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\_/
Z. PURPISE

JHis celcalefion pres en’s| an alfernafe oesign approach For
defermining riprap bedding gradation, Fhat o fFers from
approaches which wfifree F/ter criferia o /rev&mf wmyigretion
of worl adjacent f- J

Jeger of Jea/o//'qy s leriad,

7he afferrafe approach s based sn Fhe observed bepavior
of ser’ls sukject fo flid flows F4aT jndicafes Fhal sorls
can witbsland certaim |frows witpod .52‘711/%‘(3-;./' eresio?.
\_ Date are ava'lable f=r| bot# bf%—c/aw,te/ Sl irectTy
on soils and for soifs priketed by a jayer or liiers

of ripcep o greve /.

.T/’u’s calecwtatien /MV:J’E: = éea/a/@j raferiel jrac/af:m
Fhal™ can beo wsed %r e bedding saferral /ayers on
the Fops/ope [of e Green Liver fonad esnbanfnent.

and sidestopes

Zv. 1 fBE6 p-p-&¢
[oxe p~a~&8
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Project _LZatr A= B od

Contract No. _.£25 7 _ File No.

Feature _BEDLING SRAPATION

Designed . /~BG __ Date . £:27-88

item

—/

Checked /ﬁ ¥e _ Date__f--f 18

L., BACKEGROUND TNFOLMATION

/4/4:7&' of éedd/'ﬂj medferied /s //a.zea’ Seneai? rypRrep
privmarily 7o /feve,d eros/. of @n wwnderlying sor/ Jayer,

and afso 7o frofecf' 7Ae

o)/ /ayaf from dorneage q/a.r‘/':'j

riprép placement . /1 som€ cases (ej Thin', foew /e/meahbé
coVer /a,y@r:), Withowd \Fe éeab(/r\:j /ay&f‘/ soil can
mijra-‘fe Fhceugh fRe riprap =nd de eroded due 7o the

f;//(nw'.zj causeS ([ affer

ef 7, pp SE-5.9)

A Lift and dry Sorces Swring ﬁyﬁ flnws can creatfe

enoejﬁ w ///'ff pressure Fo draw Sei/ particles

yerh’(a/./j— ﬂmoy/t Fre rz,'ara,o vesds

8) Turbulent eddies and jels in 77e Fflrw over Fhe

v"ipf‘af con f&rieffdbfe ﬁfaoyﬁ F#e riprae veids and

defech soi/ porticles,

c) At ot/ (/s P bt smore Vl‘sab{7 o7 Sow Frotos, A

a—/a'nJ e snferface of Jre m‘pm,a and Soif can

cause eresion of

enough,

sei’f +F voids are /Maﬁ-e

7he pofentiad for farlury of Sfhe riprap feger Jue fo

base Sot/ ercsicrn jfas

frlter ceiferia for bedd
p 58 Fet 2 ,p. 13, Pef

esw/fed g adeption of sHriel”
'ng maferief jra-c/a/’thf (Per
3, and pef. &), These @




MORRISON-KNUDSEN ENGIN

Project _xM‘T.Iw?"(:"'E%w”‘“
Feature _BEDLING G AADAT I ON

Item

Fev. 1
FBE
2180

5

l

NEERS, INC. Sheet
Contract No._£05_7_ File No.
Designed &< Date _&/-27E8
Checked /2" € Date % = f-5&

Filter criteria essenff'a-//l /"ev&d arlly sty frcant

mevemend of serf salte
//é'k) Jr‘aa/fef\f-f ﬁm %e

e bedding , even cender /a,fye
.(OI./ /.ﬂ’% ﬂe é?é//}:'jd

//¢>W9V9r/ a Srgnrficeny fof‘ewﬁev/ /roé/em Has arisen

with wsing shretl £l e
Slter criferia je;qerw//j

creferia Ffor beddn 19, Seed
resedt sn a Fermé’aéz'//'é Fhatl )8

7’00 smal/ o a//o 44’6;—«4)? d/‘al.ﬂd‘je rafes oz emisanbmenT

s/o pes

P

Jhe ferpored/y -refained wafer s fhes

ﬁee ‘/’0 nfiltrafe sate HAe sorl =nd /wfen/io/ﬁ ﬁfuyﬁ
7re 7‘af/1):7: belrwr. Jhis could resudf sn _s;;;w'f:tamf

ne(ja}f:v? /'m/}acf.s Je J/omu:/- wofer i,aa_/:ty

frofecf' jroufnd ww?‘ef‘/

& shore p@r/nea/b/e bed'd:)y /479,«-.

Thees y Jo
)1 ’s desireable  Fo pre vide
Jo accoryp/isL

7"61‘:/ a raticraf afﬂ*oacA /s peeded A frow'c/e

bedding gradatiom cr
Fhan currend critferia y
fre riprep [ager frem
wnder/ymg so./.

Lvidepnce

coi] eresion can be pre

/s averfable

feric Srhatf are fess 57?:'(7%7"

yef a-c/efaafe P }pro;‘ch
Soifeure Jee Fo eresigr of

which joadircates /ﬂaj’ ,{Wﬂﬁw
renfe d éj affernatfive a./alaroacée;.

Tn ome experimeaf, feacking of sei/ bencaff a foyer

of conifoerm materied

as reduced 7o a punimesy

®



\ Theretre , it appears po
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Project 751y i
Feature SEoo/ke GRAPATIOY.

item

Contract No._£2£Z _ File No.
Designed /S ____ Date _#:2€-€3
Checked yryidl Date __ (> =L 1 P

when Fte Jfeyer was JAree
_Tn aw assocrated exser

Sver mteriad wes added #
size of e finer waferid

or move stmes Fhiek (Fef 2, pi?)
ef. Z,,zl?)

£
(L(a//rox/'/m:/é’év 25/) bty wepkf et

He cooform rgre? , where 7A€ mean
wis albent V4 He s/2e of fhe

viprep. In Y#'s case, /t’dcft_ly was reduced Fo a negl ble

mfe/ even when Fhe Jesor

Thicknoss was ane ppref shne s/2€.

Saltis 7";“/‘”_] ferﬁrmaﬂq? o caspretfe 4/6174%601 a((arc/ffy 75 enteria
Fhat Jimi T sppaximturn yelocii€s or Jractive forces prev Jes furHce elidence
Hal soil can swslain flows we ot fyﬂ/ﬁcaﬁ,/ Erosro.

(e.g. Pef. &, pp. 169-/77).

may be expected fo be
follows & forfuocts /ec#
fhe bedding ~Zoi/ infert
flaw Vohwne Thed passe

-
acé.

Ir corat, flaus agains? soif
or€ et Toren Fhan waler which
-/ﬁfogjh éeda’f'f; ynlerstiees ot
On Fhe oSfer pand, Fhe

s a given /?o/df ) a cavat

wewld  generally 4o sich  greater Few e ftw

v ofeesrie expec fed on o
over a 000 year de
erteria. are expected Fo
due Fo the potertitly g
farge cosls reguired 7o

712"'/":’;-‘ embantinevd cover
374 /1')%. Caval dex{;/ﬁ

reliably minimige pisk of eros/e,

reai /'lﬂ/f-cf o1 water wusers and

r?a wr /Mﬂcfft .

m/.(/}:; /ﬁwf' _f?w'ﬁ‘camf Eres/oy

ot sor/ mm/@ﬂ(yf'{’/ éeo’c/'%?j can &2 pre vensed witheud af/:(yb?j

sTeicl f;'//éf cn'feffk/ eg.

&y /r'mf;‘:'()j jnterst tal fhw yelocities. @



Ay

I _APPROAC H

A Eslimafe allrwable maximum yefocities For ser/ 7$¢,ﬁ€$

E Defermine gradatimn of bedding fhat will give

| —

MORRISON-KNUDSEN ENGI!IIEERS, INC. Sheet __L_

Project _ZXsa7 B4 = B Contract No._.5257 FileNo._________
Feature KEDD/ING GRADAT 46/ | Designed L2225  Date _ 4-28-85
ltem ' Checked 7/2%&’ Date_ o [ .AF

Shat ey 6o used bepeary éec/o//;g Sfager,

B. Defermine /permea.éi/:b kSl presults s Flro

/Zroqu béc/o/l'f'j Vo' ds et VA Vefocfﬁ ey ef o atbwal/e

. , CeriticeD slpe
IR X 1nUer yElocs é 3 /yp:‘ca/ ._r/o/e Forr fEtbanbinced jyzsgaf
7} ’7 als ! ‘ /
witf be psed f‘, deterrnne gn Sdensd [ . Fgﬁevy—7—88’
'ﬂl"‘- Vi £ 7.4

/o@rmea él/l @ o,e- f@fdhh €. /}7 ‘B ! a de ve, {/(/o}‘e s /_r:u.pc
bedl 57 Dpe Jrai1 sre Jotees? deo a@/e/.aajé o e e T
217 1on %racy[ 7 1/'0/‘ . )

ﬁe view avatfable ofafa | frean /e a,c//iy " e,c/;en‘mem‘s' /af sorl
bereath rip ra/a) for loverat/ a_-"/‘?/"“_‘) et éfo’a//'/\;/
a’exﬂiwec/ et Yhioed ety Folter criteria Ao /vreymf
:7%/'%7'(&»«]‘ eros ']
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Project —zzadz o= BEAS - Contract No. _x525 7 _ File No.
Feature _E£DL/MIG GRADPAT/IN Designed £ Date ¥ 2885

item Checked 22 < Date - P

.
T ALLOWALLE VELOCITIES

A Zei/ Types:

 Se/s bereath éealdf‘fy mus? be relafiiely /h/aerMEob/e
fer ary ao/vamfaje 7o be jamed éy /ﬂa,x/}ﬁ/'%/:ﬂ/v'
kea’dinj fermeaéf/t'{y. Jhas, aeswme wordersyiop sor/ls
will conFain a/efaafl.’ s/~ and c@ -s/iged e ie/es
% ensure fow /érmeaéz//'@ . Ejosion of Fhese
pertrefes will be asSesred 7 r?re;eu‘ HaSere,
e rfher 6y regpoving fvc/;oarf’ S e éea’a/IZy and
riprop Jayers, or by |creafivg a sandy fager oace

ﬁnes areé femm/ea/*fw///'cﬁ 15 Me case we ar€

a#ﬁf"fﬁy 73 a\/ofc/ Wierhen /%e éea/o/ly/ ,(e./ & a&-‘é‘/
that aflaos sofilfratimn ST Jabiblts  Sadiraf a/ralha‘zje.)

¥ ( AS ~BUILT SECTon) AFTER LVES AKE REAVED D

4—2’?‘/? A;é ———p
. S——EBEDDY.

SN AL, - Aof -‘r“Z-.;Aw LAVER
SAMPLE < RIER — / // / )77 /. TRAPS WATEK)
SANDY ciAY

.
B. Allowable Veloci'ties
4 Feference 5 contarns | an’ gqecwrmidatisn of Lota

for  allowalble ve/ac:'fi.s ond  Fractive Sforces. fowever,
d at bowundarics of epen -channe/

fraclive forc€ Framsms
Fb) is pjot Fhe _same |fmchive force Hod is Frensmited

©




MORRISON-KNUDSEN ENGINEERS, INC. Sheet _i_
Project &£ 21T EE A" | Contract No. 525 Z _ File No.

Feature _B£D2/NG S RADATo4) Designed__~£/26 _ Date -4
item Checked /71" < Date_f--S--£P

Fo beandaries of Flns wiHH /Mf/'cu/a/e’ media.
Thuas , Frackve Sforce |Latx canmol r&\c//;/y se uséd

For owr pugpeses.  |\Afbwable yelociVy Seta s dicatt
a vange of /zarm,'.:s/'b/e vele fres a,’%/u/('y on

j/az'n $/2€ (sift or cétﬁ_) and //as)f'czé /€-j- heavy
or Jean ) of He so/ /A%cbﬁ@n//]/ From Lefs. 17 {),

2. For jwietriad eva/ceaticn, se/fect a /‘(.‘/af?/r'fé‘/] swall (e,
corservalive) max/niesz) ;efﬂlz';S/Z/e Veroc: & of OF5 ,}:éc
( Fig. 73, fef & — Se AAach. A).
~ 3B _Taterstifoad Vefecs /y:
fermeability ks e’rfdmffw_/é an ‘?/n:ae/ veéc/ﬁu cnde,
AJraa/:'ea;f i=1 (pPef ?/ P z252), ‘:{eé‘/c"zfe ve*/«:[,& “
Vs /s sAe average ye/oa}} Jn e yerds tLevech

fwo peints ju fhe average olirec o of Froe,
where Wy = .gr—":- " >/a-roﬂ'_/] ). Aa/o/r-'//',wa/‘é/
weler flavs ;o o FrTuouts )7472 7 gef belwees Fro
poinls akng [he average Lirectign ot fFow. A
forﬁw-ﬂb Sactor € Yo about Ve appres fo
povous wmedia. of ap ro)(r)naff’éf ceniferen pore s/e€s

ﬁe{ 6/ .z 377) . Aected FHured f o ful“

Avereye fhrw
—_— JirBcdion

®©

HORIBIWTAL SECTION AT BELONG S0/, TATELLACL
¢S CHTEAATIC)
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Project 7 e SR SON KHUDSEN COMPANY

Feature _Z£D/NG GRADAT/OA)

item

Jle md;w'/ude of 7
ue/oaﬁ veclor , re.
frerefore esfimeated

/

V;=_»_k__£_yz.'
n

};’f' be‘/“,"fj/ aSS ce

Y Find poximesn L sa

Wse £ J /'o/;éf-a

k= 2./ f'f/;ec ¢

7 #ere fore py éeda’f}:’] )

h
Sheet _L__D
Contract No._~525% _ File No.
Designed —££6 Date _¢/-28-55
Checked I/?/’£~ Date__(—F £

je average  psiantarncous
e actuad fluSd ye/"aé “p,/’c
as follows :

no
K1
/ /

N ~ 0.3,

" €

h Fhad Vp £ 0.5 ft/sec.
?JNJE (P&o‘yM 6£ﬂ'/>;‘/0'a5/?)

(D - K@os) 7
o3

Y k - €5 cm/.:’ec .

ot a /errﬁea-ér// Y o £

/é-'—éf cm/:éc o7

flutd flow velect¥,

5 j

o7 &

—7 Sfor analysis and o/e$7h

thet /s

. fess ol Syt joferstiiad
Fo 0.5 fgfec

or /ess

S/ee.

et g reddatren

ifable £ s/ and
.s'n'cle;/o/ae “;ee PP /7-59.‘ »e

FBGC 7-7-68
pre 7558

®
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Project _ZZA728 — B2 Contract No. 525 7 _ File No.
Feature [ ZZEL2/NGC <RAPAT O/ Designed . ££6 __ Date -4 ES_
Item Checked _/2£€ Date _{--73-5¢

c, “Aeme " LFAFECTS

?7/)_7 Y of sei/-tfined cawafs has been cbserved

in general Fo  aflon! "l and well-seasomed ” chamnels
5 stnd el /:]Aer relocityes Fhan pews mes,
because Fhe ofd chaure/ bed is w«a/é besrer
stabilived /zeff/'cu/dzr& wi¥h Ffe depesifivn of
coffordat snalier (et 5 . p /57, /7 Sowrce of
such cofferteA patler coeuld be pevrddioaun sradericAs
and Fnes remaining  ja riprop and/ és'a/a//‘/y 2 For
férzﬁﬁlewf on jFhe ewmbarfmert . These matferiafs
N will be wasbed 7%rof7£ FTFe éeJc//?/ é/éﬂ]éla/é éj

| /hf'//faﬁ'_ﬂj wefer.

N LIiMITED DEGPADATION AFFPROACH

A The moximem permeats/ iy defermined jn Ifem 4, sheef so,
/5 a re/aj'l’ve_/j Serge vafue . _Zr Sfaclt suck a
permeability may be fypiced of 7Fe viprap. 77is
cocedd ,-,,,/{/7 Fhaf  —— e e e S~
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Project _CZA1T A L0 Contract No._525 7 _ File No.
Feature ZEDDING LrRAL AT704/ Designed —Z£S Date _#-28-58
item Checked //9/ e Date_t-L.s¥

a bedding fayer /s cemiecessary. flwever g feacking
of sor/s bepcast riprep wiffeed o bedding  fayer
/s o pessibility if awessive forces and velecifies from fhe
Sfhw abeve Jhe yiprap com reack fhie seoil (sec sheet ).
ﬁ(/&r{/xe«f: were conductied 7 oelermine Fhe frefecﬁm
from erosion Fhad foycr 1Hichn€ss and grein sige ef
jaferinediate profective feyers give Fo a smr-cokesiye
(Gasid]) base praterial Kl’efz//f. 6&'67.), The base pafirofs cwer€
i fevm _Sands g b gras S/ges as el as
0.125 um.  Jhe smelles?-size _savd ofass fres

as o fine sand eiffler by USC.S o USEA
classifrcadion .75/64":. Sermiss, bfe vefeFies Ffor

suclk a Sard rany€ Srom  O.8 ftfec (f,j ?—3/,?e{f 5)
fo 2 fthec (Ref 1, 7asle c.1e). (S Athch A).

77e reswlts of He Q;ﬂerf'mea/:s above sndicafed Fia?
fhe pumber of profective fayers ecach ome grain sire fhuck,
was a 57;4/'74&:»-;{ Foclor /o defermining fhe
evosion rofe of Ffe base smaferinf, Pesedrs
jndicated a Framsper! rafe of JAe fine sand
1 of about JO7° Wlec-f1%y ot o fofaf fhucete oF
- S I3 efs jn a 3-Ff wide c[wne/j Sor es/Hev of

©
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Project —ZeAl782- o) Contract No. .25 2 __ File No.

Feature _E£LDNE 58454708 | Designed __F55 ___ Date _-28-58
item Checked —,2Z ¢ _ pate_f-22-PF
~ 7Ae fo//owiﬂ rofec’/sve /acerin SCHE,pI €5
Y r ” &
Aow ~————>
T ~ ‘
O [émm Q [€ mm
ﬂ\ﬁ- .
::2 mm / é ”m
EASE
THATEOIAL 1
/ é mn
T4 wm
BASE
- HMATELIAL
\—

Mote Hhal rhe effectsr of [forylr Fhcckness and \7/‘4:;»)
siee are combined Ly referriag to fayers oS ome
_grain siee thick. 7The results sugges’ fhat cach [eyger
reduced fhe erosien ypale é] 75 fomes , “p o 4 favers
(the moximeem number of [eyers Fested) (Zef e, /-éf)-
,Z';vfu:'ff\/e/j/ she. effedt of cach additiopal /ayaf m ffe
ecosion) rafe of base soif wodd be [fess Sfan FAE
Ffe‘ed g fayer. ﬁen/léa/{j , a conslond erosimn yafe
wodd  be atamed Fhak depends only om snferstitad

U flos velocities Jhat~ orve wneffected &y overlying

fre ﬁ"-j. éj Ca’a’iES/ jefs y ard Furbuferce s florws n

7re /‘yrv;o or abeove /e /')4’/070). JAe ruwiter @
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Project LI R4 - G vk Contract No. . £95 2 __ File No.
Feature _BEDD/NG CGRADAT/ION Designed__f22 6 _ Date. £:29-33

tem Checked __7a_’L£z(_£= Date Lz 2 A4

of fers needed 7 reack such a  constand erositn  rofe
wedd very Srom case fo case y Sue Fo vearraZions in

5/9@ e, ,%wra//e/ fyzra/a s/2¢ e7c.

