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July 8, 1987

Ms. Kebba Buckley
Maricopa County Flood Control District
3335 West Durango
Phoenix, AZ 85009

RE: Guadalupe Flood Retarding Structure
Dear Ms. Buckley:

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
following:

1. Extension of the principal spillway pipe.
2. Removal of 1' 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, 1987. 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
CM

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

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 two groups: 1. Reservoir;
and 2. Emergency and Principal Spillways. The items of concern generated
by the proposed alterations are:

RESERVOIR

- 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 Timits 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.



- 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 T1icense 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.
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B.

RESERVOIR

1.

Dam Stability

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.




N IRAFI'
MIRAFI INC. P.O. BOX 240967/CHARLOTTE, N.C. 28224
PHONE (704)523-7477 or (800) 438-1855/TELEX 216903 MRF!

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 - VALUE TEST METHOD
Grab Strength, lbs. 300 ASTM D-1682-64
Burst Strength, psi 600 ASTM D-3786-80
Puncture Strength, 1lbs. - 130 , ASTM D-3787-80
EOS, US Std Sieve 35 - 50 COE CW02215-77
Water Flow Rate, gpm/sf 40 CFMC GET-2-

Sl 7 8

Ellen M. Suite J. S/. Fréese
Notary Public Manyfacturing and
. Technical Director

"My commission expires August 1, 1988.

JSF/fda

To the best of our knowledge, the information contained herein is accurate. However, MIRAF! INC. cannot assum. iabili

. ge. L ontai Is a - However, . e any liability whatsoever for the accuracy or
completeness of the information contained herein. Final determination of suitability of any material and whether there i)é any |nyfringemen( of patents is the gole
responsibility of the user.

Users of any substance should satisiy themselves by independent investigation that the material can be used safely We may have descri i
bi : . . y cribed certain hazards,
ut we cannot guarantee that these are the only hazards which exist. E ! !



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.
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B.

RESERVOIR

3.

Stage-Discharge

With the proposed construction, water will enter the reservoir at

two Tocations. 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 I-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', Tongitude 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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PROJECT: S\ GoLE DE SIGNER:
5/o Guodalupe R,
} DATE:
HYDROLOGIC AND CHANNEL INFORMATION SKETCH
6 T EL. IZQ740
12" Pve __\ Iz95.5
0l = Twl = __L W
Q= TW, = So™ 0.04{ '
2 2 o
EL.294 -
L= 220 ELIZ85 t
Q, = DESIGN DISCHARGE , SAY Ojpg MEAN STREAM VELOCITY = .
Qp = CHECK DISCHARGE , SAY Q4 OR Q.4 ) MAX. STREAM VELOCITY=
CULVERT HEADWATER COMPUTATION 2] .
PESCRIPTION | o sae INLET CONT. | OUTLET CONdTRgL HW=H+ho LS |3 2155] cosr | comments
[ENTRANCE TYPE) Hw + = 53
T i mer [one] O HW [ Ke | H | dc '-ci— TW ] ho | LSo| HW é °s STORAGE A1
J7294¢.0 1 o o 0-5 i 451 9.0 Jo)
12958 | 2 4 /.o 5.5 .o 8.2406
/z95.5 | 4 6 1.5 Lo 1.5 0.418
5+ /04 :
1296.0 | /5 | L | Z.0 (.5 2.0 0. (7]
gf71=
1296.3 | 26 b Z.3 L4 2.3 6.75% 3
et 34+
129%.¢6 | 4o | b |z 7.1 - 24 /.985
,+ 557
1297.0 | ¢! A 30 7.5 3.0 [i06 !
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STATION :
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. .
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Ol = TWI = l — e — — Tw
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2 2 0
i R R
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ENTRANCE TYPE) HY 1w Hido |9<Otw ] n wlz [3%
tENTRAN 5 Ke ¢ 3 o | LSol H é v SEGE feP
[284.5 @) O 0
280> | 4 |1 4 |15 0.5\ /0 Lo 1 0.6 48 0.250
(287 | & | 4 | 268 /o Z.o z5 AL
/288%.0 7 35 Lo %o 7.5 /.782
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gt30° _ .
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G+ 55°
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e CULVERT HEADWATER COMPUTATION £l -
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(ENTRANCE TYPE) B nw | ke | M| ode |90 Tw | ng | s, [ nwlE [3%
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o [283.5 o) o i o
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12860 | 6 |G | 25 L5 ] 5 25 0.293
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AL [(288.0 3% 138 145 2.5 z2.5 4.5 0. 500
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EL. 1304 vpe
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1246 prpe ot nled
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TV,
TW2

1
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MEAN STREAM VELOCITY =

MAX. STREAM VELOCITY=

O
CULVERT HEADWATER COMPUTATION E -
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IENTRANCE TYPE) Hw Hw H| d. 190 tw | n LS, | Hw | 2 35
(afed loudet] © K ¢ 2 ° 0 é > STORACE Ac-FT
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[28¢.0 72 1143 ] 25 2.5 Z.cEl

SUMMARY 8 RECOMMENDATIONS!
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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 Tower.

