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UMTRA PROJECT r 'U..$ CITY

BOOK I Subcontract Documents

Revised in accordance to approved PID No'. 1 through 7 as follows:

PID No. CLU&d
1 Incorporation of Addenda Nu i, 2, 4, 6, 8, 9, 10, 12 and 13 ta

*

Request for Proposil.

2 Revision of Safety and Health 1 raining Requirements to Special
Condition.SC-7 and Relocation of a Barbed Wire Fence (Dwg. Nos.
FCT-PS-10-0404, 0415).

3 Reconstruction of the Existing Derms to Pile Nos. 2 and 7 Along
Farm Road 1344 and Northwest Side Slope of Pile No. 7 (Dwg. Nos.
FCT-PS-10-0408,0412).

4 Monitoring of Settlement of the Tailings Embankment (Dwg. No. FCT-,

PS-10-0411).

S Abandonment of Additional Wells in Specification Section 02090.
Wells locations added to Dwg. Nos.-FCT-PS-10-0403, 0417.

6 Organic Content and Gradation Requirements in Specification Section
02200, Earthwork.

.

;

7 Scarification of Tailings Embankment Subgrade, Specification
Section 02200 3.7,0.

BOOK II 1. Response to NRC Open Issues Regarding the Final RAP

Revise RAIP to include additional PI values determination for
radon barrier (per Open Issue No. 11) and gradation tests for
relocated tailings (per Open issue No. 25[2]).

9205210072 920506
PDR WASTE
WM-65 PDR ,
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2. Calculations
a. Revised Table of Contents, Page 1 (Vol. I, !!, !!!).

\
Mark " SUPERSEDED" previously issued copies and replace with

enclosed copy.

b. Embankment Design - Material Properties fo~c Radon Barrier

Design, Revision 2 (Calc. No. 20-438-03-02).

Mark " SUPERSEDED" previously issued copies of Calc. No. 20-

438-03-01 and replace with enclosed copy in Calculation
Vol. I.

c. Radon Barrier Design - Sentitivity/ Statistical Analysis
(Calc. No. 20-439-03-00).

New Calculation. Add enclosed copy to Calculation Vol.
!!I.

\

CALCULATION VOL. IV
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NOTICE OF LIMITED DISTRIBUTION-
t

. .
,

. .

THIS DRAFT DOCUMENT IS PART OF THE. DELIBERATIVE PROCESS OF ~
;

THE
U.S. DEPARTMENT-0F ENERGY (DOE IN ITS 'DECIdh0N-MAXING_ FUNCTION

,
'

UllDER THE URANIUM MILL TAILINGS RADIATION CONTdOL ACT OF 1978,o

THE NATIONAL ENVIRONMENTAL POLICY ACT, AND OTHER APPLICABLE LAW.
'

,

IT IS PROVIDED TO THE RECIPIENT PARTICIPATING FEDERAL OR STATE-,,

AGENCY OR INDIAN TRIBE WITH THE EXPRESS UNDERSTANDING THAT IT IS
ONLY TO BE USED FOR THE PURPOSE OF 'PROVIDING THE DOE . WCTH INPUT
TO SUCH DECISION-MAKING PROCESS. ThE RECIPIENT PARTICIPATING

FEDERAL OR STATE AGENCY EXPRESSLY AGREES TO LIMIT DISTRIBUTION
OF - TH IS DOCUMENT TO THOSE EMPLOYEf; WHO WILL PROVIDE INPUT TO
THE DOE. !
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FINAL DESIGN FOR CONSTRUCTION

O FALLS CITY

CALCULATION INDEX
,

Calculation No. Title -

VOLUME I - Pr 1.NENT FACILITIES

*

20-434-01-01 Conb insted Material Excavation - Excavation Extent anu
Depth

3

20-434-02-01 Tailings Excavation - Excavation Quantities
,

20-435-01-00 Probable Maximum Precipitation Estimate

20-438-01-02 Embankment Design - Geotechnical Properties

20-438-02-02 Embankment De:ign - Pile Capacity Determination

20-438_03-02 Embankment Design Material Properties for Radon-

Barrier Design f

VOLUME 11 - PERMANENT FAClllllES

U
20-438-04-03 Embankment Design - Liquefaction Analysis

20-438-05-02 Embankment Design - Slope Stability Analysis

20-438-06-03 Embankment Design - Settlement Analysis

20-438-07-00 Embankment Design - Geotechnical Profiles

20-43S-08-00 Tailings Pile - Perched Water

VOLUME Ill - PERMANENT FACILITIES

20-439-01-02 Radon Barrier Design - Radium Content and Embankment

Geometry

20-439-02-02 Radon Barrier Design - Radon Barrier Thickness
20-439-03-00 Radon Barrier Design - Sensitivity / Statistical Analysis
20-440-03-00 Disposal Cell - Cover Design, Erosion Protection

'
i 20-440-04-00 Erosion Protection - Evaluation of Rock for Riprap at

Fe.lls City Disposal-Site
20-444-01-03 Summary of Quantities

O -1- 3885-FCT-R-01-00449-02
CALCINO2 FCT

.
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O FINAL DESIGN FOR CONSTRUCTION

FALLS CITY

CALCULATION INDEX

Calculation No. Title
_

l
VOLUME IV - TEMPORARY FACILITIES |

!

20-433-01-00 Retention Basin - Sediment Volume |
20-433-02-00 Site Hydrology - Temporary Drainage

20-433-03-00 Retention Basin - Berm Stability
20-433-05-00' Temporary Drainage - Drainage Ditch Design ,

20-433-06-01 Retention Basin - General
20-433-07-00 Retention Basin - Spillway

'

-20-486-02-00 Wastewater Handling and Water Balance -11 -

Treatment /Cvaporation/ Irrigation Schemes

20-486-03-00 Evaporation Pond - Spillway Sizing

O 20-436-01-00 Dewatering of Pile 7
20-460-01-00 Road Crossing at FM 1344 - Asphalt Concrete Pavement Design

20-461-01-00 Water Storage Reservoir - Capacity and Dimension Calculation

20-435-02-00 North-East Drainage Area - PMF Level at South Culvert (FM 1344)

;

- * - * * * *

CALCINO2.FCT
:
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MKE DOCUMENT NO.5057-FCT-C-01-00468-00

Calculation Cover Sheet
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table 2-2. Twical VM f actor esives reported in the
literat ure.'

,

Condition W Tactor
1. Bare sell condit ions

freshly dlaked to 6 8 inches 1.00 ~af ter one rate 0.89 .
loose to 12 inches smooth 0.90loose to 12 inches rough C.80
coepseted bulldoser scraped up and down 1. 30 lsame except root raked 1.20
compacted bt:lldozer scrapeg across slope 4.20 -

wane except root raked across 0.90
g rough irregular tracked all directione 0.90seed and fertilise, fresh 0.64

same after six months 0.54'
seed, ferstliser, and 12 months cheetcal 0.38not titled algae crusted 0.01tilled algae crusted - 0.02' compacted fill

- # 1.24-1.71undist urbed except scraped 0.66-1.30*
scarified only

. 0. 76- 1.31eavdust 2 inct.to deep, disked in 0.61
2. Asohalt emulsion on bare sell

1250 gallons / acre 0.021210 gallocs/ acre
0.01-0.019605 gallons /aere
0.14-0.5 7302 gallons / acre 0.26-0.60-151 gallons / cre

i 0.65-0.70*

* 3. Dust binder
605 gallons / acre 1.051710 gallons / acre 0.29-0.78

4. Ot her chemicals
1000 lb. fiber Class Roving with 60-150

gallons asphalt emulsion /a;re 0.01-0.05Aquatain
. 0.68Aerospray 70, 10 percent cover 0.94

Curaso! AE 0.30-0.48Petroset SR 0.40-0.A6
PVA 0.71-0.90
Terra-Tack

. 0.66N ood fiber slurry, 1000 lb/ acre fresh
bo 0.05 -0.73W
%od fiber slurry,1400 lb/ acre fresh 0.01 -0.36

:J fiber alurry, 3500 lb/ acre fresh - 0.009-0.10
portland cement + Latex . ~,

1000 lbs/ac + 8 gals /ac 0.13
1500 lbs/ac + 12 gr i/cc 0.006

3. Seedines
temporary, O to 50 days 0.40
temporary, af ter 60 days C.95
permanent O to 60 days

- permanent. 2 to 12 months. 0.e 0
0.05

pe rmanen t , a f te r 12 mont ha 0.01
-6. Brush 0 35
7. tacelsior blanket with plastie net 0.04-0.10

8. Mulch (see Figures 2-4, 2-5, 2-6, 2-7) h/// /

i

-

.

. .
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~ ^ ~ d#4TCXGE RUNOFF-2
(~3'v g - Aci R ATIONAL FORMUL A (bgieel emproach).

Q = stuNOFF = F'cok dischorpe of evolersheu'in cubic feet per second (c.fs.) c/ve io
mcximum sform oss um ed . See ny.s. Afo /5 Pp. lo 0/ (V.suaHy /0 "Spect.r).

A m Arca of wafershed s*n ucre.s. ~

Tob'e 8 Jo4w(Meusure of/osses duc to infi/frofian, c/c.).c m Coefficient of runoff, inches perhour .bc. sed on concenfrofian time. 5ee Pql8 OiL m /n/ensiht ofto/M~c// in
Concen/refi~on time e ilme required forrain falling of.vas/ remo/c point to reach dis cherbe
ceint, Concen/rofion f/me mey the/ude overfond flow five, hj. H, Fy. /8 01, eno' CNanne/
/ Tow /ime, Pp. /8 05,18 06, '/8-GS ana' 18 71.

TABLE A-COMPUTATION FORM FOR RATION AL FORMUL A.
LOC ATIO N A UU.u#E D ESlo N P RO F I L I:

-

cwAw. capa V iw v. ;wv.

"II-
O#I ClfY II* "" !L t V- n t V-sw i n'41

' 'H ''" l'" * ' A" :o%tSST n e t:T' no4 to ToTAt To O on n Fua per-
utria oces e,I "M g e,w of t. P"O c.f.h $c c. Ih Iliwat ugg ce.,c c f4 pipe * two two,

Sue +
|8?.00$tsgf/25? 57: A S 1. 6 1. 6 44 l&S 03 /GS 38 30 IS' .008 .015 4.G 3.9 60 0.48 0

MAIN RD. b C 1. 9 5. 7 ,50 2. 5 MB 37 Cn o 02 .o g g 030 92.0 g.g 2g0 4.g g o 31st 5 90
"" C D 2.0 5,7 .50 1.B . 13 3 S5 10 0 g}* .007 .o g5 II, I s.g no 3,3 g ?20 74~10 103t

*Abfe thof }he sequence of de s i as in e xamp/c, /~icp.J, Pa. /8 OlinvoNes friel
+os s ump?/ons in de terminino i.gn

~

"f~all in m anh o/c .

(oJ|
' TA BL E Eb - VA L U E S O F C= " Lf'u ,L^o%b 3}38,~.c

\
5 U 5A P A C. II S M I N. | *A A CM iN. M A r.

y Kooks. 3 /o9 t o n .. *a l . o.no : 00 c.,o 09% G_

Concrerr of As c h aft . o. cso s.co o ns s .o o {s
rAV2 MEN 7s _ bt f uminous Mocc Wo m, open and closed fgen. O.~10 0 90 o 90 0 40 QGrove l. from c:een e-v Awse to c/oung and com a e c t. o.25 0 90 o.s> o no Q
R.n. w as o no c sn o . uo o soa

Salvo, from unifoem proin size, ne fines, op * ** o.15 Lpo o of o as
/c well 9?oced, some clay or s|/f. fMt Vece.fofjon o.10 oM *oi o**

tv -s e Vege fosion o os o.so c.o n c ss
toAM. from .sondy os. gravetty to S an- o.tcro.so3

clayey. licW oecefef:on o I6W '

EA RTH De sse ve ce fetio n o os o ss
M* FACE.% GRAv L, from c/ecn gros e/ ondgrow! bore o.2b o Cb

send mixtures, no si// or clay /c high j1 9 4 f Ve c ele tio n o . I *c o 60
c/cy of 3)/' Con /enf.

~

Denpr \tegg?c.4 n o.to o 40

cl AM from coorse a a n dw or si//y to b e'! c o 10 o ~1% o 'o o 'o G
pure Co//oido/ .:/ cit.s.' l/C ?? Veoe'rbe 4 o ''o olo 0 o oM Gc 'so'

De nse n.gefefrom o;.5 o.bo o .*lo Q
City, busin e.ss erros.

o l.o o *16 o.Co O.95 (
C3 fen.se resicentic/ orees, wry e s /c s ev/ c.ed vece f e tion . o 50 0 6b o bo o Go GD###|" '5ub ur bon re sioe ntic/ cre o s . N

~

O Ss o sn o 25 o 40 G**

f Cure / .DJs tricts , - . . o.|o o ts o so o 2% (j~

Parks, Golf Course s, c?: . o.Jo o 16 o ok o 2b G. . .

Ab'I'f ? Vo/c<es of "C "for cer/h surfaces are fut/her Vcried sy degree of Sc/urofion,A

compact /on, surfcce tric9u/arify and slope, by charocter of subs. oil, cod by
presence of frost or y!arcc** snow c? tee.

Q 3 ycat c raichli.,9, s'eport, ooer say Se n e? cge D47.-ict, a o s fo n ,190 0.

(Q) (j\ Melec/f cnd Edo'sr,
Am erican .Se sveragc procrie c . /9 2 8. Af t Ges w Hi!!.

used by City of boston, repo?!cd by Mc/cc//~ $ Eddst.
2) Used by Ci/y ot'Dc/rcin repo*t/cd by Mc/co/ff Eddy.v
Gi l. C. Urquharf, Civi/ Engs'ncering //endbook, /D40. Af f Gra w-Hi//.
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Q Table 0.4.6 Sumary of in-situ foundation material natural moisture content M //N and unit weight

h._ /.

Location S 1 Sample depth Moisture Dry unit
ID 10 (ft) content ( weight-(pcf)

24 2B - 31.9 40.9 78.4
'

83 11 22.2 - 2 '

37.0 84.5-

54 3A 25.5 - 2 . 31.7 90.3
3B 26.0 6.5 28.3 95.7
04 3 - 34.6 43.8 73.9

72 6B 21.5 - 22.0 42. 77.1

502 20.0 - 20.5 27.7 95.7
3B 20.5 - 21.0 35.4 84.3
3C 21.0 - 21.5 37.0 82.3

Avep,e for use in design: 36.0 8.
,

G
Table D.4.7 Surrary of sand tailings, natural moisture content, and unit

.weight
|

Location Sample Sample depth Moisture Dry unit
10 ID (ft) content (*4) weight (pcf)

20 02 8.0 - 10.0 11.4 83.0
32 2A 6.3 - 6.8 13.2 82.7

2B 6.8 - 7.3 16.1 80.0
3B 9.0 - 9.5 19.2 16.1
04 10.0 - 10.5 30.5 85.3

43 2B 9.0 - 9.5 32.3 83.403 14.0 - 16.0 15.4 71.1
46 2A 12.0 - 12.5 7.6 80.02B 12.5 - 13.0 9.6 80.9
54 02 16.2 - 16.7 13.8 84.3

O) Average for use in design: 16.9 81.3
;
%J

.

.
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Table 0.4.8 Sumary of sand-slime tailings, natural moisture content,''#

and unit weight

Location Sample Sample depth Moisture Dry unit
10 10 (ft) content (%) weight (p:f)

18 38 8.5 - 9.0 32.8 82.8
4B 10.0 - 10.5 61.4 64.4

32 2C 1.3 - 1.8 24.6 80.0

43 2B 9.0 - 9.5 23.9 71.4

'
46 3A 31.5 - 32.0 67.5 54.9

3B 32.0 - 3't.5 45.5 63.1
3C 32.5 - 33.0 34.3 73.6

83 7A 13.0 - 13.5 47.9 71.2
18 13.5 - 14.0 40.1 78.3

Average for use in design: 42.0 71.7

%.

n
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(_,/ Table 0.4.9 Sumary of slime tailings, natural moisture content, and unit

weight

.-

Location Sample Sample depth Moisture Dry unit
ID 10 (ft) content (%) weight (pcf)

^18 4A 9.5 - 10.0 113.9 39.6
5A 24.0 - 24.5 72.1 55.8
58 24.5 - 25.0 100.9 4a.1

19 02 34.2 - 34.7 123.2 38.9

24 01 34.5 - 35.0 91.2 48.2

26 2A 6.0 - 6.5 18.9 52.6
2B 6.5 - 7.0 117.0 39.8
2C 7.0 - 7.5 118.2 39.7

68 03 7.0 - 7.5 36.4 81.9 .

81 01 4.1 - 4.6 184.2 26.8

83 7L 14.3 - 14.8 50.5 71.2es
/ s( ) 93 SA 12.4 - 12.9 119.5 40.7

502 01 11.5 - 12.0 33.5 88.4

Average for use in design: 95.4 51.4
.

x__e

.
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-Table D.4.5 :' Sumary of . tailings' classification and specific gravity tests q
|

'

!

|

t.ocation Sampie.- -Sample. depth .1.1guid Plasticity . : #200 sieve Specific

ID- .10 -(ft) limi t :-(%) index (%)-' -(% finer) USCS gravity

,

3

018 3A- 8.0 -| 8.5 38.0 13.0 36.0- SM 2.63 -
,

' 31.0
- '

*

| '3B 8.5 9.0 - - -

**88.0- -4A 9.5 - 10.0 - - - .

48 . 10.0 110.3 ~ J3.0 -
?

- -

5B 24.5 125.0' .99.9 69.0- 92.0. CH' ' 2.63 - -

i

'019 02- 3'4.2 -.34.7 '99.9 59.0 96.0- til 2.74
>

,. 10.0 SP-SC 2.59 ,02f1 02 8.0 10.0 - -

? '024 01 34.5 -:34.8- 99.0 . 6' 1.0 86.0 CH 2.62
L S 2A 37.5 - 37.7 71.0' 36.0 97.0 .MH 2.64 1_ i

2B 37.7 - 37.9 67.0 34.0 99.0 MH 2.69 .' j"'

'

b26 2B 6.5 - 7.0 90.0' . .
-

- -
;

:

15.0' SC - . >

032- 2A 6 .3' - 6. B' - -

30.0 SC- 2.65 '{' !
2B 6.6' - 7.3 - -

15.0- SC. 2.63'
.

2C .7.3 - 7.8 - ' - .

' 3A 8.0 - 8.5 - - 82.0 -

- - 7.0 SP-SC t38 9.0 - 9.5 -

04. 10.0 - 10.3 9.0 SP-SC, 2.61- -

036 1C 19.0 - 19.5. 71.0 40.0 98.0 CH 2.75 _;
.t

- - 31.0043 2A 8.5 - CO -

16.4 SC 2.Ti,

26 9.0 - 9.5 - -

03 .14.0 - 16.0 i.0 12.0 SC - b . d. .

sA
-~

-- - 10.0 SC 2.62 ' ;
LD*6 2t 13.0 - 13.5

3B 32.0 - 32.5 41.0 13.0 37.0 ' SM 2.6? { j*

_ 7e.. :
,

.4 g.

(
,
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MORRISON-KNUDSEN ENGINEERS 'INC. |]( {s _ Vers $

,

SANTA BARBARA URBAN HYDROGR APH MODEL: SDUHYD,'

, , , _

J 4 l

L(i - <r __________

b- INPUT DATA-

__________

| TITLE 1: VMTRA/FCT 25 YEk

RETENTIONSASIN|j TITLE 2:
'

RAINFALL DATA
____________.

(3 TYP,E OF DATA: 1

RAINFALL IN INCHES; .1 =-

| 2 = PERCENT OF TOTAL DEPTH
! TIME STEP: 5. 0 MINUTES.

C. NUMBER OF RAINFALLS: -72
RAINFALLS IN INCHES:.

i O.031 0.031 0.031 0.031 0.031 0.031 0.031 0.03p' O.031 0.031 0.C31 C.031 0.031 0.031 0.031 0.03!

0.033 0.033 0.033 0.075 0.075 0.075 0.075 0.07g
O.105 0.140 0.210 0.315 0.560 1.015 0.420 0.24

{'.. O.105 0.075 0.075 0.075 0.075 0.075 0.075 0.03
0.033 0.033 0.033 0.031 0.031 0.031 0.031 0.03'
O.031 0.031 0.031 0.031 0.031 0.031 0.031 0.03, p"
O.031 0.031

SOIL PARAMETERSg-

''(g'T. [~ N T Al 50 L MOISTURE CONTENT: 0.5700
,

SATUF IC SOIL MOISTURE CONTENT: 0.6000' - - *

b. SOIL SUCTION HEAD: 9.40 INCHES
HYDRAULIC CONDUC TIVITY: 0.0590000004 IN/HR

b DRAINAGES
_________

NUMBER GF DRAINAGE AREAS: 3
,

i NAME OF THE ist DRAINAGE AREA: DITCH 1
i DRAINAGE AREA: 116.4 ACRES

b' IMPERVIOUS AREA: 0. 0 ACRES
TIME OF CONCENTRATION: 32.0 MINUTES

'

L _

l' 'NAME ~ OF THE 2nd DRAINAGE AREA: DITCH 2
DRAINAGE AREA: 60.0 ACRES
IMPERVIOUS AREA: 0. 0 ACRES,s

' TIME OF CONCENTRATION: -19. 0 MINUTES

NAME OF THE 3rd DRAINAGE AREA: DIRECTLY TRID.
bs' DRAINAOE AREA: 16.7 ACRES

.

IMPERVIOUS AREA: 11.2- ACRES
TIME OF CONCENTRATION:. 5. 0 MINUTES-n

U

[ f
4, L-

1 C
s
I

C
. . -. . . - _ _ - . - _ . . . . _ . - _ . - .
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$n 2.2. March 29, 1988 4

(I

bk6HOURRAINFALL
'

C-

O.

<

C

,O.031 C.031 (.'
.O.033 O.033
O.075 O.075
O.175 O.140 (',
0.033 0.033
O.031 O. 031
0.031'O.031 g

: 31 'C.
APERTUllE

CAltD .C;
i

Also Available On
Aperture Card

C'

!

Ci

C

C
i

L.. |70 BASIN --

H.

C;
i
4

C!

0205110072-O [ [
<

(, |
,
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MORRISON-KNUDSEN ENGINEERS. INC.
SANTA BARDARA URDAN HYDROGRAPH MODEL: SDUHYD, Verst

-(t, s

RAINFALL-RUNOFF COMPUTATION
___________________________

TITLE 1: VMTRA/FCT 25 YEs
(7 TITLE 2: RETENTION DASIN;

NAME OF DRAINAGE. AREA: DITCH 1
(' DRAINAGE AREA: 116.4 ACRES

IMPERVIOUS AREA: 0. 0 ACRES
IMPERVIOUS PORTION:

,

0.0000
g TIME OF CONCENTR ATION: 32.0 MINUTES -

SOIL PARAMETERS:
(~ INITI AL SOIL MOISTURE CONTENT: 0.5700 j
-

SATURATED SOIL MOISTURE CONTENT: 0,6000
SOIL SUCTION HEAD: 9.40 INCHES

{- HYDRAULIC CONDUCTIVITY: 0.0590000004 IN/HR

TOTAL RAINFALL: 5.917 INCHES
4

g- TIME STEP: 5. 0 MINUTES
NUMBER OF RAINFALLS: 72

RUNOFF VOLUME:("
g IMPERVIOUS: 0.00 INCHES OR O.00 AC-FT
m_ PERVIOUS: 5.09 INCHES OR 49.41 AC-FT~~

(7 TOTAL: 5.09 INCHES OR 49.41 AC-FT

PEAK FLOW: 437.1 CFS AT 3.17 HRS
C

NUMD TIME RAINFALL INFILTRATION IMPERVIOUt
g DEPTH RUNOFF' (HRS) (IN) (IN) (IN)

O O.000 0.000 0.000 0.000
1 0.083 0.031 0.031 0.000g

2 0.167 0.031 0.031 0.000
3 0.250 0.031 0.031 0.000
4' O.333 0.031 0.027 0.000p-'
5 0.417 0.031 0.023 C.OOO
6 0.500 0.031 0.020 0.000
7 O. 583 0.031 0.018 0.000. . .'
S O.667 0.031 0.017 0.C00
9 0.750 0.031 0.016 0.000

10 0.833 0.031 0.015 0.000b,.
11 0.917 0.031 0.015 0.000
12 1.000 0.031 0.014 0.000
13 1.083 0.031 0.014 0."00b- 14 1.167 0.031 0.013 f '00

- 13 1.250 0.031 0.013 0.000
{

- 17 1.417 0.031 0.012 0.000

16 1.333 0.031 0.013 0.000
,

18 1.500 0.033 0.012 0.000
19 1. 583 0.033 0.012 0.0001

g'
20 1.667 0.033 0.011 0.000I
21 1.750 0.033 0.011 0.000\

i
3 C.

_ - _ _ _ _ - - _ _ - - _ _ - _ - _ - _ -
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M ~7/ 9/ S b ,

C
e n - 2. 2, March 29, 1988

( I,

C|
B-6 HOUR RAINFALL

C

r~.
G

C

C

C

C

C

C

(.

& PERVIOUS TOTAL INSTANT FINAL M
RUNOFF RUNOFF HYDROORAPH HYDROGRAPH APERTURE C-
(IN)- (lN) (CFS) (CFS)

CARD:O.000 O.000 O. O O. O

O.000 O.000 O. O O. O (1 ,
O.000 O.000 O. O O. o Also Avaliable On
O.000 O.000 O. O O. O Aperture Card -

O.004 O.004' 6. 1 0, 4 i'
O.OOB 0.000 11.9 1. 7

.-O.011 0.011 1 b. 4~ 3. 4
O.013 O.013 17. 8 5. 3 (~-
0.014 0.014 19. 5 7. 3
'O.015 O.015 20.9 9. ;

O.016 0.016 22. 1 10.9 g
0.016 0.016 23.0 12.6

0.017 0.017 23.8 14.2

0.017 0.017 '24.5 15.6 g
0.018 0.018 25.0 16.9

0.018 0.018 25.6 18. :
O.018 O.018 26.O 19,3 {, <
0.019 0.019 26.5 20.3

0.021 0. 021 29.6 21,4
e'

0.021 O. 021 30. O 22,6 )#
O.022 O.022 30.3 23.7

92 0 51100 72 -C(o g
~

O 022 O.022 30.6 24.7

, - . . . . ....-. ., . . . - . . . . _ , . _,
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t
I 22 1.833 0.033 0.011 0.000

b, 23 1.917 0.033 0.011 0.000
24 2.000 0.075 0.011 0.000

r' 25 2.083 0.075 0.011 0.000
(- p'

26 2.167 0.075 0.010 0.000
- s -

27 2.250 0.075 0.010 0.000
28 2.333 0.075 0.010 0.000g
29 2.417 0.075 0.010 0.000'

30 2.500 0.075 0.010 0.000
31 2.583 0.105 0.010 0.000

r
32 2.667 0.140 0.010 0.000
33 2.750 0.210 0.010 0.000
34 2.833 0.315 0.010 0.000

g-- 35 2.917 0.560 0.009 . 0.000
36 3.OdO 1 .' 0 1 5 0.009 0.000
37 3.083 0.420 0.009 0.000

g-
" 38 3.167 0.245 0.009 0.000

39 3.250 0.175 0.009 0.000
40 3.333 0.140 0.009 0.000

(-~ 41 3.417 0.105 0.009 0.000
42 3.500 0.075 0.009 0.000
43 3.583 0.075 0.009 0.000

p-
44 3.667 0.075 0.009 0.000
45 3.750 0.075 0.009 0.000

- 46 3.833 0.075 0.009 0.000
47 3.917 0.075 0.009 0.000
48 4.000 0.033 0.009 0.000

g- 49 4.083 0.033 0.009 0.000

i
~ 50 4.le7 0.033 0.009 0.000

y..
.

_
51 4.250 0.033 0.008 0.000
52 4.333 0.033 0.008 0.000'

(- 53 4.417 0.003 0.008 0.000
54 4.500 0.031 0.008 0.000
SS 4.583 0.001 0.008 0.000

-

' 56 4.667 0.001 0.008 0.000
57 4.750 0.031 0.003 0.000
58 4.833 0.031 0.008 0.000

,

59 4.917 0.031 0.008 0.000'

60 5.000 0.031 0.008 0.000
- 61 5. 083- 0.031 0.008 0.000

62 5.167 0.031 0.008 0.000
63 5.250 0,031 0.008 0.000
64 5. 333 0.031 0.008 0.000,--
63 5.417 0.031 0.008- 0.000''

66 5.500 0.031 0.003 0.000

g - 67 5.SS3 0.031 0.008 0.000
63 5.667 0.031 0.003 0.000'

69 5.750 0.031 0.008 0.000
, 70 5. 833 0.031 0.008 0.000

71 5.917 0.031 0.003 0.000
72 6.000 0.031 0.008 0.000

- TOTALS 5.917 0.823 0.000
-

.,

*

, c
I
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/ //PJ / ( 4 9 Di 3 7 jf
y 7/0/$9 4

0.022 'O. 022 30.9 25.6 i (--

O.022- 0.022 31.1 26.3
0.'064- O.064 90.5 31,3
O.064 0.064. 90.7 39.9 (~
O.065 0.065 90.9 47.3
0.065 0.065 91. 1 53.6
0.065 O.065 91.3 59,1 ('-
0 065 O.065 91.4 63. B
O.065 0.065 91.6 67.3 j

O.095 O.095 134.O 74.3 p'
O.130- O.130 183.4 86.5
O.2OO O.200 282.2 107.7

~ 0. 305 O.305 430.2 143.7 (-
O.551 .O. 551 775.4 210.3
1.006 1.006 1416.3 338.6
O.411 O.411 578.4 434.1 p'
O.236- 0.236 332.0 437.1
O 266 O.166 233.6 414.B
0.131 0,131 184.4 384.9 g'>

O.096 0.096 135.2 352.3
O.066 0.066 93.0 317.8
:O.066 O.066 93.1 285.2 g'
-O.066 O.066 93.2 257.4
-0.066 0.066 93.3 233.6
O.066 0.066 93.3 213.3 {' .
0.066 0.066 93.4 195.9
O.024 O.024 34.3 176.G
O.024 0.024 34.4 156.1 (~

'

0.024 0.024 34.5 138.5
0.025 0.025 34.5 123.4
O.025 O.025 34.6 110.5 g
0.025 0.025 34.7 99,5

0.023 0.023 31.9 89.9
O.023. O.023 32.O 81. 5 (
O.023- 0.023 32.0 74.4
0.023 0.023 32.1 63 2
0.023 0,023 32. 1 63.O gy (_

~ O. 023 0.023 32.2 58.5
APERTUREO.023 O 023 32.2 54.7

O.023 0.023 32.3 51.9 CARD r
'

OJO23 0.023. 32.3 43.7
O.023 'O.023 32.4 46.3 Ag50 AVailablf I)O
O.023 0.023- 32,4 44.3 -

.

A triure CardP '
O.023 0,023 32. 5 42.6
O.023 0.023 32.5 41.1
0.023 0.023 32.6 39.9 (-
'O.023 O.023 32. 6 3a 8

~"

O.023 0.023 32.6 37.9
0.023 0.023 32.7 37.2 ,

0.~ O 23 O.023 32.7 36. 5
0.023 0.023 32. 8 36.0

3.094 5.094 7174.3 6945.7

4-

i /

9205110072 -0 7
c.
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( MORRISON-KNUDSEN ENGINEERS, INC.
SANTA BARBAR A URBAN HYDROGR APH MODEL: SBUHYD, Versi

(N [ ___________________________s s

RAINFALL-RUNGFF COMPUTATION
___________________________

TITLE 1: UMTRA/FCT 25 YE/
TITLE 2: RETENTION BASIN

g-

NAME OF DRA .NAGE AREA: DITCH 2
DRAINAGE AREA: 60.0 ACRES

p- IMPERVIOUS AREA: 0. 0 ACRES
IMPERVIOUS PORTION: 0.0000

' TIME OF CONCENTR ATION: -19.0 MINUTESg
SOIL PARAMETERS:
INITIAL SOIL MOISTURE CONTENT: 0.5700

{s SATUR ATED SOIL MOISTURE CONTENT: 0.6000'

SOIL SUCTION HEAD: 9.40 INCHES
HYDRAULIC CONOUCTIVITY: 0.0590000004 IN/HRg
TOTAL RAINFALL: 5.917 INCHES
TIME STEP: 5. 0 MINUTES

{- NUMBER OF R AINFALLS: 72

RUNOFF VOLUME:
4 IMPERVIOUS: 0.00 INCHES OR O.00 AC-FT('>

PERVIOUS: 5.09 INCHES OR 29.47 AC-FT
e _

TOTAL: S 09 INCHES OR 25.47 AC-FT

PEAR FLOW: 306.2 CFS AT 3.08 HRS

(
NUMB TIME RAINFALL INFILTRATION IMPERVIOUL

DEPTH RUNCi?
,

' (HRS) (IN) (IN) (IN) ,

O 0,000 0.000 0.000 0.000
1 0.083 0.031 0.031 0.000 <

p
2 0.157 0.031 C.031 0.000
3 O.250 0 031 O. 031 3. 000
4 0.333 0.031 0.027 0.000

g
5 0.417 0.031 0.023 0.000
6 0.500 0.031 0.020 0.000
7 0.593 0.031 0.C:3 0.000

- S 0. 667 0.031 0.017 0.000 q

9 0.750 0.031 0.016 0.000
10 0.e23 0.031 0.015 0.000

(~ 11 0.917 0.031 0.015 0.000
12 1.000 0.031 0.014 0.000
13 1 083 0.C31 0.014 0.000

(- 14 1,167 0.031 0.013 0.000

"g [-
15 1.250 0.031 0.013 0.000

'

16 1.333 0.031 0.013 0.000
*" 17 1.417 0.031 0.012 0.000

,

18 1.500 0.033 0.012 0.000
19 1.583 0.033 0.012 0.000

r
20 1.667 0.033 0.011 0.000'

,

| 21 1.750 0.033 0.011 0.000

I (-
4

_ _ . - . _ - _ _ - _ - - - - _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ ____ _
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6' HOUR RAINFALL

C

C

C _

C

(.

r
v

C

C
s

C*

(

l- PERVIOUS TOTAL INSTANT FINAL -

bI
-RUNOFF RUNOFF HYDROGRAPH HYDROGNAPH

(IN). (IN) (CFS) (CFS) APERTURE l
-O.000 O.000 0. O O. O CARD
O.000 O.000 O. O O. O

(O.000 0.000 0. 0 0, 0

O.000 O.000 O. O O. a Also Avaliable On
O.004 0.004 3. 2 O. 4 Aperture Card

(
O.008 0.008 6. 1 1. 4
O.011 0. 011 7. 9 2. 7
0.013 0.013 9. 2 4. 0 ,
-0. 014 0.014 10.1 S3
0.015 0.015 10. 8 6. 5
0.016 0.016 11.4 7. 6 .

