
RECORD OF PROCEEDINGS 

Spe O'Brien Prtg. & Stat. 90912 

MINUTES OF THE PUEBLO CONSERVANCY DISTRICT 

SPECIAL MEETING ON JANUARY 19, 1987 

DIRECTORS PRESENT G. Sandstrom and P. Kelly ”
 

OTHERS PRESENT R. Koester 

ABSENT MEMBERS K. Farley and L. Ward 

OTHERS PRESENT Bill Taggert and John Pflaum of 
McLaughlin Water Engineers, Ltd. 

.
 

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 construction on Santa Fe. 

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

The recommended solutions te the condition, other than to 
ao nothing, and be vulnerable to a rare flood where damage 
could occur, are as follows: 

1. Employ pressure relief members (approximately 
48 flap valves) downstream in the larger rock. 

2. Filling upstream of the dam with clayey impervious 
material toe cover the rock to reduce seepage 
under the dam. 

It was recommended that vaives be installed, and if economical 
filling can be accomplished, both operations are to be done. 

The Board indicated its desire to insure full protection of the 
dam with remedial construction work for the leak. How and who is 
HO pay for construction was to be discussed.on January 23, at 
9:30 aim., with January 30th at 8:30 a.m..as backup date. 

There being no further business, the meeting adjourned at 
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January 19, 1987 2420 Alcott St., Denver, Colorado 80211 

Mr. Raymond F. Koester 
Engineering Administrator 
The Pueblo Conservancy District 
111 East Fifth Street 
P. 0. 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 

Chol 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. The initial readings indicated higher 

piezometric head at the location of the leak compared to the piezometric head at 

other locations having the same elevation. 

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 arder to investigate the cause of the problem in 

further detail, we directed installation of piezometers along sections perpendicular 

to the longitudinal axis of the dam. The locations of all the piezometers installed 

are shown in Figure 1. The plezometer readings are summarized in Table 1. The 

piezometer readings were plotted along each section perpendicular to the axis of 

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

As can be seen from the piezometer readings, the readings have consistently gone 

down in all locations, eventhough the upstream water surface has varied from 

elevation 53.03 to elevation 55.00 (top of dam). 

However, the readings have remained 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 is probably more than in the other 

areas of the dam. The excess flow here apparently travels laterally under the dam 

and discharges at the many weepholes on the downstream face. This explains the 

gradient away from the trouble area and could possibly indicate reduced capacity 

thru the weeps on the downstream row of sheet pile. 

However, due to the coincidence of high plezometer readings in the area, where 

problems were encountered in driving the sheet piles (use of diesal hammer instead 

of vibratory hammer), the data 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 stability 

are the thickness of the grouted rack 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 mot on top of the slab and possible pressure fluctuations related to such 

phenomena. 

Basically, the present situation is stable, although we de not like the higher pressures 

(or water tevels) 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 appropriate to review other conditions. 

Extrapolation of Field Data 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 determined, 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 hydraulic 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, etc.) Thus reference is 

made ta 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 joints may be totally 

closed or 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 clearly 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 a (large) range of permability that can be assumed and 

a fairly narrow range of reasonable flaw gradients under the dam based on the field 

measurements, Also 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 a 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 

Results for Seepage Analysis of 

Existing Situation 

At Trouble Section At Section Near Dam (D2) 

Under flow (GPM per 10 

feet of dam) 7 2.7 

Assumed Permability 

(ft/day) 100 265 

Upstream Sheet Pile Opening Data 

Net Opening (sq. inches per 

10 feet of dam) O31 0.09 

Range of Gross 

Opening (sq. inches per 

10 feet of dam) 1.0 to 10.0 3 to 3.0 

Downstream Sheet Pile Opening Data 

Net Opening (sq. inches per 

10 feet of dam) 1.08 1,08 

Range to Gross Opening 

(sq. inches per 10 feet of dam) 3.4 to 34 3.6 to 36 
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Basically, this qualitatively indicates the larger apening 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 sheet pile was specified at the equivalent of 18.6 

square inches per 10 feet of dam. 

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

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

The resulting pressure diagrams Ulustrate that troublesame uplift forces could occur 

as flood discharge increases, particularly 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 cut 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 pool 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 tep. Also 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 Options 

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 a 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 several people at the Bureau, reviewed several 

technical papers, and interviewed the likely manufacturer. A copy of their diagram 

is attached. These should adequately 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 tap 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 is 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 te ge 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 improvernent 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 te 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 options with you. 

Sincerely, 

Mclaughlin Water Engineers, Ltd. 
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