acre fresh 
.Wood fiber slurry, 3500 lb/acre fresh 

0.01 
0.02 

A- - 
0.66-1.30 

0 . 76-1 . 31 
0.61 

0.40 
0.05 
0.40 
0.05 
0.01 

0.35 

0.04-0.10 

0 -71-0 . 90 
0.66 

0.05-0.73 
0 . 01-0.36 
0.009-0.1 
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2. THICKNESS OF TOPSOIL AND VEGETATIVE SOIL LAYER AT E&OF OJDF 
DESIGN LIFE 

The thickness is calculated by the following equation: Tt=To- t (A/y )  

Where: T = thickness of topsoil and vegetative support layers at time t 
To = initial thickness of topsoil and vegetative support layers 
t = time after construction of final cover 
A = soil loss rate to sheet and rill erosion 
y = soil unit weight 

2.1 Initial Thickness of Topsoil and Vegetative Soil Lavers (TJ 

See Figure 5. To = 27 inches 

2.2 Time After Construction of OSDF Final Cover (t) 

OSDF design life is 200 years up to 1000 years (to the extent practical and achievable) 

2.3 Soil Loss Rate to Sheet and Rill Erosion (A) 

Determined in MUSLE (Section 1) 

2.4 Soil Unit WeiFht cy) 

Unit weight can be conservatively estimated as: y - G,yw( 1 -n)+ yw(wp) 

Where: G, = specific gravity of soil 
yw = unit weight of water 
n = porosity of soil 
wp = wilting point of soil (see below) 

The wilting point is the volumetric moisture content at which the soil will no longer give up any 
moisture to plants. The soil, on average, should have a moisture content higher than the wilting point. 

2.4.1 Specific gravity of soil (G,) 

Specific gravity values for soil sampled from the OSDF area and East field borrow area are shown 
in Table 2. From the table, it can be seen that a low but accurate estimate of G, is 2.70. 0 
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I 1.75' VEGETATIVE SOIL LAYER 

FINAL COVER SYSTEM 

Figure 5 - Detail of OSDF Final Cover System Components. From GeoSyntec [I9961 
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2.4.2 Unit weight of water (yw) 

Unit weight of water = 62.4 lbs/ft3 [Daugherty et al, 19851. 

2.4.3 Void ratio of soil (n) 

See Table 3. The soil textures on lines 1-15 correspond to loose soils, as would be the condition of 
the topsoil. Both the topsoil and vegetative soil layers are assumed to be loose, to be conservative. The 
porosity for clay loam or CL (line 11) is: n = 0.464 

2.4.4 Wilting point of soil (wp) 

See Table 3. For clay loam or CL (line 11) the wilting point is: wp = 0.187 
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3. DESIGN FLOW po z.sF&sc 

/&/- 3 a t - w o  
Flow is calculated using the rational method: q = c-i-A-F -5 rtLeun&J ~sbo@fg+] 

Where: q=flow (&/ft) 
c = runoff coefficient c ) 
i = rainfall intensity for period of interest C:n/k,) 
A = drainage area ([e,,,,c, 1 
F = flow concentration factor ( K ) 

L 
3600 k- 

(AfL, ft.:) 

3.1 Runoff Coefficient (c) 

When the most intense period of a very large storm (i.e., larger return period than 1 00-years) hits the 
OSDF, the final cover topsoil will likely be saturated from rain falling before this time, causing all rain 
in this period to run off the OSDF. Therefore, use c = 1 .O for storms with return periods larger than 100 
years, as recommended by USDOE [1989]. 

3.2 Rainfall Intensity (i) 

The rainfall intensity is calculated by: i = d / t, 

Where: d = depth of rainfall in the time of concentration 
t, = time of concentration 

3.2.1 Time of concentration (t,) 

3.2.1.1 Flow on vegetative or soil cover 

Time of concentration for flow on a soil or vegetated cover is calculated using the method of Brant 
and Oberman as presented in USDOE 119891. The equation used is: 

t ,  = 4") 
S - i 2  

Where: C = coefficient (0.5 for paved areas, 1 .O for bare earth, 2.5 for turf) 
L = distance of overland flow (ft) 
S = slope of land (Wft) 
i = rainfall intensity (in/hr) 
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Calculating time of concentration with this equation is an iterative procedure, since rainfall intensity 

has to be assumed for the calculation. Rainfall intensity is assumed, time of concentration calculated,23@ 
This ?b 

procedure is repeated until the assumed rainfall intensity matches that calculated from Figure 10. 

0 
the corresponding rainfall depth is taken fiom Figure 10 and the rainfall intensity calculated. 

3.2.1.2 Flow on a riprap cover (i.e., biointrusion barrier) 

Time of concentration for flow on a riprap cover is calculated using the method of Kirpich as 
presented in NRC [ 19901. The equation used is: 

0.385 

t ,  =($) 
Where: L = drainage length (miles) 

H = elevation difference (ft) 

3.2.1.3 Minimum time of concentration 

According to USDOE [1989] the time of concentration used to calculate precipitation runoff flow 
should be no less than 2.5 minutes. This is because for very small values oft,, small decreases in t, will 
cause large increases in rainfall intensity, resulting in very over-conservative estimations of runoff flow. 

3.2.2 Depth of rainfall in time of concentration (a) 

Figure 9 is a plot of rainfall depth vs. return period. Specific durations of interest ranging from 5 
minutes to 24 hours are shown (ex. the 5-minute duration of interest is the most intense 5 minutes of the 
storm in question). Data points are shown for return periods of 2, 5, 10, 25, 50, 100, and 100,000 years 
(1 00,000 years is the return period for the probable maximum precipitation, or PMP). PMP data points 
shown for 1-hour and shorter durations of interest were estimated fiom Figures 6-8. PMP data points 
shown for 6-hour and longer durations of interest, and all data points shown for storms with return 
periods of 100 years or less were taken from Parsons [ 1995al. Rainfall depths for the 2000-year storm 
were estimated by interpolating between 1 00-year storm and PMP values, as shown on Figure 9. 

Figure 10 is a plot of rainfall depth vs. duration of interest. Rainfall depths for durations of interest 
other than those shown in Figure 9 were estimated from Figure 10. As can be seen in Figure 10, rainfall 
depths for durations of interest less than 5 minutes were extrapolated fiom the data. 
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Figure 6 - I-hour 10-mi2 PMP Rainfall Depth for the Eastern United States. From Hansen et al., 
[I 9821 
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Figure 7 - Ratio of 15- to 60-minute PMP Rainfall Depth for  Areas -= 200 mi? for Eastern United 
\ States. From Hansen et al., [I 9821 
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States. From Hansen et al., [I 9821 
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3.3 Drainaye Area [A) 

The drainage area used is a one-foot wide strip on the OSDF Final Cover. Geometry of the OSDF 
is shown in Figures 2 through 4. The critical point will be at the bottom of the west side slope (see 
Section 1.3), which has a drainage area of 520 ft2/ft width [90ft (20H:lV) + 60ft (1OH:lV) + 370 ft 
(6H:lV)l. 

3.4 Flow Concentration Factor W) 

NRC [1990] recommends using a flow concentration factor to account for flow possibly 
concentrating in rills and gullies. NRC recommends F = 3 for flow on a bare-soil or vegetative cover. 
The recommendations are based on work by Abt et al. [1987,1988] who studied flow characteristics and 
erosion resistance of riprap slopes using flumes. Abt et al. [1988] recommend the following values of F 
for evaluating erosion resistance of riprap on slopes: _. 

F =  1.0 
F = 2.0 
F = 3.0 

for overland sheet flow 
for a high probability of shallow concentrated flow 
for a high probability of channelized flow 

Caldwell and Reith [ 19931 recommend using F between 2 and 3 when designing vegetative covers. 

Based on Abt et al.’s recommendations, F = 2 should be achievable, as only shallow concentrated 
flow should occur down the final cover, (channelized flow will only occur in a gully). However, since 
these recommendations were developed for riprap, and since NRC and Caldwell and Reith recommend 
using F=3, a flow concentration factor of 3 will be used, 
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4. TEMPLE METHOD 

The Temple Method (more formally the TempleLJSDA Method) is used to evaluate the potential 
for gullies to form in the vegetated cover h the 2000-year storm, and is also used to calculate the 
allowable shear stress and Manning’s roughness coefficient used in the HortodNRC Method. 

4.1 Allowable Shear Stress For Bare Soil 

r, is calculated from the following equation [Temple et al., 19871: 
T, = rab C,‘ 2 0.02 lb/ft2 

Where: Tab = basic allowable shear stress for bare soil (estimated from Figure 11) 
C, = void ratio correction factor (estimated from Figure 12) 

4.2 Vepetal Parameters (C, - and CF) - 

The Retardence Curve Index, CI, can be calculated with the following equation [Temple et al., 19871: 

C, = 2.5(hJM)”3 Where: h = representative stem length 
M = stems per area 

CI can also be taken from Table 5 for good uniform stands of grass. Values for the Vegetal Cover 
Factor (C,) for good uniform stands of grass also appear in Table 5. Values of CI and CF for good 
uniform stands of grass in each SCS vegetal retardance class are inferred from Table 5. 

For uniform stands of grass other than “good” quality, CF is changed following the guidance in 
Table 5, and CI is changed by adjusting the stem density per the guidance in Table 5 and figuring the 
corresponding change in CI from the equation above. For going from “good” to “fair” quality uniform 
grass , CF changes by a factor of 0.8, and the stem density changes by a factor of 213, which means CI 
changes by a factor of [(2/3) 3 = 0.9347. 112 113 

Further description of grasses corresponding to SCS retardance classes is given in Table 6. 
Preliminary recommended grasses for the OSDF final cover are shown in Table 7. According to 
Freshley [1996], SCS vegetal retardance class B should be attainable with native grasses on the OSDF 
final cover. Nevertheless, all vegetal retardance classes are analyzed to estimate the effect of less strong 
vegetation on erosion resistance. 

4.3 Desipn Flow Per Unit Width (a) 

See Section 3. 
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Figure 11 - Graph for Estimating T , ~  From USDOE [I 9891 

22  2 4  

I 



r 448 - 
GEOSYNTEC CONSULTANTS 
Written by: DAVE WARREN Date:qb~Dz/ZO Reviewed by: n%u\l Dnte:Z 

Pane '7,a of rD 

TaskNo.: 082 Client: FERMCO Project ON-SITE DISPOSAL FACILITY RojealRopasal No.: CEJW 

1 
0.2 0.4 0.6 O e 8  0. $66 1.0 1.2 1.4 

VOID RATIO, e 

Figure 12 - Graph for Estimating C, From USDOE [I9891 



GEOSYNTEC CONSULTANTS Page 26 of % 

Written by: DAVE WARREN Date: 19-Feb-96 Reviewed by: D a t e a  e 9(9 
Client: FERMCO Project: ON-SITE DISPOSAL FACILITY Projecflroposal No.: GE3900 Task KO.: 08.2 

f%zt:GbV 
/ .$23/2b96 Table 5 - Values of C, and Cf for Good Uniform Stancls of Grass. 

Modifedfiom USDOE [I 9891 

Ref ere nc e 
stem density 

Cf CIa (stems/squqre foot)b 

Burmuda grass, 12-inch height 0.9 10.00 A Weeping lovegrass 
500 
500 

.Buffalo grass 400 6 Kentucky bluegrass 0.87 7.64 350 
Blue gramma 350 

Grass-legume mixture 0.75 5.60 260 

Weeping lovegrass 0.75 5.60 c Burnuda grass, 6-inch height 0.75 5.60 

Ye1 1 ow bl uestern 0.75 5.60 

350 
350 

350 

A1 fa1 fac 0.5 4.44 

Lespedeza sericea, 2-inch 
heightc 0.5 4.44 

Common .1 e s p d  0 eza 0.5 4.44 

a 350 

300 

150 

Sudan grass 0.5 2.88 

Bermuda grass, burned stubble 0.5 2.88 E 
50 

50 

aIf vegetation is not uniformly distributed over the areas present, C I  and C f  
will be set equal to zero. In other words, the cover will be designed as if it 
were bare s o i l  only. 

bMultiply the stem densities given by 1/3, 2/3, 1, 4/3,  and 5/3, for poor, fair, 
good, very good, and excellent covers, respectively. The equivalent adjustment 
to Cf remains a matter o f  engineering judgment until more data are obtained or 
a more analytical model is developed. A reasonable, but arbitrary, approach is 
to reduce the cover factor by 20 percent for fair stands and 50 percent for 
poor stands. Values of Cf for untested covers may be estimated by recognizing 
that the cover factor is dominated by density and uniformity of cover near the 
soils surface. Thus, the sod-forming grasses near the top of the table exhibit 
higher Cf values than the bunch grasses and annuals near the bottom. 

CFor tke legumes tested, the effective stem count for resistance (given) is 
approximately five times the actual stem count very close to the bed. Similar 
adjustment may be needed for other unusually large-stemmed, branching, and/or 
woody vegetation. 
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Table 6 - Examples of Vegetal Cover in Each Retardance Class. From USDA-SCS [1986] L 3  rh 
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Table 7 - Prelimininary Recommended Grass Seed Mixes for Planting on the OSDF Final Cover. From 
Earth Systems Associates [1996] +- Z Z r ' ; - 6 3  

f@ Z 3 P b 4 6  

WCt 
Swsles-WataWaYs 

l- Switchgrass should be frost seeded (Jan. - Feb.) by'broadcasting into wintercowr. 
' - Species other than switchgrass planted by drillhg dumg April - May. ' - Substitute Red Top on strongly acid sites 
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4.4 Manninp's Rowhness Coefficient for Vegetated Cover (n) 

Manning's n is calculated from the equation shown below [Temple et al., 19871, which was 
developed as a curve-fitting equation to the SCS vegetal retardance curves, shown in Figure 13. 
Manning's n calculated below is also used in the Horton/NRC Method (Section 5). 

0.01329CI(lnq) 2 - 0.09543CI(lnq) + 0.2971CI - 4.16 for o.oo25c < I 36 cfs/ft 
y2=e I 1-9 

If q < 0.0025CI, replace q with 0.0025CI in the above equation. q I 36 cfs/ft in all cases considered in 
these calculations 

4.5 Flow Depth (D) 

Flow depth can be calculated from Manning's equation [USDOE, 19891: 

x .=( 4 " ~ )  m e r e :  S = slope (Section 4.5.1) 
1.49s ' 4.5.1 Slope to use (S) 

See Section 1.3. The steepest and most critical segment of the OSDF side slopes is at 6H:lV, or 
16.7%. This value is used as the slope in the Temple Method. 

4.6 Shear Stress ADD1 ied Bv Flow (zd - 

The shear stress applied by flowing water is calculated by the Duboys formula [Temple, 19873: 

Where: yw = unit weight of fluid (water), 62.4 lb/ft3 
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4.7 “Effective” Shear Stress ApDlied to Soil (~$1 - 

The “effective” shear stress applied to the soil (L) is compared to the allowable shear stress for bare soil 
( ~ 3 .  If o, I o, gullies should not form in the soil. o, is calculated with the following equation [Temple 
et al., 19871: 

Where: yw = unit weight of fluid (water), 62.4 lb/ft3 
n, = Manning’s roughness coefficient for bare soil (Section 4.7.1) 

4.7.1 Manning’s roughness coefficient for bare soil (n,) 

According to Temple et al. [1987], n, = 0.0156 for soils with d75 < 0.05 in (d7s is the diameter which 
75% of the soil particles are smaller than). Most USCS fine-grained soils will have d75 < 0.05 in, and 
the final cover topsoil is assumed to have d75 < 0.05 in. 

Therefore, n, = 0.0156 
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/% L3-qL 5. HORTONNRC METHOD 

The Horton/NRC Method is also used to evaluate the potential for gullies to form in the vegetated 
cover during the 2000-year storm. The method can be used to estimate the critical distance on a slope 
before gully formation begins (xc): The equation used is [NRC, 19901: 

65R5I3 
F - qs - n . f ( ~ ) ” ~  

R = allowable shear stress @sf) 
qs = rainfall intensity (in/hr) 
f(S) = slope function 

xc = 

Where: F = flow concentration factor 
n = Manning’s roughness coefficient 

Both R and n are calculated using the Temple Method. 

The minimum required critical distance is 435 feet, shown in Figure 4. 

5.1 Allowable Shear Stress Ut) 

The allowable shear stress is calculated from the Temple Method, using the m i n i m u  result of the 
two equations shown below. Equation 1 is based on allowable soil stress. Equation 2 is based on 
allowable vegetal stress. 

a 
R= T~~ = 0.75 C, (2) 

Where: T~ = allowable shear stress on bare soil 
CF = vegetal cover factor 
n, = Manning roughness coefficient for bare soil 
n = Manning roughness coefficient for grass cover 
rva = limiting vegetal stress (stress at which vegetation will break) 
C, = vegetal retardance curve index 

5.2 Flow Concentration Factor m) 

See Section 3.4 

5.3 Rainfall Intensitv [as) 

Same as “i” - see Section 3.2 
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5.4 Manninp RouPhness Coefficient [n) 

See Section 4.4 

5.5 Slope Function. f[S) 

The slope function is calculatecl uy the equat..m below [NRC, 9901: 

Where 8 = slope angle = 9.46 deg for a 6H: 1V slope 
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23 &Yc* 6. PERMISSIBLE VELOCITY METHOD 

3.5 Wsec 
3.0 Wsec 

The Permissible Velocity Method is also used to evaluate the potential for gullies to form in the 
NRC E19901 recommends checking results of the vegetated cover during the 2000-year storm. 

Horton/NRC Method against those of the Permissible Velocity Method. 

6.1 Flow Velocity N) 

The flow velocity is calculated from the following equation: V = q / D 

Where: q = flow per unit width (Section 3) 
D = flow depth (Section 5.5) 

6.2 Permissible Velocity vKr) 
Recommended permissible velocities for different vegetated channel linings are shown in Table 8. 

Permissible velocities corresponding to different SCS vegetal retardance classes are interpreted from this 
table using judgement, as shown below: 

Grass Cover Grass Cover I 
Retardance Class Stand Quality 

A Good 
Fair 

B Good 
Fair 

C Good 
Fair 

D Good 
Fair 

Permissible Velocity 
6.0 Wsec 
5.5 Wsec 
5.0 Wsec 
4.5 Wsec 
4.0 Wsec 

3.75 Wsec 
3.5 Wsec 

3.25 Wsec 

These permissible velocities shown above are further reduced by a reduction factor (R) when the 
flow depth is less than 3 feet [NRC, 19901. e 
GE3900-08.2 / FCCVD2.DOC 
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Table 8 - Recommended Permissible Velocities for Different Vegetated Channel Linings. From USDA- 
SCS [I 9861 /Lc’ 23 r4 46 

Cover 

Bermudagrass 

Bahia 
Buf falograss 
Kentucky bluegrass 
Smoot h br m e  
Blue grama 
Tall fescue 

Grass mixtures 
Reed canarygrass 

Lespedeza sericea 
Weeping lwegrass 
Ye1 low bluestem 
Redtop 
A1 fa1 fa 
Red fescue 

Common lespedeza - 61 
Sudangrass k l  

Permissible velocity Ll  
Slope 
range 11 Erosion re- Easily 

sistant soils eroded soils 
(percent ) (ft.per sec.) (ft-per sec.) 

0-5 8 6 
5-10 7 5 

over 10 6 4 

7 5 
6 4 

3 5 

0-5 
5-10 

over 10 

5 4 
5-10 4 3 

a1 0-5 

3 1  
3.5 2.5 0-5 

3 05 2.5 51 0.5 

3 1  Do not use on slopes steeper than 5-percent except for vegetated 
side slopes in combination with a stone, concrete, or highly 
resistant vegetative center section. 

Annuals--use on mild slopes or as temporary protection until 
permanent cwers are established. 

- 

- 4 1  

5 1  Use on slopes steeper than 5 percent is not recammended. - 
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6.2.1 Reduction factor m) 

R is calculated by the following equation : 

R = 0.46 log(D) + 0.78 (0.5 I R I 1.0) 

This equation is interpreted from the following data given by NRC [ 19901: 

Flow Depth 
3.0 ft or greater 

1.9 ft 
1.0 ft 

0.65 ft 
0.40 ft 

0.25 ft or less 

Reduction Factor 
1 .o 
0.9 
0.8 
0.7 
0.6 
0.5 
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7. DESIGN FLOW PER UNIT WIDTH IN A GULLY PENETRATING T&%%?Y' 
BIOINTRUSION BARRIER 

The flow per unit width for sheet flow down the OSDF cover is given in Section 3. However, if the 
biointrusion barrier is exposed, it will be at the bottom of a gully, and therefore the flow per unit width 
over the biointrusion barrier riprap will be larger than that for sheet flow. 

7.1 Assumed Gullv Geometry 

To calculate flow over the biointrusion barrier, a trapezoidal gully with a one-foot bottom width and 
side slopes of 2H:lV is assumed to occur. A narrow gully like this will be more critical than a wider 
gully, because as a gully widens, conditions in the gully will move close; to sheet flow, and the 
maximum flow per unit width in the gully will decrease. The side slopes of the gully will be at least as 
steep as the angles of repose of the materials (the topsoil, vegetative support, and gravel choke layers), 
which should all be > 2H: lV, making 2H: 1 V side slope a conservative assumption (the flatter the side 
slopes, the larger the flow per unit width in the gully center). The geometry is shown in Figure 14. 

7.2 Total Flow in Gullv (Q 

Total flow in a gully is calculated by: Q = qW a 
Where; q = flow per unit width for sheet flow (Section 3) 

W = top width of gully (Figure 14) 
Note that this will give the flow in a gully that extends all the way up the OSDF final cover. This is 

conservative, since most gullies probably will not extend all the way up the final cover. 
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Barrier, and Method for Calculating Maximum Flow Per Unit Width 
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)kJ 2 3 G 4 6  7.3 Maximum Flow Depth in Gullv m) 

e 
The maximum flow depth (D) in a gully (Figure 14) is found by trial and error by estimating D, 

calculating the corresponding flow with Manning's equation, and comparing that flow to the flow fiom 
Section 7.2. D is iterated until the two flows are equal. Manning's equation for open-channel flow is 
[Daugherty et al., 19851: 

1.49 213 112 Q = - A R , ,  S 
n 

Where: n = Manning's roughness coefficient (Section 7.2.1) 
A = flow area (Figure 14) 
Rh = hydraulic radius = area / wetted perimeter 
S = slope = 6H:lV (Section 1.3) 

Equations relating D to A and Rh are shown in Figure 14. 

Note that for flow down steep riprap slopes, Manning's equation may not be valid (Section 9.1) 

7.3.1 Manning's roughness coefficient (n) e 
Manning's n is calculated using the method recommended by NRC [1990] for sheet flow over 

riprap slopes. 

n = 0.0456 (D5o x S)0"s9 Where: DSo = mean riprap size (inches) 
S = slope 

Riprap with D50 = 12 inches will be placed in the biointrusion barrier 

7.4 Maximum Flow Per Unit Width (Q-) 

The maximum flow per unit width is calculated by assuming the flow per unit area is constant over 
an entire flow cross-section and taking the flow in the center 1-foot strip of the cross section (see Figure 
14). The equation used is: 

qmax = Q (A, / A )  

qmax is the design flow rate used to evaluate the erosion resistance of the biointrusion barrier riprap. 

Where: A, = flow area in center 1-foot of channel 
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8. STEPEHENSON METHOD 

The Stephenson Method [Abt et al., 19881 is used to evaluate the resistance of the biointrusion 
barrier against gully advancement, should a gully erode through the overlying topsoil, vegetative 
support, and gravel choke layers. This method is based on work by Olivier [1967] who studied flow 
over riprap on slopes, for the purpose of designing rockfll dams to be overtopped. This method is 
recommended by NRC [ 19901 for evaluating the erosion resistance of slopes greater than 10%. 

The acceptable riprap mean particle diameter (D50) to survive the design flow is calculated with the 
following equation [Abt et al., 19881: 

Where: q = design flow per unit width 
8 = slope = 0.167 Wft (Section 5.) 
np = porosity of riprap 
C = empirical factor 
g = acceleration of gravity (32.2 Ws2) 
G,  = specific gravity of riprap 
4 = angle of repose of riprap 

Riprap with a D50 calculated by the above equation will be on the threshold of movement at the flow 
value (9) used. The riprap layer will completely collapse at a flow varying from 120% (gravel) to 180% 
(crushed granite) of q [Stephenson, 19791. 

8.1 D e s i p  Flow Per Unit Width (a) 

q = qmaw See Section 7 

8.2 Porosity of Riprap (n& 

Porosities for different soil textures are shown in Table 3, where it can be seen that porosity 
decreases with increasing particle size, and for the coarsest soil listed (gravel), np = 0.397. 

8.3 Empirical Factor (C) 

C varies from 0.22 for gravel to 0.27 for crushed granite [Stephenson, 19791. Using a low value of 
c (0.22) is conservative 
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8.4 Specific Gravitv of Riprap. G, + t Z  f a  
/GJ ZS&+ 

Where G, is not specifically known, G, = 2.65 is recommended [USDOE, 19891 

8.5 Angle of Repose of Riprap (4) 

See Figure 15. From Figure 15, a conservative estimate of 4 for crushed stone riprap with DSo of 12 
inches is 41 degrees. 
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9. HARTUNG AND SCHEUERLEIN METHOD 

The Hartung and Scheuerlein Method (H&S Method) [Hartung and Scheuerlein, 19701 is used to 
evaluate the resistance of the biointrusion barrier against gully advancement, should a gully erode 
through the overlying topsoil, vegetative support, and gravel choke layers. Hartung and Scheuerlein 
studied flow over riprap on steep slopes (1OH:lV to 1.5H:lV)’ and developed their method for the 
purpose of designing rockfill dams to be overtopped. Knauss [1979] compared the H&S Method to 
Olivier’s Method (the Stepehenson Method is based on Olivier’s Method). Knauss found both to be in 
general agreement for slopes flatter than 5H:lV, but found the H&S Method to be reasonable and 
Olivier’s Method over-conservative for steeper slopes. Based on this, Knauss recommended using the 
H&S Method on slopes of 5H:lV or steeper. Though the steepest slope on the OSDF final cover is 
6H: 1 V (within the range Knauss found both methods to agree), the Hartung and Scheuerlein Method is 
used for comparison with the results of the Stephenson Method. 

The steps for the Harhmg and Scheuerlein Method are presented below: 

9.1 Maximum Flow Depth in Gully. D 

The maximum flow depth is an iterated variable. D is selected until the average flow velocity (vavg) 
equals the critical velocity (vCriJ. Both velocities are calculated in the steps that follow. 

9.2 Aeration Factor (0) 

The aeration factor is calculated from the equation shown below[Harhmg and Scheuerlein, 19701: 

0 =1-1.3sinq+0.08--1 Y”, < 
e n, 

Where: q = slope (6H: lV, Section 1.3) 
ym = mean flow depth 
8, = mean roughness height 

If 0 = 1, there is no aeration in the flow and flow can be calculated with Manning’s equation. 
Otherwise, Manning’s equation is not valid [Hartung and Scheuerlein, 19701. 

9.1.1 Mean flow depth (y,) 

See Figure 16 

9.1.2 Mean roughness height (e,) 
8, - D5d3 [Hartung and Scheuerlein, 19701 Where: DSo = mean diameter of riprap (= 0.305 m) 
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Figure 16 - Procedure For Calculating Mean Flow Depth, y, in a Trapezoidal Channel With a I-foot 
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9.2 Flow Coefficient. c 

c = o(1.7 + 8.lOsin <p) Where: @ = packing factor 

9.2.1 Packing factor (@) 

The packing factor varies from 0.625 for “dumped” or “natural” packing to 1.125 for “manual” 
packing “with flat stones placed on edge” [Knauss, 19791 

9.3 Resistance Factor (A) 

The equation for the resistance factor is [Hartung and Scheuerlein, 19701: 

- Jh 1 = -3.2lOg(+] 

9.4 Average Velocity (vm) 

The equation for average flow velocity is [Hartung and Scheuerlein, 19701: 

Where: g = acceleration of gravity (9.8 1 d s 2 )  
vav 

9.5 Critical Velocity [v& 

The equation for critical velocity (the velocity at which riprap stones will begin to move) is 
[Hartung and Scheuerlein, 19701: 

Vcn,  = 1.2 d2’(G6y_lh 7 d, COST 

Where: Gs = specific gravity of riprap (assume Gs = 2.65 per USDOE [ 19891) 
yw = unit weight of water = 1 g/cm 3 

If vCrit 2 vavg, the riprap should not erode (gullies should not penetrate the biointrusion barrier) 

9.6 Allowable Flow Per Unit Width (qal,) - 

The equation for allowable flow per unit width is [Hartung and Scheuerlein, 19701: 
qali = qrnvcrit 

If qd, 2 qmm, the riprap should not erode (gullies should not penetrate the biointrusion barrier). 
qmaw is calculated in Section 7. * 
GE3900-08.2 / FCCVD2.DOC 
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EVALUATION OF POTENTIAL FOR GULLIES TO FORM 
IN OSDF FINAL COVER 2000-YEAR STORM 

Design Flow 
Geometry Runoff Coeff., c = 1 
Slope = 16.7% Rainfall Intensity, i = 25.5 in/hr 

0.307 cfs/ft 

0.92 1 cfs/ft 

Slope Length = 435 ft Area, A = 520 ft2 
Flow Per Unit Width, q = 

With Flow Conc. Factor, q = 

......................................................................................................................... 
Flow Concentration Factor, F = 3 

RESULTS OF TEMPLE METHOD 
AND HORTON/NRC METHOD (using allowable shear and Manning n from Temple Method) 

RESULTS OF PE 

Grass Cover 
Retardance Stand 

Good 

Good 
Fair 

MSSIBLE VELOCITY METHOD 
I I 11 Calculations for Perm. Velocitv Method 

0.659 I 1.398 1 
0.584 1.576 E: i:: 1 ::J; 1 1 
0.428 2.153 5 .O 0.6 1 3.05 OK 

' 0.59 2.66 OK 
0.54 2.14 No 

3.25 0.50 
0.50 1.75 
0.50 1.50 No 

GE3 900-08.2/082FC2 .XLS(Temp,Hort,PerV) 

'ClooLa5 
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EVALUATION OF POTENTIAL FOR GULLIES TO FORM IN OSDF FINAL COVER 

DISCUSSION OF RESULTS 

The potential for erosion gullies to form in the OSDF Final Cover during the 2000-year storm was 
evaluated using the Temple Method (or TemplekJSDA Method), the Horton/NRC Method 
(recommended by NRC [1990]), and the Permissible Velocity Method ( M e r  recommended by NRC 
[1990] as a check to the Horton/NRC Method). The results of these calculations are shown on the 
previous page. 

Note that the Horton/NRC method results show a longer allowable slope length for Class B and 
“Good” Class C, than for Class A vegetation. For high retardance vegetation in the case, the allowable 
shear stress (R) is controlled by allowable vegetal stress (see Section 5.1 of the Collection and 
Verification of Data). Where this occurs, R does not increase much with vegetal retardance. However, 
Manning’s n also increases with vegetal retardance. From the equation for critical distance (xc) in 
Section 5 of the Collection and Verification of Data, increasing R causes xc to increase, and increasing 
Manning’s n causes xc to decrease. In this case, the effect from increasing R between retardance classes 
is more than offset by the corresponding effect of increasing Manning’s n. This shows that the OSDF 
final cover is near the edge of, or outside the range of, conditions for which the HortodNRC Method is 
applicable (at least for high retardance vegetation). Furthermore, since R and Manning’s n are 
calculated from the Temple Method, the OSDF final cover is also near or outside the range of conditions 
where the Temple Method is applicable. 

As recommended by NRC [1990], the permissible velocity method is used to check the results of 
the Temple and HortodNRC Methods. The permissible velocity method should be applicable where 
Manning’s equation is applicable, and this is the case on the OSDF final cover. Hence, the permissible 
velocity method may be the only method of the three that is applicable to the conditions analyzed. 

As can be seen, regardless of whether the Temple and Horton/NRC Methods are applicable to this 
case, the results of all three methods generally agree. The permissible velocity method results are 
slightly more conservative than those of the other two methods. All results show that Class B native- 
grass vegetation, currently planned for the OSDF final cover, should resist the formation of erosion 
gullies in the 2000-year storm. 

GE3900-08.2 I FCSUM2.DOC 
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Width (ft) 

2H:lV 

OW1 9/96 

Dtd W e q b  
CALCULATION OF MAX. FLOW / UNIT WIDTH IN TRAPEZOIDAL CHANNEL 

D50 (in) 

12' 0.0509 

PMP 

Input Flow 
Design flow /width, 

q (cfs/ft) 

1.07 

Total 
Flow Depth, D Area, A Wetted Hydraulic Manning 

Q (cfs) (ft) (ft') Perim. (ft) Radius (ft) Q (cfs) 

10.7 0.69 1.64 4.09 0.40 10.69 

Iterate for Flow Depth With Manning's Equation 

Input Flow Total 
Design flow /width, Flow 

q (cfs/ft) Q (cfs) 

0.433 4.33 

hax = maximum flow per unit width 

J 

Iterate for Flow Depth With Manning's Equation 
Depth, D Area, A Wetted Hydraulic Manning 

(ft) (ft') Perim. (ft) Radius (ft) Q (cfs) 

0.45 0.86 3.01 0.28 4.4 1 

2000-YEAR STORM 
Channel Geometry Riprap Properties 

000153 
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EVALUATION OF RESISTANCE OF BIOINTRUSION BARRIER TO GULLY 0 ADVANCEMENT USING THE STEPHENSON METHOD 

(Section 8 of CVD) 

DSo = Minimum required rock diameter (ft) 
q = allowable flow per unit width (flow at which movement of riprap will commence) 

Riprap will fail at a flow of 1.2 q (gravel) to 1.8 q (cruhsed stone) 
Failure means entire thickness of riprap layer washing away 

8 = slope angle 
np = porosity of rock 
C = empirical constant (0.22 for gravel to 0.28 for crushed granite) 
g = acceleration of gravity 
G, = specific gravity of rock 
4 = angle of repose of rock 

e =  9.46 deg 6H:lV 
np=  0.397 
C =  0.22 Conservative 
g =  32.2 ftlsec2 

G, = 2.65 
9 =  41 deg Conservative value taken fkom Figure 18 

Value for gravel (Line 2 1 in Table 4) 

NRC recommended value to assume when G, is unknown 

PMP 

4max = 4.5 cfs/ft Max flow per unit width for PMP 

(DSo)req'd = 0.80 ft J 
Actual DS0 = l f t  OK 

2000-YEAR STORM 

e n a x  = 2.4 cfs/ft Max flow per unit width for PMP 

(DSo)req'd = 0.52 ft J 
Actual DSo = l f t  OK 

GE3900-08.2RIPRAPl .XLS(Stephenson) Page 1 
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EVALUATION OF RESISTANCE OF BIOINTRUSION BARRIER TO GULLY 
ADVANCEMENT USING THE HARTUNG AND SCHEUERLEIN METHOD 
(Section 9 of CVD) 

@ 
Input Parameters 

Slope (cp) = 6H: 1 V 9.46deg 0.165rad 

Iterate flow depth until vaVg - v~~ 

1. Calculate aeration factor, a 
c p =  9.46deg 
y m =  0.183 m 

o =  1.000 

2. Calculate flow coefficient, c 

C= 2.53 

3. Calculate resistance function, I/(A)’’ 
= 2.01 J 

4. Calculate average velocity, vnVg e - 
g =  

Vavg = 3.08 m/s 

5. Calculate critical velocity, vCht 

G, = 2.65 
d,= 0.204 m 

Yw = 

3.06 m/s v . =  cnt 

6. vaVg .- v,., ? Yes 

0.204 m 

G =1-1.3sincp+0.08--1 y f n  < 
ern 

c = ~ ( 1 . 7  + 8.1Qsincp) r 
- 1 = -3.21og(c$) 
Jh 

7. Calculate allowable flow per unit width, qnll 
qnll = 0.560 m3/s/m J 6.0 ft3/s/ft 

qmax = 4.5 ft3/s/ft For PMP 

OK 

GE3900-08.2/RIPRAPI .XLS(H&S) Page 1 
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FINAL COVER SYSTEM FROST PENETRATION DEPTH 

EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

The purpose of this package is to estimate the frost penetration depth for the final cover system to 

ensure that the compacted clay layer of the system is not subject to frost. Two cases are analwed as 

described below. 

0 Case A: The final cover system is intact (i.e., erosion has not decreased the thickness of the final 

cover system). 0 0 Case B: All layers above the biointrusion barrier have eroded. 

METHODS OF ANALYSIS 

The frost penetration depth into the final cover system was calculated using the modified Berggren 

method. 

CONCLUSIONS 

0 Case A: Maximum h s t  penetration depth was estimated to be 2.25 A. Therefore, the compacted 

clay layer of the final cover system should not be subject to frost under the conditions analyzed. 

0 Case B: Maximum frost penetration depth was estimated to be 3.1 A. Therefore, the compacted 

clay layer of the final cover system should not be subject to frost under the conditions analyzed. 
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FINAL COVER SYSTEM GRANULAR FILTER LAYER DESIGN 

EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

The purpose of this package is to evaluate the performance of the final cover system granular 

filter layer. This consists of determining an appropriate soil that will provide soil filtration between the 

vegetative soil layer and the biointrusion barrier choke stone. 

METHODS OF ANALYSIS 

A range of grain-size dldribution curves for the on-site urown till was obtainec h m  a previous 

site investigation report and is anticipated to represent the range of grain-size distributions of the 

vegetative soil layer. A range of allowable grain size distributions was established for the granular filter 

layer such that the granular filter would provide adequate filtration of the vegetative soil layer and be 

compatible with (i.e., retained by) the biointrusion barrier choke stone. 

CONCLUSIONS 

the following grain-size distibution is required for the granular filter layer 

Sieve % Passing Sieve bv Weight 

2” 100 
314” 80 to 100 
1/21’ 70 to 85 
#4 55 to 70 
#8 50 to 65 
#50 15 to 35 
#60 0 to 30 
#200 0 to 5 000196 
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FINAL COVER SYSTEM GRANULAR FILTER LAYER DESIGN 

CALCULATION PROCEDURES 

INTRODUCTION 

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

performance of the F E W  On-Site Disposal Facility (OSDF) final cover system granular filter layer. 

This package addresses the following issues: 

establishing a range of allowable grain-size distributions for the granular filter layer to 

provide adequate soil filtration of the vegetative soil layeq and 

checking the compatibility of the granular filter with the biointrusion barrier choke stone. 

The final cover system configuration is shown in Figure 1. 

METHODS OF ANALYSIS 

The final cover system contains a granular filter which separates the vegetative soil layer and the 

biointrusion barrier. Analyses will be performed to establish a range of allowable grain-size 

distributions for the granular filter layer such that the granular filter layer adequately filters the 

vegetative soil layer. The following criterion fiom Cedergren [1989] will be used: 

1. (d15 of filter soil / d,, of soil being filtered) 5 4 to 5 (5 or 10 if protected soil is plastic clay) 

the ratio will be checked against 110 when the protected soil is the vegetative soil 

layer and 15 for all other conditions 
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2. (dls of filter soil / dls of soil being filtered) 2 4 to 5 

0 the ratio will be checked against 24 for all conditions 

where d,, corresponds to the material particle size for which 15% by weight of the particles are finer and 

d,, corresponds to the material particle size for which 85% by weight of the particles is finer. 

The intent of criterion 1 is to prevent piping of the retained soil by the filter soil. The intent of 

criterion 2 is to obtain a filter soil with a sufficiently larger permeability than the retimed soil to prevent 

the build-up of large seepage forces and hydrostatic pressures in the filter. For the final cover system, 

relatively small seepage forces and hydrostatic pressures exist; thus, criterion 2 is not critical, but it is 

still verified. In addition to the foregoing criteria, UMTRA [1989] suggests the fines content of a filter 

should be limited to less than 5% by weight passing the #200 sieve to prevent excessive movement of 

fines in the filter. Additionally, to limit segregation and bridging of particles during placement and aid 

in constructibility, the filter should not contain any materials larger than 3 inches. 

a; 

@ 

REFERENCES 

Cedergren, H.R. (1 989). Seepage, Drainage, and Flow Nets. John Wiley and Sons, New York, 465 p. 

US. Department of Energy (1 989). “Technical Approach Document,” UMTRA-DOE/AL 050425.0002, 
Uranium Mill Tailings Remedial Action Project, Revision 2, December. 
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FINAL COVER SYSTEM GRANULAR FILTER LAYER DESIGN 

DATA VERIFICATION 

INTRODUCTION 

The purpose of this package is to verify the data required for the calculation procedures described 
in the previous section to perform the following analyses: 

establishing a range of allowable grain-size distributions for the granular filter layer to 

provide adequate soil filtration of the vegetative soil layer; and 

checking the compatibility of the granular filter with the biointrusion barrier choke stone. 

GRANULAR FILTER LAYER ANALYSIS 

It is anticipated that brown till fiom on-site borrow sources will be used for the vegetative soil 
layer. Figure 1 (fiom Parsons, 1995) presents summary information on the grain-size distribution 
characteristics of 27 samples of brown till. It is assumed that the range of grain-size distributions shown 
in Figure 1 encompasses the range of grain-size distributionsfor the vegetative soil layer. Figure 1 
primarily represents soils within the OSDF foot-print. Additional grain-size information is being 
processed fiom samples obtained fiom the brown till in the Borrow Area which will likely be used for 
the vegetative soil layer. As this information is obtained, the grain-size distibution used to represent the 
vegetative soil layer will be verified. 

From the “Final Cover System Biointrusion Barrier Design” Calculation Package, the upper 
portion (approximately the upper 6 inches) of the biointrusion barrier will be “choked off.’’ An Ohio 
DOT #1 stone will be used for the choke stone. 

The grain-size distribution curves for the vegetative cover (brown till) layer and the biointrusion 
bamer choke stone are shown in Figure 2. Based on these curves, dl, and d,, for these layers are a summarized below: 

000201 
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d,, of the vegetative soil layer = <0.001 to 0.0028 mm ’ 
d,, of the vegetative soil layer = 0.035 to 3.0 m 
d,, of the biointrusion choke stone = 37.5 to 58 mm 
ds5 of the biointrusion choke stone = 70 to 90 mm 

REFERENCES 

Parsons. (1 995). Disposal Facility Predesign Geotechnical Investigation, Soil Investigation Data 
Report, Summary Document,Operable Unit 2, Project Order 132, Revision 0 (Final Document), prepared 
for FERMCO for the Fernald Environmental Management Project, Subcontract No. 2-21487, July. a 
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FINAL COVER SYSTEM BIOINTRUSION BARRIER DESIGN 

EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

The purpose of this package is to evaluate the performance of the final cover system biointrusion 

This consists of establishing the characteristics of an appropriate material that will limit barrier. 

intrusion of plant roots and burrowing animals and have filtration characteristics compatible with the 

granular filter layer. 

METHODS OF ANALYSIS 

The biointrusion barrier is designed to limit intrusion of plant roots and burrowing animals. In 

addition, the barrier design includes a choke stone in the upper surface of the layer to provide retention 

of the overlying granular filter layer. 

CONCLUSIONS 

The biointrusion banier should be at least 3 ft thick and consist of Ohio DOT 601.07 Type C 

Dumped Rock Fill with the following modifications: 

all material should consist of sound and durable rock or stone and be fiee of soil 

the maximum acceptable rock dimension is 18 inches 

the hction of material smaller than a 6-inch square opening should consist of rocks no 

smaller than a 1-inch square opening with the exception of a small percentage (<5% by total 

weight) of rock spalls (4-inch square opening) and rock fines 

the material should have a d,, = 150 to 350 mm 
000210 
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Ohio DOT #1 coarse aggregate will be compacted into approximately the upper 0.5 ft of the 

biointrusion barrier to “choke” it ofX 

An evaluation is currently underway of the material selection and relative durability of locally 

available biointrusion barrier materials (this study is not complete). 

’ Special care must be taken during placement of the biointrusion barrier and choke stone to limit 

segregation and bridging of particles. 
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FINAL COVER SYSTEM BIOINTRUSION BARRIER DESIGN 

CALCULATION PROCEDURES 

INTRODUCTION 

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

performance of the FEMP On-Site Disposal Facility (OSDF) final cover system biointrusion barrier. 

This package addresses the following issues: 

limit intrusion of plant roots and burrowing animals; and 

provide retention of the overlying granular filter layer through the choke stone and, in turn, 

retention of the choke stone by the biointrusion barrier. 

The final cover system configuration is shown in Figure 1. 

METHODS OF ANALYSIS 

The purpose of the biointrusion barrier is to deter and inhibit downward advancement of roots 

and burrowing animals. However, all of the final cover system components must be adequately 

designed to prevent biointrusion. The biointrusion barrier will be designed to meet the requirements 

described below: 

The biointrusion banier layer should be of high hydraulic conductivity (i.e., large voids) to 

prevent water or soil particles fiom filling the voids and therefore deter plant root penetration 

[Hakonson, 19861. 

The gradation of the biointmsion barrier layer material should be such that at least two voids 

exist along the depth of the biointrusion layer such that roots are obstructed fiom penetrating 

-L 
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the biointrusion layer by at least two voids. This can be achieved by making the maximum 

particle size less than or equal to half of the layer thickness. 

0 Based on UMTRA [1989], the biointrusion banier material selection and relative durability 

(ability of the material to withstand physical and chemical forces) needs to be evaluated. The 

selection and durability will need to be evaluated by the following procedure: 

0 identify several rock sources within a reasonable distance of the site; 

0 determine suitability of rocks by evaluating physical rock characteristics through 

laboratory testing; 

use results to classify rocks as poor, fair or good quality; 0 , 

0 if good quality rock is reasonably available, it should be used for the biointrusion 

barrier ; and 

if only rock of poor or fair quality is reasonably available, increase the average rock 

size and biointrusion barrier thickness. 

0 

It is noted that a study is currently underway to evaluate potential sources of biointrusion 

barrier rock. The selection procedure of UMTRA [1989] will be used to evaluate the rock 

sources as data and information about the sources becomes available. The study results will 

then be incorporated into a later OSDF design package. 

Appropriate materials will be selected to prevent migration of fines fiom the choke stone into 

the biointrusion layer. Additionally, the choke stone will be selected to allow a reasonable 

design of the granular filter layer. The following criterion from Cedergren [1989] will be 

used: 

1. (d15 of filter soil / d,, of soil being filtered) I 4 to 5 

the ratio will be checked against I 5 
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where d,, corresponds to the material particle size for which 15% by weight of the 

particles are finer and d,, corresponds to the material particle size for which 85% by 

weight of the particles is finer. 

The intent of criterion 1 is to prevent piping of the retained soil by the filter soil. 

Cedergren [ 19891 also suggests checking a Permeability criteria of (d,, filter/d,, soil) 2 4 

to 5 to obtain a filter soil with a sufficiently larger permeability than the retained soil to 

prevent the build-up of large seepage forces and hydrostatic pressures in the filter. For 

the final cover system, relatively small seepage forces and hydrostatic pressures exist. In 

addition, the biointmsion barrier material will have a very high hydraulic conductivity 

due to the large void spaces in the material. Thus, the permeability criterion is not critical 

for the biointrusion barrier and is therefore not checked. 

To limit segregation and bridging of particles during placement and aid in 

constructibility, the filter should not contain any materials larger than 3 inches. 

REFERENCES 

Hakonson, T.H. (1986). “Evaluation of Geologic Materials to Limit Biological Intrusion into h w -  
Level Radioactive Waste Disposal Sites,” LA- 10286-MS/UC-70B, Los A l m s  National -Laboratories, 
Los Alamos, New Mexico. 

U.S. Department of Energy (1989). “Technical Approach Document,” UMTRA-DOE/AL 050425.0002, 
Uranium Mill Tailings Remedial Action Project, Revision 2, December. 

- 
Cedergren, H.R. (1 989). Seepage, Drainage, and Flow Nets. John Wiley and Sons, New York, 465 p. 
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FINAL COVER SYSTEM BIOINTRUSION BARRIER DESIGN 

DATA VERIFICATION 

INTRODUCTION 

. The purpose of this package is to veri@ the data required for the calculation procedures described 
in the previous section to perform the following analyses: 

establishing a material specification to limit intrusion of plant roots and burrowing animals; 
and 
establishing a range of allowable grain-size distributions of the biointrusion barrier and choke 

stone to provide adequate retention. 

BIOINTRUSION BARRIER ANALYSIS 

The biointrusion barrier is selected to be 3 ft thick. The upper portion (approximately the upper 
6 inches) of the biointrusion barrier will be “choked ofF.” Ohio DOT coarse aggregate and dumped rock 
fill specifications will be used for the biointrusion barrier and choke stone if they are found to be 
suitable. 

000217 
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11.7 Drainage Layer Design 
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FINAL COVER SYSTEM DRAINAGE LAYER DESIGN 

EXECUTIVE SUMMARY 

PURPOSE OF ANALYSIS 

The purpose of this package is to evaluate the performance of the final cover system drainage 

layer. This consists of estimating cover system water balance (i.e., infiltration rate through composite 

cap) and drainage layer hydraulic head. 

METHODS OF ANALYSIS 

Infiltration through the cover system was estimated using the USEPA HELP model. The 

maximum and average thickness and hydraulic head of the drainage layer were also estimated using the 

HELP model, and a closed-form analytical solution was used as a check to the HELP model results. 
@ 

CONCLUSIONS 

For the cover system water balance (i.e., infiltration rate through composite cap): 

average daily percolation = 2.05~10” gpad; and 

peak daily percolation = 6.33x10-* gpad. 

0 For the cover drainage layer: 

0 maximum liquid thickness = 8.5 in.; 

0 average liquid thickness = 4.4 in.; 

0 maximum liquid head = 8.4 in.; and 

0 average liquid head = 4.4 in. 
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FINAL COVER SYSTEM DRAINAGE LAYER DESIGN 

CALCULATION PROCEDURES 

INTRODUCTION 

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

performance of the FERNALD On-Site Disposal Facility (OSDF) final cover system drainage layer 

design. This package addresses the following issues: 

0 

final cover system water balance (i.e., infiltration rate through composite cap); and 

final cover system drainage layer analysis (i.e., hydraulic head). 

The final cover system configuration is shown in Figure 1. 

METHODS OF ANALYSIS 

FINAL COVER SYSTEM WATER BALANCE (INFIL,TFL ,TION ANALYSIS 

The final cover system infiltration analysis will be performed as part of the leachate generation 

rate analysis using the United States Environmental Protection Agency (USEPA) Hydrologic Evaluation 
. 

of Landfill Performance (HELP) model [Shroeder et al., 1994a, 1994bl. 

FINAL COVER SYSTEM DRAINAGE LAYER ANALYSIS 

Hydraulic Head: As part of the leachate generation rate calculations to be performed elsewhere, 

the HELP model will be used to estimate the hydraulic head in the final cover system drainage layer. 

000228 
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Figure 1: Final-Closure Cover System 
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As a check, the closed-form analytical solution described by Giroud and Houlihan [ 19951 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 drainage layer will be used to 

estimate the average agd 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 thickness, T, and Tavg,- and the maximum and average hydraulic 

heads, h, and havg : 

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

Q i  a =  
k t an2  p 

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

drainage layer material; and p = angle between the horizontal and slope. e .. :. 
0 Step 2. Use Equations 2 and 3 to calculate T-. f 

j = 1 - 0.12exp[-[log(82 / 5) 518 ] ] 
(3) 

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

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

0 Step 3. Calculate the maximum hydraulic head, h-, from Equation 4. 

h, = T-COS~ (4) 

0 

0 

0 

Step 4. Use Table 1 or Figure 2 to obtain TavP,. 

Step 5. From T, obtained in Step 2 and Tav$r, obtained in Step 4, calculate Tavg. 

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

hmg = Tmg cosp 

000230 
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Table 1: Values of T,,p,, and x,/L 

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. I2 
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 
0.98 
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 
L .05 
1.16 
I .32 

I .58 
2.0 
3.2 
5 S  

a s  
I3 
19 
30 

55 
135 
lo00 
0 

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 

, 031  
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 

Note: This oble wu aublishcd using Equations 46.50 and 51  for values of A 2 0.25. and using chyrr. pub- 
by McEnroc and schrocdn ( 1988). for A < 0.25. The nrio T-T- vanes v e y  lic& wih rhi slope angle. 8; whm 
J varies bcovscn 0 and 45'. rhc change in TdT- is rypl~l l ly less &an 0.03. lb&re. rhc ObULtcd valua of 
T-7, (wbch arc avengc values) are cirhcr unufccud or atfccud bv 2 0.01. The nvo limit values ior T&-, 
i.e. 112 (for A = 0 )  and n4 (for A = 0 0 ) .  arc ac~ntc. For A c 0.5. rhc values of &/L also vary very liak Grh 
J: in rhir case. when J varies bcrwccD 0 and 45.. thc ubluucd values or 4 L  arc eirhn umtfccd or ltfectcd bY 3 
0.01. For A > 0.5. Ihc irducoEc of B on W L  is sipoi!iunr To illusuau du inti- or d in this case. W valpr 
ofyLytubukdinthctwcolrmuc ~ v ~ u e o n t h c l e f c i s t o r 0  < und e ~0I.rhemrddltnlucisforrrdl- 
= 113 k c .  a 1V:3H slop, and fbc value on rhc right is for fa& E I (Le. a 1V:IH slop, (se~ F i p  1 I).  It should 
bc oD(cd rht. in rhc cham by McEnnx and Scbrocdci I 1988). rhc paramera A is not used. Theatfore. it docs DD( 
lppcu in rborc cburr rbu r,T, ?nd 10 a cuuinexrcm. r,L are indcpcldcmof 8. 
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Figure 2: Values of T,,$T,,, and x,/L 

Dimensionless factor, A= (q//k) / t d p  
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DRAINAGE LAYER DESIGN 

DATA VERIFICATION 

INTRODUCTION 

The purpose of this package is to verify the data required for the calculation procedures described 
in the previous section to perform the following analyses: 

final cover system water balance (Le., infiltration rate through composite cap); 
final cover system drainage layer analysis (i.e., hydraulic head) 

FINAL COVER SYSTEM WATER BALANCE (INFILTRATION ANALYSIS) 

The final cover system infiltration analysis will be performed as part of the leachate generation 
analysis package using the HELP model. All input parameters are included in that package. 

FINAL COVER SYSTEM DRAINAGE LAYER ANALYSIS 

Hydraulic Head: 
qi = the maximum impingement rate of flow into the drainage layer = 0.7809 in./day 

k = hydraulic conductivity of the 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 (5 160 in.) 

(peak daily value from the HELP model results; Cases 3C and 3D) = 2.3x10-' cdsec  

Values of k, p and L were verified in the leachate generation rate calculation package. 
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COVER GEOSYNTHETICS SELECTION 

EXECUTrVE SUMMARY 

PurDose of Calculations: 

Select key characteristics of the low-permeability geosynthetic components of 
the final cover system. These components are the geomembrane cap and the 
geosynthetic clay liner (GCL) cap. . 

Select key characteristics of the geotextile cushion in the final cover system. 

Methodolow: 

Selection of key characteristics of low-permeability final cover system 
geosynthetics 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. 

Selection of key characteristics of the geotextile cushion is made from the range 
of commercially-available geotextile products. The method of Koerner et ai. 
[1995] (Ref. 2 in Procedures/Methods package) is used to evaluate the ability of 
the geotextile to provide puncture protection for the liner system 
geomembranes . The method presented by Koerner [ 19941 (ref. 3 in 'Procedures 
/ Methods package) is used to evaluate the ability of the geotextile to survive 
construction stresses. 

Conclusions: 

The calculated factor of safety (FS) against geomembrane puncture is 10.2 . 
This FS, which accounts for the effect of the geotextile cushion, exceeds the 
minimum required value of 3.0. Although this FS is significantly larger than 
the required value, a geotextile cushion with a mass density of at least 270 g / d  
(8 oz/yd2) will be required because this is the minimum mass density 
recommended for cushioning applications by Koerner et al. [1995] (Ref. 2 in 
Procedures/Methods package). 

a 
000248 



polymer type 

thickness (mils) 

HDPE") 

60 

NA 

NA 

P F )  or P E P  

NA 

surface texture textured 

~ NA 

I NA 
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The selected key characteristics are presented in the following table: 

Geomembrane Cap 
Characteristic 

Geotextile 
Cushion 

GCL Cap 

I NA 
mass density (glm? 

[OZIYd7 
270 [8] I NA 

clay mineral I NA sodium bentonite 

1.0 [5.0] NA clay mineral mass 
density (lblftz) 

[ k g m  

method of 
manufacture 

NA Option 1: internally reinforced with 
geotextile backings (one woven and 

one nonwoven)(') 
Option 2: unreinforced with HDPE 

geomembrane backing's 

nonwoven 
needlepunched 

Option 1: NA 
Option 2: textured HDPE backing 

NA 

grab strength 
(ASTM D 4632) 

NA 200 Ib 

trapezoidal tear 
strength (D 4533) 

puncture resistance 
(D 4833) 

NA 

Notes: (1) HDPE= high density polyethylene 
(2) PP= polypropylene 
(3) PET= polyester 
(4) 

(5) 

GCL cap orientation: woven geotextile backing in contact with overlying geomembrane cap 
and nonwoven geotextile backing in contact with underlying compacted clay cap 
GCL cap orientation: unreinforced bentonite component in contact with overlying 
geomembrane cap and HDPE geomembrane backing in contact with underlying compacted 
clay cap 

End of Executive Summary 

GE3W-8.8IF9630072. SUM 
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COVER GEOSYNTHETICS SELECTION: 

GEOTEXTILE CUSHION 
GEOMEMBRANE CAP 

GEOSYNTHETIC CLAY CAP 

PROCEDURES/METHODS 

Present procedures and methods 'for selection of the low-permeability 
geosynthetic components of the final cover system (Le., geomembrane cap and 
geosynthetic clay liner cap (GCL)). Present procedures and methods for selection of 
the geotextile cushion component of the final cover system. 

Scove: 

Selection of key characteristics of the geotextile cushion. 

Selection of key characteristics of the geomembrane cap. 

Selection of key characteristics of the GCL cap. 

Statement of Design Problem: 

Design of the final 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, thickness or 
mass density, and construction survivability. Selection of key characteristics is 
made from the range of commercially-available geosynthetic products. . The selection 
accounts for geosynthetic durability, constructability , and resistance to anticipated 
loads. The components of the final cover system are illustrated in the figure on the 
following page. 

GE3900-8.8IF9630072 
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GEOTEXTILE CUSHION 

Amroach for Selection of Key Characteristics of Geotextile Cushions: 

Key characteristics for the geotextile cushions are polymer type, mass density, 
method of manufacture, and construction survivability. The factors to be considered 
in specifying these characteristics are mechanical properties and demonstrated 
cushioning capability. The selection process involves the following three 
evaluations: (i) selection of polymer type and method of manufacture; (ii) evaluation 
of capacity to provide puncture protection for the geomembrane cap under 
construction and post-closure conditions; and (ii) evaluation of construction 
survivability. Detailed proceduredmethods for conducting these evaluations are 
described below. 

Procedures/Methods for Selection of Polymer T p e  and Method of Manufacture 

The factors to be considered in selecting polymer type and method of 
manufacture are the range of commercially-available geotextile products and 
demonstrated cushioning capability. The selection process will consider the 
available information on cushioning performance of different types of geotextiles. 

Procedures/Methods for Evaluation of Puncture Protection CaDacitv: 

Introduction 

Design of the final cover system includes addressing the potential for the 
granular material in the cover drainage layer to puncture the geomembrane cap 
during OSDF construction and in the post-closure period. Puncture protection is 
provided by a geotextile cushion which prevents direct contact between the cover 
drainage material and geomembrane cap. Adequate puncture protection is achieved 
by appropriate selection of the mass density of the geotextile cushion. 

GE3900-8.81F9630072 
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Procedure 

The following step-by-step calculation procedure will be used. 

1. Evaluate maximum vertical stress on geomembrane cap for Dost-closure 
conditions. Maximum vertical stress on the geomembrane for post-closure 
conditions will be evaluated using the following equation: 

where, T, = maximum thickness of material to be placed above 
geomembrane cap in the f d  landfill configuration 

yave = average unit weight of material placed above geomembrane 
cap 

2. Evaluate maximum vertical stresses on geomembrane caD for construction 
conditions. Maximum stresses will be induced by construction equipment, both 
wheeled and tracked, operating above the geomembrane cap. The maximum 
stresses will be calculated using the following equation: 

where, t = thickness of material overlying geomembrane cap on which 
equipment is operating 

y = unit weight of overlying material 

q =  equipment ground pressure 

A = pressure reduction factor; depends on size and configuration 
of pressure loading area and value of thickness, t 

GE3900-8.8IF9630072 
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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 cap that are given in the project specification 02770, 
Geomembrane Liner and Cover. 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 evaluation of 
pipe crushing under equipment loads found in the "LCS pipe design" portion of 
the "leachate management - leachate collection system" calculation package. 
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 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 will be assumed to be a circular area with a radius 
determined by tire pressure and wheel loading. 

GE3900-8.8lF9630072 
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3.1 Loading on an infinite Sttip 

5.1.1 WIfoRw VERTICAL WING (Pis.S.1) 

3.3 Loading on a Clrcuiar Area 

5.5.1 m1PoRII VXrIcAL W I N G  
(Pig. 5.15) 
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It is noted that this calculation for the stresses induced by construction 
equipment does not account for potential dynamic loading effects from 
equipment operation. Such potential effects are neglected because the project 
specification for granular drainage layer placement specifically prohibits 
equipment m'meuvers (i.e., hard braking and sharp turning) that have the 
potential to induce dynamic loading effects (project specification 02710, 
Granular Drainage Layer). 

3. Obtain vert. stress on geomembrane caD for evaluation of ~ ~ n c t u r e  Drotection. 
The vertical stress, pd, will be taken as the largest value calculated from 
steps 1 and 2. 

4. Evaluate allowable vertical stress on geomembrane caD. 
The allowable vertical stress on the geomembrane cap, pallow, will be evaluated 
using the procedure presented by Koerner et al. [1995] (Reference 2). This 
procedure is based on theoretical considerations along with puncture testing of 
HDPE geomembranes protected by needle-punched, nonwoven geotextiles. The 
allowable vertical stress depends on the mass density of the cushion geotextile. 

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 
FSM = 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. . 

GE3900-8.8lF9630072 
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Reference 2 provides the following empirical formula for phb for 60-mil HDPE 
geomembranes: 

pkb.60 =450M/* (kpa) 

where, M = mass density of cushion geotextile (g/m2) 
H= effective protrusion height (mm), depends on maximum 

particle size of drainage gravel 

For these calculations, a value of pkb 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 phb will be 
assumed to be proportional to the geomembrane thickness (for example, 
Phb,ao = 1.33 Phb,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 geomembme 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: 
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ProceduresMethods for Evaluation of Construction Survivability 

Introduction 

During final cover system construction, handling and installation stresses will 
be imposed on the cushion geotextile. The cushion geotextile must have the capacity 
to survive these stresses with negligible damage in order to provide continuing 
puncture protection for the geomembrane cap. Construction survivability is provided 
for by appropriate selection of certain mechanical strength properties of the 
geotextile cushions. 

Procedure 

The evaluation will be performed using the procedure outlined by Koerner 
[1994] (Reference 3). The procedure involves the following two steps: (i) establish 
the required degree of survivability as a function of subgrade conditions and type of 
construction equipment operating above the geotextile cushion using the table 
presented on the upper portion of the following page; and (ii) establish the 
recommended minimum values of certain mechanical strength properties (Le., grab 
strength, puncture resistance, and trapezoidal tear strength) using the table presented 
on the lower portion of the following page. 

a 
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Source: Koerner [1994] (Reference 3) 

Tublo 220 Required degxee of survivability as a function of subgrade conditions aud construction equipment’ 

Construction equipmcnt and 6 to I2 in. of 
cover material: initial lift thickncss 

. 

Low ground- Mcdium High ground- 
pressure ground-pressure pressurr 

equipment cquipment equipment 
Subgrade condiiions { 5 4  1b.Iin.) (>4  Ib.lin.’, 58  1b.Iin.’) (>8 1b.h.’)  

~~ ~~~~ ~~~ 

Subgrade has been cleared of all obstacles except grass, weeds, leaves, and fine wood 
debris. Surface is  smooth and level such that any shallow depressions and humps 
do not exceed 6 in. in depth or height. All larger depressions are filled. Alternatively 
a smooth working table may be placed. 

Subgrade has been cleared of obstacles larger than small to moderate-sized tree limbs 

L O W  Moderate 

Moderate High 

- ~ _ _ _ _  

High 

Very high 
i d  rocks. Tree trunks and stumps should be removed or covered with a partial 
working table. Depressions and humps should not exceed 1 in. in depth or height. 
Larger depressions should be filled. 

Minimal site preparation is required. Trees may be felled, delimbed, and left in place. 
Stumps should be cut to project not more than 6 in. 2 above subgrade. Fabric may 
be draped directly over the tree trunks, stumps, large depressions and humps. holes. 
stream channels, and large boulders. Items should be removed only if placing the 
fabric and cover material over them will distort the finished road surface. 

High Very high Not recommended 

Recommendations are for 6 to 12 in. initial lift thickness, For other initial lift thicknesses: 
12 to 18 in.: reduce survivability requirement one level; 
18 to 24 in.: reduce survivability requirement two levels; 
>24 in.: reduce survivability requirement three levels. 
Survivability levels are in increasing order: low, moderate, high. and very high. 
For special construction techniques such as prerutting. increase fabric survivability requirement one level. 
Placement of excessive initial cover material thickness may cause bearing failure of soft subgrade. 

Source: After Christopher and H o b  [ 146). 

Table 2.21 AASHTO-AGC-ARBTA Joint Committee minimum geotextile properties recommended for 
survivabiity (reference 4) 

Physical Property Requirements’ 
Geotextiles c: 50% ElongatiodGeotextiles > 50% Elongationb.‘ 

Survivability 
Lrvel 

Grab 
Strength 

ASTM 04632 
(1b.J 

Puncture 
Resirtance 

ASTM 04833 
Ub. 

Trapczoid Tm 
Strength 

ASTM 04533 
(Ib.1 

Medium 
High 

180l115 
27W180 

70140 
10Ofl5 

70140 
loon5 

~~ ~ ~~ 

Values shown are minimum average roll values. Strength values are in the weaker principal direction. 
%longation (strain) at failure as determined by ASTM D4632, Grab Tensile. 
The  values of geotextile elongation do not imply the allowable consolidation properties of the subgrade soil. 
These must be determined by a separate investigation. 
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GEOMEMBRANE CAP 

Procedures/Methods for Selection of Kev Characteristics of Geomembrane CaD: 

Key characteristics for the geomembrane cap in the final cover system are 
polymer type, geomembrane thickness, and surface texture. The factors to 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 f d  cover system service conditions. 

GE3900-8.8lF9630072 
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GEOSYNTHETIC CLAY LINER CAP 

Procedures/Methods for Selection of Key Characteristics of GCL CaD: 

Key characteristics for the GCL cap in the final cover system are the clay 
mineral type, method of manufacture, and mass density of clay mineral. The factors 
to 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 final cover system service conditions. 

GE3900-8.8lF9630072 
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COVER GEOSYNTHETICS SELECTION: 

GEOTEXTILE CUSHION 
GEOMEMBRANE CAP 

GEOSYNTHETIC CLAY CAP 

CALCULATIONS 

Purpose: 

Present selection processes and calculations for selection and evaluation of the 
low-permeability geosynthetic components of the final cover system and for the 
geotextile cushion component of the final cover system. 

Scope: 

Presents selection processes and calculations as described in the 
"Procedures/Methods" package. 

\ 
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GEOTEXTILE CUSHION 

Selection of Polvmer TJrpe and Method of Manufacture: 

Polvmer Twe - - Virtually all commercially available geotextiles are composed of 
either polypropylene (PP) or polyester (PET). Both polymers are suitable for 
cushioning applications (Reference 1). Therefore, either PP or PET is selected for 
the cushion geotextile. 

Method of Manufacture - The three primary manufacturing methods used to produce 
geotextiles are summarized below. 

Woven: Orthogonal polymer fibers or frlaments 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 cushion, the key performance factors related to method of 
manufacture are shear strength and cushioning ability. With respect to cushioning 
ability, Reference 1 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 efibit higher 
interface shear strengths with soils and textured geomembranes than other products. 
Considering these factors, a nonwoven needlepunched product is selected for the 
geotextile cushion. 



a 

e 

P- 

P 4 4 8  
GEOSYNTEC CONSULTANTS Page 3 of 14 

Date: 7 6 1  2 I 16 Reviewed by: A&-j Date: q L l  2 I I 8 
YY M U  DD YY M U  DD 

Writtenby: 

client: /2*0 Project: 6 5 D F  Projecc/Roposal No.: 6€3?& TaskNo.: B.2 



%- 448 
GEOSYNTEC CONSULTANTS page e of-!& , 

i 



pl 4 4 8  
GEOSYNTEC CONSULTANTS Page 5 of 19. 

- - _ _ _  . . .  . . .  . . _  - 

... 

. . . . .  

I . . . . . . . . . . .  . . . . .  

. -. . . . .  .... . .. . . . .  . . .  i 
. . . . . . . . . . . . .  .. - .  i . .  - 

. .  

. .  . . . . . .  

................. - _-._-_.--__I . ...... . - ................. 



- 
b 4  448 GeoSvntec Consultants Page 6 of I 

Written by: GC!, Date (YA4lD): 96 I 2 I I6 Reviewed by: /\r\w Date: 4 6 / t l O  

Client.: fEe,.tco Project: OSDF Project NO.: L F ~  0 64 Task No.: 8. II 

Evaluation of Construction Survivability: 

The two-step method outlined by Koerner [1994] in Reference 3 of the 
"Procedures/Methods" package will be followed. For the first step, the required 
degree of survivability is established based on the following conditions: (i) smooth 
and regular subgrade condition; (ii) initial lift thickness of 12 inches; and (iii) 
maximum equipment ground pressure on initial lift of 5 psi. From the chart on the 
following page, these conditions indicate that the required degree of survivability is 
'moderate '. 

For the second step, minimum required values for mechanical properties of the 
geotextile are established from the chart on the following page based on the 
'moderate', or medium survivability requirement. The chart provides minimum 
required values for two ranges of geotextile extensibility. Values were obtained for 
the more extensible range because this range is applicable to nonwoven materials. 
The required minimum average roll values from the chart are: (i) grab strength 
(ASTM D 4632) of 115 lb; (ii) puncture resistance (ASTM D 4833) of 40 Ib; and 
(iii) trapezoidal tear strength (ASTM D 4533) of 40 lb. These required minimum 
values apply to both the machine and cross-machine directions of the geotextile. 

Adequate construction survivability for the geotextile cushion can be achieved 
by including mechanical property requirements in the appropriate project 
specification (Le., project spec. 02714, "Geotextiles") which exceed the required 
minimum values cited above. Inspection of the referenced specification indicates 
that this approach has been followed and that the construction survivability of the 
geotextile cushion is adequate. The specific values in the specification are as 
follows: (i) grab strength (ASTM D 4632) of 200 lb; (ii) puncture resistance (ASTM 
D 4833) of 90 lb; and (iii) trapezoidal tear strength (ASTM D 4533) of 75 lb. 

GE3900-8.81F9630072 



Source: Koerner [1994] (Reference 3) 

Table 220 Required degree of survivabiity as a function of subgrade conditions and construction equipment' 

Construction cquipmcnt a 
covcr tnatcrial: initial - 

LOW ground- Medium High ground- 
prcssurc ground-pressure pressure 

cquipmcnt cquipmrnt cquipmcnt 
Subgradc conditions (>a IbJin.') 

s except grass, weeds, leaves, and fine wood 
ch that any shallow depressions and humps 

do not exceed 6 in. in depth or height. All larger depressions are filled. Altenatively 
a smooth working table may be placed. 

Subgrade has been cleared of obstacles larger than small to moderate-sized tree limbs 
and rocks. Tree trunks and stumps should be removed or covered with a partial 
working table. Depressions and humps should not exceed 1 in. in depth or height. 
Larger depressions should be filled. 

Minimal site preparation is required. Trees may be felled, delimbed, and left in place. 
Stumps should be cut to project not more than 6 in. 2 above subgrade. Fabric may 
be draped directly over the tree trunks, stumps. large depressions and humps, holes, 
stream channels, and large boulders. Items should be removed only if placing the 
fabric and cover material over them will distort the finished road surface. 

High 

Moderate High Very high 

High Very high Not recommended 

. 

Recommendations are for 6 to 12 in. initial lift thickness. For other initial lift thicknesses: 
12 to 18 in.: reduce survivability requirement one level; 
18 to 24 in.: reduce survivability requirement two levels; 
>24 in.: reduce survivability requirement three levels. 
Survivability levels are in increasing order: low, moderate, high, and very high. 
For special construction techniques such as prerutting. increase fabric survivability requirement one level. 
Placement of excessive initial cover material thickness may cause bearing failure of soft subgrade. 

e 
Source: After Christopher and Holtz [ 1461. 

Table 2.21 AASHTO-AGC-AFBTA Joint Committee minimum geotextile properties recommended for 
survivability (reference 4) 

Physical Property Requirements' 
Geotextiles < 50% ElongatiodGeotextiles > 50% Elongationb" 

~~ ~ 

Grab Puncture Trapezoid Tm 
StrengIh Rcsb~ancc Strcngth 

ASTM 04632 ASTM 04833 ASTM D4S3 Survivability 
L O C I  Ob.) (lb.) (Ib.) 

70 3-c 
- 100 

~~ 

Values shown are minimum average roll values. Strength values are in the weaker principal direction. 
bElongation (strain) at failure as determined by A m  M 3 2 ,  Grab Tensile. 
The  values of geotextile elongation do not imply the allowable consolidation properties of the subgrade soil. 
These must be determined by a separate investigation. 
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GEOMEMBRANE CAP 

Selection of Key Characteristics of the Geomembrane Cap: 

Polymer T p e  - Polymer types considered for the geomembrane cap in the final 
cover system 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 narrative points 
address the key performance factors related to polymer type. 

The three identified polymers all have acceptable characteristics as liquid 
barriers, although HDPE geomembranes have the best characteristics. All three 
have extremely low permeability and are impermeable for practical purposes. 

The most significant mechanical properties of the geomembrane cap 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 is often made 
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. 
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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 and quality. 

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 2 and 3). 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. 

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 (Le., oxidation) under conditions expected to exist in the OSDF 
final cover. In addition, HDPE is not susceptible to physical degradation (Le., 
extraction or solvation) under conditions expected to exist in the OSDF final 
cover. 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 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 cap. 
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. 

G E3900-8.8lF963OO12 
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Geomembrane Thickness - A wide range of HDPE geomembrane thicknesses are 
available. The following narrative points address the key performance factors 
related@bmembrane thickness. 

The abrasion resistance of HDPE geomembranes increases with geomembrane 
thickness. Experience indicates that geomembranes with thickness less than 40 
mils may. not have acceptable abrasion resistance in some situations. 

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). This issue is more 
significant for the geomembrane cap in the final cover system than for the liner 
system geomembranes because the geomembrane cap must be flexible enough 
to accommodate differential settlements resulting from the settlement of the 
impacted material within the OSDF. From this viewpoint, a thickness of not 
more than 80 m i l s  is 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 60 mil is selected for the HDPE 
geomembrane cap. This selection balances the performance factors described above 
and meets the ARAR requirement in OAC 3745-27-08(C)(2) that HDPE 
geomembranes have a minimum thickness of 60 mils. 

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 f m l  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 geomembrane cap. 

000272 
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GEOSYNTHETIC CLAY LINER CAP 

Selection of Key Characteristics of the GCL Caw 

Clay 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 final cover 
system defects. The calcium bentonite, however, generally has a higher internal 
shear strength due to its lower plasticity. 

Based on these factors, sodium bentonite is selected as the GCL cap clay mineral 
because of its better hydraulic performance capability. The less favorable aspect of 
sodium bentonite, Le., low shear strength, will be addressed through appropriate 
cover system design and stability analysis. 

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. Both woven and nonwoven geotextiles are 
sometimes used. 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. Both textured and smooth 
geomembranes are sometimes used. 

Internally Reinforced with Geotextile Backing: a layer of dry, granular 
bentonite is placed between two geotextiles. Both woven and nonwoven 
geotextiles are sometimes used. 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. 

GE3900-8.8F9630072 
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The key performance factors related to method of manufacture are as follows: (i) 
ability to form a composite hydraulic barrier with the overlying geomembrane cap; 
(ii) internal shear strength; and (iii) shear strength of interfaces with adjacent 
materials. These factors are discussed below. 

Composite hydraulic barrier - A composite barrier is best achieved with 
GCL products that 'allow close contact between the bentonite component 
and the overlying geomembrane. For GCLs with geotextile backings, 
those with woven backings can generally provide for closer contact with an 
overlying geomembrane than can those with nonwoven backings. This 
statement is based on observations which indicate that bentonite particles 
will more readily pass through a woven geotextile backing than through a 
nonwoven backing. For unreinforced GCLs with HDPE geomembrane 
backings, close contact is achieved if the bentonite component is placed 
directly in contact with the geomembrane. 

Internal shear strength - For GCLs with geotextile backings, a relatively 
high internal shear strength can be obtained by using an internally 
reinforced product. Relatively high internal shear strengths can also be 
achieved with unreinforced GCLs with HDPE geomembrane backings if 
the bentonite component is prevented from hydrating. This may be 
achieved if hydration is prevented during construction and if the bentonite 
component is placed directly in contact with the overlying geomembrane. 
This orientation serves to minimize hydration because the bentonite is 
confiied between two geomembranes, Le. the geomembrane cap in the 
final cover system and the geomembrane backing of the GCL. 

Interface shear strength - For GCLs with geotextile backings, it is 
observed that nonwoven backings generally produce higher interface shear 
strengths with adjacent materials than do woven backings. For 
unreinforced GCLs with HDPE geomembrane backings, higher interface 
shear strengths are generally achieved when the HDPE backing has a 
textured outer surface. 
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Based on these factors, both GCLs with geotextile backings and unreinforced GCLs 
with HDPE geomembrane backings can provide adequate performance as the GCL 
cap. Specific requirements for GCLs with geotextile backings are given in the 
following list. 

' 

GCL will have one nonwoven backing and one woven backing. 
GCL will be oriented with the nonwoven backing against the underlying 
compacted clay cap and the woven backing against the overlying 
geomembrane cap in order to achieve as close contact as possible between 
the bentonite component and the overlying geomembrane cap. 
GCL will be internally reinforced to achieve a relatively high internal 
shear strength. 

Specific requirements for unreinforced GCLs with HDPE geomembrane backings are 
given in the following list. 

GCL will be oriented with the HDPE geomembrane backing against the 
underlying compacted clay cap and the bentonite component against the 
overlying geomembrane cap. This orientation is intended to achieve as 
close contact as possible between the bentonite component and the 
overlying geomembrane cap and to minimize bentonite hydration. 
The geomembrane backing will have a textured surface to achieve a 
relatively high interface shear strength with the underlying compacted clay 
cap. 

Clay Mineral Mass Density - A certain minimum mass density of clay mineral in the 
GCL cap is required for development of a continuous hydraulic barrier. In addition, 
the ability of the GCL to swell and seal around any f d  cover system defects is 
likely greater with greater clay mineral mass density. Most commercially produced 
GCLs have a clay mineral mass density of at least one pound per square foot, a 
value which is considered to provide for reasonable GCL performance.. Therefore, 
a clay mineral mass density of at least one pound per square foot is selected for the 
GCL cap. This value meets the ARAR requirement in OAC 3745-27-08(C)(3) that 
GCLs have a minimum bentonite mass density of one pound per square foot. 
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SURFACEWATER MANAGEMENT DURING OSDF 
CONSTRUCTION/FILLING/CLOSURE 

STORMWATER RUNON/RUNOF'F AND DRAINAGE CONTROL STRUCTURES 

EXECUTIVE SUMMARY 

PurDose of Analvsis 

The purpose of this analysis is to evaluate the surface-water management system during the ***- 
early stages of on site disposal facility construction. This system is designed to direct 
stormwater runoff to an existing sediment basin. This system consists of drainage channels and 
culverts. 

Method of Analvsis a 
Stormwater Runoff The amount of stormwater runoff was calculated using the computer 
program "HydroCAD" Stormwater Modeling System" (HydroCAD"). This program uses the 
hydraulic modeling methods presented in USDA-SCS Technical Releases 20 and 55. 

Drainage Control Structures: The performance of the drainage channels was evaluated using 
HydroCAD". The performance of culverts was evaluated using methods presented in USDOT 
FHWA technical report entitled "Hydraulic Design of Highway Culverts" and the "Concrete 
Pipe Design Manual", by the American Concrete Pipe Association. 

Conclusions 

RunodRunoff from the 25-year, 24-hour design storm event can be conpolled with 4.5 ft. 
deep drainage channels with 3H: 1V sides. 

GE3900-08.1 lF9630077 
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SURFACE-WATER MANAGEMENT DURING OSDF 

CONSTRUCTION/FILLING/CLOSURE 

STORMWATER RUNON/RUNOFF AND DRAINAGE CONTROL STRUCTURES 

CALCULATION PROCEDURES 

Purpose 

The purpose of this document is to present the calculation procedures used to analyze the 
drainage control features that will collect the OSDF stormwater runoff during the early 
construction stages. The drainage control features include: 

drainage channels that will cany stormwater runoff to a sediment basin; and 

culverts constructed in conjunction with the drainage channels to carry stormwater 
runoff to the sediment basin. 

The calculations are performed in accordance with, and to verify compliance with, the DCP. 
The DCP requirements relevant to these calculations are: 

the drainage channels must accommodate peak precipitation runoff flows; 

the peak flow velocity in the drainage channels should not initiate scour in the 
channels; and 

the freeboard in the drainage channels should be at least 6 in. during the design storm 
event. 

Scope 

The procedures presented in this document will be used to perform the following 
calculations for each drainage area and for each design storm event: 

runoff quantities; 

GE3900-08.1lF9630077 
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peak flow velocities and maximum depth of flow in drainage channels; and 

flow capacity of the culverts. 

In addition, the structural capacity of the culverts will be analyzed. 

Calculation Procedures 

General 

The computer program "HydroCADTM Stormwater Modeling System" [Applied 
Microcomputer Systems, 19931 (HydroCADm), will be used to calculate runoff quantities, the 
peak flow velocities, and maximum depth of flow in the drainage channels. HydroCADm uses 
the hydrologic modeling methods presented in Technical Release 20 (TFUO) [USDA-SCS, 19751 
and TR55 [USDA-SCS, 1986al. (See Appendix A for information related to HydroCADm.) 
The flow capacity of the culverts will be analyzed using the methods presented in the document 
entitled "Hydraulic Design of Highway Culverts If [USDOT-FHWA, 19851. The structural 
capacity of the culverts will be analyzed using the "Concrete Design Manual" [American 
Concrete Pipe Association, 19701. 

Stormwater Runon and Runoff Ouantities 

The procedure for calculating stormwater runoff quantities consists of the following steps. 

1. Define the drainage area to be analyzed. These data are presented in the design verification 
document. 

2. Calculate the weighted CN using the runoff curve number worksheet [USDA-SCS, 1986a1, 
except for the OSDF cover slopes. A weighted CN of 98 is assigned for the OSDF final 
cover slopes. 

3. Define the parameters associated with the surface-water flow segments for each drainage 
area. The flow segments consist of sheet flow, shallow concentrated flow, and open 
channel flow. The engineering parameters needed to define these flow segments are listed 
below: 

GE3900-08.1lF9630077 
000284 A 
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for sheet flow: 

- - surface type which yields a Manning's coefficient for sheet flow; 
- - the flow length (ft); 
- - slope of land (Wft); 

for shallow concentrated flow: 

- - flow length (ft); 
- - surface type (paved or unpaved); and 
- - average slope of land (Wft); are 

for open channel flow: 

- - Manning's coefficient for open channel flow; 
- - channel length (ft); 
- channel slope (Wft); and 
- - pertinent channel geometry (e.g., side slopes (H:V) and depth (ft) or cross- 

sectional area (ft2), and wetted perimeter (ft)). 

These data are also presented in the data verification document. 

4. Calculate the amount of runoff for a drainage area, a design storm event, and a vegetative 
cover type. The data defined in Steps 1 through 3 are used as input to HydroCADTM. 
HydroCADTM uses the data to develop a "runoff hydrograph" as described below. 

a. Calculate the Time of Concentration (TJ for a drainage area. The Tc represents the 
time required for stormwater to travel from the most hydrologically distance point of 
a drainage area to the point of interest. Tc is calculated by summing the individual 
travel times (T,) for each flow segment define in a drainage area. 