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 3% 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.
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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 30" 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
1id at the connection to the existing 24" pipe will Tift 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
Tikewise 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.
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ULTIMATE STRENGTH NMON-CYLINIDER FIFE
20 DES OLANDER BEDDING COEFFICIENTES
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Qb/ 1L/ 37 w4 EXTERNAL LOAD CALTULATIONS s
SAMPLE
FIFE 0., = SELT7EY FIPE I.0L = 20,000
SOTL WEIGHT = 120.4#/CF SOIL COEFFICIENT = 0.1350
SETTLEMENT/FROJECTION RATIO(RSDR) = Q.50

FOSTITIVE PROJECTING CONDITION
(WIDE TRENCH)

EARTH EARTH LIVE TOTAL HEIGHT OF
COVER  LOAD L.OAD IMPACT LOAD Ealial
(FT) (#/FT) (#/FT) FACTOR (#/FT) SETTLEMENT
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BACKFILL AND COMPACTION TO BE IN ACCORDANCE
WITH M.A.G. SPECIFICATION NO. 601. COMPACT
TO 95%. '

WHERE LEDGE ROCK, ROCKY OR GRAVELLY SOIL,
HARD PAN OR OTHER UNYIELDING FOUNDATION
MATERIAL IS ENCOUNTERED, THE HARD
UNYIELDING MATERIAL SHOULD = BE EXCAVATED
BELOW THE BOTTOM OF THE PIPE OR PIPE
BELL (CLASS B & C BEDDINGS) FOR A DEPTH
OF AT LEAST 6 INCHES OR % INCH FOR EACH
FOOT OF FILL OVER THE TOP QF THE PIPE,
WHICHEVER IS GREATER, BUT NOT MORE THAN
3/4 THE NOMINAL DIAMETER OF THE PIPE.

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

L GO B €

BEDDING DETAIL

91.
GOSNELL DEVELOPMENT CORPORATION

2728 NORTH 24TH STREET « PHOENIX, ARIZONA 85008 « (602) 956-4300



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 £111
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 shall 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.

92.
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THOMAS-HARTIG & ASSOCIATES, INC.

TOMW. 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 Roger A. Brewer, PE.

John P, Boyd, PE. Glen K. Copeland, PE. Steven A, Haire, PE.

- Charles H. Atkinson, PE. James M. Willson, PE. Chet L. Pearson, PE.
Donald J. Spadola, PE. Frank M. Guerra, PE. Kenneth L. Ricker, PE.

Gosnell Development Corporation 3 February 1987

2728 North 24th Street
Phoenix, Arizona 85036

Attention: Mr. Bill Gordon

Project: Mountainside Suites Project No: 86-860
Pointe South Mountain
Phoenix, Arizona

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,
fills were placed at a minimum compaction of 100 percent of the maximum dry
density determined by ASTM: D698 (Standard Proctor).

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

Respectfully Submitted,
THOMAS-HARTIG AND ASSOCIATES, INC.

/

7 | <o )T
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P ¢ | ¢ c*t“_..\ N —
By: g ,/Aé 25%7 LT Reviewed by: {\\fﬁ>3¢xh«'<;/*f’*"f’/f
rank M. Guerra, P.E. Ro&ek A. Brewer, P.E.
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Copies to: Addressee (3)
Flood Control District/Grant Pickerton (2)
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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 Roger A. Brewer, PE.
John P Boyd, PE. Glen K. Copeland, PE. Steven A. Haire, PE.
Charles H. Atkinson, PE. James M. Willson, PE. Chet L. Pearson, PE.
Donald J. Spadola, PE. Frank M. Guerra, PE. Kenneth L. Ricker, PE.
Gosnell Development Corporation 23 October 1986

2728 North 24th Street
Phoenix, Arizona 85008

Attention: Hank Legge, P.E.

Project: Mountainside Suites Project No: 86-743
Pad Fill Placement Supplement No. 5
The Pointe Resort at South Mountain
Phoenix, Arizona

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
filter fabric adjacent to granular soils presented by Cedergren (1977) indicates
for effective soil retention:

85% size of soil
opening size of EOS sieve

By observation this criterion is met.