Check ppeprber o1F '/ayér: " for frc’:e;«f ales W :

Jep s/gze = 5],
ZWjﬂ; = y00’

Ripr r'oe,A) Lo dax = 357 Toted Sfhickness = |
Kedc/«y (&)/Mx = 42" Toted thickress = 0.8’
X(ME Cote. Wo. 0-536-02°02, pp. C-5 { £°3)

4

flinber of Logers Or),,,. Thick
FBprep i 1 / )
Bedding - 5’/0. L= 30
~33  Lagers (Boplusx Thiek

A Foted of 33 fegers  seents Jo be sufficerd A
vesedt jn o constand erosion rote of base /:fa,;%nb/)
perficudarly smce  maximnen foorale and fho deptt,
over the riprap will be relatively smedl.

Jherefore ', with am aa/efaa/c presnbier of ffor‘t‘a‘l'me
/ﬂy&rs ; #* &/huaé/e Veéc/% V/fdGCA (617' sheefs 3—/0)
Seems a-///o/dr‘faa/e For de?‘efmlwz:n/q ade fﬂqfe pre relien

®

against excessive feacking ef base <o /s,
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Project —Ze 17 R = L) Contract No. 2057 _ File No.
Feature .£LEL/NE GRADATOK) Designed__£z{> _ Date _ Y- 28-£6
item Checked 70/.4 Date__(-- ¢ AP

L. ERADATION VS, RERMEABILITY
Pefmeaba'/z'ﬁ of Samds S j’“vf"/‘ :

MATER A L k Deda Sewrce
cm/sec.
38" -1" 29 NAVEAC DM P, p. 71277 (Ref. €)
wn’ form jmve/
A =& mm sand AT "
Zmm= 3/4/”
de{jmvfl 1.0 "
3 pm=- Sy 8. 7 Ref. 9, 7atle 2
sand/Gravel
(dense)
7 mm - 1" sand/ /3.9 "
: Jravel (dense) _
v’ L[4
0.5 mm= Y /. 8 1"
Samel/ grove |
(dense)
Sfrom Fhe Fablf above , moderiafs swiVeble for bedding
are avoilable with yelalv é_/; /47e fef/ﬁeaé/// Fres /(»fue/
with 07> cmleec for beddipg d&quwe./ éj ﬁ/ﬁr criveria
for fhe Shjpprock enbanbment, s regerfed by £ Rager
o‘)c .’7‘ A< .) /’Wmea.é//:'/;'es aéa ve u)l// a,/Sa / ‘/ﬂ/'}"
velecihies fo yolues [fess Ftlaw allovalfe mass s .
/Vouﬂée/‘ oT 447@/‘.5‘ H .
Y Fiprep : 1254 /5 a,yers
& : y, v - ﬁ)ﬂ’*x
KedJMj Jsswsne (.%)Mov }’ — //Z. = )2 ey

oo Mumber of lfayers _sesmis a/;m/f. (see pp. 20-/4) @
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Project e FIIRA = GER). Contract No. 5257 _ File No.
Feature _BLoLI/MG crADPAI/onS Designed . £Z2E ___ Date #-27-88

ttem Checked 7—;’.&— Date _¢ - ¢ £

U
L Dlscussion)

A A ée’c/c/:l?j pateriad Jradec/ Sefveen 5/8 iy 7o %,”
n sive will it jaferstiVial vefecities A Sfess
Shan V2 of aflwable ;/eécxé et J.5 FVSft‘)
o fhe ewbankmed Foosipe.

B Soile 7 be wsed Lepcalb fhe yrprop and Loddiy
will  be fr/ma,/z_ﬁ _{/'/é sands (Select £/ 7 ire A).
Thus , wefer /s Jhel Jo  infolfrede o e
Wal@f{gli’y draim JayCr above FAe raden Larriér.

D If Fe drarn /czyer Were conslruclesd w.Fbh «a

sPOTE /e/rmeaé/e htaf&r:ev// FAE adds orral q/mmgc
Cafﬂatu'ﬁ codd /preve J/vwncl ~water /mfoﬁ’df'ﬂf.

& For mf//ucﬁé,'//é Y Aea/a/}y weferict _choseld poF
be Foo cearse . This will reduce 7FRe apsend
of s=2// /u.sﬁea/ Jnte yords o FAe be’cé//_}y praleriad
o/wr"f'j f/acem&hf nd (mfaaf‘?m

D Moteraf with Jr«za/a;ﬁ'ow ren 3iag Sroem F mm 7o 7"
appears 1o fave adepuately [forge permezb;y

| of about (-9 emFec (reltive Fo J0F cnmfec)

- is materiad Shoudd also provide adlepeate |

Frzyerﬁe: for fracfa'ca/ censTruclaby /r? .
(¥ ez £ next sheet) @
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Project —ZZANTRA—BERS Contract No. 525 7 _ File No.
Feature _BLLDNGC E#A Mf /94 Designed £ Date «-27E5
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£ .geo’o/'_j mederiad jMo’a/fTo?] _shordd oo Lo

aa/efaa:fe o f reveny Jeo’ rg mﬁ/«ﬁ‘n‘ A roveg

7€vious beddr vng

VPP,  Currert 4 o/es741 /‘ejourcs (Da-‘»'),um/ sizge
of abeut 8 mm (0.3"). (Cale. Ho. /0-536-02-02 o £-3).

[‘sz’m’f (Dfo)’,"” = Zoé “ (ng CJCs ”0. /0'.’36"&2'02/ P. 6'2 )J

A The TAC jfas jindiceted Shod a éeddly férzﬂéaé//:% ya
O'F 0:.25 cng/;ec or JrGG'/EK u)ou/c/ ,orawde adef-aafe drarhdJe cH
/o/b%’/f Lr jmwﬂd-wa/fer frofecﬁém ( per AL, (owros oIrScussion
F. Kager , 5-3-88).
*&yl 1 ,:gé ?'?'98
‘ [Fc 7-8-88
\-/.
~NIL _CoWclUsron/S - ToPsSLOFPES
v t: FBG 3-7-88  prc p-2-sp
/e 77;6 1(0//074/13:7 jrac/wf:'ow fa—r éea/a/.‘o::j and a//av'ﬁ

feyers on e enbantueit 76/.5/9/96 /9/-& veole s

aa’éfaafe /ﬁ/‘a/ﬂe,r/}'e.f ﬁ}' /?ér ferm anc@C cend coHE r/‘((ﬁé/)l%:
Dse = ©.€°
Size ije: 34 (o _;’/747‘_/; /wrjar) 7o 2 mnr,

2.7he esfimeted permeability for fhis gradefiom is sn Fhe
venge of 5 A 12 “Wec for Jrao/afcm T Ve mto/wag
befwten preposed fimits (see A fachmend 2).
N 3 Other simifer Jrada/ﬁm.s may be saifable — FAe jmo/af/b-h
£or a/és/?ffn (e '.mea«rj " sheefs JfC) /s selecled
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(b) aafefaafe /mfeoﬁ&w s /aﬁj’féfm eros/iozn of
He .selec) £/ and raden barrier cover /a:yer's]
and (€) procticad construcfabi/ity -
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74e ééa’ali""y J‘faa’arf'/h J/ven betrn (end shovon FKEITER
jmf/n'c‘w/_/} on  pi 2) will Jym'ﬁzwnf/y sncréase olreinage
cepocity on SAe embarkmers Sopssope and prevesd
57471'[:‘64447" eresiocy ofr ao{/aced ser/ (re. p bencalt Fhe
ugper bedding fayer and adjocent o Jhe drain Jayer
alove fre paden  infilfredirn barrier ). _SHrek F/fer
criteria  are not wséd S relafe beclding arrc/

s/l j coclations, Atfachmend & JivES esFmaled /ve:r,,‘/'c':.eb/%ﬁ
vesulls for fhe yraa'a.f/b‘n belew.

SIZE PERCENT 455206 Yo,
77 78 - /90 Net for
7” des;yn—
e o - JoO see :lef;
/-2 an

78" #0 - 8 /9-24

FE6
Mo. 4 5 - 34 7-7-68
o, 10 - o - 2 P s e
)

Jke fros? profection leger Js J/V)fy sand [fas ofesgfﬂ"c/ )
and re/affve& /e/meaé/e. Jheretrre y _ng‘f/cm/’ . ’ rovemesd
of drainege puy nof be achreved by wsing e jraaéu‘dm
above for beda/t'g beneath r:pra,a V/ L= Jran/a/f b0 abeve
Should be used Sfor fhe dlranage /dzyﬂ abeove )fhe
yado é@/ﬂ&’? AS v s3I s . @

\~
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LEV. 1

YL, S1PESLOPES

A Find meximesmn ofalle bedding permeabilily 7Ze7 woilf
Jimit actuad fluid yehety in poves fo AHS THec o
fess (5ee pp. §-70)

VR . Kk (0.20) VT

.o o5 £ - y
‘ n O 2

Koo = 0-53 Tfec or  Fpax = /€ emfee J

B.  Find prrxssseen _grarn s/ze s fributesrr  Fhed it/
Limit b Fo /6 em/cec o Jessi

L Metied sn LPef. T
Use wpper bocnd eja-f/;m on Ky 8 (Ref. )

k= 0.6 (Dg)*
J6 cuhec = 0.6 (D/r)?' => ('le)mx = 52 am

Mele: ﬁ('j E rs based on SLaVa ra Table 2.
Jable 2 pefe srafes fhal “f'a-r' Specimens
/7’5 , fhe seemge was Farbulend with decreasing
velues of K: YA wfb jncreasing grediend L. Vi hees
\; are f.}r (= 0.1.” 7hus, use of W_ﬁ__f___é_o_@__a’
curve for L= 0.z ;s rektively conservefive

"

n fwo wa-‘ﬁJ. | @
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Lev 1

2 HMHapens [forpufe
kembee) = (Do)
/6 embee = (Botum)* (Bodax = Hmm_

c. PLevise fower foumd  gradasdiin !

) The wypper bowund jraq/wf:}m wsing Dg= 52 mm
and D = fam 75 smler JfRan fhie cppor
bocend gre dation selecled Sfor [fRe Fopsipes
pre w’au{& (sheet 2). Jherefore , adjust fneer
boumd gradetion 7o smafler srees #A facil fafe
| /praa/ucf’/’o'n ¢y ,:row‘o/a':aj wider band of accgofalse
jrao’af/m.f.

2, MeThed in SRef. 7:
b€ appraximate fovtr bound eguetion o Fy. €.
(Using Jower found egualiva fends fo compensale for
smalley yelue of Kz vl for gradiend of 0.2,
relefive Fo defa for (= 04 given sa Jabge 2
and o Fig. 8)

K= o.2 (p,{)"'

0.25 eoppec = 0-2(05)" (Do £ 7
Cee 517, item Fy
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3. ffazwen's formruta
L= (B, ,,.m))”
025 cpfec = (‘D/o(om)z

@o)ﬂm - o5 rrn

f

D (D&;)Mw S previews pedding Aesgpn = E mim
lcee sheet |3). Ths siz€ /s a///b:(/r//u?é The _symatfess
Do sve€ Yo prevend wmigrafitn nfe pipraps Type A
(Pis e = £6 ontm) [/Wfﬁ Cale. No. fO $36-02-02, p. f2

\_ and _f/ecifc'ca//'ow J&Z?B, Ler, © , p g]

£ ANALY SIS SurMAR Y (NoT SELECTED DESEA)

S71TE FARTICLE S 12E (imm)
(€ Aver) AMAX I
Fo 4 0.5
izl Sz /-l
Pes N 8
P/oa ¥ -

* 3" max, 7 reduce Jejrgja/abvv (ef 2)

U JAe m/fd/fraafa»ﬂbw /oinﬁ ase p/oﬁéc/ oA ._r/ee/ A
% aid in assessing  mod Ficalions Fhat prazy be e,
% Sdefermine aksyh J/‘aclaf’c'm- @
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o DIScupsSron/

) Zngpeclion of fhe anafysis rescdts for smosimresm
ond  pjnimeem Jﬂw/«fw—n bounds (sheef 2A ) reveafs
o wide range of accepfable  gradefiows.

2. A wide remge of acc?a/’a-«hé jma/a,/’/bw: JS easser
7 _54,:‘/'sﬁ Jring /:roa/ucﬁbm Hhan a wnarrewlr rasge
(Uf o a fw'nf). err/ 7re ,pa/eox//‘/ /;-/ }ap—
jth:j”.( /‘nz/aa/f;nj fv:s/é/e jejrejaf:'cm o/wrmj //a,no///\h/v)
mncreases os fhe acceplable groclation range increases.

3. A narrawver range com ST/ be produced
econemmically by commen means, ond addlVveral
coenservetlism can be Faler aa/vwafa(./e of with
respect fo  bofh  meximurn poe velo cr1ies and
alral'naé,‘//(_’y .

4. Therefore , for Seszn, sefecl” oo perrowrer ravge
of acceplable Jmalafa'o'ns. Sfor e a!es7n gradatirm
defermme  spininteeam /?ermeaéfﬁﬁ and  Hayxsinum
fhard ye/sc:'é« rn Jhe pores. (‘jj same Formulas
used e sheels [/F-21)
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G, DLESIEN) BEDDING GEBADAT /0N = JOFSLOPES AND S(DESLOFES.
/ Desigm greddofion asswumes fraf, Sor Fhe same
gredation ,  pore velocites on _sideslpes w W be
criticad vellive o fopshpes For Fhie same mraxisyesn
oflewoble pore veledly.
2 The gredetion on sheel ZA Sfor Sespr coas
detormmed by Friad and error Ao reduce fe
PIRXLPILCrn /ao.ss/é/e pore VE/oc, § ard sncrease
minimum permneabilfy. _Increasing FRe miniaresn
permeability was comsidered SHghtly prore /’ofww
SFhan reo/u.cig PHEK 1 4PN /ermea’éa'//ﬁ , 7 pre viele
167 € jmmJ—WW profection,
Sreperties of Fhe bedoing jradaflb?: ar€ _scernmarieed
on sheelt 2 8.
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14 shouid De seted that this selution i seactly the mame a4 the eemputstion of
the nevmal depth given in Solution § of Example 6-2. Accordingly, the solutions by
trist and error snd by the graphival metbod described in Example 82 ¢xn afse be
epplied ta the prevent problem.

Simitarly, assume sther suiteble vatues of b xed s, snd compute the correrponding
doptha. ThHe finel ducinion en dimensions will dopend on praction] sonsiderations.
11 the valves of & and 2 ave decided st the heginning of the computation, the depth will
e computed only ence.

Buppese that b = 208, 5 = 8, snd g = 5.50 f are the fine] velues, Asvign & frees
Beend of 3 13; the teta) depth of the channel is, therefore, 5.38 1t and the top width of
the channel (not the width of the water surface) in 1.4 5. The wetor aron ja BB.8 115,
snd the velecity fs 4.46 fps, which lo grester than the minimum permiseible veleclty
for induciog silt, ¥ any. )

When the heet hysirantie soetion a roquired, substtete £ = /9t end R = 0.8y,
obigimed from Tuble 7-2, In ARN = 167.7 and simplify; the dopth iv feund te be
§ = 88N,  Adl 3 frochosrd; the total dopih in 8.8 fi.  The corvrapending bottom
widih in 7.6, the top width of the chenael ju 1.7 1, the water area ln 75.311%, and the
velo.ity in .33 fps.  Since the beat hydrautie trapssoidal seetion ia the half hexagoa,
the side slepes are § on +/3/3.

. R
9. ERODIELE CITANNELS WHICH SCOUR BUT PO NOT STLY

7-8. Metbeds of Appreach. The behavior of Row in an evodible chan-
pel is influenced by vo many physies! factora and by field conditions so
complex and uncertain that preciss design of such channels at the present
stage of knowlodge is heyond the ronlm of thenry.! The uniform-flow
furmuls, which is suitalie for the design of etable nonerodible channels,
provides an insufficient condition for the design of erodible channels.
This is because the siability of erodible channcls, which governs the
devign, Is dependent mainly on the properties of the material forming the
channel body, rather than only on the hydrautics of the flow in the chan-
nel.  Only after a stable section of the erodible channel is obtained can
the uniform-Now formula be used for computing the velocity of flow and
discharge.

‘Fwo methods of approach to the proper design of erodible channels
are described heve: the method of permirsible velocity and the method of
tractive forcs. ‘The muthud uf permimibie velocity hay boen usod oxten
wively for the devign of enrth cunuls in the United Btates to ensure froedom
from scour. The method of tractive furce has sonvctimos boen noed in
Eurape; it I pow under comprehensive investigation by the U.S. Burean

1 1t hoa been noticed that eertuin channels 200 ervdible whevens others very similer
in channel goometry, hydrautics, and soil physies! propertics sre pet. As » further
viep in invostigution, 1he chemical propertios of the misteriel forming the channel
body should be sxplored. 1t may be that on ien oxchange between watee and sofl or
hydration of the material it providing s binder in some places snd thus affectiog the
svevion, For a gencrnl discusion of the compleaity of this problem, see (8 sad 9}
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' of Reclamation and Is tentatively recommended for design af erodible

channels, It should be noted that either method at the present stage will

"{. ssrve only as a guide and will not supplant experionce and sound engi-

i neering judgment.

7. The Maximum Permissitie Velocity, The marimwm permissidle
velocity, ot tho nonerodidle selocity, in the greatest mean velocity that will
not cause erosion of the channel budy. This velocity is very uncertain

. and variable, and ean ba estimated only with experience and judgment.

In general, old and well-seasoned channets will stand much higher velooi-
Tama 7-3. Maxrwon Pesunersca Verooreres nmiv Fourrwn

ane Bcosny ane yws C sne Unre uce Vasume
Convenree pr vus US. B or Rece o
(For siraighi channcls of snsl stops, sfier sging)

Water trans-

Closs water | porting col-
Material » loidal silts
v, v, LY

fon | /0 | Ipa | th/e

1.50}0.077]2.50 | 0.078

1.75 | 0.037 ] 2.50 | 0.078
2.00|60.0i813.00]806,1])

2.00)0.0i8]3.850]0.15

2.00]007813.00]0.18

[P .8 2.6010.078]3.00]0.18

BUA clay, very eafloldsl. . ..... eoessnerisnss o.025]3.70 (0.2 (8.0 0.48
ABuvie) silte, eofloidel. ........... seeveseas 802 ]3.7810,2 [5.00]06.48
Bhales sad bardpene. .......... cesesreeen 6.0 (6001067 |8.00] 0667
Pmegravel............oc0iiveaen Cosenves o.no|2.60(80781 8.00|0.32
Greded loam te cobblon when floidel..|0. 10 [2.7510.38 [ s.m] 068
COreded sitte (o cobldes when eolloidsl. . . ... omolaonjoss |5.50]a60
Cusree gravel, nomcalloidal . .. ..... vevsnaee omslaon]edd |em)|eer
Coblilos snd shingles............ sravess:. ] 00351 5.001001 15.80)10.10

* The Fortior and Scobey values wors recommended for wee in 1926 by the Bpecial

Commitien on Irrigation Rescarch of the Amnmydmﬂbﬁm

ties than new ones, becauss the old channel bed s usually better stabi-
lited, perticularly with the depasition of colluidal matter, When other
conditions are the same, a deeper channe) will convey water at a higher

mean veloeity without erosion than a shallower one. This is proba

becsusa the seouring is osused primarily by the bottom velocities and, R‘
for the same mean veloeity, the bottom velocities are greater in the shal- oy

fower channel, ?
1= s ok

1)

) SOUNCE = e
PEF 5 T
A ':p S

(H ) IV AU

»g-;o.? V79 /L y?

il




168 UNTFORM FLOW .
Attemnpts! were made early to define a mean velocHy that would eauss

peither silting nor scouring. From the present-day viewpoint, how-
ever, it ia doubtful ‘whether such a veloeity actuslly exista. In 1015,

1l

Wy pi
L) ¥
o T  porticn size, mm | T

SESE . NEs

] | ugr.
4 M1
- -
|
-
1

11 81

i1 u
Clay e

2 %833

» wavnal

2.4 D:ri

- Logeads V.7, « eory fing; !;!I-. n--u-‘-.'c-m; L=lwes
Fra. 73, UA and USAR. data on pormiwible velvcition for nonsehesive selle.

