
ENGINeER!NG DiViSION
July 8, 1987

\ L._ o ". '" ~V
Ms. Kebba Buckley
Maricopa County Flood Control District
3335 West Durango
Phoenix, AZ 85009

RE: Guadalupe Flood Retarding Structure

Dea r t~s. Bue kley:

Attached please find 2 copies of the summary of meetings, correspondence
and engineering work completed to date regarding the above referenced flood
control structure. To expedite and avoid duplication of effort, it is important
to note that all requirements of the Maricopa County Flood Control District,
Soil Conservation Service, and Arizona Department of Water Resources have
been met, approved and the construction completed with the exception of the
foll owing:

1. Extension of the principal spillway pipe.
2. Removal of l' of soil from top of the emergency spillway and installation

of the concrete sill.

These two items have been designed and only await approval to begin construction.
In order to facilitate your review, all items of concern have been addressed
herein. Time is now of the essence regarding the planting season, i.e.,
in order to avoid a $400,000 reseed of the golf course, this matter must
be resolved prior to July 15, 1937. To that end, my engineers and myself
will be available to fly to Portland, if necessary, to address any items
to insure each is complete and satisfactory within the seasonal time frame
now dictated.

Thanking you in advance for understanding the urgency of these approvals
and please advise if we can assist in any way.

Best regards,

GOSNELL BUILDERS

Robert A. Gosnell
President

RAG: taf
Attachments

cc: Dan Lawrence/ADWR (2 copies)
Ralph Arrington/SCS (2 copies)

GOSNELL BUILDERS
2728 NORTH 24TH STREET· PHOENIX, ARIZONA 85008-1099' (602) 956-4300
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THE POINTE~ RESORT AT SOUTH MOUNTAIN

Alterations to the Guadalupe Floodwater Retarding Structure

June 29, 1987

A. INTRODUCTION

The development of The Pointe@ Resort at South Mountain and the golf
course has required several alterations to the existing Guadalupe Floodwater
Retarding Structure. The attached drainage map shows the location of
the retention structure with respect to the resort development. The
alterations involved with the development are as follows:

- Construction of five buildings containing 65 resort suites along the
north face of north dam no. 2.

- Regrading of the reservoir and the construction of golf course lakes
within the reservoir.

- The removal of one foot of rock over the emergency spillway which will
be replaced with top soil for the golf course fairway.

- The construction of Pointe@ Parkway East roadway over the top of the
dam which will involve the extension of the principal spillway.

- The rerouting of Pima Wash into the reservoir which will allow the
removal of the existing baffle chute at the entrance to the reservoir.

This report separates the alterations into
and 2. Emergency and Principal Spillways.
by the proposed alterations are:

RESERVOIR

two groups: 1. Reservoir;
The items of concern generated

- What impact does the construction of the buildings on the face of the
dam have on its stability. What affect will the lakes have on the
stability of the dam, i.e., saturation of the foundation and seepage
through the abutments due to long term standing water.

- How does the regrading affect the stage-storage and stage-discharge
curves.

- Will sufficient sediment storage be provided.
- Will adequate protection against scouring be provided with the rerouting

of Pima Wash and the removal of the baffle chute.
- Will floodwaters from Pima Wash be contained within the limits of hole

no. 6.
- What will be the flooding depths downstream from the emergency spillway.

EMERGENCY AND PRINCIPAL SPILLWAYS

- With the removal of one foot of rock over the spillway, provide a means
to maintain a spillway crest elevation of 1274.0 in case of washout.

- Show flood routing through the spillway and how the golf course mounding
and the roadway over the dam affect the water surface elevations.

- Must maintain spillway width and length dimensions of 200 feet by 100
feet.

- Provide hydraulic calculations for the extension of the principal spillway
pipe.

1.



- Provide specifications and calculations for the pipe extension including
testing specifications.

- Provide specifications and details for the pipe joint with the existing
pipe.

- Provide bedding details and backfill specifications.
Will the connection to the existing 24 inch outlet pipe increase flow
to the Western Canal.

This report addresses all of these issues and contains design calculations,
specifications and design details supporting the modifications.

SUMMARY

During the course of design and review by Maricopa County Flood Control District,
Soils Conservation Service, and Arizona Department of Water Resources, certain
portions of the alterations to the GFRS have been approved and a license
issued to construct these improvements. The items which have been approved
are as follows:

- Construction of the five suite buildings on north dam no. 2.
- Grading for the golf course and construction of the lakes within the reservoir.
- Rerouting of Pima Wash into the reservoir and the installation of the 20' x 10'

SPA and the removal of the baffle chute.
- Routing of PMP through the emergency spillway and routing downstream from

the dam.

The aerial photo on page 4 shows the construction which has been completed
as of June 19, 1987.

The only items for which a license has not been issued are the removal of
1 foot of rock off the top of the emergency spillway and the extension of
the principal spillway. The concrete sill across the emergency spillway
has been revised to meet all requirements by the local reviewing agencies.
Likewise, the details and calculations for the extension of the principal
spillway have been revised to incorporate all of the changes requested by
these agencies.

2.
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B. RESERVDI R

1. Dam Stabil i ty
The soils report and supplements prepared by Thomas-Hartig Associates,
Inc. and the geotechnical report prepared by Geological Consultants
have been included in this report in the appendix. The reports show
that with the addition of fill material and the construction of resort
suites on the north face of north dam no. 2, the factor of safety
for static loading conditions is greater than 1.5. The Maricopa
County Flood Control District, Arizona Department of Water Resources,
and Soils Conservation Service have reviewed and approved these reports
and have issued a license to construct the resort suites and the
golf course lakes. This construction has been completed as shown
in the photo on page 4.

5.
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MIRAFI INC. P.O. BOX 240967ICHARLOTIE, N.C. 28224
PHONE (704) 523-7477 or (800) 438-1855rrELEX 216903 MRFI

(
MIRAFI 600X CERTIFICATION

February 10, 1987

Gosnell Development
2728 North 24th St.
Phoenix, AZ 85008
ATTN: Mike Mongelli

This is to certify that Mirafi 600X is a woven fabric of
polypropylene filaments that meets or exceeds the following
current typical property values.

PROPERTY/UNIT
Grab Strength, lbs.
Burst Strength, psi
Puncture Strength, lbs.
EOS, US Std Sieve
Water Flow Rate, gpm/sf

VALUE
300
600
130

'35 - 50
40

TEST METHOD
ASTM 0-1682-64
ASTM 0-3786-80
ASTM 0-3787-80
COE CW02215-77
CFMC GET-2

Ellen M. Suite J.
Notary Public

My commission expires August 1, 1988.

JSF/fda

(

)

To the best 01 OUf knowled!1c. Ihe information contained herein is accurate,.However, M1AAFIINC. cannot assume any liability whatsoever for the accuracy or
completeness allhe information contained herein. Final determination 01 sUitability of any material and whether there IS any Infringement 01 palenls IS the sole
responSibility cllhe user.

Users 01 any substance Should salis!y themselves by independent. investigation that the material can be used sa!ely. We may have described cer1aln hazards
but we cannol guarantee thallhcse are the only hazards which eXIst. (0, .



B. RESERVOIR

2. Stage-Storage and Sediment-Storage
The stage-storage data was compiled using the proposed contours shown
on the grading plan for the golf course. The areas of the contours
were computed using the CALCOMP 9100 digitizer. Except for contour
1281, only the even-elevation contours were digitized and the areas
of the odd-elevation contours were interpolated. The volumes were
computed using the average end area method. A comparison of the
data shows that more storage is being provided at each stage for
the proposed condition than for the existing condition. An additional
32 acre-feet of storage will be provided at the sediment pool elevation
1259.0 and 23 acre-feet at the emergency spillway elevation 1274.0.
The calculations also show that nearly 18 acre-feet of additional
storage is provided in the lakes for sediment. Routine maintenance
will be done by golf course personnel on a storm by storm basis to
prevent the build up of sediment.

7.
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B. RESERVOIR

3. Stage-Discharge
With the proposed construction, water will enter the reservoir at
two locations. The majority of the storm water draining to the reservoir
comes from the Pima Wash and its tributary. This water will be intercepted
by the golf course hole number 6 and drain to the proposed 10' x 20'
structural plate arch where it enters the reservoir. See the drainage
map on page 3. The other source of runoff is from the 35 acres south
of Guadalupe Road and the 15 acres east of hole number 6. This runoff
will be carried in a channel adjacent to the 1-10 freeway where it
will enter at the southeast corner of the reservoir. The runoff
from this 50 acres is slight and will not require the existing baffle
chute to dissipate the energy.

Two TR-20 computer analyses are included in this report. The first
was run to determine the runoff from the 50 acre site and to size
the drainage structures and channels accordingly. Assuming a developed
condition, runoffs were computed for the 10, 50 and 100 year return
frequencies. The 24 hour duration rainfall amounts were taken from
"Estimated return period for short duration precipitation in Arizona,
Phoenix WBO, latitude 33°26', longitude 112°01'." The second TR-20
run was made to determine what affect the proposed grading in the
reservoir had on the discharge through the emergency spillway. This
was done for the 6 hour PMP storm and for the 100 year on top of
the 100 year condition. The rainfall distribution tables for the
original design of the dam were used in this analysis.

The TR-20 run for the 50 acre site shows that the maximum flow in
the proposed grassed channel at the location of the existing baffle
chute is 45.1 cfs. The flow at cross-sections "I" and "H" is subcritical
and the velocities will be less than 5 fps. Well maintained bermuda
grass will withstand these velocities without any appreciable erosion.
At cross-section "F", the flow is supercritical and a small jump
will occur at the toe of the slope. Minor erosion may occur at this
point, but will be routinely maintained by the golf course maintenance
personnel.

The TR-20 run for the 6 hour PMP storm shows that the added storage
in the reservoir has reduced the maximum discharge through the emergency
spillway to 11812 cfs. The inflow rate of 16573 cfs compares closely
with the original calculations of 16854 cfs.

19.
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-SUMMARY' TABLE' 1 .~. SELECTED RESULTS OF STANDAfW AND EXECl.IT I VI=: CONTROL I N:3TRUCT I I

, ( TN THE ORDER PERFORMED
IA STARI*) AFTER THE PEAK DISCHARGE TIME AND RATE (CFS) VALUi

INDICATES A FLAT TOP HYDROGRAPH
A QUESTION MARK I?) INDICATES A HYDROGRAPH WITH PEAK AS LAST

OINT. )

I IN) 1FT)--=-

PRE:C:IPITATIDI~

AREA # COND INC REI'ol BEGIN n~10UNT DURATIm
TIME: RATE RATE
(SQ ~II> O-fH) (H fl) I IN) IHR)
(HR) ICFS) ICSI'l)

RAIN ANTEC MAIN
PEAI< 0 I SCHf~ RGE
DRAINAGE TABLE MOIST TIME
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OPERATION
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RUNOFF
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-1. 27 1288 .. 23 1'::' 29 9. ~';' 397 .. 0~. -'~

-- STRUCTURE 2 RUNOFF 0. 01 '"
,=- 0. 10 0. 0 c:. 53 2'+ . ~?l12l~

121. 90 11. 'J7 4. 38 525. 6
STRUCTURE 2 ADDHYD 121. IZl3 3 2 111. 1 '~I lZI. III ;;? .. :53 (·~Lt • 121121
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2. 22 128~4-=.,.::9,.:0=-:-_1§::_~~,~...-- ...
XSECTION 2 REACH 0.05
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33.91

2 ,~). It/l
1.'3'::JE~.3

2 it). 1 Ql

1 Qr i3::3. 7

24.00

Q). 1 e,
1 ':"') ~~:j. ';:)

el~ iv.)
2eo. c:

IZI~ .i 0
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3
9 .. 3rZl

5. 85'~

5 .. 6'3

8.6'3
3

8.65

12 .. 8~~

IZI. 1:~:13

12. '37
O. Q)O

11 .. 9:::;
121_ !2r2i

11.98
11.1. Q~ ~~:

1288. 15
3 REACH

1287.07
3 RUNOFF

2.46
STRUCTURE

2.46
STRUCTURE

STRUCTURE 2 RESVOR

S~RUCTURE 3 ADDHYD
2.41 1287.10

~TRUtTURE 3 RESVOR
2.42 1286.85

24.00(,). :?1

0. III

12:. :t IZI

1·3~:;. '::J
('). llZI

1 7.3~:L 1/)

() ~ :llil
(;b(~:. 0

Ill. 1 121

.3 't "i·. 't
o. 1 iZl

2

2

3

3

3
6.85*

33.1214

35.79

18.60

15.03
l~l. ~:l:~

lc~ .. 'ti.:::

er. (~1,-3

14.80"
l?1" iL:t i~:

11.'3(',
0~ ei~:;

11 . '3(~

l?1. O~'"j

L~. 17
2 REACH

4 ADDHYD
1285.39

4 RESVOR
1285.032 .. 63

2.85

XSECTION

-_..•. _-- ....._-.
STRUCTURE 4 REACH

2.42 1284.66
XSECTION 1 RUNOFF

C'TfUCTURE
} 57

'-'sTl1LicTURE

XSECTION 2 RUNOFF 0.02
-::;. 2. 86 11. 97

XSECTION 2 ADDHYD 0.08
2.70 1278.87 12.01

~-=.::...- -_..-.- -- .

3

't5. 13

2 Q).lIZI

1650.7
2 ~~I. 1(:'1

570.6

21~. 0111

1

27,



"i,.SUI~MARY ·,TABLE. 2 -: . SELECTED r':ODIFIED fnT--I'~IJ\I fiE(.iCH FiDL.!TINm; II'.J DFWEIl ur'- SHil\ID>Hi!
"i :'';EXECUTIVE CDNTROL":INSTRUCTIONS
'd--'~",f""){f·;· ..;.:':;.';;) (A' ~"_8R (*) i=IFTF~.13._,{.QLl!JY1~_..flYOVE Bi=ISE (IN) INDICATES A HYDRIJ§.RA'::.I

TRUNCATED AT A VALUE EXCEEDING BASE + 10~ OF PEAK
;'" . '. A QUESTION I~ARf~ (?) AFTER COEFF. (C) II\IDICATES PARA1"IETERS Oul::

')E_):lCC;EP.T8BLE LIMIT_S, .... SEE PREVIOUS WARNINGS)

HYDROGRAPH INFORMATION
ROUTING PARA~gIgB§ P~8G . _

PEAK T I 1"IE Fl_OW E<nSE INCR II

AGE r'1AT I C
(CFS) (f·m) (CFS) ( IN) (HR)
(Hri) (HFl)

VOLUME MAIN ITE

BASE- ABOVE TIME ATI

TIME
COEFF
(HR)

(C)

PEAK
0-; )

(CFS)
(SEC)

~IE~:;:::=:---~--------::::-"':~:'~'~~:~~='~TR~~~:LC;~;:;E

l-'XSEC REACH " INFLOW OUTFLOW -INTERV~'A;~EA
:r-'--EQUATroN--bgJ::!~n::!=:::B8I I 0 _..'E~g8I:L_~!J::!· SIQB=_~IJ::!s =__

-----------"; I D LENGTH PEAK T I 1"IE
'L,C..O.EEE.....P.O.WER.EHC:r:OH_OI I
l·,t':.,. (FT) (CFS) (HR)
i <·i.· (X) (1'1) (K*) .. (Q*)

~I' "". c-'-_.__. .._ ......

,
, I ~

0.410720 10 12.1
1.58 0.018 0.926

"1'"
'i

"1-1---
;;;! 0. 440450 5 12. 9
:1: 1.45 0.01215 0.998

10
341

5
338

1 -=· .,
~. ~

121.6'37'

13.0
0.70? 0. 10

1. 27

1. 18

0. 10

0.10

0.450340
1. 46

5
0.003

14.0
1.000

5
250

14. 1
0.84?

13.9

0. HI

0.38

1. 15 121. 10

121. 10

lJ' 0;410720 25 12.1
J--_::":: ----.----------- --

la 1.58 0.018 0.983

"
ID 0. 440450 7 12. 9
11 :',',' '~'I' i:-45---~00"3--"0. '39'3
32 Sf;'~

.. ·1

" ''''',' 0.450340 6 14.9.._._" ..._-_._-- - _._. - _.
~- 1.46 0.002 1.000
lS ..

...i :;.:;: 13.560470 14 12.2
":i:," 1.43 0:-014- 0.887
;8 .

12.0
0.986

2L~ 12 .. 2... .'--_.. _----_._-_.
2'+7 0. B't? '21. ;£8 11121112

7 13. 0
303 0. 74? 0. 10 '!J~=:1Z10

6 15. 0
.-,'-,l:;' 0. 8'3? 0. :E0 Ql208c"L":.,J

13 1'=' 5~.

6'35 0. 41 0. 3li.' l1J;;::l:'::0

.... ~ ...__._.~ .. _.-

30 1 -=. 2~.

228 0. 88? 0. 30 'v 21l.i (;,

9 13. 0
;~80 0. 78? 0. 20 1!J300

7 14. 8
21'3 0. '30? 0. 01<1 (!)2v:0

16 12. '+
6'+1 0. ',4 0. BI<I (i);2 J. 0

2£,

o

2. 16

2.1215

2.01

2 .. 22

2.58

2.45

2. ftc:

2.63

0.10

0. 10

0. 10

0. 10

121. 10

0. 10

0.10

0. 10
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STORM NUMBERS.
1

PSMGOLF
JOB ,121

~i~R~~~¥:;i«(;~ :': ··:i~,~~li~~d~~·J·'··
1:~:"~,~STRUCTURE-"'=~:"··-"4t.0i,M~·;·;!·_~':::~.'~·'F- 0:._~~

i< ALTERNAT'E 1
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I ------------------ ------
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PROJECT: P5M GOLF
5/0 GtXido-l"f'€- BJ.

-'
DESIGNER: _

DATE:

HYDROLOGIC AND CHANNEL INFORMATION

'Sll2-uc.TU!2..E I

1'2.." Pvc..

0, = _
O2 = ---

TW, = _
TW2 = ---

SKETCH

STATION:

,J.~!:t--~$~
~ ~ TW'MAl SO- 0·04/ } -r -

EL.u.=: L : ..z&9 EU~ T

'",,..
co

(
0 I • OESIGN OISCHARGE , SAY 0.,) MEAN STREAM VELOCITY = _
02 = CHECK DISCHAAGE, SAY Q~O OR 0100 MAX. STREAM VELOCITY=

,,1' ~5-;:

/2.97.0 t'.t I. '30

SUMMARY 6 RECOMMENDATIONs:

0·6 -
.{..~ q.o

.;,<; /,0

(, ·0 /' <;

, .<; 2.-0

(, ,8 l,3

7./ 7.{.

