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Table 6.1a. Maximum PermLssible Velocities Tables
by Fortier and Scobey (1926).

Original Material

Excavated

For Canals

Mean velocity of canals after aging (d 3 ft)

Clear water,
no detritus

n ft/sec m/sec

Water
transporting
colloidal

silt
ft/sec m/sec

Water

transporting

noncollo idal
silts, sands

gravels or
rock fragments

ft/sec m/sec

1. Fine sand
( COllo tdal)

2. Sandy loam

(noncolloidal)

0.02 1.5 0.46 2.50 0.76 1.50 0.46

0.02 1.45 0.53 2.30 0.76 2.00 0.61

3. Silt loax.

(nor.cclloidal)

4. Alluvial silt
when noncolloidal

0.02 2.00 0.61 3.00 0.91 2.00 0.61

0.02 2.00 0.61 3.50 1.07 2.00 0.61

S. Ordinary firm loam 0.02 2.50 0.76 3.50 1.07 2.25 -0.69

6. Volcanic ash

7. Fine gravel

0.02 2.50 0.76 3.50 1.07 2.00 0.61

0.02 2.50 0.76 5.00 1.52 3.75 1.14

8. Stiff clay (very

colloidal)

9. Graded, loam to
cobbles, when
noncolloidal

10. Alluvtal silt
when colloidal

11. Graded, silt to
cobbles, when
colloidal

12. Coarse gravel

(noncollotdal)

13. Cobbles and

shingles

14. Shales and
harcd pans

0.025 3.75 1.14 5.00 1.52 3.00 0.91

0.03 3.75 1.14 5.00 1.52 5.00 1.52

0.025 3.75 1.14 5.00 1.52 3.00 0.91

0.03 4.00 .1.22 5.50 1.68 5.00 1.52

0.025 4.00 1.22 6.00 1.63 6.50 1.98

0.035 5.00 1.52 5.50 1.68 6.50 1.98

0.025 6.00 1.83 6.00 1.83 5.00 1.52
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Table 6.lb. Maximum Permissible Velocities Tables
by Etcheverry (1916).

Mean Velocity
Material (fps)

Very light pure sand of quicksand character 0.75- 1.00

Very light loose sand 1.00- 1.50

Coarse sand or light sandy soil 1.50- 2.00

Average 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

Hard rock 10.00-15.00

Concrete - 15.00-20.00

UACCrv goA' 1 -
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Table 6.1c. Maximum Permissible Velocities Tables 1

by U.S. Army Office (1970).

Mean Channel
Velocity (fps)Channel Material

Find sand 2.0
Coarse sand . 4.0
Fine gravel2 6.0
Earth

Sandy silt 2.0
Silt clax 3.5
Clay 6.0

Grass-lined earth (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

lBased on TM 5-886-4 and CE Hydraulic Design
Conferences of 1958-1960.

2For particles less than fine gravel (about 20 mm -

3/4 in.).

3Keep velocities less than 5.0 fps unless good
cover and proper maintenance can be obtained.

*May be used with judgment in durable bedrock.

/r/oTr£c: 7h-,,s 714,6/e i' &e sede Ad, 1.,Te;~~ 7C "-' aer.

Ap t- ///O -_Z -/6/ l,
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CLI T OF TE UITED STATES NO. 20
GE RIVER, UT

(

CLIHATOLfiGICAL SUMMARY
PERIOM: 1V1-80
El RATIAN: 407o0 FT

________________ ~TEMPERATURE r bIF __ _ _ _ _ _ _ _ _ _ _ __ _ _ _w. 7 m t C rq

MEANS EXTREMES MEA R DEtREE DAYS E * _ SNOW IEA

*^ ss * *6. *2. *1 ie 30i 5 |o o 2 7o o .6 Z517|.e -1

00

APR~ 36.8 .3 23.1 4. 85125.730 0 1oZ0 31 85 12o o 1o99 0 .40 1.678 .4 14 4.0 6 1 6 .037 1 06

JUN9~ 89.9 51.4 70.71t05. 79 29 35+7 9 t7 0 0 0 17 188 .34 1.869 .7069 24 . .0o o 1 0

._L _. 78 . t+ 1 41l6 1 9U -O 0t -r -43 W -. _t _ 75 ---; _ . -l -t ._
AUG 93. 3 57 .0 75 . 21l07. 79 6 39+ 751 29 24 0 0 0 0 316 .7w9 2.82157 1. 346519 .0 .0 0 29 0 o

SEP 84.89 45.8 65.4 11+ 79 8 25+ 7 1 9 o0 361 0 72 8 .40 3.61 1.34 610 1 .0 .0 0 2 0 C
OCT 71.2 34.5 52.9 90+ 19 2 127 0 0 12 0 375 0 .78 4.1372 1 .061 o .1 2.0 71 0 C
"ov 53.9 22.6 36.3 74+ 7 1 - e+ 68 0 0 27 0 101 0 .46 2.9557 .7 79 02 .5 4.075 1 0 C

jUc 40.9 12.8 26.9 605+ 77 49 -15. 679 22 07 5 31 2 18 08 .34 1.28 65 .70 69 20 2.8 2.7 72 1 0 C

EAR | 60.413461 51 .171 61-25|AUG JAN OCT AUG JANYEA I a -I 2 16 RI_45 If7 741 -28 I 1791 Aol a, 17 1199 1 12 I %,02 I 10217 If 6041 4-241721 1.341f.R1 191 in 1 >& n1 791 I6 n1
*FROM 1951-80 NORIALS 0 ESTIMATED VALUE BASED ON

DATA FROM SURROUNDING STATIONS
+ ALSO ON EARLIER DATES.

DEGREE DAYS TO SELECTED BASE TEMPERATURES IF)

BASE HEATING DEGREE DAYS

BELOW JAN FED "AR APR MAY JUN JUL AUG SEP OCT NOV DEC ANN
65 1299 907 710 399 142 17 0 0 72 375 801 1181 5903
60 1144 776 555 256 58 0 0 0 19 232 651 1026 4717
57 1051 696 462 176 25 0 0 0 7 157 561 933 4070
55 98 643 404 133 14 0 0 0 0 116 501 871 3671
50 847 517 262 53 0 0 0 0 0 42 358 716 2795

BASE COOLING DEGREE DAYS

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

MONTHLY PRECIPITATION IINCHESI
JAN FrP MAR APR MAY JN -NH AINr CFP nlrT mnv nr

- -

| _rsx r X ax waxers Worry w _ns non nine _r [at | roux care

-h

0:w
Ed
-.

a.-

-j

m
0
EX

.05

.10

.20

.30

.40

.50

.60
.70
.80
.90
.95

.00

.00

.04

.09

.15

.23

.34

.47

.67
1.02
1.37

.00
.00
.03
.08
.14

.22
.32
.44
.62
.93

1 .253

.00

.00

.04

.11

.19

.29

.41

.56

.7

1.15

1.52

.00

.03

.11

.18

.25

.34

.44

.56

.73

1.01

1.29

.00

.00
.13
.25
.36

.48

.61

.78

1.00
1.35

1.70

.00

.00

.02

.07

.14

.21

.30
.42
.58

.06
1.14

.02

.04

.08

.13

.19

.26

.35

.46

.61

.88

1.15

.01

.O6

.15

.26

.39

.53
.72
.95

1.28

1.84

2.41

.00

.07

.19

.28

.38

.49

.61

.76
.96

1.29
1.61

.00

.02

.11

.21

.34

.49

.69

.93
1.29
1.90

2.52

.00

.02

.09

.16

.23

.32
.43

.57

.76

1.09
1.41

.00

.02

.07

.13

.19

.27

.36

.48

.64

.92
1.20

ABOVE
55
57
60
65
70

JAN FEB
0 16
0 13
0 9
0 0
0 0

MAR
0
0
0
0
0

APR
34
19
7
0
0

MAY
218
sfin
108
36
a

JUN
471

411

324

90

JUL
713
651
558

403

248

AUG SEP
626 316
564 259
471 181

316 84

174 24

OCT NOV
51 0
30 0
12 0
0 0

0 0

DEC

00

00
0

ANN
2445
2115
1670
1027
544

DERIVED FROM THE 1951-80 MONTHLY NORALS

THESE VALUES HERE DETERMINED FROM THE INCOMPLETE GAMMA DISTRIBUTIO 't

kBEt
-n N-



C ( (
DEG HNI DEG "IN

423418 GREEN RIVER. UT LATS 39 OoN LONG: 110 loU PERIOD: 1951-00

FREEZE DATA

PROBABILITY OF LATER DATE IN SPRING ITtHtu JULY 3tl TUAN INDICAtEOI*I
gO 7nfl m fl -0 i 40 30 -20 tO

SPRING FREEZE DATES IMO/DAYI

35 5*04 Sit* 5*14 Sol? 5120 5124 5*27 5*21 f5*05
-32 4020 4*25 4*.30 Slav So0% 5*09 5*13 5*1? 9122

20 .180 41*5 4*16 412l 4124 4*27 4125 S*02 5s06
24 2*02 4*01 4*00 4*10 4*13 4fi7 4*20 4*12 5s0t

W 20 2*12 3116 3*22 312*2 322 4101 4104 4*06 4114
4 IS 2*24 3*03 sle0 3112 21l1 3*20 2124 3*25 4*10

PROBABILITY OF EARLIER DATE IN FALL IBEGINNING AUG 11 THAN INDICATEDI*I
I to no _an 40 sKn -O6 70 _n qo

GROWING DEGREE UNITS TO SELECTED BASE TEMPERATURES IFI

flASE

40

AS
so nS45 n

S

55 S

Sn

GROlING DEGREE UNITS

JAN FEB MAR APR MAY JUN JUL AUG SEP OCT

2

2

0

0

0
0

0
0

0
0

20

22

3

3
0

0

0

0
0
0

130
1S2

53

56

15

is
2
2

0
0

360

512

223

279
114

129
41

43

a

a

679

1191

524

803
373

502

234
277
116

124

930

2121
780

1583

630

1132
480

7s7

332
456

1187

330"

