e INTERIM REPORT
o ON
BENTONITE SEDIMENT SEALING ACTIVITIES
IN
TRANS-MOUNTAIN DIVERSION SYSTEM
OF
THE TWIN LAKES RESERVOIR AND CANAL COMPANY
NEAR

ASPEN, COLORADO

by
R. D. Dirmeyer, Jr.

Prepared for ‘m\“ m!lm
Agricultural Research Service W
U. S. Department of Agriculture (]CT 5 6'70
under terms of
ARS Contract No. 12-14-100-507(41) me mﬁ m
CSU Research Foundation Project 108
Colorado State University Experiment Station
Civil Engineering Section

Fort Collins, Colorado

April 1958

CER58RDD15

Preliminary Report -- Subject to Revision




BENTONITE SE

Colorado

Frellmisary Beport --

P e

MASTER FLE Copy

INTERIM EEPORT

X

ON-

MEITY SEALING ACTIVITIES

NEAR

AL-‘. a..lN C"}:J g ,.p DO

by

R, D, Dirmeyer, Jr,

preparsac for

Agricultural Lesearel Service

» 2

U. 3, Departmeant of Agricuiture

vnder terms of

‘ontract No, 12-14-100-507{41)
lesearch Foundalicn Project 103

. o BT ~ A - 2 - i
Buneriment Staticn

CER535DDL

kﬂ

Subjaei i;o Eavisig

—tmme . a

' \IIIIIIIIIIIIIII

Ul8401L 0591281



PREFACE

This report is one of five genarate in tnr"u reports to be prepared

by July 1958, Each repert is to covar one of the five siles that are now

being studied z& part of the present sec’u‘-,mb.lt seaiing research program

at Colorado Siaie University, Each report is of a preliminery naturs --

’

subject to revisica -- and contaias:

1, A compiete tobulation ef all avallable datn, including an iaven-
tory and prelirainary diccussion of evaluation res sults;

2, Tertative plans for future investigation end evaluation work,

>

Even though this ivterirm report parial 5 to cne site ounly, it will

be helpfnl to ceoasider how the dnvegtizetions et this

~

3ite Lt ialo the cvaor-

all rasearch program of szdiment sealing activities at the University, For

- -‘a
this recson e very brief summary of taz entirz program is ov;Lrwin tae

following peragrazis of this PRETACE,
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sgince July 1933, The work hes bean accomplished throuzn ths Experiment

Tiis emphasis i3 also related to the me jor source of the projzct resesrea

funds, Duriag tae early work from Jely 1953 to Jacaary 1957, almost
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all of the research studiez were financed by operating groups, such as

the EBurezu of Reclamation and privete irrigation companies end distrizis,

0

Important help wes a?—.sol received from companies with a direct commor-
cizl interesgt, such as banionite, chemiceal and mixing equipmeant com-
paunies,

In Januzry 1937, a contract -- relating to the sedimert sesaling

icvestigations -- wag entered into between the U, 8, Departinent of Agri-

culture and the University., Imporient provisions of this contract work

are cutlined below:

1. It provides a major amount of supplamental reszarch funds
for the canel ssaling lavestigaticns at the University,

2. Administration <f the contract funds is carried cut by the Agri-
cu'tural Rezsarch Service tarough iis Western Soil and Waler Managem@ﬁt
Researéh Branch, |

3, Itis effec:tive for the perfod of Januvary 14, 1957 to January
14, 19560,

4, It provides for dstailed {nvestigations et not les3 than three
and not more than six field insiailations,

Experiment Station funds were allotied to the rescarch project
in July 1956 for the purpose of supplementing the coatract funds aizd cltaer
conoger&'.égr fuzds to ba fi'_ili:-:ed in the restricted prograin as outlined ia
the ARS contrect,

In arranging the conlract program, field trial gites wore needed

. mey Alyes Loy, nen et vy S~ Lanl o - NS Tt wYy R e Miat e T - e o o & e vaatan
where ths irrigzation dictriel or company could be expectzad o actively push
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and finance the davelopraent work, For this reason priority was given
fo those sites iavolving organizaticus that were

1. Alrcady co-cperaiing in the sediment sealing investigations

2, Willing to finauce completely the installation costs of a eedi-
menting {rial in their canal gysiera;
3. Willing to {inance esupplementally the University evaluation

costs not fully covered in the joint ARS coniract and Experiment Station

In addftion i.o the above seisction factors, it was aloo necessary
to pick sites that were represenmtative cf;

‘lo The sedimenting iastallations or invesiigations previcusly
.made in the States of Ceolorado, Nebrasiza, Wyoming, South Daketa, Ari-
zona znd Califcrnia;

2. The kinds 'c:f pervious mealerials and cperatiné conditions
cemmonly found in irvigation canals,
To date, five gi

tes have been selected for the contract program

&

and are ligted in the tadbulation on the following pege according to the domi-

i o ol a2 B osuaid {7 TS el A ; CORET n
Department of Azgriculture, A copy of cach regort is also beiag seat {o
= P 8] FAl - = R : PR - s & o s - &
each of the othay co~-cperelors in the prasant sediment sealing research

program at the Uaiversiiy,

LA3
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INTRODUCTION

The Twin Lakes Rerervoir end Canal Company has been involved
in co-operative activities with the Sediment Seeling Rzsearch Project
at Coloredo Stale Unive*s‘. r since Janvary 1956, Tae zctual bentonite
sedimenting work of procedure d.sgw,veiép‘r.nent and installetion Lae been
carried on in the west portel canzls of the Comg ,e.ny s Trars-!‘fiomta fa
Diversica System during thé pazt two samrnere of 1956 and 1957,

The Trans-Mountalr. System collscis gnow-mell water from an

N

alpize crea on the ivest side of the coniinenial divide, The area is zouvih-
east of Aspen, Colorado and ia the vicialty of Independence Pass, Tre
water r yleld of this high eltiiude collection canal system is5 carried in & 7

tunnel through the contineatal divide end is then stored in Twin Lakss E.\ser-

voir, gonih of Leadvilie, Colorade end nearthe town of Twin Le.ke 'C-::10=

rado,
The Trens-Mountein water is released from Twin Lalkes Reser-
vair into the Arkzansas River, The Corapeny olso ks weler rights in the
v (=3

Arkensas River, The irrigated area sarved by the Compeny is east of

Pusklo, Celoralio and in the vicinity of Ordway, Coloredo

o

re o~ P PSS N [ rper, o R o et ‘ 22 Aavra )
The canzl seeling problemns of tae wast portel collection cancls

3
-

o A T i S e e s Al R N - . . 2. %
raiate to the cozrsz rocly rature of most of the canl bed materials,
~ 5 e P S and = - £ e~ P -3y
Tfaﬁ dominait canal bed meferials are (1} e closely fractured grenils

badrock, and () a locss talus or rock slide meaterial,
Ls a resualt of the deminsnce of pervioun caaxl bed materials
0 .

o £ vt hrarcan st g e W as P N e
loss of water through canzi peenage hos beon a cerious problem -~-



-

g

e

*)
v

&%)

5590
am g5

¥

23

i

ﬂO‘f! cC

g

*

n

o
B e k.
4 w g o
13 4] b
2 9 *y e 9] -4
- 2 bt £ . fw ot g o ¥ :
e R 4 2 35 8 2 8 g @
[V ~ &) L] =) s a s J ta o
o u a 2 9 A $ e o e S
v Tw =0 Q <Y n.. el o
Q £ 3 & ~ & v £ a2 i
2 8 - 3 g 49 f R o 3 e 4
R o] - @ b g 8 = o = % o
»d ] & '} 3 ¢l 3 g Py oy
© £ Sl ') e 2 . ) D 2 "y i ={
e ‘i_ 3 j ¢ m..@ d p mmq,an . () 3 o ﬁ.v..v
6 ™ O ) Q bt ) & . ) 3 £1 ~
d . 8 % g g 8 2 9 e It e | 5 8 @
M.m mr.J & O n.M (3] o 43 ol o w.m & .w.“ g O o
- ¢ . " I 1 IR » 2 . B €.
Ny 8 8 - 34 o ” b 3 m. - et o §4
= R - . = s Y e = & )
) " o) oy . m& . &3 G, t ¢ et e
o 3 - g o & ¢ . § B %
n & 8 . s, b o i 3 o y & d
1) 2 2 o) © o & 2 e o] o & 3] o £ y
o & T T 3) S~ B .. 2 -8 8 B H »
o B D o TR P w9 £, g T
s 1) 3 s by b e £ U ¥ - L - -
} 2 o » Boon 8 i - s <o S &40
o ioa b o 3 % ] } 3
IS - 1 53 £ ™ 34 &1 o ! =1 £
d 5 o = o 0 O b B E.8 t W 8
o “pr A v (¥5 ) -~ < v et = ] J %
A 6 . U " B B 8
[ .. 2 s = o g 8§ B 4} : 5 e B e ©
5 0B oo e - B ol o 2 8 =" g &
i o g o G & 5 = @ . 9 < ot Ho R
s 3 . g . . o - i g
% % § 8 1 - A S % ow
PR a g o w o 5 -~ 5 B 2 B o &
= E < = - 68 8 s w R w1 = = &g B B
SR ity - T S ) 28 g 3 2 B
m.,m el o 5] W ] et ay o 2] o L = T 3 & Mc !
orng o1 3 @ ¢ O & \w 3 b i £ ] 2 (8] O . e
e 3 5 = &3 o @ 9] o i D «l @ e a -y - o ;
4 [ I 194 3 o « ) o - ] o ™, | Q 0 = ws G i
s fs s .u-.m Sa >~ w«. . o 3 »nu (&} »] - "y ] (2] £ .u;. }
ta fu Gmi 3 O - o 871 i ¢ ) ¢ £ = e oy i e
) o £ <2 6} 3 ] o < § 5] { @ 3 Cw L :
A & ot o o o ] ) ) 2 .ﬁ,u o D - ©
q 6o g g '3 > o L S 8 @ 2.8 b
o (9] G, o b O Lo ! R =1 & 3 oot ot =g pord ) (!
e, 0 G oo asy L& a £t P 5 o o g W2 o «..,.u i
0 A g ¢ 2 o o = 8| [5) fo] = = & ° 1% G [}
il ] r...m pre ik b § t g w e 18] <ar ¥ —
B L S 5 9 H oo 5 9 g . H G Q R
2 g o= - 4 o Pai - € ..e o] Cs @ @ o
" nw m; <] ¢y 3 - o o mm = v 3 mc . b <3 pov
H T ] W % o d 1
o 8 B 5 & 3T G i ~ RO S oS P b
0 Lot St o . s m G - . Lo § s - G o L
i o - 7 A a SRS T pord <l =] o] 5% el 0 i ois ¥
J Re] ﬁ.u 1 v o Q ) Py o @ o) 5 5 »u : §
i & 8 & 4 6 2 § % 9.8 3 g 3 § B o<
O 5 P ) f % - ) @ . O ©3 o 3] & “
4 .m [S) = [ o ¢ t o 8. ; B =1 P s
) 8 2 SR by v P o ¢ U &
8 § 2 3 2 s 8 4 g B9 s 5
2 = & = 5 i o3 @ £} g a
] o3 N g B = % 5
@ IW.. £ £ m Gy €2 ] oS ~4 m._
& 3 q W o 3 "
O o b [
Pt 1 %] 1] :
) £ ) e
[+ &5 Ft
oq v b
1 §-:
.
‘




construction, firom 80 to 350 cfs,

2, Construction of canal bank roade gince they were not included

.

in the orizinal consiruction -~ provides access for povfe“ equipmant neadad
for operations such as canzl lining or s2aling, and removal of snow, rock

3 £ o9 »
and mud,

3. Installaiion of corrugated ms > areas -- sarious
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mud flow problems have been encouniered in a few restricted areas on the
New Yeork-Tabor Gulch collection cansl,

appropriate lowe-cost methods of sediment

.rﬂ
g

sc:nb g the remeainder of the weetl sortel canals ---mos;lj in open ro
metericl that iz fairly stable but quite pervious,
The report is concerned orly with the last item -- the sediment

sealing activities -- lsted in (4) above.
PEQOPLE INVOLVED ¥ DEVELOPMENT WORK

The benionite sedimenting work has been accomplizhed under tae
general suparvision of Mr, Wallace A, Doe, General Manager-Enginear

for the Company, and under the direct supervision of Mr, Harry Peters,

3R and oo g E SO Lyl .om & R 1 3 ‘ . {T e
Superintendent of the Trang-Mountaln Divergion System, Mr, P. R,