1,5 ~.o

Use Cl. C '- H Nt..!-D de !I!'r/'""e, ove,/Iow.

L ~ /0' C ~ 3."

,

o

,,,418
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PROJECT: P.{M GoL F DESIGNER:
610 G..»chlvre Kd.

DATE:

HYDROLOGIC AND CHANNEL INFORMATION SKETCH

STATION:

5ll2.uc-'U/c"S z:.. EL.~o

L -- ~.12." PVc. -t
AHW=-- _I

0, = TW, = ~ ~

El/~
TW

o - TWz = S •

Eu~T
--

z - 0
L: 30'

( 0 I • DESIGN OISCI-I"'''(.( • sn 0z~ ) MEAN STREAM VELOCITY =°
2

: Ot((.k OISCHJ.,qG£. SAY 0:)0 OR a,oo MAX. STRE AM VELOCITY =
HEADWATER COMPUTATION

~

CULVERT ~
~~J

INLET CONT. OUTLET CONTROL HW-H + "" -LSo
J • u_

DE seR IPTION 0 SIZ ( g :::: J" COST COM ..... ::NTS~O

!!.:1 dc+D ,J
I(HTR.4HC( T'TPEI HW ~ H de TW ho LSo HW l au

0 > «;-mi(v.,,,, t.e·",Z "

IZM.r; n 0 0

12 a&." 4 4 it; iJ.5 1.0 J. " ,. to I.e; O· Z'So

IZA7.o (" 4 2/; /.0 2.0 z·5 I 11.1.7'"

I Z.8R." 7 4- 3'-5 ;.. J.o J.5 1.28'2-
Mlo,

,J..<; 4.51289. " 18 1'5 H 5.-; 2.0,,8

8+ '0'
IZM.S 38 31- ~o Z·o J.5 5',0 2. <;7 I

-1'55' IIZqo·o M I..'Z. 5"-5 l.5 J.S 5', S 3· 107

SUMfAI\RY 8 RECOMMEIIDA TlONS: (j;e Q= CLf/~/z /0 c1e.f("r/l7;/J~ ever!!ol,)

L =10' c:. :: 3'0
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PROJECT: f?t'vI Go LF
~/. c;v~.. l"f"< I?d.

HYDROLOGIC AND CHANNEL INFORMATION

OESIGNER: _

DATE:

SKETCH

STATION:

ST{2.Uc.Tu {/.. S

IZ. • PVC-
3

TW, =
TW Z = ---

-I ""'~~ - - ~~IZ87'0
AHW= L _~
~ ~ -+

/

TW
So' __ 1 T

ElIill,S. L = 30' ElI~ I

(
0 I • O(StGN OISCH4RG[ • SAY 0Z~ )

?z: CH[CK OISCMJ.RG(. SAY Q~o OR 0'00

MEAN STREAM VELOCITY = _

MAX. STREAM VELOCITY=

CULVERT

DE SCA IPTIQN

l[NTRANCe T"rP[1

a SIZE

HEADWATER COMPUTATION ¥I-__-.-::........::.---,-~-,-:--'------"---=----_,__jJ

INLET CONT. OuTLET CONTROL HW-H + ho -LSo ~ ~

HW HW ~ H de dc+O TW ho LSo HW 0
o 2 u

COST COMMENTS

'>J Ilf,3·C; 6 r>
N

J"Zr:?5.0 4- 4 I·t;

/28(.. 0 (, t; 2.';

/281·0 1 (. 3.5
8 ~/r; :

1287.<; 18 /7 A..a
8". '

"Tj 1288.0 38 J8 4·';
0() 9J$ ,
c: 12/18.<;; t4- ~z.. 5.0~

C1>
SUMMARY 8 REC 0 MM EliDA TI ONS:

-J

a.S 1.0 J.O 0·5 I1.5"

1.5" /.5 v:;

t. J 1.7 1. .-;

Z.S Z.O 4.."

z.~ z·s 4-.5

o

o·/e.e.

o. ~co

L ~ /0' C = J. 0
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PROJECT: /?SIn Go LF
"i'o G"..d .. luf" f2<!.

HYDROLOGIC AND CHANNEL INFORMATION

-5-n2.\.JC-TV 1<...E 4
~., g,<:.p w,-lh dr.p 1~le+ '9frlJ<-+vre. d

In 1.+ c•.../.. o"fle+.
jZ",p p,pe ....t 101<+

(
0 I • O(StGI'( OISCfUJl:C[ . SAT QZ) )

Oz::' CH(CX OISC~U,qC;(. SAY 0:'0 OR 0100

DESIGNER: _

DATE:

SKETCH

STATION:
+-

)il~~/'d<l~eel~

1Z!Z~j=~~/", I IZBS·S
11.~..,( __ .--.........- ~IEf';::S3'0

'" ':r---7 --;:-..:::::::::::::-.- -.:j ~ I'l:. TON
(S· IT --

EUlili L0
: -'.M. \ I

. ELlmA'
MEAN STREAM VELOCITY = _

MAX. STREAM VELOCITY=

CULVERT

DE seR IPllON

I[HTfUNC.( rr'(1

HEADWATER COMPUTATION ~
I---:=-=-,---c:-,..:----=--::-::-=--:-:--:=:----:---:--~_j~

INLET CONT. OUTLET CONTROL HW-H + he -LSo ~ ~

H" HW K" H de dc+D TW ho LSo HW ~
o 2 u

COST

1297.(') () 0 0

I<:B3.:;- () C 0

1284.'5 Z % I. ()
4/-13'

Iz8r;.o 17 1.1- /. '5
Sf 31..

'ztC..C. "41- I c. "2- Z....
S< (,(,.

-n IZ9.~·o '1/ 14.3 Z.S
.0
C
~

co
suwuu'Y 8 RECO MM E110 ATlONS:

~

()

I, ...

Z.S

Lise.
L =

Q: cL f-j,h +0
II' c:.'5.Z.q f~/"

de+~rrh hI <: d .~chN"'ie

-S~<rf' cr<"s-t"d we,r.

o

I ~.7Cf~

I. U~

I 1.10 J

l.cEI
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"
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IJ'
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W

d A
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0,5 q.8
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d A K0 "5' Vz. V Q
. ! . .. .

tJ·~ 3.g 15'.03 .OOZ~ . oS' .0]5' . ·3'1' a.8 3"-'-1-'-' - i_ •. _ i,
I

/.0 15' Jo.01 .,z.q I, 3 ZO

.. /·5 !J.g 4-5./ ·8z4- I·~ 5'\,
..... -- i ... /.75 ~.q ~z.~' ,,//3 1·1 8"1

I I
. '"j

, z.,o /&, u4 o/ .q~1 2.. , /ll..._.L

"
A,M. 0 r.M. 0 :

~LoPG 3:( '0
/I'Inrc/l EX (STING

TIMe

DATI:

!!="'"' (
,,-

I I'::"!!

-- -

~I....... -.:::.:30:-'------'~

" II

5EC.T/ON r

,$0 I

00/

; .

.i- i
: Ii! '
1 ••- 1----/.--- •• , ••_-_._---,

~ ! Ii! .
:--I---;··{ -;--

I ':----i"'---.L __ : L __ .

I ! i ~
i l ! i

! --'-1---' -.- -f - - i---
; I . I •

-~ _._~ . -;_ .. ;-_.-:---;
ii, ! : ~
,-- -1- - .,- '-'1 -f'''"" 0-

I' ,: , !
'-r-T--'~'

i. I i: --"-i -..-..;..... -;" ·f ~ -

i Ii
)1' -I' -,-

! i I

S'I, 71

.'4/ ,035 3.4 Ie.
'!> 55

'). 1 84-
~ ., /18.-'

{..g /5'1

p.

SECTION

A

4-.8 IMt. .9.1- ' ()'Z.

II 14.3l .~y!

/4.1 (5·1 ,14-8

/8.t, 17.'N /.04,1

23.z 11-07 /.in

/.25

/,0

/·5

1.75'

i J Ii. ! .. :_ ,.. .. '.....
! I:;:, :.:
j _ .CR05S-S cc.-/lO,.,)jiJO Z
, i; I ! I ' I j

-'--- - 1 - -!- 1 ;. __ 1__ ~-. i _ J
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t I I ! ';~. .3"i
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! I ! i ; I
, ._.,,1•.••• I_._ .... __ ... ,~_ ..:.. _....•..~. ,
1 ! I i I
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! j I ;
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- - .-' . .. .
1.1..
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SUi~MARY

0~ 36 121 .. 5121

'-0 .. 0 ~

» ~~: ~;:;~" :~~~:(~l~~~X
5121 .. Ie,
51.4 /t
85.61

_. ._.• ---C---C

"• u

·1..-0.

0 .. 22

14.0
15.0

i1J;iiJ
;-': 0 .. '1.

1lJ-. 2

FuLLPR1NT

(!.I .. 2512;
0. 11

1250. Ql

12G~~.0

·~25t+. 0 .... ~,

12'5Et.12I

"

0'.10
lifl 0. 0

,....·jVI~_'

01

-.'.

'. .:-'.r

m::::NO''l
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7 INCRE~1 Eo
7 COMPUT 7
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• illIZI
10.55

.DISCHARGE

1251.11)0
1~=:5~,. 0121

t::LEVAT ~,ONSTRUCT NO.
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.... 2et ;, 23"" 73'"
8 1;259."00 ," 30 50.. 76
8 126121.00 14.1210 51./+4
.: 1252":1Zf1ll 15~ Qllt' 85~ 61"
B 1264.00 16.00 113.30
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PEAK TIME(HRS)
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"-' 1 PASS' R~V PC 0'5/83 (,2) PAS';

8

RECORD 1D

RECORD ID

"

18.58
1272.89

18.57
1272.83

1273.01
18.59

1272.95

1273.05
16.60

.12111\ CFS

1273.07
18.60

18.58
1272.90

18.57
> 1272.84

1273. en
16.59

~ 1272. ;35

.. '

" r, ",
" ,
/~7

.

• ...J .. ...J e..... ....J 18.58
1272.93 1272.93 1272.92 1272.91 1272.91

18.57 18.57 18.57 18.57 18.57

1273.10 1273.10 1273.09 1273.09 i273.08
18.62 18.62 18.61 18.61 18.61

127~.05-;... 12_l3.. 04 li::::/~.03~; 1?7j.03 1273.02
, IB .. 60:l<,,:try;.~}1._8~ 60,1-;'~ 18.60 18.59 18: 59

·.<*"127~.. 99.~;:"'j:I~.72. S8~¥, 1272.982;. lc;72.97 1272: 97

~ '/
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EXECUTIV£ CONTROL OPERATION ENDJOB

'i 25. 0e~ El...EV 1273. 11 1273. !l
:I 20. iZ:Q~ DISCHG 18.62 18.52
7[ 221. r;;:."z, ... ce::V 1~;3.Qlb 12t,;:,.0..J

27-.00 DISCHG lB.50 lB. 511\
27.0121 ELEV 1273.1210 1-273.00

"
,~ . ~ . ~

"
28.03 ELE\J 1272.94 1272.94

"
29.0121 DISCHG 18.58 18.58

" ~- ~ .::. ... ~ ".,'"<-
" ,...~ ,

,1-1'; ,43" ;:;~~~,~:RUNOFF VOLUME ABOVE BASEFLOW

"
"

~

~

:1,~,;E;~iii~~:·,:·l~;~" ;,,-;-:,,;-,---~';-0----..,-~---~,~, ~~~Pi~~;;;y;~~0~~~~~i
"';;1, .

EXECUTIVE CONTROL
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B. RESERVOIR

4. Flow in Pima Wash and Downstream from Dam
Stormwater from Pima Wash will be intercepted by golf course hole
number 6. The grading for this hole will produce a channel approximately
200 feet wide and 10 feet deep. A standard step backwater curve
analysis was prepared using a maximum flow of 16854 cfs. For the
purpose of computing a backwater curve, a barrier was assumed along
the east side of Pointe@ Parkway East. The analysis shows that the
water surface elevation from station 5+70 to 10+20 is about 3 feet
below the proposed grades on the east side of the road. If a velocity
head of 1 foot and a silting depth of 1 foot are considered, there
would still be approximately 1 foot of freeboard. It should be noted
that the use of 16854 cfs in the analysis is conservative in that
this amount is the runoff from the total tributary area of 1.87 square
miles. At station 10+20, the tributary area is about 1.5 square
miles and the runoff is more in the range of 13500 cfs. At station
10+20, the water surface elevation would be about 2 feet lower.

The analysis of flows downstream from the emergency spillway was
prepared assuming a fully developed condition to Baseline Road.
Flows for the PMP, ~ PMP, and the 100 year on top of the 100 year
were used in the analysis. The flow rates are as follows:
PMP = 11812 cfs ~ PMP = 5906 cfs 100 year = 1835 cfs.
Manning's formula was used to compute the velocities. An average
slope of S = 0.015 and an "n" value of 0.025 were used for all sections.
The attached plans show the routing of the three storms with the
velocities and water surface elevations for each section.
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C. EMERGENCY AND PRINCIPAL SPILLWAYS

1. Emergency Spillway
Modifications to the emergency spillway will involve the removal
of 1 foot depth of rock off the top of the spillway and replacing
it with top soil. To maintain a spillway crest elevation of 1274.0,
a concrete sill will be constructed across the spillway and keyed
into each abutment. See the details and reinforcement calculations
on sheet 1 of the Grading and Drainage Plan in the appendix.

The grading for the golf course will involve the construction of
some mounds near the entrance to the spillway. It was questioned
whether the mounds, coupled with the proposed road going over the
dam, might affect the discharge through the spillway. The HEC-2
program was run to show that the water surface elevation was not
increased with these improvements. The program was run for two
conditions; one with the top soil in place and the other assuming
a washout condition. In both cases, the hydraulics of the spillway
were not adversely affected.

72.
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1.1 05=05..:87---09:02:-36 PAGE--2--
,'1

·"I!:·i-!-----------------'------------------------------------
ET .000 7.100 7.100 7.100 7.100 .000 872.12100 1150.01210 .000 .000
X1 4.000 1121.000 872.000 1150.000 54.12100 45.000 50.01210 .000 .000 .1210121

I:I---i; R---j'28e:"''''0--872:~''''''--1·28'''~~''''''---e7'3~~''''''--1-275~0''''''---888'.-"''''0---12-74~"''''0l----_e890.-00'''--1274. "''''0---1084.-0''''''-----
ll':: GR 1275.000 1086.12100 1278.1210121 1102.00121 1278.01210 1133.01210 1280.000 1144.00121 1282.000 1150.000

ET . "''''_----T.-1'''0 7.1"0'" 7. 100 7.1"'0 • 00'" 83800"'0 114&.."'00 .0"'0 • "'''''''1----
)!: Xl 5.000 13.000 838. 000 1146.000 60. 12100 40.000 50. 000 • 000 .000 .000
I;. GR 1282.121013 838.000 1280.000 845.000 1275.000 860.000 1276.000 870.00121 1278.01210 875.000

.
11"1--~GR-1280.000 885.-000-1282.13130---89&-000----1--282.000---908.-000--12-74 ..-0001---'39400r000--127-3...00""'l---858 ....00oL.,'----

GR 1273."''''''' 1"'99.0"'''' le74."''''0 1122.000 1282.00'" 114&.0"'''' .0"'''' .0"'0 .0"'0 .0"'''',;1:1
G'1-1---fET • 00Q1- T;-10'" 7-;-100 ~'" 7. 100 . 000---82&r000 11 4",.-000 ."''''''' .0"'0

.!i; ~~ 128~: ::: 8~~: ::: 1~~~: ::: 1~:~: ::: 12~::::: B:~:::: 12~:: ::: 882: ::: 1270: ::: 9137: :::
, t---GR--1272-;-000--9 18.- 01210--1-274. 000 926.000--1-2--76." 00121---932 ~ 000--12·76 ...000---!343 ... 01210·--1274_ 0.00---950. 000---__

):.\ GR 1272.0130 958.00121 1271.000 1041.0130 1272.1li0121 11li87.tll12l0 1274.00121 1096.000 1274.000 1104.000
LI GR 1272.0013 1110.13013 1272.00121 1115.12100 1282.00121 1140.000 .0013 .000 ·.000 .000

)iJ ET .00'" 7.1"'''' 7.1"'''' 7.1"'''' 7.100 .0"'''' 814.00'" 117&.000 ."'0'" ."'''''''
I I X1 7.00121 18.00121 814.000 1176.000 63.000 40.000 50.000 .000 .000 _000
1~r------GR---t2B2--.--000--814.000--127-5.-000---83-1-.--000---1265_·000---86.5. 000--12EA. 000 8.7-1_0130__ 1266.0130 89121. 00l2l....- _

);' I GR 1276.0"'''' 923.0"'''' 127&.00'" 94"'. "''''''' 1270. "''''0 965.000 12&8.000 10"''''.00''' 12&7. "''''0 1"'28. "'0'"
f"l GR 1268.000 1052.01210 1270.000 1082.000 1274.13210 1086.000 1274.000 1102.000 1272.000 1108.000
i'1'---GR--12-72--...-000--l-1'1'3..-000--l280-.--000--l-1-38-r000---1282. 000--11-76. 000 ,,000 ..000 ... 000 ... 000,e

)'.
I ET ."'0'" 7.10'" 7.10'" 7.100 7.10'" .0"'''' 785.00'" 1233.00'" .000 ."''''0
I~I X1----8.-000--22-.000--785.000--1233.-000---103..000---- 65 .. 000- 80.000. .0.00 .• 000 .131210_...__ .

)'.,1 GR 1282.000 785.00121 128121.000 796.000 1278.0130 805.0013 1274.0130 813.0121121 1265.000 840.000

i 1 GR 1264.0"'''' 845. "''''''' 12&3. "''''''' 874.0"'''' 1263. "''''''' 918. "''''''' 1264.0"'''' 94"'.0"'''' 12&3.0"'''' 9&2.00'"
n---GR--1264.-000---·982 ... 0tll0---1266. 000---991,,--000--1268_ 000·--· 1000. 00121_._,._1268. 000 1016._000 ._.1266. 000.__. 1021. 121013. .._.