GE390048.1lF9630077 
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Travel time for each flow segment is calculated as follows: 

for sheet flow: 

0.007(11L)~.~ T, = 
p20.5 s0.4 

where: T, = Travel time for sleet flow (hours); 
n = Manning’s coefficient for sheet flow, based on surface types; 
L = flow length (ft); 
P2 = amount of rainfall from a 2-year, 24-hour design storm event (in.); 

and 
S = slope of land (Wft). 

for shallow concentrated flow: 

L 
Tt = 36oov 

where: T, = Travel time for shallow concentrated flow (hours); 
‘. L = Flow length (ft); 

V = average flow velocity (ft/s). 

for open channel flow: 

nL T, = 
(3600)( 1.486) r0.67S0.5 . 

where: T, = Travel time for open channel flow (hours); 
n = Manning’s coefficient for open channel flow; 
L = channel length (ft) 
r = hydraulic radius (ft) = a/Pw; 
a =  
P, = wetted perimeter (ft); 
S = channel slope (ft). 

cross-sectional area of flow (ft2); 

GE3900-08.1lF9630077 
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b. Develop a unit hydrograph for the project site. The unit hydrograph is a d i m e m i o d e  

curve that represent the runoff distribution resulting from 1 in. of rainfall excess over 
the drainage area. To develop a unit hydrograph, HydroCADm uses the CN value 
and the anticipated rainfall distribution. HydroCADm then develops a runoff 
hydrograph for the design storm event. HydroCADm develops the runoff hydrograph 
by summing the amount of runoff calculated over a series of discrete time intervals 
during the storm event. The amount of runoff is calculated as follows: 

p-o.2s)2 (Q = zero if P < 0.2s) 
= P+0.8S 

where: Q 
P = cumulative rainfall (in.); 
S 

CN = runoff curve number. 

= amount of runoff (in.); 

= potential maximum retention after runoff begins (in.); 
S = 1000/CN - 10 

The discrete time interval or rainfall burst duration for which runoff calculations are 
performed is calculated as follows: 

L D = -Tc 
15 

where: D 
T, 

= duration (hours); and 
= time of concentration (hours). 

5 .  The resulting runoff hydrograph provides the runoff quantities for the storm event as well 
as the peak runodrunoff quantity. 

Peak Flow Velocities and Maximum DeDth of Flow in Drainage Channels 

The procedures for calculating the peak flow velocity and the maximum depth of flow in 
a drainage channel consists of the following steps. 

1. Define points of interest along the drainage channel. These points are at culvert entrances. 
These locations are presented in the data verification document. 

GE3900-08.1lF9630077 
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2. Define the dimensions and geometry of the drainage channel at each point of i n t e r e s x  

information is also presented in the data verification document. 

3. Develop a discharge versus depth curve for the drainage channel by calculating the flow 
rate for various flow depths in the drainage channel based on the channel geometry. Flow 
rate is calculated as follows: 

1.486ar".6' so.' 
n Q =  

where: Q = flow rate (cfs); 
a = cross-section area of flow (e); 
r = hydraulic radius (ft) = a/P,; 
P, = wetted perimeter (ft); 
s = channel slope (Wft); and 
n = Manning's coefficient for open channel flow. 

4. Calculate the peak flow velocity and the maximum depth of flow in a drainage channel at 
the point of interest. The runoff hydrograph previously calculated, the data defined in Steps 
1 and 2, and the data calculated in Step 3 are used as input to HydroCAD" to route a 
design storm through the drainage channel. The routing calculation uses the runoff 
hydrograph as an inflow hydrograph to the point of interest. The result of this routing is 
an outflow hydrograph from which the peak flow is obtained. HydroCADTM simultaneously 
solves for the peak flow velocity and the maximum depth of flow by comparing the 
discharge versus depth curve and the following equation: 

v, = - QP 

*P 

where: V, = peak flow velocity (Ws); 
Q, = peak flow (cfs); 
Ap = cross-sectional area of flow a peak flow (I?*) 

5 .  Verify that the drainage channel satisfies the design criteria. 

GE3900-08.11F9630077 . 



GEOSYNTEC CONSULTANTS 4 4 8  
Page of 9 

Date: $6 / f ~ 4  196 Reviewed by: 455 Date: /a /?J 
Project: OSDF Proj ./Proposal No. : GE3900 Task No.: 08.1 

4 zafc696 
Flow CaDacitv of Culverts 

The procedure for calculating the flow capacity of culverts consists of the following steps. 

1. Define the peak flow to be carried by the culvert and maximum design water depth at the 
culvert entrance. These data were previously calculated. 

2. Define the size type, and length of the culvert. These data are presented in the design 
verification document. 

3. Verify that the culvert headwater meets design criteria. The data defined in Steps 1 and 
2 are used as input to USDOT-FHWA [1985] culvert design charts. The headwater depth 
is evaluated by checking both inlet and outlet control. 

Structural CaDacitv of Culverts 

The procedure for calculating the structural capacity of the culverts consists of the following 
steps. 

1 .  

2. 

3. 

4. 

Define the loading (Le., dead load and live load) to be exerted on the culvert. These data 
are presented in the data verification document. 

Define the pipe bedding and loading factors. These data are also presented in the data 
verification document. 

Define the factor of safety. 

Calculate pipe strength (D-load) using the following equation: 

[ D-load = 31 Lf + [ ?]] for Lf I 1.5 

or 
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D-load = [ [ 21 + [ $11 5 D for L, > 1.5 

where: D-load = 
D =  
Fs 
w, = 
w, = 
Lf . = 

- - 

Culvert Outlet Protection 

pipe strength 
inside diameter (ft); 
factor of safety; 
live load (kips); 
earth load (kips); and 
loading factor. 

The procedure for calculating the riprap culvert outlet consists of the following steps. 

1. Define culvert discharge. These data were previously calculated. 

2. Use the USDA-SCS [1987] design chart to select a D50 for the riprap and the length 
of the outlet apron. 

3. Calculate the apron size using the relationships shown on the design chart [USDA- 
SCS, 19871. 

4. Calculate the D, and D15 of the riprap as follows: 

D, = 1.5 x D50 
Dpj = 0.5 to 0.75 x D50 

where: D,, 
D, 
D15 
the material is smaller. 

= theoretical spherical diameter of average stone size; . 
= theoretical spherical diameter of largest stone size; and 
= theoretical spherical diameter of the stone size for which 15 percent of 

5. Calculate the minimum thickness of the riprap, which should be two times the D,,, but 
not less than 6 in. 

GE390048.1lF9630077 
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SURFACE-WATER MANAGEMENT DURING 
CONSTRUCTION/FILLING/CLOSURE 

STORMWATER RUNON/RUNOF'F AND DRAINAGE CONTROL STRUCTURES 

+ LL64 % 

DATA VERIFICATION 

PURPOSE 

The purpose of this document is to present the engineering data used to design the 
drainage control features that will collect the stormwater runoff during the early construction 
stage of the On-Site Disposal Facility (OSDF). The calculations are subdivided into two 
categories that represent the site conditions when the stormwater runoff will be greatest: (i) 
initial stripping; and (ii) early construction. The drainage control features that will be in 
place to handle the stormwater include: 

drainage channels that will carry stormwater runoff to a sediment basin; and 

culverts constructed in conjunction with the drainage channels. 

The data presented in this document are used to satisfy the requirements presented in the 
DCP. The DCP requirements relevant to the data verification are: 

the drainage control structures shall be designed to carry the runoff from the 
25-year, 24-hour design storm event; 

the slope of the drainage channels shall be no less than 0.5 percent; 

the channel sideslopes should be no steeper than 3 horizontal to 1 vertical; and 

the channel bottom may be zero. 

SCOPE 

The data presented in this document will be used to perform the following calculations: 

runoff quantities; 
peak flow velocities and maximum depth of flow in the drainage channels; 
flow capacity of culverts; and 
structural capacity of culverts. \ 
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PARAMETERS FOR DESIGN 

General 

Data required to perform the calculations include: (i) rainfall information (Le., 
quantities, durations, distribution); (ii) drainage area information (Le., drainage channel 
dimensions and geometries, Manning’s coefficients for sheet flow and open channel flow, 
soil and vegetative cover types); and (iii) culvert information (Le., size, type, cover, 
loadings). Engineering data will be obtained from site-specific studies and published 
engineering texts. 

Rainfall Information 

Rainfall Quantities and Durations 

Rainfall quantities for specific design storm events were summarized by Parsons [1995] 
and are presented in Table 1. Rainfall for the design storm required by the DCP or by the 
calculation method include: 

Storm Event 

2-Year, 24-Hour 
25-Year, 24-Hour 

Rainfall (in.) 

2.55 
4.7 

Rainfall Distribution 

According to USDA-SCS [1986a], storm events that occur in the area of the OSDF site 
will have a Type I1 storm distribution, see Figure 1. Rainfall intensities for a Type 11, 24- 
hour storm are shown on Figure 2. 

Drainape Area Data 

Drainage Areas 

The drainage areas containing the initial stripping stage and early construction stage of 
the OSDF are subdivided into drainage subareas (e.g., E, W) to accurately model the 
hydrologic and soil conditions of the drainage area. The drainage areas and their subareas 
are shown on Figures 3 and 4. 
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Drainage Flow Types 

Surface water flow within a drainage area is characterized as a series of flow segments. 
The flow segments will consist of sheet flow, shallow concentrated flow, and open channel 
flow. The engineering parameters needed to define these flow segments, along with the 
reference source for the data, is listed below: 

for sheet flow: 

- surface type which yields a Manning's coefficient for sheet flow, Table 2 
[USDA-SCS, 1986al; 
flow length (ft), Figures 3 and 4; 
slope of land (Wft), Figures 3 and 4; 

- 
- 
for shallow concentrated flow: 

- 
- 
- 

flow length (ft), Figures 3 and 4; 
surface type (paved or unpaved); 
average slope of land (Wft), Figures 3 and 4; and 

for open channel flow: 

- 
- 
- 
- 

Manning's coefficient for open channel flow, Table 3 [Chow, 19591 and 
Figure 7 [USDA-SCS, 1986bl; 
channel length (ft), Figures 3 and 4; 
channel slope (ft/ft), Figures 3 and 4; 
pertinent channel geometry (e.g., side slopes (H:V) and depth (ft) or cross- 
sectional area (ft2), and wetted perimeter (ft)), Figure 5 .  

Hydrologic Soil Group (HSG) 

The soil types found within the OSDF watershed are illustrated in Figure 6 
[USDA-SCS, 19921. The HSG classification for each soil type identified were obtained from 
Table 4 [USDA-SCS, 1986al. Soils found within the OSDF watershed and.their associated 
HSG are: 

SCS Map Designator Soil Name HSG GrouD 

FcA 
FdA 
RwB2 
XeB 

GE3900-08.1 IF9630077 .DV 

Fincastle C 
Fincastle C 
Russell-Miamian B 
Xenia B 
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Vegetative Cover Type 

The HSGs identified within the drainage are subdivided by vegetative cover type. There 
will be no vegetative cover after stripping. Vegetative cover types (including bare soil) 
recognized by Technical Release 55 [USDA-SCS, 1986al (i.e., the hydrology model used in 
these calculations) are presented in Table 5 [USDA-SCS, 1986al. 

Runofs Curve Numbers 

Runoff Curve Numbers (CN) are factors used to account for the influence that each of 
the HSG and vegetative cover type have on the amount of runoff. CN values may be 
obtained from Table 5 [USDA-SCS, 1986al. 

The Manning's coefficient (n) for grass-lined open channels is dependent on the three 
factors: (i) vegetation type; (ii) flow velocity; and (iii) hydraulic radius. Manning's n for 
various vegetative retardance groups may be obtained from Figure 7 [USDA-l986b]. 
Because the vegetation in the drainage channel will vary over time, an average Manning's n 
of 0.050 was selected. This Manning's n value falls within the range presented in Chow - - .  

[1959], see Table 3. 

Summary 

A summary of the drainage area data is presented in Tables 6 and 7. 

Culverts 

Culverts will be used to carry the stormwater runoff from a 25-year, 24-hour design 
storm event. The culverts will be concrete pipes placed in a Class B type trench with a 
granular foundation. Culvert design charts [USDOT-FHWA, 19851 are presented as Figures 
8 and 9. These culverts must function with a factor of safety between 1.25 and 1.5 under an 
AASHTO H-20 live load (Le., maximum axle load of 32 kips) and applicable dead loads, see 
Tables 8 and 9 [American Concrete Pipe Association, 19701. For cover thickness less than 3 
ft, increase the live load by an impact factor IF as follows: 

0 - 1 ft, IF = 1.3; 
1 - 2 ft, IF = 1.2; and 
2 - 3 ft, IF = 1.1. 

Pipe bedding and loading factors are presented in Figure 10. Riprap for the culvert outlet 
will be size using the USDA-SCS [ 19821 design chart presented in Figure 11. 
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TABLE 1 - RAINFALL DEPTH FOR A GIVEN DURATION 
(INCHES 1 ZZ&69& 

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 

' A-2 



Smooth surfacx% (cvncrrtrt, aq)ha)t, j!!-i*d, or 
barv wil). ................................... 

Falluu. (no msitlut.) .......................... 

C'ultirytec r' - 1  : 
Krsiche ab c r  Q W Z  ...................... 
K t 4 u e  cwi rr > 3 Y Z  ...................... 

C r&s: . 
Shor t  g-~au; 1)rdh-k ........................ 
!)en.* ~as.wsz . .  .......................... 
5 f? rm u ( liig-rds ............................. 

LJIKP (na tu rd )  ............................. 

M'c Y )4 1.G : J 
I - i K h t . - u n r M r u s h .  ......................... 
I )t. n .w u n I t a  14) rush ......................... 

U.UI 1 

0.05 

0.15 
0 2 4  
0.4 1 

0.13 

0 . N  
0.M 

(210-VI-TR-55, Second Ed., June 1986) 
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Appendix C h4ANNING'S NUMBER TABLES 

o-r-9010 
C l c N N m o  
? ? ? ? ?  
0 0 0 0 0  

A f t  448 

- 0 r D t S  2 2  O . 0 h  
o m -  

? ?  ? ? ?  . 
000 0 0  000 G G 9  

d I 

This table reprinted from OPEN CHANNEL HYDRAULICS by Vcn Te Chow, Copyright 1959 by McGraw-Hill, with the permission 
of the publisher. 

000299 
A-14 



TABLE 9, continued: Hydrologic soil groups for United' Stntcs soils ,&5zzg4pL 



nootc  
noo*.M 
P O O P O F  
noteucu 
P O E L L L N  
nofmca 
POL IC I 
nor I S S  
noCAM 
noccnsow 
noGEn I 
aocnuec 
P O G U L  
nOHAY 
u o H u c n v t L L c  
n3HOhoA 
n o u a c a s v  1 L L f  
P O I C  
PO JO 
n o L t  I TL. 
QOLFL 
POL If 
R O L I S S  
Q O L L A  
T(OLL I MCS IOU€ 
noLoc 
POL or F 
Q O M O C  n c  
UonBO 
Q O W ?  

110-t 0 
O * L P O  
O N C A N  c : I  I. 

.OMINC 
O N  I U f  LL 

. donut LL 
Q O N S I O C C  
Q C r u L U S  
Q O N A Y  
P O U O  
P O W O E  A U  

Q O U O L L L  
~ 0 ~ 0 O . l  
aourrf B r 
C O u S C L  
PONSOh 
QOONL 1 
P O O S L  1 
a O O s ~ v ~ L l  
P O 0  I 
P O 0 l F . c  
P O P E P  
P U S A L  I C  

n o ~ ~ r o u o .  
S 4 L I N E - 4 L C A L I .  
f L O O O C O  

P V S A M O N O  

Q O S A H €  
P 0 S A M f . I  
nosAa 10 
P O S C O E  
ROSCOMMON 
P O S E  C P f E X  
nose cnccc.  

nosf V A L L L T  
OPAINCO 

R O S E B C n P I  
R O S E B L O O M  
nosc DO6lOUGH 
nOSL6uo 
POSERURC 
POSLOHU 
nosEGLtm 
I 1 O S L H A V f  Y 
90SLHlLL 
. O I L L A N O  
t O S L L L A  

. .. n o s c ~ n s  

4 4 8  

/a* 

5 6 ~ ~  Y ,  continued: Hydrologic soil groups for United States soils 

C I R U S S  

C I1 Q U S S E L L  
C I P I - S S I b *  

C 
0 
0 
D 
0 
0 

8 1  

B / O  
O 
B 
C 
C 
B 
B 
o 

0 
C 
B 

C 
B 
D 
0 
B 
D 
C 
0 

D 
0 
C 
0 
D 
0 
E 
e 

D 

e 
8 
0 
P 
C 
0 
D 
0 
0 
C 
0 
0 I D  

0 
0 
8 
C 
0 
0 
0 
C 
D 
D 
C 
C 
0 
0 
0 

E 
0 
8 
C 
B 
I 
0 
B 
B 
0 

n 

1 
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: T i L L  

W I L S O H  
WlLSOMGULCH 
b l L S O M V l L L C  
b l L S O Q  
W l L S l  
W I L I O H  
W I U A O A  
1 1  M O C R R T  
M I M C H E S I L Q  
WIMCMUCK 
W I M O  Q I V C Q  
W I M O C O A I  . WlMOLQ 
W I N O L Q .  

W l  NOHAM 
W l N O l C Q L L L  
1 I M O Y  ILL 
WlWOSOR 
W l N O I H O R S l  

O f  P R C S S I O H A L  

W l N O U Y l S l L t  ' 
b I W O W H  I S  I L C .  bAQY 
W l M O T  
b I U O T P O I U I  
WIMEC 

W l H C  11 I 
W l  Mf VAOA 
. I N F A L L  
m I M F  I € L O  
" I H G  
W l N C A l L  
W l M C E R  
I I MC I M A b  

b l M C V I L L E  
U I H I f  R E O  
w I U C  

W I M E M A  

b l N K C L  
WIMKLEWAU 
W I M K L E Y A H .  WE1 
W I H K L C  9 
U I N L L Q  
W I MLO 
" I M M  

1 1  UMC 0 A C O  
WlHMf. COWHE 
W l M ~ E C 0 0 L  

1 IMME s n i  € 6  

v i  w s e o n o  

U l  M H f  YUCCA 

b I H N E  I 1  

I I MOM 

V IMOMA 
W I M O O S C  1 
W I MOPCE 
W I H Q  I OCC 
M I  M S H  I P  
. I U S P L C  1 
V I  U S 1  OH 

W l H I L R f  I C L O  
W I U ~ C R H A V C M  

' r t w r  

b I  H I C Q  I O C C  
W l M I C Q S  
U l H I E R 5 0 U Q C  
W I N l L Q S C l  
b I H r H 9 0 P  
b l M l L L l  
W l M l O M  
W I M  I O M E U  
W I N U  

V I M 1  
W I O T A  
U l P P L C  
M I Q I  
U I S C O W  
b I S C  
W I I C Y  AN 
W l S f L A l  

4/ -, continued: Hydrologic soil groups for United %tee eoile 

o . I uIsnaao 
0 I W l S Y 0 O H C  
0 I W l S n E T L u  
0 I W I S H L A M  
c I WISHLAM. O R A I N C O  
0 I W I S L A Y  
C I W l S K I f L A l  
C I V I S N C U  
A I U l S l C Q  
C I W l l 0 E C K  
e I W l l E f C L S  
o I u i v n u  
0101 wi ince 
0 I Wl lHCQ11CE 

I W l l M C R C L L  
0 I W l r M C Q S  
A I . I 11  
0 I b l l l C N  
A I W l l l C N 0 C Q C  
c I W l r Z C L  
c I 1 1 1  
0 I W I I O Y  
0 1 WOCLLCT 
0 I M W A  

0 I b O 0 E N  
C ' I bOOSKOU 
0 I b 0 0 S C O W .  O P A I N E O  
C I bOHLT 
0 I b O L C O  

0 I WOLOALC 
0 I W M O A L C .  O Q A l H f O  
0101  b O L f  

0 b O L f C R L f L  , 

B I WOLFCSON. U L l  
0 I b O L F C T  

0 I b O C f l f V C Q  

0 .  1 b O L L A Q O  
0 I b & L E N I  
0 I b M 0 1  

e I Wmcoir 

0 I WOLF P o 1 i ( l  

c I . arcso*  

c I w a f p c n  

c I M O L V L R I N E  

c I WOO 

0 I WOO. WE1 

0 I UOMACK 

C I W O O .  O V C Q U A S H  

0 I W O O 0  R I V E R  
0 I b O O O 0 E C U  
0 I W W 0 0 I * E  
0 I W O O 0 0 R ' l O G t  
0 I b W O 0 U R N  
0 I WOOO0URT 
e I wonococc 
0 I W W O f O R O  
c I WOOOGULCM 
e I W w o n A L L  
0 1 bOOO1(UQSl  
0 I W O O O I N  
A 1 0 1  b 0 0 0 1 M G r O N  
0 1 W W O I N V I L L C  
0 I b 0 0 O l H V l L L E .  
C 
C 
C 

0 
C 
0 
C 
0 
0 
C 
0 
0 
C 
A 

0 

A 

0QA I H E O  
MOODLAWN 
MOOOLL Af 
WOOOLV 
W O a O L T N  

WOOOYCQC 
b W O M 0 H I  
W M O P A S S  
WOOOQOCK 
UOOOQOW 
WOOOPOU. 

SAL I N € - A L C A L  I 
WOOOROM. 

O C C A S  I O N A L L T  
fLO0OCD 

w m o Y A n s i c  

c 1 MCOOS CWOSS 
0 I W 0 0 0 S C . C  
C I WOCOSFICLO 
0 I U M O S l O C  
c I W W O S L A K C  
c I WOOOSOH 

e101 .1000.101*' 
c I U O O O I E L L  
w o l  w O O O V I L L C  

0 1 WOOOWCSr 
c I UOOfUS 

0 I W O O D S I O C L  

11 I W M O W A R O  

A 1 0 1  U O O L P L Q  
0 I WOOLSCT 
C I W O O L S I A L F  

0 1 WCOWSOCKEr 
0 I U W S L E T  
0 I W O O S I C Q  
C I U O Q C C S I C Q  

0 I M 0 0 L S 1 E O  

n I WORDEM 
c I W0Rf 
0 I WORfKA 
0 I W M F M A H  

C I W O Q f S l O N E  

6 I WCM7K. C R a V E L L T  
C ' I WOQLAHO 

0 I bORWSER 
C I WOQOCL 
0 I WOaSnAM 
c I wonin 
0 I W O R ~ H C H  
c I U O U I H 1 U C  

0 I WORC 

e i o l  YOQLET 

0 I W O R f W A M  

C I bOQ)rMAN.  S A M O T  

A I WOVOKA 
C I WRANCCLL 
C I U R A N G O  
0 I WKAVMA 
0 I WQEOAH 

C I WQCMLAM 
0 I Y R L N T H A Y  

4 I MRCHCOE 

c I W R I G H T  

o I wniGnis8ono 
C I W P I G H T Y A M  

11 I U Q I C H T 5 V I L L L  
0 I b P l G H T b O O 0  
c I W U L O C l  
C I WUK5.1 
0 I U u L f t P I  
11 I WUHJCT 
0 1 W U P A I K I  
A I WURHO 
C 1 W U Q S I C M  
C I U U Q l S 8 0 Q O  
C I W T A L U S I M G  
11/01 W T A M O O l l E  
0 I M T A N I  
C I W T A R O  

I WTAQMO 
0 

' C  
0 
0 
0 
0 
C 
0 
C 
8 
C 

C 

W T A I ~  

U T C O L O  
w TE 
W T t A S I  
W T C I N  . 
W T E V I L L C  
. T I C S  
U T L C  M A Y  
W V C O f f  
WTMAM 
U T M C R C  
UVMOMCQC 
WVNN 
WVNNV I L L C  
UTNOMA 

T f G C M  
V C C U A S  
VCL JACC 

T E C L O W M O U ~ O  
T C L L O b Q O C L  
T L L L O b S l O M L  
T f L M  . 
T f M A S S f E  
Tf  MCC 
TCHLO 

V L L L O b O A T  

0 I T C M Q A ~  
C I T f O M A M  

C I T E O P I M  
D I T E Q I M C I O M  
C I T € R M O  

0 I T E O L W  
0 I T L I U L L  
C I T I C 0  
C I T I P O R  
C I T L I C  
C I TOBC 
0 I TOCMUM 

8 I TOOET( 
0 I T O O T  
0 I T O H U Q I  
0 I T O C A l O  
A 1 TOKOHL 
0 I T O K U I  
C I T O L L A 0 O L L T  
0 1 TOLO 
0 I TOLOGO 

I T L S U M  

0 1 T O C K E T  

P I TOYEA 
c I T O Y O W 1  
0 I TOMCCS 
0 I TOMNA 
0 1 T O R 0 1  
0 I T O Q I  
0 1 TOQKTOWH 
8 I T O Q K I R C E  
0 I T O Q K V I L L E  
0 I T O 5 1  
0 I T O S 1 .  O R A I U C O  
0 I TOUO 
0 I TOUCA 
C 1 TOUCA.  S A M O T  

C I TOUJAV 
o I s u e s r n ~ r u n  

0 I TOUMAN 
c I vouIicsinn 
o I rouncsinn. r E i  
0 I TOURAMC 
C I T O U 1 L K U E  
11 I T O V I Y P A  
0 I T P S I  
0 I T Q I l l A R U L M  
0 I T S I O O Q A  
8 I T I U Q O I O L  
0 I T I U R Q I A  
A I TUBA 
C I T U I O  
0 I TUKOM 
C 

C I L O A M T  S U I S I Q A I U M .  
11 I S l O N T  
0 I T ' E A I C S  MOLLOM. C 
0 1 L O A R T  SU0SlPAlUM 
C I T L A l C I  MOLLOW. C 
0 I S l O N V  

0 I N O H S I O N V  
C I T C A I C S  H O L L O U .  OUT C 

11 I T C A I E S  MOLLOM. C 

D I T C A I C S  H O L L O V .  C 
e I coeecv 
0 I V C A I O N  C 
c I VCCROSS A 
C 1 T C D L I C C  0 

T U L L E  
TUMKS 
VUNOUt  
T U R N  
T U  I R U E  
T U V A S  
L A A Q  
1 1 0 1  
I A C A  
I A C H A Q  I A S  
I A C N A Q T  
f ACK 
l A O O C  
t A O V A R  
I A f O A  
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0 
. c  

0 
11 
0 

0 
C 
C 
C '  
0 

1 .  

II 
0 

0 
0 
B 

0 
0 
C 
c 
C 

0 
C 
0 
0 
0 
0 
0 
0 
0 
0 
P 
0 
0 
0 
C 
0 
c 
0 
0 
C 
0 

0 

0 
C 
R 
C 
0 
0 
0 
C 
0 
C 
A 

A 
0 
0 
0 
0 
0 
C 
0 
0 
0 
0 
0 
0 
0 
C 
0 
A/O 
0 
11 

. 

. 

. 

c' 

a 

A 4 3  



'able 6 .--Runoff curve numbern for urban M a d  

Curve numbers for 
Cover description hydrologic soil group- 

;/ 
Average percent 

:over type and hydrologic condition impervious area2 A B C 0 

Fully developed urban areas (vegetation esteblkhd) 
Open space (lawns, parks, golf courses, cemeteries, etC.)? 

Poor condition (grass cover e 50%). ...................... 
Fair condition (grass cover 50% to 75%) . . . . . . . . . . . . . . . . . . .  
Good condition (grass cover > 75%) ...................... 

Impervious areas: 
Paved parking lots, roofs, driveways, etc. (excluding r i g h t 4  

Streets and roads: 
way). . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Paved; curbs and storm sewers (excluding right-of-way) 

Gravel (including right-of-way) . . . . . . . . . . . . . . . . .  . .  
Dirt (including right-of-way). . . . . . . . . . . . . . . . .  

. . . . . .  
Paved; open ditches (including right-of-way) . . . . . . . . . . . . . . . .  

Western desert urban areas: 
Natural desert landscaping (pervious areas only) 4 . . . . . . . . . . . .  
Artificial desert landscaping (impervious weed barrier, desert 

shrub with 1- to 2-inch sand or gravel mulch and basin bord- 
ers) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Commercial and business . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
lnaustrial . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

118 acre or less (town houses). . . . . . . . . . . . . . . . . . . . . . . . . . . .  
114 acre . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
113 acre . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
112 acre . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Urban districts: 

Residential districts by average lot size: 

1 acre . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 acres. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Developing urban areas 

Newly graded areas (pervious areas only, no ~egetation)~ . . . . . . . . . . .  
Idle lands (CN's are determined using cover types similar to those 

in table 2-2a). 

85 
72 

65 
38 
30 
25 
20 
12 

68 
49 
39 

98 

98 
83 
76 
72 

63 

96 

89 
81 

77 
61 
57 
54 
51 
46 

77 

79 86 
69 79 
61 74 

98 98 

98 98 
89 92 
85 %I.. 

82 t(/ 

77 85 

96 96 

92 94 
88 91 

85 90 
75 83 
72 81 
70 80 
68 79 
65 77 

89 
84 
80 

98 

98 
93 
91 
89 

88 

96 

95 
93 

92 
87 
86 
85 
84 
82 

0.: 4- 

1 Average runofl condition. 
?The average percent impervious area shown was used to de- 
velop the composite CN's. Other assumptions are as follows: im- 
pervious areas are directly connected lo the drainage system. 
impervious areas have a CN 01 98. and pervious areas are mnsi- 
dored equivalent to open space in good hydrologic condition. 

'CN's shown are equivalent to those of pasture. Composite CN's 
may be computed lor other Combinations of open space cover 

-'Composite C N ' S  for natural desen landscaping should be com- 
pu!ed based on the impervious area (CN P 98) and the pervious 
area CN. The pervious area CN's are assumed equivalent to 
oeserl shrub in poor hydrologic condition. 

SCr~mposite CN's to use lor the design of temparav measures 
during grading and construction should be computed using the 
degree 01 development (impervious area percentage) and the 
CN's for tne newly graded pervious areas. 

type. 

2-88 
000303 





392 
444 
496 
548 
599 

279 
316 
353 
390 
426 

859 
962 
998 

611 
684 
158 
832 
857 

TABLES 

TABLE a 8 
HIGHWAY LOADS 

POUNDS PER LINEAR FOOT 

CIRCULAR PIPE 
----- - 

- 
HEli 

0.5 

484s 
5915 

- 

- 
-IT 

1 .c 
2731 
332; 
392( 
4491 

- 

. .. . - - - .- ' FILL H ABOVE.T( OF PIPE IN FEET 
6.0 

4f 
56 
6f 
77 
81 
97 

107 
117 
121 
147 
168 
188 
208 
228 
249 
269 
275 

- 

- 

2.0 2.5 3.5 

316 
358 
454 
522 
592 
660 
731 
798 
869 

1007 
1146 
1185 

- 

- 

1.5 

152' 
187i 
219f 
2525 
285f 
3096 

- 3.0 

361 
441 

- 
52C 
599 
679 
757 
837 
91 5 
996 

1154 
1221 

12 
15 
18 
21 
24 
27 
30 
33 
36 
42 
48 
54 
60 
66 
72 
78 
84 

12 
15 
18 
21 
24 
27 
30 
33 
36 
42 
48 
54 
60 
66 
72 
78 
84 

954 
1163 
1369 
1580 
1788 
1998 
2204 
2370 

574 
700 
825 
950 

1077 
1201 
1328 
1452 
1580 
1679 

HORIZONTAL ELLIPTICAL PIPE 

1 HEIGHT OF FILL H ABOVE TOP OF PIPE IN FEET 1 

14x23  
19x30 
22x34 
24x38 
27x42 

I j I 4 1  I 1 , 

2.5 I 3.0 j 3.5 i 4.0 1 5.0 1 6.0 1 
1022 I 644 561 ! 422 j 300 j 82i  14x23 
1309: 825 719 ' 451 ! 384 I 105; 19x30 
1471 I 927 808 I 607:  432 118;  22x34 
1631 I 1028 896 1 674 I 479 i 131! 24x38 
1679 I1119 j 975 1 733 '  521 I 1431 27x42 w 

5 6 9 :  1561 29x45 5" 

X 
0 2  

v) 
W 
I :g 

n- 
,z_ 23x45 

38x60 998 
43x68 

53 x 83 

ARCH PIPE 

748 i 2051 3ex6o rn 
(n 

842 j 231 1 43x68 
857 I 257; 48x76 

1 2751 53x83 

HEIGHT OF FILL H ABOVE TOP OF PIPE IN FEET 
0 

59' 
- 3.5 

443 
532 
621 
680 
842 

1019 
1185 

- 
11 x18  

0 13Xx22 
W 
I 15Xx26 

- 22% ~ 3 6 %  
W Z  26%. x 43K 

31%x51% 
x 3 6 ~ 5 8 %  

40x65 K 

45x73 
54 x 88 

gg 18x28% 

11x18 
13Xx22 3 
1 5 x x 2 6  x 

22%x36% 

31%x51% 

40 x 65 (n 

45 x 73 
54x88 

l8x28X Cnz 

26%6~43% -,.m 

36~58% I 

Unsurlaced Roadway; 76,000-Pound Wheel Load; Dual Tires; 80 p.s.i. Tire Pressure; lmpact 
Included. Last number in each column (bold lype) indicates maximum load lor any given 
fill height. Interpolate lor intermediate /ill heights. 



SAND AND GRAVEL Kp'-0.165 
TRENCH WIDTH AT TOP OF PIPE 

B SATURATED TOP SOIL Kp'-0.150 
TRENCH WIDTH AT TOP OF PIPE ATRAN- 

SlTlOh 

8380 
9000 
9670 
0280 
0920 
1310 
1670 
2010 
2350 
2670 
2990 
3290 

7'- 5" 
7'- 7" 
7'- 8" 
7'-10 
7'-11" 
8'. 0" 
8'- 2" 
8'- 3" 
8'- 5" 

8'- 8" 
8'- 9" 
8'-10" 
8'-11" 
9'. 1" 
9'- 2" 
9'- 3" 
9'- 4" 
9'- 5" 

9'. 8" 
9'- 9" 
9'-10" 
9'-11" 

10'- 0" 
21540 10'- 1" 
22190 10'- 2" 
22830 10'- 3" 
23500 10'- 4" 
24110 10'- 5" 
24760 10'- 6" 
25400 10'- 7" 

8'- 6" 

9'- 6" 

5606 6139 6674 
5989 6567 7147 

6869 
7510 

6354 
6702 
7035 
7353 
7657 
7947 
8223 
8488 
8740 
8981 
9211 
9431 
9641 
9841 
0030 
10220 
10390 
10560 
10720 
10870 
I1010 
I1150 

6976 7602 8150 
7369 8039 8789 
7745 8459 9177 9434 
8105 8863 9625 10070 
8450 9250 10060 10710 
8781 9623 10470 11350 
9096 9981 10870 11770 11980 
9401 10320 11260 12190 12630 
9692 10660 11630 12610 13270 
9971 10970 11980 13'300 13900 

10240 11280 12330 13390 14460 14550 
10490 11570 12660 13760 14870 15190 
10740 11850 12980 14120 15260 15830 
10970 12120 13290 14460 15650 16470 
11200 12380 13580 14800 16020 17090 
11410 12630 13870 15120 16380 17740 
11620 12870 14140 15430 16730 18040 
11820 13100 14410 15730 17070 18420 
12010 13320 14660 16020 17390 1878C 
12190 13540 14910 16300 17710 19130 
12360 13740 15140 16570 18010 1947C 
12530 13940 15370 16830 18310 1980C 

B -  
5 
6 
7 
8 

w 10 
11 
12 

ti 13 14 

I - 9  

8 ;: 

B ;; 

a 17 
0 18 
I- 19 9 20 

a 23 
24 

J 25 
26 

0 28 
Y 27 

mQ 29 

u 30 
0 31 
I- 32 

p 34 
I 33 

w 35 
I 36 

37 
38 

- 

5 
6 
7 
8 

1: 5 
l 1  D 
12 I 
13 -I 
14 $ 
15 
16 

;; 2 
19 71 
20 F 
21 I 

23 m 
22 D 
24 0 
25 $ 

28 P 

30 
31 9 
32 
33 - 
35 m 
36 -I 
37 
38 
39 
40 

26 -I 
27 o 
29 $ 

34 ; 

- 

- 
rTRAN- 
SlTlON 
WIDTH - 
6'. 1" 
6'- 6" 
6'-1 1" 
7'- 4" 

7'- 8" 
?'-lo" 
7'-1 1" 
8'- 1" 
8'- 2" 
8'- 4" 

8'- 7" 
8'- 8" 
8'- 10" 
8'-ll" 
9'- 1" 
9'- 2" 
9'- 3" 
9'- 4" 

9'. 7" 
9'- 8" 
9'- 9" 

9'-1 1" 
10'- 0 
10'- 1" 
10'- 2" 
10.- 3" 
10'- 4 
10'- 5" 
10'- 7" 
10'- 8" 
10'- 9" 
10'-10" 
10'-1 1" 

7'- 6" 

8'- 6" 

9'- 6" 

- 

. . . -. . - 
~ 

6'4" 
2671 
3110 
3543 
3956 
4348 
4721 
5076 
5414 
5735 
6040 
633 1 
6608 
6871 
7121 
7359 
7585 
7800 
8005 
8200 
8385 
8561 
8729 
8889 
9040 
9185 
9322 
9453 
95 i i  
9695 
9607 
9014 

1002c 
101 1c 
1020c 
1020c 
1036C 

- 

- 

- 

- 

- 

- 

- 

8150 
8298 
8438 
8570 

9204 10280 11370 12480 13600 14730 15830 
9382 10490 11620 12760 13920 15080 16260 1647b 
9552 10690 11850 13030 14220 15420 16640 17090 
9713 10880 12070 13280 14510 15750 17010 17740 

000306 
D SATURATED CLAY Kp'-O.llO C ORDINARY CLAY Ku'-0.130 - 

ATRAN 
SlTlOl 
WIDTt 
5'-10' 
6'- 3' 
6'- 7' 
7'- 0' 
7'- 1' 
7'- 3' 
7'- 4' 
7'- 5' 

7'. 7" 
7'. 9.' 
7'- 10" 
7'-11" 
8'. 0" 
8'. 1" 
8'- 2" 

8'. 4" 
8'- 5" 

8'. 7" 
8'. 8" 
8'- 9" 
8'- 10" 
8'-10" 
9'- 0" 
9'- 0" 
9'- 1" 
9'- 2" 
9'- 3" 
9'- 4" 

9'- 5" 

- 

7'- 6'' 

8'- 3" 

8'- 6" 

9'- 6" 
9'- 6" 
9'- 7" 
9'. 8" 

TRENCH WIDTH AT TOP OF PIPE TRENCH WIDTH AT TOP OF PIPE - 
3 ' 4 "  - 

- 

- 

1980 
2630 
3270 
3900 
4550 
5190 

5080 
5510 
5930 
7340 

3120 
3500 
3860 
3220 

3910 
1240 
I560 
1870 

5640 

7730 

)570 

"Bo 

9159~10270~11400~12540~13690~14850~15830) 
9358 10510 11670 12850 14040 15240 16470 
9548 10730 11930 13150 14380 15630 ifi~(7n 17nm _. . . .__ . - . ._"" 
9731 10950 12180 13440 14710 15990 17280 17740 
9905 11160 12430 13720 15020 16340 17670 18380 

10070 11360 12660 13990 15330 16690 18080 19OOO 
10230 11550 12890 14250 15630 17020 18430 19670 
10380 11730 13100 14500 15910 17350 18790 20280 
10530 11910 13310 14740 16190 17660 19140 20640 
10670 12080 13520 14980 16460 17970 19490 21020 
10810 12240 13710 15200 16720 18260 19820 21390 
10940 12400 13900 15420 16980 18550 20140 21750 
11060 12550 14080 15640 17220 18830 20460 22100 
11180 12700 14250 15840 17460 19100 20760 22440 
11290 12840 14420 16040 17680 19360 21060 22770 
11400 12970 14580 16230 17910 19610 21340 23100 40 

~___ 

* For backfill weighing 110 pounds per cubic toot. increase loads 11 
IT - . -  ..... -,..2.,L..a &.__. ._> :>.L.L-..2-- ., - - ~  ,' tor 120 pounds per cubic loot. increase 20%: etc. . .  . 
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Figure 2 .-SCS 24-hour rainfall distributions. 

(210-VI-TR-55, Second Ed., June 1986) 

24 

000308 



.. .- .... . 

...... 

..... ... ........... .......... :>.- .. --+-......,..... . 
-y-- ......... .A -5.. .;:.!<:L<7 ..... 

I, 
,A 
--.--. 

. . . . . . .  ‘. 



i: I 

2 
I 

+L..F.-z.--- . _._ 
I ./ -. ...... \::,. --. ;q .. .........I. 

- . . . .  .I ....... .............. . 
.... 



4 4 $ h c  Z/J&* 

GEOSYNTEC CONSULTANTS 
Written by: d/r  

Client: d i i m u  h j e c t :  o rbP Projecl/Roposal No.: a 3Cm Task No.: 

Page 20 of 1 6  

Date: F r  I h I / 3  Reviewed by: ,&.s Date: *I& I fi 
YY m m  DD - A s i - D a -  

7 e - e - %  

a 

000311 





.I 

x 
U 

M 
C 



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

.i . 

8 



L - 
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( L -  

3 5 -  
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a: 
u .  
w 
I 

- 
- 2  

I - 3  

- 4  

- 1  
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-10 

- 
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I- 
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- 60 

- 5 0  

- 40 

- 30 

- 2 0  

- 10 
- 0  
- 
- 
- 6  
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n 8 0.0 12 
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TRENCH BEDDINGS 
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Client: FERMCO Project: OSDF prOj./proposd No.: GE3900 Task No.: 08.1 

SURFACEWATER MANAGEMENT DURING OSDF 
CONSTRUCTION/FILLING/CLOSURE 

STORMWATER RUNONLRUNOFF AND DRAINAGE CONTROL STRUCTURES 

EARLY CONSTRUCTION STAGE 

CALCULATIONS 

Purpose 

The purpose of this document is to provide the engineering calculations used in the 
design of the surface-water management system during the early construction stages. 

ScoDe 

The calculation procedures used in this document are presented in the calculations 0 procedures document. The data used in the calculations is presented in the data verification 
document. 

For clarity, these calculations are divided into 2 sections: (i) after initial stripping; and 
(ii) during early construction. In general, each set of calculations consists of (i) a summary 
of the input data; (ii) a summary of the calculation results; and (iii) the calculations (Le., 
worksheets, computer runs). 

Initial StriDDing 

Summarv of InDut Data 

A summary of the HydroCAD" input data is presented in Table 1. 

Summarv of Calculation Results 

A summary of the calculation results is presented in Table 2. Drainage Area maps, 
worksheets for calculations, weighted runoff curve numbers, and HydroCADm runs for 
runoff and drainage channel routing are attached. 

GE3900-08.1 IF9630077 .CAL 
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Page 3 of 2 

Written by: AIL  Date: A I lL:d I fc Reviewed by: /ff( Date: 21 lplbl8$ 

Project: OSDF Proj./Proposal No.: GE3900 Task No.: 08.1 

Table 2. Summary of HydroCADTM Results - Initial Stripping 

Point of Peak Flow Peak Flow Peak Flow 
Interest Along Quantity Depth Velocity 

Channel ( C W  (Ft) (FPS) 

East Drainage Area First Culvert 121.4 3.6 3.0 1 
Entrance 

East Drainage Area Second Culvert 121.0 3.6 3.0 /” 
Entrance 

West Drainage Area Culvert Entrance 62.5 2.8 2.6 ,’ 

Earlv Construction 

Summary of Inwt Data 

A summary of the HydroCADm input data is presented in Table 3. 

Summary of Calculation Results 

A summary of the calculation results is presented in Table 4 and a summary of culvert 
results is presented in Table 5 .  Drainage area maps, worksheets for calculation weighted 
runoff curve members, and HydroCADm runs for runoff and drainage channel routing are 
attached. 

GE3!X)O48.1lF963OO77 .CAL 
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GEOSYNTEC CONSULTANTS 
Written by: A S L  ' Date: rl-1 l h l  CG Reviewed by: /fff 
Client: FERMCO project: OSDF Proj.1Proposal No.: GE3900 Task No.: 08.1 

Table 4. Summary of HydroCADm Results - Early Construction 

Point of ' Peak Flow Peak Flow Peak Flow 
Interest Along Quantity Depth Velocity 

Channel (CFS) (Ft) (FPS) 

East Drainage Area First Culvert 78.7 3.0 2.7 
Entrance 

East Drainage Area Second Culvert 78.6 3 .O 2.7 i 
Entrance 

West Drainage Area Culvert Entrance 103.0 3.4 2.9 

Table 5.  /' Summary of Culvert Design Results 

Culvert Diameter = two 42 in. 

Culvert Pipe Strength = 

Maximum Headwater = 4.4 ft. / 

/ Riprap Size: Dw = 3.75 in. 

1,128 lb./ft. per foot of inside diameter, with at least 
3 .O ft. of soil cover 

/ 

D50 = 2.5 in. 
D,, = 1.25 to 1.9 in. 

Riprap Thickness 6 in. (minimum) /' 
Length of Riprap Apron 15 ft. / 

14 ft. at culvert, 20.0 at end of apron / Width of Riprap Apron 
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DRAINAGE AREA MAPS 
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WORKSHEETS FOR 

WEIGHTED RUNOFF CURVE NUMBERS 



Worksheet 2: Runoff curve number and runoff 

Soil name 
and 

hydrologic 
group 

(appendix A) 

L ' L  - 
f l r A 4 r r P . J  43 

F ; J C A S X C  

c 
X E d A  

8 

Project F E ~ n c s  - OsbF By - k s t  Date 16 &f 76 

Location L ~ T ~ A C  JTA~PPIJCL ( E )  C h e c k e d b  Date z°Fb?$ 
Circle one: Present. 

Cover description Area Product 
CNU . Of 

(cover type, treatment, and h( CN x area 
hydrologic condition; N l m u  I I Haeres 
percent impervious; Q) -Jomi2 

unconnected/connected impervious 2 * O;, 0% 2 4  
area ratio) S C k k  

/ 86 1 4  8 /J'Y, 8 BMc G t o a a  

. 
# I  cil 2 J . g  1Sw.6 / ,I 

86 C6 q 8 L 6  /' 

I ,  # I  

1. Runoff curve number (CN) 

Ll Use only one CN source per line. - Totals = 

D-2 

/ 25.0 ' ZGo2.0 

storm d l  y' 
A 

storm #3 

(210-VI-TR-55, Second Ed., June 1986) 

i 
' 000329 



r 

t 

Worksheet 2: Runoff curve number and runoff 

1. Runoff curve number (CN) 

I 

Soi l  name 
and 

hydrologic 
group 

(appendix A) 

c 

Cover description 

(cover type, treatment, and 
hydrologic condition; 

percent impervious; 
-unconnected/connected impervious 

area ra t io )  

I 

# I  
Xc\/,A 

6 

Product 

CN x area 

41 

86 

11 Use only one CN source per l i n e .  Totals - 

Storm b l  

or eqs. 2-3-and 2 - 4 . )  

/4Y 

4 4 8  

Storm #3 F 

i 
! 

D-2 (210-VI-TR-Fi5, Second Ed.. June 1986) 



D-2 

I 
S o i l  name 

and 
hydrologic 

group 

(appendix A) 

Worksheet 2: Runoff curve number and runoff 

Cover d e s c r i p t i o n  

(cover type,  t reatment ,  and 
hydrologic  condi t ion;  

percent  impervioua; 
unconnectedjconnected impervious 

a r e a  r a t i o )  

R J t  Date /k f i d  % Project  FmMco - 0 1 b f  By - 
Location EAAcy ~ = > U . . J  (€1 C h e c k e d L 5  Date @6b?h 
C4rcle one: P resen t  Develope 

1. Runoff curve number (CN) 

I 

I 

L.1 Use only one CN source per l i n e .  

Product 
O f  

CN x a r e a  

803.6 

h n o f  f 

(Use P and CN with t a b l e  2-1, f i g .  2-1, . -.- 
o r  eqs. 2-3-and 2-4.) 

(210-VI-TR-55, Second Ed., June 1986) 

000331 

/ 



Worksheet 2: Runoff curve number and runoff 

soil Mm 
and 

hydrologic 
group 

(appendix A) 

COJEk 

Ltai' c 
t 

Cover description Area Product 
CNU Of 

(cover type, treatment, and cy I O U  CN x area 
hydrologic condition; N I I Bacres 
percent impervious; al N cy omi' 

unconnected/connected impervious 2 O;, 0% 
area ratio) s a a  3 P  

$0 ' 6 . 3  / n 2 4  

$ 1  9 3  3 v . 3  

8aac GR034 
@ I  * *  

I 

Frequency .................. 
Rainfall, P (2G-hour) 

Runoff, Q ..~. ........................... in 
(Use P..anil CN with table 2-1, fig. 2-1, . 
or eqs. 2-3- and 2-4.) 

U Use only one CN source per line. - Totals = 20. 6 1' 

/ 

/ 

I 

/ 7 88, 7 

D-2 (210-VI-TR-Fi5, Second Ed., June 1986) 
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HYDROCADTM RUNS 

RUNOFF 

008333 



'?/4 L/ 
Data for FERMCO, INITIAL STRIPPING DRAINAGE ARgAs Ax 

21 Feb 96 Prepared by GeoSyntec Consultants 
HvdroCAD 3.10 000663 (c) 1986-1993 Applied MicrocomDuter Svstems . 

SUBCATCHMENT 1 INITIAL STRIPPING - EAST 4.4 8 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

ACRES 
29.00 90 

PEAK= 121.4 CFS @ 12.02 HRS 
VOLUME= 7.64 AI? 

Met hod Comment Tc (min) 

Fallow n=.05 L=lOO' P2=2.6 in s=.O2 ' / ' /  
SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 1.8 
Unpaved Kv=16.1345 L=240' s=.O2 ' / '  V=2.28 fps / 
CHANNEL FLOW Segment ID : 9.8 
a=60.8 sq-ft Pw=28.5' r=2.133' 
s=.005 ' / I  n=.05 /V=3.48 fps L=2050'/ Capacity=211.7 cfs 

TR-55 SHEET FLOW Segment ID: 4.5 

- - - - - - - - - -  
Total Length= 2390 ft Total Tc= 16.1 

SUBCATCHMENT 1 RUNOFF 
I N I T I A L  STRIPPING - EAST 

FIREA- 2 9  FIC 
Tc= 16.1 MIN 

CN= 98 

SCS TR-28 METHOD 
TYPE I 1  24-HOUR 

RAINFFILLr 4 . 7  I N  

PEFIK- 1 2 1 . 4  CFS 
e 1 2 . 8 2  HRS 

UOLUME= 7 . 6 4  OF 

TIME (hours) 

000334 



Data for FERMCO, INITIAL STRIPPING DRAINAGE AREAS 
/U/ 4y A% 

Prepared by GeoSyntec Consultants 21 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 Applied Microcomuter Systems 

SUBCATCHMENT 2 INITIAL STRIPPING AREA 

ACRES CN 
14.50 90 

- WEST 
4 4 8  

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

PEAK= 62.5 CFS Q 12.01 HRS 
VOLUME= 3.82 AF 

Method Comment Tc (min) 

Fallow n=.05 L=lOOf P2=2.6 in s=.O2 ' / I 
SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 

CHANNEL FLOW Segment ID : 
a=60.8 sq-ft Pw=28.5' r=2.133' 
s=.OO5 n=.05 V=3.48 fps L=15OOf /Capacity=211.7 cfs 

TR-55 SHEET FLOW Segment ID: 4.5 

3.5 

7.2 
1 Unpaved Kv=16.1345 L=340f s=.O1 ' / '  V=1.61 fps 

- - - - - - - - - -  
Total Length= 1940 ft Total Tc= 15.2 

SUBCATCHMENT 2 RUNOFF 
I N I T I A L  STRIPPING AREA - WEST 

60 

55 

5 0  

45 

n 40 
- 
4- 
u 35 

W 
30 

FIRER= 1 4 . 5  fiC 

CN= 98 
Tc= 15.2 f l IN  

SCS TR-2B HETHOO 
TYPE I1 24-HOUR 

RnINFALL= 4 . 7  IN 

PEFIK= 62.5 CFS 
C 12.B1 HRS 

UOLUHE: 3 . 8 2  FIF 

TIME (hours) 



A x  'b/ry Data for FERMCO, EARLY CONSTRUCTION DRAINAGE AFtEAS 
Prepared by GeoSyntec Consultants 21 Feb 96 
HvdroCAD 3.10 000663 (c) 1986-1993 Armlied Microcomuter Svstems 

75 
78 
65 
68 

n 55- 

u 4 5 -  

3 3 5 -  

5) 58 + 
v 48 

0 38 
-I 25 
L L  

. SUBCATCHMENT 1 

1 
AREA: 15 6 AC 

CN= 94 

- 
- Tc= I2 3 MIN - 
- SCS TR-28 METHOD 

TYPE I1 24-HOUR 
RAINFALL= 4 7 I N  

PEAK= 78 7 CFS 
'2 I I  98 HRS - UOLUME= 4 45 AF 

- 

- 

- 

ACRES 
15.60 94 

EARLY CONSTRUCTION - EAST 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

PEAK= 78.7 CFS 0 11.98 HRS 
VOLUME= 4..45 AF 

Method Comment Tc (min) 
TR-55 SHEET FLOW Segment ID : 
Fallow n=.05 L=147' P2=2.6 in s=.O7 I / #  

SHALLOW CONCENTRATED/lJPLAND FLOW Segment ID: 
Unpaved Kv=16.1345 L=325' s=.167 ' / '  V=6.59 fps 

a=60.8 sq-ft PW=28.5' r=2.133' 
s=.OO5 I / '  n=.05 V=3.48 fps L=1630'/ Capacity=211.7 cfs 

3.7 

.E 

. CHANNEL FLOW Segment ID : 7.8 

/ 
/ 

/' 
-- - - - - - - - -  

Total Length= 2102 ft Total Tc= 12.3 

SUBCATCHMENT 1 RUNOFF 
EARLY CONSTRUCTION - EAST 

4 4  8 

T I M E  (hours) 



rcfc / , /w Data for FERMCO, EARLY CONSTRUCTION DRAINAGE AREAS 
Prepared by GeoSyntec Consultants 21 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 ADDlied MicrocomDuter Svstems 

SUBCATCHMENT 2 

ACRES 
20.60 97 

EARLY CONSTRUCTION AREA - WEST 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

PEAK= 103.0 CFS @ 12.00 HFS 
VOLUME= 6.15 AF 

Met hod Comment Tc (mink 
TR-55 SHEET FLOW Segment ID : 
Fallow n=.05 L=147' P2=2.6 in s=.O7 ' / I  

SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 
Unpaved Kv=16.1345 L=325' s=.167 ' / '  V=6.59 fps 

Segment : CHANNEL FLOW 
a=60.8 sq-ft Pw=28.5' r=2.133' 
s=.OO5 ' / I  n=.05 V=3.48 fps L=2010' / Capacity=211.7 cfs 

3.7 

.8 
f 

9.6 
/ 

7D 

Total Length= 2482 ft Total Tc= 14.1 

S U B C A T C H M E N T  2 R U N O F F  
E A R L Y  C O N S T R U C T I O N  A R E A  - WEST 

90 - 
80 - - 70 - 

In 

U 
re 60 - 

50 - 
2 40- 
-1 
LL 30 - 

20 - 

v 

OREFI= 20.6 FIC 

CN= 97 
Tc= 14.1 MIN 

SCS TR-20 METHOD 
TYPE I 1  24-HOUR 

RAINFFILLr 4 . 7  I N  

PEFIK= 1a3.0 CFS 
'3 I2 HRS 

UOLUHE= 6 .15  FIF 

T I M E  (hours) 

000337 



4 4 8  

HYDROCADm RUNS 

DRAINAGE CHANNEL ROUTING 
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W 

W 

/ 
El 

W 

W 

W 

W 

El 
/ 

POND 0 LINK 

000339 



Data for FERMCO, INITIAL STRIPPING DRAINAGE AREAS 
Prepared by GeoSyntec Consultants 2 1  Feb 96 
HydroCAD 3 . 1 0  000663 (c) 1986-1993 Armlied Microcomputer Systems 

REAM 1 

DEPTH END AREA DISCH 
(FT) (SQ-FT) (CFS) 

0.0 0.0 0.0 
- 5  . 6  - 5  
- 9  2 . 5  2 . 9  

1 . 4  5 . 5  8 . 6  
1 . 9  1 1 . 3  2 2 . 5  
2 . 7  2 2 . 1  5 4 . 8  
3 . 6  3 9 . 3  1 1 8 . 0  
4 . 5  6 1 . 4  2 1 3 . 9  

EAST DITCH 1 

0'  x 4 . 5 '  CHANNEL STOR-IND METHOD 
SIDE SLOPE= . 3 3  ' / '  MAX. DEPTH= 3 . 6 2  FT 
n= . 0 5  PEAK VELOCITY= 3 . 0  FPS 
LENGTH= 10 FT TRAVEL TIME = . 1  MIN 
SLOPE= -005 FT/FT Qin = 1 2 1 . 4  CFS @ 1 2 . 0 2  HRS 

Qout= 1 2 1 . . 2  CFS 0 1 2 . 0 2  HRS 
ATTEN= 0 % LAG= 
IN/OUT= 7 . 6 4  / 7:,'4 y/ 

REACH 1 DISCHARGE 
EAST DITCH 1 

REACH 1 INFLOW 8 OUTFLOW 
EAST DITCH 1 

I 28 

I18 - 
188 - 
98 - 

n 
In 
'+ 78 - - 68 - 
3 58 - 
0 
-I 48 - 
LL 

38 - 
28 - 

U 

E' x 4 5' CHRNNE: 
SIDE SLOPE= .33 ' 1  

n= 85 L=IB' Sz.885 

STOR-IND METHOD / 
UELOCITY= 3 FPS 

TRAUEL= , I  MIN 

Oin: 1 2 1 . 4  CFS 
Oout= 121.2 CFS 

LAG= . I  MIN 

TIME (hours) 000340 



Data for FERMCO, INITIAL STRIPPING DRAINAGE AREAS 
Prepared by GeoSyntec Consultants 21 Feb 96 
HvdroCAD 3.10 000663 (c) 1986-1993 ARDlied MicrocomRuter Systems 

REACH2 EAST CULVERT 1 

DEPTH END AREA DISCH 
(FT) ( SO- FT) (CFS) 42" P1P.E X 2 

0.0 0.0 .o . 0 
.4 1.0 3.2 n= .012 
.7 2.7 13.5 LENGTH= 60 FT 

1.1 4.9 30.2 SLOPE= .005 FT/FT 
2.5 14.4 129.1 
2.8 16.5 150.7 
3.2 18.2 164.3 
3.3 18.8 165.8 
3 -4 19.1 
3.5 19.2 154.1 

A 

4 
G 

1 
l- 
a. 
W 

W 

n 

r\ 

J) 
G 
U 

W 

3 
0 
-1 
LL 

STOR-IND METHOD 
MAX. DEPTH= 2.31 FT 
PEAK VELOCITY= 8.9 FPS 
TRAVEL TIME = .1 MIN 
Qin = 121.2 CFS Q 12.02 HRS 
Qout= 121.0 CFS Q 12.03 HRS 
ATTEN= 0 % LAG= .1 MIN 
IN/OUT= 7.64 / 7.64 AF /- 

REACH 2 DISCHARGE 
EAST CULVERT 1 

3 4 -  
3 2 -  
3 0 -  
2 E -  
2 6 -  
2 4 -  
2 2 -  
2 0 -  
I E -  
1 6 -  
1 4 -  

42" PIPE X 2 
n= 012 L-60' SI 005 

DISCHARGE (cfsl 

REACH 2 INFLOW 8 OUTFLOW 
EAST CULUERT I 

I28 

110 - 
I00 - 
90 - 
80 - 
70 - 
60 - 
50 - 
40 - 
30 - 

42" PIPE X 2 
n= 012 L=68' S= 005 

STDR-IND METHOD 
UELDCITY- E 9 FPS 

TRAUELi I MIN 

Oin= 121.2 CFS 
O D u t =  121.0 CFS 

LOG= . I  MIN 

i 

TIME '(hours) 



Data for FERMCO, INITIAL STRIPPING DRAINAGE AREAS 4 4  8 bc,c r ' / 4 4  
Prepared by GeoSyntec Consultants 21 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 ADDlied Microcomuter Svstems 

REACH 3 

DEPTH END .AREA DISCH 
(FT) (SO-FT) (CFS 

0.0 0.0 0.0 
- 5  - 6  .5 
.9 2.5 2.9 

1.4 5.5 8.6 
1.9 11.3 22.5 
2.7 22.1 54.8 
3.6 39.3. 118.0 
4.5 61.4 213.9 

4.5- 

4.0 - 
3 5 -  

c, 3 . 8  - 
r, 
w 2.5 - 

A 

- 

0 
I . E  

5 

A 

J) 
G 
U 

W 

EAST DITCH 2 

0' x 4'.5' CHANNEL STOR-IND METHOD 
SIDE SLOPE= .33 ' / '  MAX. DEPTH= 3.55 FT 
n= .05 PEAK VELOCITY= 3.0 FPS 
LENGTH= 380 FT TRAVEL T I P  = 2.1 MIN 
SLOPE= .oo5 FT/FT Qin = 121.0 CFS GI 12.03 HRS 

Qout= 117.2 CFS @ 12.06 HRS 
ATTEN= 3 % LAG= 2.3 MIN 
IN/OUT= 7.64 / 7.62 AF / 

REACH 3 DISCHARGE 
EAST DITCH 2 

E' x 4.5' CHANNEL 
SIDE SLOPE= . 3 3  ' / '  
nZ.05 L=38E'  Sz.885 

m m m m m m m m m m  
N P I D ~ ~ N P I D ~ ~  

0.Q 

- - - N  - -  
DISCHARGE ( c f s l  

REACH 3 INFLOW 8 OUTFLOW 
EAST DITCH 2 

E '  x 4.5' CHANNEL 
SIDE SLOPE= . 3 3  '/ ' 
nz.85 L=3EE' S=.E05 

/ STOR-IND METHOD 
UELDCITY= 3 FPS 
TRFtUEL= 2 . 1  M I N  

Oin= 1 2 1 . ~  CFS 
Ooutz 117 .2  CFS 

LAG= 2.3 M I N  

3 
0 
J 

TIME (hours) 

000342 
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Data for FBRMCO, INITIAL STRIPPING DRAINAGE AREAS 

Prepared by GeoSyntec Consultants 21 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 ADDlied MicrocomRuter Systems 

RgAcB 4 

DEPTH END AREA DISCH 
(FT) (SO-FT) (CFS) 

0.0 0.0 0.0 
.4 1.0 3.2 
.7 2.7 13.5 

1.1 4.9 30.2 
2.5 14.4 129.1 
2.8 16.5 150.7 
3.2 18.2 164.3 
3.3 18.8 165.8 
3.4 19.1 164.3 
3.5 19.2 154.1 

n 
4 
4- 

I 

v 

L 

b 
n 
W 

EAST CULVERT 2 

42" PIPE X 2 STOR-IND METHOD 
MAX. DEPTH= 2.25 FT 

n= . -012 PEAK VELOCITY= 8.8 FPS 
LENGTH= 70 FT TRAVEL TIME = .1 MIN 
SLOPE= .oo5 FT/FT Qin = 117.2 CFS @I 12.06 HRS 

Qout= 117.4 CFS @I 12.07 HRS 
ATTEN= 0 % LAG= .2 MIN 
IN/OUT= 7.62 / 7.62 AF 

/-- 

REACH 4 DISCHARGE 
EAST CULUERT 2 

3 4 -  
3 2 -  
3 e -  
2 B -  
2 6 -  
2 4 -  
2 2 -  
2 8 -  42"  PIPE X 2 

n= 812 L=78' S= 885 I a -  
I 6 -  
I 4 -  
1 2 -  

DISCHARGE (cfsl 

REACH 4 INFLOW 8 OUTFLOW 
EAST CULUERT 2 

/ 
/ 42"  PIPE X 2 

nZ.812 L=78 '  S=.EE5 

STOR-IN0 METHOD 
UELOCITY= 8 . 8  FPS 

TRFIUEL: . I  MIN 

O i n =  1 1 7 . 2  CFS 
Oout= 117 .4  CFS 

LAG= . 2  MIN 

000343 
TIME (hours) 
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Prepared by GeoSyntec Consultants 
HvdroCAD 3.10 000663 (c) 1986-1993 Amlied Microcomuter Svstems 

REACH5 WEST DITCH 1 

DEPTH END AREA DISCH 
(FT) ( SO- FT) (CFS L 0' x 4.5' CHANNEL 

0.0 0.0 0.0 SIDE SLOPE= .33 ' / '  
.5 -6 .5 n= .05 
-9 2.5 2.9 LENGTH= 10 FT 

7 1.4 5.5 8.6 ' SLOPE= .005 FT/FT 
1.9 11.3 22.5 
2.7 22.1 54.8 
3.6 39.3 118.0 
4.5 61.4 213.9 

STOR-IND METHOD 
MAX. DEPTH= 2.80 FT 
PEAK VELOCITY= 2.6 FPS 
TRAVEL TIME = .1 MIN 
Qin = 62.5 CFS @ 12.01 HRS 
Qout= 62.4 CFS 0 12.01 HRS 
ATTEN= 0 % LAG= .1 MIN 
IN/OUT= . 3.82 / 3.82 AF 

REACH 5 DISCHARGE 
WEST DITCH 1 

f 

m m m m m m m m m m  
N P (D m P UI m m .  - - - N  

DISCHARGE (cf.5) 

REACH 5 INFLOW 8 OUTFLOW 
WEST DITCH 1 

8' 4.5' CHANNEL 

nZ.85 L = i e '  s=.885 
SIDE SLOPE= .33  ' 1  

STOR-IND METHOD 
UELOCITY= 2 . 6  FPS 

TRFIUEL= . I  t4IN n 
In 
G 
U 
v 

Oin= 6 2 . 5  CFS 
OoutZ 62.4 CFS 

LAG= . I  t4IN 

3 
0 
-1 
LL 

TIME (hours) 000344 
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Data for FERMCO, INITIAL STRIPPING DRAINAGE AREAS 

58 

45 

48 

35 

38 

25 

2e 

15 

i e  

Prepared by GeoSyntec Consultants 21 Feb 96 
HvdroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Svstems 

- 
- 
- 
- 
- 
- 
- 
- 
- 

REACH6 

DEPTH END AREA DISCH 
(FT) ( SQ- FT) (CFS) 

0.0 0.0 
.4 1.0 
.7 2.7 

1.1 4.9 
2.5 14.4 
2.8 16.5 
3.2 18.2 
3.3 18.8 
3.4 19.1 
3.5 19.2 

n 
4 
4- 

I 
l- 
a 
W 
0 

W 

0.0 
3.2 

13.5 
30.2 

129.1 
150.7 
164.3 
165.8 
164.3 
154.1 

k- 
3 . 4  - 
3 . 2  - 
3 . 8  - 
2 . 8  - 
2 . 6  - 
2 . 4  - 
2 . 2  - 

I . e  - 
I .6 - 
1 . 4  - 
I . 2  - 
1 . 8 -  

2 . 8  - 

r\ 

In 
4- 
U 

3 
0 
-I 
L 

W 

WEST CULVERT 3 

42" PIPE X 2 STOR-IND METHOD 
. MAX. DEPTH= 1.50 FT 

n= .012 PEAK VELOCITY= 7.8 FPS 
LENGTH= 70 FT TRAVEL TIME = .1 MIN 
SLOPE= .005 FT/FT / Qin = 62.4 CFS 0 12.01 HRS 

Qout= 62.3 CFS 0 12.02 HRS ' 

ATTEN= 0 % LAG= .1 MIN 
IN/OUT= 3.82 / 3.82 AF 

/-- 

REACH 6 DISCHARGE 
WEST CULUERT 3 

DISCHARGE (cfsl 

REACH 6 INFLOW 8 OUTFLOW 
WEST CULUERT 3 

55 7 n 

il 
42" PIPE X 2 / 

nZ.812 L=78'  S= 885 

UELDCITY= 7 8 FPS 
TRFIUEL: 1 t l IN 

O i n r  62 4 CFS 
Ooutz 62 .3  CFS 

LAG: I MIN 

STDR-IND METHOD 

/' 

TIME (hours) 



2+V Data for FERMCO, INITIAL STRIPPING DRAINAGE AREAS It 

Prepared by GeoSyntec Consultants 21 Feb 96 
Hydro- 3.10 000663 (c) 1986-1993 ADDlied MicrocomDuter Systems 

R R A C H 7  

DEPTH END AREA 
(FT) (SO- FT) 

0.0 0.0 
.5 -6 
.9 2.5 

1.4 5.5 
1.9 11.3 
2.7 22.1 
3.6 39.3 
4.5 61.4 

WEST DITCH 2 

DISCH 
(CFS ) 0’ x 4.5’ CHANNEL 
0.0 SIDE SLOPE= .33 ’ / ‘  
.5 n= -05 

2.9 LENGTH= 540 FT 
8.6 SLOPE= .005 FT/FT 

/ 22.5 
54.8 

118.0 
213.9 

REACH 7 DISCHARGE 
WEST DITCH 2 

/”’ 

STOR-IND METHOD 
MAX. DEPTH= 
PEAK VELOCITY= 2.5 FPS 
TRAVEL TIME = 3.6 MIN 
Qin = 62.3 CFS-@ 12.02 HRS 

2.74 FT 

Qout= 58.0 CFS @ 12.07 HRS 
ATTEN= 7 % LAG= 3.4 MIN 
IN/OUT= 3.82 / 3.81 AF 

A 

J) 
G 
U 

3 
0 
-I 
L L  

v 

9 

DISCHARGE (cf.51 

REACH 7 INFLOW 8 OUTFLOW 
WEST DITCH 2 

E ’  x-4.5’ CHFINNEL 
SIDE SLOPE= .33 ’ / ’  
n=.95 Lz54E’  S=.EE5 

TIME (hours) 

STOR-IN0 METHOD 

/ UELDCITY= 2 5 FPS 
TROWEL= 3 6 MIN 

Din:: 62 3 CFS 
Oout= 58 E CFS 

LFIG= 3 4 MIN 

000346 



W Y Y  
Data for PERMCO, EARLY CONSTRUCTION DRAINAGE AREAS L, - 
Prepared by GeoSyntec Consultants 21 Feb 96 
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W 

W 

W 

W 

0 SUBCATCHMENT 0 REACH a LINK 

000347 



&- Data for FERMCO, EARLY CONSTRUCTION DRAINAGE AREAS 

Prepared by GeoSyntec Consultants 21 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 Amlied Microcomputer Systems 

4.8 

3.5 

EAST DITCH 1 

DEPTH END AREA DISCH 
(FT) (SQ- FT) (CFS) 0' x 4.5' CHANNEL 

0.0 0.0 0.0 SIDE SLOPE= .33 ' / I  

.5 .6 .5 n= - 0 5  
- 9  2.5 2.9 LENGTH=- 10 FT 

1.4 5.5 8.6 SLOPE= .005 FT/FT 
1.9 11.3 22.5 / 
2.7 22.1 54.8 
3.6 39.3. 118.0 
4.5 61.4 213.9 

REACH 1 DISCHARGE 
EAST DITCH 1 

h 
n 
w 1 . 5  

5 

A 

ln 
G 
U 

W 

3 
0 
_I 
LL 

STOR-IND METHOD 
MAX. DEPTH= 3.03 FT 
PEAK VELOCITY= 2.7 FPS 
TRAVEL TIME = .1 MIN 
Qin = 78.7 CFS @ 11.98 HRS 
Qout= 78.7 CFS @ 11.99 HRS 
ATTEN= 0 % LAG= 0.0 MIN 
IN/OUT= 4.45 / 4.45 AF 

/--- 

8' x 4.5' CHANNEL 

nz.85 Lrl8' Sz.885 
SIDE SLOPE- .33 '/ 

8 8 A  m m m m m m m m m m 
N V U I  rnrnrw~w~~ L 

DISCHARGE (cfsl 

REACH 1 INFLOW 8 OUTFLOW 
EAST DITCH 1 

75 - 
78 - 
65 - 
68 - 
55 - 
58 - 
45 - 
48 - 
35 - 
38 - 
25 - 
28 - 
15 - 
18 - 

8' x 4.5' CHANNE! 

nz.85 L-18' S=.885 

STOR-IND METHOD 

SIDE SLOPE= .33 ' 1  

UELDCITY- 2 7 FPS 
TRAUELz . I  MIN 

Oon= 78.7 CFS 
Ooutr 78.7 CFS 

LAG= 8 MIN 

TIME (hours) 

i 

000348 



Data for FERMCO, EARLY CONSTRUCTION DRAINAGE AREAS 

75 
70 
65 
60 

n 5 5 -  
fl 58 

u 4 5 -  

3 3 5 -  o 30 

G 

40 

-I 25 
LL 

Prepared by GeoSyntec Consultants 21 Feb 96 
HVdroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Svstems 

- 
- 
- 
- 

- 

- 

- 
- 

REACH2 

DEPTH END AREA DISCH 
(FT) (SQ-FT) (CFS 

0.0 0.0 0.0 
.4 1.0 3.2 
.7 2.7 13.5 

1.1 4.9 30.2 
2.5 14.4 129.1 
2.8 16.5 150.7 
3.2 18.2 164.3 
3.3 18.8 165.8 
3 - 4  19.1 164.3 
3.5 19.2 154.1 

n 
3 
Q- 

I 
t- a 
w 
0 

v 

EAST CULVERT 1 

42" PIPE X 2 STOR-IND METHOD 
MAX. DEPTH= 1.73 FT 

n= -012 PEAK VELOCITY= 8.2 FPS 
.1 MIN LENGTH= 60 FT TRAVEL TIME = 

SLOPE= .oo5 FT/FT Qin = 78.7 CFS Q 11.99 HRS 
Qout= 78.6 CFS Q 11.99 HRS 
ATTEN= 0 % LAG= - 1  MIN 
IN/OUT= 4.45 / 4.45 AE' 

/- 

/ 

REACH 2 DISCHARGE 
EAST CULUERT 1 

3 4 -  
3 2 -  
3 0 -  
2 8 -  
2 6 -  
2 4 -  
2 2 -  
2 E -  
1 8 -  
1 6 -  
1 4 -  

42" PIPE X 2 
n: El2 L=6E' 5: 005 

DISCHARGE (cfsl 

REACH 2 INFLOW 8 OUTFLOW 
EAST CULUERT 1 

42" PIPE X 2 
n z . 0 1 2  L=60' Sz.005 

STOR-IND METHOD 
UELOCITY= 8 . 2  FPS 

TRFIUEL= . I  MIN 

Oin= 7 8 . 7  CFS 
Oouts 7 8 . 6  CFS 

LFIG: 1 MIN 

/ 

TIME (hours) 



Data for FERMCO, EARLY CONSTRUCTION DRAINAGE ARgAS 

75 
78 
65 
68 
55 
58 
45 
48 
35 

4 4  8 / t s c  

- 
- 
- 
- 
- 
- 
- 
- 
- 

Prepared by GeoSyntec Consultants 21 Feb 96 
HvdroCAD 3.10 000663 (c) 1986-1993 ADDlied MicrocomDuter Systems 

RgACH3 EAST DITCH 2 

DEPTH END AREA DISCH 
(FT) (SO-FT) (CFS ) 0' x 4.5' CHANNEL 

0.0 0.0 0.0 SIDE SLOPE= .33 ' / '  
-5 .6 .5 n= .05 
- 9  2.5 2.9 LENGTH= 380 FT 

1.4 5.5 8.6 . SLOPE= -005 FT/FT 
1.9 11.3 22.5 
2.7 22.1 54.8 
3.6 39.3 118.0 
4.5 61.4 213.9 

/ 

/ REACH 3 DISCHARGE 
EAST DITCH 2 

4 8  

3 5  

A 

3 3 8  
c, 
v 2 5  

E 2 8  
a 
w 1 5  
0 

A 

5) 
G 
U 
v 

3 
0 
-1 
LL 

STOR-IND METHOD 
MAX. DEPTH= 
PEAK VELOCITY= 2.7 FPS 
TRAVEL TIME = 2.3 MIN 

2.98 FT 

Qin = 78.6 CFS @ 11.99 HRS 
Qout= 74.9 CFS 0 12.01 HRS 
ATTEN= 5 % LAG= 1.6 MIN 
IN/OUT= . 4.45 / 4.45 AF 

.5 

8' x 4 5' CHFINNEL 
SIDE SLOPE= . 3 3  ' 1 '  
nz.85 L=388' S=.B85 

DISCHARGE ( c f s )  

REACH 3 INFLOW 8 OUTFLOW 
EAST DITCH 2 

8' x 4 5 '  CHCINNEL 
SIDE SLOPE= 33 ' /  
n= 85 L=388' S= 885 

UELDCITY= 2 7 FPS 
TRAUEL= 2 3 MIN 

O*n= 78 6 CFS 
Ooutz 74 9 CFS 

LCIG= I 6 MIN 

STOR-IND METHOD 

25 381 P t! 

/ 

TIME (hours) 



4 4  8 , ~ s c  3 0 / 4 y  Data for FERMCO, EARLY CONSTRUCTION DRAINAGE AREAS 

Prepared by GeoSyntec Consultants 21 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 ARRlied MicrocomRuter Systems 

68 
55 
58 
45 
48 
35 
38 
25 

EAST CULVERT 2 

- 
- 
- 
- 
- 
- 
- 
- 

DEPTH END AREA DISCH 
(FT) (SO-FT) (CFS) 

0.0 0.0 0.0 
.4 1.0 3.2 
.7 2.7 13.5 

1.1 4.9 30.2 
2.5 14.4 129.1 
2.8 16.5 150.7 
3.2 18.2 164.3 
3.3 .18.8 165.8 
3.4 19.1 164.3 
3.5 19.2 154.1 

42" PIPE X 2 STOR-IND METHOD 
MAX. DEPTH= 1.67 FT 

n= .012 PEAK VELOCITY= 8.2 FPS 
LENGTH= 70 FT TRAVEL TIME = .1 MIN 
SLOPE= .oo5 FT/FT Qin = 74.9 CFS 0 12.01 HRS 

Qout= 74.7 CFS @, 12.02 HRS ' 

ATTEN= 0 % LAG= .1 MIN 
IN/OUT= 4.45 / 4.45 AF 

A 

3 
4- 

I 

W 

+ 
b 
w 
0 

A 

5) 
4- 
U 

W 

3 
0 
-J 
LL 

REACH 4 DISCHARGE 
EAST CULUERT 2 

3 4 -  
3 2 .  

2 8 .  
2 6 .  

3 e .  

2 4 -  / 
2 2. 

1 8 .  
1 6 .  
1 4 -  
1 2 -  

42" PIPE X 2 
n: e12 L:78' S= e85 2 e .  

DISCHARGE (cfsl 

REACH 4 INFLOW 8 OUTFLOW 
EAST CULUERT 2 

A 
65 

15 I \ 

42" PIPE X 2 
n=.e12 ~=7e' s=.ee5 

STOR-IND HETHOO 
UELOCITY= 8.2 FPS 

TRAUEL: . l  HIN 

Oinz 74.9 CFS 
Oout: 74.7 CFS 

LAG: . I  HIN 

/ 

080351. TIME (hours) 
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HydroCAD 3.10 000663 (c) 1986-1993 Amlied Microcomuter Systems 

@ R E A C H 5  

DEPTH END AREA DISCH 
(FT) (SQ-FT) (CFS) 

0.0 0.0 
.5 .6 
- 9  2.5 

1.4 5.5 
1.9 11.3 
2.7 22.1 
3.6 39.3 
4.5 61.4 

n 
3 
4- 
W 

I 
l- a 
W 
0 

r\ 

n 
e 
U 

3 
0 
-1 
L L  

v 

0.0 
.5 

2.9 
8.6 

22.5 
54.8 
118.0 
213.9 

i 
4 5 -  

4 0 -  

3 5 -  

3 0 -  

2 5 -  

WEST DITCH 1 

0' x 4.5' CHANNEL 
SIDE SLOPE= -33 ' / '  
n= .05 

SLOPE= .oo5 FT/FT 
LENGTH= 10 FT 

STOR-IND METHOD 
MAX. DEPTH= 3.38 FT 
PEAK VELOCITY= 2.9 FPS 
TRAVEL TIME = .1 MIN 
Qin = 103.0 CFS @ 12.00 HRS 
Qout= 102.8 CFS @ 12.00 HRS 
ATTEN= 0 % LAG= 0.0 MIN 
IN/OUT= 6.15 / 6.15 AF 

REACH 5 DISCHARGE 
WEST DITCH 1 

0' x 4 5 '  CHANNE! 

n= 85 L:10' S= 005 
SIDE SLOPE= 33 '/ 

DISCHARGE ( c f s )  

REACH 5 INFLOW 8 OUTFLOW 
WEST DITCH 1 

/ 
0' x 4 5'  CHANNEL 

SIDE SLOPE= 33 '/ ' 
n= 05 L = I O '  S= 005 

STOR-IND METHDD 
UELDCITY= 2 9 FPS 

TRAUEL: I M I N  

TIME (hours) 



$48  AS^ 3 y 4 r  
Data for FERMCO, EARLY CONSTRUCTION DRAINAGE ARBAS 
Prepared by GeoSyntec Consultants 21 Feb 96 
Hydro- 3.10 000663 (c) 1986-1993 Applied Microcomputer Systems 

R E A C H 6  

DEPTH END AREA DISCH 
(FT) (SO-FT) (CFS ) 

0.0 0.0 0.0 
-4 1.0 3.2 
.7 2.7 13.5 

1.1 4.9 30.2 
2.5 14.4 129.1 
2.8 16.5 150.7 
3.2 18.2 164.3 
3.3 18.8 165.8 
3.4 19.1 164.3 
3.5 19.2 154.1 

WgST CULVERT 3 

42" PIPE X 2 STOR-IND METHOD 
MAX. DEPTH= 2.08 FT 

n= .012 PEAK VELOCITY= 8.7 FPS 
LENGTH= 70 FT TRAVEL TIME = .1 MIN 
SLOPE= .oo5 FT/FT Qin = 102.8 CFS @ 12.00 HRS 

Qout= 102.6 CFS @ 12.00 HRS 
ATTEN= 0 % LAG= .1 MIN 
IN/OUT= 6.15 / 6.15 AF 

/ 
f 

f 
REACH 6 DISCHARGE 

WEST CULUERT 3 

3 4 -  
3 2 -  
3 8 -  
2 8 -  
2 6 -  

n 2 4 -  

Q- 42" PIPE X 2 
-4 2 2 -  
u 2 8 -  n= El2 L=78' S= 885 

1 8 -  

o I e -  

DISCHARGE (cf 5 ) 

A 

J) 
4- 
U 

W 

3 
0 
_I 
LL 

REACH 6 INFLOW 8 OUTFLOW 
WEST CULUERT 3 

42" PIPE X 2 
nz.812 L-78' Sz .885  

STOR-IND METHOD 
UELOCITYz 8 . 7  FPS 

TRRUELz . I  HIN 

Oinz 182.8 CFS 
Ooutz 182.6 CFS 

LRG= . I  MIN 

000353 
TIME '(hours) 



Data for FERMCO, EARLY CONSTRUCTION DRAINAGE ARgAs 
Prepared by GeoSyntec Consultants . 21 Feb 96 
Hydro- 3.10 000663 ( c )  1986-1993 ARRlied MicrocomRuter Systems 

DEPTH END AREA 
( SO - FT 1 

0.0 0.0 
.5 -6 
.9 2.5 

1.4 5.5 
1.9 11.3 
2.7 22.1 
3.6 39.3. 
4.5 61.4 

(FT) 

n 
3 
4- 

I 
I- 
Q 
W 
0 

v 

WEST DITCH 2 

DISCH 
(CFS) 0' X 4.5' CHANNEL 
0.0 SIDE SLOPE= .33 ' / '  

2.9 LENGTH= 540 'FT 
8.6 SLOPE= .005 FT/FT 

. 5  n= .05 

f 22.5 
54.8 
118.0 
213.9 

STOR-IND METHOD 
MAX. DEPTH= 3.23 FT 
PEAK VELOCITY= 2.9 FPS 
TRAVEL TIME = 3.2 MIN 
Qin = 102.6 CFS @ 12.00 HRS 
Qout= 95.4 CFS 0 12.04 HRS 
ATTEN= 7 % LAG= 2.5 MIN 
IN/OUT= 6.15 / 6.14 AF 

REACH 7 DISCHARGE 
WEST DITCH 2 / 

4 5 -  

4 E -  

3 5 -  

3 E -  

2 5 -  

2 E -  

E' x 4.5' CHFINNEL 
SIDE SLOPE- . 3 3  ' 1  
c . 8 5  L-548' 51.885 

m m m m m m m m m m 
N V L D ~ ~ N V L D ~ ~  

L L -  - - N  

D I SCHARGE ( c f  5 1 

REACH 7 INFLOW 8 OUTFLOW 
WEST DITCH 2 

I BE 

98 

88 

78 

E' x 4 . 5 '  CHIINNEL 
SIDE SLOPE: .33 ' 1  
nz.85 L=54E' %.E85 

STOR-IND METHOD 
UELOCITY: 2 . 9  FPS 

TRF(UEL= 3 . 2  H I N  

Oon= 182 6 CFS 
Oout: 95 4 CFS 

LIIG= 2.5 H I N  

I 68 - Oon= 182 6 CFS 
Oout: 95 4 CFS 

58 - 
48 - 

I 

I '  LIIG= 2 5 H I N  

I 
I 

L - N  

/ 

TIME (hours) 000354 
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CULVERT CALCULATIONS 



180 

I68 

I56 

144 

IS2 

' 120 

' I O 8  

* 96 

' 84 

p 72 

. 60 

- 54 

/ 

- 36 

- 3 3  

- 30 

- 27 

- e4 

- e1 

- I O  

- 15 

- I2 

EXAMPLE 

0.48 1wI.r (1.6 f r 0  
0.120 de - 

M. Y '  M 

(1) t.s u 
a) 2.1 7.4 

(9 2.2 7.7 

*O I. frc 

/' 
/ 

H W  ENTRANCE - SCALE TYPE 0 

CHART . o .  1 

HEADWATER DEPTH FOR 
CONCRETE PIPE CULVERTS 

HEADWATER SCALES 2 a3 
e w s a  M A I M  WITH INLET CONTROL 

000356 BUI)CW 01 RJUILIC IO.00 JAA I S U  

181 



r 4 4 8 R , t  L / / I / F C  

455 3=/ 4q 0 
CHART 5 



180 

I68 

16 

U 

12 

10 

38 

6 

L 
30 

20 

- - 

- I O  

- 8  

- 6  
- 5  
- 4  

3 

2 

- 
- 
- 

1.0 

( 1 )  (2) (3) - 6. 