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



estimate the permeability of the embankment materials is at least 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. —

/‘ e A
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Copies to *Addf“ssee g}i

Project No: 86-743.5 2



MIRAFI" TYPICAL PROPERTY VALUES”®

PROPERTY UNIT TEST METHOD 140S 140N 100X 500X 600X 700X 900N
Weight oz/sy ASTM D-3776-79 4.0 4.5 25 4.0 6.0 6.5 40
Thickness mils ASTM D-1777-64 30 60 5 9.0 12 19 50
Grab Strength Ib ASTM D-1682-64 125 120 100 200 300 520 x 310 115
Grab Elongation % ASTM D-1682-64 45 55 30 30 (max) 35 (max) 35 (max) 60
Medulus (10% Elongation) b ASTM D-1682-64 N/A N/A N/A 115 140 MNA N/A
Tranezoid Tear Strength b ASTM D-1117-80 65 50 65 100 120 75 N/A
Mullen Brust Strength psi ASTM D-3786-80" 125 210 200 375 600 560 N/A
Puncture Strength Ib ASTM D-3787-80° 55 70 N/A 85 130 145 N/A
Abrasion Resistance Ib ASTM D-3884-80° N/A N/A N/A 50 100 155 N/A
& D-1682-64 :
Coef. of Permeability. k cm/sec CFMC-GET-2 0.1 0.2 0.0009 0.002 0.003 0.025 N/A
Water Flow Rate gal/min/sf CFMC-GET-2 350 225 40 35 50 120 N/A
Air Flow Rate cf/min/sf ASTM D-737 300 225 N/A N/A N_’Ai 115 290
: |
Equivalent Opening Size (EOS) US Standard Sieve COE CW 02215-77 100 100+ 20 20-45 20-45 70 N/A
Open Area % COE Method N/A N/A N/A N/A N,-'A’ 55 N/A
Retention Efficiency Virginia DOT N/A N/A 75 N/A NA N/A N/A
(Suspended Solids) % VTM-51
Sturry 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
Uitraviolet Radiation = ASTM G-26/ 0 0 90 30 S0 a0 0
Stability D-1682-644
Asphalt Retention oz/sf Texas DOT N/A N/A N/A N/A N/A N/A 35
Item 3099
Shrinkage from Asphalt - % Texas DOT N/A N/A N/A N/A N/A N/A <6
Item 3099

 Diaphragm Bursting Tester

“ Tension Testing Machine with ring clamp; steel ball replaced with a %1 inch diameter solid steel cylinder (with hemispherical tip) centered within the ring clamp

: ASTM D-1682 as above alter abrasion as required by ASTM D-3884 Rotary Platform. Double Head Method. rubber-base abrasive wheels equal to CS-17 “"Calibrase” by Taber Instrument Co : kg load per wheel. 1.000 revolutions

*ASTM D-1682 as above alter 250 cycles in Xenon-arc weatheromater Type BH or Type C apparatus as described in ASTM G-261 One cycle consists of 102 minutes of light only followed tx, 18 minutes of hght with water 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 Roger A. Brewer, PE.
John P Boyd, PE. Glen K. Copeland, PE. Steven A. Haire, PE.
Charles H. Atkinson, PE. James M. Willson, PE. Chet L. Pearson. PE.
Donald J. Spadola, PE. Frank M. Guerra, PE. Kenneth L. Ricker, PE.
Gosnell Development Corporation 17 September 1986

2728 North 24th Street
Phoenix, Arizona 85008

Attention: Mr. Hank Legge, P.E.

Project: Slope Stability & Settlement Evaluation Project No: 86-743
Mountainside Suites Supplement No. 3
The Pointe Resort at South Mountain
Phoenix, Arizona

As requested, we submit with this supplement the results of additional stability
analyses of the Guadalupe Flood Retention North Dam No. 2. These additional
analyses are exactly the same as those presented in Supplement No. 2, except as
follows:

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:

Factor of
Trial Condition Safety
1 Static; saturated foundation soils 1.5
2 Static; bouyant foundation soils 1.5

i Pseudo-static (0.1g); bouyant foundation soils Ll



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.

Reviewed by

Project No: 86-743.3 2



THOMAS-HARTIG & ASSOCIATES, INC.

TOMW. 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 Roger A. Brewer, PE.
John P Boyd, PE. Glen K. Copeland, PE. Steven A. Haire, PE.
Charles H. Atkinson, PE. James M. Willson, PE. Chet L. Pearson, PE.
Donald J. Spadola, EE. Frank M. Guerra, PE. Kenneth L. Ricker, PE.
Gosnell Development Corporation 15 September 1986

2728 North 4th Street
Phoenix, Arizona 85008

Attention: Mr. Hank Legge, P.E.

Project: Slope Stability & Settlement Evaluation Project No: 86-743
Mountainside Suites Supplement No. 2
The Pointe Resort at South Mountain
Sa— Phoenix, Arizona

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 0.1g, 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:

, Factor of
Trial Condition Safety
1 Static; saturated foundation soils 2.0
2 Static; bouyant foundation soils 2.0

3 Pseudo-static (0.1g); bouyant foundation soils 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 call when we may be of further service to you.

Respectfully submitted,

THOMAS-HARTIG & ASSOCIATES, INC.

Reviewed by:

Copies to:

Project No: 86-743.2 2
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THOMAS-HARTIG & ASSOCIATES, INC.

TOMW. 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

Roger A. Brewer, PE.

