
f|';4-.
neo s ,-

'' ^'
y _ f ,' ,

, , ,

-Ms
_

'

- 1 ' (o, . ; UNITED STATES '
e J g{ , " .

<

'

g . NUCLEAR REGULATORY COMMISSION-,

p ' ,%,L iAugust 3, 1990-
.h 5 E .^ - ~ * _ WASHINGTON, D. C, 20555 ;

,

, .....

| .h:
w,

. Docket No; 40-2061- Board Notification 90-06}
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> MEMORANDUM FOR:? Atomic Safety'and Licensing' Appeal Bo'rd
'

a
|M and All Parties
c-

FROM: Charles J. Haughney, Chief 3'

Fuel Cycle Safety Branch
'

m
"' ' Division of: Industrial and

Medical Nuclear Safety.'

Office of Nuclear Material Safety-
and Safeguards

SUBJECT: NEW INFORMATION POTENTIALLY RELEVANT AND MATERIAL,

TO BOARD PROCEEDING IN THE MATTER OF KERR-MCGEE
' CHEMICAL CORPORATION, WEST CHICAGO RARE EARTHS FACILITY,
DOCKET 40-2061-ML

1

In:conformance with the Commission's policy on notification of Licensing /
,

, Boards,.AppealiBoards,-or Commission of new, relevant, and material<

'

', information, this memorandum calls attention to the documents listed below.
,

3The enclosed memorandum, dated August' 1,1990, provides a summary of- the
'

; July 25, 1990,-telephone conversation with Kerr McGee on erosion protection: '

. design of~the West Chicago disposal cell (Enclosure 1). The enclosed letter,+2
-

:_ 7 ' dated July 31,1990:(Enclosure 2), provides information to supplement the report ;

p' on erosion evaluation forLthe disposal cell that was forwarded by Board ;

Notification 90-05. The additional information was requested by the July 25, :

: :1990 telephone. conversation. These documents-are being brought to the
~ attention of the Board as information which may- be relevant and material
to.. issues'pending before the Board..

+

' .? || |

V '. 4,._ :-

.

Char s J. Ha ghney, Chief
-f

,

Fudl Cycle: Safety Branch !

Division of Industrial and
Medical Nuclear Safety'

,

Office of Nuclear Material Safety
and Safeguards

:

Enclosures: ,

5. 1. Memorandum to CJHaughney :
lfrom JSwift dated 8/1/90

2. Letter to CJHaughney from

:g ,l. J ,4 err-McGee dated 7/31/90a vpgvn
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| ', -Ji Taylor, ED0n<

'

H.xThompson,!DEDS-s :

:,, ;R. Bernero, NMSS-
'B G. Arlotto,:NMSS;, , ,

ti . W. Parler, OGC. I*' '

,

' +l.. Chandlers 0GCc-
'

.R. Cunningham, IMNS'-

.G."Sjoblom,=IMNS~
.
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At B. Davis,' Reg.III9 '
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cc:

~

;AdministrativeJudge Adminsitrative Judge'y -

Thomas St Moore, Chairman Christine N. Kohl
Atomic Safety'and Licensing Appeal Atomic Safety and L'icensing Appeal

Board _.
_

Board
4

U.S. Nuclear Regulatory Comission U.S. Nuclear Regulatory Comssion
=Wasington,_DC 20555 Washington, DC 20555

Administrative Judge Administrative Judge
Howard A. Wilber,: Chairman John H. Frye, III. Chairman

: Atomic Safety and Licensign Appeal Atomic Safety and Licensing Board
Board U.S. Nuclear Regulatory Commission

U.S. Nuclear' Regulatory Comission Washington, DC 20555'
Washington, DC _20555-

Administrative Judge'' Administrative Judge
cJerry R. Kline .

- - James H. Carpenter
Atomic. Safety and-Licensir.g.Beerd Atomic Safety and Licensing Board
U.S. Nuclear Regulatory Comission U.S. Nuclear Regulatory Commission

-Washington, DC 20555 Washington, DC 20555

: Patricia.Jehle, Esq. Richard A. Meserve, Esq.
: Counsel for-NRC Staff Covington & Burling
' Office of the General Counsel P.O. Box 7566
U.S. Nuclear Regulatory Comission Washington, DC 20044
Washington, DC 20555

Robert D. Greenwalt,-Esq. Joseph V..Karacanis,'Esq.
' City of West Chicago' Karaganis ' Whict Ltd.
100 Main:' Street 414 North Orleans Street, Suite 810
West Chicago, IL 60185 Chicago, IL 60610

slosoph A. Young, Jr. , Esq. Stephen J. England, Esq.
Karr-McGee Chemical Corporation Department of Nuclear Safety

.123 Robert S. Kerr Avenue 1035 Outer Park Drive
Oklahoma City, OK 73125 Springfield, IL 62704

. Douglas J. Rathe, Esq.. Mark M. Randall, Esq.
Assistant Attorney General Assistant Regional Counsel
-Office of the Attorney General U.S. EPA Region V
100 West Randolph Street-12th Floor SCS-TUB-3

-Chicago,.IL 60601 230 South Dearborn Street
Chicago, IL 60604

!
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Carl'Bausch,-Esq. d!jeffrey.'B.|Renton,Esq..
.

. .
-

Assistant. General Counsel j
~0ffice of:the General. Counsel.

'

Executive Office of the President: ';s

Council Environmental.0ualtiy.iU.S. EPA' a. 4

~

L t.E 132Ai .

Washington, DC ~20503
722 Jackson Place, N.W. , ,

401 M. Street, S.W.' 0-? Washington.:DC 2046 q
,

T- Docketing and' Service Section-(3)'
i

>

Office .of the Secretary '
.

<

i (U.S.LNuclear Regulatory Commission,
,

1 Washington, DC- 20555
,

J4 '

i Adhdicatory File -
. ..

LAtomic Safety and Licensing' Board'

,

i .U.S. Nuclear Regulatory Commission ;"

' -Washington','DC ;20555
_

'..y
Atomic' Safety and Licensing Appeal

, 1
'

: ,

Panel (5) __

'
"

l < U.S. Nuclear Regulatory : Commission
Washington DC: 20555 H

,'

, .

'
.

? A1iomic Safety and Licensing
. . Board Panel- (1)*; '

;;'!U.S.cNuclear Regulatory Commission
' Washington, D C 20555 :
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MEMORANDUM FOR:- Charles J.-Haughney, Chief'

Fuel Cycle Safety. Branch , .
i< Division of_ Industrial ande

Medical- Nuclear Safety: {
:' t

FROM:. Jerry J. Swift, Section Leader
Advanced Fuel and Special.

,

Facilities Section. '{Fuel Cycle Safety Branch t
-

SUBJECT: ' CONFERENCE CALL OF JULY 25, 1990, WITH KERR-MCGEE 4

,ON~ EROSION PROTECTION DESIGN,0F THE WEST CHICAGO- t

0ISPOSAL CELL

The following is a record of the ' July 25, 1990, conference call from the Nuclear.
Regulatory Commission (NRC) to James L. Grant & Associates, authors of the ' i

,

Kerr-McGee' report entitled, " Erosion Evaluation Wect Chicago' Disposal Cell," ''
' dated July. 23,1990. c The.Kerr-McGee report presents the results of. analyses of-

~

z

potential, erosion,of the disposal cell proposed as a part of the closure of the
Kerr-McGee Rare! Earths' Facility.'in' West Chicago,' Illinois. The< purpose'of the.
conference call'was to request additional information needed to complete NRC's. '

review of-the report. IA list.of persons who participated in the
conference call is: enclosed.

During the discussions, Mr. Terry (Ted) L. Johnson of NRC's-Division of .-

-Low-level Waste Management:and Decommissiening identified the specific areas of
the report that require additional supporting documentation. These areas |
involve: Sections 3, 4, 5, and 6 of the-report and are outlined.below, a

|
'

Section 3 - Sizing of Erosion Barrier Materials
1

The stone size necessary to prevent erosion of:the intrusion barrier was )
. determined using flow rate estimates. Figure 5 of Section 3 shows a stone size

~

(D-50 value) of 9.5 te 10.0' inches for a unit discharge rate of 9 cfs/ft at a 1
20% slope. It is unclear,why a 0-50 value of 9.0 inches was used for the stone !

4 size, as indicated'on page 20 of the report. )
'

|

Section'4 - Diversion Ditch and Toe of Slope Protection
,

Additional information regarding the diversion channel and toe is required for. ;

staff to base a conclusion on the adequate protection of these areas. '

Information including cross sections of critical areas, calculations and any I

basis for the decision on rock size shbuld be included in the report,

l

.
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h,Sectiok5-OffsiteFlooding;12
<

g
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N - fThe report states'ih$t the' flood; flow rate-value was3 derived by using. ed
q. / ~ "iiOv (Regulatory Guide 1.59 and.was: calculated to be about 61',000' cfs. The report .-

t

_

m ['O
,'should|show how Regulatory Guide:1.59'was:used.in-arriving Lat- this value. If| m '. i

'

4

d drainageiareacdata+ presented in;the d'"

' rate.for an 18 square. mile. drainage' guide was used to estimate the flood flow-
Epresented in the. report.

~

'jarea,' then any extrapolatior used should be.y
# ,'>

1
,

| ) ; Slopes: Ussd ~to determine the flow:velocitiesiand. depth in the channel should tie ~. ',,'

,y. tshown in the; report as well as calculations used in deriving the values.;
; ..n j.- . .

.
. . .

<

m% ;Section-6'--Sedimentation Basin Failure j, m.

iltfisEstatedinthissection~thstthebermthat.formsthesideofthebasin-Y' i
~

%. Jadjacent to the disposal-cel1[wil1 be' protected from erosion by the same riorap. ,,
' protection provided in the drainage: ditches-around the' disposal-cell. This,

Esection lacks sufficient:information.to support this conclusion. Additional' * ,

<
,

.information'is needed<or aJjustification should.-be provided ss-to why this*
4

- -issue >1s not critical to the analysis.,,

"'f Mr. Grant . of James L.- Grant &! Associate's, responded in. a~ positive way -to each.

L. ' area discussed and stated that he will either provide the NRC with the .
.

-

L 1 additional:idormation requested' or will- show'adequau justification as to why
l' theiinformation is not needed.' At the conclusion of the meeting it was agreed- ,

b :that Mr.sGrant would " informally"? send NRC the majority of the-requested ;
.

?
i- information that was:readily available to him.' A follow-up package addressing- 1

:all the'open items will formally!be submitted to the NRC by Kerr-McGee as a ,i
' ~

fsupplement to the report. The purpose of an earlie- informa1' submittal by. -|

.Mr. Grant is to allow NRC. staff to continue their! review of the report. NRC-

should expect ti,e early informal package by July 26, 1990 and the formal|; o

H :packagelby- the week of July 30, 1990.

u @ [.
: V/ [,

; :.

.

t.-
| ,. q

-
,

'
.Jer . Sw ft ection-Leader .i
/Ady'nced Fuel and Special j

Facilities Sections

Fuel Cycle' Safety Branch

-Enclosure:.,

' 1'.-List of participants'
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ENCLOSURE 1..
;,

i
'

July 25, 1990
1

t
,

CONFERENCE CALL PARTICIPANTS |
1

. Erosion Protection Design, West Chicago.
O, '-

,

I dr t

NAME AFFILIATION |
>v ,

JerryL J. Swift NRCg

Keith K. McDaniel NRC
'

| Merri L. Horn- NRC -

Ted L. Johnson NRC ]l' . Robert L. Fonner ERC |
Patricia Jehle- , . NRC !

Be. nard M. Bordenick NPC
'

Paul H. Lohaus NRC - ;
'

,'

Scott Munson KM-KMCC
'

James L. Grant KMCC/ Grant Assoc.
e. Richard A. Meserve KMCC/Covington & Burling
'' Joseph G..Klinger. 11. Dept.of Nuclear Safety .3

E11ta Zisook - Karaganis & White / West Chicago !,-~.

: Jack Russeil EPA
,7

0 0

<3

'

;

,

4 ,,

s

I
'

1

;

*
,
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, nQue KantMc0EE CHEMICAL' CORPORATION
mem essa osman. - - om. - - ==

._

l~' '
:d July 31', 1990

-

<

n-

<g ,
' LI - Mr. Charles J. Baughney, Chief'

Fuel. Cycle Safety. Branch
-Division of Industrial and Medical'

. Nuclear. Safety, NMSS -.

U.S.cNuclear': Regulatory Commission'<
.,

- Washington, D.C.- 20555

>d RE: Docket 40-2061
License: STA-583. _

.

.d License Amendment' Request for Authorization
for on-site Receipt and Disposal of Off-81tea
Contaminated soils - Supplemental Information

'l

j Dear Mr. Haughney:

During;'a conference call on July. 25, 1990, NRC staff requested that
7

_]- .Kerr-McGee chemical Corpor at. ion - (*Kerr-McGee") submit . certain'
information to' supplement. the report filed on July ,23, 1990~,.

. concerning the erosion evaluation of the~ West Chicago disposal cell.
3 This letter is to. provide the requested information on behalf of
J Kerr-McGee

Y ~1. Staff requested information to , justify the selection of rock
~

~'with.a D50 of 9 inches for the intrusion : barrier along thei
side slope of the disposal cell. Kerr-McGee's aim was to

: select a rock size that would be adequate.to withstand the>

cit upper-bound estimate of the unit. flow ' in .a hypothetical
-

"- gully along the side slope of the cell. As noted in . the
July 23 report (page 19), an upper bound estimate for this

' ' 7! - flow is about 8.8 cfs/ft. The relation set out in Figure

M 4.3 of Development of Design Criteria by Rfprap Testing in .j
.

Flumes, NUREG/CR-4651 (1987), shows that the median stone !

p diameter to withstand a flow . of this magnitude is 'nearly ,

:j nine inches. A copy of Figure 4.3 is attached as Appendix 1. i

:,

2. Staff requested ~that Kerr-McGee submit the calculations |,,
' ' underlying section 4 of Kerr-McGee's July 23 submittal. !

'"d That section concerns the design of the riprap for the

diversion ditches so that the cell can withstand storm flows
R that are significantly in excess of the probable maximum

' LJ flood from the drainage areas upstream of the Kerr-McGee ;

site. The calculations from the files of Kerr-McGee's ,

|
'j- consultants are attached as Appendix 2.

;L,

q

't C h I'

..
_

.
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LL !
iU Mr. Charles J. Haughney, Chief

'[ July 31, 1990 |
'W Page 2 ;

.

7 I
2

3. Staff requested that Kerr-McGee provide a' cross-section' !
'"

showing the toe of the pile and its relationship to the! .i
'; ' diversion ditches. A . conceptual design is attached as t

Appendix 3. The dimensions for the riprap depth shown in-
_

,

the. sketch are appropriate for the diversion ditches along. i
,,

: the western and northern sides of the cell; Kerr-McGee will
. j install' the riprap surrounding the cell so that- the i

L thickness of the riprap is at least twice the appropriate . .

L q median stone diameter. ,

1i

|
.

1

4. Staff requested that Kerr-McGee submit the calculations,,
underlying. section 5 of Kerr-McGee's July 23 submittal...
That section concerns the adequacy of the cell design to-" ,

withstand off-site flooding in Kress Creek that is

7 significantly in excess of the probable maximum flood. The .