(3]

" '] ool s . PN g o o 2 ar 4 » e
McOllough was Rezident Englneer cn the job during the 1950 summer
L = L SR, p 3 T [m—— G
seassn, Tane Company's Bcard of Directors has d"o cen actively inier-
A 4 4% et M - - ~ et -y \ 3 A-’ 3 e
ested in the work and, on several oceasions, has reviewed the progress

of work ai the cansal locetions,



The following personnel of the Sadiinent Sealing Research Pro-

jec. at the University have assisted in the development activitizs: the

]

writer, &8 project lea dur in setiing up the sedimenting prozedures and

1
7

eveluation methads; Mr, D, L, Bender, es project hydraulic en;;ineér
in accomnlishing the in:‘;"siél weter loas measurements; and Mr, R, T,
Shen, asg aseistant rezearch engineer in assisting in thes water loas mea-
suremsits and jeboratory evaluations ¢f potential sedimenting agents,

Several moembers of the Civil Engincering Departmaent cf the Unl-

As a follow-up to co""esp ence starting in the {all of 1955 and

at the reguest of Mr, Doz, CGensrel Mangar-Enginear, a trid was mede

to the Company office in Crdway, Colorado on Januvary 17 end 18, 1956,

As & result of d2ialled discussions with Mr, Doz and the Company's Board

T2« -~ o 2 B =y sxp =l -y e P cmmo = La - 3 .
of Dircetors, a preliminary plen was prepared. A copy of this eriginel

snasTasdlnsl S e puged & 2 . ch ig
tenietive plan was {ncludad in a renort to the Ce moax , & copy of which is
atlacied i5 this report as Eaclosure 1 of the Appendlx,

In this first report to the Corapeny, the research and developm:an

e

a2 & a i e ‘nf Alm o = g - e -
or "trial and error’ naiure of the propaszed work was coveivlly emphesized,
, 0 A TN VEEE o i W Bcyan . . o il anyaveane: ooy i > 402
Tha "failure" possibilities in this type of develcpment work should be c¢afi-
~ - ¥ ., - Tye oY e g o o . - e~ - .4 S
nilely recognized 80 that a faw such stumbiing blocks can be eccommodated

e - - 1 e e - Yinwand A 4
sicpoing o apprecicbly retarding tha developraent worl
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letter is atiached as Eaclosure ¢4 of the Appsendin,
The ceaclusions and recomrnendations of the April 7, 1956 leiter
ere brielly eummarized balow:

1, T?.L{'h'w'\i 1 bentomt:

i — T

-- Becommended that the low quotation

.AU

of $22,%1/tca (FOB Aspen, Coloradn} by the Americen Colicid Com mpeny

z, Supplemenizl sadiment -- Reccmmeanded that 300 tons of the
Lamberg bentorite, minsd near Egoward, Coloredo, bz purchzased -- firal
price wes 5156,75/ton mi*vgrcd at the weet portial area, |

On May 24 to 27, 1956, the west portel erea of e Comprny's
Trans-Mlcuntain Dive zlon System wes vicited, A report pertaining to

]

tils trip was forwarded to

-y

[&N

ir. Doe un May 29, 1956, A copy of the report
is eftacied a3 Enclosure 5 of the Appendix,
The concluszions and recomizeudstions of the Moy 28, 19556 report

are brielly enmmarizead balow:

1, Site for Initial trial worlz -~ Recormmended <hat ¢hHz prelimi-

— i —  —— —

nary reczarc and Gvebipient worl: he coafined to thﬁ Connection Canal
between Tunnel Mo, 2 znd Lincoln Gulch Dim,

&, Scepage loss siudies -- 2acommeanded that deteil2d ssepage

loss mecsurements b2 made oa bath “he Connaztion Canal end the Collze-
tion Canal! -~ water meacuring stoticias wera located,

3, Sedimentinz proscedure -~ Recemmendad that the indtial tricl

- SO | o M. . § - » ' t ver
apage ereas {ncluda, in the order mentionsd: (a) savw-

work in worst €2

-

u ) Colorado bentonite, and () Wyoming bentonite,
dust, (k) Colorado bentonite, and (:) Wyoming bentonit

-6




Durlng the periods cf May 27 to June 1, 1956 and June 11 to 15,

1956, Mr, D, L., Bender initizted

=

1e szepage loss measurements men-
tionad ;n (2) zhove, Mr, P, R, McOllough asaisted in the water mea-
surements during the week of Juaz 11th and then, afier June 15th, con-
tinned alone on the water ineasuring work, The results of tais inm..l
measuring wor: were cutlined in a report by Mr, MeOllough, dated Octo-
ber 12, 1956,_ and titled, "Eeport of W; g1 Measuring, B-azﬁ.:cnitzz Sedi-

menting, and Canal Censtiruction at the Twin Lakes Trans-HMouatain Di-

a

version System curiang 1956 Summmer Scascea", Those porticas of the above
repoirt that pertain fa s iritisl "Water Mczaguring Fhasa" are attached
as Enclazure 6 of the Appendix,

In this initial water measuring work during the inxuda gnow-mels

and run-2ff pericd, it was poszible to measure the pezk flows of most of

the canale and creeks entering Lincoln Gulel Regerveir, it vas not possi-

o

ble, howaver, during this partleslor pericd, to determine accurately the

< O

seepuge loss or {low skhrinkage in the varicus major sactions of canzal in

\“
{:
£
o
W
L
3
o
e
ot
O
=
s
(o]
v

The loss measurements were uszset by a comple

-

the most chvious dictroaiiag conditions ere 1ist2d below:

— o s o3 B DRI [oh 08\ SN | : 2 RS
1. rlzr tuating {low -- Rediecting the varizble rates and guantities
£ . & S ATSAS 1 K 57 T A e e
of snow-melt ia the upstream aren, the staze of caral fligw ~- and the

flows into and out ¢f cazal tank storage -- are almest constartly ehanging,




2, High groundwats: level -- During the snow-melt period --

especially when the snow in the ihrmediate vicinity of the wast portal
canals is melting -- the ground is 2ssentizlly saturated end the canals
act as drains,

. Thus, fcr practical purposzes it can be assumed thai during the
snow-melt period the seepage losszs ir any given section of th2 west por-
tal canal system are quire variable and esaertially mc.nternzin..te. A

In summa"ion &3 result of the prelimh;zry planning ac' tzvzties it
was conciuded thats
1, Where -- The inilial szdimeat sealing development work in the
west portal arez would b2 ac*onml ghed 1n the Connect*on Canal,
. 2, V/hen-- The major d\.velopz went and ’tria_l work w_ouid be accora-
pliehed after the main snow-melt seriod and alie r‘ the canal hﬂcws had stabi-
liied tosa relativcly San.lI but steady flow, Qmundwater inflew would nct

L X

. be a significant problem at that thine,

3, Maeterials -~ The following sedimen tnﬁ. xﬁacexiah vroulﬁ be
used (a) 5090 tcns of high-swell brntonite from Osage, Wyoming, (b)
3090 tons of supulementel seditent or low-swrell behtos:ite fi*ora near Howard,
Colcrado, and fc) wet sawdust from waste pile ot saw inill slie in we.:st
porizl areza,

4, Procsdure -- A ponding' methcd of sedimen&ixig wbult:! be used
with ."ia.! mixie; aud an“h:z:;lor zaetheds to include (a) blaniisting of
wors! areas, aud (b) mixirg meizods deaigned to produce lumpy roizes

and uiilizing locally aveilable equipment,

—8- -~




5, Ewvaluaticn -- Inflow-cutflow weoier measurements would be

cobtained immediately before, during, and after sedimeniing by using

dams at the tvo ends of the Comecetion

Az

weirs mounted in the ponding

2

Canal,




. sure 8 of the Appendix,

DEVELOPMENT AND EVALUATION ACTIVITIES -- SUMMER 1956

During the period of July 23 to August 1, 1956, a trip wés mede
to the west portzl area to assist in the initial bentonite sedimenting trials, #
The resulis of ikis trip -~ end in adﬁiti&n, taose of the subsequeni develop-
ment work during thé remainder of the summer -- are summaerized in a
report that was forwarded to Mr, Doe on Octcber 17, 1956, A copy of
this report ié attached as Enclosure 7 of the Apnendix.

The 1956 summer work was alco detailed in the October 12, 1956
report by Mr. P, R.., MecCllough, T“dose porticns Qf the latter report
that relatz to the "Bento‘nite Sedimenting Phase' are attechoed as Enclo-

rieﬂy summarized, the procedure @'&ebpment work during the

sumraer of 1955 includaed the following:

1. Preliminary prepsrations ~- These included (a) hauwling of

509 tcns of high~swell bertonite from railro;ld giding ir Aspen to stock-
pile area at Lincoln Gulch: Reservsir, (b} delivery of 300 tons of low-
swell bentonite at west portal s%:a.ckgile arez, (e} constructicn of tem-
porar:;' check siructure at lower ead of Connection Canal, aﬁd (d) iastalla-
ticn of 5' rectaagular wei:ﬁ blades in check siructures st upper aad lower
ends of Connection Canal,

2, Waier mezanring ~- Starting toward the 2nd of July when the

fiows were small, water lo3s mecsurements were eccomplished (a)

prior to first ssdimenting trials, {b) afler first sedimenting triale,

-10-




(c) befzre second sedimenting trialz, and (@) after zeccond sed *.“:2‘1*1‘3"

trials, Dztailed records of this weter mzasuring ere included {n Enclssure

£ of the Appendix,

3, Procecure davelioomert work -- Taese activities were accon-

 fhbiyeniedirhdiiel (=it 8

plished during the periods of {2) July 28ik to August 3th, and (b) August

z4th to September lsi, The step-by-step detoils of the work are outlinad

-

seatonife wixing and pl ce-

»
3

bentonite -- placed so that major saepage loss areas ware £u bja::ced to

treatment witi lu:npy bentonite sedizaent £ealing mixtuwres,
Even thouzh the bentonite mixing methods were quite crude and
< -

‘

undoubtedly could be improved, excellent szaling results were obtained,

The resulis of the water loss evaulations are zummarized in the table

below:
Date Average Av, Loss Av, Loss Av, l.oss Av, Loss
Inflow before after before after
1st Sed. J1st Sed. 2nd Eiedom énd Sed.
July 27 10,68 efs 4,71 ofs e
b 28 10,88 5,10 ' :
" 29 12,08 4,92
w30 12,25 , 4,23 "
o3 12,02 3,26 ! o

15t run -- bhenteaiie pl'v*e'ng 1t started Ju‘y 23 1956 -- maia mizing in
cenal piorted Augnst 1, 1936 o1 d orapleted A _.gugt 4, 1956,

August & 9.87 cfs 2,45 cis
23 7457 . 1,20 cfs ;
" 24 7,50 1,20

Znd run -~ bentonite placaraent staried August 25, 1936 -- mixing in
canal ¢completed Septembeor r 2, 1936,

Sept. 3 4,18 cfs : 0.97 cfs

o4 3,92 0.83
; <1f~



On November 8, 1956, Mr, Doe released a statement to the Com-
peny's Directors and Stoclhislders that outllnes the results of the bentcnite
sediment sealing activities at the end of the first season, A copy of tkis

statement ig attached as Enclosure 9 of the Appandix,

DEVELOPMENT AND EVALUATION ACTIVITIES -- SUMMER 1957

During 1§57, one trip was made to the Company office in Ordway,
Coleredo and thrae irips to the west portal ereca -- for the purposes ae

indicated in the table below:

Dates Destination Purpose
May 7 and 8 Cradway, Coleraco Prelirninary planning of sum-

mer bentonite sedimenting and
evaluation activities,

June 11 end 12  West Portal Area © Final plenning of euinmer evalu-
etion activities and water mea-~
suring during peak flow conditions.

