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. IEHORANDUH TO CHIEF DESIGNING ENGINEER
SUBJECT: SATURAI'ION OF EIISTING EAETH D&HS“

© ', By B. C. HAVEN, JR., JUNIOR ENGINEER




SATURA‘I‘ION LINEB
X N
EXISTING EARTH DAMS s

-,-Imovuc'rxon

: ‘ This memorandum representa -j:n attompt o ;g.gu.ther ‘togotbar
what msagre informtion is<available f*on the extent fe«‘ea.turation f
,_r“observed in *some “existing eu.rth 1‘dasuus '

. Th oxtensive program of :dam ¢ conatruutio ‘being : :
. Jiby the ‘Federali 'Governmerit may *require ‘a.more thorough: mdoratanding e
. .of ‘the subjest of" percolation through fa.m_i u.udsr a.nd nround’*tha *"enda C
of ee.rth emba.nlcnen'bs than the dats a‘ ‘8

uration ‘gurface* ““Theae fuotors ‘ar th'ought wnrth prauen'bing ecnﬁbe
‘it is /feltithat ‘only ‘with:ia fair idee ‘in mind of ‘the :acope:of the R
problem can an intalligent o*;r_nl;mtion_of tho u.jmilo.b_le data be mde e

sntnrution aurfnco such an: att' .
a ruviow ‘of ﬂmao i‘actors :

ino}.uaaa" abriof daacrip‘bion rmd ‘history. b th dmn tho:method Of
_ observing ‘the .snturation ‘surfaco with ohnsmtiona mndu, nnd ﬁnn \lgr
/80WO ‘briei‘ romnrks by tho writor. S N e S




SATURﬁTION LINES
IN TR -',‘5‘5_:7:" P
EXISTING EARTH DAAS;_ “;1; S

Tt Q-INTRDDUCTION | et |
This. mamnrandum represants an attempt to gather together
what mnagre 1nformatlon is awmilable. .on _the extent or Baturatlon
observed in .some: exiating earth dams- T e v s R

4 The extenslvs program of dam uonstructl‘ ”being undertaken
by the Federal Govnrnment ‘mey require s more thorough undorstanding.l

of the 'subject of percolation through - -and under an Furound the iends

of earth embanlments. than the dets ‘et hangd has to: offor.. A study ofii

the subjeoct is contemplated end the’ material ‘showm ‘here tosethgr ‘with

‘that which may. subsoquently be: brought to light will form thevnao- A

essary baokground o such wnrk. . :

: While this is: not 8 theoretical treatise 'tlmate ‘contaot
with literaturs on the subjuct suggestcd cartnin conoepts of the
interrelationship: ‘of ‘various: factors uffoctlng paaitlon of" the ‘BE
uration surfecc.* These: fnctors arg thought worth presenting,becuua‘
it is folt that only with' a: fair idn n mind or;thq scope. offﬁh_

fexuminigg 1ndividun1 anaes 1uter omy i :
*Bocauao. tho saturation aurfaco in:o: dnm hua ‘come to bo idontifiod by'
its troce on'n’ vorticul cross soction of tho ourth dum it 13 gonor-

ally - raforred to ns: thc-
_thought of na o surfnco

' factors which influcncc:position of tho saturntion 1ino and thoad
‘whioh .complicnto the: anrinoors“job nhon ho aooka to locnto.th‘_

‘a rovian of thoso fnctors.f[f?

: BT In Pnrt III individunl’oaaol aro tnknn up.f‘Thoﬁtroatmﬂnt
includos o briof doscription ‘ond hiutory of tho ‘dam, tho method -of

‘observing the saturation surfaco with obsorvntiona mndo. and finally ["fwf

gofio briof romnrks by tho writor.  _




~PART.I. L
A REVIEW oF
mcrons VHICE MAY INFLUEWCE POSITION OF
- THESATORATION LINE.

'l‘ho follawing lkotoh indiontou roughly tho un'l:ura‘hion g
11no of & ‘homogonoous - ‘oarth ‘dam ‘on on ‘imporvious’ foundation ‘0B 11:
might bo estimotod by ‘saveral nnnlytioal mothoda. ,M'I‘hoy‘ w:lll.be snon
‘to bo at uonsidurnble vurio.nco. ERTEE S

N .
......_../:.... U

e Stmight lino Firut approximtion gonoro.lly umployod.
2., 'Single: cm'v'o concn'ro upmrd - Turncauro & Russoll

' ' “Public Wator Supplios" (1915).
3. Triple ourvo Prof. ‘I. H. Pavlovslqr nnd Dr. Loo Cnsngrnndo '

It aom to bo gonornlly ngrood that tho position of th
“lino of saturntion is.of groat. ‘importanso ‘whon - conaidoring stabilit;
of tho dsm. 'Moroly go.ging ‘the ‘quantity of scepage tolle’ 1ittlo o
the ‘conditions of flow: w:!.thin +tho ‘body of 'tho ‘dam, “for ‘the loontion
~of the saturation line: ‘45 bolioved by’ Prof. anlovsl:y to bo. indopon
dont o!' t-ho porcolation ooofficiont5 b o tho mtorinl

:: smm DF THE cxoss szcrxou.

Tho nn‘buruticn linc of o homgonnous”dum on an imporvious.
fotmdution 48 shown by Prof. Ne N, Povlovsky in his amlytiar.\l troat=
‘mont ‘of tho ‘subjectl and domonstrated by Enginocor Davidenkov in tho

~laboratory with sand and sande=ol: modolnl £o _bo of about this’ shapo: L
TRl oF Reter roudh e Lo e T

‘Toche Memo, No, 383 (Translation rrom tho Ruuinn). o A
2 Repert Int, ‘Comm,. on Lnrgo Do.m. 1935. Vol. 4, p. 237.
it Soe appundix c. o B
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in scotiun T “the ‘ourvo dropa “but gcntly and. thon ‘drops - shurpky

LA sli ht; - offoct on tho disohargo.
,‘fdcuqstroum slopes and - drops for flattor: upatrcam slonoa.

| slopos. T

An saturntion ntudias ‘beoduse flow through ‘coarge broken roock i
- not uubjeot to the .same laws as that through the" relatively 1mpor-
vious:gsoil of ‘the dam’ body. The saturntion ‘line is usually horizon-

:south and north diksa of thhusaett Reservoir, plates 32 nnd SB.H«

In aootiou I wutor cnturs tho dnm.pcrpondioular to th

agoin whon appronching tho- dounstroam slopo. It hna nothlng:rn
common uith o strnight lino. i :

‘ This surve will be scon'bo be‘roughly npproximatod?in omo
of tho ‘onses which follcw- IR BETOHE D

Dn tho basls of his equutions Puvlovsky concludcs.

: (1) For geomntrically aimilnr dams,tho anturation linc
similnr. e

{2) ‘Inoreaso; 1n toP width of tho dom” but slightly influoncos

the domstrean part of tho. snturation lino;(III) and hn ‘also but

{3) 'Tho downstroam pert of thao" satura ion lino risos; or flathe

(4) 'The diaehargo incroasos_for stonpor upstronm cnd . downstronm

Rook rip-rnp facing oannot e‘éonsidered part'of “the dam

tal through rip-rep factng. ‘See Gatun ‘Dam. platea 25 end :26, and the



DISTRIBUTION or MATERIALS IN DR 1mnhpouannwxon.; “

a.  Core. Whlls und Facing_3 Water Qn pereolating throuoh‘soil
encounters great resiastance to.llow and: 80 suffers loss: of. head}“-
N The denser'the soil the greater is thdo ‘loss of head. . Thus infafdam

featuring o clay: puddle or-other.: formof: relatively imperv1ous core. ool
the saturaticn line is:found to: e stoepa ‘through ‘the:core wall thnn
“it is in the relatively parvious. material ‘on ‘either: ‘side of it.‘fsce i
¢ Gatun Type 'II (plate 26), Wachussett -Seuth Dike (plate: 32, Hukctl
‘Reservoir Embankmeut (plnte?ls), d Unkal Reservoir Embankmmnt
(plate 19). B | LR

, ; Conoentrution of impervioua mnteriallntftho upstrenm ]

,w111 couse a groat drop to oceur 'thoros. Den Martin. Dam (platoa 2

'3) is faced with e fuirly tight concrote pnving “the arop ‘is oxpe

_ienced in passing through . (or through the erocks. of) this. paving.

, The relativoly pervious enrth of tho dam body cnuaos proporu_ nat
L small loss of heud. i : S R -

{ffc _ - b. Drains.K No mnttor'whero*thoy aro locatod druln appe
' S fto induce flow in ‘thoir direction.“ Witngss: chuille Dnm.(pluto
“ Borov Elect. Ca. Dam(plato 46), ond Boz-Su:Dam’ (plate 43).;“Hhcro
C.drain isusod it is seon.thot o drop ‘in fsaturntion’ 1ine dces :not*
nccessarily indlcnto presonce of imperv1ouu”mntoriul. anothcr
moxnmplo ccnaidor tho following-“: i

“ ."-Horo tho porvious matcriul II g capnblo of uurrying'“ 5 g

-+ atively flat slopo’ all of 'tho wator:that the. impcrvioua mntaria

will passes In this cnso.tho steop slopo ef the "suturation lino” '
‘from A to B indicntos nothing ‘but frog flow. down ‘tho fdceo of tho imp
‘pervious soctions  If IIT wuro rock rip-rup thc curve beyond B would

o be practically flat._;;

R Pbrous fbundation. iy poroua foundntion tonds to 1owur tha
,guturntion_Iino and ineroase tho sacpage flow. Howovor Davidonkov*_ n
-ahcwnd by oxperimﬁnt with modolu of snnd thnt the saturntion lino '

-4



"out the downatreum slope ‘aven: when the level of ground wnter wns i
‘fixed at some distanca from the dam‘uﬂu; s e S

Dimensioﬁa7infgggtjf5ii‘ﬂ:

.EL __hggper ':- Lt
”“'f 70 J,TT,JH  , .;1 ; ;;9‘,

*Report ﬁr‘.‘Comm. on Lurge Dums. Vol. IV, p. 200.¢
This point appears to.be . contradlcted by plates
would be 1ntere ting to know more regarding data gathere at'
these dnms : . ‘ .

d.. P;pe lnid;ln-*he dam. Hor urnis

‘an ‘example of frnilunc allegedly caused' by seapewe along the outslde
of a concrete condUL ‘laad perpendicular to the axis underthe :dam
at ‘its maximum" sectlon.~ ‘An observation’ plpe. ar. driven through? h
"impervnoug earth-of ‘the dum ‘body, and lnto a drg 1_or undarlyin~
‘porous ‘strote will' act as; collectlﬁg .chamber. or :funnel- inducing

.- flow down to the drn1n.‘ “The. dip in snturation. surface ‘indicate
“the Sehwnrze Dossa Dam (plﬂtc 5)'”ﬁz." ,jw“ thi oint; :

III. SLIP PLAHES AHD CONSTRUCTIO fJOIHTs

should settle after reconstructlon qﬁp”
the form of n crack: m;ght be_formed.
in localized saturation of tho downstream ‘face

V. CONSOLIDATION OF THE DAM¢BODY.

| Progr3551ve conﬁolidntion of the'entlra body of the dum £
has been decmed partinlly responszble for lowerlng OL thc anturntion ;
line in. Boz—Su Dam (plute 43). Wil . . : '

FLUCTUATIONS OF - RnSERVOIR LPVEL.

Both the umount nnd frequoncy of flurtuntlons in roservuir R

w5

...k«#._b.k_‘_‘



_"luvol n.ﬁ'oot position of the an‘buration line. Boonuse voloo:ltioa
e peruolution are very low: (uf tho ordor ‘of o fow feot a yenr)

%o its maximam poaition for o giv'a uservoir olovntion. This

timo ‘may be ‘of the order of weeks (if ‘the moterinl is porviouu) ‘or .
of yours (if the material is imporvicus). ‘Any gront fluotuations of -
regervoir: lewl An'the in‘berim may distort tho saturc ‘on linn L
considorn’blgm ‘Thore 'is much ‘ovidonco in- “tho ‘akdtohos which

- to indiowbo that ‘.:ightly pn.okod en.rth pm'ta with its '

--slwly- s _

A rnpid I‘nll of ruaarvoir lenvaa tho upa‘bronm' portion af '
tho ‘dam mturntod ‘and this wntor . stnrts to flow ‘both: upstroam ond -
do'lmstrcnm to ‘got outiof tho. dmn. A study ‘of ‘tho Sohwnrzo .Dasse
ond “the Kroibitsbach ' Dmnn, ‘plotos ‘gand g will bring ‘out; this L
of foots In puasing 4t s ‘portinont to noto: ‘%he” ‘en80 oI tho Stnndloy-
Lako ‘ond-Bolle ‘Foursho ‘Dams (platos' 80 and 52 ). Portione -of thmm
doms aloughod ‘at ‘the 'upstronm faco bocause tho olo.yoy mtorial of
whioh thoy Wore. uomposcd did not drnin rnpidly ouough.

.'VI SILTING OF TﬂE UPSTREA?’ SLOPE WITH TIHE. <

: ~ Progreaaivo silting-in oi‘ onnals oarrying auapundod mntorinl

" 'has long beon iroliocd- -upon ‘to, ‘roduco ‘soepago'losses. . Tho ‘samo D.etion o

Cine rosorvoirs nffocta a loworing o: suturation line nnd o roduotion
Cdng aeopngo i‘low. : . RN SR :

'-'vn GROUND mum m commuous HILL"IDES. ,;;:

‘!:hn.n that throﬁgh.tho bddy or ‘tho dam o Tho plan:vi

i Dot (pln’to‘;

-at Boz=Su _by Eng;r a. Ae. Nichipurovich..
lﬁm #78". tranalation I'rom the Russian by M

: easea, namely Titidus "nam (plate 9) and Middlo Branch. Dam plate 8).
._vxn ALGAE Gmma m mm:mn :

S ?!hile thnre is no aupporting eviﬁance in the data praaent:ed
" here’ to *ahow ‘the sealing-up effect of algae growth in earth embank- =~

‘ments, ‘such ‘growths -have been notad in’ percolation experiments on -
earth:materials of the Bureau of ‘Reclamation soils laboratory., Ine -0
voat:lga.tion along theae lmas will no doubt be ‘undertaken. - =

B




lovel: n.rfeut position of the aaturntion lina. . Baonuéné irelo‘citio‘s)’
‘of ‘porcolation ore very lew (of ‘tho crder of a fow foot a year)
sonsiderable time is required for the saturation line: to ‘build up.
-to. its maximum position for n g:lvon reservoir: olamttnn. S Thi '
timo moy be ‘of ‘the:order of weeks (if the-emtarinl g parvious) or
of yoors (if the material is imporvious igrea |
roservoir level in:the interim may disto _,,tho unturntion lino <
‘considorables There is much ovidonco :ir ‘the skotchos. whioh follnw

~to indioo.to thnt tight‘ly paukod sarth "po.rts with its ‘wo.tor vory
slowly. . o , : s

S A rupid fnll of roaurvoir{"lemma ‘tho. ;upstrnnm por’cian of
tho dam saturatod and this wntor starts to flow.both upstroam ond -
dovmstroam to ;got out of: ‘tho ‘dam. A study ‘of the Schworzo Dosse;
and ‘tho Kroibitzbach: Dnms, platua ‘g'ond g will bring out this . :
offoot. In- pnssing it ‘is portinont: o’ nota the“cnao of tho. Shmdloy
Lako ‘and Bollo ‘Fourcho Dams (platos ‘50 andb52 ).° Portions of ‘thoso
doms sloughcd ‘ot ‘the. upstroam fneo ‘beoause tho clo.yoy matorio.l ,of

. whieh thoy mro oomposod did not drnin rnpidly onough. L '

VI SILTING OF THE UPSTREAF' SLOPE WITH TIIE

Progroaaim ailting-in oI‘ ocmals cnrrying; suspondad mto
'hns long beon. roliod_lupqn %o roduco BOOPOZO. 108808.'

; thia _point. :
' Sm of tﬁefoaults ‘Gainad During I.nvest‘iga‘bion of the: 0es Deun‘

‘ ‘._jVIII ALGAE GROWTH IN mmm'r

: 'While thare ia o’ aupporting evidence f.in tha, data prasented: e
here %o show the uauling-up effoot of :‘algae. 5rowth in ‘earth: embank= '
- ‘ments, such . growtha have been noted in percolation expar:lments on: i{
- -earth. mtari.e.la of the ‘Bureau of Reclamation. s0ils laboratory. - In=: .
i voa‘bigs:l:ion along ‘these linos will nc :doubt. be undertaken. T

..'6-‘.‘




. The offact of: percolnting rainwater 15 to raiae ‘the . 1eval

. of water in the abservntion ‘wallse The riae ‘in; wall levels: seama
‘sometimes to be out of &ll proportion to the amount of,rainfall. s

In the .caso of TJi Panoen Dom*; e 44 ‘mm. ‘roinfall ocoused o 4.6 =

- ¥p. 100, Vol. 1V, Roport of tho Inxernationnl Commission on Large:

Dams,’ 1933.

neter rise in: well level. TEéoratioal disousslpns.of thia phonomenon,éf"M

have beon writtan by Prof. J._H. Thnl Larsaen*aan ‘by Dr. J. H.&_a; -‘%[
. Engelhardt*, nn i E , el ‘
'i;']:%"o. Tits

X stmvom TEMPFRATURE. TR

ﬂhtar beuomas more vzscous as its tumpernture drops. ;. R SRl
'thD Shiens

'velocity of flcw vnrias invorsely as the vasuoaity of tha wutor. “Inoo

_appondix G soms: .observations on. roaervnir tomperaturns* are- givon.‘ e

~ This reoservoir is ‘in nmild. climnte .and :novor  froezes’ over. Rosore | .
voirs in freozing climatos would auffer ovcn groater range of tumper-'L,
aturo than this ono, . e :
. B. Grecn, "Tom raﬁures infﬁbaeriﬁlrs Tech. Humn Tor 579.

“Also in appendix C 18 g

the rnto of percolution through a -and"

oL F‘REEZING or DRAINS, ey

‘ suturntion 1lino is reised.. Enginoor Davidonkq' &

 ‘Russian Doms s0yS. that "ths phonomﬂnon hus not baon

- appoars of great importanca.} .

colating water is frozen tha suturatlon 1ino willggé;up\uutil” h
motion of the wntor through tho ‘dan stops: -and ‘the lattor appear
saturntcd with . wator ‘up to: tho lovol of thorlownr surfaco of ‘tho.ieo
sovor ot the- uppcr face. ‘

Satutntian 11na atter R
bank ond. dxain have frozem 2J¢_w,@ ;

g #” Thoriginal saturation line




"In apringt;mo whon tho dounstroam slopo is thqwing thc “ou mlng
strooms of vmtor possess considorable’ gradlonts which cnn surlously

.“throaten stabllity of: tho dmm.“\ quln, wull burled aru not apt to::wﬁi.
froozo.. : R
*Intcrnntional Comm;ssion oYL Lq_gp I.nm.,J quort, Vol. IV.:':"

XII. BURROWING .Am ms. ;j

- : It is concoivnble thut hurrowzng animnls nightwuturt “piping" :
©Jin an onbankment.. ‘Mr. Jool D.- Justin* ‘soys that duo to the fact that =
“thore is usually o guurd it nll 1urgo rcsorvoirs tho dnngcr from L
:ELgpars, aoto. is ‘not ' approclnblo. e S . a
"'Tl‘m‘.’ls. A.S.C E-- (1924) pﬁ 1200 e

”-nﬂPART II
e A REVIEW OF :
FlCTORS FoR’ COHSIDERATIO& ‘BY: THE
. ENGINEER WHEN LAKING FIELD DELER-:
MINATIONS OF ThE SATUBAPION LINE

o Soveral mathods for 1ocmt1ng tho saturation llno 1n u dum
have boon | employed. ‘Thay: includo (1) pluc*ng of", plezomutora ‘ar. I
'opon-ondod pipe, (2)" plnclng of; ncrforqtcd ‘pipo, and (3) usc of
prossure cclls such as thelMoyor*. ' :New methods aro-boing dovisods = o

*Lo L. Meyer: Percolntion Slope in: duxm neagured by Hew Davioe.¢¢ .3_gf~f=u

E.N.R., 1-26-:55, p. 109. TR T L

thls fleld mlght be helpful.v
_‘the follow:ng list ‘ :

L Lowmn OF SECTIONS.V;_\*

ke Because seapuge flow s not,always perpendlcular
oxis of the danithe’ saturatlon 1ine™ ‘cbtained by cbservntlons at one
section cannot 4n generul be qpplled total aectlon some. distnnce
. owany. This can’ be seen by .conmparing: plntes 2:ond 3 of Don Mnrtin
. 'Dom and ‘the throe sections shown.of tho" hrelbltzbach Dam (plute 9}'
- Upon the choice of* sectlons will largelf depand the accurqcy of they
-'obtained saturutlon surfqoa..‘f- : . A

.,II; PLADING OF WELLS IN THE SECT;OW-;-

(a) Loaqtion. In- generul, wells givo moat satlsfactory datn T

=Be




'I‘WhGH Plaoed ‘80 tlm’c tha effects on’ the an.turntion line of coromlls, S

" drnins, upstrenn blonkets, borms, and. najor divismns of -iths diﬂ‘er-; =
‘ent ty‘pes soil mlcing up the sectlon ean. bo studied. Sk i

The wolls noarest 'hho rosorvoir feo

) tion in ilovel ‘Pirst. Tho wolls near the: dowmstrear too :somotimos do:

- mot. fluctuate at all, the’ ‘offact of fluctua‘tion in’ lavol “‘of ‘rosor=.

voir ‘having ‘boon completoly damped:out’by the time: the ‘farthest: woll e

v roachod, - “To .givo. the ‘somplete: ploture of‘thc snturation ‘Tine™

y ;;wells ‘st bo Jdriven in bo‘bh upstroan a.nd dcrmatronm port:,ons ‘of tho -

i da.n cross soction.

| Whon flOW from'cr tovm.rd nbutments s oxpeotcd'or ln.taru‘l_ SR

-fflow from other ‘sources ‘such ‘as’ -springs, or saopaga i‘ron adjncont
= ca.no.la, wells shculd be placud accordingly- S (RSN

(b) “When o' placo - wolls, Wolls placed as 'Vsoon as . the don s
study of ‘bui ding up of tha saturation line wi‘l:h tima. e

(e) Drivinicr bor'inj;. Hoasrs. Shin-Ichiro I(x;mbara'n.nd' SR
Shim }.bo gave thoir. experience in: ‘placing’ open-ond ‘pipo at On‘ R
M W A "

not inoluded in this! mamornndtm S Sinking;

‘_k_,p B not ‘80 . ﬂmpTo. ?TxTﬁno Da.m ﬁoy mro drivon lilce
-“f;pi].e; An; Hnrzam borings wore. used und mru moro ntisfuntory .’m

© ‘somo: S
- m{ Boring disturbs tho da.m bocty loas btrb mnkos the "holo too
.ln.rga for ‘tho:pipe. It ia noocsanryfhomvcr'wlmro -'i’thoro ‘ rubble

: stono in tho: ombnn.kmen‘b

(2) :Driving:pipe- compreasos thc carth nround it.