- 5. 
I= 6. 

8. - 5. 

4. 5. 

4. 
3. 1. 

3. 

t .' -1. 1 * .  

t S . c, t .5 

HEADWATER DEPTH FOR 
CONCRETE PIPE CULVERTS 

MEADWATER SCALES 2a3 
m w s f ~  MAY 1964 WITH INLET CONTROL 

o u a 1 4  01 CVOLIC m o a  a m  inas 
181 Q Q O ~ - @  
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- 20 

-10 

- a  
- 
- 
= a  
- 9  

- 4  

- 2 4  

- 2 1  

-18 

-19 

-18 

- 

- 2 0  

HEAD FOR 



a 

e 
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TABLE 

TRENCH WIDTH AT TOP OF PIPE TRENCH WIDTH AT TOP OF PIPE 
y a "  1'4" 6'$" 7'a)" 7'-6" E6" ga,. 9'8" 

I I I I I I 2671 I 

B- 
5 
6 
7 
8 

w 10 
LIJ 11 

1 3  
14 

l - 9  

k 12 

;: 
c ;: 
y 20 
B ;; 
a 23 

a 17 

X 24 
J 25 
$ 26 

u 28 Y 27 

2 29 

L 30 
0 31 
t- 32 

g 34 
I 33 

w 35 
I 36 

37 
38 w 

C - 

5 
6 
7 
8 

w 10 
11 
12 

w 13 
14 

t - 9  

LL 
0 16 
a 17 

2 ;: 
B ;; 
y 20 

4 23 
24 
25 
26 

0 28 
Y 27 

%i c, 34 

w 35 
36 
37 
38 
39 
40 - 

ATRAN. 
SITIOh 
WlDTp 
6'- 0" 

- 
1 .JT - 

- 

- 

- 

- 

- 
9671 
'028( 
'0921 
11541 
1219( 
2831 
!350l 
!411l 
!4761 * 

8380 
9000 
9670 
0280 
0920 
1310 
1670 
2010 
2350 
2670 
2990 
3290 

7'- 8" 
7'-10" 
7'-1 1" 
8'- 0" 
8'- 2" 
8'. 3" 
8'- 5" 

8'- 8" 
8'- 9" 
8'-10" 
8'-1 1" 
9'- 1" 
9'. 2" 
9'. 3" 
9'- 4" 
9'. 5" 

9'. 8" 
9'. 9" 
9'-10" 
9'-1 1" 

10'- 0" 
21540 10'- 1" 
22190 10'- 2" 
22830 10'- 3" 
23500 10'- 4" 
24110 10'- 5" 
24760 10'- 6" 
25400 10'- 7" 

8'- 6" 

9'- 6" 

ORDINARY CLAY Kp'-0.130 

TRENCH WIDTH AT TOP OF PIPE 
6'4 ' 
2671 
325;  
37;: 
216: 
4 5 0  
5022 
5;3! 
562.: 
620: 
65;C 
6 1 1 1  
i i c ?  
7502 
7905 
8210 
850; 

6'4" 7'.0" 7 '4" a'.()" 8'4" 9'4'' 9'4" lo'.()" 1 I'-O 

3361 
4051 4114 
2555 4932 
5042 546i 5582 
5514 6006 6227 
5969 6509 6869 
6410 6907 7510 
6836 7 4 i O  8150 
7247 7923 8611 8789 
i645 8372 9101 9434 
8030 8602 9377 10070 
8402 9218 10040 10710 
8761 9622 10490 11350 
9109 10010 10920 11840 11980 . 
9445 10390 11350 12310 12630 

- 
,TRAN- 
SITION 
WIDTH - 
6'. 1 '' 
6'. 6" 
6'-l l" 
7'- 4" 
7'- 6" 
7'- 8" 
7'-10" 
7'-11" 
8'- 1" 
8'- 2" 
8'- 4" 

8'- 7" 
8'- 8" 
8'-10" 
8'-11" 
9'. 1 " 
9'. 2" 
9'- 3" 
9'. 4" 

9'. 7" 
9'- 8" 
9'. 9" 
9'-11" 

10'- 0" 
10'- 1" 
10'. 2" 
10'- 3" 
10'- 4" 
10'. 5" 
10'. 7' '  
10'- 8" 
10'- 9" 
10'- 10" 
10'-11" 

8'- 6" 

9'. 6" 

- 

- 
LTRAN. 
SITIOh 
WIDTF 
5'-11" 
- 
6'. 4" 
6'. 8" 
7'. 1" 
7'. 3" 
7'. 5" 

7'. 7" 
7'. 9'' 
7'-10" 
7'-1 1" 
8'. 0" 
8'. 2" 
8'. 3" 
8'. 4" 
8'. 5" 
8'- 7" 

8'- 9" 
8'-10" 
8'-l l" 
9'. 0" 
9'- 1'. 
9'- 2" 
9'. 3" 
9'. 4" 
9'- 5" 

9'. 7" 
9'- 8" 
9'- 9" 
9'-10" 
9'-11" 
0'. 0" 
0'- 1 .' 
0'- 2" 

7'. 6" 

8'. 8" 

9'- 6" 

8787 9770 
9099110080 
93221 10390 
95i6  10680 
9820 10960 
0060 11240 
0280 11500 
0500 11760 
0710 12010 
0920 12250 
1110 12480 
1300 12700 

10760 11760 12760 13270 
11120 12160 13200 13900 
11460 12540 13640 14550 
11800 12920 14060 15190 
12120 13290 14460 15640 15830 
12440 13640 14860 16080 16470 
12740 13990 15240 16510 17090 
13030 14320 15620 16930 17740 
13320 14650 15990 17340 18380 
13600 14960 16340 17730 19000 
13860 15270 16690 18120 19670 
14120 15570 17020 18500 19980 20280 

5 
6 
7 
8 
9 

10 $ 
c, 

12 x 
1 3  -4 
14 $ 
15 
16 

18  7i 
17 0 
19 9 
20 F 
21 I 

23 w 

26 4 
27 0 
28 3 
29 0 
30 
31 0 
32 2 
33 - 

22 D 

24 0 
25 

34 ; 
35 rn 
36 
37 
38 
39 
40 - 

0070 
0230 
0380 
0530 
0670 
0810 
0940 
1060 
1180 
1290 
1400 

D SATURATED CLAY KU'-O.llO 

11360 12660 13990 15330 16690 18060 19000 
11550 12890 14250 15630 17020 18430 19670 
11730 13100 14500 15910 17350 18790 20280 
11910 13310 14740 16190 17660 19140 20640 20920 
12080 13520 14980 16460 17970 19490 21020 21540 
12240 13710 15200 16720 18260 19820 21390 22190 
12400 13900 15420 16980 18550 20140 21750 22830 
12550 14080 15640 17220 18830 20460 22100 23500 
12700 14250 15840 17460 19100 20760 22440 24110 
12840 14420 16040 17680 19360 21060 22770 24510 2476( 
12970 14580 16230 17910 19610 21340 23100 24870 2540( 

TRENCH WIDTH AT TOP OF PIPE 
- 
LTRAN 
SlTlO 
WlDTl 
5'-10' 
6'- 3 '  
6'- 7 
7'- 0' 
7'- 1 '  
7'- 3' 
7'- 4' 
7'- 5' 
7'- 6' 
7'- 7' 
7'- 9' 
7'-10' 
7'-1 1 '  
8'- 0' 
8'- 1' 
8'- 2' 
8,- 3' 
8.- 4' 
8'- 5' 
8'- 6' 
8'- 7' 
8'- 8' 
8'- 9' 
8'-1 OS' 
8'- 10" 
9'- 0" 
9'- 0" 
9'- 1 " 
9'- 2" 
9'- 3" 
9'- 4" 
9'- 5" 

- 

9'- 6" 
9'- 6" 
9'- 7" 
9'- 8" - 

- 

5 
6 
7 
8 
9 x  

10 E 
11 0 
12 x+ 
13 
14 $ 
;; g 
17 0 
18 6 
19 r 
20 I- 
21 I 
22 D 
23 W 
24 9 
25 rn 
26 + 
27 8 
28 

30 
31 

29 $ 

32 -rn 
33 n 
34 rn 
35 1 
36 
37 
38 
39 
10 



PIPE SIZE I D IN INCHES 

C 
0 

m 
XI C 
3 
0 LL 

._ 
L 

PIPE SIZE 
R X S  IN INCHES 

I S3H3NI NI S X U 
321s 3dld 

7J 

Kl 

C 
0 

D 
C 
0 
V 

.- 
L .- 

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

. .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  
- .  .- 
0 ;  
m .  

I 

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

z 
v) 
W 
I 
0 
0 
y. 
0 
I- z 

0 

!!! 
0 
Y 
Y w 
0 
0 
LL 
0 

3 -  
A 
> 
z 
v) w 
0 

---.,; 

a 

c) 
0 
w 
A 
m 
2 

PIPE SIZE 
R X S IN INCHES . 

S3H3NI NI S X U  
321s 3dId 

0 0 0  0 0 0  0 
e m 0  218 2 - 2  

. .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . ._ . .  . .  . . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  . .  
1; ; >, 

; 5  . .- 
S g !  

. .  . .  . .  . .  

z u ?  
w. 

5 



a; 

a 

W 
m 
m 

w 
K 
3 

U 
!2 

0003636 
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APPENDIX A 

COMPUTER SOFI'WARE USED TO PREPARE CALCULATION PACKAGE 
HydroCAD" STORMWATER MODELING SYSTEM 

Applied Microcomputer Systems, "HydroCAD " Stormwater Modeling System ' I ,  version 3.10, 
Chocorva, NH, 1993. 

See Section 1.2 of the Design Parameter Summary. 

GE3900-08.11APP.A 
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Project: OSDF Proj ./Proposal No. : GE3900 

Date: 27 / &/ 94 
Task No.: 08.1 

Written by: 1 It 

*5Pb SURFACE-WATER MANAGEMENT 
DURING OSDF CONSTRUCTION/F'ILLING/CLOSURE 

OSDF SEDIMENT BASIN 

EXECUTIVE SUMMARY 

Pumose of Analvsis 

The purpose of this analysis is to present a summary of the OSDF sediment basin design 
features. 

Method of Analvsis 

Stormwater Runoff The amount of stormwater runoff was calculated using the computer 
program "HydroCAD" Stormwater Modeling System" (HydroCAD"). This program uses the 
hydraulic modeling methods presented in USDA-SCS Technical Releases 20 and 55. 

Sediment Basin: Due to the need for additional details and phasing requirements, the sediment 
basin cannot be designed at this time. A initial estimate of the sediment storage volume that the 
basin will need can be provided. The Ohio Administrative Code, Chapter 3745-27 requires that 
the "minimum storage volume shall be provided on either the calculated runoff volume from a 
ten-yearhwenty-four-hour storm event, or 0.125 acre-feet per year (for each acre of disturbed 
area within the upstream drainage area) multiplied by the frequency of pond clean-out (in years), 
whichever is greater.. . 'I 

@ 

Conclusions 

The minimum sediment storage volume required for the sediment basin during OSDF 
construction/filling/closure is 421,000 cubic-feet. 

GE3900-08.1lF9530049 
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SURFACE-WATER MANAGEMENT 

DURING OSDF CONSTRUCTION/FILLING/CLOSURE 

OSDF SEDIMENT BASIN 

CALCULATION PROCEDURES 

PurDose 

The purpose of this document is to present the calculation procedures used to design the 
sediment basin that will collect the OSDF stormwater runoff during the early construction stages. 

The calculations are performed in accordance with, and to verify compliance with, the DCP 
and Ohio-EPA regulations. The DCP and Ohio-EPA requirements relevant to these calculations 
are: 

the sediment storage volume shall be the greater of 0.125 acre-feet per disturbed acre 
or the runoff volume from a ten-yeadtwenty-four-hour storm event. 

ScoDe 

The procedures presented in this document will be used to perform the following d-' I 

calculations for each drainage area and for the design storm event: 

runoff quantities; and 

required storage volumes. 

Calculation Procedures 

General 

The computer program "HydroCADm Stormwater Modeling System" [Applied 
Microcomputer Systems, 19931 (HydroCADTM), will be used to calculate runoff quantities. 
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Z3Ft6  96 
HydroCADm uses the hydrologic modeling methods presented in Technical Release 20 
[USDA-SCS, 19751 and TR55 [USDA-SCS, 1986al. (See Appendix A for information related 
to HydroCADm.) 

Stormwater Runon and Runoff Ouantities 

The procedure for calculating stormwater runoff quantities consists of the following steps. 

1. 

2. 

3. 

Define the drainage area to be analyzed. These data are presented in the design verification 
document. 

Calculate the weighted CN using the runoff curve number worksheet [USDA-SCS, 1986a1, 
except for the OSDF cover slopes. A weighted CN of 98 is assigned for the OSDF final 
cover slopes. 

Define the parameters associated with the surface-water flow segments for each drainage 
area. The flow segments consist of sheet flow, shallow concentrated flow, and open 
channel flow. The engineering parameters needed to define these flow segments are listed 
below: 

for sheet flow: 

- - surface type which yields a Manning's coefficient for sheet flow; 
- - the flow length (ft); 
- - slope of land (ftlft); 

for shallow concentrated flow: 

- - flow length (ft); 
- - surface type (paved or unpaved); and 
- - average slope of land (ft/ft); are 

for open channel flow: 

- - Manning's coefficient for open channel flow; 
- - channel length (ft); 

- channel slope (ft/ft); and 

GE390048.1lF9530049 
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- - pertinent channel geometry (e.g., side slopes (H:V) and depth (ft- 

sectional area (e), and wetted perimeter (ft)). 

These data are also presented in the data verification document. 

4. Calculate the amount of runoff for a drainage area, a design storm event, and a vegetative 
cover type. The data defined in Steps 1 through 3 are used as input to HydroCADTM. 
HydroCADTM uses the data to develop a "runoff hydrograph" as described below. 

a. Calculate the Time of Concentration (T3 for a drainage area. The Tc represents the 
time required for stormwater to travel from the most hydrologically distance point of 
a drainage area to the point of interest. Tc is calculated by summing the individual 
travel times (TJ for each flow segment define in a drainage area. 

Travel time for each flow segment is calculated as follows: 

for sheet flow: 

0.007(1L)~.* T, = 
~ ~ 0 . 5  s0.4 

where: Tk = Travel time for sleet flow (hours); 
n = Manning's coefficient for sheet flow, based on surface types; 
L =  flow length (ft); 
P, = amount of rainfall from a 2-year, 24-hour design storm event (in.); 

and 
s =  slope of land (ft/ft). 

for shallow concentrated flow: 

L T, = - 
3600V 

where: T, = Travel time for shallow concentrated flow (hours); 
L = Flow length (ft); 
V = average flow velocity (ft/s). 

GE3900-08.1lF9530049 
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for open channel flow: 

nL 
(3600)( 1 .486)r0.67S0.5 

T, = 

where: T, = Travel time for open channel flow (hours); 
n = Manning’s coefficient for open channel flow; 
L = channel length (ft) 
r = hydraulic radius (ft) = a/Pw; 
a = cross-sectional area of flow (ft2); 
P, = wetted perimeter (ft); 
S = channel slope (ft). 

b. Develop a unit hydrograph for the project site. The unit hydrograph is a dimensionless 
curve that represent the runoff distribution resulting from 1 in. of rainfall excess over 
the drainage area. To develop a unit hydrograph, HydroCADTM uses the CN value 
and the anticipated rainfall distribution. HydroCADTM then develops a runoff 
hydrograph for the design storm event. HydroCADTM develops the runoff hydrograph 
by summing the amount of runoff calculated over a series of discrete time intervals 
during the storm event. The amount of runoff is calculated as follows: 

(p-o.2s)2 (Q = zero if P < 0.2s) 
= P+0.8S 

where: Q 
P = cumulative rainfall (in.); 
S 

CN = runoff curve number. 

= amount of runoff (in.); 

= potential maximum retention after runoff begins (in.); 
S = 1000/CN - 10 

The discrete time interval or rainfall burst duration for which runoff calculations are 
performed is calculated as follows: 

2 
15 

D = -Tc 

where: D 
T, 

= duration (hours); and 
= time of concentration (hours). 

GE3900-08.1lF9530049 
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5 .  The resulting runoff hydrograph provides the runoff quantities for the storm event a% 
as the peak runodrunoff quantity. 

6. Multiply the drainage area to be analyzed by 0.125 acre-feet per acre for alternate sediment 
storage volume. 
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SURFACEWATER MANAGEMENT 

DURING CONSTRUCTION/FILLING/CLOSURE 

OSDF SEDIMENT BASIN 

DATA VERIFICATION 

PURPOSE 

The purpose of this document is to present the engineering data used to design the 
sediment basin that will collect the stormwater runoff during the early construction stage of 
the On-Site Disposal Facility (OSDF). 

The data presented in this document are used to satisfy the requirements presented in the 
DCP and Ohio-EPA Administrative Code. The Ohio-EPA requirements relevant to the data 
verification are: 

the sediment basin shall be designed to retain the runoff from the 10-year, 24-hour 
design storm event; or 

0.125 acre-feet of sediment per disturbed acre. 

SCOPE 

The data presented in this document will be used to perform the following calculations: 

runoff quantities; and 

sediment storage volumes. 

PARAMETERS FOR DESIGN 

General 

Data requked to perform the calculations include: (i) rainfall information (i-e., 
quantities, durations, distribution); (ii) drainage area information (Le., drainage channel 
dimensions and geometries, Manning's coefficients for sheet flow and open channel flow, 
soil and vegetative cover types); and (iii) culvert information (i.e., size, type, cover, 
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loadings). All data are provided in Section 12.1, Surface-Water Management During 
ConstructionlFilling/Closure, with the exception of the 10-year, 24-hour rainfall quantity. 

Rainfall Information 

Rainfall Quantities and Durations 

Rainfall quantities for specific design storm events were summarized by Parsons [1995] 
and are presented in Table 1. Rainfall for the design storm required by the DCP or by the 
Ohio-EPA include: 

Storm Event Rainfall (in.) 

2-Year, 24-Hour 
10-Year, 24-Hour 
25-Year, 24-Hour 

2.55 
4.1 
4.7 



TABLE .. 1 - RAINFALL DEPTH FOR A GIVEN DURATION , p & b f k  
(INCHES 1 &*J F e b W  

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 El 

These values are used on PH Records for HEC-1. 

_- 
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SURFACEWATER MANAGEMENT 
DURING OSDF CONSTRUCTION/FILLING/CLOSURE 

OSDF SEDIMENT BASIN 

CALCULATIONS 

PurDose 

The purpose of this document is to provide the engineering calculations used in the 
design of the sediment basin system during the early construction stages. 

Scope 

The calculation procedures used in this document are presented in the calculations 
procedures document. The data used in the calculations is presented in the data verification 
document. 

For clarity, these calculations are divided into 3 sections: (i) runoff after initial 
stripping; (ii) runoff during early construction; and (iii) total disturbed area sediment volume. 
In general, each set of calculations consists of: (i) a summary of the input data; (ii) a 
summary of the calculation results; and (iii) the calculations &e., worksheets, computer 
runs). 

Initial Striwinp Summarv of InDut Data 

A summary of the HydroCAD” input data is presented in Table 1. 

Earlv Construction Summarv of h u t  Data 

A summary of the HydroCADTM input data is presented in Table 2. 

Disturbed Area Sediment Volume 

The alternate sediment storage volume is: 

/ 43.5 acres x 0.125 AF/acre = 5.4 acre-feet 
= 237,000 cubic feet 
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Summarv of Calculation Results 

A summary of the calculation results is presented in Table 3. 

Table 3. Sediment Volume Results 

Case 

Initial Stripping, 10-Year Storm 

Early Construction, 10-Year Storm 

Disturbed Area Method 

Required Sediment 
Storage Volume (CF) 

1 42f,ooo 
74 

399,000 

/ 237,000 
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WORKSHEETS FOR 

WEIGHTED RUNOFF CURVE NUMBERS 



Worksheet 2: Runoff curve number and runoff 

Pro jec t  L ~ n t s  - OsbF By - k J t  Date 16 &f F6 
Location L~TA' J~A~QPJJL ( E )  C h e c k e d L S  Date zo&b?$ / 
Circle one: Present. 

1. Runoff curve number (CN) 

I-- + 

Cover d e s c r i p t i o n  Area m u  
(cover  type,  t reatment ,  and c-4 

percent  impervious; P) 

I m Y  hydrologic  condi t ion;  cw I I B'acges 
h( 

S L L t  

Omi- cw 

unconnected/connected impervious 0" a;, OX + +  area r a t i o )  

11' Use only one CN source per l i n e .  - Tota l s  - 1 a%o ' 

Product 

CN x area 

-2. Runoff 

Runoff, Q .....=,.. d..... ............. i n  
(Use P a n d a  with t a b l e  2-1, f i g .  2-1, . 
o t ; f q s 6 - 3 -  and 2 - 4 . )  

! 

i 

D-2 (210-VI-TR-55, Second Ed., June 1986) 



c 

$1 t o  
me - 44 8 

Soil name 
and 

hydrologic 
group 

(appendix A) 

L C & 7 L C  

c 
X € d  8 A 

8 

Worksheet 2: Runoff curve number and runoff 

Cover d e s c r i p t i o n  

(cover type,  t reatment ,  and 
hydrologic cond i t ion ;  

percent impervious; 
unconnectedlconnected impervious 

a rea  r a t i o )  

8ARE & o d D  

II / I  

Circle one: Present. 

1. Runoff curve number (a) 

r/ Use only one CN source p e r  l ine.  * 

Frequency ....................... 
Rain fa l l ,  P (24-hour) 

................. in 
b l e  2-1, f ig .  2-1, . 

o r  eqs. 2-%and 2 - 4 . )  

D-2 (210-VI-TR-55, Second Ed., June 1986) 



Worksheet 2: Runoff curve number and runoff 

4 4  8 

D-2 

- 
1 .  Runoff curve number (CN) 

soil MIW 
and 

hydrologic 
group 

(appendix A) 

C O V E R  

Cover description 

(cover type, treatment, and 
hydrologic condition; 

percent impervious; 
unconnected/connected impervious 

area rat io)  

1/ Use only one CN source per l i n e .  Totals - 

Product 
Of 

CN x area 

803.6 

/ 

or eqs. 2-3-and 2-4.) 

(210-VI-TR-fi5, Second Ed., June 1986) 
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Worksheet 2: Runoff curve number and runoff 

Circle one: Present. 

1. Runoff curve number (CN) 

Soil name 
and 

hydrologic 
group 

(appendix A) 

C 0 4  

Cover description 

(cover type, treatment, and 
hydrologic condition; 
percent impervious; 

unconnected/connected impervious 
area ratio) 

8AnC G n O J 4  

4 .  ' I  

D-2 

11 Use only one CN source per line. - Totals - '  

CN (weighted) - total product - /c1889 $ 6 , ~ ~ .  Use WJ ' 
total area 20.6 9 

Frequency .......................... 
__.*.- 

Ra I n f a 11 . P ( 2 4 -hour ) .. ..... 
// 

Runoff, Q ........................... /=-- 
(Use P,atfd'CN with table 2-1, fig. 
or eqs. 2-3- and 2 - 4 . )  

(210-VI-TR-Fi5, Second Ed., June 1986) 

i 

! 

08039% 
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Data for FERMCO, INITIAL STRIPPING DRAINAGE AREAS 
Prepared by GeoSyntec Consultants 21 Feb 96 
HvdroCAD 3.10 000663 (c) 1986-1993 Amdied Microcomuter Systems 

ACRES CN 
29.00 90 

INITIAL STRIPPING - EAST 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.1 IN 

PEAK= 102.8 CFS 0 12.02 HRS 
VOLUME= 6.46 AF 

Method Comment Tc (min) 

Fallow n=.05 L=lOOf P2=2.6 in s=.O2 ' / I  

SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 1.8 
Unpaved Kv=16.1345 L=240' s=.O2 ' / '  V=2.28 fps 
CHANNEL FLOW Segment ID : 9.8 
a=60.8 sq-ft Pw=28.5' r=2.133' 
s=.OO5 I / '  n=.05 V=3.48 fps L=2050' Capacity=211.7 cfs 

TR-55 SHEET FLOW Segment ID : 4.5 

- - - - - - - - - -  
Total Length= 2390 ft Total Tc= 

SUBCATCHMENT 1 RUNOFF 
I N I T I A L  STRIPPING - EAST 

l00L 

9 0  - 
80 - 

n 70 - 
Q- 60 - 

50 - 

Jl 

U 
v 

AREA= 2 9  AC 
Tc= 16 1 MIN 

CN= 90 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 

RFIINFALL: 4 I I N  

PEAK= 102 8 CFS 
@ 12 E2 HRS 

UOLUME= 6 46 OF 

TIME (hours) 



Data for FERMCO, INITIAL STRIPPING DRAINAGE AREAS 
Prepared by GeoSyntec Consultants 21 Feb 96 
HvdroCAD 3.10 000663 (c) 1986-1993 Applied Microcomuter Systems 

SWCATcHMENT.2 

ACRES CN 
14.50 90 

INITIAL STRIPPING AREA - WEST 4??w 
SCS TR-20 METHOD . 

TYPE I1 24-HOUR 
RAINFALL= 4.1 IN 

PEAK= 52.9 CFS @ 12.01 HRS 
VOLUME= 3.23 AF 

Method Comment Tc (min) 

Fallow n=.05 L=100' P2=2.6 in s=.O2 ' / I  

Unpaved Kv=16.1345 L=340' s=.O1 ' / I  V=1.61 fps 
CHANNEL FLOW Segment ID: 7.2 
a=60.8 sq-ft Pw=28.5' r=2.133' 
s=.OO5 ' / I  n=.05 V=3.48 fps L=1500' Capacity=211.7 cfs 

TR-55 SHEET FLOW Segment ID: 4.5 

SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 3.5 

- - - - - - - - - -  
Total Length= 1940 ft Total Tc= 15.2 

J 
SUBCATCHMENT 2 RUNOFF 

I N I T I A L  STRIPPING AREA - WEST 

n 
J) 

G 
U 

3 
0 
-J 
L L  

v 

FIREFI= 1 4 . 5  f i t  

CN= 98 
Tc= 15 2 MIN 

SCS TR-28 METHOD 
TYPE X I  24-HOUR 

RAINFFILL:: 4 I I N  

PEFIK= 52 9 CFS 
@ 12 81 HRS 

UOLUME: 3 23 FIF 

T I M E  (hours) 



Data €or 
Prepared 

3 . 5  z 
0 3 . 8  

I- 2 . 5  

3 2 8 -  
W 
_I 1.5 
W 

I .E  

. 5  

H 

a 

FERMCO, INITIAL STRIPPING DRAINAGE AREAS 
by GeoSyntec Consultants 

- 
- 
- 

- 
- 
- 

b M  4 4 8  
R c  
21 Feb 96 

POND 1 SEDIMENT POND STORAGE VOLUME 

STARTING ELEV= 0.0 FT 
FLOOD ELEV= 6.0 FT 

ELEVATION 
(FT) 
0.0 
1.0 
2.0 
3.0 
4.0 
5.0 
6.0 

INC . STOR 
(CF) 

0 
10000 
20000 
40000 
80000 
100000 
200000 

CUM. STOR 
(CF) 

0 
10000 
30000 
70000 
150000 
250000 
450000 

STOR-IND METHOD 
PEAK ELEVATION= 5.9 FT 
PEAK STORAGE = 420692 CF i 
Qin = 148.4 CFS @, 12.07 HRS 
‘Qout= 0.0 CFS 0 20.00 HRS 
ATTEN=100 % LAG= 475.8 MIN 
IN/OUT= 9.67 / 0.00 AF 

INVERT (FT) OUTLET DEVICES 
4.0 .1” ORIFICE 

Q=.6 PI rA2 SQR(2g) SQR(H-r) 

TOTAL DISCHARGE vs ELEVATION 

FEET 
0.0 
1.0 
2.0 
3.0 
4.0 
5.0 
6.0 

0.0 .1 .2 . 3  .4 .5 .6 .7 .8 .9 
I 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 0.0 0 . 0  
I 0 . 0  0.0 0 . 0  0 . 0  0 . 0  0.0 0.0 0 . 0  0 . 0  0.0 
I 0 . 0  0 . 0  0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 0.0 0 . 0  
I 0 . 0  0 . 0  0.0 0 . 0  0.0 0.0 0.0 0.0 0 . 0  0 . 0  
I 0 . 0  0 . 0  0 . 0  0.0 0.0 0.0 0 . 0  0.0 0 . 0  0.0 
I 0.0 0 . 0  0.0 0.0 0.0 0.0 0 . 0  0.0 0.0 0.0 
I 0.0 

POND 1 DISCHARGE 
SEDIMENT POND STORAGE UOLUME 

m m m m m m m m m m m m m m m m m m m  m m m m m m m m m m m m m m m m m m m  
m m m m m m m m m m m m m m m m m m m  
m m m  

DISCHARGE (cfsl 



Data for FERMCO, INITIAL STRIPPING DRAINAGE ARRAS 
Prepared by GeoSyntec Consultants 21 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 Amlied Microcomputer Systems 

POND 1 INFLOW 8 OUTFLOW 
SEDIMENT POND STORAGE VOLUME 

148 - 
138 - 
128 - 
118 - 

A I88 - 
98 - 

U 88 - 
78 - 

3 68 - 0 
1 58 
LL 48 - 

38 - 
28 - 
I 8 r  

v 

- 

STOR-IND METHOD 
PERK ELEU= 5 9 FT 

PERK STOR= 428692 CF 

O i n =  148.4 CFS 
Oout= 8 . 8  CFS 

LRG= 475.8 MIN 

TIME (hours) 



Data for FERMCO, EARLY CONSTRUCTION DRAINAGE AREAS -i '"20 

Prepared by GeoSyntec Consultants 21 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 ADDlied Microcomuter Systems 

Q 
W 

yl 

v 

W 

W 

El 
/ 

0 SUBCFITCHMENT 0 REACH POND a LINK 



Data for FERMCO, -Y CONSTRUCTION DRAINAGE AREAS 
Prepared by GeoSyntec Consultants 21 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 ADDlied MicrocomDuter Svstems 

65 

60 

55 

5 0  - 45 In 
U 

4- 40 

w 35 

ACRES CN 
15.60 94 

- 
- 
- 
- 
- 
- 
- 

EARLY CONSTRUCTION - EAST 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.1 IN / 

VOLUME= 3.83 AF 
PEAK= 67.7 CFS @ 11.99 HFS 

Method Comment Tc (min) 
TR-55 SHEET FLOW Segment ID: 3.7 
Fallow n=.05 L=147’ P2=2.6 in s=.O7 ‘ / I  

SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: .8 
Unpaved Kvz16.1345 L=325’ s=.167 ‘ / I  V=6.59 fps 
CHANNEL FLOW Segment ID: 
a=60.8 sq-ft Pw=28.5‘ r=2.133’ 
s=.OO5 I / ’  n=.05 V=3.48 fps L=1630‘ Capacity=211.7 cfs 

7-8 /” 
---- - - - - - -  

Total Length= 2102 ft Total Tc= 12.3 

SUBCATCHMENT 1 RUNOFF 
EARLY CONSTRUCTION - EAST 

AREA= 15.6 AC 

CN= 94 
Tc= 12 3 MIN 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 

RAINFALL- 4 . 1  I N  

PEAK- 67 7 CFS 
I? 1 I 99 HRS 

UOLUME- 3 83 AF 
3 0  - 
25 - 
20 - 

I 
~ ~ w ~ ~ ~ r n r n r n  - - - - - N  - 0 ,  - - 

TIME (hours) 



LCX 
6 44 8 

Data for FERMCO, EARLY CONSTRUCTION DRAINAGE AREAS 
Prepared by GeoSyntec Consultants 21 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 ADDlied MicrocomDuter Systems 

SWCATC€MENT 2 

ACRES CN 
20.60 97 

EARLY CONSTRUCTION AREA - WEST 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.1 IN 

PEAK= 89.4 CFS @ 12.00 HRS 
VOLUME= 5.34 AF 

Met hod Comment Tc (min) 

Fallow n=.05 L=147' P2=2.6 in s=.O7 I / '  

TR-55 SHEET FLOW Segment I D  : 3.7 

SHALLOW C O N C B N T R A T E D / U P ~  FLOW Segment I D :  .8 
Unpaved Kv=16.1345 L=325' s=.167 ' / '  V=.6.59 fps 
CHANNEL FLOW Segment I D  : 9.6 
a=60.8 sq-ft Pw=28.5' r=2.133' 
s=.OO5 ' / '  n=.05 V=3.48 fps L=2010' Capacity=211.7 cfs /"' 

Total Length= 2482 ft Total Tc= 14.1 

SUBCQTCHMENT 2 RUNOFF 
E A R L Y  CONSTRUCTION AREA - WEST 

78 
65 

Q R E k  28.6 &C 

CN= 97 
Tc= 14 I MIN 

SCS TR-28 METHOD 
TYPE I 1  24-HOUR 

RQINFQLL= 4 I IN 

PEQK= 89.4 CFS 
@ I2 HRS 

UOLUME- 5 34 QF 

T I M E  (hours) 
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V r o  

3 . 5  z 
0 3 . 8  

i-- 2 . 5  a 
3 2 . 8  
W 
-I 1 . 5  
W 

H 

1 . 8 -  

. 5  

POND 1 SEDIMENT STORAGE QUANTITIY 

STARTING ELEV= 0.0 FT 
FLOOD ELEV= 6.0 FT 

- 
- 
- 
- 
- 

- 

ELEVATION 
(FT) 
0.0 
1.0 
2.0 
3.0 
4.0 
5.0 
6.0 

INC . STOR 
(CF) 

0 
10000 
20000 
40000 
80000 
100000 
200000 

CUM. STOR 
(CF) 

0 
10000 
30000 
70000 
150000 
250000 
450000 

STOR-IND METHOD 
PEAK ELEVATION= 5.7 FT 
PEAK STORAGE = 398025 CF / 

/' 

Qin = 145.9 CFS @ 12.03 HRS . 

Qout= 0.0 CFS @ 20.00 HRS 
ATTEN=lOO % LAG= 478.1 MIN 
IN/OUT= 9.15 / 0.00 AF ' 

INVERT (FT) OUTLET DEVICES 
4.0 .1" ORIFICE 

Q=.6 PI rA2 SQR(2g) SQR(H-r) 

TOTAL DISCHARGE VS ELEVATION 

FEET 0.0 .1 .2 .3 .4 . 5  .6 . 7  .8 .9 
0.0 I 0.0 0.0 0.0 0.0 0 . 0  0.0 0.0 0.0 0.0 0.0 
1.0 I 0 . 0  0.0 0.0 0.0 0.0 0.0 0.0 0.0 . o . o  0.0 
2.0 I 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
3.0 I 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
4.0 I 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
5 . 0  I 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 
6.0 I 0.0 

POND 1 DISCHARGE 
SEDIMENT STORAGE QUANTITIY 

N N N N N P 7 P 7 F l F I I ' l O  
m m m m m m m m m m m m m m m m m m m  m m m m m m m m m m m m m m m m m m m  m m m m m m m m m m m m m m m m m m m  
m m m  DISCHARGE ( c f s l  
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21 Feb 96 

POND 1 INFLOW 8 OUTFLOW 
S E D I M E N T  STORQGE QUANTITIY 

STOR-IND METHOD 
PERK ELEUZ 5.7 FT 

PEFlK STOR= 398025 CF 

0;":: 145.9 CFS 
Ooutz 0.0 CFS 

LOG= 4 7 8 . 1  H I N  

T I M E  (hours) 
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APPENDIX A 

COMPUTER SOFTWARE USED TO PREPARE CALCULATION PACKAGE 
HydroCAD” STORMWATER MODELING SYSTEM 

Applied Microcomputer Systems, “HydroCAD TH Stomwater Modeling System If, version 3.10, 
Chocorva, NH, 1993. 

See Section 1.2 of the Design Parameter Summary. 
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SURFACEWATER MANAGEMENT m R  CLOSURE 

STORMWATER RUNON/RUNOFF AND DRAINAGE CONTROL STRUCTURES 

EXECUTIVE SUMMARY 

PurDose of Analvsis 

The purpose of this analysis is to evaluate the surface-water management system 
after the On-Site Disposal Facility (OSDF) is closed. This system is designed to protect 
the OSDF from damage caused by stormwater runon and runoff by diverting 
stormwater around the OSDF to existing watercourse. This system consists of drainage 
channels constructed around the perimeter of the OSDF. 

Method of Analvsis 

Stormwater Runon and Runoff Tine amount of stormwater runon and runoff was 
calculated using the computer program "HydroCAD" Stormwater Modeling System" 
(HydroCAD"). This program uses the hydraulic modeling methods presented in 
USDA-SCS Technical Releases 20 and 55. 

Drainage Control Structures: The performance of the drainage channels to be 
constructed around the OSDF was evaluated using HydroCAD". The performance of 
culverts was evaluated using methods presented in USDOT FHWA technical report 
entitled "Hydraulic Design of Highway Culverts" and the "Concrete Pipe" Design 
Manual", by the American Concrete Pipe Association. 

Conclusions 

Runodrunoff from the 2,000-year, 24-hour design storm event can be controlled 
without damaging the OSDF. The drainage channels constructed around the OSDF will 
not scour or accumulate excessive sediment. 

GE3900-08.1lF9630074 a 
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SURFACEWATER MANAGEMENT AFTER OSDF CLOSURE 

STORMWATER RUNON/RUNOFF AND DRAINAGE CONTROL STRUCTURES 

CALCULATION PROCEDURES 

PurDose 

The purpose of this document is to present the calculation procedures used to 
analyze the drainage control features that will protect the OSDF from stormwater runon 
and runoff throughout the closure period. Stormwater runon is defined as stormwater 
that flows from toward the OSDF from outside the battery limit. Likewise, stormwater 
runoff is the stormwater that flows off of the OSDF final cover slopes. In its final 
configuration (i.e., after closure), stormwater runon will flow towards the OSDF from 
the north and east. Stormwater runoff; however, will flow to the north, east, south, 
and west. Therefore, the calculations are subdivided into: (i) northern area; (ii) eastern 
area; (iii) southern area; and (iv) western area. The drainage control features include: 

drainage channels constructed around the perimeter of the OSDF that will 
divert stormwater runon and/or runoff away from the OSDF; and 

culverts constructed in conjunction with the drainage channels to divert 
stormwater runoff away from the OSDF. 

The calculations are performed in accordance with, and to verify compliance with, the 
DCP. The DCP requirements relevant to these calculations are: 

the drainage channels must accommodate both normal low flows and peak 
precipitation runodrunoff flows; 

the peak flow velocity in the drainage channels should no6iAtiate scour in 
the channel; and 

GE3900-08.1lF9630074 a 



GEOSYNTEC .CONSULTANTS !4 8 
Page of JQ 

Witten by: A J Date: 1 I&./ $6 Reviewed by: . Date: ? It& I f G  

lient: FERMCO Project: OSDF Proj ./Proposal No. : GE3900 Task No.: 08.1 

e t f F e 6 9 b  

the freeboard in the drainage channel should be at least 6 in. during the 
design storm event. 

Scope 

The procedures presented in this document will be used to perform the following 
calculations for each drainage area and for each design storm event: 

runodrunoff quantities; 

peak flow velocities and maximum depth of flow in drainage channels; and 

flow capacity of the culverts. 

In addition, the structural capacity of the culverts will be analyzed. 

Calculation Procedures 

General 

The computer program "HydroCADTM Stormwater Modeling System" [Applied 
Microcomputer Systems, 19931 (HydroCADTM), will be used to calculate runon and 
runoff quantities, and the peak flow velocities and maximum depth of flow in the 
drainage channels. HydroCADTM uses the hydrologic modeling methods presented in 
Technical Release 20 (TR20) [USDA-SCS, 19751 and TR55 [USDA-SCS, 1986al. (See 
Appendix A for information related to HydroCADTM.) The flow capacity of the 
culverts will be analyzed using the methods presented in the document entitled 
"Hydraulic Design of Highway Culverts " [USDOT-FHWA, 19851. The structural 
capacity of the culverts will be analyzed using the "Concrete Design Manual [American 
Concrete Pipe Association, 19701. 

GE3900-08.1lF9630074 0 
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Stormwater Runon and Runoff Ouantities 

The procedure for calculating stormwater runon and runoff quantities consists of 
the following steps. 

1 .  Define the drainage area to be analyzed. These data are presented in the design 
verification document. 

2: Calculate the weighted CN using the runoff curve number worksheet [USDA-SCS, 
1986a1, except for the OSDF cover slopes. A weighted CN of 98 is assigned for 
the OSDF final cover slopes. 

3. Define the parameters associated with the surface-water flow segments for each 
drainage area. The flow segments consist of sheet flow, shallow concentrated 
flow, and open channel flow. The engineering parameters needed to define these 
flow segments are listed below: 

for sheet flow: 

- - surface type which yields a Manning’s coefficient for sheet flow; 
- - the flow length (ft); 
- - slope of land (Wft); 

for shallow concentrated flow: 

- - flow length (ft); 
- - surface type (paved or unpaved); and 
- - average slope of land (Wft); are 

for open channel flow: 

- - Manning’s coefficient for open channel flow; 
- - channel length (ft); 
- - channel slope (Wft); and 

GE3900-08.1lF9630074 e 
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f lea  W9b - - pertinent channel geometry (e.g., side slopes (H:V) and depth (ft) or 
cross-sectional area (a2), and wetted perimeter (ft)). 

These data are also presented in the data verification document. 

4. Calculate the amount of runodrunoff for a drainage area and a design storm event 
and vegetative cover type. The data defined in Steps 1 through 3 are used as input 
to HydroCADm. HydroCADm uses the data to develop a "runoff hydrograph" 
as described below. 

a. Calculate the Time of Concentration (T,J for a drainage area. The Tc 
represents the time required for stormwater to travel from the most 
hydrologically distance point of a drainage area to the point of interest. Tc 
is calculated by summing the individual travel time (T, for each flow segment 
define in a drainage area. 

Travel time for each flow segment is calculated as follows: 

for sheet flow: 

0. 007(nL)0.8 
p;.5 $0.4 

T,= 

where: T, = Travel time for sleet flow (hours); 
n = Manning's coefficient for sheet flow, based on surface 

types; 
L =  flow length (ft); 
P, = amount of rainfall from a 2-year, 24-hour design storm 

event (in.); and 
s =  slope of land (ft/ft). 

GE3900-08.1lF9630074 e 



GEOSYNTEC CONSULTANTS 
f 
I, 4 4  % 

Page 5 of JQ 

J t  Date: / I&/ 56 Reviewed by: 4 55 Date: ? /& I& 

Task No.: 08.1 b:EMf, Project: OSDF Proj ./Proposal No. : GE3900 

f& a & 6 ? 6  
for shallow concentrated flow: 

L T, = - 
3600V 

where: T, = Travel time for shallow concentrated flow (hours); 
L = Flow length (ft); 
v =  average flow velocity (ft/s).- 

- [USDA-SCS, 1986al. 

for open channel flow: 

nL 
(3600)( 1 ,486)r0.6750 

T, = 

where: T, = Travel time for open channel flow (hours); 
n = Manning’s coefficient for open channel flow; 
L = channel length (ft) 
r =  
a =  
P, = wetted perimeter (ft); 
s = channel slope (ft). 

hydraulic radius (ft) = a/Pw; 
cross-sectional area of flow (ft2); 

b. Develop a unit hydrograph for the project site. The unit hydrograph is a 
dimensionless curve that represent the runoff distribution resulting from 1 in. 
of rainfall over the drainage area. To develop a unit hydrograph, 
HydroCADTM uses the CN value and the anticipated rainfall distribution. 
Develop a runoff hydrograph for the design storm event. HydroCADTM 
develops the runoff hydrograph by summing the amount of runoff calculated 
over a series of discrete time intervals during the storm event. The amount 
of runoff is calculated as follows: 

GE3900-08.1lF9630074 a 
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2s 
(P-0.2S)’ (Q = 0 if P<O.M) Q =  P+0.8s 

where: Q 

. s  

= amount of runoff (in.); 

= potential maximum retention after run off begins (in.); 
P = cumulative rainfall (in.); 

S = lOOOlCN - 10 
CN = runoff curve number. 

The discrete time interval or duration during which runoff calculations are 
performed is calculated as follows: 

2 
15 

D = -Tc 

where: D 
T, 

= duration (hours); and 
= time of concentration (hours). 

5 .  The resulting runoff hydrograph provides the runodrunoff quantities for the storm 
event as well as the peak runodrunoff quantity. 

Peak Flow Velocities and Maximum DeDth of Flow in Drainage Channels 

The procedures for calculating the peak flow velocity and the maximum depth of 
flow in a drainage channel consists of the following steps. 

1 .  Define points of interest along the drainage channel. These points include the 
locations of culverts or where multiple drainage areas converge. These locations 
are presented in the data verification document. 

2. Define the dimensions and geometry of the drainage channel at each point of 
interest. This information is also presented in the data verification document. 

GE3900-08.1lF9630074 a 
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3. Develop a discharge versus depth curve for the drainage channel by calculating the 

flow rate for various flow depths in the drainage channel based on the channel 
geometry. Flow rate is calculated as follows: 

.4‘ 
1,486arO”~O.~ 

n Q =  

where: Q = flow rate (cfs); 
a = cross-section area of flow (ft2); 
r = hydraulic radius (ft) = a/P,; 
P, = wetted perimeter (ft); 
s = channel slope (ftlft); and 
n = Manning’s coefficient for open channel flow. 

4. Calculate the peak flow velocity and the maximum depth of flow in a drainage 
channel at the point of interest: The runoff hydrograph previously calculated, the 
data defined in Steps 1 and 2, and the data calculated in Step 3 are used as input 
to HydroCAD” to route a design storm through the drainage channel. The routing 
calculation uses the runoff hydrograph as an inflow hydrograph to the point of 
interest. The result of this routing is an ou>flow hydrograph from which the peak 
flow is obtained. HydroCADTM simultaneous solves for the peak flow velocity and 
the maximum depth of flow by comparing the discharge versus depth curve and 
the following equation: 

CI 
r /  

v = -  QP 

*P 

where: V, = peak flow velocity (Ws); 
Q, = peak flow (cfs); 
Ap = cross-sectional area of flow a peak flow (ft2) 

5 .  Verify that the drainage channel satisfies the design criteria. 

GE3900-08.1 IF9630074 a 
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4. Calculate pipe strength (D-load) using the following equation: 

D-load.= [[ 21 + [ ?J] 5 D for L, I 1.5 

or 
r 1 

D-load = I[ 21 + [;]I 5 D for L, > 1.5 

where: D-load = pipe strength 
D =  inside diameter (ft); 

factor of safety; 
w, = live load (kips); 
WE = earth load (kips); and 

- - Fs 

loading factor. . - - Lf 

steps. 

1. 

2. 

3.  

Culvert Outlet Protection 

The procedure for calculating the riprap culvert outlet consists of the following 

Define culvert discharge. These data were previously calculated. 

Use the USDA-SCS [ 19871 design chart to select a Ds0 for the riprap and the 
length of the outlet apron. 

Calculate the apron size using the relationships shown on the design chart 
[USDA-SCS, 19871. 

GE3900-08.1 IF9630074 a 
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4. Calculate the D,, and D,, of the riprap as follows: 

D, = 1.5 x D,, 
D,, = 0.5 to 0.75 x D,, 

where: D,, = theoretical spherical diameter of average stone size; 
D, 
D,, 
percent of the material is smaller. 

= theoretical spherical diameter of largest stone size; and 
= theoretical spherical diameter of the stone size for whch 15 

5 .  Calculate the minimum thickness of the riprap, which should be two times the 
D,,, but not less than 6 in. 

6. Calculate granular filter blanket using the following relationships: 

and, 

The granular filter layer of filter should be approximately 6 in. thick. 

GE3900-08.1 IF9630074 a 
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SURFACEWATER MANAGEMENT AFTER OSDF CLOSURE 

STORMWATER RUNON/RUNOFF AND DRAINAGE CONTROL STRUCTURES 

DATA VERIFICATION 

PURPOSE 

The purpose of this document is to present the engineering data used to design drainage 
control features that will protect the OSDF from stormwater runon and runoff throughout the 
post-closure period. Stormwater runon is defined as stormwater that flows toward the OSDF 
from outside the battery limit. Likewise, stormwater runoff is the stormwater that flows off- 
of the OSDF final cover slopes. In its final configuration (Le., after closure), stormwater 
runon will flow towards the OSDF from the north and east. Stormwater runoff, however, 
will flow to the north, east, south, and west. Therefore, the calculations are subdivided into: 
(i) northern area; (ii) eastern area; (iii) southern area; and (iv) western area. The drainage 
control features include: e 

drainage channels constructed around the perimeter of the OSDF that will divert 
stormwater runon and/or runoff away from the OSDF; and 

culverts constructed in conjunction with the drainage channels to divert stormwater 
runoff away from the OSDF. 

The data presented in this document are used to satisfy the requirements presented in the 
DCP. The DCP requirements relevant to the data verification are: 

the drainage control structures designed to control runon shall be designed to limit 
interruption and damage (Le., washout) of the OSDF from the 2,000-year, 24-hour 
design storm event; 

the drainage control structures designed to control runoff shall be designed to limit 
interruption and damage of the OSDF from the 2,000-year, 24-hour design storm 
event; and 

the slope of the drainage channels shall be no less than 0.5 percent. 
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SCOPE 

The data presented in this document will be used to perform the following calculations: 

runodrunoff quantities; ’ 

peak flow velocities and maximum depth of flow in the drainage channels; 
flow capacity of culverts; and 
structural capacity of culverts. 

PARAMETERS FOR DESIGN 

General 

Data required to perform the calculations include: (i) rainfall information (Le., 
quantities, durations, distribution); (ii) flood elevation resulting from a 2,000-year, 24-hour 
storm event; (iii) drainage area information (Le., drainage channel dimensions and 
geometries, Manning’s coefficients for sheet flow and open channel flow, soil and vegetative 
cover types); and (iv) culvert information (i.e., size, type, cover, loadings). Engineering 
data will be obtained from site-specific studies and published engineering texts. 

Rainfall Information 

Rainfall Quantities and Durations 

Rainfall quantities for specific design storm events were summarized by Parsons [1995] 
and are presented in Table 1. Rainfall for the design storm required by the DCP or by the 
calculation method include: 

Storm Event Rainfall (in.) 

2-Year, 24-Hour 
25-Year, 24-Hour 
2000-Year, 24-Hour 

2.55 
4.7 

13.0 

Rainfall Distribution 

According to USDA-SCS [1986a], storm events that occur in the area of the OSDF site 
will have a Type I1 storm distribution, see Figure 1. Rainfall intensities for a Type 11, 24- 
hour storm are shown on Figure 2. 
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2.000-Year Flood Elevation 

The maximum expected flood elevation resulting from a 2,000-year, 24-hour design 
storm event must be considered for the OSDF flood protection system. As shown on Figure 
3 [Parsons, 19951, the flood water footprint for the 2,000-year storm does not impact the 
OSDF. 

Drainage Area Data 

Drainage Areas 

The watershed containing the OSDF is divided into drainage areas (e.g., northern (N), 
eastern (E), southern (S), and western 0). Each drainage area is further subdivided into 
drainage subareas (e.&., E-1, E-2, W-1, W-2, etc.) to accurately model the hydrologic and 
soil conditions of the drainage area. The drainage areas and their subareas are shown on 
Figures 4, 5, 6, and 7 .  

Drainage Flow Types 

Surface water flow within a drainage area is characterized as a series of flow segments. 
The flow segments will consist of sheet flow, shallow concentrated flow, and open channel 
flow. The engineering parameters needed to defiie these flow segments, along with the 
reference source for the data, is listed below: 

for sheet flow: 

- 

- 
- 

surface type which yields a Manning’s coefficient for sheet flow, Table 2 
[USDA-SCS, 1986al; 
flow length (ft), Figures 4, 5, 6, and 7 ;  
slope of land (ft/ft), Figures 4, 5, 6, and 7 ;  

for shallow concentrated flow: 

- 
- 
- 

flow length (ft), Figures 4, 5, 6, and 7 ;  
surface type (paved or unpaved); 
average slope of land (Wft),  Figures 4, 5, 6, and 7 ;  and 

for open channel flow: 

- Manning’s coefficient for open channel flow, Figure 8 and Tables 3 and 4 
[USDA-SCS, 1986b and Chow, 19591; 
channel length (ft), Figures 4, 5, 6, and 7 ;  - 
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- pertinent channel geometry (e.g., side slopes (H:V) and depth (ft) or cross- 

sectional area (ft2), and wetted perimeter (ft)), Figure 9. 

Cross sections of the various drainage channels are shown in Figure 9. 

Hydrologic Soil Group (HSG) 

The soil types found within the OSDF watershed are illustrated in Figure 10 [USDA- 
SCS, 19921. The HSG classification for each soil type identified were obtained from Table 5 
[USDA-SCS, 1986al. Soils found within the OSDF watershed and their associated HSG are: 

SCS Map Designator Soil Name HSG Grow 

DaB 
EcE2 
EcF2 
FcA 
FdA 
MsC2 
MsD2 
Ra 
RvB2 
RwB2 
XeB 
XeB2 
XfA 
xfB2 

D m  
Eden 
Eden . 

Fincastle 
Fincastle 
Miamian-Russell 
Miamian-Russell 
Ragsdale 
Russell-Miamian 
Russell-Miamian 
Xenia 
Xenia 
Xenia 
Xenia 

B 
C 
C 
C 
C 
C 
C 
B 
B 
B 
B 
B 
B 
B 

Vegetative Cover Type 

The HSGs identified within the drainage are subdivided by vegetative cover type. The 
vegetative cover types were selected based on a 1993 aerial photograph of the OSDF site. 
Vegetative cover types recognized by Technical Release 55 [USDA-SCS, 1986al (i.e., the 
hydrology model used in these calculations) are presented in Table 6 [USDA-SCS, 1986al. 

Hydrologic Condition 

Hydrologic condition and treatment are cover type modifiers used to describe: (i) the 
density of plant and crop residue in the drainage area; and (ii) the management of cultivated 
agricultural lands (Le., contour farming). The hydrologic condition is assumed to be fair to 
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good because the majority of the land is not used for grazing. These modifiers are= 
included in Table 6 .  

Runoff Curve Numbers 

Runoff Curve Numbers (CN) are factors used to account for the influence that each of 
the HSG, vegetative cover type, and hydrologic condition and treatment have on the amount 
of runoff. CN values may be obtained from Table 6 [USDA-SCS, 1986al. 

Antecedent Runoff Conditions 

The antecedent runoff condition (ARC) is the runoff potential of a drainage area before 
a storm event occurs. ARC accounts for variations in the CN due to soil saturation from 
previous storms. The CN values given in Table 6 [USDA-SCS, 19851 represent average 
ARC conditions which are normally used in design. 

For calculating the quantity of runoff from a 2,000-year, 24-hour storm event, it 
reasonable to assume that there will be some smaller storms preceding the storm of interest. 
These smaller storms are referred to as antecedent storms. The water from a series of 
antecedent storms will saturate the soil which, in turn, will reduce the amount of soil 
infiltration that can occur. 

A correlation between the standard CN values (Le., Condition 11) and the saturated CN 
values (i.e., Condition 111) is provided on Table 7 [USDA-SCS, 19851. 

Vegetation 

The vegetative cover of the OSDF is expected to change throughout the OSDF post- 
closure period. To account for this expected variation in vegetation, the following three 
scenarios were developed. 

Light Cover. This scenario represents the early, vegetative growth at the OSDF. The 
vegetation on the OSDF slopes is anticipated to consist of short grasses. The drainage 
channels are anticipated to consist of riprap and short grasses. 

Moderate Cover. This case represents dense grasses on the OSDF slopes and riprap and 
short grasses in the drainage channel. 

Heavy Cover. This scenario represents dense grass on the OSDF slopes and riprap and 
dense grass in the drainage channel. 

000428 
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The Manning's coefficient (n) for grass-lined open channels is dependent on the three 

factors: (i) vegetation type; (ii) flow velocity; and (iii) hydraulic radius. Therefore, it is 
unreasonable to assume that a single n value will satisfy each possible condition in the 
channel throughout the OSDF post-closure period. According to Earth Systems Associates, 
Ltd. [1996], the vegetative cover types may be categorized into reference groups "A" or "B'l 
[USDA-SCS, 1986bl. Manning's n for various vegetative retardance groups may be obtained 
from Figure 8 [USDA-l986b]. Because the vegetation in the drainage channel will vary over 
time, a minimum and maximum Manning's n was selected, 0.030 and 0.10, respectively. 
These Manning's n values fall within the range presented in Chow [1959], see Table 4. 

Summary 

A summary of the drainage area data is presented in Tables 8, 9, 10, and 11. 

Culverts 

Culverts will be used to carry the stormwater runoff from a 25-year, 24-hour design 
storm event away from the OSDF under the perimeter access road on the west side of the 
OSDF. A drop inlet structure will be used to pool the water to be carried by the culvert. 
The culverts will be 18-in. diameter concrete pipes placed in a Class B type trench with a 
granular foundation. A cross-section of the road and culvert is provided in Figure 11. 
Culvert design charts [USDOT-FHWA, 19851 are presented as Figures 12 and 13. These 
culverts must function with a factor of safety between 1.25 and 1.5 under an AASHTO H-20 
live load (i.e., maximum axle load of 32 kips) and applicable dead loads, see Tables 12 and 
13 [American Concrete Pipe Association, 19701. For cover thickness less than 3 ft, increase 
the live load by an impact factor I, as follows: 

@ 

0 - 1 ft, IF = 1.3; 
1 - 2 ft, I, = 1.2; and 
2 - 3 ft, IF = 1.1. 

Pipe bedding and loading factors are presented in Figure 14. Riprap for the culvert outlet 
will be size using the USDa-SCS [1982] design chart presented in Figure 15. 
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TABLE . 1 - RAINFALL DEPTH FOR A GIVEN DURATION 231 Is 
(INCHES) & Z (  aP/P 

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 El 

These values are used on PH Records for HEC-1. 
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Smooth surfaces (concrete, asphalt, p ; i v e l .  or 
bare soil) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.0 1 1 

. . . .  _ -  - 
Fallow (no residue) .......................... 0.05 

Cu I ti vated soils: 
Residue cover <20% . . . . . . . . . . . . . . . . . . . . . .  
Residue cover > 20% ...................... 

0.0(i . 
0.17 

Crass: 
Short  grass prairie . . . . . . . . . . . . . . . . . . . . . . . .  0.15 

Bennutlagiass . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0:ll 
Dciise grasses2 ............................ 0.24 

Range (natur;il) ............................. 0.13 

V SOA-5C5 
(210-VI-TI{-55, Secord Ed., June 1'386) 
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0 / D I  F D S S  
D I F O S S I L O N  

C I FOUWAPD 

I F O S S V N  
0 0 I F O S l E P  

c I rOSlOPlA 

n I foua S I A P  

c I F O U R C H f  E 
0 I F o u a L o c  0 

C I F O U N I A I U  

0 I F O U R  S l A P .  D U A I H E O  0 

0 I r O U Y N E  0 
F I F O U P M I L E  t) 

e I fox e 
c I f O X C U E f C  0 
C I f O X C P E C K ,  O P A I N C D  C 

0 
C 
0 

0 
0 
C 
C 
e 
C 

e 

A 

* e  
A . 
C 
C 
C /tl 
0 
C 
C 
C 
0 
0 
0 
./D 
C 
e 
D 
C 
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e 
C 
0 
C 

C 
0 
D 

A 

e 
A 

C 
C 
0 
0 
C 
C 
0 

0 
0 
0 
C 
0 
C 
e 
C 
C 
0 
C 
C 
C 
0./0 
C 
0 
C 

0 

e 

c .  

0 
0 
C 
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-TABLE 5 ., continued: lIydrologic soil groups for United States soils 

C E L V I f  
M C C L N N A  
L C C E U N A .  O P A I N C O  
M C K E N I  I €  
3 c c  I Y L C  I 
* C C l N * E  I 
" C C W  I CN I 
M C L A I N  
n C L . U F I N  
" C L f O O  
Y C L l J U C h L  I N  

" C M C C U  
- C * I L L ~  
n c n u ~ ~  IN 

* C M U P O I E  
n C  MUPI) a 1 
I C * U O P A I .  D O A I N E O  
M C N A P  1 
M C N f  AI .  

M C Y U L L  
*(NUL 1 I 
* C P A U L  
* C P H I f  
M C 3 U A P Q  I C  
M C V U L E N  
L C R A C  
H C P A V f  N 

M C I ~ C G A L I  
" C V f C A S  
"I V I C C E I S  
*L A 0  
M C 4 O I U  
M C  A D L A N O  
MCAOOWBQ30C 
N E A D O W C Q L E C  
* E  AOOWLACf 

A O O W V  I L L L  
*f A N 5  
U f A Q f 5  

0 
R 
3 
C 
e 

R 
F 
C 
C 
0 
C 

I 

0 
I3 
C 

P 
0 
8 
0 
C 
L 

C 
a 
LI 
C 
b' 
0 
0 
C 
L 

e 

A 

./C 
0 
I 

e '  

e 

C 
C 
C 
(1 

C 
010 
0 
C 
D '  
e 
0 
C 
C 
C 
C 

C 
R 
U 
D 

8 

C 
n 

I3 

C 
F 
C 
0 

A 
It 

0 
C 

A 
C 
0 
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POOUOUOCK 

PORQE 1 I 
PORRONC 
P O I  1 
P O R I  O T R O U  
POQ (AGE 
P O 0  1 AGE V I L L €  
P O R I A L E S  
POR 1 A L l O  

P O P I C R S  
P O R I E P V I L L E  

PORT I A  
P O I  I I uo 
P O a  I L A U O  
COR I C O U U I  

P O I  1 O L  A 

PORUY 
P O S A U l  
D O S E U  
P O S L I  

P O S I T A S  
P O S K I U  
P O S O  
POSOS 
POSl 
P O I A W U S  

p o n r i a i o  

P o n i c Q r i E L o  

pop i n  ILL 

poa i  YEUF 

Ponisuouin 

P o s E v v t L L e  

Po 1 c n m  
P O T E E  T 
P O I E L L  * ' 0 1 H  

O I L A l C n  
P O T O Y A C  
P O l O S  I 
P O I P A  I.? 
P O l S O A Y  
P O l l f P  
P O I 1  I U G L R  
P O I T S  
P O I I S B U R G  
P o u o a t  
D O U J A O E  
P D U L S B O  
POUNCE Y 
P O V C R I V  
P O V E I  
P o u o E a  
P o w o ~ e n o i n  
P o w o E a u A s n  
P O U C L H  
P O U E L L  
POWER 
PowcnLiuc 
POULE r 
POWYL ur 
P O W I A H K E E  
POWWAIKA 
P O I  
P O V G A U  
P O I U O R  
P O I 0  
P O Z O  BCAWCO 
P P A G  
P P A I R I C V I L L C  
P R A Y I S S  

P a A  1 L C V  
P R A 1 1  

P I C  AKHESS 
P Q E A I O R S O M  

P a A i n C a  

Pacacuca 

1ABL.E S , continued: Hydrologic soil groups for United States soile 

c I P R C Y I L R  
c I P P E U I I S L  
0 I P R L S A  
e I Pntsnca 
B I P R E S 1 0  
B 1 P a € S l O *  
0 I P P L W l l I  
0 I P I E *  
e I Pa icc  
0 I P R I O A  
C I P R I O H A Y  
0 I P R I E S I L A K E  
0 I P R I E I A  
0 I P Q I U  

c I P R I W C U  

e I P P I n c E l O u  
B I P n i u E v i L L E  
0 I P P l N G  
B a l l  P R I U G L E  
0 I P Q I ' I C H A R O  
0 1 P R I l C H E l l  
B I PROCHASKA 
B I P Q O C I O R  
c I PPOGPESSO 
o I P a o w i s €  
c I PROW0 
B I P w o w  
c I P u o P n E v s v o u N  
0 I P R O S P L C l  
B I puospcn 
C I PROSSEQ 
c I P P O I I V I N  
B I P R O U I  
c I PROUVT 
c I P R O V l O C W C E  

C I P R I W E A U I  

0 I PRIMGHAP 

A I P R O V l G  
b I PPOVO 
C I PPOVO B A V  
c I PROW 
C I P P U D T  
0 I P R U I  
0 I P R U I I I O N  
S / O l  D R U W I E  
0 I PPTOR 
0 - 1  PSUGA 
0 I P I A P Y I G A H  
D I PUAPUA 
0 I P U A U L U  
B I P U C H I A N  
0 I P U O O L L  
c I pmaco 

c I P M R I C C I I O  
c I P V E l l  
8 I P u r F E n  
c I P U C E 1  
o I P u c C i .  P a o i E c i t o  
c I P U C S L E T  
e I P W I  

0 I P U l C E  

o I PUAUIAI 

C I P W P I A  

C I P U H I U A U  

0 I P U A  

C I P U L A S K I  
0 1 P U C A U  
c I Puunu 
a I PLJLL.AS 

c I P U P I I  
c I PULS 
A I pustpwcn 
a I P l A I N L I  
O / O l  P W E L  

C I P I I L L M A N  

e I P U u C H e O r L  
c I P W G  
B I PUYCO 
B I Puuonu 
e I P W S I I  
4 I P U U l A  
0 I F U N I I L L A  
C I P I J Q C L L L A  

C I PUPDAM 
0 I P U R O T  
0 I D U R C I I  

e I PuncHcs 

0 I P I J Q G A l O R T  
o I Puauta 
c I P U R O B  
0 I P W S L E T  
B I P U R V f S  

c I P U S l O l  
B I PUSHWAIAWA 

B I P U I N A W  
0 1 P U I N C I  
c I PUIT 
C I P U l l S l t Q  
4/01 P U U  00 
@ I P W  OPAE 
C I PUU PA 
0 I PUU P A .  NDNSIONV 
0 I P U U K A L A  
C I PUUONE 
8/01 P U T 4 L L U P  
e I PTBURW 
e I P I L L  
c I P T L D U  
c I P T O l C  
C I P T P 4 Y l O  
C I P V P W O N I  
C I PVPWONI .  SCDQOCK 
c I S U I S 1 R 4 T U M  
0 I P I W E L L  
0 I O U A f C N O  
0 I O U A K C R  
8 I O V A C C R I O U N  
B I OUAM 
B I OU.WOU 
0 1 O U A h b H  
C I O U A U O C P  
0 I O U A N I I C O  
C 1 O U A P L C S  
0 I O U A C I ~ O U P S  
A I O U A P I Z V L L L C  
0 I O U A P Z  

0 I OUAT 
0 I O U A Z O  
0 I O U C I L U A U  
0 I O U C 4 L T  
0 1 O t I C O P A O A  

e I O U ~ I A W A  

0 I ouctur  
c I O U € C I S  

e I oucuiea 
0 I OUCRC 
c I o u e a C u C t A  
c I O U E l l C O  

C I OVCMAVO 

C I O U I C K S C L L  

C I O U I C K V L R I  

0 1 O U l t Y S A O E  

. e  I O U I C K S I L V C R  

e I ou1orw 

0 I OUIfIUS 
c I O U I G L C V  
o I ouiwi 
0 I O U I L C E U I !  
C I O U I L L A T U I L  
0 I O U I L O I O S A  

0 I OUIf iL1VCN 
c I O U I U U .  
0 I O U I U Y C T  
A I auiniAuA 
c 1 O U l N l O  
S / O I  auiniow 
0 I OUITCPIA 
0 I OUIlUAY 
c I ouivcn. 
c I ououstr 
0 I O U O P A N I  
0 I O U O S A l A U A  

0 I P A O E P  
0 I R A 0 l O C U I  

C 1 P A B O ~ I E I  

e I E A O V U  

0 I RACE 
c I R A C I U E  
B I R A C K E Q  
0 I RACOWOCS 
0 1 P A C O O U  
c I PA0 
C I R A D .  L A C U S I R I U L  
A I S U B S I P A I U U  

b I P A O O L C  
e I PAD. rLoooco 

r I uAoEn 
C I PAOLRS0URG 
C I RAOFOPO 
0 I P A D L E T  
0 I RAOUOP 
0 I P A F A L L  

0 I R A F I O N  
b I I A F I R I V E R  
0 I R A G L A N  
0 I P A C N A R  
C I R A C H E L  

I P A G O  

C I R A I L A K E  
C I R A I L E C L A I  
c I R A i L i r r  
B I PAION 
0 I r ( A 1 S O W  
A I R b l 1 L C P  
C I PA110  
C I Q L I T O .  S I O N V  
c I R A U B  
0 I RAUGHl 
e/ol  R A U V I L L E  
0 . I R A U Z l  
C I P A V A I . L I  

B 1 S U B S I P A I U M  
C I Q A V E H  
C I Q A V E U D A L E  
0 I R A V C U E L L  
C I Q A V E U U A  

0 I U A V I A  
B I R A V O L A  
B I QAWAH 

e I QAVALLI. B C O R O C K  

0 I aAvCusuooo 

e I a a w E  
0 I . a A w L t s  
B I R A U L I U S  
C I Q A Y S O U  
0 I R A I S O U V I L L E  
0 I R A V O U R U  
c I n A v E a  
c I RATfORO 
C I R A T L I K E  
0 I D A T N O U O V I L L E  
C I R A V U E  

I ~ A T N L S ~ O Q O  
0 1 OATYHAM 
0 1 Q A V U O L O S O U  
e I D A Y O W I L L  

0 
B 
o 
C 
0 1  
C .  
0 
0 
0 .  
C 
C 
0 
0 
C 
0 
0 

0 
0 
0 
8 
P 
0 
B 
C 
0 
B 
C 
C 
C 

e 

e 

e 

e 
e 
C 
D 
C 
0 
0 
B 
B 
0 
C 
0 
C 
0 
C 
B 
0 
8 
0 
B 

A 
0 
0 
C 
C 
C 
0 
C 
C 
e 
0 
0 
C 
0 
0 
C 
0 
0 
8 
0 
C 
0 
C 
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5 , continued: Hydrologic Boil groups for United States mi le  

4 I POSLMOALL 
A I POSCVUALL 
0 I P 0 C L V l L L t  
0 I P O S t U 0 0 0  
0 I P I ) S i U O O D .  W E 1  
c I P O S L I O P l M  
0 I COSMC S P P I N G S  
U I ROSML S P P l N G S .  
9 I O R A I N E D  

0 I P O S I N E  
0 I POSIIAS 
0 I P O 5 l l A S .  C L A T E I  
0 I S U Q S I * A I U Y  
0 I POSIIAS. L O 4 W I .  

0 I P O S I I A S .  *El 

o I aosuoLt 

c I .E1  

c I n n s L v w  

c I ansuEi 
c I COSS 
o I aosseuoc 
e101 aossr ICLD 
c I uocsYooP 

0 I P O S V L L L  

C I P9SI.N 

C I POSSNOTNC 

C I D 9 S T  
t) I P O I A * E 9  
c I a o i ~ ~  
0 I C O I U I C A N  
D I a O l H l f M A T  

0 I P O I * S A ?  
C I L ' J I I N O M  
0 I P O I 0  
3 I S O I I U L C C  

crmi aoucm . 
e I aoubncnfcc 

3 I n o u r , n m o u u f  
c I aouun OUIIC 

C I P O U E I O C A U  

0 I FOULMLOCK 

A I 0  I POUND4cIOUI  
U I POUNOPAUM 
9 1 COUMOWCAO 
C I 90'1NOD9 
0 I c o u * o l u P  
0 I LOUNOUP 
0 I hoUNOT 

n I SACLWTO 

? I SABLE 

C I S A B I N .  
0 I S A 0 I M C  

0 I S A C  
C 1 SACMEEN 
0 I S A C N C l I  
0 I S A C 0  
C I S A C U A Y L N I O  
C 1 S A C I U I  
6 I SACUL 
F I SAOOLC 
0 I S 4 D O L f 0 A C K  
C I SAOOLLGAP 
e I sanoccnocc 
f I S A O f P  
0 I S A D l C  
C I S A O L E O  
A I S A F F E L L  
b I S A G  
6 I S A G A M I M C  
P I S A G A S C P  
0 I S A G €  

I ) '  I S A G E D A L E  
C I S A G E I ' I L L  

I' I S b G F I ) S  
C I I A C f P I O M  

C I S A G O  
C/O1 SAGOUSPE 
P I SACOUSPL. OPAIMEO 

C I C A M A L l L  
b I S A M U A P I I A  
C I S b l D  
0 I S A 1 0 0  

c I S . G C C P C E I  

c I ~ A G F U O O P  

c I S r t L E  

0 I SAGUACME 

o I s r i ~ 0 r . 1  

e / o i  S A I F A M  

r I ~ A L A C A P  

L' I SAILBCAI. O P A I N E D  

A I S A L  

U I S A L A D O M  
C 1 S A L A L  

C 
0 
0 
0 
0 
0 

0 '  
0 / 0  
0 
0 
C 
C 
0 
0 
0 

0 
C 
0 
A 

C 
0 
D 
0 

L N  0 
0 
C 
0 
0 
0 
C 
0 
0 
0 
0 
0 

0 
A 

0 
0 
D 
C 

A 

. 

c -  
0 
8 
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%&E 5. ., continued: Hydrologic soil groups for United State8 soils 4 2i r=d% 

WcLson 
V I L S O M G U L C M  
v l L s O H v l L L C  
W I L S O Q  
V l L S l  
W I L I O M  
V I M A O A  
W I HOE QQ T 
W I H C M E S I C Q  
v I M C H U C L  
V I M 0  Q I V C Q  
W I M O C O A I  
WlMDEQ 
UIMDEQ 

D E P Q E S S I O M A L  
V I  NOH A M  

V I M D I C Q E E C  
1 IMDM I L L  
U I M O S O Q  
W I M O I H O Q S I  
V l M o w H l  S I L E  
v I N O W H I S I L E .  WAQU 
V l M D T  
W I M O T P O I M I  
V I M E G  

v I ME I 1 I 
VI HET A D A  

W I M f  ALL 
W IMF 1 E L 0  
W I N G  
W I M C A l E  
V I M G E Q  
W I MGl N A U  

W l M G V I L L E  
V I M I f  R E D  
V I M C  
u I U S C L  
w I M C L E M A M  

W l M E U A  

WIUCLLUAH.  WET 
W I H K L L Q  
I I H L E Q  
w I *LO 
W l W H  

v I nu€ 0 A GO 
U l M M L C O ~ H L  
V I  *ME COOK 
VlMMf.UUCCA 
V IMMC S H I C K  
V l M M f  1 1  
r l U M S 0 D Q O  
U l M O U  

W I M O M A  

w I Hoosc 1 
w I MOPLE 
w I H Q  I DGC 
V I  M S M I  P 
W l H S P t C T  
W l M S l O H  
W I M l  

W l M l E P F l E L O  
u i  M i C a n A v c M  
w I n i c  I( IDGC 
U I M l E R S  
W l  M I C Q S 0 U Q C  
V I M T E Q S E T  
W I N  I H Q O P  
V l W I L E T  
W l M l O N  
U I M 1 0 M C Q  
W l M U  
W I M Z  
W I O I A  
W l P P L C  

WlSCOW 
V I S E  
W I S C M A M  
W l  Sf L A 1  

v i a l  

0 I U l S H A Q O  
0 I V l S H 0 O M E  
D I W l s n C T L u  
0 I W l S H I A H  
C I WISHCAM.  D R A I N E D  
0 I W l S K A M  
C I S l S C l F L A l  
C I WISMEQ 
A I W l S l E Q  
c I VII~ECI 
0 I w i t w c L s  

0 / D I  U I I H E C  
0 1 W I 1 H A M  

0 I U I ~ M C Q 0 C E  
I W l l H E Q E L L  

0 I W l k U C Q S  
A 1 W l l l  

0 . I  V l l I E M  
A I W I T ~ L W ~ E O G  
c I V l r Z E L  
c I uta 
0 I W I X O M  
0 I U O C I L . E T  
0 I W r n A  

0 I WOOEH 
c . I V 0 0 S C 0 W  
0 I W r n S c 0 r .  OPAINEO 

0 I VDLCO 
0 I W O L C O l l  

C I V O H L T  

D I VOLDALE 
0 I WOLOALC. O Q A I N E O  
0101 UOLF 
0 I VOLF P O l t I l  
0 I VOLFCQEEC 
C I U0LFESO.I 
0 I WOLFESON. W C T  
D 1 WOLFEV 
c I VOCFPEM 
D I V 0 L F l E T E Q  
0 I VOLLAQO 
D I WOLLEMT 
D I w a o r  
C I V O L V L Q I M E  
0 1 VOMACC 
c I w o o  
C I VDO. OVERWASH 
0 I WOO. WET 
0 I WOO0 Q I V L Q  
0 I VOOOBCCK 
D I . 0 0 0 0 1 M €  
0 I U 0 0 0 0 Q I O G E  
D I V 0 0 0 0 U Q M  
0 I W 0 0 0 0 U Q T  
0 I VOODCOCK 
D I W W D F O Q O  
c I WCnOCULCn 
0 I V ~ O H A L L  

D I W000IH 

0 I V 0 0 0 1 M V I L L L  
0 1 V O O D I M V I L L E .  

0 I VOOOHUQSI  

A / D I  V 0 0 0 1 M G l O N  

C I O Q A I N E O  
c I b W O L A W M  
C I W W D L E 4 F  
A I V W D L V  
0 1 W M D L T N  
C I w W O M A M S I E  
8 I 106DMCQE 
c I W0ODMONI  
D I U W O P A S S  
0 I W W O Q O C I  
C I WOQOQOW 
0 I WWDQOW. 
0 .I S A L I N E - A L K A L I  
C I WWOROU. 
A 1 O C C A S I O N A L L Y  
D I iLoooeo 

C I WCOOS C Q O S S  
0 I WOOOSETC 
c I V O C O S F l ~ L O  
0 I V W D S l O C  
C I W O O D S L A K E  
c I VOODSON 
0 I v o o o s i o c a  
0/0l .*000.10.*' 
c I w r n o I L L L  
0/0l W O O D V l L L C  
B I UOODUAQD 
0 I WOODrCSr 
c I UOOFUS 
A / O l  WOOLPEQ 
0 I WOOLSEV 
C 1 V O O L S I A L F  
0 I W O O L S l C O  
D I WCOMSOCCEI  
8 I WOQSLET 
0 I W O O S I E Q  
C I W O Q C C S I E Q  
f l  I WOQOCM 
C I WOQF 
0 I WOQCKA 
0 I V M F M A H  
C I WOQFSlOME 
0 I WDQt 
0 I W O R K .  C Q A V E L L V  
C I WOQLAHO 
e / O l  WOQLEV 
0 I bOQUSEQ 
C I VOQOCC 
0 I WOQSHAU 
C I W O Q I H  
0 I W O Q I M E N  
C I W O Q l H l M G  
D I U O Q I W A M  
C I b O B l W A M .  S A U D I  
A I WOWOCA 
C I VQANGCLL 
C I VQAMGO 
0 I W K A V H A  

0 I WQCDAH 
A I UREMCOE 
C I WQCNYAM 
0 I W Q E N I H A M  
C I W R I G H T  
C I U P I C H T U A M  
o I WRIG~ISBOQO 
0 I W R I G H I S V I L L E  
0 I v P l G n I w O O D  
c I W U C O L I  

C I V U K S I  
D I w a r E P i  
0 I WUMJET 
D I U U P A 1 I I  
A I VUQMO 
C I W U Q S I L U  
C I V @ 1 5 0 O P O  
C I V T A L U S I M C  
0 /D(  W T A M D O I I E  
0 I W T A N I  
C I W V A R O  

I U T A Q H O  
0 I V T A I I  

' C  I V T C O L O  
0 I V I E  
0 I U V t A S 1  

0 I V T E V I L L C  
C I U T I C K  
0 I U V I C H A M  

0 1 U T M A N  
C I WTMCRC 

0 I W T C I ~  

c I r T K O F r  

I U T N D M C R C  

I W T N N V I L L C  
I WTMOMA 

c I uvwn 

0 I VCGEM 0 I WVMOOSC 
D I WTCCCMA 0 I T E G U A S  

0 I T E L L O W D A I  
C / O 1  TCLLOVHOUMD 

6 I T C L L O W S I O M E  

0 11 V E M A S S C E  
0 I TEMCC . 

c I WVOMIMC A I T E L J A C C  
0 I WVQEME 
0 I W T S O C I l M G  
0 I I A M A  e I v c L L o w a o c c  
C / o 1  LAMADU 

D J X E M I A  

C . I  K A V I E Q  0 I T f L Y  

D I acme 

C 
C 
C 
D 
C 
0 
A 

D 
0 
0 
C 
0 
C 
D 

L E Q I A  
XCQKCS 
X l C A  
a IWC 
a ~ P L  

w e  1 
1 1 P C .  Y O D C Q A l E L T  

X l A M  

T A C O L 1  
T A C O  
V A M A M A  

T A H A P A  
V A H M C  

V A H O L A  

T anoa 
V A I M A I  

1 A K  I 
T A K I l A  
TAKUS 
T A C U ~ A ~  

T A L E L A C E  
TALC S V  I L L €  
T A L L A M 1  
VALMC Q 
T A M A C  
V A Y H I L L  
T A U 0  

T A M S A T  

T A M 1  

TAMCV 
T A M K E E  
VAMK IOU 
T A K U S H  
T A P  
VAPOAH 
I A O U I  
T L O U l  NA 
V A O U I N A .  O Q A I M E O  
I A Q C O  
T L E O L E T  
V A Q 1 S  
T A l  AMOMET 
T A T  AHOHE T .  STOMV 
T A l E S  
VAUCO 
VAUHAHMAH 
VAUPOM 
T A W O I U  

V A V n E E  
TAVKEV 

0 I T A X O N  
C 1 V E A G E P  
C I T F A Q V  
0 I T E A I C S  HOLLOW 
C I T E A T L S  HOLLOW.  

C I TCMLO 
0 1 T E M P I 0  
C I T E O U A N  
C I T E O P I M  
0 I T E Q I U C ~ O M  
C I l C Q W 0  

I VESUM 
0 I V E t l L *  
0 I V E I U L L  
c I V I G D  
C I T I P D Q  
C I T L I C  

0 I TOCUUU 
0 I T O C K L T  
0 1 TOOCQ 
0 I TODV 
0 I V O n u Q I  
0 I T O C A V ( 0  

A I TOKOHL 

c I 1001 

0 I V O K U 1  

0 I VOLO 
C I T O L L A B O L L T  

0 I TOLOGO 
F I V O U 0 A  
c I T O M O N 1  
a I VOHGCS 
0 I TOMMA 

0 I VOQDA 
0 I T'FQK 
0 I VOQKlOWN 
0 I T O Q K I Q E E  
0 I V O Q C V I L L E  
0 I T O S l  
0 I T O S I .  D Q 4 I M C D  
B I TOUO 
0 I VOUGA 
C 
0 
C 
e 
C 
0 
0 
C 
0 
0 
0 
e 
e 

T O U C A .  S A M O T  
S U B S  l Q  Alum 

V 0 U J . T  
V O U M A M  
rouucs 1 nu 
vouticsinn. UE I 
TOUQAUC 
1 'FU I L K U L  
T O V I M P A  
T P S l  
T Q I R A Q U L M  
V S  1 0 0 1 4  
V TUP0 I D €  

e I ~ I U Q Q I A  

c I I U C O  
A I TUBA 

0 I YUKON 
C I T U L C C  

C I LOAMT S U 0 S I Q A l U M .  I TUMCS 
I I U H O U L  0 I S l O M T  

0 I T E A I E S  HOLLOW.  C I VUQY 
0 I L O A K T  S U 0 S I Q A l U M  I T U I Q U C  
C I V E A l E L  U O L L O V .  C 'I T U V A S  
0 I S I O M T  I ZAAQ 
0 I V C A I C S  H O L L O U .  c I X A B A  

I XACA 
C I T C A l C S  H O L L O U .  OQT C I 2 A C n A a I A . S  
0 I T ' C A I E S  HOLLOW. C I XACHART 

0 I T t A I O M  c I LADOC 
C I TCCROSS A I X A O V A l  
c I V C O L I C I  0 I Z A f R A  

e I MONSIOMT 

0 I C O 0 O L T  I Z A C I  

0 
C 
E 

- 0  
0 

D 
C 
C 
C 
0 

I .  

