
DRAINAGE DITCH DESIGN

The drainage ditch designs consist of, in general, a narrative description, design
parameters, flow calculations, flowline profile and cross-section for each ditch. The
design parameters include drainage area, design storm information, curve number and
channel dimensions. Due to the relatively large size of their drainage areas, flow
calculations are used to derive the design peak flow rate for each diversion. The design
peak flows for the smaller Ditches No. I through No. 5 are approximated using SCS peak
flow rate graphs or modeled using HEC-HMS computer prosram This information is
then used within Manning's Equation to determine the specific flow characteristics of
each ditch.

The design storms used for the ditches are:. l0-year/24-hour for temporary ditches
not associated with refuse disposal areas and 100-yearl}4-hour for the permanent Stream
Diversion, an#Waste Disposal Site Diversion. and ditches assoc
disposal areas. The ditches are designed to maintain flow velocities during design storm
peak flows under 4.0 fps in earthen channels and less than 12 fps in rock. In earthen
channels where gradient slopes result in peak velocities exceeding 4.0 frs, rock checks
and/or other stabilizing structures will be installed to mitigate erosion. Side slopes will
be constructed with slopes of 2H:lV or flatter in earthen channels and lH:lV or flatter in
rock. Channel bottoms will be controlled with rock riprap where deemed necessary. The
ditch spoil will be graded and seeded as soon as possible. These measures will serve to
reduce erosion of the spoil and the sediment load in the ditch conveyance. See Plate
VI-10 for drainase ditch locations.
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Tnmponc,ny Drrcn No. I

Ditch No. 1 collects runoff from a small drainage area north of the Existing Coal
Stockpile/Temporary Development Waste Disposal Site (Stockpile/Disposal Site)
conveying it west and then south to a confluence with Temporary Ditch No. 2. The ditch
parallels Ditch No. 2but at a lower elevation. Drainage area to Ditch No I consists of the
out slope of the berm forming Ditch No. 2 as well as some undisturbed area. Runoff
from the Stockpile/Disposal Site does not enter Ditch No. l. Total drainage area to Ditch
No. I is 1.1 acres.

Since this ditch does not convey refuse area drainage and would be classified as a
miscellaneous ditch, the l0-year, 24-hour storm event is required for the design. The
ditch is included in the HEC-HMS 100-year, Ghour computer model for Ditch No. 2 to
veri$ the ditch is adequate. Flow depths and velocities are checked using the 100-year
event runoff.

Ditch No. I consists of a steep section and a flat section (Ditches 1A and lB),
respectively. A portion of Ditch lA is a natural drainage channel and a portion is
excavated as shown on Figure VI-27. Drainage area for Ditch lA is designated as
HYDD.I in the HEC-HMS model and the area for Ditch lB is HYDD2. From the HEC-
HMS model shown for Ditch No. 2 design, flows for the sections are 0.6 cfs and l.l cfs.
Both sections are modeled as triangular even though some areas have a small bottom
width. The sections have 4:l side slopes and a Manning's "n" of 0.030. The steep section
has a flow gradient of 0.048 feet/foot (ff/ft) and the gradient for the flat section is 0.009
fl/ft.

Using Manning's Open Channel Flow Equation:

Q:  1.4914;1R;2/31s)os
n

where A: area(ft2)
R : area./wetted perimeter
s : ditch gradient

From trial and error, flow depth and velocity for each section are:

Steep section - 0.25-foot flow depth at 2.6 fps
Ffat section -0.42-foot flow depth at 1.6 fps

Ditch No. I is adequately sized for the 10O-year event. See Figures VI-27, 27A, and 278
for profile and cross section of Ditch No. l. The Pond No. 8, Plan View and Drainage
Map drawingin Appendix VI-7 shows the plan view of this structure.

23 of38
Ch M, App VI-6

Inserted 9/07



Tnuponl,Ry Drrcu No. 2

Ditch No. 2 intercepts runoff from the Stockpile/Disposal Site and conveys it to Culvert
B after combining with discharge from Ditch No. l. Discharge from Culvert B is
directed to Sediment Pond No. 8. Total drainage area for Ditch No. 2 is 6.2 acres. The
100-year, 6-hour storm event is used to design the ditch per Utah Department of Natural
Resources regulations 7 46.212.