1032

2615
877

2009

722
1479

567
1023

1100
4409

'4S

3560
790

279
635

2114
480

i503

768
5176

68e
4178

469

328

323

2437
189

1642

415

5591

270
4448

148

3416

62

2499
15

1707

NOV

65
5656

19
4467

3
3419

0
24"9

0
1707

DEC

4

5660
1

4468

0
3419

0
2499

0
1707

ANN

5660

4468

3419

2499

1707
I.-

w

FALL FREEZE DATES 11MG/DAY
25 9*12 9*15 gill 9*22 5*24 5*27 5o*0 10*03 10*07
32 5*20 5*25 9*29 10*02 1005 10*00 10*11 1001S 10*20
a2 10*02 10*07 te101 10*11 *o0*1 10*15 10122 10*25 10*20
24 10*12 #o0*? 10*20 I0*o2 0102S 10*29 10*31 11*04 11*00
20 022 10*25 10*30 11*02 11*05 11*07 III*0 11114 t111S
is 10*25 S1*04 10so0 11*12 fills 1I/IS 11*22 11*2S 12*02

-- FtrN-tfttYY--tereftt-fl* D"*CAtEO- FREEZE-4REt PERIOO UOAYSI_

I in 70 32 4 Q0 40 -70 o -O -
N u MONTHLY DAtA _ S _ SU" OF_ MONTHLYDATA

FREEZE FREE PERIOD

1l as ISO 42 35 III 125 122 II? It$ 102
-2 174 155 i51 155 i51 147 142 135 120
a2 155 165 l63 175 Sig 170 155 I * I 153
24 215 a21 205 200 155 oSv 165 175 171

, 20 24S 225 220 225 220 5as 210 204 19S
I s 274 254 255 250 244 226 231 224 213
ISIPROBABILITY OF OBSERVING A TEMPERATURE AS COLD. OR COLDER. LATER

IN THE SPRING OR EARLIER IN THE FALL THAN tHE INDICATED DATE.

0/00 INDICATES THAT THE PROBABILITY OF OCCURRENCE OF THRESHOLD
TEtPERATURE IS LESS T4AN INDICATED PROBABILITY.

GROWING DEGREE UNITS FOR CORN

NS

44 147 286

SO 197 4e3

454 571 7f6 678 51 : 342 93 8 38s6
937 1508 2224 2902 3413 3755 3848 3856

NOTE: FOR CORN THE BASE IS 50. AND THE DEGREE UNITS ARE
ADJUSTED FOR TEMPERATURES BELOW 50 AND ABOVE 86

OTHER CLI"ATOLOGICAL DATA ARE AVAILABLE IN A VARIETY Or SUM"ARIES AND FOR"ATS. SUCH AS THE

CLI"ATOGRAPY Of THE UNITED STATES: ND. 60 - CLIMATE OF STATES: NO. 81 - MONTHLY NOR"ALS
tAND SUPPLEMENtS: ANNJAL DEGREE DAYS TO SELECTED BASES DERIVED FROM THE 19s1-60 NORMALS;
AND MONTHLY PRECIPITATION PROBABILITIES. SELECTED PROBABILITY LEVELS DERIVED FROM THE

1951-O0 NORALSIz NO. 84 - DAILY NORMALSs NO. 85 - DIVISIONAL NORMALS. A VARIETY Or DATA

IS AVAILABLE EITHER ON MAGNEtIC TAPE. MICROFICHE. OR PAPER COPY.

TO OBTAIN INFOR"ATION ABOUT CLIMATOLOGICAL DATA AND RELATED PUBLICATIONS.

CONTACT:

DIRECTOR

NATIONAL CLIMATIC DATA CENTER

FEDERAL BUILDING

ASHEVILLE. NC 2eso-26%

IOR TELEPHONE: 17041 259-06821

DEPARTMENT OF COMMERCE
NATIONAL OCEANIC AND ATHOSPHERIC AOlMNISTRATION

NATIONAL ENVIRONMENTAL SATELLITE. DATA. AND INFORMATION SERVICE
NATIONAL CLIMATIC DATA CENTER

ASHEVILLE. NC

u v? 7 0
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NTION BASIN DESIGN

taminated surface water which may be either,

e discharge or, treated and discharged to

in an effort to keep the basin relatively

F a retention basin is that due to a 10-year

Retention basins collect cor
accumulated to avoid offsi

offsite on a regular basis

empty.

The minimum design volume o

24-hour storm.

A separate rational analysi of the retention basin water volumes should

be made to evaluate surface water runoff during the life of the project

using mean monthly climaticj data with adjustments for basin evaporation,

snowmelt, infiltration, wa er used for construction, and inflow due to

possible dewatering. The same basic information is utilized to 1)

estimate the volume of watr that might accumulate over the life of the

project when no offsite di charge is desired, and/or 2) to substantiate

data for discharge permits. A microcomputer modeling program is

available for performing such a rational analysis.

The ten year 24-hour storm

calculated by a rational ar
monthly runoff volume by re

storm at those sites wher

and eventually melts.

volume will usually exceed the monthly runoff

alysis using mean climatic data. However, the

tional analysis may exceed the 10-year 24-hour

snow accumulation from month-to-month occurs

The design volume for the jetention basin shall be:

Accumulating Design

If the contaminated u

of the project to avc

treatment, the desigy

24-hour storm volume

ater is to be accumulated over the life

id/minimize offstte discharge and water

water volume is the sum of a 10-year

lus that maximum volume attributable to

- 1 - 4005-GEN-R-01 -DRAFT-00
4147U/0116U



'normal' water accum
water usage with con
water, dewatering, sr

I0

I

/ OY: Vwj(- fl&
* CHC lD 4f: Y AtN of, f8

tion based on a rational analysis of

eration for evaporation, construction

nelt and infiltration.

.

Non-Accumulating Desi

Case I

If the maximum montl

analysis occurs durn

design water volume

10-year 24-hour storm

if water inhfull basi

ten days. If not, thi

of a 10-year storm p

rational analysis.

Case II

If the maximum mont

analysis occurs durin

volume shall be the

maximum volume by a

L
i y net inflow volume by a rational

g a normal construction month, the

hall be the larger volume due to a

r as determined by a rational analysis
i can be treated and discharged within

basin should be designed for the sum

us the maximum monthly volume from a

ly net inflow volume by a rational

a non-construction month, the design

im of a 10-year 24-hour storm plus that

ational analysis, unless adequate water
Itreating capacity is nOade available during that month.

I
Where high groundwater lev

to the above, additional w

The need for water treatme

coordinated with project

capital costs and possible

Final determination of whe

required is dependent on t

degree of contamination wi

volumes of snowmelt) and

Is and/or space limitations restrict adherence

ater treating capacity may be substituted.

t and the water treatment plant size should be

management because of high water treatment

availability problems.

ther or not treating of water will actually be

e degree of contamination in runoff water. The

1 likely vary with time of year (less with high

xtent of disturbed soil due to construction.
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RATIONAL APPPROAC)R VO'TTTWT 'RVIWTOTN RAdTH DESTCHI WATER
VOI£HBE USING MEAN CLIMTIC DATA

A. INTRODUCTION

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 SNOLT CARRY-OVER. A SPREADSHEET USING LOTUS
1-2-3 SOFTWARE TO COMNE THE TOTAL RUNOFF VOLUME IS AVAILABLE.
THE AMOUNT OF RUNOF IS CALCULATED USING THE SOIL CONSERVATION
SERVICE METHOD. SNOMLT IS COMBINED WITH RAINFALL TO ESTIMATE
THE MONTHLY TOTAL RUNO F.

THE SPREADSHEET ALSO CI
ALLOWANCE FOR EVAPORAI
THE TOTAL ANTICIPATED V
WATER IS NOT DISPOSED

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

THE SPREADSHEET MUST BE MODIFIED TO REFLECT THE LATEST CONSTRUC-
TION SCHEDULE DURING WHICH THE RETENTION BASIN WILL BE OPERATING.
THE THIS PRIMARILY A FECTS THE CALCULATED AMOUNTS OF
AND THE ANTICIPATED AC¢UMULATED WATER VOLUMES.

EVAPORATION

B. INPUT DATA

THE REQUIRED DATA INPU'
1. RUNOFF DRAINA,
2. RETENTION BAS

PURPOSES 0]
3. POND EVAPORAT
4. AVERAGE ANNUA

MINE EVAPO

TO THE SPREADSHEET INCLUDES:
E AREA (ACRES): USED TO COMPUTE RUNOFF
N(S) CAPACITY (AC-FT): USED FOR COMPARISON
LY.
tON AREA (ACRES): FOR COMPUTING EVAPORATION
, LAKE EVAPORATION(INCHES): USED TO DETER-
iATION.

5.

6.

7.
8.
9.

10.

11.

SOIL SCS CUR NUMBER (CN): WHEN MONTHLY MEAN TEMPERATURE
IS BELOW EZING, A MINIMUM CNK95 IS RECOMMENDED.

MEAN NUMBER 0 DAYS PRECIPITATION IS GREATER THAN 0.1
INCHES WAT

MEAN TEMPERA , DEGREES FAHRENHEIT
MEAN PRECIPI TION, INCHES
MEAN SNOW DE H, INCHES
CONSTRUCTION WATER DEMAND- MONTHLY AVERAGE (AC-FT).