'.'fj«:t.mos ‘diffioult to koop straight ‘and . perpondiculnr.‘
(3) Large s.’uo tu‘bo d:la'burba tho oarth-z.more tho.n amnll ‘size
o oni(e) Joinb «sookots mny bo uso_

:mnt of ﬂm intor auri‘aco. _-

(d) Dagh, 1 peri‘oro.tad ’pipo i"bo:drivon ust dos

‘-:pormit nonsurement of saturation ilino for tho lowost: atago of resar-v "3,~;$’“1‘1"' '

‘vyoir o ninimm of orror ds introduccd in loonting5 tho an.turuti.on
.izlhm for high n‘tagus. ‘ .

(o) ‘Rind of Wolle _ Pipe wolls apon vory satisfuotory. SiIn

‘-.;pnsains. 480 8lzo of Eoios in perforated pipo:dopond upon the RN
erial 1’91”8 panatrnted. Pipo somotims ‘becomo cloggod with onrth. '

- P




Obaervations at a dam’ generally are disccﬂtinued because pipe have S
clogged.. Stralght and perunndicular pipe, checked oco&glonallj for‘jﬁ_“
‘settlement will give bas results.‘ e T e e L L S

I17. SEPTLEMENT OF DAP AND wmm&s.‘m~_”¢

o Generally tho' diSUance of water: urface belov: top" f!pipe:~j‘w
is recorded “the" elath1on or’ top of 'pipe’ belng known. Pla tie,
settlement of. the * ‘earth £ill or misuse-of" pzpe may mnterially move ,‘f;;

it in the vertlcal.” Soe nppendix F._»¢~»‘ : ; v

IV. METHOD OF HmASURING TO FRET WATER SURFACE.‘j

SeVeral mothods are used.

- Julian Finds-‘ "The dlstance to tho water'Surface can bo T”'“‘;

moasured by lowerlng 4 rubber  tubo: andvblowlng or: sucklng ori it as! ‘it
‘does downs -The point-at which the tuba strikes: “the wmter 1is navlly

_dotoctod,” If the depth is too groat and strotching of the tube’ bo-
B 7 ,

comes. o fuctor the tubo cun ba 1ashod‘to wuro ut sove “1_p01nts. S

‘ b.~' otCOl tape we1ghted at thn end mny Yo lownred aﬁd thcg;] l@Fi
wiettod portlon ﬂotod.‘ Allowarco must bo nndc for dlspllcompnt of the S
voluno of thc wolght -int thlS cnS0. : T Co

Co A N ﬂhoslu* Tloctrical method as - uhown in tho follow1ng"
*Exccutive Bngra Panjnad: Dive SsUsPe Pundeb, India. = @ o
sketeh "in which.a float, suspendcd inia: mctal ‘cylinder,i:is: lot down

"By a twin c¢leetric cable: writhiits tcrmlnnlsiqqnnootcd one to thc float_:*_
and tho other to the. cyllndor.” ‘As soon as ;tho float’ touchos tho wutorg;ﬁ :

| the contact pomnts cf thc Ploat and thc cyllndcrwcomo togother _nd

.(SOO skctch A)

FERSA

A :\1‘ !




CA boll novndcr mothod (skatoh B) nlso usod by Mr. Khoalu.
*;consists of o 80lid brass rod 7/8" dicmotor and. 3=1/2" long onding
in an. inwurtod oup or hollow homiaphnro ‘and : nunpondod from tho- atool

topo by & ‘swivol. "Dirsotly thc cup. ‘touchas tho wmtor: surfnco & daf-=5‘w»

inito sound is produood vhich oannot ‘bo mistakon or: draﬂnod;tovon An
‘tho roar of woter ‘shooting ‘ovor tho: ‘woir orost*, - Rondings oanbo
' 8 oup was usod.-in:8 ‘ ‘ :

© ymdor barragos woro ho

acourato up to-

My, Khosla dooms® this mothod uimplost mnst diroot,\auﬂ most nuournto.
‘Thoso ndvnntngoa fostor colloetlon of unoful dnta.‘;g,,:

Va FREQUENGY OF oasnnvnmxous.-,y;_“fffﬁy

Obsorvntions of tho building up o; tho noturutinn 1ino us

tho rosorvolr is £illing aro vory waluablos: “For ‘acourato atudioa nnn-;ﬁﬁp

-tinuous or dnily roadings uro thwn to bo dofinitoly usoful.‘J

VI. TEHPERAIURE OF PERCOLAIING WATER.

‘ Mention hna heen mada of the effeot of ﬂater tsmporature on rJaf
‘ percolntion rate end position of the saturation Yine. In-oases uhere_ :

- emperature randings weré talen: the effect ol tcmperature has ‘been

~ clearly discernable.. Ma:imun and: uﬁxdnmm.thormnmnter or tharmncoupln*?v f;:f
-mlght be uaed.‘¢J gV;; . SR ST L MR

‘ VII. QUALIFIC}TIONS OF THE oasznvza

| Only ‘one rairly wcll vorsod in.the aubjeot of_snturation ofsf*‘“ﬁ i

" earth dams should bo entrusted with making observationss. Too 1ittle

» is Jmomn of ‘the nubjoot at“ pros £ fb: stnndnrdized obaorvatiors to-
be all-inclusivo ‘in ‘thoir ‘scope ¢ vi

.- wholo" each time and new. obsorvation ”takan_whan and’ whoro thoy appear*xf* ‘

_nocos*arv.- Fecords on.mn d ro,praoti 'lly mﬂnningloa beonuac
-nothing is avallublo but'a

;nccuracy uhich aro prosonfo wit__‘,'

' ;v1I1. INTERPRETATION OF DAIA

Possihly tho orcatost singlo:bnr iorf o:la
‘saturation surfncc by”tho ongzncer is thls factcr'”

In tho platos vhich follow»in’yart Iix‘it 4a folt that tho
saturation Ainos" ‘shown Vury ofton ropro&ont o misnntorprotution of G
“tho date gothered ot the wellse Hotorogoncous ‘mothoda of clussifying-V :

 's0ils ond ‘diversificd toohniquo omployod in abtaining saturstion doto -

‘ ccmpllcato ‘the problom of compur1ng ony tﬂn cusoo.‘ Tha dosxroubility

ell-




~of uniformity horo iu ovidont.w Adoption of stxndurdizud mathodu ia,

of courso -hindorcd by 1nck -of udoquato knowlodgo conoorning”tho prob- fq TM

.~lom and nll of its ramificatmons.;{

Probably becuuso SCOpARo. through e dnm is froquontly 1ookod‘~:‘3”

"upon a8 o woalknoss: or tho- rugult of fnulty doslgn, datu rcgurding it
‘18 ‘not abundant. If- propcr chocks on analytical. mothods and’ laborn-L
‘tory sot ups arc to bo: obtninod, soopngo dutd onoxisting dams ‘muat’
bo:providod. Conqiacring ‘the ‘numbor - of olcmonts “which: influoneo tho
,~suturntion lino it is not p0331blv to hqvo too much datae

L PARL III :
SATUHATIDN LI“MS IN ACTUAL EAPTH-DAMS

Tho informntlon in qu* III s obtalnod chiofly from tho
xilos of tho Burcau of Rcclumutlon, the Tochniegl’ DiV181on ‘of tho a
-‘Donvor Public Librnry, ond- tho pcrsonnl “librarics’ of sovorql onglnoorsf*ﬁ
‘who havo “long ‘bocn intorosted in tho: subjoct“'ﬁSumo ornglnnl daba

was- obtainod ‘fron vrojocts at which -active: ‘study of soopngo ‘s boing:[v5_h
conduotod- Original. rcforoncos YT0TC usod \ﬁmn obtnlnqblc, but mnny Des

of the sketehos showm: ‘woro tnkon from magazino “cutsond pronnbly o

fow innscuracios in’ transfcrring datn aro- prasont.; Scalos: arc ofton e
distortod vortically to bring.out: dotnile Tt A5 rccognlacd &lso; thmt’~“: 
the data availablo on cortain of- tho.. dnna:arc sufficiont to. givo only .
o hoazy picturc of tho situation thoro,’ but thcv worc: includod;ln tho
“hope ‘that morc complete information: might ‘bo. offorod.AgIvrthor,_whilofjﬂﬂﬁ
othor saturation lincs could ‘be. dravm in: from tho well: 1cvols indl-}fjaff

‘eatod in the skotechos,: tho lino ‘givon: 1n ithe: roforonco 1s shcwn."
Somc may “bo- dcfluitﬂly 4N 0rTOrse i L & :

A sfudy on BoIic ?ourcho Do 1S not;gpt comploto.uwu‘~t 




CGEISION NACIONAL IJE IRRIGAGION
ESM.DOQ “UNIDOG MEIIC.AHOS
(ANDREW WEISS)

IESGRH’I‘ION aND?HISTORY : - .
“/The 'Don’Martin Dam" was designad ar-d constructed alone linea e
‘aimil&r “to the MéKay, Dam: of: %he Bureau. of Reclamation. Earth: rill T
) -“;:Awaafrolled dn 6-'1nch"i.!.a*'s; {1, This: fzm:eannot, properly. be: sald St
‘. ‘to'haveia-drain ~%the mceik ia% thc: Acwxassream ‘too 1s ‘ballast. .
~..The cancrete paving'e:ou “tha upstrem °'Lcme and i:he conerate cut~ R
 .“offwall'were relied upon ‘to:give ‘the" neceasary mpcrviousness. i ;_f
"“.2'~lsechanical‘anal'yuas af g4 rep:‘esanrau:lvu aamples .ol the" oar‘th
-:::-material 1.n thf,.aun ﬁ'nm' as porouq .-‘:‘no &rm ';a._..';. {Seu ch&.rt )-‘- R

’ ’"METHOB QF C_,S"""? LJ.J OB 'R‘L'.AI"I 01~t . Lo e
' Pari‘crhtst pip; AT 'J.lacecl at: the two sectionﬂ ahown und
_;records have been ‘c:pt .since August 20, 1950. “Ho: tamperature
" irecordsisre :at: hand. It 15 ‘valieved . tha‘t the two ‘gections
‘rshmm ‘]re out ‘of ‘the" range ot 1nﬂuence of: ground water..:; RS
: . Headwater rluctuates considerably and at timea rap:l.dl,, g
L bat the: material:in the dam.is' p’orousf..hat ‘fluetuationa in
o raamoir 1evel quickly ini‘luenc‘ the uoaition of the <»'?eaturation
. Vline- L : S i . 2 :

LR “For purpuus or ccmpariaan aaturation lines have baen
fs-plottod at bctheoctions for the datoa Oct. 18 19(59 and D?F- :

B ﬁnowr'or‘aﬁont 1 c.f.s. £

‘BUREAU OF RECLAMATION
‘DENVER, COL0., 1934 -




! DA “'COMISION ‘NACIONAL DE IRRIGAGION]
E PPN ",:2?(22 Dm STA a+20 o "ESTADOS, umgos MEXICANOS

Qo 2013040 . EXPLANATION
21.9_. scm.l-: or‘us'r:ns G V"'.:fA“W"" earth fill.
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v :é';mg DA_M_‘ sTa. 8+5° - IESTADOS UNIDOS MEXICANOS

L {anoREW. wEISS)

| |;)L 0 2939 _,;4,04 S LRI PP S EXPLANATION
. 'SCALE OF METERS ~ __n . .o ‘; ;;f'A Rolled earth fill.
L R T e WW.52618 . BiEdrth ovorburden%‘ |

.. 'C:Rock. S

y '_"_"D'Concrete povinq

. lond cut off . |

N ‘E iRock drain. .
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F’IRST CDNGRE% OI‘J LARGE D.AMS
- STCCIIONM . SHEDE!» 193'.'5

R RI_{_P__ORT NDL. 41 PM}E 139
Daacription and Hiatorv I T e f
U This daem, belnnging ; uf‘fa privata water cr.umanj, wes" begun 1n .Tune, ‘ ‘J

/1912 -snd finished Hn 11924, No -exact: geologica‘ exami.mtion of ‘the ‘site. -
“was made before-or during: constvuction- similarly no soil . inveatigntions
‘or suitability ests ‘were made during construction.- The: material in the

. dem: LLLE ‘supposed ‘to have been splaced in 40 cn.,la:,re‘-a rolled t0.30 cm.
‘urider & 3000 kg.nroller ‘drawn by ‘norses. ‘For the bod_; ‘of the dam the

'weathered and: Qdecomposed, detritua of 'the valley flcor :and wall wag '
11zad without test and without elminating ‘the 1arr;ar blocka. =

‘ ~“Upon completion ‘of ‘the dm ‘the ‘reservoir. was: :radually filled .,,and.
aervad its purpose - (storage ‘Far - aeveral amell wator vrorxs) until: Sopt.';
1928, when .arter. fa:l.luru of ‘tho ‘dem in tho: nuigﬁborinr valley ‘of. the
‘Wolsse’ Desuo ‘1t was" required ‘to be -emptied. Following thia an oﬁ’icial ;
inveatiga‘tion ‘of ‘the ‘dam-and its operation was nades . '

‘Whersas 'a ‘portion of the’ foundation was carried to. bed roc‘c abnut ona...:‘:i o
third %he “length of ‘the dm rested on a kind of loam: where thorock lay: too.:i i

far below. “The - overl:ring layers .of ‘weathered ‘Ercnite were’ pervious. : Tha
Clargest . sprinsa ‘were pluggod’ ond’ senled, A Bsystcmatic ‘drainage of +the”

. foundation :was not’ tmdartaken The. axamination rcvnalea that the: g:round _:

*ﬂmﬂram fram ‘the dam waB’; thoroughly seturatnd.:, It wWoB opined that
mter had rorced :Lts wmr under the dam and aaturated th

a7

f*uethod and Obaarvationa. 5 g '::"'

“¥or the" purpase of exaﬁzin.ing the romduticn,‘;;tne ﬁa:n, fand movument of :;‘ .

: the watar, the follawing Nere - nonatructed after tle‘i‘ailure ‘oi‘ the dun

G ,‘.f:.on ‘the Weisse Desse. ~Pig. X

 {¢) Borings VIII, m ‘ : \
:g::.(d) Observat:l.un Pipee vn xv Ix x m xn XIX,

~ (n)on- h
tha aharts VII m xv ware sunk

| From the eun;n'ehansivm bmvations. ake‘

a- tew significent . .exemples are offered

..... m Q__u_.....‘ ik

i

4 el e

l- Fig. B- Water foroed ‘{nto ‘the dnn' du:-ing hip:h reaarvoir leval rlovm

. away tmrard ‘both- racos ‘of ‘the dwum when the reaarvoir 1evel dropa. .

o B. ?13. 3= Lo - water stage An pipe WIT is oxpla.ined by the fact thet.

‘this pipe- ‘extends down into the permoable ‘material. below the. dun e

and acts a8 &. collecting funnel draining ‘toward the bottom. -

- 'Seepege slang the axis of dem fram the adjacent hillsides may a;\.ao
-influence ‘the level or ‘water in the wells %o a limited extent. Ry

"EUHEAU 'OF RECLAMATION
DENVER, COLO., 1934
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CZECHOSLOVAKIA . - . - 8"°°"“°”"¢of£‘.'=’5'é u's'“ |

o 1o 2 30 4 EXPLANATION

ke e i e A= ‘Decomposed nl?ﬁ
SCALE OF METERS - . . rolled n oyer%m
_ S T SR ; ; B= Gron"a T
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PLATE 8

mrsrrz D.AM -j e msr concmss ON mcm nms
czzcvosx.ovum W e ey S  STOCKHOLM, 'SWEDEN 1933

e 'nzpom* VoL. IV, PAGE 1b3

Deecription end Hietory. el

"This dem’was: ecmplefed in 1924._ It is cerefully founded ‘on. sand-,ﬁp-"’ o

_'etone ‘and .is lined'on the’ upstreem ‘side with & cut~off of concrete with '
“a filler of tsmpe& loam. : ‘On ‘the upstreem face the dam: ‘carries ‘an’ imper- i
vious leyer ‘of heevy binding soil. Mechanical enelysee ‘of the materials "75
in the ‘dem are indiceted ‘on ‘the : enelyeis sheet which: followe._ ‘After -
;fsilure of ‘the . Weisse Desse ‘Dam ‘this dem‘was ‘also. invsstigated and . er
strengthened., The ‘Relative: Permeability Dw -of this dem: cunpares favor—
sbly with that of.both the ‘Weisse Desse ‘and ‘Schwarze Desse.  The material °
‘eamprising ‘the: main body.: or ‘the dem is of couree more permeable than thet“““=
in. the upetremn rece. (See chart) S s ST e O (e

Hethod and Obaervstions'“ RS G ‘ o T : CER
Since 1926 simultenecus observetiens heva been made of reservoir stage,
rainfall, and: well levels &t ‘three cross: ‘sections of the dam at: a,. ‘b, and Ce

It is to be regretted that- the pipes werc: plsced toe far rrem the reser-i_\ B R

voir._ The rpason can ‘be . eeen rran consideration ‘of the rollowing dete.._"”

1. Table A indicateas that for ‘a.risc in . reservoir level! an corroepond—

" ing rise in saturation line is not hmnedietoly ‘felts In ‘somo cas86S’
~@-drop-is: experienced. Note the 48-dej period (2/284/17/1927).*.'
Reservoir stege Tose 4,90 m; the level in'Ma" Tell"0.10-m, and ‘in
‘Wp¥ fell 0,05 m. - Similar evidence may be found elsewhere in thie

_ table and in Teble B. - ' '

‘Even with the" sreet permeability of the bedy of the dem weter tukes

time %o get from ‘the: reservoir to ‘the wellB. Velocity of percole-- L 73”

“tion" depends upon tnis ‘time ond the -average’ distance of tha" pines
“from the reservolr..: “In the 48—da; period referred to- ebove the: o
horizental: distances of. pipes ‘8, ‘b, and ¢ fram the reaervoir wore i
27 m-at. the beginning. of the: rise snd 15 5 7 at the peek. The.
-everege dietence = 27 0 5s 15 5 oF 1

0 & o therefere, the reservoir ay:have: hedﬁeny nfluencejcn theﬂ

level of water in the pipes, the éerego velocity of “th ’water throughﬁfff,ﬁ

.sythe dem' muet heve been 21.250 mm
‘ 40 daa’ i
;Pror. Kepecky hed determined the glative permeubility* of the im—
,.Vpervioue ‘layer:. at 3 cma/de -This corrosponds ‘toia velocity of.
'gamm/de.’ The- eeepege would~¢thererore ‘have ‘had to have mevsd with‘
:ivelecity 160 times:asg’ greet.m This is’ improbeble end elso would
‘have beexn :a dengerous.conditien for the dame’

3. ‘Since 1930 pipe "b" has £hown chatiges which suzgest. thet rein water ] [

- mey penstrate along the poorly sealed pipe walls Bt ‘the crest, L B

Thus the pipes. shew only the state .of seturatien oi’ the: dmn and in no wey
indicate the causes or the ceerdinetien in time. ﬂ'*._;

* Tt ig not steted hew thie coefficient was obtsined.

