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STE CONSULTANTS

September 8, 2006

. Stevan M. Keith, P.E.

Managing Engineer, Environmentat Services
Milwaukee County Department of Public Works
City Campus — Room 218

2711 West Wells Street

Mitwaukee, WI 53208

RE: Engineering Evaluation of the Estabrook Park Dam located on the Milwaukee River,
Milwaukee, Wisconsin - STS Project No. 5-87996

Dear Mr. Keith:

We have completed our evaluation of the current physical condition of the Estabrook Park Dam
on the Milwaukee River. The attached report details the results of the condition evaluation and
stability analysis, provides recommended repairs that were identified as a result of our evaluation,
and details our opinion of probable costs for recommended repairs.

Our scope of work consisted of performing a visua inspection of the dam, a diving inspection of
the upstream and downstream sides of the gated spillway section to address concerns raised by
the Wisconsin Depariment of Natural Resources (WDNR) regarding possible scour and
undermining, an evaluation of cracking on piers and the under side of the concrete deck of the
gated spillway section by a structural engineer, and developing an opinion of probable

construction cost for the recommended repairs.

We appreciate the opportunity to be of service to you. If you have questions with regard to the
attached report, or if we can be of further assistance, please call.

Respectfully,

STS CONSULTANTS, LTD.

Vor e 77

Richard J. Anderso
Associate

R587996-Estabrook _Park_Dam_Evaluation_Rpt_Final.doc

100-LH 11 442)



y
ES‘E ETS CONSULTANTS

Table of Contents

EXECUTIVE SUMMARY ...oivieccrricciseisvmn s csessnesrssse e vsssanesses |
1.0 INTRODUCTION........ ittt cres s ee e s s samrareseras 1
2.0 PROJECT DESCRIPTION......cooeerner e se s 2
2.1 Dam Descriplion ..o 2
2.2 Hazard Classification ..o 3
2.3 Gate Operation Procedures..........cc.cooovvieeeevieceecieeeee 3
3.0 CONDITION EVALUATION ..ot nnt e cne e s s e sernaennns 4
3.1 Gated Spiltway Section ..o, 4
3.1.1 Right Abutment........................ e 4
3.1.2 Left Abutment .c.ooooo e 4
3.1.3 Expansion JOINtS. .....oovi e 5
3.1.4 Operating Bridge Walls.........cocooevvvieiiie 5
3.1.4.1 Upstream Operating Bridge Walls .........ccc......... 4]
3.1.4.2 Downstream Operating Bridge Walls ................ 7
3.1.5 Operating Bridge.......ocoivevrverieve e 7
3.1.6 Gate Hoist Blocks oo 7
T PIEIS s 8
318 GateS e 8
3.1.9 Upstream and Downstream River Banks ................... 8
3.1.10 Scour Evaluation ..........c.ooooioeiieee 8
3.2 Overflow Weir Spillway Section.......cccev e 9
3.3 Signage and Warning Systems ........cccooveieieeiiie e 9
4.0 STABILITY ANALYSIS OF SPHLLWAY ....cvvmreeceireeeceans 10
4.1 IntrodUCHON ..o 10
4.2 MethodolOgy «...oovioviaeeieeee e 10
4.3 Material PropertieS......oooocviceiiccceiee e 10
4.4 Key Lateral Dimensions............. et e 11

4.5 Summary Table of Computed Factors of Safety and
Minimum Reguired Values...........c i, 11
4.6 ConcluSIONS ... .c.occcviciiiicci et 12
5.0 REPAIR RECOMMENDATIONS ......cooiiciir i semnnnas 13
5.1 Gated Spillway Secton......cooovivieeeeeee e 13
5.1.1 Abutments.......cccceoeiiicrereiins ST TUUTUTTUPT 13
5.1.2 Expansion Joints and Operating Bridge Walls .......... 13
5.1.3 Operating Bridge Deck ..o, 14
G144 PIBIS et 14
5.1.5 Gates and HOISES ..o, 15
5.2 168 Breakers. ..o 15
5.3 Overflow Spillway ..ccooooievei e, 16

®

THE INFRASTRUCTURE IMPERATIVE R587996-Estabrook_Park_Dam_Evaiuation_Rpt_Fingldoc



~
EF STES CONSULTANTS

5.3.1 Hashboard Section .........cooev e e 16

5.3.2 Overflow Section.........c.oooo i 16

5.4 Slope Protection ... 16

6.0 OPINION OF PROBABLE CONSTRUCTION COST..ooeovvveee. 17
Appendices

Appendix A — Location Map

Appendix B — Design Drawings

Appendix C — Structural Evaluation of Gated Spillway Section
Appendix D — Project Photographs

Appendix E — Dive Inspection Report

Appendix F — Stabiiity Analysis of Gated Spillway Section
Appendix G — Opinion of Probable Cost for Dam Repair

®

THE INFRABTRUETURE IMBERATIVE R&87986-Estabrook _Park_Dam_Evaiuation_Rpt_Final.doc



®

E@ 8TES CONSULTANTS

Mitwaukee County Department of Public Works
STS Project Ne. 5-87396
September 8, 2006

EXECUTIVE SUMMARY

In general, the condition of the structural elements of Estabrook Park Dam is fair and with
preventive maintenance, can likely remain in-service for 25+ years. In our opinion, there were no
deficiencies identffied during our study which were an immediate concern to dam safety, that is, if
not corrected immediately may lead to uncontrolled loss of the impoundment. However, a

number of repair items were identified which need fo be addressed to ensure continued safe

operation of the dam.
Conclusions of our study and recommended repairs are summarized as follows:

» Remove and replace deteriorated concrete on abutments, operating bridge deck, and

piers of the gated spillway section.

» Repair the expansion joints on the spillway operating deck and replace the missing

expansion joint material.

¢ The cracking observed on the spillway piers and identified by the WDNR in their
November 2004 inspection report was evaluated by a structural engineer and was not

considered to be the result of overstressing or indicative of a stability problem.

e The spillway gates should be sandblasted and painted with a waler-based urethane

paint, suitable for this application. Drain holes should also be drilled in the horizontal

cross members to promote drainage.