Avg. 19t0o 23 - " = - Water measuring during low flow
conditions and testing of alr jet
mixer,

Sept. 23 10 26 ° 8 % Water measuriag during low flow

' ceaditions,

Plans were made to {2) coatinue evaluation of sealing effecis of

the 1556 zentonite work in the Comieciion Canzl, and (b} cormplets bento-

planz, kowever , were disrupiad and sugpanded in the early pert of the
puraraer beceuss of 2 serizus washi~-sut and cazal break at the uppser end

of the Collecticon Canal n2ar New York Gulehy The repalr of this canal

“12-



break was a rh'ajar work projgct for the west portal construction crew
dﬁring the 1957 summer zse;asongv Tae weater loss measuremenis on th2
Connection Canal ~wez"t:-a carried out as plaimedc

The watsr logs mezourements made during the August 19 to 23
trip cre attached as Enclcsiufe 10 of tas Appen_c’aix; During that time,
with an inflow of about 4.2 cfs, the los3 ia the Conasction (fanal range:d
from 1,2 to 1,5 cfs, Ate larger Inflcw of ebout 20 cfs, ti;xe'los:s i;a"xg's::d'
from 1,0 to 3,2 cis,

3

ae period of Septernter 24 te 26, a recordar was set-up

L

During
at eaéh of the uppaer end lower weir staticns on the Connection Capaa
The canal flow had tapered off to & emeller but rauch stzadier flow than
wad found duriag the August water measurements, The range of weker

- flow and 1283 during this pericd wes as tabulated below:

: Upper Lower Apparszi
Min Max . Min Max Loz
6.45 cfs 6,75 ofs 3.68 ¢fn - 3.80 cfs 12,80 cfs

After tho recordars were reracved, welr geuge readings were
made, oence dally, until Colober 5, 1957, The rasulis of the readings

by Mr, Petera are licted below:

Upper Weir Lower Weir Lpprox,
Datz Time Gange CFS Time QCauze CF3 inse
9-28 . 8:154 .62 6.3 8:004 .40 3:3 3.0
9-29 8:204 .55 5.3 8:108 .34 2.6 . 2,7
i0-1 8:403 .54 Bl 8:304 .35 0.7 2.4
10-2 8:184 + 58 5.3 8:00A .35 Bl 2,6
10-3 3:30a «53 5,0 8:154 L33 2,5 2.5
10-4 8:50A 049 4.5 8:40A 32 o 2,1
10-5 9:15A .50 4,6 9:004 031 AR 2.3

.

:
[
G
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It will be noted thet the indicated losses during the 1957 season
havé increased to some extant from those for t‘a.g 1956 s2asou, Waile
the sealing =ffsct has uadoubtedly deterioraied to some eient, it ‘ehould
also be realizel that th2 1956 r‘ne.-asmfsmeats were mads with less- poal-
ing depth than the 1957 meaasuremants, The .‘.9’56 meaéuremezats were
made with & 5-foot v}eir_with a pend depth of arcund 1 foot.

During 1957, thei:p{:er weir crest scling was the same for the-
August end Seplember waler measurements, Taz \z;eir crast wes about
2.2 feet above the ﬁcttcm of the wair pool -- two check boards plus 4
inchzas of welr dlade, On=2 bay of the threae-bay chack structure at the
outlet of Tunnel ! wes used for tha weir sat-up, 3

The lovier weir crast setling was not the same for the August
< <]

and Seplember measuremaents, Duricg the August measurements, the -

¥

wair erest was about 2 fect ebo-v..a the bot;:om of the weir pool. riag
the September measursments, the weir cj;'est was 6:13 cazck toardhigaer
or ebout 3 feet above the bottomt of the weir pool. The center bay of ¢
teinporary timber check weas uiilized for tha weir set=up, The timber

siructure was set in agains: the upsirezam edge 6f the concrele trancition

of the drop stracture into Lincoln Gulch Reservoir., 5
Ideaticsl 4-foot wels blxiasivere used in the upper and lower wiair

set-ups, The v2irs wara (perated uader contracied conditions., The
&

bladas were filed to a cull knifz-edge,

Tae accuracy of the weir rmeasuremente {e estimatedtobe + 10%

=~ becaise of the following factora:




1. Some inflow of groundwater into the Connection Canal --
probably very rainor smwouts during Luzust a.nd- September readings .

2, Weir structures were oot completely weter-jroofed -- des-
- pite concentrated efforts, the leaks get through and around t‘hé strucﬁures

could be stopped only temp ox:arily, It was estimated thst the lowar siric-

ture was leaking slightly }more wuter than the upper structure,

Because of the cantl wagh-out previcuely mentioned, the prece-
dure development activities were eat to 2 miaimum during the sn-xmmez-‘ -
of 1957, Ilowevar, aome.wcark wae accomplished, such 2 listzd below:

1. Priminz methsil ~- Afler ccrapletion of the enlargement work
1nz P

in the Collection Canel {rom Tabor CGulch to Liacoln Guich Res e;'\'oir

end towerd the end of the summer of 1957, it was found that the low flows
-- lese than 10 cfs -- would not carry through to the reservolr, Various
combinations of eedimenf.-s were tried In atiempts to s2el the cim;al'. Tiae
best combinaticn seemed ts e one inveiving a mixiure, in equal parts,

of {2) wel sawdué’c, () <Cclorado tentonite, and (:::) Wyézﬁnﬁ berntorite,
The mixture wes hand shoreled into ke head ead of the canal ﬂpw‘ at |
Ta.bc;r Gulch, The resulting muddy water m:’:,xture. and {12 subsoequent

L

follow-up flews 3f clear water carried tarouzh the canal, Inflow-culflow

£ .

measurements ¢f the flow were not rande,

T

2. Air izt method ~-- In an attempt to devralon a simple zacthod
pEL & 2 3

of trensporting relatively vaswelled and just slighily wet granules of
beatoanite directly into ver) pervious canal bad zeones, e prelirninary

trizal with a cone jet miuer vas campleled, Comprassed alr was usad




¢

inetead of water in an ettempt to blow the dry g‘remui-ated type cf bénto:xiie .
i_nto the ponded water directly esbove the very pervious zones to be sealed,
It was found thz=t the beatcnite could be handled in this n‘iam" r with the
equipm;nt; howavar, It wus obvious tl..c.t larger, more converlont equiy-
ment was needed, A naw rni ter end air-slide ’103,»4 bas beer consirveted
and ‘w}'.ll be tested during the coming summer,

It is an*iczpat..d that the first method above could ba uced as 2
'‘priming and puddling" tyse of opz Jtim in the newly enlarged and vasealed
sections of cana.l,, and the aecomd mathod as a {ollow-up methed to azzgi
off the p arvious zgnes nct 32aled in the first primﬂ;-g opereticn,

In & recant dizcusuvion, My, Doe séa{:ed that duriag the past wirler
it hes been poesible to meictaln smell flows of water thrrough the Cormw-

tion Canal, Ee aitribuied this {o Leing able to ineintain a f‘all ratar de zpth

in a checked-uz pond in the canal with & small flow of water ., With aninsula-

ting cover of saow, the witer dozs rot freeze completely to thr bottow, If

this pilot bore siays opan through the rest of the winter, it sho:ld simjify

the canal opening pracedures in the coming spring rx‘,d Wiih a fiov of
S ¥
waler establishzad under the snow cover and evan though the szow-mealt

wa.eg‘ S22ms vary c:u,! it 13 surgrisiag how fast i will melt tie snow out

of the canal 5.



TEN IATIVE CONCLUSICNS

Ags a resull of tho secont 3 .dgnmi. seallng asctiviiies of 'ﬁs;s; past
twe summers in the west p ortal ares of the 'Tain Lakes Ireas-Mouniai:
Diversion System, ssveril tent::f. ve conclucions can be gizted, Tizal
conclusicns cemot be offe '2d 2t tlis ﬁme‘ since the devalopinen ’ﬁ’OZ’k -
end empecial&y the e\ralu::i.‘ ,n worlr -=- {5 only partisily complete, Tie
west portel work will prok ;bly bo coatinue d'c ag a ..ai,.n.:rvu.mg fhurcugh @
next two EUMIAETS of 1¢438 und 19489, Tho tord :zt:l'v<z co.rz::lus:;’.cm;, bagec
on rc"'.xlt., of work to deiz2, are Hetad balown

1..'_ Ex‘d?o em -~ Th: major preblemes of sediment sscling in the »

weot portel canels relate (o '?.?.15: £ :Novring:

&, (.naracts'" ¢f pervicas materlslg -- The fiactared bedreol

|

ancl‘espécf.any e lovee ;a ok talus mat:u“ﬁii coremonly have relotivel
large vcelda to be plugged cnd seelad;

b, Eizh walce ;gg =~ During e sprag and eandy summen
snow-meli period, infowe of greundualer ivio the serals fend {o dia.
lodge veid-pluge ;i:- g matoer ale -- facluding tie godiman ees.ing egents.

- -

Lg r:.. - 3 woncd v arls o
2, Tentalive nraccdurss -- Thae sadimsals el ceais
R

racthods that apparenily ¢ive the 2est canal :’e:-f.l::' rezuliz are Usted
belaw;
a. DLitial primicg -- 11 22 west portal caneis axd 20pecially
in the newly enlivged ecot.oan, (a2 faitlal prin cencs o 83 bast acoome
plished with a :,::amw; ag raigdurs ecnialnivg, in eomal de, {1) we




sawdust, (2) Colorado beatonite, and (3) Wycming bertonite, The hand
ghoveling meothod of applyiag the pr:lmmg sediments into the hasd end cf

the priming flow of canal vater seems crude, but it has 'produciz’ci good

rezults, Thzrefors, no pr esaing aeed for additional development work
in this regard is visualizel at the preaent time,

b, Follow-up j roceduras -- The follow-up procedures required

to plug the leaky zones raiaeining after the initial priming cperation have,

12 20neE, Several machonized equip-
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to date, invclved hand sha"relﬁng of Colorado bentonite as a blankating -
'men‘ methocs cf aecwnhl. izing this work have be n convidered, Addi-
/
tionzal develcpment work, liowever, is need-ed to celerinine the best and
most practical method, C2e method uader CQ’IB!C'.-”TE.thTl invelves the uss
of compreassad air to ehoo dry granules of W ym:ﬁz.:g beatoaite into the
poaded waterr above the suipected iroulle zone,
c. Best time -- The bost time f::r the sedimant sealing acti-

vities i8 late in the summer after (1) ihe conal ﬁc‘sys ave small 2nough
; so that a pording procsdurz of esdimen? 83 ejz,nz» 2an conveniently be usad,
i

~and (2) the grousdwater l:vel zad ue related inflews of water into the

canals have recedad to a nuaimum level and flow,

ATy

3. E‘vame Hiong -~ The current meter mersurements during the

°

gnow-melt and peak run-of period are usaful in delermining the pesk

flows of the waat portal caaals, bus they are of Litile vaiue for accurately

c‘sewrn"inmr the seepoge loss in any given esction of canal, Numerous

fuflows of surfece end undargrouad walsr upset (ke s2epage less deler-
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late in the summrer seacon provida the best method of accurztely deter-
mining the canal s2epage lnsees, A continustion of the weir measure-
ment3.on the Conmactiorn. Cinal {6 needed to daterraine tha (&) progress

“of the development work within eny onz seazen, and (b) rate of deteri-

ration of the s2aling eifecis frora one gceacen to tae next,

4, Life of sesling »flect -~ Bacauze of the pushing out or disladg-
ing effect of the spring and early summoar inflows of groundweler inte the
weet portal canslas, it secerizd thot th2 sadiment pealing producaed during

the surmner of 1956 co.dd sz damaged during the early part of e 1957

summer g2ason. Some desreass in the sealing cifects in the Connecticn

-

'}

Ceral hes been not ed, but 't does 1ot ceem o ba & eritic : decrzese,. It
rany develdp, hewever, tart a per iodic renewsal of the sediment g2aling
is reeded in some sress of t1e cenals, It is be‘nwled that e 2dr jet
meothod offer: & pit\’:!..lﬁ.'.&' Iwr-cost and fast nethod of s.ce‘cmpli zhing

this waintenanes work, a8 naeded,

5, Anplicziions iz ¢ther chnilar cannls -- {a senlyling the results
-5 e il - -~

of this devel spmmernt work {1 other canals of cimiler noture, sirailar
adaptaiion or fitir: g work ~vill uadoubtedly be reqgulred

ing recelts ere (¢ be obizined, “he persisience and ingmauily of the weel
pcrt con_,tr‘uc ‘u z crew hao been an fmportant contribviing fecler inthe
succesza, to datz, of the Tompany's gedimenting work, It is anticipated
that & similar type of pera eteace end eathnsiasm will be requi:'«:‘_ 1at

cther sites, if similar cudressiul resalis ere to ke obtaine
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TENTATIVE PLANS -- SUMMER 1958