Ftcheverry [26] published probably the first tabla of maximem mesn
velocitios that are safe againet ervsion. In 1925, Fortier and Scobey (27]
pubdivhed the well-known table of * Peemissible Canal Velocities” shown
in Table 7-3. ‘The valucs in this table are for well-vensoned channels of
amall slopes and for depths of flow lews than 3 8.  The table also shows

S Tha fired faroons fermmula for thia nonsilting and pesereding velocity for alft-laden
water was publivhed in 1893 by Kennedy [10]. From s study of the discharge sad
depth of 22 canals of the Upper Bari Dosb isvigation syviom in Pusjsh, India, the
Kennady lermuln wan daveloped g

Vo = Oy ' 0

where ¥y u the pensifting and nonereding nrean velueity In fpo; g In the depth of flow
I f8; C = 0.84, depeading primearily on the firmneen of the material forming the chan-
nel body; and g = 0.8, an exponent which veriea only stightly. Based on feter
studics by ether engineers, the values of C gemerally recommended ate 0.858 for
sxiremely fine poila such a8 thous found in Egypt; 0.8 for Bas Fight sand seils such
a8 thous found in the Punjsb, India; 0.92 for cosrse light sendy soils; 1.01 for ssady
loamy silte; and 1.09 for conrws silt or hard-woil debrie. For clesr water, & valve of
3 = 0.8 has bheen supgested.

Fur (he devign of canels earrying sodiment-laden waler, the Xeanedy formule o
wow practissily oleciete and is being repinoed by methods besed en Lacey's tegime
theory (11-16], Einstein’s bed-load fumction 17, end Maddack-Leopold's principle
of channel goometry [18]. There are volumineus writings on thesy sethods. Com~
probensive bibliographies san be fowad ia {19] te 28]

T

0.4 -

r-3
]
vy
jary comped, — Compest Porty compent | Loses
| of

Parsissitie velocities, e ve
Fre. 7-4. Curvea showing USA.R. data on permimible velotities for eohesive netie.
suitable n vatues for various materials and the converted values for the

corresponding permissilie tractive force, which
will b discussed later (Art. 7-13). In 1036, a
Russion megasing [28] published vatues of maxi-
mum permismille velncities (Fige. 7-3 and 74) .
above which scour would be produced in monevhe-
sive materinl of & wide rango of particle vizes and
various kinds of oohesive soll. It alvo gave the
variation of these velocitien with channel depth
(Fig. 7-8).

The maximum permissible velocities mentioned
sbove are with refervnce to straight channels.
For sinnots channcls, the velocitics showld be
lowered in order ta roduce scour, Percentages of
reduction suggested by Lane [29) are 8% for /
dightly sinvous eanaly, 13% for moderately
sinvovs ennals, and 229 for very sinvous eanals.
Thess percentage values, however, are very ap- N
pruximate, since no ncourste duts are available 080310114
ut the present time. : Corroxtion tecter

7-10. Method of Permizsible Vetocity. Using Fra. 7-8. Cutves """‘"7
the aximum permissible velocity as a criterion, m*""b;' .
the design procedurs for a channel section, a8«  depth lor both cohesive
simed to be trapewoidal, sonsists of the following mm to-
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Py

h O

Svercge depth
-
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Table 6.1a. Maximum Permlssible Velocities Tables
by Fortler and Scobey (1926).

Mean velocity of canals after 2aing (é823 ft)

Water
. transporting
Water noncolloidal
transporting silts, sands
Original Material Clear water,  colloidal gravels or
Excavated no detritus silt rock fracments
For Canals n " ft/sec m/sec ft/sec m/sec ft/sec m/sec
1. Fin§ sand
(colloidal) . 0.02 1.5 0.46 2.50 0.76 1.50 0.46
2. sandy loam ' ‘
(nencolloidal) - 6.02 1.45 0.53 2.50 0.76 2.00 0.61
3. 8ilt loam . .
(roncclloical) 0.02 2.00 0.61 3.00 0.91 2.00 0.61

4. Alluvial silt
when noncolloidal 0.02 2.00 0.61 3.50 1.07 2.00 0.61

5. ordinary firm loam ©0.02  2.50 0.76 3.50 1.07 2.25  -0.89
6. Volcanic ash 0.02 2.50 0.76  3.50 1.07 2.00 0.61
7. Fine gravel 0.02 2.50 0.76 5.00 '1.52 3.75 1.14

8. tiff clay (very
colloidal) ‘ 0.025 3.75 1.14 5.00 1.52 3.00 0.91

9. Graded, loaa to
cobbles, when
noncolloidal 0.03 3.75 1.14 5.00 1.52 S.00 1.52

1C. Alluvial siit
when colloidal 0.025 3.75 1.14 $.00 1.52 3.00 0.91

11. Graded, silt to
cobbles, when
collsoidal 0.03 4.00 .1.22 5.50 1.68 5.00 1.52

12. coarse gravel
(noncolloldal) 0.025 4.00 1.22 6.00 1.83 6.50 1.98

13. Cobbles and
shingles 0.035 €.00 1.52 5.50 1.68 6.50 1.98

4. shzles and
hard pans 0.025 6.00 1.83  6.00  1.83  5.00 1.52 @
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Table 6.1b. Maximum Permissible Velocities Tables
by Etcheverry (1916).

. Mean Velocity
Material (Eps) :

i
Very light pure sand of quicksand character 0.75- 1.00
Very light loose sand 1.00- 1.50
Coarse sand or light saady soil 1.50- 2.00
Avera;e sandy soil . 2.00- 2.50
Sandy loam : 2.50- 2.75 .
Average loam, alluvial soil, volcanic ash soil 2.75- 3.00
Firm loam, clay loam _ ' 3.00- 3.75
Stiff clay soil, ordinary gravel soil ' 4.00- 5.00
Coarse gravel, cobbles, shingles 5.00- 6.00

Conglomerates, cemented gravel, soft slate, tough hard-pan,

soft sedimentary rock ; 6.00- 8.00
Concrete : ) - : © 15.00-~20.00
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item Checked //7 A
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Table 6.1c. Maximum Parmissible Velocities Tables!
by U.S. Army Office (1970).

Mean Channel
Channel Material ) Velocity (£ps)

Tind sand 2.0
Coarse sand . ' 4.0
Fine gravel? 6.0
Earth
Sandy silt 2.0
Silt clay 3.5
Clay 6.0
Grass-lined eartnh (slopes < 5%)3

Bermuda grass - sandy silt 6.0

. - silt clay 8.0

Kentucky Blue Grass - sandy silt 5.0

. - silt clay 7.0

Poor rock (usually sedimentary) 10.0

Soft sandstone . 8.0

Soft shale . ) 3.5
Good rcck (usually igneous or hard

metamorphic)* 20.0

L

lgased on T 5-886-4 and CE Hydrauiic Design
Conferences of 1958-1960.

2ror particles less than fine gravel (about 20 mm
3/4 in.).

3Keep velocities less than 5.0 fps unless good
cover and p:oper malntenance can be obtained.

*May be used with judgment in durable bedrock.

SoTE: T#is faé/e 15 wsed rn US covps
LM— /10 -2-/69] .

c:’crlgagﬁﬂhC?E%ﬁf

®



@MQ‘RRJSON;KN"HDSEN ENGINEERS, INC. Sheet B - Yo
2572 WA o Contract No._ﬁﬂi FileNOw e
fEE  Date_£:2:28
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Feature _BELLING _ZKALA Tro) Designed
ltem . Checked //3’1‘ ¢ ___ Date_t-/3"FF
AT7AEHMENT B
| PURFOSE :

Estimafe joferss tod ﬂw ve/ac/& aS//\'j csu re/a/f/bn:él,b
and ﬁ/aew: eﬁawﬁbw; /(ﬂ’;&&f‘e with Fafa om shee? /4’_)

—— e S W-\
for fofs/o/e jma/afio—n ow‘/j See Fev. [ ;ér revised o/es‘/jr\> :
PV ! rpe 2788

2. [ROPOSED BELOING FROPERTIES (sheef 2)

Lso p Leo Lo e
) ) cmrm )
rn 0.26 (0.3) 8.t _r2F~__ /b
MAX 0.43 o.4 )= ><s2
Ave. 0.32% co38) /1 3¢ 3./

* gosumed (CSU datfa show He = 0.4 for Dso=/" (p-11))
W *"/ﬂl'o/ww? beTween Jma/a.ﬁb’n Lownds y, sheet 2,

G CSU_LELATIONS K1 (p 53 , NUREC AR~ YL5/ p: Mevember [/986)
- -0.0F o6 § \ ).06Y 0.5
V' /127[&; 50 ,)/; ) (j D!o)

HAREN S _EQUATION.  (lembe o (himan, /969, p 290)

4.

K= & D,: k= ""/ée", 8o = cm C, = 700 —/S0 For
joose  ¢ent Yorpnt Sandt
(Terreghs  feck, (%7 p50)

Feam Loembe o [Hifwan | Table /7.3 KBE  veries from

B A YO Sfor varse jmre/ (Do = O82 'mu)/ sar oy

dmve/ (Bos 0.2 mm) end Fne ‘jmve/ (Bo= O-2 mm).

\—/

for owur purpese , asswme C, ~ [I0

®



@M?.ﬁﬁ!ﬁ%ﬁﬁ“ﬂ.?sm ENGINEERS, INC. Sheet _B = %5
Project _mzmi»_éa ‘

Contract No._505 % FileNo.
Feature ZELDINGC G RADAT oA/ Designed £FEE  Date 5-2°E8
Item

Checked __fﬂé_ Date _(-73-&8
SuMMARY  ESTIMATED BERRNG PERYESE/LITY

I

Eauszion FERMEALILITY (emfbecc) | Zur> VELOCITY SMAGNITUDE
: k

Ve eon J"Z 5&0/95[’%\:)
YA rMAX | AVG.

MIN, MAX, 7Vé6,

.@
csu |/ &3 50 (nf) 23 (4.9)
HAZEN | 7.3

@@
0.0B@ 0.2?@ O./5

z£ /2 0.04%°| 0./9°| 0.08°

. Soe LPev. I for

N
\/,’ § . V{ = ___k___' 0'0; ’ \/-—2-' éa«;«a.ﬁm fw\em s‘/)é’Cf' /O)
n
AN
é\? V2 X7

where \'4 'S cd(u./a.fe’a/ as jﬂu'un‘ 1'4)
n Item 3, p. 8- YVe; 5= 0.05

shee
/

$ First vafue is cefewdaled as follows .

\E - \V4 - Y

3 k= X_ where V= n Vg (see @abmrQ)
\:;\%% 005 7/ T
%\%E This velue can be considered an "eguc'va//e;vf

*~2 N\ _
3‘%; permeability” that gives am inferstitied vefoeity on
\%i;:;\\ a S Jo Shpe Fhad /s jAe Same as obfain by g;;{/rb'?/.
Mg "
§209 Seconid velue spown in “( ) s calewloted with €sd

L/ - K relatisnship for V, with S< [0, 7he velce is shawn

= ‘,\é ﬁr m/t&rt}m aﬁ/j y, net 36577;/ Since CcsU e,;yg,-,’,ﬁgﬂfs

\yie/deJ dote for shpes pe Stegper fhan 20 [,
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4) Rovd Me Wolly = Roed Atlns of He U-S.

F) NOAA Techkmenl Report WS 33, Evetorsts Dlegtl S
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[« SUMMARY

This ealealatipn forms park of be Wastewator fandling Calewlobions for He
Gresrs Rivor Unanicume Mills Taidings ewedinl achion Sife y omd Speufiently
provides an eshmate of B aamefy voluwe infy He wastewaler rateekion
basine umder fovg-term oversge hydnakgic cordibims. The mwiss findirys
of Hete calcedalims o/ — '

(f) Tie avean ﬂuM(f Wastewaleor tnflav ity He retenbon bastn
Durges fumw 00 b5 0:92. AF duiis He minemaendh Lors)acchion
paoriod of Apail paw lecomber, ofir sublrnhiog off evefoarkir Josses

( i) If Hese inflow Voluanes ares odowed t5 accvmadlate | te maximim
accvmadnted Voluwe will be |°98 AF over He Same dpul Han [frusado.
Comstouchon period ;. ofter sublrachng off evafoarntion bosi,

(lii) 3¢ 410 reterkion basing i desiprad for anly ac Single = Skoam
event (Sud\ as e fo-yesr 24 -hkan Stoam withe m—o/mu:n'm
for Mo atans fm-omhtlf renoff s desobad [n (/‘} and (/'/'} atove,
tons He rundff Qccomalated in He Tebenbim basin would hnve 15 be
Withaun periodicadly G adintrin encigh Shasge Spuce, G prevest”
Spillover during oo fo-Yerr 2 I-hawn; Shoawm X o Shies ¢[k:m Asgnipels evem.
;@ﬁ:{mw[[ 1S nelessed (owfs matinsd cormegu off5iC, it mey
(W) 7r #e setentin basin is desigred b contoin both He accunlubed
means vepdtly Demeff end Wy [0=Yesr 2 4~hevr Sfoam Auwaff
e povodic withdaawods. o possible trartpmnt- witl be necnany donivs He
M.d,fm/wdvh, urdess of Gruriy Ore b AL Shreg greter
Haw Ko [0-Year 24- ko eVerd (he jlie . fowelor, ot He et
of He prafecs He subewtioe basim Wi cotaom ow aw ansge 1'9 AF of
wWaskwelow due b wesme maétly Hows alire, end hort/ shadd He p-yam
24- koo Shaw occan. This wabe will kove (G b6 witkerains ond
disdhorsed &5 off site drninsge befint R nefentiov basiw ean b
demelished. If He Guality of His weler does met mmech tHe &fflusnt-
limits estbiisied by o frofek NPDES Powdt, waskwai
Focotmmersd il o Neguwrzel A
The Spreadstat dok puratd o Sleek 6 provichs oddVioml Lals
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b procasd Wtk He st flast of wostieds badlig devizn .

2. PURPOSE AND ScoPE

Westenalns will be gemerstzd dusing te plimaed remedinl octim
‘ranlams oS il

at He Gorten fver. nys FHe . . A netenkine
basiw will be de;74¢/ & confriw ble/ wastewators lmdudcy Seclimarnts
duwring

He coniskanthinn /wod ﬁe/M ov e Waloo gualfy, b
sy by brsaded  and Wlwwmdw&

Tlese erdedatrimns aorr ford of He woaslnter hardling codenladions
s}eu'ﬁaua’v Jrovis ew esbimale of He overase rumsff cludivg }'MWH/(“

infs te >etention bosiv . WMM/[ ard Sedmend voluwes Mru/hnj ﬁdw
O aarg Infense [o-Yesn 24- ko SHaw Wa&uwe;hmkg(, m ov

Seferate colewdati ( ~f 9

3. PROCEDURE

Ty frocedeores ﬁ a s calcalaliyn consishs 74 Dalo Golleckrm, Avradycrs .
ﬁllowza’ ‘7 Lovelusims ard Fecommendatrms ; Hese one desovibed befow

Dets Collechm :

Tle hvg-team oaverose fuu/:/nhm ond temforrbiie dets based on He
135/~ 80 riords et Ko Goww Rive UT stebin arv ovol Nble

Climatdoorced )’U%'n\my ;Mfam( 17 IVOAA (Ref:€). A bwa-poge summary

x bhis Skbip is imeluded in A//Mx A. This symmary odso Imcludes ble
wtar mumder of dogs frechifebiee is greaden Haw Ol preke Al qf He <bove
dobn eat by manths. T healion of His Shhien is Lok : 39°c0'nN

2 W0° 10 W, El 4070 [, whih is cosidosd I b chee ernavphe K bHe
Gren PiVer Merediol ashipn site 5 be Ifestodive of ite Kydrologre

&

Cerclitren .

Mean, mardlly, Seasenel M owt. orviond /‘«. evafo artim deti ox evwilbl
[ur MoAA Tedd Refod # Mws 34(M J Mean, awrial od  seosonal

fre wolee Surface (FwS) eveforntion ddw e avaikdle frew NoAA
Tedk %J#MW53J(M‘U.A-WW0[MW/MM @
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Apperdix A .

Daki o dnmnegy cras, SCS cve nuwber, Iebentin berow Capeaty
and Swfe/ creas frv av 10-Yern 29—havn Storm ard e puotivirs-
deli ot/ obhrirad pun fof. | ard femmensid feleoe

Tobed drrirese aruns et fetebit busin = €4 Aeres

Retswbion Basing Grohy ;

Ruwoff = 362 AF
Sedimend = 094 AF
Totd = 460 AF

Averge Rebenkim Basive Sfose Area = ©.68 Acre
¢S5 Comte Wimdow fp Soil G Coglex Chy = 90

Constavctipn fordod = Mive ponths ( tuf: Lo Monceley g MuE = Prcss Conds

Begios : ppril 1988
Ed t Jec. 19¢8
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Anmalysis |

Tie amakysis bas I'ﬂ.//y consisls Of afﬁlyiy He /m‘g-}aw ovesse /,\w/&/‘/n./,‘m
£ He damirege omn, coleulobivg He Infillaskion hises dwd éte 2mff .
The aralysis /s conducted on oo mantidy basis, Tl nowsff goes snbs
te neterkiov basiv , o whick He evefonstim bss ard amy comstavchm
Wakts (if Construihimn Usese /5 /luuy L Subbisbesy Sublect & He
irdmiian of ( wete Mm‘[nl& tw He seitekn basin, poterdin] evafsrrtim Aig
A Constrnstin waber Wsege ). Snowmwell, daperdig o bR enddliy Areans
bermfordie , 15 Comsidered )
These caleatstims are coviniently daw o oo LOTUS [-2-3 sprasclshecs=,
He progum fo 6Kid. Kas bews dovelofed by Bwnds (4/0&2//1@:/ A
MKE . Ths S/Ufrlhfl&/‘ }?Juﬂtw! % a/a«b&w,&v b He M“W(‘#?’
destgn, ard He ”a(wnwz«bhy ”c&n';n .

4, RESULTS

The S/MN\’JI&'J’ Myyfr ﬁJL He rean M“‘ly nenstff ot He GCresns
River Sawtdnl echm te s /u:emfal en Shset~ €,

Tk ki e lines (nelude Ho hitte drsimege oren ond nelevtipn  bosin,
arca anel cofriiby.  Columms | Hon 7, 18,19 and 26 are basic
Inpsd dobil  Obhined in He memver disibed o be frepians "P/n.oue/uw
( Vot fo//ec/r'tﬂ)ureclrbv- | -~

The snsiping 16 Columws o2& Colewtatimns aimed ot obfaininy ble

Surplis Watdr( Col. 22) Undon " tan-occomulebing” desipn rd  Accumulohd
Wedv, Voluwe ( Col- Zt,j dor "ucu»mdw‘»y desin ! These colewlukios
cre explasved in Apjenstix B .