¢ A diving inspection found no evidence of scour or undermining either upstream or
downstream of the gated spillway section. Direct visual inspection of the downsiream toe
of the overflow spillway section alse indicated no scour or undermining. The upstream
side of the overflow spillway has a heavy accumulation of debris and could not be directly

observed.

» There is minor ergsion and undercutting occurring downstream of the gated spillway
along the left bank. There is also some minor undercutting along the left and right banks
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just upstream of the gated spiliway. Additional rip rap should be placed ai these locations

to prevent further undercutting.

» The overflow spiliway flashboards should be repiaced and the bent supports repaired.

Surface repair of deteriorated concrete on the overflow weir crest should be performed.

e« The gated spillway section was found to be stable for overturning and sliding under
normal pool conditions. Under full poo! conditions with ice loading, the section was found
to be unstable. We, therefore, recommend the current operation practice of drawing
down the impoundment during the winter months be continued and that the ice breakers

be maintained to prevent impact to the gated spillway by large debris or ice rafts.

s The ice breakers do not require an extensive rebuild, only repair of deterioration at the

tops.

¢ The large accumulation of woody debris upstream of the overfiow spillway section should
be removed. We recommend that the County study measures to facilitate periodic debris

removal.

Our opinion of probable cost for implementing all of the repairs recommended above is as

follows:

Construction cost: $618,000
Engineering and construction contract administration cost: $138.000
Total:  $756,000

This includes a 20-percent construction cost contingency and a 15-percent cost contingency for
engineering and construction contract administration cost. Our estimate does not include any
costs associated with the handling or removal of possible contaminated sediments in the

impoundment.

®
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1.0 INTRODUCTION

STS Consultants Lid. (STS) was contracted by the Milwaukee County Department of Public
Works {County) to perform an engineering evaluation of the Estabrook Park Dam located on the
Milwaukee River within the limits of the City of Milwaukee. The purpose of this study was to
evaluate the current physical condition of the dam and develop cost estimates for recommended

repairs identified as a result of our condition evaluation and stability analysis.

Our scope of work consisted of performing a visual inspection of the dam, a diving inspection of
the upstream and downstream sides of the gated spillway section to address concerns raised by
the Wisconsin Department of Natural Resources (WDNR) regarding possible scour and
undermining, an evaluation of cracking on piers and the under side of the concrete deck of the
gated spillway section by a structural engineer, and developing an opinion of probable

construction cost for the recommended repairs.

1
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2.0 PROJECT DESCRIPTION

2.1 Dam Description

Estabrook Park Dam is located on the Milwaukee River approximately 6.7 miles upstream from
Lake Michigan and approximately 1,300 feet downstream from the Port Washington Street
Bridge. The dam location is shown in Appendix A. The dam was constructed in the late 1930's
and was repaired most recently in 1989. From left to right (looking downstream), the dam
consists of a gated spillway approximately 220 feet in fength, a center island (not considered part
of the dam) and a sinuous overflow weir spillway approximately 584 feet in length. The dam weir
crest is at elevation 616.6 feet (NGVD, equal to elevation 36.0 feet local datum shown on the
design drawings in Appendix B). The structural height is approximately 15 feet and storage
capacity at maximum pool is approximately 700 acre-feet according to the WDNR database. The

hydraulic height at maximum pool is approximately 8 feet.

The slide gate spillway section contains ten 11’-6” wide gate bays with vertical steel slide gates.
The gates are each 7'-6.5” high with a crest elevation at 616.9 NGVD (36.3 feet local elevation).
The gate sills are at elevation 609.35 NGVD (28.75 feet local). The gates are numbered
sequentially one through ten, with number one being located furthest left. Slide gates one
through five and ten are on manual control and are operated from the control building located in a
bunker on the bank just left of the spillway. Slide gates six through nine are on automatic float
control with the float located in a manhole on the left river bank just upstream of the spillway.
Manual override controfs for gates six through nine are aiso located in the control building. The

slide gates and hoists were extensively reconstructed in 1989.

Each gate has its own 5 h.p., 25 amp electric motor which drives threaded stem risers on the left
and right side of each gate. A horizontal shaft couples the left and right stem drives at each gate.
A hand-operated wheel is present on each gate with a manual override lever on the gearbox to

permit manual operation in case of power faifure.

A line of 28 concrete tripods (“ice breakers”) spaced 11'-8" on center is located upstream of the

gated spillway section. These are intended to block debris and ice rafts in winter from impacting

the gated spillway.

2
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The overfiow spillway section is concrete with rubble stone masonry anchored to the downstream
face creating a stepped surface. The overflow weir is at elevation 616.6 feet NGVD (36.0 feet
local elevation). According to the criginal design drawings, the concrete core was anchored to
the bedrock foundation with two rows of 1-1/4 inch steel rebars running the entire length of the
overfiow spillway. The rebars are spaced 6 feet on center and anchored a minimum of 5.5 feet
into bedrock. The upstream surface and crest of the section have been overlaid with a layer of
gunite at some time in the past. There is a flashboard section near the left end of the overflow

spillway section with a total length of 88 feet.

Copies of available design drawings from 1939 and 1988 drawings for the gate reconstruction are

contained in Appendix B.

2.2 Hazard Classification

The Estabrook Park Dam has been classified by the WDNR as low hazard. NR 333 requires a
fow-hazard dam to have a minimum total spillway capacity capabie of passing the 100-year flood.
According to hydraulic studies performed for the Milwaukee River, the 100-vear flood for at the
dam site is 14,810 cfs (City of Glendale Flood Insurance Study, date unavailable). According to
the WDNR database, the dam has a spillway capacity of 25,800 ¢fs. The dam therefore has

adequate spillway capacity for its current hazard classification.

2.3 Gate Operation Procedures

Typicaily, the gates are completely raised each year during the first week of November to dewater
the impoundment. During the middle of May, the gates are lowered and the impoundment is
brought back up to full pool. During normal flow conditions between mid-May and early
November, the overflow spillway weir self-regulates pool levels. During high flow conditions, the
automatic float control operates gates six through nine to regulate the pool level. During extreme
fiood events, additional gates can be opened by manual push-button control of the remaining six

gates.

Presently, there are no written operation criteria or spillway gate discharge curves which are used

to provide the operators with gate opening guidelines.