The ditch consists of three sections designated Ditches 2A, 28, and 2C. Ditch 2A
intercepts runoff from the east and north sides of the disposal area. An undisturbed
portion of this drainage area (Area A on the Pond No. 8, Plan View and Drainage Map)
lies east of the refuse area. Runoff from Area A is shown as HYD2A on the HEC-HMS
computer model. Area B (HYD2B) consists of the east and north out slopes of the refuse
pile. Total drainage area for Ditch 2,4. is 2.0 acres. Ditch 2A has a bottom width of 2 feet
with 2:l side slopes and a flow gradient averaging 0.0425 ff/ft. Peak flow in this section
from the HMS modelis2.T cfs. This flow is routed through the next section (Ditch 2B).

Ditch 28 intercepts drainage from Area C (HYD2C) consisting of the south and west
sides of the refuse pile and the flat area west of the pile. The top of the pile has been
graded to direct runoff to the south and avoid the steeper ditch section (Ditch 2A). The
peak flow from Ditch 2Aand runofffrom AreaC is l0.l cfs. Ditch 28 has abottom
width of 2 feet with 2: I side slopes and a flow gradient of 0.0068 ft/ft. A rock-lined
channel at the end of Ditch 28 conveys the flow down a slope to Ditch 2C, combining
with discharge from Ditch l.

Peak flow for Ditch 2C is I l.l cfs. This section has a 3-foot bottom width with 2: I side
slopes and a 0.029 ff/ft flow gradient. The channel is cut in bedrock, making it adequate
for the 4.8 fps flow velocity.

Flow depths and velocities are calculated using Manning's Open Channel Flow Equation.

Q: 1.4e (A) (R)2/3 (s)O.s
n

where A:area( f t2)
R : arealwetted perimeter
s : ditch gradient
n : roughness factor (0.030)

Using trial and error, flow depths and velocities are:

Ditch 2-A - 0.3-foot flow depth at 3.8 fps
Ditch 2-B - 0.9-foot flow depth at 2.9 fps
Ditch 2-C - 0.6-foot flow depth at 4.8 fts

See Figures VI-27, 27A, and 278 for profile and cross sections of Ditch No. 2. The Pond
No.8, Plan View and Drainage Map in Appendix VI-7 shows the plan view of this
structure.
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Culvnnr B

Culvert B is an existing Z4-inch comrgated metal pipe (CMP) conveying drainage from
Ditch No. 2 under the road to the Stockpile/Disposal Site. Invert elevation of the pipe is
5939.6 and the top of road/top of ditch elevation is 5943 .2, allowing a flow depth of 3.6
feet before overtopping.

From the HEC-HMS computer model for Ditches I and 2, the 100-year, 6hour event
peak flow to Culvert B is I 1.1 cfs. A series of discharges to headwater depths from the
nomograph shown below were input into the model. From the nomograph and
FIEC-HMS output, the headwater depth required to achieve ll.l cfs is 1.9 feet. The
culvert is, therefore, adequate to convey the peak discharge without overtopping.

HEADVIATER OEPTH FOF
C. T. PIPE CULVERTS
WITH IIILET COilTNOL

(From Ref. Hyd Eng Circular No. 5, USBM, 1965)
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HEC-HMS Hvonolocrc Monnl

Due to the limited printing capability of the public version of HEC-HMS, screen images
of the HEC-HMS input and output are presented along with subbasin hydrologic
parameters used in the model. The watershed and subbasins are shown on Pond No. 8,
Plan View and Drainage Map in Appendix VI-7. Pond No. 8 was sized using results from
an HEC-l computer model presented in Appendix IV-g - Sediment Pond No.8. The total
drainage area reporting to Pond No. 8 does not significantly change under this evaluation
of Temporary Ditches No. I and 2. Therefore, the Pond No. 8 design has not been
revised.

Ditch No. 2 intercepts and conveys drainage from the Stockpile/Disposal Site. Per Utah
regulations, the strrcture is designed to handle the 100-year, 6hour storm event. Total
rainfall for the 1O0-year, 6-hour storm is 1.80 inches. The same rainfall distribution used
in the original HEC-I model is used in this HEC-HMS model. A computational time
interval of one minute was used due to the small lag times in the subbasins.

