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SATURATION ,~];INF~ 

:-EXIST IN@ :EARTH ,!.DAMS 

~INTRODUCTION 

.... This ~memore~dum: represents 
what meagre ~infer~a~ien is ~-a~£1able 
Observed ~in ~'some ~existin~ ear%h:~dams. 

Th~ ~ram~ of dam 

of~ 

!igs 
Of 

/ 

~.: m a t e r l a l  '.sho~rn ~here-~to~ethor '~Wlth 

~While ~this ~is : 
with .literature ¢ 
~interr Olationshi I 
uration :surface., 
it :is !felt "i th~t ~c 
pr 

BO 

~ D  

Whilo :it !~is 

whl, 
• s~ 

~reviow , o f  ~.thes o ::.:f~otors. . 

Zn ..Po~ lll~i 
~ol~es a : .br io f  descri 
. observing ~.%ho ~ satur~tio 
soao briof forearms ~by : the  ~itor. 
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SATUP~.TION LINES 
• ~N 

EXISTING EARTH D~AMS 

Q • 

"4 

B I 

INTRODUCT I0N 

This memorandum represents an attempt to gather together 
what meagre informatienis available on the extent of saturation 
observed in some existing earth dams. 

The extensiveprogram o 
by the Federal Governmentrmay req 
of the subject of~percolatien thr 
of earth embank~entsthanthedata et ham 
the subject 
that whioh 
e s s a r y  back  

adertaken 
standing 
the ends 

A study Of 
ogether with 

will form the nee- 

While this is not a theoretical treatise, intimate eontaot 
with literatw 
interrelationz 
uration surface.* 
it is felt that onl 
problem can an into 
and a basis for comparison be established. A: 
is taken up in Part I so that the reader mayhave them in mindwhile 
examinin individual oases later on. ~ 
*Because the sc~turation surface in a dam has come to be 
its trace on a vortical cross 
ally referred to:as :tho satur 
thought of as a surface and t 

While it is semot~s difficult to differentiate bet-~oon 
factors which influen 
which co~lieato the 
saturation surface su 
a review of those fac~or~. 

In Part Ill individual~oasos are tnJmn up. The treatment 
includes a brief description and history of the dam, thomethod of 
observing the finally 
some briofremarks by thowriter. 
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PART I 
A REVIEW OF 

FACTORS ~IICH MAY INFLUm~CE POSITION :OF 
THE SATURATION / LINE 

• o b o  a t  aonsido~ro.ble vn.rio.noo, 

/// 

i, 8%T~i~t lino ~- First approximatlon , ~.~-. 
2, Singlo c . r v o  oone~o :.up~urd --Tmmoo 

"Public ~Wator Supplies,' (1913), 
3, Trlplo ourvo.- Prof, N,N, Pnvlovek~ l,~nd Dr, LooOasaEr~o2, 

It .so~s ~to ~bo :gonorally aErood~th~t %ho: position Of tho 
,.llno ofsa~urntlon Is of 
o f  ~ o  d e ~  ~ ~Horoly , g a g b  
t h e  c o n d i t i o n s  :o f  :,flow W. 
Of t h e  s a ~ a t i o n  l i n e  i~  
don~ o f  , tho p o r o o l a t i o n  .i 

I, .: ~SHAPE .. OF _THE CR{ 
I I  I I I 

o4 

, , , f  2 Ropor~ Int .  C ~ .  on .L~go  Do~e. 1933 .  V o l o  4, p. 257. 
3 Soe , a l ~ o n d t x  C .  

I I r  • I I 
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In section l~water - e n t e r  
in section II the ,~ourve ~drops but 
a~in ~on a~roaching ~tho do~nstr 
common :wlth a straight line. 

ifaeo; 

This ,curve will be soon to !beroughly approxlm~tod in ,somO: 
of the oases ~hioh.follow. 

Onthe '.basis of .his equations :Pavlovsky conc!udos : 

(i) For ~geomotrically similar dams ,the ,saturation lines are 
similar. 

a slight ~ e f f e c t  on t h e  discharge. ~: ...... ~ 
(3) ~ The downstro~u~part .9f ~ the saturation.line risOs/for flat, or 

s lopes. 

to ~ho surface ~and so i 
the, oapillar~ ,water abe 

~ist~nco 
closer 

t h e ,  dam 

~e 

-3- 



J 
DI~.! j~D I~FOU~D~T ION. II. DISTRIBUTION OF MATERLILS IN ~ r, , 

n,, , , • ' ' - 

a. Core Walls:and r F a c i ~ s e  )er 

encounters great resistance to flov~ ~ff 
The denser thelsoil the greater is this loss Of bend. Thus in e~dam 
featuring a clay puddle or othe~ core .~ 
the saturation line is found to ii thrum% 
it is in the relatively porviou~ ;. See 

(p la t e  19). 

small loss of head, 

b. o r c l n s .  No m t ~ o r  = h e r o  ~hoy  a 
• to induce {low in their direction. Witno 
Borer Elect. Co. D~(plato 46),~and Boz-S 
drain is used it is seen that a drop in s 
necessarily indicate presence of .impervia ......... 
oxnmplo consider th0 follovrlng: /.) 

Horo 
ativ~ 
will ~°® ,~ ........... ,--~ 
from A 50 B indicates nothing the face of the im- 
pervious soctiono If II ~wro rook rip-rap the curve beyond B would 

be practically flat. 

c. Forous foundation. A porous fcumdetion tends to fewer the 
snturation iino ~ and increase the seepage flow. Hov~vor Davidonkov* 
showod hg" oxperimen t~with modols of  s ~ d  t h a t  the  s a t u r a t i o n  l l n o  



"cut the downstream slope even when the level of ground water was 
fixed at some distance from the dam." 

. . . . . .  7 0  ..... -4. 
"50 

L_..- ...................................... "- -----.-" 

N*~eport Int. Comm.~on Large 
This point-appears tobe 
would be interesting to 
these d-m.s. 

d. . . . . .  m.(plate II) furnishes 

an exam] ~( 
of a col 

flow downto the drain. 
the SehTarze Desse Dam (~ 

III. SLIP PLANESAND C0~ 

While there is at!handno supporting 
if a dam should settlelocally after construetiol 
shouldsettle Pe~ 
the form of a con, 
in localized s __ e. 

l~J. CONSOLIDATION 0 F THE DAM :-BODY, 
, r , 

Progressive consolidation of the entire body of the dam 
haS been deemed partially responslble for lowering ofthosaturation 
line in Boz-Su:Dam (plate 48). 

V. FLUCTUATIONS OF RESERV01R LEVEL. 
L,, 

Boththe amount and frequency of fluctuations in reservoir 

-5- 



l e ~ l  ~i~eot posi t ion of  the saturntion l ine.  ,Beozzuee velooities 
. o ~ " p e r e o l a t i o n  a r e  v e r y  low ".(.of "~o  o r d e r  o f  ~a few f e d t . a  . y e a r ) .  ,~ 
o o n s i d e r ~ b l e  is required 
to i ts  ms, Imam 
tlmo may be of ~ 

i( 

slowly. 

A rapid fall of r o e e r ~ o i r  leaves t h e  Upstream portion of 
t h e  dam s a t m r n t o d u n d  this '~Rlter ~arts t o  flow both upst-eoam ~snd .' 
downst ream 
and t h e  iKrc 
o f l e e t ,  I~ 
Lake o.ud .Be 

sloug~ ~ori~l of 
whioh/thoy~were eomposod did !not drain r~pi 

VI ,SILTINGOF".THE:'UPSTRE~:SLOPEI~TH TIME, : ~' ~- :~ !~,- 
ii i . . . . . . .  | - 

Progressive s~I t in~, in  of r O ~ Z  s o ~ i n ~  suspended ~ t o r i a i  ~ 

i n  seepage  ~;flow. 

• VII @ROUND WAT~ .-IN "CONTIGUOUS HILLSIDES, 
1 

Flow 'of  ~:~tor l - ~ o ~ 

~Evidenoe of flow of a similar natur  
eases, mamely Titieus Dam (plate !39) sand Middl 

i i  . . . . .  i 

:~F~ile t h e r e - i s , n o  ~suppor~tirq~leVidence i n ~ ; h e  d a t a  p r e s e n t e d  
here to shY'the sealing up effeOt of.~l~e growth in earth embank- 

v e s ~ i s a t i o n  a l o n  8 t h e s e  l i n e s  w i l l  no doubt  b e  u n d e r t a k e n ,  

- 6 -  
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level , : a r r e s t  position of the saturatlon line. Beoause volooltios 
eF peroola~ion are very flow :~1( 0 f ~O order of a few feet a year) 
~Onsiderable time is required for ~he , s a t u r a t i o n  ~line t o  buiId ~up 
t o  its mnximmn poe.  ~ 
time may ,be of the 
o f  years (if theinK 
reservoir level in 
oonsidorabl~ There is m~oh ovidonoo rin!tho skotehos whioh follow 
to indioa~e that tiEhtly,paokod earth parts with its wutor very 
slowly. 

A rapid 'fall of reservoir ioa~ 
the dam saturated and this water starts 

which they wore  ,co~posod :did'not drain rapidly enough. 

VZ SILTING OF,THE UPSTREE~I SLOPE WITH ,TIME. 

FroEressive siltinE-in of canals carrying sus I 
has len~ heel ~oopaEo losses. The same action 
in reservoirs la%uration li~o a m d a  roduo "b, ion ,  
in seopaEo flow. - ~'~::~ 

VII GROUND~WATER ilN ,CONTIGUOUS HILLSIDES. 

'i~L 

Flow Of  ' :~ntor.  o.rc 

~ V i d ~ o e  ~o~r i r l o w o r  ~ s ~ l ~ r  : ~ t ~ r e  .-is :round ,,.in o ther  
oases, ~ly ,Titlous '~m:~(p~te ~sg) ~ , m ~ o  ~Br~eh:~'~,~ ,~(plate s s ) .  

VIII .AL@AE,~OROWTH :ilN :~ABABK~IT. 

While ~there :is no support i~ : evidemo e in t he data: pre sent • d 
here ,to :show the seali~-up effect of algae i~owth in earth embank 
men~s,  s u c h  :RTow~hs b e e n n o t e d  i n  : p e r c o l a t i o n  experiments o n .  
e a r t h  ~mlterials of the .Bureau of Reoiamatiom soils l a b o r a t o r y .  : I n  
vesti~tion along these lines will no doubt b e  unde~caken. 

-6- 



IX. RAn~ATER. 

The effect of percolating rainwater is %o raise the level 
of ~ter ~ ~ obser~tio~ ~n.. The rise in ~!I Ie~i~ st=~ 

havobeon written : by  Prof. J. H .  Thnl Lar ~ : ~ D r .  J. H. 
~ e l h n ~ d t * .  - I I la -- ,-- i I I I 

• L e e  Cit, . . . .  , , ,  , ; • _,, , -- - -  

X. RESERVOIR TEMPeraTURE. 
'7 mr_ i | 

Water becomes more visoous as its tompera~ In 
t h e  

I n  

~ 0 ~  ~ ~ 0 ~  r O b ~ O ~ t i o n  ~ ~ O ~  reservoir .temperatures* ~ e  given. 
This reservoir is in a~mild cllmnte and never freezes over. Reser= 
voirs in freezing climates would suffer oven greater range of;temper- 
ature than this o n e .  
*W, E. G r o o n m  "Tom~eratures :in Reservoirs"~1"eeh. Momo. No. 579. .. : 
AlSo in a-~endix C is givon:a ~blo sh~in~ how temperature ~ffects 
the rate of percolation through a :sand. • 

xl. ~EZ,~G oF D~AINS. 

Rhea a drain at the 
saturation line is raised. En 
Russian Dams says that "the ph 
appears of great importance. 
colatin~ water is frozen the s 
motion of the ~ntor throuEh th 
saturated with v~tor up %o the 
cover at the upper face. 

Sa~tloo 11ne 
and & n ~ n b  

s~Caratlon line 

-7- 



In springtime ~hon the do~mstroam slope is ,tha~rlns, the ~outoomin8 
stromns of v~tor possess considerable gradients which can seriously 

• threaten stabilit~ of the dmu." Drains v~ll buried are not apt~to 
i~roozo. 
*International Commission on Lar~olDamst Report, Vol. IV. 

XII, BURROWING ANIMALS. 
i ,m i 

It is ~ concoi~able that burrovrin~ animals z~ 
in an ?mbankment. : Mr. Joel ID. Justin* says that duo 

" . . . . . . . . . . .  o d~gor from . 

~0 

PART II 
A REVIE~ ~ 0 F 

FACTORS rn0H CONSIDE~L'~TION BY THE 
ENGINE~ ~N MAKING FIELD DETER- 
MINATIONS OF :THE SATURATION LIHE 

E.N,R., 1-26"33~ p. !109. 

inve s - 

t h a t ,  

this 
the f 

~A 

v ~ l  ' . . . . . . . . . . . .  

I. LOCATIONOFI~SECTIONS. 

Because seepage flow ~isnotal~ys 
axis of thedon the saturationline~obtained 

Upon the choice of sections v~ll largely depend the scour 
obtained satiation surface. 

II. PLACING 0F~/~LLS IN THE SECTION. 
m i i . , ., i 

(a) Location. In-general, v~lls give most satisfactory data 

-8- 



whon~pl~eed s o  ~hnt~the : . e f f e c t s  on ~tho ,,saturation : . , 1 ~ o  o£i c o r o ~ I l s ,  

*k  The ~ells:no~rost the reservoir :fool effects of'fluctua- 
tion :~:In::;iovol first, • Tho~lls :ne~ :~tho d~mst~.eo~i t o o  sometimes do 
. no t  .Fluc~cunte • at ~iI, the :effect of. fl' 
voir : h n v i n ~  ~beon : c o ~  
:o~o -ro~chod. .To . ~ i v (  

• :wells~:~st .bo.:driven in both upstro~. and do~nstro~!portions ~of the 
e :, ross soo : on.. " . 

~ x  

:(0) .~,D~ivinE or . b o r i u E .  Mossrs, .Shin-lchiro :.F~nbaru a: 

: p i l e j  ~iu:Hurzoz~.borin~s woro~usod::and woru' .moro:: :s~tisf~ctory ~ 
SOmO ~So' • ~. 

(l:)~!'rBOrillg.:,:-di'sl,-U~.bs t h o , : d a m , b o ~ l o s s : : b u t ~ k o s  t h e h o l e : t o o  
large :for :~ho :pipe. It :is necessary however whor, o ithoTo is :rubble 
s~ono :..in ,~ho . : . . o ~ o . o ~ o ~ ,  

:(2) e , ~ l  ~t is ~is~- 

"~.~imos 'di~ :perp~ ' ' .  :: 

t u b o .  
/('4) , J o i l ~  ~ s o o k o t s  m ~ y  bo usod but  : f l u s h  ~ o i u t s  or ~nipplos :ax'o : : 

. p r o f o r n b l o . '  : ~~ ' " ~ 
( 5 )  ~:Ono i~o : t ~ o - l u e h :  p i p e  i s  : j u s t  :1o~go ,.enough ~:to n l l o w :  n o a s u r o -  

non~ ~of-i~bo - .~%er  s u r f a c e . : "  

v o~-..a~.z~o, Jo=,~ o f  o . . . . . . . . . . . . . . . . . . . . . . . . . . .  .. 
" • , l l n o : , f o r h i ~  :a'b~gos. ~ = . . . .  

" .  : (O) :K,ind, o , f : W o l l .  P i p e : w e l l s  rsoem very sa t i s f [ l o to~ .  ~-]~' 
po~siug  , ~ho s l o e  . o f  h-o les - in  pe r fo rn~ed  pipo dopond upon tho  ~ m t -  
o T i n l ' . b e i n g . p o n o ~ r a t o d .  Pipo som~inos  become clogged-with e a r t h ,  

- 9 -  



Observations at adam generally[arec!Scon minued~because-'~ pipe have 

clogged. Straight and perpendicular pipe, checked ocoasionallyfor 
settlementwill give best~results. ~ 

III. SETTLEMENT OF D~ &ND WE~,S. 

Generally the distance of water surface~below 
is recorded, the elevation of!top of pipe being known, 
settlement of the earth fill or misuse of pipe may materially Lmove 
it in the vertical. See appendix F. 

IV. METHOD OF MEASURING TO FREE WATER. SURFACE. 
n • n ~m _ - n , , n n 

Several methods are used: 

a. Julian Hinds: "The distance to the water surface can be 
measured by lowering a rubber tube and~blowing or suckin~ on it as it 
does down. The point at T~ichlthetubo strikes the v~ter is easily 
detected," If the depth is too great and stretching of the tube be- 
comes a factor the tube can be lashed to a wire at~sevoral points. 

b. A steel t~po v~ightod at the end maybe lowered and thc 
wetted portion noted. Allo~v~r.co mst be made for displacement of the 
volume of the woiEht in this ca~o. 

c A.N. F~osla,: Electrical method as sho~n in%he following 
*Executive En~r. Par~jnadDiv.!S.U.P-Punjab, India. 
sketch ~'in which afioat, suspended in a m0tal cY lind°r, is let down 
by a twlneloctric cable V~th its terminals connected one float 
and the other to the cylinder. As soon as the float touc v~ter 

"l 

(See sketch A). 
Swiv~ 

A 

~%oa% 

I 

- 1 0 -  
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~u~Lata . w j - ~  ,.*,,J.-,.,--, .... r-7--~' " " . ' .~,% 

~.4+..n~nd i. :~roduood whloh oanno% be mistaken or drowned, oven 

},." 

V. FREQUENCY OF OBSERVATIONS,. 

0bsor~ntions~of%ho buildln~up of the s~turation line as 
the reservoir isfillin~ ~ro vory~uluablo.!iForaoourato s~udiosoon- 
tinuous or dailyroadinEsi~r°sh~%° bodoflnitoly useful. 

Vl. T~rPERATURE 0 F PERCOLATING WATER. 

. . . . . . . . .  atUre ~O~ 
M e n t i o n  ~ h a s  e s v ~ e r e  

percolation rate and I been 
t e m p e r a t u r e  r e a d i n g s  1 . . . .  
clearly diseernable. ~imum and mir, imum thermometer or ~thermoeouple 

might b e  used. 