THOSE HO S OF NO-CONSTRUCTION MUST SHOW 'ZERO',
USUALLY, CEMBER, JANUARY, AND FEBRUARY.

EVAPORATION D STRIBUTION FACTORS (DECIMALS) FOR EACH
MONTH OF 5E YEAR.

LOWING INFOR KTION IS USED TO COMPUTE THE TOTAL RUNOFF
THE MEAN TEM ERATURE, MEAN SNOW DEPTH, MEAN PRECIPITATION
MEAN NUMBER OF DAYS PRECIPITATION IS GREATER THAN 0.1
kRE AVAILABL FROM THE NOAA CLIMATOGRAPHY OF THE UNITED
). 20. 1951- 1980 USING THE CLOSEST RECORDING STATION TO

THE FOU
VOLUME:
AND THE I
INCHES J
STATES NC
THE SITEi(S) .
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ADDITIONAL INPUT FOR OVNRALL WATER BALANCE ARE:

aurpinrG unmurmIL COnSTRUCTION WATER DEMAND: USED IN PLIACINGt ' '-by- &--id _-. by i _. .
CONTAMINATED EMBANKMENT MATERIAL. APPLIES ONLY TO DISPOSAL
SITE WHICH IS BEIN EVALUATED, OR WHEN PROCESS SITE WATER CAN
BE TRANSPORTED TO DISPOSAL SITE. TRANSPORTING OF
CONTAMINATED WAT OVER PUBLIC ROADS IS NOT CONSIDERED
PRACTICAL BECAUSE iDDITIONAL PERMITS MAY BE REQUIRED. DURING
MONTHS OF NO CONST UCTION THIS EQUALS ZERO.

MONTHLY EVAPORATIOI r DISTRIBUTION FACTORS: USED TO DISTRIBUTE
THE TOTAL ANNUAL L1KE EVAPORATION. AVAILABLE FROM THE NOAA
TECHNICAL REPORT NWS 33 OR U AVERAGE MONTHLY EVAPORATION
DATA FROM OTHEU E OC WHICH CAN BE ASSUMED TO BE
REPRESENTATIVE OF 0HE PRESENT SITE.

AVERAGE ANNUAL KE EVAPORATION: AVAILABLE FROM CLIMATIC
ATLAS OF THE UNITEI) STATES.

POND EVAPORATTN M1

BOTTOM AREA. WHERW
MAY BE EXPRESSED Ad
VOLUME(SEE ATTACH]
MODELED AS CONICAL
POND IS LESS THAN I

NY A :

NUMBER DAYS RAIN P

pEt: FOR RECTANGULAR PONDS, USE THE POND
I DIKED RETENTION AREAS ARE USED, THE AREA

A VARIABLE FUNCTION DEPENDENT ON POND
D EXAMPLE). DIKED RETENTION AREAS MAY BE
VOLUMES. THE AVERAGE SURFACE AREA WHEN THE
LL IS APPROXIMATED BY:

AAVGeKAF (VP/VF) /

ASSOCIAM WITH V UIIE OF
BTE I(E5CWDI~

Vu4OrAL ImuI VODLE ECR TW
P Him
K=O. 5 CNV S TME AREA TO

AVEPAGE END AREL AS WHE
EVARClA=IN AREA GOES FRM A2
TO ZE.

ER STORM: AN EVALUATION OF HISTORICAL DAILY
tDS OF THE SITE SHOULD BE MADE TO DETERMINE
t OF DAYS ASSOCIATED WITH RAINFALL EVENTS
PITATION IS GREATER THAN 0.1 INCHES. THE
{IS DATA IS USED TO SIMULATE BACK-TO-BACK

PRECIPITATION RECO
THE 'NORMAL' NUMBE
WHEN DAILY PRECI
MINIMUM IS TWO. T.
24-HOUR STORMS.
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C. -CALCULATIONS

CALCULATION OF TERMS AR AS FOLLOWS:

DESIGN SNOW: IF AVERAGE TEMPERATURE IS LESS THAN 33 DEGREE
Fe SNOW IN INCHE S WATER IS THE LESSER OF MEAN SNOW (INCHES
OF WATER) OR M PRECIPITATION. CONVERSION OF INCHES OF
SNOW TO INCHE OF WATER IS BASED ON 8 INCHES SNOW EQUAL
ONE INCH WATER.

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

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

SNOWMELT: IF M A DAILY TEMPERATURE IS GREATER THAN 32
DEGREES F., ALT THE ACCUMULATED SNOWPACK BECOMES SNOWMELT.

TOTAL RAINFALL D SNOWHELT: RAINFALL AND SNOWMELT ARE
'COMBINED TO CO SERVATIVELY SIMULATE POSSIBLE RUNOFF DURING
SNOWMELT CONDITIONS.

NUMBER OF EVENTS: AVERAGE NUMBER OF BACK-TO-BACK STORMS PER
MONTH DETERMIN D BY DIVIDING THE TOTAL NUMBER OF DAYS
PRECIPITION C ATER THAN 0.1 INCHES BY TWO DAYS RAIN PER
EVENT AND ROUN ING TO THE NEAREST WHOLE NUMBER WITH A
MINIMUM OF ONE

WATER PER EVENT: TOTAL RAINFALL PWS SNOWMELT DIVIDED BY THE
NUMBER OF EVEN S.

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

TOTAL RUNOFF VOLME: CALCULATED FROM SCS EQUATION
I(E)=(P-.2S) /(P+.8S)

WHERE P EQUALS THE WATER PER EVENT WHEN (P-.2S) IS GREATER
THAN OR EQUAL O ZERO, OTHERWISE EQUALS ZERO.
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EVAPORATION:
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THE LESSER
MONTH DIVIDI
WATER PER El

*****1

THE LESSER
(2) THE SUM

EVAPORATION

VA]
ED B
VENT

AVA
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WITH WATER TREATMENT***********
OF (1) MAXIMUM POSSIBLE EVAPORATION PER

A FACTOR OF SAFETY OF 2.0, OR (2) THE

NO WATER TREATMENT*************
UZE OF (1) MAXIMUM POSSIBLE EVAPORATION OR

TOTAL RUNOFF PLUS TOTAL RUNOFF MINUS
CONSTRUCTION WATER.

MM POSSIBLE EVAPORATION IS THE EVAPORATION
THE AVERAGE ANNUAL LAKE EVAPORATION TIMES

EVAPORATION DISTRIBUTION FACTOR.

NOTE: THE MAXI
AREA TIMES
THE MONTHLY

RUNOFF EXCESS: a TAL RUNOFF MINUS EVAPORATION.

NET WATER BALANCE: RUN(
TION.

-CCUMULATED WAT4R: THE
VOLUME PLUS NEV RUNOFF
WATER. EVAPORATION IS

)FF EXCESS MINUS WATER FOR CONSTRUC-

PREVIOUS MONTHS ACCUMULATED WATER
MINUS EVAPORATION AND CONSTRUCTION
DEDUCTED BEFORE CONSTRUCTION WATER.
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SUMMARY OF MTHODS AND FINDIG

PETROGRAPHIC ANA YSIS - SAMPLE NUMBER SB-DUR-001

MX-FERG SON GREEN RIVER PROJECT

AUGUST 23, 1989

A sand and gravel sample of proposed riprap bedding was delivered to
Wcstern Engineers, Inc. in G and Junction, Colorado, by MK-Ferguson for
laboratory testing. Following 1 boratory testing (specific gravity, absorption,
soundness, abrasion, and ASTM C 142), a request was made for identification of
rock types cou.prlsing the partles e of sand and gravel and also the percentages
present In each size range (1 1 2 - 314, 3/4 - 3/8, 31/8 - No. 4, and No. 4 to
No. 10) both by particle count and weight. As directed, 150 particles were
identified for each size range only 105 particles were available in the 1 1/2
to 3/4 inch sizes). The purpo of this report is Zo present the results of
this petrographic analysis.

The sand and gravel sap1 was screened to obtain sufficient amounts of
vach of the four size range:, nd 150 particles of each size counted (except
only 105 particles of 1I 12 - /4 Inch sizes were present). The gravel size
particles (1 112 - No. 4) wer each broken with a hammer and the rock type
determined by observing hardness texture, color, luster, cleavage, and reaction
to dilute hydrochloric acid. E th rock type was separated into groups for each
size range and the particles cou ted and weighed.

The sand sizes (No. 4 - No. 10) were Identified using a binocular
microscope (30 X) and essential y the same identification techniques, although
breaking of each particle was no practical.

A table i6 attached to th is report which summarizes the results of the
petrographic analyslu. The p atLltb wtzr imotly limestone, fine-grained
Aandstone, and quartzite with le sser amounts of slIltstone, calcareous siltstone,
chert, quartz, and granitic rock.

The majority of the partic es examined were unweathered, bard, and dense.
The softer particles were tostl composed of siltstone, calcareous siltstone, a
few of sandstone, end a few of limestone. However, even much of the siltstone
and calcareous siltatonc van f good quality. Some of the aandctone and
lltcaone was fairly porous.

Yrepared by: DSI;

[reeens -t -. s T es~e t7~o . =_

?-ZS -147
3 28 -

WLS'LKK LNUMNLEKS, INC.

9ac4i .u4 )
Joe C. Barnes
Consulting Geologist

NW.D.I 22031

I
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GENERAL PETROCRAJPHIC ANALYSIS OP SAND AND GRAVEL

BEDDING MATERIAL - SAMPLE NO. SO-IDUR-Ol

MK-PERCUSON GREEN RIVER PROJECT

AUGUST 1989

* Only 105 particles present in sample of 1 1/2 - 314 Inch sizes.

Rock type of each particle determined by visual methods.
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4MKE DOC. 4005-GEN-R-04-066 97-00

~ iiT 11I
PROGBMY:

PURPOSE:

data.