'O.016 0.016 11.S 8. 5
O.017 0,017 12.3 9. 3
O.017- O.017 12.6 10.1

4O.018 O. 018 12,9 10.7 '~

0. 018 0.018 13.2 11 2
0.018 0.018 13.4 11 7 ,-
0.-019 0.019 13. 6 12.1

'

O_021 O.021 15.3 12.7
O. 021 Q. 021 15.5 13.3 (
O. 022 0. 022 15.6 13.8 '

9205110072-d8-0. 022 O.022 15.8 14.3

{C-
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _
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f
,

I
22 1.833 0.033 0.011 0.000

j j p
'

" 23 1.917 0.033 0.011 0.000
24 2.000 0.075 0.011 0.000
25 2.083 0.075 0.011 0.000

( [~ 26 2.167 0.075 0.010 0.000' s

27 2.250 0.075 0.010 0.000
28 2.333 0.075 0.010 0.000

(-
29 2.417 0.075 0.010 0.000
30 2.500 0.075 0.010 0.000
31 2.583 0.105 0.010 0.000c
32 2.667 0.140 0.010 0.000
33 2.750 0.210 0.010 0.000
34 2.833 0.315 0.010 0.000r

0.C09 0.00035 2. 9 t; 0.560 -'-

' 36 3.000 1.015 0.009 0.000
37 3.093 0.420 0.009 0.000p
38 3.167 0.245 0.009 0.000"

39 3.250 0.175 0.009 0. OCO
40 3.333 0.140 0.009 0.000g
41 3.417 0.105 0.009 0.000
42 3.500 0.075 0.009 0.000
43 3.583 0.075 0.009 0.000(
44 3.667 0.075 0.009 0.000
45 3.750 0.075 0.009 0.000
46 3.633 0.075 0.009 0.000
47 3.917 0.075 0.009 0.000,

48 4.000 0.033 0.009 0.000

7- ; - 49 4.083 0.033 0.009 0.000
50 4.167 0.033 0.009 0.000

'3 k_'
i

51 4.250 0.033 0.008 0.000
52 4.333 0.033 0.000 0.000
53 4 417 0.033 O.005 0.000
54 4.500 0.031 0.003 0.000
55 4.533 0.031 0. OOR O.000

7
56 4.657 0.031 0.005 0.000'-

57 4.750 0.031 0.003 0.000
SG 4.533 0.031 0.008 0.000

e
59 4.917 0. 031 1 003 0,000'

60 b.OOO O.031 0.009 0.000
61 5. 083 0.031 0.003 0.000g

' 62 5. 167 0.031 0.003 0.000
63 5, 250 0.031 0.003 0.000,
64 5.333 0.031 0:003 0.000

4' 65 5.417 0.031 0.00S 0.000
66 5.500 0.031 0.00G 0.000

, 67 5 503 0.031 0.003 0.000
'- 65 3. co7 O.031 0.OCS 0.000-

69 5.750 0.031 0.000 0.000
70 5.523 0.031 0.008 0.000,s

' 71 5.917 0.031 0.000 0.000
72 6.000 0.031 0.008 0.000

TOTALS 5.917 0.023 0.000

; .<
C (-

'
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\ c
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-O.022 O. 022 15.9 14.6 -(-
'O.022 -O. 022 16.O 14.9 o

O.064.- O.064 46,6 18. O
O.064 O.064 46, 8 25.3 (
.O.065 0.065 46.9 30.3
0.065 0.065 47.0 34.1
0.065 O.065 47.1 37.1 (-
-0.065 0. 065 47. 1 39.4
.O.065 0.065 47.2 41.2
0.095 O.095 69.1 45.2 (-
O.130 O.130 94.6 53.7
0.200 0.200 145.4 69.1
O.305 O.305 221,7 95.7 {
O.551 0. 5'51 399.7 145.7 -

1.006 1.006 730.0 243.2
O.411 O.411 298.1 306.2 {
O.236 0.236 171.2 289.6
0.166 0.166 120.4 256.1
O.131 0,131 95.O 221.6 (-
O.096 0.'096 69,7 1 G9, 2

0.066 0.066 47.9 158.9
O.066 O.066 48.O 133,1 (
O.066 0.066 48.0 113.3
0.066 0.066 48.1 98.1
O.066 O.066 48.1 86. 5 {'
O.066 O.066 48.2 77.6
O.024 0.024 17.7 67.2
0.024 O.024 17.7 55.7 ('-
0.024 0.024 17. 8 46.9
O 025 0.025 17. 8 40,1

0.025 G.025 17,8 34, 7 (~
O.025 0.025 17.9 31.0
O.023 0.023 16.5 27.7
O.023 O.023 16.5 25.1 g (..
O.023 O.023 16, 5 23.1

'

APERTUREO.023 O 023 16. 5 21.6
O.023 0,023 16.6 20. 1 CARD <

0.023 0.023 16.6 19.S
0.023 0.023 16.6 19.3

Aho Avalbble OnO.023 O.023 16.6 18.3 7
O.023 O.023 16,7 17.9 Aperture Card
0.023 0,023 1 6. 7- 17.6
0.023 C.023 16.7 17.4 ('
O.023 0.023 16.7 17.3
O.023 0.023 16.8 17.1

0 023 O.023 16.8 17 1 (
O.023 O.03 lb. 9 17 9
0.023 0.023 16. 8 17,0

O.023 0.023 16. 8 16.9 (-
0.023 O. O?3 16.9 16.9

|
0.023 O.023 16.9 16.9

(

5.094 5.094 3698.1 3633.9

.

(
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MORRISON-KNUDSEN ENGINEERS, INC.
SANTA BARBARA URBAN HYDROGRAPH MODEL: SBUHYD, Vers 6'

7 ,,

-\ . (
RAINFALL-RUNGFF COMPUTATION
___________________________

TITLE 1: UMTRA/FCT 25 YE?
TITLE 2: RETENTION DASIN

NAME OF DRAINAGE ARE.h DIRECTLY TRIB.
DRAINAGE AREA: 16.7 ACRES-r-
IMPERVIOUS AREA: 11.2 ACRES"

IMPERVIOUS PORTION: 0.6707.

TIME OF CONCENTRATION: 5. 0 MINUTES
{

SOIL PARAMETERS:
INITIAL SOIL MOISTURE CONTENT: 0.5700

(- SATURATED SOIL MOISTURE CONTENT: 0.6000
SOIL SUCTION HEAD: 9.40 INCHES
HYDRAULIC CONDUCTIVITY: 0.0590000004 IN/HR

TOTAL RAINFALL: 5.917 INCHES
TIME STEP: 5. 0 MINUTESp-
NUMDER OF RAINFALLP: 72

RUNOFF VOLUME:
( IMPERVIOUS: 3.97 INCHES OR 5.52 AC-FT
k _''' PERVIOU3: 1.68 INCHES OR 2.33 AC-FT

TOTAL: 5.65 INCHES OR 7.06 AC-FT

PEAR FLOW: 139.6 CFS AT 3.08 HRS

(
NUMD TIME HAINFALL INFILTRATION IMPERVIOUS

- DEPTH RUNOFF
(HRS) (IN) (IN) (IN)

O O.000 0.000 0.000 0.000
1 0.083 0.031 0.031 0.021,-
2 0.167 0.031 0.031 0.021'

3 0.250 0.031 0.031 0.021
O.021. - 4 0.333 0.031 0.027' *

'- 5 0.417 0.031 0.023 0.021
6 0.500 0.031 0,020 0.021

, - 7 0. 583 0.-031 0.018 0.021
- 5 0. 667 0.031 0.017 0.021

9 0.750 0.031 0.016 0.021
10 0.833 0.031 0.015 0.021

,'
if 0.917 0.031 0.015 0.021
12 1.000 0.031 0.014 0.021
13 1.093 0.031 0.014 0.021( 14 1.167 0.031 0.013 0.021

! r 15- 1.250 0.031 0.013 0.021

! (L (' 16 1.333 0.031 0.013 0.021
17 1.417 0.031 0.012 0.021'"' '-

18 1.500 0.033 0.012 0.022
19 1.583 0.033 0.012 0.022t c

I 20 1.667 0.033 0.011 0.022''

L 21 1.750 0.033 0.011 0.022
e

b
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-- PERVIOUS TOTAL INGTANT FINAL bI
- -RUNOFF RUNOFF HYDROGRAPH HYDROCRAPH '

-

'

(IN) (IN). (CFS) (CFS) APERTURE
O.000 -O 000 O. O O. O CApp
O.000 O. Oi21 4. 2 14

~

p
O.000 O. Oi?1 4. 2 3. 3
O.000 O. 0111 4. 2 3. 9 Alm Available On !

A MTiure Card (" tI
"

O.001' O.G22 4. 5 4. 2
0.003 0.024- 4. 8 4. 5
O 004 O.024 4. 9 4, 7

O.004 U.025 5. O 4. 9 g-

0.005 0.025 5. 1 5. 0
0.005- 0.026 5. 2 5. 1
0.005 O.026 5. 2 5. 2 (:~
0.005 0.026 5. 3 . 5. 2
O.006 0.025 5. 3 53
0.006 O.027 5. 4 5. 3 (
O. coa 0.027 5 ; 5. 4
0.006 0.027 5. 4 5. 4
O.006- O.027 5. 4 5. 4 (
O.006 0.02- 5. 5 5. 4
0.007 0.02) 5. 9 5. 6
-O.007 .O.029 5. 9 5. 9 ;

O.007 O.029 5. 9 5. 9
0.007 O.029 5. 9 5. 9 g,

c.
. .~ 3= - - - - - - - . - - -* ~ . , , - . . . . . . - - - .
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22 1.833 0.033 0. 011- 0.022 !(- 23 1.917 0.033 0.011 0.022 |

:/ 24 2.000 0.075 0.011 0.050 1

25 2.083 0.075 0.011 0.050 |-( -(''''. 26 2,167 0.075 0.010 0.050s -

27 2.250 0.075 0.010 0.050
28 2.333 0.075 0.010 0.050(

' 29 2.417 0.075 0.010 0.050
30 2.500 0.075 0.010 0.050

r- 31 2.583 0.105' O 010 0.070 ;

32 2.667 0,140 0.010 0.094 |
'

33 2.750 0.210 0.010 0.141 ,

y- 34 2.833 0.315 0. 010 0.211 |

35 2.917 0.560 0.009 O.376' l' ' *

36 3.000 1.015 0.009 0. 681-
37 3.083 0.420 0.009 0.282-

p--
38 3.167 0.245 0.009 0.164 ,

39 3.250 0.175 0.009 0.117
l

40 3.333 0.140 0.009 0.094
(~ 41 3.417 0.105 0.009 0.070

42 3.500 0.075 0.009 0.050
43 3.583 0 075 0.009 0.050( 44 3.667 0.075 0.009 0.~O50
45 3.750 0.075 0.009 0.050
46 3.833 0.075 0.009 0.050 <

{- 47 3.917 0.075 0.009 0.050
48 4.000 0.033 0.009 0.022
49 4.083 0.033 0.009 0.022 ;

c ~ 50 4,167 0.033 0.009 0.022

N.. (_ 51 4.250 0.033 0.008 0.022
52 4.333 0.033 0.008 .O. 022

g-
53 4.417 0.033 0.008 0 022
54 4.500 0.031 0.008 0.021
55 4.583 0.031 0.000 0.021 <

,

56 4.667 0.031 0.008 0.021 '

57 4.750 0.031 0.008 = 0, 021~ 1

58 4.833 0.031 0.008 0.021' |

59 4.917 0.031 0.008 0.021
60 -5.000 0.031 0.008. 0.021
61 5.033 0.031 0.008 0.021

,

62 5.167 0.031 0.008 0.021
63 5.250 0.031 0.003 0.021'.

64 5.333 0.031 0.008 0.021
f

65 5.417 0.031 0.000 0.021
66 5. 500 0.031 0.000 0.021
67 5.583 0,031 0.008 0.021
63 5.667 0.031 0.008' O.021
69 5.750 0.031 0.000 0.021-

70 5.833 0.031 0.008 0.021.,

l 71 5.917 0.031 0.008 0.021
72 6.000 0.031 0.008 0 021

TOTALS 5.917 0.823 3.968

f__ .
,,e
<. .

b

1 c
,_ . . _ _ - _ . _ _ _ . . _ . . . _ . _ _ . _ . ~ _ _ . _ . _ - . - _ . . _ _ - _ . .
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Ha v/ej'?S
0.'007- O.029 5. 9 5. 9 ,{
O.007 0.029 5. 9 5. 9
0.021 0.071 14.4 8. 8
0.021 0.072 -14.4 12,6 ("
O.021 0.072 14.5 13. 8
O.021 0.072 14.5 14.2
0.021 .O.072 14, 5 14.4 ('
O.021 0.072 14.5 14. 5
0.021 0.072 14.5- 14.5
O. 031 O.102 20.6 16,5 p
O.043 0.137 27.6 21.6
-0.066 0.207 41. 8 30.3 -

O.101 O.312- 63. O - 45.O C
0,181 0.557 112.5 73. 5*

-0. 331 1.D12 204.5' 130.2
0.:135 O.417 84, 2 139.6 (~'
O.078 O.242 48.9 90.9
0.055- O.172- 34.8 58.2
-O.043 O.137 27.7 40.2 g .;
O.032 0.102 20. 6 29.5
O.022 O 072 14.6 21.6 )
O.022 0.072- 14.6 16.9 C
0.032 0.072 14.6 15.3
0.022 0.072 14.6 14.8
0.022 0.072 14.6 14.7 .' " '
O 022 O.072 14.6 14,6

O.OOB O.030 6. 1 11.8
zO.008 O.030- 6. 1 8. O p" '
0.008 0.030 6. 1 6. 7
O.OOB O.030 6. 1 6. 3
0,008 0.030 6. 1 6. 2 <-
0.008 0.030 6. 1 6. 1

~

0.007 0.028 5. 7 6. 0
[ 0.007 O.028 5. 7 5. 8 (^

O.007 0.028 5. 7 5. 7
.O.008 O.028 5. 7 5. 7
0.008 O.028 5. 7 5. 7 ${ ( ;
O.008 0.028 5. 7 5. 7 APERTURE r

0.008 0.028 5. 7 5. 7 CARDO.003 O.028 5. 7 5. 7 g'

O.008 'O.028 5, 7 5. 7
0.008 O 028 5, 7 5. 7 Aho Availabic On

~

0.008 O.028 5. 7 y :. D. 7
AEerture Card f''

O.OOS 0.028 5. 7 5. 7
O. COB O.028 E. 7 5. 7 '

O,008 0.029 5. 7 5. 7 (-
O.008 O.029 5. 7 57

"

O.008 0.028 5. 7 5. 7
O.008 O.028 5. 7 5. 7 (--
O.~O08 0.028 5. 7 5. 7
0.008 0.029 5. 7 S. 7

1.678 5.646 1140.8 1135.1
-

(.

G

9205110072-//
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) MORRISON-RNUDSEN ENGINEERS, INC.
SANTA D ARD AR A URBAN HYDROGR APH MODEL: SDUHYD, Versi! *

h f, ---------------------------

RAINFALL-RUNOFF COMPUTATION
. ----------- ---------------

TITLE 1: UMTRA/FCT 25 YEAR 6 HOUR RAINFALL
TITLE 2: RETENTION DASINg-

COMDINED OUTFLOWS:

C- NUMB TIME OUTFLOW OUTFLOW OUTFLOW CL

D AREA (1) D AREA (2) D AREA (3) OL

(HRS) (CFS) (CFS) (CFS)
g~

O O.00 O. O O. O O. 0
1 0.08 0. 0 . O. 0 1. 4
2 0.17 0. 0 0. 0 3. 3p'
3 0.25 O. C O. 0 3. 9
4 0.33 0. 4 0. 4 4. 2
5 0.42 1. 7 1. 4 4. 5

(
- 6 0.50 3. 4 2. 7 4. 7

7 0. 58 5. 3 4. 0 4. 9
8 0. 67 7. 3 5. 3 5. 0p

- 9 0,75 9. 1 6. 5 5.1

10 0.83 10.9 7. 6 5. 2
11 0.92 12.6 8. 5 5. 2

(- ~ 12 1.00 14.2 9. 3 5. 3

,
(._ 13 1,08 15. 6 10.1 5. 3

.

14 1.17 16.9 10.7 5. 4
7' 15 1. 25 le 1 1 L. 2 5. 4

16 1.33 19.3 11.7 5. 4
-

17 1.42 20.3 12.1 5. 4
18 1.50 21. 4 12.7 5. 6'

to 1.58 22.6 13.3 5. 8
20 1.67 23.7 13.8 5. 9
21 1.75 24.7 14.3 5. 9
22 1.83 25.6 14.6 5. 9
23 1.92 26.3 14.9 5. 9
24 2 00 31.3 18.2 8. 3
25 2.09 39.9 25.3 12.6
26 2.17 47.3 30.3 13.8 _

(
27 2.25 53.6 34.1 14.2
28 2.33 59. 1 37.1 14.4
29 2.42 63.9 39.4 14.5

30 2.50 67. 3 41.2 14.5
31 2. 58 74.3 45.2 16.5
32 2.67 86. 5 53.7 21.6
33 2.75 107.7 69. 1 30.3
34 2. 83 143.7 95.7 45.0
35 2.92 210.3 145.7 73.5
36 3.00 338.6 243.2 130.2
37 3.08 434.1 306.2 139.6'

,

/ 38 3.17 437.1 289.6 90.9
* - 39 3.25 414. 9 256.1 53.2

/,"
- 41 3.42 352.3 189.2 29.5

40 3.33 3G4.9 221.6 40.2
3

i- 42 3.50 317.8 15G.9 21.6 !'

b 43 3. 58 295.2 133.1 16.9
; -

- - _ _ _ _ - _ _ _ - - - _ _ _ - _ _ - _ _ - - _
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Bn D. 2, March 29. 1989
C

c~

C
,

C"

" DINED
FLOW

.(CFS) (,'
O. O
1. 4
33 C
3. 9
s. O-

7. 5 C
10. 8
14.3
17.6- C.
20.8-
23. 7
-26,4 {
2G. 8
31.O
33.~ O ('
34. 8

,

36.4
37 B SI (
39.7 APERTURE
$7 CARD
44. G
46.1 Also Availal)le On

Aperture Card (47.2
Ss. 9
77,7

91.4 (' '
'102.O
'110.6--

117,7 :.,
123.5
136.O
161.8 (
207.2

'

294.5
429.5 (,
712.O
879.9
_817. 6- C
729.1
646.S

{|-)-571.O
498.2

9205110072 - /2. }4_433.2
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44 3.67 257.4 113.3 15.3
j (3 45 3.75 233.6 98.1 14.8'

46 3.83 213.3 86. 5 14.7

('''- 47 3.92 195.9 77.6 14.6
y

48 4.00 176.8 67.2 11.8
s.

49 4.08 156.1 55.7 8. 0
50 4.17 138.5 46.9 6. 7

p'
51 4.25 123.4 40.1 6. 3
52 4.33 110.5 34.9 6. 2
53 4.42 99.5 31.0 6. 1

p.
- 54 4.50 89.9 27.7 6. 0

55 4.58 81. 5 25.1 5. 8
56 4.67 74.4 23.1 5. 7

{ 57 4.75 68.2 21.6. 5. 7
58 4.83 63.0 20.4 5. 7 '

59 4.92 58. 5 19.5 5. 7
(- 60 5,00 54.7 18.8 5. 7

61 5.08 51. 5 18.3 5. 7
62 5.17 48.7 17.9 5. 7

p'.
63 5.25 46.3 17.6 5. 7
64 5.33 44.3 17.4 5. 7

( ''-
65 5.42 42.6 17.3 5. 7
66 5, 50 41. 1 17.1 5. 7
67 5. f - 39.9 17, 1 5. 7

- 68 5. c 38.8 17.0 5. 7
(- 69 5.75 37.9 17.0 5. 7

70 5.83 37.2 16.9 5. 7
71 5.92 36.5 16.9 5. 7

(' 72 6.00 36.0 16.9 5. 7

L-

c

l

(

..

(I

t

(

(
; -

%

A

**

t
i

b
- _ _ _ _ _ _ _ - _ -
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C//4# con syy
e p uo 9/yss ;

@O6. O [[
46.5 i
14.4
88.1 (
35.7
19.8
192.1 (~,

169.9
151.6
136.6 (~;

123.7
112.5
103.2 C~
95.5 -

89.1
83.8 ('
79.3
75.5
72.4 ('
69.7
67.5
65.6 (,:
64. O
62.7
61.6 (~
60.6
59,9

59. 2 c
SG. 6

L

i
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l*' MORRISON-KNUDSEN ENGINEERS, INC.

SANTA D ARBAR A URD AN HYDROGRAPH MODEL: SDUHYD. Versi

k b. ..............................

RESERVOIR ROUTING COMPUTATION
, ----------------------------- i

! c
f TITLE 1: UMTRA/FCT 25 YEAR 6 HOUR F

TITLE 1: RETENTION DASINp

OUTLET STRUCTURE: DROAD-CaESTED WEIR
RESERVOIR AREA: 10.1 ACRES - v a r e n . et r..

g-
. DISCHAROE COEFFICIENT: 3.0000

..

LENGTH OF CREST: SS. O FEET
i

C
NUMD TIME INFLOW SUM OF STORAGE STl

INFLOWS INCICAT(1) IN.
7'- (HRS) (CFS) (CFS) (CFG) (

j
0 0.00 0. 0 1. 4 0. 0
1 0.08 1. 4 4. 7 1. 4

p
2 0.17 3. 3 7. 2 6. 0
3 0. 2D 3. 9 8. 9 13. 1
4 0.33 S. O 12.5 21. 0

g- 0 0.42 7. S 19. 3 33.9

6 0.50 10.0 20.1 51. 5
- 7 0.50 14.3 31.9 75.2

!

' 8 0. 67 17.6 3G. 4 104. 8

(__ 9 0.75 20.0 44. 5 139.6

10 0.03 23.7 50.0 179.0,

( 11 0.92 26, A S5 1 220.0

12 1.00 20.8 F 3 267. 9
13 1.00 31.0 t- 0 313.S

|
14 1.17 33.0 17. 7 3e4. S

i 15 1.25 34.0 '.' 1. 1 414.2

16 1.33 36.4 74.2 467 G
g

17 1.42 37. G 77. S 51.

18 1.50 39.7 21.4 S61. v
19 1. * O 41.7 85.1 610.6,

20 1.67 43.4 G3. 2 639.1

21 1.75 44,0 90.9 706.0
1

- 22 1.03 46.1 93.3 752.6

i
- 23 1.92 47.2 106.1 796.9

24 2.00 50. 9 136.6 849.2'| 25 2.00 77.7 1c9 1 924.6
[L 26 2.17 91.4 193.4 1022 3 :,

'

[ 27 2.25 102.0 212.6 1132.2 1

[ 29 2.33 110.6 229.3 'P48.0 1
,

- 29 2.42 117.7 241,2 1365.1 '

30 2. SO A 23. 5 259. 5 1400.2 1

31 2. 53 136 0 297. 0 1590.3 '

( 32 2.67 161.8 369.0 1735.6

33 2.75 207.2 491.7 1917.1 i

34 2.83 284.5 714.1 2100.1[, [ 35 2.92 429.5 1141,S 2595.* .

-"
36 3.00 712.0 1591.9 3 J ,

t - 37 3.08 879.7 1697.5 4L o
'

39 3.17 817.6 1546.7 5 0 9'< . 4I- '

39 3.25 729.1 1370.9 S643.7
\

.

c
- __- -_____--___ .. _
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yj//d DNJ . ray

p. tx 7/4/W
t

En 2. 2, March 29, 1988

(
i
1

( |
RINFALL !

C

& o.",- .r coa ~ g.

C
9 AGE DEPTH 0F DEPTH OF HEADLOSS OUTFLOW
8 CAT (2) RESERVOIR CHANNEL (,' i

FS) (FT) (FT) (FT) (CFB)
O. O O.000 0.000 0.000 0. 0
1. 4 0.000 0.000 0.000 0. 0 -('6. 1 0.002 0.002 0.000 0. 0

13.2 0.004 0.004 0.000 0. 0
22.0 0.007 0.007 0.000 0. 1 ('34.3 0.012 0.012 0.000 0. 2
52.S 0.018 0.010 0.000 0. 4
;76.5 0.026 0.026 0.000 0. 7

( '-07.0 0.036 0.036 0.000 1. 1
43.1 0.048 0.040 0.000 1. 7
04. 1 0.062 0.062 0.000 2. 5 (-29.0 0.077 0.077 0.000 3. 5
77.1 0.093 0.093 0.000 4. 7
27. 5 0.110 0.110 0.000 6. 0 g

79.9 O.127 0.127 0.000 7. S '

gg
'=32.2 0.144 O.144 0.000 9. 0

39.3 0.162 0.162 0.000 10.7 A EERIUP,C
-'3G.1 0.179 O.179 0.000 12.5 CAllD

+90.6 0.196 0.196 0.000 14.4
-43.2 0.214 0.214 0.000 16.3

7S. 7 0.231 O. 231 0.000 18.3 Alm Available On I
A 4rture CardI47.2 L. 248 0.248 0.000 20.4

797 4 0.264 0.264 0.000 22.4 ;
~ 4 5. 0 0.280 0.290 0.000 24. 5 '

03.1 0.299 0.299 0.000 26.9
B5. 9 0. 326 0.326 0.000 30.7 (-
93.7 C.361 0.361 0.000 30.7 -

15.8 0.400 0.400 0.000 41.8
344.9 0.442 0.442 0.000 48.5 ,,

'475.3 0.404 0.404 0.000 55,6

406.1 0.526 0.526 0.000 63.0
40.0 0,569 0.569 0.000 70.8 (096. 3 0.619 0.619 0.000 30.4
104.4 0.606 0.686 0.000 93.7
409.5 0.782 0.782 0.000 114.2 (894.1 0.936 0.936 0.000 149.4
737.2 1.200' 1.200 0.000 P17. 0
895.6 1.560 j1.560 0.000 321.4
950.2 1.683 : 1.883 0.000 426.4

'

644.2 2.095 ! 2.095 0.000 SOO. 2

92 0 5110 0 72 ~~/ h
.

Ac,
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I
40 3,33 646.0 1217.0 5937.3 7C

) (- 41 3.42 571.0 1069.3 6042.5 71

42 3. 50 498.2 933.5 6007.4 7

43 3. 50 435.2 021.2 5874.7 6 (.( (' ' 44 3.67 306.0 732.6 5603.9 64-

45 3.75 346.5 661.0 5464.9 6
46 3.93 314.4 602.5 5236.5 6
47 3.92 288.1 543. 8 5009.9 5t
40 4.00 255.7 475.5 4701.4 5

49 4.00 219.8 411.9 4544.4 5;
g

50 4.17 192.1 361.9 4001.6 4(

51 4.25 169. 8 321.5 4064.3 4t

52 4.33 151.6 20G. 3 3G37. 0 4
(-

~ 53 4.42 136.6 260.3 3624.G 4

54 4.50 123.7 236.1 3425.3 3t
55 4. 58 112.5 215.7 3240.9 3(- 56 4.67 103.2 190.7 3068.9 3'

57 4.75 95.5 104.7 2910.0 3;

59 4.83 89. 1 172.9 2765.4 3(
g-'-

59 4.92 83.0 163.0 2632.8 2'
60 5.00 79.3 154.0 2511.0 2'
61 5.08 75.5 147.9 2401.7 2

( 62 5.17 72.4 142.0 2301.3 2
63 5.25 69.7 137.2 2210.0 2
64 5. 33 67.5 133.0 2127.1 2
65 5.42 65.6 129.6 2052.1 2
66 5. 50 64.0 126.7 1984.3 2
67 5.58 62.7 124.2 1923.1 2

7
- 68 5. 67 61.6 122.2 1067.1 2

4. _ 69 5.75 60.6 120.5 1017.1 1

70 5. G3 59. 0 119.0 1771.7 1
g

'1 S ?2 SC 2 117.9 1730,9 1

72 6.00 5G. 6 50. 6 16?4.1 1

73 6. OG OO O. 0 1609.7 1

74 6.17 0. 0 0. 0 14G3.5 1

75 6.25 0. 0 0. 0 1371.5 1

76 6. 73 0. 0 0. 0 1271 6 1:-

77 6.42 0. 0 0. 0 1132.3 1

70 6.50 0. 0 0. 0 1102.0 1.

79 6. 58 0. 0 0. 0 1029.7 1e
00 6.67 0. 0 0. 0 964.4 1'

,

81 6.75 0. 0 0. 0 905.1
G2 6.03 0. 0 0. 0 G51. 2

g~ 83 6.92 0. 0 0. 0 802.0
84 7.00 0, 0 0. 0 756.8
35 7.00 0. 0 0. 0 715.4

' E6 7.17 0. 0 0. 0 677.3
87 7.25 0. 0 0. 0 642.1

- -GG 7.33 0. 0 0. 0 609.6
69 7.42 0. 0 0. 0 579.5
90 7.50 0. 0 0. 0 551.6
91 7. 58 0. 0 0. 0 525 5( 92 7.67 0. 0 0. 0 501.3
93 7.75 0. 0 0. 0 478.9
94 7. B3 0. 0 O. O 457. B

( (
.-

95 7.92 0. 0 0. 0 438.1
96 8.00 0. 0 0. 0 419.5 i

97 8.09 0. 0 0. 0 402.2f (" 98 8.17 0. 0 0. 0 385.9
g

99 G. 25 0. 0 0. 0 370.6

C
- - . - - , - , , , - = _ . . _ . _ . - - . _ _ _ _ __

_



7
-

_

do.r/ &ti u h v.c C'yw /s/?'d
30. 8 2.209 2.209 0.000 541.7 {96. D 2.250 2.250 0.000 556.9
11.0 2.236 2.236 0.000 551. 8
00. 2 2.185 2.185 0.000 532.8 (.33. 6 2.110 2.110 0.000 505.8
16.2 2.02D 2.025 0.000 475.6
86.2 1.937 1.937 0.000 444.8 (,
40.0 1.850 1.850 0.000 415.1
S3. 0 1.762 1.762 0.000 385. 8
07. 2 1.671 1.671 0.000 356.4 (',5 5. B 1.578 1.578 0.000 327. 1 *

|63.2 1.488 1.488 0.000 299.4 ;

83. 6 1.402 1.402, 0.000 273.9
,

C,
|25. 0 1.321 1.321 0.000 250. 6
84. 4 1.24[ 1.246 0.000 229.5
62.1 1,17' 1.177 0.000 210.6 (y$6. 0 1.11k 1.112 0.000 193.6
47.5 1.053 1.053 0.000 178.3
94.9 0.999 0.999 0.000 164.2 ()38.2 0.950 0.950 0.000 132.7
90, B 0.905 0.905 0.000 142.0

6. 7 0.864 0.864 0.000 132.5 {;
49.4 0.827 0.827 0.000 124.1
43.1 0.793 0.793 0.000 116.6
46.9 0.763 0.763 0.000 109.9 p"'60. 1 0.735 0.735 0.000 104.0
81. 8 0.710 0.710 0.000 98.8
11.3 0.658 0.683 0.000 94.1 g-
47.0 0.667 0.667 0.000 89.9 "

89, 6 0.649 0.649 0.000 86.3
3'7. 6 0.632 0.632 0.000 83.0

('''91. 0 0.617 0.617 0.000 80.1
49.0 0.604 0.604 0.000 77.5

bI53. 0 0.573 0.573 0.000 71.6
(09.9 0. 527 0.527 0.000 63.2 APEirrURE

S3. 5 0.497 0.487 0.000 56.0 CARJ)
71.4 0.451 0.451 0.000 49.9 ,

'71.6 0.413 0.41G 0.000 44.6
82. 2 O. 389 0.389 O.000 40.1 Also Available On
02. 0 0.363 0.063 0.000 36.1 Apci1ure Card c-29.8 0.340 0.340 0.000 32.7
64.5 0.319 0.319 0.000 29.7
05.3 0.299 0.299 0.000 27.0 ('51. 4 0.282 0.282 0.000 24.7
02.1 0.266 0.266 0.000 22.6
56.9 0.251 0.251 0.000 30.7

( --15. 5 0. 237 0.237 0.000 19.1 ~

77.3 0.225 0.225 0.000 17.6
42.1- 0.213 0.213 0.000 16.3 (,
09.6 0. 203 0.203 0.000 15,1

79. 5 O.193 O.193 0.000 14.0
51. 5 O.184 0.184 0.000 13.0 (25.5 O.175 0.175 0.000 12.1
01. 4 0,l'7 0.167 0.000 11.3
78.8 0.1a0 0.160 0.000 10.5 g-57. 8 O.153 0.153 0.000 9. 8
38.0 0.146 0.146 0.000 9. 2
19.5 O.140 O.140 0.000 8. 7 'r_

402.1 O.134 'O.134 0.000 8. 1 ''
,

385,9 O.129 0.129 0.000 7. 6 g
92 0 511'0 0 72 -/a c'

-
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100 8.03 0. 0 0. 0 356,2
b~ 101 0, 4L' O. 0 C. O 342.7

' 102 0. 50 0. 0 0. 0 329.8

' (s- [\,'' 103 8. 58 0. 0 0. 0 317.7
104 8, 67 0. 0 0. 0 - 306, 3-

100 0.75 0. 0 0. 0 295.5
106 8. G3 0. 0 0. 0 295.2

f-

107 8. 92 0. 0 0. 0 275.5
108 9.00 0. 0 0. 0 266.2
109 9. OB 0. 0 0. 0 257.4

e
' 110 9.17 0. 0 0. 0 249.0

C
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& f /* 6 !! # 'C
J o/ '/6

*/O. 6 0.124 0.124 0.000 7. 2 Q g 'C
06. 2 0.119 0.119 0.000 6. 0
02. 6 0.115 0.115 0.000 6. 4
99. 8 0.110 C.110 0.000 6.1 (
17. 8 0.106 0.106 0.000 5. 7
p?6. 4 O.103 0.103 0.000 5. 4
f?S. 5 O.099 0.099 0.000 5. 1 C
05.2 0.096 0.096 0.000 4. 9
73. 9 0.092 0.092 0.000 4. 6
66.2 0.089 0.089 0.000 4. 4 (' l
157.4 0.006 0.086 0.000 4. 2

C

C
,

c,

C.

C

C'

i.

SI
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Aho Available On
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;

t,

L
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MORRISON-KNUDSEN ENGINEERS. INC.p- SANTA D AftD AR A URDAN HYDROGR APH MODEL: SDUHYD, Vers
..

,

'y f'' ----------

\ INPUT DATA
-------_--

TITLE 1: UMTRA/FCT
TITLE 2: RETENTION DASIN

('-i

RAINFALL DATA
----------- -

TYPE OF DATA: 1
(--,

1 = RAINFALL IN INCHES.
, ,

2 = PERCENT CF TOTAL DEPTH
TIME STEP: 30.0 MINUTES-

NUMBER OF R AINFALLS: 48
RAINFALLS IN INCHES:

0.036 0.037 0.000 0.040 0.041 0.042 0.045 0.04.g- -
'

O.054 0.057 0.060 0.065 0.070 0.076 0.004 0.09.
O.157 0.207 0.323 2.543 0.4G2 0.250 0.17G O.13
O.092 0.084 0.076 0.070 0.064 0.061 0.057 0.05p
0.046 0.044 0.043 0.040 0.040 0.030 0.037 0,03<

- SOIL PARAMETERSL --------_-- ---

INITIAL SOIL MOISTURE CONTENT: 0.5700
- SATURATED SOIL MOISTURE CONTENT: 0.6000

(, k'_ SOIL SUCTION HEAD: 9.40 INCHES
HYDRAULIC CONDUCTIVITY: 0.0590000004 IN/HR("

*

b .

DRAINAGES
---------

NUMDER OF DRAINAGE AREAS: 3

NAME OF THE 1st DRAINAGE AREA: DITCH 1
DRAINAGE AREA: 116.4 ACRES

( IMPERVIOUS AREA: 0. 0 ACRES
TIME OF CONCENTRATION: 32.0 MINUTES

' NAME OF THE 2nd DRAINAGE AREA: DITCH 2
DRAINAGE AREA: 60.0 ACRES
IMPERVIOUS AREA: 0. 0 ACRES

b- TIME OF CONCENTRATION: 19. 0 MINUTES

NAME OF THE 3rd DR AINAGE AREA: DIRECTLY TRID.
L- CRAINAGE AREA: 16.7 ACRES

IMPERVIOUS AREA: 11.2 ACRES :

TIME OF C ONCENTR AT ION: 5. O MINUTE 9

C
'

s,

,- ~ - -

'
)
s' C



L.
''

!(*'o u r.co 1t' der / t o tr ny6 ,

on 2.2, March 29, 1908

C.

(
10 YEAR 24 HOUR RAINFALL

C

C

O

> 0.048 0.052 g
' O.10e O.123
O.123 O.106'

O.050 C.049 g g
APERTURE
CARD c

Also Avaitable on
L-Aperture Card

.

C

L
.

C.

C

~0 dASIN
L-

3.m - m e . e .t s v u. e )
C

C

C

G
9205110072 -/7 ,

e'
_ - _ _ .
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4 MORRISON-KNUDSEN ENGINEERS. INC.

SANTA DARDARA URDAN HYDROGRAPH MODEL: SBUHYD, Verso-.

(

RAINFALL-RUNOFF COMPUTATION

C
TITLE 1: VMTRA/FCT
TITLE 2: RETENTION BASINg
NAME OF DRAINAGE AREA: DITCH 1

e DRAINAGE AREA: 116.4 ACRES
' IMPERVIOUS AREA: 0. 0 ACRES

IMPERVIOUS PORTION: 0.0000
TIME OF CONCENTRATION: 32.0 MINUTESg
SOIL PARAMETERS:
IMITIAL SDIL MOISTURE CONTENT: 0.5700

(- SATURATED SOIL MOISTURE CONTENT: 0.6000
SOIL SUCTION HEAD: 9.40 INCHES
HYDRAULIC CONDUCTIVITY: 0.0590000004 IN/HRg

'

TOTAL RAINFALL: 6.704 INCHES
TIME STEP: 30.0 MINUTES

(- NUMBER OF RAINFALLS: 48
'~

RUNOFF VOLUME:g.
IMPERVIOUS: 0.00 INCHES OR O.00 AC-FT(', .,

PERVIOUS: 4.68 INCHES OR 45.39 AC-FT
,

- TOTAL: 4.68 INC"ES OR 45.39 AC-FT

PEAK FLOW: 301.5 CFS AT 12.50 HRS

('

NUMD TIME RAINFALL INFILTRATION IMPERVIOU
DEPTH RUNOFF

( (HRS) (IN) *(IN) (IN)

O O.000 0.000 0.000 0.000
1 0,500 0.036 0.036 0.000,-
2 1.000 0.037 0.037 0.000'

3 1.500 0.038 0.038 0.000
4 2.000 0,040 0.040 0.000-e
5 2.500 0.041 0.041 0.000"

6 3.000 0.042 0.042 0.000
,- 7 3.500 0.045 0.045 0.000

8 4iOOO O.046 0.046 0.000-'

9 4.500 0.040 0.040 0.000'

10 5. C00 _O._002 0.052 0.000
f-
'- 11 5.500 0.054 0.054 0.000

| 12 6.000 0.057 0:057 0.000
l - 13 6.500 0.060 0.054 0.000

14 7.000 0.065 0.052 0.000
,

l [ 15 7.500 0.070 0.050 0.000'

p_f .
16 0.000 0.076 0.049 0.000
17 8.-500 0.004 0.048 0.000-*

'

- 18 9.000 0.093 0.047 0.000

. [- p' 19 9.500 0.106 0.046 .O. 000
20 10.000 0.123 0.045 0.000

g
21 10.000 0.157 0.044 0.000

4

; -- d-
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;cn 2.2, March 29. 1968
I

C

10 YEAR 24 HOUR RAINFALL C

C
.

