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P.O. Box 15809
Salt Lake City, Utah 84115

Phone (801) 467-4003

Ju ly  28 ,  1983

John Whi tehead
Div is ion  o f  0 i1  Gas  and  Min ing
424L State 0ffi ce Bui I di ng
Sa l t  Lake C i ty ,  U tah  84114

Dea r Mr . ['lh i tehead ;

The fol lowing hydrology report prepared for the Co-op Mining Co. by
Horrocks Engineers inc ludes the calculat ions for  the area referred to

in N0V83-5-2-?,  par t  2 of  2 and wi l l  supercede the calculat ions submit ted
June 7,  1983 f rom V' ik ing Engineer ing.  A map wi th the addi t ional  in format ion
requested wi l l  be submit ted under separate cover.

Yours Tru ly ,

t'lendel I 0wen
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Vt' .  Wenciel l  Owen
ic.-OF Min:ng Company
3. O. Box L215
il ' ;n:ington , Utah 84528

Surbject: Bear Cree k Canyon Mine Site
Hydrology Computations

Dear  Mr .  Owen:

As discussed with you in our meet ing Mond,ay, June 5, 1983, and
subsequent. discussions I have performeC hyCrologic caic ula i ion s fo.r
scCiment storage and runoff at Lre subject site and have the foll, '-"wing[
resul ts and conclusions:

1 .  The compu'.rc volune for se dimenlat ion in Pond A (  Lhe lar.ger
pond) is 76,62i  cubic feet.  I f  the pond can be construc'{ 'c .9 ' '  Cee-r
t-his woulC reg uire a pond aporoxirnate;y L20 fee L by tlO ,"eet . ' ,  ! ,
however,  the ponC can only be conslructed 6'  det:p i t  woulc recu' t 'e
a nonC of 140 feel  by 91 f  eet.  FonC B (  the smai ler ponC ) n eec s to
Save I , 309 cubic feet, of st-orage and ihis pond could Lrt: t ' . '  ; 're r)
anC approxrrnat.ely 50 feet by 50 feei

2. Ba$i,r,., on the calculations i would recontmend that the i lownspout
+l- ( the up_oer downspout) be cons ':'-r cteC to confclrm l-o th e g r;:C e
of the existing contours on t:re hil ls:Ce anC be conslr ' '- lctt:t i  of l .5"
corragateC metal nipe . Particular care should be naid i-o i. ire ccn -

struction of the iniet to this pipe as ir- wil l  p.robably be s,.ri:si:p:i i : .e
to plugging from debris.  The lower d.ownspout shoul i  b ' :  con-
structeC of 18" corragated mela- pi;:e -a:-d t"c confcrnn i.a l.le exis*-ing
grounC contours.

3. The dra.inagre berm or Ctch to convey the wa[er to t]re seCiment
pond for the rr[il area cou]C be consiructec. of a V-type cliich with
one t"o one side slopes at least lL, ',eel Ceep a.t e grrad-e of 61't.

1 . For r,he spillway need eC on
woulcl recommend an LStt r:.ser p:pe
pipe ialC at a pri.:t:"I l lrm of 5e, si.o:e.

the sediment s lorage PonCs , I
c : , nne ' : i . ed  to  an :B"  CMP ou t l e t



lu ly  B,  1983
Wendell Cwen
Page 2

5. The ditch to convey the water to the upper downspout could be
constructed of a V-type ditch with one to one side slopes at least
I foot deep at an average slope of 6eo. A greater slope than 6%
should be avoided to prevent errosion upstream of the downspout.
If it is necessary to construct this channel at a greater slope, it
should be riprapped or reinforced with Gabions to prevent errosion.
The ditch to convey the water from the end of the upper downspout
to the lower downspout can be constructed of V-type ditch with
one to one side slopes at least l\ feet deep . Again, this ditch will
need to be riprapped if constructed at a greater slope than 6eo.
The area next to the l-5" outlet from the 15't pipe will need to be
riprapped to reduce the outlet velocity of 12 .4 feet per second
without creating emosion. This riprap should meet specifications
for NCSA No. R-6 with an average particai size of L2" , or by the
use of Gabions.

6. The capacity of the tOtt culverts on the upper access road is
3.76 cubic feet per second when flowing full, which is adequate.

7 . The capacity of the LZn culverts on the upper access road is
6.12 cubic feet per second when full, which is adequate.

B. I have reviewed the calculations on the existing culverts which
provided drainage for the undisturbed areas through the disturbed
areas and find that the lB" culvert located near the middle of the
plot plan on the north side of the stream is adequate to convey the
flows with a minimum headwater over the top of pipe depth of 20'f .
The existing 60'f culvert in the mainstream channel is adequate to
convey the flows with a minimum headwater depth of B4f' over the
top of the pipe.

I have attatched to this letter my engineering calculations and backup
reference data for your files.

If you desire clarification or have additional questions or need
additional information please contact me.

