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- Au Train Dam Modifications Design Report Introduction 

1.0 INTRODUCTION 

This document summarizes design of the dam safety modifications for Upper Peninsula 
Power Company's (UPPCO) Au Train Hydroelectric Project in Alger County, Michigan. 
Dam safety modifications include lowering the crost of the South Levee is to protect the 
North Dam during a Probable Maximum Flood (PMF) event, installation of a toe drain at 
the North Dam, and the n:pair of deteriorated concreu: in the ootlet valve house. 

I _,.., 
Omby/Wl'Sf100115S-Aa TrainlAa Tlllia Diim Mod:lfieatiom Desip Rqion 



Unofficial FERG-Generated PDF of 20030113-0049 Received by FERC OSEC 12/20/2002 in Docket#: P-10856-000 

Au Troin Dam Modifications Design Report Scope of Work 

2.0 SCOPE OF WORK 

The scope of this task coven the following: 

• Design for lowering the crest of the South Levee to elevation 784.3 and placing 

the excavated embankment material along the downstream slope of the levee; 

• Design of a toe droin at the North Dam to maintain the phrealic surface below the 

ground surface and to protect against piping; 

• Stability analysis to evaluate the spillway at the North Dam for normal, Oood, and 

ice loads; 
• Regrading the crest of the North Dam to elevation 790 to provide sufficient 

freeboard; 

• Repair of concrete damage at the outlet valve house structure. 

• Design of structural movement monuments on the crcst: of the spillway. 

The following activities were conducted for preparation of the design, plans and 

specifications for the dam modifications: 

• Hydraulic analyses to evaluate =ervoir water level hydrographs, freeboard, and 

duration of outflows 
• Hydraulic analyses to evaluate the geometry of the new South Levee overflow 

section 
• Eva1uation of the type and extent of concrete damage at the outlet structure 

2 --Gruhy/WPS/IDOl7SS-A.'11 TniAIA'II TniA Oma Modifacatioa.l Daip Report 
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3.0 REFERENCES 

The following refemices were used in the design of this project: 

I. Boss Dambreak Computer Modeling Program. 

2. Cedergn:n. H., SeeJ!8gc, Drainage, and FloWIICIS, 3'" Ed. 1989. 

3. "Probable Maximum Floods and Flood Routing for Au Train Hydroelectric Project," 
prepared by Montgomery Watson Harza, Inc .• for Federal Energy Regulatory 
Commission, February 2002. 

4. National Resources Conservation Service (NRCS) Guidelines. 

5. Mead and Hunt, Inc., "Second Consultant's Safety Inspection Report - Au Train 
Hydroelecttic Project - FERC Project No. 10856", prepared for Upper Peninsula 

'_, Power Company (UPPCO}, February 2000. ' 

6. Stone and Webster Michigan, Inc. "Initial Independent Consultant Safety Inspection -
Au Train Hydroeleclric Project - FERC Project No. 10856", prepa,ecl for Upper 
Peninsula Power Company, Final Report, Volume I, November 1994. 

7. United States Department of the Interior, Bureau of Reclamation, "Design Standards 
No. 13-EmbankmentDams,"August 1986. 

8. United States Department of the Interior, Bureau of Reclamation, ''Design of Small 
Dams," I 987. 
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4.0 BACKGROUND INFORMATION 

4.1 General Description of the Project 

The Au Train Hydroelectric Project is located on the Au Train River in Alger County, 
Michigan and is located upstream of Au Train Lake, a natural water body. The project 
began ope111tinn in 1910 and the embankment dams were constructed in 1930 and 1931 to 
enlarge the reservoir and increase the power generation capacity of the project. 

The project struc!UreS consist of the main embankment dam (North Dam) located at the 
north end of the storage reservoir and with a central spillway and penstock; an 
embankment saddle dam located at the south end of the storage reservoir (South Levee); 
intake; a 2,516-foot long 5½ -foot diameter penstock; indoor powerhouse with two 800 
horsepower generating units and two 560 kV generators; and a 2,500-foot long 2,300V 
transmission line. 

The project impounds approximately 6.6 miles of the Au Train River and the 
impoundmcnt has a surface area of approximately J ,557 acres at full pool. 

The overall layout of the project is shown on Drawing I in Appendix A of this report. 

4.2 Main Embankment - North Dam 

The main embankment. also known as the North Dam, is located al the north end of the 
Au Train reservoir. The 1,500-foot long earth embankment dam is approximately 38 feet 
high at the maximum section with a crest width between 15 and 20 feet. A 20-foot high 
and 100-foot wide concrete spillway is located in the dam's center portion along with the 
penstock intake sections. A concrete core wall extends approximately 50 feet from both 
sides of the spillway into the embankment. The average crest elevation of the north dam 
is at EI. 789.8 feet. The embankment is composed primarily of a loose sand fill. 
underlain by a granular alluvium composed of silty sand to sandy gravel with horizons of 
weath- sandstone bedrock. The upstream slopes were constructed at 3H: IV slopes 
while the downstream slopes were constructed at 4H: 1 V slopes with several parallel sets 
of toe drains along the downstream toe. 

4 --Gmby/WPSl10017S5•All Tnill/All Traill Dlln ModificatioDs Desip Rc:pon 
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4.3 South Levee 

The embankment saddle dam. or South Levee, is located on a saddle between the Lake 
Superior and Lake Michigan drainage basins and fonns the south end of the 
impoundment of the Au Train Basin. The headw- for the Whitefish River is 
immediately south of the dam. The 4,500-foot long South Levee has a nw<imum height 
of about 15 feet with a crest width of 10 feet at an average =st elevation at 789.7 feet. 
The South Levee is a homogeneous loose sand embankment founded on granular 
alluvium composed of silty sand to sandy gravel. 

Near the left abutment. there is an area of apparent sp,cading where the crest of the 
embankment is approximately 3 to 3,5 feet lower than along the rest of the embankment. 
The upstream and downstteam slopes an, at 2H: 1 V and have good g,:ouod cover. Old 
tree stumps are present on both slopes and nearly the entire downstteam toe area is wet 
and swampy. 

-· 4.4 SpUlway 

-

The concrete gravity overflow spillway is LOO feet wide by 29 feet high and is located at 
the center of the Nonh Dam embankment. The crest elevation of the spiJlway ogee is at 
El. 779.3 feet; manually operated stoplogs extend the crest to El. 781.3 feet. The spillway 
discharges into the Au Train River and under State Highway M-94 and the abandoned 
Lake Superior and Ishpeming (LS&I) Railway Bridges immediately downstteam of the 
spillway. 

4.5 Intake and Oudet Structure 

Water passes through an intake structure and into a steel penstock that bifurcates and 
feeds the two tutbines. Tutbine discharge is regulated by adjustable wicket gates 
controlled by a gate shaft governor. Discharge is returned to the upper Au Train River via 
a 500-foot long, unlined tailrace channel. The intake structure is located in the main dam 
at the north end of the reservoir to the right of and abutting the overflow spillway. The 
intake contains stoplogs, a trashrack. and a buttctfly shutoff valve. The invert elevation 
of the intake is at 755.5 feet. The S.S-foot diameter steel penstock dmps approximately 

5 --GrubyJWPSII001155-A11 TrabllAu Trm Oafll Modfficatiom Desi111 Report 
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100 feet over its 2,516-foot length to the powerhouse. A 10-foot diameter, exposed steel 
surge tank connects the penstock above the powerhouse. 

4.li Powerhouse 

The powerhouse is located on the east banlc of the upper Au Train River, approximately 
2,500 feet downstream of the Main Dam. The powerhouse has a reinforced concrete 
substructure and brick superstructure. The inside dimensions of the powerhouse are 37.5 
feet long by 32 feet wide by 22 feet high. It hOU8CS two identical 800-horsepower, 
horizontal-axis, Francis type turbines with steel spiral casings. The units operate at a 
maximum gross head of 134 feel Each synchronous-type generator is rated at 560 
kilovolt-amperes, 600 rpm, 3-phase, 60 hertz, and is directly connected to the turbine 
shaft with a flywheel. 

A 2,300-vol~ 3-phase, 60-hertz ITilllsmission line, approximately 2,500 feet long, 
connects to uPPCO's transmission system. 

4. 7 Project Geology 

The Au Train project is located on the northwestern flanlc of the Michigan structural 
basin, which fonned during late Cambrian time. The bedrock consists of the Jacobsville 
sandstone, Munising Sandstone, and undifferentiated Cambrian-Ordovician rocks which 
are underlain hy Precambrian-age basement rocks. Outcropping bedrock was found 
during the geologic mapping of the North Dam and consiated of flat-lying layers to east~ 
west striking, very shallow dipping. dark grey, bioturoated glauconitic dolomitic 
sandstone that varied locally to quartzite. 

The topography is dominated by large glacial outwash plains and low, rolling hills or 
ridges with numerous, scattered wet depressions. The topography and soils of the project 
area are the result of material deposited through continental glaciation. Sediments in the 
area include glacial tills. end moraines. outwash plains, and lake deposits. 

6 
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4.8 Site Speclftc Geotecbnlcal Investlgatio11& 

Site-specific information on the rock foundation for the spillway is available from 
geologic mapping, borings, and construction photographs. 

Stone & Webster mapped the outcrops downstream of the spillway in 1994. The rock 
was described as: 

Sandstone. fine- to medium-grained, bani to very hard, fresh to severely 
weathered. Bedding is thin to laminated, parallel to wavy, continuous to 
discontinuous, shallow dipping 2- to 5-degrees north. Two dominant joint sets 
were mapped. Both are near vertical. PeJPCDdicular to each other, and striking at 
an angle to the river. 

A total of 33 borings were drilled during October 1988 to evaluate the concrete, 
embsnkment, and foundation materials. Thirteen borings were drilled at the North Dam, 
13 were completed at the South Levee, and 7 were completed along the penstock 

- alignment. The boring locations at the North Dam art shown on Drawing 5. Borings 
SW-4 and SW-9 were extended through the dam and alluvium into rock. Boring SW-IS, 
drilled thorough the downstream lip of the spillway, penetrated 13.7 feet into rock. The 
bedrock in the borings was generally a gray to yellow-brown, fine- to medium-grained, 
well sorted, fresh, and well-indurated sandstone. with some siltstone interbeds. 

The concrete-to-rock contact from boring SW-IS was separated. The rock immediately 
below the contact was described as: 

Siltstone, silt sized grains, top ½ inch moderately weathered, rest fresh to 
unweathered. very thinly bedded to laminated. wavy to parallel, discontinuous to 
continuous. The log suggested that water might be flowing along the contact. 
(Since the foundation was not grouted and the geologic mapping indicated 
intenecting verticaJ joint sets, the water is interpreted as primarily flowing along 
the joints.) RQD is 93 to 97 indicating good quality rock. 

Seventeen photos of the construction were made between July 1930 and October 1931. 
The original glass photographic plates art stored in tho offices of the Wisconsin Public 
Service Corporation in Ishpeming, Michigan. We have selected five of these that clearly 

"I._,., show the condition of the foundation rock after it was excavated and cleaned for 
7 
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placement of concrete, one that clearly shows the bonding stones between concrete lifts, 
and one that shows the concrete section before placement of the embankment, and have 
included reproductions of these photographs in Appendix C. 

Photo Date Photo Title 
Plate 

Number 
8448 July 1930 View showing spillway footings looking northwest 
8449 July 1930 View of rock footings of east retaining wall of 

spillway looking north. 
8450 July 1930 View of rock footings under east section of spillway 

looking west 
8451 July 1930 View showing methods of (tying) sections together, 

looking northeasL 
8456 Oct. 1930 View of spillway, looking south. 

In all photographs, it appears that the foundation was ex.cavatcd to sound rock. The 
bedding plane surfaces are clearly visible and approximately horizontal, but the swfaces 
appear to be undulating and rough. The excavated rock surface is clearly shown as being 
stepped,. which indicates that the bedding planes are not continuous planes of weakness. 
The irregular stepped rock surface will require intact concrete or rock to be sheared along 

· any potential failure plane at the base of the dam. 

The last photograph shows the core walls and wing walls arc integral with the spillway 
section. It also shows the keys between the spillway blocks and the closure section. 

After a review of the above site~specific information, it is our opinion that the friction 
angle of 33 degrees and cohesion of up to 40 psi are reasonable values for use in stability 
analyses. To be conservative, these were roduccd to 30 degrees and <20 psi for tho 
stability calculations. 

4.9 Project Operation 

UPPCO cummtly operates tho project in a modified run-of-river mode based on the water 
,_ level maintained at the reservoir. The powerhouse is operated in a semi-automated mode 

8 
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with remote start and stop capabilities. Normally, all releases from the dam are made 
through the penstock for use in power generation. Generally, the reservoir water Jovel is 
maintained within two-foot of El. 779.3 foot between May and September. Reservoir 
levels near El. 781.3 occur during the spring runoff period in May while water levels near 
EL. m .3 occur as a result of late summer drafting of the reservoir for downstt=n 
fisheries and recreation interests. During January. February, and March, the reservoir is 
lowered to average elevations of 776.8 foot, 774.0 foot, and 772.3 foot, respectively. The 
late winter drawdown provides a gradual and controlled rate of erosion of the ice in the 
river downstream from the dam and provides storage capacity in the reservoir. This 
provides some degree of protection for both the project structures and downstream 
developments from flooding during the spring runoff. 

4.10 Project Imtrumentation 

Long-tonn monitoring of the phreatic surface through the embankment is accomplished 
through observation wells (open standpipe piezomoters) installed in 24 locations. These 
piezometers also allow for monitoring of uplift on the concrete structures. Several sets of 
toe drains are located in the downstream slope area of the North Dam, upstream and 
downstream sides of the spilJway, and various locations along the highway. 

A crack gage monitors a minor crack in the horizontal lift joint in the downstream 
powerhouse substructure. 

9 --OmibylWPS'IOOl755-Au Trahl/AII Train DhP ModificatiDDI Desip Report 
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5.0 HYDRAULIC DESIGN AND ANALYSIS 

5,1 lntroducdon 

The results of hydraulic flood routing anal)"'OI performed for the February 2002 report to 
FERC indicated that the mlll<imum flows during the warm season Probable Maximum 
Flood (PMF) would overtop the embankment =st at the North Dam and South Levee. 
To allow for the release of the PMF event without overtopping the Nonh Dam and South 
Levee, the construction of a fuse plug spillway section at the South Levee was evaluated. 
After the meeting with FERC on September 26, 2002, a revised design was selected. The 
proposed scheme is to lower the crest of the entire 4,500 ft. long South Levee. This 
would allow the PMF passage without overtopping the North Dam and the discharge 
from the North Dam would also safely pass through the railroad bridge immediately 
downstream of the North Dam. Discharge over the South Levee would be routed to the 
Whitefish River just downstream of the South Levee. 

5.2 Hydraulic Model Description 

The PMF routing anal)"'OI were perfonned with the conservative assumption that the 
South Levee would be overtopped without failure at the South levee. The analyses were 
based on the following configuration: 

• Crest elevation of the top of the South Levee would be lowered to El. 
784.3 ft. 

• Overtopping would occur over the entire 4,500 ft. long South Levee 

A detailed discussion of the PMF routing can be found in the October 24, 2002 letter to 
FERC. 

5.3 Reservoir Water Level 

The hydrograph for the reservoir water level was obtained as a result of reservoir flood 
routing analyses through a reservoir model and two river models describing the Au Train 

..._, and Whitefish Rivers. The reservoir model simulates the reservoir reach. approximately 
10 --GrabylWPS/100175$-Ao Traia/Aa t'raio D11111 Modffic:atims Oaip Rcpun 
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6.6 miles long, between the North Dam and the South Levee. The PMF event was 
developed for each of the nine sub-basins within the Au Train and Whitefish River 
Basins. In the reservoir model, the prescribed spillway rating curve for the North Dam 
consists of flow over the spillway section and flow over the embankment section when 
the water level is above EI. 788.5 feet (minimum crest elevation of the embankment). 
The maximum waler swface during the PMF flood routing was 788.S so no flow over the 
embankment would occur. The top of the South levee is assumed at a uniform e]evation 
of 784.3 feeL 

Fretboard studies in the February 2002 report show that minimum required frccboard is 
Jess than I foot during PMF. Adding I foot to the maximum waler level during the PMF 
gives a minimum crest elevation of 789.5 ft. This is less than the average crest elevation 
of 789.8 feet. Thadore, the crest will be regraded to its average elevation of 789.8 feet 
to provide more than the minimum required frceboard. 

S.4 Duration of Outflow 

The duration and magnitude of outflow through the North Dam and South Levee were 
determined using the Boss DAMBREAK computer model. Based on the water levels and 
spillway rating curve at the North Dam, the discharges at the North Dam are estimated. 
The discharges from the South Levee are then estimated by subtracting the North Dam 
outflows from the predicted total outflows at the modeled dam. Figures 1 and 2 show the 
outflow hydrographs for the North Dam and the South Levee. Figures 3 and 4 show the 
stage hydrographs at the North Dam and South Levee. The maximum outflow at the 
South Levee is 63,920 cfs and nee= at approximately hour 21 .0. 

S.S Inundation Mapping for South Levee 

Inundation maps were prepared for the East Branch of the Whitefish River south of the 
projecL The maps are included in Appendix D. Four separate maps are required to cover 
the area between the South Levee and Lake Michigan. The base maps are National 
Geographic CD version of the USGS 7.5 minute quadrangles, 1985 provisional edition. 

The inundation areas were calculated using the BOSS DAMBRK computer program. 
'- The river geometry was modeled using the 39 cross sections from the Initial lndepemknt 

11 ,_,.., 
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Consulram Safely lnsp,crion (Stone & Webster, 1994). The southern most section is at 
the mouth of the river where it enters Lake Michigan where the boundary condition of 
constant water surface elevation was used due to the large volume of Lake Michigan 
relative to the Au Tnun Basin. 

The maps show the area of inundation for hypothetical failure of the South Levee during 
Sunny Day and PMF conditions. Tables on e,ch map show the peak flow, peak elevation, 
flood anival time, peak anival time, and stage increase for both cases. 

5.6 Sunny Day Inundation 

For the Sunny Day Inundation mapping, conservative breach parameters from the FERC 
guidelines were used due to the erodible nature of the materials in the South Levee. The 
average breach width was assumed to be 4 ti1DC1 tho height of tho South Levoo (upper ond 
of FERC breach parameter guidelines). Tho time to failure was asswned to be 10 minutes 
(near the lower limit of the FERC breach parameter guidelines) based on the empirical 
equation for lateral erosion rate from the Hydraulic Model Studies of Fuse Plug 
Embankments (USBR, 1985). 

Based on the 1985 topographic data. it appears that there are several structures along the 
edges the Sunny Day inundation limits. The increase in stage varies from about 3 to 5 feet 
along this roach. The time for the Oood anival is about 10 hours and the time for the peak 
arrival is about 16 hours. The shallow depth of flooding and relatively slow rise of water 
indicates that the South Levee should be classified a, having low hazard potential. 

There is insufficient available information to identify whether or not the structures are 
inhabited or the specific rise in water level at them and other potential hu.ards such as the 
38~ Road, Route 2 bridge, and the Soo Line Railroad bridge. Therefore. the area should be 
surveyed to identify inhabited dwellings and other ha7.afds and the elevations of them. The 
elevations should be compared to the elevation of flooding to evaluate the potential for loss 
of life or property. 

5.7 Probable Maximum Flood Inundation 
During the PMF, the entire South Levee is overtopped and the ontin: dike was 
conservatively assumed to fail. The time to failure was estimated to be 14.2 hours using 
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the same lateral erosion rate as for the Sunny Day failure based on the empirical equation 
for lateral erosion rate from the Hydraulic MOthl Studies of Fuse Plug F'Jnbanbnents 
(USBR, 1985). 

Although there an: dwellings and bridges within the PMF inundation limits, the 
incremental rise due to dam failure is small. Table I presents the differences in peak 
elevations for the PMF case, with and without failure of the South Levee. The 
incremental rise in flooding due to dam failure is 1 foot or less. therefore the South Levee 
has a low hazard potential for the PMF case. 

Where there are large lateral infloWll such as at Section 25 when: the West Branch of the 
Whitefish enters the East Branch, the flood arrival time (defined as a two-foot rise) from 
lateral inflow occurs before the flow from the failure of the South Levee. The peak time 
arrivals are not affected by the lateral inflow. 

Table I Incmnental Rise for Failure of South Levee during PMF 

No Failure With Failure 
Mile Peal< Elevation, ft Peak Elevation. ft Diffe=, ft 
.11 782.77 783.32 0.55 
.27 782.24 782.84 0.60 
.53 781.45 782.03 0.58 
.64 781.19 781.76 0.57 
.91 780.61 781.13 0.52 
1.17 779.96 780.47 0.51 
1.52 778.78 779.18 0.40. 
2.05 777.13 777.50 037 
2.54 774.64 775.03 0.39 
2.84 772.72 773.17 0.45 
3.67 769.56 769.97 0.41 
4.17 766.70 767.11 0.41 
4.89 75832 759.34 1.02 
5.87 74632 746.96 0.64 
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No Failure 
Mile Peak Elevation, ft 
6.89 742.03 
7.31 739.64 
7.95 731.84 
8.48 724.01 
8.86 716.28 
9.13 714.86 
10.23 711.01 
10.87 706.42 
12.16 690.67 
13.52 660.14 
14.81 651.57 
16.33 640.53 
17.05 637.72 
18.14 626.45 
18.64 619.61 
19.43 613.86 
20.27 607.93 
21.78 603.62 
22.65 601.90 
23.22 599.72 
23.60 596.64 
24.43 589.02 
25.23 583.90 
25.45 581.70 

S.8 Emergency Action Plan 

With Failure 
Peak Elevation, ft 

742.63 
740.23 
732.45 
724.56 
717.07 
715.58 
711.51 
706.92 
690.94 
660.61 
652.09 
641.07 
638.23 
626.67 
620.40 
614.37 
608.40 
604.05 
602.31 
600.10 
596.69 
589.07 
583.93 
581.71 

Hydraulic Analysis 
and Design 

Difference, ft 
0.60 
0.59 
0.61 
0.55 
0.79 
0.72 
0.50 
0.50 
0.27 
0.47 
0.52 
0.54 
0.51 
0.22 
0.79 
0.51 
0.47 
0.43 
0.41 
0.38 
0.05 
0.05 
0.03 
0.01 

The following information is provided for incorporating the inundation maps into the 
project F.mergcncy Action Plan. 

Because of the methods, procedures, and assumptions used to develop the flooded areas, the 
'_, limits of flooding shown and flood wave travel times are approximate and should be used 
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only as a guideline for establishing evacuation zones. Actual areas inundated will depend 
on actual failw,: conditions and may differ from lllC8S shown on the maps. 

Use of Map 
The general proccdurcs for use of the attached map are as follows: 

I. Determine the portion of your area of concern, which would be affected by 
inundation or isolation. 

2. Identify evacuation routes, which would be used for movement of people from each 
part of the area to be evacuated. 

3. Identify the amount of time available for evacuation. 

Definition, of Terms 
River mile 

Mile downstream 

Peak elevation 

Peak time 

Peakfiow 

Stage Increase 

Plood anival time 

,__,.., 

Assumed distance along the channel of the East Branch of 
Whitefish River from South Levee @. Mile 100. 