VII. QUALIFICATIONS OF THE OBSERVER. 
, , i | 

er~t ton~. Too I i t t l o  
dlzedobsorvations %o 

~o 

In thoplatos llowln III it is folt that~tho 
saturation~limos shown vory oftonroprosbnt a misintorprotationof 
thcdata gathorod at thowolls. Hotoro~onoous mothods of classifyin@ 
soils and divorsifiod tochniquo omployod in obtaining saturation data 
complicato tho problom of comparing a~v tv~ casos, Tho dosiroability 

-ii- 
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of uniformity~horo is evident. Adoption of st:tndardiz~3d methods is, 
of course hindered by I~ owlod~o conoornin~ the prob- 

lem and all of its ramif 

Probably because seepage through ~adam is frequently 
upon as a weakness Or the rosuit of faulty design, data ro~ardinG it 

al methods and labora- is not abundant. If proper oh 
tory sot ups are to be obtaino on oxistin@~dams must 

t s ~'~h i ch/influcno o th o be provided. Consid~rin Z the 
saturationllne it is not possibh: to i have too much data. 

PART III 
SAT ATIO  ACTU  

The information in Part III ,.-as obtainod chiefly from the 
files of the Burcau of Reclamation, the Technical Division of the 
Denver Public Library, and the personal librazios of several engineers 
who have long boon interested in the sub 
vms obtained from projects at ~ich acti ' 
conducted,* Origi~IroferonCos wore us 
of the sketches sho~n ~woro 'taken from ~ 
few inaccuracies in transfcrrin~ data ar.. ~ .............. _ . 

hope that more complete 
other saturation !lines 
catod in the sketches, the line ~ivon in the reference is shomu. 
Some may be dof~itol~ in error. 
• A study on Belle ~Fourcho Dam is, not yet complete: 

~Q 

B 
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XM}N~ MARTIN IL~M ' 
MSXIC0 

. . . .  I I ~ g i n  e | I • 

...... ~- _ PLATE L1 _ 

CGMYSION NACIONAL DE IRRIGACION 
mSTAD0S ~ U~OS MEX~CA~0S: ~, 

(~EW WEISS) 

,: I. IZSCRIPTIO}[ AND~HISTORY: 
C.~e ;I)on~, ~artln . Dsm~ wee .i~desi~n-~d. s~.d ~.:constructed ~along lines ~ 

'~ ~Bu~eau oflReclamation. Earthlfill 
his ~,amce,,mot .~ro~e~ly:be:~said 

materialiln~the don ~h'~v ~a:~oun ~ :,.°Ins .w~% ~ . . ~  " '"" (S~ chart. ~) 

~II. ,~0D'I OF, 0D~.e~.'~I~:G - ~$D 0B~,~. VAT.~:(~: 
:~Po~,for~,~: pip~ ~w~r.~ placed ,:at ,:the ,t~o ~ection~ ~'shown and 

Headwater:i!fluctuates considerably Sly, 
'but %he mate~.lal J.in the ,.dam :!,is ~:so ~:porous that. fluctuations ,in 
reservoir ,,level :~uicF~ly influence ~.the position of,the.:-' satumation 
line. 

I"ZL Ra~LaREB: 
Yo~ ~u~poses :,of cumpa~ison .~ matureSion i:I 

.. ~ e d  at ,b'oth.i~sec~i.ons : for%he ~,'dates "Oct. ~: 
I0~2. ,.It ,..will.]::be,:seon :.that ~.¢h~ .ilimes .for sta. ~,6÷20 ere!in ~erol 
m~aer :.than .theJe:i~or:e+5o. s~a. ~e+so may :be near ~ a .crack!iini ~:the : 
,C0Oa ~-~e ~ TOQIXM~. " 

I I ~ l  I I I | 

. . . . . . .  D ~ w  
¸ 
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PLATE 2 

ESTADOS ~ U N I D O 8  :MEXlCANO$ 
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~ EXPI,~,NATIO~ i 
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SCH~AP~E ' ~  DAM 
CZECHOSLOVAKIA 

FIRST CONGRESS ON LARGE DA~S i 
"STOCI~OLIM, SWEDEN 195~ ~I 

Deeoriptlon .end History- 
This :de~, :belongin~ tO .a private water co~upauM, was :be~Au: in 3une, 

l~l .... geological exsmi:mtlon of the site 
was n; similarly no sell inves~iGnt ions 

:~Upon : , comple t ion  of: t h e , d a m  She- ; re  and 
" For s e v e r a l  ; sma l l  w a t e r  werk~ 2 9 ,  

V~ 

this am official 

• i n v e s t i g s ~ i o n  ~ of :!~hs ,dsm,~:an~ . . i ts operation w a s  made. 
1 d a t i o n  was carried to bed 

third on akind of lose where 
~ered granite were = .... 

• _ . . . . . .  aturat od. that 

~water :had  f o r c e d  :its -wayne, unde r  : the d a m  and sa tu rn1  

Method and O b s e r v a t i o n s .  
e x ~ u i n i n g '  F o r . t h e  , p u r p o s e  o f  t h e  : f o u n d a t i o n ,  

the water, :the following were .~.constructed ~after .~t 
on :,the Wele~';Desse. 

:(g) 
(h) the d~nin : 1 9 2 5 - 1 9 2 7 ,  

r~ diez~ter 

FAWa ~the eompr ...... severaA yee~- 

a-'few Si~Ifioant ~ examples ere ~ offere~ 
: I ,  : .Yig.  8 - W e : o r  f c ~ e e d ! I n t o :  ~he~ . ~., i . ~ ' i - r e s e r v o i r  l e v e l  f l o w s  

~ ~oward iboth ,:faces: of the a~ ~.wnen ~ n e  
- B' ,-Fig. 3- "~X~W ~,water : s t a g e  i n  .:pipe : ~ ' I I  is .,expA 

t h i s  p i p e  e x t e n d s ,  down:: inSo : t h e  p e r m e a b l e .  
..end a c t s  a s  a e o l l e c t i n ~  f u n n e l  d r a i n i n g  tower~  ~he : b o t t ~ n ,  
S e e p e ~ e  a l a n g  t h e  a x i s  o f  dsm f r a n  t h e  a d j a c e n t  h i l l s i d e s  me~ a l e o  
I o A ' l u ~ a o e  t h e  level o f  w a ~ e r  i n  the wells t o  a limited extent. 

I . 
I co lo . ,  _ 

i i  
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PLATE 8 

t G ~ E I B I T Z  . D ~  !i 
CZECHOSLOVAKIA 

! 
_ . , L '  " " " ~ ,  

Description a n d  History. 

FIRST CONGRESS ON LARGE ~D~S 

153 
. ,, - , 

vious layer ~'of  hes~ binding ~soil. Me, materlals 
in the dram are Indicated on ithe analys After • 
failure o f  the We~sse Desse Dam this : d~ . . . .  and 
strengthened. The Relative Permeability Dw • of this favor- 
ably with that o f i b o t h  the Weisse Desee a n d  Schwarze naterial 
ccnurising the main body Of the dam is of course more permeable than that 

in the upstre~n ~iface. ~ (See ~chart). 

,Method and Observations: 
Since 1926 simultaneous observations have been made of reservoir stage, 

rainfall, and well levels at three cross sections of the dam at a, b, and c. 
I¢ is to be regretted that the pipes ,~n the reser- 
voir. The reason can be seen fram c lowing dat~: 

1. Table A indicates that for arise in res~rvolr :level a correspond- 
ing rise in saturation line ~ In some cases ' 

a drop is ~experienced. Note 
Reservoir stage rose 4.90 m; 
"b" fell 0.05 m. Similar evldence maY be~Tound elsewhere in this 

table and in Table B. 
2. Even with the great permeability of the body of the dee water takes 

time to get from the reservoir to the wells. Velocity ~ofpercola- 
tion depends upon this!time and the average distance of the pipes 
from the reservoir. In the 4S-day period referred ~to above the 

3.  

average distance = 27.0 + 15.5 = 2 I . ' 2 5  m. 

If, fluence on the 
leve o f  the water t h r o u g h ,  

t h e  . . . . . . . . . .  
:45 d e . ,  :~i 

indicate the causes +or,the coordination in time. 

* It is not stated how this coefficient was obtained. 

Denver, COLO., 1934 
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HORSE CREEK DAM 
• j . , , ,  | m 

+o,o k 
5 0 7 0  

w 

5 0 5 0  

PLATE :It 

P A G E 8 2 8  

EXPLANATION 

4 ~: f o o t  i l i f t s :  

- i n  ~ n o t u r o l  +s to te .  

I I  

5 0 3 ~ 0 0  

I D ~ C t  

. 80  60  40  " 20~' 0 ZO 4 0  
FEET 

5~,toot; 
~ Pt[lziz, o i s , a t l w t ~  to,J ld: t ; la lmzt; .ot~ledi i~ .  

a¢ i t ; e  mzz tzma N o t ; t m z , ,  

METHOD OF OBS~VlNG ,~ND OBSER'JAT: 
I~ i a  not; ~ d  ~u~WhGn-e 

R~L~1K3 

zm4o 
I4; i a  

bU L 

+ 1  

BUREAU + OF RECLAMATION 
DENVER, COLO., :t934 
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ISTHMIAN C A N A L  COMM. R E P O R T  1 9 0 8  
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EXPLANATION 
A s Porous+ materiel+ did 

A B \ C 

D 

I 

II 

III 

DESCRIPTION/AND HISTORY OF ~CONSTI~CTIONm 
Thi~ ~ • meiglm~11y ~oo~i~ :i, o f  m u c m w  * m w t i m l  

w1"k.~++ sin, es,.-.kh , b a o k i ~  C .  ~+PoP ~ s ~  : , eason  e s ~ . h :  w u  

~ ~j~ 1:o ePeat;e 'thin mecrb~m i ) , .  +ThLm ,nrbaP~L1, , I  

~OD ~ OBS~V~IO~s 

o b s e z - ~ t i o =  g i v e m , l i t t ; l o  me= :be ~ a e d u ~ .  

R ~ a  
The 

n m b ~  o~ 
~J.1:h 1;hs . . . .  " 

ILl) 
(b.) 
(o0)  

'+ 

BUREAU OF REGLAMATION 
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PLATE 16 

IEPT. AGRICULTURE, B0~B&Y., 1 
:B~LL..;NO, '160 ~ OF Ig~9 i ;P.~ 8. 
"SOILS ~'OF : . ' I ~  BOMBAY }PP~SID~Y" 

,iBIdLCE ~;COTfON SOIL Is '%he term applied ,:tO,~deep black 
,generall7 :below the level oT %he foot-hiLts. !It _is : 
o f  the disintegrated material ~.from ,a ;~ht~her level. _ 
~ n  " ~ L ~ h i n ~  , ~ a  ~Of ~th~ Deccan :%r~p ;in ~undulat in~ o r  eloplnE 
t i o n s  ~below th~ i ~ n ~  l e v e l  ~of :the f o o t - h £ . ~ S ;  : Z t  L v a r i e s  i~n ~depth 
according  to  poe£~ion !and~where very deel~*~ihes~*been:,a~e~u.~t:ed*'b7-~ 

* ,vLal ~dopoeit,  In  p l e b e s  i n  :~e ~val ley ~:of t h e  :TaP~l:, Na~buda,  !iGOdavs~ 
~and ,,the ~,Krlshua, heavy black :sb~l is L often :i20 ~feet r'~In depth.' Ow£nE:!" 

. / i t s  dense : cons i s t ence  ::it becomes ~t~worksble :durin~ ~hea~/ r a i n s ,  J ' I t  !:, 
' i s  mixo~d ~i~th Nodular  ~pieoee ~of ~ m e s t o n e  ~and ~ 1  ! f r e t s  ~of/dis: 
:~grated ~tl~ap, ~.The :subsoi~l c o n ~ i n s  ~a ~good d e a l  of ~lme ' and ,  ~being ~s~, 
a l lows  ~fTee <dr~tnago t o  ~the t r a p  rock ,be low.  Blaok :so~la:~ :in,:co: 

:eomSfstence,  ~amd ~fe~'~il i ;%y, b u t  a l l  a r e  r ! h ~ 1 ~  ze~en t~ve  !0 f :moisture 
~ln ho~ ~weather ~ s h ~ i ~ a ~  :due ~o  e v a p o r a t i o n  ~eausee ~$he ~ f o ~ t i o n  o f  
;numeG'ous ~'e~'aeks ~which 'r~.,~e ~ o ~ e n  s eve ra l  ;fee~ • deep.  ~ ",Where ~i~he.:'fineet 
i ~ t ~  and ~r Clay ipz~damtn~te~, i t  fo rms  ~a ,,ver~ c l ayey  :J a Ol, i i~Ontr~c%ii 

" , , i ' e ~ ~  vhen .*d~,::and'~form~ masses us i~hard ~as ,rocK,, !and , :consieti :  
~:~ a * e ~  JolAy~Ilke~*mss ~when eatu=at.od w£th  :water,  ~Whe~e ~the'~/el~ 

,*characters ~of the  ~-eoi,~ ~relox 

: !Sl~tUa- 

/~.'L~, ~Tbo-~Deeean ~,trap/x 
~,.zook ~Is !~mmd i n  ~varic 

( 

L" 

D E N V e r  COLO., 19~4 
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U N K A L  R E S E R V O I R  E M B A N K M E N T  : : :  
INDIA' . . . . . .  : 

0 lip 2 0  4 0  ,50 
I L l I I 

SCALE OF :FEET 
4 

B U O K L E Y S  IRRIGAT' HB 
. . . . .  PAGE 3 8 3  : 

XPUANAT 
A::Selected 

I Port black !cloyey 
I Port red grovell~i 

~: Rnr.k d~hri~ nnd :Ce 

DESCRIPTION AN~ HISTORY OF CONSTNUCTIONt 
This de= Is pert of, :.the ~bll :Water Works . in  India. Selee%ed 

sore =mteri~l was :consolidated by o~r~ t~em~l. A low e~-off ~11 
(F) Joins this mteria! :,to the rook foundation. 

II ME~D AN~ OBS~VATIONS: 
Holes wwre dug and ~ Re free ~e~ 

s~faoe i~ t h e  p i p e s  ~w~m , f o r m  
years. The ~vera~e:!gr~di 5 to 1 
q~e Mr. ~ill: "Thus i n  A;he ease ~of ~e Unkml EmMe~km 
of mater s t a n d i n g  ~i~. ~pipe  e 
in it , ~ s  n o t  reaohed~:w~t: vo 
~ April 6 when the ,reservoir . at its 101 
t~men the water level in ~the reservoir ~ t 
fee~; on Ausust I~ it.lms I I 
thLt the leve ls  'in ~pipes No rE 

t h e  who The pool 
~ream 

~ ~ i  ~ 

• i ~ii ~ 

.: :ii." 

/ 

/ / /  

I I 

l BUREAU OF' RE'CLAMATION 
r DENVER, COLO., 1834 

' -- X - D - I  114 



PLATE 20 

I ROCKY RIVER ~N .DAM EARTH DAM PR ~ ~C T~ 
NEW. MILFORD, CO~.i __ J.B. /USTIN, PAGE 272, 278 

e 

@ 
m 

DESCRIPTION AND HISTORY: 
This dam was built in l@26-2V!'and is ~used for divsrslono "Twenty- 

............... ~line there isa~thin~dlaphra~ n core-wall eight feet upstream from ~the tense 
only the bottom portion of 
being made up of Wakefield 
rock at the site is a hard ~schist fin ~some 
places. The steep west or left aid, nsists 
ledge rock with practically no soil ..... y~the £ _..~^_~_..^ 

tight mixture of stones, sand. _ ~ me 

anal~sis.) 
"The reinforced concr of the core-wall was founded 

rock to about eta. 600. At this ~polnt it was no longer Practical to Follow 

the ledge, as it dipped down below ~th~ 
From zhis point east a core-%,~ll ~ren( 

sides (brac~ 
drift and fi ............. 
main dam the reinforced concrete more- 
the original surface.... The core-~slk 
llne throughout the length of ~the damby means of timber as :-described 
above." The dam was built by the hydraulic sluicing method and puddlo-core 
samples taken fro~ a,chimney, built into t~ei~core indicated effective ~size s 

ranging frown 0.005 to 0.015 ~. 

METHOD AND 0BSE 
After the 

put down at var 
L. A. Whltsit* 

HEMARKS: 
0nly the m- ........ 

about 2500 feet long on which saturation studies have ~beenmade.~ These 
studles alon~ with those on the main dmm section shown here should be ~re, 

ferred to for the complete pict~tre. ~ 

* LYLE A. ~HITSIT ~vdn. Engr., UnltedEngrs. and 
Constructors, Inc., 112 No. Broad St,, 
Philadelphla, Penn. 

I EUREAU OF RECLAMATION DENVER, COLO. , 19.54 



e q== 

• | 

PLATE21 
. i 

- 1 , i  . J | ] 

ROCKY RIVER MAIN DAM EARTH DAM PROJECTS 
NEW MILFORD, CONN. J. B, JUSTtN, PAGE 2721278 

 5ot 

B'Boulders. 
C -Cloy. 

groin size greoter thon 0.02 ram. 
BUREAU OF RECLAMATION 

DENVER, COLO., 1934 
' X - D - I l l 6  
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I 
"- _ " " _'_ ~II 

GA'I~, PANid'~LI 
F.-<PER It~T~ J~ D/J~S 

PLATE ~ P,4 
. t _  _ , . 

REPORT ! ISTHMIAN CAI~AL' ¢ 
~APPENDIX E, 1908 

. DESCR I lWfl ON 7~D HI STORY : ! 
In connection with thes~ s~udies miniature dams were buill on I 

a scale I:i~ ext These dams were about .... 
75 feet lon~. at feet high. :They:were I 
constructed 3 si to be used in the proto- I 
type and placed by similar me odels~,are of such size I 

that they sre comparable ~o actual dams. i 
"qhvo of these dams were:built; in one the material was cepos- I 

ited on the do~Istream face and ai] 1 
face where the finest material wou] 
back Zo the downstream slope. .... " 
wu2e deposited onboth slol d to flow:toTalrd the center 
:.here the finest materials d, making ~st im- 
permeable section. After construction the dam was ~ ~Lrain 
3 days. Then vlater ~:as slowly let in on as not 
~o endanger the structure. 

i I .  

covered that the concentration of fine:material at the u';~s~re~n face I 
was giving an unstable slope, 
and coarser material sluiced i 
~iP.e II appears to:have b: " " " 

A f t e r  t h e  p e r c o l a t i o l  
in the aams we 
appear on the sk&tches. Type:l 

which is inclined abe ;r, 
sents a well defined ~, 

i out i 
Lion Of 

~-ETH.0D OF OBSERVING ANDOBSERVATIONS : 
At intervals of :::ga!v~uize d pipe perforated 

with one-fourth-inch ? - ~ : ~  tAn~ nest : t h e  

bottom, the ends being 
pipes were covered ~ith 
Each of the projecting. 
outside the tank, On the east side th~se pipes were~capped so that 

DENVER, COLO. t 1934 
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GATUN, PANAMA 
E X P E R I M E N T A L  D A M  T Y P E  I 

PLATE, 2 5  

, T R A N S . / A M :  SOC. 'C. E. 1924 

12 

I0 

L 

: i 

t-  
W 
UJ 

8 

6 

p rop: 

FEET "Pipes see note 

NOTE: 18- I ~'2" 4' perforated pipes spaced ot~opproximotely centers: loid :ocross 

EXPLANATION 

Gradeiline of pressures~olong the bottom of the dam: 
Approximate saturation: line derived from above pressure fine. 