O requested calculations are attached as Appendix 4. !
i.
| ,

1r=
d 5. Staff ' requested that Kerr-McGee submit information in- |

support of the assertion in section 6 of the July 23~

submittal that the riprap protection is adequate to prevent ,

, , "
,

I, the release of radiological material in the event of failure '

" of- the - sedimentation basin. The requested information is j

. attached as Appendix 5. The riprap that protects the
- diversion ditch forms the side of the sedimentation basin

,
-

. i.] adjecent to the disposal cell. As=is shown in the appendix, j
that riprap is adequate to assure that a failure of the

: sedimentation basin will not threaten to erode the cell.
.

.J

It is Kerr-McGee's understanding that the costs of construction of ;,
*

J the cell are not substantially affected by the various commitments
L'Q that Kerr-McGee has made in connection with its July 23 submittal, ,i

Indeed, the commitments do not alter the fundamental design of the'

';i. ' cell' in any material respect. These are the type of specifications
L: that Kerr-McGee anticipated developing, subject to staf f review, in *

,

the course of the detailed engineering work that will precede the!
,

,

r, commencement of cell construction.
! . l:.L

'

,

; -

|
] ,]
"

<

. .,.
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Mr. Charles J. Haughney, Chief
U July 31, 1990
.J - Page 3

3
-

i
-

~

Because of the limited time availaole to respond to 'the staff's
requests, formal narratives to describe the calculations have not-

2 been prepared. Rather, we have submitted relevant matorial from the
files of Kerr-McGee's consultants. Although we believe this material"

is understandable, Kerr-McGee and its consultants stand ready to
Ci answer any further questions you may have concerning the erosion
U report or this submittal.

Very truly yours,
i;s
c

t -

>'
'

J.C. Stauter, Vice President"

Environmental services

JCS gw
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.

summary et calculations I-1 through I-9
1m

.| l.
several calculations contributed to the assembly of section. i

~

| 4 " Diversion Ditch and Toa of Slope Protection." !,
<

! i

b Planimater measurement and calculation I-1 show the overall )
ccntributing drainage area to be 307 acres, 265 of which are !

' offsite. i

j; ,

The contributing drainage areas for the westward and
eastward drainage paths are produced in calculation I-6. . As,
shown, about 94% of'the drainage area yields westward flow- :*

," around the disposa1 cell.
-

"I A copy of the upstream drainage map is included in ,j

fd calculation I-6, while the longest cross-basin flow path, |
4800 feet, is generated in calculation I-3. |

q,
l' The slope of the off-site drainage basin is found to be .50%
~ in calculation I-2, while the natural ground slope on-site

is documented as 1% in calculation I-8.,.,

f .-

L@ Cross-sectional profiles of the drainage ditch were
generated in calculation I-5. ,These cross-sections were

o
l1 then used to determine flows in channet and overbank ditch
'j regions in~ calculation I-7. Flow data is included in the

attachments to calculation I-7. ')

""F.; Ca1cu1ation I-7.a1s ,1ves de,th vs. discharge and ve1. city
vs. discharge curves, which can_together be used to relate !

velocity and discharge to given depths. J
,

!-

The time of concentration for a 6500 cfs design discharge |
,

'

(recommended by.NRC during a Ju1y 13; meeting) is shown to be .)

L 7-- about 41 minutes in calculation I-9, and the westward i

|j channel drainage time is an additional 3+ minutes. -]
o

h, For a previously analyzed design discharge of 920 cfs, total
| time of concentration of 1.7 hours is yielded in calculation 1

-

1 -- I-3. This calculation also provides shear stress and median |

riprap size information. ),.

14 .

L J The peak PMF flow rate for the Kress Creek drainage area
(shown in calculation I-4) was estimated using NRC Reg.

7 Guide 1.59. (|[i *d
1'

[
jee-

| ..

'4.
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The Upland Method
.

* *
,,

Essentially the same input is required for estimating te' with the up- )7 | .

land, or velocity, method as with the lag method.. The velocity method has - |"
i

~ ' an intermediate step in which the velocity is estimated with the land use
!

-

and the slope; Fig. 8 is used to estimate the. velocity in feet per secondr

' k (fps) . The time-of-concentration equals the ratio of the hydraulic flow
'

.

.- length to the velocity-
i+-

(11)~

t =
. , e y.

7 If L is measured in feet and V in fps, then the value resulting from Eq.11 ).

must be divided by 3600 in order to convert t from seconds to hours.e+ ..

f. Adjustment for Urbanization+
. .

;
-* . The curve number appears not to adequately reflect the effect of the i

-

soil cover complex in urban areas on the runoff potential. For composite**
,

I
,

land use areas where urban land uses provide a more efficient flow pattern-
.

-than pervious land uses, Eq. 9 overestimates lag. TR-55 provides two fig-"
_ ures that can be used to adjust the lag computed by Eq. 9 for the percent--

ages of the hydraulic length that is modified (PHLM) and the impervious,

'.

areas (PIMP); the lag adjustment factors are used independently, and there..e
fore, both values can be applied on the same project. The lag factor.(LF)

i for each adjustment can be computed using values from the following Equation:
2 3'

LF = 1 - PRCT(-0.006789+0.000335 CN - 0.0000004208 CN - 0.00000002185 CN )

in which CN is the curve number for future land use conditions and PRCT is 1

either the percent hydraulic length modified (PHLM) or the percent imper- !-

vious area (PIMP). The lag computed from Eq. 9 is then multiplied by the l

lag factor from the above equation. If both adjustments are necessary, then !
,

'

. the equations are used for both modifications and two lag factors are applied-

to the lag computed from Eq. 9.

1 TR-55 provides two important guidelines for use of these adjustment |

factors

1. Since the lag factors are used only with future-condition curve
numbers, the lag factors cannot be used to directly compute the

,

~

decrease in lag from present conditions.-
b '

*- 2. When only peak discharges are to be computed using the TR-55 '

methods, lag does not have to be computed; therefore, these
" lag factn adjustments are not necessary.

.

M

(a '

O

!
4., a .

.

m.
.
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TABLE 41(a) AVERAGE RUNOFF COEFFICIENTS
'

FOR UMBAN AREAS: ,

| ,., '

| S.Y AND 10 Y DESIGN FPTQUENCY .
1

.

i

l Lasser6ption of Area Rasen Commenessa j#

|
Beelmees .

-

| Downeswa areas 0.70 to 0.95
d Neighbeehmod areas 0.50to0.70

Rasidential | ,

a $legio.famDy areas 0.30 to 0.50 |

Mehtpio enhs, dessehed 0.4 to 0.60 |
'

Mak6pte unks. attaehad 0.60 to 0.75 ; .

'

meddamew (suberban) 0.25 to 0.40 ,
,

f~) Aparumentees;,illag ereas 0.50 to 0.70 j |
' ladestrb -

Light areas 0.50 to 0.00
Heavy areas 0.60 to 0.90 ; I

.

ro Parks, eeniseer6es 0.10 to 0.25 -

,

Playgrounds 0.10 to 0.25 ;'

i
2 Raurend yard areas 0.20 to 0.40

Unisspeeved areas 0.10 to 0.30 |
- - !

<

L Cheresser of surface Runoff Caenesenes
|

\ l.-
snee.

Asphaltic 0.70 to 0.95
-

Cenerste 0.80 to 0.95 t

Briek 0.70 to 0.85 I'

Drwes and walks 0.70 to 0.85 ..

Assis 0.75 to 0.95 3 : . i
|

Lawns, sandy sou |-
Flat (2 percent) 0.05 to 0.10

;

| Average (2 to 7 percent) 0.10 to 0.15 i ,.

Steep (7 percent) 0.15 to 0.20 $
,

7 g F lLewas, heavy sou
|

- p
| 4 Flat (2 percent) 0.13 to 0.17

i 0 Average (2 to 1 peresnt) 0.18 to 0.:3

|
Steep (7 percent) 0.25 to 0.35 _

f,,

J
Source: Darian end Construerion of Senisery and Stenn Sewers. t u

) ",'A5CE Manual of Enginsonns Practies. me. 37,1960. ,

-
.,

and, therefore, of rainfall frequency. Higher values of runoff coefficient are applicable
for higher values of rainfall intensity and return period. A typical C versus I curve is ..-

shown in Fig. 41 [5). Alternate ways of expressing the variation of runoff coefficient i |

with rainfall frequency are shown in Figs. 4 2 and 4 3 [6,22].
'

|*"

'

| C With runoff coefficient, rainfall intensity, and catchment area determined, the f .
peak discharge is calculated by Eq. 41. The apparent simplicity of the procedure, t

I 2 '

however, is misleading. For one thing, there is a range of possbie runoff coefficientse'

I j", for each surface condition. Therefore, the chosen C value is usually based on addi- f-
tional field information or designer's experience. The effect of frequency and/or ante- 4 - |

I
*

cedent moisture condition needs to be evaluated carefully. Furthermore, there is no
venecio |f. absolutely certainty that the calculated time of concentration (and therefore, the rain- ~r 7 risme 41

fall duration)is correct or even that it remains constant throughout the range of possi- with reinfatiintensri j
' '""

s-

"

122 Hydrology of Small Catchments Chap.4 Sec. 4.1
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TABLE 41(b) AVERAGE RUNOFF COEPPICIENTS FOR RURAL !,
,

AREAS I

{j 1<

* Sou Textute
Topography ,

.

g.i and Opsa Sandy Clay and Sitt Tight |
-* * f Vegetation Loam Lomm Clay |
L)

$'1 wm
-, Plat 0.10 0.30 0A0 |

'

L' '
Raines 0.25 0.3s 0.30

'

. -

Hnuy 0.30 0.50 0.60
I

hm' I
Flas 0.10 ' O.30 CAO I

e' -

| ; Rouing 0.16 0.36 0.55,

!- Huly 0.22 CA2 0.60 |
-

Cristeesent Land 1
! 7 '

,,

Flas 0.30 0.50 0.60 13

] Relinag 0A0 0.60 0.70 I
Huly 0.52 0.72 0.82 |

,F''.
'Nees Flat (0-5% slope): rolling (5-10%): hiny (10-30%).
Jemm: Schwab. R. J. et al. (1971). Remonsory Joilsad WeserEngineering. 2d.
ed. New York: John Wiley,,
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1 +

Nfficient are appW :

| g ::1 C versus J cum j g,*

|
8 .

|tt 2 of runoff - '

,

|27 e Unmovesoced or park

( ' est. Area detM . e
b k 1 as

h ",,,,;9*

| 4 ale runoffp .ity of the
5 a2 -

, ,.

. . u.one noen.,

is usually based on y . , c ,,,,-i

t 3r' equency and/or -
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Gage location.-Lat 45'36'10", long 121*10'40", in NWM sec. 3,' .
~ ~

'

~

_-<O- ;a2 ^ daL 1 ~ 4( %m
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-
-

T.1 N.,' RF 13 E.~, at upstream end of Port of The Dalles ...

dock at The Dalles,3.2 miles downstream from The Dalles ~
{ **V. Dam and at mile 189.3. ~ Section 4 is at cableway 9 miles

,
.

a
upstream from gage. .g _

,

Drainage area.-237,000 sq mt, approximately.
, ,. 3 .. j - 4- 73~

Dats effood.-May 31,1948.
_.

Cage height.-154.56 ft at gage; 171.44 ft at section 1. fm m . . #

Peak discharge.-1,000,000 cfs.
' ' .*

m- . . . . . . , ,

Computed roughness coeficient.-Manning n = 0.030.
. ,,,

-

Description of channel.-Left bank consists of sand, gravel, and - *yg s ty4e., , , , . ,.

'" 'l1M$
**M

boulders, and' has light cover of brush in. some places. -* '

IRight bank is formed by severely. scalloped basalt cliffs.
~ ~ ~~ W

to.

The bed material is fairly well graded from 18-inch boulders -

along the left bank ~down' to sand at the base of the right 5-
.

' 'h --- ~ O- 2G 'GMar ;

.

bank. 5 W' '
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1,
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, .
. a

- - -

7, .,e .,;
, .. iA, ,

'ew . z -- . ,

.g 5 '

, b, ! ,#.

1
, ,

*t # 'y
,

.

a .

g|% a,

1 m

$g . rainfall |within 'a given storm' event,' the, magnitude of historic flood j''

, events can provide some, guidance 1n the ~ selection of: design jj ~

'

b . parametert . - ' For example, a flood withta' magnitude of. 2630 cfs.
.

. occurred on a; 200-acre drainage basin in southwestern UtahL (Crippens .|
,

j,.
|and Bue,1977, see Ref.. Dil). . It can:b'e.seen that very ' high yalues ;

-

,

of rainfall: intensity.and very low' values of infiltration were 1
1

Inecessary to produce such a flood;-

T ;

J" .

. . :

Step 4 Calculate Riprap Size Required = 1
1

'

7 +s.. :.. a
.

, "$
..

L a.. ' Assume a trial rock size D'

50'
||
g .

b N '. c b. ' Calculate Manning's 'n' value using either (1) the method
discussed by Abt, et al.- (1987, see Ref. D4), if the channel slope is\ i' "

.

.. $ "" L stee'p.and the depth of flow is small relative to the assumed D50 '"
j (2):using|the U. S. Army Corps of Engineers method (USCDE,1970, C

Plate 4,,.see Ref. DS), if the slope is mild and the. depth of flow is -|.

W large,' relative to the assumed D50*
pv
40

c. Calculata, normal depth using Manning's equation (Chow, 1959, see%"
O* Ref. D6) if the channel cross-section and slope are uniform.
* Otherwise, a standard-step backwater model, such as HEC-2 (USCOE,see. 1

._

M RefJ D7) should be used to detensine flow depths and velocities.-

J ..
.,

y d. Compute the. peak shear stress produced in the channel. The peak

J . shear stress for a typical V-shaped or trapezoidal channel will be j
:

( produced at the point where the depth of flow is the greatest. This'

|}i depth should be used for design and should be used to compute shear 1

,

Li, stress.
|Wj g
:K^l; !Compute the rock size necessary to resist the computed shear

,

e.
stress. Return to (a) if the computed D is significantly different

] 50
W -from the assumed D50*

cN - ,

|D-12 ,,. .,

,.! 2 kp ,

|!C _.;; i
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-3.3 Recommendations. |._

f ia >. . . a

Recommendations for.each design-area are discussed in the design, o

)- procedures. As stated, the rock in the channels should be designed for the >

[ peak shear stress (rather than the average shear stress) produced.. Manning's ,

. ;

[[ 'n' vaines 'should be detamined based. on the relative depth of flow in the ,

i.;: ac "channe1. ;

: (
'

;-}
. 3

d In many cases where natural gullies discharge into diversion ditches,'it |
imey be necessary to assess the potential for possible clogging of the ditch due. I,

to sediment' and debris. Particularly where the inflow- slopes are greater than ja

the ditch slopes,'it'is possible that the natural gully will be capable of mov .,

1 ing material that the. diversion ditch cannot flush out. If the larger material ;
'M ~,

.1

cannot be flushed by the ditch flows, the capacity of. the ditch may be' compro- '

'h mised, resulting in possible overtopping of the ditch.- The following.I
|

recommandations should be followed in such cases.
-c

. eq
_

,

* :1. Diversion ditches should be d' signed to be self-cleaning.e

fis .

