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Vineyard Road FRS Embankment and Drainfill Repair

Williams-Chandler Water Protection and Flood Prevention

Pinal County, Arizona

Public Law 566

Final Design

.Summary

•
Original construct. ion fo.r the rep.air of V.ineyard Road FRS embankment cracking

\,. .. was contracted and completed in 1982/1983.

During this time the contract was modified to construct four test cells for a
study to determine the behavior of the cracked embankment under fully
hydrostatic conditions. A final report of the study is being completed by the
WNTC.

This design is being completed asa result of activities carried out during
the above s,tudy. Work includes: 1) repair of the FRS embankment, 2) removal
of test cell dikes at the test cell locations, and 3) installation of the
vertical transition zone at the contaminated test cell locations and those
areas where the original construction either did not fully encompass the
vegetative outlet pipes, did not extend tothenecesssarydepth, or was not
installed.

Description of Job

The ~'proj'e;ctt -cons:[s·ts;bf .tepairi,ng:·;';the'~FRS embanknletft'true to'- theeon:str·uc'tion
and investigation~activitiescarr:ted/out'duringthe· contract for the 1983
crack study. Work includes: (1) reconstructing the embankment where a number
of test pits and trenches were excavated to investigate the extent of seepage
through existing cracks; (2) removal of piezometers, steel pipe casings,
wires, etc., installed to monitor seepage; (3) removal of test cell dikes and
wasting the material between the upstream toe of the,FRS and the. low flow

•~~~:n:~~c~;le~e~;::;i~io~o~=::i::~::i:i;n{~)i~:t=~~et~:ti~~:~i~~:nr:~!:c::l:~
all pipe outlets; and (6) install transition zone material in those reaches
that· were deleted in the original repair contract.
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Design Obj ective

The design objective is to restore the structure embankment to the design
lines and grades and complete the installation of the vertical transition zone
as a measure against dam failure due to embankment cracking.

Basis for Design

1. Soil Mechanics Note No.1.

2. As-Built Plans and Specifications for Construction of Vineyard Road FRS.

3 "Cracking of Dams in Arizona"- 1978 Report.

4. Plans and Spe~ifications for Repair of the Vineyard Road Floodwater 
Retarding Structure, 1982.

5. Soil Mechanics Test Results - March 29, 1985, April 26, 1985,
June 12, 1985.

6. Letter to Jack Stevenson, head, Engineering Staff, WNTC, from Ralph
Arrington, ses, Arizona, Dated July 2, 1985.

7. Letter to Ralph Arrington, ses, Arizona, from Jack Stevenson, Head
Engineering Staff, WTNC, dated July 15, 1985 •

8. Trip Report,September 27-30, 1988 by Leland M. Saele, WNTC.

9. Minutes to Preliminary Design Presentation meeting, October 4, 1988.

10. Letter to Ralph Arrington,SCS, Arizona, from W. R. Evans,
Head, Engineering Staff, WTNe, dated January 17, 1989.

Embankment Design

The test trench and gully, at test cells No. 1 and No • 3 respectively, will be
'spot repaired by removing the disturbed material and replacing it with
compacted earthfill. The side slopes of the excavated area will be no steeper
than 1:1 to ensure proper bonding between the surfaces of embankment in place
and th~earthfill to be placed.

The test trench at test cell No.3 which was cut transverse through the dam
willbespo't repaired by removing the disturbed material and replacing it with
compacted earthfill. The side slopes-of the transverse excavated area will be
no steeper than 3:1 (horz. to vert.) to ensure proper bonding between the
surfaces of embankment in place and the earthfil! to be placed.

Multiple test pits and trenches at test cells No. 2 and No. 5 will be repaired
by breaching the FRS to a specified depth with 3:1 abutment slopes and
replacing with compacted earthfi!l •
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Defaced upstream slopes of the FRS embankment at test cell locations No.2 and
No. 5 will be repaired by reconstructing an approximate three (3) foot layer
of earthfill to original lines and grades.

Earthfill will be obtained from required excavations.

Construction details for compaction and moisture of earthfill and drainfill
will be the same as used in the original contract. Approximately 85% of the
transition zone was completed under the original repair contract.

The extent and location of embankment cracks along the trench faces will be
mapped prior to installing the drainfil!.

Environmental Considerations

The earthen dikes used to impound water at the test cell locations will be
removed and wasted between the low flow channel and the upstream toe of the
FRS. The sponsors stated that future O&M costs outweighed the benefits of
keeping them in place.

Specifications

Excavation: Review and discussion for repair procedures on breached sections
of the dam took plac.e with the FeD and ADWR on 10/4/88. It was recommended
that we specify once the contractor breaches a section of the dam that his
scheduled work continue at this site until the embankment repair has been
completed.

Earthfill: The sponsors have been in agreement with the SCS that O&M would not
be performed within the test cell locations until after final repair. As a
result, Subsidiary Item, Gravel Cover, has been included to repair the FRS
embankment slopes from the rill erosion which has occured since the time of
the crack study.

Contractor Inspection: Because of the type of work and small quantity of
material involved, contractor inspection will not be used.

Water for ..COnstruction: Due to the small quantity of water that will be
needed to perform the items of work water has been included as a subsidiary
item to the bid item which it will be used, namely earthfil!, structure
backfill, and.drainfill.

Construction Schedule

The contractors.cons-tr~uctioll sc"hedule .."s~,q,~~p ,~e;:,fl~xi1?le,:,"~;o ~void breaching
the dam dur-ing- unu"s~a'i~ or threciteniDg weather conditions •

An emergency action plan should be prepared by the sponsors in case of an
emergency condition.



Construction Review

A SCS Geologist will examin and map embankment cracks along the trench side
walls of the FRS. Timely notification of the construction activities will
need to be given to the geologist such that the contractors delay will be
minimized.

A shield will be used for the mapping of the embankment cracks within the
trench. It is anticipated that the shield unit will be moved by winches or
towed with cables by construction equipment. ~eep a safe distance from taut
cables.

Persons working above the shield should be aware of those working in the
trench. Scrape your feet before walking onto the platform and avoid kicking
dirt and rocks into the trench.

ADWR will inspect the trench excavation and foundation before backfill
operations. Coordination for timely inspections will be needed.

·- Recommended:
Date

•

Approved:
Cons rvation Engineer Date
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Ali 9 ht wei ght,
capac i tyand y

uni t features i
posit i vee ontro:
2 cycle, air c
22-11/16 x 12-t
lbs. (Use with
DO 500

Use with the DO~

depth of 12 fee
au ger wi th carb
au gers; an auge
inserts. Shipping
DO 501

A precision riff
granular materia
exacti ngquanti
Top hopper and
wi de c hu testa
of stainless steel
wi th 2 pans. Size"'
wei ght 5 lbs. .••~

K 2022

·MICROSPLITTER

PRICE
.. EACH

'SHIPPING
WEIGHT

STOCK
NUMBERITEM

A~CESSORIES FOR ELECTRIC ROTARY HAMMER

MINERS

ELECTRIC ROTARY HAMftER

AEG/·.....···_··· .. _..IIiiiiiiiiiii-~.--••.iiiiiIiIiiiiII-......_ ................1IIIIIiIiIIIIII

t'~'1
*380 rpm FULL LOAD SP EED
*3000 BLOWS PER MINUTE
*POWERFUL 7.5 amp 800 watt Motor
*SIX TOOLS IN ONE

An e'asy to use rotary- hammer that is six tools in one. It is
des i gned for dri 11 i n9, rotary hammering, haJ1111ering, chipping,

. chisel ing, and seal ing. Vibrations and recoils are absorbed by
the speci ally designed percussion body•. A safety clutch protects
the opera tor shou 1d the bi t jam. Size: 16" x 10·· x 3-1/4".
Weighs 13-1/2 lbs. Complete with metal carrying case, .fully
adjustable side handle and depth gauge. Shipping weight 29 lbs.
K 2060 . $ 749.65

This kit includes: one Miners K2060 electric rotary hammer; one
1500 watt portable generator; one I'· x 16" carbide dri.1l bit; one
bull point; one 1" wide cold chisel; one 2" wide sealing chisel;
anCl250feet of 12 ga~ge.~. ·.~tre.~lectric cord.•....ShpgwtI80 lbs.

·~¥:;/~~~:.,,.:~.·;~t· i;.:~2r:t~If:~~·J~:~G~~~~,"l.:li4:~L~:~.~;.i,}.:.:~-.~'····' ," .; :..... .' .... ..$1872.qg
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$ 35.30

n--
MINING PICk

This . Pic kIM ~ t to ck is des igned for
use l~ breaklng and trenching operat
The ~lck h~ad measures IS- from ma
top 1 C k po 1 nt,- wit h a 2- wide ma~
blade. ~he hardwood handle is 36
and spec l.a lly designed to match the
head. Welghs 5 lb 3 oz. Shipping WE
7 lbs. Pick head made in Spal·n
AO'695 0 • 0 $ J

HOE PICK

lightweight. ,all steel, easy to ~I
c~rry 4 1b. too 1 can be used as
Pl ck, hoe, we.dge,and prybar. .-;:..\
Forged steel head •. Bluer'-
nyl o~-vinyl gr i p. Length 26a •

~ S11~: ng temper.ShiP~ing weight~.
AO 670 $ 35.80 0... •

WOODEN HANDlE GEOlOGIST'S PICk

A finely crafted pick with the 1
and fee 1. of qu a 1ity. The pick h
fs 7-1/4- from hc1lllller to pick poil
wit h ~ 3/4- hc1lllller surface. The p
head 15 of chrome-p 1ated steel.
hard-wood h~ndle measuring 13~
1e~gth provl~es ~sl ightly contour
gr 1 P for eas 1 er rock ch i pping a
br ~ akin 9• Wei ghs 22 oz. Sh i ppi
welght 3 lbs. Made in Spain
AO 545 • $ 22.

FIBERGLASS HANDLE GEOLOGIST'S
PICk .

A Well constructed rock pick
featuring a fiberglass handle a
comfortable contoured grip, and a'25
ounce weight. The pick head is lin
fro~ hammer to pick point, with a
3/4 hammer surface. Fiberglass
handle with cushioned grip is lOi" .
~ ong. . Shi ppi ng weight 3 lbs. · Made
1". West Gennany.
AO 548

Pointed tip rock pick, 22 ounce
head. Pol f shed head and shank.
Brown laminated 1eather grip.
Shipping weight 3 lbs.
PICK ONLY
AO 633 $24.30
PICK WITH SWING HOLSTER (01679)
AO 635 . $ 41.68

CHISEL EDGE ROCK PICK

ROCK PICKS EstWin~

ESTWING LONG HANDLE PICK

The 16" 1ong handle and 22 oz.
pick head aid in providing extra
leverage and prying power.
Forged one piece head and
handle. Blue nylon-vinYJ
cushion grip. Shipping weight 3
lbs.

AO 640 $27.56
WITH SWING HOLSTER (01679)
AO 641 . $ 45.35

Es twi ng del ivery time during 1988 has extended from an average
o f 1 5 5 day s t 0 i n ex ce s s of t 98 day s , resu1tingin
unanticipated "stock out" on the popular. Hoe Pick and Long
HandledRockPicJc. Estwing reports they are making production
faci 1ity adjustments to improve the situation and assure a
more prompt availability of these items. -

ROCK PICKS TO MEET VARIOUS SAMPLE COllECTING NEEDS!

POINTED TIP ROCK PICK

22 ou nce head. Pol is hed head
and shank. Blue "nylon-vinyl 20 ounce head. Polished head
grip. Shipping weight 3 lbs. and shank. Blue nylon-vinyl

'.1~'~~f~~~ltri~i~~"'?F;;"'}!'''i;:C~~'$"~.;84 ~f~~·ON~~i ppi ng wei9ht 31b$ •

PICK WITH SWING HOLSTER (DI679) AO 660 $ 25.28
AO 663 S 42.54 PICK WITH SWING HOLSTER (D1679)

AO 671 $42.93

.14 ou nce head. Po1is hed head 12 ounce -head. Po1is hed head
and shank. Blue nylon-vinyl and shank. Blue nylon-vinyl
g·rip. Shipping weight 2 lbs. grip. Shipping weight 2 lbs.
PICK ONLY . PICK ONLY
AO 661 $ 24.00 AD 664 $ 24.20
PICK WITH SWING HOLSTER (01679) PICK WITH SWING HOLSTER (01679)
AD 672 ' S 41.43 AD 673 "$ 41.61

(SWING HOLSTER DESCRIBED ON PAGE 42.)
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Z~~\' United States .
~ Department of

Agriculture

Soli
Conservation
Service

.' -West National Technical Center
511 Hi Broadway, Room 248
Portland, Oregon 97209-3489

Subject: ENG - Vineyard Road DaaRepair,
Drain Outlet Design Criteria

Date: January 24, 1989

.To: -Ralph Arrinqton,··- State_~.c()nser·va·t·ion·-Engineer., ··-FIIe code: ---- --210~-13DSCS, Phoenix, Arizona ...."_._._- __..._-. -0.- ._'~.-'.o=-_.. .. . _ -=,._~-'-~.~_.- --~-~

-----. -_. - ----In -response to your request for··further-documentation-of-wny- -i-t-is ..technically- _
possible to change the original design requireaents for outlets from the
central transition, we offer the following discussion. This discussion
supplements previous reasons listed in your letter of July 2, 1985,- and our
agreement with those reasons in a letter dated July 15, 1985.

•

•

Many.reports, by.nUllerous .investiCJ~tors, show· the cracking ·at this site to be
dynamic. Most of these reports indicate desiccation is presumed to be a major
cracking mechanism. This is support~dnot only by the various reports but by
the crack pattern. observed at Vineyard Road.

Desiccation cracks usually have an orthogonal polyqon pattern. This pattern
was observed at Cell No. 2 and recorded by video tape. Consequently, some of
th~ cracking at Vineyard Road is of a type that is caused by volume change
behavior and will be' very susceptible to moisture change effects.

soil vo~ume change behavior can be expressed asafunction of stress state
variables and material properties. Two constitutive relationships exist that
represent this behavior. One relationship is based on the soil structure
while the other is based on the water phase. The first of these relationships
is referred to as elastic equilibrium'while the second represents plastic
equilibrium-.

A study of these two. relationships indicates the mode of failure of a
desiccated soil is better represented.by elastic equilibrium than by plastic
equilibrium. Results of experimental work by Fredlund and Jacky Tak Kwai Lau,
at the Univer,sityof Saskatchewan, has shown this to be the case.
Consequently, the process does not ·result in,. shearing stresses at 'the particle.
contacts but rather particle separation due to the pulling force of the matric
suction pressure.

since desiccation cracking is the result of soil volume reduction, elastic
equilibrium analysis should represent the physical behaviorofcrackinq at
Vineyard Road FRS. Consequently, a reversible process prevails and results in
a direct relationship between an increase in water volume and a reduction in
crack width. Therefore, any introduction of water will cause expansion of the
soil with a corresponding reduction in crack widths. With the closing of the
cracks, water movement from the surface of the dam to any point in the

A The SoIl eonservatlon serviceU Ie an agency of the\WI United Stat.. Departmentof AgrIculture

* u.s. Government Prlntl... Office: 1.15-I21-MIADS77



•\ Ralph Arrington
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•

interior of the embankment will be reduced to a hydraulic conductivity with a
conductivity value near that of the compacted soil at saturation. The time
necessary for the swelling to·occur, based on field trial observations, is
nearly iJllllediate. This is further supported by the high aatric suction
associated with soils comprising Vineyard Road. The higher matric suction
value will result in a faster movement of the water into the soil. Most
desiccation-cracks are initiated at a matric suction of less than10_JtPa (1.45
psi)for--lIlost soils .-=-Oue to the silty nature of -these soils at--Viileyard--Road
PRS, the suction value would be greater.

Once the crack has closed and the soil is saturated, the rate of water
---- -movement is less than --the reservoir--.drawdowD-time. As the field trial has

shown, a saturation time in excess of 20 days resulted in a water penetration
of less than 30 cm (12 inches). This means that water in any appreciable
amount, even at the maximum possible depth, never reached the upstream edge of
the central transition zone.

To theoretically ~llustrate the effect of cracking due to desiccation, actual
crack depths were compared with critical depths calculated using the following
equation:

de =(Dwl(~t-H1).(EIR)

Where: de = theoretical crack depth
Dw =depth of water table
Fw =Ilatric suction profile factor

t =total unit weight of soils
TW = total unit weight of water
~= Poisson's ratio
E =elastic modulus with respect to total stress

(a -Ua )
H =elastic modulus with respect to matricsuction

(ua - uw)
ua = pore air pressure
Uw = pore water pressure

o = total stress

The results qf these comparisons show that the depth of cracks measured agree
very well with those calculated. For example, a maximum crack length of 21.5
feet was measured. Using the elastic equilibrium equation and the follwoing
values to represent an average soil condition at the imposed stress level, a
crack length of approximately 20.5 feet was computed.

Fw = 1.0 T =17.99 kN/m3 (114.5 pef) Dw = 112.78 m (370')
JJ.. = 0.3. t~ = 9.08 kN/m3 (62.4 pef) D/Bm = 0.133

Where: E1H = D(1+~) (1-2~)/38m(1-JJ)

D = constrained modulus with respect to the net total stress
(0 - ~a)

8m = pulk_~~dulus-........__._-------
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d ~ (112.78)(1) (9.08) (0.133) (1 +.3)(1 - 2(.3»~ 6"25 II (20.5ft)---
c - - (0.3) (17.99) (3) (1 - 0.3) -.

other soil conditions and stress levels can result in depths of cracks similar
to those measured. The D/Sm values are based on data from the
literature and not actual data. However, the value used is representative for

--. .- --..----.-- .. soi15 --to~pd:~t-~~ineyard -=-.Road.-~.~~~_=~-~-~·-==:-.:·_-~=.~~~--.~-=- ..o-~~--:-c~ :-- - --~_=-==:. ~-_.-_.._-~-:~.~.. ::;-.;:~_.= ~..~~:~::~~~--=----_.~~- .-- ~-

A further indication of desiccation is the results of COLE and other shrinkage
tests which show the majority of the soils have a high potential for
shrink-swell. ------ ------------------- -_.- .--.----------_.-------.---

Samp~e

Type
usc~ LL PI SHRINKAGE LIMITS - Range

COLE SL SR VC LINEAR
(5) (\ ) (gI cc ) (5) .(\ )

•

Embankment CL 29 13 7.98 13.7 1.88 25.9 7.4
CL 27 11 8.24 13.3 1.90 22.8 6.6

Foundation CL 26 8 4.69 12.5 1.13 14.75 4.5
SC 38 13 9.55 13.1 1.75 31.52 8.7

Where:
uses-= the Unified Soil Classification System

LL = the liquid-limit of the soil
PI = plastic index of the soil

COLE = the Coefficient of Linear Extensibility
SL = shrinkage limit
SR - shrinkage ratio
ve = volumetric shrinkage; (100([COLE+ 1]3 - 1».

LINEAR = Linear shrinkage computed from the following equation
[1 - (100/Vs +100) 1/3] 100
Where:

Vs =volumetric shrinkage; (100([\w - SL])SR).
\w = percent moisture of SL test

The results of clay lIineralogytests indicate all soils analyzed had moderate
amounts of clay .ica and smectite and s.all amounts of kaolinite. Since this
represents a mixed mineraology, how the soils will shrink-swell is governed
mostly by the smectite. Consequently, shrink-swell lIay be higher than
anticipated. Other index tests, like AI (Activity Index), indicate some
intermediate value for shrink-swell potential for these soils.

All of the previous discussion shows that these soils will experience crack
closure. Unless the crack is maintained o~en bf hydraulicfracturinq,closure
will occur each time there is an increase 1n mo~sture content. Closure will
occur even if the crack is the result of differential settlement or collapse.
In those cases it may not close completely due to swelling but as the plastic
equilibrium equation shows the crack walls will collapse due to loss of

/
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stability upon saturation. This collapsing compliments the effects of the
swelling. The plastic equi1ibriull equation, in addition to having some of the
same parameters as ·the elastic equilibrium equation, contains a cohesion
intercept and unconfined compressive strength parameter. Consequently,
changes in water content will have a very large impactoD cracking widths by
reducing the critical depth.

It -is-ver-y unlikely -that hydraulic fracturing -isposs-ible-with-~-the=-~.axirAD~~-~-~

water depths that can occur at this site, the stresses that develop as the
result of the soil swelling and the time over which the maximum water depths
in the reservoir will develop. Please refer to a letter from Donald E. . _
Wallin, dated June 17, 198~, d~scussingthE! head of water at which hydraulic--fracturing. may·- occu-r-. . -- -- ---- ------.-- ..... _-- -.. ..- .-- -'- -_...-

As noted in your letter dated July 2, 1985, a second line of defense against
the need for outlets originally planned.does develop. That defense is the
effect of the -Filter Cake- which develops at the interface of the transition
zone material and the embankment soils wherever a crack exists. This cake
will act to reduce the permeability of the transition materials to a hydraulic
conductivity value near that of the compacted soil at saturation. Therefore,
the high seepage volumes that are normally expected through a crack will not
develop. The amounts are very small due to the low permeability and the small
area transmitting the flow. This is true until total saturation of the
embankment occurs. At that time, steady seepage conditions will dictate the
need for outlets. However, as previously discussed, steady seepage conditions
will not occur during the allowed drawdowntime.

Based on the previous discussion, the need for outlets originally designed for
the ceJ!t,~.al transition zone does not appear to be necessary. We do not object
to using the existing vegetative outlets to provide outlets for the transition
zone but we believe they will not provide the anticipated safety factor. This
is because of the long flow paths needed to reach the outlets. The water
heads between the outlets necessary to push the water over these long flow
paths would result in most of the water flowing out the existing cracks rather

. that flowing to the vegetative outlets. Consequently ,the increased safety
factor obtained will only be for the immediate area of the vegetative outlet.

If you need f~rther help with this problem, please contact Clifton Deal.

~tt<!«1L.~
w. R. EVANS
Head, Engineering Staff

cc:
Charles R. Adams, State Conservationist, SCS, Phoenix, Arizona
Stanley N. Hobson, Director, SCS, WNTC
James R. Talbot, National Soil Engineer, SCS, Washington, D. C.
Clifton E. Deal, Soil Mechanics Engineer, SCS,WNTC
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Wes~ National Technical Center
S11 NW Broadway, Raem 248
Portland, Oregan 97209-3489

ENG Vineyard Road Dam Repair -Drain Outl.t
Desion Criteria.

January 17, 1989

Ralpt1 t1. Arrington, State,Conservatian Enginee,..,
SCS,Phaenix, Arizona

210-22

•

Inr-esponset.a your-request: far furtherdocumentat.ion of why it is
technically possible to chang. the original design requirements far
outlets from the central transition, "eoffer the fallowing discussion.
This discussion supplements previous reasons listed in your letter of
July 2, 1985 and aur agreement with those reasons in _ lett.,. dated July
15, 1985.

Many reports by numerous investigators show 'the cracking at this site to
be dynamic. Most of these reports indicate desiccation is presumed to
be amajarcracking mechanism. This is supported not only by t.he
various reports but by the crack patternabservedat Vineyard Road.

Desiccation cracks usually have an orthogonal polygon pattern. This
pattern was. observed at Cell No. 2 and recorded byvldeo~.p••
Consequently, same of the cracking at Vineyard Road is of. type that is
caused by velume change behavior and Nillb. very susceptible to
moistur. ch.ange effects.

Sail volume change behavior can be expressed asafunc~ian of stress
state variabl". and material prope,..ties. Twa canstit.utlv. r.lt1lt.ionships
exist th.trepresent this.behaviar. One relationship is based an ~h.

soil structur• ..,hil. the ather is based an th. Nat.,. phase. The first
.ofthesl! relationships is ref.rred to as .lastic: equilibriu. while the
second represents plastic equilibrium.

A study of these two relationships indicates th. made af failure of •
desiccat.ed sail is bette,. represented by elastic equilib,..lulI than by
plastic: equilibriufI. Results ofexperl.ental Nark by Fredlund and Jacky
Tak Kwai Lau at the Universit.y af Saskatchewan hAS shown ~hi. ta b. the
case. Consequently, the process dees nat result in shearing stress•• at
the particl. contacts but ra'th.r particle separation due to ~h. pulling
far-c. of th. .atric suction pre.sur.. I
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Since desiccation crackingi. t:her.sult of sailvolullle rttductian,
elastic equilibrium analysis should r.pr.s.n~ ~h. physical behavior
of cracking .~ Yineyard RaadFRS. Cansequ.ntly, a reversible process
prevails and results in _ directrelatlanship between an incr.ase in
water volume and A reduc~lan in crack Nidth. The,.ef~~II,~!lV

i nt,..aductiQl1c:Jt",,~'t.e,. ...i11 CAuse.xpanslOOQf ~h. '-.ai-I' -"i__ttt.,_A
cor,..span-dingreduc-t.i.-an In crack widths. Wi t.h the closing of the

-- ---c;rwc;k.,- .........t;cr -RlQve...nt--~.---a. i:h. -.grf-ac:e- Q'-~h. d •• to any poini; in i;he
i nterior of the embankment wi 11 b. reduced to il h¥d~-Aul-ic-c:anduc,t_i_~it y
with Acanductivity value n.ar th.~ af~h. compacted sail a~ saturAtion.
The time necessary far the swelling to occur, bAsed on field trial
observatlans,is nearly immediate. This is fur-ther- supported by the
high ",atric: suction assDciatedNith sail. comprising VineyArd Read. The
higher- matric: suction value Nill result in • faster mavement of the
Nater into the sail. Mos! desiccAtion cracks are inl tiated .t • Ilatric:'
suction of less than 10 kP.(1.4S psi) fer most sails. Due ~a the silty
nature of ~hese soils At VineVA,.d Road FRSth. suction value would be
greater.

Once thecrackhasclased and the sail ~. saturated the rate af Hater
movement is less thanthe,.eservalr drawdawn time. As the field triAl
has shoNn, a saturation timei#n excess of 2m days resulted in a water
penetrat.ion of less than 30 cfft(12 inches). This means that water in
any appreciable amount,even at thetnaximum possible depth,never
r.eachedthe upstream edge of the central transi tian zane.

To theoretically illustrate the effect of crackinodue tadesic:c:atian,
actual crack depths Nere compared ,Ni th cri ti.cal depths calculAted using
the falloNing equation.

de - (Dw) (Fw) (T.) (E/H)
(p)(T)

Where. de -DN •
FN •

'r •
'rw •

II •
E -
H •

u. -u... •
r •

theoretical crack depth.
depthta Nate,. ~.bl••
ftlatric suction profile factar.
total unlt ....ight of sails.
total unit Neight of water.
PaissOn'. ,..tio.
ela.tic MOdulus Nith respect to tat.l -stress
C.. - u.l.
elastic: .adulus ",ith respect to ",.tric:
suction Cu. - UN).
Pare .1,- pressure.
Par. Nater pressur••
Total st,..ess.

•
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The r.sultsaf these comparisons shaN t.hat the depth of crAcks measured
agree very well "i~h the•• calculAted. Far example, • maximum crack
lengthaf 21.S feet Nas ••Asur.d. Using the elastic equilibriu.
equation .nd~h. fallawingvAlu•• to represent an average sail condition
at the imposed stress lev.l, A crack lengthaf approximately 20.5 feet
was computed.

FN • 1.8 ~. 17.99 kN/.s (114.S pcf)
p - 8.3 T. - 9.88 kN/.s (62.4 pcf)

D. - 112.78 • (37m-)
D/B. • 8.133

•

Where: E/H - D(l+p) (1-2p)/3B.Cl-p)
D - Constrained modulus Ni~h respect to the net

tat.l stress ( • - p~).

B. ~ Bulk modulus.

de - (112.78)(1)(9.09)(0.133)(1+ .3)(1 2(.3») -6.25 m (2B.S ft)
(0.3)(17.99)(3)(1 - 0.3)

Other sail conditions and stress levels can result in depths of cracks
similar to thaselleasured. The 0/8. values are based an data from the
literature and nat actual datA. However, the value used is
representative far sails found at Y~neyard Read •

A further indication of desiccation is the result. of COLE and other
shrinkage tests which showth. majortty of the soils <have •• hiQh
patential far shrink-swell.

Sample uses LL PI SHRINKAGE LIMITS Rang_
Type COLE SL SR VC LINEAR

(X) (X) (glee) (X) eX)

Embankment- CL 29 13 . 7.98 13.7 1.B8 2~.9 7.4
CL 27 11 8.24 13.3 1.9Q1 22.80 6.6

Foundation CL 26 B 4.69 12.S 1.73 14.75 4.~ ..
se 38 13 9.:S:S 13.1 1.7:5 31.52 8.7

Where.

uses -LL •
PI ==

COLE -SL •
SR •
vc •

LINEAR -
•

Th. Unified Sail Cl.s5ifica~ian SY.~".

Th. liquid limit of ~h. sail.
PIA.tic Index of ~h. soil.
The Coefficient of Linear Extensibili'ty.
Shrinkage Li.it.
Shrinkage Ratio.
VoluM.tric: Shrinkage; (lmra([COLE + l]a - 1».
Lin••,. Shrinkage c:omputed fra. the fallowing
equationl

Y. • Volumetric. shrinkage, C188CeXw - SL])SR).
XIII • Percent -.aisture of SL t ••t.
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The results of clay fftineralogvt:ests indicat.es all soils Analyzed had
moderateA.aunts of clay .ica and smectite and small amounts of
kaolinite. Since this represent.•• Mixed Itineralogv, hON the soils
Nill shrink-sNell is governed Mastlv by the smectite. Consequently,
shrink-swell may be higher thAn anticipated. Other index t.sts, like AI
(Activitv Indl!x). indicat.t!!I some inl:ermediat.. value for shrink-swell
potenti~l for these sails.

All of the previous discussian shaNs that these soils Ni11 experience
crack closure. Unless the crack is maintained opened by hydr~ulic

fracturing, closure will Dccur each ~ime there is an incrsase in
moisture content. Closure Nillaccur even if the crack is the result of
differential settlement or collapse. In those cases it ",ay not close
completely due to swelling but as the plastic equilibrium equation shaws
the crack walls will collapse due talossof stability upon saturation.
This c:ollapsingcomplementstheeffects of the sNelling. The plastic
equilibriu. equati·on, in addition tahaving some of the same parameters
liS the elastic equilibrium equation, contains a cohesion intercept And
unconfined compressive strength parameter. Consequently, changes in
water content will have a very large impact on cracking widths by
reducing the critical depth.

It is very unlikely that hydrAulic fracturing is possible with the
maximum water depths t.hat can occur at this site, the stresses that
develop .as the result of the soil swelling and the titRe aver Nhich the
maximum water depths in the reservoir-will develop. Please refer to a
letter from Donald E. Wallin dated June 17, 1986 discussing the head of
water at which hydraulic fracturingm~y occur.

As noted in your let.ter dated July 2, 1985, a second line of defense
against. the need far outlets originally planned does develop. That
defense is the effect of the "Filter Cake- which develops at the
interface of the transition zone material and ~he embankment sails
wherever a crack exists. This cake will act to reduce the permeability
of the transition materials to .. hydraulic conductivity value near- that
of thecampacted soil at saturation. Therefore, the high seepage
volumes that are normally expected through a crack will not d.velap.
The amounts are very small due to t.he law permeability and ~h. small
area transmitting the flaw. This is true until total saturation of the
embankment occurs. At that t'imesteady seepage candi ticn. will dictate
the need for outlet.s. However, as previously discussed steady seepage
conditions Nill not occur durinQ the alloNed dra..,downti...
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Based an ~he previous discussian, the need far outlets originally
designed for 'the central transition zane doe. nat appear tabe
necessary. We do nat abject to using the existing vegetative outlets to
provide outlets far the trAnsition zane but we believe they will nat
provide the 4lnticipated ••fety fActor. This is because of the long flaw
paths needed to reach the outlets. The water heads between the outlets
necessary to push the water aver these lang flow paths would result .in
most of the water flawing cut the existing cracks rather than flawing to
the vEgetative outlets. Consequently, the increased safety factar
obtained will only be for the immediate area of the vegetative outlet.

If you need fur-ther help with this problem, please contact Clifton Deal.

w. R. EVANS
Head, Engineering Staff

cc:

•

. Charles R. Adams, State Conservationist, ses, Phoenix, Arizona
St:.anley N. Hobson, Director, WNTC,SCS,Portland, Oregan

\: JamesR. Talbot, National Sail Engineer,SCS, Washington, D. C•
. - .... Clj_.J~nn..r;:__.. ..Dliilal ..._.Sail MClc:han:i-~s Engineef"")--WNTC, ceo, Portland, Or~yull

•
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West National Technical Center
~11 NW Broadway, Room 248
Portland, Oregon 97209-3489

ENG - Vineyard RaadDam Repair - Drain Outlet
Design C,.i~era.

210-22

•
RAlph M. I\r-ringt:an. gt.at:a Concorvatian &;;;:ngir'ClQr.
BeS, Phoenix, Arizona

In r.cponce ~oVou~ r.~I~~. 4ar 4ur~herrlacumentatiDnof Dur letter
of July 15, 1985 and your letter-af t1uly2, 1985, we-offer the
following:

1. Due to the many reports shoNingthat thecrac:king at this site
is dynamic, desiccation is persumedto be a major cracking
mechanism. This is supported not only by the various reports
but by the crack pattern observed and recorded by videotape at
test Cell No.2.

2. Soil volume change behavior can be.expressed as a function of
stress state variables and material properties. Two
consitutive relationships exist that represent tnts benaVlar •.

- .- '.. --LI...._...P"..T-ATJ:13nsn:J.~:"I..··"D..§"I!D- on~e -501-"'- st:.ructure WilL 1~ LII~ U\.IIt::f

ic.ba~Dd on +h. w~.pr ~h~~p_ Th~ first of theserelatianshiDs
1s refered ta 85 .la5ti~ equilibrium while ~he second
,..c:p,..c::sc:n~:5 pl.a=-'I:ic ctquilibriulII. Aci:.udy c.f: t:.hOGCI t:.wo

relatio'nships indicates the l1odeoffailureaf a desiccated
sail is bei:t.er r-epr-esent.ed bvelac;~ic: equilibrium t.hAn b',l¥o'-'-----
plastic equilibrium. Results of experimental work by Fredlund

-and -JaCky -Tak- "weir a:..u--dL---t:1n=e° l:JITCvl:f ::.i Ly gf' Sa::akai:.che:wan ha:s
shown ~his to be the case. Consequently, the process does not
~ocul~ in .hg~rino ~.r~~~~~ A~ ~h~ particle CDn~acts but rather
paricle separation due to the pulling~orce of the ••tric
suc:tianpr~ssu,..e.

Since desiccation cracking is the result of soil volume

•......

reduc:tion, elastiC. equ.il. ibrium analysis should represent the
pnyslcar -ueMiIVtl:Jr- o-r crill:klng-.- - - Can5equl:'"11.1 y, ... w••r .iLll.:
precess prevails and results in ~ direct relationship between
an in~rea5ein water volume and a reduction in crack width.

---------------:rher-e.f.or_e,-Anv i-nb--Oduct.ian of Nat:Qr will cause I!XpanSiDn of
the soil wi~h • corre.ponding ~.duc~iDn in c~.ck wid~h~_ With
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the closing af 'the cracks ..ater Movement from the surface of
the dam to any point in the interior of the embankment Nill
be reduced to A hvdr.ulic conductivity near ~h.~ of ~he

c:onap4Ilcted sail at ••turatian. The 'time necessary far the
swelling to occur. based an field trial abservai:ians, is nearly
immediate. This is futhersupported by the high ••tric suction
associ.t.ed with sails cDlftprising Vineyard Road. The higher
.atric: suction value ...ill result in A faster Movement of the
water into the soil. Host desiccAtiDn cracks are initi~ted tilt
a .atric suction of less than 1m kPa (1.45 psi) for most soils.
Due ~a~hesilty nature of ~hese sails the suction value would
be or••t.r.

3. To theoretically illustrate that desicc:ationisa major
cracking mechanism,acutal crack depths were compared with
critic:al depths cAlculated using the following equation:

A. de =

Where: de =

• Dw =
Fw =,. I:

T... -=
V =
E =

H =

Dw
U 'r

Fw T.... (E/H)

theoretical crack depth.
depth to ~ater table.
matric5uc:tion profile factor.
total unit weight of 50ils.
total unit weight of water.
Poisson's ratio.
elastic modulus with respect to total stress
(0- - u.).
elastic modulus with respect to matric
suction(u. - u.'.

B~ The results of these comparisons show that the depth of
cracks measured agree very well with those calculated. For
example,. maximum crack length of 21.5. feet ~asmeasured.

Using the following values to represent an average soil
con~ition at the imposed stress level, a crack length of
approximately 20.5 feet was computed •

. Fw .. 1.e
JI I: 9.3

T : 17.qq kN/ms (114.5 pcfl
T_ = 9.18 kN/ms (62.4 pcf)

D. = 112.78 m (370 P
)

DIS. c 0.133

•
c.

Where: E/H - D(~+V)(1-2V)/3B_(1-V)

other soil conditions and stress levels will result in
depths of cracks similar to those measured, The D/B•
values are based an data from the literature and not on
ac~ual data. However, ~he value used is representative for
sails found .t Vineyard Road.

A further indication of desiccation is the results of COLE
and ather shrinkAg_ tests which show the majority of the
soils have a high potential for shrink-swell.
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Sample uses LL PI SHRINKA6ELI"ITS - Range
Type COLE SL SR VC LINEAR

ex) (X) (glee) eX) (X)

E.banklllent CL 29 13 7.98 13.7 1.B8 25.83 7.4
CL 27 11 8.24 13.3 1.90 22.80 6.6

Foundation CL 26 B 4.69 12.5 1.73 14.75 4.5
SC ~B l~ 9.55 1::5.1 1.75 31.52 8.7

Where:

uses • The Unified Sail Classification System.
LL := The liquid limit of the soil.
PI - Plastic: Index of the sail.

COLE = The Coefficient of Linear Extensibility.
SL = Shrinkage Limit.
SR = Shrinkage Ratio.
VC = Volumetric Shrinkage.

LINEAR = Linear Shrinkage computed from the fallowing
equation:

~ [1-(100/V.+100)a,al100

D. The results of clay mineralaQytests indicates all seils
analyzed had moderate amounts of clay mica and smectite and
small amounts af kaolinite. Since thi5represents a mixed
mineralogy, hew the soils wil1shr~nk-swelli5governed
most.ly by the smectite. Consequently, shrink-swell may be
higher than anticipated. Other indeK tests, like AI
(ActiVity Index),indicates some intermediate value for
shrink-swell potential for these soils.
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~.~~~.' Unit.ed States .
~ ~ Department of '

• Agriculture

'\-.-

,Soil
Conservation
Service

~estNational Technical Center
511 NW BroadwaY,Room 248
Portland, Oregon 97209-3489

SUbJect: ENG - Soil Mechanics -Arizona (WF-08)
Vineyard Road FRS

Date: October 31, 1988

To: Lorn ~nni9an, Head, Soil Mechanics
Laborat'*'~;f, SCS, Lincoln, Nebraska

~;;i

File code: 210-22

Enclosed is a request for supplemental, testing for the Vineyard Road Site.
The samples are already in the laboratory., If you cannot find all of the
samples listed, please perform the tests on those samples you still have.

Enclosure

CL TON E. DEAL
Soil Mechanics Engineer

During the Free Swell testing, please record the time involved from
introduction of the water to completion of swelling.

•
'~;Ilalph ·.Arrinqton,State Con'servation ·Engineer{~>~SCS,':·;:Phoeriix;,':,·Arizona

w. R. ~vans, Head, Engineering Staff, SCS, WNTC

• A The 8011 eonaervatlon serviceU .. an agency of the~ United Stat•• Department of AgrlcuUure

*u.s. eo..rnment Prlntl", Office: 1.IS-SZ.-MlAAS77
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DATE 11/25/88

8423 6308 SCS-WNTC,PTLD OR

ARIZONA CRACKED DA" FIELD TRIAL - SOll TESTS

10/25/88 11:15

PAGE t

003

4> •., ...• , •• -----+----+------+------+--------+---------+-_._+--_.~-+------+-----+---------+
( .. Lab. IFi e1 dIAU.rberg : Sieve IHydrcaeter IShri RhoeICOLE I Unit IItoisture:Fret IPtrleab11i ty I
'- t No. I No. : lilitslAnalysisl Analysis I Lilit I Ufei;ht:Content ISwelll I

t--------+-----+------·--t--------t----------+---------+----+------+--------+-----+------------+
+--------+---_.+---------+--------+----------+---------+----+------+------.--+-----+---._-------+
184..667 ..: I I I I I I : I I
+--------+._.~-+---------+-_.-----+----------+-_._-----+_.--+.-----+....._--+-----+-_.__....---+
:85.,1127 I x x x 1 : X I " ,, I
+---·----t-----+---------+·-------+----------+---------+-_··+------+....---.+-....+....-~._--.+
:85..J828 J 1 I I J

+--------+_.---+---------+--------+--------*.+...._----+----+------+--------+-.---+------------+
185..1129 I I X X I I l :

+--------t-----+---------+--------f--··------+---------+_·_-+------+--------+-----+------------t
:8S.1131"1 I X I I
+--------+-----+---------+--------+----------+---------+----+------+--------+-----+------------+
IB5tl1197 I X X I I I X I

+-------·+-----+---------+·----·..+-------_·_+---------+----t------+--------+_..--+---------._-+
185M119BAI I x x J I X I x
+--------+-----+---------+--------+.---------+---------+..--+------+..------+-----f------------+
185..189881 I x x I l X I
+-----._-+-----+---------+--------+----------+-...-----+_.--+------+--------•...--+---_...-----+
:85..1199 I J x x J III X x : I

+--------t-----+---------+·-------+-------···+---------+----+------t--······+-----.---·..._---..
IB5Ml1HAl· I X t X I I I X I X I tIl

e,.

~;~;;;;-r·--~----~----;-·~;----;_--~--.-.--.;----~--;---;--;--;--·-;-.·-;-.--;-.---~---·r
l' .+-·------+----+------+--------t--------+_..-------+·_-+·-----+------+----+--------+
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GV\ unl.te.d States
'2 Department of

~ # Agriculture

'.
Soil
Conservation
Service

West National Technical Center
511 N. W. Broadway, Room 248
Portland, Oregon 97209-3489

SUbject: MGT -. Trip Report, Arizona Date:

September 27-30, 1988,
To:W. R. Evans,~Bead, Engineering Staff, WNTC· Ale code:

~"V.,

October 12, 1988

330-

Purpose: The primary purpose of this trip was to provide assistance in the
evaluation of joint preparation for the repair of joints on Reach 4, of the
East Maricopa Floodway.

Participants: Don Paulus, State Design Engineer, SCS, Arizona
Elde Chevaz, Design Enqineer, SCS, Arizona (part~time)'

Noller Herbert, Project Engineer,SCS,Arizona (part-time)
Larry Moliter, Inspector, SCS, Arizona
LelandSaele, Design Engineer,SCS, WNTC

Background: A portion of Reach 4, of the East. Maricopa Floodway (RWCD R4),
consists of a concrete lined, trapezodial shaped channel, approximately 6700
feet long with~xpansion-contractionjointsatfOOfoot intervals. The
sealant used to seal the joints failed shortly after installation. An
investigation report attributed the failure to joint design. A construction
contract has been awarded for repair of the joints. This will include an
initial phase for testing and evaluation of three different joint widths. The
contractor began preparing the test joints on September 26, with an estimated
completion time of three days.

During the week we also visited Vineyard Road Dam, the nearly completed
Apache Junction Dam and Bulldog Wash Floodway projects, and made a general
inspection of RWCD Reach 4 and the recently completed Reach 5 for rilling of
the side slopes or other ~otential problems. The final design for the repair
of Vineyard Road Dam will be prepared by the state design staff and forwarded"
to the WNTC for approval by the end of the year.

Findings/Recommendations:

RWCD R4,JointRepair: Several visits were made·to the site·throughout· the
weektoobsei~e the contractor's operations and to discuss progress with the
SCSinspector and project engineer. The concrete temperature sensors had been
installed and were functioning well. The measured temperature of the concrete
ranged from 72°F to 105°F between 7 a.m. and 4 p.m. The daily high ambient
air temperature was near 100°F. Saw cutting of the test joints to the
specified width was completed by Thursday afternoon and cleaning of the joint
face was underway. The saw cutting and joint cleaning operation was
progressing at a considerably slower pace than· indicated .. by the contractors
schedule .

•OThe 8011 eonHrvatlon8ervlce
Ie an aGency of the\WI United _t•• Department of Aarlculture

* u.s. 00........... Prtat.... Oft..: •••..-.a..II.AlI"



2w. R. Evans
October 12, 1988

Three joint widths, existing, 2-inch and 3-inch, are specified for the test
section. The contractor is using a high pressure wash and is experiencing
difficulty in removing all of the existing sealant from thellexisting" and
-2-inch fl jointwidths. Old sealant remains in pockets where stones apparently
were dislodged during the original joint, saw cutting and sealant installation
operation. A visual examination of the -2-inch fl joints indicated
approximately 5 to 10 percent·of the effective joint surface for adhesion was
still·covered with old sealant. Considerably more sealant was evident on the
-existing· joint faces. The contractor will have to put forth more effort to
properly prepare-these joints.

Existing sealant between the bridge piers and the channel lining is in
excellent condition whth no sign of distress. Because of the difficulty

\.~ involved in saw cutting at this location and the condition of existing
en' sealant, it is recommended that joints around the bridge piers not be

I disturbed.

Larry (SCS inspector) is well versed on the contract requirements for this
project and is doing an excellent job·of inspection and documentation of the
contractors work.

Reach 4 and 5: Although the general appearance of Reach 5 is excellent, there
is some evidence of side slope rilling in its early stages. The2-inch minus,
pit-run, gravel lining placed downstream of the Power Road Bridge shows no
sign of rilling whereas the earths16pe just downstream~fthis section has
several rills forming. The gravel, with a small percentage of fines, appears
to offer excellent resistance to rilling. Similar conditions were observed on
Reach 4, downstream of Station 530+00, where gravel cover C3-inch minus) was
placed on the upper right bank.

Nearly all of the 3-inch diameter drain outlets in the concrete lined channel
on Reach 4 are plugged with sediment. Inspection at two locations found
sediment completely filling the transverse drain outlet pipe to the -T
connec-tion and possibly some extending into the longitudinal perforated drain
pipe. Since the outlet pipe is 36+ inches long, it is speculated that there
may be reveise flow carrying sediment laden flow into the drainpipe. We
expect the situation to improve with the completion of Reach 6 and sediment
due to construction minimized. It is recommended that the drains ~e cleaned
to provide free outlets. Locating the drain outlets 12 inches or more above
the invert would have helped prevent this problem. ~

Piping of foundation material and rilling along the side was noted at three
grouted rock side inlets at the following locations:

left bank, just upstream of Sta. 570+00
left bank, Sta. 595+75
left bank, Sta. 625+00

•\
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Inspection of the exposed grouted rock section indicates that less than full
qrout penetration may have been a problem during construction. Expedient O&M
is recommended to control the piping and prevent further damage. Damage
should be treated by. pumping· or placing grout to fill voids under the
structure and placement of 3-inchminus, well graded, pit-run, sand/gravel
along the sides of the structures to control surface erosion. If, during
repair, it becomes apparent that numerous voids exist under the grouted rock,
the upstream cutoff should be exposed and treated to form a positive cut off
acoss the inlet.

Future designs using grouted rock inlets need to ·consider a more open rock
gradation, similar to what was used on Reach 5 for better grout penetration
and a more positive cut off.

Occasional areas of light rilling and some isolated deeper rills exist
randomly throughout Reach 4. Also, downstream of ·Sta. 605+00, in the vicinity
of the gas pipeline relocation,erosion and settlement of the left bank has
occuredalong a 3-footwide strip, diagonally up the slope, to the approximate
original ground line. This is apparently due to insufficient compaction of
material replaced after relocation of the pipeline but prior to the
construction of Reach 4. This damaged area ,as well .asany significant
rilling-that has developed in Reach 4 oI.Reach5, should be repaired by
filling with 3-inch minus, well-graded, pit-run, sand/gravel mixture.

Vineyard Road Dam: The design being prepared for this structure is to repair
damage done by excavation into the embankment during the study and evaluation
of flow through cracks that was conducted at this site several years ago. The
repair.alsoincludes installing a transition filter along the centerline of
the embankment where it was left out for testing. The test cells constructed
for the test do not appear to.interfere with the function of the dam and do
not need to be removed from a design standpoint. Theireasthetic value is
less certain and may justify removal:

Serio~s erosion was noted in at least one location on the downstream slope.'"
This was apparently. due to localized concentration of runoff from the top of
the dam. The eroded area should be filled with compacted material (per
original specifications) and concentration of drainage alleviated to prevent
further damage. A 12-inch thick section ofsandlqravel. in areas of .
concentrated drainage, graded as noted above for the RWCD Floodway, ·:Ilay work
well here, too.

~ction Items:
~tate Responsibility

Notify the sponsors of need for maintainance to repair rilling on channel
side slopes and side inlets on Reach 4 andS and to clean out drain
outlets on Reach 4.
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~~·2.
Notify the sponsors of need for maintenance to repair rills on the
downstream slope of Vineyard Road Dam.

•

•

WNTC Responsibility

1. Assist state design staff by preparation of designs .for control of
rillingfor evaluation by field trial.

I appreciated this opportunity to work with the Arizona design and
construction personnel and to evaluate structural performance.

cc:
Charles R. Adams, State Conservationist, SCS, Phoenix, Arizona
Stanley N" Hobson, Director, SCS, WNTC
Donald Basinger, Director, Engineering Division,SCS,Washington, D. C.
Ralph Arrington, State Conservation Engineer, SCS, Phoenix, Arizona
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AGENDA FOR
Vineyard Road.Drainfill Repair

f?t:1. dCSI1/lrC5eAkft6~a i gil Staft. Meet i ng
October 4, 1988 @ 9:00 a.m.

OBJECTIVES

1. Complete installation of the Drainfi I I, and

2. ,Repai r .ofall disturbed embankment by SCS forces.

DECISIONS MADE TO DATE

1. No crack eradicator dra.Ln outlets.wi II "be .... equired,. *ADv->\2. 0( J==c.o ~kpr&-'Sal flIe mrd hn,., dIJUlPl-e-Nf".h,,,. Pet) S"~r.esfedp""rh74hb] ~ C,/ t'i> hVl) ~~
2. Remove all foreign materials (piezometers,HDPE, etc ••• ), C)~ ~

3. Return dam to original design cross-section,

4. Map al I cracks in the center-I ine trench, and

5. Use the same drai nf i I I gradat i on. 6-o~ U;; n.~W -sY}1'\) - I )

{~RECOMMENDED REPAIR METHOD

DrainfillCompletion

1. Place drainfi I I uniformly across al I discontinuities
(Vegetative and Principle RIC Pipes Outlets, and un
trenched areas).

Station 102+00 to 111+40 (Test Cel Is *2 and '5)

1. Remove and recompact the embankment continuously betw~en

test cel I *2 and *5 down to the lowest point of known
distur~~nce (approximate elevation 1568.50).

2. Leave existing piezometers within the embankment
elevation 1568.50.

3. Side abutments would be on 3:1 slopes.

'I.'..•.•.'....•...•·f
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4. Test cells would be removed and excess material placed /'
between the toe of the dam and the edge of the conveyence
channel as a banquette.

Station 120+00 to 124+00 (Test Cel I *1) and
Station 252+00 to 256+00 (Test Cel I *3)

1. Spot repair embankment,

2. Each spot repair will be sloped back on a 1:1 slope and /
transverse cuts to the embankment wil I be sloped back on a
3:1, and

3. Test eel Is.would be removed and excess material placed
between the toe of the dam and the edge of theconvayence t/
channel as a banquette.

DISCUSSION

A. Leaving the test cel Is in place

c. Ramp access down into the dam, and

d. Asthetics (Brakes up horizontal I ine, wi Idl ife,
etc ••• )

1. The WNTC has expressed that they would give their
concurrence . for I e a v i n 9 the test eel Is in, p Iace •

i ~~

2. We feel tha following are banifits for leaving the test J(e.f'J

()V I' ~'~

S.Rif I ing erosion on the down stream slope of the dam •

.=>££ lull!~h aer-e- t:!'r~ /~ ~

OTHER TOPICS (O&M)

a. EMF Reach-4~ Side Inlets.

b. EMF Reach-S, Inlet station 450+00 - Need gravel at bank.

- Page 2 of2 -
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PHONE

;26?- -- /..{O /
AGENCY

£CJ)1.

NAME

-&p·.&e/]t
2. _.........,:/-1___...7.......__· ......Z......LfC1~·~fN:...L..T..l-oo· ----I-S--.;;;:.412...-...:;'~ ..;;...Zf.p=_=_z-...a..;lS1:;;...:=D:;...;..I

3. ':R3tl'.y~s ,t\DuJYL z~S-/5<f1

4. --.:-::Ar.;;"...;~6----r-7""""·~;;;;;;"",.;.• ~~:~:....;;..Je~r~~ S_C_S :2-.....r..t...;..-.I-_~_/_s_.'f~.:._

5. _J::&~..::::;..~tJ_·.·. .~&-:.........:.;:~~5 ~__S_· --::Z4~/--..;:;..S7~74-~g

kA4./l.~ ,4Dw~ 2S-.r-/~4/

7. 7~ a4Ve~ scr ...;:::;;;.;.2.-....71..;;,-.7~......._J-;.........L.......¥:_oof_y

6.

8. -----------------

9. -------

•
10. _

11. -------

12. -------------

13. _

14. --------------------
15. _

16.
~-------------------

17. _

1-8. _

•
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MEMO: Not.es-to the file (Includes comments received by
September 29,1988.)

RE: These are minutes of a meeting held in the Phoenix State
Office on September 26, 1988 for completion of Vineyard
Road FRS Drainfi II Repair.

Attending th~ meetlng were, Ralph Arrington, Carol Harris,
John Sullivan, Don Paulus, Aubrey Sanders, and Iide Chavez.

The meeting was held to discuss two possible methods of
repair for above stated project.

The first alternative is to breach the dam by removing the
embankment down ~o the lowest point of known dis~urbance

(Approx. 11'-0 11
). The embankment would then be brought up

to original des·ign elevation along with ·the .drainfi 1.1.• The
advantage of this alternative is knowing the precise limits
of embankment removal and thereby requiring no variation in
quantities.

The second alternative is to spot repair known places. of
disturbance. Repair of areas which traverse the crest of
the dam wi I I need.toberepaired ona 3:1 slope, and repairs
which are on either side of the crest of the dam will be
repaired on a 1:1 slope. The disadvantage of this
alternative is possibly not designating for removal, the
ful I extent of disturbance within the dam. The engineer in
the field would then direct further excavation and possibly
exceed the 15 percent variation clause.

It was agreed by those in attendance, that the embankment
behind test cells *2 and *5 would be repaired by alternative
number one, respectful Iy,since a large part of the
embankment had "been disturbed. Embankment ~ehindtes~ cel I
*1 and embankment at station 297+80 would be repaired by the
second alternative, respectfully, since probing at these
sites was held to a minimum. Expanded I imitsof excavation
will be defined to insure positive repair of all the
disturbed,area.

It was also agreed that:

a. All pipe (PVC or Steel) used in the testing would be
left in-place by cutting the pipe to the lowest
point of repair excavation,

"'.!l..;.:'
"
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Meeting Notes Conti •••

b. Ramps would be graded out from the existing test
cel Is embankment (At no additional cost if agreed by
MCFCD and ADWR that there is a benefit to leave the
ramps in place>, and

c. The excess material from the test eel Is removal
would be distributed between the toe of the dam and
the low flow channel at a 1 1 -0" depth (ie.
Banquette).

Filling-in of the test cells was discounted since questions
regarding consolidation would remain unanswered without
extensive prjor t~stjng.

Also mentioned at the meeting was that the repair work
included. ~Iacjng drainfill around the vegetative and
Principle Spi I Iway Outlet pipes to the elevations on either
'side of the pipes. The only discussion over this item' was
the mention that extensive hand excavation would be
required. No further discussion.

Aubrey Sanders expressed the need to log cracks within the
center-line trench. It was agreed that the only trench that
would be made avai lable for inspection wouldbetestcel I *3
(Stat ion 248+80- to 257+75) wh i ch has not been trenched a long
the center-I ine to date.

Ralph suggested to Aubrey that he rent a backhoe and
operator to probe the embankment for mapping cracks in the
other three test cells prior to the repair work commencing
if he so desired. ·

The meeting started at approximately 7:20AM and concluded at
approximately 8:15AM.

~~
llde Chavez

re
- Page 2 of 2 -
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MEMO: No-te -to the files .2 t:,
RE: These are minutes of -~eting held nthe Phoenix State

Office on September~i;~8 ~or comp etion of Vineyard
Road FRS Orainfill Repair.

Attending the meetingwere,Ralph Arrington, Carol Harris,
John Sullivan, Don Paulus, AubreySanders,and Iide Chavez.

The meeting was held to discuss two possible methods of
repair for above stated project.

The firstalternativeistobreach the dam by removing the
embankment down to the lowest point of known disturbance
(Approx. 11'-01t). The embankment would then be brought up
to original design elevation along with the drainfi II." The
advantage of this alternative is knowing the precise limits
of embankment removalan~ thereby re~uiringno variation in
quantities.

The· second a I te rnat i ve is to spot repa~ known p Iaces of
disturbance. Repair of areas which tr~erse the crest of
the dam wit I need to be repaired on a 3:1 slope, and repairs
which"are on either side of the crest of the dam will be
repaired on a 1:1 slope. The disadvantage of this
alternative is possibly not designating for removal, the
full e~tent of disturbance within the dam. The engineer in
the field would then direct further excavation and possibly
exceed the 15 percent variation claus~.

It was agreed by those in attendance, that the embankment
behind test eel Is *2 and *5 would be repaired by alternative
number one, respectf~1 Iy, since a large part of the
embankment had been disturbed. Embankment behind test eel I
*1 and embankment at station 297+80 would be repaired by the
second ~Iternative, resPActf~lly, since probing at these
s. i tes was he Id to ami n im~ J~Y~.....J. ..J .(......... ,.,." ~ e.'t.C.4-'....+-,...,...., w~\, ..
bGr · ... J dcAllc6 1-0 ,~ .. "... po$I'htl"'f. "el'~'" 't eJl' 'l4.tld~~1It.
It was also agreed that: "

a. All pi~e (PVC or Steel) used in the testing would be
left in-place by cutting the pipe to the lowest
point of repair excavation,

b. Ramps~. would be graded out from the
existing test cel Is embankment (At no additional
cost),and

L,(J tlflrcJ ~7 !Cri> fAlJW/!, .fltc.f'~ d 1Il J,CA,f,1-
~ ('e4vc.. CI.. e~ P tl'\, pl",c..
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Wttfi., Notes Conti •••

c. The excess material from the test cells remova~",-, .fi.c.l.fN~ltI"';ck&..", •
.~d be d i sJ:r i buted If''r:§'the toe of the damAat a

~ ''0'' depth[t<. fN""t""'CoH)

Fit I ing-~n of ~he test c~'ls was discounted since questions
regarding consol idation would remain unanswered without
extensive prior testing.