3
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3.0 CONDITION EVALUATION

The project was inspected by Richard Andersen, P.E., James Kasper, P.E. (structural engineer)
and Steven Weyda, P.E. of STS Consultants on February 3, 20606. Weather conditions on this
day were overcast with intermittent rain and temperatures around 40 degrees Fahrenheit.
Photographs from the structural evaluation of the gated spillway section field inspection, keyed
with figures showing the locations of the observed features, are presented in Appendix C.
inspection photographs of the remaining project structures and features are presented in
Appendix D. In addition, an underwater dive inspection was conducted on the upstream and
downstiream surfaces of the gated spillway section on June 1, 2006. The dive inspection was
performed by Seaview Diving Contractors, Inc. of Seymour, W1 under subcontract ioc 8TS. A

copy of the dive inspection report is included in Appendix E.

All elevations used in this condition evaluation are referenced to the local datum shown on the

design drawings in Appendix B.

3.1 Gated Spifiway Section

3.11 Right Abutment

The right abutment wails were in overall fair condition with several areas of observed
deterioration. The walls at the right end of the abutment near the gate exhibited cracking,
efflorescence, and isolated spalling. Both abutment walis running left to right were cracked and
spalled at the top of the walls and at the varying top of stair tread elevation on the sides of the
walls facing the stairs. Concrete disintegration was present at the top six stair nosings. The
downstream right side of the abutment pier exhibited cracking and efflorescence above elevation
34.0°. The left side of the abutment pier exhibited exposed concrete reinforcing steel below
concrete cover spalls on the downstream side of the pier. Both exposed walls on the left side of

the pier were also cracked, delaminated, and had efflorescence deposits on the surface.

3.1.2  Left Abutment

The left abutment walis were in overall fair condition. The walls at the left end of the abutment
near the gate exhibited cracking, efflorescence, and spalling (spalling was more frequent near the
ground line and at the top of the walls). Both abutment walls running left to right were cracked
and spalled at the top of the walls and at stair tread ievels on the inside walls facing the stairs. All
of the concrete stair nosings and freads were severely deteriorated. The right side of the

abutment pier exhibited widespread cracking and effiorescence in addition to delamination on the

4
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upstream side of the pier above elevation 37.75  and spalling on the downsiream side of the pier

beiow elevation 34.0'.

3.1.3
Expansion joints were located in the operating bridge over pier numbers 1, 4, 8, and 11 (piers
numbered sequentially from left to right, see Figures 1 and 2 in Appendix C}. We observed
asphalt board-type filler in place for the wall and operating bridge deck expansion joints. The wall
filter material was displaced out of the joint toward the center of the operating bridge at most

Expansion Joints

locations. The joint material extended beyond the surface of the concrete, several inches at
some locations. This board-type jcint was also in place in the bridge deck portion of the joint,
however, the joint filler was absent from at least two bridge deck expansion joints. Measured joint

widths in the operating bridge walls are shown in Table 3-1.

Tabie 3-1
Measured Expansion Joint Separation at Operating Bridge Walls

Expansion Joint Operating Bridge Mean Expansion
No. / Pier Number Wall Joint Width (in.)
Upstream 0.31
1/P1
Downstream 0.25
Upstream 1.06
21P4
Downstream Not Measured
Upstream 1.00
3/P8
Downsiream 0.88
Upstream 0.81
4/P11
Bownstream 0.88

Note: Design joint width = 1 inch, per section C-C on structure drawing number 9006-4-8.

3.1.4 Operating Bridge Walls
In general, the operating bridge walls were in overall fair condition. 8TS observed and measured

the operating bridge walls rotated from the vertical position as shown in Table 3-2 with the use of

a 4-foot level,

5
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Table 3-2
Measured Operating Bridge Wall Rotation
Expansion Joint Operating Bridge Side of Rotation
Na. / Pier Number Wall Expansion Joint {degrees)
Left 1.94
Upstream
17/P1 Right 0.38
Left 1.34
Downstream
Right 0.57
Left 1.64
Upstream
2/P4 Right 0.75
Left 0.37
Downstream
Right 0.28
Left 0.47
Upstream
Right 0.67
3/P8
Left 0.00
Downstream
- Right 0.90
Left 0.38
Upstream
Right o 1.04
4/P11
Left 0.09
Downstream
Right 1.49

Note: All upstream cperating bridge walls lean upstream; all downsiream deck wails lean downstream

3.1.4.1 Upstream Operating Bridge Walls

The upstreamn operating bridge wall was in generally fair condition, with isolated areas of
deterioration, as observed from the operating bridge. STS observed top of wall cracking at pier
numbers 5 and 11 (see Figure 1 and 2 in Appendix C). There was also & full height wall crack in
the upstream operating bridge wall near pier number 2. Vertical wall reinforcement cover spalls
were present in the wall on the downstream side near gate number 5 (2 spalis), and pier number
2 (1 spall). STS observed concrete disintegration at the top of the wail at pier number 1.
Cracking and defaminations were present over the wall at expansion joint number 1. The
downstream face of the wall at the right abutment pier exhibited cracking, effiorescence, and

isolated disintegration.

6
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3.1.4.2 Downstream Operating Bridge Walls

The downstream operating bridge wall was in generally fair condition, with isolated areas of
deterioration, as observed from the operating bridge. STS observed vertical wall reinforcement
cover spalls near the bottom of the wall, upsiream side, near pier number 9 (3 spalls), pier
aumber 7, (1 spall), and pier number 2 (2 spalls). STS also observed a spall approximately 2
square feet in the area near pier number 4 on the upstream side down fo the depth of the wall
reinforcement. STS ohserved disintegration of the top corner of the wall at pier number 1 along
with cracking along the expansion joint in the wall. The upstream face of the wall at the right

abutment pier exhibited cracking, efflorescence, and isolated disintegration.

3.1.5 Operating Bridge

The operating bridge appears to be in overall fair to good condition, with isolated areas of top-
side deterioration. STS performed an acoustic impact survey of the top side operating bridge
surface between the dam abutments as well as the underside of the bridge deck between the
right abutment and pier number 1. We detected isofated pockets of top side bridge deck

delamination at the following locations:

« immediately left of expansion joint 4,

o immediately right of expansion joint 1 to approximately 3 feet right of the joint,

e between 3 feet right of pier number 1 to the right abutment pier {delamination pockets),
¢ at former gate hoist base plates of gate numbers 4, 5, 6, and 7, and

s above pier number 5.

