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PREFACE 

by July 1958 c Each re1.,ort ~s to cov~r one of the iiv~ sites t:int are no:.v 

at Colorado Stt!.·;e University o Each repm.'t f.s of a preL\m.:inary n~tur .z 

subiect to r evisio-n -- and contdils: 
--~ ------

tory and p:-~~Hr .. 1hnry d~scussion of ~~va!ue1Hcn r G:sults; 
. . . 

-~ 

all r·?.n~arch p l ' •)f;.?'?-m of s~cti.mznt G·:?a t1ng a.ctivitieg 3.t Hw University., For 

gc:r.tiC-!13. L.1e fi2 lcl t4"ir~t t~J'P~ of <1~~-(!lvr:tnl e!i f; t~i ~ll"Iz: l1 ~=1 .3 02 8~i. C? l1'lpllas izc.-{1., 
. . 

i 

- ... 



(. 

all of t.lle research studies \'lere fin::.nced by operating groups, such as 

th '-" Bure.au of Reclamation and p:.·ivz.te ir~:· !zation comparJ.es r-nd cl! stri.cts. 

pan!es o 

~'l J a.nuary 19 57, a contrud relating to the sedi:m~r.t sealing 

inveatigationa -- was e:nter(~cl into b ~h~~~n th~ U o S" Depn.rtm~nt of Agri-

cultur e? and the Univ-=r~ity " . ltmpvr t 2 .. 11t provtsio~1a of th is conL e.cl worl: 

are outlined oo!.ow: 

3.; :tt is ef~ectiv~ for the pm·!.od oi Jammry · 1~f ·1957 to January 

4o_ It proid.des f·::>Z' dstcHe d LwestigationG e.t not !es3 th::..n t_ry,ree 

and net rnorG tb an s!::~ field instal~.uticns o 

E1cperi.ment Station fu.nds were aUoa~d to the r<::s:;arch project 

t hE: ARS contre.c. ~ . 

. . 
. ll 



and fJnance the tlavelor>ment work., For tii\~B reason pdority ·uaa gi ven 

{o tho~e si t<::s in~olvltng orga.niz2-tion:> that v;ere: 

l a · Already co--np~r~rling i!'~ the sediment sealing inve~:tigs.t:icms 

" at the Universl'U:y; 

mentir~g tria l in their canal sye:tern; 

costs not fulily covered ~n th~ joint ARS contre.ct and E;...-pez-imcmt Statio~1 

budgat., 

1 a The sec!lrnen~ing inDtallatio::1s Q? investigations previously 

zona ~md Califcrcia; 

Zo The ltinds of pervious materials a..."'ld operating concttticms 

commonly fotmd in irrigatio:1 canals c 

progrcm at the University o 
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Fractured r ock to coaroe 
r ock tabs 

Sandy to graveLy alluvial 
mat~rict:: 

Dune t:J~.nd witb 9.lltwi:d 
clay to f :~nd 

Dune cand 

,~ ·~ ·-:o < "~ , , ~ c~ n~ '!:>>r .., .~L-=·· ~'"- c-: ,:;t,d.b• •. -1 .,.."<.. .. .._"( ... ,.? w..1 .. 

'*. 
-... : 

iv 

Cannl Sit~ 

Connection Qmal -- 77 oo a t.H:~c':ion 

Trans-lVIolli"1 ~lj,n DJ.vernlon Syot'-Jil"l1 
near AEpen 0 Cdorado 

The Twln Lak~l? RG:eQrvo.t r and C~:1a · -·- - --- --~-- -·----Co..,Ei;p':.i"1Y o Ord ~Ja.' ~ C4!·:n~ ado 

West side supp!l.y ditch 
Experim ntal Fan:a 

1 mio sec;. 

. nec.:.r Center ;, C~lio:r~do 

Ado ph Coora Con-:.pc.lll e Go!c.en ~ 
Co!orc-.do 

Coachella Canal -- '1-e~~ch No" 2 ~ -
8 m.Ue "''2dion - -
n<aar Ro!tvnL 9 C.slh orrJa 

lm::)erie.l Jrz-jgt:>.·; i~ n pish~. o 

1:.mp~r~a1~ Ca lH\n·rue. 

n:!ar To::rrf!;;l_:;-::or [) w~ ·€Z.u:iiag 
Nor.t.'-a Pl~tte Projed (:_,'SBR~ 
Pa~hi;hder 1rl'fi~;atkm. District » 

lVIitchr-> R o N-.~ .. F.Sk.! 

La~·ert?.ll,o3 ~- -st .-~ _,t;: u'l.U~B 

n G& .... J2 .... ;~·~;..~2l.iV.! 11 N~b.i..·asku 

E - 65 Mah: L~teral Sysi.em 
Th~ Ge .. ~rcl, :t-Jzbn:. c.\':~~ J?ublilc ?cwm. 

ru!d :b." K"~L:..c-.""~ n.::! Dist:d,ct D -----·- ---
HvRt:h:·~'_gl!: c 1Ysb~~ .:!.ska 



. ... 

XNTRODUCTJ011 0 0 0 0 0 0 0 0 0 0 ooouo o oaoooo 1 

P EOPLE !NVOLVED IN D~:!:VELOPI/i.ENT WORK • o 0 Q 0 0 0 0 3 

P REL:IMI NARY PLANNl.~JG ACT!Vl TIES o o oo o oooo o o 4 

D ;.VE!-.... OPMElX'r AND EVALUAT!ON ACTl VlTIES 
S UMMEH. 1956 • , o o o • o • o o o o 0000000 10 

DEVE.'-'O:?ME :f\~T AND EVALUAT.Or7 ACTIVITIE S 
SUl"Jfil.1EH 1957 • • • • " o • • • • • o 0 0000 0 0 12 

TENTAT1:VE CO:t CLUSl NS o 000 00 t.,100000 

T::!N'"1 A T lVE: PLANS -- ~iUMMER 19 58 1)0(10000 0 0 0 0 20 



• 

INTRODUCTION 

T.h~ Twi.n LakeH Re~ervoi1:· £lnd Cz.nnl Company has beem invo~ved 

!n co ope:ra"\ive ~.ctivities witL t'1e Sc:dJi, nent Se· .U~g R3Ee _ h Pr ject 

Dlve i""oio .. S"Jsta:-.1 ~uring ti c~ as' two E 'XD.1ra~;re of 1956 ~nd ! 957 o 

\ 

east of As9~m 9 Col-~r:.cn and in b;:; vidr.j ·~y of l rkp~n-~cr..ce I ass o T'c c 



· t.l-le canuls o 

cb -

~. 
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..... construction ~ f1.·om 3 0 to 350 cfs o 

Zo Construction o:(:O canal bank l'os.da s:b..ce they vJez·e not inclu,\ad 

and mud o 

P EOPLE !NVOL VED ~'1\j DEVELOP?E.ENT WORK 

!:1 "- St.lA'rh-vr.te :r 
' 

-~-



.. 

• 

. ... 



. ... 

cf be:.ton5;:;e aedil1...ent o The cstims.tsd tcta! cost o inclu<'l·l1fg th;~ costs of 

::1nce t~l<; west portal de ielcpm~nt wo:rk was 

for pr · c~ qi!otat:i.ons oa 500 tens cf bentonHe -- of a specifb.d qm.llit;y 

-·5-
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ere bric~ly nu::nm<:"l.riz:ad b.zlow: · 

Of $ 22 -; 1 / ···..-.·'"' {H-OP ll '""'"'<=>n C·"l or"" rl t- '· 0 • ' ' ;a'-'-~ - ~ .L".:. ;;'>~'--Z D \J.,. ~·- ) j 

i :., sn~p1en1smal S8Clime::1t -- R~cc·mmoncled th::.t 300 tons of th0 --..A..:----- . ·--

price wo.6 ~; H>o 75/ton d~Hvered at t~l ~ ~ V/CE:t pori:al w~ea.., 

n. ory ......... ~ 1':> ~ ·"'1'~ ~"""l"~V""l~"' ''l'·"'l ~n·~ \''0"'1- · ~')1:.'> co· · ·~;r>~, ,., to ~r1~ C'"'- ."l';'_. n_, l~'t.·. ,_· ........... C"nr-~1•· . w. .a. 1.;; &~ • ..,.. . .. .. ~ - · • .&. i::A.J....&~ ~ '\,. ~i..J _ ... t:, l ~ ·( .\ .... '· "-' . . tJ.L4-l. llo: · ..L ~ t. .. \.., -\J,\ .:.... ~ - ..... .&. -:u. - · 

between 'l.'unnei No. - ~ 3.nd Lincoln ( \ :ich D;;_m . .., 

loss rnenF.-urcments be made on bof1 ·:he Conn': ! ~~icn Cmmi end th ~ Collc c-

dusto (b) Colorado bentoniteo and ' b) Wyomlng bent ·:-rdt~o 

.-6--



Dt1rlng the periods of May ?.7 to June l ~ 1956 and June 11 to 15 p .. 

tinu~d al;)ne on ~1e water m easu.ring work., The results of thii.s initial 

menting o and C·mal. Corwtl'u.d:.ion at th8 Tv.d.n Lr~kes T:t."ans-Mountain Di. ~ 

ver s!on S~rstern ~u::.·ing 19 56 SumL-rlt~r Scaeo:111 
o Thos-e po . .--Q.c,ns of the above 

1 ... Fl:.1 c: ~ l!ati:t1 '! Zlow -- R~·:r.e .:::tL:g tb?. v .. ,ri G.bb l." <a:i: ~;:r: :met qua~~tH.iea 
. --- .... ~--~.!:--. -·~-_,_ 

-7-
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2 .. -~ groundwatel: level-- During the snow-melt lJcriod --

especially when the snow· in the immediate vicinity of the wast portnl 

canals is meltiug -- the gz·o'.md !o =ssentially saturated and the canals 

act as drains o 

Taus, fcT practical purpo.ses it can be assumed that dudng the 

snow-melt period the seepaee loss:~s. in any given section oi tl1,~ west P'Jr- · 

tal canal systezn a~e quire variabl(J and essentially L"ldetermin.::tte. 

In sumrnntlon f &s z·c:zult of the preliminary planning acUvities it 
, .. 

was concluded that: _ 

1 o ~e~~ -- The ini~ial s~diment sealing developme1t work in the 

west portal area would be sccompllshed in fu:e Connection Cannlo 

___ 2o Whet~-.:.- _ The JJlUJ'-~"- dev~loprr1ent __ ~"~~ Jr:i~:'Yo~k ,you~g b~_acco:r:."l­

pllsht~d after thE~ main snow~·melt period an~ att\E!r the. car.lo21. flows ha_d vtabi-

lized to a rela.U1cly sm.£~11 but steady flow., .Groundwater inflc\v \vould .:.1ct 

be a significant problem at that thne o 

.. 
3., Materials -- Th~ followin~ sedime:nt:ing mntedal:s would be · . ~-- .....,. ' .. 

used (a) 500 tens of hfgh-s!Jell b1:ntonite fl·om Osage~~ Wyo::ni:'lg, (b) 

300 tons ?f supplement~.l s.sdi-c.1ent or low-svJ·Zll bentocite li:' ·)l:!l near Hov:nrd., 

Color ad~, and !:c) ws~ sawdust f:~om wast~ pile at sawmill sHe in weBt 

portal area o 

~ .. _ Pro£edure -- A ponding 1nethod of sedimenting would be ·u.ced 

wHh ':;rial mixh:.J c:u'1d applicntion :-nefucds to include (a) bl:lr.J.:,3tillg of 

worfr.~ aren.s, ru1d (b) mhdr.g m.cr:wds ticaigned to p:~oduc-e lu:m.py r.(IJ.:.tes '· 

and uUlizing locnlly av~~:Uablc equi.pn"len·~ q 

-8-
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5o Eval!.!ation -- hflo,~;-outflo¥! wr:~e!' meast:rem~m.ts uould be 

obtained iml!1. - diatc;:ly ba:?o:' l.' o dn~ing 0 ·<'md .aft8 sedim::mting by using 

Cannl" 

., . '· 

- 9-
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DEVEI.OPMENT AND EVALUATION ACTMTD!:S _:_ SUMMl~R 1956 . 

.During the period o{ July 23 to August 1 0 1956, a trip was in~..de. 

to the we at portal ar·ea to a :3sist in the ii'..itial benton.ita. sedimentina trials o • 

The results of this trip -- r-..nd in addition a those of the subsequent d'Jvelop-

ment work during the remmnder of the summer -- ~e sur.umELrize~ in a 
/ 

repol"t that waa forwarded to Mr o Doe on October 17 o 1956. A copy of · 

this Teport is _attached as Encloau::r-e 7 of the Appendix o 

The 1956 summ.c3r work was also detailed in ·the O.r:tober 1Z 11 1956 
. . 

repor·~ by Mr. Po R o McOllough. o Tnose portions of the latte:r report 

that relate to the "Bentt:>ni.te Sedimenti~1g Phase" are atte.cllt!d as Enclo-

. sure 8 of' the 4ppendix o 

Briefly summa:-izad. the procedure oovcbpment \-7ork :during the 

suminer elf 195 !> includ~~d t.lle following: : 

l o Preliminary ..Pl::§paruUons -- These included (a) bauJing c! 

500 tons of high-swell bedonita f.:ro:.n railroad siding in Aepe:n. to stock-

pile ~eu at Lincoln Gulch H.eserv·;;,ir D (b) delivery or 300 tons of low-

swell bentonite at west porta~ ot ockpHe area 0 ( c} construction of tern-

po:rar.t du~ck s·~ructure at lower C~'ld of Co~..nection CnnoJ. a and (d) i:.'!.sta!la~ 

tion of 5' recta:tlzular weit." blade.3 in check stl~ucturcs st uDoer end l~:)vrer . - •. ... .. 
ends of Connec·tion Ce.nalp 

2... Water ~neamtdng -- Starting towa:..·cl. the ~nd ol Ju~.y v/nen th~ 
---- -~~-- !! " 

flows were Sln:ul, water loss r.."lcr.surements v;('~re accompllsh.eci (a}: 

-10-
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trialao D~taiied l~eccrds of tb.ia u2:~cr measuring are i.nclud.ed fu Enclct:P.::re 

3o · Proc-3dtu-:e clev,;lo-oi;.1eLt 1"v·ork -- 'l~1ese act:t vitJ.es were acco:n ------ --~-:-..- .. --.- -··--
plished du.ring t.~e periods of 1 e.) J uly 28th to Augus t 5th , a!'ld (b) August 

in Enc.b3m.'e 3 o but in gene?."al t ivo methods of oc<J.ton:He n:: ixbg and pl~.<:e -

-. ·- . . - - . · -~~:iii!: · -,_ . . . . . . . . ·: · · ::: ·.----~:~ .. -';:_ - ......,~- ,~, -· _,., .... 
ment w·~re ur:~~d: (a) blankctinW"<~f most chv:icus seepag& :.!or :::: ar.eas with 

Even tho~1gh tha bentoP.ite mhdng meth:.-dn wer!! qu ite crude r.nd 

undoubte:dly could be improved~ e:1rc~llent S(;:tt.ling results we·.re obtained o 

The re~.;uLs of tho water b ns evaulations ;).I'e :: u.mnar:~zec'. in the table 

below: 

Date 

July ~7 
" 2.8 
~· 

II 29 
II 30 
II 31 

Average 
Inflow 

ilV 0 I.~s:J 

before; 
1 .t. c • 

-------·--,~ea t 

10468 cfa ~~~ 71 cfs 
10 0 88 . 5., 10 
12005 4 o92. 
. l2.p 25 "'1"2.3 
12 0 03· 3~2.6 

Avo L<JaS Avo J...:tJf:m Avo Loss 
af.tez· bct'oi.1 e Etft~r 

.. 

iii: ' 
~ .. : . 