The evaluation and developrient work in the coming summmer ses-
son will be maialy resiricted to aclivitiss .in the Connection Canzl, The
details of ‘the work involving Corapany construction or paople rameainio
be worked oyt with Mr, Dee, and in addition, any major ccnsiruction
ftems will have to be cleared and a;;pfoved by the Coﬁipznﬁyfs Roard of
Directors. The recommended work is bri,ef?y'g;@ﬁlined below:

1. Check structur:s -=- Two chack structures ars nsedsd: one

et the drop inlet siructure into Linceln Guleh Eesamroir , and tha other
at about the mid-point ia the Connection Caxal, The mid-point structurs
gasuld be locatad ot the upler end of the pond formed by checking up at
the lower siructare . I would be very helpfal ifa semiwpe’:ms‘nent typ:
of structure (wﬁh center s.;;az:«cr’;sectiems removable during the spr!ng{ 5
-hi&;h fiow period) could be iastalled at both locations,

2. Recorder welle -- Threa racorder walls are needed: one al

each of the two structues mentioned above, and one atv thz check struc-
ture aé the outlet of Tucnel 1, The wells gshould be localed 20 to 30 foegt
upstrezme from the structures in which the weirs ave to b2 located, Peairma-
neat type of well sat-up, vith galvenized pips and concrate bé&f;cm, would
be desirable,

3. Recorders -- Tiree razorders, cae for each of the ove walr

locztions, are needad, An efiort {3 being made to obtein the recorders

on 2 loasn basis for the gummear,



A —— e ey

4, Water measuring ~-- Assuming thet the above constructioﬁ {or

the approvad portion thereo!) is completed by August 1, 1958, a sche-
dule of cozntinuous weir measurements i3 planned -- undar checking condi-

tioas as ocutlined balow:

Period Upper Weir : Middle Weir Lower Weir
Aug, 1to 7 2 check boards 1 check boards 1 check board in i
Aug, 7to 14 no chaznge 2 " " 2 © " "
Aug, 1410 21 " . 3- " " g oMo
Auvg. 21 to 28 " " 4 " 4 " "noon

5. Leskage ereas -- As the pord levels are progressively increased

as outlired above, megjor ciunal seepage areas will be locatad in the adja-
cent area below the Connection Cenal, This: will provide a check ca the
efficiency of the pirevious gediment s2aling at the successively greater
ponding depths,

§.. Eguivment te»st_i:ag and davelepraent -- Severel types of mizing

equipment heve been constructed by the University ~projeét this winter,

" In addition, it is our undersianding that a company in Salida, Colorado

has devebped 2 mixer that {hey wcald like to test on the Connection Canal
next szzmmer.‘ It {8 planned that the equipment teeting will be started :
sbout Augr;s\t Z28th, A gelf-contained and portsble unit ﬂzat. cogfd be hookead
on behind a dump truck would be deasirable., The testing will probebly

include the air jetting methed of shocting the granulated Wyoming bento-

nite iatoc the pond water above the suspect zones,

7. Miscellaneous data -~ Information and data of the following

types will bz collected:




a, Wetled area dats under each ponding condition,

b. Plan, preofil: and cresa-secticns of the canal,

¢, Deteiled clanzification and map of c;mal bid rmeierials
in the Connection Canal,
d. Water quality data ~- 1956 tesiing indicated almost ne
dissolved solids conten! but will test again, especially lite in the summar,
e. Acrial photo coverage of area, if available from the U, £,
Forest Service or other similar agency,
f. 'Photogra‘ bic coverage of sumrner activities, including
color movie story. |
g. Locsatica of inajor arzas of groundwater inflow from abave

Ceonnection Canel,
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Euclosure 1
Propesal for Develcpment of Sedirmenti g Procedures
to fit Conditions in the Transg- ﬁe ztzin System of
The Twia Lakes Reserveir aad Canal Company

Introduction

At the reguest of Mr, Wallace Ao Boe, General Manager-Engineger,
we made a trip o the company cifice at Ordway, Colorado on January 172h,
W returned to Fort Colling on Jani’afy 18th,  The purposes of this trip
v2are:

1, To obiain a gencral picture of the opaerating and seg; 33fe loss
conditions in the | ra?wnoaa‘-ta;in Diversica System of the Twin Lakes Reser-

voir and Canal Company;

2, To makere :"ue“id?.. n8 concerniang the development of gedi-
menting proceduras to fit the diversion sysiem ccn“'tmm,,

Because of snow conditions in the transmeountain area, it was not
posgsible to vizit the diversion pgystem, However, excellent b chigrouad
informeation was cbiained in discussicns with Messrs, Schroeder, Clinger,
McConnel, Doak, and Pauntle of the Board of Directors and with Mr, Doe,
Mr, Hogig's consuliing report and L; . Doe's coustruction recemmenda~
o foa.

twf's wers camn.” , faﬁied, "l'ze reculis of our past se diraent lining work

Conclusions and BEecommendations

1, Since it was nct poszible to malke detoils
tha conclugicns ng %
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3. Past experience indicates that a low-cost sedimenting proce-
dure caa be developad to fit the collection canal conditions, A modified
sedimeanting procodure -- involving the use of local clays, silin, or saw-
dust in combinzticn with bentonite -- probably will be required,

4, The fellowing ste pf‘ in the devel'\pmex:- program eve recommended:

a. Purchase of bentonite -- 10 cars (50 tons each) of high-
swell bentenite to be delivered at rate of cne car per week starting June
1, 1 56, Estimated cost -- $25,00 per ton (at Aspen) x 500 tons

Total $ lz,‘,oo 60

frse
1)
([ d

b. Water meaguring -- reasonchly accuraie systein of water
measuring is needed to guide the sedimenting development work, To set
up the gysicm -- one 2~week period in June & J D, L, Eonder, Supplement
cirecks involving two 3-day pericds -- cn2 each im July and August, Esti-
matzad cost -~ 128,00 per day plus expences, Total $ 660,00

c. Docvelopraent of procedures -- consuliation help on setiing
up preocedures and in finding supplemental sedimesnts, if needed. One 7-day
period at start of work -- other time as needed, Estimated cost -- $40.00

per day plus ezpsasas, Total $ 760,00

d;, Placement end mixing -~ cost of labor, 2ir compressor,
bull dozer, tm.cl:;n'r,, etc,, Esccl to transport, nlme and iz the sediment-
ing meterials, Estimated cost -- 500 tous at $10,090 p tota plug 300 tons
of supplemental sadiments (sawdust, local clay, ete.) &t $15.00 per ton,

To‘al $ 9,500,00

e, COverhecad and contingencizs -- ‘ 1,508,00

Fetimated Tot2l $ 25,000.00

Reppectiully subinitied,

R. D, Dirmeyer, Jr,
Project i.cader




Enclosure 2
Evaluation of Bentonite Samples

Proposed for Sediraenting Use :
by The Twin Lakes Reservoir and Cansl Co,

Introduction . : ' :

At the reguest of Mr. W. A, Dee, General Manager and Engineer,
Twin Lakes Reservoir and Canal Company, evaulation tests were per-
formed on two Colorado bentonite sarples; one from near Lasg Animas
and the other one from near Salida.

For a compariscn, the evaluation tests were also performed on
five comrmercial Wyoming high-swell bentonites, The tests used are given
in the Univeresity of W_,mming Natural Rescurce Research Iastitute Bulletin

‘No. 2, August 1946, by H., G, Fick, entitled, "Bentonite - With Test

Methods and Results of Tes'ts of Wyoming Bentonites"

The grit content is8 the per cent by weight of the bentonile which
was retained on & 325-mesh screea (44 micreon openings). Where the
grit content was high, the per cent retained on the 200-mesh (74 micron
openings) screen was also obtained,

The colloidal yield is the per ceat by weight of the bentonite which
is still in suspencion after 18 hours,

Procedure

Sample Preparation

~ The beatonite camples are crushed to 2 maxiruim size of 1/8 inch
and dried in a 105°C to 110°C oven for 12 hours. The dried bentcnite is
stored in closed containers so that it will not gzin moisture,

Crit Delerminaticn

Twaity-five grams cf bentonite are thcrox.rmly dispersed in approxi-

mately 500 mi, of water, The suspsasion is washed through a 325-mesh

screen, The grit remaining on the screean is dried in the oven and then
weighad, Th\, percentage of grit is computed on the basis of the weight

. of tae original sample.,

The procedure for finding the amount retained cn the 2(0-mesh

gcreen is similar to the precedure involving the 325-mash gcrasen,

=3:



Colleoidal Yield

Ten grame of bentonite are thorcughly dispersed in 500 ml, of
distilled water, The dispersed suspension is put into a tall graduate and
allowed to stand for 18 hours, At the end of this pericd, the material in
suspension is slowly siphoned or poured off the sediment, The sediment
remaeaining in the graduete is washed into an evaporating dish and the water
removed by dryinz, The dried weight of the sediment enables calculation
. of the colloidal material still in suspension,

Results
% Retained % Retained Colloidal Moisture i
Name . 200-mesh 325-mesh VYield Content Remarks
Royzl Earth ' 2,38 87.8 : '
Beaton Clay I 4.5 66,6 Drilling mud
quelity
Benion Clay U 5,5 60,4 Second quality
Benton Clay IU . 5.4 62,4 -Unkaown type
(probably 2nd
quality)
Volcley SPV 2,26 87.2
Szlida Clay 10,9 16,9 54,2 10,5 ,
‘Las Aaimas 3.15 5.5 72.4 4,6 Bsst of Les
Clay 1 Animas samples-
' ‘ : picked visually
Las Animas 6.65 10,9 55,5 4,6 Representative
Ciay 11 : of 21l the Las
: TG UL - : Animas samples
Discussion
Both cf the Colorado benicuite samples have considerably more

grit end a2 somewhat lower colloidal yield i an the Wyoming benionites,
However, the Lasg Animes I sample, which was f om c¢ne part cf the depo-
sit, compares iavorably with the Wyoming benionites.,

Usuzally th2 desirakle p ] rti s for a cedirenting bentonite are
a low grit content {which is waste) aad 2 hish ccllou.‘al yield,

If the ben tomte is not 8 drilling mud qualiity bentonite, ithe mois-
ture content mugt alse ne ‘c'\ en into concideration, Ia pasct sedimenting
work the moisture content ¢f bentonite has beaen Hunited to 1ecss than 10



: ‘per cent, Some pit-run beaicnites run as high as 40 per cent moisture.,
P g
Peying freight on 2xcess moisture ig, of course, something to be avoided,

Respectfully submitted,

Don Bender
Hydraulic Enginear
Sediment Lining Project

Colorado A and M Ceollege

Fort Colling, Celorade
January 27, 1956

-
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- Enclosure 3

GENERAL NOTICE

-

Quotations raquested for 500 tons of high-grade (drilling mud

quality or better) beatonite. Submit quotations {FOB Aaspen, Colo.) on
ocae or both of the following types:

~a, Creamular bentonite (max. size 1/2") in bulk (preferred)

b. Fowdered bentonite in 100 pound sacks

Delivery point will be at Aspen, Colorado, Delivery to be made
at the rate of iwe cars (50 tons) each week startiag June 1, 1956, Train
.to Aspen twice waekly -- want one carload each trip, If trucks are used
‘=~ same delivery rate of 100 tenas per week, starting June 1, 1956,

Suggested staudarde of quality are outlined below:

a. Ioisture 10% meaximura
b, Grit” 6% 3]
c., Colicicfal YVield® 60% minimum

* Teste outlined in "Bentonite, with test methods and
results of tests of Wyoming bentonite" by H. G, Fisk,
Bulletin No, 2, August 1945, Natural Resourca Research
Institute, Laramie, Wyoming,

Submnit quotations {to Mr, W, A, Doe, General Manager-Engineer,
Twin Lakes Resze ~voir and Canal Cornnany, Ordiay, Colorads, Deadiine

{ ST X
! - 2 = LY ., -
f date -~ March 1, 1955, laclude certification relating te quality of bento-

nite referred to i2 quotetion,

Benionite  high-grade Quantity Unit Total
i‘ (FOE Aspen, Colorado)

a; Granualar 500 teas
b, Prwderad 500 tons
- .
Can meet delivery schoedule Yes No
Ceriificetion . et R &

mea e maam.