Also mentioned at the meeting was that the repair work
included placing drainfi I I around the vegetative and
Principle Spillway Outlet pipes to the elevations on either
side of the pipes. The only discussion over this item was
the mention that extensive hand excavation would be
required. No further discussion.

Aubrey Sanders expressed the need to log cracks within the
center-line trench. It was agreed that ~he only trench ~hat

would be made avai lable for inspection---would be test cell *3
(station 248+80 to 257+75) which has not been trenched along
the center-I ine to date.

--

Ralph~uggested to Aubrey that he rent a ~ackhoe and
operator to probe the embankment for mapping cracks in the
other three test cells prior ~o the repair work commencing
if he so desired.

The meeting started at approximately 7:20AM and concluded at
approximately 8:15AM.

Iide Chavez

".-

..I
.~~ .
'\.
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RE: MEMO to the fi les

On September 20,1988, there was -a meeting held by the design
staff to discuss 'alternative methods of repair for the
Vineyard Road FRS Drainfil I Repair by the folJowing people;
Don Paulus, Jack Burgin, Iide Chavez, and John Harrington.

Among the things discussed at the meeting were:

a. Defining the objectives for repair,
b. Listing decisions made to date (History>, finally
c. Alternative methods of repair.

The consensus was between two methods of repair.

One method of repair is to excavate the embankment to the
lowest point of known disturbance on a 3:1 abutment slope.
The embankment would then be recompacted to ·the original
grade.

The second method is to spot repair known placed of
disturbance. These ,areas would be excavated ona 1:1 slope
and recompacted to original grade.

Since both methods meet the stated objectives, cost and ease
of con~racting will be used to determinin9~he method of
repair •

It was recommended that a meeting be scheduled between the
Contracting Officer, State Conservation Engineer, State
Design'Engineer, and State Construction Engineer to discuss
and decide which of the two methods of repair would be used.

Attached are the results of the meeting:

-.
Iide Chavez
Civi I Engineer
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Vineyard Road Drainfill Repair
Design Staff Meeting

(September 1988)

OBJECTIVES

1. Complete installation of the Drainfil J - Including
around the vegetative and·pr i no i pie spillway RIC pipe
outlets, and

2. Repai-r of all disturbed embankment.

DECISIONS MADE TO DATE <History)

1. No crack eradicator drain outlets wi I I be required,

2. Remove all foreign materials (piezometers, HDPE,
etc ••• ) ,

3. Return dam to or.iginal d.esign cross-section,

4. Map al I cracks in the center-line trench,

5. Continue subsidence surveys,

6. Review original repair contract to incorporate
pertinent modifications in~othe~resen~contract,

7. Drainfi II gradation,

8. Competitive Bid forsmal' business,

9. Complete design by February 1989, and

10. Cost should be less than $350,000.00.

ALTERNATIVES

1. Fi I·I-in the test cells,

2. Remove and replace the embankment at the cel Is,

3. Re-work disturbed areas - spot repair,

5. Lea ve. ex i s tin 9 d r a i nf i I lin bo t h t est eel Is
(including piezometers and HDPE liner),

6. Have SCS monitor subsidence surveys,

7. Use part of cel Is as ramps,

Page 1 of 2
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8. Use cell material as· borrow source,

9. No spot repair wi II be needed if the test cells are
fi lied-in,

10. No embankment repair (leave alone>,

11. Use top.ofdam as haul road,

12. Doze test cel I material against dam,

13. Breach existing dam and replace embankment only to
the disturbed level,

14. Equipment rental- MCFCD, and

Page 2 of 2
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RE: MEMO

Don Paulus has requested that we meet on for Tuesday
September 20, 1988 at 1:00PM to discuss the Vineyard Road
FRS Repair. The following people are requested to attend:

Don Paulus
Jack Burgin
Ilde Chavez
John Harrington

This meeting has been scheduled to produce and combine ideas
for determining the best and most efficient way of
completing the repair. work.

Discussed at the mee~ing wil I be:

1. P I ace dra i nf i I lin those areas that were neg I ected
along the centerl ine of dam.

2. What to do with the dikes used in the test cell
study.

3. Is it necessary to place drainfi II completely around
the vegetative outlet pipes (18 & 24-inchdiameter)?

4. How should the work be contracted (i.e. Lump Sum,
-Item Quantities, Open Bid, Blanket Purchase Order,
etc ••• ) ?

Come with lots of ideas!

d(!/~~/
Iide Cha=!
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Alternat.ives f<t .... completing work on
Vineyard Road FRS

September 1988

Alternative.··*l
(One Contract)

This alternative would consis~ of removing the embankment
behind the test cells andbackfi I I against the remaining
embankment which would have been left on a 1:1 slope.

After the FRS embankment has been repaired, the test cells
would be removed.

Advantages:
a. AI I of the required repair work could be performed

behind the test cell which would act as a coffer
dam wh i Ie the wo rk ,was in prog ress.

b. We would be confident that al Idistu .... bed areas
would be removed and replaced with sound material.

Disadvantages:
a. An NTC and Washington wavier would be required for

ba c kfill i ngag a ins tal : 1 s Iope.

Alternative #2
(One Contract)

This alternative would consist of removing the embankment
and then backfi I I against the remaining embankment which
would have been left on a 3:1 slope.

Advantages:
a. We would be confiden-t that all disturbed areas

.. would be removed and replaced with sound material.

Disadvantages:
a. The required work would extend beyond the

protect i on of the coffer dam (test cell s)·•



Alternative #3
(Two Contracts)

This alternative would consist of spot repairing the
embankment in the areas in question.

The fir s t c on t rae "t W 0 ul d co nsis t of an i n vest i 9at i on for
locating possible material disturbance,and repairing the
site as confirmation of site disturbance progresses (This
contract would be done by an hourly rate Blank Purchase
Order.) •

The second contract would consist of removing the vegetative
outlets, test cel Is embankment, and trenching the FRS for
instal lationof the Crack Eradicator material (This contract
would would be done by the normal bid process.).

Advantages:
a. We would be confident that al I disturbed areas

would be removed and replaced with sound material.

Disadvantages:
a. May be difficult to locateal I disturbed areas.

Alternative *4
(One Contract)

This alternative would consist of doing nothing in so far as
removing or repairing the embankment. Since the test ~ells

and FRS embankment have proven to be sound in 50 far as
holding water for 30 days, we would leave both embankments
in their present state and fi I I-in the volume between both
embankments. This area could 'be u5ed to turn or pass when
parking-on the FRS is required.

Advantages:
a. There would be no need to make the costly expense

of removing and repa"iring the embankment.
b •. The work could be finished in a short period of

time.

Disadvantages:
a. We are relying on field trial test data to support

our conclusion that both the test cel Is and FRS
embankment wi I I not fai I within the designed
maximum water retention time of lOdays.
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West National Technical Center
511 N. W. Broadway, Roo. 547
Portland, Oregon 97209-3489

ENG -Review of Permeability Tests - Barquahala
Flood Retarding Structure

Ralph Arrington ate Conservation Engineer
SCS, Phoen· , Arizona

June 17, 1986

•

Attached are five figures that represent a pictorial of an analysis aade to
further·explain the effect fines have on the permeability of the soils of this
embankment. One figure presents an analysis of potential hydraulic fracturing
during inplace permeability testing.

Figure 1 shows the changes expected when the two 80118 (5-12-A-10 and
4-1-1-15) arereqradedwithzero percent passing the No. 200 sieve. The
permeability that can be calculated using the D15 and D10 sizes ranges fro.
308 to 1019 fpd for soil No. 5-12-1-10 and 708 to 2142 fpd for soil Ho.
4-1-A-15. Figure 2 provides the permeability ranges calculated for soil Ho.
5-12-1-10 and 4-1-1-15 when regraded with a zero percent passing the No.
100. They are 856 to 1857 fpd and 1467-3940 fpd respectively. These results
indicate with a 4 percent change in the percentpassinqthe No. 100 sieve the
permeability reduces approximately 45-64 percent for·80il No. 5-12-1-10 while
for soil No. 4-1-1-15 theper.ea~ility reduces approximately 46-52 percent for
a 3 percent change in the percent passing the No. 100 sieve. These data
correlate very well with that presented on Fiqure 4.

The red and purple curves on Figure 4 illustrate the numericaleffectl the
percent passing the No. 100 sieve have on permeability. These·represent
actual test data. _Plotted on this same figure is the calculated
permeabilities and the USBR permeability results for the same soils as a
·square· for soil No. 5-12-1-10 and a ·circle· for loilNo.4-1-A-15. The
USBRresults are ~lotted on the vertical axis while the calculated results are- . 
plotted on the horizontal axis. Using the red and purple curves as indicators
it is readily apparent that the plotted peraeabilities are reasonable for the

-amount passing the No. 100 sieve (11 and 16). Consequently,the tiae
calculations using a peraeability like 2.38 fpd is certainly conservative for
this site.

Deter';i~i~~:th~ head of water at>~hi~i/hYdraoiic fracturing aay occur is very
diff.icult to estillatf~ even with the belt of d·lta. To estiaate it for this
embankment' is aade more difficult because of the low percentage passing the
No. 200 sieve and the absence of laboratory data for loillOf the southwest.
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•

•

Based on the evaluation of the Vineyard Road FRS data a low percentage of
minus No. 200 fines do not preclude significant volume changes and the
consequentreductioD in either the interaediate or ainor principal stresses
or both. If· either of these stresses iSlero, hydraulic fracturinq will
occur as noted by J. L. Sherard in his paper, Hydraulic Fracturing in Low
Dams of Dispersive Clay, in the 1972 Specialty Conference on Performance of
Earth and Earth-Supported structures.

Recent laboratory work done by A. W. Bassani,l. Singh, S. S. Saini, and M.
c. Gael of the University of Roorkee, Roorkee, India and published in the
Proceedinqs of the Eleventh International Conference on Soil Mechanics and
Foundation Engineering indicates a linear relationship between hydraulic
fracturinq pressure andconfinin9 pressure. Their work was done on a low
plastic CL with liquid and plastic limits of 32.5\ and 22\ respectively.
These values are not too far from those of the soils of this embankment,
further indicating the activity of the fines of these soils and the
possibility of sufficient volume changes to promote stress reduction or
cracking of the ~.bankment.Consequently,the confining pressures .ay be
lower than can be calculated using either dry or aoistunit weights.

Utilizing the linear relationship concluded. by A. W. Hassani and the
assumptions listed, a plot represented by Figure 5 shows that hydraulic
fracturing Ilay occur with water depths of approximately 15 feet. This is
providing the confininq pressures are equal to or less thanapproxiaately
1000 psf and the water head equals or exceeds 15 feet. The assumptions used
to develop Fiqure 5 are: (1) aoist unit weight is 135 pet, (2) dry unit
weight is 123 pcf, (3) lateral stress ratio is 0.5, (4lvery ainol cracking
has occurred in the interior of the eabankaent as the result of dryin9
during construction, and (5) the data found in the literature can be used to
provide for a factor of safety of 1.5 for the estimated water depth.

Based on the preceding data, we still do not believe auch will be 9ained
from perfor.in9 additional peraeabilitytestl on the loils of this
embankment. In. fact indications are that significant damage may be dODe~if

inplace tests are not carefully controlled.

If you have any questions, please contact Clifton Deal, Soil Mechanics
Engineer, EAgineerinq Staff, FTS: 423-2854.

DONALD E. WALLIN,
Head, Enqineerin9 Staff, WNTC

Attachments

cc:
CliftonE. Deal, Soil Mechanics Engineer,

WNTCl_portland, OR
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United States
Department of
Agriculture

Soil
Conservation
Service

West National Technical Center
511 NW Broadway, Room 547
Portland, Oregon 97209-3489

SubJect: ENG - Vineyard Road Dam Repair Date:J"uly 15, 1985

To: Ralph M. Arrington, State Conservation Engineer,
SCS, Phoenix, Arizona

File Code:

•

•

We concur in your recommendation to eliminate all drain outlets designed using
criteria based on a width or depth of crack.

We agree that the vegetative outlets should be interrupted to ensure
continuity of the transition trench at those locations. "Crack eradicator"
type outlets will accomplish the need for this continuity.

tJ~ ~(J/Al/n1fir
JACK c. STEVENSON
Head, Engineering Staff

cc:
George C. Bluhm, Director, WNTC
Verne M. Bathurst, State Conservationist, SCS, Phoenix, Arizona
Clifton Deal, Soil Mechanics Engineer, Eng,ineering Staff, WNTC
Donald E. Wallin, Head, Design Unit, Engineering Staff,WNTC

o
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- c.::: ':'~'~.-- '. - We' are reco1llteDd1ng eliminating· .11' .'drain oUtlets designated to" e·. crack ~.~-:~.',_:~'-~-<'.~.;~~:~~~.-~_":'..:

. 'width a1'ze (See WNTC letter dated "Oct'ober 4. 1984). Our recommendations. .... " . .
~r.· ba~@d on the f~llow~Dg evidences.·

1. "Water ponded against the Vineyard Road FRS embanklllenc 88 long. a8 68
uajO 'AU~U8l J through October 11, lS3J) W~ uu~ '~ule ~u v~uet~d~C

through the structure.

2. During the .ame·6~ day t1~ tE~od9 the formation of a phreatic line
(~ ..:taches deep) occurred par'lllel -to the· ups.tream slope and t:~~

chcQugh the embankment.

3.

·4.

~e drainf11! aaceria! installed in the center of the ~8m w111
interupc any flow from vertical cracks or porous layers (horizontal).

Seepage that reaches the· cen'te'r11ne trench .... '1 fora a "Filter Cake
(layer of fines plugging the· 8urJ.~af~e of the c.narae material) •.

. ....

We re.;;.ommend dTa~·.n out:letll ac the five vegetative c,'ltlets as a fa,,~'tor of
~~f~ty egs1net ~uy a~~p8ge tbat .ay ~~~~~c ~t~ ~c~c~~~e pl~g:~~ ~~~~~~~i~~

oucleta.

The approximate .~t1ona aTe 129+70, 152+40. 251+00, 276+80 aDd 321+50 ....

Your coDcurrence'vould be greatly appreciated •

.'_... ".-1> __ - ... ;;: .-

.. -,:..~,_.-

·~r¥~::.\.::~~~~~-i.-;:~,.·;~~;~~3t;i;~·~i··~~;:~;~:;~~; ::~0,.,-

... "l. _-__
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July 10, 1987
'e:

West National Technical Center
511 NW Broadway, Room 248
Portland, Oregon 97209-3489

Soil
Conservation
Service

ENG - Engineering Report 0 Signal Butte FRS,
Buckhorn Mesa Watershed, Z

Mervin IceJ'National Construction Engineer. NHQ.
To: SCS. Warington D. C. file code:

SUbJect:

The -a-ttached sneets represent·~ the first' draft'-'of the sections of the

Engineering Report I have agreed to work on. Please review these and delete

any superfluous materials or add items you feel are more appropriate. I have

attached copies of a document that you may not have in the materials you

received in Arizona. It tends to shed more light on the reasons for the

method selected for installation of the membrane.

~
., -: ~~'... . , : . .

:~!'(,~~L..p{~:. "'
CLIFTON E. Deal
Soil Mechanics Engineer

"'A t tachmeu ts

cc: (w/attach)
w. Evans, Head, Engineering Staff, WNTC

LR. Arrington, State Conservation·. Eng.i.neer, SCS, Phoenix, AZ
J. Harrington, Project Engineer, SCS, Mesa, AZ
J. Sullivan, Construction Engineer, SCS, Phoeniz, AZ

I.e"l. .. .

A The SoIl ConaervaUon ServiceLA II an agency of the"=fl. Unltlld Stat.. Department of Agriculture

* u.s. Oowmment Prlntl", Offl~: 'til-lIt-iliAD'"



~'
,.

".1 NTRCtI.LIC~T I CIN

_._~_ .. , ~__ -.....,. __.-:-__ .__.__.•._._ 0 _ '0_. __ "_' -

rilciny un i ':jue and state (If the at-t des i :3f1S have been deve I Coped bl sea in
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str-uc.tUt-j?(Ff-,:S), l".eo.t" ttl!~ Ph(.eni:::, At izona al-ea, is .:one (·f those unique

""¥ -

,dE=S i grts.

1:"1 (wdet- tCI E'va i uate th is un i quenes;. and !=.t-epat-e a "Lessons Leat-ned"
n~'p:)t-tf ,HI engineExing team was fonned by Vet-ne Bathut-st, At-iz·:,na Statf:!
Co:onsei-v.'jti(lnist. The CClrflnlitteeco:.nsisted (If the followirlg:

Chainnar;: IViec,Iin Ice, National Co:,nstt-uctior, Engineet-, NHQ
Mr:f;lt:P.: Ci !ftu. D€:al, 5.:." Mechanics Ensirleet-,WNTC
!"ie;'ibe;~ ..;.:<-,r:Su; I ivan, (:.-~:atf:' Constt-uCi::il)r; En8ineo·E·t"r A.-::.
NernL.€I-: D<:l\I',J Lambson, State Adrninis"Lt-ative Officer-, Az.
Member: John HarringtDn, GR & P~oject £nsineer, Az.I., ,.-,(.st toat·t:r·; .jClI"Ii":=· loui It in the F't-..:.enl~·: Ci.t-ea crac~,:ins was a c(lncet-r.
\. . I r.:3 t tH? c! e \' e i 0 P ~n ~ n t (t f the des i Sn • t'1 any a I t e t- nat i v ~ S \oJ e t- e c (. n sid e to. E d
and ti"l(> Ijet'ensE' that W<.LS selected CClnsists (If.an impei·-vi.:.us centt-al
seememprane curtain made (If lOOmil. HiSh Density P~lyethyle~e {HDPE).

Signal t:l._:"i..-t.e FF:~.i is a 7000 feet lo:on3, 3::;:.5 feE-t rna~diilL!m height fl,)cllj
t-etar-c:i:""'::; r ':;t".lctl.lr-e iotatt=:d not·thwest of J\pach Junctlor" At-iz.:.nB. in t:he
DLl C!:: :-. (. ,- n - if! e S:'l ~~! atE 1- she.oJ • The s t t- Uc t UI"i? i s P ,it- t I.) f a c () r:, pi€' :: 5y !:"C em
i n ten Ij c ':' -;; (. d i. v e 1'- t ; 1 I) (. d wa t; e ,... s f r c. rn Apac h e j u n c t i (I n a II oj the F' h I) e n i;{ a t- E· a ,
ar.d contTi.ol~; .a dr7i!ina.ge at-ea (If 10.6 sq. mi les pius 5.:::: sq. mi les of

,d i ve t- ted a t- e CI. •

The ~op of darn ele~ation, after set~lement, is 1721 MSL while thecres~
elevati':ln clf- the 140 feet wide reirif(.t'ced C('hCt-ete ba·H'led apro:.n chut:e
ernet-sency sj:d Ilway ~jth. a Fujimc.tcl entt-ance i5J 1712.4 MSL. The crest
.1evatlon of the standard covered ~op principal spi I Iway is 1701 MSL. The
'principal spillway cc.nduit is a 36" t-einforced cor.crete piJ:1e with a

standard impart basin.

This is a class "c" hiSh hazat-d dam as defined by TR 6(). The freebclit.rd
storm disc har se .tht-ouSh the emergenc Y sp i I I way i s 11, 126.5 c fs wh i I e the

1j
-.-t-serILY spi Liway des·isn st.)nn dis,chat-seis 22:=:4 cfs. The emergency

. ~way crest has a 1% chance of use.

·,



DESIGN ALTERNATIves STUDIED

Ir,Ctt-det- te:. vndet"starad the de\felctprnentof altet-natives a genet-al t-fo\r'iew (.f
thE? ct-acki rag pr·.:,b J eril that e;·f i ~.ts with Udt-y" fl.:-od¥!a.tet.. t-eta.t-d ins ea.r-th darns
in Arizona should be discussed ~irst.

In l';J77 t.hE.' _So i I C:·)fI::·t?t-vat i on Sea'-v ice in the westet-n t-eS ion invest i gated
s'L:·~·ct"acked eat-th daiiis neat- F'hoeni~·:, At-Iz(.na. The t-esults .:.f this
;itn\le~'l: i g::it i (ir. 1=&)-("'\/ i dpdthe taa.s is feat- understand i rag the rnasn i tude (If the
pt-ob I f?fH ar-•.:. es.t:ab Ii sta j ns tt.e tect.rt i ques f.:at- t-epa i t- i fig e:·: i ~.t i ng eat-tt-, Ijalos

d n d d ~ So i 3 f'i .) f ·r u tJl t- e . e d. t- t hd d. r;: ~\ a Ifl ~r.-y tee ta n i que S~,ere .t: e \/ i ewe dan.j a p pea. t·

i ntht:.t-ep.)t-t ~ "(:t~~~k ins 1:lf Da.rnsi n At- i Z(lna lt
, Apt-i I l·:'J7.:::':'a The rnajot·

~(iiut,~:an to the pt-6bleft1 t-epot··te:j b\l the SC:S t-egi.:-nal investisati.:rn tearn
C (I fa 5 is t S I) f t fa e u s ~ (- f 9 t- a. d e d san d an d :3 t- a vel 5 e c t i I:a n s •

bIn c e t. h e j fi'v est ig 2. ti (I n i n 1 :;:, ( i r t Yr.t) fie: d t J'- i a i~· h a.." e bee n rn a rj e 't ':- p t- Ct \l e
the u ~. e (t f' 8 t- ad e d san d a fa d S t- d \1 e I sec: t i (. n 5 W iii i n deE' d p t- a:a \.-' ide the

~
a.rlrtt-(_p~- J ate de~oer:s\? aga; fist crack i ng. One study waCJ rnade in At- ize:ai,a wh i Ie

otner was In N~braska.

/.'

f,. . -

1riere£ults of these two studies are somewhat conflictins as to proving
th~ta graded sand and gravel section wi I I pr6videthe necessary defense
agains.t fa, iut"e due to fiot.-r' tht-.:-ugh ct-acks and the t-esulting er·,)sie:,n. The
Nebraska stUdy ~~veared what can be expected shouid the top of the graded
s· a nd a rid ~Ji. a ..J e f S E' C t i (t n n (. t t- ern a inab (I \1 e the rn a ;.~ i rn urn wa -{: e t·· S u t- f ace • I.~ u t- i n:3
t~hf: t: pst ~·l:~ t e:, t- b t- (I k E (a u. t (I f" t I. e d (I 'ft' n s t r e il ro 5 I a:a~, e I fa d j cat. I nsth e ~'a. t e t- was
db t e t (I f i (t ....... t h t.. (& u. 8 i'l thE' C t- a c i:: So W j t h (Iutan'Y a Pp t' a ,.. a r: t t- i?:· t t' i c t i (t n b)l t ,. c'

9t-aded sa.nd ·and St-a~.,.el sectia:ar,. Latet- e~·:c:a\t'ati(tn (If" the test site Eha:.wed
the ....'atet· ·had (I\/et-. topped the fi Itet- section with et-.:.sic'fI of the sand •.
This report ion£lu~ed that the section as constructed served as an
effective fi It~~ betaus~ the crack upstream of the sand and srav~ls~ction

Wt:.s fi I led \rl i th fnud be t .:•..,.. the depth of ercls i (Ir. (If the fi Iter-. °rh i s
COf'rCiUS;I)'I ,,-'dS fUt-f~hf=I'- suppot-ted b}' the fact that the intet-face bet\rJeera t;,(;"·
,n,ud and tht:' sand was abt-up t; wi th nel f i fiE'S in the f i Iter sarad.

l]n the Cltt•.el~ harld ~tlle_At"i"zona. st"udy 'wa's pe"t"'f(,,-rne-d with"f:our" te~st···cells

us i rl9 tht-ee d i ffet-ent rnethcads of ·crack c(tr,tt-c.l. Thl:lse methods were: ... (1) a
t h t- e e fee t wi dec e n t t- a I sec t i (I n c c. rnp (I sed 0 fag t- a d e d f i I t e r, ( 2 ) a fa

impervious central section composed of High Density Poly~thylene {HDPE),
and (3) no t-epait- t:.f any kir.d. TWI:, test cells cor.t-ained the graded fi Itet
but one cell had the upstt-ea.rn face cleOClf.ed elf a.11 IClclse rnaterial arld.all

_

'.- ck ('I=.enin.gs c"lea:-edc.f a~IY c.l.ts1:t·~ctic.nswhi!e the ~pstt-ea.rn" sut~·fa.cF. (If
c.theta cE-11 t-e,"nal·ned as It IS lei·t Ci.t"tet" .ns-callat,on (If ti·,e centt-al

( ed filtet- secti.:.n. .
. ..

..'.'.,-



.•' .
~. )esults ~f this t£st show~d that after 20 day~ Mlth th~ water at the
t(:i~i··./of the edr·t~h dc:t"O no watet-had t-eac.hed the upstt-earo face e,f the f i I tet-
(rt- the,. HI)F'E. Af·te.·- :3(, .ji~:'"rrs \.tIlth watet- .n tile unl'-epalt-ed cell an inct-ease
in the moisture content of the dam was noticed from the upstream surface to
the ceratet-I ;ne of tt.e da.lo .. However-, the so; I was not yet satut-ated at the
centerline ltut wa.ter- was ·r&oted f.oll.cawing disc.:-ntinur,ities Ct-eated by t-a:t::lt!).

Ot- soil ZCtnes thathCld not been tht-c,u:.3h')1 rni>:ed .. Nel water was evet- na:tted
flDwinS in the cracks because none of the cracks remajned open after water
~as i~trodu£eointhe cells.

The cer-nclusi-:,t. 'e.f tta'lS test is that·ct-acks,ira the rraatel'-ia_'s (If the test
·f·.it J wi I i cla:.~"e as .....'atet- contacts the seai I. In fact the depth 0;
Denett-at i Oft and· satuf-a.t: j (In i sr.(t.t (-v'et- f.:tut- feet in the ct-ack arid rll:.t CI\l~t

i 2: ,n c: h E 5 i fa t h Eo a t- e a b ~ t W E' (' n e a. :: t. C t- a c: k • or ':' 5 u·p p (a t- t t his -:. b s e t- \r: a t i (- nth Eo'

·\.-.ii:ltE.\t- .....Ia~ 1(,\...'ero'edina:Ii,E (If the cells to al I caw .thee~·=cavatj,:,n of an eight
f"E'et deE'p tr'ench .withi!"', TOUt- feet -:If the fi Itet- sand. -rhe cell was
t- e; i II e d a. nd aft E t- 12: d a "y s the t- e w2. 5 n (. i ra die a. tiel n I:' f the wate t- red. chi n:3
"tttE' Pi ItE't- r The closing rnechanisrn is a ca:,rnbirration e:.fswell ing and

Both of t~esetests indicate many aspects of the sjte and the soi 1& must be
0'__". i Ij f: t- e .:i _be f (! t- e d ~ c i d ~ n 9 . '=' nth ~ m(. ~; t . ~p p no p f' i. ate . c t- a~ k . P t- .:. t ... e c t j (I n • I n

{ t~ d. S Eo a:I t' d i::o f:1 S ~l ~ i ~ t;. I n -...; I". e .~ t- ~,j :. (a U ~ t. I.".) est:. ~ toO a c ~:: I :1:3 I 5 n (I t.. '=' rt J.~ 1.; h E

"', ...t" i t: (I f" ,j E S S J cat: • (I ra tl utI) f IJ 1ft e t- e n t I a I 5 e t \, J ern e n"t, t y p e .:1 f S (- J I s a I t; ~

an.j cia)-' cherraistt-y iirad the potential f,:tt- fissut-e ct-ackins ir.tet-sectirag ttle
da.rn.

In the ca~E of Signal Butte FkS these various mode~ of cracking were
-c on:-, i. (J €, :. f' :J il I I) n;3 wit h the t 'y p e (I f" S (i ~ i E·· U S (7' din c (. n Eo t toO U ct. f (I n (I f ttl e e a. t" "!: h
.jaL' • Ei ~' \.: i? r' ,=; iii; e r[; .; t i , a t -rn e:. d e i t fli (i ;- Eo a P ~I t" I) P t- j ate t (I c.:e n sid e t- a r. j rn p e ,. ..J i .", u s'
t y pel) f C t' a c: k . P toO t) tee t i (a n ...... Eo t- e : (1) t t·. e f 0 Un d at; (I n i sea lie hew it i c: h has tl e fE' r.
shown to be consider·ably les;o cornp"-esslble than (,ther- four,da.ti.:.n rnatet-jais
.) n whie h d d. rn s h a v e . bee n b'u i I tin the a t- e a , ( 2 ) the b CI t- t- r:I w rn a. t e t- i a I S C(I n t cL -i rt

varying quantities of calcium carbonate. and other associated salts, (3) tne
e,T.barrkrilent rn;.j.tet-ials ha'\le d. low pt:tt-c:entage (If" fInes witt.tt,,:lse fines
p.-edoTi,i,.,ateiy flon-p:'astic, (4) the sIte is Ie:,cated high .:an the alluv,·al fdfa

l.,.thE·t-,~ thEtt-e isr,'t a..watet-table tea deci ine and" cause deep subsider,ce, (t.:!)

'with tt,~e .pt-ese.rlce l:at ca lei urn cat-bor.a.te and c.thet- sa J ts ir.the embankriter,t
roitterials"the 'potentiar:-fa:,t- seccandary cerner.tatia:lr. ir. tt.e filter matet-ia.ls
is a possibi I ity and (6) cracking is sti I I a possibi lity over the life of
the structure due to the movement of moisture and salts and the effect
these movements wi I I have on the brittle nature of the embankment
.naterials.

~.
t-t ...... ~ it ..... as de. ~ i.-del.j. tlJ use t:he im~let.VI'..-IU5'. a. ppt-c,a.ch .t l:1 craC.k p.t-c,.tect.i.:.rt it

, rr e c: e ~ s a. r- y t: (a e \l d. , U ate t t, e \1 a t- I I:' U 5 rn e a n 5 (I f" 5 e c u t- i n 9 t hat (I b j e c: t j \/ ell'
\ c-f the rnatet-ials discussed in liThe C:t-ackiragof Darns ira At-i2cl f.a", Apt-; I
~. 1978 report involved materials that were inflexible and subject to
c~ackir.s elr teariraS themselves (sc.j I-cemer.t c,,?re, compacted earth CCIt-e, arid
1.:::: rn i I plastic). H,:,wever-, a I i teratur-e seat-ct-;s',,:lwed t-ec er.t usea.ge elf High



•

~i ty pc. I yethy J H;e (HDPE) loy (.thet- Feden~.1
a:i..:!_.·,:{e r. t j ve s •

agenc ies to aCCOfrap: i 5h 5 irni ! atO

The At-rny (:Ot-p£. of Engine-et-s if.stalled a HDF'Egeornernbr-anein a· siut-ry tt-erach
to t-epa i t- ttla)hicanv i I leD ike Ne•• 2. They used a l(u) rn i I HDF'E I i net-, :;:4 feet
.jEEop in the fourrdat i.:,n ,a~ a defense agai nst d i ffet-ent i a I sett I ernEant
ct-ack~. The'i(H) rnil fnatet-ia.1 was used by the At-roy beca.use oftheit- lack ,~,f

€O}~p.·-!I:·ience· with ti',e rflea.tet·ial iLnd the difficult instal Jatit:en c(,nditj(,ns
t- e .:f1J ; t- i n 8 fn a t €"q'O. : i:; I t hat c. I) u i ci t (: I e t- ate t- (I U :j h t. and J i n 8 •

:HDF"E is ·an trier-at fnate..-ial de\;'el.:.ped frcern a p.:elyrnet- withc.ut pla,sticizet-s.
C:at-bon b lac 1:: j s addf..id t.:. the rn i ~o:tut-etc. pt-e:I \! i deu I tt-a'-, i I:' I et I i Stit
pt-otectior,. °T~'le tensile stt-ess a.t yield is c-vet- 2::;:(H) pEoi ~'hi Ie el(,rtga.tia:'n
at y; e I d is rnOt-e than ·15;-,;. At bt-ea.kthe tens i Ie stt-ength is 4Ei(it) ps; wr. i ! f:1

e J Oflga.t i .:,n atbl-eak is :=:(H);o';. C:onsequent I y, this rnatet- i a.1 is vel···y stlo-I:sng
and has the ca.pabi I ity to tc,let-ate sigr.ificant elongat.i.ort bEt"(,t-e bt-E'a.~::ira:3.

:\10 oth£.l-- incLt:e!'I:iI'5 t-evie ....·ed has both 5tt-en~3t:h and e:(,rtgati.:,rt capati i itie';
a::.- t~o.~::. H~)r:;aE~ ;j(;L'!:~. 1'rfe~-EoT'r)t-f'r : twas se I eci.~ld to P .. ·(i".... : =:iE' the i :ilp~··t·-\l' (:i.;~'

fnerr:b t· d.n e •

r:; E.- ·f 0 t- (\ ~ n 'y" d ':,:i o~::. ~ 9 i J ~ ::. C(I fn pie tea c.:- fO p a t- i S (t n betweenthe a I t e t- nat i v e 5 fn u :. tIe.... t: ~,b,o C(I st. ,: .::ni~' ~.r-aLI il i t Y co t~. the fll.:1 t~ e c e:ls.t Iy a I t.~ t- n a..c j ~.~'e.. r~l u s t t·. ~ve
\. I Lie ti f 5 U ~.If? r" ! (Ii" i 1.; y' • In this case I twa:; d e t E 1'- rn I ned t n f?1 rfi p. e t- .'v' I I) U. s·

Tn c j·:1 b ,.- ~ It e i s rn (l i'- e a: _, ~i t- '-' P t- i ate f.:. t- the C I) rr d i t i.:. n sat t his s j t e • t\ c. a:a s t:
::ofilpat-is('.-. with the conventia:.nal ir.stallation (.f a 9t-aded fi.lter o central
5 e c t i (I r, wa S ITt~ d eo u sin 9 t ta e f' (I i i 0 t~ ins ins t do I I a t i (I ra a i t e :-- nat: i V~ s f (I r- the
I-iDF:[': (1) the fiii.?Hitst-ane is piaced neat- thecentet- of the darn in a "zi8-ZCi~j"

,pattelrn as the f iii is P I ~c·ed ins i :o~ -feet lifts ~.d,"jacerit to tt',e .fnernb.--anE',
(2) -thi.:- d(;wrasl.:.~··eaf:'i half (if the elTtbdnkrn~nt wi II be cl)nstt-uctf:',j t(l thf?' top
~el e··o"at ~ ora pi anr:ed t"Ot- the 1-I[n":IE ff,elflbt-ane Witt. the upstt-earnfi-1.ce (:r: a 1:1
1Eo lopE;'. The rnt=rnbt-ane wi i-i be placed (.n this sl.:.pe .fr-orn the anchot- bloc;:: t.:s
'the top ele'./ati,:.rt and the t-ernaining fi II wi II be placE,aj on the HDF'E
,·neriJbt-ane to the top of tt-Je darn, and (:=:) c.:.nstt-uct. the HDF'E rneri.bt"ane
vet-tically·, u~oin8 pipes t.:. t..:.ld the f;aeffibr-an2 upt-ight ur.ti I the fill can be
.placed ':11-. fithE';-- side. ('f" these tht-ee:altet-r,ati\'es the fit-st altetoona.tive
Wd.S selec:tt'd a~o tl()Ofing '~he Jest pr-(.bieros. The sec,:.nd alt.:E't-raati\le i~

.:.b.jecti(,nable because of the pc,ter.tial irastabi I ity (.f the 1:1 slc,pe dut-irtg
~. e t- .i (. d s of" r o a i n f a, I I c au 5 ins e H t raw(. r k ne e de d f (. t- t- epa i t- c. f t fa e s I a:a p e by
thec.:.ntt-ac·tOt-. '-he unkn.:.wn costs assc1ciated with this repair rnade tt.e
alternative undesirable. The third alternative was discarded because of
the unknown factor of wind when the geomembrane was only supported by the
pi pes • Ar..:. the t- c a:. nee r r, was the prob I ern (I f r c. uti r. 9 .:. f" the set- a. p e ... S (I v e t- -:. t

ar-.:.und the rnefllbroane to p I a.ce f i I I ora either side c.f the supp.:.t-ted
9 e .:.rnernb t- an e.

'.--.. the t1a.s! s clf t~lese. ceompar ~ seon.s and the (.bject i c.nab lei terns it -·was shownf . the first HDPE alternatIve was even cost comparable wj~h the
\. enttonal sraded sand and sravel filter system. The attached documents

show ttr,e resu I ts of the comr;:,ar i sc.n aria lyses. ;~ .."..



~~\ United States
~; Department of

. :t. Agriculture

-
Son
Conservation
Service

Room 3008 Federal Building
230 ·North First Avenue
Phoenix, Arizona 85025

November 21,1983

•

Dick Raymond
Bureau of Reclamation
Suite 1880, Valley Center
210N.Central Ave.
Phoenix, Arizona 85073

Dear Dick:

You have asked about the study the Soil Conservation Service (SCS) is
doing at Vineyard Road Flood Retarding Structure (dam). The study is not
complete, but I will be happy to provide you with a. description of what
has been done and what remains to be done. This information is
necessarily informal to meet your deadline for review of proposed Bureau
of Reclamation tests.

lnt roduct i on

The .SCS does not do research. This study was initiated asa result of the
unanticipated depth and number of cracks encountered during construction
of Vineyard Road FRS Repair.

The repair design"calledfor a trench in the center of the ~am,threefeet

deeper than the existing cracks, backfilled with clean granular
material. Every crack wider or deeper than specified dimensions would be
eliminated on the downstream side by trenching and backfilling with
granular material. The downstream trenches were modified out of the
repair contract for the time being." The study was to determine behavior

. of the dam during "a hypothetical flood event without el imination of the
cracks downstream from the (already constructed) centerline granular
material. (See the enclosed plans and specifications).

Cells

Four reservoirs, called cells, were constructed against the existing dam
at sites where cracks were known to exist. One side of each cell was the
existing dam, lOOtn200 feet long (see enclosed drawings). The cells
were numbered during discussion sessions and the numbers never changed,
therefore they are not in geographic order along the dam and there is no
Cell 4.

Cell 3 was a control section· of the dam left unrepaired and undisturbed by
the repair contract. It is located between Stations 253+00 and 255+00.

Cell 1 was a repaired section, otherwise undisturbed. It is located

A The Sol Conservation ServiceU is an agency of the~ t)epnnent of Agricunure
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between Stations 121+00 and 123+00.

Cell 2 was a repaired section of the dam that was re-excavated for the
purpose of placing monitors on specific cracks and then backfilled with
materials meeting the original repair contract specifications. Then a
lOO-foot section of the upstream face of the dam was scraped off
(approximately one foot deep). This cell is located between Stations
103+50 and 105+00.

Cell 5 was a repaired section that was re-excavated for monitoring and
installation of an impermeable barrier of lOO-mil thick high-density
polyethylene (HOPE). For the purposes of this test, the HOPE was
installed against the downstream vertical wall of the trench. The
granular material;n the botto-m-onefoot of the trench was not removed.
new granular backfill was placed to approximately two feet up from the
bottom of the HOPE. (The purpose of the granular backfill at the upstream

-bottom of the HOPE was to (a) provide a discontinuity at any crack that
might form at the edge of the HOPE and (b) cause formation of a Mfilter
cake".) The rest of the trench was backfilled with soil borrowed at the
site. No compaction was attempted s1nce this is not a permanent
installation and the only purpose was to hold the HOPE 1nplace. This;s
a proposed barrier against·cracks in a future design. Cell 5 is located
between Stations. 109+00 and 110+00 (approximately). A lOO-foot section of
the face of the dam in this cell was scraped off, too. Our geologtst~

Aubrey Sanders, used an air compressor to expose .and clean the cracks at
the scraped off sections of Cells 2 and 5 to encourage water penetration.

Water

As you know, Vineyard Road FRS is illl11ediately adjacent to Reach 2, Salt
Gila Aqueduct, Central Arizona Project. Reach 2 was under construction
during the repair contract and the stUdy contracts. One of our greatest
difficulties was locating a source of water at a high enoug~ discharge

.. rate to approximate a flood event. Most of the possible sources were
already in use for construction prewet on the aqueduct.

We were trying tO,fi11 each cell within six hours. We finally settled for
a minimum discharge rate of 500 gallons per minute. The final arrangement
consfsted of an irrigation well that discharged into an existing concrete
lined ditch which conveyed the water to a sump. A portable pump at the ~
sump pumped water through portable i._rri gation pipe to each cell. There
were two flow meters in the line, one adjacent to Cell 2 and one adjacent
to Cell 3...Cells 2, 5 and 1 are fairly close together. Cell 3 is 2.5
miles from Cell 1. The sump was several miles from the dam.

Cell 3,~he largest, was -filled in -44.5"hours.This was the first cell to
be".filled and there were a few-problems with, the pump, materials in the
pipe jamming the flow meters and lack of communications between the cell
and the pump sites. The smallest cell (2) was filled in just less than 22
hours. Considerably more water was required to fill Cell 3 than the actual
storage volume.

All four cells were filled by August 5, 1983 and maintained full until at
least September 1, 1983. Depth in each cell was about fourteen feet.

-2-
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Depth was maintained within a range of one foot measured on a staff gauge
in each cell. Ce115was maintained full until October 11, 1983 and has
not been drawn ~own.

The original idea was just to keep the cells full about fifteen days to
siJ1lJlate a worst-case condition. The flood control dam is designed to
drain in a maxinurn often days. Since none of the monitors gave any
indication of water movement through the structure after fifteen days, the
test time was1ncreased.

One of the questions we hoped to resolve was: Does a filter cake form at
the contact between ~crack in a dam and the granular zone when water
flows through the crack? laboratory tests indicate the rapid formation of
~ positive seal, filter cake, when water is introduced to a crack in soil
adjacent to granular material with a mininum ~5 between 0.4 and ~.7 om
(varies with specific soil). The concern revolves around the low height
of dams in this location and the part pressure and velocity may play in
formation of that seal.

Unfortunately, we do not have any samples of runoff water from a typical
storm to compare with the water used in the study. Three samples of water
used in the study were tested for cations, anions and pH. (See enclosed
test results.)

Excavation

Water in Cell 2 was drawn down five feet to permit excavation at the crack
sites from the upstream face of the dam. Three of these cracks were
investigated August 25, 1983. Trenches were approximately eight feet deep
and ended four feet from the upstream side ofthefil1edcenterltne
trench. The cracks were visible on the slope prior to excavation with the
backhoe. The trenches were left open and ttte cell refilled as a further
attempt to get water through the cracks to the repair work. During this
excavation, one of the electric crack monitors indicated water. It was
later discovered that the activities on the dam caused that monitor wire

·to be damaged.

Cells 2 and 1 were evacuated and Cell 3 was drawn down the first week in
September. A·team of_ geologists and engineers supervised and participated
ini"nvestigative excavations on these cells the week of September 6 -9,
1983. They ran out of time and did not participate in excavations on Cell
5. Phil Jones (NM Stat.e Soil Mechanics Engineer) and I investigated Cell
5 for flow:,n cracks and through the embankment September 12, and I
supervised the investigation October 11, 1983. The investigation
proceeded with a full reservoir to make location of;~..~acks and se,epage
simpler and unquestionable. . -. . ...

Monitors

No monitor other than a staff guage was used at Cell 3. The dam at that
site was totally undisturbed.

Cell 1 had a staff gauge and several PVC piezometers driven into t~e

granualar material at known crack locations. The piezometers were

-3-
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protected by a steel pipe sleeve, for the top three feet, with a threaded
cap •.. The pipe extended one foot above grade. The caps were to keep rain
and dirt out. but if left on all the t;me moisture condensed ;n the pipe
and caused the electric sensor to show water. No water apparently reached
the centerline of this part of the dam.

Ce11s 2 and 5 were monitored the same way. Piezometers were installed in
the same relative locations as 1n CellI. Pairs of piezometers were
located at selected cracks. One six1nches from the upstream trench wall
and one six inches from the downstream trench wall (or at the wall behind'
the HOPE in Cell ).Two additional piezometers were installed in the
center of the trench approximately 25 feet away from the north and south
crack moni"tors, respectively, i neach cell. The trench was twenty feet
deep and the piezometerswere.set into the bottom of the trench ·about six
inches to maintain their location during backfilling operations. Water
entered through slots in the pipe.

A minimum of three cracks were monitored at each cell (2 and 5). Electric
sensors were stapled into the cracks with plumbers tape at the apparent
bottom of the crack and at the widest part if the crack on the upstream
wall of the trench. Two more sensors were set below the cracks on the
upstream and downstream bottom of the trench, respectively. Wires from
these monitors were run to a construction trailer between the two cells.
Clocks and buzzers were attached to alert us of any water that came
through and the exact time and location. None of the electric monitors
ever actually registered water. The damaged wire on Cell 2 produced a
false indication.

There was an attempt to keep evaporation and rainfall data. These are
questionable, but may show some trends.

Staff gauges were read often. They indicated relatively sJow loss of
water due to seepage.

Photography

Much of the study is on video tape and/or slides. These have not been
edited and spliaed. so they are very time-consuming to watch. In fact, I
have not had an opportunity to look at the last film (October 11).

Some locations and results were hard to photograph due to darkness in the
trenches and similarity of color a·nd texture between wet soils and dry
soils.

Soils

Ten soil samples from Cell 2 are at the Soil Mechanics Lab at this time.
Nine are ells and one is se. These were taken adjacent to cracks.

More samples of embankment materials are planned along the length of the
dam to aid in-projecting the results of the study throoghout this
structure and, potentially, to other structures.

Dams constructed with different soils may behave ;nan altogether

-§-
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different manner than this study would indicate•

Observations

The fully saturated "phreatic line". after more than 30 days of storage,
appeared to parallel the upstream slope of the dam roughly six inches
deep. The surface material under water appeared to behave in a
structureless single-grai-ned manner except at the scraped off sections.

The overall moisture content of the embankment materials appeared to
increase with time and proximity to the upstream face of the reservoir. A
memo in the files concerning the first excavation (August 25) at Cell 2
says that tiThe water seemed to be following •••seams of horizontal
layers ••• II (Ralph Arrington. SeE). In Cell 5 bothSeptemer 12 and
October 11 this was very ev;dent. The source of all of the moisture in
the middle of the dam at Cell 5 appeared to be a horizontal layer of
saturated material at ~pproximately eight vertical feet from the top of
the dam and another layer about three feet below that.

-No water passed all the way through the dam at any of the four sites.
Seepage reached the center of the dam at Cell 5 and the downstream side of
the center of the dam at Cell 3.

Excavation of the dam from the downstream side while water was still in
the reservoir made location of flow paths positive. Cracks were otherwise
difficult to locate when the embankment soils became uniformly more
moist. The appearance (color) of saturated soils did not vary appreciably
from the appearance of merely moist soils •

Conclusions

No conclusions can be made before final data have been collected and
analyzed. In the meantime, you are welcome-to look at the data we have.
It is-not reduced and organized at this time. As mentioned before, the
results are only applicable to the sites tested until soil correlations
are made. Also, we only looked at relatively short-term storage.

•

Susanne Leckband, P.E.
State Soil Mechanics Engineer

Enclosures
'-

cc; Ralph Arringtoh

..~c,Cl.i,ftQn ,peal
'.:-' 'Ji'-m Talbot

Aubrey Sanders
Verne M. Bathurst
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ABSTRACT

Crecks heve been observed In ~heflood control dams cons~ructed In ~he

arid southwest since the mid-60's. (Magme, July 30, '965).

This report gives e brief hlstoryo~ the Arizona dems where crecks heve

been noted end Infor~tlon about their foundetlons end embankment soils.

another.

Protection from these cracks has been IS major concern, since failure of

one of these structures during e flood would, as It minimum, cause locel

demage and expensive emergency repair. A test was conducted at Vineyard

Road FRS to evaluate performance of the prevelent repair method. Results

of that test ere reported and discussed.

Suggestions are .made for possible alternate designs. Sources ere

suggested.for research results that might apply to flood control dam

design.
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VINEYARD ROAD FRS STUDY

The 1978 report on cracked dams In Arizona W8S necesserl.ly brief end,

apperently,wes Intended to officially recognize 1-he problem end suggest

.protect,lon methods., One of those ·-recommended· protection methods was IS

transition zone ofcoerse grained m2tterlal within the dam to break the

pe1"h of eny creek and prevent piping of upstream soils. Since such e

design was etreadylnprogress during the week of the study, It was

endorsed end Installed In the existing Rittenhouse FRS. This "repaired"

that cracked dam. Instatletlon experience, apparent acceptance by all

reviewers end the need TO address the problem of cracks In II number of

structures led to replication of this ·baslc method In ell Arizona dams

repaired since 1978.

Since SCS knows of no former use of e crack protection zone In dry (flood

control) dams, design details have been based on JUdgment end opinion ISS

much es on extrepoleted research date.

Lack of solid Information about ~he performance of this zone led to

consider-able effort on -the part of Bob Nefson,WNTC 5011 Mechanics

Engineer, endother-s to predict behavior end set design criteria.

Questions to be resolved were not 'Imlted to:

I. Optimum gradation of transition ~terlel•
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2. Effect of crack width on flow behavior.

3. Behevlor of -three-d I mens lone I .f I all a'ong II wett I"g front.

(Flow nets end computer programs ere generally based on ~wo

dimensions end sfeady-sta-:te seepage, II condition .that does not exist

until ~he materiel Is s~turated. In o~her words, If the 'whole

1-ransltlon zone' Is filled with water and 8 sufficient volume of water

-Is stili entering the zone from the creeks, then-"lf you have

properly described the outlet--the results of the formulas end

flownetsere probably valid)

4. 5011 parameters to be used In design formulae. A crack Is 8 void.

Whet 5011 will be between the void and the transition zone?

5. The number of "Outlets" needed from the transition zone.

There was 8 program avalleble at the University of Arlzonathet would

analyze f~ow through different soils three dimensione'ly. November 16,

1981, B number of SCS people met In Arizona to review the problem of

embankment cracking and eveluete construction progress. Jim Talbot, Bob

Nelson and Susanne Leckband met at the U of A with Dr. C. Desai about the
.".):,~5)'; ~", _····t>: ") .... -~.:.~(;.,.: ..~~< .I).:·i·.~:~.:";_:.~·- "":',".:-j~:.I.~:: -~~.;~?>~.-.,. .

- SEEP30- computer Jp'rOgram~' -. Or ~;~oe'sat ~.xp 12.-1 ned-'~he" formu I a~' The program Is

based on. They ere essentially the same as the calculations Bob was

working with. (Further use of the program revealed that It wes I) 1-00

smell and cumbersome end 2) assumed saturated steady flow, so really

dldn'tenswer the questions.)
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It WBS egreed during th8t~rlpthetwe should construct e cofferdem on e

section of dam that hedbeen repaired with IS Transition zone end elso on I!I

section of dam that Is cracked, but not repaired. The cofferdam would be

filled with water endperformence checked by subsequent excavations Into

the cracked areas of the dam. (Jim Talbot to Buell ferguson for November

'6-20, '981 trip.) No action followed untl I repelr of \nneyerd Roed FRS

In 1982-83, VlneyerdRoad FRS was being repaired with the transition zone

Installation. A number of outlets were Included In the design (84) based

on the width and severity of cracks. Many·more cr8cks were located during

construction then were anticipated. The number of outlets required by

design criteria were estimated at approximately 400•

At first (January 12, 1983), the criteria. was modified to permit e greater

creck width then design (1/4") In the first 1800 feet. Outlets would be

Installed where cracks exceeded 1/2 Inch In width. In an areawlthe

number of serlo~s cracks, outlets would be placed no more than 100 feet

a~8rt with the outlet on the largest crack. Outlets would not be p'ace~

closer than 25 feet epart. (Serious cracks were as close es3 feet

apart.) ·:.Then In ear1y February. ....he dec I s Ion to studybehevIorof-the

,~..bankment 1flthout ouff.ts 1"0 deter~lne whether they.r.e'.'v are necessary

.. ;.: .':t-o: pr:01'~t· ~·thEt·ltem ?from· f-aI"1 ur••~:j~· .;The' COnstruti:Oft,~ of.~t"-~·tMJt·t4;tsfor the

repair contract. --was to be d. Ieyed ·untl-t.,-1-h...·...su'~-of1-hls···~.stwere

~known. The test was to Include e cracked section of dam where no repairs

have been made, a seet Ion of dam repa Ired with a vert Ice I trans I, t Ion zone
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end, possibly, 8 section of dam repaired with e geomembrane (2-9-83 letter

-to Verne Bathurst from Chuck Lemon).

Bob Middlecamp,WNTC Construction Engineer, recorded In his report from

~rch 21-23, 1983:

The tentative Test sections would be:

11 Ste. 121+00 - 123+00

12 Sta. 103+50 .. 105+00

13 Sta. 253+00 - 255+00

14 Sta. 262+00 - 264+00

These locations would be verified by field conditions. "Observation of

these areas scheduled to test creek repair. techniques Indicates thet crack

locations during wet weather ere herd to Identify due to the sweltlng

nature of the soil ~terlals." It was recommended Thet the tests be

performed during dryer weather. Since the Arizona desert's most Intense

st~rm~ u$uelly occur July through September, summer would be e reasonebl~

time•

Bob Middlecamp continued, "The need for e state·offlce technical ·steff
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person ~o act as test. coordinator for 1-he Vineyard Road test effort was

discussed end It was agreed -that one would be designated. Many of the

questions ~hat must beenswered durlng-the test effort can be more quickly

resolved among the ·NTC, State Offl'ce, and Project Office -through II single

state office Ilelsonperson."

In April, Clifton Deal, WNTCSotl Mechanics Engineer (Bob Nelson retired)

worked wiTh Relph Arrington, Susan Leckbend, Aubrey Sanders end Tom Jayo

to design end Install the Insturmentatlon In the test sections. Requested

coordination of monitor effor.ts wIth construction people (Bob Mfddlecamp

and John· Suliliven) was denied by 1"heSCE.

It was decided that five test sections, celled "cel's", would be

constructed and they would be maintained full for 15 days apiece. SCS

personnel constructed monitors end e centrel control box.

Cllf recorded, "The most crltlcat time for failure of this structure Is

when the cracks·ere open to the surface of the fl'I, the embankment Is

dry. An,d e fre~b08rd storm occurs on the upper watershed without ralnfal'

on the dam. Due to these recent reins, cracks are not visible on the

surface of th.edem and recent trenching shows significant Infiltration ··of

water Into the embankment. The presence of the water In the cracks with
'0 .,\~ ~ .....;~;'V/ .~;:q (~;?' '. ;,.~'"-)?:p' ,,;\: >::-':>.i, '!;;:;~~:.' ~r,:,:",<.'. l .. ;}>.;:'\;[:;;~~ ,j •• / .-=:'" . {...,.' ~:,

corresponding closrng or fl flln-g cert~.-rnly"will'· no!~enhance the success of

this field trial."

"Because of the Importance of this field trial, very close control by e
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member or members of the stete staff femltler with monItoring,

Instrumentation end cracking Mechanism can't be· overstressed. This type

1"he type of Job that cannot be hand I. ed ISS e routine Job and. -therefore.

should receive special consideration by state specialists." (Clifton Deal

to Verne Bathurst 4-5-83).

The I mportence of the coord I nator was most apparent by two maj'or losses.

Soil samples we~e Taken Throughout the trench to monitor 5011 moisture.

The structure with salls at thelndivlduel testeells.The project 50115

IlSboratory was unaware of thlslntentl~nand, therefore, dumped all of

those samples when the laboratory was moved. This made a separate 5011

collection program mandotory. The second -major difficulty has been timely

consolidation and reporting of the study results. Parf of this Is releted

to the geotechnical work above, but there has been no Individual

responsible/accountable for this study, therefore, there has been no -

champion for Its priority In the totel program.

The prime purpose of this test, as documented by Jack Stevenson 3-16-83,

was to evaluete the effectiveness of the repelr method In use for

protection of badly cracked dams. ,.

Th-is evaluation would:

1. Determine behavior of II unrepalred (control) section of the dam•
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2. Determine If a fl Iter cake develops on ~he upstream surface of

the transition zone.

3. Determine how quickly II fl Iter cake develops.

4. Determine the amount 'and distribution of water ~hat reaches ~he

~rensltlon zone.

5. Determine that emountof water thet reaches the crack downstream

from the~rensltlon zone.

The monitoring system was to Include e comblnetlon of piezometers, visual•
6. Determlne~he type end amount of erosion Into the downstream

crecks•

•
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HISTORY

White Tanks

One of the first PL~566 (Flood Control) projects In ~he United States was

White Tanks, northwest of ~he Phoenix metropollten area (see ~ps). White

Tanks 13 end White Tanks 14 were completed in May of 1954. McMicken Oem,

In cooperation wIth the Corps of Engineers, was completed In July of

1956).

Almost no geologIc Information Is avaIlable to us for these structures.

According to the "White Tanks Repair As-Built Geologic Report", there was

little or no foundation excavation prior to embankment construction.

Natural 5011 under the dam was approximately 0.5 feet deeper than the

adjacent natural ground et.vation.

These dams were ..epa Ired In spring of 1982 by excavation of B trench

through the embankments on -the centerline and backfilling with e coarse

grained 5011 materiel for protection against crecks. The cracks were

mapped e~ pert of the- repes Ir procedure. The major Ity went to the

foundation. The geologist (Ronnie Reppmund) observed a correletlon

between the pre-dam netura 1 .chenne Is and the "degree of craek Ing" •
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Greveyerd W8sh

The geologic strete whIch are present et the Greveyerd Wash demslte

consist of ai-hlcksequence of alluvial deposits which extend to II dep~h

of severe 1 thousand feet. The lowest unit Jdentlfledlse widely

distributed stratum of pre--consolldated silt or cley·commonly referred to

es "I akebed c Ieys". . The 1-op ofth Is un It IIeset depths rang Ing from

about 20 feet ~o more ~h8n 35 feet below the present land sur-feee. The

lakebed clays ere overlain by. old stream grevels with an average thickness

of about 12 to 15 feet. The greve's are overlain by pleya deposits

consisting of c'ayeysllt, silty sand end sandy silt which are locally as

much 85 10 feet thick. Overlying the playa deposits ere sandy grevels

deposIted on the surface. This unit ranges In thickness up to 10 feet or

more.

