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FINAL DESIGN REPORT

UNITED STATES DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

AUGU$T 8, 1980
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The design computations, construction drawings and specifications are complete. ~
drawings and specifications are being submitted to Water and Power Resource Service
for inclusion in their contract for the Granite Reef Aqueduct Reach 5B. Changes to
meet their format and specifications are anticipated. A joint review and approval
of the final drawings and specifications will be required.

DESCRIPTION OF JOB:

The job consists of approximately 11.8 miles of earth embankment, a principal spill­
way consisting of a standard open top riser in the reservoir a 48-1nch diameter
reinforced concrete pipe conduit, and a SAF outlet as an energy dissipator. The
emergency spillway is a l50-foot wide reinforced concrete chute with baffle blocks
and will discharge into the aqueduct.

BASIS FOR DESIGN:

In addition to SCS standards and criteria, the following references were used as a
basis for design:

1. National Cooperative Highway Research Program Report 108, Tentative
Design Procedure for Riprap-Lined Channels, High Research Board, National
Research Council, National Academy of Sciences - National Academy of
Engineering, 1970.

2. Civil Engineering Handbook, Leonard Church Urquhart, Fourth Edition, McGraw­
IIill Book Company, Inc., 1962.

3. rlandbook of Hydraulics, Horace Williams King, Fourth Edition, McGraw-Hill
Book Company, Inc., 1954, 5th Edition, 1963.

4. Simplified Design of Reinforced Concrete, Second Edition, Harry Parker, M.S.,
John Wiley & Sons, Inc., 1962 & Third Edition, 1968.

5. Design of Small Dams, United States Department of Interior, Bureau of
Reclamation, 1st and 2nd ed, 1960, 1973.

6. Reinforced Concrete Design Handbook, Workin Stress Method, Third Edition,
1965, American Concrete Institute, Publication SP-3.

7. Earth Manual, U.s. Department of the Interior, Bureau of Reclamation, United
States Government Printing Office, Washington, D.C., 2nd ed 1974.

8. Seepage, Drainage,and Flow Nets, Harry R. Cedcrgren, John Hiley & Sons, Inc.,
New York 1967.

9. "Use of Riprap for Bank Protection" Hydraulic Engineerin Circular No. 11
June 1967, U.s. Dept. of Transportation FHA BPR.
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10. I ICE -Lease -r', R69-22 SolIs _ chanica Publtcation No. 235 HIT pri1 1969 •... 11. Desi Hanual Coner..L !!i-,
February 1970.

eriean Concr to Pipe As ocintion. 1st d

12. Ste 1 Pipe D sign ~;tnst 1lation. American (ltar orks As n•. nual of
• tcr upply Practices, A,WA o. II, 1964.

Th rae end d found t10 trea ot deviates fro th t a pre-
11m1nary design in that pr -wetting ~i1l be relied upon f1' cturin
f1' foundation collapse r th l' than re" oval and reconoolid tian 0 terfal.
A cutoff tr nch 111 b excavated to explore tn f undation for buried ch nnel ot
cover d by an dequatc -tural blanket. Exposed buried channels ill b cut off

ere possibl. In locations were cutoff appears improbabl I foundation drainage
is provided. 1'h b ent des! i1 for I: ch 1 r Ii 8 On the eo r en 8 of t e
material to resist ernckin rrd routiu d ri p1acem n1: to prevent pi ing. R ad 2
is provid d with an embanment dr in. A three foot thic' blanket will b provided
here upstre borrow operations expose clean l' v 1 or sands.

The foundatiou of Reac 1 vill b preuet to a depth of twelve feet. Consoli-
datio of the foundation is expected to occur during con truction s r sult of the
re etti, d construction Oller tiona. The foundation ill be strippec to a depth

of 0 foot to permit ins ction for unsuitable aterial. 0 served unsuitn Ie
t rial will be removed. A n -tara! blanket thicknas.. of five f et is require over

channel of clean sand or ave! to pr vent uplift at th downstre t Th
cutoff trench will be excavat to min dep 0 five fe t to chee th bla k t
thickness. If conti uous ubaurface c ann Is exist tit this depth, the cutoff ill
be extended to cut these chann Is off. The 10 of drill bol s shows t10 loc tiona
her pp rent cha els exist beyoDd the limits of the hole. Toe drai sere de­
i ned for th De locations. If the extensions of t.he cutoff tr nell re un ble to

reach th limit.s of the channel, then the contract hould b odified to provide
toe drain at th t location.

Emba ent draddn is not nticipated in ach 1. Da in fari opa Cou ty con­
structed of s ilar tera1s have not exhibited de iccstion or v nt crack •
An bankt1ent drain ill not b us d in this reach. 'lhe terials will be routed
in a .ann l' to construct an impervious and st le ill. 0 ettleme t is expect d.

e £ounJatio treatlllent u cd in aeh 1 viII Iso be us d in Peach 2. It i not
xpeete t dt to drain ill be r quired in is reach ince t 1 lop, of borin s

test pits bas ot aho deep channels wit in this re c1 • Ho vel'. th ter 18
are ch ore susceptible to collapse than tl08e in each 1. Pre- ett1n to d pth
of 12 feet as require • will pc it: the co11apse-pron terl 1 to ettle ~th

minit:lum of fracturing.

An emban ent dr in, as rovided in each 2, will prevent failure frotl the c is
of cr ckiu. One and one-half f t 0 uver£ill is provid d to allow for f ndation
settlement after construction. An additional 1.3 feat 0 fill is added l' du lly
from t e er~ cy pill ay to t west e d of the d to 110 for ove t of the
fre board ydrogr ph flows to tll. ergency sill"" y.
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EWRGEl CY SPILLWAY DESIGN:

Th centerline loc tio of the emergency sill ay has been dju ted to take i
dvanta e of the knmm location of the rock. Th. ntir invert of the exit channel

'Will be on BOund rock.. The. rock be ath the structure will be rad to prevent
differ ntial ettlement and since no settlement is anticipated no special joint
treat nt was provided wher the structure toundation cha eo fro rock to earth.

The Y ahington c
aprons) a d pavi
ere tWed for
. lis. an i

puter pro~ram £r
labs.

structural d
11.

to design th chute id w lls,
!neeri dbook ection 11

11, headwall exten ion, inlet ide

Lu IPAL SPILLWAY DE IG

A standard open riser inlet is bem uaed. In re ponse to tho reeo ndation of
cov red top riser in ~uppla ent .:'0. 1 to Desi n Report, dated June , 1979, the open
top is considered safe because of its isolated location. The only reason a covered
top was ev r can id red in the war plan vas to prot ct it frOtl ~allin rocks. T e
roc y hill ide is not close anou h to be a robl

4 -inch diameter reinforced concrete fpe i b in, US d for th pinel a1 s illvay
with no increase in d bei t.

Sinc t4 outlet elav tion is w 11 be10 ny prior geologic investig tlon. anothe
test pit as dug near the SAP. The soil 10<7 is in teal' ndix. en these . oils
ro compared to t de Ign riprap gr dl1tion~ no be ding i required.

e L{lSCELLANEOUS APPURTE1 CE DESIGN:

Two g ted outlets are provided in ccordance ith the work plan. 'the r ro
cro sin has b en elil:linated. but aece s r shave b en provided for int nee.
Fencint'> will b installe in ccord nce with the IS. Provisions for 1ivestoc' d
wildlife to reach ter and era s the dam have been .ada. Chain link protective
fence will be rovided at the prineip 1 nd €a r ency spi1lw ys.

The Drain Outlet is located at the 10 st part of the 1 pound ent are ot or tlan
the principal spillway. It consists of a sli e te to 24-ineb d ter rein-
~orced concr te pressure pipe wich curries ter under t Co1\: Aq c uct to sub-
erged pipe outlet basin. The ba in is abed accordin to Greg Cunni g t 1964

writeup. It as adequate stora e below the pipe invert or the. vera e annual eedi-
ent yield at. th t p rt 0 the d 1'h ripr is ch ore xtensive than Cunni a-

hai:1 f s writeu calls for. hort outlet channel uides flows fr the basin to
natural Cl ne1 adequate to carry the din pe runoff.

Th . w Tank Outl t co 1st of a lid to to a 24-ind diamat r reinforc con-
crete pip to the left sid of the CAP Aqueduct.. A 24-inch diS1':let r steel pip
c rr1es water fro ther to a standard i act ba in. A ort outl t chall11 1 drains
to rd New Tank Reservoir to maintain livestock ~lTater at that loe tlan. Th {
an fatcrshed is re14t1ve1y flat a high within our reservoir 1 so 11 colI e-

tion yst will b con tructed pstrealll fr02 the d 'Ih ste 1 pi lill be 0.375
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t r poxy coating 1 r b r1ed nd a polyvinyl chlor1d
th queduct. It will pportcd at th ent r of the

ter caner te column similar to other a ueduct crossing
nd Pow r csourc Service.

1nehes t 1ck it coal
paint wher expos dover
aqueduct by 12-1 ch d
constructed by th W t r
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Of ~he several methods available to effectively compensate for this

~ettlement, the first may be considered, although the second is

favo~ed at ~hi3 time. Prewetting the foundation to ten feet and adding

~ surcharge ~lould effectively con~olidate the weak soil strata in

this interval if a key trench similar to that recommended-for Reach l

we~e nlso installed on Reach 2. However, the more favored method of
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application solution is coincidental with visual inspection of the

many backhoe test pits and test trenches.

Tnese excavations have sho\,m that an average 6 3/4 feet of the

foundation is weak and should be removed and recompacted to provide

adequate foundation for the embankment. Actual foundation excavation

may vary'bebveen 4.5 and 8.0 feet as shown by short dashed lines on

the Plan and Profile sheets at the test pit locations •

.J p- /JC! I n,1 \ I 1 u,) \I G P'T"'-.LC;C.-.. Ie f l"')Vt:.Jn G" r\\' C j -:UJ I(.C- L-i I I I I I J r j "'-" 'f 1 '- _ - J • " I

p..3 c::> (Fb~ f2c7-'\-·e t:1 -Z"]
Compaction.at optimum moisture should produce maximum dry density,

and oversize material will not be a factor on this reach as only a

trace will be encountered. Foundation settlement should occur

proportionate~y as fast as the load is applied, leaving a stable

embankment at completion of construction.

C' P12.t:"""L1 yYJ {l' l/riL'l( 6-a:x...o c LC. ! /} V:C--.s n c.. P-'f"TI Q /1 .

rO ? ~ (t:== c.J ," {2.c:.~ \-t ~ ')
~

According to the test pit logs, firm and competent material ,vas

encountered at an average de?th of 6 3/4', and ranged between 4.5'

and 8.0' (moderately tc s~rongly cemented and hard to very. hard to

excavate).
I
I

I
i

t=' G~~G,C j()UOnGr~-llot)
p6 (~A-0\-t {~

The average depth of foundatlon excavation is 7.0 feet, but this

varies from a maximum of 15.5 feet at

in one of the caliche bottomed washes

742,5°
Station 322+25 to a minimum of 0.5 feet

935G,j
at Station 125+40. There does not
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appear to be any suitable material in the foundation capable of providing a

base for cutoff. It is recommended that if a flow net study shows the

foundation excavation line to not be deep enough, then a partial cutoff should

be installed below the foundation excavation line deep enough to carry the

phreatic line out downstream of the toe of dam.