II ~'T;.~OI) OF OBSERVI;;G .%,~ OB3EHVATIO?JSs (c~wrb~me~l) 
in, the horlzon~1 ~ oapl~d, and ~ ~I~ml = ~ o e d e ~ ,  t o -  

t h e  t i m e  w a t l e r  was  
e l ~ t l w o s  o f  ~;he ,~ast; 

The ru= 

8~t~O 
w t ~ h i  
o f  ~h  
~ h e  s 

a fa~Lt'ly t ! l r~l ;  o o r e  roLl . l ,  

"i" BUREAU OF RECL.AMATION 

I OENVER, COLO., 1934 

X-D- I I2~"  
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G A T U N ,  PANAMA 
EXPERIMENTAL DAM TYPE 2 

, P L A T E  2 e  

TRANS. AM. SOC. C.E.  1924 
VOL. LXXXVII, R 97 

I - ,  ~ ~ i~ 

4 

Oi 

Scale natural 

60 50 20 
FEET 

I • 

UPipes see,note 

. the bottom... 

EXPLANATIoN~I  : 

. Grade ,,l ine of ;pressures ,along:",the bottom ,of :,i,the d a m  
'ion ~iine derived! romabovepressure~iine. 

)01tO 

" l  

o l ~  `= 

ta~med t r i m  ~his 1t=e° The ,=1 
st;ely/ob- 
=h,='='n lbo'wD 

BUREAU OF RECLAMATION 
DENVER, COLO., 1934 

X - D - l l 2  
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GATUN DAM, TYPE 2 | _  
EXPLANATI~)N OF METHOD OF OBTAINING ~&TUR£TION LINE FROM D£T£ GIVEN 

t 

I00  9 0  

S 

r 

BO 70 20  I0 
6 0  30 

4 0  ~ ' 
070 P O T E N T I A L  LOSS 

E XPLAN ATION 
C: Dist. of finest material. 
P: Piezometer line at base 

o f  d a m .  (Sav i lh  
S: Sot uro4.i:)n ~in'= 

approximote,y. LAul Oor) 

- -  0 E: Equipotential lines. 

--I0 (~ 
- -  20 
3oO --- _j 

.4O 
--50 0 
--so 
=.70; T 
L_ 
I Ira o 

In the Gtt~xn experlmnnt pipe wure laid aerons 
the dam 8eetion at Its base pronsuro grade line 
alon~ the b~ae of the ~ The ie'not obtainable 
dirootly. The follcMin~ proeedure ~e used ~o o~n it= 

, 
de.m, lines of equipoten~lale ~e drawn i~ &~ these points on 
the base. This, of oou~se, is solely a mt~er of J u d ~ e n ~ .  

:The natw~e of q llnos is gue~ that plezo- 
ne~ers Ins%alled at the ~ llne will .4, Ime to,he 
Imm level, 

3. The point B on the lO~/c equipotentlal llne is at the = a = e  level 

, 

A t 

in  o n l y  a s  a o o u r a t e  a n  ~ e  e q u i p o t e n t t a l  l i n e n  een  be  d r i w n  i n .  

BUREAU OF RECLAMATION 
DENVEP, COLO.. 1934 
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~:ATARE DA/~ 
NOR~{ PLATTE PROJECT 
SEC. AT STA. 27÷50 

PLATE 29 

pA~IFI~rDER IRRIGATION DIS~ICT 

MITCHELL, itSElf. • 
T' W.PARRY., I~A.NAGER 

| 

DESCRIPTION ~ND HISTORY: 
Drawing No. 20-C-166 shows the nbove cross-section with excep- 

tion of the saturation line. This linelwasdrawnin from observa- 
tions made by Mr. Hinds on AprilS, g into the 
founda¢ion were located at four othe t shown in 
the above sketch. The chart shown bel6w was plotted from orizinal! 
da~a furnished by ~. T, W, Parry. saturation wells were located at 

one section only. ~ 
While constructed on a foundation of BruXe ( has no 

Brule clay in it. 

~,~I~.{0D~ 0ES~,VATIONS: 
Four-inch pipe, perforated, withnot less than twelve 

holes per foot were driven. Measurement was made of water 
the wells at intervals of about one week. E1 
of the holes was no~ recorded, and because th ..... 
time or were sometimes partly filled by childrens' dropping stones 
into them, the notQtion "Trace" is not particularly!significant of 
any definite ~ater level. Seepage flow ~s generally estimatedat 
from 2 to 5 c.f,s. Many Of the .wells driven at the other sections 

became plugged after a short time. ~ ~ ~ .... ~ 

~A.RKS : 
The saturation line shown above is about what would be expected 

with a good d~'ain, and indicates the efficiency of this structure in 
lowering the saturation line and increasing the stability of the 
section. The fact ithat fluctuations in reservoir level are felt 
quickly at well S-1 indicates a fairly permeable material for the 
body oi' the d~m. On S~pt. 30, 19301the well S-1 was covered and plugged 

so no records have been ~ept since. From Dec. 1928 tc 
the well was dry. It is hoped that more percolatlon E ..... 

carried on at this ~am. 

L DE~v'ER, COLO. , 1934 • 
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P L_ATE_ 30 
. . . .  MINATARE DAM U:S.B;R. NORTH !~PL;AT, TE ~FILE 
NORTH PLATTE PROJEOT BEG;AT ~8TA.27t-50 HINDS MEMO TO DESIGNING ENGINEER 

DWG. NO. 20-C-166 DATED ~;DENVER,;APRIL ;8,: 1922 

H 1.05 5 0 F ~  

Reservoir W.S. El. 4125 
-:--__ 

~' EXP L:~ N ATION 
A. Sondy loom6 Ioyers 

~sprinkled ond~ roiled. 
B: Cutoff!trench :selected 

A 

m 

F 

F'Brule 

UG 

ELEVATION ~ OF r;WATER 
IN RESERVOIR:~ANDi " IN SATURATION WELLS'  '= '~ 

~ ~ i i ~  ~ ~ i i i ~ i  ~i 

: : :  : ! . . .  : 

' r L  

~,~ti '~i. 
• 

' I 

I 'l 

H 

Pothfinder ~ Irrigotion District: 

i i i i  i I i 

i 

I 

BUREAU OF RECLAMATION 
DENVER, COLO., 1934 

i i  i I 
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JUMBO DAM 
COLORADO 

PLATE 31 

E.~N. OCT. 
PAGE -447 

0 20  40 60  80 I 0 0  
l I I I ! ~ J  

1.8"= IO0 FT, 

RECONSTRUCTED 
SECTION 

EL. I00 20' J 

- - " - - - - -  Feb.: I I, 1911 

I ~ l l D  I/~_ i I J  A I ~ ~ "  P " ~  I t ' ~  I~1 

EL. 

II 

III 

DESCRIPTION AND HISTOBY: 
This dam pa~ially failed in !1910 and the dLmaged~part wee 

reeon~eted. Both seotions ~are shorn ~&bovej they~ame i00 feet 
apart. In rebuilding t h e ~ L ~  practically, the :same: materials~re 
used, b u t  ,-the :downstream s l o p e  ~was *flat~cened,  

METHOD OF OBSERVING AA'D OBSERVATIONS = 
Pipe wells pres~hly perforated were sur~ ~at both seotions m a d  i i  

obserewat lons  :a t  both ,seetlons were ,made on the d a t e s  indicted. 

REMARKS t 
Prom the :more c~lete records Eiven ~in the article (and ~whieh 

were not included here) it is apparent that~the reservoir level 
fluctuated oonslderably over, a short tlme and remained at one 
elevation hardly ,lon~ :enough to:allow a saturation ,lix~ ;,to ~be, 
eetablished. Ground ' water ox 
s e c t i o n  may, have caused t h e T  happen 
to the ~m%er after it passes poin%s;F and L is;not known. ' 

BUREAU OF RECLAMATION 
DENVER, COLO., 1954 . 

X-D-I I26 



3,0 

WACHUSSETT RESERVOIR 
SOUTH DYKE.  MASS.  

PUATE 3 2  
ENG.  R E C O R D ,  J U l Y  "18, 1 9 0 8 !  

PAGE 81 

0 50 I00 
I ~ l f J 

I I  = IOO FT. 
CiEar th ; f i l l .  

th, 

II 

DESCRIPTION AND: HISTORY = 
This :is a well-construo~,ed dike which ~ inoorporates.man~" ~:Lntet--, 

e~in~ feat~ee in its LdeSi~le : 

METH0 D .~'D OBSERVATIONS = 
Three pipes 1rare. drivem. i n t o  ~amd t h r o u g h  ~the e u ~ x ~ . ,  ,They 

e n d  i n  s c m ~ h a %  p ~ r u s  undistln-bed~'ea~h~.their Imnn- 
$8' .belew the reservoir level, Meas~eaen%s made.~ekly 
reservoir was fllli~ showed . ~. that ~wu%er .:! in pipe!No,~:l reae to~':the 
same level . a s  ..the: reservoir.and~Nos, 2.andrOS:rose :but little, The 
latter pipes w~re'/more affeoted by :rai~ "As 
an instanoe of ~ this, the:'.water ~in .these , Iowwr 
now, in t r it' leas 
at the be r • The 
greater height at the i beginnlng :of' the. year was .,~dtbe :to the !.highee" 

pipe No. 2 was: 27.9 f ee t  below~rel.:%'/,S. ~= 

w a s  z e r o  i n  t h e - ~ r - t i m e .  W i n ~ e r  f l o w  ~o 
r u n o f f  an,] ~ r o u n d  w a t e r  f r o m  t h e  r a i n s o a k e d . d e w n s % r e a m  s l o p e .  ~The 
dike is uraotleally mte~i~ht, ~ 

I I I  I I  ~ , 11  m I 

J BUREAU OF RECLAMATION 
DENVER. COLO., 1934 J 

X-D-I  127 



PLAT 
WACHUSETT DAM NORTH DYKE TRANS. AM. SOC. C.E. 1924 

MET. W.W., MASS. STA. 2 2 + 5 0  ::'rVOL. LXXXVII, PAGE 98 

420 

410 

400 
W.S.i 

390'- ' --~ 

370  . . . .  _ ~--"'~---- -~ ~ -  ----F L~ 

360 

I00:150 200::250:31 
350 z ~ I 

200 150 I00 50 0 50 
FEET 

DESCRIPTION AND HISTORY: 

,'he s c a l e  ,of %he i k e t c h ~ h a s , b e s n .  
long and r~Utl~ O f  ~ . t e r t a l  sl~igped ~ r  
Slope ~pe~eeuat t s ,2 :1  and drainer-rein, g 
etresm slope s l i p p e d , o n o o e a s i o n  b u t  d 
st~ruo%tzre. 

C = Unknown. 

II METHOD AND OBSERVATIONS, 

Two bot' ings 1taro -,.,de ~ d  p o s i t i o n  of  ~he : sa~m'a%lon l i ne  
s tud ied .  

III REMARKS = 

6 s 1. The fotz~a%ton~mstert=l appee~s pecw~ouse 

i :  ¸ , • , 

a 
0 

BUREAU OF RECLAMATION 
DENVER, COLO., 1934 

,e  | l  

X - D - I I 2 8  
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AMAWALK DAM 

! 

I i I 

I"I  I ~ I 1 4 1  _ t ~ + ~ +  l ~ . q l -  

I 

ISTHMIAN :CANAL .,COMM, :REPORT 1908 
PLATE 136 

PLAT~ :!3~, : ......... ~ " 
i me • I 

uJdo In,oonnoo%:l.on vi~h~,l 'kud:l .es,for t,ho NowCr',okon Remwmvo2.r, ,+ 

II }~ETHOD A~D OBS~VATIONS~ 

be tu a few' y u , , ~ s " .  Re, 
d m m w l m . ~  e lope.  ,,me 
I ~ I  sad t h e  . 8 a ~  
• h+ oor~ w a l l  an~ on~  

III R~L4RKS s " 

2~ is ew2a~ ~b~i r~tlo~rle mi1~1~ 
w I t h  l~OUnd m,.'ker .wm, y 

s%lom li~+ ~t ~ o ~ i o n s  ~4~h~a~ 2%8 Pmml~e , o f  ~umflulmoo. 

BUREAU O F  RECLAMATION 
DENVER, COLO., 1934 

X - D - l 1 2 9  
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B O G  B R O O K  D A M  NO.I  

PLATE 55 

ISTHMIAN C A N A L  C O M M  R E P O R T  1 9 0 8  
PLATE IS6 

I I i , , ,  I 

4 CM : I00 FT 
i 2 •  

EXPLANATION 

J 

"C 

• I DESCRIPTION <AWD 7HISTORY OF CONSTRUCTION: 
Da~ ~ m  !9ompleted i n  1893 ~ and~not :  D~oh ~ £ u t o ~ t i o n  is 

a~milablo~ on ~me~hods :of  ' s o - - o r l o n  o r  ~ : m t e r i a l s  u s e d .  The 
oore 1 i l l  : i s ,  m s @ n r y .  ~o , s l o p e s  were  i n d t o a t e d .  

II METHOD ~D ~r OBSERVATIONS S '; LI i 

III 

i n  the : p i p e s  on :~-ound w a t e r  Flow ~ ~ ,do~s~Mmm m:bankment 
m y  h a ~  i n f l u e n e e d  :the l e v e l s - I n ~  

TI~ - p e o u l t a r ,  p o s i t i o n  o f  .the .: N t u r a t i o n  . l i ne  , s h o ~  ~:here: 
may be the,,resuX'l~ rRO'~, a 
s k e t o h  m h o ~  ,the ' l e v e l  
No. l so: t h a t  a l i n e / i s  
d m m e ~ e a ~  This  ,would mean a r e l a t i T o l y  p e r ~ l o u s  e o r e : w m l l  
The d i s a p p ~ r a n o o  of' t he  ~tu~t icm l l n e  I n ~ o  ~%he ~foundat ion  
ixullcmte ,a p~x -~oua . so~ ,  ;No w r e  ass'm-ate d a t a  :.$s,~at hand ,  

BUREAU OF RECLAMATION / 
DENVER, COLO., 1934 J 

X - D - l I B 0  
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h • =  I 

• f 

CARMEL AUXILIARY DAM 
I S T H M I A N  C A N A L C ,  

PLATE 

t l l I 

3 CM = 5 0  FT. 

PLATI 

136 

. . . .  E X P L A N A T I O N  

~No moteriols given. 

line "' 

Droin 

I DF~CRIPTION AND HISTORY, 
This dam ns completed add filled in 1896. The sore ~ll 

Jsy be masonry. The drain is probably ibroken rooks 

I I  METHOD A3D OBSEP.VATIONS = 
Four - p i p e s  (perforsted?) wswe :driven. ~Water was, enoountered 

in %he d o m u r b r e ~  ~ e m b ~  

a Imrer 'level-, This indlo 
tlgR%, ~ ~at wi%h a le 
s&tura~ed ~il .the slop( 

III REMARKS = . i 

Indioa~tons po int  t;o an impervious s e t - - Z 1  and f o ~ t t o n  
and & wm~l drained downstrea~ embankmento 
should be interesting. 

L 

• 

OE..VER.COLO.,934 j 
X'D-1132  

i 

, H  

i 

L 



MIDDLE BRANCH DAM ISTHMIAN 

PLAT 
COMM. REPORT 
PLATE 136 

1 9 0 8  

I i ! 

2 CM = IO0FT.  

EXPLANATION: 
No moteYio!~ given. 

I 

II 

Ill 

D~SCRIPClON AND HISTORY: 
It '18 a~ated ~that not ~h care ~8 ~takqm _~ eon~otien ~o£ 

~ t i o n  .~i| .... ~hi8 dam.  I t  , ~  at ~band 
re~ardin~ m%er~ . The ool-o w a l l  .... 

METHOD OF OBSERVATIOn: 
F o u r  :: p i p e s  w e r e  ~ p l a e e d  a s  s h o w n ,  ~ ,and: the • e l o p e / , o f  i ~ h e  

~ i o n  l l n e  d o w n s ~ r e s a ,  ~ f r c m % h e  e o r a m L l l ,  was  . f o u n d  ~ , b e / a b o u  . 
At hole~ No. 4 water was found 7 feet below ~he ~f~ee./~ ~at ~hole:No, 
2 it u ~ s  15 feet b e l o w ,  t h e  ~ r e s o l - v e i r  level. 

REllAP~S 8 
U n l e u  ~ , r a i n l l t e r  ;~ h a 8  ~ e ~ F e e ~ e d  ~ o  ~ Io~o18 ~ '~bo 

M .  a 8 ~  i~J~ t  ;~o. 2 "is b e i ~  a f t ~  
a4~-e~m f rom the o o r m m l l  ~whieh i 8  ~ o t  
o t  r e s ~ o i r  e l e w a t i o n s  , w ~ e  ~ a i l a b l e / ~ h e  , l c w . : l e v e l  _ 

be  f o u n d  t o  b e  ,duo t o ~ , a : r a p i d  f m l l  o r ' r ~ e o f  r e a ~ o t r  l ~ e l e  

: ~i ¸ ' 

11 • 

UREAU OF RECLAMATION 
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h i l l  

I i • ! i 

T I T I C U S  D A M  

" P L A T E  3 9  

I S T H M I A N  C A N A L  C O M M .  R E P O R T  1 9 0 8  
P L A T E  ;136 

. . . . .  ~, M A X I M U M  S E C T I O N  
4 CM : I00 FT. . 2 1 1  

, .  Reservo i r  W . S .  ' 

E X P L A N A T I O N  
A : E o r t h .  

; 8" Rock.  

A 

Io 
rq:~. 

