
July 13, 1988 

Mr. Mark Gordon 
Department of Na·tural Resources 
P.O. Box 7921 
101 South Webster Street 
Madison, wt 53703 

. -��· . 
r..-�. 

·" . · 

,) ll\ 

RMT. Inc. 
Suite 124 

· - ·�:4_06 East Washmgton Ave. 
�--� . .· ·adison, WI 53703-3009 

. •. ...r t Phone. 608-255-2134 
. Ff..X 608-255-0234 w .. #� 

', . ' ) 

Re: Refuse Hideaway Landfill - Proposed Actual Firud Grading_ Plan 

Dear Mark: 

In response to Condition No. 8 of the June 13, 1988·; Nodification to the 
Closur� Plan Approval for Refuse Hideaway Landfill, Inc. (RHL), RHL is 
proposing the final grading plan shown on FiSUJte·.1, Append-ix A� The 
development of this plan was based on the follOwip.g;.design cr,iteria and 
information: 

1. Maximum slopes are 33 percent and· minimum slopes are 3 percent. 

2. Cover design criteria are as follows: 

Grading layer thickness - 6 inches (�rnimum) 
Clay capping layer thickness - 24 inches 
Grading layer thickness - 18 inches 
Topsoil layer thickness - 6 inches 

3. Field surveys owere perf6rmed by Arnold and 0 I Sheridan, Inc.' on June 
9, 13, and 17, 1988. 

4. RMT field surveys were performed on June 9, q, .17, and 21, 1988 to 
document grading layer thickness. 

Details of information collected on the field surveys will be submitted to the 
Department as part of the Construction Documentation Report. 

The proposed final grading plan routes surface water to perimeter .ditches as. 
efficiently as possible,.based on required 1top.-of. existing gradin& ··layer 
elevations. Additionally, surface water from the northeast is segr,ega ted from 
surface water coming off the landfill. The details of the eros.ior( control 
features are shown on Figure 2, .. Appendix A. The computations supporting the 
drainage system concepts are provided in Appenc;lix B. Redesi_gn·ot the existing 
sedimentation basin and,-:design. re-q·uiJ:.ements for a retention basin for 
northeastern surface water .. ·flow 1$ also p:rovided in Appendix .B. !he .. outlet 
structure for the: se.ci,imetitation basin uses a french drain (see deta�l� 5 of 2, 
Figure 2). This outlet structure may be supplemented by addi•ti.onal ov�r-flow 
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control culverts if the existing in-place culverts can be designed to work 
with the proposed basin outlet structure. If the in-place culverts cannot 
work with the proposed design, the culverts will be removed and the area 
restored. 

The requirements for erosion control are outlined in Appendix B and presented 
on Figures 1 and 2, Appendix A. It should be noted that, during site closure 
construction, areas of the perimeter ditches will be assessed for 
determination of the best way to control erosion. Due to existing conditions 
(ie., occasional exposed bedrock in the ditch flowline area ) , field 
engineering design of erosion control requirements will be the most effective. 

As shown in detail 2 of 3 on Figure 2, closure of the south and west slope 
areas will consist of the initial removal of approximately two feet of 
existing soil and then the subsequent placement of the final cover system 
(excluding the grading layer ). Removal of the existing soil on the two slope 
areas will vary in volume based on what is required for site closure. 
However, �� all cases, a minimum depth of cover over the waste will be six 
inches. 

The limits of clay placement required for site closure will be (at a minimum ) 
to the landfill limits (1986) as shown on Plan Sheet 2 of the In-Field 
Conditions Report submitted to the Department in January 1988. These limits 
of waste/limits of final cover sys·tem placement are presented on Figure 1, 
Appendix A. It should be noted that, due to uncontrollable delays such as the 
soils testing and Town approval required for the borrow source and the 
approximate doubling of the required area to receive the final cover system 
(as discussed during Consent Order negotiations), the deadlines stated in the 
Consent Order for clay capping layer placement (August 15, 1988) and complete 
cover system placement (September 15, 1988) cannot be met. The following 
deadlines are provided as a more realistic estimation of completion dates 
beginning with the top area (approximately 12 acres) of the landfill only. 
This assumes a clay placement start date of July 25, 1988: 

Construction Item 

Completion of Clay Capping Layer 
Final Cover System Completed 

Date 

September 15, 1988 
October 15, 1988 

Closure of the south and west slope areas will take an additional 45 working 
days for completion of the clay capping layer and an additional 30 working 
days for completion of the final cover system. RHL will -try to coordinate 
closure of as much of the landfill as possible before the end of the 1988 
construction season, but RHL does not want to open up areas of the landfill 
and not be able to properly close them before the end of the construction 
season 
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We hope the Department works with RHL to enable this project to get started so 
that the delays in the schedule may be minimized. We estimate that the soils 
testing information and volume computation for the borrow source will b� 
available by July 18, 1988. To date, we have not received Town of Middleton 
approval of the plan for removing clay from the borrow source. It is our 
understanding that this approval is necessary before any clay can be moved 
from the borrow site. 

Please call if we can be of any assistance in your review of the enclosed 
materials or with any other aspects of the site. 

Sincerely, 

EcJ. s� -# 
Ed C. Scaro, P.E. 
Senior Project Engineer 

Lee A. Bartlett, P.E. 
Project Manager 

slr 

EncJ.osure 

cc: John DeBeck 
Tom DeBeck 
Kathryn Curtner 
Paul Didier 
Paul Huebner 
Chuck Leveque 
Dave Neeb 
Bob Selk 
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· APPENDIX B 

SOIL SERIES AND HYDROLOOIC SOIL GROUPS 

This appendix provides soil names and their hydrologic classification 
used in determining soil-cover complexes in chapter 2 of this technical 
release. The hydrologic parameter, A, B, C, or D, is an indicator of 
the minimum rate of infiltra�ion obtained for a bare soil after pro
longed wetting. By using the hydrologic classification and the asso
ciated land use, .runoff curve numbers can be computed as shown �n 
chapter 2. 