)" ..·.1· GR 1264.01210 1070.000 1262.12100 1083.12100 1262.0013 1096.000 1276.00121 1126.1210121 1278.1211210 1138.12100
GR 1280.00121 1184.000 1282.000 1233.000 .000 .000 .1211210 .000 .00121 .121121121

ET .000 7.100 7.1013 7.100 7.100 .12100 731.012101295.01210 .000 .000
Xl 9.01210 27.12100731.000 1295.000 127.01210 57.012113 8121.000 .01210 .000 .000

;: .---GR--1282.-000----7-31. 000--1280r 000---7-38....000 ·1275.000__ ·__752. 000. 1270. 000 J.79. 131210 1268. 0012'-__820.)211210 _

j.1 GR 126&."'0'" 8&8."''''''' 12&4.0"'0 892.0"'0 12&&."''''''' 915."'0'" 1274."''''0 944."'0'" 1274."''''0 951."'''''''
! GR 1270.000 965.000 1268.00121 986.000 1266.12100 1002.000 1266.000 1017.000 1268.000 1026.000
___GR-_12E.8. 1211210---1048. 000 _1266.1300.__1058.000.__ 1264.000 __ 1082. 000 1262.1300 108'3.000 _ _ 1261. 000 10'35.000

GR 1262.000 1100.000 1272.000 1125.000 1274.000 1130.000 1276.000 1163.000 1278.00121 11'38.000
GR 1280.000 1242.000 1282.000 1295.12100 .1210121 .000 .000 .0121121 .12100 .01210



PAGE 4

-------------

.1300

FQWSEL

I'THIS RUN EXECUTED ~ ~5-87

1267.300

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

Q

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

.0

HVINS

1_'

.1313

METRIC

0'3:02:3605-05-87

**************************************************

~ **************************************************
'-----HEC2-REt.EASE~DATEDNOV 76 UPDATED- MAY-·-- 1'384------- -- .

ERROR CORR - 01,02,03,04,05,06
MODIFICATION - 50,51,52,53,54,55,56

, 11----IBM-PC-XTVERSION~AUGUST~-198S-----~----~~--·-
"1II
I'~----
, , Tl GFRS EMERGENCY SPILLWAY
II; T2 GFRS EMERGENCY SPILLWAY BACKWATER ANALYSIS

.1\'!--T~3-GFRS-EMERGENCY- SP H,LWAY- BACKWATER'-ANAl=YSIS,----

·1 Jl ICHECK INQ NINV IDIR STRT

/j -100. 3. 0. 0. -1. 000000

,I
_I~f-!--1J'~P:~:-0-0---iPL~:0~0--P::~:~0---SE~-00---XSE~:0-0--FN-:-0-0-0-AL~:~~0-0-'IBWI-.-0-0-0-eHN~'-0-0-0--J-TR~::-

.. Li
-!;~~I--------------------------------------

1::,----------------------------
'I I THIS RUN EXECUTED 05-05-87

"I~:I **************************************************
;i_ ;..'I·----HEe2'-REtEASE-DA--FED-NOV-76-UPDATE[)-MAV--l-'38,4~-------------------------------------------

.~ ERROR CORR - 01,02,1213,04,05,06
~,., MODIFICATION - 50,51,52,53,54,55,56
. 1----lIBM-Ye-X-r-vERSION-AUGUST-1981~5;_-------------------------------------------------

"[,., **************************************************
I I

.000

FGIWSEL

1268.5000 •

GI

. 13

HVINS

.00

METRIC

0. -1. 0000000.4.-100.

I
e 1'1 GFRS EMERGENCY SPILLWAY

-'~ T2 GFRS EMERGENCY SPILLWAY BACKWATER ANALYSIS
t. rl---"J:-3-GFR8-EMERGENCY-SP I LLWAY- BACKWATER--ANALYS I8S------------

- I~I
II Jl ICHECK INGI NINV IDIR STRT
>r-------------------------~------------------------

-1[:1",rl---J2--NPROF---IPLOl'---PRFVS---XSECV---XSECH·--FN·--- ALLDC IBW CHNIMI 1.1:RACE.....-_.
I I

-~~I ************************************************** .
. _---HEC2--RELEASE--DATED~NOV--7b-UPDATED-MAY--1984-·---------- -- - ---. ----- - --

ERROR CQRR - 01,02,03,1214,05,06
I. MODIFICATION - 50,51,52,53,54,55,56
'-----I BM-PC-XT~VERSION· AUGUST- _1985 - -- -- --- -- --

*****.«*******************************************

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

PAGE 5

._-- ------------
.1300.000

------- ----------

-1. 000.000

----_._---- --_._---_. _.- --_..._--
THIS RUN EXECUTED 05-05-87

----._-- _._-_ .._--_._---._----_._----
.000.000

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

-1.000

1219:02:36

3.00121

05-05-87
1

-'C;-I _
'.J

- 1:-1
I, ----------

_,:,,1
L,,! _



Tl
T2
T3

GFRS
S

EI>;ERGENCY
EMERG~Y

EMERG( 'y

SPILLWRY
SPILLWAY
SPILLWAY

BACKWATER ANALYSIS
BACKWATER ANALYSIS

J1 ICHECK INQ NINV IOIR STRT METRIC HVINS Q WSEL cQ

1269.800

----------

. "'00• "'00-1.1211210• "''''0

I

_;:-----:1J 2-NPRD~---IPLO'------PRFVS---XSECV---XSECH----FN------- ALLDC~----IBW ----CHNI M'---lTRACE-
, ,,
::i 15.121121121 .1211210
I'~,----- ----
! I

._-------------------------
PAGE 6

THIS RUN EXECUTED 05-05-87
**************************************************

----~---------------------------

-----------------------
"I 5.000 4000.00 1277.62 1275.59 90121.53

<I 5.0iZl0 8000. 0121 1279. '+3 1276. 98 134121. 22
------~--5.01l10--1201110. 1210·---- 1280•.90--1278•.10---173121. 53-- ~---.

5.1211210 lc854.40 1282.50 1279.28 2203.121121

4.44 838.00
5.97 838.0121
6.93_. __ 838.00_

7. 65 838.00

1146.1210 229.23
1146.1210 255.52
1146.00 279.24_
1146.00 308.00

13. 11
16. 1 B
17.52
17.78

1277.92
127'3.99
1281. 54. _

1283.41

'--------6.•. 1ZI00 40121121.00 1277.83__1273.__15__1729.43_ - ·----2.31------ 826. 1210-_114121. 0121 291 •.73 ._2. 08 1277.._'37 .
6.00'21 800Q1.00 1279.88 1274.482320.18 3.45 e;;'6.0Q'111 J IQ'I.V'lV'I 3171?r:;\?l :0;.;::-81280.06



6.~flI0 16854.40 1283. 11 1276.55 3322.75 5.1217 826. o ill 1 14il1. Q1ill 314.!l,ilI 4.72 1283.~1

f
- _. -_.- -- ._----- ---

-- /---- -
7.000 l00.00 1277.93 1270.26 2300.72 '4 814.00 1176.00 303. 19 .85 1277.9E
7.01210 . 001210.00 1279.9e. 1271. 80 2927.97 ~. 13 814.00 1176.00 312.97 1. 60 1280.08
7.000 1200121.00 1281. 57 1273.05 3461.72 3.47 814.121121 1176.00 351. 54 2.40 1281. 76
7.000 lE.854.4121 1283.27 1274.39 412175.35 4. 14 814.00 1176.00 3E.2.00 2.91 1283.54---_._-------

PAGE 7
-----------_.

.14 1277.'39

.40 1280.09

.-68---1281..-'781----~

.90 1283.57

TOPWIDSTCHRSTCHLVCHAREACRIWS

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

CWSELQ

• I 'I' 05-05-87 09,02,36
Ii------,I

\!.l
1 ~. SECNO'._---

8.000 4000.00 1277.97 1265.75 4065.36 .98 785.0121 1233.00 332.78
) 'I 8.000 8000.00 1280.05 1267.01 4814.81 1.66 785.00 1233.00 389.49
_ 'r-------8:-000----tc:000-;-00--t281-:-7121--- 1268;-t-1--5500..--57----E::.. 18--785. 00 --1233.. 00---439;;-14,---
~ 8.000 1E.854.40 1283.45 1269.10 6283.10 2.6B 785.00 1233.00 448.00

. PAGE.__ L...__

I
~ '30000--400000"---1277,-97 -1267-; '32--4009,."7-----1-; "0 --- -731-. "" --12'35, ""--45-3793-- --; 23--1277.-99-----------

..,,1 9.000 812100.00 1280.1216 1269.25 51211217.52 1.50 731. 00 12'35.0121 505.75 .50 1280.10
1:~.000 1212100.00 1281.72 1270.38 5888.42 2.04 731.00 1295.0121 555.55 .74 1281.79
• ,.""_";854740-1-28'3,.48--1271-.35--6878.-78 2 ...45--731,0"--1295-.-00----564.0" . '30--1283. 581-------

)

1
:1----05~1ZI5-87--09:0~.36 PAGE----~8---

:If- S_U_M_M_A_R_Y_O_F_E_R_R_O_R_S_A_N_D_S_P_E_C_I_A_L_N_O_T_E_S --,- _

: ;:HAUTION SECNO= 1. "00 PROFILE= 1 CRI~ICAL DEPTH ASSUMED, _
~ A~T+ON__SEeNO=-----~000__PROFIcE=_e__eR~I£Ae_oEP,~-ASSUMED-

, " CAUTION SECNO= 1. 000 PROFILE= 3 CRITICAL DEPTH ASSUMED
... , CAUTION SECNO= 1.0"0 PROFILE= 4 CRITICAL DEPTH ASSUMED

>. ----,! .-
I CAUTION SECNO= 2.000 PROFILE= 1 CRITICAL DEPTH ASSUMED

:> 1'1 CAUTION SECNO= 2.0"0 PROFILE= 1 MINIMUt. SPECIFIC ENERGY

I
~.'.I CAIJHBN--SEGNO----2.~"0__PROF_IbE=_8_____GR_H_l_GAL-DEP,H--ASSUMED'------------------------------

I
CAUTION SECNO= 2.01210 PROFILE= 2 MINIMUM SPECIFIC ENERGY

'1- CAUTION SECND::: 2.12100 PROFILE= 3 CRITICAL DEPTH ASSUMED
n------GAUH-QN-SEGNO- 2.-000-PROF ILE~3-M-INIMUM-SPECIFIC-ENERGY'__ --------------n CAUTION SECNO- 2.0"" PROFILE= 4 CRITICAL DEPTH ASSUMED

·i~l CAUTION SECNO= 2.1210121 PROFILE= 4 MINIMUM SPECIFIC ENERGY

I

I
" CAUTION SECNO= 3.000 PROFILE= 2 CRITICAL DEPTH ASSUMED

.', CAUTION SECNO= 3.00" PROFILE= 2 MINIMUM SPECIFIC ENERGY
,".---CAU1' I ON-SECNO~--3.000---PROFILE~3-CRIT·I CAL-DEPTH- ASSUMED ----------.
r I CAUTION SECNO= 3.000 PROFILE= 3 MINIMUM SPECIFIC ENERGY

·i~1 CAUTION SECNO= 3.000 PROFILE= 4 CRITICAL DEPTH ASSUMED
i.r---CAUH ON-SECNO~--3.000---PROF ILE~ -4-M I N I MUM- SI"EC IF I C- ENERGY . _

-:--1
I"~ 05-05-87---1219: 03 :-35,------------------------------
,'1

• 1· ,I. i

.11, .
._-- ----_._-------

THIS RUN EXECUTED 05-05-87.------- .*..... ** ***** .. -- .******** ** .... ***************** ****.- ..... ... '
• J· ,

HEC2 RELEASE DATED NOV 7<' UI"DATED MAY
ERROR CORR - 01,1212,03,04,05,06

1984



r
"",

,-- ------,----------------,-----

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

*********************************-.

***********************************------- - * _. U. S;-- ARMY- COR~'S OF-ENGI-NEERS
* THE HYDROLOGIC ENGINEERING CENT~

* 5139 SECOND STREET, SUITE D
.. • ---DAVIS,· CALIFORNIA-95E.1E.--·----

* (916) 440-2105 (FTS> 448-2105
,---- - -- ------

\. 1******************************************************
----:;-WATER--SURFACE-PROFILES -----------------.~.- --...---

* VERSION OF NOVEMBER 1976 *
* UPDATED MAY 1'384 *

!.:---*--TElM':...PC=Y"'-VERSI DN--AUGUST -1985 --.----- *- --
!.i * RUN DATE 135-135-87 TIME 138:36:57 *
j:! ***********~************************************** ****.- .. _--------- . ----- ._.__.._...- .._---_._---

·::1
, i

'I--
I
'r-I ------------, I

'\",j' X X xxxxxxx XXXXX XXXXX
X xx X X X X

I
'C--------- ------------'Xr---X-X---- X X(----------------

) :,'1 XXXXXXX xxxx X XXXXX XXXXX
, X X X X X

1
1-----------------------X--X-X X----X:------X:------------

) ,:' X X XXXXXXX XXXXX XXXXXXX

I'-c,,-I,'__1-,z; 05=05=87-Q1Br36-:577'----------'------------------------------------------------PAGE---1----

)I"_)!:r----------------------------------
THIS RUN EXECUTED 05-05-87

-f---..........**********.......************ ••••••******...***.,...,t-----------------------------------------------
")~ HEC2 RELEASE DATED NOV 76 UPDATED MAY 1984

~ ERROR CORR - 01,02,03,04,1215,06
I.:> ";---MOO-tF-I-€AT-H3N-50,-51-,52,5a,-54,-5s,s,&&----------------------------------------
. Ie IBM-PC-XT VERSION AUGUST 1985

**************************************************"L.- _

"

.12100

5.1211210

ITRACE

. ;1l00

CHNIM

22.0121121

IBW

. ;1l00

21.01210

ALLDC

.000

26.01210

FN

.000

25.1211210

XSECH

.000

2.000

XSECV

.000

1. 000

PRFVS

.00;1l

43.01210

IPLDT

38.000

) " Tl GFRS EMERGENCY SPILLWAY
>~---~2-GFRS-EMERGENGY-SPILLWAY-BACKWATER--ANA~YSI,ES~-----------------------------------------------------------

) ,- T3 GFRS EMERGENCY SPILLWAY BACKWATER ANRLYSIS

J I~IH-IGHEGK---INQ NINV IDI R S+R+ .j'<IE-T-RIC--HV-IN'SS'-__Q' -"'.SE:LI ..EEQ_, _

1,1 0. 2. 0. 0. -1.000000 . 00 .0 0_ 1266.000 .000
I'r--- ,--------------------

)1' i J2 NPRDFr,
)":._,'~il'-------1-.e00----. 000---h000l---,.-000---~000---~000-----1. 000---_ 000, 000 .000-

J3 VARIABLE CODES FOR SUMMARY PRINTOUT

H)n
L

1

,-------

J" 3.000, '

"----·J5--LPRNT----NUMSEC~-------------********REQUESTED -SECT I ON- NUMBERS* *******

-1;1l.000
-----,---- .._---_.._-------

NC .030

-10.00121

.030

.000

.030

.0;1l0

.100

.;1l00 .000

.300

.000

. ;1l0;1l

.000

.000

.000

.1211210

.000



ET .000 7.100 7. Itl10 7. 1 ill0 7. Ii? • 1l11l1("l 811l'l.iZllllill 1~b:.r.01ll1ll .1lI1i1i,tl • lo"ll,l'llD

Xl 1.0'lJ0(' 28.'lJ'lJ0 81'lJ.'lJ'lJ0 1265.01210 .0l, • 'lJ'lJ'lJ . 'lJ'lJ0 .0'lJ'lJ - ~'lJ- • 'lJ'lJ'lJ
GR "70.0'lJ0 810.000 1272.'lJ00 850.12100 1274. QIIZ, 895.'lJ00 1276.0lZl0 901.01210 127l ~0 .000
GR 1274.01210 914.'lJ00 1272.1210121 918.'lJ00 l27'lJ.'lJ'lJ0 924.'lJ'lJ'lJ 1268.00121 936. e,'lJ0 1266.000 9%.'lJ'lJ'lJ
GR 1264.000 112102.12100 1263.500 1015.000 12EA.00121 1032.12100 1255.000 1051.000 1264.'lJ'lJ0 1066.000
GR 1262.13121121 1072.000 126121.000 1083.00121 1260.01210 ll'lJ5.0'lJ0 1262.000 1112.01210 1254.'lJ'lJ0 112121.1300

----~ GR---126E;-000 1136.. 00121 1268.000 .- --1153. 000-- -1270.000 1162.000 1272.00121 --1177.00121-- 1274. 0013----1183. 000~---
GR 1276.12100 1189.00121 1278.013121 1196.000 1278.'000 1265.00121 .'lJ'lJ0 .01210 .00'lJ .000

.1210121
----.0'lJ0.--

· 'lJ0'lJ

------~---------------- -------------- - PAGE---2-- -

~---ET----.-00~-- -7-:100-----7;-100----7:-100-··-..---7-;-100·------~01210---877-.- 000--1-183';,"000 .00121 -----.-000-----
<'I Xl 2.1111Zl0 '3.01210877.12112101183.121121121 65.01210 65.121121121 65.0121121 .0121121 .0121121 .00121I: GR 1285. '00121 877.00121 1275.12100 892.12100 1273.1210121 897.000 1273.121121121 9313.1210121 1273.12100 1112.1211210
, r---GR--127&: 'lJ'lJ0 ---1157: 000---1278;-'lJ00-----1168-:-'lJ00---- 1280. 0'lJ0---1177; 'lJ'lJ0 ----1282. 00'lJ--H83. 0'lJ'lJ-------. 00'lJ------. 'lJ'lJ0-----

',Ii,1 ET .'lJ'lJ0 7.1'lJ'lJ 7.100 7.10'lJ 7.100 .0'lJ0 871.'lJ'lJ0 11'lJ1.'lJ00 .0'lJ'lJ

i
---Xl1---S-: 0'lJ0""---tr.0'lJ0--87 j--:-'lJ00--1-1.-01-;-000----45. 'lJ0'lJ---45;000--- 45.0001------ • 0'lJ0-----.0'lJ'lJ

! GR 1285.000 871.0121121 1274.1210121 89121.0121121 1274.000 1085.000 1283.0121121 1101.00121 .000
I ., 1
'j 05-Q15"'"'87---08: 36: 57 ------

-----------------------'~I---------

"
;:1' -

I
: ET .1210121 7.100 7.1121121 7.1121121 7.10121 .1211210 872.01210115121.121121121 .1211210 .01210
I Xl 4.000 10.121121121 872.000 1150.1211210 54.00121 45.130121 50.000 .121121121 .12100 .0121121

I.F~R--1-282"o-000--8720 0'lJ'lJ--1280.000---8-79.-'lJ'lJ0--1-275.0'lJ'lJ---888.- 0'lJ0--l2-74, 0'lJ'lJ---890 .-'lJ0'lJ--1274. 0'lJ0---1 'lJ84.'lJ0e>.----
:~ GR 1275.00121 1086.1211210 1278.121121121 1102.12100 1278 .. 12100 1133.0121121 128121.12100 1144.12100 1282.000 1150.000

I~T . 0'lJ0---7-:-1~'lJ 7-.--1~0 7-;-~0 7-.--1-00 .000 838.-e00 114&0000 . ~00'lJ .000>----
I" X 1 5. 00121 13. 00121 838.000 1146.00121 60. 0121121 4121.000 5121.000 . 01210 . 00121 .. 00121
l~ GR 1282.1210121 838.1210121 128121.121121121 845.121121121 1275.00121 86121.12100 1276.1211210 87121.121121121 1278.1210121 875.0121121

\

'.:. GR--1-280;-lZ'1I21t3--B850-0l21t3-----i282.1211210---898.--000--1·2820-000 908. 000-t2-74.-000 '340~-000--1273.-00121---~5B_0000'- _
-I GR 1273.0'lJ0 1099.0'lJ0 1274.000 1122.000 1282.000 1146.000 .000 .00e> .000 .000

"Il1l~~1 E I • 000 7-;-1-00 7~1210 ~0 7-;-1"00 • 000 82&.-000 1140... 000 • 000 .-000
"'L Xl 6.0'lJ0 18.0'lJ'lJ 826.'lJ'lJ'lJ 114'lJ.'lJ'lJ0 74.0'lJ0 45.000 50.000 .000 .e>'lJ0 .'lJ0'lJ

I; GR 1282.000 826.00121 127121.000 851. 000 1268.00121 866.12100 1268.000 882.000 127121.0013 '307.000
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C. EMERGENCY AND PRINCIPAL SPILLWAYS

2. Principal Spillway
The construction of the proposed roadway over the dam will involve
the extension of the principal spillway. This design proposes to
remove the existing outlet structure and connect a 3D" diameter pipe
to the existing 30" pipe. The 30" pipe will extend across the roadway
to a manhole. At this point, a 24" diameter pipe will extend parallel
to the roadway where it will connect to the existing 24" pipe also
at a new manhole. The hydraulic calculations show that the manhole
lid at the connection to the existing 24" pipe will lift when the
pressure head exceeds 1 foot above the top of the existing drop inlet
structure (elevation 1274.81). This will allow water to flow overland
and will not increase the flow to the Western Canal which, under
the original design, was limited to approximately 20 cfs.