1st run-- bentc~Ue pla~e men~ started Ju!.y· 2.3,, 1956 -- mcln 1nh~ing in 
can.al rr::nrted August 1 p 1 ') 3 6 nnct cor.:.nplet(~d A~.:.gunt 4 Q 19 56 o 

.August r· ;i 9ofi7 cfs lo 45 c'~r:: 
II 23 7 d57 
II 24 7 0 50 

2:nd run -·· bentomtt~ plac21:~ant s~ •. r~~d August 2Sil l9 S6 - - mixing i.n 
canal c,~mplr.:ted Sept~mbE~r 2 D 19.:; 6 o 

Sept., 3 
II 

-11-
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On November 8" 195b0 ~..t·o Doe released o. statement ·~o the Com-

pany's Directors and Stock.h·~!ders th.at ·outlines tha results of the bentonite 

sed.Unent sea.ling-nctivitiar' ut th(~ ~11d of the first seasono A copy of this 

statemen~ is e.tta~hed as Enc:losur0 9 of the Appand!xo 

DEVELOP!lfENT AND EVALUA'i·~ION ACTIVITIES·- SUMMER 1957 
...... p .. 

During 1957. one t:dp was made to the Company office iil Ordwny o 

Colorado :and thr--ae trips to ·~he ·.-;~ rrt por tal F.r.ea -- for the purpoo~s a£: - ~ ' 

tndic.ated in the table b~low: 

Dates Destinntion 

May 7 and 8 Ordw~y ,_ Co!ox·aC:o 

J t.me 11 E.nd 12 

II " 

Septo 23.to l6 " II II 

Purcose 

Prelli:clnnry pll?.nn:ln£: of sun::-
mer benton!'te fieclinwn~ng end 
evalustion activities .. 

Final ple.nmng o-r eutnmer evulu-
ation ac".ivli.ti:as and 'Nater mea- _ 
BW'ing dut·ing peak flow conditions,. 

\Vate.r meaauring during low flow 
cond!Uvns a.L"'ld tcwtir.g of air jet 
1nixero 

Water measuring dur-ing low flow 
conditions o 

Plans WC!re rx1ade to (a) c···ntinue evnlnation of sealing eff'ectB of 

·of the Collec:t:i.G·!1. Ca:anl n~nl" N3w Yo:;:ok Gulch.; 'l'h-e l'epuir oi this ~mla,. 

--12-
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. b1·eak was a m :ajor work t:r~ject fer the ~est portal Cllnstructit:m crew · 

during the 1957 summe:.. Beason., T'.ae ;vate:. .. los s m.easurement s on th'~ 

Connection Can<ll were ·~a:~ried out £-S planncdo 
;_~, · .-

The wat,~r loss mear:urem·~nts made during the August 19 to 23 · 

trip tire atta.et'l·Z!d as EnclcsuTe l 0 of th·a Appendixo During titat time ~ . . ' 

.from 1 o 0 to 3~2 cis .. 

at eech of th~ upper end lcnvcl." weir stations on th;g Connection Canal~ 

Upper Lower· 
J..1ax Min 

6 .. -15 c.fs · 

Cppc~r 1N~ir 
Dat~ T.;.m <-:: n·:~ ' w~· CFS Thne - ----.... ·---~---=--:: ~-::.!:!~~ --~--~ 

9-~a 8: lSI\ .. 62. 6o3 O:OO.,'l ... 
9~29 8: 20,:) .. 55 5 .. 3 -B:lOA 

10-1 8: 40_1 .. 5'1 5 .. 1 8: 30A 
10-Z 8: 15};. o55 Sol 8:00A 
!o .. 3 3:30.<-'\ .. 53 SuO 8:l5A 
l 0··4 8:50A o49 4 .. 5 8:10A 
10~ 5 9:15.l\ .50 4 .. 6 9;rJOA 

··1 ~~ -

------~------

3.;80 cfs 

l:m:;er Weir Approx ~ 
Gnu;~ ·2__£~_F_b_ .. ___ l_.Q __ s_s __ 

.. t.1.:0 
u 3 ~l 

0 35 
.,35 
0 33 
., 32 
0 ~1 

3o3 
2o6 
;: 0 ., 

2 .. 7 
2.o5 
Zo ~t 
... ?. 
l•o ·•' 

s .. o 
2.7 
Z..4 
2o'6 
z..s 
2.1 
2, 3 ' 
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'- - ::~ . 

It .will be noted that t.lle indicated losses during ·the 1957 season 

have increased to eo1ne e. ~ct -:nt fro::"n those for the 1956 s~ason, \V'.aih . . \ 

th~ s-aalina eff.~c~ has l1adoubtedly d3tor!or.:•2:ted to some extent, U · e.honld 

also be rGaUze j that th:! .19:56 illElaStU"aments were ruade trlth l.;as pond--

lng depth than tha 1957 maasute~ants. The 19!)6 meaEureme:ats were · 

m.ad-a witb £, 5-:root weir v.ith a pend d-apth of arov.nci 1 foota · 
- . ' 

During 1957, tt.t-:: uptjer. weir crest se~g was tte samE! for the· 
) ,• 

August e.nd Sep·:embe~ "t~.-s:~e::- measurements .. Tlle weir crest was about 

Z~ 2 fee·t l~bove ·!he bottom o! the v1aii." pool -- t ... ~,o ch{!ck bonrrlr. plus 4 

lnch.;s of weir ·;,lade,. On'! bay o:r fu~ t.lu·ee-bay check ert:tuctq·e at till~ 

ouU~t of Tunnel l -o~Jr.s used for the w;;ir s~t-upo 

The lower weir cr~at s~t~i:ng was not tl}::· sa.me for the August 

end September maaauren:.ents. During the August :rnencuraments, th~ .· 

weir ere at ·.van about 2. fe~t a.bov.EJ ~'I.e bottom of ·~'le weir pool~ Durbe· 
. . 

tJ."1e. Sap·tembal"' measur~ments, the weir c~ .. sst -was m1e d 1eck i::o2.rdh.'i.g;:.1et" 

o::- about 3 feet ubove tl1e bc.ttorn of fr:.~ weir pool.. 'l'he center bay of e.. 

. . 

. of the drc)p i;ih·ncture L1tc L!ncol:n Guk:':l Reservoi r .• 

blad~G ~·Je!'e filed to a cull k~i~-edge., 

I' 

. . 



,., 

'·' .. ·. - .. . ~. ! ·. ·. ·· ·· 1. Some infio-.v of groundwnter into tile Connection Can:al -~ 

probably very r.ainor rur..ou::tts during .P .. :ugu!lt and Sepf:ember readings(' 

could be etopped only tem~orarHy.. It was e1;timated th.;.t the lower atr·Jc-

ture was leaidna alight!:' u t.o:re wut~!r than th1~ upper str\i.cture., 

Because of .the cand wash..:out previously mentioned. thn prcce·· 

dura developznent activit!a3 were C ll't to a .:minimum during the ,summer . . 
. . 

of 1957 o Ho·nev·:l'", some work w~.s acc{jmpli.sh'ed 41 such s.s Us·tsd belovr: 

in the CollecUon Canel ~rom Tabor Gulch to Li.ncoln Gulch Rea 2'rvolr 

a11d towexd tbe end of the E:mnmer of 1957 0 it ws.n for . .md thtrl the low fi•l\'JS 

•• !eas tium. 10 •:fs -- wouLd not carry throueh to L~e re.::ervo!r o Var~O'lEJ 

· comb;~nations of sediments were tried in ettem9tn to i3aaL. the· ~u ... iaL, The 

best comb1i'l.aticm seemed to be on.e in.vclving a mixture a !n ~quu] Parts~ 

of (a} we~ :sawc.usto (b) Cclorado ten.t-onite~ and · ( ,~) Wyo!1.rl!l.fi ber~.t,or: Uec . 
' 

Th~ mi.xtu:re w£.n hand sho~:~led intt> tl:.e head e::.1d of tlu~ canal ilow at 

Te.bor Gulch.... 'Ihe resulting muddy w·ater m;b .. "tui·e and - th~ sub£equent 

measux-ements c f the Zlow ·wore not ro.F.l.ds o 

. I .I 
. ' 
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infltead of water in an nttunpt to blow th~ dl'y gr~.nulated t;,-pe ci benton.ite 

Rt was found th:d the bentc,nite co;,:tld be hand~ed ~n this znanner ~1ith th~~ · 

ment was ncededo A n':!W m!:,er Emd af.r-slide hoppn:r hi~B bt!~t:. conGi:rt.ct(~!1 

and ·will bs test~d du:ring 1he coming summel'"., 
I 

· It is anticipated th.lt the fi:·l!r~ method above ·could ba uE.od as 3. 

11p1•!ro.ing and puddling" tyLle of op~raticn in the nenly e1:1arc-ec und u:r~.t: . et:~l~~.:l . 

it he..a bean posaible to m~.ldain Si.:.'W.ll flows of water t_.J.u:·ough ~he CoiL"'l::c-

tion Canal o Ke ~rl1ributed tllis ·~o being able to ilw.!ntain a full ~.'s.tar d.~pt!1 

·in a che:d:~d-up· pond in the canal tvU .. il. u small fl.ow of w·lter o UJUh un ·hiauls~-

ting cover of e~ow" tb.e Wl.ter do~s r.~ot freezs co:mp1ete!.y to tit-? botton·· o lf 

of the ca~al .. 



.. • 

·.-·~-.: ....... 

T'~N]'ATXVE CONCLUBIONS 

<";'h ........ ·~" .. ... ..... .., .... ~· l·'- - "' .... . ~"".1.-'\.,.' - ~ ;..J- .. _.KJ ·-- \!.~ 

I . 

ln. v~'!:l~r-• .. ,,·i'"1"' l·o b··=> t""l•1r:·o,.-:.··i r· tl·~ ~:::-r.L,d· --- t:»"'-• \,: V ~_, leo ...., .~ "'"' &. .. ~ , ., _ - ..... ;.& - -'ill,, -~ , , I 

bo . f.rt:~ ~~~t~! :~.b1~ ,...,.,. fr,;;:-lli-1~ ·~:r; ~ rlpJ•J:J:g· U lti ~.;:; ;·l~y En mt.H!: · 
I 

Enow-:meU pari<ld!) !rinC<'lS or g!"C<U.;'ld ur: r~:· ir.tl} ~b~~ ~;~.r.:n} .. ~ t·~::!.d lo clis. 

.. 



.• 

sawdust~ (Z) Coloi'ado he.o.tonite 11 and (3) Wycmlng bentonite~ The hand 

to plug the l<;a.ky zones r~l ·l~"dning ilfter t.hs initial priming oper:3.tion· hllV'i;. 

to date 0 invc,lved hand d1o· !~ling of Colorudo bentonita e.!.l a bl.anketi.Tlg · 

most pra.ctie;a.l m~thodo C~e znG~lwd m1de:r conaide:re.tio:n involves the t:B:! 

• of corapresa:ad air to shoo·,:. dry g::anula.s of Vtyo~rlng bentonite into the 

ponded wate1:- above the su.1pected ·~rouble zone o 

.. , __ ... 



late in the sum:rz:,er seae:on provida the b~st methtJd of ac'}urdo7!.Y deter-
' Udning the c~"l&l a:3epage i r>s&eso A continus:Uon of the '/.teir Ir.l•:lasw·e-

of tile development work w~thin E.lllf ona season" and (b) 1·ate -,Jf cieted-

sun.~n.1.~r Geal'3CIL Some de,::resEle f11 thG secling. eifecta in the~ Connecticn 
"~ ' . 

• 

• - ' 
is n.e~ded !.'J. son1e are~::: or ·f.l~ ct.nnlG, l'i; is believ-~Jd tllt~.t th·~ 9il:- jet 

• 

,·. ~ ~ .... -19-
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~NTATIVE PL.A.NS --. SUMMER 1958 

The evalu&f'Jon and develop:nen.t -.vo::."k in tlle c~ming swru;ner · s~m-

son \vill he mainly restric1~d to acUvitb~s in the Co:rmecH.on Ca::milo 'I'll•'! 

be worked OtJ,t vr.lfu 1Jf.To Dc·eo and in adc:dtionll any major cGnstructiotl 
. . 

lte:ma will have · to be clear ~d and n;~proved by thG Compmiy! s Eoard ~·f 

Directorso The rr~commended wm.·:it in hri.efly ot.1.tUned b<!low: 

· e.t the drop inlet l:ri:ructure ~nto l,br::oln Guicl:l Reservoir ,, aucl th·a other 

• at aoo1.at t.."le :m!d-po!nt i:a th t3 Cormcctiori CEJ.n.:!llo The mid -pDiil.t structur·o 

should ba locat;ac1 at the Up_)i~r end of tll.G pond formad by ch~cld.ng up at 
• 

- - ~ -
of structure ( wit.ll center s~1ppo~ £H'!cticns r-emovable d~ing tbo spring 

high flow p3riorl) could bG iiJ.ai:nlle·d at both locations o 

lo Recorder we.Us -- Thr•;e ra.:orde:r Vlella are neE!dect~ one at · ----· 
each o~ the tvvo structuea r·n.en.tiorwd above o ~md one at th:e check atruc-

ba d~c;irable o 

• 

on e. lom1 basi a :?.;,r the m11:.2mer o 

-20-
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4~ - Water measuring-- Assuming that the above construction (or 

the approv-ed portion the:;. .. e.:Jl) is c:vmp!H(ed by Aug\ls-~ 1 () 19 58, a scht~-

-; 

.· 

dule of coZltiuuou,a weir mea.fru1·ementa ia plwmed -- und<3T cbeddng c-ondi-

tiona aB outlined below: 