BUREAU CF RECLAMATION
Denver, COLO., 1934




[ krewiTz ‘DAM' G FIRST CONGRESS ON LARGE. Dams
T srocxum.u SWEDEN 1933
| CZECHOSLOMAKIA . = . _REPORT VOL. 1V, PAGE. 153

g ® e T 3P  EXPLANATION
RN e A cloyey loom sond. E T
METERS R L Bilmpervious: l'uaovy bmqu soul E

‘ Ly r.;jij Sandstone. | - iy
hbb b soundmgs otmiddle °f the dom. . .- D :Double : concrete woll mth /

a and € mndlngs ot ends Of dom ﬁllor of tamped loam

S jf:-:‘_l;.f‘SZ__:._" c

| 78 jee0.60| -5.30 |423.58] -0.20
138 |ace +8.30 |423.90] ; .28 |sge4s
'_?fciss""‘-.f 20.10| -8.80 |424.00 :5:{ , 20 [424.00] +1:65 |424.98|
Rearvoir mw ore. mimc L PAGENISE VOL. Y

 [BUREAU OF RECLAMATION |
DENVER, COLO., 1934

X-0-1104




PLATE 10

T "nnsr coneaeSs ON RGE
_LOWERR\{‘%;(ISAA DA@S N srocuﬂomboswsoé'n? ?93DAM$;

REPORT 202

MENSWONS QN "ETERS e L

-Dncripuonmd‘nltory e
.- Brperimental iworks. hnw boen otrriodmtt_on comlfdm or thc

~ Lower Volga Region (1929) end in Donbasa (1932). *

‘the Volge Region dems were to . (1) Piveover the hn'atiun 2dine in: tln
- ‘dmm body, cad :(2):to. dotomine ‘the eoafficient of pereolation of ‘the  °
- ‘dam materiale The resulte of the recent ‘inwstigations .have not as: yot

“been:elaborated. - The vpper: d-m oeupriul gentral puddlescore, the
middle ‘dam: Ly "oltud‘rupm slope™ (the pond’: ﬂlhd w'.lth “t.hund

' -emotnt - of :sedinents)

_isdth :s. straight line.
In v.dd:ltion to: poroehtion {

. The: s:perinentu i.n donbasa rof it_o ‘above . nlso mcludnd measure~ i
‘ment of the disoharge of seepage ntar and dmrnimtiw ‘of the mdiri-. P B
 sation of wettness of ! ‘the ‘dam:body at. mr.tona holdltl. ?'Th:ls nllm S B
one -to judge the height of the aapa.lhry zm& ‘and’to dttormim tho
proum'o at: vlrious po.tn‘bs of the dui proﬁloo -

L ? BUREAU OF m::cl.mn'non -7

- DENVER, COLD., 1934 .
' X-D=-1105




o PLATEN
E N Agna, Vo i
3 PAGE 828 e

EXPLANATION

A Sondy Ioom and cluye
. imoterial! ploced dry in
g footilifts

3: Same muteruol as. A 1
- ‘damp:and packed: wcl! S I
’C' Quite: porous blocky
‘shale.’ : i
D ‘Some: materiol GS . A
in nuturol ‘stote. |
_ E 5 ‘of: concre!e‘;'povmg s

503 00 80

I DmCRIP‘l‘IO’I ARD HISTORY: S T e
‘ ‘nlnontoot 1ifts were cpoo:l.ﬂod 4n. lmildi.ng the dam bu‘b fcur-
foot 1ifts were ‘found - after failure with water 13 /fest below top of.
the dmm. Failure is aﬂ:r:lhubod o uttlulut oaused by ‘eresicn 2
around en . Sefoet ninturood arah outlot whhh puaud m the dn
at its l-:d.-n mtun. - Bt o S

R e
ERa ,.._.j;.a

_,l_lE!’HOD OF onsmvnm AND. onsm*mnous:]’

It is prucutod"!humiﬂu

[BUREAU OF RECLAMATION
DENVER, COLD., 1934

X-D-1108




Go_zu.wz_ S T LR wzulhlciun

18T

S GMMYINGY,

nmq.ui _ ,n..:‘
uz

14 AUBA

!

A0 QU @R i i S Srm S0

b et =

) A3 S o

Ny gl

. ey e

i

IR

il

v

1l

owu

b

~

g8 % 8

BIAHONI

B

‘mwmmmmm

NIBTTY AN ¥ie




U L e PLATE 3

ISTHMIAN CANAL (COMM. REPORT 1908
BOYD'S connsns DAM. ISTHMIAN oLare ae el

R R S el EXPLANATlON
0 25 80 75 00 o ; ‘ R _;:;;‘.-:‘AtPorous momiol dnd not A

ACM=I00FT. -

T nxscnxmzon ‘AND nxsromr or cowsmucnom
.. This dam-originally oonsisted of masorry seetion E ST
‘witli an earth baoking Ce For :‘soms reascn sarth was: mbuqmﬂt ST
dumped in to m'ato ‘the. l.o'b:l.on A.‘".j-fthi.l -tu'hl s m it
pofise ‘ ‘

 METROD AND onsmvu'mus. e e
SR Onlyomnnmdr:l.mﬂtm -utiunandrrum

ohumtion 5i.vcn,1:l'l=t1¢ m bo _dodnud.

nmmxs- e ' ' i

The pooulh.r ntwat!.on lm m here n!.;ht i.nuuto Ly
-mnba- of ‘sonditions nonn of f'lhieh_ un b- doﬂn!.t-‘.ls anh'b '.llhod
with the date st bamds . .

| BUREAU OF RECLAMATION |
DENVER, COLO., 1934

X-D-1108




SEl e T o o parens )
MEDLERI RESERVOIR EMBANKNENT R BUOKLEYS IRR. l-fB‘K_-f
PSR mom ‘ : i PAGE 383 B

O 10 zo 30 40 w - EXPLANATION .}_}fi i

3 R e Mcforiol very' likely |

l“ '5° " Lo ogona . moorum consolidoted' U
T by,cort trow&l e

o -2
3 ,50 ‘ Orngmal ground ot ,}
ol
I mcam:ou Al!D EI!TOR!!

_ The material ormmuu hnt 1- domi'hod more runyi

T n or OBSERVDNG AND o,amm'mnss s iy
‘ ' Perferated :1)0 ;ﬂ phud 1n dug holn. Hudntlr ﬂumtod

o ummofﬁn-mlamu‘
| -u.l dndicate that the soil: 18 tight enough to hold water after the
nmirlmlmmd The insreased slope in both saturation
.-IMMMMSO.Smmoihmoﬂ‘mmaooﬂdbegim i B
" by a eors wall but none is shown. Tho high spot betweven Ho, 6 and = |-
‘,vzm.vmumhmﬂw.mnummm,orm
wators  These mm 1lines were probably obtained by joining’ _
ighest - t.nd tho 1mst'olmt1m~ reocorded

“Mre. m:..:.uu-pu -# ‘at th p ‘ ,_-sm..,
‘mg(lm)mwutamermwmmmmMnM“
that in all eases whore the bank slipped the hydraulss gradiemt -
wmm(-wuwmtmm)umﬂ-"ph
The hydraulic gradicat is culled the: d’pofruthapommorotrn
: mm-mmeo ﬂnmm. mhitn t.ho follmng
hhlm g . L

HAME OF WORK {

BUREAU OF RECLAMATION
DENVER, COLO., 1934

X-D-1109




MUKT' RESERVO'R ‘EMBA“K”E"T R '_"faucm.evs 1RR. HEK. )
| - ANOIR SRt v e e i PAGEY ‘383 -

T e Hog gravelly it |
IR TR e e e e T e L g g Soluciad‘monrial_-.i

. m-mm ptpm ‘aunk ; ln dug holu uu! mm g&m oover
" m‘o ehmim of the n-n nhr nr.h.oo An e pipu. Head~-

Taureau oF ReCLAMATION
.DENVER, COLO., 1934
X-D-1110




RARTH ‘DM MATERTALS OF INDIA - f" - BULL.NO. 180 OF 1929, P, 8
COEET R T . wSQILS OF 'THE BOMBAY PRESIDENGY"

napt. Agricultura Banbay
"= mlt NO- 160 :of 1929 JP. S [ - A
"‘Boilﬂ or ‘the Banbay?‘ Preaidenoy"_”ﬂ-"- b

BLIBK GMTON ‘S0IL 18’ the term applied 0’ deep black clayey aoila rdundf;a RN K
generally below the level .0f :the root-hills. Xt ia found’ by ‘the: wauhing’,-
- of ‘the diuintsgrated material fran a: higher level, “Blnck cctton soilY
occurs withinthe -area ‘of 'the Daccan ‘trap in; undulating or. aloping aitua
" tions: belmr tha gonornl lovel of ‘the root-ohills It varioa 1n x epth

1 :and the mm, huvy black soil is. orten 20 ‘feet 1n dapth.
418 :lenno .consistence ‘it becomes. unworknble during ‘heavy rainn

is mixed «ﬁ.th Nodular: ‘piaces: of limastone : and ‘mmall tragnent ,
' :grated ‘trap, 'The subsoil contains:a:good ‘deal ‘of lime ‘and, ' baing :shely,
{ allows: free arainsgo to'ithe trap rockibelow. Blaok ‘soila vary: in. ‘color b
|  consistence,:.and. rertility, ‘but ‘all ‘are: highly retentive"’ pr moiature
| In hot:weather : shrinkase due o aveporation causes ‘the fumation ‘of
; mmrous cracka which are - orten aeverel reet ﬂeep. Where “the- rinaet I

_to 6 ‘inches- daep u cmonly. timush not: uninrnlly' ound ‘between -
‘ und the actu.d. aurrace acd.l 11; the Deom and u_my timos oy

{ soRmAv oF RECLAMATION
"DENVER, COLO., 1934




®
- I
~
“‘
-
=
™
5.
W -
=z
[ g
o

w.

g g ol od i L

PRISAVY ANEO N34

i
b
'
4
13

SHATEY @ 8




. MOILYRY1234 30 avang
S lOEUh! u:.— kO EN.EAB

E ..»ucmv_mo._n_ »onEom o..: ‘o m__ow mmm_ vo om_ oz

::o__.._m (uawuI9n0g kpquiog .E:..:u:uq Uo EmEtuaoo oocououom mx,:s:___

1 "
1

lit

S e e

»
o
[
=z
-
=
]
-4
>
5
-
Q.

>y

U S e g YU

PR, S lh S S S o

[ept-srimay st g e i S

I3
Pt -

:
i
1
1
I

te v

It

IS Senunipanie ef S

SHERRE £ B

g

ONISSVd LNIO ¥id




SEE oy e
UNKAL RESERVOIR EMBANKMENT  BUCKLEYS IRRIGATION HEK.
' lNDIA e PAGE 383 ,

. Ry G- EXPLANATION -
: g ¢ elected material..
0 _1p 20 3040 50 ool Y Bk Part black cloyey soil
SCALE OF"FEET LU e e ) Paet ped grovelly 5ol
e T R S e L : ‘C Roch debns ond’
20755 - H. EooL ‘
ngheai W, Iavel 1907 o
‘ ‘chwesl- 1907 Al

o

I DESCRIPTION AN'D T’ISTOPY OV CDIJSTRUCTIOD:: LT
. This.dam is. part ‘of the ‘Hubli: water.mrkn 1n India. . 'Seleoted“
-eore mtor,’w.l was oonsolidated by cart. travel, A low out-ofi“ mll

(F‘) johm thia mterin‘ to the ronk foundntion. SN

T METHOD, D oasmw.rrms: S e
: ' Foles were dug and perfomtod p:lpas ==1nnrt_nlled. : 'I'ho i‘roe m"
- surfeoce in the: pipoa ‘was messured. Readings were kupt for a seriss
- yesrs. .The average ‘gradient ‘of ;the: ‘saturation line is 5§ to l. To
- quote’ Mo ‘H11ls  "Thus ‘in the oawse -of -the Unkal Enbnnhnunt the lmls.
. of water standing ir pipe: #4 ohlmged ‘but sl:lghtly; the maximm leve
' in'dt was not reached until 2% momths after the reservoir was filled,
. .0m april 6 when ‘the: reservoir was at 1ta 1cweat the du'foranm bo-
- tween the watsr level in the rosmoir ‘and that in- 'ni.po Nos 4 vlsF. o
feet; on Augus't 13 4t was 18 feets I% will be sesn from: ‘the iagrem
- that the levels m ‘pipes’ No' 5 and. riod‘ vm-y:ui_slightly throughmrt'
_the whole" yo.r"a'l 'I‘he pool‘ of ‘water ia 0. 1w
1stroun bank, "
EoNoR. Aug. 21, 1909 o ervatl .
~whieh :the highaat ‘water ‘levels were reac
tim to aatura‘ba tho bank & ""11:& nxhnnn.

'BUREAU OF RECLAMATION
DENVER, COLO., 1834

X-D-1114




PLATE 20

-

ROGKY RIVER MAIN DAM . ... - 'EARTH DAM. PROTECTS

NEW MILFORD, CONN. . 00 B. JUSTIN, PACE 272 FPgBiﬂ

_DESCHIPTION AND HISTORY...T( S

This dam was built :in 926-27 andfislus d
eight feet upstream frcm” h centerlina “there’ i _
only the ibottom: .portion  of which is reinrorce"concrete, the remainder
being mede up-of Wakefiald timber sheetipiling ol” Oregon Fir.; The ladge
rock at the sitc is a hard granitic T0C gradlng 1o mica schist in: che
places. The steep ‘west. or. left. aide of the GOrge. consista antirely of his
ledge rock with’ practically ‘no* aoil cover BB ahcwn by‘the gaological aac.“
tion. Tae right sidé of the ‘gorge: consiats' '
a great but: undetermined deptn ;ﬁTha glacial;drirt

tight mixture of stones, gravel' aand, and rcck flour; Y(See mechanical e

analysis. _ Lo

The reinrorced concrete baae of the core—wall was founded on«ledge i
rock to atout sta. 600, At ‘this: point it was 1o: longer practical to follow
the 1edge .as 1t dinped down :below the. glacial drift at’'a sharp. angle.,ﬂ
Fram this point-east a: core-vall tranch 6710 10 reet daep vith vartical
asides (braced when necesaary) was dug about S feet wide in: the 51&01&1“
drift and filled with: concrete to form the hcse ‘of the" core-wa_l.

main dam. the rein*o1ced concrete core—wall wus carried: about 10 rae

the original surface.... The' core-wall ‘was. contlnued 40" above highcwater
line throughout the length of the ‘dam’ b;—meanu of ‘timber as descrlbed ‘
above.". ‘by.. icrsluic & _‘z__f ;;

semples taken from- a"chimney" bulht into ‘the:core‘indicat '

ranging Tram 0. 005 to 0 0135, mm.*cj_‘”

METHOD AND OBaEHVATIONS
put down’ at'varlous points

L. 7 WY Whit31t* hac made some interesting stﬁdieskb

Only the main dam is .shown here, - 6 0 :

about ‘2500 feet longion: ‘which. saturation: studies ‘have; ‘been mﬂde. These
" studies alopg with those on: ‘the. ‘main- dnmfsectxon?ahown'here ahcul be
ferred to for the complete picture. :

I*LLYLE,A;¥WHITéIr‘ fydr. Engr., united Engra. end

‘Constructors, inc., 112 No.(Ero&d St.,{ﬁ‘r'.57'”r"”

":;r §l;;

f?c‘Philadelphia. Pemn. .

P——— oo ¥ A

-
e

BUREAU OF RECLAMATION
DENVEK, COLO., 1954
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" - PLATE 2
ROCKY RIVER MAINDAM- ..~ EARTH DAM PROJECTS /| -}
'NEW MILFORD, CONN. . = 4BJUSTI, -PAGE'G?Z:_ZTB- 1

» EXPLANATION
”:'Eorth fitl. x
N6 Wakeheld core-wall t:mbe"
Cotriegt Re:nforced concrete core-wall;
o cIViRip rap.s : ‘
A Glocm! druff
L VITRoek crcin
Vil Pudd!e core.

Dimensionsin feet. . . .

. 2 5

|n.||i1n||||_||1n -

"350 300 250 200 150 100 50 O

Line of holes 4and 3% _.f"‘iﬁ; Line of holes 1,2,22 ond: 23
L e Top of dom EI 442

¥
o

Ay

Ol

TION IN F

(&)

3
“<;3§>Ek'.-’aioe, el

S- ﬁssumed“
docation Qf

legero

ELEVA
4]
0‘

&
o)

_'2'60 uéo looo 900 800 -'-‘r‘ro_o..,.

ROCKY RIVER DAM GEOLOGIC SECTION AT SITE OF MAIN DAM
LOOKING UPSTREAM GRS i

| LEGEND . NOTE !

L-Leom.. . . . - ’Motenol recorded as sond ond grovel

S5-Sond.: contoined rock fiour with the result that
G-Gravet, very littie of the materigl had an effective.

B-Boulders gmln size qreoter fhon 0.02 mm.

‘C-Clay. ' S BUREAU OF RECLAMATION
DENVER, COLO., 1934

“X-D-1116
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GATUN, PANiML: REPOHT fxs'mum CAMAL .\,orm SIOI\ L
EAPERIM:NT"L DAMS J‘TVf"\fff%f S APPENDIX E 1908

DLSCEIPTION Pl HISTOHY' SO e S
' “In conneutxcnlwith theSe snudxes miniature dams wern huiLt on

& scale 1:12 omitting the ‘extrems: tail end .These: dams were aLout

75 reet: 1aqﬁ, 6 feet. wide at the” CDp, and 12 reet hlgh.: ‘They were..

'constrncted with materlals similar to those to “be used in-the: proto-;ﬁi e
L type and’ placed by 51milar mathods._ These modals are o“ such siae e

that they are’ comparsable:to actual: dams.f.pwf;* _ v
"Pwoof these dams were’ built,“in one the: macerialﬁwas cenoa-

ited on’the’ dowistream face and allowed to flow :to .the
_L&ce where the rinest material_woula be deposited nitn

mater1als
1e center

“1erwbable section. Aftﬂr constructlon »ne dam ‘ras. alloned to uraln-
‘S:.days, Then water vas’ slowly 1et n on the uostream uldc so us Aotjgf

ple erdanger the structure.\,, S L
It became evxdent that type I \ould bc neither LbSy to construct~ 

‘on a large scale nor sufflclentlv stable after At was tu
'type 1T wmas’ adonted During. conatruftlon of “type’

covered tﬁat the concentratlon of :ine materlal at: tne ugstrean faue
was ‘giving &n unstable slope, ‘30 ble uﬁst“eam half was numpud out

‘and -coarser: material SLul‘ed in to take: its pla;e., ons ‘ction oi' £
Type II appears ‘to Lave baen: unlntarrupted - '

After ‘the: perculaulon tests had been: run samples cL; he muterlal-f

~iuthe dams ‘were.obtained: and’ tne nontou;s of grain: size” ’1strinutlonff‘_ua
‘appear ohi the! ubove d1sto4ted sketcnes. Type T showswu;low dike o
‘which i3 lnclined about 450 toﬂard the upstrcam sice 'fpe IT pre~

sents &8 7ell defLPEd core ettendlng;nearly to the top of: tbe’dmn.

-jtnrough the dam.

. ,m:mon oF cssmvmq AND: ESEB'JATION"

At intervals oft 4 ieet 1-1/2 lncﬁ,;”hga‘vanlzed plpe pertorated”

"w1th one- fourth-1nch holes were placed across the tank nnar 1lie:

bottom, the: ends belng threaded, and’ passedﬁ

‘pipes were’ covered mith wire.gauze ‘and. ldtermwitb' 1Aatle rlne gravel"

Each of the projectlng ends of thESn‘plpes was’ held with’ locknuus

- sutside: the” tank. On:tue east 31de thase nipes uere capped ‘50, *hqt.“"m?
they could ‘be used. for- urainage ‘or ifor. flushlng out the plbe siitithey |5

became clozged with sand. On the west. sige of o “T- branch was screﬂed'f o

k iBUREA%“OF RE_C‘LAIM’I‘ION |
| TENVER, COLO., 1934




‘ SR PLATE 25 g
GATUN, PANAMA TRANS AM ‘'socC. iC. E. l924
EXPERIMENTAL DAM TYPE I L vm. Lxxxvu P 97

-Gravetriprap |

!O 0L
R | i P:pes see note -
NOTE: 1B~ |V2 perfora!ed plpes spoced o! upproxlmctely 4 centers Imd ucross i)

TN S fhp bn*?om i e N T
EXPLANATION

Grade !me of pressures olong the bonorn of ihe dam
Approxamate soturonon hne derwed from ubove prsssure lma

II METHOD OF ossanvx‘m - OB..:ERVATIQHSz (mm«) S T
in, the horizontal emd ca.ppnd. and” 1n'bo the- vcrtioal e Ioodm ré=
duser fitted "a #-inch glaes gage reaching to the top of the tank”
‘These tubes wers for t.he ‘purpese of:. obsmi.ng ‘the glops of ‘satures
tion in'the mﬁorul. - ‘Observations ‘wore made oonehmbuly Lrom
the time water was. let into ‘the tank, .
eratures of the vater were: rooordod.