Very truly yours,

HORROCKS ENGINEERS

V{,e*U**>\
H. Lee Wimmer, P. E.
Hydrologist

HLW:map

Enclosures



il!'il! H(JRROCKS & CAROLLO ENGINEERS
A JOINT VENTURE

ONE WEST MAIN

P O. BOX 377

AMERICAN FORK, UTAH 84003

June  30 ,  1983

CO-OP MINING COMPANY

BEAR CREEK CANYON SITE PLAN

HYDROLOGICAL CERTIF ICATION

T ,  Harold,  Lee Wimmer, do cert i fy that I  am a
reg is tered pro fess iona l  eng ineer ,  and that  I  ho ld
ce r t i f i ca te  No .  3535  as  p resc r ibed  under  the  l aws
of  the Sta te  o f  Utah.  I  fu r ther  cer t i fy  that  I  have
a Bachelor  o f  Eng ineer ing Sc ience Degree in  C iv i l
Engineering from Brigham Young Universi ty and a
Master  o f  Sc ience Degree in  C iv i l  Eng ineer ing f rom
the  Un ive rs i t y  o f  Sou the rn  Ca l i f o rn ia '  w i th  an  em-
phas is  on Hydro logy.  I  fu r ther  cer t i fy  that  by
author i ty of  the owners I  have reviewed or performed
the attaahed hydrology computat ions for the exist ing
Bear  Creek Canyon S i te  PIan and that  sa id  ca lcu la-
t ion and computat ions have been correct ly performed
in  accord.ance wi th  pro fess iona l  s tandards o f  pract ice
re la t ing to  hydro logy and that  the conc lus ions con-
ta ined here in  are  t rue and cor rec t  and represent  use
of current hyd.rologic and cl imatological  inf  ormat ion -

,ad-ffid*dr^>+
Haro ld .  Lee  Wimmer '  P .E .
Utah No.  3535
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2. SMALL AREA RUNOFF

Tho small area method is effectively used for dlainage aleas oI less than about
two square miles and loses reliability for those larger than this. Discba.rges for
areas larger than five square miles are not justifiable by this method.. The follorving
equation givEs the relation used:

Qf=  Q"xLFx fF

where Q" = dtrign diseh.arge ln c.f,s.,
Qi -- discharge takerr from the chart,
LF: the land factor determined as explained belowr

.. FF: the frequency factor determined as e<plained below.

First the 2S-year rainfall intenstty ls determined as outlined in the preceding
article. After investigaHng the topography of the area, Tab1e 2-05 is used to find
the K-factor corresponding to th; tntensity. Chart 2-06 or 2-07, at the intersectton
of the drainage area and the llne of .the clrosen l(-factor, gives Q... Next, Table 2-08 can
be used to estimate a land factor. Finally, the rainfall tnteisity is found for.-design
frequency, and divlded by the 2S-year intensity as deter mined above. FF = id/i,' is
the required frequency factor. the example below lllustrates the procedure.

GIVEN:

FIND:

SOLUTION:

(Example)

Drainage areA = 1000 acres of sandy shale near Bscalante.

The design clischarge for a 10-year secondary proiect thror,rgh a very luoun-

tainous region.

1.  From Chart  2-A2, iz:  0.8 in, /ht t  i f  
OO/1Z 7 2.7,

2. Calculat" itOO : 1.16 in,/hr,

3. Enter Chart 2-03: iAS : 1.63 in/hu i10 : 1.35,

4. Enter Table 2-05 and fincl I( = .A.42,

5; Enter Chart 2-07 and find Q*: 680 c,f,s.,

6. Enter Table 2-08 and estimate LF : 2.0,

Calculate FF : 1.35/1.63 = 0.83,

Calcula ls  Q10 :  (680) (2.0)  (0.83)  :  1129 c. f .s .

? .

8 .
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Table 2-O5: K-FACTORS

25-year
50-rninuEe
rainfall
int,enslty

TOPCGRA?IIY

l lounEainous
sLope over

397"

0 .  16

Rough-ht1ly

Ls"L - 307"

Roll ing

5"L - ls"L

FIat ro
rolLing
a"A 57"

0.  55 0 .  11 0 .08 0 .05

0 .70 0 .  17 0.  12 0  .09 0 .06

o.  g0 o.22 0.  15 0 .  11 0 .07

1 .00 O:25 0.  17 0.  12 0  .08

T,. J.O o.27 0.  19 0.1 ,3 0 .09

L .25 0 .31 0.2J . 0 .  15 0 .  10

1.30 0 .32 0 .22 0 .16 0.  10

1'.40 0 .35 o.24 0 .17 0 .  L l

I  .55 0 .39 0 .26 0 .  19 0. l-2

1.80 0 .45 0 .  31 4 .22 0.  14

2 .00 0 .50 0 .34 0 .24 0 .  16

2.25 0  . 56 0.38 0 .27 0 .  1B

2 .50 o.62 O. t tL 0 .  30 0 .20
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TYPICAL
GEOGRAPHIC LOCATIONS

Logan Canyon

Brigham City

Bryce Canyon

San Rafael  Swel l

Green River

Hard, pure limesLone or clolomiEe 0 . 5
(breaks up in bloclcs I talus
slopes may be present)

SAI.IDSTOi\ts

Table 2-04: LJT51p FAC:pORS FOR S6ALL IIATERSI,IEDS.