' d- ~2. If a ditch cannot be designed.to be self-cleaning, it should be. designed toi
!

g contain the_ sediment / debris that will be deposited in the ditch during the

f design-life. ' Justification may also be provided to show that there is little
.

cr ao ' debris / sediment to be transported. It may also be possible to show that_ , ,

j the configuration of the deposits in the ditch will have no adverse effects:on - )
either the flow capacity or the stability of the ditch. |

a

3.4 Example of Procedure Application

,? ..

At 15-foot wide trapezoidal channel with IV on 5H side slopes will be

p constructed on a 5 percent slope and will carry a discharge of 1000 cfs.
O Detemine the riprap reouirements.
p -

11. -Step 1. Assume a trial D equal t 2.0 feet (24 inches).
50

1
j D-13

.
.

.

.



-

! n. .

n*
i,

' '
' "a w , ,

. ,
_, ,

-

i# "
-

.

9 Step 2. Computs Manning's .'n' value. . .

:
1.v .

since[t e: slope .is relatively steep, the flow depth is likely t'o be'p
3 small relative _to the riprap size. Therefore,- the;'n' value should=

be computed in:accordance with the recommendations of| Abt,. et al.. .
.5 '

j)' (1987,i sse Ref. - 04) .
..- #. ; i

, .2 - :
-'- .

-* . , . .

h 'Using;the equation from Ref. D4:'
,

. . . , .g..

'

I n = 0.0456 (24 x 0.05)*10 -

J: ..
> -

..
.

Td n = 0.047
- Ei

.

.

q- Step 3. Determine normal depth (y).
' - -

.

3 ,. ,

- .By trial and error for the trapezoidal' channel, with,-
. .

. .j .
,

. n = 047; Q = 1000 cfs; and S- = 0.05,
.,.

.t
2

y = 3.Difeet
3

Step 4. Compute the actual shear stress produced.
..

.,2 .~~~
.

d. '

'Using the Safety Factors Method or the simple equation t a WyS,7
which closely-approximates the Safety Factors Equation for computingy

4 shear stress,-

.

-

3,.; c* :
J.d - .t = (62.4) (3.0)' (0.05) = 9.36 lb/ft*

..

'

-

n.

j Step 5. Compute the required rock size.

'

Using an equation of the U. S. Army Corps of Engineers (USCOE,1970,

see Ref. DS) -
:

, ,|
D-14^

.

. .

rm 9i a
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c 3, ,

g '4, .
-

w; - , ,

- .'
, , , - ,a ye 7

' '' ,
4 '

,

I ;j.

Q g . e< | -
'

* 'g , ''

7 .

,3. , , -

..g q.
,g', t o a(W, - W,) (Cg)where: l

'

. m
.

.n. . . .
,

-a.=.0;04-~ ' '
3

,

y. +
. ,.

3*

. W, =- unit weight of rock, in 1b/ft , a d ->
> *

.1. W' .=. unit weight of water .= 62.4. lb/ft. #. g.
w . . - ,t :

- '
s

. - ..
2

-

+ ,

.

''' .. a '., .
-

.

-

..

- Based on an: assumed . stone weicht of 165 pounds per cubic foot, .
.

o. y,

,

.. .g .; - -a .: <; ,t
L 1 t=4.'ILD

*

50 . -o

. , - 9y . . ..
., . ..

[$ :The required size is calculated to be: '
.

t

[
.

..{,,t s
.

n ,1'

'D50L=.t f 4.1-
s -

. ... .

.
. m

.( c
D50.L= 9.36 / 4.1 = 2.3 feet,

, ,

, ,, .

l
.

.

}, Since the required rock' size (2.3 feet) is greater. than the rock size?
_

e% . assumed:(2.0 feet),- another iteration with a larger. D will be
'

50f 's necessary. .
'

, .

' ' '
.

v :e
v
y 3.5'' Limitations''

.: . ..a
,: >

.

]- The procedures just discussed may require several iterations before an a

greement can be reached between the assumed and computed rock size. In some !3 a
y

p Lcasas where the. slope is very steep and discharges are very large, a balance - ;
,

.

.o

\%'~ ; may,never be able to be reached, indicating that the slope or discharge is so

RyislopesT great that riprap protection cannot be feasibly provided. For very steep'4
.

, use.of the Stephenson Method, discussed previously, may be- considered
; g in sizing riprap.

.):.

.

g .

}[.4. LRIPRAP ' DESIGN FOR APRONS AND DIVERSION CHANNEL OUTLETS

|9

. i D-15
,

-

,

Ii . p

. . :3 : ,
i''| 's ' ,

,.
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W While 10 CFR 40 and'40 CFR 192 are not specific .tn" defining a design flood'

cji event that would satisfy longevity requirements, f(1.e.e-L1000: years) _the use
' @e of a Probable Maximum Flood. event (PMF)-is a-generally accepted approach, t

!

0; The.PMF is defined as the largest flood that canyreasonably:be expected to b
'4,' occur at a given area, based on the simultaneous occurrence of. critical P

yg meteorological _and hydrol ic conditions. A reduction of:the PMF is- 3
-

;jfr commonly utilized when fat ure.of the structure would present a low hazard. T,
'

In this case, the structures under consideration are the drainage swales andt to
- retention' ponds.- Failure of these structures would< cause only loss of-the

F hg- structures with little additional-damage to property and with no loss of
L L ; y(r life envisioned.
,i, -

5 9.5. 6 ;1- -Drainace Swale
L.>

w
.LJg ,The' peak discharge:in cubic feet per second (Q) to;b'' handled by thee

N drainage- swale is determined by the Rational Method:
1

y

"[ Q = CIA,'

.

7 Where C = runoff coefficient, expressing'the ratio of' rate of runoff to
w.; rate of rainfall = 0.95-

.

1 = intensity of rainfall, in inches perJhour, for..the selected<

q? frequency (PNF-B)--and-for duration ~ equal to the time ofb<

'" concentration (6 min) = 10.7 inches per hour
'

.

A -drainage area,_in acres, tributary to the' point under designd. -

A .(west swale at point it enters; detention / sedimentation pond) =~ -

20 acres %
n _ _

M -Q = ( 95)(10.7)(20) = 203 CFS

The drainage swale is designed as. a V-ditch with 5 to 1 side slopes, on a i-

g
1m nominal grade of.lF from a high point near the northeast corner of the
W disposal cell:to the detention / sedimentation pond at the southwest corner of

the Disposal Site. The velogity in feet per second (V) and the required
p cross-sectional area in feat 4 (A) are computed by Manning's Equation:
c'

Q = 1.486 AR2/3 .51/2,
'

Where n = coefficient of roughness of chan'nel 025

,

R = hydraulic radius, in feet (area / wetted perimeter)
.

: .

# $ = slope of channel, in percent

i Depth of
p],[' 2O (cft) V (fDs) A (ft ) flow (ft)

203 6.8 31.3 2.5

[ Channel protection (riprap) is designed for the swale by Riprap Design with
R Safety Factors Method. developed by Colorado State University for the Wyoming

' Highway Department:
,

4549c 2/6/86 9-14

p
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: .1.E DC 'that a conservative value-of C be applied for PMF estimation since-infil-- . i

3 "7 7 R tration and storage' comprise a low percentage of, the runoff., Furthermore, j
'

.

3 !the C: values presented were-derived for storms:of 5-100 year frequencies.- - 9!.i
+M J ,

Therefore, .less frequent, higher intensity storms will; require the use ofoa q'.
..

higher C value (Chow, 1964).- It is reconmended that a runoff coefficient :; t
'

11 "ofr1.0 be' used for PMF applications in very small watersheds since the~-

% Y effects of localized storage and infiltration will be small.'
i * . ., ... .

lTable 4.5. Values of C for' Use in.:Ratiional Formula.'
:

3
. .

''

-Watershed Cover <
''

. 4 - Soil Type - Cultivated; Pasture Woodlands' '

y -
<

[ ,With above-average. infiltration rates; 0.20 0.15 0.10
.p -usually sandy.or gravelly
- ; , ;. , . <

d. With average infiltration rates; no 0.40 0.35 -0.30 .;

d clay pans; loams and similar soils .I
e - - ,

'

? With below-average 1'nfiltration rates; 0.50 0.45 0.40~
1, heavy clay soils or soils with a clay 1

# pan near the surface; shallow soils- 1

'above impervious rock ]'.;

, ,

' '

'
t Source: Chow, 1964.' 3

,

. . . . ;

f. 4.8.2 Rainfall Intensity .
'

.
,

. r .
. . ,

.

, .

'. G sin ' order to determine the rainfall intensity,1, the time of concen-
,i tration, t must be estimated. The time'of concentration can be

''i
,

approximated by: ' - ^; " '-

'

(a) Applying one'of the many accepted empirical formulae such as t
,.

? Kg n ;if.i;h., * k... -
..

e. - ~ :q: p W r. r . r o q.r g. ' 'v ,
- <. .

, ,

3 0 77 m: . a. |,
' - --.;-;

,.

i. ;p; .1 g f0.~00013-
'' '

.(4.~44): e
a Q;"'55|?

-"-
.

,,
''

''
..

H
'

where L' is the length of the basin in feet measured along the| i

] watercourse from the upper and of the watercourse to the drainage
1 ; basin outlet |and S is the average slope of the basin. Time of .

I concentration is expressed in hours. This procedure is not, -

applicable to rock covered slopes. This expression was![ .

;
.

. _. .. _ . . . . . . . . . . _ . -

| |

.

.I.'

> - - v .9mw-- e-



- -- - - - -

. _

, , , ., , , , ,.m , ,

m,[e'
. ,, ' . . .. =/ - e/

i
q ' ( ,l

i d,leP ' .
L i

.

2 .. s.. .

.. . . .,
t. .t

.

' 4;;, . . I),
.

,|1n. s':.
_..;._ $ g"'..w

." .',. s -

'

, . -
3

; e.

=f
.

a N a & c M y; ef|.
.

i

.. . %.;N. .. 6M i

m]y,.. M: m'--<.J
"

yw } '

-

. , ,.

.L .

~
.~

,

; = . .w w , u, ie;M 8 #1
4a .

1 y.g - -- -- y..

a1
-

u,... _..

a w,,.

o- '. I, j I s M,
. *. e,

.

1 a , r. n
* '

f | f '14'
-

.,

It -

;d, .T l'f g
'

..
, 3 .

a. e- . , ,

.) 2, -. I|I=

d'2 : x x .

h _\,,\ygf;

5- i a,m- -
...

'' F+ g -
.

%. ?J. m ';
-b

~

J. y> ' . .

N
.,

"
.

:m.')-gg g | A
'

1i . ,, ,,. ..

a.{
, u , ., . ..:_ y __ . '

ln
- - r :. . ..

~

~. 2 -91 .

q ,<
n, ....

S. , , -

=~v (J ), .:.5
c

J.,,-
, . .. .

.

il ii,.

( mr m_ a _

, - ii, .

-
_ ,

I (~F 6

p ,.
-

i .,f;. r;>f , ,;
. ,.o -

| ,,

w .r: 1
-g.m - - .

q:3 e .,_

s 1 * i i b -r (l
| l

-
.

. ' p y;an......p ;: # ,

-

.

.

Ir .. . .,
...

';2 e
-

g' .

I$,

f
' '

.
1 .. ;

.h.
. ___ ___..

b::-- - .

up'u >- ,

f. L .
~ ~ '

i .. -.

. I''. . ..q-
. ,

l
,

'- '
.. , .,

, . ,'' :. . . s i 1-- -

. . _ > .. , _ . .

] L Mrd $ W M ,. . . ' I;
. i's .;.h,,',s .?, r

ff. 6.
'

|
'

,, cyspu.sy".
r + ;- t_ . , q -,

$~ u. s,. - - - - . + --.-. 2

~1 0-f .4. .: - N iGyy: '
e. mey-m-.% p:..: - -

.

,- i ix , .t.
. -_.L . .f. . . ..a .

~
.

-
... .

-~n .; a . .. .-
.;..t._ j.

.. .
. . . . . . , , . . , ,

_

. q, . ),. ... . 3
- ..

. .. . ..

y i, . -. ..
,.

.3 . s. ._ ,;,

' ,d,_,_

=r n w .v- r p a
- r--g'~a 'j |i ?. %'|,T

-- e . ___:
..I N MgC

d.. : .. z...
r [., . '# ==:-

*- .. .

. ! B
,,

u\..
- -

-. :- .n . ,; -.- w.
. - 1, .._ a ,i s -

, '''

| ' .'- .r-,----*
e. : . . -- ,. m-

, , ..., ,

ncz , ..g q /N -

r . ..
,

.s . s<
. .

'. .'
~

,) C ** f
e

, , f N I* * '| ** + ., y ._

'L ! ', J 1' . I ~ 'i' : -
ii -- ,_ r_.s.

" ' ' -
4 4 : : : : ; a 2 4

-

,
t

=,

.

~

f .g - . . . . . . . ....



p,
^- = ~ - - ~ " ~ - ~ ~ - - - - - - - -

!m) ['MM.y;!! Y*[.m;;5$ M.

4

. sai 3 , ,
-

;..

Ep?
'

'

g v ;

. v;.!' f-
'

i;fd gg[: \
f |%. d,b,

,
. .z i m e#- 'sdst m. t. r --

i * .1,,

< P it $c .,

0

w&$ $l[\ fir b < \|-

G . % st-: ?'
.

-r s.c! .s:i p
'

4 gy } y ' .. g ; J Apes L,; GRANT AND ' ASSOCIATES, ' INC.-3 y.
-

.

!s2

* <

, op <- V ..,c
I M.g y;

3-

y .)@ .CA!4ULAff 0N StPMARY S!!EET -' .a
,

+ , . , ,:v i

4

[k,d3;$ 'pgg,ygey yo:: [ 69[07 ' f
i r

'

-

3 y-= .. i

5
.

m: , .

1
.' m . ,

' ! W. ' CAICULATION NGSER:- 1+
"

,h;q; dhAft[ bD/40
m ...

'

-1.
,

. .i., . c. <
^ |-x, s

's.,)q )// , _-}.

f* ' $ l e: | > __ , 4i

,. , , . , .a
.g

y g4 BESCRIPTION_0F CAIcULATION: 1

ujfT f& C Ctb IT s, $.;;$ % '
.

, .x G& -m. l; u r e L c / w w s i ,7 > ,' d,LL
&y9,u ,

N iv'
m

-

+% ,

~w.
;

,
,,;;'y
c s

a., . 1
y\;

s . I

e , ,

''I : |,

.x ,3
.1a

* narensuces usan:: 7
,

f., . W eJfE G 7~, C r?. d n r e ;
,

.

p e/ g~nn<m Mc/re-{r,_3,| Od,[f-," HP
Dem\

>
"

(j f Me's , f99d
|| )'

.

,

|; y .

m...
-

,

1

x, ;.

a
'

&

,.

. a' J_
i

- - - - . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . , , , ,p-
,. .

