
T~apezoidal Channel Flow Calculations using Mannings Equation
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ft/ft
ft/ft
feet

UNITS
cfs

feet
llml
11m2

Date:
Time:

CompLlted:

0.40
0.0
2.0
2.0

0.030
0.17
6.21
0.50

Design Flow:
Bottom Width:
Side Slopel:
Side Slope2:
Friction Factor:
Min. Bottom Slope:
Max. Bottom Slope:
Freeboa~d:

Client: Valley Camp Coal Company
P~oject No.: 007.11.100

Channel Section: D-44B

GENERAL CRITERIA:
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CALCULATION:
(Channel Depth)

Depth (Min. Flow):
Qn/1.49(S)1/2=

A(R)2/3=

0.22
0.020
0.020

feet

0.71 feet
0.09 ft2
0.94 feet
0.09 feet
4.54 ft/sec
Not Needed

0.72 feet
0.09 ft2
0.97 feet
0.10 feet
4.25 ft/sec
Not Needed

CALCULATION:
(Velocity Check)

Requi~ed Depth:
A~ea:

F'e~imete~:

Hyd~aulic Radius:
Velocity:
Rip~ap Ck (V<57):

Depth (Max. Flow):
Qn/:L.49(S)1/2=

A(F:)2/3=

F:eouin=?d Depth:
Area:
Pe~.imete~:

Hydraulic Radius:
Velocity:
Riprap Ck (V<57):

0.21
0.018
0.018

feet
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Side Slope 2:
Min. Bottom Slope:
Max. Bottom Slope:
Channe 1 D('?oth:
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ff?et
l/ml
1/m2
ft/ft
ft/ft
feet

Comment:
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CLIINT~'~.-t,J SHIIT 0'
PROJICT__~~_k- CO"PU~;;Z=

'IATURI - CHICKID~~_

PROJICT NO. Ct:S?//./P() DATI~//"9/A9
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PROJECT: Valley Camp Coal - C-4-42 Runoff Calculation

AREA- 88.0 ACRES
AVERAGE BASIN SLOPE- 33.4 PERCENT
CURVE NUMBER- 61.7
DESIGN STORM~ 2.25 INCHES
STORM DURATION- 6.0 HOURS
HYDRAULIC LENGTH- 4000. FEET
MINIMUM INFILTRATION RATE- .00 IN/HR

TP- .3071 HOURS
C3= 12.0387

QPCFS- 216.73 CFS
I TERATI ONS- 8

QPIN- 2.4424 INCHES
SCS 6-hour

======_=___________________a __________________________________

.... ACCUMULATED RAINFALL UNIT OUTFLOW
TIME RAINFALL RUNOFF EXCESS HYDROGRAPH HYDROGRAPH
HOURS INCHES INCHES INCHES CFS CFS

-----._-------------------------------------------------------2.40 1.1753 .0000 .0000 .0 .00
2.46 1.2776 .0002 .0002 10.9 .00
2.52 1.3581 .0021 .0019 67.3 .04
2.58 1.3857 .0033 .0011 143.9 .17
2.64 1.4133 .0046 .0014 199.0 .41
2.70 1.4410 .0062 .0016 216.7 .70
2.76 1.4686 .0080 .0018 203.0 1.01
2.82 1.4962 .0100 .0020 171.4 1.31
2.89 1.5239 .0123 .0022 134.0 1.62
2.95 1.5515 .0147 .0025 98.9 1.92
3.01 1.5783 .0173 .0026 69.7 2.22
3.07 1.6004 .0196 .0023 47.3 2.51
3.13 1.6225 .0220 .0024 31.2 2.77
3.19 1.6446 .0246 .0025 20.0 2.98
3.25 1.6667 .0273 .0027 12.6 3.15
3.32 1.6889 .0301 .0028 7.7 3.29
3.38 1. 7110 .0330 .0029 4.7 3.43
3.44 1. 7331 .0361 .0031 2.8 3.57
3.50 1. 7551 .0393 .0032 1.7 3.72
3.56 1.7703 .0415 .0023 1.0 3.86
3.62 1.7855 .0438 .0023 .6 3.95
3.68 1.8007 .0462 .0024 .3 3.96
3.75 1.8159 .0487 .0024 .2 3.91
3.81 1. 8311 .0511 .0025 • 1 3.83
3.87 1.8463 .0537 .0026 .0 3.75
3.93 1.8615 .0563 .0026 .0 3.69
3.99 1. 8767 .0590 .0027 .0 3.67
4.05 1.8907 .0615 .0025 .0 3.66

========================--====================================

HYDROGRAPH PEAI<= 3.96 cfs
TIl"lE TO PEAK- 3.68 Hours
RUNOFF VOLUMED 1.02 Acre-Feet

L



HanSER
allER

&lUCEIRC

C-S=--/B..
7h~H7&'Y r%w p-~ D~e

~~ -I-&S7J : ~.7'3rz.I(P)£

4k:~ 2':59 of..

SHIIT_O"-r-

COMPUTID ~~

CHICKID~7~~
DATI 57/~/A9

Cited 7n/e/ tdnJ.-v-P
.//WcU~Y4'= Z5 I

L

ChLIL. ,Pi?<- dr.uat::.kj/dlq
'ItS" au~J;on 4L 1%9 /lRZI1S~
• )7:=CJ. ~/~ .

•;5"-: 3% 46111W"C. /4?:?7 c* $-
j//1u&o~-~&n~-/J'; .;t7~ iii JIm/IllY· .

AW= /..5"' evJd~ /Hr~cll1i.0 ~nhezl1<.<. ff
-&.,fU ,1/

St'kl H1~5/kHti,hilf j~hOn U/JN11 e/~ c~/r-~7

chufS- ~ ~ -; 9?o c~ 41:-
~r

Chat! 7 ~ & = /(),j-e,5
"7

dllW =-~6 elf
SIIlU &fIW"'> %r kkJLtn4rj1.gl-ltm;/;~



HanSEn
allEn

&lUCEmc

IHIET_O"

COMPUTeD i!<:2«Z=
CHICKID~/~______
DATI s-; IDI=c7'

I
"-

.....

.....

.....

~a~/: ft5 c~ ~

5J/Jte 4>al6w .:>~·/1~fi'tTW~ltiln/h~·

Chul.. :i?lkl Unlfrr-P

#W de;J~:; 71../ h/

w CltatrS-- Astlnu h~e:,{1?f ~117?tflhU

4?11W ~ /3. 0 or ~-
S//1U &#w >q>7Dr .z;,klCO>1fr/~ ltini'1f



L HlinSER
lILLER

&LUCElI\c

:~OIE::T ~f/;t;fw;(' 'HEET_I(J0!..~
~___ _ COMPUTED ~n

FEATURE_---=-~;-;-:-::--------- CHECKED......---,I---_

PROJECT NO. M-', I /, laa DATE

j)/~/' f) -7A
0-78

L

C/;~d /111~.f/k:;

-HM' 2./3'

tfgJ .. ;,/1
()

1~,Cft,J,() rJo/- ;;fl/r!!..lIr
-

?k/l1f that f 5 -

~VIH~ IrVLd#t&j In~(

L

L



L HanSER
allER

& LUCElI\c
f
L C-fJ-/8

--

--

--

L

IHEET_O~;r

COII~UTED Iba,
CH.CK.D~~_

DATE S")

fr1tuJ611j R&W~
f)-8 =: /.17of
,l)-~98 = t)·~7

~"; /. z'l-c,(

tY~ Ch~S-
t:l/nUI1U rv~l.'ny ~l1frC?h?C-

Oltw;:: 9. D er{ 0':::
;::s=

s;~ 4J1tW >4>,TZIT Jitkl~~(/JI)I-(;mllhJ'
&



HanSER
allER

&: lUCElI\c

{'- 1-/5

CLieNT Ik/~ ~tI$P SHnT_I_Of

PROJeCT ~r COMPUTeD~
flATURI_~-=---:--,----________CHICUD ~

PROJICT NO. M 7, 1/1 1t:20 DAn !RIi3&

L..



r
L

HIiRSER
IIllER

&lUCEIRC

c".., ~~_ ..
PIIO"ECT-!!.. ~/7
FEATUIIE --

PIIO"ECT NO. oaZl/.lM

IHUT_OF-r

COMPUTEDJ.2~
CHICKID~;r~~
DATI

-

C-/tJ-/B=.
D/,fh £)-/6

.-;:Ig~

Checi fitklU?1~,p
. #Wdf';r;7h# Zgk/

#W_ 23 /r-
D -- - .\:>;:r -

-

Of/W = 9.a; c£ ~

Si/Ja 4'~ >(77)1' k!ul c'CJ7frtrP:LUh1/:hny



L HanSEn
allER

&lUCEmc

CLIENT ~~ tfwJ'l
'ROJICT t

FIATURI C-II-Ik
'ROJICT NO. C<; 7. 1/ . lOt>

IHIIT_OF

COM'UTEDli>z::r=
CHICKID--,---+--_
DATI .s-/,.... /_-

f

L C-II-j2-.

mpU~'H~ '" Wa ..... ooa 87>" ~ o.El a.:.
ds1tt,,6ed - 8'10 *' .tJtJ087r"::- tJ. 7 ae...-
~(/~ -= .:::. 0. / ae-

CAl ,4- d>

7'0 c/. 7 t>.7Zr
98 tJ. / /. "3]

4)''=6.8D z;T-=9/.,?

,P: /.S-S-In~ (10 YrJ 6- AI" )

Itrclrauhc UH{-Ht. 300'
ef2$j(s-){j~)

sjup~,: 4~S?i;o(o.e) =ZC;.~Z

> .....

{Iud JJ;~~w
-----..

" !Z"CIHP
-/7:=o.Dzf /fJ
.~~ g% c:ra/dti/<: s:sd ~

5//ltt c[o&LJ ":::>~, ;::J~ //cw /Jol tlm/~11

{heeL hk/unl/vP
(

~ lu. 0 -/l (Seems ;,~/; - t5~ /,()/)

&i-I
7:) - t!ffw:: L. t:Jc-fs C¥-



==============================================================

==========:=============================================:======

------i.A
.,.,-~~ ._"-"~J

'" .. i
,;
~f':

:118

.64

.18

.18
,,18

.58

.59

.60

.61

.62

.63

.00

.00

.00

.00

.00

OUTFLOW,·----~

HYDROGRAPH
CFS

.0

.0

.0
" ()

.0

.0

.0

.0

.0

.0

.0

.0

QPIN=37.8167 INCHES
SCS 6-hoLlr

9.9
1.1

.0
30.5

UNIT
HYDROGRAPH

CFS

II (J(>43

.0140

.0143

.0145

.0147

.0149

.0152

.0154

.0072

.0042

.0042
4 (}()42

.0043

.0000

.0000

.0000

.0000

.0000

RAINFALL
EXCESS
INCHES

:f 3431

32735

,,3346

.3(>36

.64 cfs:.
2.49 Hours

n 05 I~cre-F(=et

.3388

.3262
,. 33(>4

.3190

.2885

.2301

.2443

.2588

.0000

.0000

.0000

.0000

.0002

QPCFS= 30.51 CFS
ITERATIONS= 8

RUNOFF
INCHES

:>9·468

,,8332

.2()33

.9529
, (:;:591
.9652

.9013

.9240

.9345
If 9L~(;~7

.8559

.8786

.7878

.8105

.1932

.1966

.1999

.1898

Val12V Camp Coal - C-l1-12 Runoff Calculation

ACCUMULATED
RAINFALL

INCHES

~ .L..of"_,, '._ J.

2 ... 57
2.59

2.53

1.39
1. 41
1.43
1.45
1. 47

2.38
2., Ai-(;

2.51

2" 4:,2
2.44
2.46
2.47
2.49

TIME
HOURS

HYDROGRAPH PEAK=
TI!'"1E TO PEAI(::
i::;;Ul\IOFF VDL.U!"1E=

........, •...",. :-',:'-"\..:=......

===============================================================

TP= .01Q8 HOURS
C3=186.3984

AREA~ .8 ACRES
AVERAGE BASIN SLOPE= 20.4 PERCENT
CURVE NUMBER= 91.3
DESIGN STORM= 1.55 INCHES
STORM DURATION= 6.0 HOURS
HYDRAULIC LENGTH= 300. FEET
MINIMUM INFILTRATION RATE= .00 IN/HR
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CLIENT ~~ ~0' SHEET I~~
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FEATURE ~ -~
PROJECT NO. a!>Z not::>

SHEET_OF-/-

COMPUTED ~;.//
CHECKED~~~______

DATI r7/~/R'i
.

C-/f-~f- (/~,.m&fnt1'l1-( sin(~ -4~ )
/,/bu;6l'¥ h:: /73 ~ /. '101 - z'l~ ~J'

9t>% av~ ~~/1t~ -= /Z3 de,
2$% Ca/~ sa~/fta«' :: //9 Ck

a/tlUJ1d C?Va 76fe-!1 ~ cMrJton;ny -t4~.<ad ~77fme/hi I

and StrUM mc/);;;? ,5/9U4 a-u c4:u!,~.57lC .
NQ7rir /'at'/;??- 9tY% ~.e/Af~ cAl'" 1./0 .. -
SdW~ tavnf' - Zsz% ~/~ cAl: 7s-"

CAl ,4 cQ

~ 123 o,t>'1
75" 111 as-I.·

-zr;-O.Z7 CA/= {,ls-

?n~~,{;~m :;2'Z5' H (/~yy, (Ph,)

hrt:lraP~~ k7~~ ~ ~-/

5h. e ~ (/'qCt%')(~d){II:XJ)
'fJ ~3;~o (z¥Z) -; 377%

Ca~ulak/ &/7-6/'/ t:fJ77fr": 21.88 c{'
-

• P:42'''
- n=o.ozLj
·,S":. :3%ntin

q;aIlM;; 9J/'Ic£ QK

.1:3~ rto1d mllcmdi7j

-
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PROJECT: Valley Camp Coal - C-14-42 Runoff Calculation

AREA= 242.0 ACRES
AVERAGE BASIN SLOPE- 37.9 PERCENT
CURVE NUMBER- 67.5
DESIGN STORM- 2.25 INCHES
STORM DURATION- 6.0 HOURS
HYDRAULIC LENGTH- 5000. FEET
MINIMUM INFILTRATION RATE= .00 IN/HR

TP= .2965 HOURS
C3= 12.4672

QPCFS- 617.23 CFS
ITERATIONS= 8

QPIN= 2.5294 INCHES
SCS 6-hour

==========__===========_====_====_===== =_===_=_==__==__=m==
ACCUMULATED

TIME RAINFALL
HOURS INCHES

RUNOFF
INCHES

RAINFALL
EXCESS
INCHES

UNIT
HYDROGRAPH

CFS .