Distance from South Levee. 

Computed maximum water level elevation, which would be 
reached at a location due to the assumed dam failure. 

Time of occurrence for peak water level due to the assumed dam 
failure. 

Computed maximum flow at a location due to the assumed dam 
failure. 

The difference in water level between peak elevation and an 
assumed base condition in the river. The base condition assumes a 
river flow of JOO cfs. 
131apsed time for the leading edge of flood with water level 
increases by 2 ft from the base condition. 
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NGVD National Geodetic Vertical Datum (1929 Datum) 

Hydraulic Analysis 
and Design 

Inflow Design Flood Elapsed time for the leading edge of flood with water level 
increases by 2 ft from the base condition. 

Sunny Day Failure Dam failme during non-flooding conditions. The reservoir water 
level would be at the nonnal maximum pool level of El. 781.3 ft. 

Dam failure Any condition resulting in the uncontrolled release of water 
other than over or through an uncontrolled spillway or outlet 
works. The dam failure cases include the IDF failme and sunny 
day failure. 

Section number 

5-9 Conclusions 

Section numbers for the cross-sections used to define the shape of 
a stream channel or valley, usually in a din:ctidn perpendicular to 
the direction of flow. 

The hydraulic analyses show that the PMF can be safely passed by lowering the =t of the 
South Levee. 

Inundation mapping shows that the South Levee is probably a low hazard potential dam. 
Since the best available information if from 17 year-old topographic maps, the area should 
be surveyed to confirm the hazard classification.. 
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6.0 SOUTH LEVEE EMBANKMENT MODIFICATION 

6.1 Introduction 

The am of the South Levee will be lowered to pass the PMF without overtopping the 
Nonh Dam. Details of the South Levee modification are discuased in the following 
paragraphs. 

6.2 South Levee Modlflcatlona 

The crest of the South Levee will be lowered to elevation 784.3 feet for its entire 4500-
foot length. The approximately 5 feet of material removed from the top of the existing 
South Levee embankment will be placed immediately downstream against the 
downstream slope of the embaokment. The crest width will increase to approximately 30 
feet aod downstream slope will be flattened to approximately 3:1 (horizontal:vertical). 

The modified crest elevation and crest width will allow the PMF to pass over the dike 
(conservatively assuming that it doesn't fail) while maintaining adequate minimum 
freeboanl at the North Dam. The normal freeboanl at the South Levee will be 3-feet. 
This approach was accepted by the FERC in its October 24, 2002 letter to UPPCO. 

The balanced cut and fill modification improves the stability of the existing South Levee 
by reducing its height and flattening the downstream slope. The increased width will also 
provide some increased protection against piping failure from seepage. Internal drainage 
was not included in the modified design because: 

• The modjfied embankment section is an improvement, in an engineering sense, over 
the existing section which has performed adequately for about 70 years; 

• The South Levee is a low hazard dam; 
• Internal drainage would be expensive for such a long structure; and 
• UPPCO accepts the risk that the South Levee may fail from ovettopping or seepage. 

The downstream slope and area downstream of the existing dam that wiJI be beneath the 
new fill will be stripped of vegetation prior to placing the new fill. Large stumps on the 
downstream slope of, and immediately downstream of the existing embankment, will be 
left in place due to concerns that grubbing of them may cause seepage problems. 
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Embankment material will then be placed in lifts and be compacted by equipment traffic. 
The levee will be revcgetated to prevent erosion from rain. In addition, a JO.ft. wide 
gravel surface will be constructed along the crest to serve as sn &CCeSS road. 
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7 .O TOE DRAIN DESIGN 

7.1 Introduction 

Based on the observations made in the November 1994 Independent Consultant's Safety 
Inspection Report, conslruction of a toe drain wu recommended at the North Datn to 
control seepage through the embankment and the foundation of the dam. by lowering the 
phreatic surface and reducing the potential for piping. 

7.2 Toe Drain 

The toe drain will extend approximately 400 feet left of the spillway and 560 feet to the 
right of the outlet slructure. Due to the topography, the toe drains will have a positive 
slope towards the spillway. 

Based on preliminary profiles developed using topographic surveys and available 
borehole logs, the toe drain will have an average depth of six feet below the existing 
ground surface. Due to the sandy soil and high water table, excavation using well points, 
biodegradable slurry, or other suitable methods to control groundwater will be required. 
The trench will be backfilled with fill designed using filter criteria. Seepage will be 
collected by an 8-inch diatneter corrugated high-density polyethylene pipe at the hue of 
the trench. The pipe will discharge to manholes located neat the spillway which will then 
discharge into the area just downstream of the spillway. Additional manholes will 
provide access to the toe drain for cleanout and maintenance purposes. The minimum 
slope of the 8-inch drainpipe for the cut toe drain is 2.3% which will yield a capacity of 
880 gpm. The minimum slope of the west toe drainpipe is 3.2% which yields a capacity 
of 1032 gpm. These capacities should be sufficient to handle anticipated flows. 

Gradation testing result., for the North Dam embankment presented in the November, 
1994 Stone and Webster Report entitled ''Initial Independent Consultant Safety 
Inspection, Au Train Hydroelecttic Project. Volumes I, 2 and 3" were used to design the 
toe train backfill. The foundation alluvium materials are nearly identical to the 
embankment material. Procedures outlined by the United States Department of Interior 
(August 1986) were used to develop the gradations of the toe drain backfill. The toe 
drain back fill is a free-draining material designed to prevent migration and piping, to 
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provide sufficient permeability to pass anticipated flows, and to minimi7.C segregation. 
The backfill was also si7.ed to be compatible with the size of the perforations for the 
collection pipe. The recommended gradation for the toe drain backfill is provided below 
in Table 7-1. 

Table 7-1 
Recommended Gradations for Toe Drain 

BackflD 
Deocrlpllon Gradation 

% passing Si?.e 
Toe Drain Backfill 100 3" 

95-100 2 ½" 
88-95 2" 
80-90 1 lh" 
65-80 I" 
60-75 ¾ .. 

45-65 ½" 
30-50 ¼" 
25-45 #4 
2-15 #16 
0-10 #20 
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8.0 STABILITY ANALYSIS 

8.1 Introduction 

The stability of the spillway structure at the North Dam was evaluated for normal, ice, 
and flood loadings. The analyses were perfonned in accordance with FERC criteria. 

83 MethodofAnalysls 

The stability and stresses for the concrete spillway were analyzed by the two-dimensional 
gravity method. Factor.; of safety along a failure plane at the base of the dam were 
calculated by the limit equilibrium method (shear-friction factor). 

8.3 Design Criteria 

The design criteria for the Au Train spillway stability analyses were detennined based on 
a review of past studies including Stone and Webster's 1994 report. 

8.3.J Geometry 

The geometry of the maximum section was based on field measurements and previous 
investigations done by Stone and Webster. An idealized section through the spillway was 
used as shown in Appendix B 

8.33 Material Properties 

Unit weights of the materials were based on laboratory measurements of concrete core 
samples and are as follows: 
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Table 8-1 
Unit Weights 

Material Unit Wel&ht (pcf) 
Water 62.4 
Concrete 152 

Shear strengths for the concrete to rock interface are given in Table 8-2. Stability was 
not evaluated along lift joints because the construction photographs clearly showed the 
use of bonding stones. 

TableS-2 . Shear Strengtba 

Interface Shear Strength Frictlon Angle 
C (psi) .,. 

Concrete to Rock <20 30 

S.3.3 Loads 

Water elevations were based on hydraulic calculations for the modified South Levee. 

TableS-3 
Water Elevations 

LoadCase Water Elevation (feet) 
Nonna! headwater elevation 781.3 (lop of ''flash boards") 
Nonna! tailwatcr elevation 753.3 (top of rock) 
PMF headwater elevation 788.5 
PMF tailwater elevation 757.0 

Measured silt depths of 3.3 feet upstream of the structure were judged to be insignificant. 
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The ice load was taken as 5 kips/foot since the n:servoir rims are gently sloping and will 
only provide modest restraint to the ice sheet. This structure has withstood ice loading 
for many years and this should not be the controlling load case. Ice load was applied at 

the late winter target elevation of 772.3. 

Uplift for the normal r,,servoir elevation was taken to vary linearly from headwater 
elevation to tailwater elevation over 100 percent of the base of the dam. Uplift for the 
PMF loading condition was taken to linearly vary from headwater elevation to tailwater 
elevation over 100 percent of the base. Uplift on portions of the base not in compression 
were full headwater pr,,ssur,,. 

Hydrodynamic loads are accounted for by reducing the tailwater depth to 60 percent of 
the estimated depth. 

8.3A Load Cues 

The load cases analyzed for this repon include: 

• Normal Maximum Pool 
• Normal Maximum Pool plus Ice 
• Probable MBllimum Flood (PMF) 

The earthquake case was not considered for this analysis since the dam is located in 
seismic zone 1. 

8.3.S Ac:teptance Criteria 

Minimum required factors of safety for sliding arc based on factors of safety typically 
allowed when site-specific investigations have been performed. The Factors of Safety in 
table 8-4 are taken from Table 2A of Chapter m of the 2000 FERC Guidelines. 
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Tablell-4 
FERC Recommended Minimum Factor or 

Safety for Slldlng 

LoadCase F.S. 
Normal 2.0 
Normal plus Ice 1.5 
PMF 1.5 

8.4 Results or Slablllty Analysis 

The results of lhe stability analyses arc summarized in the following table 8-7. The 
spillway meets the criteria for all load cases. 

Table8-5 
Summary of Stablllty Analyses 

Load Case 
Factor of Safety Percent Bue in Cohesion 

Required Calculated CompT<SS!on Required (psi) 

Normal 2.0 2.0 100 8 
Normal plus Ice 1.5 1.6 100 0 
PMF 1.5 1.5 57 20 

The cohesion required to meet the required factors of safety are shown in the table. This 
cohesion is less than is judged to be available for the concrete-tock contact and therefore 
considered acceptable. 

The results of the stability calculations are considered to be conservative because the 
spillway is nanow (100'), the blocks are keyed, and 3-dimensional effects from the large 
spillway training walls and core walls that extend into embankment were not included. 
These featUICS are clearly shown in one of the construction photographs in Appendix C. 
By inspection, these featu~s would grcady improve the stability. There.for. the stability is 
considered acceptable. 
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9.0 ADDITIONAL SITE IMPROVEMENTS 

Additional improvements have been incorporated into the design. These include the 
following items: 

• Local ,epair of various areas of con=te damage at the spillway and outlet 
structure of the North Dam will be included. 

• Control survey points will also be installed on the con=te struct=s of the 
North Dam. 

These work items will be incorporated into the Contract Documents for the dam 
modifications. 
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Figure 1 - Outflow Hydrograph O North Dam During PMF 
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Figure 2 - Outflow Hydrograph @ South Levee During PMF 

65000 ,-::----::::=--:-. =-:::-=:-:===---:-.. --:-... -::-.. =-cc::::_._-=-==========-:::::i 
f'l>'~ i---Max 0 63,920 cfll 

60000 
Notes: (1) Assume No Fal1ure at South Levee 

. - --------, 
(2) Top of South Levae at 8. 784.3 fl. ---------- --- --

50000. --------- ·-·-----

45000 T---·-------------·----------

40000 ----- -----·-··-----

--·--···--"· -- ---------- --- -- -----;-----------------1 

----------------------------,r-------------~ 
25000 +----------------,1----

l 
20000 

15000 

-------------·----·---·----->.---------------l 
\ ------ - -·-·------1.------------j 

10000 · --------- \. --------- ------------..... .--------------, 
5000 +-----------------j'---------------

0 5 10 15 20 
Time (hours) 

25 30 35 4(J 

( 

[-6-lop O El. 784.3' I 



( ( 

Figure 3 - Stage Hydrograph at North Dam During PMF 
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Figure 4 - Stage Hydrogreph O South Levee During PMF 
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~/1llw"16Y'6,JI-, '3G, _ __, 

1 1 g reaerv01r 1s underlai_n by an extension of the outwash plain fo 

ese sediments have been partially reworked and Influenced by paleo 

and P!9Bt deposits locally overlie the outwash plain. 

j Fill for the north dam came fro borrow pit located 1 /4 · north of the dam on the west 

I side of the river. This pit exposes a go cross sec glacial out wash plain. Exposed 

) at the base of the cut is a lower fine-coarse s to thinly bedded, with small scale 
j crossbeds typical of braided streams ain. Unconformably overlying this is 

a discontinuous, 2•ft•thick, re own sandy silt bed that probably deposited during an 

Duluth. Unconformably ova~ying tho nit is a thickly bedded, 
coarse sand to el. The red brown sandy silt may have been the s e for the •clay• 

,,,., .. _ on the upstream side of the north dam. The borrow area for the uth levee 
,_,..,-_tad at the east end of the levee. The borrow pit is developed in a massive, riv 

4.3 FOUNDATION CONDITIONS 

A field exploration program, including geological mapping. borings, and test pits, was 
conducted in October, 1988. Descriptions of the field investigations are provided below. 

4.3. 1 Geological Mapping 

Geologic mapping of the dams and reservoir area was conducted by a SWMICH geologist. 
The orientation of primary structural features and prevalent lithologiea were mapped. The only 

outcropping bedrock found during mapping of the north dam area was located in the Au Train 

River bottom and along the river embankment. This outcrop was mapped from the spillway 

to the powerhouse. The outcrops consisted of flat-lying layers to east-west striking, very 

shallow dipping C2·5 degrees north), dark gray, bioturbated glauconitic dolomitic sandstOl'\I! 

that varied locally to guartzita. The rock is fine-medium grained, poorly graded, thin bedded 
to laminated, locally cross bedded, with parallel to wavy continuous to discontinuOUI beddin;g. 

It is moderately hard to vary hard. fresh to Hvaraly weathered. Locally, beds contain 1 to 6 

percent sulfides and 0.5 to 1.5 cm quartz~ined vugs. No shale beds ware observed. 

fila: I03181,4001AUT 4-3 
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The outcrops exhibit two dominant sets of joints, both of which are persiatent. The primary 

set is vertical, wide (5 ftl to close spacing (6 inch) with a strike of N 1 5 ° - 45 ° E. The 

secondary set is high angle to vertical, very wida (20 ft) to moderately close spacing (2 ft) 
with a strike of N 40° - 80° W. Both sets are pervasive. No shear zones or faults were 

' 
obseNed in outcrops. 

Bedrock was encountered in the three core holes drilled in the north dam. These cores 1 

exhibited the same lithologic and bedding characteristics es those observed in the rock/ 

outcrops of the Au Train River. 

4.3.2 

A total of 33 borings were drilled during October 1988 to evaluate the concrete, embankment, 

and foundation materials. Thirteen borings were drilled at the north dam, 1 3 were completed 
at the south levee, and 7 borings were completed along the panstock alignment. Drilling was 

performed by STS Consultants, ltd. of Marquette. Michigan. A list of test borings is given 
in Table 4-1. The boring locations at the dams are shown on Figures 5-1 and 5-5. Boring logs 

are included in Appendix E. 

1 • .,..,..s:::-oil borings were advanced in uncased holes using biodegradable drilling mud. 

pe don 2.5-ft centers using the Standard Penetration Test (ASTM ,,o_ •• 

/

inch outside diam split barrel sampler with liners and sample re · r was used. Soil 

samples obtained using tli it barrel sampler ware logged. n placed in labeled sample 
/ jars. N-size concrete and rock core logged and P- in core boxes. Test samples were 

I wrapped in plastic and wax to preserve the ral moisture. 

· The north dam ambankme "--~--·~"_. Standard Penetration 
..... sin the fill ranged from 1 to 37 blows per foot. n,a..q'i!i!!iher blow counts 

tad from encountering a piece of gravel while driving the sampler. 

--·,,rot values range from 1 to 1 O blows per foot and are considered characteristic of the ••• ..._ 

fill. 

file: 1031"II001AUT 4-4 
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,_....,,, __ 

.Sf, 1/Jclr¼f;/.c/,,J-t., 
Beneath the embankment fill, granular alluvium was encountered. The alluvium was similar 

· '-" to the fill material. It was a silty sand to sandy gravel and often contained a horizon of 
weathered sandstone bedrock. Borings SW4 and SW-9 were extended through the alluvium 

15.5 ft into bedrock. The alluvium in these locations was 6 and 10 ft thick, respectively • 

...:B.:.o.:.ri.:.ng::....n.:.u_m_b_o_,_s_w_-1_50,_d_,_m_e~J.':'!~~~-h_ ~-~~n~re~'!' .. l_i.~- !'_ei_l_l_w'!)'._. went 13. 7 ft into 
rock. The bedrock is a gray to yellow-br~~: fine•.!O _me~i~~~-~ain~.~. well-soned, fresh, ang 
weU--indurated sandstone. 

~===~:.=:-=====:..=:==-===-=-;;;:::::~ I ,yp,cal cross sections of the north dam embankment and foundation are shown on Figu 
6~2 a 6-3. A fYplcal cross section of the spillway and foundation is shown in Fig 5-4~ 

is a homogeneous loose sand embankment. Borings war completed t~ 
' depths that range rom 4.5 to 27 .2 ft. Four of the borings were comp ad using a hand-'. 

' ~Id auger due to the d1 ·cult access. Standard Penetration Test value of the fill ranged from'. 

to 12 blows par foot. A t~I cross section of the embankmen nd foundation are shown' 

f Figure 5-4, ""' --·+ ~.. . e south levee embankment is foundea~granuler al vium composed of silty sand to sandy . 
gravel. The entire downstream area is bo y a soft. A construction picture shows a \ 
lamshell excavating unsuitable foundation s · om beneath the levee. Even so, a layer of ; 

eat was found beneath the fill in boring mber S -21. \ 

I 

even test pits were e avatad in the north dam and south laV to evaluate the fill. 

ocations of the test its era shown on the drawings in Appendices o a Test pit loga , 
re in Appendlxy. The test pits were excavated by O'Dovero Constructio 
ichigan usi a JD-690 backhoe with a 2-ft wide bucket. The test pits range 

Marquette, 

4 ltto 
ft i and generally 4 ft to 7 ft in width. Test Pit 1 in the north dam was e ated 

15 ft in order to locate and examine the spillway concrete core wall. Bag sam 
' ' _,cc.::::lact:;:;:::•;:;d..:.m:.cat=•'-'rie=l:::s...cwc.;e:cro=t=•=k=••"-'-fo"r'-t=•=sti:::·"n._g.,_ ___________ . ·--··----... 

'-"' file: I031HIOD1AUT 4-6 
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( The test p s in 4-inch to 6-inch loose lifts and each lift w e by 3 

'--', to 4 passes of a Makita R3988 vibrating plate e disturbed ground surface was 

\ sodded ~§ti ,miza erosion. __ _ 

4.4 FAULTING AND SEISMICITY 

The Upper Peninsula of Michigan is located within the Canadian Shield structural province. 

Shield areas are the most stabJe portions within continental masses. 

There are no known faults in the Upper Peninsula of Michigan. or within hundreds of miles of 

that region that exhibit evidence of movemem within, at most, the last 15 million years 

(Howard 1979). This is considered as av;denca that there are no capable faults of sufficient 

proximity to influence the structural integrity of the dam and associated structures. 

The USGS Earthquake Cata Base System was used to review the earthquake history within 

a 200-mile radius of the nearby Dead River Basin. This review, performed in February, 1992. 

showed that a total of 6 tectonically related earthquakes have occurred within the period from 

1793 to 1991. Four of the earthquakes had apicentral intensities of :s4.0 on the Richter 

scale and one each of intenaities of :53.0 and :!S2..0. 

The maximum credible earthquake was estimated to have a body wave magnitude of 5.3 and 

a return period of about 1000 years (Nuttli and Herrmann 19781. The maximum horizontal 

acceleration was estimated to be 0.03g With a return period of · about 2400 years 

CAlgermissen et. al. 1991 ). 

\ 4. TENTIAL 

Sinkholes are_ formed by diss ,mestone and gypsum. No such soluble 

r o exist in the project area and no karst re observed. 

""--"' fill: 1031fl&J001AUT 4·6 

P-10856-000 
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I 

A~ Tr,.,,, 
S,o,llwa., S/41, /,.L.,,,, 

n were a JU 

situ densities using this relationship. Steady-state strengths were estima 

published t results on similar material (Committee on Earthquake Engineerin 985, Davis 

i 1988, and Devis 94). 1 

I Test pit samples from the h levee were tested for gradatio , relative density, and aheL 
strength. The material Is a unifo medium to fine sand · less than 3 percent non-plasi 
fines. Maximum and minimum relativ y densities f his material ware 107 .2 pcf and 92 
pcf. Six consolidated. undrained triaxiel te·-·-, pore pressure measurements were run 
the material. A p-q plot is in Appendix . T test resuJts were in agreement with 

relationship between angle of internal c:tion and dry ·• weight for granular materials sho 

in Naval Facilities Engineering mand.(1982) and wer djusted to the in-situ densiti s 
using this relationship. y-state strengths were estimated published test results 

ea on Earthquake Engineering 19B5, Davis 88, and Davis 199 

s show that the alluvium is similar to the material from the no~m. T 
'labora test results on the north dam material were used to develop material prop&~ f., 

t eflwium. "'-. 

Two concrete densities ware performed on core samples from boring SW-15 in the spillway 

section, The samples were from depths of 4.7 and 5.6 ft: dry densities were 137 .2 pcf and 

14 7. 1 pcf; saturated densities ware 148. 7 pcf and 1 54.8 pcf; effective porosities were 18 ,4 

and 12.4 percent. The remaining concrete and rock properties were based on tests on the 
same geologic formation at the Victoria Dam and test result• reported by EPRI < 1992a). 

\ U~flft pressure• were assumed to 
,pressure, were applied over 100 P§ 

inearly betw 

t 

water and tailweter. Uplift\ 
Uplift pressures for the failure i 

surfaces in the fou 

V 

were estimated from the measured praasu exceeded a linear · 

~: 1031HI001AUT 7-3 
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f+v I le, /ti ..;>t> I If .. .-; .,t...h, A .t..... \001 r l:>'5 l:>'t\ 
Stone ir Weboler ' Borin& 

£n&h,eerinl Corpontlon BORING LOG ,.o. mn - I of 2 
Sir., l'OllEST LAKE DAM L,,gedl,y: MIKEGASSEll 
CliCDC UPl'EII PENINSULA POWEil COMPANY D ... S,... • F'milh: 10114/ll • IOn4111 
Coonlinlloo, N '4,411 Ell,780 Gn>m>dElevaliaa: '190.4 II 
G......iw...r Dcplb/Daro: llcptlllOJlednd: ToCol llcptll Drilled: .,_. II 
Cm1nctor: STSCONSIJLTANI'SLTD. Dril1or. JOHN WRrrE Ilia Type: llOTAllY 
M-: c.m, UNd: JO Fr OF SURFACE CASING 

Dril1hll Soil: 4° TRI.CONE ROLLER Brr, TEVERT DRILLING MUD 
s-..,Ha1 Soil: z• O.D. SPLIT SPOON SAMPLEll 
DriJlioa Rack: CORRED ROCK Ul'll.lZING NX DOUBLE BAllllEL, SPLIT INNER 11JBE COU: BARREi 

Comma,.ta: Ra .... ..-sw~ w Ulllalled in bciriPI. .. pii ........ inltallatioa repart tor dmils. 