©
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PROJECT: uqm/m FEATURE: WASTEWATER

1960

TTHANDLNG T

TITLE: GREEN®RIVER SURFACE WATER BALANCE
IINPUTHL
RUNCFF AREA (RTRES)= o4
RETENTION BASIN CAPACITY(AC-FTI= 3.62
POND EVAP. ARER {ACRES)= (.48
AVE ANN. LAKE EVAFDRAT'N (IN.)= 40

LR LARARARARRRARRINPUTRLRLRSRITARLR
HONTH SDIL MEAN ND.  MEAN

58 DAYS  TEHP. PRECIP.SNDW FALL ATICN
NO. FRECIP.
0.1° (iK, [N, (IN.

{EACH} DEE, F WTR.) (IN.IHYR.Y ¥TR.} (2

N}

HEAN MEAN GSNOW RAIN- SUBLIN-

£PR 9 1 3.7 243 0 ¢ 0.4 0
nay k4 A 3 PR NS B 0 (.8l ¢
N 4] i 77 639 ¢ 0.3 0
i 30 i 780 038 ¢ 0 6.38 0
fiig 0 O R B O L B &0’ 0
SEP 9¢ 2 834 Gt 0 ¢ 0.6, 0
ocr 30 2 5% 0.78 0.1 0 .78 0
KOV F0 1 183 0.4 0.3 ¢ .48 0
jii2n 0 Pooo26.% 037 2.8 6,38 .04 0.5
JPR ] t G 0.00 0

ACCUN,
EROUPACK
{INCHES
GF ¥TR.)

O.PQG:

0.000
0.009
0.000
¢.008
0.000
0.900
0.200
4.350

0,000

o

SNDW-  TOTAL  KUMBER  WATER  °5°

MELT RAINFALL

{iN.
ETR.?

0,000
.00l
0,000
0.00¢
0.000
0.060
0,000
0.000
0.000
0.000

cms-DO @ ®OOQREAO ®@O ®

& SKWELY.

(1N,
HTR.)

Lo e T
Lo B B

!

1TEN:___VOLUME Caic. CDNT'R.ND.:';!50.§"2

i

:

|
|

_____ DESIENED: __ /A ___DATE:fec 04, CHECKED:. PV ioate: _f};[b;?_’i FILENO.:_______  SHEET: @
1987 ! '

i v
g X !
\ !
)4
{. DATE:  12/03/87
l‘ WATER BOLANCE )
(==~ KON~ ACCURULATING" =) {-——-"ALCURDLATING"--—-)

RUNDFF
YOLUNE

gr PER EVENT -BC5-
EVENTS
{IN.
¥TR.}  {INY (RL-FT)

0.78 1.1i1 0,994
0.45 111 G224
0.65 i G000
0.60 i 8.000

BINPUTE RINPUTE

TOTAL AGSUMED ASSUMED

| $INUTe
SST. ACTUAL SURPLUS  EST. ACTUAL ACCUR.  EVRP,

CONSTR. DE- EVABTH. CONSTR. WATER EVAPTN. [ONSTR.  W7R. DISTR.
RATER WATERING ! HATER WATER  VDLUME FIR.
RER'D  INFLDW ! USASE USABE

AC-FT)  (RS-FT) (ACHFT) (AC-FT) {AC-FTY {AC-FT) (AC-FT) (RE-FT)

}
0 0 0087 20000 019 QU178 00D 00832 G00TY
0 6 0.159  £.000 ST 0317 L0000 0.2500 0,388
b ¢ 6030 5.000 L2000 63100 0.000 .00 .50
¢ 0 0 5000 0.00D G108 QU000 0000 0.3%7
J 3 1% 64060 0.BAT G317 0000 £.707 0140
9 0 b1F 0 0090 0816 0.23B 0,000 1004 0108
0 ¢ .07k 0.000  0.91B 0,132 (.0O0 1.BE5 CL0ET
0 0 G043 0000 0,18 G.0B2 G000 1.9B¢  p.03R
0 ¢ KO0 8,000 GOCD 0,033 0,000 L9200 D.G2R
0 ¢ 00D 0000 0000 0037 L0000 LLBAD 0.02D

®
®
®
®

)

S

~

~ N

~
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5. CONCLUSIONS AND RECOMMENDATIONS

The mean avonthly inflow infs (e nekentitn basin narges firm 0.0 &

& ©:92 AF dunivg Ha mirt mendf. construchr peried, April — pecembar —
see Shrurdslect on Shask €. 1f 6is rmff is ollowed b5 eccumalals
e syimeem. oceumadated volume willbe 1198 AF over e same fariod.
These Wlumes ary obtaived offen Suktrsching off €70 evafonation bsses

el any comstruchmn walu Usose (H«/Iaﬂu = 0.0, in s w-e). These
yoluaes ore in oddition & amy oaff Wiwe duv 7 oo mare fnbense
Sk, for example, oo [0-Yyern 29~ ks SKwm .

Sdenld o retendion basin be desiored only G actomodate be Smefy
ond Sediment= resulbing foom o fo-Yeir 2 4= houn sfam,(w- ol A
mtam, aanily Nomsff) tem He 2unoff Slould. be selensed periodically & maimbrns
Cxvaugh shasgc Spac/ & frvend Spilfover . TS Acnoff release /~f Hes
rnadvpsd dasiorsse oy raguings Eresbamgnd

Jf He rchorbipn basin is desigrad b Conteine bot Ko . actumulated maon

Montldy semoff wd He fo-yean 24-hanr Storm rusoff ) Mo povicoc

fread et and rcleasc will ke mecessiny duning ke durstion of censtauc bipn,

w.ﬂf Cnit, e A Al Stnd Sreadan fans Ko Yfo~amr 2 -han everd fefen
The spreedshcet- on Skeet- € pressnssS sufficicat Infpreation (5 prowacd
Wi the ALxf phase G Weskewele LM—M? clesign o
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CLIMATOGRAPHY OF THE UNITED STATES M0. 20

GREEN RIVIR, UT

CLIMATOLOGICAL SUMMARY

(

PERIOD:  1951-
ELEVATION: 4070 FT

IEMPERATURE (F ) - . PLIAT IOIALS LINCHES)
MEANS EXTREMES MEAN MUAMBER DEGREE DAYS | » . SNOM MEA MBER
= - * M1 ® x 'g lg'
> - w " [ - - > |l
28 (52| 2|88|s|,|85(s;|22(28(23(03| 22| 28| 2| B2|s| ||| 2| 2Z|5| 5| 5|k
33 |3 | 5 |B3| ¥|5[83|%|5]a8|ak|nB|o8] 58 [ 88| ¥ 58(¥| 53|2|S| ¥ | 55| o g|-
x x £ |7 2 LA R Im | Oom &x & . £ - 3 8
an| 26.8] 9.3] 23.1] ea+] es|31]-25+79]30] o] 10| 31| 8] 1299 o| .a0| 1.67|78] .a9 a0 26.0079] 1| o o
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*FROM 1951-80 NORMALS

# ESTIMATED VALUE BASED ON
_DATA FROM SURROUNDING STATIONS

DEGREE DAYS TO SELECTED BASE TEMPERATURES (F)

BASE HEATING DEGREE DAYS

BELON | JAN FEB MAR APR HAY JUN JUL AUG SEP OCT NOV DEC ANN
65 [1299 907 710 399 142 17 O O 72 375 801 1181 5903
60 |1144 776 55 256 S8 0 O O 19 232 631 1026 4717
57 (1051 696 462 178 25 ©0 O 0 7 157 S61 933 4070
55 989 643 404 133 14 O O O O 116 501 871 387
50 847 517 262 53 O©0 O O O O 42 3IH 76 2795

BASE COOLING DEGREE DAYS

ABOVE | UAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC AMN
55 0 16 O 34 218 4771 713 626 316 51 O 0 2445
57 0 13 0 19 168 411 651 564 259 20 O 0 21S
60 0 9 O0 7 108 329 558 471 181 12 © O 1670
65 0 0 O © 3 188 403 36 64 O© O O 1027
70 0 0 ©0 O B8 9 248 174 24 0 O O 544

DERIVED FROM THE 1951-80 MONTHLY NORMALS

+ ALSO ON EARLIER DATES.

PROBABILITY THAT THE MONTHLY PRECIPITATION HILL BE
EQUAL TO OR LESS THAN THE INDICATED PRECIPITATION AMOUNT

MONTHLY PRECIPITATION (INCHES)

—)—JAN__FFA__MAR _APR__MAY MM __MA___AUG SFP OCT NOV _DFC
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n 10| .00
& 20| .04
w 30| .09
s> .40 .15
* .s50] .23
= .60] .34
Q 70| .47
D 80| .87
& 99| 1.02

951 1.3?7

THESE VALUES HERE DETERMINED FROM THE INCOMPLETE GAMMA DISTRIBUTIO
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423418 GREEN AIVER, UT LAT: 39 OON LONG: 110 10W PERIOD: 1951-80
FREEZE DATA GROMING DEGREE UNITS TO SELECTED BASE TEMPERATURES (F)
PROBARILITY OF LATER DATE IN SPRING (THRU JLY 311 THAN INDICATED(x)
an a0 70 - 40 20 20 10 BASE GROWING DEGREE UNITS
- SPRING FREEZE DATES (MO/DAY) JAN FEB MAR APR MAY JUN RN AUG SEP ocY NOV DEC ANN
3 38 e 30 3083 3030 3 Uy Ly s m| 2 20 130 %0 79 93 1187 1 4 “
o 3| fF BB LI MR I OUE OHA HE HE o0l o 5 im si2 nie 22 ome aeos s s e see
& 20 3793 3718 322 3726 3129 4/01  4/04 408 4/14 2 08 5176 5591 5656 3660
- 16 2124 3/09  3/08  3/12 /16 3720 324 3/29 4109 45" 1] 3 §3 223 %24 780 1032 945 618 270 19 1 4468
79 L
PRODABILITY OF EARLIER DATE IN FALL (BEGINNING AUG 1) THAN INDICATEDIS) S 0 3 s6 2 603 1563 2613 3560 4178 AM48 4467 w468
20 a0 &0 &0 70 aq 50" 4] 1] 15 114 373 620 677 790 489 148 3 0 319
—_—— 1020 —. 0
s o [+] 5 129 S02 1132 2009 2799 3268 3416 3419 23419
- FALL FREEZE DATES (MO/DAY) - M (1] [} 2 " 234 480 722 638 323 62 (4] 0 249
"
AT IR R 11 IR 12+ 11 (O 1 1 B 1 R S| ° 0 2 a3 am 7oy 2114 2497 207 2473 249
a 29 10/02 10/07 10710 10712 10716 10/19 10/22 10/26 10730 n 0 0 ] 8 116 332 667 450 189 15 o o 1707
Lao| 19723 1073¢ 10730 1103 13788 13787 1v/30 1irve 13193 sl o o o & 120 4as6 1023 1503 1692 1707 1707 1707
¥ ie 10729 11704 $1/08 19712 19718 11719 11722 11726 12/02
T PROBABICTTY-OF ‘LONOER- THAN- INDICATED FREEZE-FREE PERIOD (DAYSY_ . | _ M. = HONTHLY DATA _ S = SUM OF MONTMLY DATA
10 20 n 40 50 (X} 0. ®#O ‘.90 . - -
- FREEZE FREE PERIOD GRONING DEGREE UNITS FOR CORN
Sl oo oWl omomo
gt i i I oo oM 8o fnl & @ o om oo e em s o2 m e e
0 2 198 a 4
..,_,32 3;3 3:2 ;gz ggz ;32 g;g g;' ,g: 13 N S 6 S0 17 93 937 1508 2224 2902 3413 23755 3840 3856
T AT A » R, LATER
(2 IPROBABILITY OF OBSERVING A TEMPERATURE AS COLD, OR COLDER, LATE NOTE: FOR CORN THE BASE 1S 50, AND THE DEGREE UNITS ARE
IN THE SPRING OR EARLIER IN THE FALL THAN THE INDICAYED DATE. ADJUSTED FOR TEMPERATURES BELOM 50 AND AROVE 86
0700 INDICATES THAT THE PROBABILITY OF OCCURRENCE OF THRESHOLD
TEMPERATURE 1S LESS THAN INDICATED PRODADILITY.

OTHER CLIMATOLOGICAL DATA ARE AVAILABLE IN A VARIETY OF SUMMARIES AND FORMATS, SUCH AS THE
CLIMATOGRAPHY OF THE UNITED STATES: NO. 60 ~ CLIMATE OF STATES: NO, B1 -~ MONTHLY NORMALS
"(AND SUPPLEMENTS: ANNUAL DEGREE DAYS TO SELECTED BASES DERIVED FROM THE 1951-80 NORMALS:
AND MONTHLY PRECIPITATION PRODABILITVIES, SELECTED PROBABILITY LEVELS DERIVED FROM THE
19%51-00 NORMALS): NO. 84 - ODAILY NORMALS: NO. 85 — DIVISIONAL NORMALS. A VARIETY OF DATA

1S AVAILABLE EITHER ON MAGNETIC TAPE, MICROFICHE, OR PAPER COPY.
TO OBTAIN INFORMATION ABOUT CLIMATOLOGICAL DATA AND RELATED PUBLICATIONS,

contact:
DirEcTOR
MATIONAL CLIMATIC DATA CENTER
FEDERAL BUILDING
ASMEVILLE, MC  28801-2695
(OR TELEPWONE: 1704) 259-0682!
o DEPARTHENT OF COMMERCE
Sy, MATIOMAL OCEANIC AND ATMOSPHERIC ADHINISTRATION
H 2 NATIONAL ENVIROMMENTAL SATELLITE, DATA, AND INFORMATION SERVICE
i H MATIONAL CLIMATIC DATA CENTER
B ASMEVILLE, NC

k/:fl'mﬁﬁw

VICONN-NOAA-ASHEVILLE, NC T/B0/200
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APPENDIX B

RETENTION BASIN DESIGN

RATIONAL! APPROACH FOR ESTIMATLING RETENTION BASIN
WATER YOLUME USING MEAN CLIMATIC DATA




SHEET B-1
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RETENTION BASIN DESIGN

Retention basins collect cortaminated surface water which may be either,
accumulated to avoid offsife discharge or, treated and discharged to
offsite on a regular basis| in an effort to keep the basin relatively
empty.

The minimum design volume of a retention basin is that due to a 10-year
24-hour storm.

A separate rational analysif of the retention basin water volumes should
be made to evaluate surface water runoff during the life of the project
using mean monthly climatic| data with adjustments for basin evaporation,
snowmelt, infiltration, water used for construction, and inflow due to
possible dewatering. The | same basic dinformation 1s utilized to 1)
estimate the volume of wat]: that might accumulate over the life of the

project when no offsite difcharge is desired, and/or 2) to substantiate
Ps. - A microcomputer modeling program {s
h a rational analysis.

data for discharge perm
available for performing su¢

The ten year 24-hour storm|volume will usually exceed the monthly runoff
calculated by a rational arjalysis using mean climatic data. However, the
monthly runoff volume by rdtional analysis may exceed the 10-year 24-hour
storm at those sites wherj snow accumulation from month-to-month occurs
and eventually melts.

The design volume for the rjetention basin shall be:

Accumulating Design

If the contaminated Jater fs to be accumulated over the life
of the project to avdid/minimize offsite discharge and water
treatment, the design water volume is the sum of a 10-year
24-hour storm volume plus that maximum volume attributable to

«1- 4005-GEN-R~01-DRAFT-00
4147u/0118U




‘normal’ water accumu]ﬁtion based on & ratfonal analysis of

water usage with consi

deration for evaporation, construction

water, dewatering, snowmelt and infiltration.

Non-Accumulating Design

Case I

If the maximum month

analysis occurs durir

design water volume ¢
10-year 24-hour storm |
if water 1n9Tu11 basi
ten days. If not, the
of &2 10-year storm p

ly net {inflow volume by a rational
g & normal construction month, the
hall be the larger volume due to a
br as determined by & rational analysis
h can be treated and discharged within
f basin should be designed for the sum
us the maximum monthly volume from a

SHEFT B-2
, By Dut 1ofHY),

" CHEKD BY . HM Db 08, F

rational analysis.

Case 11

If the maximum montﬁly net 1inflow volume by a rational
2nalysis occurs durinL 2 non-construction month, the design
volume shall be the sym of a 10-year 24-hour storm plus that
maximum volume by a rational analysis, unless adequate water
treating capacity is J:de available during that month.

Where high groundwater levL]s and/or space limitations restrict adherence
to the above, additional wiater treating capacity may be substituted.

ht and the water treatment plant size should be
management because of high water treatment
avaflability problems.

The need for water treatme
coordinated with project
capital costs and possible

ther or not treating of water will actually be
he degree of contamination in runoff water. The
11 likely vary with time of year (less with high
xtent of disturbed soil due to construction.

Final determination of whé
required is dependent on t
degree of contamination wi
volumes of snowmelt) and e

4005-GEN-R-01-DRAFT-00
41470701180

-2




THIS PROCEDURE PROVIDES THE DETAILS PRIMARILY FOR DETERMINING THE
AVERAGE TOTAL MONTHLY RUNOFF VOLUME THAT SHOULD BE EXPECTED IN
RETENTION BASIN(S) USING LONG TERM AVERAGE CLIMATIC DATA WITH

CONSIDERATION FOR SNO
1-2=-3 SOFTWARE TO COM
THE AMOUNT OF RUNOF

SERVICE METHOD.

ENO

THE MONTHLY TOTAL RUNO

THE SPREADSHEET ALSO
ALLOWANCE FOR EVAPORA
THE TOTAL ANTICIPATED
WATER IS NOT DISPOSED

THE SPREADSHEET MUST
TION SCHEDULE DURING
THE THIS PRIMARILY A
AND THE ANTICIPATED AC

B._INPUT DATA
THE REQUIRED DATA INPUT TO THE SPREADSHEET INCLUDES:

1.
2.

3.
4.

11.

RUNOFF DRAINAGE AREA (ACRES):

LT CARRY~OVER. A SPREADSHEET USING LOTUS

E THE TOTAL RUNOFF VOLUME

IS AVAILABLE.

IS CALCULATED USING THE SOIL CONSERVATION
LT IS COMBINED WITH RAINFALL TO ESTIMATE

Fe.

F MONTHLY.
BE MODIFIED TO

LCULATES THE MONTHLY NET WATER BALANCE WITH
ION AND CONSTRUCTION WATER USE,
ATER ACCUMULATION WHICH COULD OCCUR 1IF

ALONG WITH

REFLECT THE LATEST CONSTRUC-

ICH THE RETENTION BASIN WILL BE OPERATING.
FECTS THE CALCULATED AMOUNTS OF EVAPORATION
LATED WATER VOLUMES.

USED TO COMPUTE RUNOFF

RETENTION BASIN(S) CAPACITY (AC-FT): USED FOR COMPARISON

PURPOSES O
POND EVAPORAT]
AVERAGE ANNUA]

MINE EVAPO

SO0IL SCS CURV]
IS BELOW q
MEAN NUMBER O

LY.

fON AREA (ACRES):
}, LAKE EVAPORATION (INCHES) :

RATION.
E NUMBER (CN):

INCHES WATER.

MEAN TEMPERAT
MEAN PRECIPIT

TION, INCHES

MEAN SNOW DEPTH, INCHES

CONSTRUCTION

WATER DEMAND-

FOR COMPUTING EVAPORATION
USED TO DETER-

WHEN MONTHLY MEAN TEMPERATURE

REEZING, A MINIMUM CN=85 IS RECOMMENDED.
FF DAYS PRECIPITATION IS GREATER THAN 0.1

URE, DEGREES FAHRENHEIT

MONTHLY AVERAGE (AC-FT).