The hydrologic soil groups, as defined by SCS soil scientists, are: 

A. (loY runoff potential). Soils having a high infiltration rate even 
when thoroughly 'Wetted and consisting chiefly of deep, well to 
excessively drai:ned sands or gravels. rf� � �oils having a mc::>dera te infiltration rate when thoroughly wetted �d V.onsisting chiefly of moderately deep to deep, moderately well to 
well drained soils with moderately fine to moderately coarse texture.· . 

!lltJ '�ils having a slow infiltration rate ·when thoroughly wetted and con��-(V" s�sting chieny e>f soils with a layer that impedes downward movement 
� of water or soiln with JOOderately fine to fine texture. 

D. (High runoff potEmtial) ._ Soils having a very slow infiltration rate 
when thoroughly MTetted and consisting chiefly of clay soils with a 
high swelling potential, soils with a permanent high water table, 
soils with a cla��n or clay layer at or near the surface, and shal
low soils over netarly impervious material. 

FROM: Urban Hydrology tor Small Water aheda. [ n.p. ]: U.S. Department of Agriculture. 

Soli Conservation :service · Engineering Dlvlalon, (Technical Release No. 55 ). 

187!5, aa revised 1!�81. 
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Table 2-2.--Runorr curve numbe.rs for selected agricultural, suburban, and 
urban land use. (Antecedent moisture condition II, and Ia = 0.2S) 

HYDROLOGIC SOIL GROUP 
LAllD USE DESCRIPTIOII A Jl c D i 

CUltivated land!/, vit�out conaervation treatment 72 81 88 91 
' 

: vith conaervation treatment 62 71 78 81 

� ... . . 
Puture or rana• land: poor condition -- .. 68 79 86 89 .. 

e:ood condition . J9 61 Til 80 .. -
Headov: good condition 30 58 71 78 

-
thin atand1 poor cover, lt5 1f. --Wood or Poreat land: no mulch 77 83 

good cover!/ 25 70 77 
I· 
I 

Open Space a 1 • lavna, pa.r)ta 1 aolt couraea, cemeteriea, etc, � 
sood co�:�dition: e:rua cover on 75% or more or the area 39 61 w fair condition: srua cover on 50% .to 75% of the a.rea lt9 69 

Cqlaerc�al and bua 1neu areu ( 85% 1apervioua) 89 92 91. 

lnduatrial diatricta (72% iapervioua). 81' 88 91 

Jleaidential: !I 
Aver�• lot a he .Avcr�e % lmpervioua�/ 
l/8 acre or leaa 65 77 85 90 

1/lt acre 38 61 75 83 

l/3 acre 30 57 72 81 

l/2 acre 25 51. 70 8o 
l acre 20 51 68 79 

Paved parltina lc•ta , roora, drivev�•, etc ,!1 98 98 98 

Streeta and ��� 
paved vith curb a and atorm aevera!l 98 98 98 
sravel 76 85 89 

cUrt 72 82 87 

!1 For a .ore detailed deacription or agricultural land uae curve numbera refer to 
Jation.al Engineerina Handbook, Section 1!, Jlydrology, Chapter 9,, Aua. 1972. 

!/ Good cover 11 protected trOll e:radng and litter and bruah coTer aoil. 
l/ Curve numbera are co:puted aaauming the runott trom the bouae and drivev� 

ia cUrected tovarda the atreet vitb a minimum or root vater directed to lavna 
vbere additional infiltration could occur. 

8o 
811 

95 .. 
93 

92 

87 

86 
85 

81t 

98 

. 98 

91. 
89 

�/ 1'be rea&iniD£ pervioua areu (lavn) are conlidered to be in e:ood puture condition 
tor these curve numbera. 

!I I11 acae v&n�er cli�a&tea or the country a curve number or 95 ·� be uaed, 

. I ....... F�OM: Urban Hydrology for �mall Watersheds. [ n.p. ]: u.s. Department of Agriculture. 

Soli Conservation Service. Engineering Division, (Technical Release No. 55 ) • 

1875, as revised 1981. 

� N�trvrM .... 6,.(NWJ�, 
uvr.J... AI..�� 

/ k��� Rc.t:.�IVIA.!j 
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HYDROGRAPH INPUT DATA 

. -

DRAINAGE A. REA ( SQ MD 

STORM DURATION (HOURS) 

RUNOFF CUR:VE NUMBER 

CURVE NUMBER METHOD USED TO 

COMPUTE TIME OF CONCENTRATION 

LENGTH OF LONGEST 
D RAINAGE PATH (FT) 

AVERAGE WEIGHTED SLOPE 
OVER DRAINAGE AREA {FT/ FT) 

TYPE OF STORM 

RAINFALL (INCHES) 

� ;, . : ..... , : 
. ' � : ·;. . . 
. -"· . � . ... : ·:�· .. � : ... . 

. .: �-·· 

O,·Ot�" --

Z'f 
?f 

/,Soo 
D./.0 

5�5 
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SCS Hydrogr�ph Generation Program 
Copyright (C) Galilee �oftware 1987 Al l Rights 

REFUSE HIDEAWAY LANDFILL 

DRAINAGE AREA = .0166 SQUARE MILES 
TIME OF CONCENTRATION = .2767783 HOURS 
RUNOFF CURVE NUMBER = �4 
STORM DURATION = 24 HOURS 
scs TYPE 2 STORM I RAINFALL = 4.1 INCHES 
RUNOFF = 1.67 INCHES = 1.48 ACRE FEET 

VOLUME ADJUSTMENT FACTOR = 1.00 

Res£�r-ved 

*** MAXIMUM FLOW = 20.14 CFS AT 12.0 HOURS *** 

TIME . <HOURS) 

.-·, - · .. . , ,  

�-. o. 0 0  < 

. �.-.,:.1 • 00 
' 2.00 

3.00 ' : .'·/,: 4. 00 :.�. 

!;._;:.':it::,_:�:gg�::: .. - : . . . l' . 