InC.F77
PrL

7-%/ -r9

To analyze observed #oil water retention and hydraulic conductivity

DESC~iPT'ON: *This program can

observed retention and unsatur

data. The soil water retentio

by Brooks and Corey (1964) or

the unsaturated hydraulic coad

using the retention functions|

models of BurdLne (1953) and

program (van Genuchten, 1978),

unsaturated hydraulic conducta

assuming the conductivity at

program allows the analytical

observed retencdon and conduc

optcmizat'on process Is based

(Marquardt, 1963).

The soil water retention

6 - n
+ r

tl + (oh)hI

66 - eOr

(ch)U 9

be used to fit several analytical functions to

ted hydraulic conductivity or diffusivity

curve can be described with equations proposed

an Genuciten (1980). Analytical funitious for

ctlvlty (I) or diffusivity (D) were obtained by

4 conjunction with the predictive hydraulic

ualem (1976). As in an earlier version of this

the computer code can be used to predict the

vity from observed soil water retention data,

aturation (X.) to be known. In addition, the

functions to be fitted simultaneously to

ivity data. As before. the least-squares

on Harquardt's nazimus neighborhood method

curves are given by

I/r;.,

el2 f colar~~
where 6 Is the volumetric soi water content, 6 is the residual water

content, 6a is the saturated ater content, h is the pressure head (for

notational convenience taken ositive for unsaturated soils) , and where a,

and a are empirical constants. The Inverse of a in Eq. [21 is frequently

.referred to as the air entry value or bubbling pressure. For a deti1ed

discussion of Eqs. [11 nd IZ 1, see van Genuchten and lielsen (1985).

Mualemls predictive con uctivity model is given by

[1)

[21

[31£ l I
t ' [s Se fese)/fC I



tll'?re-6- - -el IV S h &

.rrJ __-

* 0

__ _ ._ Z l~~~%I.

where

S I
f(Se) ' Ie b -dS'

and Se is a reduced water contez
be expressed in a similar form

T. a t8 L g(S )/&(I)

whter *

RETC Z139 % 4

111 f>/ 7-z-,.g )

[41

t: e- (0-0 )/(0 e ). Burdine's model can
s folows

1[1

[63
S

0 h 2(S;)

Note that both models contain two unknown coefficients: the saturated
hydraulic conductivity# K5, and au unknown parameter L. Hualem (1976)

concluded from an analysis of srveral soils that L in his model should be
about O.S. We will keep I as a potentially unknown coefficient in the
progra=, thus adding more flexilbility for fitting different types of data

sets. The same is also done for Burdine's model; the parameter L in that
model was originally fixed at (Burdine, 1953; Brooks and Corey, 1964).

Choice of a particular re ention and conductivity or diffusivity function

in the program is governed by he input parameter HTYPE. This parameter

determines the type of recenti c model (e.g., Eq. [13 or [23) and the type of
model used for calculating the hydraulic conductivity (Mualem or Burdine) as

follows

HTYPE

~1
2

' 3 '
.4
-. 5

6

Type of Recentlon mode:L

Eq. [13
Eq. [13
Eq. [13
Eq. (1l
Eq. (2j
Eq. 123

with variable
with variable
with a - 1-1/n
with a - 1-n

and n
m and n

K is predicted with ;

Hualem's model (Eqs. 131 and [41)
Burdine's model (Eqs. [5I and [61)
Mualem's model
Burdine's model
mualem's model
Burdine's model
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NON-LINEAR LEAST SQUARE ANALYSIS
................................

5OtL tOiA7PVT - tAtLAv(qS

LTS FOR RUN 4 2

c ULTRA -- GREEN RIVER -- TAILINGS 4BROOKS & COREY77/25/89 33>

INPUT PARAMETERS
z===:=z==

NWCEL NUH4ER............................
NUMBER OF OBSERVATIONS...................
NUMBER OF COEFFICIENTS...................
RESIDUAL WATER CONTENT.................
SATURATED WATER CONTENT................
SATURATED HYDRAULIC CONDUCTIVITY.......

6
10
2

0.0420
024000 ` hft 5f yJ-sb

OBSERVED DATA
U==:=3SgZ

I X(l)

1 15150.0000
2 10100.0000
3 7070.0000
4 4040.0000
5 2020.0000
6 1010.0000
7 707.0000
*' 505.0000

303.0000
101.0000

Y(I)

0.0420
0.0450
0.0460
0.0480
0.0560
0.0660
0.0780
0.0910
0.1240
0.4000

ITERATION NO

1
2
3

5
6
7
a
9

LCR

0.0420
0.0420
0.0420
0.0420
0.0420
0.0420
0.0420
0.0420
0.0420
0.0420

ALPHA

1033.041000
486.313600
215.711900
68.120120

104.719800
98.423460

100.921300
100.766700
100.776100
100.776100

N

0.3148
0.3244
0.3623
0.4668
0.8326
1.0995
1.2328
1.2526
1.2539
1.2539

SSQ

0.972248
0.535129
0.242669
0.043375
0.009498
0.000732
0.000167
0.000156
0.000156
0.000156



V1*4"4d, 2.

CL~.. Jrt ;Ist{,
-CORRELATION MATRIX
zzzzuuim

I 2

2
1.0000
0.2856

NON-LINEAR LEAST-SAURRE ANALYSIS: FINAL RESULTS
. _=_ __

95S CONFIDENCE LIMITS

-VARIABLE VALUE S.E. COEFT. T-VALUE LOER WPPER

ALPHA 101DO.7761 isp 0.9913
A j1.2539] h 0.0311

101.6623
40.2M4

96.4903 103.02
1.1821 1.3257

---- ORDERED BY COIPUTER INPUT--------

MOISTURE CONTENT:
NO. PRESSURE OBSERVED FITTED

1 15150.0000
2 10100.0000
3 7070.000
4 4040.0000
5 2020.0000
6 1010.0000

707.0000
/ 505.0000

303.0000
10 101.0000

0.0420
0.0450
0.0460
0.04U
0.0560
0.0660
0.0780
0.0910
0.1240
0.4000

I 0.0427
0.0431
0.0437
0.0455
0.0503
0.0619
0.0731
0.0895
0.1320
0.3990

RESIDUAL

-0.0007
0.0019
0.0023
0.0025
0.0057
0.0041
0.0049
0.0015

.0.0080
0.0010

------.-CORDERED BY RESIDUALS.-------------

MOISTURE CONTENT:
N0. PRESSURE OBSERVED FITTED

S
7
6
4
3
2
a

10
1
9

2020.0000
707.0000

1010.0000
4040.0000
707.0000

10100.0000
505.0000
101.0000

1515O.OOOO
303.0000

0.0560
0.0780
0.0660
0.0480
0.0460
0.0450
0.0910
0.4000
0.0420
0.1240

0.0503
0.0731
0.0619
0.0455
0.0437
0.0431
0.0895
0.3990
0.0427
0.1320

RESIDUAL

0.0057
0.0049
0.0041
0.0025
0.0023
0.0019
0.0015
0.0010

-0.0007
*0.0080



IAf td4 -l

SOIL HYDRALLIC PROPERTIES
=

K IPRESSURE UC
(cm)

100.7761 3, 0.4000
104.9641 3 4- 0.3821
109.6100 3, 6 0.3642
114.7222 Y.3-60.3463
120.4052 9tS 0.3284
126.7648 4/S 0.3105
133.9353 4 . 0.2926
142.0808 U-1 0.2747
151.4560 Ls-0.2568
162.3393 t 33 0.2389
175.1601 1.j.t 0.2210
190.5143 6.7So.2o31
209.2776 . ? 0.1852
232.7944 7, 0. 1673
263.2473 8 .t0.1494
304.U76 0.1315
363.7476 1 9.3 0.1136

K
Cm/r)

2.0880
1.75356
1.4632
1.2076
0.9659
0.7952
0.6325
0.4954
0.3810
0.2870
0.2110
0.1506
0.1038
0.0684
0.0427
0.0247
0.0129

RELATIVE K

1.0000
0.8408
0.7008
0.57m4
0.47r2
0.3808
0.3029
0.2372
0.1825
0.137
0.1010
0.071
0.0497
0.0328
0.02Q4
0.0118
0.0062

5f-ox 0 -p5*

SD I= se _ Z .0 #
I1 -4r

1.0000
0.9500
0.9000
0.8500
0.8000
0.7500
0.7000
0.6500
0.6000
0.5500
O.SOOO
0.4500
0.4000
0.3500
0.3000
0.2500
0.2000

efrt 7w18

PARAXETERS OF THE K-FUNCTION
3== CSZzg=

ASSUMING THE RELATIONSHIP OF THE RELATIVE HYDRAULIC
CMMWUCTIVITT AND THE EFFECTIVE SATURATION TO BE A

01__ CUT LINE ON A LOG-LOG PAPER, THE AVERAGE SLOPE IS:

SATlK 2.088 U,c./hr

7q' 7 as.2 0.01
;. e.5 68. c " ,PI

11- 3.196141 I

o.vooUJS
, O. o 0t l

o .a9f
D. 0rZ
0D W3S

,6 i

ur ,I I5 I5 S. p k :

6""'t -~ la K -_ i (17 Se) - j ;
wl~u ps - 3.1 9s 141

'2j.4 I C~vcv ' fw-cow

tro#sf tl~ A - f

(!Gt),,

(,,u t w. /0O. ? Io 6
( z L t Vt V.Vi4

f, ~ . 2 f 7 !:k"-r
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........................ ............................... -SOIDL '0t7fhtT- OtplL6 "Arc-RzeflL

X ON-LINEAR LEAST SQUARE ANALYSIS

-------- I ---- ~------._.