. 

n 
0 

0 
0 
0 

0 
0 
C 
C 
C 

0 
C 
D 
D 
D 
0 
D 
0 
0 
0 
P 
0 
0 
D 
C 
0 
c 
D 
0 
C 
D 
0 
D 

0 
C 
fl 
C 
0 
0 
D 
C 
0 
C 
A 

4 
0 
0 
D 
0 
0 
C 
D 
0 
0 
0 
0 
0 
0 
C 
0 
A d 0  
0 
0 

. 

. 

c' 



Table &a.--Runoff curve numbers for cultivated agrlcuttural lands1 

Curve numbers for 
Cover description hydrologic soil group- e z/k6: 

Hydrologic 
Cover type Treatment, conditioe A B C 0 

Fallow Bare soil 
Crop residue cover (CR) 

- 77 86 91 94 
Poor 76 85 90 93 
Good 74 03 88 90 

Row crops Straight row Poor 
Good 

Straight row + CR Poor 
Good 

Contoured (C) Poor 
Good 

Contoured + CR Poor 
Good 

Contoured 8 terraced (CBT) Poor 
Good 

Contoured & terraced + CR Poor 
Good 

72 81 88 91 
67 78 85 89 
71 80 87 90 
64 75 82 85 
70 79 84 88 
65 75 82 86 
69 78 83 87 
64 74 81 85 
66 74 80 82 
62 71 78 81 
65 73 79 81 
61 70 77 80 

Small grain Straight row 

Straight row + CR 

Contoured 

Contoured + CR 

Contoured 8 terraced 

Contoured 8 terraced + CR 

Poor 
Good 
Poor 
Good 
Poor 
Good 
Poor 
Good 
Poor 
Good 
Poor 
Good 

65 
63 
64 
60 
63 
61 
62 
60 
61 
59 
60 
58 

76 84 88 
75 83 87 
75 83 86 
72 80 84 
74 82 85 
73 81 84 
73 81 84 
72 80 83 
72 79 82 
70 78 81 
71 78 81 
69 77 80 

Close-seeded Straight row Poor 66 77 85 89 
or broadcast Good 58 72 81 85 
legumes or Contoured Poor 64 75 83 85 
rotation Good 55 69 78 83 
meadow Contoured 8 terraced Poor 63 73 80 83 

Good 51 67 76 80 

* Average runoff condition. 
*Crop residue cover (CR) applies only if residue is on .at least 5% 
of the surface throughout the year. 

3 Hydrologic condition is based on combination of factors that af- 
fect infiltration and runoff, including (a) density and canopy of 
vegetative areas, (b) amount of year-round cover, (c) amount of 
grass or close-seeded legumes in rotations, (d) percent of 
residue cover on the land surface (good >, 20%). and (e) degree 
of surface roughness. 
Poor: Factors impair infiltration and tend to increase runoff. 
Good: Factors encourage average and better than average in- 
filtration and tend to decrease runoff. 

2-85 
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fm7&?6 -24 fable 6 b.-Runoff curve numbers for other agricultural lands' 

&; zlFe6 Y6 Curve numbers for 
Cover description hydrologic soil group- 

Hydrologic 
wer type condition A B C D 

Pasture, grassland, or range-continuous 
forage for grazing.2 

Poor 68 79 . 86 89 
Fair 49 69 79 84 

Good 39 61 74 80 

Meadow-continuous grass, protected from 
grazing and generally mowed for hay. - 30 58 71 78 

Brush-brush-weed-grass mixture with brush Poor 48 67 77 83 
the major e1ement.J Fair 35 56 70 77 