John P Boyd, PE. Glen K. Copeland, PE. Steven A. Haire, PE.
Charles H. Atkinson, PE. James M. Willson, PE. Chet L. Pearson, PE.
Donald J. Spadola, PE. Frank M. Guerra, PE. Kenneth L. Ricker, PE.
Gosnell Development Corporation 20 August 1986

2728 N. 24th Street
Phoenix, Arizona 85008

Attention: Mr.

Hank Legge, P.E.

Project: Slope Stability & Settlement Evaluation Project No: 86-743
Mountainside Suites Supplement No. 1
The Pointe Resort at South Mountain

Phoenix, Arizona

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,

Concern No. 1:

Response:

and our responses, are as follows:

If the foundation bearing soiis 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.

Based 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 secton and in a silt (ML) layer at a 6.5 to 8.5-foot
depth near Station 41 of the I-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



Concern No. 2:

Response:

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 soils will 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.

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. Will this impact the stability of the
dam?

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
Orainage 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 fill will not
adversely affect the stability of the existing dam. However, to
reduce slippage between the original dam slopes 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 will probably not be heavily 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.

PROJECT NO: 86-743.1 2



This supplement shall be attached to the original report and shall 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.

Reviewed by:

PROJFCT NO- BAR-743 1 3
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SADDLE DIKE DESIGN

Location of Section A-A'
From: Grading and Drainace Plan, Sheet 2 of 11

THOMAS-HARTTG & ASSOCIATES. INC. Project No: 86-743.1
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THOMAS-HARTIG & ASSOCIATES, INC.

TOMW. 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 Roger A. Brewer, PE.

John P Boyd, PE. Glen K. Copeland, PE. Steven A. Haire, PE.

Charles H. Atkinson, PE. James M. Willson, PE. Chet L. Pearson. PE.

Donald J. Spadola, PE. Frank M. Guerra, PE. Kenneth L. Ricker, PE.
Gosnell Development Company 30 June 1986

2728 N. 24th Street
Phoenix, Arizona

Attention: Mr. Hank Legge, P.E.

Project: Slope Stability and Settlement Evaluation Project No: 86-743
Mountainside Suites
The Pointe Resort at South Mountain
Phoenix, Arizona

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
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. OQur
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
Orainage 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, well-
compacted, and consists of widely graded silty sands with gravels. The “Center
Section” Profile indicates the foundation soil in the vicinity of the suites
consists either of hard caliche (identified as “calcareous 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:

Saturated Unit Weight (¥'): 135 pcf

Ory Unit Weight (¥4): 125 pcf
Friction Angle (@): 350
Cohesion (c): 0
Compression Index (C.): 0.011

METHODOLOGY

Stability Evaluation: A typical method to increase the stability of a slope is to
place a berm of fill on the toe. The surcharge weight 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 1is 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 because the weight of the fill on the downstream slope
could increase the driving stresses on the upstream slope.

NONICAHAT sin. 0or Fan 5



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 TSTABZ. 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
lToad 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 soils.

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.S5. =20
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:

Fudy = 2.0

Based on the analyses employed, the addition of fill to the downstream slope of
the dam will therefore not reduce the stability.

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

PROJFCT NO- 86-743 3



approximately 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 lTesser amounts expected beneath the upstream and downstream slopes. The
addition of fill on 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 fill on 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-D0OS Version by Design Professionals
Management Systems, Kirkland, Washington.

3ustresses 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
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"FIGURE 1 Assumed Critical Cross-Section
North Dam No. 2
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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 Roger A. Brewer, PE.
John P Boyd, PE. Glen K. Copeland, PE. Steven A. Haire, PE.
Charles H. Atkinson, PE. James M. Willson, PE. Chet L. Pearson. PE.
Donald J. Spadola, PE. Frank M. Guena, PE. Kenneth L. Ricker, PE.
Gosnell Development Corporation 4 December 1986

2728 North 24th Street
Phoenix, Arizona 85008

Attention: Mr. Hank Legge, P.E.

Subject: OQur report entitled: Project No: 86-743
"Construction Data Review and Evaluation Revised
of Proposed Modifications to Guadalupe
Flood Control Structure,”
dated 20 October 1986.

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) Dr (%) Internal Friction
North Dam 1 116.4 74 36.59
North Dam 2 107.0 56 33.59

East Dam 108.9 60 340



*Assumed minimum dry density = 86 pcf and assumed maximum dry
density = 1325 pcf (from Lambe and Whitman (1969)).

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

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

Lowest Ory *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 Gg» specific gravity of solids, = 2.65.

A1l other aspects of the stability analyses, including 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
stability, 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 assistance.

Respectfully subm:tted
THOMAS- HARTIG & ASSOCIATES INC.

Reviewed by:
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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, permeability

tests, grain size distribution tests, and a direct shear test.

3. As-built drawirgs by SCS indicating embankment geometrics 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.

PROIECT NO- RA-747 1



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.

PROJECT NO: 86-743 2



2. EXECUTIVE SUMMARY

The three earth embankments, North Dam 1, 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:1V, 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
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. Therefore; the results indicate the embankments, including the
modifications, have sufficient factors of safety for static loading conditions.