� ·: ... ;. 7. 00 _: . .. c. ; l: 

.. ::'·0·: 19;.00 . 
· · .· 2o.oo.·• · 

... 21 � 00 
22.·00 
23.00 

. ·. 24.00 
... . . �. : . t. � . 

I 
CUM. RAINFALL 

CINCHES> 

0.00 
0.04 
0.09 
0.14 
0.20 
0.26 
0.33 
0.41 
0.49 
0.60 
0.74 
0.96 
2.72 
3. 17 
3.36 
3.50 
3.61 
3.70 
3.78 
3.84 
3.90 
3.96 
4.01 
4.05 
4. 10 

CUM. RUNOFF 
<INCHES> 

0.00 
0.00 
o.oo 
0.00 
0.00 
o.oo 
0.00 
0.00 
0.00 
0.00 
0.00 
0.02 
0.73 
1. 01 
1.15 
1. 24 
1.32 
1.38 
1.43 
1.48 
1.53 
1.56 
1.60 
1.64 
1.67 

FLOW <CFS> 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
o.oo 
0.00 
0.01 
0.31 

20. 14 
2.02 
1.20 
0.94 
0.74 
0.65 
0.58 
0.50 
0.43 
0.40 
0.39 
0.37 
0.36 
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DRAINAGE AREA (SQ MD 

STORM DURATION (HOURS) 

RUNOFF CURVE NUMBER 

CURVE NUMBER METHOD USED TO 

COMPUTE TIME OF CONCENTRATION· 

LENGTH OF LONGEST 
DHAINAGE PATH (FT) 

AVERAGE WEIGHTED SLOPE 
OVER DRAINAGE AREA (FT/ FT) 

TYPE OF STORM 

RAINFALL (INCHES) 

0 . . 03¥5' 

Z.'f 
.b? 

/1300 
0.3ll 
l5�.5 
rr,,.x 
�./ 
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SCS Hydrograph Generation Program 
Copyright (C) Galilee Software 1987 All Rights Reserved 

REFUSE HIDEAWAY LANDFILL 

DRAINAGE AREA = .0345 SQUARE MILES 
TIME OF CONCENTRATION = .1693457 HOURS 
RUNOFF CURVE NUMBER = 67 

STORM DURATION = 24 HOURS 
SCS TYPE 2 STORI"1 
RAINFALL = 4.1 INC ES 
RUNOFF = 1.21 INCHES = ACRE FEET 

VOLUME ADJUSTMENT ACTOR = 1.00 

*** MAXIMUM FLOW = 35.75 CFS AT 12.0 HOURS *** 

TIME <HOURS> 

0.00 

1. 00 

2.00 

3.0 0  

4.00 

5.00 

6 . 00 

7.00 

8.00 

9.00 

10.00 

. .11 . 00 

': 12.00 

y 13.0 0  

1 4  • .  00 

15.00 

16.00 

17.0 0  

18.0 0  

19.0 0  

20.00 

21. 0 0  

22.00 

23.00 

24.00 

CUM. RAINFALL 
(INCHES> 

0.00 
0.04 

0.09 

o. 14 

0. 20 
0.26 

0.33 

0.41 

0.49 

0.60 

0.74 

0.96 

2.72 

3. 17 

3.36 

3.50 

3 . 61 

3. 7C> 

3.78 

3.84 

3.90 

3.96 

4.01 

4.05 

4. 10 

CUM. RUNOFF 
<INCHES> 

0.00 
0.00 

0.00 
0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.45 

0.67 

0.77 

0.85 

0.91 

0.96 

1.01 
1. 05 

1.09 

1. 12 

1. 15 

1. 18 

1. 21 

FLOW (CFS> 

0.00 

0.00 

0.00 

0.00 

0.00 
0.00 

(l. (H) 
0.00 

0.00 

0.00 

0.00 
o. 00 . 

�.)5. 75 

::.. 14 

1. 95 

1. 58 

1. 25 
1. 11 

0.99 

0.87 

0.74 

0.70 

0.68 

0.66 

0.63 



I �-----------�----------� d 
.SU.• I 24 I -::J 

SUMMARY SHEET FOR 

I HYDROGRAPH INPUT DATA 

I 
I 

-

DRAINAGE AIREA (SQ MD 

STORM DURATION (HOURS) 

RUNOFF CURVE NUMBER 

CURVE NUMBER METHOD USED TO 

COMPUTE TIME OF CONCENTRATION 

LENGTH OF LONGEST 
DHAINAGE PATH (FT) 

AVERAGE WEIGHTED SLOPE 
OVER DRAINAGE AREA <FT/ FT) 

TYPE OF STOBM 

RAINFALL (INCHES) 

1 406 bsl V..sf'otVO" � "3 3 
Mitdrwfl. WI 5J70J 
�. 606 255 2 I )4 

tJ.6s-/-� v 

z;. 
'? 

z,1oo 

0.3b'Z. 
:SL� 
-r-tff.%: 

'+.I 



I 

I 

I 

I 

I 

I 

I 

I 

SCS Hydrograph Generation Program 
Copyright (C) Galilee Software 1987 All Rights Reserved 

REFUSE HIDEAWAY LANDFILL 

DRAINAGE AREA = .0545 SQUARE MILES 
TIME OF CONCENTRATION = . 230 3 6 73 HOURS 

RUNOFF CURVE NUMBER = 67 

STORM DURATION = 24 HOURS 

SCS TYPE 2 STOR1'1 
RAINFALL = 4.1 INCHES 

RUNOFF = 1.21 INCHES - 3.51 ACRE FEET 

VOLUME ADJUSTMENT FACTOR - 1.00 

*** MAXIMUM FLOW = . 51.48 CFS AT 12.0 HO URS *** 

TII"1E <HOURS) 

0.00 
1. 00 
2.00 
3.00 
4.00 
5.00 
6.00 
7.00 
8.00 
9.00 

'10. 00 
11.00 
12.00 . 
13.00 
14.00 
15.00 
16.00 
17.00 
18.00 
19.00 
20.00 
21.00 
22.00 
23.00 