OUTFLOW
HYDROGRAPH

CFS
=~==_==_====_========_=============_=========== ~=======a_c_

2.25 .9395 .0000 .0000 .0 .00
2.31 1.0382 .0012 .0012 31.0 .04
2.37 1. 1370 .0061 .0049 191. 7- .37
2.43 1.2357 .0146 .0086 409.8 1.68
2.49 1.3345 .0266 .0120 566.6 4.68
2.55 1.3725 .0321 .0055 617.2 9.47
2.61 1.3992 .0362 .0041 578.2 14.64
2.67 1.4259 .0406 .0044 488.0 18.65
2.73 1.4525 .0452 .0046 381.7 20.97
2.79 1. 4792 .0500 .0048 281.7 21.85
2.85 1.5059 .0550 .0050 198.5 21.88
2.91 1.5326 .0603 .0052 134.8 21.58
2.97 1.5593 .0657 .0055 88.8 21.27
3.02 1.5838 .0709 .0052 57.0 21.11
3.08 1.6051 .0756 .0047 35.8 21.08
3.14 1.6265 .0804 .0048 22.0 21.04
3.20 1. 6478 .0853 .0049 13.4 20.92
3.26 1.6692 .0903 .0050 8.0 20.76
3.32 1.6905 .0955 .0052 4.7 20.63
3.38 1.7119 .1008 .0053 2.7 20.58
3.44 1.7332 .1062 .0054 1.6 20.65
3.50 1.7546 .1118 .0055 .9 20.82
3.56 1.7694 .1157 .0039 .5 21.03
3.62 1.7841 .1196 .0039 .3 21.03
3.68 1.7987 .1236 .0040 .., 20.68.....
3.74 1. 8134 • 1277 .0040 .0 20.07

===========================================================~==

HYDROGRAPH PEAK=
T H1E TO PEAI<=
RUNOFF VOLUME=

21. 88 cfs
2.85 Hours
5.46 Acre-Feet
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PROJECT: Valley Camp Coal - C-21-52 Runoff Calculation

AREA= 2072.0 ACRES
AVERAGE BASIN SLOPE= 34.6 PERCENT
CURVE NUMBER= 73.0
DESIGN STORM= 1.55 INCHES
STORM DURATION= 6.0 HOURS
HYDRAULIC LENGTH= 12000. FEET
MINIMUM INFILTRATION RATE= .00 IN/HR

TP= .5385 HOURS
C3= 6.8646

QPCFS= 2909.81 CFS
ITERATIONS= 8

QPIN= 1.3927 INCHES
SCS 6-hour

=================================-============================
ACCUMULATED RAINFALL UNIT OUTFLOW

TIME RAINFALL RUNOFF EXCESS HYDROGRAPH HYDROGRAPH
HOURS INCHES INCHES INCHES CFS CFS

==========================================--==================
2.26 .6567 .0000 .0000 .0 .00
2.37 .7802 .0004 .0004 146.0 .06
2.48 .9038 .0070 .0065 903.8 1.35
2.58 .9563 .0120 .0050 1931.7 7.48
2.69 .9897 .0158 .0038 2671.2 18.87
2.80 1.0231 .0202 .0043 2909.8 32.51
2.91 1.0565 .0250 .0048 2725.7 45.63
3.02 1.0889 .0301 .0051 2300.8 57.15
3.12 1.1156 .0347 .0046 1799.6 66.87
3.23 1.1423 .0395 .0048 1327.9 74.59
3.34 1.1690 .0446 .0051 935.9 80.44
3.45 1.1957 .0500 .0054 635.6 84.97
3.55 1.2182 .0548 .0048 418.6 88.70
3.66 1.2366 .0588 .0040 268.7 91.43
3.77 1.2550 .0630 .0042 168.7 92.56
3.88 1.2733 .0673 .0043 103.9 92.13
3.98 1.2917 .0717 .0044 63.0 90.73
4.09 1.3086 .0758 .0042 37.6 89.06
4.20 1.3253 .0800 .0042 22.2 87.45
4.31 1.3420 .0843 .0043 12.9 86.02
4.42 1.3587 .0887 .0044 7.5 84.91
4.52 1.3747 .0930 .0043 4.3 84.21
4.63 1.3880 .0967 .0037 2.4 83.75
4.74 1.4014 .1004 .0037 1.4 83.00
4.85 1.4147 .1042 .0038 .8 81.73
4.95 1.4281 .1080 .0038 .4 80.14
5.06 1.4414 .1119 .0039 .2 78.58
5.17 1.4548 .1158 .0039 . 1 77.31
5.28 1.4681 .1199 .0040 .0 76.47

==============================================================

HYDROGRAPH PEAK=
TIME TO PEAK=
RUNOFF VOLUME=

92.56 cfs
3.77 Hours

24.68 Acre-Feet
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- PHOJECT Valley Camp Coal - C-25-36 Runoff Calculation

AREA= 151.0 ACRES
AVERAGE BASIN SLOPE= 39.5 PERCENT
CURVE NUMBER=" 72.7
DESIGN STORM= 1.55 INCHES
STORM DURATION= 6.0 HOURS
HYDRAULIC LENGTH= 5000. FEET
MINIMUM INFILTRATION RATE= .00 IN/HR

TP= .2523 HOURS
C3= 14.6524

QPCFS= 452.63 CFS
ITERATIONS= 8

QPIN= 2.9727 INCHES
SCS 6-hour

==============================================================
ACCUMULATED RAINFALL ·UNIT OUTFLOW

TIME RAINFALL RUNOFF EXCESS HYDROGRAPH HYDROGRAPH
HOURS INCHES INCHES INCHES CFS CFS

==============================================================
2.32 .7247 .0000 .0000 .0 .00
2.37 .7826 .0003 .0003 22.7 .00
2.42 .8405 .0021 .0018 140.6 .08
2.47 .8984 .0056 .0035 300.5 .41
2.52 .9371 .0088 .0032 415.5 1.22
2.57 .9527 .0103 .0015 452.6 2.41
2.62 .9684 .0119 .0016 424.0 3.60
2.67 .9840 .0136 .0017 357.9 4.49
2.72 .9997 .0154 .0018 279.9 5.05
2.78 1.0153 .0174 .0019 206.6 5.34
2.83 1.0309 .0194 .0020 145.6 5.49
2.88 1.0466 .0216 .0021 98.9 5.59
2.93 1.0622 .0238 .0023 65.1 5.69
2.98 1.0779 .0262 .0024 41.8 5.83
3.()3 1.0918 .0284 .0022 26.2 6.01
3.08 1.1043 .0304 .0020 16.2 6.18
3.13 1.1168 .<)325 .0021 9.8 6.31
:;.18 1.1294 .0346 .0022 5.9 6.38
3.23 1.1419 .0368 .0022 3.5 6.42
3.28 1.1544 .0391 .0023 2.0 6.44
3.33 1.1669 .0415 .0023 1.2 6.48
3.38 1.1794 .0439 .0024 .7 6.55
:3.43 1.1919 .0463 .0025 .4 6.64
3.48 1.2044 .0488 .0025 .2 6.76
3.53 1.2145 .0509 .0021 . 1 6.88
3.58 1 • 22~31 .0527 .0018 .0 6.96
~5. 63 1.2317 .0545 .0018 .0 6.92
3.68 1.2403 .0564 .0019 .0 6.77
3.7:3 1.2489 .0583 .0019 .0 6.56
3.78 1.2575 .0602 .0019 .0 6.34
3.83 1.2661 .0621 .0019 .0 6.16
3.89 1.2747 .0641 .0020 .0 6.02

========================================================:======
HVDROGRAPH PEAK=
TIME TO PEAK=
RUNOFF VOLUME:::

6.96 cfs
3.58 Hours
1.74 Acre-Feet
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PROJECT Valley Camp Coal - C-26-24 Runoff Calculation

AREA= 14.0 ACRES
AVERAGE BASIN SLOPE= 52.5 PERCENT
CURVE NUMBER=. 75.0
DESIGN STORM- 1.55 INCHES
STORM DURATION= 6.0 HOURS
HYDRAULIC LENGTH= 2000. FEET
MINIMUM INFILTRATION RATE= .00 IN/HR

TP= .0985 HOURS
C3= 37.5215

QPCFS= 107.47 CFS
ITERATIONS= B

QPIN- 7.6124 INCHES
SCS 6-hoLlr

"-

==============================================================
ACCUMULATED RAINFALL UNIT OUTFLOW

TIME RAINFALL RUNOFF EXCESS HYDROGRAPH HYDROGRAPH
HOURS INCHES INCHES INCHES CFS CFS

================================================•••===========
2.27 .6616 .0000 .0000 .() .00
2.29 .6842 .0000 .0000 5.4 .00
2.31 .7068 .0005 .0004 33.4 .00
2.33 .7294 .0012 .0007 71.3 .02
2.34 .7520 .0021 .0010 98.7 .06
2.36 .7746 .0034 .0013 107.5 .14
2.38 .7972 .0049 .0015 100.7 .24
2.40 .8198 .0067 .0018 85.0 .37
2.42 .8424 .0088 .0021 66.5 .52
2.44 .8650 .0111 .0023 49.0 .68
2.46 .8876 .0137 .0026 34.6 .86
2.48 .9102 .0166 .0028 23.5 1.04
2.50 .9307 .0194 .0028 15.5 1.23
2.52 .9369 .0203 .0009 9.9 1.39
2.54 .9430 .0211 .0009 6.2 1.48
2.56 .9491 .0221 .0009 3.8 1.47
2.58 .9552 .0230 .0009 2.3 1.38
2.60 .9613 .0239 .0009 1.4 1.25
2.62 .9674 .0249 .0010 .8 1.12
2.64 .9735 .0259 .0010 .5 1.00
2.66 .9796 .0269 .0010 .3 .90
2.68 .9857 .0279 .0010 .., .83.....
2.70 .9918 .0289 •0010 .0 .78

==============================================================

-

HYDROGRAPH PEAK=
TI ME TO PEAI<=
RUNOFF VOLUME=

1.48 cfs
2.54 Hours

.22 Acre-Feet
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PROJECT Valley Camo Coal - C-28-24 Runoff Calculation

AREA= 35.0 ACRES
AVERAGE BASIN SLOPE= 51.2 PERCENT
CURVE NUMBER=. 74.8
DESIGN STORM= 1.55 INCHES
STORM DURATION= 6.0 HOURS
HYDRAULIC LENGTH= 2350. FEET
MINIMUM INFILTRATION RATE= .00 IN/HR

TP= .1142 HOURS
C3= 32.3828

QPCFS= 231.87 CFS
ITERATIONS= 8

QPIN= 6.5699 INCHES
SCS 6-hol..lr

==========~===================================================

ACCUMULATED RAINFALL UNIT OUTFLOW
TIME RAINFALL RUNOFF EXCESS HYDROGRAPH HYDROGRAPH
HOURS INCHES INCHES INCHES CFS CFS

======================•••=====================================
2.26 .6550 .0000 .0000 .0 .00
2.28 .6812 .0000 .0000 11.6 .00
2.31 .7074 .0003 .0003 72.0 .00
2.33 .7336 .0010 .0007 153.9 .03
2.35 .7597 .0021 .0011 212.9 .12
2.37 .7859 .0036 .0015 231.9 .28
2.40 .8121 .0055 .0018 217.2 .52
2.42 .8383 .0077 .0022 183.3 .85
2.44 .8645 .0102 .0026 143.4 1.25
2.47 .8907 .0131 .0029 105.8 1. 71
2.49 .9169 .0164 .0032 74.6 2.19
2.51 .9335 .0186 .0022 50.6 2.69
2.53 .9406 .0196 .0010 33.4 3.09
2.56 .9477 .0206 .0010 21.4 3.30
2.58 .9548 .0216 .0010 13.4 3.27
2.60 .9618 .0227 .0011 8 -:r 3.07.....
2.63 • 9689 .0238 .0011 5.0 2.80
2.65 .9760 .0249 .0011 3. () 2.52
2.67 .9831 .0260 .0011 1.8 2.28
2.69 .9901 .0272 .0012 1.0 2.10
2.72 .9972 .0283 .0012 .6 1.97
2.74 1.0043 .0295 .0012 .3 1.88
2.76 1.0114 .0307 .0012 .2 1.84
2.79 1.0185 .0320 .0012 • 1 1.82
2.81 1.0255 • ()333 .0013 .0 1.82

==============================================================

'--

HYDROGRAPH PEAK=
TIME TO PEAK=
RUNOFF VOLUME=

3.30 cfs
2.56 Hours

.53 Acre-Feet
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nRE~z 54.9 ACRES
AVERAGE BASIN SLOPE= 28.4 PERCENT
CURVE NUMBER= 70.0
DESIGN STORM= 1.55 INCHES
STORM DURATION= 6.0 HOURS
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EXCESS
INCHES

1 .... ~ --:, _ '::J..~:

.,Cj95l
-: .:. {)"';;::?'

.1527

.1654
It 11~93

•.. 728

.1284

.:1.404

.0000

.0000

.0000

.0002

.0004

.0007

RUNOFF
INCHES

QPCFS= 41.38 CFS
ITERATIONS::::: 8

:: ....'lI ,/ .t.f.()

II ~?65.L

. ::~A93

;1937 1

It 04·.c~··~~·

.. 356:3

:: f::: /;. ~7 (;

u 87.1.1·3
• (:f0 16
.9289

.. 3422

.3212

.3282

.3352

ACCUMULATED
RAINFALL

INCHES

~2" 4:::::

1. 88
1.90
1.93
l., 95

2.45

1.98
"2.00

TIME
HOURS

:9,'" :>',""

==============================================================

C:3:=: 155" 5737
TP= .0238' HOURS

==============================================================

~R~Q~ 1.3 ACRES
AVEF;r~13E BAS I 1\,1 SLOPE= 24.:3 PERCENT
CUF:VE NUMBER::::: 86. 1
DESIGN STORM~ 1.55 INCHES
STORM DURATION= 6.0 HOURS
HYDRAULIC LENGTH= 325. FEET
MINIMUM INFILTRATION RATE= .00 IN/HR

D
U

o
o
o
u
u
o
o
o
o
o
o t~VDPOGRAPH PEA~~~' I' 7 J. c:: ·f ~~:

'2 'I :5() ~-t Cl tJ f"''' ~::.

"O{;) !~C:l-' ~~-"-F(:~et

D
o
o
D
o
L



..... ,...... '-"

.t~O

..52

.00

.00

.00
• f)O

.02

.02

1 .. 31
1.• 34
1 • ::"~7

1 d 28

1 ~ 19
1 .: ~22
i '":Ie:::;. :, .s:.. ....J

OUTFLOW
HYDROGRAPH

CFS

....,

n" '..:

,,0

,,0

:: (}

,,0

,.0
.. 0

• 1

.. ··l(i '..'1'"
.;- .

.0

1.5

QPIN=31.6773 INCHES
8CS 6-hol..\1~

13.3

.0
41.5

UNIT
HYDROGRAPH

.CFS

.- -'. ~~... '

:t (]~.2L~J~

(;~. ~5~3

.r ()229
(}23~:~

" ')r) ........,

.0000

.0000

.0000
-0002
.0003
.0004

RAINFALL
EXCESS
INCHES

~:{': <:;.

Hr:L~r·~:::.

1
.........,

..• 'I ~'::I .I

" i+~2{·':!.

...:!. ':.: ','

-.!. ::.: t::

4406

.0000

.0000

.0000

.0003

.0006

QP~FS~ 41.53 CFS
ITERATIDNS= 8

,.::; ..-

.3616

".-

.3312

. 3~515

.310Gl

.3211

i r:....
-,.:... ,,::,.::;.~

1 • {·"?4 .•
i " :I. .:::;;: {:

..-, ::::---:'"
..:•.. ..••:l.:">

1.5·4
1.56
t.59

2,:35

.-." .... "............

•.., r.:. f
':! ..

.-.. ,...,.

.... " \~~ ••~I

'? •..:1. ~.~

'2 ...•1-i.!.

2. '+6
.::: 4'?

ACCUi'1ULI~TED
TIME RAINFALL RUNOFF
HOURS INCHES INCHES

.. ~~~ i_::

HYDROGRAPH PEAK=
T H'1!~:: 'n] ,~~, F A1<::::

===~~=====~==================================================~

====:==========================================================

TP= .0237 HOURS

=====================~================================ ========

AVERAGE BASIN SLOPE= 24.3 PERCENT
CURVE NUMBER= 86.2
DESIGN STORM= 2.25 INCHES
STORM DURATION= 6.0 HOURS
HYDRAUL!C LENGTH= 325. FEET
MINIMUM INFILTRATION RATE= .00 IN/HR

o
u
u
o
o
o
o
u

D

o
o
u
o
o
c
c
c
o
o



albtd ' ~1.U c£
-e

Sinu ~/uw ::> Q ca-~I adeIU4'~

~ _.- .,.
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t?!~?tl'lle !~C:;(rcMy -e/1-6Clllt-C

UC {"fIUL! r 4.-/ 4J~ ::29. D c£
r

C-f./I-z!f.
;0~1 t1r~= 27+{Z.747) ~ 71./.2~ (Z~ ~~)

CAl = 70 {2&Z ()ak./t2~I1)

Ikd/)ilAiJim :: I. S-S-;ndeJ' (/{) ytW, ~ A, scs}

~drat4;;t kn~: 2;oa? ~I

s/Ppe , (12,200)(cfO)(ICO) ... 3!>.2~
~57PD (7.1,(2) .