JLTS FOR RUN# I

<c4 UITRA -- CREEK RIVER -- < I BROOKS & COREY7/25/89 >

- -I

INPUT PARAMETERS
cum_
MODEL VUliBER ... ..................

UKBER OF OBSERTIATJSNS .
hUBER OF COEFFICIEITS...................
RESIDUAL VATER CO .NT . .
SATURATED MATER CONETE. IT..
SATURATED CDRAULIC CONDUCTIVITY......

6
10
2

0.07O0
0.3100
1.62M0

OBSERVED DATA
U3n3333Z~zz

I Xcl)

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

505.0000

IT AT N 303.0000
^5 101.0000

ITERATION NO VCR

YT )

0.0750
0.0995
0.1115
0.1250
0.1345
0.1450
0.1900
0.1965
0.2100
0.2600

0
I
2
3

6
7

0.0750
0.0750
0.0750
0.0750
0.0750
0.0750
0.0750
0.0750

ALPHA

3922.185000
1261.909000
197.544200
40.566790
68.694530
64.543800
64.410750
64.436010

N

0.2010
0.1950
0.2121
0.2624
0.3807
0.3882
0.3875
0.3876

SSo

0.486175
0.247231
0.064864
0.006012
0.002063
0.001937
0.001937
0.001937



44~~4At% 4(, -,wd

'k *IP 7-i/"
CORRELATION MATRIX
sw UZUUZUU

I 2

1.0000
2
2

1.0000
0.7938

NON-LINEAR LEAST-SWJARE ANALYSIS: FINAL RESULTS

95X CONFIDENCE LIMITS

VARIABLE VALUE SE. COEFT. T-VALUE LWER LPPER

ALPHA
N

64.460
0.3876

14.1130
0.0428

4.S657 31.83 96.97
9.0573 0.2889 0.4863

-------- ORDERED BY COMPUTER INPUT.-....

NOISTURE CONTENT:
NO. PRESSURE OBSERVED FITTED

1 15150.0000
2 10100.0000
3 7070.0000
4 400.0000
5 2020.0000

1010.0000
707.0000
505.0000
303.0000

10 101.0000

0.0750
0.0995
0.1115
0.1250
0.1345
0.1450
0.1900
0.1965
0.2100
0.2600

0.1033
0.1081
0.1130
0.1223
0.1368
0.1559
0.1679
0.1808
0.2040
0.2724

RESIDUAL

-0.0283
-0.0086
-0.0015
0.0027

-0.0023
-0.0109
0.0221
0.0157
0.0060

-0.0124

--- O---ORDERED BY RESIDUALS..............

MOISTURE CONTENT:
NO. PRESSURE OBSERVED FITTED

7

9
4
3
S
2
6

10
l

707.0000
505.0000
303.0000

4040.0000
7070.0000
2020.0000

10100.0000
1010.0000
101.0000

15150.0000

0.1900
0.1965
0.2100
0.1250
0.1115
0.1345
0.0995
0.1450
0.2600
0.0750

0.1679
0.1808
0.2040
0.1223
0.1130
0.1368
0.1081
0.1559
0.2724
0.1033

RESIDUAL

0.0221
0.0157
0.0060
0.0027

*0.0015
*0.0023
-0.0086
-0.0109
-0.0124
*0.0283



-vzl ,Zt, -Al OL~ % '

FY L' ;L/w/

rOl'l 7tf-jfSOIL WDRAUILIC PROPERTIES
=.

j eK~~w

64.4360 211 0.3100
y3.5s4 1.'13 0.2M
84.5640 2 I0.2
96.0012 3.31r 0.2748

114.5m39 33&Co.2630
135.3559 4.4'1 0.2513
161.7275 t.301 0-2395
195.8042 6%2 Y 0.2278
240.7188 n Ib 0.2160
301.3052 VI 0.2042
385.3026 . S' o.9M
505.6600 /W7 0.18

(cuhr)

1.6200
1.1508
0.8034
0.5301
0.368r
0.2412
0.1t35
0.094r
0.0564
0.0322
0.0175
0.0089

RELATIVE r

1.0000
0.7104
0.415
0.3396
0.2Z76
0.149
0.0947
0.0585
o.Oua
0.0199
0.0108
0.0055

SD

1.0000
0.9500
0.900o
0.8500
O.8OOO
0.7500
0.7000
0.6500
0.6000
0.5500
O.SOOO
0.4500

PARAKETERS OF THE C-fUICTION
rsuzzas

ASSUIING THE RELATIONSHIP OF THE RELATIVE HYDRAULIC
CORWMCTIVITY AND THE EFFECTIVE SATURATION TO BE A
STREIGHT LINE ON A LOG-LOG PAPER, THE AVERACE SLOPE IS:

SATIz .62 c Whr no 6.5314

r 29~.t 4o.3j ,

0.o3 lii. ooq / rx(o'

I I

I 0.31f i
0. 23'4-D

o. o'38

f>t V /-1 §60 ), I

W&" 7" - .- r 3 3 e8dq

WtA.-A r ~ 14, it 3 z
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At4'1 74k-fl................................
VWi-LINEAR LEAST SOMAE AXALYSIS
................................

.'SO iL.' O0k4pAT

LSS FOR RU # 3
E -- kF Ff -/, & -OREY X

ttc ~NTRA -- GREEN RIVER -- BUFFER *C BROOKS & COW£ IV 30.02

INPUT PARAMETERS

MODEL NUMBER. ............................
NUMBER OF OBSERVATIONS...................
kwUEa OF COEFFICIENTS...................
RESIDUAL WATER CONtEIT.................
SATURATED WATER CONTENT................
SATURATED NYDRAULIC CONDUCTIVITY.......

6
11
2

0.0950
0.2900
0.9720 C4-u/k, = 2.7 )(16- 6l/_C

OBSERVED DATA

I XCl)

I 10.1000
2 101.0000
3 202.0000
4 303.0000
5 505.0000
6 707.0000
7 1010.0000
co 2020.0000

4Q40 .0000
7070.0000

10100.0000' ,

ITERATION SO YCR

YCI)

0.2900
0.2600
0.2400
0.2150
0.1850
0.1650
0.14U5
0.1355
0.1285
0.1210
0.1110

0
I
2
3
4
5
6

0.0950
0.0950
0.0950
0.0950
0.0950
0.0950
0.0950

ALPNA

232.480800
100.725400

18.08M70
17.223210
16.829040
16.886840
16.885330

N

0.2085
0.2144
0.2262
0.2481
0.2452
0.2457
0.2457

SSQ

0.088590
0.041373
0.007035
0.006532
0.006529
0.006529
0.006529



4~kv1A4 -4 1 p ~ 4
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CJ. Lt73f9
CORRELATION MATRIX

_ _ _ _ _ _ _ _

I 2

1.00002
1.0000
0.6100

NON-LINAR LEAST-SQURE ANALYSIS: FINAL RESULTS
sazc _

t95E cc

VARIABLE VALUE S.E. COEFT. T-VALUE ILOWER

NIFIDENCE LIMITS

UIPPER

I w32.6S3
1 0.3343

16.U8i3
0.2457

6.9669
0.0392

2.4237
6.2721

I.In
0.1571

-..----ORDERED Y C UTER INPUT------

1 -'%5 10.1000 0.2900 0.3162
2 }I 101.0000 0.2600 0.2207
3 W :202.000 0.2400 0.2010
4 '%\303.O0 0.2150 0.1909
5 15"5.0 O.U50 0.176
4 ^' 77.0000 0.1650 0.17Z

^%."'1010.0000 0.1U S 0.1664
" 020.0000 0.1355 0.1552

<6 040.0000 0.1285 0.1458
0lt" 7070.0000 0.1210 0.1392

11 N10I00.0000 0.1110 .13

--- IORDERED BY RESIDUALS.-----.------

NDISTURE CONTENT:
No. PRESSLRE OBSERVED FITTED

RESIDUAL

-0.0262
0.0393
Q.0390
0.0241
b.oo54

-^0.0079
-0.0219
-0.0197
-'0.0173
-0.0182
-0.0245

2
3
4
S
6
9

10
8
7

lt
I

101.0000
202.0000
30.O00
S05.0000
707.0000

4040.0000
7070.0000
2020.0000
1010.0000

10100.0000
10.1000

0.2600
0.2400
0.2150
0.1850
0.1650
0.1285
0.1210
0.1355
0.144s
0.1110
0.2900

0. 2207
0.2010
0.1909
0.1796
0.1729
0.1458
0.1392
0.1552
0.1664
0.1355
0.3162

RESIDUAL

0.0393
.0.0390
0.0241
10.0054
40.0079
40.0173
40.0182
*0.0197
40.0219
*0.0245

,0.0262
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OIL NYWAILIt POPERTIES

T) O
Ile

. .

5.926M o .4?40.2905
32.715 /. ?Jf. 2 M
41.8 7 37 0.2510
54.452 I. 3*(0.2413
n.1062 .3 0.2315
97.4916 3. l9 0.2218

135.03M6 (W 0.2120

K RELATIVE K
Ci) I

0.9720 - 1.000
0.!979 0.61S1
0.35 0.3690
0.2093 0.21S3
0.118 0.1Z2
0.0647 0.0665
0.030 0.0349
0.0170 0.0175
0.0051 O."1

OD

1.0000
0.9500
o.90oc
0.850
0.WM00
0.7500
0.7000
0.6500
0.6000

PARAMETERS OF TlE K-RUCTION
* _ _ _ __UUU

AWJIIN TNE RELATIONSHIP OF TIE RELATIVE .TDRAUIC
EMUTIVITY AN TUE EFFECTIVE SATURATION TO BE Ai
STREICNT LINE ON A LOG-LOG PAPER, TNE AVERAGE SLOPE IS:

SATKE .972 cAr 1N 9.377619

-3

j. ' i5

K d~v.