Some locations of the bridge deck iop side were partially disintegrated between the right
abutment and pier number 1. Cracking was observed on the top side of the bridge deck near
expansion joints 2 and 4. The underside of the operating bridge deck was typically wet around

locations of deck penetrations for the former gate hoist anchor bolts.

3.1.6 Gate Hoist Blocks

Gate hoist blocks on the top side of the bridge deck appeared in overall fair to good condition,
with isolated blocks experiencing deterioration. The left block for gate number 1 was
disintegrating near the top of the block. Bilocks for gate number 2 had some of the reinforcing bar

cover spalled. Blocks for gate numbers 5, 6, and 10 were cracked.

7
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3.1.7 Piers

Piers between the abutments appeared in overall fair (above elevation 37.75°) to poor conditicn
(below elevation 37.75). Refer to Figures 1 through 24 in Appendix C for additional condition
assessment observations, specifically with respect to left and right pier conditions. Common
conditions observed by STS include widespread surface repair below elevation 37.75,
delaminations, spalls, and cracks. Based on acoustic impact testing performed on pier numbers
1 and 11, it appears that the majority of pier surface covered with surface repair material (e.g.
gunite) is delaminated. Multiple piers exhibited areas where former gunite repairs were either

partially or fully delaminating from the substrate.

3.1.8 Gates

Gate numbers 1 through 10 were equipped with electricaily-operated steel slide gates, installed in
1989. The gates had a steel face plate spanning vertically to horizontal wide flange or channel
girders. The gates, as observed from pier numbers 1 and 11, had widespread uniform surface
corrosion and water ponding between the upturned flanges of the wide flange horizontal girders.
With the permission of the County, STS operated gate numbers 1 through 5 for the apparent full-
range of design gate movement and did not observe any sticking or binding resistance during

gate movement. The gate guides and side seals appeared to be in fair to good condition.

3.1.9 Upstream and Downstream River Banks
There is some minor erosion and undercutting along the right river bank downstream of the gated
spillway. There is also some minor undercutting along the banks just upstream of the gated

spillway up to the ice breakers atong the left and right banks.

3.1.10 Scour Evaluation

No evidence of scour or undermining of the spillway was found during the June 1, 2006 dive
inspection either upstream or downstream of the spillway gates. Sound concrete was found on
the river bed between the piers and on the river bed both upsiream and downstream for a
variable distance along the river bed. The design drawings show the concrete apron extending
to the iength of the piers. It is uncertain if the concrete beyond the piers was placed during

original construction or at some later date.

8
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3.2 Overflow Weir Spillway Section

The overflow spiitway section appears to be overall in fair condition. There has been scme
deterioration and loss of masonry rubble section downstream of the concrete core. The top row
of horizantal rebar anchoring the masonry {o the concrete section is exposed in several locations.
Loss of masonry stone is particularly evident at the flashboard section where flows are
concentrated. However, the loss of masonry material is not considered sufficient to negatively
impact overall section stability at this time. The overflow section is broad with low hydraulic head.

Stability of the section is not considered an issue.

Spalling and deterioration of the gunite surfacing on the crest of the overflow section is evident in
many locations. In addition, there is evidence of some separation of the downstream masonry
from the caoncrete core, probably due to ingress of water and progress freezing and thawing over

time. The maximum amount of separation observed was approximately 1 inch.

Several of the flashboards are missing or cracked. The flanges of the flashboard supports are

bent at several locations.

The foundation bedrock was visible along the entire length of the downstream toe. No scour

holes or undermining of the overflow spillway was evident.

There is a massive accumulation of woody debris along the upstream side of the overfiow
spillway so the upstream surface of the concrete could not be observed. This debris should be
removed. Currenily, there are no sfructures or faciliies on the dam for removing the
accumulation of debris upstream. We recommend the County study measures {o facilitate

periodic removal.

The right and left masonry abutments are in good condition. There is no evidence of visible

seepage or erosion.

3.3 Signage and Warning Systems
Upstream and downstream dam signs are in good condition. The warning siren operates
properly when the spillway gates are operated. The gates restricting access to the spillway deck

are in good working order.

9
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4.0 STABILITY ANALYSIS OF SPILLWAY

4.1 Introduction

A gravity-type stabiiity analysis was conducted for the gated spiiiway section of the dam. Loading
cases analyzed include normal poot (gates closed, Case 1), and normal water level plus ice
{Case 2a). Flood pool conditions (Case 2) were not analyzed since the dam submerges during
the regional design flood (100-year event) and liftle to no differential head exists across the
structure. Furthermore, the spillway gates are opened during the winter months and the pool is
drawn down. Therefore, the ice lnading case is not currently an issue from the standpoint of dam
safety. However, we stili analyzed ice loading under normal, full pool conditions since there is, to

our knowledge, no written order that that pool must be evacuated each winter season.

The concrete weir overflow section is very broad in relation to the head and is anchored into
bedrock. As such, it is considered stable by inspection and was not analyzed as part of this

study.

4.2 Methodology
The stability of the concrete slide gate section was analyzed using the shear friction factor of

safety method for evaluating resistance to sliding in accordance with the procedures in U.S. Army
Corps of Engineers guideline EM 1110-2-2200 - Gravily Dam Design and the Federal Energy
Regulatory Commission (FERC) Engineering Guidelines for the Evaluation of Mydropower
Projects, Chapter 3 — Gravity Dams. The gravity method of analysis was used to evaluate
foundation bearing stresses at the concrete/foundation interface, assuming no tensile strength
across the assumed cracked base. A two-dimensional static stability analysis method was used

to evaluate the stabitity of the concrete structures.

4.3 Material Properties

For the concrete dam stability evaluations, the unit weight of concrete was assumed to be equal
to 150 pounds per cubic fool. Concrete at the Estabrook Park Dam was assumed to have a
compressive sirength of 3,000 psi based on specifications in the original design drawings. A
friction angle of 45 degrees with no cohesion was conservatively assumed for the concretefrock

interface, based upon published values (Hunt, 1984).