4 TR A S 3 TR S e




Enclosure _4
- Colorado A and M College

7 April 1956

Mr, Wallace A. Doe

Genersal Manager~-Engineer

Twin Lakes Reserveir and Canal Co,
Ordway, Colorado

Dear Mr. Dos:

As requesied by you, we examined the Lamberg clay dejpoait near
Howard, Colorado cn March 20, 1956, The deposit was samuled and the
resulis of our laboratory testing are summaerized in the incloszed table,
The table includes anzlyces of 2 number of cther materials -~ for coma-
parigea purposes., :

After an e:zamination of ceneal gite conditicns, some cf the following
conclusions and recomwmendsations may be changed --.but probably not to
any great extant:

1) The Lembert cloy -- as represented by our sampliag -- hes
a much lewrer colloidal yield than the pormal Wyoming bentonite,

2) Thus, it is recommiended that the low quotation by the Ameri-
can Ceolicil Company of $22.31/ton be accented, (Afier {aclud-
ing the hauling cost from {he railhead to the job, cur originel
ectimate of $25,00/ton will be very nsarly covroct,)

3) It woull be well to require thet they sudmit & sample of the *
bentonite {2 be furnished, Thie would give you & chence to check
the meaterisl for conformance to gpecificaticas, We would be

glad to do tha testing for yeu at cur normel rate of $10.060/samla,

4) In our Jenusry 25th repori, it was recommen:
b e

seal the more cpen loaky zene o
larly those producing the larger leakage flows int
the caasl,

5) For this initial work involving a lecal clay, it is recommend
that 300 tcas of the Lamberg clay be order:

suggest that you conlact Mr, Lamberg regarding

£re
& S .
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< Mr, Wallace A. Doe -2- : 7 April 1956

. a2, the cest of pit run material from a stock pile on the
meain highvway below the deposit -- you would have to do
the heuling from the stock pile;

b. th2 cost of pit ruz material delivered to the job.

6) The Lemberg price of $21,75/ton delivered includes hauling
to their mill and grinding, Ey the time the materiel is mined
and hauled it is likely that most of the material would pass a .
1/ 2~inch ecreen, Actually, it woulda't hurt if it did have sorme
lumpe, For the initial bianketing of trovble-~-spot areas, the lumps
might be ¢ help more thar a hindrance, Thus, the grinding could
be eliminzied, 1 balieve tkat you will find Iir, Lamberg very
cecperative in any efforis to reduce the overall cost of their ma-

- terials, : v

7) You menticned the possibility of buying 360 tons of Wyoming
. : bentonile and 200 tons of the Lamberg clay, This might be all
" ' right if you can get the lecser amonais ot the same unit costs,
but my owa experience has ghown thaat the kentonite requirements
are usuelly under-esitimated rather than over-eciimeted, Thus,
the reazor for recommending the purchase of: '

a. 5C0 tons Wyoming bentenite =~ ot
Ny ‘ b. 3¢9 tons Larcherg clay.

_ Tharks again for your helo and cooperaticn, If there are addi-
ticnal questicns o if I caa be of additionnl kelp, please let me know,

Sincerely,

R. D, Divmeyer, Jr.

Project Leader

Sedirnent Lining Project
RDD/bn/ 351

Enclosurcs: 2




. Table of (4.)
Laboratory Tezt Hesulls

: arit (¥ conotaa(?
2 . Source of Sample Conten? Yield Remarks
%o %

Cominereial Eentonites

Reyal Eerth Co. 2,7

Rastern Clay Preducis 3.3

Arerican Coligid Co, 3.4 86,7
Black Fills Dontonite Co, 4.5

Bentea Clay Co, 4,8 85,6

$6,1 with 5% disperssnt :
79.1 &’ norinal tes i ¢concen-
tration grit di rot sai-
tia--hc dto chl ]

yo Ben Products Co. 6.3

Loesl Clavs

Lembzrg #1 10,9

54,2 roisture 10, 5%
Lemberg 2 10,4 12,4 obtained 3-26-56
25,6 with 5% dzapcr:.«e:zt
g Lamberg #3 9.4 9.1 obtained 3-2C-56
Pench Valley 18.8 8,6 8 mi, S, of Austia, Colo,
Crawford 4.7 1.5 near Crawiord, Cole,
: 9y 73.9 with 5% dispercent
Fira Min. #1 28,7 0.8 rod clay
Fire Min, 82 . 44,5 0 red clay
i Fire Mtn, #3 ° 37.8 1,0 red élay
Ft, Lyon #1 23,5 68,5  sadiment sample 3-19
N , | vith 5% cispsraaat
e Ft. Lyon #2 33,3 .8 with 5% dispersent -
' flocd cdepesit
Ft. Lyon #3 35,0 .6 with 5% dispersant -

flocd caposit

03

i (1) Testing by D, L, Bender :
(2) Test procedures outlined in Wyoraing Natural Rescurce lastitute
! Bulletin Na. 2, by HE, G, Fisk




Enclosure 5

'Eval‘aation Report of Sedimenting Possibilities for
The T'win Lakes Reservoir and Canal Comgpany

by R. D, Dirmeyer', 31‘., May 23, 1956

Introduction

At the reqaest of Mr, Wzllace A, Doe, General Wanager-Engineer -
of the Twin Lakec Reserveoir and Canal Compeny, I visited the west porial.
area of the Comp:eny's Transmountain Diversicn System during the period
of May 24 through May 27, 1056,

Perzons contacied on the visit include: RMassrs, Clinger,, Schroe-
der, Pantle and 1} cConnell of the Board of Directors, end Mesars, Doz
Peters and Kaufman of the Comapzny's cperating force,

The purpceses of the trip were:

1) To obtizin a general picture of the cperaticnal and seszpage loss
conditions of (a) the Counecticn Canal (Tunnel #2 to Liacoln Gulch
Dam), (b} the Collection Canal (West Fork Gulch to Lincoln Giulch
Dam), and (c) the Lost Man D:wersvcn Capal (L.ost Mzn Dam t
Tunnel £2}. -

2) To male recommendstiions concerning the developmeont of sedi-
menting procedures to fit the conditicns found,

Genecral Consicer:ations

A major program of improvements in the Company's west slope
collection sysaicm wa s sterted i the suramer of 1955, The improvements
have included: (1! cleaning, enlzrgement, end portial realiguzient of
canzls, (2) coas: ructvoa of cannl bank roads, and (3) iastallsticn of
corrugeted meial 2ipe in unsiable areas,

Because o tl“rB cearse rocky nature of most of the canal bad ma-
terials, gignificart sespage lossas coccur, Under peak flow corditiens,
extensive seepage areas avpear tzlow the canals, Cn the cother extreme
smszll flows wil ot carry all the way through the canals, Thuo, in a:lm-
tion to the water caving bencfits, canal linings would alzo lengtaen the
water running pericd each year, If it was possible to maintain small
winter flows iz the canals, it algo could eliminate a large part of the work
now needad to opan the canals each spring, :

1O~



If cost wae of ne concern, metal or concrete pipe would be an
entirely adequate answer to the canal lining problem. Eecause of the
cost, however, a compromise is necessary, Metal pip2 is being placed
in the unstable arcas of the canals; sediment linings are being developed
for the pervious but more stable reaches of canal,

Since tke improvement program is progressing so well, the need
for fitting the rediment lining development procedures to the exisiing
concitions becomes all the more important, Because of the very open
nature of the canal bed materials, special sediment lining methods are
needed, but it seems thet 2 large part of this preliminary develepment
work can be accoraplished between now and the middie of July cr before
the major constructicn activities begin,

Conclusions and Feccmmendations

1) Selection of site -- After taiking with Ir, Doe, it was decided
that the mein sadimenting effort will be concentrated on the Coinection
Cangsl, .This worl: will be done alter the peak flow period or probably
during August, However, before that time, small trial runs will be needsd
to develep procedures to fit the unusual conditions found in the cansls of
the weat clope collection canal gystem ,

2) Sespage losses -- Mr, Hosig's consulting report prevides
excellent basic daia on the ssepaze losa conditions in the Collention Sys-
tem cansals, but elnce his flow meoasurements were mede during a period
of medium to low flows, additionzl flow measuring work is beirg accom-

plished this year upnder peak to medium flow conditions. The rasulis of

Mr. Bender's present sespage loss measurement work will be covered

- in a separaie repoert. It seems likely that Water measurements will be

made at the folloving locations:

a) Ouilet of Tunnel {2 .
b) Bridge over Conncction Canal at Lincols Guleh Dam
c) Inlat of Collection Canal into Lincoln Gulch Dam
d) Inflow from Tabor Guich
e) Inflow from New York Gulch
f) Infiow from West fork Gulch
g) Flow in Lincoln Culch below outlet of Tunnel #2

3) Trizsl runs -- Tae following sequence of sedimenting materiels
may be necessary to produce a sztisfactory sealing effect through the
worst leakage scnes of the canal bed materials:

a) First -- sawdust
b) Second -- Salidz hantonite
¢) Taird -- Wyoming bentonite

]
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Develepment work with sawdust has been steried, It i3 believed
that most of the worst zones czn be controlled with o sawdust sediment
-- at 1east to a poini where clay sediments could finigh the job, As soon
as the clay is available on the job, it is recommendad that trial run work
be started with both the Salida and Wyoming bentoniies -- similar to pre-
sent work with sawdust, If possible this preliminary work should be com-
pleted by August 1, 1956, '

4) Proceduras for major sedimenting run -- Because of the severe
leakeg: problems foind in the Compeany's west slope colicction sysiem,
it is not pessible at this time to outliae in detail the best sedimenting pro-
cedures., The resul:s of the trial run work should b2 incerporated in the
procecures, :

.
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Enclosure 6
Eixcerpt from Ociober 12, 1956 Report By P, R, HMcOllough -
WATER MEASUREMENT PEASE
Ag an initial step toward water mezsuremeont , guging sta%‘;ons
were installed on all canals, During the week of Juns 11, 1956,

Dornzld Bendzr, Hydraulic Enginezr, Colorado A and M Lollcge ewszsted
me in lcecating anc ingtalling gaging stations in a1l of the canals,

Purpose
" The gaging stetions were installed for the purpous of

1. Deterzmining peak prodiuction of all canzlg and crecku flowing
inte Lincoln Gulch Recervein

&, Deternining water los:ies prior to future sedimenting,
3. Evaluaiing bentoniie sedimenting procedure,

4, Aiding wetsr messurement in the futz.rw

CGaging £tations

The following iz a list of the gaging stations and their loociions:

Stac.n:m Mo, 1 -= Located st the headehd of the connsction canal sad about
1C0 £t B2low the chech siructivre at Tunnel Neo, 2 sutlet,
The staff gage for this staticn is locsted approxivastely
1€ §t unstream from the check, Rir, Beader usad the
acrikeramest stafl gage for His current-ineter ineasure-
moanis {(May, 19568), This pame guge wes used for the
low-£flow welr moeasuremmaents, Tie welr crest clavation
ccrresponds with a reading of 0,5) on this staff goge.