Subsequent to the deposition of the ebove described sequence the present

drainage system of Graveyard Wash developed concurrent with down cutting

In the Gila River Vel ley.

The steep walled valley cut down to the surface of -the lakebed clays end

the chennel was deeplV Incised Into the 18kebed clays liS a steep sided

channel. Subsequently the channel was filled with alluvium consls~lng of

,o·random deposits of sandy end cleye'y sl It end s·end. Sediment deposition In

the valley continued until as much as 30 f8etof sands, gravelly sands,

sandy grevel, silts end cobbles were deposited over the 18kebed clays.

The Incised channel lies between approximate stations 12+00 and 25+00•
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The Investlgetors (Dames end Moore) recognized the potential for

differential settlement In 1-he vIcinity of stations 3+00 and 26+00 due to

the steep contectbetween the younger va lleyf I I I .II I 'uv I um· end the 0' dar

alluvium Into which the valley was cut. It was later recognized by SCS

Geologlsts· ....het another er88.of potentially severe differential settlement

existed In i-he vicinity of stations 12+QO 1'0 14+00. It was et station

13+50 -that severe.cracklngof the embankment occurred.

--
Prior to the development of embankment cracking, water had been allowed to

pond ·In e borrow area· upstream of the d8m In the general vicinity shown on

Exhibit A4. The dam was designed eS8 floodwater retarding structure with

a maximum detention period of 72 hours, so the foundation would not

become saturated. It has been determined thet saturation of the

foundation mzsterlels did occur at II depth of 12 feet .near station 13+00.

Thus Is It hypothesized that the pondlng ~f w2Jterfecllltated dlfferentle'

settlement In the foundation, thereby causing the major crack 1-hat was

recognized end repaired In 1981 •
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FREDONIA

Fredonia dam Is located In Coconino County, Arlzone, approxlln8t.ly one

ml Ie east of f'he -town of Fredonle, Arlzone. Construction was completed In

July, 1973.

The embankment foundation consists of extensive deposits of Queternery

e' I uv1um, most of wh Ich was depos Ited by sh'eet f low on f ow gred lent

elluvlal fans under unsaturated conditions. The alluvium consists of e

variety of 5011 types, ranging fromcleyey silt (ML) to fine to medIum

grained cleensends (SP). Much of the meter-Ial wes described as having a

high consolidation potential. Most soils contained gypsum sand; with

gypsum contents es high es 51S Identified. The weter teble was

encountered at depths of about 29 to 40 feet beneath the tend surface In

1971.

'The alluvium overlies e very Irregular surface of gypslferous shele end

cl,aystone of the Moenkopi Formation. Depth to bedrock below the lend

surface ranged from less than -ten feet to undetermined depths e)(ceeding

fifty feet.

The.upp,ttmertfal' g~'-Iog"fb~repo~t COon Clark'1971) presented the following

numbered .co~c I~s'I'ons':; ~
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6. "Avery Irregular subsurface contect between The Moenkopi Formation

end the •••alluvlum Isfndlcated•••1-he possibility of nearly

vertical slopes does exist•••dlfferentielsettlement probfems due

-to 1-hls condition would be 1nOre likely to occur I,n the vicinities of

stations 110+00, 140+00, end 165+00."

7. "The posslbll'-ty ofconsolldatlon'ceused by soluble salts, In ~he

materials of the dam end foundation goIng Into solution makes repld

drawdown of the detention pool advisable."

9. "Because ~f the thickness end nature of foundetlon materials, It Is

expected that consolidation wi" occur regardless of treatment. This

consolidation may cause cracking In -the embankment which could

necessitate major repairs during the life of the structure."

The ,development of crecks essocleted with the Fredonia structureWBS first

reported In 1976. A number of depressions on "sinks" developed In -the

alluvium In the reservoir area. COncentric crecks developed around the

depressed ereas. Minor cracking of the lower portion of the upstream

slope of the dam occurred between stations 132+50 end 134+00. These

cracks were prlmerlly-of the longitUdinal type. The Investigators,

Relph Arrington end Don Cferk,(Stete Conservation Engineer end Geologist;

n'~:'respectIve IY)-.i cone' udedfhat 1'fiese'S'lnk~'~",end,~c'r2Icks)~~'erE."asso~lafed with

'consolldatlcm- of .. in-piece" 50'1 15.'-
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In 1980, Paul Manvllfe (Design Engineer) and Jack Stevenson (WTSC

Engineer) Investigated a number of cracks In ~he dam. They concluded that

the more severe cracks,et stations 107+75't end 111+75 were the result

of differential settlement due to the presence of en old burled channel

bene8th ~he dam. They further stated thet "other cracks appear to be

caused by desslcatlon. ft They reported II n2 to 4 Inch diagonal creck at

stat I on 111+75t. wh I ch extended beyond the IImJts (10') of en excavated

beckhoe piT.

Further Investigation of embankment cracking was done by Aubrey Sanders

end Ronnie Rappmund (SCS Geologists) In 1981. They excavated severel pits

and described -the cracks at various locations. They noted the· presence of

sub-parallel transverse cracks rangtngfrom 1 t06 Inches apart, with

voids ranging from 1/4 to 3/4 Inches wide. At one location they reported

that air could be felt moving through a crack In the dam at a depth of 13

feet below The top of the dam. They also excavated e narrow, shallow

trench on the top of the embenkment, extending the entire length of the

dem. This trench wes filled with weter In order to locate cracks In the

embankment. Numerous cracks were Identified and mapped uslngfhls

procedure. During this study·thl~ study, additional drilling wes

undertaken In order to further evaluate foundation conditions end 1-0

better define the rock tine. This study revealed thet the weter teble was

';) ·;about sl:xteen-'~-fe~t"'hfgher ·then It was' when the.1971 ~lnvest-lgetlonwes

done. It als'o s~howed thet the dip of the rock surfece was steeperr In

some areas than hed been determined by earlier Investlgetlons•
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At the 1-lme of the 1981 study It was determIned that tcngltudlnal 'cracks

In the upstream slope of the embankment had dev:efoped Into area not

I dent I fled by ear 1·ler stud Ies. These creeks II Iso had extended In'ength

end number -the erea prevlous'y -Identified.

The dam wes repalreddurlngth~ summer of 1982 by excavation of a trench

In the embankment between.st~tlons 99+80 and 153+00 and backfl'lllng with a
/' ~ ., • "'l... ::

c08rse-gralned 1ft8-terI81 for protection against cracks. Similer measures

were "Installed ef the downstream toe of the dam between stations 103+00 to

117+35 end from station 136+00 to 151+00, with enaverege depth of

approximately 20 feet.

The most severe cracking observed during the repairs Inctude the section

between stations 104+100 to 115+00 and the section between stations 143+00

to 146+00. This Is entirely consistent with Don Clark's 1971 supplemental

geology repor~predlctlon•
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• INVESTIGATION OF CRACKED FLOODWATER RETARDING EARTH FILL DAMS
by

K. M.Euge, P. Monville, G. Johnpeer andJ. LaViolette*

INTRODUCTION
Earth fill dams have been constructed in thE: vicinity of Phoenix Arizona since
the early 1950's under federal watershed programs. These structures are classi
fied as dry dams" because they retain water only for short periods following
rainfall. They are also designated as Flood Retarding Structures (FRS).

Cracki~9 had been reported a short time following construction. Inspection
of these dams by the Soil Conservation Service (SCS) in 1977 revealed the
existence of extensive transverse and longitudinal cracks which could pose a
hazard to the integrity of the structures (SCS, 1978). Subsequent to the SCS

~.

studies, Fugro investigated five of the most severely affected structures to
doc~~~nt the locations and characterize the depth and extent of cracking that
may affect stability of the embankments. Services were.also contracted for
constr'Jction inspection of an embankment drain in a previously investigated
FRS to provide protection against possible failure caused by piping through

the structure.
The primary purpose of the crack location investigation was to provide suffi
cient data for engineering design of remedial measures, not to specifically
determinethecause(s} of cracking. The data obtained Should assist, how
ever, in evaluating and identifying cracking processes. Degree of cracking·
maps were developed to assist in prioritization of corrective action at each
of the fhe structures. Several possible mechanisms for eracking include "
desiccation and differential.settlement induced by hydrocompaction, subsidence

Ind/or.cons~lidation.

The crack 10cation cinvestigation encompassed a total of 109,349 linear feet
ofstructu~esin~"a~icOp~,an(t"p",inai"to\Jnties~,(Ar,i.,zona:.{figcre l). This

, .. . . _ . • ":-t. _,.' ":;":''''...-~~ _',0; " ,."_:\: :'.:1,1 :.: .. ",:}',.-;",:--', i:~ J, .;:.",..•'.

.. .~r.e~r.eth H.- -E~ge i~·'~-~~oi'ogist with F~gro, Inc., Consulting Engineers and
Geolcgists, Goodyear, Arizona; Paul Monville ;s a Design Engineer with Soil
Ccnservation Service, Phoenix, Arizona; and Gary Johnpeer and John LaViolette
are ge~10gists with Fugro, Inc., Long Beach, California.

Pr~se!lted at Association of Engineering Geologists Annual Meeting, October 4,

1979. Chicago. Illinois.
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1. included Magma FRS (28,750 feet); Vineyard FRS (28,400 feet); Buckeye FRS (37,400

-feet); White Tanks No. 3 FRS (7 ,920 feet); and White Tanks No. 4 FRS (6,389 feet)."

~ Remedial actions were applied to" Rittenhouse FRS which required 13,500 feet of

trench excavation and backfill ing with engineered dra in fill.

The work performed during the crack location investigations and construction

inspection included:
o Review and analysis of studies previously conducted by the SCS and other

related maps and reports concerning the site area.
o Detailed mapping of features along the crest of the 109,349 feet of

structures.
o Excavation and flooding of 402 shallow trenches totalling 26,635 line;2r

feet.
o Excavation and detailed logging of" 71 backhoe trenches.
o Collection and classification of soil samples obtained from exploratory

trenches.
o Photographic documentation of field activities and selected features

identified duringtte detailed mapping and subsurface exploration.
o Detailed logging of the centerline remedialdraintrench~xcavatedat

the Rittenhouse FRS.
o Analysis of the collected data to prepare appropriate plans, profiles t

and a final report for each structure ..

GEOLOGIC SETTING

11,

The study area is situated in the northcentral part of the Sonoran Desert sub
province of the" Basin and Range Physiographic Province (figure 2) •.

Stratigraphically the generalized sequence includes (1) the basement com~lex

consisting of Precambrian, Laramide and granite, gneiss, volcanic and minor
sedimentary rock" and (2) Tertiary through Quaternary valley fill consisting
of a vol~ano-sedimentary unit, a thick (10,000 .. ft.) essentially fine-grained

~epositand thin heterogeneous unconsolidated alluvium.

Ground\~ater extraction induced sub"sidence and associated earth fissuring is
occurring within and at the margins of the deep basin deposits.

CLIMATE
&,1.The area has essentially a dry climate Wit.. h m.ost precipitation resulting from
I summer thunderstorms or winter Pacific ~tonns. Annual precipitation averages

- 2 
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from 7 to 10 inches whereas average evaporation rates range from 68 to 73
inches per year•. The temperature range is also extreme with stnlTi1,er highs
exceeding 1000F~nd .~nter highs averaging 50oF. Diurnal temperature thanges .

exceeding 40° are notunconmon.

EMBANKMENT CHARACTERISTICS

All of the embankment structures investigated are similar in profile with 2:1

or 3:1 (horizontal to vertical) upstream slope inclinations, and 2:1 do\'Ili
stre~m slope (.figure 3). As-built construction -plans indicate over excava
tion of foundation soils was performed to varying depths dependin~ on soil
conditions. The structures vary in height from grade to about 43 feet. All

are homogeneous earth fill dams with no int.ernal drainage systems. Drainage
from the structures is controlled primarily via vegetation gates of low dis
charge capacity. During periods of high volume runoff, discharge is prodded
by ~n emergency spillway. The structures are constructed on or downstream
from the lo~;er slopes of alluvial fans in nearly flat but rolling terrain.

CRACK LOCATION FIELD PROCEDURES

Detailed Surficial Mapping

The detailed mapping emphasized features oc,curr-ing along and near the crest of
the structure where they were not obscured by slopewash and vegetation. Cracks,
pipes, anomalous depressions and animal burrows were described and mapped at a
scale of one inch to 20 feet along the entire length of each structure (figure
4). Many features occurring on the slopes of the structures were also mapped.
During the field mapping, flexible wire probes were used to ascertain the ·
apparent depth -and continui,ty of the features as well as shallow hand-dug pits.

Shallow Trenching and Flooding

Following completion and an~lysis of the detailed ~appingt shallow trenches,
. one-half foot wide by two feet deep were excavated with a Ditch \{itch-type

trencher along the ~rest centerl~ne ~~ representative cracked and uncracked
segments of the structure ranging from 25 feet to 100 feet in length (figure 5).
A total of 26,635 linear feet or 24 % of the structure was trenched in this
manner. These trenches were flooded to determine the relative extent of
cracking by noting the volume of water required to fill the trenches. Records
of trenchdimensions~water.used, time required to fill each trench segment,

- -3 -
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and water loss (due to'trench leakage) were used to 'calculate a rough index

nUu~er, called the flooding ratio, to rank the apparent internal extent tif

cracking. Flooding ratio (F.R.) is defined as:
_ volume of waterreguired to fill trench

F.R. -. . volume of trench
The flooding ratio is a useful indi.cator of cracked areas because as the flood

ingratio increases it signifies an increasing amount of leakage into cracked
areas. Ratios between 1.0 and 1.2;ndicate no water loss into the ~mbankment.

A total of 402 tren~hes were tested in this manner. Of these. 195 had no
detectable leakage and 81 had leakage so severe that the trenches could not
be filled at the maximum pumping rate of about 240 gal/min. It would appear
that the trenches intercepted a major conduit cc·nnected to a complex network
of transverse and/or longitudinal cracks. Leakage from down slope conduit
outlets induced by artificial flooding was observed in only a few of the
flooded areas which would indicate that most of the water losses were internal.

Deep Trenching and Subsurface· Investigation

Portions of each structure were excavated with a backhoe to allow for subsur
face inspection of crack features (figure 6). Seventy~one backhoe trenches~

1.5 feet wide and ranging in depth from 3.3 to 17 feet were excavated. Detailed
trench l~gs of each excavation were drawn ata scale of one inch equals two
feet.

The embankment soil types of the structures-range from clay to gravelly sand
(USeS nomenclature) and are commonly dry ,to moist.· The dominant soil .types ' .
encountered were silty clay -and clayey·sand. The cracks'mostcommonly
encountered in the trenches were of the transverse type because of the orien- 
tation of the trench and narrowness of the crest; however, longitudinal cracks
and cracks oblique to the centerline of the structures were also trenched. .

CHARACTER OF CRACKlr~G .'~'

• . <," -,":'f "~~1::}':,?~ ,,'-~:;-.':.':> ',E"~ ;,·n~.;~ t,~}-:· ~;,:., ,?-) '. · ' '.',', '",:" ,:;' ·c..... '·, •.

"Cracl(i ng 'patterns:'~~bserved ."in~ ttiis -stu~(Ji;' (simi·l~r-~.t() #tho·s.e ,.':descrti bed by Sherard ~

(1973»~ include transverse - normal to -th~embankment axis~ lo~gitudinal 

parallel to the axis~ and oblique - intermediate to the transverse and longi
tudinal (figure 7) •. Cracks are well developed along and across the crest of
the structures yet many may be found on both upstream and downstream sl~pes .

• There appears to be no preferred clustering ~r domin~nce of crack type.

- 4 
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A map depicting 'the apparent degree of crackin~ affecting each structure '-las
developed from the field data (figure 10). The highestd~gree, modgrate to
severe, wasdefinedwh.ere sign.ificant ·cracks'~or·.related .features were 'identi
fied. Distances' between features .:we~e-: less ..thc.n··'60,f,~et,a~,·the:·features
were primarily open cracks, large conduit~ and clusters of small conduit~.

Crack or conduit outlets were identified fr~m the induced flooding and the
flo6ding ratio exceeded 1.3. The next degree was defined as low wh~re some. -

cracks were identified (primarily short incipient cracks and small conduits).

-
J
I
i
1
t:e
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t·

-/
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Transverse,longitudi.nal, and obl~que cracks are easily identified a~ the

surface by the alignment of the vertical to near-vertical conduits or pipe
shaped circular features (figure 8). The. conduits range in size from one to
three inches in diameter and a few inches to two feet in depth. Conduits up
to 12 inches in diameter were observed where localized erosion or collapse
had occurred. These pipe-like features were also observed on the upstream and

..
doWnstream slope as much 8s20 feet below crest grade. The features appear
to be identical in character to vertical erosion tunnels described by Sherard
(1977) that affected the Wister Dam ;n southeastern Oklahoma. It is suspected
that the tunnels developed from rainfall or slope wash entering desi,ccation
cracks. Where open cracks were observed, they were at least 1/16 inch to
three inches wide. Incipient cracks less than 1/16 inch wide occur both trans

verselyand longitudinally to the cen~erline.Surfic;al "healing" or infil.ling
has occurred in some crack.s.This sediment filling was much more loose and
coarse~grainedthan~he adjacent undisturbed fill of the structure.

The r.;',aximum depth of cracking ranged from 8.6 feet below the crest grade at
the ~~ite Tanks No.4 structure to 21.9 feet at White Tanks No.3. Most were
vertical or slightly inclined from vertical. The average opening of the cracks
were about one-half inch and <terminated at depth as a hairline crack: ·(figure9).
Where the cracks were open, the crack face was usually irregular a~d rough but
smooth portions were observed locally. Some cracks were characterized by

sed~ment-fil1ed intervals containing loose, poorly graded sand. These filled
intervals, where they occurred, were discontinuous along the lengths of the
cracks. Commonly, ho~izontal pipe-like· structures were also loczt~d along the
cracks. Their origin is unclear but they appear to represent conduits through
which water escaped du~ing induced flooding ..

DEGREE OF CRACKING

- 5 
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I The distance between features was generally less than 100 linear feet or where

}.'.a particular reach O.f thE.' st.r.ucture was bounded by moderate to sev.ere areas.
~~ The flooding ratio was also lessthan.l.2•. Ho craCk.ing was defined where no
I ~racks or related features were identified on a reach of~he structure for
I at 1~ast150 linear feet or 50 feet where the crest height was less than five
I feet. Also, the flooding ,ratio for the reach was less than 1.2.

REMEDIAL MEASURES

t As a result of this investigati.on Fugro has suggested severai remedial measures •.,! These measures do not represent a pennanent cure to the cracking problems
l but represent interim corrective action to minimize existing hazards~ The
I use of these measures is dependent on problems.that may'be unique to t~e par

ticular structure; upstream and downstream developments; design capac.itYi
geologic, hydrologic and soil parameters; ease of construction and economics.

The proposed alternative remedial measures include:

1. Excavation of a centerline trench and backfill with an engineered
drain fill aggregate.

-jUGRD
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2. Placement of an engineered earth fill buttress on the upstream slope.

3. Installation of a downstream toe drain and graded filter blanket ..

4. Channeliie runoff to reduce impoundment. ·

5. Modify ~etention capacity of structure.

6. Breach the structure to eliminate dam breakag~hazard.

7. Raze and reconstruct structure using current state-uf-the-arts designs.

8. Utilize tombinationof measures for the most effective mitigationo(
potential pr"oblems.

Remedial action similar to alternative 1 was applied to the Rittenhouse FRS
. upon the recommendations of the SCS studies (Stevenson,J. C., et al,1978).

The-' i!'ct';o'nin\i"ol ved:"the: :exC:avatidf. ;.of· ~a c·enietl·ine·:trench\'lithoutl-etsto '
• . '.''". - _ _.. -' ~-::-. ~-'...... _~,' -.-..... - - : - ; ." "-" • • .... -: ~. - - .' "~.- - .-'.J - - • '_.- - -~ ..: - - - "!

the do~·mstream toe. ··.Tllemain -trench was approximately 13 t OOO .. _li.near feet
in length. The nominal width of the trench was about 2.6 feet with depths
ranging from about 13 feet to about 15.8 feet. A total of 40 outlet drain
trenches were excavated at. the locations specified on construction dra~ings

and as required by the Resident. Engineer. These drains were excavated to a

~.
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I . depth sufficient to maintain trench drainage. The dra;n fill was placed in 2ie to 3 feet lifts. No water was u~ed during placement and no compactive effort

i~" was appl ied. Trenches were excavat~d with a Parsons 250 bucket trencher and

an American 35 backhoe. Equipment used in placing the fill consisted of a link
Belt LS 118 track-mounted crane with a bottom dump bucket and trerrmie (figure 11).

continuous geologic inspection of the upstream face o~ the trench was performed
by Fugro during construction to provide assurances that all cracks were adequately
intercepted by the drain trench•. Cracking intensity was about 7 to 8 cracks per
100 linear feet of emban~ent. Ninety percent of the cracks observed were
transverse to the centerline of the dam. The remaining 10~ are long'itudinal
or oblique. These percentages are probably biased becaus"e of the orientation
of the interceptor and outlet trenches. The deepest observed crack was about
16 feet belowthe.top of embankment. The maximum width and probed length of
the cracks was 0.4 feet and 2.8 feet, respecti.vely• They were generally hair
line and vertical or near-vertical. Crack surfaces were irregular but planar
surfaces were observed locally. Loose infilling with coarser soil was carrmon.

CONCLUSIONS

,. Cracking of earth fill embankment dams has been recog~ized and reported as

affecting many structures, particularly after dam failures have occurred.
Few detailed investigations have been -performed on smaller dry dams because
the potential hazards are not readi"ly apparent. This false sense of security
could be devastating. More work is required on small structures of·this type
to determine the severity of the prot.lems and expand. the data base whereby

the causeC-s) can be'determined and existing designs modified to el i'minate~r

minimize the problems.
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FIGURE 6 log depicting crack characteristics within the embankment



•

INTERMEDIATE VERT1CAL
oIAGONAL CRACKS

,!' •

VERTICAL LONGITUDINAL CRACKS
IN CENTER OF VALLEY
(ALSO COMMON ON VERY LONG DAMS)

REFERENCE: SHERARD, 1977

1.\J

VERT [CAL'> TRANSVERSE CRACKS
oVE R,:EM a:ANKMENTS

\0 !I~, .. ".J I •

'\/

o....

c:-,
to
:J
m..._.
n

r+
'<
"'0
m
en

·n...
I»
n
~_. COMMON CRACK PATTERNS IN SMALL DAMS



fA) Longitudinal crack in young stage

of development

(8) Conduits aligned along mature
longitudinal crack

Ie) Eroded transverse cracks and aligned conduits

FIGU RE 8 Typical cracks exposed along crest of embankment



fA) Longitudinal crack along centerline
of structure
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(8) Transverse crack through centerline

Ie) Transverse c~kconti~~in~dcwmsl~e·· (D) Transverse crack through centerline
from crest. -

FI-GURE 9 Cracks exposed in backhoe trench excavations
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CA) Centerline drain trench excavated with Parsons 250 trencher; shoring
. in for ground installed for geologic inspection

(B) Placement of drain fill with 'bottom dltmp bucket
hoisted with Unk Belt LS-1~8~ckmounted crain.

FIGURE 11
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J: Authority .nd Charges

A team WIS IppofBted to investigate reported cricking of .anh dams in

the vict,,'ty of Phoenix, Arfzon~. Thedfstressed dams hive been con-

structed s~nce the ••rl,1150·s··...der th~ ,not Watershed Progr. ~nd

the PL-56S·wltershed protectfon program.
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Cricking of Earth Dams in Arizona

Report of SCS S~dl Telm, April 1178
.~!. .

...
The team lIembers ·Ire :

C. E. Stearns. State Geologist. sa. Davis. california
R. J. Smith, State Design Engineer, SCS, Bozeman, Montlna
.l. C. Steven.son.Construction Engineer.SCS. me. Portland. Oregon

The· team was spectffc.ll, charged to conduct sufffcient studies to deter

Iline the IIIgnftude of the cractfngprobl•• its probable effect on exist-
. .

'Ing structures. repair needs and .thods••nd changes tn procedures and

crfteria needed toeUllinate or controlth~ probl. tn future SCS work

in th.I...I.

.
!
•

This report c.pletes the ~sfl...ntof the stud,y telm. Contained tft the

report fs an .nal,sis of the cause of the probl•• the lfkel1 consequences
. .

of the cracking and proposals for repair., The ~~~, ~l,soP.~PC?s'.cL~h,.nges

for investfgation. planning. design. a"d eo"s~truc~ioq.o'fJ\.,~~. :tQ_.the
: - ~\;-.~~_, "".-'~ :'. _'. '-'r :? .'.~ -; :~:-- .{~.~« ._~.~., _;.-_,:~,~-_:._:.:~) ,'::; .~~'~;'-', ~_ ~_~' to: y.~) - - ~l-,:<- ""~ -', -_,.;.:~\. '. '~ '. -'~~-' ~ -_._. ',-

arel •

·JI. Introduction

•
~. '

"

( C~

The historl0f Sts .tarth dall design .nd construction t"n'Artzonafs tn-. . '

eluded in· this stud, tea.'s Interl. report. dated .lul, 21 .. 1177. Also.

"i ·
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in that report and in the Engineering Testing Laboratories. Inc •• report t ".-)--
dated July 1. 1977. are descriptions Ind photographsdocument1ng the

cricking. Subsequent to these reports •.,ch excavating•••pling.test

. ing, and field surveys have been made.

III. Summary of Conclusions and Recommendations

The Dam Cricking Team has~ontluded that the tr.ansver5e-,cr.cks ~ose the

·.8reatesttalzlrd to·--the-dlrris. The transverse cracking problem is of a
. ,

greater lDag~itude than originally recognized and poses I real hazard to

the integrity of the structures.

The principal tause of transverse cracking is tension release.associated

with embankment drying. Secondary causes could have aggravated the

cracking but cannot be verified. ,
A dust mulch does not prevent cracking. Natural self-healing of the

cracks has not occurred and cannot be depended upon unless. filtered

d;scharge face is provided.

It is recommended that all structures distressed by cracking be Ixped;·

tiously identified and repaired. Repa;r byfnstal1ing I graded lind end

gravelfi lter in a trench:-,ara'le1 to thestructurecenterline'is~ecom

IIInded.

. . . . ' .-~' ' ..•.• - ••.)- .....• "1,'> l' :;:....•...•:-_')- ,.,"'- •. ,.. ~~"-:.,,;.·;:.CJ:'.,~· .~.~)~, •. :-.\.

~It ~srec~~ndedz···~hltc~.11.~futureT=desig·ns:o:fdamsin hot' arid -.reas '-1-n·· .

4corporlte features to ,e1imi nate orcontro1 transverse dl)ffng cricks.

--.' ~ ~_. ""\ - ," ."

)
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IY. Iffectsof Regiona' ~ubsfdence

A. liner.'
1ft the Phoenix area (Salt Ri,er ,.l1ey). excessi,e lroundw'ater use

·...s caused wi.despre.d land subsidence.' IrOundwater. not unUke any

•

.".

• •

.
(.(,

. .
4:. •

. ~,
4 •:.:. ~~. . ._.......:.-....i .....·e=---.............................~tM.....· -......... _._-_.....-,._ ••.•

. • i j ------------- ---------------- ---_.......---------_.._.-i' ---:.
.. ~ .

"

·other.inera', tsbe'ng active'l .1ned in this. villel. More .ater
.

is taken out ofthebls1n .ach ,ear than t5 being replaced by recharge.

The net iffect of this overdraft "as been subsidence t.n the heav11y over

drafted areas. -The subsiding areas are well knawn locany and are l1st.d

1. Between the White Tank Mountains and Sun City

2. Mesa-Queen Creek· area to the Santin Mounta1 ns

3. £loy-Picacho area

4. Miracopa-Stanfield area

Our dims are on the edge of the f1 rs t two arels. The Bucke,e dams -and

1Ih1 te Tlnks 3 and 4 Ire on the south· edge of area 1. Spook Hill (under

construction). Queen Creek Un plann1ng)-.Powerl1ne.Y1neya",d. R1tten-

"oU$e. and Ma~ are on ~e '1St stde of arel 2•

" ;

!
I· .

··

•
(.
' ....

below: ..

.

..
"j

- .
~

I.;

•. .
(C)

&

. ..
lIhat WIS Sit d about subs f c1tnce in our Inter-i. Report. dated .lull 21.

1177. ts stillY,lid•. Sfncethat tt_••ore data hiS become available
.":<5j!-:";'7J.Y;i.;;:':/";" ·,:~i·.,. ,>':, t< ; :cc .? ',J .• > -:'''/~' -i::./~~~> .. :/~~).. ;:~:,~~.~. 8;;{;'l. )1!'<i2~:;'2,!··'i<i;·

...~ ., and 1ao"'··1:s'--rap1dl, 'belnrJ;.velopecl.~f:" .. Are.l~~'ffDrt t's being" ..de now
: : ~ . _ -' ;) _~.. '. ~ ~. ._:"/~_.-:.~~~'. -/~~;~'~~:~--3~2:': ? :~-: .J;~~'.';'-;:"J'

to understand the ..chlntcs of region.' subsidence, the .chan1cs of. .

the fOrmation of ··••rth ftssures and. perhaps of ItON illPon.nce to the

;', '. 5erv1ce. _e the fissures "n1 next occur. The followtng brief dis-

'canton s ;~·~~·:·;t~ ~re' de~11>the eu,rentt:hinUftg ~the .subst-
.' .

• nce probl....nd in later 'Icttons, this ee-1tt•• 's f ••lings on

.,

•,.
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the effect t t wi 11 hive onServf ce dams.

Overpumping in this'vroundwater-basin has long been recognized IS a

problem, but initially the f)roblems caused by the resulting subsidence

affected ~nly isolltedlreas.Asthe popu1ation gre~,. more people and

projects were ~ffected .• As the pop~lltion build-up continues. it's

certain that more people and property W1.1 1 be affected in the future.

One very ~Irge project that will be affected by subsidence problems

is the Bur.eau·s Central ArJzona Project (CAP). This project seems to

have brought.ll those working individually on the subsidence problem

together.11 Consequently, the most .detailed infonnationonsubsidence

is being developed .10ng the Bureau·s CAP canal -alignment on the east

side of the valley. The CAP centerline is immediately downstream of

our east side dams. Powerline. Vineyard. Rittenhouse,Magma. andSpcok

Hill. The information and techniques developed should be applicable

to other areas in the state IS well. The information being developed

isv1ta11y important to the Service and will hive to be used in plan-

nin9 future projects. Service people are keeping current on this

developing info~ation and. in: fact.are sharing dati with the four

principal agencies listed in the footnote.

-... '-' _~;-_/-.' : : ~::' ';'~--=:~~{~~~f:'~r1~·I~~::::~~~-=(:~~:~z;_~?;;~~>}!:

B•. -Earth'Fissures'

•
Earth fissures in basins like the Salt River are vertfcl' cracks in

the alluvium. Though not wide, they can be miles in length. Those

1I Data is being generated prfnc1pa1'¥ by four groups: Bureau of Re

clamation(USBR), Geological Survey (USGS). Arizona Transportation De

partment. Highlllays Division t Photogrlllllletrl Ind Mapping Services (ATD)

and Arizona State University. Dept. Grology CASU).
-.-..-
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that "Ive lat.n trenched Ire 1 tnch or 1.55 'in width and are'partially filled

with loose ••·d1..nt washed in f ... above. They hi'. ftot been seen

..eper. than can be .astll. trenched with • backhoe, .0 our observation

, ts It.ited to 12~14f.e·t below the ground. at 1.lst at this tt.e.. "

...• •

··•

( ..:C~J~
·!

..•.~..., ....
.. •. ~ . .

..' , .. "
• ••• . • .I •• ~"""",: ;.....t:.":.6"~.~"""",,,'d"'...-....i~"""----------.---...__.\ ..'

._._-.......;,..,--......----_ ---.......-. . '

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

The cracks hive· been· described in various publications stnce they were

first seen niar Picacho in 1127. It is thought they propagate upward

~I'OII depth. and aay.xten.d hundreds or pe~aps thousands of feet into

•- ..

(
,,~

..

. .
the .11uvf.u..1he1 first appear U "Ifrllne cracks on the surface.

. Subsequent .rosion J)f the l1.d"S enlarges them ~~to gullies as .uch as

20-feet-w1de and 2S-feet-deep. One crack has been probed to 60 feet •

.£1'Os1on of • fissure occurs lither from Iheetflow(runoff) ~r from

trrigatfoa,. Since the fissures are parallel to the basfn ..rgtns.
. . .

· 'they intercept sheet flow on the fans and shortly develop into gullies.

The resulting gullel hasbeen .. l~g1call1 called a fissure gulley. Though

ea-monll parallel to the basin ..rgins,·some fissures blve other orienta

tions. One on the north stele of the santin Mountains is nO,..I' to the

basin. It lias captured the nearby drafn.._ge and hiS been greatly en

larged by the stre.-flowing into tt•.
_. - . ~ '

•
(':':(~'

i

,...~~'{"~~c~, l."'.lltJ,s'i"PO~~.,.~"9~s. some fissures.lhe clown. side
• -.,.':'~-' -:J)_ .-.J,;,,~. ,'c', '- ) .•"' -..' • . ''';- ~ ..'~-_ J. ~ ':.l ,:;;t'~.:':-_'~: . ;>~t ~'.""J.;~-. '. ·~i t~ :..:.. ~- ~t2'f: .>~"~'~_ i.~:~~:;.(~ rr~.~f' /t: J)~, ~

:~&1pfCll1, ·ta·on the ~s.Jn.ltcie of the crlck~ A fllDOUS fissure near

Picacho bls dropped Interstate Highway 10 about 1.5 fe~t. The section

of highway is constant1, b.1n~. rep.~red as • result•

OJ..
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InsulllnlrY.ln earth fissure is thesurflce .apr.ssion of tension

cricks that fonn on the Nrgfns of subsiding basfns. Some fissures

have shown offset, but most do not. They form on th••rgins of the

subsiding blsins and are roughly parallel to the.basins. The specta

cular gullies frequently seen are the result of erosion. They are

cilled fissure gullies.

c. Effect of Fissures on Dams

To date,.no earth fissures are known to intersect any ~f the dims the

team studied fnthe valley. The lineament seen fn the Magma reservoir

has not been verified as tofts ori,in.Thfswill be done shortly by

USBR and USGS people. The team believes there is alwlYs a ,possibility

• fissure could break the surface near or through one of the .clams .

The reasoning is that the fissures OCCur on the margins of the valley

where the dams are located. Should this happen ,the respective sec

ti on of the dam will be unservi ceabl e. The dam w11 hlutomati ca11y

then have to be divided into.two segments.nd the area of the fissure

abandoned. The runoff from the affected watershed can be controlled

by lIaking wing dikes on either side of the breach. The above solution

is re~atfvely simple when the fissure is about at rightangles to the

dam.

" )
~

\

•

\:;'·::i.,.e--~erious'.se cb-_:·Ontwhe:re-·.:fi$S~reocc:urs J)a"'al1elto one of
" .. .. ~ -". .,' -; .,1-,,':' ,'~' '."_':''''::, ;},. -~; .,', __~ __ ~)_ ",,,;' ,._~':' .' :._, ., -,..~ ;.:;:' .. ,_ ..' .'} :,.; ._. ,_

the dams •..should the fissure Occur within about 500 feet up or down-

stream, the dam would be unserviceable.' The reason is that the fis

sures ~nd thefr resultfng gullies Ire colllllonly in zones 100-200-feet-

-.

)
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wide with fnt.rs.cting cracks and ",11fes criss-crossfng the zone fn an

en-echalon pattern.

_ .-- : t' ••

•

Therefore. the assUlDptfan Is that the dill should bl ....son.bl' s.fe

Ifth! fissure zone Is about 500 feet away fro. the.... Should a
~ - . .

. ...
•- .
~ .

• •- ·..-r··---.-. "..•.. ,
" ..- ...---------,-: --

-~•. ~
- .

(1

of the "would need to be b....ached•. Although 1~ 1s believed the UkeH- .

hood of a para"el fissure oCcurrin, under the dusts ~o.w. the possibility

edsts. The consequences sh~uld be considered along with an appropriate

course of· action s'houldthe situation occur;

paranel fissure zone develop near .nough to jeopardize a dam. and a

decision be· ..de to destroy the dam because of ft. a ~ch greater reach
: ..

". D. Subsidence

Subsidence ~an be ~st st.ply called a sinking or lowering of the land

surface. As fluids are puaped out and the sed1.nts pel'lllnently de

.atered. the overl,ying colulIl o~ so11 fs supported lOre and lION by the

so11 grains r.ther than thebuo)ant effect ·of water. settlement occurs. .

f

•

'.
.;

.s the individual grains adju$t and ...-or1e~t the.selves to the fn-

. creased weight they now ·carry. -The .ffect Is cumulative over severa'
.... .

Iwndred feet. The result is .xpressed on "the surface IS a lowering of

the land surf.ce. AsllUch IS 12 feet o~ l~ering h.s occurred at Picacho. ·

si·Ii~.·;l'jtl'~/·up:'\cil.,2<f.et j.f;sllb~.~P",:'W,,~~.~~~tt~~J~ .~~e area 'of the
• " .:..' '.: " )~"':'" " ", ", " "., " ",' 'k".",,;"""'~,")""';' ."P"

'oWerlhal "".nj-.bout·'ih5'"f.t ••ar,!1 ttenhouse./ The 'attithed profi 1e. .. .. - - - ~- .- - -', -..

shqws the lowering of the ground surface. the lowering of the .ater table. .
and the prod.ftl o~ the .ast count, dams to the subsidence area on the

's,.plot.Dat. 11 fram ••sure_nts on' USSR benchMrts .1ong the CAP. . _... .

. centerline.
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E. Effect of Subsidence on Dams

Dams constructed with SCSassistance in the Salt River Va11ey are on

the IIIrgins of Ilajor$ubsidence areas. Consequently. they are away

from centers of mlximum settlement. Nevertheless. the areiSS are sub-

siding as the plotted USBR ,nd laterSCS survey data document. ~othing

can be done to control or stop the subsidence short of stopping ground-

water pumpi~g in the areas. which is not practical at this time. :

What can b~ done is to systematically and J)eriodical1y tIO"itor and

"

IS the reservoir tilts and have less capacity than designed. Either way. \

the subsidence must be monitored so corrective measures can be taken as

-document the subsi dence. This: aspect of data gathering is very impor-

tant. Should a dam settle lower than the emergencyspi1lway. for exam

ple. it would be overtopped in a design stonn. This isa serious pro

blem. Another possibility is that capacity of the reservoir may change

needed. The monitoring should be done so that the elevation of the emer

gency spi llway relative to the dam is always ,known. The only corrective

measure consi dered is to raise the dams should they subside to the danger

point ..'

..

=

•
=

v.',tnvestigations Needed fOf"Planning and Design in Subsidence Areas
_ : :::::~ .' _ ·"Co':'.-=-.~, '-- i':..~~?:,-~~_'~''--:-·;'·;}~'~:~~ ,J:?' .. .:- i ..··;~ \,.:~~ ':--f~."'.- .,.~ ~ .-~~~j,~t~~· ~:t~~:\-;J-''1 ~~. ~ ..:., ~;: ~-)':'>:.. ,- '.' j'

. ,TwomajOr.Pf~ble~·mlY be encountered at'~O da;n::'b·~1i,·ti~'; :.t~;~:"~nd~igoing
. _~ - :-.).).' ._~ :;:-'j.~.r_ "_-:. fi~.t':.-·'__ .~."'~-:-:~~')~"-:\ L :::-P-:. ~.:_~~

•
regiona' subsidence:

A. An earth fissure can breach the dam

B. ~ifferent;ll .ovement dUf to iubsidence can causr loss Df storage

caplcity~

)
I
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lecause of the dlnger 'of a.,..achfni. d.1IS should 80t be bunt .cross

••rth fissures. «nown ....as of .arth fissures c.n be .vofded. TIIel

are usuall,r known locall,r and are documented fn ....ports and .ps. Even

if not prevfousl,r .pped, the,r can be found because they ,are exposed•

• ewly .velopfng fissures are-a dffferent probl.. In the ·past, fis-

Sures were fgnored untfl found. In the future, f~ III.Y be possfble to

Pred1ct~heloe.tfonof ~ewfissu·res•. Sh"ould this "appen IS fs antief

pated. suc~'area$ can be avofded ~t dMsftes. 'ostly repatrs and po_

tentfal disasters can thus be avo~ded.

. .

In future fnvestfiatfonsfordlllS, the COIIIIIIitteerecomends that a

serfous effort be ..de to loc.te edstfnge.rth ffssures. The follow

fng suggestfons are .ethods th.t could, be vsed.state st.ff people pro-
a..blyll.ve tnowledge Gfothers:

A. ·Rese.rc~ publfshed .ps and reports

8. Study existing aeMll photos

C. · Tlte sp!!cfal aeMll photos for I If,ensfte us~ng v.rfous .e.ns

t..it wfll emph.sfze surface·fe.tures. Low-sun angle photos Ire lood for~

these purposes.

f•
~

..

•

Dffferent studies need to be ..de fn order to predfctloc.tfons of new

.~.rth !f~sures. Such technol.. isrlpfdly being cltv.lop&dllOstl,r through
'. . . - .

t •.. the fapetus of the .U....U·ICAP. "ort now fn prolress shows ~.t ....son-

ably ,.Ud predfctfons can ~ ..de. To ~ tbis, til. following d.ta ..teds ..
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to be gathe~ed Ind analyzed:

A. Depth and form, of bedrock beneaththeilluvium

B. Depth to water table and Iveragerate of lower;ng

C. Historic rate of land subsidence

D. Nature of alluvium in the area of interest such IS:·,

1. location. extent. and depth of gravel beds

2. Location of major facies change from gravel to sand and clay

The above infonnation is important becausec.urrent studies have documented
&

that fissures occur on them~rgins of subsidfngbasins. on the margins of

bedrock islands or hills. over buried bedrock ridges. knobs. or breaks in

slope of the rock. and through changes in facies frtJmgravel to sand and

clay.

The co~ittee strongly believes that the studies outlined above are'

~•.. ,!~ ~~~~~,a 1 .~,~.~~..~~l~pnJ!1~,~!~!t,J ,?,,~~~~~:~i~g'~'~5,i~~ ~0' +;,~~/~ot~!~,s >;Should

'. ~;",~~~ .,I:tpU~i~.~ :J)~r,~ '10ig~~iogl,c. :,~~,'su gations ,1~i.SU~h .a~eas .•.

VJ. Cracking Problems, Observations, and Testing

In 1970 similar investigations of cracking in the Vineyard Road dam

were conducted by Arizona SCS personnel. There fs considerable parallelism

.~ )
...-

\
I



1n tit. condition found .nd doCIB.flt.d in that study and the findings of. .

th.current .ffort. In fact. th.re fs strong. evid.nc. that the cracking

situation lIlY not be sfgnfffcantly worse now than it vas til .1970 in thfs ..

dill. •..

..
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'At the tfM of 1977 Interf. ~p"ort. it was thought that s.lf-healtng of.
SOlIe cricks was occun1ng b.Y the formatfon of ftatur~l fflter flces. It

.as also thought surface dragging It Maite Tanks No.4 had .ither pre-
.

vented cr.aclting or 'ad .ffecti,.ly sea.l.d them. Those· two conclusions

were based on .vidence 'obsenred en tire surface of the dams •. The Study

Teamrecoanendedthesetwo ·items be chectedwith test pits. These later

fnvestigltfons.showed that both proc.sses were too 'lTatic to be reliable •

The t.stpits showed that soae cracks were .s.aled.sOlJle .tightlyand same

loosely. or not a~ all. Therefore. the two processes Ire not dependable

and".,st be disregarded,fn the repair of.the dallS.lt is nCOlllDended

that anI dIllS havfng cracked anes ha,e theentfre lone repafred as

~cOlmlnded below•

~nder the di ....c~fon of the SlaW Conservation Engineer. Ralph Arrfn~ton.

the nature and extent of the apparent. cracks 1n the .Florenc. and Magma
...... .

dams were.!investigat.d. "This wort was done fn October 1977. Severa'

cracks' apparent on the surface of ttre d.-.ns were eiclvatedand studfed

~th s.-what elTatic results. S.. cracts we,.. faf,.11 .11 heal.d by

vUhfng fn of ..terfals and creation of natural fflter faces. SOIDe of

the natural crack filling was dens'e and continuous. Other cracks were

.
; .,. . .
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.rraUcally fi ned wi th loose to dense _aterial. with some vof ds re

.fnfng.Jnit least one instance••n open 2" cracklbruptly terminated

in I very short distance. This crick could not be seen in I pit only 3

or 4 feet from its widest expression.

.-
)

The results of this study certainly raise serious questions ibout the

reality .nd predictability of natural self-healing processes in earth

cricks.

.
In January 1978. county crews excavated pits to study cracks in the..

•
Buckeye No. 1 dam. At this time. they used a small trenching machine

to explore the condition of the White Tanks Mo. 4 dam. Several open

cracks were discovered in both dams. Open cracks were found and traced

-to depths of 11+ feet. At White Tanks No. 4. several cracks were

traced that were well filled with dense material. Such fillings may

have resulted from thedr~gging of the surface t~at was regularly done

for IDany years. However. open cracks were traced that ,certainly com

promise the safety of the dam.

)

:

J:' ,

cracks were found in the foundation. The pits verified cementedca11ehe

In April·1978. additional excavations were IIIlde under direction of the"

study teim at Buckeye No.1. White Tank NO.3. Rittenhouse••nd Vine

yard Road ilams. At Buckeye No.1.· pits 'were excavated near':iheupstream
"j;~;;.~~~\\ ;,.~··;6~ ,:;.1;:"t.-'~"'~,!<",". :':'~?':;E · "~" '?" ~~j{ 'i,~i.:,)r,:»(",Hi::, " " .", " ; ,~ "
and downstreaiDtoes fnthe"areas"of severest"embankment cracking. No

•
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•• shallow depths except near '.10 ,.rde Road•••re no ceMnted .terfl'

.asfound to • depth ofIO+f.et.
i ·
•

" .
~ :

~,

At Whfte Tanks' No. 3,p1ts were exclvlted in the _an_nt t. two areas

~.:.of,SuspectedcracUng. 110 cracks were located.

· .

•t
~

i
t
t
~

•~ .

..
At YfneYlrd Road.pfts wire .xclvlted tn the d~ to tr,y to'locate and ob

serve cracts that were repaired·tIl117D. Two well filled cracts were

· located. 'It could not be ~terafned .ether t.h~se .were • result of

. .cti·vfties tOf111 cracts tft 1970. or • result of natural filUng. At. ..• .

Rftwnhouse. several pits were excavlted tn the south part of the dam

thlt is covered with • grlvel facing. The grlyelf.cing is about 8'

thlet. In .11 Cases the lower part of the grl,.l was II)fst. The earth

"co......s80fst.though probably slightly drier thin optfllUlD.lnd looked.
. • ery good. Thts, verifies the eff.ctfveness of • grlvel surfacing to

.-

.•t
·
~
·i
•t .
<If.

. 'j •
~

,
If

..
...1ntain.1I01sture tn .nembankment .,.nunder-hot. arid condittons •.

Whit is unknown. is the .1n1a.. effecttve thfctnessof Irlvel facing

.eeded to:b,.at up captllarity and ."s.,late agtfnst the hot conditions •

- .Trenches were ",xclvated at the upstre•• and downstream toes at St•• 130+12.

VIf'1 near. to .the deepest cract .foun~ by the Consul tant • II 1177• Two cracts
.' .~.. , '. ....~ _ -' ..: ' .••', ~.,_·~:~-:·--j~.<;)~J3:~'~;::)_~~"".~:,~: ~.:....}:~:.t. ~"-~=-..::3.~>1"···'" :l.+- .. ).::.:...~:.)':.~ ~~_. ~~ ~~i:; .::.1,.;· -,

"ere d1scov.redin • layer about Z·CSeep··tn'the dOwnstreu' ~p1t•. These
".;. ;;'. '.'\,...",j .:'.. ,::.. ~ . .,; ·t ...-•. , ;.~ ... ', .' ~:". . .. ' _ _ ~ ..~. ~ , ..:': ..:-:'~, ~ ,-' "

cracks 'did not 10. to the s~-~f.c. nor penetrate into un~rl1tng ..tert.,

.eperthan JIi to 4'. ·These cricks would be Qat off ., th.eore trench•

Th. backhoe operator told us such.cricks wire Vlry co_ tn the area.
, - ,J"",.

He rtgul'Ir11' encoufttersth. in .x~.v.ting trenches and foundations. '110

· Cracts were foulldfn the .pst.... pit~ .A 4.foot·cltep pit WIS .xcavated
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.crosstcrlck in the top of the dim Itthfs stltion. The crick was

open.bout 1/2 to 3/4 inches wide in both sfdes and in the bottom of

the pft.The pft was near the downstream shoulder of the clam. The

crack fn the downstream face and the pi t bottom was cl eaned. out. ··A probe

wire would penetrate .bout 3' plus toward the downstream f.ce. Water

was pumped into the pit and ft drained rapidly. After several minutes.

water emerged on the upstream face .bout 10.5 feet below the top of the

dam. An attempt wasllade to plug the crack in the bottom and upstream.

side of tbe. pft. to see if .water would follow an open crack to the down

stream face of the dam •. Water was again pumped in. 'After a few minutes..
the plug failed and water ag,in emerged on the upstream face of the dam •

• bout 3 feet higher than the previous time. No evidence of water moving

toward the downstream face cQuldbe determ;ned.

•

A pit was excavated across a longitudinal crack zone near Stations 201+46

on the north wing of the dam. This crack was 3 or 4 inthes wide near the

surface and penetrated to 11'+. The crack zone appeared to be .bout

150-200 feet 'long. The crack "as eleaned and "ater was pumped into the

crack. few feet east from the pit. Water t-ollowed the crack into the

pit and after several minutes o'f pumping dfd not erode deeper. Part of

the water followed the crack away from the pit. Water was pumped into I

".··.:;~~r,a~~;:J."J-e.~L:J.et.i~~t¥~f ,thepft.:·;Mowaterflowed -into ·the pft. No_~,~-; ••.,,; ..::..-~.~:.:.;.-,:_, ;::..·~:.L~-~'~':.'';;-~'''-;#'~~~'~4-_-;'''~'!.'''~

....te.~,_.s,~,,·f'G"d.l.~"lPla.ce ..,.fterseveral minutes of pumping at a.rate esti-
:"""\ ,' ..... -; __ .',_:; .•~'--:':.•- .• --"' .....__ ~ -, •• -, ~._ ... -'P; :.. ."" .J. ~~: .,~ ..... _j_ ..

m.ted to exceed 25 gpm•
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.
A f.ature resellblt.ng a lubsfclence' ffssure WIS .ten in ~e reservoir of

. . . .
lI'gIII Dim. The fe.ture .IS • shallow. C"lct in one spot. IMIt tts prfnct-. .. . -

pal f.ature was an alfgn.nt of s..l1 sinkholes 12 tndaes ,r).ss in. . . . . -' ..
. .

clia..ter. The total len~h of. string ~f sinkholes .aslbout ~D feet.

Itts p.ral1.1to the clam and .aboutSO feet upstr.... · The fe.ture has"

the Ippearance Of • subsidence crick. Another sf.11~r fe.ture .as re-

~ ported by county flood control tnspectors on Vineyard Road on Dec.mer 8.

197? lie l~oted for ft..ud couldn'~fjnd ttl so the sfnkholes 1111 "ave

been covered up with sedf.nt b1 runoff from the 1978 st01"lllS. . If' this

happened. 1tts un1fke11 the Yint1ard leaturewas l subsidence- fissure.

.:

.. ..' .:.
•

·
·

•·.

i .
4o. ~:. '.' '.;..' .... ;-.._--- .;.,----...-......--......--
.. ~ '·'1
•••• a

.". ..
f , ..:
\ '-- .'

:,.

,
·._.

!

YII. Clusesof Cracking
. .

Analysis. of observations ..de and ~Itl collected ind.1cates the ••jor1ty

of the transver$e cracking fs • result of tension zones because of dry-
. .

tng of' ~mlnkllent _terills.· 10 dfrect ·evfclenceofcle~sfcatfoncrlckfng

of high shrfnkpotenti11 .so11s WIS ·observed. At the worst. some of the

. .

. .

loils ~n the'mbanklen~.ight hlY~ ~derate shrtnkage ,o~ntfal. Mo~t of

the_Iofls "lvelaW shrinkage potentt.l •. ··1be·mde of crlckfngsuggests :. . -... -. ...._... '.
, .. ..

that relative11 ainorwolume changes occur as the ..brfal.slow11 ~rtes.
. ...

the cIa~: lIntf_te11 becOllt Issentflll111rge adobebriclts. During the

Itlktnl-drying process. cricks fo~ when .shrinkage Itresses exce.d the .
. ~

,:-:~::~,~!!~f"~~~"lt,.ftltl1.of-the ~.otl. .lbese .__~rl~ts .rethen .ggr.y.~d by volume
~. .~ . ....... " , '-, '''\. ,., - .'. .''. '.

changes due to t ..perature ch.~·ges .The.Y~dence al1ected I"d studied

ce~fnl1 support~ the IbovJ IIOde. of crlckfng. ,articularl, for the trans

werse cricks tft the "hite rinks 10. 4. R1ttenbousl. 'intlarel ~.d. and.. .
tllgu daJai. ·~,It "f. the op.fnlon of the Stuil.rT•• that "IIOSt of the trans-

·
t.
-;

·t·

.f• •;

.;
~·

.,

·;

•·,·
~)
.f

·1
'f ....._-- -..1__ ' ' ..: -- .•- • .. • ._.. ••- ------ ._._ -_.- --- _. _ - - .
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.erse :"Crlclcs -occur-:bectuse -~e "tensile 'strength 1)f ~e·..o11·1s ···~xceeded~·

.Ay-~he·~pil1.ry.~tn!sses~f-.4r1tng-.

Certainly_ the movementlssocilted with subsidence as • result of ground

waterremO'val lIay well have aggravated the cricking in some areas. No. ~

evidence his been collected to indicate that subsidence cracks occur in

any of the ~Imst foundations.

Equl'·ly certain is the fact that shallow foundation compression can cause

=erlcking byd1fferent1al ..settlement.· This potentialcluse has not been

verified for any transverse cracks. This mode of crlck;ng is quite

likely the cause of lIany of the longitudinal cracks observed.

-The Team .recognizes that tremors or shocks from earthquakes would likely

contribute to the cricking of these dried. brittleemblnkments; no evi

dence to verify this as I primary cause has been documented.

The Team's studies have not. vertf.1ed that any of the cracks are I direct
. ..

.).-

.--

(.

result of different materials being placed adjacently, or because of

41ifferentdegrees ofcompact~.on or .afsture .tntheftl1s. It fsbelieved •
....

~ however. thatsuchcondi tions .., well ·flavl-added to the ••gni tude of the

. ,~:••~~Ielll.,-".:r,.e,T.arp.tJ,.~tudi.;-:;~;ti~~~~b~f!~ii; that;theiJllgnit,ude 'ofthe

? -e,rackiIl9, is grelt.,r,merelliterialshive been1»1aced.'t.lIOist~re'Contents
l)

. _.,relterth~n -optimum.

VIII. Summary of Fi ndinas ..

A. The prfnct"pa' cause of the transverse cricking is tension release

because of shrinkage IS the embankments dry from placement .aisture content~
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in the .lverel1 hot••rld cli..ttc conditions 'nthe .re•.
I. Seconder1 cluses of crlckfng are:

1. Tension zonesresulttng f~ d1fferentt.;.ettl...nt because

.of shillow foun~lt1on compression. This fs the pr1~r1 cause of the long1-

· . tudfnal cricks fnvestigated.

t,

•
i..

.
i

••

~
i

. "

2. T.nsion zones resulting from stress differences 'Clused by

regional subsfdence assocfated with Ir'Ounct..lter withdrawal.

3. Tension zOnes caused by stress differences resultfngfrom-. . .

variations in type of ..ter1.' •• degree ofCOlllpI~tton or 80isture ~ntent

in fill mate,,'.ls IS placed. •

.4. Stresses·fnduced by tremors and earthquakes •

C. As I result Of recent stonas. Rittenhouse and Magma had up to

11.5 feet of wlter in th,ir flood pools. Thefound_tfonsdidn't leak, so

it is believed this hiS vertfied that cricking does not· completely tra

verse the lower portions of these embankments or disrupt their" foundations.

D~ . -Cr_ck1"g is sufficiently severeein the upper zones of essentially
. . .

all the embankitents studied to require ':'pairs:
. .. '.

. .: E. Studfesftave not locited any cracks penetratin.gthrough the fdunda-

:t1on.~o cricks hive been identf'ied in Iny of the dam foundations that

are cl.I'!11 associated with the enbanklDent cracking.

,F. The stud1es .lIIde~ have Yeri~ied that naturalself-heaHng processes

~ca!J~~~.b,t!~cle~~nclect}"po~,.<unJesJ~'afiite"'t1'.dfj.iie<fa&·:'1s:i',~ieni~ .
f ro- _.... ;~~:.~.;:~r- ;'#.'~) ,-.! / < .-. ~ '.' . . '. . ."

.8. The safety of .11 the dims studied can .belssuNd with properly

applied repairs.'

•

:

4 -:::-:-=============:--~~.......~ ---:-....."-.."'.' ...,.
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H.Gravel (shells) or thick facings on embankments effectively con

trol cricking caused by drying in this hot. arid area.
\

I. Although the design Ind construction of the dallSwas commensurate

with the state of the Irt It the time. methods of Inalysis.investigation.

Ind construction procedures used by the industry in the past have been

proven to ~e fnadequate to assure safe dams with reasonable maintenance

requi rements.

.
Consequently. a change in ~he.philoso~hy ofeart~~amdesign and con-

structi on is necessary to Issure safe and proper functioning of earth

embankments to be constructed in the future in this area .

J. Significant regional subsidence has occurred at the east county

dams.