' " W .  ; 4 CM : I00 M I N O R  S E C T I O N  
~10 ~le 

I I  

DESCR I !~IO',;~ t a i ¢im:zA'ND~,'zm.eHTSTOI--~: eomt muzoh ~¢tal;~ , i I :' a t  I'm,rid =. z';el~"d ,'~i i 

etude,,: t 'or  N e w  C'x'oten ~ Resez'vo:L~. : . . . . .  Z . :" ~,. i " ~:i 

Mz-r.~o~ A'~,- o~S~VATZOZXS, : ~ : ~ 
I t '  i s  ' ,not ,  a ~ t w d  ~ t  : ] d n d  of' , h o l e . ~ s  ~ b o ~  ~ o  o l ~ a t n  t h e  

s a t u r a t i o n  l i n e .  T h e  c o r e - ~  "No - 
p e r c o l a t i n g  watem ~ms,  fouxzd .1] 
dam" j t h e  water ~here : I s ,  s&Id 
permi%%ed %0 flow_a~yby- 0und mm%er-% 
awa~ ozl e~ relatively flat he ~ ~ "  ve~ 
po~s. 

T h e - m l n o r  see%ion shows~a  %ight  oor 

I BUREAU OF RF'CLAMATION " 

I DENVER, COL0.,1934 
i 
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MISSISSIPPI  R I V E R  L E V E E S  
EXPERIMENTS OF 1898 

t 

- _ - _  pLATE 4 0  
U.S. WATERWAYS EXPERIMENT STA. 

VICKSBURG, MISS; 
. MAY I, 1932 . . . .  

0 IO 20 30 40 50 
t t I I 1 J 

SCALE OF FEET 
(APPROXIMATE) 

R' 

Fig. :1 
BUCKSHOT . 

BUCKSHOT AND LOAM 

Fig.3 

~:LOAM 

S/ 

The aboww . s k e ~ o h e s  :.wlre 
: Depa='~aen% em%i%led ",I3~ROVD~E~,~ OF THE ~ISS: 
CONTROL AND ~VIGATION t )o Elllotj Marc 
vol. II, pla%e ,XL. 

The clats s t  ]rand ape not 8ufrlole~ly oom~ 
oonolusionse 

i BU'REAU OF RE~CL-~MATION 
DENVER, COLO. 1 1934 
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~OQUILLE D~.~ 

PLATE 4! 

TRANS. AI4. SOC. C. E. 1924 ! 
YOn. LX21CVII P~]E 124 i 

I 

U 

P 

P • 

I. 

II. 

Ill. 

~, ,) ! 

DESCE IPTI ON A~.,q) HI STORY: 

This dam was built on a clay foundation and provided wllh 
a puddle clay core wall ~laid in a crescent shape concave up- 
stream. A system of ~tile drains was laid in the foundation 
material as shown on the plan view of the d~n at the bottom 
of the page of sketches. 

;:~THOD OF 0}~SE.qVING AkS)~0BS~VATIONS: ~ 
Six wells were driven at the maximum-section. Thl'ee were 

perforated pipe for observing the saturation line and tl:rec 
were noZ, the latter being used ~to measure hydrostatic pressul~ 
i:" the foundation mmterial. "~,~easurements~ were taken every few 
days for three months and are plotted above. The 2,inch per- 
rotated ")ipes (shown in the sketch) were equipped w[,th r, oll 
points and perforated to rithin i0 feet of the surface of the 
darn." 

Reservoir level was rising throughout ~he test. "No water 
has been observed to :iate (19S4] in 
here:" exceeded 401gala. per .minute 
comes from the d raina~ ~ system ~ und~ ............... 

RE&%gXS : 

The highest cur%~e sho~,m above is probably not::quite the 
m~ximum that will c '~ - 
f o r  some time but i 
.:~.~ ~ , . o , ,  o~ plotting 
len6"th oi" time requ to 

~L 

DENV~k, COLO., 19:M 
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COQUILLE DAM 
OREGON 

TRANS. AM. SOC. '.C.:E. 1924 
VOL. ~LXXXVII~PAGE 124 

EXPLANATION 4 i o  

A: Quarried sandstone 4 0 0  
spread in layersnot  !590 
over 3 feel thick; :380 

370 
B: Borrow pit material 3 6 0  

sprinkled and ro l led in 3 5 0  
not over I footJayers. 340  

C: Borrow pi !  cloy 
sprinkled and rol led in 400  
not over 6 inch layers. 

D" Puddle of clay, send 
:590 and grovel deposited 

in water and mixed 
by poling, ~r 380  

14J 

E: Alluvial material. I.iJ 

" 370 

: 3 6 0  

3 5 0  

1 

! ! / "  

Oroin tile 
)0 8 0  E 

, I ~ 1  ~ IP I , +~  • 
' 0 ~ I ' =  f l :IM=I 

+ ~ , r ~  ~ IJ ~ ~ ] : ' . , A , , + r . . _ ~ .  
+--I 

- -  j '  ,'e,,,""~ l , - " /  

- -  ~ O r i o ~ o l  ' Gr~ 1 
! " 1 .  ~ 1 

I " -  ! 
0 40  ;2i0 0 ~20 ~40 

- - 7  / 

/ 
f ' "  : 

/ L 

]. , 

5 :: 1 0 / 5  2 0  2 5  
: , M A R C H  ' :,~APR I L: 

ream 

~ 6 0  / 8 0  I 0 0  120 1 4 0  

in r:,~ ~w ~g¢" - -  • r , . ~ , " 

in :.W Ill 'iIsloLL .~  - - ' - "  " 

MAY 

t 
t 
I cut off 

% 
% 

% 

I BUREAU OF RECLAMATION 
I , DENVER, COLO., 1934 ! 
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BOZ-SU DAM 
U.S.S.R, 

PLATE 43 
i 

"HYDRAULIC ENGINEERING"(RUSSIAS~) 
MOSCOW, JUNE 1933. PAGE 24 

0 I0 20 

SCALE OF METERS 

EXPE:ANATION 

A: Loess.  
B ;S tone  f i l  droin. 
C:'Denser cloys. 

480  METERS 

470 

6 
1.7, 

4 6 0  METERS 

,27 

DESCRIPTION AND HI~TORY: 

4 

Dec . /932  . . . . . .  

C 

i The d ~ " a m d  f o tmda t ion  are . l l g h t y e l l o w  l oess ,  ( S e e d e s c r i p t t o n a n d '  
a r m l y s i = , )  Dur ing e o n s ~ r u e t i o n : t h e  %op~6 t o : l O  f e e t : o f s o i l  was :cu t  o f f  
and the  t i e - i n  o f  'dam ~ foumdat ion ~ s  aooompl ished!by.~eys ~ t o l O  
fee~  deep  ms shown. A t t h e  r i v e r ~ b a n k s  t h e : , s l o p e s  w e r e " s t e p p e d . ! ' T h e  
loess fill ~s first sp rayed . , and  then rolled in 6 ~ ~o lOineh layers with 
=moo%h 8-4~on rollers 4 fee~wlde. !Density of the fill was 7 to8% greater 
~ha~ t h a t . o f  the f o u n d a t i o n .  Pe reo Ia t i on  ooefficlent,:ob%aiued-by ~ , r~ ~ .  
sr~nt mJ.aLil~' to go~i:aer,s 1ms 0S000049 am/sec. Dttring design o f  the 
damtheeoef~ielent~sass~ed..O0005 o~/meo. 

XI ~DAMD OBSERVATIONSs 

For details of peroola~ion ~emsur~ntsthls article* should be oon- 
sulked. 14 Piezom~ersw~.re Vlaoedin%hedam proper andl9 Piezometers 
In the &dJaoent loess sional studies offlow~were 
mmde. See plate ~* ~ ~ s " -- ~ r .Imal~ost every 
piezome~ersinoe"~.~he fill~ng of ~heTese~vo i r  the~elevatlon of,wa~er~r,~s 
eonslde~ably increased and after that remaine~! fairly oon~tant.~After ~3 
or 4 years the elevation in most piezometers somewhat deere~sed. Atvery 
l~%em~&~esdurlngthe year arise ~s.n~tie~ insome piezometer~," 
This rlse~s attributed to ~eezin~ of the drain and conseluent bnok- 
In~ up of w a~er in the d~m. The quantity ofleepmge amounted toO.l~ c.f~e 

o f  ~he msam~red seepage  ~ i o w  ~ook p l a o e  : benea th  and a r o u n d  t h e  bod~y o f  
t h e  d a m °  

Ill R '~MARKS 

CompLre the posi%ion of the 8ettw&%ion llne as o~mptr~ed by ths 
~ h o d  o f  PaTlovsky w i t h  %.he l ~ u e s  s u b s e q u e n t l y  - loea%ed b y  ~ , e  b c r ~ s .  

* T e o ~ i o a l  l l =0+$78,  U,S,~,R.  
BUREAU OF RECLAMATION 

DENVER, COLO., 1934 

X-D- I I38  
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BOROV ELECT. CO.:DAM 
U . S . S . R .  

PLATE 46  

0 

SCALE 
- - 6 "  Horizontal I00' =z .u  

4 I, ,'.;" Vertical I0' = . ~ 

Res W S 
,:Measured ':September 1928. 

E XPI, ANATION 

A:Pure quartz sand 
See mech; analysis 

B "Brush 

A 

A 

I T 
',;:Computed by Pavlovsky's method 

~ 5 0  tOO ~, 150 
FEET 

200 :250 

DESCRIPTION AND HISTORY, 
Samd was ~used in this dam amd a ~h~ushdrain was relied 

u p o n  t o  k e e p  t h e  - s a t u r a t i o n  l i n e  w i t h i n  ~the s t r u o t u r e  : o f  t h e  
deum. The foundation !is also sLnd. 

II METHOD AND OBS~VATIONS: 
"Piezometers" were placed in ~his dam~d .-,oh data ~s 

oolleoted. It :is not l kmown that thest 
Before the dLm was built the saturati: 
the method of Pavlovsky. Subs 
was feasted and the agreemsmt hioh 
has been dis%or~ed %~rlse ve~ioally. 

Ill R 'EMARKS: 
]~re data on this dam should be available. 

~ BUREAU OF RECLAMATION 
DENVER, COL0..1934 

X-D-II41 
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MARSHALL LAKE DAM 
NEAR M A R S H A L L ,  COLO.  

P L A T E 4 7  
LAKESIDE ,CONST. ~CO.~ 

dUNE I0, 1924. F - 3 - 8 0  

I IO01." Reservoir  W..S; 

9 0 -  " '  

7 0  

6 0 [  " " - 

4o!. ~ 

Nos. I 2 3 were c a s e d  wel ls.  

Others  were not. 

IM 
~ 2 M  

5M 

1905 NO.?.~ 
__ . No=3.-i 

A Jgo, l 

;EXPLANATION 

D :  Shale 
• E: Rock  drain. 

2' dea th  w o ~  uu"  uru,,, H :  . . . . . . .  ' ~  _ _ . : _ ~ ~ M  
3oi- . . . . . . . . . . .  D . . . .  

I00 200  5 0 0  4 0 0  5 0 0  .600  7 0 0  8 0 0  . 

I DESC};IPTIOX AND IlISTORY: 

the sketoh. Not 
plmoin C methods. 

!I 

:I T 

,~£q'11013 AN D OB~ F.RVAT IONS : 

It is not k~own how lon~ records 'wlre kept on,this da. 
Holes merke~ :~-I,2,3,4,5,6,~,6 
and the free writer .sut'faoe in 

shawn ~, ~otted linez w~re not of perforated pipe, 

ILI..~ARK3 : 

It san only be assu=ed that ,the ; eum~ve ,shown~i= m a x i n n n n " f o r  
th~ reservoir level. ~The ,effeot ,of '%he drain o a n  ~be :soerno The 

? t J  near  ho les  5-.,~. end 6 .... e 
The tebulated summa 

i~blio Servioe Co. of Coloradoe 

~ e o  

~ h e  d ~  i n  i ~  t h e  

BUREAU OF R E ~  
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PLATE 48 

~,5~SH.;~L I,'d<E DAM PUBLIC ST~VICE CO. 
SU~IRY OF SOIL A~ALYSIS OF COLO!~'£DO, 

Percentage of materials relates to 
the percent oi' volume. One cubic 

fooz equalllna 100%. ~.T.I. 

Specific Gravity 
Constituent 
Mass 

Weight ibs. per cu. ft. 
Nat. in plane 
Saturated 

Percent Voids 
Compact 

Unifonnity Coefficient 
Effective Size - ~n 
Percen~ of Soluble Salts 
Percent Organin 
2mgle of Repose 

In Place 
Saturated 

Percent Moisture 
Percen~ Clay 
Percent Sand 

2.65 
1-.79 

112.0 
iii,0 

36.5 
5.1 

0.0082 
O.l 
1.9 

29o00 , 
20o50 ' 
25.0 
34.6 
1,9 

FOUhrIZITION: 

Specifi~ Gravity 
Constituen~ 
I&~ss 

Weight ibs. per cu. ft. 
Nat. in Place 
Saturated 

Percent Voids 
Compact 

Unifo)m~ity Coe~,1,1ent"~ ' c" 
Effective Size - ~m 
Percen~ of Soluble Salts 
Percent Organic 
fcngle of  Repose 

in Place 
Saturated 

Percent Moisture 
Percent Clay 
Percen~ Sand 

.... '2.G2 
j. 

1.83 

114.4 
i15.0 

30.2 
5.7 

0. O094 
0.I 
2.6 

42°53 , 
30°00 ' 
29.6 ~ 
25.6 
ii.9 

~ BbU{~IU OF f(ECL~h',TIO~,T'- 1 
DEIFIER, COLOr, 1934 J 
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STANDLEY L A K E  DAM 
COLORADO 

, . P L A T E  5.0 

L A K E S I D E  CONST. CO. REPORT,  JULY 1 ,1923 
PLATE F - 3 - B I  

Reservoir W.S. / 
/ /  

. i\.. IA 

EXPLANATION 
A', Superso!uroted cloy core 
B Rip rap. 

" Noturol ground Droinoge 1925 / . .  4" tile slide ,, " Ier -.--- / / dro ' ~ " / , ,  ~lit~hl 
Shole . 

I00 2 0 0  3 0 0  4 0 0  500  6 0 0  700  
FEET  

DESCRIPTION AND HISTORYs 
This dam ~ms beenredesignedmnd reconstructed af%er:lm~r%ial 

failure so o f t e n  t h a t  even a fair idea of the distribution o f  
mterlal in it is difficult to  obtain. 'The~Fm~inecr!ng News Record- 
gives s fairly oo~lete picture of the "Case :of the 5~andley lake 
~", but this article and the reference In the ~eside ConstructJcn 
Co. report differ in the placing of the 4" tile drain at the b~se of 
the dam. A slight slipoecurred im 1912 sald a ~aJor slide in i~16. 
The da~w~s repaired a/~ereaoh slip. Failure was attributed to sudden 
lowBrlng of t~s reservoir level and consequent flowin~ of the satur- 
ated clay coreo "Later after further movement ~ofthe upstream s] 
which Inareased the height of-the vortical facethore appeared opl 
site sta. 32~35 a pronounced seepage at elevation 5450. Water,r~ 
from the vertical face in a small,strewn an,~ at three o~her points 
(alon~the dam) similar conditions prevailed," (E.M.R. ,May 32, 1917. 
P.444) "Out of 21 tell-tale wells driven into the m,ter slope in 
August 1914 ~ter showed in~9. Out of these wn~er showed to z~sy 
extent only in 2 when examined in Feb. 1917. Tho~e sh~vincwater 
were scattered amom4~ the dry wells", (Editor E,N.R~ 

!II HEll, KS: 
A su~, of soll analyses of dam and foundaticn material 

acoo~plu~iese 

• Eo !io R. ;.lay S I ,  1917 - l ~ e  4 4 4 .  

BI ~ II I' 

BUREAU OF RECLAMATION 
DENVER, COLO., 1934 
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PL&TE 51 

J 

ST'~',DLEY 1.2/<E 

.%X/I~,'2LRY OF SOIL f~LYSIS 

f 

PUKLIC S~(VICE CO. 
OF COLORADO. ] 

Percentage o£ materials relates to 
the percent of volume. One cubic 

foot equalling 100%. A.T.F. 

DA/4 PT{ IS%4: 

SpeciTic Gravity 
Constituent 
Y.ass 

Weight !bs. per cu. ft. 
Nat. in Place 
Saturated 

Percent Voids 
Compact 

Ef~"ec~ive Size - mm 
Percent o f  Soluble Salts 
Percent Organic 
~-n.,,,le of Repose 

In Place 
Saturated 

Percent ~;loi st ure 
Percent Clay 
Percent Sand 

FOUR-DATI OI ;: " 

Specific Gravity 
Consti '~u~ n t 
L'.ass 

7~ei~,hc !bs. per cu. fz. 
Nat. in Place 
:Satura ted 

Percent Void:~ 
Compaez 

Effective Size - m m  
Percent 0 rF.ani c 
~ l : : l e  o f  Repose 

I n  P l a c e  
Sa t u f a  l;ed 

Pe"cent !,!oiz ture 
Percent Clay 
Percent ;:a:w! 

2 . 6 5  
1,83 

zz4.o 
114.7 

40.9 
• 0094 

.02 

.01 

38o25 , 
2 8 0 0 0 ,  

2 5 . 7  
5 Z , 5  

5 . 9  , 

2.65 

1.91 

1 2 0 . 0  
1.38. (~ 

3.82 
.01.5 
1.4 

390{90, 
3.5040 ' 

28.7 
18.7 
4].7 

f'UREAU OF f{ECLZ~,L&TIOi$ 
IENVEi{, COLO. , 1934 



APPENDIX 

i (  

A. SATURAT I0N 

Imprognation of one subst~nco vrith anothor until tho fo~nmor 

can hold no more. 

B. SATURATION LINE 

This torm is undorstood to apply to tho upporlboundary of 
flo-:ring vrator in an Carth dam. It is tho traco of tho ',saturation 

. . . . . .  a. L ~  . . . .  , & -  

ablo ono. 

(TRANSMISSION CONST~qIT* 
C. (PERCOLATION COE~FICIENT 

(COEFFICIENT OF I~JILIT 

Gonerally designr•tcd K, tho cocff'iciont is usually g iron as 
thc maximum discharg,a possiblo at a givon tomporaturo through a unit 

! 

cubo of oarth r.t%tcrial undor a unit dlfferonco in clovation between 

""~ r , , m m -- ho~dvrator and tailu,,tc • 
• Schliohtor in U.S.G.S.VI.S. Papqr No.  140, 1905." _ 

, 

This coofficiont ratios from about .0000~ 

for vory fino. 
shows a "Vari," 
tomporaturos through a sea%d, 60 ° F. boin~ takon as the st~mdard temp- 

orat uro" • 

"Rolativo flow moans flow at givon tomporoturc comparod 
" t! 

with flmw at 60 ° F. It is cxpros~0d as a porcontago, 

Tcmpornturo 
OF. 
32 

35 
4O 
45 
5O 
55 
6@ 
65 

Ro lat ivo 
Flow 
0 • 64 ~:~ 
0.67 
0,75 
0,80 
0 . 8 6  
0 , 9 3  
1.00 
1,O8 

• m , 

T'omporaturo"' 
OF. 

