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MINUTES OF THE PUEBLO CONSERVANCY DISTRICT
SPECIAL MEETING ON JANUARY 19, 1987

DIRECTORS PRESENT: G. BSandstrom ang P, Xelly

OTHERS PRESENT

R. XKoaster

ABSENT MEMBERS K. Farley and L. Ward

.

OTHERS PRESENT

"

Bill Taggert and John Pflaum of
McLaughlin Water Engineers, Lid.

The purpos of the meeting was to have a special report
from the Engineers on the progress and problems of a leak
in the grade control structure ceonstruction on Santa Fe.

McLaughliin gave a verbal explanation of their report
letter of January 19, 1987, (copy attached}, explaining
terms and key points of concern of excesgsive flow through
& portion of the sheet piling.

The reccmmended solutions to the condition, other than to
do nething, and be wvulnevable to & rare f£lood where damage
could occur, are as follows:

1. Employ pregsure relief members {approximately
48 flap valves) downstream in the larger rock.

2. Filling upstream of the dam with clavey impervious
material to cover the rock to reduce secpage
under the dam.

It was recommended that valves bhe installed, and if economical
filling can be accomplished, both operations are tc be done.

The Board indicated its desire to insure full protection of the
dam with remedial construction work for the leak. How ancé whe is
*o pav. for construction wase to bediscussed.on January 23, at
%:30 a.m., with Janunary 30th at 28:30 . a.m. as backup date.

There being no further business, the meeting adjourned at

10:45 A.M.
Secfetary — Treasurer
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A“ \_,.'_‘...-w . s
. : éi,‘yf
Pl T




{

2420 Alcott St., Denver, Colorado 80211

January 19, 1987

Mr., Raymond F. Koester
Engineering Administrater

The Pueblo Conservancy District
111 East Fifth Street

P. O. Box 234

Pueblo, Colorado 81002

Dear Mr. Koester:
This letter summarizes the activities, measurements and analyses we have performed

on the Santa Fe Avenue Dam during past few weeks.

Initial Investigation
During the finishing stages of construction of the dam, our field inspector Mr. Greg

Chal found a small amount of water leaking at an isolated point on the face of the
dam. This was perceived at the time to be a possible cause for concern. Immediately
we directed installation of piezometers near the location of the leak and at a few
other locations on the face of the dam.
piezometric head at the location of the lesk compared to the piezometric head at

The initia! readings indicated higher

other locations having the same elsvation.

The construction records were reviewed and it was observed that sheet pile driving
encountered problems in the area where the piezometric head was found higher and

where the leak was occurring, In order to investigate the cause of the problem in

further detail, we directed installation of piezometers along sections perpendicular
The locations of all the piezometers installed

are shown in Figure 1. The
piezometer readings were plotted along each section perpendicular to the axis of

to the longitudinal axis of the dam.
The piezometer readings are summarized in Table 1.

the dam and parallel to the dam axis. They are shown in Figures 2 through 4.

As can be seen from the piezomseter readings, the readings have consistently gone
down in all locations, eventhough the upstream water surface has varied from

elevation 53.03 to elevation 55.08 {top of dam).

However, the readings have remeained relatively high in the observed problem area

as illustrated in Figure 4.
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The consistent high piezometer readings at the trouble spot indicate that the opening
through or under the upstream row of sheet piles iz probably more than in the other
areas of the dam. The excess flow here apparently travels iaterally under the dam
and discharges at the many weegholes on the downstream face, This explains the
gradient away from the trouble area and could possibly indicate reduced capacity

thru the weeps on the downsirgam row of sheet pile.

However, due to the coincidence of high piezometer readings in the area, where
problems were encountered in driving the sheet piles {use of diesal hammer instead
of vibratory hammer), the datas implies the possibility that sheet piles might have
buckled, a joint partially separated, a hole was cut {we are not aware of any),
and/or the pile did not penetrate to bedrock in that area. There is always the

possibility of boulders or cobbles obstructing the penetration of the sheet piles.
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Analysis

This type of structure (grouted boulders) encounters uplift pressure as the critical
force that leads to instability. Basically the inherent forces that lead to stabihty
are the thickness of the grouted rock and its resultant mass, and the weight of the
water flowing on top, Other forces or situations which can cause or lead to
instability are the dynamic impact and shear forces of the flowing water, and the
possibility of the flow separating from the face of the dam such that the weight
of water is not on top of the slab and possible pressure fluctuations related to such

phenamena.