The 30" concrete pipe will be designed in accordance with AWWA C-302.
Calculations provided by Ameron Concrete Pipe Company are included
in this report. Details of the pipe joint to the existing pipe are
likewise included. Pressure testing will be in accordance with the
enclosed specifications for Method 2.

Plans and details have been included to show the proposed modifications
to the principal spillway inlet structure.

85.
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06/16/87 10:04:30

ULTIMATE STRENGTH NON-CYLINDER PIPE
90 DEG OLANDER BEDDING COEFFICIENTS

PIPE WATER EARTH
Cfp Crnp C1:W Crnw c:: i: Eo Cme

C BOTTDr1: O. :207 -0. 122 -0. :272 -0. 122 O. 3:~4 -0. 126
,,,: I DE: O. :297 o. 0:::::::: -0. 06:2 O. 0::::::: O. :)~:':;-J O. 0:::9

UNIT WATER WT.= 62.4 LB/FT3
UNIT PIPE WT.= 150.0 LB/FT3

LOAD FACTOR = 1.80 PH I .- 1.00

EARTH LOAD - ENTERED FROM SEPARATE CALCULATION

ID
:'::0.000

T ilia 1 1
4. :~:75

Ea~th cove~ Head
0.000 36.000

fCc Earth Load
4500.0 116:::1.0

Weight PiPE'
49:2.:2

WeiSlht l--later'
:::06.3

:3IDE

(OUTER) ~'I

1~5::::9. ~,6

(INNER)

F
3615.24

[Ii
::::.125

[1"'0 F"{o
1.250 40000.0

F'y'i
0.0

As
0.177

As .'

0.00

BOTTOM (INNER) M
-;~247. 5::::

DOTTOl4 (OUTEF~)

F
995.20

[10

:3.125
D'" i. F·.,.·i

1.250 40000.0
F'y'l)

0.0

As
0.3:::2

0.00



06/1(./:,::7 *** EXTERNAL LOAD CALCULATIONS ***

SOIL COEFFICIENT = 0.150
(

I='IPE O. D. -- :;::::. T5"

SOIL WEIGHT = 120.#/CF

F'IPE I. D. = ::::0.0(>11

)

SETTLEMENT/PRO~ECTION RATIOIRSDP) = 0.50

POSITIVE PRO~ECTING CONDITION
(WI DE TREI~CH)

EARTH EARTH LIVE TOTAL HE IC;HT OF
COVER LO?\D LOAD IMPACT LOAD E(!UAL
(FT> (H/I=T) IH/FT> FACTOR (H/FT) '::ETTU:.:I'lENT
_.~---- ------ ------ ------ ------ ----------
21.00 116::' 1 • O. 0.0 116:::1. 4.2:::24

•
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CONCRETE COLLAR
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2728 NORTH 24TH STREET. PHOENIX, ARIZONA 85008 • (602) 956-4300
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fiACKFILL AND COMPACTION TO fiE IN ACCDROAtICE
WITH M.A.G. SPECIFICATION NO. 601. COMPACT
TO 95%.

WHERE LEDGE ROCK. ROCKY DR GRAVELLY SOIL.
liARD PAN OR OTHER UNYIELDING FOUNDATION
ftATERIAL IS ENCOUNTERED. THE HARD
UNYIELDING MATERIAL SHOULD BE EXCAVATED
fiE LOW TilE BOTTOfl OF TilE PIPE DR PIPE
fiELL (CLASS fi & C fiEDDINGS) FOR A DEPTH
OF AT LEAST 6 INCHES OR !, INCH FOR EACH
FOOT OF FILL OVER THE TOP OF THE PIPE.
WHICHEVER IS GREATER. BUT NOT MORE THAN
3/4 TIlE NOMINAL DIAMETER OF THE PIPE.

fiACKFILL MUST EXTEND A MINIMUM OF 2 FEET
BEYOND ALL SIDES OF THE PIPE PRIOR TO
ANY VEHICULAR CROSSING.

'----:-+------4~u,(/#£A',e ,eEP ,Pc::e
1.14 ' A1.~r.M .:;'-:33

BEDDING DETAIL

11,

GOSNELL DEVELOPMENT CORPORATION
2728 NORTH 24TH STREET. PHOENIX, ARIZONA 85008 • (602) 956-4300
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PRESSURE TESTING

(Method 1) Pressure testing of the completed conduit will not be
required.

(Method 2) Prior to the placement of any concrete or earth fill
around the conduit or filling of the pipe joints, the conduit
shall be tested for leaks in the following manner: The ends of
the conduit shall be plugged and a standpipe with a minimum diameter
of two (2) inches shall be attached to the upstream plug. The
conduit shall be braced at each end to·prevent slippage. The conduit
and the standpipe shall be filled with water. The water level in
the standpipe shall be maintained by continuous pumping a minimum of

10 feet above the invert of the upstream end of the conduit for
a period of not less than two hours. Any leaks that occur during
this period shall be repaired by a method satisfactory to the
Engineer. After repair, the conduit Bhall be tested again as
described above and the procedure shall be repeated until the
conduit is accepted as watertight by the Engineer.

The pipe joints shall show no leakage. Damp spots developing on
the surface of the pipe will not be considered as leakage.

0u:: .
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GEOLOGICAL CONSULTANTS

(
Kenneth M. Euge. R.G.

February 14, 1986

; ..

Mr. Hank Legge, P.E.
V.P. Engineering
Gosnell Development Corporation
2728 North 24th Street
Phoenix, Arizona 85008 ':'-.-'

Subject: The Pointe-South Mountain'P~oject,
Response to Agency Concerns Related to
Proposed Construction and the Guadalupe Flood
Retarding Structure, Phoenix,Arizona
Gosnell P.O. No. 027997
Geological Consultants Proje~~ No. 86-104

Dear Mr. Legge: :' ~., '-

This letter report presents the results' of'a ge~logical evalua

tion of selected areas at the subject site to prepare responses
. '.

to concerns raised by the Soil Conservation Service, the Arizona
""'.-'

Department of Water Resources a~d't~~~a!iCOpa County Flood

Control District. Specifically ihe'~;ncerns addressed relate to

••;'< ,"---

condition of the rock exposed in cuts made for
I
~

the following:

o the

.... ,
~ ....:.

,
~.

the consiruction of bu{ldings,on the downstream slope.. . ..
of the east abutment as the condition(s) affect the

need, if any, for per~eability testing, seepage analysis

and/or grouting;

through a portion

spillway to

and the need

'-' .." .
. . ,:

the excavation of apropos~d roadwa,o

vated, and

evaluate rock rippability, erodibilit~,. '.' -

for slope and/or grade pr?tection for the area exca-

~7of the west abutment near the emergency
,
I

L

LC

2822 West Northern Avenue. Suite B • Phoenix. Arizona 85021. Telephone 602-864-1888
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o modification to reservoir area resulting from the

construction of a golf course and how the modification

might affect the reservoir infiltration and embankment

stability.

The evaluation was performed by Mr. Kenneth M. Euge, R.G. of

Geological Consultants and the report was review~d by Mr. Glen

Copeland, P.E. of Thomas-Hartig and Associates. The requirements

of this study were described in a Geological Consultants proposal

dated January 9, 1986 and confirmed in a meeting at the Gosnell

offices on January 20, 1986.

Scope of Work

To accomplish the objections of this study, Geological Consultants

performed services that included:

o aquisition of published and unpublished reports,

maps, and analyses prepared for the design of the

South Mountain Development and the Guadalupe Flood

Retarding Structure (FRS);

o meeting with Soil Conservaiton Services (SCS) repre

sentative, Mr. Aubry Sanders, SCS State Geologist and

Mr. Harry Millsaps, Hydraulic Engineer, to discuss

their concerns regarding the proposed development

and the SCS geological study and hydraulic analysis

made for the design of the FRS;

o a thorough review of the data obtai~ed from various

sources;
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o a geological reconnaissance of the site to gather

information pertaining to rock characteristics;

o analysis of the published and unpublished data,
1. ",-

as well as the data obtained in the field; and,

o the preparation of this report presenting a summary

of findings and conclusions.

Location

The Pointe-South Mountain site and Guadalupe FRS are located in

the east half of Section 5, Township 1 South, Range 4 East at the

east end of South Mountain. Access to the site is provided

by a paved street south from Baseline Road about one-quarter mile

west of the 1-10 Freeway which parallels the east site property

line. (Draw'ing No.1)

Site Conditions

The bulk of the area originally included low, gent~y sloping

hills to nearly flat-lying terrain. However, the site has been

modified by extensive cut and fill grading for both the Pointe

development and the FRS. Surface runoff from the site is retained

by the FRS and released in a controlled manner from the pripcipal

spillway located in the center section of the FRS.

Geology

I
i
'-

The site is

odiorite, a

type rock.

•underlain by the Tertiary-Age South Mountain Gran-

light gray, medium to coarse crystalline granitic

The unit, well exposed in cuts at BUilding areas
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6 & 7 (Drawing 2) and in the FRS emergency spillway, is generally

massive and very strongly foliated (i.e. a type of lamination

resulting in segregation of different minerals in response to

imposed shear stresses) and closely jointed and fractured.

',. ~-.

Joint frequency is about 3 to 4 joints per foot (12-13 joints

per meter). There is no separation between the joints; however,

the joints are locally filled with either clay gouge ranging in

thickness from 0.005 inches to 0.25 iches, or caliche from 0.005

inches to 0.015 inches. In several areas the fractures have been

recrystallized or mineralized with hematite, chalcopyrite, and

chrysocolla.

Structurally, the foliation trend is in a northerly direction and

dips to the ~ast. Five joint systems are present based on the

stereographic analysis of the data points obtained from three

cut slopes at BUilding areas No.6 and 7 (Drawing No.3). The

principal orientations are N52°W and N12°W dipping from 62° north

east to nearly vertical.

Analysis

A thorough review of the geological data available in the SCS

(1972)1 files indicate the geological i~iormat{on obtained for

this evaluation is consistant with the earlier studies.

No design analysis of anticipated seepag~rates o?pressures

through the foundations or the abutment areas was found in the

SCS records. However, field laboratory permeability tests

1) Soil Conservation Service; 1972; Geologic Report, Guadalupe
Watershed; 81 pages with plates
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(
were performed to determine permeability coefficients for the

site material (Table 1).

Table 1

Permeability Test Summary.(SCS,1972)

Material Type

Soil @ 15.5

Bedrock @ 12.8-
15.2

Soil @ 20'

Test

Open-hole

Packer

Open-hole

Location

Foundi!tion

Near abutment

.Founda tion

Permeability(K)

0.56 feet/day

0.46 feet/day

0.50 feet/day

'--

Hydrologic analyses C Ii ~ have been performed by the SCS

to evaluate 'various flooding conditions that could result from

~ modifications proposed in the reservoir area., The SCS, using topo

graphic data prOVided by Gosnell Development Company, defined the

Emergency Spillway flow conditions presented in Table 2 •
. '.

Table 2

Summary of Results-Emergency Spillway Flood Routings

Emergency Spillway Flow
Duration (hrs.) Max. Vel. (ft/sec)

'Storm Event

6 hours

5-year

25-year

100-year

500-year

Main Water Surface
elevation (feet)

1276.93'

1267.04'

1271.16'

1274.14'

1274.81'

5.0

No flow

. No flow

6.5

12.5
•

8.75

1.77

3.60

'--

According to the SCS, the structure is designed to retain storage

for a very short time period. If the reservoir is assumed to be

filled to the emergency spillway elevation of 1274 feet due to a
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.. .
major precipitat~on event, the system is designed to drain within

five days.

The geologic investigation report (SCS,1972) reports a collap

sible soil condition exists along portions of the FRS embankment.

Rock Cut Seepage: Potential seepage conditions possibly resulting

from the cuts made into the downstream slope of the east abutment

were evaluated using a method described by Hoek & Bray(2) (1974).

This simplistic approach uses the joint/fracture distribution and

spacing between cracks to determine the equivalent permeability

of the jointed rock mass. This method assumes that the cracks

are parallel and that the crack or fissures are open. Drawing

No.4 .shows a table from Hoek & Bray of permeability coefficient

(K) for type of rocks and soil. As can be seen, the permeability
-1 -3for jointed rocks ranges from about 10 to 10 centimeters per

-3 -5 . .
second (3.3 x 10 to 3.3 x 10 feet per second) while clay-

filled joints are about 10- 4 ~o 10-6 centi~e~ers per second
-6 -8 "

(3.3 x 10 to 3.3 10 feet per second).

LC
i
I
l .

The discontinuity mapping performed at the site obtained over 190

orientations of joints and measurements of possible joint openings.
- .: . . .

(Drawing No.5). It must be pointed out that no open fractures

were founq in undisturbed, intact rock. The joint and fractures

were tightly filled with either clay gouge and caliche cementation

or were recrystallized.

An estimate of rock permeability was made using joint spacing and

assumed joint opening in the rock mass exposed in the building

2)E, Hoek and J.W. Bray; 1974; Rock Slope Engineering; Institution
of Mining and Metallurgy, London pp. 112-116
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pad cut slopes. For this analysis it is assumed, for the sake

of conservatism, that the thickness of the filling in the joints

is equivalent to a joint opening. Joint filling thickness

ranged from 0 to abou.t 0.64 centimeters (0 to 0.25 inches) with

an average filling thickness of 0.015 centimeters (0.006 inches).

Joint frequency is about 12 to 13 joints per ,meter (3 to 4 joints

per foot) of slope face. The graph of joint opening to joint

frequency (Drawing No.4) indicates a conservatively high estimated
-3 5

permeability of about 1 x 10 centimeters per second (3.3 x 10-
, " .

feet/sec). The fact that the joints are tightly filled should

reduce the estimated permeabilty 1 to 2 orders of magnitude.

The packer-type test performed by ~he· SCS during the original

design studies indicated a rock permeability of about 1.6 x 10- 4

centimeters,per second (5.29 x 10~6feet/sec). This value compares

favorably with the estimated jointed rock permeability.

The majority of.seepage losses will occur through the reservoir..
bottom rather that the embankment or .. abutments. The bottom surface

area is about 12.6 million square feet'while the perimeter area

(sides are assumed to be vertical) with a height of 23' (equivalent

to the maximum depth of the water):is about 290,000 square feet.

Movement of the water from the reservoir occurs in two ways,

downward throughout the bedrock and by radial lateral outflow.

The quantity of downflow can be estimated using Darcy's equation,
q=kia where:

q = discharge

k = rock permeability = 3.3 x 10-5 ft/sec (Horizontal
and vertical permeability is assumed equal).

i = gradient acting across the bottom = (1)

a = Area covered by the water
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(
therefore:

-5q=3.3 x 10

416 ft 3 /sec

A conservative estimate

ft/sec (1)(12.6 x 10-6 ft 2 ) =
6 3or 35.9 x 10 ft /d~y

of lateral outflow is calculated in the

q= (3.3

9.0 x

x (~440 min/day) = 54 days

same manner:

q=3.3 x 10-5 ft/sec (1) (2.9 x 105 ft 2 ) =

9.55ft 3/sec or 8.25 x 105 ft 3 /day

When Kh = Kv the time requir~d for outflow to equal down flow is

about 43 days.

A better approximation of lat~ral outflow would be to calculate

the seepage front movement in increments.

For the interval 0 to 70 feet from the edge of the assumed circular- reservoir. the head (i) will range from" ").::-. at distance 0 feet to

11 = 0.33 which would yield a conservative average of about 0.5.

l~plYing the Darcy equation:

q=kia where k= 3.3 x 10-5 ft/sec

i= 0.5

a = 1 square foot
- 5

x 10- ft/sec (60 sec/~in)(.5)(1)=

10-4 feet per minute.

For the time ( T) required for the front to move 70 feet:

70 feet
-4 /9.0 x 10 ft minute

The seepage only has to fill the pore space;therefore applying a

conservative r"ck porosity of 0.2:

0.2 x 54 days = 11 days for the seepage front to move

out 70 feet from the reservoir edge.
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Similar calculation for the intervals 70 to 140 feet and 140

feet to 350 feet yield time approximation of 20 days and 83 days

respectively. These values compare favorably with the time

estimated from the outflow/downflow calculations as the values

are within the same order of magnitude.

The liklihood of the maximum water surface being sustained longer

than a five day design period is extremely remote. Therefore, it

is reasonable to assume that there will be insufficient time to

develop a seepage zone where the phreati'c surface intersects the

cut areas in the east abutment.