'&/1-0/7' Cblcu/a-/,bn ; ~ ~ 2.~~ af
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u
o
o
c
o
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o
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[

o
c
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=================================~===========================~

=~===========:=================================================

OUTFLOW
HYDROGRAPH

CFS

UNIT·
HYDROGRAPH

CFS

RAINFALL
EXCESS
INCHES

2.46 c:fs
3.55 Hours

.59 Ac:reS-Feet

RUNOFF
INCHES

\l.:·:·:~::. "1. t~.·:... C:,;':~":~~J f">':~i::lJ .-. ~::t) ":. "./{~l!i"~~. f:·_·.d.t.1······';;~LL C~c::p(':'~C :i. t. y Ci::ll-c:~..lJ {~-t: 1. C:I"1

((:{:~.,,~.: i r'" t,t <-=cj-)

ACCUMULATED
RAINFALL

INCHES

":! 64 1 2333 0303 .0008 .(I 2# 29,_I. . ..
"< 67 1 2384 031 1 0008 0 '? 21'-' . .. . . . ::."

3" 70 1 2435 0319 0008 .0 '? 14. .. . ..:. .
3:, -... 1 "2485 0328 .0008 .0 2.09.I ..:=t .

TIME
HOURS

HYDROGRAPH PEAK=
TIME TO PEAI<=
RUNOFF VOLUME=

=================================================::;:t-======.=-=====-=

c
c
[j

o
o

o

D
U

o
o
o
o
o
o
o
o
o
o
L



...., 01:::
l " 1",_

9 .. ··:1<2
(-3,77

.13

.00

.00

.02

7 .. 98

7.43
(:;l C"7
.":; ..;,;)l

5 .. 45

.47
L 16
2.24

-t'1 (~J.C
.r. ". '" : ..

11.76
13.69
14,,78
1. il. 82
14· .. 02
12. ·7(7

OUTFLOW
HYDROGRAPH

CFS

QPIN= 5.0240 INCHES
ses 6-hour

..~
:, ....1

.2

~::~ 1. 11 8
1.3u4

.0

;1 ..
~., .

1 •.•
.'..: :'

;'3" 1

82.1
54. 1

1.71.n5
i '?n 0.i. -, ..

~!.75. 9
352.1
297.2

:1.8.9
116.8
249.5
345.1

............. /I

:' I. },._).).~.!"

It (}Cl:3:':~

,r (}():')~

;I (;(),~9

•••••••••""'1•••-.
, .... '!..." ..'. -' "..

c i)(;5()

Jt (>(}.S<)

.. 0078
" ()()~37

.. 0076
" ()(>27
~ ()(i27

" ~)()~;2f:3

.0000

.0000

.0008

.0019

.0029
, (H)40

R(HNF(~LL UNIT
EXCESS HYDROGRAPH
INCHES CFS

0' ()~2·?·4

.. ", ..~, ·t !:::'
"' " ,'. .;. -.._'

"' ;:) ::~; ~5::

.' ()4·3 C
;

;:(>515
.. <)542

• (lOOO
.0000
.0008

.0146

• ()()27

.• 0056
n (H)96

QPCFS= 375.90 CFS
ITERATIONS= 8

RUNOFF
INCHES

.8163

.. 8660
"t.;' 157

::.:.:: J -'-1'C:~

l.t ::~; .,':~ ~;::':

'::...:!.7.:~

.. ,", ,....._,,.....:. " ;.... ~:::. ..- -":,'

:l .. :214()
1 r, :.26:::'7

1.,,3535
1 .. :3670
:!.. ~;80"~

.9654
1.0152
1. ,,0649
1 .. 1146

ACCUMULI~TED
RAI~IFqLL

INCHES

::.8'7

2 .. 21

2" !.54

~2., 3\'S
2. ·::;:9

2.4(3
2.5"1

"", -~ ....
; ... :; , .

"'"l _ .....
.1:- _ .::=: /

2.33

2.18

2.24

. ; ...

TIME
HOURS

TP= .1493 HOURS

============:==================================================

======~=========~===========~=================================

AREA= 74.2 ACRES
AVERAGE BASIN SLOPE= 30~2 PERCENT
CURVE ~~MaER= 70.0
DESIGN STORM= 2.25 INCHES
STORM DURATION= 6.0 HOURS
HYDR~'::\UI.. I C LEl'H3TH= 2000.. FEET
MINIMUM INFILTRATION RATE= .00 IN/HR
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c.r
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Jf'J"4- r S;6a:J ~o 35"~r3~ 3;(,
II/Iq-r :J7~7) ;a .u~ srO 31

P(}t) -,;- l1S(dO ~ 3J3/~31.. ~

ttl}(j -.J "17 '1#tJ

1t4~- ~ /~I 7 19~d

t«J(J- "3 ~, I ISC/(J

u('JI}-J{ s:s- /E:1s-cJ

(UQ-..$-- 7-.2- I/dd

/1- kJ/'a,.;~

c.~;;« r{,t~ I

o

u
o
o
C

L
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o
o
o
o
o
o
o
o
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D
L
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r., ....,

.74

.85

.93

of ....., .....

j. 11 ..' ,~,

-1 .: 5~5

.00

.00

.01

.08

~.., (":17

.. 42

~ .....~ ..~.

~., "=!'"-::
~.. ., -...' '....'

,..., '.:'~::l
::.. ~-:..,

1. f31
:t :~ E!9

1.07
1. 14
1.22
1.30
:!..38

2.40
2.44
2" '1-6
:2.1 Atlt

aUTFUJI,-J
HYDROGRAPH

CFS

QPIN= 5.0240 INCHES
SCS 6-hoLlr

.0

21" :3
t3,,4·

(3" 1
'1·" 9

('j........
.0
.0

LO

.. '2
,n

II ()

1 .. -,

8·:2.1
5 A+s 1
"3~'1I 7

171,,5
~:2::52., 5

35~2" 1
297.2

.0
18.9

116.8
249.5
3·'+5. 1
375.9

UNIT
HYDROGRAPH

CFS

; ':{'\ .. : ....

;: i)()()i:3

.~ ...• !

''''.•J

II ()(j08

,: (ii.)()7

.. ()() 1()
" (:'(i '! (}

.. f)()i){:;

,,(lOOb

:1 ()(:·()5

,,0008

,,0007
,,0007

.001 :I.

.0008
,,0008

.0000

.0000

.0005

.0008

.0003
,,0004
• (H)(i.+

.0004

RAINF:~LL

EXCESS
INCHES

" ()~25·L~

.' .~ ..... ~. , . -""l:::.

_(H),'f,'!'

,.... ,.......,.
, '

•• M·P ...

~. l ,':.•(4.

.o.t.t Q

II ()t')63

If ()()'7(>

,,0072
"OOGS
,. Ooc.~3

..01.42

.0150

.0264

.0273
.. 02BO

.,0057

.0000

.0000

.0005

.0013

.0016

.. 0020

.00:,24·

.0029
,,0034

QPCFS= 375.90 CFS
ITERATIONS:::: 8

.9048

.• .. .; {o) ::.......

,·... '· ... '..·.r··,
",: ..:::,::5<:

.. 932 l l·

.9417

.. 8363

.8705

(1,~~()2

,,9695
':?-'7'!37

"' " t ... 1 ....

('j ..•'! "::'
.:.', •••.1 •.-

.t If ()·4:35

t " ;')F~i)~:'~;

1. " ()fj~38

1.2129
1,,21BO

1 .,!. 1:34

1 ,~ 1 f~CJI.?

l,,2073

1 0343

1,,0520

1 .a t:) 1~57

:t II (}::~5(i

1" 0065

.,
.' ::' I.

"'f' "I.·,
,I c.i.'"

'~I'

- "'+ ".

:') (~'2

". ,-', r.:::
..• " .." ....i

2. ·48
2,,51

3.49

2n63

3.52

2.78

2.42
2.45

ACCUMULATED
TIME RAINFALL RUNOFF
HOURS INCHES INCHES

"".•.... c··- .•.••• '00'. "1-
.•.,' i ~ .. .

===============================================================

TP= .1493 HOURS

=====~========================================================

QREA~ 74d2 ACRE~3
/

~'),VE:R~,~,GE BAS': j\.l SLOPE'::: 3C. 2 PERCE!'.!":-
CURVE NUMBER= 70.0
DESIGN STORM= 1.55 INCHES
STORM DURATION= 6.0 HOURS
HYDRAULIC LENGTH= 2000. FEET
MINIMUM INFILTRATION RATE= .00 IN/HR
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SHEET ..2 OF I 7
COMPU~
CHECKED

CLIENT

PIIOJECT

FEATUIIE

HanSEn
allER

&lUCEtnc .
DATI! / // n. /-PIIOJECT NO.

/l/iZ-'&d' Cdrv-e-.#S .b~/,pn /~~votC-r~
[

CAa~~1 ~e.q eN ~::"'f 1</1. 6/1/ -ta...d'"" tvl. Q
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U/J(J-J /.J.I 7S- (),6 ;;.

/J.3 70 0,#1 70,S- J4~ 7/
wTQ ~ C),tiS-
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<
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HanSEn
allEn

&lUCEIRC

SHEET 1'.JJErP
COMPUTE~
CHECKED:-/:~~ __

DATE

Estimated Peak Discharge for Undisturbed Area Bypass Channels from'
10-year, 24-hour and 10-year, 6-hour Precipitation Events.

CHANNEL

--:".;.' ,:': ......<'".'.:

,
0-

0
UU-l

urf-2
tJ.3
urP-4
urfl.5

PEAK FLOW
10-YEAR, 24-HOUR

(cfs)

.0,

..
" ..r-/

4.5

6.4

5.1

2.3

3.0

PEAK FLOW
10-YEAR, 6-HOUR

(cfs)

. -- -- --:-.--

.84

.57

.85

.19

.25

Or
I

, ,

i
l
"



PROJECT VALLEY CAMP 10-YR, 24-HR PEAK FLOW
t.>00-(

CHANNEL J.W r
4-117

AREA= 6.7 ACRES
AVERAGE BASIN.SLOPE= 27.0 PERCENT
CURVE NUMBER= 75.0
DESIGN STORM= 2.45 INCHES
STORM DURATION= 24.0 HOURS
HYDRAULIC LENGTH= 700. FEET
MINIMUM INFILTRATION RATE= .00 IN/HR

TP= .0593 HOURS
C3= 62.3202

QPCFS= 85.42 CFS
ITERATIONS= 8

QPIN=12.6436 INCHES
SCS 24-hour

====~=========================================================

TIME
HOURS

ACCUMULATED
RAINFALL

INCHES
RUNOFF
INCHES

RAINFALL
EXCESS
INCHES

UNIT
HYDROGRAPH

CFS

OUTFLOW
HYDROGRAPH

CFS
================================================z=============

11.38 .6649 .0000 .0000 .0 .00
11.40 .6704 .0000 .0000 26.7 .00
11.42 .6758 .0000 .0000 78.6 .00
11.45 .6813 .0000 .0000 79.8, .00
11.47 .6868 .0001 .0000 52.5 .00
11.50 .6923 .0002 .0000 27.2 .01
11.52 .7290 .0011 .0009 12.1 .04
11.54 .7733 .0033 .0022 4.9 .14
11.57 .8177 .0065 .0032 1.8 .34
11.59 .8620 .0108 .0043 .6 .59
11.61 .9063 .0161 .0053 .2 .87
11.64 .9506 .0223 .0062 .0 1.16

11.85 1.3494 .1161 .0134 .0 3.38
11.88 1.3938 .1302 .0141 .0 3.59
11.90 1.4381 .1450 .0148 .0 3.79
11.92 1.4824 .1604 .0154 .0 3.98
11.95 1.5267 .1764 .0160 .0 4.17
11.97 1.5710 .1930 .0166 .0 4.35
12.00 1.6153 .2102 .0172 .0 4.52
12.02 1.6310 .2164 .0062 .0 4.38
12.04 1.6394 .2198 .0034 .0 3.55
12.07 1.6478 .2231 .0034 .0 2.51
12.09 1.6562 .2265 .0034 .0 1.74
12.11 1.6646 .2299 .0034 .0 1.30
12.14 1.6730 .2334 .0034 .0 1.10

==============================================================

HYDROGRAPH PEAI<= 4.52 c:fs
TIME TO PEAI<= 12.00 Hours
RUNOFF VOLUME= .35 Acre-Feet



PROJECT VALLEY CAMP 10-YR, 6-HR PEAK FLOW

AREA= 6.7 ACRES
AVERAGE BASIN .SLOPE= 27.0 PERCENT
CURVE NUMBER= 75.0
DESIGN STORM= 1.55 INCHES
STORM DURATION= 6.0 HOURS
HYDRAULIC LENGTH= 700. FEET
MINIMUM INFILTRATION RATE= .00 IN/HR

TP= .0593 HOURS
C3= 62.3202

QPCFS= 85.42 CFS
ITERATIONS= 8

QPIN=12.6436 INCHES
SCS 6-hour

==============================================================

TIME
HOURS

ACCUMULATED
RAINFALL RUNOFF

INCHES INCHES

RAINFALL
EXCESS
INCHES

UNIT
HYDROGRAPH

CFS

. OUTFLOW
HYDROGRAPH

CFS
==============================================================

2.26 .6559 .0000 .0000 .0 .00
2.28 .6832 .0000 .0000 26.7 .00
2.31 .7105 .0006 .0005 78.6 .02
2.33 .7378 .0015 .0009 79.8 .07
2.36 .7651 .0028 .0013 52.5 .15
2.38 .7924 .0046 .0017 27.2 .25
2.40 .8197 .0067 .0021 12.1 .36
2.43 .8470 .0093 .0025 4.9 .48
2.45 .8743 .0122 .0029 1.8 .59
2.48 .9016 .0155 .0033 .6 .70
2.50 .9289 .0191 .0037 .., .81.....
2.52 .9371 .0203 •0012 .0 .84
2.55 .9444 .0214 .0011 .0 .71
2.57 .9518 .0225 .0011 .0 .54
2.59 .9592 . t)236 .0011 .0 .42
2.62 .9666 .0248 .0012 .0 .36
2.64 .9740 .0259 .0012 .0 .34
2.67 .9813 .0271 .0012 .0 .33

==============================================================

HYDROGRAPH PEAK=
TI ME TO PEAI(=
RUNOFF VOLUME=

.84 cfs
2.52 Hours

.10 Acre-Feet



PROJECT
\300-2

VALLEY CAMP 10-YR, 24-HR PEAK FLOW CHANNEL~

AREA= 14.7 ACRES
AVERAGE BASIN.SLOPE= 37.0 PERCENT
CURVE NUMBER= 71.0
DESIGN STORM= 2.45 INCHES
STORM DURATION= 24.0 HOURS
HYDRAULIC LENGTH= 1900. FEET
MINIMUM INFILTRATION RATE= .00 IN/HR

TP= .1260 HOURS
C3= 29.3443

QPCFS= 88.25 CFS
ITERATIONS= 8

QPIN= 5.9534 INCHES
SCS 24-hoLlr

==============================================================
ACCUMULATED RAINFALL UNIT OUTFLOW

TIME RAINFALL RUNOFF EXCESS HYDROGRAPH HYDROGRAPH
HOURS INCHES. INCHES INCHES CFS CFS

==============================================================
11.56 .8133 .0000 .0000 .0 .00
11.59 .8602 .0005 .0005 4.4 .00
11.61 .9071 .0019 .0015 27.4 .02
11.64 .9540 .0045 .0025 58.6 .08
11.67 1.0010 .0079 .0035 81.0 .21
11.69 1.0479 .0124 .0044 88.2 .42
11.72 1.0948 .0177 .0053 82.7 .72
11.74 1.1417 .0239 .0062 69.8 1.09
11.77 1.1886 .0310 .0071 54.6 1.52
11.79 1.2355 .0389 .0079 40.3 1.98
11.82 1.2824 .0476 .0087 28.4 2.46
11.84 1.3293 .0571 .0095 19.3 2.96
11.87 1.3763 .0674 .0103 12.7 3.46
11.89 1.4232 .0784 .0110 8.1 3.95
11.92 1. 4701 .0901 .0117 5.1 4.43
11.94 1.5170 .1024 .0124 3.2 4.91
11.97 1.5639 .1155 .0131 1.9 5.37
11.99 1.6108 .1292 .0137 1.1 5.82
12.02 1.6307 .1352 .0060 .7 6.22
12.04 1.6396 .1379 .0027 .4 6.40
12.07 1.6485 .1407 .0027 .2 6.21
12.09 1.6573 .14:34 .0028 . 1 5.69
12.12 1.6662 .1462 .0028 .0 4.98
12.14 1.6751 .1490 .0028 .0 4.22
12.17 1.6840 .1518 .0028 .0 3.54
12.19 1.6929 .1547 .0029 .0 2.98

==============================================================

HYDROGRAPH PEAK=
TIME TO PEAK=
RUNOFF VOLUME=

6.40 cfs
12.04 HOLlrs

.57 Acre-Feet



PROJECT
0DO-2

VALLEY CAMP 10-YR, 6-HR PEAK FLOW CHANNEL~

AREA= 14.7 ACRES
AVERAGE BASIN .SLOPE= 37.0 PERCENT
CURVE NUMBER= 71.0
DESIGN STORM= 1.55 INCHES
STORM DURATION= 6.0 HOURS
HYDRAULIC LENGTH= 1900. FEET
MINIMUM INFILTRATION RATE= .00 IN/HR

TP= .1260 HOURS
C3= 29.3443

QPCFS= 88.25 CFS
ITERATIONS= 8

QPIN= 5.9534 INCHES
SCS 6-hour

==============================================================

TIME
HOURS

ACCUMULATED
RAINFALL RUNOFF

INCHES INCHES

RAINFALL
EXCESS
INCHES

UNIT
HYDROGRAPH

CFS .