PROJECT NO: 86-743 7



3. SITE DESCRIPTION/EMBANKMENT DESCRIPTION

The Guadalupe Flood Control Structure is a floodwater retarding structure located
west of the I-10 freeway between Guadalupe Road and Baseline Road in Phoenix,
Arizona. It is comprised of three earth embankments identified as North Dam 1,
North Dam 2, and East Dam. (NOTE: Some of the information provided for THA's
review identifies North Dam 1, North Dam 2, and East Dam as Saddledike Section,
Center Section, and I-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:1V, and the crest elevations are approximately Elevation 1282
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 D698 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
drawings, 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 caliche (cemented calcareous clay, silt, and sand mixtures), dense
silty sand and gravel, or gneiss bedrock.

PROJECT NO: 86-743 A



A 30-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.
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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 Density Water Content  Moist Density Saturated Density*
North Dam 1 124.0 pcf 10.0% 136.4 pcf 139.6 pcf
North Dam 2 119.3 pcf 10.9% 132,3 pcf 136.7 pcf
East Dam 122.8 pcf 9.3% 134.2 pcf 138.9 pcf

*Assuming G» SPecific gravity of solids = 265. These weights were
used when evaluating upstream slope stability (i.e. rapid drawdown).

Using these average dry densities and the grain size distribution
curves, we estimated approximate angles of internal friction, ¢, by a
correlation presented in NAVFAC DM-7. Our procedure is summarized in
the Appendix. The results are as follows:

*Estimated **Approximate
Average Dry Relative Density Angle of
Location Density (pcf) Or (%) Internal Friction
North Dam 1 124.0 87 380
North Dam 2 119.3 80 370
East Dam . 122.8 85 37.5°9

*Assumed minimum dry density = 86 pcf and assumed maximum dry density =
1325 pcf (from Lambe and Whitman (1969)).

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

We assume the embankment materials have little or no cohesion because
the fines fraction reportedly exhibit little to no plasticity.
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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 fill zones on the downstream shoulder of North Dam 2 will
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
1ifts.

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 D698 maximum dry density because these
fills 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 Density Density Density Angle Cohesion
Structural fill
downstream from 120 pcf 132 pcf 137 pcf 370 0
North Dam 2
Landscaping fill 105 pef 115 pcf 128 pcf 320 0

*Assuming water content = 10%.
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4.2 Natural Materials

4.2.1

General

4.2.2

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
silt (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 caliche
(calcareous cemented soil), dense granular soils, or bedrock. Reported-
1y, 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
materials beneath the embankments appears to be either hard caliche,
dense granular soils, or bedrock.

Shallow Collapsing Materials

Based on the boring Togs, 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:
Zﬁﬁe at collapse

1 +

cP =

S nrrtal
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4.2.3

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 Dam 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 materials:

Dry Moist Saturated Friction
Material Density Density Density Angle Cohesion
SM or SM/ML 100 pcf 110 pcf 125 pcf 270 0

*Assuming water content = 10%.

Deeper 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 paraheters for the soil
materials:
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Dry *Moist Saturated

Material Density Density Density Friction Angle Cohesion
Caliche 100 pcf 110 pcf 125 pcf 200 2000 psf
Silty Sand & Gravel 120 pcf 132 pcf 137 pcf 380 0

*Assuming water content = 10%.

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 Direct 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 up to 3/4-inch diameter. Based on our experience with 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 @as 95 percent of the maximum dry density determined by
ASTM D698. The specimens were sheared under water at normal stresses of
1500 psf, 3000 psf, and 6000 psf. The measured angle of internal
friction, @, was 27.5 degrees and the measured cohesion, ¢, 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 soils (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
soils present.
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5. STABILITY EVALUATION

General

9ad

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-built drawings and
boring information provided by SCS.

Stability analyses were performed on Sections A-A, C-C, D-D, 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.

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 optidns 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 1imit 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.
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5.3

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

sliding 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 1is 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 varijation 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
Results with this
method have been found in some cases to vary from 10% to 60% lower (i.e. more

1969).

horizontal and vertical side forces are assumed to be zero.

conservative) than more rigorous methods (Lambe and Whitman,

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
Upstream Slopel Downstream Slope

Cross-Section

A-A 2.6 2.7

C-C 2.8 ——

0-D 1.82 —--

E-E 2.8 ---

H-H - 1.53
PROJECT NO: R6-743 19



NOTES: lPerformed using saturated unit weights with no
reservoir to simulate “rapid drawdown" condi-
tions.