Roadway Excavation in West Abutment'~NO! APPLIC/-\BLE

A review of the preliminary grading plan for the proposed roadway

shows a cut .to about elevation 1274 will be made in the abutment

to accomodate the desired approach grades. A field inspection

of the proposed site indicates the grade of t~e road cut as

proposed will be in granitic-type bedrock similar·to the rock

exposed in the existing Emergency Spillw~y (Drawing 6.) which

was classified by the SCS (1972) as~~;ck·~pillway. The east

edge of the Emergency Spillway is located about 120 feet from the

centerline of the roadway. The spillway crest elevation is

1274 feet.

It is expected that excavations to the designed elevations can

be accomplished in a manner similar to the rock cuts made in the

bUilding area. Erosion of the roadway at the creit elevation

should be minimal. However. downstream from the crest where the

approach embankment fills are constructed erosion will likely

occur.
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Golf Course Development

The preliminary design drawings of the proposed golf course show

the reservoir capacities will not be significantly changed

from the original SCSdesign
j

(SCS,i986). The greatest concern

is the lakes proposed to parallel the upstream area adjacent to

the main FRS embankment.

The geologic design report for the FRS shows the presence of

collapsible soils beneath the embankment section. If the soils

are saturated they will consolidate under the weight of the em

bankment that could cause diff~rential settlement and cracking

to occur in the structure. This pote~tial condition can be

effectively mitigated by lining the lakes with a relatively

unpermeable membrane such as hypolon or high density polyethylene

(HOPE). . .-

Conclusion
' ..'

1.

the,-

Analysis of rock joints frequency and opening indicates.. . ,"'

estimated permeability 6f the rock mass is similar to field

permeability test results obtained by the SCS.

2: A simplified seepage analysis of flow from a full reservoir

using very conservative input parameters indicate the development

of a saturated zone resulting in seepage from the rock cuts in

the east abutment would be required in excess of 40 days to develop

seepage from the reservoir pool into the rock cut areas should

not occur.

(

if a full reservoir level were sustained for

The design time required to drain the FRS is

that period of time •
•five days, therefore

3) Soil Conservation Service, 1986; Personal communication with
H. Millsaps, Hydrologic
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(
3. The road cut proposed through

"~Bf...e;
No-f APPW~

tr::. west abu.tinent. is expect-

I
L_

I
i,-

I
L

I,-
j

L

ed to be excavated in bedrock. Erosion of rock should not be

problematic. The bedrock is likely to beexcavatable based on

prior experience at the Pointe-South Mountain site.

4. The proposed development within the reservoir area should

not affect the foundation permeability characteristics of the

FRS embankment if the proposed lakes.are effectively lined to

minimize saturation of foundation soils.

Recommendations ..
1. Based on the results of the study of the rock cut areas, it

appears that a detailed field permeability testing program and

seepage analysis of the east abutment area is not warranted.

Grouting or .sealing of the rock should not be required for

controling seepage from the reservoir. However, surface runoff

over the slope and resulting percolation from landscape watering.

rainfall. and other sources must be controlled to enhance slope

s tab iIi t Y• '. __ AffLl"I'-e,,,,e
y" tJo I I" .

2. The grade of the proposed roadway through the west abutment

is about the same as the Emergency Spillway (1274 feet ±). A

hydrologic analysis should be performed to assess the effects of

the road cut relative to modific~ti'on' of' the Emergency Spillway

flow regime. If the ana~ysis shows excessive flows thro~gh

the road cut. downslope erosi~n control should be provided for the

approach embankment fills and the toe areas of the FRS .
•

l._C 3. The lakes proposed for the golf course development must be

effectively lined with a relative impervious membrane such as

hypolon or HDPE. The lining will reduce the seepage losses from

the lakes and minimize the saturation of FRS embankment foundation
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soils.

The conclusions and opinions presented in this letter report

were developed by Geological Consultants for Gosnell Development

Corporation in accordance with generally accepted geological

principles and practices. The data, conclusions and recommenda

tions should be considered to relate only to the specific project

and location. If changes are made in the project as outlined in

this report the conclusions and recommendations contained in this

report shall not be considered valid unless the changes are

reviewed and the conclusions and recommendations of this. report
•

are modified or approved in writing by Geological Consultants.

Thank you for this opportunity to be of service to you. If you

have any qu~stions regarding the content of this report please

contact me.

Ver truly yo

Kenneth M.
Consulting

KME/jmw
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South Hountain Granodiorite--light gray;
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Phoenix, ArizonaBase map from Grading and Drainage Plan prepared

by Gosnell Development Corporation, Sheet
CG&D 5/1. Rev. 5, 11-1-85-.
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Relative Importance of Pole Concentrations
Azimuth Strike Dip

A 25 038· N 52 W 62NE
B 17 078 0 N 12 W 90
C 10 058· N 32 W 50NE
D 8 270· N S 70W
E 4 260· N 10 W 705101
F 4 270· N S 80W

•
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(a.) Pole 'Plot (192 points)

Joint pole

o Foliation Pole

"

Contours @ 4, 8. 12, 16. 20, & 24

Highest concentration indicated
in each concentration.
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(b.) Polt Plot Concentration
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The Pointe-South Mountain Project
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THOMAS-HARTIG & ASSOCIATES, INC.
TOM W THOMAS, PE. ' HARRY E. HARTIG, PE.
Soil and Foundation Engineering· Materials Testing

7031 West Oakland Street Chandler, Arizona 85226 602/961-1169

(

James R. Morrow
John P Boyd, PE.
Charles H. Atkinson, PE.
Donald J. Spadola, PE.

Glen K. Copeland, PE.
James M. Willson, PE.
Frank M. Guerra, PE.

Roger A. Brewer, PE.
Steven A. Haire, PE.
Chet L. Pearson. PE.
Kenneth L. Ricker, PE.

Gosnell Development Corporation
2728 North 24th Street
Phoenix, Arizona 85036

3 February 1987

Attention: Mr. 8ill Gordon

Project: Mountainside Suites
Pointe South Mountain
Phoenix, Arizona

Project No: 86-860

This report presents the conditions encountered at and beyond the toe of the
downstream slope of the Guadalupe Flood Retention Dam No.2, in the area of the
proposed Mountainside Suites.

In this area, in order to comply with the Flood Control District's
requirements, the overburden soils were removed until either hard cemented
soils and/or bedrock were exposed. The depth to these materials varied from
approximately six (6) feet below existing grade at the southwest end of the
suites area (near the prinicipal spillway outlet conduit) to zero (0) feet at
the northeast end of the suites area. After removal of the overburden soils,
fill s were placed at a minimum compaction of 100 percent of the maximum dry
density determined by ASTM: 0698 (Standard Proctor).

Please do not hesitate to call when we may be of further service to you.

r"-~ " ,---, '
I / f 4-"-<"' ___K ,,,>i J ',--'., _/: ~-, .......... :' ),..../\..._-~. "---,.. ,.... .

Ro&er A. Brewer, P.E.uerra, P.E.

Respectfully Submitted,

THOMAS-HARTIG 'N" ASSD~ I'C.

By: ,t~~ Reviewed by:_----=--+12:.-1.'--- .=...-=-------

/srb
Copies to: Addressee (3)

Flood Control District/Grant Pickerton (2)



THOMAS-HARTIG &ASSOCIATES, INC.
TOM w. THOMAS, PE.. HARRY E. HARTIG, PE.
Soil and Foundation Engineering· Materials Testing

7031 West Oakland Street Chandler, Arizona 85226 602/961-1169

(

James R. Morrow
John P Boyd, PE.
Charles H. Atkinson, PE.
Donald J. Spadola, PE.

Gosnell Development Corporation
2728 North 24th Street
Phoenix. Arizona 85008

Attention: Hank Legge. P.E.

Glen K. Copeland, PE.
James M. Willson, PE.
Frank M. Guerra, PE.

Roger A. Brewer. PE.
Steven A. Haire, PE.
Chet L. Pearson, PE.
Kenneth L. Ricker, PE.

23 October 1986

Project: Mountainside Suites
Pad Fill Placement
The Pointe Resort at South Mountain
Phoenix. Arizona

Project No: 86-743
Supplement No. 5

)

As requested. we have evaluated the use of Mirafi 600X filter fabric between

existing embankment materials at Guadalupe Flood Control Structure North Dam 2 and
your new fill pads for the proposed mountainside suites. Based on our evaluation.

Mirafi 600X appears suitable for this use.

According to the manufacturer's specifications. a copy of which is attached. the
average effective opening size (EOS) of Mirafi 600X is equivalent to U.S. Standard
Sieve No. 20 to 45. or approximately 0.84 to 0.37 mm. According to the grain size
distribution curves for the borrow material used to construct the embankments. a
copy of which is also attached. the diameter corresponding to "85% passing." or
85% size of soil. varies from approximately 20 to 150 mm. Design criteria for
fil ter fabri c adjacent to granul ar so il s presented by Cedergren (1977) i ndi ca tes

for effective soil retention:

85% size of soil > 1
openin9 size of EOS sieve

By observation this criterion is met.

The other criterion is permeabi I ity; the fabric must not hinder flow. The
specified permeability for Mirafi 600X is 3 x 10-3 em/sec. Based on construction
data and testing information provided to us by Soil Conservation Service. we



estimate the permeabi 1ity of the embankment material s is at 1east one or more
orders of magnitude less. Thus, the fabric should not hinder flow.

This supplement shall be attached to the original report and shall become a part

~ thereof. Please do not hesitate to call when we may be of further service to you.

Respectfully submitted,

THOMAS-HARTIG &ASSOCIATES, INC.

/cjf
Copies

Project No: 86-743.5 2



I
MIRAFI" TYPICAL PROPERTY VALUES'

PROPERTY UNIT TEST METHOD 1408 140N 100X 500X 600X 700X gOON

Welghl ozJsy ASTM 0·3776-79 4.0 4.5 2.5 4.0 60 6.5 4.0

Thickness mils ASTM D-177?-64 30 60 5 90 12 19 SO

Grab Strength Ib ASTM 0·1682·64 125 120 100 200 300 520x310 115

Grab Elongation % ASTM 0·1682-64 45 55 30 30 (max) 35 (max) 35 1maxl 60

ModuluS (10% Elongation) Ib ASTM 0-1682-64 N/A NlA NIA 115 140 N'I, N/A

TI apezoid Tear Strength Ib ASTM [)..1117·80 65 SO 65 100 120 75 N/A

Mullen BrUSl Sirength psi ASTM 0-3786-80' 125 210 200 375 600 560 N/A

Puncture Strength Ib ASTM 0-3787-8(}' 55 70 NIA 85 130 145 N/A

AbrnSlon Resistance Ib ASTM 0-3884-80' N/A N/A N.'A SO 100 155 N/A
& 0-1682-64

Cae!. 01 Permeability. k em/sec CFMC-GET-2 01 0.2 00009 0.002 oem 0025 N/A

Waler FlOW Rate gal/min/sf CFMC-GET·2 3SO 225 40 35 SO, 120 N/A

Air FlOw Rate cflmin/sf ASTM 0-737 300 225 N/A N/A N'A: 115 290
i

Equivalent Opening Size (EOS) US Standard Sieve COE CW 02215·77 100 100+ 20 20-45 20-45 70 N/A

Open Area % COE Mefhod N/A N/A N/A N/A N'A 5.5 N/A

Retention Efficiency Virginia DOT N/A N/A 75 N/A N'A NlA N/A
(Suspended Solids) % VTM-51

Slurry Flow Rate gal/min/sf Virginia DOT N/A N/A 1.0 N/A N/A N/A N/A
VTM-51

Gradient Ratio COE CW 02215-77 <3 <3 N/A N/A N/A '<3 N/A

Ultraviolet Radiation '" ASTM G·261 0 0 90 30 90 90 0
Slabilily 0-1682-64'

Asphall Retention oz/sf Texas DOT N/A N/A N/A N/A N/A N/A 35
Item 3099

Shnnkage Itom Asphau % Texas DOT N/A N/A N/A N/A N/A N/A <6
Ilem3099

· Diaphragm BurSting Tesler
· T~ns,on Tcsllng Machme wIth tmgclamp. sleel ball rcplaced With a 'ti~ inch diameter solid sleel cylmdcr{withhemlsohencal hpl cenlcred wlthm lhe rmg clamp
• ASTM 0-1682 as above aller abraSIOfl a$ reQulrro by ASTM 0-.3884 ROlary Plalform. Double Head Method. rubber·base aOrilSI·/t! wheels caual 10 CS-17 'Cahbrase" by Taber Insltumenl Co Ikg load pet wheel, 1 000 revolullons
'ASH" 0-1682 as above aller 250 cycles m Xenon'arc w.!?,:herorno-:lterITyoeBH orTypeCaooaralusasdescnbed,nASTM G·26i 0,)(' CYCI~ consists of 102 mmutes 01 hghl 0fI1y folIO\',~,,~ l:'; 18 monu:(,.'S (" Ilqht wlln w,ller spray
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THOMAS-HARTIG & ASSOCIATES, INc.

TOM w. THOMAS, PE.. HARRY E. HARTIG, PE.
Soil and Foundation Engineering· Materials Testing

7031 West Oakland Street Chandler, Arizona 85226 602/961·1169

(

James R. Morrow
John P Boyd, PE.
Charles H. Atkinson, PE.
Donald J. Spadola, PE.

Glen K. Copeland, PE.
James M. Willson, PE.
Frank M. Guerra, PE.

Roger A. Brewer. PE.
Steven A. Haire, PE.
Chet L. Pearson. PE.
Kenneth L. Ricker, PE.

Gosnell Development Corporation
2728 North 24th Street
Phoenix, Arizona 85008

Attention: Mr. Hank Legge, P.E.

20 October 1986

Project: Pointe Parkway East
Spillway/Road Cut
The Pointe Resort at South Mountain
Phoenix, Arizona

Project No: 86-743
Supplement No. 4

In accordance with your request, we present recommended allowable bearin9

pressures and lateral design parameters to use for designing the concrete spillway
chute at the cut for the new Pointe Parkway East. We understand the chute will be

a concrete mat with short retaining walls on either side.

The cut will be approximately 80 feet wide and located just east of the existing

20D-foot wide emergency spillway between North Dam 1 and North Dam 2 of the

existing Guadalupe Flood Control Structure. The cut will serve as additional
spillway capacity and match the elevation of the existing emergency spillway

(Elevation 1274 feet.:!:). The existing spillway surface is bedrock and, based on
geological information provided for our review, it appears the new cut will also

extend into bedrock. For this supplement, we provide recommendations for both
soil and rock bearing conditions to cover both possibilities.

Soil 8earing: Continuous retaining wall footings should be founded a minimum
depth of 1.5 feet below the lowest outside grade. The footings should bear on

natural undisturbed soil or on engineered, structural fill which has been compac

ted to at least 95 percent of the ASTM D698 maximum dry density. A 1500 psf
bearing pressure is recommended as an allowable maximum for dead plus design live
loads and may be increased by one-third when considering lateral or overturning
forces. The mi ni mum recommended foot i ng wi dth is 2 feet.



(

Rock Bearing: Where clean, sound rock is encountered above base of footing level,

it is permissible to waive the design footing depth recommended above provided the
minimum footing width is maintained, lateral stability is achieved, and a scour

protection is provided on exterior footing edges. To achieve lateral stability,
steel reinforcing rods must be anchored in holes cored in the rock. Where hard,

unjointed rock zones are encountered and the cored hole diameters are sl ightly
less than the rod diameters, the rods can probably be driven into the holes to

form a friction condition. We anticipate that cement grout would be necessary for

bonding only if the rock 1s friable and jointed, or if tensile capacity is

requi red.

Lateral Design Parameters: The following tabulation presents recommendations for
lateral stability analyses:

IFoundation Toe Pressures--------------l.33x allowable
2Lateral Backfill Pressures:

Unrestrained wa11s--------------------75 psf/ft.
Restrained waI1s----------------------90 psf/ft.

Lateral Passive Pressures:
Continuous wal1s/footin9s------------125 psf/ft.
Spread co1umns/footings--------------175 psf/ft.

Coefficient of Base Friction:
Independent of passive resistance------O.40
In conjunction with passive resistance-O.30

lIncrease in allowable foundation bearing pressure (pre
viously tabulated) for foundation toe pressures due to
eccentric or lateral loading. The entire footing bearing
surface should remain in compression.

2Equi va1ent f1 ui d pressures for verti ca1 wa 11 sand hori
zonta1 backfill surfaces (maximum 12-foot height). Back
fill surfaces which are not horizontal should be
evaluated on a case-by-case basis. Pressures reported
above include hydrostatic pressure caused by inundation.
Pressures do not inc1 ude temporary forces imposed duri ng
compaction of the backfill, swelling pressures developed
by over-compacted clayey backfill, or surcharge loads.
Walls should be suitably braced during backfilling to
prevent damage and excessive deflection.

Compaction of the backfill soils against embedded footings or walls designed to

provide passive resistance should be accomplished to a minimum 95 percent of the

maximum ASTM 0698 density to develop this resistance with low strains.

PROJECT NO: 86-743.4 ?
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)

(

General: For footing design. the weight of a vertical column of saturated soi I

above the footing, and the vertical component of load from the retained soil (use

1/3 of the lateral active pressure) should be used. All continuous footings which

descend slopes should be constructed on horizontal steps cut into the slopes.
Scour protection has been assumed and must be provided. All footing excavations
should be observed by a geotechnical engineer prior to steel placement. If the

bearing conditions do not appear suitable for support, remedial measures such as

over-excavation and recompaction, deepening and/or widening of footings. etc. will

be required.

Thi s suppl ement sha 11 be attached to the ori gi na1 report and sha 11 become a part

thereof. Please do not hesitate to call if you have any questions or if we may be
of further assistance.

/cmm
Copi es to:

PROJECT NO: 86-743.4 3



THOMAS-HARTIG & ASSOCIATES, INc.
TOM w. THOMAS, PE.. HARRY E. HARTIG. PE.
Soil and Foundation Engineering· Materials Testing

7031 West Oakland Street Chandler, Arizona 85226 602/961·1169

(

James R. Morrow
John P Boyd, PE.
Charles H. Atkinson, PE.
Donald J. Spadola, PE.

Gosnell Development Corporation
2728 North 24th Street
Phoenix, Arizona 85008

Glen K. Copeland, PE.
James M. Willson, PE.
Frank M. Guerra, PE.

Roger A. Brewer, PE.
Steven A. Haire, PE.
Chet L. Pearson, PE.
Kenneth L. Ricker, PE.

17 September 1986

Attention: Mr. Hank Legge, P.E.

Project: Slope Stability &Settlement Evaluation
Mountainside Suites
The Pointe Resort at South Mountain
Phoenix, Arizona

Project No: 86-743
Supplement No.3

)

As requested, we submit with this supplement the results of additional stability

analyses of the Guadalupe Flood Retention North Oam No.2. These additional

analyses are exactly the same as those presented in Supplement No.2, except as

fo 11 ows:

1. We used a friction angle of 27.5 degrees for the embankment materials,

rather than 35 degrees.

