December 11, 1930

'The State 't.oan Board. o R
" 8tate Capitol - o
Phoenix, Arizona.. o

Gantlemen:

I bog to present herewith a report, which relates
"to the preaent atatua of the Lyman Dam near St. J’ohns, Ari-
zona. o

"It was found that the dam has settled to suoch an
extent that the spillway capacity, as originally designed,
has been greatly reduced. Following a study of pertinent

‘data, it was éoncluded that the spillway cepacity should be

not less than 5,000 second fest, and, in view of tho fast
that the present capaocity is only 1,200 second feet, spille-
way reconstruction is obviously imperative. In addition to
this main defect, there are also several minor features
which require early attention, The estimated cost of the
8pillway reconatruction and minor repairs at ‘the main dam
is 819, 800, S

Reapeotfully asubmitted,

"W, W, Lane,
State Englueer.
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GENERAL ~ INTRODUCTORY

The Lyman Dam is situated on the Little Colorado River about
~ eleven miles south of the town of St. Johns, Apache County, Arizona,

The stream “lows almost due west at tho dam site, through a canyon 425

faet wide at river bed, flanked on the south by a red sandatone h{ll

and on the north by a limestone hill, A combination earth and rock fill

dam rises 61 fest above original siream bed to form the main dam, while
. & minor earth fill ctrusture 34 feet high has been placed soross a

saddle, which is situated thr.e-fourths of a n;ilo northeast of tha main

dam, Tbe smallor strusture is known as the North Diks. There is a

natursl saddle approximately one-half mile north of the main dam, which

has been deepanéd and widened for a spillway channel, A sketoh showing

the ganaral layout of the two dams and the spillwav will be found an
pege 2, '
HISTORICAL

The Lyman Dem failed during the floods of 19185, the cause of

the failure, we have been informed, being dus to faulty construction,

. Steps wofe.falmn' to lroc-onetruot tho dam {mmediately, end Mr. M, O,

Hinderlider; Conaulting Engineer of Denver, Colorado, prepared plans

~ and gpecifications for a now strusture wiich were approved by Quinten,

Code and_Bill of Iba_hgoloa. The designer contemplated the construs-

et o e {3 RSO AR s e o s e e

tion of An"hydm‘nl'iq earth £i11 d4am sevonty foet “igh and 480 feet thiok
at the ba:x‘s;,.t }u”oneybwan} rajised by assessing the stookboldera of the :
j water campany ;;hio'h, formoi‘ﬁ 'ovmod and operated the dam. Unfortunately,

~the monoy thu_d raised was obont un'd a consideradble deficit inourrsd

e i{ithou_t’_ oomj;lat‘;ng_tho struoture, At this junoture, the Stato Loan
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width of 318 feet,
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Board was requested to assist and finenoial aid was thus secured, Several
loan%'lera made and several times the estimated cost of the dam was spent
under foroe acsount without completing the struoture. Finally, with only
the founiatiou, outlet works, and a amall emount of earth £ill in plaoce,
the Stete Engineer of Arizona was instructed by the State Loan Board to
draw up plans and specificationa for the campletion of the dam, which was
dons, Bids weic invited and recoived and the contract awarded to Parks
and Johnson, The State appointed an engineer, nr.ed Fleshman, to super=-
vises conatruction and the dam was completed, |

The plans which were drawn up by the State were at great vari-
ance with thoss originally repared by Mr. Hindorlider., The height of
the d4am was redused aix feot and the type changed fram an hydraulioe
sarth i1l to a combination rock end earth fill, both of which prodadly

entored into a reduction of the base width from 4B80 fest to its presont

Toundations

The foundation conditions at tho‘Lyman Dom are desoribed in two
artiocles found emong the files of the Btate Loan Board in the State
Tressurer's 6::105. Mr., R, 8, Cookinham, who made a report to the State
authorities under data of Fedbrurry 4, 19239, quoted from Mr. Louis O,
Bill's report as followss

*Passing from iha left, or south abutment,

to the right, or north abutment, the formation of

the valley floor is stiff red clay for the firat -

50 feot, thon‘light blue olay.for 98 feet, then

fine 8ilt and quicksand for 130 fest. Up to this

point the material desoribed reaches entirely to
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bedrbbk. From thia 1atter point to the northern abut-
”:‘if ment, tho nnterial oonnista of a very soft gray. .clay,
overlying a bard olay cap or about the same Qomposi~ .

tiou which covers a aand and gravel layer extending

to badrook.
“Q;jjfﬁfi ,,;-' ~ "The out—otf trenoh starts at the south abutment
| énd ias composed of two rows cf tongue end grooved,
doudble thickness wooden sheet piling 4riven for a dis-
tance aoross the canyon ¢f 200 feet and joined to an
1;fg;;“  - additional length of 76 feet of Wakefield wooden shset

et piling, making e total continuous length of core wall

of 276 feotwwhich extends to tedrock and reacshes across

.1‘%}::, L ‘the entire stretoh of foundation upon which the orig-
inal seation of the dan now destroyed rested,

"At the terminus of this core wall, sand and gravel

overlying bedrock was encountered, which prevented the
- further use of wooden piling.”