'is . i*
16. 4, 0i.J3

'z3 i's8.o,\OII

oD3 I

O. Mfl
o,,is

IK I, '{(I.7stJ}

,= K. ses93
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2 1
EXAMPLE

1 0
.0420

K>y EXAMPLE
1 10
0.042

0 0
101
303
505
707

1010
2020
4040
7070

10100
15150

7 I, ,
1: CALCULATE CURVE WITH KNOWN PARAMETER VALUES

0 3 2 1 0 0 8 30
.4000 .0100, 3.00 0.50 0.5

5: GREEN RIVER; TAILINGS
10 3 2 1 0 1 8 30
-0.4000 0.010 3.00 0.50 0.5
1 1 1, 1 0

.400

.124

.091

.078

.066

.056

.048

.046

.045

.042

GREENRIVER TAIL

0.00058

0.00058
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* * *************************************************CA***i~V41.17

* i

* ANALYSIS OF SOIL HYDRAULIC PROPERTIES
* I
* EXAMPLE 1: CAICUIATE CURVE WITH KNOWN PARAMETER VALUESK>

*
*
*
*
*
*
*

*

MUALEM-BASED RESTRI TION, M=1-1/N
NTYPE= 3 METHOD= 2

* *

INITIAL VALUES OF THE COE'FICIENTS

NO
1
2
3
4
5
6
7

NAME
WCR
WCS

ALPHA
* N
M

EXPO
CONDS

INITIAL VALUE
.0420
.4000
. 100

3. 000
. 667
. 000
. 006

INDEX
0
0
0
0
0
0
0

C0%T1. Ut117WnmvfT. ?DIDlnElrTE'l IWMl¶Vcl - %
QJL" 5n.vuftI"JJ.w rn. wEr Qv

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

p
.1265D+04
.8940D+03
.6316D+03
.4455D+03
.3626D+03
.3129D+03
.2786D403
.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
.814 lD+02
.7751D+02
.7353D+02
.6942D+02
.6511D+02
.6053D+02
.5553D+02
.4987D+02

WGF3.10t
2.95
2.80
2.64
2.55
2.49
2.44
2.40
2.367
2.336
2.308

2.25B
2.23P
2.214
2.194
2.175
2.157
2.139
2.12'1
2.104
2.087
2.071
2.054
2.037
2.020
2.00,3
1.98,6
1.968
1.950
1.931

1.889
1.866
1.841
1.814
1.782
1.745
1.698

Lira--r - * 1

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
.404lD-05
.5391D-05
.7047D-05
.9052D-05
.1145D-04
.1430D-04
.1766D-04
.2157D-04
.2612D-04
.3137D-04
.374OD-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

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
-4.147
-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
-3.230
-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
-1.624
-1.565
-1.506
-1.447
-1.386
-1.324
-1.260
-1.193
-1.123
-1.047
-. 966
-. 875
-. 771
-. 647



.3821

.3911

.3955

.4000

.4308D+02 1.6344 .3835D-03 -3.416

.3383D+02 1.529 .4520D-03 -3.345

.2671D+02 1.42'7 .4980D-03 -3.303

.OOOOD+0I .5800D-03 -3.237
l

.3280D+00

.5878D400

.1006D+01

-. 484
-. 231

.003

3J

END OF PROBLEM -M. -'-7

=_ _ _ _ I uIr-4. P rL a /2 /e ?
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* *

-- * ANALYSIS OF SOIL HY RAUIC PROPERTIES *
\I * *

* EXAMPLE 5: GREEN ; TAILINGS
. * ,, ,*

* MUALEM-BASED RESTRICTION, N=1-1/N *
* ANALYSIS OF RETENTIbN DATA ONLY *
* MTYPE= 3 METHOD= 2 *
* I*

OF THE COEFFICIENTSINITIAL VALUES

NO
1
2
3
4
5
6
7

NIT
0
1
2
3
4

i 5
6
7

15

NAME
WCR
wcs

ALPHA
N
M

EXPO
CONDS

INITIAL VALUE
.!0420
.14000
.1j100

3.i0000
.16667
.15000
.0006

INDEX
0
0
1
1
0
0
0

SSQ
.02279
.01175
.00390
.00309
.00245
.00236
.00233
.00233
.00233

ALPHA
.0100
.0045
.0060
.0049
.0054
.0051
.0052
.0051
.0052

IN
3.10000
2.15523
2.!6576
3.'1924
3 .!2086
3.'4617
3.14365
3.15118
3. 15082

CORRELATION MATRIX

1
2

1
1.0000
-. 8060

2

1.0000

RSQUARED FOR REGRESSION OF OBSERVED VS FITTED VALUES = .98595953
---- =--_e--e _= =-=

NONLINEAR LEAST-SQUARES ALYSIS: FINAL RESULTS
__== ____=.:6 __==_ __

VARIABLE
ALPHA

N

VALUE
.00516

3.50816

S E. COEFF.
. 00062
.51443

T-VALUE
8.35
6.82

95% CONFIDENCE LIMITS
LOWER UPPER
.0037 .0066

2.3219 4.6944

OBSERVED AND FITTED DATA,

NO P LOG-P
<_> I .1010D+03V3 2.00 3

2 .3030D+03LA 2.48 4
3 .5050D+031@X 2.70 3
4 .7070D+03r 2.84 4
5 .1010D+04VA 3.0043
6 .2020D+04 104-1 3.3054

WC-OBS
.4000
.1240
. 0910

I .0780
.0660
.0560

WC-FIT
.3761
.1440
.07371
.0558
.0477
.0430,

WC-DIF
.0239

-. 0200
.0173
.0222
.0183
.0130

4



'/4 ^4L, -Jwy~d
7 .4040D+040V-§ 3.6064 .0480 .0422
8 .7070D+040t- 3.8494 .0460 .0420
9 .1010D+051% 4.0043 .0450 .0420

10 .1515D+05A%1 4.1804 .0420 .0420

SUM OF SQUARES OF OBSERVED TTED VALUES

a'*Jf7'Z5sf 33
M*" rc ?/714f

.0058
; .0040
\ .0030

.0000

RETENTION DATA
COND/DIFF DATA

ALL DATA

UNWEIGHTED
.00233
.00000
.00233

WEIGHTED
.00233
.00000
.00233

SOIL HYDRAULIC PROPERTIES (MTYPE - 3)

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
.3821
.3911
.3955
.4000

P
.1466D+04
.1112D+04
.8426D+03
.6374D+03
.5404D+03
.4800D+03
.4372D+03
.4046D+03
.3785D+03
.3568D+03
.3384D+03
.3224D+03
.3082D+03
.2955D+03
.2840D+03
.2735D+03
.2637D+03
.2547D+03
.2461D+03
.2381D+03
.2304D+03
.2231D+03
.2161D+03
.2093D+03
.2027D+03
.1962D+03
.1899D+03
.1837D+03
.1775D+03
.1713D+03
.1650D+03
.1587D+03
.1523D+03
.1456D+03
.1387D+03
.1314D403
.1235D+03
.1148D+03
.1047D+03
.9244D+02
.7520D+02
.6145D+02
.OOOOD+00

LOGP
3.166
3.046
2.926
2.804
2.73$
2.68t
2.64t
2.60
2.57
2.55
2.52
2.50
2.48
2.47
2.45
2.43
2.421
2.402
2.239
2.237
2.369
2.34
2.330
2.32
2.307
2.293
2 27

2.249

2. 214

1.966

2. 18'3
2.163
21 1472
2.119g
2.09'2
2. 00
2.090

1.789

COND
.1600D-10
.1574D-09
.1549D-08
.1527D-07
.5834D-07
.1512D-06
.3170D-06
.5810D-06
.9708D-06
.1516D-05
.2249D-05
.3203D-05
.4415D-05
.5923D-05
.7768D-05
.9995D-05
.1265D-04
.1578D-04
.1945D-04
.2370D-04
.2861D-04
.3423D-04
.4064D-04
.4792D-04
.5615D-04
.6542D-04
.7585D-04
.8754D-04
.1006D-03
.1152D-03
.1316D-03
.1498D-03
.1702D-03
.1929D-03
.2184D-03
.2471D-03
.2796D-03
.3166D-03
.3594D-03
.4102D-03
.4736D-03
.5144D-03
.5800D-03

LOGK
-10.796
-9.803
-8.810
-7.816
-7.234
-6.820
-6.499
-6.236
-6.013
-5.819
-5.648
-5.494
-5.355
-5.227
-5.110
-5.000
-4,898
-4.802
-4.711
-4.625
-4.544
-4.466
-4.391
-4.320
-4.251
-4.184
-4.120
-4.058
-3.997
-3.938
-3.881
-3.824
-3.769
-3.715
-3.661
-3.607
-3.553
-3.499
-3.444
-3.387
-3.325
-3.289
-3.237

DIF
.4185D-05
.1563D-04
.5848D-04
.2201D-03
.4810D-03
.8419D-03
.1306D-02
.1877D-02
.2562D-02
.3367D-02
.4301D-02
.5373D-02
.6595D-02
.7979D-02
.9542D-02
.1130D-01
.1328D-01
.1549D-01
.1798D-01
.2076D-01
.2389D-01
.2741D-01
.3137D-01
.3584D-01
.4091D-01
.4668D-01
.5327D-01
.6086D-01
.6966D-01
.7994D-01
.9207D-01
.1066D+00
.1242D+00
.1459D+00
.1734D+00
.2092D+00
.2579D+00
.3281D+00
.4387D+00
.6421D+00
.1169D+01
.2044D+01

LOGD
-5.378
-4.806
-4.233
-3.657
-3.318
-3.075
-2.884
-2.726
-2.591
-2.473
-2.366
-2.270
-2.181
-2.098
-2.020
-1.947
-1.877
-1.810
-1.745
-1.683
-1.622
-1.562
-1.504
-1.446
-1.388
-1.331
-1.273
-1.216
-1.157
-1.097
-1.036

-. 972
-. 906
-. 836
-. 761
-. 679
-. 589
-. 484
-. 358
-. 192

.068
.310

END OF PROBLEM
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EXAIMPLE 1: CALCULATE CURVE WITf KMl PAVAIETER VALUES
' 0 0 3 2 1 0 0 8 301

1750 .3100 .0100 3.00 0.501 0.5 I
'--XANPLE 5: GREEK RIVER; OFF-PILE FATERIAL.