24.00 

CUM. RAINFALL 
(INCHES> 

0.00 
0.04 
0.09 
o. 14 
0.20 
0.26 
0.33 
o. ·41 
0.49 
0.60 
0.74 

0.96 

2.72 
:3. 17 
3.36 
3.50 
:::::.61 
3.70 
3.78 
3.84 
3.90 
3.96 
4.01 
4.05 
4. 10 

CUI'1. RUNOFF 
(INCHES) 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

·o.oo 

0.00 
0.00 
0.00 
0.00 
0.00 
0.45 
0.67 
0.77 
0.85 
0.91 
0.96 
1. 01 
1. 05 
1. 09 
1. 12 
1. 15 
1. 18 
1. 21 

FLOl..J <CFS> 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 

51.48 
5. 14 
3.15 
:� .. 52 
2.00 
1. 77 
1. 58 
1. 38 
1. 18 
1. 11 
1. 08 
1. 04 
1. 00 

I]< 3. 



I 

I HYDROGRAPH INPUT DATA 

DRAINAGE AHEA (SQ MD O;Ot� 
STORM DURATION (HOURS) 2LJ-
RUNOFF CURVE NUMBER bb 
CURVE NUMBER METHOD USED TO 

COMPUTE TIME OF CONCENTRATION 

LENGTH OF LONGEST /,3,0 DFtAINAGE PATH <FT) 

AVERAGE WEIGHTED SLOPE 
OVER DRAINAGE AREA (FT/ FT) ().250 

- &s 
TYPE OF STOHM iT"'1PfX 
RAINFALL (INCHES) �. { 



I 

I 

I 

I 

. I · 
1·. 
I 
I 

,, 

I 

I 

SCS Hydrograph Generation Program 
Copyright (C) Galilee Software 1987 All Rights Reserved 

REFUSE HIDEAWAY LANDFILL 

DRAINAGE AREA = . J 1 2 7  SQUARE MILES 
TIME OF CONCENTRATION = .2010237 HOURS 
RUNOFF CURVE NUMBER = 66 
STORM DURAT I ON = 24 HOURS 

SCS TYPE 2 STORM 
RAINFALL = 4.1 INCHES 
RUNOFF = 1.15 I NCHES = 0.78 ACRE FEET 

VOLUME ADJUSTMENT FACTOR - 0.97 

* ** MAXIMUM FLOW = 

TIME <HOURS) 

0. 00 
1 . 00. 
2. 00 
3.00 
4. 00 
5. 00 
6. 00 
7. 00 
8. 00 
9. 00 

10.00 
. 11. 00 

12.00 
13. 00 
14. 00 
15. 00 
16. 00 
17. 00 
18. 00 
19. 00 
20. 00 
21.00 
22.00 
23.00 
24.00 

11.83 CFS AT 12.0 HOURS *** 

CUM. RAINFALL 
(I NCI--IES ) 

0 .00 

0 .0 4 

0.09 
0.14 
0. 20 
0. 26 
0.33 
0. 41 
0. 'l-9 
0.60 
0. 74 
0. 96 

3. 17 
3.36 
=�-50 

3.61 
:; . 70 
3.78 

3.84 

3.90 

3.96 
4 . 01 
4.05 

'1. 1 0 

CUM. RUNOFF 
(INCHES> 

0.00 
0.00 
0.00 
0.00 
0.00 
0 . 00 

0. 00 
0.00 
0. 00 
0. 00 
0. 00 
0.00 
0. 42 
0. 63 
0. 73 
0.80 

0.86 

0.91 
0.95 
0.99 
1. 0 3  

1 .  06 
1. 0 9  

1. 12 
1. 15 

FLOW <CFS> 

0 .00 

0.00 
0.00 
0.00 
0 .00 
0 . 0 0  

0.00 

0.00 
0.00 
0.00 
0.00 
0.00 

11. 83 
1. 12 
0.69 
0.56 

0.44 

0.39 
0.35 

0 .  =� 1 
0.26 

0.25 

0.24 

t). 23 

0.23 

/� 
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COMPUTATION SHEET 
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COMPUTATION SHEET f8!Jlilwc 

-=�===����------:------:-----:-:�--:--:--- SHEET ___ ..:,./..;:(o;;;.._ __ OI' 53 
1406 East WCJShlnOfon AWinU& Suite 124 Mod/son, Wl.oconsln 53703 (608) 255-2134 
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i i i : ! ! �!-=I i htll /i I\ I I I I I 



I 

I 

I 

I· 

I 

I 

I 

I 

I 

2. 

ASSUMPTIONS USED FOR SEDIMENTATION BASIN SIZING 

The par.ticle settled out is fine sand with a diameter of 40 microns 
and a settling ve locity of 0.21 em/sec. Figures were taken from 
Table 23 of APWA, Practices in Detention of Urban Stormwater Runoff, 
page 116. 

The pond outfl,ow rate is equal to the estimated peak runoff from the 
drainage basin. 

3. The particle Sl� t tling velocity is equal to the up flow velocity under 
the assumed "ideal" conditions. 

4. The minimum required surface area for a flow of 1 cfs is equal to 1 45 
square feet. 

A • 

A • 

A • 

g_ -

v
o 

1 cf1� 

g max 
VB 

0.21 -on/s 

145 d/cfs 

Q • pond outflow rate 
Q • estimated peak runoff 

max V0 • upflow velocity 
V

s • particle settling velocity 
A • minimum required surface area 

5. Basin area is 1�haped to have a length to width ratio of at least 2:1 
because this m:Lnimizes the "short circuiting" sediment-laden inflow 
to riser. 

6. The depth of the pond is usually assumed to be 5 feet because the 
sediment generation rate does not warrant a .large sediment storage 
capacity. In llddition, deepening a pond has no effect on trapping 
efficiencies. 