Period 

Aug. 1 to 7 
Augo 7 to 14 
Auga 14 to Zl 
Aug., 21 to 28 

Upper \Veir 

2 chec!t boards 
no change 
fl II 

It fl 

·Middle Weir 

1 check boards 
2 II II 

3 " It 

4 It - II 

Lower Weir ._ 

1 check b1)ard in 
2 II II II 

3 II It " 
_4 II II It 

I 

5. Laska&! areas --: As tlH~ pond levelD are progreaa!vely inc.:x-aa.sed 

as outl1ned above, major cwal seepage arean will be locat.ad irt the adja-

cent ere~ below the Connection Ct,nal. Thia will pr~vide a check on tb~ 

efficiency cf the previov.s !Jo.:iimen·c sealing at the vucce£eively gl"eater 

pondiug depths. 
-
6._ E~m.ent t£~etil!.t~ and c!.~velmnnent -- Several types of mi:d .. "lg 

\ 
equipme~~ have been couatr~cted by the University ·p:a. ... oject this winter o 

· In additio.c10 it is our u..t"ldcrdandinfi that a company in Salida" Colorado 

hao developed a mixer that they wculd like to test · on the Ccn..Yle,:tion Canal 

ne;,ct summer o lt !a plenne:;; t!.'la.t th\3 equipment teeting will be f.lta~ed 

abo"Ltt llugt':St 28th., A selfueontained and portable unit ths:l coulcl be hcoke•i 

on behi~d a dump truck wo·illd be dGsirable o The testing ·will probs.bly 

include the air jettin3 m~tht)d cf shr:>Gting the grE'.nulated Wyoming bento-

nite !i.1to the pond \Vate;;- above the suspect zones • 

7 o Miscello.neous· data -- l n.formaticn e.nd data of the following 

types '!.;rill b-a coll0cted: 

.. 2! -· 
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ao w~tted area ctata l.tndar E:&ch punding conw.tiono 

do Water quaJJ.t7 data -- 1956 tes-.;ing indl<!a'h::d almc)rrt uo 

Forest Service or other similar t'.genc.r., 

f., P.botog.raphh: ccver~ge o:::" summ.er 9.Ctiviti.?.s IJ iuc l-udina 

color mov:le story., 

Ccnnecticn (".anal., 

-~"'1 
.. ~':'::0. •• 

: ... ~}(1~~ : . ..~ 

-~ -~--;.-;~s·.--: ~ 
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. - Enc1osuTe 1 

Proposal fo_.. Development of Sedi?nend~1$ Procedrures 
t o fit Con..ilith:ms i ii'l ili_ TE'Et..El · !VIo!.~D.tain Sy~~em of 

The I. v.;i_n Lc; kes Resel."vcir a:.1d 0.--.nal Company 

A t the !'eqnest of 1\'1?." o Wallace I.'- o Doe o Ge"""0::al Mat.lS;..,eo."- E!1einf::lS£"., 
we rna- e a h~ip to t n.e com~a.::1y office at Orcl'ttta.}l" ~ Colorado o~ Jan~!:.u:·y ! 7th o_ 

t ;o;.:r,,. .,.."".).U..,..,,._, """' "EJ'o.,..., . . r--11~"', ""'"'" J""n~-,~-,.,7 181·?.. "ho n-,....,...,,.,.,;;....,. 0~ t h .;c t "' n V>¥ ~ .:.~"* ~- -U :.v ~- "'-• v:.J ~&~ rJ VU C2. · .,...;._ j - W~o·: . ..... -"" i."""'U.::.~vc> r.:.;.o · .Z. .i.~-'ifr;;J --~ ...... 

14 To cbt·.=rfn a ge>~~!'al pictu:·..:: of the OLJ3-"".:::,ting an GeiS2)Bge l oss _ 
(:·ondit!ons in fue Trez!Sl-nOu- tain Diversion ~yE:r~em of tile T\7in :Lakes ~e .... ez--
, ,oh· ancl CE: ··~nl Cc·r.~..'l~m.sy ; 

Z o To ma' .. ,e xecom--:.G11datio:i18 c -o::!Cej'niug H:.e cleve. O;:"ment oi eedi-
menting p"'"'oce ... u!." ":>s to fit the clive7."'si on 5ymeL.. conili:i:ionso 

Bec:Jl.t~se c~ g_oi.7 co!_:\itions in i/~e t:r-8J.2EP~cun~ain area D ~t we.s not 
poBsible to visi~ t?le <liVE:i:'S i0'1 Gy..,~e:<:::l o Ho·:<:ev~-; eKcellsm oac\ground 
! nfor-m.at:.on YIC-.B obta.ir· .. oc."! ' :n diocl!BBions 't:ith ! J .• esers o Schroe.rl-ar- a Cli.r1ger D 

McCorille1 0 Doako r.:"l;ncl P~-:!tle of ·~he :!3+:)3.1'0 of Direc'\:ors and '.'lin Nf.r o Doe o 
lVI~ o Hoeig ' s con!:.r1Lin~ rey.so:.:'t ~.n 1\'•"' 0 Doe 's consr·-rv.ction re::: ... mmen 'a -
tio:..,s wer~ c E:.:refully et'".!di~d 0 The resuHa cf ou:r pe.st sedim~mt lining !·ork 
w~re cu-Ui~od for ~!Jr .., .Doe and the Eo~.rd of Directo!'B o 

l o Si:::2ce i · was rl!Y~ poBsi.;.;~J.e t-o m~L e rle"l:ailccl field ezruninEn::aonn o 

tba co:1c LUJicnE an~ ::. ... ec~zm.·1enclaticns ·i:flnt follo~·. o of Lecem:~i"l:y ~ a~·e qtute 
gGYl\::;."'0.1 o Even af~e:.. the i ni·':inl field e~ c:..:r:·!in2tic:;.1s are mad0 8 h':\ many 
inst~ ·t';c so c;~aci: .roc2t!'":i:'~.::B c-~e .. ~ t te c<c·t: .... i le{. -- f~- ~1~ follo~7ina rcr:.sol2D_; 

a o Tt:.e ueilij_~e ti!.!g me~l1ct, io r~till i !l a r eaea=.?ci1 mc.5e of 
deve!oz;rnent; 

bo At pl~C3 ... ent.o "tricl &!d cr:i.' '"'l"11 mei:hcds p:::e :o:\.niDde du:dng 
th~ &ds) ~:.··;~io:J. re...-~uired ·~o fii: the 6e..J.m::.;~!~h'3g '1rcce::ll!l"'a -· t o ·L1e c,s~:nnl 

c m1ciitim1:J o ~---· 
~ - -

a fd.J.~l-; ~.: l~gc b~,c~!~~o;.,".:ld of e~J.0:i."'i.~:.1 c'= en s8di:r .. -:tontin2, 
! ~:: En~He.ble.o ~ :'!} fJG!.,is::!~enti.'!.g 7 ,:d· i n a .Le--J a::. .. \23. i3 fc:-.~ed by f.F E.e! os;si-
bi!it as of 11 C!'i'o:·" o 'i'.hcr:::fm~e J it is re~o~:.a_,_m8u<:kcl t i2ct dcv81npn1ent "'; o:d~ 
in "i:l'l~ collccdm1 '7'= t-~z::..1. 2.1"'1?.0. -'-0 B8-~ up on. a b:;.. ... o o..d eno~IJl b2. 1~ 5.e -=·:;, f~C~.!: on~ 
f£1i1 t.~e ~::··o-:..1°~ etc:) e~-~~)::"' ~(":i8.~~-~7 c~. z .. ·.J ·.r t! ..... ,_~ t::e d·3-Je'ic~::..':D.e!.. t -:..ir )::~J.:o 

- l -
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3 o P ast e;tperience indicates t!'lat a low-cost ae<:.>imenthJ.g p:roce-
dure can b~ developed to fit the co:.lectioh canal conditions . A momfied 
sedim~...ut~.ne proccJdure -- involvlng th.e uae of local clays ., silte , or saw-
dust in combinatkn with ben~oro..ite -- probably m ll be r .t?quired ~ 

a . P urchase of bez1tomte - - 10 cers (SC t ons each) of h~.gh­
s well. bentollite to be de!ive!:-ecl at rate of one car per ':Y·eek starling Jnne 
l c 1956 . Eati:m.at~d coat -- $25 .. 00 pen.· ~on (at As!)en) x 500 tor!B,. 

Tota l $ l t! ~ soo . oo 

bo w~~te:t.' l'.1'le~-~.3 · •=intl!, - - reasonably a.ccu!'c:.te ayetem. of water 
meaaJZx-ing is 1:.. ~a~1ed to f5'Lde t ... ·3 F.Jei!i:m.enting dev~lo~n~1r:mt wori-to To set 
up the eyst0:m -- .... ne z- ·rreek pe:::.~i .... .J. in Jtme by D. L . Enncler. Sup leBlen.~ 

chechm in "(}lvi:ng t'rto 3-c~· pe~·icds - - ona eaCol in Jcly ant1 Auguz·~ o Esti-
matacl CO;,C -- 12!:' .. oo L~e· .. cby plus GA"-p~kloee , Total $ 800 . 00 

Co D-···vel£pment of p~·ocedv.res - - coZ!rsultatlon help on setting 
up pi'ccedur~Se:: a!!~l i n fiuding suppla:metti:nl c~d1:r-dlents (; if ~l!:ca ed o One 7 -day 
p0A'i cl n atmr~· of wol~k -- othex- 'i:im8 as nee::.e.:.o Esti~:'ted ccB -- $40 o00 
per cl[.y pluo ezpe :1ses .. Tc~al $ 7 00 o 00 

(i:;., ·Ph~.cet.nent ~,;t;d m.i.:rlngr -- cost of lebo~ D ail' compTeaem· p 

bull closer o tr~ct-J.~::::; o e~c o o used to tran.opoZ'·~" pl...,,ce and r:a:>i.g the se~iment­
i!ig rnate;;;·ials o Eet:hr..ated cost -- 500 tons a·~ ~9 l 0 o 00 p0r t".)n plus 300 tons 
of au9plemente_ s.~i!i~'i1i?:nts (saw h.1st 0 local c_a· u etc o) ~,-t $ ! 5 .. CO per t ollo 

-2 -

Total $ 9 o 50 o 00 

lE~timatecl Total $ 25 I oon 0 00 

R . D . Dirrneyer J t o 

P .. oj ect L~ader 



Introduction 

Enclosure Z 

Evaluation of Bentonite Samples 
Proposed for Sedin1enting Use 

by The Twin Lakes Reservoir and Canal Coo 

At' the request of Mr. W. A. Doe, Ganeral Manager and Engineer, 
Twin Lakes Reservoir and Canal .Company, evaulation testa were per-
formed on two Colorado bentonite samples; one from near Las Animas 
and the other one from near Salida. · 

For a comparison, the eyaluation tests were also p~rfozomed on 
five commercial Wyoming high-swell bentorJ.tes. The teats ua13d are given 
in the Univer:dty of Wyoming NC~.tural R~sotlrce Research lustitute Bulletin 
·No. Zo August 1946 0 by H. G. Fisk, entitled, "Bentonite - With Test 
Methods and Results of Testa of Wyoming Bantonites" • 

-The grit content is the per cant by weight of the bentonite which 
was retained on a 3Z5-mesh screen ( 44 micron openings). W.aere the 
grit content was high, the per cent retained on the 200-meoh (7 ~ micron 
openings) screen was also obtained. , . · 

The colloidal yield is · the per cent by weight of the bentonite which 
is still in suapansion after 18 hours .. 

Procedure 

Sample Preparation 

Th~ be:1tcnite ~amples are crushed to a maxii"L"lum size of 1/8 inch 
and dried in a l05~C to 110°C ove::.'l fol"' ll hoursc The drieil bentonite is 
stored in· closed containers so that it will not gain moisture. 

Grit Del•~rminaticn 

Twalty-fi..,le grazns of ban~onita are thoroughly dispar~ed in appzoo}i-
'mately 500 mlo of wat.ai". 'l"i&a suspension is washed thl"ough a · 3Z5-mesll 
screen.. T'ae grit rerllclning on 'i:he screen ie dried in the even· ancl tilen 
weighedo The pG:.:-centage of g:rit is com[?uted on the b~sis of the weight 
of the original aruriple • 

. The procedure for finding the c:.r~1otmt retained on the :wo-mesh 
screen is si;::uiJ.ar to tha n.receclu:;:e iilvolvin?. the 325-m~sh scree;.'lo 

. ~ -
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Colloidal Yield 

Ten grams of bentonite are thoroughly dispersed in 500 ml. of 
distilled water. The dispersed susp~nsion is put into a tall grcduate and 
allowed to stand for 18 hours. At the end of t.~s peZ'iOd 0 the material in 
suspension $.a slowly siphoned or poured off the sedhnent. ·The sediment 
remaining in the graduate ia washed into an evaporating dish and tile water 
removed by drying . The di'ied weight of the sediment eita.bles calculation 
of the colloidal m~teris.l still in suspension. 

Results 

%Retained o/o Reta!ned CoH9idal Moisture 
Name 200-meah 3Z5-mesh Yield Content Ee:.narlta 

------~~-------=----~~~~------~~~~=--=~~~----~~~~~----

Royal Earth 
Benton Clay X 

Benton Clay II 
Benton Clay In 

Volclay SPV 
Selida Clay 
·Las Animas 

Clay I 

Las Animas 
Clay :U 

... -

Discussion 

10.9 
3. 75 

Z.38 
4.5 

5.5 
5.4 

10.9 

Drilli~ng mud 
qudi'Cy 

Second quality 
:Unknown type 
(probably Znd 

quality) 
i 

4 ~ 6 Best of Le.s 
Animas samples-
picked visually 

4. 6 Representative 
of all the Las 

· Anirn~a samnles 
~~=-- --~~-

· Bot.h cf the Colo!"ado bentc;.~te samples have considerably more· 
g-dt e..nd a some;.;7hat lonrer colloidC~l yield tho.n the Wyoming be11tonHes o 

However' the Las Animas l sample' which \'"iCS from one pa:rt cf the clepo-
sit, compal"0B fav'Jrably wlth the Wyor!llng berri:oniteE. 