IX. Monumenting and Mont toring Future Structures

In a subsiding basin continued monitoring of all earth embankment struc

t~res is necessary to insure long-term safe o.peration. It is essential to

install I system of measuring points so that ID(\vements of each structure

relative to its elements IS well IS Ibsolute IDOvements with respect to a

fixed ditum can be determined Ind evaluated. The measuring point system

should be.splced~1ul "fer.nc,d(~o:"provhf~~ufft.~'en.~ ~e~IU to d~~ermine
; .• ,. - • ",>, ..:~ - .,' J ) .. J;'.... :/::1 ~.;. j::;,~?,,? , .... :-~ ·~<.....::(t \'. ~- -t.·.:,~;;:: ..... >, :'~~,~;;...~.,'t: '; ._~ .. ~~_ (, } ~

"Vregiona'·lswell:Js·· htghl1~'lqcaHze,d mQv;e~en~s. , Ge,ner.,ll'y~ q.f ..princfpal
- . . -. • -. ~i ~_ ... _ ~ ••_ .~ :' ' .... ~.:._ •. '. _~:.... _ ~ __ ... a-'. ~.__ . _ "_<'",~;_ .:..\ .•

,concern Ire vertiCil movements, however. 40ngftudfnll-~horten1ng 'or

>lengthenfng Ilong the centerlfne of the dam. IS well IS 10vements It the

embankment toes with respect to the centerline Ire 11$0 fteeded •

Significant examining of the structure should be done It regular intervals

and Ifter significlnt stom events or other natural happenings that indi Cit" )
-'

•
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the'Med. 1••·•• MWly .,eloped ••rth ftssures fn itae ..n,r.l area, seisllic

disturbances ••tc.OY,rallcondftfons. aft1 apparent .,ements. cr.ckfng,. '. .. .. .
erosfon. etc•• lhould .....corded and !!IIasuring pofnts .stlblfshecf as neces-· .

. - .

Slry to .nftor .further aetf.. A.11 planned and executed photo docullln-

tltfon of events and ~se"atfons would ·be we." valuable.

(1')
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Whfle·the5QO ,..t apart ionuments. Istablfsh.d onl.veral of the dais are

producing good results tndfcatfn,g the ..gnftucleof general "subsidence,

they .re inadequate to penait .,.luitfan of dffferent~.l .vements that
,

~y occur fn short distances. .

~
(

.
~It 1s recommended thatsettle.nt and tof cIua horizont.l.nitoring .nu-

IIInU be tnstalled at tntervals of 100' feet ilong the top of aU newll con-. . .

structed embanblents·. Also. _&surfng points to .stablish eross~sectton

.lIOvements should be established.lt .ach shoulder of the dam and .ach toe

at ,pprox1ate 1.000-foot intervals.

J
l
-j
1

".~
'.
...

...,
~

i
~

f
t
.~.

..

-.

These points should be ••sured at l••st annually·untfl patte", of .ve

. .ent or lact of .ve~t tau been estabUshed. The lIIasuring perfod c.n

then be .xtended. e..nsur.te wfth Conditfons as theldevelop.

I." "Reconneridations for Re,a11":".}t~?f';>-'~.I.i"~~:,~eJ~:h{;''f>~'f;'~~~2~'!ti:¥:~~f:'''51A~'}~I:

. Ali "Posslble·Methods '.oflepafr', ,"c"V

, Sever.l .ethods of' ...pair ..." been considered bl the Study T...~ sever.l. .
. Itave been suggested 'y other p.rtfes.An .ttaods Ita" ••n considered,

studied and discussed in .t.n .y t~. T••••
..
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The alternative methods of repair are:

1. A graded sand and gravel filter installed in I trench parallel

to the centerline.

2. A narrow reworked compacted earth core installed parallel to the

centerl ine •

3.·· A narrow soi1fement:'core parallel to the centerline.

. 'I' 4. A prpgram of. periodic repair by water cleaning Ind mud grouting

111
1
cracks. ·

S. A granular f;lterin I filter cJoth envelope installed in the
~

lower porti on of a narrow trench parallel to the centerl ine. The upper

portion of the trench backfilled with ,excavated material ,compacted ,~t a

.oisture content dry of -optimum.

6. A filterclothf;lter installed along ~he upstream face of a

narro\tJ trench, parallel to the centerline. The trench to be backfilled with

excavated material compacted to a 'moisture content ,dry of optin:um.

7. Lower the emergency spillways Ind decrease detention capacity to

an ele~ation at or below that of the ~ve'rlgelDl'ximum depth of cracking.

8. Lower the sp;11wlYs IS 1~ No.7 above and construct floodgates

in the sp~llwIYs. Should leak.gear piping start.the floodgates could be

opened to increase the rate of drawdown and decrease the extent of damage

't~>~hG ~~;~;.' .> .,

..• :'., 9::"· ,s.;gmenrthe~det;ntion"'t~l'lg.\'1ttlln:'ttie·'·~ase~Of;bY "ftstalling

,'4ikes perpendicular, to -the dams-to l1mit'~e¥olumenle.sed by.;f.ilure. .

of I cricked section.

)
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10. -Jastln a Irided .Ind and Ir.vel filter .. ~ exfl~fng cIown-
:
!·,

& ··.
&

. .
-I It,... flceof the dIllS and cover with additlona' "lnkMn.t .ection from. '. ' '- , .

. ....tert.l exclvlted for the Centr.l Artzonl Project (cAP) ca~ll. This

would ie-a ~thod Uafted to structures adJ.centto the CAP c.nll aHgn

.nt.

8. Discussion of Methods of Repair

i,

. t

1.~nerll. Sface 'S~bsequent investig.tfons hive revelled crlck-. .

tal tn arels ftOtprevfousl~ loclted•. a 4etlfledfnspectfon win be ft-. .: ..
quf ....dto .tdent1fl 111 ......s needi.ng treatment. On dIllS with known crlck-

fngprobl.ms ••11 relches not .1reld1 identified IS hlYing cricks should
.

·b.tnvestfgated. Investigation I»)' ••ns of floodfng a 6·fnch-wfde by

2.foot·deep.·Dft~hIf1tch.· trench 1115 proven to be • good ..thod to

locate arelsof cricking. Backhoe pfts Ire thenrequfred to investigate

and cletersfne the 1Iepth of cra'eking.

.,

....

-
(~-( ..j

:L

•.: .....

On clallS wfth no known or YfauIl·.vidence of cricking•• ran" ,election

_f arels should be fnvestfgated bl the Dftch Witch ..thodto check for -_ -.. .'
cricks •

. . I.: Method No.1. Sand and Irlv.l filter.

The coaafttee ~c~ends:,~p~tr 1»1 ~~fs ,~thod. 1$ df~.c,s,.~.d_nd .1so
• ,"J"; ~r· . .:?:" ~~'~-/i}~"~ ~1·::'i.;.~1~~~~·J.. ~·~· ~~:-~7:~·.i~·3J~;~~~~/)fJ}?·}~·~,;~:2. :0-'~fr.,~jj~~??·:~~~~.~!~::~f~;~~·~'":J11&~~;·"5;~'f:.~"~~~r ~~f~:i ,=",'~

.. ,n(oiif.i't"tJ°~;~jUrU4Aiet1.;rapOfj'li,(i' July}lg~l~(lii~lftficrJt'JliPoRl:''The
.,o;'r:>;:"t/'~;Y_·,'v,;_co·,.. ., 'C,,; ·"'\:-"':..: "i'e '__'.':>;_",." ,;'\ ,

Ilnd.and Irlv.l· fflter should be "tOnstill.d to I depth of 12+ f.et. acijusted.. . ..
to deeper cle;ths -where tnsp.ctfon tndfclt,s the Ixistence of ~rlclts deeper

than t, feet •.. Carefultfts~ctfon_.~r1ag rep!f.r~t1.l bI.,.~Uf ...d.to .ter
8fn~ tIII~l1 dePth~/'craC~ing-. ". -,.". ·o,·':~~-' r~:;;.;rj~.:".. .,'
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~~
~Jnftfal fnvestigltfons fndicated .any cracks werepartflll.r filled with

loose .aterlaland SOllIe were partially fflled with dense .aterlal. Later

fnvestigltions lIaveshown IIIny lreas where the loose materials Ire actually

packed into the crack during the excavation process and was only surficial

filling adjacent to the pit walls. Some locatfons were found Where the

excavation process packed material into the crack so tightly that 111

evidence of the crack was obliterated. In such instances, ~Ireful inspec- __

tion Ind ~robfng fs requfred to continue trlcing the crick •

..

Probing with I thin wire cannot de tel'lline the totll extent of cracking.

A
l
thoughprobing proves the existence of In open Crick, 'resh tlnce to prob.

ing can be Clused by irregularities in crack llignment. Cracks thinner than

the probe wire cannot be succesSfully probed•

A two·step inspection process is recolllllended to verify a trench depth 3 feet

deeper than Iny existing craclcs. The first step is In in-trench inspection

and probing It selected locatfons of extensive cracking. In-trench inspec

tion Ind probing with In ice pick or simflar tool and a probe wfre to deter-
. -. ...

m1ne the IIIxfmum depth of the larger Ind gfnerally deeper c_racks. S~oring"'"
or POrtable shielding will be requfred to protect personnel during in-trench

inspections. The second step should be .•ashfng (llos-ing) down the trench "

sidewalls to identify all cracks. Any crack,ppearing to be •.eper.thJn
". . "\ ," ,'-,,;., ~,,' .: ~ , -<i,.;;':;' ~t" ~~"'i,;~'~f..\:;i;.,-,.;~rj/¥,r'": d~~~P\~~>:';:~,ht"'B}~ .;;~;~~)-:1,..·'r~}!J' !n~~;"'l' .. ,J

,;,tllo$'e 'found 61'-the in;'trench 'probing should be furtherfnspected.
- ..... - - ,.... . ~- ~ .... ~,' ;.oJ

•

•
Any locations where the trench does not exceed the IIIxf.UBl crick depth in

that lrea by 3 feet will require Idditional trench exclvltfon to deepen
'. . ". . " .... ":.o" '~. , .... ' ';-.:. /'" " • Z~.!-:l7i, -.e". '~".: \: . ' .

the trench. Tile trench bottom should be grlded 'to d~lin to an outlet •

_ ••~_. _ _. a
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...
a.. ,

•
•

. . .

~ graded fUter of ~anctete aggregate will "ave a saUsflctorJ grldation
. .• ".:~,..: .','>,' __ ..~. ~<~~ ...... ;)~' .~ ~J,' -:::...•.', ~ - .

and fs nldill.v,flabl.. A IIfxture -'of 451 ftne aggregate and 55Ss1'ze
. ..

.(l"-.1nus j :fn accoJ"dance wi thASTM-C33 appears to be· adequate for ..st

of the needed repat rs •

3. Method Jlo. 2. A narrow reworkad compact .arth core.. . -. .
. This ..thod was described in tHe fnterill report- It is not cons1dere.d I

. viable alternatfve because of the rapid development of d~tng cricks.

C. -Method No.3. A narrow soil cement-core.

This .thod wls also described fn the interim repOrt. It is not nco..-

· This .thod .f11 Control ,e.pall ••ntt ties 1»1 flow Nststance 10 that
.. .

.ater ••ntftf.s "tl.1ftot c....te • piping ,robl.. in cracks downstream. .
fro. the ft)ter~ It will .1so provIde 11.ited protection to pfping 'of un-

, , '.
detected cricks that -I not be tntercepted bl the1l1ter. .

.-

. ..

. ..

.
.ended IS a viable ~lternatfve.bec.use offts~fgfd b.rfttle natu're a~d

associated probl~ noted1n the .~nterf.report.

I. f!ethodIlO. 4. A continuing trogr•• of cle.ning and .,d grouting

. crlc~. ,,'This is not COftsicieNd .a vfable ~olutlon for the following reasons:

First, it 'rOvides 1IO·'ro~cttanalainst flilure through newl1 diveloped .. . . . .. .

'cr~cts; second, to be successful. Ive!"' tndivid"ual crack Meds to be 10-

. '.J Clted•. cl.aned. and INUJ;ed - logistlcall, fllPOssibl•• third. unconfined

; ... ~,~r!cy ,~ot ~ r;o-pl.t;ljoO,fill;CS~~+:;th).~·~.'ltOijf'Vtn-;<I"rf"i' iand re-

.crack u Oft dri.s.· A Vlriltion Of this .thod whe~ .,dlrouting should

. "· . .. done alang with t~sta'1fng .vertica" filter ·was discuss.d. The sa. •
. .

Mste ~Clrtlfnttes are co..,i to thts poss1b11it¥•
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6. Methods 5 and &. Using cloth filter.

These .•lternativeswerefdentfffed by ETL (consultant engineer) in the

erack eviluationreportfor FCDMC. The committee cannot recommend these

Ilternatives because of the nearly total reliance on In unproven material.
(filter cloth). We question Iny filter cloth's Ibility to resist tearing

if subjected to crack development of the magnitudes encountered in the

dams investigated. If the filter cloth did not tear. the stretching

across 1 crack could significantly alter its filtering ability.

AlthoughA1.ternate No.5. the cloth enveloped granular filter, could be

designed to function satisfactorily should the cloth tear. it would have

no advantage over Alternate No~ 1. Ind:'would be more difficult Ind expen

sive to install-The filter cloth would partially prevent filter material

from filling VOl ds that may develop amder the filter.

7. Methods 7 and 8. Lowering emergency Spillways and instal1fngflood

gates. These are also Ilternatives identified by ETL in their report to

FeCHC. The convnittee does not consider these IS viable repair alternatives

because they change the scope of the original project.

8. Method NO.9. Segmenting the detention area with dikes.

This method was suggested by ETLandothers. asa means of decreasing the

extent of damages caused by afaflure. Although it is not a repair measure,

it does h~ve merit when considered in conjunction with other repair methods.

The detention basin could be divided into several basins by constructing

dfkest~lrIbank~ents-) perpendicular to the lIain dam. The ...ller basins

would need to be fnterconnected by conduits through thedfvfdfng dikes •

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

.....

. ..... ., .... -, .....................,_..
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• • e •

. I. Jlethod No: ·10. ~infftg repatr with construction of the CAP.. . .. . .
Thts fl·lIOtconsfclered • vfabl••1temltfv. Mcaus.:

•• Jt.-ould del" n.eded ~rg~cy repairs for 1ft ",known period.
. . I .

•• It bas not been detel"llfned It thfs tfae when the CAP will be

•
••. .

~

completed.. •

..
.
~

i•
- t

c. Conclusions and Reconnendltfons for Repat r

The i •• ·has concluded .the cra~fni prObl•.fs of'greater ..gnftude thin

originally recognfzed. InVestigations subsequent to OUr tnterf. report-. .... .. .
.of· .July 1177. have revealed lreas of crlcting Bot prevfously f~ntiffed

in clallS, JffthJittle or.., ,surflCt .vfdlnceofcrlckfng.Cracks have been'.. .- .
found to .xtend to greater depths than previously encountered. Any· one

of.these deep cracks could endanderthe structure 'f it .xtends through

or nearly through the .mbln~ent.

lbe Team has concluded the cracks pose a real "zarcl to the integrfty of
. .

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

Priority of repair should be based: on a COIIb'natian of flctors •.These
.. .

fnelude'''e hazard and dalllge potential fl'Oll fin,,... the s.v.rlty Ind

'the structures. lie recommend that st.eps be taken to identf.fy all dams

: with cracking problems, to identify the e'.ltent of the cricking fn .ach

~, to repatr ~he cracked dus and··to fncor,orl~ desflft .thods to

.1f~inate or control dryingCl!'lcks fn future 'Structures•

o •

.. _depth of cracking and I hydrologic .valuation of the problbl1fV of ifgnf-... . . .'. .

-. _. -.: .-flcant runoff produCing .v.nts. All stru~t""s dfstressed .1 crlcUng..•. :' . . ,

.hould be repaired expeditiously. Structures ihould ••' "Plfredbyfnstall.
. . .
tng I sand ~d grav.' ,nter fn I t ...nc~ parlll,l ~ ·th. t (Method No. '1).

~.·l
••.. f

~J
.....IIIII!II.--- --.. --- • .....-... • • " __ •• •

:.2,~ .•: ..,~~:~.j.~-- --- : o•• '.:. •• • • _._.~~ ••_._ .~O.•_•.•...._ .
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XI. Desig" Concepts to Control Cracking

A.Alternate Methods

Severa' alternatives arelvailable to design for control of cricking

problems. Some Ire intended to prevent cricking. others to control

the effects of cricking. These al ternat:f ves'> are :- };:-- -', ~ ...
1.A granular filter zone within the embankrrlent. This design

feature is similar to the rec~ended method of treatment proposed for

the existing cricked structure. In new construction. the filter zone

could be either sloped or vertical. It would .1so extend down to or

into the embankment foundati on.

la. 'lacing .and ,compact;ngthe enbankment dry of optimum 'com

bined with a granular filter zone. The compaction of f111 materials dry

of optimum is supplementa1to Alternative No.1 •
.

2. Granular embankment shells. A gravel shell Cln be used to prevent

cracking of the core zone of embankments provided it has adequate thick-

ness.

3. Install I sind wick and drip irr1gltionsYstem in the top of the

·dam;.. T.his alternative would prevent crack deve10pment by replacing

moisture lost from the fill.

4. Instill I vlpor barrier over and around I core section of the
, ..• ' ~ . ~ ~.,--> '1-:'.- _._.,'o..·l.:._.1·..·,~..-:·:.,·.-.1'~::r--~~_.~i~;:::t',·;." _:·_~,.;·i;).-.:,. ..·"'.~~.:.~ :

.embankment~j . Thi s·,.~1s:·:I~·,,~~~-c~n~!J?,~c··I~c!~j:~-~jA~g~9;·~U~:~yent. mol sture
'~'"'~""-'" ." ,~',.'>. j . ':".:.,-~:•.:":G:>"'..;.::-r~~·;.;.~,;:~;:-~~~~;J!O,':'<~.'·-.:;-~~7,'~~~~~·$~,""~ ~' ..'~' _

lo$~ ~)',;~s.fng a "P~"",~l',..ier of plastit or rubber sheeting or othf!r

simillr material •

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

)
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~~.)O.· · .~~ .msQllSion of Altern.tiftS·· '
, • 0 •• •

1. 'ranula.. fflter zone within the _.nbtent.'

· TIlis .thod w11l not prevent the. fonutfon of drtfng cr.cks within the
o • •

"int.ent. A fllt.r will control the probl_ .,s~f.tedwith crack-

f';g and prevent .~.ching of .the uba"bent .1fntem.l erosfon and

'pfpiftg_ .It provf.des a' fUter face to ltop lIfar.tfon of ffnes and pro-

.
;

80tes I.lf ...Ung of ..~ crack. "Afnter'zo~ wil.l .1so provide pro-.
action to the ·.IIbaau.eIlt·froa crackfng caused b1 df,ff.rentt.l .ovellenu.

. ... '.
The Ifngle-gra,ned,ranul.r ..telial.wfll.....dfl1 readjust wfthout rup-

turing•

.~

In dr1 dams. the filter zone can. be rel.ttve11 thtn since h1draulic

conductfvtt.r fs not of p.ramount f.pOrtance~ lb. rapfd IlevelOpllent of

• filter face within a crack will quick11 res.trlct w.ter 80vement fnto

the fflter zone. For cIownstre~ toe stabflft1. the .ellbankalent~hould
... . .

.. destgned to .. s~ructu~.111 stable with the fUter zone fu1l1 satur.ted•

•1.
I
I
i-
t

- t. :i
-l

I- .+
,

-.'"t
~'

. i
" t..

f

•t!•.;

ThtOs ~1.l require 'the fllter zone to bI pllcelJ ae.r ·the centir of the:. ~. ".,. .
Ulbant.nt. For ~pstre••.toe 'ItlbtliQ' and full drawclown.the fUter. .. ~

zone can be considered IS drained."

'. · ':Ac l~.,'~i m actfn -the lIIIb.ntinent~ci: -,of 0 t1aum combined 'with::. ' ,

.~ i~fj~~;.1it~J~~~~7;~~~;,;~1J;j;;~1\i~~~~';~~t1~~~~~-cl'ffl~i'~·~·:'f;t1'~~tfve
.;: . -~ _.' -_ ... ~ :."'). ~_ .. ~, -!.' -,;'_ -."1:- '.-.. '" • ,e . - / ';~ "~- :"-:-'. ,.'>~-::':'. 4- ':-:"~"':_'- -'_")~ • '>:';".:: _:. .:.

10. 1. 81 cCllDp~~ttng t~e .mb.ntme~t dl"1 of opt1llua. shlintage f,. dl"1-
• 1. ..

fng will .. dec....s.d. Cracting w11l ,tnl occur.....t thawtdthof ••ch

·cradt.ho"ld·be l.al1~r"t~n"ori.. s....teli..lCOaPact.dit~or.:.boye
.'. :- ~- . -', .--. . ,:.. ".:.:' i -. ;. _ . . .." _-.,'; .:' .....~. .'..

f··:
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optimum moisture content. "The embankment will be ..ore brittle and sus

ceptfbleto cfack1ngfrom differential lIovements. However, the filter

zone will, adequately contro1 problems associ ated with crick;ng. At the

fj Jt~l",f.;c~, the ",nar,rower cricks wi l1he.l flsterthan wi der cracks.

2.Sranular embankment shells.

Where large quantities of granular materials are readily availab1e.

dryingcra~king Cln be prevented bygrlvel shells. Adequate thickness

is required for insulation IS well IS breaking capillary rise. The thick

ness of gravel. shell'that prevented d~ing cracks is 8 feet. It is bel ieved

that a thickness of 5 feet may be adequate. However, verification is

needed •

A gravel shell helps prevent surface ril1ing. However, vegetation on the

embankment wi 11 need to be controlled.

3. Sand wick and irrigation system.

This method relies on supplemental lOisture. supplied by I drip irriga

~ion iystem. to replace soil moisture lost by drying. It would consist

•

.. -

of. shallow 2~foot-deep trapezoidal sand wick with drip irrigation installed

in the ~op of the dam. The sand would be I small reservoir and wou1d provide

unifonn distribution of water. The obiect.fs to keep the core of the embank-

stresses. Instrumentatton >tould -be -'"used;:=to~--determine" -the neeCJ for ~he '.

.timing of irrigation.

This alternative requires continued operlti·on":tnd"-1III1Jlten.'nce~:, I,t'wi1.J.-"

have a relatively high -first~O$t and- ann~.~'"';~per~dn~' c~st·. : However. it
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Unless the vapor barrier fs of • tough durable aatiri.l.tt could be

Each of the outer sections of the' elllbanklient would be °designed .$. tnde

,.ndent1, stabl. structures.
, - . ~~

Unlessproper11 installed. the vapor barrier could be subject to tearing.. .. .
. -.

as the ~ter portions of the e.anu.nt cr.ck. A thin sand seetionnext

°to thebarT1er .woul.d provide protection from tearing.
• '~-~~".; o~~ :' -, :' <~,: , ... _<;<~';.~:~;'~~;st:t~~.~;~; 0,0'j.~~3:i~~~;t t,: ,:,,:;:.: c· ~-:>"., ~,,"}.,". ' -.'

. 'oorl,.raded °soand unsu'tab'e 'for'use·...in· .'fUte'r,wO"iI'iil be'idequate:a .
.. • ro~ct 'the va~or.b~rri.;. .';-;~:'-.Jc•.;,"",.,,,.:,.,b,,;..:u;... .j?; ".. H'C>

..
,1/2:1 sfde slopes • The core ~~ld then be covered with o. conUnuous. .

. "

vapor barrier of 12 .nl.or thicker plastfc. rubber sheeting. or other, .
long-life watertight .atertal. Remaining sections of the embankment

. would then be constructtd around.°the core. care would be required to

prevent puncturing the vapor b.rrfer•

, IIQ''' ~.bl~ .,temaif·ye .ereo.tanular filter ..teria's ar;e ~iaiied

and .xpinsive.SCIIDe vegetation control would be required.

•• Iftstal.l. vapor barrterover .nd .round • core ·s.ctf", .f the· ..

'ankae~t. This is • new concept. 0 in .~anblent design "to prevent crack
. .

fo....t10n with drying. It is intende°d to prevent .isture loss du~nSl
. "

bot periods. lbe Te.. believes it .bolckproIIise IS o'fossible desfgn .

~olutfon in specific instances. This .lternative would require SUVe

const~ctton. 'lbe first stage would ~ to construet' .nd tr:'a • "arrow
. .

core sectfon' with. steep sides'opes. SOIIIthfng °11ke a 5-foot-top with

-.
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,

Although the vlpor barrier will Ilso function IS I 4i.phrlm in the em

bankment.that is not itsprfncfpal purpose.

c. Design Conclusions and Recol1lnendations

Deep cracking in dry dams in hot. arid areas presents. greater problem

than previously considered. Dust 1IU1ch covers, which break the capillary

rise do not effectively prevent drying cr.cks. It is also our opinion

that thin ,granular blankets are also inadequate:· To be effective, the

grave' blanket shpuld be thick enough to be c.lled a shell. or gravel'. .

Zone. To be-effective, the. shell must be thick enough to provide insula

tion from heat buildup within the emban~ent and to break up the capillary
rise.

••

•
The design of future dams, in hot,arid areas where past experience has

indicated cracking problems, should include features to effectively

eliminate or control cracking problems. )

The Arizona£ngineering staff and Design Unit have already adopted improved

··design procedure in their current design. They are proViding filter drains

.s an integra' part of structure designs •

•• )
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1. Trenching Operation - Vineyard Road dam near Station 200+00.
36" depth, 611 width, date 6/6/77 •

2. Backhoe Pit (V-3-A) - Vineyard Road dam Station 111+08 
Cracked dry layer over finm moist so11. i

I



.* •. . ,

•

•

3. Backhoe Pit - Rittenhouse dam.Station 183+82 (R-D-2)
TransverseCrack6'+ .

4. Backhoe Pit - Rittenhouse dam Station 129+82 - (R-I-D)
Transverse Crack opened to4 1/2 feet.
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5. Rittenhouse dam Stat;on 129+82 (R-I-D) -Transverse .Crack
opened to 5' and 400 gallon of water poured into crack.
Evidence of deeper crack. later excavated tol0'depth .

_. .
t ..

6. Rittenhouse dam Station 129+82 (R-I-D) - Transverse Crack
opened to 10 feet level - Water entered into crack. Evidence
of 6" diameter x 3D" long cavity. Crack is not continuous
thru embankment at depth~ - D.S.7' U.S. 3'
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7. LonQitudinal Crack - Station 133+56 to Station 135+07
Vineyard Road dam upstream slope, (near Schrapnel area) .

-...

•
8. Lon!3itudinal Crack Vineyard dam Station 111+45 - (V-3-B).

Cl crest ~t_ ;dam.
" .- -.j -' .'.-.- _.'. ~'-

..
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9. Rittenhousedam-longitudinatCrack Station 158+04
depth 6'0" .. (R-3-B) .

10. Rittenhouse dam Station 185+82 (R-2-B) - Wide longitudinal
crack., 7"0" depth.

. \
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Midwest National Technical Center
Soil Mechanics Laboratory
512 South 7th Street
Lincoln, NE 68508-2919

SUbject: ENG - Soil Mechanics - Arizona (WF-08)
Vineyard Road FRS.Study

To: Ralph. M. Arrington
State Conservation Engineer
BeS, Phoenix, AZ

oate:

.t=I" code:

December 8, 1988

210-22

•

The soil mechanics tests requested for the.subject site have been completed
except for those which could not be run due to the condition of the sample.
The free-swell test on samples 85W1099 and 85W1100A and the permeability
test on sample 85W1100A could not be run. These samples were dried .out
and contained material greater than the 3/4 inch size.

The COLE values can be calculated from the shrinkage factors as follows:

~OLE =~ Vmoist -i\. xlOO\1 Vdry J
Sample No. V

m
Vd COLE, %

85W1027
1029
1030
1097
1098A
1098B
1100A
1101

14.0
14.1
14.0
14.2 ,-
14.0
14.1
14.0
14.2

11.1
11.2
11.4
11.8
12.2
10.9
11.4
10.8

8.04
7.98
8.24
6.37
4.69
8.96
7.09
9.55

~~/jIiJJ>.)Acf;~t
LORN P. DUNNIGAN .
Head, Soil Mechanics Laboratory
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Form SCS-ENG-354, Soii Mechanics Laboratory Data, 3 sheets
Form SCS-ENG-127, Soil Permeability, 2 sheets
Shrinkage Factor Worksheet, 2 sheets
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~.'.:.- Ralph M. Arringt'on (Original + 3 copies)
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Clifton E. Deal, Soil Mechanics Engineer., Engineering Staff, West NTC,

SCS ,Portland, OR ,,-
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~~~\ United Statesi'-'---IH Department of
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State Conservation Engineer
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.. ... -:

March 12 and March 25, 1985. The test data are recorded on the attached

forms SCS-ENG-354. If additional tests are needed, let us know.

~~eQ~
LORNP. DUNNIGAN ·• .
Head, Soil Mechanics Laboratory

Attachments:
Form SCS-ENG-354, Soil Mechanics Laboratory Data, 27 sheets

cc:
Ralph M. Arrington (Original + 3 copies)
Jack C. Stevenson, Head, Engineering Staff, 'WNTC, SCS, Portland, OR (ltr only)
Clifton E. Deal, Soil Mechanics Engineer, Engineering Staff, WNTC,

SCS, Portland, OR
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739 5.2 · s. Bag 9.;, -
20 122 [31 147" ['7 7(; 82~ i9S ~8 ItfJ 28 lI2 CL 9.04-10 ~ •

. '

740 5.3 · s. Bag {~~g. /7 ~7 124 I~ ... '.--. 1;7~ 1./~ 93 91 ~, IJId 16,'l~ '-""
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ClI.1 1111 ........, ... U"UMI " "1('" ,..n 'f tit "tI., ."...... '.Uh""'"lor.: ,..." o .,...... ".".....'*"",., .It" \fe....... ,ill' "..... .., ..,. o ....,...
"''''1 ..". CUll· '"" •••• eta", ~- Cull· 'I"• ..
...eel ...... "d'."'" _.tI,. flU'. """ , Ill..,.. ••4t ... ... .,. •• -. ".- ",- v.- r .", I- " fl .. ,. ... '4 ..
8SW Vineyard 'Water~hed .... .'" .., ... .... .... UtI 'tI lee " 'N "" fU "" ~. N' ", • ,If '- ".. '-.. ..
741 6. 1 340-+00 s. Bag 15~5 -

J4- 14- l/~ 13~ 147 54 ft,B ~ ~7l~ VIJO in s-
se.-

'.M~ ~, 76 ~1 $'"

742 6.2 .. ),: s. Bag 10.~
22 ~4 3/ 145 S7 IJII- 15 81 87I~ ~8 98 /(JI) ?O ht c...L '&5)'.\ 111 Ci'

"
743 6.3 If s. Bag Iti.U 122 24 3/ 14-5I~ ~ 77 I8tf. 190 1% .~ /40 1~.1'1'0 0'

II

744 7.1 335+00 s. Bag 15.5 • lto I~I 29 141 l5"3 1.59 'tJ 17" 182~ ~3 I~~ 1/00 21 10 C-L 9.4l!c. 1:'

,
745 7.2 If S. Baa 10.0'

~ l2S 31 :43 Is4 60 70 7~~ ~3 ~7 ~ ~ "0 110>4.111n 1:'
I

746 7.3 • S. Bag 1~5.0' 13 /8 124 3' "'- S2. lu 7/ " 87 '2 !!IS "7 ,~ 110 127 II sc.. IJ""1\ Ci'

.. - 5.5 - /8 8" 1
sc,•747 8.1 330+00 ~ ,. S. Bag c. CI lifo ~ 3lJ 49 iS7 70 7/3 1.95 98 I~ 24- ~ ,...

748 8.2 If S. Bag .11.0 /7 /1 22 '32 4/. 50 bO ~11/ 80 .1'7 9/ 93 ~4 9hVA' &5"I,., n •

.\.' • "'.j

. 749 9. 1 325+00 " 't S. Bag ~.5 • /7 /7 73 34 «, 152 " " 71- B3 96 ~ 9! 95~ /(J() 4Jl1\ 1;'

'.j

750 9.2 ff s. Bag 110.5 -
lb. " /9 1"" ~.~ ~

~3 170vA a8 94- 98 193 /«; 61'111 1;.'..

751 10.1 320+00 S. Bag 5.5 -
~O 20 ~" 139 lSI ,Sl;, (:,8 11<1 83 1.94 199 /«> ~lJ /2 c.L '''',; ~,

.-
~,~I •

752 10.2 If S. Bag 10.5 22 22 ~e 40~S '0 1/ 18 !XJ, 1'4~ 10 I~.gd.11 c'

753 10.3 If ., . S. Bag ~J.O • 21 21 27 36 l51> lS~ "f# 73 8/ 93 1

- '0 III·Sf1A n'

754 11.1 315+00 S. Bag ).~ -
" /tj ~5 137 so Is" tt,] 73 82 '4- l~ 1(J{j 2(, lID C.L "9~ c;..

755 11.2 " S. Bag I.:» - 10 21 lAg 42 53 ~O 1/ 7~ Be, ~2 19" L97 t?J7 ,. ~A 1;',-

• •



'-.,..,.,

....:.jOi~{~/

S (I.G-354 tol\ ..OWIICI,",. U. a DlPAInIDfI' c.AotMJCUI.tUII UIOU'L '[6A'~:i &~~. [NG-'J-l1
: lOCI. OONIDVAt1OII8UV1aI .....'.

1111,,"(1& tlU".' il"'," ......" lilt... tltl'03-1~ 85 ARIZONA ."...... ..",....... ...".......... "II •••" ...,.. II"U'" .. "ltU' '"" ,f lit tt,,,, "e". o ,....... 1M"'"''.."". •'i·' .....111t (lei,," "' 'tt" *.., e ........ .....", "fl. te". tUIi' f,," .... "nil ~- ("".
"""

............. ...... .MIC'"'''' ••U.... flU'" ,
~
....

I •-,.. • ,tt ,. ... .It •• ., .,.. ",. ..... ,. 1./1 I· " .. .. .. ..• • "II ,85W Vineyard Watcrsh~d ,.., •• u, ,.. ,,,. ... .nt ." ,.. " ... ..n .,t lin fU N' :~ ,....
756 11.3 315+00 ~ s. 8ag l{.-S-

2/ 21 129 :4/ l5"3 l.sg ~9 i71-· lB.1 191 91 l~ 199 ill~ 9.84'.'.' lu:. ~.

151 13.1 310+00 S. 8ag 15.5 -
21 2/ 2h ~ S3 5' ", 74 ~~ 9J 1.9~ /()() 1" 10 C.L 11J1~.' ., .:.'

". .
758 13.2 " S. Bag :10.5

22 12 :17 10 51- 1"/ 73~ IJ' 9S~ /(J() /D.'-3.' !1~ ~ •

~ ~.

759 13.3 · ~

,',.- [15.)
1M I~ 'S "0 JI.J7s. Bag 117 1\' /'!J 19 24 53 6' 82 ~I 97 -

, '
..

760 14.1 305+00 ,"\, J s. Bag 5.5
21 21~ l39 1s2 l58 "9 115"'~ 92 ~1 ~ '9 ~0 :lfJ II c..L ~&\":,' ~ ~.

761 14.2 · s. Bag 1~;5r,:. 2' 21 :lB 42 5'~ ".1 171. 81 ~, g4- ~e /(J() '8'.'; .,'
I

.,':

762 lS.l 295+00 r S. Bag 5.5 - /8 1& 22 3.3 tl-S S'c) 'I '8 77 8tJ as 91 9tJ 192' If() 2~ 1/ sc.. JaSeI• A' ., r,: •
"J

763 15.2 · ' , S. Bag ~0.5 30 30 I.IS 49 '2 lJJ 17~ 8/ ~ I~ ~a /tJIJ 4fJ ,2Cl CL 't4&111\'

" .'.

764 15.3 · Ii' S. Bag 14.5 -
II/. IS /9 133 47 S3 l.S 1/ 7' ~ 91 99 " 'IN) Cl4S'.' ~I\ 1;'

.,
.' '

765 16.1 290+00 " S. Bag ).5 • /tJ /8 25 37 lSI ~ " 173 80 91 !~S 99~~ '41 25 13 C.L 871t:.. ~.

;

766 16.2 " S. Bag 10.5 lZ3 23 lJ7 /'0 11} 75 " I~ /10 /1.1'-"'I., ~ l' C' a'l :1J] I~L

..
"

....(

5~S -
10 10 23 lJ, 134 SO 59 11/ 17)] 82. fJJI ,!J(J; ai) J(J() 121 4

sc.-
'.19767 17.1 285+00 S. Bag ~ Co' /2 43 sr1

768 17.2 · S. Bag 10.5
If) I/~ ~" l1.5' ...,. ~,.. -" hi. 1'74 AA 90 1.9. I~~ '.J'11 c' 10 '~i liDO

769 18.1 280+00 s. Bag ~.~.- /8 18 '711 "
_.. -- 1IoIJ-" rnr ICJ.'~II~

,._'_A ~

710 18.2 · S. Bag I.U -
1/7 /7 12 137 Iso~ 1&7 g4 g7~ liDO 17.9&fA 0'
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u....,'"
...~f
M"I

f."t....
IIC(..IICM ' ..lU"

cal'l 1111 ........,... IINU"I II "ICC" "1" It tit ..KIf ..
".IU"

8SW Vfneyard":wa'tershed

771 18.3 280+00 ,i'

.. I, .., tI.. ,
'8.~

I~s'

fl."'

Q27

IJD.4-1

III.J(.

/6.18

~J~

IlU-

Iz59

IJ.,Z

II./~

lIuo

5:16

IJI939 12 ML

25 a C.L

'I

\

'",'c',\.I'

270+00

19.2

19. 1 275+00.,

r,'f ••

20.1

20.2

21.1 255+00

21.2

22.1 253+57.('

22.3

22.2

22.4

22.8

22.6

22.5

22.7

772

773

774

775

776

780

778

777

779

781

782

785

784

783
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II'" t\'''' ..... ,.., ....u -- ~u.- "'", "UIM...... .... •. 'nca." ... •,u,... ',"1_
'twwI ..........

I • ..• Itt .,..... ... .Ie •• ., 1/'- tI,- .,._. r I'" .- U •• It ..• • "It •85W Vineyard' Watershed '.~
• lit .., '" .... ,., .,,. •• ." "

... n" ", 'u, ~. ... .., ,tt..
786 22.9 253+57.5", .. s. Bag 34.5

14 If!, :J~ 45 57 ~3 7.3 11~ ~S ~~ '.3 ~ !JIJ '6 I~ 9·"1~ ~.

787 22.11 .. s. Bag I~~·~' I~ 13 I' :lJ :J9 12 139 145 ls5 71 I~I I~, ~ I'D '1..42
, ~~

788 22.12 .. ." s. Bag 143.0
S M 41 lst~ 14- 1J2. Ig/ " liD 1.45144 n' 17 ,e "

789 22.13 .. ',':.:-' , s. Bag 45.5
/0 ItJ /3 21 ~7 11 3' !J.< [~ I~ 89 .~ 9l' IIID "181.41; ~.

:: ?'

790 22.14 .. S. Bag I~~·~, IS 18 lJ.4 LJs 41, lSI
'"

/'9 80 " " 199 10fJ 9.Dtt

'J

791 24.1 250+00 s. 8ag ~.-~. 27 J'j ~, l5D 4.] ~7 1S 8fJ .JM, 9S g, lIb ~2 /1, C.L 911
~

,.

792 24.2 .. : s. Bag 17.0 -
17 IfJ 2' 1~9 49 ~t;'4 ,~ 1/ 179 187 tN 91 191 IfJd 7.19j 1..' I

7 '"
" J ..),.

793 24.3 ..
; s. Bag 110.5 n 2J 2S l38 ~""2 I~ ~8 14- la, '90 19S 97 98 I'"~ 1117/"

' . 111 1;'

"

" ,.

794 25.1 r>.) •
/4 -Z~ 14d~~ 7/ *' .1J

sc..·
'-2'240+00 ",".\,J S. Bag 6,,5' /4 /7 ~9 "I 9S gS~ IDO lSI Sn1

\ '.

795 25.2 .. S. Bag IIU.~ -
/3 I) 17 ~" 3' 14/ 52 (,() 7/ 8(, ~ ~ 'liD "".. 11 ct'

" ....' '-

796 26.1 235+00 '..'
S. 8ag ).~ - Ito 1.10 41- ~- - 9S 9' l24 ~ sc. /,.oj~,: ",,- IS ~o .4 1/.1:) PJ~ " ,..

797 26.2 .. ',' S. 8ag JU.)
IS /7 ~o 34 4' 52" 6B 1~ ~9 9~ 98 .!'~ ~9 I~, 72211 &;t

798 27.1 230+00 S. Bag 5.5'· 19 !/g '-4- 83 i~4 99 l24 7
C.L-

9/~L ~t l~g '04 '0 7/ 75 11f) Ml.
• ! .•

799 27.2 .. S Baa
7.0 -

" /7 ;13 I~' 4' lSI " l~tJ 1Z '7A 85190 92 '4 '4 J"lJ 18.'4., -="

800 27.3 .. S. Bag
10.)

/9 I~ l:Z4 i1)J 152 ls'"9 17lJ 17s~3 194 199 IOtJ 19,(S11 &;t

"
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85W Vfneyard Watershed •• .... ,.. .11 t ... tilt UtI .., 'M II ... It" .,t It" K' "' ~~ ,~f • "It •..
801 28.1 225+00 S Baa

5.5 ~
I~ I~ Ad 3~ S4 /.0 71 ,,, 83 94 .98 99 /fJD 18.'2eo I;t

::'

802 28.2 .. s. Bag ~~.~. l20 :J.I 2f. 4/ 5' 'J 11 80~ 194 ~!J ~~ 98 lID I'!J~
-,

803 29.2 220+00 " s. Bag
~.:;).-

:J4 S4 72 177 :~S [9.3 98 ~ J~ ;8 /1 C-L. 9./0". ~ " Ii 5' 20 .2n l?.4 6,0
"

804 29.4 ..
\ .,' ' .. s. Bag IlV·~1 ~ 20 - ...- - " '2 7!J ~ i9~ !!J9 /(J() "~

805 30.1 215+00 II s. Bag
~.~

~o 1.24 7J 182 93 ~~ 13J"~I " 6 51 ;l.O 13" 49 % "1 ~ 1I«l
.)

I

806 30.2 .. s. Bag 10.5
20 20 .29 41 51 S" ,~ 72 80 91 :~7 96 ~ i/DD /,,1'",-.'.". 111 1;'

:
"j-'

807 31.1 205+00 S. Bag ~.~ -
/7 /8 2S iO I~ l5''' ~7 171- 8/ !'2. " '8 ~8 VttJ 2~ 9 sc. JJ.J2.1

Ii §'

t-

808 31.2 It S. Bag 11~·,~. ~3 .25 34 'SI 'I '8179 ~3 96 1.97 1I~ 1J/A2

. 809 32.1 200+00 S. Bag i~.5 -
~3 ~S 3S Sf) '2 " 77 lJ2 tJ7 95 199 11M 21. II c..L ~D·JJf;, r;.1

......} ~.~

810 32.2 . s. Bag .~~.~, 21 2.4- 32 ""'
/,() IS 7' 82 M ~ 99 99 /(J() /lSI

811 33.1 195+00 s. Bag ).5
;24- 2ft:, j7 152 ,g 'l6 86 91 % [/#() I/lJ'~ C'

" 10.5 -
/3 ll~812 33.2 .. s. Bag " 1:.1 12~ (12 14S ~~ 179 184 9/ 194 Ig1 "40 3tJ c..L .

813 34.1 190+00 S. Bag 5.5'-
IS" 1(, 22 l~' 41- Is' ls"8 ~t 71 ~.z 92 19" e1 9.9 1/40 l~~ 1:.'

814 34.2 . S. Bao ~j51:; 1/9 ;10 ~9145 59 '3 11! 7S ~I 92 '97 19B 98 /d' li12

815 35.1 185+00 S. Bag :».:» -
II II 120 30 41 4-S lS2. ls",q ~~ 9S 97 VAt 22 S

sc.·
l~~#;. r;.'

~--
JT' 51"\
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Vineyard Water-sheer '1M ,t., ... ,.. .It •• ., tI'- tI,- SIt· r • •/t. .- u. .. ,
"M

,8SW '.M! .... ... In .... • lit .,,, 'tl ... II .It "" 'I' "n "~I H' "' ,....
816 35.2 185+00 s. Bag 10.5

14- ,14 2.1 IE3 45 SO S9 bI 7/ 85 1~_1 ~ 98 100 Is:oo.. 11 ~,

-
817 36.1 180+00 s. Bag 15.5 • !} ~ 17 ~, 38 k1I l5"S 1~1 7b -- - :;;' !» lI«> 120 2. SM 5.19..~; I~ C' 1M ... 1""4

~

818 36.2 . s. Bag IU.)

J' ltD 1.13 37 l5"1 57 1>& 71- 81 9/ ~1 96 ~!J 9' Id6 lIS11 ",
"-

819 37.1 125+00 { s. Bag 15.5 • l27 .1A 37 .~ ,~ ,& 7S tJ-S ~ ~5 98 I~ Joo 32 IS C-l 11'1Ii §'

. ,\~'

" 10.5
lIW

;

~820 37.2 .
",I. s. Bag 111 1\' lZ2 23 l29 14/ 52 57 7" 1"7/-. Iq4~ ~9 ~~

,)

821 38.1 130+00 s. Bag 15.5 -
~S :1,7 l37 SI 63 ,,, IlJlJ ~4. 89 ~ ·99 lID 29 /2- CoL '1.1$t. ",

')

822 38.2 .. d'

s~ Bag 10.5
~ ~, 37 ~I ~ ,,, 8" 1Jf/. gO ~ e>JJ '9~~ u..s111 '"~

, .

823 38.3 .. \ " \ s. Bag 114.~

l:2'- l2~ 4/ lsb 171 I" l8€» 19(J~$ /00 ill.}i'·· .. 115 ,!it

824 39.1 135+00 s. Bag l:».b •
.2S ~8 43 19' 7' 81 go 93 ~1 lID 1tJ.116.5'

825 39.2 .. S. Bag .~~.~. 21. 2S 3.3 4~ 'f ]fJ I}O Il¥ ~ ~ '9 loo /I.1J'

826 40.1 140+00 \, S. Big ~~5c:; 13 J9 l2~
~~ 1- ,.-

,7;J. '" ~I 94 989 "0 21. 8 c..L 111',(

827 40.2 It S. Bag IIU.:J
21 ~4 13 5,1. '-5 79 Be ~2 9" /40 ,..''211 "t

.i

.) ....'

5.5 ..
M 23 5

(.L.

11""828 41.1 145+00 i,.t,!". s. Bag
" 5 I~ ',/& :2] 3' 54 itA 1/ i77 t:M _~R ", 9!J IH ML

829 41.2 .. S. Bag ~O.5 ..
JCJ 20 13<' 45 '3 70 '82 ~, ~2" ~/j 100 9.'311 c;.'

830 42.1 150+00 S. Bag 5.5 ..
2.1 22 I~ I i~ r., (,7 7!j 83 9t? ~ 9.5"4~ c;.' IQ
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• Itt .,..... ... ." •• .. 1/'- tI,- "". r t .Ir I· " tI ~ " .. I, ..
8SW Vineyard Waters~ed t.': ,. ,.. ,. u .. ,.. "" ..... " ...

'UI "' "n t~• ... '" It ,.f • ".. ,..
831 43.2 210+00 t ; S. Bag 15.5 -

20 21 J7 4/ 5"~ '"S 11 IgJ t'~ " 9' l,Q) 2' 8 <!.L 9.SSII:. 1:. 1

•
832 43.3 210+00 U/S 5•. 8ag ~8.0 -

.21 ~, 21 a, SS /" 1~ 7/J 6S ,,,
~ It» 11.1CIn n l-.

833 43.5 210+00 l S. Bag ~~.~. I/~ 19 l24 3~ 51 '" 11 117 ~S Iq~ d,l. 97 '1 I~I} II)/) Iglf

834 43.7 . ; S. Bag ~~.~. ,:J3 ~4 ~() 43 &,0 1.5 174 l,g 8S ~ I~ lIb /1."'Jtj'<.

" ':'

835 43.8 . ; S. Bag 18.U
21 22 29 144 I,d " 7~ 181 tJ(,g Il.1ZilO nl

.' ~.

836 43.9 " 5. Bag 19.5
14- /4 I~ 31 47 54 U 72 7'!J~ 9.11-.. ,1 . ?n 1;' 00

. ...

. '

837 43.10 " s. 8ag ZT.U
11 II!J ~o l13 ~ ~ ~s 9_J 9B 1..93I" ~. '70 7' ,'D

838 43.11 ... S. Bag 124.5 /" 17 V.R 3/ 43 19 (,2 6,,9 1~ M ~1 /if:) 11.4t-1·1£.' tl

. 839 43.12 .. S• Baa
,25.5

14- IS 18 2."- I~A I.,. 41 153 ~I 73 61 9S I~~ '41 i.J2. 9 S~ Ig.JSI'" ~.

840 43.13 II S. 8ag 126.5 ,
" 10 10 II II IS 12~ 14/ ;t:) I.- -- ,;;7I~ /(JtJ .J'9I?Q n' 1;/1 J.J

'/

841 43.14 II . S. Bag 29.0 22 2t. ~ .3Z 42.. 4S SJ 52~ ,~ eo 8' 91 ~ ~ 10() IllS:;, 11n 1;'

842 43.15 . S. Bag I~~·g. 20 25 34 5"1 '" 72 110 84 8~ 93 l~7 INJ 10.11

843 43.16 .. S• Bag 341~' /8 2S !JG, IsZ (,7 74 l83 ~ 89 92 9(, 199 Vic) 111M

844 43.17 .. S. Bag ~5.5
/9 ll" 13~ 6/ 19 187 95 191 9'J l/16 42 II ML J1.1S'tAl

845 43.18 .. S. Baa os-. 0
I~ l:lO IZ" 3' SI U 78 las 90 194 '7 '9 ~()() ~IAn .n'

. ,
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"
...

1"1 "' "" ". N' :~
It ,., t. fill t...

846 43.19 210+00 ·t. S. Baca
40.5

19 21 29 4-~ -\4- (J) 73 179 A&, 94- 9'!) /.0 7154' 1\'

'IJ

847 43.20 " 'I S. Bag 4l.~
18 23 :17 3':..,- ~- - 70 77 8~ g~ /00 ~,~<141\ n' ..J 'ULJ.

848 43.21 .. S. Bag 145.5 24 .28 'kJ"'3 174- 1110 ~b 94- 9~ /ID .!'-S1J1'J n'.
..

849 43.22 .. S. Bag 51.0
15 IS liS l25 28 l'J1 JtJ 4~ ,.. ~.~ dr 1""'3 '4) 9}} /00 So7!r:;,'1 n'

,'.'.

850 43.23 .. It,j S. Bag 155.0
20 :J.~ .37 '0 1'72 7' 18~ 18i ~~~ lId lLsI,,1\ II'

"

851 44.1 210+00 U/S S. Bag :1.0 -
72 24~4 !77 lJL- ~7 13 CL 11JZ,~ 4 O' If) ID"

852 44.2 .. S. Bag ~.5 •
If) ~o I~ 42 1'3 7.f '0 9S~8 f/IO ll-n) CoCo'....

1.0

853 44A.J .
"..; .~ " S. BaQ ~.~.- 2"- 27 l3~ ls-o ", 7:1 'IJ2 I~, 19.~ /"0 i1.9j

"

"
J

854 44.3 II
..

~.:) -
2~

\. S. Bag 10.5' AO l?l':Il ..I~ I~ ~, n'"' .. 1~7 ", !~ 110 ~9.zl

855 44.4 .. S. Bag lU.5
IJ IS 1.2/ 134 47 1.53 is 177 l8~ 1~3 !!Jl!j 99 /1"""; l' 1;' 100

f •. ••

856 44.5 . S. Bag 12.5 /3 'f. /4 /9 22 25 1.lS 4/ - -' - - - ..-.. "e -"316: 6:' I '7

,-
"Ii

857 44.7 .. S. Baa
15.5'

8 B 9 J4. I/S I~ "'9 t, ~, " 82 89 93 9~ I~~I/~ ls":"-10 n'

858 44.8 .. s. Bag 18.0
7Z '7 '11 69 ~2 '" 140 3, /7 Col "4',n 1;' J ·1::::'

859 44.9 .. S. Bao
IZO.5

/7 122 -- I~.~ - 1.. - 'D iJl,t;''l.n' ~-' 1/ L~ I..., 1-'"

860 ~4.10 II S. Bag IlJ.U
// 13 I" l24 Zg 12 4a~ l50 '0 75 ~7"I 19, 19~ I~ I/AUI,... n t

•
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.... .," ... ... ' .11 ... ., ",- .". v.. .. • 1/1 S· u •• ~ .. .. '. ..

SSW '.': ..It '" ... ..,. ,.., 'nt '" 'M " ,.. ,m 11.1 ..., "', ... .., ,.,. t. fI" "..
861 44.11 210+00 U/S s. Bag 24~O '2" 31 42 1&.0 7&' .~ ~J 194- 97 I()() ,,~?~ ~,

•
862 44.12 .. s. Bag 25.5

/9 !v2 is/ 55' I.S '0 71 89 ~~ 99 140 11."'A n l ~ .j.,j

'.i

863 44.13 .. s. Bag ~S~g, IS /9 -- :; ...- .. - - ~2 11 ItJ" I~I 192 '4-~ IN) /1.71
"

~ ~ ~,

..

864 44.14 .. s. Bag
JU.)

~7 14_~ 15lo '71 181 165191 ICJ4I~ J()O "2$C..-' 11 ,1\'

865 44.15 .. s. Bag 32.0
1/7 22 l3~ L2l 114 11/ 9() ~ 91 Ibt' 1LS''1; 1;'

866 44.16 ..
;1 s. Bag 38.0

/8 23 77 ~6 ~I 9' /Df /77A4n '" ~ '6/ II

867 45.1 210+00 s. Bag 0-1.5 /7 " 24 3&:' 148~ '7 73 83 94 98 99~ 1«> 1Jo

.. 'f ,t

868 45.2 .. s. Bag 1.5 -
:J8 32 38 5"4 73 7!J 87 9/ 9' 1I~ :32 17 <:"L '.0'I s;n

869 45.3 .. s. Bag
I).) - , II /2 ,tp !40 SO ,U 174- ~I- tJ2 198~ 199 /1{) ~O 2, 5M 1./37 ,5'

I

870 45.4 .. s. Bag 10.5
8 /0 VO It //5 I!J ~<t :JB l1.i SI~ 171 7&, 85I~ 6!) Id(J 13.~~ l' ~

' ..

, '~t lZ.5 /1 /2 IZ /9 24 ~, 33 4(') d.8 '2 ~ lID j3~871 45.5 .. , s. Bag '1AI:' 77 JJ v' .,1
.,

..
I).)

07- l59 171 78872 45.6 .. ; s. Bag 11711' /7 /9 ~"j ~ 85 I::I~ ;7"~ ~9 ~I() '"52

873 45.7 " ", s. Bag IlU.)
/7 7.J. ~8 4Z 57 U 174- :77 82 ~, 98~ 166 3&' 12- CL ~J4'.' I" 1;'

874 45.8 II s. Bag Il~.!)
1 " 8 liZ IS " 2/ 2b l' 'dd. !~~ '7 77 ~5 I~' /01> vII'?'7 1:'

815 45.9 .. S. Bag 1£0.::»
38 4-7 lZ [70 713 ~Z '0~I~ "0 Is~ IIS:~11nl\' ,~
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.,.. ....... ... ." •• ., ".. ",. ",. .. J•ssw .~! •• ." 1M tt,. .'" .". ." ... " IN un ., It" ,it ... N' ,If • tiM •..
876 45.10 210+00 s. Oag 35.5

~ II /2 " /8 20 :J.4 .3_ 't/7 "3 73 77 IAJ 183 Ic)() 4.U111 n' 27

;j

877 45.11 .. s. Bag ~~.~. 12 /1. ItJ ;27 137 40:~ ,'P9 l5S ""
,.

S. ~tI IJlfJ 7.~/0 'rCJY ':J'Y

~ •.~ t
.

.'

46.1 175+00 l
I, 5.5 • ,4- el-

~'2
878 '" s. Bag a n' 18 ~I 31, SJ " 73 80 8' 194 98 ~~ .!B I"~ 72 '5 ML

, f ..

879 46.2 .. S. Bag
10.5

9 II 11 2S 3S 4/ lsi 157 65 ~7 ~7 ~4c1 .;I.S}i '.. -' 1',0' 17 0, , iJ.;1

' .
0.;

. "

880 47.1 170+00 l s. 8ag 15i 5 -
/8 '" 1"142 151J "-S !7~ 8Z 8/ ~~ //J,j IJ/.!Jln' I~ l:7lS

" -'I

881 47.2 If s. Bag II.:J
/0 /3 I/~ 2!J 4/ 46:1 57 h'J 71 ,,, !J4 g" ~8 /4) ,..,

11 n'

882 48.1 165+00 l s. Bag
[5.5 -

'/4 /6 ~4 43 "3 70 IlJ2 ~" 9/ ~,:~ 9.1'I~' .' 7n' 1~6

}

883 48.2 .. s. BaQ l~g·~, II /3 17 131 - IDO 89 195 98 99 !>9 IfJI S'.' '- 7~

. \Y ;j'

884 49.1 160+00 S. Bag 5.5'· 13 14- 18 34- 147 Is<; ~8 75 62 1~2 ":7 DO S.4JI .~' I ., 1\' -"1 J" I .... "

885 49.2 .. S. Baa 111.0
/1 20~~ '-2 ,,, 81 ~ 9C '4 9~ /0 iI",S'11' n'

886 50.1 155+00 S. Bag i~.:» • /, 20 97 VM :J~ g t.L 1/,.,'7 n' ~~i~ /1

887 50.2 . S. Bag tll.O
/3 /4 ~Q 4/ ')"4 &,

1

1a '11, ~7 94- 9~ :~ 1'6 11.4511~ nl

888 51.1 120+00 S. Bag b.U - 2, ~Z~ ~Z ~3 ~. :1/ I... ~ 1,..-
~ 1m 129 IJ.t C.l /,.117§'

889 51.2 .. S. Baa ~ 1.0 -
~3 24- 133 wS 6~ "" 177 - - '«) 8-JD!., rl

890 52.1 115+00 t. S. Bag P.O - liz lZ5 13/ -I-' 157 It:,d ]..,. I'I~ 1- 2& /3 C-L. ,~7 c'
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891 52.2 115+00 t s. BaQ I~~·~' ~, 2/j 1~7 I-~I~
,_... - /'0 11'12)/.L "JfI1

I,. .
892 53.1 109+70 l ~:\ . s. Bag IZ.5 - 122 12.~ 1~1 4q '3 17/

_A -.. ..... 1/4() ~3 12 C-l /1.43
" , '"~.