:' 7b - 
75 
8o 
85 
9o 
85 

IOO 
/ 

i 

Flow 
1.15 .... 

L 

1.23 
I,SO 
1,39 
1,47 
l,SS 
1,64 



APPENDIX (Cent' d J) 

D. CAPILLARY WATER 

Water hold above the vaster table by Up- 
vmrd moving or stationary .v~.tor in the c~.pilla: llary 

water can move in ~ny direction. 

Most agriculturalists agree %hat the zuaximum height to v;hich 
v.~tcr can rise in a r~:tural soil by capillary action is c.bout lO:feot. ~ 
Prof. F. H. King gives data which indicatosthat tho~ratc of rise:of 
capillary v~tor in a circular cylinder 6" diam. x 12" high is propor- 

tional to the grain size as follows: 

EFFECT OF SOIL CHAPu~CTERISTICS (Distilled H20 used) 

i 
T hno 

Class of i~atorial ll Inches : ~ o d  
Cl-'~y loam ~ S d n y ~  AweraEo or aA± 
Reddish clay 22 " 2,05 
Reddish clay 18 " 
Clay ,~ith sand 6 " day _ ~ . 
Fine scrod 2 " o69 2.37 

}~ono of the soil coluruus vms completely saturated at the end of34 days. 
.When the soil boc~no saturntod* :the moan daily movement vms greatly 

increased. 
*Yr. King does not use the word saturation'in the same soiso that the 

wri~sr uses it. ~l~tor nm.y f~n . 
too largo to per 
scquontly roach 
into the largo opening by gravit~ , 
water. If there is a void in the c01tunn of soil which is not filled 
with ~ter the column of soil is not strictly saturated. 
In "Public Roads" Vol. 9, k:o, l, p. 3, Dr. Torznghi defines "capillary 
moisture": "A roasurc of the volur.e:of voids of a soil sample prepared 
under certain arbitrary Stc~.dard conditions, minus the void space 

.which pormn~entl[ remains filled with air." .... 

In the case of Fine sand the mean daily movo:~cnt during the 
first 24 days vms .68 lbs. daily per sq, ft. and ,;~oz completely 
"saturated" vms 2,37 ibs. dzily per sq. ft., ~.~m increase of more than 

300%. 

Presence of v:~rious salts dissolved in the water influenced 
the rate of capillary rise. Addition of 0.08% of pot~.ssium nitrate ire 
distilled water increased the rate in an 18" column of rather coarse 
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APP~[DIX (Cont'd.) 

D. CAPILLARY WATER (Cont'd.) , ~<.,, 

sand 22.84%. Similar test using 0.08% of common salt decreased the 
land rate 12.82%. With a saturated solution of plaster the decrease 

~s 27.36%. These variations are compared to the r 
pure distilled wuter. The temperature at which the ........ 

is not stated. ~ 

E. FUDDLE ~: 

Because the Americmn definition is not universal the fellew~ 

ing ~i)g iron: ~'\ 1 
Earthy materma as a mixture of:clay, sand.and gravel~ 

placed with ~ater to form a compact mass to reduce percolation. ~ 

(2) To place such materi al.l . - - - -  
~t~rd s~bols ~ ~lo~sA~ of to=~ u.~od ~i~,hy~ulico ~s a~pliod 

to irrigation:" 
on Irrigotion Hydraulics, Special co~ittee _ - 

(5) Clayey and gr~vo!ly earth thoroughly mixed and ~etted'-hEv~ng 

a consistency of stif~ mcrtar or mud. Clay puddle - predominating 

insTodient s pure clay.* '' " 
$~rth Dams -Burr Bassoll, 

- - .... ~',---:--- ~:l-~-d~ is an expensive nmterial, [4) t~Aao-o ~ ~,L~---- ' .... .... 
material is often carried-very considerable/distances, 

• • I! 

variably prepared mn 5 pug m111. !! cotton,soil. ,~(udibricks 
(5) puddle in?Ind i'~-is "rondo oi black 

laid carefg_lly and rammed."* 
• Proceed. of Irrig, Conf. Simla~ ~dia, 190~. Discussion b V }It- Preston. 

F. SETTL~4EI~ OF V,~LLS 

Using the ~xells for purposes other than as observation ~olls 
m~y also cause them to zcttle. The following chnngos in elevation 

occurred at Mimataro Dam*, Nebraska :,~. 

...... Elevation " "Settlement - - - -,>~ ~:= Elevat ion 
won° on th~ u p - I  J,~ly lO i j=o zo ( ~ . )  ~~ 

s t r e a m :  s l o p e  i 19,2.6 1 1928 
,-- " ~,, ~lz4.5 Sta. Zl ~ 5O "'i 412~.S " 
23 /,, Z5 { ~ '  26.7 { 25,1 
24 / 90 i 28.7 i zs.0 
z6._/so i ze.2 ,..-.zs.o 

1.6 
3.7 
1.2 
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APPEndIX (Cont'd.) 

F. SETTLEE~NT OF V~LLS (Cont'd.) 

Thoso wolls vmrc not porforato d- Thoy ~oro uscd to:find 
prossuros in tho foundation undor thc dam. No ch~n~o in elovation 
was notod for woll S-I roforrcd to in this momo. " " 

*Data furnisho'd by Mr. T." W. Parry, Mgr. Pathfindor Irr. Dist., 

Mitcho ii t Nobraska. 

G. WATER TEMPERATURES IN RESERVOIRS 

Tho follorrlnziP Intoc* will indic-~to how tho tomporaturo of 
wator will vary in rosorvoirs of sizo and locotion similar to that 
of tho Roosevolt Rosorvoirl In rosorvoirs subjoct to 5roator seasonal 
variation of tomporaturo thnm tho Roosov0it tho off oct on percolation 
may bo moro mnrkod' Tho g~cnoral charactoristics of all six largo 
rosorvoirs studied woro sinilcr. Tho viscosity, of. ,vm't°r, ~ _ ohnn~os~__ ,,~_~._vrith 

in tho rosorvoir. At pro~ont no ~oTm attompt has boon ~ado to tnko 

this off oct into account, 
~" ' MOmOe No. 379, ,Tomporaturo of W~tor ~n • ToJcon from'Mr. J. E. Grocn's 

RO s orvo ir S" • . . . .  

• 6 
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APPEq~DIX (Cont'd,) 

H. LEVELINDICATED~fAN IMPF/~FORATE~PiPE 

A~plpo opon only~at tho onds ~.~II record tho,hydrost~tio 
hoad ontho {wtor at tho on,_d-of ,tho pipo, .This ;:lovol.i.v~ll:bo .lovmr 
thou tho saturation lino asshown, 

[ 

i 

• o. 

LEVEL II'~ICATED ~X~ A~PERFORATED ~PiPE 

A ~porfor~tcd •pipo into~ 
and moro zoarly ~pproxim~tos tho 
of inducing f) 

just how Lmpo~ 
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PERCOLATION THROUGH ,~qD UNDER ~L~,TIi D2GZS 

,%n~avm Ik Dam: . 

Isthmi-_n Cancl . ' C o ~ u .  Repent, 1908, Plato :136 
k~ng. News, :.or. 28, 1901, p. 41.~ 

Ashti Tank, Deccan, india: 
Irriga~ionConfcrcnco 

Belie Fourcho, Belle Fourchc ~ojec 

190~ Paper ~%-7. (] 

(Contract 

Bc.h~dalvmdi ?ank, Docc = " "ia: 

irrig. Conf. , ~1904, Paper $'~17, Hill 

Bog Brook l !~.m: 
Isthniz 
Eng. N( 
Resorvc 

St 

B0hio D~: 
Trans. f~.. Soc 

I~.o 

;v.id Pomcstic 

~ f ,  , 1~i. 48, p, 235. 

Boyd's Corners Dam: 
l..thnian C..nal ~o, 

Boz-Su D:u-, U. S. S. R.. 
Russian "H'z4 r:~.nl ic 

Borer Elect. Co. D~T.: 
~Pjdro.ulic i~ ginc cr ing,, june, 19g3. 

B r i d ~ o ~ t c r  D~.I :  

Trnns. ,in, Soc, (;, E., V01. !84, (i921):p. 33i : 

Carmel Auxiliary ;kun: 
i,,t~li,,~ U n.. Con=a. {~.port, 1908, P latc i36 
.Hlu Z. Nor.,s, No':. 28, 1901, p. 413 

Carmel i hin Dam: 
.st~%i:~n Can:~l CoL.-n, Rcport, 1908, late Ioo. 
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ChicopooDtun: 
Journal 

Cold Springs iDam, 
Eng~ Nov: 

oI. 41,;u.:25~ (192~,) 

i I 

19!I, p. 43' 

Coquille Dam, 
n./ns, i-n, sO~. c, E. 1 24. Vol..X~'X~ n. p, 122 

• L ̧ 

Don E~rtin D~m: I 
E.N.R. Vol. in,J 

Dwg. P'3-42, 

Ekruk Tan, Deccan, Indln: 
Irri g. :Conf. 

p.;223 ?" / ,  
P't I , p l  ~:.'0 

x-P-SO (b) 

fill. 

@at ineau ~ Re s ervoir: 
Quebec S~reams ~Coz~niscion~has made rstudios. 

Gatun Dam 

Horse Cree 

".~draulic Engineering, in Russian, 1933. No. 6. 

Jumbo Dam, Colorado: 
Eng. News, Vol. 66, p. 447. 

Kreibitsbach Dam, Czechoslovakia: 
• Vol. IV 

i 
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LahontaniDam: 
File360-D!Letter ~ ; i ~ o m M r .  Sturoi'. 

LinvilleDam: 
Trans. Vol. 84 (1921 ~) p. SSI. 

i er C Grands:Barrages, VoI. IV 

Marshall Lakel 
Lake~ 

,Colo,': 
port, June:16, 1924 

MatobaTank, India: 
Irrig. Conf.:Simla, 

Mayni Tank, Doccan, India: 
Irrig. Conf. Sinla, 1904. Papc 

McKay Dam: . " 

E.N,R. Nol. 90, I P. 93L. 

Trans. Am, Soc. C. E. 

Medlori Reservoir ~abankment, India: 
Buckley,s :Irrigation Handbook, p. 383 

Mhaswad Tank, Deccan, ~India: 
Irrig. Conf. ~Simla, i1904, Paper ~17; Hill 

Middle Branch Dam: 
Ist.~uian Carol Comm. Report, 1908, Plate I~6. ~ ~ 

Minitare E 

Mississippi Ri' 
• War .! 

~D.,O. Elliot,.C of ~, Vol. II 

~Akti Reservoir ~:~ubankment, ~India: 
t z, 0 . . . .  It Buokloy s Irrig~tlon Handboo.., p. 383 

Nohr Tank., Doccar., India : 
Irrigo Conf. S~mla, ~i$04, Paper '#17, Hill 
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Paddy Creek Dam: 
Trans. Am. See. C, E., Vol. ~ 8~ (1921) p~ 331. 

Pashan Tank, India: 
Irrig, Conf. Simla; 1904, : P  

Pingli Tank, Deccan, India: - . . . . . .  

Reeky River Dam: 
Earth Dox,1 Pro~eets, "Justin, 1932, p, ~278 

Saturation Slopes, Instruments for Observing: 
E.N.R., 1933, Jan. ~n 

Schwarzo Desse D~m, Czoehosl 
i or Con~s des Grands Barrages, 

140-14G ) ( Test :pp. " '  

Shetphal Taruk ....... ~- ~-" - 
I r r :  

Shirsuphal Ta:~k, india: 
Irrig. Ce~f. 

"Soils of the Bombay P r o  

4/=I 7, iIill 

u l. No.  160 i ( 1929)  

I 

Somerset D~: 
Trons, Am. 

Standloy Lako ~^- ~ ^ ~  ~ " 
In/: 
E, 

Titicus Dr~n (Max. and One 
Isthmian Canal C 
F n ~ i Nears. }~ 

Schuyl( 

~r :Power, i~.nd Domestic ~Supply, 

Unkal Rcscrvoirl ~ L~.b~cnt, Indic: 
Buckloy's Irrig':ticr :H-_ndboo:=, p. 383 



- J  

Utica, N. ~Y. 'Earth Dm~.. :Failur-- 
.~, News. O Ct. 9, 

Wachusott D~n~ni(Ner" .... ~ .... "" 

Seventh, 
Trans. A 
Eng~u. Record Vo1. 152, :1905~ p. ~64. 

Ir: Paper i~I7, 

i ̧ : ~ii~: i 

P 0 ~',19 7),  i " . . . . .  

ii ̧~ ~i 

k • , 

.j - 

.'\ 

i i:/ , • 

L r 

-5- 



I "'~P 

]/ 

B l ~ g h ,  :W. <C,; :". : ?i 
' ~ " 'Wo  '" .~.  D o . m s .  and its ..... ( 

B o s t o n :  8obiety ~fi:Ci%ii:EngS 
:, "MOrd61 , ~ E x p e ~ t m o n t =  

M o .  '~:9, ~p0 

C a n a l  

.C61r~.'m, <J,B;'T. : 
:"The ~'Aotion ~'o£ !'~ator U~dcr ~Dams"' 
~Tro~ns. Am. Boo. C [XX,:~p.:~<421 

Cr.oager au~ 

1 

,Un~0n, ~1~y, ~:19-25, '...1929. , ,  - 

Engineering S o ,  

'Sear, 
!'!'Per, 

"k 

< , 

Gilb~, ~G. 
. . . .  : ",Soil 

Green, :W. ~E., ~Junior ~Engineer, ~U,. : 
. " ~"Measurement . : . O f ~ R e s e r . ~ o i r i , ~ a . ~ e r  ' : T e m p o r a r i e s  

United States" 
<Tech. ~eme'. No. :379: Aor. :24, i1934' 

L 
• ~ . s ,  ~J. ~B. : 

Designing iani:Ea~th 0 '• a m  H a ~ l n g  :.a .: G r a ~ e  i 
oo. c . , , . . ,  ) iol .  p .  
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nansen, Allen: 
ii "Hydraulic Fill Dams" 

Trans, Am. Soo~ IC, ~Eo, Vol° L>EC[III (1919-20) p. 1713 

D. C.: 
"Two F~rth i Dcms of the Recleam~ion Service." 
Trans, ~Am, • Soc. ~C*E., ¥01. L~LXIV, Dec., !1911 

ohues, J. A. :  
"Some Inves%ig~tions ~nnd iStudies ~in l~dr~ulic ~Fill ~Ds~ 

• J. ;R.: 
"Hydraulic 
~pp. ii16, 12 

//~lnter~a%ional Commis 
Stockholm, Sweden, June, ~ Jul~, 

Reports in %'ol. IV. ~b 

~Jus%in, J, ~B. • 
i " c'i~ 

Confo renoe ,  

Jus%in, J, iB.: 
"?Ear~h:~D~nProJects"1952,!p.,278 

, P e r c o l a t i o n  in  Dcm N e w D e v i c e "  
En~.~Ne,xs-Reo..Jcn .i09. 

M o t .  Water !& 
Soy 

Notlo. 

Pavlovsl~" U.S.S.R.: 

Foun&~ ..... 
Proo. First t Union,~:Mny 19"25, i. c 
(.Entire "boo] , trom~l~te~ and !is ~in 

• he Bure~'u's !~iles as Toch. Momo. i No. :SO3) 

iImpo vious 

:~, T. W.p Mgr. Fa~hfin~or irr. Dist., ~itcholl, ~l~ob. 
Mim~taro Dam Saturation Data. Original rocords 

1 9 2 9 o , : ~  
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BELLE FL~JRC~ DAM , . + U. S.. BUREA~I~ OF RECLAMATION 
~'. TECHNICAL 3ATA FILE ~ 

.~ OUTTI DA~(OTA "?~ ~ " ,  

l 

.JAr,.,. AND }~I~T.~RY . . + : : , ,~SCR~tpl,+O+.+ .OF -- + , " ~ 0 : r 

'A+ GENERAb" 
Belle Four c~ 

the t~me ~t ~s 
The hath:re of t~, 
vm.re troubl es ome. 
has ~eoome apoare 
e d  4s less stabl~ 

• +:': !•L ~: 

uct- 

upstream face hc 
19~I the extreme drouCn nec~s~=~=- -,--~ ..... --, . . . .  - : - - - ~  + m s t ~ b l e  u n d e r ;  
+.he reservoir. The I oughed in. The ~: 
these severe cond.~t~ ~ rol].~d Int 
d ~ s t u r b e d  m e ~ e r f a l :  ~, . . . . . . . . . . . . .  

place, the,,paveme~t was .reolaced . . . .  slides have o~,~urred s 
.Quo~;atSons ~ich~fo! l°w ~re from urche Pro~e~.t History on ,i 

file .in ~the r~n~e~ off.~ ~.e • 

B~. M~ER~Ab ~TN~E~LYI N~' . #l+- 
"The ma~eri~dS on t};e 

• v~refc~nd t o :  consist of 
sl~tey "shale. The transSt,~ 
as re-eeiPd by an nrtesian 

a n d  

~ d  p 

+- 

and aside 
earth is 
ii0 Ibs. 
.friable • 
• the pass e 
seepage w 

C. ~ATER 
"The 

s~te ~s s 
on the ri 
on the fl 

f c r , ~ d  :~ n 
~a,~Ing th 

.awe.1 I s  s 1 

e d  ibm sme  
i s .  O r d i n e ~  . . j .  - - .~  . . . . . . . .  
r ~ i n ~  o r  r o l l i n . ~  ~ s  h e , s e e s t y  t o  b r e ~  u ' v . t h e / e m ~ ! ] , '  n o r a .  z ~ q V ~  .: 
~ n t h e  s o i l  . a s : . e x ~ e v s t e d ,  I n  o r d e r  t o  i n s u r e  e b ~ m . o ~ e n e o u s  m a s s  
~he s p e ~ . I f l o a C l o n s  r e q u i r e  t ~ e  emb~mk~.~ ,  s ~ . l ]  ~e t h o r o u g h - !  

, ..%. 