Usually t lv.! desirable pj_~cpe:rties for a sedimenting bentonite are 
a lo·~~y g1·it content ( wh!cll is \7iaBb;) and a higi1 colloidal yield • 

If the bentonit·e is not s. driJ.lhg mud quality ben~onit~, ·r1e mois-
ture corr~en.t mtu:i·~ al.so be ta!ren into cm:.dde:-ation o ln par.;t eed:in'?.enting 
worlt the mcistn:re ccnh:n~t of bentonite h~:~.s b~~n limited to les s than 10 
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per cento Som- p:t-ru be<1tonit~a run as high es 40 pe~ cent moistureo 
Peying freight on -;2-~cess m.oiature is. of cot.u:·se. sometl~ling to be avoidedo 

·co .. orado A and l'111 College 
Fort Collins • Colorado 
Janua:z-y 27 , ! 956 

r -::>-

Respectfully aubr.ci.t ted D 

Don Benc! .... r 
Hydratliic Enginear 
Sedim~nt Lining --?roj<act 
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Enclosure ·3 

GENERAL NOTICE 

Quotation~ requested for 500 tons of h.ig11-gra.d~ (drilli~1e mud 
quality or be!tt~r} bentoniteo Submit quotations (FOB Aspen., Colo .. ) on 
one or both of the: fotlowing type a: 

a.. Granular bentonite ·(maxo size 1/ Z11
) in bulk (preferred) . 

b.. Puwde~"ed bentor>.it~ in 100 pound sack~-

Delive!l· IJOin t ·will ba at Aspene Coloradoo De..ivery b;, be made 
at the rate of i; \'!i'C ca :::-s (50 tons) each :t<Jeel{ starting June 1 o 1936o Train 
. to Aspen h vice w•..:Jek.1y -- want one carlo.sd each trip.. !? trucl::H are used 
·-- same deliv~:r,t :-.a:~e of 100 tc·na p.er week . starting June lc 1956 .. 

~u_g(iest r.:;ci st::~udards of quality are outlined below: 

a.. l'iioisiure 1 0 o/o m.ax.~mur.ll 

6o/o II 

co Collcirlal Yield* 

* •rests o·utlincd in " Bentonite c) with test m.ethods and 
result.i3 of testa of Wyo:n.1ing bentonite" by Ho Go Fisl{p 
HEUetin No u 2 9 At:guet 1946 o Natural Reaour ce Research 
Inatitutc ~ Laramie o Wyoming~ 

Sub~J! qu t')ta1;!,Q~~ to 1VI? ., W 0 A, Doe~ Gen•eral Manage:r - Enginee:r- o 

Tvni.n La!te-s Rese.·vol :i' ru:.d Canal Compa.."l;)' v Ord\•.'ay o Colorado, Dead.iJ.ns 
d~~te -- M:a:nili 1 0 1956 o lnclud0 certification rdating t o quality of ben~o­

mte .refel'I"~!d to i'.'l quotetiO!'l o · 

Bentonite .. high-grade Unit Total 
(FOE Anpeu p Colorado} 

a • G .:-a.nalar 500 tons 

500 tons 

Yea No 

CerUfi<!a.tion 
--~~~~~~=~=~· 

·6 -
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Enclosure 4 

Colorado A m'ld M College 

Mr. ·wallace A. Doe 
Gen~rsl !¥!nnager-Engineer 
Twin Lakes Reservoir and Canal Coo 
OrdY!ay, Coloradc 

Dear Mr o Doe: 

7 April 1956 

As requeated by you 11 we examined tb.e _Lamberg cl~t.y de~Joait near 
Howard 0 Colorado on March 20 0 1956o The deposit was samyled and the 
reauUs of our la~oratory testing are su..m:tnE~..rized in the inclos~d table o . 

The table include::: analyses of a nt'!mber of oth;;;;r xc:stel"'ials -- for com-
pari~ou pt1l"pOSGS o 

After tul e:~aminatim.l oi ce....ilal eite conrliticns, some of tie follo1..<?iug 
conclumiona and recommendations · may b0 cha..flged -- . br:t probably not to 
any great e::rte:nt: 

1) The Ls.:oo.bert clay -- as represented by our rr::ainplin.a -- h!ils 
a much 1EY.7er colloi~cl yield th,an the nol~n'l:.l \Vyourlng bentonite o 

Z) T'auso i t is recommended th~t the low q11otation by ti1_e Ar~10l"i­
can Col!ci~:1 Cot.:1p:my of$ 2Za 3!/ton be acc~pteda (After .. includ-
ing the han1ing c·ozt .frora ·~he railhead to tha job 0 cur or:i&i.nal 
eztimate Cf $ 25.. 00/ton \<7ili be V•aZ'y nez:u"ly COl':i·~ct a) 

3) It wou .. L1 be v1el1 to reqa:ure that they r.r:fJlnit e. s~r)le: of the 
bentonite to ba furnished o This would give you E ch~nc:! to chec!;: 
th~ rn.ateri:ll for co::110l"Y&1.GLnce to ap~cificatio:ilS.. We would be 
glad to do -;ha testing foz- ycu at cur nc::-:mc-.1 ra.t0 of $ ! 0 .. 00 I s~:~m~a o 

4:) In OUl' .January Z5th l.'er:H:>rtD it was recm:nn1e:::1ded tha~ ~\bol;.t 
300 ton~ c'Z local rn2.t~riru8 b~ obt~ineclo ~.·~1is u c uld be Jsed to 
seal L'le mDre open loal~y ~ones in th~ canal hoti:cm -- p? .. rticu-
la.I'ly those produchl& th~ larger leak~,ge tlows in·i:o gulli ::s below 
the canal. 

5) For this initial wcr!t involving a local clay IJ it is rsc-:m1men(.~ed 
that 3Dc tc:Js of L"te LamLerg clz..y be Ol"'der~da •ro onve m~n~y l 
sugge~t that you co:2tnct M.r o Lamberg regarding : . 

-7-
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Mr. Wallace A. Doe -z- 7 April 1956 

a. the coat ot pi~ run material from e. stock pile en the 
mein highway below the dep-osit -- yot1 woulcl have to do 
the hauling from the gtock pile; 

b. tb:) cost of pit !'ll!!; matel ... lal dell"tler~d to the j ·ob a 

6) The Lambsrg price of $Zl~ 75/ton deli.....-ored includes haul:iJ.tz 
to their lfli ll and grinding . By the time the material is mined · 
and llaulerl it is likely that :r.uost of the matel"iel -gould pasz:J a 
1/ z-L'"lch ecreen. Actually D it wouldn't hurt if it did hav~ some 
lumps. For the initial blanketing of tronble-spot areae i) the lt!!"...1pa 
might be a help more tb.art a hindrance. Thus., t..~e grinding could 
b~ e!imin2.t e:i. I b~lieva t hat you will find Mr. Lamberg vel7 
coc!3erntiv3 in any efforts to reduce the overall coat of their ma-
tetia.ls .. 

7) You m entioned th0 possibility o:f b1r,ting 30\) tona of Vlyoming 
bentoni:~e ~:nd ZOO tons of the Lm:nberg· clay .. Tnis might l:;a all 
right if yo·'.l _cnn get the lensez· all!Oln:ri:s ~t the sa.roe wJt coa·~s, 
but my o·ml .e:qJerience han shown that the bentonite rGqui~ ... ements 
are usually .u.'lrle::--estimatecl rather than ov~r-esU:me!erl .. T'nus., · · 
the reazon for reco~znem:ling the purchal!:le of: 

a. 500 tona Wyoming bsntO!lite . . _ ..... ~ 

Thar.;.ks again for yon:r hol~) and cooperation .. li there ar e adcli-
Uonal ques t!on.3 cr· if I can be of ndditim.ml help o please lE-t me lmovro 

RDD/bn/351 . 

-8-

Sincerelyo 

R ... D. Di.r meyer D Jr .. 
Project Leader 
Sediment !.4ning Projec·t 
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T~ble of 
Lab-oratory 'l'e~·~ f~es·ult:z 

(1) 

Grit ( Z) Collo! d&l ( Z) 
Source of Sample Content 

% 

Royal Ea:-th Coo Za 7 
Ea3tcrn Clay Products 3~ 3 
J\mer.tcau Ct"Jllcid Co, 3 a 4 
Bl•;..cl~ ~lills Ih l.lt,:Jn.i'l:::? Co, 4o 5 
B~utnn Cla:r Co" 4 o 8 

J~ambargf3 
Peach V£~lley 
Cra wfox-d . 

Fi:r~ Mtn, ;fl 
Fire Mtno :)Z 
Fir e r"1tno i13 
Ft .. Lyon 01 

Fto Lyon IZ 

Ft~ Lyon Sl 

) 

Z8o7 
44o5 
37o8 
Z3o5 

(1) Testing by D~ L, E-ender 

Yield 
o/o 

S6o4 
33.1 
8f>o7 
81 0 3 
65uC 

54 .. 2 
1Zo4 
Z5o6 
9ol 
8~6 
1 0 5 

73.9 
0.8 
0 
LO 

68o5 · 

Remarlts 

with s<J., dr.spE-rsE:...'Ilt 
a~; nor mal teEt concen-
tr atir.m gri'i: G.tcl n.ot s.:t ·· 
tl :~--hc:.d to dilut0o 

moisture 10 o S% 
obtruncd 3-20-56 
with 5'/c disp<:rsE.nt 
obtained 3-2.0-56 
8 mio So of Austin, Co?.o., 
near CrawfordD Colo, 

. with S% diapeNT.nt 
r~:;d cl~.y 

.red clay 
red clay 
s ediment sample 3-19 
Vlith. 5o/o dispersant 

with 5o/o dispersr.nt -
flood c!aposit 

w-lth 5% diepers~nt -
flood d~j:10sit 

(Z) Teet p~ocedures outlined in \1\.'ym:.'ling Natural Rcaource !nstitute 
Bulletin Noo ZD by Ho G " Fisk 

-9-
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·Enclosure 5 

Evaluation Report of S~d!meuting Possibilities for 
· 1.be 'rwin Lakes Reservoir and Canal Company 

by R. D. Db:·meyer, Jr •• May za. l956 

Introduction 

At the recr.!es·~ of Mr. W£.llace A o Doe. Gener&l Manager-Engine~r. · 
of the Twin Lakes Reservoir and Canal Company, I viai.ted the ·w·est portal . 
are~ of the CompE..ny's Tranemou.:n.tain Diversion System during the period 
of May Z4 ~ro>.Igh Mny 2.7 • 19 56 o. · 

Persona contnC'i:e!d on the visit include: M·assraQ Clinger o Schroa-
der. Pantle and I'i.::cCon..vtell of ti'ie Board of Directors, tnd Mefmrs. D.oa g . 

Peter~ and Kal.lfm~ of the Co1np~.ny's operating fol"ce o 

The. purpoaes of the -trip v;ere: 

. 1) To obtcin a genel'"al picture of the operational and seapage loss 
conditk.Jns of (a) the Conn.ecticn Cans.l (~..umel i~Z to L:!.:ncoln Gulch 
Dam). (b) the Collection Cansl (West Fork Gulch to Lincoln G11lch 
Dam)~ ancl (c) the Lost lVfan Diversion Canal (Lost M~n Dam to 
Tunnel IZ). 

Z) To malse recommend~ttions concel'ning th~ dev~lopm•,m'i: of secli-
meuting pr·ocedures to fit ·f:he conditions found o 

General Consit1erhtiona 

A mE~.jm .. -p~:-ogram of improvements !n the ·Compnny'a ir:E.st slope 
collectioRl system was stru~ted iu ·i:.he stmlmel' of !955o r.rhe i:O:ll'!"c·vemente: 
have included: ( 1;j Cl~auing D enl.z.rgemcct 1 and partial X'ealigt_:rient Of 
cs1tt.ls. ( 2) eons~ruct!o~1 cf ca.'tlflJ. bc.u"'ili road a. an.:i ( 3) install& tion of · 
corrugated r..a.et:al £.'ipe in unsi:abl>:l areas o 

Bec.au.oo o~ the coarse rocky &.l&ture of mont of ths canal be:d ma-
. I . 

teriala, cignificar::.t S<~epage loss,?.e occur o · Under. peak flow coLdi ticns, 
extensive seepag0 area.o a.ppea.r b;;low t11e c~...nals. Cn the othe;r· e•rt~eme ~ . 
small flows will n:)t cnrry all the 't'Jay through the c!?.nals. Thun. in addi- . 
tton to the water ::~aviuz benefit~ o canal lin:'u1gs v!ould also lengt:.1an the 
vrater runnii.·1g per:l.od each y;ear o If it was possible to ruriintain small 
winter flovn5 m the cenals, it also could eliminate a large part of ·Ule work 
now n~ed~d to open the c::u-,a1s ec.ch spring o 
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If cost wat: of no concern~ metal or concrete pipe would be an 
entirely adequate answer to the canal lining problem. Because of the 
cost, howeve~, a compromise is neceesary. Metal pip;a is beiug placed 
in the unrrtable arGaa ·of the canals; eediment linings are being developed 
for the pervious but more stable reacllea of canal o 

Since the i~ove:ment program is progrei!lsmg so well, the need 
for fitting tbe sediment lining development procedures to the· el\:isting 
conditions becC~mes an the more important. Because ol the very open 
nature of. the canal bed materials[) spacial sediment lining methods are 
needed, but it aee:!llS that a luge part of this preliminary develOilment 
work can be accomplished betwecUn now and the middle of July cr before 
tbe ma3or cons-~ru·:tieD ectivitiea begin. · 

Conclusions and R~...omme:ndatio!!a . 
. . 

1) Selection of site -- After tal..lti.ng with Mr. Doe, it w,J.s decided 
·that the mlrln a3dhnant!ng effo:rt ·mll be cor(lcentrated on the Col m.ection 
Carwl. . Thia worL mll be done ai~er the peak flow period or prrJbably 
during Aug-11sto H:>vever, before t:lat time~ small trial runs \\ill be needed 
to develop prrocedtu.-ea to fit b'le m:msual cm1dition£J found in the ;:auals of 
the west slope collection ce.s&sl system 0 

Z) Seepage loases --Mr. Hoaig'a coneult:ing report prcvides 
excellent basic dfJ.~a. ut the seepai~e loss condition:3 in the Colleetioo Sya-

. tem canals, bu·t since his· flow m •.:Jaauremeuts were mad a durine a p~r!od 
of medium to low ilo~::rs, additional flow measuring worl~ is bait:£$ accom, .. · 
pUshed this year ·under peak to zt.lediwn flow con~itlons. The r·~oulta of 
Mr. Bender 1s pre3ant seepage lo~s measurement work will be ~overed· 

··in a separate repcrt. lt seems likely that water measw-ementr: v:-.i.ll ba 
made at the follov.ing locations: 

a) O.:ilet of Tunnel t.l Z 
b) Bridge ove:r Connection Canal nt Lincoln Gulch Dar:il 
c) Inl~t of Collection CB.!!s.l into ~coln Gulch Dam. 
d) l!t..flow from Tabo~!' Gulch 
e) Innow from New York Gulc..lt 
f) Infiow from West :Fork Gulch 
g) FlJv !n Lincoln Gulch below outlet of Tunnel fJ2. . 