10
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Summary of Material Properties for S;?J?!Iiiy‘t;nalyses of the Gated Spillway Section
Analysis Properties Details
Concrete unit weight 150 pef
Concrete compressive strength 3,000 psi
Concrete tensile strength 210 psi
Concrete shear strength 109 psi
Allowable bedrock contact pressure 420 psi
Uplift pressure Linear between full headwater/tailwater
pressures

4.4 Key Lateral Dimensions

Key dimensions for the dam section were taken from the project drawings included in Appendix B.

4.5 Summary Table of Computed Factors of Safety and Minimum Required Values
Computations for each loading case are included in Appendix FF. The results are summarized as

follows:

Table 4-2
Summary of Structure Stability Analyses

Siiding Factor of Overturning
Safety Resultant

w/in middle

Required* | Computed third?

Section/Case Description

GATED SPILLWAY

1. Normal Pool 2.0 3.31 Yes —o.k.
- e NO -
2a. Normal Pool with lce 1.7 0.93 unstable

*Minimum recommended factor of safety, U.S. Army Corps of Engineers (EM 1110-2-2200, 1995)
**5000 Ibf ice loading assumed per FERC Guidelines for Gravity Dams {2002)
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4.8 Conclusions

The gated spiltway section is stable for Case 1 — normal pooi loading conditions, but is not stable
for Case 2a — normai pool with full ice loading. We therefore recommend that the current mode
of operation of fully drawing down the poot in winter be continued. If a full pool is desired in
winter, the County will need to consider the installation of heaters or agitators along the upstream
side of the gated spillway section to prevent the build-up of ice upstream of the gates. In addition,
we recommend that the ice breakers be maintained to prevent debris and ice loading against the

face of the spiilway.
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5.0 REPAIR RECOMMENDATIONS

In general, the condition of the siructural elements of Estabrook Park Dam is fair and with
preventive mairntenance, can likely remain in-service for 25+ years. In our opinion, there were no
deficiencies identified during our study which were an immediate concern to dam safety, that is, if
not corrected immediately may lead to uncontrolied loss of the impoundment. A number of repair

items were identified which need to be addressed to ensure continued safe operation of the dam.

Qur repair recommendations and timetable for implementation are summarized by structure as

follows:

5.1 Gated Spillway Section

5.1.1 Abutments

Most elements of both dam abutments are showing signs of their age, including the walls, stairs,
and piers. Much of the pier surfaces are extensively cracked and delaminated. In our opinion,
none of the deterioration we observed poses a concern with respect to the immediate safety of
the dam. However, if the County allows conditions o remain as-is, we expect the severity of the

deterioration will advance over time to a condition where structure safety will become an issue.

STS recommends that the County reconstruct the access stairs on the left and right sides of the

dam and budget for complete abutment surface reconstruction within the next five years.

5.1.2 Expansion Joints and Operating Bridge Walls

The rotation of the operating bridge walfis appears to be driven by ingress of moisture and
progressive freeze-thaw cycles between overlapping sections of bridge wall. The shaded cells in
Table 3-2 (page 6} indicate the side of the joint where the greater amount of rotation occurs. The
magnitude of the wall rotation appears to be symmetrical about the left/right center of the dam,
with the greater rotation occurring on the wall that overtaps the expansion joint. The freeze-thaw
phenomenon also explains why the asphalt board joint material was displaced out of the joint,
toward the center of the operating bridge - the path of least resistance would be toward the side

of the joint without concrete.
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Expansion joint number 1 appears io be receiving movement in excess of the joint’s intended
design {joint widths closed 75% from design joint width in winter month). We expect, and as
evidenced by the concrete disintegration around the joint, that the joint will close further in warmer
months and that deterioration around the joint will continue, as fractured concrete and debris that
has fallen into the joint in the cooler months serves as a mechanism to fracture “sound” concrete
around the joint. This joint may be receiving all expansion and contraction movement for the
leftmosi 46.25" of the operating bridge due to the left side of expansion joirt number 2 not

functioning as intended.

STS recommends that the County immediately replace the joint materiaf in all expansion joints,
implement measures to prevent runoff ingress between sections of bridge wall, and monitor
rotation of the walls at and in-between the expansion joints on a guarterly basis. Expansion joint
1 be should be repaired immediately and possibly retrofit with a joint system capable of
accommodating ail expansion and contraction from the lefimost 46.25" of the operating bridge.
We also recommend that the County address locations of bridge wall cracking, disintegration, and
spalling by implementing partial to full depth repair of the spillway operating bridge walls within

the next five years to prevent further decay.

5.1.3 Operating Bridge Deck

The operating bridge deck between the right abutment and pier number 1 was severely
deteriorated, experiencing cracking, delamination, and isolated disintegration. The top side
deterioration does not appear {o have advanced fo impact the bottom side condition of the deck.

However, if left unattended, the detericration will likely manifest through the thickness of the deck.

STS recommends that the County immediately perform partial to full depth repair of the operating
bridge deck between the right abutment and pier 1. We also recommend that the County
implement partiai depth repair to the cperating bridge deck at other areas of decay either within

the next five years or during the time repairs are made to the expansion joints.

5.1.4 Piers

With the exception of pier numbers 1 and 11, the portion of the piers above elevation 37.75
appear to be in overall fair condition and may not need extensive maintenance, based on the
scope of this condition assessment. Below elevation 37.75%', the majority of the piers appear to

have a combination of failed surface repairs, cracking, spalling, and other decay.
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The cracking of an 8-inch wide portion of the pier between elevation 36.75" and 38.25' at piers
numbers 1 through 11 does not appear to impact the strength and stability of the dam. According
to structure drawing 9006-4-8, there were o be two 1/2-inch diameter bars in the upper portion of
this section of concrete. It does not seem likely that the cracks wouid have formed as a result of
hydrostatic or ice loading on the piers as the 8-inch wide elements are below the design top of
water and ice load elevations of 36.0' and 35.0°, respectively (structure drawing M-1, dated May,

1988), and there is a large resisting mass of concrete below this elevation

STS recommends that the County budget for complete lower pier surface reconstruction below
elevation 37.75" within the next five years. STS also recommends the dam owner immediately
perform partial depth repair to the upper portion of pier numbers 1 and 11 between the “column”

portions of the piers and below the bridge deck.