'#
cAIcuLATIoM MADE SY: ,J DATE: 7 - 8 # i 6/'-

,

V.: n i

b d C-5cAtcut.ATIoN casexan ny: om: ? - 20 -W
_

IY ,circuuTIoM Amovio .T: O [, R 7 7.d 9 dom:
,

,, n
'

*'y*'*\\,
.. . . . . . . . ..



grw ,

,s e , , qqn ,,

.s , e. .p .,; , , ,v ..,
,

=3' fy g, gg. . gy ,\4,ggg,4 7,,, ,,,, ,,, ,g,. g o y y , 4 ,,,,,r /, yg,< 7,

-

% g, (4,,,,,,9. - : +eeeeeehanees aeaneering .menegemene .,,,,,,, Lj ; emeouter se6eneo
,

.

,

7" NA j|8V
.

OATR'
aso1 a.pmawrica AVa4 Sufr8 40g :

'i BNOLEvir000. Col.OR ADO. 80111 CHECMED 'BY Ob OATR 7 U 8 d-- 9 0
-

[: , -(808) 779**0678: ,

X. ,
,

}
_

8/$44,7 % $g 6
'

- +
'

.

g' 4,yx'd6 awnk Dm f''.
.

"C4ougdlC ."
:

?-..

I j_; ph /4 o f % ,, d d jo {, ., ,.
' *e

C;[ O N a c h / n h ,. w e
-

'

.a . . .
. .

^; .. , ,

e

} # -: :$h n y M ,, 1 : ye/ 3 3.g4-

.

., ,
.

. _..

. .,

.. .

6- d. ;-
.

..
. _. .

.

. ov f y, - Y.)
~

'

+ -

a
k. Y,etc,g.t:L/g4 3 ._

s .- . .

.

_ .

x,
.

I , -] - _egW
.

m r .

. (S' ,
gi ..

.. __ . .
'

y'O ' -- .- -

qp; ,

ls --

.
.

.

. . .

,

+
a

'N
u

it Y

k

.
1

.

n: ,

& ,: _ - -

'

'-

a fa.4.
.

* . . . . . .

I., ..

|py'' .: ... . .....

|:.

$
. L

i

.

i.. ,

I

t .. . .

a:

K
_. _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ . _



- -- e,e , m f. 3 py - - - - - - - - - - , - - . -

+

+ " :. I ' ; [f ;;j} .f t ! " '
~

]' '4'

'

.f)Dy.
p m,u .:- .- .., -

-

<

i'' ', j< - ,

,,c

f I
'

ae
''

4 . . . . . ,
..

'r :+? '
.

. .

en
L GHANNEL VELOCITY (fortU -

1

-
'

; p"' ,

ss. 4- 6 8- 10: 120 ,

-) 12
:- , , . i

. ..;
- - -

N ..

)- |5 1 k

n. .
..

;_.v

' *
' >- 10 -

. c,-,

4:

'J ,

- 3 ,

'

..
;; y a ;+;. . p=

_-
,

1; TOTAL PLOW -'

# (use swee som3 ,

' ,- -.

I31.

6-
..( ; D I -

,;o
\a ;: 1;:6

u
CHANNEL VELOCITY - |I I

4 ..-
Ome unser asone ) ,Li" 'c

.1 , s ,,

. '1 )
-

i<p
)

3.,

'!

- 2 L--

J
.,,
-

1
j

. , ,
,,

#(4 .> :-
ig.

i i i i t ;
,

o sooo 4 coo sooo sooo 1o,o00 12,oca !.

u: ;>
:

TOTAL PLOW (ofs) |
f,

c t :,

. ti u

)
,

,,.

:1:
.L

JAMES L GRANT k ASSQQATES ptqupg 7g .,
o. ... ..

** ""*'** DIVERSION DITCH PLOW ANO VELQCITY IV 1

.. . DENvet, m
x

s

,

---w< w e v --w - r - - - - - - - _ - - - _ _ . _ - - . _ - - - - - - - - - _ _ . _ _ _ _ - _ - - - - _ _ _ - _ _ - - -



.- ~ . .. s , ,li . . f 5! [EW;d;. fit .f -
y 4 s _3 ,-- p, # = ~4 ~~ - ---a - - . , - -- ,

b,,
|,

f.I J ;$| ':y }(G,y > > d

. N) ifs It~ w, }Nt|"s'
' '

.
,

. , ,
.

['QQ
g| :b -; e - ' |

-

0- ' '$jj n.,' i|$ ' ,a ' . I

- ii !:e <

O
' ' '

,

, |;t w r3 1 *;
,

.. ) ? .7 t - |.! L n
U f ',

. t-
'

.
< ,

.

E'

.}s.

i, 4 - ||
J

S); '
.

, 3

' . . ['k i, g
'

"" | -g! - -.

|

p1 :t .
., {t

. . I
*

z., .

m
| |v,

, ,

,. ,

,s.- 1 | <-
-

|.

l
'

al4, s jg1. =,

' of,, 1 * 8
| _|i

;A I G
.ji[ | 'J

,

t F|f ;- || '
r

!'i x ,
'

| 3 - |

..|0.N, |s , , .

[d) |';0 :

I
w- |o -

|

I .

g- |
$ f a

*

?'
', |,

' ::& | w

W. |i. h
.- \' * *

m
--|,|y3, - ' gw .

|-p-
'

i, _.w. ,,

i

- _\

p i

L i,

w_.. i-
,

1
'

.
.

'1
. 4

d 5

.. .

(! % 7 ,- - - - - - - * ' * *



N:% .SY
"

M (ORANT. SCHRRIBER & ASSOCIATES / .

*v b ''

J 9: CALCULATION SUMMARY SHEET.-' --
. .

*-

. ..
,

jPROJECT'NO:! 'INMTLE _
-

<

_'I '
'

t- 6e e ) , v_

i TASK {NO:' OI '

---

'

J6 [ CALCULATION NUMBER:. 1~ b
y- ,

,;DAT U 9"N*D
J n- a .,

- bECRIPTIONOFCALCULATION:

% M a a M A A 46, edwie) &
Yms b va.1 AAae eo%'Ao Y26- $2erN & d ;d s; /< &

4,g
~ p;

v. ,,,, -- ,,

- i

!. .,.

.
. . .

.

3" : ;e u
' REFERENCES USED:

;

.

]5 g g gg ; << . Q. -g., gQy 4.g/ ; g, . pgpt <
'

'

| $$ bra ( b u b t.IEN e, "l 9 hedso'du 0 Aawr.td ' /T'?T,

N - (,|$(y$ lA)W blegg6 hu&msw{es ,Dbqverg)hai.,- wsA,

?} $~m qQ y f,Q &_,, ^ "Q- gh &g ;- &'ff. g
La uYd "' l]$$$ h4 Suh3|0 booA* } $ 8 7 . M ] l.

. .i .,s. . -

J 8,1

t. _. .- .

j~u :31

'

C -

.

............................................... ... ..................
. .

. | CALCULATION MADE BY: DATE: 7"lbi

LCALCULATION CHECKED BY: DATE: 7~~/ '1D
V; ; .. . -

,

k} CALCULATION APPROVED BY:i t. , e s , m.. /* /// 1 DATE: W/P 4> k
, yy y , ,-. .

,

I.
.

t ~ . .
.

Page 1 of bk-'

.
1 Mkwen

,

#



.,

2

@ RANT, SCHRElBER & ASSOCIATES gq'g"? g fg
EnWno *N * Man *0-t Y N bLM, JoSNAME '"

Hartiot Center, Suite 2F g{ DATE. y g g
1000 W. Hubbard Avenue SYi

*

Coeur (Alone, 10 83814 M DATs ''7' $ FCHECKED BY
(206) 067 8002 FAX:(208) 667 2426- -

. i i , i

; , ,. .a ,

i f _' '_i - !
! ? ' i I

l I 'i1 } ! i
'

i <y; ._
,

i i e i
_ t i

i i i i i n
e ,

' I' t , Jl) _ , h u A t''' - f '; ! i I,;_* ''* ./ o h. 1 __

*T Nfs' ! TT ri m i ''r J%b iTW , ' - W iI6 i
( _

% 'iiMS.,WAfWQ/W
i . , , i t, i , , , i i i

s ii,. ., ,. t ,..
r/ > _ N : if'' /u 3 _ 1 . JJ > a e i i * I ' '

# '' i
'

', IL '' MN 'M ! IlIl
L , , , ,

, ;

: u_ x .. i , , Ts e 1 i im 1 i . I i.
.. s.i _ m 4r:, ' -

L 7 If LY U W4ni,ihTm I i /T I I\1 EE L >
.

. sv E 9..;17,i i e i i i 1

i 1 i
i! - i

~: I_ e t i i ! / r ! i l' is i' i i I1 i 1 i 6 1 6s 'I ff L -[ t j 1 j ,j g) {i e #

'

'

i ; j .

mH|: + { _ ,, . , , , ,| -
, i

,,
-*

T ! , ,i s i , , ii i i s i- ,, i i , i
ii i !~t. , i , i,

! i 1

3 i. i j i (
, ,

|! i i .^ * i,

i i '

C .. 1.t i

. . i i .

i 6 i e i
' *e

e T (y f fN QM g iii
i iD D l'_n I w fl .I l . aJ~ j e r & .t t ''r i i .

MeV O G *
i .

I
a h.J u ' f ! %.4/1 t CRF(./ i L.Vi FI/7 af?244 FI N t# '

I! I . i i i | Tf 8W) -' F
> !J !._ ! 9 '# 1V

i I ' i i i ! I i .. * i .. t i ! 1i > I
_s I Im m

i l* * A 1e __ i iUlaf .

I i
i I ] '

!

_M _*'T IE._i Mim (J.)O d J iOVI ! ti d 1 i cms 4.WGr' t 'VVEred WlV . *

l
i i i 5 J+

_ ii - / i i * i6 i e
i - e i 1 ,

i e | N I.
. .

i e i 3 g 4 I . , Wi,j i J y1 1 I e i i., i
3

_
. . ,,

' i i f
+

' / i f ? L1 ' 11 a D .sQ CQ i e /+_ i ! i a . i
!it i * I

__

' (I ,,g ,g,, _f ,_$ J ' / I t !F1'TT AI i ' i.d . i i. , ,

J f

'~ ' . i ' !
a i i i't f

;
&

. , ,i . i i-n'kI 1

f''' i !C VN tI t

.

'A .
!

.:,

i . _ i t i . i

+
i e t +t # iJ />- s' I a i i i

.f i !A. ' TN 'e==P i
i 'i'i! t i i

. A. f i i rr grur r si r,NJegre i tuic i "TLAvMudrIA! + lat il / 1 0L + M|:'T t L! I i i i
!i .I I i i i (_ ,I

~

f/ t
i i

I i i ! I i i V ! J- a i - v' i

!+ i _ f .
i

l ! ! 7 ;/l/# 1 IL M - #i 'f 1 1 -_ F!*l
CA.Y MT h6 L LL.X_ G.? 6 U n i *

_, __'i
, ( WE'. ' /=1'T 'f C,W WT WD4 l I I **%17 * c

i r i .

1 / .a i i . ! . i ? ! . t i . *'i i !
i i

'
lj I III

=

I i' ' ' ' +' 1 I' jr!i ' i i i Ii i u [ 8 ' . [l '..i O'
',Gu'r OR Bi

,

! I i i

==r' l !
I s

YL < . a F T 7"" ' W \LW /1 i aimaEP'' i W" I 0 4.41 > i' % u iME#1 1
.

!i i >
, , ,.

r gg j' i Ii ii > i

'A -2,.i a: i 1 i i i i t . ' + i !

L,'t
i I ii i ! I i ! i 6 i_ i i <

,i i ! I i LM U I .. i i i! . i !

ii I ! . i i i i ! ! i I 1 ! i i I i i i + . *
3 !' i i i i e i i e i !

,+

)

hh. , [ ,g , , ,
' '

|j r k_ i j~. .-h . i '
i! owm tvm # i i is e ir i umv i

' i . t * t + i
* i t I i I . i i . Mi i i i !

ie I I i i | !' . ! ! MAbi[ I ' '
% ! | 'l M I h ! t | ! i f I !! ! !!

'
i + i ' +

i i e i ! 3 I !l L./W h L 2%./ i=# i" ; I I
! ! ! ! ! t i ! 4% AV s i I i

' i t i 3/
'.

i ! i ii i i i
' i ! I i ! ! l i i ! ! i i

! _ ! #asa m i i i i i i ! ! i M/ !a"" WAA cA ! ',

' . r r . i i d '_It ! i . i i I M %Ni I i / I

' i 1 l l i i i ! i! l I i M ! /l
I I i i l ! !

i I =83 isN WA*'' / ;,

I i 3 i i !s CA i 1 i i i
' ' i ! ! t i i e JU.J 1 %nE ; . K /!I t L"i i' i i i i I i

+ i i i r i i i e i i i , i ,s i i , , t i

' f f . w"' _

i i J Ann !> @M iI i i t i i
d -9m'

j --
i i i m rs w.n m, , t i i

i
i i ii -

' I i 'i I i i ! i i 11 ! ! . kr i i I i

ia i i+9 %'A.AAWi / i i i 1 i

i A AAei i,

i e e t i IN#a'"' '
! / i ! I

i i . 1 i i %w/ V A i) U i
i ! i i ! i i *. . . i e i if i ! !

I ' I i i i ! paa # siM A A1 i I i i i i As It !/*+7.i / _
t i i

i ! i ! I i L.W. L./W W i ! t i 1 ! *T m,%s# 1%/bv it ii t i
i ! 3 i i i- j i i ; i**

! ! iit i i
i

' i + i +t * i t i 1 j i > ) e

i
.

i i i i ii e ! I i i i ,i
i i ! ! 6 ! 1 i! i i ! I ' t' '

' i l i ! ~1 I t 6 i i l i ! | t i i ! I i ! I
I i! ! ' | '

i
_

l i ! i ! i + i i i . t t t . , i ! ! ] , e i ,

i ! i i
3 I t e .

6 , 1i i + i

i , , i i
"~a

+ ! i i , 1a r i i!

i .

. . ! , ! 77 "+

l! . ! i i i i i ! i i i . i i i i ! , t . .

ii i i , i! 1 ! I i i t i ! ! , , I i- !Ii i e ! l ! l ! .,

t i 3 , i
i i ! i ! t ! i , j * i i i ,i i i i e.L4 ! !' ' i i

i i i t i i i i i r r , i y
i 1 i ! e i 1 , i + . . i' , i

i
i s i

-

i ! !
,

- ' i t ,

a i . i ; i e i e i' . i
1 .

t i ! i i ! , j i
1 ? ' ' t t . # i

i ? ! i { t i i i 1 . i I t i i ! t i i e i ! i l i i i i
! ! ! ! ! I ! ! ! !'