Good 304 48 65 73 

Woods-grass combination (orchard Poor 57 73 82 86 

Good 32 58 72 79 
or tree farm).s Fair 43 65 76 82 

Woods6 Poor 45 66 77 83 
Fair 36 60 73 79 

Good 30' 55 70 77 

Farmsteads-buildings, lanes, driveways, 
and surrounding lots. - 59 74 82 86 

~~~~ ~~ 

Average runoff condition. 

fair: 50% to 75% ground cover and not heavily grazed. 
ZPoor: c 50% ground cover or heavily grazed with no mulch. 

ood: > 75% ground cover and lightly or only occasionally 

ooc c 50% ground cover. 
fair: 50 to 75% ground cover. 

'Good: > 75% ground cover. 
'Actual curve number is less than 30: use CN = 30 for runoff 
computations. 

SCN's shown were computed for areas with 50% woods and 50% 
grass (pasture) cover. Other combinations of conditions may be 
computed from the CN's for woods and pasture. 

6Poor: Forest. litter, small trees. and brush have been destroyed 
by heavy grazing or regular burning. 
fair: Woods are grazed but not burned. and some forest litter 
covers the soil. 
Good: Woods are protected from grazing. and litter and brush 
adequately cover the soil. 

e - z e d .  

000443 
2-86 
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Table 6 c.-Runoff curve n u m k n  tor rrld a d  wmlrrld rangelands1 

-& &k6% curve numbers tor 
Cover description hydrologic soil group- . 

--- -- - 
Hydrologic 

Cover type condition' A3 B C 0 

Herbaceous-mixture of grass, weeds, and 
low-growing brush, with brush the 
minor element. 

Oak-aspen-mountain brush mixture of oak brush, 
aspen, mountain mahogany, bitter brush, maple, 
and other brush. 

grass understory. 
Pinyon-juniper-pinyon, juniper, or both; 

Sagebrush with grass understory. 

Desen shrub-major plants include saltbush, 
greasewood, creosotebus h, blackbrush, bu rsage, 
palo verde, mesquite. and cactus. 

Poor 
Feir 

Good 
Poor 
Fair 

Good 
Poor 
Fair 

Good 
Poor 
Fair 

Good 
Poor 
Fair 

Good 

80 87 93 
71 81 89 
62 74 85 
66 74 79 
48 57 63 . 
30 41 48 
75 85 89 
58 73 80 
41 61 71 
67 80 &> 
51 63 70 
35 47 55 

63 77 85 88 
55 72 e1 86 
49 68 79 84 

_ _  
I Average runoff condition For rangelands tn humid regtons, use 

2 Poor c 30% ground cover (litter. grass. end brush overstory) 
table 2-3b 

Ferr 30% to 70% ground cover 
Good > 70% ground cover 

shrub 
3 Curve numbers for group A have been developed only for desert 

QO0444 

2-87 



ffi ?&f4 Table 6 d.-Runoff curve numben for urban MW 

a& Curve numbers for 

Fcb Pb Cover description hydrologic soil group- 

Average percent a :over type and hydrologic condition impervious area2 A B C D 

Fully developed urban amas (vegitetion t3StabkhW) 
Open space (lawns, parks, golf courses, cemeteries, etC.P: 

Poor condition (grass cover < 50%). ...................... 
Fair condition (grass cover 50% to 75%) ................... 
Good condition (grass cover > 75%) ...................... 

impervious areas: 
Paved parking lots, roofs. driveways, etc. (excluding rightof- 

Streets and roads: 
way). ................................................ 

Paved; curbs and storm sewers (excluding right-of-way) ...... 
Paved; open ditches (including rightof-way) ................ 
Gravel (including right-of-way) ............................ 
Dirt (including right-of-way). .............................. 

Natural desert landscaping (pervious areas only) 4 . . . . . . . . . . . .  
Artificial desen landscaping (impervious weed barrier, desert 

shrub with 1- to 2-inch sand or gravel mulch and basin bord- 
ers) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Commercial and business . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I naustrial . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . .  

Western desen urban areas: 

Urban districts: 

Residential districts 
118 acre or less (town houses). . . . . . . . . . . . . . . . . . . .  

113 acre . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
112 acre . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 acre ..................................................... 
2 acres . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

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

Developing urban areas 
Newly graded areas (pervious areas only, no ~egetation)~ ........... 
Idle lands (CN's are determined using cover types similar to those 

in table 2-2a). 

85 
72 

65 
38 
30 
25 
20 
12 

68 
49 
39 

98 

98 
83 
76 
72 

63 

96 

89 
81 

77 
61 
57 
54 
51 
46 

77 

79 
69 
61 

98 

98 
89 
85 
82 

77 

96 

92 
88 

85 
75 
72 
70 
68 
65 

86 

86 
79 
74 

98 

98 
92 
89 
87 

85 

96 

94 
91 

90 
83 
81 
80 
79 
77 

91 

89 
04 
80 

98 

98 
93 
91 
89. 

88 

96 

95 
93 

92 
87 
86 
85 
84 
82 

94 

_- 

I Average runoff condition. 
The average percent impervious area shown was used to de- 
velop the composite CN's. Other assumptions are as follows: im- . 
pervious areas are directly connected to the drainage system. 
impervious areas have a CN 01 98. and pervious a rea  are consi- 
dored equivalent to open space in goad hydrologic condition. 

3CN's shown are equivalent to those 01 pasture. Composite CN's 
may be computed lor other combinations of open space cover 

Composite CN's for narural desen landscaping should be com- 
pu!ed based on the impervious area (CN - 98) and the pervious 
area CN. The pervious area CN's are assumed equivalent to 
oesen shhb in poor hydrologic condition. 

5 Composite CN's lo use tor the design of temporary measures 
during grading and construction should be computed using the 
degree ot development (impervious area percentage) and the 
CN's tor tne newly graded pervious areas. 

type. 

2-88 



Table 7 Curve nuuibers (CN) and caasmts for  the case Ia - 0.2 { 

4 2 1 

'Or CN for s C u  Curve* 
condi - 

starts conditions values* .:::: 
3 5 1 2 4 2 3  

cN for  CN f o r  s condi - conditions values* 
t ion where ticn I 111 I 11: 

TT I1 P =  - .- a &A 

(inches) -- (inJlct..es) ( inches ) ( in; - 
60 
59 
58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 u 
43 
42 
41  
40 
39 
38 
37 
36 
35 
34 
3 j  
32 
31 
30 

25 
a 
1c 
z 

1 -. -. 

r. 

40 78 . 6.67 
39 77 6.95 
38 76 7.24 
37 75 7.54 
36 75 7.26 
35 74 8.18 
34 73 3.52 
z 3  72 8.87 
32 71 9.23 

70 9.61 31 
31 70 15.0 
30 69 10.4 
29 66 10.8 
28 67 u . 3  
27 66 11.7 
26 65 12.2 

24 62 1 3 2  

2i 56 16.3 
20 5; 17.0 
13 56 17.5 

55 lZ.€ 

17 53 22 .3  
16 52 3 . 2  
Id 51 22.2 
1s 5G 23.3 

25 64 12.7 
3 . 6 3  13.2 

23 61 14.4 
22 60 15.0 
21 59 15.6 

1.5 54 l j . 4  
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rZ_  
‘ TABLE e 

I 
3.5 I 4.0 

J”:: 1 237 289 
454 341 
522 392 
592 444 
660 496 
731 548 
798 599 

HIGHWAY LOADS 

I 
5.0 6.0 I 
168 46 12 
205 56 15 
242 18 
279 21 
316 24 

390 1:;l 30 2s 
353 27 o 

426 117 33 -rn 

POUNDS PER LINEAR FOOT 

CIRCULAR PIPE 
__- 

1788 
1998 
2204 
2370 

12 
15 
18 
21 
24 

tT 30 

u- 36 
42 

0 27 

%? 33 

L Z  
1- 

0 48 
54 
60 
66 
72 
78 
84 

1077 
1201 
1328 
1452 
1580 
1679 

14x23  
(I) 19x30 
W 22x34 
I 

24x38 g z  27x42 

a 32x49 
uz_ 23x45 

38x60 
43x68 
48 x 76 
53x83 

463 127 

1146 859 611 168 
1185 962 684 188 

998 758 208 
832 228 
857 249 

z 
36 OE 
42 $2 
48 v) 

54 
60 
66 
72 

0.5 I 1.0 

Z z - p  
5915 I 3322 

i :::: I 

275 

1.5 

152d 
187; 
21 9f 
252: 
285f 
3098 

- 

8 4  

- H ABO\ 
2.0 I 2.5 

11x18 
0 13%x22 w 
I 15%x26 

gg 18x28% 

UJz 26%,x43% 
%.) 31%x51% 

x 3 6 ~ 5 8 %  
40x65 U 

45x73 
54 x 88 

0- 22%x36% 

HEIGHT OF FILL H ABOVE TOP OF PIPE IN FEET 
0.5 1.0 1.5 2.0 2.5 3.0 3.5 I 4.0 5.0 6.0 

5915 3840 2144 1342 807 509 443 333 237 65 11x18 
4498 2573 1610 968 520 532 400 284 78 1 3 % ~ ~  

3000 1879 1130 712 621 467 332 91 15%x26 x 
3096 2058 1238 780 680 511 363 100 1 8 ~ 2 8 %  cnE 

1679 1170 1019 766 545 150 26K,x43% -v, 

998 721 198 3 6 ~ 5 8 %  im 
2370 1533 966 842 633 450 124 22%x36% s m  5 

1221 1185 981 633 174 31%x51% 

800 220 40x65’  cn 
857 246 45x73 

275 54x88 I 
I 

:.TC 
3.0 

361 
441 
520 
599 
679 
757 
837 
91 5 
996 

1154 
1221 

HORIZONTAL ELLIPTICAL PIPE 

HEIGHT OF FILL H ABOVE TOP OF PIPE IN FEET 
0.5 

591 5 

- 

2.5 3.0 3.5 

1022 I 6 4 4 p  
1309: 825 719 
1471 ! 927 i 808 
1631 j 1028 j 896 
1679 j 1119 975 

! 1221 : 1064 

I 11152 

- 

j j 1185 

ARCH PIPE 

4.0 

422 
451 
607 
674 
733 
800 
866 
933 
998 

- 

- 

5 0 j 6.0 

300’  82 

479 t 131 
521 , 143 
569 156 
616 1 169 
663 182 
748 \ 205 
842 231 
857 I 257 

~~ ~ 

14x23  
19x30 
22x34 = 
24x38 
27x42 D 
29x45 2” 
32x49 2: 

X 
rnz 

34x53 f m  
38x60 m 

v, 
43 x 68 
48 x 76 
53x83 



TABLE a~ 1.3 

A - 

5 
6 
7 
8 

w 10 

12 
13 
14 

c 9  
E 11 

u l5 
0 16 
n 17 

2 :," 
y 20 

B :; 
a 23 
I 24 
J 25 
4 26 

27 
0 28 3 29 

IL 30 
0 31 
I- 32 

p 34 
I 33 

w 35 
36 
37 
38 
39 
40 - 

C - 

c 
f 
7 
8 

k g  w i o  
11 
12 
13 
14 

8 ;: 
n l7 
0 18 
I- 19 

0 21 
m 22 

2 20 

a 23 
I 24 
J 25 6 26 

0 28 3 29 

Y 27 

u 30 
0 3 l  
i- 32 

12% 
I 33 

w 35 
I 36 

37 
38 
39 
40 - 

-7 

BACKFILL LOADS ON CIRCULAR PIPE IN TRENCH INSTALLATION f i  f@'& 
*lOOPOUNDS PER CUBIC FOOT BACKFILL MAERIAL LOADS IN POUNDS PER LINEAR FOOT 

SAND AND GRAVEL K1i-O.165 0 SATURATED TOP SOIL K)r'-O1150 
(ATRAN- I TRENCH WIDTH AT TOP OF PIPE ATRAN- I 

1 8  
SlTlON 

3-3- 3'6" 4.4-  4.4" 5 . q  64" 7'q W l D M  

TRENCH WIDTH AT TOP OF PIPE 

4'. 0" 
4 -  2" 

I I 4'. 3" 

ORDINARY CLAY Kp'-0.130 

2034 2378 2734 3099 3474 4243 5035 5168 4'. 7" 
2070 2426 2794 3173 3562 4364 5190 5444 4'. 8" 
2103 2469 2849 3242 3645 4476 5336 5737 4'. 9.' 
2133 2509 2900 3305 3721 4582 5473 6035 4'-10" 
2159 2545 2947 3363 3792 4681 5603 6324 4-11'' 

2205 2607 3029 3466 3919 4660 5842 6887 5'. 0" 
2225 2635 3064 3512 3975 4942 5951 6994 7189 5'. 1" 
2242 2659 3097 3554 4028 5018 6054 7127 7455 5'. 2" 
2258 2682 3128 3593 4077 5089 6151 7253 7768 5'. 3" 
2273 2702 3155 3630 4122 5156 6243 7373 8044 5'. 3" 
2286 2721 3181 3663 4165 5219 6330 7486 8344 5'. 4" 
2297 2738 3204 3693 4204 5278 6412 7590 8636 5'. 5" 

2164 2578 2989 3417 3858 4773 5726 6600 4'-1 1 '  

5'. 6" 
5'. 7" 
5'. 7" 
5'. 8" 
5'. 9.' 
5'-10'' 
5'-10" 
5.. I I " 

1455 1674 1896 2122 2350 
1526 1761 2001 2245 2491 
1589 1840 2096 2357 2623 
1845 1910 2182 2460 2743 

1 1695 I 1973 12260 12553 12853 
1736 )2030 12330 (2639 12954 
1777 12080 12394 I2716 13047 

- 
4 . a  

1700 
1989 
2277 
2566 
2814 
79-56 
31M 
3321 
3466 
3601 
m 
3843 
3950 
4050 
4143 

4309 
4383 
4451 

4574 
4629 
4680 
4727 

4811 
4849 
4884 
4916 

4974 
5000 
5024 
5047 
5067 

- 

m 

4515 

4771 

4946 

- 

D SATURATED CLAY K u ' - O . l l O  

TRENCH 

1165 1310 1456 160; 
1306 1473 1642 1811  
1435 1624 1815 2007 
1554 1764 1976 2190 
1662 1692 2126 2361 
1761 201'1 2264 252C 
1852 2121 2394 267C 
1935 2222 2514 2805 
201% 2315 2625 2940 
20R2 7402 7i29 3061 
2145 2481 2825 3175 
2704 2555 2914 3282 
2258 2623 2998 3381 
2307 26d5 3075 3474 
2352 2743 3147 3561 
2383 2796 3213 3642 
2431 2846 3275 3718 
2465 2891 3 3 3 3  3789 
2497 2933 3387 3855 
7526 2972 3436 3917 
2552 3008 3483 3975 
?576 3041 3526 4029 
2599 3071 3566 4079 
X l t l  3099 3603 4126 
'638 3125 3637 4171 
' 6 S 5  3149 3669 4212 
!670 3171 3699 4250 
1685 3192 3727 4286 
'698 3711 3752 4320 
?710 3228 3776 4351 
'721 3244 3798 4381 
'731 3259 3819 4406 
!740 3273 3838 4434 
'749 3285 3856 4458 
'756 3297 3873 4480 

'IDTH AT TOP OF PIPE 

3'- 6" 5 
3'- 7" 6- 
3'- 9" 7 
3'-10" 8 
3'-11- g 

4 -  2" 11 
4'- 3" 
4'- 4" 13 -4 
4 -  5" 14 0 
4'. 7" 16 

12 I 

4 -  6 -  15 n 

18 x 
4-10" 19 9 
4-11" 20 'I 

21 f 5'. 0" 
5'- 1" 
5'- 2" 23 $ 
5'- 3" 24 0 
5'- 4" 25 
5'- 5" 26 
5'- 6" 

22 

27 2 
5'- 7" 28 D 
5'- 8" 29 0 
5'- 9 31 0 
5'-10" 32 
5'-11" 33 -m 

5'- 9" 30 

1411 1 I 
1700 
1989 
2200 2277 
2405 2566 
2598 2855 
2779 3145 
2949 3431 
3108 3718 
3258 3905 401; 
3399 4085 429f 
3531 4256 4581 
3655 4417 4871 
3772 4570 516f 
3881 4714 5441 
3984 4851 5731 
4080 4981 590i 
4171 5104 6064 
4256 5220 6214 
4336 5329 6357 
4411 5433 6493 
4481 5532 6622 
4548 5625 6745 
4610 5713 6863 
4668 5797 6974 
4723 5876 7081 
4 7 7 4  5950 7182 
4823 6021 7278 
4868 6088 7370 
4911 6151 7458 
1951 6211 7541 
1986 6268 7620 
5024 6322 7696 
>057 6373 7768 
5088 6421 7836 
1117 6466 7902 

5'4" 6'.0" 7 ' 4  

6035 
6324 
6600 
6887 
7189 
7455 
7768 
8044 
8191 8344 
6320 8636 
8458 8901 
8563 9198 
8703 9488 
8817 9771 
8927 10070 
9032 I0340 
9132 10630 
9228 10940 
9320 11220 
9408 11520 

WIDTH 
3'- 4" 5 
3'- 5" 6 
3'- 6" 7 
3'- 7" 8 
3'. 8" 
3'- 9" 
3'-10" 11 G: 
3'.1I'' 1 2 1  
4'- 0" 13 --I 

4'- 2" 14 $ 4'- 1 '  
15 

4 -  3" 16 
4'. 4" 1 7  0 

4'- 5" 19 
4'- 6" 20 r 
4'- 7" 21 I 
4'- 8" 22 > 
4'. 8" 23 0 
4'- 9" 24 0 
4'-10" 25 $ 
4-11" 26 4 
4-11'' 27 0 
5'- 0 28 
5'. 1" 
5'- 2" 30 

D 5'. 3" 32 m 
5'. 3" 33 

5'. 5" 
5'. 5" 36 

5'. 1" 38 
5'. 7" 39 

9 1  
10 m 

4'- 4" 18 x 

29 2 

5'. 4- 34 7 
35 7 

5'. 2" 31 

5'- 6" 37 

5'. 8" 40 

-1 > m 
r 
m 
v1 

For backlit1 weighing 110 murids per cubic toot. increase loads 10%: lor 120 pounds p e r  cubic loot. increase 20% etc. 

lnrer,mlats tor mrermediate heighls 01 backtill endlor trench widths 
ATranition loads (bold hPe) and widths based on Ku-0.19, rsdp-0.5 in the embankmenr equation 
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(210-VI-TR-55, Second Ed., June 1986) 
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Figure .2 .-SCS 21-hour rainfall distributions. 

(210-VI-TR-55, Second Ed., June 1986) 
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- 180. 

- I68 

- I56 
- I44 

- I32 

- I20 
- I08 

. 

- 96 

- 84 

W 
x -  
0 

- so 3 
f 
0, - 5 4  
c a 
w - 48 > 

L. 

A /  
-/42 

LL 
0 
a 

- 3 6  

- 3 3  

- 30 

W = 
0 
s 

/ 
/ 

. .  

I. 

300 

20 

L - - - - IO 
- 8  

- 6  
- 5  
- 4  

3 

2 

- - 
- 

LO 

4 4  

EXAMPLE ( 
0.4s (1.9 
0.120 dl 

fro 

It. 
M 

8.8 

7.4 

7.7 

CHART lw 

/ 

HW ENTRANCE - SCALE T Y P E  0 

++ 
I 
c .  
w 
0 
p: 
W + -  a 

4 
w -  

a - 1.0 - 1.0 

- 1.0 - - 
- .s - .s 

g - . 9  - - 
I - .a - .a - .a . - 

- .r =. 7 
- . 7  , . - 

- .6 - .6 

- . 
- .5 - .b - .5 

HEADWATER DEPTH FOR 
CONCRETE PIPE CULVERTS 

HEADWATER SCALES 2 I53 
~ W S E D  MAY 1964 WITH INLET CONTROL 

muww or ~ L I C  -0s JAM m a  

181 
fi@@ r2 

000465 



2000  

tr 

1000 - 

I - :  
w 
W 
L L '  

z ;  - 
E 

0 :  e .  
w 
I 

- 

- 2  

- 3  

- 4  

- 5  

- 6  
- 
- 0  

-10 
- 

- 

- 2 0  

120 

IO8 

96 

04  

72 

66  

60  

6 4  

E .  " 
0 
E .  - 6 0  

- 5 0  

- 40 

- 3 0  

- 2 0  

- IO 

- 0 .  

-0  
- 9  

- 4  

- 
- 

I- 
/ 
I 

/ 

L. 

2 

c 
y 
2 

- 3 6  

- 3 3  

- 3 0  

- 2 1  

- 2 4  

- 21 

-18 

-19 

-1t 

I 

HEAD FOR 
CONCRETE PIPE C U L V E R T S  

FLOWING FULL 
n 0.0 12 

185 QQ(P4GG 



'CONCRETE PIPE DESIGN MANUAL J J U  

FIGURE 
TRENCH BEDDINGS 

CIRCULAR PIPE 

CLASS A . .-. . . _ .  . . . .  
.r . - . .  

B,+8" min. - 

, .  . 

. -  
I .  . 

SHAPED SUBGRADE WITH 
GRANULAR FOUNDATION 

CLASS -B 

,. . .  . . CLASS C 

GRANULAR FOUNDATION 

CLASS D 

Lr=1.9 

Densely 

Backfill 
. Compacted 

..., i-.: . 

.. , %  , 

SHAPED SUBGRADE 

Lf -=1 .5  

Lightly 
. Compacted 

:Backfill 

GRANULAR FOUNDATION 

FLAT SUBGRADE 

Legend 
B, = outside diameter 
H =backf i l l  cover above top of pipe 
0 = inside diameter 
d =depth of bedding material 

below pipe 
A s =  area.of transverse steel in the 

cladle or arch expressed as a 
percentage of area of concrete 
a t  invert or crown. 

d (min. 

30" to 60" 

OQO467 
NOTE: For rock or other incompressible materials, the trench should be 

overexcavated a minimum of 6 inches andrefi l led with granular 
material. 
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Written by: AS=- Date: 8 / F a /  Reviewed by: /& Date: 12 I & I  ?J * Client: FERMCO Project: OSDF Proj./Proposal No.: GE3900 Task No.: 08.1 

SURFACE-WATER MANAGEMENT AFTER CLOSURE 

STORMWATER RUNON/RUNOFF AND DRAINAGE CONTROL STRUCTURES 

CALCULATIONS 

PurDose 

/-- 
The purpose of this document is to provide the engineering calculations used in the 

design of the surface-water management system after the On-Site Disposal Facility (OSDF) is 
closed. 

ScoDe 

The calculation procedures used in this document are presented in the calculations 
procedures document. The data used in the calculations is presented in the data verification p 
document. a 

For clarity, these calculations are divided into four sections: (i) northern area; (ii) 
eastern area; (iii) southern area; and (iv) western area. In general, each set of calculations 
consists o f  (i) a summary of the input data; (ii) a summary of the calculation results; and 
(iii) the calculations (Le., worksheets, computer runs). 

GE390048.llF9630074.CAL 



GEOSYNTEC' CONSULTANTS 
Written by: A>c Date: 5' I h I 7~ Reviewed by:/g Date: LZ IKbI  ?.E 

Client: FERMCO Project: OSDF Proj./Proposal No.: GE3900 Task No.: 08.1 

Northern Area Calculations 

Summaw of Inmt Data 

A summary of the HydroCAD" input data is presented in Table 1. 

Summary of Calculation Results 

A summary of the calculation results is presented in Tables 2 and 3. Drainage Area 
maps, worksheets for calculations, weighted runoff curve numbers, and HydroCAD" runs 
for runodrunoff and drainage channel routing are attached. 

GE3900-08.llF9630074.CAL 
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GEOSYNTEC CONSULTANTS 
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Project: OSDF Proj./Proposal No.: GE3900 Task No.: 08.1 

Table 2. Summary of HydroCAD" Results - 25-Year Storm Event 

Point of Peak Flow Peak Flow Peak Flow 
Interest Along Quantity Depth Velocity 

Channel (CFS) (Ft) (FPS) 

A 
Light Cover 
Moderate Cover 

24.5 
22.8 

1.2 2.6 ,f 
1.2 2.5 

B 
Light Cover 
Moderate Cover 

65.3 1.8 
57.7 1.7 

3.2 
3.2 -! 

Table 3. Summary of HydroCAD" Results - 2,000-Year Storm Event 

Point of Peak Flow Peak Flow Peak Flow 
Interest Along Quantity Depth Velocity 

Channel (CFS) (Ft) (FPS) 

A 
Light Cover 
Moderate Cover 
Heavy Cover 

68.3 
63.5 
63.5 

1.8 
1.8 
2.7 

3.3 

7 3.2  
1.3 

B 
Light Cover 397.8 3.5 5 .2  
Moderate Cover 351.8 3.3 5 . 0  f 
Heavy Cover 336.2 5.3 2.0 



DRAINAGE AREA MAPS 
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,448 \VorKsllcCt 2: ltuiioll C U I Y C  number and runoff 

C i r c l e  o n e :  P r c s e n t  

1 .  Runof C c u r v e  nurnher ( C N )  

Area P r o d u c t  
o f  

CN x area 

Sol1 name 
a n d  

h y d r o l o g i c  
g r o u p  

I C o v e r  d e s c r i p t i o n  

( c o v e r  t y p c ,  t r c i i t m e n t ,  a n d  

p e r c e n t  i m p e r v  l o u s ;  
unconi iec  t e d / c o n n e c  t c d  i m p e r v i o u s  

a r e a  r a t i o )  

h y d r o  Log tc  cond i t i o n  ; 
r l  
I 

N 

M 
d 
L - 

I 

( a p p e n d i x  A )  

I 

2 

3 

4 

0.8 

3z 0 . 8  
1- 

3 2  

40. k 

6 

7 

' 2  

I1 V A ~  A 
13 / I  .I 

" ' I - ' - .  V I  

L/ use  o n l y  one CN s o u r c e  per  l i n e .  T o t a l , ;  = 

& R u n o f f  

F r e q u e n c y  .............. 
i 

R a i n f a l l ,  P ( 2 4 - h o u r )  

R u n o f f  .... .... -.-:. .......................... Ln 
(Use P a n d  CN w l t h  t a b l e  2-1 ,  €fg. 2-1,  
or e q s .  2-3 arid 2-4.)  

/-- 

F r e q u e n c y  ............ 
i 

i n  . -- 

(210-V1-'1'12-55. Sccuntl !;[I., Julie 1Y8ti) 



1 .  R u n o f f  c u r v e  numher (CN) 

L' use  o n l y  one C N  s o u r c e  p e r  l i n e .  T o t n l s ;  = 

Soil name 

J ~ A ~ A  g r o u p  

2 2 . 7 / '  /L/.rq6 J 

8 

s 

10 

( a p p e n d i x  A )  

r" 

C o v e r  d e s c r i p t i o !  

( c o v e r  t y p e ,  t r c ; i t m e n t ,  and  
h y d r o l o g i c  c o n d l  t t o n ;  

p e r c e n t  i m p e r v l o u s ;  
u n c o n i i e c  t e d / c o n n e c  t c d  i m p e r v i o u s  

a r e a  r a t i o )  

I /  CN - 
Area 

0 %  

P r o d u c t  
O f  

CN x are.  

I 

. I  

/' 

i 

/ 

S t o r m  lII S t  

/ 

R a i n f a l l ,  P ( 2 4 - h o u r )  .............. 
....... ............. R u n o f f ,  Q ...... ,.d I n  

( U s e  P and CN wJFt.h"'&ble 2-1,  f i g .  2-1,  
o r  e q s  .-/2=Y&I 2 - 4 .  ) 

_- 
/- 

Y -L 

....... 

0004713 



~ V O r k S I l C C t  Z: ltuiioll C U I Y C  number and runoff 
0 .  

C l r c l e  o n e :  P r e s e n t  
_- 

1. RunoEF c u r v e  numhcr (CN) 

Sol1 name 
and 

h y d r o  log l c  
g r o u p  

( a p p e n d  l x  A )  

 RAG^ OALE 

C o v e r  d e s c r l p t l o n  

( c o v e r  t y p e ,  c r c i i t m e n t ,  a n d  
h y d r o  Lop, l c  cond t t l o n  ; 

p e r c e n t  l m p e r v  Lous ; Omi' 
r( 

u n c o n n e c t e d / c o n n e c  t c d  i m p e r v i o u s  n M ooOz m -d 4 
I-. CL b. a rea  r a t l o )  

P r o d u c t  3 

R a i n f a l l ,  P ( 2 4 - h o u r )  .... .+. ........ t n  

rrsn..-..-.. 

,/,A* /. D..,..c E n 

Sto rm 111 /G S t o r  ,I3 

F r e q p e n c y  .............................. 
R a i n f a l l ,  P ( 2 4 - h o u r )  ..... + ......... /------> 

t n  
,/,A* .. /. R u n o f f  . Q ..... .k-. ..................... Ln 

(Use>&fiVFCh t a b l e  2-1,  f i g .  2-1,  
o r  e q s .  2-3 arid 2-4 . )  



c 

. . . . . . . .  . . . . . . . . .  . . . . . . . . . .  . . . . . .  .--. .. - . . .  .- .......,.-.._... .- 

. . . . .  

10.7 

\ 

Table 1 Curve nuibers (CN) and constants for  the c ~ s e  Ia - 0.2 S 

1 2 3 4 5 1 2 3  4 5 
C w e *  * 
starts 

F =  

CN for  CN ror Curve* 
starts conditions values. v h e ~ n  . condi - 

If 

CN for CN for  condi - conditions values+ vhcre 
t i m  t i o n  I 111 I 11: I1 P =  

(inckrs 1 (inches) -- ( i n e t e s )  (- inches) 
loo loo loo 

67 
85 
83 
51 
€0 
78 
76 
75 
73 
72 

0 60 . 40 78 6.67 

56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
j6 
35 
34 
33 
j2 
31 
x 
25 
2.2 

1C 

z 

1 -  -_  

75 i.& 
74 8.12 
73 .9.52 
72 e.87 
71 5.23 
70 9.61 

. . . .  ... -,L' .. ..... . 1 :*, . 
1 ..... 
. .'-L 

--. - 
-.. .L. 
-: ..... 

.- --- .L.. i... : " . ... . .  ..1 -.. . _..... . 
7 

. .  



HYDROCADTM RUNS 

RUNONIRUNOFF 



e 448 
Data for FERMCO, NORTH CHANNEL, 25-YR STORM, LIGHT COVER DC- 

Prepared by GeoSyntec Consultants 9 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Systems 

S W C A T m . 2  

ACRES CN / 
22.70 64 

N-A 

SCS TR-20 METHOD . 

TYPE I1 24-HOUR 
RAINFALL= 4.7 IN / 

PEAK= 42.1 CFS @ 12.00 HRS 
VOLUME= 2.36 AF 

Method Comment Tc (min) 

Grass: Short n=.15 L=200'/ P2=2.6 in s=.18 ' / I /  

SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 
Unpaved Kv=16.1345 L=1100'f s=.l '/I/'V=5.1 fps 

TR-55 SHEET FLOW Segment ID : 7.9 

3.6 

- - - - - - - - - -  
/ 

Total Length= 1300 ft Total Tc= 11.5 

S U B C A T C H M E N T  2 R U N O F F  
N-A 

r\ 

In 
Le 
U 

W 

3 
0 
-1 
L L  

40 

35 

38 

28 I \  
FIREFI= 2 2 . 7  FIC 

CN= 64 
Tc= I I  5 HIN 

SCS TR-28 METHOD 
TYPE I1 24-HOUR 

RFIINFFILL= 4 7 I N  

PEFIK= 42 1 CFS 
@ I 2  HRS 

UOLUME: 2 . 3 6  FIF 

T I M E  (hours) 



u- 
Data €or FERMCO, NORTH CHANNEL, 25-YR STORM, LIGHT COVER 
Prepared by GeoSyntec Consultants 9 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 Applied MicrocomDuter Systems 

SUBCATCHMENT 3 

/ ACRES CN 
2.60 58 

N-B 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

VOLUME= .19 Tu? 
i 

PEAK= 2.2 CFS 0 12.15 HRS 

Method Comment Tc (min) 
Segment ID : 23.0 

Grass: Short n=.15 L=180'/ P2=2.6 in S=.o1 ' / '  
TR-55 SHEET FLOW 

SUBCATCHMENT 3 RUNOFF 
N-B 

2 0  

1 8  

1 6  - 1 4  In 
G 
u l 2  
v 

I 8  
3 
O B  
-I 
L L 6  

4 

2 

8 8  

FIREFI: 2.6 FIC 
Tc= 23 MIN 
CN- 58 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 

RFIINFFILL- 4.7 I N  

PEFIK: 2.2 CFS 
@ I2 15 HRS 

UOLUME: . 19 RF 

TIME (hours) 



m- -. 448 
Data for .FERMCO, NORTH CHANNEL, 25-YR STORM, LIGHT COVER 
Prepared by GeoSyntec Consultants 9 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Systems 

ACRES 
4.50 98 

N- 1 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

/' PEAK= 24.5 CFS @ 11.96 HRS 
VOLUME= 1.36 AF 

Met hod Comment Tc (min) 

Grass : Short n= .15' L=147 P2=2.6 in s=.O7 ' / I / /  

SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: -8 
Unpaved 

TR-55 SHEET FLOW Segment ID: 9.0 

Kv=16.1345 [ L=325'J s=. 167 ' / '  J V=6.59 fps 
- - - - - - - - - -  

Total Length= 472 ft Total Tc= 9.8 

S U B C A T C H M E N T  1 R U N O F F  
N- 1 

FIRER- 4 . 5  RC 

CN= 98 
Tc= 9.8 H I N  

SCS TR-28 METHOD 
TYPE I 1  24-HOUR 

RFIINFRLL= 4 . 7  I N  

PERK= 2 4 . 5  CFS 

T I M E  (hours) 



Data for FERMCO, NORTH CHANNEL, 25-YR STORM, MOD. COVER 4 4 8  R r t  
Prepared by GeoSyntec Consultants 9 Feb 96 
Hydro- 3.10 000663 (c) 1986-1993 Applied Microcomputer Systems 

ACRES 
22.70 64 

N-A 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN /" 

PEAK= 36.8 CFS @ 12.03 HRS 
VOLUME= 2.36 AJ? 

Method Comment Tc (min) 
Segment I D  : 

Grass: Dense n=.24 L=200' P2=2.6 in s=.18 ' / I  

SHALLOW CONCENTRATED/UPLMD FLOW Segment,ID: 
Unpaved Kv=16.1345 L=1100' J s=.l ' / I  / V=5.1 fps 

11.4 

/ 3.6 
/ J TR-55 SHEET FLOW 

Total Length= 1300 ft Total Tc= 15.0 

SUBCATCHMENT 2 RUNOFF 
N-A 

RREFI: 22 7 RC 
Tc= 15 HIN 
CN= 64 

SCS TR-2E METHOD 
TYPE I 1  24-HOUR 

ROINFFILLZ 4 . 7  I N  

PERK= 36 8 CFS 
@ 12 .83  HRS 

UOLUME= 2 . 3 6  OF 

T I M E  (hours) 

080486 



4 4 b -  rBJ%G Data for FERMCO, NORTH CHANNEL, 25-YR STORM, MOD. COVER 
Prepared by GeoSyntec Consultants 9 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Systems 

SWCATCIMENT 3 

ACRES 
2.60 58 .I 

N-B 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

PEAK= 1.7 CFS @ 12.30 
VOLUME= -19 AF 

J 
HRS 

Method Comment Tc (min) 

Grass: Dense n=.24 L=180’’ P2=2.6 in s=.O1 ‘ / I , / ’  / 
Segment ID: 33.4 J TR-55 SHEET FLOW 

SUBCATCHMENT 3 
N-B 

I . 4  
I :‘i . 3  /I 

RUNOFF 

CIREA= 2 6 CIC 

CN= 58 
Tc= 33  4 MIN 

SCS TR-2E METHOD 
TYPE I1 24-HOUR 

RFIINFFILLz 4 7 I N  

PECIK= 1 7 CFS 
@ I 2  3 HRS 

VOLUME= 19 FIF 

TIME (hours) 

000487 



4 4  8 R s t  
Data fo r  FERMCO, NORTH CHANNEL, 25-YR STORM, MOD. COVER 
Prepared by GeoSyntec Consultants 9 Feb 96 - 
HvdroCAD 3.10 000663 (c) 1986-1993 ADDlied Microcomputer Svstems 

L 

I SUBCATCHMENT 1 N- 1 

ACRES CN 
4.50 98 i SCS TR-20 METHOD 

TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

PEAK= 22.8 CFS @ 12.00 HRS 
VOLUME= 1.36 AF 

Met hod Comment Tc (min) 
TR-55 SHEET FLOW Segment ID: 13.1 

.8 
Grass: Dense n=.24f L=147 P2=2.6 in s=.O7 ' / I /  

SHALLOW CONCKNTRATW/UPLAND F 
Unpaved Kv=16.1345 

_ _ _ _ _ _ _ _ _ r  

Total Length= 472 ft Total Tc= 13.9 

A 

n 
Lc 
U 

3 
0 
J 
LL 

W 

22 

20  

18 

16 

14 

12 

10 

8 

6 

4 

2 

0 

SUBCATCHMENT 1 RUNOFF 
N- 1 

FIREFI= 4 . 5  FIC 

CN- 98  
Tc= 13.9 H IN  

SCS TR-2e METHOD 
TYPE I 1  24-HOUR 

RAINFFILL= 4 . 7  I N  

PEAK- 2 2 . 8  CFS 
@ I 2  HRS 

UOLUME= 1 . 3 6  FIF 

T I M E  (hours) 



A5 
448 

Data for FERMCO, NORTH CKANNEL, 2000-YR STORM, LIGHT COVE 
Prepared by GeoSyntec Consultants 9 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 Applied MicrocomDuter Systems 

" /  ACRES 
22.70 81 

N-A 

PEAK= 

SCS TR-20 METHOD , 

TYPE I1 24-HOUR 
RAINFALL=13.O IN 
312.1 CFS (3 11.98 HRS 
VOLUME= 17.32 AF 

/ 

Met hod Comment Tc (min) 

Grass: Short n=.15 L=200' P2=2.6 in s=.18 ' / I  / 
SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 3.6 
Unpaved Kv=16.1345 L=1100' s=.l I / '  V=5.1 fps 

TR-55 SHEET FLOW Segment ID : 7.9 

- - - - - - - - - -  
Total Length= 1300 ft Total Tc= 11.5 

SUBCATCHMENT 2 RUNOFF 
N-A 

r\ 

J) 
4- 
U 

3 
0 
-I 
L L  

W 

FIREFI; 22 7 FIC 

CN= 81 
Tc= I I . 5  HIN. 

SCS TR-20 flETHOD 
TYPE I 1  24-HOUR 

RFIINFFILL-13.0 I N  

PEFIK= 312.1 CFS 
@ I I  .98 HRS 

UOLUflE: 17 .32  FIF 

T I M E  (hours) 



448 
Data for FERMCO, NORTH: CHANNEL, 2000-YR STORM, LIGHT COVE 
Prepared by GeoSyntec Consultants 9 Feb 96 
HydroCAD 3.10 000663 (C) 1986-1993 ADDlied MicrocomRuter Systems 

SUBCATCHMENT 3 

/ ACRES CN 
2.60 76 

N-B 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL=13.O IN /' 

PEAK= 25.3 CFS 0 12.11 HRS 
VOLUME= 1.89 AI? 

Method Comment Tc (min) 
TR-55 SHEET FLOW Segment ID : 23.0 
Grass: Short n=.15 L=180' P2=2.6 in s=.O1 ' / I  / 

SUBCATCHMENT 3 RUNOFF 
N-B 

r\ 

Jl 
G 
U 

3 
0 
-I 
LL 

W 

24 - 
22 - 
2B - 
18 - 
16 - 
14 - 
12 - 

AREA= 2 . 6  AC 
Tc= 23 H I N  
CN= 76 

SCS TR-2B METHOD 
TYPE I1 24-HOUR 

RAINFALL-13.8 I N  

PEAK= 25 3 CFS 
@ 12.11 HRS 

UOLUME: 1.89 AF 

T I M E  (hours) 



Data for FERMCO, NORTH CHANNEL, 2000-YR STORM, LIGXT COVE 448 , t . r ~  
Prepared by GeoSyntec Consultants 9 Feb 96 
HvdroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Systems 

. .  

N- 1 

ACRES CN 
4: 50 99 

/ 
SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL=13.0 IN / 

PEAK= 68.3 CFS 0 11.95 HRS 
VOLUME= 3.78 AF 

Method Comment Tc (min) 

Grass: Short n=.15 L=147' P2=2.6 in s=.O7 ' / '  
SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 
Unpaved Kv=16.1345 L=325' s=.167 ' / '  V=6.59 fps 

TR-55 SHEET FLOW . Segment ID: 9.0 

J - 8  

Total Length- 472 ft Total Tc= 9.8 

SUBCATCHMENT 1 RUNOFF 
N- 1 

c\ 

In 
rc 
U 
v 

3 
0 
1 
L L  

65 

60 - 
55 - 
50 - 
45 - 
40 - 
35 - 
30 - 
25 - 
20 - 
15 - 
I0 - 

AREA- 4.5 AC 

CN= 99 
Tcr 9.8 MIN 

SCS TR-20 METHOD 
TYPE I 1  24-HOUR 
RAINFALL-13.0 IN 

PEAK= 68 3 CFS 
@ I I  .95 HRS 

UOLUME- 3.78 OF 

T I M E  (hours) 



L 

Data for FERMCO, NORTH CHANNEL, 2000-YR STORM, MOD. COVER 448 A s c  
Prepared by GeoSyntec Consultants 9 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 ADDlied MicrocomDuter Systems 

@ SUBCATCHMENT 2 N-A 

/ ACRES CN 
22.70 81 SCS TR-20 METHOD 

TYPE I1 24-HOUR 
RAINFALL=13.0 IN /' PEAK= 284.7 CFS 0 12.01 HRS 
VOLUME= 17.33 AF 

Met hod Comment Tc (min) 
TR-55 SHEET FLOW Segment ID : 11.4 
Grass: Dense n=.24 L=200' P2=2.6 in s=.18 ' / '  

3.6 SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 

- - - - - - - - - -  
Unpaved Kv=16.1345 L=1100' S=.l ' / '  v=5.1 fps 

Total Length= 1300 ft Total Tc= 15.0 

SUBCATCHMENT 2 RUNOFF 
N-A 

r\ 

J) 
4- 
U 
v 

3 
0 
-J 
LL 

280 L 

260 - 
240 - 
220 - 
200 - 
I88 - 
160 - 
140 - 
I20 - 
I80 - 
BE * 

60 - 
40 - 

FIREFI= 2 2 . 7  FIC 
Tc= 15 MIN 
CN= 81 

SCS TR-20 METHOD 
TYPE I 1  24-HOUR 

R F I I N F O L L = I 3 . 0  I N  

PEFIKI 284 7 C F S  
@ 12.01 HRS 

UOLUME= 17 .33  FIF 

TIME (hours) 

000432 



L, 

Data for  FERMCO, NORTH CHANNEL, 2000-YR STORM, MOD. COVER 
Prepared by GeoSyntec Consultants 9 Feb 96 
HvdroCAD 3.10 000663 (C) 1986-1993 ADDlied MicrocomDuter Systems 

SUBCATC€MENT 3 

2.60 CN 76 . /  ACRES 

N-B 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL=13.0 IN 1 

PEAK= 20.2 CFS @ 12.23 HRS 
VOLUME= 1.89 AF 

Met hod Comment Tc (min) 

Grass: Dense rk.24 L=180' P2=2.6 in s=.O1 ' / '  / 
TR-55 SHEET FLOW Segment ID : 33.4 

SUBCATCHMENT 3 RUNOFF 
N-B 

16 - 

r\ 1 4 -  

G .. I2 
n 
U 

3 
0 
-I 
LL 

- 

IE - 

FIRER= 2 . 6  AC 

CN= 76 
Tc= 33.4 MIN 

SCS TR-28 METHOD 
TYPE I1 2 4 - H O U R  

RAINFRLL:13.E I N  

PEAK: 2 8 . 2  CFS 
@ 1 2 . 2 3  HRS 

UOLUME= 1.89 RF 

TIME (hours) 



Data for FERMCO, NORTH CHANNEL, 2000-YR STORM, MOD. COVER 44 8 & S C  

68 

55 

58 

45 

48 

35 

38 

25 

28 

Prepared by GeoSyntec Consultants 9 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 ADDlied MicrocomDuter Systems 

I - FIRER= 4 . 5  ac 
Tc= 1 3 . 9  MIN 

CN= 99 
- 

scs TR-28 METHOD 
- 
- TYPE I 1  24-HOUR 

ROINFaLL-13.8 I N  
- 

PERK= 63 .5  CFS 
- @ 12 HRS 

UOLUME= 3 . 7 9  OF - 
- 
- 

SUBCATCHMENT 1 N- 1 

99 /' ACRES 
4.50 

PEAK= 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL=13.0 IN / 63.5 CFS 0 12.00 HRS 
VOLUME= 3.79 AF 

Met hod Comment Tc (min) 
TR-55 SHEET FLOW Segment ID : 13.1 

/ .8 
Grass: Dense n=.24 L=147' P2=2.6 in s=.O7 ' / '  
SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 
Unpaved Kv=16.1345 L=325' s=.167 ' / '  V=6.59 fps 

- - - - - _ - - - -  
Total Length= 472 ft Total Tc= 13.9 

SUBCATCHMENT 1 RUNOFF 
N- 1 

T I M E  (hours) 



Data for FERMCO, NORTH CHANNEL, 2000-YR STORM, HgAVY dllRrs 
Prepared by GeoSyntec Consultants 9 Feb 96 
HvdroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Systems 

4 4 8 Asc 

SUBCATCHMENT 2 

a .  

ACRES CN 
22.70 

N-A 

SCS TR-20 METHOD , 

TYPE I1 24-HOUR 
RAINFALL=13.0 IN / PEAK= 284.7 CFS @ 12.01 HRS 
VOLUME= 17.33 AF 

Method Comment Tc (rnin) 
TR-55 SHEET FLOW Segment I D  : 11.4 
Grass: Dense n=.24 L=200' P2=2.6 in s=.18 ' / I  

3.6 SHALLOW CONCENTFtATED/UPLAND FLOW Segment ID:  
Unpaved Kv=16.1345 L=1100' s=.l ' / '  V=5.1 fps 

- - - - - - - - - -  
/ 

Total Length= 1300 ft Total Tc= 15.0 

SUBCATCHMENT 2 RUNOFF 
N-A 

A 
248 

RRER: 22.7 RC 
Tc- 15 MIN 
CN= 81 

SCS TR-28 METHOD 
TYPE I 1  24-HOUR 

RAINFALL-13.8 IN 

PERK- 284 7 CF S  
C 12.81 HRS 

UOLUME: 17 33 RF 

T I M E  (hours) 



448 ksL 
n 

Data for FERMCO, NOR= CHANNEL8 2000-YR STORM, HEAVY COVE 
Prepared by GeoSyntec Consultants 9 Feb 96 
HydroCAD 3.10 000663 (C) 1986-1993 ADDlied MicrocomDuter Systems 

SUBCATC€MENT 3 N-B 

ACRES CN [- 
2.60 76 SCS TR-20 METHOD 

TYPE I1 24-HOUR 
RAINFALL=13.0 IN / PEAK= 20.2 CFS (3 12.23 HRS 
VOLUME= 1.89 AF 

Method Comment Tc (min) 

Grass: Dense n=.24 L=180' P2=2.6 in s=.O1 ' / '  
TR-55 SHEET FLOW Segment ID: 33.4 

SUBCATCHMENT 3 RUNOFF 
N-B 

A 

In 
4- 
U 
v 

3 
0 
J 
LL 

26 

18 

16 

14 

AREA- 2.6 A t  

CN= 76 
Tc: 33 4 MIN 

5CS TR-2B METHOD 
TYPE I 1  24-HOUR 

RAINFALL-13.6 IN 

TIME (hours) 



Data for FERMCO, NORTH CHANNEL, 2 0 0 0 - m  STORM, HEAVY COVE 448 R+ 
9 Feb 96 Prepared by GeoSyntec Consultants 

HvdroCAD 3.10 000663 (c) 1986-1993 ADDlied Microcomputer Systems 
. .  

SWCATCHMKNT 1 

ACRES 
4.50 99 

N- 1 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL=13.0 IN i PEAK= 63.5 CFS @ 12.00 HRS 
VOLUME= 3.79 AF 

Method Comment Tc (min) 
TR-55 SHEET FLOW Segment ID: 13.1 

- 8  
Grass: Dense n=.24 L=147' P2=2.6 in s=.O7 ' / '  
SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 
Unpaved Kv=16.1345 L=325' s=.167 ' / I  v=6.59 fps 

- - - - - - - - - -  
/ 

Total Length= 472 ft Total Tc= 13.9 

S U B C A T C H M E N T  1 RUNOFF 
N- 1 

60 - 
55 - 
50 - 
45 - 

fl 40 - 
u 35 

r\ 

4- - 
v 

38 - 
2 2 5 -  

28 - 
15 - 

LL 

CIRECI: 4 . 5  AC 

CN= 9 9  
Tc= 1 3 . 9  HIN 

SCS TR-20 METHOD 
TYPE I 1  24-HOUR 

RAINFFILL-13.0 I N  

PEFIK- 6 3 . 5  CFS 
@ I2 HRS 

UOLUHE: 3 . 7 9  CIF 

T I M E  (hours) 



HYDROCADTM RUNS 

DRAINAGE CHANNEL ROUTING 



4 4 8  Q J ~  Data for FERMCO, NORTH CHANNEL, 25-YR STORM, LIGHT COVER 

0 LINK 



Data €or FERMCO, NORTH CHANNEL, 25-YR STORM, LIGHT COVER $48 A- 
Prepared by GeoSyntec Consultants 9 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 Applied MicrocomDuter Systems 

R E A C H 1  POINT A 

DEPTH END AREA DISCH 
(FT) (SQ-FT) (CFSL 0' x 4' CHANNEL 

0.0 0.0 0.0 SIDE SLOPE= .17 ' / '  

/ .4 .9 . 1.1 n= .03 
-8 3.8 7.1 LENGTH= 420 FT 

1.2 8.5 20.9 SLOPE= .005 FT/FT 
1.7 17.4 54.6 
2.4 33.9 
3 - 2  
4.0 94.1 518.3 

60.2 285.9 / 

r\ 

3 
G 
W 

I 
t- 
a 
W 
n 

' Y  

3 
0 
A 
L L  

REACH 1 DISCHARGE 
POINT A 

STOR-IND METHOD 
MAX. DEPTH= 1.24 FT 
PEAK VELOCITY= 2.6 FPS 
TRAVEL TIME = 2.7 MIN 
Qin = 24.5 CFS @ 11.96 HRS 

/ Qout= 23.7 CFS @ 11.99 HRS 
ATTEN= 3 % LAG= 2.1 MIN , 

IN/OUT= . 1.36 / 1.35 AF 

E' x 4'  CHeNNE: 

n= 83 L - 4 2 8 ' .  5= .885  
SIDE SLOPE= 17 ' /  

DISCHARGE c C f 5 )  

RERCH 1 INFLOW 8.0UTFLOW 
POINT A 

g 

aWy 

B'  x 4 '  CHFINNE: 
SIDE S L O P E =  . I 7  ' 1  
nZ.83 L - 4 2 8 '  S=.EB5 

UELOCITY= 2 . 6  F P S  
TRFIUEL= 2 . 7  M I N  

S T O R - I N 0  METHOD 

Oon: 2 4 . 5  C F S  
Ooutz 2 3 . 7  C F S  

LRG= 2 . 1  MIN 

TIME (hours) 



Data for  FERMCO, NORTH CIIANNEL, 25-YR STORM, LIGHT COVER 448 A s t  
Prepared by GeoSyntec Consultants 9 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Svstems 

DEPTH END AREA 
(FT) (SO- FT) 

0.0 0.0 
.4 .9 

' .8 3.8 
1.2 8.5 
1.7 17.4 
2.4 33.9 
3.2 60.2 
4.0 94.1 

DISCH 
(CFS) 
0.0 
1.1 
7.1 

20.9 
54.6 
132.7 
285.9 
518.3 

0' x 4' CHANNEL STOR-IND METHOD 
SIDE SLOPE= .17 ' / '  MAX. DEPTH= 1.80 FT 
n= -03 

SLOPE= -005 FT/FT Qin = 65.8 CFS 8 12.00 HRS 

PEAK VELOCITY= 3.3 FPS 
TRAVEL TIME = 1.3 MIN / LENGTH= 250 FT 

Qout= 63.9 CFS 8 12.01 HRS . f 
ATTEN= 3 % LAG= 1.0 MIN 
IN/OUT= 3.71 / 3.71 AF / 

REACH 2 DISCHARGE 

3.5 4 ' E  [ 

v I / 

I 
I- 
[L 
W 
n 

n 
n 

G 
U 
U 

3 
0 
J 

I 

SIDE E '  SLOPE= x 4 '  CHRNNEL . I 7  ' / '  

n=.E3 L:258' S:.EE5 

4 m m m &J &J m m m m m m m m m m m m m m m  - - N N l l l l O V L I I  

D I SCHARGE C c f  5 1 

REACH 2 I N F L O W  8 OUTFLOW 

65 t- I 
E' x 4 '  CHRNNEL 

SIDE SLOPE= 17 ' / '  68 - 
55 - ns E3 L=258' S= E85 

58 - STOR-IN0 METHOD 
VELOCITY= 3 3 FPS 

n 45 TROUEL- I 3 MIN 

Din: 65 8 CFS 
(lout= 63 9 CFS 

LRG= I MIN 
/ 

- 

- N  

- 
55 - 
58 - 
45 - 

35 - 
38 - 
25 - 
28 - 
15 - 

E' x 4 '  CHRNNEL 
SIDE SLOPE= 17 ' / '  
ns E3 L=258' S= E85 

STOR-IN0 METHOD 
VELOCITY= 3 3 FPS 

TROUEL- I 3 MIN 

Din: 65 8 CFS 
(lout= 63 9 CFS 

LRG= I MIN 
/ 

T I M E  (hours) 



448 R J C  3 3/56 
Data for  FERMCO, NORTH CHANNEL, 25-YR STORM, LIGHT COVER 
Prepared by GeoSyntec Consultants 9 Feb 96 
HvdroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Systems 

DEPTH END AREA DISCH 
(FT) (SO- FT) (CFSL 

0.0 0.0 0.0 
.4 -9 1.1 
.E 3.8 7.1 

1.2 8.5 20.9 
1.7 17.4 54.6 
2 -4 33.9 132.7 
3.2 60.2 285.9 
4.0 94.1 518.3/ 

4 . 0  r 

3 . 5  - 

3.0 - 
A 

+’ 2 . 5  - G 

2 . 0  - 
W - 

POINT B 

0’ x 4’ CHANNEL 
SIDE SLOPE= .17 ’ / ’  
n= .03 
LENGTH= 400 FT 
SLOPE= .005 FT/FT 

REACH 3 DISCHARGE 
POINT B 

STOR-IND METHOD 
MAX. DEPTH= 1.76 FT 
PEAK VELOCITY= 3.2 FPS 
TRAVEL TIME = 2.1 MIN 

Qout= 61.7 CFS 0 12.05 HRS f 
ATTEN= 6 % LAG= 2.0 MIN 
IN/OUT= 3.‘90 / 3.89 AF 

Qin = 65.3 CFS @ 12.01 HRS 

0‘ x 4 ’  CHQNNEL; 

nz.03 L:4E0’ S = . 0 0 5  
SIDE SLOPE= . I 7  ‘ 1  

L 
I- 
a 1 . 5  - 
W 
0 

m m m m m m m m m m  
m m ~ m m m m m m m  N N F I F I P P m  

0.0, 

DISCHARGE (cf.51 

REACH 3 INFLOW 8 OUTFLOW 
POINT B 

E’ x 4 ’  CHQNNEL 
SIDE SLDPE: 17 ’ 1 ’  
n= 03 L r 4 0 0 ’  5- 005 

STDR-IND METHDD 
UELDCITY= 3 2 FPS 

TRAUEL= 2 I MIN 

Oonz 6 5  3 CFS 
Ooutz 61 7 CFS 

LQG: 2 MIN 
/ 

TIME (hours) 



Data for FERMCO, NORTH C~ANNEL, 25-YR STORM, MOD. COVER 
Prepared by GeoSyntec Consultants 9 Feb 96 

4 4 8 lsc 
HvdroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Systems 

4,s 12fibYG 

R E A C H 1  

a 

DEPTH END AREA 
( SQ - FT 1 

0.0 0.0 
.4 .9 
.8 3.8 

1.2 8.5 
1.7 17.4 
2.4 33.9 
3.2 60.2 
4.0 94.1 

(FT) 

POINT A 

DISCH 
(CFS) 0‘ x 4’ CHANNEL 
0.0 SIDE SLOPE= -17 ‘ / ’  
1.1 n= .03 
7.1 LENGTH= 42.0 FT 

20.9 SLOPE= .005 FT/FT 
54.6 

132.7 
285.9 
518.3 /. 

REACH 1 DISCHARGE 
POINT A 

r\ 

4- 

I 
I- o- 1.5 
W 

I . 0  

W 

n 

/ 

STOR-IND METHOD 
MAX. DEPTH= 1.19 FT 
PEAK VELOCITY= 2.5 FPS 
TRAVEL TIME = 2.8 MIN /‘ 
Qin = 22.8 CFS @ 12.00 HRS 
Qout= 21.1 CFS 0 12.04 HRS 
ATTEN= 7 % LAG= 2.3 MIN 
IN/OUT= 1.36 / 1.36 AF 

0’ x 4‘ CHFlNNEL 

nz.83 Lz428 Sz.885 
SIDE SLOPE=,.I7 ’ I  

DISCHARGE (cfsl 

REACH 1 INFLOW 8 OUTFLOW 
POINT A 

n 
n 

G 
U 

3 
0 
_I 
LL 

W 

TIME (hours) 008503 



Data for FERMCO, NORTH CHANNEL, 25-YR STORM, MOD. COVER 
Prepared by GeoSyntec Consultants 9 Feb 96 
HvdroCAD 3.10 000663 (c) 1986-1993 Amlied MicrocomDuter Systems 

4 4 8 kst 

. 5  

DEPTH END AREA DISCH 
(FT) ( SQ- FT) (CFS) 

0.0 0.0 0.0 
.4 .9 1.1 
.8 3.8 7.1 

1.2 8 .-5 20.9 
1.7 17.4 54.6 
2.4 33.9 132.7 
3.2 60.2. 285.9 
4.0 94.1 518.3 

A 

4 
4- 

I 
i- a 
W 
0 

V 

0' x 4' CHANNEL STOR-IND METHOD 
SIDE SLOPE= .17 ' / '  MAX. DEPTH= 1.73 FT 
n= -03 PEAK VELOCITY= 3.1 FPS 
LENGTH= 250 FT [ TRAVEL TIME = 1.3 MIN /. 
SLOPE= .oo5 FT/FT Qin = 57.9 CFS 0 12.03 HRS 

Qout= 56.8 CFS 0 12.06 HRS 
ATTEN= 2 % LAG= 1.7 MIN / IN/OUT= 3.71 / 3.71 AF 

REACH 2 DISCHARGE 

4 E -  

3 5 -  

3 E -  

2 5 -  
E' x 4 '  CHnNNEL 

2 E -  n= E3 L.258' S= 885 
SIDE SLOPE= 17 ' 1  

1 5 -  

I E -  

. 885 

I ..i/ . E  

REACH 2 INFLOW 8 OUTFLOW 

0 J 251 

E' x 4 '  CHANNEL; 
SIDE SLOPE= 17 ' 1  
n= E3 L=259' S= 885 

STOR-IN0 METHOD 
VELOCITY= 3 1 FPS 

TRFIUEL= 1 3 M I N  

Oon= 57 9 CFS 
Ooutz 56 8 CFS 

LFIG= I 7 M I N  

I \  

i 

TIME (hours) 

0005ScBQ 



R 5 c -  4 4  8 9 Feb 96 
Data €or FERMCO, NORTH CHANNEL, 25-YR STORM,.MOD. COVER 
Prepared by GeoSyntec Consultants 
HvdroCAD 3.10 000663 ( C )  1986-1993 ADDlied Microcomputer Svstems 

R E A C H 3  POINT B 

DEPTH END AREA DISCH 
(FT) (SQ- FT) (QFS) 

0.0 0.0 0.0 
.4 .9 1.1 
.8 3.8 7.1 

1.2 8.5 20.9 
1.7 17.4 54.6 
2.4 33.9 132.7 
3.2 60.2 285.9 
4.0 94.1 518.3 

r\ 

4- 

I 
a 1 . 5  
W 

I . E  

U 

n 

0’ x 4‘ CHANNEL STOR-IND METHOD 
SIDE SLOPE= .17 ’ / ‘  MAX. DEPTH= 1.74 FT 
n= .03 PEAK VELOCITY= 3.2 FPS 
LENGTH= 400 FT [ TRAVEL TIME = 2.1 MIN 
SLOPE= .005 FT/FT Qin = 57.7 CFS @ 12.07 HRS / Qout= 57.0 CFS @ 12.10 HRS 

ATTEN= 1 % LAG= 1.8 MIN 
IN/OUT= 3.90 / 3.89 AF /’ 

r\ 

n 
4- 
U 

W 

3 
0 

REACH 3 DISCHARGE 
POINT B 

E’ x 4 ’  CHQNNEL; 

nZ.83 Lz4EE’ S= BE5 
SIDE SLOPE= . I 7  ’ 1  

DISCHARGE Ccfs) 

REACH 3 INFLOW 8 OUTFLOW 
POINT B 

55 

58 

45  

48  

E ’  x 4 ’  CHQNNEL; 
SIDE SLOPE= . I 7  ‘ 1  
nz.83 L r 4 8 8 ’  S=.BE5 

STDR-IND METHOD 
UELDCITY= 3.2 FPS 

TRQUEL- 2 . 1  MIN / 

TIME (hours) 



Data for FERMCO, NORTH CHANNEL, 2000-YR STORM, LIGHT COVE 4 4 8 & 
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--* 448 Art 
Data €or FERMCO, NORTH CHANNgL, 2000-YR STORM, LIGHT COVE 
Prepared by GeoSyntec Consultants 9 Feb 96 

65 

68 
55 

50  

45 

40  

35 

30 
25 

HvdroCAD 3.10 000663 (c) 1986-1993 ARDlied MicrocomRuter Svstems 

.I'ff 12 15eb2$ 
R E A C H 1  POINT A 

- 
- 
- 
- 
- 
- 
- 
- 
- 

DEPTH END AREA 
(FT) (SQ-FT) 

0.0 0.0 
.4 .9 
.8 3.8 

1.2 8.5 
1.7 17.4 
2.4 33.9 
3.2 60.2 
4.0 94.1 

DISCH 
(CFS) 0' x 4' CHANNEL 
0.0 SIDE SLOPE= -17 ' / '  

/ 1.1 n= .03 
7.1 LENGTH= 420 FT 

20.9 SLOPE= .005 FT/FT 
54.6 

132.7 
285.9 r 518.3 . 

REACH 1 DISCHARGE 
POINT A 

STOR-IND METHOD 
MAX. DEPTH= 1.83 FT 
PEAK VELOCITY= 3.3 FPS 
TRAVEL TIME = 2.1 MIN 

/- 
Qin = 68.3 CFS 0 11.95 HRS 
QOUt= 67.5 CFS 0 11.98 HRS . 
ATTEN= 1 % LAG= 1.7 MIN 
IN/OUT= 3.78 / 3.78 AF 

r\ 

J) 
G 
U 

W 

3 
0 

4 0 -  

3 . 5  - 

3.0 - 

0' x 4 '  CHANNEL 

nz.83 L:420' S:.E05 

2 . 5 -  
G 
W SIDE SLOPE= . I 7  ' 1  

I- 

W 
0 

I '.5Y .0 

0' x 4 '  CHANNEL 
SIDE SLOPE= . I 7  ' 1  
nz.83 L:420' S:.E05 

m m m m m m m m m m  
t n ~ ~ m t n g ~ ~ u - ~ ~  

N N  

D I SCHARGE ( c f  5 1 

REACH 1 INFLOW 8 OUTFLOW 
POINT A 

A 
E '  x 4 '  CHFINNEL 

SIDE SLOPE= . I 7  ' 1  
nr.83 Lr42E'  S z . 8 8 5  

I STDR-IND METHOD 
VELOCITY= 3 3 FPS 

TRNEL= 2 I MIN 

Oln: 68.3 CF5 
Ooutz 6 7 . 5  CFS 

LFiG- I 7 MIN 

TIME (hours) 008507 



* 448 , t x  Data for FERMCO, NORTH CHANNEL, 2 0 0 0 - Y R  STORM, LIGHT COVE 
Prepared by GeoSyntec Consultants 9 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 Applied MicrocomRuter Systems 

@ R E A C H 2  

DEPTH END AREA DISCH 
(FT) (SO-FT) (CFS) 0' x 4' CHANNEL 

0.0 0.0 0.0 SIDE SLOPE= .17 
.4 .9 1.1 n= -03 
.8 3.8 7.1 LENGTH= 250 FT 

' / '  

1.2 8.5 20.9 SLOPE= -005 FT/FT 
1.7 17.4 54.6 
2.4 33.9 132.7 
3.2 60.2 
4.0 94.1 518.3 285*9 / 

A 

4 
G 
LI 

I + 

STOR-IND METHOD 
MAX. DEPTH= 3.51 FT / PEAK VELOCITY= 5.1 FPS 
TRAVEL TIME = . 8  MIN 
Qin = 379.5 CFS @ 11.98 HRS 
Qout= 377.6 CFS'@ 11.99 HRS 
ATTEN= 1 % LAG= .6 MIN 
IN/OUT= 21.09 / 21.08 AF 

REACH 2 DISCHFIRGE 

E' x 4 '  CHFINNE! 
SIDE SLOPE= . I 7  '/ 
nz.83 L z 2 5 8 '  Sz .885  

4 8 -  

3 5 -  

3 8 -  

2 5 -  

2 8 -  

a 1 5 -  
W 
0 

88, m m m m m A m m m A 

DISCHARGE (cf.51 

m ~ m m m m m m m m  
- N N P l P l W W D  

REACH 2 INFLOW 8 OUTFLOW 

368 - 
3 4 8  - 
328 - 
388 - 
2 8 8  - 

A 2 6 8  - 
dl 2 4 8  - 

2 2 8  - 2 2 8 8  - 
188 - 

3 I68 - 
0 148 - 
-I I28 - 
LL I88 - 

E8 - 
68 - 
48 - 

E' x 4 '  CHANNEL 
SIDE SLOPE: . I 7  ' / '  
n= 83 L z 2 5 8 '  52 885 

STDR-IND METHOD 
UELOCITY- 5 1 FPS 

TRFIUELz E M I N  

Oan= 379 5 CFS 
Ooutz 377 6 CFS 

LAG= 6 M I N  
i 

TIME (hours) 



Data for FERMCO, NORTH CHANNEL, 2000-YR STORM, LIGHT COVE 4 4 8  ~ 5 c  

Prepared by GeoSyntec Consultants 9 Feb 96 
Hydro- 3.10  000663 (c) 1986-1993 ADRlied Microcomputer Systems 

R E A C H 3  

DEPTH END AREA 
(FT) ( SO- FT) 

0.0 0.0 
. 5  1 . 5  

1 . 0  5 . 9  
1 . 5  1 3 . 2  
2 . 2  27.2 
3 . 0  52 .9  
4 . 0  9 4 . 1  
5 . 0  1 4 7 . 1  

DISCH 
(CFS) 
0.0 
2 . 0  

1 2 . 9  
3 7 . 9  
9 9 . 0  

240.7  
518.3 
939.8 

5 

4 

4 

A 3  
3 
G 3  

2 I 

W 

L 2  
W 
n l  

I 

E 

POINT B 

0'  x 5 ' .  CHANNEL STOR-IND METHOD 
SIDE SLOPE= .17 ' / '  MAX. DEPTH= 3 . 5 3  FT 
n= .03 
LENGTH= 4 M  FT 

PEAK VELOCITY= 5 . 2  FPS 
TRAVEL TIME = 1 . 3  MIN 
Qin = 397.8 CFS 0 11.99  HRS 
Qout= 389.0  CFS @, 1 2 . 0 1  HRS 
ATTEN= 2 % LAG= .9 MIN 
IN/OUT= 2 2 . 9 6  / 22.94  AF 

1 
SLOPE= .oo5 FT/FT 

f 

/ 

REACH 3 DISCHARGE 
POINT B 

E'  x 5' CHANNEL 
SIDE SLOPE- 17 ' 1  
n= E3 L:4EE' S:.EE5 

328 

DISCHARGE Ccfsl 

REACH 3 INFLOW 8 OUTFLOW 
POINT B 

U 228 - 
288 - 
188 - 2 168 - 
148 - 
I 2 E  - 

E'  x 5'  CHFINNEL 
SIDE SLOPE= 17 ' 1  
n= E3 L=4EE' S= E85 

STOR-IND METHOD 
VELOCITY= 5 2 FPS 

TRAUEL= I 3 M I N  

O n n =  397 8 CFS 
Ooutz 389 E CFS 

LAG= 9 MIN 

TIME (hours) OOOSO3 



44 8 c 

Data for FERMCO, NORTH CHANNEL, 2 O O O - Y R  STORM, MOD. COVER 

4 0 -  

3 5 -  

3 0 -  

2 5 -  

2 E -  

Prepared by GeoSyntec Consultants 
HvdroCAD 3.10 000663 (c) 1986-1993 ADDlied Microcomputer Systems 

9 Feb 96 

drmw9 
R E A M 1  POINT A 

DEPTH END AREA DISCH 
(FT) ( SO- FT) (CFS) 0' x 4' CHANNEL STOR-IND METHOD 

0.0 0.0 
. 4  .9 
.8 3.8 

1.2 8.5 
1.7 17.4 
2.4 33.9 
3.2 60.2. 
4.0 94.1 

- 
4 
G 
W 

I 
F 
a 
W 
0 

n 
In 

G 
U 

3 
0 
_I 
LL 

Y 

0.0 
1.1 
7.1 

20.9 
54.6 

132.7 
285.9 
518.3 

SIDE SLOPE= -17 ' / '  MAX. DEPTH= 1.76 FT 
n= -03 PEAK VELOCITY= 3.2 FPS 

TRAVEL TIME = 2.2 MIN 
Qin = 63.5 CFS 8 12.00 HRS 

I LENGTH= .420 FT 
SLOPE= .oo5 FT/FT 

Qout= 60.2 CFS 8 12.02 HRS 
ATTEN= 5 % LAG= 1.6 MIN 
IN/OUT= 3.79 / 3.78 AF 

I 
REACH 1 DISCHARGE 

POINT A 

"rn 5 :i m m m m m m m m m m 

m m m m m m m m m m  
- N N I ? F l V O V I  - 

DISCHARGE (cfsl 

REACH 1 INFLOW 8 OUTFLOW 
POINT A 

60 - 
55 - 
58 - 
45 * 

48 - 
35 - 
38 - 

0' x 4 '  CHRNNEL 
SIDE SLOPE= 17 ' I '  
n= 03 L=420' S= 005 

STOR-IND METHOD 
UELOCITY= 3 2 FPS 

TRAUEL= 2 2 M I N  

Oon: 63 5 CFS 
Ooutz 60 2 CFS 

LFiG- I 6 HIN  

'rn - N r? o a Ic m m m - - - - - - N  - - - - 

TIME (hours) 000510 



Data for FERMCO, NORTH CHANNEL, 2 0 0 0 - Y R  STORM, MOD. COVER 4 4 8  R r t  
Prepared by GeoSyntec Consultants 9 Feb 96 
HvdroCAD 3.10 000663 (C) 1986-1993 ADDlied MicrocomDuter Svstems 

R E A M 2  

DEPTH END AREA 
(FT) (SQ-FT) 

0.0 0.0 
.4 .9 
.8 3.8 

1.2 8.5 
1.7 17.4 
2.4 33.9 
3.2 60.2 
4.0 94.1 

n 
3 
G 
v 

n 
n 

G 
U 

3 
0 
-I 
LL 

v 

DISCH 
(CFS) 0' x 4' CHANNEL 
0.0 SIDE SLOPE= .17 ' / '  
1.1 n= -03 
7.1 LENGTH= 250 FT 'f 

20.9 SLOPE= .005. FT/FT 
54.6 

132.7 
285.9 

REACH 2 DISCHARGE 

STOR-IND METHOD 
MAX. DEPTH= 3.37 FT 
PEAK VELOCITY= 5.0 FPS 
TRAVEL TIME = .E MIN 
Qin = 344.7 CFS @ 12.01 HRS 
Qout= 338.7 CFS 0 12.03 HRS 
ATTEN= 2 % LAG= .E MIN 
IN/OUT= 21.12 / 21.10 AF f 

4 0 -  

3 5 -  

3 8 -  

2 5 -  
0' x 4 '  CHFlNNE! 

SIDE SLOPE= 17 '/ 
n: 83 L:250' S= 005 

DISCHARGE (cf.51 

REACH 2 INFLOW 8 OUTFLOW 

340 L 

320 - 
380 - 
2e0 - 
260 - 
240 - 
220 - 
200 - 
180 - 

140 - 
120 - 
100 - 

I 

- - - N  - - - - L - 

0 '  x 4 '  CHRNNE! 
SIDE SLOPE: 17 ' /  
n= 03 L=250' S= 005 

STOR-IND flETHO0 
UELOCITY= 5 FPS 

TRFIUEL= 8 f l IN  

O@n= 344 7 CFS 
oout= 338 7 CFS 

LOG= e M I N  

TIME (hours) 



m= - 448 
Data for FERMCO, NORTH CHANNEL, 2000-YR STORM, MOD. COVER 
Prepared by GeoSyntec Consultants 9 Feb 96 
HvdroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Systems 

R E A C H 3  

DEPTH END AREA DISCH 
(FT) ( S Q -  FT) (CFS) 

0.0 0.0 0.0 
.5 1.5 2.0 

1.0 5.9 12.9 
1.5 13.2 37.9 
2.2 27.2 99.0 
3.0 52.9 240.7 
4.0 94.1 518.3 
5.0 147.1 939.8 

5 . 0  - 
4 5 -  

4 . 0  - 

~ 3 . 5 -  
4 + 3 . 0  - 

2 5 -  
W 

I L I 

0' x 5' CHANNEL STOR-IND METHOD 
SIDE SLOPE= -17 ' / I  MAX. DEPTH= 3.33 FT 
n= .03 

SLOPE= .oo5 FT/FT Qin = 351.8 CFS Q 12.03 HRS 

PEAK VELOCITY= 5.0 FPS 
.( TRAVEL TIME = 1.3 MIN LENGTH= 400 FT 

Qout= 345.5 CFS Q 12.05 HRS 
ATTEN= 2 % LAG= 1.5 MIN 
IN/OUT= -22.99 / 22.96 AF 

REACH 3 DISCHARGE 
POINT B 

0' x 5 '  CHANNEL 
SIDE SLOPE= . I 7  '1 '  
n= .03  L=4E0'. 5 : .  E05 

y , , , , , , , , , , , , , , , , , , 

O O m m m m m m m m m m m m m m m m m m m  
m m m m m m m m m m r ~ m m m m m m m  

- - ~ ~ m m ~ ~ m m a a r - r - m m m  

DISCHARGE (cf5.1 

REACH 3 INFLOW 8 OUTFLOW 
POINT B 

E' x 5 '  CHRNNEL 
SIDE SLOPE= . I 7  ' 1 '  
nZ.03 L=4E0' S = . 0 0 5  

STOR-IND METHOD 
UELOCITY= 5 FPS 
TRRUELz 1 . 3  t l I N  

O i n =  351 8 CFS 
Ooutz 3 4 5 . 5  CFS 

LFIG= 1 . 5  MIN 

TIME (hours) 



4 4 8  YMW 
Data €or FERMCO, NORTH CHANNEL, 2OOO-YR STORM, HEAVY COVE 
Prepared by GeoSyntec Consultants 9 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Systems 

R 5 c -  

R E A C H 1  

DEPTH END AREA DISCH 
(FT) (SQ-FT) (CFS 

0.0 0.0 0.0 
.4 .9 .3 
.8 3.8 2.1 

1.2 8.5 6.3 
1.7 17.4 16.4 
2.4 33.9 39.8 
3.2 60.2 85.8 
4.0 94.1 155.5 

A 

4 
G 
W 

I 
t- 

W 
L3 

a 

POINT A 

0‘ x 4’ CHANNEL 
SIDE SLOPE= .17 ‘ / ‘  
n= .1 
LENGTH= 420 FT 
SLOPE= -005 FT/FT f 

REACH 1 DISCHARGE 
POINT A 

STOR-IND METHOD 
MAX. DEPTH= 2.65 FT 
PEAK VELOCITY= 1.3 FPS 
TRAVEL TIME = 5.4 MIN 
Qin = 63.5 CFS @ 12.00 HRS 

ATTEN= 13 % LAG= 
IN/OUT= 3.79 / 3.77 AF 

QOUt= 55.5 CFS @ 12.06 HRS 
4.0 MIN ( 

4 B -  

3 . 5  - 

3 . 8  - 

8’ x 4 ’  CHFINNEL; 

nr.1 L z 4 2 8 ’  S = . B B 5  
SIDE SLOPE= . I 7  ‘ 1  

DISCHARGE (cfsl 

REACH 1 INFLOW 8 OUTFLOW 
POINT A 

TIME (hours) 
000513 



r 448 
Data for FERMCO, NORTH CHANNEL, 2000-YR STORM, HEAVY COVE 

320 
300 
.?E0 
260 
240 
220 
200 
I80 
168 
140 

120 

9 Feb 96 Prepared by GeoSyntec Consultants 
HydroCAD 3.10 000663 (c) 1986-1993 ADDlled MicrocomDuter Svstems 

- 
- 
- 
- STOR-IND METHOD 
- UELOCITYz I 8 FPS 

TRFIUEL= 2 3 MIN 

* I Oln: 337 6 CFS 
- 1 Oout= 328 9 CFS 

I LFIG: 2 5 MIN - 
- 

I - 

/ - 

REACH 2 

DEPTH END AREA 
( FT) ( SO- FT) 

0.0 0.0 
.4 .9 
. 8  3.8 

1.2 8.5 
1.7 17.4 
2.4 33.9 
3.2 60.2 
4.0 94.1 

DISCH 
(CFS) 
0.0 
.3 

2.1 
6.3 

16.4 
39.8 
85.8 
155.5 

! 

0’ x 4‘ CHANNEL STOR-IND 
SIDE SLOPE= .17 ‘ / ’  MAX. DEPTH= 
n= .1 PEAK VELOCITY= 1.8 FPS 
LENGTH= 250 FT TRAVEL TIME = 2.3 MIN 
SLOPE= .005 FT/FT / Qin = 337.6 CFS Q 12.02 HRS 

Qout= 320.9 CFS Q 12.06 HRS 
ATTEN= 5 % LAG= 2.5 MIN 
IN/OUT= 21.11 / 21.07 AF / 

REACH 2 DISCHARGE 

000524 

4 0 -  

3 5 -  

3 0 -  
A 

0’ x 4‘ CHFINNEL 
SIDE SLOPE- 17 ’/’ 
n= I L=250‘ 5: 005 

c’ 2 5 -  
G 
W 

O @ m  m m m m m m m m m m m m m m m 
- N P l O L C I ~ l . m ~ m - N P l P L C I  - - - - - -  

DISCHARGE (cfsl 

REACH 2 INFLOW 8 OUTFLOW 

A 

dl 
G 
U 

W 

3 
0 
1 
LL 

0’ x 4 ’  CHFINNEL 
SIDE SLOPE: . I 7  ’ / ’  
n= I L ~ 2 5 0 ’  S= 005 

TIME (hours) 



t .  4 4  8 
Data for FBRMCO, NORTH CHANNEL, 2000-YR STORM, HEAVY COVE 
Prepared by GeoSyntec Consultants 9 Feb 96 
HvdroCAD 3.10 000663 (c) 1986-1993 Applied MicrocomRuter Systems 

DEPTH END AREA 
(FT) ( SO- FT) 

0.0 0.0 
- 5  1.5 

1.0 5.9 
1.5 13.2 
2.2 27.2 
3.0 52.9 
4.0 94.1 
5.0 147.1 

DISCH 
(CFS) 
0.0 
.6 

3.9 
11.4 
29.7 
72.2 

155.5 
281.9 

4 . 8  

POINT B 

u@' 
0' x 5'. CHANNEL STOR-IND METHOD 
SIDE SLOPE= .17 ' / '  MAX. DEPTH= 
n= .1 PEAK VELOCITY= 
LENGTH= 400 FT TRAVEL TIME = 3.4 MIN 
SLOPE= .005 FT/FT Qin = 336.2 CFS 0 12.06 HRS 

. f , Qout= 323.2 CFS 0 12.11 HRS 
ATTEN= 4 % LAG= 2.6 MIN 
IN/OUT= 22.96 / 22.89 AF 

f 

REACH 3 DISCHARGE 
POINT B 

0 '  x 5 '  CHANNEL 

n= 1 L=408 '  S= 885 
SIDE SLOPE= . I 7  '/ ' 

DISCHARGE ( c f s )  

REACH 3 INFLOW 8 0UTFLO.W 
POINT B 

308 

268 
248 
220 

+ 208 
n 
U I88 - 

168 - 
3 148 - 
0 I 2 8  - 2 188 - 

W 

68 - 
40 - 

E '  x 5 '  CHANNEL 
SIDE SLOPE- . I 7  '1 '  
n= I Ls488 '  Sz.085 

STOR-IND flETHOD 
UELOCITY= 2 FPS 
TRAUEL= 3 4 f l IN 

O i n =  3 3 6 . 2  CFS 
Ooutz 3 2 3 . 2  CFS 

LAG: 2 . 6  f l IN 

/ 

i 

TIME (hours) QUOS15 



GEOSYNTEC CONSULTANTS 
w- 4 4  8 

Page 1 of 148 
Date: 1 1  /&I?$ Written by: Art Date: X /Fa/ 96 Reviewed by: 

Client: FERMCO Project: OSDF Proj./Proposal No.: GE3900 Task No.: 08.1 
-_ 

Eastern Area Calculations 

Summary of InDut Data 

A summary of the HydroCAD" input data is presented in Table 1. 

/ Summary of Calculation Results 

A summary of the calculation results is presented in Tables 2 and 3. Drainage area 
maps, worksheets for calculation weighted runoff curve members, and HydroCAD" runs for 
runodrunoff and drainage channel routing are attached. 

GE3900-08.llF9630074.CAL 
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GEOSYNTEC CONSULTANTS 4 4  8 
Page of 

P 

Writtenby: AJL Date: 0 I & 4 /  $6 Reviewed b y : B s  Date: E /e/ & 
Client: FERMCO Project: OSDF Proj./Proposal No.: GE3900 Task No.: 08.1 

Table 2. Summary of HydroCAD" Results - 25-Year Storm Event 

Point of Peak Flow Peak Flow Peak Flow 
Interest Along Quantity Depth Velocity 

Channel (CFS) (Ft) (FPS) 

A 
Light Cover 
Moderate Cover 
Heavy Cover 

57.5 
51.7 
46.8 

2.0 
1.5 
1.7 

3.0 i 
4.5 
1 .o 

B 
Light Cover 
Moderate Cover 
Heavy Cover 

83.3 
75.9 
60.8 

2.3 
1.8 
2.0 

3.3 J 
4.9 
1 .1  

C 
Light Cover 
Moderate Cover 
Heavy Cover 

102.0 
94.4 
69.3 

2.5 
2.0 
2.2 

j 3.5 
5.2 
1 . 1  

D 
Light Cover 
Moderate Cover 
Heavy Cover 

115.1 
107.9 
75.0 

2.6 3.5 , ) 
2.1 5.4 
2.2 1 .1  

158.2 3.0 3.9 
Moderate Cover 159.0 2.5 5.9 
Heavy Cover 85.6 2.4 1.2 

E 
Light Cover 

GE3900-08.1IF9630074.CAL 



GEOSYNTEC CONSULTANTS 
Date: a IgbI a Written by: 45t Date: 9 /Fa/ 96 Reviewed by: 

Client: FERMCO Project: OSDF Proj./Proposal No.: GE3900 Task No.: 08.1 

. _  

e 
Table 3. Summary of HydroCAD" Results - 2,000-Year Storm Event 

Point of . Peak Flow Peak Flow Peak Flow 
Interest Along Quantity Depth Velocity 

Channel ( C W  (Ft) ( F W  

A 
Light Cover 
Moderate Cover 
Heavy Cover 

179.5 
155.5 
142.9 

0.9 
0.8 
1.5 

3.1 f -  
2.9 
1.3 

B 
Light Cover 
Moderate Cover 
Heavy Cover 

278.5 
233.3 
215.0 

1 . 1  
1 .o 
1.9 

3.6 
3.4 n. 
1.5 

C 
Light Cover 
Moderate Cover 
Heavy Cover 

361.9 
303.4 
269.7 

1.2 
1 . 1  
2.1 

3.8 7 
3.6 
1.6 

D 
Light Cover 
Moderate Cover 
Heavy Cover 

463.3 
390.1 
355.4 

1.4 
1.3 
2.5 

4.2 7 
4.0 
1.8 

E 
Light Cover 
Moderate Cover 
Heavy Cover 

756.3 
650.4 
555.4 

1.9 
1.8 
3.2 

4.8 
2.1 

GE39W-08.1 lF963W74. CAL 
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DRAINAGE AREA MAPS 
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WORKSHEETS FOR e 
WEIGHTED RUNOFF CURVE NUMBERS 



14s 
4 4 8  aS/ 

Jd434dm 

I 

a 

I 
Worksheet .: Runoff curve number and runoff x 

By 1st Date 2 / 6 / 9 6  - Pro jec t  F E R H C ~  - O J D ~  

Location Dhdai AACA tE-A C A J - - ~  C h e c k e d 1 5  Date nfi6ff 

S o i l  name Cover d e s c r i p t i o n  Area Product 

hydrologic (cover type,  t r ea tmen t ,  and N CN x area 
O f  

1/ and CN- 

group hydrologic  cond i t ion ;  N I I Bac:ee 
I O U  

percent impervious; al Omi- 
unconnected/connected impervious 2 il ox 

(appendix A) area r a t i o )  S L L i .  3 P  

4-9 
R u c c c  + /$Jf 

LdCAJ7LC 

c o/CJ .f,,ACC- &id 79 0. YS 36, X 

61 0.06 3 *kG 1 1  ' I  
43 

1. Runoff curve number (CN) 

0-5 
>I) v o  

11 Use only one CN source per l i n e .  
'r O&C 

/lj-) 

D-2 

Runoff \ rn Storm b l  Storm 12 4 Frequency .......................... 
Rainf a 11, P (24-hour ........... 
Runoff . Q ............ ............ i n  

(Use P and CN -wi-eh<able 2-1, f ig .  2-1, ' 

o r  eqs. 2 X n d  2-4.) 

(21O-VI-TR-Fi5, Second Ed., June 1986) 

t 



?/ 
Worksheet Runoff curve number and runoff P - P r o j e c t  F E ~ ~ C ~  - 0 J b f  By - A J t  Date 2 / g  /$( 

Location D d a I d e t  AALA E -  6 (RJ- +a) n e c k e d g 5  Date 1~6b fp  

Circle one: Presen . Develope 

1. Runoff curve number (CN) 

S o i l  name 
and 

hydrologic 
group 

(appendix A) 

RrrJICL‘ 

0 

Cover d e s c r i p t i o n  

(cover  type,  t r ea tmen t ,  and 
hydrologic  cond i t ion ;  

percent  impervlous; 
unconnectedi’connected impervious 

area r a t i o )  

D-2 

Tota l s  = . I .  

I1 Use only one CN source per l i n e .  - 

Product 
O f  

CN x area 

/8.3 

2 3 ,  c;B 

Frequency .............................. -?Y - .--- 
Rainfa l l ,  P (24-hour) _L *.- In .................... 

_r --. /-- 
.--./- 

(Use P aniI’.CN v f t h  t a b l e  2-1, f i g .  2-1, 
or eqs. 2-3 and 2-4.) 

Runoff, Q ... .-2.,m.+..;. ................... in 

? 
Storm Bl S t  

(210-VI-TR-.55, Second Ed., June 1986) 

f 



Circle one: P r e s e n e  

1 .  Runoff curve number (CN) 

soil Mm Cover description 
and 

hydrologic (cover type, treatment, and 
group hydrologic condition; 

percent impervious; 
unconnectedlconnected impervious 

(appendix A) area rat io)  

PdCASXC 

OPCJ XIAACL- Goob L d L n  e 
I ’  

11 Use only one CN source per l i n e .  - Totals = 1 -33 ’  

Product 
O f  

CN x area 

or eqs. 2-3 and 2 - 4 . )  e 
D-2 (21O-VI-TR-fi5, Second Ed., June 1986) 000540 



Y 
Worksheet (6 Runoff curve number and runoff 

1. Runoff curve number (CN) 

hydrologic 
group 

(appendix A) 

I C 

1 

Area Product 
of 1/ 

Cover description 
CN- 

(cover type, treatment, and cy CN x area l m u  hydrologic condition; w I I jXac6es 
percent impervious; P) ami- cy h( 

unconnected/connected impervious 2 0 2  
area ratio) $ ( L L  2 4  

OIL) J P m -  cod Covm 7 y  . J 3  . / ? . O d  

1! Use only one CN source per line. - Totals = 

Frequency ........................... 
Rainfall, P (24-hour) ............. 
Runoff, Q ................................ ..- in 

. __.-. 
cd- 

(Us%! and-CN with table 2-1, f l g .  2-1, . 
or eqs. 2-3 and 2-4.) 

! '  

D-2 (210.VI-TR-fi5, Second Ed., June 1986) O(PQS41 



Worksheet$& Runoff curve number and runoff 

C f r c l e  one: Present .  Developed 0 
1. Runoff curve number (CN) . 

hydrologic  
group 

(appendix A) 

e 

F 

Cover d e s c r i p t i o n  

(cover  type ,  t rea tment ,  and 
hydro log ic  cond i t ion ;  

percent  impervious; 
unconnected/connected impervious 

area r a t i o )  

1/ Use only one CN source  per  l i n e .  
I r / f  

T o t a l s  - I . 4 Y /  

t o t a l  product 92.dkbn' ' 7v CN (wefghted) - Use CN - 
t o t a l  area W Y  * 

Product 
O f  

CN x area 

G 
32.4% 

Frequency 

Runoff, 9, in 
(Use-? and CN wi th  t a b l e  2-1, f ig .  2-1, 
o r  eqs. 2-3 and 2 - 4 . )  

D-2 (210.VI-TR-Fj5, Second Ed., June 1986) 



b 
Worksheet* Runoff curve number and runoff 

Circle one: Present. veloped 0. 
1 .  Runoff curve number (CN) 

Cover description Product 
O f  

CN x area (cover type, treatment, and 
hydrologic condition; 

percent impervious; 
unconnected/connected impervious 

area ratio)  

Q) 
d I  . .! 

I 

8. /H 
3 

2 3 . H  

3 Y  

7Y 

77 

5 /  

7Y 

10.3 2 

3 

.Y 9.2 

I I I ,  
' I  

3 . 7  

F 
11 Use only one CN source per l i n e .  df  Totals - 80. zir 

. Use Ui - t o t a l  product 8 O N _  7 2 , x  CN (weighted) - 
' I .  I i  tota l  area # 

D-2 (210-VI-TR-fi5, Second Ed., June 1986) 008543 



Sod AREA 

1 

2 

3 

4 

C i r c l e  o n e :  P r e s e n t  

1 .  R u n o f f  c u r v e  n u m h e r  (CN) 

S o i l  name 
a n d  

h y d r o l o g  tc 
g r o u p  

( a p p e n d i x  A )  

C o v e r  d e s c  r i p  t t o n  

( c o v e r  t y p e ,  t r e a t m e n t ,  a n d  

p e r c e n t  t m p e r v l o u s ;  
u n c o n r i e c  t e d / c o n n e c  t e d  i m p e r v i o u s  

a r e a  r a t l o )  

h y d r o  l o g t c  c o n d  I t t o n  ; 

- 
CROP L ~ J O J  - STAA~GW @L 

Area 

OX 

P r o d u c t  
Of 

CN x a rea  

I 

'. 

I 

3 6 . G  

L' use o n l y  one C N  s o u r c e  p e r  t i n e .  T o t a l , ;  = 7.6 4 S 7 7 - G  

t o t 2 1  p r o d u c t  0 V . G  CN ( w e i g h t e d )  = = - = 7 6 . 3  
7 .  G t o t a l  a r e a  

9 

\ 
2 .  R u n o f f  

F r e q y e n c y  .......................... 
/--- 

R a i n f a l l ,  P (24-hour>)_.,.. Kr!. .......... I n  
/----- .- . _ _  .-- 

R u n o f f ,  Q .............................. Ln 
(Use P a n d  CN w i t h  t a b l e  2-1 ,  f i g .  2 -1 ,  
or e q s .  2-3 ar id  2 - 4 . )  



1 .  Runoff curvc  numher (CN) 

Soi  1 name Cover d e s c r l p t l o n  

h y d r o l o g i c  ( c o v e r  cypc, treatment, and 
and 

group hydro logtc  c o n d i t i o n ;  
percent lmpervlous;  

unconriected/connec t c d  impervious 
(appendix  A )  a r e a  r a t i o )  

- 
. C R ~  DWJ - S+-&AG~~T K-3 

I' use  o n l y  one crj source  per l i n e .  

- 
t\l 
I 

t-1 

aJ 
r( 
P 
m 
f- 

. . . .  

78 

I /  :N - ~ Area 

X a c r e s  
Omi? 
0 2  

0.6  

Product 
Of 

CN x a r e a  , 

L/G. 8 

/ o  I # & /  

? 

2 .  Run0 

-\ 

Freqpency 

R a i n f a l l ,  P (24-hour) In 

Runoff,  Q Z. ............................ Ln 

-\ 

(Use P and CN with t a b l e  2-1, Eig. 2-1,  
o r  e q s .  2-3 and 2 - 4 . )  

-- 



1. R u n o f €  c u r v e  numher (CN) 

SOL1 name 

h y d r o  log L C  ( c o v e r  t y p c ,  t r c ; i t m e n t ,  and  

Cover d e s c  r i p  t l o n  
and 

g r o u p  h y d r o l o e l c  c o n d i t l o n ;  
p e r c e n t  l m p e r v  Lous ; 

u n c o n a e c t e d / c o n n e c  t c d  i m p e r v i o u s  
(append  lx A )  a r e a  r a t i o )  

- 

,Y 2. Ll / 4 8 . 0  

L I I 

I' use o n l y  one CN s o u r c e  per l i n e .  T o t a  I G = &-SI. '/ 

CN (we ighted)  = = - -  77. Use CN = 
t o t a l  p r o d u c t  551.V - 

7. I t o t a l  a r e a  

F r e q u e n c y  
t 

R a i n f a l l ,  P ( 2 4 - h o u r )  

R u n o f f ,  Q ...... : .. .y.%. ...... - - - - 

(Use P and 9 e - h  t a b l e  2-1,  r 1 6 .  

or e q s .  -9-3 arid 2 - 4 . )  

........ I I 1 

/ 



6 

? 

C f r c L e  o n e :  P r e s e n t  e v e l o p c  D 
1. Runoff  c u r v e  numher ( C N )  

Sol1 name 
J nd 

h y d r o l o g i c  
group 

( a p p e n d i x  A )  

X E d 4  

Cover d e s c r i p t i o n  

( c o v e r  t y p c ,  treatment, and 
h y d r o l o g i c  c o n d t t t o n ;  

p e r c e n t  imperv Lous; 
unconriec t e d / c o n n e c  t c d  i m p e r v i o u s  

a r e a  r a c i o )  
- 

.CROP C L W ~  - S T ~ A ~ G ~ ~ T  R'dJ 

r! use o n l y  one CN s o u r c e  p e r  l i n e .  

I 
I /  I Area CN - 

? .. . . J  

P r o d u c t  
of 

CN x area 

23Y.o wi--,,, 0 . 2  

. Use CN = 1 7 1  d tot21 product  666.2 
CN ( w e i g h t e d )  = = - = 7G.6 

total a r e a  8.7 , 

\- 

or eqs.' 2-3 and 2 - 4 . )  

/ 

(21U-VI-'1'11-55. Sccunrl !.(I.. Julie 1986) 



1. R u n o f f  c u r v e  numher (CN) 

Soli name Cover d e s c r i p t i o n  Area P r o d u c t  

h y d r o l o g i c  ( c o v e r  t y p e ,  t r e a t m e n t ,  a n d  r q  CN x area  
o f  1 /  o nd CN - 

g r o u p  1 - u  
h l c v  

h y d r o l o g l c  c o n d i  t Lon; PI I I .Xac:es 
Omi- p e r c e n t  i m p e r v i o u s ;  PI 

4 -  
u n c o n i i e c t e d / c o n n e c  t c d  i m p e r v l o u s  n on ObOX 

m *d 4 e LL b. ( a p p e n d i x  A )  a r e a  r a t i o )  
- . . .  

XF5JjA 

c3 

3 

0. 2, / / *  0 

2.0 j / o .o  

sx 
SC 

70 

LADCD - L P I ~ O J  

/ I  / /  
X W l A  

-- - 
I /  

L d C A f i i S  
I t  C 

8 G o o 0  L $ m O # J  7 8  / S 6 .  o 

c 

-. 
X E d i A  a d  CAJO - & ? A l C R T  d o d j  

L d C A * X  6 // / I  / /  

8 c  

-. use  o n l y  one LN s o u r c e  p e r  L i n e .  Tota l i ;  = 

t o t 2 1  p r o d u c c  6 - 6 0 . 1  CN ( w e i g h t e d )  = = - = 70~7  Use CN = 
t o t a l  a r e a  9 I 

2 . q u n o f  f 

F r e q u e n c y  .................... 
Rainf a 1 1 ,  P ( 2 4 - h o u r )  ........ 
R u n o f f ,  Q 

5 

.............. I n  
( U s W C N  w l t h  t a b l e  2-1 ,  Clg. 2-1,  

. - ~ 4 e q s .  2-3 arid 2 - 4 . )  

(21O-V1-'1'11-55. Sccunt l  !.:(I., Julie 1086) 800548 



1. Runoff c u r v e  numher (CN) 

. 