893 53.2 .. S BaG 14~5n; I/~
.". ~.- A,. '0 "' IEP ~~ 90 9S .,,(j() 1D.III'J :.I ~

.. ,,' 19.0 - l.U;~2 W 83 1.9'894 53.3 s. Bag 11n 1;' IS IS 51 ~, 74 19/ ~7 ~" I~l /$.0

" 6.0 - l23 1A7 I"~895 53.4 .. j' s. Bag 12 I~o ~ 7'J ~S '0 I9b ~~ "f) 1/1"'. ~ n'
lr,.

896 53.5 .. s. Bag '4.~ "..1 ~~ 1~2 41 58 ~S 92 ~fX) I1.U1~ ~, '/~ oq.

897 53.6 .. S. Bag
II.U

22 it :n 'rtf. 7 ,~ 84- 90 Va>12 O· 12 ~ IJ.Sl

898 53.7 .. S. Bag 18.0 24' 2(, l12 46 '0 '7 7~ iS4 e" ~s !'tJ "." /4');,'.' 110 n'

899 53.8 .. s. Bag
19.0

2/ 22 .2, W '2 7() ~I 86> !~O 194 .~ ~ JI(J n.1S',no' !J8

900 53.9 .. S. Bag ll.U t2 ~J LJ/ 47 fA. 72 87 192 [97 III) 1.." C;'

. ,

901 53.10 109+70 t. S. Bag 123.0 2S 31 i44 lsa 70 l8/ I~ 1.93 '7 lID 3!J '7 ~l ",JSI"" nt

902 54.1 107+60 t S. Bag 14~On; 12s l2' .13 ~ 'f U lJJ.~~ l/(J() "~ III- ~L 9.~

903 54.2 .. S. Bag 16.0 121 ~S ~j iSl '5 n 87 itIJ/ " ItJo 110_

904 54.3 .. S. Bag
,t).u

It) ',7, ..- I" 1&8 81 67 194 vm11 f\ ". ''- 1".14-

905 54.4 .. S. Bag 119.5 119 l20 ~:; /,/.) 7j~ 87 -- :J~

"
Cl 12'"I,n n' LI:/ l53 ~ ()()1.7'" I.."J IJ;J
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906 54.5 107+60 t. S Baa
124.0

11 29 fro 153 lA ib8 [77 tJO «% 90 91/. % '7 .98 I~ IJ.4'I,,, c:;.'

907 54.6 II s. Bag 125.5 &, 7 ~ /4- 17 20 .27 1~4 42 150 '0 h1J 17~ 78 l!J4 158 lidO 4.13I?R n'
-.

... ,.

908 54.7 .. s. Bag IlH.U
0 " 7 10 /0 II /(" )J J(, ~ ~3 JJ 11B~ '3 ~ 1/«) -<:Rj110 1\'

909 54.8 " s. Bag IjU.~

/3 /4 IS 20 ~9
_4 ~ S3 1'2 173 ~S ~ ~4. ~ lidO '-38111 1;' ,.j.) 1"19

.. "
I',·

I'

910 54.9 " s. Bag IJJ.U

" 7 ~ 1/2 /4 /5 I~ '(J<f l13 lSI 75 8' 191 ~" ~
~.,., s·J'-11"'"

: .

911 54.10 " s. Bag
J:».:»

9 9 IJ() 'I V~ /8 n 27 37 ~.s
,.,.

'4 .,] IdO 6.34-u 36.5' ~ 0, ".JO

-<,

912 54.11 " s. Bag 36.5 22 '3 l29 lso '-5 'tJ)
,,, ,J 97 /(J() ISst

" "'7 n',
"

913 54.12 If s. Bag
,JH.U

~ t:z3 ;2, '44- '7 7~ 81 ~ 93 ~7 I~ ~ 1/60 ~1!B11Q n' hO

-"

914 54.13 .. ~l".~

IS' IS /" 2/~ .~ l1s~ 6/ 74 '87 ~.3 .9S V4J 8."s. Bag 143.5' '1
,.

915 54.14 " ,. s. Bag 46.0 7 7 18 12. /4 " ~I 1S 35 S-4- 7" itJ7 IJI 96 1M I1.D4-... ,4 ft.v
..

916 54.15 ..
s~ Bag

pl.U - S 5 ItO 7 9 /0 1(, 13 '34- ~, ,;2 as 90 197 /I/(J IU].;, n'

917 54.16 .. S. Bag 54.5
9 ~ I~ IJ/j 2' 36 139 ftI' '53 ~2 7tJ 7' I~ ~, ~~ 1110 f.'Je.c:. e.'

918 55.1 107+80 U/S S. Bag 0.5 - IJ /4 II~ 131 45 lS'4 i11~ 1~2 ItII I~ Z ISM "'11 c'

919 55.2 " S. BaQ 4.0 • 34 3S ~I lS7 70 81. ~~ '3 ~, 11O 137 I~ CL 11'./1-I;, n'

920 55.3 " s. Bag 9.0 -
'I II /3 J*J 24 1.21 134 42~ '7 83 90 '4 l'8 I/dO ".It-Q 1;,'
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S5W V1neya rd" Wa tershed .~ .... u, ... .... .... 'N ,., ... II "' "tI If.r ..., .... It, :t • ,.f • flit ,
55 4 107+80 U/S s. 8aQ

'14.0
5 " 7 1/0 12 IJ I~ ~s l31~ l$~8~ 170 /JO liDo 7.44-921 111; 1;'

922 55.5 If s. Bag
I~.U

123 ~3 ll' l3, 51 51 ]0 177 k91 l" ~e " i(J() ~"1S[20 O'
.-

923 55.6 .. s. Bag 123.0
I' /8 " 14/ (PI 1£8 :77 8/ 86 i~1 ~I VJF u., ldV. 9' "~D Ill.'"?A n'

924 55.8 .. S. Bag 128.• 5
~ ~4 11/ 43 152 l54 61 ~, 7:J /4tJ 2tlUI I?o C' 'C77 r;1, IJ'7

925 55.9 .. S. Bag
131.0

5 U, 7 10 II 12 Itl 12 32 ~S /0 t11J".0' 1.:)4 t//~~2

926 55.10 .. s. Bag IJb.U
111 /S 2~Ad ~? ~ ..- /93 Vet) 19Z517 n'

927 55.11 .. S. Bag
IJ~.U

4- 4 " II II /3 32 f4S ~I ~8 ~ .. .s.s7; 40.0' 22 ,2- ~ '100

~i '. \

928 55.12 It S. Bag i44 .U
/2 J4 :J.' S"4 7/ 77 11' 91 19t, 106 2'1't4~ n'

929 55.13 .. s. Bag 48.0
4 4. 5 9 ,~ I/o 17 27 42 lS2 7/ ~7 192 !'9 I" '.liZ'in 0'

930 56.1 82+00 t s. Bag 0.5 - 2'; .40; ~I 68 ~I 87 194 I~D 33 15 c..L ~/n1 ~, .xJ ~

9:'1 56.2 .. s• Bag [4.U -
fll 2J 127 3/!) lS'.2 '0 -;'7 ~~ ~ JIo 29 12. C.L 1/!J'1), c; n' 173 /7 'J'

932 57.1 90+00 t~ S. Bag 1.0 -
19 J9 123 lJs ~7 154 ,,~ 75 1~191 1;' ~ 1....,« r"II'\ rv

933 57.2 .. S. Bag 14.5 -
I~I 2/ ,.....

37 5"0 15? 11/ 78 16? len ~a I~~ V'" I~~I;. n t ~Q.

934 57.3 It s. Bag 16.5 - 2D L?o l:l4 ~5" 47 l52 1~3
1-

I~a1I,o ~,~'7 nt v

935 57.4 .. S. Bag 19.:» -
18 1'3 12.. [.(s 15(, 71 1713 ~" 9" [.99 I" Vtl4'11nn' ~
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936 57.5 90+00 t S. Dag 11.0
lCj iJ~ 24 37 SO .57 71 79 fJ7 % I~ ID& IClSal' n'

937 57.6 II s. Dag 14.5
18 Jf!) ~4 .,to 14A ~~ 7/ IBe? '8I!J ~ I~a ~C) " 100 31 12- sc.. lo.UN:. c.'..

938 57.7 It s. Dag 16.0
10 7 ~ /5 20 .,13 ~I 37 1-13 4' S~ '8 1_~ lIJl 187 1/0() 5.10'7 n'

939 58.1 95+00 f. S. Bag J.~ - lZ3 l23 12q .42 4i/J {pS 7~ ~4 ~I ~b ~~ ~ J~b (J17
4 '"

940 58.2 II S. Bag !9.:» -
11 I/~ 2/ :~I~ c:J. Il3 7~ lB" 9:J. ~ "8 ~, 160 I-SS1n,,'

941 59.1 100+00 S. Bag 4.~ -
~3 ~A ""'- ... ..., ~ t,~ 77 ~3 91 '7 ~ JI/) 31 IS CL /J"1\ '"

942 59.2 .. S. Bag :9.5 - l?3 ~4. "')- .4/" I~c ~Z 7'~ 90 $ ~9 10D IJ~~JIn C' JJ

943 60.1 107+60 DIS s. Bag 13.0 - 123~ ~ 41 52 I~ 1

74 ~3 ~.:1. 197 f/6() 12.9 /4. c..L ~"'JG,A n'

944 60.3 .. S. Bag 15.:» - 1/4 ltD 2/ f2B 115 3a 145 SO S~ h, 68 7J 7S I~ ~ ~4 1M 3~ ,(, Sc. 15.1'7n'

945 60.4 .. S. Bag 10.5
5 5 l5 !~ /2. /3 ~CJ 2" t'34 142 157 ~, 11' ~3 ~6 !flU ij.4211 '"

946 60.5 .. S. Bag 14.U 6, , S /2 ," /7 2/ 124 ').7 31 ~9 1"-' .52. '2 /,7 ~2 IDO '.2ID1~ n'

947 60.6 It S. Bag 15.5
12 /2 /3 /7 22 .23 L19 3b - 1- .:12 & !., I i~2 t~2 lbD ~'-2il,;, n'

948 60.7 .. S. Bag 120.0 1S 2" '31 14.4 172 8/ eo193 97 IfAj 9,7I~n ~,

949 60.9 II s. Batt
:Z6.0'

/3 IS l20 131 -13 ..In.. I~ /A 6~ 177 I"7L I,A An Q4 .IJ4 114 ~4) bl'I"n'

950 60.10 If S. Bag 128.0 /2 15 17 12 lb 13_~ l39 ~.s 53 b8 ~8 .-
14.~I.,n c.' I~ I~ l7" I~
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951 60.11 107+60 DIS s. Bag 135.0
10 /0 II I~ 1fJ, /7 2~ 10 IS 5" I,&, 13 77 lJl "3 /00 J.I5111\ 0'

952 60.12 II S Baa
137.0

2fJ, ~6 33 .'" /,0 IID4 7" 84- ~2 ItJ~ III~117 1;.'

953 60.13 .. ., . s. Bag I~~:B· 7 7 ~ 12. "
18 .73 2tP 10 ,?S 43 51 58 "7 70 7~ liDO 4.~

..

954 60.14 If
v\·~ s. Bag 138.0

S to II i/4- If, 12 l29 35 42- l52- " I" 173 7m 1c)6 ~DG l~..s~.I.

110 n' 5

955 60.15 .. s. Bag 148.~

II
"

1/ 1/5 I~ :20 .13 12~ 4() 60~~81~2 ,.5 9~ /00 ~~Iso .0' !

\.

956 60.16 .. ... S. Bag 52'.5 -
1(0 20 .31 S" 13 ~S I~I 94 197 ~~ &;.81!r;1 n'

957 60.17 "
c.

S. Bag ~n.o -
:72 190 .!Jf!) I~ ~.814' n' /2 /8 l30 !;2 ~ I~

9Sa 61.1 253+75 O/S S. Bag u.u-
~3 ~" 137 Sd 17d ~z~ ,)z, ~f::, VOl ,JI '3 CL 1/1."1.0'

959 61.2 " s. Bag 3.0 -
!/8 I~ 1-1..-1 7/_ I~/ ~ ,,~ 77 in~ it' -- 00 24 8 C-L 5·1D'- n'..

.'

960 61.3 .. s. Bag 6.0 -
10 II /2- 21. 33 37 47 lss 111 181 -. -- - ~ ~D() 21 -3 ~M 13S1...., II n' ~.., "7.:::'

961 61.4 .. S. Bag {~.~. 9 10 /2 I~ ..13 2S l30 34 4% ~3 /,,, 1~ IJ2 ~I 9' ItJG 4.IS

;;

962 61.6 · . ~ S. Bag 23.0
/7 ~l ~a 4t!> {,4 71 ~1.. ~ IJ() 8.78?A n' 7.L. -"10 .J7

963 61.8 • S. Bag 26.0 t, ~ ~ II /3 IS 22 - .. - ..... ,..--., I. ~
~ '.~ IMO 13/?7 ,.., 7L~

964 61.9 · S. 8ao
Z9.0 IS 17 l-2a 2(, LJS f.laB 48 S" "" -- I.- Df) 5·J71n n' 'J ,.... 'A , 'l"'J IJJ

965 ~1.10 · S. Bag 131.0 4 4. 14 7 '9 III IltD I~ ~ 150 8'" I~I ~, /CtJ .1c)O.,~ n' ,,-/ /5 M

••
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UIOUYOft Inl
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ARIZOUA .Iuu,cat ...,,,., ."'f.1t -..."" ..._nltl03-1 -85 ...,. stU .t...,...... ""U'" ., 'IICI" ..... If ee, tt.CI' ."...." .".1....." ...."....U.", o ,ta••••• "au ....

UH......
" lift"" "' ,'U. ...,,,.

""kl ..s- o ..",,,, ..,.u. ..". c"u· ,.." ,II' '''''l ~..-- CUll· "u·..&&a", ...... MIUl''',' •,e"... ,ca•• "l'" , I". Wn","1
~ I •.,.. "., ... ... 'It ... .. 1/'- ",- ",- r • '/t. S· " •• I, .. ..

~85W Vineyard Watershed '.MJ 'ttl
,,,

'" .... ,., U" h' ... " .It 1m ". It" ". ". H' .. ,., , ".. ,..
966 61.13 253+75 DIS S. Bag 3&:~' 9 9 13 l23 ~4 .27 39 49 b2. 7" M ~2 94 /DO 3.7'-

967 61.14 "
~

S. Bag 37.0
S S 7 If) /3 /5 ?C; 'A ,- SS 7/ ~ ~ Ijd ~" VOf> ~.D:J.,0 n' l.a~

.t

968 61.15 II S. 8ag 39.0
9 19 II II IS II!J 3S 5~ 137 /()O " 4./SI~n n'

969 61.18 .. S. 8ag 150.0
~ /8 U 75 ~ 1942Il;n a;' I~~ ~/ 100

970 62.1 300+00 DIS S. 8ag 14.0 -
12D 2.1 ~3 .38 4, 5" "t> 174 1st 93 l~1) IdO 2" 10 5c.. 15.g;,r; n'

971 62.2 II : S. Bag 15.5 -
S 5 7 /4 20 .2~ ~2 3~ 4"~ 67 74- 77 82 ~S ~lJ /10 2~~ ~,

972 62.4 II . - s. 8ag 17.5
I~ 2/ 131 184- 9/ ~4 97 I/~ 34 IJ~ CL R.2tSllA ~. lSl:' 7/

'\,

973 62.5 II .., ., s. Bag lJ.5 /4 /8 l2~53 70 laG, i% 98~Ita; '~/J' ~ 1'4 1\'- ,

974 62.6 II ~ I S. Bag ~.g, 15 ltD ~1 40 5S '3 7S 62~7 91 95[g, 19S I~ 44/
,.

975 54 107+60 1 Uad1st IU.:» •
~o .12. 24- .3t9 lss Col 74- 8/ d. - ~ .JtiD 27 /0 C.L ,91 J().'11.0' CJV 'ltd

\(

-.

976 54 II Undfst [J.U - n .23 I~ 14/ ls5 '2 I~ ~~3 loa l.g1 '.J'• r

977 54 .. Und1st ~.5 -
I~I '3.'3 140~S 7f.D 83 ~2 I~I~ ~"/) ~~ 15 c..L. 1.8..., 9."4 n'



.~•••~ ..., ICCIIU'astS-lIlG-JS4 v. .. OIPUftaNfcr AOaJaJl.nIIII UIOU'OI'f Mft

'~~i &~~ [MG-1 J-" lOlL O(MDVA11C* IDVIQI ....18•....20

03-14 1-85 ARIZONA "U'"u,,"u,•• """" • IU"" ".t"..... ,"e.. "I",.... lin .." ...,'... 'I"UM' U ...e..' ,.... If ttt IttCl' • ff...... .h.'......'.
'''''' o "...... ..."...,.

laatl&'" ..". \lU"" ... "UI ...,...
••1 .... 0 ....' ... C.IMt'\I

"'"~ cun· ,.... .... lin" ~~ (4111· fII"'"...... .... 'UC..., ... ••U,... 'CI'• SIt", , .....,.. _t" ... ,.. ." •• ., 1/'- tIrO ".- r • 'Ir S· " " ~ It .. I • ..
8SW Vineyard Watershed t."! ,Itt til '" II'. ... "" ttl ... It tN ,'" '" "" '" N' fI' II ,.f , tI.. ,..
978 54 107+60 t Undfst l~o55; l25 25 30 42 SB i'-S _.- --- - 3" !'8 ~~ ~CJ lOb .:JO 14- eL. '/." 19.~7I7 O.J :Jl.

...
r

~.

:

979A 54 .. Undfst 11.5
113 ,A i",,.

I~~4" 75 1"8 ~ 9' "t> 1.70 19./S1,-, n' '~ ~ .... aLl""" 'VI'

"
"

11.5 ;

979B 54 II Undist 111 n t 20 1:1../ L25 i40 5~ J.~ AI, .a .... 35 1100 1.12 /1.&

",

980 54 " Undfst 23.0
~2 2t, Lj.~ 148 hi 10 7~ ~~ 67 ". '9S ~fJJ ~ % I()/) lS4 /1.11"1;'

"

' .... "

981 54 II Und1st
Il4.)

24- 1?4 IU IC:;/I'I 87 191 194- 1~1 1.13 '''-71'5.0' ._- In 1J1D 1-" ~ 1~7 160

982 54 II Undist 3Z.0'
10 /0 '0 /3 /9 QI ~A ..

'3 ~s" :JOb I. laS loS"J"J nt IUL. f'j 14- vi

983 54 If Undist 137.0 24- 2.S 131 I~ '5 79 !JfJI~ 5JfJ 100 !.:J" /7 C.L 11.(,4~SI'2D n t

984 54 .. Und1st ~~~g. 120 24 129 144 b"3 70 Lro lJ~ ~e- i~A 9~~ I~ ~.o lI,S2 1/<:4

, .,
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ClI'1 &tl' I.'''''''''' (1"1"" II "lUI' '"11 If Itt IC'III' I"...... ••u,........ ....".....

""" o "".... ...."...,.,.....,., "". uu,...... '..,. ",,... .... .... 0 .............. ...,. e,I,,· f"" ,.., "nil ~- CUll· "n. ....... ••1 tI",,,,... _ICI'''' 'CA'. 1Al'" 'Ntt
.....,.. .,.... III .,. •• ., 1/'. 1/,. .,.. .. • 'h S·

" " .. .. " ..
85W Vineyard Wat~rshed' 'H' .... tI' tI' ,... ... '111 .., ... It ." un ." "" .... ... :~

.. ." , tI·· ,..
985 S4 107+60 ~ Undist

52.0 24 ?'" 7J) '47 ~-~ I~ IIA I-,I ,AI -. 195 ~ i~ I~O IJ.'~ I~.~..; c:.? a'

'.
986 54 " Und1st

)£.tS
i/O i/O II lJ7 21 21/ '3/ ~~ '41 i~O Lsg '7 7.3 ~, 90 1/11 II~~] ]' 10.'

I

, ..'

987 60 107+60 DIS Undist
:4.0 -

11 ll3 4/~ 181 8; - :; 37 IZD c..l IJ.Sl I/.JIi'" 7"1 ~ I~O

:
, 'I,

988A 60 . "

Undist
zz.o

/9 l:13 30 '44. l57 '7 7t1 78 Me go ~S 98 ICd J.SfJ, "~7'1 n'
"

9888 60 . Und1st 122.0 17 /7 /8 114~ ~ 70 174-182 93 !'8 100 1.,4- 4.~.' 1?1 n'
'J

;"

989 60 II Und1st I~~~~' 12 ~~ ill$. I~ ~ "3 12 78 lelD 90 ,95 9& 9' I()~ 43 I~ ML 1.51 JI.S

oJ

990 60 " Undfst 39.5
18 /8 lZ2 l~7 ls3 I~ 17/ I~... -- _...

-/66 lI.SS' 1~j I.n r. 'v

991 61.5 253+75 DIS Undfst
IltS.U

110 27 ~3 ~S~ 187 '3 19~I~ ~dO J.S"I- 'Il./I,nn'
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992 61.7 253+75 DIS Und1st
22.0

/8 23 2CJ 4<- 1.2 ,~ I~ ~4 ~9 194 1~8 99 100 IJ~ II."'1 n'
•

..
993 61.11 .. Und1st ~~.~. ~7 /8 112 l'"J ~c IA~ ~o .-. - ........ -- 1~1 ~8 ~ lib 32 IZ _~c. 1.15 ·'.9], :.

994 61.16 .. Und1st 4Z.U
14- :/~ I~ :ito .~ 3C' I~ t;2 I~ ~~ 84- ,,2- 1'2 'I % 100 iJ.!J2 5'''-4.',§'

995 61.17 .. Undtst 44.5
8 8 '8 /2.. II/. ltD ~I ~7 Jld l50 75 8~ I~, g1 ~60 V.~:J 4.l1.AC. n t

"

.f

"

996 61.19 ..
" Undtst I~~·u Il# l.7s 43 if 1~8 I~ 110 lJ.SI I'.~

997 62.3 300+00 DIS Und1st Il.U
;10 27 14 ~ "' 72 82 aD !~J 95 ~b /UO I." 1."2111 n t

-
.~

- (

;'



Gr::~\'. United Sta.tesfU..ji Department of
__U! Agriculture

Soil
Conservation
Service

M[dwest National Technical Center
So11 Mechanics Laboratory
512 South 7th Street
Lincoln, NE 68508-2919

•...

.~.

SUbJf!Ct: ENG - SolI Mechanics - Arizona (WF-08) Det.: April 26, 1985
Vineyard Road FRS Study
,Re: March 29, 1985, SML Report on 274 Samples
Received from the Subject Site on 3/12/85

To: Fl. Code:
Ralph M. Arrington . 210-22
State Conservation Engineer
ses, Phoenix, AZ

The gradation data'and moisture ~content data 'for 66 samples received on

March 25, 1985, and for 8 samples received April 8, 1985, from the subject

site are.re{\rded on ~he attached forms SCS-ENG-354•

.--4~fb!w~
~d~ ~. DUNNIGAN •

Head, Soil Mechanics Laboratory

Attachments:
Form SCS-ENG-354, Soil Mechanics Laboratory Data, 7 sheets

cc:
'Ralph M. Arrinston (Original + 3 copies)
Jack C. Stevenson, Head, Engineering Staff, WNTC, SCS,Portland, OR (ltr only)
Clifton E. Deal, Soil Mechanics Engineer, Engineering Staff, WNTC,

- SCS, Portland, OR

-- "'""\

4 ~....
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3/25/f~ ARIZONA 1Il1•••,eat rl'l"" •n..... ..."........." --"St•• ", ..n '""...,... ""fI'" '"let" ..... If '" ..... "U,"".. ...,"'...,..." a"...... ....... ....u....,...

flfl' "u,...... ,'~ "UI ....... ... ..,. 0 .......IMflI .... MIet"'... ..". ·..~:f~ '''" I." t••", ~- cult- ..", ""... ....... .,. , ....", .,.. ...... ".. • 11 •• '. 1/'- 1/,. .... r ~ ·It r l' fa -~ .. I, ..
8SW Vineyard Watershed '.~

,. ... •• u,• ... UtI 'tI ... " ' .. .u. ., us "', II' '" • ,II , tI.. ,
\, ..

1009 62.7 300+00, PIS Toe Oam~" ,: . s. Bag 33.0 113 [23 l?A IL~ I7£. IA .... Iq2 1% .~ I/H ~.OJ.... ....
.., .v

.I •
1010 62.8 . .. .. . S. Bag

JtJ.u
S _t:; II I~ IS 110 L24 1.10 131 157 Ih7 I_~

~19~Qn 7 ...0

1011 62.9 .. .. .. .. S. Bag
4J.U

12 2 :? _1 4- 5 I~ ? J4- ~?I
6_ -- "':1. ~£S•• n

1012 63.1 100' U/S from Toe (1·300+00 2.0
12 /2 It. ~B 140 ~, I~ ,L... ,.,A ~.e ft 14' Id.. t..._

'::... ~S51 n
s. Bag

1013 63.2 .. • .. .. .. .. • I.U
Ja IB ,,-~ 1_~ 5Z> 51L>~ 111l - - OD 11D~A n '01

,i S. Bag

1014 63.3 .. • .. .. .' .. 14.0
13 130 42. lSa 76 111 -- lA._ 99 "0 ~.3l11; n 74- r;u~

'-. " S. Baa

1015 63.4 .. .. .. .. .. .. 19.0
~O 2S~ ls'3 ,4- 70 79 ~4 - - (1" lAd~n n

S. Bag

1016 63.5 .. .. .. .. ..
" " Zl.5

17 1/7 I~ l3J Ii() 145~o '/'- - 'A lS:,'" §
'-'If. ,--

'-, S. Baa

1017 63.6 .. .. • .. .. .. 22.5 j .3 4 &, ~. t. 10 /7 30 ~I 19b ltJfJ l7.43~'1 I: ~~ :/'2

S Raft

1018 63.7 .. .. .. .. II . " l4.:>
l22 ~4 L30 I&. t,c:;. -- :~2 Iq, ", IDO 11.1/. ,\ ,,, 1\ IA ~

S. Bag

1019 63.8 .. " .. .. .. .. 27.0
/3 1/6, l20 .L '(~~ '" ~319 18.7/'Sa n L2, .I

S. Bag

1020 63.9 .. .. .. .. ., .. ltJ.U
fJ7 fl9 ~3 65 ~ 1/46 .1'2,Qn 'J/ ~ .. , /1 ,.,

~I :::J/ :0

S. Baa

1021 63.10 .. .. II . ", .. 34.()
1J ~- -- 599 IIdD IlLIJI.'21: n IA.:.I

S. Bag

1022 63.11 .. " .. .. .. .. 37.0
Jd. 122 lJ7 ~I 177 18/ l4J/ 1- _.. -

IQ~ lao. /0(} t~J.l'1.A n

S. Baa

1023 63.12 .. .. .. II .. .. 41.0 9 II 1/'fL, 22 111 28 31
_...

~~ 11#1
,...

£,8 ~2 7' ~o ~'D .1'3." n 5' I~ PO

S Raft
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3/25,aS ARIZONA Itt...,u, ....",.,

.rt..... "::::r.;::r' ....,.... ....".".' ..... It" ..."•• IIft"M' at "IU" 'ttll" .. 1I.1It ,-" o ........ 1IIftl ....,.....,.
i.." ,.a.... i" 'tt" .... •• .... 0"".1IMftI ..". n.u· ...n .... ,tatt, ~.-- :::i. ...... ...... .... tltettf,,,, -IU'''' ....'" , .. ~...,.. ...... ~ ," •• •• "'. ",. 1JlI· r , ," r " ,. e. I, ..85W YineyardWltershed ..e: •• u, '" .... 'lit 'lit 14f 1M II ." un ., -" "'. .., It, .. ,.. , flM ,..

1024 63.13 100' U/S from 'Toe'I' -300+00 43.0
5 5 7 I~ 9 10 1/2. Jd IA ~7 4/ -53 I-.? .,.. ... QA IJd~ !~-<!;•• n

j S. &lg

1025 63.14 II .. .. .-' ..' ',..• • 4lI.U
~ 1"'t.A A~ 1",1 77 8, 187 190 -'S ~(XJ JI."." n

S. Bla
1026 64.1 5' U/S 3(XH·OO.. '1:' Dim s. Baa

1.5 Ie I/~ 119 A? icc: 1/2 '74- 81 ItJ(J Ig~D, n 'JI

1027 64.2 · · .. ' ... S.Bag
... :>

18 B8 .....
1'~("4§§ 18 28 i'9-::l Ie ~-I 1G17 -.IiI' I/db

"

1028 64.3 .. .. • , . .. S. Baa
8.0

2~121 8g~ Bg ~'b II,"Q n ~/ l~::.c u,1 /#a r"J1 x .....

1029 64.5 · .. • .. .. S. Bag 10.5
21 24 l~4 l51.> '4 7/ 't/j/ liS Iql ,~ gq J4D 1}J.7211 r.

1030 64.6 · .. • • II S. Bag 14.0 19 /9 ~814/ l53~ h8 173 l?9 B9 9S 9~ e6 IOIJ 4'74~ n

64.7 · .. .. .. .. S. Bag
15.5

IIJ 19 l29 44-~ "" 177 18,~ 195 'DO 14441031 1*\ n L:H 7- '07:7

1032 64.8 · .. .. • .. S. Bag 17.0
18 2.1 lJ() AC Ira II~ 15 8/ - I(J(J ~/4Z4a n "~ :,-

1033 64.9 II · .. II .. S. Bag 20.5
18 /6 129 45 rD. J - - -'-. • -7 9~ 'I/) I"~~1 C

1034 64.10 " · • .. .. S. 8ag 23.0
2iJJ '8

-
~ !/DO lit-as'tot n ~/ 15~

1035 64.11 .. .. ... .. .. S. Bag Z8.U
l13 2' 4tJ~ " 174- iSl 'tJ4 9/ g, 99 1(Jf) ~1.'i!'0 n

1036 64.12 .. .. .. • II S. Bag 31.0 II /3 /8 2/, .1 ,ID- ~ u.- ~~ /(J(J 12.21't't "

1037 64.13 · .. • .. . S. Big 34.0 4- 4 7 ~ " 11 .2.1 I~ 141 &,7~ ~~ ~~ 93~ ~DO 14.4"AI c

1038 64.14 · • .. .. .. S. Bag 36.0 Ii> /7 I'k- :47. ~? 71 ~ I~ 19S ItrJ 1~3)'ta ,.,
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RI'. t'of.ll .1 llG.')."

J/25/aS ARIZONA ..c....Ut •••",.,
.ltl.... ':t~ ....,..... ,,"-tmI..... "" .." ...., ... fl"UMt '1 NIUe' ,.tt. It lit Itltlt

j t.'" 0"...... SMf\l ....t .....,.
'ettt tIC....... ' "UI ...... ... ..,~ a .......'*'1 .... tllett"'"

....
.~:t:.. 'till •••• ,..,,,

~- Q..". ....", Nt,. ....... 1"1- , . ....
Vineyard Watershed .,.. .... .. ... ," -. -. 1/.- "'- .,.- r -tit r t t .. .. -. I • ...8SW ':: ,. u. '" .... •• ,'" •• ... " ... un •• "" ft. .., .U • ,If , tI.. ,..

1039 64.15 5' U/S 300+00. ~. Dam S. Bag
.JlS.U

8 g /3 rIll, I' 21 2f., Ll~ IAa" 2913 4...,39,0 /tJ{)

1040 64.16 II II .. .... S. Bag 39.0 12A 11 4A It.., 7G -- -.A.I.-

__
'Ao'"

['5£411.n r-.
1041 64.17 .. II .. .. • " S. Baa 42.0

I~o l:ttl r~d L" I 1'5170 181 '8~ 19b 1.95198~ )00 11.11JI. n

1042 64.18 .. .. .. .. .. S. 8ag 44.0
21 :2c 17'- -.. rlJf.J 1'2.'7~I:. I:. J/ .D~ ~I J '~

.,

1043 64.19 .. .. .. .. .. S. Bag 48.0 12S l30 142l!>O IdiS l'9 J()tJ ~1d).. ft 1'\ I/J

1~ 65.1 U/S of Oalll • 2§3+§7 S. Baa
0.0 /7 18 ~, 4-1 ~ '5 % /"1> ~/"4, t: "-L ..-v') ~

1045 65.2 .. .. .. .. .. S. Bag 4.5
I~ /4 ~o 4/ se 7(, I~I IgS I~ I~o IlJ4c I:.

1046 65.3 II .. .. .. .. S. 8ag 7.0 II /2 J' 13/ ~~ Ic'2 !'8 17s IJI~ 194 '" ~7 199 '1()(J ~'_IO81\

1047 65.4 II .. .. .. .. S. 8ag 10.5 t, 7 9 II /2 /3 19 27 ~I ~Ci q2 ~s IIJ(J '<4Z1.4 n 'flU l")'J l/.L
I

1048 65.5 .. II .. .. .. S.BIg 14.0 /8 l23~ 14-1 L~ ICD ~.:;,
171 171~ tqA 1140 lIc!if'..... p

1049 65.6 .. II .. .. II S. Bag lti.U
/4- /7 23 r~4. 47 147 lss t:./ 97 g~ lID /2.971D n I/rLJ // ~

,
'J 'j : 18.0 &, 90 121.1l.1050 65.7 .. .. .. .. .. S. Bag III 2~ 1'7 172 BI ~5 I~~ft r .:1/ l:)¢

1051 65.8 .. .. .. .. .. S. Bag Z3.0
IfJ 1.4 11" 54 M 7tJ ~I ~ 191 DV QB !~ "D '10.'?t: n

S. Baa
Zf).U 'a4 127 ~d 14!- 1/'01~411/ '00 11.411052 65.9 .. It .. .. ..
?D n v.c::. r.- ID~ r::7"7

1053 65.10 .. II .. .. .. S. Bag
~u.~

JI /3 ~S ~ollo' 7h In.., I~I !-

~"'Vll; 1110



•- •ICS-l.C-)'4
"\':~L~ J'~=-Jft'I'. fi'o:u.. .1 rw;.'J·" ~..JJ

3/25/tS ARIZONA IIC.IIIUl ."". ."...... ~':::.::" ....,..... ".ftlft"at' "It ...tt............IM. ,. "let" ftlU " '" ....., ,...,. 8"·..... 1MIf\.....,.....,. ..." ,tc.'...... feU. IIIftIt .- .... .......IIIIf\t .... .....,... ...,. CUll· ,.... U •• Ct.", --- a..... ..'., "..... ..... ",ca'...
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~ ·It .- " .. .-
" -. '. ..8SW Vineyard Watershed .... .... 'N •• It" •• t". •• ... It ." "" • .r "" "'. II' ~t • ,.•. • ".. •..

1054 65.11 U/S of Dam , 253+57 S. Bag
Jl.:'-

t, " 6 /0 II /3 20 ~fl _=l~1.d7 Is".11 n ~q lit7 In..., I..., I fOC:

, .

1055 65.12 .. .. .. .. .. S. Bag 34.0- 17 /~ 25 44- 93 1fD~ ,- IJIA I~ 1ft" IJ,O I/A.o9"III" I"OJ,,,, .,

..
1056 65.13 .. .. .. .. .. S. Bag 36.0-

f~ /4 /7 ,27 1~1 ..~ ~ 1,.-..1 I' 71'1.- - J", "'M,., n lJ -;J

1057 65.14 .. .. .. .. .. S. Bag 38.5 4 4. lS 7 B B 12 ,6, ~, ~I &,'? - LtIl. IDO ;f.Jj'2ft ~

,1

"

1058 65.15 .. .. .. .. .. S. Bag
39.5-

20 2.1 ~a 142 lsS &6 " 17/ ~. 1.6 Il!lll" --
J'IUO 11,./1.n I;

1059 65.16 .. .. · .. .. S. lag 42.0-
7 7 If!) IS 11 /8 ~3 120. A~ "3 1M IJA4... ., ft .7A oJl ;/.

.,

1060 65.17 .. .. • .. .. S. Bag
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~~ " 173 8'
_..... ...

' ..- i
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,.'
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s.
,.

~~.~ .3 ~ .5 110 IS /1 11t. ~q l<'4- ~..3 ~5 ~199 l~lJ 11151063 65.20 .. .. .. .. .. Baa "2
0101.01

",'

to..., 220+00
',-

l. Bag l.O
1/9 121 12714b lS"&, '2 73 V'13 8- - '- ~,.:=1064 29.1 .V'I, .. ft Db

1065 29.3 .. . .. l. Baa
I.U-

122 l22 27 40 53~ /:,7 7~ ~231n n ~ J I-,}/ 1~":1 IJ(XJ
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'.

'- 1.0-
1067 42.2 150+00 l. Bag 2/ 24 I.,,,,

I~- lIP. 0 I'~ 11SlB
I.....

~2',nn 00

\.

1068 43.1 210+00 l. Baa
u.o,

:PO ~~ 27 4'2 ~A ~- """ JoW_ W "f) 8-1/~ n

,'.

J •

.~

1069 43.4 . l. Baa
I.U-

19 20 2S 39 5.2 LS"8 '0- I.,c:- la11~ 1c}8~~" m I~DI-1n n

~

1070 43.6 . . l Baa 15.0 21 22 29 14_~ /,/ &,/3 77 182~7 -']~~«> /tJ./J... ....
,'W.v

1071 64.4 5' U/S 300+00. t.O. l. Bag 8.0- /9 let I.,/. 1.iI ,... -- A

~~ ~S 98~ lOt> ~".. " n /\ In

J
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"" ft
~~.....

\." "., .
i,l

1073 55.15 .. .. Undtst 42.5 '~I- ~~ - C-' /00 /.S5 :;,13-.&'2 0 I/q. LIU'rC.IL. I"-""' 'lll'IJ !~

1074 60.18 107+60 0/5 Und1st 0.5
J~ 14 II' 1.~O14-3 SI I~' 14- I~.' 100 I." 1..01 c I~' L"?~ ~ ..'7"'l

i......

"
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~
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1089 TP 1 300+00 DIS l Baa 7 5 7 lJ 10 18 II" 30 41 SO ~1 ~~ 7~ 183 85 ee, ~I % ItJO 120 I ~M 2.;1

c'

j ,.
"

~

1090 1P.1 300+00 U/S OJ S. BIQ
1.0-

7 7 9 la ll' JO ~I~ l5"6 173 19O 19l. 19t' ,~ ~60 20 I SM 4.fJSQ ~

I

t
9.5- J 15

N rt'
~1091 TP 1 ]00.00 nJ~ ~ Raft .I\.~ ? !~ 1/ 12 l21 ~~ ~2 1~ I~ [94 l% 99 IJIJD ,4lA "c. C.71

300+00 U/S
'I.u-

4- 7 35 172 3
SM/.

1092 1P.2 M. Big Ia 1\ 4 5 10 /2 I~ 25 ~ '-~ ,~ 185 ~2 ~S 91' /()/J l$A1 ".,"'-

1093 1P.2 300.00 U/S S. Bag
I.U-

/1 /4- I~ 2S B2 9/ 32 ..sC 1.,0A n 3'9 li~ [5"2. '-0 70 5..) ::J/ r:J/ '3 "0. 10

1094 "TP .2 300+00 U/S M Baa
8.0-

14 15 2' 112 [44- 4' 'SB i6S" l.i,z I~ ~, l5'o i'J ~2 ~1 ~ I()() 29 10 Sc. 2.'"a n

1095 1P.3 253+75 DIS L. Bag 6.5- d .t I- fb /1 /2 I~ K" ~ S/ '8 ~o lJS 192~ ~[j /tJO I}O 2
.=sw.

4.",'" ft 1\ -~~

1096 TP.3 253.75 DIS L. Baa ~~.~- 9 ~ 'J2- J~ 20 Z2 2ft, ~9 13S ~ 6' 82. 88 9~ ~] l~ 100 34- /1 _~C ~S4f
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~~~\' U.oited States
l~i Department of

••~ Agriculture

C.

Soil
Conservation
Service

Midwest National Technical Center
Soil Mechanics Laboratory
512 South 7th Street
Lincoln,NE 68508-2919

Subject: ENG - So1l Mechanics - Arizona (WF-08)
Vineyard Road FRS Study

Dat.: March 29, 1985

To: Balph M. Arrington
State Conservation Engineer
SCS,. Phoenix, AZ

FU.Code: . 210-22

•

•

On. March 12,~ 1985, -we-"received ':2i.9 smaI·l bag samples and 25 core samples from
the subject site. On March 25 we received some additional samples from this
site.

The test data that we have to date for samples from the initial shipment are
recorded on the attached SCS-ENG-354. These data include water content as
received for all samples, ·.completegradation for 212 samples, and gravel sieve
data for 46 of the remalning62 samples. Unit weight data is provided for
the core samples.

The small bag samples were submitted in plastic bags to prevent moisture loss
and the cores were waxed or wrapped to prevent moisture loss. A few of the
core samples were broken, but· the rest of the samples arrived in very good
shape.