THOSE MONTHS OF NO~CONSTRUCTION MUST SHOW ‘ZERO',

USUALLY,

CEMBER, JANUARY, AND FEBRUARY.

EVAPORATION DISTRIBUTION FACTORS (DECIMALS) FOR EACH

MONTH OF

THE FOLLOWING INFO

AND THE MEAN NUMBER OF
INCHES ARE AVAILAB

STATES NO.

20,

THE SITE(S).

E YEAR.

TION IS USED TO COMPUTE THE TOTAL RUNOFF
VOLUME: THE MEAN TEMEERATURE, MEAN SNOW DEPTH, MEAN PRECIPITATION
DAYS PRECIPITATION IS GREATER THAN 0.1
FROM THE NOAA CLIMATOGRAPHY OF THE UNITED

1951-1980 USING THE CLOSEST RECORDING STATION TO
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FEATURE, - DESIGNED_ DAL ol
GECKED /4 DATE_22( 0 2, /917

USED IN PLACING
APPLIES ONLY TO DISPOSAL

EMBANKMENT MATERIAL.
SITE WHICH IS BEING EVALUATED, OR WHEN PROCESS SITE WATER CAN

CONTAMINATED

TO DISPOSAL SITE. TRANSPORTING OF
CONTAMINATED WATER OVER PUBLIC ROADS IS NOT CONSIDERED
PRACTICAL BECAUSE ADDITIONAL PERMITS MAY BE REQUIRED. DURING
MONTHS OF NO CONSTRUCTION THIS EQUALS ZERO.

PORATION DISTR ON RS: USED TO DISTRIBUTE

BE  TRANSPORTED

AVAILAELE FROM THE NOAA
AVERAGE MONTHLY EVAPORATION

THE TOTAL ANNUAL EVAPORATION.
TECHNICAL PORT {NWS 33 OR
DATA FROM OTHER SOURCE LOCALS WHICH CAN BE ASSUMED TO BE

REPRESENTATIVE OF

HE PRESENT SITE.
AVAILABLE FROM CLIMATIC

TLAS OF THE UNITED STATES.

A
(o) APORATION E

BOTTOM AREA.

WHE
MAY BE EXPRESSED A

VOLUME(SEE ATTACH
MODELED AS CONICAL

¢ FOR RECTANGULAR PONDS,
DIKED RETENTION AREAS ARE USED, THE AREA
A VARIABLE FUNCTION DEPENDENT ON POND
cD  EXAMPLE). DIKED RETENTION AREAS MAY BE
VOLUMES. THE AVERAGE SURFACE AREA WHEN THE

USE THE ©POND

POND IS LESS THAN FULL IS APPROXIMATED BY:

WHERE

. BUMBER DAYS RAIN P
PRECIPITATION RECO

THE ‘NORMAL' NUMBE
WHEN DAILY PRECI
MINIMUM IS TWO. T
24-HOUR STORMS.

A 2/3

ave—Fep (Vp/Vg)

A SMAXIMM VATER SURFACE AREA
ASSOCTATED WITH V.=VOLIME OF
WATER WHEN FULL(EXCLUDING
SEDIMENT)

V=TOTAL RUNOEF VOLIME FOR THAT
MONTH

K=0.5 CONVERTS THE AREA O
AVERAGE END AREA AS THE
EVAFORATION AREA GOES FROM A2
TO ZEFO.

ER_STORM: AN EVALUATION OF HISTORICAL DAILY
RDS OF THE SITE SHOULD BE MADE TO DETERMINE
R OF DAYS ASSOCIATED WITH RAINFALL EVENTS
PITATION IS GREATER THAN 0.1 INCHES. THE
HIS DATA IS USED TO SIMULATE BACK-TO-BACK
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FEATURE DEST

ITEM

C. LCULATIONS

. o2 FIIE NO.
7. DATE

ot b T

CALCULATION OF TERMS ARE AS FOLLOWS:

DESIGN SENROW: IF|AVERAGE TEMPERATURE IS LESS THAN 33 DEGREE
F, SEROW IN INCHES WATER IS THE LESSER OF MEAN SNOW (INCHES
OF WATER) OR MEAN PRECIPITATION. CONVERSION OF INCHES OF
ENOW TO INCHES OF WATER IS BASED ON 8 INCHES SENOW EQUAL
ONE INCH WATER. ' )

RAINFALL: MEAN PRECIPITATION MINUS DESIGN SNOW (INCHES OF
WATER) .

ACCUMULATED SNOWPACK: IF AVERAGE TEMPERATURE IS LESS THAN 33
DEGREES F., THE SUM OF PREVIOUS MONTH SNOW PLUS NEW SNOW.

SENOWMELT: 1IF DAILY TEMPERATURE IS GREATER THAN 32
DEGREES F., ALL THE ACCUMULATED SNOWPACK BECOMES SNOWMELT.

TOTAL RAINFALL D SNOWMELT: RAINFALL AND SNOWMELT ARE
“COMBINED TO CONSERVATIVELY SIMULATE POSSIBLE RUNOFF DURING
SNOWMELT CONDITIONS. S

NUMBER OF EVENTSY AVERAGE NUMBER OF BACK~TO-BACK STORMS PER
MONTH DETERMINED BY DIVIDING THE TOTAL NUMBER OF DAYS
PRECIPITION GREATER THAN 0.1 INCHES BY TWO DAYS RAIN PER
EVENT AND ROUNDING TO THE NEAREST WHOLE NUMBER WITH A
MINIMUM OF ONE/

WATER PER EVENT: |TOTAL RAINFALL PLUS SNOWMELT DIVIDED BY THE
NUMBER OF EVENTS.

'S': CALCULATED|FROM SCS EQUATION WHERE §=(1000/CN)~-10

TOTAL RUNOFF VOLUME: CALCULATED FROM SCS EQUATION
I(E)=(P-.25)“/(P+.8S) :

WHERE P EQUALS|THE WATER PER EVENT WHEN (P-.2S) IS GREATER

THAN OR EQUAL TO ZERO, OTHERWISE EQUALS ZERO.
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EVAPORATION:
kkkhkkkhk k4t WITH WATER TREATMENTkkkkkkkkkkk

THE LESSER VA

MONTH DIVIDED BY A FACTOR OF SAFETY OF 2.0,

WATER PER EVENT

khkkkhkkkk

THE LESSER VA
(2) THE SUM OF
EVAPORATION AND

NOTE: THE MAXI]
AREA TIMES

THE MONTHLY|
RUNOFF EXCESS: T

NET WATER BALANC
TION.

E

OF (1) MAXIMUM POSSIBLE EVAPORATION PER
OR (2) THE

NO WATER TREATMENT*®kk&kkkkkhkkkk

OF (1) MAXIMUM POSSIBLE EVAPORATION OR
TOTAL RUNOFF PLUS TOTAL RUNOFF MINUS
CONSTRUCTION WATER.

MUM POSSIBLE EVAPORATION IS THE EVAPORATION

THE AVERAGE ANNUAL LAKE EVAPORATION TIMES
EVAPORATION DISTRIBUTION FACTOR.

OTAL RUNOFF MINUS EVAPORATION.

RUNOFF EXCESS MINUS WATER FOR CONSTRUC-

- ACCUMULATED WATER: THE PREVIOUS MONTHS ACCUMULATED WATER

VOLUME PLUS NEW
WATER. EVAPORA

RUNOFF MINUS EVAPORATION AND CONSTRUCTION

TION IS DEDUCTED BEFORE CONSTRUCTION WATER.
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N
PARPOSE
pefermine HMe /nge bj weo;th of proferied /n eacd of rhe Fhree
roct f/v/:e Cafgan'&f used For scoring rock 7%/"{7 for a sample
of bedd ing maferied ( edo/",zg maferiof sample Was /vrodu ced
From Fhe Hastings Roald sand and Jr-ave/ Sowrce),
LEFERENVCE
Westeryt ﬂ'@l'ﬂee"’, Ina-/ A’t—gj“‘f 23, /757/ " .)’umma/r] of Methods and
/’fnd/}_')j_g ) /’eﬂnqyraph/'c /404{7}/3 - Ja,mlo/r‘ o, SE-DuR-o0! ”/
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Lock TYPE FERCENIANE LY WE/CH] fok SITE LALGE ArekiGE
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SANDS FeNE. 2/ 20 2.8 2y Ré
LIMESTONE 34 25 39 q/ 37
JONEIULS 35 &5 232 X ST

O 7asle A, Specficalion Secfiom 02278, fet. 2

& use averages shewrn fct-r e/ l)/m prect f""/ Scores 7o
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SUMMARY |OF METHODS AND FINDINGS
PETROGRAPHIC ANALYSIS ~ SAMPLE NUMBER SB-DUR~001
MK-FERGJSON GREEN RIVER PROJECT

AUGUST 23, 1989

S ZoPY oF PEFEPENGE. , p. Yo 6 82887
Aur 8-28-89

A sand and gravel sample [of proposed riprap bedding wae delivered to
Vegtern Engineers, Inc, In Grand Junction, Colorado, by MK~-Ferguson for
laboratory testing. Following laboratory testing (specific gravity, abeorption,
svundness, abrasion, and ASTM C-142), 2 request was made for identification of
rock types comprising the perticles of sand and gravel and also the percentages
present in each size ranmge (1 1f2 - 3/4, 3/4 - 3/8, 3/8 -~ No. &, and No. & to
No. 10) both by particle count| and weight. As directed, 150 particles were
{dentified for each size range (only 105 particles were available in the 1 1/2
to 3/4 inch sizes). The purpose of this report is o pregent the resules of
this petrographic analysis.

The sand and gravel sample was screened to obtein sufficient amounts of
cech of the four size ranges, 8§nd 150 perticles of each size counted (except
only 105 particles of 1 1/2 -~ B/4 inch sizes were present). The gravel size
purticles (1 1/2 = No. &) were esch brokern with & hammer and the rock type
determined by observing hardness) texture, color, luster, cleavage, and reaction
to dilute hydrochloric actd. Eeph rock type was separated into groups for each
si1ze range and the particles counted eand weighed.

The send sizes (No. & <] No. 10) were d4dentified using & binoculer
microscope (30 X) and essentially the same identification techniques, although
breaking of each particle was nop practical. ‘

A table 1s attached to this report which summarizes the results of the
petrographic wunulysls. The phetleles were wostly limestone, fine-grained
feandstone, and quartzite with lepser amounts of siltstone, calcareous siltstone,
chert, quartz, and granitiec rock}

The majority of the particles examined were unweathered, hard, and dense.
The gsofter particles were mostly composed of siltstone, calcareous &iltstone, &
few of sandstone, &nd a few of limestone. However, even much of the siltstone
and calcarecue siltstonc wap ¢f good qualicy. fome of the asandctone and

siltscone wae fairly porous.

Prepared by: 0IST. ACT [INFO!
J. SINGLETON | (-
WESTERN ENGINEERS, INC. . .| L 6IGLEY
f;ltwék 74 / o 0. Lewis '
O. T
Joe G. Barnes = S:OOMPsou )
Consulting Geologist Adl !
IND. HYGIENE —
[w.0.8 2203) :_s.mmu V4
i

FILE,

. o ———




C

GENERAL PETROGRAPHIC ANALYSIS OF SAND AND GRAVEL
BEDDING MATERIAL - SAMPLE NO. SB=-DUR-00]

MK-FERGUSON GREEN RIVER PROJECT

LS = Limesione

*K 55 -".SMJs/a”ef
Z&  Fgreous

.5'/64‘ v

rcolion Seclron 02&78/ A’er.z.

AUGUST 1989
&3 *( PERCENTAGE BY PARTICLE COUNT PERCENTACE BY WEIGHT N § NN
. §§* 1 1/2- 34~ 3/8- No.4- 11/2- 3/4- 38~ | Wo.4- § S
ROCK TYPES 3 /] ¥ 3/8 No.4 No.10 3/4 3/8 No.4 No.20 |IO N \'A
—SiTtstone f—=s 3 . 5 2 3 - 2’ 5 - 2 W § Q
Calcareous Siltstone) <5 7 1 8 3 5 . 2 6 - 2 '%\ N
Limestone L5 (| 42 52 | 38 3% - 35 - 39. 4. g ‘Q
Fine-Grained Sandstone) $'S ( 25 14 16 22 23 16 - 17 20 \ & :\4
Chert Z6G 3 8 11 7 2 8 14 7 N ‘
]
Quartzite z6 | 25 27 1 17 28 10 1 T3
“
Quartz e 3 5 3 10 3 4 3 9 N
Granitic Rock I6 2 2 4 1 2 3 5 1 @
Nunmber of Particles \/‘/
1dentified 105 150 150 150 108+ 150 150 150
% Only 105 particles present in sample of 1 1/2 - 3/4 inch aizes. Z O
o
Rock type of each particle determined by visual methods. ' 2
(S U
Loct ?pc C‘a/ejag’) from Jable A, 43&’
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i gere 1/36
PROGRAM: BETC.F77 g 7
PYL =[refeq

PURPOSE: To analyze observedA+e£1 vater retestion and hydraulic conductivity
datao N

DESCRi?tION: " This btoéram can|be used to fit several acalytical functicas to

observed retention and unsaturfited hydraulic conductivity or diffusivity

data. The soil water retentich curve can be described with equatiocus proposed
by Brooks amd Corey (1964) or tfn Genuchten (1980). Analytical funétions for
the unsaturated Sydtaulic'gond ctivity (K) or diffusivity (D) were cbtaimed by
using the retention functions it conjunction vith the predictive hydraulic
models of Burdinme (1953) and Mualem (1976). As in an earlier version of this
progra= (van Genuchtez, 1978),! the computer code can be used to predict the
unsaturated hydraulic conductivity from observed soil water retencion data,
assuning the conductivity at saturation (KB) to be known. In additicn, the
prograz allows ‘the analytical |[functions to be fitted gimultamecusly to
observed reteatilon aznd conduciivity data. As before, the lesst-squares

optimization process is based [on Marquardt's maximum peighborhood methed

{Marquarde, 1963).

The soil water retention |curves are given by
6ot 48 T Uz :

v ® S = Co é&ﬁucéﬁod (1]

1+ (eh)?) :

€ -t +°°'“"3 Ll (2]
FT O any® o -'eru,a,- . _ _

vhere € is the volucetric soi}l vater content, 6: 15 the residual vater

coatexnt, es 18 the saturated Water coatent, b 18 the pressure head (for
notationzl convenience taken positive for unsaturated soils), and vherea, n

and m are empirical coastants. The inverse of @ in Eq. [2] {s frequently

‘referred to as the air entry Walue or bubbling pressure. For a detaled

discussion of Eqs. (1] and [ﬁ], see van Genuchten and Nielsen (1985).
Hualen's predictive conductivity model is given by

K-k, sk (e, e’ | (31




2

Sué \

Urtraa~Gaw

RETC 2/36
wvhere

. :
£s = | e iz%—:;dﬁ; (4]

and S, 1s a reduced water contegt: §, = (68 :)/(es-a t” Burdipe's model can
be expressed in & similar form %s folows

| 4
K=K S, 8(5.)/8(1) _ (51
vhere
se 1 . )
8(S) = J — 5] _ (6]
0 bo(Ss!)
- e
Note that both models contain unknown coefficientg: the saturated
hydraclic conductivity, K., and| an ucknown parameter L. Hualem (1976)

concluded fron'an analysis of & veral scils that £ in his model should be
about 0.5. We will keep £ as & potentially unknown coefficient in the
progran, thus adding'nore flexébility for firting different types of data
sets. The same ig also done for Burdine's model; the parameter £ in that
model vas originally fixed at 2 (Burdine, 1953; Brooks and Corey, 1964).
Choice of a particular regention end conductivity or diffusivity funciion
in the program i{s goversed by the input parameter MIYPE. This parameter
deterrines the type of retentigo model (e.g.,”Eq. {1] or [ZI)Iand the type of
model used for calculating the |hydraulic conductivity (Muszlez or Burdinme) as
follows

MTYPE Type of Retention model - K ':ls predicted with .

-1 Eq. [1) with variable © and . Mualenm's model .(Egs. [3; and [4))
2 Eq. {1] vith variable g and n Burdise's model (Eqs. [5] azd [6])
*3Y} Eq. [1] withz = 1-1/n Mualex's model
7§ Eqe (1] with @ = 1-2/n Burdine's model
-5 Eq. [2]) Mualen's model
6 Bg. [2) . Burdine's model

IACILFRAT: 04 - I -
B iw ‘ LY

A TEe
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essscassss seevwsvesccsssssnvnona

HON-LINEAR LEAST SQUARE ARALYSIS

LTS FOR RN # 2

<<< UMTRA -- GREEN RIVER -- TAILINGS <BROOKS & COREY>7/25/89 >>>

INPUT PARANETERS

HODEL KUMBER.cccesssssceccacrscasccsscoce
HUMBER OF OBSERVATIONS.ccccesvcsscecccces
mER OF “FFIC'E“"..'....II..Il......
RESIDUAL MATER CONTENT.cccvssvsccccrecs
SATURATED WATER CONTENT.cceccncccsnccee
SATURATED NYDRAULIC CONDUCTIVITY.......