Station Mo, 2 -- Leeatad near the outlet of the conaeciion canal o the
upatream end of th2 concrete cante, The siaff gage was
loceated in the chule under the bridge. Later this suramer
afier CO&.EEM-""I” with Mr, Dirmeyer, it was decided that
. this gage position was unfavorable a'zcl tae gage was rein-
stalled approximately 20 &t wpstream from thé coacrete

wl3e
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chute, It is attached to two logs spanning the canal at
& new staticn which may be used Jor future watar mea-

- suring, Mr, Bender's current-meter h.easuremeﬁzs
(May, 1956) were made using the staff gage under the
bridge at the Counection Canal Cutlet, The low-Ilow
welr measurements were made using tiie relocated staff
gage (20 £ upetrsam from bridze), The weir crest ele-
vaticn correspornds with a reading of 0,02 on this staff
gageﬂ

Stauon ”ﬁo. 3 -- Liocated oa the colleciion canal below the Tabor Gulch
and immediaiely above the concrels wasteway, The

~ gage for this siztion is lecated on the dowastream end

of the concreie wasteway. :

Station No, 4 -- Located at the lowar ead of the collection canal anprom-
mately opacslie ihe peoint where the rosd crossing Lin-
coln Guleh Dam joins the cansl resd, Thae gage for this
station i3 attachad to a two-by-four directly do sastiream
from the taree-by-twelve spanuning t.l.zc\-:- canal,

Station No, 5 -- Loecated approuimately opnosite the outlot of Tunael Ne
2 on Lincoln Crechk, This station was vsed by Mr, Be:a.der
oace and no gezge was ingtalled, No ciher measurements
were made at this siation,

Station No, & ~-- Located appro:dimately 100 ft upeiream rom 7a~ia, pbe
neer Taber Guich, The steff gnge for this statica is
loeated oz a Lwo-by four aitached {o the threae-ly twelve
spamiing the conel,

Station No, 7 -- Located apgzrocimeately 800 £t balow New York {fulch on

the collection canal, The gage ie attaclizd to & two-by-
four direclly dowastream frora the siation,

Station No, 8 ~--1s a rectanguler contracted welr ccated on Grizzlsy

Creek imracdintdy below the Supesrintenient's hoxue,
Tae length of thiz weir is 10,78 £:, A rating cirvefer
this weir is included in the latter rm:'t of this roport,

\

Station No, ¢ -~ Locaied a}_)@?"“ﬂ:}ich 50 ft vpotizeam from West Fork
wasteway. A stnff goze is located in the pond divectly
upeiresin froma L’fae stotion, This station was iated
before any water was diverted to the West Forl: Canal,
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Summary of Water Mesgurements

; Gage
Station | Date 5 Time (Flowideight]Melhod|Typical Deptas | Rearks
_ : 78,3 80 :89
No. I 5/27 2:30am 154 2,65 .2-.8 1,85 2,3 4.4
tlet 5/28 10:30am 119 2,40 ,2-~.8 1.6 2,15 4,1
ef - 5/28 3:30pm 170 .2.85 .86 1,95 2,50 4.5
Tuanel 5/29 4:00pm 245 3,65 N ' 3.3 5.3
2 5/30 9:15cmm 214 3,35 6 . 2,75 3,05 4,95 A
5/30 7:50pzm 291 4,25 o6 3,55 4,0 5,8 Steady
/31 8:45zyxc 253 3,80 ,2-.,8 3,2 3,6 5,4 FairlyStendy
5/31 5:25pra 290 4,25 .2-,8 3,6 4.0 5.8 55
By D.B,
No. 2 5/27 4:00pzs 144 2.7 eZ=~.8 2,80
Outlet 5/2% 1:30pze 131 2,45 ,2-,8 2,60 De¢pih some-
Connec- : : wiat high
tion 5/28 3:45pm 155 2,80 o 2,80
Canal 5/29 4:50pm 224 3,5 6 3.8
5/30 10:00am 195 3,1 6 3,35
5/3¢ 11:3%em 169 3,0 .,2-.8 3.0
5/30 8:5Cpm 257 3,95 6 4,1 Steady
5/31 10:15am 223 3.4 ,2-.8 3,75 Steady
5/31 6:35pm 293 3.85 6 4.2
: By D.B,
. Lincoln 5/31  2:3¢pm 21 kiR
s By D.B,
No. 9 6/15 9:25am25.313,95 .2-.8
/18 1:10pzm 26,254.20 ,2-,8
4:20p 28,724,359 .2-,8

&/i3 '
: By PR, M.

No.7 6/16 9:5023213,841,60 ,2-.8
6/i8 10:16zm 23,892,902 .2-.8
6/18  3:15pm 34,282,320 .2-,8 FRETE,
By PR M,

Y5



Station|Peate | Time | Flow |Heizhi|Method| Typical Denthe | Femarke
' - 78,8 | 80 | &9

No, 6§ 6/14 2:13pm 15,03 2,37 ,2-.8
6/19 3:13pm 19,38 2,59 ,2-.8

6/19 £4:5%pm 29,39 2.0 .2-.8

6/20 9:30am 15.22 2,45 ,2-,8

‘ Fy P.R.M,

No, 8 &6/26 3:30am 11,1 0,47 Welr
6]26 9:6%am 11,1 0,4 .
6/26 9:30am 11,1 0,47 "
6/26 19:25zm 10.7 ©.,456 H
6/26 1ll:43zm 11,1 0.% Y
6/26 1:10pm 11,6 ©_48 O

6/26 2:2%3pm 12,5 90,50 M
6/26 .3:63pm 12,8 0,31 "
6/26 £:6%m 13,7 0,53 "
'6/26 5:00pz 15,0 0,36 M
- ; By P.R.M,
No, 4 40,78 1,75 ,2-.8
33,23 1,51 ,2-,8
26,91 1,13 ,2-.8
32,96 1,30 ,2-,8
54,16 2,0 ,2-.8

By D.B.



CONCILIEIONS

Water Meagurement

The 1956 probable psak flows are tabulated below:

Pezk E_l_g‘._r ate
Connection 293% 5/31/56
New Yorx Collacticn 54 : :
Lincoln 3ulch EoRD 5/3i/36

*For perk loss determinations on the Cennection Cenal
g3e D, L. Beader's Report (June 9, 1936).

1. The peal capacity of the Hew VYork Collecticn Canzl between
New Yorz Guleh and Tabor Gulch was 36 cfs, :

2, The peal water logs ca t:e NMew ¥Yoerk Cellecticn Canal between
New Yeorz and Tabor Gulshes was determcinad tc be approxi-
mately 44 per cent, :

3., West Fork Gulch watzer was not diverted uaiil June 9, 1956
s du2 to the inadequate capacity of the New York Collection
Canal belween New York and Taber Culca,

4, The peal: water loozes on the New York Collection Caaal
belween Tabor and Linceln Gulches are high, At this time
no definiie loss value can be aseigned, however, it is esti-
mated that the loas ranges from 390 to 4C per ceant,

RECOMMEIDATIONE

Water Measurement
It is recorcmanded that:

1. Ceoeacrete rating seciicns and waler siage recorders be
installed in:

a. The Jonnection Canal below the concrete check at Tunnel
Mo, 2 outlet and at tho cutlet of the canal,




o b, The Collection Czaal near Lircola Gulch Dam and
immeadiately below Tabor Culch,

2, A Parehall flume and water recorder be installed in Crizzley
Creak, ;

3. A timber, check-type rating station be instelled in Lincoln
Gulch sbove the reservoir. This insiallation aleo should
inciudz a water-stage recorder,

4, Water mesasuring be continued to secure more accurate and
complete ratings,

.
"
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REPCRT OF SEDIMENT LINING ACTIVITIES
DURING SUMHMER OF 193%

Intmduction -

At the request of Mr, Wallace A, Dee, General Mansger-Sngi-
near of The Twin Lakes RBeservoir and Canal Company, I visitel the west
portal erea of the Comapany's trans-mountain diversion system during the
pericd of July 23rd thrcugh August 1, 1956, .

The major purpcse of the trip was to aseist Messrs., Peiers and
McOllough in stariing the work reguired to davelop praciical szlimenting
methods of sealing the very pervicue bed materinls of the Conacctioa Canzl,
Since this fnitial work, additional informeation in regard to the subssquent
develcpment work has been obtaincd from IMesers, Doe, Pelers and McOlicugh,
The srimary purpose of this repczt is to summarine the resulis of the devel-
opment work coempleted during ihe summer of 1956 and to offer recommenda-
tions and suggestions relative to future sedimeniing work in the trans-
mouitain diversica system., A

Genereal Considerctions

Durizg the past two summers the Company has been enlorgzing and
sealing the west portel canzlg, Lxcept ia unstable ground wher: rnetal
pipe probably will be installed, & low-cost method of sedimeanting is being
developed to accorzplish the sealing, For begt results from ssdimenting,
gome develooment work will be nzedad in any canal system, In the west
portal canalzs the develepment work nas beca complicated by the fcliowing
factors:

1. Cosrge rocky nature of canel bed materials., -- plugging of
relatively large holes is necessazry,

angl. -~ during "he spring

2, In-fiow of greund water from akove
a 8

BETQZICT,

The fmitial sedimenting trials were made on the Ceaaacticn Cannl
between the cutlet of Tunzel No, 2 end Lincesln Guich Dam, Tho canal is
about 7,700 f3at long {from outlet of Tunnel 2 to Linceln Culch Ram) and
has a design capacity of 350 cfs, '
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Water Meaguring

In the development of sedime aﬁa*f procedures, inflow-cutflow

. water measurements ars the 'yard emch" used to guide thie work in the

canal reach beiag sealed. Since the inilial sedimenting vork on the Con-
nection Canal was staried afier tha peak rea-off paeried, the flows were
relatively small aud were measursd with temporary welrs, The weir
structuras at each end of the Conuecticn Canal were alao utilized as
check structureszso that the water could ba conirolied and ponded during

“the trial sedimentiag runs,

Sedzmentinﬁ' Operciion

The sedimenting trial work is outlined in d2 dl in Mr, P, R,
McOllough's rega"t for the summaor. The work is summsrized in this
report,

Five hundrad tons of high-swell bentonite cnd thres hundred tong

of low-gwell Colorado benisnite were purchased foz the sedimezting work

by the Company, Two trial runs vere made: the lirgt from July 28th to
August Eth, and sccond irom Aum, st 2374 to Sep’.c:n er lst, JIa the first

- run, about fifty tcus of b\.n.m.ite vergplaced in the canegl just below Tunnsl

No. 2, In tke second run, about cue hundred and ity tons wereplaced at
eight different lecitions in the caral and near the :najor sesepage areas,

Verious mixing metheds were used, Since many of the lzals in
the canal bed meteriale are apparently quite large, the main purposs of
the initial ruzs wes to produce lurapy mizes -- with ths hope that the lar-
gex volda werld be plugged by the bentonite lumps., Thic was accompliched
by placing the kenioniie in dems, allowirg the wsior to pond uatil the dam
wes overtopped, axd then kelping o wasb-eaa the Denlonite dams by work-

“ing & backhee buckat in the break, Compresged air jac:.i_zv was slso tried,

The resaltiag bentonite mikes were pondad -- boih by beatenite

damne gnd et the lower end Dy a tenporary check siructure, The bantonite
sediracxiing was accompliched during the ponding intervals,

In addition to the scdimenting work, about fifty tocns of the Colo-
rado bentonite was used fov bla.n};:;ting of the downiill sice glope arvea in
the carcal from abeut Staticn 34400 to 77408,

Resulls

From July 27th uniil July 21st, the inflow in tae Csnn tica Canal
vavied from 2 minimum of 10,1 ¢f3 $0 & monimum of 12,9 efs, The losces

20-
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in the canal during this same period varied from 4,0 cfz to 6,2 cf3, After
the firs: tricl the losses varied firom 241 cfz to 2,8 cfs with an inflow of
8.9 cfs to 10,1 cfz, Thus, as a rasult of the first trial ren, the logses
were roughly cut in half,

Just beforc the sacond trial {about three waeks ofier fir:st irial)
the loss2s varied romm 1, 1 cfizto l, 4 cfs withan ‘nflow of T4 i3 to 7.7
cfs, Aiter tae second irial, the losses varied from 0.7 cfs to 1.2 cfs

with aa inflow of 2,8 cis to 4,2 ¢is,
According to Rr, Peters, in previous yeors a flow of § cis or

less would not rur all the way through -- in most cases not more than
1,000 feet downetream from the {unnel,

Conclugions and Eecemamendaticns

1, Watler measuring -- Sufficient current meter and weiyr mea-
surements wers raada during the past summer to indiccie the ganeral
magnituds of lepses, Systamatic and close-spaced readings ~- with
som2 water-siage reecrder stations -- are needel, However, if accur-
ate geaceonsl dzlivery end lose .1{ es are to be obtained for ths west
portal canals, it iz recommended that a full-time hydrographer be hired
or arranged for -- secs cover letiu.r in regexd to later possibiliiy,

: 2, Mixzing -- The backhea an:? compressed air jotting recthhods
of mixing satislaciorily ze ved 2ir purpese duriag the initial irial

work, but in the future work tn° use of multiple jet mixer i3 recommended,
Thig type of mixer could b=' used {o produce beth lumpy and lu&n-*“r@e

L=
mixtures. Ii is recomminarded thel an experienced raixzing conlracier

n,
s
" employcd for this work -- ai: leaci for the work next rsl.:z':fm:r°

3. Future sedizasuilin '3“ sulte were obtaized from
the iaitial gedimenting tiizls will Thae zagjer zrohlera
now nerrows dowr to cre of fm ing e cley rzaterial {or saw-
dust) that can ke vzed o plug the larger holes or 7oids in the cinal bed