~ GEDLOC4 \ C \ y\ 'J c:S n GATl a V\

P 7- 8 ((LE7\-<-\4 "-J
do~~. Overall there may be more SM material present along Reach II

than any other soil type. Relatively thick sequences of SM were found at
b8s+6() f,q2.t::O 1a73-J..QO .:.-7JJ-OQ

Stations 382+50 (0-25.0'), 372+50 (0-23.0'), 392+50 (15.0'-33.0') 492+00
bUh10 :.,;,<1-00 7/2..+OCJ

(20.5' -37.5'), 452+00 (0-16.5'), 402+50 (4.3'-20.0'), 353+00 (20.0'-35.0')
~5SHJO

and 412+50 (9.0'-22.5'). In addition, closely related soils SM-ML, SM-SC

and SP-SM are fairly common. Significant thickness of SM-SC is found at
.,....03 +-00 .:-53+00 b53+00

Stations 462+00 (15.8'-32.5'), 482+00 (30.0' -40.0') and 412+50 (27.5'-36.5').

SP-SM soils were generally loose and weakly cemented, comprising 11 feet
573+00

out of the top 20.5 feet of material at Station 492+00, and a 7.5 feet thick

633+oc>
buried channel at Station 432+00 (6.5'-14.0').

h ~WLOG Ie IIAUf:'?n6:krur"",­
(J t:f - ~1 (Q ;+c f./ ~)

top

SM-ML soils are most commonly
(",03+0 j

soils, and are known to be as much as 8.0 feet thick (Station 462+00).

I
I

Buried channels of sand could pose an unforeseen threat to the

credibility of the foundation excavation line. The only surface wash that

f:>33-+50
was excavated across to ~xplore this possibility (TP-79 at Station 432+00)

found 3.5 feet of alluvial sand in its filled but well outlined surface channel.
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What was unexpected was the .7.5 feet of buried channel sands in the 6.5 feet

to 14.0 feet interval. Although this was not anticipated, it now appears

that there is good potential for finding buried channel sands all along the reach

I Y). T1-\'-~ \'1:::) P , s- ~ -z....<::=. ~<ZCI.
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Table 14-;.

,_.. 1'*" HMwb''Y','''X'Wt!'" "

Laboratory time equivalents for various construction time periods
(based on laboratory specimen thickness of 1.0 inch)

Thickness
Construction Time, tf

Two Months Four Months Six Months Eight Months Ten Months Twelve Months
of Field

Stratum, Hf t.t ~ t.e Jt; t.e ~ t.t ~ t ~ t.t ~.t
(ft.) (min.) (min.) (min. ) (min.) (min. ) (min.)

2 18.75 4~;2 ;7.50 6.12 56.25 7~50 75.00 8.66 9;.75 9.68 112.5 10.62
4 4.69 . 2.16 9.;8 ;.06 14.06 ;.75 18.75 4.;2 2;.44 4.8; 28.12 5.;1
6 2.08 1.44 4.17· 2.04 6.25 2.50 8.;; 2.88 10.42 ;.2; 12.50 3.54
8 1.17 1.08 2.;4 1.5; ;.52 1.86 4.69 2.16 5.86 2.42 7.0; 2.66

10 0.75 0.87 1.50 1.22 2.25 1. 50 3.00 1.73 ;.75 1.94 4.50 2.12
12 0.52 0.72 1.04 1.02 1. 56 1.25 2.0tj 1.44 2.60 1.61 ;.12 1.76
14 0.)8 0.62 0.76 0.86 1.15 1.07 1.5; 1.24 1.91 1.)8 2.;0 1.51
16 0.29 0.54 0.58 0.76 . 0.88 0.94 1.17 1.05 1.46 1.21 1.76 1.;2
18 0.2; 0.48 0.46 0.68 0.69 0.83 0.92 0.96 1.16 1.07 1.39 1.18
20 0.19 0.4, 0.,8 0.61 0.56 0.75 0.75 0.87 0.94 0·97 1.12 1.06
22 0.15 0·;9 0.;1 0.56 0.46 0.51J 0.62 0.71J 0.77 O.IJIJ 0.93 0.96
24 0.1; 0.36 0.26 0.51 0.39 0.62 0·52 0.72 0.6,5 0.81 . 0.78 0.88
26 0.11 0.;; 0.22 0.47 0.;3 0.58 0.44 0.66 0.55 0.74 0.66 0.82
28 0.10 0.;2 0.19 0.44 0.28 0.54 0.;8 0.62 0.48 0.69 0.57 0.76
30 0.08 0.29 0.17 0.41 0.25 0.50 0.3:3 0.58 0.42 0.65 0.50 0.71
;2 0.07 0.27 0.15 0.38 0.22 0.47 0.29 0.54 0.37 0.61 0.44 0.66
34 0.06 0.25 0.1; 0.36 0.19 0.44 0.26 0.51 0.32 0.57 0.;9 0.62
36 0.06 0.24 0.12 0.34 0.17 0.42 0.23 0.48 0.29 0.54 0.;5 0.59
38 0.05 0.23 0.10 0.32 0.16 0.40 0.21 0.46 0.26 0.51 0.;1 0.56
40 0.05 0.22 0.09 0.30 0.14 0.37 0.19 0.43 0.23 0.48 0.28 0.53

Notes:
. .

1. For laboratory tva-way drainage and field one-way drainage (Case 2), use table values.
2. For laboratory two-way drainage and field two-way drainage (Case 1), use 4 times table values.
;. For laboratory one-way drainage and field two-way drainage (Case ;), use 16 times table values.
4. For laboratory one-way drainage and field one-way drainage (Case 4), use 4 times table values.
5. For laboratory specimen thickness other than 1.0 inch, multiply table values by (specimen

thickness in inches)2.

Table 14-;.

,_.. 1'*" HMwb''Y','''X'Wt!'" "

Laboratory time equivalents for various construction time periods
(based on laboratory specimen thickness of 1.0 inch)

Thickness
Construction Time, tf

Two Months Four Months Six Months Eight Months Ten Months Twelve Months
of Field

Stratum, Hf t.t ~ t.e Jt; t.e ~ t.t ~ t ~ t.t ~.t
(ft.) (min.) (min.) (min. ) (min.) (min. ) (min.)

2 18.75 4~;2 ;7.50 6.12 56.25 7~50 75.00 8.66 9;.75 9.68 112.5 10.62
4 4.69 . 2.16 9.;8 ;.06 14.06 ;.75 18.75 4.;2 2;.44 4.8; 28.12 5.;1
6 2.08 1.44 4.17· 2.04 6.25 2.50 8.;; 2.88 10.42 ;.2; 12.50 3.54
8 1.17 1.08 2.;4 1.5; ;.52 1.86 4.69 2.16 5.86 2.42 7.0; 2.66

10 0.75 0.87 1.50 1.22 2.25 1. 50 3.00 1.73 ;.75 1.94 4.50 2.12
12 0.52 0.72 1.04 1.02 1. 56 1.25 2.0tj 1.44 2.60 1.61 ;.12 1.76
14 0.)8 0.62 0.76 0.86 1.15 1.07 1.5; 1.24 1.91 1.)8 2.;0 1.51
16 0.29 0.54 0.58 0.76 . 0.88 0.94 1.17 1.05 1.46 1.21 1.76 1.;2
18 0.2; 0.48 0.46 0.68 0.69 0.83 0.92 0.96 1.16 1.07 1.39 1.18
20 0.19 0.4, 0.,8 0.61 0.56 0.75 0.75 0.87 0.94 0·97 1.12 1.06
22 0.15 0·;9 0.;1 0.56 0.46 0.51J 0.62 0.71J 0.77 O.IJIJ 0.93 0.96
24 0.1; 0.36 0.26 0.51 0.39 0.62 0·52 0.72 0.6,5 0.81 . 0.78 0.88
26 0.11 0.;; 0.22 0.47 0.;3 0.58 0.44 0.66 0.55 0.74 0.66 0.82
28 0.10 0.;2 0.19 0.44 0.28 0.54 0.;8 0.62 0.48 0.69 0.57 0.76
30 0.08 0.29 0.17 0.41 0.25 0.50 0.3:3 0.58 0.42 0.65 0.50 0.71
;2 0.07 0.27 0.15 0.38 0.22 0.47 0.29 0.54 0.37 0.61 0.44 0.66
34 0.06 0.25 0.1; 0.36 0.19 0.44 0.26 0.51 0.32 0.57 0.;9 0.62
36 0.06 0.24 0.12 0.34 0.17 0.42 0.23 0.48 0.29 0.54 0.;5 0.59
38 0.05 0.23 0.10 0.32 0.16 0.40 0.21 0.46 0.26 0.51 0.;1 0.56
40 0.05 0.22 0.09 0.30 0.14 0.37 0.19 0.43 0.23 0.48 0.28 0.53

Notes:
. .

1. For laboratory tva-way drainage and field one-way drainage (Case 2), use table values.
2. For laboratory two-way drainage and field two-way drainage (Case 1), use 4 times table values.
;. For laboratory one-way drainage and field two-way drainage (Case ;), use 16 times table values.
4. For laboratory one-way drainage and field one-way drainage (Case 4), use 4 times table values.
5. For laboratory specimen thickness other than 1.0 inch, multiply table values by (specimen

thickness in inches)2.
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2.123 1.964
2.061 1.909

96.:::5
94 .. 9:::

b
I::"

-'
5

2.038 1.918 91.22
2.084 111973 891134
211042 1.910 92.63
2. t14~J L 912 '32.16

I::"

'-'
4
5
c­._,

084 111963 90 .. 28 4
~.083 111968 89::81 4
2.094 2.006 87.46 4

TOO FEW SLICES AT RAD= 85.53
T~E LOWEST FACTOR OF SAFETY FOUND

I]::':::: 111 '922 90.7'5 c-._,

FS8SHP FSNRML RADIUS NO.SLCS. X= 495.00 Y= 1480.00
2.883 2.544 120.00 9
2.778 2~4~~ ~ 18.42 a
2.t:;(,g.
2.570
2.471

2 II 16 i
2.0:::0

_ .. 2.014
•. 2.01'3

2u :391::,1

.-, '-"-"-1

.::. u '::'-.)0

2 II 12:::
2 II ~]66

2.007
1.954
1 ~ 1314
111933

116.:::4
115u2?
11':::.69
11·::'. 11
11[i.5:::
10:::.96
107. ::;:"::
105. :::0
H14.22

'::....

6
6
5
5

t· 2.CH6
~~. 0::;::0
2.~]15

2.016
2.017
2. ~1:::5

r; -'.05 ("

111 '33::::
1.920
1.91:::
1.92:3

1.96]

H16.59
106.20
105.41
105.01
104.62
102.65
101.~)7

6
c­,_,
c­
-'
c-
-'
5
c-
-'
4

J FEW SLICES AT RAD= 99.49
.~E. LO~,JE::;T FACTOP OF ~:;AFET\' FCiutjD

IblJ:.:

2.014 AT P= i 05. :::[1

_ f J;:: 1 .::'0_



<

:

I ... _'" _,_

"IHE rlI tE t'1 Ut~ FHCTOP 0F :::; AFET\' I :3 F(I P ::-:;= r 495. E1 (1 'l = 1 4 ::: (1 • 00 - P= 1(15. ::; ~

**** INPUT ERROR 7.16 - -ATTEMPT TO ~~rlU 8E~ONI ~ND OF FILE eN -INPUT.
1~E:F:f:::PT PF:: I rH$
EOF: : 6:::: :::;CFHJ: 2
0::-

•

•

- ...-.