The diraotoro or the Lyman Wator Company in a communication to

ths 8tate Loan Board, atated as fcllows: ' *
IQkx ﬁéx o . "Owiag to the we:hing away of the foundation of the
f ; : '3'.f . dam,.and the depositing of a great emount of silt, it

‘ : . became naooasary for the enginser to drive two rowa of
wakﬂriold piling to bedrook, at an average depth of 22
reat, approximately 50 000 feet of lumbor being used,
the‘oarth was removed ‘between the two rows of piling

. to bedrook gﬁ@jinritg'pque conorete to a height of 33

[
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' -'.,-:reet waa placed; from - there to the top of the tranoh -

11; wau nnea with aeleoted clay and "puddled 1n"
.""‘I‘his trench extonded ror a-distance of about 275

“foot} rrom the end of tho trenoh to the nort abut- - -

A"llmen‘a a dintan'\c of about 150 roat thore were three
ToWs of tuo-inoh pipe J»tted down to bedrook and a
“mixture or cement and wator 1njooted under preasure
of 50# to the square inch; this same method was pur-

aued on eaoh hillaide to overooms any poroolation;
'several oarlonda or cemont being used.

Data eeoured from the above extracts were incorporated into

' the drawing on pago 8 of this report, whlch shows seotions of the main
dam and the North Dika. |

| It is questioxmble in tho mind ot the writer whethor or not the ’
,.method or tzraumng the roundati on on the 160 teet adjaoant to the north ' ,

| abutment was on‘eotivo. Oortainly it would have been better to have cone

o tinued thq‘eheptg_piling entirely aorpat_s utream bed, even though the ocost

would nave beon muwh greater,

- DAM PROPER

B 'rhs xnain dam was to have. boen built to elevation 150, or 70 feet
'abova stream bed, but the plana prepared by the State Engineer rixed the

vorent at elavation 144, qr 6 faot lower. The upntreum face from rivor bed,

~or olevation 80, to olevation 114, is on a 4 to 1 slope and 15 covered with

a 12-inch gravel blankot. From olevation 114 to the top of the dam, there

isa 23 tol oIOpe, oovered with a 17~ 1noh thickness of hand placed rook.

. The creat wid h 1a e reat and the dcwnstream face 1 on a 1§ to 1 alopo.
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| 'or 33 reet above atream bed. and waa built on li to 1 slope, both upatream
Iand downatree.m. L o | R |
' The aection of the dam on page 6 will givo the readar an idea of
}the compoaition of the dam. The olay puddle referrod to on the upstream
portion of tha dam was marked in this manner on nvailable drawings and is
. underatood to meah selected c.carth placed in thin layers, sprinkled and
- rolled, The 1lime rock a¥ tho too I8 rock takén from the limestone hill
north of the dam, and 13- oonaideréd a very good feature of the atructure,
During the cénatruction of the dam, a slip ooourred near the
south adutment, dur;ng which the rock fill at tho toe sank into the soft
material in the rivlef bed some ten or twolve feaet. This movemsnt caused
-a mass of the aqft’ ri‘vor material to bulge up three or four feet, to form

‘a berm, According to the records, thers was a spring at the scuth end of

the dam at the time of this accident, gind 1t had probably completoly sat-
‘urated che material lying batweon bedrock and river bed, It therofore

‘ - follows that the 1‘?ock pilo had to settle until a stato of equilibrium was
If_;nally roached bstween fha resistance of -'the soft saturated material in
”'atream bed and fho woight of the rock pile above, At the present time the

i material in the stream bod .s relatively dry and therefore a large factor

or safety’ againat any rurther movement exista. I, upon filling the res-
:".ervoir, thia material in river bed is again aatw*nted there would then
L be grava danger or rurther aettloment duo to the added prespure of the
water load on the preaauro dus to tho welght of the rook itself,
‘ Aooording to profiles taken by Mr. H. Pinney c¢. the Arizona
Highrmy Dapartment, the dam has settled 33 reet since completicn, See

'h .

‘ ""-plotted profileu a'c the end’ or thia report. 'I‘his is a rather high rate

S or nettlement, but thero are no ovidenoea of urequal settlement, or

CNBAT7-201
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o oraoking, and 1a therorore not oonsidered dangeroua. It clearly shows
;ﬁftha neceaaity ror conatant vigilanco on the part or ths ownars and of .

»,

“‘the State, in ordev that a aafe rreeboard be maintained at all timee.

| SEEPAGE |

The necessity rorAke'eping the toe of the dam dry has been dis-
cussed eerlier in this report, It is considered neceaéary to install
tile or concrote drains below the toe in order to prevent the complete
saturation at eny future dato; One method for securing the desired re--
sult would bs to place a four-inch conorete drain, eight feet bolow the

* gurface, immediately downstream from and parsllel to the toe, whioh will

d'iboharge into a lih§ placed at right angles to the toe and oarrisd down-
stream until ,i‘t:'yreachea tﬁe aurrac'm of the old stream bed, A second plan
:",-* would be .to install a woll at some poiﬁt several hundred yards downstream
Trom the toe of tbé dﬁxﬁ, aﬂd empty the drain into the well, Pumping equip-
ment would be installed in the woll und v‘would be used to provide drainage