X ;
maoferizls., The mud depooit foriaed in the lake by G:izz:ly X -».:‘;-: pIoba-
bly will be gatisfa tory, but it nr\b bly canrnsct b2 worked when ite lake
is up, It is recon:menced thet ths work next suzaner bz accon 1plw shed:

a, Connectionn Canzl ~- £ gilting with lake gilt (or subsiituts
maiarial) iz needed -~ preferably as !@ cannl g opracd-up
ext spring, The ststioning and loads used in the second
(1 6) sedizcenting -- this time with laae 8ilt -- i3 rzecom-
mended, Tris is needad to plug the larger holes and at the
same time provide aome protection for the boatonite placed
by the sedimenting work during the past suramer, Depending




on the indicaticns from loss measurements. a follow-up ben-

: tonite sedimenting may be needed,

Cellection Canzl -- If possible, it would be kelpful to deter-
mine the losses in the secticn of this canal from Tabor Gulch
to the dam before doing any silting or gedimenting, Afier the
initial water measuring, it is recommended that the Coliection
Canal be silted with a local siliy te clayey material, The ma-
terial et New Yerk Gulch could be tried first, While this ma-
terial is saturated with waier in the spring, it could be easily
jetted and wached into the canal, Stability of the slepes will
be a prgblem, but this probably could be controlied by watch-
ing the slopes very carefully and by spreading cut the jetting,
Jetting a bkig excavation ai one spot should be avoided, A
follow-up sedimenting with bentonite will prebably be needed
to obtain a maximum sealing effect.




et B Enclosure 8
TR - Excerpt from October 12, 1956 Report by P. R. McOllouzi:

BENTOMNITE SEDIMENTING PEASE

During the summer of 1955 the Twin Lakes Resarvoir aad Canal
Company purchasad 800 tens of beatonite clay for the purpose ¢f lining
their canals in order to reduce the secpage loseea and thus mealis more
water available for sltorage and ivrigation., Five aundred tens of a high-
swell Wyomingz bantonite {American Celloid Company) were hailzd frem
the rail center at Aspen, Colorads, while an additionsl three hundred
tons of low-swall Colorado beatonite (Laznbe;‘g arnd Sons)wered =.alvere-.1
tc the West Portal,

The Coancciion Canel was selected for the initinl trial sedimen-
ting run, Workini in cocperation with Mr, R, D, Dirmgyer, consuliant
from Colorado A and M College, plens were formulated for the prelimi-
nary sedimenting mm, Tae purpeee of the preliminsry sedimenting run

’ was to work out aa acceptable routice procedure which would picdduce
good results in fulure sedimenting runa, Approximetely 90 tens of ben-
tonite were used {or the preliminary sedimenting run and su adiitioneal
150 tons were uscd in the second sedimenting run,

Measuring Staticns

: In ordar to determine the watsr losses in the Cennectici Canal
prior o the application of bentonile clay, two low-ilow mensuring stations
were esta bhszmd Tae two steticas are dasceribed beloy: t-:a.,tz;;; No. 1
-- Measuring Station ;’Jw 1 yan ralecated in the center ¢pening of the
concrcte check just ow the Tunnel MNo, 2 outlet, Tae two side openings
of the chizck were clcsed viih check boards and water proolied ty a tor
peper and bentsnite, The mensuring device usad at ’15. 3 statiorn. was
5'-0" gharp eraestad, rectangular contracied weir, The welr was phcoc.
with conciderable care and the crast ele uo“ was locsied on the northern-
most stail gage. Tais particular weir was designed to menpure a maxi-
mum flow of 12 cf's, E’i aticn I\o. 2 -~ This gia u.oz is lccated at the bridge
crozcing the Conrzction Conal ouile! into the reserveir, Aga :s, a 50"
rectexn numrfoa,_ ‘.cccz‘. "Jeir weg insteiled to measure the amou of water
ﬂOW’IﬁS cq. m $hz he Courection Canal inte the reszerveir, The welr was placed

: g 2iruciure which had beea waterpreofad by means of tar pa-
p er a-;,d m’f.f_.; - The m.ai‘f geze for this weir i located approximately
g azo ihe bridg -

L4 )
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Water Logs Measursments ea the
Connecticn Canul Pricr to Pre,iminaq
Sedimentiny Run

Prior to the az;plicatmn of the bentonite clay to the Cemsctioa
Carsl, the lgsses were determined for a five-dny per‘od Txe losses
are cutlined ¢on the folicwing pa"es :

Jaly 27, 1956

Per Cent

Station  Gage Feizht Flow Time _ Loss Loss
No, 2 0.51 ft 6.0 cls 1:20pm 4,58 cfs  43.4
No, 1 0.7¢ 10,53 1:30pm :
No. 1 0.786 10,60. ~  2:00pm 4,60 43,5
No, 2 0,51 6,0 2:10pm , :
No, 2. - 0,82 6,1 © 3:00pm 4,890 44.0
No, 1 0.77 10,9 3:10pm .
No, 1 0.77 10,9 3.55pm 4,80 44,0
No, 2 0,52 6,1 4:10pm '
No, & 3,52 6,1 %:55pma 4.80 44,0
No, 1 0,77 10,9 5:03pm
No, 2 0.52 6.1 6:00pm 4,50 42,5
No, 1 0,76 ° 10,6 6:03pxm
No. 2 . 0,50 - 5.8 8:10pm 4,70 44.8
No. 1 0,75 10,5 8:20pm ¢
No. 2 0.49 5.6 9:30pm 4,90 45,6
No, 1 0.75 10,5 9:40nm :
10,63 cfs average 4,71 cfe avergge
inflow ' ; lozs
Weather

Mex, Temp. . « « I7F,
Mian, Temp, . . » -36°F,
Tolel Precipitation , . » . Trace




July 23, 195

. No,

Station  Gege Height Plow Time Loses S Cenx
; Loss
No., 2 0.49 £i 5,6 cfs 9:158ama 5,0 cfs 47,2
No, 1 0,76 10,6 9:25am
No. 2 0.50 5.8 1:16pm 4.7 =~ 44,8
No, 1 0,75 19.5 1:15pm -
No. 2 0.49 5.6 4:00pm 4.5 44,5
No. 1 0.73 10,1 4:05psa 5
o, 2 G.43 5.4 5:45pm 4.9 47.5
No. 1 0.74 10,3 6:00pm
2 0.49 - 5.6 9:00pm 5,3 48,7
No, 1 .77 10,9 9:10pm
No. 1 0.85 12,9 11:00pm 6,2 52,0
No. 2 0.55 6.7 11:97pm : :
10.88 cfs- average 5.1 cfs average
. inflow . loss g
Weather . L

Max, Temp. . « » .74°%F,

Min, Temp. . . « .37%F,

. Total Precipitaticn , . . .7.08 in,

Hours and times m prccﬁ;x.aﬁon ..o & o« S0P, from 2:00 pm to 5:00 pm.,

July 29, 19_56
p A. * : , - ) Per Cent
Station Gage Enzb-..‘ Flow Time lose - Ying
No. 2 0.59 £t 7.4 ¢%B 8:55am 4,60 cfs 38.4
No, 1 0.82 . 12,0 " 9:05am %
No, 1 0.82 12,0 10:30am 4,60  a 38,4
No, 2 0,59 7.4 11:15am
No. 1 0.79 11,3 2:50pm 4,60 40,8
~ No. 2 0:55. 6.7 . .. 3:00pm

No. 2 0.58 "~ 7,0 10:0%pm 5,90 " 45,8
No. 1 0.86 12,9 ' 10:290m :

12,05 cis . average ' 4,92 cfs average

infllow ' loas

Weathor . o
Max, Temp. . « - 73%F, T'otal Precipitation , . . .0.051n;
Min. Temp. . « « «36%F, Hours and Times of Precipitation , , .2 hrs,

3:00pm te 5:00 pra.
28



. - July 30, 1956

. : ' : FPer Cent

L8 : ~ Station  Gage Height Flow Time Lose Loss
No, 2 0.62 fi 7.9 cis 9:05am 4,20 cfs - 34.8
No. 1 0.83 12.1 9:202m
No. 2 0.62 7.9 10:30am 4,10 34,1
No, 1 0.82 12,0 10:40am
No. 2 0.63 8,2 11:30am 3,90 32,2
No, 1 0.83 12,1 11:402zm
No, 2 - 0.62 7.9 1:200m 4,20 34.8
No, 1 0.83 . 12,1 / 1:30om :
No. 1 0.81 11.9 2:50pm 4.0 33,6
No. 2 0,62 7.9 3:00pm > “
No. 2 0.62 7.9 4:3%5pm 4,80 37.8
No, 1. 0,85 12,7 4:37om
No. 1 0.86 12,9 7:4 4,40 34,1

_ No, 2 0,65 8,5 1: b

12,25 <fs ’average 4,23 cfs avorage

. inflow locs
Wea er - i
Mex, Temp.: & . . .718°F, Total Precipitation o . o o041 in,
Min, Temp. o o« « »38%F, Hours and Times of Precipitcticn o » u{%hvs,

1:0Cpimn to 5:30pm
July 31, 1956
: Per Cent
Station ~ CGage Holght — Flow Time Losc Loss
No, 2 0,67 £t 8.9 cis PilBam 4,0 cis 31,0
No, 1 - 0,86 12.9 9:40am s
Neo. 2 0.67 - 8.9 10:30am 1.9 17.6
No. 1 0.76 10,8 103 40am
Prgbably an error in reading <~ disregard

No. 2 0,65 8.5 12:10pm 3.9 31,4
No, 1 0,84 . 12,4 12:200m

i ' 12:03c¢is average 3,26 cfs avzarage

; inflow loss

Weather '

3 Max, Temp. - « . .70°F, Total Precipitation , o . 0,28 in,
Min, Temp, . . . 40°F, Hours and Tiraes of Frecipitation . . .,/z hrz,

7:002m to £4:30pm,

-2 (-
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Prelimmary Sedimenting Procedure

The follmm.g step-by- step proc edur'e was used for the pre-
limirary sedimenting run in the Coanection Canal,

1. Appro:zimately fifty tons of Wyoming bentonite clay were
dumped in the Connection Canal below the ccncrete check
at Tunael No, 2 cutlst

2, Q!eckbcards were placed in the concrete chack in order to
dry up the channel kelow the check, x

3, [Eight tons of the benicnite clay were uased to cousiruct a dam
in the canal approximately 100 ft dowasiream from “he check,

4. The remaining forty-two tons of bantonite clay were spread in
the channel between the check eand the dam,

5. 'The benionite blanke! between the check and the day. was
thea mixzed for a perlcd of one and coc-half hours using the
air compressor and the company backhoe, .