TTPICAL
TERMIN CHAITACTERISTIqS IAND FACTO4S

LII'IBSTONE

t

[ '

r
t

I '

I

I

Massive (vell-cemented)
quarEzLtc:, etc. abundant
slopes - rubble piLes
FrLable (poorly-cemented)
sand dunes nay be present

0.5
ta Lus

dirty \

AT,LIWI"PJ,I

.

Farmington Fans frorn granit ic upl i f ts .0.1-
Sal t  Lake Bench Lands Spi ts ,  bars,  g lac ia l  t i l l ,  e tc .  

- \0-B

--(DiRril"'r#"'#

Sevier Valley Fans and pediment, plains from 1.0
\shale areas r '  e tc .  . \

Echo Canyon Conglomarate \
Salc Lake Valley Lake deposits - f lood pLain areas 1.5

r.'*i'ston i::H:"' granitic uptirts 0. 1 -
Sal t  Lake Bench Lands Spi ts ,  bars,  g lac ia l  t i l l ,  e tc .  

- \0-B

IGNEOUS

(nroutrc - PoRous)
N.I{.  of St .  George Gincler areas (Small  areas) 0.5

Fish Lake area Basalt and lava flows \
I*larysville Canyon Riolitic f lows l- 5

SIIISTOS OR GRANITIC

Bald l.lountain - Uintahs Rubbled uplifts 0'3
Farmington Canyon l.Ietamorphic shales " \
Lit t le Cottonwood Canyon Bathol i t ic upl i f ts granit ic 

-L.2

Salt Lake City

Sandy sirale
sand and s;hale
Clayey shale

al t  ernat  ing
membe r s

2.o
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3.  I .n l l c I . :  n t tun  t iuN( ) r l "

When rclltively l rge irreus o[ 4rzrinuge ilre errcorrntercd, the n]ethod of flood deter-
mination usecl by tlre Geokrgicul Survey (Ref. 10.25, & 26! furnishes :t nte:rns of perclicting
the storm rurroff from the:lret. These leports: a. Outline the homogeneous flood rcgions
in Utnh and present u composite flood-frequency curve for each; b. outline hydrologic
arers an(! present graphs shorving the variation of nrean annrral flood with draiuage ar'e&
rnd altitude. The rcsults of these studies may be used to cstimate the magnitucle and
frequency of floods, with recurrence Intervals upto50 years, for any drailrage area in the
State rvilh the exception of the Snake Rlver Basin.

The relstionships of tbe hyctrologic fentures of the dralnage basins were tlefined fl'onl
the records on streams'rvith natural flows. To olrtaln the nrsgnitude of atry flood on at:y
regulated stream, adjustrnellts shoukl be made for' lr)an-mr(le development. Also, the
varying effects of geology and vegetal cover weie not given detailed consideratictn in this
study. An investightion antl evaluatlon of these factors nlry be justified in some specific'
area- 

.

The results ol)t&ined from the flood-frecluency stgdy are limited by the hasic data
avail&ble. The degree of confirlence that calr-lp placed in the results is closely relsted'
to the quantity of deta used indefiningthe yru.ious curves. Extrapolation of curves beyord
the limits shown is not recommended. but this has been done for a means of ccinrparison
with other methods. (On the graphs, a dotted lire indic&tes rvhere this extrapol:rtion has
been made.) It should l}e kept ln mind. horvel'er, th t values obtained lry suclr practice
may be greatly lrr error. To obtain the magnltude.and frequency of flootls fol. any basin
within the study area. except on nlajor rivet'a. the proceclure is as follorvs:

1. Determine the drniunge urea above tbe slte.

2. Locate the site on Chuts z-LL anc)z-Lz a;Lrd tleternrirre ttre flood regi<rn arrc.l tryclrotogic
area involved.

3. Determine the meaD {ltitucle for the drainuge llasi[ lbove the selectecl site. 'fhis can
be done by placing t tlunsparent rectlngulrrl grid systenr overlay orr a contour rnap
and recording the altitude of the lntersections rvithin the drainage b.rsin. The arith-
metic average of the values lepresents the nlern altitude of the drainrge basin.

4. Uslng Charts 2-13 to 2-21, E 2-26 to 2-28, deternrine tbe mean annuarl flood for tbe
site from the hydr.ologic area curve selected in step 2.

5. Using Chart 2-22 & 2-29. deternrine the ratio of the design floorl to the rnerrr antrual
flood, for the selectnd recurlence interval. fronr tlre applopliate flood-lrcquency
curve selectetl iu step 2. When the druina[ie rrea alxrve l.he site is neal another flr.,od
region or lies in tv;o regions with rvidely (lifferent flood ratios. it is suggestetl that a
weighted average of the two flood ratios lrc used.
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6. Estimate the magnitude of the flood by nrultiplying the mean annual floocl by thc fl<.rotl
ratio.