2. We used 125 pcf saturated unit weight for the embankment materials,

rather than 135 pcf.

Using the computer program TSTAB and evaluating rapid drawdown on the upstream

slope (as before) the results of the additional analyses are as follows:

Trial

1

2

3

Conditi on

Static; saturated foundation soils

Static; bouyant foundation soils

Pseudo-static (O.lg); bouyant foundation soils

Factor of
Safety

1.5

1.5

1.1



As before, these minimum factors of safety generally correspond to "infinite
slope" conditions, or surface raveling. Failure circles which extend deeper into

the shoulder of the dam indicate higher factors of safety.

(
This supplement shall be attached to the original report and shall become a part

thereof. Please do not hesitate to call when we may be of further service to you.

Respectfully submitted,

THOMAS-HARTIG &ASSOCIATES, INC.

P.E.
By :-+~~'tfF.~:-.1f2.~:W;.!,\:."":""" Rev i ewed by ~:k:q!

/cjf

Copi es

Project No: 86-743.3 2



THOMAS-HARTIG &ASSOCIATES, INc.
TOM w. THOMAS, PE.. HARRY E. HARTIG, PE.
Soil and Foundation Engineering·,Materials Testing

7031 West Oakland Street Chandler, Arizona 85226 602/961·1169

(
James R Morrow
John P Boyd, PE
Charles H. Atkinson, PE.
Donald J. Spadola, PE.

Gosnell Development Corporation
2728 North 4th Street
Phoenix, Arizona 85008

Glen K Copeland, PE
James M. Willson, PE
Frank M. Guerra, PE.

Roger A Brewer, PE
Steven A Haire, PE
Chet L Pearson, PE
Kenneth L Ricker, PE

15 September 1986

Attention: Mr. Hank Legge, P.E.

Project: Slope Stability &Settlement Evaluation
Mountainside Suites
The Pointe Resort at South Mountain
Phoenix, Arizona

Project No: 86-743
Supplement No.2

)

In accordance with your request, we have performed additional stability analyses

of the Guadalupe Flood Retention North Dam No.2. These additional analysis were
performed using the same assumed critical cross section as described in our

original letter report dated 30 June 1986; however, we have substituted strength
values requested by Soil Conservation Service (SCS) for the foundation soils. In

addition, we have evaluated the effect of a ·pseudo-static· horizontal accelera
tion of O.lg, and we have evaluated the effect of buoyancy in the foundation

soils. The assumed critical cross section and strength parameters are shown on

the attached Figure 1. Using the same computer program (TSTAB) and evaluating

rapid drawdown on the upstream slope (as before), the results of the additional
stability analyses are as follows:

Trial

1

2

3

Condition

Static; saturated foundation soils

Static; bouyant foundation soils

Pseudo-static (O.lg); bouyant foundation soils

Factor of
Sa fety

2.0

2.0

1.5



These minimum factors of safety generally correspond to "infinite slope" condi
tions, or surface raveling. Failure circles which extend deeper into the shoulder
of the dam indicate higher factors of safety. Some representative failure

~ circles, and their corresponding factors of safety, are included on Figure 1.

This supplement shall be attached to the original report and shall become a part

thereof. Please do not hesitate to cal I when we may be of further service to you.

Respectfully submitted,

THOMAS-HARTIG &ASSOCIATES. INC.

)

(

/cjf
Copies

Project No: 86-743.2 2
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Soil and Foundation Engineering. Materials Testing
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20 August 1986

Attention: Mr. Hank Legge, P.E.

Project: Slope Stability &Settlement Evaluation
Mountainside Suites
The Pointe Resort at South Mountain
Phoenix, Arizona

Project No: 86-743
Supplement No.1

Through discussions with Mr. Ralph Arrington of Soil Conservation Service (SCS),

we understand SCS has two additional geotechnical-related concerns regarding your

proposed construction on and near the Guadalupe Flood Retention North Dam No.2.

These concerns, and our responses, are as follows:

Concern No.1: If the foundation bearing soils beneath the dam become saturated,

would significant settlement occur? SCS is concerned that the

proposed golf course lakes, located in the basin upstream from the
dam, might leak through their linings, saturate the bearing soils,

and cause the dam to settle significantly.

Response: 8ased on boring information and the conclusions presented in

"Guadalupe .watershed, Geological Investigation", collapsible soil

zones were encountered near ground surface (0 to 5 feet) at the

Saddle Dike seeton and in a si It (ML) layer at a 6.5 to 8.5-foot

depth near Station 41 of the 1-10 section. At greater depths, the
borings indicated either dense granular soils, hard caliche, or

bedrock. According to a file memorandum dated 13 May 1986 from
K.M. Hussain of Arizona Department of Water Resources (ADWR). Mr.

Arrington stated "We removed all the collapsible soils all the
way down to the foundation level." The as-built drawings

corroborate Mr. Arrington's statement. indicating that removals
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varying up to approximately 8 feet occurred beneath some of the

shoulders. and removals varying up to approximately 20 feet
occurred beneath some of the keys. If these collapsible soils

were removed. the addition of groundwater beneath the dam should

not cause significant settlement.

In addition. we point out that the foundation soil s wi II probably

become saturated quickly when the reservoir fills because the

foundation soils are predominantly granular. Therefore, we do not

think the small golf course lakes will modify the service condi

tions of the dam.

Concern No.2: The slope of the landscaping fill, which you (Gosnell) intend to

place on the Saddle Dike section of the dam, appears steeper than
the existing dam slope. Wi 11 this impact the stabil ity of the

dam?

)-
Response: We have drawn to approximate scale the apparent critical section

of the proposed landscaping fill and existing dam on the attached

Figure 1. A location plan from sheet 2 of 11 of the Grading and

Drainage Plans (dated 4/2/86) is shown on Figure 2. By

inspection, the proposed slope is not significantly steeper than

the existing embankment slopes, nor does it appear significantly

different in geometry from the fill zone evaluated in our original
report (Thomas-Hartig &Associates, Inc. Project No: 86-743, dated

30 June 1986). Thus, in our opinion, the proposed fi II will not
adversely affect the stability of the existing dam. However, to

reduce sl i ppage between the ori gi na I dam s lopes and the proposed

fill, we recommend cutting benches into the dam slopes similar to

those planned for the Mountainside Suites embankments.

We understand the fill will only be used for landscaping; thus,

the surface of the fill wi II probably not be heavi ly compacted.

Because of this, and because the fill surface will be watered,

surface erosion and possibly minor raveling should be anticipated.
Flatter slopes would reduce this tendency. We also do not recom

mend planting trees with large (or long) root systems anywhere on

any earth dam because roots can provide flow channels after

rotting.

PRO,IEeT NO: 86-743.1 2
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This supplement shall be attached to the original report and shal I become a part

thereof. Please do not hesitate to call if you have any questions or if we may be

of further assistance.

Respectfully submitted,

THOMAS-HARTIG &ASSOCIATES, INC.

/cmm

Copies

PRn,lFrT N(l: 86-743.1
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Location of Section A-A'

From: Grading and Drainane Plan, Sheet 2 of 11

THnMAS-HARTTG &ASSnCTATES. INC. Proiect No: 86-743.1



THOMAS-HARTIG & ASSOCIATES, INc.
TOM w. THOMAS, PE.. HARRY E. HARTIG. PE.
Soil and Foundation Engineering· Materials Testing

7031 West Oakland Street Chandler, Arizona 85226 602/961·1169

(

James R. Morrow
John P Boyd, PE.
Charles H. Atkinson, PE.
Donald J. Spadola, PE.

Gosnell Development Company
2728 N. 24th Street
Phoenix, Arizona

Glen K. Copeland, PE.
James M. Willson, PE.
Frank M. Guerra, PE.

Roger A. Brewer, PE.
Steven A. Haire, PE.
Chet L. Pearson, PE.
Kenneth L. Ricker, PE.

3D June 1986

Attention: Mr. Hank Legge, P.E.

Project: Slope Stability and Settlement Evaluation
Mountainside Suites
The Pointe Resort at South Mountain
Phoenix, Arizona

Project No: 86-743

The purpose of this letter is to present the results of slope stability and

settlement evaluations for the existing Guadalupe Flood Retention North Dam No.2-I after construction of the proposed Mountainside Suites. Your current design is to

construct some of the Mountainside Suites on compacted fill which extends out from
the downstream slope of the dam. As requested, we have performed the evaluations

assuming saturated conditions for both foundation material and embankments. Our

design assumptions, methodology, and conclusions are presented herein.

DESIGN ASSUMPTIONS

Critical Section: The assumed critical cross-section for finished conditions is
shown on the attached Figure 1. This section is based on:

1. The geometry of the compacted fill sections shown on your Grading and
Drainage Plans, Revision 5, dated 11/1/85.

( 2. The "as-bUilt" drawing, 7-E-22659, dated 5-75, provided by Soil

Conservation Service (SCS). We selected "Station 15+00" because it is
the approximate maximum section in the vicinity of the suites.



(

3. The "Plan and Profiles for Geologic Investigation, Guadalupe Flood

Retaining Structure," also provided by SCS. The "Center Section"
profile indicates the maximum thickness of foundation soil beneath the

dam in the vicinity of the suites is 25 feet. We assume the underlying

gneiss bedrock is incompressible and all failure surfaces pass above it.

Soil Conditions: The dam was constructed in 1974 and 1975 under observation and

testing by SCS. According to their records, the dam is homogeneous, we11

compacted, and consists of widely graded si Ity sands with gravels. The "Center

Section" Profile indicates the foundation soil in the vicinity of the suites

consists either of hard caliche (identified as ·ca1careous shale" in their legend)

or dense silty sand and gravel. Based on these reported conditions, we have

assumed the following soil parameters for both embankment and foundation

materials:

METHODOLOGY

Saturated Unit Weight (~s):

Dry Unit Weight (~J):

Friction Angle (~):

Cohesion (c):

Compression Index (Cc ):

135 pcf
125 pcf

350

D

0.01 1

Stability Evaluation: A typical method to increase the stability of a slope is to

pI ace a berm of fi 11 on the toe. The surcharge wei ght of the fill increases the

resisting stresses. Because this is, in effect, what is proposed for the

downstream slope of North Dam No.2, it is our opinion that the downstream slope

will be more stable after the fill is placed than before. However, the upstream

slope of North Dam No.2 may experience a slight reduction in stability after the

fill is placed. This is b"ecause the weight of the fill on the downstream slope

could increase the driVing stresses on the upstream slope.
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In our opinion, the critical stability condition would be rapid-drawdown (i.e.

saturated soil, no reservoir) on the upstream slope. We have evaluated this

condition based on the assumptions described above and using the slope stability
computer program TSTAB2. TSTAB computes factors of safety for circular slip
failures using the simplified Bishop's method. It employs a search routine to

find the circular failure center with the minimum factor of safety.

Settlement Evaluation: We predicted settlement of the dam due to fill placement

and saturation using a Boussinesq elastic solution for stress distribution3 and

the assumed compression index shown above. We used a triangular distribution of
load on the dam because the new fill will be approximately wedge-shaped, and

evaluated points beneath both the upslope, thin portion of the fill and the

downslope, thick portion. We also predicted settlement of the dam without fill

placement. The assumed compression index was obtained from published data for
"compact, very well graded sand, 1ittle gravel" presented by Hough (1969). We

have assumed this compression index applies for both the dam materials and the

foundation materials based on the test results performed during construction and

the reported conditions of the natural foundation soil s.

CONCLUSIONS

Stability Evaluation: The factor of safety against slope failure for the upstream

slope after rapid-drawdown, prior to constructing the fill zone for the Mountain

side Suites on the downstream slope, is approximately:

F.S. = 2.0

The factor of safety against slope failure for the upstream slope after rapid
drawdown, after constructing the fill zone for the Mountainside Suites on the
downstream slope, is also approximately:

F.S. = 2.0

Based on the analyses employed, the addi tion of fill to the downstream slope of
the dam wi 11 therefore not reduce the stabi 1i ty.

Settlement Evaluation: We estimate the fill zone on the downstream slope will

cause the dam to settle approximately 1/8 to 1/4 inch at the crest, and

PRil,lFrT NO, R6-743 3
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approximatp.ly 1/2 to 1 inch at the downstream toe. Approximately half of the

settlement will probably occur during construction. with the remaining portion
occurring only if the dam and underlying foundation materials become saturated.

We understand the dam and foundation materials have never been saturated. Thus.

the dam will probably experience settlement after it becomes saturated even if
fill is not placed on the downstream slope. In our opinion. if the dam becomes

saturated. settlements on the order of 1 inch or more could occur at the crest.

with lesser amounts expected beneath the upstream and downstream slopes. The

addition of filIon the downstream slope will cause additional settlement to occur

to the slope. but it would probably be similar in magnitude to the crest settle

ment because the thickness of filIon the slope will be similar to the thickness

of the dam at the crest. Thus. the amount of differential settlement which will

occur to the downstream slope. and conceivably cause cracking. appears small.

REFERENCES

1Hough. B.K•• Basic Soils Engineering. Second Edition. 1969, The Ronald Press
.,... Company, New York, p.130.

2TSTAB. Slope Stability Analysis Computer Program by TAGA Engineering Software

Services. Berkeley. California. MS-DOS Version by Design Professionals

Management Systems. Kirkland. Washington.

3"Stresses and Deflections in Foundations and Pavements." Published by Department

of Civil Engineering. University of California. Berkeley. California. Fall.
1965. p.47.

Please do not hesitate to call if there are any questions or if we may be of

further assistance.

Respectfully submitted.

THOMAS-HARTIG &ASSOCIATES. INC •

/cmm

Copies

•E.

PROJECT NO: 86-743 4
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. FIGURE 1 Assumed Critical Cross-Section
North Dam No. 2
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4 Oecember 1986

Attention: Mr. Hank Legge, P.E.

SUbject: Our report entitled:
"Construction Oata Review and Evaluation
of Proposed Modifications to Guadalupe
Flood Control Structure,"
dated 20 October 1986.

Project No: 86-743
Revised

In the subject report, we presented the results of stability analyses performed on
selected cross-sections of the Guadalupe Flood Control Structure. Based on soil
information provided by Soil Conservation Service (SCS), we concluded each of the
three embankments, including your proposed modifications to them, has sufficient

factors of safety for static loading conditions. We understand SCS has asked that
we re-evaluate the cross-sections using the lowest correlated friction angle for
the embankment material, rather than the average correlated friction angles, as
were used in our analyses. We have re-evaluated the cross-sections using these
lower correlated friction angles, and the results indicate there is still
sufficient factors of safety for static loading conditions.

Our procedure for correlating field density to friction angle is presented in the
subject report. Using the lowest values of field density, the new correlation is
as follows:

*Estimated **Estimated

(
Lowest Ory Relative Density Lowest Angle of

Location Density (pCf) Or (t) Internal Friction

North Dam 1 116.4 74 36.50

North Dam 2 107.0 56 33.50

East Dam 108.9 60 340
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*Assumed mlnlmum dry density = 86 pcf and assumed maximum dry
density = 132.5 pcf (from Lambe and \oIhitman (1969)).

**Correlated from NAVFAC DM-7 (1971) Figure 3-7, p. 7-3-17.

These friction an9les (with zero cohesion) were used in the analysis for the
respective embankments. \ole also substituted the lowest densities as follows:

Lowest Dry *Moisture Moist **Saturated
Location Density (pcf) Content (%) Density (pcf) Density (pcf)

North Dam 1 116.4 9.6 128 135
North Dam 2 107.0 14.4 122 129
East Dam 108.9 13.3 123 130

*As indicated with field density test result.

**Assuming Gs' specific gravity of solids, = 2.65.

All other aspects of the stabi 1ity analyses, i ncl udi ng the cross-section geome
tries, soil strengths for the new fill zones and natural materials, and the
computer program (TSTAB), were the same as presented in the subject report.

Based on these lowest estimated friction angles for the embankments, the minimum

factor of safety computed for failure circles which penetrate into the embankments
is 2.1. For very shallow failure circles which would not affect overall
stabil ity, the minimum computed factor of safety is 1.4. In our opinion, these
results indicate the embankments, including the modifications, have sufficient
factors of safety for static loading conditions.

This letter shall be a supplement to the subject report and shall be attached
thereto. Please do not hesitate to call if you have any questions or if we may be
of further assi stance.

(

/cmm
Copies to: Addressee (7)

-
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Unit Weight Shear Strength
MATERIAL
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Embankment 123 130 34 0

SM/Ml or SM 110 125 27 0

Caliche 110 115 10 1000
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NOTE: Stability analyses were not perfonmed on
Section B-B because by visual inspection
its geometry is less critical than Section
A-A.
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Assumed Material Properties

Unit Weight Shear Strength

MATERIAL '((m '6sat ~ e
pef pef deg pSf

Fill I 132 137 37 0
Fill 2 115 128 32 0
Embankment 122 I 129 33.5 0
SM 110 125 27 0
Caliche 110 I 125 20 2000
5M/GM 132 I 137 38 0i
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NOTE: Stability analyses were not performed on
Section F-F because by visual \nspection
its geometry 1's less critical than Section
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ABUTMENT CUT
CROSS SECTION

Revised 4 December 1986
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NOTE: Stability analyses were not performed on
this section because by visual inspection
it is not critical.
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Assumed Material Properties

Unit Weight Shear Strength

MATERIAL Ym tsat 0 c
ocf ocT deD psf

SM/GM 120 137 38 0

1
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Assumed Material Pro ertles
Unit Weight Shear Strength

MATERiAl lim ~sat ~ e
pet pet deg pst

Fill 120 128 32 0
Embankment 128 135 36.5 0
5M no 125 27 0
SM/GM 120 137 38 0 I
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1. INTRODUCTION

1.1 Purpose

The purpose of this report is to present a review of existing construction

data for the embankment sections of the Guadalupe Flood Control Structure, and

to evaluate the effect of proposed modifications to the embankment sections by

Gosnell Development Corporation.

1.2 Scope

The scope of the work performed by Thomas-Hartig & Associates, Inc. (THA)

included the following:

A. Review of existing construction data provided to THA by the Soil Conserva
tion Service (SCS). including:

1. Logs of soil borings performed along the centerline of the embankment

crests prior to construction, and logs of backhoe test pits performed

at the borrow areas.

2. Results of field density tests performed during construction, and

results of laboratory density tests, compression tests, permeabil ity
tests. grain size distribution tests, and a direct shear test.

3. As-built drawi~gs by SCS indicating embankment geometries and depths

of soil over-excavation beneath the embankments.