.... --· - UIC 
(I) ,., m ~- ~,.,... Sample Descripdon . ltQD I •. ,.. .. .. •• . 

. 

. IN I ...... • IMN SAND._.., .... _......__,, ,. _ _...,...._._10-30s...,.._ .. ......, .... 
u2.0, .......-.1.2•, <Ssar....,,llpl"'-,(fil). 

,. "' ...... " - SAND, • ._ • ,., . 
{118) 

u' 1-2-2 
(10.0") • - SAMD, • .._,.._'-1:.c.p.M. 

JO- iU • ,_, .. ' ...... ---7IO (S.~ 

. 

. 151 14-12-1 ,. - SAND, • .___ ... _,__.._..., 

. 
LI• .. .... • - SAND, • ....._.._ ·m. . (IA1 

. 

•Dmmil MSL • SullpleType: 
. ss - Split Spoons...,.. . I infticet- JocetiM 111 •n11IW, NX•NXlllocl:Can 
• Blows• - ofbkrwll '"'!aual IO drive 2" O.D • ....,io lpOOJl 

6' ..- di-'lbown...., 140 po111•1b•-"1liq 30'. 
• ( ) • iacbol of IIUDpl. iOCO\I Wj • 
. Jleconly • 11 rack core recCJY111. 
• KQD • Jloct Qllllilf ..... -
• SPl" N • Stmdud P•c-wavw Telll rNiatmce ID driviq, blawlla. iiioa" • USC • lhlifiod Soil CIMificatioe -
• iod; ,,.. _ of 300 ... , ••. 05/12192 

. 

. 
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I 
I 

I 

-

-

. iJ.. 7 /A/ I) c.,,,, //- .• J <-,J_,, /,, L I )00\7 ss ,..,""\ "l. 
r BorlJla SW-4 Stone & Webster 

Corporation BORING LOG 1.0. 11372 - 1 al 2 
s;,., FORESI' LAKE DAM Logodby, M1JQ!! GASSER --- - 'r,r 1IIC 
(I) (I) - t Sample Jlescriptloo - \ .. I ..., • ...... IAMD,u--,.._ . 

(9Ai 

,._ .. • ..... ' - IAND, • ....._.._ ,.,._ 
(9.0, 

. .. , ..... 
(11,0") • - SAHD,11..,,,._.._ 

25. .. 10 J.2-1 ' ...... SAND,.--.-. . ,.,_ 
. ~A, 
. 
. .. II l-1~11 " .. IAMD,la,,-IJ,-.l,-pl,., 10.Ul,-.I. 1iiaW)' • tmtbrtmct._.......,, 

(10.0") ......U,-latnn.,.d,<5111w.lrW11111<'1i.,_..df ' , ............ 
darlt.._.lOftlllS"'""witb-,....,brlWad.lAND,_IOS.,wrll ...... , 
-- plech, a lallllllat, _,,.,..__,(,all..,.,_ • ., ft6w t;N~. ,._ 

i,s 12 S-1-11 13 1M SILTY IANDl'l'ONE, IM, ,-ty ,ndet, - phlllk, - __.., 10-151 Iii&,~, I ... . ,.._ 
(7.0, rcil.aa111n•rft.,..-,~ a,lybidusalN,~C--.*"',lak---.(• t rt . ........ . 

" ' ..... ..,. Ill.TY liNDSTONE. ... poodJ .,...., _.., ...W. 10-US Iii, blplJ w1 ± .. ,_._,,,,_ 
(11.0") "'11. I 11d,lilA -'olpt~(' • .. Waact). 

NXp !!.. I/JrmlTOlrfRTO ID..'nTONE, (33.5--34.1'), .__, .. lilt.paodJ ....... lCIIIIIDll,d..i.tca 
17 "-)6illbe#ll9t.•ZJ•ld M,ww I u,ty 11 ...,_., es e ..... llliZod'"'l-a 

". ........... ..., .. ,1 ,,t._....,_._lllimrl'lld:IGdut ................. . 
7'.S • a frallly llmbd MfltcM. poa. wwwca; wdly llnlad~. 

IANlJm'JNB, Q9.S-J7.I'), a. ,-...1. ,-lJ ,ntod. _. ___._, I 7F1"'lddaiy 
I I ••~ I_ liisl ri-"""'-1, a.Ill tlP 
' t 9 •• loullJ" ~•··· .. 0-. 1,11,drNt). 1.aa-.1SL 

1 alp, Csrl,Wld 

-· wmsrt1NE.Ql.w9.J').IM ....... ,-1Jpda4, ........... slia-.h-i 1 • .. lcallJW.11ifbd,,-n!Wto,n'fyCNt!ielOJ!e10dilo-!WieK1111Mdt.1Mtlll-nt1 li1llJ ... -r ... 1 - .. d,, _...., Waokl04m. _,.,. .... , P0111 ROO'l'elJ, WJ . ,.._ .__.,, ....... tnwa. 
SANl>STOl'B,(39.J..41.01,bl,raislld,p(IOllfpadtd,....,,rnd 1,'lilloa-.-,tllldly . I ai 11d1th I ·• kicall1 \j.,r,rt wt, "'fN'J ... ,....U ...... ISi 90 I Wf 

. .......... ti, .......... , IG~ ....... , lllul .. llllnit tilltoclaJ 
....... -...1-.,...&drtwp,llakl'dJ'. . 
i.-2.saa1-. . ... . !L SANDm>RE.,{43.MIIJ').lwt~,poadJ ..... , ......... ._-.,, I I I, .. ............... _, ID di a ti •1"dl. ... •• • ... C-', ... ........localJ ... tilJ ... d II , ........... IDdakpy. . SA1fflSl'0MI, (44.M1.I'), .. .,.,.., poorly ......... l'Clllddrd. ........... , ... 
WP ,: ... ...,. U..: !JJ1d, dlia Wdltl lO lillJ' hni :at,locdy"f1Je'li do I • . kal .1-.l', .-,a &.twp, too. puli,IIJ Clpla ........... ltbl. dart,,.,. 
la .6 ll of ocn. . . 

IO k ..L NOC:OUUCOVIII.Y,llil...,..olfiwNJ t It . 
0 

IOTl'0N OPllOENO AT ... OPT. . 
NOie: Seo_ I fcrlloriui 5-alepal- I .,...05112192 
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,J.J. I.) 1 r a I f'I ;::;,;, , / (.. . , " Ji,/,V...j I V'-1, I'==>= """ Slone & Wobller1 Boria& SW-9 

Enameeri111 Carpontlon BORINGLOG J.O. 11372 - l of 3 

I - Site, JOllEST LAKE DAM l..oged by: MDCE GASSF.a 
Climl: lJPl'ER l'ENlNSllLA l'OWEll COMPANY Dm Stan • rinilll: lll/lllll -111/111111 
Coordiu&ea:N'4,-411 E38,311 -- ffl.2 ft 

I -Doplh/Dolo: Dephtoll<dnJct: Tola! Dq,lh Drilled: 53.1 ft 
Cm1nctor: STS CONSULT ANl'S LTD. Drillr. JOHN WIID'E Ria Type: RDrAllY 
Metbocls: Cuioa UIOd! 3'., JT OF SIJKFACE CASING 

I 
Drilliq Soil: 4' TRI.CONE ROLLER BIT, REVERT DlllLLlNG MUD 
Sampliq Soil: 2' O.D. SPLIT Sl'OON SAMl'LEll 
Drilliq Jtoct: CORED ROCK Ul1LIZlNG NX DOUBLE BARREL, SPLIT TUBE CORE BA!lllEI,. 

I Coou1Nnta: Jlia.a,nder' SW., ,... imtalled in boriat, tee pi •• der imclllla._ nport for det:alk. 

I 
.... -- _,..., USC 
(ll) (II) - •" Sample Description - \ 

I 
71t.~ •• . 

. 
I • ..... , " ...... UMD,-"'6-._. ....... _,, rt1,, .. ......,10.3c11, ................ ..z. 

t.1•,5- .... ., .... .,.... •. ,.,. . 
1,._ •• • .... , • .. IAND •• --. ios ,_.._ dS ...... . 

. 

I . 
. "' ~, " isNII SAND.•--- ..... ,1,-tlaii,o1.,a..,_..,.__ 

(OJI') 

I 
.,,._ . ,._ .. ..... • isNII IAND,•IIINM...._ 

. (7.0') 

I -... ... , ll - LUU>,u ...,._--. .-aii, o1.,a .,_......,. . 
(OJI') 

I 
I 

,.,. . 
" . ...... . • .... • IAND,•.._...__. .. tpal-,11..-. ....... 

(1.0') . 

. 

I 
I 

•Dolumio )(SL ·5-]oType: . "i-..--- ss - Split Spom Samplar . I in,ticetee '9clla.,, Wipl-1-' NX•NXllacl:Con 
• Blows• -ofblowl nqmnd IO drive 2" 0.D • ....,. .,.._ 

6' «di- ............ l.W p<llJlld '-t.lliq 30'. ·( >--o1....,., ... _, _ 
t-' 

_____ ,. ____ 
• llQD • Roolt Qulil, D-,iperiocL 
· SPT N • --T-,--"'clriviDa, bloM/11. 

I • USC - Unified Soil Cwific:eticw V11NL -• indicalel-ofJOOpauadNmn•. OS/12192 
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./L '~(.,.I"' ~Pr/~• ,- I J., J. .j.., A. 
- -

\ODC1 % I 

Stoue & Webster llorln& sw-, 
Corpontloll BORINGLOG J,O. 11372 - 2 of S 

5;1&: FOUSI' UXI! DAM IAspd by: MID GASSER - .... Ii,,. - - IP? UIC - N ·-(11) (II) • Sample Description . -
lss 6-M , ...... SAND, u ._,--. nict la dp of .. .-....... 

(1.0") ,,.. . 
,.. .. 

. 
4-54 
(10.oi 

II INN SAND, .. .-. 
. 

.. • .. ,... • "' SILTY IAND, 1D a.., wd padal, ailabd1 pld:k, _.....,. IO Mi,......_ 1~201' 

{ll.O"} ................ (811uviaat), nict.. tip of .. ..-.....,_ 

,.._ . 
25. 

SI 10 l•l-1 ' ... SB.TY IA!ID,C.-IOti., ... .,..., llipdrplallic, .. ......,ID aall ........ 10-201 . 
(4.0") a... ....... "'-9, (llluviwrl), ri:111; ... o1.aa ..-........ . 

. 
lss II 5-1~1 

(9~, 
11 .. SILTYSAND,,..,,-t,......, rioepleeks,_.,..., 10-1s•.-.a.•~.-z.1• .. • N..tioMIIII.• t n1:e «rrv.10-u•--..---(-. ,... 

10 ... 11 , .... " .. GllAVBLY m.n SAND,..._ poodJ ...... MIi aapler, 10-U'll pnel, elli __..., ' 

. (9~, ......................... .... , :w.....u~u•a-.--....w,,...__ • 1 11 - . 

. lss b• ZZ..lS-JI 33 ... • ::1,,~11:w 

c,~, bud,, o 1e1~10-us..., ... __... ... ---.,(dlnilmw1• r m1'-'rwl). 

15'• 

"· ... 14 10-11-11 23 ... OIAVBLY SILTY • 
. 

. o•~ 

. 
jM ' ,J2 "" JMaBI: -~-..-.ILi111Rr...-1nrrit· w.a.-, aw·-· 

a ........ looelb-«7 ,. I tly --dlia_.... ........ fll....,wr,10pem11 H71 ~--• - .... ,,. we1 ... ,._ ... <.....,,.__w1111&...,-,(IINrDclc). ... la .35 tfll.-• . 
. 

. . 

Ila !L SAl'ltllT'CINL • fncll, I ed) 10 wall i ..... 1111& pr/, (lir,ednJdl). . .. la.261ofccn. 

,., ... . 
. 

!L SANDST0NB. - --. __...., .... lo ... Lat lld,IWIWp ... lO ·- ,. ..-& kal .1-.6' implar.-rulmd wp, liabl1DJ10klolll7 ,.U- . ,.. --· 
NoM: See -1 fi>r llorilq Somo•ry 11111 L11Jm4 -- ii.'05112192 . 
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I 
I 
I 
I 
I 
I 

I 

-
II. -r;A, .. <'. I/ .• C lf'l0\"1SS o~'=> 

• ' Borla& SW-l> Stone & Websler 
F.qlDeerlq Corponlloa BORING LOG 1.0. 11372 

- 3 of 3 
Sk&: JOllFSl" LAKE DAM Lopecl by: MplE GASSER 
..... -- -- VIC 
(I) (II - ,_ 

Sample Description 
IIQD \ ... cotfflNUl!D ,aQM PAGE TWO. 

,.., ,._ 
mrroM 0F acaDfCI AT J3.0 Fl'. 

DIUUJNCJMOJ'D: a.---.rir-1o·••·r,11UW1o ..... Dllrilll'..., -__.....,_11111 .. anfaa,..U.~--ll--..-..,....,.-tialdl . ._. 
............... ...W~iail-deoillNID~ ... .._M. 

130 ... 
. 
. 

"' ... 

,,._ ,._ 
. 
. 
. 

ns- . . 

" . . 
. 
. 

110 . ... 
- Seo - l for llorint SNIIIOWIJ e-1 l..otmd-- -05/12/92 

. 

. 

. 

. 

. 
. 

. 

-
. 
. 
. 
. 
. 

. 

. 

. 

. 

. 
• 

. 
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I 
I 
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I 
I 
-·· 

!.l t,; "'0-· '.,, ,::;: ;Jt, vi , L;J,, L /J .. I l"lQti c:::s ~'I" 
Stone & Webster . .Borlllc SW-1.5 

Eapneerlna Corpo,atloa BORJNGLOG J.O. 11372 - 1 of 2 

Sito, FOREST LAKE DAM, SPILLWAY Logod by: MIKE GASSER 
en, .. , UPPER PENINSIJLA POWEil COMPANY Dale Start· Fimm: 10/20111- 10/20111 
CaoflliDalol: N '4,Cll E31,5'5 Ortllllld Elovuioa: 75f.2 II 
-Deplbll)ole: Deplbtolledn,dcf.7 ft T"'"1 Deplb Drille4: 20.2 II 
Ccatnctor. STS CONSIJLTANTSLTD. Driller. JOHN WIim 1111 Type: llOTAllY 
Modlodo; Colins UIOd: NONE 

Dri1liDI Sail: NONE 
s.mpu,,,Sail:NONE 
Drilliq Rock: ._1.5'4 "TIU.CONE BIT, 1.5-4.5' NX COllE, 4.U.J' 5. 75" BIT 4' COIIE, 6.3-20.2' NX COllE 

eom-a.: 

.... """" - -... UIC 
(I) (111 - tl' .,._ 

Sample Desc:rlptfon • . - ~-
156-l 0 . 

st.u:Jm HOU!.-dam.l ---• 4• ,..._.._1:111. . 
"' • IN> I .!!!. CONCUJE.HIWl)IICK,,(l.S-S.aJ, 10-12'1 ....... , MIA t.S•, Ml._..ti,SOUDW..lacllly . 

" boriaialalrnc..c1,,_..w111:ww~,c.ucaaA•&t , T,dr7,-.<-..> 
. CONCUn OUDNAL CONCUn Q.MJ'). 2G-25'1 qsnp11, NII ..... lo Ml IQIIIIIW, . 

IISAl',kK.i.iftNl ..... .......-....-...,,IA,(._...), . 
-- "" C0t'Cl.8IW. • lbow. J . -- C'OfiCIErE.11 ...... 

7,0. 
. 

!f.. ......... --

" ............... 
ID.ffl'ONa(l.7.a.O'), A,-0 ....... ...... ID .. ...,...,.,.,..wy ...... 10 . h I If,~ fDWi d fD,-ml--....,IID.S•.. I Mlly • 1 N 

. (Wlllr ............. 7), .......... * rwl,lilOal_,.....,....._...._ . ofllli r1 I CIManfwl lt_, ............ ,....,lawa ... 111 ¢ rd-

·•· ID IS1o ... rack, (lll,alrwl), . IAMDITONl(l.0-11.3'), ..... IDlial,rmad.ab.._..,_._,.,._,.nwl I 7,:-e&o 
rK.4-.1 • .,....,.,.. I ,...._...,......,_.,, ...... ,...-.,..u .. :-.ly . .,.,_ •• .................... ,..,.,..,_...._,111 ~,N'lq,...._ __ 

"" n IANDS1'0NB. .. -- .............. .,_ 14_ ;;-
. . 

... . 
,,. lo !L SANDl"l'QIB, ....... pad-.~ w,...-, ...- .......... • •- or20-30 mu. . ,... ., Loll ,lS I of..._ 

. 
i.......-
•Dlblmis MSL . ~-.,....i-i...i. NX•NXllockCoco 
. I mdk:,lcs-~Nmplel LD • S. 75• JD, 4• OXe 
. Blowl • 11111111,orofblowa roquind10driw2" O.D. _....,.. 

G" ... - ...,_...., 140 pom,d ••mmec r.m., 30". 
·( )•incllMof ..... ........,.. 
• Recovery • I, rock CIDN NOOY9J. 
• RQD • -Qmlllyllo,i ....... 
• SPl'N • TOii mi-.., driviq. blawo/11. 
· USC • llmlW Sail - .,.. 07/08/92 
• in-tiulel UI of ,00 polll7d Ima 11 : • 
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--· ''""''' --- , " . 
St-•w ....... / Dorine SW-1! 

Eo>&ln• .. 111& CarpanClon BORINGLOG J,0, 11372 - 2 of 2 
s;1r. FOltEST LAKE DAM, Sl'll.LWAY Logedby:~GASml .... -- - ""' lllC 
(II) (II) 

., •" \. Sample Descrlpllou . IQD 
. 

"" C0N1'IUIID P0IM PAO ONE . 

,., 
,,,_ MJT'n:U OP .aJN0 AT20.3 ff 

... DllLUNQ NOTIS: Dri1W .... (0.0-1.S') .. • 4• ..,_ ralarlllt. 4riDN ... 
'730• 

.-, ... NX t01a flw l.S' IO 4.S', ..... llil,le WS. 5.15" ID caw bl& --=II• a 4" ccn, ,._. •11a11••.S· ... tllllld GOrlal•• .... at6.3" ............. __. ..... 1D_bmnl.1mldmt ..... lblD.ftNlrn..-lleMl,..._IONXW1 --. 

,., 
ns- ' 

"· . 
,,.. 

.. , 
715• 

. ... 
110• . 

. 

. 

N- Seo Sboot I far Boriq So •y•L"l'"'II"~''""" ,_07/01192 
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' 

' 

. 

. 

. 

. 

. 

. 

. 
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. 

' 

' 

' 

' 

' 

• 
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NJTRNN SPILLWAY 
flclod LoadlnQ ~~-~-------------------·---___ .. _____ ....__.....,...._ __ 

( 
ITABIU7Y ANAL~ .. CONCRETl GRAVITY DAM 

, .. 

'Pl.AF ,LJ 
b '-1. ctt <->....5:) 

(.\ !"\ ~-1:. ':, 

~O\.,..N. u..,-Jl.,..-":, 

(,A.AA .. u.> cv-> 0 • •J."-?f 
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A. INTRODUCTION 

General Descrlpdon of the Project 

The Au Train Hydroelectric Project is located on the Au Train River in Alger County, 

Michigan. The project began operation in 1910 and is located upstream of Au Train 

Lake, a natural lake. The main dam levee was constructed in 1930 and 1931 and the 

south levee was constructed in 1931. Both dams were constructed to enlarge the 

reservoir and increase the power generation capacity of the project. The project 

impounds approximately 6.6 miles of the Au Train River and the impoundroent bas a 

surface area of approximately 1,557 acres at full pool. The project is currently operated 

as modified run-of-river project based on the water level maintained at the reservoir. 

The project features consist of an embankment saddle dam located at the south end of the 

storage reservoir (South Levee); the main embankment dam located at the north end of 

the storage reservoir (North Dam) and with a central spillway and penstock intake; a 

2,516-foot long S ½ -foot dismeter penstock; indoor powerhouse with two 800 

horsepower generating units and two 560 kV generators; and a 2,500-fuot long 2,300 V 

transmission line. The project layout is given in Appendix J-1. 

Normally, all releases from the dam are made through the penstock for use in power 

generation. Under proposed operation, the normal reservoir water level will range 

between El. 777.3 feet and El. 781.3 feet, excluding late winter drawdown. The reservoir 

elevation near El. 781.3 feet will occur during the spring runoff period in May while 

water levels near El. 777.3 will occur as a result of late summer (August and September} 

drafting of the reservoir ~or downstream fisheries and recreation interests. The reservoir 

will be drawn down to a target level of El. 772.3 in late winter to reduce the frequency 

and magnitude of uncontrolled discharges during spring runoff. During late winter 

(March), the reservoir will be drawn down to a target elevation of772.3 feet. 

South Levee 

The embankment saddle dam, or South Levee, is located between the Lake Superior and 

Lake Michigan drainage basins and impounds the south end of the Au Train Basin. The 

4,500-foot long South Levee bas a maximum height of I 5 feet with a crest width of 10 

feet at an average crest elevation at 789, 7 feet. The embankment was constructed with 

2H:IV upstream and downstream slopes which have good ground cover. In a small area 

near the left abutment, the crest of the embankment is approximately 3 to 3.5 feet lower 

December 2002 I 
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than along the rest of the embankment. Old tree stumps an: present on both the upstream 
and downstream slopes and the entire downstream toe area is wet and swampy due to 

poor drainage. 

The South Levee is a homogeneous loose sand embankment. The South Levee 
embankment is founded on granular alluvium composed of silty sand to sandy gravel. 
The entire downstream area is boggy and soft. 

Main Embankment-Nortb Dam 

The main embankment, also known as the North Dam, is located at the north end of the 
Au Train reservoir. The 1,500-foot long dam is approximately 38 feet high at the 
maximum section with a erest width between 15 and 20 feet at El. 790 feet. The concrete 
overflow spillway and penstock intake sections are located at the center of the dam. A 
concrete core wall extends approximately 50 feet from both sides of the spillway/intake 
into the embankment The upstream slopes were conatructed at 3H: IV slopes while the 
downatream slopes were conatructcd at 4H: IV slopes with several parallel sets of toe 

drains along the downstream toe. 

The: North Dam is a t ,SOO-foot long earth embankment with the average top crest 
elevation at 789.8 feet. A 20-foot high and 100-foot wide concrete spillway is located in 
the dam's center portion. The crest elevation of the spillway is at El. 779.3 feet with the 
stoplogs at extending the crest to El. 781.3 feet. Concrete core walls extend about 50 feet 
from both sides of the spillway into the embankment. 

The North Dam embankment is composed primarily of a loose sand fill. Beneath the 
embankment fill, granular alluvium was encountered. The alluvium was similar to the 
fill material and was a silty sand to sandy gravel with horizons of weathered sandstone 
bedrock. 

Fourteen drain outfalls are located in the downstream slope area of the North Darn. Half 
of the drains are metal pipes that extend through the base of the right spillway retaining 
wall. The remainder of the drain outfalls are the drains along the toe of the embankment 
and shoulders of the highway. 