3) Triru ~ -- The follovrin.g sequence of sedime."'!ting materiels 
may be neceaaary to pToClt.!ce a 6:?-.i:isfactory_ s~aling effect through the 
worst leakage zon.es of the canal bed n'laterials: 

a) Fb·st -- sawdust 
b) Seco-:td -- Salida b ;:mtcnite 
c) T.hlrd -- Wyoming bentoni'i;e 

-1!-
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Dev~lopment ,,.,ork vrith aa·wd~.:i st has been steJ:"ted. It is be lieV,;d 
that most of the worst zonea c~n be controlled •:.ritl. a sav1dust sediment 
--at least to a point where clay sediments could fini~~\lhe job • . As soo~ 
·as the clay in available on the job. it is recommendo((that trial run work 
be! star1:ed with both the Salida and Wyoming bentonites • .:.. similar to pre-
sent w'lrk wit11 sawdw;t. If possible Ulis p~ellminary work should be COl'D.-
pleted by Aug:.uJt 1, 1956. · · 

4) Prlj}·cedur<3S fo~ major sec15-!Denting ~ -- B~ca.usc of the ssvere 
lealtag~ probk:ms fo·:znd in the Company's west slope cc,llection eystem, 
it is not possible at ·-ma time to outli:ae in detail the beat cedimenting pro-
cedure:s. The re::svX:3 of t.~e trial rlm work should b3 iuco:rporated in tha 
proc:ec.ures. 

, ....... ·:·" 
·. · : =-~ .. -;.· ... . . 
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Enclosure 6 

E)tcert.lt froan October lZ, 1'956 Report by Po Ro I:'.IcOllout~ · 

. WATER MEASUREit<!El\i""T. PEASE 

As an imtial etep toward watei" measurement o gn,ging stations 
were inntalled on all canals o During h'le week of Jt.m·s 1 A, i 956 ,) Mr o 

Donald Bend.~r" Hydraulic Engine·3l .. 0 Color·ado A and )!I College assisted 
me in locating and inetalling gaging stsJ;ions in sll of the canals " . 

Purpose 

'.f"ne gaging s-~etions were installed for the purpoce of: 

l • Detenz:ini:ug ·peak p::-oth!ction of all ca.sT~.l§J end creeku flowing 
into Li!llcoln Gulch R.e8ervob~. 

Located F,t the h~3.d<aild of the c6m<.;1ction c&"1a.1 a!ld about 
100 ft belo;;:r the checl: a-~ru.cture ~:~ 'l1:\~E ;~l iqoo .! cutlet ·o 
The s~afi e·nge im:· thio stC~.tioi! io lJcs.te{:l al).PI'OJrir_,u.~.tciiy 
lC it tmstre~m from th~ ch~cko 1>.lr o Bf;;ader us ad t..'lle . . 
tlc-rthsr·amo!J'i: St!r,fl gage foi.~ hio Cl":l"'rent~ :.f.o.eter lneasu:t."e-
m·;nt6 (M~.y ~ 1956) o T"cis Gam.e gnge WE.U used f.'Ol" the 
1o·19-f1ow wei:.:- r::waeurernenta o TI:.e we-~~: · crest Hl;~vaticm 

cc:rre£Jponc1s witl1 a re~_cy,ing of o" 5 J on th :ls staff ~~.ge,; 

Sts>.tion Noo Z --14r:cat~d near the ·outlet of the ccnuec·ao!:i cancl o~ ·tne · 
upstrem.n end of ·i;.i.'J~ COl'iCl"'eto 6.~uteo ' 'nl-3 El"~sff gc-,g;a ·was 
loeitterl in tha chu-~e UA"'lder the bridge o Later this auinmer 
after consulting \'iii:l;ll\qr o Di:rm:;:yer., it waa decid~d th~t 

. th.i a gage position was hnf~vorable and t.'le gage wae r~in­
stalled appl .. mdlr.:.:ttely 20 ft u.~~stre~r .. 'l from t..~e concrete 

-! ~--
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chute • . It ie attached to two logs .spanni.r;1g the c. anal at 
a new station which may be used :ior future wa:hir m.ea-
suring" J.,ir a Bander's C"i!E"rent-m.eter ti.":!GUlSuremerr~s 

(It:la.y, 1956) were made U.fling the otclf ~age under the 
bli"idge at ihe Connection Canal Outlet.. ':rhe lo·u-:l!ow 
weir measureLle~ts were made u sing thr~ reloc:1ted staff 
gaga (20 fi: upe~rm~.m from b:ridge) o T'4e weir crea-~ ele-
vation corresp~hds with a. reaction of Oo l>Z on this staff 
gage. 

Station No. 3 -- Lncated on. ·the c ollection canal below tht-3 1'abtn.· Gulch 
a~d im:me:liately ab-ove the concrete wa.3tev:1ay o 'I'hs 

.........._ gage for this utta·~ion is !ccated on the d-own3tre-11n end 
of the con~re·~e \"Jatat&·tr.~a.y o 

Station No o 4 -- Located a·' th0 lo.·:;;er end of the collecU.~n c~t:la! app:ro1d-
mately OPi>CSlti:e the point 1oV..<1ere t~le :rror:r1 cr oss::ng Lin-
coln Gt11Cl~ D1.112.\ joinsthe cans.l. I'(;~.do '.:<(~he ga.go for this 
station is ai:tachr~d to a two-by-for.u~ dir(~ctly dcr,T,.lstreron 
from the three-by-twel-ve spam1ing the cannlo 

\ 

Sta'UQn No o 5 ·-- L:>ce:~ad · az,pro ni~1:lately opposit·~ 'f.:e outlnt of Tuna.el Nco 
Z on .Lincoh1 Cr.eGko 'i~ua st~.tion WEal t:Ged by :lfu.'" o · Bencleir 
once a.rld no gn~e was installed., No ot!.t.er mea.;1.1l'ementa 
were made at thlLZ st&tion o 

Station No. 6 --Located appz-o~::.11ai:ely loo it upst ream fl·o:.n 7t:!-in., pipe 
ne~· Tabc:r Guf.ch o Tae staff gag;; for t !::.ia sta.t.:~c:n is 
1-ncated on. a t '-'iO- by four s'i:tac!led to th~ three-by <~welve 
sp~•l;ling 'L"le ca.."!d o 

Station No o 7 -- 1 ·~cated eppr6~:i:mateJ.y 800 ft beloY! Neu York Gt:lcll on 
the c oUect ion <:ar:.~l~ '.E<1a gage ie att~.C:1 ~d to a t wo-by-
fc.mr direcUy clm".T.nsh·eam. from tha er~ati.o?!1o -

Station Noo 8 --l.s a E"eetri!:lgule!' cc.m:~:t:>acted weil" :·.ocated on Grizz1Gy 
Cs'eek im:r~edi<:!.td:;r below the St.!l3erinte~1<::2ent 'a l!o3.\eo 
The !~l'lgt.fJ. ox thi t:; 1-veir is lOo 78 f ;,; o A i'ating ct .Tv3for 
this weir is inch:dcd in tile latt~;;:a paii."t c.f thie r·~pm:•t o 

I 

Station Noo 9 -- Loc~;~·3d appT•)::d::mately 50ft upzh··3ar:a f:c-om West Fork 
w~ste-.T1ay., A frt ::;iff gage is loce.:i:eJ. i n ti):a: pond dr(~ctly 

upsti'e1.:':.ln fTOT!l i.:he at~~uo:a a ThiD St.:3.tkl:n was I ated 
befor·e e.ny ~~ater was <livel"tecl to the West Fork Catm!o 
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Summacy of Wate~ .. Me2'.SU!'ement s 

No. 1 
Outlet 

of 
Tun.uel ez. 

5/2.7 
5/28 
5/28 
5/"2.9 
5/30 
5/SO 
5/31 . 
5/31 

No. Z 5/2.7 
Outlet 5/28 
Con...uec-
tion 5/ZS 

5/2.9 
5/30 
5/30 
5/30 

- 5/31 
5/31 

Z:30!L"n 1 5~ z. 65 
10:30am. 119 Zo '-10 

3:30pm. 110 . z.a5 
· 4:00pm z~s 3.65 

C): 15um Z! 4 3. 35 
7:50pm Z9 ! 4. 25 
8:45ru:-n. Z63 3.80 
5:25pm 290 4. Z5 

4:00pm 14-1 z. 1 
1:30pU! !31 2.45 

3:4Spm 156 z.so 
4:50pm 234 3~5 

lO:OOar.."l 195 3. ! 
11: 30a m 169 3. 0 
8:53pn~ 2.67 3."'1 5 

10: 15m::.'l 213 3.4 
6:35pm ~:J3 3.85 

G z-.s 
~z- .a 

.• 6 
~6 
.6 
.6 

~2-~8 

. z-.s 

o ?,- o3 

.6 
~6 

.• 6 
.2-.8 

~~ 
~Z-.8 

.6 

1.85 z. 3 ll.;4 
1.6 2.15 4.1 
1.95 z.so 4.5 

3.3 s.·3-
z~75. 3.os 4.95 
3. 55 -too 5.·o S~a1ady 
z. Z 3~·6 S.•A F ai r ly St€ndy 
3.6 4.0 5.6 

Z~80 

3.·s 
3.;35 
3~0 

~.1 

3.75 
4.2 

D~ r;rch ao:me-
wt.e.~ high · 

\ ~ . 

Henc1y 
Ete nc\)r 

------~-------~----------------·-B~~ D.B . 
.. Lincolxa 5/31 Z: 3Dpm. 21 

Creek 
-----------------------------------~--------B~~ I).Bo 

.6/15 
6/!8 
6/18 

9 : Z5am 25o 31 3u·95 
1: l Gp!'.a. 26o· Z5 41. 2!~ 

·4 :2Cp!! 2Bo 72.~u :;!p 

oZ-.8 
o Z-o8 
o Z- oB 

----~----~-----------------------------------~---B~WPoRo~o 
No. 1 6/16 9:50~.T.U 13o84la60 

6/ !8 !0:10am Z3,;89 Zo·oz 
6/lS 3:15pzn. 34oZS 2. l!O 

.;Z-o·& 
Q z- o8 
o Z-aB 

~15 -

l : .... . 
·"· ... : J.- •• . . : · .. ~· . 
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. Water Mear:n1r:!ment 

. . . . .. ~ .. 

The 1956 prob~ble pealt flows are. tabulated below: 

CcnnecUon 
N~Sw Yor';{ Colhction 
Lincoln 1Julch 

Pe~k FlovT. 

Z93* 
54: 
Zl 

Data -
5/31/56 

5/31/56 

*F'cr per.k loss deterr..-J.n.aticns on the Conncctio~1. Canal 
fl3e Do L. Bender's Reuo:~.·t {June C) 11 1956) o 

1. Ti-;e pea~~ capacity cf the He-...v Yorlt Collection Cand b-st ween 
New Yc.•l~k Gulch and Ts.bcr Gulch Y.Jas 3£, c!s. 

2. The peal-: Yrater loss oaf.:~ New Ycrk Ccne·:ticn Canal between· 
New Yorj~ and Tabor Gulches w~s deterr.rJ.n:cl to be appro~d-
n1c:>.t~ly 44 per cent o • 

3. W E!r3t Fo;.:·l~ Gulch water v.riJ.s not diverted un~:il June 9 .1) 1956 
dt.3 to th~ inadeqml~ ·s ca~ncii:y of the Navr York Collection 
Canal bet'.veen Ne~.v York and Tabor Ch.1ld 1. 

4o The peal: 17e.tex- loozee o:n th~ New York CoUectioa Canru 
be'i:1J7een Tabor and Li.uccln Cr'ulc2lev are ~ligi.lo At this t ime 
no defi:ui ::oa loss val11e can be as£~.igned D ho-~vever 11 it is esti-
mc.ted that the loss r~mgei:: from 30 to 40 per cent o 

RECOMMEI~·DAT!(lNS 

It io r e comm,;nded tl1at': 

1. Cc~lcrete rating sections and water atE,ge recorders bt~ 

im"1all~d in: 

a. e The Connection Ce-.na ~- below the concTete check at Tlmnel 
No o ~ outlet ant:1 at th·::: outhr;; of the c:1nru o 

-1'1-



b.o T"ne Collection C~;;.ial near Lincoln Gulch Dam and 
immediately belo .7 TaboT Gulc.~ o 

Zo A Par Eha!l flum e and water reco:rder be inste.Hed in G::cizzley 
Cre~~k. · 

3.· ·A t imb:;r ~ check- type :r·ating station be inatalled in Lincoln 
Gulch .bove \:be rese!'voir o This insr~allation also ::Jhou!.d 
in.clu<:h a water - stage r ecoTder o 

4" Water measm .. ing be c ontim1ed to secur e mere accnr~te and 
corn.pk:·i:e r atings o 

··1.8-
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&EPORT OF SEDD/IENT LINING ACTMTIES 
DURING SU~/IJ,.1ER OF 195~ 

Intrcductio!! -

At the req12e&'t of Mr o \IYa:UacG A o Dee 11 Gener:!'l 1\~ans.ger-Engi­
n~er ox The Tiuin Lakes Rese::.-x;oft:.:- a11d C£'.ocl Company o ! visite·l the west 
pol'"tal area oi t.ite Company 1s trci!i G-X."lOll..'l'ltain clive:ra.ion systexn during the 
period of J~ Z3rd .through Augt1st 1 0 1956o ' 

The E!EI.jor purpcae o! the trlp was to assist Mesr.;rs o .Pe·::ers and 
McOllough in atsxUng the work required to develop pl·ad:ica.l seJir.-:tentmg 
methods of BeE'ling m~ ve-xy pervious bed mate:dals of the ComwctiOk'l Cansl 0 

Since this Mtial w~rk, additional· ~nformstio.n in regard to the !!.ubsequ~~:lt 
de,1elopment work hs.s beel1 obtained from I~!G;J.S!'So Doe -e PeteJ.:•e: and lVIcOEcuah, 
'!he Drh:nacy ourpose of thla renoz·t is to ::ni'mW.i~.:d~e the r~suU~ of th.e da"'"<~el­
op~.:.<t~nt work ~ompleted dur!k13 th~ sumnller 'of l C) 5o and to o!fer I'8CO•m.me:uda-
tiOn£ and suggeatirJns relativs to futlJre zeiliT.£lenting wcrr,: in the l:i:."'El!1S-
mowtefu d!ve1•sio~1 syt:Jtem o · 

Du1'iz:.g ~e past tuo au:u'l!n.Gl'"S the Compa10y has bBen eclf•r;tiug and 
sealing the ~st portel can.r.l 1 so E~cap~ i:~ unstable ground whert3 metal -
pips p1•obab!;y \Vill be in;.;tall,~do e low-cost method of aedime~r~:h1g is bging 
dev~lOLled to' acco:o:.:.:!.pllsh the seeJ.iE'ilgo For best results f::·om se·ttl :m•~m.tmgD 
coute clevel~men~ wtl:r1i will be nc-;ethd !n any canal .eyste!'Jl1o In tha V>7est 
pox--~al ca.'l"!al. :;j: :t.~e clevelcpmen·' wo:ck ~as bac:n. complic&i:Gd by th(.e f ollov:Jin.g 
factor a: 

1 o. Coarse roch"V. nature o.Z carw.l bed rnate:rials o 

relativ~ly ~ .. ge liolec i·ao~;ceasazoy a- - . 