: as woll és-ro;- pﬁmping, into the canal ta provido; an additional water
aupbly for the plrorj’éof; "ﬁi;t;innga of the toe is considered a precautlion-

.' ayy measure, but is eaéential nsverthelv3s, &8 any appreciable settle-

ment of ths danm during max{mum high water in ¢bs reservoir would spell

S0 dtsasters

' \‘ T There is somo aeepago near the north abutment, whioch 18 ccour-

ring with approximately twenty-four feat of water in tho reaervoir. This

aeepage oomes rrom an area about ten feet by thirty feet, is not dis~

- colored, and 18 ostimated to be only a foew gallons per minute. At the

i present time it doea no'c appoar to be of any danger to tbe strusture, but

should be 'atohod uarefully during perioda or greater storagy height in

| the reservqi;r._ ‘ Thia water iu oolleoted 1n an opon drain, and carried to
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the old river channel several hundred feet below the toe of the dam, The
drain is filled with a dense growth of water cress and other similar veg-
etation, which makes any movement of water through the drain extremely
difficult, There has been no effort to keep the ditch clean ox properly

maintained,

Seepage has also been observed near the south abutment, which

seems to exist only during periods when water level in the reservoir is
high. Seepage from this source is quite small, is not discolored, and ;
18 not believed to be of any gerious danger ﬁo the structure, Water ap-
parently finds its way through seans in the rock and comes to the surface
near stieam béd elevation, It is not improbable that some of this water
comes from the spring, which formerly existed in the outlet tunnel, and

which will be discussed more in detail later.

OUTLET WORKS

The general features of the outlet works nfe shown o1 the draw=- ;

ing on page 10, Briefly stated, the works consist of an inlet structure,

a reinforced concrets gate tower, a concrote pressure tunnel through the
south abutment, and an outlet structure. It is mentioned that detailed

drawings are lacking; and therefore much of the informmation about the out-

iot works comes second~hand,
The inlet structure is understood_to be merely a flared opening

covered with steel trash racks placed at an angle of sixty degreeas with the §

horizontal., The pressure tunnel is about three hundred feet long and lined
'with concrate throughout its length, The portion of the tunnel upstream Doy
from the gate tower is seven fest high by ten feet wide, and downatream

from the gate tower it is of the same dimensiona except that it is divided

'Efif. ff, into two equal parts by a vertical partition wall, The south half of the

CV-6417-201 NN
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. ouflet tunnel:ie covered at the diaohnrge'end by means or.one iwo-foot . {
3 .gfv:f by eeven-foot caet iron, ‘hand oporeted alide gate, in order to raise '
H _water into the irrigecion canal, which is loocated eighteen feet above
‘tunnel level on the eouth ‘abutment hillaide. The north half of the tun-
‘nel is open at -the disohargevend. There are eight two-foot by seven-
~ foot ceet iron slide gates in the outlet tunnel directly beneath the
gate tower, Four of these gates are rof'fegulating the flow, and four
'ror.omergenoy use onlj. They are operated by hand from a platform at

the top of the gate tower.

The gate etemo,'operating moechanism, and gate tower appear to
be in a poor state of repair, to be a part of a district which is oper-

ating at present, The gates, atems, and operatinz mechaniasm should be

immediately placed in good working order. The gate towor contains a
quantity of forn‘lumber and old timbors and does not have a ladder on
" the inside; which makes tho gates practically inaccessible., All excess

lumbef;ehould be remoned5 all rotten timbers replaced, a ladder installed

'on the inside of. the tower, and the gates placed in good working order,

Acoording to the reoords, a apring was enoountared during the

',ijéiglexnavation for the outlet.tunnel, and was carried along the morth side

| of the tunnel by meane of a crushed rock drain between the concrete and
‘_rook exoavation, The drain was abandoned through oversight, after having

: been oarried to a point near the middle of the tunnel,

| A considerable volume or water finds its way out from the north
' ti?igf;“ wall of the outlet tunnel throush an old drill bole located about sixty
- "reet trom the diecharge end of the tunnel. Water passing ‘through this _ '5
penins ‘has been obaerved to be dieoolored when muddy water exists in. |

“A}{,;'-f" the reeervoir, showing that it hea a dorinite oontaot with the reservoir.

s
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It is 1mpossible to say definitely whéthor or not all the water coming
-,fhrough the Arill hple ia_rrom the reservoir, as a part of it may have

its source in the spring encountered during construction. Regardless

"E”?T.U of tﬁa source of water, it should not:be'permitted to discharge indef-
initely, as it comss out under pressure end may wash away material ad-
Jacent to the outlet tunnel, thereby oausing‘a rupture of the tunnel,
and possidbly complete failure, |
Several methods have been considered for shutting off thq
vater that comes through the old drill hole, but it is believed best
results may be obtained by grouting., Grout would be forced into the

hole at a pressure of from 60 to 100 pounds per square inch, depending

upor. the amount of grout taken and the readiness with which it entored
the hole. In this way, both thse leakage from the reservoir and any
channels leading from the apring will be filled with grout and leakage

positively stopped. If the spring bresks out at soms other point on

the hillside, it is of no particular consequence, since i. is unlikely

that the spring is connected with the reservoir, due to the faect that

it existed before the reservoir was construocted,
- When water is carried through the south half of the tunnel,
leakage appears above the roof of the tunnel near the discharge end,

and oconsiderable water passes between the vertical partitition wall and

CENDr SRR RN

the top of the tunnel. These defects may Ve easily remedied by shoot-
ing a one-inch thickness of gunite on the top, bottom and sides of the .

fnterior of the south half of the tunnel,

RESERVOIR

The Lyman Dam forms a reservoir which extenda chiefly to the SRR

i south, end covers a broad valley of the Little Colorado. With water

i ;

.
3 . .
i
. X S ST el Te—— A 7 i\ e Rl RRRCAOE R At s S A b itk i eindasiilal s btk &
B . . : . - - B 3
5 . v .