27.76:KAR:compute-6 

17/ 
'33 
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d) 

e) 

49 x 1.08 = 53 cfs/inch runoff (Page E-2) 

,/ 
10 year/24 hour storm = 1.76" runoff 

(Page 2-3) 

53 cfs/inch runoff x 1.76" � 93 cfs 

7) Runoff Velocities (based on road ditch slope for road ditch; culvert slope 
for culvert, etc.) 

To us this means for a new channel that: 

If Vis 0-2.9 seed and mulch (punched into soil)* � 3-4.9 seed and mulch and jute netting or excelsion blanket� 
5-7.0 sod** 

over 7.0 need mechanical controls 
- 5&2 JJ I .. LEt 3 Lil! It i 3 � .I 71 

* Can use 6' long sod strips covering the total cross-section at 

g_I.F 

25' intervals to reduce erosion. However, these are only considered 
effective up to 2% slopes. 

** If sod is used, we need establishment and maintenance plan. 

b) We check your velocity according to TP-61. 

1. Choose proper chart from pages 14-22; determine hydraulic radius 

2. Go to page 29: 

EXAMPLE: 

a) find proper hydraulic radius 
b) use proper slope 
c) determine "n" 
d) find what V is 

Dat�r submitted for triangular channel with 3:1 ss, 0.94' deep, 
5% road ditch slope 

From Fig. 10 - H-R � .43 

From Fig. 17 - (retardance D) - n = .048 

Frornr Fi g. 17 - V ... 4fps 



I 
I 

112 UHI rona.t FLOW 

c. 

D. 

-
'J.')'PI of than

.
ncl r.nd dracripllon 

ExcAYATED 011 Dru:oos:o 
•·· Earth, elraichl and uniform 

1. Clean, rcecnlly complc\cd 
2. Clc11n, 11fler WC:IIlherin�t 
3. Cr11vc:l, unllorm ardion, rlrnn 
<4. With thor\ It'""• few �·rc:•ll 

h, r:.arth, wimlilll( Anti lhll:l;ilh 
1. N-o nccl11lion 

-� 2. Crau aomc wrc:cb 

3. Ucnao "'cella or llqunllc "'""'' In 
dc:c:p chnnncle 

-4, l·'juLh bollom 11ncl ruhhlc: alclra 
&. Stony \)ollonl ruul wrc.-dy hnnka 
11. Cobble bollom nml clrAn ahh•a 

c:. Drll�linc�Xtll\'lllcd or drccllc:d 
1. No \'C:Jt'llllion 
2. Li1hL bruah on b11nka 

cl. nock cu\a 
1. Smooth and unlrorm 
2. Jnucd a111l lrrc.-�ull\r 

•· Ch11nMI1 no\ m11inlnlnc:d1 wrrcle "'"' 
bnah untul 
11 Ds;ns�· wr�:•IJ, hie:h 111 fiow clrrlh 
2. -Clc:an hollum, Lrruah nn aiclra 
3. Snme, hi�thre\ ali\J:I' of Jlow 
<4. l>cnao hruah, hi11h al1110 

NAT, lilA I. STIIt:Allll 
U-l. Minor atrcnma (top width a\ nuod llAjtl' 

< wo ro 
o, Slrc:nma on pll\ln 

1. Clcnn, alrni�:ht, fullalas:e, no 'rifle nr 

... ,,..,, � 2. f'Anle 111 nhu\'C:, hulmnr11 � ami 

~ 
. 

3. �· "·irulinr;, Jnrnc •nl• an1f 
•I , 

.C. Sn 1 hu\'t', but aomc: Wt'ttls n111l 
ILIO I 

6. �1\lllr n• ahn,·e, lo\\·r.r Jln�rll, """'' 
lnc:ITI'rlivo 11lopea 11nd arrl inns 

Cl. Some: 111 "• hut more.- atonra 
7; �h•�tP:illh rr11r.h�·a, wt•rtly, clrr.p J'onl11 
8. \'rry '"'rrtly rr.n1�hr11, th·rp J•onla, nr 

Jloo<hVII)'A with '"""')' dnn1l uf lim· 
\)er nntl umlc.-rbru11h 

J-1 y D�A UL/ L. S OP€.rJ- C. H tv.J tJ £ L 

Vei'V TE C..HOW 
l'l5'1 

PH, D. 

- N e 4 4 Q 

Append 'tk (p,L ( 

�linimun1 l'orn1al �lulmu111 

0.01 0  O.OIS 0.0:!0 

11.111� 0.022 O.lt!� 
U.U:!:! 11.11:!:. 0.1\:111 

11.11".!:! 0.0-.!i O.O:S:J 

o.o:.::l 0� 0.0.10 IJor...-a.\ 11.0:!5 /1). o:Jo ) 0.0.1:\ 

O.O:tO "1h1r.r.J 0.0·10 Vt� .. \-�td 
0.0:!� 0.0.10 0. 0:1.5 "� ... """' 
0.0:.!5 0.0:15 0.0�0 I , 
o.o:1o 0.0�0 0.03() I 

0.0".!5 O.O:!S 0.0.1:1 
o.o:u 0.0�0 0 .000 

0.0:!5 0.0.13 0.010 
O.O:J3 0.0�0 0.� 

0 .OM II 0.010 I O.l:xt "�"'�t��J�J 
o.o�u 0 .1\.\(1 O.OStl \tJ;\"\., �i�"' 
0.0·13 0.070 0.110 
o.oso 0.100 0. I·IU f�·�· 

, 

�-" 
Ci.O:!S O.o:\3 

. 
o .11:111 u.tm 0.010 

o .o:t:t 0 . 0 10 0.015 

0 .0:1!1 u 01� o o;.o 

0.11111. CIOIS 0.11.'13 

-
0.0·15 O.O!oO o.ucoo 

U.OMJ o.o;u r u!'O 
0.075 O.IUU 0. HoO 

" asateau- we•-•••''ffllli 
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ECS 5/85 