•





(~FI::;C ~ H PF.: I tH5,
F.:EAD\'
>IEED, U F'F: ItJT5,
CASE UDPER ASSUMED

(

i COC' -, 'r-'-II' '-1'- 'I' - "-"-1 1 ,-. i '-1' 1'-' "'-1 1'·1 "_!f':.a:.:. - 11'_ ·oi-t. t,.... tl .... o~.:. - _ t.l" 11-':' II ~ - I.. to':'., )

•

1.
tl •.:·f' i :::0
IECtUAL ::;EE:

@USE PF,*LEASESYS
@A8G.A *LEASECDL,
@USE SU82,*LEASECDL
@ASC,A *LEASEMODS~

@USE SU81,*LEASEMODS
@US~ E,*LERSEMODS
@ASC,A *LEASESYSDIC,
@USE DD3~*LEASESYSDIC

IEPF, EClY' ~ 2
*********************************************

•

'*
*

t UNIVAC 1100 SERIES ICES
.J uti 1I') , 1'3 I:: (1 14: 14: 4:::

'...'EF.: SlOt,] 1, 1
-1:" .

FI~ES USED BY THIS RUN
IiD 1: t,WT H:::;::; I Gt,]ED, TEpiF'ORF!f(':' U'::ED
DD2: NOT ASSIGNED, TEMPORARY USED
DD3: SE8 * LEASESYSDIC
DD4: NOT ASSIGNED, TEMPORARY USED
I --sE $ ~PPQURHALA FRS

•

1=3: 1 ZD=2: 1 TOF' OF DAf'1 EL,[',/ 1:; 1.:::.19.;:-
~. I' rl ::< HT. I ::; 45 FEE T E;:; CF~ E;:; TEL Eil/ lSi 4 [1 :::: • 4
$ STEADY SEEPAGE CONDITION

'j .~~S9 140.:i
hi ~ t,2 L::'::I2
L I t·~ E 1 7 ::: :;:
2 ;:: 2 2
;:::~l 24

~.. 2 :;~ 1
534 1

::: 5 b :~:

':.' 2 I~ 2

:~' ,- - , 1 125 . t. 1[1 0 :::: ';
::. 1 100 39

: ....::':2. i 1(1 0 :3 '3
4 62.4 (1 0
F' IE:::: 2 1 1(1 (1 14 0 I::

2 9 35'3 1404
':' U? 462 ::::'32
.-, t: ~-i •.•• - "i 0j""':'J'



NUM8ER OF SLIcES 30
::;ET \'!~Hi 1360
RMIN TANGENT LINE 4 5 6 7' 8
GRID 1 455 1450 2 455 1450 3 495 1480 (1 3

•
PIE:OMETRIC SURFACE DATA

PIEZ SURFACE NO. 2
NO. ~:OORD YCOORD

1
2

100 . ~:10 140:::.00
35:::.00 14r1:=:. 00
359.00 1404.00

10 462.00 1392.00
5 496.00 1374.00
6 600.00 lJ7'4.00

ORDERED LINE ARRAY E: t,j Ii ::; ARF.: A\'

NO Pi F'T ':;0 I L

PE -: 1 - 4- ~-

000
4 - 1,- -

::::4:~:

::: ~:1 : "

"

i. 40:::. 0C1

::::9:~'. C0

\'-F.: I GHT,

140:::.00

1420.00

::;LO'

4 i 1420.00 407'.00

.
C100

509 ...,
"

529

1

000
10

1 j "

4

10

C'
•••1

...,
..

-
'.:.

10

1:.­

-'

~::

10

5

1

-,
~

,-,
~,

-,
'-'

2

2

-,
.:'