CV-6417-201 NNOOO0035



PR AT ——g -y e . (Y R ¢ aamn =t e e R

in the reservoir to apillway oreat that 18, to bottom of the twenty-five-:

foot channel the capacity 13 21 900 acre fest., When water ias four feet

highor, the orea of tho reservoir 18 1 500 acres. An area curve could

]

| not be obtained, nor waa one prepared from contour maps available, as it

was not oonsidored an essential part or this report. A capacity curve

will be found on,tho rollowing page.
S SPILLWAY |
General ,
”T;Q.f‘: The present apillway channel is situated about one~half mile
north of the dam between two.hilla which roro;a notural saddle, The ohan=-
oel consists of a ocut 5 feet deep and 115 foet wide, in the bottom of which
a channel 5 feet deep end 25 feet wide was subsequently excavated. A pro-
R " file along the center line of the channel and sections taken at right
E angles to the center line will be found at the end of this report. It was
.- originally contemplated that this full channel be utilized, with a five-
"Fﬁkbloo‘ ‘foot freeboard on the dam, The op;llwoy ohannel is 1,400 feet long, has
| a slope of 0,901, and rock is exposed through the greater part of ita
lengfh. 1 ‘ - " v
: o A‘chofougoﬁatooy will be mado‘o:.tﬁo varicus factors, which will

; ' ~ have an effect upon the daterminat;oo of the required spillway capacity at

ewa bt Daer 33

the Lyman Dam, Ehis‘roouireo a ctﬁdy of all characteristics oft the draine-
;} Ai‘l . age baain, and in tﬁo‘rollowing oages, topograpby, plant growth, rainfall,
'1..;;j51’,,,and run-orr will bo disouaaed. All available data on factors that might

| arfect the maximum tlow ot tha Littlo colorado at Lyman Dam have been se~

o cured and are preaented herqwith.

Drainqg__nrea - Topography and Plant Growth

Tho drainago area above tho Lyman Dam comprises approximately

CV-6417-201
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. 785 square miles, as measured with a planimeter on N. H, Darton's map

of the State or‘Ar1zona, and a map published by the State of New Mexico,

These maps are not particularly suited for obtaining the area of a small
drainage basin, as fhe scale is one inch to eight miles, but the deter-

mination is believed sufficisntly accurate for the purpose intended,

A considerable portion of the drainage basin is in a region
k - once covered wiph,eetivo volcanoee, as evidenced by -numerous extinct

craters and the'preeenco of volcanic ash egd oinders, Thia ;egide lies

west of the Little Coloreao_and north.and west of Springerville, It is
a relling oount:y, covered with a sparse growth of grass, and no trees,
'While much of fhe region 15 covered with volcanic ash and cinders, yet
the evidencee,or erosion are but slizht, This is no doube duse to tho

5 poroeity of this material, and the Weter'muet-eeep into the ground ine

etead or running off as eurface rlow._”'

iiﬁﬁkf*jff © -~ . ' The lower part of the drainage area, easl of the river, end
north and eest of Springerville appeare to lend itself more reedfly to

.“7QYNv;_‘.'rapid run-orr aftar heevy storms, ~The tOpogrephy and vegstation s quito

b

.#}’fj;eimilar to thet or the volcenio region Just described, oxcept that there
Ffi;‘;:ii,are a rew treee, and tha eurrece covering appears to contain quite a bit
}*“4@;}¥g0f clay, During the heevy gummer etorme, it O believed this material
Em;”if;;i4would offer but little resletance to rapid run'Offo a8 1t does not ap-
i | ;f:fie' poar to be cepable of ebeorbing waier repidly. | -

The upper reechea or the weterehed, or above elevation 8,000,

are haavily wooded,’ The country is mountainoue, but only moderately
eteep. It comprieea the north elepee of the White MOunteine, which are

.'“*not to be compered to the eouth elopee for eteepvaﬂs and ruggedness,

" The heavy grcwth of treea nnd ehrube prevente the ecourrenoe of flash

i

e D T 2t M b s e




ot VS I Mgt ¢ o N ~

) ;fdurat ion. .