+ i !
! . ! i t ii ! t i ! I i ! I i i i' ' '

i i ! . ,

e i . i
i i i ! ,

i e i e i j t i ; i j i j |
I I ! ' i 1 $

I, i ij i # q i j ii ,I I ' i t !I f i i i i i ! e

l ' i . . . , i i i e i , , i

| 1 i |
|f f !| I ' t

6 i 1 i

i i i i t t i
. . i 1 1 . ' I I i ! . il' i j iI t ' ! i{ ! I



.. _ _- .. - . -. .. - -. - .. . .-.- - - - ,

%'w . ,

| CRANT._SCHREISER & ASSOCIATES y,q7; 3 g ]''
,

g ,Easiasertae * HF80409y e Management 'b' 1"DIbM,61, ,

~ jt . Joe NAME gym/ iHartior Center, Suite 220 g DATEy' 7v '

1000 W. Hutstaarti Avenue SY

PI7 - f#Coeur d'Alene,10 83814 JHS DATECHECKED BY -
(20s) 8s7 8802 FAX * 908) 887 2426

-

.-

l
',

# i i . + i , . , , . . . ,
, . ,

, t i . _ , . * ii. , . ',

i . r I i* ie * i 1 1 1 8 t i 6 3 i t 6 * 6 * r i a i i t h3

! i 1 4 . .i i a i i . >

1 e i i ie i i i e i i
e ,

ti . ! e i ,,
. . . t . .

/i i E' i . . ..
. . .

1F L- i *

, Di FM'h WI W_J f;f]f r up' (7711 i M i If *e -

IJ J 1 . . A 1 '.L 4 e i44 +,' , e i 1 iA , .

WIh@ E Jeg! N .IE, ,a L3 ,.

t i

' 'i ei e i/.O 1 e t ** F- f I t * I i * - | t t i i . 7 >J e . , e i . ,
,.

! j

,

.f . _ ej f .I i i f' s , e . 4 e u. _. I _ - ,f ., si ;!_ r
i I , .

|7M 'CD ], ' {lU 7 1/ 'I ' f_

|
'

**.
| ', . , { l

I 8 L*

, , , , . I , t . . , i , , . . , . , , t , t . . . .
. .~e , .i , . , i .

* 6 ;. 1 _11i i * . ./.i I L8 4 Ii* i a 1*i i 4 I i ! ' + i , IT 4 *

g' n -g,,bg
-|

g /D.* ) i ! 4 ! I _i
I.,f E . 4

g,,e Jd,y r,LXEar . ' T;,Jja n rm grK1! rMe ' ,.g
. i. nm i . , , . : .t . 1 9 . . . t . ..-

1 . , ,
.I_ i e f.j_ iW j i nsi i

_ _ /v - e i e t .
i _lj.i i t a j IA * i7

~ . .e s *y iirsi % ; r. raw li m il i JW. t pe v' i .|I,' a t 14 .C ,rswf . I m4 t c.q ,e
I

^J
' i a a

i i l) 6 i e i t t i e i , I I l' 4 6 I t i 6 3 # 6 e t , 6 6 4 i', + ! e

a - / /1 i i I 6 />d 3 .l. :10 . t . * , 6 i t i,7t/ if f 3 / < 'T> ' .4

* ( "h(f 1 mm C' e i e i i e .IL ,4 u NiC 6bf., ' I Os iNIn ' I%.Fm et ! ! t'

.v . i . . . .j i 6 . .
g i 6 . . i i , , . .

' * ii i * t t i i ! t 1 r',y . ! i1t i i i ? ' '
| ' . # e i 4 i e i e i e i' i I 6 i i i I a i t i e ! l

I i i f I i i i i i , , ,

a . I ef r i i . 6 . < *+ t v i I e i t.

i & s i i * l ie ' s t I t ( ! ! *lE e4 . i i i .,

4 I . i . 6 i , . . ,' i .t _

ar _u a_ .
i , . 6 . . t I .i ! j=> fi ! /* i i I,,f_,: i 1 .

4' 6 I i i

l' 1 8'T h e . t t
! l i | II'I ( ('Ni a de h f.dr''9 f f 4 WW i f,,J__F T ' i is=1 '7"' | : YW e

' '
i i i i

t . . 4 i i r ,
, m,i i i

_

e i , ,
, 1.1 1 I m i , t # . I+ ' ' i i i

. i ii ! _.e e i e a i 4 _4 6 ! 6 Qi i i i u I L 1 .p 4 i . . Ii , ! j ua j i ,
I! 6 , , , . I

* a t I !"7' 5 M ind c.4 6 rnl/M i6 g.]1,,p ,rII;'mgg - g|C vgg /3,;3 schj, .

]i
i e - , ,,y -4 e . i , . .

i i '. .. 1I . ...Ie , i of i 13 - ' i _ _ 1 _ i t t . . i.n. i *J r s . . .. . . . i
'e eiI *

i ' Ii ,truk GLT,paTa C4rlif, * .
- i r ' i NTWEDW4C *LLRt"/ . i f.2.De . MMWFI . r'1v1 < l d.EAdH'. I |'

,[ d : T I if i e i i* ,V + i e i i .
\./ . , e i i 'i I i ii i ti t i i + .i i'

! i 6 .1 i i i t i . t i !

j i 6 d- i iti_ m: .I _ s . m;
'

' I /T i 71M 4'. t_.C CF (.J/ary._-r
br- 14 i , , , i * 1 3 i *

. . r I e i
')' I 3 i ! it ? I I t i i ! I i i i e i e i e i . I i i t I e

i i a i i j
I e 2 t i i ! I e 6 * t 6 i 4 , it'\ M/11 - i i e +

' *
j iA mit i a/ t _ i e i I ! ' i" " " e e

' __ i'i t I h5 /w*
~8''"' N M Id &TTemMe | 6 ! I I

I
* * * I

# ' l-~ U TI i 9'
i i e , . . . . . . i i , 6

I e . . 4 ,' 4
,;, - i e t , a - .

.. 1 i 6 ' i 6 fj' i ._ i I fji I I f7. fi/ o 1_o i,, i I [

'
. . . i *4 , ._ i , , i i . i.. t i i i .. , ,

1
' i /ll . ! if f 4 . |__ { i 5 e i i /4

' IE.IVE LM.2_R T3n .I rJ , rl ortw i i '0*CL L %/e *WF* O Al |PiVTv ') i* II%V'*E
=T, i i , . i i v . , , , , ;,

. - , . , i. , ,
i i. , , 4 #

| 4 , i i. . . . , ,
I2 i i

_

. i , t .! _i , , , . . _ .i ,.
I

t /i FM i ! t i 6 i t !W Nr Vrh I e i i e i i t i 4 .F

l **
- y t;st r I Me"n..

. *'

Ji i i i i i 6 I i y- , rgi gi,4 ej ,i i i ! i ; i , , ,

i
3 I

i i t 5 i t i ' t 8 . t t ! .

1 | t e

! I i i | 6 1 ! t . , t i i t i
* e , , 6 i i e e a i i .

4 i 6 , e i i . . 4 !
i .

' ' l ' V ' ' ? f 1 I f
! t * * * ' 1 I

4 | (' j i N k 1) . | ! ! f I '%

tt , i gr e a ,,,h. . I i 6 e i 6 i ,

!e ia . . a i > r ,

1
e t t * e e t * i t * t 6 t 9 i j i 6

,

.4 ..

* i i i . Ii J 67_ 41 6_ |1 4 :/ * J i 'I e .
.

' V th d M Jt, I X CML.T #GG w' TV CW., r1 rIGy1 M! Wa'wl r nWC;r 6'

!,e

i , , y 4 ,- ! . .

6 f . k_!

A .,,8' f _. f .

; . H A 'l-_'.s' ' '' = if (! I I
_ _

_

i * IILE's TVI.s"4 >%P ErQ l 8I%VH '-r t Iu 6Utr N %,. igg E._LI [ ] | WM,( [,,AmWT l , TorNCqJbeif' {|

*
. 1 I 6 f I | i i i' i

* A. _. . _ L4 _.
_;l ja4. A _!- ( i _. _ . . il6 8_ 1, ''.=sf

*

1sf / i 4 4 J
<

E

* * L Ll MW L UI. ' uc=r rt 'n rIV LLhr Le 'Us*'rG4 W'8 FIMEMW # i'PT C ( >didL
1r , , is' i 5 * %/2

-

8
, 1 J. d fL F .

p yr, ,e n ,gyJAyiy
*' f f _7f

-

,;adr as'' s,JJL puT t'MI='3W sul C(y 2,f. * "T'pw,# ist, .,

8 e i t i l e i i 6
"

:' .*4
'

. A . MIIII> mM' iI J l I fi ! i 8 / t .- I]< l
., .

.

g r4 K_ u.wts a. j l'1 '_i sa mit T .c 's pr'mror T iTn Dt' E.4 i LnnM IM a8 im'=

( - - a I ( t 6 i f f * ' ! i i f f
* I .

' "
.p i j! ' 8 t I J/IIT /

. ed i - I. -.LJ4 ~l le/,/ldf [ i ', )V r'1J# V[~ immiC
."I f"F W! I/G4kCs [A/ rice i.'/M''''W 4.f*' C3' I rh I r 'i F- T i

. t

! et i $ ='s , , .
.

t t i 4 9 9 i

g . 6 , t _

'
. . ! t i i i

'. I f I % _ 1 / ' M e (NAAT [!_ I'_T i i i i i

* ir i s,cirn L Y% i) ' i F d i 45 tERC I i i t ?t
-

, , . , ,. i ! e t i i t i.i i ie i i t + - ! , ! i i i i i .
- ,

J 3 I i 6'#
6 i i i r t- s . 6 . s i 4 a 6 1 e | .,

h I t i i f j | . . p 4
,

. e p

f 4 i i I ' &f_ fi 8 | j i ! f $ h 8

' ' 'i i ri t ") e P'T/ T i ! t' i I a 1

6 ' 6M iw/ h^e='/ * -/ . i '. . . 4 .. t . ( r$i ei
I 6 g

- "
g | *

' g|a.
k ! ! I | | 4 ? * | !

I O $ h f h f . k * i !

i , , 4 ! 6 4 , I t i i , e r , , i e ia
e i ! .

! j i e . * i i i eI i ' i i s i,

eb
. i , i i .

3 i + i i . ,
.

I t t i i t t ! I i i . t t f i t i ! t i t i , 1 p . g t 1
i { j j | t j e t i iI i

i I
i 4 e . . I 4 e ' '

3 8| } g j j 1 | j j { 4 5 6 j| i I t | I | | | i ae s [ | t i ;

-.



gyEArdsesion ':e
. p ,, . '.

-

-s- ,sEy
m61%:

. . .o g.sa
utt oa; * :-

-
'

.%
,We

-'4 s .- -O.. . . <

s - o.C.

_ - @g 3
,;y ,c-. . ..

_ _ =.

--

k-,

'1, ;

4J. Q )G
_

$ sb
-

_

:.

E,.r
,w 4 - -a- .

cs .
.

4 .; a.

Og p ~

> \l . N,,
. . pD O,; .

Y ~ *jP _. o,
-,

"_ c .~o;

':; 5 _,

' || . .
-

7.
. L' ; ..

Y- _-
-

.

N...- ~

5: :-
.s _

"

n-
. |- __O *

_o._
}', {

.

7
_- ,
_

.-_.

n ;

t3 (n :~ ,,

, ; .- '

u- - -o
';} . -O-

'
\

j-
5 0'

-

= q)_

:=
s__

'-

. .1 g. _

w _

:( y ;-
.D

, O.
' r,. -'

_ .

h }
~

4 -

4,,
_

ii
_

-'1
-

-r
.j., -- ".

.
.

% 3- ,-

=A -

'' g_i i i t. . 6 I I, ,,i i i i i

', G
- aO O

, o O . O.-:
'- O+ O o go O oA

-

.. O o -

. .[ O -

e.. ,---

(s.,ol d ai
|.

-

-'

$

'

s
-



pt;nry
-

99~ ..g .y ,; ; ;g y- .n ;, .

pjr[ ijf: '. - g Q k| Q g [ ['ir s'
,

p~: pt pa 3a.,

, 'q yS yn _ ;
- ''y ,

,

~

oq '

Q '
-

,

,

q!b. , .. , . .-
,

_p '

_.||s:
, m-mp y,- .

J; .:. . [ . E".. -
:

.. ,

..

- y , ,3u. -4.p
-

.,,,: -s - ; c:
. -.(g, .

'

Ay ,

- io'
'

'

' O G f@
.

. O;.
<

9 -

.; -o- >

-

c 1: .g x . -. v 7 ,.
.. .ns. .W -

- _;
~

.
.. , .

.

!.,
,

- t

; b; ' [. w;m, ,

.,

'

g. N
>m. ,,

' J}b . . - . , . , , c
"

,
,

i1
1

' .;

o
. o. ;.r +

j. J -

_
-

.,.
~

,f'M
..

g
.. ;"s- ,

m.{- g a

<j-
.

_

'
; eo

e
-

,

t .'_ , ' -

i ?;

~, .
' z.'h--_'" ..

uo
Q-

' -o'

- r-.

^

"_ .
.

-

q)-
..

. ( 1
-

,

4
~M -

o. .

! - w
L 'i \.

-

O_
- e..4
u.

>M

$qO - -

. . ,

E e _.

;

'

7 -

l;:r b
U r--

.
- '

, g m-*
'' um

,_

i

.- ' |iii i i. i i i giiii i i i i isii i i e i i

k O OO O
D O O g O O
O , o O 2- O O

o- o O e- ---

O' O '-
'

O w

'" !a

S.0) WC I
-

s

w ,

<
-. _ _- _.__-_-_._-_______ _-___- - ________ _ -



s .

. - - . - . -. . . - - -- . - - - - . . . . - . - . - -

b

. f; <- .

CRANT, SCHR2SER &' ASSOCIATES | g y) f [j
-

'

En84neering * Hydrology e M*,nagement : g.,
.,

|j Harbor Center, Suite 220 - g p- DATE g 7g ]
*

1000 W. Hubbard Avenue SY .

M DATE 7"l7"NCoeur d'Alene. ID 83814 - CHECKED BY i|- (208) 887 8802 FAX:(208) 887 2426 .

, ! i
"

J'
,

, , , _ 6

3 j | ! ( i r e t 3 i 4 i e 6 . e i t ! t * I f .'' t

i i i e

! .. 4 , . 6 i t i i ,

j i... .
i * i . . 5

'7' ..
, i

i i i ! e I. .
, . e. ,, . . i . .

8 > > , . ,,i , i# <

ed i _b _5 . rm' WEr iN g .i,

, ,e .F..,. 4
--- . it .I i. .

_

- I_r . i .1 i--i # 4
_

\ nL .

.

$ _t_i .n r n .r s ,n u _ . ,,.
, ' . 1 1 I L . ausa c' J(WL e vtc3,

1 L'4A.|Eit 4 'N . rT P', I i .i LOM.d4 1_

%q , . . .Ee . >. , i i*
e ! 1,n i i , eeii i Ja - I . ! e I ' i e t *I .

3 s ! i . i .* I
. ! ) 6 1 i i i e i i . . 1 i . i i ri . . _

i W A M f'" f f ' i_. I I I !
[_[ *1\ nfL_ _
.w=( a y

-- ~~4 . ! * i* ry ' kr L (A Mr a rt&A -.
.

t t i t , ,- . i i . . .,
~ . I t i I.*ii ,.

, . i Ii * I i g,j i !
,

!{ j 1 [ i i i i i , . . . gi . . . .