OUTFLOW
HYDROGRAPH

CFS
==============================================================

2.39 .8078 .• 0000 .0000 .0 .00
2.42 .8367 .0000 .0000 4.4 .00
2.44 .8656 .0006 .0005 27.4 .00
2.47 .8945 .0014 .0009 58.6 .02
2.49 .9234 .0027 .0013 81.0 .07
2.52 .9360 .0034 .0007 88.2 .14
2.54 .9438 .0038 .0005 82.7 .22
2.57 .9517 .0043 .0005 69.8 .28
2.60 .9595 .0048 .0005 54.6 .32
2.62 .9673 .0053 .0005 40.3 .33
2.65 .9751 .0059 .0006 28.4 .34
2.67 .9829 .0065 .0006 19.3 .34
2.70 .9907 .0071 .0006 12.7 .33
2.72 .9985 .0077 .0006 8.1 .33
2.75 1.0063 .0084 .0007 5.1 .33
2.77 1.0141 .0091 .0007 ,. ,., .34...1 ...

2.80 1.0220 .0098 •0007 1.9 .35
2.82 1.0298 .0105 .0007 1.1 .36
2.85 1.0376 .0113 .0008 .7 .37
2.87 1.0454 .0121 .0008 .4 .39
2.90 1.0532 .0129 .0008 .2 .40
2.92 1.0610 .0138 .0008 .1 .42
2.95 1.0688 .0146 .0009 .0 .43

3.38 1.1783 .0294 .0010 .0 .52
3.40 1.1845 .0304 .0010 .0 .53
3.43 1.1908 .0314 .0010 .0 .54
3.45 1.1970 .0324 .0010 .0 .55
3.48 1.2033 .0334 .0010 .0 .56
3.50 1.2094 .0344 .0010 .0 .57
3.53 1.2136 .0351 .0007 .0 .57
3.55 1.2179 .0359 .0007 .0 .57
3.58 1.2222 .0366 .0007 .0 .56
3.60 1.2265 .0373 .0007 .0 .54
3.63 1.2308 .0381 .0008 .0 .52

==============================================================



PROJECT VALLEY CAMP 10-YR, 6-HR PEAK FLOW
(Continued)

tlOD-Z.
CHANNEL~

"6/n

==============================================================

TIME
HOURS

ACCUMULATED
RAINFALL

INCHES
RUNOFF
INCHES

RAINFALL
EXCESS
INCHES

UNIT
HYDROGRAPH

CFS

OUTFLOW
HYDROGRAPH

CFS
==============================================================

3.65
3.68

1.2351
1.2394

.0388

.0396
.0008
.0008

.0

.0
.50
.48

==============================================================

HYDROGRAPH PEAK=
TIME TO PEAK=
RUNOFF VOLUME=

.57 c:fs
3.53 Hours

.14 Acre-Feet



PROJECT VALLEY CAMP 10-YR, 24-HR PEAK FLOW
000-:3

CHANNEL~

AREA= 8.1 ACRES
AVERAGE BASIN .SLOPE= 32.0 PERCENT
CURVE NUMBER= 75.0
DESIGN STORM= 2.45 INCHES
STORM DURATION= 24.0 HOURS
HYDRAULIC LENGTH= 1500. FEET
MINIMUM INFILTRATION RATE= .00 IN/HR

TP= .1002 HOURS
C3= 36.8746

QPCFS= 61.10 CFS
ITERATIONS= 8

QPIN= 7.4811 INCHES
SCS 24-hour

==============================================================

TIME
HOURS

ACCUMULATED
RAINFALL

INCHES

RAINFALL
RUNOFF EXCESS
INCHES INCHES

UNIT
HYDROGRAPH

CFS .

OUTFLOW
HYDROGRAPH

CFS
==============================================================

11.37 .6630 .0000 .0000 .0 .00
11.39 .6676 .0000 .0000 3.1 .00
11.41 .6722 .0000 .0000 19.0 .00
11.43 .6768 .0000 .0000 40.6 .00
11.45 .6815 .0000 .0000 56.1 .00
11.47 .6861 .0001 .0000 61.1 .00
11.49 .6907 .0002 .0000 57.2 .00
11.51 .7093 .0005 .0004 48.3 .00
11.53 .7466 .0019 .0013 37.8 .02
11.55 .7839 .0040 .0021 27.9 .06
11.57 .8213 .0069 .0029 19.7 .13
11.59 .8586 .0105 .0036 13.3 .26
11.61 .8959 .0148 .0043 8.8 4'". "
11.63 .9333 .0197 .0050 5.6 .63
11.65 .9706 .0254 .0057 3.5 .87
11.67 1.0079 .0317 .0063 2.2 1.12
11.69 1.0453 .0386 .0069 1.3 1.38
11. 71 1.0826 .0461 .0075 .8 1.65
11.73 1.1199 .0543 .0081 .5 1.92
11.75 1.1573 .0629 .0087 .3 2.19
11.77 1.1946 .0722 .0092 .2 2.45
11.79 1.2319 .0820 .0098 .0 2.70
11.37 .6630 .0000 .0000 .0 .00
11.39 .6676 .0000 .0000 3.1 .00
11.41 .6722 .0000 .0000 19.0 .00
11.43 .6768 .0000 .0000 40.6 .00
11.45 .6815 .0000 .0000 56.1 .00
11.47 .6861 .0001 .0000 61.1 .00
11.49 .6907 .0002 .0000 57.2 .00
11. 51 .7093 .0005 .0004 48.3 .00
11.53 .7466 .0019 .0013 37.8 .02
11.55 .7839 .0040 .0021 27.9 .06
11.57 .8213 .0069 .0029 19.7 .13
11.59 .8586 .0105 .0036 13.3 .26
11.61 .8959 .0148 .0043 8.8 .42

~ ==============================================================



PROJECT
/)DO -3

VALLEY CAMP 10-YR, 24-HR PEAK FLOW CHANNEL~
(ContinLled)

==============================================================

TIME
HOURS

ACCUMULATED
RAINFALL RUNOFF

INCHES INCHES

RAINFALL
EXCESS
INCHES

UNIT
HYDROGRAPH

CFS

OUTFLOW
HYDROGRAPH

CFS
==============================================================

11.63 .9333 .0197 .0050 5.6 .63
11.65 .9706 .0254 .0057 3.5 .87
11.67 1.0079 .0317 .0063 2.2 1.12
11.69 1.0453 .0386 .0069 1.3 1.38
11.71 1.0826 .0461 .0075 .8 1.65
11.73 1.1199 .0543 .0081 .5 1.92
11.75 1.1573 .0629 .0087 .3 2.19
11.77 1.1946 .0722 .0092 .2 2.45
11.79 1.2319 .0820 .0098 .0 2.70
11.81 1.2693 .0923 .0103 .0 2.95
11.83 1.3066 .1031 .0108 .0 3.19
11.85 1.3439 .1144 .0113 .0 3.43
11.87 1.3813 .1262 .0118 .0 3.66
11.89 1.4186 .1384 .0122 .0 3.88
11.91 1.4559 .1511 .0127 .0 4.09
11.93 1.4933 .1642 .0131 .0 4.30
11.95 1.5306 .1778 .0136 .0 4.51
11.97 1.5679 .1918 .0140 .0 4.71
11.99 1.6053 .2062 .0144 .0 4.90
12.01 1.6278 .2151 .0089 .0 5.07
12.03 1.6349 .2179 .0028 .0 5.12
12.05 1.6420 .2208 .0028 .0 4.93
12.07 1.6490 .2236 .0028 .0 4.51
12.09 1.6561 .2265 .0029 .0 3.93
12.11 1.6632 .2293 .0029 .0 3.32
12.13 1.6702 .2322 .0029 .0 2.76
12.15 1.6773 .2351 .0029 .0 2.3()

==============================================================

HYDROGRAPH PEAK=
TIME TO PEAI<=
RUNOFF VOLUME=

5.12 cfs
12.03 HOLlrs

.42 Acre-Feet



PROJECT
UDD-3

VALLEY CAMP 10-YR, 6-HR PEAK FLOW CHANNEL~B S

AREA= 8.1 ACRES
AVERAGE BASIN .SLOPE= 32.0 PERCENT
CURVE NUMBER= 75.0
DESIGN STORM= 1.55 INCHES
STORM DURATION= 6.0 HOURS
HYDRAULIC LENGTH= 1500. FEET
MINIMUM INFILTRATION RATE= .00 IN/HR

TP= .1002 HOURS
C3= 36.8746

QPCFS= 61.10 CFS
ITERATIONS= 8

QPIN= 7.4811 INCHES
SCS 6-hour

==============================================================

TIME
HOURS

ACCUMULATED
RAINFALL

IN'CHES
RUNOFF
INCHES

RAINFALL
EXCESS
INCHES

UNIT
HYDROGRAPH

CFS .

OUTFLOW
HYDROGRAPH

CFS
==============================================================

2.27 .6612 .0000 .0000 .0 .00
2.29 .6842 .0000 .0000 3.1 .00
2.31 .7-072 .0005 .0004 19.0 .00
2.33 .7301 .0012 .0007 40.6 .01
2.35 .7531 .0022 .0010 56.1 .04
2.37 .7761 .0035 .0013 61.1 .08
2.39 .7991 .0051 .0016 57.2 .14
2.41 .8221 .0069 .0019 48.3 .21
2.43 .8451 .0091 .0021 37.8 .30
2.45 .8681 .0115 .0024 27.9 .40
2.47 .8911 .0142 .0027 19.7 .50
2.49 .9141 .0171 .0029 13.3 .61
2.51 .9319 .0196 .0025 8.8 .72
2.53 .9381 .0204 .0009 5.6 .81
2.55 .9444 .0214 .0009 3.5 .85
2.57 .9506 • ()223 .0009 2.2 .84
2.59 .9568 . ()232 .0009 1.3 .78
2.61 .9630 .0242 .0010 .8 .71
2.63 .9692 .0252 .0010 .5 .63
2.65 .9754 .0262 .0010 -:r .57.._'
2.67 .9816 .0272 .0010 .2 .51
2.69 .9879 .0282 .0010 .0 .48

==============================================================

-

HYDROGRAPH PEAK=
TIME TO PEAI{=
RUNOFF VOLUME=

.85 c'fs
2.55 Hours

.12 Acre-Feet



PROJECT
UI)D-,f

VALLEY CAMP 10-YR, 24-HR PEAK FLOW CHANNEL ~

AREA= 5.5 ACRES
AVERAGE BASIN.SLOPE= 31.0 PERCENT
CURVE NUMBER= 70.0
DESIGN STORM= 2.45 INCHES
STORM DURATION= 24.0 HOURS
HYDRAULIC LENGTH= 1250. FEET
MINIMUM INFILTRATION RATE= .00 IN/HR

TP= .1012 HOURS
C3= 36.5410

QPCFS= 41.12 CFS
ITERATIONS= 8

QPIN= 7.4135 INCHES
SCS 24-hoLlr

==============================================================

TIME
HOURS

ACCUMULATED
RAINFALL RUNOFF

INCHES INCHES

RAINFALL
EXCESS
INCHES

UNIT
HYDROGRAPH

CFS

OUTFLOW
HYDROGRAPH

CFS
==============================================================

11.57 .8296 .0000 .0000 .0 .00
11.59 .8673 .0000 .0000 2.1 .00
11.61 .9050 .0005 .0005 12.8 .00
11.63 .9426 .0017 .0011 27.3 .00
11.65 .9803 .0034 .0018 37.7 .03
11.67 1.0180 .0058 .0024 41.1 .08
11.69 1.0556 .0088 .0030 38.5 .15
11.71 1.0933 .0123 .0035 32.5 .24
11.73 1.1310 .0164 .0041 25.4 .36
11. 76 1.1687 .0211 .0047 18.8 .49
11.78 1.2063 .0263 .0052 13.2 .63
11.80 1.2440 .0320 .0057 9.0 .77
11.82 1.2817 .0383 .0062 5.9 .92
11.84 1.3194 .0450 .0067 3.8 1.07
11.86 1.3570 .0522 .0072 2.4 1.22
11.88 1.3947 .0599 .0077 1.5 1.36
11.90 1.4324 .0681 .0082 .9 1. 51
11.92 1.4701 .0767 .0086 .5 1.65
11.94 1.5077 .0857 .0091 ":/' 1.78.....
11.96 1.5454 .0952 .0095 ,., 1.92.....
11.98 1.5831 .1052 .0099 .1 2.05
12.00 1.6208 .1155 .0103 .0 2.18
12.02 1.6308 .1183 .0028 .0 2.29
12.04 1.6379 • 12()3 .0020 .0 2.31
12.06 1.6451 .1224 .0020 .0 2.2()
12.08 1.6522 .1244 .0021 .0 1.98
12.10 1.6594 .1265 .0021 .0 1. 71
12.12 1.6665 .1286 .0021 .0 1.44
12.14 1.6736 .1307 .0021 .0 1.20
12.16 1.6808 .1328 .0021 .0 1.01

==============================================================

HYDROGRAPH PEAK=
TIME TO PEAK=
RUNOFF VOLUME=

2.31 c:fs
12.04 HOLlrs

.20 Ac:re-Feet



PROJECT VALLEY CAMP 10-YR 6-HR PEAK FLOW
vDD-f

CHANNEL ..lJ9-4"'"

AREA= 5.5 ACRES
AVERAGE BASIN .SLOPE= 31.0 PERCENT
CURVE NUMBER= 70.0
DESIGN STORM= 1.55 INCHES
STORM DURATION= 6.0 HOURS
HYDRAULIC LENGTH= 1250. FEET
MINIMUM INFILTRATION RATE= .00 IN/HR

TP= .1012 HOURS
C3= 36.5410

QPCFS= 41.12 CFS
ITERATIONS= 8

QPIN= 7.4135 INCHES
SCS 6-hour

==============================================================

TIME
HOURS

ACCUMULATED
RAINFALL RUNOFF

INCHES INCHES

RAINFALL
EXCESS
INCHES

UNIT
HYDROGRAPH

CFS .