Rei’erenoe ie made to the map or the drainage basin.on the i‘ollow-

oy

ing page, whioh portrays general topographio reaturea. _

Rainfall Reoorda

There a_re but two rain gaging atatione within the drainage area ‘
! ) "of the Little Colorado above tbe Lyman Dam, one at Springerville and the | 1
| other at Greer.( There are also stations at St. Johns and Alpine, uhiob G |
.are Just outaide the area, and another at Luna, New Mexico, which is a

little farthor beyond the boundary of the basin, Data pertaining to mean

b “annual rainrall are tabulated below. '

PR T LENGTH OF MEAN ANNUAL
STATION.' ' *  ELEVATION = - RECORD, PRECIPITATION
. ' oL ' - __YEARS - INCHES
Springorville G 1l
“Gpeer RN e,soo e 22,75
S0 sty goms 4 5,60 . . 15 11.42 | '
. T‘."?g"'-:"..~Alp1ne o 8,800 .4 . 2.8
% | L Luna, New Mex. Cgs00 0 a 16,43
| i | ., o Tbe above tabulation ebowa that the rainrall is 8l ight over the.

‘;}'-_'.rolling, bare country in the vicinity or Springerville end 8t. Jobna, and

" Athat it ie quite beavy in the mountainoua and i‘oreeted area common to '

:}.‘Greer and Alpine. The montbly diatribution for the entire area ia prae- ,
;'. ' tioally the same as prevaila in Southern Arizona, with peaks during the
| ' aummer montha oi‘ J‘uly and Auguet and during tbe winter months oi' Deoember,
January, February and liaroh, tbe latter peak being mueh leaa pronounoed

= "'tban the fomner. The winter preOIPitat“n 1“ general and 1argely in th‘

ST ST  NN000038
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- a\mner storma ?re not general over. an extended area, but are aevere in
character and produce re large run-orr rrom a oomparatively amall area,
I'I'he monthly totals ’ror d_irrerent_ gtations usually show rather olose
| agreementv during thpah months , but the dully records for ad jacent ata-
tions differ widely..

It ,'follow‘s that the _vwinte.r stdm usvally produce large floods
- with peaks extending over aeveralldéya,' while the sumser storms, being
B torrential in churacter and exténding over only a portion of the .dra'in-
' »' ' age area, would result in higher rlood. peaks, lasting for only a few
= hours., Further, summer floods come at a timp when the natural flow of
:. the stresm will likely to small, but winter floods are. apt fo occur on

tbp of an already benk-full stream. The conclusion is reached that pro=-

» visions should be made for the winter floods, end the spillway will then
safely acoomodate the summer floods., A double peak winter rl,oéd of long
| duration {s much more ao.vere then a sharp, single peak summer tlood, due
-to the ability of the reservoir to absorb 8 eharp peuk of aho duratiom

Stream Flow Rec orda

' The &tream flow records are very meagor in extent, covering

s 'f'only twenty=-8ix montha of 1906 1907 end 1909. The moasurements were made
at St. Johns, henco reoord the run-off from a largerdrainege area than

5 .;»_"j.exiata above the Lyman Dam. Records are nmot available for periods of

' known high run-ofr, auch as ocourred in 1905, and again during the winter

| ot 1915-1916 hance tho recorda are not woll adapted to tho atudy at hand,

. but are proaente@ in the 'cable on the following page for the reader’s

. -reference. -

I et v ot e e .
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' STREAM PLOW-RECORDS .
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LITILE COLORADO AT ST, JOHNS

.
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:
YEAR . g

DISCHARGE. IN SECQND FEET

t  TOTAL DISCHAROE e
X ACRE FEET v

R e N

MINIMUM

‘190 .
18
. 7.
39 9
e 18
46 | 8
10.
11
23
36
53 -
78
65
27.

25
23
, 20
240 43
Swo 27
.26 8
- 480 | 10
1798 52
574 40
27
25
26

.7, 20 - s
3,950 . .
708 - . -
972 IR -
3,310 SO |
845 L
693
982 X SN
5.300 ' l"-;"'b

: . 3,870 o
Ve 4.190 .
10,600 ok
12,500 :f
- 2,450 -

2,010 ,
1,850 ' s
2,340 3
5,930

5,020

. 750

3,020 . L
9,580 -
1,970 - » B
1,650 . o
2,000
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The maximum recorded flow was 1,640 second feet and ocourfed

- on Auguét 16, 1909, This measurement was made by Mr. W, D. Rencher of

-3t Johns, who stated that the flow was largely augmented by two washes

which enter the river betwson Lyman Dam and St, Johns, Mr. Rencher also
made the statement that from personal observation the flow of August 18,
1909 was the largesat of reoord; except after tho breaking of tte Lyman
Dam in 19183,

There are two large floods recorded at Woodruff, one of 23,000
second feot on Dacember 5, 1919 with a gage heizht of 1.0 foet, and
anothsr, January 19, 1916, which registered a gage height of 12,7 feet,
but whose discharge was not determined, TLs drainage area adove Woodruff
has been namputed to be 8,910 square miles, and froa this it was found
that the flood of 1919 Game es a result of an average run-off of £,8
seocond feot per square mile of drainnge area, It ia the writep'y esti-
mate that a run-off of approximtely 3.3 eocond feet por square mile

occurred in 1916.,

Required Spillway Cepacity

All available dats are believed to Lave bsen presented {a the

| . preceding pages, and it is at once apparent that they are not sufficiens

PN

SO

_ for any rational mathomaticsl dotormination of the probable maxizum flood -

at the Lyman Dam, It is thoro.ore 2 matter for personal Jjudgzent, and

‘after giving due conaideration to the factora affooting maxizum run-off,

it has boen decided that the spillway channel should acoomodats £,000
second feet with a five-fcot freoboard at the dm, Thore (s an added
evailadle capacity of }1,500 seoond foet in the outlet tunnel with full

reservoir head, which provides an adde! faotcr of saufety, but whi-h {n

'nowise would be tonstrued to reduce the requirrl spillway capaoity below

O R
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5,000 second feet, 1In reaohing“ this oonclusion cognizance was taken of
the faot that the surface area of full reservoir is 1,500 acres, and in