I i i l i i i - iiV' ' ! * * ',
. t 6 i i . ? !i

i I . .
i i i_ fn .

I .j .
i i ! . , , . .,.

6 i4 .e4 , , , . I i i i i i./ A <v.+.,I, p;. # $ . , i i e i a e(_g M y
j i i , n. .

- . i a i ,
t f f

.
I | . t i . i e i# ' t i ' '
i . I t t ..p*' *i >1 tcr i ne J . i/ i . * i ! t i*'1

e i t i te M/#ks t (A . 8 i * # I '

.' i
!g i ! *Fi/M M A., Q i G i

'
i

i 6 . , .e i V .- I e i . e
i ii i .

g i i . i _

t . . 4 i li a ..
,)i' ! i

. e t .a i i 1 - ~t * .* t . i
I i i i i i ia

e i _. t.A i i f**T ; # i

_CA $. i i f fl
. . ! .i i fi t i ,

Ni6 CN-4 ME% < e !I N r 4 ' W1 9
,

,..
i i e ! i i + _M i _! i

I i /i ;. i

i i i
t t. 7I6 . 5

i . . . i .gf i Ii t t iwI i< t ,
, 6 i . i . i .

- . i . i ; . i t. y _| 3_ . . g. i r' t nM 9, pase

' le , ) i i uhl i e time NN . GWG4 @ e MD
J i- , i i

, .

. t/VMV 8h d I. Av i 8 i .
'

6 .tyt/WI e,

i 1 ' I e ie i! i
~ / ,,

. . t i

t i ! 8 i i - i . . . ,. p i i f' i . e ) 7 ) . . i p i . . , .* i , , , . . t , . ,
i i i . i i - . 6 .

I aer-3 M4sF' ' M D (Gh i e I i ','

t i e r

i 8 _ i ! i i e e i
Is

l',
~'

) J , . J.

t t i i t i I . ! ' s ! I i e i ii i . 6 1 * I! i ! i' e t t .

[i . . ! I e i e i. i
. , t * i t ! 6 i . 6 , . 1 . . 4 ,.

I e i t t I '. 6 i i e e i 3 4 .. e e .
i e i i a i * ' i +. i ,i I , , . .

. . . I i i ! _ 6 i e , . i * , ,,

t
1, i 6 e . .'

. . 4 i . . t . i . . . .
/ i I 4 . . , . . . ,

. t ' t t t * . ! t i 6 6
,

e i t ! . t ! i .

f I i t ' #
I I I 8 i 8 I I

.

' 3 * i i .
I ! ! I i i ! ! | | f . ? I i f

e i . i e i i e i ! i i i . I i . , i i
e , i i i e i

i i i , I it i i . i ( , i . . .

| t i .

3 . . o I ! ! 6 a . e { i
| | . .

i 6 *6 tI ! I t i e i ! .
. i ! e i .i

. l'. I t i | ! t i i

e

i ! I i i6 I , ii i i I e i a ,
I e i 6 i .

a t { .
' i . I ' t , i ti I ! ( i !

s . I i e ' i | t * . e i 6 |
I Ie i t * .I ! I.

r i e i e i i i e i . 6 i . i .

. * * f ? | t t i . a e e

t t i .

I i i i i i i ! i i i . 1 I

I,-
! E i

i i i . . ! I i 6 i i
i 4 e

8 I I i 1 . t,,' 4

|i e . , t .i ! I . , e i

* I f , . * I f 1 . . I t i

i i i i t I f f f I I 3 I

6 ! I I t tI I ! I t
. . i i a i ..

) i , i t i | |

g i i , . . . . 6

? I + t ! t I
6 1

t I t i i t ! 4 6

* i ) i i a i *

' . I ! e t . e i a * t

i t t . *
. . 6 9 , .

aI i i e i 1 ,
i

I i 1 3 * !I e
, c

I P 5 e i
.

0

g
i t k I * f f 9 I I | .

* i
, e , , , , , i i a i i

6 i! t t t t .
' e - . 8 8 * i

i | t i e i 4 e'
p

* * . ' tI t

t,
.

u ., . I . ,
, _

I t 6 ! t . I 1
| * I I . !

+ ; | ; ! : : |'|' ' ''
.-

4 .i
6 ,

. . . i , , , i , , ,

i e t ie i ! i i r i i e i ! l 6 1 e i
t e * ! i i . I

i e i ! | I I i i,
t I I a 4 . I ,

,,I,
I I I ,}

i ' ! t ' ' i t t * . * * . t ! . ! ! e ' . * t t : # I e t i * t . ! i t ! i l i 1

f ' I ! 1 i i I ! ? I I I i ! t i t i I i i . ' ' i i 3 3 i t i ! I I i e i i [ i i
,

,,

* . . . f i e 6 6 I i i i e i i e i , i , i e . . t ( t . .,

i e i . . , e il, i i . . . . Ii r i ! . .
i . ! e ! . ! I t 6 , > e r t i t ! .' . t

j,I -
i e a i i 4 , 6 i , f 6 . . i i

I i i i . |. ' * 8 f 4 e i t i ! . I f i ! . . i
! i t r

. I i ,. t )* , , e i 6 j i 6 . i e !I I i . ! . e i e i
? I t * , t ! t i

i , i e i .. i . 1

e i , , , ! .Ij' ' . , i . . i i . .. t i P. . . .

. 4, .

, ,

* t , I e . . i . ,
.

j . * r i , t

I 0 - i * | | i i i ! e t ! !
i i'

~1! # *

. , . - . , ,



$
*' +Ge s , ,.e .g .,a; y. . . , ,-

(
- - ,,s .a . ?. . . gm g ;,.w .a , , , .. . <, , ~

y anc y , .

'

/1 f . UcBe NUCLEAR REOUCAf0RY COMMIS81$N
August 1977:.

, . @(M)(L
..

i REGULATORYGUIDE .

OPPICE OF STANDARDS DEVELOPMENT ~.
-j; - ..... -

:
n . ;

s r t

,; v
-

,

7

J '.
, .

i '
-

.>

.,

'

j . REGULATORY GUIDE 1.89

E ' DESIGN BASIS PLOODS*

l- .POR
*l NUCLEAR POWER PLANTS

..

O.- .

.;

. ,

t.

1 i .

%4WI -

.

;

*

-

qa

m

3'' -
.

,' 'i
.;. usNRC REGUI.ATORY OutDES cm===re e==W w == = we sareer, e in.e.c.essissie,sen u.s. iscar Rem.s.e.n o . eug = seeges --on age- . os, acus.,-

,, , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , , _
- se . 0. e, ; ens.f. es,se of e canen.easti

_ _ est W ame eastiin sensueeung essenfe esenemens flee goedesare leasef in 481e fasesmuut set treef esamene-
, , ._ .te Goedsmuse w

er esehdeses esmeene, er se eneusle psalmus to _ _ Aegisessary Queses
; are not seemeusee 8er repsteesene. and escueesseque quien glieues e nos reenseres. I. b Aessee8e O. Trengerman

4eentede and salesseene efferent fuesse tegnet est east en este queens unit tes acesse- 1 Reelarest esed Tes RenMrs 7
**

f.. es''"es,.88
'

esse of they ersuant e eeBS for the fNiesigB reDeeste es Wee essense er contanissaceI > , , , , , , ,,,,,,

. 4 - - - = = c- s se ,s.,t ,,e.eet.st ... s.orge

' 8*- eud seEDuesses for '. _ _ _ in these posses are encouragal et est Remusses for enges senses of senses eusses lunesh enev Se resteevesel er for sense. .

seules and posess wel es Feuesed. es 800reernese.se _ . _ _ sessuseette one suunt en en assentatte asuriensteen leet fer eMagie eneses of futeste psesse an semelse
se roleset stees indenstelsen er essertestee. Thss posee vues feweed as a reeft el esusemene eteneet es stems est verefesut se the Us. Nueteer Regletetery comunemen.* .

**]
. .

['estelenesse gesennessee recesses feedet Eles ensche ene addetegnet eneff reuseus. Vesenwegnen. O.c. 31806. Attencent Ovester. O,meen es Demenent cenere8

. \\ |
u .



,y.-
.-

mp..a , sm~ :
.

c. + , .

.
1.

j_ '

xi '.' | _
: .

- h K; h
'

h - . ;
'

a, . ;.
. .. m. ,, a

|o .. .h .R - .,,~
,,,

M
y

, , s, .

..

g. .. . .., #, q,- y.I. -
, x :

- .,
. .. 4

a'. i, ; c q& .,. .

t _ gj qv:p
v.3

r,

, ,

o.
3 , r _ ,4( '

. .
.. . .

-|III -g j''

I., <

.a ;j ; 3g
.

s ,w. y ,c %,, s (id. M
j' #'

eq \, ,

,
'

- -

+! . ;!
~

, .

,. ,

j .

-. y_N (
.

s 1 w w tm ;
'

-t J \ 3- 3 x,,

., j- 1
,

_; . .

,[g.
,

. -

[x v. ,, .

WM'

h J- / /- .

*

i-- .

: a.s | W & V@2La
.

'
w:

n :;
-

/ / /o' 1 wt/ w34 ;!; g>

/i/ i ,' y ( ,* }!
:n J ! /, ; % %Wj jf--

. H y s a/ f. %
L 3J m --.s -s~ p y\ j . 1 3
'

3 I J ( t .1-

1 1 i < -i m
t i ; ..

> - Fl | Iq y k|'

, 3>
.=

=u 3 e
, i

-.

= .e,

h'3 :;| '..

s -
. .
.m = n i.

: m n
- ev 5 :

-- << ,
3 - ,; ! =.

N 3
|| l | 3
Ii E: J. n.

- -
.

.'

g!L 3 , 3 3 >>,a a > > >

1.59-16
: 3

|

'ij
,

_,;.,_<.. . , _ . . . . - . . _ _ . . . . . . . . _ _ _ _ . . _ _ _ _ _ . _ _ _ _
_________________________________________.;



,

q.Q ' 1 4-

'ti! .- -,) ,;--J : ' ..l. ;

'

. .
..,

T;;r,., , * ;V g_ g .. L. |g. y) g- g g- ' .ye e . . =

'

<h
.

,
..

h-m, s
f) .g ..

I h'
''

,
_

[.
* -r .-'
x p.

i.'?) i h g
'

i\ S'
1% h

-

dj ,h I -- - h$ . ;='

f| -

.g' 'jn
"Ih

,7 ,

i
.

< 4

hn _7[ g.

.: h ''

$ T l L t
t q p .

'
' '

l R,yif@v%g._g d-;|j2
- bialifU _

n 1nt.-
. . . ,

1 I gum \'M i !
8

*t , j 77 / 0 McMs
* J ir vs e x s m ., |r
+ .

!.-

,

{ / / / U ( VQ -sNMa *'i9'~, i - / / / S N N jA g
,y ey y - /> / ) !',

- \ [ J._ |4 J - 9aug._ g_ g'' I, .

IR',) ,,Ic- k l, j jj
! I'

' '
c

') ! "

{
* .

f FfE I. . h ' e*jq
-[', b -8 >

||s.~ 8- bn''~
-

-*2, .
:

1. ., .-v g . .

//- g .g 's- sg1 =

'E ' . b-

s- .p.. h
-

j' E d- !E I; '

- .

|:
.

h E 3' :

' f, J g / !.g- |!- '~

3
II g r5 .

--D '

I |[ S 25 h
I

.I , I
_

|
_ s,! I p8

<> -

73
S 2 h !

~

b * b b h h h h h h h h '*

'

l.59-17
.

|
).' :,'

'

.

t

. . . , . - . . . . - . . . . . _ , . . _ - - . . . . . , _ , . _ _ _,. ,



, ,- - ~ - - - -- - -

- , .
,

irg; . :
, ,

.

. .

. M .. M . M 3. M.U M |. W.M b'M 5:.M_ . M- M '

-
.

_ .
,.

. - . - ~ .

i
... - ,
M.

_ . . _
~

~.2 $ ;-
4 -

i . ..
7 -

; 120* 12f 125* 123* 32t* tse" taf tas* 183* tst* tes" ter* te6* tef ses* es* ef es* ef se* . se* e7* es* sf St*'W -'FF 7E* - FF - Fi* es* eF* es* - J
'

;
I 47* k

_
d'

i l q - -

,
, . See,
I I %y ji - - es" *
, 45 - .

I- 166, % | N 200
N

h, - m r,[+\
' " '

N f .f? ,

- m.f
,+_ x~

[ -- ,,,
250,

. N - * % -,

't- A h
_-' * - - - e 488'

.d
,p,48, 300, N % p I

,

ap_

~ _ \ N ,, _g W d '- '

,m ,

f-
7 r Y3e* ase 7 ''"ese-- -ases

1_ _ - T whi :-._

37 5 7 .eip - - 880' 3F, ;

a r m .; - m. - :~
_

3
__ _

I[
'

ee0 ( g
3P 1 ) 3F

~
| ies' .

~
--

Fg,. )s

) /~ - |- . .)
_ ,

.w r 3

3t* 25e 3:* *m-
a

#- % I_ -
_.

'4 /W %
2e* r g 2585= q ~

... | '

t 2e* 1q7 .l g
-

j ~.

D _\kk- ISOLle0E REPRESENTt90G PEAK Floup OF d g
Fe, F m,i.eenc,FS. ,~ _sG,\ --

_.
mm -, , . -

, , ., 2 7* . ..-
gg}II: Peer es0LessEs ces Tiess coenaT apraeseteT EsewtLOPED \ g - ..

<

f - m .-
.

.
VAtutS OF PEAK SuGIOff FAORS t.eeBSOuARE 80BLE ORAsseAGE _-
AREA (IIeOEA teATuRAL AtwtA C00008T9000s. ACCOftOISIGLY. - - " '

2s* paar VAtuEs ooiAsseto 00 seof teettuGE posasets cessTaseo. .
_

- _ -

28']
Taoses To PEAK Plow TeeAT tuOuto stEeuti rnOas ursistEmas 6 J., -

DA40,fABLilRES cS ,0TDIEA tfRIIe47488tAL E _

TS. "

| 92t* tte* ttf its* . 33F est* tes* ter* : tes' sof not* - se* SF- 96* . - sf _ st* es*- er* - es" af . es* ' ' pe" 77* . W ^Pf

FIGURE B.4 PROSA8tE 80AMIA4084 FLOOD lE9fvELOP900G PasF ISOLefeESI FOR 1.000 SOUARE SAILES ~'

|
*

,

, -- ,._,c-i . .- - ,hw , , _ . ;y _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ ., . ,
-

. _ _ _ . _ _ . _ _ _ . _ _ . _ _ . . _ _ .t_ _ _ _ ..____._1 ,, _ . ,, _



444 * J. y.. an m-

..'a.);-f
',. ,

.g. , p j :.7 3 g y , 3 , y .,
h.p + .

, ,\ -- \-\. y
,

% g \- .

-
.

i -g \ ,e - -

T T\ \

.

* '

\ \ ku ;h g, , _g . , , ,

}
~

g W ve
8 1 s i1 .~, W(t w, :

;
'

,
>

i
.

w% i +

~

3 i s
,

1.,

i '
.' \ i si -11 >j !