© _The runs’ 1asted; roughly two. weoks. ‘
‘&% S.75 and then at T.l feet. (Tu:l.lnt-r w
the way in: which the nodols mo builte).

Records for Typo 10 a.ro:oomplm. bnt only thl\_intl

‘IypeII.tn-hammﬂwropm poakin;
stated:s "All of the curves- (thcﬂ.a; the buildingzznp
within the dam as time went un) ‘show.a 'mariked ‘ehange ithe ‘
of the dam. This distertion- mnponda ‘pearly with ‘the. llcpa on’ ih.ioh .k
the sof% m’wrial was punpsd out as mentioned. aboves ‘The line Tor
Type 11 shows jutt the kind of dil'borbion tht wuld bo upoobod wiih ;
& fcirly ti;hb oore: n.ll. Sl e e A T T e e e }

o BUREAU OF REGLAMATION
'DENVER, COLO.,1936

“X-D-1120




PLATE 26

GATUN, PANAMA ~ TRANS. AM. TSOC.;-“-C:..'E‘.'l'972_,4:f

EXPERIMENTAL DAM TYPE 2 . VOL. LXXXVIl, P 87

. |.-Gravel riprap |

 Scale notural e

70 80 B0 .40 30 20 |
. gggr. . “Pipes seenote |

NOTE : 18- 1)%" perforated pipes spaced ‘ot approximately 4 centers laid across

- Grade line of pressures along o

-~ Approximate saturation iin derived from

76 e felt that the aslid b

skebohes might not be. correstly interpreted. It is the line o
preasures along the bottom of the dam caused by the persolating

~water. Obvicusly it is not strietly ‘the saturation line of the . =~ |
dem because of the way the ‘pipes were laid. By a proosdure outlined. . |-
On & suceeeding page the .line of;‘!:patilratiq;;'_‘;'qyfii‘ﬁb;i-_@bﬁrqxﬂ.ﬁtélyf.obg- Eoa

. taimed from this line. ' The approximate saturation line 1s sihcen above |

. @s.a dotted line. Type II, the one ‘adopted, is drawn undistorted to . L

. shus approximately the difference in positiocn betwoen these two lines,

aok ‘1ine ;m':foatodﬁ-\;o;n the .above

BUREAU OF RECLAMATION
DENVER, COLO., 1934

X-D-1121
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PI.AIE_ZB.“' |
GATUN DAM TYPE 2 o

EXPLANATI N OF METHOD OF OBTAlNING SITURATION LlNE FRO“ DATA GlVEN g
I
j : EXPLANATION
" CiDist. of finest material.
,='P|ezometer line ot buse
7 of:dom. (Sawlle) |
l?cﬁurc: fon-tine  of dc"n -
~ approximately.. {(Author) -
f-Equnpoienhol Innes

100 90 - 80 70 50120 |0'-<
P 60 30
. 40"

Vo POTENTIAL LOSS

In the G-tun u:pcrimnta the portorntcd pipo “ro hid ncrosn
the dam section at its base and so indicete the ‘prossure grade lino o
along the base of the. du!.. The : ntwation 1ins 4s not obtaimhl.o
: dir-otly. The ‘following proooduru ‘wns used to obtain it: (R
‘1. Poipte on ¥re Seville's pressurs: p'ndo line whieh oorrupond
S - n.rious poroont-hud-louu were pro;]ootod to the bases . :
2. Taking into emcoount the diatrihubinn of fine ‘material in the'
. dam, lines of- oquipotenbhl* were drum in at thou pointn on N I
_ tho bass. Thi;, of uom‘no, i'"lololy L3 ntt-r of jndgwnt. i R

- #Tho n-.tura of aquipotonthl lm- 1- mh that piezo- L
mtern i.n-ta.lled at lmy 2 pointa cm th- lino rl‘Jl riu to ﬂxo
_The puint B on. tho 10”' equipotentitl li.nn is nt tho umo 10701
‘&8 As Pressure is nﬁnonphari.o in both oann. ‘
" Loseting and. jai.ning a mbor of suﬂh pointa u A givu the
- seturation lino. R o
It ‘can readily- be' seen’ thn.t o uturation linn 86 doterminnd
‘18 only ag a.oourate u t.hn oquipotmthl linns aan bn drﬁm in.

BUREAU OF RECLAMATION

DENVER COLO., 1934




. PLATE 29

- e

MCUATARE DAM Ao PA'I'"'{F‘INDER THRIGATION DISTRICT . | o

NORTH PLATTE ‘PHOTECT. =, . i LS MTTGHELL, EBh..

— = —— -

I.

SEC. AT STh. 27450 . .« oo ‘T-W PAREY,: MAMGER”- hets

DESCHIPTION AND E _ISTORY L L ¢ - o
Drawing No. 20-C-166 shows tne nbove cross-se tion w1th axcep-‘j‘__
tion of the saturation iine. ‘This line was drawn in fraom observe- .

tions made by Mr, ‘Hinds ' on April 8 1922._ Pines extending into: the"w"’ﬁnl

foundation were located at Tour other sectlons but are not shown 1n
the above sieteh.  The chart shown helow was plotted fram orlﬂlnal

date Surnished hy Mr. T.. W. Parry.;!Saturationayellsswere;1ocated5at;¥, ;\"T”

one section only :
Wrile COHStTULﬁBd on a foundation oi Brula clay,
prule clav in 1t.-. : o L

METHOD AJD D”SEPVATIONQ.,- ‘ i o
Four-ineh pipe, nprrorated With not less. ‘than twelve 4-inch .
holes per foot were dr lvan. Measurement was; made of water level 1n
the wells at intervalo of: about ‘one week. Elpvat1on of! ‘the hottmms
of the holes ves not recordsad, and berause the wells sanded dncwit
time or mere somctimes partly flll@d by chlldrons‘ dronnlng stonesg'
into them, the notation "Trure" is not" partlcularly 81gnificant ‘of
any definite water level. Seenage rlov‘vas generally ‘estimated” at@ua
from 2 to 5 c.f.s., Many of the wells driven at the: othbr sectiona*
beceme plugaed after & short tlme. i S

?EMARRS . : _
The satuzat*on line shown above 15 abcut}'nat would el expecgadf;"
with a good drain, and- 1nulcutss the’ efficiency of this structure in
lowering the saturation line: and 1ncreasing the stability of ‘the*:
section, The Tact that: fluctuations in rssarvoir level ure feltgg
quickly at well S-1 indicates a fairly permaable materlal for the.

body of the dam. On bupt.‘ao 1950 the ‘well. o—l wias - covered and plu&ged L

80 no recorda. ‘have - boen: kept Bince. Frum Dec. 1928 to Supt 1, l930
the well was dry._ It is. hopcd thau more percolatian studieshcun be
carried on at this dam. }:n ‘ . i L

DENVE:, COLO., -1934 .
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L __PLATE 30
“MINATARE DAM _____ US.8.R NORTH.PLATTE FILE | -

NORTH PLATTE PROJECT SEC.AT'STA. 27+5o _ HINDS' MEMO TO DESIGNING - ENGINEER |
OWG. No. 20-C~166 __DATED DENVER,APRIL'6,1922 |

‘ TR LR e et ) A EXPL.ANATION
ot T e Sandy loam 6" lo ars
105 =50FT. - . TR RN S : sprinkled and:ro led. " b . B
A L T ey B Cut: off*irench selected;‘; A
‘material. o
C!Groval ©" iayers - ,
D A in: nuturul stole o .
HEY 5/4 x6¥a' blocksi{
FiBrule cloy.; ST
‘g ’”G Concrete 1B

ELEVATION \OF ‘\WATER .
N RESERVOIR "AND: IN “SATURATION wEL.Ls"" |

| R P

U s ﬂssumedllfg_g. ‘:pel S- j—

' e!ew)o
T 11 ‘r

Reser

lnducctes well is: dry A
Nofea.,Just how. jfor well. IS sanded m on:these

. dates.is: not-known. Consequenﬂy the .
elemhons of bonom of well :s uncertmn

* These records: are: taken from ongmnls
supplied by Mr. T. W..Porry, - Monoger e - :
Pothfinder ‘Irrigation District. oL Y T'BUREAU OF (RECLAMATION
_ ‘ 'DEMVER, COLO., 1934

X-D-1125




PLATE 3I

JUMBO DAM " o L UUESN oCT 2, |9||
COL'ORADO_Z._ DTS DR RIS 'PAGE 447 X

L RECONSTRUCTED
0 20 40 60 BO SECT’ION

I ; A B toyers Sprmkled
18" IOOFT 100 20'y"

ond consolidated " by
5 teum trave

I DESCRIPTION um HISTORY. e i :
- Thisdam pa.rt:ially f'ailed i.n 1910 and tho danmgod part wis
reconstructed. ‘Both sections are shown above;: thcy are .100 foet..
- apart. ‘In robuilding ‘the dan: prncticnlly the’ same mterials woro
usod, but the downatrenm slope ns i'lattenod. St U L e

ME'I"F{OD 0“ OBSER‘.?IHG AND OBSER'VA’L'ION.,{ Pl : M
Pipe. mlls proammbly perforated: wers: su'n}: a.*' both seotionu and
cbaomtionn at both soctiona were. mdo on tho datea i.nd:xoatod L

REMARK-:I R s ‘ )

From the more com leto rocorda giw'n 1n the .rtiolo (and,nhich
were not inoluded’ hare it 13 ‘spparent  that the reservoi.r level
fluctuated oonsidmblv over & short time and. remined at one -
elevation hardly long-enough to.allow a saturation line: to. booomq
ostablishod. - Ground water or" seepnge along the dam i‘rom -some ‘other

- section may have caused tha rise ‘indioated at i and Ly Wha'!: hnppema
‘to: the n‘her a!‘ter it pasaea pointu F and L is not ‘imawn

.BUREAU. OF RECLAMATION -
'DENVER, COLO., 1934

X-D-1126




— i . et PLATE 321.;
WACHUSSETT RESERVOIR - ENG. RECORD JuLy. 13 |9oe |
__SOUTH.DYKE. MASS. . . PAGE8l !

EXPLANATION

S s e AdRolled loom cut; off.,_‘ i)
Q 080 00 s L e ’Srlﬂyers
M= QO FT e e g B Graveld s
Co e s CCiEarth, f|||
o DY Rlp rcp

I D:.SCRIPTION A}I'D hISTOR'Y:

“This: 1s ‘& mll-conatruetod diko vhieh‘?inoorporatoavmm. 11:1:‘
ves‘bing rea'bm*u An. 11:3 douign. CL it Y e

‘-ME"‘HOD AKD OBSERVATIO‘{S: N T '

.~ Three plpss wers: driven into, through tho emba.nhnant. Thcy "
ond in somewhat: ' porus und:llt'wbed earth with their 1ower ends 30 to ‘
‘86" ‘belew the reservoir level. 'Measursments made Ioekly while the
‘raservoir was filling:showed that: wntar Ans pipe Nos' 1 ross to: the
.same level as the reservoir and: Nos. 2 mnd S ‘rose but Iittlo.‘;‘-

- "‘latter pipes ‘wers.more affected: by‘,,r'ainntor than by leepsgo'.“.:..:.‘

an instange of" thia, the ‘water “in these pipes is about 0.6 ft. Imr :
now, 'in the -surger,: -\rlth the. reaerrvoir p:notioally mn than it e
at the beginning of ‘the. yoar uhm’:the "-rourwir was. 10' lowor._.‘; L

‘level of the: g.rmmd 'nter, Ol\llad by the o:r.canivo min.t‘lll-of thp
four: praceding months, Whem ' the reaorvoir ms mn the height in'
pipe lo, 2 was 27,9 rnt belaw ‘TOs. " : ‘ 3
‘.feet 'bolow res- W.S- iy

o dike is prnotiellly mtertight.

‘BUREAU OF RECLAMATION
DENVER, COLOD., 1934
X=-D-1127




PLATE 33

WACHUSETT DAM ' NORTH" DYKE S TRANS AM. SOC. C:E. 1924 |
~ MET W..W, MASS STA 22+50 SVOLL LXXXVII, PAGEQB

e T e R e EXPLANATION e
420 (g e S AR A Son rolled ln"’6 _,Iuyers
' el 975&9"’ Sl e sl L iy Ripirap- o_nd grovel

Caof——} _f— L B G Unknown :

‘400

390 ]

380}

© 370

380

200 |50 IOO 50 O 50 IOO I50 200 ;250" 300
SR FEET -

I DESCRIPI‘ION AN’D HISTORY :
The gcale of the aketch haa boon dia'bcrtad.
long ‘and built-of material - m.tpved ‘from‘the. roumoir bott
Siope upetream is 2:1 and’ downstrean: gamm-ally ‘about /3311 The up=" = I
strean slope slipped on: ooeuion but di.d no'h por-mentl‘ diinngo f*ftlu R
atructu:'o. o : : i :

METHOD 'AND: OBSEIRVATIONSz I ' e G
Two bm'ings were: mde -nd poaition o:[‘ tho su'hn-ation Iinn
atudiodo L L ~ o il S )

REMARKS 1 8 ' G s £ e
« - Distertion of tha sketch indicatouy 'y atoop alopa or the utur-
ation 1ine between Fole 1 and ~Hole ‘2. Antmlly ‘thia : llope h nurly
6311, The: foundntion mterial u.ppoars pmious. i

[TBUREAU OF REGLAMATION
DENVER, COLO., 1934

X-D-l1128




AMAWALK DAM =~ ._,__‘|S1.'HWAN CAN:lhrcéoraln;ls nspoa'r o.

s

| e EXPLANATION
2CM=I00FT. el ::‘_ b L S .Nq rnateriuls

1 DESCRIPTION AND st'romr OF cousnucnom SR
This dam was: oonplotod :l:n 1898 .and | “nnt 'nry y-u care was
taken in its: eonstruction”.. The. .core wall is probubly}ulonry
‘Neagurements to determine tho location of ‘the ssturation line
were mado in: oomot!.on wlt  ‘mtudies for t}m Nmr crotan R‘nmoir-

_mon AND onsmvmmns: & Th- "‘11; ar boring-.

_ It is ‘stated that "Saturation is not as oonplm g 11: -—111 .

be in a few years". Ronmir “level must fluotun.tio emt._;;}i'rmi
dowmztrean llcpa LY ntwutod to ‘within. 31 ‘feet of the reassrvoir

‘level and the: utm'ttilon 1ine wms " prl.otimn oontimxou- through
tho sore wu.ll -.nd on n. fnirly flat ‘slopes.

It s ahtod "Thwo ave, pluo “An of -dam why
4t is evident that the. poroolating.ntar of ntm-atlon Ae hiugle
with ground water from a: oontiguou ‘hillside end very noarly
‘spproaches ‘the surfges”s  This. oondition would ‘modify the. aatmﬁ-
-ation. 11no o:!: uatlon- ﬂthin -4ts range - ‘of Mumo.

'BUREAU OF RECLAMATION .
- DENVER, COLO.; 1934

X-D-1129




PL ATE 35 _
TAen

| 806 BROOK DAM No.I 'ISTHMIAN CANAL COMM. REPORT 19081 -

PLATE 136

. A,

eI DI LExPuANATION,"”i

AGMIIOOFT o AEarth fil

1

) .nﬁilnblo .on 'mathods ‘of - construction or ‘materials usod.

was saturated to within T fest of the reservoir level. . Rniuutor
~in the pipes ‘or ground. ntar flow in the dmatrun mbsnhnunt
Y hn.w mﬂumed the lmls .‘m tho pi.pon' :

flm'mon AND: onsmva mus. -

B Masonry core
C Unknown ‘

DESCRI"TION ARD F'ISTO"'{Y OF uONSTRUCTION e
‘Dam wag: oonplatad 42 1893 and not mmh‘infomtion

sore: 'ull 13 -sonry. | No nlnpu were, _in.diont-d.

‘Four pipeas were drinﬂ. (P“'fm'It«i‘z )‘.:Tho

o Tho pooulh.r ponition oi‘ the utmtion nnn._ shm hore o
: ﬂ,y bo the' result of a. niuintorpratation of ‘the datas “The : origiml &
. sketoh shows the lavel in pipe No. 2 alightly: Lower: thnn ‘that idn

" Nos 1:80 that a line’ Joining ‘the- two lovels would: ln'u -s0m

. ‘ddl!nlbrn.m This wnuld mean a. relo.tively perrloun eora nll

'BUREAU OF RECLAMATION
'DENVER, COLO,, 1934

X-D-130




. PLATE 36

e rouer wain mas . ISTHMIAN CANAL COMM. REPORT u‘gbai e
i 'CAR_MEL :MA,l-N::-DAM.‘~ Lo v PLATE 136 o

Q28 B0 TP 00 EXPLANATION .
CACMEIOOFT o No materlals gwen e

Reservo:r W S,

I DB..,CI‘IP'I‘ION A.ID HISNRY: Z"'.fi_ T . ;
© This dam was oompletod in’ Jnmmry 1896:--am1:-.»=i'111¢d 'inlApril 189643}
No data on’kind or placing-of. mterin].n is. nvailnble o.lthough the
ocare: wal ia very 11koly mlonry' :

METHOD - AND OBSERVATIONaI ol : :

" Three pipas ‘Were ‘sunk but whether or: not ‘they: waro porforatad
is umkmown. ' The: emba.nknunt ns lat\n-a'bod'i to ﬂthin 2 fut of the
rolmoir lml.__“_ R ‘

. The: u.turation nne 18’ .{‘Airly stup md :lndiuutoa a rurlyf
impervious bank. = The line indiol.tod DAY not be the maximm  possibl
with this resmoir level,  Its dinnppome inko ‘the fotmd;ti-n -
indioates 2 porus: m.tarial thoro.  Just what positinn thc li.n-
-'oooupiu dolmntrenm from 'nll 3. 2ry problc-:bioal. B R

“BURE AU-OF RECLAMATION
" DENVER, COLO.1934

X-D-1131




. PLATE }7

;CA_RMEL AUXlLlARY DAM . ISTHMFAQ CAN:&AT(éOM'rG REPORT IBOB B

oM BOFT. e e ”EXPLANATlON
S B R No muteriols gwen

- Soturuhon'
llne ,f‘j

1 DESCRIPTION ‘AND stmn*n Sl e Sat e T
- Thia ‘dam- was’ ccmpletod ond ﬂllod in 1896.. Tha eore nll
nay bo masonry, T'hu drain 18 probably brokan ruuk. e

‘ME‘I'HOD AND OBSZRV: .TIONS: ‘ ' , ' o
‘ ‘Four -pipes (perfornted‘!) were drim. "Wntor wms oneountcro
~ in the- du'lnstrcm ‘embankmant 26 foet ‘below. the reservoir levely:
but ‘on dx'iving the ‘pipe 6 foet I\:rthor ‘the waker . dilappou-ed in'm
‘few days showing -existense of a water: pooket whiok ‘drained out a%
. @ lower levels This indlomtes: ‘that ‘the -core wall ‘de not. absolutely
- tight, eand. that with a lnpue oi" ‘£ime ‘the bank will: probnb].y,'becomo o
u.turnted lmtil the slope of" saturation is dcterminod“ b

Indicationa point to an mponiwa ooro-mll nnd foundation _
~ and ‘& well dralned. dmmatrom onbnn!mmt Datn g thorsd ~‘su'blnquant1y
: --nhould ba 1ntoresting. £

BUREAU OF :RECLAMATION |
'DENVER, COLO,, 1934

X-D-1132




| PLATE 3 g

MIODLE BRANGH DAM  ISTHMIAN COMM. REPORT 1908 | i

PLATE !36

‘_'ET:EXPLANATION A

5 CM=IODFT - T S __No matenul gwén

DESCRIPTION AND HISTORY: . i ' ' S e
: It -is ‘stated. thatnotmch .oare matakoninoonstruoti_.:i '
this dam. It was. nonploted An 1876 and no information ‘is:

‘roge:rding materials. The' aoo.le is appro:mto. Tho eoro nl :
ahummyboﬂnberormaonry.jf“'m _ SR B

uz-:'rﬁnn or oassnvmmu: : T e

. "Four pipes were: pluod ‘ms" uhm,‘?{~md thﬂv.ﬂlopﬂ oi‘-tho ut\lna
?tion 1ine: dmrmrhroun Trom ‘the corewnll wms found to. be ‘bout 5 «tu
At ‘hole.: No. 4 water: was " found 7 feet ‘below thu mhoo
2 11: \no 15 foot bolaw the roamo:lr lmlo

Unless: nimt-r:;-hu a “the levels :

'be assumed that iio. 2 1s being affeoted by trmwrse flow downe -
strean from the corewall which is not uf.t‘ooting lios 1., If Fecords
‘of ressrvoir elmtiona were availabie the low level in Noe 1:

!‘ouml o be ‘due - 'bo 2 rnpld fcll or rho of roservoir Levels

BUREAU OF RECLAMATION -
| DEWVER, COLO., 1934

X- D-ll33




PLATE 30 ’

T T AT ‘ISTHMIAN ‘CANAL COMM. REPORT |903 e
TITICUS DAM. .  PLATE 136 |

* i

- S R ;~_;,?'f.*f*EXPLANAﬂcN S
; R MAXIMUM SEGTION e g ABarh, _
4 cm-too FT. Co e UBRReck. )
.- Reservoir W: S U Gl p - C Rubble musonry_

4CM, .oo T _ MlN‘(‘)‘R’ SECTION

Reservolrw S. .