Docember 2002 2 9MWH -
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Spillway 

The concrete gravity overflow spillway is 100 feet wide by 29 feet high and is located at 
the center of the North Dam. The crest elevation of the spillway ogec is at El. 779.3 feet; 
manually operated stoplogs extend the crest to El. 781.3 feet. The spillway discharges 
into the Au Train River and under the Highway M-94 and the abandoned Lake Superior 
and IBhperning (LS&!) Railway Bridges immediately downatream of the spillway. 

Powerhouse 

The powerhouse is located on the east bank of the upper Au Train River, approximately 
2,500 feet downatream of the main dam. The powerhouse has a reinforced concrete 
substructure and brick superstructure. The inside dimensions of the powerhouse are 37.S 
feet long by 32 feet wide by 22 feet high. It houses two identical 800-horsepower, 

horizontal-axis, Francis type turbines with steel spiral casings. The units operate at a 
maximum gross head of 134 feet. Each synchronous-type generator is rated at S60 
kilovolt-amperes, 600 rpm, 3-phase, 60 henz, and is directly connected to the turbine 

shaft with a flywheel. 

A 2,300 volt, 3-phase, 60-hertz transmission line. approximately 2,500 feet long, 
connects to UPPCO's transmission system. 

1.1 Intake aad Oudet Structure 

Water pasaes through an intake structure and into a steel penstock that bifurcates and 
fecda the two turbines. Turbine discharge is regulated by adjustable wicket gates 

controlled by a gate shaft governor and is returned to the upper Au Train River via a S00-
foot long, wtlincd tailrace channel. The intake structure is located in the main dam at the 

north end of the reservoir to the right of and abutting the overflow spillway. The intake 
contains atoplogs, a trashrack, and a butterfly shutoff valve. The invert elevation of the 
intake is at 75S.S feet. The S.S-foot diameter steel penstock drops approximadcy I 00 feet 

over its 2,516-foot length to the powerhouse. There is a 10-foot diameter, exposed steel 
5111Be 1aDk connected to the penstock above the powerhouse. 

The following activities will be performed as part of the construction of the dam 

modifications at the Au Train Hydroelectric Project: 

• Lower crest of the South Levee 

Decomber 2002 3 -
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• Consttuction of a toe drain at the North Dam 

• Regrading of North Dam =st 
• Repair of damaged concrete in the outlet valve house 

B. ORGANIZATION AND STAFFING 

The organization chart for the dam modification project is given in Appendix J-2. The 

Ucensee and Owner of the project, Upper Peninsula Power Company. a subsidiary of 

Wisconsin Public Resources (WPS-UPPCO). will contract separately with the Contnctor 

for the projecl 

The Contractor for the work will be selected through a competitive bidding process, with 

only qualified contnctors invited to bid. The selected contractor will provide his 

respective contracted services. including civil works and quality control testing as 

described in Pan C of this document. 

Montgomery Watson Ham, (MWH) completed the design of the work and will provide 

oversight of the contractor's work for conformance with the project technical 

specifications, MWH will also perform reviews during construction. The goal of the 

quality control and inspection program (QCIP) is to delineate responsibility with respect 

to quality control and quality assurance monitoring during construction for conformance 

with the requirements of the Contract Documents (see Appendix J-3). A description of 

the duties and responsibilities of the QCIP staff is provided below. 

Coa1tructlon Management 

WPS-UPPCO, as Owner. assumes responsibility for coordinating construction activities 

enforcing all provisions of each respective contract, including those with regard to quality 

of the finished project WPS-UPPCO has retained MWH to provide technical assistance, 

and to monitor compliance with quality objectives and compliance with Contract 

Documents and intent of the design. 

Project Manqement 

Responsibilities for management of the engineering and construction activities for this 

project have been assigned to Mr. Benedict Trotter of WPS-UPPCO (WPS-UPPCO 

Project Manager) and Mr. Craig Harris, P.E., ofMWH (MWH Project Manager). 

4 ... 
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Mr. Benedict Trotter will bave overall responsibility to WPS-UPPCO management for 

the project. He will interface with the Federal Energy Regulatory Commission, WPS-
UPPCO's Environmental Compliance Officer, and MWH's Project Manager. He will 

review all field reports, correspondence and actions and will bave final authority with 
respect to WPS-UPPCO's responsibilities under the Contract He will have the authority 
to stop work. 

Mr. Trotter will also serve as the Construction Manager. In this role, be will be 

responsible for oversight of construction activities and coordination with each of the 

contractors. He will be responsible for coordinating contractor activities as well for the 
execution of this QCIP. He will visit the site periodically during the work to observe 

performance of the work, review inspection and test reports. approve non-confonnance 
reports (see Appendix J-4 for example), and prepare field directives and clarifications. 
He will discuss with MWH's Project Manager any situation where the plans and 

specifications need to be revised to reflect the field conditions encountered. document 

field changes, and maintain a record drawing file of changes or revisions made duriog 
construction. 

As Construction Manager, Mr. Trotter bas the responsibility and authority to approve or 
reject work performed by the contractor. Additionally, he may stop the work being 

performed, if in his opinion, the work is not in accordance with the Contract Documents. 
The Construction Manager will also review change order requests, scheduling of 

construction, and claims prepared by the Contractor. He will attend meetings at the site 
with the contracton during construction and prepare and issue minutes of these meetings. 
The Construction Manager will make a final inspection of the Work. 

Mr. Craig Harris will interface with WPS-UPPCO's Project Manager/Construction 

Manager, MWH's Project Engineer, and other support personnel. He will be responsible 
for n,view and approval of contractor technical submittals, including manufacturers' 

catalogue information, for determining cbanges to the design necessary to accommodate 

field conditions, reviewing materials and construction methods for general conformance 
with the design intent, and responding to technical questions that arise duriog 
construction_ He will bave the authority to approve changes to the contract drawings and 
specifications, and to recommend stop work to UPPCO's Project Manager/Construction 

Manager. 
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Environmental Compliance 

Mr. Rick J. Moser ofWPS-UPPCO will serve as the Environmental Compliance Officer. 

Mr. Moser will have the responsibility for monitoring contractor compliance with 

pertinent environmental regulations as called for in the Project Specifications and .. 

described in Part G of this docwnent. He will coordinate with the Michigan Department 

of Natural Rcsoun:es and Michigan Department of Environmental Quality and other 

interested parties during the counie of the work, and interface with WPS-UPPCO's 

Project Manager/Construction Manager during construction. 

En&hieering and Technical Assistance 

WPS-UPPCO bas contracted MWH to provide engineering services for this project. 

Under the direction of MWH's Project Manager, Mr. Michael J. Miller, P.E., will be 

responsible for coordinating engineering and technical assistance activities during 

construction, and will interface with appropriate MWH engineering personnel to address 

geotechnical and civil engineering and technical questions that arise during counie of 

construction. 

Mr. Miller, will serve as MWH's Project Engineer and the Quality Assurance Engineer as 

described in the following paragraphs and will interface with the Project 

Manager/Construction Manager. 

Quality Assurance 

MWH's Quality Assurance Engineer will be responsible for reviewing all Quality 

Control testing and inspection rcpons submitted by the contractors for compliance wilh 

the Conlnlct documents. The Quality Assurance Engineers will notify the Construction 

Manager of compliance or non-compliance, and wilt recommend approval or rejection of 

the contractors' submittals to the Construction Manager 

Mr. Miller will also serve as Quality Assurance Engineer for the project The Quality 

Assurance Engineer or the Construction Manager will be onsite to observe the follcwing 

construction activities: 

• Inspection of field conditions following clearing, gntding and preparation of 

subgrade of the downstream area of the South Levee. 

Dec«nbc:r 2002 6 $MWH -
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• Excavation of embankment material to lower the South Levee crest to elevation 
784.3. 

• Placement and compaction of embankment material downstream of the existing 
South Levee. 

• Excavation and construction of toe drain at North Dam. 

• Regrading the crest of the North Dam. 

• Repair of the deteriorated concrete at the outlet structure building 

They will document their observations for submittal to the Construction Manager, and 
provide technical assistance during activities, review quality control testing submittals, 
and provide written field directives and clarifications to the Construction Manager as 
necessary. 

Quality Control 

The Contractor will be responsible for Quality Control as part of his contract. The 
Contractor's responsibilities include performing all testing. inspections, and compliance 
monitoring stipulated in their respective contracts. The Contractor will be responsible for 
performing all material sampling. testing and reporting for embankment placement for 
the South Levee and toe drain backfill in accordance with the Contract docwnents. The 
Contractor will also be responsible for removal and disposal of the unsuitable fill material 
excavated from the South Levee. and for salvaging usable material for use in regrading 
the North Dam crest and leaving the subgrade of the South Levee in suitable condition 
for the placement of the new embankment fill material. 

The contractor will be responsible for employing the services of an independent 
testing/inspection company to perform the necessary sampling. testing and inspection of 
materials and completed works. The contractor will be responsible for the supervision of 
each respective testing and inspection organization; however, when necessary, the Project 
Manager and Quality Assurance Engineer can order additional testing or inspection from 
these firms. The results of all required testing and inspection will be documented in 
testing and compliance reports submitted to lhe Quality Assunmce Engineer. Appendix 
J-5 summarizes the testing and inspection activities for which the Contractor is 
responsible. 

Da:eu• er 2002 7 9MWH -
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Resumes of the above key persoMel are also included in Appendix J-2. If these 

personnel are unavailable to perfonn the above tasks, qualified individuals will be 

selected to replace them. 

C. INSPECTION PLAN 

MWH's Quality Assurance Engineer will monitor compliance with the Contnict 

Documents and advise the Construction Manager of potential non-confonnancc. 

Compliance criteria will be as defined in the Contract Documents and any amendments 

or change orders executed during the Work. Adjustments may be made to accowit for 

changed field conditions. The Quality Assurance Engineer will also evaluate the 

appropriateness of the design to the actual field conditions. The CollSlrUCtion Manager 

will advise the Contractor of determinations of non-conformance. Potential changes to 

the design resulting from site conditions or for other reasons will be evaluated by MWH's 

Project Manager and Project Engineer, who will advise the WPS-UPPCO Project 

Manager/Construction Manger. Payment for changes to the design will be determined by 

WPS-UPPCO's Project Manager/Construction Manager. WPS-UPPCO and MWH will 

have access at all times to all parts of the Contractor's equipment for checking adequacy 

and appropriateness of the equipment. 

The Contract drawings, specifications, codes, standards, and laws are the basis of the 

Contract enforcement and will be interpreted by the Construction Manager. The 

Construction Manager and Quality Assurance Engineer will verify that the Contractor 

meets the Contract obligations, but not direct or control the Contractor's operations. 

CJgming and Stri,Ppigg of the South Leyee for Modifications to the LevS$ 

The Quality Assurance Engineer or Construction Manager will inspect the project site 

after cleaning and stripping of the South Levee to verify that the subgrade materials and 

finish gn,ding arc satisfactory to allow the placement of the embankment fill. 

Consttuction of South Levee Modifications 

The Quality Assurance Engineer will review the Contractor submittal, for the following 

itents for confonnance with the Contract Documents: 

• Subgrade preparations. 

Dtcee,~ 2002 8 $MWH -
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• Placement of embankmont materials, 

• Embankment lines and grades 

• Embankment compaction. 

Construction ofToe Drain 

The Quality Assurance Engineer will review the Contractor submittals for the following 

items for conformance with the Contract Docwnents: 

• Contractor's submittal• relating to toe drain bacldili perforated and solid pipe, 
and concrete manholes 

• Subrade preparations 

• Control of water during construction 

• Excavation of toe drain 

• Placement of toe drain backfill materials 

• Placement of perforated collection pipe 

• Treabnent of existiog toe drain and discharge pipes 

Remding of North Dam 

The Quality Assurance Engjueer will review the Contractor submittals for the following 
items for confonnance with the Contract Documents: 

• Lines and grades of North Dam following regrading activities 

Rq,air of Deteriorated Concrete jg the Outlet Gate House at the North Dam 

The Quality Assurance Engineer will review the Contractor submittals for the following 

items for conformance with the Contract Documonts: 

• Procedure related to urethane grouting to reduce seepage through the lift lines in 

the outlet gate house 

llocaim2002 9 $MWH -



Unofficial FERG-Generated PDF Of 20030113-0049 Received by FERC OSEC 12/20/2002 in Docket#: P-10856-000 

-

-

-

Au Train Dam Modifications - Project QCIP 

• Repair procedures for the deteriorated concrete along the East and South walls of 

the outlet gate house 

D. DOCUMENTATION 

When on site, the Construction Project Manager will document in a daily report the 

contractor's operations. Note will be made of construction activities, when construction 

begins, when the construction is stopped, rationale and all important factors affecting job 

conditions, progress of work. and other items so that the daily report can be used as a 

history of the project. It will include weather conditions. description of activities 

performed, types of equipment used, testing incorporated into the work. description of 

any problems encountered in performing the work, corrections and corrective actions 

taken. detailed descriptions of directives given to each contractor, non-conformance, and 

any other information necessary to document each of the contractor's activities. 

MWH's Project Manager will review non-conformance reports, and field directive and 

clarification reports. Appendix J-4 provides a sample of a Non-Conformance Report. 

Non-conformance reports may be resolved at the time they are issued by implementing 

corrective action immediately or they may require further study. Non-conformance 

reports may involve input from the MWH Project Manager. Quality Assurance Engineer. 

and other support staff. The Construction Manager will determine the need for involving 

other members of the QCIP Team. The non-conformance reports will be numbered 

consecutively in the order issued and include the following infonnation: 

• The date of issue. 
• Originator. 
• Description of deficient work. 
• Dispoaition and technical basis for diaposition. 

• Date of closure, and pertinent references. 

Because this is a time-critical projec~ no formal flow chart for tracking construction 

deficiency is provided. Construction deficiencies will be resolved immediately whenever 

posstble. Issues not resolved immediately will be maintained in an unresolved issue file. 

After resolution, the non-conformance report will be placed in the file of resolved non-

conformance reports. 

Deceirm2002 10 GMWH -
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Copies of all Quality Assurance reports will be provided weekly to WPS-UPPCO's 
Project Manager and MWH's Project Manager. A final construction report will be 
prepared by the Construction Manager to document the work. This report will include 
infonnation on clearing and subgrade preparation at the South Levee and modifications to 
the South Levee including lowering of the crest and placement of embankment fill, 
regrading of the North Dam, excavation and construction of toe drain at the North Dam. 
installation of manholes, concrete repair work, difficulties encountered during 
construction, and photographs of the specific work items being perfonned by the 
Contractor. Appendix J-6 provides the record keeping procedures that will be followed 
by the Construction Manager. 

The Contractor will provide submittal& as described in the Contract for the review and 
approval by the Quality Assurance Engineer and Construction Manager. These will be 
logged, routed to the appropriate staff for review and acted upon. The resolution of these 
items will be recorded in daily reports. 

E. TRAINING 

No specific training is anticipated for this program, as the persoMel selected for the 
specific assignments are trained professionals with expertise in the appropriate items 
being constructed or installed. 

F. MATERIAL TESTING 

All materials shall conform to the requirements established in the Contract Documents. 
Each contractor will provide material certifications or test results to demonstrate 
compliance. The tests and required ftequcncics are given in Appendix J-6 of this plan, 
Sampling and Material Testing Schedule, and in the Contract Documents. These tests 
and ftequencies may be adjusted to account for the changes due to actual field conditions. 
The testing program may be modified on the basis of the results obtained. 

G, EROSION CONTROL AND ENVIRONMENTAL 
COMPLIANCE 

The potential exposure of the Jake to soil erosion and sedimentation is minimal, as most 
work will be carried out away from the Jake. No work in the Jake is anticipated. An 
erosion and sedimentation control plan will be developed for the project by the Civil 

Detedu2002 11 8)MWH -
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Works Contractor. Features of this plan will include: haybales or silt fences where 
erosion and sedimentation problems due to construction activities develop during 
execution of the work. 

Silt barriers will be installed downstream of the construction and stockpile = lo 
confine sediment that may be washed from the work areas and &1oekpiles. Ditches and 
silt barrieni will be inspected frequently. Ditch erosion or silt barrier damage will be 
repaired immediately. Significant sediment accumulations will be removed and placed in 
a topsoil pile. Silt baniers will be maintained until construction is complete or ground 
cover materials have been placed. 

The Contract Documents provide for the establishment of environmentally acceptable 
procedures by the Contractor to prevent spillage of oil, gasoline, chemicals, solvents, and 
other hazardous materials. They also provide that each Contractor properly dispose of 
any waste construction/demolition materials. Any violation of the Environmental 
Compliance requirements will result in a Non-Conformance Report issued by the 
Environmental Compliance Coonlinator. The Contractor or other persoMel will be 
notified of their responsibilities to correct any non-compliance. Appendix J4 provides a 
copy of the Non-Confonnance Report fonn. WPS-UPPCO's Environmental Compliance 
Coordinator will make the required notification to outside concerns to comply with 
special permit requirements. 

H. CONSTRUCTION SCHEDULE 

With the objective of completing the work during the swnmer and fall of 2003, 
construction milestones bave been established as follows; 

• Start of on-site mobilization and site construction activities 
• Site restoration, cleanup and demobilization complete 

Detailed schedule is in Appendix J-7. 

I. PLANNED USE OF CONSULTANTS 

08/04/03 
10/10/03 

The Licensee has retained MWH to provide Quality Assurance Engineering services for 
the emergency fuse plug spillway channel projecL MWH prepared the plans and 
specifications for the work. 

DecemlJer 2002 12 9MWH -
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J. APPENDICES 

Appendices J-1 to J-7 are provided to further usist the QCIP team in carrying out their 
respective responsibilities and to provide more detailed information for the various parts 
of the QCIP. 
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AU TRAIN HYDROELECTRIC PROJECT 
FUSE PLUG SPILLWAY AND DAM MODIFICATIONS PROJECT 

QUALITY CONTROL AND INSPECTION ORGANIZA T/ON CHART 

WPS-UPPCO I 

WPS PROJECT MANAGER/CONSTRUCTION MANAGER(1) I 
Mr. Ben Trotter ' 

MWHPR 
Mr. 

OJECT MANAGER (2) ' i WPS ENVIRONMENTAL COORDINATOR (1) '. 

MWHP 
Mr. 

Craig Harris, P .E. -h 
I 

ROJECT ENGINEER I 
Mike Mnler, P .E. ' ' 

CIVIL WORKS CONSTRUCTION 

Mr. Rick Moser 

' I 
QUALITY ASSURANCE ENGINEER 

Mr. Mike Miller, P .E. 

j CIVIL WORKS CONTRACTOR 
· TBD I 

CIVIL WORKS 
INDEPENDENT TESTING 

LABORATORY 
TBD 

(I) Authority to stop work due to adverse quality conditions. 

(2) Authority to recommend stop work due to advme quality conditions. 

I 
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POSITIO,'i IN FIR.\I: Project Manager 

YEARS WITH FIR.'-1: 20 

TOTAL YEARS OF EXPERIENCE: 20 

KEY Ql:ALIFICATIONS: 

Ben P. Trotter 

PHONE#: 
Fax#: 
Cell#: 

(920) 433-5585 
(920) 433-1170 
(920) 680-6779 

Mr. Trotter has over 20 years experience in project management, construction management, and detailed 
design work related to electric power generation facilities while in the Project Services organi:z.ation at 
Wisconsin Public Service Corporation. 

EDt:CATION: 

Associate Degree • M:echanical Design/ Pre-Engineering 
Bay de Noc Community College, Escanaba, M.I • 1982 

Special Courses (Technical): 

Bask Concre1e Technology and Construction Practices - Por1land Cement Association 
Fossil Power Plant Boiler Plant Systems - Operation of plant systems WPSC training. 
Xuclear Power System Overview • Operation of plant systems WPSC training. 
American C oncretc Institute - Repair concrete melhods. 
Effective Proj"ect '.\-lanagemcnt- :"l"ational Seminars Group 
OSHA Training - Construction Practices and Procedures 

SELECTED EXPERIENCE RECORD: 

Employed by Wisconsin Public Service Corporation (WPSC), a regulated utility affiliate of WPS 

Resources Corporation (WPSR), from 19&2 to present. 

Projecr Munager, (1000 - presenl) 

Responsible for engineering, design, technical support, contract administration, site construction 

and project management for numerous projects. These projects have been for the regulated 

affiliates of WPSR. located at hydro, fossil, natural gas. and nuclear-fired electrical generating 
facilities. Recent projects have included the following: 

• Project Manager for the UPPCO hydro Au Train Wingwall Repairs located in Au Train. 

Michigan. 
• Project Manager for the Spillway Repairs for UPPCO at the Escanaba Dam #3. 
• Project Manager for the Spillway Repairs for UPPCO at the Escanaba Dam #1. 
• Project Manager for the Silver Lake Basin Emergency Fuse Plug and Dam Modifications for 

UPPCO located 20 miles north of Marquette, Michigan. 

Project Coordinator, (1997 -2000) 

Responsible for engineering, design, technical support, contract administration, site construction 
and project management for numerous projects. These projects have been for the regulated 
affiliates of WPSR. located at hydro, fossil, natural gas, and nuclear-fired electrical generating 

facilities. Recent projects have included the following: 
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Ben P. Trotter 
Project Manager 

• Project manager for the spillway and pier repairs for UPPC (Upper Peninsula Power 
Company), at the Escanaba River Dam #3, located in Escanaba, Michigan. 

• Site Construction Manager for the installation ofan 83-MW natural gas-fired combustion 
turbine located in Marinette, Wisconsin. 

• Project Manager for the installation or a tainter gate hoist and automation for UPPCO Hydro 
Electric Plant, Dam #l, located in Escanaba, Michigan. 

• Site Construction Manager for a new coal transport runnel and conveyor along with dust 
collection and system upgrade. This was done at WPSC Pulliam Power Plant located in 
Green Bay, Wisconsin. 

• Project Manager for the installation of a fly ash filter separator system for UPPCO at the 
Escanaba steam plant located in Escanaba, Michigan. 

• Site Construction Manager for a new parking garage addition at WPSC Rhinelander Service 
Center located in Rhinelander, Wisconsin. 

• Site Inspector for installation of new roads and foundations for 14 Vestes Wind Turbines for 
WPSC. These turbines are located in the Township of Rio Creek. Wisconsin. 

Construction Technician (/983 - 1997) 

Responsible for overall supervision of contractor labor for various projects assigned. This 
includes daily field logs, site inspection reports, and interface with existing facilities and 
systems, and start-up and testing with complete documentation of drawings and manuals. 

• Site Inspector for the installation of a distributed control system on Units 3 through 8 at 
WPSC's Pulliam Plant, a coal-fired power plant located in Green Bay, Wisconsin. 

• Site Inspector for steam and water soot blowers for the Pulham Units 7 and 8 boilers. 
Pulliam is a WPSC coal-fired power plant located in Green Bay, Wisconsin. 

• Site Inspector for a new centralized 1:ontrol room building inside the Pulliam Power 
Plant. 

Lead Drafting Technician at the Kewaunee Nuclear Power Plant (/989- 1993) 

Responsible for overall supervision of on-site drafting staff. Provided documents and 
drawings for plant modification. Performed activities associated with the Nuclear Regulatory 
Commission mandated programs. 

Drafter/Designer (/982 - 1988) 

Responsible for perfonning detailed mechanical and civil design associated with power plant 
system rruxlifications, and for WPSC Standards updates and Company Procedures manual. 