A;
{ )l) a

//df L. l sg
'

=
u ,

i - :
.

-

T b \ uI~ iqfi -I-I d- n!
, - , ,.

!#

[ | 3 Ii l Dh2 ! k-| [

No[cubEg4(:!t%%
' *! !lI * -

N%g Ek )! j y || t ' in j j
q g Q\ GQu| ., | [B .k ' /) /g -

t

; j y ffy yq 39 g y1-.

\ }
- Il l Il \?CW /I k I

j. ~
u m cjr, x ' ' xs1

i e i

y(i
-

; xy ,

mi Ir| rt
xm

5a s L

E !, I $ lig | h *| N'

'
.t j j 1

l u i !! il - si I3 3
.

g- >= j,
g!-3 5--

! *s f _ :{ $ / ~$ '' "

f,I I
~

g-
.

,

t 5 ge g-
- ;,

h f 5.. h [r'- .
o-

h _ gi g u. s*

liI!!j~l!!,j
5

h-

I dilil .: i :
3

-

-

= ;

I h I h h h h k |
"' ' $ k9.k

*
*

i

!_

- 1.59 19,

.d * , . ;

m ,

!
- . ..



-_
'

| .1 w,
* . ,

, , , '
- ,

;. x ,

n' g -: T : b:I ~ b! Y th- h: h h 'h; h; ' C ' y-

[* $\]
' \'

b
,

~\; ;.
.-s y g,

1,
. . .

g } k1 -

II'"
:h I I

,L
g y; -

'

| :h'

.

'
lill I {

'

-> g & q. . . . .

5iih a
;1,j,____Lg_ {

.

h g ggg:.
t g.3 ..y. i - - m ))1

-

) k g,-- . J 1;y.

,

///I V 4*
,

y e-

t !
.!:1-r-i-scAi -1 1g,s a w .. .

NN u S:- 4 e e -

I 3 I~jdgg[I :Ipp I
'

h ppj-

,

Y
.

E =[
'

ju}}u})/iis;0: %Mk I'

s" WJu i %& s\'
,

! i / / / //sf 4 \ \0Q^ NNMf_ ,;j gji
fi / / / 1 x \QQQpv ],

t / il .; .\ N
_=e I

, '

I x. 8 q g|O -s-a.-Era I N '

---

1
,.

\ /1 .k il p j j
I / i

= n -
.

j f :n! |1 1" || nf
-

5 :! s I j
h

1 i 1
|

f| ! 'I i|
'~ *5 f'{ i 7

/ ir! ; -| / g-

t , , ;- !. ss !
.;- g. 1s -

:: ,

. e

h is- i. ;
I h $$' E. s $

( 5
- I fisiI5.[ I

s h 3 h. h h h n k h h h !
~

| O
'

1.59 20

t ,

. .. .. - . - . - . - - . . - . . . . . ~ . --.



47 9

x ;.- ,,
i

<

1-
r p ,:, . -

._ .. .
,

.
.

'

ih. h k, .k) . h ,|+~k- 'g h h k' h k-
'

-

'

I ,I :j k \ \
g \\ (

\ '

hh
., i

'I's I.g x,
\

h
i-t

..m .-

,
p- ggg '!yI

]

,._
'

-
,
,

L _.

-

> .i- -

. - .

[ ![ h i
'

y|:I
-

i -t
, .

s i

., g. g
-

_.

a ,, e,; t
.\

> .+ .s ;,

,ggn m ., ,i ;

~
.

c sw i. ;

f,h g

I- nrjyfL { s s..1 a
\ ,

miMi nc ung ,i :.
7 - I I m,-

.

lg.g v!
-g -

t w
g \ N ~A V b

! [, s g}pi:Il'!!! f / M Y
- i! )3 I

~

g y_

I - t.5 ii i -

g

// ]]//Hf ff N i alk

[/e .

/: / / / L% ( ( \%Nd mi
.

Q (*
"

,

D-
; /r T: oh ( (W NNNy -| 1'

'

t ( x acy ye! .* iti- <
, ,

1 D 1 b L.,j $y= p Ilh I !~3 jj j |
, ,

> -- ,1 ; i.g .., 3 1,
.

.

, i =,! g t

.

t- g
I

-g- ,

i :- i li "| i, s n
2 ! Il si i; l

* '

,
-

4 i | '!3 !!
sg-!!11 s|

i ! I

'
i

-

.
. - .

EI~- 31
. ..

51 :
.,

J h Ei iII :

5 |E's 4: b
. Lm

%agg!!,, - j. s
--

A h

iill!8 ~

h
-

' c|L
i .

*
b i b i h h h h h h h h

- ,

L
1.59 21 ;

,

4
'

-

- . _ . . - _ . _ _ _ _ _ _ _ _ _ _ _ - - _ _ _ _ - - - _ _ _ _ _ _ _ _ _ - - - _ - - - _ . - - . - - - - - - - _ - - - - - _ _ . _ - _ _ _ - - _ - -



|
t
;

t
-

:
i

Maximum F:.ood. flows in the !-

Conterminous United. States.

.

IBy J. R. CRIPPEN asul CONRAD D. BtfE

<

.

A

i

G E O LO GIC A L S U R V E Y W AT E R S U P P L Y P APER 1887

8
- =

|

|

|

|

UNITED STATES GOVERNMENT PRINTING O m CE. WASHINGTON 1977

.

l
|

|

|

. - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



p

'
;

Y

.
6 MAXIMUM M,00DM.OWS, CONTERMINOUS UNITED STATES

i
# O '" 'W ca', . ?"tpMylO ' d [ gapk g 1 !j

|Q 'O;TV.T
-

*

su
, .

-_ - _2 . .

, < 2 -.: :s .g'

'. > .>>i .
. T |,

i$._

u i
'

, : .

m ,I,M1M 3

.

jW
.eg- % we\L _ ..%dn

=y y- y :.

'g ,

~1Mv239WJ !
'

| ?"AffR L(/D 1 ,

: FLMsgr 77 i
'

>

I y, 7.- 3, ,
=.

~rs . L L; 5
'

.,

| /
+ ph

"

'
.' ' . r~ uo
* gtiy $/ l

,,

jf
< s w,, thi

, , ' '

, ,
2 _mmm.S*WiiaWi,d.

K
8 4 h 2 4 k

. . _ . . . _ . _ . . _ _
_



-.- - _._ _. . . . . . . . _

!
.

t
'

;

10 MAXIMW FLOODFLOWS. CONTER. .tN OUS UNf*8'L
ATES

area au a uma mamma
e i o e qi 2. e e is e as am an mee

-

INU -~ - " .p-. ,..

^ > % , ,,',,[;* j 4.*i -
k i...,

.

.maem .~
. _i_ r .4 4...4 a..

t. .- , aT
... . g_ . . . ,b n. ,J. 4:.-., _.

o .9-. *,

.;..
-

.

..f
.J :

1 :-
. . _ - _. . . _ . . ...

.am . ., . ._ W: r' :.m.un. _ .
_mm

. . -. .:
-

y M.: ~~~. = .,. ~, .
--

_

.
- . 4. .r

i .m
.

. , ,
.

4.. . .e-w. .y.e.. , L., w.
. ..

:e
... ,... _ . y.. .. . 97 ,, 3 g

.. ...g *,.e 4 es .
gg..

I .m
..pi .. ,

... . . . s.
.

, . . . . , -==.d::ta:g. b w=s-d%MW g
- - g 2- J ;;:= ~ *?.2 g = e.::-

I am a .:.::-- ..--.r.. .. . :: r : . .. -c*:: ..; .r. "...* :-:. .,m-a. . .. . . - -- 4 - ._

,g
H, , , ,..gg - 5... g

Ig
.. . . _ - .

. .- __
. +.

. . . . , .

-...w-.. . ...
. #. . i

., .

..i,,.e-.
,, . 'J a.-.. ..

e e% , _ . - . ,g.. . ..

. . ... q
. a.. ..

-~. . ..t** * . t 4 2J:":L*.J
-1 - canW .:***t--**--

. : - - :. ~r .,.. . . .... ,..su .n.,.geen me e.m.ese ga -
- - - -

_. _ .::; a:. . .- _. _

e
-

. . .
-. .

- .. r .. . . I . . . - *; ,. _._- .
i e eup .m

....i
..- .

e..-.
..

.t ..e+..+. . .

, ,.1.,e.. .
--..

u .s. - m.
.

m .. . . . . . . ..,-

' * *" l * t , ' ^ ~ * * * * **M ' . 9 ? ' -) ^ '

.- . . , , . . . . m a e 4. ., .m

==== am oammenn

houas 8.-Peak discharge versus drainase area, and envelope curse for region 6.

mema aan a num enemmu
u ; e 9 e e o e a e a su as sai

, -
- . - - -

.
-

.no... . = . .
+

~ -6' --
,,

saan . ,-.,.;' ,_ :- --

.i -- ' * #W
r , .- a __c .4. .

*Pa * | jat- %==- r*d**
, ~

, . _
f~"* :h -T

u m _. 7 a.~ L ,, - T i
' ' ' -um

8" . . , , , _w ., u
- H _..

%; U .) ;r W m y . He
. aAt~..a - y : . -g ..

me
_ w. .. -

~ ; - Q_=. =; . em
~ -~~.:

* ...,e

I am -
~ ~ _ _ _.

. m.,,_
,

.- .3,6 , . . ,,. . . .

g - , , .. . . . . . . - . .
e s,

t am __ _ ' [ h, 9 4! }. * .,e -. - - - - - , . - . . . - - eIai
-

- . am .- --

N
{ ,- - ,p . m.. gA

- ' - - ' * 4

. .

, _ ,
t.b. ...?,.*

***
4

l Rm
.

*M. . ,.M*****.,;,,9, . , , , ,; .* . .: . 4
. - . . -

, . . - , _ - ~ ~ . - . . . _ . - . ~ ~ . . . ..
...

e
:

n,.r. .
. ... -. -t, .. w , , ,as

I as
. . . _ . u., ,

. . . . ,.. .. - . , , .
. _ . . _ . . . ., , .

.m. ; r .g ,. , . , 9.. , o
p ..-

F - _,,.,s- , - . .

...t .i. ... . %~
-1 ** .- . . . . .y.. :r:.-

.

.a .

f_.t. t :::: =; . .. ._. -um .. 8

....-*;;...;----_....:r....%s.,,,.,.,,,_,,,,,.,.,.,,.,,.-.,,
--

- ;-

.

.T_. i
. ..

.

.

. . ..m
.

. .

.. .. . . , . .

. . .. . . .
.

. - . . . . . . . . . . . . _ . . , . ,,. .

.. .. ....i

o u a e a e e a e e o a e am en ame
samms sem o mani emu

novag 9.-Peak discharge versus drainage area, and envelope curu for region 7.

!,
a

. . . . .



. - - . - . - . - - - - . - . . . - . - _ - .

qqf .y
' '

.j
'

,,

g[.g , j' ,
,

r
V; & Q

b> JAES 1.. GRANT AND ASSOCIATES, INC.
'

~

% , ~

]k.%M' '|

CAWLTMTION stNMARY Stp:ET ;

i g;
n <

809 % '7j}:! , PanJrci no -
:wa ' '

CAlstTLATION 1RDSER:;.
-

,,

- , . i

i Daft: 7-/7-90 j
;.

,]r# .g

O *) J

l?
_d - nascatPTION Or CAEULATION: j

4 L A A, d $6a yde Q edioa.a k N,y7 ..

^^
M ch o n e s I O // Cr - . /w ~ - &MC)'*

. . = p -
i

.}. N-n N.., b c C <,4 .\
;

n - )
M )

''
..,,j'

1

71 .

1 naren NCr.s usso: ,

Y .- n 1 /. 4 a.,,..,/ 4 s./t, n. & m %. 4 ,, . // a a4 .,qs
1; 6L M, <.w, A a o u. / . . An. I h e,e,- . 4 v' b. . . we c, I

!
~

'

$ SL4e ) r
Elarie /. v 9 Aw- PMf f4s.J k

#
v ,e

| C L ~ .fr m . /J.~., / 1.4 e4 u/!c> b S h |
'

.o. /v e. :.
.

! 0 % 4 C.. J el . / !.'- rL . / </... / Y c ..l..., ;

n. . ,
-

t- - ;

.........,.........................,==..... ............ .............. ....... ,

w e

b -CAlfULATION MADE BY: t4 * - C. - . DATE: 1/F #'' S
'

_.
* -

/ i ,

Ib YC .!. CAlfUI.ATION CURCKED BY: DATE:,-..

' g

a ,
.

. .

.

i
T' T f*'*T* f.* Q

j ' _ _1_
. . . . , _ _ _ _ . _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ . , _ , , _ , , _ _ . _ , _ , _ , , , _ , . , _ _ _ , . _ , , _ _ _ , _ _ _ . _ . , ,i_ - -



. __ . . . .

' (~' , - i' ',
* # '

' JAapf8 4. GAANT 4 'ASSOCiA TES, CC. .80s No, . ' i' 3** suast' OF

y4 *gesteetateel engineerlag emanagement j,g gAgg _g.j. _ g c .s. ;. -

y seempster seeeeee . ., , .,*, ''- DATS3y'

8801 E. PRENTICE AYE. SulTE 40t
'..

ENGLEWOOD, COLOR ADO. 80111 CMSCKED 3y DATE / 'I O
csositre-oste '' ' '

>
.

:

l'
I i

1 pr.ori'sca e cri. ;
l i . ,

hT ( , L$ (r h.d k - e

't' n 1
*

;r

|} ~=a'

&cm.<.|' ; as 4 & y, ;\.,. 'C66%") y Ti; L
l i( e.ev 4 A ,do eesu> -

,

.; . i.

k l

I, 726 } Lot , DO 7, ( (,4 ~5 0 ! !

Q
. . .

;.

, ... . .

,

,.'7.A 4 tete , oO gr, s t7 4. 7 t ; ;
~ --

i :, .

-) . ' 755 (ob,wML- .M 4,w$- g, e ! II

! I j

n, . ''7!40 . |'l6. 6 6 3 , c/ 1(a 1.h I l
'

o..- ;.. .. ..

1 ;
,

.

-. . .

,
.

.. .
,

-
,

t j. . . . . . . . ..

o .. . .
,

I . .. j,

, , .. .
t i

,

'W 5 .

.n'
. _ . . . . ' . . ,

t ..a . ...
*

.. ..
-,

.
t. cow ry g' g%.;, d cp

. . . .
1

.
. - - ... . .

j..
*

]~ T w ',,, run tre - c.g m,,,, . , .x .
' ' ''

wQs wA.WH (CAck.- ).

.- - >
. _ . .. ._

i..- _ p,.; &# : 1 r.s 1 F.n H ;
j ..

,
Ir4 (.ct.bt N rst i | i

*
>

;. . .
.

a

.

-
A ... ..

_ Q %.
y '

'

,
-

.

. i../n ..
.. 1 - .

sq- 4 ;
'I: / ,., Ery '

,4 1g /

.i /D'/' ~~ - I
.,

'}, p .
5

- . . . . .

-

.. ,
..

.,

[J.
|.

.