Refuse Area HEC-HMS Network Diagram:
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Subbasin Hydrology:

Description of Subbasins :

HYD2A Unaffected area east of Stockpile/Disposal Site (Area A)
HYD2B Stockpile/Disposal Site, east and north outslopes (Area B)
HYD2C Remaining Stockpile/Disposal Site and area west of pile (Area C)
HYDD-l Unaffected area north of Stockpile/Disposal Site (Area D)
HYDD-2 Affected area west of Ditch 2B (Area D)

Subbasin Parameter.s:

Subbasin
ID

Area
(ac)

Area
(mi2) CN S

L
(f0

Y
(%)

lr
(min)

HYD2A 1.3 0.0020 80 2.50 450 20 2.2
HYD2B 0.7 0 .001 I 90 l . l l 80 30 0.3
HYD2C 4.2 0.0066 90 l . l  l 600 5 4.0
HYDD I 0.5 0.0008 80 2.50 60 l 0 0.6
HYDD-2 0.6 0.0009 80 2.50 35 25 0.3

SCS Curve Number
0000/cN) - r0
Hydraulic Length of Watershed
Average land slope
SCS lag t ime in hours: (L0.8 (S + l)0.7y(1900 Y0.5)

Ditch Geometry:

CN:
S :
I _
L

Y
IT

Not allditches were included in the HEC-HMS model.

A small rock-lined channel at the end of Ditch 28
conveys flow from Ditch 28 to Ditch 2C.

was not modeled. The channel
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Ditch
ID

Length
(ft)

Bottom
(fo

Side
SIope

(xH:1Vf

Florv
Gradient

(ft V:l ft H)
Manning's

f t n t t Linine
Ditch 24 670 2 z 0.0425 0.030 Earthen
Ditch 28 600 2 2 0.0068 0.030 Earthen
Ditch 2C t20 a

J 2 0.0292 0.030 Rock
Ditch lA 495 0 4 0.0480 0.030 Earthen
Ditch lB 595 0 4 0.0090 0.030 Earthen



HEC-HMS Output:

Project l Emery Simulation Run : Run I Subbosin: HYDZA

5tort of Run : 011u12007, 80:00 Eesin Model : Refuse Area
End of Run : 02Ju12007, 00100 Meteorologic Model : 100-yr 6-hr
Compute Time : 035eF2807, 1{:50:00 Control spe(ifications : Control I

VokrnetJn*s: {* IN tf AC-FT

Computed Results

PeakDischarge r 1.3 (CFS) Date/Time of PeakDischarge : 011u12007, 03:00
Total Precipitation : tl,Z (AC-FT) Total Direct Runoff : 8,0 (AC-FT)
Total Loss : 0.1 (AC-FT) Total Baseflow :
Total Excess : 0.0 (AC-FT) Discharge :

0.0 (Ac-Fr)
o.o (AC-FT)

ffi |

li Print il Close I
LJlsiriilil

Proiect : Emery simtjation Run: Run 1 subbasin: HY02B

Vd.nra Unts : C

Bosin Model : Rduse Area
Meteorologic Model : l0Gyr 6-hr
Control Specifications : Control I

IN (f AC.FT

Computed Results

FaokDischargs : t.1 (CFs) OatefTimc of FeakDischarge I 0llr.rfZtl]7, 03;00
TddPreciptation: D.l(AC-FT) ToldlDFeEtRunoff : 0,1(AC-FT)

stet af Rr.n : 01L{2007, 00:0t)
End of Rm I 02Jrd2tr)7, tx):00
Compute TmE. : 035ep?004 1+r50:0tl

Totalloss: 0.1 (AC-FT)
TctalExress: 0,1 (AC-FT)

Total Baseflow :
Discharge :

8.0 (AC-FT)
0r1 (AC-FT)

I ---,---_--._.t I

l: kint il Close I
lryl

Proi€rt r Ernery SimuldHon Run I Run I JuncUsr: HYD2

Start of Rr,n : 01Ju12007, 00:(E Easin F4odel I Rduse Area
End cf Run: 02Ld2007, ffll0t) IrEteoroloqic Fhdel : 100-yr Ftr
CryrtE Tim€ I 0358f2007, t4150:00 ControlSpecificathns I Cmtrd 1

ComFuted RBsrdts

PeakOr.rtfbw | 2,7 (CFs)
Total Outflorv I 0, I (AC-FT)

Vofuireunits: f tru {3nC-ft

Date/Time of Pe*, Outflow : 01}il2007, 03:00
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IIEC-HMS Output (continued) :