I_ < < < < MANN I NG · s EQU(H I CJN Hm usE: I 1\1 DITCH r-'1\ID sF· I L.LvJAY DESIGN 

DATE: 09-,]ul -8!:3 

USE:R N?-)ME: GAT 

>>>> 

PROJECT NAME: REFUSE HI DEAWAY 

PROJ E CT �t: 1181.05 

J_ <<< INPUT KNOWN/SELECTED VARIABLES >> > 

I 

I 
I 

1-

I 
I 
I 
I 
I 

BOTTOM WIDTH OF DITCH/SPILLWAY CFT> -

SI D E SL O P E  OF DITCH/SPILLWAY CH:l), H -

COEFFICIENT OF ROUGHNESS (ftA1/6), n = 

SLOPE OF DITCH/SPILLWAY (%) = 

<<< INPUT SELECTED VARIABLES >>> 

ASSUMED FLOW DEPTH IN DITCH/SPILLWAY CFT> , D = 

<<< CALCULATED VALU ES >>> 

AREA OF FLOW CSF) -
HYDRAULIC RADIUS <FT) , R -

VELOCITY <FPS), V = 
FLOW CCF:S) , Q ·-

10.00 
3.00 

0.030 

25.00 

0.22 

0.21 

8.64 

2<). 25 
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ECS 5/85 

<<<< MANNING'S EQUATION FOR USE IN DITCH AND SPILLWAY DESIGN 

DATE: 09-Jul-88 

USER NAME: GAT 

>>>> 

PROJECT NAME: REFUSE HIDEAWAY 
PROJECT #: 

<<< INPUT KNOWN/SELECTED VARIABLES > >> 

BOTTOM WJDTH OF DITCH/SPILLWAY <FT) = 
SIDESLOPE OF DITCH/SPILLWAY <H:l), H -

COEFFICIENT OF ROUGHNESS (ft�1/6), n = 

SLOPE OF DITCH/SPILLWAY (%) = 

<<< INPUT SELECTED VARIABLES >>> 

1181.05 

10.00 
3.00 

0.030 

1.00 

ASSUMED FLOW DEPTH IN DITCH/SPILLWAY <FT), D - 0.57 

. . . 

<<< CALCULATED VALUES >>> 

AREA OF FLOW <SF) = 
HYDRAULIC RADIUS <FT>, R -

VELOCITY <FPS>, V = 
FLOW <CFS> I Q = 

6.67 
0.49 

3.08 
20.57 

Zl/ ��� 
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I 

ECS 5/85 

I <<<< MANNING'S EQUATION FOR USE IN DITCH AND SPILLWAY DESIGN >>>> 

I 
I· 
J:. 
I 
I 
·.I 
I 
I 

I 

DATE: 09-.Jul-ElB 

USER NAME: GAT 

PROJECT NAME: REFUSE HIDEAWAY 

PF\OJECT #: 1181.05 

<<< INPUT KNOWN/SELECTED VARIABLES >>> 

BOTTOM WIDTH OF DITCH/SPILLWAY <FT> = 
SIDESLOPE OF DITC8/SPILLWAY <H:1> , H -

COEFFICIENT OF ROUGHNESS (ftA1/6), n = 

SLOPE OF DITCH/SPILLWAY (%) = 

<<< INPUT SELECTED VARIABLES >>> 

ASSUMED FLOW DEPTH IN DITCH/SPILLWAY <FT> , D -

<<< CALCULATED VALUES >>> 

AREA OF FLOW <SF) = 
HYDRAULIC RADIUS <FT> , R -

I 
VELOCITY <FPS>, V = 

FLOW <CFS) , Q -

1 0. (H) 
. 3. 00 

0. o:so 

10.00 

0.29 

3. 15 

0.27 

6.48 
20.44 

z z_j /33 
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ECS 5/85 

I <<<< MANNING's EQUATION FOR USE I N  DITCH AND SPI LLWAY DESIGN 

DATE: 09-Jul-·88 

l , : USER NAME: GAT 

>>>> 

I. PROJECT NAME: REFUSE HIDEAWAY 

PROJ ECT �t: 1181.05 

J. 
I 
.I 

<<< INPUT KNOWN/SELECTED VARIABLES >>> 

BOTTOM WIDTH OF DITCH/SPILLWAY CFT> = 
SIDESLOPE OF DITCH/SPILLWAY CH:1), H -

COEFFICIENT OF ROUGHNESS CftA1/6), n = 

SLOPE OF DITCH/SPILLWAY (%) -

<<< INPUT SELECTED VARIABLES >>> 

ASSUMED FLOW DEPTH IN DITCH/SPILLWAY CFT> , D -

·� .''. . 

. i. . j,· .. •' 

·1·:> 
.·• · 

1 .. · 

. < 

I· 
I 
I· 
I 
I 

<4,·· • • '  

<<< CALCULATED VALUES >>> 

AREA OF FLOW <SF) = 
HYDRAULIC RADIUS <FT) , R = 

VELOCITY <FPS), V = 
FLOW CCFS> , Q = 

10.00 
3.00 

0.030 

25.00 

0. 19 

1. 95 
0. 17 

7.74 
15. 1 2  



I 
I 

I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

' 
• 

PROJECT NAME: REFUSE HIDEAW�Y 
r:·r:;:u,:n::c:T ::�=: 1 J.£3:i. • o:.:J 

BDTTOI"I �·0i:DTH OF DJ.TCH/::)1-'ILLW·W (F"f) ·· 
SIDE::;L..D!::r::. UF DITCH/SF'ILU•J(\Y (i-L: l), H ... 

CL!EFF I C I ENT OF F\OUC:lHNESD \oft.···· 1 /b) ·; n ::: 

SLOPE OF DITCH/SPILLWAY ( % )  -

{{( INPUT SELECTED VARIABLES >>> 

r�SSUMED FLOl\! DEF"TH H.! DITCH /SF' I L.U•J,�YI' ( FT) , D ... 

<<< CALCULATED VALUES >> > 

{2)F\E:t':) OF FLmoJ <SF) ... 