- + 

-- . ,++ 

.+ 

.:'i: i~ :i ~ " 

.'. 
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I," roiled ~n ~-Innh Iny(:rs w~th nt~am =oll,~rs welgh~n ~ 
I 

loss tha,~. 2("0 ]bz. per ] ! n t ,  n r  t : n :h  o, ~ ,'~)ller r~m. 
Tests on i;h'Is sdnl~s-l#;t~rlnl m:,a}e B.V t~,e B~u'eo, I ~f 'Rc;- 

el~,mt)o~ ,.ol,s .he, ate, ,, I t l d l  . a  ~. ~, mD,,rv .... 

d o n s : ~ y  ".~. ,'la, e ( f r n ~  a ,l,~r~:e: hard ehun~.,-,ent 
~,.~nt~'r~mr of' the d,n) apnro>'~matelv llF~ l'hs. De 

. ~ ' r v  d , m s t t y  wh,m h r o k o n  up ,, ,i re'pn;'1,red in  tier o -  
, )  • , , . . . .  , ¢* ' 

[ i '£~n e v l ~ n l e r ,  h r cnmes  , I bs ,  n(~r mib~iC'[oot a t  L, mn i s tu r~ .  
B~;rn,.,.~e t '  e m , ; t n r i { , 1  , ,ns ;t:!,e 
.t Ss i.m~nssible 'to nlnce :t in emb,mkmont ot ma.x':imum :dry  deY" 
sity. l%qn~n ,.~ a~r dry i-hun~ nf this'mat,iris]; was" tested !"nr 
sonrox~.mntt~ Ft, rcnl~,t~on rote r ths under 

no vertinnl load ' : t  v:ns found fi:O,2 ft. 
per :zenr: this was nncnmr, uni,;d J OV~. 

, , .  C "~NSTR' h",TI '3N • 
The e n t l r e  n r e a  u n d , . r , ] \ , ?  s ' t r ~ p e . d  

m~d o l o w e d  nnd  , i l l  roek,~ . ta  o f  mud .,~r S i l t  as: v, e l t  ns the m,~t~,r- 
ial in the nrosont cr,',~t:-:*t,t',n(,] w,'~re-eroved. Th,' n'enter e',~i- 

off trennh was th,,n d,~g, tD i} depth ef 5 ¢eet. k~l,~'~~}:pent was 
rolled \n 6-1n~h ]nyers },av, n< a +'ransverse slop; Ci.,,',~:dr:un- 
in:" toward t:~e reservoir oz.; b~'in~ su'~:'c, ct~:d to ash roll- 
in{" to secure ~ ax~um density, work %, s', ~ scnn" n eihher 
embankm,~nt ,~r b~rl'nw r i f t  -~nt~-~r.ln] ,re. ~nn ~o+ 

to  ~erm~t n f  sat  ~ s,~!r e t . o r y  c,~ns~:,!;i ~h sb-~,,:c : t : '~  
mnterinl in "ts natural :-tnt:e ~nd ),,nkment., 
Snrinklinf[ was don. .v,t,] 8 , hos<~ ~n,, , ol,~ng .,tP a ~ ,rJ'. ~ On 

t r a c t  ~ on enr,:ne, ,',rid 
" h e  (~vl Cr,~ek G 

' the  dam was eo~[~lei, o 
.~ ~ , . , t  r l ~ c t  . . . .  

filled ~md rolle.d ~'~s 
trenches ,:xo'Ivat~.d n 
seleote~ mator~ul ÷:e 
wss mnved dovalstr'~'~k ~, 

(across t~,n ~:,'p). " 
d i r t  Crnr. th,~ bri:li:~, 

as ,f,,st ~, September °' 
the month th,', entente ~.. ......... 
wn~ nnw e e n s i d e r e d  n!It oJ' din:gOt ~rom a n~,,l.l Y ' I o o c .  :imter vms 
eneo~,ntered in the ':q;" ~hnnu~,l oC Owl C:'e(~k, snlit was ,leei~ed: ",x 
~-, +b,,  c..)ns.~It~n~ b o n r d  to ~nee dr~':'S in th~ do',m~tre,m, [;or-: 

• " • , , , , 4 ~ 

tlOn o ~ the dnm. }n .th:' ~,'}D. In Cctober, th: e~b: st:most i n ,  ::e 
Eov , m s  br~u , 'h~  t o  ~l,~v;i-t:[o,:  29.~I, th~ ~ , , r~dg , :  r e - n v e d ,  ,,,.id "'"e 
rs~Iroad trKtol" v/{Is ],~4.]-,I~ t;I%rt I " : ~ - : ) D S  t ~ t" [':~D." 

.( 
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The ,,nstres~ s]one was ':tr~ed: of ]nose material and concrete 
pav~n~ blo~!..'s wBre ]n~d wlth~onf~,n ioin's nnd .... bedded on a~f~]ter 
of ]2 inches of screened Ir,:vel ]~,i~]:on 12 Inches ,~fl naturnl 
gravel. Drains are nrov~d~.,d on "'-e do~,mstroar, terms w~.th co.,nect- 
in£ gutters to h:sd rain~'all to +'he to,, nfllt~(~ alone. 

" Tb, two  i r r i z a t i o n  C a n a l s  a r e  '.~r'z(:d t.hro,u~}~ c o n e r e t o . c o n -  
du~.ts bu ~ It beneath t}:e dam emb~:nk~ent tntreneheS./c, l t " In  the  
natu,~l ~round reg:~l,,ted bY s l '~ce :gates operu- 
t~ng thro,;~h ~ H~:ee~ter o f  . . . . .  n onnstr.,~ete~ near<M 
the cro-s section. 

".~ir~ n i +}~e .~u.~.~.'r .~C 1910 seepage ' water 
t h e  su~P'~oe ~ th-~ ~ro, in,! bnlow the,  d ~ ,  ware 

tn  she~w on 
~ been i n  

,T? 

( 

s[da. They nlnoahow~o that ~..,~'ilr, the [on," records op the center 
line of.i:be dam Frc~ ._tation ~6 to 41 woul'd"indlcateit~r~t'the 
sh.~le overlnid w th nb:~ut ,~ ~eet ,of sand-~;,d i~rn~lwas firom .30 

~ayer of sand and <rnvol P. nr '~. r:,,.',t thio1 
~hal~, The ~Ir~inaKo'tren~.h indio~ited on 
, ' ]ur in~ November snd~De, oei.~b~r, 19].0. 

"In the In . . . . .  
drilled in the 
pose of .']eterm.!nin,(, 
on its movements, 
thn wells th~9"n:h t~ 

nlu t ~ n ~he u~per 
all, 34 wellv, were nun~r in this., " 
I0 to gr, feet. Tho~r loeati.~n nr 

t } i r  
n~tructed 

The wster surf~J3e :re,':-'|J~Cs :,germ', 'r 
Recor,']s on ~,,,:~e orlc,,;nl ~,,~ 

1923. From 7974 to 192~ r,;~ords were: kept on ,Sr, tur,lt]on ~,olls" 
en~ 'qlpl.4ft wells"; the former-w,.,re~wells driven ;~.t.~ the embonk- 
meat only on:] the-lat£,-r .'~'~:'(:nd,-,]: clo nd 
|ntn the fo, lnc:at~on mater~-,l, brn~., 7 ', 
wells were r,-fLd n~ "ro~. _ 

feted Bad . i ~ t ~ u  c g.i~-. 

plotted hdre. A t~,blo on r,l.~:tc $4 shows the o o r r e l - , t i o n  Yn n l a n  
between tF,.; i,w.~ s e t s  o ~ welln refcrred t~ ~hnve. 
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-,,.,:::OK~ ~" m"~.' "m#T~R' 

G ~T,I RR AL 
m-~ ~-~ ~ q~lle ~ ' ~ i ' " b O  '),m I~elVO been: oolaected '~v°'r :ll 

~.1o%:t~d nut! munh n~h,-r dvt 

ernc'*s, s]idns, windstorms 

g..ner,,l statements re~: ardi 

The pr~nrlnnl f~nturc 

~.ser"ati'.', wells v,hi-h w< 

,~l.ctr.ci.. Zueh ,.~e.t!~ -~],iee~ 

extent o "  c,,r, illur:! sutur~ 
~bre nt .~ c sur ~nee • ~'/her e 

the nhrentin sur?no.e ~s ~. 

DnGt:@; b~},t ~.~i t}o c.[ise :~" 
tht:t the ult~m'itr' hoiizht o$ CUoi'l]:nr,y rise :is Vary ' g  

eh,~11,-h t ~ ' e  ve!oeltl O,. . o .  
v ,- ....... " % , • 

• "" eV q T[ID I . . . .  t h e  . e c , , r a + . .  , L- • 
.+~ d.oemed sufl c~en+., !;~trther 

t,-, esrroc:" the indic .:ItOd !'h'. 

"A ~tudy hV ~" ............... '~" 
t h . ~ i s  cia~ n n d  ~h,': " : ' ? L  ' . " n ' ' t ~  ~' 

bl e~.. 
Thr~t ~ h ,  obscrvr~t ~on,', on t h e  we 

describe 

followl nl 

I. "~, 
able pro 

cn:,il]ar: 

~. ! ,~- , r l . i . .  ~ ,.u.-, ' " '  . " . , .  . . . . . .  . V:. s .r%~,~ "~ 
oP T, ,ho  o r i ~  4 -~ l : i l  ' r q ' l n ( l  .,ur.e'~ctt, I ~ .  S • 

~{~-t 'J :er  f, ViSonced b y  . t b , ,  

to the 

ed that e low "s 

w~thin th~ ,.l vr. 
4. Und~rseo~ 

Watr, r !,~ve tz 4n 

h i g h .  A 1 1  ~ ~',~ : .... 
ed. The tile 4ra!nnf'e s2!sz*r, ser-,-,,~ ~,,~., .~ . . . . . . .  

n~ t b ~  d ' ~ . .  
5. Vol,,metric ,djustmcut ~:'~ the Diezomi;ter ~s Dresont it. all: 

problems i~ ~:.eh t~.': ohr(-:iti(: ];no ~r. a dr.u,i is l.~-nted from ob- 

servation n~." ¢:'~ ,~. free wat~,'r surf" ce in a p4~czomeh<;r.- The l,~g 

-8- 
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• " t- 

correction for ~ts nreson'ee ~s s fun~/~.ion nf~t!~,~ d~ameter of t~c 
well, the meNnesbiSity K of the ~nter ~al into v~hi. ch the well ~s 

driven, th~ s~,o 
t~e houndsry, on 
oC Clo~ in the 

ev,~]unte t he  c : 

poa(~s neg]iCi 
Dines sre l. 
great an(! frequ 

te"-ners 
the Die 

noeuratel:, portr~/ cond~ 
f,]len te~' feet. Meanti, 
faSlen 20 feet° 

In oortsin instances ..... 
ti. nnship to reservoir s trq~, 
ing 192%-26 i s ~ i ]  l .urtrr ,  t~,.v 

lank of' knowl 

tlon for K. 
i<!e. of how ] 
equilibrlum a 
heln~ 19illed ~'r~m. the teD. 

t 

~:~IREATIC LIU],:S IS~D ~JD}~RF', 
W~ile th~ nresenoe ,~nd 

ean~ 
rio 

, ye a: _ 
nan be obt~ained at least st 

• ~4 .re nhre.t4~ 

Dero~ ~t~ n~ t~ro~ 
flora under the flare. On]y t 
Y'eoordS m,.~"es s~le, h ~, 8~n~o 
lev,,Is chnn~,o s:, s~ow!y, i~ O~v~?.~slY ~s n o t  r~o=s~b]e to re"er 
any we~l level to ~£s .nrr,~snond'nr r~servo~r ]:.w~.~. Cond~tlons 
on" n g~..,en date are ni-turnd. Be~aus0 ~t cannot be '~n~o:~ aoourate- 
ly f rnm the well ]ove]s uva~.~.~,l." J u s t  ~ere the ,~brt.at~n l~ne 
lles ~,t .ny t.~m~, thst portion ¢' t.,~, l~ne , pstre:~ frnm the 

-7- 
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F row of wells especially is y .onJncture. 
The e f f e c t  o:' 't"<~.' pnvud "oud 'ac.~ng on 

p o s i ~ o n  o r the phrca~Ic sur face i l l ; leant : ;  the 
e ,u r~ch  ms~er~al is too waterti~ht 
or~terion, P1ow,o~it nf the bm~( ~ I' is 
probeblynot aupreciably ~,ccelerated by the:presence of the drain- 
a~e mater~ a l .  

S E E P ~ E , - Q U A N T I T Y :  

F l u c t u a t i o n  " 

to ~ollo~," reserv 
later on the t']u 
a - c o n s t a n t  l o w e r  value* 
ed may be due i ln :Scane in~ 

general 
am, but  

r k -  • ' 
| 

c 
J 

"height of the ~!ll, the max~m'.,m bell 

:CR~KS: 

In 19 
:axls 8 p p e a  

t ~ o n . ,  s hs.f,~t. 

mum of 3 ~ 
im:~n depth 
voir the t 
s haft w as 
shrinkage o?-t~e t'ryin;-clay' That cr 

• t O  ,~, ~S cause crael¢,~n~ ~ay be d i l c  '£1 ,~  ~n~t 
without ~oundati on. ' 

WAVES : 

Because the lon~: axis of the reservoir i, 
direction of pr.va.~li,lg winds, hi~h~ "va~'os ~ .  . ,~.fr~.(. ., da~ 
and d~nsge th,; pav~n~;; occasionally the w~nd anuroaches ~ m.n.h. 
Spray helps to kee~ the dam ~olst but the wnves OccasionrJlLv f~il 
the F row oC ni~es. 

( wag 
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RAIN : 
Thc maximum 24-ho~r r~n for enoh month forms part :~f tl;e 

record on nlote 5.,. On ..sevoro! ~cc~s~on 
extr~ord ~n~iry beha~,: nr 09 "well levels to 

r~.ses s,,ddenly and 

well in n, or~~ than 

orobably woul:l not 
wut,~,r ,r']ov;~n~; ~:to the well., or format~c ary 

r~n~". , 1 within th .r d,,~m may raise thr.. wc] 

eq~ T ;>....DE SF 1931: 
The s]ideof ].q31 was st 

tion of the impermeability of 

~raph it was doterm;~d tbat:; 

more significance fro 

of drav~dnwn. The u] 
st,,ep to be stable u~ 

of the slide surf'ace ~,~ m .......... • ............ 

:F~om ~eon [era- 
tire- 

WF 

Jr. Larssen and D J. P~. ~En[e].hardm. 

@ 

,9- 
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DA'~!S OF BO~".~BAY :FRES~.3ENCY ~JBLIC WORKS DEPAPT~.ZNT 
B)M3AY, INDIA, 1908 A, HILL, C~IIEF 'EUGR,:, TFRTG. 

"These: ex~rim6nts :on the ,s sturntion of rtank~embnnkmcnts ,~mre 
ori~inally ordered by ~. i'nt(~, Chief En.rin~.er, PUblic Works "'en~,r~t- 
meet, Bombay, when: 1.embsnknnent,va~s 
unde ,~ cansideration )tour 
the comm, enc~ment of ;sn~s 
f i l l  and no good., obsnrvat i~)ns  c o u l d  h e  ~made. No: :year ,o t  )d 
rain, wheE 
s~nce the 5 
when s~,me 
data now | ~,su .I of 
many more ~ndieated by ,::s. 
snr~es of observations nre:no%v or~nted, a:seleet~on bein~'~rnde~of 
the tanks which had the h,ist Sui'ply. No.attempt hns been ,,!ode to 
.select the observatio.ns; a~ eh are c:lass~d ,s:T"errons '' 
by t.~e Executive Engineers, struck m~t from.'the~llsts. 
I have left themin, ~or t,~'o re causn ~f!they~'e 

" f; • ~ ¢ *  re,..!ly errors they ~n,l.at +:,~a" he cbsn.rvatl,',ns ~re 
re l i ab le ,  an(l secondl;z, ~oe~ns~ none of the res;~ltz are ~mo~s~ible 
and,they may he dU(, to s,,~-, "cause not<understood. The gen~;r~] 
r c s } , l t s ,  however,, ~!are un'Corm ond a f f o r d  g:md e v i d c n e O  ,~£-ti(~ ~eon- 
d~t.~ons of omturat~,on nf t.~:. emban~nent, 
• 2. The first im~ortsnt~ point to notice is that:fr~e water 
was observed in aii thc embK, nkments. The levels ;.ivor are those 
Of-actual woter .in t;;:~, interior ~.C thee:bank nnd are' not. me, rol~,:~t'.he 
levels of~wet e~,rth. " • 

At first holes wore dri]led ,Into the emb~mkments ned the 
level ,to:which the:water rose .inthe ho leS~obserVed. The natural. 
side, however,, fell :in af~r.a %~me. ~To:meetthia 
iron pipes,we/'o placed  I r  - - • 

8 

lenEth of the pine ~s wel, l us at ~be bottom. 
There ere ~ne or tw,~ cas~s re " - 

in~ to be ol~ared, b',t co~si,h~r~nj~ 
rem,rk~ble, how ~ e~ns !steer .they are 
hen,s of sim]l,r chnrncter •agree. °. • • 

3. The books may b,):broad!y di~,ided into two el 
I those m~dO' nf clayey materi 
clayey~materi~e] i n the .heart 

Pashma, Parsul, Nhaswad, Ymdshivne, Ekruk, Nehr and Wag.,had are - 
exam.riles, of c]ass I and L ik]i;, , Unkal of class If. The construe- 
• t~on of ~he ~n%erior of ;/edleri and Mayn~ is not exaotly~kno~rl 
but they are on well drained foundations and are ~ore nlosely dn 

-I0- 

- 2 



agreement w~th .lasa,:~IJ than~o " ~ rosul~ shiny that 
a verymuch larger nro.ortlon s ~n class I is satur- 

ated than ~n class II. 
Mstoba. Pashan, Farsul end .~,Adshivne are tvnioal of the, i,.,l- 

moat complete saturation n~ class ] and ~'ktian,~ '~ Unkai of closs 
II shnw hew.free "the rear nortlen of the dam is of wnter when 
ennstrueted of dralnage mater~l. : ..... ~ ' ~ !i 

4 .  The~obserVatlons:~ " i a  , 
whether ~n bank of c:lass I olass 
II, takes -time to :saturate ~,hlthe. 
w.ter slowly, th~ 'level of' L~].:ing: 
mush v, ore .~Iowly than in .the. tank W'nen~wnt<,r wns drawn~off for 

Irrigation. 

h a s  b~enS" D6~ltth; ~ t g r ~ m ~ t t h ~ t  he  0 n ~ , ~ u r a t ~ s ~ t ~ q t n l l  0 ~ : ~  
' e f t  

and comn-,rison with ~t n . o f  the 
pi~es in t h e  emba~,~me ._ 

. ~, In my oulnion, the res::l' it : 
~s ..or safe to nonstruct a h~.!h e' Y'~P 

~material nn(~ i] lustrate:e~learly.h~w n~ gnod 

-I]- 
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A. RILL 

~CH~EF ]~,;TNEER, IR~IGATT~N 

~." 