6. The checlkboards were thea revioved and the waler which had
: been slored above the check during the one and one~hzlf hour
pericd was allowed to over-iop a e.nd rode tha bentoutc dam,

7. 'The west bara.{ of the Camzectioa Caral was b‘an~zetei with
‘ 490 tons of Salida bentcnite clay froze Station 34+00 o Stotion
76+92.5,

By following the above procedure a milky flow of wa ter was

run dowa the canal, C’*:m-._s of nmmived beatonite which were corried

downstreom tended to fill the larger voids in the chznnel for e distance
of epproximately 200 ft. £Le the milky water apprsached the No, 2 check
at tac outlst of the canal, chocks :«car'w wers L,la ed to a deptn of four feat
and the water was a.llo*vod tc store in the channel until it was evid:m‘r that
the majority of the bentonite mixture had bm.n sed u

’O

After checling the cenal toa dn’;m of 4,3 &, no water wa
spilled into Lincola Guich Reservoir. All of the water flowing iato tbe
canal wae lost maliunly through seeiage, During this checking po"_ad
nuraerous leaky zoneg were lecated and marked on the west ban'z of ¢
canal, It was obacrved that several of-the leaks were flowiag wilky wa-
ter while others were flowing clear water, The clear water lecks indi-
cated that the bentonite particles were retained in the channel sibsurface,
The milky water 1eaks indicated that larger sediment particles were
neaded to bridge over and plug the leaks,

-2 T




After the inilky water had bezn allowed {o stand for several days
the canal was drained sad normal flow conditions were restored, Weirs
at measuring etations cae and twe were repaired and rechecked, Afier
draining the canal it was chrarved that bentonite clay had been d2posited
in the channel and side slopas of the canal, This layerad depecit was
evidert throughoun thz lengih of the canal, Of more importance is the
bentondie that had penctraied into the canal bed materials and which could
not be seen, :

Water Losgs Meazarements After
sdiiaeniing
Connection Canail

&,

Ca August 5, 1956, the lous studies were recuned to evaluate
the preliminary sodimenting precedure, The results are cutlized:

Auvgust 5, 1955

: Per Cent
t 13 Fe Holgr Flow irtne | - Lee
Static CGage Hoeigat Flo T Los Loss

No, 1 0.73 £t . 13,1 efs 8:50am - 2.60cfs = 25.8
No., 2 8.60 ' 1.5 G:85am ‘
No, 2 0,59 . 7.4 9:55am 2,70 26,7
No, 1 0,73 10,1 10:08am -
No, 1 8,73 10,1 10:3Cama 2,70 26,7
No, 2 2,59 T.4 10:40azn
No, 2 0,61 7.8 11:30am 2,30 2%.8
No. 1 8,73 19,1 11:40a2m
No. 2 9,60 7.6 1:45pma 2,30 23,3
NG, 1 ;72 9.9 2:00pva
No. 2 0.60 Tob 3:100m 2,10 23,1
Wo. 1 9,71 ST 3:282m
Mo, 1 Q.63 g.1 5:35pm  2.10 25,1
No. 2 2,57 ) 7.0 5:450m
No. 2 3,52 &.1 9:3%pm 2,80 31,5
No. 1 9,67 3.9 9:40p¥a

9.87 ¢fs  average 2.45ciz  aversge

inflow less

Weather
Max ¢ o o o T0%, _
Min, . ISP Totol Frecinitation, o » 0.0i3n,

o
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On August 23, 1956 before additional bentonite was placed in the
Ceonnection Canal, new loss mezeurements were conducied. These mea-
suremeznts were n2cessary becauce the canal stage had changed since

the preliminzry 1css melgurementse were taken,

lated below::

August 23, 1958

The loszses are tabu-

Station  Gage Height : Flow Time Loss
No. 2 2,15 ft 6.3 cfs - 9:37am 1.4 cfs
No, 1 1,11 7.7 9:45axn
No, 1 1% 2 - 1.7 10:00ara 1.4
Ne, 2 2,15 6,3 16:10am
No. 2 2,15 6.3 10:36am 1.4
No, 1 1,11 Tl 10:45am
No. L 1,11 7.7 11:06am 1.4
No, 2 2,15 6,3 - 11:13am
No, 2 .15 6.3 "~ 1:80pm 1.3
No, L 1,10 7.6 2:05pm
No, L 1,10 7.6 2:30pm 1.3
Ne., & 2,15 6,3 2:40pm ,
No, 2~ 2,15 6.3 3:450m 1,1
No, 1 1,09 7.4 4:00pm
No, 1 1,09 7.4 - 4:25pm 1,2
No, & 2,14 6,2 T4:40pm
No, 2 2,14 6.2 9:lzpm 1,2
No, ! 1,09 7.4 9:22pm
7.57 ciz averaga 1.2 cfs average
: inflow loss
Weather

Max, Temp. . . « 69,
Min, TemD. . o o «34°F,

Total Precipitation, o .0.08 in,



August 24, 1955

Station  Gage Height Flow Time Loss
Ho. 2 2,15 ft 6.3 cis 9:00am- 1.3 cfs
No, 1 1,190 7.6 9:10am
No. 2 2,15 6.3 10:35am 1,1
No, 1 1,09 7.4 10:45am )
: 7.5 cfs average 1,2 cfs average
inflow loss
Weather ' '
Max, Temp. » o o .63%F, : -
Min, Terd, « s » .30’1?. Total Precipitation . . . .0.06 in,

Second Sediiventin g Run

The sacond sefimenting run coasisted of placing beatonile dams
imenediately albiove and below the leaky zones in the Conunection Canal,
Bentonite danzs were placed at the following staticns:

Approzimate No, of

Staion Tons Eantonite per Dam
+o0 290

11400 zd

15+00 - 20

21+06 20

27+00 z9

37+30 20

39400 5

$3+00 25

Total 150 tons

The sacond applicailon of bentounite was applied efier the conetruc~
ticn prograra en New York Collection Canel had begun., Superictendent
Peters houvled ond placed the bentonite dams at the predetermined stations,
After a dam wos constructed, above a leaky zone, the channel vas ellowed
to store the infiowiny water until the dam was reedy to be overtopped. Tae
company backiaoe wae ther used to maks e narrow cut in the dara, thus
attaiviag a high velocity flow tharcugh the dem, As the dam eroded the
bentonite sediment was carried to the lower enrd of the canzl ani the lar-
ger pleces of ma-raixed beatenite were deposited through the lecky zone,

If all of the berterite in the dam wae not ereded then the dan was recen-
structed and thes above procedurs was repeated until the mejority of the

g 345 - =3 o 1 R o] gTenc AR A Lo e -
bentonite was transporied and depsaliisd dowastream,
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The water loss meﬁsuemente after ihe secoad sedimentis ng run
are tabulated belew:

Sepiemb 3, 1955

Time Loss

Staticn  Gag
) 11:10am 1,19 cofsz

No,

{52
(k5]
W
$
o
(5]
-
5}
i
P
3
e
|

. 1,94 & 3.0 cis

No, 1 0.90 4.19 - . 11:2%am

No, 2 1,97 3,40 12:46pm  0.79

No, 1 0,90 4,17 12:15nma

Mo, 2 1,95 3.1 - 1:30pm 1,09

No, 1 0.90 4,19 ' 1:4001m

No, 1 0.9 4,19 2:00pm 1,09

-No. 2 - © 1,95 - 3,10 . 2:20pm .

Mo, 2 1,96 3,30 . 2:50pma 0,80

No, 1 8,93 4,19 3:50om -

No, 2 1,97 3,40 4:15sm 0,79

Mo, 1 - 0,990 4,19 - 4:200za

No, 1 0,92 4,19 £:45Hm 1,09

o, 2 1,98 3,10 £:55pr ‘

No, 2 1,95 3510 6:0Cpm 0,90

No, ! .89 4,00 6:1Com

4,15 cfs average 0:97 cfz average
inflow loss
~ Weataer

Max, Temp. o o o o 05%F, Totzl Precipitation, , ¢ » 0.0 in.
Iﬁmo Te':l‘iPe s o o o 379}'5‘ o . 3
September £, 1955

Siotion Cage Heigat Flow Time Logs

No, 2 1,95 §t 3,10 cin 9:28am 0,90 cis

No, 1 0,89 4,00 9:3Cam

No, & 0,88 3.30 9:458ma 0,70

No, 2 1,95 3,10 9:55am

No. 2 1,95 © 3,10 1l:lSam 0,90

No: 1 0,89 4,00 11:25a:n

3.93 cfs avcrage 0.83 cifs average

inflovr : loas



 Weather

‘Max, Temp. . » « .68°F, :
Min, Temp. . » « .38°F, Total Precipitation . . + 0.0 in,

CONCLUSIONS

Bentonite Sedimenting

ag

; The following fa :ble shows the sedirnenting sequence, averaga
lcsses, and thie amounis cf bentonite clay used per sedimenting run,
Daily Average Average
Average | Loss loes Tons
Loss Before Average After lst  After 2nd Benionite
Cenal = Date Sedimeunting Inflow Sedimenting Sedimenting per. Run
cfs cis cie cis
Conrection 7/27/56 4,71 10,68 , 92
7/28/56 5,10 10.38 92
7129156 4,92 12,05 : 92
7/130/5% 4,23 12,25 i
7/31/5¢ 3.26 12,03 92
8/5/56 9.87 2,45 92
8/23/56 7.57 1.20 - 150
8/ 24/56 7.50 1:20 - 150
- 9/3/56° 4,15 0.97 150

: 9/4/56 ' 3,93 0,83 150

1. 1t iz evident from the above table that the sedimen‘cwg has
preduced favorable resulis

2 Appro:—ﬁmately 242 tons of bentonite clay were used for sedi-
menting and blanketing the Conaection Canal, :

RECOMMENDATIONS

Bentonite Sedimenting
It i3 recommended that:

1. Sedimenting be continued in the Connection Canal pending
future loss measurements,
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2. New York Collection canal be sedimented from Teabor
Gulch to Lincoln Gulch,



Enclosure 9

STATEMENT

On October 17, 1956, at 12:30 PM the Roaring Fork dam gates
were closed which diverted the very small Lest Man Creek and Roaring
Fork River flows into Tunnel No. 2 and thence through Tuanel No. 2 .
into the 7700 foot .ong Connecticn Canal, :

Tais diversion was rnade pesaible enly by the release of compen-
satory watler firom Linccln Culch Reservolr, since the West Slepe prior
rights had called for all water on August 11, 1956, at 10:00 AM and zmll
retained the water on this date,

At about 5:30 P}, on Cctcher 18th (about 29 hours after being
diverted) this very small fiow had reached, and was flowing ianto, Lincoln
Gulch Reservoir for the first time in the history of the projact, uader
correspoadingly dry corndition of {he watersheds,

Due to the press of ciher detail work required to prepare the pro-
ject for vinter, plus a heavy, early snowfzall, there wae no opportunity
to measure the inflow at the upper end of the Connection Canal, and the
outflow at the reserveir ead of the canal to determine actual losses,

Although temperaturs at the West Portal has been belew zero
several times, the small hezd of water continues to flow through the Cen-
nection Canal into Linceln Gulch Heservoir on this date (November 8,
1956). '

West Slopz rights releasaed the water to The Twin Lakes Reser-
voir and Canal Comnpzny on October 24, 1956, at which time corapensa-
tory flow from Lincoln Gulch Becerveir was discontinued,

Wallace A, Doe,

‘General Menager-Engincer

The Twin Lakes Reserveir
November 8, 1956 and Canal Compaiy




]
FEaclopure 10
3 WATER LOSS MEASUREMENTS ON THE
: CONNECTION CANAL OF THE WEST PORTAL SYSTEM
i THE TWIN LAKES RESERVOIR AND CANAL COMPANY
DURING PERIOD OF AUGUST 19-31, 1957
: ; .
Upper Weir Siation®  Lower Weir Siation® Approzimate
Date Time Gauge cis Time Cauge cfs Loss
8f21/57 . 14:05 .47 4,19 1348 .24 1,55
15:00 47 4,19 1428 .30 2,16
15:20 .47 4,19 1520 .35 2,71
15:40 47 4,19  15:40. .36 2,82
- 16:60 .37  2.94 ,
v 16:20 .37 2,94 1,25
17:06 ,50 4,59  17:00 ,38 3,06
£7:20 .50 4,59  17:20 .38 3,06 1,53
17:40 .52 4,36  17:20 .39 3,18
21:02 ;59 5.86  20:52 47 4,19
8/22/57 8:32 ,55 5,28 8:21 .45 3,93
11:45 1,47 22,0 11:58 .87 10.3
13:15 1,43 21,1 13:15 1,19 16,3
- 13:45 1,41 20,7 13:45 1,24 17.3
u 14:15 1,39 20,3 14:15 1,28 18,1
- 14:45 1,38 20,1 14:45 1,30 18,5
4 15:15 1,36 19,7 15:15 1,29 18,3
¢ 15:45 1,34 19,3  15:45 1,29 18,3 1,0
; 19:31 1,32 18,9 19:52 1,22 16,9 2,0
i 21:15 1,35 20,1 21:00 1,22 16,9 3.2
¢ 8/23/57 8:10 1,33 19,1 £:02 1,25 17,5 1,6
¢ e o & 10:11 1,30 18,5 10:0¢ 1.22 16,9 1.6
{ 8/24/57%%  8:10 1,67 26,3 8:00 1,57 24,1 2.2
: ' 8/26/57 8:55 1.73 27,7 8:45 1,62 25,2 2.5
: 8/27/57 8:00 1,57 24,1 7:40 1,47 22,0 21
; 8/23/57 8:25 1.49 22.4 8:10 1,34 19,3 3:1
. 8/29/57 8:15 1,43 21,1 8:00 1,31 18,7 2.4
1 8/30/57 8:25 1,83 39,0 8:15 1,68 26,6 3.4
R 8/31/57 8:15 1,83 30,0 8:00 1,72 27.5 2.5
d :
o % 4 foot rectangular weir, contructed and sharp edge ' SOl

#% Measurements from here on muie by Mr, Peters, Superintendent
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