462.0C1

:~:5,::. 00

:::'6:~: eo

1420.00

~ _. ~ .
.:. .:: : II i-':'I:-_

14[1:::.00

14J4.00

462.00

26311[10

::::59.00

462. [H3

iJ741100

i'~:1 4.~3Ci

i 404. O,3

NUMBER OF TOPLINES!S 6

-..=-
~~~.00 Y= 1450.00
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~o
~
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~

.......

.......

Ii')
I·i)

I~I,=,

(S)
C(I

":j­

f"-
'S:l
lSI

~.

1:;-)

(. I

1:'<

.....

lS:I

1·.0

......

C'·j

l­
CC

~<

Ii
1:1:::

(L

I·Ci
1:::1

'-,

1,.'-'
'T
::::

r.) .=1
:) LL

II

"

["-­
J·.i)

I:S:I

f".­
"T
.......

::-

l=i

......

((I

(~I !J) ::_
...-l (0 ((I 0:' (0 ["- "'- , 0 'i) in l{) ';r in If:1 If') If') If) '':j- ",j- "T '':j- ':j- "'r ":j- '0::1- '''T .~,) i­
00 W

l.L
'I

T-i

CO
'':j-

::.::

\ _~ :r
CL (r'l (I I~·.J 1~1 1·..0 1..1·" (f". -.:,t- 1.0 Cl~l ((I '-',j (T: 11-:' ,..... cr'l 1::;::, f' _ l:r', r·- r'·- ro •• ((I --' ":J ! J ,=1
T r"- i..i.' I..£! !"O I..l) I '- f"- r:J- (0 f"- I:'); (I) r··· f'.- r· _I. () a:s:, cr·, I::) (1"., IJ'I (r I (r'l I~':I 1:::1 L.. _1
((I r"'- l.l.I Lf) """:T (I) (' j ,.-1 • -I IS) lSI ':::1 IS) I:S:I 1':-1 (S) IS) , I:S:I -t I~~) IS) 1'- I I:;) .~ ..--{

m·· ...•.... ·• )UJ
((, C··j ('.1 ('.j C'.j ('.j C j (, j ( •. j C·.j (, j (. J (. j (. J '-'.j ( •. j (. j ,~•.j '~'.J C'..1 ('.I '. '.j (, j " :r:
LL 1_1_.

'"7 II ((I
i~1 ......-j ..-i ('.j ('.j C") "'=;- '::j li-:i ii') 1.£1 r"- (S) (.) 0:, .,...oj (I') f'.- f"- cr', 'r-t ';J- 1]"'1 CI.j Ii,i f. .~

((, I:S:I ·1-; ('.J CI) ~ Le) 1·.Ct r·- CO cr'l lSI C') (T', '-:j- ":T 1=1 lr) .~ (I J l[) .r-f f••l) t..l) (I.J r' _ I:t.-: LL
=1 II ;II :a tl II " •• II • II • II ••• " III " II " " III III II C ~ 1=1
t--t ,..::;:, (0 i.j) -g- (\J l~ ) I)) 1·.0 -.:j- ('.j ''-; ':j CI'I (I) (I.J (\1 ,...; (f'a r"- I~I I:S:I CT', (0 ((I f"-
~ T'"'"'"I I:S-I 1::::;:1 ':s:' ':S:1 (---I Cf', l:r, 0", cr'l (1""1 cr', tJ\ cr'l cr'l :J\ cr', (0 (0 cr', cr'l ((I I)) ((I (0 J Lt:
CC ''--; -r-l or-f ..-i -.-i ':' i (.: '=1
~ I-

;:-:t I~I
---i CO ((I C:::) LJ-:I t.•l) C·j (I) I~:::l r··- (r, (,) r"- f··- (0 ..-i (,') IS) ('.J If) I.J:) 'r-! I.J.:) I)) 1..0 If) L.J II
.L -s:r 1·1) cr". 'r-; -go- (,) IS) ,;r" 17(1 (,) r··- (I) 1~1') (.) "':j- .r;j- f"'- (T', CI.J r··... C(1 (0 cr', IS' ...-t .: ) LL
~~M(~~jor-fl=~)Q~~~~~b\~a~~I~~IQI~~la~~'~I~~-I
Z .. n I; II :;: :;: :I II II III ::a III :.l a .. III .. III II oil III III III III ....JJ--
C(l (I.j C··j i~l.j ( •. j (I.J ,'.j CI,j .r-l ,......j ..-i ,...·1 T-I ,-1 '.--I 'r-t .,--t ...-; ..--t I-I.j ..-I '''-; .,... --l ,.-...t ('.j (I.j : '1 1)-;

l.L W

C'·j

~~

C'·j
"T
.......

II
CI:::

z

1­
'I

:::'

((I
'I
::::

33:

((I I~I

't--, C)
I,() u_

,.-1 ::­

':t ["- I­
l.iJ
l.L.
'I

t ":j- "':t

II

II

,::s:.,
1•.1)
":j-

(':.
(I")

1=1

CO
t·,O
.':t'

::.::

..-;

:z: II ((;
0~1~~M(0~mIDf'~iXlro~~~~cr~Tj~Q~~

000001~'¢N000~~-N~lnr'_~II~"~(0COI~~~=, . . . . nil. Q • It II II • " " II • II "Ct:: 1=1
~ IS) f"- U-) (I') 'r-i cr'l 1·.0 's:j- I:' j l:S:l (0 Ii) (I") f"- 1••0 I.i) 1.(') ":T 'r;~

1'=1 ,:::;:, (1". (P. (1". (f. ((I ((I (I) (,.) (I) r"-' r·.. [._ f"- f"'- [ .._ r"- [.._ r"- 1_ ~
~....... ~O
C~ r-

U)
U
~roOO(C,r~~D~~~D~~~~·~~~j-~tr
00

LL '':T ,....... IS) cr', r"- r"'- ('~l --' ':::'::1 'r--{ "':j- li~1 Ii") (0 ('~I ((I ('~I (I j 1:'1) W ,=1
I(~Q~~~~OOM~-t~~~~u-)m~'~·~·~-~~
((I (I'" (I) 1·.D L() "'T -r::t" (I) (I) (t') (I.J ,..... -r-.. ....... ·r--i ...-i .,--t ._; 'r-' 'r-t

m • • • • • • • • • • • • • • • • '4(") W
OONNGjN0.jNNNNN0.JGj0·j~j('.J0j(~J I
l.L _

-...I "":j- (I.J co I:S:I I·i) lJ-:I CO (I~I ... --{ (,') 1·.Ct cr', (,) 1..Ct I·i) r"'- (\J r<- .';j- LiJ (I:
Er'~OOa\a~l~a\m~JT-i~-a~~I~~ja"IJ',a~I~Q'~CI~
0::: U-) ·tr (I~i ('.j ('.J ..-i "r-t -r-i .,..-{ IS) cr', 0", 1:S:1 Cf', cr', Cf', 1:S) I~) IS:' I--t

Z $I " II II II II • " " II II II ... ;I U .... a-.Jf-
(0(~j~j(~~J~JGJ0.j~J(IJ(~~"-il~..-i_i~I~,.j0,jl~(0In

l.L w

('.j

I·LI

(S)

1'=1

((I
(C
::::

II
~

":j"

I­
CC

=,
(I.J ,=)
'..0 l.L

z

'~'.J ::--
'- f"- f"- f- ['- lr) In Ii") lr) If) ID '..0 I­

I..1.j
1..1..
'I

II ((,
:i ---t ( •.j .~;) 'I:j- lr) I.i) r·,.- (f', (S) .,.-f t=I
:;:, l() ':S::I l() (S) I[) (S) Lr) (s) 1·.0 ,...; II LL

;& • II II It II II • II II II t:t:: 1=1

.' f'~ lO C j ·S) ["- lO C··J ,:::;:, ["- Ii")
r, (0 ((I CO (0 ["- ["'. ["- r"- '..0 1•.0 I- Lt~

II ,=,
I-

((I ':...)
,":1 ( •.J (S:I (f', 1::;:1 (\j ("1,1 --r:r (0 r"- Cf', W II
t) r~·- (S:I «.j I..j) i ...() I~I ~ CO (I~l ((I (..,) L1­
;) r-·- f"- I..,:) l[) -q- -.;-J- (':1 (I,j C'.J ,.-·1 t-i

., Il Il • II I/; II • II II 1I_-lJ--

'.j ('.J ( •.j ( j (I,j (I.j (I J (I.J (I.j (I.J (I.j (I) ((I

I..1.J
~ -.
-:&. -=­"":' r"- (',j {'::) (T', ((I --::1- 1St (r', --t l..() W 1='

:) f"- (0 (1"', i:r', (S) (t,J "¢ If) (0 I~) LL --.J
j -r-" (S::I (T', (I) (I) r"- 1•.(1 tf) -q- --=:t
• a II II • II II q II II II .=1 W

(' CO. ,') C'J (,J 0J .','" C'J :=. 1:':



RADIUS t~OuSLC~;c X=
120.00 '3
1 n:::. 40 9

495.00 y= 1488.00

2.650 2~375 116.81
2.550 :.302 115.21
2.453 2.230 113.61
2 I: .~; 2 7 2. 12 4 1 12. [1 2
2.239 2.064 110~42

2. 55 2.008 108.83
2."078 1.959 107.23

2.027 1.946 104.04
~.062 lu949 106 83
2.046 1 940 106.43
~.028 1.928 106.03
~u023 1.931 105.23
2.023 1.935 104.8~

:a025 1:940 104~44

,-,
:::'

6
b

t:"

-'

C'

-'
5
t:"

-'

,

2.043 1.976 102.44 5
TOO FEW SLICES AT PAD= 100.84
lHE/LOWEST FACTOR OF SAFET\I FOUND WAS 2a022 AT R= 105u63

THE MINIMUM FACTOR OF SAFETY IS 2.02? FOP \= 4Q~ nA y= 1480.00 p= 105.63
*~*x INPUT ERROR 7.16 - ATTEMPT Tu RtHD BEYOND tND OF FILE ON INPUT.
I~E'Ff':'F'T PF: I tH$

- ....

•
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.
,I

- <4 ,...

DATE: 0~1?88 TIME: 10947

:::'I:? fr:: G~ A I=' P ! rH (' ,
F.: Erij..! (

>!E EI! .;!J FFI t·~ T7 II

CASE J~PE~ RSSUMED

EDIT
[1: >F' 1 ;:: [1

I:EiOUAL ::;EE:
@ASG~A *LEASESYS~

@USE PF,+LEASESYS
I'd'::: ':: ,-.: .. I":! *1 Ep:=:ECDL
@USE SUB2,*LEASEC~L

@ASG,A +LEASEMODS.
@USE SU81~*LEASEMODS

@USE E,+LEASEMODS
@ASG,~ ~LEASESYSDIC.

@USE DD3,+LEASESYSDIC

~111q~

£lJtff/t..4E ~~/O t
~cJ/l ~/t/11

£ttIJ ~/~

t/S"C
~

-. - -, .: .-:! .-1
.:... r-- _ _ .&. • ..:: i ~

~: ;'~I 14~J~::

4 .~:':<: 1420
5 ~07 14:::0
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_. r~ OFFENDING NUf'1BEF IS 10 .:;:.*+*
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SOIL CLASSIFICATION

FIELD SAMPLE NO. I DEPTH

PROJECT and STATE

HOlouoh% //o//:?'/

TYPE OF SAMPLE

c:..L
SYMBOL S\'I\ - !"\ '­

Sc. - C. \=:

TESTED AT

51-1 ( B
DESCRIPTION

H,r;"ZOI)J
IGEOLOGIC ORIGIN

APPROVED BY

GROUP
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COMPUTATION SHEET U.S. DEPAF\Tt!.ENT OF AGRICULTURE

SOIL CONSERVATION SERVICE

/~Sof'.333

ruble :<.J
,J.J?? /I<o~J5~

J" b 7!:1 - 88

95 0;0 max. )•(Earth Fi" Class A

r"", a 62.4 '/(11ft.'

VALUESSOIL

fV1Std.
Compaction ;~

DMod.

(.S)Opf.: 't,: /42,4·/ft.J (mdae~ljty) E [) '3 F W'S

ur = !l1:5" % Pe 115~ ~ /I-fy S If,;; ,y

COMPUTED

13~

/ '?s .S /'2:;'_L.
I_'oc_-- _:;;~~·_~t

/ let.. . ,.z) ""1ft.' , "

Volume occupied by water ti' lat. (Vy)'
Vy =I. 0 - VI = I. 0 - 117ft?: tJ, ~ft~

Weight of water @ lat. (W.).
W = V • 62.4 "/ft! = O. :::, x 62.4 1 1ft.' = 1;5, 7"1ft.'w v

( ) ~.s.--" L-;,~r ~ /.3 /Compacted saturated' wt. r sat. . tJ~ ~

llot.= Ww +"d: I~, 7 ~/ftJ + /l.b,:5 ~/ft.J =1'501.= 1-3.::£ z:.*/ft' I

Compacted, moist wt. (y'" ).

~J: 0/0 max. (1'. max.) = <2, 9 f l /.:<2, h~/ft.' =locJ
" /4,0 '

vr ii? Opt. (or other.) = - It _;L 010= O. /1$

~'": 0d ( 1+w-)= 1/6/ 5~/ft' x I. )/< =

B,uoyant wt. (1.)

"'t b: ~Iot. - Ow +-..;.;;;;:....:..-~~ ,¢/ft~ - 62.4 ';lft! =I )"b= 7;::<, ~ #/ft."

-'/ I ...-T '

f<::; c:: d"b '=-- /.3
Drawing No. 3- L - 4 ~932
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SOIL CONSERVATION SERVICE

~., --.-- ~)..-£?h-"2Jb?J""'-'£'-4'3~a,""",,·t5~
ISTr . .

!_ ~~r-!./~2-~o~-::;::= ----f-__--4~~~~~~~..t:---l.t:..-'if--L~~--6~..e--_
·BY
I

!

DETERMINATION OF SOIL - MOISTURE RELATIONS

6. =62.4 'P.!/ ft.1
W

Moist or
'/ Sat.

Opt. ' ,

£11 I
1\ I
.u I
itA 1

. DSfd.
Ccmpactro., ; 0'

V.od.

:LABORATORY TEST VALUES
7? 8~'

Sample No. ~ - e, c>

u.r= 8- 1 6%

COMPUTED SOIL VALUES ( Ear t h Fi II CIass A = ?5 %max.)

Compacted. moist wt. (1'/fit ).

't
J

: % max. (OJ max.) = t2. if' x !t)It:9 otT/ft.
J = IOd ywG 1 8 ~/ft.3 I

v.r @ Opt. (or other) = ;)... (I; % = O.~ .Pi .£

Volume occupied by wate r @ sat. (V L
-:;' 1/ "JVy = I. 0 - VI = I. 0 - O...!?~ ft. =~ ft.

Wei~ht of water @ sot. (W.,).
W = V • 62.4 JrIft.3 = O. !lZ x 62.4 I'/ft.i = ;;<6 / ~/ft.3w y

Compacted saturated wt. (c sot.).
y - W :7/ ~ / ~/ft3 +Os at. - w -+ 1"d = _~£::>..t.Q~,,-_

DrawioQ No. 3- L - 45932
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COMPUTATION SHEET

SC5-ENG-523 Rev. 8-69
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U. S. DEPARTMENT OF AGRICULTURE

SOIL CONSERVATION SERVICE/,:::z ~
I 3Z<Oi~..::I5

.JOB NO.

SHEET~OF ~5

ALPHR.!ERIC INFORMATION ) CHANNELS (TR-50)

#LJ~a///?/lAL4 VAL-LEV E/t).. 5PJ!/'1 CH;>{~·YY'P~.

/6P-r; W~Ll. /;:zpr; 8Ac../1 /='/~~

/£-/-.h ~rc: /", .Y',-f) ',;;? 4' .r~

B HT HE DESIGN DEFAIJLTl DEF.AULT2 DEFAULT3

/5.c;. lb· /;/. --7 ~ ~ /.--. .
RWl. RW2 HWP GMOIST GSAT KOl K02 FLOATR