C_

C

C

C

SI --

'
APERTURE
CARD

C
Also Available On

Aperture Card (,

3 PERVIOUS TOTAL INSTANT F I N/,L

RUNOFF RUNOFF HYDROGRAPH HYDROGRAPH (
(IN) (IN) (CFS) (CFB)

0.000 0.000 0. 0 0. 0
O.000 O.000 O. O O. O (
O.000 0.000 0. 0 0. 0
0.000 0.000 0. 0 0. 0
O.000 O.000 0. O O. O C.

-

0.000 0.000 0. 0 0. 0
0.000 0.000 0. 0 0. 0
0.000 0.000 0. 0 0. 0 p~

-

0.000 0.000 0. 0 OO
0.000 0.000 0. 0 0. 0
O.000 0.000 0. O OO {
O.000 0.000 0. 0 O. O
O.000 0.000 0. 0 0. 0
O.006 O.006 1, 4 O. 5 (-
O.013 0.013 3. 0 1. 6
0.020 0.020 4. 6 3. 0
0.027 O.027 6. 4 4. 6 ( |

0.036 0.036 8. 5 6. 4
0.046 0.046 10.9 G. 5
O.060 0.060 14. 2 11.1 (
O.078 O.07G 18. 3 14.4 (

9205110072 -/8O.11a O.113 26. 5 29 5
1

....!:



. aa .- : :. u a_n_- _.

I C
)

22 11.000 O.207 0.043 0,000
(>- 23 11,500 0.323 0.043 0.000

- 24 12.000 2.545 0.042 0.000
25 12.500 O.482 0.042 O.000

\,, 26 13.000 0.250 0.041 0.000
~

27 13.500 0.178 0.041 0.000
28 14.000 O.139 0.041 0.000(' 29 14.500 0.133 0.040 0.000
30 15.000 0.106 0.040 0.000
31 15.500 0.092 O.040 0.000{ 32 16.000 0.004 0.039 0.000
33 16.500 0.076 0.039 0.000
34 17.000 O.070 O.039 0.000p
35 17.500 0.064 0.039 0.000*
36 10.000 O.061 0,030 0.000*

37 19.500 0.057 O.030 0.000g
39 19.000 0.004 0.038 0.000
39 19.500 0.050 0.038 0.000

(~ 40 20.000 O.049 0.039 0.000
" 41 20.500 0.046 0.037 0.000

42 21.000 0.044 0.037 0.000
43 21.500 0.043 0.037 O.000{'- 44 22.000 O.040 0.037 O.000
45 22.500 0.040 0.037 0.000
46 23.000 0.030 C.037 O.000{ 47 23.500 0.037 0.037 0.000
48 24.000 0.036 0.036 0.000

(~
TOTALS 6.704 2.024 0.000

C
.

_

(

t

k

ie
t (-_

1 ('
I
t
:

C
____ -__- - - _-
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/Wfff C-//vt T 4' /
l(/C v '7/9/SSa

0.164 0.164 30.4 27.0 ,

0.200 0.200 65.7 43.3
2.803 2.503 SG7. 4 224.1
O.440 0.440 103.3 301.5 (O.209 O.209 49.O 157.7
0.137 O.137 32,2 02.9
O.090 0.098 23,1 47.6 (O.083 0.083 19.4 30.0
0.066 ; O. 066 15.5 22.3
0.052 0.052 12.3 16.9 ('O.045 0.045 10.5 13.4
0.037 0.037 0. 7 10.9
O.031 0.031 7. 3 9. 1 ('0.025 0.025 6. 0 7. 5
O.023 - 0.023 5. ? 6. 3
0. 019 O.019 4. 4 5. 4

( -'0.016 0.016 3. 0 4. 6
O.012 0.012 2, 9 3. G
O.011 0.011 2. 7 3. 1 p
O.009 3.C09 2. 0 2. 6
0.007 0.007 1. 6 2.1
0.006 0.006 1. 4 1. 7 (-O.00'3 0.003 O. 7 1. 3
0.003 0.003 0. 7 0. 7
0.001 0.001 0. 3 0. 'l ('O.000 0.000 O.1 0. 4
O.QOO O.000 O. O O. 2

C' ~4.600 4.680 1098.5 1090.4

SI ('
APERTURE
CARD

(.

Also Available On
Aperture Card (

.

(
-

|

|

.

L| .

I

(,

| (

9205110072 -/7
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MORRISON-KNUDSEN ENGINEERS, INC.
SANTA DARDARA URDAN HYDROGRAPH MODEL: SDUHYD, Vers $-

RAINFALL-RUNOFF COMPUTATION
-----------------.---------(
TITLE 1: VMTRA/FCT
TITLE 2: RETENTION DASIN

{
NAME OF DRAINAGE AREA: DITCH 2

p DRAINAGE AREA: 60.0 ACRES
- IMP,ERVIOUS AREA: 0. 0 ACRES

IMPERVIOUS PORTION: O'0000 ).

TIME OF CONCENTRATION: 19.O' MINUTES(-
SOIL PARAMETERS: _|
INITI AL SOIL MOISTURE CONTENT: 0.5700 '

L- EATURATED - SOIL MOISTURE CONTENT: 0.6000
SOIL SUCTION HEAD: 9.40 INCHES' !
HYDRAULIC CONOUCTIVITY: 0.0590000004 IN/HR |

TOTAL RAINFALL: 6.704 -INCHES '

- - - -

TIME STEP: 30.0 MINUTES ,
( *- NUMDER OF RAINFALLS: 40 |

<" 4- RUNOFF VOLUME: <

/ IMPERVIOUS: 0.00 INCHES OR O.00 AC-FT |
'

~ k y> PERVIOUS: 4. 60 INCHES OR 23.40 AC-FT"

_g- TOTAL: 4.60 INCHES OR 23.40 AC-FT'

-
;
,

PEAK FLOW: 174.9 CFS- AT 12.50 HRD

( ,

NUMD TIME RAINFALL INFILTRATION IMPERVIOU
DEPTH _ RUNOFF( (HRS) (IN). (IN) (IN)

0 0.000 0.000 0,000 0.000 i

1 0,500 0.006 0.036 0.000
I 2 1.000 0.037 0.037 0.000

3 1.500 0. 039 0.000 0.000 '

4 2.000 0,040 0.040 0.000,.

L 5 2.500 0.041 0.041 0,000

6 3.000 0.042' O.042 0.000
7 3.500 0.045 0.045 0.000.

b 3 4.000 0.046 0.046 0.000 -

9- 4.-500 0.040 0.048 -0.000 |
10 5.000 0.052 0.052- 0.000 j

7" 11 5. 500 0.054 0.054 0.000
12 6,000 0.057 -0.057 0.000
13 6.500 0.060 0.054 0.000'L bl - 14 7.000 0.065 0.052- 0.000

# - 15 7.500 0.070 0.050 0.000-
16 0.000 0 076 0.049 0.000
17 8.500 0.s>4 0.040 0.000 i21 -'

18 9.000 0.093 0.047 0.000
j 19 9.500 0.106 0.046 0.000g'

20 10.000 0.123 0.045 0.000
4

1

s. 21 10.500 0.157 0.044 0.000

=()
'

.

_ ,_. _ _ _ ___. _ _ . . _ . . _ . _ . . . . _ . _ _ - _ , . _ _ _ . _ . _ . . _ _ _ . _ . . ,
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Ion 2.2, March 29, 1988
(

C

10 YEAR 24 HOUR RAINFALL g

C

C

C

C

C

C

C

Si l

PERVIOUS TOTAL INSTANT FINAL APEi(tulle
RUNOFF RUNOFF HYDROGRAPH HYDROORAPH CAggg) (
(IN) (IN) (CF3) (CFB)

0.000 O~. 000 0. 0 0. 0
0.000 O.000 O. O O. O Also Available On -('
O.000 O.000 O. O O. O Ap(rture Card
O.OOO O.000 0. 0 0. 0
0.000 0.000 0. 0 O. 3 l-

-

O.000 O.000 O. O O. O
0.000 0.000 0. 0 0. 0

0.000 0.000 0. 0 0. 0 ,-
"

O.000 O.CCO O. O O. O
O.000 O.000 O. O O. O
O.000 0.000 0. 0 OL <,

'
'

O.000 O.000 O. O O. 0
O.OOO O.000 0. 0 0. 0
0.006 0.006 0. 7 0. 3

-

O.013 0.013 1. 6 1. O
-

0,020 0.020 2. 4 1. 7
0.007 O.027 3. 3 2. 7 (
O.036 0.036 4. 4 3. 7
0.046 0.046 5. 6 4. 9

I0.060 O.060 7. D 63 .|'O. 070 O. 078 9. S G.1

92 0 5110 0 72 - 2C i0.113 O. 113 13.7 11.a
_

t.
_ _____-__ ____-_____ _ _ ____ - _ _ -________ ____ _ _ _ ___

_ ,
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|

j 22 11.000 0.207 0.043 0.0007
' 23 11.500 0.323 0.043 0.000

.-'' 24 12.000- 2.545 0.042 0.000'

(.f't.. ' [ "'t
,

- 25 12.500 0.402 0.042 0.000t

' 26 13.000 0.250 0.041 0.000
27 13,500 0.170 0.041 0.000c
28 14.000 0.139 0.041 0.000p
29 14.500 0.123 0.040 0.000
30 15.000 0.106 0.040 0.000
31 15.500 0.092 0,040 0.000(- 32 16.000 0.084 0.039 0.000
33 16,500 0.076 0.039 0.0.0

r 34 17.000 0.070 0.039 0.000
35 17,500 -0.064 0.039 0.000''

36 18,000 0.061 0.030 0.000
**

37 18.500 0.057- 0.;039 0.000(s
- 39 19.000 0.054 0.038 0.000

39 19.500 0.050 0.030 0.000
40 20.000 0.049 0.030 0. 0S0 -(*' 41 20."00 0.046 0.037 0.000
42 21.000 0.044 0.037 0.000

- 43 21.500 0.043 0.037 0.000
- ''- 44 22.000 0.040 0.037 0.000

45- 22.500 0.040 0.037 0.000_.

,

46 -23.000 0.038 0.03/ 0.000(- ;

47 23.500 0.037 0.037 0.000 ;
48 24.000 0.036 0.036 0.000-

{
TOTALS 6.704 2.024 0.000 .,

m
.

C
i

!

!
I

s -r

.

,

!

C I

1

em

;
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.a '' i
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.

t c
e -

;

1

b
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e: 1 ---- - ._ _ ._ _ ._= ;n === .: _m u . m .uum u w _ . :=- -- - . __ . r=

4t/Jf i .it V/ 54Lo ('
W ? / 'd,4 '? ,

'
iO.164 0.164 19. O 16.1 (O.000 0.200 33.9 25.6 ' ;

2.503 2.503 302.0 151.6
iO.440 0.440 53. 3 174.9 (0.209 0.209 25.2 55.2 |

0.137 0.137 16.6 24.9 !

(|!O.090 0.090 11,9 15.5
0.083 0.083 10.0 11.5
O.066 0.066 8. 0 9. 3
0.052 O.052 6. 3 7. 4 g- !
O.045 0,045 5. 4 6. O |'0.037 0.037 4. 5 5. 1 i

O.031 0.031 3. G 4. 2 (- !
*

O.025 0.025
'

3. 1 3. 5- -

O.023 0.023 2. 7 3. 0
0.019 0.019 2. 3 2. 6

(~0.016 0.016 1. 9 2. 2
0.012 0.012 1. 5 1. G
O. Oil O.011 1, 4 1. 5 (' ,'
0.009 0.009 1. 0 1. 2
O.OO7 0.007 0. 0 1. 0

r

O.006 0.006 0. 7 0. G ('l0.003 0.003 0. 4 0. 6
O.003 0.003 0. 4 0. 4 '

O.001 0.001 0, 2 0. 3 (-0.000 0.000 0. 1 0. 1
0.000 0.000 0. 0 0. 0

( *'4.680 4.600 566.2 566.2

( .'
SI

APElfrURE
(~ >CARD :

Also Avaitahic On (

Aperture Card
c,

(,

I

l Q
.

(. .;

(!

!
(

l

i'
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I (' MORRISON-KNUDSEN ENo!NEERS, INC.
SANTA DARDARA URDAN HYDROGRAPH MODEL: SDUHYD, Vers (

(' !,
___________________________

RAINFALL-RUNOFF COMPUTATION
___________________________

7

TITLE 1: VMTRA/FCT
- TITLE 2: RETENTION DASIN(..

NAME OF DRAINAGE AREA: DIRECTLY TRID.1
p DRAINAGE AREA: 16. / ACRES

IMPERVIOUS AREA: 11.2 ACRES. ,'

IMPERVIOUS PORTION: 0.6707
g TIME OF CONCENTRATION: 5. O MINUTES

SOIL PARAMETERS:

('* INITI AL SOIL MOISTURE CONTENT: 0.5700
SATURATED SQIL MOISTURE CONTENT: 0.6000
SOIL SUCTION HEAD: 9.40 INCHES'

g HYDRAULIC CONDUCTIVITY: 0.0590000004 IN/HR

|L TOTAI. R AINFALL: 6.704 INCHES
(. (~' TIME STEP: 50.0 MINUTES
'

NUMBER OF RAINFALLS: 40

,, p. RUNOFF VOLUME:

| h' .cs
L g IMPERVIOUS: 4.50 INCHES OR 6.26 AC-FT.

PERVIOUS: 1.54 INCHES OR 2.14~ AC-FT-"

"
L TOTAL: 6.04 INCHES OR B. 40 AC-FT.g

PEAK FLOW: 66.9 CFS A' 12.00 HRS

(
NUMD TIME RAINFALL INFILTRATION IMPERVIOu

DEPTH RUNOFF( (HRS) (IN) (IN)= (IN)
0 0.000 0.000 0.000 0.000-
1 0.500 0.036 0;O36 0.024p,

' 2 1.000 0.037 0.037 0.025
3 1.500 0.038 0.039 0.025
4 2.000 0.040 0.040 0.027g-
5 2.500 0.041 0.041 0.027
6 3.000- 10.042 0.042 0.020-o

c- 7 3.500 0.045 0.045 0,030 '

i 8 4.000 0.046 0.046 0.-031
-

i9 4.500 0.048 0.048 0.032
10' 5.000 0.052 0.052 0.035b- 11 5. 50C O. 054 0.054 0.036
12 6.000 0.0S7 0.057 0,030
13 6.500 0.060 0,054 0.040(-- 14 7.000 0.065 0.052 0.044

e - f 15 7.500 0.070 0.050 0.047
I 16 8.000 0.076 0.049 0.051

'

k'e/ 17 G.500 0.004 0.048 0.056
L .'' 18 9,000 0.093 0.047_ 0.062| : 17 9.500 0.106 0.046 0.071-

L1 \' 20 10.000 0.123 0.045 0.082
!] 21 10,500 0.157 0.044 0.105 .

C j
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cn 2. 2, March 29, 1980

C,

C

10 YEAR 24 HOUR RAINFALL g
IO BASIN

.

C

C'
P

C

t>

C

C

SI
(-APERTURE

.

FINAt CARD) PERVICUS TOTAL INSTANT
_ HYDROG1APH eRUNCFF RUNOFF HYDROGRAPH '

(IN) (IN) (CFS) (CFG)
O.000 0.000 0. O O. O AISO AMIlable Oil

O.000 0.024 0. B 0. 6 Aperture Card ('
0.000 0.025 0. 0 0. 9
O.OOO O.025 0. 9 0. 9
O.000 O.027 0. 9 O. 9 ('
O,000 0.027 0. 9 0. 9
O 000 0.028 0. 9 0. 9
0.000 O.030 1. O 1. O ; ~-

0.000 0.031 1. 0 1. 0
0.000 0.032 1, 1 1, 1

0.000 0,035 1. 2 1. 2 (~
O.000 O.036 1. 2 1. 2
0.000 0.039 1. 3 1. 3 -
O.002 0.042 1. 4 1. 4 (
O.004 0.040 1, 6 1. 6
0.006 0.053 1. G 1. 9
0.009 0.060 2. 0 2. 0 (
O.012 0.068 2. 3 2. 2
0.015 0.078 2. 6 2. 6

'

O.020 0.091 3. 1 3. D ("

h b 0 5110 0 72 - 22.
~

O.026- O.100 3. 6 3. 5 -

0.037 O.142 4. 9 4. S
c

-. - _ _ , _ _ . - .- . . .. .
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22 11.000 0.207 0.043 O.139 -

(_ 23 11.500 0.323. 0.043 0.217-
- 24 12.000 2.545' O.042 1.707-

.h '
25 12.500 0.482 0.042 0.323

, ~ " - - 26 13.000 0.250 .O.041 0.168- 4

'

27 13.500 0.178 0.041 0.119 ,

28 14.000 0.139 0.041- 0.093p-
29 14.500 0.123 0.040 0.082 .

30 15.000 0.106 0.040 0.071
31 15.500 0.092 0.040 0.-062-p-
32 16.000 0.004 0.039 0.096
33 16.500 0.076 0.039 0.051

c. 34 17.000 0.070 0.039 0,047
'* 35 17.500 0.064 0.039 0.043. '

36 18.000 0.061 0.038 0.041
37 18.900 0.057 0.038 0.038-

k 38 19.000 0.054 0.038 0.036
39 19.500 0. 50 0.038 0.034- ,

.40 20.000 0.049 0.038 0.033p''
41 20.500 0,046 0.037 0.031
42 21.000 0.044 0.037 0. ,30

43 21.500 0.043 0.037 0.029
(m 44 22.000 0.040 0.037 0.027 ''

'

45 22.500 0.040 0.037 0.027
46 23.000 0.038 0.037 0.025-

47 23.500 0.037 0.037 .O.025-

48 24.000 0.036 0.036 0.024
,.. w
f TOTALS 6.704 2.024 4.496

..
-
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1
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[ r*/ ~2 L4 [70/ r-u.y i
f" N N k-O 054 0.193 6. 5 6. 2

0.092 0.309 10.4 9. 6
I O.824 2.531 85.2 66.9

0.145 O.468 15.8 42.3 p'
O.069 0.236 8. 0 0. 0
O.045 0.164 5. 5 10.1
0.032 O.126 4. 2 2, 3 {'

O.027 0.110 3. 7 4. 0
O.022 0.093 3. 1 2. 7
0.017 O.079 2. 7 3. O p'
O.015 0.071 2. 4 2. 3
O.012 0 063 2. 1 2. 2 ''

O.010 0.057 1. 9 1, 9 (-
O.000 0.051 1. 7 1.

-

O.007 0.048 1. 6 1, 6

O.006 0.044 1. 5 1. 5 g
0.005 0.041 1. 4 - 1. 4
0.004 0.038 1. 3 1. 3
0.004 0.037 1. 2 1, 2 {',
0.003 0.034 1. 1 1. 2
O.OO2 0.032 2.1 1.1

O.002 0,031 1. O 1. O {'

O.001 0.020 0. 9 1. 0
O,001 0.028 0. 9 0. 9
0.000 O.026 0. 9 O. 9 p'
O,000 0.025 0. 8 0. 8
O.OOO _ O24 0. 8 0. 8

7 203,3 205.41.541 >

L

SI
APERTURE -(

CARD

Also Available On
Aperture Card

~

(

- (

( .

C

(.

( i
..
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y c
3 c- MORRISON-KNUDSEN ENGINEERS. INC.

SANTA DARDARA URDAN HYDROGRAPH MODEL: SDUHYD, Vers

(-as, ---------------------------

RAINFALL-RUNOFF COMPUTATION

( ---------------------------

TITLE 1: UMTRA/FCT
24HOURRAINFALh

.

TITLE 2: RETENTION BASIN 10 YEARg
COMDINED OUTFLOWS:

NUMB' .iIME OU'TFLOW OUTFLOW OUTFLOW C($
D AREA (1) * D AREA (2) D' AREA (3) O@

'(HRS) (CFS) (CFS) (CFS)p-
0 0.00 0. 0 0. 0 0. 0
1 0.50 0. 0 0. 0 0. 6
2 1.00 0. 0 0. 0 0. 9('. 3 1.50 0. 0 0. 0 0. 8
4 2.00 0. 0 0. 0 0. 9 ,

5 2.50 0. 0 0. 0 0. 9{- ,

6 3,00 0. 0 0. 0 0. 9
7 3.50 0. 0 0. 0 1. 0
8 4.00 0. 0 0. 0 1. 0g-'
9 4.50 0. 0 0. 0 1. 1

10 5.00 0. 0 0. 0 1. 2
-; 11 5. 50 0. 0 0. 0 1. 2

{. g( 12 6.00 0. 0 0. 0 1. 3
s 13 6.50 0. 5 0. 3 1. 4,

''
|

'

(--
14 7.00 1. 6 1. 0 1. 6

'

15 7,50 3. 0 1. o 1. 8
16 8.00 4. 6 2, 7 2. 0
17 8. 50 6. 4 3. 7 2. 27
18 9.00 9. 5 4. 9 2. 6* '

19 9.50 11. 1 6. 3 3. 0 -
20 10.00 14.4 8. 1 3. 5'
21 10.50 19, 5 11.2 4. 6
22 11.00 27. 8 16.1 6. 2
23 11.50 43.3 25.6 9. 6,

24 12.00 224.1 151.6 66.9
25 12.50 301.5 174.9 42.3

, 26 13.00 157.7 55.2 0. 0
' - 27 13.50 82. 9 24.9 10.1

28 14.00 47.6 15.5 2. 3
L 29 14.50 30.8 11. 5 4. 8'

30 15.0L '22.3 9. 3 2. 7
31 15.50 16.9 7. 4 3. 0

- 32 16.00 13. 4 6. 0 2. 3
33 16.50 10.9 5. 1 2. 2
34 17.00 9. 1 4. 2 1. 9
35 17.50 7. 5 3. 5 1. 8(- 36 18.00 6. 3 3. 0 1. 6

- 37 18.50 5. 4 2. 6 1. 5
| /; 38 19,00 4. 6 2. 2 1. 4
| k_- ' 39 19.50 3. 8 1. 8 ' 1. 3

40 20.00 3. 1 1. 5 1. 2
41 20.50 2. 6 1. 2 1. 2g. ('

/
- 42 21.00 2. I 1. 0 1. 1

\. 43 21.00 1. 7 0. 8 1. 0
/ ,

C|

L , . . __ _ _. _ - . . _ - _ - - --.
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.on 2.2, March 29, 1988

C
!

| C
L

i C
.

!

(-.

41BINED
TFLOW
|(CFS) Co. o

O. A
o. ' b,
O. r

| 0. 9
! o. 9 C',

O. 9'

i 1. O
a. o

b-1. 1
'

2. 2
1. a

5.1. 3
2. 2

: 4. 2 SI r
S. 7 -

9. 3 - APERTURE
12.4 CARD (| 1s. 9 ,

i 20.3
26.1 Also Availalite On

(
; 35.2 Aperture Card -

L -50. O_
+

78. 4 -=

I,442.6

SIS. 7
' '

1212.9 , ''
118.0 -

63.4
47,1'

l-34. O
2" 3-
21.7

,

18.3'
; 15.2

12. 8 I10.9
9. 5
8. 1 .

' '
| 6. 8

S. 8
5. 0 9

Is 9205110072-2[
w$
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322SUMMARY

.E 8-

WASTE WATER PONO1 FARM OPERATING Pt. ANT

VOLUME * AREA PEROD (. . 2 CAPACITY -

(Ac-R) (Ac-fG (months) (gpm) vT
30,.

C $3
+ 22
-

|e.,TREATMENT 1 128 - 19 $2.270.471 105 @ O
Z: _;xN DtSCHARGE a s,

L4 z0 '

EVAPORATION 201 20 19 5 272.554 (bare soir) -

thS 469.051 (bentonne) -

T. *. m
S S 803.331 Ciner) 3 z

Wg'
r s
O BRRIGATION 117 30 18 $ 773.625 -- [ i o.--

c( Z
R

|
. m

M MOBILE NNTI 159 0 19 3 832.751 60 A = 1

EVAPOP*90N p
E
O
~

I

W TREATMENTI 207 - 19 1?.882.793 245

I [XSCHARGE OOO .

y 72 O

H EVAPORATION 359 40 20 3 476.339 (bare soO - 8d$
5 869.346 (bantorute) - { y

S $1.523.768 Cirw) z
O

T
. w

O IARIGATION 286 60 22 S t.496.6P1 - w %
% %~

n % WR 7 E
M MOBtLE PLANTI .99 15 21 11.088.649 (bare son) 60

I %
EVAPORATION $1_236.027 (bentonde) ,

31.489.409 @nar) O O '*t (n
#

| E .E e 3= ,.

| 1 &~
Note: Volume hancned by tnat particular scheme .ge<

A 1
-., y

' (
I's'

. _ _
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3. TABLE COMPARISON OF ALTERNATIVES

ADVANTAGES DISADVANTAGES

TREATMENT / Easier to control -Costs higher
DISCHARGE Treatment plants decal residents

already available objections to dis-
charging into a
drinking water source

EVAPORATION cheapest . Negative public
Zero discharge perception of, and
Required minimum reaction to, a
maintenance pond adjacent to

FM1344
. . Foundation soils

contaminated
|,
,

IRR1GATION Costs less than .Needs maintenance
treatment method Costs higher than
Zero discharge - evaporation pond
Minimize negative - Foundation soils
public perception contaminated
of, and reaction to, a Difficult to cut

i pond adjacent to grass in wet months
L FM1344 May increase organic
i. Complex & costly content in disposal
| equipment for re. cell.

moving sulfates,
chlorides, and
ammonia not required

- - - - - I

s
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Toble B 1. Complete Elliptic Integrols of rne First Kind'
|

K K' N K'm' K K' m'' m' K K' m's ig, g. y y
0.000 1.571 = 0.000 = 1.000 0.21 1.665 2.235 0.745 1.34 0.79

,

0.001 1.571 4.841 0,325 3.08 0.999 0.22 1.670 2.214 0.754 1.33 0.78 i

0.002 1.572 4.495 0.349 2.86 0.998 0.23 1.675 2.194 0.763 1.31 0.770.003 1.572 4.293 0.366 2.73 0.097 0.24 I.680 2.175 0.773 1.29 0.760.004 1.572 4.150 0.379 2.64 0.996 0.25 1.686 2.187 0.782 1.28 0.750.005 1.573 4.039 0.389 2.57 0.905 0.26 1.691 2.139 0.791 1.26 0.740.006 1.573 3.949 0.398 2.51 0,094 0.27 1.697 2.122 0.800 1.25 0.73"0.007 1.574 3.872 0.406 2.46 0.993 0.28 1.702 2.106 0.808 1.24 0.720.008 1.574 3.806 0.413 2.42 0.992 0.29 1.708 2.090 0.817 1.22 0.710.009 1.574 3.748 0.420 2.38 0.991 0.30 1.714 2.075 0.826 1.21 0.70
.

0.01 1.575 3.696 0.426 2.35 0.99 0.31 1.720 2.061 0.834 1.20 0.690.02 1.579 3.354 0.471 2.12 0.08 0.32 1.726 2.047 0.843 1.19 0.680.03 1.583 3.156 0.502 1.99 0.97 0.33 1.732 2.033 0.852 1.17 0.67-0.04 1.587 3.016 0 526 1.90 0.96 0.34 1.738 2.020 0.860 1,16 0.660.05 1.591 2.908 0.547 1,83 0.95 0.35 1.744 2.000 0.869 1.15 0,65
0.06 1.595 2.821 0.565 1,77 0.94 0.36 1.751 1.995 0.877 1.14 0.640,07 1.590 2.747 0.582 1,72 0.93 0.37 1.757 1.983 0.886 1.13 0.630.08 1.604 2.684 0.598 1,67 0.92 0.38 1.764 1.972 0.895 1.12 0.62

m

0.09 1.608 2.628 0.612 1,63 0.91 0.39 1.771 1.961 0.903 1.11 0.610.10 1.612 2.578 0.625 1.60 0.90 0.40 1.778 1.950 0.911 1.10 0.600.11 1.617 2.533 0.638 1.57 0.89 0.41 1.785 1.939 0.920 1.09 0.590.12 1.621 2.493 0.650 1,54 0.88 0.42 1.792 1.929 0.929 1.08 0.580.13 1.626 2.455 0.662 1.51 0.87 0.43 1.799 1.918 0.938 1.07 0,57
0.14 1.631 2.421 0.674 1.48 0.86 0.44 1.806 1.909 0.946 1.06 0.560.15 1.635' 2.389 0.684 1.46 0.85 0.45 1.814 1.899 0.955 1.05 0.55

,

0.16 1,640 2.359 0.695 1,44 0.84 0.46 1.822 1.890 0.964 1.04 0.54
0.17 1.645 2.331 0.706 1.42 0.83 0.47 1.829 1.880 0.973 1.03 0.530.18 1.650 2.305 0.716 1.40 0.82 0.48 1.837 1.871 0.982 1.02 0.520.19 1.F 3 2.281 0.726 1.38 0.81 0.49 1.846 1.863 0.991 1.01 0.510.20 1.660 2.257 0.735 1.36 0.80 0.50 1.854 1.854 1.000.1.00 0 50

K' K K' Km'' K' K m' m1 W X &g g, g g,

* From V.1. Aravin, and S, Numerov, " Seepage Computations for Hydraulic
Structures," Stpoltel'atvu i Arkhitekture, hioscow,1955.
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SUMMARY

DEWATERING VOLUME (Ac.-ft.) TOTAL VOL.
OF CONT. -. TOTAL

PILE / uelow percnea velow grna seepage 4nto MAT'L MANHOUR CONSTRUCTION
POND # water water excavation SUBTOTAL

(Ref.(c.y.)) (hr. ) TINE
(sh. ) (sh. ) (sh. ) (a) ' mon.) (b)

3 5.6 5.6 418900 644 3.76- -

(sh.zz) i4 6.5 0.0860 6.6 230600 355 2.07 |
-

(sh. 34 (sh.77) '

5 7.3 0.37 0.0014 7.7 695700 1070 6.24
(sh.3/) (sh.?o) (sh.7r)

(sh. M )]r[15.3 7.2 0.1300 22.6 736500 1133 'C!6f]h6
(sh.J7) (sh.4/)

- - 80.0 94300 145 (0.851,2,7 80.0
(sh.4,3 )

| TOTAL 122.5 2176000 3348 19.53
Ac.-ft. c.y. hr. mon.

|

.

NOTES:

(a) Based on excavation rate of 650 c.y./hr. ( Ref. J-)
(b) Based on 40-hour work week

Surface water in pond*
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utun-ry 43
'' ^ yfyf Sh)-

i' T L t o|s t |4o
$1L so/7/qo

f PILE (3 - YOL, OF EXCAVATION BEI4W PERCHED WATER TO BE
DEhATERED

SECTION AREA AVG. AR2A LENGTH VOLUME
(sk gq,g;) (SF.) (3F.) (17.) (C.Y.;

29ib 100 107
50 100 185C 42

607.4 100 2250D 1172.8
2522.4 100 9342E 3872
3725.9 100 13800F 3579.8 _.

3096.8 100 11470G 2613.8
2126.9 100 7877H 1640
1178.8 100 4366

I 717.5
358.8 60 797,

TOTAL 50194 C.Y.

NOTES:

1)(Section I' approx. location where perched water el.= bottom of excav.)is 60 ft. North of section 1

DEWATERING VOLUME = 50194 cy x 27 ft'/cy x SEPCIFIC Y1 ELD
,= 50194 x 27 x 0.18 ft8

= 243943 f t' = 5.6 Ac.-ft
'

f
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L4nTRA-tur A 2)
tuttio g & & E q . 9 4

s it C -22 '

Pyt s o/* */fo |

W}L 8'h /9 0 '

t' PILE f4 g g gXCAVATION BEI4W CROUND WATER TO BE
iSRCTION

AR8A) (SF.) (FT.) (C.Y.)
.

AVC. AREA LENGTH VOIEME(SF.4

'

: R 9,0
8 1Y2

8 0 319
,

'

586 100 2170 |, gnn,
U 7168

6054 100 22422V 4940
W 1980 ''

1280 100 4741 |X $80
290 100 1074Y 0

'

TOTAL 58667 C.Y.

.

DEWATERING VOLUME ,= g y x g7 /g,x specific yield
8

= 285122 f = 6.5 Ac.-ft

.
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PILE M - SEEPAE INTO EECAMTION -- PART S

K OF AcutFER = 6.40E-06 cm/s 2.10E-07 ft/s 4.0 8141 ft/ der=

FRAGMENT 1 Nuf 2
Em 2*g5

SECitos W 51 it a1 (st)^2 L(6') 52 T2 e2 (a2)'2 itg*) 8 (=2"Ut/1{}
(sh.[fgip (ft.) (ft.) (ft.) (ft.) (ft.) (eg.ft/dey)

(a) (b) (c) (d) (e) (b) (c) (d)

5 - - - - - - - - - - - - 0.000

| r . . . . . . . . . . . . 0.000 I

u 14 14 65.5 0.329 0.10e 0.63s 0 31.5 0 0 0 0.s38 0.m

V 8 8 64 0.175 0.038 0.543 0 56 0 0 0 0.%3 0.535

W 6 6 62 0.151 0.023 0.480 0 56 0 F 0 0.480 0.454

X 4 4 63 0.100 0.010 0.426 0 59.0 0 0 0 9.426 0.341

NOTES:

(e) Refer to sections or, sh./F 4[
(b) Based en en everage et. of botten of equifer 9 E(. 351'

(c) e = e6n (($* K)/(2*T)) -

(d) From table an en.ju

%
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PILE f 4 -SEEPAGE INTO EXCAVATION -- PART A + PART B

SECTION A 2*qB TUTAL AVG. LENGTH,L Q
( t./d) (sq,. f t./d) qqA + 2 B? (sq.ft.fd) ( FT. ) (AVG *h/dayh

* L' i

34) (sn.77) (sq.It. dJ (ft

R O O O
~'~

S C.019I O O.0193 i

MO 2.960T O.0399 0 0.0399
05 |. .

U O.0602 0.796 0.8562
~ ~V O.0377 0.535 0.5727
~ ~W O.0380 0.454 0.4920
* *

X O.0225 0.341 0.3635
~ *

Y O O O

TUTAL 234.4 ft*3/ day
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. LA n1CA Yt1 St. SP1

Ua 3 %.a L 6ep 5%dNgt Es .18

P1L to|n /90

0 WYL 88 / 7 / 1 0
7 PILE $5 - VOL OF EXCAVATION DEIDW GROUND WATER TO BE

DEW 1TERED

SECTION AREA AVG. ARE* LENGTH VOLUME
(SF.) (SP.) (FT.) (C.Y.)

* 45.7 30 $1 '#

4 137
102.5 100 3805 68

99 100 3676 130
65 100 2417 0

400 100 1481
266.7 80 790,

TOTAL 3309 C.Y.

OTES:

1 Section 4'Lon 8'is 30 f t.north of section 41) Pyram:Ld shapet vol.= (area *of section 8Sect: is 80 ft. south* L)/3

.

3DEWATERING VOIUME = cy x 7 /g,xspecificyield
= 16082 ft = 0.37 Ac.-ft

'

t

.

O
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\ |(M1uA.itr SL 1
l'''}'g, jj*t'' My

,

P4L IV|13/10

O' WTL U/7 /fo
~

)ho EAhkRGR hN W E B E

SECTION AREA AVG. Ai 2A LENGTH VOLUME(SF.) (SF.) (FT.) (C.Y.)
*

198.1 100 7345 251.6
473.75 100 17556 695.9

3007.95 100 111417 5320
7760 100 287418 10200

5380.5 100 19928
653.0 100 241910 745
372.5 60 826,

TOTAL 65544 C.Y.

NOTES:

1)(Section 10' is 60 ft. South of section 10approx. location where perched water el.a bottom of excav.

O
DEWATERINGV0WME=65544gy! / g x specific yieldx 27

= 318544 ft = 7.3 Ac.-ft

'

e

O
i
;
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' PILE F5 - EEFAGE tufo EXCAVATI(Mt -- PART A

E OF AQUtFER = 6.40E-06 cave 2.10E-CT f t/s=

LEFT (L) atsuT (a) |
' TOTAL ga A

R CTIou m2(L) B(L) tart s(L) q A (L) a2(a) s(t) tort s(t) q a 3) (g4(L)*gb(a))
(eh.fo-$) (ft.) (dos.) tog.ft./s) (sq.f'./ day) (ft.) (das.) (eg.ft./s)(og.ft./4 (sq.ft/ M ) j

_
;

,

4 3.5 5 0.087 6.45-08 0.0056 3.5 6.7 0.117 8.eE-08 0.0075 c. w
5 1.5 8.5 0.149 4.75-08 0.0061 1.5 5.7 0.100 3.1E-08 0.0027 0.00e8

6 1 5.7 0.100 2.1E-08 0.0018 1 5.7 0.100 2.1E-08 0.0018 0.0036

7 - - - - - - - -- - - 0.0000

8 6 9.7 0.1 71 2.2E-07 0.0186 a 9.7 0.171 2.2E-07 0.0186 0.0372

NOTES:
'

'

q = K * e,' (ten s )

?
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PILE #5 - SEEPACE lETO EXCAVATION .. Psai 8
.