OUTFLOW
HYDROGRAPH

CFS
==============================================================

2.43 .8473 .0000 .0000 .0 .00
2.45 .8705 .0000 .0000 2.1 .00
2.47 .8937 .0003 .0003 12.8 .00
2.49 .9169 .0008 .0005 27.3 .00
2.51 .9327 .0013 .0005 37.7 .02
2.53 .9390 .0015 .0002 41.1 .03
2.55 .9453 .0018 .0002 38.5 .05
2.57 .9516 .0020 .0003 32.5 .06
2.59 .9578 .0023 .0003 25.4 .07
2.61 .9641 .0026 .0003 18.8 .07
2.63 .9704 .0029 .0003 13.2 .07
2.65 .9766 .0032 .0003 9.0 .08
2.67 .9829 .0036 .0003 5.9 .08
2.69 .9892 .0039 .0004 3.8 .08
2.71 .9955 .0043 .0004 2.4 .08
2.73 1.0017 .0047 .0004 1.5 .09
2.75 1.0080 .0051 .0004 .9 .09
2.77 1.0143 .0056 .0004 .5 .09
2.79 1.0206 .0060 .0004 .3 .10
2.81 1.0268 .0065 .0005 '") .10.~

2.83 1.0331 .0069 .0005 .1 .11
2.85 1.0394 .0074 .0005 .0 .11

3.40 1.1840 . ()232 .0007 .0 .17
3.42 1.1890 .0238 .0007 .0 .18
3.44 1.1940 .0245 .0007 .0 .18
3.46 1.1990 . ()253 .0007 .0 .18
3.48 1.2040 .0260 .0007 .0 .18
3.50 1.2090 ~0267 .0007 .0 .19
3.52 1.2125 .0272 .0005 .0 .19
3.54 1.2159 .0277 .0005 .0 .19
3.56 1.2194 .0282 .0005 .0 .18- 3.58 1.2228 .0288 .0005 .0 .18
3.60 1.2263 .0293 .0005 .0 .17
3.62 1.2297 .0298 .0005 .0 .16

==============================================================



PROJECT VALLEY CAMP 10-YR 6-HR PEAK FLOW
(Continued)

UDD-4
CHANNEL~

==============================================================

TIME
HOURS

ACCUMULATED
RAINFALL

INCHES
RUNOFF
INCHES

RAINFALL
EXCESS
INCHES

UNIT
HYDROGRAPH

CFS

OUTFLOW
HYDROGRAPH

CFS
==============================================================

3.64 1.2332 .0303 .0005 .0 .16
==============================================================

HYDROGRAPH PEAK=
TIME TO PEAK=
RUNOFF VOLUME=

.19 cfs
3.52 Hours

.04 Acre-Feet



PROJECT
uDO-5

VALLEY CAMP 10-YR, 24-HR PEAK FLOW CHANNEL ~Q 5

AREA= 7.2 ACRES
AVERAGE BASIN .SLOPE= 28.0 PERCENT
CURV~ NUMBER= 70.0
DESIGN STORM= 2.45 INCHES
STORM DURATION= 24.0 HOURS
HYDRAULIC LENGTH= 1100. FEET
MINIMUM INFILTRATION RATE= .00 IN/HR

TP= .0961 HOURS
C3= 38.4674

QPCFS= 56.66 CFS
ITERATIONS= 8

QPIN= 7.8043 INCHES
SCS 24-hour

==============================================================

TIME
HOURS

ACCUMULATED
RAINFALL

INCHES
RUNOFF
INCHES

RAINFALL
EXCESS
INCHES

UNIT
HYDROGRAPH

CFS .

OUTFLOW
HYDROGRAPH

CFS
==============================================================

11.57 .8239 ".0000 .0000 .0 .00
11.59 .8596 .0000 .0000 2.8 .00
11.61 .8954 .0003 .0003 17.6 .00
11.63 .9312 .0013 .0009 37.6 .00
11.65 .9670 .0027 .0015 52.0 .03
11.67 1.0028 .0048 .0020 56.7 .08
11.69 1.0386 .0074 .0026 53.1 .17
11.70 1.0744 .0105 .0031 44.8 .28
11.72 1.1101 .0141 .0036 35.0 .42
11.74 1.1459 .0182 .0041 25.9 .57
11.76 1.1817 .0229 .0046 18.2 .75
11.78 1.2175 .0280 .0051 12.4 .93
11.80 1.2533 .0335 .0056 8.2 1.11
11.82 1.2891 .0395 .0060 5.2 1.30
11.84 1.3249 .0460 .0065 '":!' "':r 1.48•..} • 0_1

11.86 1.3607 .0529 .0069 2.0 1.67
11.88 1.3964 .0603 .0073 1.2 1.85
11.90 1.4322 .0680 .0078 .7 2.03
11.92 1.4680 .0762 .0082 .4 2.20
11.94 1.5038 .0848 .0086 .3 2.37
11.95 1.5396 .0937 .0090 .1 2.54
11.97 1.5754 .1031 .0093 .0 2.70
11.99 1.6112 .1128 .0097 .0 2.86
12.01 1.6286 .1177 .0049 .0 3.00
12.03 1.6354 .1196 .0019 .0 3.05
12.05 1.6422 .1215 .0019 .0 2.95
12.07 1.6490 .1235 .0019 .0 2.69
12.09 1.6558 .1254 .0020 .0 2.35
12.11 1.6625 .1274 .0020 .0 1.99
12.13 1.6693 .1294 .0020 .0 1.66
12.15 1.6761 .1314 .0020 .0 1.39

==============================================================

HYDROGRAPH PEA~(:= 3.05 cfs
TIME TO PEAK:: 12.03 Hours
RUNOFF VOLUME= .26 Acre-Feet



- PROJECT
IJOD-5

VALLEY CAMP 10-YR, 6-HR PEAl< FLOW CHANNEL~

AREA= 7.2 ACRES
AVERAGE BASIN.SLOPE= 28.0 PERCENT
CURVE NUMBER= 70.0
DESIGN STORM= 1.55 INCHES
STORM DURATION= 6.0 HOURS
HYDRAULIC LENGTH= 1100. FEET
MINIMUM INFILTRATION RATE= .00 IN/HR

TP= .0961 HOURS
C3= 38.4674

QPCFS= 56.66 CFS
ITERATIONS= 8

QPIN= 7.8043 INCHES
SCS 6-hour

==============================================================

TIME
HOURS

ACCUMULATED
RAINFALL RUNOFF

INCHES INCHES

RAINFALL
EXCESS
INCHES

UNIT
HYDROGRAPH

CFS .

OUTFLOW
HYDROGRAPH

CFS

-

==============================================================
2.42 .8401 .0000 .0000 .0 .00
2.44 .8622 .0000 .0000 2.8 .00
2.46 .8842 .0002 .0002 17.6 .00
2.48 .9063 .0006 .0004 37.6 .00
2.50 .9283 .0012 .0006 52.0 .02
2.52 .9355 .0014 .0002 56.7 .03
2.54 .9415 .0016 .0002 53.1 .06
2.56 .9474 .0019 .0002 44.8 .08
2.58 .9534 .0021 .0003 35.0 .09
2.59 .9593 .0024 .0003 25.9 .09
2.61 .9653 .0027 .0003 18.2 .10
2.63 .9713 .0030 .0003 12.4 .10
2.65 .9772 .0033 .0003 8.2 .10
2.67 .9832 .0036 .0003 5.2 .10
2.69 .9891 .0039 .0003 3.3 .11
2.71 .9951 .0043 .0004 2.0 .11
2.73 1.0010 .0047 .0004 1.2 .11
2.75 1.0070 .0051 .0004 .7 .12
2.77 1.0130 .0055 .0004 .4 .12
2.79 1.0189 .0059 .0004 .3 .13
2.81 1.0249 .0063 .0004 .1 .13
2.83 1.0308 .0068 .0004 .0 .14

3.40 1.1847 .0233 .0006 .0 .23
3.42 1.1894 • ()239 .0007 .0 .23
3.44 1.1942 .0246 .0007 .0 .23
3.46 1.1990 .0252 .0007 .0 .24
3.48 1.2037 .0259 .0007 .0 .24
3.50 1.2085 .0266 .0007 .0 .24
3.52 1.2119 .0271 .0005 .0 .. 25
3.54 1.2152 .0276 .0005 .0 .25
3.56 1.2185 .0281 .0005 .0 .24
3.57 1.2218 .0286 .0005 .0 .23
3.59 1. 2250 .0291 .0005 .0 .22
3.61 1.2283 .0296 .0005 .0 .21

==============================================================



PROJECT VALLEY CAMP 10-YR, 6-HR PEAK FLOW
(Continued)

Jf)[)-S
CHANNEL~

==============================================================

TIME
HOURS

ACCUMULATED
RAINFALL

INCHES
RUNOFF
INCHES

RAINFALL
EXCESS
INCHES

UNIT
HYDROGRAPH

CFS

OUTFLOW
HYDROGRAPH

CFS
==============================================================

3.63 1.2316 .0301 .0005 .0 .21
==============================================================

HYDROGRAPH PEAK=
TIME TO PEAK=
RUNOFF VOLUME=

.25 cfs
3.52 Hours

.06 Acre-Feet
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Trapezoidal Channel Flow Calculations using Mannings Equat10~

Client: Valley Camp Coal Company
Project No.: 007.11.100

Channel Section: UDD-l - Trial 1

Date:
Time:

Computed:

03-May-89
10: 13 AM

DEH

GENERAL CRITERIA:

CALCULATION:
(Channel Depth)

Design Flow:
Bottom Width:
Side Slopel:
Side Slope2:
Friction Factor:
Min. Bottom Slope:
Max. Bottom Slope:
Freeboard:

Depth (Min. Flow):
On/1.49(S)1/2=

A(R)2/3=

0.84
0.0

15.0
.2. ()

0.030
0.02
0.30
0.50

0.24
0.120
0.11':;'

UNITS
cfs

feet
Ilml
11m2

ft/ft
ft/ft
feet

feet

F:eql.li red Depth:
Area:
Perimeter:
Hydraulic Radius:
V~?locity:
Riprap Ck (V<5?):

0,,74 feet
0.4'::f ft:2
4.16 feet
0.12 feet
1.70 ft/sec
Not )\.Ieeded

4.70 i:t/sec
Not t\leeded

:\·.iot i\lei=:!ded

-
-
-

-

i::::{;U:::ULAT I ON:
Cv'elocity Check)

Depth (Max. Flow):
On/1 ,,4'::f(':3) :L/2=

Requi red D€;!j::ith:
(.~rea :
Perimetet- :
Hydraulic Radius:
~je 1oc i ty:

Bot t.Drni·jL c:J t h :
~:;id(~ ~;lCII~1(~ 1 ~

~::; i. d (.? ~=;:I. C) f.:)<2 :2 ~

~lif~~ Bo·t·totn S].ooe~

Ma~{~ Bot"tom Slope:

0" 15
() Q ():3:t
(:. iI ()~:: 1

() .. 65
0. 18
2 .. 5()
0.07

(~ p ()

1:5. ()

i..) 'I •• ::, ••.••'

(~ ., j~ ..q.

'feet

feet
ft2

-feet
fe€~t

l/ml
1/m2
oft.loft.
+t./ of t
of i=?e 't:.



Trapezo~dal Channel Flow Calculations using Mannings Equation

3

Client: Valley Camp Coal Company
Project No.: 007.11.100

Channel Section: UDD-2 - Trail 2

Date:
Time:

Computed:

02-May-89
02:39 PM

DEH

GENERAL CRITERIA:

CALCULATION:
(Channel Depth)

Design Flow:
Bottom Width:
Side Slope1:
Side Slope2:
Friction Factor:
Min. Bottom Slope:
Max. Bottom Slope:
Freeboard:

Depth (Min. Flow):
Qn/1.49(S)1/2=

A(R)2/3=

0.57
0.0

15.0
2.0

0.030
CI.07
0.23
0.50

0.17
0.043
0.043

UNITS
cfs

feet
l/ml
11m2

ft/ft
ft/ft
feet

feet

Required Depth:
AI~ea :
Perimeter:
Hydraulic Radius:
Velocity:
Riprap Ck (V<5?):

0.67 feet
0.23 ft2
2.85 feet
0.08 feet
2.46 ft/sec
Not Needed

CALCULATION:
(Velocity Check)

Depth (Max. Flow):
Qn/l.49(S) 112::::

A(F:)2.F5=

0.13
0.024
0.023

feet

--_.__._.__._----_._-_._-----------------_.----------- ._--

Requi red Del::lth:
Area:
Per-imeter:
Hydraulic Radius:
VelcKi ty:
Riprap Ck (V<5?):

O. 6:~: feet
0.14 ft2
2,,25 feet.
0.06 feet
3.97 ft/sec
Not !'.leeded

--

~:;idf'.? SloDf.:~ 1:
Side Slope 2:
Mln. Bottom Slope:
Max. Bottom Slope:
CI",;:lnnE? 1. Df"~pth:

R.i. Py-,,,,p:

15.0
2.0

() • :2:::::

l/m1
1/m2
ft/oft
ft./ft
ff~et

Comment: Channel Velocities < 5.0 fsp.
DI~<:;iqn DK



Trapezoidal Channel Flow Calculations using Mannings Equation

1

Client: Valley Camp Coal Company
Project No.: 007.11.100

Channel Section: UDD-3 - Trial 1

Date:
Time:

CompLlted:

02-May-89
<)3: 33 F'M

DEH

GENERAL CRITERIA:

CALCULATION:
(Channel Depth)

Design Flow:
Bottom Width:
Side Slopel:
Side Slope2:
Friction Factor:
Min. Bottom Slope:
Max. Bottom Slope:
Freeboard:

Depth (Min. Flow):
Qn/1.49(S)1/2=

A(R)2/3::::

0.85
0.0

15.0
-2.0

0.030
0.07
0.20
0.50

0.19
0.065
0.065

UNITS
cfs

feet
llml
11m2

ft/ft
ftlft
feet

feet

Hequired Depth:
Area:
Perimeter:
Hydraulic Radius:
Velocity:
Riprap Ck (V<5?):

0.69 feet
0.31 ft:2
3.32 feet
0.09 feet
:2 "71 f t./ :;·ec
Not Needed

Cr4LCULAT I ON:
(\/elc1c:Lt\i C::heck)

Depth (Max. Flow):
Gn./1.49(E) 1/2::::

P,(F:):2/3="

0.16
0.03<3
O. 0::::~8

0.66
0.21

feet

feet
'j7 t2

....
Perimeter:
Hydraulic ?adius:
\/elocitv:

2.71 'feet
0.08 feet
L~ Q (}6 f "t./ <':5 (-2 C

~!ax:1 B(~t·tofn S12pe~

c::: h <:t r1 n !?~}. [i E;: !:: ·t h ~~

() "' ()

:i.5.0
2.0

·fef.':!t
i /:Tl 1
1../ in,;::
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Trapezoidal Channel Flow Calculations using Mannings Equat10n

Client: Valley Camp Coal Company Date: 02-May-89
Project No.: 007.11.100 Time: 03:41 PI"!