This data is transmitted at this time so that .you will have it in hand by
April 8. The rest of the gradation tests on these samples will be completed
shortly, but it will be several weeks before we can complete Atterberg limit
tests on these samples and do the testing on the samples submitted on March 25.
We .plan-·~o.make Atterbe~g limit tests on selected samples rather than on all
samples from this site. We would appreciate your suggestions on this.

~~~·1~
Head, Soil Mechanics Laboratory

Attachment: \
Form SCS-ENG-354, Soil Mec~nics Laborator!. Data, 20 sheets

. ,

:~~cc :," ::.~~, __:.::.c-; ~ '. . j, .~'.J:~:' .}~ . ,:,.~-.J( .~~ )-~

"Ralph M: AirinStoti~(Original + 3· copies) .
> Jack.C. Stevenson, Head, Engineering Staff, WNTC, SCS, Portland, OR (ltr only)

CliftonE. Deal, Soil· Mechanics Engineer,' Engineering Staff, WNTC,
SCS, Portland,- OR
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726 1.1 365+00
I.:>

~3 43 47 h!J 134 \s. Bag 2 .. 0 t 13 /3 54 15 193 137 I"" 1.57

727 1.2 " s. BaQ '4.5 - 124 lZ" 14t> "7 7S 95 9tJ~ J(JO ft)·12I;. n t 7UJ ~/ I~I

.,
728 1.3 .. :

I~~·~t - /1.. /3 /7 l21 .4/)s. Bag b (p 7 1:1. 30 lS7 i:,7 7.3 84~ /00 ~J~

729 2.1 360+00 s. Bag 5.0 -
1/3 113 l21 1~2 1192 87 ~3~"~8 ~O<' '.75I:. n'. 14] I~ 7C;

~

730 2.2 " t s. Bag 10.0 t

I' Jb ~ 41~ ~4 (tJ8 1S~ ~J. % 9!~ /dO 17.~5<-
.. 11n ct

...
i 15.5 - /4- /4 ~I ~ ~731 3.1 355+00 S. Bag

" n
t 3tJ 48 68 N ~3 ~8 /(1) 7.24-

l

732 3.2 .. S. Bag IIU.O
/4- /4- 20 ..v;~ .- 73 81 k'3~ % 9~ ~~ "f) 8~11n 1\' .... j

'. ; \

733 3.3 " S. Bag 12.0 - 8 .8 :/0 /9 21 ~ 35~~ ~ laa lJ', ~o ~2 1(If) II./)&1.8. n t

734 3.4 II S. Bag ~~~On; 1/4- /4- 12o 135149~ 70 177~ ~3 ~7 ~ I"~ '31
,.

735 4.1 350+00 ,/ S. Dag b.O -
I). /2. /7 13Z 44- ~I 164- 7/ 18~1 ~:z ~" !J8 ~~ I~.,o7 n t

....

736 4.2 .. s. Bag ~.o -
27. 24 JS 55 73 7"1 9• 'JIIO /}.7110 n' ~l"J ;:7,£

737 4.3 It S. Bag 10.5
28 L32 49 ~9 ~4 ~~~ 97~ ,'6 ~."

-,.,' lr: C'

, ..

738 5.1 345+00 S. Bag b.U -
If, /8 I.u. 142 SS bl 71. 77~ 92 % ~8~ "0 8",77,0'

739 5.2 " s. Bag ~.:) -
20 71. 31 [47" Ib7 7(# ~2M 95 ~8 J~ 9.04-1n J;t

740 5.3 .. s. Bag ~~~g. /7 ~7 124 1_- :- -1 I>tJ 71 lB3 93 191~ I~ 1,B,1l
~ I-'V'
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741 6. 1 340+00 " s. Bag '5.5 -

14- 14-J~ 13' 47 54 h8 76 85 ~1 ~7 :B It)O
t

'.24f\ C; •
.1

742 6.2 ..
'.. s. Bag IU.!;)

22 24 31 4S 51 ,I- 125 '8/ 87I~~8 ~a /00 1605311 C;.

,

743 6.3 " s. Bag ,~~.o I~ 24- 3/ 4S 59 L4as ~o 1% I~ /40 IID.11Inn' r7f 1m-

744 7.1 335+00 S. Bag 15.5 - ,*,0 ~I 29 141 l51 .59 ,~ 17" 182~ lft.'"7 I_I~ ~DO 9.~BI:. 1:'

745 7.2 .. s. Bag 10.0
~ l2S 31 143 l54 bO 170 7~~ ~3 ~7 ~ 9' /IJO ~o...111n 1:'

746 7.3 .. s. Bag I~~·~. 13 /8 24 l1' 4, ~Q. U 7/ 79 87 '2 !J5 197 .'~ 110 lID(
"

747 8. 1 330+00 S. Bag 5.5 - Ito /8 22 i3l, 49 iS1 70 713 '8" i.9S 98 Ilk:> '.69c. 1:.'

748 8.2 " s. Bag 11.0 /7 /1 22 ~2 '41- l5D /,() '" 114 80 r7 ~I 93 'ell/. 9b /A' 65',J 11"i n'

" 'I, 15~51\; l5"2 171- 91-749 9. 1 325+00 s. Bag /7 J7 73 34 4' " " 83 ~6 ~ ~~ IIXJ 833
••1

750 9.2 II s. Bag 110.5 '-
II, " 19 i_1" ~~ ~

~3 17017,8~et 98 199 ltJt 61S111 1;'

~ ,

751 10.1 320+00 s. Bag 5.5 -
~O 20 2" 139 lSI 9D ~8 i14 83 ~4 99 llJO 9/"I:. 1;'

752 10.2 .. s. Bag 10.5 22 22 ~e 40~ '0 7/ 78 IJ(p 94- 99. /(K) '0·94-" 1:.'

f .~ J

753 10.3 .. s. Bag ~3.0 - 21 21 '-7 36 lSO lS" ,,~ 73 8' 93 - '0 1/~.SI111 n' vD~ 1.:7":7

754 11.1 315+00 s. Bag 5.5 -
I~ /g 12s 37 SO is'' "7 71 82 ~4 ~ 1(J(j '}J9I:. 1;'

755 11.2 .. s. Bag 7.--S - lo 21 lA9 42 53 ~() 1/ 7lJ 19'- 197 '!J1 /" ~.8SA C;' 8w 92
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0,

751 13.1 310+00 S. Bag 15.5 -
21 2/ 210 ~ 53 5~ '9 74- k9~ 93 1.9~ lOt> ·11K...7 C,I..

758 13.2 "
; S. Bag lU.S

22. ~2 :17 40 54 ", 73~ tJ7 95~ ItJtJ IIJ.~\, 11' ~,

"

759 13.3 " s. Bag 115.5
19 19 ~ 1M 53~ llJ 'S 82 ~/ 97 [I'e> //.J1117 1;1

160 14.1 305+00 s. Bag 5.5
21 2/ ~1 l39 ls2 lS8 /'9 115'"~ 92 ~7 ~~~ ~4:) 8.J&~ , 1\ ~,

.,

161 14.2 " S. Bag 1~;5c;, 21 21 ;28 42 ~, "3 171, ~I 81 194 I~B /00 98'
,J

'./' .'

162 15.1 295+00 S. Bag 5.-S -
/8 ,t, ~2. 33 ""S Ls"o i./ '8 77 8" as 91 98~ IfJI> Jft.~71:.'

·"1,

15.2 "
..

j S. Bag ~O.5 -
'7" i~ ~8 In48163 '.1 ;", 11 5' 30 30 .is 49 '2 "" 81 eto /(}(J

- I,. .',.

164 15.3 " s. Bag ~4.5 -
III. IS /9 .n 47 53 ,S 1/ 79 ~ 91 ~9 99 W> '451~ ~I

765 16.1 290+00 S. Bag P.--S- - If) /8 l25 37 51 Sf, (pi, 73 ~ 92 t~8 00~~ '. 8.7/'. ~ 1:'

166 16.2 It S. Bag ~~·~I 123 13 l37 '0 70 7.~ ~ ~ 110 11,12,
iii ~" 1>'1 .UJ/

,I

767 17.1 285+00 S. Baa 5.5 -
10 I/o /2 ~3 13. 134 43 SO~ 17/ 17A ~Z 1M~ ao I/(j() /'.89t:. 1:'

oO

168 11.2 " S. Baa 10.5
If) 10 /3 l2~ .is ...- ,1- ~ ~, !79 1M 90 191 19l ~~ I/()() 4>.1"" 1:.'

169 18.1 280+00 S. Baa ~.~,- /8 /8 /1 17J .,7.8 IJ{p ~- IqJlt "" 19.18

170 18.2 " S. Bag I.U -
1/7 /7 22 37 lstD 11b7 -~ 94- 97 L99 Ilot> 1.96:80' SO r""l~
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,
8.~771 18.3 280+00 ',". S. Bag 11 ~, ICJ '",.... ~~ r~ J? '7~ 179 IJlD !J4~ J()()

i

772 19.1 275+00 S. Big
!).!) -

M l27.~ ~I 7~ ''''' JlVA 45 ~g 1/«) 9.57Ii ~t I~ 5*4-
i ..

,J

773 19.2 .t .""., S. Bag IIU.5 -
/9 I' ~, 43 1'0 16-' 1.,_ ~4- 90 9' 99 lIDO ~J.",11 r;,t.

774 20.1 270"'00 s. Big 5.5 - ;8 18 l.zs 14<; 52 -- 1:-'1 i~ 1-'-' "f) Q22Ii ~, I"'loX ,&"CIt ""
I •.•• ,

775 20.2 " " S. Bag IIU.5 -

"
,It?) 26, 1~5158 '3 12 liM IJQ~Ih1 1;.' 1// IJoI..-',,-, 1'"7/ "JD .::IZ

"
.,

776 21.1 255+00 S. Bag 5.5 -
1/9 I~ ~7 41- 58 6S 7~ 62- 87 ~S g~ lID 1/.3'I; ~t

777 21.2 " . ,. S. Bag IIO.~ -
[2.3 3" 47 SJ. {"I b9179 .9~ I~~ /6.7811 ~, " /9 ~ .'"7'?

,I

778 22.1 253+57.5 S. Bag 6.5 -
22 2" 3" '8 174- IJI~ 87 I~ ~J~7 ,0' 52 9" INJ

779 22.2 " S. Bag ~O.O -
~ ~O 261 !4/ I<~ ~ lI,B 174~3 ~ 99 Ia:> Ill"" t ~ ,. 1n 1;'

780 22.3 " S. Bag 1.4 - It /d ~Z l32 4-1 145 l53~ 17/ ,.,
~" ~t:b 11.S'11 .:t

781 22.4 " S. Bag 5.0 -
21 22- 130 4ft, (p() 1,7 7" 82 tJ7 94 ~g llJO /l••21&:: ~ •

. ,

" .

l~'~' ,,,,!J782 22.5 " s. Bag ::2~ 2.4 J() 43 52 :57 ~" 11 78 b9 9<- ~ IDO

783 22.6 " S. Bag ~~.·~t 1/(, 18 24- 3S 4h 52 '-, ~8 71 9/ 91 98 ,~ "0 II4/)

784 22.7 .. S. Bag Z4.5
9 ~. /2 lIB 22 ~4 32 ,39 Sz. '8 ~3 '0 1~3 ~~ !l4D S./~?&:: 7'

785 22.8 II S. Bag .29.5

" 2S 137 153 I~ 7ft, 83 B" 9' 'J7 IIJO 1319':In ~t
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I,

I~~·g, 71 ~.42787 22.11 s. Bag /~ 13 I' .2J 29 _?2 139 14s ISS 191 i~1 ~ IIJD

-
788 22.12 .. s. Bag I:~·~I s /7 M '1-1 ls"t~ '-e 14 182- 9/ ..,7 " "(J "45

1,.1

II
o~ 45.5 al ~18

789 22.13 S. Bag IAI: cr /0 10 13{ 21 :17 3' .4.5 ls-z ~ 89 ~ 9/j 1tJ()

"--::.-

I~~·~e gDd-790 22.14 II " s. Bag IS /8 ~4 lJs :4i> is/ &,/ 69 80 " 9' Igg 100

791 24.1 250+00 s. Bag ~·~I 27 I~_J" 7S 80 I~~ 9S 9' I'b ').21'f ,.j ii/~

792 24.2 .. s. Bag r7.lJ -
/7 /9 12" 13~ 49 ~4 /,tI 7/ 11~ i8? 94 9' i97 /(1' 7.49i'., 7 ~,

, "

-;

793 24.3 .. s. Bag [10.5
Zl 23 l38 ~~ I~ ~B 74 181 90~ 97 91?J fIJI) J1.1/j 111 ~I 2S

,-
~.~ - ..

7/ !*J '-2'794 25.1 240+00 S. Bag 6 51 /4 /4- /7 l29 1::19 nq ~~ 'I 9S ~8 ~ IOO

795 25.2 II \,- s. Bag rru.-s -
/3 /3 /7 ~t- 13' 41 ls2 (,() 1/ ~~ 96 .~ ~4() 1,.1/11 C; I

: ... 1

796 26.1 235+00 S. Bag ~.~ -
IS /fo ~o 130 42- 48 lS'9 ~::J 95 9' " 1110 6.')7,,~. v--' ifX:j ~~

.J

797 26.2 II S. Bag IU.:.>
IS /7 ;(0 134 4f, 52 &,1 6B 7" ~9 9~ 98 ~g ~9 'Of) l2Z"

11 ~,

798 27.1 230+00 , S., Bag 5.5'-
19 .jg a.4 l~g 5"4 '0 7/ 7S 83 194 99 I"D fjl8I:. rl

799 27.2 II s. Bao
7.0 - I' /7 :13 34- 4' 151 {,I 'hfJ, 7.1. !7~ 85 190 92 ~4 !J4 lIb6 :8.'4., rl

",'

800 27.3 .. S. Baa ~~.~, I~ I~ L24 l~~ l52 l5"9 176 IS ~3 194 199 IDO 9.-#5
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'~ •••.,.. ".. ... .. .It •• •• ".- .". .,.- r ..". ,. , l •• .. .. '. ..
85W Vineyard Watershed ....,! .... u, • tt "" ,. ,,,. ttl ... II .... un IU .." .... H' "'

.. ", , .'" ,..
801 28.1 225+00 "

5.5 ...
l~ /q :J.d 3~ ~4 7/ 7" 83 94- l.98 19~ IIJO

,
8.(.'2.S Baa f:.. I::i "0

..
802 28.2 " S. Bag {~.~, ~a ;1,/ 21- 4/ 5' bJ 74 80 8" 19d ~!J ~~ !II' VIO /0.99

,.

803 29.2 220+00 s. Bag
I:>.:> ... -- 54 72 77 l~l1 98~ I(/() 9./06 5' ~o

.~...... -. /-0 AS
:

804 29.4 " S. Bag I~~·~' ~. :10 ...-
" 172 7~ ~ I~ !!J'!J 110 "AIA._ ....

'-,

805 30.1 215+00 s. Bag
~.5

120 IAI 7j 182 9.1 ~8 83J6.5' UJ 13" 49~ (,1 99 II«:J
.,"

806 30.2 " S. Bag 10.5
20 20 29 47 5/ ~ ,~ 72 80 9/ 197 9~ ~ IDO " 116,11:,1 111 J;'

807 31.1 205+00 S. Bag
15.5 ...

/7 18 2S eIO i~ ~ 67 74- 81 ~2. '7 '8 ~8 1m 8.12'1, 1\ 1\'

808 31.2 " '.! s. Bag ~~.~, 173 .2S 34 lS"1 !I/ /,8 179 ~3 96 97 ''''' IIIA2

809 32.1 200+00 S. Bag 1~~5 ... l23 ~S 3S Sf) '2 " 17~2 ~7 95 199 /41 1D.33" f:.. c;.'

;

"
' .

I~~~~· 14' 1M 1IS1810 32.2 S. Bag 21 1.24 32 /,0 is 7~ ~2 ~ 99 199 ~(k)."

811 33.1 195+00 s. Bag 5.5
.24- 210 ~7 52 '9 7t, 86 ~I % l/~() 1131t:. 1:'

"

812 33.2 " S. Bag TO.S -
~& l12 J5 ~I- 179 ~4 9/ 194 97 140 'll/J

" 1:'

813 34.1 190+00 S. Bag 5.5'-
IS" I" 22 :J7 1-, 'sf 58 ~t. 7/ 1(J2 92- 19' "91 9.9 /NJ I~t:. 1:'

" ~ S. Baa
~0.5 ...

IJ9 ~o '9145 5~ />3 11/ 7S ~I 92 19? 198 98 "6 ~12814 34.2 11 r.:'

815 35.1 185+00 S.Bag
-5.5 ...

1/ II jb 4' 4-S ls2. ls'R ~W7
.. - 94- 95 97 VII ~~

,;, '" 20
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,"Ctll tu".U.It'" 'IU''''''" .""""11.,;\ C"1t ",. ••,"...' ....11""... II "lUI' '"It ., lit ..., "1'" o "...... ".". ",.,.....,..,
'tflt leUh.....-',. f,,,' .,... .... ..,.

o ""f'" ..1MIft. .",. Cun· '.Its .... ,tun .10-_ c",,· saUl' "II'"..... -.. MK'"'''' .\) ",ta"•• feca,.. ..
~
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816 35.2 185+00 s. Bag 10.5
14- /4 2.1 1_1_~ 59 b4 ~ ~~ 913

,
Is-.oo11 '"~ 45 SO 7/ 19~ /00

,.1\.,1

817 36.1 180+00 s. Bag 5.5 -
~ ~ /7 :16 38 k:J4 ~5 I~I }() -- 9'J lit» j 5."Ie 1:' l.J.4.~ IQJ.t( Ie..,,.

.-
818 36.2 II s. Bag IU.5 I' ltD ~3 l17 :51 57 i,6 74. 81 91 ~1 ~!J 99 MD 115'-' ., 111 '" !J~

.,'

819 37.1 125+00 s. Bag 15."5 -
:17 .11!J 37 l~ ,-~ ,~ 78 ~.s ~~ 95~8 ~9 ItJO //.'1Ii '"

"

~

820 37.2 " s. Bag TU.-S
'Z2 ::73 ~9 141 52 57 7tJ 17tt~ ,.~ ,q V~ ~B111 1;'

'I

821 38.1 130+00 s. Bag 5.5 -
2S :17 3'7 Sf 63 ,,, 8(J ~4. ~9 ~ 99 140 '''25,; a;1

, .

822 38.2 II s. Bag TO.S
~~7 37 ~I ~ 71) 8" 114- ~I> ~ ~A ~9 Ilk) 12.1)$111~'

".
;

823 38.3 .. s. Bag I~·~' l:l" l2!> 4/~ 7/ 117~,19a .$" /00 ~ 2.13

824" 39.1 135+00 s. Bag
15.0-

:J.5 l.28 43 hi " 81 go ~3 ~1 II/) /D.116.5'
".~ .

825 39.2 .. ~ s. Bag lU.S
21- 2S ~.3 4~ 'f 70 ~o 84 ~ ~ 99 V(» 11I.1D11 1;.'

826 40.1 140+00 s. Bag 5~SI:; /3 ~ ;2" A~ - ",. i7~ 1(; rei 94 98 9J '10 ~/IJ(: ..
~ UJI Ul'J o/J [vJ f

.. rru.""5"
.24 1?3 5;" l'-S '2 9" /40 /D.,Z827 40.2 s. Bag 11~' 21 ]CJ~

828 41.1 145+00 S. Bag ~:~- IS- ItJ ;23 3' 54 ftJO 1/ 77 '(J;J(. 94 .!J8 ", ~ 11M i1t.4

829 41.2 It
)~ S. Bag 10.S -

~ 20 3() 45 '3 170 182 lJ7 '.'2 % ~IJ /00 9.~11 ".

830 42.1 150+00 S. Bag -S-.5 - 1.1 22 131 Iu. {g/ 6,7 '713 83 ~ 19 ~ 9.5"4I".. 1;.'

'. "
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03-14 -85 ARIZONA II((....CA' ..au,., 1tt1"I.·I""" IfftNl 'U'." ...,. "If ."","'... ""U'" AI "ICIt' '''II " lit ..... '"I''''' t(uu..,." ..." ...It
.\, ltl'" o ,tu•••• ..."...,.u""",, "UI ,tU"" ... "tlt ,,,,tf. .... .,,- o ""fit' ...."'. ....(. IUC."'," ..". tun· f"" ,u. ....u ~,..-..- cuu-

sal'"~ "..........t ",u,... ,Ita,... , I"..,.. "4t ... ... ·It ..., 1/.- ",- .,.. r , ,,,. S' 'l " ~ .. .. I • ..
85W Vineyard Watershed '.M.' .... it, 'tI ..,. • lit II,. '41 ...

" ." un ".r tI" ". Nt :~ ,.f " .,.. "
831 43.2 210+00.f, S. Bag 5.5 -

20 :2.1 J.7 4/ S't ~5 I" ~3 S, " g~ ~
,

19.~5" I,; 1;'

,,"

832 43.3 210+00 U/S ,;-{ S•. Bag B.O -
21 ,., 27 a, 55 /t,/ 1J. }IJ ~ g&, .!'!) It» /1.10In n',

833 43.5 210+00 l S. Bag IZ.U
I/~ J9 ~4 13~ lSI bO 1/ 77 ~5 !_~ ." ~1 '7 I~& /fJfJ i3'~11 '"

.-.f.'

834 43.7 " s. Bag !~~.~, "3 ~4 ~D 143 (,0 ItS 114- l,g 8S ~I~ I#() 11.10..
.'

835 43.8 "
../ s. Bag 18.0

1# ,~ ~f Il.UL 11Q n' 2. 22 2' " 7tD u,g

',..

836 43.9 " S. Bag ~~~~. /4- /4 /g 31 47 54 b(, 72 7" .!'J 1.9~ ~~ IDfJ 9.U-v

837 43.10 " s. Bag ZI.D
/] l/j ~o l1~ S> lss 17" ~S 93 9S liDO 11·.93I" 'it '70

" '.

838 43.11 "
", s. Bag 124.5

/6> /7 VA 3/ 43 49 '2 ~9 1~~ 97 17.4/111,,1:, 1:,' lit)

''-'

43.12 It S.Bag
125.5

14- /5 18 2.'- I~A .,. 4-1 Isj ~I 73 61 9S 19~ V41 !],IS839 I,,;. 1;.'

840 43.13 It s. Bag 126.5
'- ~ /0 10 II II IS 123 '41 70 ...... -- ,:;7~ It» 3'91'0 n' 71 '2

841 43.14 " s. Bag 129.0 22 22 U, 32 42- 4S 5J 52~ "" 80 86 91 ~~ ~ I/)() IJ7Sl"2n C'

842 43.15 " S. Bag I~~·g, 20 2S 34 5"1 '" 72~ 84 18A 93 i~7 1M /D·?I

843 43.16 It s. Bag 3435, J8 25 JG, 152- ~7 71- ~3 !J{, 89 92 9(, 199 Vc16 111M

844 43.17 It s. Bag ~5.5 - /9 12~ 3~ 6/ 19 lSi' 95 191 ~ V46 Il7!,1R'

845 43.18 " s. Bag ~8.0 /8 ~ f2S 3~ 51 ~ 78 I~ 96 [94 '7 99 V~ ~.miAn ft'
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'IA" "" ."",,,'... (lNU"••, "tell' , ....., '" ..'U, ''''''1" I'",,,,,,,,,
l'"" o " ...... "I'll'."u....'''' leta" .."... "u, .."". ...... ..,- o ........ ..IWlI "flt

"'" CUll· .,.... .... ,It"l ~- eu"- ""........ ..IIMI 'UCt."," ., .,u".. 'ICA'''' Yl1" , .....,.. .,.... ... .... ... ... .,.- ,/r- II.· ,. I'''' J• " II rII\II .. tie I • ..
85W Vineyard Watershed t."J It" .11 .., ,,,.'Itt .nt u, 'M It ." "" tI'

tin eu H. ~~
It ,d " "ce ,

846 43.19 210+00 t. \ S. Baa I~g·~, J~ 21 29 4' A.\"tI~ 73 179 M, 194.~ /00
,

7lS!

•
847 43.20 .. S. Bag 142.5

18 .2.3 '1 3" AA ~n.
I~ 70 177 18~ gA /00 I(".~<141; n'

,

848 43.21 II s. Bag ~.5 24 ~8 4tJ ~~ 74 180 ~~ 94 9~ /I() ~'5: IA'J n'

849 43.22 It S. Bag 51.0
15 IS Y8 ~S 28 l31 313 4'::'-_· ~ ...-.... 3 ,fi ~}} ItJ(J So7Ic~ n'

850 43.23 II S. Baa
[55.0

20 :1.f# cg7 "0 171 7' 183 187 9~~ lOb ILSB". "" '"

851 44.1 210+00 U/S S. Bag rT.U -
22 24 294 - D,17 8~ - - -- '-- IDD 11.32-4 n'

852 44.2 II S. Bag ~.5 -
/8 ~o ~ 42 1'3 7¢ ~o 9S 19t3 VIO 1~Z3I; 1;'

853 44A.3 II S. Bag I:g,- 24 27 l3~ l5"o " 7--? 181- l~., ,~ /00 /1.93

.:

854 44.3 It ., S. Bag
~.:) -

AD '14 ~- :- 76 1M fJ~ g1 97 !~ 19.2110.5' lob 3~ 1'0

855 44.4 II
11,• s. Bag 10.5

/3 IS 2/ _"W 47 I~ /:S 71 ~"i~J ~[j~ 100 18J.IIJ1~,1;'

. ,

856 44.5 It S.Bag 12.5 13 /4- /4- If?) 12.2 2S 115 41 ,- - - -- "t a·93,~ ~, I

857 44.7 .. S. Baa
15.5

8 B ~ J4- IS /~ 129 1./ .Sl, " 82 89 03 9'- ~~ 1M 6:'"10 n'

858 44.8 It S. Bag 18.0
22 ')7 131 111 ~9 ~2 ~" I«J 18'"'~n ~, "f7 7S

It IlU.:J
/7 ll2 33 1'!J dO i)1.,t;859 44.9 S. Baa 1~1 n' ISc\ II 1lr1 ~_1 1r:!J/

860 ~4.10 .. s. Bag IZJ.O
II /3 /lJ l24 Zg '12 4() 'r44 150 '0 1S ~7 I~I 19" 'JtJ Idb II'-U1~4 n'
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861 44.11 210+00 U/S s. Bag 24.0
2ft:, 31 42 1&,0 7' I~ ~l 194- 197 10f>

,
It~,1:\ 1:\'

862 44.12 .. S. Bag 25.5
/9 - ~2 l5/ l5S~ 70 77~ ~, 99 lidO 11."'A n'

"

863 44.13 .. S. Bag ~E:g· /5 /9 L2~ I.,,, ":/f..
__ .M

-- "2 '11 18" I~I ~2 ,4-~ '1«) 1)1.7'

864 44.14 .. S. Bag
3U.~

1~7 14~ 15"17:t 81 las19t 1~41M }Of) Z2sz,11 1:\'

865 44.15 ,. S. Bag 32.1)
V7 22 13"~ 174 III 9IJ ~ 91 I()/) US'':'~ 11:\ 1:\'

866 44.16 .. s. Bag 38.0
/8 '23 77 86 ~I 9' INJ 12?j., 40 1:;1 ~ ~/ II

;,.1

867 45~ 1 210+00 , \ S. Bag 0-1.5 17 " 24 3" 148 lsGt '7 73 83 94 98 99.~ J(J() !Jo

'.,

868 45.2 " " S. 8ag I.~ -
;18 32 38 5"4 73 187 9/ 91 I~ 9.0C\ n ~

869 45.3 " S. Bag
I:>.:> -

II /2 ,fp i4D 50 1:4 171- lJf.. ~2 ~8 ~ I~ /1() J.J3.. ' 75 1 !'

870 45.4 .. S. 8ag 10.5
8 /0 VO II. I/!J I~ ~d ~8 3i 51 6S 172 710 85 [~ b!) 1"lJ 3.""1? I:

;

871 45.5 .. S. Bag 12.5 /1 /2 lit /9 24 2" 133 i~~ '2 77 ./1 I~ V(J) lt3~11,. c.' '"JJ v'

.. I:».:»
/1 /9 !5",2 l5g '73 78 as i92 ~9 /1() .sz872 45.6 S. 8ag 1175' I;.{-o( .'i,", I::J/ :::rJ

873 45.7 It S. 8ag IZO.5
/7 22 [;28 4Z 57 U 174- 77 82 t?)1 98~ 166 ~J4-I', c\.

874 45.8 " S. Bag IZ~.5
7 lJ 8 ~2 IS " 21 2' llt 1M In '7 77 19S I~' /()() 'lJl/71?7 c.'

875 45.9 " S. Bag
IlH.~

38 ~7~ l70 7A ~Z 90 1cM 9A "6 liS:"1105'
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,"eta&. ',,'ael." ,til ."t1'H'''' UfI""t " 'flU" " ••• ,. tit "'_
.u.t,..t .(",........ ..t'''''''1,..", 0"...... IA.'" t.'.u....,. f'''' ' U(."H.~ ";'i, "Ilt ,,,,... ......., .". 0"""" ..SHflt ..". cu", ,.... S... "at" ~~ et,,,· "".M.I ..... MKI..' ... ",Uti.. flCAt... lAlt" .- ....'." .,.. .... ... ".. ," •• •• 1/•• ",- '/4. ,- ••h ,- II " ~ .. .. I. ..SSW Vineyard Watershed I~ ,Nt I" • tI ..,. ItIt I". I., ... " 'N .,,, ..., It., fl' tt, ~~

II ,d. " "" "
876 45.10 210+00 s. Bag 35.5

~ II /2 If" /8 ~u,~ '3q. 1~7 ~3 73 77 :83 88 I(J()' 4.11'lg n' ·:1.7

.'
~~ J

877 45.11 " s. Bag 38.5
'/2 14 18 ~7 37 40 ~ ~.-. -5

" ;L
.-

10.- 84 Vc16 7.bS.'. An '" JY '1V

'II

,

878 46.1 175+ool S. Bag 5.5 .. 14- '8 ,1 3" S4 " 13 80 81 194 98 ", !B Ilj s:'''2, ~ o n'
,.'

879 46.2 II
u

S. Bag {U.5
9 II IZ 2S 3S 41 - D7 ~3 ~7 ~7 1I~ 4·'.iJ.. , ,nt' 1.5/ ~1 Ib~ ./7 I~I

880 47.1 170+00 l S. Bag 5.-S ..
/8 '" 2~ 142 158 "5 17~ 82 8- - ~ -

~~ I~ 1J/.~2oJ ..~ ., 7,n' IJ...-IJ

"

--

881 47.2 II s. Bag n.~
/0 /3 lIto 2!J 4/ 4" 57 Ith~ 71 4" '~ 917 '8 ICO ,..,

111 n'
'.

... ~ ;
;

~. -.
.; :5.5 - /4 ~4 43 lJ2 ~ 91 ,2.,882 48.1 165+00 t : I,

"I s. Bag 7n- /8 ~3 70 :~,199 Ib6
'.J

, ....

" I~g·~, "13 /7 31 80 te gS ~e 99 ~~ 106 $'-8883 48.2 ~l.:., S. Bag IAfio- ...... L.~ 77

884 49.1 160+00 S. Bag 5.5 • 13 14- 18 34- 147l~ ~8 7S 81- 1~2.I~ 00 sAJ'7 ft'

It
" 111.0

20~ /,/ 81 ~ 9Cl '4 9~ /0 110·3'885 49.2 S. Baa iB) n' /7 4S "2

* 886 50.1 155+00 s. Bag 5.5 •
I~ ~o 1/ 91 1M IIJ."I' 7 n t ~,~ ~

'.' ..
887 50.2 .. l s. Bag ~1.0

13 14 ~CJ AI :;-,A 110 I t7d' 1fJ/ ~1 94- 9~ i9C'} 1'0 1'-4S.' :,., n- I.,.., :l¥

~ 888 51.1 120+00 S. Bag ~.o -
2 t ~Z 53 ~ 111 11'J ~b 19s~ /dIJ ~D-2J7.5' 1.e...L. ~""'J

51.2 It S. Bag ~ 1.0 - 113 24 In ~S S-~ " 177
~ - 'dO 8lP889 II" 1::'

890 52.1 115+00 f. s. Bag 5;01::; 122 lZ5 1/ 4-i, 157I~ 7E .-.,
190. 114~ ~~: CJft:J
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0""11'IUftf .",. CUll· ,... ••nn ~- cu,,- "IS'" .._M' ..... ",c....".. "lea"" .cat. lAU" , .....,.. .... ... ... ·It ... ., 1/'- "'- Ii'. ,. , .,,- J. l' .. • .. .. I, ..
85W Vineyard Watershed ':'J ..n ... tn tt" u, .,,. ..., ... It ... un .It ..., .... It. ~~

... ,If t. tI.. ,
891 52.2 115+00 t. s. Bag I~~·~' l2&, 2fj ,~7 1-'31M 72 8:- ~I i~' I~O

,
I/lZ3

892 53.1 109+70 l S. Bag Il;:J,,; 121 l2.c; I~~ 49 "3 17/ -~ - If) !11.43"

'"'" -"-' V'P..
00

893 53 2 " S Baa 14.5 -
I/~ 19 r2~~ '0 /:,7 18' ~" 90 19s 1J~_li.. C.' I; n l :"c.. I,./J V" '",,",

\
,J ..

"
"

I~n°l;; ~ l32 83894 53.3 \)
"0 s. Bag /5 15 I4J iSl ~, 14 19/ ~7199'" 'ill IS.o

',;

' ... j
,1.'

895 53.4 " S. Bag 6.0 - 12 123 I~o ~~ lsg I',~ ~S ~o 19i, 19~ "/) ~A"--
., n l

',/

53.5 "
,J

I 'A, S. Bag 14.5
~d lZ5~2 47~ ~S :78 '84 92 1tX'J896 .~ . 11;. 1;.1 IJ.U

~.

\L'~~

53.6 " S. 81g
II.U

22 ~4 r?~ 47 I'~ '8t 9fJ 1m897 i 12.0 72 % 11.51

898 53.7 " S. Bag 18.0
24 ~" 11.2 46 '0 '7 7~ 84 e, ,s~8 I'i) 14.~,.' 10 n'

cJ
.,-

899 53.8 " -', I., . S. Bag I~~~.gl 2/ 22 .2~ f44 /,2 70 '81 IJ6, ~o 19d I~" ~8 ~ iJ'" n.7S

900 53.9 .. I S. Bag ZI.U
~2 :13 ~I 47 64- 7J. 87 19.2 :97 itlD 11)'.i?,~1

i
:.,

901 53.10 109+70 t S. Bag IZ3.0 ZS 31 ~ S8 70 IBI 18'?J 1.91 '7 ItkJ "·3~I?JI n l

.(. ,

902 54.1 107+60 t S. Bag 14~l)n~ l25 12" 33 41.- 'f 68 (t) 9.~

903 54.2 "
' ..

S. Bag 6.0 12/ ~S ~3 lSI hS 17 87 <1)/ " I~ IIo.oe.

904 54.3 " S. Baa
Ilb.U

/9 ~o ~8~ &,1 IbB 81 87 194 V~ ~',14.11#; I; I

905 54.4 " S. Bag 119.5
/9 l20 (,o 73~ 87 L9, ~, '"" 1214'I,n n' lZl I..:Sj l53 ~ I/()()
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I

1.

SC$-(MG-JS4 U. &DlPAJmIIJfI' (11 AOIDJI.1WI ton. tCCII'ltct

'~:i &t~ (MG.' 3-" lOlL ctJNDYATION..va UI04IITOft ..,.
...U ...20

OJ-1~1-85 ARIZONA .u....ca.. a""", •"tltllt "'W::~I::r" ..."..... '"- ,,,,,..... 'I" "ltI...,. (I"ISM' &I "IU" '"U " tit If,tIt ,..", o " ••,••• SMfllta'........,.... ,.ttl ..Ica,""." "UI """I ...... ..,. o ....,tt•
11II'\1 ...,.

,,~:,~ . 'tI" ,... "..... 1--- eu"· "tI. ....... ..... "ltlt"'" fICA'. SlU', , •••
Vi neyard Wa tershed" -,.. .... ... ... .11 ... .. ".. 1/,- ".. ,. "Ir ,. II "

nMt ,. --. I • ..
85W .,:'! .... .., ... ,... ,lit II,. .., 1M " IN un ." .." fl' ... ~£

II ,d " t/" "
906 54~S 107+60 t. ,I S. Baa

24.0
21 2., f40 l53 h4 68 77 eo & 90 194 ~7 -'8

1 13,""I~& ,I;' % 1«)

~'~

907 54.6 II f' S. Bag 125.~ &, 7 ~ 1/4- /7 2CJ :27 1~4 "-2 150 .0 ,g i1~ 78 ~ 66 I}I)O 4.13••J < I?A n'.
y.

908 54.7 ..
, ~ S. Bag Il8.U

~ ft:j. 7 I/J 10 /1 I/, l-'J JCJ, 49 ~3 73 1/8~ '3 ~ I/(J() !s'63'30~'

,

909 54.8 .. S. Bag IJU.:J
13 /4 /s 20 l.Z9 --- ~ 53 62 173 ~ ~ ~4. lidO 6.J8111 1\' ...:1'} iq.tl ~

910 54.9 II S. Bag IJJ.U

" 7 9 1/2 14 IS I~ 124 lJ3 lSI is 8' 19/ ~~ l'B I(J() S·J(.111\ 1\'

911 54.10 .. S.
J~.:J

9 9 J() II. I" 18 22 27 37 ~5 ,74 83 88 '4 I~] /tJO 6.34-Bag 36'5'
\

.. '<.< 36.5' 33912 54.11 S. Bag '2'7 n' 22 .2g lSo '5 7'!J ~() ~.3 91 IbO ISSf

'."

913 54.12 It S. Bag
~ts.u

I'!) ~3 ~~ 44- ~ '7 7" 81 8&> 93 ~7 :~ ~ f/oo ~138' l'~:, I.1Q .0'

914 .. II+~.:>

IS 15 '" 2/ U i.45 61 14 ~7 ~.3 95 JIM54.13 S. Bag 143.5' I~ L1S lJl 8.91-

915 54.14 .. s. Baa ~6.0 7 7 8 J2. /4 " ~I ~S 35 5"4 " 87 ~I 98 /Otj 11.04~J I ......

OJ

...

916 54.15 .. S. Bag ~I.O - S 5 Ito 7 9 10 Irs, 23 ......
!/Z lJ5 91> 197 /tJt> 14.43"t. a;, n' ':Jq. ~::J

917 54.16 .. S. Bag 54.5 g ~ I~ ill!, 2fJ, 30 13~ 14" 53 ~2 7(j 7~ 17.9 ~" ~a /10 ~'.3cc C'

l c.' ...

918 55.1 107+80 U1S S. Bag 0.5 - /J 14- V~ 'JI 4S [5"4 13~ "2 101 IIU.?1 C'

919 55.2 .. S. Baa 4.0 - 134 3S ~I l57 70 81.. ~g '3 ~1 /10 II"./~C n'

920 55.3 .. S. Bag 9.0 - II /1 /3 I~ 24 1.21 134- 42~ '7 83 90 f!J4 ~8 1/10 I/a""Q 1;'
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Scs.UI(i-lS4
u.~~v:..~~'"

to" ICe-a.les

'~:i &t~ (MG·' J." U'=lT..2.1r •
03-1( -85 ARIZONA .U..IIUl ."u", ••"'11( ·,u""

,"CtIl'"''. :":,I,\: 'tal' lilt .,,,....,... U"ts"••, "ICC" f.... It 1ft ....., .""t," .t",..",,, ...".....
lilt" o· """1' 10'" "',.u....,'" "tU uu,......· "Il. Illn....... ,.,.

o .",",IMflt ...... Mac....... ..". (U,,· "'" 'II' .."It ~- CUlt· IAt", "..... It..... "UU" flU'• , Ill.

Vineyard Water~hed;
.,.. .... •• ... .. •• ., 1/•• t/,- ,,,. r ,,/1. S· l \ .. .. ,. .. '. ..

8SW '.It! .Nt .., ,.. '''t .1It 'N 'tt I" .. ..., un 11.1 ,.., .... It. :~ • ,,, , flee ,
iI,

921 55 .. 4 107+80 U/S S. BaQ
14.0

5 G, 7 1/0 /2 IJ I~ ~5 132 39 Sf) $8 U ()t> 80 vJo 7.44-1" " •
..... ...,

55.5 It S. Bag
I~.U

l23 ~3 !2~ l3, 5/~ 177 ~1 I~J 1Ja.7~922 120,0' 7() ~& " IJ(J{)..
923 55.6 It S. Bag 123.0

1ft, /8
'"

14/ &" 1M 171 81 8b ICJI UI VIr I~ ~ 9' J~D [21.'7I?A n t

"
.,j

S. Bag !28.-S
~ ~4 143 l54

.924 55.8 I?o 1:' ijl l52 61 ~, .I _
IJ'I ~ IIJ6 l.2q2.1

• '.1

925 55.9 " S. Bag
131.0

5 ~ 7 [/f) II 12 Ifl 22 132 ~2 ~ 1m 7,~11' .0' L:)4 // ~

<..

926 55.10 It s. Bag I36.1J
14 15 l2c;- lAd :1\., ~ A )'93 :;00 191517 n'

927 55.11 " S. Bag
J~.U

4- 4 " II II /3 ~2 tIS"\ . 40.0' 22 '2 ~I ~~ ~ ~~ '00 55?

928 55.12 " S. Bag ~~.o /2 J4 ~6 iB' 91 i~ IJOfJ ~("14 .ot 5"4- 71 77

929 55.13 " I, S. Bag 148.0
4- d. S- I~ ~ I)f) 111 127 ~2 51- '1/ tJ1~ !!J9 /- 6J,2lC\n n'

..

930 56.1 82+00 t S. Bag 1°1 51\; 25 ,30 4PJ ~I 168 ~I ~7 1941- ~/.~73'~ I~D

9~1 56.2 .. ·S. Bag 14.0 -
:21 '-' 127 3t) lS.2 1/,1 J1 ~~ ~ ~'b 1/.'-"1\ O' II'" "7 [.11 J.

932 57.1 90+00 t_ S. Bag 1.0 - 1r:J J9 l23 ~S ,17 64~ 75 /(J.'791 1\' ~

933 57.2 It S. Bag [4.5 -
I~I 21 1.-.1

37 60 l5i 11/ 78 ~? I~ ~8 I~~ !ltJI Ifi.99" n' t.L4

934 57.3 .. S. Baa ~.5 - 20 ~o ~4 l1S 47 l52 I'~ I~ '0 ~D~., nt 'v

935 57.4 " S. Baa
19.5-

/8 l5' 171 7~ ~t:t 9' 199 I"~ IIQ48110 n t II") L.£4- IO(~ Iftt



" re.ll__,astS-ltlG-354
v.~~~~

'~:i ~~~ l MG-' J-'. UIOMTOtrf ..,. .
...is.,.20

03-1. -85 ARIZONA IUIAIIU" , .."", ...,'...."..."
,"C'I\ '.".ce.., "11 ",ttl1l'''' flNIIM. &I "lett' fltfl " tit ..,.., ,nU"M .'u,......" ...,'..e"\11'" o ",..... IM'l'"''.......,. ...... \tea,," ... f'lll "",ft ...... It,· o ....""IMflI I"" tu,,· '"U ,... ...,,,

~- CUll· ft"'" ..
••• ..... eUCt,.t'" "'U'I" 'IUt. Sllt" ,. I"..,.. "" •• ... ," ... •• 1/.- ",- S'" .. , ,/I' S' It " ~ ,. .. '. ..
8SW Vineyard '."! ,lit .., ,.. ..,. ,'" ,,,. h' 'M " U. U" •.r ..." ...t 't. ~~

II ,.f. ft tI.. ft

936 57.5 90+00 l s. Bag 11.0
J~ i)!!J l24 1.17 SO 57 17.2- 7<J 87 .% I~ IDb

!
~o.SB1'0'

937 57.6 " s. Bag 14.5
I~ Jt?) ~4- -"lb 148 S' 7/ i8fJ 13!J ~ ~e ~C) " 100 10.1.£11: 1:'

-,

938 57.7 " s. Bag 16.0 40)I~ ~A I"~ 'r!J1 187 1/00 5·/017 n'

939 58.1 95+00 t s. Bag 34~§;
~"~~ 14/) 8·1-1

940 58.2 " s. Bag 19.~ -
9:J. :-'" ~8' 19~ lJ6l.l !zss10 1;'

941 59.1 100+00 s. Bag 4.~ -
~7 I~ Jib Ill"~ ~,

942 59.2 " S. Bag 9.5 -
.$~ 100 ~4~31n C'

943 60.1 107+60 DIS S. Bag 3.0 -
117 'ItA ~~y.A n'

944' 60.3 II S. Bag I~.~ -
'I 68 73 7S I~ d6 ~4 1fJ() l5'.1't7.0'

945 60.4 I' s. Bag IU.!)
42 IpJ ~, 71, ~3 ~6 ~66 1j.42.111 ".

946 60.5 " s. Bag 14.U
31 a~ 14 52. ~Z '7~2 ~"O 1.2"11" n'

947 60.6 " S. Bag 15.5
171.> iB2~ I" 1~2 l~2 Ij,D [5.'-211,;. n'

948 60.7 " S. Bag 120.0
g67I'" 1\'

II S. Bag
,lb.U

[73 l7~ 17A :M lA4 !tJ4 '84 1I~ bS'949 60.9 I" n'

950 60.10 " S. Bag 128.0
b8 188 - f4.~I'ln c' J...- .;

~"
r~
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03- 1-' 35 AR Ilor~A

..
" ..tI.. ,

wU..I.CI, a"us.s ."..... ·~W:~...,:::" .
.'tll ..". , ... '"UtH".. IINU'" " "lUI' "1.' 'f ... It,CIt , ..,,, "'hi' _.. .... I-..;:.g:..;,;:..;,;,;.",;,;.;:.:.........._.._ "1 _'1-4

tuss· '"" 'II' ,....,..-...... ,Cl1!!:.. SlU'. ft",,,,
If.tat... I-----...-_-+-..-.....--...-...- -+-__.--......-..-~...__i -'- a. ';a. ..

....!.... "' •• ::=::. =:: .,~ :(~ ~. ~. .r. ':e rJi l l. fe. • ,:,. ,

..".
Vineyard Watershed'

••tl......

SC5-E"G-JS4

'~:i ;t~ EMG-' l-'.

u ....,...
IWlt.....
8SW

951 60.11 107+60 DIS ~ft, '" 13 77 81 l' 3 ,a/,

952 60.12 37.U
S. Baa :':17 C'

953 60.13 s. Bag !~~:8' 1~ 4..1 SI 158 6,7 70-n JDO 14./~

954 60.14 s. Bag :~:.~,

955 60.15 f4H.~
S. Bag 150.0'

956 60.16 S. Bag ~~.~.- ~8'

957 60.17 .! S Bag ~T.O-
• ~, n' ~.81

9S8 61.1 253+75 DIS S. Bag
u.u
1.0'

959 61.2 S. Bag J.--O- 
4 n' IS·1/:)

960 61.3 S. Bag 6.0 -
a n' 181 ~ 3S(

961 61.4 S. Bag ~~.g. 4.#.S

962 61.6
.'

S. Baa 23.0
?A n' 8.78

963 61.8 S. Baa 26.0
?"7 n' 3.31

964 61.9 S Baa
29;0
'1n n' 5·37

~-_..........-........-.........~ .......-...... _-_............_---........ .....--..........,.,..".....--...--~__.... --................··~. ._......_ .._ ........_ ...._ ..l...............,.-.. ...-...~_................... ......-...............

965 61.10 S. Bag 31.0
,'1? n'

LEtMP- P' • ,.-
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5CS-£"Ci-J54
U.~~~~1WI

M'l ..cu.'a
'~~i &t~ (fIG-1 J-t.

U~M,a .
..2.0

03-1 -85 ARIZONA "(UI,Ul lIaus., ..."... ·.u.." .".. ,,"S..", ..It .,s""" ... (I"u,n u"IU" ,"., " tit IfIClt '''lItl" I,u'*", ....".....,tI'" D ,,,••••• 1Uf\...M"....,'" 'It,. ..Kit..... 't." ""'" ..... •••• o ...'Il• ......... ..". cuss· "I" SUI 'I.." ~- cuu· ""'"..... .... luel.n.:; -,CI'... 'CA'... """, , ..,. Wn

Vineyard Wat~tsh~d .,"'j'

.,.. ....... ... ·It ..... ".. ./,- 1/4- r , ,/I- s- tl. .. -.. .. I • ..
~85W '."J ,ItS "'

,. ..,. 'III 'N U, 1M It 'N un "' fI" "', It, :£ • .... , ".. ,
966 61.13 253+75 DIS

Cl

S. Bag I~g.~,

7" M 94
~

3.1/#.5 ~2 /00

,j"

967 61.14 " S. Bag
137.0

55 71 78 eA ~.A ~~ 100 JI D3I. ~ '10 n' 'JV 7'4"

I.

'j

968 61.15 .. S• Bag 139.U
4.JSiAn n'

.~

969 61.18 .. S. Bag 150.0
1942l~n 1;'

,"

970 62.1 300+00 DIS ., S. Bag 14.0 -
Ig~ 1~1j /00 i5.9'I; n l

~.

", j

971 62.2 .. S. Bag 5.5 -
55 1,7 74 77 r82. ~5 8tJ 160 "~8/-: ~ 1;'

.,

972 62.4 .. ,-~ ",
S. Bag 17.5

B.2SilA ~I

'.
"

973 62.5 .. S. Bag :23.5
7J./J:'4 ~.

,.
V,j

',' ..... : IlH.U
~41974 62.6 ..

,j.~) S. Bag 129.0· 9~ 9S~7 19c9 I~

975 54 107+60 l Uad1st IU.~ -
Iq{j) 199 1193 /D.''I 11 .0' JtJ()

lJ, 'u.,'

976 54 .. Undist II.U -
1192 8·31, r.

,-,

977 54 " Und1st ~.5 -
/'8~ 9.91A n l



03-14 85 ARIZONA

'If\I....
8SW

978 54

979A 54

\lU'," ,t."tue...,... '(
;"

V1neyardWatershed

107+60 t
J

;

"ff'

8.5 
Undist 110 5'

Und1st~~. ~t 1.'0 19.J~

It

lOll "CtlAlIC'
lAeoutOl'f MU

...lB•....20

9798 54

980 54

981 54

982 54

983 54

984 54

1.

,',

'.,",

I') ~ I

Undist 11.5
'.' 111 n t

'.'

Und1st 123.0
1'35'

" )

..

"

" ... '

Undist
Il4.:>

~\ ~: I,~n'

Und1st l~~·~,

Und1st ~~.~.

~9.U

Und1st 140.0'

174~ .93 .9SI~7~OD

~,721I1A

IJ.S4 1:1.'
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lOlL OOtIIIIlY411OM IDY1CII UtoIAtOlf II"
.......lQ_20

03-1 -85 ARlzor~ "UtilUl till"" ..,"~ ".IIm
,,",It 'IS"••". "" ..,,,,"'... IINUIt' " "KI.t , .... " lit ....,

.n...... .Il"...... ..".....,
t· l"'" o ,,,..... salfllltt."....,... f'''1 \tU"" ." "ut .." .., ... ..... e ....,••IUf\I ''''1 t",,· ." ... ,... ....., I--~ a.1" .. "".. ........ ..... "H'''''''J .,ea".. ",I• sal"" , "I.. .;, ·M .... •• ... .11 ... -, SI'- ",. ~- r , ," I- II

" ~ It .. I • ..
85W Vineyard Watershed .~ 'III U, ,. .... ,tIS "" .., '" II '" "n tU ..ft .... ttt ~£ ,d- , ".. ,
985 107+60 t. Und1st

52.0
I" 195 ~ l~ lIf)O

,
~.,~ IJ.tJ54 C? ot

",.'...,

.~

,

986 54 " Und1st
I:>£.U - '""" ,.,1 ~, 11M.5] ]' I-'V IJ 7.3 90 II" /0.,

" ,

,

'"
'J I

987 60 107+60 DIS 'i Undist :4.U -
11.S3 1/.3,;' I~~'

\} ~J)'

.. ~ ,

:
'.

988A 60 " Undist
~~.u

"'S I~
\.) J.Sft,1

,l '1 nt gO 98 1.87

"

"

,-I;:';'

, I ',}

,I

t,.,.'.' \.,~..

9888 60 ft, Undist 122.0
93 ~8 /fJO : 1/.'4 141.1(,; A'

I?~ n'
",

" I,

"

.. '
:
,',

,j' "
I~~~~, ~Sl989 60 n

,f Und1st 90 95 9& 9~ IOD 11.5
.\

+-~ ...
~ ,'~

'-- .
~,',1.;. l.~

990 60 .. -t' Undist 39.5 -- lOb -I." ~, "1- 1'-17 v.~ /~

i.:...
--

:

\

991 61.5 253+75 DIS Und1st
lltl.,U

~ /.5"1- '/1..'I l?n n'
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03-1 -85 ARIZONA In•••te., ..."". "'_"" -M'"'' "'_'nf'11..1,." I'"'''''''' 11"1"" " HICII' '''II It lit 11_ atflltl" "'a'....." ...."....,...., o .,...... SMlf\IIl..,.....,.. ,tl" UU,...... 'Illl ..."" ."'1 ",- o """t ..IMIfl\I ••• .ue...'.... ..". CUll· ftlll SU. ...." 1--..- CllU·
\lU" "II-""1 1f1(l1... ,ttl'. , "I.-,.. .... •• ".. ," •• •• ".- eI,· t/4- .. ,./1. S· " tI ~

,. .. I • ..
8SW Vineyard Watershed '.".! ..It .., .It tt" 'Itt ,nt 'tI ... It u. un tit "It ft.. H' ~t

,... t. ".. t.

'. "22.0
J~992 61.7 253+75 DIS I " Undtst '1.0' 94 ~a ~ 100 ,."

"~

I

~

993 61.11 " Undist 33.-U
~ /10 -- ,..14.0' Ag ac:: ..7 ~ .I~

,,)

~ \

; !,
• I

994 61.16 .. /' Undtst .42.0
I'~ 84 1'2.. '2 ,l- X Joe 11..92 S~4' Ii'

'j I

'"

<,I;~ ,

~

"

995 61.17 ..
'." Undtst 44.5

5D 7S ~8 ~, i~1 ~60 1I.9.t l/..l2A.~ n'
1.

"

t'.1

996 61.19 " ; Undist 149.0
iJ.SI M.g11\0

'.J v:'
'J,

:'

997 62.3 300+00 DIS .. Undist IZ.U
95 ~8 iJoo ~,g '.-'2.... 111 n'

- ) .'.

...J':

- t.
;,.> j

.:/

,

"

I,,,' ; I
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~ United States
(r:U"W'TTl\~",,=\. f~:: Department 0
~1 Agriculture:.

Soil
Cqnservation
Service

Midwest National Technical Center
Soil Mechanics Laboratory
512 South 7th Street
Lincoln, NE 68508

:t

;~

d

:t

Subject: ENG - Soil Mechanics - Arizona (WF-08)
Vineyard .Rd.StudyNo.2

To: RalphM. Arrington
State Conservation Engineer
SCS, Phoenix, AZ

Date: March 22, 1984

File Code: 210-22

•

•
~

The identification tests requested for the samples from this site have been

completed and the test results are summarized on the attached reporting

forms.

~~ff)~
LORN P. DUNNIGAN a·- --
Head, Soil Mechanics Laboratory

Attachments:
Form SCS-~NG-354, Soil Mechanics Laboratory Data, 3 sheets
Form SCS-ENG-352, Compaction and Penetration Resistance, 3 sheets
Form SCS-ENG-353, Soil Classification, 3 sheets

cc:
Ralph M. Arrington (Original + 3 copies)
Jack C. Stevenson, Head, Engineering Staff, WNTC, SCS, Portland, OR (ltr. only)
Clifton E. Deal, Soil Mechanics Engineer, Engineering Staff, WNTC,

SCS~ Portland, OR

.,;'" -
~ ",;--_.' --'""... -:.'.-
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ses- J~4 10... "Cllutce
Al '. 1-10 u,'=~~"=~ ulOU'r .."f'Lt COlt ENG·',)·" I .... ••.J:
1/4/8l ARIZONA In•••te'l 'I'U'" ..,"'~ ......" ,.m" tUt,..... "" "ltI..., ... U"U", ., "tellt ,,,., If .., It.., ."...... l'lI''''''''' .."""..,l'"'' .. "...... "''''II'tl.....'''' flfll lte.""·i.. ~· '''ll ~ .,fllt .... "s· o ."'lIt....... ..". .~\:fr.:. "llS Ult "nn ~,.- a..... "".. C. tl...... -., I"el."," ' .CA'. IAlt" "':,r~ ". ,~

t ~
.J ..:

• ,4t ... •• 1/'- ",- I"· t ./1. J. u " .. .. '. ..84W Vineyard Rd. 'Study '2
.,.. ... • It •• r

Stu&. • • tI" • ~ ~....J ""
tt, 'M "" ttlt UM ttl ... It ." U" '" ...., n • ... '" ,e' (,u·t....

2361 1 104+34, 21
., U.S. l c;»f filter 3:8- 24 25 L32 ~S t,1 i'1 78 83 ~6 '14 98 9' "0 .31 ltD (L 0.2.1 71:- 1.(,,7 I

trench l. Bag Of r O[N~ TYe ~.. (f) IIjS I#·S
'-'

";.

'.I

""<.. .. '

H.
,.J.'

2362 2· 104+98. 5~., ~'11 $.~ ~ !,of',f11 ter 5;U-
24- 129 143 I~" 77 83 lJ~ 194 9~ [99 i99 I'D [29 1.3 CL- 0.2' .4 2.1.7 ,Ii n 2.5 l5"'1

trench
..';

tn c o.• ~ IJI$.~, . l. Bag '. DR D£NS IJ.S
.t, ;~: '.

" ,I

'.~ "-~'{~
',:'-

. .: ,:,~)J,

2363 3 123+02, U.S. s1det ))f filter 6.0-
/8 I~o ~43S 49 5' " 7/, "4 9/ 97 9~

,,, AI/) !2" II .~l:. 'f).2" T~ 2.J.7 2.t.tI- ,, n.,
'l' ..)~l~.~ DYUUt c NO.4 m I~.Otrench. cell t. Bag /If.$

" :I~
...

, •..• J' )~>
,,).,.~\

2364 4 104+31.5. U/S'edg~jdrain SII B«g 4.6' [2" 12/ 2(" 19 l55 it'd! 17J 79 ~6J 9j i9~ 9~ 98 :98 lIeo 129 /2 ~L 0.2.1 1i: 1.6f I
I

}J

,r{,. .,\,

2365 5 104+31.5. DIS trit~rface fill/drain 4.6 23 14- 2'1 44 '0 7.11I 89 195 91 9a 98 98 /IJI) . 30 101- r.L ifj," H: 2.I.B 2." I.h 6f4-

S. B«9
\~, J,'~, :

tr).

2366 6 104+34,U/5 s1de':.'dra1n/el11b J.~-

t3 ~5 ~, 43 i'O ,t. 77 84 91) ~ 9A 199 VN 30 13 C.L ~,1.tJ. 2.f.1f\ ,

interface l S. Bag

('~

2367 7 104+34, ·lmned. adj. to crack U/S 4.Z--
21 2j 117 140 Sia 1"2 7S 61 87 " 'IS IDO L?' II CoL 0·2! T,; ll.c.e I/I r

side drain '~\ S. Bag
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104+34, U/S interface drain fill

1/4/84 ARIZONA

SCS-('Ui-l~4
AI'. J-'O
raLI COl' (MG.' l-1'

"....,... ..."1111I\. ..........
84W

2368 8

(showing crack surface) S. Bag

2369 9 121+74, Drain f11(.:~~O/S side of
6.0,
7 n 5' 5 .7 7 If) /2 22 :1246. '0 12 &I iIJ1 99 /dO

,I·

filter trench S. Bag

..
2370 10 104+35, F11 tei- mate'rta1 S. Bag 8.0

'I '~) .. ' ", .. ,I
,~ j • 'J

" .j
\.. 1. Its.~ ..

2371 11 105+01 I-

\. ..t} S. Bag ItR 7
,.,:

~_1 ':~':'
0
7

'i"
">' ·.oJ'

2372 12 105+01. 20('6ePttt'~lowf11 ter
;:1

\' "':.V' S. Bag
c" "

::~':t

2373 13 109+75. OS Behind:;bbpe line. 12'
deep. original ,tren~hwal1 S. Bag

\

2374 14 123+02. On doWnstream side of i:~-
til ter trench '

"
s. Bag

",

2375 15 123+02. Ondowns~~ream side of 6.0-
t;. c:;

filter trench S. Bag

2 2' 2 :3 S 1 20 j' 4A _~ lal '9 l7-1 9/ /fJIJ

I I / .3 S ., 32 lSI iJfJ, 72 80 8'119.198 I'IJo

L20 121l:l, f40 l5S I'~ ,1# 8/ 81,9,S'197 98198 fB ~'"

/912/ :Jfr,.37 551&,4. 821~9 94 iJlJO

hl~ I$p..
~ TiC. ~"" 0"7

j I /4- C.L o·l2.

128 /3 CL 0·21 1r.'

.1S 10 c.. L ID.Z' ff:

7.1Z

I



'~''\ .' • .
'.

,t.

SCS-("~ 4 i

U~~A~~Jbr1Wl
to.\ MleeeM,CI

ftl 'e 3-10 UlMAtort .."
'ILl COl. tMG-'J-'1 ..,..3 ••...3 •
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.3.,

II ."
ft ".. ft (,ODe..

\'

2376 16 123t02, On doWn,stream.: side of 9.0-
~~ jO j5 4IJ 62 72 ~3 8'1 95 IdO 33 Its, C.L ll).21.. Ir: lJ.70 2.(,5 Io c:

filter face 'I'"~
J'

S. Bag

,!~~ .!
H..

2377 17 123t02, On up~tre~ side of ftlter ~.~ :ll 22 ~'1 f7 5/ 51 12 79 ~ 94- '18 i/OO 77 /2 C-L 0·l2 11:' 2."7 •
trench '.'.J S. Bag

.. \;~.
.~

2378 18 123+02. U/S.·~ ide 'tilt: 'fil ter trench. -:·I [2, :l8 3S 47 I~I '1 7tJ ~S 92 IDD 1.1" 1.5 Cl In.2.~ ~ 1/." 2.
cell " 1".1 S. Bag

,I ,·r
,>-d.

2379 19 Tag co~lete.1y: oblf~erated S. Bag 20 22 7., 4S /'2 1'7 1S 79 ~S 92 1~ 98 " All 121 II C.L £l,/q 11:' ~7() :J.fs,7 I
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\.ABOAATORY NO B YWZ,3iz ISCS·ENG-352 CREV. 3-701
RlE CODE ENG-22

MATERIALS u. S. DEPARTMENT of AGRICULTURE COMPACTION AND
TESTINC REPORT SOIL CONSERVATION SERVICE PENETRATION RESISTANCE
PROJECT and STATE

Y/iJeYAI20 RJ). .srUDY "*2 _ /J~/:2 t:J,Jt:J

FIELD SAMPLE NO. LOCATION
-' DEPTH

2' uS. t!. ,cIt.. re~

, ,
I /()~.+34 ~J:' r/l i:1'JC-~ ~O - S-e,J

GEOLOGIC ()Rt(jW ITESTEO AT IAPfIftOVE0f; DATE

~/;2.:ZJ8J.ISIYJL -L 1/IIt.-tI)LN £. ~5
I

CLASSI FICATION Cl LL .12 PI ~~ CURVE NO. I OF ..1
MAX. PARTICLE SIZE INCLUDED tN TEST <*~ • STD. (ASTM0- 698) K; METHOD A

{MINUS NO.4 26,7 MOD. (ASTM 0-1557)0; METHOD
SPECIFIC GRAVITY (G.)

PLUS NO.4 OTHER TEST 0 (SEE REMARKS)

1100- \• ,.. ,-III 1000 . \.

U \.

Z \.

~ "
fI) 1100

,
iii \.

1&1
\.

~ fi\.

Z 1000 ""-
0

~ '""~ 100I- """"W
Z """"1&1
CL 0

It(fJ
MAX. Yd /IS,S pef

OPT. MOIST. /11:5 ~.

I~$.. NATURAL MOIST. -Ie
0
A

IsO
~~- ......~ "'".J /' ~

0 V ~

en " /

0 IU -~ /

&IJ
~

I-
~

,
U ....C: K
C .. ~'
Q.

lID
..... /

~ 7 C'~

0 1/ ... _ ~'ID -~

U ~ ""~ ~
~.

~~~...
"- v' \~ ·~r.A ."
0 115

I , -·u .- rth
~ r~~ ....~ ....

..... -{~~~ "- "0, "'n
)- .." ./ ,,~ ~ '(rr -"
!: -~~.. V "" "- C,h.. ~
en

110
...lV' " ~ ~ iAI_ -"'~A

Z ~ V' "- "- 2~·
&IJ 7 t_ ( tJ
0 l-' IV" "-

~' " ~

IDS
VV' "-

r"-.,
~

"'" Ah' 'tt>

IDD
~~

~ If) 12. /1/ It- /S 10 ll. 2'1""''' 1." ~e 3"
MOISTURE CONTENT, PERCENT OF DRY WEIGHT

REMARKS CUi\VE IS FOR THE MINUS NO.4 fRACTION
GRADUATION OF TOTAL SAMPLE

< NO. 200~%: < NO.4 -.J.L%: < I~ IN. ID IJ %

•



MATERIALS u. S. DEPARTMENT of AGRICULTURE COMPACTION AND
TESTING REPORT SOIL CONSERVATION SERVICE PENETRATION RESISTANCE
PROJECT ~ STATE

V/NcYAeo RD. STuay Y#2. AR 121)H~

FIELD SAMPLE NO. LOCATION - - DEPTH, #

2 /fJtt!/.-I'8 .. ~.' Its. #f: F/t.rER T 121=?Je, J{ 5:0 -f>.. O
,

GEOLOGIC ORIGIN - ITESTED AT IA£FS DATE); ./
SMi-L //YC()~N S Z2.. BL/

CLASSIFICATION CL LL ~, PI /.3 CURVE NO. ~ OF j

MAX. f»ARTICLE SIZEINCLUOEO IN TEST <*:t' • STD. (ASTM 0- 6·98) 18; METHOD A

{MINUS NO.4 2.'7 MOD. (ASTM 0-1557)0; METHOD
SPECIFIC GRAVITY (G.)

PLUS NO.4 OTHER TEST 0 (SEE REMARKS)

1100- ........-.• ... '\.-1&1 1000 .
c.J

,
Z \.

~
'\.,

en 1100
,

iii
&.tJ

,
~

'\.
'\.

Z 1000
..

0 r"
fi ""-
~ '00

,
.... I\.

I&J "-
Z "I&J
Q. 0

11(0
MAX. Yd 115.$ pef

OPT. MOIST. 13,S -J.
1.15.. NATURAL MOIST. %

"CL 1r-~. 1.]0 ~ ~

-'
/ ~.

(5 ~ "~ ) ..
en ~

,
0 IZ5" lAo.. ,.- ~

I&J
.... t:;) ~... ~ J

0 I
C /
Q.

IZD ~ C,
~ J ~-
0 ,

~ .. v,.
0 x ~- ~ (}"To ~. '( "... / l -J .'" V#f~_

0 115
.......~, ....... '" ~ ~

~ '" II'i"J '~-
~~ ~ r".. '" 0"" VA,.

lob'" .~ t:I ~ - Ltl ,,~

!:: ~ ~
,,,

" ~~-en
1'0

~ / " "- "c-
Z ~.

'"LtJ / T~ !l~ •C (iJ ~

IDS "'
"

/lIO

" B /0 IZ 1'1 It. 18 ZtJ 22. 2¥ ZtiI Z8
MOISTURE CONTENT. PERCENT OF DRY WEIGHT

REMARKS CURVE IS FOR THE MINUS NO. 4 1'""\111

GRADUATION OF TOTAL SAMPlE

< NO. 200 ..:2L%: < NO. 4~%: < j/4IN.~%

•
SCS·fNG-352 (REV. 3-701
fiLE CODE ENG-22

UIOA'ICI"w...nIWILU liD.••••

l.A8OAATORY NO B.t;IW23~2



SCS-ENG-3S2 CREV. 3·70J
ft~E CODE fNG-22

MATERIALS u. S. DEPARTMENT of AGRICULTURE COMPACTION AND
TESTING REPORT SOIL CONSERVATION SERVICE PENETRATION RESISTANCE
PfItOJ£CT 0ncI STATE

-2.1I/A/€y~20 RD. :5ruor ~~/2(J"J4
FIELD SAMPLE NO. LOCATtON -' DEPTH

..? 1,l3 +lJ2 U.S. ~J= F,,,,CR TecN~" t:,~ #.2 &'. I) '- Z ()
,

SI.Pt:
GEOLOGIC ORIGIN ITESTED AT IA~;IJ DATE A

.:1"~ L 3J~:z. ~)./-
CLASSIFICATION 5C LL 26 PI /1 CURVE NO. J OF ..3

-
MAX. PARTICLE SIZE INCLUDED IN TEST --<'¥ • STD. (ASTM 0- 698) 1'); METHOD A

{MINUS NO.4 2." 7 MOD. (ASTM 0-1557)0; METHOD
SPECIFIC GRAVITY (G.)

PLUS NO. ·4 OTHER TEST 0 (SEE REMARKS)

1100-• "..
". \.

'" 2000 \.

U
Z r\

~
~

\.
en 1100 \.

Ui \.

1&1
~

~\.

"Z 1000 ""0

~ ""~ 100
,...

1&1
,

Z
IIJ
CL 0

1'IS
MAX. Yd II? S pel

OPT. MOIST. /2,0 %
J'kJ.. NATURAL MOIST. %

0
CL. /J)
-' ~ ......

(5 J
,

/ J i,-
(/) / "'
0 /30 _Ai~ V'"

IIJ
-!t...~'" /

.... Ito....~ /
U _A. .
cr #"tt.~. A

CL J25 ~- /
~ /
0 f7
(,) J "- ~

l&-
T 9Q

0 l1.fJ
v '" ~

I ( • >-..... '" ~ "'h
./ '.. "' ~ "' 1".

)- -<' / "" " .....
K)Pf4 -II ,

I"J'~~

t:: .~'" ./ (I J \'1.
-~ -~ fI~ "~en ,IS - -<.W*-

~ " '" .,o~ ":/.-
Z \11'\- ~v '"IIJ

<-t\ --4-

0
V / '" c~~ (rD

~ ..~
~ "'liD
~

"",

" (If) "'-Ci 'D

"""'"
I~

'-
~

~ /D /2 /~ /(D /8 20 22 2(/.

MOISTURE CO~TENTt PERCENT OF DRY WEIGHT

REMARKS CUI\VE IS FOR THE MINUS NO. ·4 FRACTION
GRADUATION OF TOTAL SAMPLE

< NO. 200 4'1 qt- <NO.4 97 fIZ..<.3/4 IN /f) 0 'J!
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SCS-£NG-3,3 UUv. 3·70'
ftlE CODe fNG-22 LABORATORY 1«) 8411I'.23~ 9

MATERIALS U. S. DEPARTMENT of AGRICULTURE
TESTING REPORT SOIL CONSERVATION SERVICE SOIL CLASSIFICATION
PROJECT ... STATE \ n, C'.L. ~

Vill\p \Ja.\-O 1\d. =.:> IlJ.f~ \I ...~ z.,
FIELO ....e.£ NO! DEPTH "GlOLOClC ORIGIN-, ~--,

SAMPL£ LOCATION

J2. J + '71-1-

-.!....-

100

0
10002 g~ i a 8 a

J.H9'iM AYO A8 113NI:I J.N3:lII]d

TESTED AT IAPPROVED IV IDATE

ShJL £.."F:~ :.iJ~:J.If(f/

MiH;"Tt-rt-H-t+t+H1~-H++++++++-~~-I-I++-I-J.-I-J.J-I-U-W.JUIOO0
tOOo

coo0

8

t I I a 2 I : t I I g 0
GIOC»

'Q tMOa ~ ~H'1H"1Tt-t-t'+++++-+-H-t~++++++.f-f-I+~~....++~+-I-+J-I-J-LLJUoooc"

t1 m
- _ enid

SYMBOLSp-SdJ

TYPE rs SAMPLE

1-

j

t,
I
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~ it
z
w
>o

100 .'

LABORATORY f«) IS1-#:;370

o

0
1000

\

SOIL CLASSIFICATION

eli i R
J.H!)'iM .AYO A8 Y1NI.:I J.N3:*]d

DESCRIPTION

t-r1t-H-H'-t++++-+-H-iH--+-++-H-++~~....f-I.++++-~~~-I-+~..&-I-U-I.sooo
.000

toO0

8

SH-1r-H-t-t-H-"f-t-of-t-H-tH-t-t+++++H-l~-++++-++-f.+.1~-++~""''''''~

~H-1H-1-rt"1-t'-t++-+-t+it-H-t-+-t+++~H-I-+-+++~-I4-~~-+-+-+-+++-~OOG, ~

00[

J ~~H-f-++++++'+-f-H-IH-+""""-I-+-+-I-I-+-l~-+-++++-I-~~~~~,J...J...J

JH'"1~~t-t-t~-++~I-f-+-++~H-4-+-+++-~.....f..++-+-I-I-I""""'-+-+-~~~D02

JH-t-t-t--t-t-1H-+-H-FW-+++-Ht-t-+++-H-f-++~H-f.....f-.I--I-+-I-1-I--+-+-~-I-I-+-+-I

JH-1H-t""'t"'t'-t-t-+-t-t&+--lI-H~++++"""""~~-H-"""""+-4-~I-+-4"""""-+-+~+-+-~OOI

corel 0.'. H.H-1-rt'"t-t-1-t-t-+H-tf-H-++-H-+-+-~~.....f.-+-+++-I-~~~-+-+-I-+-~~~ro
(-.tOG 00It M'1"'"1"1''"'t''1'"-H-1-t-rHt-HH-t-+++t-t-H...........-+-+-++-+++-f-~~-f..+-+-+++,&...A.~

a
D

SYMBOL SP-~

SCS-~NG·3~3 (REV. 3-70'
flU CODE ENC,-12

MATERIALS U. S. DEPARTMENT of AGRICULTURE

TESTING REPORT SOIL CONSERVATION SERVICE

•

•

L
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~~~~ United stat.es
:~~l' Department ofUf' .Agriculture

Midwe-.s-t~-National Technical Center
SoilConservation Soil Mechanics Laboratory
Service 512 S·outh. 7th. Street

Lincoln,NE 68508

Subject: ENG - Soil Mechanics - Arizona (WF-08)
Williams-Chandler
Site: Vineyard Road

To: Ralph M. Arrington
State Conservation Engineer
8eS, Phoenix, AZ

DR.: February 14, 1984

Fl. Code: 210-22

Test data requested from the National Soil Survey Laboratory for the

subject project are attached.

~f!~ . ~
LORN P. DUNNIG~
Head, Soil Mechanics Laboratory'

•

•~

Attachment

cc:
Ralph M. Arrington (Original +3 copies)
Jack C. Stevenson, Head, Engineering Staff, WNTC, 5eS, Portland, OR (ltr only)
Clifton E•.Dea1, Soil Mechanics Engineer, Engineering Staff,WNTC,

5CS, Portland, OR



f~~'. United States

..Jl/J..t Department of• ~/ Agriculture

C,

Soil
Conservation
Service

Midtlest National '1edmical center
Federal Blrllding, axm345
100 centennial Mall R>rth
Li.ncDln, NE 68508

FrS 541-5363: camercial 40~471-5363

Subject: sons - Soil Machanics, 1984: Li.ncXllnoate: 'February 9, 1.984
(WilliaIrs-Qlandler-Vi.ne:iard Rd. ,Arizena)
R1'84-EM>17

To: 10m P. Dunnigan, Head FHeCOde: 430-13-5
Soil Mechanics Iaboratozy
Soil CDnservation service
512 South seventh street
Linooln, NE 68508

We have a:JTpleted the analyses for the project. Five aJPies of the

printout are attached.