On many larger
magnitude of flood
prob&bility paper for
A large nunrber of
draulics Department.

streams, records are available to enable the etlgineer to predict a
fclr a given clesigrr frequency. This methorl, using special Gumbel
plotting station frequencycurves, is"explainecl on Page 4 of. (Ref. 10.)
these curves have already been prepaled ancl are on file in the IIy-

I '
I

I
I
I
t
'l

I
I
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Frc. ?-3. u.s. and u.s.s.R. data on pernrissiblc velocities for noncohesive soils'

Etcher,er.rl' [20] published probably the first table of maxinrum neDrl

velocities th:rt are safe ngainst erosion. In 1925, Fortier and Scobey [27]

p'blishccl the *,ell-kr.o.rn tnble of "Pertnissible Ctnal \relocit'ies" 'ohot*n

in Trrble Z-8. iLe \rolrres in this table are for rvell-sensoned chrnnels of

smrll slrlpgs *r,J fo,. depths of florv less than 3 ft' The table also -"hot's

r Trre first famous formula for this nonsilting ,.nd noncrocling velocity for siltjadcn

wate.rvas lrublisrroa i' tggs by Kennedv lr0l. Fror:': a stucly of the discharge and

depth of 2? .urr"l* oi if," Uppur Bari Doat irrigation system in P*njab' Indin' thc

Iiennecly forrnula rvas developed as
yo - Cy' 

(7-4)

r v } t c re } ' o i s t l r cnons i l t i ngandnone roc l i ngmeanvc loc i t y i n fps ;U i s thedcp tho f { l o r v
i n f t ;C :0 .84 , t l epcn t l i ngp r imar i l l : on t t * f i r l t r ncsso f i t ' en l l r t t : r i a l f o rn r i ng t l t c c l r l r t t .
nel l :ot l1.;  antl  r :0.04, &n exponent * 'hich t ' {rr i trs only sl ightl l"  B:rsed on lr t t0r

srtiriies b5' othcr enginecrs, the valucs of C generally 
-'*toi' 'nt"ncled 

*rc 0'5S for

extrernell. nn. ,oit, .-,rch as thosu tound in Eg1'pt; o.s'i for fine light sand soils sttt'lr

as those found in the Punjab, I tdi; ;0blot"t .9n1t9 l ight santl l '=oi l t ;  1'01 for santly

lrJir!^\ 'si l ts: rrncl-r.og ior.ourr. si l f  or hard-soi l  <iebri-J'  For clear tYater '  a valt tc of

" 
-r.u;:|fr'l::,H""1-l"ll1li; 

carrying sediment-latren rvarer, the rienn-cdv ro**tlr i'r

norv prrctit:fllly ofr*frr* and is b;; repltrced by met]rods based on Lacey's rcginre

thcory ttl-ltil,l*tlstci' 's bed-looJ iun"tion [l?i, nnd tr{oddot'k-Lco'old's prinr:i'lc

of channel geometry [18]. There-are voluminous rvritings on tbese methods' Cotrt'

prJ."tit.iitrtiogtup-hiea can bo found in [l9l to [25]'

P 3 3 9 s R s T ? r g r *

rEffi

DITSI (1N OF CI IANN- t . : I ,S  FOR UNI IJOIT}T  } ' LO\Y I c;:

I
o.9
0 .8
o.7
o.

o .5

o.4

o.3

Permissible velocit ies, fPs

Fra. ?-4. Curves shon' irrg U.S.S.R. dsta on pcrmissiblc vcloeit ics for coltesivc sr-r i is.

suitable n vi l lues for val ious r lraterials arrd the cotrverted vlr lucs for tLc

con'csponding pernrissible trtctive force, n'hich
rvill be tliscusscd latcr (Art. 7-13). In 1936, a
Russinn nrngazine [28] published vclues of maxi-
munl pclmissible vclocitics (trigs. 7-3 and 7-4)
abovc u'hich scour l 'ould he plocluced in noncohe-
sive nurterial of a rridc l'nnge of particlc sizes nnd
vnrions kiud.s of cohcsive -"oil. It also gave the
variation of thcse vclocities rvith chaunel depth
(Fis. 7-5).

'f he nr :i xim unr pelr nissible velocit ies rne nti on ed
nbove are s'ith refclence to straight channels.
Ilor sinuous chanucl-s,. the velocities should be
lou'ered in order to recluce .scour. Pcrcentagcs of
rcrluction suggcstcd by Llne [29] are 5 Yo for
sl iglrt l . t '  s inuous cl l l i r ls, 13% for modc:r*tcly
sittttotrs cnnals, nnd 22 7o f or vcry sinuous catrnls.
'l'ltc,se percentage va]ucs, horvever, ilre vely tp-
proximate, since no accrlrate data are avnilable
rrt the present time.