N :IGROUP'PPDC\HR\Jlesumes\BPT Resume.doc -WiKonlin Publi" Service Co,p<ntion 
P1plofl 
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CRAIGW. HARRIS 

POSITION IN FIRM: Hydropower & Dams Denver Office Manager 

YEARS WITH FIRM: 2 

TOTAL YEARS OF EXPERIENCE! 24 

KEY QUALIFICATIONS 

Mr. Harris hal more than 24 years cxperieace with planning. design, coostruction. and management of dams. 
hydroelectric, and water teSOUICts mining projects. He has a Master's Degree in Civil Engineering and ii a 
Registered Professional Engineer in five statel. 

Mr. Harris is curmrtly a Senior Project Manager/Senior Geotechnical Engineer in the Denver Office with the 
responsibility to develop the office and manage dam, water resource and hydroelectric projects. 

Prior to joining HARZA. he was an Associate: Vice President with ECI. the Water Resources Division of 
DMJM+HAR!US, where he was a Project Manager for 1bc evaluation and design of dams, hydroelectric; and other 
water resources projects. He was Senior Resident Engineer for lhe construction ofa river divcnion projecl in Peru 
that consisted a large dam, tunnel, and pipeline. 

Previously with Steffen Robertloa and Kirsten. be was responsible for engineering and design of a variety of mining 
projects includm, mine clolure. infrastNcture evaluation, and geotechnical dmgn of new facilities. During bis 13 
yea,g wilh Stono II< Webstm ED&memng Co,po,ation, be wu a Principal Engineer in 1he Hydro Operations Group 
and TCSpOmible for the design of dams and hydroelectric projecls. He inspected owncroua dams and hydroelec1rn: 
projects, designed roodifu:aUOD$ to existin& dams, and designed new hydroelectric projects. He also authored 
guidelines for 1bc Fcdcral Energy Regulatory Commission, and conducted raevch of hydroelectric dams for the 
Electric Power Research Institute. Early in bis career he was a Civil Engineer wi1h the US B~u of Reclamation 
whc<e be performed eogineermg ,nalyse, of"""'"1on<nt dams. 

EDUCATION 

- of Science in Civil Engineering, Cornell Ullivenity, 1983 
Poot Gnduale Smdy, University of Colondo, 1979-1980 
Bachelor of Scieace in Civil Eogineering. University of Akroa, 1978 

Profeallonal Rqllb'ltlom 

Profeuional F,qpncer-Colorado. 22140-1984, 
Professiooal E"Bineer • Maine, 5560 - 1986, 
Professional Eagioccr - Florida, 38210 - 1987, 
Profeuioml F,wineer- Oklaboma,. 16057 - 1990, 
Pro-I f.~ - Michipn, 40803 - 1995, 
Professional Enpw,r- W'ISCOUlin, 35098-006. 1995 

Profmlonal Aflllladou: 

-· American Society of Civil~ Member 
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CnfaW.Borrll 
Project Manager 

Imernational Socicly of Soil Mcchanicl and Foundation Engineers. Member 
United States Society on Dama. Member of Malerials for Embankment Dams Committee 

Association of Stale Dam Safety Officials. Member 

EXPERIENCE RECORD 

MWH (Moatpmery Watson Hana) Denver, Colorado, USA 
Dams & Hydropower Office Manager mponsiDle for developing Rocky Mounblin office and managing dam and 

hydroelcclric projects. 

Security RlskAUenmeoa 
Clie,u: U.S. Bumm of Reclamalion 
Project Manager Security Risk Assnsrnents of 20 facilities including dams. hydtopowcr plants. pwnpgencrating 

plants. canals and control oflic:cs. (June 2002 ID Present) 

AuTra.ln HydroeJectric Project 
C/wotc Uppe l'e,wwJa Power Company 
Project Manager for dam safety modificationl of this _ foot combined concrete and ermankment dam. Work to 

date bas mcludcd hyd,otogu: and hydraulic ..,.i;c,, stability aoalyscs. and dcsip of fuse plug spillWlly (Oclobcr 

200 l ID Pn:scnl) 

Dillon Dam SpWway Modlncatlona 
Client: Denver Water 
Part of team reviewing another c:onsultmt's design of modifications ID the moming glory spillway as extension of 

Sia., Eoain=r'• s111fr. (June 2002) 

McAllen Nortbwat Water Treatment Plant 
ain,, a,y of McAU... T=s 
Quality Assuranc:c review of preliminary and fiml design of raw water storage rctcrVoir for 40 MOD WltCt uatment 
plam. (Oc1Dbcr2001 IDApril 2002) 

Wolford Mouncala Hydroelectric PreJeet 
Client: Colorado Water CmuavtUion District 
Project Manager for small bydrupoWCJ feasibility scudy at die Wolfotd Mountain Reservoir. Working includes 

"""ID' gm:ntion and ma,t,1- pn,limiml)' dcsip, and cost..,.;_,. (OclDbcr 2001 ., Ptacat) 

Dead lllver B~ Pn,joct 
Qlffllc Upper P......., Power Company 
Projoct Manapr fo, modificatiom u, 1hrec dam, 10 safcly pou 1he PMF (Silver Lake Dam, Hoist Dam, and McClwe 
Dam). Prepared final dclip and c:outruction bid documents for a 26S-foot Jong fuse p1U& spillway and small 

Addle: c1am. UpcomiD& worl< mcludes clesi1111 and _. durilJ& comb'Uetioo or pos1.- - in 111e 
co...,,,....-, 0.....,. of slopes. ...U saddk dum. and ,.;sing crests of1he dams. (June 200110 Pn:scnl) 

EscaubaDamNo.3 
Clmrt.· Upper Pnillllllo Powu Company 
P,q,,red - 10 FERC letlcr-e,rpreAing coocetbl about ""k..,....., _ u,ed m d>c stability lOlly,cs 

of the canaetc sodion.a of die dam. Wozk included lite recnnmiSHocf!, RCValualloD of stn:D&Ch puamctcrl. ad 

,msiooof mbility aoalysea, and p,q,an.tiooofletlcrrcpon. (Oclobcr 2001 IDNovcmber2001) 

-..CWa. 11'1MII 
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.._.. PllsahDam 
Clial: Dau Tail Power Company 

Cral& W. Banu 
Proj<Ct Manager 

Evaluated high pie:zometric readings at this 40-foot high cmba»bntDt dam. WOik included reviewing 

instrumentation and monitoring program and site reconoaiuance and preparation of letter report. (Sept 2001 to 

Oc1aber 200 I) 

Prickett Hydroelectric Project 
Oienl: Upper Peninsula Po'Wff' Comparsy 
Project Manager for spillway trK>difications of the 55-foot high multiple arch buttress dam Prepared conceptual 
designs and evaluation of altemativcs for repair of scour hole downstream of spillway and constructing a stilling 

basin. (October 2001 ro Sep"'1nba- 2001) 

Ect. TIie Water Raourtt1 Dlmion ofDM.JM+HARRIS, Greenwood VIOaae, Colon~ USA 

Auociate Vice President, Dmcmr of Mmcting, Geo1eclmical Oepartmcm Manager. and Project Manager 
rcspoosible for developing and implementing marketing plan, administrative and teclmical aspects of geotecbnical 
dcpanmcnt. and mgiag US and international water resources projects. Served as Senior Resident EnginNit for 

large concrete-faced rockfill dam, tunncL and pipeline during construction in Peru. (May 1998 to Jun 200 l) 

Lakewood PlpelJDe 
Oifflt: City of Boulder 
Prepared demolition plan and bid documents for removal of existing raw water pipeline and supporting structuR:S, 

Green Lake No.2. Colorado 
Client: City of Boldtkr 
Prcpucd conceptual designs and evaluation of altemllives for repair of 40-foot steel faced rockfill dam 1hat bad 
been brcacbcd due to seepage conccms. (Apr 2001 to Juo 2001) 

Rio Hato Gn.Dde Project, Nlcarapa 
Oiem: Min'8t,y of InjraslnletUTe and Transporto.lion 

In cooperation with EDICO Ingcmero, Consul10<es of Mamgua, designed - to """" the Rio Hau, 
Grade to its original river ch!nocl Following lwnicane Mitch in October 1998, 1hc river cbanged course and 
c:aused flooding of Ille adjacent highway. Performed lite reconnaiuance, 1UppOrted bydrologic and hydraulic 
anal)'KS io calculate 1hc desip storma, cvalualcd conditions and prepared altcmati.ve dcsigm for a dike 

to redirect the river lDlo its ptmOUI channel (Jan200110Apr 2001) 

Hoopes Dam. Delaware 
ai..1: City of ltllmbogron 
Project manager for a safety inspection of the 130-foot high concrete gravity dam Performed site impcction. 
--mbili1y u,aly,es, ,nd propued a safoty impedioo ,cport. (Nov 2000 to Jun 2001) 

Ganu Dam, Puerto Rico 
Cliou: Puma Rico Ekctru: Power Authority 

Proj<et Mamg<r for compr,brmive safety evaluatioe of the 202-fuol high roc:ldill dam built in 1943. Pafonncd 
u!ety impection. supervised tieJd investigaliom wt ltability evaluations, and made fCCO!D'DC'lrJariQIII io briDg dam 
into ccmfonnmx:e with cunent dam safety regulatiODI. (Jun 200010 Jun 2001) 
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·-· Luccbettl Dam. Puerto Rko 
Client: Puma RictJ Electrlc Power Authority 

Project Manager for comprehensive safety evaluation of the 178-foot high concrete gravity dam built in 19S2. 

Performed safety inspection, supervised field investigations and stability evaluations. and made ~lions to 

bring dam into conformance withcumnt dam safety regulations. (Jwi 2000 to Jun 2001) 

Glllelple Dam.Arizona 
CU,,,,.· Stantec Cmrsultlng. Inc. 
Project Manager for stability evaluation of1he 20-foot high coocrctc buttress dam buih in 1921 that failed during a 

flood. The purpose of the project wu to support lepl defense of tbc dam owner the Flood Coolrol District of 

Maricopa County. Reviewed project data, supervised field inspection and evaluation of stability, and flllllllllriud 

results in a verbal report. (Jun 2000 to Apr 2001) 

Torata River Project. Peru 
Clum,: SolltMm PDU Copper Corporalwn 

Senior Resident Engineer during comtruction of river diversion projec:I including first phase of 130m high coocrcte 

faced rvckfill dam, undefJrOU%>d valve chamber. inlet structun:, 4km nmnci 4km p;pcline ID<! over !Olan of roads. 

As liaison between ECI, owner. and construclion manager, prepared field designs. reviewed comractor submittals. 

provided recomn~lioos to owner, mleq)reted speciftcationa and drawings. responded to conuactor's rcqueslS., 

and oversaw dam curtain grouting. Also evalualed an ancient landslide, designed the river diversion during 

CODS1nlCtion, designed grouting. designed excavation slopes and support, redesigned dam and plinth to accomrmdatc 

actual subsmfacc conditions, designed fOUDdatiom and structure trk>difications to accommodate subsurface 

conditions, and nade numerous field decisions and designs. 

During design phase. prepared final cooslJUction specifications and dnwings for dam and plinlh. Developed 

innovative construction plan to use mine wasle to con&truct a luge portion of the c:mbankmeot &om concept to final 

design and save tbc Owner more than S30 milliOll. (Aug 1998 to May 2000) 

Carter Lab Plpellae. Colorado 
Cl{ent: City of Longmont 
Evaluated soil conditions and located borings along proposed raw pipeli.Qe route. (Nov 1998) 

Apple River, Bia F.U.. and Wklota Projecfst Wlscomln 
Client: Non/lern Stow Po-wer Campall)' 

Reviewed and cnluatcd dam uftty iDstrumcntation and moaitoriog for co~limcc: wi1h FERC insuumcntalion 

pwlcl- (Aug 1998 ta Nov 1998) 

Gooee Lab Dam. Colorado 
C//,nt, City of &ndd,r 

Evaluated allmlatives and pRpUed final dmgo ID<! bid documonls for upsucan, rocldiU berm will> g~ 

me:irbranc to control seepage for this 3~foot high timber cnb dam. (Jun 1998 to May 1999) 

Oatlda Dam, Utah 
cu,,,,, Pa</ft<O,rp 
1'1<pared '°""""'""' analysis ID<! final dmga of foondalion dru>I ID reduce uplift (JlfflmeS below 110-foot biab 
concn:te gravity dam and powerhouse in order to coq,ly with a FERC requirement. (Aug 1998 to 1999) 

Pap4 
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Bf& TbOmplOD SlpllDn, ColDrada 

CnJa W. Harris 
Projoct Manager 

Client: Nortlaem Colorado Hbter CollSffl'OIICY Dislricl 

Evaluated alternatives aad prepared final design Df selected altemative for main1aining soil cover IO protect apimt 
freezing of steeply s1Dpllll scctioo ofa tarp raw water pipeline. (Aug 1998 to May 1999) 

WlwQU Dam, Nlcanpa 
Client: ED/CO Ingenieros Consullores 
Third party reviewed scability and proposed design of 15m high concrete gravity dam to provide water and power for 

a small village. (Jul 1998 to Aug 1998) 

LD&•n Flnt Dam, Utah 
Client: Utah State Univenhy 

Evaluated altcmatives and prepared feasibility design for downslttam rockfill buttress to support 1his 30-foot high 

concrete gravity and buttress dam to prolect against overtopping from PMF, seismic loading from MCE, and up to 6 

feet or displacement along fault in foundation. (Jul 1998 10 Apr 1999) 

Silver Lake Powerhouse, Colorado 
Client: City of Boulder 
Geotccbnical engineer during consnuction of powerhouse. Inspected foundation excavation, prepared final design of 

post-teDSioncd anchored thrust blocks for high bead penstock. and prepared final design of 10-foot high 

mecbanically stabilized earth (MSE) wall to keep earth pmMiures from powerhouse wall (Jwi 1998 IO Apr 1999) 

Steffen Robertson and Klnten., IDC..t Lakewood, Colorado, USA 
Actibg Engineering Department Manager, Project Manager. md Senior Geotcchnical Engillcer responsible for 
adrninim11.tive aspectS of engineering deputmeof. rm.nagemcnt and engineering evaluations of minillg in.&as1tucture 

projeclS. (Oct 1996 to May 1998) 

Cnaoa MlDe, Colondo. and Jerritt Canyon Mine, Nevada 
Conjidntiol Clte,,.t 
Made third party i:valuation of condition of em1ing inftutructme and need for additional iDfrastructwe for 

mraiQing life of mine. Facilities reviewed iacluded roads. power, water supply, wasiewater treatment, buildings, 

comnurication facilities, ventilalion. compressed air. solid waste handling. and coginecring services, (Apr - May 
1998) 

S..AndnoMtne, Hoaduru 
Qlolt: Gl'fflUtotte Mining Compuy 

PRpued final design lb< 36m lug), -.U,, ,labilizod earth (MSE) wall. cuu, fills. ""1 conveyor 

fNJMltinna. (Apr• May 1998) 

Groute Creek Project. Idaho 
Qt,,,,: Heda Mbouig Company 
Design Manager for recJamatioD of the Waste Rock Disposal Facility consisting Df • S~re soil cover. one-mile 

Iona mvcnm ditch. pbinn linod pom ditch. ...i """"'°"' bench dilchcs. Supervued tho h,mnlogic ...i hydnulic 

analyses. prepucd the ptcliminary design. cost estimates. optimization study, final design, and prepared COOltrUl;tion 

b;.t ....,, ....... (Feb -Apr 1998) 

'Illlllda Sprlap Mlae, N ... da 
a,-_. Gold Capital ea.,,.,.,.,. 
Supportod final desiga of a -- heap le,cb p,d ...i mspccted and evwlual,d existing tailiDp dim. (Sep -

Dec 1997) 
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- Alumbren Mlne,Arpadaa ct...,, MiMra Alumbm>J 

Crala W, Harrll 
ProjcotMan,ger 

Third party review of cause of excessive leakage from the Fresh Water Dam during first filling. Inspected 25m high 

embanJaneut dam with upstn:am lIDPE membrane. evaluated causes of the seepage and ilS effect on 1he dam 

s1abili1y, and rocommended rcmcdial ........,, (Jul 1997) 

Lel&h Lake Dam, South Carolina 
Oient: Steffen RobeUon and Kinlfm 

Peer reviewed seepage and slabilily modifications to a small cmbanlancnt dam. The project consisted of flattening 

tbe slopes. adding a new oudet and drainage facilities. (Mar 1997) 

NlmD Fork Mine. Alukll 
Performed lhird party review of water supply and wastewater treatment facilities. (Mar 1997) 

Mina Bella Vista, Costa Rica 
E,alualed the gcotedmical feuihllity afan 8-millioa too heap leach pad. (Jan 1997) 

Pueblo Viejo Gold Mine. Dominican Republic 
C/lau: M/M Holdings Limited 
Task Mam.ger for evaluation of existing intiasaucture facilities and conceptual design and cost ntimatcs ror the 

additional infrastructme facilities required ror a proposed expansion. Inspected and evaluated the port facilities. 

haulage road, water and sewage treatnnt, i:lcctrical power plants, communications facilities. accnmrnodations,. 

administration buildings. process plant layout. site roads. and solid waste facilities. (Jan 1997 to Jun 1997) 

Rld&eWay Gold Mine, South Carolina 
Oifflt: Ridgeway Gold Mine 
Designed surface water management facilities for mine closmc. Prepared preliminary designs. final designs. and 

construction cost cstirnatcs for a tcmp0ruy siphon system. a concme chute spillway, several miles of sur&ce water 
ditcba. and m>mm>us ,hop ,tructutes. (May 1997 ta May 1998) 

Batu. Hljaa Gold Mlnlnc Project. Sumbawa, ladoaesJa 

aurn,.- Fluor Daniel 
Project Manager of geotechllical subcontrac1 to support final design. Peer reviewed drafts and prepared final 

Geotccbaical Reports for the crulber, conccntlaO:Jr, mine m,riuJmwacc .,__ coanc: ore conveyor. tailiDgl line. acceu 

road. and power tmnmni11i.on line. Subsequenl 111b. uodcrtakcn during project constructioa. included geotcclmical 

recomrneodation for the modified design of 1he sea water intake structure, rccommcndations for ttcatnznl of soft 

clays and potentially liquefiablc soil bencadt a proposed nnb,nkrncmt, design of pipeline thNat blocb, and design of 

pile foundatiom. Other engineering tub included cvah11tioa of 1atcml loads fi'om liquefied soil Oil prvposed cargo 

bmh piliug, and feasibility daisn of the~ Mulli-pu,pose Dim. (Dec 1996 ta May 1997) 

c ..... Mlne Prvj .... Weaatcbee, Wulllnpa 
P....,.d u-built report fo, Fiaal Reclamatioa Plan. ~y Actiaa Plan. and Opmtioa aod Mainteaanco Plan 
fo<tbe llilinp dam. (Oct to Nov 1996) 

Kenlfnaton Mhte, Juneau, Alukll 
p....,..i gea1eebnieal u,,nwu,no.tioa plaa ml pc:o, mnewod dyaamlc defonnatioa ...iy,;, ro, the pn,pooed D,y 

Tailings F..;lity. (Nov 1997) 

Stone & Webater Eqbaeerlaa Corporation, Deaver, Colorado, USA 

Project Manager and Principal Engineer in die Hydro Opentiom Division rap0DS1"ble for evaluation and design of 

~aod-pn>j-(Aug 1987,oScp 1996) 

Mlfla<Wdllll/lMR Pag,6 
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Wampum Dam, Wuhlnpa 
Client: PUD No. 2 ofGl'tlllt Cmmty 

CnJc W, Harris 
Project Manager 

In response to a FERC concern. of rockfill e.mbu,km:nt scttlemcot continuing at a linear rate for seven.I decades 
rather dam dccreuing as would be expected. evaluated poientia1 causes of colllinued seu1e:mcn1 of left embankment 
and made teCOfflDllffldltions for additional investigation. (Apr to Jun 1996) 

St. Crols Hydroeloctrle Project. Wiscomin 
Client: Northm, Slata Power Company 
As Project Manager/Engineer., conducled a comprehensive evaluation of the St Croix Hydroelectric Project and 
evaluation of al1cn1ative modifications to extend 1he plant life an additional SO ycan. The project wu built in 1905 
and is an 83-foot-bigh. concrete gravity dam with an integral eight-unit powerbou.se. Planned and coorduwed 1he 
entire project. which included civil. mechanical. and eleclrical evaluation.s. Performed or supervised the civil 
evaluations. ioclwling a dam safety impection equivalent to a FERC Part 12 inspection. an uoderww.ter inspection. 
core drilling. piemmeter inlll.llation. geologic mapping, laboratory testing. development of design criteria. 
bydrologic and hydraulic reviews, enefBY optimiution study, stability evaluations. conceptual designs and cost 
estimates of altcmative modifications. Ovenaw the mechanical and electrical evaluatiom including iDspcction oflbe 
tuibines, genewots, governors, gates and associated equipment, and the taintcr gate spillway. Also supervised final 
design of a N,lkbead type cofferdam to allow work on the taintct gate and design of modifications to a cracked pier 
that was found during the inspection. Documented the work in a n:pon and presented the results to the client (Aug 

1991 to Sep 1996) 

Prickett Dam, Mlcblpa 
Oient: Upper Pfflinsu/a Power Company 
JJ. Iodcpendent Consultant, performed tbe 6th FERC Part 12 Dam Safety Inspection of this SS-foot high multiple 
arch buttresa and embankment dam. Subsequendy, supervised design of a reinforced concrete wall to teplacc a 
deleriorat,d wall ia Bay 4 of the 'Pillway. (Apr IO Sep 1996) 

Santeetlah Dam, North 
OietU: Tapoco. Inc. 
AA Lead Oeo1echmcaJ Engineer, supervised field and laboratory invcstigation.s and developed geotcchnical design 
criteria for this 212-foot high coocrete arch dam with gravity abutments. The fieldwork incltaded geologic mapping, 
overcoring to mwure in-situ stresses in the arch, coring to Rtrieve samples for testing. water pressure lesting, and 
ias1allatioa of thermiston ,uc1 vib.atiag wue piezometcrs. Toe 1a1>omory tcstiag mcluded standan! properties, direct 
shear, and triaxial tcllL Evaluated 1he field and laboratory data and developed geo~ deaign criteria for 
stability analyscl. Documented 1be wmk in a aupplemmt to lbe FERC Fifth 5-Year lnspection and Safety Report. 