..
it
d

•
cw~.;;r 91.uq~
WILEYD.~
Liaison to the West
National Soil Survey Iaborato:ty

Attachrrents

cc:
s. M. Leckband, Design Engineer, AZState Office, SCS, Phoenix, AZ
c. S. Holzhey, Head, NSSL, MNTC, SCS, Linex>ln, NE

•
I

t
'I

•
~

The Soil Conservation Service
is an agency of the
Department 0' Agriculture
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(6Q3A) ···{.6C7A)
"SK20 . '~4FE

?DTA .(7-A3l
SKK····.. ·.,·~:;···;-'Gl

'.X-RAY':DIFfRACTIQN· :(7A2B)

.,,~r':·;_.~;:;.:~~~.~~:.::....

CLAY·+' I NERALO~~:·;;L~.:3ti ..~....<~·TOT~~....1~~LYS t s
'SML

- HUMBER·'
NSSL

iN,UMBER

84Q0077 e4-W-666 MI3 MTS KK2 VRl
84Q0078 84-W-667 - 'MIS MT3 I<K2 VRl

84Q006984-W-6SS
84Q0070 84-W-659

B4Q0071 84-W-660
84Q0072 84-W-661

84Q0073 84-\,1-662
84Q0074 S4-W-663

(.:;~~~: ::=~::::

MI3 MT3 KK2
MI4 MT3 KK2 QZl

MI3 MT3 KK2
MI3 MT3 KK2 eLl

MIS MT3 KK2
MIS MT3 KK2 QZl

MI3 MT3 KK2
MIS MT3 KK2

6 2.~ 4.8
9 3.3 5.8

9 .. 2 .. 8 5.2
8 2.·S ~.o

7 2.5 . 5.0
6 ·2.6 ~.o

7 2~2 4.5
6 2.5 -4.~

7 '2.6 4.9.- 2.8 -4 .'5

......

•

MINERAL. ·~ODE:

';M1 ~ ~ICA'ILL1TE

~T ...- .-~HONTMORILLONITE
..~K .. ·kAOLINITE". :..-'

,_ ..·..VR '-. -:VERMICUL·ttE·~~:~·

~:':~L'''·~'·'CH1.0RITE
.QZ '~~.}::QUARTZ·

.......
'-" ·:·.·~-~·f.~:l. :.'-:.

. .

RELATIVE AMOUNTS (X-RAY):

'. I



Soil Midwest National Technical Center
···Conservation Soil Mechanics Laboratory
SeMce 512 South 7th Street

Lincoln, NE 68508

Subject:

To:

United States
Department of
Agriculture

ENG ~ Soil Xechan!cs - Arizona (m'.,..Q8}
W!lliams~Chandler

Si.te: Vineyard Road
... ~

Ralph~. Arri:ngton
State Cons.ervation Engineer
SCS, Fhoenix,AZ

o.t.:

File Code:

December 7, 1983

•

•
~

Te$t data requested.are recorded on the attached form SCS-ENG-354 for ten

samples submitted from the subject site. The National Soil Survey

Laborato~ is determining clay mineralogy and we will forward this data

when we receive it.

~~P~~?f~
LORN P. DUNNIGAN
Head, Soil Mechanics Laboratory

Attachment:
Form SCS-ENG-354, Soil M,echanics Laboratory Data, 2 sheets

cc:
tRa1ph.M~ Arrington (Original + 3 copies)
Jack C. Stevenson, Head, Engineering Staff, WNTC, SCS, Portland, OR (ltr. only)
Clifton E. Deal, Soil Mechanics En'gineer, Engineering Staff, WNTC,

SCS, Portland, OR .

-.
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•
SC5-£MG-354
Rlf. 3.70
fiLl eoll £18·13-"

M""CUI'caU'=!'..ra

9/1/8 ARIZONA

1},2S ().laO ILlS

ute.. "It•

Tr31 '5 C.l

.U....Ul aIlUI'S
.AII S'll "'fI."" 1I"1I1t1 " "ICUI f.IU ,f .., IIII1t

.~".~ • ••"tI
•nlllfit 111l'.SIIK .""••1

UI"I Lt. a 1"""1 Ill'll ....
••flfl ... II· 0 ""11'

su. "ltl\ ~,....-r.:::. lAust."~ I--";;::-.,-•.""~t- .....--t

"00 ...".,.. ... .,. •• ., 1/'. I"~· t/.. r • .". .S· l.l. 'l ~fr ~ .~ .. I. ..
.., ... 1114 'IIS"~ •.• U4 II U. UII .u IttS 't.. au ~1 ,5,,1(. ...... ".. II

fillt

••~.tIt

J.U
3.5

...,.UNt". 'In, lICit...."Itlf
IIIHI ...1 .KI..'...

Williams-Chandler
84W Site: Vineyard Road

658 1 Dam. 4.5' Right of ll04+11 "S. Bag

659 2 Dam. 4.5' Right of t 104+11,5. Bag 25 .27 3'+ 'It3 4,1 ft:,7 78 8t1- '1/ 91 cI91/~1J ~.3 '7 Cl 2

660 3 Dam. 4.5' Right of l 104+11 ;5. Bag I.U-
7 5 36 15 CL I IS72 0.72 1{,tf4

661 4 Dam. 4.5' Right of l.'104+65 S. Bag 2-3 2' 222m J1.f 11./5 :5/ &.2 10 78 k9& 9J 91 98 V4l 6 31 Ito sc Ir 1270 I

662 5 Dam. 4.5' Right of t 104+65 S.Bag :».u-
:JJ '19 '3 170 8/ 67 193 97 198 91 91 (16 :2'1 13 IC.l rr 2 IlJ,/7 o.~" ,tf;735.5 21./ ::0

I
'.

663 6 Dam, 4.5' Right oft 104+65 s. Bag 1-8 25 27 "5.$" 5/ t.~ 112 ~2 87 92 910 199 /(J() 133 /7 Col 7f- 'I 1'!31 0·86 '5"./1

664 7 Dam, 7' Right of ll05+01 s. Bag
j.U
1 I; ~3 2tf 50 'I211)~ 1",1 75 82 ('}9 1" ylJ 9CJ 1/00 12(g II C.L 15.o~ 0.52 '5.55

665 8 Pam, 7' Right of i 105+01 s. Bag .2') /3 Col Tr



1J.1l/- 0.619 /3.90

%"'}Ar %-w- ./,,-w
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..."........ltAta

I. .."M •
.s25/0 C.l

:28 /2. CoL

1(t1,"Ul &I'l".S
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• COST ESTIMATE

VINEYARD ROAD FRS
EMBANKMENT AND DRAIN REPAIR

Bid Spec. Unit
Item Work or Material No. Quantity Unit Price Amount

1. Clearing -& Grubbirig 2 6.6 Ac. $850 $ 5,610

2. Structure Removal 3 1 L.S. XXX 7,670

3. Survey I~-- 1 L. S. XXX 8,000

4. Mobilization 8 1 L. S. XXX 10,400

5. Common Excavation 21 7,990 c. Y. 3.50 27,965

6. Trench Excavation 21 5,590 C. Y. 11.10 62,049

7. Dike Excavation 21 31,300 c. Y. 2.25 70,425

8. Structure Excavation 21 560 c. Y• 5.00 2,800

• 9. Earthfill 23 8,260 C.Y. 4.30 35,518

10. Structure Backfill 23 523 c. Y. 11.20 5,858

'II. Drainfill 24 6,225 c. Y. 26.25 163,405

TOTAL $ 399,701

•
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Short Form Project Summary
.•.•.• ============================~;:~::;=~;;:;=:;~:;===============================

Project Title: VINEYARD ROAD FRS REPAIR CONSTRUCTION SCHEDULE
Project Manager: 0 Paulus

Projected start Date:
Projected End Date:
Number of Activities:
Hours Per Day:
Days Pe.r Week:
Min. Project Duration:
Exp. Project Duration:
Max. Project Duration:

Sep 01, .1989
Dec 23, 1989
22
8.0
5.0
113.4 (days)
113.4 (days),
113.4 (days)

E~y. Project Work Days: 81.0

----------------------------B~dQ;t-informatio;---------------------------~----

Minimum Labor Cost: $
Expected Labor Cost: $
Maximum Labor Cost: $

I

\.

•

•

0.00
0.00
0.00

Labor Cost per Day: $
Project Capital: $
Budgeted Capital: $

0.00
0.00
0.00
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( ~~;~Z~;;~=;L==================================================================

.

escriptlon:SURVEY LAYOUT
't- ere qui sit e s :

Class: Responsibility:

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

Ear"ly Start Date: SepOl, 1989
LataStar~ Date: Sep 21, 1989
Duration (in days): (Min.> 7.0
Durat i or, Var i ar,ee: ()

Early Stop Date: S~p 08, 1989
Late Stop Date: Sep 29, 1989

(Exp.) 7.9 - (Max.) 8.9
Slack Time: 20.1

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

F'erc entase of' Work C:carnp I eted: . Marlpc,wer: 1. ()
Estimated Capital EKpenditures to Date This Activity: 0

C:ap i ta I
Labcat-

TCltal

Eat-I y Path

(). (H)

0.00

E>:pec ted F'ath

o.oe)
() • ()e)

Late F'ath

o. ()C)

(). ()c)

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

Activity: M Critical
Description: MOBILIZATION

( -~rerequ is i te.s:

.~:::~--------~::~:::~~~~~~~~--------------------_.._--------------------------
Early Start Date: Sep 01, l'~e:'9 Ea.rly Stop Date: Sep Z,;"J, 1';'1:::';'
Late Start Date: Sep ~1,1989 Late stop .Date: Sep 29, 1989
Durati·cln (in days): (Mira.) 2E:.() (E>:p.) 2E:.() (Ma>:.) 2:3.0
DuratlonVariance:O.O Slack Time: 0

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

:Percentase of Work Completed: Manpower: 1 0
'Esti.rnated Capital E>:peraditures tel Date This Act vity: ()

C:ap i ta I
Labor

TCltal

•

Eat·ly Flath

O.CIO
().oe)

"O.(le)

Expected Path

0.00
(). C)O

o.oc)

Late F'ath

o.oe)
C). C)Q
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•
==============================================================================
.ct i v i ty: C:. C:r i tic a I

_uesct- i pt i (In: C:LEARING AND GRUBE:ING
Prerequisites: M,SL
Class: Responsibility:

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

Ea.t- Iy Start Da. te :Sep 2:9, 1989
Late start Date: Sep 29, 1989
Duration <in days): (Min.)4.Z
Duratinn Variance~ 0.0

Early Stop Date: Oct 03, 1989
Late stop Date: Oct 03, 1989

(Exp.) 4.2 (Max.) 4.2
Slack Time: 0

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

Percentase of Work Completed: Manpower: 1.0
Estimated Capital Expenditures to Date This Activity: 0

Capital
Labclt-

Early Flath

e). ()()
(). (H)

e). ()e)

E>:pected Flath

(). ()()

el • ()(l

Late Flath

(). e)c)
(). e)e)

================,======~============================== ==========================

Activity: El
DescrJption: EXCAVATION CELLS 2&5

•

-'t-et-equi sites: C:
. ;Iass: Responsibility:

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

~Early Sta.rt Da~e: Oct 03, 1989
Lat~ Start Date: Oct 03, 1989
Du t- ati cc n (i n day s ) : (M in.) 7. ()
Duration Variance: 0.0

Eat- I Y Stl:IP Date: Oct le), 19=::9
Late Stop Da.te: Oct 10, 1989

(Exp.) 7.0 (Max.) 7.0
Slack Time: 0

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

Flet-cer.tage CIT ~C't-k C:c'rnpleted: Manpclwet-: 1 ()
Estirna.ted C:apJtal E>:pe.nditut-es tel Date This Act vity: C)

Capital
Labclt-

TCltal

•

Eat-Iy Flath

0.00
(). C)0

() •e)e)

E>:pec ted Flath

o. ()e)

0.' ()e)

().OC)

Late Flath

o.oc)
(). (Ie)

(). ()()
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-==============================================================================

~
.ctiVity: 81

· ... ·.·e s c rip t j 0 ra: STRUCTURE REMOVAL CELLS 2:8:5
t-erequ is i tes: C

Class: Responsibility:

Cr i tic a.1

Early Start Date: Oct 03, 1989
Late start Date: Oct 03, 1989
Duration (irs da.ys): (Min.) 9'.8
Duration Variance: 0.0

Early stop Date: Oct 13, 1989
Late Stop Date: Oct 13, 1989 .

(Exp.) 9~e (Max.) 9.8
Slack Time: 0

Percentage of Work Completed: Manpower: 1.0
Estimated Capital Expenditures to Date This Activity: 0

C:ap i ta I
Labe.t-

Tc.tal

Early Path

(). ()e)

(). (10

C). (le)

Expec ted Pa. tt"c

().O()

() .()()

().OC)

Late Path

(). (Ie)

() • (le)

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

Activity: TDl Critical
Desct- i pt i (In: TRENC:H E}·(C:AVATICIN 8: DRAINFILL C:ELLS 28:5

. ~rerequisjtes: El
\ .. I ass: Resp(lns i b i Ii ty;

.--------------------.,..--------------------------------....-----------------------
Early Stat-t Date:Clct lC), 1';"18';"1 Early Stop Date: (Ict 1~:, 11~81;J ,
Late Stat-t Date: (let lel , 19=::';' Late Ste.p Date: (let 1~:, 19E:':J
Duraticlrl (ira days): (Min.) 2.=== (E}{p.) 2.=:= (Ma}{.) 2.8
Duration Variance: 0.0 Slack Time: 0

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

Percentage of Work Completed: Manpower: 1.0
Estimated Capital Expenditures to Date This Activity: 0

Capita.l
Labe.t-

Tc.ta.1

•

o.c)o
O.OC)

E>tpected Flath

o.oc)
().OO

Late Flath

o. OCt'
O.OCI
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~==============================================================================

•

.ctiVitY : E2
•. ·e.SC~iPtiOn: STRUCTURE EXCAVATION CELL 1

rerequisites: TD!
Class: Respor.sibi I ity:

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

Early Start Date: Oct 13, 1989
Late start Date: Oct 24, 1989
Duratic1rl (ira days): (Mira.) 1.4
Duration Variance: 0

EarlyStc.p Date: Oct -14, 1989
Late stop Date: Oct 25, 1989-

(E>:p.) 1~'4 :(Max.) 1.4
Slack Time: 11.2

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

Percentage of Work Completed: Manpower: 1.0
Estimated Capital Expenditures to Date This Activity: 0

C:ap i ta I
Labc.t-

Tc,tal

Eat- I Y F'attl

Cl. (jel

o. elC)

(). c)C)

E>:pec ted Path

Cr. eH)

() • ()e)

Late Flath

Cl • (lC)

(). ()e)

==============-==,===============================================================
Activity: TD2
Desc t-i pt i (In: TRENC:H E){C:AV·ATICINi<:DRAINFILL 129 7C)
~rerequisites: E2 ,

( ,: I ass: Respor.s ito il i tV:

~----------~------------------------------------------------------------------
Early Start Date: Oct 14, 1989 Early Stop Date: Oct 15, 1989
Late Start Date: Oct 25, 1989 Late Stop Date: Oct 26, 1989
Du t- a t i cc ra (i r. days) : ( M i rt .) 1. 4 ( E>~ p • ) 1. 4 ( Ma >: .) 1. 4
Dut-atic.r. Vat-iartce: () Sl~ck Tirne: lC).2

Percentage of Work Completed: Martpowe~: 1.0
Estimated CapitalEKp.nditures to Date This Activity: 0

Ca.pital
Labcar

Tc.tal

{

•

Eat- I Y F'a·th

0.00
O.OC)

e).oc)

E>:pected Flath

o.oc)
O.OC)

().OC)

Late Flath

o.oc)
o. e)e)
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~:~:~;::~::~~=:::::::::=::::::::=::::=:========================================
~rereqUisites: E2

Class: Responsibility:

Early start Date: Oct 14, 1989
Late start Date: Nov OZ, 1989
Duratiorl (in days): (Mirl.) 1.4
Duration Variance: 0

Early stop Date: Oct 15, ~989

Late stop Date: "Nov 04, 1989
( E>: p .) 1. 4 ( Ma.>c.) 1."4

Slack Time: 19.6

Percentage of Work Completed: Manpower: 1.0
Estimated Capital Expenditures to Date This Activity: 0

C:apital
Labclt-

TClta I

Eat-Iy Path

o. ()C)

(). ()()

c).oe)

E>:pected F'ath

o. ()c)

Late Path

() • C)()

(). ()()

o.oc)

================'==================='============================================
Ac t i v i ty: TD~:

Description: TRENCH EXCAVATION. & DRAINFILL152 40
( ~rerequisites: TD2

-~:::~--------~::~:::~~~~~~~~-----------~-------------------------------------
Eat-Iy Start Date:Clet 15, 1'~89 Early Stop Date: (let 17, 19:3';>
Late. Stat-tDate: (let 21£" 19:=:';'1 Late Steip Date: (let 2E:, 19E:'~

Dut-atior. (in days): (Min.) 1.4 (E>~p.) 1.4 (Ma>:.) 1.4
Dut-atic,r. Vat-ia.raee: () SIa.ck Tirne: 11.2

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

F'et-centage (If I"It:lt-k C:ctfnpleted: Manpc,wer: 1.C)
Estimated Capitat Exp~nditures to Date This Activity: 0

Ca.pital
Labclr

Te.tal

•

Eat-I y Path

(). ()()

O.OC)

Expec ted F'a th

(). ()()

(l.O()

o. (l()

Late F'a.th

o. ()c)

(). ()()

.- -- _....._-- -... ----
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~,==============================================================================

_
etivity : E3 .

• .•• esc t- i pt i Of. =. STR.UCTURE EXCAVATION CELL 3
.trerequisites: TD3 ... .

Class: Responsibility:

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

Early Start Date: Oct 17,.1989
Late Start Date: Oct 28, 1989
Duration (in days)-: (Mira.> 1.4
Duration Variance: 0

Early Stop Date: Oct 18, 1989
Late stop Date: Oct 29, 1989

(Exp.) 1.4 (Max.) 1.4
Slack Time: 11.2

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

Percentage of Work Completed: Manpower: 1.0
Estimated Capital E>:per.ditures to Date This Activity: ()

Capital
Lab (. t-

Tc,tal

"Eat-Iy Flath

(). ()()

C). ()()

(). ()()

Expected Path

(). (Ie)

(). Cle)

o.OC)

Late F'ath

(I.OC)

===============~=================='=============================================

Activity: F2 Critica.l
Description:EARTHFILLCELLS 2&5

. ~rerequisites: TD1,Sl

~~:::~-----~--~::~:::~~~~~~~~----------~----~--~------~-----------------------
Early Start Date: 'Jct 13, 19E:I~ Early Steip .Date: (let 20, 1981~

Late Start Date: (let 1::::, 19E=9 Late ·St·c,,:, Date: (Ict 2C), 1981:'1
"Dut-atic,ra (irs days): (Min.) 7.() (E>:p.) 7.C) (Ma>:.) 7.C)
DUt-atic.n Vat-ranee: C). C) Slack Tirne: ()

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

Perc~nta8e of Work Completed: Manpower: 1.0
Estimated Capital Expenditures to Date This Activity: 0

Ca.pital
Labot-

TCltal

,

•

Eat-Iy Flath

o • (Ie)

o. C)C)

c) •()()

E>:pec ted F'a th

o.c)el
o.oc)

Late Flath

o.oc)
().oo

C).OC)
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•
-=';~7~7~;;=;~~=================================================================

•.. ••• escr i pt i ora: TRENCH EX.'CAVATION So DRAINFILL CELL 3
't-et-equ is i tes: E~:

Class: Responsibility:

Early Start Date: Oct 18, 1989
Late Start Date: Oct 29, 1989
Duration (ir, days): -(Mir•• ) 5.6
Duration Variance: 0

Early Stop Date: Oct Z4, 1989
Late stop Date: Nov 04, 1989

(Exp.) 5.6 ~Max.) 5.6
Stack Time: 11.2

Percentage of Work Completed: Manpower: 1.0
Estimated Capital Expenditures to Date This Activity: 0

C:ap i ta I
Labclt-

TClta I

Ear IY F'ath

(). ()()

(). ()C)

E>:pec ted F'ath

(). ()()

(). ()C)

().O()

Late Path

(). ()()

(). C)()

---~--~~-~-----~~-~---~------~---~--~-~-~~----~-~~-----~----~~--~----~--------~~-~--~~~-----~~-f~--~-------~-~--~~--~~~~-~-~~---~--~-~~---~~--~----~~---------~

Activity: F::::
Description: STRUCTURE BACKFILL & DRAINFILL CELL 3

· -;'t-et-equisites: TD4,Fl

.~:::~--------~::~:::~~~~~~~~-----~-------------~------~-----------------------
Ea.t-Iy Stat-t Date: Clct 24, 1'~8'~ Early SteIp Date: Oct 25, 1989
Late Stat-t Da.te: N.:lv ()4, 198';'J Late Steip Date: N,:.v C)5, l';>E:';"
Du t- at r.:1 n (i n day s ) : ( Min .) 1. 4 ( E >: p .) 1.4 ( Ma. }.{ .) 1. 4
DurationVaria.nce: 0 Slack Time: 11.2

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

Percentage 'of Work Completed: Manpower: 1.0
EstLrnated Capital E){penditut-es tel Date This Activity.: ()

Cap·i·ta I
Labctt-

TClta I

0.00
(l.Oe)

o.oc)
().O()

Late Flath

o.oc)
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-
-~;~~:~~;:=;~;=================================================================

. • e.scr i pt i on: TRENCH EXCAVATION S: DRAINFILL 276 00
rerequisites: TD4

C:lass: Respc.rlsibi lity:

Ea.rly Sta.rt Date: Oct 24,198';'
Late Start Date: Dec 16,1989
Duration (in days): (Min.> Z.S
Duration Variance:' 0

Early Stop Date: Oct 27, 1989
Late Stop Date: Dec 19, 1989

(Exp.> 2.8 (Max.) 2.8
SIa.ck Time: 53.2

~---~~---~-----------~------~-------------------------------------------------. .

Percentase of Work Completed: Manpower: 1.0
Estimated Capital Expenditures to Date This Activity: 0

C:ap i ta I
LabClt-

Tc.tal

Ear Iy Flath

() • (H)

O.c)()

E>:pected Flath

(l. (H)

O.oc)

Late Flath

Cl. (lCl

(). (l()

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

Activity: TD~.

Description: TRENCH EXCAVATION &DRAINFILL 321 00
~rerequisites: TD5

.:~:~:~--------~~:~:::~~~~~~~~---------------:----------------------------------
.. EarlyStat-t Date: (let 27, 19:=:1~ Eat-Iy StctpDate: Oct ZI;"J, 198';"J
Late Start Date: Dec 19, 1989 Late Stop Date: Dec 21, 1989
Dura.ti.:.n (ir, da.ys): (Min.> 2.=:= (E>:p.) 2.=:= (Ma>:.) 2.8
Dut-ati Cart Vat- i anc e: c) S lac k T i rne: 52.2:

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

F'e t-C e ra't a.S e c. f' Wo t-kC:ctrn.p let e d : Marl PCtwe t-: 1. ()
Est i rnate d C:a p j t a IE}·: pend i t U t- est CI Date T his Act i v i t y: C)

Ca.pital
. Lat;ot-

TCltal

•

Ear IY Flath

o.c)o
O.OC)

E>:pec ted Path

O.O()
().O()

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

Late Flath

O.OC)
o.oe)
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_
- ~;;7~7;;~=~;===================================================~;7~7~:~=======

.esc. ri pti CIT!: DIKE EXCAVATION CELL 2:&5
'rerequ is i tes: F2 .

Class: R~sponsibi I ity:

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

Ea.rly Start Date:OctZO, 1989
Late Start Date: Oct 20, 1989
Durat ior, ( i r, da.ys): (M i r•• ) 11.2
Duration Variance: 0.0

Early stop Date: Oct 31, 1989
Late Stop Da.te: Oct 31, 1989

(Exp.) 11.2 (Max.> 11.2
Slack Time: Q

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

Percentage of Work Completed: Manpower: 1.0
Est i mated Cap i ta I Expend i tures tel Date Th i·s .Ac t i v i ty: (l

C:ap i ta.l
Labclt-

TCltal

Eat- I y F'a th

(I. ()e)

(). ()()

.-
E>tpected F'ath

(). ()el

(l. ()()

().O()

Late F'ath

(). C)()

() .()()

===============================================================-================
Activity: TD7
Desct- i pt i cln :TRENC:H E)'{C:AVATICIN 8: DRAINFILL F'RIN. SF·W.

t ·~t-et-equ is i tes :TDi'=•• ~:::~--------~~:~:::~~~~~~:~----------~-~-------------------------------------
Eat-Iy Start Date: (let 2';>, 1';>8':> Early Steip Date: (let 31, 1985"1
Late Start Date: Dec 21, 1989 La~e stop Date: Dec 23, 1989
Duratieln (in days): (Min.) 1.4 (E>:p.) 1.4 (Ma}·:.) 1.4
Duration Variance: 0 Slack Time: 53.2

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

i'F1et-c'er.tase 'If WClt-k CClrnpleted: MarlpC1wet-: 1.C)
Estimat~d Capjt~1 Expenditures to Date This Activity: 0

Capital
Labc.r

Total

Eat-Iy Path

o.c)c)
(). ()()

E~<pec ted Path

0.00
O.O()

o. C)C)

Late F'ath

o. (lei
().O()

O.O()
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•
. -~~~7~7~;:=~~===================================================~;7~7~:~=======

·.~scription:DIKEEXCAVATION CELL 1
F'rerequ is i tes: E4
C: I ass: Respc'rts i b i 1 i~y:

Early Start Date: Oct 31, 1989
Late Start Date: Oct 31, 1989
Duration (in days): (Min.) 5.6
Duration Variance: 0.0

-£arlyStop Date: Nov 05, 1989
Late Stop Date: Nov 05, 1989

(Exp.) 5.6 (Max.) 5.6
Slack Time: 0

Perc~ntaseofWork Completed: Manpower: 1.0
E~timated Capital Expenditures to Date This Activity: 0

C:ap i ta I
Labclt-

-TCltal

Eat- I Y F'a th

el.el(l

(). ()C)

E>~pec ted Flath

el. Cl()

(). ('Cl

Late Flath

o • (l(l

el • elC)

================'====,======.==========='==========================================
At t iv i ty :Eca C:t- i tic a I
Descri~~ion: DIKE EXCAVATION CELL 3

•

' ~at-erequisites: E5,F~:

~~:::~--------~::~:::~~~~~:~~-------------------------------------------------
Ear I Y Star-t· Date: NClv 0!5,1'~J8a~

Late Stat-tDate: Na:lv ()5, l'~JE:a~

Duration (in days): (Min.) 8.4
Duration Variance: 0.0

Eat-Iy StclpDate: NClv 14, 198'~

Late Stop Date: Nov 14, 1989
( E >: p .) ::: .4 ( Ma }.~ .) 8 • 4
Slack Time: 0

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

F'erc en-tase 0- (I f WClt- k C:c1rnp I ete d: Marq:,c,wet-: 1. C)
Estimated Capital Expenditures to Date This Activity: 0

Capital
Labclt-

TCltal

•

Eat- I Y F'ath

0.00
C).OCl

Expec ted F'a th

o ~ (u)

CI.OC)

Late F'ath

() .()()

().OC)
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~==============================================================================ectiVity: cu
•• escription: CLEAN UP

ret-equ i si tes: E6
Class: Responsibllity:

Early Start Date: Nov 14, 1989
Late Start Date: Nov 14, 1989
Dut-a.tior, (irldays):, (Mir•• ) 14.0
Duration Varian~e: 0.0

C:r it i ca I

Ea.r ,I yStop Date:Nov 2:8, '1989
La.teStop·'Date: Nov 28, 1989

(Exp.) '14.0 (M~x.) 14.0
Slack time: 0

F·et-c~rJ.tase elf' Work Ce.mp Ieted: Mar.pc.wer: 1.0
Estimated Capital Expenditures to Date This Activity: 0

Capital
LabClt-

Total

Ea.r-Iy F'ath

().o()

o. ()()

C).OC)

Expec ted F'ath

0.00
(). ()()

Late Path

o.oc)

================f===============================================================
Activity: W Critical
Description: WEATHER

j ~rerequisites: CU

.~:::~--------~::~:::~~~~~~~~-------~----------~-----------------------------_.
Early Start Date: NClv Z:::, 1989 Early Stop Date: Dec 23, 198';-J
Late Stat-tDate: NClv 28, 1-:'JE:';'J Late StClp Date: Dec 2~:, l-:'JE:'~

DUt-atior, (in .da.ys) : (Min.) 25.2 (E>tp.) 25.2 (Ma>t.) 2:5.2
Durat~on Variance: 0.0 Slack Time: 0

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

F'et- c e r. t as e -:- f WI:' t- k C:c1rnp lete d : Marq:,c,we t-: 1. ()
Est i rna ted C:ap ita i E>:pendi tut-es tel Date Th i s Act i v i ty: c)

Ca.pital
Labor

Total

Ea.t-' y F·a.th

0.00
().OC)

o.()o

E>:pec ted F'ath

o.oc)
O.OC)-_....~~_ ... _----._--
0.00

Late F'ath

o.oc)
O. ()()

().OC)
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BID SCHEDULE
It -

"ta VINEYARD ROAD FRS

• EMBANI<MENT AND DRAIN REPAIR

Bid Spec. Unit

Item Work or Material No. Quantity Unit Price Amount

- -
1. Clearing &Grubbing 2 6.6 Ac.

2. Structure Removal 3 1 L.S. XXX

3. Survey 7 1 L.S. XXX

4. Mobilization 8 1 L.S. XXX

5. Common Excavation 21 7,600 C.Y.

6. Trench Excavation 21 6,190 C.Y.

7. Dike Excavation 21 31,300 C.Y.

8. Structure Excavation 21 560 C.Y.

9. Earthfill 23 7,700 C.Y.

(
I 10. Structure Backfill 23 510 C.Y•

• 11. Drainfill 24 6,735 C.Y•

•



•

CONSTRUCTION SPECIFICATION

2. CLEARING AND GRUBBING

1. SCOPE

The work shall consist of the clearing and grubbing of designated areas by
removal and disposal of trees, snags, logs, stumps, shrubs and rubbish.

2. MARKING

The limits of the areas to be cleared and grubbed will be marked by means
of stakes, flags, tree markings or other suitable methods. Trees to be
left standing and uninjured will be designated by special markings placed
on the trunks at a height of-about six feet above the ground surface.

3. REMOVAL

All trees not marked for preservation and all snags, logs, brush, stumps,
shrubs and rubbish shall be removed from within the limits of the marked
areas. Unless otherwise specified, all stumps, roots and root clusters
having a diameter of one inch or larger shall be grubbed out to a depth of
at least two feet below subgrade elevation for concrete structures and one
foot below the ground surface at embankment sites and other designated
areas.

4. DISPOSAL

All materials removed from the cleared and grubbed areas shall be burned
or buried at locations shown on the drawings or as specified in Section 6
of this specification.

51 MEASUREMENT AND PAYMENT

For items of work for which specific unit prices are established in the
contract, the cleared and grubbed area will be measured to the nearest 0.1
acre. Payment for clearing and grubbing will be made for the total area
within the designated limits at the contract unit price. Such payment
will constitute full compensation for all labor, equipment, tools and all
other items necessary and incidental to the completion of the work.

Compensation for any item of work described in the contract but not listed
in the bid schedule will be included in the payment for the item of work
to which it is made subsidiary. Such items and the items to which they
are made subsidiary are identified in Section 7 of this specification •

• SCS-NEH-20 (2-1) 4/86



•

•

6. ITEMS OF WORK AND CONSTRUCTION DETAILS

Items of work to be performed in conformance with this specification and
the construction details are:

a. Bid Item 1, Clearing and Grubbing

(1) This item shall consist of clearing and grubbing all areas as shown
on the drawings and staked in the field.

(2) Materials .resulting from the clearing and grubbing operations that
are to be burned shall be carried out in accordance with state,
county, and local regulations. Burning shall take place within the
refuse areas shown on the drawings.

(3) If materials resulting from the clearing and grubbing operations are
disposed of by burying, they shall be buried a minimum of 24 inches
below the existing ground surface in the refuse areas shown on the
drawings. When disposal is complete, the refuse areas shall be
smoothed and graded to blend with the surrounding terrain.

(4) Section 5, Measurement and Payment, payment shall include
compensation for Subsidiary Item, Gravel Cover •

• Vineyard Road FRS
Embankment and Drain Repair (2-2 ) 1/89



•"-.
1.

CONSTRUCTION SPECIFICATION

3. STRUCTURE REMOVAL

SCOPE

The work shall consist of the removal, salvage and disposal of structures
(including fences) from the designated areas.

2. MARKING

The limits of. the areas from Which structures must be removed will be
marked by means of stakes, flags or other suitable methods. Structures to
be preserved in place or salvaged will be designated by special markings.

3. REMOVAL

Within the areas so marked all visible structures and attachments and all
buried structures located and identified by survey stakes shall be removed
to the specified extent and depth.

4.

5.

SALVAGE

Structures that are designated to be salvaged shall be carefully removed
and neatly placed in the specified storage areas. Salvaged structures
that are capable of being disassembled shall be dismantled into individual
members or sections. Such structures shall be neatly match marked with
paint prior to disassembly. All pins, nuts, bolts,washers, plates and
other loose parts shall be marked or tagged to indicate their proper
locations in the structure and shall be fastened to the appropriate
structural member or packed in suitable containers. Materials from fences
designated to be salvaged shall be placed outside the work area on the
property from which they were removed. Wire shall be rolled into uniform
rolls of convenient size. Posts and rails shall be neatly piled.

DISPOSAL OF REFUSE MATERIALS

Refuse materials resulting from structure removal shall be burned or
buried at location shown on the drawings or as specified in Section 7 of
this specification.

6. MEASUREMENT AND PAYMENT

For items ~f ~ork'for whichsp~:ti{i,~"'lumpsUril>piicesare. est'ablished in
the" con:tract, ~'payme~t~~-f~~' structure- -remov'ai will' be tnade -'~t the contract
lump sum price •

• SCS-NEH-20 (3-1 ) 4/86



•

Such payment will constitute full compensation for all labor, equipment,
tools, and all other items necessary and incidental to the completion of
the work.

Compensation f~r·any item of work described in the contract but not listed
in the bid schedule will be included in the payment for the item of work
to which it is made subsidiary. Such items and the items to which they
are made subsidiary are identified in Section 7 of this specification •

• SCS-NEH-20 (3-2 ) 4/86



•" .......

7. ITEMS OF WORK AND CONSTRUCTION DETAILS

Items of work to be performed in conformance with this specification and
the construction details are:

a. Bid Item 2, Structure Removal

(1) This item shall consist of the removal and disposal of all non
fill materials within the trench excavation limits of the test
cells including: plastic liner (100 mil HDPB), piezometers,
wires, steel and plastic pipe,and wood.

(2) Materials resulting from structure removal shall be buried a
minimum of .24 inches below the existing ground surface in the
refuse areas shown on the drawings. When disposal is complete,
the refuse areas shall be smoothed and graded to blend with the
surrounding terrain •

• Vineyard Road FRS
Embankment and Drain Repair (3-3 ) 1/89



1.

CONSTRUCTION SPECIFICATION

5. POLLUTION CONTROL

SCOPE

The work shall consist of installing measures or performing work to
control erosion and minimize the production of sediment, dust and other
pollutants to water and air during construction operations in accordance
with these specifications.

•

2. MATERIALS

All materials furnished shall meet the requirements of the Material
Specifications listed in Section 8 of this specification.

3. EROSION AND SEDIMENT CONTROL MEASURES AND WORKS

The work and measures shall include but not be limited to the following,
as shown on the drawings or as specified in Section 80f this
specification.

Staging of Earthwork Activities- The excavation and moving of soil
materials shall be scheduled so that the smallest possible areas will be
unprotected from erosion for the shortest time feasible •

Seeding - Seedings to protect disturbed areas shall be as specified on the
drawings or in Section 8 of this specification.

Mulching - Mulching shall be used to provide temporary protection to soil
surfaces from erosion.

Diversions - Diversions shall be used to divert water away from work areas
-and/or to collect runoff from work areas for treatment and safe
disposition.

Stream Crossings - Culverts or bridges shall be. used where equipment must
cross streams.

Sediment Basins - Sediment basins shall be used to settle and filter out
sediment from eroding areas to protect properties and streams below the
construction site.

Straw Bale Filters - Straw bale filters shall be used to trap sediment
from areas of limited runoff. Bales are temporary and shall be removed
when permanent measures are installed.

Waterways - Waterways shall be used for the safe disposal of runoff from
fields, diversions and other structures or measures •
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4. CHEMICAL POLLUTION

The Contractor shall provide watertight tanks or barrels or construct a
sump sealed with plastic sheets to be used to dispose of chemical
pollutants (such as drained lubricating or transmission oils, greases,
soaps, asphalt, etc.) produced as a by-product of the proj ect' s work. At
the completion of the construction work, sumps shall be voided without
causing pollution as specif~ed in Section 8 of this specification.

Sanitary facilities such as pit toilets, chemical toilets, or septic tanks
shall not be placed adjacent to live streams, wells, or springs. They
shall be located at a distance sufficient to prevent contamination of any
water sources. At the completion of construction'work, facilities shall
be disposed of without causing pollution as specified in Section 8 of this
specification.

5. AIR POLLUTION

Local and state regulations concerning the burning of brush or slash or
disposal of other materials shall be adhered to.

• 6.

Fire prevention measures shall be taken to prevent the start or the
spreading of fires which result from project work. Fire breaks or guards
shall be constructed at locations shown on the drawings.

All public access or haul roads used by the contractor during construction
of the project shall be sprinkled or otherwise treated fully suppress
dust.

MAINTENANCE, REMOVAL. ,AND RESTORATION

All pollution control measures and works shall be adequately maintained in
a functional condition as long as needed during the construction
operation. All temporary measures shall be. removed and the site restored
to as nearly to original conditions as practicable.

7 • MEAS UREMENT AND PAYMENT

Compensation for any item of work described in the contract but not listed
in the bid schedule will be included in the payment for the item of work
to which it is made subsidiary. Such items, and the items to which they
are made subsidiary, are identified in Section 8 of this specification.
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8. ITEMS OF WORK AND CONSTRUCTION DETAILS

Items of work to be performed in conformance with this specification and
the construction details are:

a. Subsidiary Item, Pollution Control

(1) This item shall consist of all work and materials required to
control pollution.

(2). The Contractor is responsible for maintaining air, water, and
vegetative quality within the work area.

Methods include:

(a) Establishing turn areas, haul roads, work site access
roads, temporary building sites, equipment yards, etc., in
approved locations best suited to prevent contamination of
air and water and minimize erosion and destruction of
existing vegetation.

(b) Staging earthwork activities.

(3) Section 7, Measurement and Payment, no separate payment will be
made for pollution control. Compensation for this work will be
included in the payment for Bid Item 9, Earthfill, Bid Item 10
Structure Backfill, and Bid Item 11 Drainf!ll.

• Vineyard Road FRS
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CONSTRUCTION SPECIFICATION

7• ENGINEERING CONSTRUCTION SURVEYS

1. SCOPE

The work consists of performing all surveys required for (1) layout of the
work, (2) construction control, and (3) quantity surveys for progress
payment estimates from baselines and bench marks established by the
Government. It includes furnishing all the necessary equipment, labor,
and materials. Not included is work required for making the original and
final surveys for computing quantities.

2. EQUIPMENT AND MATERIALS

Equipment used for all construction surveys shall be of a quality and
condition that provides the specified accuracy. The equipment shall be
maintained in good working order and good adJ'ustment. Records of
calibration tests and adjustments shall be maintained and be available for
inspection by the Government

•
3.

Materials include all the necessary field notebooks, stakes, templates,
platforms, equipment, spikes, steel pins, tools, and other accessories
required for layout and construction control of all of the work.

QUALITY OF WORK

Surveys shall be certified by a Land Surveyor or Engineer licensed by the
State. The work shall be performed to the accuracy and detail appropriate
for the location and type of job. Daily quantities of earthwork may be
estimated from load count or equivalent measurement (within 25 percent ±);
measurement for progress payments should be accurate within 10 percent ±/

Notes, sketches, and other data shall be complete, recorded neatly, and
organized in a manner that will allow reproduction of copies for job
documentation.

Differential leveling shall be third order with such preC1S10n that the
error of closure (in feet) shall not exceed plus or minus 0.1 times the
square root of the distance (in miles). The elevations of bench marks and
temporary bench marks shall be determined and recorded to the nearest 0.01
foot.

Transit traverses shall be third order with such precision that; (1) the
line.~r:errpr, ()f closure shall not exceed one foot in 3,000 feet , and (2)
th~ ", ang'ular 'error of' closure shall not exceed 1.0 minute times the square
root of. the number of .angles turt:t-,ed.

Surveys will be reviewed periodically and randomly checked by the
Government to assure that the specified quality is being maintained.

•
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4. PRIMARY CONTROL

The base lines and bench marks for primary control, which are necessary to
establish the lines and grades needed for construction, will be
established by the Government. They will be shown on the drawings and
located on the ground before construction.

The base lines and benchmarks shall be used as the origin of all surveys
needed to establish lines and grades for construction.

5.

6.

CONSTRUCTION SURVEY AND MEASUREMENT RECORDS

All survey data will be recorded in fully identified, bound field
notebooks, Pages shall be numbered consecutively. The required books
shall be turned over to and become the property of the Government, prior
to acceptance of ,the work or, any part of this work. All entries shall be
legible,· reproducible, and follow the format in Soil Conservation Service
TR-62, "Engineering Layout, Notes, Staking and Calculations." The bound
field note books shall be available at all times during the progress of
the work for examination and use by the Government. Copies of field book
notes shall be made available to the Contracting Officer upon request.
Electronically generated survey data and computations shall be bound,
paginated, and referenced in the bound field notebook containing the
survey control in a manner that will make all of the information
intelligible and permanent. All field notes and printed data shall
include the purpose or description of the work, the date the work was
performed, the weather (if field work), the individual or individuals who
performed and checked the work and sketches and other information
pertinent to the work.

STAKING

The location and marking of all stakes shall be as shown in Soil
Cons·ervation Service TR-62 as supplemented below.

a. Clearing and grubbing - The boundary of the clearing and grubbing
areas shall be staked or flagged at 200-foot intervals or less if
needed to clearly mark the limits of work.

b. Excavation - Cut stakes shall be placed on the centerline at the
intersection of the planned side slopes and natural ground line. All
s'lope stakes shall be marked with the required cut, horizontal
distance, and slope ratio. Offset reference stakes and hubs shall be
placed at full stations, on at least one side of the proposed
excavation.

•
c. Earth Fill - Fill stakes shall be placed on the centerline and at the

toes of the planned slopes and shall be marked with the fill,
horizontal distance, constucted slope ratio, and stationing. Offset
reference stakes and hubs shall be provided as a minimum on both
sides of the fill at full stations.
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7.

Earthwork slope stakes shall be placed as a m1n1mum at full stations,
break in the original ground surface, and at other intermediate stations
as necessary to insure accurate location of construction. Slope stakes
and cross sections shall be at right angles to the centerline. Distances
shall be measured horizontally; rod readings shall be taken vertically and
recorded to the nearest 0.1 foot.

MEASUREMENT AND PAYMENT

Payment will be made as the work proceeds, after receipt of invoices from
the contractor showing (contractor or subcontractor) surveying costs and
cost of supplies. If the total of incremental payments is less than the
contract lump sum for surveys, the balance will be included in the final
contract payment. Total payment will be the contract lump sum price for
surveys, regardless of actual cost to the contractor.

Payment will not be made under this item for the purchase cost of
materials and equipment having a residual value.

Payment of the contract lump sum price for surveys will constitute full
compensation for all labor, materials, equipment, and all other items
necessary and incidental to completion of the work.

Compensation for any item·of work described in the contract but not listed
in the bid schedule will be included in the payment for the item of work
to which it is made subsidiary. Such items and the item to which they are
made subsidiary are identified in Section 8 of this specification.
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8. ITEMS OF WORK AND CONSTRUCTION DETAILS

Items of work to be performed in conformance with this specification and
the construction details are:

a. Bid Item 3, Survey

(1) This item shall consist of furnishing personnel, equipment,
materials and performing surveys required for:

(a) Construction Layout
(b) Computation of Quantities for monthly and final payments.
(c) "As-Built" Construction Drawings

(2.) Section 1., Scope, the last sentence does not apply.

(3) The Contractor shall provide the Contracting Officer a statement
of qualifications, including specific experience of each of the
survey personnel assigned to the job.

(4) The Contractor shall provide the Contracting Officer with a
schedule of. surveys to be performed each week.

(5) Monuments damaged by the contactor which are outside of the
work limits will be replaced by the government at the
contractors expense. The actual cost to the government of
replacing subsidence monuments will be deducted from the payment
due to the contractor.

•
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CONSTRUCTION SPECIFICATION

8. MOBILIZATION

1. SCOPE

The work shall consist of the mobilization of the Contractor's forces and
equipment necessary for performing the work required under the contract.
Mobilization will not be considered as work in fulfilling the contract
requirement for commencement of work.

Mobilization shall include the cost for transportation of personnel,
equipment, and operating supplies to the site; establishment of offices,
buildings, and other necessary facilities as the site not covered in
specific bid items, and other .preparatory work at the site. The cost of
the entire amount of premiums paid for performance and payment bonds,
including co~nsurance and reinsurance agreements as applicable shall be
paid upon request when evidence of full payment to the surety has been
provided to the Contracting Officer.

Work done under this specification shall not include mobilization for any
specific item of work for which payment for mobilization is provided
elsewhere in the contract.

The specification covers mobilization for work required by the contract at
the time of award. If additional mobilization costs are incurred during
performance of the contract as a result of changed or added items of work
for which the Contractor is entitled to an adjustment in contract price,
compensation for such costs will be included in the price adjustment for
the item or items of work changed or added.

2. PAYMENT

.. Payment will be made as the work proceeds, after presentation of invoices
by the Contractor showing his own mobilization costs and evidence of the
charges of suppliers, subcontractors, and others for mobilization work
performed by them. If the total of such payments is less than the
contract lump sum for mobilization, the unpaid balance will be included in
the price final contract payment. Total payment will be the lump sum
contract price for mobilization, regardless of actual cost to the
Contractor.

Payment wiil not be made under this item for the purchase costs of
m~terials having a residual value, the purchase costs of materials to be
incorporated in the proj ect ,.or thepu;rchase costs of operating supplies.

Payment of the lump sum contract price for mobilization will constitute
full compensation for all labor, materials, equipment, and all other items
necessary and incidental to completion of the work.

•
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3. ITEMS OF WORK AND CONSTRUCTION DETAILS

Items of work to be performed in conformance with this specification and
the construction details are:

a. Bid Item 4, Mobilization

(1) This item shall consist of the mobilization of the Contractor's
equipment and forces to perform the work required under this
contract •
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CONSTRUCTION SPECIFICATION

10. WATER FOR CONSTRUCTION

1. SCOPE

The work shall consist of furnishing, transporting, and using water for
construction purposes in accord with the applicable specifications.

2. FACILITIES AND EQUIPMENT

The Contractor shall build and maintain such access and haul roads as
are needed ,and shall furnish, operate, an_~ maintain all pumps, piping,
tanks, and other facilities needed to load, transport, and use the
water as specified.

These facilities shall be equipped withmeters,tanks, or other devices
by which the volume of water supplied can be measured.

•\
3.

4.

DUST ABATEMENT AND HAUL ROAD MAINTENANCE

Water for dust abatement and haul road maintenance shall be applied to
haul roads and other dust-producing areas as needed to prevent
excessive dust and to maintain the roads in good condition for
efficient operation while they are in use.

EARTHFILL,DRAINFILL, ROCKFILL

Water for earthfill, drainfill, or rockfill shall be used in the fill
materials as specified in the applicable construction specifications.

•

5. CONCRETE, MORTAR,GROUT

Water used in mixing or curing concrete, pneumatically applied mortar, _
or other portland cement mortar or grout shall meet the requirements of
the applicable construction specifications and shall be used in
conformance with those specifications. Payment for water used in these
items is covered by the applicable concrete, mortar or grout
specification.

6. MEASUREMENT,·:AND:PAYME.NT~.-

.-Compensationforanyitem of work 'described in the contract but not
listed in the bid schedule will be included in the payment for the item
of work to ~hich it is made subsidiary. Such items and the items to
which they are made subsidiary are identified in Section 7 of this
specification •
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7. ITEMS OF WORK AND CONSTRUCTION DETAILS

Items of work to be performed in conformance with this specification
and the construction details are:

a. Subsidiary Item, Water

(1) This item shall consist of furnishing, transporting, and
applying all water necessary for performance of the work
described in this contract.

(2) In Section 6, Measurement and Payment, no separate payment
will be made for this item. Compensation for this work will
be included in the payment for Bid Item 9, Earthfil1; Bid
Item 10, Structure Bac.kfill and Bid Item 11, Drainfill.
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CONSTRUCTION SPECIFICATION

11. REMOVAL OF WATER

SCOPE

The work shall consist of the removal of surface water and ground water as
needed to perform the required construction in accordance with the
specifications. It shall include (1) building and ma~ntaining all
necessary temporary impounding works, channels, and diversions, (2)
furnishing, installing and operating all necessary pumps, piping and other
facilities and equipment, and (3) removing all such temporary works and
equipment after they have served their purposes.

2. DIVERTING SURFACE WATER

The Contractor shall build, maintain and operate all cofferdams, channels,
flumes, sumps, and other temporary diversion and protective works needed
to divert streamflow and other surface water through or around the
construction site and away from the construction work while construction
is in progress·. Unless otherwise specified, a diversion must discharge
into the same natural drainage way in which its headworks are located.

Unless otherwise specified, the Contractor shall furnish to the
Contracting Officer, in writing, his plan for diverting surface water
before beginning the construction work for which the diversion is
required. Acceptance of this plan will not relieve the Contractor of
responsibility for completing the work as specified.

3. DEWATERING THE CONSTRUCTION SITE

Foundations, cutoff trenches and other parts of the construction site
shall be dewatered and kept free of standing water or excessively muddy
conditions as needed for proper execution of the construction work. The
Contractor shall furnish, install, operate and maintain all drains, sumps,
pumps, casings, wellpoints, and other equipment needed to perform the
dewatering as specified. Dewatering methods that cause a loss of fines
from foundation areas will not be permitted.

Unless otherwise specified, the Contractor shall furnish to the
Contracting Officer in writing, his plan for dewatering before beginning
the construction work for which the dewatering is required. Acceptance of
thi~ p~an will not relieve the Contractor of responsibility for completing
the work as specified.

4. DEWATERING BORROW AREAS

Unless otherwise specified in Section 8, the Contractor shall maintain the
borrow areas in drainable condition or otherwise provide for timely and
effective removal of surface and ground waters that accumulate within the
borrow areas from any source. Borrow material shall be processed as
necessary to achieve proper and uniform moisture content for placement.
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5.

If pumping to dewater borrow areas is included as an item of work in the
bid schedule, each pump used for this purpose shall be equipped with a
water meter in the discharge line. Accuracy of the meters shall be such
that the measured quantity of water is within 3 percent, plus or minus, of
the true quantity. Means shall be provided by the Contractor to check the
accuracy of the water meters when requested by the Contracting Officer.

EROSION AND POLLUTION CONTROL

Removal of water from the construction site, including the borrow areas
shall be accomplished in such a manner that erosion and the transmission
of sediment and other pollutants are minimized.

6. REMOVAL OF TEMPORARY WORKS

After the temporary works have served their purposes, the Contractor shall
remov~ them or level and grade them to the extent required to present a
sightly appearance and to prevent any obstruction of the flow of water or
any other interference with the operation of or access to the permanent
works.

~:.

7.

Except as otherwise specified, pipes and casings shall be removed from
temporary wells and the wells shall be filled to ground level with gravel
or other material a~proved by the Contracting Officer.

MEAS UREMENT AND PAYMENT

Compensation for any item of work described in the contract but not listed
in the bid schedule will be included in the payment for the item of work
to which it is made subsidiary. Such items and the items to which they
are made subsidiary are identified in Section 8 of this specification •
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-~ 8. ITEMS OF WORK AND CONSTRUCTION DETAILS

Items of work to be performed in conformance with this specification and
the construction details are:

a. Subsidiary Item, Removal of Water

(1) This item shall consist of the removal or diversion of storm
water from the construction area as needed to perform the
required work.

(2) In the caseof_starm runoff filling the reservoir during
the work period, the contractor should expect the drawdown time
to the principal spillway inlet elevation to be ten (10) days.

(3). Section 7, Measurement and Payment, no separate payment will be
made for this item. Compensation for this work will be included
in the payment for Excavation Bid Items 5, 6, 7, and 8•
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1.

CONSTRUCTION SPECIFICATION

21. EXCAVATION

SCOPE

The work shall consist of the excavation required by the drawings and
specifications and disposal of the excavated materials.

2. CLASSIFICATION

Excavation will be classified as common excavation or rock excavation in
accordance with the following definitions or will be designated as
unclassified.

Common excavation shall be defined as the excavation of all materials that
can be excavated, transported, and unloaded by the use of heavy ripping
equipment and wheel tractor-scrapers with pusher tractors or that can be
excavated and dumped into place or loaded onto hauling equipment by means
of excavators having a rated capacity of one cubic yard and equipped with
attachments (such as shovel, bucket, backhoe, dragline or clam shell)
appropriate to the character of the materials and the site conditions.

Rock excavation shall be defined as the excavation of all hard, compacted
or cemented materials the accomplishment of which requires blasting or the
use of excavators larger than defined for common excavation. The
excavation and removal of isolated boulders or rock fragments larger than
one cubic yard in volume encountered in materials otherwise conforming to
the definition of common excavation shall be classified as rock
excavation.

Excavation will be classified according to the above definitions by the
Engineer, based on his judgment of the character of the materials and the
site conditions.

The presence of isolated boulders or rock fragments larger than one cubic
yard in. size will not in itself be sufficient cause to change the
classi·fic~tion of the surrounding material.

For the purpose of this classification, the following definitions shall
apply:

Heavy ripping equipment shall be defined as a rear-mounted, heavy
duty, single-tooth, ripping attachment mounted on a tractor having a power
rating of 200-300 net horsepower (at the flywheel).

Wheel tractor-scraper shall be defined as a self-loading (not elevating)
and unloading scraper having a struck bowl capacity of 12-20 yards.

Pusher tractor shall be defined as a tr~ck type tractor having a power
rating of 200-300 net horsepower (at the flywheel) equipped with
appropriate attachments.

\•.\. SCS-NEH-20 (21-1 ) 4/86



3. UNCLASSIFmD EXCAVATION

Items designated as "Unclassified Excavation" shall include all materials
encountered regardless of their nature or the manner in which they are
removed. When excavation is unclassified, noneef the definitions or
classifications stated in Section 2 of this specification shall apply.

4. BLASTING

The transportation, handling, storage, and use of dynamite and other
explosives shall be directed and supervised by a person of proven
experience and ability in blasting operations.

Blasting shall be done in such a way as to prevent damage to the work or
unnecessary fracturing of the foundation and shall conform to any special
requirements in Section 12 of this specification.

5. USE OF EXCAVATED MATERIALS

To the extent they are needed, all suitable materials from the specified
excavations shall be used in the construction of required permanent
earthf!ll or rockfill. The suitablityofmaterials for specific purposes
will be determined by the Engineer. The Contractor shall not waste or
otherwise dispose of suitable excavated materials.

6. DISPOSAL OF WASTE MATERIALS

All surplus or unsuitable excavated materials will be designated as waste
and shall be disposed of at the location shown on the drawings.

7. BRACING AND SHORING

Excavated surfaces too steep to be safe and stable if unsupported shall be
supported as necessary to safeguard the work and workers, to prevent
sliding or settling of the adjacent ground, and to avoid damaging existing
improvements. The width of the excavation shall be increased if necessary·
to provide space for sheeting, bracing, shoring, and other supporting
installations. The Contractor shall furnish, place and subsequently
remove such supporting installa~ions.

8. STRUCTURE AND TRENCH EXCAVATION

Strl;lc.tllre or tren_c_h~~_c.a\Ta:tion shalJ.:,b~ ~,o.tpple~~,,4 .t.o., :~'hE?:~ ~:pec~J.i~d
~'l'evatibns and to'-suffi~ie~t' length':and width to include allowance for
forms ,.p.racing.,and supports, as necessary, before any concrete or
ear'thfill is "'placed or any piles are driven within the limits of the
excavation.
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9. BORROW EXCAVATION

When the quantities of suitable materials obtained from specified
excavations are insufficient to construct the specified fills, additional
materials shall be obtained from the designated borrow areas. The extent
and depth of borrow pits within the limits of the designated borrow areas
shall be as directed by the Engineer.

Borrow pits shall be excavated and finally dressed in a manner to
eliminate steep or unstable side slopes or other hazardous or unsightly
conditions •

10. OVEREXCAVATION

Excavation in rock beyond the specified lines and grades shall be
corrected by filling the resulting voids with portland cement concrete
made of materials and mix proportions approved by the Engineer. Concrete
that will be exposed to the atmosphere when construction is completed
shall contain not less than 6 sacks of cement per cubic yard of
concrete. Concrete that will be permanently covered shall contain not
less than 4.5 sacks of cement per cubic yard. The ·concrete shall be
placed and cured as specified by the Contracting Officer.

Excavation in earth beyond the specified lines and grades shall be
corrected by filling the resulting voids with approved compacated
earthfill, except that, if the earth is to become the subgrade for riprap,
rockfill, sand or gravel bedding or drainfill, the voids may be filled
with 'material conforming to the specifications for the riprap, rockfill,
bedding or drainfill.

11. MEASUREMENT AND· PAYMENT

For items of work for which specific unit prices are established in the
contract, the vol~me of each type and class of excavation within the
specified pay limits will be measured and computed to the nearest
cubic yard by the method of average cross-sectional end areas. Regardless

- of quantities excavated, the measurement for payment will be made to the
specified pay limits, except that excavation outside the specified lines
and grades directed by the Engineer to remove unsuitable material will be
included. Excavation ,required because unsuitable conditions result from
the-Contractor's improper construction operations, as determined by the
Con~racting Officer will not be included for measurement and payment.