10 10 3 2 1 0 1 8 30!
0.075 0.3100 --- 0.010 3.00 0.50 0.S I

0 0 1 1 1 1 0
101 .260
303 .210
505 .197
707 .190

1010 .145
2020 .135
4040 .125
7070 .112

10100 .100
15150 .075

rL&/L ZN

GREEN RIVER OFF-PILE MATERIAL 7-949 7-24f7 lft.

).00045 o&ha py C
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* !

* ANALYSIS OF SOIL HYDRAULIC PROPERTIES i

K> EXAWPLE 1: CALCULATE CLIVE 1ITH KNOIN PARAMETER VALUES

*
i~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-I* f)° 7-ts-fl

de. P tL -7/zs-(a

*

*

*

*

a.
*

*

**a.*ap:***aA�p..�pta�:p�papp mt*aaa.a**.a.aaa.,.,a

INITIAL VALUES OFTHE COEFFICIENTS
cau3333333EM3333u3.ua

NO

1
2
3
4
S
6
7

KANE
YCRvca
115

ALPHA

N
EXPo
CONDS

INITIAL VALUE
.0750
.3100
.0100

3.0000
.6667
.5000
.0005

INDEX
0
0
0
0
a
0
0

SOIL HYDRAULIC PROPERTIES (Nnl
~ggggzguzug.uuuzz

WC
.0765
.0779
.0809
.0868
.0926

.1044

.1103

.1161

.1220

.1279

.1338

.1396

.1455

.1514

.1573

.1631

.1690

.1749

.1808

.1866

.1925

.1984

.2043

.2101

.2160

.2219

.2278

.2336

.2395

.2454

.2513
.2571
.2630
.2689
.2748
.2806
.2565
.2924

P
.12650D04
.8940D+03
.6316D+03
.445D5Q3
.36260+03
.3129D%03
.2786.03
.2531D+03
.23310+03
.2167D+03
.2030D+0
.1913D403
.1810D403
.17200D03
.1638D403
.1565D+03
.1497r+03
.1435D+03
.1377D+03
.1322D003
.1271D+03
.1223D+03
.11770103
.1132D+03
.1090D03
.1048D+03
.1008D+03
.9684D+02
.9296D+02
.8911D002
.85270.02
.8141D002
.M7D+02
.T7530402
.69420402
.6511D002
.6053D+02
.5553D002
.49870.02

LOGP
3.102
2.951
2.600
2.649
2.559
2.495
2."5
2.403
2.367
2.336
2.308
2.282
2.258
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
1.74S
1.698

PE a 3)

COmO LOck
.3861D-11 -11.4s3
.4369D-10 -10.360
.4948D-09 -9.3b6
.S611D-08 -8.251
.23270-07 -7.63
.6392D-07 *7.194
.1402D-06 *6.853
.26670-06 -6.574
.4598D-06 -6.137
.7379D-06 -6.132
.1121D-05 -S.950
.1632D-05 -5.787
.22950-05 .5.439
.3135D-05 -5.,04
.4183D-05 -5.379
.S4670-05 -5.*62
.7023D-05 -5.153
.68870-05 -5. I
.11100-04 -4.'55
.13700-04 -4.863
.1674D-04 -4. j76
.2027D-04 -4*y;
.2434D-04 -4.
.2902D-04 *4.37
.34370-04 -4.464
.404U-04 -4.93
.4742D-04 -4.24
.553CD-04 -4. 57
.6421D-04 -4. 92
.7429D-04 -4 29
.8560-04 -4A367
.9856D0 *K 4.0
.1131D-03 -3.N
.12960-03 -3. 8
.14MOD-03 -3. t
.1697D-03 -3.,70
.1943D-03 -3.712
.2228D-03 -3.652
.2565D-03 -3.591

DIF
.1663D-05
.6658C-05
.2670D-04
.1076D-03
.2444D-03
.43940-03
.6956D-03
.1016D-02
.14060-02
.1869D-02
.2410D-02
.3037D-02
.3756D-02
.4576D-02
.5506D-02
.6558D-02
.77430-02
.90780-02
.1058D-01
.12270-01
.14170-01
.16310-01
.1873D-01
.2147D-01
.24570-01
.28110-01
.32160-01
.3683C-01
.42240-01
.4856t-01
.56030-01
.6495D-01
.7576D-01
.89110-01
.1060D+00
.1279D+00
.1576D+00
.2001D+00
.26670+00

LOGD

-5.779
-5.177
-4.573
-3.968
-3.612
-3.357
-3.158
-2.993
-2.852
-2.728
-2.618
-2.518
-2.425
-2.340
-2.259
-2.183
-2.111
-2.042
-1.976
-1.911
-1.849
*1.787
-1.72
-1.668
-1.610
-1.551
-1.493
-1.434
-1.374
-1.314
-1.252
-1.187
-1.121
-1.050
-. 975
-. B93
-. 803
-.699
-.574



.2983

.3041

.3071

.3100
.26710+02

1.634
1.529
1.427

4,
.29760-03 *3.56
.3507D-03 -3.45
.3W64-03 -3.4 13
.45XV-03 *3.347

16wy,,, -,&u -ovx",to/c"
ULS( i

.38770400

.69410.00

.11900.01

-.411
-.158

.075

END OF PROBLEM
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ANALYSIS OF SOIL hYDRAULIC PROPERTIES i

* EXAIMPLE 5: GREEN RIVER; OFF-PILE IUTERIL1

* IEJALEM-BASED RESTRICTION, NlelJ1I

.

C

0'

. ANALYSIS OF RETENTION DATA ONLY
KTYPEm 3 NETNCD- 2

I
i
Ii
I

*

- q~ qm ~~~ ~~ p~ *

INITIAL VALUES OF THE COEFFICIENTS
_

NO
I
2
3

5
6
7

KME
KCR
WCS

ALPHA

N
EXPO
CONDS

INITIAL VALUE
.0750
.3100
.0100

3.0000
.6667
.5000
.0005

IIDEX
0
0
I
¶
a
0
0

Sso
.05107
.00995
.00420
.00135
.00126
.00126
.00126
.00126

ALPHA
.0100
.0094
.0096
.0082
.0083
.0084
.0084
.0084

N
3.0000
1.7170
1.3611
1.4652
1.444
1.4W
l.A4
1.4W

CORRELATION MATRIX
C==m=3.3Z~ZsZ~ZZ

1 2
I 1.0000 I
2 -. 8909 1.0000

RS0UARED FOR REGRESSION OF OBSERVED VS FITTED VALUES a .95840519
gsinzzz=zzzzzzt ra sssszzZ u uSzzuzzzuuzzzzzzggzzzuz zzg

NONLINEAR LEAST-SOLIARES ANALYSIS: FINAL RESJLITS
ZZZZZZZZUZZUUZUUZZUZZZZUUE5UUZZZZSEUU3ZU Em

VARIABLE
ALPHA
N

VALWE
.00837

1. m6

S.E.COEFF.
.00210
.06134

OBSERVED AND FITTED DATA

No P LOG-P
1~l .10100+03 2.0043
2 .3030D+03 2.4814
3 .5050D+03 2.7033
4 .7070D+03 2.8494
S .10100+04 3.0043
6 .2020D004 3.3054
7 .4040D+04 3.6064

WC-OBS
.2600
.2100
.1970
.1900
.1450
.1350
.1250

T-VALUE'
3.98

24.16

; C-FI
.26g
.214
.18m
.17Z
s151

I.134
.11l

95X CONFIDENCE LIMITS
LOWER UPPER
.0035 .0132

1.3408 1.6237

T YC-DIF
8 -. 0098
5 -. 0045
i1 .0089
5 .0175
8 -. 0128
8 .0002
9 .0071



a .77000D04 3.494 .1120 .107
9 .10105D+O 4.0043 .1000 .1026

10 .1515E0.5 4.180 .0750 .097

SW OF SUJARES W OBSERVED VERSUS FITTED VAL4S
EZZZU-------UZU I~332U3U

<- t -_4 -

.0042
-.0026
-.0227

3,P
-%tif 7-zytt

o., fre- "m

UHEICNTED WEIUNTED
RETENTION DATA .00126 .0012A
CONO/DIFI DATA .0 .000(

ALL DATA .00126 .0012b

SOIL EMDRAULIC PROPERTIES (NTTPE * 3)
-- - - - - - unu _ a

s

.0765

.0779

.OBW9

.0868

.0926

.0985

.1044

.1103

.1161

.1220

.1279

.1338

.1396

.1455

.1514
.1573

k '.1631
.1690
.1749
.1808
.1866
.1925
.1984
.2043
.2101
.2160
.2219
.2278
.2336
.2395
.2454
.2513
.2571
.2630
.2689
.2748
.2806
.2865
.2924
.2983
.3041
.3071
.3100