(Jul 1994 ID Sep 1996) 

Calderwood Ihm, North C...U.. 
Olen/: Tapoco, Inc. 
As Lead Eqiocer. supervised instrumentatioa and field investigations tor Ibis 232-foot high concrete 

arch dam. The instrummmtion work ilx:badcd design, specification and field engiDeeriDg for an extcnaonJcter to 

meuun: movmtePt acrou a &.ult ml inclinometcn to monitor arch de11ectiom. The fieldwork COD1i1tcd of 
gcolop:a1 mappina ml documentation of geotecbnical data for stability evaluationa. Documeotcd the work in a 

IUA'lemoDI to !be FEltC Fillh 5-Yeu iD1pcc1ioG aad SafctyReport. (Jul 1994"' Sep 1996) 

Cbeoab Dom, North Canillaa 
Cl/enl: Tapoco, Inc. 
A> Lead Geoleclmiool Fnai-. "'J'C'vucd field iavesligatioas, ias-tioa, &eotecbniool desiJJ> criteria, aad 
- llability IDllyses fi>r dus 225-foot hiah pavity .,.b dam. The fieldwodt ooas;st,,i of polopcal llllpPia& 
and don@1¥\11tatian of gco1edmica1 dala for stability evaluations. The im1rUmeDtation work iJx:luda desip. 
specification and field engiDceriq for inclinometers to mcmitor arch deflections. The abu.tmeo1 stabillly work 

Pagel • !'t'.'!"':'--
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CnJc W. Harris 
Projec1 Manager 

'-'" consists of evaluating stability of rock wedges in tbc abutments. DocumeDled the work in a supplement 1o tbc FERC 
Filth 5-Yen 1nspecrion ml Safety Report. (Jul 1994 to Sep 1996) 

OU.p Hydroelectric Project, Lake ortbe Ozarks. Mlaourl 
Cllou: UIUOII Electric Compony 
Performed the 6th ml 7th FERC Safety 1nspo<:tion of the 148-foot-higb coocrete gravity Bagnell Dam. Reviewed 
projccl documenls. inspected lhe dam. evaluated inslrumcotatiOD data, reviewed the stability analysis. reviewed the 
spillway adequacy. supervised concrete coring and laboratory testing, and made recommendatiom IO correct 
deficiencies. and docummlcd tbc work in a report. As Project Engineer, evaluated quarterly instrwnmtation data for 
indications of discreu and for eotq>liancc wilh design uswq>tions. The insttumentation inchlda survey 
meuuremems of crest deflections, pie:wmetcrs, now measurement devices. and crack mc:tm. Also designed new 
standpipe piczometen IO replace the deteriomed pneumatic packer lype piezomctm. (Nov 1992 lo Sep 1996) 

Upper Baker Dam, Concrete, Wublagton 
Qient: Puget Soauul Power and Light Company 
Designed foundation drains and pK20meten IO reduce and monitor uplift pressures at this 28S-foot-high concrete 
gravity dam. Developed the tccbnica1 scope of work for lhe drilling, supervised the field inspector during lhc 
in0Uation and documented the work in a report. Also evalualed monthly instrumentation data from piezometers. 
extemometers, arid joint me1eJS for indications of distras and for compliance with design assumptions. (Oct 1986 to 
Sep 1996) 

Eoelneerln1 Guldeltael for Hydroeltctric Projects, WnbJncton. D.C. 
Qiort: Fedm,l EMrgy Regulatory Commifsio11 
Wrote Chapter 9 "lnstrwnentation and Monitoring" of FERCs Engineering Guidelines for Hydroelectric Projects. 
The chapter discusses the need for instrumentation. establishes minimum instrumcntatioo requimnents. and 
rccananeods monitoring procedmcs and scbcdu1es. Subsequcndy, pracnted a 34-y traimag course: on 
hutrumcDtation. and Monitoriag to each ofdlc five FERC regional offices. Also drafted the timber crib, buttress, and 
..-y dam, portiom of Chapter 10 "Other Oum" which discusses Nbility analyses evalualion criteria, 
and.acceplUlcC crl1Cria. (Ocl 1993 to Apr 1996) 

LPG Station, Columbia, SA 
Clifflt: Ecopetrol 
Performed mdepcndent geoteclmical assessment or LPG tank farm on peat foundation with nearly lm estimated 
settlement. (Feb 1996) 

Cataract Hydroelectric Pnljett, 
Cllfflt: Uppq Peninsula POWB Company 
Supervised dam failure aaalyus of lhil small coactete gravity dam. (Dec 1995 • Jan 1996) 

Dad River HydroelecCrlc: Project, Marquette County, MJcblpu 
Qfat.- Upper P,nlMu/a Pow,r Company 
Al Project Engineer, prepared preliminary designs or modifications to safely pus the probable maxirrum flood at the 
Dead River Project, which iocludca the 37-foot-mgb McCluns Dam. die 63-foot-hi&b Hoilt Dam, and the 36-f'ooe-
bi&h Silver Lab Dim. 1bc dams are a coni>inatioa of dt!mped -.nd hydraulic fiJI emblDkmeots. r.oncrecc:: gravity 
sccdom and coacme arch aectioas. Tbe spillway modifications include a new labyrinth apillway at Silver Lake Dam. 
a pus linod aneipncy spillway ror Hoitt Dam and cn1atging the spillway at McClure Dam. Frnbeukrocut 

<ODSis1ed of ripnp, .,. ml ,qndmg. The coocrere dam mcluded posl-
tmsiaoed ancbon to improve ltlbility and repair of deteriorated concrete. Supervised duce~ finite 
element analyses of die arch section of Hoist Dam and interpteted the results widi mipcct to rtability. 

Hioril-CW .. llflMD Pag,8 
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cn11w.Harr1t 
Project Manager 

· -· Subsequanly0 dcvelopcd the Prelimimry Supponmg Des;p Repon fur the iDirial FERC Uo.... Applicaliou fur lhc 

Dead River Project and performed 1he Initial FER.C Safely Inspection of the Silver Lake, Hoist, and McClure Dams. 
Also supervised the PMF and IDF development, BAP flood inundation napping. and responses to agency commenb 

on the dlaft license application. (Feb 1992 IO Dec 199S) 

-

Cuecnan Multi-Purpose Hydroelectrlc Project, Pblllpploes 
Qienl: Kiewitt ConstnlCtion turd Bani of AmfflCa 

Project Engineer for feasibility design of proposed hydroeleclric project, including two dams, 23 km of twmcls. and 

75 MW powerbouae. 

As Lead Geotecboical Engioc:e(, wu put of a ICam that performed an independent technical review and assessment 

of 1he project for lhe Bank of America. Reviewed the geology, subsurface exploration program. and dam and twmcl 
plans. (Nov 1994- Nov 1995) 

CbUlbowee Project 
Oien/: Tapoco. Inc. 
/U L,ad Geotcclmical Engin,e,. -- 1oologjcal ""'PPm& developed gcoteclmical design criteria, ,md 

perfurmed embankment stability analyses fo, Ibis 91-foot luBh ,,maete gravity ,md rocldill dam. Evaluated the 
stability of the rockfill mi>ankment in with FERC crileria developed conceptual designs for a fuse 
plug spillway to safely pus the PMF. Documented the work in a supplement to the FERC Fifth S-Ycar lmpcction 

ondSafcty Report. (Jul 199410 May 1995) 

Au Train Hydroeledric Project. 
Qlent: Upper Peninsula ~r Company 

As lDdcpeodcnt Consultant, performed the initial FERC Part 12 Safety lospcction of the Au Train Hydroelectric 
Project. The inspection consisted of review of the project documcol:5, dam safely inspection, of 

imtrumcntalion stability cvalualion, spillway adequacy evaluation, rccommcndatiol'II to correct deficiencies, 

IDd documentation of the work in , tepOrt. Supervised the stability evaluation of the 29-foot-bigh. combined 

embaDbntnt and concrete dam using existing site and laboratory data. 

Also supc:tViscd lhc PMF IDF development. EAP Oood inundation mapping. and responses to commcDtS 
on the draft license application. (Feb 1992 to Nov. 1994) 

SEED laspedlons, USA 
Qient U.S. FUii ond Wildlife Service 

Perfonncd Safety Evaluation of Existing Dami (SEED) .,_iions of 33 oni>oDla1':DI ,md """''" gravity dams. 
The impcctiom eou1ist of a review of the project docwn:nts. a site impcction, evaluation of the instnunemalioa 
dm, rccommendati0111 to com:c1 dcficicncies and doeumcntmon of the work in a report. (Nov 1989 to Nov 1994) 

Wichita Mountalll Project, Oldaboma 
CJJ,nt: U.S. Fish and fflldl/fo Sm<u 
/U Project EDgineer. evwluatcd ml pn,limimry desi .. of modifkaliODI fo, fmu C<ma.., gravity dams 10 

safe pauage oftbc design flood. For both 1be SI-foot-high Lake Jed Johnson m:l 45-foot-bigh Lake Rlllh 

D- ,upc,viscd field ml 1,1,ontory mvestipliom, a,giDoerina ,ma1yses. ml developed co,,cepma1 deoigua ml 
COit estimatCI for modificatiom to improve 1hc stability of 1hc structures. The modific:atiom evaluated included 

broachma ml mDOWl&o - post•-ion ""'boring. ml RCC bulUa,cs. Deficieocie, at lhc 34-fOOl-bigb 
Apache Dam vm< .... tved 1brouBh lhc analyses. Worlt on lhc 3'1-foot•lulth Comanche Dmn ..., stopped due 10 

fimdina tmriclioos. (Jan 1990 toAp, 1994) 
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Cnl& W. Harril 
Project Mamger 

Road Falb, Vidoria, oad Prldcett ProJeeu, Mlchlpn 
Clumt: Uppe,. PMWUla Power Cmnpany 
Supervised PMF and IDF development. EAP flood inundation mapping, and responses to agency cormncnts on the 
draft license applications. (Mar to Apr 1994) 

Devil'• Kitchen Dam. Uliaoh 
Cliffll: U.S. Fish and Wildlife Servke 

lnspectcd the dam, inspcctcd the foundation drains with • borehole camex., reviewed the stability malyses, 

supervised the review of the hydrology and spillway adequacy. and made recommendations for resolving deficiencies 
at this 120-foot-bi&h concrete gtavity dam. Implemented a strucbnl moni1oring program iDcludin& cnck 

movement&, uplift pMSSUI'eSo drain flows. and survey mcasurcrnents of crcst deflections and supervised evaluation of 
die moailDriag da1a, (Oct 1992 ID Sep 1993) 

Cbtclwmup •nd Hlwauee Dams, Tennessee 
Oiem: Tenna.t:tt YaUey Authority 
As Project Manger/Engineer, supervised a three-dimensional finite.clement wlysis of the Cbicbroausa Dun 
spillway. Concrete growth from alkali-aggregate reaction c:oqnesscd 1be spillway causing binding of several of the 

spillway ptcs. The model was used to help evaluate where sttess relief slots should be c:ut to relieve the 

coq,ressive load. Also supervised the initial development of a three-dimensional finitc:.clcmmt anal)'lis of 
Hiwusec Dim. The dam was c:cpericncU18 high sm:ucs md detrimental deflections due to c:ooc:rctc growth from 
alkali-aggregate: reaction. The model was being developed to evaluate: longitudinal slots for relieving some of the 

c:onc:rcte growth effects. (Dec 1993 to Mar 1993) 

Valerie Falll Hydroelectric: Projec4Adkokm., Ontario, Canada 

Client: Cndil Lyann4b 
Lead Geoteclmical Enginca', wu put of a team that performed an independeat technical ~w and assessment 

of the 56-foot-high c:oocrcte gravity dam aod 9 MW powerhouse. Reviewed the geology, subsurface exploration 
program., ml mbility analysis; inspected the powcrboulc excavation and two upstream dams against which 
additional water would be and wrote 1he gcotc:chnic:al assessment and stability usessrne.nt portions of 

die llaal ,eport. (Oct 1993 ID Nov 1993) 

PeaobKot MU1s Project, Mllllaoc:ket. Maine 
Cllenl: Great Northem Paper Company 
As Lead Oeo1ccbnic:.1 Eo1ioccr, evaluated geotecbDical conditiooa at the 35-foot-higb North Twin Dam. 1hc 24-foot-

higb Stone Dam. the 20-foot-bigh Mi!Unocket Lake Dun and the 56-foot-high Dolby Dam in to a FERC 
c:ouccm dbout the c:obesioD values that bad been used for stability analyses. Performed a geologic: rcmomisvnr.c. 
and cmmatc:d shear atrcngth bucd on site geology, observed foundation conditiona. shear tests on 1imilar materials, 

and engineering jndpiCDf The rcsulls showed that in all cases tbc Cllimatc:d lower bound shear strength parametc:n 

exceeded lbosc: n,quiml ID.-! FERC lllfety critma. (lua 1993 ID Jun 1993) 

IUpoaen .... Mattaceaak. ud Grat Northern Storqe Projects, Maine 

Qienl: Great Northem Paper Company 
ID amic:ipation ofFERC questioning lhc cohesion va1uca tbat bad been used for mbility aaaJysca oftbc fM coaaeie 
gravity dmla at lheac projccta. perfonned a plogic recnDMiHuv. of tbc daml. and cstimalcd tbc shear stre:nath 
based on site geology, obaervcd foundltion conditiona, shear tests on similar materials. and engmeering judp:,eot 
The damo wen, die &O-foot-lugh Ripoaeaua Dun, die 50-filot.Jugh Weldoa Dun, die 50-filot.bigh Camda Fills Dun, 

die 60-foot-lu&h Seboomook Dun, ml die 30-foot-hi&h Rigged Luc Dam. The ro,ults lbowcd that ia ill cues die 
l'lliawt,d lower bouad shear sttengtb parm,eten oxceeded tbase required 10 meet FERC safety critma. (lua 1993 ID 

Dec 1993) 

Pap ID 
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Muskrat Dam. Walden. Colorado 
Gientc U.S. Fish and lffldlif• 5ervic, 

C.-al& W, B"""' 
P,ojcct Manage,-

M Project Enpleer, planned and conducted borings, test pits, site llltVe)'I, laboratory tests, and IUpCtVised stability 

evaluations for Ibis IS-foot.high tmbanbncnt dam. Designed and estimaled the cost of seepage modifications. (Aug 

1991 to Feb 1992) 

Bear Riven Narrowt Hydroelectric Project. Idaho 
QienJ: Fedeal Energy Regulatory Comm/.s.rion 

Pafonned the initial civil and gcoJogic review of the project and drafted relevant portions of 1he resource and issue 

profile and ocopina doc1m,om 10 be ....i m preparing the Enviromnculal '-"' s....,..., ro, the project (Aua 

1992) 

Dorrh Dam. Alturas, California 
Oient: U.S. FUlt and Wildlife Service 
Conducted an inspection and made rceommcndations for the 29-foot-bigh embankment dam to meet current dam 

safetycrilmL (Mar 1990) 

Concrete Gravity Dun Shady. United 
atem: Electric Power Research Institute 
As Project Engineer, planned, conducted, and supervised a comprehensive study of uplift pressun:s and strcng1bs that 

are used for 11ability analyses of coocrete gravity daml. Field, laboratory and office studies of 17 "host" dlum 

showed that bolh coocrete-Iift-joints and concrete-to-rock contacts have substantial shear and tensile strength, often 

g,eatcr than would commoaly be uswnod. Uplift p......., bctlealh dims w= found to be higbly d,peadenl oo site 

geology and foundation drainage and common uplift pICSIUIC assumptions, such as straight-line variation between 
hcadwat£r and tailwatcr levels, were found to be generally, though oot always. conservative. Several EPRI member 

utilitiea have credited the 1tudy with saving milliom of dollars in repair cosu. (Dec 1987 to Dec 1991) 

Victoria Dam. Ootooqon. Mlclllaan 
aunt: Upper Pelrinsula Powa- Company 
Mapped clay seams in the foundatico excavation, evaluated lhc stability, and designed a shear key to improve 1hc 

stability ofthe new 120-foot-high rollerc~ concrete (RCC) dam. {May 1991 to Jul 1991) 

St. Anthony Falls Hydroelectric Project. MJaaeapolls, Minnesota 

Otat: Northern Slala Power Company 

II> Lead GeolCtl,pjcol ~. dcYelopcd lb, Plelimmary Supportmg Dc,;gn R,port for FERC for a coq,lelcly 

ocw hydroelectric projec1 to replace 1hc pcmous hydroelecaic planl thal had 1ailed by piping of the soft SL Peter 

sandstone foundation. Planned and developed tbc tccbmcl1 speciftcatiom for the subsurface investigation program. 

logged the "°" boriDg, and p;.,,,....., - developed gcot<cbmca1 des;p criteria, IUpCtVised 1h, h)'dmllic 

and Slability evaluatiom, and pomcipalcd m 1h, layout, - estimate, and des;p of the DOW 45-foot-hlgh 

con=ce dam and 16 MW po,mhc,UK, (Apr 1989 to Jul 1991) 

RMI T, et. ProJ..i,Antahub, Ohio 
a1,,u, Mmpmc E,,gtnun, lnc. 
M Residcnl Gcotechmcal &gineer, evaluated and made recommendations for lreabnCnt of soft foundation soils 1bat 
were not identified in 1hc prmou& subsurface invc:sriptiom. (Sep 1990 to Oct 1990) 

Bw"loll, Uoyd SboaJa. Maddi., Bartlettl Perry, Tuplo, and N1coocbee DuD1 

C/lfflt: G,o,gia Po- c,,,.pa,,y and Sowhem c,,,.pa,,y - .. 
Supemsed clire<:1 shar tcsliDg of~ coia ftom Burton. Lloyd Shoals, Malh;s, Butlc:111 Ferry, Tug,lo, 

- and Nacoochce Dams and - the worl< m - ,_,., (Od 1989 to s.p 1990) 

Page II 
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cn11 w. llan'II 
Projoct -

lab, Wlrtz,Slarke and Tom MW... Dami, Tesu 
Client: Lower Colorado Riwr Authority 

Reviewed project history and stability analyses, developed recommendations for instrumcntattoii. and docummied 
1he work and a safety inspection ofdlc projects in reports. (Apr 1989 to Jun 1990) 

Moatleello Generatlaa Plant. Mlnaelota 
Oiffll: Northern States Power Company 
Impcctcd the excavation and developed gcotechnical dmgn criteria for a proposed diesel generator building 

r..-uon. (Apr 1989 to May 1989) 

Rocky Rach Hyd....iectric Projed, Wuhlqwn 
Qia,t, PUD No. I ofClo,lan D>llnty 
As Lead Gcotechnical Engineer for the Spillway Erosioo Repair Project, designed relief wells to allow unwatering of 
1bc spillway apron, developed lbe technical scope of work for the drilling contnetot and supcrvi&cd the field 
mspec10r during tbc wodc (Feb 1988 to Oct 1988) 

Sandatone Dam, B1111, Wyomln1 
Oient: ffjooming Wattr Dewlopmaet Cmnml&sion 

As Gcotcchnical Engineer, logged soil and rock borings. performed water preuurc testing 111d inspeeted piezomcter 
imtallatiou at the site of a proposed 200-foot-high tmblnkmrnt dam, and supervised another engineer doing the 
same. Used the data from the field exploration program to develop • fini~lcment model of the dam. using the 
computer program FEDAR. to estimate seepage losses and documented the work in a report. (Jul 1987 to Dec 1987) 

Gleu Fallll Hydro, Glem Falla, New York 
Olenl: Finch, Prvyn cl Company, Inc. 
/u Lead Gcoteclmical Engioccr, performed a field inspcciion. supervised geological napping of the site, developed 

gcotcclmical design criteria, designed post-tensioned anchors to stabilize a JS-loot-high concrele gravity dam and 
bead.wall. and prepared construction specifications. (Mar 1987 to Jul 1987) 

Peoo- Mllb Hydroelectrie Projec~ Maine 
Q1'ent: Gtm1 Northern Papt?I' Company 
M Load Geolc,;lm;caJ Engineer, pcrfonned tbc gcotecluuoal pnrtinns of the 4th FERC Safety Inspection oftbc North 
Twin. Millinocht Lake. SIODc and Dolby Darm. At Dolby Dun, pcrfonncd field investigations and cvahaaled tbe 

ltlbility of tbe 45-foot-bigh embankment dam and the 56-foot-higb concrete gravity dam and integral powerhouse, 

ml updmd tbc monitoring pn,pm. (Jun 1986 to Jun 1987) 

Hydro-KenlJtbec' Project (Wlmlow Dam). Maine 

ai.nt, 11&/sh Consl7VClfD• Company 
As Ocotcdmical Engineer, designed rockbolts for excavation support. evaluated the stability of a 1arac concrete 
retaining wan. and prepan:d civil woJb coDS1Nctioa spccificatiom for this ~foot-high concrete dam and 15 MW 

powerbnuse. (Dec 1986 to May 1987) 

LIMB tu-tone llljedion Multl-Slqe Sunier) -do• Projed, Oblo 

atent: Ohio Eduon Company 
Moaitoted proof rolling offoamdatioo for 1bc LIMB at tbc Edgewater S,ation. (Jun 1986) 

lloyttOWD liydroelectrlc Projed, Pnuuyh,anla 
a ... , Allq/Nny EJ«tric Coopm,dv,, fn,,. 

A, Geotedmical Engineer, developed tbc IOclmical ,cope of worlt fo, tbc driJlli>& - loged tbc soil ml 
nick bori,,gl. perfonned - pressure tats, impected pkzomot<r iDstallation ml "'J)GVised the 1abontory 1eStin&-

Page/2 
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Cnl& W. Barrio 
ProjC<:l Manago, 

- Participmd iD dovelopmenl of 1be --design criteria. IWIDCI layout, design of IWIDCI ,upport, ...,_miom 
support, and foundarions at the new 20 MW bydrocleclric power plant Ill an existing Corps of Engj9CC"I Dun. (Apr 

1984 to Dec 1986) 

Rlpopaus Dam PenltOcklnspeetlon J'ro&nm, Mable 
Otent: Great Northern Paper eompa,.y 

Helped plan. the inspection of the 4000-foot-longpowcrtunnel during a two-day outage, (Nov 1986 to Nov 1986) 

South Teu1 Project, TeUI 
OienJ: Howtoll Lighting and Power Cmnpany (Hl&P) 

On loan to HL&.P, wu responsible for all potc<:bnical aspects of the 2500 MW, 2-unil nuclear power plant under 
comtruction. The primary &eotcchnical iuues included piping. sand boils and high pie7.omctrlc pressures during 

initial filling of the 12.5 mile long. 41-foot-bigh Main Cooling Reservoir embankment. mxtifications to the cooling 
water pipe embankment penetration, to correct inadequate seepage design. mncdial work to prevent lcaka&c oflhe 
cooling water pipe joints, and settlement and backfill concerns with lhc main planl area. Reviewed and 1pprovcd the 

Aicbitect/Eqinecr design documema, and bwlgCl clw,gos for 1be gooiecbnical iAuet. Tbac 

included relief wells !or remedial treatment of the high piczometric pressures; dispenive clay and soil ccmtmt 
UlVCltigation aod evalualions., and seepage, liquefaction, and slahility analyses of the embankments. Also developed 
a monitoring and inspection program for the Main Cooling Reservoir cmbanbm:nt. (Iul 1985 to Apr 1986) 

Decker Creek Power Station, Austin, Tens 
Clifflt: Cily of Awtln El«tric Unlity 
As Oco1cebnical Engineer. reviewed designs and made recommendatiom for proposed gas turl>inc f~ (Mar 
1986) 

Rqional Hydropower Development Project. Soutbtutern United States 

Olfflt: Independence Electrk 
Perfouned geotecbnical evaluations of 62 potential hydroelectric silel in 1be soutbcastem United Stalel, Pe:rfonmd 
a rr.connai11anee-level study of 11 sites tba1 survived the initial screening. Developed geotechnical criteria ml 
pulicipaled in coaeeptual designs and coal estimates for FERC Prelimioary Permit Applications and License 
Applications for selected sites. 