;: ~. /. &0. /36. ~.7. ~,,3S A'C'

MAXFIG JOIm'S MFOUND

L/6I. -1"/). SC~t?t:J~

CFSC CFSS KPASS

-
~.L/..5 ~~.j-'2J" /,L/3
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SPECIAL DESIGN PREPARED BY

I~RQUAHALA VALLEY EM.SPWY.CHANNEL
17. ::::::9 FT i,jALL.

, i

Hl,ji = 1.0[1 t::: (I 1= O.? (1

J.
~:::02= 0 a 35

T\' PET :~; F :~; TF.: UCTUF.: F: L. C: Hfi ,.j "j EL - TF.: I ;=j L '/ :, ~. LE:::;
TP= 11.08' XP=124.00
T8= 14.0~ TS= 15.00 FTG PROJ= 1.00

Hr ,-c'-

:--:- lJ.OO
T""-= 10.00

, .
. i.! ~~ J

.... .::.

:- ',.~. E T.~; r :::'-U Uc: TUF: ;=; L. CHHtH-j EL. _. I, ETFL L Ii E.:: I C;!j
,=- : ~ . C=, , :F'::: 1 ;::-j " Ci c
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F:C" 1-: Tpf.j 1-;i.!L Ah:' ~::: TPUCT UF:AL CH Rt'jl-jE" L
CROSS 3~CTION D~OlGN

ELASTIC ANALYSIS AND WOF:KING STRESS DESIGN ARE USED
. ,

D
(~:;F'ECIAL DE~:;IGH F'F.:EPfiF.:ED 1::", THE DE::; I Gt,j UtHT AT GLEt-H·j DALE, t'1D.

FOR

f.i C; to i.. f - , -OUFit··1T=

1.50

2 110(1

j • ~_I r.)

1:::. 00
1::;. 00
1:::. OCi
.i. =~ l: ~~1 (1
~ ::::. C1(1

~ ::::, (H~

FL'OATR=

- ; 1 ,
'-

...
" "', '.,.. ~

_.
" ..
." j , ...

",- s:~
"

_.
, c; ::::- ,..
.., I CI .' -- I =-,
.. .. , =.. "," ,~, - j ':. 0Ci
~:' 0:: 1 (1 ::.. 1::: . (1 C1

'; f< ~ h l" "/ A:... UE'::
FTG F'F'CU= 0. Ci

:: ': 1(' ::.:::: 1 ::: . (1 (1
~:; .: i ;:: - : '~: . 0 [of
':; (. I"? = : ;:' • [1 C,
,".....: ;', .. 1, lit"

::: ... 2.: i = _ ~ • 0 l.:.~

:>.::..::::. ,=. i::,. (j>:'

K02= [1.:;:5

l1 ':''':

I"~ -! .-,"'_I. J. ~

A '. ' I r::! NC! T E,': =.:' T

A < 1,:; =-, r'l , ~~,

l=i< 2',:::: 0.24
H< .'::.' ~M C! II 2 1.+
A'" .::;,!:::-

A". t:' o.

R r.:~

A'" -:'.=
r1 i.. ;: i =
A< q! =
A': 1C1 :,::::

A0:: 17..':::: 0.26
A' 1::: " :::: ij. 1 :~:

A ... 1'3 " ::.. [1 . _ ::
.:: '.' CI. "
R ..: 1 .' ==
H <~'::. =

HW1= 0u0 ~(Ol= 0.73

Hl,jP==

TYPE T1F STRUCTUR~L CHANNEL - DETAI~ rE~IGN

T8= 10.00 TS~ 11.00 FTG PROj= 0.0

I.-,,-·re,n:,c

5.00

====" =======~====~==~

HT= 5.00

I! 1'_nc,-

TT=

. ....

,

:: 11'

~r'k:;~;jJhHA' A FR::;
:' R=" C=PIi ::' F' ILL l,j A'y' TRt·j ~:; I T I 0 H

,...



= "

-IJC;;

RECTANGULAR STRUCTURAL CHANNEL
CROSS SECTION DESIGN

ELASTIC ANALYSIS AND WORKING STRESS DESIGN ARE-USED

SPECIAL DESIGN PREPARED BY THE DESIGN UNIT AT GLENN DALE, MD.
FOR

-JRROUAHALA FP:::;
~PINC~PAL SPILLWAY TPANSITION

DE:::: I Gt4 F'ARRf'1ETEP::::
HW1= 0.0 K01= 0.73 FLOATF:= 1.50

:..: I:

Ht,J2= ;~1 0 K02= 0 -, C" ,.-I t'JT::::= 30 00 Gt:1C! I ~:;T= 1 -.
.':1,_I ,_II- I . ·.. . -

H~'JF= 0 Ci J<_r'F!::::::::-· - ;)f) 1'1A;:--:Fi 1::':;= 2 )(1 I::'-:·A T · :=0 1 ·. ~ . . -
)

i';'f'E: Tj F :::;TF:I.iCTUF:FIl.._ CHAt-jlJEL .- TF: I AL \.'j=iLUE::::
TB~ 10.00 TS= 11.08 FTG PROJ= o.e

TYPE T1F STPUCTURAL CHANNEL - DETAIL DESIGN
T8= :0.00 TS= ll.ee FTG PROJ= e.(

/

DESIGN OF SPECIFIED TYPE FOLLOWS

HT= 4. Ol1

CF:::;C::.: e. ::::5
­
.' .

STEEL PEQUIREMENTS
~:~ALL

. ...-

A 1
" 0 - .::;. - ; .-: (1 [1, , -- · "-- - , - I :.. ·-

Pi - IJ - 4
, . -, .-: (1 (:.1I I -- I .- ·.::. ,_I ·~ ,:1 .::. 1 .- ·Fi -, [1 -.do I:; -' ,

: 1·
_.. (1 (1I . I -- I ,-- ·
.-. ·. - - -_. "

A 4 I) · .
'+ : 1 0, : = · 1 ~

, ., - I: ,· ~J-,
i~

C" (1 - "1-
,- ;::- ; :· 00I , -' - · .::. , I, I

,- · ·- - -
A - Ci

, · ,
! = 1;-, 00I C' ; = ..:. - , b ':'· - ·- -, [i - 4 -:"' 1 ·: (1 13ri I = . - I = ;-I ·~ -, I - ·A :-, 'J - - .; -, 1 ~

,

0 lJI -, = ;. i
~ "-- -, -, ,= - '.'- " - - , ·

H I 9 = [1
,-

4 - ; '3 : = ; p 00, · ..:. :' 1 - ·A 10 " (i 1 - c 1 (1 " ,= 1 -: 0 ~~1I, ,= ·
"

,_.
" · ~ - .. ·

A(ll) - AClS) DO NOT EXIST SINCE FTG=O

)

)

A ; "7 I - () ·::C
~ , · ':""'1_

Pi 1 - 0 ; .-:':1 I = · 1 ·'-
A ; ,:, = C'

- -
1 . · ~C'

A 20 (1 1 -= ·· ... -
h - 1 ! = C '-1 -

~ · a::. c:

A -
"
-,

I = (1 1 -
.:...~ · -

- 1
_., , 1

,- : (1 0-, , - ,- ·- .-- ; :-: ; :-: 001 - ,= 1 - ·- - ,

- 1 - i - 0 >j,_: -l ,= c' ·- -,0 ; :- 00- ..:. I = 1 -; ·- -- - 1 ; ~
J - C,f- ..:. ·-' - -- - - = .:; 0(1-- ~ - ~ ·

Gt-j ====-====-===

--------------------'--- -- --------- -- ~- -------



t'1 F0Ut·j Ii ==1.5CiFLOfHF::=

THE DESIGN UNIT AT GLENN DALE~ MD •
FOP

f::O 1==

F: c:. ~. h ! i ,::;! '_ ,; r:. .:: TPUC TUFrl L 1>1 h h lit. L

CROSS SECTION DESIGN
ELA::; TIC At~ AL'/ ::: I ::: Af'i Ii ~,j (I F: KI t'i G ::; TF.: E::; ::; Ii E::; I Gt··1 AF:: E U::: EIi

SPECIAL DESIGN PREPARED 8Y
It

. 4S- 1

)
;=Jf:PG!UAHALA FF.:::;
~~INCIPAL SPILLWAY lRA~SITI(lN

~ ~ DE:::;IGt·i F'ARAi'iETEF:::;
~2.D~ H~,jl= 0.0

HT= 4 II (i[i

HE::::: 4. CiCi

H~,j2:::: 0 0 f::02:::: 0 .-,1::" I!-I I tiT::;:::: ::::0 00 l~t'iO I ,-T== i .:'. . _,)._1 '- - -, .I- ~,-

Hl,jF'== [i Ci i<:PAS::;= .-, 00 t'1A::<FTC;== - 00 C;~:;fiT= 1.-,.. .::. . ~
, -,

CF:::;C= 0, ::::5

DESIGN OF SPECIFIED TYPE FOLLOWS

TT= 1£1,00
TYPE T1F STRUCTURAL CHANNEL - TRIAL VALUES

T8= 10.00 TS= 11.00 FTG PROJ== 0.0 CUAtH= 0.711

TYPE T1F STRUCTURAL CHANNEL - DETAIL DESIGN
TE' :::: i G , C;:::' Tc: :::: 1 i , :::1 0 FTG i='F' O. I== (1. e

A(11) - A(~6, DO NOT EXIST SINCE FTG::::0

A ( '7 ) = [1 : 2-r
fj .:: 10' :::: C. l 2

:::: ,. - ::::.':::: 1::: . 0 C1
:::':: . 9 :' == j ::::, 0 0
::; ;;: 10 :' == 1:::. 0 0

:::: .:: i:. == 1 :::: . 0 (1

~:; ( 2 >= 1::: II 0 0
:::;.:: :::::;' == 1 :::' , 0 121

::::.:: 4:;':::: 1:::: • 00
~:; < ~j) = 1:::: 1I [1 [1
:~:,. is '.' =. 1::: . (1 0

~::'!:I 2~

Ci,,~~-+

.~ .-'
~ . -'- . _:..-

(1,12
0.24
Ci. 1 .:'

1 • -
•

-, ,
'" '. ~.

rl I
..:- , -

A, ., ,::::'"t

fl ,.' C"
! ==-,

i="i , t=: , ==
A•

-,
I =,

A1 :·: ::::· I·

. ....

)
A';: 17.'::::
A';: 1::::', ==
Fi < l'~1 ", =­
Ai 2(1', ==
r .~ 1 ", ==
H (22: 1 =

£;; I = .::.... ':'

1) I: j '-.'

~~. I" 1(" .' =
- ••• -: I~I -._

.:' ". l. I:' ..'-

, .

: ~:: • Olj
1::: ;l [1(1

E', ~3(i

1::::. OC1
l:::.OCi
J.,:::.OO

-=================~



"
,_.. 1.;. _.t_. '.. ', .. i fI_

ELF"i ::; TIC HI·j AL.!. '::; I :::.; Arj II l'J UF.: f':' J [.j I:; :::; TF.: t: :::; :::' Dt. :::; II:; I·j AF.: E U:::; ED

SPECIAL DESIGN PREPARED BY THE DESIGN UNIT AT GLENN DALE. MD.
FOF.:

HAPG!UAHALA FF.::::;
PRINCIPAL SPILLWAY SAF

DE:::; I Gt·j PAPAt'iE TE~~~:;

l·J = 12 II 00 D1 = i · 14 HHH= O. 50 HB = O. 0 Gt'1 =130. 0

.J = 10 . 00 ,,/1 = '-1'-1 40 HUPl= 1 7t:' 7':- = .-, 0[1 I:; ;:; =i ::::6 • 0'::'0 c . , '-, a:,..._l ") II FLOATR= 1,I

L8= i [1:1 00 FROUDE= -,1 9"? HHJ2= 7 00 HHJ= ::: ~:-1 ri f:::O = [1 II 730 ~:;L IDER= i
~ · . -·.T .L .

,I

t·j = 4 .00 Ii2 -- .. ·01 HUF'2= 61: '30 THJ=1 O. 00 E:A T= O. 0 CF:::;C = 0 .

PRELIMI~~~i DESIGNS FOLLOW

TYPE (A) STILL;NG BASIN - TRIAL VALUES

10.0Trl_
ICo-

5-.60
6.21
0.0

17.00 TSDN= 11.00
ASSOCIATED WINGWALL QJANT=

HI·j=
Ho:--. ,-

TE:E:=

T:::;E:G:::

1. 26
1 =:.62
101l~~i[i

LI·j=
Lc-,_1-

T',/=

4.50

-, -:a -. C"c::. f II ':1._1

.-,:-, ,,- .-,
'::'O.D'::'

10.00

FTG=

LTOP=
LE:O =

TT=

SAF(B)--FLOTATION CRIT. NOT SATISFIED FOR LC=2 DESIGN CANCELED

TYPE (C) STILLING BASIN - TRIAL VALUES QUAt·jT=

loJI Ijl:;l,JP,LL DE':: I I:; 1 - TR I AL ",iALUE:::;
I ,- I f; I. T ~'. t· =- _' ' E: UP= '? " r:::H~;

10.0

j

H:::;= 6 00 H',/= C' 00· -,·
TF'E:G= 32 ·0(1 T?I,I·j= 6:! · lie

TE:E:= 0 0 TB',.',- 10 00 If:;=· ·
TSBG= 18.00 TSDN= 12.00

ASSOCIATED WINGWALL QUANT=

1::::. Oe1
2. [11;'"1

Lc--. ,-
;:'::P=

oj-I co
'"t 51 ~.~.l

2::::. 00
5.00

10.00

1.•1_
{',-

TT=

FTG=

LTOT=

;. ....

==========~============

Et·jD OF DATFt - -



t'1A::-::FTG= 6.0(1
FLOATF:= 1.50
:::L I DER= 1. ~jCl

CF::;C = O. ::::5

Gt'1 =1 :::: 0 . 0
c;~:; =1:36. [i
f::'rf = 0. 730
E:AT= [1. (1

HB = 0.0

HnJ= ::::.00
Tnl= 1O. ~30=

DESIGH PARAMETERS
D1 = 1.14 HTN1= .0.50

= 28.40 HUP1= 1.75
FROUDE= 21.97 HTW2= 7.00

7.01 HUP2= 6.90t:' '-Ii::"
,_I II .,:,._!

12.00
10.00
10.00

SPECIAL DESIGN PREPARED 8Y THE DESIGN UNIT AT GLENN DALE, MD.
FCW

/

L,~ =
.J =
LB=
r·j =

iAF.:GlUAHALA FR~::

F'R IHCI PAL ::: PI LUl A\' ::: AF

r- .-
DESIGN OF SPECIFIED TYPE SAF FOLLOWS

TRI AL './ ALUE::;
LTCIF'::: 2::::. C7
LE:OT= 24. 77

TT= 10.00
'FTG= 4.75

TYPE (A) STILLING
~ r'~= 1 .69
u::;= i 4. 77
T'",' = 1[1 • 011

T::;UP= 11.0l1

8A:::H1 -
HLI ­1"1-'

H'::'-. ,-

TE:E;=
T::: E: I:;:::

5.0:::

0.0
17.(10 T::::DH=

10.00
11.~)(1

OUAr·1T=

TB=

TYPE (A) STILLING BASIN - DETAIL DESIGN QUANT= }8.93
TT= 10.00 TV= 10.00 T88= 0.0 TBV= 10.00 T8= to.0C

FTG= 4.75 TSUP= 11.00 TS8G= 17.00 TS~N= 11.e0

JALL
'-i( 1)=
i ( 2) =
f~':: :3 >=
'i( 4)=
i ( 5) =

01:24
13.24
0.24
Ot: i 7

STEEL RE~UIREMENTS

:::( 1",= 1:::.00
~:; ( 2) = 1e Il 0 0
~:; ( :=: ) = 1:::: I: ~:::1 [i
~:; ( 4 >= 1 ::: I: [1 [1
~:; ( 5 ) = i:::. 0 Ci

Fi( t.)=
H(, 7)=
FI( :::)=
Fl ( q "J =
A<10:"=
A< C1):::.

c' • :2 J

0.2"';
~=11' :~: ':;

!~J " I~>':

::; < 7) =
~:;... ::;,):=

:::;(10)=
:::;< 0)=

1::: . ~=1~)

i :~:. t!l
i I-I :-".

_ .:' • "':'i i~

i ;::. ~~!C

1:::. liel

1::::.0
1 :~: . '=i
1 ;::. _;

1:::. [1

1. :::" 0
1. ::: • [1

-- 1::: . [i

:::;.:: ::::0 ':;:::
:::: .:: :;:: 1 :.r ::

S(53,:.= i:::.:':'
::; ( 5.:i >= i E • 0
~:: ( 5~; ) = 1e .. ~3

~:; ( 5 6 >= i ::: = tl

S(19)=
::;<20)=
::; (21 )::::
~:; (22) ==

I"':.
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DAMS2 XEQ 11/3 0/79
REV uo/18/73

DAMSc
COMMt.NT
8TM\IiIIUTH
STRuctURE

110179 HA~QUAHALA FRS
72-HR STORM HYDROGRA~HS-4~1~

FEET 150