HYDRAULIC RAD I US (FT), R -

VEL.OCITV 

FLOl•J 

( FF'S) 
< CF�;) 

, 
' 

v ... 
[l ·-· 

1 ("J. t)•") 
��:. 00 

::::.00 

��; ,. t31 
C•.�5:t 
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ECS 5/85 

MANNING'S EQUATION FOR LJSE IN DITCH AND SPILLWAY DESIGN , >>> 

DATE: 09-Jul-88 
USER NAME: GAT 

PROJECT NAME: REFUSE HIDE�WAY 
PROJECT tt: 

<<< INPUT KNOWN/SELECTED VARIABLES >>> 

BOTTOM WIDTH OF DITCH/SPILLWAY CFT) -
SIDESLOPE OF DITCH/SPILLWAY <H:1), H -

COEFFICIENT OF ROUGHNES S CftAl/6), n = 

SLOPE OF DITCH/SPILLWAY (%) -

<<< INPUT SELEC TED VARIABLES >>> 

AS SUMED FLOW DEPT�! IN DITCH/SPILLWAY CFT) , D -

<<< CALCULATED VALUES 

AREA OF FLOW CSF) -
HYDRAULIC RADIUS CFT), R -

VELOCITY CFPS) 1 V -
FLOW (CFS), Q -

1181.05 

10.00 

3.00 

0.030 

15.00 

0 .36 

3.99 

0.32 

9.07 

36.17 
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ECS 5/85 

<<<< MANNING'S EQUATION FOR USE IN DITCH AND SPILLWAY DESIGN '''' 

DATE: 09-,Jul-t.1f3 
USEF;; r-if-1t·1E: Gf.lT 

F'F\U,J ECT Nnt1E: F;.ETUSF II J DUill!f-)Y 
F'F\O.J ECT :(.i:: 1. :1. Dl • 05 

<</ INPUT KNOWN/SELECTED VARIABLES >>> 

BOTTOM l•H DTH OF D I TCH/��F· I LL.l•U:'IY ( FT) ··· 

SIDESLOF'E� (JF Dil�Cl-�/SF'II_L_L·JA'l' (�I� 1), r� --

COEFF I C I c::NT OF RDUGI·II\lESS ( f t ····1 /6) , r1 :; 

SLOPE 0� DITCH/SPILLWAY C%) -

<<< INPUT SELECTED V AR I ABLE S >>> 

ASSUMED FLOW DEPTH IN DITCH/SPILLWAY CFTi, D -

<<< CALCULATED VALUES '�� 

AREA OF FLOW CSFl -
HYDRAULIC RADIUS CFT) , R -

VELOCITY CFPS) , V -
FLOl� <CFS) . ,  Q -

10.00 
3.00 

o. o:�:o 

3.00 

0.58 

6.76 
0.50 

5. :�:] 
::.6. 27 
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E C S  5 / 85 

< < < < 1'1 {)N N  I N G ' S E C� U tl T  I L1 1\! F O f;: u ::; E !: I') D l T C I -1 1:\ N D  S F' I L L. l•J (.'1 \' D E b  I C�l\l . ·., · ,. ·,. 

O{l lT : 0 '7' - ,J u 1 --m 3  
U SER NAI":E. : Ci{IT 

P R O J ECT NAME : R E F U S E  H I D E A W A Y  

F' R O J ECT H :  1 1  E: 1 .  O �i 

< < <  I N PU T  K N O W N / S E L E C T E D  V A R I A B L E S  > > >  

B O T T O M  W I DTH OF D I T C H / S P I LL W A Y  < FT >  -
S I D E S L O P E  OF D I T C H / S F' I L U•J A Y  ( H :  1 ) , H ... 

C OEFF I C I E N T  OF R EJ U G H I\! E S S  < f t ····· 1 I 6 )  , n '" 

1 0 . 00 
3 . 0 0 

S L O P E  O F  D I T C H / S P I L L l>J A Y  ( /. )  - - 1 ,  0 0  

< < <  I NPUT S E L E C T E D  V A R I A B L E S  >>> 

A S S UMED F L O W  D E P T H  I N  D I T C H / S P I LLWAY < FT l  , D -

< < <  C A L C UL A T E D  VALUES � � �  

AREA OF F L OW C SF )  -
H Y DRAUL I C  RAD I US C FT )  , R -

V E L O C I T Y C F P S ) , V = 
F L. mll C CF'S ) , Q --

{:. • ..:;£!. 
0 .  4!:3 

::: . (i 5 
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< � � �  M A N N I NG ' S  E Q U A T I ON � O R U S E  I N  D I T C H  AND S P I L L W AY DES I G � � � - > 

D A T E : 0 9 ·-- J u l - Em 

U S E R  NP111E : C� ?H 
PROJ E C T  NAME : R E F U S E  H I D E A W AY 

F'ROJ ECT # :  1 1 8 1  . 0 5  

< < < I hiF'lJ'T' I<N O l.tJN / S E L� E c ·r E I) \J A R  I ��F.�L-ES > > > 

BOT T OM W I D T H  OF D I T C H / S P I LLWAY < F T >  -
S I D E S L O P E  OF D I T C H / SP I L L W A Y  < H : 1 ) , H -

C O E F F I C I E NT OF R O U G H N E S S  < f t A 1 / 6 ) , n = 

S L O P E  OF D I T C H / S P I L L WAY (%)  -

< < <  I N P U T  S E L E C T E D  V A R I A B L E S  > > >  

A S SUMED FLOW D E P T H  I N  D I T C H / S P I LLWAY < FT )  , D -

< < <  C A L C U L A T E D  VA LU ES > > >  

A R E A  OF F L O W  < SF )  -
H Y D RA U L I C  RAD I US < F T )  , R -

V E L O C I T Y C FP S ) , V -
F L_mJ < C F S ) , l1 ·-

1 0 . 0 0 

3 . 0 0 

:-�5 . 00 

0 . !.1 5  

5 .  1. 1. 
0 .  <-'J.O 

1 0 . 04 
5 1 . 30 
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< < < <  M A N N I NG ' S  E Q U A T I O N F O R  U S E  I N  D I T C H  AND SP I L L W A Y  DES I GN 