Prq,arcd civil/geolecbnical porUom of FERC license applicatiom li>r proposed bydropowcr projects at exisdag 

Cmpo of E,.;-s Dams oo 1be Arbmas River, including doV<lopiDg proposed layouu, pcrl'ormiog quuli1y lake 

ol&. and writine: report sections. 

P..Cormed gcolCClmical evalualiom and puticipat«I in ....,eptua1 desigm and cost cstia,ai,s fo, hydropower plaats 
at seven existing Carpi of F.agineen dams on the: Arbmu River. (Jun 1983 to Mar 198S) 

Nortlllkk Geaeradnl Slatloa, Florida 
Olenl: .lad:sonville Electrlt: A.11tliority 
A> Goot,dmi,:al Eng;- for 1be CofflllUJII Pro1CclioD l'rogl>m, imp,Cl,d ......,.;og. hyd,oaraphic mapping and 
undorwlllcr iDspeclioo of a .... half-milc-loog inlakc °"'"" a stilling buiD, a .,....wdl, • disc1targe buiD, and • 
disc1targe CODdwt. Dea;gn,d and developed """""'"1ion specffi<:ations fo, IOOdlficatiom to C011'CI sut,,wlencc a1ona 
1be flume walls, undcrmiDiDg and erosion of lbe flume noo,, and ro. .-..... 11anoous modfficatiom. (Mar 1983 
to Feb 1985) 

Page /J 
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Malakoff Electric Generation Stadon. Tnu 
Qient: Howton Liglrttng and PO"llm' O,mpany 

C.-.J&W.llarril 
Project Muaae, 

NJ Gco1c:ebakal EnglnCCr, designed foundations for the service water toWCL Putic:ipated in design of fmmdatiom 

for other major structures. settlement analyses, and in design of the n,,w-watcr storage pond embankment (May 1983 
to Jan 1985) 

Super Conductlq Super ColUder Independent COit Estimate, Generic Site, United States 

Cl- U.S. Department of~ 
As Lead Gcotccbnical Engineer, developed estimated tunneling costs for 70 miles of bard rock. soft rock. and cut 

and cover IUDDels, and for douus of large excavations for the proposed super coaducting super collidcr u part of an 
independent cost estimate. (May 1984 to Jun 1984) 

Fairfu FIiis Hydrupower Project, Vermont 
Client: Central Vermont PMbltc Corp 
As Geoteclmical Engineer, logged borings at I proposed hydropower addition to an existing dam OD 1hc Latmile 

Rivcr..(Jan 1984toFeb 1984) 

KmDedy Genentln1 Station, Florida 
Cliffll: Jacluonville Electric Authority 
A., Goo1c<hmcal Engineer for lb, Cmro,ioo l'1ote<ti<m Propm, ;mpec1ed hyd,ograpmc .....,,._ IDJJOFIPbic 
surveys and underwater inspections of tbc existing cooling water intake structure. Participated in the design, 
reviewed contractor subminals and iDspccted coostruction of a new sbcetpiling intake basin. (Mu 1983 IO Feb 1984) 

Selmdc Huard Analysis, Flnlaad 
· - Cli,nt.· Industrial P<>w,r Company 

-

NJ Ocotechnical Engineer, rcscarchcd lhc seismicity of Finland and supponcd the analysis of the UllllW seismic 

hazard for a proposed nuclear wastt band ling ftcility, using the coq,utcr program Seismic Risk Anal)'lis (McGuire). 
(Nov 1983 10 Iao 1984) 

~led Hydroelectric Plan~ USA 
Qifflt: Stone & Webster 
Developed the civiVgcotechnical portions of an in-house reference design for a hydroelectric plant that could be 

floaled into a prepued site al anexislin& dam. (Oct 1983 to Dec 1984) 

Soll & Rock ldenUllcatlon Muaal 
C1WII: Slone & Web.rter 
Jlcvised dlo Gcotcclmictl Division", oonaod rock idcntifioatioo .......t (Jul- Sep 1984) 

Cllacb River Breeder Reactor Project, lnDNRe 

Qiffll.• U.S. Departm,nJ of~ 
A., GcolCClmical Enginoc,. monitoJ<d bluting aod mspco..t rockbolt mstallation for a I 00-foot-<leep rock 
excavadoo. Also eval.uab:d n:mcdial work for a ',qlte cmbuikmcot failin during construction and inspec1ed 
"""""'1611 pw:anent. (Jul 1983 to Aug 1983) 

Pdenh.,_ UDll-4, lndlaaa 
cn..t: IodJa..,,./t, Powe twl Light Company 

A., CleDUclmical Enam=. anoly,od pq,e pila aod developed pile-driviq criteria using the co- program 
WEAP. (Mar 1983) 

llaM:W .... 12/IMII Pag,U 
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·- Contdl UDlvenlty, New York 
Qifflt: Ntw York Gas Group 

CraJa W. Borrll 
Projcot Manago, 

N a Graduate Research Assistant, insuumcntcd and 1ested cut iron bell and spigot joints &om old gas maim and 
used the in a finite element program to evaluate 1be effect oflrenching on adjacent ps mains. (Aua 1981 to Feb 
1983) 

U.S. Bureau of Reclamation, Denver, Colorado 
A> a Ci>il Engwer in lhe Embankment Dams Section, Dams Division, Engineering ml R=h Center. pcnonned 
engineering analyses and prepared designs for embranknient dams, (Jun 1978 to Aug 1981) 

Twill Laka Dam, Twin Laka, Colorado 
Performed a two-dimcosional finite clement analysis of the Twin I...akcs Dam and evaluated proposed modifications. 
{Apr 1981 IOAug 1981) 

Martina Dam, Mardaa, Callfonala 
Perfmmcd liquefactino polal1ial a>alyses of !be 62-foo~bigh .-.ioncnt dam. (Ilec 1980 IO May 1981) 

Embankment Response Study 
Evaluated various methods of computing embankment ~nse to earthquake shaking. including •~lifted methods. 
and one-dimcnsional. and two-dimensioDal finite element metboda. (Mar 198 t to May 1981) 

Sherburne Lake Dam. Milk River Project, Montana 
Evaluaffll 1hc stability of proposed zoodifications to raise lbe 87-foot-bigh enmnkmcot dam wilh Reinforced Earth. 
(Jan 1981 to Mar 1981) 

Aubuna Dam. Rocldlll Altenadve 
Developed the coq,uter program DYNDSP, which the U.S. Bureau of Reclamation uses to analyze deformation 
dwins eutbqualo: lhakins- Also planned ml supc,viscd • 1abontory !Osting program 10 dctenninc 
material piopc.1ies oftbe l'Ol;kfill for the proposed 690-foot-bigb dam. (Dec 1979 to Jan 1981) 

Pueblo Dam, Pueblo,, Colorado 
EVlluated the 11:ability ofa pl'OpOled dowmueam berm to slabilize the embankment section oflbc 207- foot-high 
Pueblo Dam. (0.C 1979 to Ian 1980) 

Soill Tedloa: Section 
A> Rolatino Enjpneer, participated in triaxial, d)uamic triaxial, and resonant column testing or soib. (Oct 1979 to 
Nov 1979) 

Soils ~ecbanJca Section 
Al RoCatioD EngiDccr. puticipatal in bridge footiua dclign for the Gmiitc Reef Aqueduct 1111d evaluation of sba1c 
JUkb,o prope,1i.,s for Rini Buin Dam. (Sep 1979 to Oct 1979) 

Reach 8, Telaama-Colua Canal. Woodland, California 
Rotation Fnp,ttr, inlpcctcd eni,ankment placement. bt.ckf'ill placement and COIICMlc QQal linmg placement, 

ml--dcmily -.. (May 1979 to Aug 1979) 

SpDlway and Outleb Section 
A> Rotatino Eogincer, developed 1bc outlet- disebup cum, foc PalmeUo Bond Dam ml dos;p.d 11,c spillway 
bridge reinforcement for S-Pinc Dam. (Ian 1979 IO Mar 1979) 

~111'1"1 Page /j 
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cn1sw.Harr11 
Project Manager 

As Rotation Enginc:cr, cwluated lhc stabili1y of 195-foot-higb Joe's Valley embankment dam. (Jul 1978 to Dee 1978) 

Univenlty of Akron., Akron. Ohio 
a Research Assislanl in the Engineering Dcputmcnt, modeled storm sewer flows, including developing input data 

fromrqx,,araphic sheets, entering data. and performing check calculations. (Sep 1977 to Jun 1978) 

City of Barberton, Oblo 
As an F.nginccring Aide in the Engineering Department. supported surveying. drafting. design. and construction 

inspection for several road and sewer improvemc:ttt projects. (Jun 1975 to Sep 1977) 

LANGUAGES: 

• English 
• Spanish- Fair 

PAPERSAND PRESENTATIONS 

Harrist C.W., .. How Can IDstrulbenlation and Monitoring be Improved?," presentation It FERC lndepcndent 

Consullut-Worubop. Portland. CJ,cgou. Much 6-7.2001. 

Harris, C. W., ""laimer Gate Testing and Evaluation,., p~on at ASDSO Dam Safety '98, held in Las Vcps, 

Nevada, Ocu,be,- IJ.15, 1998. 

Harris, C. W., "FERC's lnstrwncafation and Monitoring Guidelines.,. plftcntatioa at EPRI Dam Sa!cty Worbbop, 

Wubingtou. D.C .• June 9-10, 1998. 

Harris, C.W. and Grenoble, B.A., presented 3-Day ln&trumentation and Monitoring Workshop, to each or 1he 5 

FERC RcgiooalOfficcs, Spring 19%. 

Huris, C.W. "Reinforced Rockfill and Reinforced FiU." Cbapier 8, MalCrials for Embankment Dams, USCOID 

BulletiD, D,aft. Dmd Klem,,, Editw, Moy 1995. 

Huria. C.W. "lmtrmmll:ation IDd Monitoring. .. Chapter 9, Engineering Guidelines f'or the Evab11rioo of 

Hymopower Projects, Federal Enct8), Regulatory Commiuion, J,mwy 18, 1995. 

Huri1, C.W.; and Gmioble, B.A.; "Rclolvmg lhc 'T""" Lag" Dcbale in Dun S1abili1y Analysis." published 

in Hydro Revi,,s 'll>L XU. No. 2, Kamaa City, Miuouri, 1993. 

Huri1, C.W.; Clmloble, B.A.; Meisenhoim,,. I.I<.; and Ryao, K.K.; "Uplift Preuu,es, Shear StteDSlhl. and Tensile 

Strmgdis for Sllbillty Analysis of Coocme Gravi1y Dams, TRI00345. • Report published by lhc Elccttic Power 

Rcscuch 1mtitute. Palo Alto, C.lifomist. 1992. 

Grmoblc, B.A.; Harris. C.W.; Meiscalseimer, J.K..; and Morris, D.L; "lnfluepce of Rock Joint DerOJDl&dom on 

Uplift Praaure in Conc:rcte Gravity Dam Fomdatiom: Field Mcasuremcms IDd Intctpretation." Paper praemed at 

tbc Pmcccdinp of lbc IDa:matiomaJ. Society for Roclt Mechanics ConfClence. fractured and Jomtod Rock Mmes. 
Lake Tahoe, CaJifomia, 1992. 

(Jrmoble, 8.A. and Huril, C. W. "MeallumloDla of TIDIC Lag in Coocme Gravity Dim FnnnclatiOOL" 

pmc,n,d at Wat,r Powa '91, Delner. Colorado, 1991. 
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Cnl& W, lllrrll 
Project Manager 

Meisenheimer, J.lt and Harris, C.W. •Evalllating Uplift Preuures for Concrete Gravity Duns.• Paper presenled at 
w...r Powor'89, Niapn, Filla, N""York, 1989. 

Mciscnhcimcr, JJC.; Harri&, C.W, and Grenoble, B.A. "How Concrete Gravity Dam, Wm: Built.• Paper published 
in Hydro Review, ¼>L VIII, No. 4, Kamas Ci1y, Mwouri, 1989. 

Meisebheimer, J.K. and Hanis, C.W. "Guidelines for Core Dri1lina, Piezomeler inslallation, and Core Sample 
T"'"'8 fo, lht Allalysis of Concme Gravity Dams, GS-6365." Rq,ort publithed by lht El,ctric Power llc,can:h 
-. Palo Alto, Califumi&, 1989. 

Harris, C.W.; "Effecll of Joints on Pipeline Response to Trench Conslructiou." Master's Tbc:sis., Comell University, 
Ithaca. New York, 1983. 

Von Toun. J.L. and Hurls, C.W. •Estimation of Displaccmeot of Rockfill Dams Due to Seismic Shaking." Paper 
p........i at lht IDleraational Come= oo Rcceo1 Adv.,,... in Gcolcchmcal Earthquak, Eoai-in8 and Soil 
Dynamics, SL Louis, Miasouri,April 26 • May 3, 1981. 
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MICHAEL J. MILLER, P.E. 

POSITION IN FIRM: Principal Gcorechnical Engineer 

YEARS WITH FIRM: I 

TOTAL YEARS OF EXPERIENCE: 15 

KEY QUALIFICATIONS: 

Involved in geotechnical. c:ivil, and construction engineering proj«u in the United Slates and bas also worked 
OD projects in Peru, Eritrea and South Korea. Expcricncc on lhcsr projects includes proposal pRparatioD, 

cnginccriog ,malysu. design and r,port P"J"'8lion, coordinalion of field invcsligarions. laboratory testing. 
prepmaion of construction plans and spccifICations, cost estimating, consulting during construction. and project 
momgemmL 

Involved in more than 60 projecis related 10 dam design and construction. The scope of dlcse projects range 
from feasibility level siting studies 10 !be preparation of comtruction docwn:nts for new and the rehabilitation 
of existing CJ1DIDbnc111, nxkfill and concrete dams including CODCRle faced. roller-compacccd cODCJete 
(RCC}, c:oacme gravity and arch dams.. Also served as resident cnginccr during the construction of 4 ocw 
RCC gnlWY dams and 4 RCC spillway rehabilitation projects. Involved with the construction of 10 RCC 
projects in which over 800,000 cy ofRCC have been placed. 

GcoleCbnical comulling has iDcluded invatigatiooa_ u,afyses and designs of deep and sballow fouadanon 
l)'SfmlS. tunnels and shafts. a1luCN1al shmy and secant pile walls, conventional and roller.corq,actcd eoDCRIC 

(RCC) mix designs. earth and rock maining systems,. and lhe design of pavcmcm. Also the design and 
conaauction management of cement and chemical injection grouting programs for dams and lunbcls and 
compaction grouting programs for the rehabilitation of strucrurcs. Areas of expertise iocludc: Dam 
Engineering. Gcott:chnical Engineering, Civil Engineering. Construction Engineering, and Grouting 

EDUCATION: 

M.S., 1990, Civil Engineering (Geotccbnical), Michigan State Univenity, East I ansing, Ml 

B.S., 1987, Civil Eagiocering. Michlpo State University, East Lansing, Ml 

Pro[eNtoaal Atllllatloas: Americu Society of Civil Engineers, U.S. Society on Darm 

Profealoul Reptradoas: PE/Ohio, 1991, #5696&/Colondo, 1994, #29974/Soulh Dakota. 1995, #5804 

EXPERIENCE RECORDS: 

AuTrala Hydroeleetrlc Project, Ai1et County, ML Us.A. 
Client: Upper Penin.nda PaMr Company I W'uco,uUI Public Savice 
Project Fnpncer for 1hc design and prcpamion or construction docwncnts for the rehabilitation of AuTrain. 
dam. Project cntai1cd the rehabilitation of • 40-foot high efflnkrncnt dam with a ~le gravity 

overflow apUlway so;lion. Project im:luded 1hc design of a 14-foot high emergency fuse plug spillway; 
cou:rele repairs to the valve house and a new toe drain system for die main dam. (2002-2003) 

llels1 BydroelHtttc l'nljecl, Marquette. ML USA 
Client: Upper Pfflilmlla Power Company I W'isco,uin Public Service 

I 
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MlcbadJ. Miller, P. E. 
Senior Geotecbnical Engineer 

Project Engineer for 1he design and prq,aration of COJlStruetion documents for the rehabilitation of Hoist 

dam. Prqcc:1 cnW1cd the analysis and design of rebabili1ation scbcmcs to safely pus 1hc PMF and 10 meet 

FERC requimnents to stabilize die 60-foot high concmc gn,vity arch / gravity dam. The rcbabililation 
included tbe design of post-tensioned anchors with capacities up to 820 kips and 1hc design ofa oew saddle 
dike to contain the PMF cveDL (2002-2003) 

McClure Hydroelectric Project, Marquette, Ml. USA 
Client Upper Peninsula Po'tller Company I Wi.Ko,uin Public Service 
Project Engineer for the design and preparation of construction documents for the rehabilitation of McClure 

dam. Project entailed lbc analysis and design of rehabilitation schemes to safely pass the PMF and to meet 

FERC ffllURmeDts to slabilize the 55-foot high coo.cme gravity dam. The rehabilitation included the 

design of pos1-1ensioned anchon with capacities up to 500 kips. the taising of the existing canben wing 

dam and concn:le repairs to the existing structure. Concrete repairs included overlaying the existing 
gravity outlet section; modifications to the gravity overflow spillway section including replacing the crest 
IDd stilling basin flip bucket. and epoxy and polyurethane grouting of cracks in lhc overflow and gravity 

sections oftbc sttuetUrC. (2002-2003) 

Tie Hack Dam, Buffalo. WY. U.S.A. 
Client: States West Water Ruourca Corporation I Wyoming WaJer Development Commlision 
Project Design Engineer and Resident Engineer (Geotccbnical and RCC) during the design and 

construction phases of Tie Hack Dam. a 160-foot high. 83,000 cy RCC dam near Buffalo, Wyoming. 
Responsibilities included prepantion of the &eotccbnical design and borrow invettigation reports, daign 

and analyses of RCC mixes. the design of the consolidation and curtain grouting programs and dcsi&n of 
the dam structure, submittal m,iew, preparation of w=kly progress reports and review and verification of 
comracton monlhl.y pay estimate to the Owner. Also rnpomible for redesign of dam ln the field due to 

differing site conditions; overseeing and verifying that all foundation excavation aod preparation, groutin&, 

RCC aggregate production. RCC and denial placemem activities conformed to the project requiremeDIS. 

(1993 IO 1998) 

Toker Dam. Alman, Eritrea 
Client: Natwvll ResoMl'Ces Consulting Engineen 
Resident Engineer during the consttuetion phase ofTokcr Dam, a 78-m:ter high 184,000 cubic meter RCC 

gravity dam located ootaide of Asmara, Eritrea. Responsibilities included lhe training of the contnctor's 

field personnel u to the proper techniques and procedures for RCC placement. Responsible for the lrliniDg 

and supervision of a quality conttoVinapectioo staff consisting of three field engincen and seven insptctor5. 

Aho respotwldc for submiual review related to RCC construction; O\'ersccing and verifying that all 
foundatioo excavation and preparation, RCC qgreplc production. and all RCC, &ntal and facllJI concrdC 

production and placement activities conformed oo the projocl requimucnb, (1997-1998) 

Pen Fonst Dam. Eutern PA. UAA. 
Client Conti Co,utnrctio,s 
RCC Pro<wctioo and Placement Engineer for the contractor during bidding and comtructiOD phuct of Penn 

Forat Dam. Project included the placement of370,000 cy ofRCC and 7S0.000cy of earth and rock fill for 

the rehabilitation and rccomtmction of a 180-foot high dam. Responsibilities included the training oftbe 

cootncoor'1 lic,ld -~ the p,q,antion of 1"Cbmal submiuals. mo 1upervi,icm oftbc cODlraCIOn RCC 
produdioo and placement procedw,:s ond the de,ip of RCC nuxes. Abo din,cled activilict ,.Iating IO mo 
produttionand placanent RCC and convcntiout concm: duringcODllrUCtion. (1997 -1999) 

Ballard Creek Dam. Lalcevlnr, OR., U.&A. 
Client USDA, Nanuol Raourr:a Conservation Servicr 
Advisor 10 mo Uniled Slates Department of Agricullul1:, Nlllllrll Re,ource Conservation Service (NRCS) 

during 11,o - of Bulwd Cm:k Dam neu Lakeview, Oregon. Projocl emailed mo placement of 
approxim11Cly 9.000 cy of RCC for the CODltruc1ion of• SI-foot high gravity flood control structure, 
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MkbaelJ. Miller, P. L 
Scoior GcotecbnicaJ J:naj:neer 

Duties included advdmg lhe NRCS and lhe e<JOlrllCIOr u to proper RCC COIISlrUClioa teclmiques. Also 
advised the NRCS on foundatiOJl excavation. preparation and treatment. u well as the design of tbe final 
RCCnux. (1998-1999) 

Box Creek Dam, near Leadville. CO, U.S.A. 
Client C~ of Aurora 
Project Manager for the performance of a site feasibility scudy and a geotccbnical feasibility study to 
cvaluatc the suitability ofthc: site for the construction of a 20,000 acre-foot reservoir. Project included the 
drilling of lest holes and excavation of test pita to evahwc borrow malerial quantities and foundation 
cooditiom for the: construction of a 180-foot high zoned embankment. A feut"bility level embankment 
design and COS1 cstilm.tc was prepared to aid owner with his decision as to lbc purchue of the propmy for 
lhe projce1. ( 1999 to 2001) 
Project Maoqcr dW'ing planning and Senior Reviewer dming tbc pc:rl'ormance of an usessment of the 
stability of the south abutment of the dam. Project entailed the geologic mapping and drilling of vibra-core 
exploration test boles in the abutment and through an existing landslide adjacent to the abubncnt to aid in 
the characterization of the abutment stratignphy and adjacent landslide. An analysis of the stability of the 
abutment wu corq,leted to aid in the assessment of the feasibility of the projcct.(2001-2002) 

McKlnney Dam, Roekln&bam, NC. U.s.A. 
Client US Fish and Wildlife Service IA G&E Schnabel /North Carolina W'Udlife Resow-ca Commiuion 
Project Design EngiDcer for the rehabilitation of McKinney dam to eliminate identified dam safety 
deficiencies. RcspoDSl"ble for the preparation of comuuction plans and specifications for an RCC 
emergency spillway. Project included placement of 1500 cy of RCC for the emergency spillway 
coostruction, the repair of the existing concrete spillway structure and the relining of the existing outlet and 
hatchery pipes with cured-in-place pipe. (1999 - 2002) 

Sounlouab C.-.ek Dam, Bozemu, MT. U.s.A. 
Client Ctty of Bozeman, Montana 
Project Engineer for a reservoir/dam siting smdy for the city of Bozeman. Montana. Ten potential sites 
were ide:ntifit-A ml evaluated. Preliminary designs and cost estimales at two of the sites wen: formulated. 
Both RCC and concrete faced rocJcfill dams were considered It both sitcs. The height of the dims 
cooaidercd were approximately 170 feet and their crest lengths were between 8SO and 1,000 feet. (1997-
1998) 