7-10. Method of Permissible Velocity. [ising
tlrenutximum pet'missible velocity as & criterion,
the dcsign procc(lure for n chanucl scctiorr, ns-
sunred to be trapezoidal, consists of the.folloiving
steps:
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= 1. PRODUCT NAME mochanlcal screenlng methods. well as a maxlmum and minlmum

Eroslon control sometlmes Involves size. Thls avorage; d6flned as that
t .Quarrled .slon€ for tigt"p:lgoj ffi;;;H;"-ii6'riiiiroriuon irza exceeded by at teasr 50 per
:  gtone and f i l ter  stone for eroslon -  - . -  . - --  - . ; - ----
= and sedtment controt. tsee o-loil'"]" analysls and 13 more otlen accepted cent ot tho total tonnaEe shlpped, 13
> ^^^-^^a I srv'oart on.vlsual €xamlnatlon.r lt 13 arlvan-. . the most lmportant goveming fac-
- v" Pave '', . tageous to ptoduceB and end userg tor In ssl€ctlng ,lh€ r proper slzo
2
! e. manurrcrunen lf,"T,TlJ.go"'ol conlror stone at fl:iJfll3tiT",l3:,ntil,"?il*. EiJi
9 rot a llst of leading producsrc Cimp6sltlon tnd. Mtlctt.ttl. tnoigtr atl pieces mlght b€ latg€r
E wrtloorcall; "Cru3hed Stono" ls a generic iorm than the minlmum slze of a par.
E NATIONAL CRUSHED STONE dellned as the product rssuttlng ticular deslgnatlon, lf lh€ average
E ASSOCIATION, 1415 Eltiot Place, from the quarrytng process, essen- size ls too small, th€. Installatlon

Y l a N.W., Washlngton, D.C. 20007; tialty all faceC of which possess might not function as intended.
6 i E Phone: (202't S+2-t 100. welt deflned edges. .', .
5 1  f 6  / l ' t r q r r l s A  a l n i o  r { f a a r r c c

t r ! o l l l  detlned edges. .. ' ' '
Quarried stone disr=l I

If E 3. PRODUCT DESCRTPTTON
Quarried stono discussed herein ll. FILTEB STONE. Densely graded

witt include f lstlngs of and recom- fitter stone is the sublayer under the z
F I :'E l  

aLEl-o c.^^- r^ - mendatlons.for sulgested slzss tor larger proteclion ston6, such as eel g Irsrc Usa: Quanled Stone, In a ::::i;::::j:'-:-"*:::;::--:; ;i::.-:;;:;;;;;^-;;.;;,-;;; o
FE wdJ rangt ot 

-;""; 
i^i'11*11.1 speclflc putposss. Th€3e 3lzes ar6 either oraded dp.ap or armor stone. j

^ naa.{. .^" .^^,,^-,,^^i-J:,:":'-- dtscussed In' two cat€gotl$-l- NCSA llltet ston€ ls deslgnat€d F9' g
^ n6€ds and aoollcations --- '- rr ' rrv wareuv're'- '-

^? ffi;;fi;;;'il1ili;;'ll"il::' open-craded Rtorap.and ll-Filter 1 to Fe3 and ls descrlbed In tho o
\! tlve and econom'*, *,31 i,llfii, Sioiii''----:;;':-;.i---' 

" - 
toriowtngraotee: a

Itiiil struciure to Contrcr unr"inieo ioii 1.. oPEIII'GRADED . RIPRAP or rabr€B g
g::g eroslon. (Note: Atmor stone will not "dump€d- rlprapl as lt 18 3omotlm€s FTLTER sroNE v,

be corerid In this unit because ot . callod. NCSA.r,.'Sradgq --rlpt]ap !s St" tnchg3 (sq. op6ntn03) dbe cotrered In this unit because ot . Ca OO. N(jI'A.. graoeq.--nPrap !s Stze lnch$ (3q. op6ntn0s) 6
its speclattzod usag€) , deslgnatod. i'E:!:,- tgf;:,|€rJ-ar!{ F rcslro. Max-: .Avs.(l} Mln.(4 ;

Aieasofapp| lca-t |6nforquarr |ed." . : .d9gqr|bed:|F, th 'eJ9!!-oJ, !ng; 'ab!11.f f i> 'L t ,,j{:il"'"j.?l'l#:il;?1,}i##:,rff:":ffi1;'$#f$?lhi;ri5.*Ti:l.ii EI--,,:,'Xt:?i 'ilt:l$ Ei;v'rerm*v,r3ggi5,gpggp+;3ggg3'r*ffi$fl,ffi18fi#ti:"'riFaaq*$i'iftJtr2o*as*iltdc1s{ft.lr6't,
In csfitln l(|gal atga:t. \rlllttl .lrq r !

gig ^ lir"t" targer stzes mii usuatty oe (1) "Average slzo" ls that stze ox- Ee
!: 2. Podles oI W-ater Subiect.-to sudstituted proviOdd tne ..aierage d6eded by at teast 50% of the.total F -
I 6 ^ Irv€..rs larger slzes may usually bo (1) "Average 3lzo" ls tnat s|ze ox' g 6'
;: 2. Bodles of Water Subiect to sudstituted proviOdd tne ..aierage d6eded by at least 50% of the total F -
EE Wave Action from Boat Trattlc ;i;";';fr;;';; dJttneO tn foir. weight ofthe tonnage shlpp€d;1.s.,
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Appl icable Standards;  Var iouF
federa l  agcnc ies ,  the  U.S.  Corps  o f
Eng ineers  and the  U.S.  So i l  Conser .
va t ion  Serv ice  in  par t i cu la r ,  have
"Guide  Spec i f i ca t ions"  to  a id  the i r
loca l  o r  reg iona l  o f f i ces  in  se t t ing
actual  Job Speci f  icat ion require-
ments.  ASTM is endeavor ing to
develop a speci f icat ion for  stone for
erosion control .