ZVery 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 is 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.
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Table 3-3. Empirical valves for ¢, D,, and unit weight of granular soils based on the standard penetration number
with corrections for depth and for fine saturated sands

Very
Description Very loose Loose Medium Dense dense

|
1
Relative density D,* 0 0.15 0.35 065 0.85 1.00

Siandard penetra- )
tion no. N 4 10 30 50

Approx. angle

of internal
friction ¢°t 25°-30° 27-32° 30-35° 35-40° 38-43°

Approx. range
of moist unit
weight, (y) pef 70-100% 90-115 110-130 110-140 130-150
(kN/m?) (11-16) (14-18) (17-20) (17-22) (20-23)

* USBR [Gibbs and Holtz (1957)].

t After Meyerhof (1956). ¢ = 25 + 25D, with more than 5 percent fines and ¢ = 30 + 25D, with less than
S percent fines. Use larger values for granular material with 5 percent or less fine sand and silt.

+ 1t should be uoted that excavated material or material dumped from a truck will weigh 70 to 90 pcf.
Material must be quite dense and hard to weigh much over 130 pef. Values of 105 to 115 pef for nonsaturated
soils are common.

Table 3-4. Empirical values for g,* and consistency of cohesive soils based on the standard penetration

number
Very Very

Consistency soft Soft Medium Stiff stiff Hard
q, . ksf 0 0.5 1.0 20 40 8.0
N, standard

penetration

resistance 0 . 2 4 8 16 32
Yeear» Pl 100-120 110-130 120-140

(kN/m?) (16-19) (17-20) (19-22)

* These 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 g, = KN.

FROM BOWLES (1977)

THOMAS-HARTIG & ASSOCIATES, INC.
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Fig. 11.14 Correlation between friction angle and penetra-
tion resistance (From Peck, Hanson, and Thornburn, 1953).

Table 3.2 Maximum and Minimum Densities for

Granular Soils

Dry Unit
Void Ratio  Porosity (%) Weight (pcf)
Description ®max ®min  "max “min Ydmin Ydmax
Uniform spheres 092 035 476 260 — —
Standard Ottawa
sand 080 050 44 33 92 110
Clean uniform
sand 1.0 040 50 29 83 118
Uniform inorganic
silt . 1.1 040 52 29 80 118
Silty sand 090 030 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
Silty sand and
gravel 085 014 46 12 89 146

B. K. Hough, Basic Soils Engineering. Copyright © 1957, The
Ronald Press Company, New York.

FROM LAMBE AND WHITMAN (1969)

THOMAS-HARTIG & ASSOCIATES, INC.
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Coliapse Potential (CP) is defined as:

Ae
cp=—C— or cpx LHE
I+e Ho

A‘c‘ Change in void ratio upon wetting AHc = Change in height upon wetting
¢, = Natural void ratio Ho =Initial height

Collapse Potential Values

cP Severity of Problem

0-1% No problem

1-5% Moderate trouble

5-0% Trouble

10-20% - Severe Trouble

20% Very Sevare Trouble
FIGURE 6

Typical Collapse Potential Test Results

FROM NAVFAC DM-7.1 (1982)

7.1-41
THOMAS-HARTIG & ASSOCIATES, INC.

Project No: 86-743
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“THE POINTE-SOUTH MOUNTAIN PROJECT
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Proposed Construction and the Guadalupe
Flood Retarding Structure, Phoenix, Arizona
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Gosnell Development Corporatlon
2728 North 24th.Street ==
Phoenix, Arlzona'_850085-
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Geological Consultants
Project No. 86-104

.February 14, 1986
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GEOLOGICAL CONSULTANTS

Kenneth M. Euge, R.G.

February 14, 1986

Mr. Hank Legge, P.E.

V.P. Engineering

Gosnell Development Corporatlon e,
2728 North 24th Street At
Phoenix, Arizona 85008

Subject: The Pointe-South Mountain:Project,
Response to Agency Concerns Related to
Proposed Construction and the Guadalupe Flood
Retarding Structure, Phoenix, Arlzona
Gosnell P.0. No. 027997 £
Geologlcal Consultants PIOJeCt No 86-104

Dear Mr.-Legge:

This letter report presents the tesnétsiofha~geological evalua-
tion of selected areas at the subject'site to prepare responses
to concerns ralsed by the 8011 Conservatlon Service, the Arizona
Department of Water Resources and the Marlcopa County Flood
Control DlStrlCt Spec1f1cally the concerns addressed relate to
the follow1ng | _ % ol :
e the condltlon of the rock exposed in cuts made for
the constructlon of bulldlngs on the downstream slope
of the east abutment as the condltlon(s) affect the
need if any, for permeablllty testlng, seepage analysis
and/or groutlng, '_' " i ;
° the excavation of a proposed roadway through a portion

. Z-70of the west abutment near the emergency spillway to

MOT AﬁLG

Adrﬂb evaluate rock rippability, erodlblllt%, and the need
for slope and/or grade protectlon for the area exca-

vated, and

2822 West Northern Avenue, Suite B » Phoenix, Arizona 85021 e Telephone 602-864-1888
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° 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 reviewed 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:

°© aquisition of published and unpubllshed reports,
maps, and analyses prepared‘fpr the design of the

South Mountain Development and the Guadalupe Flood
Retarding Structure (FRS);

° meeting with Soil Consefvaiton Services (SCS) repre-
sentative, Mr. Aubry Saﬁders,:SCS State Geologist and

Mr. Harry Millsaps, Hydraulic Engiﬁeer, to discuss

their concerns regarding the‘prbposed development

and the SCS geological study'and hydraulic analysis
made for the design of the FRS; .