Basically, the present situation is stable, although we de not like the higher pressures
(or water levels) under this area. The design intent was what is occurring In the
other sections. That is the water level under the dam is the same as downstream
river level, indicating free drainage and total pressure relief. We would like to

rectify the situation, but first it is asppropriate to review other conditions.

Extrapolation of Field Dats to Other Hydraulic Conditions

The concern of uplift pressures during other conditions was paramount. The existing
data was analyzed by several methods, to see if reasonable parameters and phenomena
could be assumed which gave similar results. Once reasonable phenomena and related

parameters were delermined, extrapolation could be made to other conditions.

This was done, and the following general phenomena were adopted. The flow through
the soils under the dam was thought to be best described as flow through porous
media, much like normal groundwater problems and seepage analysis under large earth
dams. The rows of sheet pile were treated as a hyvdraulic flow limiting device such as
a submerged orifice. This is really a complex phenomenon because we don't really
know the open area thru the pile joints, possible defects and their location. Also
the openings have some area filled by media (gravel, sand, ste.). Thus reference is
made to flow through some equivalent open area. On the downstream row of pile we
do know the area of the weep holes, but we don't know the exact open area of
the joints. The sheet pile joint openings will vary because as it is driven the steel
surfaces inside the joint have play and thus in some areas the ioints may be totally

closed ar partially open.
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late in the process some new computer software was found which utilize the same
approach. Basically, we could assume reasonable parameters which would approximate
field conditions. It elearly indicated more open area on the upstream row of sheet

pile in the problem area,

However, the simulation assumes parameters for the open area at each pile, how
much the opening is obstructed, what the permability of the soil is, and that the soil
is homogenous to the shale bedrock. None of these variables have been scientifically
isolated and determined, and practically they would be impossible to determine in
this case. However there is & {large) range of permsbility that can be assumed and
a fairly narrow range of reasonable flow gradients under the dam based on the field
measurements. Alsoc there is no reason to assume wide variation in soils characteristics

or sheet pile openings on the downstream row of pile,

Therefore, we could assume & range in permabilities which would lead to various

results in terms of the open area. Table 2 presents the key analysis data.
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TABLE 2

Assumed Hydraulic Parameters and
Resulis for Seepage Analysis of
Fxisting Situation

At Trouble Section At Section Near Dam (D2)
Under flow (GPM per 10
feet of dam) 7 2.7
Assumed Permability
(ft/day) iao 265

Upstream Sheet Pile Opening Data

Net Opening (sq. inches per
10 feet of dam) 031 0.09

Range of Gross
Opening (sq. inches per

10 feet of dam) 1.0 to 10.0 S to 3.0

Downstream Shest Pile Opening Data

Net Opening (sg. inches per
10 feet of dam) 1.08 1.08

Range to Gross Opening
(sq. inches per 10 feet of dam) 3.6 to 38 3.6 to 36
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Basically, this qualitatively indicates the larger opening on the upstream row of
piles at the trouble section, All numbers indicate range and proper relationship
rather than a scientifically exact number. Put into further perspective, the weep
opening in the downstream row of shest pile was specified at the equivalent of 18.6

square inches per 10 fest of dam.

These parameters were then used for other hydraulic conditions, such as typical

spring runoff and 100-year flood, with various channel conditions downstream.

The resulting pressure diagrams tllustrate that troublesome uplift forces could occur
as flood discharge increases, perticularly near the 100-year flood. This situation is

complicated by the potential separation of the flow over the dam.