(2.gt''F4. ~~74 C ,t4 0'.', ' c L9 t @ h I
'

., c .:. s . , t: . :.- u .c.. , . ,

ph p
,

= 4 g4

e..

_

.:

..

F
, . - .

:

b ;,
'

-

_ _ . - - _ . _ - - _ _ - . _ . _ _ . _ . _ _ _ _ _ _ _ _ . _ , . - . _ _ _ . - - . ..,,,...----,n., . . . - - - - - , , - - - --



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

'

'% '

1
--

e i

- enEET 09 2' \'E:~U '~ S. denBS L 80 TANT & ASSOCIATES, CC.. Joe me.

p1 j,, ,,,, m,. 7 ; ,, ; 4 3 , . |
.

' 'seWeetatoes enginewone .menacenom'
-- i

.eemow w ee6enee
!'' h oAva

'' ' '" '
s.o1 s.Petswica Avs. sutra 4os ' sY W *T[[1!@dsweLawooo, coton Apo. so111 cHecxso aY oATE

R c...>rr ..r. .f t

B;. ',_

'

pJ
eiA wsis of pv. carte. irt. V CA'c

t
-

i
^

9.se. ev m - sowe mra;

4 . t._ e #o ae .a ~ ~ . <_ .s c , m ,e j
-

n .

'

7'a si c. w es st.ch (4.+ > ,

M ' (,'.4 A f i /J C t 4 'i t* M (M). ,'i
.*

.

- . , .

.. .

u N cauuc cuis (W , :. . _ . . . ..
|

-.. .
.,.

,]. r. = cr. ou r# w sc. es w w A c.a m .1 m : ( tc. % u .r.)-

ffA "- -- kb^^

S1 % C+ = 0. ct Pnee'1.
_,

,
: poo s . .._ . . . _ _ _ .

- ,
,

r' 25: . ..Ei, We1'TEc pet W et e A4 |
'

b.,
..

e , pc.w e A Ar.v: 9 m e,
.

,.. _ _

.. . 70 .-o.e,ee. wne.

4
'

.. . CM.AMW\. Cuo!$ . <6C'lia r .t 5 ., -
.

., . . .

. . . .. . -. . .

. . . . . .

_ _ _ _ . .,

P: g;n,2 : xu 7 e g u* EA '

% . < w. 4i m). eu c.n. c4 ) l
sew ::( ,

-
.

.a ....-.. .

] m 723 in.et so. 2..+ t.3 7is II * ' :
*

1
4

i5 ' .59''
g: 72s - w sw.25 tw 39 z5 : 6va

~

l
,

.ia
7:-e-7st- 59o 1. ! p= q.es ; a j is,1 n s, + t

~

"! ; ; :
2 7.:4 so lows 4.i zw 1 io,,

"

; n ge iz5, e ?4.n n-

, 4
4e

| t .

1 i *b") A t 4'] '.i % . ~7.N |2,1.# 1. L '5;;A od .- 1

~""
'

-

a - 6

;.
.

.. j { -. .

8 1

f & ' ti's.W ! *
! x

; : ;

. 4 i .
,

|*
. . *

,

.

! i
'

.-.. .

J I.

l
3- i >

't
.

t !
'

.

. . - . - - . . . - - . . . . - , . . . . . - . . . , . . - . - _ - , . . , . - ._



.

, _ _ . ._. _ _ . . _ _ _ _ _ . _ . _ . _ _ _ _ _ . . . . _ . . _ _ _ _ _ . _ . . _ _ ._ - _

~. ;

N **]'| 4An8E8 L 80 RANT & AS^OCIATES, INC, Joe no,
'

'sness I cv 1''

'eesteennee ongeneenne,meneem gj,, gg,,,,,'

J!
,

, , , ,s,

.ia .eemovew eewee , -

|i- ##Aseoi seawres Av5. suers 4os 8Y DAT8 "- #7 ~*'' ''

-|)< swAnwooo. colon Aoo. so t ii ,3,,,,, , y ,,7g /r 3
' '' < '

s
.

nos) fro-osts
.

m-
-s

'
.

:

5-
~

j.

& :s",
il @(/0@ch) !, j .

.

i C p - m fat; / ,o ./ ~
'

t
.] . y- .

.- .

,
- :.

. . .,

4 ...M. % *

. y . . . . .
--

./ .-
. . . .

#

V*$,%h, , .

[ MC f w/' -. .. . ' .

,

-

..
.-

.. ..

m, ' :~~.. . . . ,

.. . . . . . . . ,

; _ . . .

.

' 1TE .
'

~._i__ Z. . _ . . _ . .

- 3' k 7 4 7 .~$ '- :l.i-

a;
. .

-
<

|
, . ,_ _

. . . _ _ _ . . . .
. .., .. .

' r . . . . . .
.,I . oct y,.rn - ... .. .-

, _. . .

.- - . _ - . - . . . . . . . .

< .

'
>

* W G =

, .

~

k en Geo4. /Arrme | Opbb, Ye/$a
~

I, cd~ fa.4a ,,,
. .

.

.

us. .m 4

. *--*T. 4m . gun eess.

. ..

$ . ..... ..-

p

'

r .
CfCW

n

i n

|. :

*
,

.

_-



- -

.

,
< * - ~ ~

*
' * ! ' 'e * gg,,

.i

; 3. 8 Jtt sg ,I~5 ,

T '.

-.* ;< ,,
.

-
;

< a >

,

' ' , )... - .* .-
,

*- *
. !

9

|
'

\,
'

, - ,

p' 'd .- n

1I) '4 "

..s, - g
y-,

, . , n << q .

'd J'E E
,

->
po i >- , , - -

T fd Y
{ ,

# "'*
,

,

u- _. g .,

'. r, 1 m q e b,,, ..,o. :
-

.

J, f, 7, p e r e r
- .

r
e t . ;,

. ,. *%

. )',
\.

( hh *

> c.. :- 4 :
.

.

.

*1 '*
. i

)t.. ( . p'
>

1

m }
. .

0,, W >- 1
u

' b f .

* i, s -3 :.

. . . . .

h *
s e

Y !E {'% ta.ei.l '

*h, ; i

,,,,

e e .
-

'

.ie,

w,~.,o e .

;
si \ " v, ;

s .

,

'N 'Y g

's%
.$%

u i.

a i% '

\ .P . !.

sw
.

>

,
-

,

a

4

e 4

e ase

I

*
.

.
.

s

\

\
~

e. f
* ' .,

% I

L

'
. e

.g-
.

.- -. -.

: . .

>*: '<
.

. ,* *
.. ,

'

- %I M

-

1 '. .

c *) Q sn ?.* *
s -

'
$ bk

'''*

is.

4
.s

-.. .
. -

.

. .- f

' ''

(f f',
,

*
is.*. . . ' . . .. .. .. .. .. .. . . . . . . . . *

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



- . . _ . - -. -_ - ---.

g g, . ,jf, -. * jd i S' f i'* ) M j g v.,,,r(N.S i,fg('b.-s M e. .t. I)

- >s . ,.*
. .

.

, .' '" I

[ . Ih "g'' !! ,.

,

' , fi ' - .-

*. - -,

se {. . h-,

: "C 1.-
p) \f--v.. .e

j{ si: t:e; 3,\ [*f l . ..n'" : .f;
% th .- -

,..s. , -

7.q, 't .

Q .~-3
'

e '
,:..*n.. . - -

.

,,4,J.,:.. . . ;
, ,,

g.h ,E :y .',;h D1 I .!s l
* ' * '-

A g-v ''$..'''.,4
.

Ikh , ;, b [,. "' ' . . . . g ... . i

e, -) ,; [y .- n J .4[, /, h1 Tk. 4
..

ik ' gI' ,,,
. ..

. %
,C T- '

If
_.,*- - 3.<, ; .0 ; e. .

.

- . :n <n. ..''
.

s

% !
. e ,3. ;

- - .

.k N "k' (F -' . , ,
, a ti. ht *

' ,'1
2 ,,, ja_ $,8 7 ( ; . . 'N-,,

. , ], n t , , , . . , . ,, i
*'

. J' . ,

i '' - .:.~~~.' 1.' G. a-- * >:
- t *,y "

,.

i. p psa\ * . .
.

;d i7 7-
.

.'
-

. ,
!i \,,.f'Q,Id

'*

'.-*..,,- . G + g
'' - a , . ; . r. /. !

.- '' . , ,.

t '

*U Ly b ***#
* ''

, ,,

; 4; . .. k N.k (' . fr .j' '' ' .I
,

... .., ,

- _ _. _ .. ,. [ E.$. kas=~.#31 ''"' ' ,3*; ,,3 ' , I. )di IYI * * '' ,.,
*,

., . _ . r i
-

.
,

" M i'._F 'Lf 0:[- y (:$ r 4 ' N k'k' d:.5N[?
~ t *

* i t't.i & % \' 'f? {~h|ht
\ I'

-

04 ), f.';\ ' W '? . %'d'|hSt}.!/''4Z|-
. ;A ~~[ ' b,[ ~~_,'dj. !"),s ' I.

I . f *' / A,i; *t-g

N.t[ ';h .
" '

f,
';-- , - '- o - , %;r ;.. 7' : IN %' . '[,1 (S L,, *' ~ ~

., j J ..
;)'(r;*..r.f;9;41:~;

esswes. - , .
--

*,
, ',\ ).

,,; Yb
*

* ., s1 ',..

s - '% } j '
,

h $
' ''i

ayu&y
|''Q c@s

,,

u : w n \ ,,|.
/ ,W

G ,}% .---- A 4 J 4;. v $.
r ..

i R
,,

'q^r Y

r s % Ap %:g.C;
e >

d ,y ;: r.
,

. a ,
...w.s , ; p -

9 37: 1.

3r k.$.
'

i
. .. . . . t . !a -. n

z .; .
.

y('
I 3 p a, qa . , -

4 .* qi p q-
, il3 '.

! [0 t /n, W ) a/ (, M ,x
,

*

c o | m .w FQ.
3

.

u . +8'I
.e a .

) .. ( ) I i # #
.' . ,: -

.'! ) / t \
- - - - - - * %

"4 . Q .s . L' .p t ; ' '- b -
s,.,,, s

p !8 l (
C~,. i... a... ..j.. L .D.- -
-+--4-- s *f4 .\-

- N (. . T-
'. .. .m,

v

g . .. f.- ~

,, L. ,, _
*

w- a,, . . .- ,,-a , .
a

.. . -g o,p , ., k ~~~~,~t g.

\ ' " f** * ' Ig..ise . .-

,'
,

. ,. jy [,

4 E,_ 'f
-o2a .*

.

... , .
s *

'\ d { ;.'3
;,

.s . .. , ,p t n A - .--- '38 5

v. . e
p . _ c . c

. a. m'~
. -

m-._.. .
.

* y..

n. , m %s> .t ,

w ' {,, w . .y . ..
x. .

g.p. . ; , i >.~ ,y.;. s,-

}}
' | [l[j.

.,

|
. ' co j' 3, . x '. . sQ .' M,

-i;{' ,, t,,

p .. . ,. .i.. 7 y y3
Lu L,i p-

-
M .

r

.

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

|



.- . . - . . . - - - . ~ . . . . - - .- - . -- - -

1mi ,.
'

'
. ,

y *h , :i

A-
tg ,

sE :
,

,

g Kerr-Mo0es West Qnicago Fasilhy0 ,

"

Evalmadon of Ponandal Erosion
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Y InAmeans of Retention Pond
l '

-
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.
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J Riprap for the western diversion ditch was sized based voon a critical channel section i

immediately upstream of the sedimentation basin. The same riprap wGI be continued around
,

the side of the disposal cell that fonas the northeastern side of the rotation pond.J

J,
Most water enters the retention pond from the western diversion dlich. A lesser amount wiu

_

i

1 ' Sow into the pond from the southern diversion ditch (estimated to be about 400 cfs in section 5 -
'

.. of the report), and a small amount wiu flow directly from the surface of the disposal cell into the
pond.

[U
. . .

The retention pond discharges through a ten. inch dhcharge pipe. Plood Dows discharge from the
retention pond through an overflow spGlway formed in the western berm of the pond. Thh ,,

i{
spGlway is approximately 75 feet wide, and the crest h one foot below the top of the berm. The

,

spGlway was shed to pen a reduced PMF without failure. Flows larger then the reduced PMF ,

wGl overtop the berm forming the basin. The berm may erode if overtopped. |
| r *: ' ,

[ The position of the retention pond in relation to site topography and the disposal ceu is shown in |
Figure 1 of the July 23 report. The pond is located at the southwest corner of the disposal ceit, ,

in a natural swale that extends to the south. 'The pond is located in a' wide spot in the swale as,.
"y is shown by the attached figure, which is a larger. scale drawing of the part of the site topographic

map depicting exhting ground surface around and within the area where the detention pond wGl

7: be constructed. The approximate outline of the detention pond has been sketched to provide a .

j reference on this figu 3. His sketch is only a rough outline'of the proposed pond,

m De swals widens at the retention pond because the disposal cell, which wGl form one side of the
'jC drainage channel, ends. . Water flowing down the western side of the channel wGI spread upon

L" entering the retention pond, and the velocity and depth'of the water will decrease. Downstream
,'

'

of the proposed pond, the natural swale is constricted. This constriction wiu restrict now, and.-

wG1 reduce velocities above the constnction.

The presence of the retention pond will have relatively little effect on flow conditions during :2-
3

large Goods. The conservatively estimated depth of flow la the western diversion channel is ten i
'-

feet. This depth is almost twice the depth of the retention pond, and represents a water surface j
that is about four feet above the berm forming the pond. The pond is constructed mostly above ;a
ground.' The riprap in the diversion channel was sired based upon normal flow depths and |
velocities in the diversion ditch. Water entering the pond will spread into the wider channel that'

exists at the pond. The velocity will decrease. The riprap on the edge of the disposal ceu will
protect the cell from possible erosion by eddies in this now.

..
,
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,
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.

,~ - - _ __ .,_ _ _ _ _



- - . - - . . . . . _ . . _ -. - -. .. - . - _ . . . . - - . _ . - -

;
4-
a.* ;v ;
.; 'i: -

,

'>
*

.*
'

1,,,

!.Jkewes, the faGure of the retention pcad berm wGI haw Uttle effect on the flow. The berm I

'1 wGl be overtopped long before the peak Dow (6500 cis) used to sias the riprap is reached. The _ ;

[ Aow still wGl spread and slow down as it enters the pond area because of the natural widening of |
the drainage swale and the fact that the disposal con ends. j

*

T. i

1- !a summary, neither the presence of the retention pond nor its washing out wu! haw much affect j
'

on Sow conditions la the diversion ditches. The pond is looted la e wide area of a natural

>7 - drainage swals. The total depth of the pond is only slightly more than ons. half of the depth of
7 Dow in the diversion ditch during the design Dow, and the pond is construced mostly abow - !,,
'-

ground. The riprap was stand based upon normal Gow depths and wlocities in tac diversion i

ditch. Beause the swale downstream of the pond is wider than the design section of the
]. diversion ditch, failure of the pond berm would merely remove a restriction in the swale, and )

4

#
would not lead to Dow conditions more critical than those used to sias the riprap for the chanacL' )
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