Zo m-flov.r of ~Tctmd W8.:\:az· f::·or:.l a't:ove C~'\2Jo -- during ·.:h.e ~pring 
r~-cf] tho s.ge ~tm{litlC::lS-;a;d Ol CO:"!seqllellCG f.lC Ctmal 
Sc.-al~::..!H p!"oble:!:n..s, are quit0 ilifieren.t ~hem' those lat~Jr in the 
sr;mmer. 

The rv::i:tial sedimenting tl';lrur.; v1ere rnade on the C.onnect:tcn C~al 
betw~en the o utlet of Tum::.a1 Noa Z cn.rl Ur!com Gulch D~v:Clo Th(J canal ia 
about PIe 7 GO ! eet kng {from outlet ()f 1~r.!:k"'1Sl z to Lincoln Gt~lch Dnm) and 
has a detaign. capac~f.y cf 350 cfs o • 

-19-
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Water Meaau_~g 

In the development of aettif!Ae~"lting procedw.:·es, infl.ow-ot:tflow 
water m~asurements al ... :e the "yard s'!li.ck" used to _guide i:rle WOl'ii ill the 
canal r·each bai:!lg ;Jealed. Since the iniUal sed!menting Hork 011 t h9 Con-
necti,o:m Canal was startGd after th3 p ·~ak run-off p3l~iodl) the flous were 
relatively omall end were i.neasur~~d · \Vit.il temporm·y w~iE's. 1ht~ weir 
etr1Actw-as at each end o! the Conu·2ction C&'"lal \Ye:.·e aloo utilized as 
chock ntructureBso that ·fue water could be controlled and pond,e{1 di:!ring 

· the tl"ial aediment~ng runs. · 

'l"he oodimenting trial worlt is outlii!:ed in c1 3~a11 ir:l Mr o P o JFt. 
McOUough 's repcZ't for ~he S'l.lmmo-r. The work iB aumrma..vize.d m this 
repor~. 

Five h.tmdr<Jd ton.a cf hlgh-uwell bentonite E.nd thx·e.a hundr<~d tons 
of low-fnYcll Colol"ado b,3ntccite V/ure puz·chaaed f r)r t:."le F.J adimar.:t!ng vVO~"k 

by the Ctom~any. ·r\70 trial rune ·11ere n::acl.a: the 1irat f:i·om ·July 28th to 
August 5th o nn.ci s econd from Augcat Zlrd to Septe~"'lber 1st o In ·t"'!e first 
run. ebov.t fif'Y tons of bGn·,ordte \"'; ·a~:placed in the canal juet below Twm.el 
No. Zo In the fiecond run 11 about o10e hun-d:i:"ed and fii?ty tmus wei'(-:tJ lsced et 
eieht dif.lex-ent loe;[,tiOlis in the c~u::al and near t.he major i3eepag>£: a:reaso 

Vatioua. m ixing methods wnre u3ed. Since mnny of the l~atts u1 
the caxllal b0cl mnt€T!al.s ro-u appar~ntly quite larg(;, the rnab1 pti.~·p.~-,::;e of 
tQe initial ru.ns wa. .. a to p:rorluce lur.:1py mi~~ea -- i"Vith the ~.:\!·PG th:::.t the ls.z;-
ger vo!d::J ·would bo plugged by the bentonite lw:nps ~ 'J:"ci.s v:m.a :u 'c:innpllflhed- · · 
by pla c:L11g tha berri:onit~ in dr-;ms IJ .::ulowir\g the wat0r to pond tint.i.l ·~he dam 
was ov-ertopped, a::1d tha1 helping · ~o wash-out the :le-.:n·lclm t•e clrunn ?oy work-:-
ing a b.~cl;hoe b~lck3t in the breCJ.k ,, Comp~·esaed 8i. r j~tr.h:!.g 'i.~S .sliB·O ttiedo 

'l"he r~a~.!lt~;ag bei!ltom te r.'!i ~es we:."e ponded -- boi:h by ben.t cmite 
da:;ns &.nd et the lo :.Yer end 'by a. t~mpor.ru·y check ~.;~z·u·ctm:·e o Ta.a bar.r~oillte 
eeilit:a.eri~ing wns s.~co~pliE'hed clm.•ing the ponding :intel"v <.::.ls o 

In additioo to th~ sedinu.lnt ing wol."'lt l) abt:n.1t !ifty t 1:tus of t:be Colo-
rado bentoz.!i'~e war:: uaed fo!:' blru1k~1ting of 'ilia dm.vn"l."Ul s~xie slop:: a:rea in 
the car.ru from ab.cut Sts.ticn 31.{·00 to .77+00o 

Re~ultn 

. -
Froil1. Jnly 271?.'1untH July 31st 9 ~'le inflov1 in t(le Connectic21 Canal 

va:rii.ed fl~om a :r:1inimmn of lOo 1 c fs to 2. 1.11ruti·mu:.-n of 12 ~ 9 cfl3o T.'::le lossas 

- :~o -

i~~~~ .................. .a ........................................ .w .............................. ... 
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in 'the canal durin0 tiJ,;9o same period varied frorA 4 o 0 cfe to 6 o Z cfra o After 
the firs·;; tria.l the ~osaeu varied f L"'om.·l<> 1 cfa to Zo3 cfs viith 3!'"1 inflow of 
8 o 9 ~fa ·~o ! o 0 1 cL o Thus ;) ea a ::--est-ut of the first trial !. .. Lm., tile ioaaes 
\Vere roughl:,r c~t i n halfo 

Just beforG tl1~ .aac-ond trial (about wee w-ae-<s afi:er ·fir ;lt trial) 
the los::;as .,,wried :lrc)rn 10 l cia to 1 o4 cfa vrlth B.\3. ~nflow of 7 0~ (;f3 to 7 0 7 
cfso After t~1e sec:on.d trial. the J.osses varied from 0 o 7 cfs to L,, Z cfs 
wHh au in:i:lo1'f:r of ;., o 8 cfn to 4 o 2 c!~n o 

According -to Mr o Peters D in previous yet~ .. ~~ a a fl.-oyi of b cfs or 
lea a wo-:.tld n:ot rm! ell 'L"l~ way t.~rough -- in mor.r~ cae:es not more than 
1, 00:0 f~ et dt)m lsh·eam from the tnnnelo 

l o Wat,er mans~ri~!fi -- Su.fflicient curi"el'lt m~ter- and \:Te.ix- mes.-
~::mrema:ltB wer·e rJ.ad~ during th~ :?as 'i: summer ·~o in.t1!ct::~ l3 the g~n~rru 
m.ngllitude of loss "S.. Syst2mutic .2.-i:.d clnsc-spaced reac'~ngs -- with 
son1e watel'-otnge ree;{;.•l·cler atatio:ns -- are naede:1" · Ho~·Jeve::r o H' accur-
ate seu£:c.nc>1 daliv.3I""J ~:ad 1o!3g figu:rez al·e to be o!Jtl:\ined fo~. th& ~rJeat 
portal csnaln o it i:s: l"ec~omJ.nended that a f~.l~ l-time hydro,;;;raphcr he hil'•ed 
or a:;·r ansed for - -~ se-e -t:O"i. el!" lettei" in regE!l"d to latel .. p·;;;ssibili"t·f a 

2o Mixing -- "l~le h~,ckho •:! ancl co:mpres~;ed air j e tting rr·.c:Ythorls 
of mi:d cig mri:isfac ~orHy ae:rved tL:h" purpose dm:·i:ag th~ initial i::i."ial 
wo1·k, bt:r' in t."l .~ fntur~ wo:;.•k the usc of ~nultiple j et ntiz;.;:s.• is I"<ih!-Olnmended o 
This type of rni~e:_~ cce ld b~ usscl to p!"oduce bctillt.E!:.p:,_r and lur;c p -fr{:le 
1nh.-tures. n ln recm~t:tlSl:.d~d th.::d c_li e~rperiencod Inix!:-.·1_:; CDi'1~t·~c1: cl' be 

· emo1ovcd for· this wor}~ -- at le ic·t for the work ne:rt 13U1T.::mer o . . -

lo F'uture scilineLtiv.~ w·.J:rk -- Gcoo r es1rlts H~:c ·s cbts.in.e:l f!"0...11. 
~~- - - , __ _ 

th0 i-n.v·~ 'll ~y: Clirr-e--:~~ ;(l IT ti·i ~ 18 t;:;ifh b<=> · ; ~' (Wd te t- 1 ~f1~ - ';1-,_c "·' 2-2';i0t' T ~·nh, ?l''l • ..., .. • .... .:;.....\ olo ... - -y ..., _ .. 4., .... _ ...,. _..,~,,.. :::;.. .... ..._ -.i·- .,.. '1: .... .) - .__~ "' ~- - -.. .I -

now n.a~.i'GWc: doV.rru to cr.e of fin ;i 1_g ~ locd silt or cl.e.y !.'L.a·,erial {o-::." saw-
duet) t!nt can be used i u plua th~ larger h-oles o? 1oida i::-! the c~ nEJ.~· bed 
muterids o 114~ :u.n.td rl'E-ponit foTLlc-d in the lake b;r G:s;•izdy Cr€,; ~k proba-
bly "l'lill be G:l~i sfa Jtm~~J7 ~ bat it pr~,.baJJly cf'im1o~ b-3 work€cl wh~n ~he leke 
is 1.1p. ~t izl reco:'!L ~.m:eni.ocl L'!at th. :; work next sur.r,; :n~E" b:~ acco~lpUshed: 

ao ·Con:1ec~iou C a.."'lal -- P.. sili:iY.tg with lake-: Elilt (or subfi:i .i\:nte 
nH?.t:;i"i:ilp i : needed - -· prefG~"ab!y as the C!:J1:....l i~-1 OpUled- np 
na:rt SF~ing o T~1e sts.tion:mg a:"'1d leads v.si;:d in the seco:.1d 
( 1956)' sedUr~cmHng -- -~his time vn:i3 lake silt -- is r~com­
nle:r:ded o T.!lia is ne~dsd to plug the larger holtaz nne: s.~ the 
ES~.me time provide so:n~ protection for th:; b:mtoni'te pla·t:~d 

by the 13ed:i1lJ e :J.'(;h"2g w o:-."1: d~u·i!l!g th e p~st sur:·l Tl! e r o Dep~nd.iil;Z 
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on the indications frorn loes measurements., a follow-up ben-
tonite sedimenting may be needed. 

\ 

b. Collection Canal-- ll possible. it would be helpful to deter-
mine the losaes in the s~ction of this canal from Tabor Gulch 
to L~e clam b~fore doing any silting or aedimentias. After the 
initial ' \r7eter measuring. it is recomrnended that the Collection 
Canal be silted \vitb a locnl silty to clayey. mate:ris.l. The ma-
terial et New York GuJ.cll could be tried firet. Vrtaile this ma-
terial is aa:~urated Vtith wate::- in the spring, it could be easily 
jetted £)..nd washed into ·~he ca."1cl. · Stability ·of the slopes will 
be a problem., but this probably could be controlled by watch~ 
ing t.l!e elop~s very cal"efully and by Epreading out the jeUingo 
Jetting a big excav.r'.tion s.t on.e spot should be avoided. A . 
follow-up aedimenUng with bentonite will probably ba n~eded 
to obtain a mrurlmum e;aaling ei'fect o 

.. zz-
.... 
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Enclosure 8 

. Excerpt :!rom October 12, !956 Report by P. R. ~\n:cOllou_zh 

BENTONl'rE SEDlME:NTlNG PRASE 

Durin.g the summe:;.~ of 195-6 the Twi_n L:llte~ Res·ol·voir a:'ld C!l.IlC~.l 

Compnny purc.'las.:!d 800 ·~ontS of bcnt~PJJ;a clay for the p~rpcse c:f lining 
their can&ls in or'lier to recl•.zce ~'1·l seepage losEei."il e.nd thus meJ~e more 
water available for s-::oraga and iTriaat!cil. Five !umdr ed tons of a high-
swell Wyoming bentonite (.A'.!naricBZ! Coll~id Comp:my) wera ha--!.l~d from 
the rail center at Aspen, Coloracl~ 41 while sn additional "i:hrc:;e hundred . . 
tozss of lmri-SVI•Jll Colorado ben~olrl:i:e (La."l!lbe_;-g cmd Sons ) were d alhrered 
to the West Po:.'ial . 

'I'he Co~mection Ca:ml \"7aS aelected foz- fuc initial tl'ial E. edirne:n.:. 
ting run. WoJC!tL'1.3 in cooperation \'Jii:.l'l '£-il.r ~ R o D. Dirn1.cyer., C·)!1 1::ultru~t 

~om Colors.do A an;d r.Jl. College, ::>lens we!'e fo:rrr,ulated foy• the prelim~.­
nary Eedb:~.'le:.1ting run o T.ae purpCJse oi the p:re1il.'r'i1ilS.ry s:edir!:.'!f:Htll'3g run 
VJD.S to work 01.1t e:.1 acceptabla 1 ... ov.tine procedure ';1hich ".:Jvulc1 pt·G~1uce 
good results· in flz~uTe serlli!::entL~tJ r1.ma. Approxi:r.1.ately 90 tons of ben-
tonite wera taeed for the prelit:o.il1.ary zerli:melltin~ run and an ad2itional 
150 tons were ;.Js:::;d in the second .3edimentinz ·rth'lo 

L'"l ox-~or to (ls-termine the -~Ja·~el~ losses in 'i:he Co:maection C!aual 
prior io the :!~.p~:>JJ.cati::m of bentcni·;e clay. two low-ilm .. -: meceuriuJ st2tlonfl 
wei.."e establish,~4. Tile 'two tJtt;;.tic:aa are clescrib~d belo",·:r: 3tati.)n N~ o 1 
-- . ?..lle9.Stti•in.g ·station No 0 1 weD l~ •3locat~cl in i:he center opening of the 
eo~cretG checi;: ju.Jt belO\V the 'l\~1:12el No o Z outlet,; T.n.e two sice ope11ings 
of the cia~ck were clcssc:1 tn/iH1 ch:::ck bo.T.rcls ~md v;::tta~ .. p1"co:?ed (y a tnT 
pape!' and bent.-,nHe. '!'he m.easu::-·i~g f;lev!ce usecl a·~ ·thit::: F.r~atior . '-.?as ·a 
51-011 shssp cx-·~Et,~d, recta:ngul11!:' ccr.:h"adGd \"ieh". The weir vn.n placed 
witb. couc!deral':lle care m1d the c:,•.as·~ elevG~.:i:ion wao locc~·~ocl on tlm nof."th~r.n­
most a~all g~gc~. This partictilr:'.x· '.o:reir was cl:.:::Jigt.1~d to i,netlsurn n. ma:;d-

·mum flor'l of 1£! cfs:. Steticn No. 2 -- T'cln sta:i:io:i'l is located at t~1e bridge 
crascin.g the C-.Jn::.~ction c~nsJ. otrne~ i r;.tc l:ha reser-v-oir. P1g<riu, a 5'- o" 

· reda.nguisx ~:atr:lctcd weh" -r1s.B i::J.s·tclled to meaat"l.r~ th~~ m-n.oa:rt of w~~eT 
flo,;m'!S · Coaeection C2.ncl into the rer=:el"'voir .. 'Ei'lc \7elr \/aS pla(:ed 
in a . ··i:ure 1i7Jltich ll?.d been t:mi:el"pl~oofed by mean~s of tar pa-
p~r 'l~.1.0 staff gB-gG for tl·:Ja weir is located apprmd mately 
·zo ft '· :ti~~ b::idge .. 