2.10E-07 f t/s =0.018141 f t/drrK OF Aeu!FER = 6.40E-06 confo =

FaAGEElrT 1 FRASEENT 2
MEAD 2*qs

sECTtou a st it =1 (=1)'2 L (=va * ) s2 T2 e2 (m23'2 L( w ) E[ (=Pra/I{J
(sh. A-A) (ft.) (ft.) (ft.) (ft.) (ft.) (eg.ft/dmy)

(a) (t>> (c) (d) (a) (b) (c) (d)

4 . . . . . . . . . . . . g,0gG

5 1.5 1.5 43.5 0.054 0.0029 0.366 0 42 0 0 0 0.366 0.149

6 1 1 43 0.037 0.0013 0.333 0 42 0 0 0 0.333 ).109
'

7 . . . . . . . . . . . .e 0.000

8 6 6 38 0.245 0.06c3 0.565 0 32 0 0 0 0.565 0.305

NOTES:

(a) Refer to sections en sh. fr-7 V *

(b) sesed en en eversee et. of tettom of scratfor a Et. 388*
(c) m = rin ((s*K1/(2*T))
(d) From table on eh. pf

E.
m
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PILE #5 -SEEPAGE INTO EXCAVATION --- PART A + PART B

SECTION qA 2*qB TOTAL AV3. q LENGTH,L Q
( sq. ft./d) (sq.ft./d) [qA + 2 B1,sq. f t. da? (sq.ft./d) (FT.) (AVG g/ day?

*La(sti.32 ) (sn.37 ) (ft 3 s

4' O 0.000 0.0000
*0.0043 30 0.130

4 0.0130 0.000 0.0130
0.0844 100 8.440

5 0.0068 0.149 0.1558
0.1342 100 13.420

6 0.0036 0.109 0.1126
0.0563 100 5.630 17 0.0000 0.000 0.0000
0.2111 100 21.110g

8 0.0372 0.385 0.4222
*0.1407 50 11.259

8' O.0000 0.000 0.0000

TOTAL 60.O it'3/ day

NOTES:
41-Section 4' 19 30 ft. north of section 4
11) Section 8' is 80 ft. south of section 8
Wramid shape : vol. = (area * L)/3*

!
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IdORRISON-KNUDSEN ENGINEERS,INC,
Proje':t IETR A - Tc7 shw E* *

Contract No.3#r-24 File No.
Feature Lh d, m afCA rm,. A du- Detighed., PTL . Date JO/ 8'7/ 90[^ fte m W *t s v l'> D t '< < t$ wrlo- " i4~ Alisa Ch d ed W Y k~ Date ' ''IY |9 O

Y PILE O (int d)

Ak cf dap k txtura. 9 Mins t} P.Ie *5 bi :. j mw A Ldsr
= 3310 c.y ) kr L h. x ?. a a q agx x

(st SU l50(7 2brT ~S~

sug 1. Q
'

Dis k ;g vrt . % m:cb. q av w w w _

..
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' U MirA -Ftr: S_34

$UrhWN2

PYL ~ 10/85/94-

wyt n/7/fe
'

POND f6 - VOL. OF SURFACE WATER TO BE DEWATERED
L f:

-

SECTION
AREA)

AVG. AREA LENGTH- VOLUME(SF. (SF.) (FT.) (C.Y.)
--

.:A 0
0.0 100 0,

650 100 2407
1527.5 100 5657

2275 100 84267
1852.5 100 6861F 910

*303.3 115 1292,

TOTAL 24644 C.Y. =
.

15.3 AC.-FT
'

NOTES:

Pyramid shape: vol.= (area * L)/3.

*

f
\

.
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U MTC.A F(T Gq
- leasitusG, Ewy. St4,

5 U 5 - 3!
| P1 t. Iof2J|Se~'

|
-

WyL af/7/fo

POND #6 - VOL. OF EXLVATION BEI4W GROUND WATER TO BE
'

DEWATERED

SECTION AREA AVG. AREA LENGTH VOLUME
(SF.) (SF.) (FT.) (C.Y.)

** *400.0 100 1481
B 1200

1930 100 7148C 2660
3959 100 14663

D 5258
5645.5 100 20909

E 6033
4446.5 100 16469F 2860

* 953.3 115 4060G 0

TOTAL 64731 C.Y.

NOTES:

Pyramid shape: vol.= (area * L)/3*

DEWATERING VOLUME = 64731 cy x 27 ft'/cy,x specific yield
= 64731 x 27 x 0.18 ft
= 314593 fd = 7.2 Ac.-ft

t

m
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/. POMD 86 - SEEPACE INTO EXCAVATION -- PART A
2.10E-07 f t/sK OF AcuffER = 6.40E-06 cm/s =

LEFT (L) RICHT (R)
TOTAL q A

SECTION e2(L) B(L) ten S(L) q A (L) e2(R) S(R) ten S(R) q A (R) ($(L)*g4(R))

(eh. 71- 7f) (ft.) (des.) (sq.f t./s) (eq.f t./dey) (ft.) (deg.) (eg.ft./s)(og.ft./d) (eg.ft/dey)

B 12 9.7 0.171 4.3E-67 0.0372 15 7.1 0.125 3.9E-07 0.0339 0.07'1

C 16.5 9.4 0.166 5.7E-07 0.0496 16.5 7 0.123 4.3E-07 0.0366 0.0863 1

|

0 16.5 9.9 0.175 6.0r-07 0.0522 16.5 7.2 0.126 4.sE-07 0.03rs 0.0901
, .

E 16.5 11.7 0.207 7.2E-07 0.0620 16.5 6.3 0.110 3.8E-07 0.0330 0.0950

F 6.5 6.2 0.109 1.5E-07 0.0128 6.5 12.2 0.216 3.0E-07 0.0255 0.C383

h0TES:

q = K * e,* (ten B )

s
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1 h h
M 4 3

| r E- -a a
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POND 86 - Sf(PAGE INTO EXCAVAT!fet -- PART S

2.10E-07 f t/s =0.018141 ft/ dayK CF 40UlFER = 6.40E-06 est/s =

FRAOCNT i FRAGMENT 2

HEAD 2*qB |

stCTION N $1 11 e1 (at)'2 I(=K/K*) 52 12 e2 (m2)'2 L(=K/K=) d (=2*Knd)
'

(sh -- ?f . $ (ft.) (ft.) (ft.) (ft.) (ft.) - (s4.ft/dsy)

(a) (b) (c) (d) (a) (b) (c) (d) $

R - - - - - - - - - - - - 0.t40

C 16.5 16.5 53.5 0.466 0.2169 0.751 , 0 37 0 0 0 0.751 0.777

0 16.5 16.5 53.5 0.466 0.2169 0.751 0 37 0 0 0 0.751 0. W

E 16.5 16.5 53.5 0.466 0.2169 0.751 0 37 0 0 0 0.751 0.777

F 6.5 6.5 53.5 0.190 0.036J 0.540 0 47 0 0 0 0.540 0.437

NOTES:

(a) Refer to sections on sh.M - @
(b) Based on en everage et. of bottcwe of equifer G El. 348'
(c) m = sin (($*17)/(2*f))
(d) Frces table on sh. p/

4
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l POND #6 -SEEPAGE INTO: EXCAVATION -- .PART-A + PART B'
|

.

.

SECTION q' A 2*qB - . TOTAL AVG. q LENGTH,L Q(sq.ft d)-(sq.ft. d) (qA + 2 B1 (sq.ft./d) (FT.) (AVG o * L1'(sh. ) (sh. y ) (sq.ft. d|| (ft 1/ day |>a.

.

A 'O- 0 0.0000' $

~ * O.0237 100 2.370t

B 0.0711 0 0.0711
0.4772 100 47.720C ~~0.0863 0.797 0.8833

..0.8852 100 88.520D 0.0901 0.797 0.8871'
0.8896 -100 '88.955

'

E 0.0950 0.797' O.8920
0.6837 100 68.365F O.0383 0.437- .O.4753 x
0.1584 115 18.220G 0 0 0.0000.

4 TOTAL 314.1-ft"3/ day

NOTES:

* Pyramid shape : vol. = (area'* L)/3
,

, ;
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MKE D0C. 5057-FCT-R 09-00796 00 g

NATIONAL E7J$f.#'*
(~ ENVIRONMENTAL E'u's "n's'f""' **

TESTING INC* ma5'ra28 =5\ 8e
Fax (5121920 3208

Formerty: Acualab,Inc.
u MirA - T CT

p rt io/w/40Fall City (D" tailings site) .7 mi down F.M. 1344 off F.M. 791
eft i'/7/fo

Well Depth FromEgil D.tAth Dit.g Too of Casina

B1 27.8' Dry 32.8'B2 26.6' 12-13-88 35.0'MW 607 Could not obtain 12-13-88 44.0'B3 29.0' 12-13-88 37.1'B4 20.5' 12-13-88 39.5'BB 15.6' 12-14-88 30.5'B7 13.9' Dry 18.7'39 10.3' Dry 16.4'B 10 23.7' 12-14-88 33.5'B6 15.7' Dry 26.5'i B5 15.0' Dry 19.4'l B 13 Could not locate|m.(

(-- Sampling Time: 10 hrs. 12-13-88 !
!

8 hrs. 12-14-88 !
,

'

|

|

!
:
1

|
*

|

|

.

p RECEIVED MXE

V G r.. R/10 JAN 171989

UMTRA S.F.

_ _ _ _ - _ - _ _ - - _ _ - - _ _ _ _ _ . _ _ _ _ .
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g,, pp re ~i33 est sm miculo 512 342 M 1#
. O'

v

MKE 000, 50574T-R-09.%716 % ymy . n 7-

FALLS CITY PROXCT ' JBt 5 - "
.-

DRILL HOLES pn ,opr/%
DRILL HDLES

PLAN LOCATION g g ../7/1o
SET LOCATIONNORTM

~ %!IT[ HJB ELEVATIOR**E
scRTH EAST

.B1 61,300.00 63,760.00 61,300.00 63,760.00 484.16

. ygg

B2 61,380.00 64.115.00 61,380.00 64,115.00 402.11

, , ,

B3 62,300.00 64,950.00 62,300.00 64,950.00 472.40
'

S4 62,050.00 64,920,00 62,050.00 64,920Ih0
473.20 *B5, 60,710.00 64,375.00 60,710.00 64,375.00 467.63

..

.

B6 60,520.00 64,300.00 60,520.00 64,300.00 465.90
.,

07 61,730.00 65,550.00 61,730.00 65,550.00 456.8788 61,880.00 64,350.00 61,8B0.00 64,350.00 464.55
'

89 61,500.00 65,850.00 61,500.00 65,850.00
_453.20;. '810 59,400.00 64,800.00 59,400.00 64,800.00 466.27811 59,120.00 64,780.00 59,120.00 64,780.00 465.7/B12 59,420.00 65,090.00 59,420.00 65,090.00 466.13

N
- B13 58,730.00 65,770.00 58,730.00 65,770.00 440.43B14 58,800.00 65,940.00 58,600.00 65,940.00 440.28BIS 58,300.00 65,690.00 58,300.00 65,690.00 436.42816- 62,410.00 70,080.00 62,410.00 70,080.00 420.85'B17 '

62,600.00 70,340.00 62,600.00 70,340.00 420.58i

. "These hub elevations
were obtained f cm the follca'ing aerial or Controlpoints furnishec to CEC:

ft901, 905, 924, 925, 926, SH A and SH B.

!

O
wo

--. . -- - ..
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Professional Service Industries, Inc. N 'I"/"
W'( L n/7/1oI

RECORD OF SUBSURFACE EXPLORATION4

h- Boring B-10

| ", Pr@ct Name: -.
UMTRA Site

DMed k g July 11, 1988
Falls City Texas *g ,.

p,9 so,. 312-85070

***:a'tcN euta s w tr a o, e, m, num
SURFACE

3 - Very stiff light browrt CLAY 55 1 16
.

-

{ - with calcareous materials, and
.-

-

|
-- gravel ~
~

l

~
~

5 SS 2 5 ~

5-

4 Loose gray silty SAND -_
-

_-
-

1
- gray and brown clayey sand at 9' . \-

|
-

-

SS 3 6. 10 m
,

[ : : :-
-

i.
"

* SS 4 5 [
.j 15 =

g -wj -
- -

i
-

- _
-

. -
,

SS 5 6
-.

Firm gray sandy CLAY 20 _
..

.

"

- with silt -

-
~

_ .
_

1 55 6 7
-.

Firin gray and dark brown silty p5
. .' .

. CLAY -

-
-

_ -

17-

Hard tan silty CLAY
~ *-

bb 7 34= .

3 0 ""
- .

-

-.

~ M
-

M

h

6

&

'
-

. .

4v -

-
_

- _

.

.

~

.

W

__
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tes c -:s
fYc so):Y|A)p Professional Service Industries, Inc. wg n/7 f5,

RECORD OF SUBSURFACE EXPLORATION

Borbg B'II

Project Nwne: UMTRA Site
Date of Borbg: July 7. 1988

p,; _ Falls City, Texas
_ Project No.: 312-85070

otscwica otein sawLt u o, o, m, nautans
-SURFACE-

.- Firm to stiff brown CLAY SS I I4 -

-
. .

-

- with calcareous material .
-

-

SS 2 6.
5

~

. ,

.
.

.
.

.
.

.

.

SS 3 510
~

. ,
.

.
.

.
.

.
.

~

II 4 I( > 15
-

Medium dense light tan SAND .
~

~
_

~

- with some clay
,

55 5 7
,

"

20
. ,

.
- '

.
-_. -

"

\Medium dense greenish gray sandy
-

~
.

SILT -i
~

,

25 - 55 6 12 _'
. ,
.

.

.
.

.
' .

17.
- =.

i=

39 - 551 15
.

Boring terminated at 30'- ,
-

.
_

-

..

.

_

.
. .

-
-

-

. -

-

.
-

-

r
- |

t
-

a
-

8
- )

-

-

-
.

-
,

- |
-

a :
a

. -

. .

..
,
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O . Professional Service industries, Inc. m '"/"6 iV W'/L o/7/fa
- RECORD OF SUBSURFACE EXPLORATION

|

B-12Boring

UMTM Site July 7, 1988Project Name: Date of Boring:

312-85070 l
sne: Falls City, Texas Project No.:

| ossewnom oun. uwt n o, o, m, nums
'

I SunFACE -

Ib I 9Firm tc stiff tan silty CLAY with -' -

,

some calcareous material : '

~

55 2 5
5 ,

-

,' Loose white and gray SAND
'

- with calcareous materials.

SS 3 7
10 = ,

. .

"

Loose dark gray silty SAND

SS 4 9
15

. .

. . .

. . .

. .

SS 5 4
" Soft light brown silty CLAY 20 }

=

_ _

. _ .

- . .

- - 55 6 3
-

" 25 " < =

- - .

. . .

- - .

- '-

SS 7 38

$HardgraysiltyCLAY 3 0 "_
=

;
,
#

;. - .

Hard light brown silty CLAY -

SS 8 69
-

'"

35 " "--

- Boring terminated at 35' - -

. . .

M .

" e ,

-
- -

M .

W e

W .

E

. m

*ee
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\p_) Professional Service industries,Inc. M' ''/7/1"

RECORD OF SUBSURFACE EXPLORATION

B-16Boring .

Pagt Nune- UMTRA Site Date of sorbg. August 18. 1988,.
Falls City Texas 312-850703,,. p,g g .

}Ioisennio wm sawti a o, o, aim m s
,

SurtACE -

- Hard tan silty rLAY 55 1 24 --
,

-
- .

f - - with gravel SI 2 --

" -

55 3 18a 5-
ST 4g -

-
-

SS 5 5 -

-
--

~ Loose gray silty SAND -
~

"
10 = ST 6 =

-, - inoi s t a t 10 ' a nd 14 ' SS 7 6
-

-

0s
-

ST 8-
-

-
-

.

", 15 a SS 9 2 =
-

.
-

-
_ ST 10 -- . - _ _

~ Soft gray silty CLAY ~

sq 13 3 ;.

"

20 " ST 12 =
- Very sof t gray silty CLAY and

_- gray silty SAND SS 13 1 o-
-

-
- r

i- ST 14
.

- inoist at 22.5' _

} 25 = "
SS 15

,

-

ST 16-
-

55 17 50/5".__. -

" \Hard yellowish tan SILTSTONE [ 30 = =
,

:soringterminateeat29- : }
.

-
.

g
-

-
-

-

'

WM

n-
i

-

t
_ .

- .
-

-

-
-

.

W

Suu

g
.

~
-| _|

_ - _ _ _ _ _ - _ _ _ _ _ __
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ca ~pris() Professional Service Industries, Inc. M ' "/'M" Il

!
RECORD OF SUBSURFACE EXPLORATION i

Boeing B-17 l

i

Pr@ct Name: VMTRA Site

site: Falls City, Texas _
gIDate of W. August 17, 1988

Project No.: 312-85070

Otlevur tsoN pgp H 8 AMPLE N 0, 0, % atuAAR$
SUntACC

Very stiff tan silty CLAY SS 1 16-

g1.
~

ST 2.

_ - with gravel ,- '-

~

5 53 3 8=

k
~

,-

ST 4
.

. .
-

-

_

SS 5 12 2 g.,
-

10 . ST 6
= ~

- Loose gray clayey 5AND
_ SS 7 2 3- gray silty clay layer at 11.5' .

ST 8
, go -

Loose gray clayey SAND -

-t( 15 , SS 9 6
. -

- with silt ,
.

-
-

ST 10
.

-
-

] Tan silty CLAY 35 11 I .'p"

20 = ST 12
Ihs

=

t [-

SS 13 $
-

Y
Loose gray silty CLAY ST 14 ~

i -

* ,

h25 =- - anois t
- SS 15 1

=
,

_
~

- Hard SANDSTONE
_ si 16 |

SS 17 50/4"-
-

- with some silty clay / 30 a =

" Boring terminated at 29' -

F-

-
-

. g
-

p. ,

-
.

.
-

,

giu

&

gia

Si

: a '' p

y

4 ) . .
_

* _

y
W

e
e

=

p

g
-

.
,
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TAILINGS
_

ggg

* A ,
. '''fN k_ Ts" A-

,

TAILINGS PILE h ~

TAttiso33
| #7 ) ; ;./. 835 ",'E850 - r.u. ,. 4

1344 70
**0 - 832 uff>cgCONOUtsTA Q- fy * /TFh*y

* *
010t,

830 RAY Y 7 DEWEESVILLE !sgtiggy
MEMBER sam g33

42o 917(D) s7s(S}.....

' rett 9 0219
41 o -

ANQUlSTASAPOSTONE UMT J
--

40* *- * . **. 9 03fD)
. ; .. 2 4'-~

..
-

. . . , . , .c. *
! *: ' N4C3 - { . * * . , . .- .

* * * **
*

390 -
*. :DRV ,

sg* *.- ..

300 -
*

LbuCKCONOUtSTA | .

p
.'

- ..*
--

CLAY |

370 - Onv
* ( A& m 7AD) s ,

MEMBERe '
33sD - . ~, , y. . . , ,, .~. vgggg a. .

3350 - ,* ,

N}
,

$340 - [ " ~. ,, ' . " DILWORTH . . .y. ,
,,

SAND : ::-:,,
-:,,o .

.,,
~

. , . .
* MEMBER |',

320 - ,. ,

..,s_ im o ,

w g
*

. . . .

** . * * . C., - . i

4, 31 0
- . ;

*

3300 -
MANMW 150* *,-

.
LEGEm

"' CLAY
uoNoron wELL SCnEENED INTEnVAL290 - { p 5. FORMATION

--

280 - i ,'e '{ Si - SN Attow soo o soo ,,,,

rio -

[[1
HORIZON f AL SCALE IN FEE T

li) - IN TE R MEDI A T E ..
280 - g 155'
250 - > tot - DECP
240 - I^

"4
+ 4
t-

e( 5230 - .? INOICATES WATER LEVEL
trattes { }-

220 -
u .s

21 0 - N Nd ' ''
FIGURE D.5.4 l'0 F __/_. 7 D*

200- "f
-

e
'GEOLOGIC CROSS SECTION A-A* BCNEATH THE FALLS CITY TAILINGS SITE,,,_

NEAR FALLS CITY, TEXAS "-
2s rtso- -

t w
V
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-EL s 7E !

O 0 III III ROAD TOS '' t.al co "r
808 r.u..

,34j st 5 (DI P LE # 3 .-

, . . . . . ,
<so. B *~:... esa.. y g.

#,^'' D5 . . % <~~'
. .

/ DEWEESVILt.E T'SA POSTONE
* *-

90s esi s-- *

.* . MEMBER SCARED D00'

, , , ,3,
'

prrFr v P- CREEK
.

CONO ISTA"*~.;..,, r( A d'u'd MEMBER
= . . .

,37 g3,
4 o o- C

~ UA : ' .'! ' ' * 'U MT
*

,
,

MhM ONOUISTA-

...'.,;,.,.. Uttu t7A Rp) CLAY MEMBER 8h .'
~

. . .
* . . . . ' . .

*

. . . - ..-

- : | :..,~ 3 s o- ."'
0 w. . - '.:). M ;. . .: . . . . .- v-

.: f . . . '-
.. .. .. .. - . .... . . . . .w

.
.- ..r . . . . ..-

~

I DILWORTH
?

'
.' ' 40'--

sta

? 3 SA NDSTONE MEMBER
N w 300-
$ $ ,

..
~#

'55 _EcENO

- MONITOR WELL SCnEENED INTERVAL
. ,

l 'St - SN ALLOW' 5 0' MANMNG CLAY '
250- FORMATION ~

-

--

Ill - IN TERWEDI A TE MANMNG CLAY
'

~~

FORMAT ON150-,,
(DI - DEEP*

,-

200- '

.T INDICATES WATER LEVEL
traties soo o soo 1000

3 4 r
N .~"HORIZONTAL SCALE IN FEET F r

3

: Ei -

FIGURE D.5.5 RFF J j 'E E h~~
GEOLOGIC CROSS SECTION B-B * BENEATH THE FALLS CITY TAILINGS SITE ?7

,

* NEAR FALLS CITY, TEXAS
O
h
"~ ~ ~ -- w m m w v.w - near - - ,,, _ -. __
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SL 53
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P1L roft&/%
,

_

W'fL "/7 /9 0---
APPENDIX A

i
=*

c - Ps i ? 1U )
. _ ,

l

WELL NUMBER
DEPTH TO WATER FRCN GROUND SURFACE

,

'

81 -24.8 ft.-
82 22.6 ft. |

B3 16.0 ft-
B4- 17.0 ft,

g g swt
85 12.5 ft .(n . g , g.. t ch o.
86

'

12.7 ft.
87-

- 10.2 f t.
-B8 12.6 ft.
B9 7.3 ft~'

B10 20.7 ft.
6 01 -

.

11.2 f t.-

602 13.0 f t. !

O
'

1*

607 22.0 ft. i
J

61 7 ~11.6 ft.
t

625 16.6 ft.
6 51 plugged with dirt at 5 ft.

!

71 3 16.2 ft.
831 27.2 ft.
834 . No water read at depth of 100'
835- 15.8 ft.'

836 19.1 f t. .
,

.

:
ii

kr. h{ 2

m c c-10
5- SC5 7-FCT T-01-00778-00

70820/01840
,
,

*c ,-,c--- - -.-.--1.. , . , . - . , c - - , ,U~,.,..,-+, - -
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EUATE: 03/06/91 /{n .

-------WATER BALANCE- >-
ACCUMULATING"---> ----- ACCtMUL AT1NG"

"

"
''

*lNPUT* * INPUT * -*lNPUT* .
,

ACTUAL SLEPtUS :EST. ACTUAL EVAP. RUNOFF . POND bTR.MT'
.

CONSTR.. WATER E APTN. CONSTR. W . DISTR. AREA E VAP. 11 POND &
. . WATER WATEC V01 FTR. AREA BASII

USAGE USAGF.

(AC-FT) . AC-FT)- ( FT) ;(AC-FT)_.(Ar FT) (ACRES) (ACRES)'- (FT. I(

t 1.945' O.000 2. 2 0.804 0.000: 0.039.: 88 13 - 0.0C0
2.600 7.710 2.2 2- .2.600 6.535 0.039 88 ' 13 -- 0.5(3
2.600 19.175 .2.6 2.600 24.364 0.046 '88 13 1.8i 4
1.180 0.000 4.27 2.600 19.864 0.013 '88 13 I . 5i 8
2.600 1.311- 4.79 '2.600 18.177 0.082 88 13 l .4< 4-
2.600 4.449 5.967 2.600 20.242 0.102 88 13 .5 >1
4.640 20.687 6.172 4.64 -37.643 0.127 112 - 10.8 .l.5 )4
4.640 37.142 5.470 4.64 72.250; 0.143 136 8.5 1.5)0
4.640 18.634 5.087 4.6 88.340 0.133 153 8.5 It .313
4.643 4.678 3.672 4.6 0' 91.182 0.096 170 8.5 1( .7?1
4.640 6.440. 2.716 4 0 96.264 0.011_ 170 8.5 ll a?5-
4.640 0.533 1.874 40 95.860 0.049 170 8.5 11 278
3.230 0.000 l'.492 40 93.704 - 0.039 170 8.5 !! (24
1.842 0.000 1.492 4 640 . 90.160 0.039 - 170 8.5 10 f07
2.911 0.000- 1.760 40 87.557' O.046 170 8.5 10 201
0.000 0.253 2.192 00 86.414 0.013 136. 8.5 10.j66,

0.000 5.766 3.137 . 90.61k 0.082 136 8.5 10. ,60
0.000 1.258 3.902 O. 89.918 0.102 II- 8.5 . 10. L19
0,000 0.303 4.858 0.00 87.792' O.121 11 8.5 ' 10. l29
0.000 0.000 5.470 0. 83.679 . 0.143 II - 8.5 9 64 5
0.000 0.000 5.087 0.000 80.682 'O.133 11 8.5 9. 92
0.000 1.501 3.672 0.000 80.347- 0.096 - 11 8. 5 ' 9. 53
0.000- 1.420 2.716 0.000 80.408 0.C71 11 8.5 .9.If>0,

| 0.000 1.070 1.87 0.000- 80.542 0.049 ~11 ' 8.5 9.875' O.000 0.932 1.49 0.000 0.727 0.039 11 8.5 ' 9.4 17
0.000 0.666 1.4 0.000 0.647 0.039 11 8.5 9.4 58 -
0.000 1.311 1.7 0 0.000 .079 0.046 11 8.5 9 5. 9
0.000 0.000 2. 2 0.000 7 .194 0.073 11 8.5 9 3' 7
0.000 0.907 3. 31 0.000 7 532 0.082 11 8.5 9 2' 9
0.000 1.258 3 02 0.000 71. 39 0.102 11 8.5 9 15 5
0.000 0.303 S$8 ' O.000 75. 13 0.127 11 8.5 8 90r
0.000 0.000 470 0.000 71. 0.143 '11 8.5 8 42 l
0.000 0.000 087 0.000 68.6 3 .0.133 11 8.5 8.07.
0.000 1.501 3.672 .0.000. 68.2 0.096 11 8.5 8.03 :

128.33}
q
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CHECK STORAGE IN RETENTION BASIN $3g
SCHEME A (1) TREATMENT / DISCHARGE , NO STORM RUNOFF INCLUDED -

. .E 2-

ACCUM. .g
MONTH SURPLUS TREATMENT ACTUAL STORAGE ;o<

s

WATER PLANT RATE VOLUME IN RETENTION 9 j-;

(from sh.ff) (sh/n) TREATED BASIN 1 SE-
(Ac-ft) (Ac-ft) (Ac-f!) (Ac-ft)

- - -

s z
cr w

1991 ' DEC 0.000 6.8 0.0 0.00 ak. - <U )

1992 JAN 7.710 =. 6.8 6.8 0.91 ak. t $ I

FEB 19.175 6.8 6.8 13.28 ak. } QZ
,

MAR 0.000 6.8 6.8 6.48 ak N z
[ yAPR 1.311 6.8 6.8 1.00 ak.

MAY 4.449 6.8 5.4 0.00 ak. .m
JUN 20.687 6.8 6.8 13.89 ak. H - "
JUL '37.142 6.8 6.8 44.23 c.k. I .

AUG 15.634 6.8 6.8 - 56.06 ak. E-
9SEP 4.678 6.8 6.8 53.94 ak. '

,

OCT 6.440 6.8 6.8 53.58 ak. .-

NOV 0.533 6.8 6.8 47.31 ak.

kODEC 0.000 6.8 6.8 40.51 ak.

..b h1993 JAN 0.000 6.8 6.8 33.~ 1 ak.
8. k 2FEB 0.000 6.8 - 6.8 '26.31 ak.
"

$MAR 0.253 6.8 6.8 20.37 ak.

gAPR 5.766 6.8 6.8 19.33 ak.

MAY 1.258 6.8 6.8 13.79 ak. A 7Q
[g.JUN 0.303 6.8 6.8 7.29 ak.

22"29
s s .2

8"
.$~ h.
~ *2

3

0
. y

*
.

m _ _. _. __r _- ____.___s
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PTL 3|Ll11
DME : 03/06/91 k // 9/

------val [ R P AL ANCC------- - --------------;.

ACCUMULATING"---> ----- ACCtMUL Ai!NG"-----"

*fMPUT* *!NPUl* * INPUT * g
ACTUAL StRPLUS EST. ACTUAL ACC1 EVAP. RUNOFF POND gVTR.Hi[

CONSTR. WATER 1 APIN. CONSTR. Vi . DISTR. AREA EVAP. |ft P0hD &
W1.i(R VAffR WOL . FIR. AREA 8A31 4

USAGE USAGE

(AC-ri) (AC-FT) (A FT) (AC-FT) (AC Ff) (ACRES) (ACRCS) (Fi )

f0.0001.945 0.000 2.c 2 0.804 0.079 88 13 0. 0''O
2.600 7.110 2.242 2.600 /6.535 0.039 88 13 0.5:3
2.600 23.075 2.6 2.600 /28.264 0.046 88 13 2.1/41.180 0.000 4.27 2.600 / 23.764 0.073 88 13 1.{S2.600 1.311 4.797 2.600 22.677 0.082 88 13 1.nse

.600 4.449 5.967 2.6 24.142 0.102 88 13 1.f57
4.640 20.687 6.172 4.64 41.743 0.127 112 10.8 3,465
4.640 37.142 5.470 4.64 16.150 0.143 136 8.5 U 59
4.640 18.634 5.087 4.64 92.240 0.133 153 8.5 1 L |52
4.640 23.658 3.672 4.6 0 114.062 0.096 170 8.5 1 1. Il9
4.640 6.440 2.716 0 119.144 0.071 170 8.5 1d. )l7
4.64 0 0.533 1.074 40 118.740 0.049 170 8.5 1. )69
3.230 0,000 f.492 40 116.584 0.039 170 8.5 1 716
1.042 0.000 1.492 4 640 113.040 0.039 170 8.5 1 '299
2.911 0.000 1.760 40 110.437 0.046 170 8.5 12 993
0.000 55.753 2.192 . 164.794 0.073 136 8.5 19 387
0.000 5.766 3.137 .0 168.992 0.082 13G 8.5 19 881
0.000 1.258 3.902 0. 168.298 0.102

11 _ __ 8.L 19],550
11 8.5 19 C00

_ _. _0.000___ 0.303 4.858 _9. MJll 0.127
0.000 0.000 5.470 0.0 162.059 0.143 11 8.5 15 . >66
0.000 0.000 5.087 0.000 159.062 0.133 II 8.5 it . '13
0.000 1.501 3.672 0.000 158.727 0.096 11 8.5 18 .iJ4
0.000 1.420 2.116, 0.000 58.788 0.071 11 8.5 11 1..

0.000 1.070 1.874' O.000 58.922 0.049 11 8.5 1 !. 7
0.000 0.932 1.49 0.000 1 9.107 0.039 11 8.5 ! ). !9
0.000 0.666 1.4 0.000 1 9.027 0.039 II 8,5 1 1. 7M
0.000 1.311 1.74 0.000 15 .459 0.046 11 8.5 15.7 0
0.000 0.000 2. 2 0.000 15 574 0.073 11 8.5 13.5. 8
0.000 0.907 3. 37 0.000 156 912 0.082 11 8.5 : 9.4!0
0.000 1.258 3 02 0.000 156. 19 0.102 11 8.5 8.3T9
0.000 0.303 4.858 0.000 154. 93 0.127 11 8.5 8. t h
0.000 0.000 .470 0.000 149. 0 0.143 11 8.5 1.64 i
0.000 0.000 .087 0.000

146,6 .! 7. 29.'9 0.133 II 8.5
O.000 1.501 J.672 0.000 146. 0.096 11- 8.5 117.253 %
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4 %

l ') k ,i)y , k--.

CHECK STORAGE IN RETENTION BASIN = ,s m

SCHEME A (2) TREATMENT / DISCHARGE ,10-YR. 24-HR STORM RUNOFF INCLUDED y 3 [o,
g6C

OgACCUM.
MONTH SURPLUS TREATMENT ACTUAL STORAGE lo~

WATER PLANT RATE VOLUME IN RETENTION h %(from shM) (sh.#2) TREATFD BASIN D
(Ac-ft) (Ac-ft) (Ac-ft) (Ac-ft) f M;Ui

0 $;ig
# stz

1991 DEC 0.000 15.8 0.0 0.00 or ""O
%3 C

1992 JAN 7.710 15.8 7.7 0.00 o.k. b Q$FEB 23.075 15.8 15.8 7.27 o.k. [ iZ
MAR 0.000 15.8 7.3 0.00 o.k. S EAPR 1.311 15.8 1.3 0.00 c.k. d 9MAY 4.449 15.8 4.4 0.00 o k. p MJUN 20.687 15.8 15.8 4.89 o k. $JUL 37.142 15.8 15.8 26.23 o.k. ."AUG 18.634 15.8 15.8 29.06 or zSEP 23.658 15.8 15.8 36.92 or -COCT 6.440 15.8 15.8 27.56 or
NOV 0.533 15.8 15.8 12.29 o.k. gggDEC 0.000 15.8 12.3 0.00 oA g381993 JAN 0.000 15.8 0.0 0.00 o.k. xy 5FEB 0.000 15.8 0.0 0.00 oA E&2MAR 55.753 15.8 15.8 39.95 oi [.APR 5.766 15.8 15.8 29.92 or
MAY 1.258 15.8 15.8 15.38 o.k. NJUN 0.303 15.8 15.7 0.00 or 4

,

.

k
??29ws*g

N~t

#
M b N

4 o.-

g s 2
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ACCUMUL All N8i"--- < -- " ACCUMUL AT 14G"----- >

*IRPUT* *lNPUT* * INPUT * i |
ACTUAL SUR US EST. ACTUAL ACCIM. ETAP. Run0FF Pcno I rTR .M .

' lef t. HT F=(r45 trete
CowSTR. W ER EVApin. Ents1R . WTR. Dl5ft . AREA EVAP. II ' PouD 6 | 19 g c r> ;rer7c,fu

'

WATER WATER VOLUM[ F TR . AREA Basi' 6#5 er/
USAGE USAGE

(AC-FT) 3 4-F1) (AC-fi) (AC-FT) (AC-FT) (ACNES) (Ar 15) (FT. ( F T. ) / 8C . r7 )

1.857 0.000 - 6.508 0.000 0.000 0.039 128 53 0.00 ? O

2.60- 7.710 9.302 2.600 1.987 0.039 128 53 0.6* ' c04
2.60 22.900 10.971 2.600 19.401 0.046 128 53 0.s:6 i e. 4 7
1.1 0 0.000 17.411 2.600 3.727 0.073 128 53 0.010 exJ'

2. 0 0.398 16.503 0.000 0.000 0.082 128 53 3.ci o o
2 4.98 19.401 0.000 0.000 0.102 128 53 ).C 0 0
4 640 16.713 29.032 4.640 2.197 0.127 152 50.8 f.0 3 e C 4- I

640 35.360 31.210 4.640 14.390 0.143 176 48.5 1.2If e. 4 0 I

.640 15.790 29 077 4.640 11.110 0.133 193 48.5 1.2") c. 2 3 |
4.F40 22.564 20.952 4.640 23.218 0.096 210 48.5 (.ar9 o 4g

y8 c934.640 29.558 15.496 4.640 45.028 0.071 210 48.5 C

45 c. 6 34.640 0.343 10.694 4.640 40.024 0.049 210 48.5 0.
2.131 0.000 8.512 4.640 33.859 0.039 210 48.5 0 MS o 7o >

0.860 0.000 8.512 4.640 25.391 0.039 210 48.5 6 174 c. 5 2 l,

()'
2.166 0.300 10.040 4.640 17.897 0.046 210 48.5 0 ; 69 c. 3 7

a.cr Y { ill( 0.000 55.500 15.932 0.000 60.918 0.073 176 48.5 1,756 i

.000 4.502 17.897 0.000 56.471 0.082 176 48.5 1 64 s. c c . p. 95

000 3.744 22.261 0.000 49.085 0.102 51 48.5 1. ?l2 f:3 0 c. 5 8
0 0.000 27.718 0.000 34.032 0.127 51 48.5 0-'02 0 7(' o
0. 00 0.000 31.210 0.000 9 112 0.143 51 48.5 OjiS8 ; ( .r ? O

* - - -- l), $ + = Jo e8-ea d s[4-0 Ac ec fe e /0.0 0 6dF " 18.802 ~D.000 ^ ~0.000^-~ T 133 51 48.5 0.000 -
-

t O iO
0. 4.994 5.47 0.000 0.000 0.096 51 48.5 0 S6.0 j
0.00- 5.130 2.87 0.000 0.000 0.071 51 48.5 0 @0 .