This phenomenon deserves further explanation. As flow increases over a dam, and
depending on the shape of the dam and the steepness of its slope, the flow can
literally leap free, and project out away from the dam. The related conflict is that
if the pressure underneath is increased, and the weight of water is removed above,
the stability is worsened. Ultimately this jet, called the nappe, will contact the face
of the dam or the pocl downstream. The surface of the dam is intentionally rough
and projects into this area, causing diversion of flow into the potentially open area
and thus maintaining weight on top. Alsoc the high tailwater elevations and the lack
of an air source tend to pull the Nappe back onto the grouted rock surface. The
problem is that the exact pressure on top from the overflow cannot be determined,

and qualitatively the pressure underneath makes the problem worse,

Solution Optlons

We have evaluated the probable ranges of forces with our structural engineer. For
present conditions and the lower range of flows there will be isolated locations of
uplift forces (meaning that there is portion of the dam that experiences a net force
up while the larger adjoining areas experience the desired situation of net forces

down). These areas are small and within the probable structural capability of the dam,

However, the condition for larger floods requires review. We believe, based on
judgement and experience, that the possibility of the nappe lifting completely free
is unlikely. Also, one of the inherent advantages of large grouted rock work is

that cracking is anticipated, and these cracks provide a pressure relief,
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Unfortunatetly, this is not & quantifiable parameter, One could risk doing nothing,

but the risk is such that in a rare flood, damage could occur.

The two basic concepts which can be used, {(probably together) are (1) pressure relief

and (2) measures to insure that flow separation does not occur or is greatly reduced.

Pressure relief is the recommended minimum option. Several options were explored,
but the Bureau of Reclamation has a flap weep valve which they use for relief of
pressure under linings. We visited severa!l people at the Bureau, reviewed several
technical papers, and interviewed the likely manufacturer. A copy of their diagram
is attached. These should sdequately relieve the pressure, They will need to be
installed at intervals horizontally (to relieve inflow all along the dam) and vertically
because the desired relief location varies with different tailwater and nappe locations.
The flap is necessary to prevent the introduction of flow into the subgrade for
lower flow levels (the water could enter a given weep on the top of the dam and
then could pressurize the subgrade). Maintenance would be required, but the Bureau's
experience has been minimal. We would expect more maintenance because of the

potential for vandalism and the rugged location.

The construction its simple, requiring drilling of a hole, placing the drain, gluing the
cover flange and grouting in place. The manufacturer quoted $22 per unit and
suggests an installation cost of $5 to $20 per unit. The thicker grout layer and
difficulty in getting the drain tc go into the subgrade soil makes us think costs could
be higher (on the order of 75 to $100 apiece). (Generally we recommend installation
of two rows at five foot spacing at elevation 52 {(plus or minus one foot) and
elevation 50 (plus or minus one foot). They should be installed downstream of the
larger rock where there is better protection, This would require 48 units or a budget
of $3,600 to $4,800, These drains would both help to rectify the problem area and

generally be an improvement of the dam.
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The second concept includes filling upstream of the dam with clayey impervious
material which would be partially covered with rock (see Figure). This would reduce
seepage, thus uplift pressure under the dam. And it would lower the potential for
flow separation over the dam, theoretically reducing the profile of the nappe so that
it has to contact most of the rock on the dam. This is estimated to cost $8,000,

and will also help to rectify the problem and generally be an improvement to the dam.
We are available to discuss these aptions with you,
Sincerely,

Mcl.aughlin Water Engineers, Ltd.

Wetls W

S /Y
William C. Taggart; P.E,

2 v

5dﬁn M. Pflaumﬁyp.E.

WC T:nh

Current



chLa&ghhn ater Engmeers, Ltd.

R R e e

Pro}ect Title w_ﬁmmmfmgect Neo. _ﬂiml&aat___.— DateJ 1&6-87

Subject _C iz & srmbdre Lok Crsy & Rip-Rap Designed €ARL._ Page _.1/1
: L[] E ra
- 12 g b e 4 o S Bt g
: e
i - 4
t 4 . [
] —
DAM Sueer P
RiP R/-\P
C‘%fls"
Gzsxswnz Y/27 = 47.491cy
(\z&x 4% 26h ) /27 © i8.%cy
(sxsxzrnr¥2r = . dley
{945 e %ax R Y27 = + . S2er
63,35 x mgl.l= 10776 Tew
U2 x0T 23
Ceny Fic
(128 ¥ i1Sx 3¥/> = 1S5.48¢r
(128% 12% 3%n)/er s £8S.33 ¢y
Cisnisx3%xR)7= j1.82 ¢y
CIS% 1243 %% /e jo.o0 ey
24 3.81 ¢y 4
5/, ¥2e3st2 3¢
DEwATER.. f4}ooc> FELIFNYA AT ﬁa.scdss Fr.ont RBio.
Kie Rae ¢3¢0
Ccd)’ it 3,3‘ ¢

"‘7,6?& vse YBooo




Mcughlm Water Engineers, Ltd.