Projer:t : Emery simulation Run : Run I Reach: Dltch 2-B

Start of Run r 0lJul2tE7, 00;00
End of Run : 02Jr.r12007, 00100
{ompute Time t 035ep2007, l4:50100

$4eteorologic Model : 1D0-yr 6-hr
Control Specifications l Control I

r IN (" AC-FT

Refuse Area

PeakInflow : 2,7 (CFS)
Peak Or-tflow : ?.6 {CFS)
Total lnFbw r 0.1 (AC-FT)

Dnte/Time of Peak Inflow : 0ilul?007, 03:00
Date/Time of PeakOutFlow : 011u12007, 03:02

0,1 (AC-FT)

EE$.:I aose I

Froiert i Emery simulathnRun t Run I Subbasrnl HYD2C

5tartof Rw i glJuE007, 00:00
End of Run : 02.1:Etl{17, @r(}0
Compute Time r 035ep2007, 14:50100

Edsin Model i Refuse Area
i4eteorolngic lvlodel : l0Oar 6*rr
Control ssecficEtlons l Control I

t/ohrreUnits: (^ tw {? ac+t

' Computed Results

Pcak Discharge : 7,7 (CFs) DatejTimE af Peak EXscharqe : 01Jul2lt07, 03:01
Total Precipitatlon : 0,6 (AC-FI) Totdl Dirert Rrnoff : U,3 (AC-FT)
TotEl Loss ! 0.3 (AC-FT)
Totd Excesr : 0.3 (AC-FT)

Total Baseflow :
Dixharge:

o,o (Ac-Fr)
0.3 (AC-Fr)

l;fril:I iqr I

Proiect : Efitsry simLildtilm Run r Rur I lm(thnt l"lYDZT

start of Rrfi | 0ur.d2007, 00100
End of R|jr; t12.tu12007, 00:00
CorrFJte fnne : 035ep2t]07, 14:50rffl

B€shModel l RefuseArea
Melaorol@Fhdr ltIl-yrffi
Conbol Soecificatiorx : ConUol 1

Compted Resufts

VolumeUnitst r* IN (? AC-FT

Dateflima of Peak O.r$low : 01jr-d2007, 03:01Pe6koutfldw r 10,1 (cFs)
Total Outflow : 0.,+ (Atr-FT)

tlfffi.=l cbse I
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IIEC-HMS Output (continued):

Proiecl ; Emery simulation Run : Run 1 subbosin: HYDD-I

5tart of Run : 0lJulm07, 00:00 Basin Model : Refuse Area
End of Run : 02lul!0tf, 00:00 Metearologic Flodel: l0{J-yr 6-hr
Compute Time : 035ep2007, l,+:50r00 Conkd specifications : Corrtrol I

Comouted Resrits

uolume Units : {-' IN 6' AC-FT

PeakDischarge ! 0.6 (CFs) DateJTime of PeakOischarqe :011u1e007,03100
Tot6l Prechitation r 0.1 {AC-FT) Total Direct Runoff : 0,0 (AC-FI)
Total [oss : 0,1 (AC-FT)
Total Excesr : 0,0 (AC-FI)

Totd Eageflow :
DischErga I

0,0 (AC-FT)
o,o (AC-FT)

ffi I

l!....Pm!.....i1 close I

Proiect I Emery slmul4ion Run : Run I Redchr Ditch l+

Compted Results" "

Peaklnflow r 0,6(CF5)
Peak Outfhw I 0,5 (CF5)
Total Inflovv t 0,0 (AC-FT)

BEsin Modd i RefuEe Area
Meteorologic Model : t0tlyr 6-hr
Control sDe.ifirdt'rons : Control I

Vofume Units t {* IN {t AC-FT

Date/Time of Peak Inflow : 01 1u12007, 03:00
Date/TimB d Peak Outflow : 01Ju12087, 0310{
Total 0utllow : 0,0 (AC-FT)

Start of Run : 0tJuleffl7, 00i00
End of RUn r 0?Jul20tl7,00:00
Codrpute Time i 035eFeBO7, 14r50:fr0

l l Print il Close I
Liryll

Proiert l Ernery simtidtlon Run : Rrrr I Subbaein: HYDO-2

dokmeLjnitsl t* IN G AC-FT

Conputcd Resufts

Peak Discharge : 0,I {CFs) D*elTime of Paak Discharge r 01Jr.d2007, t}3:00
TotalPrecipitation:0.1(AC-FT) TotalDirectRunoffl 0,0(AC-FT)

stdt of Run : 01J|J2{X}7, (E:0t)
End of Run | 02ldm04 00100
Comput8 Time 1035ep2ffi7, l{:S1:00