I'0.000 3.960 .3 0.000 0.000 0.049 51 45.5 0 0 0
O.000 3.522 .7 8 0.000 3.000 0.039 51 48.5 0 U4

f *ftv (frIfL Toa(* ' ' ' * [^ NT0.000 2.289 5 0.000 0.000 0.039 51 48.5 0 C- 'O

0.000 5.138 1. 40 0.000 0.118 0.046 51 48 5 d Cd 2 l
r ,

0.000 .000 4 26 0.000 0.000 0.073 51 48.5 C:C<3 i ,, 4 F
' '

0.000 527 il 75 0.000 0.000 0.082 51 48.5 C 0(3
O.000 3 .744 1. 5 0.000 0.000 0.102 51 48.5 f.00?
0.000 C. 00 I 5 0.000 0.000 0.127 51 48.5 LOO) 1

0.000 P. 0.000 0.000 0.143 51 48.5 I .00i '.
0.000 0. 9.6 0.000 0.000 0.133 51 48.5 1 .00' '

O.000 4.99 5.47 0.000 0.000 0.096 51 48.5* | | . 00<: i
l
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*3NPUT* *IWPUT* *!uPUT* *IWPUT* '

ACTUAL Sun WTER EST. ACTUAL ACO M. EVAP. RUuOtF MMD WTR.NT.

CDuSTR. WT R TREATE0 EVAPTN. CONSTR. Wit. OSSTR. AREA EVAP. IR POREP &

WTER & MfER VCLIME FTR. AREA SASIN

USAGE DISCMARGED USAGE

(AC-FT) ( -FT) (AC-FT) (AC-TT) (AC-FT) (AC-FT) (ACRES) (ACPES) (FT.)

1.945 4.86 2.232 0.000 0.000 ' 039 88 13 0.000

2.600 [ 0.000T.710 4.86 2.282 2.600 1.675 0.039 88 13 0.129
2.600/ 19.175 4.86 2.691 2.e00 14.44 0.046 88 13 1.126

1. 0.000 4.86 4.270 2 600 5.284 0.073 88 13 0.406
2. 1.311 4.86 4.797 1.937 0.000 0.082 88 13 0.000
2. 4.449 4.86 5.967 0.000 0.000 0.102 88 13 0.000
4. 0 20.68T 4.86 6.1T2 4.640 12.741 0.127 112 10.8 1.180
4 640 37.142 4.86 5.4 70 4.MO 42.288 0.143 136 8.5 4.975

.40 19.092 4.86 5.087 4.640 $3.976 0.133 153 8.5 6.350 <L-
I- .M0 4.678 4.86 3.672 4.640 51.959 0.096 170 8.5 6.113

4.640 6.440 4.86 2.716 4.40 52.181 0.071 170 8.5 6.139
4.M0 0.533 4.86 1.874 4.640 46.91T 0.049 170 8.5 5.520
3.230 0.000 4.86 1.492 4.640 39.900 0.039 170 8.5 4.694
1.842 0.000 4.86 1.492 4.640 31.496 0.039 170 8.5 3.705
2.91T 0.000 4.86 1.760 4.M0 24.033 0.046 170 8.5 2.827

, 0.000 0.253 4.86 2.792 0.000 18.030 0.073 136 8.5 2.121

, | 000 5.766 4.86 3.137 0.000 17.368 0.082 136 8.5 2.043
|

.000 1.258 4.86 3.902 0.000 11.815 0.102 't 8.5 1.390

000_ 0.303 4.86 .858 _ ,0.000 _ 4.829 9.127. 11 8.5 0.568
' /0. 0.000 . .4 0.000 0.000 0.143 11 8.5 0.000 * O '' #7 #

0. 0.000 . .C 0.M0 0.000 0.133 11 8.5 0.000 7 / M# f"d bf'el .
0.000 0.000 0.096 11 8.5 0.000O. ,

1.501 .*
0.00 1.420 .7 6 0.000 0.000 0.071 11 8.5 0.000

9.000 0.932
.

4 0.000 0.000 0.049 11 8.5 0.003C. 1.070
1 0.000 0.000 0.039 11 8.5 0.000

0.000 0.666 4 1. 12 0.000 0.000 0.039 11 8.5 0.000
0.000 1.311 4 1 60 0.000 0.000 0.046 11 8.5 0.000
0.000 0.000 0 0.000 0.000 0.073 11 8.5 0.000 "

0.000 907 24 0.000 9.000 0.082 11 8.5 0.000
0.000 258 . 2 0.000 0.000 0.102 11 8.5 0.000
0.000 0 3 . 0.000 0.000 0.127 11 8.5 0.000
0.000 0. . .35 0.000 0.000 0.143 11 8.5 0.000
0.000 0. . . 0.000 0.000 0.133 11 8.5 0.000
0.000 1.5 1 4. 3.33. 0.000 0.000 0.096 11 8.5 0.000

$1.M jf.113
N

&
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BATIQNAL APPROACH _FOR EFTJM&TIH(LJtETENTIQ]LJASIN t)ESIGN WATER-

VOLUME USING MEAM CLIMATIC DATA
(REVISION 8 DATE 11-16-87)

THIS PROCEDURE PROVIDES THE DETAILS PRIMARILY FOR DETERMININGTME
AVERAGE TOTAL MONTHLY RUNOFF VOWME THAT SHOULD BE EXPECTED I.NRETENTION BASIN (S) USING IANG TERM AVERAGE CLIMATIC DATA WITHCONSIDERATION POR SHOWNELT CARRY-OVER. A SPREADSHEET USING 14TUS

*

1-2-3 BorIVARE TO COMPUTE THE TOTAL RUNOFF YOWNE IS AVAILABLE.THE EMOUNT OF RUNOFF
IS CALCUIATED USING THE SOIL CONSERVATIONSERVICE METHOD. SNOWMELT LESS SUBLIMATION IS COMBINED WITH

RAINFALL TO ESTIMATE THE MONTHLY TOTAL RUNOFF.

THE SPREADSHEET ALSO CALCULATES THE MONTHLY HET WATER BAIANCE WITHALIDWANCE
FOR EVAPORATION AND CONSTRUCTION WATER USE AIANG WITH

*

THE TOTAL ANTICIPATED WATER ACCUMUIATION WHICHCOU b OCCUR IF*
WATER IS NOT DISPOSED OF MONTHLY.

'

THE SPREADSHEET MUST BE MODIFIED TO REFLECT THE LATEST CONSTRUC-
TION SCHEDULE DURING WHICH THE RETENTION BASIN WILL BEOPERATING.TME THIS

PRIMARILY AFFECTS THE CALCDIATE.D ANOUNTS OF EVAPORATION
AND THE ANTICIPATED ACCUMULATED WATER VOI4MES.

B._ INPUT DATA

[ THE REQUIRED DATA INPUT TO THE SPREADSHEET INCLUDES1.
RUNOFF DRAINAGE AREA (ACRES) USED TO COMPUTE RUNOFF2.
RETENTION BASIH(S) CAPACITY (AC-TT): USED FOR COMPARISONPURPOSES 4NLL. ~

3.
POND TVAPORATION AREA (ACRES) FOR COMPUTING EVAPORATION4.
AVERAGE ANNUAL LAKE EVAPORATION (INCHES):USED TO DETER-MINE EVAPORATION.

5. SOIL SM M VE.NUMBIR (CH).1 WHEN. MONTHLY MEAN TEMPERATURE
~1s nrts rnrrZING,._A.ji1RIMUM.CH=95 IS RECOMMENDEDo,.6.

MEAN NUMBER OF DAYS PRECIPITATION IS GREATER THAN 0.1INCHES WATER.
7. MEAN TEMPERATURE, DEGREES FAHRENHEIT4. MEAN PRECIPITATION, INewsgS
9. MEAN SNOW DEPTH, INCHEb

20.
CONSTRUCTION WATER DEMAND- MONTHLY AVERAGE (AC-FT).

THOSE MONTHS OF NO-CONSTRUCTION MUST SHOW 'ZERO',
USUALLY, DECEMBER, JANUARY, AND FEBRUARY.11.

EVAPORATION DISTRIBUTION FACTORS (DECIMALS) FOR EACHMONTH OF THE YEAR.

THE FOLI4 WING INFORMATION
IS USED TO COMPUTE THE TOTAL RUNOFFVOLUME:

AND THE MEAN NUMBER OF DAYSTHE MEAN TEMPERATURE, MEAN SHOW DEPTH, MEAN PRECIPITATION
PRECIPITATION IS GREATER THAN 0.1INCHES ARE ?.VAILABLE

FROM THE NOAA CLIMATOGRAPHY OF THE UNITEDSTATES NO. 20, 1951-1980
THE SITE (S). USING THE CI4SEST RECORDING STATION TO

o
|
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W, ADDITIONAL INPUT FOR OVERALL WATER BAIANCE ARE:*

AVERAGE MONTHLY CONSTIT 0CTION WATE t DEMAND: USED IN FIACING
'

CONTAMINATED EMBANXMENT MATERIA 1. APPLIES ONLY To DISPOSAL
SITE WHICH IS DEING EVAI#ATED OR WHEN PROCESS SITE WATER CAMi BE TRANSPORTED TO DISPo$AL SITE. TRANSPORTING -0F4
CONTAMINATED WATER OVER PUBLIC ROADS IS NOT CONSIDERED
FRACTICAL SECAUSE ADDITIONAL PERMITS MAY BE REQUIRED.
MONTMS OF WO CONSTRUCTION THIS EQUAIA SERO.

-DURING
-y N

MON'fut3 RVADORATION DISTRIBUTION FAGuRE:f USED TO DISTRIBUTETHE TOTAL ANNUAL IAXE EVAPORATION. AVA!!ABLE FROM TME NOAA4
TECHNICAL REPORT OR USE AVERAGE MONTMLY EVAICRATION MTA FROMa' OTMER

s0URCES AND - ImCAls Wu!CM CAu at ASSUME 5 to sER
REPRESENTATIVE OF TME PRESENT SITE. STATIONS OF SIMILARIATITUDE ARE NORE LIRELY TO BE REPRESENTATIVE.

,

*
*

AVERAGE ANNUAL LAKE EVADORATION: AVAIIABLE FROM CLIMATICATIAS OF TME UNITED STATES.
,

.

POND EVADORATION AREA
| SunsM . AREA. FOR RECTANGU!AR PONDS, USE THE POND

WHERE DIXED DRAINAGE AREAS' ARE USED,
THE WATER SURFACE AREAMAY BE EXPRESSED AS A VARIABLE FUNCTION DEPENDENT ON PONDV01NME(SEE ATTACHED EXAMPLE).i

MODELED AS CONICAL VOLUMES. THE AVERAGE SURFACE AREADIKED RETENTION AREAS MAY BE
'

! .7 ' POND IS LESS TMAN FULL IS APPR0XIMATED BYt EN TME
.-

j
Agyg=EA (V /V )2/3 My p y

MGRE A =4GCMM NhI1R SURTAS AREA
iy

ASSOCIA21D WTIH V =WOIINE OF ic

WhI1R MON FUIL(EICLUDING
Y =7UIRL NOI1ME FtR 'DIATp

wwxM !
W9.5 OCNVDtIS THE AREA- to i

AVDIAGE DID AREA AS - THE
* EVAP:EATICH AREA OCEE FRM g

' ;

10 EUC (CENSERVATIVE).
'

p

L NUMBER DAYS RAIN PER SToJW AN EVALUATION OF HISTORICAL DAILY
.

THE ' NORMAL' NUMBER OF DAYS ASSOCIATED-WITHPRECIPITATION RECORDS OF THE SITE SHOULD BE MADE To DETERMINE
;!L

|~ RAINFALL EVENTS'WHEN DAILY PRECIPITATION
IS CREATER TRAN 0.1 INCHES. THE

L
MINIMUM IS TWo.

THIS-DATA IS USED To SINULATE BACX-To-BACK-24-HOUR STORMS.

l

I

{
.

| !
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C. _ CAI4UIATIONS

.

CAI4ULATION OF TERMS ARE AS FOLIDWSt

DESIGN SHOWi IF AVERAGE TEMPERATURE IS Ia;SS THAN 33 DEGREE
F, SHOW IN INCHIS WATER IS THE LESSER OF MEAN SHOW (INCHESOF

WATER) INCHES'CR MEAN PRECIPITATION.CONVERSION OF INCHES OFSHOW TO
ONE INCH WATER. OF WATER IS BASED OH 8 INCHES SNOW EQUAL

RAINFALL:
MEAN PRECIPITATION MINUS DESIGN SHOW (INCHES OFWATER).

SUBLIMATION WHEN SNOW
IS AVAILABLE AND THE MONTHLY MEAN

TEMPERATURE IS BEI4W 32 DEGREES FAMRENHEIT
*

EQUIVALENT 0.5 INCHES OFWATER *

TRANSPIRATION. OF SNOW IS ASSUMED To Bb !4SS TO EVAPO-
'

.

ACCUMUIATED $NOWPACK
IF AVERAGE TEMPERATURE IS LESS THAN S3DEGREES F. , THE SUM OF PREVIOUS MONTH SHOW PLUS NEW SHOW

LESS SUBLIMATION.

SHOWMELT! IF MEAN DAILY TEMPERATURE IS GREATER THAN 32DEGREES F.,
ALL THE ACCUMUIATED SHOWPACK BECOMES SHOWMELT.i

TOTAL RAINFALL AND SHOWMELT! RAINFALL AND SNOWMELT ARE1

V; COMBINED To CONSERVATIVELY SIMUIATE POSSIBLE RUNOFF DUS.ING
:

SHOWMILT CONDITIONS.
,

|

NUMBER OF EVENTS
MONTH DETERMINED BY DIVIDINGAVERAGE NUMBER OF BACK-To-BACX STORMS PERTHE TOTAL NUMBER OF DAYSPRECIPITION GREATER
EVINT AND ROUNDING TO THETHAN 0.1 INCHES BY TWO DAYS RAIN PERHEAREST WHOLE NUMBER WITH AHINIMUM OF ONE.

'

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

'S't
CALCULATED FROM SCS EQUATION WHERE S=(1000/CN)-10

| TOTAL RUNOFF VOLUME:
,

I(E) = (P . 2S) }/ (P+. 8S)CALCULA ED FROM SCS EQUATION
WHERE P EQUALS THE WATER PER EVENT WHET (P .2S) IS GREATERTHAN OR EQUAL To ZERO, OTHERWISE EQUALS ZERO.|

WATER BA1ANCE
REGULAR BASIS.(NOLACCUMULATINC)- WATER IS DISPOSED OF ON A

EVAPORATION THE LESSER VALUE OF (1) MAXIMUM POSSIBLEEVAPORATION DIVIDED
THE MONTHLY WATER VOLUME.BY A FACTOR OF SAFETY OF 2.0 CR (2)

|

| 0)
| kJ

!
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NOTE:5 t
I.

THE FACTOR OF SAFETY INCLUDED TO ACCOUNT FOR

.

LIKELINOOD THAT THERE MAY BE INSUFFICIENT TIMtFOR MAXIMUM EVAPORATION.2.
TPE MAXIMUM POSSIBLE EVAPORATION IS THE EVA-
PvRATION AREA TIMES THE AVERAGE ANNUAL LAXE
EVAFCRATION TIMES THE MONTHLY EVAPORATION DIS-TRIBUTION FACTOR.

-ACTUAL CONSTRUCTION WATER USAGE TOTAL MONTHLY RUNOFF PLUSANY DE-WATERING INFLOW LESS EVAPORATION, LIMITED TJ THE
MAXIMUM CONSTRUCTION WATER VOLUME.

SURPLUS WATER: TOTAL MONTHLY RUNOFF MINUS EVAPORATIO)8 AND
CONSTRUCTION WATER PWS ANY DE-WATERING INFIDW.,

MATER BAIANCE fACCUMULATING), =

EVAPORATION: THE
LESSER VALUE OF THE MAXIMUM POSSIBLE

*

IVAPORATION OR (2) THE MONTMLY MATER VOLUME.
*

NOTESt
I. THE FACTOR OF SAFETY INCLUDED TO ACCOUNT FOR

LIKELIHOOD THAT THERI MAY BE INSUFFICIENT TIME,

FOR MAXIMUM EVAPORATION.| f 2.
THE MAXIMUM POSSIBLE EVAPORATION IS THE EVA-!

;

( P0 RATION. AREA TIMES THE AVERAGE ANNUAL IAKZ
| EVAPORATION TIMES THE MONTHLY EVAPORATION DIS-TRIBUTICH FACTOR.

ACTUAL CONSTRUCTION WATER USAGE: THAT WATER REMAIN-
ING AFTER ADDING THAT MONTHS RUNOFF TO THE PREVIOUSMONTHS

AC. CUMULATED WATER LESS EVAPORATION FLUS ANYDI-WATERTNG IN FIDW,
CON 57RUfTION WATER VOWME. LIMITED TO THE MAXIMUM REQUIRED ~.

REFERENCESf_
.

*

I. URBAN STORM DRAINAGE MANAGEMENT.J.R. SHEAFFER, K.R.
WRIGHT,W.C. TAGGAAT, & R.M. WRIGHT,1982, BY MARCELDEKXER INC., N.Y.,NEW YORK.

2. H1DR01hGY.O.E. MEINZER, MCGRAW-l!ILL, 194 2, DOVER PUBLI-CATIONS, NEW YORK.

3
1]ANDB00X OF APPLIED HYDROIAGY.V.T. CHOW, HCGRAW-HILL,'

1964.
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j[1 M- % !t' .anaNes are f = infderstmo rate, in m.timetm per hour. T - k' e
f emoimt. in <enhmeters. and t - time. in hours. pt,
t Appiscatwn of tiw Creen and Ampt mhltrater* wiodel regseris :--*6- II mates of the hydras.Inc condixtivity. K; cffedewe po.vnty Og sno w- g (f.ont capulary pressure head. 4 Pioneenng work on ed.ari;y : e

1i Green an.: Ampt parameters was ti.-t reported * , courwer (I). Aw- '

uman we k. relateg the parameters ea sou seuture. has been reporte .GREEN-AMf"T INI'!1.TRATION PARAMEMS j t.y Clapp .nd flornberger (7). Brakemwk, et d 01. and McCuen, et e'.
g FROM SOII.S DATA O 'mce p W wwk be used only a orneD paten d h availaW eG

ry werere J. Rawta.' M. ASCE. Domaid I. Erahamiek.' survey informatiori. speoficaUy acil teuture, et la the purpose M thew g4 |
,
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study to repost ort padutmg the Green and Ampt parameters (K. 4,. < i|; | ana Norween M111er' j
j from em! m..e utiErang the fu5 spectrum of soni survey informwno t

:

f 1:edersi agennes. land grant universities, and other state and localThe Natwna coe._w sod survey (a po.nt effe t by coopmu .gA, er- n, sr w.p
A ps p= -*a teha** r=pm toro as h +.m m d===d e c~a' a-o t

.

=ey 8""*- . 7 r===wo ==8 4 4- ,
. i

$ c,es). uses a national system of soit daeedicatmri (11.16). Thee systwr 6-
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4' g+ ' A' SQ, a
,# n,,,,,.., ,s t .,i.wh Ap, d s= n _ ,is,c -a band presardy on soG properthes that can be observed in the f; eld (e g.
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t

d A r= r=== rwa 6.=d *a =8 ra'e=*= ****is e* 8*8 *r"*"" d witure) or inferred from other pmperties obscevable in the field (e g . :

1,g ,

. ;day mineralogy). The differentiatmg mod properties are those th_.
|

"*8"""7"*""*9*"***'****d

mamly aff+ct ptar.! gro=rth and enguwering use of the oud. such as par -
ftule este distnbution. day manera:ogy. organic matter, mod tempmture, brnicouctious

4 e gime, soil mons *ure regime, carbonate content, and salt conten*. j) 11 physically based infdtrattori models are k be u.ed in op-shmsal Sad taxonomy is a hici3rchy of sax categonce and each category in- !

t

hydrology. procedvres for estima6ng infiltraten nr.odel parameters dudes a set of desses that are defirwd at about the ensne level. The most
based w sod propertice must be developed. Not ordy are isnproved pr* h h tddlewq m .mbh

-

; cedures needed for estimahng point mod parameters, but sho metht=h leghest category, which consists of 10 orders. The most sprofic defim-
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. . . t; e riceded for quantifymg the areal and temporal variation of the ord g
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ggg

_ g g .*
Amrt infiltration model has been fourid to have wide ee dose moet W used m * and name map. a

b
oppbcabihty for modchng the irifdtration process (10.15). The cree,, and - sod eurve,s. ,ut d.s.e. m ot, catego,4cs ere . iso u.r# m .is f; **pt rate e gusten is wrinen as *

d&Wh
for practical appbcation, and beemuse it is natmnal-4he transfer of ood
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( . ((1 + ... . . .... ...... . . . . . (1)
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aformation from one kxation to anothee. A soil survey for en indevidualj

'.1| tF ,,,a is desepied to meet certaan W arid sabe87 the recede toer,- ,
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" ,4 and its integrated form is tifwd by local users and coopmtany agencws. m detmgunshing chae- O. .,i J
sconmics d soil nrwys m summarized m Tabic 1.j d

A map tasut dehneated on a soul mop is a unsyse soil aree recogputed h 7;2j F - n gin /(1 + F \
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- K! .. --- - - --- - --- - -- - - -- g m a pertmaler mod survey arwe. Mep ianits are narned for the dominant
mod or mods in the unet. h na;ned sod can be at any d the aseegenc

ye . |;

4.. tj in which K - hyd.aulic conductrvity, in -- , - - -

per hour, h - we9- lesels in the mod dassifi<menon syneem. The snore gene-at the eod resource !
] tmg front capillary pmeure head. in centimeters; and .e - avedable po- m8armahon needed the higher the meegory aseed for the Aa M[** '-
; ,ru,u. res.duai .a,u,meor,. . mmu. in.ho .m> wat -,ri-t. Esuat - Mep untit dehnestice.s coritain ind.assores riot identi6ed Iri the map unit
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u e,. . u s. t . es Agr.. Agnndtural Rewed Sememm. Schev&. SAf n.me m.e :m.,s are e,emed a,a iden,,, sed ,y ,h, ,,_ d ,h , p.; ;.

! r
",'mnt Sous m natural tedsen, and their gmA have a charma .P- [

itydr. Engr., U Depe. af Agr_, A **3 R*=eed Nat8on. Bo'*P. Ida#.m t
trmeer nettaral scatter or variabdsty. Be<mune ci thas vanabarty, ce-taan {*
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ABSTRACT

TAstF I. w Atta arTENTIDN.Matate
T3 ELATIONSHIP$ of soll water tensinn and hydraulic POT 1.NTakL DATA sDUkCEs

( g, egy,, p, %, g g c, g,1\cond ctivity with soll water content an needed to , e, y, ,
quantify plant avallsble water and io model the move. em:sud F. u. c.' a. M. A. cua et. sa i H. '.. Breisad, it?n

,

r *
cha.uiem .4m nn wiront n,nds ..h. lauu ie is Fond wement of wster and solutes in and through soils. Field and Aenrwhni sewans. Uamm9 ** n'nd* > VsD A. SCs. Sail sewanv

laboratory measurement of these hydraulic soit proper.
des is very difEult, laborous, a nd costly. To provide the Re**"g* g Q ' y { gg ,
best estimat*. poulble from previous analyses, a com. ,,og,9 ,,,,,,,, ,, ,,,,,,,, 3,, og ,, ,,=h A rans ku ni E s pen.
prehensivt search of the literaturn and data sources for ,,,m s m ,,,, u m n p g ao si. U.,,,n,,3 a A ,ne,u,,, a , A ,,
hydraulle conductivity and related soil. water data was pied sewaes. seineun M.. des. 25 pp.3 me. C. B.. k.C 0. winam aad F. T nadie. I,. iset.snah in 1918. Fiom this search, data for 1,323 soils with 5 a' a*a'wa **an
about 5.350 horizons from 32 states were assembled. A ks 4 6 $4. !! pp. w"*h'" d '""* b="*'a Pvda'*i nn. Us DA.D C.

,,,,,u,,3 ,,, p,,, ,a s iattaa., tg,,,, ,, y g . w,,,,,,, , % 7 5,,,,From the ('ata, the Brooks and Corry water retention
,

, se,rver nr wisev erpeewamen Maine anil9 pes. UsDA. ARsparameters,;oll water retention volumes at 0.33 bar and 41..st.St ep. wohmsina. D C.
15 bat, tota) porosity, and saturated conductivities for s Herms'arw'. L F. I'" H'd'**'w tana.cinir, and enhee
the major USDA soil teatures classes were developed.

PN'."Us' D A."Alth.O.llt. '17 pp w shmehe O C"""'"''""*~"'"""'".5""'.*'"'"'M'"'*'
**

Albo, relationships fo* predicting water retention erus
e

volumes for particular unsions and saturated hydraulic Hidi. R. F., C. R. Biene. W. 8 Vieschres. D H. Seaher. and6

conductivities based on soil propertirs are presented.
A g. u,e,m, sw. S.: a .im $,nn ,e ,,prewamn,
umaevva in h USDA. Aas 4: in 45 pp w ihington. O c.e

1 Hnksa. H N., C, S. bgtpe. G P lJe k 't. ed G. A.INTRODUCTION $d' "'" " ' ' *'" " * " *
swnawmi niinhena Us"D A. A u"'"4i.iu""'s**'''''"''"'d'''''**'''To incorporate the principles of soil wster physics into a KeIIer G F... *ad w M. E8u'et la'.' sah at she Nmh Ap- ihydrologic modeling (Mein and Larson,1973). It is P'""'* " " P'""* "' 8 ' " * " h'd USD' q'" 5

".8
'OC5 Oh'a1- nectuary to specify the relationships between matric A gravitural Itaeord and

g potential and hydraulic conductivity as a function of soil pgo,,,,, 3,, ,3,,, 33 p, ,De re6npawatCeaier Mstilpeong
, ,,,, ,,,, p e ,

water content. Measurement of these relationships is e g n.h ,. E. M . v. c. Ja m saa. end H . E. caseee t%c sa.iv
maatm s ne, d wme =perwamm Mn =n v.i nort UsD A.very costly and time consuming, making this approach Aks 4: 4e. 57 pp wninatum. D C.

dimeult 16 use in watershe 1..J rology modehag. Tod 10 Laas. F. L. L ad. OpwA F. T. Rude. le pd C. M
overcome these difficulties, an extensive liters rt and rnerse %L 5,.i a==,m cur.nemen nr inaw in.c e,must ptua

o

data search for so!! wster tvtention, hydraulic conduc. ,,ek. UsD A. A Rs 4 6.a2. 22 pp waAmrieist D.C.
gana. F. L. R F. Persim. L R. Camsn. and L M. DeasktMty, and rtlated soils information was performed in

1978. In addition, mort than W1 soit scientists were con. 1%9. Marrhniasot. ekawst. sad phnot cursetemic at is
'rP'N"'8"" F*4 W ite Aname Ccais riaisavis. USD A. Sautheentacted, manI of whom contributtu unpublished data. 8' '" b"' "' * * '" f" """ " "'ws nh Da n=m. A R s . Uamn

The results of this survey are summarized in two parts: w,"4 ocir, ,, Corse,e or"Agan.'hm Espenawas smina. newerch
(a) the soil water retention data base and analysis, and e,n,na % 3 , t pp. 4,6,,..

.

32, t.agua. T. L. w. L Persi. end M. E. spne er. 4%J.(b) the hydraulic conductivity data base and analysis.
Mi='m chmcscemn or Tpaciwe . 4 unntnii, er Tenne,we.

s .

Arevitivra: Espenawas smm sad sCs. UsDA s.nen N. 3.t.
:..')!L WATER RETENTION

46 pp. Kaopene.

la Land. L F.. sad L L Lanon.1%0 Phrwat e% sciensin er
The literature and data search for =ater retention andC,,",C*c'," ' "' #' "' # "I "' "# *related Soils information produced 26 sovrtes of data

14 Lead. L F.. L L Lanm sad s. L Earte. t%t. 5.ppiemeni se(Table 1) each covering er 'essi a matric suction range
from 100 cm to 2.000 cm. From this search, data for PN'ot emnemie d ia w apawatson Li=uips ==hU5D A.A Rs 41.J1.i. 43 pp weih.agina. D c.
1.3U soils with about 5.350 horiaons, from 3*4 :tates. 5 k# '
(Fig.1) were assembled. The data base includes location

e,',,i,a, ii[ n',,','n,,7,73% f,,Mo,7,#c',%,',", "3[
Unm.my. 5..i ini..,muma se,w. Na 15. N pp. Rayh.-

It
Malhers. A. C.. H R Cardaet, F. 8 Lepeish, H. M.1.phe.C. M. Lu w. ,4. E. Danell,Artwle est submitted for put.hcotson sa Novemt.er 196t; rev e=ed len) 5 me m.wph.d.gos, ph.wal

pd approved fe' pub.:stion $3 the soil sad water Dms.ca or As AE e%#awsl, pd minerng. cst renperivi nd nesea s..usheen Great plena
La Forwary 19a2 Penenied as As AE Pspet No. 412st0. to.h USD A. A Ms al 10. 40 pp Weihiagism D C.

It McCreery. k A t%e. Lal inmogeimm .4 Lisine Nne, ,aie..Contribvhon of the USD A ARs Hydroingy Laboratory Bel'ieilw.
Aed. Tshim. G A tusDA contract esih the Uanetuty of Ccwg 41MD. U5DA.ARs. Nonheen w tenhed Rnearch Ceniet. Don'. ID-.e

Stw.n. T. C. ISM w nn searage charatienun .4 Il 3o 4 m16saa V5DA ARs, Put!raan. WA. e

E4u . knoh Dahrus U5D A. A Rs el sha. av pp wThe authoes are: W. L R A WLS. Hydrolonist. USDA ARb eaiation. D C.
Perret. E6 eas R. A L MHkennc. and M P, Zimawempes

Hydrotory Labora tory, Bel'.aville. MDi D. L 8 R A K EN51E K.
w te r* ' R ew s 'c h It's. PMint sad demast propenws et mare Impenal Veinr soinHyan de Erisaeet. USDA ARs Nonbest a

Ceniet. Bone. ID. sad K. E. s AXTON. USD A. ARs, Puuman W A. UsDA. ARs w.it. 31 pp Wuhmtma. D C.
20 Pou. D. F., D M. Headnest sad O J Peetire 19'8 soik of
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sua n.. s P
*nter retention at specific matric potentials to (a) pet.

'

cent sand, silt, clay, organic matter conteet. and bulk ty values was denned for the USDA soil testure clast.es

density; (b) percent sar 4, sitt. and clay, organic matter, (5C5.1975) by combining the resnits o
periments reportei in the literature. Tabl

bulk density and 15 bar water retentiont and (c) percent principle teferences from wiiich tr
particle site content, organic matter, bull density, and hydraulle conductivity data were .
.r3 and 15 bar water retention. These levels of analysis
demonstrate the predictive ability achieved by adding generalized conductivity curves mere el,

' ' , factors which require more costly and/or time consum. digitizing the many reference curves by e
.

adequately denne them by straight line s
lag laboratory procedures to the standa,d soil survey information from the reference or stane

,

/
data analysts. For esample, particle site distribution and

.

| organic matter data are the least espensive data to obtain reports these data were etassed and sort
,

while 1/3 bar enter retention and bula density dath are the USDA soil tenture classes. An averag) the most aspenalve. The 15 bat water retention value is curve was estimated by visual analyses ft
an latermediate cost item, ture class. $ome minor adjustments of the,

!
The three levels of regression equations are samme. were made to provide a uniform family.1

thed la Table J for the 12 matrk potentlats reported la as shown in Dg. 2..

the Gupts and Larson (1979) paper. The addition of the Ger>erall ed curves given in Fig. 2 cannot accurately
15 bar water retention value and both the 1/J and 15 bar define the conductivity of any particular soil based only

| water retention values it We percent sand allt'ind c!ay, on testure. Each soil will have other characteristles
bulk density and orger.L matter content markedly in. which will cause deviation. However, the degree of

I creased the accuracy (Table 3). In general, the 1/J bar dennition prodded by textural sorting shows that this is
( g

water retention value was moet signi6 cant for the matric a major determinant. T1.us, these elationships will pro.
potentials between 0 and -l/J bar and the 15 bar water vide adequate estimates foe applications whera more
retention was s!gnificant for the matric potentials be.

detailed data are not available,

tween -1/3 and the -15 bar.
,

The data base used to develop the equations in Table J
Included 2.541 soils horisons with a wide range of und Seturnami Hydrsulle Conductivity Relationship

- (mean 59 percent, range 0.199 percent), silt (mean 26 The saturated hydraulic conductivities ginn in
percent, range 0.193 percent). clay (mean 18 percent. Table 2 were taken frem Dr. 2. Using the uturated
range 0.194 percent), organic matter (mean 0.66 per. hydraulic conductivity oata set compiled by Mustem4 3 9 7 3 , ,,, ,,.) ,' I etnt, range 0.112.5 percent), bulk density (mean 1.42 mean s.aturated hydraulic conductivity
gm/cm'. range 0.12.09 percent). Most agricultural values were developed accordi.sv .o' sal tenture and ecm.,

soils. including both espanding (montmorillorite) and pared with inose in Table 2. *4 he Mualem ialues mere
nonespsoding (kolinite, illite, chlorite. and vermiculitel similar to those in Table 2. further verifying the
type clay minerals are represented, representativeness of the saturated hyaraulit conduc.

tivities in TaVe 2.
HYDRAUI.lC CONDUCTIVITY Brutuert (19 7) deri.ed a uturated conductivity rela.

A generalised set of unsaturated hydraulic conductivi. tionship by substituting the Broou and Corey equation
.

into the Childs, Collis George (1950) permeability in.
1318
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It should be obvious from the foregoing that the e6ccis of ponding depth
4 Thesei

.

.

and initial wetness (Fig. 6.5) can be significant during early stages of infiltra.analytica

tion, but decrease in time and eventually tend to vanish in a very deeplyb applied d

wetted proSie. Typical values of the "fmal" in61tration rate att shown in
'

TsNe 6.1. These values merely give an order of magnitude, while in actual,

'

Table 4.1 where i i
cumulath

500 type
,- Final inAltration raie

mne, Ho "

8 @ bead at tt
g front (the

g the surfacSandy rad : Dry sous
teams 10-30

C3ayey sous 5-10

( * * !''**U* 1-3
"Iyy{ ~

~ ~ ~

where hH

initial stsges of the process and in well-aggregated or cracked soils), or loutrcases the in6)tration rate can be considerably higher (particularly during the
This indic

,

of the dist,

(at in the presence of a crust), Smcec,

-
|

wetting fri.,
to the pro (

F. Gieen and Ampfs Approach 0,- S (w)
,

?,
ij i 6, is the it

A much simplined, approximate approach to the infdt-ation problem was, *

suggested more than half a century ago by Green and Ampt (1911),in their
i ,

.. e 73, c
(Ptolip,1969

.

9

e
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w,e.* d

.

.
- ~.* -

., , . ..g.,., +. y e. - -
. .a .. .

. .
.

=
.

.
.

=e-~~- - - . - - - - - - - - _ _ _ - - - - - _ _ _ - - _ - - _ . , _ _ _ _ , _ - - - - - - , - - , , -n-m - r,u- - * ~ , -,vw,,ev-w ,wvw,r-u-er-,~ ~x--- *-we,-- -



--- - - - _ - - - _ _ _ - . - - - - - ._ - - -

!p: -

-
.-_.

* '

c$0i|2<4N2kr
(% phsI Siufles H f G w. Q /6

'

-

'

a* * = "'**d**'^*"'
/7)nielAyy //// // "I

j J4 classic paper on flow of air and water through soils. Deir approach' has'

been found to apply quite satisfactorily for certain cases ofinfdtration, into
.

initially dry soils, particularly of the coarse textured type, which exhibit a
sharp wetting front (e g., Hillel and Gardner,1970). The solution gives no
informatien about detaih of the moisture pro 61e during lonitration, but does

5

offer estimates of the infdtration rate and the cumulatise in$ltra' ion functionsof time, i.e., (t) and /(t). ;

s
De principal assumptions of the Green and Amp' t approach are that

a

the:e taints a distinct and precisely dcKnable wetting front, and that tbs
matric suction at this wetting front remains effectively constant, regardleat
of time and position. Furthermore, this approach assumes that, behind the |

wetting front, the soil is uniformly wet and of constant conductivity, he
wetting front b thus viewed u a plane separating a uniformly wetted in.- ;~~

Bitrated tor,e from a totally unmnitrated rane. In effect, this supposes the
K vs. 0 relation to be discontinuous,i.e.,to change abruptly, at the suction,

value prevailing at the wetting front.

These assumptions simphry the flow equation, making it amersable to l,
ponding depth analytical sclution. For hori.tontalinnitratior 1 Darey type equation can be
ses ofinfiltra. ; 8Pplied directly:

,

a very deeply
. dl
8 * 3 " ^, H, -- H,are shown in

4 (6.16)
{

/nije in actual i
,

'

where f is the tua into the soil and through the transmission zone, I the,i
cumulative ir*Justion, K the hydraulic conductivity of the transtnission-

tone, He the pressure head at the entry surface, H, the effective pressure
,

head at the wetting front, and 4 the distance from the surface to the wetting
,

!

front (the length of the wetted ace). If ti,e ponding depth is negligible and
;

the surface is thus maintained at a pres 1ure head of zero, we obtain simply
:,

;' di H, AH -

'

7 = -Kz=K (6.17)
< t

3s where AH,is the pretsure-head drop from the surface to the wetting front.( This indicates that the in61tration rate varies linearly with the reciprocally during the i of the distance to the wetting front.
ils), or lower "| Since a uniform? wetted rone is ptsumed to es:end all the way to the/

wetting front, it fotows that the cumulative infdtration I should be equal
s

to the produc* of the wetting front depth 4 and the wetness increment A0 =
,

0,- 0, (where 9, is the transmission zone wetness during in61tration and
6, is the initial profde wetness which prevails beyond the wetting front);

.. w. m _ _ . _ n _ ..,__ -il1),in their

w'A
(Ptulip,1969).
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"

lI = 4 A0 (6.18)
-

.