4 

DESCRIPTInN, ,:HIST3PY AN,. OBSERVI 
"The dam Ir ,,nnstrueted,of 

moorum skin only. It i s ' f i I I e d  

is annu a]'!y, emptie 
re,ehed on ~gth 8~ 

n~t~e t~n ~'~'~n ~f~11,'d nn~ reaen.d .ts upstream,s~de rose gradually - • ,.  . . . .  
maximum for th,'. season on the,same date annroximat¢~,l:,, a~ the h~h- 
eat level, in the tnnk. n. 4, 6~r~';i:he;.¢!O~Yr~stre am: slone, how- 

ever, the maximum ].evel ~'.our unti~l ~ O~t~O'ner .~27th o~ abn,}t 
'S.~ d a y s  a f t e r  dnte,n . . . . .  , in tnnk. S '~O7 tb,~ 
F. S. level in the'-tank wns i~.i.rst ten-bed on the h~h- 
eat level in thn..~in,~ o n , .  ,. the .water alone, on Zlst,}.u~,u~st.or.~ ]4 days 
Inter, and  in 0"irma4 on the downstrenm sione on ].gth 0ctobor or 62 

with n thin 
Cnnal nnd 

W8S 

w , . .  v ~  . . . . . . .  . 

to,have taken r~2days to re 
this bnnk. Th-~ f~:ll sunn~:; he 
per~iod. Pipe No. I "~S nt fc D 
level is GO.13 :m,t i n  ]:~O6 t 
tn Marsh wss over ~:] so tbnt there,was lens:,th~,r, z - 
materi~l. A s I ~ ,-.ht • slil . oee.,,rred once st 
The tank is s "end innt, n~: ~x~e;moztly ' ~ '  -layey mater -'i~:~ 
isl on a:K~od founintion ~mp,;rv~o,ls :towater;" 

oE"~AR KS, 

:rod f.all o¢~thn ~hrunt!a ]~ 
on pi~6es I, 2, Z, nnd 4 i~ 
nyc les  is e v i d e n t  ,~r~'n the  

1:)07 e q u i I i b r  

e l o z e ] y  nporo 
• , . e ' -  - : . . . .  

It In sl t* • dn,'~' nt t}'nt r~,oint.:~ Th is  
in nine No. I ..... .- , ...... 
pinzomctrlc heiF:ht giv,:s ,,n, Id,~;. of t'~e r~r,)ss~ire required tl,,-~re 

to 9oree water up tbr,n~-'h e~' h i l l .  

-12- 
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P~qHAN TANK 

\ 
C,')", 'EI<ITS BY k .  N ! I , L  ( l ' - ) n S ) :  

' ,, ~ • ~,~I, • ~ ,~ u~n~t,~in supply but v!,~h nlwovs ~e,,ts 
T h ,  . . . .  . . ' - " - . ,  n " 

s,~me replonlshmont.: The embnnl,nz, ont Uns :,, p U [ ! d l q  W all in th,. ,c.,ntre 
' " ,  i ' - r  -~' -~--,,,~'" mn'teri'd. A vbrV untineabln f(+n1:uro 

a n n  ~ s  t o n i : . . m T s [ H ~  ", .~'t,~ ~ ~ .  t , i , t . ! % n  o n  t h e  , ^ . n ~ e r  s ] o p r , . ,  

thethev~7~l~d'nJ, jtre~];~S,~i~,,Di.:..,Iy:.as-t,).i..),.,t,,r ~n tnc, tank.nk~n d 

m.~x~mu~: level, on 2'~th Soptembrr l:~'~6,:th~ !C:vol" in~ :a le :  ' r ' s  

~n th,~ D%De were n]mest tlio,s~t-',¢':,,b ',i: on,2Oth !Ju!y ]G(]7 or ten 
mnnths l ~ t o ~ ,  whilst the water i n  t h c ' t a n k ' . . h u d  ~ n ~ ] ¢ , n  l'2, : C o ? t ,  t h c  

w a t e r  5n the p i p e  h . d :  " ; , l ' . l e n ' 4 - 1 / 4  f,;0t :only ~na-)"'.'s '~0"c'!"[J .v :~, . 
Feet hi~her ~hcn the ~atnr' in t.ho:i'ank. Inlol'~e N0. t.~ ~ij .hewn o~n 

• ' .  -,~L ~- , u .  h ~ i ~ v  n" +b, ~ dnr.,: the v r~ar. leu O; 
str(~s2~ ,loDe D I "~%~,11 Irl "t',l~ ...... ., ~ " ....... ....... 

• . s , , , ' :  ' . . . . . .  '; • ~ t l . ~ -  1 2  9,Ot -',~ t h e  t a n k ,  
water level was -mall, 2 reef only aga~n~.z ........ ___ ~_ u ,,,~ ~ , , , , ~ •  ' ij ',' 

b o t h  1906 . n d : l : 1 0 7 : ,  t }  e , ; , , x i m u - ~  7 ; i t u ' ~ t i ! n  s ~ ' - ' m s i " ' : i : " : ' ~ r j : : [ ~  ~ ' w . , ~ .  " n . r s u  ~ ` '  u ~ ' ' - u  I n  
, - ,  . . . . . .  " ~ k [ "  r e . [ 1 0 t ~ t ' d i  i~1 ] )!J(¢,i, i 'be, % i l l  . , i l l  ~ [3! v o. . • - . .  : 

; b : r y  I ~ i  . .  _¥ " " °  " ' . . , .  ~ ~ . 
. 'i' ' . t  , "  . . . . . .  , ~ 4  . . . .  - ~ t  a t 4 o n  a t t n c ~ u o e  o i :  , q e p ~ , e .  b ~ , r  , , 2 .  - -- .~ i ,  l,; _ A _ u r  . . . . . . .  . ~ember £nxD ~Jl, ,,,~ . . . .  ':) ' P  . . . . .  . . . ,- • d :~.l,,-~ hnI~k- seer~:: to 
in 1907, full supnly o~.curr,,d on Au~,u.:t ]7th on ..... 

bare b'een at on,:e r, at~/rated,. - ~ -' :~ ,iu,- " 0  ~he ~.t,',:]tl,r~; 
:~- ~-l -~" ~'%~6' ' ~ ' ~ " "  F, f A T ~ I .  1 1 % 1 O t l  1 , ,  , - -; . . . . . .  . . . . .  

" ' r " ' I" "C~'#4 o ~ l h ,  - _ o  ~ . . . . .  ~ - - - ~ , - ~  n t ',*: m r , . n t e r  rortlon o . .  

A s]i~ occurred iz :.bn dnwnstr,-~r toe ~r:l-}-c :bnnt: .u~,d :}t was 

st ren~thenod. " 

- " .KS t '~$ l l~ER:  

Pipes No. ] nnd " ~ "" .... 

There is v,:ry !ilr,:!.Y rnm~-'~ 'un,!< ..... 
P~pes No, 5 m~,i 4 fluatu,' 

nature of the clay ,npoken n, " . ,  - .. 

PA~S~IL T~iK 

CO"~ F N T S  F,'," :~T.:. H I L L :  
"This eFbankment ~s -ade r n~, 

Iv~ iT 

is I~ to ] ,,u6, ~':',~n moorum in ,~,o 2 to I'. 
- . 4s ,'rq "'4deC- ;]ownstren.m. 

The ,~o-..~stre&~,, Dip<;s s,e,-, to hnv:"r:;aeh Cd t'~' dry st" ..... :,-a~,us nnrl 
do n-t shaw an,,; water levels and n,-.',n~urtly,tSe drh~.n~*, "e "s ,.o~'['e, te. 

• ' " .'nd Z, :i~ ~" r. clover muss 
The levels ~f' water D%D~'Z qo.~. l., 2., . . - .... 

o£ tl'e as:-. in:!icate that ai~ ~rt :",'e w h - l . *  r ,~ the ~li~',, is saturat-d. 

So~e d~gficulty appes"s t b:,v~, --,e~ cxp;,r',enned ~,, !:,~,D!.ng I):m'- Nn. 
- - "~d 0et,b.'r ~'i0,& at.: e 5 nl,,:sr, hut th,- e:~sor','at~nn.':~ :.n .~opte, b,',r m 

~nod seri~,,s sad water n's f~':."" :~' ,~iI~'; N~. -~ "~t ~ 1,.-:~,1 ','+:'b i':di- 

cared t},at thr ,:;h~l~, e ~- urth ~Is ~nturnteri 
1907 was a v.nr ~" ~,~..~k rn,:;9~]] .:n4 t:'<" l~v ''1 i, ~' i"--  tan'< did 

n~t ~em,dn hi~eh so !nn~, as ~,n l,.)r.6 ,nd t ~," h~%K ",:'as .~.n.- s~. ~om- 

~l~t~]y s sturntn, d. " 

-i.~- 
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P A R S U L  T A N K  D A M  P U B L I C  W O R K S  D E P A R T M E N T  

I N D I A  B O M B A Y  1 9 0 9  

I C I L !  iiil*S 
, £1. III1~ 311 

~OCk Ot'O~l'Id L ine  " '1 -" E ' : * 

C R O S S  : ~ [ C T I O N  O F  P A R S U L  T A N K  D A M  

(SJ'lOWllli~ POSITION Of* I i lP [  II FOR OIISIl lrYlkO ( . IN [  O~ SATUIIATION) 

E X P L A N A T I O N  
A - M ~ n  EOr~h H e o f t l n g  
B l,l~um Cosine 
C Dry  $~or~  Cleo,n 
O ~O¢k Fo~n~lohon 
E Conccel t ,  Ctl$Off 

t l l lUl  

II110 p, 

I1~1-  i I 
• , p  

i i i i o  

l i b  

0111Ill 

-Pf÷ 
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"~IADSH IVN ]": TANK 

q T T ' r T  • . -  . " 
C 9~.~'!,NTS BY I"- 

"Tb ~ s ~ .~ 
en%.~rely  ~f  c 
in %be oert-~ 
a l)eF~n is al; 

The reck,, 

th ~t the e~b a~ 
levels~ ~n all 
]. Ittle v;ater 
level in the 
wns ~ot compl~ 

Th,~ d i ag ]  
is maturated," 

REI,~RK~ 
Frr 

tbnt dr~ 
ed the I 

_m-C- 

.~tructed 

hrcntic ]ina it apn.~nrs 
On would hnve sccomnllsh- 

~cFT~ • 

( 
EKRUK. TANK 

/r M T  . . . . .  

, T h i s  i s  ~o i l a r g e  t.~nk ~nd :: b i ~rh embcnkme n t  ~b~ t .  u n f o r t u n a t e l y .  
~1 4 n, r 

'the t r, l r . n  tr,~'ct;on of/" " 
_sbeli, 

,.!! onfil k Calls 

RE;~d~KS, 
A~nmren~iv.t~.e nuCd!~ ,r~h ,r 

un,.ezflow throa~h the.me 

nervious. It i:s not in,;---- __._ m po 
. m  
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\ NEHR TANK 

LI 

c O~,.%~NT S 
"This~ is a 

niformeonstm~,t~,~n o£ a clayey mater~lal- 
It SllrPD'(~ ser!~'*slY on ~ne occasion-and 

The pipe 

feet ~from th~ 
The ~level 

rise ard fall 
the "tank. Thu~, 
ed :on :Sentember 

The level r~ . . . . .  

.e~,~.am, slone .about 7 

radhal 
ri n 

,oh- 

then ' 2 6 5 3 1 6 1  o r ' a b o u t  

7-I/~ feet lower. T rema.ined nearly the same 
27th October, ..... re No. 2 ,-.nr~tinued. to:r.lse 

until . - • , , ~ , , ~"~ ,i 
until 9.2nd,Ootober when they were only 4 reo, t lower than ~n th~ 

rank'The water .~n th,~ tan u~then Cell more nthis 

aide untll 27th .AprSl, I :)r~7, ~1,~n the diff,- ....... I was 

!-3/4 :feet n n l y ,  _ . . . . . . .  . =  . , . , . ^  . . . . .  ~ . , , , .  ~ , ,  . ~ , ,  

( 

on the bnnk to the L,~ne~ho"Iz~nt 
tb~, ~rodient' seemz to have "-.non 

portion ,~r the bnnk." 

I ~ne 
O~tc 

ther 
ly ~r 

it 

s o 'that 
~r this 

the 

e uiJ . . . .  i~rium. ~rena~y"'- ~-.-,~use~,u~ ......... t h~' ~rn~.th (~f' trnve~ ~rom '~ ~u 

~ e  ~h~., ~ . m  ~ o ' t b e  w e l l  : s  s n o r ~ e F  J , , -  . . . . .  . . . . .  

the t;.me l,g is shorter for t~'e see nd step. 

_ir~. 
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~IKTI TANK :,. 

C3",~'ENTS BY V'R. 7.~I,L: 
"Thls ~s nne o1~ the h e s  ~ in ~be ['eeean nnd ',,is 

never given tr~hl.e. T~e interior As ten-vie4 eeted 
ee~th ~n(1 t~e ~uter .-ortlon "orb uDstr~t~ s~; ~ m,"nrum, 
whilst t~e toundat':ons ere reek. 

1906 was a year ~of ~oo~ra~nP~,l] nr ,~ ~he tank o',erflow~d s~d 
remained at f'u]l suonly level ear 8 m~n£hs. 

The level in o~pe No. i, wb~e~h was s,,nk wel], i~:tn the hesrt- 
Jn~ i ~n thn upstream S id~, was about 8 ~"eet below the level of~th~ 
water .in the tan~ at maximum supply. 

The level,~ ~:~nnd:Z on the d:-wnatream slope ~,ndleated 
that the er~rth .. was co~oletel.v .~atl~rated but that ithe " 

moorum backing 
Pipes 4, .~ I of the water i n t h e : t o e  o f  

the m~orum backing nnd'~indieate the gr~dient necessary :to carry 
off the water. 

The nert yesr, ].qOT, was one of ooPr suD.91v Bud the tnnk d~d 
not f~ll, 5,t t.~e ~sx~,mum level reached ~n o~e No. 1 w~~s very 
a~Droximatelv the same as Car 1908, tb~u~h It:was I-I/2 feet below 
highest level ~n the tnnk ~nstend ~9 8 Ceet as in I~08. 

In p.~oes z and 4 the levels recorded In il,~O7 were ~her then 
in 1.9¢~6. and the reason 4s~nt clear .... 

The ~.eneral results for tb.sit,nk, evem ~il. lc:,,ing Cor~the 
discrepancy in the p,res3 ~nd~4:i~n ~}i~ t:.,'o y~ars, SI~ow~that the. 
form.of eonstr,~ction odort~d is ~.ood," 

RE~.dARKS BY T':E 7~ITER. 
As regards lower~n." .~¢ t~el ~reatic i.ng a 

stable upstream SloPe ,an e. severe (Iraw~ , this 
design of rolled fill scneors to ~.n~.h~m~ ~]I of %he advantages of 
the hydraulic Pill with e 
heart -loser to~the ton 
formation of the can~!la , 
Plthri, Wadsb~vne, Unknl 

,= - _ _ _  
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' . ~ K A L ' : T A N K  " ' 

COI~.?~NTS~BY l ~ .  MILL: 
"This ~mbsn~ 

ed In 1 8 9 3 .  The 
Ind.~eated on th(~. 
c l a y e y  materla], 

~ a l .  

'Vhe :tan~ 
~ontinued ful 

~ip.es .hf 
nf tb~ s -embcr ......... 
~ust above i-] 

The ?rot £ in the n ine l;n, 
rise and foil of the wnter.'~:tbe'tan~ 

lower levels, Thus, fr 
4th, the level . and :ther 
~rd which shows s r~se ' ;  ?ont. A~nln 
Sentember 28th, the r i se  v, ns:~7-1/2 fn~.t 

'; ru or- 
are 

'mater- 

97, nnd 

21st to 
% 

~?ter 

...... " . . . . . .  ~-~:,-~ " ,"eel' and :in nipe b~r 2Rth, the ?all in the ta;,k:bein~ ' :~ , --,,, ,., 

No. 3 the fall was R r ~ t .  
3n tbo nther ~h, 

very cer t re  ~f ~he 
was ~o* r~a~hed ,nt 

tank's f i  
d l f f e rene  t c r  : In ~n~,:4,smd i ~  the  ~.ank v~Az 

]n feet only, _'~" :Au 
The I eve] s in 

in~. On t h,'. dm,'n~tr ~' 
The levels ~n 

~n the r~ur slo,-~ ~,nr 

n f te r  June l';i 
l~th June an,{ 

PE?U.PKg (AUP.TnG'CD) qY H. 
Ser~,. 22-~Oet. 6, 

,'~ven level. , PJp~ No,,l 
Rainwater must hrJvr e~ter~d thrr, u,,.h -~Inhnlcs ~.U t.he ~i",, to 

r.ause abnormal r i s e .  
June 1.5, lO0,7. ~n~ N,~. r, Is n~w reflsed. 
June 22, 1'-~07 . ~ P i p n  N o .  ?, ~s n~w re f i xed .  
~unn 2, I.'}07 -Pipe No. '2 i z  now reflxed. 
July 20, 19n7 - Thr; r ' s e  in n'nes 3, 4 ,  f i ,  ~nr! 8 is d,~ to 

the d~r Kettle,- saturated bv,~ former "rise In level of tank. 
Sect. 27, 1 9 n 7 -  i'sin',,,nter must h~,e eutere '~'~.'t° P i~ :N~ .  6. 
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b~DLERI TANK 

C ~V.,~I,IT,3 BY I,~. H T LL: 

O T  1 ~ n o  e ~ o . ~ n ~ . m ~ . z s v  ~ ; '  ~ . . . . . . . . . .  . . . . . . . . . .  • " '~ ~ ' l n O  a n d  

No. I is on the water s lope  nf~tb.e bnnk and ip~pc No. . '-~., , 
at ~ l'ittle ahol, e H. F. I;. Pine N~..3. -~s nn the centre line or 

va~s, .............. .... ........... e.ords qre avnilsble a n d  

one o' ether a.,dde~ly, the levels 

in ~i~e No. 2 rose ra~idly but her 
the b a n V , ,  the ~,nx!mum level was 
or l-Z/4 months after first Ci] e tank; , the 
levels fell gradually until Jun, ,7. Cell "~' 

12 feet th*' l~vel in pipe No. :_ e : s , a  ,ipe No. 
' s O n  the 

3, the rail was IZ r-ot,. The~levels M e water • - 

. . . .  ._ , ,  _ _ ~ . . .  . ~ A ~ , ~ 4 -  @;~ I ~  

.k C 
some date ns ~ , b t I 

in the w~ek - October 19th toi26th. 