° a thorough review of the data obtain'ed from various

sources;
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° a geological reconnaissance of the site to gather
information pertaining to rock characteristics;

°® analysis of the publlshed and unpublished data,

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

° the preparatlon of thlS report presenting a summary

of flndlngs and conclu81ons.

Location

The Pointe-South Mountain site and_Guadalupe FRS are located in
the east half of Section 5, Township 1 South;, Renge 4 East at the
east end of South Mountain. Access to the site is provided

by a paved etreet south from Baseline‘Road about one-quarter mile
west of the I-10 Freeway which parallels the east site property

line. (Drawing No. 1)

Site Conditions

The bulk of the area originally included low, gently sloping

hills to nearly flat-lying terrain. However, the site has been
modified by exten51ve guE and -£ild grading for both the Pointe
development and the FRS. Surface ruooff from the site is retained
by the FRS and released in a controlled maooer from the principal

spillway located in the center seotion‘of the FRS.

Geology

: . 4
The site is underlain by the Tertiary-Age South Mountain Gran-
odiorite, a light gray, medium to coarse crystalline granitic-

type rock. The unit, well exposed in cuts at Building areas
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6 & 7 (Drawing 2) and in the FRS emérgency 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 & joihts per foot (12-13 joints

per meter). There is no separation between the 301nts, however,
the joints are locally filled with either clay gouge ranging in
thickness from 0.005 inches to 0.25 1ches, or caliche from 0.005
inches to 0.015 1nches., In several areas the_fractures have been
recrystallized or mineralized with hematite, chalcopyrite, and

chrysocolla.

Structurally, the foliation trend is;ih'a northerly direction and
dips to the east. Five joint systems are ﬁresent based on the
stereographic analysis of the daté 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 dlpplng from 62° north-

east to nearly vertlcal
Aﬁalxsis

A thorough review of the geologidal déta available in the SCS
(1972)1 files indicate the geological information obtained for

this evaluation is consistant with the earlier studies.

No design analysis of anticipated seepage‘rates or’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

Perheability Test Summary-(SCS;1972)

Material Type Test
Soil @ 15.5 Open-hole
Bedrock @ 12.8- Packer
152 _
Soil @ 20' Open-hole

Hydrologic analyses

Location
"FoundatiIon

* Near abutment

Fouhdation

Permeability(K)

0.56 feet/day
0.46 feet/day

0.50 feet/day

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 Deve;opment Company, defined the

Emergency Spillway flow conditions pfesented in Table 2.

Table 2

Summary of Results-Emergency Spiilﬁay Flood Routings

'Storm Event

Main Water Surface
elevation (feet)

Emergency Spillway Flow

Duration (hrs.) Max. Vel. (ft/sec)

6 hours 1276
5-year . 1267
25-year B 1271
100-year 1274
500-year 1274

.93"
04"
L
14!
.81

5.0 ‘ 8.75
No flow -—
‘No flow i

6.5 177

12.5 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 precipitation event, the system is designed to drain within

five days.

The geologic 1nvest1gatlon report (SCS 1972) reports a collap-

sible soil condition exists along portlons 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(z) (1974).
This simplistic approach uses the Jolnt/fracture distribution and
spacing between cracks to determine the equivalent permeability

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

are parallei 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

for jointed rocks ranges from about 10-1 t:o.IO-3 centimeters per

second (3.3 x 1_0"3 o 3.3 % 10_5
filled joints are about 1074 to 10
(3.3 x 10°% to 3.3 1078 feet per second).

feet per second) while clay-
-6

. centimeters per second

The discontinuity mapping performed ét ﬁhe_Site obtained over 190
orientations of joints and measuremeﬁtslbf possible joint openings.
(Drawing No. 5). It must be p01nted out that no open fractures
were found in undisturbed, intact rock. The JOlnt and fractures
were tightly filled with either clay gouge and caliche cementation

or were recrystallized.
L ]
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




Mr. Hank Legge, P.E.
Geological Consultants Project No. 86-104

February 14, 1986
Page 7

pad cut slopes. For this analysis it is assumed, for the sake

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

is egquivalent to a joint opening. Joint filling thickness

ranged from O to about 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 jointe per meter (3 to 4 joints
per foot) of slope face. The graph of joint opening to joint
frequency (Drawing Ne.‘A) indicates a conservatively high estimated
permeability of about 1 x 10 centimeters per second (3.3 x 10"5
feet/sec). The fact that the joints are ‘tightly filled should

reduce the estlmated permeabllty 1 to 2 orders of magnitude.