'DESCRI“’I‘IG.{ A.N'D HISTORYI R e

. “Thia dan was’ oompletod !.n;“:1895."_¢ B g:at h
- ing matorials and gonatructiocns . Data was. go.therod ap 2 part
~ study ror the Hc' Croton Rouumir.“‘

mqu m, oasmvm'mns:

“dam"j -the: wator there 5.s aa.id{'to bogr rhe:
~ permitted to: Tlow away: by 8 drop, in. gruu;:.d ntar tablo;' t_;.‘ﬂm
away on & relatively fla.t _g-adient “';lﬂ]g":mm ppear

po:;us. FEERU
Tha minor lootion ‘ hm

BUREAU OF -RECLAMATION -
DENVER, COLO.,1934

X-D-1138




- PLATE 40
MISSISSIPPI RIVER LEVEES U.S. WATERWAYS EXPERIMENT STA. |
EXPER!MENTS OF 1898 o V"’E.i%”f*?éz,??"'ssz__-'

(3 IO 20 30 40 50

| SCALE OF FEET
(APPROXIMATE)

Flg 2 ';:“:..‘-
BUCKSHOT AND LOAM

L _'rnl. II pla:hu XL." s ' L
. 'rhe data’ at hnnd nr not nurficimtly mmplete o _-3ustiry:aw
,concluuionn. E S ey :

BUREAU OF RECLAMATION |
DENVER, COLO., 1934

“X-D-1135




_jPLATE*&lf'

e 4601 i e

COQUILLE DAM . oo TRANH.‘AM. S0C. Q;? 1924
OREGON < 1 s i ;7~' von.‘Lxxrvrr PAGE 124

ot Attty e ¥ St | L T8 S i T —— T —— ———— 4 | ot T g ool S e £ e 16 B T L. €0} e—. s - LR e ,......................- -

DESFPIP”ION AND HIa;O?Y.‘ i g
o This dam was huilt ona’ c133 foundaclon ahd pruvtncd "ith
‘2 puddle clay core wall ‘laid in a crescsnt shape coricave iup- -
stream._.A Systéem: cf tlln dralns was laid inthe: 1aundac10n
material as hown ‘on “the plan’ v1=w oF thb dam at‘ ne hottom
of the page or | sket hes. Sy o ” e

”"THOD 01 OPSE{VIMG AJD OB EHVATION Z'v 5WV'
Six wells: ware dr1Ven at the marlmun sertiow. Thrﬂo war e
-jperforated pipe for observlng the- sqturatlon line: azd thre ,ﬁi}ﬁ,ﬁ
weTe not, the laster: ‘being used: 'to. measure: hjdrostatlc prios 3Urbff‘ff_
in the foundatioR material. ‘"Mwasurements were taken every few -
‘days T'or threc months and are. plotted ahove, ~The 2-inchi.per—. .. -
forated Hipes {shown in ‘the. sxotﬂr) weTe: equipped with ucll
points and pcrforated to ﬂitnln lO fﬁﬁv of thu ”“uce of thc
dmﬂ." 5 . ]
heser*cl‘ lave‘ WL “131“g throuphout ‘the! tcst. “No:watcr_~.,
. has been ob 3e“vvd to date(1924) dn hPll No.z Ba- S
neve: exceeded 40 ga*s. perﬂmlnute and . all$ ‘
- comes fmnm the aralnae system.unu

‘hﬂ.A.. .._..) H B i : e ;
The hlgh“dt ﬂu"ve srov. abowc 1s probablj no
maximum that w1ll develop it Pch?VOlr luvul TE
for ) s
_-‘mntFOu oL plcttxnh .
“lengthoof time renui
be felt at points. thbln t“
system is- also anparﬂnt

i babve e e o e e s A 4 D

PBUEEAU OF ATCLAMATION |
i DENVER, CULO., 1634

N e A b R A e e —— e 0 5 ————— Se Nty .- . iy ) . - B sy o
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| COQUILLE pam TRANS am. soc ‘C. E. 1924
oneson - “ &

VOL LXXKVII PAGE I24

EX?LANATION

A: Quorried sondstone '
spread in layers not
over 3 feet thick.

322N ~IW.S. Moy 2719237 |
B S ADr 12,152
: Borrow pit material 360/ — =LA} IR o e
sprinkled ond rolled in '3 B Ta TP s e oy s s
not over |f0°1,‘!|uyers‘ 3 'Dm‘n 'l'e RIS IR oy~ e g ‘.,‘ - - 1.
: Borrow pit. clay ¢ T 0760 40 . 102120 40 60 /80 100 120 140
sprinkled and. rolled in | o S
not over 6 inch’layers. - Tob oi Dam T
: Puddle of clay, sond "~ ;_ lgoiiwey| |
and gravel 'depo;v;i‘ted SO
in waoter ond mixed
by poling.
+ Alluvial- material,

H I ;
Us 1 -

3801
r -

370 ~

N Wbu_

1o 15 207 25 3
PRI

"-'Stream

~ :;~-Dramage
i '-gsystem

rﬁu_ddl’e’ g
Coreut off _

| BUREAU OF RECLAMATION
DENVER, COLO., 1934 -

X-D-1137




| S e SR PLATE 43
BOZ-SU DAM I HYDRAULIC ENGINEERiNG"(RUSSIAN)
“U.8.S.'R; L N AR Moscow WJUNE 1933, -PAGE 24

EXPLANAWON

S T A e e A loess. =
o !0 200 R i ,jf B8: Stone ﬂH dnmn

" SCALE: or-' METERS R Sl SR C Denser ctoys

480 METERS

o Dec |932 T

DESCRIPTION AND" HI"’TORY: - C L I ' : e
The -dam-and foundation are light vellow loess. (boo doacription and

analysis, ) During .sonstrustion the - top 6 :to - ‘10 feet af '8011 ‘wna cut loff
and the tis=in of ‘dam and: foundation was accomplished by Keys 6} to 10
foet deep as shomn. At the. rivor ‘banks i the . slopos were . "stoppod." The

loeas £1l]l was first: uprnyed and then rolled 'in 6 o 10 inesh ‘layers with
mmooth  Seton- rollers 4 feet wide. Donaity of 'the ‘£1ll-waa 7 to - 6% groater '
than that of the foundation. ‘Percolation ooefficient. obtainod by an ine :
strument similar to Foﬁhpimor's was 0,000049. am/sec’, - During deuign of the
dan the ooof‘iciont was assuned. .00005 um/ioo.':;kn | |

HE!DD AND: OBSEPVATIONS: _ ‘ L : ' Lo
o Feye datails of percolation monsuranonts this articla* should be uon- f
sulted. 14 Piezometers ‘were plaoed in‘the dam proper and 19° Piezometera-
in the adjaoent loess abutmantn.g Throq-dimonsianal :8tudies.of:flow. wnre
mede. See plate . Records: ‘were kept for 4 years. "In .almost: ‘every. .. .
‘piezometer -sinoe ti "the rilling of 'the. rsservoir ‘the olovn*ion of water wws
considerably inoreased and after. that remainoﬂ ruirly conntant. ‘After 3.
or 4 years the elsvation in most. piozomctera somewhat dooroqscd. At very
1cw'tumparatureu ‘during the year a rise was: notioed in ‘somse- piezomat-rn. ,
This rise was attributed to ‘froezing of the "drain" ‘and ‘consequent : buck-,
ing up of water in the dam. The. quantity of - -8¢epage amounted to 0,12-csfis,
in 1930 and 0404 cefese two' ;yearo later. Indieations arethat the dam
had become more Ampervious with time. It iz shown that the . groator part’
of the measured seepage - flaw‘took plaoe benoath nnd around ‘the body of
the dam, : ; : ‘

RERAPYS:
Compare the poaition of tha suturatior ‘1ine as oomputed by - tho
.mothod ot anlovsky with thc linnn subacquontly looatod by tho bcrings.

‘BUREAU OF RECLAMATION
‘DENVER, COLO., 1934

X-D-1138
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_PLATE 44
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- PLATE 46
"HYDRAULIC ENGINEERING" (RUSSIAN)_ R
. ~MOSCOW, JUNE ‘1933, PAGE 29

‘BOROV. ELECT. CO. DAM
~ U.5.8.R, |

SCALE‘ ; B “::-*'f S
Vertical 10 N RE e A Pure quortz sond
R P P 'See mech anulysss
B Brush i

E -Meusured Sepiember 1928

DESCRI"I.‘IO‘\S AND HISTORY:

Sand was: used ‘in this dun .and e brulh dmin was reliOd
‘upon to keep the: u.turation Tine w'ithin the struottn'e oi‘ ‘l:l'n
‘dems: The fomxdntion ELY alao sa.ndo

*L!E‘IHOD AND OBSERVATIONS: N ‘ ‘ B T
"Plezomaters"” ‘were plaoed 1n ’chia dnn and moh data was.

‘gollsoted, It is not lmowm that these pipos were parforated. :

'Before the dam was built the anturation 1ine was eomputed by

- the :method of ?avlovalq. Subuoquontly the nturat:lon 1ine

was looated and the agreemsut iz 1ndiou.tad by the sko‘bch whioh |
has been di-torted twioo vortioully. ;

lbro date on thia du.m should bo availnblo.

~BUREAU. OF 'RECLAMATION -
DENVER, COLO.,1934

X-D-1141




__PLATE 47

MARSHALL" LAKE ‘DAM . LAKES”)E ‘CONST. - CO REPORT
EAR MARSHALL COLO . JUNE lO i924 F 3 80
Nos. I 2 3 were ccsed wens EXPLANAT'ON

A Cluy piuced hydrouiucally

thers were not S
CuRg  'BfDike- Gfearthit ossm in

110 UL plocmq A
100} -+ /CtNeturagl ground.,
90} .. 'D:.Shate S
8o} - -E:Rock drain,
60 A
504 f  -
407
LS IS RN | . ST IS IO KUt VAL RO 08 TOUI AT st R ) SRSTRTY SRR WICE |
1100 200 300 700 5007 600 - TOO . BOO. . |

1

DESCH IP"‘IO\ AND: HTSTORYt v - ; : B
Thig dam was- ‘incrensed. in size. 5 tims as. shmm by datou on

. the skatoh, 'Not nmch de. a8 ig avnila‘ble‘ _roga.rding mteria.ls or ° SRR §

11

Iz

nlnciﬂg 'nethodu. o

UE’I‘]OI) AND UPCFRVM‘IO}« : 5 TR R e

1t i3 not known how long records mo ke'pt on thia dm. A
Foles marked Tl 2,3,4;5, 6,7,8 were: prohl.bly of perforn‘bed ‘pipe -
and the free water surfaoe in each was read, ‘Holes Yo, 1 2 & 3
shown b dotted lineq were no* of perrorntod pipo.

It osn - only: be asumed thnt “the cm sho'm‘::siu mimm for '
this ressrvoir . lmml.‘ ‘The . effeat: of the ‘drein oan'be ‘ssens - The = -
Bureau of Reolamation Soils: 'T'esting Laborntory ‘has 'to date mnlized
only one ssmple of the mtarial. 21t is from 'the hulge on tho dnm '_ :
near holes 5= ‘and” Bl and -5 obviouuly vor'y fino. R
"The tnaulated aumnry ol 8041 " amlysoa on the da.m ia by 'bhe
tublio mrvioe wo. oi‘ Colorado. Hh TARRREERS e :

BUREAU- OF REC
- DENVER, COLO%%@,T;ON

X ~D-~tidr-




N PLATE 48

MARSHALL LAKE T4M. .~ pypLIC SERVICE co.
SUMAMRY OF SOIL MMALYSIS . . © . . ° . OF COLOWMO.

Percentage ‘of materials relatas to .
_the percent: oi[volume.‘ ‘One, cubic :'W
foot equallinggloo%,;4,T Fuoooo

‘DAM PRISM

pecific Gravity
Constitucnt
‘Mass. ~ =
Weight 1lbs. per cu. iu-
‘Nat. in place
. ‘Saturated -
Percent Voids:
Campuct
Uniformity Coefflcxent SRR R BRI A P SR
Effective Size - mm S 0,0088
Percent oi Solubla oaltsw;“’j:: O A
Percent Organio S 1,8
ingle of Repose A S e R
' " In Place SO 29000
Saturated o e o SBOOBOY o e
Percent %01s»ure S D RB D
Percent Clay . - R B O - 1 - SR
‘Percent Sand, o U re g o

FOUNDATION:

Specific Gravity.-
.Constituent
‘Mass ‘
Weight 1bs. per cu. ft.
© Nat. in Place -
Saturated -
Percent Voids _ AR E IR
. Compart R 30, 2
Uniformity Coerfieient . = = 57
Effective Size - mn RN s 0094
Percent of Soluble Selte = -~ g1
Percent Crgenic . LS R
Angle of Xepose B T R
in Place o ~42%5
Saturated - - . - 5000
Percent Moisture ‘ R 20,6
Percent Clay Co - 25,8
~-Percent Sand . .. 11,9 -

pr—— . Lt SR ——- ]

BUREAU -OF HECLAATION
LEHVER, COLO., 1034

L T R ——
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PLATE 50

STANDLEY LAKE DAM LAKESIDE CONST. CO. REPORT, JULY 1,1923
COLORADO ‘ | " PLATE F-3-8I

~ EXPLANATION'
@ \/‘\ e l-\ Supersatumted clny core
‘},/IBO"‘ N  : B Rlp mp
Reservoir . W, S lod o e

|

S R O L

Nmurol ground e , D | i
ide . | S N o rainage
Aﬁ;; S:'de‘ il S Altile: drOm cONline o TR, dnch.g i
o oo zoo _f 30077_  400
' FEET S

R

I DESCRIPTION AND HISTORYl g A e e A B
This dam has been redesigned and’ reconutruotad ul‘tor partiul .
failure so often that even'e fair ides of the d1stribution of SN TR

mteriel in it is diffioult to obta.in._ “The Eng,inaering News Reoo*d-"‘
gives a fairly complete piotm-e of the "Came of ths Standley Take "

Jam", but this artiocle and the roferenua in the Lakeside Cnnut—ucticn

Co. report differ in the placing; of the 4" tile drairn et the base of '
the dam. A slight slip ocouwrred 4in 1912 and e major, ‘slide in 1"15. RO
The dam was repeired after each slip. ‘Fallure was attributed to ghdden
lowering of the reservoir. level and conaecuent I‘lowing of ‘the sstur=
sted clay cora, "Later after further movenent {of the. upatrcum_n‘ ope) R
which increased the height of tho ‘vortiocal ‘face thors appearec. oppo~ .|t
site sta, 32435 a pronovmced sespare .at’ u_lavation‘aéso. “Water . ran )
from the vertioal face in a small streenm and et three ct:her points
(along the dam) similar oconditions preveiled," (E<M.R. Mey 32, 181
Te444) "Out of 21 tell=tele wa'.lls drivon imto the outer slope in:
August 1914 water showed in 9, . Out of these wnter showed  to ey .

wore sonttared ng tho drg wulls", ("ditor E. .‘{J
REMARKS: o

A munmary of 5011 analyuu of‘ dam emd foundaticn mterial
accompanies. : o . PR

» %, U, R. lay 31, 1017 = Pngs 444.

extent only in 2 wheri examinod i.n f‘ob.- 1917, " Those showing water 1""5‘-‘:5‘_‘,': S =

BUREAU OF RECLAMATION
DENVER,COLO.,1934

X-D-1145




'PLATE 51

STAMLEY LKEDAM . . PURITC SEAVICE GO, |
SUMAARY OF SOIL ANALYSIS L ep COLOHMO sy
: : TN RN e e et D
}

Percentape or materlals relates to
the percent of volume.u One cubic
foot equallinp lOP% A T F.-~‘

LAM PRISM: .

Specific Cravity
- Constituent = 0 ey a
' ‘Mass R ".f,vf;=*-”' 1 E o
Welght 1bs. per cu. ft. =0 i
Naty in Place = o Qfll4‘0“fn*”
Seturated . a0  114 Vi
“Percent Voids . N R -
Compact.  © . .o g gt
Effective Size < mm FRTARIE SRR 191 - ST
Purcent of Soluble oal*s';f ‘“;'H'Tf"Dgﬁjﬂ
Percent Organic BT Olw 
'1”1_'; or IJG]')OqP ‘ ‘ N S .
" In Plase R ORI N  ‘19°°5'.”5“»_u. -
o ooSaturated o T el
Percent Moisture ot Tee 2O
‘Percent Clay - = [T R
Percent Send 0o "'U35-9 ﬁ],

U!  ‘.';‘

FOUMDATION: -

gppc*rzc Gr axlty R R
Popdtiiurnt ‘t}w B 2N 1
igss o o 1 o lesy

Wielpht 1bsyiper eu. £ o
Nat. in PlEJCC:
daturated

Perrent Voids Lo C ‘ L

© Compact - L eimga :

Eftertive Size = wim . . gymo S _ :

Porcent Qrganie R l.qTTa' R Cuf e

Anyle of weposc R R LT L e
In Place ' : ' o 39° Oﬁ

1380

ot Saturated L ,I*IZGEOGD'
Percent Moisture . Lo B8L
Pereent Clay o~ B lB;7~
Percent Lo 41,7

| FUREAU OF HzcLmaTION | B8
PE{IVEHR, COLG., LUsd e

O o et e -7, 0 e




A«  SATURATION
Imprognntion of ono substnnco wlth qnothor until tro formnr
con hold no moro. : g ‘ S

Be SATURATION LIHE
‘This tcrn is undorstoad to: apply to tho'uppcr'boundary of
flowing water in an carth dame It s :the traco of the Msaturatlon . ..
surface” on .a vertieal: crous—soctlon ‘througn ithe. dams " Abovo® the snt-ﬁz-._
uration lino the oarth is wot buti not: "ﬂturatcd.__“Saturation" 4Amplios . .
"no flow" cnd- volocltics arc so IOU'thﬂt thc connotnbion is dosir- LEL
nblo ono. L i R R

(TRANSMISSION COMSTANT* .
« (PERCOLATION. COEFFICIET
(COEF?ICIENT OF PERMBL&ILITY

Goncrullj d051gnﬂtcd h tho cocf’lclcﬂt is usuﬂlly givow as
the maximm discharge possiblerat o glvon‘tOﬂporituro through. o wnit
cubo of carth material under a unit dlffelcnco in LlOV&thn botwnon
hoadwater nnd tailvmtere ©o G :

*SchITohtor in U.5:G=5-1s0: Pqpcr Ho. 140 o8
. i ;

1hls COCfflchﬂt varlcs fron ubou OOOGSw(cu.ft /hlnuto)
for very fan‘gT"lnﬂdJnmtcrlﬂl to :30 ‘erovoll -
shows o "Variction, with: tcrnpcraturo, ol theiflo : ol ious it
tcmpcraturos through n snnd, 600 F." boing tckon;as thc ;t.ndnrd tomp— '
ercture! . L ST ; p

“Rolrt1ve flow'mcan" flou nt rlvon uenpcrﬂiurc comparod .
with flew at 600 F. It isg cxprossod "s Q porccntugo._-f L b e

Tcmpo;uturo P Rolativo ‘ Tcmporqturo:.l Rclatlvohfi
OF. - 4 Flow ' l{. . OFe. - ol S Flow o
32} 0 54‘-5. 70 b ledb
40 Ce73 80 b 1,30
45 .| 0.80 85 , 1439
50 . 0486 g0 S rea7

B5 . L0693 b 0988 o | 155
60 1,00 100ﬂ]1ﬁ}‘”1 Cle64
85 1.08 | SRS SR




" AP“EWIx(Cnta) o e

D. APILLARY WATER

Woter: hcld above tho wntor tablo by caplllmry forco. Up-‘
word noving or” stationary r“tor in thc cmplllary frlngo.] Gwplllmry
wator eon move in any dirocflon.;L;"‘ A

MOot 1gricu1turaliut° ugrco “thet” thc naxlmun height o whlch :
smter ean riso inn netural “g0il by capillary. action  is about 10: foot. m'
Profs F. H. XKing givos dnto ‘which' lndlcmtcs thmt thorate: of riuc of
ecpillary vater ina circular eylindor’ 6“ dlan. X 12" high 10 prcpor—;”
tional to the grain size. ﬁs follcvs'-“=*

EFFECT Ox SOIL CHARPCTERISTICS (Dlatlllcd HnO uqod)

S _ ‘Tlmo to Climb i oo tho of Riso . - ..
Class of Matoricl | 11 Inehos ‘*EEASt 24 Days - .| _Snturntcd»NWa
Clay loom 1 G- dﬂys . |Averago of ull T
_ Roddish elay Cgg oot i leamples W79 ', Vi 24080
Roddish clay | o wllbs/sq.ft. pcr-:; S
Clay with sand. S L FEE -z‘day B e e
Finc sand : R T NER M;SQ“; Coonh %m2.37:;~~*‘1 v

Mone of thc 5011 colunns Vs, completolv ﬂnturutgd at tho cnd of 54 dnys.
When the soil becomo saturmtcd* th rcqn daily movcnont VS ~rc1tlj '
increascd. g
¥¥r, King doos. not use tho word Sﬂturqtlon in: tho samo -sonso that tho -
Wriser uses- it, ‘Viater:piny find a oaplllary path around Lnjoponing o
too lerge to pernlt caplllnry riso ‘ ,_“f.ﬁgu AL r. Mo 'sub—”“‘”"‘
scguontly. rouch ‘the surfaco. of thosoi yLumn i

inte the lcrge oponing by gravlty tha opcnlng'w1ll not‘be‘fillo v
wator. . If thoro is a void in tho- colunn ol soil: whlch is not: flllcd
writh wntcr the column of 3011 is not surlctly saturatcd.;ya-‘ ‘
In "Public Roads" Vol. 9, iow 1, pe i3, Dr. Torznghi ‘dafinos’ "cnplllury
moisturc“""A rmasurc ‘of tho volumo:of voids ofn-soil: snnplo prcparod :
undor certain arbitrory standnrd conditlong, ninuu tho VOid upaco

which pormanontly rcnnzno f*lled wnth aire T

Ine tho easo of flno son d tho mean dnily novorcﬁt during tho L
first 24 days vms. .69 1bs. dnily por sq. ft. and- whor - complctoly
"saturated” vas 2437 lbs. dzily por SQe. ft., an incronso: of nero than

300%- . ‘ ) s - ) § ‘,\

Prosonceo of vxriouu salts dissolved in the. wnter 1nf1uenoed

the rote’ of ‘capillary rise. . “Addition of 0.08% of ‘potedsium nitrato to S

diatilled wnter increased ‘the rate 1n an 18" column of rather coarse

”7:~-14--




."APPE‘ZNDHVJ“'(Cdri‘t::'z"d‘f-‘j L Ty

D, GAPILLARY WATER (Cont‘d )

sand’ 22.84%. Simllnr teut using O 08% of common salt dec*ensed the
rate 12.82%. With a. saturnted solution:of: ‘land.. plautor the decreuse

was 27 36%. : Theso. variutions are. compnred “to.the rate of irise. uaing
pure distilled wuter. Thc temperaturo nt whleh theso tests WGTO made ‘

is not stateds o

E. PUDDLE
Because the Americun dofinitlon is not unzversul the followu L
ing are. given: e

(1) Earthy mnterlal as a mlxturc of cluy. sana nnd graveli
placed with wmter to form a compuct mﬂSS to reduoo porcolation.