, the event that the peak of 5,000 second foet is exceedod for short
periods, it can be cone without eacroashing m_atertally upon ths freobdoard,
Yor example, tho peak of 5,000 second fest could be excecded 804 for three
hours with an {ncreass of only 0.5 fsoet in the water surface elevation in
the ressrvoir,.

Prosent Spillway Capnoity

The prosent spillway capacity, with a five-foot freedoard at the
daz, is not more than 1,200 second foot, This {s much less than the orig-
inal cepacity, for tha dnn Lam settled 3,3 foot since coxpletion, Cozpue
tations were znds whiol ahlow that tlha lowest point oo the creat of ths zain
¢éaa would te cvertopped 0.4 feot {f ths present l'plllm',’ stannel was forced
to cazry 5,000 second feot, It ia at cnoe epparent that the present apille

wey capacity is grosaly deficient, and should be imsediately f{noreased to

disclarge exfoly 5,000 sacond feot.

8pillway Becconstruction

Two fennible muttods appoesr to bo avalladle for incressing the

prossnt splllwsy cepacity to 35,000 ancond feot, and at ths scxe tize %o
, retain s freedonrd of five feot atove mazimun hizh water level in the res-
ervolr,

The first solution s to ralse the orest of the &axm to an ele-
_ vation 0,4 feot above the lowest oxiasting point, or %o approximmtiely
; .~ eslevation 146.1, The haad required to discharge 8,000 accond fest through
| the presont epillway channel was computed from Rusesll's equation for non-

uniform flow, as doveloped in his "Text-Book on Hydraulios™, and thse ene

K -7 trance velooity head added. In oxrder to roiae the dam to elevation 146,},

CV-6417-201 ~ NN000042
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' it will b_e necessary to add roo_k“and earth on the downstream slope, in
R order to maintain the present slope of 1i to 1. It was assumed that_the
B upstrom?x slops, whioh would be paved with hand placed rock riprép, could
L be pluced on 8 § to 1 slope, ainse thc x;orticn to be added will serve
only as a fresboard, Thius work will ontail the placing of 6,600 cudie
yards of rock and 8,000 cubic yarda of earth,

The aecond solution consists of roaising the crest of tho dam to
an elovation 1.3 fooet sbave the present lowost point; the wideniug and
deopaning of the prosont spillway ckannsl for the firat 400 feet adjocent
to the enirance, and the comtructién of 300 feet or new apillwsy south-
wost fron Station 430,0 of the oxisting spillwhy, This {s ahown on the
dravings on tho following page. Tho aizo of channol and dopth of water
at the entraonce wns computed fron the formulu for discharge ovor a broad
orosted weir -~ Q «* 3,09 L1 l’:“‘. It was found that a dspth of water of
6.4 foot in tho roservolr would givo tho dcairod dischargo of 5,000 second ,

feot, with a oreat width of 100 feet, Inorder that the adove ojuation

apply, 4t is eagential that the dopth of wator in the chancel downstroon
from the orest of the woir be not more than 2/3 of 6.4, or 4.27 fect, Us~
{ng Kutter's formula and a valus of "n" = 0235, it was fourd that a Jlope

of 0085 nuat be maintained in the floor of ths spillway downstrvaz fron
[}
the creat, .
LN
A ground i{nspeotion leads the writezr to bslieve that all the ox~ ,

R L Loe S

ocsvation required for the epillwny reconatruction will be through sarth,

Thies s advantogeous frox the standpoint of excanvation costs, but will

S e A A Bt -

causo an added exponditure for a concrote cut-off wall to bedroak, which

will be noooszsary in oxrder to mintain spillway ¢rest at the dosired ele-

vation, lowever, it is further bolievod that bodrock lies within aix foet

CV-6417-201 S NNOONOO4R
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" of tho surface at the point whore the cut-off wall could be construsted.
;O "The estimates prepéfed for this solution wore based on the above assump-

- tion, but bofore its final adoption test pita should bo sunk to au‘cortain

- definitely tho depth to bedrock, It is estimated that a total of 14,000
cubio yards of earth must be moved, and 180 oubic yards of concreste placed

;'. o to construct an adequate apillway by tho second method,

‘ If the assumptions upon which the estimates for the second plan

woro based proved to be ocrroot, 1t will be the most economical method for

obtaining the dosired spillway capaoity. In ths eatimates which follow,

the socond mathod is assumed to be ths most goaaiblo. It has the advantage

!