(la the special case where 0, is saturation and ei s rero, l=f4, wherafi
is the porosity.) 'llerefore,

or

b = 60 b = K b = x 4 A H,
(6.19)di di L I

,

f
where 6 can eventuall

where 44/dt is the rate of advance of the wetting front. The infdtration rate | The Green and A
is thus seen to be insersely related to the cumulative infdtration. Rearranging value of the erective
Eq. (6.19), we obtain: For in61trstion into ir

em Hso, er - -0.1 1
4 d4 = K b r = D dr5q AS (6.20)

However, in actus! 6d

I.j is net utuform. H, cru
6

where the composite term (K AN/AP) c4 n be regarded as an effective ddfusiv. front is too d Nuse ti,

I ity D for tar infdtrating pro 61e. Integration gnes
G. Infiltration lato La

= K b = Oft
2 A8 (6.21)

Tbc effect of prof

4 = ./2Ks a#dae = /26t (6.22)
and o n 2

,,

"
'j 9 ,)

, or
the effect of thin la:

"

t
conducting ~ soil must/ = 49,/257, i = 4e,/372 (6.23) y,jo,,13,,,g3o,i 1,

t |
which compares with Eqs. (6 4) and (6.5) (the difference being in the ,fg weineas and conduct-

ratio for the weighting of D vs. D, both being appretimate'). Thus the depth interlayer boundaries
j" '

of the wetting front is proportional to ji, and the infdtration rate is pro-
'

*
portional to 1//t. ,, ,

rate is at 6tst controWith gravity taken into acw ;.i. the Green and Ampt approach gives
reaches and penetrate

dl d4 H - H, + 4 be espected to drop a-'

g-A6 7=K (6.24) run,it is the layer of k i
tion continues for lowhich integrates to
table") can develop

ni ~1 g, f 4 \ im#ing 6an layu.
[ i

- = 4 - (#o -Hr) in(1 + (6.25)
| In de opposne ca-g

,f , y1,.

h As t increases. the second term on the right hand side of Eq. (6.25) increases f the upper layer. As u
over a coarse texturec

|

more and more slowly in relujon to the increast in 4, so that, at serylarge bowever, the infdtrati

tinws. we can approximate she relationship by nortnally und r suctii'

into the relatively larg-
'D can be resaried as an indication of wl st wetims tront value muu be suumed for

the Green and Ampt approach to work.
* This techruque oss u

I
P

- . -
----

1



- ... . - . . . -. . _ _ . . ~ , ~ . - . . - _ ~ - . ~ . ~ , _ - _ - . . . - - . . . - . - . - . ~ .

.

.

i
|

.

0=oaa'*aa-*aua==a 'aa'"'"a' 'ac-
.

* * ' t

prgt Y [4TfA*ITT COntfact No.l# f - M Fl4 No.
'

t Feature I''' e4 m il A flo o l f,i d Designed . Date\
item - Checked Date

|
,

:

i

!
.

I

l
,

i

A PPEN DIX 6 (-
,

1,

i i

tvAs Te tri A rt c * TEE A 1 t4F N T

PLANT ct?m6 2 Grr urm rE-
,. .

\

.

1

|

|
1
,

| '1

Ii

!
'

! 1

|- l

|. |

|

t-

!

!

|

l --
1-

O1 -;o

@
1. .
i



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

h'MORRISON KNUDSEN ENGINEERS,INC. /Sheet
[24fMr# * RI Contract No3//d"V File No.p) Project '

\ Feature - WA NNfTFY 'TrfMMf~n' 7~~ Designed J f*bW Datn 3/M/9|L | tem RArtT rist"T Checked ,WI Date 1////ff
men'rbj / 3/W9/ ,, p.:&Me.|L (fe? | 8 m d -0/JJFt7 ' i sr

D

c p r & y a .s 4 o / %M y/s 4 rs eO/ws :

Fbw Mks .' & 0 p, for p /nt, 3 er p,6-7WM gad / ,' B4w , unu , mef4 t/w4/ ly c~w kt c&iaJgL grmirfnw
f/v.s em ~rn/r ri wi9. .

lbsis oC 6e fs *.

/. r// C93& rr(, $r SI|R f y IrVWA, S / f | 4 >r.t ,

4x drs, f',',f'.e#',W;6DO' '7' $ '9"Y ! '
.y

e eo2, no Sr es y f.A. '-- <sawa p,uwn .pyisp+ ow,&++
-1/3.r//f, />,2 4', ///t, z, les t #1 A' Weff.(

Q,W fis/- */-- gw m Mia //wrA.- h be.r.c/2,"

s,s 6<se torf of f / ~ r /l'k f ;- /& o ,r/ - -ysts.-- Stri N k Lch 0 '~ W e- S
At /97/a

cas r/irl '1r'/ U w?'// d' '.t/w&3.
Go y6r ()wrrk/ % 6>k ('y d'-fa

i v ~ uby/4 /r ay(c~ nr.,J ceparf/ + c / d L )a s -
a;- ,i

f //,'30o W / r. T o
so/21/ro

ff& fmj40 h.$f 44/KC Q&A b
p so,,n ,a i n t e a c .r a.- aat /m a./ M bic/n/90y

tj, & a>.,fr,c/w &/ b rfier ,5 y * r u b- [epkuQ -f
,

\ ,/y y t w g- n 6/hvs '.

Q in mt 'nv2-
UV /ffp I'7 0 0t

Ap ri { M t f / ifff/

@/>tsy ar * w.w
. .. ..



_ _ _ _ - . _ _ _ _ _ _ - _ _ _ _ . _ _ _ . - . _ _ = _ _ _ . _ _ _ _ _ . _ _ . _ . _ _ _ _ _ _.. _

,

h*MORRISON KNUDSEN ENGINEERS,INC. sheet ) U
pfcg,c * ** * * " "l/N 77/ " M Contract N F"N File No. /

'

Feature 4Mhh W M M 8" C Designed #D Date - %/f/f/
stem - AAd Cc3 r r - MP L- checked / / Date 5kal*i

,

G/ntah &
af ryfff est,.s up; 4R traf d Nf'W frk

& 4 sis., y n s< c% x c <r

/05 V

t,no(''*[ x J- y o,ir o

.

= [2,oos,>rfl237,073 -/- ?(t}|/6/i

74'EV
. - ;

h j$YY --

f. ft

2, 2 Epif' ./-
=

t 3rz, n r * 3,6?/, 917i

|

f dv Q" -,
_

_

,+ w 7 add ' p,7 / ''' 4'" * = 38, 4' '1/,i a i,ia o ,/

1 /(rD 4'4r9

O .

L e
- _ _ _ - . _- . .



.. =. - _ - . . . _ = . - . - . ~ ~ _ - . . . . - - . . - _ - - . . - - _ . . .- . _ - . . _ . . _

MORRISON KNUDSEN ENGINEERS. INC. Sheet 2
O Project ***"***** * **""*'OA471A - f(7~ 5I* '

Contract N% Fife No.
I Festus'e _l&M* AMff 7NPA-77117A Y Design &Mf D' Date 3//ThlN | tern. AkAT QL17E - ef)F1#?y& Checked ; V f Dste 3 |/ W 9"{

ond pny, n er/c4 4~/ K;< , p z7

g, opp: % 7
= o v 9'

A s = $ 37/ q
un n,,4=

en sa y u , in e Jay
a ery a ~n ~a

i

57 b | $o $ pc } Y J4f|:W kb |
O

.

_

% , ~fyz y Go_)+I*x2
~''

$ /v3 /j(as es no
\

CM.4 = A22 x u 4 ;
=

a u

I' 's~ 6Lw =

_

4 as/9

oV
i

@
.- -- . _. . -



, . _ _ _ _ _

h'MORRISON KNUDSEN ENGINEERS,INC. SheetY/'/
Project " ""' ~'""""~~' l/#I/M- FC / ' Contract N 28 File Noi /

O Feature
WNWMM WMNW Designed 4' b Date

|?-f Date hItam ' POAt Nris- DWL#rtkL Chocked- ,

/0.7 9D"
| <$'-[hncf'J[wc/'; 2 91==

,,

c n r>rw y * ,,ds,
do

lo W 0,r/4=

irn/9
? 't r &

4TK f2P X ) $~IA' I
== c

,Oanu,n 4a9,=
de

bbW &vr/=

-

I,370,/4
Cost TvamM/ f

~

le /eb'_ } Yr__

h' $h WVf b &/, C/)fO0!|, 2ff ij

V k fo d ' / 4t i y eV6 973 1,avo

e aesissy,i ii,oo
- -

o

7 win Lyr' it, y o -
-

e
-



_ _ _ _ _ _ _ _ _

h*MORRISON KNUDSEN ENGINEERS,INC. Sheet . -

''" * "* 7 ~N E A * M T Contract No. !NT 1# File No.Project U

Feature !d e 1 o <m f n H w. // /1. , "E- Designed P TC Date -- 4/ #9 / f/
4 ,r . c vitern

7 eneck.o osie

l' P r & N O t y C

I rdj Afins (47 ed GM 2 44,(,,sN-

-

D

.

@
__



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

1

h'MORRISON.KNUDSEN ENGINEERS, INC. Sheet c - 1
project ~'*"IE/E A - R T Contract No.- ?N# M File No.I

'

Feature Ide f!/ <+ al" A //'.- 7 Designed Date
item Apr C- Checked Date

7 . jn6 m
(,o Q Eco Co P M 16 t (o Y- | G W s 2 6 1' % o 0 t P

Sexet. \ sc& '2 ' ot,

\/2 C.9% c. E.'

Pt. w e / 4 wr 2-
65'5 4oo h mM s e ,'/ C3at

'b2L7oo C,% Fot FttLg=

CPM (n. ooo C.N )Cmg.dacco
G. 2.00 Y SC% D tb LG Z"1 bW h ('1tt i S ti )Lies 90c.n00uo

,

sPoq \ L'Lo/t > | Llo ' - \?tt~too C _ \ Lo /w.a .. % 7. t o oe o
bt \1* \G n o y. S :. 6\00

4* Seo y |4 y *I t\too-

P Boo > 14 7 35 * Mt o
'

\" zl5 Sli Y ,l8 =. (5tl

ivt ETreesG 'B({ ?v t, ,bq oo

Wtuou. %w&s dea [Ao Woo

LkEctt 7o t M T N.u.
5

5 usa e 42.5/ net.cra s zs/%.

7tL%%nfWO (oc/g
T

5DbC@- ENh(E 'MDN is / k tL
- W

Ib5 SH 40 /H(Mkch Swed v Aom y 2. 'ao e 'bo OS O
6

hx.f 74 5 rwis.Gs G 7kN : L'M ut.b c. ~?5 = % eo
SW s @w IGo 3 4.5 A coo:

tu%TC%' Ic1 ooo )
b % % tsm J G_ /r Z 41 oc o_ws

e.w c. toro 5"
5te .9 _

- _ _ _ - - _ _ - _ - -



1

!

Pr@ hMgOggDSEN ENGihEERS,INC. Ewt / "'
'

p a ran . rry Contract No. ##I* V File No. ,

Feature I*'s d a w t o um lia . r- Designed - Date
' II" kf" O Checked Date j

-

t7 pam ?m,3 pc, g 3 , , ,, ;

wmesm, e 257 SI p.o |,
4s4. c. o 1

T 6 . _.

h1 4 to Soo cou-

- @ .r. 4 AO oco A '

6 440 oo O m/s,3 **
%.3% Gk /bF-/hot ( ,\ ) (o 0 0 %p *

5 .1 u w a tv.o es. g% %e

. .

n
.

(

,

;

|

.

|

|
!

a

0
. ._ . . _ ._. _. . . ._ . _ . _ _ _ . -.



_ . . . . _ _ - _ _ . _ . _ _ . . . . . _ _ . _ . _ . . . _ _ _ . . . _ _ . _ _ _ _ _ _ _ _ _ _ _ . . _ _ _ _ . _ _ - . _ . .

I
i

MKES Doc. No. 3885-FCT-C-01-01259 00
'

Calculation Cover Sheet

Calc. No. X* W t3-w
Contiset Ho, N f f"Y Discipline A0c/*4//c3 No. of Sheets 2,.L

,

Prokct

UMM/ Thu CVry

Feature

$VydWW1 |Mf
I

Mem |
,

f !WWf fifsn
.

Sources of Data

'

!

Sources of Formulae & References.

/te fdst /

i

. . .,

|

I . Pteliminary Cak:. O rinai caie. O supersee s cai . so. - ;;

i
-

(
O S/Wn Y'b) 1 Y. L L Lidlet

%' ne m an cmate er Dm Check *o er Date Axus or Date

. . . . . , +

. .....-..-..s..,___.,.,____ ,_.,_,._m__ , _ , , , _ _ , . . . . ,. _ ,, ,, ,_ ,. ,___ _ ..... _...__. . . _ _ . , _ . . . . . . . , _ _ , , . . , _ . . , _ . . . . . - .



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

MORRISON 404UOSEN CORPORAN Sheet /pry .,_ 1/ N T M ) 5 6 Y Contrect No. I!W' El FHe No.
Feeture XVan rn & w f w ! DeeQwd & Deta 3/"/9J\ liern $"sM'a>4d //NW t M ed f fL Date _ ///1/9/' / f P V

Mh*&

/. u.s. by dys of Sym, '' .s k k jt % f e e t # 4 P e * * r a w % |
EH N/* - A - M b', 1/4//rs-r, . eared ns a /,9tr-

2, U.S- ,kw; y */ Q**-u, "kie-/ Ai d # hj y 4'7
&s," qwfnyw n N d-suss, tjsa .+' **.w>J,s
syt./rrs o ra w x .a rc)

3 un ed. m. .u en-n -~ , 'um *r/.rfi c: y , .rivo # 44py,7Trwi es n m w n c'arns 74 io .s./ es yr ,e r+ n ,p s ,>s,,a~4 try

f', u s Ayr* of Xs'wrr, Wh #/A<rAfrae M My , 'NrAu-
Mw'y ake 7m<un n,y>, ,a on4', '' s.cw/m- swz,n
.fys* /7F 2-

, /* Jn +r, s.,f +4',y,y.w., " #4A p/ MpoGsA c.s,''
d ''I e d % w , AA +1m alw p, De. , />P//

;

|

|

|
|

| -

i

i

sv

9
-



_.

.. _-________- ____

h WORRtSON-KNUOSEN CORPORATON Sheet A-
peg w s?no/ F<*r Contrect No. Mf''E Fibe No.
Feature EU'~nAk 9 m' Dee9ned f*'N Date W''!Y/

\ item SM//w sm/a checked P VL Date l'/'F / *
/ V O f

f .f4.orYce ?
<- /

5 fft* YC ffiY/W *f $ 4 9 | C f Y t* fY /* A '"**

fo p 4 *r-fr .w- dr' FA w

2 Meded a.d GH wa
/) s /,$ espr*19er ,pH /ss no o r,V' n t u r 4 & M />> Ar d **1

#7

eeyt 7t' g <7se/t*.e

z) ,a y J e .4 n s d i ao <0 ryera ps.c .d,

7%dm m.re*kg 4,we".ud b pd "* / Af a./o
4s<r 1./*r 9.). 7/r W.v'st wiy/ 4 osa</dw/y r%q
1% &ndy n/n/M />, synwn m .t" de

4+iro, m j z6 yrn,,w J icx/.

J.) n z.r-yr w- b w.u .a sscened # by 74 A
SM/7w'emfr f*r W nrof w d d ,9+< k de / 4 7 W e

byxiy c/ ife s m ,e.nl adn4~' p / ed
me</ 14<//.

f)76 s-dr,+u- M ga6 n-4 m J w .,i
-t's te dstrwkrW -<4 a ys.q */ t', 2, ', .r wnd

7'8e |uf /-de sw 16/<- fr/ c or.s , WsrW'stA'*/+ fo

6-dr inema 7, 7tle /In~7 .aru.a.o.aJ .4 m/ 4f / i

4 4.wnbrud A 4 ,a/ + e y c,r,z,i,3, r w /
'

O



. - _ _ _ _ - _____-___ ___ _

|

|

MORRISON-KNUDSEN CORPORATION Sheet 3
Project h 4/ M Contract No.16'r-38 File No.
Feeture &Me'A*N ##"d Designed ##M Date : **'W 9/
Item JM//AW fMd 4- Chocked PTL Date f /0/4/

/ r a v

,W h fiv9fk | 444hCM/A T's D ,ffA C/Y &^**' We C

4ItI svut ,7dur .u y.au//,rh&"sstsH dna &J fs y w
a.* d y d f </s asis.,y &fs s/ &,pw w CM J .)

m ;?s n , u w,w s , & a s . . s r. ,~, um xna e,*s .)

intfasi/AHm ><w off,.44 26 ,cm/),wy/ Z6 A 764r'
>aAw wune w&w ns .c n,w aca- t ~%s /

Ae 4

hp 6/e' &ke 4c& l'r.'H > JH R e), da dfk ,w e#'
f Avy1y & .,4stohrn <2 r~/u % sui s 4x+ k n4

6) 5#w f 40p% ,A,- . de suese sysrw*nr ,cn./
4 sk ?>wed rM>wyc r% &s+.4y a Jief d
Wm||hel*j ct'& 7'de Asan tro ,cw/ (G/ ;4|w >m &/na

7Ww,td We, AWdO/j s<~|Msbd sus 16/ 78eA

+usf a4u-nsresu, ,ran 4' ,
/ M e r s~y ap */ sy, y.<?w,c>epu ku-/7

A4/ r;4pi y s p u d g e. ; w u a s' 2r y a s ?
ar% 44W, u zi ,cesh w/~y a/
wy 4 ,js a p~e'.

O
O



NW*w**-w==- -w y p .m4_ g . _ _ , , _
y

_ _ _ _ _ _ _ _

. ,,
Q

-,
- N ccA /m! } 'af ~K
N(

mf 8

I.(i)([f'V
&_.-Te/my

"* y|,l'
-

%

y %y/;-bdO#TS;,)r
'

.. .

LO&pQN' '

8 f
,

'
\s%:'

'(M'AwMn%N

:~.
.

'N y, /;,

nia,_ v v,,9- r u mc-
-

/ sh|S&ycea 1 y
7 'Y5, / 9:

'

!' i.,

'Nf f _' q;w$8_ - q - ----. 2:=_i -_-- -- -

~ .- - . ,j/ {3j ,,,.s p _ -- - % .g .,_

j(0 j y, ==.= v- .

I, ,/ / APE UR x
. 7

. <

'

CARD'

/ -

..'

/ Aho Annable On . -

'

\ Aperture Card /,1 -

N J N/' }Ih .x#dbb@2I5NEl62iidn$2EiTiifNhf5$C
.

-
_



,
. - - - - < _

N \ l i I I . li rM.___/~. '-E . ~ lillI.M # ',, ?
h wiu/)M?Sgg'*'hf?

n</ 4 '/-P
/ / .. \ She*\

/ Con (ract No.Mf?"Y File No. .,

7" #' Date ** 9' 'j/ '

Designed _

|9 PYL Date blit la r'
Checked*' p,

Q[
"~'v \dO t

|| \ LX 0 n-

0 g
430 I ,/ // O\MLjr

~l '" Y { /| J
w ,.\1_<-

,) <pu ,!
x

( [4:

Me/ / \
.

L424.5 1

,]~),A j 7 _

/m - x <-~ -y ,

< f '- fAI'' h ' / h . % + .- /$ h "Ab .
~! ,//

' &.f
n.\

,,) s.' Q/ ya ydy n
% II
-

,

430'''A,/ /% %d% ')/. \q/
~^ . 'g
f +g .(; u-4 3

%,j k
~

If
''

-

.
,

-

@ wg - @ *y
e\q >

D, W yy 2 |/
|/ | ff f J 'x .

' *n

W%4 W .$\ "
| |:

kh h\ \

d d;, %(/._ qw' 'Ahy 4>$.

\,/g %f_d
''

,/ x . ;.s, ic
R,.-

x

g\| p\ \
'

kg-
,

! k
'

~ '
z.

% ^/ A' rx- s' Ny\ \ 's N\ d' x

\ \\ 3 ~p'l- .

__ . \.N . .nm ._\ \g
- c'

. - x\= .
1L7 o,7 + -

.7].
w- ,

<a . ; K7/ L
-_ . - A ,, 1, / ,

^

'

,i =Q *- -

_g'
'

s

;. ) D~\~ 9 {* Q
'

;

Sch /%/ /
)hf'6

\
.

/
92 0 51100 72 - h,2.

'

]j'
-

j

w/M@$@NN$,E$$$s.$i1N,w$$$w$$$$$;N.c=;sM@mmmmNn%wMgM . w = D f3 M fiO W S2 4 5 b... - ~ . . = = .e - u-

ji!M 4n E
. - _= --



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

i

i

gmonamow4wuouw coneonmoN pieet I
pro,ect //wr>u/7c r Contract No. ##I"28 File No. I

e

( renn,e, ,__ 1:ms, en,*s < re d no.;ena MW 0,se 9t'.s+' 9/ \m nald m.w s ' cwg _ P YL. m t/h / Os |
~

/ V 9 7 '

|

.5. C ~ M f x
/

4, Jf-4/* W/"A fr$'N

A6 Fr-y? w de JrsvM W.w r/*'*s 'ed />e A/ 3 &
** dwed n/,rk/e/ ~ rJ~t / . .Ms~4w4
a4 7LJwArt/ er s k ap 7 .** d / . 7 4 .t , w ,+w a.i

$1 de Ap./ /- & sui &# are e= yaw / o r/wa
n rJd 9 /wd n A'ef. 4 .46 &yynkw/ WAby

,

- w i de dro rJ~n n 14J; 7 +t (.cee Jso |

"yWW Q ').
~

(' 6, zun Y- A v .// 4 %ra,.4
x

N *Y /k $' YY

M y M do i //w a c/sd

g' > ;g,,- +, n+9, a eps:

1

0

/n a al. ,sund ac m msrief pe sad //.

c fawa, , dig 2;,a ,pH

0 es ey wp ca,m ,4, n x ,pn.d -a eg+ d

a,q/>*xms/ej/ 461uswup ntw su;/cu wK
9 udy it'a sy carw; Ab >4L> oa.s+ 4 n/ndua./

7'y f en4p/ wue mandanup de me rM4
- n a w c ~~, w .-saa-a a. w a

<>f.

+7 ) art wrap fr** a mW wir wirA 'c e z.4 c"A r)&c w a .o* i s,y
;

.. - _



,,, c _ _ , , , _ _ - - . - . - - - - - - - - - . - - - - - -

i

k

.

b , unrnn/Fe7 g g t:

ky"a'er* &w p~/ t5
-

P r *r*/ "$y'

[, ,

fTL$fU/ff
l

'

{

^' I} -
.

\
.

y.

i t:. y 4
.

E h4% Ng s
.sk 44%K< g-

t,

1
,

- __ (" g g.
.

..

'

}s s mwe1] *
\ R %.

i
ta -

4

"e <r, 1
~
. >.

> t

b k '

i E
~

. ,_ .

k.N . c,

s4 .

_ . . _ _ ,

\ 4

_ _ _ , ,

---- -

\.
- - . _ - .

O -~
^%_ ~1

-

.
,

s % ~ s % 4 s s -s

D0 flW"*D)/ t.

.-



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

MORRISON-KNUDSEN CORPORATION . Sheet 7
f Project tJ N T M / F C 7- Contract No. Mf'20 Flie No,-

-( . Feature E.em ra h pona Dengned M Date W h f/'f
- m n, i:Asa r,wh cnockoo - f'R Oete - 4' '/9s_r w c

z- P y r 2 4 - eft frte m /W<h A*'/' Pf - k.W f Piy+ 4M o*1
,cae rnia .a ,cw, unY Ae rx.a f ,,gg,,- v wr*;' fia.s1^ ~% iga;, i n rr,.. '

>

'Y lbE- DN) C /k.)- Y. f/ C5). ) "^#f I'" bS C!

r /:oz t*z o,co7 .r , o.o) o.**7 f( . s c4 o o/z
*

10 f.ff 9. C7 I* to ' e o '

to h ; o,

/r | Iff s.o o.#/ - + 1 -
'

/f ;. .

h
;so z.1/ o.yj ~ se | * * *y * ;pr| ;g ;n |r 3.r7 o zA . o

f, >so
+ * \^

27/ o /f ' !cy) yo | |p);.oyr ;
+ e s ei,. o

t ir ' .z.1; of *
" \* yr.

* ''

\ +o | J.*9 c // |
* 'oc s " go *

>>

pf | J.2) 0 /J +f
! " ' q o-v%o *

SD ' S 1) 0./ 2 fr ! '' '' jv 0 03- '-e

r3 ; at. * 09 e n |
'

*
'' fy p. o z , *

/o 9 37 *.e f " 60 C3 10o] * "40 /, /r o. o 2 i
y J. ls o.of e.**7 J- I o, o y o **7 y o osy r .oix

to ecf is e* c. o ] io,
'

# o opy *

n o of : /r | o.ozy /J" o vi7
* *

,, c of ' " pc>+ *
o.c y po; s oi7 v

F Sf o o@ 3f !) 2f p Off
'' " "N WJo f, o rof T)p (t) 10 c ci7 i'n '->

fr oof * ft |
* * ?r- 00'7 o o.')

9 0 ''oo7 wo '

ti | 's | on ec'] +
4T f, Z / P of; 4*f

" * 4 | so p er//
^

es o. r 7 e "o re ' go oe,y n
tr o.o 4 yr a *v

; gr o ciy
"

(* /$ e s s' , *
_ /0 fic~' r /0 / Ifp p oi7

' '' *

r p. o f o o*7 y v c z/ i * coy ' je e oij i e cip n
/o C pf + /0 tr o iC p.ci7 | In',

/k ^ 0 - 0$ * /C o I /f a l' c/7 \^ ^

!*x p.of x si ul o.pi7 |~
', t

| pf ' c o/( |
*

|
;c co e f g >r '' "s.

,

C) h V.7 ,e w;
!
)yr 9; yog 1o e f ~'i

e gij |'
o

'

sr 10 00; ~ + - '
, jy i, i.

;;c op; so
|

<+ # * ' s to s,-

y ;or ; cod' by | p. cop or |

<- ' * ~ t
N |c 0 p' f3''

I
* '' cp ,, *

cc +cd fr ! o .: - Ia -
, ,

b0 4' f & C C d , |C f fe z,. ; go ger'' ^ " o *

s

@
_ _ .



-

MORRISON-KNUDSEN CORPORATION Eiheet t,O Project // W 7 /' d / # d 7 Contract No. 5H'W File No.5 Feature I-+'vemdm W Designed W Date - ''/3'**
ltem - f r/Y' b ( N e' E Checked N 0 -'' /|/'3 /9 /; / q V"

l

. $$* W* f b5/ Y Ut h f*** hC/)* W W Y * Nf
i

| NWf
scu av:e&ebj f 45)fw/ Wl*

:gr f DY$ Q),} A Afip Pif & g Q} i Wale 6 T&
o >M ou o > 2L m <m on 'e)i.

| $~ l ' O.9/] Ie.9/t p.spf,yvs./ * nf e.pfo s\ l'' -;
'* 4' p.oof j */ tr p.jpe >,

*
, /J- \ * ** // '* p ro to in.

).<4 h <<
'

h e oy ; p./yo ,
at ' h * ' />

. j " o, yfp |i 11

y*)5e | q;)
U]

'' * '' ' ''
'

* | p.f 79~ ;

\ If 'I ) *
| t '7ex

'
l' *

/+ 0 l' i * & '' /*; p 9yo,

| 10// .4f //
'

/' ^ p yggo-
*fp 't e '' *! *',

p., opp' 'fr '' *| 9 *o
c /J oAc 4 70| 'l V 7/09; * * *"*

/ .'A D _ e tu cfD
.r C t/} * c/ ' eoef 0. o]p 0 t'of ' e. eye

'
J

: /c '

c -oef ;
- o

! ,, o.
,

/s + * c cof , I& n s.,
; :< f ' p.cy 4 o,o

|N
7, s,,

| C *If I
LH)>f * * '

. ro ''

O) W) .'n a n

|
.- s ,

,,

ff . C t/Z - : *
.

''*

|
n c.e go

>- xc is i, ti + , y,

q i, e, u
. . + - e

p , , _ n - ; '' + ,
| .o a.

|i _
jy n*- **

, * n
fr d.fG

,
'

$ 74/ff .7 2p? + ' "" * ''

s o.$f2. ceH 0 0:( ' s. o/0 | / ref c.c3c ;iv ?, e i n ! ; ;
, a

if '' * " o c70 poif |o,

} pn ". *
i /'r- ,,q i,

7g n p, ggj i i; e e n
(12)g e Q T,) ; C'S|

// +'
* !

t "
\_ ;;- /- o <- , e.o$p //

''

.co n ,

|
,

|
p i, n

o s. o ,, i. - .,

pp si o n
, o

p ;. i, ,, ; << 1, a

h oe,9D 7 Cf2
/s 7c '' 75ca e''

e i "

+ rc.c op
'lY) '*' ^"?oso.oel,

On) 121***) j,'|'|||% . >t} k tzir **1 tzre.oei
osse e*1 ive.e gh (2/8 8F/ tu e AoJ'i.

r13e.co 7 Ms *4

,

-,. - .



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

...

.,.

- . MORRISON.KNUDSEN ENGINEERS, INC. 7jpp;P Sheet - #a esoasW60s asweeda toessant
pro %Ct UP'* TM - t'

Contract No. File No. -t te A. t v(es v " * * **
Designed - W Date _ L**W-

g 75 f* 3T* O4
Checked W _ Date '2M

, . , . , > ~

w w|41
e

,. ML '79 ; -

1.0 i,
,,..,__

_, ,__ , __, _ ,_., _,__,. .._ _. . __._ ... ___ . __. . - ._ I|l.; ,_2.. j gp .4
__.__...__.. .__..... _ 2-- .. ..--- -. .. .... .. . ...... , ) .

_ . ...... . _ - -

4 . . .- __ .

3. . 93 g p. q. . y
~ _g .. 44 .. 3.,

.

. _ .. .._-.- -
'

.;. . 4 _. .
4 n. a e'C. . _..--.

.J. j. 4 a 3y y.
-

.

.

..._. . _

4g- y
, 49 .;'4.

. .p .e . .. _. ._ ..___... _2 . .L.J
.

.. -_ __._ .._ _. _ .. . _ .. ___....I, - _
._ _.

_.c.s
- .

p, )H. ,. ,L . . .__ .. .- , .. _-- . _

_

- .. __ ._ .._

,g,p ..

. .-
q._ .

. . _,. .,. . .g.

.

ar . 1__ ._ _ . -- ._. ,-_. . .-., ,4.. ..

_. . -_-

.___
. .

.. , .
__ .

.

E

. . . . 7 . . , --

..__.. . . ... -

. ... .
.

- ; 4 .._ ..~.

(..
#

.. _ ._ . _ _ . ._ _ 4
.. . . . .. . .. __ . .' . .. i.L. .q. a.._y j., .

-n- 3. .. 4
- -

_f
,. . u

_ d
. . .

-g~ - __
3 j _. . . ._j p. . 4j.4

___ . .. , . !
._.. . . _

, .g..___ .-- . .. . .

,g ' 0 6.4 _.

; .__f_ . . .
.

]. .

4pp .J.4A

_p p- ; ; _ ,
- ' ' <;

!

| y _ .
_ p ..-_.a.._

. _.- .l 4 L.i. 1 ;.
_

' . , - .. __ . L
-. -

- 4 .4j- . $___. -

3 _ : 4Ii. .L.__q _4 1.

.$
j i, ,f, , , .,,

,,,i ii i
- ~ ._7., , -. .

b .

.

'E xample
- -- ----- ----, in , 9... e i f i ,. i.. t_ .. . . . > . , .+i_ ___..

.1. . ii
.i i -u -,

is 04 .r n .. g4, ,
.

s sj. ; _ _ . _. __ _. . _ If f., a 2.0 inches
i +

-

.4d . g. g{_ ., 4.;,p
* i' -_ .g_ M ! !!

.._; ._

!
" "

' * " /
' For Is 30 trunute A a.

.

., ! y__;.,; > : ;.
I, /l., s 0.79 ''IM~M' Y ~~

4 ,
. -

' .. . - ._ - . _ _ ....._. . ..

.i Jq '
-Tben I.,* 2.0 a 0.79 s1,58 mchee t . iii

-- ' _ i.
.. _ .J . , .) *i

' _J.L"La
'

!~.' . ._ ,. -- .... _..___ . y p. iph sI.58 mches a _ 3
_ s 60 minutes a 3.I6 .

02
..44 ..L _ -

;
._ .._ .

,

.

'
..L4 y

_

. . _ -.___. ___. _..._. .,__ . ._

30 minu s: Ihour -

. .
, -

.

_ - _ . -
- ' . _

,

.
.p _ _ . ..

,

y.,y; . s.
_

7, .
._ __

, . ._-.
- _ m, 4. . g. , .*

__ .

.,
_. _ , ,

, .,.

.
$ 3 $- .I
' p.'...

J -. 4. ' . __ _ - - _ . . . _

, 2. . _.$ .

' 4.,, J_4
. .

.. h.,]1'.$p ..'' 44'4
. { 1 7.|,

^

j,, - - 3,
___.p.. ._ q . . ,_p 9, ., ,_q

_ , , . - - .

5 4.p, + .l , ,
,, f , ; -- . . , ; --

0 10 20 30 40 50 60

DURATION IN WINUTES (t) fo-s4f tf ; 8Perefirer V s/ 5Kt*A40 .

/- Af '
A/J,,%f

sn.
4 M').

.f' T/ /. o 3 / * 2-
** 9er f.71 e.r7/r rf 2 oo s 4/
20 64 2'3/ ' '.,I /
'2y 7].S* 2&7 ^2/
3o 7f. 2 74 c./f* [T -,1? ef 2.yV e jg-K ** U 7.c f-

e,At- ..n p .W 7/,7|" J,3/ '

e .73 'V D fS* 117 *,jg ;

, W# / #2 e,0fe0- jo.p 1 qc ., w
y

- . . = . - , - - . -



ri
, , ,

im iinnaumm * - " " - ' ~ - - - - - ' - - "

O Prcsect O-NTM//#6Y
--- - -

d Contract No.##Pr-Je File No..

Feature ENorm *A- N/ Des $wd M Date W^ / 9/
| tem $rs7/sfur 1 '2*'** d Checawd PYL Dege I/'3|9/ __

< ( e*

W. Pen / AMA f*s&M dC-M. k // )
0,poof /

= $(179f Jfo)*/Jr + $ /ff.1fp / -$ 7/9 Jfo =25/ oso /r#i

c Cff N = p. o e f/ / .e.r.i '

>]fnd z
- f stio/ Ho)/ w '4 t?re/fu) ser = n 9s u r i+ '

= f 97 se a p o e 712 Mi*e

'''
5)ff/kY $

s

E f(b70 |?|0)/$5s Y ffM A/N)/W =# S|? Pf3 h/

Mff 4 =o.se77f */o-=

A),f/6W/ //

= $ ^(7?o f f1.r/ $ c7Po/41*) /e.sm== zo.gytw ;4 '

= 4 7 s 4 = o. oo 7 s p - ; <-
5)fMW $

= 5/ Pro / Pro) /rr/ S liso +98)./er = /9.4 r.co ,+ L
= a p .sc no.ossee ~/'-

S,s j76Md $

"$(PIP +fso)/1r/[(+Ss /JJo) MT /77 rzr/g% gof%o oossy W. , .

'7)/Wd7
= $* d9'* /aff").'U~ d $ (Ifo e/99)/ML~*/i9f.7r)':Jf: o.eofya"i#-

P)f"d f
= dtree f/*zg m + f c/pr <>e) +r /.u, y,a,+ ' .r o/%, s. , ,fa/ "'

7),F"/ 9
.

= + cos + oo)nr s 6 so m = n:. 71ri, 2.t> % s c o n *',s'

/*) /MW ' O
= + se . /.n =.rx m ,+ ' = w & :- e. a . ,r., -/ >

0



_ _ _ - _ _ _ _ _ _ - _ _ -

MORfW804KNUDSEN COfiPORATKM sheet //
Propet ud/TM/#<J Contract No.MT'2P Fue No.

_

Voeture hwis.wn F*" U D@nM NM/ Dete _ WoWX/
f1ern Sf'2|ww to kM CheckM P YL Date 4fr.e /9 // f * V

[uMMMy *f f9*d AMet H fMNYd 4N hb eyWp ff
d) /ok N W ~E r /d-gr4 [*"/*'W $N

I W

f & M9, f'& AMA # em//4
~i o. c . ,,, v.. .