s h m  

S o i l  name' Cover d e s c r i p t i o n  Area P r o d u c t  

h y d r o l o g i c  ( c o v e r  t y p e ,  t r e ; i t m e n t ,  and  r q  CN x area 
of I /  a n d  CN - 

g r o u p  h y d r o l o g i c  c o n d l t l o n ;  c1 I t X'acres 1 m . Y  

c u c u  Omi' p e r c e n t  i m p e r v l o u s ;  01 
unconnec  t e d / c o n n e c  t c d  i m p e r v i o u s  

( a p p e n d i x  A )  a r e a  r a t l o )  
- 

. U o P  b4 - S T ~ A I G N T  koa 
I 

2 

3 

L/ 

1' use o n l y  one CN s o u r c e  per l i n e .  

t o t h  p roduc t  88Co 
CN ( w e i g h t e d )  = = - =  74.7 Use CN = 

t o t a l  area //, 4 I 

2. \ay nof f 
S t o r m  111 

/ 

/ --, R u n o f f ,  Q .-.... 5 ......................... Ln 
(Use-P--'and CN w i t h  t a b l e  2-1 .  f i g .  2-1. 

f 

i 

S t o r m  111 S torm i l3  

- 
or e q s .  2-3 and  2 - 4 . )  



F- 

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

.- . 
10.7 

4 

Table 1 Curve a u b e r s  (CN) and coastants r o r  the case Ia - 0.2 S 
1 2 3 4 5 1 2 3  4 5 

Curve- * 
starts 

Curve* 
condi - starts condi - . 

L =  11 

CN for CN r o r  
t ion  I 111 

CN for CN f o r  
conditions values* vhere conditions values. vherc t i an  I 11: 11 P =  

. . . .  

( inches)  -- ( i n c t c s )  (inches) (inches) -- 
loo 100 loo 

89 
67 
85 
83 
51 
€0 
78 
76 
75 
73 
72 
70 

67 
66 
64 
63 
€2 

Ga 

99 
98 
98 * 
37 
3 i  
36 
% 
95 
35 
34 
94 
93 
33 
,32 
2 
91 

h: ! . *  
,< . : 
I- 

.. fl 4 i  

0 ’< 
,101 
. a 4  
0x9 
4i7 

.526 
,638 
.753 . a-ic- 
333 

1.11 
1.24  
1 .:6 
1 .Q 
1.63 
1.76 
1.3 
2 .dS 
2.-3 
2.34 
2 . j O  
2 -66 
:.z2 
2.3,;  
3 . I 5  
3.2,. 
3 .>A 
:, , .;c. 
j .-I .’ .. 
4 .de 
4 -,:. 
L.L> 

* ‘ - P  

- -  - ... 

.-- 
i ’. 

1. - - . 
, -A: 
c 5 .  
, . r :  

1 . ., , . .- 
.... i 

. .  . . . .  

- . .  . .  . .-_ 
. .  . :. : 

60 40 78 . 6.67 1.33 
6.95 1-39 
7.24 1.45 

1.51 

55 
54 
53 
52 
51 
50 
49 
4.8 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
j6 
35 
34 
33 
j 2  
31 
x 
25 
22 

1C 
1 -  -_ 

L 

75 
74 
73 
72 
71 
70 
7c 
69 
66 
67 
66 
65 
64 
63 
62 
6i 
60 
59 
56 
5; 
56 
55 
3 

5 2  
51 
5c 

c -  ,? 



HYDROCADTM RUNS a 
RUNONIRUNOFF 



Data for FERMCO, EAST CHANNEL, 25-YR STORM, LIGHT COVER 
Prepared by GeoSyntec Consultants 
HydroCAD 3.10 000663 (c) 1986-1993 Applied MicrocomDuter Systems 

9 Feb 96 

2 e -  

1 8 -  

1 . 6 -  

1 4 -  

1 2 -  

@ SUBCATCHMEWT 1. 

l 

ACRES 
.55 

E-A 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

VOLUME= -09 AF 
PEAK= 2.0 CFS @ 11.88 HRS 

Met hod Comment Tc (min) 
TR-55 SHEET FLQW Segment ID : 
Grass: Short n=. 15 /L=30' /P2=2.6 in / s = .  3333 / I  

CHANNEL FLOW Segment ID: 
a=272 sq-ft ' Pw=87/ r=3.126' 
s=. 005 I / '  / n=. 03 /V=7.49 fps 

1.3 

1.8 

/ 

L=8001/ Capacity=2037 cfs 
- - - - - - - - - -  

Total Length= 830 ft Total Tc= 3.1 

SUBCATCHMENT I RUNOFF 
E-A 

n 
J ) '  

G 
U 
v 

3 
0 
_I 
k 

AREA: .55 AC 

CN: 73 
Tc= 3 . 1  MIN 

SCS TR-28 METHOD 
TYPE I1 24-HOUR 

RAINFALL- 4 7 I N  

PEAK= 2 . 8  CFS . 
'2 I I  .88 HRS 

UOLUME: 89 AF 

TIME (hours) 



P& Data for FERMCO, &ST CHANNEL, 25-YR STORM, LIGHT COVER 
Prepared by GeoSyntec Consultants 
HvdroCAD 3.10 000663 (c) 1986-1993 Applied MicrocomRuter Systems 3 3 1  14-8 

9 Fdb 96 

@ SUBCATCHMENT 2 

ACRES CN ,” 
.37 64 ‘ 

E-B 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

PEAK= .9 CFS @ 11.89 HFS 
VOLUME= . 0 4  AF 

Method Comment Tc (min) 
TR-55 SHEET FLOW Segment ID : 
Grass: Short n=.15 /L=30”’ P2=2.6 in s=.3333 ’ /  

a=312 sq-ft /‘r=3.216’ 
S=.OO5 ‘ / I /  --n’wi63”i V=7.63 fps L=540’ Capacity=2381.2 cfs 

1.3 1 
CHANNEL FLOW/ Segment ID: 1.2 

- - - - - - - - - -  
Total Length= 570 ft Total Tc= 2.5 

SUBCATCHMENT 2 RUNOFF 
E-B 

90 - 
85 - 
80 - 
75 - 
70 - 
65 - 

r\ 

6“ K 

2 z 
U 50 - 

45 - 

A 38 - 
2e - 

LL 25 - 

15 - 
I \  

AREA= .37 AC 

CN= 64 
Tc= 2 5 flIN 

SCS TR-20 flETHOD 
TYPE I1 24-HOUR 

RAINFALL: 4 7 IN 

PEAK= . 9  CFS 
@ I 1  .89 HRS 

uoLunE= 84 FIF 

T I M E  (hours) 



Data for FERMCO, EAST CHANNEL, 25-YR STORM, LIGHT COVER 
Prepared by GeoSyntec Consultants 
HydroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Systems 

I 2 L  

I I -  

1 0 -  

9 -  

e -  

a SUBCATCHMENT 3 E-C 
/ 

1. ACRES CN 
-33 74 SCS TR-20 METHOD 

TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

VOLUME= .05 AF 
PEAK= 1.3 CFS Q 11.88 HRS 

Met hod Comment Tc (min) 

Grass : Short n=. 15 -4’ L=30’/’‘ ’ P2=2.6 in s=.3333 

a=332 sq-ft ’Pw=102’’ r=3.255‘ 
s=.005 ’ / y  n=.03 / V=7.69 fps L=405’ ’’ Capacity=2554 cfs 

1.3 / TR-55 SHEET FLOW 

CHANNEL FLOW Segment ID : .9 

Total Length= 435 ft Total Tc= 2.2 

SUBCATCHMENT 3 RUNOFF 
E-C 

A 

J) 
Q- 
U 

W 

3 
0 
-J 
LL 

FIREFI= 33 FIC 

CN: 74 
Tc= 2 . 2  H I N  

SCS TR-20 HETHDD 
TYPE I 1  24-HOUR 

RFIINFnLL= 4 . 7  I N  

PEFIK- 1 . 3  CFS 

UOLUME= . 8 5  FIF 
e I I . B B  HRS 

7 -  PEFIK- I 3 CFS 

6 -  UOLUME= 85 FIF 

5 -  

4 -  

3 -  

e I I  ee HRS 

- N  

T I M E  (hours1 

008554 



Data for FERMCO, EAST CHANNEL, 25-YR STORM, LIGHT COVER 
Prepared by GeoSyntec Consultants 9 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 ARDlied MicrocomRuter Systems 

80 
75 
70 
65 
60  

n 

4- 50 

40 

5) 55 

" 45 

-I 30- 
LL 25 

W 

3 35 
0 

2 0  
15 

SUBCATCHMENT4 

- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

- 
- 
- 

ACRES C N / -  
-23 74 

E-D 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

PEAK= -9 CFS @ 11.88 HRS 
VOLUME= -04 AF 

Met hod I Comment Tc (min) 
TR-55 SHEET FLOW / Segment I D  : / 1.5 
Grass: Short n=.15 L=35' "P2=2.6 in s=.3333 I / '  

CHANNEL FLOW Segment I D  : .6 
a=348 sq-ft 'Pw=106' ' r=3.283' 
s=.OO5 I / '  f n=.03 V=7.74 fps L=290t/.Capacity=2692.4 cfs 

- - - - - - - - - -  
Total Length= 325 ft Total Tc= 2.1 

SUBCATCHMENT 4 RUNOFF 
E - D  

FIREFI= 23 FIC 

CN: 74 
Tc= 2 . 1  MIN 

SCS TR-20 METHOD 
TYPE I 1  24-HOUR 

RFIINFRLL: 4 7 I N  

PEAK: 9 CFS 
@ I I  .88 HRS 

UOLUHE: 04 FIF 

T I M E  (hours) 



Data for FERMCO, EAST CHANNEL, 25-YFt STORM, LIGHT COVER 
Prepared by GeoSyntec Consultants 9 F b 9  
HydroCAD 3.10 000663 (c) 1986-1993 Applied Microcornruter Svstems q&l& 

I 6 -  
I 5 -  
I 4 -  

I 3 -  
1 2 -  

n 

@ SUBCATCHMENT 5 E-E 

/’ ACRES 
.44 74 SCS TR-20 METHOD 

TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

PEAK= 1.7 CFS 0 11.88 HRS 
VOLUME= .07 AF 

Met hod Comment Tc (rnin) 
TR-55 SHEET FLOW / Segment ID : 
Grass: Short n=.15/ L=35’ P2=2.6 in s=.3333 ’ /  

1.5 
,/‘ 

CHANNEL PLOW/ Segment ID : 1.2 

L=550”Capacity=2692.4 cfs 
- - - - - - - - - -  

Total Length= 585 ft Total Tc= 2.7 

SUBCATCHMENT 5 RUNOFF 
E-E 

FIREA: 44  FIC 

CN= 74 
Tc= 2 7 MIN 

SCS TR-2B METHOD 
TYPE I1 24-HOUR 

RFIINFALL: 4 7 I N  

PEAK= 1 7 CFS 
C I I 88 HRS 

UOLUME: a7 FIF 

T I M E  (hours) 



PI.- d a  6 I 
Data for FERMCO, EAST CHANNEL, 25-YR STORM, LIGHT COVER 
Prepared by GeoSyntec Consultants 
HvdroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Svstems l 

3 a -  
3 6 -  
3 4 -  
3 2 -  
3 0 -  
2 a -  
2 6 -  
2 4 -  

2 0 -  
2 2 -  

I a -  
I 6 -  
I 4 -  
I 2 -  
I 0 -  

e SUBCATCHMENT 6 

1 FIREFI= I I 1  FIC 

CN= 72 
Tc= 3 7 MIN 

SCS TR-2E flETHOD 
TYPE I1 24-HOUR 

RFIINFFILL= 4 7 I N  

PEFIK= 3 9 CFS 

UOLUflE= 17 FIF 
e I I  a9 HRS 

ACRES 
1.11 72 

E-F 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

VOLUME= .17 AF 
PEAK= 3.9 CFS 0 11.89 HRS 

Method Comment Tc (min) 
TR-55 SHEET FLOW Segment ID: 

Segment ID : 

1.9 

1.8 
Grass: Short n=.15 /,2=2.6 in S=.3333 ' 

Pw=106' r=3.283' 
s=.OO5 ' / I  n=.03 \7=7.74 fps L=820'/ Capacity=2692.4 cfs 

- - - - - - - - - -  
Total Length= 865 ft Total Tc= 3.7 

n 
J) 

re 
u 
v 

3 
0 
_I 
LL 

T I M E  (hours) 



Data for FERMCO, EAST m L 8  25-YR STORM, LIGHT COVER 

HydroCAD 3.10 000663 (c) 1986-1993 Amlied Microcomputer Systems 

4 4 8 Prepared by GeoSyntec Consultants 9 Fe 6 
4 3 M  

SUBCATCHMENT 7 

ACRES 
10.50 98 

E-1 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

PEAK= 56.3 CFS @ 11.97 HRS 
VOLUME= 3.16 AF 

Method Comment Tc (min) 
9.0 TR-55 SHEET FLOW Segment ID: 

Grass: Short 
SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: .8 
Unpaved Kv=16.1345 L=300' s=.167 ' / I  V=6.59 fps 

Segment ID : 1.6 CHANNEL FLOW 
r=3.126' 

S=.OO5 ' / '  V=7.49 fps L=705'/ Capacity=2037 cfs 

/ 
n=.15 "-L=147/ P2=2.6 i d  s=.07 ' / I  

I 

- - - - - - - - - -  
Total Length= 1152 ft Total Tc= 11.4 

SUBCATCHMENT 7 RUNOFF 
E- 1 

r\ 

10 
4- 
U 
v 

3 
0 
J 
L L  

55 - 
58 - 
45 - 
40 - 
35 - 

38 - 

25 - 
26 - 

FIRER= IE 5 FIC 

CN= 98 
Tc= I I  4 MIN 

SCS TR-ZE METHOD 
TYPE I1 24-HOUR 

RFIINFFILL= 4 7 IN 

PEFIKE 56 3 CFS 
@ I I 97 HRS 

UDLUHE= 3 16 FIF 

T I M E  (hours) 



Data for FERMCO, EAST CHANNEL, 25-YR STORM, LIGHT COVER 
d 5 -  448 

Prepared by GeoSyntec Consultants 
HydroCAD 3.10 000663 (c) 1986-1993 Applied MicrocomRuter Systems 

m SUBCATCHMENT 8 

ACRES 
5.30 98 

E - 2  

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

PEAK= 28.6 CFS 0 11.97 HRS 
VOLUME= 1.60 AF 

Method Comment 
TR-55 SHEET FLOW Segment ID: 
Grass : Short n=. 15 /L=147/ P2=2.6 in s=.  07 ’ / 
SHALLOW CONCENTRATED/UPLAND FLOW 

CHANNgL FLOW . Segment ID : 

s=.OO5 ‘ / I  [ n:wizT’ V=7.63 fps k 5 4 d  Capacity=2381.2 

/ 
Unpaved Kv=16.1345 L=305‘ 

a=312 sq-ft / ’k=3.216’ f 

Total Length= 992 ft 

A 

0 
G 
u 

W 

3 
0 
J 
L L  

SUBCATCHMENT 8 RUNOFF 
E-2 

Tc (minr 
9.0 

. 8  

1.2 

RREA= 5 . 3  RC 
Tc= I 1  H I N  
CN= 98 

SCS TR-20 METHOD 
TYPE I 1  24-HOUR 

RRINFRLL= 4 7 I N  

PERK= 28 6 CFS 
@ I 1  97 HRS 

UOLUHE: 1 6 0  RF 

TIME (hours) 



Data for FERMCO, EAST CHANNEL, 25-YR STORM, LIGHT COVER 
P r c  4 4 8  

Prepared by GeoSyntec Consultants 
HvdroCAD 3.10 000663 (c) 1986-1993 ADDlied MicrocomDuter Svstems 

@ SUBCATCHMENT 9 

ACRES C N I  
4.20 98 

E-3 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

PEAK= 22.7 CFS @ 11.97 HRS 
VOLUME= 1.27 AF 

Met hod Comment Tc (rnin) 
9.0 TR-55 SHEET FLOW Segment ID: 

SHALLOW CONCENTRATED/ LAND F OW Segment ID: . E  
Unpaved 
CHANNEL FLOW 
a=332 sq-ft Pw=102' r=3.255' 
s=.OO5 n=.03 /6=7.69 fps L=405' Capacity=2554 cfs 

I Grass: Short n=.15 L=147" P2=2.6 in s=.O7 I / '  

Kv=16.1345 ?L=310'f s = .  167 ' / '  / 'V=6.59 fps 
Segment ID: .9 > I 

- - - - - - - - - -  
Total Length= 862 ft Total Tc= 10.7 

A 

dl 
re 
U 
v 

3 
0 
J 
L L  

SUBCATCHMENT 9 RUNOFF 
E-3 

22 - 
20 - 
18 - 

16 - 

14 - 

I2 - 
I0 - 
8 -  

6 -  

RREFI: 4 . 2  AC 

CN= 98 
TC= 1 8 . 7  MIN 

SCS TR-20 METHOD 
TYPE 1.1 24-HOUR 

RFIINFFILL= 4 . 7  I N  

PEFIK= 22.7 CFS 
@ I I  .97 HRS 

UOLUME= 1.27 FIF 

TIME (hours) 



Data for FERMCO, EAST CHANNEL, 25-YR STORM, LIGHT COVER 
Prepared by GeoSyntec Consultants 9 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Systems Lf& /4g 

SWCATC€MENT I O  E-4 

ACRES CN / 
3.00 98 SCS TR-20 METHOD 

TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

VOLUME= .90 AF 
PEAK= 16.3 CFS @ 11.96 HRS 

Method Comment Tc (min) 
9.0 

Grass: Short n=.15 L=147' P2=2.6 in s=.O7 ' /  
SHALLOW CONCENTRATED/ Segment ID: - 8  
Unpaved 
CHANNEL FLOW Segment ID : -6 
a=348 sq-f ' pw=lo?) r=3.283' 

/ Segment ID : / TR-55 SHEET FLOW 

Kv=16.1345 x0'9w~=. 167 / '  / V=6.59 fps 

n=.03 V=7.74 fps L=290') Capacity=2692.4 cfs 
- - - - - - - - - -  

Total Length= 747 ft Total Tc= 10.4 

r\ 

n 
4- 
U 

W 

3 
0 

SUBCATCHMENT 16 RUNOFF 
E-4 

FIREFI: 3 FIC 
Tc= 18.4 M I N  

CN= 9E 

SCS TR-28 HETHOD 
TYPE I1 24-HOUR 

RFIINFALL= 4 . 7  I N  

PEFIKz 16 .3  CFS 
@ I I  .96 HRS 

UOLUME= .9E  t2F 

TIME (hours) 



Data for FERMCO, EAST CHANNEL, 25-YR STORM, LIGHT COVER P A% 44 8 
Prepared by GeoSyntec Consultants 9 Feb 96 
HvdroCAD 3.10 000663 (C) 1986-1993 ApDlied MicrocomDuter Systems L/7/ I@ 

SWCATCkMENT 11 E-5 

ACRES CN J 
5.80 98 SCS TR-20 METHOD 

TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

PEAK= 31.3 CFS @ 11.97 HRS 
VOLUME= 1.75 AF' 

Method Comment Tc (min) 
9.0 TR-55 SHEET FLOW Segment ID: 

Grass: Short n=.15 ' L=147' ' P2=2.6 in s=.07 I / '  
SHALLOW CONCENTRATED/ LAND FLOW Segment ID: .8 
Unpaved 
CHANNEL FLOW 1 Segment ID : 1.2 
a=348 sq-ft Pw=106' ' r=3.283' 
s=. 005 ' / '  In=. 03 / V=7.74 fps L=550' Capacity=2692.4 cfs 

1 
Kv=16.1345 TL=305' /s=.167 I / '  1 V=6.59 fps 

- - - - - - - - - -  
Total Length= 1002 ft Total Tc= 11.0 

SUBCATCHMENT 1 1  RUNOFF 
E-5' 

3 0  L 

28  - 
26 - 
24 - 
22 - 
2E - 
18 - 
16 - 
14 - 
I2 - 

-I I 0  - 
LL 8 -  

6 -  
4,- 

3 
0 

AREA= 5 . 8  OC 
Tc= I I  MIN 
CN= 9 8  

SCS TR-20 METHOD 
TYPE I 1  24-HOUR 

ROINFOLLZ 4 7 I N  

PEAK= 31 . 3  CFS 
@ I I 97 HRS 

UOLUME= 1 . 7 5  AF 

T I M E  (hours) 



Data for FERMCO, EAST CHANNEL, 25-YR STORM, LIGHT COVER - 
Prepared by GeoSyntec Consultants ' 

H y d r o 0  3.10 000663 (c) 1986-1993 ADplied Microcom~uter Svstems 

@ SWCATCHMEWT 12 E-6 

" J  ACRES 
6.30 98 SCS TR-20 METHOD 

TYPE I1 24-HOUR 
RAINFALL= 4.7'IN 

VOLUME= 1.90 AF 
PEAK= 33.7 CFS @ 11.98 HRS 

Met hod Comment Tc (min) 
9.0 

. 8  

/ Segment ID : 

SHALLOW CONCENTRATED/UPLAND F OW Segme t ID: 
Unpaved 
CHANNEL FLOW( 
a=348 sq-ft Pw=106' r=3.283' 
s=.OO5 ' / ' I  n=.03 V=7.74 fps L=820' Capacity=2692.4 cfs 

TR-55 SHEET FLOW 
Grass: Short n=.15 P2=2.6 in s=.O7 ' /  

Kv=16.1345 ' L=300 f s = .  167 ' /3 V=6.59 fps 
Segment ID: 1.8 1 

- - - - - - - - - -  
Total Length= 1267 ft Total Tc= 11.6 

SUBCATCHMENT 12 RUNOFF 
E-6  

n 
5) 

G 
U 

W 

3 
0 
-I 
L L  

32 - 
30 - 
2E - 
26 - 
24 - 
22 - 
28 - 
i s  - 
16 - 
14 - 
I 2  - 

E -  
6 -  

i a  - 

FIREFI= 6 . 3  FIC 

CN= 9E 
Tc= 11.6 MIN 

SCS TR-20 METHOD 
TYPE I 1  24-HOUR 

RAINFFILL= 4 7 I N  

PERK= 3 3 . 7  CFS 
'2 11.98 HRS 

UOLUME: 1.90 FIF 

TIME (hours) 



Data for FERMCO, EAST CHANNEL, 25-YR STORM, MOD. COVER 

I 9 -  

Prepared by GeoSyntec Consultants 9 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 ARDlied Microcomuter Svstems qq/ 148 

AREFI= 55 FIC 

@ SUBCATCHMENT 1 

2 0  

1 8 -  
1 7 -  
I 6 -  
1 5 -  

A 1 4 -  

G 1 2 -  
u I I -  

1 E -  
9 -  

J) 1 3 -  

2 8 :  

2 ;- 
5 -  
4 -  

73 
ACRES 

.55 

T c r  3 8 MIN 
CN= 73 

SCS TR-28 METHOD 
TYPE I1 24-HOUR 

RAINFFILL: 4 7 I N  

PEAK= 2 E CFS 
@ I I  89 HRS 

UDLUME= E9 AF 

E-A 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

PEAK= 2.0 CFS 0 11.89 HRS 
VOLUME= .09 AF 

Method Comment Tc (min) 
TR-55 SHEET FLOW Segment ID: 2.0 
Grass: Dense n=.24 /-L=301 P2=2.6 in s=.3333 I/' /- 

1.8 
/. 

CHANNEL FLOW Segment ID : 
a=272 sq-ft Pw=87' r=3.126' 
s=.OO5 ' / I  n=.03 V=7.49 fps L=8OO1 Capacity=2037 cfs 

Total Length= 830 ft Total Tc= 3.8 

SUBCATCHMENT 1 RUNOFF 
E-A 

TIME (hours) 



Data for FERMCO, EAST CHANNEL, 25-YR STORM, MOD. COVER 
Prepared by GeoSyntec Consultants 
HydroCAD 3.10 000663 (c) 1986-1993 ADDlied MicrocomDuter Systems 

98 
85 
88 
75 
78  
65 
68 
55 
58 
45 
48 
35 
38 
25 
28 

@ SWCATCHMHNT 2 

i 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

ACRES 
.37 64 

E-B 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

VOLUME= . 0 4  A?? 
PEAK= .9 CFS @ 11.89 HRS 

Method Comment Tc (min) 
TR-55 SHEET FLOW Segment ID: 
Grass: Dense n=.24 /;;/=30' P2=2.6 in s=.3333 I / '  

a=312 sq-ft Pw=97' r=3.216' 
s=.OO5 ' / I  n=.03 V=7.63 fps L=540' Capacity=2381.2 cfs 

2.0 
I- 

CHANNEL FLOW Segment ID : / 1.2 

- - - - - - - - - -  
Total Length= 570 ft Total Tc= 3.2 

SUBCATCHMENT 2 RUNOFF 
E-B 

A 

In 
G 
U 

W 

3 
0 

FIREFI= .37  FIC 

CN: 64 
Tc= 3 . 2  MIN 

SCS TR-28 METHOD 
TYPE I1 24-HOUR 

RAINFFILL: 4 . 7  I N  

PEAK= 9 CFS 
@ I I 89 HRS 

UOLUME: . 8 4  FIF 

TIME (hours) 

000565 



Data for FERMCO, EAST CHANNEL, 25-YR STORM, MOD. COVER 
Prepared by GeoSyntec Consultants 9 Feb 9 
HvdroCAD 3.10 000663 (c) 1986-1993 Applied Microcomuter Systems /4! 

SUBCATCHMENT 3 

ACRES 
.33 74 

E-C 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

PEAK= 1.3 CFS @, 11.88 HRS 
VOLUME= -05 AF 

Comment Tc (min) Method 
TR-55 SHEET FLOW 2.0 
Grass: Dense n=.24 /L=30’ B2=2.6 in S=.3333 ’ / ’  / 
CHANNEL FLOW Segment I D  : .9 
a=332 sq-ft Pw=102’ r=3.255’ / 
s=.OO5 n=.03 V=7.69 fps L=405’ Capacity=2554 cfs 

r\ 

J) 
cc 
u 

W 

3 
0 
J 
LL 

Total Length= 435 ft Total Tc= 2.9 

SUBCATCHMENT 3 RUNOFF 
E-C 

1 2 -  

I I -  

I E -  

9 -  

8 -  

7 -  

6 -  

5 -  

4 -  

3 -  

AREA- .33 AC 

CN: 74 
Tc= . 2 . 9  MIN 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 

RAINFALL= 4 7 I N  

PEAK= 1.3 CFS 
@ I I .BB HRS 

UOLUME- .85 AF 

TIME ( h o u r s )  



Data €or FERMCO, EAST CHANNEL, 25-YR STORM, MOD. COVER 
Prepared by GeoSyntec Consultants 
HydroCAD 3.10 000663 (C) 1986-1993 Applied MicrocomDuter Systems 

P S C  

9 Feb 96 
/ 148 

E-D @ SUBCATCHMENT 4 

ACRES 
.23 74 SCS TR-20 METHOD 

TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

PEAK= .9 CFS @I 11.88 HRS 
VOLUME= .04 AF 

Method Comment Tc (min) 
2.2 TR-55 SHEET FLOW Segment ID: 

Grass: Dense n=.24 /L=35' P2=2.6 in s=.3333 ' / '  
CHANNEL FLOW Segment ID: .6 

s=.OO5 ' / I  n=.03 V=7.74 fps L=290' Capacity=2692.4 cfs 

/--- 

a=348 sq-€t Pw=106' r=3.283' /j 

-- - - - - - - - -  
Total Length= 325 ft Total Tc= 2.8 

- .  

SUBCATCHMENT 4 RUNOFF 
E-D 

AREA: . 2 3  A t  

CN- 74 
Tc= 2 8 MIN 

SCS TR-28 METHOD 
TYPE I 1  24-HOUR 

RFIINFALL: 4 . 7  I N  

PEAK= . 9  CFS 

UOLUME= .E4 AF 
e I I  .ea HRS 

T I M E  (hours) 



Data for FERMCO, EAST CHANNEL, 25-YR STORM, MOD. COVER 
Prepared by GeoSyntec Consultants 

A5 

9-Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Systems A */ I& 

@ SWCATC€MENT 5 E-E 

ACRES CN / 
.44 74 SCS TR-20 METHOD 

TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

VOLUME= -07 AF 
PEAK= 1.7 CFS @ 11.89 HRS 

Method Comment Tc (min) 
TR-55 SHEET FLOW Segment ID: 
Grass: Dense n=.24 /L=35' P2=2.6 in s=.3333 ' / I  

2.2 
/-. 

CHANNEL FLOW Segment ID : 1.2 
a=348 sq-ft Pw=106' r=3.283' 1 
s=.OO5 ' / I  n=.03 V=7.74 fps L=550' Capacity=2692.4 cfs 

Total Length= 585 ft Total Tc= 3.4 

SUBCATCHMENT 5 RUNOFF 
E-E 

r\ 

n 
4- 
U 

3 
0 
-I 
LL 

W 

RREA= . 4 4  FlC 

CN: 74 
Tc= 3 . 4  H I N  

SCS TR-20 METHOD 
TYPE I1 24-HOUR 

RAINFALL= 4 . 7  I N  

PEAK= 1 . 7  CFS 
@ I I  . 8 9  HRS 

UOLUME: . 0 7  AF 

TIME (hours) 



Data for FERMCO, EAST CHANNEL, 25-YR STORM, MOD. COVER 
Prepared by GeoSyntec Consultants 
HydroCAD 3.10 000663 (c) 1986-1993 ADDlied Microcomputer Systems 

3 8  
3 6 -  
3 4 -  
3 2 -  
3 E -  
2 8 -  

n 2 6 -  
J) 2 4 -  
+ 2 2 -  U 
w 2 8 -  

1 8 -  
3 1 6 -  
0 1 4 -  
J 1 2 -  
LL I 8 -  

8 -  

e SUBCATCHMENT 6 

AREA: I I 1  AC 

CN= 7 2  
Tc= 4 5 MIN 

SCS TR-28 METHOD 
TYPE I1 24-HOUR 

RAINFALL= 4 7 I N  

PEAK= 3 8 CFS 
@ I I 9 HRS 

VOLUME: 17 AF 

ACRES 
1.11 

E-F 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

PEAK= 3.8 CFS @ 11.90 HFS 
VOLUME= .17 AF 

Method Comment Tc (min) 
2.7 TR-55 SHEET FLOW Segment ID: 

CHANNEL FLOW Segment ID: 1 1.8 
a=348 sq-ft Pw=106’ r=3.283’ 
s=.OO5 n=.03 V=7.74 fps L=820‘ Capacity=2692.4 cfs 

/ Grass: Dense n=.24 /’ L=45‘ P2=2.6 in s=.3333 I / ‘  

- - - - - - - - - -  
Total Length= 865 ft Total Tc= 4.5 

T I M E  (hours) 



Data for FERMCO, EAST CHANNEL, 25-YR STORM, MOD. COVER 
A5L 448 

Prepared by GeoSyntec Consultants 9 Feb 9 
HydroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Systems 

@ SUBCATCHMKNT 7 

ACRES 
10.50 98 

E- 1 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 

. RAINFALL= 4.7 IN 
PEAK= 50.7 CFS Q 12.01 HRS 

VOLUME= 3.17 AF 

Method Comment Tc (min) 
TR-55 SHEET FLOW Segment ID: 13.1 
Grass: Dense n=.24 /L=147' P2=2.6 in s=.O7 ' / I /  

SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: .8 
Unpaved Kv=16.1345 L=300' s=.167 ' / '  V=6.59 fps 
CHANNEL FLOW Segment ID: 1.6 
a=272 sq-ft Pw=87' r=3.126' 
s=.OO5 ' / I  n=.03 V=7.49 fps L=705' Capacity=2037 cfs 

/ 
_ - - - - - - - - -  

Total Length= 1152 ft Total Tc= 15.5 

SUBCATCHMENT 7 RUNOFF 
E- 1 

n 
J1 
4- 
u 

3 
0 
_1 
LL 

v 

AREFI= 18.5 FIC 

CN= 98 
Tc= 15.5 f l IN  

SCS TR-28 METHOD 
TYPE I 1  24-HOUR 

RQINFQLL= 4 7 I N  

PEFIK= 5 8 . 7  CFS 
@ I 2 . E I  HRS 

UDLUflE: 3 17 FIF 

T I M E  (hours) 



4 4 8  
Data for FERMCO, EAST CIlANNEL, 25-YR STORM, MOD. COVER Ik- 
Prepared by GeoSyntec Consultants 
HydroCAD 3.10 000663 (C) 1986-1993 ADDlied MicrocomDuter Systems 

I 

@ SUBCATCHMENT 8 

CN 98 J ACRES 
5.30 

E - 2  

SCS TR-20 METHOD 
TYPE 11 24-HOUR 
RAINFALL= 4.7 IN 

PEAK= 25.9 CFS @ 12.01 HRS 
VOLUME= 1.60 AF 

Method Comment Tc (min) 

Grass: Dense n=.24 L=147' P2=2.6 in s=.O7 ' / I  A 
SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 
Unpaved Kv=16.1345 L=305' s=.167 ' / I  V=6.59 fps 

a=312 sq-ft Pw=97' r=3.216' 
s=.OO5 ' I / '  n=.03 V=7.63 fps L=540' Capacity=2381.2 cfs 

Segment ID: 13.1 

.8 
/ TR-55 SHEET FLOW 

n 

CHANNEL FLOW Segment ID : / 1.2 

- - - - - - - - - -  
Total Length= 992 ft Total Tc= 15.1 

SUBCATCHMENT 8 RUNOFF 
E-2  

r\ 

n 
G 
U 

W 

3 
0 

22 

20 - 
I8 - 
16 - 
14 - 
I 2  - 

FIRER= 5 3 RC 

CN= 98 
Tc= 15.1 MIN 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 

RRINFRLL= 4.7 IN 

PERK= 25 9 CFS 
@ I2 01 HRS 

UOLUHE= 1.60 RF 

TIME (hours) 



A5L 4 4  8 Data for FERMCO, BAST CHANNEL, 25-YR STORM, MOD. COVER 
Prepared by GeoSptec Consultants 
HvdroCAD 3.10 000663 (c) 1986-1993 ApDlied MicrocomDuter Svstems 

SUBCATCHMENT 9 

ACRES 
4.20 98 

E-3 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

PEAK= 20.7 CFS @ 12.01 HRS 
VOLUME= 1.27 AF 

Comment Tc (min) Method 
TR-55 SHEET FLOW Segment ID : 13.1 
Grass: Dense n=.24 /L=147' P2=2.6 in s=.O7 ' / '  / 
SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: .8 
Unpaved Kv=16.1345 L=310' s=.167 ' / '  V=6.59 fps 

.9 CHANNEL FLOW Segment ID : 
a=332 sq-ft Pw=102' r=3.255' 
s=.OO5 I / '  n=.03 V=7.69 fps L=405' Capacity=2554 cfs 

/ 
---- - - - - - -  

Total Length= 862 ft Total Tc= 14.8 - 

SUBCATCHMENT 9 RUNOFF 
E-3 

28 

18 

I6 

A I 4  
n 

h- 12 u 
W 

18 

AREA= 4 . 2  ac 
Tcr: 1 4 . 8  H I N  

CN= 9 8  

SCS TR-28 METHOD 
TYPE I1 24-HOUR 

RRINFRLL= 4 7 I N  

PERK= 2 0 . 7  CFS 
C 12.81 HRS 

UOLUHE: 1 . 2 7  OF 

3 
0 
-I 

T I M E  (hours) 



Data for FERMCO, EAST CHANNEL, 25-YR STORM, MOD. COVER ,oc 448 
Prepared by GeoSyntec Consultants 
HvdroCAD 3.10 000663 (c) 1986-1993 ADDlied MicrocomDuter Svstems 

15 
14 

13 
I2 
1 1  

r\ I8 

G 9 -  
n 

u 8 -  
V 

7 -  z 6 -  
-I 5 -  
IL 4 -  

@ SUBCATCHMENT 10 

I - FIRER: 3 FIC 
- Tc= 14 5 MIN 

CN= 98 - 
SCS TR-28 METHOD 

TYPE I 1  24-HOUR 
- RFIINFFILL= 4 7 I N  

PEFIK= 14 9 CFS 
@ I 2  HRS 

UOLUME: 91 FIF 

- 

ACRES 
3.00 98 

E-4 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

VOLUME= -91 AF 
PEAK= 14.9 CFS @ 12.00 HRS 

Method Comment Tc (min) 
Segment ID: 13.1 

.8 

TR-55 SHEET FLOW 
Grass: Dense n=.24 P2=2.6 in s=.O7 ' / I  

SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 
Unpaved Kv=16.1345 L=310' s=.167 ' / I  V=6.59 fps / 
CHANNEL FLOW Segment ID: 
a=348 sq-ft Pw=106' r=3.283' 
s=.OO5 ' / I  n=.03 V=7.74 fps L=290' Capacity=2692.4 cfs 

.6 /-- 

_ _ _ _ _ _ - _ _ _  
Total Length= 747 ft Total Tc= 14.5 

T I M E  (hours) 



4 4  8 
Data for FERMCO, EAST CHANNEL, 25-YR STORM, MOD. COVER 
Prepared by GeoSyntec Consultants 9 Feb 
HydroCAD 3.10 000663 (c) 1986-1993 Applied MicrocomDuter Svstems 

A L  

0 SUBCATCEMENT 11 E-5 

98 SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

ACRES 
5.80 

PEAK= 28.4 CFS @ 12.01 HRS 
VOLUME= 1.75 AF 

Method Comment Tc (min) 
TR-55 SHEET FLOW Segment ID:.. 13.1 
Grass: Dense n=.24 /L=147' P2=2.6 in s=.O7 ' / '  
SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: .8 
Unpaved Kv=16.1345 L=305' s=.167 I / '  V=6.59 fps 

1.2 CHANNEL FLOW Segment ID : 
a=348 sq-ft Pw=106' r=3.283' 
s=.OO5 ' / '  n=.03 V=7.74 fps L=550' Capacity=2692.4 cfs 

/ .. 

/ 

Total Length= 1002 ft Total Tc= 15.1 

SUBCATCHMENT 1 1  RUNOFF 
E-5 

1 
24 

 FIRE^= 5 . 8  ac 
Tc= 15.1 MIN 

CN- 98 

SCS TR-29 METHOD 
TYPE I 1  24-HOUR 

ROINFnLL- 4 . 7  I N  

PERK- 28.4 CFS 

UOLUME- 1.75 RF 
e 12.81 HRS 

4 1  I \  

T I M E  (hours) 



448 
Data for PERMCO, EAST CHANNEL, 25-YR STORM, MOD. COVER 
Prepared by GeoSyntec Consultants 
HvdroCAD 3.10 000663 (c) 1986-1993 Amlied Microcomputer Svstems 

SUBCATCHMENT 12 E-6 

CN J ACRES 
6.30 98 SCS TR-20 METHOD 

TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

PEAK= 30.2 CFS 0 12.01 HRS 
VOLUME= 1.90 AF 

Method Comment Tc (min) 

Grass: Dense n=.24 L=147' P2=2.6 in s=.O7 

Unpaved Kv=16.1345 L=300' s=.167 I / '  V=6.59 fps / 
CHANNEL FLOW Segment ID: 
a=348 sq-ft Pw=106' r=3.283' 
s=.OO5 ' / I  n=.03 V=7.74 fps L=820' Capacity=2692.4 cfs 

13.1 / Segment ID : 
/ TR-55 SHEET FLOW 

SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: . 8  

1.8 / 
---- - - - - - -  

Total Length= 1267 ft Total Tc= 15.7 

SUBCATCHMENT 12 RUNOFF 
E-6 

TIME (hours) 

AREA= 6.3 ac 
Tc= 15.7 HIN 

CN= 98 

SCS TR-2B METHOD 
TYPE I 1  24-HOUR 

RAINFALL= 4.7 IN 

PEFIK- 38.2 CFS 
@ I2.BI HRS 

UOLUHE= 1 . 9 8  OF 



4 4 8 p,L c h cf 
Data for FERMCO, EAST CIIANNEL, 25-YR STORM, HEAVY COVER 
Prepared by GeoSyntec Consultants . 9 Feb 
HvdroCAD 3.10 000663 (C) 1986-1993 ADDlied MicrocomDuter Svstems 

'0 SUBCATCHMENT 1 

ACRES 
.55 73 

E-A 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

VOLUME= -09 AF 
PEAK= 1.6 CFS 0 11.94 HRS 

Method Comment Tc (min) 

Grass: Dense n=.24 L=30' P2=2.6 in s=.3333 ' / I /  

a=272 sq-ft Pw=87)- r=3.126' 
s=.OO5 ' / '  n=.l V=2.25 fps L=800' Capacity=611.1 cfs 

TR-55 SHEET FLOW Segment ID : 2.0 

CHANNEL FLOW Segment ID: 5.9 

Total Length= 830 ft Total Tc= 7.9 

SUBCATCHMENT 1 RUNOFF 
E-A 

I . 5  
I . 4  

I . 3  
I 2  

n 1 '  
J) 1 . B  

Q- 

v . B  
u . 9  

FIREFI: .55 FIC 
Tc= 7 . 9  MIN 

CN: 7 3  

SCS TR-2B METHOD 
TYPE I1 24-HOUR 

RFIINFFILL: 4 . 7  I N  

PERK- 1 . 6  CFS 
@ I I  . 94  HRS 

UOLUME- .e9 OF 

TIME (hours) I 



Data for FERMCO, EAST CHANNEL, 25-YR STORM, HEAVY COVER 

75 
78 
65 
68 
55 
5 8  
45 
48  
35  
38 
25 
28  
I 5  
I8 
85 

8% 

A S C  448 

1 AREA: 37 AC 

CN- 64 

- 
- Tc= 5 9 M I N  - 
- SCS TR-28 METHOD 

TYPE I1 24-HOUR 
RAINFALL= 4 7 I N  

- PEAK= 8 CFS 
'2 I I 9 2  HRS 

UDLUME: E4 AF 

- 
- 

- 
- 
- 
- 
- 
- 
- 
- 

1 
N P LCI a I- m 0 1  m I 

Prepared by GeoSyntec Consultants 9 Feb 96 
HVdroCAD 3.10 000663 (c) 1986-1993 ADDlied MicrocomDuter Svstems 

/ g ~ l z f & f ~  
6 2  

PO@@ 
0 SWCATCRMENT 2 E-B 

64 SCS TR-20 METHOD 
TYPE I1 24-HOUR 

" /  ACRES 
.37 

RAINFALL= 4.7 IN 

VOLUME= .04 AF 
PEAK= . 8  CFS @, 11.92 HRS 

Met hod comment Tc (min) 

Grass: Dense n=.24 L=30f P2=2 -6 in s=.333 / '  / 

a=312 sq-ft Pw=97' r=3 -216' 
s=.OO5 n=.l /6=2.29 fps L=540' Capacity=714.4 cfs 

TR-55 SHEET FLOW Segment ID: 2.0 

CHANNEL FLOW Segment ID : 3.9 

/' 

Total Length= 570 ft Total Tc= 5.9 

SUBCATCHMENT 2 RUNOFF 
E-B 

n 
In 

Q- u 
W 

3 
0 
-I 
LL 

E 

T I M E  (hours) 



Data for FERMCO, EAST CHANNEL, 25-YFl STORM, HEAVY COVER d >c 448 
Prepared.by GeoSyntec Consultants 9 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Systems l p y /  1443 

@ . SUBCATCHMENT 3 

ACRES 
-33 74 

E-C 

SCS TR-20 METHOD , 

TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

VOLUME= -05 AF 
PEAK= 1.2 CFS 0 11.90 HRS 

Method Comment Tc (min) 
TR-55 SHEET FLOW 2.0 
Grass: Dense n=.24 L=30' P2=2.6 in s=.3333 I / '  /' 
CHANNEL FLOW Segment I D  : 2.9 
a=332 sq-ft Pw=102' r=3.255' 
s=.OO5 n=.llV=2.31 fps L=405' Capacity=766.2 cfs /' 

Total Length= 435 ft Total Tc= 4.9 

SUBCATCHMENT 3 RUNOFF 
E-C 

n 
J) 

4- 
U 

W 

1 2 -  

I I -  

I 8 -  

9 -  

8 -  

7 -  

6 -  

RREA= .33 AC 

CN= 74 
Tc= 4 . 9  MIN 

SCS TR-28 METHOD 
TYPE I 1  24-HOUR 

RAINFALL= 4 . 7  I N  

PEAK= I 2 CFS 
@ I 1  9 HRS 

UOLUME= .85 FIF 

3 
0 
J 
L L  

T I M E  (hours)  

000578 



Data for FERMCO, EAST CHANNEL, 25-YR STORM, HEAVY COVER 
Prepared by GeoSyntec Consultants 
HydroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Systems 

a SUBCAT- 4 

/<..' 
ACRES CN 

.23 74 

E-D 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

PEAK= .9 CFS (3 11.89 HRS 
VOLUME= .04 AF 

Method Comment Tc (min) 

Grass: Dense n=.24 L=35' P2=2.6 in s=.3333 ' / I /  

a=348 sq-ft Pw=106'_ r=3.283' 
s=.OO5 ' / I  n=.l /V=2.32 fps L=290' Capacity=807.7 cfs 

TR-55 SHEET FLOW Segment ID: 2.2 

CHANNEL FLOW Segment ID : 2.1 

/' 
--- - - - - - - -  

Total Length= 325 ft Total Tc= 4.3 

S U B C A T C H M E N T  4 RUNOFF 
E-D 

FlREFl= . 2 3  FlC 

CN: 74  
Tc= 4 . 3  MIN 

SCS TR-28 METHOD 
TYPE I1 24-HOUR 

RFIINFOLL= 4 . 7  I N  

PEAK= . 9  CFS 
I! I I  . E 9  HRS 

UOLUME= . 8 4  AF 

T I M E  (hours) 



Data for FERMCO, EAST CIIANNEL, 25-YR STORM, HEAVY COVER A 4 8  
6 /  149 Prepared by GeoSyntec Consultants 9 Feb 96 

HydroCAD 3.10 000663 (c) 1986-1993 Applied Microcomuter Svstems 

1 5  
I 4 -  

1 3 -  
I 2 -  

I I -  
n I B -  

G 9 -  

7 -  

In 

u B -  
W 

2 6 -  
-1 5 -  
IL 4 -  

e SUBCATCHMENT 5 

I 

ACRES CN 
-44 74 /- 

E-E 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

VOLUME= .07 AF 
PEAK= 1.5 CFS 0 11.91 HRS 

Method Comment Tc (min) 

Grass: Dense n=.24 L=35' P2=2.6 in s=.3333.'/' / 

a=348 sq-ft Pw=106' r=3.283' 
s=.OO5 ' / I  n=.l /V=2.32 fps L=550' Capacity=807.7 cfs 

TR-55 SHEET FLOW Segment ID: 2.2 

CHANNEL FLOW Segment ID: 3.9 

/- 

Total Length= 585 ft Total Tc= 6.1 

SUBCATCHMENT 5 RUNOFF 
€-E 

3 1  I \  

AREA: 44 AC 

CN= 74 
Tc= 6 . 1  HIN 

SCS TR-ZB METHOD 
TYPE I1 24-HOUR 

RAINFALL: 4 . 7  I N  

PEAK= 1 . 5  CFS 
@ I 1  .91 HRS 

UOLUME= .B7 AF 

T I M E  (hours) 



Data for FERMCO, EAST CRANNEL, 25-YR STORM, HEAVY COVER rcrc 
Prepared by GeoSyntec Consultants 
HvdroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Systems 

@ SUBCATCHKENT 6 E-F 

2 B -  
2 6 -  
2 4 -  

2 2 -  
2 R -  
I a -  
1 6 -  
1 4 -  

I 2 -  
1 0 -  

B -  
6 -  
4 -  

2 -  

ACRES CN 
1.11 72 / '  

/ 
AREFI= I I 1  FIC 

CN= 72 
Tc- 8 6 MIN 

SCS TR-2R METHOD 
TYPE I1 24-HOUR 

RFIINFRLL: 4 7 I N  

PEIIK= 3 I C F S  
@ l l  96 HRS 

UOLUME: 17 FIF 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

VOLUME= .17 AF 
PEAK= 3.1 CFS @ 11.96 HRS 

Method Comment Tc (min) 
TR-55 SHEET FLOW Segment ID : 
Grass: Dense k.24 L=45' P2=2.6 in s=.3333 ' / '  
CHANNEL FLOW 
a=348 s q - f t  
s=.OO5 ' / I  n=.l V=2.32 fps L=820' Capacity=807.7 cfs 

2.7 c 
Segment ID: 5.9 

/- r=3.283' 

- - - - - - - - - -  
pw=lY 

Total Length= 865 ft Total Tc= 8.6 

SUBCATCHMENT 6 RUNOFF 
E-F 

n 
J) 

G 
U 

W 

3 
0 
-I 
L L  

T I M E  (hours) 



4 4  8 
Data for FERXCO, EAST CaANNgL, 25-YR STORM, HEAVY COVER a.F 
Prepared by GeoSyntec Consultants 
HydroCAD 3.10 000663 (c) 1986-1993 ADplied MicrocomDuter Svstems 

SUBCATCHMENT 7 

ACRES CN 
10.50 98 

E-1 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

PEAK= 45.6 CFS 0 12.06 HRS 
VOLUME= 3.17 AF 

Method Comment Tc (min) 
TR-55 SHEET FLOW Segment ID : 13.1 

.8 
Grass: Dense n=.24 L=147‘ P2=2.6 in s=.O7 ‘ / I  

SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 
Unpaved Kv=16.1345 L=300‘ s=.167 ‘ / I  V=6.59 fps 
CHANNEL FLOW Segment ID : 5.2 
a=272 sq-ft Pw=87’ r=3.126’ 
s= .005 ’ / ’  n=. 1 /V=2.25 fps L=705 ’ Capacity=611.1 cfs 

f l  

- - - - - - - - - -  
Total Length= 1152 ft Total Tc= 19.1 

SUBCQTCHMENT 7 RUNOFF 
E- 1 

A 

J) 
4- 
U 
v 

48 - 
35 - 
38 - 

25 - 

FIRER= I E  5 FIC 

CN= 96 
Tc= 19.1 MIN 

SCS T R - 2 E  METHOD 
TYPE I1 24-HOUR 

RFIINFQLL= 4 7 I N  

PEFIK= 45.6 CFS 
@ I2 E6 HRS 

UOLUME: 3.17 FIF 

TIME (hours) 



-A% 44 8 Data for FERMCO, EAST CHANNEL, 25-YR STORM, HEAVY COVER 
Prepared by GeoSyntec Consultants 
HydroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Svstems 

SUBCATCHMENT 8 E-2 

28 "1 

/ ACRES CN 
5.30 98 

n 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

PEAK= 23.8 CFS 0 12.04 HRS 
VOLUME= 1.60 AF 

22 

28 

18 

A 16-  

k- 14 

u 1 2 -  

n 
U 

3 10 
0 
-J 8 -  

Comment TC (rnin) Method 
TR-55 SHEET FLOW Segment ID: 13.1 
Grass: Dense n=.24 L=147' P2=2.6 in s=.O7 ' / '  
SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: n .8 
Unpaved Kv=16.1345 L=305' s=.167 ' / '  V=6.59 fps 

a=312 sq-ft Pw=97' r=3.216' 
s=.o05 n=.l /V=2.29 fps L=540' Capacity=714.4 cfs 

CHANNEL FLOW Segment ID: 3.9 

_ _ _ _ _ - - - - -  
Total Length= 992 ft Total Tc= 17.8 

z - AREA= 5 3 AC 

- CN= 98 
Tc= 17 8 MIN 

- SCS TR-20 METHOD 
TYPE I1 24-HOUR 

RAINFALL= 4 7 IN 

- PERK- 23 8 CFS 

UOLUE(E= I 66 AF 
e 12 e4 HRS 

- 

SUBCATCHMENT 8 RUNOFF 
E-2 

18 

A 16-  

k- 14 

u 1 2 -  

n 
U 

3 10 
0 
-J 8 -  

.... t.. 

AREA= 5 3 AC 

CN= 98 
Tc= 17 8 MIN 

- SCS TR-20 METHOD 
TYPE I1 24-HOUR 

RAINFALL= 4 7 IN 

- PERK- 23 8 CFS 

UOLUE(E= I 66 AF 
e 12 e4 HRS 

- 



Data for FERMCO, EAST C?IANNEL, 25-YR STORM, HEAVY COVER 
Prepared by GeoSyntec Consultants 
HydroCAD 3.10 000663 (c) 1986-1993 ADDlied MicrocomDuter Svstems 

19 
18 
17 
16 
15 
14 
13 
I 2  
I 1  
18 
9 -  
8 -  
7 -  
6 -  
5 -  

@ SUBCATCHMENT 9 

L 

- \ - 
- - 
- - 
- 
- 
- 

ACRES CN 
4.20 98 

E-3 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

PEAK= 19.5 CFS @ 12.03 HRS 
VOLUME= 1.27 AF 

Method Comment Tc (min) 
TR-55 SHEET FLOW Segment ID : 13.1 

SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: .8 
Unpaved Kv=16.1345 L=310' s=.167 I / '  V=6.59 fps 
CHANNEL FLOW Segment ID: 2.9 

Grass: Dense n=.24 L=147' P2=2.6 in s=.O7 ' / I  / 

a=332 sq-ft r=3.255' / 
s=.OO5 I / '  fps L=405' Capacity=766.2 cfs 

Total Length= 862 ft Total Tc= 16.8 

SUBCATCHMENT 9 RUNOFF 
E-3  

n 
J) 

Le 
U 

3 
0 
-I 
L L  

v 

AREFI: 4 . 2  FIC 

CN= 98 
Tc= 16.8 MIN 

SCS TR-2E METHOD 
TYPE I1 24-HOUR 

RFIINFALL= 4 . 7  I N  

PEFIK= 19 .5  CFS 
@ I2 E3 HRS 

UOLUME: 1 . 2 7  FIF 

T I M E  (hours1 



Data for FERMCO, EAST CHANNEL, 25-YR STORM, HEAVY COVER 
Prepared by GeoSyntec Consultants 
HydroCAD 3.10 000663 (c) 1986-1993 Applied MicrocomRuter Systems 

0 SUBCATCHMENT 10 E-4 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

VOLUME= .91 A!? 

ACRES 
3.00 98 

PEAK= 14.3 CFS @ 12.02 HRS 

Method Comment Tc (min) 
TR-55 SHEET FLOW Segment ID : 13.1 
Grass: Dense n=.24 L=147' P2=2.6 in s=.O7 I / '  / 
SHALLOW CONCXNTRATED/UPLAND FLOW Segment ID: .8 
Unpaved Kv=16.1345 L=310' s=.167 ' / '  V=6.59 fps / 

a=348 sq-ft Pw=106' r=3.283' 
s=. 005 I / I  n=. 1 /V=2.32 fps L=290' Capacity=807.7 cfs 

C m L  FLOW Segment ID : 2.1 
/ 

Total Length= 747 ft Total Tc= 16.0 

r\ 

0 
G 
U 

W 

3 
0 
-I 
LL 

SUBCATCHMENT 10 RUNOFF 
E-4 

FIRER: 3 FIC 
Tc= I6 MIN 
CN= 98 

SCS TR-28 METHOD 
TYPE I 1  24-HOUR 

RnINFnLL= 4 7 IN 

PEFIK- 14 3 CFS 
@ 12 .82  HRS 

UDLUME= 91 FIF 

T I M E  (hours) 



Data for FERMCO, EAST CHANNELr 25-YR STORMl HEAVY COVER 
Prepared by'GeoSyntec Consultants 
HvdroCAD 3.10 000663 (c) 1986-1993 Applied Microcomuter Systems 

SWCATCHMENT 11 

ACRES /* 

5.80 98 

E-5 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

PEAK= 26.1 CFS @ 12.04 HRS 
VOLUME= 1.75 AF 

Method Comment Tc (min) 
TR-55 SHEET FLOW Segment ID: 13.1 
Grass: Dense n=.24 L=147' P2=2.6 in s=.O7 ' / I  

Unpaved Kv=16.1345 L=305' s=.167 ' / I  V=6.59 fps 

a=348 sq-ft Pw=106' r=3.283' 
s=.OO5 I / '  n=.l /V=2.32 fps L=550' Capacity=807.7 cfs 

SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: . 8  

CHANNEL FLOW Segment ID: 3.9 

- - - - - - - - - -  
/ 

Total Length= 1002 ft Total Tc= 17.8 

SUBCATCHMENT 1 1  RUNOFF 
E-5  

AREA: 5 8 AC 
ic= 1 7  a MIN 

CN- 9a 

SCS TR-ZB METHOD 
TYPE I1 24-HOUR 

RAINFALL- 4 7 I N  

PEAK: 26 I CFS 

UOLUME: I 75 AF 
e 12 e4 HRS 

TIME (hours)  



Data for FEFLMCO, EAST CIIANNEL, 25-YR STORM, HEAVY COVER 

26 

24 

22  

20  

f i  18-  
J) 
G 16- 
U 

w 14 

I2 
3 
0 I 0  
J 
IL 8 -  

6 -  

Prepared by GeoSyntec Consultants . 9 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 Amdied Microcomuter Systems 

- 
- Tcz 19 8 MIN 

E FIREA= 6 3 FIC 

CN= 98 - 
- SCS TR-20 METHOD 

TYPE I 1  24-HOUR 
RFIINFFILL: 4 7 I N  

PEFIK= 27 0 CFS 
@ 12 E7 HRS 

- UOLUHE: I 91 FIF 
- 
- 

@ SUBCAT- 12 E-6 

/ ACRES CN 
6.30 98 SCS TR-20 METHOD 

TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

VOLUME= 1.91 AF 
PEAK= 27.0 CFS 0 12.07 HRS 

Method Comment Tc (min) 
TR-55 SHEET FLOW Segment ID : 13.1 
Grass: Dense n=.24 L=147' P2=2.6 in s=.O7 ' / '  n 
SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: .8 
Unpaved Kv=16.1345 L=300' s=.167 ' / '  V=6.59 fps - 
s=.OO5 ' / I  n=.l V=2.32 fps L=820' Capacity=807.7 cfs 
a=348 sq-ft 
CHANNEL FLOW Segment ID: 5.9 

r=3.283' 
1- 

- - - - - - - - - -  
pw=lY 

Total Length= 1267 ft Total Tc= 19.8 

SUBCATCHMENT 12 RUNOFF 
E-6 

TIME (hours) 



Data for FERMCO, EAST CHANNEL, 2000-YR STORM, LIGHT COVER 
v- 4 4  8 
I- 

Prepared by GeoSyntec Consultants 
HydroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Svstems 

@ SUBCATCHMENT 1 

/' ACRES 
7.60 89 

E-A 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL=13.O IN 

PEAK= 55.6 CFS 0 12.34 HRS 
VOLUME= 6.23 AF 

Method Comment Tc (min) 

Grass: Short n=.15 L=300f/ P2=2.6 in s=.OO7 ' / '  
39.8 

2.9 
J Segment ID : /' TR-55 SHEET FLOW 

Segment ID: 1.0 
s=.O13 ' / '  V=1.84 fps 

CHANNEL FLOW 
a=272 sq-ft /Pw=87'/ r=3.126' 
s=.OO5 ' / I /  n=.03 /V=7.49 fps L=465 Capacity=2037 cfs 

Total Length= 1085 ft Total Tc= 43.7 

S U B C A T C H M E N T  1 R U N O F F  
E - A  

AREA= 7.6 AC 

CN= 89 
Tcz.43.7 MIN 

SCS TR-ZE METHOD 
TYPE I1 24-HOUR 

RAINFALL-13.9 IN 

PEAK= 55 6 CFS 
@ 12.34 HRS 

UOLUME= 6.23 OF 

T I M E  (hours) 



Data for FERMCO, EAST CRANNEL, 2000-YR STORM, LIGHT COVER Y J C  448 
Y27lg Prepared by GeoSyntec Consultants 

HydroCAD 3.10 000663 (c) 1986-1993 Applied MicrocomDuter Systems 

4 5  /2&% 
SWCATCHMKNT 2 E-B 

" /  ACRES 
7.40 88 SCS TR-20 METHOD 

TYPE I1 24-HOUR 
RAINFALL=13.0 IN 

PEAK= 57.9 CFS 0 12.29 HRS 
VOLUME= 6.02 AF 

Method Comment Tc (min) 

Grass: Short n=.15 L=3OOr/P2=2.6 in s=.O1 ' / I /  

TR-55 SHEET FLOW . Segment ID: 34.5 

SHALLOW CONCENTRATED/ LAND FLOW Segment ID: 
Unpaved K~=16.1345~L=615'/ s=.02 ' / # /  V=2.28 fps 

4.5 

Segment ID : .1 / CHANNEL FLOW 
a=312 sq-ft /' Pw=97' r=3.216' 
s=.  005 ' /'I n=. 03 / V=7.63 fps L=30'/ Capacity=2381.2 cfs 

- - - - - - - - - -  
Total Length= 945 ft Total Tc= 39.1 

SUBCATCHMENT 2 RUNOFF 
E-B 

55 - 
58 - 
45 ' 

A 48 
5) 

U 
v 38 

3 
0 
_I 
LL 

cc 35 ' 

FIRER: 7 4 AC 

CN= 88 
Tc: 39 I MIN 

SCS TR-28 METHOD 
TYPE I1 24-HOUR 

RnINFALL-13 E I N  

PEAK= 57 9 CFS 
@ I2 29 HRS 

UOLUME: 6 82 AF 

T I M E  (hours) 



Data for FERMCO, EAST CHANNEL, 2000-YR STORM, LIGHT COVER -L," 44 8 
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4 5  /f? 
@ SUBCATCHMENT 3 E-C 

90 
ACRES 
7.10 SCS TR-20 METHOD , 

TYPE I1 24-HOUR 
RAINFALL=13.0 IN 

PEAK= 56.0 CFS @ 12.29 HRS 
VOLUME= 5.85 AF 

Method . Comment Tc (min) 
34.5 

Grass: Short n=.15 L=300' P2=2.6 in s=.O1 ' / I  / 
SHALLOW CONCENTRATED/UP Segment-ID: 4.8 
Unpaved 

/ i TR-55 SHEET FLOW 

- - - - - - - - - -  
Kv=16.1345 ~ 5 v ~ s = . 0 2 .  I / # /  V=2.28 fps 

Total Length= 955 ft Total Tc= 39.3 

SUBCATCHMENT 3 RUNOFF 
E-C 

55 L 

50 - 

4 5  - 
4 8  - 

r\ 

35 - 

3 8  - 
L 

W 

3 
0 
J 
LI 

&REA= 7 1 OC 

CN= 96 
Tc= 39 3 MIN 

SCS TR-20 METHOD 
TYPE I 1  24-HOUR 

ROINFOLL-13 E I N  

PEFIK= 5 6  B CFS 
e 12 29 HRS 

UOLUME: 5 85 OF 

TIME (hours) 



Data for FERMCO, EAST m L ,  2000-YR STORM, LIGHT COVER 

88 
75 
78 
65 
68 
55 
58 
45 
40 
35 
38 
25 

- -  - 448 

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

Prepared by GeoSyntec Consultants 
HydroCAD 3.10 000663 (c) 1986-1993 Applied MiCrOCOmDUter Svstems 

/J5Ufi&?P 
SUBCATCHMENT 4 E-D 

89 
ACRES 
8.70 SCS TR-20 METHOD 

TYPE I1 24-HOUR 
RAINFALL=13.O IN 

VOLUME= 7.10 AF 
PEAK= 83.8 CFS Q 12.16 HRS 

Met hod Comment Tc (min) 
TR-55 SHEET FLOW Segment ID : 22.5 
Grass : Short n=. 15 "L=200' /P2=2.6 in s = .  013 / I /  

5.4 SHALLOW 

.1 Segment ID: 
Unpaved Kv=16.1345 
CHANNEL FLOW . 

a=348 sq-ft /Pw=106' r=3.283' 
s = . 0 0 5  ' / I /  n=.03 fV=7.74 fps L=30'/ Capacity=2692.4 cfs 

- - - - - - - - - -  
Total Length= 965 ft Total Tc= 28.0 

A 

J1 
4- 
U 
v 

3 
0 
-I 
LL 

SUBCATCHMENT 4 RUNOFF 
E-D 

RREA= 8.7 AC 
Tc= 28 HIN 
CN= 89 

SCS TR-28 METHOD 
TYPE I1 24-HOUR 

RRINFALL:13 E IN 

PERK= 83.8 CFS 
'2 12.16 HRS 

UDLUHE: 7.18 RF 

T I M E  (hours) 



- 44 8 
Data for FERMCO, EAST CHANNEL, 2000-YR STORM, LIGHT COVER k- 

& 2 z f i m  9$&-?6r4$ Prepared by GeoSyntec Consultants 
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SUBCAT- 5 E-E 

ACRES 
7.90 86 SCS TR-20 METHOD 

TYPE I1 24-HOUR 
RAINFALL=13.0 IN 

PEAK= 84.2 CFS 0 12.10 HRS 
VOLUME= 6.31 AF 

Method Comment Tc (min) 

/- Grass: Short n=.15 'L=20Of P2=2.6 in s=.O25 ' / '  

Unpaved Kv=16.1345 /L=735'/ s=.02 '/'/V=2.28 fps 

a=348 sq-ft /6w=106 'r=3.283' 

17.3 / Segment ID : TR-55 SHEET FLOW 

SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 5.4 

CHANNEL FLOW Segment ID: .3 

- - - - - - - - - -  
s=.OO5 r/t,'' n=.03 /V=7.74 fps L=125' Capacity12692.4 cfs 

Total Length= 1060 ft Total Tc= 23.0 

SUBCATCHMENT 5 RUNOFF 
E-E 

A 

IJ-I 
6. 
U 

3 
0 
-I 
LL 

W 

FIREA: 7 . 9  AC 
Tc- 23  MIN 
CN- 86 

SCS TR-28 METHOD 
TYPE I 1  24-HOUR 

RFIINFFILL:13.8 I N  

PEFIK= 8 4 . 2  CF5 
@ 1 2 . 1  HRS 

UOLUME= 6 .31  nF 

TIME (hours) ' 



Data for FERMCO, EAST CHANNEL, 2000-YR STORM, LIGHT COVER L5& 
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@ SUBCATCHMENT 6 

ACRES 
11-90 88 

E-F 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
F!AINFALL=13.0 IN 

PEAK= 114.0 CFS Q 12.16 HFG 
VOLUME= 9.65 AF 

Method Comment Tc (min) 
TR-55 SHEET FLOW 
Grass : Short n=. 15 /L=2OO1 P2=2.6 in s=. 013 
SHALLOW 

Segment ID: 22.5 

Segment ID : 3.8 

Segment ID : 1.7 

I / I /  / 
Unpaved Kv=16.1345 s=.O17 I/lflV=2.1 fps 
CHANNEL FLOW 
a=348 sq-ft- Pw=106’/ r=3.283’ 
s = .  005 I // n=. 03 V=7.74 fps L=785’ /Capacity=2692.4 cfs 

- - - - - - - - - -  
Total Length= 1460 ft Total Tc= 28.0 

SUBCPTCHMENT 6 RUNOFF 
E-F 

90 - 
80 - 

70 - 

60 - 

n 

G 

AREA: 11.9 nC 
Tc= 28 MIN 
CN= 88 

SCS TR-20 METHOD 
TYPE I 1  24-HOUR 

RAINFALL-13 0 IN 

PEAK= 1 1 4 . 0  CFS 
@ I2 16 HRS 

UOLUME: 9.65 AF 

T I M E  (hours) 
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@ SUBCATCHMENT 7 

ACRES 
10.50 99 

E-1 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
F?AINFALL=13.O IN 

PEAK= 156.6 CFS Q 11.97 HRS 
VOLUME= 8 . 8 3  AF 

Met hod Comment Tc (min) 

Grass: Short n=. 15 / L=147’/ P2=2.6 in / s = .  07 I / I /  

SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: - 8  
Unpaved Kv=16.1345 /L=30Of/ s=. 167 I / /  /v=6.59 fps 

Segment ,ID: 1.6 CHANNEL FLOW 
a=272 sq-ft dw=87’/ r=3.126’ 

TR-55 SHEET FLOW Segment ,ID: 9.0 

_- 

s=. 005 n=. 03 /V=7 -49 fps L=705’ cfs 

Total Length= 1152 ft Total Tc= 11.4 

SUBCATCHMENT 7 RUNOFF 
E- 1 

I50 - 
140 - 
I30 - 
l 2 E  - 
IIE - 
180 - 
9 0  - 

A 

U 
v 60 - 

50 

LL 4 0  

ClREA= 18 5 FIC 

CN= 9 9  
Tc= I I  4 MIN 

SCS TR-20 METHOD 
TYPE I 1  24-HOUR 

RClINFClLL:13 0 I N  

PEFIKE 156 6 CFS 
@ I I  9 7  HRS 

UOLUME: 8 83 FIF 

T I M E  (hours) 



A S L  4 4  8 
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@ SUBCATCHMENT 8 E-2 

75 
70 
65 
60 
55 
50 
45 
40 
35 
38 
25 
20 
15 

ACRES 
5.30 99 

- 
- I - 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
l?AINFALL=13.O IN 

PEAK= 79.5 CFS @ 11.97 HFS 
VOLUME= 4.46 AF 

Method Comment Tc (min) 
9.0 TR-55 SHEET FLOW Segment ID : 

Grass: Short n=.15 /L=147’/ P2=2.6 in s=. 07 / I  

SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: .8 
Unpaved Kv=16.1345 L=305 I s = .  167 ‘ / /  V=6.59 fps 
CHANNEL FLOW 
a=312 sq-ft 6 9 7 ’  r=3.216’ 
s = .  005 I /I/ n=. 03’ V=7.63 fps 

/ 

Segment ID : 1.2 / 

L=540’ /Capacity=2381.2 cfs 
- - - - - - - - - -  

Total Length= 992 ft Total Tc= 11.0 

S U B C A T C H M E N T  8 R U N O F F  
E-2  

A 

J) 
4- 
U 

3 
0 
-1 
LL 

L/ 

FIRER: 5 3 RC 
Tc= I 1  MIN 
CN= 99 

SCS TR-20 METHOD 
TYPE I 1  24-HOUR 
RRINFRLL=I3.0 IN 

PEFIK= 79 5 CFS 
@ I 1  .97 HRS 

UOLUME= 4 46 RF 

T I M E  (hours) 



Data for FERMCO, EAST CHANNEL, 2000-YR STORM, LIGHT COVER 
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e SUBCATCHMENT. 9 

ACRES 
4.20 99 

E - 3  

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL=13.0 IN 

PEAK= 63.2 CFS 0 11.97 HRS 
VOLUME= 3.53 AF 

Method Comment Tc (min) 

Grass : Short 
SHALLOW CONCENTRATED/UPLAND FLOW Segment : .8 
Unpaved 
CHANNEL FLOW 

s=.OO5 I / '  n=.03 /V=7.69 fps L=405 Capacity=2554 cfs 

TR-55 SHEET FLOW Segment ID : 9.0 
n=. 15 /;1=147'/ P2=2.6 in s = .  07 I / I  / 

Kv=16.1345/* L=310'/ s = .  167 ' / '  /:=6.59 fps 
Segment ID : .9 / 

I /  

a=332 sq-ft / Pw=102' r=3.255' 

Total Length= 862 ft Total Tc= 10.7 

SUBCQTCHMENT 9 RUNOFF 
E-3 

66 - 
55 - 
58 - 
45 - 

r\ 

0 48 

u 3 5 -  

- 
G 

38 - 
25 - 
2E - 
15 - 
I E  - 

v 

0 
LL 

A R E k  4 . 2  AC 

CN= 99 
Tc= 18 .7  M I N  

SCS TR-2E METHOD 
TYPE I1 24-HOUR 

RAINFALL=l3 E I N  

PEFIK= 63 2 CFS 
@ I I  .97 HRS 

UOLUME= 3 . 5 3  AF 

T I M E  (hours) 
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8 

SUBCATCHMENT 10 E - 4  

" /  . ACRES 
3.00 99 SCS TR-20 METHOD 

TYPE I1 24-HOUR 
RAINFALL=13.O IN 

PEAK= 45.3 CFS 0 11.96 HRS 
VOLUME= 2.52 AF 

Method Comment Tc (min) 

Grass: Short 
SHALLOW CONCENTRATED/UPLAND FLOW Segment : -8 
Unpaved 
CHANNEL FLOW Segment ID : .6 

s= .005 / I / .  03 L 7 4  fps L=290 '/Capacity=2692.4 cfs 

TR-55 SHEET FLOW Segment ID: 9.0 
n=. 15 /L=147'/ P2=2.6 in s=. 07 ' / I /  

Kv=16.1345 /L=310t/s=.167 '/I7V=6.59 fps . 

a=348 sq-ft /- w=106' r=3.283' 

- - - - - - - - - -  
Total Length= 747 ft Total Tc= 10.4 

S U B C A T C H M E N T  18 R U N O F F  
E -4 

RREQ= 3 AC 
TG i e  4 MIN 

CN= 99 

SCS T R - 2 8  METHOD 
TYPE I 1  24-HOUR 

RCIINFFILL:13.8 I N  

PECIKr 4 5 . 3  CFS 
@ I I  .96 HRS 

UOLUME: 2 . 5 2  QF 

T I M E  (hours) 



448 

85 
8 0 -  
75 
70 
65 
68 - 

J) 5 5 -  

w 45 

3 35 0 
-I 3 E -  
LL 25 

50 
U 

40 

2E 
I5 

- 
Data for FERMCO, EAST CHANNEL, 2000-YR STORM, LIGHT COVER A," 

';%%%3 Prepared by GeoSyntec Consultants 
HvdroCAD 3.10 000663 (c) 1986-1993 Applied MicrocomRuter Systems 

/3-.5 12 I55 % 

' 

- 
- 
- 
- 

' 

- 

- 
- 

- 
- 
- 

E-5 @ SUBCATCHMENT 11 

ACRES 
5.80 99 .SCS TR-20 METHOD 

TYPE I1 24-HOUR 
RAINFALL=13.0 IN 

PEAK= 87.0 CFS @ 11.97 HRS 
VOLUME= 4.88 AF 

Met hod Comment Tc (min) 

Grass: Short n=.15 L=147' P2=2.6 in s=.O7 I / /  

Unpaved Kv=16.1345 
CHANNEL FLOW Segment ID: 

s = .  005 

9.0 

.8 

1.2 

/ J Segment ID: 
TR-55 SHEET FLOW 

/'/re. 03 /V=7.74 fps L=550' /Capacity=2692.4 cfs 

Total Length= 1002 ft Total Tc= 11.0 

SUBCATCHMENT 1 1  RUNOFF 
E-5  

I \  

FIREFI: 5 . 8  RC 
Tc= I I  MIN 
CN- 99 

SCS TR-20 METHOD 
TYPE I 1  24-HOUR 

ROINFALL-13.E I N  

PEAK= 8 7 . 0  CFS 
@ I I  .97 HRS 

UOLUME: 4 BE AF 

T I M E  (hours) 
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Prepared by GeoSyntec Consultants 
HvdroCAD 3.10 000663 (c) 1986-1993 Applied MicrocomDuter Svstems 

@ SUBCATCHMENT 12 E-6 

" /  ACRES 
6.30 99 SCS TR-20 METHOD 

TYPE I1 24-HOUR 
RAINFALL=13.0 IN 

PEAK= 93.7 CFS 0 11.98 HRS 
VOLUME= 5.30 AF 

Method Comment Tc (min) 

Grass: Short n=.15 4147'' P2=2.6 in s=.O7 ' / I / '  

SHALLOW CONCENTRATED/UPLAND FLOW Segment ED: .8 
Unpaved 
CHANNEL FLOW Segment ID : 1.8 
a=348 sq-ft Jp/w=106' 'r=3.283' 
s = ,  005 

TR-55 SHEET FLOW Segment ID: 9.0 

K ~ = 1 6 . 1 3 4 5 ~ L = 3 0 0  ' J  s=.167 ' / I /  V=6.59 fps 

/ '/n=. 03 /V=7.74 fps L=820' jCapacity=2692.4 cfs 

r\ 

J) 
4- 
U 

3 
0 
J 
LL 

v 

Total Length= 1267 ft Total Tc= 11.6 

SUBCATCHMENT 12 RUNOFF 
E-6  

AREFI: 6 3 FIC 

CN= 99 
Tc= I I  6 M I N  

SCS TR-ZE METHOD 
TYPE I 1  24-HOUR 

RAINFFILL=13 E I N  

PEAK- 93 7 CFS 
e I I 9e HRS 

UOLUME- 5 38 AF 

T I M E  (hours) 
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0 SUBCATCHMEETT 1 

ACRES 
7.60 89 

E-A 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL=13.0 IN 

PEAK= 43.6 CFS @ 12.57 HRS 
VOLUME= 6.25 AF 

Comment Tc (min) Met hod 
Segment ID : 

Grass: Dense n=.24 L=300' P2=2.6 in s=.OO7 ' / I  

SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 
Unpaved Kv=16.1345 L=320' s=.O13 I / '  V=1.84 fps 
CHANNEL FLOW Segment ID : 
a=272 sq-ft Pw=87' r=3.126' 
s=.OO5 I / '  n=.03 V=7.49 fps L=465' Capacity=2037 cfs 

58.0 

2.9 

1.0 

/ / TR-55 SHEET FLOW 

- - - - - - - - - -  
/ 

Total Length= 1085 ft Total Tc= 61.9 

SUBCATCHMENT 1 RUNOFF 
E-A 

AREA- 7 . 6  AC 

CN= 89 
Tc= 61 9 MIN 

SCS TR-2E METHOD 
TYPE I1 24-HOUR 

RAINFALL:13 E I N  

PEAK= 4 3  6 CFS 
@ 12.57 HRS 

UOLUHE= 6 25 AF 



Data for FERMCO, EAST CHANNEL, 2000-YR STORM, MOD. COVER 
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0 SUBCATCHMENT 2 E-B , 

88 
ACRES 
7.40 SCS TR-20 METHOD 

TYPE I1 24-HOUR 
RAINFALL=13.O IN 

PEAK= 45.9 CFS @ 12.48 HRS 
VOLUME= 6.04 AF 

Comment Tc (min) Method 
T R - 5 5  SHEET FLOW Segment ID : 
Grass: Dense n=.24 L=300' P2=2.6 in s=.O1 ' / '  

Unpaved Kv=16.1345 L=615' s=.O2 I / '  V=2.28 fps 

a=312 sq-ft Pw=97' r=3.216' 
s=.OO5 ' / '  n=.03 V=7.63 fps L=30' Capacity=2381.2 cfs 

50.3 /- 
SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: / 4.5 

CHANNEL FLOW Segment ID: / .1 

- - - - - - - - - -  
Total Length= 945 ft Total Tc= 54.9 

SUBCATCHMENT 2 RUNOFF 
E-B 

40 451 A 
35 - 

r\ 

J) 38 - 
G 
U 25 - 
v 

0 
-I 15 

AREA= 7.4 AC 

CN= 88 
Tc= 54 9 MIN 

SCS TR-20 METHOD 
TYPE I 1  24-HOUR 

RAINFALL-13 E IN 

PEAK- 45 9 CFS 
@ I2 48 HRS 

UOLUHE- 6 04 RF 

T I M E  (hours) 



4 4 8  
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.i 

E-C 

ACRES 
7.10 SCS TR-20 METHOD 

TYPE I1 24-HOUR 
RAINFALL=13.0 IN 

PEAK= 44.5 CFS 0 12.49 HRS 
VOLUME= 5.87 AJ? 

Met hod Comment Tc (min) 
TR-55 SHEET FLOW / 50.3 
Grass: Dense n=.24 L=300' P2=2.6 in s=.O1 I / ' -  / 
SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 4.8 
Unpaved Kv=16.1345 L=655' s=.O2 t / '  V=2.28 fps / 

---- - - - - - -  
Total Length= 955 ft Total Tc= 55.1 

SUBCATCHMENT 3 RUNOFF 
E-C 

r\ 

n 
4- 
U 

W 

40 . 

35 ' 

30 

RRER: 7 1 QC 

CN: 98 
Tc= 55 1 f l IN  

SCS TR-28 METHOD 
TYPE I 1  24-HOUR 

RRINFCILL:13.0 I N  

PERK- 4 4 . 5  CFS 
@ 1 2 . 4 9  HRS 

UOLUHE: 5 .87  OF 

-3 
0 
J 
L L  

TIME (hours) 



”. 
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SUBCATCHMENT 4 E-D 

65 

60 

55 

50 

45 

40 

‘35 

30 

25 

ACRES 
8.70 89 

- 
- 
- 
- 
- 
- 
- 
- 
- 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL=13.0 IN 

PEAK= 69.4 CFS @ 12.28 HRS 
VOLUME= 7.12 AF 

Method Comment Tc (min) 
TR-55 SHEET FLOW Segment ID: 
Grass: Dense n=.24 ’L=200’ P2=2.6 in s=.013 ‘ / I  
SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 
Unpaved Kv=16.1345 L=735‘ s=.O2 ’ / ’  V=2.28 fps 

a=348 sq-ft Pw=106’ r=3.283’ 
s=.OO5 ‘ / I  n=.03 V=7.74 fps L=30’ Capacity=2692.4 cfs 

32.7 
/- 

/’ 
5.4 

CHANNEL FLOW Segment ID : .1 

- - - - - - - - - -  
Total Length= 965 ft Total Tc= 38.2 

SUBCATCHMENT 4 RUNOFF 
E-D 

n 
J1 

G 
U 

3 
0 
J 
L L  

v 

FIRER: 8 . 7  RC 
Tc= 3 8 . 2  MIN 

CN= 89 

SCS TR-28 METHOD 
TYPE I 1  24-HOUR 

R R I N F C I L L : ~ ~ . ~  I N  

PERK- 69 .4  CFS 
‘3 12.28 HRS 

UOLUME= 7 . 1 2  OF 

TIME (hours) 
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78 
65 
68 
55 
58 

J) 45 
c\ 

ce 
u 48 

35 
3 38 
0 

LI- 28 

V 

-I 25- 

SUBCATCHMENT 5 E-E 
/ 

4 AREA= 7 9 AC ~ c =  38 9 M I N  
- 
- CN= 86 

SCS TR-28 METHOD 
- TYPE I 1  24-HOUR 
- 

RQINFRLL:13 8 IN 

PEAK= 78 8 CFS 
@ 12 2 HRS 

- UOLUME= 6 32 QF 
- 

- 
- 

- 

ACRES 
7.90 86 SCS TR-20 METHOD 

TYPE I1 24-HOUR 
RAINFALL=13.0 IN 

PEAK= 70.8 CFS @ 12.20 HRS 
VOLUME= 6.32 AF 

Method Comment Tc (min) 
TR-55 SHEET FLOW Segment ID : 
Grass: Dense n=.24 /L=200' P2=2.6 in s=.O25 I / '  

SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 

25.2 / 
/- 5.4 

Unpaved Kv=16.1345 L=735' S=.O2 ' / I  V=2.28 fps 
CHANNEL FLOW Segment ID : .3 

/ a=348 sq-ft Pw=106' r=3.283' 
s=.OO5 ' / I  n=.03 V=7.74 fps L=125' Capacity=2692.4 cfs , 

- - - - - - - - - -  
Total Length= 1060 ft Total Tc= 30.9 

SUBCATCHMENT 5 RUNOFF 
E-E 

TIME (hours) 
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/$$ /z fib94 
@ SUBCATCHMENT 6 E-F 

88 SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL=13.0 IN 

ACRES 
11.90 

PEAK= 94.4 CFS 0 12.28 HRS 
VOLUME= 9.68 AF 

98 
85 
88 
75 
78 - 65 

fl 68 

Met hod Comment Tc (min) 
Segment ID: 

Grass: Dense n=.24 L=200' P2=2.6 in s=.O13 ' / '  
SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 
Unpaved Kv=16.1345 L=475' s=.O17 ' / I  V=2.1 fps / 
CHANNEL FLOW Segment ID: 1.7 
a=348 sq-ft Pw=106' r=3.283' 
s=.OO5 n=.03 V=7.74 fps L=785' Capacity=2692.4 cfs 

32.7 

3.8 
I TR-55 SHEET FLOW 

- - - - - - - - - -  
Totai Length= 1460 ft Total Tc= 38.2 

- 
- 
- 
- 
- 
- 
- 

SUBCATCHMENT 6 RUNOFF 
E-F 

RREk I 1  9 RC 

CN= 88 
Tc= 3 8 . 2  M I N  

SCS TR-28 METHOD 
TYPE I1 24-HOUR 

RQINFQLL:13 E I N  

T I M E  (hours) 
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HvdroCAD 3.10 000663 (c) 1986-1993 Amlied MicrocomRuter Systems 

E-1 

148 

130 

I 2 0  

I10 
IEE 

98 

88 

76 

68 

58 

ACRES CN 
10.50 99 /' 

- 
- I RREFI: 18 5 FIC 

Tc= 15 5 MIN 
- CN= 99 

SCS TR-2E METHOD - TYPE I 1  24-HOUR 

- 
- 

- 

RFIINFnLL-13 E I N  

PEFIK= 141 2 CFS 
@ I 2  E l  HRS 

- UOLUME- 8 85 FIF 

- 
- 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL=13.0 IN 

PEAK= 141.2 CFS 0 12.01 HRS 
VOLUME= 8.85 AF 

Method Comment . Tc (min) 
Segment ID : 

Grass: Dense n=.24 L=147' P2=2.6 in s=.O7 ' / I  

SHALLOW CONCENTFtATED/UPLAND FLOW Segment ID: 
Unpaved Kv=16.1345 L=300' s=.167 I / '  V=6.59 fps 
CHANNgL FLOW Segment ID : 
a=272 sq-ft Pw=87' r=3.126' 
s=.OO5 ' / I  n=.03 V=7.49 fps L=705' Capacity=2037 cfs 

13.1 

.8 

1.6 

/ TR-55 SHEET FLOW 

/. 

,/ 
- - - - - - - - - -  

Total Length= 1152 ft Total Tc= 15.5 

SUBCATCHMENT 7 RUNOFF 
E- 1 

r\ 

In 
G 
U 
v 

3 
0 
-J 
L L  

T I M E  (hours) 



Data for FERMCO, EAST CHANNEL, 2000-YR STORM, MOD. COVER 
Prepared by GeoSyntec Consultants 
HydroCAD 3.10 000663 (c) 1986-1993 ADplied MicrocomDuter Systems 

0 SUBCATCHMENT 8 E - 2  

70 

65 

68 

" /  ACRES 
5.30 99 

h - 
- 
- 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL=13.O IN 

VOLUME= 4.47 AF 
PEAK= 72.2 CFS @ 12.01 HRS 

Method Comment Tc (min) 

Grass: Dense n=.24 L=147' P2=2.6 in s=.O7 ' / ' A  
SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 
Unpaved Kv=16.1345 L=305' s=.167 ' / '  V=6.59 fps 

a=312 sq-ft Pw=97' r=3.216' 
s=.OO5 ' / I  n=.03 V=7.63 fps L=540' Capacity=2381.2 cfs 

Segment ID : 13.1 

.8 / 
/ TR-55 SHEET FLOW 

CHANNEL FLOW Segment ID : 1.2 

- - - - - - - - - -  
/ 

Total Length= 992 ft Total Tc= 15.1. 

SUBCATCHMENT 8 RUNOFF 
E-2 

FIRER= 5 . 3  FIC 

CN= 99 
Tc= 15.1 MIN 

SCS TR-28 METHOD 
TYPE I1 24-HOUR 

RFIINFFILL-13.' I N  

PERK= 7 2 . 2  CFS 

UOLUME= 4 . 4 7  OF 
e 1 2 . 8 1  HRS 

T I M E  (hours) 



v 

a+ Data for FERMCO, EAST CHANNEL, 2000-YR STORM, MOD. COVER 
Prepared by GeoSyntec Consultants 
HydroCAD 3.10 000663 (c) 1986-1993 Amlied Microcomputer Systems 

E-3 a SUBCATCHMENT 9 

ACRES CN 
4.20 99 /' SCS TR-20 METHOD , 

TYPE I1 24-HOUR 
RAINFALL=13.O IN 

PEAK= 57.7 CFS 0 12.01 HRS 
VOLUME= 3.54 AF 

Met hod Comment Tc (rnin) 
TR-55 SHEET FLOW Segment ID : 
Grass: Dense n=.24 L=147' P2=2.6 in s=.O7 ' / '  
SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 
Unpaved Kv=16.1345 L=310' s=.167 ' / '  V=6.59 fps 
CHANNEL FLOW Segment ID : 
a=332 sq-ft Pw=102' r=3.255' 
s=.O05 I / '  n=.03 V=7.69 fps L=405' Capacity=2554 cfs 

13.1 

.8 

.9 
/ 
/ 

---- - - - - - -  
Total Length= 862 ft Total Tc= 14.8 

SUBCATCHMENT 9 RUNOFF 
E-3  

r\ 

10 
re 
U 

W 

3 
0 
J 
LL 

AREA: 4 2 AC 

CN= 99 
Tc= 14 8 MIN 

SCS TR-28 METHOD 
TYPE I1 24-HOUR 

RAINFALL:13.8 I N  

PEAK= 5 7  7 CFS 
C 12.81 HRS 

UOLUME: 3 54 AF 

T I M E  (hours) 

000608 



Data for FERMCO, BAST CHANNEL, 2000-YR STORM, MOD. COVER 
Prepared by GeoSyntec Consultants 9 Feb 9 

A J G  

HydroCAD 3.10 000663 (c) 1986-1993 ADDlied Microcomuter Systems Qv I& 

SUBCAT- 10 E - 4  

99 SCS TR-20 METHOD 
TYPE I1 24-HOUR 
F!AINFALL=13.O IN 

ACRES 
3.00 

PEAK= 41.6 CFS Q 12.00 HRS 
VOLUME= 2.53 AF 

Method Comment Tc (min) 
Segment ID: 13.1 

.8 

TR-55 SHEET FLOW 
Grass: Dense n=.24 P2=2.6 in s=.O7 ' / I  / 

a=348 sq-ft Pw=106' r=3.283' / 

SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 
Unpaved Kv=16.1345 L=310' s=.167 I / '  V=6.59 fps / 
CHANNEL FLOW Segment ID : .6 

s=.OO5 ' / I  n=.03 V=7.74 fps L=290' Capacity=2692.4 cfs 

Total Length= 747 ft Total Tc= 14.5 

SUBCATCHMENT 16 RUNOFF 
E-4  

n 
In 
4- 
U 
v 

FIREFI: 3 RC 
Tc= 14.5 MIN 
CN= 99 

SCS TR-28 METHOD 
TYPE I 1  24-HOUR 

RCIINFOLL-13.8 IN 

PERK= 41.6 CFS 
'3 12 HRS 

UOLUflE- 2.53 OF 

3 
0 

T I M E  (hours) 



Data for FERMCO, BAST CHANNEL, 2000-YR STORM, MOD. COVER l L J t  4 4  8 
Prepared by GeoSyntec Consultants 
HvdroCAD 3.10 000663 (c) 1986-1993 ARRlied MicrocomRuter Systems 

0 SUBCATCHMENT 11 E-5 

ACRES 
5.80 99 SCS TR-20 METHOD 

TYPE I1 24-HOUR 
RAINFALL=13.O IN 

PEAK= 79.0 CFS @ 12.01 HRS ' 

VOLUME= 4.89 AF 

Method Comment Tc (min) 
TR-55 SHEET FLOW Segment ID : 
Grass: Dense n=.24 4 1 4 7 '  P2=2.6 in s=.O7 ' / '  
SHALLOW CONCKNTRATED/UPLAND FLOW Segment ID: 
Unpaved Kk16.1345 L=305' s=.167 I / '  V=6.59 fps 
CHANNEL FLOW Segment ID: 
a=348 sq-ft Pw=106' r=3.283' 
s=.OO5 ' / I  n=.03 V=7.74 fps L=550' Capacity=2692.4 cfs 

13.1 
/- 

.8 

1.2 

- - - - - - - - - -  
Total Length= 1002 ft Total Tc= 15.1 

S U B C A T C H M E N T  1 1  RUNOFF 
E-5 

A 

n 
G 
U 
v 

3 
0 
-I 
L L  

75 - 
78 - 
65 - 
60 - 
55 - 
50 - 
45 - 
40 - 
35 - 
30 - 
25 - 
20 - 
15 - 
I0 - 

FIRER: 5 8 FIC 

CN= 99 
Tc= 15 I MIN 

SCS TR-ZB METHOD 
TYPE I 1  24-HOUR 

RFIINFFILL:13 E I N  

PEFIK= 79 0 CFS 
'3 I2 E1 HRS 

UDLUME- 4 89 FIF 

T I M E  (hours) 



cp asL 4 4  8 Data for FERMCO, gAST CHANNEL, 2000-YR STORM, MOD. COVER 
Prepared by GeoSyntec Consultants 
HvdroCAD 3.10 000663 (c) 1986-1993 Applied MicrocomRuter Systems 

@ SUBCATCHMENT 12 E-6 

" /  ACRES 
6.30 99 SCS TR-20 METHOD 

TYPE I1 24-HOUR 
RAINFALL=13.0 IN 

PEAK= 84.2 CFS 0 12.01 HRS 
VOLUME= 5.31 AF 

Met hod Comment Tc (min) 

.8 
Grass: Dense n=.24 L=147' P2=2.6 in s=.O7 I / # .  

SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 

CHANNEL FLOW Segment ID: / 1.8 
Unpaved Kv=16.1345 L=300' s=.167 ' / I  V=6.59 fps 

a=348 sq-ft Pw=106' r=3.283' 
s=.OO5 ' / I  n=.03 V=7.74 fps L=820' Capacity=2692.4 cfs 

13.1 /- Segment ID: . / TR-55 SHEET FLOW 

/- 

- - - - - - - - - -  
Total' Length= 1267 ft Total Tc= 15.7 

SUBCATCHMENT 12 RUNOFF 
E-6 

E8 - 
75 - 
78 - 
65 - 
68 - 

G 58 - 

48 - 

A 

5) 55 

" 45 - 

- 

W 

FIRER= 6 . 3  FIC 

CN= 99 
Tc=  15.7 H I N  

SCS TR-28 METHOD 
TYPE I1 24-HOUR 

RAINFFILL:I3.8 I N  

PEAK= 8 4 . 2  CFS 
@ I 2 . E I  HRS 

UOLUHE= 5 .31  AF 

T I M E  (hours) 



4 4  8 
Data for FERMCO, EAST CHANNEL, 2000-YR STORM, EIgAvy COVER P 3 L  
Prepared by GeoSyntec Consultants 
HydroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Systems 

0 SUBCATCHMENT 1 

89 
ACRES 
7.60 

E-A 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL=13.O IN 

PEAK= 42.4 CFS @ 12.60 HRS 
VOLUME= 6.25 AF 

Method Comment Tc (min) 
TR-55 SHEET FLOW Segment ID: 
Grass: Dense n=.24 L=300' P2=2.6 in s=.OO7 I / '  

SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 
Unpaved Kv=16.1345 L=320' s=.O13 I / '  Vd.84 fps 
CHANNEL FLOW Segment ID: 3.4 
a=272 sq-ft Pw=87' r=3.126' 
s=. 005 / '  n=. 1 jV=2.25 fps L=465' Capacity=611.1 cfs 

58.0 

/ 2.9 

/- 

/' 
-- - - - - - - - -  

Total Length= 1085 ft Total Tc= 64.3 

SUBCATCHMENT 1 RUNOFF 
E-A 

r\ 

n 
Q- 
U 
v 

3 
0 
J 
LL 

AREA= 7 6 AC 
Tc= 64 3 MIN 

CN= a9 35 4e t 
PEAK= 4 2 . 4  CFS 

'2 12.6 HRS 
UOLUME: 6 . 2 5  AF 

SCS TR-2B METHOD 
TYPE I1 24-HOUR 

RAINFFILL-13.8 I N  

TIME (hours) 

. .  000612 



PJL 4 4  8 
Data for FERMCO, EAST CHANNEL, 2000-YR STORM, HEAVY COVER 
Prepared by GeoSyntec Consultants 
HydroCAD 3.10 000663 (c) 1986-1993 Applied Microcomuter Systems 

SUBCATCIB4ENT 2 E-B 
/ 

ACRES 
7.40 88 SCS TR-20 METHOD 

TYPE I1 24-HOUR 
F!AINFALL=13.0 IN 

PEAK= 45.9 CFS @ 12.49 HRS 
VOLUME= 6.04 AF 

Met hod Comment Tc (min) 
TR-55 SHEET FLOW Segment ID: 
Grass: Dense n=.24 L=300' P2=2.6 in s=.O1 ' / I  

SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 
Unpaved Kv=16.1345 L=615' s=.O2 ' / I  V=2.28 fps 
CHANNEL FLOW Segment ID: 
a=312 sq-ft r=3.216' 
s=.oo5 n:w=3=2.29 fps L=30' Capacity=714.4 cfs 

50.3 

4 . 5  

.2 
/ 

_ _ _ _ _ _ _ _ _ -  
/ 

Total Length= 945 ft Total Tc= 55.0 

SUBCATCHMENT 2 RUNOFF 
E-B 

35 

n 

4- 
u 25 
v 

3 
0 
J 
LL 

FIRER= 7.4 RC 
Tc= 55 MIN 
CN= 88 

5CS TR-20 METHOD 
TYPE I 1  24-HOUR 
RRINFnLL:13.0 IN 

PERK- 45.9 CFS 
C 12 49 HRS 

UOLUME: 6.04 RF 

T I M E  (hours) 



Data for FERMCO, EAST CHANNEL8 2000-YR STORM, HgAVY COVER 
,- 4 4  8 b * L  

Prepared by GeoSyntec Consultants 9 Feb 9 
HydroCAD 3.10 000663 (c) 1986-1993 ADDlied Microcomputer Systems 

SUBCATCHMENT 3 

ACRES 
7.10 90 

E-C 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL=13.0 IN 

PEAK= 44.5 CFS 0 12.49 HRS 
VOLUME= 5.87 AF 

Met hod Comment Tc (min) 

Grass: Dense n=.24 L=300' P2=2.6 in s=.O1 ' / I  

SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 
Unpaved Kv=16.1345 . L=655' s=.02 ' / I  V=2.28 fps / 

50.3 

4.8 
/ TR-55 SHEET FLOW 

- - - - - - - - - -  
Total Length= 955 ft Total Tc= 55.1 

SUBCATCHMENT 3 RUNOFF 
E-C 

A 

n 
G 
U 
v 

3 
0 
-I 
LL 

FIRER= 7 I RC 

CN= 90 
T c =  55 I MIN 

SCS TR-20 METHOD 
TYPE I 1  24-HOUR 

RRINFRLL:13 0 I N  

PERK- 4 4  5 CFS 
@ I2 4 9  HRS 

UOLUHE- 5 . 8 7  RF 

TIME (hours) 



. & J =  4 4 8  Data for FERMCO, EAST CHANNEL, 2000-YR STORM, HEAVY COVER 
Prepared by GeoSyntec Consultants 9 Feb 
HydroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Svstems 1 m/!i% 

R((nkbfk 
SUBCATCHMENT 4 E-D 

ACRES 
8.70 89 SCS TR-20 METHOD 

TYPE I1 24-HOUR 
RAINFALL=13.0 IN 

PEAK= 69.3 CFS 0 12.28 HRS 
VOLUME= 7.12 AF 

Met hod Comment Tc (min) 
TR-55 SHEET FLOW Segment ID : 
Grass: Dense n=.24 L=200' P2=2.6 in s=.O13 ' / I  

SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 
Unpaved Kv=16.1345 L=735' s=.O2 ' / '  V=2.28 fps 
CHANNEL FLOW Segment ID: 
a=348 sq-ft Pw=106' r=3.283' 
s=. 005 I / I  n=. 1/V=2.32 fps L=30' Capacity=807.7 cfs 

32.7 

5.4 

.2 

/- 

/ 
- - - - - - - - - -  

/ 
Total Length= 965 ft Total Tc= 38.3 

SUBCATCHMENT 4 RUNOFF 
E-D 

r\ 

In 
4- 
U 
v 

3 
0 .  

6 5  . 
6 0  . 
5 5  ' 

5 0  . 
4 5  ' 

4 0  - 
35 - 

AREA= 8 7 AC 

CN- 89 
Tc= 38 3 MIN 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 

RAINFALL-13 B I N  

PERK= 69 3 CFS 
@ 12 28 HRS 

UDLUME: 7 I2 RF 

3 0  - 
25 - 
20 - 
15 - 
10 - 
5 -  

o m :  A A ;  IA A :  A & A - - - - - - - - - N  

T I M E  (hours) 



Data for FERMCO, EAST CHANNEL, 2000-YR STORM8 HEAVY COVER 
P J  4 4  8 

Prepared by GeoSyntec Consultants 
HvdroCAD 3.10 000663 (c) 1986-1993 ADDlied MicrocomDuter Svstems 

SWCATC€MENT 5 

ACRES 
7.90 86 

E-E 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
FAINFALL=13.0 IN 

PEAK= 70.1 CFS @ 12.20 HRS 
VOLUME= 6.32 AF 

Met hod Comment Tc (min) 
TR-55 SHEET FLOW Segment ID: 25.2 
Grass: Dense n=.24 L=200' P2=2.6 in s=. 025 ' / I  / 

5.4 SHALLOW CONCENTRATED/DPLAM) FLOW Segment ID: 
Unpaved Kv=16.1345 L=735' s=.O2 ' / I  V=2.28 fps 

/-- 

CHANNEL FLOW Segment ID: .9 
a=348 sq-ft Pw=106' r=3.283' / 

, 
s=.OO5 n=.l/V=2.32 fps L=125' Capacity=807.7 cfs 

- - - - - - - - - -  
Total Length= 1060 ft Total Tc= 31.5 

S U B C R T C H M E N T  5 RUNOFF 
E-E 

FIRER= 7 9 FIC 

CN= 86 
Tc= 31 5 H I N  

SCS TR-28 METHOD 
TYPE I 1  24-HOUR 

RFIINFFILL-13 B I N  

PERK= 78 .1  CFS 
C 1 2 . 2  HRS 

UOLUHE: 6 3 2  FIF 

T I M E  (hours) 



Prepared by GeoSyntec Consultants 
\ HydroCAD 3.10 000663 (c) 1986-1993 ApDlied MicrocomDuter Systems 

SUBCATCIIMENT 6 E-F , 

ACRES CN / 