Various state and local govern.

m e n t - t r a n s p o r t a t i o n  a g e n c l e s ,
h ighways ,  wate ' '  conserva t ion ,  en-
v i ronmenta l  e tc . -may have spec i f  i -
ca t ions  cover ing  use  o f  s lone fo r
eros ion  and sec i iment  cont ro l .  Use
of stone f  rom "an approved source"
( a s  i d e n t i f  i e d  b y  s o m e  s t a t e
highway or t ransportat ion depart '
ment,  federal  agency, conservat ion
agency, etc.)  is  recommended.

Erecx N tcAL DATA

The s izes  suggested  in  the
f  o l l o w i n g  t a b l e s  d e p e n d  o n  b o t h  t h e
iechn ica l  anC eng ineer ing  fac to rs
invo lved in  the  f ina l  dec is ion  fo r
each product and on which crushed
stone products are general ly avai l -
able in that  geograPhic locat ion.

Speci f  ic  informat ion for f  ive
areas of  appl icat ion,  A'E fol low.

A. Banks of Creeks, Streams and
Rivers

Factors involved:
1. There is l i t t fe i f  any erosign i f

water velocity is less than 1.5
ft./sec

2.  Eros ion protect ion stone
must extend from top of bank
to deepest part of the stream.

3. Protection must extend up.
stream and downstream from
the main problem area.

4. Riprap can be used on slopes
of 1 112 horizontal to 1 vertical
or flatter. Stone-fil led wire
baskets ie. Gablons should be
used on slopes steeper than 1
1/2 to 1. (See "Gabions under
item 5 on page 4.)

ELEVATION VIEW

GRADED RIPRAP STONE
Slze Inches (sq. openings)

NGSA No. Max. Ave. Mln.

Conespondlng
Size

of FilterStone
NCSA No.

FlowVelocity
(ftJsec.)

9.0
1 1 . 5

FS.1
FS.1
FS.1

2.5
4.5
6.5

FS,2
FS.2

FS.3
FS.3

24 12
30 15

13.0
14.5

Crushed Stone

1Vz t/t No. 8
3 1 V h 1
6 3 2

R.1
R-2
R-3

B. DRAINAGE FACILITIES
r Dltches-

Factors involved:
1. Estimate the flow velocity,

depth of the channel and
ditch slope or gradient.

2. At same water velocity, a
deep ditch reguires more
protection than a wider,
shal lowerditch.

3. V-shaped ditches have
lower capacity than wide
channels and they erode
more easily.

Flow Velocity
(lt.rsec.) NCSA No.

GRAOED RIPRAP STONE
size Inches (sq. openings)

Max-  Avo.  Min .

Conesponding
Size

of  Fi l terStone
NCSA NO.

FS.1
FS.2
FS.2

4.5
6.5
9.0

Scouring
Basln

Full  Flow
Veloclty
(ftJs€c.,

GRADED RIPRAP STONE
Slze !nches (sq. oPenings)

NCSA
No. Max. Avg.  Mln.

Plpe Outlets-
Factors involved:
1. Estimate flow rate and tail

water depth and know cul-
vert size.

2. A stone filter layer ls gener.
ally not requlred as some
siltation between stone Par'
t icles is anticiPated.

R - 3 6 3 2
R - 4  1 2 6 3
R - 5  1 8 9 5

5.5
8.5
9.1 scouRlHG



(

C .  S E D I M E N T  B A S I N S
Factors  invo ived:
1 .  T h e s e  b a s i n s  a l l o w  s i l t  t o  s e t -

t le  ou t  as  water  s lowly  d is -
charges  over  the  d ischarge or
sp i l lway .
They may be temporary or per-
manent ,  and should be de-
signed and bui l t  accordingly.
t-ocal regulations relative to
safety need to be considered.
Size and volume must be
developed to meet the run.off
control demands.

GRADED RIPRAP STONE
Size Inches (sq. openings)

NCSA No. Max. Avg. Mln.

Water Enters
Here-+

Spi i lway { ; ,

Crushed Stone

ELEVATION VIEW

2.

3.