/ Jiff f#o9// 7/. / hr //h
2 f.f/ oo*772 ft.23 / /r.de

I d79 c.co77f Jo. :qb refo
o +s7,z o o e 717 ry.or; f.ro e

$ Y VD f. o f ffo[ ,Vf, Cyp /Jfp

| f o$ O!*d]/ +f.1/Z /Z39

7 5 79 ororto 9.r,7e9 /do

9 1, oh rcosv/ +i.h7 to.ro

9 2,92 s o o st+/ 14./44 4to
,

ljr'W*;>'to !. / 7 o.*otr/ / +'. // 7 /2e

'9 *)
7* fe/ Stc,/ o-c/24h

0 l



,
, . . . . _ ~ - - - - - .-

p h WORRtSON-KNUOSEN CORPORATION w /z
\ 1 Prost _ u ,*'T W 7 e T Contract No. zafr-2P % No,

Feature ApV/m ,MM Desegned Ad LV te Y* */1/
tsom D .7/u.%i s'iyns. _ _ Checked PYL Date 4 /!!Ih

A-C. CorbYS tL/ PTeds y /%tr%) 6rvt!'

of - d. do r V C- p,r:, Jupe fshop doig
fon4 # , 4/ hY a , * V0/ E V0/ /- , H C , dset,W"|, , , ,

cAo 24c) C+ F) cre) (h tk) ceh)
/ 9%f JZff o o

9.9 e f; ff f;ff nf0 . 9/D o e
414. J* J.f t 1.ff,4 f. f2. e.f Jod /24sp
a El 1~ t f 7 96/ /1,11 /*o * f.t j o

2 937 fot/ e o
43/ V.9/ Y.f/ f.ff fr/* O o
431,S" f t/ 2 4so 7.Z/ s,f" Z'$ /VSo
.M f.9/ 2 or 143.- /. 0 *' 4s/o

5 azr f.fr e o .

++/ f.19 f.f t #ff sffr o o
9 */ 7 f,ff 2.+y 7 47 o J~ E'i /37o

. 4 t? rt,?f 2 o9 99/ /o * 3973
V f23 t'7s o o

(h 924 f.72 f.7s f,72 /ono e o
\ 4 Was' +72 21/ 7. * f 0.1" 2'4 /ZFf

424~. #22 2.1/ f. 4V f. o #' 1/VD .

f f.s/ fr+c o o
ts 2- Mo 14 9 o hp /5/o o O
922.F +'i4 2.n J./ o c.r 2'/ /Mo

#42% 4 /J L 2e P9D /. o 14/D
8 +/$ Yo/0 K O

4H f'. /0 f /o W/0 /FM D o
f M,5~ W. /0 2.05 /. /r D.T 2. & // 22
4' 2/ W/0 107 Pu /. e *' 5/7D

7' 4'/ 7 14% o o
f/f I,99 5.80 f,80 //? 0 e o
f/fof' I.PD / le f.70 C.J- 2$ /eVO
419 J. 01 /. 9D 7,Ja /, e 2 940"

7 .+/T fof"t O o
t/6 JoJD ).34 JJT fofv e o
+/S.f' JJ'a /. 7f~ J 3f" o.? C'S f4'f"
en 1.rp A 7t- Do /. o " .> 7tp

? 4/7 2.t2 0 e
f/f 2,92. 2 42 Z o f2- 6/6 D o
9/ tor Zuf2 l' 9/ fly D J" 2.$ d/O/

4/F JJ 3- / 9/ f"/c/ /. 6 * /7.;30
:O fo +// /.t 7 o o

- f/2- / // /* /? fo/7
* +,z,r //? s.s g /7fr /ze o o

4/5 /,t7 c.fW 25$ ff** 3.4 //o
t/3. 7 s./7 c.ss:t- z.73 (.o 5/ z-~

f/V / /7 eftt' Jef/* /, r * spo4/97 H7 oStr 4 /o s.o , reo4/r //7 #19r fjf- 2 1-- * _t sf o
_ _ _ _ _ - . . - . -- __ _____ . _ _ _



.c. . - _ _. - - - _ . .- - - - ._.
,

;hMORntSON KNUDSEN CORPORATION Sheet /3n

); Featurepr g
uM7m /Fe r _ contract No. 3WT-M Flie No.

Espra 4% . peeypned n n/ Ong W/+/9).O' Pned
its: - Ay/uu C%** Checked #IL Date db'/9/

/ 7 f.
*

f. Ae'n//c
Me v />g a f n.pg g,s.f*gsp.s/n,,n & ,

Asu/ n 7We .w ow y Q , 7All" dr y s# & n
.

f&./|& n'aw 4 yit'vy /*-ts i s' / n fe' W 4s
,

$ l'M/t' e/H<&n </ s/ f/2,J~. CW/ yd*y) .
74 >*e*/s/g w 4Wer surda e/eaim de' d-e

M fir,s nsarny rW/ a/),p%=/.s cs rV@o) ed
i // # ide 4pway o,' rWe s.tpu frer.e,ad 4

d Mm/ am/44. n4 Ar , as, wK/A w

0 98.r) & 4 41.& cry d' <~Ma vir).
:

|

..

O

t

O
.



. - _ _ _ _ _ - - _ - -

.

r/c nii
-'

FC125.0VT 4/22/91 Poet 1
_ p. n.u.n. .un.. .. n.. . u..n..u......n.....n..............

[ ]4'e . . .

((M * FLOOD NYDt0LAAPN PActAL3
(NEC 1) * * U.S. ARMY CotPS OF ENCluttes *

FEttuAtf 1981 * *
INE NYDt0 LOGIC ENClhEERING CENTER *

kEVisED 01 JUN 88 * * 609 SECOND STREET 6
* * * OAvil, CALIF 0tul A 95616 *

* tun DAlt C4/22/1991 TIME 14:35:43 * * (916) 551 1748 *
e . . .
n.nn... .u ...u.u.u ....u...........n...u.......n..

fMW
W7/

f Yl. / //Jj$f
X X XXXXXXX XXXXX X

X X X X X XX

X X X R X

100000X XXXX X XXXXX X
X i X X X

X X X X X X

X X KXXXXXX XXXXX KXX

TNlt PtoGRAM msPLACES ALL PREVICLts VERSICMS OF NEC 1 KMud Al HEC 1 (JAN 73), NEC1CS, NEC108, AND k!C1KW.

THE DEFINIll0NS OF VAtl A8LES *Rf!NP- AND 87102 NAVE CHANGED FROM THOSE USED WlfM ikt 1973 ETYLE tuPUT STRUCTURE.
THE DTFlWlfl04 07 -4:5XK+ ON AM CARD WAS CHANGED WITH REVl810N$ CATED 28 $EP 81. INil ll THE FotTPANT7 Vets 10N
NEW OPTIONS: DAMatEAK DJTFLOW $tlBMERGENCE , SINGLE E' ANT DAMAGE CALCULAll0N, OSS:Wilft STAGE FREQUENCY,

055 STEAD TIME set!Es Af DEtitED CALCULAf!ON INTERVAL LOSS RAf t:CREEN AND AMPT INFILTRAfl0N
KlWENAi!C WAVE: N!W FINITE DIFF!tENCE ALO0tlTMN

\
1 NEC 1 INPUT PACE 1

.

LINE. 10 . . . . . . 1. . . . . . 2 . . . . . . 3 . . . . . . 4 . . . . . . 5 . . . . . . 6. . . . . 7. . . . . . 8 . . . . . 9. . . . . 10

1 10 U M T R A / FALLS CITY
2 10 EVAP0tATION PONO
3 10 FLots toJTING 25-TEAR 24 Mt $TORM
4 10 FILE FCT251.DAT

... pagg .u

5 11 5 300
6 10 5

7 KK 81 POND (5.9 ActES)
8 KM 25 YEAR 24 * NOUR STORM
9 KD 3

10 SA .00918
11 PS 0.00
12 PI .0070 .0070 .0070 .0070 .0070 .0070 .0070 .0070 .0070 .0070
13 PI .0070 .0070 .0070 .0070 .0070 .0070 .0070 .0070 .0070 .0070
14 PI .0070 .0070 .0070 .0070 .0070 .0070 .CO'O .0070 .0070 .0070
15 PI .0070 .0070 .0070 .0070 .0070 .0070 .0070 .00/0 .0070 .0070
16 P1 .0070 .0070 .0070 .0070 .0070 .0070 .0070 .0070 .0070 .0070
17- P! .0070 .0070 .0070 .0070 .0070 .0070 .0070 .0070 .0070 .0070
18 Pl .0070 .0070 .0070 .0070 .0070 .0070 .0070 .0070 .00C0 .0080
19 PI .0080 .003) .0120 .0120 .0120 .0120 .0120 .0120 .0120 .0120
20 PI .0120 .0120 .0120 .0120 .0120 .0120 .0120 .0120 .0120 .0120
21 PI .0130 .0130 .0130 .C'30 ,0130 .0130 .0130 .0130 .0130 .0130

[^ 22 PI .0130 .0130 .0130 .0130 .0130 .0130 .013s .0130 .0160 .0160
23 PI .0160 .0160 .0160 .0160 .0160 .0160 .0170 .0170 .0170 .0170
24 PI .0170 .0170 .0170 .0170 .0170 ."170 .0170 .01/0 .0170 .0170
25 PI .01D .0170 .0200 .0200 .0200 .0200 .0210 .0210 .0210 .0210

|

|

____ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ .



4is#7AA//e7 EVypr'/, Sy<' gap yyg
26 PI .0210 .02'0 .0210 .0210 .0210 .0210 .0210 .0 10 .0210 .0210 -

27 Pt .0210 .0210 .0210 .0210 .0210 .0210 .0300 .0300 .0300 .0300
\ 28 PI .0300 .0300 .0300 .0300 .0300 .0300 .0300 .0300 .0600 .0600 [##

-:) 2v Pt .0700 .0700 .0700 .0700 .0400 .0800 .0800 .0800 .0800 .0900 fs4/pgd 30 PI .0900 1200 .i400 .1900 .3100 .5700 1.020 .4100 .2600 1800

31 Pl .1300 .0900 .0500 .0500 .0500 .0500 .0500 .0500 .0400 .0400 gy( g/o/97
32 PI .04t* .0400 .0400 .0400 .0300 .0300 .0290 .0290 .0290 .0290
33 Pt .02% ' .0290 .0290 .0290 .0290 .0290 .0090 .0090 .0090 .0090
34 PI .'. >90 .0090 .0090 .0090 .0090 .0070 .0090 .0090 .0090 .00M*

35 PI .0090 .0090 .0080 .0080 .0080 .0080 .0000 .0080 .0080 .0080
36 PI .0080 .0080 .0080 .0080 .0080 .0080 .(980 .0080 .00s0 .0080
37 PI .0080 .0080 .0050 .0080 .0080 .0080 .0080 .0080 .0080 .0080
38 P1 .0080 .0080 .0080 .0080 .0080 .0080 .0080 .0080 .0080 .0080
39 PI .0%0 .0080 .0080 .0080 .0080 .0080 .0080 .0000 .00&, .0080
40 P! .0080 .0080 .0080 .0080 .0080 .0080 .0080 .0080
41 UI 71.125
42 Lt 0 100.

43 KK #1Pou0 tcutinG
44 R$ 1 ELEY 430. -

45 tv 5.88 8.82 11.76
46 tt 430, 430.5 431,

47 $Q 0. 1240. 3510.
1 MEC 1 INPUT PAGE 2

,
LINE 10 . . . . . . 1. . . . . . 2 . . . . . . 3 . . . . . . 4 . . . . . . 5 . . . . . 6 . . . . 7. . . . . . 8 . . . . . . 9 . . . . . 10

48 KK #2 POND (4.8 ACRES)
49 m 25 TEAR 24 - Nam STCE M
SO 8A .00752
51 UI 58.236

g 52 Ka CCMalutPOND #1 & 2
\ 53 NC 2

$4 KK #2 POND ROUTIh0

55 Rs 1 ELEY 428,
56 SV 0. 4.81 7.21 9.62
57 $t 427, 428. 428.5 429.
58 50 0. O. 1430. 4060.

3

50 KK #370 0 (5.0 Acats)
60 0 25 - TEAA 24 MOUE ETOPM
61 BA .00779
62 UI 60.292

O KK CO ttNEPOND 81 2 &3
64 NC 2

65 KX f3PC40 RC1JTlWG

66 R$ 1 LL(V 426.
67 SV 0. 4.98 7.47 9.%
68 SE G25, 426. 426.5 427.
69 SQ 0. C. 1370, 3870.

70 Kr a; POND (4.7 ACRES)

71 E E ' EAR 24 MCXA STORM
72 SA .0 (37
73 UI 57.083

74 KK CCzelNEf 1 TO 4
75 NO 2

'ss' 76 KK e4powo Rc11 TING
*

77 R$ 1 ELEY 424.

.___ _-_ . _ _ _ _ _ _ _ _ _ _ _ _ - ..
.. .



w
.

*

W78 TV- C. . 4.72 - 7.08 9.44
.,w 79 st 413. 424.- 424.5 . 425. K /. M MM
'/ $0 se . O. - O. - 12tm. 3640.

- '

\ >f -$/ff ||
' 81 : 2 85#0e (4.4 Act* 1 g g /9 j -82 : _m 25 * YEAR 24 * A 4 SfotM

83. 8A: .00688
84 ' UI 53.292

85 KK tope!NEf 170 5
86 NC 2

1 NEC 1 INPLif PAGE 3

LINE '0...... 1...... 2...... 3...... 4...... 5.~.... 6...... 7...... 8...... 9..... 10

87 KK : 95 POND kOUTING
$8 R$ 1 ELEV 422,
99 sv 0 L.40 6.60 5.80
90 sE 421. 422. 422.5 423.
91 80 C. 0. 1200. 3410,

92 . KK 86 POND (4.1 ACAES)
91 Ot 25 * Y1AR 24 * MaJR STORN
94 BA '.0u&37
95 Ut 49.312 -

% KK CCM8'ME81 TO 6
97 BC 2

98 KK $6 POND ROUTING -
99 R$ 1 ELEV 420._-

'100- -SV 0. 4.1 6.15 8.2
-

> 101 sE 419. 420. 420.5 421
~102 30 C. O. 1120. 3170.

103 KK 57 POND (3.$ ACRE $)
104 01 - 25 * YEAR - 24 * WJ STORM
105 bA .00590-
106 UI 45.708

1C7 KX CtmeINES 1 TO 7
106 .N* 2

'109 : KK . - #7 POND ROUT!NG .
110 R$ 1 ELEN 41C.
111 sv 0. 3.8 5.7 7.. {

:112 SE 417 418. ~418.5 419.
~113 to 0. O. 1040. 2940, 1

'

114 KK sdPOND (3.5 Acetst '

.115 Ot' 25 * TEAR 24 * NOUR STORM -- I
-116- sA .00$41

117 ut 41.917
i

116 KK CCMe!NE8 1 TC 8 .I
119- NC - 2 . I

120 KK 8BPOND ROUTING -t
121- R$ 1 ELEV 416.

'

'122 SV 0. 3.5 5.25 7.0
123 *E - 415. 416. 416.5 417 .t

m
.f ~

124 - SG' ' O. . O. 965. 2730. I6

.|125' KK #900ND (2.8 Acte 5) - |

126- KM 25 * TEAA 24 * hcut. $7044
*

'



-- -. . . - - . - - - . ,

g
I

;*y .~

.WWhW JY |} '127 BA .00441 y,/ /. ym[
f'r]

' 126 UI-34.146 g
) NEC 1 INPUT ~PAGiY,/ f' LINE- 10...... 1...... 2...... 3...... 4.......$...... 6...... 7...... 8...... 9..... 10

f YL ||0f||
'

129 EK COMBINE 81 TO 9
130 NC 2-

131- KK 89POMc TOUTING
.132 ts 1- ELEV 414.
133 sv 0, 2.82 4.23 5.64
134 st 413. 414.- 414.5 415.
135 sc 0. O. 610, 1720

-136 . KK #10r'Juutt.2 ACats)
137 08 25 * YEAR 24 - Muut STotN
138 . BA .00183
139. UI '14.167

140 KK COMelWE8 1 TO 10
141 NC 2

142 KK #10 POND RCUTluG

143 KO 1 2
144 R$ 1 ELEV 412.5
145 SV 0 1.17 1,76 2.34 2.93 3.51 4.10 4.68

*- 146 - SE 411. 412. 412.5 413. 413.5 414 414.5 415.
147 30 0. O. D. 110. 312, 5 70. 880. 1230.
148 22

S 1 u.......n u.n n.......n....n..... en......no..n non.....n.....ne...

( .
.

* * *
\

- FLOOD NTOROC'tAPM PACKAGE' (NEC 1) * *

* TEBRuntf 1961
~ U.S. ARMY CORPS OF EkCINEERS. *

* * THE NTDROLOGIC ENGINEERING CENTER *
* REVISED 01 JUN 88 * * 609 SECOND STREET *

* * * Davit. CAtlFORNIA 9$416 *

- * RUN DATE 04/22/1991 TIME 14:35:43 * * (916) 551+1748 *

.- -.- . .

een ne n .n n. .n u an n e. n .. n..ne.u n....n .....ne...n.......

=

U M i t A / FALLS CITT
EVAPotATION POW

FLOCS ROUTING 25 TEAR 24 Ne STORM
FILE FCT251.0AT

6 10'~ OJTPUT CONTROL VARIABLES

IPANT 5 Pet;'T CONT 20L

IPLOT 0 PLOT CONTROL
0$ CAL 0. NTDROGRAPN PLOT SCALE

.I NYOPTAAPN TIME CATA

'NMik 5 MINUTES IN CCW U.ATION INTERVAL
10 ATE 1 0 STARTING DATE
1T14 0000 . STARTING TIE

NQ 300 N' tett OF NTDROGRAPM ORDINATESJ
NDOATE 2 0 ENDING DATE

g dDTIME 005! ENDING TIE
i ICENT 19 CENTURT MARK

I- 3
A

COMPUTATION INTERVAL .08 N0ut$
TOTAL TIME SA5F 24.92 NOURS

7

d 1



,

j 7 .. -_ _ .
.. _ . _ . . _ _ _ . - _ _ _ s _.- . _ ___m

!

M */F&T SA<fM
-H -- ENGLilN WITS - 4M

-} %__ . MAINA0E ARF A 11RJARE MILES $/ . PfECIPITAfim MPTN ' luCNES-'

V~ - LEh4TN, ELEVAfl0N ~ FEET g f(-
FLOW CLalc /EET PER SEcce

kSTORAG VOLLBE ACRE FEET

SURFACE AREA ACRES -

TE8PERATLRE - DE0atts FAnathatti

ese ne ne en en ee en en ese en ... en . en ... n e en ... e.. ... e.. en en en .. en ... ... . ... ... ne

oes o.eeeenese
e e

7 Kt * #1 *- POND (5.9 ACats)
e e

eeee..ne e

e K0 GJTPUT CONTROL VARI A8LES

IPANT 3 PiilNT CONTROL
IPLOT . O PLOT CouTROL
OSCAL- 0. NYDt0GRAPM PLOT SCALE

SUSGAtlN RUNOFF DATA

10 $A SUSSA$1N CRARACTEtl8 TICS .
TAAEA- .01 'SUB8AtlN AAEA

PRECIPITATION DATA

:g PS STORM 8.10 SAstu TOTAL PatclPITATICri
%

12 PI'~ l'ucafutNtAL MECIPITAT!;Ju PATTERN

.01 ' .01 .01 .01 .01 .01 01 .01 .01 .01

.01 .01 .01 .01 .01 .01 .01 .01 .01 .01
- .01 .01: .01 .01 .01 .01 .01 201 .01 .01

. .01 .0* .01 .01 .01 .01 .01 .01 .01 .01
.01 .01 .01 .01 .01 .01 .01 .01 .01 .01
.01 .01 .01 .01 .01 .01 .01 .01 .01 .01
.01 .01 .01 .01 .01 .01 .01 .01 .01' .01
.01- .01 .01- 0; .01 .01 .01 .01 .01 .01
.01 .01 .01 .01 .01 .01 .01 .01 .01 .C1
.01 .01- .01 .01 .01 .01 .01 .01 .01 .01
.01 .01 .01 .01 .01 .01 .01 .01 .02 . 02 -
.02 . 02' .02 .02 .02 .02 ~ .02 .02 .02 .02
.02 .02 .02' .02 .02 .02 .02 .02 .02 .02

; .02 .02- .02 .02 .02 .02 .02 .02 .02 .02
.02 .02 .02 - .02 : .02 .02 .02 .02 .02 - .02
.02 .02 - .02 .02 .02 .02 .03 .03 .03 .03
.03 ; .03 .03 .Q3 .03 .03 .03 .03 .06 .06
.07 .07 .07 '.07 .08 .% .08 .08 .06 .09
.09 .12 .14 .9 .31 .57 1.02 .41 .26 .13'

.13 .09 .05 .05 .05 .05 .05 . 05 . .04 .04

.0A .04 .04 .04 .03 .03 .03 .03 .03 .03

.03 .03 .03 .03 .03 .03 .01 .01 .01 .01

.01 .01 .01 .01 .01 .0. .01 .01. .01 .01

.01 .01 .01 .01 .01 .01 .01 .01 .01 .01

.01 .01 .01 .01 .01 .01 .01 .01 .01 .01

.01 .01 .01 .01 .01 .01 01 .01 .01 - .01
' j .01 .01 .01 .01 .01 .01 .01 .01 .01 .01

1 01 .01 .01 .01 .01 .01 .01 .01 .01 .01-% .0" .01 .01 .01 .01 .L1 .01 .01

..

, , , . . ., -. --*
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@M+/Hy i
42 LS SC$ LOSS RATE-

.

M! IM/[p' SitTL .00 INITIAL At$ TRACTION
I - Cavwst 100.00 CURVE NUMett= /GVM'( tTler .00 PERCENT INPERVIOUS JJtEA

~

ff/
UI INPUT TCRAPN, 1 ONDINATES, VOLUME e 1.00 7

fj

.ee

. . ...

NYDROGRAPN AT STAfl0N f1

-- TOTAL RAINFALL e 8.10, TOTAL LOES e .00, TOTAL EXCESS = 8.10

PfAK FLOW TINE - MAXINUN AVERAGE FLOW

6 Ma 24 NR 72*NR 24.92 NR
+ (CFS) (NR)

(CFS)
..+ 73. 15.58 6, 2. 2. 2.

(!NCNES) 5.901 8.100 8. *N 8.104
(AC FT) 3. 4. A. 4. -

CupeAATIVE AREA . .01 Sc M;

.n ... ... . ... . ... ... en . ... ... .* ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ... ...

,

t- p
4 . . ..

-( . .u
'

| 142 KK * 810 * POND ROUTING
!. .. .

| .......... ..

|-
143 KO QUTPW CCetit0L VARIABLES

IPuMT 1 PalNT CONTROL
|' IPLOT 2 PLOT CONTt0L

0$ CAL .O. NYDROGRA>N '.0T SCALE

NYDROGRAPM 20UTING DATA

144 45 STotAGE ' "'M

NS. 1 Nuesta CF SU5 TEACHES
IT)P ELEV TYPE OF INIT'#' CONDITION

as'.alc 412.50 INITIAL CONDITION
b X .0010tKING R AND O COEFr!CIENT

L 145 SV. . sTORACE .0 1. '- 1.8 2.3 2.9 3.5 4.7r

H 146 SE ELEVAftou 411.00 412.00 412.50 413.00 413.50 414.00 414.50 415.00
'

l
i 147 SG- DISCHARCE 0. C. O. 110. 312. 570. 880. 1230.

*

|-
'

*** WARNING "* M00! PIED PULS ROUTING MAT BE IU8EnlCALLT UNSTABLE FOR CUTFLOWS SETWEEN 110. To 1230.
THE ROUTED NYDRCX3RAPN $NOULD SE EXAMINED f 04 OSCILLAfl0NS OR OUTFLOWS GREATER TRAN PEAK INFLOWS.

THIS CAN SE CDatECTED ST DECREASIN3 THE TINE IN1ERVAL 04 INCREA$1NG STORAGE (U*E A LONGER REACH.)
?

-- t n... ..n. ... ...u.u n .. .............u...... ................u.. .n........n.....................k
NYDt0GRAPM AT STATJON 810

-.
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.

4MWNT .dbv
... ................... .... . ....../. 4 Q.. ....Jf....W..ay inFME-..........#...................................M*'W/

BU
... . ......................

Pn. t/u/H. .

( DA MON MANN OR0_ 01TFLW . STORADE STAGE f 04 NON penN ORD OUTFLOW $TORAGE STA0( * DA MON Nutt ORD UUTFLOW STOR.t GE $140%
:j

_

*
. \

0000 1 0, 1.8 412.5 * . 1 0420 101 6. 1.8 412.5 * 1 1640 101 23. 1.9 412.6
:

1 ~ 000. 2: - 0, 1.8 -412.5 * 1 -0825 102 6. 1.8 412.5 * 1 1645 202 21. 1.9 412.6
1 0010 3- 1. 1.8 412.5 * 1 - 0830 103 6. 1.8 412.5 * 1 1650 203 20. 1.9 412.6
1 0015 4 2. 1.8 412.5 * 1 0835 104 6. 1.8 412.5 * 1 1655 204 20. 1.9 412.6
1 .0020 ' 5- 3. 1.8 412.5 * 1 0840 105 6. 1.8 412.5 * 1 1D0 205 19. 1.9 412.6 !
1 .0025 -6 3. 1.8 412.5 * 1 c845 106 6. 1.8 412.5 * .1 1705 206 19, 1.9 412.0
1- ' CC30 - 7- 3, 1.8 412.5 * 1 0850 107 6. 1.8 412.5 * 1 -1710 207 it. 1.9 412.6
1 0035 8 3. 1.8 412.5 * 1 0855 108 6. 1.8 412.5 * 1 " 15 208 17. 1.8 412.6

'1 =0040 9 3. 1.8 412.5 * 1 0900 109 6. 1.8 412.5 * 1 1720 209 15. 1.8 412.6
1- - 0045 10 3. 1.8 412.5 * 1 0*C5 110 6. 1.? 412.5 * 1 1725 210 14. 1.8 412.6
1 0050 11 3. 1.8 412.5 * 1 0910 111 7. 1.8 412.5 * 1 1730 211 14 1.9 412.6

'1 0053 12 3. 1.8 412.5 * 1 0915 111 7. 1.8- 412.5 * 1 1735 212 14. 1.8 412.6
1 0100 13- 3. *8 412.5 * 1 0920 113 8. 1.8 412.5 * 1 1740 213 14. 1.8 412.6..

1 0105 14- 3. 1.8 412.5 * 1 0925 114 8. 1.8 412.5 * 1 1745 214 14. 1.8 412.6'
1 0110 -15- ' 3. 1.8 412.5 * 1 0930 115 8. 1.8 412.5 * 1 1750 215 14 1.8 412.6-

-1- -0115'16 3. 1.8- 412.5 * t 0935 116 3. 1.8 412.5 * 1 1755 216 14. 1.8 412.6
1 0120 17 3. 1.8 412.5 * 1 0940 117 8. 1.8 412.5 * 1 1800 21, 14 1.8 412.6
1 -0125 18 3. 412.5 * 1 0945 118 8. 1.8 412.5 * 1 1805 218 13. 1.8 412.6
1- 0130 -19 3. 1.8 412.5 * 1 0950 119 8. 1.8 412.5 * 1 1810 219 it. 1.8 112.6' -
1 0135 -20 3. 1.8 412.5 * 1 0955 120 8. 1.8 412.5 * 1 1815 220 8. 1.8 412.5
1 0140 21 ~ 3, 1.5 412.5 * 1 1000 121 8. 1.8 412.5 * 1 1820 221 6. 1,8 412.5
1 0145 22 = 3. 1.8 412.5 * 1 1005 122 8. 1.8 412.5 4 1 1825 222 5. 1.8 412.5 !

*

p 1. 0150 23 - 3. 1.8- :412.5 * 1 1010 123 8. 1.8 412.5 * 1 1830 223 4. 1.8 412.5' l

1 0155 24 3. 1.8 412.5 * 1 1015 124 8. 1.8 412.5 * 1 1835 224 4. 1.8 412.5
j

| 1_ _ 0200 25 3. 1.8 4'2.5 * 1 1020 125 8. 1.8 412.5 * i 1840 225 4. 1.8 412.5 .

~!1 0201 26 3. ' 1.8- 412.5 * 1 1025 126 8. 1.8 412.5 * 1 1845 226 4. 1.8 412.5
-

1 0210 27 3. 1.8 - 412.5 * 1 1030 127 8. 1.8 412.5 * 1 1850 227 4. . 1.8 412.* j
-1 0215 28 3. 1.8 412.5 * 1 1035 128 8, 1.8 412.5 * 1 1855 228 4. 1.8 412.5 |

( .

0220 29 3. 1.8 412.5 * 1 1040 129 8. 1.8 412.5 * 1 1900 229 4. 1.8 412.5 |
i

| 1 : 0225 30 - 3. - 1.8 412.5 * 1 1045 130 8. 1.8 - 412.5 * 1 1905 230 4 1.8 412.'.
1: 0230 31 3, 1.8 412.5 * 1 1050 131 8. 1.8 412.5 * 1 1910 231 4. 1.8 412.5 |

1 -1- 0235 32- '3. 1.8 412.5 * 1 1055 132 8. 1.8 412.5 * 1 1915 232 4 1.8 412.5 |
1 0240 33- 3. 1.8 412.5 * 1 1100 133 8. 1.8- 412.5 * 1 1920 233 4.' 1.8 412.5

'

1 :- 0245. 34 3. 1.8 412.5 * 1 1105 134 8. 1.8 412.5 * - 1 1925 234 4. 1.8 412.5
1 0250 35 ' 3. 1.8 412.5 * 1 1110 135 1.8 412.5 * 1 1930 235 4. 1.8 412.5 i.

~1 0255 36 3. 1.8 412.5 * 1 1115 136 9, 1.8 412.5 * 1 1935'236 4 1.8 412.5
1 0300=37 3. 1.8 412.5 * 1 1120 137- 9. 1.8 412.5 * 1 1940 237 4. 1.8 12.5-
1 0305 38 3. 1. 8 - 412.5 * 1 1125 138 10. 1.8- 412.5 * 1 1945 238 4. 1.8 412.5| '
1- 0310 '39- 3. 1.8 - 412.5 * 1: 1130 139 10.- 1.8 412.5 * 1 1950 239 4 1.8 412.5

!; .1- 0315-40- 3. 1.8 412.5 * 1 1135 140 10. 1.8 412.5 * 1 1955 240 4. 1.8 412.%
1 0320 41 E 3.' 1.8 412.5 * 1 1140 141 10. 1.8 412.5 * 1 2000 241 4, 1.8 412.5|-
1 0325 42 3. 1.8 412.5 * 1 114! 142 10. 1.8- 412.5 * 1 2005 242 4 1.8 412.5

- .1 0330D43 ~3. 1.8 ''412.5 * 1 1150 143 10, 1.8 412.5 * 1 2010 243 4. 1.8 412.5
1 0335 44 3. 1.8 412.5 * 1 1155 144 10. 1.8 .412.5 * 1 2015 244 4. 1.8 412.5

L 1 0340 45 3. 1.8 - 412.5 * 1 1200 145 10. 1.8 412.5 * -1 2020 245 4 1.8 - 412,5
1' '0345 46 3. 1.8= 412.5 *- 1 1205 146- 10. 1.3 - 412.5 * 1 2025 246- 4, 1.8 412.5

|Li ~1 0350: 47 3. 1.8 412.5 * 1 .1210 147 10. 1.8 412.5 * 1 2030 247 4 *8 412.5,

[ '. 1' 0355 48 3. 1.8 412.5 * 1 1215 148 10. 1.8 412.5 * 1 2035 248 4. 1.8 412.5 i

(i 1 0400 49 3. 1.8 412.5 * 1 1220 149 10. 1.8 412.5 * 1 2040 249 4 1.8 412.5
j 1 0405 50 3. - 1.8 412.5 * 1 1225 150 '10. 1.8 412.5 * 1 2045 250 4. 1.8 412.5
.

-1- 0410 51 3. 1.8 412.5 * 1 '1230 151 10. 1.8 412.5 * 1 --2050 ?$1 4. 1.8 412.5

{ -1- 0415 52 - 3, 1.8 412.5 * 1 1235 152 10, 1.8 412.5 * -1 2055 252 4. 1.8 412.5
|

1; 0420, 53- ;3. ' 1.t 412.5 * . 1 1240 153 10. 1.8 412.5 * 1 2100 253 4. 1.8 412.5
1 0425 54 3.- ~1.8 412.5 * 1 1245 154 10. 1.8 412.5 * 1 2103.254 4. 1.8 412.5
1- 0430 55 3. - 1.8 412.5 * 1 1250 155 10. 1.8 412.5 * 1 2110 255 4. 1.8 412.5
*- 0435 56 3. 1.8 412.5 * 1 1255 156 10. 1.8 412.5 * 1 2115 256 4. 1.8 412.5

| 0440,57 3, 1.8 412.5 * 1 1300 157 10. 1.8 412.5 * 1 2120 257 4. 1.8 412.5'

1 0445 58 3. 1.5 412.5 * 1 1305 158 10. 1.8 412.5 * 1 2125 258 4. 1.8 412.5
1 _0450 59 3. 1.8 412.5 * 1 1310 159 11. 1.8 412.6 * 1 2130.259 4 1.8 412.5
1 0455 60 3. 1.8 412.5 * 1 1315 160 13. 1.8 412.6 * 1 2135 250 4. 1.8 412.5
1 0500- 61 3. 1.8- 412.5 * 3 1320 161 14 1.8 412.6 * 1 2140 261 4. ". 8 412.5{

1-,
!

l
,
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MH7M/R7 sYpwdyy py 2/
1 0505 62 3. - 1.S 412.5 * 1 1325 162 14 1.8 412.6 * 1 2145 262 4. m 1.8 412.5

-1- 0510 63 - 3. 1.8 412.5 * 1 1330 163 15. 1.8 412.6 * 1 2150 263 4. 1.8 412.5
' . 1 0515 64 3. 1.8 412.5 * 1 1335 164 15. 1.8 412.6 * 1- 2155 264 4 1.8 412.5,

:X. 1 0520 65 3. 1.8 412.5 * 1 1340 165 15. 1.8 412.6 w 1 2200 265 4 1.8 412.5* 0525 64 3. 1.J 412.5 * 1 1545 166 15. 1.8 412.6 * 1 2205 266 4 1.8 412.5
0530 67_

1 0$?5 68 ~
3. 1.8 412.5 * 1 1350 167 - *5. 1.8 412.6 * 1 2210 267 4 1.8 412.5
3. 1.8 412.5 * 1 1355 168 15. 1.8 412.6 * 1 2215 268 4 1.8 . 412.5

1 0540 69 3. 1.8 412.5 * 1 14C0 169 il 1.8 412.6 * 1 2220 269 4. - 1.8 412.5
'1 0545 7') 3, 1.8 412.5 * 1 1605 170 16. 1.8 412.6 * 1 2225 270 4 1.8 412.5
-1 0550' 71 4. 1. 8 - 412.5 * 1 1410 171 19. 1.9 412.6 * 1 2250 271- 4 - 1.8 412.5

1 0555 72 4 1.8 412.5 * 1 1415 172 23. 1.9 412.6 * 1 2235 2i2 4, 1.8 412.5
1 0600 73 4. 1.8 412.5 * 1 im 173 28. 1.9 412.6 * 1 2240 273 4. 1.8 412.5
1 0605 74 4. 1.8 412.5 * 1 1 W 1'4 31, 1.9 412.6 * 1 2245 274 4 1.8 412.5 -
1 0610 75 4. 1.8 412.5 * 1 10 J 175 33. 1.9 412.7 * 1 2250 275 4 1.8 - 412.5
1 0615 76 3. 1.8 412.5 * 1 143% 176 34 1.9 412.7 * 1 2255 276 4. 1.8 412.5
1 0620 77 6. 1.8 412.5 * 1 1440 177 35. 1.9 412.7 * 1 2300 277 4 1.8 412.5
1 0625. 78 6. 1.8 412.5 * 1 1445 178 17. 2.0 412.7 * 1 2305 278 4. 1.8 412.5-
1 .0630 79 6. 1.8 412.5 * 1450 179 38. 2.0 412.7 * 1 2310 279 4 1.8 .412.5.

-1= 0635 80 6. 1.8 412.5 * 1 1455 180 39. 2.0 412.7 * 1 2315 280 4. 1.8 412.5
1 0640 81 6. 1.* 412.5 * 1 1500 181 39. 2.0 412.7 * 1 2320 281 4. 1.8 412.5
1 0645 82 ' 6. *8 412.5 * 1 1505 182 40. 2.0 412.7 * 1 2325 282 4 1.8 412.5.