The pay limits shall be defined as follows:

•
a. The upper limit shall be the original ground surface as it existed

prior to the start of construction operations except that where
excavation is performed within areas designated for previous
excavation or fill the upper limit shall be the modified ground
surface resulting from the specified previous excavation or fill.
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•~- b.
The lower and lateral limits shall be the neat lines and grades shown

on the drawings.

Payment for each type and class of excavation will be made at the contract
unit price for that type and class of excavation. Such payment will
constitute full compensation for all labor, materials, equipment, and all
equipment, and all other items necessary and incidental to the performance
of the work, except that extra payment for backfilling overexcavation will
be made in accordance with the following provisions: .

Payment for backfilling overexcavation, as specified in Section 10 of this
specification, will be made only if the excavation outside specified lines
and grades is directed by the Engineer to remove unsuitable material and
if the unsuitable condition is not a result of the Contractor's improper
construction operations as determined by the Contracting Officer.

Compensation for any item of work described in the contract but not listed
in the bid schedule will be included in the payment for the item of work
to which it is made subsidiary. Such items and the items to which they
are made subsidiary are identified in Section 12 of this specification •
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12. ITEMS OF WORK AND CONSTRUCTION DETAILS

Items of work to be performed in conformance with this specification and
the construction details are:

a. Bid Item 5, Common Excavation

(1) This item shall consist of all excavation required for the
embankment repair at test cells No. 2 and 5 as shown on the
drawings.

(2) All surplus or unsuitable excavated materials will be designated
as waste and shall be disposed of at the waste area shown on the
drawings.

(3) The existing test trenches and pits shown on the drawings are
filled with uncompacted earth. Dimensions shown on the drawings
are approximate.

- (4) Ten (10) days prior to commencing the work for this bid item the
contractor shall submit to the Contracting Officer for approval
a plan showing a continoussequence of excavation, drainfill and
earthfill which will minimize the breach time for the repair
work at test cell sites No.2 and No.5.

(5) Section 11, Measurement and Payment, payment shall include
compensation for Subsidiary Items, Waste Disposal and Removal of
Water.

b. Bid Item 6, Trench Excavation

(1) This.item shall consist of excavation required for installation
of the drainfill material within the embankment as shown on the
drawings.

(2) All surplus or unsuitable excavated materials will be designated
as waste and shall be disposed of at the waste areas shown on
the drawings.

(3) S~ction 7, Bracing and Shoring, shall require furnishing,
placing and removing portable shields for the inspection and
construction operations. The support works shall be designed
~$nd~sedin a manner to. prevent failure of the vertical trench
"~~:rl:rs'ahd'~permit"'ins'pectionof the upstream and downstream faces

of the trench. The design shall include the following:

(a) Each unit shall be eight (8) foot high and twelve (12) feet
long with the lower unit mounted with skids for towing.

(b) A permanently installed steel ladder mounted to the steel
side wall.

Vineyard Road, FRS
Embankment and Drain Repair (21-5) 1/89



•\.
(4 )

(5 )

(6 )

(e) Safety chains for the upper deck of the shield and guard
rails for all other decks.

(d) Design shall be incompliance with all OSHA and AISC
standards.

(e) The front and back three (3) feet of the shield shall be
left open to allow for inspection of the trench side walls.

(f) The shield shall be painted a bright white to provide
maximum light enhancement.

(g) Open non-skid grading shall be used for platforms on each
8' level except the ground level and to shield the face of
the units exposed to the towing cables.

(h) The top platform shall be layed out such that it can be
used by personnel to cross over the open trench.

A sample layout of a shield meeting the above requirements is
available for review•

The Contractor shall furnish to the Engineer, in writing, his
plan and design for support of the trench. The design shall be
prepared and sealed by a licensed professional engineer. This
plan will have to be approved by the Contracting Officer prior
to any trench excavation being performed. Approval of this plan
will not. relieve the Contractor of safety responsibilities.

No heavy equipment shall be operating within 100' of'the shield
with p~rsons in it.

Time for foundation inspection by the Arizona Department of
Water Resources and SCS geologic examination and mapping of
embankment cracks along the trench side walls could hinder
production and should be anticipated.

In Section 'II, Measurement and Payment, payment shall include
compensation for Subsidiary c1temsc' Removal of Water, and Waste
,_Dis~osal..' .' . _.- . ,

•

c. Bid Item 7, Dike Excavation

(1) This item shall consist of all excavation required to retnove the
earth dike at test cells No.1, 2, 3, and 5 as shown on the
drawings •
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•'. (2) All surplus or unsuitable excavated materials will be designated
as waste and shall be disposed of at the waste areas shown on
the drawings.

(3) Section 11, Measurement and Payment, payment shall include
compensation for Subsidiary Items, Waste Disposal and Removal of
Water.

d. Bid Item 8, Structure Excavation

(1) This item shall consist of all excavation required for the
embankment repair at test cells No. 1 and 3.

(2) All surplus or unsuitable excavated materials will be designated
as waste and shall be disposed of at the locations shown for
waste on the drawings.

(3) The existing test trenches and pits shown on the drawings are
filled with uncompacted earth. Dimensions shown on the drawings
are approximate.

(4) Ten (10)- days prior to commencing 'the work for this bid item the
Contractor shall submit to the Contracting Officer for approval
a plan showing a continuous sequence of excavation, drainfill,
and structure backfill which will minimize the breach time for
the repair of the test trench at test cell No. 3

(5) Section 11, Measurement and Payment, payment shall include
compensation for Subsidiary Items, Waste Disposal and Removal of
Water •
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CONSTRUCTION SPECIFICATION

23. EARTHFILL

1. SCOPE

The work shall consist of the construction of earth embankments and other
earthfills required by the drawings and specifications.

2. MATERIALS

All fill materials shall be obtained from required excavations and
designated borrow areas. The selection,blending, routing and disposition
of materials in the various fills shall be subject to approval by the
Engineer.

Fill materials shall contain no sod, brush, roots or other perishable
materials. Rock particles larger than the maximum size specified for each
type offill shall be removed prior to compaction of the fill.

The types of materials used in the various fills shall be as listed and
described in the specifications and drawings.

•
3. FOUNDATION PREPARATION

Foundations for earthfill shall be stripped to remove vegetation and other
unsuitable materials or shall be excavated as specified.

Except as otherwise specified, earth foundation surfaces shall be graded
to remove surface irregularities and shall be scarified parallel to the
axis of the fill or otherwise acceptably scored and loosened to a minimum
depth of 2 inches. The moisture content of the loosened material shall be
controlled as specified for the earthfill, and the surface materials of
the foundation shall be compacted and bonded with the first layer of
earthfill.

Earth abutment surfaces shall be free of loose, uncompacted earth in
excess of .two inches in depth normal to the slope and shall be at such a 
moisture content that the earthfill can be compacted against them to
effect a good bond between the fill and the abutments.

Rock foundation and abutment surfaces shall be cleared of all loose
materials by hand or other effective means and shall be free of
sta,nding ~a1;er; when -_fill, _i.s placed upon them. OccasJ..onal rock outcrops in
earth foundations for earthfil!, except in dams and other structures
designed to restrain the movement of water, shall not require special
treatment if they do not interfere with compaction of
the foundation and initial layers of the fill or the bond between the
foundation and·the fill •
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Foundation and abutment surfaces shall be not steeper than 1 horizontal to
1 vertical unless otherwise specified. Test pits or other cavities shall
be filled with compactedearthfill conforming to the specifications for
the earthfill to be placed upon the foundation.

4. PLACEMENT

Fill ·shall not· be placed until the required excavation and foundation
preparation have been completed and the foundation has been inspected and
approved by the Engineer. Fill shall not be placed upon a frozen surface t

nor shall snow t ice, or frozen material be incorporated in the fill.

Fill shall be placed in approximately horizontal layers. The thickness of
each layer before compaction shall not exeed the maximum thickness
specified. Materials placed by dumping in piles or windrows shall be
spread uniformly to not more than the specified thickness before being
compacted. Hand compacted fill t including fill compacted by manually
directed power tampers t shall be placed in layers whose thickness before
compaction does not exceed the maximum thickness specified for layers of
fill compacted by manually directed power tampers.

Adjacent to structures t fill shall be placed in a manner which will
prevent damage to the structures and will allow the structures to assume
the loads from the fill gradually and uniformly. The height of the fill
adjacent to a structure shall be increased at approximately the same rate
on all sides of the structure.

Earthfill in dams, levees and other structures designed to restrain the
movement of water shall be placed so as to meet the following additional
requirements:

a. The distribution of materials throughout each zone shall be
-essentially uniform, and the fill shall be free from lenses, pockets,
streaks or layers of material differing substantially in texture,
moisture content, or gradation from the surrounding material.

b. If the surface of any layer becomes too hard and smooth for proper
bond with the succeeding layer, it shall be scarified parallel to the
axis of the fill to a depth of not less than 2 inches before the next
layer is placed.

c. The top surfaces of embankments shall be maintained approximately
level 'during construction, except that a crown or cross-slope of
approximately 2 percent shall be maintained to insure effective
drainage, and except. as otherwise specified, for drainf!ll or
sectio'nal ~zones ~ . ",-~ ,

"d. Dam embankments shall be constructed in continuous layers from
abutment to abutment except where openings to facilitate construction
or to allow the passage. of stream flow during construction are
specifically authorized in the contract.
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e. Embankments built at different levels as described under (c) or (d)
above shall be constructed so that the slope of the bonding surfaces
between embankment in place and embankment to be placed is not
steeper than 3 feet horizontal to 1 foot vertical. The bonding
surface of the embankment in place shall be stripped of all material
not meeting the requirements of this specification, and shall be
scarified, moistened and recompacted when the new fill is placed
against it as needed to insure a good bond with the new fill and to
obtain the specified moisture content and density at the contact of
the in place and new fills.

•

5. CONTROL OF MOISTURE CONTENT

During placement and compaction of fill, the moisture content of the
Materials being placed shall be maintained within the specified range.

The application of water to the fill materials shall be accomplished at
the borrow areas insofar as practicable. Water may be applied by
sprinkling the materials after placement on the fill, if necessary.
Uniform moisture distribution shall be obtained by disking.

Material that is too wet when deposited on the fill shall either be
removed or be dried to the specified moisture content prior to compaction.

If. the top surface of the preceding layer .of compacted fill or a
foundation or abutment surface in the zone of contact with the fill
becomes too dry to permit suitable bond it.shall either be removed or
s.carified and moistened by sprinkling to an acceptable moisture content
prior to placement of the next layer of fill.

6. COMPACTION

Earthfi!l shall be compacted according to the following requirements for
the class of compaction specified:

Class A compaction. Each layer of fill shall be compacted as necessary to
make the density of the fill matrix not less than the minimum density ,~

specified •. The fill matrix is defined as the portion of the fill material
finer than the maximum particle size used in the compaction test method
specified.

Class B compaction. Each layer of fill shall be compacted to a mass
den~itx_no~ !ess than _the mi~imumdens~~y ~pecif~ed.

'Class Cc'om~aa:i~n'~<Eacb:layero'f "ti1i~hall be 'tonipabted by the
specified number of passes of the type and weight 9~ _,r,ol_le.~. or other
equipment specified, or by an approved equivalent method~'Each pass shall
consist of at least one passage of the roller wheel or drum over the
entire surface of the layer.
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Fill adjacent to strutures shall be compacted to a density equivalent to
that of the surrounding fill by means of hand tamping, or manually
directed power tampers or plate vibrators. Unless otherwise specified,
heavy equipment including backhoe mounted power tampers, or vibrating
compactors and manually directed vibrating rollers, shall not be operated
within 2 feet of any structure. Towed or self-propelled vibrating rollers
shall not be operated within 5 feet of any structure. Compaction by
means of drop weights operating from a crane or hoist will not be
permitted.

The passage of heavy equipment will not be allowed: (1) over cast-in
place conduits prior to 14 days after placement of the concrete; (2) over
cradled or bedded precast conduits prior to 7 days after placement of the
concrete cradle or bedding; or (3) over any type of conduit until the
back.f~llhas been. placed above the top surface of the structure to a
height equal to one-half the clear span width of the structure or pipe or
2 feet, whichever is greater.

Compacting offill adjacent to structures shall not be started until the
concrete has attained the strength specified in Section 10 for this
purpose. The strength will be determined by compression testing of test
cylinders cast by the Engineer for this purpose and cured at the work site
in the manner specified in ASTM Method C 31 for determing when a structure
may be put into service.

When the required strength of the concrete is not specified as described
above,compaction of fill adjacent to structures shall not be started
until the following time intervals have elapsed after placement of the
concrete.

Structure

Retaining walls and ·counterforts
(impact basins)

Walls backfilled on both sides
simultaneously

Conduits and spillway risers, east
in-place (with inside forms in place)

Conduits and spillway risers, cast
~n~.plac;e (~pside form.~.removed)

Conduits, precast, cradled,

Conduits, precast, bedded

Cantilever outlet bents
(backfilled both sides simul taneously)

Time Interval

14 days

7 days

7 days

14· days

2 days

1 day

3 days
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7. REWORKING OR REMOVAL AND REPLACEMENT OF DEFECTIVE FILL

Fill placed at densities lower than the specified minimum density or at
moisture contents outside the specified acceptable range of moisture
content or otherwise not conforming to the requirements of the
specifications shall be reworked to meet the requirements or removed and
replaced by acceptable fill. The replacement fill and the foundation,
abutment and fill surfaces upon which it is placed shall conform to all
requirements of this specification for foundation preparation, approval,
placement, moisture control and compaction.

8. TESTING

During the course of the work t the Engineer will perform such tests as are
required to identify materials, to determine compaction characteristics,
to determine moisture content, and to determine density of fill in
place. These tests performed by the Engineer will be used to verify that
the fills conform to the requirements of the specifications. Such tests
are not intended to provide the Contractor with the information required
by him for the proper execution of the work and their performance shall
not relieve the Contractor of the necessity to perform tests for that
purpose.

Densities of fill requiring Class A compaction will be determined by the
Engineer in accordance with ASTM Method D 1556 t D 2167, D 2922 or D 2937
except that the volume and moist weight of included rock particles larger
than those used in the compaction test method specified for the type of
fill will be determined and deducted from the volume and moist weight of
the total sample. prior to computation of density or if using the nuclear
gauge, added to the specified density to bring it to the measure of
equivalent compostion for comparision. The density so computed will be
used to determine the percent compaction of the fill matrix. Unless
otherwise specified, moisture content will be determined by one of the
following methods: ASTM Method D-22l6, D-30l7.

•

9. MEASUREMENT AND PAYMENT

For items of work for which specific unit prices are established in the
contract,· the volume of each type and compaction class of earthfill within
the specified zone boundaries and pay limits will be measured and computed
to the nearest cubic yard by ·the method of average cross-sectional end
areas. Unless otherwise specified,nodeduction in volume will be made
for embedded conduits and· appurtenances.

The pay limits shall be as define~below, with the further prov1s10n that
earthfill required to fill voids resulting from over excavation of the
foundation, outside the specified lines and grades, will be included in
the measurement for payment only where such overexcavation·is directed by
the Engineer to remove unsuitable material and where the unsuitable
condition is not a result of the Contractor's improper construction
operations as determined by the Contracting Officer.
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The pay limits shall be as designated on the drawings.

Payment for each type and compaction class of earthfill will be made at
the contract unit price for that type and compaction class of fill. Such
payment will constitute full compensation for all labor, materials,
equipment and all other items necessary and incidental to the performance
of the work, except furnishing, transporting, and applying water to the
foundation and fill materials. Water applied to the foundation and fill
materials will be measured and payment will be made as specified in
Construction Specification 10.

Compensation for any item of work described in the contract but not listed
in the bid schedule will be included in the payment for the item of work
to which it is made subsidiary. Such items and the items to which they
are made subsidiary are identified in Section 10 of this speci~ication.
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10. ITEMS OF WORK AND CONSTRUCTION DETAILS

Items of work to be performed in conformance with this specification and
the construction details are:

a. Bid Item 9, Earthfi!l

(1) This item shall consist of placing and compacting all earthfill
required to construct the embankment repair at test cells No. 2
and 5 as shown on the drawings.

(2) All earthfill material shall be obtained from the required
excavations.

(3) The maximum thickness of a layer prior to compaction shall be
nine (9) inches.

(4) The maximum s.ize of rock fragement i'ncorporated in the fill
shall be six (6) inches.

(5) Section 6, Compaction, Class A shall apply. The fill matrix
shall be compacted to at least 95 percent of the maximum density
obtained from compaction tests performed by ASTM D 698, Method A
or the rapid compaction test (Test No. S-6, SCS Reference NEH
Section 19.)

(6) Section 8, Testing, the fill densities will be determined in
accordance with ASTM 1556. The moisture content of the fill
material at the time of compaction shall not be less than two
(2) percent below nor more than two (2) percent above optimum
moisture content, as determined by ASTM D 2216.

(7) Section 9, Measurement and Payment, payment shall include
compensation for subsidiary items, Water and Pollution Control.

b. Bid Item 10, Structure Backfill

(1) This item shall consist of placing and compacting backfill for
the embankment repair at test cells No. 1 and 3 as shown on the 
drawings.

(2) AJ.l structure backfill material shall be obtained from required
excavations.

(3) The maximum thickness of a layer prior to compaction shall be
six (6) inches.

(4) The maximum size of rock fragement incorporated in the fill
shall be four (4) inches.

•
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(5) Section 6, Compaction, Class A shall apply. The fill matrix
shall be compacted to at least 95 percent of the maximum density
obtained from compaction tests performed by ASTM D 698, Method A
or the rapid compaction test (Test No. S-6, SCS Reference NEH
Section 19).

(6) Section 8, Testing, the fill densities will be determined in
accordance with ASiM 1556. The moisture content of the fill
material at the time of compaction shall not be less than two
(2) percent below nor more than two (2) percent above optimum
moisture content, as determined by ASTM D 2216.

(7) Section 9 t Measurement and Payment, payment shall include
compensation for subsidiary items Water and Pollution Control.

c. Subsidiary Item, Waste Disposal

(1) This item shall consist of stockpiling, transporting, placing
and smoothing all waste in the waste areas shown on the
drawings.

(2) Waste material shall consist of all surplus or unsuitable
material resulting from the required excavations.

(3) Section 6, Compaction, does not apply to this item.

(4) Waste material shall be placed uniformly over the entire waste
area to a depth not to exceed three (3) feet. The finished
surface shall not vary more than one half (O.S) foot, plus or
minus, from the average grade and shall be graded to drain away
from the FRS.

(5) Fill slDpes resulting from the deposition of waste shall not be
steeper than 4:1.

(6) No special moisture content of waste material is required.

(7) Section 9t Measurement and Payment, no. separate payment will be
made for this item. Compensation for this work will be included
In the paylnent:<for' excavation· Bid --Items· 5, '6, 7~· and 8.
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CONSTRUCTION SPECIFICATION

24. DRAINFILL

1. SCOPE

The work
required

2. MATERIALS

shall consist of furnishing, placing and compacting drainfill
in the construction of structure drainage sy~tems.

•

Drainfill materials shall conform to the requirements of Material
Specification 521. At least 30 days prior to the delivery of the
materials to the site the Contractor shall inform the Contracting Officer
in writing of the source from which he intends to obtain them. The
Contractor shall provide the Engineer free access to the source for the
purpose of obtaining samples for testing.

3. BASE PREPARATION

Foundation surfaces and trenches shall be clean and free of organic
matter, loose soil, foreign substance,and standing water when the
drainfill is placed. Earth surfaces upon or against which drainfill will
be placed shall not be scarified.

4. PLACEMENT

Drainfill shall not be placed until the subgrade has been inspected and
approved by the Engineer. Drainfi!l shall shall not be placed over or
around pipe or drain tile until the installation of the pipe or tile has
been inspected and approved.

Drainfill shall be placed uniformly in layers not more than 12 inches deep
before compaction. When compaction is accomplished by manually controlled
equipment, the layers shall be not more than 8 inches deep. The material
shall be p-laced in a manner to avoid segregation of particle sizes and ,'to
insure the continuity and integrity of all zones. No foreign materials
shall be allowed to become intermixed with or otherwise contaminate the
drainfill.

Traffic shall not be allowed to cross over drains at random. Equipment
crossovers shall be maintained, and the number and location of such
crossovers shall be established and approved prior to the beginning of
drainfill placement. Each crossover shall be cleaned of all contaminating
materials and shall be inspected and approved by the Engineer before
additional drainfill is placed.

Any damage to the foundation surface or the sides or bottoms of trenches
occurring during placement of drainfill shall be repaired before drainfill
placement is continued •
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The upper surface of drainfill constructed concurrently with adjacent
zones of earthfill shall be maintained at an elevation at least one foot
above the upper surface of the adjacent fill.

Drainfill over or around pipe or drain tile shall be placed in a manner to
avoid any displacement in line or grade of the pipe or tile.

Drainfill shall not be placed adjacent to structures until the concrete
has attained the strength specified in Section 9 of this specification.
The strength shall be determined by compression testing of test cylinders
cast by the Engineer for this purpose and cured at the work site in the
manner specified in ASTM Method C 31 for determining when a structure may
be put in service.

When the required- strength of the concrete is not specified as described
above, placement of drainfill adjacent to structures shall not be started
until the following item intervals have elapsed after placement of the
concrete.

Structure

Retaining walls and.counterforts
(impact basins)

Walls backfilled on both sides
simultaneously

Conduits and galleries, east
in-place (with inside forms in place)

Conduits and galleries, east
in-place (inside forms removed)

COl1:duits, precast, cradled

Conduits, precast, bedded

Cantilever outlet bents backfilled on both
sides simultaneously

5. CONTROL OF MOISTURE

Time Interval

14 days

7 days

7 days

14 days

2 days

I day

3 days

The moisture content of drainfill materials shall be controlled as
specified in Section 9. When the addition of water is required, it shall
be applied in such a way as to avoid excessive wetting to adjacent earth
fill. Except as specified in Section 9, control of moisture content will
not be required.
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6. COMPACTION

Drainfill shall be compacted according to the following requirements for
the class of compaction specified:

Class A Compaction. Each layer of drainfill shall be compacted to a
relative density of not less than 70 percent as determined by ASTM Method
D 4254.

Class 1 Compaction. Each layer of drainfill shall be compacted by at
least 2 passes, over the entire surface, of a steel-drum vibrating roller
weighing not less than 5 tons and exerting a vertical vibrating force of
not less than 20,000 pounds at least 1200 times per minute, or by an
approved equivalent method. ·

Class II Compaction. Each layer of drainfil1 shall be compacted by one of
the following methods or by an approved equivalent method:

a. At least 2 passes, over the entire surface,of a pneumatic-tired
roller exerting a pressure of not.less than 75 pounds per square
inch. A pass is defined as at least one complete coverage of the
roller wheel,tire or drum over the entire surface of the layer.

b. At least 4. passes, over the entire surface, of the track of a
crawler-type tractor weighing not less than 20 tons.

c. Controlled movement of the hauling equipment so that the entire
surface is traversed by not less than one tread track of the loaded
equipment.

Class III compaction. No compaction will be required beyond that
resulting from the placing and spreading operations.

When compaction other than Class III compaction is specified materials
placed intrencqes or other locations inaccessible to heavy equipment
shall be compacted by means of manually controlled pneumatic or vibrating
tampers or by approved equivalent methods.

Heavy equipment shall not be operated within 2 feet of any structure.
Vibrating rollers shall not be operated within 5 feet of any structure.
Compaction by means of drop weights operating from cranes or hoists will
not be permitted.

7. ".\TESTI.NG

The Engineer will perform such tests as are required to verify that the
drainfill materials and the drainfill in place meet the requirements of
the specifications. These tests are not intentedto provide the
Contractor with information he needs to assure that the materials and
workmanship meet the requirements of the specifications, and their
performance will not relieve the Contractor of the responsibility of
performing his own tests for that purpose.
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8. MEASUREMENT AND PAYMENT

For items of work for which specific unit prices are established in the
contract, the volume of drainfill within the neat lines shown on the
drawings will be measured and computed to the nearest cubic yard. Where
the Engineer directs placement of drainfill outside the neat lines to
replace unsuitable foundation material, the volume of such drainfill will
be included, but only to the extent that the unsuitable condition is not a
result of the Contractor's improper construction operations as determined
by the Contracting Officer.

Payment for drainfill will be made at the contract unit price for each
type of drainfill, complete in place. Except as otherwise specified in
Section 9, such payment will consititute full compensation for all labor,
materials, equipment and all other items necessary and incidental to the
performance of the work.

Compensation for any item of work described in the contract but not listed
in the bid schedule will be included in the payment for the item of work
to which it is made subsidiary. Such items and the items to which they
are made subisdiary are identified in Section 9 of this specification.
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9. ITEMS OF WORK AND CONSTRUCTION DETAILS

Items of work to be performed in conformance with this specification and
the construction details are:

a. Bid Iteml1,Drainfill

(1) This item shall consist of furnishing and placing all the
drainfill material required for the drainfill repairs as shown
on the drawings.

(2) The drainfill material shall meet the grading requirments for
fine aggregate as defined in ASTM C-33.

(3) Drainfill shall be placed in horizontal layers not to exceed 18
inches. Drainfill shall be conveyed-·using special equipment to
prevent segregation and the free vertical drop shall not exceed
30 inches.

(4) In Section 6, Compaction, Class III shall apply.

(5) The moisture content shall be maintained in a range, as
determined by the Engineer, that 'will minimize aggregate
segregation.

(6) The material passing the /140 sieve shall be·non plastic when
tested in accordance with ASTM D 4318.

(7) Prior to placement of drainfill the existing drainfill surfaces
shall be cleaned of all contaminating' materials and shall be
inspected and approved by the engineer.

(8) Section 8, Measurement and Payment, payment shall include
compensaion for subsidiary items Water and Pollution Control.
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1.

CONSTRUCTION SPECIFICATION 202
GRAVEL COVER

SCOPE

The work shall consist of the construction of gravel. cover over slopes
or on other areas that are subject to erosion.

2. MATERIALS

Gravel shall meet the requirements of Section 8 of this specifiction or
be obtained from designated sources as shown on the drawings. Gravel
from designated sources shall be excavated, selected, handled, and
processed as necessary to meet the quality and grading requirements
specified.

3. SUBGRADE PREPARATION

•'~ 4.

The subgrade surfaces shall be the neat lines and grades shown on the
drawings.

Gravel cover shall not be placed until the subgrade surfaces have been
inspected and approved by the Engineer.

PLACEMENT

The gravel cover shall be placed by equipment on the surfaces and to
th~ depths specified in Section 8 of this specification. The cover
shall be constructed to the full coarse thickness in one operation and
in such a manner as to avoid serious displacement of the underlying
materials. The gravel shall be delivered and placed in a manner that
will ensure that the cover in-place shall be reasonably homogeneous and
the fractions well distributed.

Hand placing of' gravel cover shall be required to the extent necessary
to prevent damage to the permanent works.

The gravel cover may be placed in seque~ce with the placement of earth
fill zones of the embankment or after completion of the embankment. If

. sequential placement is used, it is emphasized that the Contractor
shall complete the earthwork to the required,cross-s~ctionalline and
grade prior to gravel' cover placemen't. Contamination 'of ~'earth fill
zones by gravel cover placement operations will not be allowed.
Surfaces of the completed gravel cover shall be finished reasonably
free of mounds, dips or windrows to the lines and grades specified•
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5. COMPACTION AND MOISTURE REQUIREMENTS

No compaction will be required beyond that resulting from the placing
and spreading operations unless otherwise specified in Section 8 of
this specification. Moisture control shall be that necessary to
control dust during borrow and placing operations.

6. TESTING AND MEASUREMENTS

The Engineer will perform such tests and measurements as are required
to verify that the gravel material and work meet the requirements of
this specification. These tests are not intended to provide the
Contractor with the information he needs to assure that the materials
and worKmanship meet the requirements of this specification, and their
performance will not relieve the Contractor of the responsibility of
performing his own tests for the purpose.

7. MEASUREMENT AND PAYMENT

Compens~tion .for. any items of work described in the contract but not
listed in the Bid Schedule will be included in the payment for the item
of work to which it is made subsidiary. Such items and the items to
which they are made subsidiary are identified in Section 8 of this
specification.
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•\ 8. ITEMS OF WORK AND CONSTRUCTION DETAILS

Items of work to be performed in conformance with this specification
and the construction details are:

a. Subsidiary Item, Gravel Cover

(1) This item shall cons.ist of furnishing and installing gravel
cover to shape the upstream and downstream FRS embankment
slopes to the finished grade lines as shown on the drawings.

(2) The gravel cover shall be a well graded pit run with maximum
size of three (3) inches.

(3) Section 3,Subgrade Preparation, the subgrade shall be the
existing slope surfaces of the FRS.

(4) Gravel cover does not apply to those areas designated for
embankment repair.

(5) Section 7, Measurement and Payments, no separate payment will
be made for this item. Compensation for this work will be
included in the payment for Bid Item 1, Clearing and
Grubbing •
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MATERIAL SPECIFICATION

521. AGGREGATES FORDRAINFILL AND FILTERS

,.
"'\..~

..... :"' ...--. .•. _,._".-:---_.. _._~..:.-:.;.,_..-_._~.;_.:.--..---'----'_.~-_._' .--- -. --_ ...... _---_.- "',!.
."- .~_..-=.,.--~--_ --...:-,....:...------~ .-.-

1. SCOPE

This specification covers the quality of aiDeral aigregates for the
construction of drainfilland filters.

2. QUALITY

Drainfill and filter aggregates shall be. sand, gravel or crushed
stone or mixtures thereof. -They shall be composed of clean, hard,
durable mineral particles free from organic matter, clay balls, soft
particles or other substances that would interfere with their
free-draining properties.

Aggregates of crushed limestone shall be thoroughly washed and
screened. Course aggregate containing crushed limestone shall have
not more than 3 percent by weight of particles finer than the Ho. 4
sieve. Crushed limestone shall not be used for fine aggregates
except in combination with other materials such that not more than 5
percent of the portion finer than the No. 4 sieve shall be crushed
limestone.

Aggregates shall be tested for soundness according to ASTM Method C
88, and shall have a weighted average loss in five cycles of Dot
more than 12 percent when sodium sulfate is used or 18 percent when
magnesium sulfate is used.

GRADING

Drainfill and filter aggregates shall conform to the specified
grading limits ,after being placed in the work, and after being
compact.ed if compaction is specified. Grading shall be determined
by'ASTM Method C 136. The percentage of material finer than the
No. 200 sieve shall be determined by the method in ASTM Designation
C 117.

- 4. STORING AND HANDLING

·Drainfili and filter aggregates shall be stored and handled by
methods that prevent segregation of particle sizes or contamination
by mixing w~th' other materials. .

521-1
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P(!C- ~(P1 Arrl'?J~

~I>(!"a/~ 4rl)

,see
I

:~:. F'et-s(.nal pre:rtecti':ln was a concet-n, thet-efot-e the
fol·'r:,wing special featut-es wef'e included':

The initia~ input requirements from the site ~ondjtiDns and
OUt- geo I 09 is ts wet-e:

File Code: 210-13-21

Date: January 27, 1989

517 Gold Ave., SW, Room 3301
Albuquerque, New Mexico
87102

SOl'
Conservat i or.
Set-V ice

Eva , Head,
-ins Staff,

F'ot-t land, I)~:

w. R.
Engin
lJ.JNT :,

2. F'(lt- tab iii ty lrnclun tab i.i i ty' wasa C (I n c et- n ,the t.. e f (I tOO e i t
wa. s d e t e tOO fn i ned t hat: itsh I) U I d b e c (. n 5 t r- u c ted (I f .. :::: , :=:
f.(I (I t h i 9 hun its t hat b I) J ted t 0 ~3 e the tOO t- e ad i I Y and e a s i I Y ;
-~the lowet- (Ineof wh i ch was. ski drnountedf~(rr-ta:lwjn9. .

<.A•. A pennanent: y installed steel ladder IN i th i n the
5 h ; e 'd f (I t- 5 a fee 5 cape.' ec.b(t::: h'-c~ IU4

~ C I 'J~
.~\_ en fld~ S r-o P'1Jf-c c f- 8

.J~·E:. N.:.n-skid gt-atin.9 platfa:tt-rns(,n each)'\level,
des i gned f.:.t- a: .:HEjt,sff i ve I (lad.

1. The trench in the existing dam was to be dug to a
d e p t h (. f -a p p t- O}~ i rn ate i y 25 tee t a II d 5 fee t wid e a J .) n 8 the
centerl ine of the dam from abutment to abutment.

,A. c:c.py (.f at I of oUt- dl)curnerrtati on a.nd dt-awi rtgE.a.r-e i fie I uded
in the attached book I e\_ The fo I IO'yJi rJS d i scussi on wi i I be
helpful in reviewing th~ cantents of thebookJetand in
p u tOO 5 U i n 80t h et- des i :3 n s :

This is in response to Phil Jones· January 20, 1989,
telephone request. He and Cl iff Deal were interest~d in a
tt-ench shield, designed' and used by Ne .....1 Me~·:ico in 11~':=:::::, fOt
ct-ack inspectia:,n••and t-epait- (l.t the l-icLckbet-t-'y, Site 1 darn.
T~fey felt that At-;zona. and othei-::"'-:~states. fl1ay benefit f.t-a:.rn the

design.

Subject: ENG-Design, Trench
·~~·~,1;!''''·.,?.J.:t~...•.c.: .•~.•;I·~Q.n•..,···~.-j.~fi·J···e;·l·'~:1·:_~~:'-"'-

To:

United States
Department of
ASt- icul ture

(
~c. Guard rails and safety chains for the upper deck

(If the shield and safety chains fot- the I (lwet" and
rniddle decks.



•

"rD. Minirnurn design later-al 1(lads e,f ItZ>Qjpsf a.nd
Ct:lrnpl iance wi tha I I CISHA and AISC: standat-ds.

E • Res t tOO i c til:. n s e:1 f n.:- e qui PTtl en t w i· t h i n 5 fee t (I f ,
I'" ~

t~,e :dge:- __:1'. ·the tt-enc h a.~ld. rtl) ~Ieav)t'. equ i prn~.dr~h~
within 100 feet of the shield wIth persons In It. 0

4. Usability for crack mapping was a concern therefore
the To.llc1wing special featut-es wet-e included:

7 A. The front and back extensions of the shield were
lrV"lIi.SIIS'A. ~. left c,/::oen f(lt- c I (.-se v i sua I inspect i (In and clean i ng

1:1 f c too a c k s (t n ·t he t tOO e n c h wa I I s (c en t t- a I p ':- t- t i -:- n s ,. f
the shield sidewalls were s~lidsteel plated).

7 E:.. The sh i el d was pa. i nted abt- i sht wh i teand open
gt-at i rag 'wasused fot- the p I atfClt-r05 tel pt-OV j de
rna>~irntlrn I i~3htenhancernent within the tt··ench.
Electr-icalcCtnnecti.:-ns on clr within theshieid fr-3.rne
wer-e rtl:.t considet-ed becaus.e .:.f pa:etentiai safety'
p t- (I b I e rl1 s; a p (I t- t ab I e :3 e n e t- a t (I tOO a fJ d d t- (I P I i 8 ii t s \..}e t- e
ava i I ab I e on-s i te but we·t-e not needed••

A cornp I ete deta i led sh i e I d des i 9ft was pt-epat-ed by the Nrt1SC'
Des. i Srt Staff in June l':;':=:::::u C:oP! es (ff the suppr:q·-t i ns .jE·~, i 3 fJ

dl:1curnentation·, ce'rnputatit:,ns·and dt-awinss a.t-·e in the booklet.
The des i sn dt-aw inS5 at-e nurnber-ed '"iJA, ':"E: and ·~C:.

Dut- j fig the t-ev i ew pt-C1cess, the WNTC: fe I t that 8(:8 shou I d not;
pt-epare and pro\,'i de the detai led des ign becau~·e of the
irnpl ied t-espor&sibi I it)! and liability'; it was felt that this
should be borne by the contractor. Consequently, 5heets 9B
a. n d ,~, C: , (s t tOO u c t u t- a Ide t a i I 5 ), we t- e v (t ide dan d tOO ern (a v e d f tOO (I rn
the c(tntt"act dt-awings. Sheet '~A, (conceptua.l .and o\let-all
pt-C&(:aOt-tioning), was left in tt.le contr--act dl·-awings. The
specif i cations -weret-evised~t.:e .. j ncl ude .·the ····de s j grt
t"e qu i-tOO erner. t srnenti.c'f.ed .·a!:'Ctve,.:and ·••..•. tCt«t-eq u i r-edes is n
pt-epa.t-a..t LC1n<a.nd·,s ea ILns·by:a <Ii c ens,e..;;l.p t""f e s: s j l:lna. j en gi·n e e tOO

hit-ed·by the cc.ntrac·tclt". Subrn j tta I (.fsea I ed des i £In .
dr-awings fot-· the C:ontt-acting Clfficer""s't-eview and appt-oval
was a I 5 (I tOO e qui t- e din the s pee j fica t i (I n 5 • C: 0 pie s c. f .e ~·~c e t- p t 5
ft-Ofn the Des i sn Eng i neet-s Rep.:'t-t e~·:p fa in i rag th is, and the
final specifications and conceptual dr-a.wing, (9A), ar-e alse,
included in the booklet •



•

The C (. n t tOO act (f tOO f (t tOO the p tOO (I J e c t IN a 5 MCI n a C (t (: (t n t tOO act (I ,- s, Inc.,
P.O. Box 8585, Scottsdale, Arizona, 85252. After award of
the contt-act", and befot-e ··the trench j·ng ....ias be8un., the
cc,ntr-actot- subrnitted de~.igndt-awin8s ff)t- (:CI t-eview and
appt-ova I. They wer-e pt-epat-ed by Te J es i 5 Ens i neet" i ng, of
C:ar-tsbad, New Me~·~ic(l (no longet- in business). The NMS(t
Design Staf~ reviewed ~hese and provided comments to the CO
.:In June 2t.:,,1·~E:4; .the C:[I tt-ansrn i tted these cl)rnrnents to the
cDn~ractor on the same date. On July 25, 1984, Telesis
Engineering r'espl:tnded l..Jith satisf'act(,ry t-es.:.lutic.nscrf the
comments and the SeE accepted and concurred in the design on
,-Iuly 27., 1'7:=:4. C:opies of these c.:.rnrnents and t-esolutions,
an d the C (I n t tOO act (t tOO 5 sea. fed d t- a win:3 s, a t- e a j S (I inc Iud e din
the b(t,:a~::let. vJe do not have copies (If the lIas-bui It II

d tOO awin SS I) f' t h eshie J din (l u t- f j J e s •

The .5 hie I d WI:' t.. ked \( e t- y' wei I wit h (t utany 5 a f e t y a:i tOO use
p t"" a:d:c I e fn s • I twa 5 C (I n 5 t: tOO u c ted b y Cl_ i t:a c a. i 5 U b - C (I n t too act (I tOO, M tOO .;

Lat.. t-'y' Lunsf(l~-t:l, (5~2S5) :::::=:7-(:.7·4':':', i n C:a~- I sbad ,New Me~·: i co.
Si·nce the shield wa~· lfcontt-actclt" olrr1ned tf

, its pt"esent
Joe ati on or" e~·~ j stene ei s unkn,:ewn ; it rna)' have been
d j srna.nt i ed.

CIUt- state £leo j (19 i st, Doy f eMeadows, caffer-s the fo I J ow i fig .
additional comment5~

1. He fe' t ~ef I pt-otected ·ft-(Irn cave- ins wh i Ie wor-k i ng
j nth e t too e n c h • Up t (I :3 (I r 4 pe tOO S (I n S WI) too ked i nth e
tr-ench at the sarne tirne. F'ot-tions .:rf the tt-ench Wet' Is
failed while the trench was open but the persons in the
tt-eneh WE'j"-e nEtv/et" placE'l.j in any' danse .... at an·" tirne.

2~ The white color of the shield and the 5 ~oot width
of the tt-ench pr-o ..../idE'rj suf"fici.ent light fot" the wOt-k.
A J i 8 h t p·1 ant w. a. s· a v· ~_ j i a. b ! e, but .i t W <:'1. ~. rp) t ne c e 5 s a t-'y'

to use it.

:::: ... Thet"e \ar'as adequate r-(IOitl fOt- t\,.Jo pet-sons p I us the i tOO

eq·uiprl1ent t)n each ·platfor-rn. ~Ie felt that the size of'
the un it .....Ias II :3 ood If •

4. The unit (when aJ I tht-ee secti.:,ns wet-e stacked) was
s 0 rr. e t i rn e s d if fie II I t f (I t" the. c (I rt t t-a c t I) t-tl:1 rr. (c Ve in the
tt"ench. T .... act.:tt-s with winches and ct-ane~. wer-e llsed; the
roostsat·isfactot.. y roethod was J if.ting .and roc.virtg it with
a Ia.rge ct-ane.• Ur~its of one .:.t- tWa:1 sectic.rts cl:,uid be
skidded with tractor mounted winches. Rollers on the
lower section rather than skids may have alJowedeasier
~ovin9 within the trench.
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•

5. Safety' pt-ecautions while in the trench shield shCtuld
stilJbe observed. Namely:

A. Always stay in the shield whi Ie in the trench.

B. Leave the ~hie'd whi Ie it is being moved and
keep a safe distance from taut cable~.

c. Persons working on upper levels of the shield
should scrape their feet before walking on the
p J atfctt-rn gt-at i fig (fa' ring ""(leks, etc. (tn pet-sons
below were no problem, but dirt and dust was).

D. Hard hats are a must.

We tt-ust the abO\le a.nd the attached bo,:akl·et wi It be helpful.
F' I e a 5 e fee I f t- e e t (I c a I I i f we can (I f f e t.. ro (I tOO e ass i 5 tan c e •

J. Got-don (Ide I I
state Conservation Engineer

Attachrrlent

cc w/oatt:

(:Iiff Deal, Soil trlechanics Engineet-, WNTC:, F'ot-tland, CIR

bee w/o att:

Ralph Me At"t-ingt(.rt, State (:(Inset-vatil)f! EngirJeet-,
F'heon i ~.~, AZ

USDA~SCS/6MCUNNINGHAM/l/27/89
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• GOVERNMENT
INSPECTION PLAN

!for
VINEYARD ROAD FRS EMaANKMENT AND DRAIN REPAIR

GENERAL

7he repair work is located in the Wi Iliams-Chandier Watershed,
approximately six (6) mi les southeast of Apache Junction, Pinal
County, Arizona. The work wi Il,be constructed under a government
contract that is scheduled to be awarded in August 1989.

Major i temsof work requ i r i"9 iinspect i on during construction are:

It i s ant i c i p ate d .that· th e de 9 ~e e of insp e c t ion ( per i 0 d i cor
cont i nuous) pe r NEM, Part 512, 'subpart 0 w.i 1.1 be p rov i ded for the
fo I low i ng work to be performed !under the construct i on contract.

ITEMS OF WORK TO BE INSPECTED•

1 •
2.
3.
4.
5.
6.
7.

Common excavation
Trench excavation
Dike excavation
Structure excavation 
Earthf ill
Structure backf i,l I
Ora i nf i I I

8300
6735

31 ,300
560

8950
560

6735

cubic yards
cubic yards
cubic yards
cubic yards
cubic yards
cubic yards
cubic yards

Periodic Inspection

Clearing and grubbing
Structure removal
Survey
Mob i ·1 i zat ion
Po ,., uti on contro-J
Removal of Water
Water
Dike Excavation
Shaping
Waste Disposal
Common Excavation

:Strtic·t)ure ·;Excavat ion

Con~lnuous Inspection

Trench Excavation
Earthf i I I
Structure Backfill
Ora i nf i II

1-,

.A.'Excavat i orl:'Common, Tren ch j 'an'd St"r'uc'i::ur-e

•
1 • No specific material Itesting is required. An inspector

willbe required to ~valuate the soils encountered for
their suitabi I ity fo~ earthfi I I and to ensure removal
and waste of all unsu'itable material. A Geologist wi II
be requ i red for the e!xam i nat i on and mapp i n9 of
embankment cracks a 10:n9 the trench side wa I Is.

1
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•

•

B. Earthfi I I and structure Backfi II

1. All fill will be tested for compaction and moisture,
and classified Bccording to the unified classification
system. An inspector and materials testing ~echnician

will be required to document Qual ity Assurance.

2. The test frequency for compaction and moisture wi II be
2000± cubic yards for earthfill and one test per site
of structure backfill. Th"iswill require at least 8
compaction and moisture tests for Quality Assurance.
One (1) material classification wit I be done"Tor both
test eel I locations No. 2 and No.5.

c. Ora i nf il I

1. Drainfi II wi I I be tested for gradation and plasticity
index. An inspe~tor and materials ~estin9technician

wi II be required to document Qual ity Assurance.

2. The test frequency for gradation and plasticity index
wi I I be one test for each 500 C.Y. of material and not
less than one per site of drainfil I placement. This
will require at leastS tests for Qual ityAssurance.

D. Survey

The SCS survey party chief wi I I observe the contractor's
survey crew performance during the initial survey work and
then at random intervals as the surveys progress to verify
their ability, and for assurance that the staking is
compatible'with SCS standards. Random survey spot checks
by SCS survey personnel will be made to determine if both
the slope and reference stakes, and as-built sections are
within the tolerances.

TIMING OF I~SPECTIONS

It is anticipated that the notice to proceed wit I be issused in
September, and the performance time has been calculated to be 114
ca I enda~r'< days'. "The .con-struct i on sequence as showni n Exhi bit A
is based on t.he work bei ng pe rformed by an, average sma I I bus i ness
Contractor. The schedule will be adjusted after the successful
bidder submits his construction schedule.

2
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SKILLS NEEDED FOR CONTRACT ADMINISTRATION AND INSPECTION

PROJECT ENGINEER GS-9/11

Ski I Is Needed:

a. Must be able to ~anage and schedule project staff
effectively.

b. Must be familiar.wi~h and understand ·the phi losophy and
critical elements of the design.

c. Must be knowledgeable of qual ity assurance testing end
inspections required for the works of improvement.

d. - Must be k'now I edgeab I e of OSHA safety requ i rements, and
the SCS Supplement.

Training/Experience Required:

a. Have two years or more of construction inspection and
contract administration. Have completed the contract
Administra~ionfQrConstruction Contracts training
course, or w.i I I receive equivalent on the job tra in i n9
by the Contracting Officer •

b. Have eompleted the Unified Soi I Classification (SM-l)
course offered through sese

c. Have completed the Management Level II course.

CHIEF INSPECTOR, GS-7/9

Skills Needed:

a. Must be able to communicate effectively with the
. _Contrac.tor· s fie I d superv i sory personne I.

b. Unde rstand bas i c sta'k i ng and construction layout.

c. Kn6w the principles of earthwork inspection.

d.-: Performquantjtycomplitati~ns.
')..-.:" ' -.-

e. Abi I ityto maintain records.

f. Supervise technicians assigned to the project.

g. KnowJedge of OSHA safety requirements and theSeS
Supplement •

3
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Training/Experience Required:

a. A minimum of two construction contracts as lead
inspector of a critical element of the work being
constructed.

b. Have a minimum of four years cons~r~ction inspec~ion and
~estingexperience.

c. Worked on one or more contracts as an earth- inspector.
Completed ~he SCS Construction Inspection ~raining. . .

course.

d. Know earthfil I and drainfi I I testing procedures.

GEOLOGIST GS-l1/12

Skills Needed:

a. Abi I ity to determine equipment needs and devise
appropriate procedures for mapping cracks in excavated
trench faces.

b. Knowledge of geologic mapping of discrete features
exposed in excavated trench.

c. Ski I I in observation and investigation of often
indistinct evidence of cracks present in the embankment.

d. Knowledgeable of OSHA Safety requirements, and
the SCS Supplement.

e. Skilled in id~n~ifying soils using the unified soil
classification system.

f. Physically fit to perform the rigorous duties
at;tendantto mapping in a deep trench with vertical
sidewalls.

Training/Experiences Required:

a. Minimum of one year experience in per~orminggeologic

mapping.

b. Completion of training in unified Soi I CI.assificati.on
System •

4
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SURVEY PARTY CHIEF, GS-6/7

Skills Needed:

a. Have the ability to determine survey controls required
for the construction of various elements ~f a projec~.

b. Must be capable of communicating with contractor's
survey crew and evaluate ~heir abilities and
effectiveness.

c. Coordinate SCS surveys with the contractor's survey to
verify compl iance.

d. Must be capable of checking field notes for acc~racy and
completeness.

Training/Experience Required:

a. Have worked as an instrument man for two years.

b. Completed the SCS Construction Inspection Training
course o·r rece i ved comparab Ie OJT •

c. Must have the abil ity to interpret plans and
specifications.

d. Have received formal math training through trigonometry
orequi val en t e)( per i en c e d • ·

SURVEY RODMAN~ GS-5/6

Ski I Is Needed:

a. Must be capab Ie of perfo rm i ng the dut i es requ i red of a
rodman or chairman and other routine survey duties as

.. d i r-ected" by the survey party ch i ef.

b. Must be able to determine distances, grades, etc., and
interpret construction drawings.

Tra i n.i ng/Expe r·ience Requ ired:

a. Have sufficient mathematics training to perform simple
calculations needed for construction layout.

MATERIALS TESTING TECHNICIAN, GS-5/6/7

Ski I Is Needed:

a. Must have the knowledge required to perform earthwork
testing such as compaction, moisture determination,
sieve analysis, unified soi I classification system,
etc., in accordance with the appropriate ASTM's.

5
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b. Knowledgeable of ~he OSHA safety requirements and the
SCS Supplement.

c. Understand the principles of placing and compacting
earthfil Is and ~heplacement of drainfil Is.

Training/Experience Required:

a. Worked a minimum of one year as the primary lab
techn:ician on one or more construction projects.

b. Have the ab i ..1ityto perf'orm the computa'~ions
necessary to complete ~est results and reports.

c. Knowledgeable of the allowable tolerances for testing
equipment.

d. Knowtedgeable of the procedures for testing earthwork
and drainfi lis.

e. Havecompleted~he SCSConstruction Inspection training
course or received comparable OJT •

ESTIMATED STAFF HOURS REQUIRED TO COMPLETE THE CONTRACT

Regular Time

Project Engineer
Chief Inspector
Geologist
Material Testing Technician
Survey Party Chief

400 hours
688 hours
160 hours
648 hours
256 hours #> -

•

Not included in ~he above hours is the estimated overtime.
Overtime wit I be authorized as. required to adequately inspect the
constructiohactivities. The overtime on past projects in
Arizona has been in the range of 5 to 10 percent of the regular
time.

PROJECT.TESTING EQUIPMENT, FACILITIES AND PERSONNEL

The Mes8 Cons~ruction Office will provide the necessary office
space and ate~ting lab trailer, which is fully e~uipped to
perform the required soi I testing. All testing equipment ·is
according to ASTM standards and wi I I be serviced and cal ibrated
prior to the start of construction •

6



NAMES AND QUALIFICATIONS OF ASSIGNED PERSONNEL

Nol fer Herbert, Project Engineer/Government Representative-GS-ll

Experience:

Worked for SCS 3 years in ~he student cooperative program in the
Area I office, state design office,on several EWP construc~ion

contracts, and Assistant Project·Engineer for one-half years
during construction of Signal Butte FRS, Pass Mountain Diversion,
Apache Junction FRS and Flood~ay ($3.3 mill ion), and Bulldog
Floodway ($4.7 mi1Iion). Worked as Project Engineer for EMF R-4
and Signal Butte Floodways joint-sealant repair, and ,EMF R-6
Floodway construction ($2.0 million).

Training:

•

Engineering NPEG
Engineering NPEG Continuation
EIT Certificate
Soi I Compaction Techniques
Contract Administration
Management Leve I I I .

Albert Rutledge, Chief Inspector - GS-9.

E~perience:

Ft. Worth, 3-87
Ft. Worth, 5-88
Phoenix, AZ 5-87
Phoenix, AZ 2-88
Columbus, OH 2-89
Phoenix, AZ 2-89

Has been ass i gned' to construction inspection dut i esi n Ar i.zona
for 19 years.
Has served as Chi .ef Inspector dur ing the construct i on of RWCD
Reaoh 1, 2, and 3, Vanar Diversion Repair, Signal Butte FRS/Pass
Mountain Diversion, Apache FRS/Bulldog Floodway, and EMF R-6 from
1978 topre?ent.

Training:

•

Soil Mechanics
Soil Meohanics II _
Construction Inspection
Construction Inspection
Concrete
Claim Advoidance, FAR's
Troxler Nuclear Density Gage
ACI Grade 1 Certification
Soil Compaction Techniques
Contract Asministration

7

Portland, Oregon
Salt Lake, Utah
Ft. Worth,Texas
Ft. Worth, Texas
Ft. Worth, Texas
Phoenix, Arizona
Phoenix, Arizona
Phoenix, Arizona
Phoenix, Ari%ona
Columbus, OH

1969
1978
1968
1988
1980
1985
1981
1987
1988
1989



•

Aubrey Sanders, Geologist, GS-12

Experience:

Twenty-seven years experience in al I phases of engineering
and sed i mentat i on.geo logy. Mapped embankment cracks on
Fredonia andVi~eyard Road Dams during repairs and investigated
cracking in numerous other dams.

Training:

Soil Mechanics SM-l
Soil Mechanics SM-20
Contract Administration

Tod Rodenbaugh, Earth Inspector-GS-S

Experience:

Approximately four years of construction experience, of which
over three years has been with sese During this time he has
worked with the survey crew, as batch plant inspector, earthfi I I
inspector and has worked with the lab personnel to become
knowledgeable of testing procedures.

Training:

ACI Grade Certification
Management Level II

Phoenix, Arizona 4-87
Phoenix, Arizona 2-89

•

David Clough, Survey Party Chief - GS-7

Experience:

Has worked for the SCS since 1979 in the following positions:

Materials Testing Lab Technician - one year.
I~strument Man .~. four years.
Survey Party Chief - five years.'

He has worked on the survey crew monitoring contractor surveys
for EMF Floodway, Reach 2, 3, 5, and 6. Signal ButteFloodway,
Vanar Diversion Repair, Signal Butte FRS and Pass Mountain
Diversi~n, ApadheJunction FRS and Bul Ido9 Floodway •

8



• Training:

Survey Records Investigation (BlM) Phoenix, Arizona
Troxler Nuclear Gage Phoenix, Arizona
Management level II Phoenix, Arizona

Gary Mason. Materials Testing Technician- GS-6

Experience:

1984
1980
1980

Employed by SCS in Arizona for nine years in construction
inspection. Served as an assistant laboratory testing tech~ician

for two years during construction of EMF Reach 1 and 2.

Assigned as the materials testing ~echnician for ~he cons~ruotion

of Vanar Division ·Repair,. EMF Reach 3, 5, and 6, Signal
Butte/Pass Mountain, and Apache/Bulldog from 19S4to present.

Training:

•
Soils Testing
Concrete
Construction Inspect-ion
Troxler Nuclear Gage
ACIGradeICertification
Hydraul ics for Technicians
Management Level II

Lincoln, Nebraska
Ft. Worth, Texas
F~.Worth, Texas
Las Vegas, Nevada
Phoenix, Arizona
Phoenix, Arizona
Phoenix, Arizona

1985
1985
1983
1984
1987
1987
1989

•

Larry Mol itor, Chief Inspector -GS-8

E'xp e r i. e n c e :

Total. time with .SCS 12 years, total construction 8 years.
Inspected excavation and placement of drainfil I on Vineyard FRS.
Worked as concrete inspector for 3 years during the construction
of Signal B~tte Floodway (SOOOCV .of concrete), RWCD Reach 3
(1100 CVcohcrete),Signal Butte FRS (787 CV of concrete) and
Apache/Bulldog (18,100 CV concrete). Chief inspector for the
joint sealant repair on EMF R-4 and Signal Butte Floodway,and
construct i on of EMF 'R-5 ~ Se r~ved as a Ite rnate Ch ief I "spe c'to r on
EMF R-6 •

9



•,- Training:

Mgmt Level I
Soil Meehan cs Level I
Construction Inspection
Concrete
Troxler Nuclear.Oensity Gage
Hydraul ios for Technicians
ACI Grade I Certification

Phoenix, AZ
Phoenix, AZ
Ft. Worth, TX
Ft. Worth, TX
Tempe, AZ
Phoenix, AZ
Phoenix, AZ

1978
1-82
5-83
5-83
4-85
2-87
4-87

•

•

Materials Testing Technician, Blake ~ovev, GS-802 5

Experience:

Has a B.S. in Geology and been employed by SCS in Arizona for 2
years performing material testing duties- for the Apache junction
FRS, Bulldog Floodway, and EMF R-2 side inlet repair.

Survey Rodman, GS-5

No one assigned, wi II be fi lied by avai lable i.nspector on the job
sites.

10



STATEMENT OF AVAILABILITY

The above mentioned staff and equipment will be available for
this project and will be assigned according to the inspection and
testing needs.

By:
(Supe rv i ear)

By: _

(Supe rv i sor)

Ti:tle: State Conservation Engineer Title: Project Engineer

Date: Date:

APPROVAL OF CO-DETERMINERS

DateS~ate Conservation Engineer-------~~---~-~----~---~~----~----~-------------------------~----

•
~~~---~-~-~----~~-----~-~~------------~~--~--~--~-~-~------------Contracting Officer Date

•
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EXHIBIT A
Jan 31 13:47 1989 VINEVARD ROAD FRS REPAIR CONSTRUCTION SCHEDULE Page 1

•
==========.=============================.=======================================

. . ... Short Form Project Summary. .
==============================================================================

Project Information

Project Title: VINEVARD ROAD FRS REPAIR CONSTRUCTION SCHEDULE
Project Manager: 0 Paulus

Projecte~ Start Date:
Projected End Date:
Numb~r of Activities:
Hours Per Day:
Days Per Week:
Min. Project Duration:
Exp. Project Duration:
Max. Project Duration:

Sep 01,-1989
Dec 23, 1989
22
8.0
5.0
113.4 (days)
113 • 4 ( day s) ,

113.4 (days)
Exp. Project Work Days: 81.0

----------------------------Sudget-ynformatTon---------------------------~----.

Minimum Labor Cost: $
Expected Labor Cost: $
Maximum Labor Cost: $

•

•

0.00
0.00
0.00

Labor Cost per Day: $
Project Capital: $
Budgeted Capital: $

0.00
0.00
0.00
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