HAFRS HA~QUAHALA FRS

1370 0.0
1376 0.2
13~0 1.52
13tl4. 5.33
13tH.3 11.79
1388 13.45
1392 33.59
13110 107.32
1400 408.08
14U2 617.81
1404 d05.72
1406 996.17
1408 1183.16
1410 1J77.1c
1412 1~72.2£

1414 1752.0f
1416 1~40.16

-1418 2124.71
1420 2253.24
1435 3~50.0

P R 1 N S P \Ii Y- 40":: -.i ,:;-­

1----
I 0.0
, 0.32i

j- 3.16
f 16.56

0.0 45.0
,+0.5 52.76
317-1 143.42
333.2 389.96
348.5 1379.28
35~.9 2405.18
363.2 3828.72
370.3 5630.62
377.3 7809.96
384.2 10370.24
390.9 13319.58
397.6 16643.68
404.1 20336.12
410.5 24401.05
416.8 28779.07
461.47 64230.0

!c; .-

ENDT;'~LE

PSRAT.l.NG
COMMt.l'q 465 FEET LONG (P.S.)

CLPRurILE HAHQUAhALA FRS 8UREC STATIONING
46597 142~ 40598 142::' 4b:>99 142:;
46600 1399.7 4717 0 1396 47!:l~5 1395.5

48120 131i4.6 4lj650 1396 49180 13~:'

49610 13'76.2 49700 1395.2 53110 1395.5
54420 1397.8 ~4500 1395 55130 1397

56500 13':15.5 ~!:l240 1397 59740 1394.2
61410 131i6 62140 1396.3 63100 139~.2

64530 13':16.3 6:'780 1394 66:>60 1395

66970 131il.6 67440 1396 67790 139 4 .4
68480 13':16.4 69780 1398 69!:l10 1397
71610 l31i8.5 71920 1396.5 72520 1397.5

73230 13':11.2 14680 1384 75420 1390
16300 1390.4 76~00 1393 77!:l90 1398
79300 1391.8 79860 1396.8 80640 1393
81500 1402 82690 1402 83!:l10 1398 oJ

85450 1399.5 ~~770 1396.3 86500 1402
87520 13':17 88400 139b 89210 1398.8

91530 1396.6 93~40 1400 94230 13~7.o

C15800 13'-1b.7 '176'-15 1393.7 '-18340 139603

101500 13':;6 102500 13'16 104620 1377

105330 1407 1()5410 1420 105510 142:;



~I e>/335

OAMS2 XEQ 11/3 0/79
REV UO/le/73

*ooo*~***~*~*~o~o~~***~o**~80-80 LI~l OF INPUT DATA **********~***

- -

ENDTAt;LE
ESRAT1NG 1 1 • 0 fUJIMOIO

ESRAt1NG 2.34 0.62 1 ~ .11 22.24 34.4:" 45.2f

ESRA11NG ~7. 04 71.9b e5.86 100.56 116.02 132.19

ESCRt..:::'T ELEV
WSDAI;;' Ie 81 102.3 :>
POCLUATA AC-FT 6S-~-~

TEMPLATE 14 3 2 \;,~,-"-,, - '----

QOIRi:.CT 1.60 1.76 2.52 5.49 ~~

GO,Dt::::'IGN LE
--::::. ..._-- - ~\- .... :-

HYO 72HR FREE80A~D HYDRO
o.~ 1:'.0 102.3 0.0

0.2 0.22 0.74 3.05 ~.31

25.26 ~3 97.73 173.54 270.e5

391 ~25 66'1 824 ~82

1142 1300 1456 1616 1825

21t~ i::4B9 2845 3208 357:'

3930 4272 . 4588 4882 :'1:'2

54<71 7053 10958 15741 1096J

26150 31212 3b073 40387 44130

47310 ~0013 :'1964 52174 49:,9c:::

45436 41680 37906 34227 30921

28125 2~b21 24186 22992 2199f

20~43 1~400 17807 16350 1504U

13e64 12838 11963 11328 1082f

10438 10161 9850 9442 9029

8660 e332 8035 7778 7-575

740b 72e5 7198 7118 6965

66:'1 b~90 5963 5656 5372

5124 4907 47413 4626 4534

44:,!::l 4336 4114 3869 3637

3421 3226 3049 2910 2797

2714 ~651 2604 2569 2540

2521 ~~O6 2493 241;5 2479

2474 t470 2468 2466 24:'2

2363 c099 1800 1520 1250

1003 7130 :''12 448 341

250 1'15 149 111 85

64.67 413.55 36.61 27.32 ~0.4b

15.06 10.74 7. 79 5.34 3.45
2. Itj 1033 0.79 0.41 0.13

0.05 u.o
ENOTAdLE
GO,HYl.J L
HYD 72riR EMERGEI\C '( SPwY rlYDRO

0.5 20.0 102.3 0.0

0.0 0.0 0.01 0.08 0.48
1 .2!::l 4.35 12.68 30.38 61.7'1

113.35 1157.7-::' 274.42 373.14 485.(S



DAM52 XEQ 11/3 0/79
REV Uo/1S/73 -

****.********************** SO-SO LI~l OF INPUT DATA ***********<>***

602 •.96 724.9ti !HS.9:> 972.73 109~

1241 175'1 3053 47:>2 67:>4
88ti6 11062 13268 15366 17311
1907:> ~0674 219:'8 22432 21594
19~75 18499 16972 15448 14061
12ti79 11906 11223 10733 10320
9877 ~183 1'458 7789 71B:,
6640 6163 57S7 5462 5230
50~2 4~25 4781 4589 4394
4219 4063 3921 3799 3703
3624 J~67 3527 34'10 3418
3266 .,j090 2931 2782 2643
2523 2417 2340 22HO 2236
22UO ~140 2031 191 1 1797
16'11 1~95 1508 1439 13tH
1343 1312 1289 1272 1258
124'1 1241 1235 1232 1229
1226 1£:2:' 1224 12c3 1210
1173 1042 894 75:' 621
49d Jfj8 244 223 170
127 '77.4 74 55 42
32.2 24.2 IH.2 13.6 10.2
7.:' ~.3 3.9 2.7 1.7
1.09 .66 .39 .21 .07
.02 0.0

ENDTAtlLE
GO,HYU L
ENDJUd



DA~S2 'l~ Il/3 0/7~

HEv uO/J!l/7J
hA"OUA"ALA FoiS

HAMl.IUAr1ALA FR~
PA~'"

PAGE

c

( AMID-Sl~lA~ID CLI~Alt A~tA

~AS[C DA1A

OlSIGN CLAS5 C

(

STO~~ UISlkldU11~~ •••• ·'CS U[SIGN STOM~ RAINfALL DjSIHI~UTluN. (CHAPTER 21. NEH4 AND SCS E~-271

p-c. :::: P-Ftl
2.;'< 5.4'1

0/. -/H
.uu .00

FP SLl) ~A5EfLO"

30~.uu .00

E,J E54
.UJ .00

E5 ~ 8 .. 1
.uuO 150.00

P->"I DAY P-t-'SlO DAY
J -t,Q 1.70

CONclU" S CDND L
·00 .00

PERM PDUl CRESl >'S
·00 45.00

l'l £S2
.00 .00

ES IYPE lS L
0

ES ~ODE [NCHEHlNT
1.000 I. ou 0

Ob
34.-40 4~. 27 0

07
S 7. 04 0

Ob
71.960

LN DA-SM TelL -I";
tl j .00 102.30 5.00 .Oil

P, N KI .,E1H L T~ fL
.000 .00 .00 .0 n

2Nll 51(, OHf H ORf L SlAPl
.00 .00 .00 •on

l5~ z ES EX IT N FqT ~
.00 .00 .040 .on(,

O~C 8~) Bw4 PW~
.00 .00 .00 .00

"I 02 03 114
2.340 6.020 14.[10 22.240

"9 aiD all 012
1l~.BoO 100.560 [16.020 132. I 00



e"
DAMS2 XEQ 11/3 0179

REV uO/le/73

HARQU~t1ALA FRS
HARQUAHALA FRS

*****ENGINt~RING DIVISION MUST APPROvt THE AREAL CORRECTIONS
U~SIGN .53600 PS-l DAY .93~UO PS-I0 DAY .96600

CREST PS 1387.32 FT 45.2 ACFT 11.83 AC

SED ACCUM lJ9b.~1 FT 't14.0 ACFT 123.01 AC

BASEFLOW 1387.32 FT 45.2 ACFT 11.83 AC

SCS-PSH RAINFALL 1 DAY ='IH~*~** IN 10 DAY =****** IN
RUNOFF 1 DAY = 1.60 IN 10 DAY = 1.76 IN

CLIMATIC I"NDEX = 1.00

TYPE
SCS-PSH

PS STORAGE

EMAX
1'+08.49 FT

79119.0 AUT

"'~AX

i:i4U3.b ACFT'
AMAX

1230.87 AC

DDT TEST 1401.32 FT 2U12.0 ACFT
CONTROL IS ~200 DE1~~TION ~TORAGE

3~3.1 CFS

DRAwDOwN TIME = 8.77 DAYS (LIMIT = 10.00 DAYS)

1
2
3
4
5
6
7
8
9

10
1 1
12
13
14
15
16
17
18
19
20

E
FEET

1370.00
1376.00
1380.00
1384.00
1387.30
1308.00
1392.00
1396.00
1400.00
1402.00
1404.00
1406.00
1400~OO

1410.00
1412.00
1414.00
1416.00
1418.00
1420.00
1435.00

HATING
. (,j

CFS
.00
~OO

.00

.00

.00
40.50

317.10
333.20
34d.50
3:;5.90
363.20
370.30
377.30
304.20
39\.1.90
3Y7.60
4U4.l0
410.50
410.00
461.47

TA[j LEN Ut-1 BER
V

AC FT
.00
.32

3016
16.56
45.00
52.76

143.42
389.96

1379.28
2405.18
3828.72
5630.62
7809.96

10370.24
13319.58
16643.86
20336.12
244()1.05
26779.07
64230.00

1
A

ACRE
.00
.20

1.52
5.33

11 .79
13.45
33.:'9

107.32
408.08
617.81
805.72
996.17

1183.16
1377.12
1~72.22

1752.07
1~40.16

2124.77
2253.24
3:'50.00



00",<, .£a 11/3 0119
~£V Uol1bl13

hAr(fHJAnALA fKS
HAHUlJAHALA rH~

(

£5 CfiEST

PS STOkAC,L

SlAR1 fNG .1 ... 0 t..crl

1230.81 AC

123.01 AC

(

SCS-t SH

P£A~

SC5-Ft:lH

c· = h.OO "" ,,= 2.5~ IN U= 2.~~ I"
1(= ~. UO Mk (1\= b 1.00 v= 13b09.3 AO 1

30~"~.2 C, ~ Al S."9 HH,>

u= 0.00 11k ~= ~." .. IN (l= ~."9 IN
TC= 5.00 hk C~= b 1.00 V= 29b"b.b AO I

b'l 30 I ... Cf-~ A1 5."9 HHS

HAll~G TAdL£ NUHt:l£H 2
£ U V

FEe T LIS AC FT
I UH7.32 1. 00 "~.19

2 13tl ... Od ~3.83 70.24
~ 13"0.b~ 21'1.£tb 111. 4~

" 1392.01 310.00 I b7.J~
5 139".31 3~~.70 <:75.17
b 1390. I" )3J.4 .. 40~.b~

7 1397 ... 0 )3~.41 730.bO
II 13"9.07 34 I. II 1~8~.bb

9 1401.43 ~~J.~o 2u71. 'II
10 1403.20 300.04 n12.70
II 1404.<;/> 300.43 4048."1
14' 140b.13 312.11 bJ79.71i
13 1401i.49 37d ... 0 84U3.b3
II, 1409.82 94J.40 10120.11i
15 1411.14 211 C. 08 1200·1.~0

Ib 1413.53 ~021. 21 l~d~7.59

17 1"tlb."-4 110~c.B4 21201.22
18 1"21.15 <'U20d.00 3dl44.84'
19 1428.37 <'03~0.24 ~U07~.72

20 \43~.00 ~O~'i~.49 72~03.31

A

ACHE
Il.b3
18.89
4'1.18
44.t\~

77 .3b
117 .1i0
250.49
3113.17
~5&.38

730.3b
~97. 38

IOb4.lb
IlJO .tlb
135".40
14Iid.~9

110".ob
1"81.11
2'04.18
2~77. 09
3~50.00

~Al<. H£IGHT= 40.8 F1
I~P LENGTH= ~81"I.I rT
Ak£A 10 5£[0= lb7.51 AC

VIC SIC S/C.25
1.91 .019 .025

lYPl Hoi lHAA \tl'1AA AHAl<
SCS-£5H 150.0 IQI.Sb l"b44.2 1~2~.1

PP£ e" EHAl< VMAA AMAJ(

~cs-rt:lt1 150.0 1417.19 239 .. 7.2 <'105.0

VOLUH£ FILL= 3 .. 2cl~8. CY,
rop WIDTH= 14.lJ r I,
AHEA or OAH= 1o7.~ 7 AL'

Hf' V-£S
3.07 4240.b

,1" V-£S
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cc: T. Niles Glasgow, RBWP Staff Leader

It should be remembered that this figure represents sand-size material only.
Fines are expected to be transported away from the outlet. Also, this is an
average annual yield which mayor may not be delivered in any given year
and which will most, likely be exceeded only by a 5 to 10 year storm.

May IS, 1980DATE:

~A/1.. . =P!H(~
Z7(ar 33S

River Basin-Watershed Planning Sta~f

Suite 326, Arizona Title Building
III West Monroe Street
Phoenix, Arizona 85003

Soil
Conservation
Service

The estimated yield of sand to the outlet will be 1307 cubic
immediate area plus 653 cubic feet from the area to the west.
required for this sand will be 1960 cubic feet on an average

Addendum to Geologic Investigation Report
Harquahala FRS

To summarize:
feet from the
Total storage
annuai basis.

This addendum is in response to a request to determine the amount of sedi­
ment delivered to the vegetative outlet at Station 746+00. The average
annual sediment yield from the drainage area immediately above this station
was estimated to be 0.06 acre-feet or 2614 cubic feet. It can be assumed
that this amount of sediment will pass through the pipe outlet. For design
purposes 50 percent of this sediment can be considered sand-size material
which may be deposited at the pipe outlet.

The drainage area to the west of the vegetative outlet was estimated to
have an average annual sediment yield of 0.3 acre-feet or 13,068 cubic feet.
It is estimated that 50 percent of this sediment will be sand-size material
of which an estimated 10 percent could be transported to the pipe outlet.