R S

Prolect Title M.;M;&MMMPW}%{ No. 833,00 ¢ Date__1-1&-87

Subjecthﬂ.num-o‘-? ef £ Vewts 3o PegBes Designed £aL & Page _1/%

Dc‘c. ZZJ 1786 T romeen A S~tact Cwni to v Couorsa Ppar FAck o T CAccen Demvan Te
TR wnttd Jomar PFiAver  Wido Wwas our oF 1 oFrec. I Tawao 7o Bie
TAGCART, EXPebiviss, WHERE THE LEAK WwHAS Amwr Tve APPRoxirmbrs Fuoas « He
TowD Me To Havae e ComtrAtrod, DRt Cpecas wmw Tne Dagq Face, )“n.-rs-r
Hore cufs nn Q2 wache THE WwaATEL WAS Lgaring AsD ] TEST terw tomume
bt wAS DRr. I Tacres e RAr Kews7zen tuime e Pw:e‘,a Comscavaey
Pisraey ) ABowr THE Pf;aﬁu-:»-r Acn rie TEs7 % 3¢ Lomoveren.

I wewT 7o Bﬂ&sﬁ‘?’f LomsTlvcrion Qo omeicss 75 7hcit To (Jond IDASSE 7T ld&wf
Tri & Pﬂoﬂsaems, At Tue EBSules  lyNies Wowes BeE ReGuineh - L 7Awked
witet [B3op Basserr SuF%I Jon~ Basserr das Joe ratimo Presscy
PANAGCRS « TRe! €EXPRE3EN Comcdrtow Afosy THe Liafimry AvDd Tie Cosvs
AOF THE TEST r1EASLLES.

Dee 23,198¢ T corcen Amn 7awmip 7 Sona Priovrm ExPipimime e PRebiar Anbd
The TEsy B weond Lius ™ 1A ke,

Ar Apcoy dopa  THe Jomraderon Dardeap I3 Heoiws (W;_ P Dy om F’c.l,)
o THE PArm Face . THe waren Rased 7o Etevaron So L Tese Howw Wo
At 1w resy Howe D) Awn Dy 17 cwas C" Betow THE Geor Sonrhce .
THe Comrascron Dincen THe THAL TEsT Nord Bfehvse NE& THowad7 THAT He
Han Hir A e A~ wipy THu Secamst f‘jm—e‘

T ChAu gty THE SEFuy Baon GAvE THErt THE 18FotaATionh OVER THd Prcmd «
THer Asvan 18 T toven GET THEAT THE IMEotMiTiow 1o THE OFFicd [y WEOMEM
Momiwg - I Dhove To Derrvart To S&7 THEH THE Foemdren .

De-_c 24 198¢ T prove 70 Puetie 7o DRre & ~Mone Hoies (‘d 3, W WH’ Dyry Day )BcFFzﬂe
Tt Grovr Pocn ScHENuieEn Fet Bloodhry .

Dee 25 1598¢ Hounay

Dee ZC, (P8¢ T ¢uAS (oo vt BFEHE 1o Drivem Thtevis. a6 7rg P piemr A Pierancrer
Renoimas tuird Dete 726641 Ams Soum Predom . Theyr Deeiped 7mar 4
AOpi7ienrac Hoces were Rf@u:&m CF; ?;QC)-

Dee 27, 1538¢ 1o Pt Tiae Comrtnscyet Davien vHe Fooa Hores And T Took Some
ADQremae Rebdies (685D, Vo He Priavy LAawwen dee Mirivwo ro
lwrot,a Hie Toay thHe Inspeera Cosrs i—fétj Been .SVSPENDED o~

ECCmban. 22. IP8:L wamie 8 Sotuflonw “B8S [D5e/DEts om0

Dé‘c 30f3l 1986 L Toan perd pfu!omfrsé Rapad~as,

Jam 61987 T prove w Poshe B 7Hke Cfess Secriows or tHe Ooored Rocx
Face fAr APRoxadrey 20 i~reavics, T Drove v Devver Anb
Pearren r+e Cfoss -Sff-’ﬁcus P