4. A report entitled "Guadalupe Watershed. Geological Investigation"

(undated, unsigned).

B. Empirical evaluation of the shear strengths of the materials comprising

the embankments and their foundations.

ppn.1Frr Nn: Rfi-741
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C. Performance of static stability analyses on predicted critical sections of

the modified embankments using the Simplified Bishop circular arc method.

D. Presentation of results in this report.

1.3 Authorization

This report was authorized by Mr. Hank Legge of Gosnell Development

Corporation on 23 September 1986.

PRn,lF(T NO: 86-741 ?
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2. EXECUTIVE SUMMARY

The three earth embankments, North Dam I, North Dam 2, and East Dam, of the
Guadalupe Flood Control Structure were designed by Soil Conservation Service and

constructed in 1974 and 1975 under their observation and testing. The embankments
are homogeneous and constructed of silty, Widely-graded gravelly sand which was

roller-compacted with control of both density and water content. Based on infor
mation prOVided by SCS, the natural foundation materials beneath the embankments
generally consist of either hard caliche, dense silty sand and gravel, or bedrock.
The upstream and downstream slopes of each embankment are approximately 3H:IV, and
the maximum height above original grade is approximately 35 feet.

For this report, ThomaS-Hartig &Associates, Inc. reviewed construction data
prOVided by Soil Conservation Service and evaluated proposed modifications on and
near the embankments by Gosnell Development Corporation for their new Pointe
Resort at South Mountain project. Based on the information provided, stability
analyses using the computer program TSTAB were performed on selected cross

sections using assumed material properties and incorporating the proposed .modifi
cations.

Based on the assumed material properties and new geometries, the minimum factor of
safety computed for failure circles which penetrate into the existing embankment
materials is 2.6. For very· shallow failure circles which would not affect overall
stabil ity, the minimum computed factor of safety is 1.5. These safety factors are
greater than, or equal to, the value of 1.5 which is required by the Corps of
Engineers and which is generally accepted as the minimum factor of safety for
static loading. Therefore; the results indicate the embankments, including the
modifications, have sufficient factors of safety for static loading conditions.

PROJECT NO: 86-743
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3. SITE DESCRIPTION/EMBANKMENT DESCRIPTION

The Guadalupe Flood Control Structure is a floodwater retarding structure located
west of the 1-10 freeway between Guadalupe Road and Baseline Road in Phoenix,
Arizona. It is comprised of three earth embankments identified as North Dam I,
North Dam 2, and East Dam. (NOTE: Some of the information provided for THA's
review identifies North Dam I, North Dam 2, and East Dam as Sadd1edike Section,
Center Section, and 1-10 Section, respectively. In this report, the first three

names are used). A location plan is shown on Figure 1. Site plans indicating the

locations of the embankments and the proposed modifications by Gosnell Development

Corporation are shown on Figures 2 and 3.

The embankments were designed by SCS and constructed in 1974 and 1975 under their
observation and testing. The upstream and downstream slopes of each embankment

are approximately 3H:IV, and the crest elevations. are approximately Elevation 12B2
feet. The maximum height above original grade occurs near the center of North Dam

2, where the height is approximately 35 feet. Bedrock outcrops form abutments and

separate each of the three embankments.

The embankments are homogeneous and constructed of silty, widely-graded gravelly

sand which was borrowed from the basin upstream. The materials were compacted in
layers with a roller, and with control of both density and water content. The
field density data indicate approved densities equalled or exceeded 95 percent of

the ASTM 0698 maximum density at optimum water content ~3 percent.

Collapsible surficial soils, which had been identified by lower recorded blow

counts during drilling and by "effect of wetting" compression tests, were
reportedly removed from embankment areas prior to construction. Based on as-built
drawin9s, this depth of removal varied up to approximately 8 feet beneath the
embankments. Information presented on the original boring logs indicates the
natural materials beneath the collapsible surficial soils generally consist of
either hard ca I iche (cemented calcareous clay, si1 t, and sand mixtures), dense
silty sand and gravel, or gneiss bedrock.

PROJECT NO: B6-743
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A 3D-inch diameter outlet conduit (principal spillway) extends through North Dam

2. The upstream inlet consists of an ungated stand pipe with a gated inlet at the
bottom. An emergency overflow spillway. approximately 200 feet wide and with

crest at Elevation 1274 feet. is located in the bedrock outcrop between North Dams
1 and 2.

To date. the embankments have not impounded more than approximately 5 feet of

water. Reportedly. a full reservoir would drain out of the principal spillway in

approximately one week.

PRO,lF[T NO: A6-74~ c



4. SUMMARY OF SOIL STRENGTHS

(
4.1 Compacted Materials

4.1.1 Existing Embankment Materials

The results of the field density tests performed during construction of

the three embankments, and a composite of grain size distribution curves

from the borrow areas, are included in the Appendix. The averages of

the field density test results are summarized as follows:

,
)

Average Average Average Average
location Dry [)!nsity water Content Moist ~sity Saturated ~sity*

ftlrth Dam 1 124.0 pef 1O.~ 136.4 pef 139.6 pef
North Dam 2 119.3 pef 10.9X 132.3 pef 136.7 pef
East Dam 122.8 pef 9.3% 134.2 pef 138.9 pef

*Assuming Gs' specific gravity of solids = 2.65. These weights were
used wren evaluating upstream slope stability (i.e. rapid dral'tOOwn).

**Approximate
Angle of

IntemaI Friction
Average Dry
~ity (pef)Location

Using these average dry densities and the grain size distribution

curves, we estimated approximate angles of internal friction, fJ, by a

correlation presented in NAVFAC DM-7. Our procedure is summarized in

the Appendix. The results are as follows:

*Estimated
Relative Density

~

North Dam 1
ftlrth Dam 2
East Dam

124.0
119.3
122.8

87
00
85

3ffJ
370

37.50

(

*Assumed minimum dry density = 86 pef and assumed maximum dry density =
132.5 pef (from Lambe and Whitman (1969)).

**Correlated from NAVFAC DM-7 (1971) Figure 3-7, p. 7-3-17, assuming relative
density, Dr, = 75%.

We assume the embankment materials have little or no cohesion because

the fines fraction reportedly exhibit little to no plasticity.

PRn.1Ffr Nn, R6-741
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4.1.2 New Fill Zones

As part of the new Pointe Resort at South Mountain development. the

developer proposes to place new fill zones on and adjacent to the
existing embankment materials. and to construct small. lined golf course

lakes within the basin upstream. These are shown in plan view on

Figures 2 and 3.

The proposed fi 11 zones on the downstream shoul der of North Dam 2 wi 11

be used to support new two-story structures on shallow footings. We

understand the fill will be predominantly granular materials borrowed

on-site and the specified compacted density will be 100 percent of the
ASTM 0698 maximum dry density at optimum moisture content .!3 percent.

We also understand the preparation of the natural bearing materials is

similar to that which was employed during construction of the
embankments. Weak soils will be removed until hard or dense materials

are encountered. The hard or dense materials will be proof-rolled. then
the new fill will be placed by roller compacting in approximately 6-inch
1i fts.

In other areas. the fill will generally be used for landscaping. We

understand these fill zones will also be predominantly granular

materials borrowed on-site. but the specified compaction will be 90
percent (minimum) of the ASTM 0698 maximum dry density because these

fi 11 s will not be used for foundation support.

In our opinion. the following shear strength parameters and unit weights

are suitable for the two categories of new fill:

. Dry *Moist Saturated Friction
Material (}?nsity (}?nsity ~nsity Angle Cohesion

StructuraI fill
downstream from 120 pcf 132 pcf 137 pcf 370 0
North Dam 2

Landscaping fill Iffi pcf 115 pcf 128pcf 320 0

*Assuming water content = 10%.

PRO.1FrT NO, Rfi_741
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4.2 Natural Materials

4.2.1 General

The boring information and conclusions presented in "Guadalupe Water

shed. Geological Investigation" indicate collapsible soil zones were

encountered near ground surface (0 to 5 feet) at North Dam 1 and in a

sil t (ML) layer at a 6.5 to 8.5-foot depth near Station 41 at East Dam.

At greater depths. the borings generally indicated either hard cal iche

(calcareous cemented soil). dense granular soils. or bedrock. Reported

ly. all of the upper collapsible soils were removed from the embankment

areas during construction. The as-built draWings indicate depths of

removal (not including cut-off trenches) varied up to approximately 8

feet deep. Based on this information. the existing natural foundation

material s beneath the embankments appears to be either hard cal iche.

dense granular soils. or bedrock.

4.2.2 Shallow Collapsing Materials

Based on the boring logs. the original natural materials (other than

bedrock) near the ground surface (0 to 8.5-foot depth+) were highly

variable and ranged from silty fine sand/sandy silt (SM/ML) to silty

sands and gravels (SM/GM). They were randomly stratified and had SPT N

values (blow counts) ranging from approximately 4 blows/foot to 100

blows/foot. The results of six (6) compression tests indicated some of

the lower blow count materials were susceptible to collapse (i.e.

introduction of" water into the test specimens caused additional

compression under constant normal stress). NAVFAC defines collapse

potential. CP, as:

.6 e at COllapse
CP = --------

1 + einitial

PROJECT NO: 86-743
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Of the six (6) compression tests, the maximum CP was 4.3 percent under a

constant normal stress of 4000 psf. The specimen was trimmed from an
"undisturbed" sample obtained at 3-foot depth, 30 feet upstream from

Station 2+50 (North Oam 1). NAVFAC qualitatively classifies this amount
of collapse as "moderate trouble" (see Appendix). Reportedly, the

collapsible soils were removed from the embankment areas prior to
construction.

Based on this information, it appears that the only areas where natural

foundation materials with low shear strength properties may still exist

is at the edges of the embankment slopes (beyond the zone of removal) or

possibly in a relatively thin layer beneath the embankments (if the
depth of removal was not sufficient to remove all of these weaker

materials). Using a correlation to SPT N-values presented by Lambe &

Whitman and using the lowest recorded N-value of 4 blows/foot (borings

308 and 310 at depths between 3.0 and 4.5 feet), we estimate the lowest

angle of internal friction for these materials would be approximately 27

degrees. Because some of these materials are granular, we assume zero
(0) cohesion. The following table summarizes our assumed properties for
these materi aIs:

Dry *MJist Saturated Friction
foBterial Density Density Density hlgle Cohesion

SM or SM/t1. 100 pef 110 pef 125 pef 2]0 0

*Assuming water content = 10%.

4.2.3 Oeeper Consolidated Materials

As preViously discussed, the boring information indicates the materials
at depths greater than approximately 8 feet below original grade at the
embankment locations are either caliche, silty sand and gravel, or

gneiss bedrock. The SPT N-values measured in these materials generally

ranged from approximately 40 blows/foot to refusal (greater than 50

blows/6 inches). Based on empirical correlation to N-value (see
Appendix), we estimate the following strength parameters for the soil
materials:

PQn.l~rT Nn· R~_741
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Dry *MJist Saturated
Material Density Density ~nsity Friction Angle Cohesion

cal iche 100pef 110 pef 125 pef 200 2000 psf
Silty Sand &Gravel 120 pef 132pef 137 pef 380 0

*AssllTli ng water content = HJ't.

The gneiss bedrock probably has a minimum compressive strength on the

order of 5 ksi, which would correspond to an approximate cohesion of
360,000 psf. The bedrock would therefore be a lower bound through which

no failure circle would pass.

4.2.4 Oirect Shear Test Result

One direct shear test was performed on three (3) remolded test specimens

from a sample of material identified as field sample 3.1, obtained from

depths between 3 and 5 feet. The test result and a grain size distribu

tion curve are included in the Appendix. Based on the grain size data,

the material was fine to coarse sand with approximately 36 percent high

plasticity silt (LL = 57, PI = 22), and approximately 20 percent gravel
varying Op to 3/4-inch diameter. Based on our experience wi~h soils in

the site vicinity, the presence of high plasticity silt probably indi

cates the material in its natural structure was cemented and calcareous

(i.e. caliche). Remolded direct shear tests are typically performed on

specimens of minus No.4 material only; thus, the actual test specimens

probably contained approximately 45 percent high plasticity silt and no
gravel. These specimens therefore were not truly representative.

The specimens were remolded to a dry density of 100.1 pcf (void ratio, e

= 0.706), which was 95 percent of the maximum dry density determined by

ASTM 0698. The specimens were sheared under water at normal stresses of

1500 psf, 3000 psf, and 6000 psf. The measured angle of internal
friction, 0, was 27.5 degrees and the measured cohesion, c, was 280 psf.

The values of shear strength used to plot the shear envelope correspon
ded to 0.4-inch displacement, or approximately 17 percent strain, which

was the strain at the end of the test. No "early" peak strength or

strength reduction was indicated within this amount of strain.
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A comprehensive interpretation of the test results is not possible

because volume change (or vertical strain) data during shear was not
presented, nor was the in-situ void ratio determined for comparison to
the results. However, we would anticipate this soil would have signifi
cantly more cohesion in its natural structure due to cementation bonds
and the overconsolidation effect of desiccation, both of which would
have been eliminated by remolding. Regardless, the measured friction

angle of 27.5 degrees is greater than the lowest friction of 27 degrees
we have assumed for the shallow natural soil s (Section 4.2.2). In our

opinion, a friction angle of 27 degrees and zero cohesion represents the
probable lower bound for shear strength of any of the weaker surficial
so i I s present.

PROJECT NO: 86-74~ , ,
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5. STABILITY EVALUATION

5.1 General

Eight (8) cross-sections identified as A-A through H-H are shown in plan view

on Figures 2 and 3 and in profile on Figures 4 through 8. These cross

sections were selected .for review because they generally have the steepest

proposed cuts or fill surfaces, the thickest potential zones of weak surficial

soils, and/or the closest proximity to the proposed lined golf course lakes.
Figures 4 through 8 depict the existing geometries, proposed modifications,
and the assumed soil and rock conditions based on the as-buil t drawings and

boring information provided by SCS.

Stability analyses were performed on Sections A-A, C~C, 0-0, E-E, and H-H

using the computer program TSTAB. Sections B-B, F-F, and G-G were not
analyzed because, by visual inspection, their geometries and soil conditions

are less critical than the other sections. The method of analysis utilized by

the computer program is described below.

5.2 Description of Computer Program

The stability analyses were performed using the computer program TSTAB, which

was developed in 1983 by TAGA Engineering Software Services. The program was

used to analyze circular failure surfaces through selected cross-sections

using the simplified Bishop method of slices. The program has critical

surface searching options which generate trial failure surfaces from specified

origin points or specified horizontal tangents. The factor of safety (i.e.

the ratio of available shear strength to the required shear strength) for each
trial surface is calculated using limit equilibrium methods. The output

results include factors of safety, circle centers, and radii for all trial
failure surfaces. The trial failure surface with the lowest factor of safety
for given input conditions is presented as the critical failure surface.

PROJECT NO: 86-743 , ?
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In the simplified Bishop method of slices, interslice forces are assumed to be

horizontal (i.e. the vertical component of the interslice forces is assumed to
be zero). With this assumption all conditions of force and moment equilibrium

are generally not satisfied. The Bishop method solution satisfies vertical
force equilibrium for each slice and overall moment equilibrium for the entire

sl iding mass.

The simplified Bishop method has been compared in the literature with more
rigorous limit equilibrium methods such as the Spencer method and the

Morgenstern and Price methods. In these methods both vertical and horizontal

components of the interslice forces are considered. Assumptions are made for

the inclination and line of thrust of the interslice forces, and a statically

determinate solution which satisfies all equilibrium conditions is obtained.

Although an infinite number of solutions are possible corresponding to
different assumptions for the inclination and line of thrust of the interslice

forces, it has been shown that the variation in values of the factor of safety

for physically reasonable assumptions is insignificant.

Additionally, it has been shown that results from the simplified Bishop method
are generally in close agreement with the results from the more rigorous

methods and differences are generally on the conservative side. The differ
ence has been found to vary from 0% to 6% for a wide variety of conditions of

slope angle, shear strength, and pore pressure (Wright, et. al., 1973). In

the Swedish method of slices used in the original analysis by Taylor, both the

horizontal and vertical side forces are assumed to be zero. Results with this

method have been found in some cases to vary from 10% to 60% lower (i .e. more

conservative) than more rigorous methods (Lambe and Whitman, 1969).

5.3 Results of Stability Analyses

The results of the stability analyses are depicted on Figures 4 through 8 and
summarized as follows:

Static Factor of Safety
Cross-Section Upstream SlopeI Downstream Slope

A-A
C-C
0-0
E-E
H-H

2.6
2.8
1.82
2.8

PROJECT NO: 86-743
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NOTES: lperformed using saturated unit weights with no
reservoir to simulate "rapid drawdown" condi
tions.

2very shallow failure circle approaching "infinite
slope" conditions. See Figure 5.

3The trial failure circle for this safety factor
penetrated only the landscaping fill on the down
stream slope, not the existing embankment. The
lowest safety factor for a trial failure circle
which penetrated the existing embankment was 3.9.
See Figure 8.

5.4 Evaluation Results

Based on the assumed material properties and geometries, the minimum factor of

safety computed for failure circles which penetrate into the existing

embankment materials ;s 2.6. For very shallow failure circles which would not

affect overall stability, the minimum computed factor of safety is 1.5. These

safety factors are greater than, or equal to, the value of 1.5 which is
required by the Corps of Engineers and which is generally accepted as the

minimum factor of safety for static loading. The results, therefore, indicate
the embankments with modifications have sufficient factors of safety for

static loading conditions.

PROJECT NO: 86-743 1 ~
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Assumed Material Properties

Unit W~ight Shear Strength

MATERIAl. 1l'. '(sat ~ e
pet pet deg pst

F111 1 132 137 37 0
F111 2 115 128 32 0
Embankment 132 137 37 0
SM 110 125 27 0
Caliche 110 12S 20 2000
SH/GM 132 137 38 0

------
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~~

/1/1·

E,.MSAIJKME.NT

BEDRO<.k..