P
.4444D+07
.1056D+07
.2508D D6
.595D8+05
.25700+05
.14150+05
.89010D04
.6094D+04
.4421D+04
.33470+04
.2616D+04
.2097D+04
.17150+04
.1426D.04
.1202D+04
.1025D.04
.8828D+03
.7663D+03
.66903
.5890D*03
.52050+03
.4618003
.4112D.03
.3672D+03
.3286D+03
.2944D+03
.2641D+03
.2369D+03
.2125D+03
.1903D003
.1700D+03
.15150D03
.1343D+03
.1183D+03
.1033D003
.8916D+02
.7561D002
.62470+02
.4949D+02
.3626D+02
.2191D+02
.1349D+02
.OOOOD+OO

LOCP
6.648
6.024
5.399
4.m
4.410
4.151
3.949
3.785
3.646
3.52S
3.418
3.322
3.234
3.154
3.080
3.011
2.946
2.U4
2.826
2.770
2.76
2.664
2.614
2.565
2.517
2.469
2.422
2.375
2.327
2.279
2.231
2.180
2.128
2.073
2.014
1.950
1.879
1.796
1.695
1.559
1.341
1.130

cow
.10640-18
.1066D-16
.1069D-14
.1071D-12
.1586D-l
.1074D-10
.4736D-10
.1593D-09
.4443D-09
.1081D-08
.2370D-08
.4787D-08
.9050D-08
.16200-07
.M2D-07
.4561D-07
.72630-07
.1124D-06
.1696D-06
.25050-06
.36290-06
.5170D-06
.7254D-06
.10040-05
.1374D-05
.1861D-05
.2498D-05
.3S326-05
.4397-05
.5782D-05
.7568D-05
.971D-05
.1285D-04
.1672D-04
.2178D-04
.2846D-04
.37450-04
.4985D-04
.6763D-04
.9503D-04
.142D-03
.1919D-03
.4500D-03

LOml
.18.93
-16.972
-14.971
-12.970
-11.800
-10.969
-10.325

-9. M8
-9.352
-8.9,66
-8.625
-84.20
-8.d43
-7.7o0
-7.557

-7.139
-6.g49
-6.*
-6.601
*6.40
*6.i87
-6.P39

*S.862
-S.730
-S.j02
*.5 78
-5.3 tT
-5.i38
-5.1 21

-4.4279

., 77

4.34

-.3 ,O

DlF
.6673D-09
.7944D-08
.94590-07
.1126D-05
.4797D-05
.1342D-04
.2981D-04
.s726D-04
.9952D-04
.16080-03
.2457D-03
.35940-03
.50770-03
.6969D-03
.9343D-03
.1228D-02
.1586D-02
.2021D-02
.2542D-02
.3165D-02
.3905D-02
.4781D-02
.5816D-02
.70370-02
.84770-02
.10180-01
.1219D-01
.14570-01
.1742D-01
.2083D-01
.2494D-01
.2997D-Ol
.36170-01
.43950-01
.5392D-01
.6701D-Ol
.8483D-01
.11040+00
.1499D+00
.2194D+00
.38200.00
.6099040

LOGD
-9.176
-8.100
*7.024
*S.948
-5.319
-4.872
-4.526
-4.242
-4.002
-3.794
-3.610
-3.4"
-3.294
-3.157
-3.030
-2.911
-2.800
-2.694
-2.595
-2.500
-2.408
-2.320
-2.235
-2.153
-2.072
-1.992
-1.914
-1.836
-1.759
-1.681
-1.603
-1.523
-1.442
-1.357
-1.268
-1.174
-1.071
-. 957
-.824
-.659
-. 418
-. 215

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

Dry
Density

LD~f)Sam~le No.*
Percent

Compaction
Moisture
Content(%)

Percent
Dryer
than OMC

MKE-001
MKE-002
MKE-003
MXE-004
MXE-005

MKE-006
MKE-007
MKE-008

KE- 009
MKE-010-Rl

MKE-011
MKE-012
MKE-013
MKE-014
MKE-015

MKE-016
MKE-017
MKE-018
MKE-019
MKE-020

NKE-021
MKE-022
MKE-023
MKE-024
MKE-025

MXE-026
MKE-027
MKE-028
MXE-029
MKE-030

108.7-
113.4'
105.2-
112.2-
114.1-

118.2.
120.7.
118.7-
117.2'
118.1'

117.2-
115.0O
116.8'
115.3.
119.5-

119.0O
115.6-
111.2-
117.0O
118.1'

111.7'
119.3'
114.2'
117.8'
121.3'

114.5-
114.6.
119.7'
113.1"
113.0'

97.8-
91.3'
90.3'
90.3-
91.1-

94.4.
92.2'
94.5.
94.4.
95.1-

96.3t
94.5.
96.0.
94.7.
96.8.

96.4.
93.7'
96.9'
94.8'
95.7.

90.5'
96.1-
91.9'
96.8-
99.7.

98.3'
98.4a
96.2'
91.1'
97.0-

5.5.
5.6-
6.3'
5.6'
6.8'

5.6-
4.1-
7.0'
5.4.
5.1.

7.5.
5.7-
6.3'
4.4-
6.0'

5.0'
6.6.
7.0-
6.8-
6.0'

6.6'
7.6-
5.8-
4.8-
6.4.

5.8'
5.7-
4.8'
5.3'
5.3.

7.6.
5.1-
5.6'
5.1-
3.4.

4.6.
3.8.
3.0-
5.3-
5.6'

3.3.
5.1'
4.5.
6.4'
4.6'

5.6.
4.0
5.3'
3.8'
4.7.

4.0-
3.1.
4.9.
6.0'
4.4.

6.1'
6.2.
6.0.
5.9'
6.6'

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

Dry
Density
(p3cf)Sami~le No-*

Percent
Compaction

Moisture
Content(%)

Percent
Dryer
Than OMC -

MKE-031
MKE-032
MKE-033
MKE-034
MKE-035

MKE-036
MKE-037
MKE-077
MKE-078
MKE-079

MEAN

STANDARD
DEVIATION

105.2.
114.9'
114.0'
115.1'
119.4.

119.2'
105.5'
108.7'
115.1'
120.0'

115.19-

4.19"'

90.3'
98.6'
91.6'
92.5'
97.1 '

96.9.
90.9
96.4.
92.7w
96.6'

94.67

2.71"

6.3-
4.7.
7.0'
7.7.
5.7.

4il-
5.4
4.9.
6.1.
5.7.

5.85-

0.91

5.6'
7.2-
3.8-
3.1.
5.2.

6.8-
7.1-
7.6-
4.6'
5.0-

5.14'

1.25-

Coefficient
of variation

.0364- 0.0286-" 0. 1560 "

Coefficient of
Skewness

-0.215"" __

.9

*Note: 1 failed point not included.
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TAILINGS *
(Sheet 1 of 2)

Dry
Density
(pCfISample No.

Percent
Compaction

Percent
Moisture Dryer
Content(%) Than OMC

MKE-038
lKE-039
MKE-040
MKE-041
MKE-042

MKE-043
MKE-044
MKE-045
MKE-046
MKE-047

104.2-
104.9-
106.9'
102.3'
99.4.

100.0'
97.1'
96.2.
97.8.
98.8.

93.7.
94.3-
90.0.
98.0.
95.2'

95.8.
95.2-
95.2.
96.8'
96.6.

5.9-
3.3.
5.5.
2.9.
4.4.

4.7*
3.7-
3.9.
2.8d
3.3'

7.4.
9.9.
7.7.

10.6'
9.1'

8.8.
10.8-
11.1'
12.2.
11.7'

K>

MKE-048
MKE-049
MKE-050

0KE-051
MKE-052

MKE-053
MKE-054
MKE-055
MKE-056
l4KE-057

102.0'
99.6'

101.2'
97.6'
98.8'

95.7'
96.3'
99.2'
99.1'

197.9'

99.7.
97.4.
97.1'
93.5.
94.6.

91.7 '
93.0'
95.8'
95.7.
96.9 '

3.0-
5.3'
3.9.
4.1'
3.4.

5.1-
6.3-
3.3.
3.3-
6.1'

12.2'
9.9 -

10.4-
9.4.

10.1'

8.3-
7.5.

10.5 '
10.5'
8.9-

MKE-058
MKE-059
MXE-060
MKE-0661
MKE-062

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

97.0'
96.8-
98.1

101.9'
103.1'

98.7'
98.1'
97.5'
98.4-

101.0.

96.0'
95.8'
95.2'
98.8

100.0'

97.7.
97.1-
96.5'
91.4'
93.9.

3.2'
4.0.
3.7'
5.8'
5.4.

1.9'
6.7'
5.3.
4.1'
5.3.

11.8'
11.0-
11.1'
8.9'
9.4.

13.1.
8.9k
9.7.
9.0.
7.8'
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TAILINGS *
(Sheet 2 of 2)

Dry
Density
(pcf)Sample No.

Percent
Compaction

Moisture
Content(%)

Percent
Dryer
Than OMC

MKE-068
MKE-069
MXE-070
MKE-071
MKE-072

MKE-073
MKE-074
MKE-075
MKE-076

MEAN

STANDARD
DEVIATION

104.4'
102.9'
99.5.
96.8,

109.9G

97.9.
95.2'
98.7'
98.7'

99.73/

3.2 lv/

0.0321/

95.0'
99.4.
96.1'
93.5.
95.1'

96.9'
94.3.
95.7,
95.7.

95.65"'

2. 16

6.7.
4.8.
3.9.
5.0'
3.9.

3.9.
4.2.
5.9.
5.2'

4.44,.-

1.18'-1

6.6'
9.0'

10.2.
8.80
8.8-

11.1.
10.8'
8.9'
9.6'

9.78V'

1.46w"

0.1494 okCOEFFICIENT
OF VARIATION

0.0226 - 0.2654 V

Coefficient
of Skewness

4 t~VvQ-OL9 * -G.. a--
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