11.90 88 ' SCS TR-20 METHOD 

TYPE I1 24-HOUR 
RAINFALL=13.0 IN 

PEAK= 88,8 CFS @ 12.33 HRS 
VOLUME= 9.68 AF 

Method Comment Tc (min) 
TR-55 SHEET FLOW Segment ID: 32.7 
Grass: Dense n=.24 L=200' P2=2.6 in s=.O13 , / I /  . 

3.8 SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 
Unpaved Kv=16.1345 L=475' s=.O17 I / '  V=2.1 fps 
CHANNEL FLOW Segment ID : 5.6 

/ 
a=348 sq-ft Pw=.l06' r=3.283' 
s= . 0 0 5  './ ' n=. 1/ V=2.32 fps L=785' 

Total 

A 

In 
re 
U 

3 
0 
J 
L L  

v 

SUBCATCHMENT 
E-F 

70 
65  
68 - 
55 - 
5 0  - 
45 - 
40 - 
35 - 
3 0  - 
25 - 
28 - 

. .  - - - - - - - - - -  
Capacity=807.7 cfs 

Length= 1460 ft Total Tc= 42.1 

6 RUNOFF 

T I M E  (hours) 

CIREFI= 11.9 FIC 

CN= 88 
Tc= 4 2 . 1  MIN 

SCS TR-28 METHOD 
TYPE I 1  24-HOUR 

RAINFCILL:13.8 I N  

PECIK= 88.8 CFS 
@ I2 3 3  HRS 

UOLUME: 9 .68  FIF 



4 4  $ 
. p , c  Data for FERMCO, EAST CHANNgL, 2000-YR STORM, HEAVY COVER 

Prepared by GeoSyntec Consultants 9 Feb 9 
HydroCAD 3.10 000663 (c) 1986-1993 ADDlied MicrocomRuter Systems 

E - 1  

99 SCS TR-20 METHOD 
TYPE I1 24-HOUR 
F!AINFALL=13.0 IN 

ACRES 
10.50 

PEAK= 127.1 CFS @ 12.06 HRS 
VOLUME= 8.86 AF 

Met hod Comment Tc (min) 
TR-55 SHEET FLOW Segment ID : 
Grass: Dense n=.24 L=147’ P2=2.6 in s=.O7 I / ’  

SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 
Unpaved Kv=16.1345 L=300’ s=.167 ‘ / I  v=6.59 fps 
CHANNEL FLOW Segment ID : 5.2 
a=272 sq-ft Pw=87’ r=3.126’ 
s = .  005 ’ / ’  n=. 1 4 = 2 . 2 5  fps L=705‘ Capacity=611.1 cfs 

13.1 / 

.8 / 

/ 
_--- - - - - - -  

Total Length= 1152 ft Total Tc= 19.1 

S U B C A T C H M E N T  7 R U N O F F  
E- 1 

i . RREFI: 10.5 AC 

CN= 99 
Tc= 19.1 M I N  

SCS TR-28 METHOD 
TYPE I 1  24-HOUR 

RFIINFFILL:13 0 I N  

PEFIKr 127.1 CFS 
@ 12.86 HRS 

UOLUME: 8 .86  FIF 

T I M E  (hours) 



- 
cbCJt 4 4  8 
l'n';5%3 

Data for FERMCO, EAST CHANNEL, 2000-YR STORM, HRAVY COVER 
Prepared by GeoSyntec Consultants 
HydroCAD 3.10 000663 (c) 1986-1993 ADDlied MicrocomDuter Svstems 

a SUBCATCHMXNT 8 E-2 

ACRES 
5.30 99 SCS TR-20 METHOD 

TYPE I1 24-HOUR 
RAINFALL=13.0 IN 

VOLUME= 4.47 AF 
PEAK= 66.4 CFS 0 12.04 H F S  

Method Comment Tc (min) 
TR-55 SHEET FLOW Segment ID: 
Grass: Dense n=.24 L=147' P2=2.6 in s=.O7 ' / I  

SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 
Unpaved Kv=16.1345 L=305' s=.167 I / '  V=6.59 fps 
CHANNEL FLOW Segment ID: 
a=312 sq-ft Pw=97' r=3.216' 
s=.OO5 ' / I  n=.l x . 2 9  fps L=540' Capacity=714.4 cfs 

13.1 
F .  

.8 

3.9 

/ 
/ 

- - - - - - - - - -  
Total Length= 992 ft Total Tc= 17.8 

A 

In 
Q- 
U 
LI 

3 
0 

SUBCATCHMENT 8 RUNOFF 
E-2 

AREA: 5 . 3  AC 

CN= 99 
Tc= 1 7 . 8  HIN 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 

RAINFALL-13.B I N  

PEAK= 6 6 . 4  CFS 
@ 12.04 HRS 

UOLUME- 4 . 4 7  AF 

T I M E  (hours) 



Data for FERMCO, EAST CHANNEL, 2000-YR STORM, HEAVY COVER 
Prepared by GeoSyntec Consultants 9 Feb 9 
HvdroCAD 3.10 000663 (c) 1986-1993 ADplied Microcomputer Svstems 

SUBCAT- 9 

" /  ACRES 
4.20 99 

E - 3  

SCS TR-20 METHOD 
. TYPE I1 24-HOUR 

RAINFALL=13.O IN 

VOLUME= 3.54 AF 
PEAK= 54.3 CFS (3 12.03 HFS 

Method Comment Tc (min) 
TR-55 SHEET FLOW Segment ID: 
Grass: Dense n=.24 L=147' P2=2.6 in s=.O7 ' / '  
SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 
Unpaved Kv=16.1345 L=310' s=.167 ' / '  V=6.59 fps 
CHANNEL FLOW Segment ID: 2.9 
a=332 sq-ft Pw=102' r=3.255' 
s=.OO5 ' / '  n=.l A - 2 . 3 1  fps L=405' Capacity=766.2 cfs 

13.1 
f l  

.8 
/ 

/' 

Total Length= 862 ft Total Tc= 16.8 

SUBCATCHMENT 9 RUNOFF 
E-3 

5 8  - 
45 - 
40 - 

35 - 

3 0  - 

25 - 
20 - 

15 - 

I 0  - 

RREFI: 4 2 FIC 

CN= 99 
Tc= 16.8 H I N  

SCS TR-20 METHOD 
TYPE I 1  24-HOUR 

RFIINFFILL=13.0 I N  

PEFIK- 54  3 CFS 
@ I2 03 HRS 

UOLUHE: 3 54  FIF 

T I M E  (hours) 



4 4  8 

38 
36 
34 
32 
38 
28 
26 
24 
22 
28 
18 
I6 
14 
12 

V 

Data for FERMCO, EAST CHANNEL, 2000-YR STORM, HEAVY COVER 
Prepared by GeoSyntec Consultants 
HydroCAD 3.10 000663 (c) 1986-1993 Amlied MicrocomDuter Systems 

A J t  

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

E - 4  

ACRES 
3.00 99 SCS TR-20 METHOD 

TYPE I1 24-HOUR 
RAINFALL=13.0 IN 

PEAK= 39.7 CFS @ 12.02 HRS 
VOLUME= 2.53 AF 

Method Comment Tc (min) 
TR-55 SHEET FLOW Segment ID : 13.1 
Grass: Dense n=.24 L=147' P2=2.6 in s=.07 ' / '  / 

Unpaved Kv=16.1345 L=310' s=.167 I / '  V=6.59 fps 

r=3.283' a=348 sq-ft 

SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: / . a  

CHANNEL FLOW Segment ID : 2.1 

s=.OO5 ' / I  fps L=290' Capacity=807.7 cfs 
- - - - - - - - - -  

/ 
Total Length= 747 ft Total Tc= 16.0 

SUBCATCHMENT 18 RUNOFF 
E-4  

n 
ln 

re 
U 
LI 

3 
0 
J 
LL 

AREA: 3 AC 
Tc- 16 MIN 
CNs 99 

SCS TR-28 METHOD 
TYPE I1 24-HOUR 

RAINFFILL-13 8 I N  

PEAK= 3 9 . 7  CFS 
@ 12 82 HRS 

UOLUHE= 2 . 5 3  AF 

TIME (hours) 



A 5  94 8 
Data for FERMCO, EAST CHANNEL, 2000-YR STORM, HXAVY COVER 
Prepared by GeoSyntec Consultants 9 Feb 96 
Hydro= 3.10 000663 (c) 1986-1993 ADDlied MicrocomDuter Systems 

SUBCATCHMENT 11 E-5 

ACRES 
5.80 99 SCS TR-20 METHOD 

TYPE I1 24-HOUR 
RAINFALL=13.O IN 

PEAK= 72.7 CFS 0 12.04 HRS 
VOLUME= 4.89 AF 

Method Comment Tc (min) 
TR-55 SHEET FLOW Segment ID : 
Grass: Dense n=.24 L=147' P2=2.6 in s=.O7 I / '  

SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 
Unpaved Kv=16.1345 L=305' s=.167 ' / '  V=6.59 fps 
CHANNEL FLOW Segment ID: 
a=348 sq-ft Pw=106' r=3.283' 
s=.OO5 ' / I  xe.lfi2.32 fps L=550' Capacity=807.7 cfs 

13.1 

/ .E 

3.9 

/ 

/ 

Total Length= 1002 ft Total Tc= 17.8 

SUBCATCHMENT 1 1  RUNOFF 
E-5  

55 - 
58 * 

10 45 - 
r\ 

4- 
u 48 

- 
35 - W 

3 38 - 
0 
A 2 5 -  

28 - 
15 - 
I8 - 

AREA= 5 . 8  FIC 

CN= 99 
Tc- 1 7 . 8  MIN 

SCS TR-28 METHOD 
TYPE I 1  24-HOUR 

RFIINFFILL:13.8 I N  

PERK= 7 2 . 7  CFS 
@ 12.84 HRS 

UOLUME: 4 . 8 9  FIF 

T I M E  (hours) 



R= 4 4  8 
I!Ev76 

Data for FERMCO, gAST CHANNEL, 2000-YFt STORM, HEAVY COVER 
Prepared by GeoSyntec Consultants 
HvdroCAD 3.10 000663 (c) 1986-1993 Applied Microconmuter Systems 

a SmmT- 12 E-6 

ACRES 
6.30 99 

70 

65 

6 0  

55 

5 0  : 4 5 -  

u 40 

35 
W 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL=13.O IN 

PEAK= 75,3 CFS 0 12.07 HRS 
VOLUME= 5.32 AF 

- FIREFI= 6 . 3  FIC 
- 
- 
- 
- 

- - 

Method Comment Tc (mini 
TR-55 SHEET FLOW Segment ID: 13.1 
Grass: Dense n=.24 L=147' P2=2.6 in s=.O7 ' / '  / 
SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: / .8 
Unpaved Kv=16.1345 L=300' s=.167 ' / '  V=6.59 fps 

a=348 sq-ft Pw=106' r=3.283' 
s=.OO5 ' / I  n=.l/V=2.32 fps L=820' Capacity=807.7 c f s  

CHANNEL FLOW Segment ID : 5.9 

/ 
- - - - - - - - - -  

Total Length= 1267 ft Total Tc= 19.8 

SUBCATCHMENT 12 RUNOFF 
E-6 

Tc= 19.8 MIN 
CN= 99 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 

RFIINFFILL=I3.B I N  

PEFIK= 75 .3  CFS 
'2 1 2 . 0 7  HRS 

UOLUME= 5 . 3 2  FIF 

T I M E  (hours) 
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A, c 44 8 Data €or FERMCO, EAST CEIANNgL, 25-YR STORM, LIGET COVER 
Prepared by GeoSyntec Consultants 9 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 ADDlied MicrocomDuter Systems 

45 

40 

35 

38 

0 REACH1 

i! 
- 
- 
- 
- 

DEPTH END AREA 
(FT) ( SO- FT) 

0.0 0.0 
- 3  .4 
.6 1.6 
- 9  3.6 

1.3 7.4 
1.8 14.4 
2.4 25.7 
3.0 40.1 

45 

40 

35 

38 

A 

4 
G 
v 

- I’ 
I !  STDR-IND METHOD 

I ‘  TROUEL= 3 MIN 
I ’  
I ’  Ooutz 54 6 CFS 
I )  LCIG: 2 MIN 

- UELOCITY= 3 FPS 

- 
O i n =  57 2 CFS - 

I 
I- 
CL 
W 
n 

r\ 

IJl 
G 
U 
v 

3 
0 
J 
L L  

e 4 

DISCH 
(CFS) 
0.0 
.3 

2.1 
6.2 

16.3 
39.7 
85.5 

POINT A 

0’ x 3’ CHANNEL STOR-IND METHOD 
S/S= .17 & .33 ‘ / ’  MAX. DEPTH= 1.99 FT 
n= .035 / PEAK VELOCITY= 3.0 FPS [ 
LENGTH= 540 FT TRAVEL TIME = 3.0 MIN 
SLOPE= .oo5 FT/FT Qin = 57.2 CFS @ 11.97 HRS 

Qout= 54.6 CFS 0 12.00 HRS 
ATTEN= 5 % LAG= 2.0 MIN 
IN/OUT= 3.25 / 3.24 AF 

REACH 1 DISCHARGE 
POINT A 

3 8  
2 e -  
2 6 -  
2 4 -  

2 2 -  
2 E -  
I e -  E’ x 3’ CHONNEL 

n: E35 L:54E’ S= E85 
s/s= 17 a 33 * /  

2 -  

m m m m m m m m m m m m m m m 
- N O P ~ ~ C ~ ~ B - N ~ P ~  - - - - - -  

D I SCHARGE ( c f  s I 

REACH 1 INFLOW 8 OUTFLOW 
POINT A 

/’ 
E’ x 3‘ CHONNEb 

nz.835 Lz54E‘ S=.E85 
s/s: . i 7  a .33 ‘1 

STDR-IND METHOD 
UELOCITY= 3 FPS 

TROUEL= 3 MIN 

O i n =  57 2 CFS 
Ooutz 54 6 CFS 

LCIG: 2 MIN 

TIME (hours) 



/' 

Data €or FERMCO, EAST CHANNEL, 25-YR STORM, LIGHT COVER 
Prepared by GeoSyntec Consultants 
HydroCAD 3.10 000663 (c) 1986-1993 ADplied MicrocomDuter Systems 

DEPTH END AREA 
( SO - FT 1 

0.0 0.0 
.3 .4 
.6 1.6 
.9 3.6 

1.3 7.4 
1.8 14.4 
2.4 25.7 
3.0 40.1 

(FT) 

POINT B 

DISCH 
(CFS) 0' x 3' CHANNEL 
0.0 S/S= .17 & .33 ' / '  
-3 n= .035 

2.1 LENGTH= 405 FT 
6.2 ' SLOPE= -005 FT/FT 

16.3 
39.7 
85.5 

STOR-IND METHOD 
MAX. DEPTH= 2.32 FT 
PEAK VELOCITY= 3.3 FPS 7 

/ TRAVEL TIME = 2.1 MIN 
Qin = 82.9 CFS @ 11.99 HRS 
Qout= 79.5 CFS @ 12.02 HRS 
ATTEN= 4 % LAG= 1.5 MIN 
IN/OUT= 4.88 / 4.87 AF 

REACH 2 DISCHARGE 
POINT B 

3 0  
2 8 -  
2 6 -  
2 4 -  

2 2 -  
2 n -  
1 8 -  

1 6 -  
I 4 -  

2 -  

0 8 ,  m m m m m m m m m m m m $1 m m 
- ~ m - ~ m t o r - a ~ c n m -  N m E C  - - - -  

n' 3'  CHFINNE! 
5/52 . I 7  8 . 3 3  '/ 

nz.035 L-405' Ss.085 

D I SCHARGE ( c f  5 1 

REACH 2 INFLOW a OUTFLOW 
POINT B 

80 
75 

65 
60 
55 
5 0  
45 

35 
30 
25 

15 

7n 

4n 

2n 

0 '  x 3 '  CHFINNEL 
S/S= . I 7  8 . 3 3  ' / '  

n: 035 L s 4 0 5 '  S,=.0@5 

UELOCITY: 3 . 3  F P S  
TRAUEL: 2 1 MIN 

STOR-IND METHOD 

Oin: 82.9 CFS 
Ooutz 79.5 CFS 

LOG: 1.5 M I N  



b 
Data for FERMCO, EAST CHANNEL, 25-YR STORM, LIGHT COVER 
Prepared by GeoSyntec Consultants 
HydroCAD 3.10 000663 (c) 1986-1993 Applied MicrocomDuter Svstems 

a R E A C H 3  

DEPTH END AREA 
(FT) (SO- FT) 

0.0 0.0 
.3 .4 
.6 1.6 
.9 3.6 

1.3 7.4 
1.8 14.4 
2.4 25.7 
3.0 40.1 

DISCH 
(CFSL 
0.0 
-3 

2.1 
6.2 
16.3 
39.7 
85.5 

155.0 

POINT c 

0’ x 3’ CHANNEL 
S/S= -17 €e .33 ’ / ’  
n= -035 / 

SLOPE= .oo5 FT/FT 
LENGTH= 290 FT 

/” 
REACH 3 DISCHARGE 

POINT C 

STOR-IND METHOD 
MAX. DEPTH= 2.51 FT 
PEAK VELOCITY= 3.5 FPS 
TRAVEL TIME = 1.4 MIN r Qin = 101.4 CFS Q 12.00 HRS 
Qout= 99.2 CFS 0 12.02 HRS ’ 

ATTEN= 2 % LAG= 1.1 MIN 
IN/OUT= 6.19 / 6.18 AF 

W / 
I 1 . 4  

E’ x 3’  CHFINNEL; 
S/S= 17 8 33 ’/ 

n= E35 L=29E‘ S= E85 

DISCHARGE ( c f  s 1 

REACH 3 INFLOW 8 OUTFLOW 
POINT C 

9 4  A E‘ x 3‘ CHFlNNEL 
S/S: 17 8 33 ’ / ’  

n= E35 L=29E’ S= E05 

STOR-IND METHOD 
UELOCITY= 3 5 FPS 

TRAUEL= 1 4 H I N  

Oon= IEI 4 CFS 
Ooutz 99 2 CFS 

LFIG: I 1 MIN 

TIME (hours) 



-R% ci- 

4 4  8 Data for FERMCO, EAST CHANNEL, 25-YR STORM, LIGHT COVER 
Prepared by GeoSyntec Consultants 
HydroCAD 3.10 000663 (c) 1986-1993 'ADDlied MicrocomDuter Systems 

3 8  
2 8 -  
2 6 -  
2 4 -  

2 2 -  
2 E -  
1 8 -  

1 6 -  

1 4 -  

1 2 -  

1 E -  
8 -  
6 -  
4 

2 -  

0 %  

R E A C H 4  

m m m m & m m m m m m m m m m 

DEPTH END AREA 
(FT) ( SO- FT) 

0.0 0.0 
.3 .4 

. .6 1.6 
.9 3.6 

1.3 7.4 
1.8 14.4 
2 -4 25.7 
3.0 40.1 

n 
3 
r, 

I 
t- a 
W 
0 

W 

DISCH 
(CFS) 
0.0 
.3 

2.1 
6.2 
16.3 
39.7 
85.5 

155.0 1 

POINT D 

0' x 3' CKANNEL STOR-IND METHOD 
S/S= .17 & .33 ' / '  , MAX. DEPTH= 2.57 FT 
n= .035 / PEAK VELOCITY= 3.5 FPS 
LENGTH= 550 FT TRAVEL TIME = 2.6 MIN 
SLOPE= -005 FT/FT Qin = 114.5 CFS @ 12.01 HRS 

Qout= 109.4 CFS @ 12.05 HRS / 
ATTEN= 4 % LAG= 2.2 MIN 
IN/OUT= 7.12 / 7.11 AF 

REACH 4 DISCHARGE 
POINT D 

E'  x 3' CHFINNEL 
S/S= . 1 7  8 .33 ' / '  

n:.E35 L:55E' S: E85 

DISCHARGE ( cf 5 1 

REACH 4 INFLOW 8 OUTFLOW 
POINT D 

E'  x 3' CHFINNEL 
S/S= 17 8 33 '1'  

n= 835 L = 5 5 E '  S= E85 

S T D R - I N D  METHOD 

118 - 
188 - 

98 - 
VELOCITY= 3 5 FPS 

r\ 88 I TRFIUEL: 2 6 MIN 
- 

I 

1 
I Oon: 114 5 C F S  ," 78 

U Oout: I89 4 CFS 
w 68 LFIG: 2 2 H I N  

- 
- 

3 50 
- 

; l A i ; m & & l  - - - - - - N  - - - 

TIME (hours) 

/ 



Data for-FERMCO, EAST CHANNEL, 25-YR STORM, LIGHT COVER 
Prepared by GeoSyntec Consultants 9 Feb 
HydroCAD 3.10 000663 (c) 1986-1993 ADDlied Microcomuter Svstems l l G /  

3 8  
2 8 -  
2 6 -  
2 4 -  

2 2 -  

G 1 8 -  
1 6 -  

I 1 4 -  

n 
4 2 E -  

v 

@ R E A C H 5  

DEPTH END AREA 
(FT) (SQ-FT) 

0.0 0.0 
.3 .4 
.6 1.6 
-9 3.6 

1.3 7.4 
1.8 14.4 
2.4 25.7 
3.0 40.1 

DISCH 
(CFS) 
0.0 
.3 

2.1 
6.2 

16.3 
39.7 
85.5 

155.0 

0’ x 3’. CHANNEL STOR-IND METHOD 
S/S= -17 & -33 ’ / ’  MAX. DEPTH= 2.77 FT 
n= -035 
LENGTH= 82-0 FT 
SLOPE= -005 FT/FT Qin = 137.6 CFS (3 12.02 HRS - PEAK VELOCITY= 3.7 FPS 

/. TRAVEL TIME = 3.7 MIN 

Qout= 130.1 CFS 8 12.08 HRS 
ATTEN= 5 % LAG= 3.3 MIN 
IN/OUT= 8.93 / 8.90 AF 

/” 
REACH 5 DISCHARGE 

:m‘k,, , , , , , , , , , , , , , 

. 4  

.2 

m m m m m m m m m m m m m m m  - ~ m v m a - r n c n m - ~ m q m  
8.8, 

- - - L L L  

D I SCHARGE ( c f  5 1 

REACH 5 INFLOW 8 OUTFLOW 

138 - 
128 - 
l i e  - 

In 9 8 -  
Q- 88 - 

3 68- 

188 - 
n 

U 
u 78 - 

0 58 - 
J 
LL 48 - 

38 - 
2E - 

E’  x 3’ CHFINNEL; 
’ 3 5 :  . I 7  8 33 ’ 1  

n= 835 L=828’ %.E85 

STDR-IND HETHDD 
UELDCITY- 3 7 F P S  

TRF\UEL= 3 7 M I N  

Omn: 137 6 CFS 

LOG= 3 3 M I N  
oout= 1 3 8  1 CFS 

T I M E  (hours) 

/ 



k,t 9 -fb sr 

48 
4 4  8 Data €or FERMCO, EAST CHANNEL, 25-YR STORM, LIGHT COVER 

Prepared by GeoSyntec Consultants 
HvdroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Svstems 

@ REACH6 

DEPTH END AREA DISCH 
(FT) (SQ-FT) (CFSL 

0.0 0.0 
-3 .4 
.6 1.6 
.9 3.6 

1.3 7.4 
1.8 14.4 
2.4 25.7. 
3.0 40.1 

A 

4 
Lt 

I 
F 
a 
W 

W 

n 

0.0 
-3 

2.1 
6.2 

16.3 
39.7 
85.5 

155.0 

/‘ 

3 8  
2 e -  
2 6 -  
2 4 -  
2 2 -  
2 E -  
l e -  
1 6 -  

POINT E 

0‘ x 3’ CHANNEL 
S/S= .17 & -33 ’ / ‘  
n= .035 

SLOPE= .oo5 FT/FT 
LENGTH= -10 FT /- 

REACH 6 DISCHARGE 
POINT E 

STOR-IND METHOD 
MAX. DEPTH= 2.98 FT 
PEAK VELOCITY= 3.9 FPS 
TRAVEL TIME = 0.0 MIN 
Qin = 157.2 CFS 0 12.04 HRS / 
Qout= 157.2 CFS 0 12.04 HRS 
ATTEN= 0 % LAG= 0.0 MIN 
IN/OUT= 10.96 / 10.96 AF 

0’ x 3’ CHANNEL 
S/S= .I7 8 .33 ‘ 1  

n= 035 L:lE‘ 5: 885 

DISCHARGE ( c f s l  

REACH 6 INFLOW 8 OUTFLOW 
POINT E 

E’ x 3’ CHANNEL 
S/S: .I7 8 .33 ‘ 1  

n= 835 L=IE’ S= 885 

158 - 
148 - 
138 - 
128 - 
118- 
108 - 
98 - 
08 - 
78 - 
68 - 
50 - 
48 - 
38 - 
28 - 

STOR-IN0 METHOD 
VELOCITY= 3.9 FPS 

TRRUEL: E HIN 

Oin: 157.2 CFS 
0out-c 157.2 CFS 

LAG= E HIN f 

TIME (hours) 



P 4 4  8 
R l c  Data for FERMCO, BAST CHANNEL, 25-YR STORM, MOD. COVER 

Prepared by GeoSyntec Consultants 
HvdroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Systems 

@ R E A C H 1  

DEPTH END AREA 
(FT) (SO-FT) 

0.0 0.0 
.3 .4 
.6 1.6 
-9 3.6 

1.3 7.4 
1.8 14.4. 
2.4 25.7 
3.0 40.1 

DISCH 
(CFS ) 
0.0 
.6 

3.7 
10.9 
28.6 
69.4 
149.6 
271.2 

POINT A 

0' x 3' CHANNEL 
S/S= -17 & .33 I / '  

n= .02 

/ LENGTH= 540 FT 
SLOPE= .oo5 FT/FT 

REACH 1 DISCHARGE 
POINT A 

3 8  

2 8 -  
2 6 -  
2 4 -  

2 2 -  
2 8 -  
1 8 -  
1 6 -  
I 4 -  

STOR-IND METHOD 
MAX. DEPTH= 1.54 FT 
PEAK VELOCITY= 4.5 FPS 
TRAVEL TIME = 2.0 MIN 
Qin = 51.4 CFS @ 12.01 HRS 
Qout= 49.7 CFS @, 12.04 HRS 
ATTEN= 3 % LAG= 1.7 MIN 
IN/OUT= 3.26 / 3.25 AF 

8' x 3 '  CHIINNEL 

n z . 8 2  Lr548'  Sz.885 
s/s= . 1 7  a . 3 3  '1' 

4 

2 

B'm m m m m m m m m m m m m m 
N P ~ D ~ ~ N V U Y ~ ~ N V U I  L L L L - N N N N  

DISCHARGE (cf5.1 

REACH 1 INFLOW 8 OUTFLOW 
POINT A 

45 A 
35 'I I1 
38 - 

25 - 
28 - 
15 - 
I8 - 

0' x 3 '  CHANNES 

nz.82 L=548' S=.885  

STOR-IND METHOD 

s/s= . 1 7  a . 3 3  a /  

UELOCITY: 4 . 5  FPS 
TRFIUELs 2 MIN 

Ovn- 5 1 . 4  CFS 
Ooutz 4 9 . 7  CFS 

LIIG: 1 . 7  MIN 

T I M E  (hours) 008632 



Data for FERMCO, EAST CHANNEL, 25-YR STORM, MOD. COVER 
Prepared by GeoSyntec Consultants 9 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 ADDlied Microcomuter Systems . 1 /9/ 148 

R E A C H 2  

DEPTH END AREA 
(FT) ( SQ - FT) 

0.0 0.0 
.3 .4 
.6 1.6 
.9 3.6 

1.3 7.4 
1.8 14.4 
2.4 25.7 
3.0 40.1 

/ 

DISCH 
(CFS) 
0.0 
.6 

3.7 
10.9 
28.6 
69.4 
149.6 
271.2 

3 . 8  

2 . 8  - 
2 . 6  - 
2 . 4  - 
2 . 2  - 

n 
4 2 8 -  
Q- 1 . 8  - 

1 . 6 -  

I 1 4 -  

v 

0' x 3' CHANNEL STOR-IND METHOD 
S/S= .17 & .33 ' / I  MAX. DEPTH= i.81 FT 
n= .02 PEAK VELOCITY= 4.8 FPS 
LENGTH= 405 FT TRAVEL TIME = 1.4 MIN 
SLOPE= .oo5 FT/FT /' Qin = 75.6 CFS @ 12.02 HRS 

Qout= 74.0 CFS @ 12.05 HRS 
ATTEN= 2 % LAG= 1.6 MIN 
IN/OUT= . 4.89 / 4.88 AF 

REACH 2 DISCHARGE 
POINT B 

8' x 3' CHFINNEL 

n= 82 L z 4 8 5 '  S= E85 
S/S= 17 8 33  '1 '  

"m m m m m m m m m m m m m m NP~DCD~NP~D~NP~ - - -  N W N N  

DISCHARGE ( c f s )  

REACH 2 INFLOW 8 OUTFLOW 
POINT B 

75 

78 - 
65 - 
68 - 
55 - 
58 - - 

J) 
G 4 5  - " 4 8  - v 

35 - 

2 38 
- 

-I 2 5  - 
LL 28 - 

15 - 
18. 

8' x 3 '  CHRNNEL 
5 /5=  17 8 33 ' / '  

n= 82 L z 4 8 5 '  51 885 

STOR-IND METHOD 
UELOCITY= 4 8 FPS 

TRAUELz I 4 f l I N  

Omn= 75 6 CFS 
Oout- 74 8 CFS 

LC1G: 1.6 f l IN  

TIME (hours) 



Data for  FERMCO, gAST CHANNEL, 25-YR STORM, MOD. COVER 
Prepared by GeoSyntec Consultants 9 Feb 96 
HvdroCAD 3.10 000663 (c) 1986-1993 ARRlied MicrocomRuter Systems / 1443 

dx- 4 4 8  

@ R E A M 3  POINT c 

DEPTH END AREA 
(FT) (SO-FT) 

0.0 0.0 
.3 .4 
.6 1.6 
.9 3.6 

1.3 7.4 
1.8 14.4 
2.4 25.7 
3.0 40.1 

DISCH 
(CFS 
0.. 0 
.6 

3.7 
10.9 
28.6 
69.4 
149.6 
271.2 

0' x 3' CHANNEL 
S/S= .17 & .33 ' / I  

n= -02 
LENGTH= 290 FT 
SLOPE= .oo5 FT/FT / 

STOR-IND METHOD 
MAX. DEPTH= 1.95 FT 
PEAK VELOCITY= 5.2 FPS 
TRAVEL TIME = .9 MIN - 
Qin = 93.9 CFS @I 12.04 HRS 
Qout= 93.4 CFS 0 12.05 HRS ' 

ATTEN= 1 % LAG= 1.0 MIN 
IN/OUT= 6.21 / 6.20 AF 

REACH 3 DISCHARGE 
POINT C 

n 
3 
G- 
W 

r 
I- 
a 
W 
0 

I 0  

4 

/ 0' x 3' CHFINNEL 
51% . I 7  8 . 3 3  '/ 

n Z . 0 2  L=290' 5 z . 0 0 5  

0.0, m m m m m m m m m m m m m 
N V I D I D U I N V ~ C U C Q N V U I  

- - - - - N N N N  

DISCHARGE C c f s )  

REACH 3 INFLOW 8 OUTFLOW 
POINT C 

70 1 

3 40  
- 

0 35 
-I 30 - 
LL 25 - 

20 - 
15 - 

- 

0' x 3' CHRNNEL 
515: . I 7  8 .33 ' 1  

nZ.02  Lz290' Sz .005  

STOR-IN0 METHOD 
UELOCITY= 5 . 2  FPS 

TRFIUELz . 9  MIN 

OBn= 9 3 . 9  CFS 
Ooutz 9 3  4 CFS 

LAG= 1 MIN 

J 



Data €or FERMCO, EAST CHANNEL. 25-YR STORM, MOD. COVER 
Prepared by GeoSyntec Consultants 
HydroCAD 3.10 000663 (c) 1986-1993 Applied Microcomuter Systems 

3 . 0  
2 . 8  
2.6 
2 . 4  

2.2 
2.8 
1 . 8 -  

1 .6  

1 . 4  

1 . 2  
1 . a -  
. e  
.6 
. 4  

.2 

R E A M 4  

- 
- 
- 
- 
- 

- 
- 
- 

- 
- 

- 
m m m m m m m m m m m m m 

DEPTH END AREA DISCH 
(FT) (SO-FT) ( CFS) 

0.0 0 . 0  0.0 
.3 .4 .6 
.6 1.6 3.7 
.9 3.6 10.9 

1.3 7.4 28.6 
1.8 14 -4 69.4 
2.4 25.7 149.6 
3.0 40.1 271.2 

/-- 

n 
4 
G 

’I 

W 

c 
b w 
0 

A 

‘ f l  
G 
U 

3 
0 
-1 
LL 

W 

POINT D 

0‘ x 3’ CHANNEL 
S/S= .17 & .33 ‘ / I  

n= .02 

f 
LENGTH= 550. FT 
SLOPE= - 0 0 5  FT/FT 

REACH 4 DISCHQRGE 
POINT D 

STOR-INTI METHOD 
MAX. DEPTH= 2.07 FT 
PEAK VELOCITY= . 5.4 FPS 
TRAVEL TIME = 1.7 MIN 
Qin = 107.3 CFS 0 12.04 HRS 
Qout= 106.6 CFS 0 12.07 HRS- 
ATTEN= 1 % LAG= 1.6 MIN 
IN/OUT= 7.14 / 7.13 AF 

e*  x 3 ’  CHANNEL; 
s/s= 17 8 33 ‘/ 

n= 02 L-550‘ S= 085 

REACH 4 INFLOW 8 OUTFLOW 
POINT D 

El‘ x 3 ’  CHQNNEL 
S/S= . I 7  8 . 3 3  * /  

n=.BZ L=558‘ S:.El85 

STOR-IND METHOD 
UELDCITY= 5 . 4  FPS 

TRAUELz 1 . 7  f l IN  

Oin: 1 8 7  3 CFS 
Ooutz 186 6 CFS 

LOG- 1 .6  f l I N  

/’ 

TIME (hours) 



a5c 44 8 

6 -  
4 

2 -  

Prepared by GeoSyntec Consultants 
HvdroCAD 3.10 000663 (c) 1986-1993 ApDIied Microcomputer Systems 

- /  

. _  

R E A C H 5  

DEPTH END AREA 
(FT) (SO- FT) 

0.0 0.0 
.3 .4 
.6 1.6 
.9 3.6 

1.3 7.4 
1.8 14.4 
2.4 25.7 
3.0 40.1 

DISCH 
(CFS) 0’ x 3’. CHANNEL 
0.0 S/S= .17 & -33 ’ / ‘  
.6 n= .02 

3.7 LENGTH= 820 FT 
10.9 SLOPE= -005 FT/FT 

69.4 I 
28.6 

149.6 
271.2 

REACH 5 DISCHARGE 

STOR-IND METHOD 
MAX. DEPTH= 2.26 FT 
PEAK VELOCITY= 5.7 FPS 
TRAVEL TIME = 2.4 MIN 
Qin = 132.4 CFS @, 12.05 HRS - 
Qout= 130.5 CFS @, 12.09 HRS 
ATTEN= 1 % LAG= 2.1 MIN 
IN/OUT= 8.96 / 8.94 AF 

n 
IJl 

b- 
U 
v 

3 
0 
J 
LL 

/ E’ x 3‘ CHONNEL 
S / S z  . I 7  8 . 3 3  * / *  
nz.82 L=828’  Sz .885  

REACH 5 INFLOW 8 OUTFLOW 

138 - 
8’ x 3’ CHONNEL 128 - 

I18 - n= 8 2  Lz828’ S= BE5 

I88 STOR-IN0 HETHOO 
UELOCITY- 5 7 FPS 

TROUEL= 2 4 H I N  

s/s= 17 a 33 * I  

- 

Oon= 132 4 CFS 
Ooutz I38 5 CFS 

LRG= 2 I MIN 

88 - 

48 - 

; & ; ; m & A  - - - - - - N  

/ 

TIME (hours) 



Data for FERMCO, EAST CHANNEL, 25-YR STORM, MOD. COVER 

158 
148 

138 
128 
118-  

IEE 
98 
BE 
?E 
68 
58 
48 

Prepared by GeoSyntec Consultants 
HvdroCAD 3.10 000663 (c) 1986-1993 ARDlied MicrocomRuter Svstems 

- 
- 
- 
- 

1 

- 
- 
- 
- 
- 
- 
- 

DEPTH END AREA 
(FT) (SQ-FT) 

0.0 0.0 
.3 .4 
.6 1.6 
.9 3.6 

1.3 7.4 
1.8 14.4 
2.4 25.7. 
3.0 40.1 

DISCH 
(CFS) 
0.0 
.6 

3.7 
10.9 
28.6 
69.4 
149.6 
271.2 

POINT E 

0' x 3' CHANNEL STOR-IND METHOD 
S/S= .17 & .33 I / '  MAX. DEPTH= 2.43 FT 
n= -02 PEAK VELOCITY= 5.9 F P S Y '  
LENGTH= 10 FT TRAVEL TIME = 0.0 MIN 
SLOPE= .oo5 FT/FT Qin = 158.1 CFS @ 12.07 HRS 

Qout= 158.1 CFS @ 12.07 HRS 
ATTEN= 0 % LAG= 0.0 MIN 
IN/OUT= 11.01 / 11.01 AF 

/ 

REACH 6 DISCHARGE 
POINT E 

1'' 

A 

4 
G 
W 

I 
c 
h 
n 
W 

2 

'Em m m m m m m m m m m m m m 
N V ~ ~ ~ N O ~ ~ ~ N V L D  

- - - - N N N N  

DISCHARGE ( c f s )  

r\ 

n 
G 
U 

W 

3 
0 
J 
LL 

E '  x 3 '  CHFINNEL; . 
s/s: . 1 7  a . 3 3  ' 1  
"=.E2 L=IE' S=.EE5 

STOR-IND METHOD / 
UELOCITY= 5.9 FPS 

TRAUELs E H I N  

O i n =  158 I CFS 
0out.z I58 I CFS 

LFIG= E H I N  

T I M E  (hours) 0008537 



Data €or FERMCO, EAST CHANNEL, 25-YFt STORM, HEAVY COVER 
Prepared by GeoSyntec Consultants 9 Feb 9 
HydroCAD 3.10 000663 (c) 1986-1993 Amlied MicrocomDuter Systems 

@ REACH1 

DEPTH END AREA 
(FT) (SO-FT) 

0.0 0.0 
-3 .8 
.5 3.2 
.8 7.3 

1.1 15.0 
1.5 29.1 
2.0 51.8 
2.5 80.9 

DISCH 
(CFS) 
0.0 
.2 

1.3 
4.0 

10.4 
25.2 
54.2 
98.3 

POINT A 

0' x 2.5' CHANNEL 
S/S= .17 & .OS ' / I  

n= .I 

SLOPE= . o o s  FT/FT / 
LENGTH= 540 FT 

REACH 1 DISCHARGE 
POINT A 

2 4 -  

2 2 -  

2 8 -  

1 8 -  

+' 1 6 -  
G 
w 1 4 -  

A 

STOR'IND METHOD 
MAX. DEPTH= 1.72 FT 
PEAK VELOCITY= 1.0 FPS 
TRAVEL TIME = 9.3 MIN 
Qin = 46.5 CFS @ 12.05 HRS 
Qout= 39.0 CFS @ 12.15 HRS 
ATTEN= 16 % LAG= 6.0 MIN 
IN/OUT= 3.26 / 3.24 AF 

E' x 2 . 5 '  CHRNNEL 
S / S =  . 17  B . E 1  '/ 

3 
0 
-I 
L L  

DISCHARGE (cf5.1 

REACH 1 INFLOW 8 OUTFLOW 
POINT A 

E'  x 2 . 5 '  CHGNNEL 

nz.1 L = 5 4 8 '  5z .885  
s/s= . i 7  a .e5 * I *  

STOR-IND flETHOD 
UELOCITY= I FPS 
TRRUEL= 9 . 3  H I N  

O i n =  4 6 . 5  CFS 
Ooutz 3 9 . 8  CFS 

LGG: 6 H I N  

STOR-IND flETHOD 35 - 
UELOCITY= I FPS 

38 - ' I  TRRUEL= 9 . 3  H I N  

O i n =  4 6 . 5  CFS 
Ooutz 3 9 . 8  CFS 

LGG: 6 H I N  
25 - 

' I  
28 - 

. 
- N  

TIME (hours) '0818638 



Data for FERMCO, EAST CHANNEL, 25-YR STORM, HEAVY COVER 

60 

5 5  

58 

45 
A n 4 8 -  

4- 35 
U 

30 W 

3 25 

A>- 44 8 -  

- 2 8’ x 2 5‘  CHFINNEL 

- n= I L z 4 8 5 ‘  53 885 

STOR-IN0 METHOD I I  
UELOCITY= I 1 FPS - I I  

TRAUEL=-6 4 M I N  1 1  
I I  

I I  Oon= 68 4 CFS 
I I  Ooutz 55 8 CFS - 1 1  LFIG= 5 2 MIN 
1 1  

51s: 17 a 85 * I *  
- 

- 

- 

Prepared by GeoSyntec Consultants 9 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Systems I ST/ 148 

0 R E A M 2  

DEPTH END AREA 
(FT) (SQ-FT) 

0.0 0.0 
-3 .8 
- 5  3.2 
.8 7.3 

1.1 15.0 
1.5 29.1 
2.0 51.8 
2.5 80.9 

A 

3 
G 

I 
F 
Q 

W 

W 
n 

DISCH 
(CFS) 
0.0 
.2 

1.3 
4.0 
10.4 
25.2 
54.2 

POINT B 

0’ x 2.5’ CHANNEL STOR-IND METHOD 
S/S= .17 & .05 ‘ / ’  MAX. DEPTH= 2.01 FT 
n= .1 PEAK VELOCITY= 1.1 FPS 7 

LENGTH= 405 FT TRAVEL TIME = 6.4 MIN 
SLOPE= -005 FT/FT Qin = 60.4 CFS @, 12.10 HRS ’ Qout= 55.0 CFS @, 12.19 HRS 

ATTEN= 9 -% LAG= 5.2 MIN 
IN/OUT= . 4.88 / 4.85 AF 

REACH 2 DISCHARGE 
POINT B 

8’ x 2 . 5 ‘  CHFINNEL 

n = . I  L = 4 8 5 !  S z . 8 8 5  
s/s= . 1 7  a .ES * I  

8’ x 2 . 5 ‘  CHFINNEL 

n= I L = 4 8 5 !  S z . 8 8 5  
s/s= . 1 7  a .ES * I  

D I SCHARGE ( c f  5 1 

/’ 

TIME (hours) 



44 8 
rc5 c Data €or FERMCO, EAST CHANNEL8 25-YR STORM, HEAVY COVER 

Prepared by GeoSyntec Consultants 
HydroCAD 3.10 000663 (c) 1986-1993 ADDlied MicrocomDuter Systems 

9 Feb 96 
1.3fi.y 14% 

$95 lZ&@ 
POINT c 

DEPTH END AREA DISCH 
(FT) (SO-FT) (CFS 

0.0 0.0 0.0 
.3 .8 .2 

. .5 3.2 1.3 
.8 7.3 4.0 

1.1 15.0 10.4 
1.5 29.1 25.2 
2.0 51.8 54.2 
2.5 

0' x 2.5' CHANNEL STOR-IND METHOD 
S/S= .17 & .05 ' / '  , MAX. DEPTH= 2.14 FT 
n= .1 PEAK VELOCITY= 1.1 FPS 
LENGTH= 290 FT W V E L  TIME = 4.3 MIN - 
SLOPE= -005 FT/FT / Qin = 68.8 CFS @ 12.14 HRS 

Qout= 66.6 CFS @ 12.20 HRS ' 

ATTEN= 3 % LAG= 4.0 MIN 
IN/OUT= 6.17 / 6.15 AF 

REACH 3 DISCHARGE 
POINT C 

G 
v 

I 
c 

8' x 2.5' CHRNNEL 

n= I L=298' S=.885 
s/s= , 1 7  a 85 - /  

a 
w 
0 

0 I SCHARGE ( c f  5 1 

REACH 3 INFLOW 8 OUTFLOW 
POINT C 

r\ 

J) 
G 
U 
v 

3 
0 
J 
L L  

8' x 2 . 5 '  CHnNNEL 

n Z . 1  L=298' S=.885 
S / S =  . i 7  a .a5  

STOR-IN0 METHOD 
UELOCITY= I I FPS 

TRRUEL= 4.3 MIN 

O i n =  6 8 . 8  CFS 
Oout- 66 6 C F S  

LRG- 4 MIN 
/ 

TIME (hours) 



Data for FEmfCO8 EAST CHANNEL8 25-YR STORM, HEAVY COVER 
Prepared by GeoSyntec Consultants 9 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Systems 

R E A M 4  

DEPTH END AREA DISCH 
(FT) (SO-FT) (CFS) 

0.0 0.0 
.3 .8 
.5 3.2 
.8 7.3 

1.1 15.0 
1.5 29.1 
2.0 51.8 
2.5 80.9 

n 
4 
G 

I + 
a 
W 

U 

n 

n 
In 

G 
U 

3 
0 
J 
LL 

U 

0.0 
- 2  

1.3 
4.0 
10.4 
25.2 
54.2 

9” 
2 4 -  

2 2 -  

2 E -  

1 8 -  

1 6 -  

1 4 -  

1 2 -  

0’ x 2.5’ CHANNEL STOR-IND METHOD 
S/S= .17 Ei .05 ’ / I  MAX. DEPTH= 2.16 FT 
n= .1 PEAK VELOCITY= 1.1 FPS 
LENGTH= 550 FT / ?VEL TIME = 8.2 MIN - 
SLOPE= .oo5 FT/FT Qin = 74.5 CFS @ 12.16 HRS 

Qout= 68.6 CFS @ 12.27 HRS 
ATTEN= 8 % LAG= 6.6 MIN 
IN/OUT= 7.09 / 7.05 AF 

REACH 4 DISCHARGE 
POINT D 

E’ x 2 . 5 ’  CHFINNE! 
5/51: . I 7  8 .E5  ‘/ 
n:.I L:55E’ S:.EE5 

D I SCHARGE ( c f  5 1 

REACH 4 INFLOW 8 OUTFLOW 
POINT D 

78 

65 
68 

55 

58 
45 - 
40 - 
35 - 
30 - 
25 - 

. 20 - , 

E’ x 2 . 5 ’  CHFINNEL; 
5/5: . I 7  B .E5 ‘ 1  
n = . l  L=55E‘ %.E85 

STOR-INO .METHOD 
VELOCITY= 1 . 1  FPS 

TRFIUEL= 8.2 MIN 

Oin: 74 5 CFS 
Oout1: 68 6 CFS 

LFIG: 6 . 6  MIN 

/ 

TIME (hours) 



Data for BIRMCO, BAST CaANNEL, 2 5 - Y R  STORM, HEAVY COVER As c 4 4  8 

@ R E A C H 5  

Prepared by GeoSyntec Consultants 9 Fe 96 
HydroCAD 3.10 000663 (c) 1986-1993 ADDlied MicrocomDuter Svstems la8 I4-g 

DEPTH END AREA DISCH 
(FT) (SQ-FT) (CFS) 

0.0 0.0 0.0 
-3 .8 .2 
.5 3.2 1.3 
.8 7.3 4.0 

1.1 15.0 10.4 
1.5 29.1 25.2 
2.0 51.8 54.2 
2.5 80.9 98.3 

0' x 2..5' CHANNEL STOR-IND METHOD 
S/S= -17 & .05 ' / '  MAX. DEPTH= 2.21 FT 
n= .1 PEAK VELOCITY= 1.1 FPS 
LENGTH= 820 FT TRAVEL TIME = 12.0 MIN 
SLOPE= .oo5 FT/FT / Qin = 82.3 CFS 0 12.20 HRS 

Qout= 73.0 CFS 0 12.36 HRS 
ATTEN= 11 % LAG= 9.5 MIN 
IN/OUT= 8.87 / 8.78 AF 

A 

c, 
G 
W 

I 
I- 
Q 
W 
n 

A 

5) 
G 
U 
v 

3 
0 

REACH 5 DISCHARGE 

8' x 2 5' CHQNNEL 
S/S= 17 8 E5 ' / *  
n= I L=B28' 5: 885 

DISCHARGE (cfsl 

REACH 5 INFLOW 8 OUTFLOW 

78 . A\ 8' x 2 . 5 '  CHQNNEL 

n= I L-828' 5- 885 
s/s= 1 7  a 85 '1' 

STOR-IND METHOD 
UELOCITYz 1 . 1  FPS 

TRQUEL= I 2  M I N  /' 68 65 I 
I '  I' 58 55 I I1 l1 Ogn= 8 2  3 CFS 

Oout- 7 3 . 8  CFS 
LFIG: 9.5 MIN 

/- 

T I M E  (hours)  



Data for FERMCO, EAST -L, 25-YR STORM, HEAVY COVER 

2 4 -  

2 2 -  

2 0 -  

I e -  
1 6 -  

1 4 -  

1 2 -  

I E -  

8 -  

rck 44 8 
Prepared by GeoSyntec Consultants 
HydroCAD 3.10 000663 (c) 1986-1993 ARRlied MiCrOCOmRUter Svstems 

REAM 6 

DEPTH END AREA 
(FT) ( SQ- FT) 

0.0 0.0 
.3 - 8  
.5 3.2 
.8 7.3 

1.1 15.0 
1.5 29.1 
2.0 51.8. 
2.5 80.9 

DISCH 
(CFS) 
0.0 
.2 

1.3 
4.0 
10.4 
25.2 
54.2 
98.3 

POINT E 

0' x 2-.5' CHANNEL 

n= .I 
S/S= .17 & .05 ' / '  

LENGTH= 10 FT 
SLOPE= -005 FT/FT 

/' 
REACH 6 DISCHARGE 

POINT E 

A 

3 
G 

I 
l- 

v 

a 
W 
0 

A 

5) 
G 
U 
v 

3 
0 

' J  
L L  

STOR-IND METHOD 
MAX. DEPTH= 2.35 FT 
PEAK VELOCITY= 1.2 FPS 
TRAVEL TIME = .1 MIN 
Qin = 84'.8 CFS (3, 12.27 HRS Y 

ATTEN= 0 % LAG= .3 MIN 
IN/OUT= 10.86 / 10.86 A F -  . 

Qout= 84.9 CFS (3 12.27 HRS 

0' x 2 5' CHANNEL 

n: I L=10' 5: E05 
S/SX 17 a 05 

:'y .2 

DISCHARGE cCf51 

REACH 6 INFLOW 8 OUTFLOW 
POINT E 

/ 
0'  x 2 5 '  CHANNEL 

n= I L = I 0 '  5= 005 70 - 
6 5  STOR-IND METHOD - 

UELOCITY= I 2 FPS 
TRAUEL- I M I N  

60 - 
55 - 
58 - Oon: 8 4  8 CFS 
45  - 

LAG= 3 M I N  
4 0  - 
3 5  - 
30 - 

51s: 1 7  a 8s * I  

Oout: 8 4  9 CFS 

1 

- - - - N  - - - - - 

TIME (hours) 808643 



Data €or FERMCO, EAST CXANNEL, 2000-YR STORM, LIGHT COVER 
Prepared by GeoSyntec Consultants 
HydroCAD 3.10 000663 (C) 1986-1993 ApDlied MicrocomDuter Svstems 

0 S ~ B C F I T C ~ ~ E N T  0 REFICH A POND 0 LINK 



Data for FERMCO, EAST CHANNEL, 2000-YR STORM, LIGHT COVER 
Prepared by GeoSyntec Consultants 
HvdroCAD 3.10 000663 (c) 1986-1993 Applied MicrocomDuter Svstems 

POINT A @ R E A M 1  

DEPTH END AREA 
(FT) ( SQ- FT) 

0.0 0.0 
.4 24.7 
.E 50.9 

1.2 78.4 
1.7 116.4 
2.4 169.7 
3.2 237.6 
4.0 311.3 

A 

3 
e 

I 
I- 

v 

n 
W 
n 

DISCH 
(CFS) 60' x 4' CHANNEL 

J 0.0 S/S= .17 & .33 ' / '  
46.1 n= -03 
147.7 LENGTH= 540 FT 
293.5 ' SLOPE= -005 FT/FT 
542.8 

1598.2 
2378.3 965.1 J 

REACH 1 DISCHARGE 
POINT A 

4 . 0  - 

3.5 - 

3.0 - 

2.5 - 

2.0 - 

I . 5  - 
1.8  - 

STOR-IND METHOD 
MAX. DEPTH= .86 FT 
PEAK VELOCITY= 3.1 FPS /" 
TRAVEL TIME = 2.9 MIN 
Qin = 179.5 CFS 6I 11.99 HRS 
Qout= 171.9 CFS 6I 12.02 HRS 
ATTEN= 4 % LAG= 1.8 MIN 
IN/OUT= .15.06 / 15.04 AF 

m m m m m m m m m m m  m m .  m m m m m m m m m 
N V - ~ ~ N V ~ D ~ ~ N  

0.8: 

- C L L C N N  

DISCHARGE (cf5.1 

REACH 1 INFLOW 8 OUTFLOW 
POINT A 

60' x 4' CHFINNEL; 
S/S= . I 7  8 . 3 3  '/ 
nz.03 Lz548' S= 885 

STOR-IND METHOD 
UELOCITY= 3 1 FPS 

TRFIUEL= 2 9 HIN 

Oin= 179.5 CFS 
Ooutz 171 9 CFS 

LOG= 1.8  MIN 

TIME (hours) 

/' 



Data for FERMCO, EAST CHANNEL, 2000-YR STORM, LIGHT COVER 11-44 8 
Prepared by GeoSyntec Consultants 
HydroCAD 3.10 000663 (c) 1986-1993 ADDlied MicrocomDuter Systems 

0 R E A C H 2  POINT B 

DEPTH END AREA 
(FT) ( SO- FT) 

0.0 0.0 
.4 26.7 
.8 54.9 

1.2 84.4 
1.7 125.0 
2.4 181.7 
3.2 253.6 
4.0 331.3 

n 
3 
G 

I 
i- 

LI 

a 
W 
0 

DISCH 
(CFS 
0.0 

49.9 
159.8 
317.2 
585.7 

1039.7 
1718.0 
2551.2 

65’ x 4‘ CHANNEL STOR-IND METHOD 
S/S= .17 & -33 ’ / ‘  / MAX. DEPTH= 1.08 FT / 
n= .03 PEAK VELOCITY= 3.6 FPS 
LENGTH= 405 FT TRAVEL TIME = 1.9 MIN 
SLOPE= .oo5 FT/FT Qin = 278.5 CFS @ 12.01 HRS 

Qout= 273.3 CFS 0 12.03 HRS ‘ 

ATTEN= 2 % LAG= 1.3 MIN 
IN/OUT= 25.51 / 25.49 AF 

J 
REACH 2 DISCHARGE 

POINT B 
4 a -  

3 5 -  

3 0 -  

2 5 -  

2 a -  

I 5 -  

I a -  

65‘ x 4 ’  CHQNNEL 
S/S= .17 8 .33 ‘ 1  
nz.83 ~ ~ 4 8 5 ’  sz.885 

m m m m m m m m m m m m  
m m m m m m m m m m m m  
N w a m - m  N o a m m N w 

a . a A  
- - - - - N N N  

DISCHARGE ( c f s l  

REACH 2 INFLOW 8 OUTFLOW 
POINT B 

28a 

268 - 65’ x 4 ’  CHRNNEL 
S/S= 17 8 33 ’/‘ 

248 n= 83 L=485’  S= 085 

STOR-IND METHOD 
208 - UELOCITY= 3 6 FPS 

n TRFIUEL= 1 9 MIN 

O#n= 278 5 CFS 
Ooutz 2 7 3  3 CFS 

148 - LQG= I 3 MIN 

- 
228 - 

J1 180 - 

LL 88 - 

r ; l ; ; A d r A  - - - L - N  

TIME (hours) 008646 



Data €or FBRMCO, EAST CEIANNEL, 20OO-YR STORM, LIGHT COVER 
Prepared by GeoSyntec Consultants 
HVdroCAD 3.10 000663 (c) 1986-1993 ADD~ied~MicrocomRuter Systems 

@ REACH3 POINT c 

DEPTH END AREA 
(FT) (SQ-FT) 

0.0 0.0 
.4 28.3 
.8 58.1 

1.2 89.2 
1.7 131.9 
2.4 191.3 
3.2 266.4 
4.0 347.3 

DISCH 
(CFS) 
0.0 

52.9 
169.4 
336.1 
620.1 

1099.4 
1814.0 
2689.7 

. STOR-IND METHOD 

/ MAX. DEPTH= 1.22 FT 
PEAK VELOCITY= 3.8 FPS 
TRAVEL TIME = 1.3 MIN 
Qin = 361.9 CFS @, 12.02 HRS 
Qout= 356.2 CFS @, 12.04 HRS 
ATTEN= 2 % LAG= 1.1 MIN 
IN/OUT= 34.87 / 34.84 AF 

69’ x 4’ CHANNEL 

n= -03 

SLOPE= .oo5 FT/FT 

S/S= .17 & .33 ’ / ’  

LENGTH= 290 FT 

REACH 3 DISCHARGE 
POINT C 

JI 

4 0- 

3 5 -  

3 0 -  
n 

69’ x 4 ’  CHFINNEL G 
W S/S= 17 8 33 ’ / ’  

2 0 -  n= 83 L:298’ S= 885 
I + 
a 1 5 -  
W 
0 

iJ 2 5 -  

m m m m m m m m m m m m m  
N P ~ D ~ ~ N O ~ ~ ~ N P ~ D  

- - - - - N N N N  

r\ 

51 
G 
U 

W 

3 
0 
-I 
LL 

DISCHARGE ( c f s )  

REACH 3 INFLOW 8 OUTFLOW 
POINT C 

STOR-IND METHOD 
UELOCITYz 3 . 8  FPS 

TRFIUEL= 1 . 3  f l IN 

69‘ x 4 ‘  CHFlNNEL 
S/S= . I 7  8 .33 ‘ 1  

nz.03 L=290’ S=.005 

Onn= 361 9 CFS 
Oout= 356.2 CFS 

LOG= 1 . 1  f l IN 

TIME (hours) 008647 



L= 4 4  8 
Data for FBRMCOr EAST CHANNELr 2000-YR STORM, LIGHT COVER 
Prepared by GeoSyntec Consultants 
HydroCAD 3.10 000663 (c) 1986-1993 Applied MicrocomDuter Systems 

R g A C H 4  POINT D 

DEPTH END AREA 
(FT) (SO-FT) 

0.0 0.0 
.4 28.3 
. 8  58.1 

1.2 89.2 
1.7 131.9 
2.4 igi.3 
3.2 266.4 
4.0 347.3 

DISCH 
(CFS) 69' x 4' CHANNEL 
0.0 S/S= .17 & .33 ' / '  

52.9 n= .03 
169.4 LENGTH= 550 FT 
336.1 SLOPE= .005 FT/FT 
620.1 
1099.4 
1814.0 

STOR-IND METHOD 
MAX. DEPTH= 1.42 FT 
PEAK VELOCITY= 4.2 FPS 
TRAVEL TIME = 2.2 MIN 
Qin = 463.3 CFS @ 12.04 HRS 
Qout= 456.5 CFS @ 12.08 HRS 
ATTEN= 1 % LAG= 2.3 MIN 
IN/OUT= 44.46 / 44.39 AF 

REACH 4 DISCHARGE 
POINT D 

3 5  

3 E -  
n 

G 
v S/S= 17 8 33 '/ 

I 
t- 
n 1 5 -  
W 
0 

69' x 4 '  CHRNNEL 

2 E -  n= 03 L=550' S= 085 

3 2 5 -  

m m m m m m m m m m m m m  
N T U Y ~ ~ N T ~ ~ ~ N O ~  

- - - - - N N N N  

DISCHARGE ( c f s )  

REACH 4 INFLOW 8 OUTFLOW 
POINT D 

458 L 

408 - 

358 - 
n 

G 
,,-, 388 - 

U 258 - 
W 

3 288 - 
0 
A 158 - 
L L  

180 - 

69' x 4 '  CHRNNEL 
S/5= 17 8 33 '/ 

n= E3 Lz558' S= 005 

STOR-IN0 METHOD 
UELOCITY= 4 2 FPS 

TRRUEL= 2 2 MIN 

Onn= 463 3 CFS 
Ooutz 456 5 CFS 

LQG: 2 3 MIN 

T I M E  (hours1 



R S =  44 8 
Data for FERMCO, EAST CHANNEL, 2000-YR STORM, LIGHT COVER 
Prepared by GeoSyntec Consultants 
HydroCAD 3 . 1 0  000663 (c) 1986-1993 Armlied Microcomputer Systems Feb'96 ,++> /Z kbP4 

DEPTH END AREA 
(FT) (SQ-FT) 

0.0 0.0 
. 4  2 8 . 3  
. 8  5 8 . 1  

1 . 2  8 9 . 2  
1 . 7  1 3 1 . 9  
2 . 4  1 9 1 . 3  
3 . 2  2 6 6 . 4 ,  
4 . 0  3 4 7 . 3  

DISCH 
(CFS 

0 . 0  
5 2 . 9  

1 6 9 . 4  
3 3 6 . 1  
6 2 0 . 1  

1 0 9 9 . 4  
1 8 1 4 . 0  
2 6 8 9 . 7  

1 

4 E -  

3 5 -  

3 E -  
n 

G 

2 E -  
I 
l- a 1 5 -  
W 

I E -  

iJ 2 5 -  
W 

n 

6 9 '  x . 4 '  CHANNEL 
S/S= . 1 7  Ez - 3 3  ' / '  
n= . 0 3  

SLOPE= . o o 5  FT/FT 
/ LENGTH= . 8 2  0 FT 

REACH 5 DISCHARGE 

STOR-IND METHOD 
MAX. DEPTH= 1 . 6 7  FT 
PEAK VELOCITY= 4 . 6  FPS 
TRAVEL TIME = 2 . 9  MIN 
Qin = 5 9 5 . 3  CFS 8 1 2 . 0 6  HRS 
Qout= 5 9 2 . 1  CFS 8 1 2 . 1 0  HRS 
ATTEN= 1 % LAG= 2 . 6  MIN 
IN/OUT= 5 5 . 5 8  / 5 5 . 4 5  AF 

69' x 4' CHFINNEL 
s/s= .17 8 . 3 3  * /  
nz.83 LzEZB' Sz.885 

"a m m m m m m m m m m m m m m m m m m m m m m m m m m  
N V ~ D ~ ~ N V ~ D ~ ~ N V U  

- - - - - N N N N  

A 

IJl 
c, 
U 
v 

3 
0 

, - I  
LL 

DISCHARGE (cfs) 

REACH 5 INFLOW 8 OUTFLOW 

550 69' x 4' CHFlNNEL 
S / 5 =  17 8 33 ' / '  

588 n= 83 L:EtE' S= 885 

458 STDR-IND METHDD 
UELDCITY= 4 6 FPS 

488 TRFIUEL- 2 9 H I N  

358 Oonz 595 3 CFS 
Oout: 592 1 CFS 

308 LQG: 2 6 MIN 

258 

280 

I58 

I 88 

58 

'a - N m v m tD Ic m m m - - - - - - - - N  

TIME (hours) 



Data €or FERMCO, EAST CHANNEL, 2000-YR STORM, LIGHT COVER 

750 
700 
650 
600 

550 
A ,,, 580 

G 450 

400 

350 
3 0 380 

-I 250 
LL 200 

Prepared by GeoSyntec Consultants 9 Feb 96 

- 
69' x 4 '  CHFlNNES - 

- n= 03 L - 1 0 '  S= 085 
- 

S/S:  17 8 33 ' /  

S T O R - I N D  METHOD - UELOCITYE 5 I F P S  
TRQUEL- 0 H I N  - 

- Osn: 756 1 C F S  
0out.Z 756 3 C F S  - LOG= 8 H I N  - 

- 
- 
- 

HvdroCAD 3.10 000663 (c) 1986-1993 Amlied Microcomputer Systems 
/<$ / z r i 5 f G  

POINT E @ R E A C H 6  

DEPTH END AREA 
(FT) (SQ-FT) 

0.0 0.0 
.4 28.3 
.8 58.1 

1.2 89.2 
1.7 131.9 
2.4 191.3 
3.2 266.4 
4.0 347.3 

DISCH 
(CFS) 
0.0 

52.9 
169.4 
336.1 
620.1 

1099.4 
1814.0 
2689.7 

69' x 4' CHANNEL 

n= .03 

SLOPE= .oo5 FT/FT 

S/S= -17 & .33 ' / '  

LENGTH= 10 FT 

4 . 0  - 

3 . 5  - 
3 . 0  - 

A 

2 . 5  - 

2 . 0  - 
I- a 1 . 5  - 
W 

G 
W 

r 

REACH 6 DISCHARGE 
POINT E 

STOR-IND METHOD 
MAX. DEPTH= 1.91 FT 
PEAK VELOCITY= 5.1 FPS 
TRAVEL TIME = 0.0 MIN / 
Qin = 756.1 CFS @ 12.09 HRS 
Qout= 756.3 CFS @ 12.09 HRS 
ATTEN= 0 % LAG= 0.0 MIN 
IN/OUT= 70.40 / 70.40 AF 

69' x 4 '  CHQNNEL 
S / S =  17 8 33 '/ ' 
n= 03 L = I 0 '  5: 005 

n 

m m m m m m m m m m m m m  
N v UI m m N v - U I  m m N P UI 

- - - - - N N N N  

D I SCHARGE ( cf 5 1 

REACH 6 INFLOW 8 OUTFLOW 
POINT E 

i 

TIME (hours1 



Data €or FERMCO, EAST CHANNEL, 2000-YR STORM, MOD. COVER 4544 8 . 
Prepared by GeoSyntec Consultants 9 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 ADDlied Microcomputer Systems 

0 R E A C H 1  POINT A 

DEPTH END AREA DISCH 
(FT) (SQ-FT) (CFS) 60' x 4' CHANNEL 

0.0 0.0 0.0 S/S= -17 & .33 ' / '  
.4 24.7 46.1 n= .03 
.8 50.9 147.7 LENGTH= 540 FT 

1.2 78.4 293.5 ' SLOPE= .005 FT/FT 
1.7 116.4 542.8 
2.4 169.7 965.1 
3.2 237.6 1598.2 
4.0 311.3 2378.3 . 

J 
REACH 1 DISCHARGE 

POINT A 

STOR-IND METHOD 
MAX. DEPTH= .79 FT 
PEAK VELOCITY= 2.9 FPS 
TRAVEL TIME = 3.1 MIN /- Qin = 155.5 CFS @ 12.02 HRS 
Qout= 148.0 CFS 0 12.07 HRS 
ATTEN= 5 % LAG= 2.9 MIN 
IN/OUT= .15.10 / 15.08 AF 

W 
0 

4 m m m m m m m A m  m m 
m m m m m m m m m m m  
N - w  (D m m N w (D m m N 

- - - - - n J n J  

D I SCHARGE ( c f  C; 1 

REACH 1 INFLOW 8 OUTFLOW 
POINT A 

n 
Ill 

G 
U 
U 

3 
0 
1 
LL 

60' x 4 '  CHFINNEL 
S/S: 17 8 . 3 3  ' 1  

n= 03 L-540' S= 005 

STOR-IN0 METHOD 
UELOCITY= 2 9 FPS 

TRFIUEL= 3 .1  MIN 

Oon= 155 5 CFS 
OoutE 148.8 CFS 

LFIG= 2 .9  H I N  

I50 
I40 
I30 
I20 
I10 
I00 
90 
80 
70 
60 
50 
4 0  

30 
20 

10 

O m - n J m o  - - - - m u ~ r - m ~ ~  - - - 

T I M E  (hours) 
06406531 



R . I b  44 8 
Data for FERMCO, EAST CHANNEL, 2000-YR STORM, MOD. COVER 
Prepared by GeoSyntec Consultants 
HvdroCAD 3.10 000663 (C) 1986-1993 ADDlied Microcomputer Systems 

POINT B 

DEPTH END AREA 
(FT) ( SO - FT) 

0.0 0.0 
.4 26.7 
-8 54.9 

1.2 84.4 
1.7 125.0 
2.4 181.7 
3.2 253.6 
4.0 331.3 

DISCH 
(CFSL 
0.0 

49.9 
159.8 
317.2 
585.7 

1039.7 
1718.0 
2551 ..2 

J 

65‘ x 4’ CHANNEL STOR-IND METHOD 
S/S= .17 & .33 ’ / ’  MAX. DEPTH= .98 FT 
n= .03 . PEAK VELOCITY= 3.4 FPS 

TRAVEL TIME = 2.0 MIN 
Qin = 233.1 CFS @ 12.05 HRS 
Qout= 233.3 CFS @ 12.08 HRS 

LENGTH= 405 FT 

ATTEN= 0 % LAG= 1.7 MIN 
IN/OUT= 25.58 / 25.55 AF 

k 
SLOPE= -005 FT/FT 

REACH 2 DISCHARGE 
POINT B 

4 E -  

3 5 -  

3 E -  
n 

r, 6 5 ’  x 4 ’  CHFINNEL; 

2 0 -  n: E3 L:4E5’ 5- E85 

3 2 5 -  

s/s= 17 8 33 * /  W 

I 
I- 
IL 1 5 -  
W 
0 

m m m m m m m m m m m m  
~ ~ a m m ~ ~ a m m ~ ~  

- - - - - N N N  

DISCHARGE ( c f s )  

REACH 2 INFLOW 8 OUTFLOW 
POINT B 

65’ x 4 ’  CHANNEL 
S/S: 17 8 33 ’/ 

n= E3 L-485‘ S= 085 

STOR-IND METHOD 
UELOCITY- 3 4 FPS 

TRAUEL= 2 MIN 

Omn= 233.1 CFS 
Oout= 233 3 CFS 

LAG= 1 . 7  MIN 



Data for FERMCO, EAST CHANNEL, 2000-YR STORM, MOD. COVER 
Prepared by GeoSyntec Consultants 
HvdroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Systems 

@ REACH3 P O I N T  c 

DEPTH END AREA 
(FT) (SQ-FT) 

0.0 0.0 
.4 28.3 
.8 58.1 

1.2 89.2 
1.7 131.9 
2.4 191.3 
3.2 266.4 
4.0 347.3 

DISCH 
(CFS) 69' x 4' CHANNEL 
0.0 S/S= .17 & .33 ' / '  

52.9 n= -03 
169.4 LENGTH= 290 FT 
336.1 SLOPE= .005 FT/FT 
620.1 
1099.4 
1814.0 
2689.7 

STOR-IND METHOD 
' MAX. DEPTH= 1.12 FT / PEAK VELOCITY= 3.6 FPS 

TRAVEL TIME = 1.3 MIN 
Qin = 302.9 CFS @ 12.07 HRS 
Qout= 303.4 CFS @ 12.09 H F S  
ATTEN= 0 % LAG=' 1.0 MIN 
IN/OUT= 34.96 / 34.93 AF 

REACH 3 DISCHARGE 
POINT C 

3 
0 
-I 
LL 

8 .0 :  m m m m m m m m m m m m m 
m m m m m m m m m m m m m  
N O ~ D W ~ N O ~ W ~ N P ~  

- - - - - N N N N  

DISCHARGE (cfsl 

REACH 3 INFLOW 8 OUTFLOW 
POINT C 

69' x 4 '  CHANNEL 

nZ.83 L=298' S= 885 
s/s= . 1 7  a . 3 3  * I  

STOR-IND METHOD 
UELOCITY= 3.6 FPS 

TRAUELz 1 . 3  M I N  

O i n =  382.9 CFS 
Ooutz 383.4 CFS 

LAG= I M I N  

308 L 

288 - 
260 - 
240 - 
220 - 
288 - 
I88 - 
I68 - 
148 - 
120 - 
I80 - 
80 - 
68 - 

A I ; , , , : , , &  
L - - - - L - N  

TIME (hours) 000653 



Data for FERMCO, EAST CHANNEL, 2OOO-yR STORM, MOD. COVER k -  
Prepared by GeoSyntec Consultants 9 Feb 96 
HvdroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Systems 

388 
368 
348 
328 
388 
288 
268 
248 
228 
288 
188 
I68 
148 
128 

DEPTH END AREA 
(FT) (SQ-FT) 

0.0 0.0 
.4 28.3 
.8 58.1 

1.2 89.2 
1.7 131.9 
2.4 191.3 
3.2 266.4 
4.0 347.3 

L 
- 
- 
- 
- 
- 
- 
- 
- O t n =  388 3 CFS 

I Ooutz 398 I CFS 
- LAG= I 5 MIN - 
- I 

- 
- 

DISCH 
(CFS) 
0.0 

52.9 
169.4 
336.1 
620.1 
1099.4 
1814.0 
2689.7, 

J 

4 8 -  

3 5 -  

3 8 -  
n 

4 2 5 -  c, 
v 

2 8 -  I 
l- 
a I S -  

POINT D 

69’ x 4’ CHANNEL 

n= .03 

SLOPE= .oo5 FT/FT 

S/S= .17 & .33 ‘ / ’  

LENGTH= 550 FT 

REACH 4 DISCHARGE 
POINT D 

STOR-IND METHOD 
MAX. DEPTH= 1.30 FT 
PEAK VELOCITY= 4.0 FPS 
TRAVEL TIME = 2.3 MIN 
Qin = 388.3 CFS @ 12.09 HRS 
Qout= 390.1 CFS @ 12.12 HRS 
ATTEN= 0 % LAG= 1.5 MIN 
IN/OUT= 44.58 / 44.51AF 

69’ x 4’ CHANNEL 
S/S= . I 7  8 . 3 3  ’1’ 
nz.83 Lz558’  SZ.885 

8.8: m L m m m m m m m m m m m 
m m m m m m m m m m m m m  
N W U Y ~ ~ N V U Y ~ ~ N V U Y  

- - - - - N N N N  

DISCHARGE ( c f s )  

REACH 4 INFLOW 8 OUTFLOW 
POINT D 

A 69’ x 4’ CHANNEL 
S /5=  . I 7  B .33 ’/ 
nz.83 L ~ 5 5 8 ’  Sz.885 

STOR-IN0 METHOD 
UELOCITY- 4 FPS 
TRAUELE 2.3 H I N  

TIME (hours) 



44 8 
Data for FERMCO, EAST CHANNEL, 2000-YR STORM, MOD. COVgR 
Prepared by GeoSyntec Consultants 9 Feb 96 
Hydro- 3.10 000663 (c) 1986-1993 Amdied MicrocomDuter Systems 

R S L  

DEPTH END AREA DISCH 
(FT) (SO- FT) (CFS) 69' x 4' CHANNEL 

0.0 0.0 0.0 S/S= -17 & -33 ' / I  

.4 28.3 52.9 n= .03 

.8 58.1 169.4 LENGTH= 820 FT 
1.2 89.2 336.1 SLOPE= .005 FT/FT 
1.7 131.9 620.1 
2.4 191.3 1099.4 
3.2 266.4 1814.0 
4.0 347.3 2689.7 

1 
REACH 5 DISCHARGE 

STOR-IND METHOD 
MAX. DEPTH= 1.49 FT 
PEAK VELOCITY= 4.4 FPS 
TRAVEL TIME = 3.1 MIN , /- 
Qin = 516.3 CFS 0 12.11 HRS 
Qout= 509.6 CFS 0 12.14 HFS 
ATTEN= 1 % LAG= 2.0 MIN 
IN/OUT= 55.71 / 55.58 AF 

n 
In 
G 
U 

3 
0 
J 
LL 

v 

m m m m m m m m m m m m m  
m m m m m m m m m m m m m  ~ v m m m ~ ~ m m m ~ v m  

0.0: ' ' ' ' 

- - - - - N N N N  

DISCHARGE ( c f s )  

REACH 5 INFLOW 8 OUTFLOW 

69' x 4 '  CHnNNEL; 
S/S:  17 8 .33 ' 1  

n= 03  L-820' 5-  005 

STOR-IN0 METHOD 
UELOCITY- 4 4 FPS 

TRAUEL= 3 .1  MIN 

Onn: 5 1 6 . 3  CFS 
Oout- 509 6 CFS 

LnG: 2 M I N  

580 . 

450 . 

408 . 

350 . 

300 . 

258 

208 

150 

I00  - 
50 

N - - - - - - L - - - 

/' 

TIME (hours) 



R / L  44 8 
Data for FERMCO, &ST CHANNEL, 2000-YR STORM, MOD. COVER 
Prepared by GeoSyntec Consultants 
HydroCAD 3.10 000663 (c) 1986-1993 ADDlied MicrocomDuter Systems 

a R E A C H 6  

DEPTH END AREA 
(FT) (SQ-FT) 

0.0 0.0 
.4 28.3 
. 8  58.1 

1.2 89.2 
1.7 131.9 
2.4 191.3 
3.2 266.4 
4.0 347.3 

DISCH 
(CFS) 
0.0 

52.9 
169.4 
336.1 
620.1 
1099.4 
1814.0 
2689.7 

POINT E 

69' x 4' CHANNEL 
S/S= .17 & -33 ' / '  
n= .03 /. 
LENGTH= 10 FT 
SLOPE= .005 FT/FT 

REACH 6 DISCHARGE 
POINT E 

STOR-IND METHOD 
MAX. DEPTH= 1.75 FT 
PEAK VELOCITY= 4.8 FPS 
TRAVEL TIME = 0.0 MIN /- 
Qin = 650.3 CFS 0 12.14 HRS 
Qout= 650.4 CFS-@ 12.14 HFS 
ATTEN= 0 % LAG= 0.0 MIN 
IN/OUT= 70.57 / 70.57 AF 

O O c ! l  m m m m m m m m m m m m m m m m m m m m m m m m m m  
N T ~ D ~ ~ N V ~ D ~ ~ N O ~ D  

- - - - - N N N N  

DISCHARGE 

REACH 6 INFLOW 
POINT 

A 

IJl 
G 
U 
v 

3 
0 
-I 
LL 

( c f s l  

8 OUTFLOW 
E 

STOR-IND METHOD 
UELOCITY= 4 8 FPS 

TRQUEL- 0 MIN 

Omn: 650.3  CFS 
Oout- 650 4 CFS 

Lac= 0 MIN 

600 - 
550 - 
508 - 
450 - 
400 - 
350 - 

250 - 
200 - 

- N  

69' I 4'  CHFINNEL 
515- . I 7  8 .33 ' / '  
nZ.03 L = I 0 '  S=.E05 

TIME (hours) 



e R E A C H 1  

Data €or FERMCO. EAST CHANNEL. 2000-YR STORM, HEAVY COVER 
Prepared by GeoSyntec Consultants 
HydroCAD 3.10 000663 (C) 1986-1993 Applied Microcomputer Systems 

9 Feb 96 

DEPTH END AREA DISCH 
(FT) - (SO-FT) (CFS) 

0.0 0.0 0.0 
.4 24.7 13.8 
.8 50.9 44.3 

1.2 78.4 88.0 
1.7 116.4 162.8 
2.4 169.7 289.5 
3.2 237.6 479.5 
4.0 311.3 713.5 

4 . 8 -  

3 . 5  - 
3 . 8  - 

r\ 

-4 2 . 5 -  
G 
V 

2 . 8  - I 
t- 
a 1 . 5 -  
W 

I . B  

A 

J) 
4 
U 

3 
0 
J 
L L  

W 

POINT A 

60' x 4' CHANNEL STOR-IND METHOD 
S/S= .17 & .33 ' / '  MAX. DEPTH= 1.48 FT 

PEAK VELOCITY= 1.3 FPS 
TRAVEL TIME = 6.9 MIN 

n= .I /' 
LENGTH= 540 FT 
SLOPE= .oo5  FT/FT Qin = 142.9 CFS @ 12.07 HRS 

Qout= 132.0 CFS @ 12.14 HRS 
ATTEN= 8 % LAG= 4.4 MIN 
IN/OUT= 15.12 / 15.04 AF 

REACH 1 DISCHARGE 
POINT A 

68' x 4 '  CHANNEL 
S/S= 17 8 33  '/ 

B 8 m  m m m m m m m m m m m m m m 
m m m m m ~ ~ m m m u ~ m n m  

- - N N  P o m m t n t n l c  

DISCHARGE ( c f s )  

REACH 1 INFLOW 8 OUTFLOW 
POINT A 

68' x 4 '  CHANNEL 
S/S= 17 8 33 ' / '  
n= I L=548' S= 885 

STOR-IND METHOD 
UELOCITY= I 3 FPS 

TRAUEL= 6 9 HIN 

Oen= 142 9 CFS 
Oout= 132 8 CFS 

LAG= 4 4 HIN 

TIME (hours) 000657 



Data €or FERMCO, EAST CHANNEL, 2000-YR STORM, HEAVY COVER 
Prepared by GeoSyntec Consultants 
HydroCAD 3.10 000663 (c) 1986-1993 ADDlied Microcomputer Systems 

POINT B REACH2 

DEPTH END AREA 
(FT) ( SQ- FT) 

0.0 0.0 
.4 26.7 
.8 54.9 

1.2 84.4 
1.7 125.0 
2.4 181.7 
3.2 253.6 
4.0 331.3 

DISCH 
(CFS 
0.0 

15.0 
47.9 
95.1 

175.7 
311.9 
515.4 
765.3 

65’ x 4’ CHANNEL STOR-IND METHOD 
S/S= .17 & -33 ’ / ’  MAX. DEPTH= 1.87 FT 
n= .1 PEAK VELOCITY= 1.5 FPS 
LENGTH= 405 FT f TRAVEL TIME = 4.5 MIN 
SLOPE= .oo5 FT/FT Qin = 215.0 CFS Q 12.12 HRS 

Qout= 207.1 CFS Q 12.19 HRS 
ATTEN= 4 % LAG= 3.9 MIN 
IN/OUT= 25.55 / 25.44 AF 

4 . 8  

3 . 5  

3 . 8  

r’ 2 . 5  4- 

2 . 0  

+ 
a 1 5  
W 

A 

W 

r 

J 
REACH 2 DISCHARGE 

POINT B 

65’ x 4 ’  CHFINNEL 
S/S= . I 7  8 ,  33 ’/ 
n:.I L = 4 8 5  5 = . 8 8 5  

DISCHARGE ( c f s j  

REACH 2 INFLOW 8 OUTFLOW 
POINT B 

200 

I 88 

I68 
c\ 

J) 148 
G u I28 

I00 
3 
0 88 
J 
h- 60 

W 

n 65’ x 4 ‘  CHFINNEL 
s/s= . I 7  8 . 3 3  ‘ 1 ’  
nZ.1 L=485’ Sz .805  

STOR-IN0 METHOD 
VELOCITY= 1 . 5  FPS 

TRFIUEL= 4 5 M I N  

O i n =  215.8  CF5 
Oout- 207.1 CFS 

LOG: 3 . 9  H I N  

/ 

T I M E  (hours) 



4 4  8 .- 

Data for FERMCO, EAST CHANNEL, 2000-YR STORM, HEAVY COVER 
Prepared by GeoSyntec Consultants 
HvdroCAD 3.10 000663 (c) 1986-1993 ADDlied MicrocomDuter Svstems 

E $  

@ R E A C H 3  

DEPTH END AREA 
(FT) ( SO - FT) 

0.0 0.0 
. 4  28.3 
.8 58.1 

1.2 89.2 
1.7 131.9 
2.4 191.3 
3.2 266.4 
4.0 347.3 

n 
3 
G 

I 
l- 

v 

a 
W 
n 

DISCH 
(CFS) 
0.0 

15.9 
50.8 
100.8 
186.0 
329.8 
544.2 

4 . 8 -  

3 . 5  - 

3 . 8  - 

2 . 5  - 

2 . 8  - 

1 . 5 -  

I E -  

POINT c 

69' x 4' CHANNEL STOR-IND METHOD 
S/S= .17 & -33 ' / '  MAX. DEPTH= 2.11 FT 

PEAK VELOCITY= 1.6 FPS 
TRAVEL TIME = 3.0 MIN / 

n= .1 

SLOPE= .oo5 FT/FT Qin = 269.7 CFS @ 12.16 HRS 
Qout= 269.3 CFS @ 12.20 HRS 
ATTEN= 0 % LAG= 2.6 MIN 
IN/OUT= 34.86 / 34.76 AF 

i 
LENGTH= 290 FT 

REACH 3 DISCH'ARGE 
POINT C 

69'  x 4 '  CHFINNEL 

n: I L-298' !5=.885 
S/S= . I 7  8 . 3 3  ' 1  

DISCHARGE Ccfs) 

REACH 3 INFLOW 8 OUTFLOW 
POINT C 

288 - 
188 - 

J) 

U 
G 168- 

v 1 4 8 -  

69'  x 4 '  CHFINNEL 
S/S= . I 7  8 33 ' 1  
n= I L-298' S- 885 

STOR-IN0 METHOD 
UELOCITY- I 6 FPS 

TRFIUEL- 3 MIN 

Omn: 269 .7  CFS 
Clout= 2 6 9 . 3  CFS 

LFIG: 2 . 6  MIN 

/ 



Data for FERMCO, EAST CHANNEL8 2000-YR STORM8 HEAVY COVER P J C  
Prepared by GeoSyntec Consultants 
HvdroCAD 3.10 000663 (c) 1986-1993 ADDlied Microcomputer Systems 

9 Feb 96 

POINT D 0 R E A C H 4  

DEPTH END AREA 
(FT) (SQ-  FT) 

0.0 0.0 
.4 28.3 
. 8  58.1 

1.2 89.2 
1.7 131.9 
2.4 191.3 
3.2 266.4 
4.0 347.3 

DISCH 
(CFS) 
0.0 
15.9 
50.8 

100.8 
186.0 
329.8 
544.2 
806.9 

69' x 4' CHANNEL 

n= .1 

SLOPE= -005 FT/FT 

/ S/S= -17 & .33 ' / '  

LENGTH= 590 FT 

STOR-IND METHOD 

f MAX. DEPTH= 2.45 FT 
PEAK VELOCITY= 1.8 FPS 
TRAVEL TIME = 5.2 MIN 
Qin = 355.4 CFS 0 12.20 HRS 
Qout= 344.9 CFS 0 12.26 HRS 
ATTEN= 3 % LAG= 4.1 MIN 
IN/OUT= 44.40 / 44.16 AF 

REACH 4 DISCHARGE 
POINT D 

4 8 -  

3 5 -  

3 0 -  
A 

iJ 2 5 -  
4- 

2 0 -  I 
I- 
[L I 5 -  

v 

/ 

69' x 4'  CHRNNEL; 
S / S =  17 8 3 3  ' 1  
n= I L=550' S= 885 

REACH 4 INFLOW 8 OUTFLOW 
POINT D 

A 

til 
G 
U 

W 

3 
0 
J 
L L  

69' x 4'  CHRNNEL 
S/S= 17 8 . 3 3  ' I '  
nz.1 L=550' 5 z . 0 0 5  / 

/ STOR-IN0 METHOD 
UELOCITY= 1 . 8  FPS 

TRFIUELrr 5 . 2  HIN 

Oon: 355 .4  CFS 
Oout= 3 4 4 . 9  CFS 

LRGE 4 . 1  H I N  

340 - 
300 - 
260 - 
248 - 
220 - 

- i : m & A  - - - - .  N - - - 

TIME (hours) 
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Data for FERMCO, XAST CHANNEL, 2000-YR STORM, HEAVY COVER 
Prepared by GeoSyntec Consultants 9 Feb 96 
HvdroCAD 3.10 000663 (c) 1986-1993 ARDlied MicrocomDuter Systems 

/ 2 s c  

DEPTH END AREA 
(FT) (SO- FT) 

0.0 0.0 
.4 28.3 
.8 58.1 

1.2 , 89.2 
1.7 131.9 
2.4 191.3 
3.2 266.4. 

n 
4 
G 

I 
F a 
w 
0 

W 

n 
In 

G 
U 
v 

3 
0 
-I 
L L  

DISCH 
ICFS) 
0.0 
15.9 
50.8 

100.8 
186.0 
329.8 
544.2 
806.9 

4 . 8  - 

3 . 5  - 

3 0 -  

2 5 -  

2 . 0  - 

69' x 4' CHANNEL . STOR-IND METHOD 
S/S= .17 & .33 ' / '  / MAX. DEPTH= 2.78 FT 
n= .1 PEAK VELOCITY= 1.9 FPS 
LENGTH= 820 FT TRAVEL TIME = 7.2 MIN 

i 
SLOPE= . oo5  FT/FT Qin = 453.1 CFS @ 12.22 HRS 

Qout= 433.2 CFS @ 12.31 HRS 
ATTEN= 4 % LAG= 5.7 MIN 
IN/OUT= 55.37 / 54.89 AF 

REACH 5 DISCHARGE 

69' x 4 '  CHFlNNEL 
S/S= .17 8 33 ' 1  
n=.l L=BZB' S = . 0 0 5  

DISCHARGE ( c f s )  

REACH 5 INFLOW 8 OUTFLOW 

69' x 4 '  CHONNEL . 
5/5= . I 7  8 . 3 3  ' 1  
n z . 1  L=B20' 5 = . 8 0 5  

450 - 
488 - 
350 - 

388 - 
250 - 
200 - 

I 5 0  - 

; ; m ; & l  - - N  - - L 

STOR-IND METHOD 
UELDCITYz 1 .9  FPS 

TRAUEL= 7 2 H I N  

O#n= 4 5 3 . 1  CFS 
O o u k  4 3 3 . 2  CFS 

LFlG: 5 . 7  MIN 

TIME ( h o u r s )  
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Data for  FERMCO, EAST -L8 2000-YR STORM, HEAVY COVER R 5 c  
Prepared by GeoSyntec Consultants 
HydroCAD 3.10 000663 (c) 1986-1993 Applied Microcomuter Svstems 

POINT E 0 REACH6 

DEPTH END AREA 
(FT) (SO-FT) 

0.0 0.0 
.4 28.3 
-8 58.1 

1.2 89.2 
1.7 131.9 
2.4 191.3 
3.2 266.4 
4.0 347.3 

DISCH 
(CFS 
0.0 

15.9 
50.8 
100.8 
186.0 
329.8 
544.2 
806.9 

69' x 4' CHANNEL STOR-IND METHOD 
s/s= -17 & .33 ' / '  MAX. DEPTH= 3.23 FT 
n= .I f PEAK VELOCITY= 2.1 FPS 
LENGTH= 10 FT TRAVEL TIME = .1 MIN 
SLOPE= .oo5 FT/FT Qin = 555.2 CFS @, 12.29 HRS 

Qout= 555.4 CFS 0 12.29 HRS 
ATTEN= 0 % LAG= .1 MIN 
IN/OUT= 69.89 / 69.89 AF 

REACH 6 DISCHARGE 
POINT E 

4 . 8  

3 5  

3 . 8  
A 

2.5 

2 . 8  I 
l- 
a 1 . 5  

G 
W 

w 
O C  I 0  

69' x 4 '  CHFINNEL 

n:.I L-18'  S=.885 
s/s= 1 7  a . 3 3  * I  

DISCHARGE Ccf5.1 

REACH 6 INFLOW 8 OUTFLOW 
POINT E 

458 

408 

69' x 4 '  CHFINNES 

nz.1 L z l 0 '  S=.885 

STDR-IND METHOD 

s/s= . 1 7  a . 3 3  '1 

UELDCITY= 2 .1  FPS 

TIME ( h o u r s )  



GEOSYNTEC CONSULTANTS PAGE OF 

Written by: Date: 13 MAY '96 Reviewed by: Date: 

Client: FERMCO Project: FERh'ALD OSDF Projectmroposal No.: GE-3900 Task No.: 13.1 

ADDENDUM TO THE 
OSDF CALCULATION PACKAGE 

SECTION 13.1 

a STORMWATER RUNONRUNOFF AND 
DRAINAGE CONTROL STRUCTURES 



GEOSYNTEC CONSULTANTS PAGE OF- 

Written by: Date: 13 MAY ‘96 Reviewed by: Date: 

Client: FERhlCO Project: FERNALD OSDF Project/Proposal No.: CE-3900 Task No.: 13.1 

CULVERT CALCULATIONS (ADDENDUM) 

The following section is an Addendum to Section 13.1 of the OSDF Calculation Package entitled 
“Stormwater RunonRunoff and Drainage Control Structures”. This Addendum is part of the Southern Area 
Calculations subsection. All relative and pertinent calculations to this Addendum can be found in Section 13.1 
of the OSDF Calculation Package. 

under the Access corridor. The Addendum is broken up into two parts: 
This Addendum presents the culvert calculations for a culvert to transmit the 25-year, 24-hour storm 

Section I: This section presents the calculations for different culverting scenarios to pass the design 
storm under the Access Corridor. The conclusion is three 5’x3’ with upstream headwalls 
would be required to pass the design storm. 

Section 11: This section presents the calculation to verify that three 6’x3’ box culverts without 
headwalls would pass the design storm under ‘the Access Corridor. 
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Southern Area Calculations 

Summary of Inwt Data 

A summary of the calculation results are presented in Table 1 .  The drainage area map 
and the HydroCAD" runs for runon/runoff are attached. 

A Summary of HydroCAD" Results are listed below: 

25-Year Storm Peak Runoff 30.4 cfs 

2,000-Year Storm Peak Runoff 84.6 cfs 

GE3900-08.1 IF9630074.CAL 





DRAINAGE AREA MAPS 
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5.27 

HYDROCADTM RUNS 

RUNONIRUNOFF 



F= 
Data for FERMCO, SOUTH AREA, 25-YR STORM, ALL COVERSL, As= 
Prepared by GeoSyntec Consultants 44 9 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 Amlied Microcomuter Svstems 

SUBCATCHMENT 1 s-1 

ACRES CN 
5.60 98 

c\ 

In 
G 
U 

3 
0 
-1 
LL 

V 

28 - 
26 - 
24 - 
22 - 
28 - 
18 - 
16 - 
14 - 
12 - 
I8 - 
8 -  

6 -  
4 -  

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN / 

PEAK= 30.4 CFS @ 11.96 HRS 
VOLUME= 1.69 AF 

Method Comment Tc (min) 
TR-55 SHEET FLOW Segment ID : 9.6 
Grass: Short n=.15 L=160' P2=2.6 in s=.O7 I / '  

.8 SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 
Unpaved Kv=16.1345 L=330r s=.167 ' / '  V=6.59 fps 

- - - - - - - - - -  
i 

Total Length= 490 ft Total Tc= 10.4 

SUBCATCHMENT 1 RUNOFF 
s- 1 

AREA: 5 . 6  AC 

CN= 98 
Tc= IB 4 H I N  

SCS TR-2B METHOD 
TYPE I1 24-HOUR 

RAINFALL= 4 7 I N  

PEAK= 38 4 CFS 
@ I I .96 HRS 

UOLUHE: 1.69 AF 

T I M E  (hours) 



Data for FERMCO, SOUTH AREA, 2000-YR STORM, ALL COVERS 

88 
75 
70 
65 
60 
55 
50  
45 
48 
35 
38  
25 
28 
15 

ia kr 4 4 8  

- 
- I 
- 
- 
- 
- 

PEAK= 84 6 CFS 
- 
- @ I I  96 HRS - UOLUME: 4 71 AF 
- 
- 
- 
- 
- 

Prepared by GeoSyntec Consultants 9 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Systems 

SUBCATCHMENT 1 s-1 

ACRES 
5.60 99 

PEAK= 

/ 
SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL=13.O IN 
84.6 CFS 0 11.96 HRS 

VOLUME= 4.71 AF 

Met hod Comment Tc (min) 
TR-55 SHEET FLOW Segment ID : 9.6 

/ .8 
Grass: Short n=.15 L=160' P2=2.6 in s=.O7 I / #  

SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 
Unpaved Kv=16.1345 L=330' S=.167 I / '  V=6.59 fps 

- - - - _ _ - - _ -  
Total Length= 490 ft Total Tc= 10.4 

r\ 

n 
G 
U 

3 
0 
J 
LL 

LI 

SUBCATCHMENT 1 RUNOFF 
s- 1 

AREA= 5 6 AC 

CN= 99 
Tc= I R  4 MIN 

SCS TR-2R METHOD 
TYPE I1 24-HOUR 

RAINFALL-13 R I N  

T I M E  (hours) 

0420672 
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EXAMPLE - 8  
r o n , r 7  
O/D * I O c h / t L  - 7  - 6  

- 7  
- 6  

ia iat  = w1 - 6  
- 9  - 6  

( I )  1.70 3.0 - 5  
U) I# L a  - 4  - 5  
0) saa 4 . 1  - 4  

0 f..( 

b - 4  
- 3  -. :  

- 3  
-' 3 
r 
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TABLE 12 - ENTRANCE LOSS COEFFICXENTS 

Outlet Control. Full or Partly Full Entrance head lor8 

Pi fJC ml€KE 
Projecting from fill, socket end (groove-end) . . . . . . .  0.2 - 

Socket end of pipe (groovc-end) . . . . . . . . . . .  0.2 
Square-edge . . . . . . . . . . . . . . . . .  0.5 
Rounded (radius - 1 / 12D) . . . . . . . . . . . . .  0.2 

Beveled edges, 33.7O or 4 5 O  bevels . . . . . . . . . . . .  0.2 
Side-or slope-tapered ialct . . . . . . . . . . . . .  0.2 

. Projecting from fill, sq. cut end . . . . . . . . . . .  0.5 e J' 
Headwall or headwall and wingwalls 

Mitered to conform to fill slope . . . . . . . . . . .  0.7 
'End-Section conforming to f i l l  slope . . . . . . . . . .  0.5 

e. or  Pibe-Arch. Corrugated Metal  

Projectinn from fill (no headwall) . . . . . . . . . . .  0.9 
0.5 . . .  0.7 

. Headwallor headwall and wingwalls squarc-edge . . . . . . .  
'End-Section conforming, to fill slope . . . . . . . . . .  0.5 
Beveled edges, 3 3 . 7 O  or 4 5 O  bevels . . . . . . . . . . .  0.2 
Side-or slope-tapered inlet . . . . . . . . . . . . .  0.2 

Mitered to conform to fill slope, paved or unpaved slope 

Box. Reinforced Concretc 

/ Headwall parallel to embankment (no wingwalls) 
Square-edged on 3 edges . . . . . . . . . . . . .  0.5 
Rounded on 3 edges to radius of 1/12 barrel 

0.2 

0.4 

0 2  

dimension, or beveled edges on 3 sides . . . . . . .  
Wingwalls at  30° to 7 5 O  to barrel 

Square-edged a t  crown . . . . . . . . . . . . . .  
Crown edge rounded to radius of 1/12 barrel 

dimension, or beveled top edge . . . . . . . . . .  
Wingwall at loo to 2 5 O  to  barrel 

Wingwalls parallel (extension of sides) 
Squrre-edged at crown . . . . . . . . . . . . . .  0 5  

Squrre-edged a t  crowa . . . . . . . . . . . . . . .  
Sidesr  slope-tapered inlet 0 1  

0.7 . . . . . . . . . . . . .  
'Note: 'End Section conforming to fill slope,' made of either m e a l  or concrete, 

y e  the sections commonly avaiIable from. manufactur.cn. From limited hydrau- 
lic tests they are.equivalent in operation to a headwall in both and 

control. Some end sectjons, incorporatin A a taper in their 
ere atter sections can be e eslgn have a superior hydraulic performance. . -  

. .  179 
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Western Area Calculations 

Summary of Input Data 

A summary of the HydroCAD" input data is presented in Table 1.  

Summary of Calculation Results 

A summary of the calculation results is presented in Tables 2 and 3. Drainage area 
maps, a worksheet for calculating weighted runoff curve numbers, HydroCAD" runs for 
runodrunoff and drainage channel routing, and culvert calculations are attached. 

GE3900-08.llF9630074.CAL A 
I- 
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Client: FERMCO Project: OSDF Proj./Proposal No.: GE3900 Task No.: 08.1 

Table 2. Summary of HydroCADm Results - 25-Year Storm 

Point of Peak Flow Peak Flow Peak Flow 
Interest Along Quantity Depth Velocity 

Channel (CFS) (Ft) 

MH- 1 
Light Cover 9.3 0.9 
Moderate Cover 9.3 0.9 

2.5 
2.1 

/ 

MH-1.5 
1 Light Cover 12.0 1.1 2.3 

Moderate Cover . 12.1 1.1 2.3 

MH-2 THROUGH MH-10 

/ Light Cover 13.1 1.1 2.3 
Moderate Cover 11.8 1 .o 2.3 

GE3900-08. llF9630074.CAL 
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Written by: LLC Ar( 

Table 3. Summary of Culvert Design Results 

Culvert diameter 
Culvert pipe strength 

Peak flow through culvert 
Maximum headwater 
Riprap Size: 

Riprap thickness: 
Length of riprap apron: 
Width of riprap apron: 

Gravel Filter Blanket: 

= 18 in. 
= 831 lb/ft per foot of inside diameter, with 

= 13.0 cfs (MH-2 through MH-10, light cover) 
= 3.5 ft  
D, = 6 in. 
D5o = 4 in. 
D,, = 2 to 3 in. 

at least 3 ft. of soil cover 

/ 8 in. (minimum) 
10 ft. or to top of channel slope 
4.5 ft  at culvert, 11.5 at end of apron 

/' 

D,, > 0.4 to 0.6 in. 
D50 > 0.1 in. 
0.05 to 0.08 < D,, < 0.4 to 0.6 in. 

GE3900-08.llF9630074.CAL 
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WORKSHEETS FOR 

WEIGHTED RUNOFF CURVE NUMBERS 
0 



2 . t  Ji 

Storm ill t o m  //2 S t o r m  113 

Ln I 

L o c a t i o n  D A A A , ~ A G L  A m  u-2 
Circle  o n e :  P r e s e n t  e v e l o p c  

- e a 
1 .  Runoff  c u r v e  numher (CN) 

Soil name 
and 

h y d r o  l o g i c  
g r o u p  

Area P r o d u c t  
of 

CN x a r e ;  

Cover d e s c r i p t i o n  
I /  *- ( c o v e r  t y p e ,  t r e a t m e n t ,  and 

h y d r o l o g i c  c o n d i t i o n ;  
p e r c e n t  i m p e r v l o u s ;  

u n c o n n e c t e d  / c o n n e c  t c d  iinpe r v 1 o u s  
a r e a  r a c i o )  ( a p p e n d i x  A )  

.. ..I- - 

0. I I 
2 

3 

f/ 

6 .J 

83.6 

39. 0 -- 

~- 

/Y 8.6 L' use  o n l y  one CN s o u r c e  p e r  l i n e .  Totals; = 

t o t a l  . p r o d u c t  /'/8.6 
CN (weighted) = - 70,3 Use CN = a.  t o t a l  area  I 

F r e q y e n c y  

R a i n f a  1 1 ,  P ( 2 4 - h o u r )  -- 

(ILIU-VI-'1'12-55. Sccunrl !*;(I., Julie 198Ci) 



a 
? 44 8 ’“1 74 
w 

HYDROCADTM RUNS 

RUNONIRUNOFF 
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kc-'& l1/1+ -- 4 4 8  
Data €or FERMCO, WEST CHANNEL, 25-YR STORM, LIGRT COVER 
Prepared by GeoSyntec Consultants 
HydroCAD 3.10 000663 (c) 1986-1993 Amlied MicrocomDuter Systems 

9 Feb 96 

SUBCATCHMENT 20 

ACRES m /  
2.10 71 

PEAK= 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

3.0 CFS @ 12.28 HRS 
VOLUME= .30 AF 

Method Comment Tc (min) 

Grass: Short n=.15 I" L=300'/-- P2=2.6 in s=.O1 '/'A 

Unpaved Kv=16.1345,- L=lOO' ,--s=.Ol I / / / '  V=1.61 fps 

TR-55 SHEET FLOW Segment ID: 34.5 

SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 1.0 

- - - - - - - - - -  
Total Length= 400 ft Total Tc= 35.5 

SUBCATCHMENT 20 RUNOFF 
W-A 

FIREFI: 2 1 FIC 

CN= 71 
Tc= 3 5 . 5  H I N  

SCS TA-28 METHOD 
TYPE I 1  24-HOUR 

RFIINFFILL: 4 7 I N  

PEFIK= 3 a CFS 
@ 12.28 HRS 

UOLUHE= 38 FIF 

T I M E  (hours) 



Data for FERMCO, WEST CHANNEL, 25-YR STORM, LIGHT COVER !#- 4 4 8  r c j c  

9 . 5  
9 . 8  
8 . 5  
8 . 8  
7 . 5  
7 . 8  

I "  Prepared by GeoSyntec Consultants 9 Feb 96 
HvdroCAD 3.10 000663 (c) 1986-1993 ADplied MicrocomDuter Svstems 

- 
- 
- 
- 
- 
- 

SUBCATCHMENT 1 

6 5 -  < 6 8 -  

r\ 

u 5 5 -  
w 5 8 -  

4 5 -  
3 4 8 -  0 
-I LL 

2 5 -  

ACRES CN ,.' 
1.60 98 SCS TR-20 METHOD 

TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

PEAK= 9.7 CFS @ 11.90 HRS 
VOLUME = .48 AF 

Met hod Comment Tc (mini 
TR-55 SHEET FL0.W Segment I D  : /' 4.7 
Grass: Short n=.15 L=lOO' P2=2.6 in s=.167 ' / '  .' 
SHALLOW CONCENTFtATED/UPLAND FLOW Segment I D :  .7 
Unpaved Kv=16.1345/ L=270'/ s = .  167 / !  V=6.59 fps 
CHANNEL FLOW Segment I D  : 1.1 
a=10.1 sq-ft /Pw=13.9' /' r=. 727' 
s=.OO75 ' / I  /'n=.03 /V=3.47 fps L=225 Capacity=35 cfs '/ 

Total Length= 595 ft Total Tc= 6.5 

S U B C A T C H M E N T  1 RUNOFF 
w-  1 

AREA= 1.6 AC 

CN= 98 
Tc= 6 . 5  M I N  

SCS TR-2B HETHDD 
'TYPE I 1  24-HOUR 
RFIINFALL; 4 7 I N  

PEAK- 9 . 7  CFS 
@ 1 I 9 HRS 

UOLUME= 48 OF 

I \  

T I M E  (hours) 



c 
7- 

Data €or FERMCO, WEST CHANNEL, 25-YR STORM, LIGHT COVER 4 4  8 AS P/1+ 
Prepared by GeoSyntec Consultants 9 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Systems 

@ SUBCATCHMENT 2 

ACRES 
2.20 98 

w-2 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

PEAK= 12.0 CFS @, 11.96 HRS 
VOLUME= -66 AF 

Method Comment Tc (min) 

Grass: Short n=.15 /L=147'/ P2=2.6 in s=.O7 I / . /  

Unpaved Kv=16.1345 /L=360' /s=.167 ' / I  V=6.59 fps 

TR-55 SHEET FLOW Segment ID : 9.0 

SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: .9 

- - - - - - - - - -  
Total Length= 507 ft Total Tc= 9.9 

n 
fl 

4- 
U 
v 

3 
0 
J 
LL 

I I  - 

IE - 

9 -  

8 -  

7 -  

6 -  

5 -  

4 -  

SUBCATCHMENT 2 RUNOFF 
w-2 

I I  - 
IE - Tc= 9 . 9  H I N  

FIREFI: 2 . 2  AC 

CN- 98 

SCS TR-2E METHOD 
TYPE I 1  24-HOUR 

RFIINFFILL= 4 . 7  I N  

PEFIK- 1 2 . E  CFS 
@ I I  .96 HRS 

UOLUME= .66 AF 

9 -  

8 -  

7 -  

6 -  

5 -  

4 -  

3 -  

2 -  

- N  

FIREFI: 2 . 2  AC 

CN- 98 
Tc= 9 . 9  H I N  

SCS TR-2E METHOD 
TYPE I 1  24-HOUR 

RFIINFFILL= 4 . 7  I N  

PEFIK- 1 2 . E  CFS 
@ I I  .96 HRS 

UOLUME= .66 AF 

TIME (hours) 

000784 



4 4  8 ,LJC Data for FERMCO, WEST CHANNEL, 25-YR STORM,.LIGHT COVER 
Prepared by GeoSyntec Consultants 
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9 Feb 96 

@ SUBCATCHMENT 3 

ACRES CN 
2 -40 98 / 

w-3 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

PEAK= 13.0 CFS @ 11.97 HRS 
VOLUME= -72 AF 

Met hod Comment Tc (min) 

Grass : Short n= .15 .;‘L=147’ /. P2=2.6 in s=. 07 / /‘ 
TR-55 SHEET FLOW Segment ID : 9.0 

LAND FLOW Segment ID: .9 

Segment ID : 1.0 
L=360’ /s=.167 ‘ / I / ’  V=6.59 fps 

CHANNEL FLOW 
a=10.1 sq-ft ’Pw=13.9’ /’ r=. 727’ 
s=.OO75 ‘ / I /  n=.03 /V=3.47 fps L=200’/ Capacity=35 cis 

- - - - - - - - - -  
Total Length= 707 ft Total Tc= 10.9 

S U B C A T C H M E N T  3 RUNOFF 
w-3 

A 

J) 
G 
U 

3 
0 
_I 
LL 

v 

I2 - FIREFI: 2 4 FIC 
Tc: I B  9 H I N  I I  - 