515 Gates and Hoists
The gates appeared to be in overall fair condition for their age. We recommend the dam owner

install a pair of adequately-sized drain hoies in the web of the wide flange horizontal girders at
each gate within the next five years to promote drainage of water between the flanges. While the
gate skin plates have a layer of surface rust, we did not observe any significant loss of section.
Within the next five years, STS recommends that the County have the gates sand blasted and re-
painted with water-based urethane paint suitable for this application. No existing paint was visible
on the gate surfaces so lead should not be an issue. Sand blasting and painting can probably be

performed most economically in the field as opposed to removal to an off-site shop.

5.2 Ice Breakers

The tops of these tripodal concrete structures have deteriorated due to freeze-thaw action. The
tops should be repaired within the next five years. A major reconstruction, as recommended by
the WDNR in their 2004 inspection report, does not appear necessary. Woody debris which has

accumulated upstream of the ice breakers should be removed.
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5.3 Overflow Spiilway

5.3.1 Fiashboard Section

STS recommends that the County immediately replace broken or missing stop iogs, and repair or
replace bent stop log guides.  STS also recommends re-evaluating the rubble masonry within
five years. If additional significant loss of masonry is observed, the County should proceed with

developing plans for a complete concrete overlay of the overflow weir section.

5.3.2 Cverflow Section

Some minor loss of masonry blocks from the fop surface downstream of the concrete core. In
addition, there is evidence of some separation of the downstream masonry from the concrete
core — probably due to ingress of water and progress freezing and thawing over time. This joint
should be filled with a suitable elastomeric crack fi¥ler to prevent the ingress of water. The loss of
masonry material and movement of masonry is not considered sufficient to negatively impact
overall section stability at this time. STS recommends repalring areas of deteriorated concrete on
the overflow weir crest within the next five years. We also recommend re-evaluating the condition
of the rubble masonry within five years. [f additional significant loss of masonry is observed, the

County should proceed with developing plans for a complete concrete overlay of the overflow

section.

We also recommend immediate removal of accumulated woody debris upstream of stop log and
overflow sections. The County should develop a means to more readily remove this accumulated

material on a regular basis.

5.4 Slope Protection

There is some minor erosion and undercutting along the right river bank downstream of the gated
spillway. There is also some minor undercutting along the banks just upstream of the gated
spiiway along the feft and right banks. We recommend that suitabiy-sized rip rap be placed in

both of these locations within the next five years.
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6.0 OPINICGN OF PROBABLE CONSTRUCTION COST

Recommended repairs are summarized as follows:
= Remove and replace deteriorated concrete on abutments, operating bridge deck, deck
walls, steps, and piers of the gated spillway section.

« Repair the expansion joints on the spillway bridge deck.

= Sandblast the spillway gates and paint with a water-based urethane paint, suitable for
this application. Drain holes should also be drilled in the horizontal cross members to

promote drainage.

¢ Place additional rip rap downstream of the gated spillway along the left bank, and

upstream of the gated spillway along the left and right banks.

= Replace the overflow spillway flashboards and repair the bent guides and supports.

Remove and replace areas of deteriorated concrete on the overflow weir crest.
+ Repair concrete deterioration evident on the tops of the ice breakers.

* Remove the large accumulation of woody debris upstream of the overflow spillway

section.

Based upon the above recommendations, our opinion of probable costs for construction and

engineering are as follows:

Construction cost: $618,000
Engineering cost: $138.000

Total:  $756,000

This includes a 20-percent construction cost contingency and a 15-percent engineering cost

contingency.

These opinions are based upon 2006 unit prices for similar projects, engineering judgment,
and/or published cost data. Actual bids and total project costs may vary based upon contractor's
perceived risk, site access, season, market conditions, and prevailing wage and unit pricas at the
time of bidding. No warranty concerning the accuracy of costs presented herein are expressed or

implied.
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ﬁ's] STS CONSLULTANTS
Estabrook Park Dam

STS Project No. 5-87996
Photographs taken by RJA

Photograph 3 — Gate speed chart. Note that gates travel 1 inch vertically every 8 Photograph 4 — View of typical slide gate. Note surface rust and water ponding in top
seconds channel. Drill drain holes to allow water to drain and sandblast and paint gates.

Z587996-photos.doc



ﬁa STS CONSLULTANTS
Estabrook Park Dam

STS Project No. 5-87996
Photographs taken by RJA

Photograph 5 — Right side of pier 10. Note gunite on pier surface Photograph 6 — View of typical concrete surface deterioration on spillway operating
bridge deck

Photograph 7 — View of typical area of spalling of gunite overlay on lower part of Photograph 8 — View of gated spillway looking at downstream side
spillway piers

Z587996-photos.doc



ﬁa STS CONSLULTANTS
Estabrook Park Dam

STS Project No. 5-87996
Photographs taken by RJA

SN A

Photograph 10 — View of ice breakers. Note deterioration of concrete at tops and
accumulation of woody debiris.

Photograph 11 — View of spillway with full pool (taken June 1, 2006) Photograph 12 — View of ice breakers with full pool (taken June 1, 2006)

Z587996-photos.doc



ﬁa STS CONSLULTANTS
Estabrook Park Dam

STS Project No. 5-87996
Photographs taken by RJA
« Sl

Photograph 13 — View of left bank upstream of gated spillway. Note minor
undercutting of bank at max. pool level and lack of sufficient slope protection

‘l.

Photograph 15 — View of right bank (on island) downstream of gated spillway Photograph 16 — View of left bank downstream of gated spillway

Z587996-photos.doc



Ea STS CONSLULTANTS
Estabrook Park Dam

STS Project No. 5-87996
Photographs taken by RJA

Photograph 17 — View of overflow spillway flashboard section, as taken from left Photograph 18 — View of flashboards. Note missing boards and penetration by debris.
_abutment - Also note bent flashboard support to the left

Photograph 19 — View of right end of flashboard section Photograph 20 — View of typical area of concrete deterioration on the weir crest of
overflow spillway. Note horizontal rebar anchor exposed on top of rubble masonry.

Z587996-photos.doc
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eaview

DIVING CONTRACTORS, INC.