of lowering the height to which water would ever rise in the reservoir,

Thia {s considored a distir.:t advantoge bocause of the questionabls con-

. 41tlons below strean ved at the matin dnm, T
' NORTH DIKE
The North Dike is an auxiliury s¢rusture acrosa a saddle at the
. ... north ond of tho rosorvoir. It is of the oarth fill type, rising toa

',innximtm height of thirty-four feet above tho ground at the upstraam face,

The upstroam slope is 3 to 1, coverocd with a foot of gravel and s8ix inches

.. of random rock riprap, The oreast width i{s efght fset, and the downstiroam

slope 2} to 1, A sootion of the struoture is shown on page 6.
At the presont tine, the l_oroat point oo the North Dike is 9,1
feet higher than the loioat point on the crest of tho main dan, If the
" Jowest point on the main dam {s raised 5.4 feot, and a five-foot frooboard
on tho main dan waintained, then there will be an 8,7 foot freeboard on
the MNorth Dike, IXf the second plan is followed end the dam ruised 1,3
.47, feet, then theit will be & frooboard of 12.8 feot on the North Dike, In

eithor canes an nmple froeboard will result.
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R R,
! T
o~ -

o .

. } N . ’

. . } . ;
. ’ . 1 3 o~
P T e L LR S S R . ‘esaveqm s, N : :

- 25 -

The INorth Dike appears to be in a good state of repair, and
there are no suggestions for any immediate repairs.
B - ESTIMATE OF COST |
| The following estimate iz of a préliminary nature only, as
detailed surveys will be neceasary for the preparstion of a finsl es-
timate, The quantities are iaolievod to be adequate and the resulting

estimate of cost conservative,

Drains at too =«

.
.
L4
[y
S
3

700 ou, yds, oarth excavation at §2,00
1,000 1in, ft. 4-inch pipe at 1.00

Outlet Tunnel -

6,000 aq. ft. gunite lining at 20 « .. 1,200
~~".” Qro“ting ¢ 0 ¢ ¢ 0 o *¢ ¢ o 0‘0‘.. ‘. b = 3 606 8 o 800
| Outlet Tower -
75 2t, _  steel ladder at 42,00 per.fe, 200 :
U Olean up outlet tower o+ o ¢« s ¢ o 00 0 0 ¢ ¢ o ‘300 ‘
. Repair gates, stems, operating mechenism , , . 800
8pillvay (second oolution) :
14,000 cu, yds. excavation at BOZ oo » 7,000
: . 180 cu, yds. concrete at '25.00 s @ » 4,500
| - S $ 17,200 §
Engineering ond contingendies 154 (v . 2,600
z ) TOtal 0.0000..00'0..' 19.800
! . OPERATION OF FROJEOT |
j ' o
Operation of the Lyman Project has recoived the casual atten-
] 3 '
Vo tion of this office, although it bas not boen possidle to make detailed
studies of this feature. A few remarks incident to the mathods auployed
: ' ~1n the operation of the project are considered an essential part of this
il . rveports  One outstanding item relative to operation is the apperent laok
_‘ v , . .

e AR e e
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‘ | or‘ adequato mdinfénéndo. Of course, it was realized that the farmers in
the projéct were (;;mornlly poor, and without‘ funds to pay for repairs
ﬁcoesaury to keep thé irrigation system in proper shape. This excuse
should no longer oxiat, since the State of Arizona now owns the major
portion of the project. In my opinion the State al;ould nct abandon and
thoret;y lose the investnent it has in the Lyweyu Project, but should make
overy roasonable effort to realize the greatest possible amourt thare-
from, This will require the efficient developront of s portion of the
land originelly included under the project.

It will be necocssary to maintain the Lyman Dam, ite sppurten=-
ances, ths main ocanal, and necessary portions of the lateral syatem in a
thorough, sffioient manner. Sinoe the entire pfojoot is depondent upon

. the Lyzan Dam, no effort siiould be spared to plece this structure in good

oondition. losses in the main canal are undouttodly tremsndous, and will
continue to bLe so until the canel {s cleanod end doepencd whars necessary,
and structures placed in good repair. At present, the latersl system s
extenaive, and .111 kap., Efforts should be concentrated cn the portion .
~of tLke systen esaont;al for prosont poods, and the roraindor abandoned
. : .until developzont of the projoct demands expanaion,
A large qusstion immediatoly presonts itaolf when sn attempt ) ‘,
o {8 made to linmit the area of the projecf.. “There i{s no doudt, however, |
: tha-t an area of '15,-000 aores, &8 originally included in the projest, van
not be provided an adegquate supply of water from a reservoir of 21,800
acre feot capacity, when the stroam entoring tho resorvoir is unadble to )
£i11 it each year, and tf:o land within the project receives only t{welve |
inohos of rainfall annually. Afto; & roview of available stresm flow

, Trecords, which oxtend over very few yoara, there appoars to b8 no way

- ARkttt i e e .
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i of reaohing a. derinito conclusion regarding the ultimato gross area that |

e

QL};"AP can be aupplied with water. The solution in thereroro relegated to the
ed s :
R S

‘)J:futuro, and in tha meantime the aoraaga must be fixed at the dsginning
Tl

;'*“of each 1rr18ation ‘season by the umount of water stored in the reservoir,

'1‘; and the normal expectanoy from the river,

Diatribution of water to projeot lands has nut boen uccompliahod.