~~~~
Paul F. Pedone
Geologist

TO: Ralph Arrington, SeE

SUBJECT:

·L~.. United St.te'
{ ~ -Department at
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3008 Federal Building
Phoenix, Arizona 85025

,
United States
Department of
Agriculture

Soil
Conservation
Service

Subject:

To:

ENG - Geology - Supplemental Geologic
Investigation of ITarquahala FRS

Ralph Arrington
State Conservation P.ngineer

Date: March 4, 1980

I
I
I

I­
I
I

On January 25, 1980, at the request of Susanne Leckband, I excavated a 25'
deep test pit in the vicinity of the proposed stilling basin in order to
dete~ine the characteristics of soil materials in that. area. All materials
excavated were classified as gravels. ~.ateria1.8 encountered are believed
to be representative of caterials which will be encountered in the basin
area. Samples were taken at depths of 12 to 15 feet, 20 to 22 feet and
22 to 25 feet. These samples were tested at AIL Testing Laboratory. A
copy of the log of test hole and copies of the Report of Laboratory Tests
are attached. Ms. Leckband was provided tr.lth copies of this data earlier.

A~;-:;r.de ;J..
Geologist

USDA/SCS
AS:vl

The Soil Conservation Service
is an agency of the
Department of Agriculture

SCS-AS-3
10-79



SCS-'­

REV.

LOG uf TEST HOLES

,EPARTMEt
SOIL CON~

..... GRIC.RE
..-ION SERVICE

, T

WATERSHED sua WATERSHED .-
Harquaha1a ISITE NO. ~

Harquaha1a FRS
LO~XI.prcopa County, Arizona OWNER STATE

Arizona
LOGRED ?!Y IDATE 1/29/80 PROJECT:• • Sanders Jr.

wp·{J7 WP.{)8 FP{)3 P.L....6
DRILLlNlfiQUIPMEN-T LOCATION OF HOLESBac oe Principal Spillway

HOLE
STA... DEPTH U SAMPLES

FRGMI TOHOLE SURFACE DESCRIPTION OF MATERIALS S TYPE
J FROM' TO

2 3

NO. ELEVATION FT. I FT. N C BIT NO. TYPE CSE. REM. REC.
S FT. I FT.

I MIN. %USED % ,DIM.4.

13 + 63
,I

Gravel; sandy, silty, moist, 'reddish-brown.
GM- I I

0.0,3.0 GP - I
El. I I I1366.4 I w/about 20% cobbles to 12" diameter. I

I I
I

I Loose. Median diameter G est. 1". I

3.0b,2,C Gravel; very sandy, w/about 20% cobbles GP -r- II

~
to' 1211 diameter and boulder up to 18 11 diameter. -

I I
I

occ.
I

I I
I Dense. Slight to moderate cemented W/CaC03 .. Median

I

I I I

diameter. G. estimated 1 11
• Gravel is angular to

I I
I I

Isubrounded. I,
GP- !2.0~9.0 Gravel; sandy, w/about 25% Cobbles to 12" diameter and GW 1 D )..2. 0~15. 0

I I
I

about 5 to 10% boulders to 18" diameter. Dense. I---
I I II

moderate to weakly cemented. Median G. estimated 1.5"

9.0~5,C Gravel; w/about
G):'- I I

sandy, 25% cobbles to 12 11 diameter. GW 2 D 20.0,22.0

I
I I

and about 10 - 15% boulders to 24" diameter. 3 D 22.01 25•C I
I

I Dense, moist, w/some weak to moderate cemenl~tioI). I I
I

Median G. estimated to be 1".
I !I Gravel is subangu1ar to I

1. DISTURBEO-UNDISTURBED-ftOCK COR£ 2. COARSE MATERIAL ftE~OVED 1. P~RCEtH SAMPLE RECOVERY SHEET OF SHEETS



(continuation)

scs-,- U3e
REV.

LOG ur TEST HOLES

Page 2
IEPARTMEI

SOIL CON.
GRlaURE

.ION SERVICE

T

WA1tRSHED SU B-WATERSH EOarquahala ISITE NO. :
LOCATION

Harquahala FRS

M,grtcoDa COllntv Arizona
OWNER STATE

Arizona
LOGGED BY

IDA~ !,~OJECT:A. c. Sanders Jr. 1 29./80 WNJ7 WP{)8 fP-03 P.L.~6
DRILLING EQUIPMEN-T LOCATION Of HOLES

Backhoe Principal Spillway
HOLE

STA. a. DEPTH U SAMPLES

fROMI TO
-

HOLE SURfACE DESCRIPTION Of MATERIALS S TYPE 1 fROM' TO
2 3

eSE. REM. REC.
NO. ELEVATION fT. I fT. N C BIT NO. TYPE

S USED fT. I fT. %
I MIN. %DiAl...

I
subrounded. NOTE: I I

I Removed one boulder which measured I
I I II about 12" X 12" X 8" from sample 112. Sample should I
I -

I
I

I be corrected for removal. I

I I
II

~
I

~

I II
I

I I
I I

I I

I It

I I II
I

!I I
r I

I

I
I I II

I
-r I

I

I
I I
I I

I
I II ..

: I lI

1. DISTURBED-UNDISTURBED-ROCK CORE 2. COARSE MATERIAL REMOVED 1. PItRCENT SAMPLE RECOVERY SHEET Of SHEETS



A ...J Testing LaborAtories

V"n~ld J, (,;·ar,. /' I

"

REPJRT OF LAB)FJ..TORY li~TS

For: Soil Conservation Service
III West Monroe, Suite 326
Phoenix, Arizona

Date:

Lab 1'\0.:

January 31, 1980

2040

Source of S~L?le: #1 12 ' -15'

Project: Harquahala FRS Principal Spillway
!,;';tericl: Soil

Sa::,:?1ed By: A. Sanders

Date ReceivEd: 1'-25-80

Ma..'d:num Dry Dens i tY -JPcf

Opti~~m Moisture %

-Asphalt Content:
'(% of Total Sample) II: _

(i. of fu)' Aggre£ate II:
-:---:-:---

Moisture-Density Relationship:

%

Non-PlasticLiquid Limit
Plastic limi-t-------------

Plasticity Index
Soil Classification-------
5'pecific Gravity=----------:-
Moisture 5.8
Absorption %
~l e i gh t / Cu. ;::r"":"t-.-R=-o-:-dd-:-e-d-:-------=l....,.b-s~.