OBSERVED DATA

ESSZEEEXTELTX

1 {44

1 15150.0000
2 10100.0000
3 7070.0000
4  4040.0000
5  2020.0000
6  1010.0000
7 707.0000
» $05.0000

. 303.0000
M\’ 101.0000

ITERATION NO WCR

0.0420
0.0420
0.0420
0.0420
0.0420
0.0420
0.0420
0.0420
0.0420
0.0420

VOOV, UVNLO

g

Y1)

0.0420
0.0450
0.0460
0.0480
0.0560
0.0660
0.0780
0.0910
0.1240
0.4000

ALPHA

1033.041000
4856.313600
215.711900

68.120120
104.719800

98.423460
100.921300
100.766700
100.776100
100.776100

CPUA =Gy Ampidaai o PTC

sosp-o s~ /)m !P

SoiL' OuTPUT — TAILIMGS

ar——

é

10

e
0.0420
0.4000

=N

2.0880 w/;w-a s&xwtenfs

0.3148
0.3244
0.3623
0.4668
0.8326
1.0995
1.2328
1.2526
1.2539
1.2539

$sQ

0.972248
0.535129
0.262669
0.043375
0.009498
0.000732
0.000167
0.000156
0.000156
0.000156

il

7 -§9

2.0



Undra-dorn - bfLnliv, 21

PYL
adiedd MY 21449

"CORRELATION MATRIX

N2 2
' 1.0000 - -
2 0.2856 1.0000

NON-LINEAR LEAST-SQUARE ANALYSIS: FINAL RESULTS

95X CONFIDEXCE LIMITS
‘VARIABLE VALUE §.E. COEFT. T-VALLE LOWER UPPER

ALPHA 100.7761 " 0.9913 101.6623 98.4903 103.0620
| 1.2539 (N 0.0314 40,2644 1.1821 1.3%57

=eeeee=-ORDERED 8Y COMPUTER INPUT-----oc-

MOISTURE CONTENT:

‘NO. PRESSURE OBSERVED  FITTED RESTDUAL

1 15150.0000 0.0420 0.0427 -0.0007

2 10100.0000 0.0450 0.0431 0.0019

3  7070.0000 0.0460 0.0437 0.0023

&  4040.0000 0.0480 0.0455 0.0025

5  2020.0000 0.0560 0.0503 0.0057

6  1010.0000 0.0680 0.0519 0.0041

. 707.0000 0.0780 0.0731 0.0049
\./ 505.0000 0.0910 0.0895 0.0015
303.0000 0.1240 0.1320 <0.0080

10 101.0000 0.4000 0.3950 0.0010
----- «=~ORDERED BY RESIDUALS--~=ccoccssoee

MOISTURE CONTENT:

§o. PRESSURE OBSERVED  FITTED RESIDUAL
$  2020.0000 0.0560 0.0503 0.0057
7 707.0000 0.0780 0.0731 0.0049
6  1010.0000 0.0660 0.0619 0.0041
4  4040.0000 0.0480 0.0455 0.0025
3 7070.0000 0.0460 0.0437 0.0023
2 10100.0000 0.0450 0.0431 0.0019
8 505.0000 0.0910 0.0895 0.0015

10 101.0000 0.4000 0.3990 0.0010
1 15150.0000 0.0420 0.0427 =0.0007
4 303.0000 0.1240 0.1320 =0.0080



SOIL HYDRAIRIC PROPERTIES

‘ b o
\_/PRESSIRE w K RELATIVE K

- (em) C(ca/hr)

100.7761 3,31 0.4000 2.08%0 1.0000
104.9848 2,44 0.3821 1.7556 0.8408
109.6100 3, & 0.362 1.4632 0.7008
187222 35 0.3463 1.2076 0.578
120.4052 394 0.3284 0.9859 0.4722
126.7648 & 14 0.3105 0.7952 0.3808
133.9353 4. 3] 0.2926 0.6325 0.3029
142.0898 U6 L 0.2747 0.4954 0.2372
151.4560 &.97-0.2568 0.3310 0.1825
162.3393 &.330.2389 0.2870 0.1375
175.160% 3.5 0.2210 0.2110 0.10%0
190.5143 6.2.5 0.2031 0.1506 0.0721
209.2776 () } 0.1852 0.1038 0.0457
22,7944 7.L¥ 0.1673 0.0634 0.0328
263.2473 £.{} 0.%4%% 0.0427 0.0204
304.4476 549 0.1315 0.0247 0.0118
363.7476 /1.93 0.1136 0.0129 0.0062

PARAMETERS OF THE K-FUNCTION

ASSUMING THE RELATIONSHIP OF THE RELATIVE HYDRAULIC
COMDUCTIVITY AND THE EFFECTIVE SATURATION TO BE A
GHT LINE ON A LOG-LOG PAPER, THE AVERAGE SLOPE 1S:

SATK= 2,088 , cm/hr N= 3.1981%41  °

. ! ‘n' 0,0 000 Dl 6
gza'g 4‘5"4 °“; o.vaot!“z
o805 485 °-F £.3x107¢
- L 2 i »

Wa'é{m .WZI Zem, 27
5085 10X Pre . 8‘7
e i
0 =S - €6
W -By
1.0000
0.9500
0.9000
0.8500
0.8000
0.7500
0.7000
0.6500
0.5000
0.5500
0.5000
0.4500
0.4000
0.3500
0.3000
0.2500
0.2000
o3yof
0.0782
0101135
Ao A G'hrdal'\x vy M‘aﬁw:k,;f a—f ik and S(
ow a lo~leg Papen
K =,'j-'{(l°zfc)-H} )
. whaue fJ= 3. A& 14y
Rravke | Cvey ’ f ction
Mesctwa h = L‘E
(¢e)5
e LF = 100,776 | (sex previna
A= L2139 Shoer
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NON-LIKEAR LEAST SQUARE ANALYSIS

JI'.TSFWRI.N' ]

<<< LUMTRA -- GREEN RIVER --

INPUT

PARAMETERS

ESZCRERERERRERERE

mEL m'....l.l.'..'..‘..‘.Q-Ill..l.
NUMBER OF OBSERVATIONS.ccoccccscacccccase
"NUMBER OF COEFFICIENTSccccuscnsccccscscas

[liad2d

“slm mTER mn......'.l‘...l...
umm mTER m.--.......-'.l'.
SATURATED ¥YDRAULIC CONDUCTIVITY.......

OBSERVED DATA

EESEEESEREEXE

1
1
2
3
'
5
6
7

X1

15150.0000
10100.0000
7070.0000
4040.0000
2020.0000
1010.0000
707.0000
505.0000
303.0000
101.0000

ITERATION §0  WCR

0.0750
0.C750
0.0750
0.0750
0.0750
0.0750
0.0750
0.0750

NO RS UN=O

Y

0.0750
0.0995
0.1115
0.1250
0.1345
0.1450
0.1900
0.1965
0.2100
0.2600

ALPHA

3922.185000
1261.909000
197.544200
40.566790
68.694530
64.543800
64.410750
64.436010

6
10
2

0.0750
0.3100

UnToy Lom-chi.

S3F-0 8
SorL 'ouTpuT -

W < BROOKS & COREY>7/25/89 >>>

-n

16200 Cinfhe = 4exr0™% tmfs

0.2010
0.1950
0.2121
0.2624
0.3807
0.3882
0.3875
0.3876

s$sQ

0.486175
0.247231
0.064854
0.005012
0.002063
0.001937
0.001937
0.001937

” S H 1
oo > Pregpeyos
P 21 8-§
OFFPILE MATCRIAL



CORRELATION MATRIX

¥ TEEZEEEEEEERRER

-/ 1
17 1.0000
2 0.7938

NON-LINEAR LEAST-SQUARE ANALYSIS: FINAL RESULTS

2

1.0000

VARIABLE VALUE

ALPHA 64 .4350
N 0.3876

eee++---0RDERED BY COMPUTER INPUT

NO. PRESSURE

15150.0000
10100.0000
7070.0000
4040.0000
2020,0000
1010.0000
707.0000
505.0000
303.0000
10 101.0000

AR SN -

===e===-0RDERED BY RESIDUALS

NO. PRESSURE

7 707.0000
8 $05.0000
14 303.0000
4  4040.0000
3 7070.0000
S  2020.0000
2 10100.0000
6  1010.0000
Y 101.0000
1 15150.0000

$.E. COEFT. T-VAUE

14.1130 4.56857
0.0428 9.0573

MOISTURE CONTENT:
OBSERVED FITTED

0.0750 0.1033
0.0595 0.1031
0.1115 0.1130
0.1250 0.123
0.1345 0.1348
0.1450 0.155¢9
0.1900 0.1679
0.1965 0.1808
0.2100 0.2040
0.2600 0.2724

NOISTURE CONTENT:
OBSERVED FITTED

0.1900 0.167%
0.1965 0.1808
0.2100 0.2040
0.1250 0.1223
0.1115 0.1130
0.1345 0.1368
0.0995 0.1081
0.1450 0.1559
0.2600 0.2724
0.0750 0.1033

Aon-boin - Aot

95X CONFIDENCE LIMITS
LOWER UPPER

-31.8923 96.9798
- 0.2889 0.4853

RESIDUAL

-0.0283
-0.0085
-0.0015
0.0027
-0.0023
-0.0109
0.0221
0.0157
0.0060
-0.0126

RESIDUAL

0.0221
0.0157
0.0050
0.0027

=0.0015

«0.0023

=0.0086

=0.0109
=0.0124
~0.0283

2¥
pYC TES]ET
Ch pnsp 7-52"7



1 4

SOIL HYDRAULIC PROPERTIES

N\ SRESSURE _{E w K RELATIVE K
) temd

(eaw/hr)
64.6360 2.1 0.3100 1.6200 . 1.0000
73,553 2.413 0.2083 1.1508 0.7104
84,5640 2,77 %0.2865 0.8034 0.4959
98.0012 3.215 0.2748 0.5501 0.33%6
114.5939 3.7600.2530 0.3687 0.2276
135.3559 4.9¢ 1 0.2513 0.2412 0.1489
161.7275 £, 30} 0.2395 0.1535 0,067
195.8042 4,42 ¥ 0.2278 0.0%7 0.0585
240.7188 2.40 0.2160 0.0564 0.0348
301.3052 99 0.2042 0.0322 0.0199
385.3026 2. (Y 0.1925 0.0175 0.0108

505.6500 /6.5 ] 0.1808 0.0089 0.0055

PARAMETERS OF THE K-FUNCTION

ASSUMING THE RELATIONSHIP OF THE RELATIVE WYDRAULIC
CORDUCTIVITY ANO THE EFFECTIVE SATURATION TO BE A
STREIGHT LINE ON A LOG-LOG PAPER, THE AVERAGE SLOPE IS:

SATK= .c;fz ; r s 6.533814 PR

1 234 ¥ollous Térw
'?;23 37" 0.13 ?.{‘Ylof‘
N2 LX ] 267.810.p/ 3941
w03 Pré2do.ng /, 551078
0.08 iogxeo”!

|

i

“Undona~n - Anfiltoat in s

1.0000
0.9500
0.9000
0.8500
0.8000
0.7500
0.7000
0.6500
0.6000
0.5500
0.5000
0.4500

023
O, t%
0.0

PYL ¥
crc ¢ 74:-{:;7

‘0.3:?\

4D

638

Bel K = /%"{602, fe)-)\l}

whew W = £.5 23814
h- he
(Se)%
wheu Lr‘l‘k 1132

A = Do ¢©2é
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essscscossnananas sonccccossscacas

NON-LINEAR LEAST SQUARE ANALYSIS S0 1L oUTPUT

A :
LISFORRUIN ¥ 3 5
~ - ek Bl P

<<€ UMTRA -- GREEN RIVER -~ BUFFER < BROOKS & COREY > »>>

INPUT PARAMETERS

EEEXEEEEEREEREES

mEL m‘l.l..ll'l........l.Il'...'l.. 6
WUMBER OF OBSERVATIONS.cccecccvcccccccess 1
BUMBER OF COEFFICIENTS.cvecocscnssccscees £ :
‘RESIDUAL WATER CONTENTececesscccscccnse 0.0950

SATURATED WATER CONTENT.covevecccccsccs 0.2000 = N
SATURATED NYDRAULIC CONDUCTIVITY....... 09720 Cinfhr = 2.7 xi0™Y cfs
OBSERVED DATA
EEETEEREEEREER
1 X¢1) Y :
|
1 10.1000 0.2900
2 101.0000 0.2600
3 202.0000 0.2400
4 303.0000 0.2150
5 505,000 0.1850
6  707.0000 0.1650
7 1010.0000 0.1445
*  2020.0000 0.1355
. 4040.0000 0.1285
\—" 7070.0000 0.1210
10100.0000> . 0.1110
ITERATION NO  WCR ALPHA N ssQ
¢ 0.0950  232.480800 0.2085 0.088590
1 0.0950  100.728400 0.2144 0.041373
2 0.0950 . 12.082870 0.2262 0.007035
3 0.0950 17.223210 0.2481 0.006532
¢ ©.0950 16.829040 0.2452 0.006529
5 0.0950 16.885840 0.2457 0.006529
6 0.0950 16.885330 0.2457 0.006529

pyL }/ 18 /9
Sl 3-10-p§



CORRELATION MATRIX

N 1 2
| i 1om T -
2 0.6100 1.0000

KON-LINEAR LEAST-SQUARE ANALYSIS: FINAL RESULTS

VARIABLE VALUE

§.E. COEFT. T-VALLE
ALPHA 156.8853 6.9669 2.4237
i 0.2457 0.0392 6.2721

ceee==--ORDERED BY COMPUTER INPUT-=---~--

MOISTURE

. PRESSURE. <~ OBSERVED
1 =% 10.1000 0.2900
2 33 101.0000 0.2600
3 v\ 202.0000 0.2400
& %4%303.0000 0.2150
5 \»-51505,0000 0.1850
&~ 707.0000 0.1650
+¥44010.0000 0.1445
. ?nzo.oooo 0.1355
“'“l.oi.u.oooo 0.1285
10*7070.0000 0.1210
11101000000 0.1110

NOISTURE CONTENT:

NO. PRESSURE OBSERVED FITTED
2 101.0000 0.2500 0.2207
3 202.0000 0.2400 0.2010
4 303.0000 0.2150 0.1909
H 505.0000 0.1850 0.1796
6 707.0000 0.1650 0.17¢9
¢  4040.0000 0.1285 0.1458

10 7070.0000 0.1210 0.1392
8  2020.0000 0.1355 0.1552
7 1010.0000 0.1445 0.1664

11 10100.0000 g.1110 0.1355
1 10.9000 0.2900 0.3162

| 5% CONFIDENCE LINITS
| LOMER UPPER

| g25¢  32.6453
01571 0,333

i
|
RFSIDUAL

|
-0,0262
0.0393
0.0350
0.0241
0.0054
-0.0079
-0.0219
-0.0197
-0.0173
-0.0182
=0.0245

RESIDUAL

0.0393
10,0390
10,0241
10.0054
40,0079
+0.0173
+0.0182
+0.0197
+0.0219
+0.0245
+0.0262
|

i

AT e, - Aot - ‘ o

17
PYL T5/8F
€ mff;(;]fy



-

16.8253 0. :N o zooo
20.8054 0-66% 02802
25,9246 0 .450l0.2705
32.175 1.073F0.2508
£1.8757 1.37¥0.2510
$4.6528 /. 71 7 0.2413
72.1062 2. 346 0.83%5
§7.4916 3. Y97 0.2218

1350356 &Y¥# 0.2120

SOIL WYDRARIC mn:,/{

\fﬂm ) = - (eavhes

0.9720
0.5979
0.3587
0.2093
0.1184
0.0647
0.0340
0.0170
0.0081

PARAMETERS OF THE K-FURCTION

RELATIVE K

$.0000
0.6151
0.3590
0.2153
0.1218
o.m
0.0349
0.0175
0.0084

ASSUMING THE RELATIONSHIP OF THE RELATIVE mm*c
CONDUCTIVITY AND THE EFFECTIVE SATURATION TO BE A
STREIGHT LINE ON A LOG-LOG PAPER, THE AVERAGE SLOPE 1S:

SATK= 972 cllhr

w1 ¥

U1 ;16 Zt
1q 3. 1f|

gy ama,
\//668 23 63

|

W= 9.377619

‘J’& 0.20

v.ld
" ¢

043
P12

'\

SXIO

4 lrxf"
:7,0;\(!0
{« oIX(0,
4. o

3

1.0000
0.9500
°.m
0.8500

0.7500
0.7000

0.6000

v- S35
0.43 59
o ®?|
0.1798

0_17‘g"

o L e e e e ..-

T
u.ﬁi

47

Oret K= lo—a"{(l?fc)-ld}
Mee N = 9377619

® h-

Vs
\/

-~
-
'

/€. 36’53

0.2¢53



Cotoa ttn - Af bl rc 1.2 tosl 25725 24

e P -‘,’/u/;»j TAILING S

2 1 7 ;
EXAMPLE 1: CALCULATE CURVE WITH KNOWN PARAMETER VALUES GREENRIVER TAIL
1 o0 o 3 2 1 o0 o 8 30
.0420 .4000 .0100, 3.00 0.50 0.5 0.00058
\_~ EXAMPLE 5: GREEN RIVER; TAILINGS
1 10 10 3 2 1 o0 1 8 30 -
0.042 -0.4000 0.010 3.00 - 0.50 0.5 0.00058
o o0 1 1 1 1 o0
101 .400
303 .124
505 .091
707 .078
1010 . 066
2020 .056
4040 .048
7070 .046
10100 .045
15150 .042
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_
ANALYSIS OF SOIL HYDRAULIC PROPERTIES
l
EXAMPLE 1: CALCULATE CURVE WITH KNOWN PARAMETER VALUES

MUALEM=-BASED RESTRI&TION, M=1-1/N

MTYPE= 3

METHOD= 2

|
INITIAL VALUES OF THE COEFFICIENTS

====

N

SounbhwoRO0

NAME
WCR
WCS

ALP

- N

- M

EXPO

CONDS

INITIAL VALUE
.0420
.4000
.0100

3.0000
.6667
.5000
.0006

0000000

SOIL HYDRAULIC PROPERTIES?(HTYPE = 3)

f S

P
«1265D+04
.8940D+03
«6316D+03
+4455D+03
«3626D+03
«3129D+03
«2786D+03
«2531D+03
«2331D+03
«2167D+03
.2030D+03
«1913D+03
.1810D+03
«1720D+03
«1638D+03
«.1565D+03
«1497D+03
«1435D+03
«1377D+03
«1322D+03
«1271D+03
.1223D+03
.1177D+03
«1132D+03
«1090D+03
.1048D+03
.1008D+03
.9684D+02
.9296D+02
.8911D+02
.8527D+02
+8141D+02
«7751D+02
«7353D+02
.6942D+02

wC
.0442
.0465
.0510
. 0599
.0689
.0778
. 0868
. 0957
1047
«1136
.1226
.1315
1405
.1494
.1584
«1673
«1763
.1852
1942
.2031
2121
«2210
.2300
.2389
2479
.2568
.2658
«2747
2837
2926
.3016
.3105
.3195
«3284
.3374
«3463
«3553
3642
3732

e —

.6511D+02
. 6053D+02
«5553D+02
«.4987D+02

LOGP
3.10
2.95
2.80
2.64
2.55
2.49
2.44
2.40
2.36
2.336
2.308
2.28
2.25
2.235
2.214
2.194
2.175
2.157
2.139
2.121
2.104
2.087
2.071
2.054
2.037
2.020
2.003
1.986
1.968
1.950
1.931
1.911
1.889
1.866
1.841
1.814
1.782
1.745
1.698

4]

COND
.4976D-11
.5632D-10
.6377D-09
.7232D-08
.2999D-07
.8239D-07
.1807D-06
.3437D-06
.5926D-06
.9511D-06
.1445D-05
.2104D-05
.2958D-05
.4041D-05
.5391D-05
.7047D-05
.9052D-05
.1145D-04
.1430D-04
.1766D-04
.2157D-04
.2612D-04
.3137D-04
.3740D-04
.4430D-04
.5217D-04
.6112D-04
.7127D-04
.8276D-04
.9576D-04
.1104D-03
.1270D-03
.1458D-03
.1671D-03
.1912D-03
.2188D-03
.2504D-03
.2872D-03
.3307D-03

INDEX

LOGK
=11.303
=10.249

-9.195
-8.141
-7.523
-7.084
=-6.743
-6.464
=-6.227
-6.022
=-5.840
-5.677
-5.529
-5.393
-5,.268
-5.152
-5.043
-4.941
-4.845
-4,753
-4.666
-4 .583
-4.503
-4.427
-4.354
-4.283
-4.214
-4.082
=-4.019
-3.957
-3.896
=3.836
-3.777
=-3.718
-3.660
=-3.601
=-3.542
-3.481

DIF
«1407D-05
.5633D-05
.2259D-04
«9102D-04
.2068D-03
.3718D~-03
.5885D-03
.8599D-03
.1189D-02
.1581D-02
.2039D-02
.2569D-02
.3178D-02
.3872D-02
.4659D-02
.5548D-02
.6551D-02
«7681D-02
.8952D-02
.1038D-01
.1199D-01
.1380D-01
.1585D-01
.1816D-01
.2079D-01
.2378D-01
.2721D-01
.3116D-01
.3574D-01
.4109D-01
+4740D-01
.5495D-01
.6410D-01
.7539D-01
.8964D-01
.1082D+00
«1333D+00
«1693D+00
«2256D+00