REI, ZARKS BY T. .,. ~.-,. • , .... .~ 
Nov. 8, 1904- Water level nt rent toe of t.~ 148.47. 
June 16, 1906- Pines 1 to 4 .re filled w.ith dry clay. 

Hove been ordered p~111ed up and c]~aned. ' ' . . . .  

due to uneqnnl consolidation. • 
• . • ~ ~T Z to aseerta~n:~hethnri Mar..2, lq07 -1"w%~le l~t]n}':~n~ I , o . . .  

there  was any obs t ruc t  ~on in i t ,  the  upn...;r n.~ne came out and the  

lower ~ne remained Inside so nn r~.adin~. 
A~r. 13, 1907 - Pine.. No. z has been newly ~Ixed. and levels 

will be reoorted soon. 
July 20, 1907-;Pine No, 3 ~s .~!It-d and }s beint~ r,moved and 

cleared. 

.& 

.l,q- 
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( 
.MAYN l TANK 

c,3[".~|IT~ BY MR. HILL: 

"Thi~, is ,a tnnk:whiehhas .an (:xool:lent supply find filIs .r~- 
gulnrly, huttb~ h(;d i.s,Poavily n ~.]~cd dnil.th,~, dep~h,betwnen 
silted h~d and f~'l sunnly i,s about ,',l feet only: the we~r ~orcst 
bas.slnce b,:en ra.~sc " 

The variatio~l c ~s thu~/i0t .l,,rr, , how- 
ever, rem, ined at or ~nesr full supply ].eve] f tom 24t}i August 
1fOg to 9th D.~cember ID06 and from 24t}, April_lf~]7 i~0 end nf 
O-t - sunk near t}~e upstre.nm e(~,f.o ~n the 
top .~ about IZ feet fram th,~ top odd, e" 

,n '~oso ~Des nnd hlso ~n ,~ir)es 4, 
5 nnd 6 %ndiented that the water level ,hanged very l~ttl,~ in 
the ~.ntcr~nr o. e this bank.. 

The hank ~s f'oundeH on:moorum, so that-t h, '~ tn'm~ations are 
we]l drained, nnd ~the bank ~.s ,: very sat~sfn,-t~ry one. ?h~ 
.,,~br, tuntisl bet TM, W.'*S added id1~r~'nc famine iss .n fanine Work. 

A ,~,,rious f~et:~n ÷~b,,se Mayni Tankf i ,  gures  L~, t ' ,e~s:.,dden 
ehanKe i:~:t~e ]ov,.:qs recorded: ! ' ~ r  pine,No. 2 in Octob~r o, 1.9o7. 
Thi~ rise in water level i~.due t6'the*bank, being:disturbed by 
. , [ ,  ~ . ~ r ~  S o~t ]0 feet di~nnot,-.r fo n~ne. Mud was " 

found nt 2,Z0O level. " : "  . . . .  

The ~ther pines are not said Choked:ann"consider- 

he 

anf ~, the D~pe not ehokr.d. 

REM~2ES BY 7!IE WRTTER: 
it is not quite n 

w~Js found at elevation 
If.before, semn ~l,:e i 
l~ne above nhrnat~c l.iDe. 

an sux~li'nry n j . ~ e  : v n s  i 

1.9(]7 end the b~ttolr Icy. 
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COM:~ENTS BY MR. HILL: 
This is a:hiKh embankment constructed entirely~of 

The levels recorded in pi~e~,l, oCt " 
show in 11905 that .the ~levol'.o~ fall~se r'apidrly , '- 
as the water in the tank,:~for,'~on~ Janusry"t1~c :fir.st,~tI~, d~ffere ~ £,~'.'!/~ 
~.nce of Icvel~es 7 feet and ,on/June IO, w 

In 1906-1907, the level in~oIpe ! sh 
lon," t~me :to lsaturate..tb~:s bnnk, the'maxi' 
tank was reached on:0ctober 13th~:...]906.,~a e 
water in the .tan~ gradually feIl~, bUt inlpipe No, :I ~+.hei~]?Vel.~ - - . 
rose until 29th December 1906 or P~-I/2 months after!full :,upply,- 

The bank is s high one ,~nd the :remsinin~ pioos se~mtn h~ive 
been too short ..... : " " 

'~ PATHRI T~K 

DESCRr--T~ON ;ND "ITSTORY: 

Commenced in 1826.and-'comnleted |n"1905, this 63-foot dam 
is now used for.domestic water. and irrl 
b I aok soi I. and::i m~oru~ s 
front and rear with ~E 

gravbl, ,and '.boulders 
The ,average nnnu~l ~r 
raln~of 5.49 ~n~hes 

REMARKS 
The 

tlon tha' 
level Indicated 
t.~fan normal seep 

-20- 
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"DESCRT~TION AND i HISTORY : 
Thls 158-feet ~emban~nent was begun in:~876 ehd ~as 'comnlet- 

ed In 188~. It ~is used for irrd~ation. ~uilt ~0£ earth and • .... 
moomlm, on a [~undat~on of ~sand :and ~traD ~rook, '~t Is nrovid- " 
ed w~th a concrete, core w~,th~puddle tPen6h below:~round lave'l. 
The loeat~on o~ the concrete core wall is~not Indleatcd. 
Annual rainfall is 2S inches;'~the maximum 24-hour rain :reoor~dcd 

5.SO inches on 8-27-.,0. 

RE~ARK8~ 
The~rlse of silt ....... tes::that ~};~gh " 

velocities near the t¢ a ~It,r drn~n 
and not eermitted ~o ~" the dam. 

i , 

lil '~. ~" 

FINGLI T~/~K ~ 

_ . 

C9:~},~NTS BY },~. HILL: ........ .... 
~"Thls tank did ~not fii] during, ~the inerlod of observat:ions.: 

The pipes ,sT, first .:va~re in the d0'~nstream berm and showed that 
this portion was wel~l drained 'sad there =was but little variation 
~n the water-level. Subsequently, n nipe .~ns inserted on :the u n- 
stream slope, the :maximu~a l~vel in the tank was r~aebed on IOth 
OotobeT, but the wat,~r in~h~ . pin,. ,continued to rise until :12th 
November ~ and subsequen~iM~i~ ~Cell -in the pipe much mare Slowly th&n in 
the tank:end dur~n!:~half~o f Januery and February v, Ss '-~her in the 

Di V" than 5n the tank. 

REMARK S: 
Location of n ~ , p e  No. 1%s::not known. 

/ -21- 
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\ - SOFT;M~LE: DAM 
- m 

W.r~P. CREAGER 

HYDRAULIC ' ENG TNEER 

DESOR Was ~' a: hydrauilo efil I ~'it there ,were very . 

Tow fines for i the ;core. :Borrow-pit materi 

" ' " =  ° . . . . . . . . . . . . . . . . . . .  ~ . . . . .  ~ e 70. "However, • sllde occurred ~ear eta. 200 as shown" on plat 
v,.,ry shortly the l~ne of :saturation ~reeeded ~n6 eurther :trouble 

was, exper i e n c e d .  

METHOD OF OB~ERVINh, AND 0BSEN~:AT IONS, 
pleas with "The Soft M~ole piezometers were 

dri~:en into the &am~ia:sho rt !~distance below the [ 
Salt was dronp~id ~nto~the bottom oe the ploe~nd ~tbe ]avel =of 
water surface wns~determlned,~hen th~ bar4 end of',a~ Insulated 
wire made contact W~th the salt water, Clos.4n~ ~ the circuit ~wlth 

the steel pipe. This worked verymaat~s: ch 
error was paused by th6 surPsoe of salt 
the surface " f  fresh water in the o~ue 
bellevedto be very small since ~the dep . . . . . . . . . . . . . .  ~ . 

. w a s  not Kreat : a n d  the re,,d[ng w a s  taken:~befor e the salt h a d  a 

-.hence to affect the, 'water surr~und~n~ the'olpe. . . . . . . .  

weirs measure the d~zchar;~, t roufhlthci'djacent hill. 
the Plow ~s t eward'!the center of the clam.. .... ~. • 

'On plato 72 "the :variation 3 f . t ~ s c h a r g e  

~ a n d ,  ~ d u r i n £  c l e a r l y  i n d i c a t e d ,  .... 

A - . o m p ~ r ~ a o n  o f  m a x i m m n  a n d  m~n~ . . . . . . . .  

with corre spend i~ 
able check'oC "SI~ 
readings show a tendency to v 
~ n t i o n  i.~ n o t  a s  u n ~ e o r m  a s  . , ,~a t  , m r  d ~ s , h a r ~ .  

MOS'!IER DAM 

No that 

~er 
Va r- 

HYDRAULIC ~I~- tNEER 

DESCRIPTION" 
~ata ~n co.-posltion of this damls very:m'~,ag re- Vr. cr~.~ger 

s+~+-= that seenarc thro, b~h the d a~ was end Is very .~mqll. The 
rd of well l,~vels .~ndlcates a at~noy rlescen~ i complete reco "- ~ " " • 

we]Is of about two feet from danu,ry I~ to Au,~st .~Q, 19.~O. 

This dam i s  Inoludedhecause ~t affords o ease In.,hich slou~h- 
ing of the downstre~ zlo'~ is expert"no ed even in the presence of 
c large rook-fill drainage scotlon. Hod tb.[~drn}n ~eoome temroari]y 
clogged for any reason, say by freez~nL, ~he downstream s lo~e mit~ht 

rend! ly have boo ~me .su.~fi ci,,n~ly saturated .to pause ~ loughl ns~. 

-22- 
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ASHOK~AN . DA~ • I, THADD~TS ',,~!ERRIL'AN 
/ ,S~TRANS. ~AM,. ~iSOC,. ~,C. iE. ',~1924, .~o, ~ 

k" " '  

D TSC~T~P TON BY ~.~R, I, MERRI,VAN: 
.In 1918, { 

the condition o 
Reservoir of t h  
~oeated as show i 

The bori~t~ 
the cond l t lon  o 
In the ori~nal 
IG-ft. interval 
results inditer :, 
on %he dry welght, reolsced, 
Bnd "it was fo,~nd ~ e 
tlon of an. nroximatel ~ly 
ed was required, He ~p-stream 
from a ~ore-wall'an,] was ~not 

! '' 

s atur ated. 
The material incor.-,orated in t,~is~dar,,~,Is the !local ~lacial 

drift, composed ~lar~ely oC r~;ek ~I our ~and i~.lay ~w.~ th ;some ;fine" sand. 
It is highly impervious to '.~m-ter land was ~Dl~ced~r ~iayers~4 inches 
thick after-compacting wi.th s l~-ton roller. 

The borinc, shownlin r'i~:. 51 :was made ~,in ~rder t~o deter~Ine 
the~ condition of t}~e;embanl~ent near the !bottom, v:'~ere ~t:'e ".material 
had been placed;by dumoin~ i~to~;s pool of'water to levation~522, 
above ~ich the embankment was ~rolled ~n 4"inhh layers, ~es 'already 
described. , 

,~ Between ~levst~ons "597 and . ~ 2 2 ,  ~.t},e~materlal Whi~.h",}~d been 
, rolled showed the same:'moisture ,~.ontent .~.as~tbat ~ esor Lbed..~for ~. 
• B o r t n ~  } Io.  i .  Be!aw' Eievat loh:~522, the~ m a t e r i a l ; ! b e c a m e  - :sof ter ,  
IAntil'~t Elevation 511 Itiwas saturated, iTherefore, ]th~ ~matergal, 
which was ol.ced in . . . . . . . . . . . . . . . . . .  
Inal moistnre, where 
lal above ~t had ~ reoelveo ,'ou~ ~ l ~.~,le, :~ r :.~al n 
to'that,which ~t had '~en'~laeed. 

:~ :In other words, ,this ~stru~ture has:nn",l~ne oP~saturetlnn," 
It is a d£fflcult and~tedlo,~s onerat~ o n ~ . . ' ~ o ~ d e t e r m i n e  ~.he ~)Ine of 
s~ration in a comple~ted~emben~ment, i The~pines~drlvenare 
~usually Jetted o- washed down, ,nd the ~p~o,ess ~ results ~in: inject- 
• i n g  unknown quantities ,of water ~rto~t~e str,,~t~re. 'Before the 
llne~ of ~saturntlon ~ can be determ~ red, :thee,effects res~:~t~n~ ~from ~ 
this a d d e d " ~ w a t e r  must be,a~lowed to ~ass. V:'ee~s, and possibly 

• ,~ r ̧ ,,~ 

i Lt 

sulfa ~o~ ~,vah,e ~were obtained ~+from+~the borings descrlbed. ~'' 
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7 . . . .  

~OR~I~l' TO E. ': ~ L/~E, 
. . . .  ' " 

• " ~ s i a  

i . D e n v e r ,  , C o l o e a d o  • 

:RE.~EARCH-ENn ,TNEER 

~ . , ~ b J e e t :  @ r o u n d , ' w a t e r .  o l a s s i ~ t e a t t n n s  ( ? h ~ e a t t o  

~ h a ~ d  . ~ m o n s t r a t e d  ~ t h a t  ~,whe~e ~?, a ~ ....... J, z o n e  . o f '  ' =eel" 
~'t ion~ exlsts : in ~'.oonJunotlon ~th ~~'a: flow~ n~ 
' wll ' l  ~ k e . ! p l  ace ~,be,~ween ~,the ~zones; i the I t  

e e a e e 8  ',~ito~ r e ~ r - -  - - ~  " ~ t h e  
'~both ~df~,'wl~ioh y : e o n o e d e d \ , w h e  
• effebts ':, a r e  ~. i L vent ~ ~ ~or~es ~ n 
t t e r ~ s  ,~ the fel lowin~ !definltions and ~dlst ~ ~et ~ ~-s a 

/ 

• ~ Capll 1arm ~ z one~ vs./~O~avlty ? zone, 

I ~ e a t u r a t e d  

~,:zone; ~,~ i r  

" -' .~ ",boundar.j  

i e ~ :  

tthe~ 
: b o d e  

i n a l u d  .~mg. o f . s  a t u r a t  i ou ~'" ~:-However 
~.ma~ee ~ no.~d let inc~ ion ~whleh'::,reeo~nizee ~a :!z one of ,0complete 
Ail'i stay ~ s atur at i on, ,,'for ~ on:~a~: su  ,oeed ~ ng,. page be .'~des or Ibee 

U~T.GjS,, 14th ;m 

Daly, ~R~A, ; Genet[e,~Class~fleat~ o n  of'Underground Volatile 
, ~!~oI. 12, :p~./49~499, ! 1917. 
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~m J 

that  ~the term ~i~ 
:.~under ~ zero ~er~ posit l y e  ~ ' e ~ s u r e ~ ,  
theizero .pressure • :'l the  ea, phreati6"~water endears 'even~'more 

~o "~bigunu s " interpret at ion ~re s U ' ,  

Its..: general -~'def in!it i on ': (?,Veb s ter ) 

.well :Is'hot. driven ~eodeeuly ~ as ~ ..... r- 
p~otent ale. ent t 

This~ p r e e t s e  ~.usa~e ~of  ' the~ t~rm,, appears  '~, i n - a n  ~srt  t c l e  ~by , ,  
G. ~ .  Van a o u ~ l k i  Broksman ~ r ~ / A , S . . . ~ i s m a n ~ . ,  i ~ . . . .  
o£ zero ~ressure ±n,:n':m~1~l, earth,~d~ IS-~Oi:eai 
the "phrea~e" ~,.llne. 

that 
wlthi 

o 

1.5 B. Korner: .Erforsch~n~der~ph.~ 

~is ~' 

,the 

). 

,: naoh '. ve 

[,r . • 

dle-~rshelckerun.~.durch elne Tals~erre ?Oder d,lrch~denlUITter-.~. ~ 
grund,stattfindet, .l.er~-Con~res ides "Grends ~Barragea, ~ ~ r~ ~ ~ 

Stock.holm, ~]9~3. ., 

6 Kozemy;':U~e,'i'O,~ndwasserhewegung (Concern~n~i~r~md , o w a t e r ~ f , ] o W ) ,  

? :'Wa~serkraft ,~ ...... 
P., Nememyl ; Die'Grundwasserbew ~Iow), I~d- 

8 bu6h .der ~teehn. u, uhys. ~Meoh :p. J ll16. 
9 'Flow of~ Li~,ids .'through : Porous Med ! a, '~bys.~ es, V..'3 ,' ./m~. &1932. ' ; 

w,zter s Dann~Ingen in' 91Jken,: en : Dammen ;De i:,in~enleur ,V~49 ~m;.ZZ, ': " 
Au~_ ...I0, 19.~4. <. 
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eaDilla~, saturation, or (.~) the zone of poslt~ve h y d r o s t a t i o  
l~e s sure. Its: i s ~furt he r: ~r o nosed :~h at pressure: 
renresent ~ n~  the ~bo~ndar~/ between zones ~ovm~ as 

(1 ' )  Zone Of Aeration " Zone ~of:,Part.~al " ~oillnry '.Satur ,.. 

( 2 )  Zone of Co~olete Capillory~Saturatlon. : ,  

( l ) and (~.) comb i~ed, 
~ s u b - s u r f a c e  ~:Water ~ ~- 

one of Posltive ~ ~rdrostat~. Pressures = Zone of :: ! 
Phreatio "Sater ":~Fr, ee Gro,.2nd .Wa~er Zone " Crravlty/Zone, ~ :~ 

flcnnoe. 
f 

.' j/ 

:( 
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Denver, C e l o r a d o j  ~ Ms~y,!6, ~ 1 9 3 5 .  

ME}:ORAND,JM OF l~. :E, W. :L~I~E, :RESE.~RCH ~.'C,~NEER 

(D. P. Barnes, ~gSistsnt En~ 

Sub Jest : 

I. J 
meanln~ tb 
~t-is nt r 
su ~ested 
part ioul ar 
nddltional 
porous mat 

2.  t 
m ~ a b J l t t y ,  k, as cu. : f  
of one foot in a foot 
unit a r e a  under unit g 

:h 

( 

torios of the 
Institute of' 

3 .  Test 
Reclamation 
k likely to~b, 
lies between , 
crete and 3.1 
(see table ! :) 
that t h e  basil 
~h t o h  ex~ress~ 
~..~. and secon¢ 

see. wou3d Jn~ 

a n o e  w i t h  t h e  
Tab le  I I  i s  a 

within e s e h  c :  

( 
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