Channel Section: UDD-4 - Trial 1 Computed: DEH

GENERAL CRITERIA:

CALCULATION:
(Channel Depth)

Design Flow:
Bottom Width:
Side Slope1:
Side Slope2:
Friction Factor:
Min. Bottom Slope:
Max. Bottom Slope:
Freeboard:

Depth (Min. Flow):
Qn/1.49(S)1/2=

A(R)2/3=

(J.19
0.0
2.0
'2.0

0.030
0.02
0.13
0.50

0.24
0.027
0.027

UNITS
cfs

feet
llml
11m2

ftlft
ft/ft
feet

feet

CAL.CULATION:
(',je]. DC.i t.v Chec k )

F:equi red Depth:
Area:
Perimeter:
Hydraulic Radius:
Velocity:
Riprap Ck (V<5?):

Depth (Max. Flow):
On/1.49(5)1/2=

F:equi Y-ed Deptl!:

Perimeter:
Hydraulic Radius:
~jelocity:
Rierap Ck (V<5?)~

0.74 feet
0.12 ft2
1.08 feet
0.11 feet
1.62 ft/sec
Not Needed

0.18
0.011
0.011

0.68 feet
0.06 ft:2
(1.78 f(::et
0.08 feet
3.10 ft/sec
Not Neede·j

0.74 ft?t?t

!\lot i\J!;-)eded

CDiTiment~

Bc)ttom [,tjidth:
~3:ide SloJ:le 1 ~

!3.ide E:; 1 cJpe :2:
Mill« Bottom Sloce:
Max. Bottom Slope:
Chann(,,?·l Deeth ~

2.0

() .. 1~::

:L/ml
:l /rn2
of t:. / +~::.

+t/f't



---------------_.-_._----------------_._--
Trapezoidal Channel Flow Calculations using Mannings Eouation

7

Client: Valley Camp Coal Company
Project No.: 007.11.100

Channel Section: UDD-5 - Trial 1

Date:
Time:

Computed:

02-I"iay--89
0:3: 56 PM

DEH

GENERAL CRITERIA:

CALCULATION:
(Channel Depth)

Design Flow:
Bottom Width:
Side Slopel:
Side Slope2:
Friction Factor:
Min. Bottom Slope:
Max. Bottom Slope:
Freeboard:

Depth (Min. Flow):
Qn/1.49(S)1/2=

A(F:)2/3=

0.25
0.0
2.0
.2.0

0.030
0.12
0.25
0.50

0.20
0.015
0.015

UNITS
cfs

feet
l/m1
11m2

ft/ft
ft/ft
feet

feet

ReqLti red Depth:
Area:
Perimeter:
Hydraulic Radius:
Velocity:
Riprap Ck (V<5?):

0.70 feet
0.08 ft2
0.87 feet
0.09 feet
3.29 ft/sec
Not Needed

CALCULATION:
(Velocity Check)

Depth (Max. Flow):
Qn/1.49(S)i/2=

A(R)2/3=

0.17
0.010
0.010

feet

m·:f.-3 I 81'.1 CR I TER I A:

Required Depth:
Area:
Perimeter:
Hydraulic Radius:
Velocity:
Riprap Ck (V<5?):

Bottom Width:
Side Slope 1:
Side SlDpe 2:
Min. Bottom Slope:
Max. Bottom Slope:
Channel Depth:
FU pr'ap:

0.67 feet
0.06 ft2
0.76 feet
0.08 feet
4.33 f·t.lsec
Not Needed

0.0 i:eet
2.0 1/m1
2.0 1/m2

O. 12 ·f tIft
0.25 ft/ft
0.70 feet
1\lot Needed
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Permit No.: UT-0022985

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY
REGION VIII

DENVER PLAC E
999 18TH STREET, SUITE 500

DENVER, COLORADO 80202-2405

AUTHORIZATION TO DISCHARGE UNDER THE

NATIONAL POLLUTANT DISCHARGE ELIMINATION SYSTEM

In compliance with the provisions of the Clean Water Act, as amended,
(33 U.S.C. §1251 et seq; the IIAct ll

),

Valley Camp of Utah, Inc.,

is authorized to discharge from a facility located in Sections 8, 17, and 30
of Township 13 South, Range 7 East, Carbon County, Utah,

to receiving waters named Pleasant Valley Creek and Whiskey Creek, both
tributaries to the Price River,

in accordance with discharge point(s), effluent limitations, monitoring
requirements and other conditions set forth herein.

This pennit shall become effective ~ar.ch 1,1988.

This pennit and the authorization to discharge shall expire at midnight,
July 31, 1992.

Signed this 8th d~ of February· 1988. \

Title

Max H. Dodson
Di rector
Water Management Division
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Page 3 of 24
Pe nnit No.: UT-0022985

,
I. EFFLUENT LIMITATIONS AND MONITORING REQUIREMENTS

A. Definitions.

1. The 1130-day (and monthly) average, II other than for fecal
col ifonn bacteria and total colifonn bacteri a, ; s the
ari ttmetic average of all samples collected duri ng a
consecutive 3O-day period or calendar month, whichever is
applicable. Geometric means shall be calculated for fecal
colifonn bacteria and total col ifonn bacteri a. The calendar
month shall be used for purposes of reporting self-monitoring
data on di scharge monitori ng report fonns.

2. The 117-d~ (and weekly) average, II other than for fecal
co1ifonn bacteria and total colifonn bacteria, is the
arittmetic mean of all samples collected during a consecutive
7-day period or calendar week, whichever is applicable.
Geometric means shall be calculated for fecal colifonn
bacteria and total colifonn bacteri a. The 7-day and weekly
averages are applicable only to those effluent characteristics
for which there are 7-day average effluent limitations. The
calendar week which begins on Sunday and ends on Saturday,
shall be used for purposes of reporting se1f-monitoring data
on di scharge monitori ng report fonns. Weekly averages shall
be calculated for all calendar weeks with Saturdays in the
month. If a calendar week overlaps two months (i.e., the
Sunday is in one month and the Saturday in the following
month), the weekly average calculated for that calendar week
shall be included in the data for the month that contains the
Saturday.

3. IIDaily Maximum ll ("Daily Max. lI
) is the maximun value allowable

in any single sample or instantaneous measurement.

4. IIComposite samples ll shall. be flow proportioned. The composite
sample shall, as a minimum, contain at least four (4) samples
collected over the compositing period. Unless otherwise
specified, the time between the collection of the first sample
and the last sample shall not be less than six (6) hours nor
more than 24 hours. Acceptable methods for preparation of
composite samples are as follows:

a.

b.

Constant time interval between samples, sample volume
proportional to flow rate at time of sampling;

Constant time interval between samples, sample volume
proportional to total flow (volume) since last sample.
For the first sample, the flow rate at the time the
sample was collected may be used;



...

PART I

Page 4 of 24
Pennit No.: UT-0022985

A. Definitions (Continued)

c. Constant sample volume, time interval between samr.les
proportional to flow (i.e., sample taken every "X I

gallons of flow); and,

d. Continuous collection of sample, with sample collection
rate proportional to flow rate.

5. A "grab" sample, for monitori ng requi rements, is defi ned as a
sin9le "dip and take" sample collected at a representative
point in the discharge stream.

6. An u;'nstantaneous"measurement, for monitoring requirements,
is defined as a single reading, observation, or measurement.

7. "Upset" means an exceptional incident in which there is
unintentional and temporary noncompliance with
technology-based pennit effluent limitations because of
factors beyond the reasonable control of the pennittee. An
upset does not include noncompliance to the extent caused by
operational error, improperly designed treatment facilities,
inadequate treatment facilities, lack of preventive
maintenance, or careless or improper operation.

8. "Bypass" means the intentional diversion of waste streams from
any porti on of a treatment faci 1ity.

9. "Severe property damage" means substantial phYsical damage to
property, damage to the treatment facilities which causes them
to become inoperable, or substantial and pennanent loss of
natural resources which can reasonably be expected to occur in
the absence of a bypass. Severe property damage does not mean
economic loss caused by del~s in production.

10. "Active mining area" means the areas on and beneath land used
or disturbed in activity related to the extraction, removal,
or recovery of coal from its natural deposits. This tenn
excludes coal preparation plants, coal preparation plant
associated areas and post-mining areas.

11. "Reclamation area" means the surface area of a coal mine which
has been returned to required contour and on which
revegetation (specifically, seeding or planting) work has
canmenced.

-
t:

t:..
t:

....
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PART I

Page 5 of· 24
Permit No.: UT-0022985

A. Definitions (Continued)

12. The term "10-year , 24-hour precipitation event" shall mean the
maximum 24-hour precipitation event with a probable
reoccurrence interval of once in 10 years as defined by the
National Weather Service and Technical Paper No. 40, "Rainfal1
Frequency Atlas of the U.S., II ~1ay 1961, and subsequent
amendments or equivalent regional or rainfall probability
information develped therefrom.

13. The term "coa1 preparation plant l' means a faci 1ity where coal
is crushed, screened, sized, cleaned, dried, or otherwise
prepa~ed and loaded for transit to a consuming facility•

14. The term "coal preparation plant associated areas ll means the
coal preparation plant yards, immediate access roads, coal
refuse piles, and coal storage piles and facilities.

15. The term "settleable solids" is that matter measured by the
volumetric method specified below:

.._The following procedure is used to determine settleable solids:

Fill an Imhoff cone to the one-liter mark with a thoroughly
mixed sample. Allow to settle undisturbed for 45 minutes.
Gently stir along the inside surface of the cone with a
stirring rod. Allow to settle undisturbed for 15 minutes
longer. Record the volume of settled material in the cone as
milliliters per liter. Where ~ separation of settleable and
floating material occurs, do not include the floating material
in the reading.

16. IIDirector" means. Director of the United States Environmental
Protection Agency1s Water Management Division.

17. "EPA" means the United States Environmental Protection Agency.

18. Acute toxicity occurs when 20 percent or more mortality is
observed for either test species at any effluent
concentration. ·Mortality in the control must simultaneously
be 10 percent or less for the results to be considered valid.

19. Outfall Description: Outfa11s 001, 002, and 003 discharge
intermittently from surface runoff settling ponds adjacent to
the train loadout facility into Pleasant Valley Creek; 004
discharges intermittently from a surface runoff settling pond
adjacent to the mine into Whiskey Creek and 005 discharges
into Whiskey Creek from a filter pond which receives mine
water from underground operations.



j

6. spec{fic LimitatJbris and Self-Monitor n9 Requirements

1. During the'period beginning immediately and lasting through June 30, 1992, the permittee is
authorized to discharge from Outfa11s 001, 002, 003, 004 and 005 associated with active· mining
operations indicated on the area maps submitted and approved pursuant to Part IV, Q.1. Such
discharges shall be ~nited and monit~~~~ by the perlnittee as specified below:

.,--.- - ~

Effluent Characteristics Discharge Limitations Monitoring Requirements

30-Day 7-Day Daily Measurement Sample
Average ~./ Average al Maximum ~/ Frequency Type !I

\

Flow, gpd N/A N/A N/A 2 x Month Measured ~/ S./
Total Suspended Solids, mg/L 25 35 70 2 x Month Grab

Total Iron,' mg/L N/A N/A 2.0 !?I Monthly Grab

Total Dissolved Solids, mg/L N/A N/A 700 p./ Monthly Grab

Oil and Grease shall not exceed 10 mg/L and shall be monitored monthly by a grab sample.

~./

bl

cl

The pH shall not be less than 6.5 standard units .nor greater than 9.0 standard units and shall be
monitored monthly by grab sample.

There shall be no discharge of floating solids or visible foam in other than trace amounts.

There shall be no discharge of sanitary wastes.

2. See Schedule of Compliance. Samples taken in compliance with the monitoring requirements
specified above shall be taken at the following 10cation(s): at any point which is

• representative of each discharge prior to its mixing with the receiving stream and as
indicated by the solid triangles on the current area maps submitted pursuant to Part IV, P.1.

See Definitions, Part I.A. for definition of terms.

If any Iron analysis exceeds this limitation, the State of Utah and the permittee shall
review the actions necessary to achieve compliance with the limitation and the continued
appropriateness of the limitation. In no event shall the discharge exceed a dailY maximum
limitation for Total Iron of seven (7) milligrams per liter.

For the intermittent discharges, the duration of the discharge shall be reported.

-,.. O'
.o~.
~. N

.",.

c:
, ~

·1
b
o
N
N
\0
ex>
l"

~I The total amount of Total Dissolved Solids (lOS) discharged from all outfalls is limited
to one ton (2,000 pounds) per day of TDS.

,-----, III1I1



PART I

Page 7 of 24
Pennit No.: UT-D022985

8. Specific limitations and Se1f-Monitoring Requirements {Active Mining
Operations} (Continued) .. . .

3. Effective July 1,1991, there shall be no acute toxicity in the
discharge from outfall 005, the mine water filter pond discharge.
(See Acute Toxicity defini~ion Part I.A.)

4. Any overflow, increase in volume of a discharge or discharge from a
bypass system caused by precipitation within any 24-hour period less
than or equal to the 10-year, 24-hour precipitation event (or
snowmelt of equivalent volume) shall comply with the following
limitation instead of the Total Suspended Solids limitations
contained in Part I, B.1.

Effl uent Characteri stic

Settleable Solids

Daily Maximum

0.5 ml/l

Settleable Solids shall be monitored weekly during periods of
precipitation.

5. Any overflow, increase in volume of a discharge or discharge from a
bypass system caused by precipitation within any 24-hour period
greater than the 10-year, 24-hour precipitation event (or snowmelt of
equivalent volume) shall comply with the following limitations
instead of the otherwise applicable limitations:

The pH shall not be less than 6.5 standard units nor greater than 9.0
standard units. .

6. The operator shall have the burden of proof that the discharge or
increase in discharge was caused by the applicable precipitation
event described in Parts I, 8.4. and 8.5. The alternate limitations
in Parts I, 8.4. and 8.5; shall not apply to treatment systems that
treat underground mine water only.
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Page 8 of 24
Pennit No.: UT-0022985

B. Speci fic Limitati ons and Sel f-lrlonitori n9 Reguirements

7. Whole Effluent Testing

Starting in the fourth quarter of calendar year 1988, the pennittee
shall, once each calendar quarter, conduct acute static replacement
toxicity tests on a grab sample of the final effluent of outfall 005.

The replacement static toxicity tests shall be conducted in general
accordance with the procedures set out in the latest revision of
"r1ethods for Measuri ng the Acute Toxicity of Effl uents to Freshwater

. and Marine Organisms" ,~PA-600/4-85~13 (Rev. March 1985) and the
"Region VIII EPA NPDES recommended acute test conditions". The
pennittee shall conduct an acute 48-hour static ~oxicity test using
Ceri odaehnia sp. and an acute 96-hour stati c repl acenent toxicity
test uSlng fathead minnows five days (+ 2 days) of age. After each
24 hours of the test period, the dilutions shall be replaced with
freshly prepared dilutions of the original effluent sample •. If more
than 10 percent contr-ol mortality occurs, the test shall be repeated
until satisfactory control survival is achieved.

If acute toxicity occurs in a. routine test, an additional test shall
be conducted within four weeks of the date of the initial sample.
Should acute toxicity occur in the second test, testing shall occur
once a month until further notified by the pennit issuing authority.

Test resul ts shall be reported along with the Oi scharge Monitori ng
Report (DMR) submitted for the end of the reporting calendar quarter
(e.g., biomonitoring results for the calendar quarter ending March 31
shall be reported with the OMR due April 28, with the remaining
biomonitoring reports submitted with DMRs due each July 28, October
28, and January 28). The fonnat for the report shall be consistent
with the February 1987 Region VIII Guidance for Biomonitoring
Reporting, or its latest revision, and shall include all chemical and
p~sical data as specified for the tests. If monthly testing is
implemented, results shall be submitted with each monthly discharge
monitoring report (e.g., the DMR and toxicity testing data for each
month would be due by the 28th day of the following month).

'If the result~for'-the-first four consecutive quarters of testing
indicate-no 'acute toxicity; the pennittee may request the pennit
issuing authority to allow·.-.a-reduction to quarterly acute toxicity' '.
testing on only one species. The pennittee is to specify which
species would be,used in the testing. The pennit issuing authority
may approve or deny the request based on the biamonitoring results
and other available infonnation without an additional public notice.
If th~ request is approved, the test procedures are to be the same as
specified above for the test species.
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B. Specific Limitations and Self-Monitoring Requirements

8. Toxicity Reduction Evaluation (TRE)

If acute toxicity is detected prior to July 1, 1991, and it is
"determined by the permit issuing authority that a TRE is necessary,
the permittee shall be so notified and shall initiate a TRE
immediately thereafter. The purpose of the TRE will be to establish
the cause of the toxicity, locate the source(s) of the toxicity, and
control or provide treatment for the toxicity prior to the deadline
for compliance contained in Part 1.8.3. of this permit.