Stability analyses were not performed on
Section F-F because by visual inspection
its geometry'is less critical than Section
E-E.
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FIGURE 7: ABUTMENT CUT
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Assumed Haterial Properties

Unit Weight Shear Strength

MATERIAL Y. ¥'sat ~ c
ocf ocf de. psf

SH/GM 110 137 38
,

0

--------------------BE DR.OC.",

NOTE: Stability analyses were not performed on
this section because by visual.inspection
it is not critical.
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FIGURE 8: NORTH DAM 1
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Assumed Material Properties I

Unit Weight Shear Strength i,
MATERIAl ~m ~sat ~ c ,

pc' pc' deg ps'

Fill 120 128 32 0
Embankment 136 140 38 0 i
SM 110 12S 27 0

SM/GM 120 137 38 0
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T.b~ J-J. Empirical ..1ues (ot •• Dr. and! .nit w~tcht of ",anular lOih hued on the stand.rd ptnetra,ioa nombet'
.ilh corJ'fftions flK deptb .nd for fine satuuted sands

130-150
(20-23)

0.85 1.00

I
50

I
38-43'

Relative density Dr· 0 0.15 0.35 0.65

Siandard penelra- I I I
tion no. N 4 10 50

Approx. anile

I I Iof internal
friction 4l"f 250 _30" 27-32' 30-35" 35-40'

Approx. range
of moist unit
w.i8h~ (y) pc( 70-1oof 90-115 110-130 110-140
(kNfm') (11-16) (14-18) (17-20) (17-22)

Very
Description Very loose Loose Medium Dense dense

I
I

• USSR [Gibbs and Holtz (1957)].

t After Meyerhof (19S6~ ~ =2S + 250. with more than 5 percent fines and q, =- 30 + 2SDr with less than
5 percent fines. Use larger values for granular material with 5 percent or less fiDe sand and silt.

: !t should be uOled that excavated material or material dumped from a truck will weigh 10 to 90 per.
Material must be quite dense and hard to weigh much over 130 pcf. Values of lOS to J15 per (or Ronsalurated
soils are common.

Table ~ Empirical ..alues for q•• and consistency of cohtsiYe soils based OCI the standard penetnttoft
number

Very Very
Consistency sof. Sof, Medium Stiff stiff Hard

q•• kd

N, standard
penetration
resistance

71"", per
(kNfm')

r
o

T
2

100-120
(16-19)

1.0 2.0 4,0 8,0

I I I I
4 8 16 32

I
1I0-i'30

I 120-140
(17-20) (19-22)

(
·?ne~ values should be used as a guide only. Local cohesive samples should be tested., and the

relatIOnship between N and the unconfined compressive strength q. established as q. = KN.

FROM BOWLES (1977)

THO~1AS-HARTIG &ASSOCIATES, INC.
D~nior+ Nn- R~_74~



V loose
~e'f [Very dense
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Fig. 11.14 Correlation between friction angle and penetra
tion =istance (From Peck, Hanson, and Thombum, 1953).

)

Table 3.2 Maximum and Minimum Densities for
Granular Soils

Dry Unit
Void Ratio Porosity (%) Weight (pel)

Description t'max t'roiD "max "min YIlfmln Ydmax

Uniform spheres 0.92 0.35 47.6 26.0
Standard Ottawa

sand 0.80 0.50 44 33 92 110
Clean uniform

sand 1.0 0.40 50 29 83 118
Uniform inorganic

sill 1.1 0.40 52 29 80 118lSollY sand 0.90 0.30 47 23 87 127
Fine to coarse

sand 0.95 0.20 49 17 85 138
Micaceous sand 1.2 0.40 55 29 76 120
Silly sand and

( gravel 0.85 0.14 46 12 89 146

B. K. Hough, Basic Soils £"..fineering. Copyrighl © 1957, The
Ronald Press Company. New York.

FROM LAMBE AND WHITMAN (1969)

THOMAS-HARTIG &ASSOCIATES, INC.
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c

.0 • Natural void ratia Ho : Initial hoiQhl
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FIGURE 6
Typical Collapse Potential Test Results

FROM NAVFAC DM-7.1 (1982)
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DIRECT SHEAR TEST

(

,b ~L~i.'EHL\I.S 1I. s. nEl'ARTMENT nf Ar.R;Cl.JI.TlIltF.

1'ESTII\(; HEI'OHT SOIL <:ONSEHVA1'ION SEHVICE
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p""Jrrl .-" ':lllq I I~"'.H'L( IOCtlTIf)N

,nd_~lupc \-Ish d. ~r':,,-on~__ 9uadalupc. \; FRS

nno ~..."H·l[ NO 3.1 l!r."'~~.to 5.0 f;£rooLoc1c OnlGIN _

TVP:' CJ(" !:. ... M.'1I_ learn A1 fA~[O BY.., (}=--/7------~OAt(
~:'~urbcd~o!:tl4nd.Oregon L'/~~.W~ I 7/31/70

CLASSIFICIITI?N SM:-J LL 57 PI,,= SPECIFIC GRAVITY

l1'PE OF TEST ICONTROL G
s
I-I 14

_QuicK,Consolldated.DlrecLShear ""rain ., "
RIITE OF LOAniNG (in/min I IMOISTURE CONDITION Gs (+) ~4

1--__. 0-0080 • nn nw ~ turate' - ,.
TYPE OF SPEr.IMrN AREAIsq in) THICKNESS lin) G

m
lbulk)I+114

Compacted @ 957. of ASTM Ste. Density 6.25 1.00

,

c

0.14 T/ft2

TI/;:

SHEAR VALUES

AT MAXIMUM ,rRES'

~ i,il"ii!!i!li :i:i!!i'll'! inll ' I 11"',lj,i TEST NO. I 2 3 4
~ ,! Hili Iiiilillill II i! III ," I f-,-..,-.""'-S-"-"E-...-----+---+-----+------+-~
2.0 " ., ":~iiii! " 1-__-=__~17:..:.:..:2'-l~1:.:7_,_.::.2-f-.::.1.:..7,::.2=+_--1

- 1!ll,~IIII:,ljill' l l' j ::. ::::;,: ~;. ~~~~: 0

1

::.: 0 1~~~
.1. 8 'iT
~ iii1ilj 'Ill :!! jl· J 1"1 1 'j TEST DORATO('....._, 50 50 50

~ Illdllll..l:!!! il ) I I r', 11 'OlAL NOISTURE." 28.4 25. 25.6
.... 6

1

111,11:::; ii'!!!l'j! Iii I1t:1 jli ,.1'1
1

Ii ..ORN"'- ST"i¥ft
Z

3/4 1-1/2 3
.,,", .,1 "'''l111 II" 11'11 I';:11:: 11':·I';P'! 'I II 'j ;7 0 2 6~~,Ui::! !.Ii I:::' [,I II ,",',I, NAX. SHEAR nitfts .5160 0.96 1. 69

il:.iiii!' iiillllliq01i Illii ' 1',111 ·1 i'!I!ii:::! !:.:.!! i' I.. 11'
1.2

Ij'!'!i:1T flH, PI iii II 1

1

j, l j f 1_ 1
il!li.~' ·:11 iii l't'lTll1l11.0 '1 1;j,l' L:i\ • .

.8 ;:101: lllili1lilif!i'~ fr I j1 TI1
1
;1 ~ 011~illfWMl1ill.llllillli]WlJ]lij~.w.flill'lll1~1Wlllrm.jWJt~111

.,/;- ..•• ,. 11"1/.[' I' j11\1 I I~ - • I.;:j t 'J :;.f1-' J I' IIji'l J'l' 'if 1"lt'-;l'

::::ii:n :1j!:?1!i!!1!11I1 'j'i j': !!! ,'N Jjl Ij '! .':. MI ~llrH'+;lR' l'I1II'II[1111.1'.1J b.1 1 I','" Iljjn,~: J'
, . ,,·,.t!tj.Y.:!:! 1,'lil: ' I j 'Ill 'I ,I I. lJllF. mm.6 .. ~; .. ". t',· I '. 1tl ! i -i l • W •

::'?n'il:" "Iii;:::! iiill8+::
1,11!",il !lIJ! ~ !j:!lliJi, !il,I

l
,1'lj'::: 11, I j1,' - limI];

. : : , , .. ,I 1,1;':": 'I' .: ,: (.4+. :I '1' . I'j' :, .' '" .. ..".1'· . 1 l' I· " 'til'l' 1.1,
i"": li;ii,:!; i":: ',,'f'lllil:: i ',iii! ~,I,T <.? " " 1 ,EWIl

.4 IJHilH l.8lffi' milll!] lilll111 iiiljjl'W'j H1 ~LO • f J1 j fJ~!j

.2 1Ii!0 :,i~hll~jJil;lillli:! :ii, d'1I1' iJi ~" I III, n,
'fnn !iifl i;1' ll i 'i ilQ ilW" Ii I' 'I' 1 '., IiiI , 1 1 Ii I II'

0.0
,iIJi:i!ir!!:ililii,ljl!i!Jl! nlil.! JIlL· IlU ,. Ii! iiI ,ilUIiIo.OlillJ.lli1llli1iilllill!lillJilliWiJ±lJ.iWtJlli.LUill.l:11U1

0.0 0.1 0.2 0.3 0.4 0.5 0.0 1.0 2.0 30
DISPLACEMENT ( ) NORMAL STRESS .(0')(

REMARKS Direct Shear test discussed in Section 4.2.4 of text.

THOMAS-HARTIG &ASSOCIATES, INC. Project No: 86-743



r' ,.--

~

•§
•
~
!
L......
o
o

~ ,-'

1 ".

.....
I '.

-I

THOMAS-HARTIG &ASSOCIATES,INC. r
Project No: 86-743 •

GRAIN SIZE DISTRIBUTION (/J
~ ~ "IQ~ '" .' ,-< g; ~ C1e; ~

0 o I° ° ° 1°"9.2 Io~ 38.1 I c. I c.
3: 0 C,.., fJ ";;JJ

't.0070 "0.0145 10 0 . 05 "'0.31 to 0.91 co ~ ~ t"'l ...;_

a
~ \': • a.... -: >-

I
r < .. i '17. ...;flN[S SANOS I •uR~vELS I COOBLES F- < ~

f
~ - . -.....:

• • ~ ~ ~ 0
~ i ~~

c VI •••• ,

$IEV£ OPENINC, I,",,", 2 ~ ;; H ~ :; <
o • ~ g ~ " ~

z "'0;:' _ ::
0 g Ii 0

~
0• • ;; • • • ""

. • " ~ ; ~
l'!)~ __

; .. - ~ ..
us. STANDARO $1('0'£ SIZE 8 ~ 0 "" - - -

.S :. .i .~
0 • .~.• lD . .

" ~ 0" 0-
0 '......... ..... '- '~'N .~ .. ., ... :r' :-.r.

0

00 '00 -0. -. ...;

[~
~g

0 u:c::0
to ,.

'" o~ > :>~
(/J z .. - ,n ,.. ... C'"':;l
:!! .. !: 0 N

:"l"
10 ." " 0

+- o.

~ ~ ~
'" :l :-,-,.. ->
0 Z;::J

'Jl -l.. '" '" - ".

Ii '. .". -
~ ~

,.. :;:"'1
w ~ <:z
;0 , i5 ~ .. -l

>- to
~ - ".. o. ~ ::l~.. g

>-
, 0>

'"
n

ZC>

'" ,.
~

II ;::J
a:
w

~'"
~ u:-

z • -"..
~

.... ,....
,_. :::l=.. '"

'- -<: :.,
z •• -::::
lj E: , (");::J
a: f:..~ :'l:'l
w.. '"

, ;j,.
~ ~ (F)

20 ,. ~ ~ I-- 0

~
C'>\': -

~ c' t"'"
.. 2

0 '0 ~. o.~ , (""J.. ~
t

...g t"'", c~ >0
, 'g~•

§ g g U 0 3 ~ ~ 8 <; ~ ; ~ 3 2 0
~

00 0
~ ~H § ~

0

~
.. . C/)

0 8 0
0 • . ~ • ~ C/)

0 0 00 GRAIN SIZE IN M1L1..IMETERS l>- t"<') -
I-- ;;] ~

SPECIFIC ATTERBERG LIMITS SOLUBLE SHRINKAGE UNDISTURBED COr\DITION 0 CI'l -GRAVITY (G,l SALTS LIMIT • (""J
tlATlIU-L MOISTURE AIR DRY ovEN DRY MOiSTURE DRY UNIT WEI~HT

~

. II' 1" IPI
f-,.'" >LL LL 57 PI 22 LL 9/" C1-' • 2.73 ,., • 2.51 I-:I0/0 % "Y. ",
~ -

REMARKS' Ab:1orption 2 3.317- Grain size distribution results for direct shear test 0
sample discussed in :Section 4.2.4 of text. 2

i'
I'
I

i,
I



l _. ' -I

n
-' ..
~ ":~

~ ::: .
0,., ."/-~

~-.', ..
• -:- :n
~

If) C-- '":-- .....
;.; :c
-' ,; 0
7. '"

3:
'f, .... :I>

c-1 ~
-0 Vl.., ,

::: :; 0 :c
~ '-". :I>
;.. ..., ro ;0

n .....
~

M"' ~
G>:- > :z

-;.;: ~ 0 ""
(JJ i'i

:I>
0> Vl

,', '" Vl- , 0
~ :., -..J. n- C

..,. . -:"'l '"
w :I>

~ '"
.....
en
Vl..

(fJ

0 :z- n

t"""
(')
t"""
:>
(fJ
(fJ "•- §
"Tl •- §
() ·
:> 5..., :t>

-.J- (\)

0 Q

Z
w
w, c-.

,.

'00'.

-- .....

.-r::,..-._-e- ..
'.

--e-. --e--l-__,'-

Summary of grain size distribution curves for borrow pits
101 through 111, 2002 and 2005

ATTERBERG LIMITS

-- .

~ ~ J .3.9..i 51 J~.~ .'=.- ... '.... '._ ..... '_ '-::-'N '.,

- 1-f="±fF:.tE ::~t:~::::::..;t =::.t.~ .....;';tJ- +-1+
-.. ·:":';::''''':'·1- +i-··,.I···I·! -:'~;.tf.:"~ -11~~::'::"'f-:"-

-;..-4-:,:-- .j _.1.._;... ··1·· IZL'I': . "~-4.
-- -'--t. + ... i-. _:L....,_ ...,..__ i" W-;I-<-' '. "" ....- ... 1.__

-.--'- __l. J - -~ _ +:

. . - --.'1' .• - .-._. _. . -' r"'" j-' .

"j '[':f-'! . I V~'-Wl~:J·..L - .. - 1=1"'j:: t- .-1- ~- '.--- ._- ,·.,:·.:::::.t-··:: y· ·/.l'lI;'~Lfl=- - ---1 L_-t ::=1:-- .:t:-
f--- -:- -,.~. ,.. '-;f<- ..I~illf-·r'" - 11' - .. i= -"-

__ .::1:=1.:i74;q::I:Jlj'-_.. l'- .. f--- . -~._ - . - ::0. _. - i:::··
i-:"~* -F·~;?f,tF -- r-- -- =I~ - f- -+

-- l--:7;~t-~10~·/j'I:.. t->" -E--=f= .-+-±'-.I---I----f-"':±- ,.
'l".::Z:f- /.. . ~:' -7-=- . f- ,- . f-. . .- .. - .....

--f-: 'J~... ~r't--· !--- -- ..~ -- - 1--.- 1-.-1--

~~ ~b.. t'·j= -- '-1:-:: :i::f-:Lf-- ••
,~,,-; j<::j-::-I-I- ':..i= --j::~:f

~ _I-- e-. . -t-- ± f- ::1--1-- _.
-I- 1- -.-t-- f-. -j - J

1-. 'r- -' f-. - ,-' - ~- 1- f----l-· .. 1- ,.
. ~I-l-- ~t' ~:: '.::::'- =:-: 1--.. '1 t- ;-'j"'I--.~:r- ._=-t.

!---I- . _... - 1-1' ... .: l:-; _.. .+ f- -.-+ - .,
- ~.- ... .. 1'- .;... - .. - ·1 .. I I' .-.j .- .... , .. -,.- -.

- !--.-i-i·-,:-T···· - jet "r ._ \-\.-1:.1 [.. -····r· -'1-' ._.
I .. , .. -:. ..~ , .. ; -"'-'-1- ,.1.... I....:i ..... ·-.r

--I--. ...~ .~..+ -+ 1- ··1 ...._., . , I· . F--f--·,--_ .. ,
•

88~~ 0 :;o~~ ~ ~~~~ ~ ~~§~ § ~~~
GRAIN SIZE IN MILLIMETERS

o
o

Washed

~ 8 8§
o 0 0 0

--f-
I---

•8
o

US STANDARD $![vE $Il[

..

•

•
'"
~
w•~· -,Z
w
u
~

w
~ '"

SPECIFIC
GRAVITY (G,l

REMARKS'

\-1 '.

'--------------_._ .....

f--------,,--------------,--........,---.---------------

GRAIN SIZE DISTRIBUTION

t--;~--'-hF';-- I~--~>O-Io:o---JO~-;----'--;=----- C, ~~._--

f-_-,-_-L._()\.Lo.02<LL. 0.095 0.....53-L_.. -O..9.5_. ----.3...Z.QIJ.-J2~1::= I _
1- ..:.'.:::'":.:"'--___ SAIl OS GA:'\~"lj =,=~81..(S _

• ~. ~~ 6 ~ i g- •
SI(¥( OPENING,II'I",I (; "?! :.. ~ ~ ~ 00 ~ :!: ~ '" J:: 5~;. • - :1_

1--------------':.._·C---=l:! Q g g Q g ~!:j !. ~ .- .". _C!,.::::~_~=___..:~_ _'·~



I
~

a.:

a~
~

.....z

l~

~
0....
w:-

~
~~

i
~

i
....

~
....w

I~
~ ~ ~~ g

I ~ ~ ~
~ ~ ~

I
t\\ ~ .,..

~
&

~ ~ ~

I~ ~ ~, I

~ ~~ ~

IONS
F.

CiVil Englne.r·

.... _--
'L
,PIIA'£"""'A'~(IJ#U'TtI t1'-/{;:;, #a{F'#15)

/1

GRADING AND DRAINAGE GENERAL NOTES

GRADING and DRAINAGE

GRADING and DRAINAGE

T~llI SET OF PI ANS ~AS lIIIN flEVIEWEO FOA

AIOUIl'II!MI!NTS nuo" TO IlIlIUANCE Of

CQN$T"VCTlON "'''MIT AND SHAH liE
KEPT AT THE CONITIIUOTION SITE. 'UcH
"EVIEW SHALL NOT PI'IEVENT THE CITY
ENGINEE" 1'1'10101 I'IE()UIl'II"G CO"I'IECTIOII
OF I""O"S ... THE PLANli WHillli lIVOH
illlllfOAS Alll! .U.SEOVENlLY FOV"O TO ..,
I" VIOLATION OF A"Y lAW 011I OIllOItlANCE

7

CITY OF PHOENIX
ENGI OEPART T

I
i PARKS DEPARTMENT IS TO BE NOTIFIED PRIOR TO ANY CONSTRUCTION WITHIN
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CONSTRUCTION.

GUADALU~E ROAD IS TO REMAIN OPEN AT ALL TIMES DURING CONSTRUCTION.

"A grading permit is required under Ordinari'ce G-l177. 11
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