Marine Construction
Diving Services
Potabie Water
Wastewater Diving
Nuclear Diving

Underwater Cutting

Underwater Weiding
Video Inspections
Pipe Penetrations
Concrete Restaration
Dam Repairs

Hydrographic Surveys

Zebra Mussel Conirol

www.seaviewdiving.com

N8867 County Road Y Seymour, WI 54165 920-833-7601 (Fax 920-833-7701)




Seaview Diving Contractors, Inc.

Pipelines * Construction * Burping & Welding * Salvage * Inspections * U/W Video * Concrete Repairs

N8867 County Road Y
Seymour, Wisconsin 54163
920-833-7601
Fax 926-833-7701

www.seaviewdiving.com

DATE June 12, 2006

SUBJECT: Commercial dive video inspection of both upstream and downstream sides
of the Estabrook Dam, Milwaukee, Wisconsin on June 1, 2006.

FOR: STS Milwaukee
Atin. Richard Anderson
11425 W Lake Park Dr.

Milwaukee, WI 53224
BY: Seaview Diving Contractors, Inc.
N8867 County RA Y

Seymour, WI 54165-9150

JOB#: 2622

PO #: Original # PO63-05638
Project #X587996

PREPARED BY:

Steve Haney
Commercial Diver



On June 1,2006, Seaview Diving Contractors Inc. mobilized a three man
commercial dive crew to perform a video inspection of the Estabrook Dam which is
located on the Milwaukee River in Milwaukee, Wisconsin,

The commercial diver entered the water on the downstream side to begin the
inspection, and it was determined that the depth was too shallow for the diver to be to be
dressed 1n full diving apparatus. To complete the inspection of the downstream side it
was necessary for the topside team to foliow the diver by walking across the bridge as he
verbally reported any crucial findings. The diver reported that gates 1 through 3 had an
approximate 1 inch gap between the gate and the concrete bottom due to small debris that
was wedged 1n between. Continuing the inspection the diver moved east to west noting
that gates 4 through 10 were uncompromised and in sound condition as well as the
concrete below. There was no evidence of undermining existing underneath any of the
gates or the concrete below them. The diver however was unable to determine how far
out the concrete extended due to the fact that several different concrete pads were poured
overlapping each other with gravel over the top of each pad. At one point the diver was
about 75 to 100 feet downstream from the dam and was still standing on concrete. After
analyzing the downstream side, the diver relocated to the upstream side.

Starting on the east side and moving west, the diver examined each gate and
concrete bull nose. Each gate was found to be in good working condition, and the
concrete below each gate was in adequate order as well. The diver managed to remove
some small debris between gates 1 through 3 but some debris could not be removed.
Fairly strong flow was present in gates 1 through 3 due to the gap that was created by the
remaining debris between the gates and the bottom concrete. Gates 4 through 10 were
found to be tight to the bottom concrete, Several areas in the bull noses had some
delamination and exposed aggregate. The diver discovered some voids in the bull noses
through out the course of the inspection which are all documented on video. One area of
concern was the cavity that was discovered in the bull nose between gate 4 and gate 5.
The diver was unable to determine just how deep the cavity was because of the fact that it
was deeper than the probing tool of 4’he was utilizing not counting his arm Iength.
(Documentation of this cavity can be seen on video and is also reference on the updated
diagram also enclosed). After proceeding to the far west side, the diver determined that
the overall integrity of this structure was adequate. The inspection was then concluded

and the diver exited the water.

Recommendations:

Seaview Diving Contractors Inc. recommends that this dam be inspected on an
annual basis to monitor the progression of the damaged concrete bull noses. It should
also be noted that Seaview has the ability and the necessary equipment for repairing the
- cavity between gates 4 and 5 if a repair was to be rendered.

Seaview Diving Contractors Inc. thanks you for the opportunity to service your
underwater needs. Please call us at (920) 833-7601 with any questions or concerns you

may have.
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Estabrook Dam - Gravity Stability Analysis

Loading Conditions Anatyzed:

Case 1:
Case 2:
Case 2a:

Assumptions:

Dead Loads:

Concrete Pler
and Walkway

Normal Water Levels
Dasign Fiood

{Note: Dam is low hazard and submerges under 100 yr flood - no stability analysis needed)
Normal Water Levels Plus Ice

Case 1 (Usual)

Case Za (Unusual}

Headwater Level 36.0 36.0
Tailwater Level 30.75 .75
lce Level MNAA 35
USACE Minimum FS 20 17
Resultant location at
base middle third middle half

Single bay analysis - conservatively assume no transfer of loads between piers

Conservalively ignore dead weight of gate, stem, hoist and pillow blocks

Conservatively ignore weight of concrete spilfiway apron tefween piers for sliding computations
Conservatively ignore passive resistance of bedrock in front of concrete piers
Conservatively ignore cohesion at congrete / bedrock interface {need cores to verify if cohesion is assumed)

Pier Length =

Plar Width =

Section Length (mid gate to mid gate) =
Rock/Concrete interface elevation =
phi {cencrete [ rock interface) =

Unit Weight (water) =

Unit Weight (concrete) =

Cohesion =

Unit pressure of ice =

18.08 ft

367 ft

15,197 ft

27.42 #t

45 degrees  {assumed)

0.0624 kef

0.15 kef

16.12 ksf

5.00 kiLf

Live Loads:

Headwater

Tawater

fce

Uplidt:

[ Volume Unit Weight | Forces tkips) | Arm | Moment (ft kips) |
| {cf} {keh) v | H i v [ H ]
Secfion
1 79.24 015 1189 4,58 54.44
3 4967 0.15 7.49 10.33 77.32
3 10.01 015 1.50 7.75 11.63
4 2210 0.15 3.21 1.22 4.04
5 24.15 6.15 3.62 2.33 8.44
3 277.01 0.15 41.85 888] 28567
7 126.24 0.15 16.94 1259]  238.32
8 34.65 0.15 520 14 85 77.32
g 38.91 0.15 5.84 3.21 18.71
10 3891 0.15 584 11.13 64.93
11 98.64 0.15 14.80 7171 10602
Fotal 799,83 119,97 946,83
[ UnitWeight |  Forces(kips) | Arm | Moment (ft kips] |
I {kef) [ v { H [ wm i v ] H |
All Cases:
H=0.5*{36-27.42/*2 * 15.17 * 0.0642 f 0.0624] 1 -3a.84] 3.7s5] i -130.55]
i |
All Cases:
H=05%{30.75-27.42)'2* 1517 " 0.0624 | ¢.0624] I s2sf 206] I 10.48]
! i [ i I
Case 2a:
H=5%1517 ] ] I -7585]  7.58] | -574.94]
| UnitWeight |  Forces (kips} | Arm | Moment {ft kips} |
l (k) by [ H T @ v T H |
Al Cases:
U={30.75-27.42) * 16.08 * 3.67 * 0.0624 [ 0.0624] -12.26] i 8p4] .o859] i
U= 1/2 *{36.0 - 30.75) * 16.08 * 3.67 *0.0624 | 0.0624] -9.67| P 10720 103.62] |