The packer-type test performed by thejSCS.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 occuf through the reservoir
bottom rather that the embankment or abutments. The bottom surface
area is about 12.6 millioun 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) 1s about 290 000 square feet.

Movement of the water from the resetyoir occurs in two ways,
downward throughout the bedrock and'by radial lateral outflow.

The quantity of downflow can be estimated using Darcy's equation
e

q=kia where:

q = discharge

k = rock permeability = 3.3 x 1072 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: _ _
g=3:3 x 1077 ft/sec (1) (12.6 x 1070 £¢?)
416 ft3/sec or 35.9 x 10° £t3/day
A conservative estimate of lateral oﬁtflow is calculated in the
same manner: : v il Faa
q=3.3 x 1075 ft/sec (1) (2.9 x 10° ft?)
.55 ftg/sec oF 8.25 x 105 ft3/day

When Kh = Kv'the time required for outflow to equal downflow is

5

about 43 days.

A better approximation of 1aterai outflow would be to cglculate

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
23 = 0.33 whlch would yleld a conservative average of about 0.5.
Kpplylng the Darcy equation:
q=kia where k= 3.3 x 10~ =3 ft/sec
i= 0.5 '
a =1 square'foot
(3}3 x 1072 ft/sec (60 sec/mln)( 5)(1)=
9.0 x 1074 feet per minute.
For the time ( T) required for ﬁhe front to-move 70 feet:
70 feet x (1440 min/day) = 54 days
9.0 x 10 ft/minute
The seepage only has to fill the pdre space;therefore applying a
conservative rnck 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 phreatic surface intersects the

cut areas in the east abutment.

Roadway Excavation in West Abutment ﬁ'NOTA?ﬁLEC;"T%LE

A review of the preliminary grading plan'fof the proposed roadway
shows a cut .to about elevation 1274-#111 be made in the abutment
to accomodate the desired approach gradeé. A field inspection

of the proposed site indicates thé grade of‘the road cut as
proposed will be in granitic-type bedrock 51m11ar to the rock
exposed in the existing Emergeacy Splllway (Draw1ng 6 ) which

was classified by the SCS (1972) as a rock spillway. The east
edge of the Emergency Spillway 1is 1bcatgd about 120 feet from the
centerline of the roadway. The spillﬁaj crést elevation is

1274 feet.

It is expected that excavations to the designed elevations can
be accomplished in a manner similar to ﬁhe rock cuts made in the
building area. Erosion of the roadway at the crest elevation
should be minimal. However, downstream from the crest where the
approach embankment fills are constructed érosion 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 SCS.design'3 (SCS,1986). The greatest concern

is the lakes proposed to parallel the upstream area adjacent to

the main FRS embankment.

The geologic design report fer 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 differential settlement and cracking
to occur in the structure. This potehtiai condition can be
effectively mltlgated by lining the lakes with a relatively

unpermeable membrane such as hypolon or hlgh den51ty polyethylene

(HDPE) .

Conclusion

1. Analysis of rock joints frequency and openlng 1nd1cates
the estimated permeability of the rock mass is similar to field

v

permeability test results obtalned by the SCS.

2. A simplified seepage analysis of flow from a full reservoir
using very conservative input parameters 1nd1cate 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
if a full reservoir level were sustained for that period of time.
The design time required to drain the FRS is fivegdays, therefore

seepage from the reservoir pool into the rock cut areas should

not occur.

3) Soil Conservation Service, 1986; Personal communication with
H. Millsaps, Hydrologic
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3. The road cut proposed through {ge‘west abutment. is expect-
ed to be excavated in bedrock. Erosion of rock should not be
problematic. The bedrock is likely to be excavatable 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 reduired for
controling seepage from the reservoir. However, surface runoff
over the slope and resulting percdlation from landscape watering,
rainfall, and other sources must be eontrolled to enhance slope

stability. pﬁbﬁ

: QiF«ﬂJ
2. The grade of the proposed roadway through the west abutment
is about the same as the Emergency Spillway (1274 feet +). A
hydrologic analy51s should be performed to assess the effects of
the road cut relatlve to modlflcatlon of the Emergency Spillway
flow regime. If the analy51s shows excessive flows through

the road cut, downslope erosion control should be provided for the

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

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 conc1u31ons and opinions presented in: ‘this letter report

were developed by Geological Consultants for Gosnell Development
Corporatlon in accordance with generally accepted geological
principles and practices. The data, conclusions and recommenda-
tions should be considered to relate oﬁly to the specific project
and location. If chenges are made in the project as outlined in
this report the conc1u51ons and recommendatlons contained in this
report shall not be con51dered valld unless the changes are
reviewed and the conclusions and recommendatlons of this report
are modified or approved in writing by.Geologlcal Consultants.
Thank you for this opportunity to be df serviee to you. If you
have any questions regarding the_eontent Qf thie report please

contact me.

Verfy truly yo 3”:'

Kenneth M. Eu}
Consulting GeoY

KME/ jmw
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