If the TRE establishes that the toxicity cannot be eliminated by the
deadline contained in thispermit,"the~ermitteeshall submit a
proposed compliance plan to the permit issuing authority. The plan
shall include the proposed approach to control toxicity and a
proposed compliance schedule for achieving control. If the approach
and schedule are acceptable to the permit issuing authority, this
permit may be reopened and modified.

If the TRE shows that the toxicity is caused by a toxicant(s) that
may be controlled with specific numerical limitations, the permittee
may:

a. Submit an alternative control program for compliance with the
numerical requirements.

b. If necessary, ·provide a modified biomonitoring protocol which
compensates for the pollutant(s) being controlled numerically.

If acceptable to the permit issuing authority, this permit may be
reopened and modified to incorporate any additional numerical
limitations, a modified compliance schedule if judged necessary by
the permit issuing authority, and/or a modified biomonitoring
protocol.

Failure to conduct an adequate TRE, or failure to submit a plan or
program as described above, or the submittal of a plan or program
judged inadequate by the permit issuing authority, shall in no way
relieve the permittee from the deadline for compliance contained in
PartI.B.3. of this pennit.
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B. Specific Limitations and Self-Monitoring Requirements

9. Schedule of Compliance

a. The permittee shall achieve compliance with the effluent
limitations specified for discharges in accordance with the
following schedule:

(1) If there are any changes, corrections, or other
modifications or adjustments of the location of the point
source discharges, the Permittee shall submit a revised Area
Map(s) as described in Part IV.Q•.Such maps must be
submitted 60 days prior to commencement of the discharge.

(2) . If the required biornonitoring establishes toxicity, as
determined by the permit issuing authority, an elimination
of whole effluent toxicity must be achieved by July 1, 1991.
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II. MONITORING, RECORDING AND REPORTING REQUIREMENTS

A. Representative 5amp1ing. Samples taken in compliance with the
monitori ng requi renents established under Part I shall be collected
from the effluent stream prior to discharge into the receiving
waters. Samples and measurenents shall be representative of the
volume and nature of the monitored discharge.

B. Monitori ng Procedures. Monitori ng must be conducted accordi ng to
test procedures approved under 40 CFR Part 136, unless other test
prpcedures have been specified in this pennit.

Penalties for Tamper; n~. The Act provides that any person who
falsifies, tampers wit, or knowingly renders inaccurate, any
monitoring device or method required to be maintained under this
penmit shall, upon conviction, be punished by a fine of not more than
$10,000 per violation, or by imprisonment for not more than two years
per violation, or by both.

D. Reporting of Monitori ng Results. Effluent monitoring results
obtai ned du ri ng the previ ous month shall be sUlTlna ri zed and reported
on a Di scharge Monitori ng Report Fonn (EPA No. 3320-1), postmarked no
later than the 28th dqy of the month following the completed
reporting peri ode If no discharge occurs duri ng the reporting
peri od, "no di scharge" shall be reported. Legi ble copies of these,
and all other reports required herein, shall be signed and certified
in acco rdance with the requi renents of Signatory Regui rements (see
Part IV), and submitted to the Director, Water Management Division
and the State agency at the following addresses:

---

ori gina1 to:

copy to:

United States Environmental Protection Agency
Region VIII
Denver P1 ate
999 18th Street, Suite 500
Denver, Colorado 80202-2405

Attention: Water Management Division
Camp1i ance Branch (aWM-C)

Utah Department of Health
Bureau of Water Pollution Control
P.O. Box 16690
Salt Lake City, Utah 84116-0690
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E. Compliance Schedules. Reports of compliance or noncompliance with,
or anY progress reports on interim and final requirements contained
in any Compliance Schedule of this pennit shall be submitted no
later than 14 days fo110wi ng each schedule date.

F. Additional Monitoring by the Pennittee. If the pennittee monitors
anY pollutant more frequently than required by this pennit, using
test procedures approved under 40 CFR 136 or as specified in this
permit, the results of this monitoring shall be included in the
calculation and reporting of the data submitted in the DMR. Such·

. increased frequency shall also be indicated.

G. Records Contents. Records of monitoring infonnation shall tnclude:

1. The date, exact place, and time of sampling or measurements;
2. The individua1(s) who perfonned the sampling or measurements;
3. The date{s) analyses were performed;
4. The individual(s) who performed the analyses;
5. The analytical techniques or methods used; and,
6. The resul ts of such analyses.

H. Retention of Records. The permittee shall retain records of all
monitoring information, including all calibration and maintenance
records and all original strip chart recordings for continuous
monitoring instrumentation, copies of all reports required by this
permit, and records of all data used to complete the application
for thi s pennit, for a peri od of at least three years from the date
of the sample, measu.rement, report or application. This period may
be extended by request of the Director at any time. Data collected
on site, copies of Discharge Monitoring Reports, and a copy of this
NPDES pennit must be maintained on site during the duration of
activity at the pennitted location.

I. Twenty-four Hour Notice of Noncompliance Reporting.

1. The pennittee shall report any no ncampli ance which may
seriously endanger health or the envirorment as soon as
possible, but no later than twenty-four (24) hours from the
time the pennittee first became aware of the circumstances.
The report shall be made to the EPA, Region VIII, Emergency
Response Branch at {303} 293-1788.

2. The fol lowi ng occurrences of noncompli ance shall be reported
by telephone to the EPA, Region VIII, Compliance Branch at
(303) 293-1589 by the first workday (8:00 a.m. - 4:30 p.m.
Mountain Time) following the day the pennittee became aware of
the ci rcumstances:

a. AnY unanticipated bypass which exceeds anY effluent
limitation in the pennit (See Part III.G., Bypass of
Treatment Facilities.);

b. AnY upset which exceeds any effluent limitation in the
permit (See Part III.H., Upset Conditions.); or,
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c. Violation of a maximum daily discharge limitation for any
of the pollutants listed in the permit to be reported
within 24 hours.

Awritten submission shall also be provided within five days
of the time that the permittee becomes aware of the
circumstances. The written submission shall contain:

E

=-

a. A description of the noncompliance and its cause;

b. The period of noncompliance, including exact dates and
times;

c. The estimated time noncompliance is expected to continue
if it has not been corrected; and,

d. Steps taken or planned to reduce, eliminate, and prevent
reoccurrence of the noncompliance.

4. The Director may waive the written report on a case-by-case
basis if the oral report has been received within 24 hours by
the Compliance Branch, Water Management Division, Denver,
Color.ado, by phone, (303) 293-1589.

5. Reports shall be submitted to the addresses in Part II.D.,
Reporting of Monitoring Results.

J. Other Noncompliance Reporting. Instances of noncompliance not
required to be reported within 24 hours shall be reported at the
time that monitori ng reports for Part II.D. are submitted. The
reports shall contain the information listed in Part 11.1.2.

K. Inspection and Entry. T~e permittee shall allow the Director, or
an authorized representative, upon the presentation of credentials
and other documents as may be requi red by law, to:

1. Enter upon the permittee's premises where a regulated facility
or activity is located or conducted, or where records must be
kept under the conditions of this permit;

2. Have access to and copy, at reasonabl e times, any records that
must be kept under the conditions of this permit;

3. Inspect at reasonable times any facilities, equipment
(including monitoring and control equipment), practices, or
operations regulated or required under this permit; and,

4. Sample or monitor at reasonable times, for the purpose of
assuring permit compliance or as otherwise authorized by the
Act, any substances or parameters at any location.
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III. COMPLIANCE RESPONSIBILITIES

A. Duty to ComplY. The penmittee must comply with all conditions of
this pennit. Any permit noncompliance constitutes a violation of
the Act and is grounds for enforcement action; for pennit
termination, revocation and reissuance, or modification; or for
denial of a pennit renewal application. The penmittee shall give
advance notice to the Di rector of any planned changes in the
permitted facility or activity which may result in noncompliance
with penmit requirements.

B. . Penalties for Violations of Pennit Conditions. The Act provides
that any person who violates a permit condition implementing
Sections 301, 302, 306, 307, 308, 318, or 405 of the Act is subject
to a civil penalty not to exceed $25.000 per d~ of such
violation. Any person who willfully or negligently violates pennit
conditions implementing Sections 301, 302, 306, 307, or 308 of the
Act is subject to a fine of not less than $5,000, nor more than
$50,000 per day of violation, or by imprisonment for not more than
3 years, or both. Except as provided in permit conditions on
Part III.G., Bypass of Treatment Facilities and Part III.H., Upset
~itions, nothing in this pennit shall be construed to relieve
the permittee of the civil or criminal penalties for noncompliance.

C. Need to Halt or Reduce Activity not a Defense. It shall not be a
defense for a pennittee in an enforcement action that it would have
been necessary to halt or reduce the permitted activity in order to
maintain compliance with the conditions of this permit.

D. Duty to Mitigate. The permittee shall take all reasonable steps to
minimize or prevent any discharge in violation of this permit which
has a reasonable likelihood of adversely affecting human health or
the environment.

E. Proper Operation and Maintenance. The permittee shall at all times
properly operate and maintain all facilities and systems of
treatment and control (and related appurtenances) which are
installed or used by the permittee to achieve compliance with the
conditions of this permit. Proper operation and maintenance also
includes adequate laboratory controls and appropriate quality
assurance procedures. This provision requires the operation of
back-up or auxiliary facilities or similar systems which are
installed by a permittee only when the operation is necessary to
achieve compliance with the conditions of the permit. However, the
permittee shall operate, as a minimum, one complete set of each
main line unit treatment process whether or not this process is
needed to achieve permit effluent compliance.

F. Removed Substances. Collected screenings, grit, solids, sludges,
or other pollutants removed in the course of.~atment shall be
buri ed or di sposed of in such a manner so as to prevent any
pollutant from entering any waters of the state or creating a
health hazard. Sludge/digestor supernatant and filter backwash
shall not directly enter either the final effluent or waters of the
United States by any other direct route.
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,
G. Bypass of Treatment Facilities:

1. Bypass not exceeding limitations. The pennittee may allow anY
bypass to occur which does not cause effluent limitations to
be exceeded, but only if it also is for essential maintenance
to assure efficient operation. These bypasses are not subject
to the provisions of paragraphs 2. and 3. of this section.
Return of removed substances, as described in Part III.F., to
the discharge stream shall not be considered a bypass under
the provisions of this paragraph.

2. Notice:

a. Anticipated bypass. If the pennittee knows in advance of
the need for a bypass, it shall submit prior notice, if
possible at least 60 days before the date of the bypass.

b. Unanticipated bypass. The pennittee shall submit"notice
of an unanticipated bypass as required under Part 11.1.,
Twenty-four Hour Reporting.

3. Prohibition of bypass.

a. Bypass is prohi bited and the Di rector m~ take"
enforcement action against a pennittee for a bypass,
unless:

(1) The bypass was unavoidable to prevent loss of life,
personal injury, or severe property damage;

(2) There were no feasible alternatives to the bypass,
such as the use of auxiliar,y treatment facilities,
retention of untreated wastes, or maintenance
du ri ng no nna1 pe ri ods of equi JXilent downtime. Thi s
condition is not satisfied if adequate back-up
equipment should have been installed in the
exerci se of reasonabl e engi neeri ng judgement to
prevent a bypass which occurred during nonna1
periods of equipment downtime or preventive
mai ntenance; and,

(3) The pennittee submitted notices as required under
~aragraph 2. of this section.

b. The Director m~ approve an anticipated bypass, after
consideri ng its adverse effects, if the Di rector
detennines that it will meet the three conditions listed
above in paragraph 3.a. of this section.
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H. Upset Conditi ons.

1. Effect of an upset. An upset constitutes an affirmative
defense to an action brought for noncompliance with
technology based permit effluent limitations if the
requirements of paragraph 2. of this section are met. No
determination made during administrative review of claims that
noncompliance was caused by upset, and before an action for
noncompliance, is final administrative action subject to
judicial review.

'2. Conditions necessar,y for a demonstration of upset. A
pennittee who wishes to establish the affinnative defense of
upset shall demonstrate, through properly si good,
contemporaneous operating logs, or other relevant evidence
that:

a. An upset occurred and that the pennittee can identify the
cause{s) of the upset;

b. The permitted facility was at the time being properly
operated;

c. The permittee submitted notice of the upset as'requi·red
under Part II.I. t Twenty-four Hour Notice
of Noncompliance Reporting; and,

d. The permittee complied with anY remedial measures
required under Part III.D. t Duty to Mitigate.

3. Burden of proof. In any enforcement proceedi n9, the pennittee
seeking to establish the occurrence of an upset has the burden
of proof.

I. Toxic Pollutants. The permittee shall comply with effluent
standards or prohibitions established under Section 307{a) of the
Act for toxic pollutants within the time provided in the
regulations that establish those standards or prohibitions, even if
the permit has not yet been modified to incorporate the requirement.
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Changes in DischafQe of Toxic Substances. Notification shall be
provided to the Dlrector as soon as the pennittee knows of, or has
reason to believe:

1. That a~ activity has occurred or will occur which would
result in the discharge, on a routine or frequent basis, of
a~ toxic pollutant which is not limited in the permit, if
that discharge will exceed the highest of the following
"notification levels":

a. One hundred micrograms per liter (100 ug/L);

b. Two hundred micrograms per liter (200 ug/L) for acrolei n
and acry10nitri 1e; fi ve hundred mi crograms per liter
(500 ug/L) for 2,4-dinitropheno1 and for 2-metnYl-4,
6-dinitrophenol; and one milligram per liter (1 mg/L) for
antimo~ ;

c. Five (5) times the maximum concentration value reported
for that pollutant in the pennit application in
accordance with 40 CFR 122.21(g}(7}; or,

d. The level established by the Director in accordance with
40 CFR l22.44(f).

2. That a~ activity has occurred or will occur which would
result in a~ discharge, on a non-routine or infrequent basis,
of a toxic pollutant which is not limited in the permit, if
that discharge will exceed the highest of the following
"notification levels":

a. Five hundred micrograms per liter (500 ug/L);

b. One milligram per liter (1 mg/L) for antimonY:

c. Ten (10) times the maximlJll concentration value reported
for that pollutant in the pennit application in
accordance with 40 CFR 122. 21(g)(7) ; or,

d. The level established by the Di rector in accordance with
40 CFR l22.44(f) •

..
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IV. GENERAL REQUIREMENTS

A. Planned Changes. The permittee shall give notice to the Director
as soon as possible of any planned phYsical alterations or
additions to the permitted facility. Notice is required only when:

1. The alteration or addition to a permitted facility may meet
one of the criteria for determining whether a facility is a
new source as determined in 40 CFR 122.29(b); or,

2. The alteration or addition could significantly change the
nature or increase the quantity of poll utants di scharged.
This notification applies to pollutants which are subject
neither to effluent limitations in the permit, nor to
notification requirements under Part IV.A.l.

B. Anticipated Noncompliance. The permittee shall give advance notice
of a~ planned changes in the permitted facility or activity which
may result in noncompliance with permit requi rsnents.

C. Permit Actions. This permit may" be modified, revoked and reissued,
or term; nated for cause. The fi 1i ng of a request by the permittee
for a pennit modification, revocation and reissuance, or
termination, or a notification of planned changes or anticipated
noncompliance, does not stay anY permit condition.

. "

D. Duty to Reapply. If the permittee wishes to continue an activity
regulated by this permit after the expiration date of this permit,
the permittee must apply for and obtain a new permit. The
application should be submitted at least 180 days before the
expiration date of this permit.

E. Duty to Provide Information. The permittee shall furnish to the
Oi rector, within a reasonable time, a~ information which the
Director may request to detennine whether cause exists for
modifying, revoking and reissuing, or terminating this permit, or
to determine compliance with this permit. The permittee shall also
furnish to the Director, upon request, copies of records required
to be kept by thi s permit.