Load Summary:

Load Case 1 - Normal Water Levels

Forces (kips) Moments {it kips)
V= 119.97|Mv = 946.83
H= -29.59|Mh = -120.06
U= «21.93|Mu = -202.22

Eccentricity (Overturning Analysis})

mu = {(Mv + Mh +Mu}/ (V + U)
e=(B/2)-mu
% Base=mu/B

Mv + Mh + Mu (ft kips) =

V+ U (kipsy =

mu (f%)
e(ft)=

% Base =

Sliding Stability Analysis:

Factor of Safety:

Where:

tan(phi) =
C{ksfy =
Shear Area
(ft*2) (base
of pier) =

624.55
98.04
6.37
1.67
Resultant falls within the
middie third of the base,
40% therefore o.k.

1.00
0
Assume only the base area of pleris
59.01 available to resist sliding

Factor of Safety (FS) = {(V+U) * tan(phi) + (Shear Area * C)i/H

FS wio USACE recommended FS =
cohesion = 3.31 2.0, therefore o.k.
Note, for phi {concrete / rock) = 31 degrees, F§ = 2.0

No cohesion required to meet



Load Case 2a - Normal Water Levels Plus Ice

Load Summary:

Forces (Kips) Moments {ft kips)
V= 119.97{1My = 946.83
H= -105.44|Mh = -695.01
U= -21.93|Mu = -202.22

Eccentricity (Overturning Analysis)

mu = (Mv + Mh + Mu) / (V + U)
e=(B/2)-mu
% Base=mu /B

Mv + Mh + Mu (ft kips) = 49.61
Vo U (kips) = 98.04
mu {ft) = 0.51
e(ft)= 7.53

Outside of middle 1/2,
% Base = 3% therefore UNSTABLE
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APPENDIX G
Opinion of Probable Cost for Dam Repair

®

THE INFRASTRUCTURE IMPERATIVE



Estabrook Park Dam
Repair Option
July 21, 2006

Opinion:of Probable Project Costs
Client: Miwaukee County DPW
Address: 2711 West Wells 5t, Milwaukee, W!
Description Units Unit Cost Quantity Total Cast Lomments
1.00 General
1.1 Meabilization / Demobilization is $25,000.00 1 $25,000 {segmental barge, small crane, incidenta! equipment
1.2 Erosion Control is $2,000.00 H $2,000 |sit fence and turbidity barriers
1.3 Site Restoration is $2,500.00 1 $2,500 |repakr pavements, grading, seeding and mulching
1.4 Diversion of water Is $5,000.00 1 $5,000 |Porta-dam instailation during pier repairs
2.00 Gated Spillway - Concrete Repairs
reconstruct stairs, complete abutment surface
201 Concrete surface repairs - abutments and stairs sf $70.00 500 $42.000 [reconstruction
partial depth repair of deck, partial to full depth
Concrete surface repairs - bridge deck and repair of walls, sawcut closed expansion joints and
202 walls sf $70.00 560 $35,000 |replace joint material
cemplete surface reconstruction below el. 37.75', all
2.03  Pler reconstruction - below el. 37.75 sf $70.00 2800 $196,000 |11 piers
partial depth repair above el. 37.75 as needed, all
2.04 Concrete surface repairs - pier above el. 37.75 sf $70.00 800 356,000 |11 piers
3.00 Gated Spillway - Gate Repairs
sandblast, prime and paint all 10 slide gates in
301  Prepare and paint slide gates ea $2,500.00 10 $25.000 Iplace
3.02  Misc. repairs o gates, guides and seals is $3,000.00 1 $3.000 |as needed based upon inspection after cleaning
4.00 lce Breakers - Concrete Repairs
401 Concrete surface repairs ea $400.00 28 511,200 |chip, install anchors, polymer modified concrete
5.00 Overflow Spiliway
4"x8"x7'4" timber, includes all fabor and materials to
5.01  New flashboards is $3,000.00 1 $3,000 {remove old flashboards and replace with new ones
5.02 Repair !/ replace bent supports Is $4,000.00 1 $4,600 |assume 6 - 8 to be repaired
chipping, anchors, and polymer modified concrete
503 Concrete surface repairs sf $70.00 500 $35,000 [repair of crest
6.00 Slope Protection
24" fayer of riprap, left and right banks ws and d/s
501  Riprap cy $60.00 400 $24.000 jof gated spitlway
6.02 Geolextile sy $2.25 1,400 $3,150
7.00 Debris Removal Is $40,000.00 1 $40,000 |upstrear of overflow spillway and ice breakers
8.00 Miscelianeous
8.01  Repalr / replace handrails, fences, gates, ele. Is $3,000.00 1 $3,000
Construction Sub-Totai: $514,850
Caonstruction Contingency: 20% $102,870
Construction Estimate; $617,820
9.00 Engineering
9.01 Engineering design $60,000
8.02 Resident engineering and contract administration $50,000
G.03 Prepare EAP and IOM plans $10.000
Engineering Subtotal: $120,000
Engineering Contingency: 15% $18,000
Engineering Estimate: $138,000
e - Total Project'Cost Estin L $75582 S Sinii
Information presented on this sheet represent our opinion of probable costs in 2006 dollers. Unit and lump-sum prices are based on costs for simitar
projects, engineering judgment, and/or published cost data. Actual bids and total project costs may vary based on contractor's perceived risk, site
access, season, market conditions, etc. No warranties concerning the accuracy of costs presented herein are expressed or implied.
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