*

*
%
*
*
*
*
*
*

LOGD
-5.852
=5.249
-4.646
-4.041
-3.685
=-3.430
-3.066
-2.925
-2.801
-2.691
-2.590
-2.498
-2.412
-2.332
-2.256
-2.184
-2.115
-2.048
-1.984
-1.921
-~1.860
-1.800
«1.741
~1.682
-1.565
-1.506
-1.447
-1.386
~1.324
-1.260
-1.193
-1.123
~1.047

-0966
-.771
-.647



-/

.3821
3911
«3955
.4000

.4308D+02
. 3383D+02
.2671D+02
. 0000D+00

END OF PROBLEM

c=ssmommmmmmems

Lot Korn ~Hof Bhonl:

1.63
1.52
1.42!
|

«3835D-03
+4520D-03
+4980D-03
.5800D-03

-3.416
=3.345
-3.303
=3.237

3)

.3280D+00 -.484
.5878D+00 -.231
«1006D+01 .003

MY 22559
wd PLC F/HE
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ANALYSIS OF SOIL HYDRAULIC PROPERTIES

*

*

*

* EXAMPLE §: GREEN RIVER; TAILINGS
. MUALEM-BASED RESTRICTION, M=1-1/N
*

*

[ 3

ANALYSIS OF RETENTION DATA ONLY
MIYPE= 3 METHOD= 2

*
*
*
*‘
*
%
*
*
*
RRARRARRRRARRARAR R AR ARARAARAA AR AR AR AR AR A AR A kA kb kb bk hhdhhhhhkhhhhdd

3L

INITIAL VALUES OF THE COEFFICIENTS

INITLAL VALUE

NO NAME INDEX
1 WCR .0420 0
2 wes .4000 0
3 ALPHA 0100 1
4 N 3.0000 1
5 M 6667 0
6 EXPO lsooo 0
7 CONDS .ooos 0
NIT s§SQ ALPHA 1
0 .02279 .0100 3.0000
1 .01175 .0045 2.5523
2 .00390 .0060 2.6576
3 .00309 .0049 3.1924
4 .00245 .0054 3.2086
5 .00236 .0051 3.4617
6 .00233 .0052 3.4365
7 .00233 .0051 3.5118
15 .00233 .0052 3.5082
CORRELATION MATRIX
1 2 : —
1 1.0000 ; ¥
2 -.8060 1.0000

3
i

RSQUARED FOR REGRESSION OF OBSERVED VS FITTED VALUES = .98595953

-==========:— T TSR
i
|

NONLINEAR LEAST-SQUARES ANALYSIS. FINAL RESULTS
95% CONFIDENCE LIMITS

VARIABLE VALUE STE.COEFF. T-VALUE LOWER UPPER
ALPHA .00516 .00062 8.35 .0037 . 0066
N 3.50816 ;.51443 6.82 2.3219 4.6944
7 G,ML
} L
OBSERVED AND FITTED nATA, \{~~-——-\\w* e
NO P LOG-P WC-0BS WC-FIT WC-DIF
1 .1010D+03 %) 2.0043 . .4000 .3761 .0239
2 .3030D+03 14 2.4814 .1240 .1440 -.0200
3 .soson+03uo~'F 2.7033 .0910 .0737 .0173
4 .7070D+03 >+ 2.8424 .0780 .0558 .0222
5 .1010D+04 >\_ 3.0043 .0660 0477 .0183
6 .2020D+04 b\ 3.3o§4 .0560 .0430 .0130

|

o



7 .4040D+04 W4 3,6064 .0422
8 .7070D+04 V' 3.8494 .0420
9 .1010D+05 v\ 4.0043 .0420
10 .1515D+05 A\\- 4,1804 .0420
|
| -
' SUM OF SQUARES OF OBSERVED TTED VALUES
=== —4
UNWEIGHTED WEIGHTED
RETENTION DATA .00233 .00233
COND/DIFF DATA .00000 .00000
ALL DATA .00233 .00233
[
|
SOIL HYDRAULIC PROPERTIES | (MTYPE = 3)
f :

We P LOGP COND LOGK
.0442 .1466D+04 3.16 .1600D~-10 -10.796
.0465 .1112D+04 3.04 .1574D-09 -9.803
.0510 .8426D+03 2.926 .1549D-08 -8.810
.0599 .6374D+03 2.804 .1527D-07 =-7.816
.0689 .5404D+03 2.733 .5834D-07 -7.234
.0778 .4800D+03 2.681 .1512D-06 ~6.820
.0868 .4372D+03 2.641 .3170D-06 =-6.499
.0957 .4046D+03 2.60 .5810D-06 =-6.236
.1047 .3785D+03 2.57 .9708D-06 =-6.013
.1136 .3568D+03 2.55 .1516D-05 -5.819
.1226 .3384D+03 2.52 .2249D-05 -5.648
.1315 .3224D+03 2.50 .3203D-05 =5.494
.1405 .3082D+03 2.48 .4415D-05 =5.355
.1494 .2955D+03 2.47 .5923D-05 =5.227
.1584 .2840D+03 2.453 .7768D-05 ~5.110
1673 .2735D+03 2.43 .9995D-05 =5.000
.1763 .2637D+03 2.42 .1265D-04 -4.898
.1852 .2547D+03 2.40 .1578D-04 ~-4.802
.1942 .2461D403 2.39 .1945D-04 =-4.711
.2031 .2381D+03 2.37 .2370D-04 ~4.625
.2121 .2304D+03 2.36 .2861D-04 -4.544
.2210 .2231D+03 2.34 .3423D-04 -4.466
.2300 .2161D+03 2.33 .4064D-04 -4.391
.2389 .2093D+03 2.321 .4792D-04 ~4.320
.2479 .2027D+03 2.307 .5615D-04 =~4.251
.2568 .1962D+03 2.293 .6542D-04 =-4.184
.2658 .1899D+03 2.279 .7585D~04 ~=4.120
.2747 .1837D+03 - 2.264 .8754D-04 =-4.058
.2837 .1775D+03 2.249 .1006D-03 =3.997
.2926 .1713D+03 2.234 .1152D-03 =-3.938
.3016 .1650D+03 2.218 .1316D~03 -3.881
.3105 .1587D+03 2.201 .1498D~03 =-3.824
.3195 .1523D+03 2.183 .1702D~03 =3.769
.3284 .1456D+03 2.163 .1929D~03 =3.715
.3374 .1387D+03 2.142 .2184D~03 =3.661
.3463 .1314D+03 2.119 .2471D~03 -3.607
.3553 .1235D+03 2.092 .2796D~03 =3.553
.3642 .1148D+03 2.060 .3166D~03 =3.499
.3732 .1047D4+03 2.020 .3594D~03 =-3.444
.3821 .9244D+02 1.966 .4102D~03 =3.387
.3911 .7520D+02 1.876 .4736D~-03 =3.325
.3955 .6145D+02 1.789 .5144D~03 =3.289
.4000 .0000D+00 ’ .5800D~03 -3.237

\—/

i

END OF PROBLEM !

=

My r2s£§ 33
sk PYC Ffedfpy
.0058

. 0040
.0030

: 0000

DIF L1OGD
.4185D-05 -5.378
.1563D-04 -4.806
.5848D-04 -4.233
.2201D-03 <-3.657
.4810D~-03 -3.318
.8419D-03 <-3,075
.1306D-02 -2.884
.1877D-02 =~2.726
.2562D-02 -2.591
«3367D-02 =-2.473
.4301D-02 -2.366
.5373D~02 =-2.270
.6595D~-02 =2.181
»7979D-02 ~=2.098
.9542D-02 <-2.020
.1130D-01 <=1.947
.1328D-01 -1.877
.1549D-01 -1.810
.1798D-01 -1.745
.2076D-01 -1.683
.2389D-01 ~-1.622
.2741D-01 -1.562
.3137D-01 -1.504
.3584D-01 -1l.446
.4091D-01 -1.388
.4668D-01 -1.331
.5327D-01 -1.273
.6086D-01 ~1.216
.6966D-01 -1.157
.7994D-01 -1.097
.9207D-01 -1.036
«1066D+00 -.972
.1242D+00 -.906
.1459D+00 -.836
«1734D+00 -.761
.2092D+00 -.679
«2579D+00 -.589
«3281D+00 -.484
«.4387D+00 -.358
«6421D+00 -.192
«1169D+01 . 068
.2044D+01 .310
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EXAMPLE 1: CALCULATE CURVE WITK KNOWN PARAHE'I'ER VALUES GREEN RIVER OFF-PILE MATERIAL 7~49=09 7-2¢ £ mﬂ

+ o 0 3 2 1 0 0 & 30|
ws6  .3100  .0100  3.00  0.50! 0.5 0.00045 oes Py L /24027

|

\—AAKPLE $: GREEM RIVER; OFF-PILE MATERIAL ;
1 1 3 2 1 0 1 8 30

0.075  0.3100 -- 0.0%0 3.00  0.50 0.5  0.00045
o ¢ 1 1 1 1 0 : :
101 260
303 .210 :
505 97
707 190
1010 45
2020 135 :
4040 125
7070 J12 'i
10100 «100 :
15150 075
]
|
N/
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* ANALYSIS OF SOIL KYDRAULIC PROPERTIES

MTYPE= 3

KETHOD= 2

.
* MUALEM-BASED-RESTRICTION, M=1-1/N
*
*

!

EXAMPLE 12 CALCULATE CURVE WITN KNOWN PARAMETER VALUES

nc "L-:d

> % % % % %8

!
|

INITIAL VALUES OF THE COEFFICIENTS

~NOVErWN =0

NAME
WCR
s

ALPHA

R

|
EXPO
CONDS

INITIAL VALUE

0750
»3100
0100
3.0000
6867
-5000
0005

o000 O0O

SOIL KYDRAULIC PROPERTIES (MTYPE = 3)

W
0765
07T
+0809
.0868
.0926

-1044
1103
1161
<1220
1279
.1338
1396
«1455
1514
1573
- 1634
1690
TS
.1808
1866
-1925
.1984
<2043
2109
.2180
2219
2278
2336
2395
#2454
2513

741
AN <2630

«2689
2748

-2865
«2924

P
.1265D+04
«89400+03
8316D0+03
4455D+03
«3626D+03
«31290+03
~£7860+03
«25310+03
23310403
21670403
«20300+03
19130403
.18100+03
17200403
-16380+03
15650403
- 1497D+03
« 14350403
13770403
- 13220403
12710403
«12230+03
1770403
11320403
«310900+03
«1048D+03
- 10080+03
9684D+02
92060402
89110402
85270402
B141D+02
77510402
73530402
69420402
65110402
60530402
55530402
49870402

LocpP
3.102
2.951
2.800
2.649
2.559
2.495
2.445
2.403
2.367
2.336
2.308
2.282
2.258
2.235
2.2%
2.1%
2.7
2.157
2.139
2.121
2.104
2.087
2.0M
2.054
2.037
2.020
2.003
1.986
1.968
1.950
1.931
1.94%
1.889
1.866
1.841
1.8%%
1 .m
1.745
1.6%8

COND
«38510-11
43650-10
«49480-09
«5611D-08
082”'07
.6393’07
«14020-06
«25670-06
+45980-06
«73790-06
.11210-05
«16320-05
.22950'05
-31350-05
-&1830-05
+S54670-05
.T0230-05
.83870-05
11100-04
1370004
-1674D-04
«20270-04
«2634D-04
+29020-04
34370-04
+40480-04
AT7420-04
.55300-04
-“210'0‘
T4290-04
-85690-04
$8560-04
-11310-03
-12960-03
«14840-03
1697003
«19430-03
.22280-03
-25650-03

INDEX

i

|
|
!
|
|
|

Lock
-11.&{43
=10.380
-9.306
-8.25%
-7.633
715
-6.853
-6.57%
-6.337
-6.132
-5.950
-5.787
-5.439
-5.%04
-5.379
-5.262

.s‘ 53
'5- 1
-4.955

-4.663

-4.176
4693
4.614
-4.$37
-4.484
-4.353
-4.52¢
-4.957
-, 92
4429
«6_bs7
-4,
-3.
-3.B87
-3.
-3.170
3.2
-3.652
3.591
{

DIF
«16630-05
-6658D-05
25670004
-10760-03
«2444D-03
43940-03
.69560-03
.10160-02
»14060-02
«18690-02
«24100-02
.30370-02
-37560-02
+45760-02
«55060-02
.65580-02
«T7430-02
~90780-02
»10580-01
.12270-01
-14170-01
-16315-01
-18730-01
21470-01
-26570-01
.28110-01
32160-01
+36830-01
«42240-01
«48560-01
-56030'01
«64950-01
J5T6D-01
£89110-01
«10600+00
«12790+00
<15760+00
«20010+00
25670400

85

P 7359
et Pre -7728—[87-7



2583
3041
-30M
3100

o/

A3080+02 1.634
33830+02  1.529
26710402 1.427
«00000+00

END OF PROBLEM

At S ittt

-3.526
-3.485
-3.493
337

|

-38770+00
694 80+00
- 11900+01

.l‘1‘
-.158
075

3¢
Ml rs5-£Y
el fre V&l



INITIAL VALUES OF THE COEFFICIENTS

ANALYSIS OF SOIL MYDRAULIC PROPERTIES
EXAMPLE 5: GREEN RIVER; OFF-PILE RATERIL
MUALEM-BASED RESTRICTION, M=1-1A0

ANALYSIS OF RETENTION DATA ONLY
MIYPEs 3 METHOD= 2

=
-
-

(

NOVIPUHUAN-=O

CORRELATION MATRIX

NAME INITIAL VALUE  INDEX
WeR 0750 0

wes .3100 0 !

ALPHA .0100 1 j
N 3.0000 1 |
N 6867 0

EXPO 5000 0

CcoNDS 0005 0

$SQ ALPHA N
.05107 .0100 3.0000

00995 009 1.7170

.00420  .0096 1.3614 '
.00135  .0082 1.4652
00126 L0083 1.4844 !
.00126  .0084 1.4823 ;
.00126  .0084 1.4823 '
.00126  .008% 1.4823

1
2

1.0000
-.8909 1.0000

1 2

|
i
i
|

% % % & R % %80

3

RSQUARED FOR REGRESSION OF OBSERVED VS l’l'l"I’EDl VALUES = .9584051¢9

HONLINEAR LEAST-SQUARES ANALYSIS: FINAL RE&!L‘H'S

VARIJABLE VALUE $.E.COEFF. T-VALUE
ALPHA .00837 .00210 3.98

OBSERVED AND FITTED DATA

1.48226 06134 26,16

N0

)

O

P LOG-P  WMC-0BS  WC-FIT
10100403 2.0043  .2600  .2698
30300403 2.48%  .2100 2145
S0500403  2.7033 L1970 1841
0700403 2.849% L1900 4735
10100404  5.0043  .%450  .1578
20200404  3.3054  .1350 .1

A0400404  3.6064  .1250 1P

LOWER .
.0035
1.3408

WC-BIF

0175
-.0128
.0002
0071

95X CONFIDENCE LINITS

UPPER
0132
1.6237

37

A r25-£¢
obd LYo 72804



10

\_/

70700404
-10100+05
15150405

3.84%¢

4.0043

4.1804

1120
«1000
0750

107
l'm

-t

|
SUM OF SQUARES OF OBSERVED VERSUS FITTED vm‘és

UNMMEIGHTED  WEIGHTED

RETENTION DATA
COND/DIFF DATA
ALL DATA

00126
«00000
00126

00126
.00000
.00126

SOIL HYDRAULIC PROPERTIES (MTYPE = 3)

* P
0765 44440407
L7799 10560407
0809 «25080+06
0888  .59580+05
0926 25700405
0985  .1415D0+05
1044 9010404
103 6094D+04
1161 «A421D+04
A220 33470404
JET «25160+04
1338 .2007D+04
L1396 JATISDA04
1455 14260404
1514 -12020+04
573 10250404

i ‘1631 -88280+03
\"'/.1690 «76630+03
JA749 .65658D+03
1808  .58900+03
1866 52050403
1925 46180+03
L1984 41120403
«2043 «36720+03
.2101 «32860+03
2160  .2944D+03
-2219 254 10+03
2278 23550403
2336 .21250+03
2395  .19030+03
2454 . 1T000+03
2513 «1515D+03
2571 13430403
.2630 .11830+403
«2589 «10330+03
L2748 .8916D+02
2806  .T561D+02
«2855 «624T0+02
<2924 49490402
<2983 «36260+02
3041 «21910402
3071 13490402
.3100 .00000+00
EKD OF PROBLEM

LoGP
6.648
6.024
5.3%
4775
4.410
4.151
3.949
3.785
3-“6
3.525
3.418
3.322
3.4
3.154
3.080
3.011
2.946
2.884
2.826
2.7
2.7T6
2.664
2.6%
2.565
2.517
2.469
2.422
2.375
2.327
2.2m
2.3
2.180
2.128
2.073
2,014
1.950
1.87%9
1.796
1.695
1.559
1.341
1.130

COND

LOGX

.3064D-18 -18.973
10660-16 =16.972
1069014 ~14.971
-10710-12 -12.570
1586011 -11.800
+10740-10 ~10.969
AT360-10 ~10.325

.15930-09
«44430-09
.10810-08
«23700-08
4787008
.90500-08
-16200-07
.mW'W
«4561D-07
- 72630-07
«11240-06
1696D-06
+25050-06
«36290-06
S51700-06
«7254D-06
«10040-05
-1374D-05
-1861D-05
-24980-05
-3326D0-05
-43970-05
S57820-05
«75680-05
9871005
«12850-04
16720-04
«21780-04
+2846D-04
37450 -04
49850-04
-6763D-04
-95030-04
«14420-03
-19190-03
.45000-03

-9.798
-9.352
-8.966
-8.625
-8.320
-8.043
-7.%0
-7.557
-7.%1
-7.439
6.9
-6.7

-6.60%
-6.440
-6.287
-6.139
's.ga
'5-&62
-$.730
-5.602
-5.478
-5.357
'5-m

-5.121
-s.
-4.69
-A.ZZ
4.6
~4.546
4427
-4.302
“4.{70
-4.022
-3.841
3.717
-3.37
|

i
t

-0042
-.0026
-.0227

DIF
66T30-09
7944008
.54S50-07
11260-05
797005
A3420-04
.29810-04
.5T260-04
.99520-04
.16080-03
.24570-03
.35940-03
.50770-03
69650-03
.§3430-03
12280-02
.15860-02
.20210-02
2542002
-31650-02
.39050-02
A7810-02
.58160-02
0302
84702
.10180-01
1215001
14570-01
A7420-01
.20830-01
2494001
.20970-01
.36170-01
43950-01
.53920-01
.67010-01
.84830-01
11040400
14950400
21940400
.38200+00
.60550+00

Dt b bt

7 o

M rUFy
s PYC 9/;9/:7



oron -y - Aot

ne =7, 2N U wael /g ‘ {
5 . ; ehd Pre ?/"5’_7,,3-2
CXAMPLE i: CALCULATE CURVE WITH KNOWN FARAMETER VALUES GREEN RIVER BUFFER MATERIAL
1 O 0 3 2 1 0 0 8 30
. 0950 . 2900 . 0100 3.00 0.50 0.5  0.00027
EXAMPLE S: BREEN RIVER: BUFFER MATERIAL
1 3 13 3 2 1 0 1 8 30 '
0.095 0.2900 0.010 3.00 0.50 0.5  0.00027
0 o 1 1 1 1 o
101 . 263 :
202 . 238 . f
303 .217
404 .198 :
505 . 184 "
606 171
808 . 155 - :
1010 . 145 ) ‘ -
> 1414 . 140 | - !
2020 136 - : s
L 8040 . 129 . : - - - : - .
7070 . .121 L ' ’
10100 L1111

Sea 3§
AL 22549

Y

I

P
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#ANRLYSIS OF SDIL HYDRAULIC FPROFPERTIES

X

¥

b 4

X

X JAEXAMPLE 1: CALCULATE CURVE WITH KNOWN PARAMETER VALUES
X A

X

X

X

X

MUALEM-BASED RESTRICTIDN. M=1-1/N }

X
x
*
*

X .- .. . '
- %
- MTYPE= 3 ™ METHOD- 2 X
*
X

**#**XX*#**#X**##*X****#X*#X***#**#X#X******#*#*****X#X**X***#X*X

PO

INITIAL VALUES OF THE CGEFFICIENTS

ND T NAME INITIAL VALUE  INDEX

1 - WCR 0950 0

2 - WCS - 2900 0

3 %  ALPHA .0100 0

4 N 3. 0000 0

S M . 6667 O

6 EXFD . S000 0 ,
7 CONDS - 0003 0 :

- — — oo

SOIL HYDRAULIC PROFPERTIES (MTYPE = 3) E

s st ot S S s S oY W ot T T S i Sl i S Shdar A e g S S S S Yo e v

WC F LOGP COND LOGK DIF LOGD

- 0962 . 1265D+04 35.102 W 2317D-11 -11.635 .IEOSD—OE -2.920

. 0974 « 8940D+03 2.951 «2622D-10 -10,581 .4814D-05 —%}317

. 0999 . 6316D+03  2.800 « 2969D-09 -9.527 «1931D-04 -4.714

. 1048 - 4455D+03  2.649 «3367D-08 -8.473 .7779D—04 -4, 109 !