F. Other Information. When the permittee becomes aware that it fai led
to submit anY relevant facts in a permit application, or submitted
incorrect information in a pennit application or anY report to the
Director, it.shall promptly submit such facts or information.
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Signatory Requirements. All' applications, reports or information
submitted to the Director shall be signed and certified.

1. All permit applications shall be signed as follows:

a. For a corporation: by a responsible corporate officer;

b. For a partnership or sole proprietorship: by a general
partner or the proprietor, respectively;

c. For a municipality, State, Federal, or other public
agency: by either a principal executive officer or
ranking elected official.

2. All reports requi red by the permit and other infonnation
requested by the Director shall be signed by a person
described above or by a duly authorized representative of that
person. A person is a duly authorized representative only if:

The authorization is made in writing by a person
described above and submitted to the Director, and,

The authorization specified either an individual or a
position having responsibility for the overall "operation
of the regulated facility or activity, such as the
position of plant manager, operator of a well or a well
field, superi ntendent, position of equi valent
responsibility, or an individual or position having
overall "responsibility for environmental matters for the
company. (A duly authorized representative may thus be
either a named individual or anY individual occupying a
named position.)

3. Changes to authori zation. If an authori zation under paragraph
IV.G.2. is no longer accurate because a different individual
or position has responsibility for the overall operation of
the facility, a new authorization satisfying the requirements
of paragraph IV. G. 2. must be submitted to the Di rector pri or
to or together with any reports, information, or applications
to be signed by an authori zed representative.
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4. Certification. Any person signing a document under this
section shall make the following certification:

"l certify under penalty of law that this docllTlent and
all attactments were prepared under my di recti on or
supervision in accordance with a system designed to
assure that qualified personnel properly gather and
evaluate the infonnation submitted. Based on mY inqUiry
of the person or persons who manage the system, or those
persons di rectly responsi ble for gatheri ng the
infonnation, ~he infonnation submitted is, to the best of
fflYKnowledge and belief, true, accurate, and complete. I
am aware that there are significant penalties for
submitting false infonnation, including the possibilit,y
of fine and imprisonment for knowing violations. II

Penalties for Falsification of RetOrts. The Act provides that any
person who knowingly makes any fa se statement, representation, or
certification in any record or other doclll1ent submitted or requi red
to be maintained under this pennit, including monitoring reports or
reports of compliance or noncompliance shall, upon conviction be
punished by a fine of not more than $10,000 per violation, or by
imprisorvnent for not more than two'years' per violation, .or by both.

Availabilit, of Reports. Except for data detennined to be
confidentia under 40 CFR Part 2, all reports prepared in
accordance with the tenns of this pennit shall be available for
public inspection at the offices of the State water pollution
control agency and the Di rector. As requi red by the Act, pennit
applications, pennits and effluent data shall not be considered
confidential.

Oil and Hazardous Substance Liability. Nothing in this penmit
shall be construed to preclude the institution of any legal action
or relieve the pennittee from any responsibilities, liabilities, or
penalties to which the pennittee is or may be subject under
Section 31' of the Act.
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K. Property Rights. The issuance of this permit does not convey any
property rights of any sort, or aT\Y exclusive privileges, nor does
it authorize aT\Y injury to private property or any invasion of
personal rights, nor any infringement of federal, state or local
laws or regulations.

L. Severability. The provisions of this permit are severable, and if
any provision of this permit, or the application of any provision
of this permit to aT\Y circumstance, is held invalid, the
application of such provision to other circumstances, and the
remainder of this permit, shall not be affected thereby.

M.Transfers. This permit may be autanatically transferred to a new
permittee if:

1. The current permittee noti fi es the Di rector at least 30 days
in advance of the proposed transfer date;

2. The notice i ncl udes a wri tten agreement between the exi sting
and new permittees containi ng a speci fic date for transfer of
permitresponsibi 1ity , coverage, and 1iability between them;
and,

3. The Director does not notify the existing permittee and the
. proposed new permittee of hi s or her intent to modify, or

revoke and reissue the permit. If this notice is not
received, the transfer is effective on the date specified in
the agreement mentioned in paragraph 2. above.

N. State Laws.. Nothing in this permit shall be construed to preclude
the institution of any legal action or relieve the permittee from
any responsibilities, liabilities, or penalties established
pursuant to aT\Y appli cabl e state law or regulati on wnder authority
preserved by Section 510 of the Act.
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K. Property Rights. The issuance of this pennit does not convey any
property ri ghts of anY sort, or anY exc1 usi ve pri vi leges, nor does
it authorize anY injurjI to private property or any invasion of
personal rights, nor any infringement of federal, state or local
laws or regulations.

L. Severability. The provisions of this pennit are severable, and if
any provlslon of this pennit, or the application of any provision
of this pennit to any circumstance, is held invalid, the
application of such provision to other circumstances, and the
remainder of this permit, shall not be affected thereby.

M. Transfers. This pennit may be autanatica11y transferred to a new
permittee if:

1. The current permittee notifies the Director at least 30 days
in advance of the proposed transfer date;

2. The notice i ncl udes a wri tten agreement between the exi sting
and new pennittees containing a specific date for transfer of
permit responsibility, coverage, and liability between them;
and,

3. The Director does not notify the existing permittee and the
proposed new permittee of his or her intent to modify, or
revoke and reissue the permit. If this notice is not
received, the transfer is effective on the date specified in
the agreement mentioned in paragraph 2. above.

N. State Laws. Nothing in this pennit shall be construed to preclude
the institution of anY legal action or relieve the permittee from
any responsibilities, liabilities, or penalties established
pursuant to any applicable state law or regulation under authority
preserved by Section 510 of the Act.
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O. Water Quality Standard Requirement - Reopener Provision
This permit may be reopened and modified (following proper
administrative procedures) to include the appropriate effluent
limitations and compliance schedule, if necessary, if one or more
of the following events occurs:

1. Water Quality Standards for the receiving water(s) to which
the permittee discharges are modified in such a manner as to
produce different effluent limits than contained in this
permit.

2. A final wasteload allocation is developed and approved by the
.state .and/or EPA for incorporation in this permit.

3. A revision to the current 208 plan is approved and adopted
which calls for different effluent limitations than contained
in thi s permit.

"-,. -
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P. TOXiCit~ Limitation-Reo~ner Provision. This permit may be
reopene and modified (1011owing proper administrative procedures)
to 'include a new compliance date, additional or modified numerical
limitations, a new or different compliance schedule, a change in
the bianonitoring protocol, or anY other conditions related to the
control of toxicants if one or more of the following events occur:

a. Toxicity was detected late in the life of the permit near or
past the deadline for compliance.

b. The TRE results indicate that compliance with the toxic limits
will require an implementation schedule past the date for
compliance and the permit issuing authority agrees with the
conclusion.

c. The TRE results indicate that the toxicant(s) represent
pollutant{s) that m~ be controlled with specific numerical
limits, and the pennit issuing authority agrees that numerical
controls are the most appropriate course of action.

d. Following the implementation of numeri cal control s on
toxicants, the permit issuing authority agrees that a modified
bi anonitori ng protocol is necessary to compensate for those
toxicants that are controlled nlJTlerically.

e. The TRE reveal s other uni que conditi ons or characteri stics
which, in the opinion of the permit issuing authority, justify
the incorporation of unanticipated special conditions in the
permits.
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Q. OTHER REQUIREMENTS

1. Area Maps (Active Mining Operations)

a. Facilities which have already identified the location of each
discharge need not submit an area map.

b. The permittee shall submit revised Area Map(s) to show any
changes, corrections, or other modifications or adjustments of
the location of the point source discharges. The purpose of this
requirement is to assure that the Regional Administrator and the
State of Utah are kept fully advised as to the current location
of such discharges.

c. The revised Area Map(s) shall be submitted in the form specified
below and shall be made from USGS topographical maps (7.5 or
15-minute series) or other appropriate sources as approved by the
Regional Administrator or his designee. Each revised Area Map
shall be 8 1/2 inches by 11 inches and shall be in black and
white suitable to produce readable copies by rapid printing
methods (Xerox, Dennison, Offset printing, etc.) or as approved
by the Regional Administrator or his designee. Where additional
8 1/2 inch by 11 inch maps are required to show the area of
operation, they shall be numbered and a key shall be shown on the
first map. The first map section shall have the company name,
mine/job name, address, and NPDES number clearly printed
thereon. Also, one line of latitude and one line of longitUde
shall be marked on each map section. The Area Map(s) shall
delineate the following, using the graphics as indicated:
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( 1)

(2 )

(3)

Existing point source

The projected area of operation for
the next five years (Dashed Outline)

(4) Project point source for
the next five years (Opened Triangle)

(5) The monitoring reports must indicate the active-inactive
status of all discharge points which are listed on the
current area maps. These discharge points shall be assigned
numbers 001, 002, 003, etc.
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The di scharge emanates from an area on whi ch the State of Utah
has released the grading bond or has taken other similar action.

2. Monitori ng of a di scharge may be tenni nated if either:

Sufficient data has been accumulated to show to the satisfaction
of the Regional Administrator or his designee that the untreated
discharge from an area where active mining has ceased will meet
the limitations herein; or,

(a)

------
- (b)----
------
------

------
--

-
-~-



References

HliRSER
lILLER

& LUCElI\c



REFERENCES

Bentley, RG., Jr., K.O. Eggleston, D. Price, E.R Frandsen, and A.R Dickerman. 1978. The
Effects of Surface Disturbance on the Salinity of Public Lands in the Upper Colorado River
Basin - 1977 Status Report. U.S. Bureau of Land Management. Denver, Colorado.

Brater, Ernest F., and Horace Williams King. 1976. Handbook of Hydraulics for the Solution
of Hydraulic Engineering Problems. McGraw-Hill Book Company. New York, New York.

Cedar Creek Associates. 1984. Seep and Spring Inventory and Proposed Seep and Spring
Monitoring Program. Fort Collins, Colorado.

Cordova, RM. 1964. Hydrogeologic Reconnaissance of Part of the Headwaters Area of the
Price River, Utah. Utah Geological and Mineralogical Survey Water Resources Bulletin No.
4. Salt Lake City, Utah.

Craig, G.D. and J.G. Rank!. 1977. Analysis of Runoff from Small Drainage Basins in
Wyoming. USGS Open File Report 77-727. Cheyenne, Wyoming.

Danielson, T.W., M.D. Remellard, and RH. Fuller. 1981. Hydrology of the Coal-Resource
Areas in the Upper Drainages of Huntington and Cottonweek Creeks, Central Utah. U.S.
Geological Survey Open-File Report 81-539. Salt Lake City, Utah.

Doelling, H.H. 1972. Wasatch Plateau Coal Fields. In Doelling, H.H. (ed.). Central Utah Coal
Fields; Sevier-Sanpete, Wasatch Plateau, Book Cliffs and Emery. Utah Geological and
Mineralogical Survey Monograph Surveys No.3. Salt Lake City, Utah.

Golder Associates. 1980. Surface FAcilities Grading Plan - Belina Mine Area. Valley Camp
of Utah. Denver, Colorado.

Haan, C.T., and B.J. Barfield. 1978. Hydrology and Sedimentology of Surface Mined Lands.
College of Engineering, University of Kentucky. Lexington, Kentucky.

Hansen, V.E.. 1979. Mines Prevent Deterioration in Water Quality. Paper presented at the
American Water Resources Association Symposium: Water Resource Management in a
Changing Society. Las Vegas, Nevada.

Hansen, Allen & Luce, Inc. 1989. Analysis of Sediment Pond Design and Hydrologic
Analysis of Undisturbed Area Bypass Channels and Small Exemption Areas. Valley Camp
of Utah, Inc. Salt Lake City, Utah.

Hem, J.D. 1970. Study and Interpretation of teh Chemical Characteristicss of Natural Water.
U.S. Geological Survey WAter-Supply Paper 1473. Second Edition. Washington D.C.

Israelsen, C. Earl, Joel E. Fletcher, Frank W. Haws, and Eugene K. Israelsen. 1984. Erosion
and Sedimentation in Utah: A Guide for Control. Hydraulics and Hydrology Series 
UWRL/H-84/03. Utah Water Research Laboratory, College of Engineering, Utah State
University. Logan, Utah.

Jeppson, RW., G.L. Ashcroft, A.L. Huber, G.V. Skogerboe, and J.M. Bagley. 1968. Hydrologic
Atlas of Utah. Utah Water Research Laboratory and State of Utah Department of Natural
Resources. PRWG35-1. Utah State University. Logan, Utah.



REFERENCES (Continued)

Morrison-Knudsen Co., Inc. 1983. Geotechnical Investigation of Cut Slopes at the Belina Mine
Complex and Haul road, Carbon South, Utah. Report prepared for Valley Camp of Utah,
Inc. Clear Creek, Utah.

Mundoff, J.e. 1972 Reconnaissance of Chemical Quality of Surface Water and Fluvial
Sediment in the Price River Basin, Utah. Utah Department of Natural Resources, Division
of Water Rights. Technical Publication No. 39. Salt Lake City, Utah.

Price, D., and T. Arnow. 1974. Summary Appraisals of the Nation's Ground Water Resources
- Upper Colorado Region. U.S. Geological Survey Professional Paper 813-e. Washington
D.e.

Price, D., and K.M Waddel. 1973. Selected Hydrologic Data in the Upper Colorada River
Basin. U.S. Geological Survey Hydrologic Investigations Atlas HA-477. Washington, D.e.

Rapin, D.L.. 1977. Soil Resource Inventory, Ferron-Price Planning Unit, Manti-LaSal National
Forest. USDA Forest Service. Manti-LaSal National Forest. Price, Utah.

Richardson, E.A. 1971. Estimated Return Periods for Short - Duration Precipitation in Utah.
Department of Soils and Biometeorology Bulletin No. 1. Utah State University. Logan, Utah.

Southestern Utah Association of Governments. 1977. Waste Water Quality Management
Planning Program (208) for Emery, Carbon, and Grand Counties, Utah. Price, Utah.

Spieker, E.M. 1931. The Wasatch Plateau Coal Field, Utah, U.S. Geological Survey Bulletin
No. 819. Washington D.e.

Storey, H.e., R.L. Hobba, and J.M. Rosa. 1964. Hydrology of Forest Lands and Rangelands.
V.T. Chow. Handbook of Applied Hydrology. McGraw-Hill Book Company. New York,
New York.

U.S Bureau of Reclamation. 1977. Design of Small Dams. U.S. Government Printing Office.
Washington, D.e.

U.S. Geological Survey. 1979. Development of Coal Resources in Central Utah, Final
Environmental Statement. Salt Lake City, Utah.

U.S. Soil Conservation Service. 1972. SCS National Engineering Handbook - Section 4:
Hydrology. Washington, D.e.

U.S. Soil Conservation Service. 1975. Erosion, Sediment, and Related Salt Problems and
Treatment Opportunities. Special Projects Division. Golden, Colorado.

Utah Division of Water Resources. 1975. Hydrologic Inventory of the Price River Basin.
Utah Department of Natural Resources. Salt Lake City, Utah.

Vaughn Hansen Associates, Inc. 1980. Hydrologic Inventory and Baseline Study of the Valley
Camp Lease Area, Carbon and Emery Counties, Utah. Salt Lake City, Utah.

Vaughn Hansen Associates, Inc. 1983. Hydrology Update. Valley Camp Coal Company of
Utah. Salt Lake City, Utah.



REFERENCES (Continued)

Waddell, K.M., J.E. Dodge, D.W. Darby, and S.M. Theobald. 1983. Hydrolgoy of the Price
River Basin, Utah with Emphasis on Selected Coal-Field Areas. U.S. Geological Survey Open
File Report 83-208. Salt Lake City, Utah.

Wilson, LeMoyne, Marvin E. Olsen, Theron B. Hutchings, Alvin R Southard, and Austin J.
Erickson. 1975. Soils of Utah. Agricultural Experiment Station Bulletin 492 Utah State