··23-
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Water Loas Measu:rements on tlte 
Ccnnecttoo CS.n~ I-Tlcr to PreiTiiiin!U"Y 
~edimentin~J Run 

Prior to the ar;;pllcation :of the bentonite cley to the Corm!!ction 
C .... t:r"l. ·the !css.es v.rere cletermi;>led for a five-day per!oclo T'tr~e !oases 
are outlined on me fallo;_rlng p~ges: 

J·wy 21, 1956 

Pc!r Cent 
&.:at! on Gane ~:.Jei ;,_t'l·~ 

~:2· ~ {~r'-:."" FlCJW Time Loss Loa a 
N·!),. z o.s1 tt 6 .. 0 era l:~OiJm 4 .. 5€1 cfa 4U.4 
No .. 1 0~ 76 10 .. 53 1:30pm 

No.; 1 . 0 .. 7-6 10.60 . l:OOpm. .e:.6o . £u.s· 
No. z 0 .. 5! 6 .. 0 Z:lO~m 

Nv .. z o .. sz 6 1 .. - 3:00pm .e:.so '" .. o 
No. 1 0 .. 77 10.9 3:10pm 

·=-

No.· 1 0.77 10 •. 9 3.55pci 4.60 4.4~0 
No. 2 o.sz 6.1 4:10pm 

No .. .. o.5z 6 .. 1 4:5E;pw · ~.so ~~ .. o ~ 

No .. 1 0.77 10 .. 9 :>:05p_m 

No .. z o.sz 6 .. 1 6:00pm . 4.50 4Z.S 
No. 1 0.76 10 .. 6 6:05pm -
No. 2 o.so 5.G 8:10pm 4.70 44.8 
No. 1 0.75 10.5 3:ZCpm. 

No. z 0.~9 5.6 . 9:30pm 4.90 .. ~5.6 
f>Ic. 1 0.75 10.5 9:·1:tmm ·- ~--__,....... 

10.6-3 -cfs eve~:· age 4:.71 cfr:J al·e:~·age 

im1.ow l0:3S 
·' 

Weather 

!JI£.Xo Temp. 0 0 0 77°1-1' 0 - 0 

Min, Temp, • 0 0 o36'Fo 
To·~el Precil,litntion • 0 0 "Trace 

-z -~~~-
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July Z3 , 1956 

Station Ge.ge Heigh·~ · Flow · Time LoEB 
Per Cc;m:( 

Loss 
No. ·z 0.49 ft · s.6 cfs 9:15am s.o cfs 47.2 
No. 1 ·o.76 10.6 9:~Sam 

No. z . 0.-50 5.8 1:10pm 4. 7· 44.8 
No. 1 o. "{5 10.5 1:15pm 

No. 2 0.49 5.6 4:00pm 4.5 44.5 
No. 1 Oo 73 10.1 4:o5pr.a 
Ho. 2 0.48 5.4 5:45pm 4 . <) 47.5 
No. 1 0 .. 7~ 10.3 6:00pr.a -. - -

·. No., 2 0 ., ~9 5.6 9:00pm 5.3 48.7 
.No. l 0 ., "11 10.9 9:10pm 

No .. 1 0.,85 12.. C) ll:OOpm 6~2 52.,0 
No. z 0_. 5~ 6.7 11:07pii1 

1~.88 cfs · a~·::;ra.ge Sol cflo~ average 
inflow _loss .;-:··. { 

W~ath£~r 
·~. ''r:. . . :~ ~. 

Ma~t. ·Temj? ....... 74°F. 
Min. Temp. o • ., • 37"F. . 

. Totnl Precipi·~stion .. • • • fJ o oa in. 
Hours and ti~1ea of precipHation •• o • 3 hr, from Z:OO pm -to 5:00 pn1. 

July Z'3, 1956· 

Station Gage Height 

No. 2 0.59 ft 
No. 1 o.sz 
No. 1 o.sz 
No. ~ 0.59 

No. ! o. 79 
No. 2 0 -55 o_ -- . 

No. 2 Oo58 
No. 1 0.86 

·Maxo Tem?• 
Min. Temp. 

0 • .o 

0 • 0 

.73~. 
• 36o-F ~ 

Flow Tim& Lose Per Cent 
Los a 

7.4 c:ta s:s5e.n'l 4.60 cfs 3t3;.4 
lZ.O 9:05~.m 

12.0 10:30a:m · 4.60 - 3ao4 
7.4 11:15sm 

11.3 2:50pm 4.60 40.8 
6o7 - ··- 3:002iil 
7.0 lO:OOpm 5qC)O 45.8 

12.9 lO:ZOpm 

. lao ,O~ : c!~ .· &'viarage 4~ 9Z cfs average 
inflow loss 

'1.';)ta1 Predpitntion •••• o. 05 ino 
Ilov.r::; sncl Times of Precip!t&Uon o •• 2 hra.· · 
3:oopm. to 'S:oo pm. 

-Z5-
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July 30 • 1956 

Station Ga~e He!~t 

No .. z 0"6Z It 
No·, 1 0.83 

No .. z 0.62 
Noo l Oo8Z 

Noo z 0.63 
Noo 1 0 •. 83 . 

Noo 2 0~6Z 
Noo 1 0.8) 

Noo 1 . 0.;81 
No. z 0~62 -
No .. z o.6z 
Noo l. 0 .. 85 

Noo 1 OoS6 
No. 2 0.65 

Weath~ar 

Maxa Tempo c. .. o o 78o:F o 
'r.IT: T - 3DID-!i' -.IU..ILD o emp o ·o o o o ~ ~ o 

July 31~ 1956 

S'~.tion · Ga 11,e E ·::oighi: --
Noo 2. Oo67 f'' 
Noo 1 OoB6 
No. z 0.67 
Noo 1 o. 76 

Per Cent 
Flow Time Loss Loa a 
7 "9 cfs 9:05am 4a ·ZO cfs 34:;.8 

·1Zo1 9:ZOam 
7.9 I 0:30am 4 0 10 34 0 1 

12..0 10:_40am 

SoZ !1:30am 3'o90 32 .. z 
lZol 11:40am 

7o9 1:2.~m 4oZO 34c.8 
1 z. 1 1:30om 

ll.9 · 2:50pm 4o00 33o6 
7.9 3:Cfmm 

7 .. 9 4:JC-pm 4o80 37 0 8 
lZo 7 4:37pm 

1Z.9 7:~1/.lpm 4o40 34 0 1 
8o5 7:4!i 

lZo 25 cfs avera,~e 4o 23 cfe nv~irHge 

inflow lon3 

Total Pl"ec!pita·f:ion" o " o 0 o i~ l in o 

Flow 

Hot1ra and Times of Pred.pit::~ticn ~ - " .. .otthl"B,, 
1:00pm to 5:30pm 

Per Cent 
Ti111e Lose Loss 

8o 9 cfs 9:15m:n 4o0 ci s 31 0 0 
1Z .. 9 9:L10ar.:11 

8.9 10: 30c:lrii lo9 17.6 
10 0 8 _ 10~ -40a:o.n 

________ P!_.:·ob.;thly s.n erro:r in reatUi.l[{ -- dlr;;rega:-: __ d __ _ 

No. Z Oo65 fioS 12:10pm 3.9 
~N~O~o~~----~·-O~o_8_4 __ ~-~---~l~2~o-4~----~-l_2:200ll1 

Ma~t o Temp u o o 70°F o 

. Mino Temp~ o • " o '?.0°F . 

12.: 0 3 c:is average 
infiow 

-
3 o Z6 cfs av 3i."age 

. lOBS 

Total Precipits.-~ion o o • o 0 o f-:!8 in o 
Hou::"G and 'fim0s of Prccipiitnt:i.on ., 

7:00am to -1:3 0pm o 
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• Preliminary Sedirnenthtg Procedu~e 

'lbe follolring otep-by-step procedure was u.sed for ·m~:: pre-
limir.a:ry sed!menting run in th2 ConnGction Canal. 

1. 

3. 

4. 

Appro:ama.~~l31y fifty tous of \Vyoming bantomte clay ·:gere 
dumped in ~he Conm~ction ~.nru below the concrete ::heck 
nt Tunrael Nt.l. 2 cutl.st ., 

Oleckuca::cis were. p]a~zeci in the concrete check in o~i:"der to 
dry up the chann-31 t .-nlow the checko 

Eight tone1 of t.~e benfc,nite clay were ua~d to construct a dam 
in the canal ap)rchd:rz.·.r~tely 100 ft dO\.vnstrerun from ·.::h~ checko 

The rem~.irl.'i.ng forty-two tons of bentonite clay werG spread :i.n 
the chr;.umel betw-sen the check t:.nd the dam. 

The be::ntonite bl.snl:e;; bet~:rean the check and the danL tvas 
then tiihted for a perlc.d of oae ::ll1d onG-helf iioul~a u~Jing the 
air co:~px·esso:r and the comparzy backhoe. 

The checkboarda w~re thsn re:snoved E.nd the 1;:ra·~er uhich h~d 
been s~oretl ab:>ve the ch3ck chz:;. .. iug the one and ohe-heJ.f hour 
period wa~ allowed ·(o OV•3r-top and erorl~ the beqtodt~ dam a 

' I 
I 

The weet bank oi the Connection. Cru!al was blan!tet~d v1ith 
.tlO toi:w of Sallt.1a bente:nite c"J..e:y ft,o:r.fl Statibn 34:1-00 t~ > Eto.tion 
7&.-9Z .. So . 

By foHowlug the above prcc~du~e a nu.lhy flo•.-v of vm ·~e1· was 
r1.m down the· C2'.I!a,.o Chlli-ll:s of :.!mnl~~:ad . b0Z:ltonite whic..'ll wez·e C£ ~rried 
c!ow-netream tended to fill th~ la.:l .. g.~r voids in 'i:hc che.P..nel for e c:HtJi:ance 
of ~ppro:Kim.ciely 200 fto Ae the Y£.-.ill;y water appi'oacilec~ the No., 2 check 
at t.~e otitlat cf ih~ c;:u.1<..1l ~ chcck0o:ll'd8 w~r·~ placed to e. depth of f our fS'et 
l!.nd ~'le wate:r wss allow9d to atm:"c in the channel u.util it was evirlent th~.t 
t..'1e m~jority of the~ b~utonite mh:ture hnd beG..'Il used up • 

. Mter ched:1ng the · calial tq a depfu of 4 o 3 ftc ·rio wa.'f:. ~r was 
· spillGd in·~o tincoLl Gul«: .. 'i} Res~r~r<:>ir. All o:l the \"later flowil1g into the 

cEJ.nal was lost ·!".aa:i.nly tbl"ough s:~e:lage o Dt1i'ing thio ch0cltiug pu1·iod 
. r1u!:f.1erouD leaL7 zc,nes '.ii.'er\3 locat0d e11d l'i>.arkecl on ·~he west ban:·.t of the 
cancla lt was obscrvr0rl 'tl~at several of,the lea.~B YTere flo·v.li:.'lg rdlky wa -
ter while others w._re flowing clam· wat~r a · The clear wate!• leaks inili-
cated that the bentonite particle;:> w·ere retained in t~'le chan..'lel tnbnurface o 

rfhe l!'J.lky Water l~olrs :i.nrl:lcatecl that larger sediment p::u .. ticles WGrC 
need\~d to bridge over lind plng t i'::te !e aks Q 
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After the rnillty water h:1.rl been allowed to stand for · sevt3ral days 
~e canal was drained E'.nd normel flow conditions were restored" Weira 
at measuring stat!ons e:ni3 a1:1d t,;:.ro w~l .. e repaired and rechecked.. After 
drElining the cancl. it w~o obs e:."vod that. beutomte clay b 2.d been d3!:)CDited 
in the ch:;lnnel enrl eidc sk;p.~s oi ~l-1e canal" Thia layer ~d c~epodi: was 
evtder.:t t:n-oughou~ ths lel'l!r~h oft!:~ ca!?.alo Of :m.ore imp oi'te.ncE: io tt'le 
bantondte t:.'l~t had pe~"Ac'i:ra.'i;ed into tl:.a ca."lcl hsd ma1eriE1ls £nd •.vhl$ c·ould 
not b~ s~eno 

VIa tel" Loss. ].1eaz·:Jreu1.Gnt z=: After 
Prelinmary Ee:c!Eiemfui~o:f 

-~ -Cozme::tion Cannl 

. I 

On August 5, 1956, the lose studies wore ree:urned to evalus;te 
the preU:nti:tary St3dilt:t .. snti.~g pro~: ;~dure Q T'ne results a.ra ou.tlir:.ed: 

Augus·~ 5, 1956 

Pe.r Cen.t 
Station Gaae HPia~lt 

~.., - .l<lo.J ;:_f ~- Flow Time Loss Loss 
No,. l o.73 n 10 0 1 cf:s 8:50em Zo60 .cia ZSo8 
Noo z · 0~60 7 0 5 9:05ai:.'1 

No .. z {);.59 1 A 
~- 9:55arn Zo 70 26o? 

No .. 1 o. ?3 10-.1 10:00~ 

NOo· 1 o. 73 10,.1 !0:30am 2. 70 26.7 
No .. 2 0.,59 7.4 l0:40arn. 

Noo 2 0,;61 1~8 l ! : 3 G ai."'..l 2.30 22o8 
Noo ! 0 •. 73 1~~1 11:<10aril 

~---.. 