' 

or=i T E  � 0 9 -·- ,J u 1 - s s  
USEF: N tllv!E : C:.i AT 

P R O J E C T  NAME : R E F U S E  H I D E A W A Y  

F' R O J E C T  tj : 1 1 8 1 . 05 

< < <  I N P U T  KNOWN / SELECTED VAR I A BLES > > >  

B O T T O M  W I DT H  OF D I T C H / S P I L L W A Y  C FT >  -
S I D E S L O P E  OF D I T C H / S P I LL W A Y  C H : l ) , H -

C O E F F I C I E N T  O F  ROUG H N E S S  ( f t A l / 6 ) , n = 

S L O P E  OF D I T C H / S P I �LWAY C%) -

< < <  I N PUT S E LE C T E D V A R I A B L ES >> > 

A S S U M E D  FLOW D E P T H  I N  D I T C H / S P I LL W AY C F T > , D -

< < < CALCU U:'tTED VALUES > > > 

A R E A  OF F L OW < SF )  -
H Y D R AUL I C  R A D I U S < FT )  , R -

V E L O C I T Y C F P S l , V -
F-· L. O W  < C F S ) , Q -.. 

1 0 . 0 0 
3 . 00 

0 . 0 3 0  

1 . 0 0 

0 . 9 6 

1 2 .  �5 6  
0 . 77 

II .  1 6  
5 1 . 4 2 
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< < < <  MANN I NG ' S E Q U A l i O N F O R  U S E  I N  D I T C H AND SP I LLWAY D E S I G N � >  

D A T E : 0 9 · - ,.J u l ·- 8 3  

USER NA ME : G A T  
P R O J EC T  NAME : R E F U S E  H I DEAWAY 

P F': O .J t:· T T  IJ: : 1 1. 8 J .  • O �i 

< << I N PUT KNOWN / SELECTED VAR I ABLES > > >  

B D T T D M  l•JJ D T I-I  DF D l TCH / �3 F' I LLWAY < FT )  -· · 
S I D E S L C.rF· E  OF D I TCH / S F· I L _L_ WW < H :  1 ) , 1-1 ··· 

C O E F F I C I E NT OF R O U G H N E S S  ( f t A l / 6 ) , n = 

S LO P E  OF D I T C H / SP I LLWAY C % >  -

< < <  I NP U T  S E L E CT ED V A R I ABLES > > >  

A S S U M E D  F L O W  D E P T H  I N  D I T CH / S P I LL W A Y  < F T )  , D -

< < < C AL. CUL�ll- E I) \·, A L LJES > > > 

AREA OF FLOW < SF )  -

HYDRAUL I C  RAD I US < F T >  , R -

V E L O C I T Y C F P S ) , V -

F L� O L-� ( CFS ) , Q --

1 0 . 0 0  
3 . 0 0 

0 . 0 4 0  

2 . 6 0 

0 . 8 6 

1. 0 .  f.G 

0 . 70 

4 .  T; 
5 1. . 1 ::-::: 
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< < < < MAN N I N G ' S  E Q U A T I JN F O R  USE I N  D I T C H  A N D  SP I L L W A Y  D E S I G N ' , , � 

D (\ T E : 0 c; -- .J u l -- E.J 8 
U :� E F� N A I''IE � C3 n T  

F'F\ CJ ,J F C T  i'l A l'1 E� : F:;: E:T U S E  H J. D E r-'t ��H-\Y 
P n O c! ECT �t : 1 l E.! 1. . 0�:5 

< < <  I N PU T  K N O W N / S ELEC T E D  V A R I A B L E S  > > >  

B O T T CJI'1 vJl D T H  CJF D I T C f i / S P J: l_L. l•J ?- W ( F T) ·-· 
S I DE-: S L Cl F' E  CJF D I ·r c� l-� I S F' I L_L_ l\lt�Yy· ( 1-1 � 1 ) , 1-l -·· 

C O E F F I C I E N T  OF R O U G H N E S S  { f t A l / 6 ) , n = 

S L O P E  OF D I TCH / S P ILLWAY { % )  -

< < <  I N P U T  S E L .E C T E D  V A R I A B L E S  > > > 

A S S U M ED FLOW DEPTH I N  D I TCH / S P I LLWAY < F T )  , D -

< < <  CALCULATED VALUES > > >  

A R E A  OF FLOW < SF )  -
H Y D R AU L I C  RAD I U S < FT )  , R -

V E L O C I T Y < F P S )  , V -
F I_ O l� ( CFS ) , Q --

1 0 . 0 0 

3 . 0 0 

o .  o�; o  

1 . 0 0 

0 .  '-:· 1 

I� . •  60 

0 . 37 

2 .  s::: 
1 1 . 66 

.3 J I 1 3 3 

- -- ---
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' . < < < <  MANN I NG ' S  EQUAT I ON FOR USE I N  D I TCH AND SP I LLWAY DES I GN > > > >  
' ·  

• . •  

. . ·, . . . . . 

' ' '  

' 
I '  

! 

· ··'; ' 

.. : i '  

I I • 

: .  • . . , 

09'....;J u l -88 
GAT 
REFUSE H I DEAWAY 

1 1 8 1 . 05 

, . 
. · . . 

, .  

. : :  ·.· 

1 0 . 00 
3 . 00 

0 . 030 

1 8 . 00 

0 .  1 2  

1 .  2 4  

0 . 1 2  

4 . 99 
6 :. 20 

. :: · ·· t '·. 

� . . . 
. . . � .  

' .  

· ' 
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< < << MANN I NG . .' S EQUAT I ON FOR USE I N  D I TCH AND SP I LLWAY DES I GN > > > >  . 

. . 
� -· •<�> ' � 

: .... , �· 
I ', 

, • •  !' . ,  
: .  -� 

D 
• • , . • 0-1 . 
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. r ' . .  

= 

. -� -� . . 
· : : ·' . !. 

I ,� ; . ..;,., 
" �.: 

0 . 20 
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