(2) To place’ such material. o
botandard: symbols nnd rloasnry oi “torms’ uscd An hydraullcs o8’ appliod

o irrigation:” . e

ocial . committeo on. Irrl ntxon ' 11 L i N
13) Clayoy ond grovelly. carth: thoroughly: nlxed and W6 ted nving

o congistoncy of stiff mcrtar or mud.hw61ay puddlc - prodomlnntinn“Fﬂﬂ:::

1n5£cdlcnt ‘is puros clayer g RS _

¥Barth Dams' - Burm BOasOLL o win i i R ﬂwaou<aw~ww;mwﬁ

"-_‘Tnj-?ﬁadlo inm Englond® is- an oxponsivo materinl, vory

material is often carricd wery considor"bl‘ dista and

voriably prcpared in a; pug 1111.‘ ““ﬁ‘ o
(5) Puddle in ‘India. 1""“madc or: black cotton scll}‘

laid careful%zland rammod."*, o
*Procoad. of. Irrig, Confs ulnla, Indlq, 1904..

Mu;;br;eks 4g; 

Dlscu551on bv Mr. Proston.

S

F.  SETTLEN CENT orzemL

Uslng thc wclls for rurpoaos othor than ug obuorvation wolls
mny also’ causo thom to scttles The follow1ng chrnrcd in clovatlon"
ocourred ot Mimatare Dan*, Ncbrnnka" IR : :

- !Elovntlon i mlcvatlon‘? Scttloman'
Wolls om the Up= | July 10 4 Junc 20 i| . (Fba)
stroam s 1 1926 - o .1928 . .- R N T
Sto. 21 f’Eﬁ T4z ] #2&s o 50 T ST
_ 235 425 1 26,7 1 i2Bel o L e e s T,
24 f. 90 : 28.7 1 2540 | 3T ' “
26 £ 50 2 2642 S wps,0 ] 1.2 o




-Appntmlx_ ,(_c‘ont'd‘-,_) T

"Fe SE'I'I'LEI:".ENT OF fm.L., (Cont d.)

Thoso vrolls worc not porfomta,d. 'I‘hoy woro u cd to i‘ind.
proesgures in tho- foundation under: the: dam. - No. chungorin elovntlon el
wmos notod for woll .§-1' roforred to in thig: OMO 8- o ,-'-*
*Dato furnishod by Hre T.:ile Parrj, r&gr. Pathfindor Irr. Di t.,
Mitohdll,.NobruSka. R S e

"G WATER TEMPE!RATURE" IN RES._.RVOIRS

N Tho following plnto"* w111 indlcatc how tho tcmporaturo of
" wmtor will vary ‘An- roscrvoirs ofsizoy and lncﬁtxon sinxlar to that
of tho ‘Roosovolt ‘Resorvoir.. iIn roacrvoirs subjcct to- greatcr 'scasonal

varidtion .of tomporaturc. thqn the Roosovelt the’ offcct on.porcolation ) .f1;

 may bo moro:marked, . The: .genoral. charxotcr;stlcq of nll six largs. P
reservoirs studied werc s imiler. | Tho viscosity of’ wotor | ohnngos \dth '

“gomperaturo. Usin% this dita in cOnjUTCthn,Wlth ‘thot under "trans-,~ ol

‘mission constant" Appe - C) some idoa: Ty bo gnlncd s to itha way: in
which tho ‘tronsmigsion. coﬂthnt nightivary: with tho dcpth of wator:

4n the roscrvoirs. At proscnt no knovn nttonpt hv*-buon,madc to tako-;nf*'*

this offoct “into: avcount;:cu.,.K , :
*Talon f“om Hra Ve L. Grocn s |  :_ _M“" ,Tonpcraturo of Whtcr in
_,Roscrvoirs S O A e :
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| 'fA‘I""P‘EﬁDIX” ‘(\'C'cm'b'ffdt- )

LEVEL mnxcmr-:n 13"1 AN mpmmm'mi' P.L'PE i
‘,uill rcccrd tho hydroatﬂtic

H.
-LThis lpvol uill be- lcunr'

RS pipo opcn only at tho ond
hoand “on tho- wator ‘at the ond: ‘of 'tho : pip
thon tho saturation lino as: shown.- e

T




., BIBLIOCR.“LPHY

nERCOL:-.J.IOII THPOUCH ND UNDEH ﬁTﬁ

s drc.'nn[; ,-,n2)'f7~
Ehrth Dﬁﬁ: Dﬂ‘ b

'Rcsorxoxru.fcr=1”r1r”
*c huylern,. p.

'Bohio Dnr'??" REas o o
) Trhnoo fﬂ"o‘SOGt (;l‘\.' F-].'KE'S

-Boyd'" Cornnru_Dan o
‘Irthrlan~Canul o

_'Eoz#Su_Dgh;gr;ﬁs.w .
- “Ru slnn "Hvdrﬂul"”

Borov Vlccu. Co. qu__w‘-:ff‘
Hydrnullc

Brzdycwntcr Dﬂh
Curmul_Aurlllrr, Domy  ﬂsA:
Igthriinn. Crnedd Conn.~

th.;ﬁcvﬁ, XQ\..EB 1901, p. zlujqiijp‘fffﬁa

Carmel Ikin Dam: S R s
‘ Isthnian Canal Corm, (Roport, 1808, Platc 1




'Chzcopoo Dun E o ‘ ;
E Journal Ncw anland %. ausn., Vol. 41 ,

'°Cold Springs Dnn, Unntillh Projoct Orogona
: Eng¢ Hcv Vol ;57 No.‘lo Pe: 250

quuille,Dam;fOfbgdhé‘ :
: ?Trans;-Amff
Reservoir“ h;ﬁuﬁ

'+1901- Dec. 12, 26, 1901
+'Foba 6 ‘1902.‘f1ﬂ

fExtract fron'isthnlan )
(1ppend1x He pp., 3

Horse Creek Dam.;y X
ung.‘News,‘Vo. 7

“‘Iydraulic Engmeermg Ill 12‘! RU'}::' :.

Jumbo“Dam,‘célofﬁdaE
B Eng. News, Vol. 66 p. 447

Kreibitsbnch Dan, Czechoslovakla'7wlf‘ﬁ‘l : -
‘ ler Congres dea;;rands Jarrages, Vol. lV
‘ (p. 153, Lest pp. 150-150) '




‘.

, fLahonta.n Dam
‘:,??Linvalle Dam

'ffLower Volga Dnmu ;‘-V":\ L*9 “”ﬂ.q

% fnlarsha.ll Lake ; Dan" near m;‘smn ;C:olo

: _Mntoba Tanh, Indla.,

| CMaynl ank. Docean, Indm»-"*“f*-m

‘-McKny qu

.Medler; Reservoir Dibankmant Indla.
Mlddle Branoh Dam

vMississlppl River ‘Lovees

‘Mukti Raservoir Smbmnkment

rNohr Tunk, Doccan, Indiu.

File 360-D Letter ﬁorﬂ. Idr. Sturcl. PRI

ole. 84 (1921) p. 531"’

1er Congrés des Grunds Barrages,'vol. IV‘:

Lnkeslde Ponst ‘Cow

~Irrig. Conf, Simla,’ 1904, Paper #17”11111 e
Bag. TNews, Augs (21, 1909, pu.

Irrig- conf.- imlu, ‘;'90"4 Paper 41

EHR. Vol. 90, 934 4—26 . 5ana 33,
Trzms. Am. 90(‘::‘-“ ; BTN ¢

Buc 1ey S Irrigatlon iandbéol,“

'Mhaswnd Lank, Daccan, I“dia}::

Irrlg. Conf;fsiml

ﬂhr Deplt.. ‘Bulletin" "Inprovemonth Xy _h‘ uiséiﬁﬁ
. {River for Flood ‘Control.and. anigntlon“ b" Mnj-
a0, Elliot,:C. of“q,’ Vol. 1T ‘

Buokloy 5 Irrigatlon Hun&book,Jp.xsaﬁﬁﬂﬁfﬁﬁ
Irrlg. Conf. bimln,’1904, Pnpcr iT;i3111¥ ¢"“*‘ﬁ"

ade



Paddy’ Creek Dum._" SR
Tronge Am. Soco c. r_.ﬂ:'

Pashan Tnnk, India‘fQJ?  1§:;;f‘p
Irrig.. Confs’ Siml  :

Pingli TanL Deccan, Ind:q. :
* Irrig. Confls* Simla,“.‘_“ﬁt‘

‘Roeky Rivcr Dnm S SRS SRR
Fnrth Dan Projects,

Saturution Slopos, Instrumonts
L.N R.. 1933 Jur. 50'

: 1

bchmarzo Degso Dnm, Czcohoslovukia';‘;
er: Congros des Grands Barrqrcs,
(Test pp. 140-14b}

: 7 Shetphal Tank, Doccqn, Indlq-, :
f . o Irr15. Lonf.‘ulnlw, 190”'

akf; Shirsuphal ank Indiq-';ﬁ1 :
e ‘ Irrlr.-?Oﬂf._Siqla, 1904'

“Eng. NGWS. “Nov. 28 ;19013' Sl il
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DANS OF Brwsn' P‘RESUF*I!‘Y “. ... PIBLIC.NORKS DEPA}?T"ENT
‘B MBAY, INDIA. 1908 e HILL cntrr 'BNGR.., TERIG.

s

Ak :

GEEERAL. rmmm, 3Y Mty I_I.ILL:;*. Al
"Thesa exper,mnnt" '

‘ment Bombny, thn Q prn*rnt
undaw con51derat1nn.‘ A anl
the- comrencement of the. exne
fill and’ no gooé obanvnti)n :
rain, when. ‘all: thﬂ'tarhs i 1d fill has
since the commenoenﬁnt wf t'P oxperiments.
. when some fankq hnve obtniwcd qqq;sqpﬁlié
" deta . now: printed Are. thus ' ; j 11t o graat Ho
many more qf ob=nrvation<,.

seleot the obSGrvafrcns- anﬂurnturna
‘hy the Executive nnglneors, ‘have nat )
T have left them’in, Po*,ﬁvn rnasrns,[
reclly errors +bqy Iﬂul“&t“_
- ralisble,
-and they way hefﬁwu‘tn éwnu cuu5ﬂ nn?
Tosplts, “howover, ‘are un’ fﬂ*m and affor:
'dltions nf-'aturntinn A tiha emhanknen R S
‘ 2. 'The first importsnt pnintto notice. is thnt frﬂc watnr
waa. observed in sll fhn”enhnnkmerfs.-‘The levela"1vo“‘are those
of -actual water ‘in the ntnrinr n? tnp bank - nndrare rof mﬂre
Vlavels aﬁwet Lﬂrth.,_ R ; ‘

At Pirst holes - wore nrl«led.intn the enhankmonts nnd the,»‘
1Pvel to.whish the water Ta3e.:4n ‘the holes_obserrﬁd “ The : natural
side, howaver, fell in aftar tnme._ ‘To meot fthis: dlffioultj
iron pipes. wera plaﬂod in-qoles dr:lled "erticully'znto thﬂ enw
benkments -and ithe ‘vives wero porforntcd at“‘hterva1s alnng +hcir &
‘length, so that water had merns of access at: nboyt: every foot .
longth of the p‘ne 85 wall _DEnt *Pe hnttom S N i

_ - “There are ne. nr th cuses rcrorted ofapipcs clo,g'ng anﬂ bnv- N
ing to be olepred, Wit corsidering the resilts renernlly, it 18
remnrvnbln how. cans*ste”f *ury are- and - hww nlovolv t’a retnrns fr
hanks »f -similar charnetor agree.Y:;lAf‘ S5 ‘

3+ The" baﬂks may. he broedly. di"ided 1ﬂto two clusscs:- Lo
1 those made of. claypy matcriul thrnuvhout, and T1. thoae ‘mude.: w{th
" eluyey materisl -in-the heert on]v,‘or irthe heart’ pad' upstrenm

- vortion and with pood- drninage matar:nl At the hnnk ‘or downstrenm :
;portion. Comments are: moce . on eanh “onk - sepuratel;, Hut Nutoba. R
«Pashan, ‘Pursul, Yhaswad, Wpdshivne, Ekruk, Nehr and" Wﬁphad are
\exnnnles of class 1.and Mukli, Unkal:of .class II, The cnnatruﬂ- 3
tion of the interior of ifedleri and: uayni is not e xaetly known -

‘hut they are on wall drn:nﬂd foundations and are mors . n]osely 4n

- w10




agreement with nlnsa TI than cln : The roaults shnw thut

8 very much larger. nronortion af the hanks ﬁn cluss 1 ia satur-
- ated than in class T1, _.‘319 :

"Matoba, Pnshan, rdrsul ‘and: Wudskivne ure‘tvnicnl of +b0 nl-{;j' j f
mnqt complete ‘saturation of’ ¢Vass 1 ond’ L1kti;nnﬁfﬂnka1 of olosauH j_» j

11 show how free the roar fortion: of - tho dam is. nf:wntor when
: cﬂnstruoted of drainnre matar1u1.h=.:w

" The :obserwations ‘also Ahw that the'clavey mntoriu ’

w%ether 4n bank of" ‘eluss 1ior in ithe - heurt1ng,of bunk ol clussﬁﬁ,iﬂ-”
11, takes ‘time to suturato/'ﬁd‘hfter ‘gaturation parts w1th Ehe
‘wrter slowly, the ‘level: of‘wa?er_in ‘the: saturatud olay.; fallingfj;"
mueh more s lowly thannin the. ‘tank when wntw* wnsfdruwnioff Tl

Irrigntion. , o TR i

© 5. Onthe ﬁ1qgrams'+hr“1ne'of saturntinn for 1“06 only e
‘has been-plotted hut wostudy of the. nfher resvlt Sinihle tablas
‘and comparison with e Uingrnv**.ﬁ(. ; athnnn of +ho
pives in the. emhnvxwents will hﬁ"”‘“ :

B, Intmy npinicn, ‘the res: 1ts qbuw_rﬂry‘ X
“¥a mot: safeto ﬂnnqtrlctfa ‘hijfh. embwnkmﬂn : ntirely of: alayﬂy

material and illustrat lenrlv how neeossary it is “to use, gnnd SRR

druinage naterinl in the mopart of +he Hank S




CmEmBATAN & wm
atE SR f e e U OHTER JEND TNEER._TRRTGA'PT')N

[P

DFSCRTPTI“N HIGT?FY AN“ OBS RVAT mL> S - S
. T"he dam is vnnstruotud of uniPnrm olnyov rﬂtorlal,w*th o th1n
moorum skin. cnlv Tt s fiTled nwrurlly from the Muthn Cnnul nnd

- is annunlly emptied. Tor: irrlgntlon. N -w"l‘_:ﬂh1rhw§f level wns gl

reached an 28th Septemher. - The. water level 1n}n~ > Hou R: on‘tbu o
upstroam.side roso gradunlly as the tonv wig f d Cand roncnﬂd

~ maximum for the senson on the same- dnta'nnnroxﬁmat;‘,3 .fthr hﬂrh-”;

gt level in the ‘tank. Ininipa Ne, 4, nthe downstreonm slone, howa "

“vever, the maximum. Yevol did. ned oeour” unti1 O Ahar 27ER ‘oAbt

85 davs aftar dnte of the V.S, L. in +nnk Al ¢L””y997,=tﬁe;*';¥
P F. 5. level in'th tank wns Pirst ron"th on ]7fh “Kipust; Bhaihighe

“Pr+ lavel in +hn'pinn At he water qlonﬂ, ‘on- %l st Auwuqffor“14‘ﬁh}s
“latar, and in n;no doan th» downstrnnm sxone nn T”th Ontobar .or B2

days later.. The phcut 1nvn13 in thu remxxn‘nr nnpvs“ n ‘the dnwn-lQﬂ.i;

‘gtream side were ‘als Hﬁﬂ@@ it nppnnru‘;
to:have taken (2 e uf'f aturﬂtinn in
this bank. Th» full sunn‘" Iﬂvnl roma’n f

périod. Pipe No, iR nt sthe” fop‘af thn ﬁownqtr"nm qlon-' +hn +nn
1nvél ‘is G013 nnd 1n 1906 ‘the water le: V:,fg' T 4bﬂ-Por Aurust
tn Vnrch was nver “Riee thnt there 541 gt “, “nat Afdry "_
materinl A s1%entslipoat: £ho b o _' _" Iatnha “unk.;'
The tank is » -ond ‘inatance nf a-hank rude: “1ﬂy6y,ﬂntﬂrf

‘4nl on’ a pnod fnuniation J‘pvrvihus1

”P”AR S: : S S
;drnwﬂrwn oP thn resﬂrn e

rairs hrre 1nd1catﬂﬂ prevent::n Pxn ‘ m 'jaﬁnortnnztf to: utudy riso[““"'

nnd fall o the phrunt*ﬂ Tine. © Phint R

an pises:l, 2, %, nd 4] *‘uurrikl“ﬂVPr i

ceyelas s evident fyron the. *ran

1307 equt]zbriun gl i tiwnq or;fd

closely: nrnroachad‘i‘ - "5"*

RIS & A ﬁ’ﬂsirniriﬂﬂﬂt-+“ﬂ u]ﬂ*df{nﬁ

in oi~e ‘No. 1718 above thﬂ‘"nrfucﬂ M
pinzometric hﬂ)vht g:vvr 19Y; Tdencof t‘n;“rﬂﬂsrrﬂ er
to_’orce watmr ur +brna h kV' "i11 A
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ASHAN TANK

oy e BT MY, WL HILL (1ans): . - : Nl
' Wphis in a tank with on uncer inosupnly. but w‘*nh nlwnva ﬂﬂtn‘
gnme rep1enjshmvnt.,f”ho ombnn u‘ " " STt wwll in the onntra -
and in mnde mostly nf vHrY “1ﬂeuh1r ffnture e
in the rasilts for i ' ' ‘

‘the leval vxé“ﬂﬂt fallsal rnp1
~maximur level, o aath” q ptembﬂ

in the pire wero n]mcnt thois

manths lotor, wq11qt tho wﬁter

watar -in the pipe had fnilen 4- 174" o

fect higher than She satar in the bank,

stroam slope but w1l in th\- odv“o“'+hﬂ\ ‘

water level wns. ﬁnll, 2 Pent nnlv nrninet

In hoth 1906 and 1307, ehe ' uturntion

vary quickly’ ronchod: in 1”)? a1l

3antenber 15th unr‘nnx~nvn- ﬂturﬂf*nn

in 1907, full ‘supnly’ O"Ger”

have heen at onné.vaturﬂ+rd.