. 1096 « 3626D+0T 2.559 « 1396D-07 -7.855 .1767D 0T -3.753 /

. 1145 L 3129D+03 2.495 « 3B3I2D-07  -7.416 .:1/70—0 -3, 498

«1194 «2786D+03  2.445 .B411D-07 =7.0735 «JO30D-03  -3.298

. 1243 «2531D+03  2.403 « 1600D-06 -6.796 . 7349D-07 3,134

- 1291 2331D+03  2.367 « 2739006 ~56.559 «10186D-02 2,993

« 1340 «2167D+03  2.336 . 4428D-06 ~6.354 . 1351D-02 2,869

. 1389 « 2030D+03  2.308 . H728D-06 -—5.172 .ﬂ74¢D—0° =2.759

. 1438 . 1913D+03 Z.282 « 9794D-06 —546.009 «2196D-02 -—Z,658

. 1486 .1810D+03 2,258 « 1377D-05 ~5.861 «2716D-02 -2.566

« 1535 . 1720D+03 22,235 .1BB1D-05 -5.726 . S309D-02 ~2.480

» 1584 . 1638D+03  2.214 «2510D~-05 -5.600 «3981D-02 -2.400

« 1633 « 1565D+03 2.194 « I2B0D-035  -5.484 .4742D—02 -2.324

. 1681 » 1497D+03  2.175 «4214D-03 ~-5.375 . 5599D0-02 -2.252 :

« 1730 .1435D+03 2,157 = .5332D-03% ~5.273 = .6564D-02 -~2.183 )

1779 1377D+03  2.139 . 0659D-05 -5,177 - 7650D-02 -2.116

. 1828 « 1322D+03  2.121 . 8220D~-05 -5.085 . 8872D-02 -2.052 ) l

- 1876 LAZTIDH0OT 2,104 « 1004D-04  -4,998 « 1025D-01 -1.989 ﬁ

« 1925 « 1223D+03  2.087 . 1216D-04 —4.915 »1180D-01 -1.928 ;

- 1974 «1177D+03 2,071 . 1460D-04 -4,83& «1254D-01 ~1.868

» 2023 «» 1132D+03F Z.054 «.1741D-04 -4,739 «1352D-01 -i.809

2071 . 1090D+03 2.037 «2062D-04 -4.4686 A4777p-01  -1.750

- 2120 . 1048D+03 2.020 « 2429D~-04 -4.615 < 2033D-01 -1.692

« 2169 «1008D+03 2.003 «2845D-04 -4,546 . 23I26D-01 -1,633

. 2218 «9684D+02 1.9864 . 3318D-04 —4.479 « 2663FD-01  -1.575

« 2266 «F296D+02  1.968 .3833D~04 -4.414 . 2054D-01 -1.5.3 !

« 2319 .B8911D+02 1.950 . 4458D-04 -4,Z51 »3912D-01 —-1.455 R \

« 2364 L8327D+02 1.931 .5141D-04 -4,289 «4051D-01 ~1.392 |
2413 .8141D+02 1.911 «5914D-04 -4,228 «46946D-01 ~1.,328

.2461 «7751D+02 1.889 .H787D-04 -4,168 » 0478001 =1.261 ,
2510 « 7333D+02 1.866 7777004 -4.,109 . 6443D-01 -1.191

.2559 « 6942D+02  1.841 .8901D-04 =~4.051 . 7661001  ~-1.116 |

. 2608 L6511D+02  1.814 .1018D-03 =3.992 .9246D-01 -1.034 o |



B emed At et e e

g

2705 - D093D+02 1.745 1337D-03 -3.874 « 1447D+00 -.840 SnY) ,’% Z o -

. 2754 .4987D+02 1.698 - .1539D-03 -3.813 -1928D+00 -, 715 anP. 9./, 4.

. 2803 . 4308D+02 1.634 .1785D-03 -3.748 .2803ID+00 -,552 .
.28%f°  .3383D+02 1.529  .2108D-03 -3.477  .5024D+00  .299 S PYU T/2E/Eg
.2876  .2671D+02 1.427.  .2318D-03 -3.635  .8601D+00 -, 065

.2900  .0000D+00Z .2700D-03 -3.569 ~

END OF PROBLEM - )
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ANALYSIS OF SOIL HYDRAULIC PROFERTIES T
EXAMPLE S: GREEN RIVER: BUFFER MATERIAL !

. ANALYSIS OF RETENTION DATA ONLY

*

3

X

X

X

X

. 4

MTYPE= 3 METHOD= 2 X
4
X

X

X

X

b 4 .

X MUALEM—-BASED RESTRICTION, M=1-1/N
¢

b ¢

¢

X

1S3 3 e s e 3332333303322 2238 33333233323 ¢2 33822232222 0¢ 202208222

INITIAL VALUES OF THE COEFFICTIENTS

NO NAME INITIAL VALUE INDEX |
i WCR » 0950 0 ‘
2 WCS » 2900 0
3 ALFHA 0100 1
4 N I, 0000 bt
S M » 6667 0
4 EXFO « 000 0
7 CONDS 0003 | 0

Qﬁ}

1
|
-
|
|
}

'7;?ﬁ*”



e

U

{

S L05331  .0100  3.0000

NONLINEAR LEAéT—SQUARES ANALYSIS:

0
1~ .01641 .0088' 1.9880 AhTs " r |
2 % ,00502'. .0069 1.4323 '’ , ,
3 . .00058 .0068 1.5717 44{1L/Zu44~u ;
4 .. 00083 0060 1.6392 3
S ... .00041 0080 1.6499 |
67 .00081 . .0080 11,6515 ?
7.7 .00041  .0040 1.6517 .
8% .00041 .0060 1.6517 %
.-CORRELATION MATRIX . i
o4 . . [y
R | : 2- %
1 41,0000 3
2 ¥~ 8959 1.0000 -
o Q
deUARED FOR REBRESSION OF OBSERVED v§ FITTED VALUES = . 98533596
—==a=== = e === - "
i ; §

FINAL RESULTS

-

95% CONFIDENCE LIMITS

VARIABLE VALUE §.E.COEFF. T-VALUE = - LOWER UFPER
ALFHA . 00600 . 00060 10.08 . 0047 L0073
N 1.65170 . 04583 36.04 . 1.5508 1.752¢
; |
DESERVED AND FITTED DATA i
NO [ P (tn LOG-P  WC-OBS WC-DIF
1 ¥ .1010D+03 2.0043 2630 -.0010
2 - VA\Y L, 2020D+03 2.3054 - .2380 L .00448
3 . \%4.3030D+03 2.4814 <2170 \ 21157 ¢ . 005S
4 YW 42040D+03 2. 6064 1980 | .1958. .0022
5 WS 5050D+03 2.7033 . 1840 \ . 18434 -, 0003
& W% £060D+0F 2.7825 L1710 v L1754/ . -.0044
7 28, 8080D+03 2.9074 L5500 L L1628 -.0078
8 W 1010D+04 3.0043 .1450 | .1541, | -.c091
7 .43 ,1414D+04  3.1504 . 1400 -1428, | -.0028
10 WL, 2020D+04 3.3054 . 1360 ‘ L1332 L0029
11 ™S5 4040D+04 3.6064 « 1290 - L0094
" 12 W\ . 7070D+04 3.8494 L1210 L0091
13 W%, 1010D+05 4.0043 L1140 002
SUM OF SEUARES DF DESERVED VERSWS FITTED VALUES
UNWEIGHTED WEIGHTED
RETENTION DATA . 00041 . 00041
COND/DIFF DATA . 00000 . 00000
ALL DATA . 00041 00041
\l \.&%&* '
'SOIL HYDRAULIC FROPERTIES (MTYPE = 3) .
Smmn= == b3 S ] s
\h\.wc P LOGF COND LDBK DIF LOGD
. 0962 .4016D+06 S.604 .2234D-16 -16.651 .1129D-07 -7.947
. 0974 . 1386D+06 S.142 .1060D-14 ~14,975 .9254D-07 -7.034
. 0999 .4786D+05  4.680 .S034D-13 -13.298 . 7583D-06 -6.120
.1048 . 1652D+05 4.218 L2390D-11 -11.622 . 6215D-05  -5.207
L1096 .B8861D+04 3,947 . 2287D-10 —10.641 .2129D-04 -4,672
. 1145 .5693D+04 3.755 L1136D-09 -9.945 .5105D~04 —4,292



BEss. . S046D+04 - 3. 484 . .1090D-08 -B8.963 .  .1756D-03 -3,755 *""3:--

2399D+04~ 3; 80— 2578D~08— -8: 589 281 5D-03-—3, 551 Ms/=—

1949D+04 = 3,290, ... . 5440D-08 -8.264. . . .4242D-03. =3 37zngpff;mﬁﬂt,
1620D+04 - 3.210. ~ .1032D-07 -7.978 «6101D-03 Fed
1373D+04 3.138 .1900D-07 -7.721 . 8460D-03
1180D+04. 33,072 . ~ «3246D-07 -7.489 - 1139D-02 T
1026D+04— 3.011-  .5301D-07 -7.276 . 1498D-02 -2, 925.:
9015D+03. 2,955 " .8335D-07 -7.079 - --.1931D-C “\-2 Y
T 7984D+03 2,902 7 .1269D-06 —6.897 - 2449D-0. ' =2.6i
7119003 2.852 .1879D-06 -46.726 «3063D-02 -2.514
- «6385D+03 -'2.805 «2718D-06 ~6.566 . 3786D-02

o 5754D+03 ; 2,760, .-~ «3851D-06 -b6.414 . 44633D-02

, i 2u T gv.SSSBD—Ob -6.271 . 5621D-02

A4727D+03 2?675 .7337D-06 ~6.134  .6771D-02
3303D+03--2.634 - ,9906D~06 =-6.004 .8108D-02
«3926D+03 2.594 .1321D-05 -5.879. .9659D-02 -2.015
. .3588D+03 2.555 .1742D-05 -5.759 .1146D=-01 -1.941 . i
. . 3283D+03 .2,8516 = .2275D-05 -5.643 .« 1355D-01 -i.aea;. : , j
2857 .3005D+03 . 2,478 .2946D-05 -5.531 «1599D-01 - o o L e
'2752D+oo=62.44o-~+.3785D—05 ~5.422 L 1888D-01 =Y 72T 0 o e SRR sy
. 2519D+03  2.401 . .4832D-05 -5.316 .2218D-01 ~1.6584 S
»2304D+03 2.362 .6134D-05 -5.212 .2612D-01 ~-1.583 =
.2103D+03 2.323. .7749D-05 -5.111 .3079D-01 -1.512
 «1915D+03 2.282 «9752D-05 -5.011 .3638D-01 -1.439
.1739D+03 2.240 .1224D-04 -4.912 +4313D-01 —1,365
«1571D+03 2.196 .1533D-04 -4.814 .5141D-01- -1.289
.1411D+03 2.150 .1920D-04 -4.717 .6170D-01 =1£.210
«1257D+03  2.099 . 2406D-04 ~4.619 «7477D-01 -1.126
.1108D+03 2.044 .3023D-04 -4.520 .9182D-01 -1.037
.9606D+02 1,983 .3818D-04 -4.418 «1149D+00  +.940

.B135D+02 1.910 .4B66D-04 -4.313 « 1477D+Q0 . 831

. 6633D+02 1,822 .6297D-04 -4,201 . 1982D+00 3.703 f
.5041D+02 1.702 .B374D~04 -4.077 . 28468D+0C 2577 ,
.3221D+02 1.508 .1182D-03 -3.927 L4945D4+0C =.3. / :

6  .2089D+02 1,320  .1489D-03 =-3.827  .7895D+00  -.103
70 . 0000D+00 <EEZ??§:€§?:53'569 ;

END OF -PROBLEM
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OFF-PILE CONTAMINATED MATERIAL
(Sheet 1 of 2)

Dry Percent

, Density Percent Moisture Dryer

Sample No.* (pecfy Compaction Content (%) than OMC
MKE-~001 108.7 ©7.8- 5.5 7.6
MKE-002 113.4- ©1.3- 5.6- $5.1-
MKE-003 105.2- 0.3 6.3 5.6
MKE-004 112.2- 90.3- 5.6° 5.1
MKE-005 114.1- 91.1- 6.8 3.4-
MKE-006 118.2- 94.4. 5.6 4.6
MKE-007 120.7- 02.2* 4.1 3.8.
MKE-008 118.7. 94.5 7.0 3.0
MKE-009 117.2- 94.4- 5.4- 5.3-
MKE-010-R1 118.1 95.1- 5.1. 5.6°
MKE-011 117.2 86.3 7.5 3.3
MKE‘OIZ 11500' 94.50 5.7' 5.1.
MKE-~013 116.8+ 96.0. 6.3 4.5
MKE-014 115.3. 94.7- 4.4 6.4
MKE-015 119.5- 96.8- : €.0° 4,6
MKE-016 11%9.0- 96.4. 5.0 5.6
MKE-~017 115.6- 3.7 6.6 4.0
MKE-018 ) 111.2- 96,9 7.0 5.3
MKE-019 ' 117.0- 94.8. 6.8 3.8°
MKE~020 118.1 95.7° 6.0 4.7
MKE-021 - 111.7 90.5- 6.6° 4.0
MKE~-022 11%.3- %6.1- 7.6 3.1.
MKE-023 114.2. 91.9-° 5.8 4,9
MKE-024 117.8¢ 96.8 4.8 6.0
MKE~-025 121.3 89,7 6.4 4:4-
MKE-026 114.5- 98.3- 5.8 6.1
MKE-027 114.6. 98.4 5.7 6.2
MKE-028 119.7- 96.2¢ 4.8 6.0
MKE-029 113.1- 91.1. 5.3 5.9
MKE-030 113.0° 7.0 5.3 6.6+

*Note: 1 failed point not included.
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OFF-PILE CONTAMINATED MATERIAL #%
(Sheet 2 of 2)

Dry | Percent

Density Percent Moisture Dryer
Sample No.* (pcf) Compaction Content(%) Than OMC _
MKE-031 105.2. 90.3 ' 6.3 5.6
MKE-032 114.9° 98.6- 4.7- 7.2
MKE-033 114.0- 91.6° 7.0- 3.8
MKE-034 115.1- 92.5° 7.7 3.1.
MKE-035 119.4- 97.1- 5.7 5.2
MKE-036 119.2- 96.9. 4:1. 6.8
MKE-037 105.5° 90.9- 5.4° 7.1°
MKE-G77 108.7° 96.4 » 4.9- 7.6°
MKE-078 115.1° 92.7 - 6.1, 4.6
MKE-079 120.0° 96.6 5.7 5.0-
MEAN 115.19~ 94.67~ 5.85+~ 5.147
STANDARD
DEVIATION 4.19v 2.717 . 0.91~ 1.25v
Coefficient .03647  0.0286 0.1560 0.2435
of Variation
Coefficient of - -0.215"" - -

Skewness -

*Note: 1 failed point not included.
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MKE-038
MKE-03¢%
MKE-040
MKE-041
MKE-042

MKE-043
MKE-044

"MKE-045

MKE-046
MKE-047

MKE-048
MKE-049
MKE-050
MKE-051
MKE-052

MKE-053
MKE-054
MKE~055
MKE-056
MKE~-057

MKE-058
MKE-059
MKE-060
MKE-061
MKE-062

MKE-063
MKE-064
MKE-065
MKE-066
MKE-067

Dry

Density
~(pcf)

104.2-
104.9-
106.9°
102.37

99.4

100.0-
97.1¢
96.2-
97.8.
S8.8-

102.0-
99.6¢
101.2¢
97.6»
98.8.

95.7¢
96,3
99,2
9.1«
97,9

©7.0°
96.8°
98.1°
101.9-
103.1°

98.7°
98.1-
S7.5
98.4'
101.0.
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TAILINGS ¥

(Sheet 1 of 2)
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Percent
Percent Moisture Dryer

Compaction Content (%) Than OMC
93.7' ) 5-9‘ 7.4‘
©4,.3. 3.3 9.9
90.0'.. 5.5. 707‘
98.0' 2.90 10-6.
95.2- 4.4 9.1-
95.8. 4,7 8.8
85.2- 3.7 10.8-
95,2 3.9. 11.1.
96.8- 2.8 12.2-
96.6. 3.3 11.7°
99,7 3.0 12.2°
97.4. 5.3, 8.9.
7.1 3.9 10.4-
83.5- 4,1 9.4.
94.6. 3.4. 10.1-
81.7° 5.1. 8.3
©3.0- 6.3~ 7.5
5.8 3.3 10.5»
85.7. 3.3. 10.5-
96.9° 6.1 8.9
96.0° 3.2° 11.8-
5.8 4.0 11.0-
9502' 307. 11-1'
98.8" 5.8¢ g.9"
100.0° ’ 5.4 9,4
97 .7 1.9 13.1.
97.1- 6.7 8.9°
96.5¢ 5.3 9.7
%1.4" 4.1° 9.0
63.9. S.3* 7.8°
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Dry Percent
Density Percent Moisture Dryer
Sample No. (pcf) Compaction Cogtent(%) Than OMC
MKE-068 104.4° 95,0 6.7+ 6.6°
MKE-069 102.9: 99.4, 4.8. 9.0°
MKE-070 99.5¢ 96.1- 3.9 10.2.
MKE-071 96.8¢ 93.5. 5.0 8.8
MKE-072 109.9- 95.1° 3.9 g8.8°
MKE-073 97.9- 96.9° 3.9. 11.1.
MKE-074 95,.2- 94.3¢ 4.2, 10.8°*
MKE-075 98.7. 95.7° 5.9 8.9°
MKE-076 98.7° 95,7 5.2 9.6°
MEAN 99.73v 95.65* 4.44 9.78v"
STANDARD | Y
DEVIATION 3.21 2.16~ 1.18¢ 1.46v
'\_/ COEFFICIENT 0.0321/ 0.0226 " 0.2654v 0.1494 v

OF VARIATION

coefficient - -0.265" - -

of Skewness
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