Loo s e ,l b s •

- fineness Modul us--------
Organic Ic?urities---.,------
Abras ion (L.A.) % -.:ear 500 re\'.,

los s I~

Soundness (Sodium, ~1agnesiu::J

Sulphate)
____eyel es _

MECP~~ICAL ~~ALYSIS:

Sie",;e ", Retained % Passing' . -Specifi- I'.
Size (Indiv. ) (Cui!I..ll .) cations

6" 0 10n

5 13 87
3~

3 b 81
27 15 66
2 4 62
l~ 4 5B
1 b 52
3 4 5 47
1 2 7 40
3 8 4 36
1 4 6 30
/J4 4 26

8 6 20
10 , 1 19
16 4 15
30 4 11
40 1 10
50 1 9

100 2 7
200 2 ~

\

·e
Respectfully submitted,

An TESTING LAJ30MTORIES

)7rmJ(!~~
Daniel P. Matthews



A ~ Testing Laboratories

il,'~d 5n;,I'" j' I
i)nn.. Jd 1. G,.'rr., P.I

REKJRT OF LABJRATORY TESTS

For: Soil Conservation Service
111 West Monroe, Suite 326
Phoenix, Arizona

Date:

Lab No.:

January 31, 1980

2042

Project:
1'12 terial: Soil

Harquahala FRS Principal Spillway
Sa~led By: A. Sanders

Source of Sa.:rrple: #2 20'-22 ' Date Received: 1-25-80

Liquid Limit Non-Plastic
Plastic Limi-t--~~~~~~--~--

Plasticity Index
Soil ClassificatTon--------
Specific Gravity
Moi s t ur e 8."'::8:----------""="%
Absorption %
t.,T e i gh t / Cu . :;::F':'"t-.-:R;:;-od-;-d-;-e-d-;--------=-l-:-b-s~.

Loose lbs.
Fineness Modulus ----

Organic Im?urities
--~::"'7'""---

Abrasion (L.A.) i. wear 500 rev.,

Loss %
Soundness (Sodium, Magnesium

Sulphate)
___cycles _

Asphalt Content:
'(% of Total Sampl e) c:

(i. of Dry Aggregate -= -----

Moisture-Density Relationship:

Maximum Dry Density ---'pcf

Optimum Moisture i.

MECHA.:\l:CAL .!J,AlYSIS·- .
Sieve i. Retained j i'. Passing Specifi- I

Size (Indiv.) (Cuu:ul.) cations

6" 0 100
5t 11 89
5 13 76
3t 16 60
2~ 3 57
2 4 53
1~ Ii 48
1 6 42
3/4 3 39
1 2 5 34
3 8 4 30
1 4 S 25
1/4 3 22

8 5 17
10 . 1 16
16 3 13
30 3 10
40 1 9
50 1 8

100 2 6
200 ? 4

Respectfully submitted,

An. TES TING LABORATORIES

ep~f.~
Daniel P. Matthews
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~ Testing Laboratories

ll"yd Sm.lh .. J'.1.. l)nn.ld L Gran. P.I .

REPORT OF LABORATORY TESTS

Lab No.:

For: Soil Conservation Service
111 West Monroe, Suite 326
Phoenix, Arizona

Date: January 31, 1980

2043

Project:
Material: Soi 1

Harquahala FRS Principal Spillway
Sampled By: A. Sanders

Source of Sample: #3 22 1 -25 1 Date Received: 1-25-80

Liquid Limit Non-Plastic
Plastic Limit"7'---------Plasticity Index
Soil Classificat±on-------Specific Gravity---------=Moisture 4.4 %
Absorption %
Weight/Cu.Ft. Rodded lbs.

Loose lbs.
Fineness Modulus--------Organic Impurities

--~::-:----
Abrasion (L.A.) % wear 500 rev.,

Loss %
Soundness (Sodium, Magnesium

Sulphate)
___cycles _

Ma.."Cimum Dry Density -'pcf
Optimum Moisture %

Asphalt Content:
'(% of Total Sample) "" -----(% of Dry Aggregate ""

-:--~:-:---
Moisture-Density Relationship:

MEC~~CAL ANALYSIS'.
Sieve .. 1% -. Retained % Passing Speci-fi- I

Size (Indiv.) (CullJ..ll.) cations

5t 0 100
5 12 88

"4 6 82
3 6 7F.
2~ 6 70
2 6 64
l~ !1 !1q
1 7 S2
3/4 S 47
1 2 R 1q
3 8 !1 14
1 4 7 27
:{fl 4 /1

8 R 1!1
10 1 14
16 3 11
30 3 R
40 1 7
50 1 6

100 2 4
200 1 3

Respectfully submitted,

ATL TES TING LABORATORIES

BJp~
Daniel P. Matthews
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OPE TION ID MAI.ITENANCE GUID
for

1 QUAHALA FRS

GEI~ERAL

regular program of ins ection nd aintenance will be required to assure that

the dam is at all times ready to control storm runoff. The followi

to be used s· guide to properly operate an maintain the dam.

OPER TIO'1-

item are

The three ated outlets are desi ned to be 0 erat independently of e ch other.

The design pen~ts either open or closed pre-storm conditions, but nticipates be t

performance as folIo s:

Principal Spillway --

Leave ate closed until after sto to allow s iment bo settle.

Open fully until pool ie drained and reclose.

Drain Outlet -

Leave gate closed unless draina c is desir d or needed for safety, to

permit stor~ge of water for livestock and wildlife. If water stora e

is not desire , o' erate ~ate a recommended for princi al spill y pate.

ew Tank Outlet --

Leave gate open to perra1t as uch water a po<>sible to reac I w Tank.

If the reservoir at Hew Tank is full. th

after starn have nded.

te can be clos d. a-open

Slide Gates --

Op nand close ach te at 1 t annually to be sure ates are f ctionin.. properly. Clear oste ssembly and trash rack of any obstructions and I'lake

any needed re airs. Ch ck for any soil erosion n ar the gat



ct n ~
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Rock Riprap --

Rock riprao other than in th~ Dr in Outlet basin ccurs at the AF,

t e emerge cy spillw y inlet a d si es) and the pact basin. This

rock ripra s ould be checked annu lly and after every major flow

to a praise condition. Replace roc ere need d.

6ftannela --

The Principal Spillway inlet channel and outl t channel~ Drain utlet

outlet channel; and New T nk Outlet diversion, inlet channel and out1 t

channel should be checked periodically and cleared of sediment and debris

area between the Drain Outlet and the Principal 8pil11ay should be checked

and cl r d of any major buildup of sedim nt or d bris after ev ry or

storm.

Embankment --

Inspection of the embankment shoul be erformed t 1e at annually nd

after major storms or earth vern nts. Check for transverse and lon i­

tudina1 cracks in the surf ce of the fill, excessive erosion due t

livestock travel or borrowin animals, and ~llieB nd rills on th

slopes. ~ ke necessary rep irs. Check tn downstream to for a y

irregularities.

Borro

Io pect the borro~ rea blanket for any surface irre rities after

•

jor sto s. -otify the Soil Con rvation Service nd rep ir hI nket,

if necess rYe

___..-....o.-..-..=--=;.;..- ;;..,. d
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O&M Inspection and Followup

..

The sponsors will inspect the dam at least annually and after each significant

flow or after the occurrence of any unusual condition that might adversely

affect the dam. Any supplemental inspections then determined necessary will

be scheduled and agreed to at that time. A written report will be made of each

inspection, describing the conditions found and the corrective action needed.

A copy of each report will be provided to the Soil Conservation Service within

ten (10) days of the date on which the inspection was made. All deficiencies

found in the inspection shall be corrected within an agreed-to time frame

between the sponsors and the Soil Conservation Service.

State O&M Handbook

The book entitled "State of Arizona Watersheds Operation and Maintenance Handbook

for Projects Installed with Assistance from the Soil Conservation Service",

u.S. Department of Agriculture, Soil Conservation Service, dated May 1971,

shall be made a reference to this O&M Guide.

Time of Responsibility

The sponsors' responsibility for operation and maintenance begins when a part

or all of the work of installing the floodway is completed and accepted or is

determined complete by the Soil Conservation Service. This responsibility shall

continue until the expiration of the evaluated life of all the installed

project measures. This does not relieve the sponsors' liability which continues

throughout the life of the measure or until the measure is modified to remove

potential loss of life or property .

Provisions for the Sponsors' Publication

Not applicable.
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Records

The sponsors will maintain a record of all inspections and significant

actions taken by the sponsors with respect to operation and maintenance.

The Soil Conservation Service may inspect these records at any reasonable

time •

•
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BID SCHEDULE NO. 1 HARQUAHALA FRS

• ITEM SPEC. UNIT
NO. WORK OR MATERIAL NO. QUANTITY UNIT PRICE AMOUNT

l. Clearing and Grubbing 2 700 Acres $ 400.00 $2Bo,OCD.OO
1

2. Seeding 6 670 Acres $ 2bD.6d $ (?,4, ODD. DO.
3. Mobilization 8 1 Job $ XX XXX $ 30L) OOD,co

4. Stripping, COillIIJon 21 300,000 C.Y. $- t),80 $240 CCO.(X)

5. Cutoff Trench Excavation, 21 124,000 C.Y. $ 1.00 $ 124. DoD. OD,
COIIIlIlon

2~2oo
/.50 -31800.006. Channel Excavation, Connnon 21 -428, aDo C. Y. $ $

;

7. Channel Excavation, 21 7,500 C.Y. $ 5.5"0 $ 4),2cw,OO
Unclassified

)

J9; DoO

8. Structure Excavation, 21 14, aD&- C.Y. $ 8.00 $ /5Z,Cco.DO
Common I

9. Structure Excavation, 21 3,900 C.Y. $ /0.00 $ 31,DCO.60
Unclassified

j

ISba

• 10. Trench Excavation, Cornman 21 1, IDe- C.Y. $ 0.80 $ },248.co
;

II. Structure Backfill 23 12,000 C. Y. $ /8.00 $ 2/ ro, 000. DO
I

12. Pipe Backfill
1/5'0

$ le.DO $ 2LQ lDO.oO23 ~ C.Y. ,

13. Earth Fill 23 4,428,000 C.Y. $ o.qo $~qB~,20QCO

14. Reservoir Borrow Area 23 470,000 C.Y. $ },/O $ 51 ZtXXJ. ()()
Blanket

15 Embankment Drain Fill 24 99,000 C.Y. $ 18.00 $~ 782; CWo CO

16. Drain Fill 24 565 C.Y. $ /8.00 $ /0,/10.00
j

- .. 17. Reinforced Concrete Class 31 1,326 C.Y. $3oo. 0D $ 3Q1;goo.OO.. ~ 4000X..
... 18. Cement 31 2,000 Bbls. $ Z~O() $ 50,OOO.DO.. ~.

,
~

D.fo-:; qfo, 8$0. C)O19. Steel Reinforcement 34 149,000 Lbs. $ $ ,
20. 48-Inch Diameter Rein- 41 464 Lin .Ft. $ 2"30.bO $ /O~I 1~.{)O

forced Concrete Pressure
Pipe

.5. --r
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