4. PLAN VIEW

R-2 3 1Vz 1
R - 3 6 3 2
R . 4  1 2 6 3

Crushed Stone

I
I Water
i  eri ts over
I  spi t lway

D. SHORELINES, PONDS
AND LAKES

Factors involved:
1. Wind-generated waves cause

most of the erosion problems
on non.flowing bodies of
water.
Degree of erosion results
from the size and frequency of
wind and storms causing
various wave heights and the
action of power boats.. i:.,i
For major bodies of water,
subject to intense wave ac.
t ion, a sound engineering
study is usually in order
before doing any construction
with stone.
A stone filter layer is usually
required if the protective layer
of graded riprap is 6 inches or
more in thickness.

20
30
40
50
60

2.

Height (in Ft.) of
Wavesat End of

Fetch

300 ft. 1,000 tt. 5 mlles
Wlnd Velocity

(miles/hr.)

GRADED RIPRAP STONE
Size Inches (sq. oPenings|

NCSA No. Max. Avg. Min.

'  ' :; :irrrJ"*1

fGross se ct ion d raw i n g same as ln A),

0.25 0.40 1.5
0.40 0.70 2.4
0.65 0.90 3.1
0.75 1.2 3.8
0.85 1.5 4.5

Filter Stone
NCSA No.

FS.3
FS.3

3.

Wavc Hclght
(ft.)

1.0
1.5

4.

2.0
4.0

FS.2
FS.2

(

E. SLOPE PROTECTION:
Factors involved:
1. Since rainfall run-off, and also

snow melt, are the maJor
. sources of water for slope ero

sion, information on local
rainfall is important in solvlng
the problem.

2. A uniform layer of stone, pro
perly placed, prevents forma.

. tlon of small rll ls and gulleys
which do become major prob.
lems.

3. Size of stone particles and
layer thickness vary with
slope angle, distance down
the slope, type of soi l  and run-
off intensity.

4. Sizes suggested are adequate
for slopes not steeper than 1
1l2horz. to 1 vert.

GRADED RIPRAP STONE
Size Inches (sq. openings)

NCSA No. Max. Avg. Min.

Special Note:
Crushed stono mulch In a tlze range of 1 trl' to
114', wlth about 50% larger than 314', lg effec-
tlve in control of erosion on constructlon
slopes. Tests hav€ evaluated resultg In ap'
pticatlon from 60 tons per acr€ to 24O tons per
acre. A rate of about 135 tons per acr€, whlch
amounts to dspths less than one Inch. lg con'
sidered optlmum. Stone mulch stays In place,
reststs breakdown and allows tor tho growth
of grass for appearanca as desirsd. NCSA No.
R.l ls recommended.

R.2 3 1th 1
R . 3 6 3 2
R . 4  1 2 6 3

Crusheid S



The complete Unl-versal Sotl  Loss Equat, ion ls: l {  = RKLSCP

Where A ls the compuEed solI  loss (sheet and rt lL erosion)
!n tons per acre Per year;

the raLnfal l  factor, Is the number of, eros{orr index
unit computed from the characterLscics of rainfal l  during
a norrmal year, for a given geographical area;

the soLl erodlbi l i ty factor; ls the erosLon rate Per
trnit of eroslon Lndex for a specLfic soil in
cultlvated contlnuous fallowr oo a 9 peicent slope
72.6 feet  lbng;

the slope length factor, Ls the rario of the soll
loss from the field slope length to that from a
72.6 feet length. on the sane soi l  Eype and gradienE;

Ehe slope - gradient factor, ls the ratJ.o of. soiL loss
from Ehe fteld gradlene to that from a 9 percent slope;

the cropplng management factor, is the ratio of soil
loss from a fLeld wLCh speclfied croppLng and management '
or type of vegetatlve cover to that from the fal low
condLtlon on which the K factor is evaluaced I

the eroslon control practLce factor, ls the rauio of
soLl loss wLth eontouring, str ipcropplng or terracing
to that with st,raighe-rorr farming, up-and-dor.rn slope
(generally appl-les only to cropland) .

Managemenc decisLons generally Lnfluence erosion losses by changes
in the C and P factors ln the USLE. The L factor ls modif led by
terrac ing.  The other  three factors,  R,  K,  and S,  are f ixed for  a
given locacLon.  .

R ,

K,

' L ,

s,

c,

P ,

-2-



UNIVERSAL SOIL LOSS
EQUATION

AVERAGE ANNUAL VALUES
FACTOR R and Rt
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TABLE 1 (Contlnued)

Percent SloPe Length ln Feet

slope 300 400 500 600 700 860 t00 1OO0 1100 1200* 13p0- 15oo 170Q 2000

0 .20 .110 . I20 .13 '0 .140 .15_0 .150 .160 .160 .170 .170 .180 .19q .190 .20
0.3  0 .12 0 .13 0 .14 o '15 0 '16 0 .16 0 '17 o '18 0 '18 o '1s  

9 '1? 
o '20 0 '21 0 '22

0.4  0 .13 0 .14 0 .15 0 .16 0 .17 o '17 9 '18 0 '19 o '19 0 '29 o '19 0 '21 0 '22 0 '23

0.5  0 .14 0 .15 0 .16 0 .17 O'18 0 '18 0 '19 0 '20 o 'zo  0 '21 0 '21 O'22 '0 '23 0 '24