T suggast.that the qv: i G
nature of the w tar:a’ ,t” *rrnfcr rnr?ion or s K
4 slip cﬂourr ed- 4r nha (ﬁWﬂqtf“ : tnr_n“\t}w bqn-f.”

nfrﬂngthﬂnwd o L i

CEARKS BY TURSRTTER: )
: ®ipes No, 1 rmc* RN 1rp menaitive +n I'(‘..\_{;H"Vﬁ
Thare 15 wary 11”-1y oA undnr;*wérorn Sy
' Pipes No. A and 4 Tluctuate. vﬂry' ]onlv.f
nnture'nf-the:é ﬂy'f}oknn 0‘_ﬁV

PARSUL THIK

COMTINTS AV I
‘ '"This nrbankmer+

ed 'rman", o rnhd retcnﬁy

is 13 to 1 and b o Wooruw aay

v stone drainuge e £

The dowmotroar ﬁlpc  1" - quﬂ rﬂhék AR

dc n~t shaw any wuter le *nntfﬂ“"nru:t1\‘ e Hrn»nnrp-“ e
The levels ~f wutar n~n0"'ﬂcs.‘1,_9, ""u_3~?4‘L?" nluvey "l“f

of ‘tte dan intieate that alrnst tie nh~l~‘h“ the v‘nv'ﬁﬁ'qnturntwd

Sore difficulty anpenvs bt brve ean oaXEerd Yanned i ldeping Bite Ne.

3 alear, hut the observat’ rns Cin Septerbar and Oat vior 1008 ara e

gnod serinz and waher wis fasrd fmnine Na R ontoa Trewrord “‘Ph indi-

eated that the whnle 57 the cnrth o wns snturnted, ' ‘ ‘
1207 was & yoor oY woak rninfall and the loved i the tank did

not remain high se lonmpy as in 1368 and the hunk owas Mt oo a0l

nlatrly saturated.”




LR
SO A
tﬂuzn/ —tcsv -o_&

JZ-L!

g 61 C

YR al

; BRIV ] o rem | IIARS §on o R ETEE SRS A :

190 21iv0 e BN ; L . Yo : : R

2.9 ] awpan | AB3nprel SR T e e T A s e - g i - S L33 40 11wd8

el e WA B0 G ORI . L S Eal 5 - fons T SN T By SEIARSED SRR SN

S3es 3 AR wvA 193400 ol.»au.s:. : - SRR B Giw T N TE s e SR

) K .‘Pg Fﬂdhig

= .r..n . X ; I -q.. B. M 2 OMG [ aD T
.w!a.-‘n_ga Nﬁn-.n uun.._. nﬂlluuﬂ.-h M CZIS g Lo

T. TT LT T L5
R ERYTIN A H R UL T
. - T “Radif,

T
oY 1. TFL LY ah )

» waiamae

Ly
i1
,5-_-. i

i

: . 6061 AVBWOE | . . o -
IN3WL¥VJ3a SHYOM 2176nd | WVQ MNVL NVHSVd




PLATE 88 .-

PUBLIC WORKS DEPARTMENT

CEXPUAWATION
A Mon Earth Heorhng
DENVER, COLO, 1935

B Mprum Comng & oo L
©C.”Dry Stone Dvain

BUREAU OF RECLAMATION

2.0 Roew Foundanon
CE Conceate Cytoff " -

 BOMBAY '1909"

Vo TEVEL

ey |

[ U CROSS  SECTION OF WARSUL: TANK. DAM "
OwiNd_ PONITION OF Riot3 FOR gnscpy$ﬁo Lm: OF SATURATION)

SERT 8 P08

L7

.RECORD OF WATER LEVELS iN RESEHVOR ANO PIPES

i bevm

B
|

s e
|

L PIrE MO S

PARSUL TANK DAM




<. . AKDSHIVNE TANK

- ——

‘ ’Y'T.'I.NT" BY I'Q.JI‘FI,L
LooMhis is e new, tonk conmple
nnt*rely of ‘slayey mntnrjnr'
in the certre nnd 1, ito 1 of
horm is also” prnvided. .
.‘The reoords af -eater.le:
Phnt the erbnnkmﬂnt hns ﬂot ive
levels in all *Hw-p1nns "1cw1y _
- little water wrig-drawn:off’ durin : \
» IR level. in the tank falling: faot nnly,‘ﬁqfthelﬂte+r1huf.nﬁ‘
' wns nat cowplptod and’ thwre was ﬂ“i'sﬁc of wekter: frnr thost S
‘ ITha dlarrnm )nnicntes thnt , ' : : RtBT1~, g‘~

*a'*atwratﬂd. : ) L

ninp.f nP hlﬁr~«W.
3 matﬁrinls;

hornu:hIVA:nturated,‘

norheinio

RFWARK“ BV T"F WRTT / :

From the q+qndﬂc1@t of “ 1owe
trnt draining the' taﬁ{wlthnn tra e
ad the p rPOSA. m“”ﬁveﬂﬁuly‘thﬁn nﬂﬁ*

nhrrntxr 11nn it aph-nrs .
ould hnve nrcnnﬁ11¢h- :

e koot

EKROE TANK

COM'E FTo RY NQ’?‘ S
"Thlévl, ‘1nfph-%hnk?nn«
Cpeti £411 during S
_ *mhe embnnkment.“ Heliaven tn
cluyay EﬂtFrlal-‘,.” e '
. “The pipes’ ‘nre Ll or
Lo “The" levals in: "1:e No.-'
=more slow

;emhcnkment bwt unf@rtunat91y

‘ERE.ARF81 }~~,
;e - Apparaqtl
- e v mquthMa

- Perv1ous.‘ 1% is ‘not
Sflow s throurh R A prrv10n"
ftion, over tﬂe pudﬂlp tren@?. ﬂnd
'ara n.- ' P B

y t“e mwille trcmrh' _
arh* the ‘moorW. layer “‘" wh1¢ :
1nnan0ﬂivahln thnt n. 1) _
TOOTM: undﬁfl ing th upstre

b:ok ﬂnnn
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'NEFR TANK -

Wr*nm'm'rs Y mz.\ BILLY S e - SR

"Thls is ‘a bank"® nf uniForm oone+ruotior of cluvey mnterinl-:;‘
oqrth and mocru& mixnd.. ‘Tt slipped serious 1y on nne ncouswnn nnd 0
. worm has “heenia dded ta t*e wenbnqt pnrt._ug;”- TR

The . pipe’ No.? ‘was ‘inserted on rhe npstroam slone ahnut 7
,’ent from:the ton Pdga of: ba“bnnk. DIEEE S

The. levels. rosorded inithis ‘pipo Kny 2 egularf ndivrudunl
rige ard fall fnllowivp,' 3 jco1nridinr with risc ‘and: fall in
“the tank. Thuo, in- 1906, the 183 1mum’ *vel dn the'tunk wu _raunh-p-'«
ed ‘on Sﬂrtember 26th ond wa 2n61 1n : : _ﬁ  i

The level POPOTdbd 1ﬂﬁp1pe No, 2limaa then Znﬁ bl nr nbnut
T-Lé ‘feat lower.. : The ‘Tewel in: thv tnnk rema1nod nearly’ ‘tho same
‘until 27th Octnber, It ‘bn-levol Anipire’ “No. 2 ﬂnnfﬁnued ‘£o, riges
~until 92nn October whﬂr *hey were: nnly 4 Tevt‘i'wnr than”an thp"”
*tnnk. ‘ . : . s e
The water: Jr‘tkv tanb +hvn Pell more rah 1y '€l
n1pe unptil 27th. Aprw] 11ﬁ7 wﬁwn_the differpnce n? 1evel wus

1-3/4 ‘feet nnly. S o : & . L

Similarly, . ﬁhen rhe tnnk wus replcnlqhod thn wa+vr 1n thn 5&73f'7
tank rose more. qu1~k17 thnn in ‘e pipe ol iBaio w\,:U
: 0n July 10%h, 1907, Lewe dlffarpﬂoo wrg R= I/* rﬁﬂf, ‘on’ Julv
27th, it wns' %—1/? ”enf*fﬂt +hv,ﬂn Cofchapus st, it SR "ont nnd
far 4he bwo months - Sonfomh;r arid- Ontnbﬂrf—,whe;”“kﬁ‘lﬂvel in
e tank was’ nearly nteudj' thﬁ\n;Fiprerc‘ 1S 'qs utuady nrd.
hatweean 8 feot ﬂnﬂ‘q-l/h Loty The di tnncn‘xrﬂ the wn+or edge

on the bank to the pines hnvi7~ntu11v mns rbnwf 9’ ‘Peot, fhnt_‘g¥ f a7

“the rrodwﬂrt seems. to ‘,!,j Hnut 1_3n 4 or less ”or tﬂws
pnrtlon ﬂ’ thn bnnk noeo : ST

“EMARW° i "HF V{TTER o
Hera. 10 Y rnod <xar 1@7

11rn with: tima, me
_Oﬂtober lﬁ,.tho prngresr“_
on:plote Pl.. The: raqavxoj

then stayed ﬁt‘vﬂG "RW levng!
C 1y ‘rase et nll July ill- REEH - 4

it rose & Pwet. Thl* may. bc i
'_;twn fnctora, lug--n fhs rmue at: thn uatu
' . ﬂ Wﬁll NQ
'an phruntxc 11ru.

- heafoot ston: nrd arnin 1t kaPE\

qu1]1br:um._ Prcb&bly hncnuﬂa the Ler : ,
“nfe the dam, +o thn ‘wall ‘s shorter fnr *he ‘irher rﬁsprvnir levc
the time lug is- shnrter for the sccﬂnd qtca.,a : S g

1B
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CWIKTI TANK

’I'FNTS BY I"?. ‘JII = : G

"™ his is one” oj the' hnst nmhankmnn+§'.n ‘the Tensnn and hing
never given: trﬂuh1ﬂ The 1rtnr1ar As reparted ‘~7be af ﬁclnnted
enrth: and ‘the nutnr *nr*inw *otb upstrnsm anA Hﬂwﬂqtrﬂnm of n*orum,
whilst the. Po:ndu+ onv~nra roek. : ; :

1006 was_ o vear iof: food ra*nfﬂl1 nnt ﬁhe tank nverflnwad nﬂd f}g%wﬂ‘

: romnined ‘at. Pu}*‘.unnlv lnvel Por 3. nnn+Hs.n;_~\-v

The leval 'n oipe Na.:l, wh*rh was ‘gnkiwell i,to thr haart--:-j: ' -
in ‘the pstream: u1dn;.was ahsut B Prot balow thp leVPl of tkn ;a:;pﬁ' '

-rwa+er in the tonk &t meximum: SUTPply . . -
The'levels in nipes. 2-ond 3 on the: dﬂwn\trear s]opo ‘ndinuted
.thut the enrfh PPartinr was corblﬂtelv fnturafed but thut‘ he e
.nonrum baokwrr was. frne af- watnr.]¢wf,3 : B
Pipes 4,‘n aﬂc~n Five “the’ levelu of ‘he vatpr in tho tne nP

.Vthe mnorum hacking und 1wdicnte tbe grud1ant nocess&ry tﬁ currv ﬁ1' '“3

off the ‘water,

- The next veéf. ]107, wns;one ar ‘Poor. uunvl" and t“n tnnk did [ﬁnfﬂ;

not f111 “hut’ tre rux*mun 1eval roached in pire: Vo. 1. was® very.

annrnx:mately,t“ﬂ some ng- Prr ‘906 +Pﬂurh it wns lnlfé f»ct helowﬁ@{;fﬁ'

highest level~iﬁ“tha*tgn\ instend Af8 feet s iﬁ l°ﬂ6. L o

In pines 3 andi4 the’ 1evel= recorded in 1007 wnre h1rher *hnn‘fff

in 1806, and the reamson: 15" ‘notielear. o i o

- “The reneral results for thi ﬁtawk;-even n11nw1ﬂﬁ Pnr tha _

disorepanoy in the' pires:3 nnd 4 int *}P ‘o;ynars, sbow that fhﬂf
form.of" ncnstrucfion adn-trd 18 Food ‘ RN e T e

‘REMARKS BY TUE ’?ITER. : o S : c

: As reyards lowerine af the pbrﬂntnv Liro nnd prov1d1ng
‘stable npstream slope: unﬂe*'severe drnwdnwn Df PCervnir, thiaf}”';_
design of rolled fill anneurs +o nnnhinn nll ' He advuntages off_ '

the hvcrauliw P;ll wﬁfh nNne n ,1?5 uncertainties‘_ Carrv1nﬂ the -y~‘5‘

henrt ~loser to the ton.of the dam: mipht ‘assist ‘in areventing

formation nfithe: rﬂnillnry q1nhcn} over) the‘heartf - e3ﬂm+nbn,»}}j:‘”

Pathri, Wadsbivne, Unknl _?arsul 'rhéswad

‘"Can1llnry kcvemﬁnt af
WM, MnLnughT‘n nior Irrd
148, DAl Bu]l VO.'_,_f“ i
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OVVPNTS BY M?.-iTLL:

red in 1893., : ' ia ‘dL _ ?nown nd nro**
“indicated on thv-ﬂ1n"r' 1,.“ jf” crare Al
‘clnyny mﬁterinl. nartl od . \a

cial.

*ust aHave d _ & by
. The watar Tavel in the ‘nine Tn, Aq
ris e and fall: of the wnter initre tnnP whan nnnrlv fu1.,7hut at
~lower lpvels,Vﬂhaﬂgnd slowly, Thus, ”rnr ‘ulv 20th ¢ o Auvu
 “4th, the level rose ?-1%. Popt ‘and. there isia: renﬂﬂnr o iy
apd which shaws :a rise o' i fest, Aenin, onm‘sonrerhﬂr 7]»* ‘to
Septermher 28th, ithe- risn was 7~ 1/? fnnt‘-n e ‘
Detaber Sth, whon the tnvilc. Trval Mepan to Pall i
% wips i falli-ore’ rq'1h1v thun fhe levnl in’ the t. nk untwl
"har 2Rth, the’ Pull in: +hc Y k he1nr “}*ngt ?ea+ nnd
Hp., 3 the fall wans 8- feet, e :
- the ather’ hnnd, the :
-vﬂry certre Af. the. ﬁﬂm.‘ﬂhingad hwt'"‘iwh+1v, ‘the maximum
was ot rﬂanked *ntll unvamher 18th ar 2-172 ‘months - uftpr”fbn .
Cgank's fxrst F1]11u, An' fuhzst,{snd'wha’st AN Ap"il ‘Bth’ thn .
. differsrics hetween dovel nf water: An nink 4 ‘andfir thp<?n
A0 feet A1y, s Augu,{r,j:'l Bth, '
L The 1pvoi iine Ay
‘ inr on £ heldarn ”trrum
' “ The 1nv&10 in. n'ﬁes
‘in +ha reor-s
]WGT. ‘Tha- v"rzufiar e _
nftar June, 15th uﬂnnurafgfﬂ'
“16th June an' +“ § .‘f;,

 fPf!ph, (A“RT?F'D) 3Y ".
‘ Semt,, 22 .- et 6, 1”06~- g
'1ven levnl..‘pinn‘Wa. 1= anfhf‘
Rainuoter must’ hnvn enterad +hrnﬁ chv
- enuse .ahnormal’ ris TR e vy
‘June’ 15, 1q -'p1n~ J“'”:?is* he ~refised._,;n”"
Jane 22,1907 = Pipn Mo, % 85 now refixeds -
Juna 23,1907 2 Pine Mo, 27ins nnw(rp“ixed.*~r;,7"r,u' e
July 20, 1807 - Tho-rise in nines 2 4, 5, wmd A 15 dueho
thr dar yeftsn~‘qaturated Hy- . former rign ipleve]l nf tankds:

Qe

Sent. 27, 1?07 - ”a*n"ﬂter Tust’ hﬂve enfﬁrc4 dwto Mipe’ hw. 6.

;-17-
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//EDLERT TANK /-

cqra TS BY vn. “HTLL: T | E
"This is an old ‘tank und fhn Phﬂrnctor ar fhe conqtrunfinn

cef. the nrbanment is wo+ knawn hut ik e g;nd snund hnnk.g‘pine_}w"

"~ Ne, 1 is on the wator- slopo At the hnnP unﬁ DJD".NO. 2 alno, and .-
et on 1ittle . ghove’ H. F.Le Pmne Ko, By s5 nntha ppntrv Yinn of :
“the bank, ' The res n1+s rerwrdnd shaw thnt t‘n hnnV WUG ﬂlﬂOvt com-:”
nlote1v snturated RS fur ‘a5 nwbofNo. 30N fhn nnntro 1ine ‘of fhn :
‘han.‘ The n:pa~;arp of, irﬂn vith holn“fpunnhn AN thnm nf inter-
vals, ‘and ‘pive No, 3. hnd severnl f1mcs§to he rlnnrvd ntsilt.

: ?-1/4 yenrs: nf nom“lﬂtf seuson 'r”nords ure nvniluhle nnd
one. ar two nbsnrvatlnns 1n 1004. S T S
‘ InAapmist 1908, thn tank filled rnthnr'SHHdenly, thn IQVﬂlS. 
inpime Ho. 2 ros0" rurlulv ‘hutine uipe Nel. 3 in the rontre oft
the: banv,, the maximum loveliwas nnt rnnohed uﬂfﬁ] 11th Ortohnr [
or 1-%/4 months after first £111ing of “the tank; Jafter that, thaj‘,f

lovels ‘fell graduullv untile June lst, 1%07. The. tanP 1level Pellg”*

‘.‘12 feet, the lavel ‘in- plpe No. 2 ubrut the sare,. nnd inpipe. Nn.v;g f§ff
3, the fall was 13 Paat,” “The . Ievelw of wntor Grithe ninns on_the ERTAN P

downstream slope Nos, 4,75, 8, 7 and B irdirate {hat the hank
- portion of tkof’am wns. vnrv u011 dra*rpd anc_*ﬁe Tine. n’ sntura—'
tion lows ~f [ G Sl
In 1906, +bc mnviwnrzlnvnl 1n thnqo n=rod wus rPunth on +hp o
same date as in mnive No, .‘nrmvl‘”‘oo+nhrr 13%h, 1006, nnd An.
1907, the regults: wnrptvory similar, the. +ank: hoinr;“illed cn g.iﬁfJ
September 28th and m maximum loval in- thv down trnnr 1 pos”renared .
in thr week - Octnher 19th to 26th, ‘ .

RENARKS BY T. W. an*rmww;fanrvf'ITvHDTnn?f rfwyrq 5.

Nov. 8, 1704 - Water lovel ot resr too 'fethe;dumfiS'146147; f T .

“June. 18, 1905.-'Pinps 1o 4 nre’ f11leﬁ withdry elay.. o
Heve bheen orderad pnllpd up nnd cloaned.”l : e

Jan. .5, 1907 - hxtrn hﬂirht in pfnes b nnn‘
to late rains, - ‘ T
It is ﬂnrwnu“'“hv nino R ﬂonfiﬂtant
due to uneqinl nonsolidﬂtwon. i

Mar.. . TA07 - while Tiftin
“There was’ any obstruct‘on in it
lower: rne. remained in side soinn roadiﬂh i . o

Apr,- 13, 1207.= Pinn Vo. % hus hoen nnle nixed nnd 1 vels_
~will be revorted qoon. . : 3 AR
' “duly zﬂ, 19?7 - ?ine
ﬂlaared. : ‘ L
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MAYNT TANK

GOVENTS HY NW HTLL‘ : AR R ‘ ‘

‘ "This{s & tank’ whloh hnq ‘An’ qunl]on# surply and f1]lq rn-.
gulnrly, hut the hed" “%onv11y wtlted ond h('dﬂpth hutwnen o
5ilted bed and. fu;lk unnlv is nhoutfﬂ FLPt only. thc woi*‘crvct

hososince hoonsraised, F‘y' i et . i S
E The variation “oflave Snithusit it Th; tnnk,-hnWH-*”f'

Levar, rem-ingd s oAt arinepr il "UDD]V‘lPV&] Trom 24th. Aapust

1906 to Oth’ avro"ber\lﬁﬂﬁ ‘and: from /4t“3Apri1 1007 to ond Tof
O~taber 1907, Plpgglo._Z was sunk near:the upatrﬁnm oﬁr" o" hu

“tar of the hﬂnk and . pipe Na, nhouf ]W Pwet frnw thel -
A ha downstroam slonc. S SRS

The. rnsnlts ro.nrdcd hﬂqﬂ “*ne and- nlsn 1ﬁ ﬂﬂnns ‘45
5.nnd 6 indigatad that: e xntpr‘lnvol nknngeﬁ vorv

“the wntur ar ofthis bank.n_u" :

' The bank 5 founded on' mnorum,
‘well drained, nnd the hank 4"?nfvvry nati=
”"wh tunt1n1 hnr“ wus ndded Aurn ami
Aenrious fnot in fheinal nynwiﬂf?