Totdl Los3 | 0,1 (AC-FT)
Totel Excess r 0,0 (AC+T)

Bash Modd r Refuse Area
MeteorologkFlodel r l0t}yr6-hr
ContrDl specificatbris : Control 1

Totd Baseflow :
Disrhage l

0,0 (Ac+T)
o,o (AC-FT)

l i Print il Close I
Ll@
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IIEC-HMS Output (continued):

5imulation Run I Run I lunctioni HYDD

Start of Run ; 011u12007, 0U:00 Easin Model : Retuse Area
End of Run : 02fu12007, 00:00 lrleteorologic Model : 100-yr 6-hr
Compute Time : mSeF?007, 14:50t00 Control Speritications i Control 1

Volunre Units I f- lN (r AC-FT

ComDuted Results

Peak OutFlow : L 1 (CFs) Daie/Time of Peak Outflow : 0lJul?007, 03:00
Total OutFlor+ ; 0.0 (AC-FT)

5tart of Run r 01tu1200| 00100
End of Run : 021u|a001 00100
Conpute Time | 035€p2m7, 14;50100

Volume Units ;

Refuse Area
Fleteorcloglc Blodel : 100-yr 6-}r
Conhol Specifications : Cofltrd I

r IN if AC-FT

Sknulation Run i Run I Reservsln Crivert B

li Print ll Closa I
LiiiiEISiSil

Refuse AreastartofRun | 01nil?007, ut:00
Erd of Rw : 0ild2007, m:00
Compute 1-rne r 035fp2m7, l{:50:00

Fleteorologk Model : ltrl-yr 6-hr
Contrd Specificdlons l Conkol I

r IN {? AC-FT

Conrputed Resr*s

Peaklnf low: l1, l  (CFs)
PeakOutflow : 10,9 (CFS)
Total Infbw : 0.5 {AC-FT)
Total Outtlow : 0,5 (AC-FT)

Date/Thne of Peaklnflow I 0ltulz0tF, ffirm
DateJTfte of Peok Outfla+u I 0lJul80tl7, 0ilr01

0.0 (AC-FT)
94r,s {FT)

l: ftirt il clo'sa I
Llsrsilll
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li Print il Cbse I
Lry

Srnd*ion Rm : Run I lunctionl HYDI-Z

Computed Results

Peak Outilow : 1 l. I (CFs) Datei Time oF Peak Outflow : 011u12007, 03:00
Total Outflow ; 0.5 {AC-FT)



Summary of HEC-HMS Results:

Project: Emery Simulation Runr Run I

5tart oF Run: 01Ju12007, 00100 Basin f4odel: Refuse Area
End of Run: 02Ju12007, 00:00 Meteorologic Modell 100-yr 6-hr
Compute Time: 035ep?007, 14:50:00 Control Specificationsl Control I

Vcfi.nrc tffisr {- IN G AC-FT

li Frint il Close I
l : . . . , . . . . . . . . . . . . , . , . . . : l  I

Summary of Ditch Flows:
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Hydrologir
Element

Drdintsge Area
(Mr2)

Peak Discharge

{cFs}
Time of Peak Volume

(AC-FT)

lulvert B i
)itch l-B i

tirih i--B i
iftti:i"" I
- " - - - _ _ ' '  -  -  - - t  '

lv.-ol - _ i

HYD2C
HYDTT i
iiYDE 

-- " -l

HYDD:T i
HYiiD:z i

l 1 , l  101Ju12007,  03100 I  0 .5

,, -._-9:Z t0--1Jv."r9q9193_*!9_- i_ .*9*!---. ,

Ditch
Peak Flow

(cfs)
Peak Flow Depth

(f0
Peak Velocity

(fps)
Ditch 2-A 2.7 0.3 3 .8
Ditch 2-B 10 .1 0.9 2.8
Ditch l-A 0.6 0.3 2.6
Ditch l-B l . l 0.4 1 .6
Ditch 2-C l  l . l 0.6 4.8
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