Noo z 0.60 'L,6 l:t:.":5pm ZoSO 23."3 
.:No~ 1 0.;72 )' o9 Z:OOm:n - " ----·-
No. 2 0.,60 7.6 3:10pm 2o!O z~ .. l 
No .. 1 0 71 9.7 3:2Gmn .:r..~:.%;~; 

0 "' 
__ ___, ,. --

" 

No,. 1 0.68 9.1 5:~Spm i.lO Z3 .. ! 
Noo 2 0.57 1.0 5:~~5pxn ------· 
No. z !J. 5 i 6 .. 1 9:30psn 2.,60 31.5 
N' Ou 1 0.67 3.u C) · 9:.S:Opi!i 

9 .. ~31 e:lo avm ... age 2.45 c:?s averac;e 
inflow loss 

Weather 
Ma:u:: . ' l."'e~.'! '·.P o 

? n !OR 
0 0 ' ;..;· ..... I) 0 0 

· Mir • · ·re·.-np Q o o n 0 " 
o Oc 0 ino 

-2.3--
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On August Z3, 1956 before additional bentonite w&s pl&ct~d in the 
Connection Canal, new loss measurements w~re conduded .. Tltese mea-
surem:anta were n'3ce:Sasry becauaie the eanal. stage had cha1"1ged since 
the prelimin;u-y less measurements wel'e taken. The losses ar-e tabu-
lated below: · 

Augue:t Z3, 195!J 

Station Gage Hei~ht · · Flow ·Time I....osa 

No. 2 · Z.!S ft 6.3 cfs 9:37~ lo4 cfs 
No. 1 1~11 7.7 9:45&.--n 

No. l l.J.l 7.7 !O:OOam 1.4 
No. 7. 1!.15 6.3 !0:10am 

l'!o. ~ 2.15 6.3 !0:36am 1 ~ -0 .:: 

No. l 10 J.l 7.7 . 1 0: <:Sam 

No. l 1.11 7.7 !1:06am 1 .. 4 
No. z Z .. lS 6.3 !1:13am 

I 
No. ?. Z.lS 6.3 1:50pm 1.3 
No. ! l.J.O 7.6 Z:05pm I 

I 

No. l lc.lO 7.6 Z:SOpm 1~~ 
No. ?. Z.l5 6.3 Z:40pm . . 

·No. ?. z.1s 6.3 3:45pm 1.1 
:No. }. 1.09 7 .. 4 ~:OOpm --
No. 1 1.09 7.4 - 4:25pm 10 2 
No. 2 .2. .. 14. 6.Z . 4:{Chl:Ol 

No. ~ &.14 6.l 9: li!K»ni . .. loZ 
No. 1 . 1.09 7o4 9:22pm 

7. 57 cfs ave}:&g:a 1 • Z cfr::; avera!~a 
inflow loa a 

Weat.~er 

~JJ. "", . 69 ~-;1 .~~ .axo Lerap o • • o o · · .£:· o 

J/lino Tempo o o o • 3tl'F o 

Total Precipitation o .. o o 0 o 08 i r.r." 

- Z9-
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August 24, · 1956 

Station ----
Hoi. Z: 
No. 1 

\Veatber 

Gage HeJgh.t 
Z.l5 ft 
1.10 

1-.~ax.. Ten1p ... ,. .. .. • 63~. 
Min. Tero.~ • • ·• •• 30'!? o 

Second Sedin.tentini Run 

F'low Time Loss 

6. 3 cfa 9:00am. L3 cfs 
7.6 9:10am 

6.3 !0:35am lol 
7~4: 10:.45am 

7.5 cfa avel~age 1 o Z cfa av~rage 
inflow lose 

Total Preclpi~ation .. o. o .,O v06 in. 

T'i!e ooc~ncl se6.i:me:ntlng rtm. conair:>ted of placing bentoni·;e d~s 
immediately a.\:~ove and bel.ow tho leaky zonem in me:: Conuactio:t ·Canalo 
B3ntomte d~-:"lf:!S were placed at t..~e fcllo1vin3 ststicns: 1 

· Appt'O}dmate No.. of 
Sta':.ion 'rena B~ntotite iler Dam 

t ' 

I 
1+(h\ zo 

1.1+00 zo 
15+00 zo 
Zl+OO zo 
Z7+00 zo 
37+00 20 
39{·00 5 
63?00 zs 

·Total 150 tons 

The aeecnd ~ppHca:Uon ol ber.tmrlte was appUed mftex- the: COJnEtruc-
tion pro~.rtar.a c.n Ke'lf7 Yor!~ C!)llecUon Canal hsd begun . Supsriii.tendent 
Petel .. S huuled end placed the beutmni:e dam.s ot th.e precloterm.in. ~d station2 0 

.Aft0r a cl!lm 'tn£6 conetructecl, above a !ealzy zone, the ~~reme! ~Ta.s el!0\70d · 
to atoJ:·e t..~e inflo-ving wa't0r until the dam wee ree.dy to be overtopped.. The 
COmpeuy back! ... :~e 't:7ae thc:n. used to m.aka a naTI'OW CUt i!:l fue dai.1l 0 thUS 
ette..ining a hi~ velocity flo,.:r fuTcugh the d~-n o As the dam eroded the 
bentonite se~~li~ was car:.~ied to fue lo\7er end of the ca..tW.l nn;i the lar-
ger pieces of nn-llaixed beutonite wex-e der:;osited through the lee.ky zone o 

If all of t.~ -a hEl!L:.tcrdte in the dru:h wne not eTcded then the dain was l .. econ-
stl"uctecl and th s: nbove prccedtu-0 .. rr::.s repeated until th'e majority of tl:.e 
b0n'i:o~t~ w~.J5'- traLsport-ad m·lcl der:::.oe:·.tecl dovmst:;;-ez;.m ... 

' 
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T'ae water loss meaoUTements after fue second seclimentirig run 
are tabulated below: 

September 3, 1956 

Station Gr?.ge Heieht 

No~ 2 
No. 1 

No~ z 
No. ! 

No.· z 
No .. 1 

!io~ 1 
.No. z 
No. z 
lio. 1 

r-!o. 2 
No. 1 

No. 1 
No. a 
:No. 2 
Noo 1 

l&lx. Temp o 
l'ffin. Te:n!p o 

l\!o. 2 
No. 1 

No~ ! 
No~ 2 

No. i 
No .; i 

0 0 

0 0 

1~94 ft 
0~90 

1.97 
0.90 

1. 95 
.' 0.90 

0 0 

0 0 

0~90 
1·~95 

lo 96 
Oo90 . 
1;. 97 

. 0.;90 

Oo90 
1.95 
1.;95 
0.89 

65o-F o 

37°F o 

.1.93 ~t 
0.39 
o.ns 
1.95 
lo 9S 
0.39 

FlO'•"V Time 

3~0 cfs l!:!Oam 
4-..19 ll:ZOam 

3o-40 !2:40pm 
4.1 ~ 12: 15p:r.,.1 

3~ H1 l:30~)m 
4·;.19 1:40om 

- 1'! . 

4•19 Z:OOpr.n. 
3,.10 z:zo2m 

.3". :w 2: 50pm 
4. !0 3: 50pr.n 

3.; 40 4:15pm 
('~!9 4:20:_0L'l 

{;0 19 ~:45pn'l 

3.10 ~:SSpm 

3.;10 6:0Cpn:1 
~~.oo 6:10pm 

-4o 15 cfs average 
inilow 

F'lo~ Thne ----
3o 10 cfo 9:?.5m:n 
·1. 00 9:30am 

3~80 9:4:5e.m 
3.10 9:55ar.:."l 

3 0 10 ll:ls~m 
4o00 ll:25am 

3 o 9 3 cfs average 
in~.0'\!1 

- 'j 1 ..• 

Loss 

lol9 cfs 

Q'.;79 

1'.09 

L09 

0;;8'0 

0.79 
I 

I 
1.09 

I 
I 

I 

o.'9o ... -·· 

0.;97 cfg a.-v<;raze 
loGS 

0 o 8 3 cfs average 
loms 
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·Weather 

·Max. Temp. • 0 • 

Min. Temp. 0 • • Total Precipitation • • • .o. 0 in. 

CONCLUSIONS 

Bentonite Sedimenting 

· 'nle folJ.owing te'.ble shows .the seclimen1:ing saquence. average 
losses, and the ru-.nou!it.:;; of bentonite clay ·used per secJ.menting run. 

----~--~~··~------~~~----~------~----------~--------------~ Daily . Average Average 
Average Loss Losa Tona 

Cenru ----------Date 
Loss Before P;,.V0i."age After 1st · Ai'iei' Znd Bentonite 
Sedimentinz !nflow Sedin1enting Sedimenting per Run 

cfs cfs cis cfs 
Conn action 7/27/56 4. 71 10.68 92 

7/2.8{56 5.10 10o88 .92 
7/2.9/56 4.9Z 1~c.05 92. 
7/30/56 ~.23 l2c,Z5 92 
7/31/56 3.26 1Z.03 92 
8/5/56 9.87 Z.45 92. 
8/?..3/56 7;,57 1.20 150 
8/?.4/56 7,.50 lo ZO 150 

' 9/3/56. <&ol5 0.97 150 
. 9/~/56 3o93 Oo83 150 

1. lt is evident from the abova table that the sedimentin~g has 
produced favorable reaults 

ZQ Approxim~.tely Z42. tens of be=ttonite clay were ueed for sedi-
in~nting and blP.!'l>.et!n& the Connection Cena\ o . 

"-
RECOMMENDA TlONS 

It la recommended that: 

1 o Sedimenting be continued in 'Ute CoP..necUon Canal pending 
future los a .mea~:mrem0nts. 

-3Z-
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Zo New York Collection canal ba sedira~mted from Tabor 
Gulch "-o Lincoln Gulc . o 



• 
• 

• 

• 
-• 

Enclosure. 9 

STATEMENT 

On October 17, 1956, at 12:30 PM the Roaring Fork dam gat.gs 
were closed which diverted the ve;.:y sm.?11 Lost Men .Creek ancl ~oa:ring 
Fork River flows fnto Tu_rmel No o ~ and thence through Tunnel No • Z . 
into the 77 oo foot long Connection Canal. · 

This diversion was rnade possible only by the release of compen-
satory w&ter fi"om 1.1~cc!n G~l::.."l R~s~r1~oi:-, cin~~ t~e We~ Slc,e p~ior 
rights had c~lled for all wat2r on Aug-ust 11 , 19 56, at 10:00 AM and still 
retained the water 0'3 thia date. 

At abol\t 5:30PM, on .Octcber 18th (about Z9 hours after being 
diverted) this vary small fJ.ow heel reached o and was flowing into o Lincoln 
Gulch Reservoir for the first time in the history of the project, under 
correspondingly d::-y condition of the watersheds. · 

Due to the press of c•ther detail t•Jork required to prepe.rd the pro-
ject for winter. plus .a heavy, enrly s.nmvfall, there waa no opzlortunity 
to measure the inflow at the upp~r end of the Con.n'3ction · Ca..11al, aud the 
outfiow at the ree~rvoir end of the canal to determine actual losses o 

Although tempers.tt1rs at the We~t Portal has been below zero . 
several times, the small bead of 'l'l~.tei" continues to flow throug;l the Con-
nection Canal into Lincoin Q.ulC!'l B.ese:i:·voir 011 this date (November 8 o · 
1956). . 

West Slop,~ rights releE1.sed the water to The;; T\Vh1. Lakes Reser-
voir and C9.nal CmnpE":.llY on October 24 e 1956; at whic1'l time compensa-
tory flo\7 from Lincoln Gulc~'l Rer;;orvoi:;: ws,s clis continuedo 

November 8 ~ 1 '156 .. 

·· 34~ 

Wallace A. Doe, 
'General Mauager-Engineer 
The T·win Lal~ea Reservoir 

and Canal Co:.illpeny 
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Vi!A"I'ER .LOSS 1\tiEAS"GRE!Vii~N'I'S ON THE 
CONNECTION CANAL OF THE ¥'TEST PORTAL SYSTEM 
Tizy; TWL.'I LAKES RESEf~V01R l· .. ND CANAL COMPANY 

DURING PER IOD OF AUGUST 19- 3·1. 1957 

UpEei"' W0i r St ation* Lower l'Veir Statk;n~ .Appro:dmate 
Date Tims Gau.c;e cfs Tin1e G-au~a cfs Loss 

8/Zl/57 . · 14:05 .. ~7 4.19 13:48 zci. 0 - 1.55 
15:00 .,47 4o 19 14:28 o30 2 .. 16 
15:20 .47 4.19 15:20 0 35 2.71 
15:40 · ~~t.~7 4 o 19 15:40 . o36 2. 8 2 

.16:00 ... 37 2.94 
16:20 0 37 2.94 1. zs 

17:00 .so 4.59 17:00 0 38 3.06 
17:20 .,so ~.59 17:20 .,38 3!>06 1.,53 
17:40 .52 4 o:J6 17:20 .;39 .3 .• 18 
21:02 o59 5 .. 8 6 20:52 .47 4o l 9 

S/22./57 8:32 .. 55 5? l'.S 8:21 .~5 3 .. 93 
11:45 1 .. 47 22 .. 0 11:58 o87 10 0 3 
13:15 1 .. 4:3 Zl.l 13:15 1.;19 16.3 
13:45 1 o41 20.7 13:45 1 .. 2~ 17 .,3 
14:15 1.39 20 .. 3 14:: lE· lo Z8 18o 1 
14:~5 1. .. 38 20.1 !4:t15 1 30 0 .. 18.5 
15:15 1~36 19.7 15:15 . 1.;29 18o3 
15:45. 1 .. ·34 19.3 . 15:"-lS 1 .;29 18 .. 3 1 .o 
19:31 lo32 18o9 ] 9:52. 1 .; 22 ·16.9 z.o 
Z1:15 1.35 zo. 1 ~1:00 1.2~ 16.9 3.,;2 

8/1.3/57 8;10 1.,33 19 .. 1 ~:Ol 10 25 17o5 1.6 
10:11 1o30 18 .. 5 10:00 loZZ 16 .. 9 1.6 

8/Z'f:/57** 8:10 i.67 26o3 8 ~ 00 lo57 Z4o.l ZoZ 

8/1.6/57 8:55 lo·73 1.10 7 8:45 1 .,62 zs ... ~ ZoS 

8/1.7/57 8:00 1 0 57 Z4ol 7:40 1 047 Z2o0 2.;1 

8/2.8/57 8:2.5 lo49 ZZo4 8:10 1 .. 34 19.>3 3o1 

8/29/57 8:15 1 .. 43 21.,1 8:00 io31 1807 Zo4 

8/30/57 8:25 1 0 83 3Qo0 8:15 lo68 Z6.,6 3o4 
8/31/57 8:15 1 .. 83 30o0 8:00 lo 7 2, . 27.5 z .. s 
0 4 foot rGcta.ngular weir~ contr n c ted and Gharp edae 
*0 Mea.surGrnents from here on mt~•le by Mr" Peters , Superint~ndent 
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