ﬂhuqro Hniehe IP"'I rﬁﬂﬁrdﬂd oy p1ﬁ0 Nn. 2

This riselin wntor lﬂVFl Fa dun tn thp’hanb ann-}

LL::IrF & pit 10_.00t d1umutvr ro Dug :

found nt 2 00! 1nvol ' :

ahle aars was: +ﬂkon w%th tﬂv'ahQLrvnt
”he7uunﬂrjn*end*n? hn;:__

levels in thisipartioular, pive

_anﬂ ‘the ripe nnt orokﬂd.,

REMERES BV "WE WHrThH -

"It is not quite: aloor fr m : $lut)
wns - Pound At elevatlon ?100 hef ov _hr n?tcrf”
- If buafore,: scwn rlvn is v»n »s o rclut*
Tl:ne -ahove: nhrfat e 11ne S

‘}““TE HV'-.ﬂWRT*HT}. _'”,PUﬂTW(hH oATA} ‘UIQTRTC"‘
‘ “Oat, 3, 1907.d2?]pﬂ Ho, 3 hn"1nr rnf n%nkw

an. auxilinrv n1nn,wn"-1ﬂ~"r+9d ﬂn Bth OcﬁoH r
1807 ang +hr1 mttnr' Irvp TN 2300, 28,
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MAYNI TANK DAM'.' . _ - PUBLIC.WORKS ' DEPARTMENT
CUANDIA o e BOMBAY 11908 :

Ceiig a0 R B R i AR EK\PLANA'HON'L‘
LLLJ ' ILL Ll 1 I‘IoL'[D s IR e e A.Cloyay' moterial < Ecrih:
SR, Ry e L ‘and Murym rruml., o

SCALE OF FQET

~ensymem,

Origingt Ground Line EL zasret-
A i RO LI R e LT

CIOSS IEOTION OF IIA\'NI TANK' Dll Do
Inowma mmnn ol MPI! m ooumnm Llll!l oF n'rwunon "
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| RECORD OF WATER LEVELS IN RESERYGIR AND PIPES .
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- DENVER,COLO., 1935
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‘POJWEH”S FY MR HTLL: --.‘4v SRR Sy e T
. This is a-kigh, enbankmnnt onnstructed Pntiroly ‘of ; eavth._,"
The levels ‘racorded wn pine 1 on the upstrenm side .of - +he ‘bank-
:show in 1905 that the lqval of - satura*won did nnt a1l so- rar1dly
Aas the water in the tnnk, fnr.‘on Jununry +hn P1rst ithe d:ffern
~ance ‘of ‘lovelwas 7. feat. and. on’; “June 10, was 1 ‘feot only; R
In 1906=1907, ‘the level iin nipoﬁl ‘shows' ‘that 3t takesia 0
lon," time +oxsatu“ute th‘“ hnnk, the: nnximum wntnr lpvel in thn :
“tank was reaoth onOetnber- 136N 1v06 .and aftar that notn thO'
" water ‘in the tank greduslly fell,_hu* in pipe Nn. 1 the level .-
. rose until' 29th’ nenewbcr 1906 ‘or ?-l/? months nftcr Tull ‘upply_
ZThe “henk . 1a B Plgh one und the‘remainln “pluns seﬂh tn huch
teenitno ‘s hort. S EREAS SRR 2

. 'PATHRI T AHK.

DESPRT“TTUN FWD TTSTOWY- e :
,ommeneﬁd Hn 1826 ané[connletadaihclqﬂﬁ ﬁthls 63—foot dam'
is now used-for: domestlc ‘water.and: 1rrlgntlnn',“The bank iq of
- black soil ‘and macrum,” prom1ded wzth”a;concretefcorcgwnll faced
' Lfrort und rear vnth ‘a nudﬁ1e trench iundation '

The top phrwutlc line:
“tion that the" hqurt materia
- level indlcated wt wall
: ~;ﬁtxﬂn normal seepuge.
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SCALE: aru!r SR L s T TR ) B 9K BOILT TO
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"RERM untnuu. uov lunu S
“ROCK -, e

‘u,uz.o- ‘
%0,

,touuo o

JUNE 1L ima

nAREH 8

#.Q

SPTRUIPY s SRR - e "
CMoex Ling” o S o ; e R

”GT!ON OF ‘PATHAL TAIK DAH
L. mmou or N’IO

IR l f]
i I l ] |
EBERVOIN 1. LVEL

N

8

e

ELEVATION
eeiation

3.
8

* AECORD-OF WATER LEVELS IN RESEAVOIR AND FIRES

“BUREAU OF REGLAMATION
JDENVER,COLO., 1938

"X-D-1608




U

" TES RU’TION AND ms'rowr

‘ed in 1883, It is used for irrigation. ALl o aarth ‘and..
B 50 inohes on - 8-”7-.0.,T

- and not nernitte“ to movp +he

This, 6A-foot iembankment wes hegun in 1876 ‘and ‘wag womplete .

mnorum, on ‘a foundntinn of ‘sand zand’ trnp_rook, if iq “rovid-_

ed witha conc%etufnbra“wtthfpuddlo?treno yelow' prnunﬁ 1ov01

The ‘loration of thn cnncrnta corc will ‘is mot: indinntcd. LT
dnnual: rntnfnll 1523 inches"thn mnximum 24-hnur YUln raonrded

REMARKS: : Dol E
~The riqe of qilt 1wto nip
veloecities naar the: too %hﬁnld

PINGLT TANK .

COTMENTS BY MR. .HILL

"This tank did" ‘ot "1..Ll durinp: ‘the ‘verind of ohservations.
“The pipes ‘ot irat” wwra in ‘the downstreem ‘berm and .showed that

Cthis portlon was wull drained” nnd ‘there ‘wns but litt]e vnriation N
©_lin the water-ldvel. Subsequently, - nine wasg inserted_on the uﬁ—‘Jul

‘stream . slope, the:maximum. lavel in ‘the tenk was reached.:nn’ 10th
Ontnber, hut the water in thﬂ pine continuad to rise antil 12th

‘November :and subaequenfly ‘fell ‘in the pipe much mnro "slowly thon intﬁJ

the tank ‘end. during’ half- of January and Fabruarv was ‘1pher 1n the s

pip~ than in the +unk.

REMARKS: | I SRS
Locat*on of nipe ‘No. 1 is"not nown.

...r-f‘ -

s Dl
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o cRFmER Wl
HYDRADLIC ENGTHEER"_' ¢7

ple’ Dam wes a’ hydruulic ril i»ut thore ‘were very
e ‘core, 'Borrow-pit: materinl hod ‘anieffoctive size
" of ‘about 0. 19 mm,‘and the ‘anre was: nat ‘mach’ finer.- When th#@Soft i
a'laplt» am wns coﬂpletud, ‘tho 'failure:of a- cofferdam’ ‘nllowed ‘the. =
“pond,"to £ill very rapidly. 'The 1line of qaturation intersacted i
‘the ‘surface on:'the ‘downstream face ! at abnu+ ata, 100" 60" andie
- alide osourred near: "tn, 200 B&s; shown" on-plote’ 704 "Howaver.“”f‘
very shortly tha. ljne of saturation rereded ‘and ‘n& Purthnr trouhle o

was : axperipnced. _‘ i g et e SRR

METHOD aF OBQ“RVING AWD OBS R“ATIHWS: ‘ ‘ ;
‘"The' Soft - Manle p1ezameters were pines with pwrfc*atﬂd points‘

driven into the ‘dam'n: short distance below'the - plnna of saturntion. {   $f a

-Salt was dronpsd:” irito ‘the ‘bottem: ol tha Tive snd’ the Nevel *of:
water surfaoece wn3hdetermined :when the  bare -end 2% ‘an 1nqu1ated
‘wirg maode contnct with the snlt water, clns*nr +hﬁ‘circn1t with:
the steel. pipe., This workpd very qatisfactorily. Juet‘ ow: murh
error was caused bv the' qur?uee of ‘s alt: wntor hﬁiny lnwer *hnn ‘
the ‘surface ~f fresh water ‘in: the nium:i ‘ knavn, hut it ig i
halieved o be very small sinee the dept iwnfer in the.piva’
;was inot -great jand the rendingiwas taken befnrp the qalf had ‘a
nhanee to affect “the- water sarraunding the ¢ i RFE T

/The discharge s qtundv and perfectlv” 'ear ﬂnd the nlane of e
saturation is stendy. : e -

‘The ﬂxscharge’thrnurh the dam all> pnsset-bveriwe1 ¥ :
weirs measure the .dischary e throush the! adﬁaoent hill'*” ota -
tha Tlow is. townrd*the center of the dam.. G

‘On plate 72 "the vuriation o Hirchnrg fw*th temperature is!
019ar1v indlcated.‘nnd durlng recent ‘yenrs, iis- unusuully uniform
A ~ompnrison-of mnximum and nminiman diacharres *n +hﬂsn_vonrs, SO
“with eorrespond ing mavimam and minimu ) % ‘zives .nrem k—,.
sble chack of ‘Slichter!s _temperature forr iy, he 2
read ings show ) tpndeﬂry to Very: wﬁth th.f -
intion is not -as un*fo"m nq *Hat “ﬂr dlqﬂhnrgp.

— T & R
MOSTIER TAM - Lt P S HYFRAULIP EW”'WEER

DFSFRIPTION' ‘ P e e B
fata ~n co—nosition of this. dam: is ~vcr¢ maogre. . Wr. creager
states that seepage through the d am was ond s wvery amall. . The. ..
complete reeord of well luvels 1ndicntes ‘a wtnndv desoont in all
walls of about two feat from Jﬂpunry 15 to Anvust a0, 1910. :

REWARKS: ‘ SN
" This dam’is inﬂludedhecau:o it offords p nase in rhxrh 41ough-

ing of the downstraam slone 'is exDPr”“ﬂcPd even in the presenco of

a large rock—fill drainage scstion, ~Hed the drnin hesome temroarily

clogged for any resson, #AYy. hy freezin;, the downstream: slona mipht

"rendily have becomz su”flciﬂntly saturated 40- 08180 qleughinh
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ASHOKAN DAM -

— -— i

ADTS@T§°TON BY MR MThRI”AN-'N' i

. the condit;on oP the mnterinin
‘Reaervuir of the Cstakill‘VMter

in the oririnal matbrial‘ C)

16=ft. intervals and ‘thair moiatnr

‘results ‘indiecated an® aver ' 0 :

on ‘the: dry wuight. Afte ; 7the*evaporated wafer was;rdolaced.

and ‘1t was foind ‘that, 1 er.itoyproduce. sah:ration. the ndd~-‘ﬁ“-”

tion of annroximately 7»» nre%moisture “thanithat’ originally oontnin-
ed was required. {Hore:i oase }in which? matertalﬁlving up-strenm
from a dore-wsll: and Frn‘ o 70 faut below wate ‘,evalwuas not‘t‘_ﬁ
‘seturated.’ S il : i i i
The material incorﬂor&tﬁd in thl"dan»is tho local glnrial ;
arife, - composad : largely of: rﬁck P1nur ‘and “lay wifh_aome ‘fineigand.
It is highly impervious to - wsfor ‘and -wae ; plnced irﬁ}avers 4 1nrhes,
thisk after: campact*ng with g lﬁ-ton roller. ; e
The 'haring shawn 'in: *1,.»31 :was ;made ‘in. 7rder to deter*ine

the: eondition of the: embanament npar “the' bnttnm, where ‘tio: ma*crial f-“- L

had been placed by dumping ‘irtoo. punl of “water, to’ Elevation 522, .
above which the- embankment was rn]leﬂ 4n: 4-inoh layurs. "Bg " alrcady f_ﬂf
deaaribed, SR RN ‘ { o S
“Batween ulevqtlcns 597 and 522, the naterial whinh nd;been
rolled showed the: same moisture’ oonfeﬂt ‘as that: deaor*be' for .
»Boring No. l. 'Beléw Elevation 522, the: mnterial ‘beceme - qnfter,

until et Elevation 511 it.wag ‘saturated, - ‘Therefora’, this-material,’ o

“which-wae blaced 'in 1904 ‘hed ‘net, 'in 9 years, riveniup: Ats 1rir-“f‘
‘Ingl moisture, whereas}:dur‘ﬂv the ﬁaﬂﬂ‘length of ‘time, the maters '

H

“inl above .1t had received hut: lit+]e.‘1f anv, moisfnfp iR aﬁditionj; o

gto that which it :had »when 'laoed.- P T : ‘
: ‘In ather. WOrds, +H13 struﬂture hasinn "line-ofgsa*uratinn..

,It ds-a-difficult: nndwtedious operation to: detarmine *he*’ine of
ﬁnatpration in a completed :-embanlment, . The p*nes Ariven are T
-usually ‘ietted o~ washed:down, and the ‘proness’ results in" inioct-‘ jf; 

Ciing- unknown ‘quantities of water irto'tverstristure. Before the.

“line-of . saturation.can he: determined,. ‘the effects resu1+1np from
‘this: -added  water:must he'allowed to nass.‘;.eeks. ‘and possibly

momths,  are - required: Yefore" trustworthv results ~an "he ! ‘ahtained
in.a.structure built af': imnervinus mafer1a1. No watar-level re-,ﬂ;--.'
rgulte: of value ‘wers obtained: frnm the borlng" de30r1bed."T ; 5
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'«l}?mommn TO'E.'W. | LANE, ‘RESEARCH ENfTNEER
5 { '*x\u ist nnt m ‘neer )

: thea: flawing ground wumer tuble”
._._,Fw111»$ake plaoe botwoen tho zoneu- the line of: zerofnreasurqy ‘
.. ceages to'represent either a; tream lire or a.saturation. liny, "

 “hoth 67 iwhieh identities ar "tanerullv ooncadod ‘when - capillary
""effacts ape ignorad.szn ‘order to: prevant incronsing conﬁunio
aterms. the followink?definitions and diat*nnt'nnn APQ nroros'

2, ggzﬁllagy .zone- va. Grnvity zone. No»gignifiount ‘e
noe apperrs’to: axisuihbetween: the: ohnraoter nfithe: flow: in: \
pletely :saturated: -oapillary zone and:that:of ithe. flow: 4in:the ;zone
wof poaitivo pressure. [ The direotion " low is\determtnad :An

: & wefdkbeir"hydrostatio“' ,
'j frun poaitivo in th‘”gravityfzono to negative* n;thd capillnry”
Mtha line:of > zero prosnure thuSJbacomon*

:Qhroatio". 1tuting that i
2;;:‘(1887 %0 ’

' bodl " Hb nnﬂtinns also that ;fewaner ann’ ‘geol
Fterm, «and: connludoa by reoommnnding that’ tha\expruusion
"' Lhreatic water': be*rerarded;aa a:synonym of ‘ground water-=
o 1noludvng all water in the zone. of saturation.” :Howaver, Me
« makes ‘no: distinc*ion whish: ‘TecoFnizesiaizone of complote eap—
;illary saturation,“for onar s1unceeds hg page he: deqcribel ground

L Ue.6:8. Weter [Supely; Paper: oo 41 489, pp.i38- at.ﬂaeq.‘:,.‘
less Eunee ‘Soutsrraine %lﬂﬁnoquo Aatuelle, Nole 1, 'p.i19,:P 3
. ?Hay.R.,glrtesi?n and Urnderfiow’ Inveatig*tions-‘San.-Oong.; -
" ‘lst.session, 8,Ex,: uac. ‘41, :pt. .3, pe'8,! A et
YoGes, “W.ids; 'Pﬁtable ‘Waters of the. ‘Fastern: Tnited" Statea
‘ or l&th 4m. iRept.., : pt. "2, pp.. 15—16. 1893,
Daly, ‘Redi Poneticrclassifioation ‘of “Unidergronnd: Volatilo
‘ Agents;;ann. Geol., Vol 12 pn. 415-499, 1917. L U

A ‘_.i‘

"5;?4- if1§:J}




_prlnga nid well 8 _Fhﬁth;fﬁbfe

Al*hough itﬁis‘no
,to camprehend the zone
rground water:(since he:
springa*and walls, : :
‘thﬂ water inithe: zone of saturation);*' 1
. tthnt*the term! iSﬂmost vonerally 18ed ‘inithe:sense of free water:
‘}unﬁer zero or: positive preaaures. .To desrribepall water Helo‘
the izero: pressure “1ine: ua" “phraatic“ ‘water anneare*even ‘more-
justifiahle. Far the word: heingiless krowniwill: notibe’ subiect
4o -ambiguous’ 1nterpretation rasultingifrnm conflicting usage'
Its - general ‘definition! (Wehster),: .of or .per
may - bhe': thought ‘of ra8- alpgest*nr that.tha
the .surface ! indioafed by the wrter le
well:is notdriven" so deeuly ns toa
ent: potantials. ! :

' }the "phreatic" line.«,-"=

4. Coﬁclusion.ﬁt<uy i
‘tha+ auﬁscil wnters h A

ol F. Zunker, Hnndbuch der.Boden!ehre,.Vql VI, 1930.
"5 B, ‘Korner; ‘Erforsching: ‘deriphysikalischen’ Geaetze nnch velohen
die" Mrsheickerung dursh: ainn ‘Talsperre: -oder’ durch den Unter-.
grund ‘stattfindet, 1er Congres des’ Grands Barragaa,
Stoukho;m,; 978,
w*Kozany. Uber. Grundwasserhewagung (Concern g Grsand ; wnter
. “Wnngerkraft u; thqerwirtachaft 'no. “5ret. seq., 192748 e oo
P, . Nemenyi; Die Grundwasserbewegunr &groundw&ter flow), :
:bulh der 'techn, u.:phys. Mechanik, ¥el. .V, 11930, ‘P 1118, [RE i
'Flow of Liguids througl Porous' Medis, Physics, V. 3, mu.,msz. e
kWhtersnanningen in “1jkan ‘en ﬁammen,De Ingenieur,v 43, n.52, e
A .10, 1914. G » -




“pressure. It 4s further: pronosed thnt t :

‘renresent ing the ‘boundary betwsen zones” (2)gund (S)fb' knnwn aa
the phrestic line, aid that thaZBound ary’ betwnen zome 1)
hnnd (?) be known as the saturation l’ne. xp

(3) 7onn of Positi Hydrostatir Pressures, T
Phreatic ﬂkter - Free Ground Wn ter Zone Gruv ty Zana.__

,“.”

properly qualif1ed or whsn further dlstinction is nf 'no sis  ’“'
fivnnoe.; < ‘ _ _ : :




MFvonmmm OF MR, E. W,
5 (U. P. Barnaa, ‘

'Suhjeot- A|Jn1ver-a1 purmeability

i - Rihe

Hsuvreated by Mmenns nfwwh{ah“d1mens1nnu-peonlinrl';_ itah
partioular ‘fields of: Anveatigntion wou “ ne
additional" olnautfiaa*ion roal

-porous materinla would”

“6f one foot. . in‘n roo+ of length or aimnly
unit avea: under nait gradiant ‘theiun
the ooncreto laheratory, nurmeah
sscond. European ‘s0il mouhanio
tories of the U, S Bureau ‘of Py
Inqtttute of Teahnology rofer

' 3; Tests made 1n the lahorutovfuﬁn

lias . batween nbuut 3 z lo_ll,L
‘erete and 3.1 x. 10 om. uor*
(aee table T)

whloh: exﬁresse§ +he magnitude oP;k;whan
ome and seconda.; Thus anc nermnahility af.2
© 8e0. wou! a0 andtnate a»ulnssﬁ .

_ ] preacnt@d.
Table IT: is ‘n table of equivalrvntu def:ring the ranges\‘
=ndth1n each class in terms of ﬂifferent uvstems : '




2: River: sand - H_mmooom_no,mqm_ooo ol leals ko266
: Loam and river sand. ‘ Lk : 2 20 e

_qdunumwcnvma go0il mwunmwmmhnwﬁOmmwmdmwmu.m.‘.mooz.oo.uma.ooovmM:n_wu‘MU;% ~_m;. w.‘mmwwmyuMOw

_“a‘npuuau Ncova - SRR, .;___H,.»m TN ,006 00C 44
S ReRsten ot e o0 00048
Hyram i on T ha e e 000- 4C
. Agency dﬂwﬂmwua.‘, RO L WW 02 T 1,000 019
M1 American awumﬁ. ‘,.w~.mp_Nu« ok l2000 0 L 0,000 000019
_moyum wo:«n:@‘u=azw‘. S I W20 ©- .0C0 000 19 -
1. Compiled dw.m. P. Wing »bm.b. ¥, Johnson - See technical memo. no. 377.
2. X. Terzaghi, in "Erdbaumechanik.” : o o
3. Average values obtained in earth ladoratory.
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