18 - SCS TR-2B HETHDD 
TYPE I1 24-HOUR 

I 
CN: 9 8  

9 -  
RRINFFILL= 4 7 I N  

8 -  
PERK= 13 B CFS 

7 -  @ I 1  9 7  HRS 
UOLUME: 7 2  FIF 

6 -  

5 -  

4 -  

3 -  

FIREFI: 2 4 FIC 

CN: 9 8  
Tc: I B  9 H I N  

SCS TR-2B HETHDD 
TYPE I1 24-HOUR 

RRINFFILL= 4 7 I N  

PERK= 13 B CFS 
@ I 1  9 7  HRS 

UOLUME: 7 2  FIF 

T I M E  (hours) 



L 

Data for FERMCO, WEST CHANNEL, 25-YR STORM, LIGHT COVER 
Prepared by GeoSyntec Consultants 9 Feb 96 
HvdroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Svstems 

12 

I I  

I E  

9 -  

J) 8 -  

u 7 -  

6 -  

n 

re 
v 

a. SUBCATCHMENT 4 

- 
- 
- 

ACRES CN 
2.40 98 /" 

w-4 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

VOLUME= .72 AF 
PEAK= 13.0 CFS @ 11.97 HRS 

Met hod Comment Tc (min) 
TR-55 SHEET FLOW Segment ID : 9.0 
Grass: Short n=.15 L=147'/' P2=2.6 in s=.O7 I / '  / 
SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: .9 
Unpaved Kv=16.1345/ L=360' /' s=.  167 ' / > V=6.59 fps 
CHANNEL FLOW / Segment ID : 1.0 
a=10.1 sq-ft / Pw=13.9'/ r=.727' 
s= .0075 ' / I  / n=. 03 /V=3.47 fps L=200' /' Capacity=35 cfs 

Total Length= 707 ft Total Tc= 10.9 

SUBCATCHMENT 4 RUNOFF 
w-4 

i AREA= 2 4 AC 

CN:: 98 
Tc= 18 9 MIN 

SCS TR-2B METHOD 
TYPE I 1  24-HOUR 

RAINFFILL= 4 7 I N  

PEFIK- 13 B CFS 
@ I I  97 HRS 

UOLUME= 72 OF 

- . -  - - - N  - 

T I M E  (hours) 



r 

Data for FERMCO, WEST CHANNEL, 25-YR STORM, LIGHT CO*R 44 8 p- 
Prepared by GeoSyntec Consultants 9 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Svstems 

18 

9 -  

8 -  

7 -  

6 -  

5 -  

4 -  

3 -  

SUBCATCHMENT 5 

- 

ACRES 
2.40 

w-5 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

PEAK= 13.0 CFS Q 11.97 HRS 
VOLUME= .72 AF 

Me t--od Comment Tc (min) 

Grass : Short n=. 15 '' L=147 / P2=2.6 in s=.O7 ' / I / '  

Unpaved Kv=16.1345 /'L=360'/ s = .  167 / I  /V=6.59 fps 

s=.OO75 I / ' /  n=.03 I V=3.47 fps 

TR-55 SHEET FLOW Segment ID: 9.0 

SHALLOW CONCENTFtATED/UPLAND FLOW Segment ID: .9 

C-L FLOW Segment ID : 1.0 
a=10.1 sq-ft/ Pw=13 9' r=.727' I 

L=200'/ Capacity=35 cfs 
- - - - - - - - - -  

Total Length= 707 ft Total Tc= 10.9 

3 
0 
1 
LL 

SUBCATCHMENT 5 RUNOFF 
w-5 

I I  n RRER: 2 4 RC 

CN= 98 
Tc= 18 9 MIN 

SCS TR-28 METHOD 
TYPE I 1  24-HOUR 

RRINFRLL: 4 7 IN 

PERK= I3 E CFS 
@ I I  .97 HRS 

UOLUME= 72 RF 

T I M E  (hours) 



Data for FERMCO, WEST CHANNEL, 25-?fR STORM, LIGHT C6VER k 5 =  
Prepared by GeoSyntec Consultants 44 8 9 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 ADDlied MicrocomDuter Systems 

W-6 THROUGH W - 1 2  0 SUBCATCHMENT 6 

ACRES CN 
2.40 98 /'' SCS TR-20 METHOD 

TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

PEAK= 13.0 CFS @ 11.97 HRS 
VOLUME= .72 AF 

Method Comment Tc (min) 
TR-55 SHEET FLOW Segment ID: 9.0 
Grass: Short 
SHALLOW CONCENTRATED/UPLAND F Segme t ID: .9 

Segment ID : 1.0 

n=. 15/ L=147','' P2=2.6 in s=. 07 I //' 

Unpaved Kv=16.1345 d = 3 6 0 '  s= .  167 7 V=6.59 fps 
CHANNEL FLOW 
a=10.1 sq-ft /Pw=13.9'/ r=.727' 
s=.OO75 ' / I  /n=.03 V=3.47 fps L=200' /'Capacity=35 cfs 

Total Length= 707 ft Total Tc= 10.9 

.SUBCATCHMENT 6 R U N O F F  
W-6 THROUGH W-12 

G- 
U 

W 

FIREA= 2 4 FIC 

CN= 98 
Tc= 18 9 MIN 

SCS TR-2B METHOD 
TYPE I 1  24-HOUR 

RFIINFALL= 4 7 I N  

PEFIK= 13 B CFS 
@ I I .97 HRS 

UOLUME= . 7 2  FIF 

3 
0 
_I 
L L  

T I M E  (hours) 

000788 
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Data for FERMCO, WEST CHANNEL8 25-YR STORM, LIGHT COVER 
Prepared by GeoSyntec Consultants 9 Feb 96 
HvdroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Systems 

u-13 T f l w & n  W - G  

ACRES CN ./.. 
2 -40 98 SCS TR-20 METHOD 

TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

PEAK=. 13.0 CFS @ 11.97 HRS 
VOLUME= .72 AF 

Method Comment Tc (min) 

Grass: Short n=.15 //L=147’/ P2=2.6 in s=.O7 t / t ’  

Unpaved Kv=16.1345 ,G360‘-’ s=.167 ’ / ‘ /  V=6.59 fps 

a=10.1 sq-ft Pw=13.9’ ’ r=.727’ 
s=.OO75 I / ’ /  n=.03 N=3.47 fps L=200‘ Capacity=35 cfs 

TR-55 SHEET FLOW Segment ID : 9.0 

SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: .9 

CHANNEL FLOW , 1.0 

1 
- - - - - - - - - -  

Total Length= 707 ft Total Tc= 10.9 

SUBCATCHMENT 7 RUNOFF 

- 
n 
G 
U 
Y 

3 
0 

I2 - 
I I  

18 - 
9 -  

E -  

7 -  

6 -  

- 
AREA- 2 4 AC 

CN= 9E 
Tc= I B  9 MIN 

SCS TR-2B METHOD 
TYPE I 1  24-HOUR 

RAINFFILL- 4 7 I N  

PEAK= 13 B CFS 
@ 11.97 HRS 

UOLUME: 72 AF 

T I M E  (hours) 



44 8 pr" 
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SUBCATCHMENT 20 W-A I 

ACRES 
2.10 71 SCS TR-20 METHOD 

TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

VOLUME= -30 AF 
PEAK= 2.3 CFS 0 12.49 HRS 

Comment Tc (min) Met hod 
TR-55 SHEET FLOW Segment ID : 
Grass: Dense n=.24 /L=300' P2=2.6 in s=.O1 ' / I  . 
SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 
Unpaved Kv=16.1345 L=lOO' s=.Ol I / '  V=1.61 fps 

50.3 /- 
/' 1.0 

- - - - - - - - - -  
Total Length= 400 ft Total Tc= 51.3 

SUBCATCHMENT 28 RUNOFF 
W-A 

FIREFI: 2 I FIC 

CN= 71 
Tc= 51 3 HIN 

SCS TR-ZE METHOD 
TYPE I1 24-HOUR 

RAINFALL- 4.7 IN 

PEnK= 2 3 CFS 
@ I2 49 HRS 

UOLUME- 38 AF 

3 
0 
J 
L L  

T I M E  (hours) 
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Data €or FERMCO, WEST CHANNEL, 25-YR STORM, MOD. COVER 
Prepared by GeoSyntec Consultants 9 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Systems 

SUBCATCHMENT 1 w-l & w-18 

ACRES 
1.60 98 SCS TR-20 METHOD 

TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

PEAK= 8.9 CFS 0 11.93 HRS 
-48 AF VOLUME= 

Met hod Comment Tc (min) 
TR-55 SHEET FLOW Segment ID: 6.8 
Grass: Dense n=.24 /- L=lOO' P2=2.6 in s=.167 '/I /' 

SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: .7 

CHANNEL FLOW Segment ID : 1.1 
Unpaved Kv=16.1345 L=270' s=.167 I / '  V=6.59 fps / 

a=10.1 sq-ft Pw=13.9' r=.727' 
s=.OO75 I/' n=.03 V=3.47 fps L=225' Capacity=35 cfs i 

- - - - - - - _ _ _  
Total Length= 595 ft Total Tc= 8.6 

S U B C A T C H M E N T  1 RUNOFF 
w- 1 

8 5 -  
8 8 -  
7 5 -  
7 E -  
6 5 -  - 6 8 -  

0 5 5 -  
G 
W " z: 
2 3 5 -  

4 E -  

A 3 8 -  
LL 2 5 -  

2 E -  
1 5 -  

AREA- 1 6 A t  

CN= 98 
Tc= 8 6 MIN 

SCS TR-28 METHOD 
TYPE I 1  24-HOUR 

RAINFALL= 4 7 I N  

PEAK= 8 9 CFS 
@ I I 93 HRS 

UOLUME= 48 OF 

T I M E  (hours) 



Data €or FERMCO, WEST CHANNRL, 25-YR STORM, MOD. COVER 
Prepared by GeoSyntec Consultants 9 Feb 96 - 
HvdroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Systems 

SWCATcKMENT.2 w-2 

98 SCS TR-20 METHOD , 

TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

ACRES 
2.20 

PEAK= 11.1 CFS 8 12.00 HRS 
VOLUME= -66 AF 

Tc (min) 
13.1 

.9 

Method Comment 
TR-55 SHEET FLOW Segment ID : 
Grass: Dense n=.24 /L=147' P2=2.6 in s=.O7 ' / '  
SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 
Unpaved Kv=16.1345 L=360' s=.167 ' / '  V=6.59 fps 

/ 

/' 
_ - - - - - - - - -  

Total Length= 507 ft Total Tc= 14.0 

r\ 

In 
4- 
U 
v 

SUBCATCHMENT 2 RUNOFF 
w-2 

AREA= 2.2 AC 

CN= 96 
Tcs 14 MIN 

SCS TR-28 METHOD 
TYPE I1 24-HOUR 

RAINFALL: 4 7 IN 

PEAK= I I  1 CFS 
@ I2 HRS 

VOLUME: 66 OF 

TIME (hours1 



c 

Data for FERMCO, WEST CHANNEL, 25-YR STORM, MOD. COVER-. - 44 8 
Prepared by GeoSyntec Consultants 9 Feb 96 

I I  

I E  

9 -  

e -  

SUBCATCHMENT 3 

A - 

- 

ACRES 
2.40 98 

w-3 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

VOLUME= .72 AF 
PEAK= 11.8 CFS @ 12.01 HRS 

Met hod Comment Tc (min) 
TR-55 SHEET FLOW Segment ID : 13.1 
Grass: Dense n=.24 A = 1 4 7 '  P2=2.6 in s=.O7 ' / '  / 

Unpaved Kv=16.1345 L=360' s=.167 ' / '  V=6.59 fps 

a=10.1 sq-ft Pw=13.9' r=.727' 
s=.OO75 ' / I  n=.03 V=3.47 fps L=200' Capacity=35 cfs 

SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: .9 

CHANNEL FLOW Segment ID: 1.0 

- - - - - - - - - -  
/' 

Total Length= 707 ft Total Tc= 15.0 

SUBCATCHMENT 3 RUNOFF 
w-3 

r\ 

n 
4- 
U 

W 

3 
0 
J 
L L  

FIREA= 2 4 AC 
Tc= 15 MIN 
CN= 98 

SCS TR-28 METHOD 
TYPE I 1  24-HOUR 

RQINFRLL: 4 . 7  I N  

PEFIK= 11.8 CFS 
C 12 E l  HRS 

UOLUME= 72 FIF 

7 -  PEFIK= 1 1  8 CFS 
C 12 E l  HRS 

6 -  UOLUME= 72 FIF 

5 -  

4 -  

3 -  

'm I A A 4 A A L cA & A 
- N  

TIME (hours) 



- 

Data for FERMCO, WEST CHANNEL, 25-YR STORM, MOD. COVER 

Prepared by GeoSyntec Consultants 9 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Systems 

@ SUBCATCHMENT 4 w-4 

ACRES 
2.40 98 SCS TR-20 METHOD 

TYPE I1 24-HOUR 
RAINFALL= 4.7 IN . 

VOLUME= .72 AF 
PEAK= 11.8 CFS @ 12.01 HRS 

Met hod Comment Tc (min) 
TR-55 SHEET FLOW Segment I D  : 13.1 
Grass: Dense n=.24/ L=147' P2=2.6 in s=.O7 ' /  I / -  

SHALLOW CONCENTFLATED/UPLAND FLOW Segment I D :  .9 

CHANNEL FLOW Segment I D :  1.0 
Unpaved K ~ 1 6 . 1 3 4 5  L=360' s=.167 ' / '  V=6.59 fps / 
a=10.1 sq-ft Pw=13.9' r=.727' 
s=.OO75 ' / I  n=.03 V=3.47 fps L=200' Capacity=35 cfs 

- - - - - - - - - -  
/- 

Total Length= 707 ft Total Tc= 15.0 

SUBCATCHMENT 4 RUNOFF 
w-4 

Q - 7  -1  I \  
w 6  " I  

RREA: 2 4 RC 
Tc= 15 MIN 
CN= 98 

SCS TR-28 METHOD 
TYPE I 1  24-HOUR 

RAINFALL= 4 . 7  IN 

PEAK= 11.8 CFS 
@ I2 E l  HRS 

UOLUME: 72 FIF 

TIME (hours) 



Data for FERMCO, WEST CHANNEL, 25-YR STORM, MOD. COVER 44 8 
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6 5  ntiQ4 0 SUBCATCHMENT 5 w-5 

ACRES 
2.40 98 SCS TR-20 METHOD 

TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

VOLUME= -72 AF 
PEAK= 11..8 CFS (3 12.01 HRS 

Met hod Comment Tc (rnin) 
TR-55 SHEET FLOW Segment ID: 13.1 
Grass: Dense n=.24/L=147' P2=2.6 in s=.O7 ' / '  /- 

Unpaved Kv=16.1345 L=360' s=.167 I / '  V=6.59 fps y 
CHANNEL FLOW Segment ID : 
a=10.1 sq-ft Pw=13.9' r=.727' 
s=.OO75 ' / I  n=.03 V=3.47 fps L=200' Capacity=35 cfs 

SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: .9 

1.0 / 
- - - - - _ _ - _ -  

Total Length= 707 ft Total Tc= 15.0 

SUBCATCHMENT 5 RUNOFF 
w-5 

r\ 

J) 
l+ 

U 
v 

ORE&= 2 4 AC 
Tc= 15 MIN 
CN= 98 

SCS TR-2E METHOD 
TYPE I 1  24-HOUR 

RAINFALL= 4 . 7  I N  

PEAK= I I  8 CFS 
@ I2.El HRS 

UOLUME= 72 OF 

3 
0 
A 
LL 

7 -  PEAK= I I  8 CFS 
@ I2 E l  HRS 

6 -  UOLUME= 72 OF 

5 -  

4 -  

- N  

T I M E  (hours) 



I,- 44 ’ 9 Feb 96 Data for FERMCO, WEST CHANNEL, 25-YR STORM, MOD. COVER 
Prepared by GeoSyntec Consultants 
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0 SUBCATCHMENT 6 

ACRES 
2.40 98 

W-6 THROUGH W-12 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

PEAK= 11.8 CFS @ 12.01 HRS 
VOLUME= .72 AF 

Method Comment Tc (mini 
Segment ID: 

Grass: Dense n=.24 L=147‘ P2=2.6 in s=.O7 I / ’  

SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 
Unpaved Kv=16.1345 L=360‘ s=.167 I / ’  V=6.59 fps 
CHANNEL FLOW Segment ID : 
a=10.1 sq-ft Pw=13.9‘ r=.727’ 

13.1 

-9 

1.0 

/ / 
TR-55 SHEET FLOW 

P 

i 
s=.0075 ‘ / I  n=.03 

r\ 

a 
G 
U 

3 
0 
_I 
LL 

Y 

I I  

IE 

9 

8 

7 

6 

5 

4 

3 

2 

I 

V=3.47 fps L=2OO1 Capacity=35 cfs 
- - - - - - - - - -  

Total Length= 707 ft Total Tc= 15.0 

SUBCATCHMENT 6 RUNOFF 
W-6 THROUGH W-12 

h FIREFI= 2 4 FIC 

CN= 98 
Tc= 15 H I N  

SCS TR-2E METHOD 
TYPE I 1  24-HOUR 

RFIINFRLL: 4 7 I N  

PEAK= I I  8 CFS 
@ I 2  E1 HRS 

UOLUME- 7 2  FIF 

T I M E  (hours) 



Data for FERMCO, WEST CHANNEL, 25-YR STORM, MOD. COVER 44 8 k / C  

I I  

I0 

9 -  

8 -  

Q- 7 -  

w 6 -  

In 
U 

3 5 -  
0 
-I 4 -  
L L  

3 -  

Prepared by GeoSyntec Consultants 9 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 ADDlied Microcomputer Svstems 

I - FIREFI: 2 4 FIC 

- CN= 98 
Tc= I5 MIN 

SCS TR-20 METHOD 
TYPE I 1  24-HOUR 

RFIINFFILL: 4 7 I N  

PEFIKr I I  8 CFS 
@ I2 01 HRS 

UOLUME: 72 FIF 

@ SWCATCIiKENT 7 

ACRES 
2 -40 98 SCS TR-20 METHOD 

TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

PEAK= 11.8 CFS @ 12.01 HRS 
VOLUME= .72 AF 

Met hod Comment Tc (min) 
TR-55 SHEET FLOW Segment ID : 13.1 
Grass: Dense n=.24 //L=147' P2=2.6 in s=.07 ' / '  / 
Unpaved Kv=16.1345 L=360' s=.167 I / '  V=6.59 fps / 
CHANNEL FLOW 1.0 
a=10.1 sq-ft Pw=13.9' r=.727' 
s=.OO75 / / /  n=.03 V=3.47 fps L=200' Capacity=35 cfs 

SHALLOW CONCBNTRATED/UPLAND FLOW Segment ID: .9 

- - - - - - - - - -  
/' 

Total Length= 707 ft Total Tc= 15.0 

SUBCATCHMENT 7 RUNOFF 

TIME (hours) 



F- 
Data for FERMCO, WEST CHANNEL, 25-YR STORM, EEAVY COVER 44  8' vu 
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0 SUBCATCHMENT20 W-A 

ACRES 
2.10 71 SCS TR-20 METHOD 

TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

VOLUME= .30 AF 
PEAK= 2.3 CFS @, 12.49 HRS 

Method Comment Tc (mini 
TR-55 SHEET FLOW Segment ID: 
Grass: Dense n=.24 L=300' P2=2.6 in s=.O1 ' / I  

SHALLOW CONCENTFiATED/UPLAND FLOW Segment ID: 
Unpaved Kv=16.1345 L=lOO' s=.O1 ' / '  V=1.61 fps 

50.3 

1.0 

/ 

/ 
Total Length= 400 ft Total Tc= 51.3 

SUBCATCHMENT 20 RUNOFF 
W-Q 

2 . 2  - 

2 . 8  - 
1 . 8 -  

r\ 1 .6  - 
dl 

(+ 1 . 4  - 

3 1 . e  - 
J . e -  

: l . 2 -  

0 

l~ .6 - 

FIREFI- 2 I FIC 

CN= 71 
Tc= 51 3 M I N  

SCS TR-28 METHOD 
TYPE I1 24-HOUR 

RFIINFFILL- 4 7 I N  

PEFIK= 2 3 CFS 
@ 12 49 HRS 

UOLUME: 38 FIF 

TIME (hours)  



Data for FERMCO, WEST CHANNEL, 25-YR STORM, HEAVY COVER 8 
Prepared by GeoSyntec Consultants 
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9 Feb 96 

6 E -  
7 5 -  
7 E -  
6 5 -  
6 E -  
5 5 -  
5 E -  
4 5 -  
4 E -  
3 5 -  
3 E -  
2 5 -  
2 E -  
1 5 -  

SUBCATCHMENT 1 

I 

ACRES (34 /' 
1.60 98 

w-i eb-18 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

PEAK= 8.6 CFS @ 11.97 HRS 
VOLUME= .48 AF 

Method Comment Tc (min) 
TR-55 SHEET FLOW Segment I D  : 
Grass: Dense nz.24 L=100' P2=2.6 in s=.167 ' / '  
SHALLOW CONCENTRATED/UPLAND FLOW Segment I D :  
Unpaved Kv=16.1345 L=270' s=.167 I / '  V=6.59 fps 
CHANNEL FLOW Segment I D :  

s=.OO75 I / '  n = . l A = 1 . 0 4  fps L=225' Capacity=10.5 cfs 

6.8 

.7 

3.6 

/ 

/ 
a=10.1 sq-ft Pw=13.9' r=.727' I. 

---- - - - - - -  
Total Length= 595 ft Total Tc= 11.1 

S U B C A T C H M E N T  1 RUNOFF 
w -  1 

n 
ln 

4- 
U 
v 

3 
0 
J 
LL 

FIREFI: I 6 F\C 

CN= 96  
Tc= I 1  I MIN 

SCS TR-2E METHOD 
TYPE I1 24-HOUR 

RFIINFFILL: 4 . 7  I N  

PEFIK- 6 . 6  CFS 
@ I I 97 HRS 

UOLUME: 48  FIF 

T I M E  (hours) 



0 SUBCAT- 2 w-2  

c 

Data for FERMCO, WEST C m r w g L ,  25-YFt STORM, HEAVY COVER- 44 $ P," 
Prepared by GeoSyntec Consultants 9 Feb 96 
HvdroCAD 3.10 000663 (c) 1986-1993 Amlied Microcomputer Svstems 

4 5  /L@?G 

98 SCS TR-20 METHOD 
"YPE I1 24-HOUR 
RAINFALL= 4.7 IN 

ACRES 
2.20 

PEAK= 11.1 CFS @ 12.00 HRS 
VOLUME- .66 AF 

Method Comment Tc (min) 
TR-55 SHEET FLOW Segment I D  : 
Grass: Dense n=.24 L=147' P2=2.6 in s=.O7 ' / I  

SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 
Unpaved Kv=16.1345 L=360' s=.167 ' / '  V=6.59 fps 

13.1 
/-- 

.9 

- - - - - - - - - -  
/' 

Total Length= 507 ft Total Tc= 14.0 

SUBCATCHMENT 2 RUNOFF 
w-2 

I I  L 

18 - 
9 -  

8 -  

In 7 -  

U 6 -  

A 

G 

v 

3 5 -  

1 4 -  
0 

3 -  

2 -  

AREA= Z 2 AC 
Tc= 14 MIN 
CN= 98 

SCS TR-ZE METHOD 
TYPE I 1  24-HOUR 

RAINFALL: 4 7 I N  

PEaK= I I  1 CFS 
@ 12 HRS 

UOLUME= 66 AF 



- 
Data for FERMCO, WEST CHANNEL, 25-YR STORM, HXAW COVER-. 
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44 $ br” 30174 

98 
ACRES 
2.40 

w-3 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

PEAK= 11.0 CFS @ 12.03 HRS 
VOLUME= .73 AF 

Met hod Comment Tc (min) 
TR-55 SHEET FLOW Segment ID : 13.1 
Grass: Dense n=.24 L=147’ P2=2.6 in s=.O7 ‘ / I  f l  

.9 SHALLOW CONCENTFtATED/lJPLAND FLOW Segment ID: 
Unpaved Kv=16.1345 L=360’ s=.167 ’ / ‘  v=6.59 fps 
CHANNEL FLOW Segment ID: 3.2 
a=10.1 sq-ft Pw=13.9’ r=.727’ 
s=.OO75 ‘ / I  n=.l/V=1.04 fps L=200’ Capacity=10.5 cfs 

/ 

- - - - - - - - - -  
/ 

Total Length= 707 ft Total Tc= 17.2 

SUBCATCHMENT 3 RUNOFF 
w-3 

r\ 

n 
% 
U 
v 

3 
0 
J 
LL 

I0 - 
9 -  

8 -  

7 -  

6 -  

5 -  

4 -  

3 -  

2 -  

OREFI= 2 4 FIC 

CN= 96 
Tc= 17 2 MIN 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 

ROINFOLL= 4 7 I N  

PEOK= I I  0 CFS 
@ I 2  03 HRS 

UOLUME: 73 OF 

T I M E  (hours) 



44 &P h 
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SWCATCEIMENT 4 

CN 98 / ACRES 
2.40 

w-4 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

PEAK= 11.0 CFS 0 12.03 HRS 
VOLUME= .73 AF 

Method Comment Tc (min) 
TR-55 SHEET FLOW Segment ID : 
Grass: Dense n=.24 L=147' P2=2.6 in s=.O7 

.9 SHALLOW CONCENTRATW/UPLAND FLOW Segment ID: 
Unpaved Kv=16.1345 L=360' s=.167 I / '  V=6.59 fps 
CHANNEL FLOW Segment ID: 3.2 
a=10.1 sq-ft Pw=13.9' r=.727' 
s=.OO75 ' / '  n=.l /ir=1.04 fps L=2OOf Capacity=10.5 cfs 

13.1 / 
/ 

Total Length= 707 ft Total Tc= 17.2 

SUBCATCHMENT 4 RUNOFF 
w-4 

5 
3 
0 4  
J 
k 3  

2 

FIREFI: 2 4 FIC 

CN- 98 
Tc= 17 .2  H I N  

SCS TR-2B METHOD 
TYPE I 1  24-HOUR 

RFIINFOLL= 4 7 I N  

PEFIKZ I I  a CFS 
C 12.83 HRS 

UOLUME: 73 FIF 

T I M E  ( h o u r s )  



c 

c5 
-- R- 4 4 8  

Data for FERMCO, WEST CHANNEL, 25-YR STORM, HEAVY COVER 
Prepared by GeoSyntec Consultants 9 Feb 96 
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0 SUBCATCHMENT 5 

ACRES 
2.40 98 

w-5 

SCS TR-20 METHOD 
TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

PEAK= 11.0 CFS 0 12.03 HRS 
VOLUME= .73 AF 

Method Comment Tc (min) 
TR-55 SHEET FLOW Segment ID: 
Grass: Dense n=.24 L=147' P2=2.6 in s=.O7 ' / I  
SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 
Unpaved Kv=16.1345 L=360' s=.167 ' / '  V=6.59 fps 
CHANNEL FLOW Segment ID : 
a=10.1 sq-ft Pw=13.9' r=.727' 
s=.OO75 ' / I  n=.l /V=l.O4 fps L=200' Capacity=10.5 cfs 

13.1 

.9 

3.2 

/ 

/ 
---- - - - - - -  

Total Length= 707 ft Total Tc= 17.2 

n 
In 
4- 
U 
Y 

SUBCATCHMENT 5 RUNOFF 
w-5 

I ARER= 2 4 RC 
Tc= 17.2 MIN 

CN= 98 

SCS TR-2E METHOD 
TYPE I 1  24-HOUR 

RRINFALL: 4 . 7  I N  

PERK= I I  0 CFS 
C 12 E3 HRS 

UOLUME: 73 RF 

3 
0 
-J 
!L 

T I M E  (hours) 



v 

Data for FBRMCO, WEST CHANNEL, 25-YR STORM, HEAVY COVER .h 44 8 Lp 331,~ 
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a SUBCATCHMENT 6 W-6 THROUGH W-12 , 

ACRES 
2.40 98 SCS TR-20 METHOD 

TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

PEAK= 11.0 CFS @ 12.03 HRS 
VOLUME= .73 AF 

Method Comment - Tc (min) 
TR-55 SHEET FLOW Segment ID : 13.1 

.9 
Grass: Dense n=.24 L=147’ P2=2.6 in s=.O7 ’ / ‘  
SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 
Unpaved Kv16.1345 L=360’ s=.167 ‘ / I  V=6.59 fps 
CHANNgL FLOW Segment ID : 
a=10.1 sq-ft Pw=13.9’ r=.727’ 
s= .0075 ’ / I  n=. 1 /V=1.04 fps L=200’ Capacity=lO . 5  cf s 

3.2 /- 
/ 

---- - - - - - -  
Total Length= 707 ft Total Tc= 17.2 

A 

In 
4- 
U 

W 

3 
0 
1 
L L  

I0 - 
9 -  

B -  

7 -  

6 -  

5 -  

4 -  

3 -  

SUBCATCHMENT 6 RUNOFF 
W-6 THROUGH W -  12 

AREA= 2 4 FIC 

CN- 98 
Tc= 17 2 MIN 

SCS TR-20 METHOD 
TYPE I 1  24-HOUR 

RFIINFALL= 4 7 I N  

PEAK= I I  0 CFS 
@ I2 03 HRS 

UOLUME: 73 AF 

T I M E  (hours) 



PCI 
D 

Data for FERMCO, WEST CHANNEL, 25-YR STORM, HEAVY COVER 
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@ SUBCATCHMENT 7 

ACRES CN 
2.40 98 SCS TR-20 METHOD 

TYPE I1 24-HOUR 
RAINFALL= 4.7 IN 

PEAK= 11.0 CFS @ 12.03 HFS 
VOLUME= .73 AF 

Met hod Comment Tc (min) 

.9 

TR-55 SHEET FLOW Segment ID : 
Grass: Dense n=.24 L=147' P2=2.6 in s=.O7 ' / I  

SHALLOW CONCENTRATED/UPLAND FLOW Segment ID: 
Unpaved Kv=16.1345 L=360' s=.167 I / '  V=6.59 fps / 
CHANNEL FLOW 3.2 
a=10.1 sq-ft Pw=13.9' r=.727' 
s=. 0075 ' / '  n=. 1 /V=1.04 fps L=200' Capacity=lO. 5 cfs 

13.1 

/ 
- - - - - - - - - -  

Total Length= 707 ft Total Tc= 17.2 

SUBCATCHMENT 7 RUNOFF 

e 10 - 
9 -  

8 -  
c\ 

In 7 -  

U 6 -  

5 -  
3 
0 4 -  
A 

3 -  

2 -  

4- 

v 

FIREFI- 2 4 FIC 

CN= 98 
T c z  17 2 MIN 

SCS TR-20 METHOD 
TYPE I 1  24-HOUR 

RAINFFILL: 4 7 I N  

PEFIK= I I  B CFS 
'2 12 03  HRS 

UDLUME= 73 QF 

TIME (hours) 



HYDROCADTM RUNS 

DRAINAGE CHANNEL ROUTING 
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455 f-@@ 

I I L L 

0 SUBCF~TCHMENT 0 REACH A POND 0 LINK 



4 4 $ '  
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9 0 -  
8 5 -  
8 E -  
7 5 -  
7 E -  
6 5 -  
6 E -  
5 5 -  

4 5 -  
4 E -  
3 5 -  
3 E -  
2 5 -  

5 E -  

. R E A C H 1  

I E'  x I 5' CHCINNEL 
, s/s= 17 a 33 * I  

n= E3 L=2EE' S= E875 

STOR-IN0 METHOD 
WELOCITY= 2 5 FPS 

TROWEL= 1 4 MIN 

Omn: 9 3 CFS 

LRG: l 6 MIN 
oout= a a CFS 

DEPTH END AREA 
(FT) (SQ-FT) 

0.0 0.0 
.2  .1 
.3 .4 
. 5  -9 
.6 1.9 
-9 3.6 

1.2 6.4 
1.5 10.0 

DISCH 
(CFS) 
0.0 
.1 
.5 

1.4 
3.7 
8.9 

19.2 
34.9 

MH-1 

0' x 1.5' CHANNEL 
S/S= .17 & -33 ' / '  
n= -03 

SLOPE= .0075 FT/FT 
LENGTH= 200 FT 

f 
REACH 1 D I S C H A R G E  

MH- 1 

STOR-IND METHOD 
MAX. DEPTH= .88 FT 
PEAK VELOCITY= 2.5 FPS 
TRAVEL TIME = 1.4 MIN 
Qin = 9.3 CFS @ 11.91 HRS 
Qout= 8.8 CFS @ 11.94 HRS / 
ATTEN= 6 % LAG= 1.6 MIN 
IN/OUT= -48 / .48 AF 

E' x I 5' CHFINNEL 

n= E3 L:2EE' 5: E875 
s/s= 1 7  a 33 * I  

DISCHARGE ( c f  5 1 

n 
J) 
4- 
u 
v 

3 
0 
_I 
L L  

.REACH 1 INFLOW 8 OUTFLOW 
MH- 1 

/ 

T I M E  (hours) 
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MH-1 a R g A C H 1  

DEPTH END AREA DISCH 

0.0 0.0 0.0 
(FT)  ( SO- FT) (CFS 18 II PIPE 

.2 .1 .2 n= .012 

. 3  .3 1.0 LENGTH= 70 FT 

.5 .4 2.2 . SLOPE= .01 FT/FT 
1.1 1.3 9.5 
1.2 1.5 11.1 
1.4 1.7 12.1 
1.4 1.7 12.2 
1.5 1.8 
1.5 1.8 

REACH 1 DISCHARGE 
MH- 1 

A 

4 
G 
W 

r 
c 

STOR-IND METHOD 
MAX. DEPTH= 1.06 FT 
PEAK VELOCITY= 7.2 FPS 
TRAVEL TIME = . .2 MIN 
Qin = 9.7 CFS 8 11.90 HRS 
Qout= 

.2 MIN ATTEN= 1 % LAG= 
IN/OUT= . .48 / .48 AF 

9.7 CFS 8 11.91 HRS /'. 

a 
W 
0 

D I SCHARGE (cf 5 1 

n 

G In :;: 

LL z: 
u 5 5 -  

w 5 a -  

3 4 8 -  

2 5 -  

4 5 -  

0 

REACH 1 INFLOW 8 OUTFLOW 
MH- 1 

le*- PIPE 
n z . 8 1 2  L=7E' 5=.EI 

STOR-IND METHOD 
VELOCITY: 7 . 2  FPS 

TRAUEL: . 2  MIN 

Oin: 9 . 7  CFS 
Oout= 9 . 7  CFS 

LOG: . 2  HIN 

/ 

TIME (hours) 



Data €or FIRMCO, WEST CHANNEL, 2 5 - Y R  STORM, LIGHT C o d  
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4 5 -  

4 a -  

3 5 -  

3 E -  

2 5 -  

2 B -  

1 5 -  

I E -  

5 

NORTHERN OUTER DITCH 0 R E A C H 2  

DEPTH END AREA 
(FT) (SO-FT) 

0.0 0.0 
.5 1.2 
.9 4.8 

1.4 10.7 
1.9 22.0 
2.7 42.9 
3.6 76.2 
4.5 119.1 

DISCH 
(CFS) 
0.0 
5.9 

37.6 
110.8 
289.5 
703.8 

1515.8 
2748.3 

0‘ x 4.5’ CHANNEL STOR-IND METHOD 
SIDE SLOPE= .17 ’ / ’  MAX. DEPTH= -51 FT 
n= .03 PEAK VELOCITY= 6.1 FPS 

TRAVEL TIME! = - 5  MIN LENGTH= 200 FT 
Qin = 10.4 CFS 0 11.91 HRS 
Qout= 10.2 CFS 0 11.92 HRS 
ATTEN= 1 % LAG= 
IN/OUT= .78 / .78 AF 

.4 M / 
SLOPE= .075 FT/FT 

REACH 2 DISCHARGE 
NORTHERN OUTER D I T C H  

r\ 

3 
G 
W 

I 
l- a 
W a 

E’  x 4 . 5 ’  CHANNEL 
SIDE SLOPE- . I 7  ’1’  
nz.03 L:ZEE’ Sz .875  

4 m m m m m m m m m m m m A m m m m m m m m m m m m m  ~ ~ a r n m ~ w a r n m ~ w a  
N N N N  - - - - -  

DISCHARGE ( c f s l  

REACH 2 INFLOW 8 OUTFLOW 
NORTHERN OUTER DITCH 

e’ 4 5 ‘  CHANNEL 
SIDE SLOPE= 17 ‘/ 
n= E3 L=ZBB‘ S- a75 

STOR-IN0 METHOD 
UELOCITY= 6 . 1  FPS 

TRAUEL- 5 MIN 

Oon: IB 4 CFS 
Oout- I B  2 CFS 

LAG= 4 MIN 

J 

TIME (hours) 
008730 



Data for FERMCO, WEST CHANNEL, 25-YFt STORM, LIGHT COVER 
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I I  

18 

9 -  

a -  
7 -  

6 -  

5 -  

4 -  

R E A M 3  

- A 
I - 

Omn: I2 E CFS 
Oout= I 1  9 CFS 

LAG= I 2 MIN 

MH-1.5 

DEPTH END AREA DISCH 
(FT) ( SO - FT) (CFS) 0' x 1.5' CHANNEL 

0.0 0.0 0.0 S / S =  .17 & .33 ' / I  

.2 .1 .1 n= .03 

.3 . 4  . 4  LENGTH= 200 FT 

.5 .9 1.1 SLOPE= .005. FT/FT 

.6 1.9 3.0 

.9 3.6 7.3 
1.2 6.4 15.7 
1.5 10.0 28.5 ,' 

/" 

/ 
REACH 3 DISCHARGE 

MH-1 5 

STOR-IND METHOD 
MAX. DEPTH= 1.06 FT 
PEAK VELOCITY= 2.3 FPS 
TRAVEL TIME = 1.4 MIN 
Qin = 12.0 CFS @ 11.96 HRS 
Qout= 11.9 CFS @ 11.98 HRS 
ATTEN= 1 % LAG= 1.2 MI 
IN/OUT= .66 / .66 AF 

- - - - - N N N N N  

DISCHARGE (cfsl 

REACH 3 INFLOW 8 OUTFLOW 
MH-1 5 

n 
s) 

4- 
U 
v 

3 
0 
-I 
L L  

n=.B3 L=ZBB' S=.EES 

STOR-IN0 METHOD 
UELOCITY- 2.3 FPS 

TRAUEL= 1 . 4  MIN 

TIME (hours) 
00073% 
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4 4  8 

DEPTH END AREA DISCH 
(FT) (SQ-FT) (CFS) 

0.0 
.2 
.3 
.5 

1.1 
' 1.2 

1.4 
1.4 
1.5 
1.5 

0.0 
.1 
.3 
- 4  

1.3 
1.5 
1.7 
1.7 
1.8 
1.8 

A 

4 
4- 
W 

I 
t- a 
W 
0 

A 

J) 
4- 
U 

3 
0 
-I 
L L  

W 

0.0 
.2 

1.0 
2.2 
9.5 

11.1 
12.1 
12.2 

Y 
1 5  
1 4 -  

1 3 -  
1 2 -  

I I -  
I E -  

9 -  
8 -  
7 -  

6 -  

5 -  
4.-  

MH-I. 5 

18" PIPE 

n= .012 
LENGTH= 70 FT 
SLOPE= -01 FT/FT 

STOR-IND METHOD 
MAX. DEPTH= 1.25 FT 
PEAK VELOCITY= 7.3 FPS 
TRAVEL TIME = .2 MIN 
Qin = 12.0 CFS @ 11.96 HRS 
Qout= 12.0 CFS'O 11.96 HRS 
ATTEN= 0 % LAG= . 2  MIN 
IN/OUT= .66 / .66 AF 

REACH 3 DISCHARGE 

18" PIPE 
n= E12 L-78 '  5: 81 

- - -  

DISCHARGE Ccfs) 

REACH 3 INFLOW 8 OUTFLOW 

18" PIPE 
n= E12 L=7E'  5z .81  

STOR-IN0 METHOD 
UELOCITY= 7 . 3  FPS 

TRAUEL- .Z H I N  

O i n =  12.8 CFS 
Ooutz 12.8 CFS 

LAG: .2 H I N  

TIME. (hours) 



12 s 
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REACH 4 

DEPTH END AREA DISCH 
(FT) (SO-FT) (CFSL 

0.0 0.0 
.5 1.2 
.9 4.8 

1.4 10.7 
1.9 22.0 
2.7 42.9 
3.6 76.2. 
4.5 119.1 

n 
4 
4- 
W 

I 
l- 

W 
a 
n 

e ’ .  

0.0 
1.9 

11.9 
35.1 
91.5 

222.6 
479.3 
869.1 

4 5 -  

4 0 -  

3 5 -  

3 0 -  

2 5 -  

0’ x 4.5’ CHANNEL STOR-IND METHOD 
SIDE SLOPE= .17 I / ’  MAX. DEPTH= 1.07 FT 
n= -03 PEAK VELOCITY= 2.9 FPS 

.6 MIN LENGTH= 100 FT f Qin TRAVELTIME = 21.7 CFS = @ 11.94 HRS 
Qout= 21.6 CFS @ 11.95 HRS 
ATTEN= 0 % LAG= .8 MIN 
IN/OUT= 1.44 / 

SLOPE= -0075 FT/FT 

. .  

REACH 4 DISCHARGE 

E’ x 4 5’ CHQNNEL 
SIDE SLOPE= 17 ’ 1 ’  

n= E3 L:IE0’ 5: 0875 
2 0 -  

O O m k & & k k & A A & & k A & A A A &  
m m m m m m m m m m m m m ~ g m m  

- - N N P l P l W W U l U l L D L D  m m  

DISCHARGE ( c f s l  

REACH 4 INFLOW 8 OUTFLOW 

E’  x 4 5’ CHANNEL 
SIDE SLOPE: 17 ’ /  

n= 03 L=IE0’ S= 0875 

STDR-IND METHOD 
UELDCITY= 2 9 FPS 

TRAUELr 6 HIN 

D i n =  21 7 CFS 
Ooutz 21 6 CFS 

LAG= 8 MIN 

TIME (hours) 



Data for FERMCO, WEST CHANNEL, 25-YR STORM, LIGHT COVER* 
Prepared by GeoSyntec Consultants 

~ 

HydroCAD 3 . 1 0  000663 (c) 1986-1993 Armlied MiCrOCOmDUter Systems 

REACH7 

DEPTH END AREA DISCH 
(FT) (SO-FT) (CFS) 

0.0  0.0 
.2  .1 
.3 . 4  
- 5  .9  
.6  1 . 9  
- 9  3 .6  

1 . 2  6 .4  
1 . 5  10.0 

n 
4 
G 

I 
!-- 

W 

v 

a 
n 

n 
n 

b- 
U 

3 
0 
J 
LL 

v 

0 . 0  
.1 
. 4  

1.1 
3 . 0  
7.3 

15 .7  

T5 
1 5  
1 4 -  

1 3 -  

1 2 -  
I I -  
I 8 -  

9 -  

8 -  
7 -  

6 -  

MH-2 THROUGH MH-10 

0 '  x 1 . 5 '  CHANNEL 
S/S= .17  & - 3 3  ' / '  
n= - 0 3  
LENGTH= 200 FT 
SLOPE= .005 FT/FT 

REACH 7 DISCHARGE 
MH-2 THROUGH MH-18 

STOR-IND METHOD 
MAX. DEPTH= 1.10 FT 
PEAK VELOCITY= 2 . 3  FPS 
TRAVEL TIME = 1.4 MIN 
Qin = 1 3 . 1  CFS 0 11.96  HRS 
Qout= 13 .0  CFS @ 11 .98  HRS 
ATTEN= 1 % LAG= 1 . 2  MIN 
IN/OUT= .72  / .72 AF 

8' x 1 5 '  CHQNNEL 
S/S= 17 8 33 ' 1  
n= 63 L=ZEB' 5- 865 

- - - - - N N N N N  

DISCHARGE ( c f s )  

REACH 7 INFLOW 8 OUTFLOW 
MH-2 THROUGH MH-18 

I I  I 2 t  A 
I 

6' x 1 5' CHFINNEL 

n= 83 LzZE8' S= 885 

STOR-IN0 METHOD 

s/s= 1 7  a 33 ' 1  

UELOCITY= 2 3 FPS 
TRFIUEL= I 4 M I N  

Omn= 13.1 CFS 
Oout- 1 3 . 8  CFS 

LFIG= 1 . 2  M I N  i 

TIME (hours) 000734 
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0 R E A C H 5  

DEPTH END AREA DISCH 
( FT) (SQ- FT) (CFSL 

0.0 0.0 0.0 
.2 .1 .2 
-3 .3 1.0 
.5 . 4  2.2 

1.1 1.3 9.5 
1.2 1.5 11.1 
1.4 1.7 12.1 
1.4 1.7 12.2 
1.5 1.8 12.1 
1.5 1.8 

18" PIPE 

n= .012 
LENGTH= 70 FT 
SLOPE= .01 FT/FT 

STOR-IND METHOD 
MAX. DEPTH= 1.50 FT 
PEAK VELOCITY= 7.3 FPS 
TRAVEL TIME = .2 MIN 
Qin = 13.0 CFS 0 11.97 HRS 
Qout= 11.7 CFS 0 11.96 HRS 
ATTEN= 10 % LAG= 0.0 MIN 
IN/OUT= .72 / -72 AF 

REACH 5 DISCHARGE 
MH-2 

Q 
W 
n 

DISCHARGE ( c f s )  

REACH 5 INFLOW 8 OUTFLOW 
MH-2 

I I  '*I - 

n 
n 
cc 
U 
v 

18" PIPE 
nz.EI2 L-78' S=.EI 

STDR-IN0 METHOD 
UELOCITY= 7.3 FPS 

TRAUEL= . 2  MIN 

Oin= 13.8 CFS 
Oout: 1 1 . 7  CFS 

LFIG= E M I N  i 
3 
0 

TIME (hours) 



c 

ps 

Data €or FERMCO, WEST CHANNgL, 25-YR STORM, LIGHT COVER 
Prepared by GeoSyntec Consultants 9 Feb 96 
HvdroCAD 3.10 000663 (c) 1986-1993 Applied Microcomputer Svstems 

REACH6 

a , 

DEPTH END AREA DISCH 
(FT) (SO- FT) (CFS) 

0.0 0.0 . 0.0 
.5 1.2 1.9 
-9 4.8 11.9 

1.4 10.7 35.1 
1.9 22.0 91.5 
2.7 42.9 222.6 
3.6 76.2 479.3 
4.5 119.1 869.1 

4 5 -  

4 0 -  

3 5 -  

n 

G 
v 2 5 -  

4 3 0 -  

CENTRAL OUTER DITCH 

0' x 4.5' CHANNEL 
SIDE SLOPE= .17 ' / '  
n= .03 

SLOPE= .0075 FT/FT f LENGTH= 200 FT 

REACH 6 DISCHARGE 
CENTRAL OUTER DITCH 

STOR-IND METHOD 
MAX. DEPTH= .89 FT 
PEAK VELOCITY= 2.5 FPS 
TRAVEL TIME = 1.3 MIN 

/- 
Qin = 11.7 CFS @ 11.96 HRS 
Qout= 11.8 CFS @ 11.99 HRS 
ATTEN= 0 % LAG= 1.7 MIN 
IN/OUT= .72 / .72 AF 

0' x 4 5 '  CHFlNNEL 
SIDE SLOPE: 17 '1'  

n= 83 L:ZEE 5: E875 

DISCHARGE ( c f s )  

REACH 6 INFLOW 8 OUTFLOW 
CENTRAL OUTER DITCH 

I 1  - 
I0 - 
9 -  

n 8 -  

G 7 -  

w 6 -  

J) 

U 

E '  x 4 5 '  CHFINNEL 
SIDE SLOPE= 17 ' 1  

n= E3 L S 0 0 '  S= 8075 

STDR-IND METHOD 
UELOCITY= 2 5 FPS 

TRAUEL= I 3 MIN 

08": I 1  7 CFS 
Oout= 1 1  8 CFS 

LRG: I 7 MIN  

i 

TIME (hours) 



44 8 p-5" Data for FERMCO, WEST CHANNEL, 25-YR STORM, LIGHT COVER 
Prepared by GeoSyntec Consultants 9 Feb 96 
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@ R E A C H 7  

DEPTH END AREA DISCH 
(FT) ( SO- FT) (CFS) 

0.0 0.0 0.0 
.2 .1 .2 
. 3  -3 1.0 
. 5  .4  2.2 

1.1 1.3 9.5 
1.2 1.5 11.1 
1.4 1.7 12.1 
1.4 1.7 12.2 
1.5 1.8 
1.5 1.8 

r\ 

4 
G 

I 

W 

t a 
n 
W 

18" PIPE STOR-IND METHOD 
MAX. DEPTH= 1.50 FT 
PEAK VELOCITY= 7.3 FPS 
TRAVEL TIME = .2 MIN 
Qin = 13.0 CFS 8 11.97 HRS 

n= -012 
LENGTH= 70 FT 
SLOPE= .01 FT/FT 

Qout= 11.7 CFS 8 11.96 HRS 
ATTEN= 10 % LAG= 
IN/OUT= -72 / .72 AF 

REACH 7 DISCHARGE 

1 5  
1 4 -  

1 3 -  
1 2 -  
I I -  
I E -  

9 -  18" P I P E  
8 -  

7 -  

6 -  

n= 812 L = 7 8 '  S= 81 

- - -  

DISCHARGE ( c f s )  

REACH 7 INFLOW 8 OUTFLOW 

I I  I2l ll 
I E  . 

9. 

J) 8 .  

U 7 .  

A 

G 

W 

6 .  
3 
0 
J 
L L  

18" PIPE 
n= 812 L=7E'  S= E1 

STOR-IND METHOD 
WELOCITY= 7 3 FPS 

TRFIUEL= .2 M I N  

O i n =  1 3 . 8  CFS 
Oout= I I  7 CFS 

LFIG: E M I N  

/ 

000737 
TIME (hours) 
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9 Feb 96 

@ R E A C H 8  

DEPTH END AREA DISCH 
(FT) (SQ-FT) (CFS) 

0.0 0.0 0.0 
.5 1.2 1.9 
.9 4.8 11.9 

1.4 10.7 35.1 
1.9 22.0 91.5 
2.7 42.9 222.6 
3.6 76.2 479.3 
4.5 119.1 869.1 

/ 
4 5 -  

4 E -  

3 5 -  

A 

4 3 0 -  
G 
w 2 5 -  

CENTRAL OUTER DITM 

0' x 4.5' CHANNEL 
SIDE SLOPE= .17 ' / '  
n= .03 

SLOPE= .0075 FT/FT 
f LENGTH= 50 FT 

REACH 8 DISCHARGE 
CENTRAL OUTER DITCH 

STOR-IND METHOD 
MAX. DEPTH= 1.12 FT 
PEAK VELOCITY= 3.0 FPS 
TRAVEL TIME = - 3  MIN 
Qin = 23.4 CFS @ 11.98 HRS 

r Qout= 23.4 CFS 0 11.98 HRS 
ATTEN= 0 % LAG= . 3  MIN 
IN/OUT= 1.45 / 1.45 AF 

8' x 4 5' CHANNEL 
SIDE SLOPE= 17 '/ ' 
n: E3 Ls50' S= E875 

A 

J1 
G- 
U 
v 

3 
0 
J 
LL 

DISCHARGE (cfsl 

REACH 8 INFLOW 8 OUTFLOW 
CENTRAL OUTER DITCH 

22 - 

20 - 
I8 - 
16 - 
14 - 
I2 - 
18 - 
8 -  

6 -  

4 -  

B '  x 4 . 5 '  CHFINNEL 

n:.E3 L-50' S:.0075 
SIDE SLOPE- . I7 '1' 

STOR-IND METHOD 
UELOCITY: 3 FPS 

TRAUEL= .3 M I N  

Oun: 23 4 CFS 
Oout: 23 4 CFS 

LAG= 3 M I N  i 

TIME (hours1 
(608738 



Data for FERMCO, WEST CHANNEL, 25-YR STORM, LIGHT Confir ’ -  
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1E 

9 -  

0 8 -  

u 7 -  
6 -  

A 

Q- 

v 

2 5 -  
-I 4 -  
LL 

3 -  

HydroCAD 3.10 000663 (c) 1986-1993 Amlied Microcomputer Svstems 

- 

R E A M 9  MH-3 

DEPTH END AREA DISCH 

0.0 0.0 0.0 
(FT) (SO-FT) (CFS) 18” PI-PE 

.2 .1 .2 n= .012 

.3 -3 1.0 LENGTH= -70 FT 

.5 .4 2.2 SLOPE= .01 FT/FT 
1.1 1.3 9.5 
1.2 1.5 11.1 
1.4 1.7, 12.1 
1.4 1.7 12.2 
1.5 1.8 12.1 
1.5 

REACH 9 DISCHARGE 
MH-3 

A 

4 
Q- 
W 

I 
l- 
a 
n 
W 

DISCHARGE (cfsl 

REACH 9 INFLOW 8 OUTFLOW 
MH-3 

STOR-IND METHOD 
MAX. DEPTH= 1.50 FT 
PEAK VELOCITY= 7.3 FPS 
TRAVEL TIME = .2 MIN 
Qin = 13.0 CFS @ 11.97 HRS 
Qout= 11.7 CFS @ 11.96 HRS r 
ATTEN= 10 % LAG= 0.0 MIN 
IN/OUT= -72 / .72 AF 

I2l I I  A 18” PIPE 
n= E l 2  Lz7E’ 5- E1 

STDR-IND METHOD 
WELDCITYz 7.3 FPS 

TROWEL: 2 MIN 

O i n z  13.8 CFS 
Ooutz 11.7 CFS 

LQG= E MIN 

T I M E  (hours) 



- 

r C J t  
\ma 44 8 

Data for FLRMCO, WEST CHANNEL, 25-YR STORM, LIGHT COVER 
Prepared by GeoSyntec Consultants 9 Feb 96 
HvdroCAD 3.10 000663 (c) 1986-1993 ADD1ied'MicrocomDuter Systems 

4 5 -  

4 a -  

3 5 -  

n 

Q- 
w 2 5 -  

3 3 a -  

@ R E A M  10 

34 
32 

28 
38 

DEPTH END AREA DISCH 
(FT) (SO- FT) (CFS). 

0.0 0.0 0.0 
.5 1.2 1.9 
.9 4.8 11.9 

1.4 10.7 35.1 
1.9 22.0 91.5 
2.7 42.9 222.6 
3.6 76.2 479.3 
4.5 119.1 869.1 

n - 
- 
- 
- 

CENTRAL OUTER DITCH 

i 

a 
0 

I 0  E Y 5 

0' x 4.5' CHANNEL 
SIDE SLOPE= -17 ' / '  
n= .03 f LENGTH= 5 FT 
SLOPE= .0075 FT/FT 

n 
n 

G 
U 

3 
0 
J 
LL 

W 

STOR-IND METHOD 
MAX. DEPTH= 1.34 FT 
PEAK VELOCITY= 3.3 FPS 
TRAVEL TIME = 0.0 MIN 

f Qin = 35.1 CFS Q 11.97 HRS 
Qout= 35.1 CFS Q 11.97 HRS 
ATTEN= 0 % LAG= 0.0 MIN 
IN/OUT= 2.17 / 2.17 AF 

REACH I @  DISCHARGE 
CENTRAL OUTER DITCH 

a' 4 5 '  CHANNEL; 

n= 03 L:5' S= Ea75 
SIDE SLOPE= 17 ' 1  

DISCHARGE ( c f s )  

REACH 18 INFLOW 8 OUTFLOW 
CENTRAL OUTER DITCH 

a' 4 5' CHQNNE! 

n= a3 ~ = 5 '  s= 8875 

UELOCITY- 3 3 FPS 
TRAUEL= 0 f l I N  

Oin: 35 1 CF5 
Ooutz 35 1 CFS 

SIDE SLOPE= 17 ' /  

STOR-IN0 flETHDD 

LQG: a H I N  

i 

TIME (hours) 
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@ REACH 11 

DEPTH END AREA DISCH 
( FT) (SQ-FT) (CFS) 

0.0 0.0 0.0 
.2 .1 .2 
- 3  .3 1.0 
- 5  .4 2.2 

1.1 1.3 9.5 
1.2 1.5 11.1 
1.4 1.7 12.1 
1.4 1.7 12.2 
1.5 1.8 12.1 
1.5 1.8 

n 
4 
Q- 
v 

I 
l- 
a 
W 
n 

CULVERTS 

18" PIPE STOR-IND METHOD 
MAX. DEPTH= 1.50 FT 

n= -012 PEAK VELOCITY= 7.3 FPS 
LENGTH= 70 FT TRAVEL TIME = .2 MIN 
SLOPE= -01 FT/FT Qin = 13.0 CFS 0 11.97 HRS 

f Qout= 11.7 CFS 0 11.96 HRS 
ATTEN= 10 % LAG= 0.0 MIN 
IN/OUT= .72 / .72 AF 

REACH 1 1  DISCHARGE 
CULVERTS 

1 5  

1 4 -  

1 3 -  
I Z -  
I I -  
I a -  
9 -  18" P I P E  
8 -  n= 612 ~ - 7 8 '  s= ai 
7 -  
6 -  

- - -  

D I SCHARGE ( c f  5 1 

REACH 1 1  INFLOW 8 OUTFLOW 
CULVERTS 

I2 - 
I I  - 
la - 
9 -  

5) 8 -  

u 7 -  

6 -  

r\ 

Q- 

W 

2 5 -  
J 4 -  
L L  

3 -  

i a "  PIPE 
n= a i z  ~ = 7 a *  S= ai  

UELDCITY= 7 3 FPS 
TRRUEL= 2 MIN 

Oin= 13 B CFS 

LOG= B MIN 

STDR-IND METHOD 

0out.Z I 1  7 CFS 

TIME (hours) 



,j -. 
- - J  

L 
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@ REACH 12 

DEPTH END AREA DISCH 
(FT) ( SO- FT) (CFS) 

0.0 0.0 0.0 
.2 .1 .2 
.3 .3 1.0 
- 5  . 4  2.2 

1.1 1.3 9.5 
1.2 1.5 11.1 
1.4 1.7 12.1 
1.4 1.7 12.2 
1.5 1.8 12.1 
1.5 1.8 11.4 

1 5  
1 4  

I 3  
I 2  
I 1  

A 

4 I 8  
G 9  

8 

I 7  

W 

r\ 

n 
r, 
U 
v 

3 
0 
J 
LL 

18" PIPE STOR-IND METHOD 
MAX. DEPTH= 1.50 FT 

n= .012 PEAK VELOCITY= 7.3 FPS 
LENGTH= 70 FT TRAVEL TIME = .2 MIN 
SLOPE= .01 FT/FT Qin = 13.0 CFS @ 11.97 HRS 

Qout= 11.7 CFS @ 11.96 HRS f 
ATTEN= 10 % LAG= 0.0 MIN 
IN/OUT= .72 / -72 AF 

f 

REACH 12 DISCHARGE 
CULUERTS 

D I SCHARGE ( c f  5 1 

REACH 12 INFLOW 8 OUTFLOW 
CULUERTS 

I2l I I  A 
I8 - 
9 -  

8 -  

7 -  

6 -  

5 -  
4 -  

3 -  

2 -  

18" P I P E  
nz .812  L-78 '  Sz.81 

STOR-IND METHOD 
UELOCITY= 7 3 FPS 

TRAWL= 2 M I N  

O i n =  13.8 CFS 
Oout= 11.7 CFS 

LAG= B M I N  

i 

TIME (hours)  
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1 5  
1 4 -  

I 3 -  
I 2 -  
I I -  

n 
4 I E -  

r 7 -  

G 9 -  
8 -  

W 

@ R E A C F i 1  

DEPTH END AREA DISCH 
(FT) (SQ- FT) (CFS) 

0.0 0.0 0.0 
.2 .1 .1 
.3 . . 4  .4 
.5 .9 1.1 
.6 1.9 3.0 
-9 3.6 7.3 

1.2 6.4 15.7 
1.5 10.0 28.5 

0’ x 1.5‘ CHANNEL STOR-IND METHOD 
S/S= .17 & -33 ’ / ’  MAX. DEPTH= .94 FT 
n= -03 PEAK VELOCITY= 2.1 FPS 

1.6 MIN LENGTH= 200 FT 
Qin = 9.3 CFS 0 11.91 HRS ,” SLOPE= .oo5 FT/FT 
Qout= 8.7 CFS 0 11.95 HRS 
ATTEN= 6 % LAG= 1.8 MIN 
IN/OUT= .48 / .48 AF 

REACH 1 DISCHARGE 
MH- 1 

E‘ x I 5’ CHANNEL 
S/Ss 17 8 33 ’/ 

n: 83 L:ZEE’ 5: E85 

@ E m  N w a m m N w a m m N w a m 
- - - - - N N N N N  

DISCHARGE (cf.51 

REACH 1 INFLOW 8 OUTFLOW 
MH- 1 

7 E -  

n 6 5 -  
J) 6 8 -  

G 5 5 -  
u 5 8 -  

4 5 -  v 

h- 2 5  
2 8  
1 5  

E’ x 1 5’ CHANNEL 
S/S= 17 8 3 3  ’/ 
n= E3 L-ZEE’ S= 885 

STOR-IND METHOD 
UELOCITY= 2 1 FPS 

TRAUELz I 6 MIN 

Oan: 9 3 CFS 
Ooutz 8 7 CFS 
LAG= I 8 MIN 

i 

TIME (hours) 
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9 Feb 96 

B 5 -  
8 E -  
7 5 -  
7 E -  
6 5 -  

n 6 8 -  
0 5 . 5 -  

G 

v 2:: 
4 E -  

3 3 5 -  2 3 . 8  
LL 2 5 -  

0 R E A C H 1  

- 

I .  
MH- 1 

DEPTH END AREA DISCH 

0.0 0.0 0.0 
(FT) (SQ-FT) (CFSL 18" PIPE 

.2 .1 . 2  n= .012 

.3 .3 1.0 LENGTH= 70 FT 

.5 . 4  2.2 SLOPE= .01 FT/FT 
1.1 1.3 9.5 
1.2 1.5 11.1 
1.4 1.7 12.1 
1.4 1.7 12.2 
1.5 1.8 12.1 
1.5 1.8 

STOR-IND METHOD 
MAX. DEPTH= .97 FT 
PEAK VELOCITY= 7.1 FPS 
TRAVEL TIME = . 2  MIN 
Qin = 8.9 CFS o 11.93 HR 
Qout= 8.8 CFS 0 11.94 HRS 
ATTEN= 1 % LAG= .3 MIN 
IN/OUT= .48 / .48 AF 

/ 

/- 

REACH I DISCHARGE 
MH- 1 

1 5  
1 4 -  

1 3 -  

1 2 -  
I I -  

n I E -  
4 
G 9 -  18" PIPE 

8 -  

I 7 -  

w 5 -  

n= E l 2  L:7E' 5: E1 W 

- - -  

DISCHARGE (cf.5) 

REACH 1 INFLOW 8 OUTFLOW 
MH- 1 

h 18" PIPE 
n= E12 Ls7E' S= E1 

STDR-IND HETHDD 
UELOCITYz 7 I FPS 

TRFIUEL- 2 MIN 

Oin= B 9 CFS 

LFIG: . 3  MIN 
0out.Z 8 8 CFS 

000744 
TIME . (hours> 
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8.5 
8 . 6  
7 5 -  
7 8 -  
6 5 -  
6 8 -  
5.5 

4 5 -  
4 . 8  
3 5 -  
3 . 0  
2 5 -  

5 e -  

2.8 

0 R E A M 2  

- 9 
- 

- 

- 
* 

- 

DEPTH END AREA .-DISCH 
(FT) (SQ-FT) (CFSL 

0.0 0.0 0.0 
. 5  1 . 2  5 . 9  
. 9  4 . 8  3 7 . 6  

1 . 4  1 0 . 7  1 1 0 . 8  
1 . 9  2 2 . 0  2 8 9 . 5  
2 . 7  4 2 . 9  7 0 3 . 8  
3 . 6  7 6 . 2  1 5 1 5 . 8  
4 . 5  1 1 9 . 1  2 7 4 8 . 3  

/ 

4.5 r 

4.8 - 
3.5 - 

n 
+J . 3 . 8  - 
G 
w 2.5- 

NORTHERN OUTER DITCH 

0' X ' 4 . 5 '  CHANNEL 
SIDE SLOPE= . 1 7  ' 
n= . 0 3  

SLOPE= - 0 7 5  FT/FT 
LENGTH= 200 FT 

REACH 2 DISCHARGE 
NORTHERN OUTER DITCH 

STOR-IND METHOD 

/ 
MAX. DEPTH= - 4 9  FT 
PEAK VELOCITY= 5 . 8  FPS 
TRAVEL TIME = . 6  MIN 
Qin = 9 . 2  CFS.@ 1 1 . 9 4  HRS 
Qout= 9 . 2  CFS 0 1 1 . 9 6  HRS 
ATTEN= 0 % LAG= .8 MIN 
IN/OUT= . 7 8  / . 7 8  AF 

8'  x 4 . 5 '  CHFINNE: 
SIDE SLOPE= 17 ' /  
nz.83 L:288' S:.875 

w 1.5 - 

m m m m m m m m m m m m m  
m m m m m m m m m m m m m  
N U ~ W ~ N U ~ W ~ N W ~  

8.8, " " " " " " ' 

N N N N  - - - - -  
DISCHARGE ( c f s l  

n 
s, 

4- 
U 
v 

3 
0 
J 
L L  

REACH 2 INFLOW 8 OUTFLOW 
NORTHERN OUTER DITCH 

E'  x 4.5' CHRNNEL 
SIDE SLOPE= .I7 ' 1  
nz.83 L=ZEE' %.e75 

UELOCITY= 5.8 FPS 
STOR-IND METHOD 

TRAUEL: .6 MIN 

OBn= 9 2 CFS 
Oout- 9 . 2  CFS 

LFIG: . B  MIN 

i/ 

008745 TIME (hours) 



- 
Data €or FERMCO, WEST CHANNEL, 25-YR STORM, MOD. COVER 
Prepared by GeoSyntec Consultants 
HvdroCAD 3.10 000663 (c) 1986-1993 ADDlied MicrocomDuter Svstems l 

1 5  
1 4 -  

1 3 -  
1 2 -  
I I -  
I 9 -  

9 -  

8 -  
7 -  

6 -  
5 -  
4 -  

3 -  
2 
I -  

DEPTH END AREA 
(FT) (SO-FT) 

0.0 0.0 
.2 .1 
-3 . 4  
- 5  .9 
.6 1.9 
.9 3.6 

' 1.2 6.4 
1.5 10.0 

; ; ; m m ; ; ; r;, m ; f ; m 

DISCH 
(CFS) 
0.0 
.1 
. 4  

1.1 
3.0 
7.3 

15.7 
28.5 

0' x 1.5' CHANNEL STOR-INTI METHOD 
S/S= .17 & -33 ' / '  MAX. DEPTH= 1.02 FT 
n= .03 PEAK VELOCITY= 2.3 FPS /- 
LENGTH= 200 FT .-- TRAVEL TIME = 1.5 MIN 
SLOPE= .005 FT/FT / Qin = 11.1 CFS 0 12.00 HRS 

Qout= 10.8 CFS 0 12.02 HRS 
ATTEN= 3 % LAG= 1.1 MIN 
IN/OUT= .66 / .66 AF 

REACH 3 DISCHARGE 
/' 

MH-I 5 

A 

3 
G 
W 

I 
t- 
[L 
W 
0 

DISCHARGE c c f s l  

RERCH 3 INFLOW 8 OUTFLOW 
MH-I 5 

n 
In 

G 
U 
v 

3 
0 
-I 
LL 

E '  x 1.5' CHANNEL 

n= 93 L-29E' S=.EE5 
s/s= . i 7  a . 3 3  '1 

STOR-IN0 METHOD 
UELOCITY- 2 . 3  FPS 

TRAUEL= 1 .5  H I N  

Ogn= I I  I CFS 
Ooutz IE 8 CFS 

LAG= I I H I N  

TIME (hours) 



Data for FERMCO, WEST CHANNEL, 25-YR STORM, MOD. COVER 
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4 4  $ I.5" 

REACH3 

DEPTH END AREA DISCH 
(FT) ( SQ- FT) (CFS L 

0.0 0.0 
.2 .1 
.3 .3 
.5 .4 

1.1 1.3 
1.2 1.5 
1.4 1.7 
1.4 1.7 
1.5 1.8 
1.5 . 1.8 

n 
4 
b- 
v 

I 
l- 
a 
W 
0 

n 
J) 
4- 
U 

W 

3 
0 
J 
LL 

0.0 
.2 

1.0 
2.2 
9.5 

11.1 
12.1 
12.2 
12.1 

7 
1 5  
I 4 -  

I 3 -  
1 2 -  
I I -  
I 8 -  
9 -  
8 -  
7 -  

6 -  

18" PIPE STOR-IND METHOD 
MAX. DEPTH= 1.20 FT 
PEAK VELOCITY= 
TRAVEL TIME = 
Qin = 11.1 CFS 0 12.00 HRS 

7 - 3  .2 M Fpr 
Qout= 11.1 CFS 0 12.00 HRS 
ATTEN= 0 % LAG= .1 MIN 
IN/OUT= .66 / .66 AF 

/ n= -012 
LENGTH= 70 FT 
SLOPE= .01 FT/FT 

REACH 3 DISCHARGE 

18" PIPE 
"= 812 L=78 '  s= Ell 

I I  

I8 

9 

8 

7 

6 

5 

4 

3 

2 

DISCHARGE (cfsl 

/ 
REACH 3 INFLOW 8 OUTFLOW 

18" PIPE 
n= 812 L z 7 8 '  S= 81 

STOR-IND METHOD 
UELOCITY= 7 3 FPS 

TRWEL: 2 MIN 

O t n =  I I  I CFS 
Oout: I I  I CFS 

LOG= I MIN 

I 18" PIPE 
I8 n= 812 L z 7 8 '  S= 81 

9 -  STOR-IND METHOD 

- 

UELOCITY= 7 3 FPS 
8 -  TRWEL: 2 MIN 

7 -  O t n =  I I  I CFS 
Oout: I I  I CFS 

6 -  LOG= I MIN 

5 -  

4 -  

@ d r L  I;, c; 6 L A ; :  m m m 
- N  

TIME (hours) 



Data €or FERMCO, WEST CHANNEL, 25-YR STORM, MOD. COVER 

4 5 -  

4 E -  

3 5 -  

3 E -  

2 5 -  

2 E -  

1 5 -  

I E -  

5 

Prepared by GeoSyntec Consultants 

E @ m m m m m m m m m m m m m m m m m m  

1 .  

9 Feb 96 
HydroCAD 3.10 000663 (c) 1986-1993 ADDlied MicrocomDuter Systems 

R E A C H 4  

DEPTH END AREA DISCH 
(FT) (SO-FT) (CFS) 

0.0 0.0 0.0 
. 5  1.2 1.9 
.9 4.8 11.9 

1.4 10.7 35.1 
1.. 9 22.0 91.5 
2.7 42.9 222.6 
3.6 76;2 479.3 

n 
4 
G 

I 
k 
0- 
W 

W 

n 

0' x 4.5' CHANNEL STOR-IND METHOD 
SIDE SLOPE= .17 ' / '  MAX. DEPTH= 1-06 FT 
n= .03 PEAK VELOCITY= 2.9 FPS 

TRAWL TIME = 
Qin = 20.1 CFS @ 11.98 
Qout= 20.1 CFS @ 11.99 HRS. 
ATTEN= 0 % LAG= .4 MIN 
IN/OUT= 1.44 / 1.44 AF 

-6 
H d -  

LENGTH= 100 FT 
SLOPE= .0075 FT/ 

REACH 4 DISCHARGE 

28 
19 - 
18 - 
17 - 
16 - 
15 - 

n 1 4 -  
n 13 

G 12 
- 
- 

u I I  - 

3 
0 
-I 
L L  

f E'  x 4 . 5 '  CHFINNEL 
SIDE SLOPE= 17 '1' 

n=.E3 L:IEE' S= E875 

DISCHARGE (cf.5) 

REACH 4 INFLOW 8 OUTFLOW 

E '  x 4 5 '  CHFINNE! 
SIDE SLOPE= 17 ' 1  
nz.83 L=IEE' S Z  E875 

STOR-IN0 METHOD 
VELOCITY= 2.9  FPS 

TRFIUELz .6 MIN 

Oin: 28.1 CFS 
Ooutz 2E.l  CFS 

LFIG: . 4  MIN 

/ 

TIME (hours) 



Data €or FBRMCO, WEST CHANNEL, 2 5 - Y R  STORM, MOD. COVER 

Prepared by GeoSyntec Consultants 9 Feb 96 
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4 4  8 f i s c  

0 R E A C H 5  MH-2 THROUGH MH-10 

DEPTH END AREA DISCH 
(FT) (SO- FT) (CFS) 0' x 1.5' CHANNEL 

0.0 0.0 0.0 S/S= -17 & -33 ' / '  
.2 .1 .1 n= .03 

.5 - 9  1.1 SLOPE= -005 FT/FT 

. 3  . 4  .4 LENGTH= 200 FT 

.6 1.9 3.0 

.9 3.6 7.3 
1.2 6.4 15.7 
1.5 

STOR-IND METHOD 
MAX. DEPTH= 1.06 FT 
PEAK VELOCITY= 2.3 FPS 
TRAVEL TIME = 1.4 MIN 
Qin = 12.1 CFS @ 12.00 HRS 
Qout= 
ATTEN= 3 % LAG= 1.1 MIN 
IN/OUT= -72 / .72 AF 

/ 
11.8 CFS @ 12.02 HRS/ 

REACH 5 DISCHARGE 
MH-2 THROUGH MH-1B 

A 

4 
G 
W 

I 
F a 
W 
0 

"m N v a m m N v a m m N v a m 
N N N N N  - - - - -  

DISCHARGE (cf5.1 

REACH.5 INFLOW 8 OUTFLOW 
MH-2 THROUGH MH-18 

E' x I 5' CHnNNEL 
S/S= 17 8 33 ' / '  

n= 03 L:200' S= 085 

STOR-IND METHOD 
UELOCITY= 2 3 FPS 

TRAUEL- 1 4 MIN 

I2 L 

I 1  - 
10 - 
9 -  

e -  
7 -  

6 -  

5 -  

4 -  

3 -  

2 -  

O v n =  I2 1 CFS 
Ooutz I 1  8 CFS 

LAG: I 1 HIN 

3 
0 

TIME (hours) 808743 
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r C 5 c  

@ REACH5 MH-2 

DEPTH END AREA DISCH 
(FT) ( SQ- FT) (CFS) 18" PIPE STOR-IND METHOD 

0.0 0.0 
.2 .1 
.3 .3 
.5 . 4  

1.1 1.3 
1.2 1.5 
1.4 1.7 
1.4 1.7 
1.5 1.8 
1.5 1.8 

n 
In 

G 
U 

3 
0 
1 
LL 

v 

0.0 MAX. DEPTH= 1.29 FT 
.2 n= .012 PEAK VELOCITY= 7.3 FPS 

1.0 LENGTH= 70 FT TRAVEL TIME = .2 MIN 7 
2.2 SLOPE= .01 FT/FT 
9.5 

11.1 
12.1 IN/OUT= .72 / .72 AF 
12.2 
12.1 

Qin = 11.8 CFS @ 12.01 HRS 
Qout= 11.7 CFS @ 12.01 HRS 
ATTEN= 0 % LAG= .2 MIN 

./ 

11-4 /' 
REACH 5 DISCHARGE 

MH-2 

:::I 

D I SCHARGE ( c f  5 1 

REACH 5 INFLOW 8 OUTFLOW 
MH-2 

/' 18" PIPE 
nz 812 L-78'  5- 81 

VELOCITY- 7 3 FPS 
TRAUEL- 2 MIN 

Okn- I I  B CFS 
Oout- I I  7 CFS 

LOG: 2 M I N  

STOR-IN0 METHOD 

008750 
TIME. (hours) 



Data for FERMCO, WEST CHANNEL, 25-YR STORM, MOD. COVER crv 
Prepared by GeoSyntec Consultants -.. 4 4  $ 9 Feb 96 
HydroCAD 3.10 000663 ( c )  1986-1993 Applied Microcomputer Systems 

R E A M 6  CENTRAL OUTER DITCH 

DEPTH END AREA 
(FT) (SO- FT) 

0.0 0.0 
.5 1.2 
.9 4.8 

1.4 10.7 
1.9 22.0 
2.7 42.9 
3.6 76.2. 
4.5 119.1 

DISCH 
(CFS) 
0.0 
1.9 

11.9 
35.1 
91.5 

222.6 
479.3 
869.1 

0' x 4.5' CHANNEL STOR-IND METHOD 
SIDE SLOPE= -17 ' / I  MAX. DEPTH= .86 FT 
n= .03 PEAK VELOCITY= 2.5 FPS 

SLOPE= .0075 FT/FT Qin = 11.7 CFS 0 12.01 HRS 
LENGTH= 200 FT /TRAVEL TIME = 1 . 3  MIN 

Qout= 
ATTEN= 3 % LAG= 1.4 MIN 
IN/OUT= .72 / -72 AF 

11.3 CFS 0 12.03 HRS /- 

REACH 6 DISCHARGE 
CENTRAL OUTER DITCH 

/ 

r\ 

ro 
G 
U 
v 

m '  - 5' CHFINNEL _ _ _ _  _ _ _ ' E =  . I 7  ' 1  
nz.83  L = z e e *  s: e875 

DISCHARGE Ccfsl  

REACH 6 INFLOW 8 OUTFLOW 
CENTRAL OUTER DITCH 

I I  

18 

9 

e 

8' x 4.5' CHFINNEL 
SIDE SLOPE= . I 7  ' 1 '  

n Z . 8 3  L=ZBB' s = . e m  
STDR-IND METHOD 

UELOCITYr 2 . 5  FPS 
TRFIUEL= 1.3 H I N  

/ 

TIME (hours) 
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- 

R E A C H 7  

DEPTH END AREA DISCH 
(FT) (SO-FT) (CFS) 

0.0 0.0 0.0 
.2 .1 .2 
.3 .3 1.0 
- 5  .4 2.2 

1.1 1.3 9.5 
1.2 1.5 11.1 
1.4 1.7 12.1 
1.4 1.7 12.2 
1.5 1.8 12.1 
1.5 1.8 11.4 

I 
' I  

I 
I 
I 

n 

G 

I + a 
W 

C ' I  

W 

n 

E 

r\ 

J) 
Q- 
U 

W 

3 
0 
J 
LL 

18 PIPE STOR-IND METHOD 
MAX. DEPTH= 1.29 FT 

n= .012 PEAK VELOCI 
LENGTH= 70 FT TRAVEL TIME 
SLOPE= .01 FT/FT Qin = 11.8 

Qout= 11.7 
ATTEN= 0 % 
IN/OUT= 

REACH 7 DISCHARGE 

D I SCHARGE ( c f  5 1 

RE-ACH 7 INFLOW 8 OUTFLOW 

I 1  - 
I0 - 
9 -  

8 -  

18" PIPE 
n= 812 L = 7 8 '  S= 81 

STOR-IND METHOD 
UELOCITY= 7 3 FPS 

TRAUEL: 2 MIN 

O i n =  I 1  8 CFS 
Oout: 1 1 . 7  CFS 

LAG= . Z  MIN 

74 

Y= 7.3 FPS 
.2 MIN - - 

CFS 0 12.01 HRS 
CFS 0 12.01 HRS 

72 / .72 AF 
LAG= .2 MI c 

i 

T I M E  (hours) 
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44 $ p - ’ “  q74 

R E A C H 8  

DEPTH END AREA DISCH 
(FT) (SO- FT) (CFS) 

0.0 0.0 
.5 1.2 
.9 4.8 

1.4 10.7 
1.9 22.0 
2.7 42.9 
3.6 76.2 
4.5 119.1 

/’.’ 

A 

4 
G 

I 
I- 
CL 
W 

v 

n 

A 

n 
G 
U 

3 
0 
_I 
LL 

v 

0.0 
1.9 

11.9 
35.1 
91.5 

222.6 
479.3 
869.1 

4 5 -  

4 8 -  

3 5 -  

3 8 -  

2 5 -  

CENTRAL OUTER DITCH 

0‘ x 4.5’ CHANNEL 
SIDE SLOPE= .17 ’ / ’  
n= .03 
LENGTH= 50 FT 
SLOPE= .0075 FT/FT 

/- 

REACH 8 DISCHARGE 
CENTRAL OUTER DITCH 

STOR-IND METHOD 
MAX. DEPTH= 1.11 FT 
PEAK VELOCITY= 3.0 FPS 
TRAVEL TIME = .3 MIN 
Qin = 
Qout= 22.9 CFS @ 12.03 HRS 
ATTEN= 0 % LAG= .3 MIN 
IN/OUT= . 1.45 / 1.45 AF 

23.0 CFS @, 12.02 H R R  

8’  x 4 5‘ CHANNEL 
SIDE SLOPE= 17 ‘/ 
n= 83 L158’ S= E875 

DISCHARGE (cf.51 

RERCH 8 INFLOW 8 OUTFLOW 
CENTRAL OUTER DITCH 

22 - 
28 - 

18 - 

16 - 
14 - 

12 - 

18 - 

8’  x 4 5’ CHANNE! 
SIDE SLOPE= 17 ’/ 
n= 83 L=58‘ S= 8875 

STOR-IND METHOD 
UELOCITY= 3 FPS 
TRAUEL= 3 MIN 

O8n: 23 8 CFS 
Ooutz 22 9 CFS 

LAG= 3 HIN 

8’  x 4 5’ CHANNE! 
SIDE SLOPE= 17 ’/ 
n= 83 L=58‘ S= 8875 

22 - 
28 - 

18 - 

16 - 
14 - 

12 - 

18 - 

E -  

6 -  

STOR-IND METHOD 
UELOCITY= 3 FPS 
TRAUEL= 3 MIN 

O8n: 23 8 CFS 
Ooutz 22 9 CFS 

LAG= 3 HIN 

- N  

TIME (hours) 
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I I  

18 

9 -  

E -  

0 R E A C H 9  

- 
- 

MH-3 

DEPTH END AREA DISCH 

0.0 0.0 0.0 
(FT) ( SQ- FT) (CFS) 18" PIPE 

.2 .1 .2 n= .012 
- 3  .3 1.0 LENGTH= 70 FT 
.5 .4 2.2 SLOPE= .01 FT/FT 

1.1 1.3 9.5 
1.2 1.5 11.1 
1.4 1.7 12.1 
1.4 1.7 12.2 
1.5 1.8 12.1 
1.5 1.8 11.4 

STOR-IND METHOD 
MAX. DEPTH= 1.29 FT 
PEAK VELOCITY= 7.3 FPS 
TRAVEL TIME = .2 MIN 
Qin = 
Qout= 11.7 CFS 0 12.01 HFS ' 

ATTEN= 0 % LAG= .2 MIN 

11.8 CFS 0 12.01 HRSJ 

IN/OUT= -72 / .72 AF 

/" 

A 

-4 
ce 

I 

W 

c 
h 
n 
W 

r\ 

J) 
4- 
U 
v 

3 
0 
J 
LL 

REACH 9 DISCHARGE 
MH-3 

1 5  
1 4 -  

1 3 -  
1 2 -  
I I -  
I B -  

9 -  18" PIPE 
8 -  n: BIZ L:7B' S= 81 

7 -  

6 -  

- - -  

D I SCHARGE ( c f  s 1 

REACH 9 INFLOW 8 OUTFLOW 
MH-3 

! 18" PIPE 
n=.BI2 L=7B' SrBl 

STOR-IN0 METHOD 
VELOCITY= 7 . 3  FPS 

TRCIUEL= 2 M I N  

Oin= 11.8 CFS 
Ooutz 1 1 . 7  CFS 

LOG: .2 M I N  

/ 

TIME (hours1 
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34 
32 
38 
213 
26 

J) 22 
28 

U 
v 18 

A 2 4 -  

16 
3 14 0 
LL I E  
J I 2  

@ REACH 10 

- 
- 
- 
- 

- 
- 
- 
- 
- 
- 
- 

. . HvdroCAD 3.10 000663 (c) 1986-1993 Applied MicrocomDuter Svstems 

/!6 F@YG 
CENTRAL OUTER DITCH 

DEPTH END AREA 
(FT) (SO-FT) 

0.0 0.0 
.5 1.2 
.9 4.8 

1.4 10.7 
1.9 22.0 
2.7 42.9 
3.6 76.2 
4.5 ' 119.1 

DISCH 
(CFS) 
0.0 
1.9 

11.9 
35.1 
91.5 

222.6 
479.3 
869.1 

4 5 -  

4 E -  

3 5 -  

A 

3 3 E -  
G 
v 2 5 -  

0' x 4.5' CHANNEL 
SIDE SLOPE= .17 ' / I  

n= .03 

SLOPE= .0075 FT/FT 
LENGTH= 5 FT 

REACH 16 DISCHARGE 
CENTRAL OUTER DITCH 

STOR-IND METHOD 
MAX. DEPTH= 1.33 FT 
PEAK VELOCITY= 3.3- FPS 
TRAVEL TIME = 0.0 MIN 
Qin = 34.6 CFS @ 12.02 HRS 

12.02 H R s 7  

E' x 4 5' CHANNEL 
SIDE SLOPE= 17 '1'  

n= E3 L:5' S: 8875 

DISCHARGE C c f  5 1 

REACH 16 INFLOW 8 OUTFLOW 
CENTRAL OUTER DITCH 

E' x 4 5' CHANNEL 

n= E3 L=5 '  S= E875 

STDR-IN0 METHOD 

SIDE SLOPE= 17 ' /  

/ 
UELOCITY= 3 3 FPS 

TRAUEL= E MIN 

Ogn- 34 6 CFS 
Oout= 34 6 CFS 

LAG: E H I N  

0.0 MIN 
2.17 AF 

/' 

Qout= 34.6 CFS @, 
ATTEN= 0 % LAG= 
IN/OUT= 2.17 / 

TIME (hours) 
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. *  - 
9 Feb 96 

REACH 11 

DEPTH END AREA DISCH 
(FT) (SO-FT) (CFSL 

0.0 0.0 0.0 
.2 - 1  .2 
.3 .3 1.0 
. 5  .4 2.2 

1.1 1.3 9.5 
1.2 1.5 11.1 
1.4 1.7 12.1 
1 ..4 1.7 12.2 
1.5 1.8 12.1 
1.5 1.8 11.4 

i' 
1 5  
1 4 -  

1 3 -  
I Z -  
I I -  
1 0 -  

3 
4- 9 -  

8 -  

A 

W 

r 7 -  

r 3  4 -  

L 6 -  
w 5 -  

CULVERTS 

18" PIPE STOR-IND METHOD 
MAX. DEPTH= 1.29 FT 

n= .012 PEAK VELOCITY= 7.3 FPS 
LENGTH= 70 FT TRAVEL TIME = .2 MIN 
SLOPE= .01 FT/FT _ _  '. Qin = 11.8 CFS 0 12.01 HRS 

Qout= 11.7 CFS 0 12.01 HRS 

IN/OUT= -72 / .72 AF 
ATTEN= 0 % LAG= .2 c 

REACH 1 1  DISCHARGE 
CULVERTS 

D I SCHARGE ( cf 5 1 

REACH 1 1  INFLOW 8 OUTFLOW 
CULVERTS 

I I  - 
I0 - 
9 -  

8 -  
J) 
G 7 -  
U 

w 6 -  

3 
0 
1 
L L  

18" PIPE 
nZ.012 L-78'  Sz.01 

STDR-IN0 METHOD. 
UELOCITY= 7 3 FPS 

TRRUEL- .2 HIN 

Oin= 11.8 CFS 
Ooutz I 1  . 7  CFS 

LCIG= .2 HIN 

/' 

.- 

TIME .(hours) 
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REACH 12 

DEPTH END AREA DISCH 
(FT) (SQ-FT) (CFS 

0.0 0.0 0.0 
.2 .1 .2 
.3 .3 1.0 
- 5  .4 2.2 

1.1 1.3 9.5 
1.2 1.5 11.1 
1.4 1.7, 12.1 
1.4 1.7 12.2 
1.5 1.. 8 12.1 
1.5 1.8 11.4 

n 
3 
G 

I 

W 

c 
iL 

n 
W 

c\ 

n 
4- 
U 

3 
0 
-I 
L L  

W 

CULVERTS 

18 ‘I PIPE STOR-IND METHOD 
MAX. DEPTH= 1.29 FT 

n=. .012 PEAK VELOCITY= 7.3 FPS 
LENGTH= 70 FT TRAVEL TIME = .2 MIN 
SLOPE= -01 FT/FT Qin = 11.8 CFS @ 12.01 HRS 

Qout= 11.7 CFS @ 12.01 HRS 
ATTEN= 0 % LAG= .2 MIN 

*72 -/-- IN/OUT= .72 / 

REACH 12 DISCHARGE 
CULVERTS 

1 5  

1 4 -  

1 3 -  

1 2 -  

I I -  
1 8 -  

9 -  18” P I P E  
n= 812 L:78’ S= 81 8 -  

7 -  

6 -  

- - -  

DISCHARGE ( c f s )  

REACH 12.INFLOW 8 OUTFLOW 
CULVERTS 

I 1  I I 18” P I P E  

18 - 
9 -  

8 -  

7 -  

6 -  

5 -  

4 -  

STOR-IND METHOD 
UELOCITY= 7 3 FPS 

TRFIUEL: 2 M I N  

Oin= I 1  8 CFS 
Oout: 1 1 . 7  CFS 

LFIG- .2 M I N  

. .  

T IME (hours) 
008757 



CULVERT CALCULATIONS 



.. . . 

CHART . o .  1 

. Ll* HEADWATER DEPTH FOR 
CONCRETE PIPE CULVERTS 

HEAOWATtR SCALES 2 I33 
mwjm MAY ~ 6 4  WITH INLET CONTROL 

IUI~W OF CUOLIC m o a  Jan IIU 

181 



2000 

~ l o o o  

600 

500 

400 

300 

I& u) t 200 
0 

- I20 
- IO0 

- 96 

- 84 

- 72  

- 6 6  

- 6 0  

- 9 4  

0.a - 48-: 

/* - 4 2  

I 

-36 

- 3 3  

- 3 0  

. 2 7  7 
I8 

19 

l a  

3. S F- 
O K  

HEAD FOR 
CONCRETE PIPE CULVERTS 

FLOWING FULL 
n a 0.0 12 

185 
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\ 

WATER MANAMMENT AND SEDIMENT CONTROL FOR W A N U I N G  /-ME& 

wtlet Pro tec t ion  (Cont'd) . 

SCS, Columbus, Ohio 

Figure  9 I 

-5- March 1987 

I< 
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444 
496 
548 
599 

316 
353 
390 
426 

859 
962 
998 

611 
604 
750 
032 
057 

11x18 
KJ 13%x22 w 
I 15%x26 

v) - 22% ~ 3 6 %  
U J ~  26!(,x43% 

x 36~58% 
40x65 

18x28%, 

k m  31Kx51% 

HEIGHT OF FILL H ABOVE TOP OF PIPE IN FEET 
0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 5.0 6.0 

5915 3840 2144 1342 807 509 443 333 237 65 11x18 
4490 2573 1610 968 520 532 400 284 78 1 3 % ~ 2 2  

3000 1879 1130 712 621 467 332 91 1 5 x x 2 6  x 
3096 2058 1238 780 680 511 363 100 1 8 ~ 2 8 %  (nz 

-0 2370 1533 966 842 633 450 124 22%x36% z m  
1679 1170 1019 766 545 150 26!(,x43% -v) 

1221 1185 981 
198 3 6 ~ 5 8 %  5 

v, 
057 45x73 

54x88 
246 45x73 
275 54x88 

! 

TABLES 

TABLE 44 
HIGHWAY LOADS 

POUNDS PER LINEAR FOOT 

CIRCULAR PIPE 
--_ 

HEIGHT ( : FII 

1.5 

!ET 

6.0 

46 
56 
66 
77 
87 
97 

107 
117 
127 
147 
168 
180 
208 
228 
249 
269 
2 75 

- 

- H  
2.0 

’ OF 
3.5 

\BOVE. TC 
0.5 1 .o 

2730 
3322 
3926 
4498 

- 
12 
15 
18 c_ 

21 
24 
27 
30 
33 
36 
42 
48 
54 
60 
66 
72 
78 
84 

316 
358 
454 
522 
592 
660 
731 
798 
869 

1007 
1146 
1185 

- 

12 
15 
18 
21 
24 
27 
30 
33 
36 
42 
48 
54 
60 
66 
72 
78 
84 

4846 
5915 
--6 

1524 
1872 
2196 
2525 
2856 
3096 

954 
1163 
1369 
1580 
1788 
1998 
2204 
2370 

HORIZONTAL ELLIPTICAL PIPE 

HEIGHT OF FILL H ABOVE TOP OF PIPE IN FEET I 
0.5 

591! 
- 

- 

1 .o 
449E 
- 

- 

1 .5 

2716 
3096 

- 

- 

3.0 3.5 i 4.0 5.0 6.0 1 
8 2 ,  14x23 

105 ! 19x30 
22x34 

-. 
644 
825 
92; 

1028 
1119 
1221 

- 

422 j 300 
451 I 384 
607;  432 
674! 479 
733 ,  521 
800! 569 
866 I 616 
933 I 663 

! 842 
998 j 748 

I I a57 

14x23  
v) 19x30 
W 22x34 I 

v)-  27x42 
w Z _  29x45 

pc 38x60 
43 x 68 
48 x 76 
53 x 83 

561 
719 
808 
896 
975 

1064 
1152 
1185 

- 

2177 1309 
2370, 1471 

j 1631 
! 1679 

1 
I 

118 
131 
143 
156 
169 
182 
205 
231 
257 
275 
- 

24x38 * 
27x42 -TI 
29x45 2” 
32x49 

w 2  

3 ~ ~ 6 0  m 
(I, 

43 x 68 
48 x 76 
53 x 83 

ARCH PIPE 

0 p.s.i. Tire Pressure; Impact 
maximum load lor any given 



336 CONCRETE PIPE DESIGN MANUAL 

TRENCH BEDDINGS 
0 

CIRCULAR PIPE 

CLASS A . t. 

SHAPED SUBGRADE WITH 
GRANULAR FOUNDATION 

CLASS C .. . 
, . ._ 

SHAPED SUBGRADE 

CLASS D 

FLAT SUBGRADE 

Lightly 
Compacted- . Backfill :.. 
r .  

Compacted Granular 
Material or 

GRANULAR FOUNDATION 

,Legend 
B, =outside diameter 
H =backfi l l  cover above top of pipe 
D = inside diameter 
d .=depth of bedding material 

A,= area of transverse steel in the 
cradle or arch expressed as a 
percentage of area of concrete 

_. below pipe 

'. 

' at  invert or crown. 

30" to 60" 

NOTE: for rock or other incompressible materials, the trench should be 
overexcavated a minimum of 6 inches andrefi l led with granular 
material. 



TABLE 17 

'f!2>4 BACKFILL LOADS ON CIRCULAR PIPE IN TRENCH INSTALLATION 
*ImPOUNDS PER CUBIC FOOT BACKFILL MATERIAL LOADS 1N POUNDS PER LINEAR FOOT 

SAND AND GRAVEL Kp'-0.165 Kp'-O. 150 zq-  
SlnON 

)P OF PIPE 

A 18" 
7 TRENCH WIDTH AT TOP OF PIPE 

0 SAT\ ?ATED TOP SO1 
CH WIDTH AT 1 

- 
rTRAN. 

WIDTI- 
3'. 6" 
3 -  8" 
3'-10- 
3'-11" 
4'- 0" 

4- 2- 
4'. 3" 
4'. 4" 
4'- 5- 
4'- I" 
4'- 8" 
4'. 9" 
4-10- 
4-1 1" 
5'. 0" 
5'. 1" 
5'. 2" 
5'. 3" 
5'. 4" 
5'. 5" 
5'- 6" 
5'. 7" 
5'. 8" 
5'. 9" 
5'-10" 
5'-1 1" 
6'. 0" 
6'. 1" 

s i n o h  
- 

5'. 2" 
6'. 2" 
6'. 3" 
6'. 4" 
6'. 5" 
6'. 6" 
6'. 7" 
6'. 8" - 

- 
2'6" 

939 
1069 
1183 
1285 
1375 
1455 
1526 
1589 
1645 
1695 
1738 
1777 
1812 
1843 
1870 
1894 
1915 
1934 
1951 
1966 
1979 
199 1 
200 1 
2010 
2019 

- 

- 

- 

- 

- 

E 
2038 
2043 
2048 
2052 
2055 
2058 
206 1 
2064 
2066 - 

- 
4'6" - 

2855 
m 
343 1 
5718 
4012 
4298 
a2x 
4576 
4716 
4848 
4970 
5085 
5192 
5293 
5387 
5475 

5634 
5706 
5713 

5895 
5950 
6002 
6050 

6137 
6177 
6214 
6248 
6280 

5557 

5836 

6095 

- 

3'6" 4.4" 

141 1 

1793 1989 
1966 ,2277 
2123 2566 
2266 2723 

2514 3046 
2622 3189 
2720 3320 
2809 3441 
2890 3553 
2964 3655 
3032 3750 
3093 3837 
3148 3917 
3199 3991 
3245 4058 
3287 4121 
3325 4179 
3360 4232 
3392 4280 
3421 4325 
3447 4367 
3471 4405 
3492 4440 
3512 4412 
3530 4502 
3546 4529 
3561 4555 
3575 4578 
3587 4599 
3598 4619 
3608 4637 
3618 4654 
3626 4669 

1603 i 7 m  

mG789T 

WIDTH 

5 3'. 6" 

3'- 9- 7 

- 
3'- 7- 6 

3'-10" 8 
3.~11- Q 
4 -  1" 
4 -  2" 
4 -  3" 
4'- 4 13 4 
4- 5" 14 0 

10 g 
1 1  5 
12 I 

4 -  6" 15 71 
4'- 7" 16 
4'- 8" 17 
4'- 9" 18 x 
4'-10" 19 9 
4-11" 
5'- 0- 
5'- 1" 

20 F 
21 I 

5'- 2" 22 ~ 

23 
5'- 3" 
5'- 4" 25 
5'- 5" 26 
5'- 6" 27 0 
5'- 7" 28 0 
5'- 

5'- 9" 31 O_ 
5'-10" 32 0 
5'-11" 33 -m 
6'- 0" 34 -n 

6'- 1" 36 -I 
6'- 2" 37 
6'- 3" 38 
6'- 4" 39 
6'- 5" 40 

24 0 

5'- 9" 29 % 30 

6'- 1" 35 E 

1210 1353 
1346 1510 
1467 1652 
1576 1780 
1674 1896 
1761 2001 
1640 2096 
1910 2182 
1973 2260 
2030 2330 
2080 2394 
2126 2451 
2167 2504 
2203 2551 
2236 2593 
2265 2632 
2292 2667 
2315 2699 
2336 2727 
2355 2753 
2373 2777 
2388 2798 
2401 2817 
2414 2834 
2425 2850 
2435 2884 
2444 2877 
2451 2889 
2459 2899 
2465 2909 
2471 2918 
2476 2925 
2430 2932 
2485 2939 
24Fi '945 

5168 I I 

6107 w 6324 
6236 16600 I 

p 34 1872 2252 2662 3099 
W 35 1675 2257 2669 3109 
1 3 6  1877 2261 2675 3118 

27 1879 2264 2680 3126 I 1881 1 2267) 26851 3133 
1882 2270 2689 3139 
1884 2272 2693 3145 

C - 

E 
7 
8 

w 1c 
w 11 

12 
w 13 

14 

+ g  

;: 
p 18 

y 20 

s ;; 
a 17 

19 

23  
24 

J 25 
26 

$ 27 
0 28 3 29 

u 30 
0 31 
I- 32 

g 34 
I 33 

W 35 
I 36 

37 
38 
39 
40 - 

ORDINARY CLAY Ku'-0.130 D SATURATED CLAY - 
ATRAN. 
SlTlOF 
WIDTI  
3'. 5" 

3'. 7" 
3'. 9" 
3'-10" 
3'.1 1" 
4'. 0" 
4'. 1.' 
4.. 2" 
4'. 3" 
4'. 4. 
4'. 5" 

4.- 1 
4'. 8" 
4'. 9'' 
4'-10" 
4'.11' 
4..1 1.. 
5'. 0" 
5'. 1'. 
5'. 2" 
5'. 3" 
5'. 3" 
5'.  4" 
5.. 5" 
5 -  6' 
5.. 7.. 
5.. 7" 
5 - 8" 
5'. 9" 

5 -10" 
5'-10'. 
5.- 1 1 .' 

- 
3'. 6" 

4'. 6" 

6'. 0" 
6.. 0.. - 

- 
A T '  
4 ' 4 '  
- 
- 

2271 
2568 
285: 
3145 
343 1 
3716 
3905 
4085 

4417 
4570 
4714 
485 1 
498 I 
5104 
5220 
5329 
5433 
5532 
5625 
5713 
5797 
5876 

602 1 
6088 
6151 

6268 
6322 
5373 
3421. 

- 

m 

- 

- 

5950 

6211 

j46ti 

- 
ICH 
F Z  
c 

1371 
160. 
181 
200; 
219( 
236 
2521 
267( 
260' 
294c 
306 
317: 
328; 
338 
347r  
356 1 
364; 
371E 
378s 
3855 
3917 
3975 
4029 
4079 
4126 
1 1 7 1  
4212 
4250 
4286 
4320 
4351 
438 1 
4408 
4434 
4458 
4 4 8 0  

- 

- 

- 

- 

- 

- 

- 

- 
IDTt - 
3'4" 

1411 
1700 
1989 
2200 
2405 
259E 
2778 
2949 
310E 
3258 
3399 
3531 
3655 
3772 
3881 
3984 

- 

- 

- 

JOB0 
4171 
4256 
4336 

4481 
4548 
4610 
4668 

4774  
6823 

44'1 

4723 

1868 
a91 i 

a988 
5024 
5057 
io88 
"'7 

- 
ATRAN 
SIT101 
WIDTF 

3'- 4' 
3'. 5' 
3'. 6' 
3'. ?' 
3'. 8" 
3'- 9' 
3'-10' 
3'-11" 
4'. 0" 
4'. 1'. 
4'. 2" 
4'. 3 "  
4'. 4" 
4'. 4" 
4'. 5" 

4'. 7'' 
4'. 8" 
4'. 8" 
4'. 9" 
4'- 10" 
4'-1 1" 
4'- 1 1.. 
5'. 0- 
5'. 1" 
5'. 2" 
5'. 2" 
5'. 3" 
5'. 3" 
5'. 4" 
5'. 5" 
5'. 5" 

5'. 7" 

- 

4'. 6" 

5'. 6" 

TRENCH WIDTH AT TOP OF PIPE TRE PIPE 

125: 7 1451 16J; 

161: 
19if 
212 
226. 
239' 
25 I. 
262: 
2 i X  
2825 
291. 
29% 
30i: 
314; 
321: 
3?i: 
3333 

343c 
3483 
3526 
35G6 
3603 
363 : 
3669 
36011 
3 i 7 i  
3751 
3736 
3798 
381Y 
3838 
385R 
3873 

- 

- 

- 

33ai 

- 

- 

- 

- 
2'6 '  

I 0 1  
116: 
130L 
143: 
155r 
166: 
176 
185; 
193: 
201: 
loti: 
214: 
2204 
225E 
2307 

?39? 
?45 1 

2465 
2497 
2526 
2552 
'576 
!5Y9 
x i  1!1 
u.J.i 

!ti!?> 
'lii0 
'681, 
'611H 

' i Z I  
J i R  I 
!740 
'749 
'/!,ti 

- 

- 

- 

235i 

- 

,.'. I - 

- 

- 
4'4 '  .- 

401i 
4296 

4877 
5168 
5444 

5907 
5064 
5214 
5357 

5622 
5745 
i863 
$974 

'182 
'278 
'370 
'458 
'54 I 
'620 
'696 
768 
'836 
902 

Z3-d 

5737 

j493 

'OB1 

- 

- 

5 
6 
7 
8 

1113: 
131(  
147: 
162' 
176' 
189: 
20 1 
212 
222: 
231: 
740: 
248 
255! 
262: 
268: 
?74? 
l79E 
2R4E 

2933 
2972 
3008 
30.1 1 
307 I 
30% 
3 I:!, 
3149 
3171 
3197 
3711 
3728 
3/44 

3259 
3273 
3285 
329; 

- 

- 

- 

zag I 

- 

- 

- 

1461 1666 1874 2085 2297 2566 
1554 1778 2006 2237 2470 2855 
1638 1880 2127 2377 2630 3145 
1713 1973 2238 2506 2779 3332 3431 
1781 2057 2339 2626 2917 3510 3718 
1843 2134 2432 2736 3046 3676 4012 
1898 2204 2518 2838 3165 3832 4298 
1948 2263 2596 2932 3276 3978 4584 
1993 2325 2668 3019 3378 4115 4877 
2034 2378 2734 3099 3474 4243 5035 5168 
2070 2426 2794 3173 3562 4364 5190 5444 
2103 2469 2849 3242 3645 4476 5336 5731 
2133 2509 2900 3305 3721 4582 5473 6035 
2159 2545 2947 3363 3792 4681 5603 6324 
2184 2578 2989 3417 3858 4773 5726 6600 
2205 2607 3029 3466 3919 4860 5842 6887 
2225 2635 3064 3512 3975 4942 5951 6994 7189 
2242. 2659 3097 3554 4028 5018 6054 7127 7455 
2258 2682 3128 3593 4077 5089 6151 7253 7768 
2273 2702 3155 3630 4122 5156 6243 7373 8044 
2286 2721 3181 3663 4165 5219 6330 7486 8344 
7297 2738 3204 3693 4204 5278 6412 7594 8636 
2308 2753 3225 3122 4240 5333 6489 7697 8901 
2317 2767 3245 3748 4274 5385 6562 7794 9198 

22 D 
23 W 
24 
25 rn 
26 4 
27 8 
28 
29 $ 
30 
31 
32 m 
33 
34 ; 
35 7 
36 
37 
38 
39 
40  

q+ 8044 

5'. 7" 
5'. 8" - 

* For backlit1 weighing 1 IO pounds mer cubic loot. increase loads 1% tor 120 munds mer cubic toot. increase 20%; etc. 
ATranition toads (bold lype) and widths based on Kv-0.19, rsdp-0.5 in the embankment eOuation 

Interpotatc tor rntermediate heighls of backlill andlor trench widths 
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PLAN 

- 
CONCRETE PIPE 8 PRODUCTS CO..INC. 

p.0.  Box 1223 0 R i c h m o n d ,  V i r g i n i o  23209 0 804-233-5471 

90' TYP 

2. DIIENSIW - m ~ ~ ~ I S S I B L E  
VARIATI I l rb  [F AsTn C478. 

AH) RISER 0.  IS tfzEATER MAN 
UJll€l AREA ?&€A OF RISER 1.0.) 

a 4  BARS 0 8- E.Y. CI-IAL 
FIEI- TCI BE Ase - 1 n 0.150 
2 x 6  W2.5 x r2.5 WM M I N I M .  
MATERIAL pR(pEKTIES: f y  - 60 k s i ,  
Cc = 4 ksl 

3. I r a 3  AIM (AREA m D E V I E  1.0. 

4 .  SLAB m BE m ~ 6 1 5  

uEI-m-F3 NOTED 
5 .  01-1 FRAME 0 GRATE IS AVAILABLE FU? 

48' 1.0. R I g R S  ANI URtER. 

CAST I N  TOP SLAB 

TOPIC - PROJECT # - DRAWING # 

ST-0847-63 

- ANTI-VORTEX CAP O . D .  .. - ANTI-VORTEX CAP I . D .  

L E  
NOTCH DIAMETER pl 

I 1  I I I  

-1 I II I I 

1 
SECT I ON 

PRECAST ANTI-VORTEX DEVICE 

Technical Manual 
page 14.1 

'INAL I 
fr 02-01-95 I RCH 
ST 
SION 

LGJRC 2 



0 1 . 5  2 . 0  2.. 5 3 .0  3 .5  
HEIGHT ABOVE BOTTOM EDGE OF OPENINGS, H (FT) 

Flow T y p e  I FLOW, Q (as) I Cc ( A r e a .  A 

Anti-Vortex Orifice Cc x A xt2xgx(H-hs/2)lo*s 0.61 PixIDxscxhs 

Open Top Riser Orifice Cc x A x (2 x g x H)’.’ - Width.  EL,, (nl 
0.60 Pi x ID’/4 

Brood Crested Weir 6.rr x (2/3)’.’ x 9’’’ x H’.’ 0.lxNcxH PixicxID-Cc 

Technical Manual 
page 14.2 

- 

Where:for 3 - 90’ x 1.08’ A/V openings Pi = 3.  1415 
‘Grovitotional occelerotion. g = 32.2 FT1s’ 
Height of slot . . . . . . . . . . . . . ,  hs = 1.08’ 
Number of controcting sides, Nc = 3x2 = 6 
SlotlCircumference rotio. sc = 3x901360 = 0.75  

I 

ORIGINAL 
DATE 
L A S T  

REVISION 

02-01 -95 RCH 
OPEN TOP RISER VS 

CONCRETE PIPE 8 PRODUCTS CO.,INC. 
SCALE 318 = 10-0- 

ANT I -VORTEX FLOW RATE ‘CHART 
- 

TOPIC - PROJECT # - DRAWING 
p.0.  Box 1223 0 Richmond, Virginio 23209 f3 804-233-5471 ST-0846-43 

0490773 

i 
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APPENDIX A 

COMPUTER SOFTWARE USED TO PREPARE CALCULATION PACKAGE 
HydroCAD" STORMWATER MODELING SYSTEM 

Applied Microcomputer Systems, "HydroCAD " Stomwater Modeling System ", version 3.10, 
Chocorva, NH, 1993. 

See Section 1.2 of the Design Parameter Summary. 

GE3900-OS. 1IAPP.A 