-1 0650 83 6. 1.8 412.5 * 1 1510 183 43. 2.0 412.7 * 1 2330 283 4. 1.8 412.5
1 0655 84 6. 1.8 412.5 * 1 1515 184 48. 2.0 412.7 * 1 2335 284 4. 1.8 412.5-

-- 1 0700 85 - 6. 1.8 412.5 * 1 1520 185 57, 2.1 412.8 * 1 2340 285 4 1.8 412.5
1 0705 86 6. 1.8 412.5 * 1 1525 186 73. 2.1 412.8 * 1- 2345 286 4 1.8 412.5
1 0710 87 6. 1.8 412.5 * 1 1510 187 106. 2.3 413.0 * 1 2350 287 4. 1.8 412.5
1 0715 88 6. 1.8 412.5 * 1 1535 158 197. 2.6 413.2 * 1 2355 288 4. 1.8 412.5
1 -- 0720 89 6. 1.8 412.5 * 1 1540 189 284 2.8 413.4 * 2 0000 289 4 1.8 412.5
1 C'25 90 6. 1.8 s12.5 * 1 1545 190 303. 2.9 413.5 * 2 0005 290 4. 1.8 412.5
1 0730 91 ' 6. h3 -412.5 * 1 1550 191 245. 2.7 413.3 * 2 0010 291 3. 1.8 414.5
1 0735 92 6. 1.8 412.5 * 1 1555 1C 158, 2.5' 413.1 * 2 0015 292 2. 1.8 412.5
1 0740 93 6. 1.8 412.5 * 1 1600 193 98. 2.3 412.9 * 2 002c 293 1. 1.8 412.5

- ' 0745 94 6. 1.3 412.5 * 1 1605 194 71. 2.1 412.8 * 2 0025 294 0. 1.8 412.5
0750 95 - 6. 1.8 412.5 * 1 1610 195 51. 2.0 412.7 * 2 0030 295 0. 1.8 412.5

1 0755' 96 6. 1.8 412.5 * 1 1615 196 36. 2.0 -412.7 * 2 0035 296 0. 1.8 412.5
1 0800 97 6. 1.8 412.5 * 1 1620 197 28. 1.9 412.6 * 2- 0040 297 0. 1.8 412.5
1 08u5 98 6. 1.8 412.5 * 1 1625 198 25. 1.9 412.6 * 2 0045 298 0. 1.6 412.5
1 0810 99 6. 1.8 412.5 * 1 1630 199 24. 1.9 412.6 * 2 0050 299 0. 1.3 412.5
1 0815 100 6. 1.s 412.5 * 1 163% 200 24. 1.9 412.6 * 2 0055 300 0. 1.8 412.5

. .

............................... .............,........................e.............................. ..........................

PEM FLOW TIME MAXIMLM AVERA02 FLOW
6-NR 24 NR 72 NR 24.92 NR

+ (CFS) (HR)

(CFS)
+ 303. 15.75 40 14, 13. 13.

(luCHES) 5.892 8.093 8.101 8.161
(AC FT) 20. 27. 27. 27.

Pina STORAGE TIME MAXIMLN AVERAGE STORAGE

6 Hm 24 NR 72 MR 24.92 NR
+ (A FT) (NR)

3 .~ 15.75 2. 2. 2. 2.

MM Str.t TIME KUINLM AVERAGE $1 AGE;

6-NR 24 NR 72 NR 24.92 NR
+ (FEET) (uR) -

413.48 15.75 412.66 412.56 412.56 412.56

CLMAATIVE AAtA e .06 SG MI

l N

|

|

t

.

--g-9, _ _ _ _ _ _ . _ _ _ _ m___ _ . _ _ - _ _ _ ___
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|
|

UN$h0f $W 32
FCT25.WT 4/22/91 Pese 3 gg jg f/Fr gg

-

RUNOFF SumAtT

FLOW IN CUBIC ftti Pit $(COND [fL / ff' '

TIME IN HOUts, AttA IN SQUARE MILT $ '

PEAK TIME Of AvitAf.E FLOW FOR MAXI u PttlCD LAliN DUUtle flME OF
OPtLAfl0W STATION FLOW PEAK AttA STAGE MAX $1AGI

+ 6* HOUR 24 400R 72 NCUR

NYDROCaAPH AT

+ 81 73. 15.58 6. 2. 2. .01

aa>TED TO
+ 81 61. 15.58 6. 2. 2. .01
+ 430.02 15.58

$std W / belt * C/,9fo)afDt:ERAPM AT
.

* F2 59. 15.58 5. e. 2. .01

2 00MBINED AT
+ COMalNE 123. 15.58 11 4. 4. .02

ROUTED TO
+ #2 106. 15.58 it. 4. 4. .02
+ 428.04 15.58

Wf # d CMN&NYDROGRAPN AT

+ #3 61. 15.58 5. 2. 2. .01 NM 8/ 4

2 Cou!Nt AT
Conslut 167. 15.58 16. 5. 5. .02*

I
iscl.iTED TO

+ F3 145. 15.58 16. 5. 5. .02
+ 426.05 15.58

(y #5 04f/H dY
WYDROGRAFM AT

#M+ 84 58. 15.58 5. 2. 2. .01

2 CCN8ikED AT
+ CONh ME 203. 15.58 23. 7. 7. .03

23JTID TO
- 84 187. 15.67 2J. 7. 7. .03
* 424.07 15.67

f W #Rh WW CM/fNYDROGRAPN AT
+ 85 54, 15.58 4. 1. 1. .01

2 CCMelkED AT
* Coelht 231, 15.58 25. 8. 8. .04

ROUTED 10
+ 85 ?.26. 15.67 ?$. 8. 8. .h
* 422.09 10.67

NYDROGRAPN AT

#M#* e6 50. 15.58 4. 1. 1. .01

2 C3talNto AT
03M41st 251. 15.58 29. 'O. 9. .05

RCUTED 70
b+ #6 258, 15.6? 29. 10, 9. .05

* 420 15.67& *'l emp.12 Vrf
W tw)

l
i

_ . _ . _ . . - . _ . - - . . _ _ _ _ _ _ _ . - _ - - - - - - __
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| kN[N/NY |fSZ5
8 " f [/h MWYDROGAAPu At

ff/87 47 15.58 4. 1. 1. .01

[IL [1%2 CJetlWED AT 6
+ COM8tNE 276. 15.67 32. it. 11. .05

tantD TO
+ J7 283. 15.67 32. 11. 11. .05

418.14 15.67

#'#M D T[
yyggocgApg gy

O )* 88 43. 15.58 3. 1. 1. .01

2 COMetW10 AT
* Cmelut 300. 15.67 36. 12. 12. .06

kWTED 10
* M 301. i5.67 36. 12. 12. .06
* 41o.16 15.6'

NYOR0GRAPM AT
* 89 35. 15.58 3. 1. 1. ,00

2 C:mtlkt0 At
* CCMelkt 315. 15.67 39. 13. 13. .06

ROUTED 10
+ #9 306. 15.67 39. 13. 13. .06
* 414.25 .5.67

& # f o M w w stNYDil0GRAPN AT

Nh#10 14. 15.58 1. 0. C. .00
._

2 COM31NED AT
+ CmalWE 312. 15.67 40. 14, 13. .w

t?JTED TO
* #10 303. 15.75 40. 14. 13. .06
* 413.48 15.F

dy # /t y>!b-f
dN' /t' g/ fj2,,g/-y*a moamAt tuD or neC-1 n.

_ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _ _ - - -
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MKE D0C. 600/-fCT-L-01-00w4/-Us
'

Calculation Cover Sheet
.,

r
i

Calc.No.Zo 4 n.op.ve'
.N-

- -

Contract No. 80D 8 +' Discip!!ne _EI %._ No. of Sheets 8

Project ;

(/h TCA ~ ~ f C f

Feature -

bi | |b '7j

ftem

|;

Sources of Data

,

, f'.

i Sources of Formulae & References

56a sn (,

|

I'

Preliminary Calc. Final Cale.$ Supe <wdes Calc. No.

-i-

,

_ _ _ -

= ~_ c_ ., .. ~ . . . .. - . , -.
L r 43.m
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397 PRtt4 Cit'Its Of I'AVhMU4T DEstGti . |

FitXIBtE HtGHWAY 'PAVEMEt4TS
.

to schece snbsninevit 'satmati.m ed the snate vi:d immediately
,

393 .

i < omw
g n ,., gj;,,se F11 dx <l.idne3s h p, b h rm 4 de W M &mulcr the b' w unuse slamld snainially .nl the stem tural cape ity ofa ,,,Widm 4 ti.fidy <4 Un side.k 0, de ddim M de mM i,

l'w pas n m ut+
are.s. and the deb Uon. To .itdire the foram,la for doign p..epes.sSimbn une also m ute m, en tir mn ham

Sicauncm. nts u ne ma.le to dete<mnic -w bet;s of p.ncment . fadmc.I it i5 rwensary to asmme a hnating elefhrthm. as was eh e in the pro. !ncr the ime or w'ilow
| . (nime for des.guing flesihic airport guvemnit.s by nicans of th.- ntate. i'

imusc nun ni lainath main the ;n tum 'd tim 1.cary Ianit it uas *, y,;g ig, ;
f omul t!ut the neatne ilunge in ilmaton of a mo thm mx meed at | 1k dqn Eldemi of tl.c surfate is assumed to be 0,1 intl. k

,

ti.e un f.n e la ci .nnt in the emtn-w het i y th. . Also, the mato uh gni- hw !!d.h penn sitt Timis de. m d.wi W im de Imarily asun iaant w ith latesal unnement *cre imuni to I.c WiMn the
; . ,gm4 ,,,,y,oo, ggy .,,, g , , ; g jtop 6 im hn of fle pascun ut. 1 he rc ulu of density n.caunements j :

indicatnl slut a large pmti.m of the intting slut mtnual amhi te
| The design gmxedure calls for all samp es to k leded |

CoeLients. l
csplainn!in tlw h|nis of lateral mmnmut of the lose onnsc. in a saturated unnhti m. Limation h deemed desirable in order to

'
e

'lle data alu shimol slut. no definite niathenhip eshts 1.ctwern | obtain a dinst ownparsuni for types of materials and, at the same |
ston tme this kness and J. ipth of int Lilewise, genn uwnt defmnu.

|
Une. to dAain a incaune of die strength when tie menial h in us !

,

en.n was e.o hnheati.m .J st m tmal u caluc<s. weatnt omihti.m. To aconmt h>r the possibihty of die s(.0 not.

| Th~ peinuit somic of faihue on the in;nt was ilut neueliing imm
|

l'cing satmatnl af ter onwerm thm, a o.cmt ient, n. is introduced w hk h :
) !atn a8 mn enYut or doplatement of the low-c ourse matnialt gices .a dasetsed thkiacss of surfao or base <ourse. re.pmnl in |
{ h>tahthw of hm rainf all (Table 151).g ,

7

i
.

DE'.tGtt 1.15ft4G THE TRIAXtAL TEST taste t u *
+

.,i
. - - . .

S d "" ' ""' A'"" W nnust jThenecthol Stresses omi Deflettiori 1Konsm1. lic first nrthm! to 4
' , " * " " "I N"I"hII

h1 c s ensidnnt mule, thh headin5 deah with thcoactical stresws in
alcal mann ming tir limnuncug nputums (IG.17). The appina-

- s Onj :
< I

| tion to dnign uja bt pm".owd bs Pahner and liasher (30) and later o3 n o ,9_3 i
esgumini by ll.nler (3). Insomhms in Chapter 2 dratt witle tIx- o s; -o es 24 9 f,

'

tlmnetical dclin thm thee to tircular loads, an.1, for tle sing!c layer i e7 n o-::=> 9
onuhtion, it was tonmh int that t'.e pamunit was inunnpicuible { UA an o 31,9

,

,
'

:nn! thist the sit. sins n cic cI. etic and took place (mly in the subgrade. | 0.9 L 049 9 !

; l'.pution 1*) gism the delin tem in tums of th" omt load, nadius of *
t.0 40 M0 0

|d.c puc. m..d.ans a ,uuay. a, a acpds unam d.c nenmpt.on ...,,,,,,,;,,,,,.,,a,m.,,,,,,,,,,,m. ;

dut the pavennut is imumpicmble the depth : bronnes the tiek knew !

of t:r p4ccomnt. Solvima ceration 19 for : and substituting vahen H d.c nudrnurn whni Ismad is M gnunnh and the perontene of |
~

sanIn canpng nusimum h> ads as releed to die other hhter sei. |of total 1.uit for niit load.ognation l'i.I remitt ;

tics is lairly anntant. ti.c variatitm alinting design ururs mostic in' ,

t
,

. ti.e total submic of trame. Cormeients !me been determined auurd. !
, T g ,[[f. -

i
~

ing to the coinne of trame. 1 he armt-icnts, and their nrrrestwienhirg f
.

- n? (IS 1):

r.niges of trame me slum n in Table 151
i

! e hne T or : = p.ncment Ihh Lucw Intrahicing II.e orfik icnts into npathm 15.1 aml using the n.odifi. i
f

P , total b.ml on singh olei cathus of the imumla pn.pmnl 1,y Pahner and Ilarber, ojuath n 152 Y {1: - molu:ns of . losway of whe ak . rrmitt * -
'

a n nadins .J nm' t f IO5 al*we - - 1} T].
.

.! Am alkutable elefn thm T"' - u? l- (15 2ty 2al.5
14 ;

,

,

hI !
t

I

!

I
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PnNCtPLES Of PAVEMENT DE5!GH FLEXIBtE fitGliWAY PAVEMENTS 375 '

w here r e thii kmm anguient . r,n. as ,elaint to tinse d ein sul, grade soit Disregarding the std!-
1, = imninhos of efetit ity of pavemod or smfau o,uese ons bit tor, con.W6m l'i2 givn the thklaess of an imumprevilil-
f: = mmlulos ol < latkity of uibheaile suble.ne 3.ner whk h will yk Id a s(itlement opal to that of the assunel on-T = buc wheel Ibad I
m = teaHic ou h+ -1 hasni on s olmno of tragic diti<>n and for t!.c design whcci load With the stifiness faytur.opn- |

t io.: F 2 giu- the Od<1eness of a leituminous m~t placed direttly upsi
n = sae'natien owlfk k nsLe n t on vainf.dl the subgrade soil ..a the assignal loading corditions. If one wishes
o = rauim a a,ca 4 tue omta< t o.unpanhng to P | to sub.titute some granul.tr hasc-umrse material for a portien'of tla-A = pt7snittoI aIrlies th. n of surlate ;

hitmnhums su.et, the relatiemship cast he deformined on the basis of .
~

.t he stillnns fxtor ( L/14)% w as po.p, sed on thh bnis pi the stiff. l the stifinns factor for the hitumienms mat rela'ed to the bac omrse.
.t hus if a dA L .m d Sesal ucarie g surface is assumed, the thhtnewnns fa ior f oi slabs aint u a , < I,.< knl against the efetic <hi latement

|p
<hn to a p. int lo.nl ..n t u o 1.o rt ystem. .

d he .m. iiin rial to add t > d.c perment senxture is that gisen
l est t'fjttatu*ri 15.3

. .

tants is 2* 1 * .
~~ ~ t, - (T - t,) g{he (15 t; '

Tra sise

r..r th.-icn t T., .d Traffic .I
e rh. i.er .hn ) N j where t, = tjek Eness of base omiscm ,

T = thkLucss of hitmnirmus mat
i, 9, g,n t, = awueetti thi(Lncss of wearing smfam

E, : trwn!ulus e4 c!sticity of wearing surface2 got . sn
;

i sin - s. rim ., C. = mmledus of clagicity of b.neiuurse .j
l I,701 tyno !

N 1.508 -- rJtxt i It is to be smteti that the petnt11ure ruttssitates assuming a thkl-
% 7Jul- 1 niMt nns of ucasing unlaw to be meal in the pavement base stru(tuee., ,

a *i 1. cot- t;g n ('*. #U MI- 9,tiott Modules of flastkity. The stress-strain curve obtained frorn the
"4 9.tH I - t 'l,MM . tilasial oimpressirm test is used for sletce: pining tlae mmlulus of clas- ,

'*
1:5.~.0 8 -20 EXU tioity of the snatorial being tested. A 1.steral pressure of 20 psi is uino "-

monly usul Twenty poumis per segnare inde is omsidered to he com-:

. I.onn timen Ili: bas 3 l ieg.,r t e.wns ''

parable to IIw' lateral support or Imriitmtal resistance which n. usually
Illudrative Enompte. .%nme the fo|Lming vaines f..t the snudule provided by the adjacent similar mairti.nl under Geld omdstsms.

of rimth its of the sol,gs.nic .md un f. sting. rnpo tiu fr j The stresostrain (urve for a soil normally is urrved for the emtirr
guttum, and, therefwe, m3 dcEnite nuxlulus of elasticity caa he olv.C- ran psi r, = 13 tru P$i ; tained, as is als: case ic perfettly elatic rn: rials. For rrmt hirun.i

'

r vwM panwin 4 = 0 int hn; a = (1.1 inch, rre f nous p ving mfaces aml for nwr.t granular base < nurse matniah. it i-i st ruisc awnnu.
and n - L 'I brn, th thi. Lncu cf 1,itimihnens mat placed disettiy o,e Imuhle to obtain a relative nwnlutus of clasticity by determining tin-.

the subs a.le is vraight posti<m of the stress-strain onve. Ewn so, the mtaluine
d.-termined'in this manner depends largely upm the judgenwnt of the

~
_ ,

. / 3t 'o 'ol '
.

,/ _t a n indisk!ual mating the interpretathm.
.

^N. Y r,,tx o " U I"d'" Since ele sesesostrain twves for soils are usnally curved, the secant. Y- [rd t atniun i t
'

'

="d"'"$ d ri-'k i'r cec ~is "e m oa o-La*5 "" 'k "a'5*== 2as.m,.., rr., n,.. u . # n ,,_ h,, ,, ,, aIy ,,,, i, ,,, i ., ,, I,,., , s ., l .; ,
int.. as t onnt tiu sin w.hsh.hnsin . .g..alarn ut d . po i...< ur- cune at whi< h it is caloitated %e rmwiulus v,or the subpade can 1.c

'

t J -s -

'

determaned by Grst caldsl.tting the vertical a*d !nnitoratal 3tsists'' '

, 3

) Y|
. . . _ . _ _ _ _ _ _ _ _ _ _ _ _
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T- thit hness of nut (eg 15.000 rm) er=<et t.rw tes)
enale the deterininaliene ni it.c rnaulnius e.f clasticity a rel.atively simpic '

i _Yl3udtw_I I_} tia.Id_i. t _.xl.nl_dd I 'naun. A wt of sin h enrses is gunniiniins Figures 15.1 througla 15.1'
'

, ,. n n,. ,. . . , , ,,
for valun of n e< peal to 1.0 arni 073, asul for a inottnfus of clastin,ty of2 a wtui t m :_ . r a n t . * _._t _ ta t _ _ . . -
dm ;>n-ing surfate niual to 15.000 psi. Triasial ronipression-test, _ ? " tit, E IdsI;I E .! 5

_ < lata, ining mbitrasily scinted stress-.!dlernwe saines . uni cakid.itnf
' *'

, ...,i s' . . . en.ninfus of clnticity (cuginins of dehnsoati ne), are entered into thee ' '

h |de. M . . . '

l ! k _
: ga r= - _ : :- . *

_ 3,,|
,

.
|

if fl.c annn'wyl sticu and nuxlu!ns vaines are corrert., the plott han t,
i. i

ig f.
' [y ,/,t 4, of stic-s differnwe ag inst inm!nlus of clntit sty will fall un the appro-

; { !
gniate in e nrve. 'lle thidness of hitumiennes mat in inthes is giseng [ the ap[u"priate line at the top of the graph. In practice it is

,

ost
p

| / ,/j
| successary to use varioits tahms of Mress ddicteme and the nrern[xsid-

as y I t
'

I"U '""d"I"5 "I CI^I 5"IT '""' 'I'" S''""*''#I" ""' C*
i I.

S i | l / ''
|

1*

f g, f _ ) |
. a

llivstrative Ewmple. Use ele triasial test data gisen in Table 15A'

/ | I
' and determi w IIe pannevit thidnew for a high-type highway carry-

0 - =* _
| |

! ing 1500 velath gn r d.sy.# - t ; ,e
,

. .-- - _ -
t

G neokes of tsefeut.on of iute.* eo J.un.be.h (pu'
TNness of end (C'r 3e, pry) pg,) ,,p,,,,q g,wsy

tm . as s 't f.h L.um i h.u t. n u 1 12, A=0t im h, m = a to I n. (l'eom
(2

a3 a n m, e e s- s e s r *
1 1 #I' f Li 1 I i I I i Ia fa 8 'f - 8 8 i*''h ... n .- lig!m.y t h p ut.-a.t )

'

enn n se e a e s e s r e*
8,8 e e Ulli d tl 1 8 I i 1- **i <lA! 'afd --

*

e r. m n noa e e s 4 s e eeI*

4'shsIif tQ tilit}ct (IH* glavf }tle*1tt ant! NM*t) fitn! tilt [ t|tc flun!4t|sts |y if W.itts
I e utll,y h 1 I # 1aRiIa 1 a I f a 1a fai

8'l

of a te uss. l test for the calnitatnl statss rinnl.'tmen.
. g 3 sy yg 39 9 7 6 9 4 I i 89

.

a .

I
tI tilli11Rf f f Iafai a I a E a i 1 a 1 il6

. liv signific.mt stiewes that em. t mnler the parnoent are t!m vertical
!__ ann

. n wees e e a e r #e
avun un r : a n a * t a ' - t- ' ' 'i'd ;

strens, the s.nlial innirontal siens, aint the shearing stress cristing em
'

una es ==are s * 8 * * *a plasm intunnl de getipIsety of tlse tis (tila loadal ansca. Wills (Im * ~.i's mmu utu,ta * i . ' = * > la!

th n siatn or cress tinm n, it 14 pouthic to plot a atohr ruptme dia. '{ y I 7 6 I.t
en. ==

.. _ __ _ _ 1gram for ilw statn of cens as they nist under the pasement. On the
siehr runi...e nneiope, ihe aafncm c i,cinen, o,e major a.,d mi..or

,
, , [ .__[ 77/r

_[,g//g, _ _ c,

pino spal strewes is shsignatnl tir deviator usess. It is also reined
, e '

ine strew ibilciente." 't he dniat .r stins (w hich is the tiiffercme {I-t u n n the total vertical urns dinin- the trinial int and tim t 70 - - - -

- y ~

*

! hosimnial ninfining strew) is the stens hith is rised in calndating y [p
,

the nunhdus of clastitity. The inthictite (siiscs paterited in Figures a to ----

212 G can he used to Imihtate rain lation of the stresses under the
pncment in igueuinn.

-m

C #^ I
!! dm*fbl IM* fHitstal fHit 11tJt IIN* In;tsif atttti strcM difffrenCP Wi!! not \ o

' * "
ans ap on m und., o,c . niter h.,c .,f one w heri, hnt rather it may be c-r *Ars et *'em*m or wtr** == hw*ds toso

*1 b

ag.n.. me. rmnisate goint 1.cen eni ti,e n nter hin-s of ahe u heels. 7*

far ilet.ite IIr nnnputations. turses base I,n n prepatal whichIn ,_,,7 3,a ,_, , i,g ,, i.o, a z n_ t im i,, m = g e */. ( r- '

pko% Hghq 1)=p.ufn we.)
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400 PRINCIPirS or t'AvtMtNT DESIGt4 fIExtetE HIGilWAY PAVEMir41$ 403 >-

*p.n I unbluse and aunming 6 se,I.n of low n di Im ered. the thh L- d""shi he girat, tlut h, ten thirty ) cars, or los primanent, ten
n. u el .nblow h .n inihm s- yeart The matin of the of the so of intmloo s a wnerpt of ;

pero ntage of design (sce t.gi.. tion 1,1).
,

, , Sinor the pnnvdnres employed in Tnas are sonombat d.ffennit,

,

r ,, ( t r. ta y # ," = (ll..t - q 9 7 im In~ i alun ilurse adopt il by utimr agem i. s. sonne di>o.ssiani uI tluir testitigg # 39
- | terin.i43urs me in onles. Fust, a 200- to 3(n gmund sample is air

.--m s

1 I e p.n cment u onh a ih. n n. mist of _, im hn of sm f at c f,. .em bcs of dried, gxsithms of tim snatnial retainni on a 2-imh screen are dis-.

b.nc, aml 10 im bcs of snbl me. car ded. Mon. ture deno.ty curves ' arc developed for the materials,
.

.

I or .hc s.uniy a lav amt stone bec ; mang a spet.ial inhnngue of comp.nting the seni in a 6-m.ch diamrter
by 8 imb high cylimler. 'llie samples are compacted in four ngual'

, - I layers ca< h 2 indw s thkk. Sis sgnimens are n>mpactol at the ;

?*8I,, - G S - 2) - 7.5 im hes optinnun moisture omtnit. Tlic samples are stored overnight, aml.8
| if the sample dnes not <levelop shrinkage cracks, it is partially drini

.I bc dew.':n f.n' th.s n.mhtion is ,,. imin s of wrarmg sm f ace and ,' in an oven at i10"F for a perimi of eight houn. Nnt, the sareph_

,

- o. . m. hes of h.c.c. are subjetted to capillary watcy nnt:1 oguilibrium is obtainot A sur-
7

';n offers n'uny advantancs in that the j ihange ranging between 0.33 and 1110 psi is used during the urnisturel he a h n t- methat of deu. :
; thnny can he nsn! if tl.c apgm.peiate onrelation nw flicients can he | "I""'P' ** I" I' *

det n mmed. .I hns, the methmi n apphrabic to n.mt any tyge of The s.nnples am then testn! in a 'I.cus pressene ceII at 2 rate of.

-
.

u becl lo,nl or in.nting onuhti.m that n. enomuternt, the nwtlux! can strain of 0.15 im h per minute. .The data are then plotted in the form
im nte micd to im hnle a moltitude of nmditions. This, of comse, i: ;
P'edk ated upon the ;nunnptuni that the appropeiate onrelathms '

wonhl be neabihhed. 'I he metho<l, Imwessr, otIns a dhtimt dis- #F i ' *
l ~ ~ - -

i.nivantage in that the trinial int itself is eguite onopticated ami three-
m - - - - 4 d[ ~~ -

I

im e o.stly. Also,' the rate of inading whk h is med snatn fally athis } I

the int result s. Soils inted muler tramient onuhtions of loaihng } __ . _.}_ _$k

spuhtin of vas sous hac omew nutcriah. 't herchuc, there wdl be ~ -_ ' i[[/i
_ _ __'

love a Ngher modulm of cLnticity than sods lested udng simver rates.
| !_ | i

3't he gnondon, onthnot above tale inn auinmt the ddIrrent
}

~ ~

]}-
,

Y ,

7
<hlicarnt thidnessn of licuble guvements for iblinent types of buc e 70 - - - -v 'c
nunw matnials. 'lhis mettual of dnige aho diffnentiates leturert f ! - _ Jh __f _ ._;-L d__, '

bac.wnrse materiah of ibifacnt demities, liase-course mainiah of
low domtics rninisc greater elepths of pavement than those of the '

; ( [g ) | |,

3 _[ ,/ | j~r
!

same matnialImt with hit;twr demith s. ; ~ 8 ', -

~"T~t
30 i __ _ _ _ c t [._ . . _ .

,

Tc=m Method cf Design. 'I he Teus methrxl of <k ugn (22,21,23) ' ye
,. j -- ,p.- qv- n. -t

is huni on a mmblied triau l test (see Figure S G). In this nwifunl,a * / g"y,, 9
~ ~- T

o
me is matie of the Mohr inptme e nu logm. Significant fcatures of 1he 5 '

' '

'p ---
,

design prmcdure are twofuhl, riist the spnimens are enred by par. - -- vt. - - - r
tidly di)ing them in a hatnhdraf men at litrF for a pers.ul of a i 7right hmn s. Alecr eming the specimem me permitted to alnori, ; ,'[ j

8 5 8 ^ "

water in ll.e cell under 1 psi lateral pecume au 1 with a son harge 4

vanging h tu ern 0 33 ami I m psi nntil cignihbrinm muistore comli- ' + + '55- Tem < hwr<armo etmt. trmm stct w eth ti h y ne m i,'

Imm an ohuine'l Ihign is lumt on u hether the hfe of the roid """I U#""' I' I''i'"*' 3 " " A |
1

*
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Wheef in.wl 1No r.r*nntg*
io'k"g 8*(70 .m)"

$TA3ftOMETER
'

' . *= +m een.ww e oen tor, > ,e ws
I, __.1 's e ,__,,,,,,,a

ne das in tlJs scrtirm presents a summary of a metimd pmgmsn! .o" g (_ r- b 'I z h r'J4 ~ i
- by I!wem ami Carouny (13) ef tlic Cahfomia Iligimuy I)cpartment.

a '
, o
E -(, ~--d l ] 1 j. | nJ52 unsi A relatiwly simple lesig. cluit lus twyn derchiped that nules ow

,

s..Q-

fj ,,
.- ( k ,i p ~|| .y .

T f -'.p - - - - -
of o rt.iin physi < al charatteristio of the sn!, grade, soil amt the pase-g

p' a
_ ,,, cut, o, iuve,m.,,t h,se. ,, wen as d,e smf.,n, iemamg.,

- mp %-.mJ _ _ _ ' This design is hawd ugnm the peinciple that the load trarnferred
N q' d

r h ,1 q' -J. N|I
- ~ -

~~j
'N | '_'i -._ .__

,. . to thr; 'gh a 1,n er of hitmnim m material or luw nur or mar rmt bc.

U i

|(, ' '

.J
-

the partichs in any laycr nuy be dnplaced ahmg a cinci path .emi
spre.nl owr the subgr.nle in the nunenti<nul eloign fashion. 'Imecad.-N s

jr.
(.3

om4
y - '}s , I iis '

.,- As _. g._ L tTnes develiep an opvard force agaunt tin underside of the base or
''-

.;2s ; 'N NI _ _'N ... L_ smfan Liyer (we l'igure 21!). H e aruppis sets forth two of the -

t 'N I N7 ? ,n ]N deugn fattors ugum whkh the metlwvl of pavement design is b.ased.. ,;s
gq j

- ,'N c ss N q g),e fe,peared diitinen e4 guwment depcmts m sever.d fxtws.,

j - =

.- <,c
--f'}I . _ , - l stated that tim thkLness vasin dirett!y as the tire preswrc, p. tie

! I'irst, frorn the theoretical avulysis prewnte.1 in Chapter 2, it em lie
'- ,

~,

;y ?s u -. N hj _ _. ._
, 0-.fs 6 .

_ -

~ -
radins <41.whng Uor a criadar sinpnnt as H.c seguare nsat .4 dw an2 IN %

| | I -Q % - - of omtatt) arni th(- logarithrn of the repetition of load (Clupter U. :
:
#.

t
and, aca.nling to Ilwem and Carmany, var:es inversely as the IUtb !re- i s a r... n <nt it.A,.,. n n.,, u m .m.ts, ,n r,m y n m . ,s. t u.n not of the othnim of the surface orver. Ahn 6cid-gxihmnannulAa

tir r.r. l. aby.e istit. ) ^

luw indicated that 'h> dekLpess is a Imcar fum.to m (d I - (l'./P,). [* d . . .r:.. ..r e. smo se v.s ,4 3.. g p ,, m . ,. a,y, , gn onh,r - to avoid omimion nith c<mventiemal hearing vah.cs d r (
.

l ikpil "I ner ure o.ne-ts ..( Int mis ., watu s,4 t,ayog, .m .de.n. I
p!m t er.c, or intuu.o..m s.n l.a i .g ph, b.,, p m o,ng,,,, , y,,,,,q ,,,,,,y, ,,,;,4.,

rnience 5alue was origieully designateel as -|g *

a bl "I t ramu discnget. . l.e ,fu , ts.n. y

|
p 1

11 - 1-, 1(n (15 1) ;
P..

.
!

of M .hei einles and supf nre emclopes are dr.nm. Ibign wrect EIS C'Ination svas later rnodsSed as given in nyutirm 89 ime dem n in rigm e. r;3 .nni 3 *; el 'I he uuteriah are awigm,1 I I' lacing 11 of t!.e variabics in one esprndem. opurion 155 resnits j
< laadicatu.n mnnia.ts lawd eip.m the pmition and slog of t!.c nep- | | T "" " " -

|
*

tme enwinpc.
| P WAlor, r

-
!

litostach.ve Enonpfe. Ilnpime cmebg= s for a clay sn!,graile and ! fe~ rsT=K - - 0.10 (15 ~,) I.

P
-

st me baw are sinnvn in r,.. uc gy,. Tin y are cimW m 55 ml "E h h dam M e
n

' ;

re 5=s;twely. I os thne ut.in 2 im hn td smfare and W ind.3 rd 8

haw (21"- 2" = 1'r') (l'igme r; G) are gny,ined for 10.(W poimd> K :: <onciatum omst.mt (0 0173) *

P. = treinit M bininu pm..w Iand hmg hfe gutenn.nt-
*

P, = apph. d verte. cal prcueue im pse..i .r.ilh.
e data :nc tal.cn int , acuumt hv the Tnas metin,J. u ing el.c

i p = cth, tive tire prenure Y,c,.myi .4 ,. , nn, ara.2,.. %,,mn m , s,,n.s ,n,,,,a,, g,, , , , , , , , , , , , , , , ,
i n Uni.p % . gn.nl . hmg-hh. pu em.mts nuy be appu.sinutely Ig y - ,,,,,,,s ., , ,4 ,,t ,,% ,cp.., it io,,s 3

,

em ims s him.c, t ha" '"l"h "I % m. it is IIm p* * th e in Tn.n tn
.m im fi or Iw.. ..! untu i,,g for intme applicithm. e n cohesi..nw e. .' t.due ( pgnmin .itelv orui to em*Inins e4 [i cwe s .

ruperc X l'Ey g[ I

r
!

l

, # -+hwe4 9h
i
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i adjusted in the same way, as mentioncJ bcfore in the traffic analysis The followmg example afiustrates the use of the chart in Fig 6 8.
procedure In the A ASilO Road lest, an environmental factor was

{| introduced, and is shown m I ig 6 R te vellett the greater damage caused Exampic
'

to the roads by naflic under adverse u.ndstens. T his factor, referred :o Given : Cil R = 10.
j as the r egitm.d fat tor R in ibe c hart, a estmiated by analpmg the duration I:quivalent daily 18 Oto ib single-a tie load apphcations = 200

of tertain typical enynomncntal conditmos during an annual cycle. A Regional fattor R = 2.
;i regional In-tor ol 0 5 represents cucitent enveenmtntal condition winte Determine the weighted strt,ctural number SN and the thkkness of
'' a scgenal factor of S nnhtatcs very adverse conditions Surreced reponal the different layers for the pave acnt systerrt

f x t on s .n e : So!urmn. He sod support value 5 correspondmg to a CHR of 10 is 6.
I roien oadbo! O 'O 10 Using tbc chart of I rg. 6 8. the str uctural number S N = 2 7. For a reg'enal
I h y md m the roadbed 030-15 factor of 2. the weighted structural number e 30.'

3 Saturated roadbed (Sprmg breabup) 40 50

,. Ihe suuctural requirement can be met by a vstarty of different cen-- Once the strminaal numlict S N is determined, from %g 6 R. the Inflow-
mp equatmn can 1.c used to determme the thidn< ss of the dalTerent layers Nnatmns of D,. D, and D,. as indicated by the eq: sat on in Fig fui T he

tenrative coefhcients for Du D, and D suggest the relative structural3
1 in the ocuhk partmt nt :
i', value of the layers of the pavement structure. Some pombie snethoeh of

f| S N , a,De + u,D, + a3 h (6 2) deterrnmmg the pasement thKkness are:t

I he sumstnal requuement is assumed to be supplied by D . withb' w here D . D, and D' = ilutknm. s of surface, bav and sub-base layers 3

$ respettis -ly ; and D, and D, equal to ierp The thickness requiremer.t would be 3 0 divided

j d.
a,. a, amt o, = mcffiocr is whose valucs depenil upon material by 0 II. or about 27 5 m Sulebase matenal is generally grasci or sefecti

borrow. The deciuon to do this would depend on avadabihty (and m-
- propes tset

|T I I he mmt comnn+n values for a,, a, and a, are; place ms0 of a well graded gravel of cace!!cnt quahty. Surfate treatment
u

b' : 0 44 and n used if the surfate murse is a plant.ma asphalt jpnme and scal) would proude the wearing surface Then later, as traffretn.

ona rcte of I"rh stab hty: f
mcreases and/or as constrtation fund, tnome avadable the layer nm-j s

suucted carher would proiide an cuellent base for a paviv mat.d - O l 8 and n uud for .: b.ise layer consistmg os crushed stone.a i

! a, = 011. and n used for a sandy gravel sub-base layer. 2 A 2 m paung mat D, es assun ed to be mmt ned with a bax temse

iIoweser other values for a,.a, an[] a, can be used,if the surface. base D, fgmera!!y c1ushed rod or crusbol gravd) of minimal tmckness *ay

h or sub-hase munes cernist of materials different from the above T hese 3) in, and a sub base layer D,. Then
'

salues are : 3 0 = (044 x 2) + (O f 4 m 3 5)+ 0 llD3

4 0.% for low stabihty, road-rms asphah
h o,e from whkh D. = 15 m. of sub-base material and the resulting teaf

1 040 for sand asphalt
j! .'

thickness is 20 5 in
j'. '0 07. for sand gravel . 3. D, is assume I to consist of a 2 in asphalt wearmg course and the
.| 0 2] for (cment treated bases with {400 691 pu

650 pu or more rest is an a pnalt concrete base course.173.; layers combmed form a felb
31 | 0 20 tomprewive strength after 1 depth asphait pavement. Then. 3 0 = 0 44D,; therefore,, D, = 69 irt. D3

.
a, < 014. 7 dm .n mdiated to the right heu than 4W) psi when rounded gnes 7 0 in, from which 2 0 m as wearing course and 5 0 m,

1 0 30. for a luieminous treated coarse p aded base is asphalt concrete bam
O lt for a intuminous treated sarid asphalt
U I $ 0 lo. far ;; lime trCatet! bJse

+
ti , " 0 0h 0 IO, for L4nd or Nattdy c!ay sub ba50s

~2

, ,

f
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