1.00.180.200.210.220.230,240.250,260.270,270.280.290.30o.32
2.00.280.31o,330.340.360.380.390 '400.4 ' .o .420.430.450.470.49
3 '00.400,446. .470.490,52.0 .540.560.570.590.610.620.650,670.71
4.00.620.700.?60.820.870.g20.961.01 '1 .041.081.121.18L.241.33
5.00.931.o71.201.31L.421.52 '1 .611.691.781,861.932.072.2L2.40
6.01.171.351.501.651.781.902,022.L32.232,332,432,6L2,77.3 .01
8.0L.721.982.222.432,622.81,2 .g8:3 , I43,293,443.513.844.094.44

10.02.372,743.06,3 ,361.623.874.114.334.544.744.945.305.656.13
12.03.133.614.o44.424,775.105.415.7L5.996;256.516.997,448.07
14 '03.984.595.135,626.076.496. '887,26.? .6L7.958.278.899.4610.26
16.04.g25.686.356.957,5 t8 .038.528.989.429.8310.241 '1 .0011.7112.?0
18.05.956.877.688.419.099.7110.3010.8611.3911.9012.3813.3014.1615.36
20.07.078.16g.L2g.gg10.7911.54|2 .2412.9013.53 '14.1314.7115.8016.8218.24
25,0 10.20 11.78 13.17 14.43 15.59 16.66 L l ,67 18.63 19.54 20.4I  2 | .24 , , . | :  

10. . : ' ^ ;L2
30.0 13.78 15.91 L7,7g 19.48 21.04 22.50 23.85 25']:5 26'38 27 ',55 28'68 30'81 32'-8qJ

zL.gz 25 .3L 28:30 31.  00 -33,4940 .0  zL .gZ  J ) . J r , . 46 . JU . * * r l : uu  i - J i

50. 0 __3_0. 87_

60 .  0

I

I
I
I H F J F
, t / t A t ^ r 1 1 t F

1, . . . .
v r r
a l

o
I

r^, h,
r t t



, . i ) $
'Iable 

9.I. --Runoff curr/e numbers for hyd,rologic soit-cover complexes

(Rrrteced.ent moisture condition II, and fa = Q.2 S)

Cover
Land, use Treatuent

or practice
llydrologic
cond.ition

Wdro]-osic-soil SrouP
ABCD

@
Bg
81
B'
81
81
80

9t+

9I
89
BB
{%
BZ
Br

BB
Bt
B,
Blr
BA
Br

8eI
Brl i
80 l

tr t ,4'r'*
7e l ' '

I

78\
\

B,\
7ej
77/

86

89
y2

70 58 7r

4, 66 77
166Tj
21 11 70

,9 7t+ Ba

72 Ba BZ
Ttr 8l+ 90

T7 85 91

72 Br BS
6T 78 B:
?CI '79 &+
65 7' Be
66 TU Bo
6zruTB

6, 76 Bl+
61 75 &:
6l Tb Bz
6L 71 Br
61 72 T9
59 70 ?B

66 77 85
78 72 Br
6r+ 7, Bl
15 6g rB
61 7, Bo
f l6 t t6

:i,
587e$
r+9 6g 79
59 61 7t+
\t 6t Br
25 '9 7'
61r?o

Stralght row

t? poor
r? Good.

Contoured, Poor
Good

ttancl terraced, Poor
rf rl fl 

Good,

Stratgbt row Poor
Good,

Contoured Poor
Good,

trand. terraced, Poor
Good.

Straight rolr Poor
tt tt 

Good
Contoured, Poor

rf 
Good

ttand, terraced Poor
ttand, terraced, Good,

Contourecl
tt

rt

Poor
Fair
Good,
Poor
Fair
Good

Good,

Poor
Fai.r
Good

: : : -

Close -seeded,

J.egrrmes Il
or
rotation
mead,or

Fa].Iow

Row crops

$mn] 1

grain

Pasture
or range

Meadow '

Wood,s

?l
surfa

F,atmstead,s

Roads (arrt)
(rrrrA

Close -drilled or broad.cast.
Includ,ing right -of -way.u

ce) il



P . 0  l o  1 2
Q = O  l o  I

inches
inche  s

HYDROLOGY:soLUTtoN_ oF RUNOFF EQUATfON o" ftffiz
I

Q
. l l J
r '()
=

=
g

tr
TL
o
z
:)
G

t-()
UJ
E,

E

5

R A I N F A L L (P)
6

I N

7

I  N C H E S
ruutfiCf

Mochur, Vicfor; Ertimoting dirocl runoff omounlr from
Ccnlrol Technlcol Unlt, Oclober t9S5

rlorm roinfoll:
SrAris{f,c oila flo

u.!.DEFAETlrr.moFAcimcuLTurt | :^ 
-;;.

son coxsesvrndilil:vtG I E$ I00l
Doltllrs.oonalroil - rftrruir# -r.* | 

Strtfi I 0f -? -rurn lrrtrEtr 
| orre a-n-r _

-tl

rO
c
o
I

o

o

N

ts
O
a

to
P