';?v 1n an erfioiont manney 1n tho paat. This has been caused, in part, by a
poorly conutructod systen, and, alao by ineffioient irrigation anl manage-~

.~ ment. In Salt Rivor Valley night irrigation is a necesasity, and farmers

- %ond the water at night as well as during the day, ¥hile night irrigation

: ; 13 also a necessity in the Lyman Project, yot formers seem inclined to let

»

"\ﬁ":fhe water take cara of itself during the night, This may be overcocs by

"w-( P

.‘-',,‘
;rf‘l-- limlting the smount of water allowed to each farmer to a fixed numder of

“ti}ﬁ“-9°r? foot per aoro undor'cultivation.
% L uantion hoo beon mndo of the possibility of placing a woll seyv-
'f{ *‘“ oEal hun! red yaxds be;ow the toe of Lyman Dam, anﬂ pumping water from the
| j -wal; to provido drainsso for the too, and to increaae the water supply for
n:-fho prcjooi. . This bhas bLeen menticned es Q possibility, but should receive
more careful Qtudy and 1nvostlgutiop in the future, There appears to be
j“~ézjﬁo noed for usdditional water at t§19 time, but future expansion may war-
'?ant-tho dovelopmont of wellﬁ. Equrlence has shown that a projost de~
"iVJﬂ;;'pbﬁding'uéoﬁiéurfaca run-off and roservoir storcre for its supply suffers
‘jii . moro during an extrome drouth than theo projeot that has a pumped water
- nupply in roserve, |

This ropart offera roecommendations for necessary repairs to

N ‘\Lyman‘Dhm, but lack ot(detailad 1nrormation prevonts anything more than a

-
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,57éenerél reoomﬁendation-rélatfvo to bperation of tﬁe projeot. It 1n'lug- CE
figosted that detailed surveys ‘und atudioa bo mado to detormino the emaen~
. ff tial ropuirs raquired for the main ounal and the latoral diatribution

“syotem, and to TIix the noroaso to bo 1rrigated aaoh year. o

3

'f,i'_f CONCLUSIONS " *
| ‘ | Lo Tha toc of the dam ahould ba druined as an approciable
_}; L aottlement is likely to occur under rull reservoir {f the material at
: the tos becomes saturated,

hfi; K " 2, It is appafent that the gate steoms and operating mechaniasm
L ;6r.tﬁb 8lide gates are in need of repéir.

}Ai; \ ffv - 3. 014 timberp and}rorn lumber cluﬁtar.up the gate tower and
‘i}: : ;tﬁero.ia no laddor’inaido,'whioh combine to make thu gates prnctiodlly

‘innccesaibib. This condttion should not be parwlttod to continue,

o ”’
;;}35;;7-:. KD A serious leak exists {n the north side of the outlet tun- K
".*.l‘.w' o

-{5 'nely vhioh ahould be rcmodied effectively at en sarly dute,

}Eief}" 5."Tbaro i{s considerable loakage through the roof of the south

';”iﬁalr of tho.tunnol and between the roof and the vertical partition wall,
: both of, which should be remedied.

f.ﬁéggﬁ;*b" " 6o Caloulations show the preaent apillwuy hag a capuoity of

_th' {1,200 second feot with a fiva-foot froabaurd at the dam, but tpo conclue-
E  §i' aion is reachad hat thn api]lway oapacity ahould be not less than 5,000
g };ﬁ . socond root wlth tho some rreeboard.

Ani L;'”" ‘ ‘ &%o North Diko hns nmple rreebonrd and appears to be 1n
gocd condition,

8. A preliminary ectimato indioates that tha aost of repatr |

B 'ork ‘and reconatruotion will total 019 800. B
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,L"JB The alido gate atems and operating machaniam ahould be recone

o™ ! A

J
,.'1

';‘,‘ditioned, and tho gutee repaired, 1r neceaaary. C
1A:Z’W ' 3. A thorough clean-up inside the gate toner and the 1natalla- | '.1&i ft;
x Py ;‘ tion of & steel ladder tnomktop to bottom are needed,
RN ..

Grouting under auitablo proasure is recommended to xnmedy

tho laak that exiata on tho north side of the outlet tunnel.

5 A one-inoh thiokneaa or gunito should be placed in the south

y f », = ,?i_ 6. In order to obtain tho roqguired apillway oapacity, the crest -

:& or the" dam ahould be raiaad 1. 5 raet; the first 400 foet of tho apillway

fw:e;:'. : '.. ’,

oﬁannel doopaned anﬂ widened; and’ a new npillvay channel construsted from

{;1k- gtation 440,0 of the existing ohannel to the head of the wush 300 feet
S

outhweat' aa aho'n on the draving, page 23,

f
.vF@w;~. R
'ﬁg:ffiﬁfll'f g 7. It is urgently ‘recommended that the repairs und reconstruc-
“%“ tion 1‘atod above bo ocmploted at the earliest poasible date, in order

.‘,a‘

BN that the 1IVea and proporty of peoplo living below the dem bo safeguarded,
C L o

A '_ 5; o Rospeotfully submitted,

R . . s . [
;. ‘»",‘ . . - .

Syt E e I State Engineer.
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