Jed Jobmea Dam, Lawton, OK. U.s.A. 
Client: US Fish and Wildlife Service 
Advisor to die U.S. Fish and Wildlife Service clurmg the rohabililation of Jed Johnson Dam. Project 
emiled 1hc seismic stabilization oflhe dam by increasing the nonml loadina: oftbe dam on lbc underlying 
bedrock by imlalling 43 post-tensioned anchors widi. capacities ranging fi'om 80 to 1093 kips. Respomible 
for mbmittal n:view1, the training of government inspectors and for tbc review of udlor imcallation 
procedureo u,d -- (2000-2001) 

Loq Lab Dam, Stamboot Sprlap, CO. U.s.A. 
Client: City o/Sleamboal Sprillp I Mr. Werner Water 
Project Manager for lhc rehabilitation of Long Lake Dam to elhrnnatc dam safety deficiencies. Project 
emailed lhe desiga of a aew oullet works wi1b a sow powered - wi1b lhe capability of being 
opera1ed n:motely fiom lbe Steam>Olt Springs filtration plant locat.ed appmxirnak:ly 10 miles from tbe 
dam. Tbo outlet wa1 designed 1o pass mowmch floods lbat bad previously caucd 1bc dam lo overtop on 
three occ:uiom. Ako responsible for tbe prcparuion of filling mi kma term monilorin& plans for tbc dam. 
(1997-2002) 

to,dell Dam, Arvada, CO. U.s.A. 
Client: Oly of Ar,ada 
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Mlcllael J. Miller, P. L 
Senior Geoteclmical Enginca 

Construction Manager and Engineer of Record during the construction of an RCC spillway rehabilitation 
project to eliminate identified dam safely deficiencies for a 45-foot high homogeneous embankment dam. 
Project entailed the placement of approximately 10,000 cy ofRCC, the construction of a aew intake tower 
and a new outlet structure. (200()..2001) 

Rocky Gulch Dam. Morenci. AZ. U.S.A. 
Client: Pltdps Dodp Corporation 
Resident Engineer during the construction of a 65-foot high RCC gravity dam in castcm Arizona. 
Responsibilities included directing foundation preparation, grouting activities and RCC placement dW'ing 
consttuc1ion. This work included the formation of grout cwuins in the foundatioo rock and blanket 
grouting within the dam footprint. and the placement of more than 8,000 cy of RCC. ( 1993-1994) 

Fawell Dam, Naperville. IL U.S.A. 
Client DuPage Co_, lllinod 
Resident Engineer during tbc rdulbilitation of Fawell Dam. 1bc project entailed placing approximately 
13,000 cy of RCC 10 enable the dam to pass 1/3 of the PMF over its crest. Responsibilities included 
providing a technical review of the final design documents, the design of RCC mixes, review of submittals 
related 10 construction, preparation of pay estimates for the owner, and verifying that all construction 
activities conformed to the contract documcou. (1997-2000} 

Lost River Dam. Moorefield WV. U.s.A. 
Client: Conli Cons.tnu:tion 
Design and Resident Engineer/RCC Placement Supervisor for the repair oftbe emergency spillway at Lost 
River Dam in northeast West Virginia. This project emailed the design of a control struchR placed across 
1bc emergency spillway, formulating suillblc RCC mix designs and placing approximately 20,000 cy of 
RCC for backfill of areas of lbe emergency 1pillway that were below grade. Supervised the contractors 
opc:ralioas u to proper RCC placement techniques and procedures. ( l 995-1996) 

Like Vesuvius and Kenton Lake Dama, OH, U.8.A. 
Clic:nt: US Faral Suvla 
Project Engineer for the preparation of feasibility level designs to rehabilitate identified dam safety 
deficiencies for two dams in southern Ohio operated by tbc U.S. Forest Service. This work included the 
performance and of field invcstigatioos, seepage 110d stability analyses, and supervision of 
hydrologi<; and hydmilic aml)'XS to ideotify dam safe1y deficieac;es. Rdiahilitation des;gn, we.. 
formulated to eliminate ibesc deficiencies, includina the modification of the existina spillways, the de&ian 
of new spiltwaya, and the design of an RCC ovenopping protection systems to safely pus the design 
,tonns.(1993-1994) 

Butt Valle)' Dam ud Raervolr, CA. U.8.A. 
Clie1lt Padjic Gas and El«rri< 
DcligD fngi"tt" for the development of feui'bility level repair optioos to seismically sttengtben ID existing 
95-foot hip puddled con: rmbaokmcnt dam Repair optiom included constructing a double buUreP 
the upstream mi dowmtm.m slopes of the dam. or replacing the existing structure wilh a new 
rri>ankmcnl or RCC dam. Fcasi'bility level design drawings and cost estimates were developed for each 
option and a final repoir schomo oele<1<d. (1996) 

Pbb Creek Dam, Stea-I Sptlap, CO, USA 
Client CllyoJSUOlftboatSprin&J/Mt. Wnner Water 
Senior Review of lbe construction of a double row grout curtain utilizing microfioc and po,dand ccsmcat 
gJ<)UIS for the comtruction of a 75-foot high emhukment dam. Abo IOlpODllbie for the desiga and 
inspcclion of the: modifications to the exilting low level outk:t, which included the: groutina: of a ocw, 24-
md, cliamolor .... 1 pipe wumn the existing 36-inth dwncla' oullct pipe. (1994-1995) 

Twla LakeaDam, Sllcridaa, WY. U.s.A. 
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Mkbae{J.Mlller,P.E. 
Scoior Gcotecbmal Engu,,e, 

Client City of SJ,,rid,m 
Senior Review of 1hc construction of a double row grout curtain utilizing micro fine and portland cemem: 
grouts for the recomtructiou of a 90-foot high embankment: dam. ( 1997) 

Greybull Valley Dam. Burllacton. WY. U.S.A. 
Client: Greybull Valley Irrigation DUtricl 
Responsible for the n:view of the growing prognm for a new ISQ..ft high embankment dam. Project 
included the construction of a double row grout CW1ain and a consolidation grouting program 10 improve 
fouudatlon conditions. utilizmg miaofine IDd por1land cemeat poulS. (1997-1998) 

South Park Dam. Lake County, CO. USA 
Client Centennial Water and Sanitation District 
Project Manager for the siting and feasibility study for the comtrUCtion of a new 400 acre-foot stonge 
reservoir. The project included the performance of cursocy geologic hydraulic and gcotcchnical 

investigations at three silcS to identify fatal flaws that would prevent the district from developing waler 
storage facilitict. In addition feasibility level designs and cost cstimaies were developed for two rnervoir 
sites aod one storq:e pond sile that included 10.000 lineal feet ofpipcliDc and a pump station. (1999-2000) 

Stormwater Contaiomeat Fadlltta, HanoVfl', NM. USA 
Client: Cobrc Mining Company 
Project Enajneet r« the performance of a siting study, geologic and geotccbnica1 investigations, the design. 
1he preparation of construction plans and specification and cost estimates for the construction of three 
concrete dams ranging from 32 feel to 45 feet in bcigbL The purpose of the dams were to intcn:cpl runoff 
from the waste roc:k disposal areas oftbe mine before it cntcml the Mimbrcs River drainage. (2000-2001) 

Lake Meredith Dam; Ordway, Colorado. U.s..A. 
Climl: Colorado Department of Tnu,.sportation / Lau MentfitJ, Resuvolr Company 
Engineer ofllecord for the rchabilitation of Lake Meredilh Dam. Project included the design and 
consUUction of riprap CnerxY dissipater for the dam outlet. the armoring of the downstream toe of1hc dam 
IDd outld clwmo~ an IS.foot Juah MSE JOWDing walJ ,nd JOCODfigurlns the dowutroam slope of the dam 
wbac: Colorado SH-71 crosses the dam. All construction docwocnts and construction management 
activities were in accordance with COOT standards. Project entailed extensive coordination wilh two State 
agenciel and a local imgatioo districL (1999-2000) 

Lake HeD17 Dam; Ordway, Colorado, U.8.A. 
Qiffll: Laa Hffll')I Reservoir Company 
Eqineer of Record for the dclign of the rehabilitation of Lake Henry Dam. Project included the design of 
a new toe drain system and the buttrel:linB of the downstream slope to stabilize the west dam to 1tabilize 

the-lDdtomh,ce-.(2000-2001) 

Tucker Lake Dam, Jefferson County, Colorado, USA 
Qifflt: Donm- YUM' Raervoir and Irrigotkm Company 
Ptvject Dcsig,> Fngi_,_ Construction Manager IDd Engjnoer of R=ml during construction fi>r the 
rehabilitation of a 26 feet high mt.nJrmcnt dam in Ieffcnon County. Colorado. Project cncailed tbe 
raisin& of 1hc crat and lhe flattcnina: the u:patream dope of the north and south efflnianmt,, comuuction 
ofa 8 foot hi&h saddle dike aod the rccomtruction of the drop inlet spillway saucture. Responsible for tbe 
pteparltion of lhc comtructioa plans and spc:cificatiom, usistiDK the irrigation district in tbe biddin& phase 

IDd -ihlc for the_ ...... of - during-... (1998-1999) 

Ketner Dam. Wettmlnster Colon~ U.s.A. 
<1IMt: CityofW.,-
Relident Eoginecr during lhc ~babili1ation of the low level outlet works. Project comisted or n:lining tbe 
cxistinB corrugated metal outlet works witb a new cured in place liner (in-situform). (1998) 
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Mkbael I. Mlller, P. E. 
ScmorOeoteclmical Engineer 

Pajarito Flood Rmnllu& Slrudun, Los Alamos, New Muko, U.8.A. 
Climt: Sundt Corporation 
Designer - Responsibilities iDcluded asaisting in the prepamion or construction drawiDas, for an RCC dam 

desip. Project was a turnkey, fast ttack design-build project that rcqwrcd close coordination with the: 

ccmsnuction contraetor and thc Owner (Los Alamos National Laboratory) to provide a design that was 

compab'ble with the construction equipment and material that was available. Project design started on 

TbWlday and construction began on the follOWU>ll Sunday. (2000) 

Ttaklller Ferry Dam, M ........ Okbhoma, U.8.A. 
Client: Constnletion 
Design Engineer for the ptq>&l"ltion of a remedial grouting propa,a to repair voids caused by improper 

conmuction techniques for a mass concrete spillway. Responsible for the preparation of plans aDd 

specifications for both ccmoot and urubaoe grouting programs. (2000 - 200 I) 

Yoagwana Unit 5 Fud Handllaa Bulldlag, Sol.lth Korea. 
Client: KOPEC 
Design Engineer for the development of a consolidation-grouting prognm to improve the sttength 

properticl of a rock foundation beneath the reactor unit of nuclear power plant in South Korea. This 

project iocluded the p~on of construction pllllS and sp«:ificatiom. (1997) 

West Lea Interceptor Project, Cuyabop County, OIL U.s.A. 
Client North &ut Ohio Regional Sewer District 
Assistant Resident Engineer for the West Leg lntcn:eptor twme1 project. Project emailed approximately 15 

miles of soft ground and bard rock tunneling. Duties included submiual review, addressing claims 

pertaining to differing site conditions. prepuation of cosl and credit estimates. prq,acation of weekly 

progress reports, and review of the contracton' momhly pay estimate to the owner. Also responsible for 

reading and analyzing instnuncntation installed to monitor the performance of the earth and rock support 
systema, and mappmg rock -,jgraphy m the NllOel. 

Supervised 1be construcbon of grolll curtains and a CODCrctC cap S)'ltem where the West Leg 

tmmel alignment intctcepted 1he Rocky River. Al this location. the crown of the twmel passed within five 

feet of the river•, bottom. This project involved 1he installation of rock ancbon and the formation of grout 

cunains in both alluvium and bedrock. Also ,upcrv:iacd chemical grouting activities in the West lea 
Intercep10r twmel where the ground loslCS occmred in a flowing silt formation. ( 1991-1993) 

Dearborn CS0 P1'oJect. Dearborn, ML U.s.A. 
Client City ofDarbom 
Project Engineer for the evaluation of site conditions and review of construction procedures for the 
excava1ioD of a 230-foot deep, 54-foot diameter drop shaft and several l5-foot d:iamefa' accesa shafts 

lhrough glacial overbun!eo ml limestooc m eulclD Micbi- Fommlai.d groudng pmcedura 10 control 

grmmdntcr inflow into the shafts, 'Wmch allowed for 1hc cOllb'aCtOr to compltte 1hc comtruction of 1bese 

"""""""'· (1997) 

Gold Camp Road, Tooneb No. 3 and 6, El Puo Count)', Colondo, U.S.A. 
Client: US Farra, Service 
Project OcsigD Bngincer for tbe prepantion of preliminary designs and cost cstin:wtcs for the rehabili1ation 

of two hilCoricaJ railroad tunnels, COll~ to highway amncJs. Tbe tmmcb AR 154 feet and 245 feet in 

iong1h mpecttvely and the twmel support comwod of wi1b limbe, ...._ The project requin:d that the 

bistorica1 imqrity oftbc tunnels be maimained in the rebabilitlltioo. scheme. (2001-2002) 

Sawpit Gulch Tunnel, Lead, SD. U.8.A. 
Client: Homatau Mining Company 
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Miebllel ,. Miller, p. E. 
Senior Gcoltdmical Engineer 

Project Engineer for the foremic investigation and repairs ID mnediate the settlement of a pre-cut 
segmental 1Wmel structure in Lead. Soulb Dakota. 1bis project enwlcd tbe investigation of tbc causes of 
settlement of one of the wall footings of the segmental structure. lbe formulation of a compaction grouting 
scheme to remediate 1he scttlcmcm and the inspection of the contracto:'s work during lbe construction. 
(1993-1994) 

Open Pl~ lllcb Wall Stabillzatlon Project, Lead, SD, U.s.A. 
Client: Homestalce Milling Company 
Saved u Project Design Engineer and Construction Manager during lbc various phases of high wall 
stabilization at an active gold mine in western South Dakota. Activities performed inc haded the dmgn ud 
installation of rock reinforcement systems consisting of active IDd passive cable bolts and soil 
reinforcemem systems consisting of soil mils to increase the stability of the pit walla. Also designed aod 
supervised tbe comtruction of underground pillus. walls. and plugs to stabilize underground openings near 
lhc pit ficc. In addition, motbods to backfill unda_..i stopes were dcsipcd to mhlcc lhc potential for 
collapse, causing pit wall instability. Also designed instrumentation systems 10 m>Jlltor displacement of 
various portions of the pil qll and reviewed data gathered from these systems. (1994-1996) 

Grlzzl)' Gulcb. Taillq Dam, Raise No. J, Lead, SD. U.5.A. 
Client: Honwtake Mining Company 
Project EnginttP for the dc&ign and preparation of plans and specificatiom for the third raise to lhc Grizzly 
Gulch Tailings Dam in Lead, South Dakota. Thia project entailed lhe desjgn of a SO-foot raise to lhc 
existing 40().foot high rock fill tailing dam. Included with this raise was the design of a m:w seepage 

collection sy&tem, the installation of horizontal drains to lower the pbreatic water surface in lhc existing 

dam and lhc design of ocw monitoring systems. 
(1996-1997) 

Qaebnda Honda Tailln& Dam. Toquepalla. Pera 
Client: Soutllern Pav C:Opper 
Enainccr during the field investigation for the design of a new tailing dam in soutbem Peru. Responsible 
for over site of drilling and test pil activities to evaluate the geologic conditions at the site. Also auiated in 

the pcrformaDce of geologic mapping and seismic investisation activities. ( 1994) 

Plpcllae StabWty Asleument. IN to AL U.8.A. 
Client Amoco Oil Campa,ry 
Conducted a slope m.bility assessmeut of 26 river crossings for a SOO-milc petroleum product pipeline 
rwuaiilg &om nortbcm ladiaDa to oortbcm Alabama. Developed• ralUll system for e11c-,m1 the landslide 
potadial of each site. (1991-1992) 

Jacobi Field, Cleveland. OH, U.8.A. 
Client: Hel/mulJ,, ObaJa & Xtusabaum. Inc. 
Project Gcoteclmica.l Engineer during die design and construction of Jacobs Field. a new 4S.OOO-seat 
bucball stadium in Ocveland. Ohio. Boch shallow and deep fOUDdation systems were dcsipcd for this 
project. (1990-1993) 

Pllltt Dealer Prlntlo& F-ty, Bn,nk Pork, OH. U.s.A. 
Client TIie Au,tla O»npa,ty 
Project - Engineer for a 61111,0QO.,quam-fnnt ..,._ printing lllcility in Cleveland, Ohio. 
Projcc;t included thc closure of abendoocd oil wells, lite 5lling up to 12 feet, and tbe design of fonodadoo 
mal> for -~ocmitlve printing paw w1 ,piad IIMI colllimwu fnntiDg sy,toml fur lhc bwldiDa 
w1 out-sttuctuta. Abo _,.;,cd • atal1' of3 to S during project CDlll1rllclion. (1992-1994) 

Federal a-ve Bok, Cl .. eland, OB, U.s.A. 
Cliclll: Hellnu,tJ,, Obata & Ktusabaum, htc. 
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Midlael J. Mlller, P. L 
SemorCJeotccbnical l!D&in= 

Gcoteclmical Manager for 1hc preliminary design phase of a new buildiq adclitioo to the Federal Rcsc:rve 
Bank in dowmown Cleveland, Ohio. This project included the design of a structural 1luny wall to retain 1 
55-foot excavation i.mmedil.cely adjacent to a 22-story muonry str\lCIUtC founded on friction piles. Both 
shallow and deep fouod1tion 1ystrms were evaluated for this project. (1993-1994) 

8111 Maintenance Garaatt Memphis TN., U.s.A. 
Client: Wts.r, Jmny cl Elstner 
Project Engineer for the design of I remedial. compaction grouting program to halt the settlement of utilitiea 
and • loadin& dock at a facility consttucted over a municipal laodfitl. 

PuddlalflOlle Dam, Soutbern CA.., U.8.A. 
Design Engineer responsible for lhc preparation of plans and spccificatiom for the construction of a 60-foot 
deep cutoff wall at the end of a stilling 1tructurc wbete back cutting of the 111Ucture had occwrcd. Designs 
for both secant pile and structural l1uny walls were included in me construction docwnents. ( 1994) 

MeCullouab Water Tank, Colondo Spriap. CO. U.S.A. 
Client: Qry of u>lorado Springs 
Lead geotecbnical engineer for the design and construction of a 5.6 M gallon water tank comuuctcd 011 
highly expansive claystooe and shale. Responsible for the preparation of construction plans and 
specifications telalcd to foundation excavation and preparation, earthwork and drainage. Also tcSpOQSiblc 
far submittal review during construction. ( 1999-2000) 

Crystal Valley Ranch Water Tank, Cude Rock CO., U.8.A 
Client City af Ctutle Rock 
Lead gcotcchnical engibccr for the design and consttuction of a 4 M-gaUon post tenlioncd WIier tank 
constru.ctcd on interbedded layers of ll!1dstoae and claystone. Responsible for the preparation of 
constNction plans and spccificatiom related lo foundation excavation and preparation, cutbwork and 
drainage. Also mponst"ble foe tbc dcsip of ID 80-foot high rock cut immediately adjacent to 1hc tank. 
During construction. comuhcd on site conditions and reviewed contractors submittals. ( 1999-2002) 

Cracker Unit Dellp and Reflnery ModlllcaUom, BP OU, Toledo Refinery, Toledo,. Oblo 
Client BP Oil 
Project manager for the design of foundation systems to construct a new Cracker WUt. new Stor.ge Tanb 
and pipelines at the BP Toledo refinery. Project was in beach deposits overlying Glacial lacultrine 
deposits. Cncktr unit wu founded on a deep pile foundation and the taoks were founded on gravel mat 
foundationa. {1993-1994) 

Bonda of_,. -Eul Uberty Aaembly Plaa~ Eut Liberty, OH, USA 
Cliem: SSOE and H"""4 of A...,.,,. 
Project Ocotccbnical Engineer for 1bc desip of the new automobile aued>ly plant aDd out suuctmn. 
Respomiblc !br lbc daian of shallow IDd deep foundation sy,trms and re1aining walls for 1he Aslemhly 
Plant. a new water tower and sub llation&. Alla responsible for 1he trainin& of materials inspection 
... -duriog-(1988-1989) 

Rsll Car Ualoacltaa Fadllty, Honda of America. MarysTU)e, OH. USA 
Client SSOE and H"""4 of A...,.,,. 
Ptojcct Geofa:1mical ••si- '"' 1bc daian of - IDd gcos,id reinfotced pavrmonll for die 
comtructioo of a new rail cu coataiDer unloading facility at ID mstia& auio aaembly plant Com:mc 
pavemonll wen: clcsipod to --"'"'° used to unload conlainor wluch wen: lbcn lnmpOrlOd by 
truck to variool flciliues in rqion. 

Kajima Gl111 Plan~ Ellubelll Town, KY 
Client SSOE 

8 
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Mlcblel.J. MWer, P. E. 
Senior Qeoteclmical Foginc:er 

Project Geoteclurica1 Engineer for die design of a drilled pier fouadaoon system constructed in brst 

conditions for the construction of a new Glau Factory in centnl Kentucky. (1988-I 989) 

McCullout:h Water Tank. Colondo Sprinp, CO. U.S.A. 
Client: City of Cck,,am, SpMgs 
Lead poleclmical CDginccr for the design and COnstNClion of a S.6 M gallon wata tank CODStructed on 

highly expan1ive claystonc and shale. R.csp(nJsible for lhe prepantion of construction plans and 

specificatio111 related to foundation excavation and preparation. earthwork ud drainage, Also responsible 

for ,ulmnttahmew during comuuction. (1999-2000) 

Bndley Road Foreulc lnvattpdon, Cleveland. OH, USA 
Client: BP Oil PipdtM Cumpaay 
Projeot for The fo=si<: ,wdy and mncdia1 dco;g. Mldrc,smg the dilferentw settlcm<n!S (up to 3-

feet) of three 120-foot diameter filel oil tanks constructed on glacial lacusarine deposits in Nonhern Ohio. 

Tlllb (1993-1994) 

Encl-'"&, U.5.A-
Client: v-., 
Project Engineer for over 30 geotechnical bridge and highway soil S\lrVcy invesUp,lions in various counties 

in IlliDoia. Ohio and New Mexico. Consulting for highways includes subgradc, cmbankrnM,t and pavement 

design. and construction recommendations for asphalt and conctete pavement systems. Consulting for 

bridp, eulverU and ,owaing walls ,mailed providing geolCCtuucal design and -tion 

recommendations for foundation systems. including auger cast and driven piles. drilled piers and caissons. 

and 1pa.lfooting funttdations. (1987-2002) 

TRAINING: 

MSHA ~hour MiDcr Training for Hard Rock/Coal Swfacc Mining 

MSIIA 8-bour E>perienccd Mine, Rclicshor 

OSHA '40-bour .t. Sall:iy T,aimng 

OSHA 8-bour Sue Supervisor Trainio& 

OSHA 8-bour Underground c.-u.tion T,aimng 

LANGUAGES: 

l!nglisb (natm:) 
Spanish ( 

OVERSEAS ASSIGNMENTS 

9 
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Employment Kittery: 

2002 to Present 

1990102002 

1987 to 1989 

Teebalcal Papen 

MlcbaelJ.Mlller, P. E. 
Scmor GcotechnicaJ En&inecr 

MWH Eoai)' and lnfras1nu:""' 

Woodward-Clyde Consultants/ URS Consultants: 

Professional Service Industries 

Roller Compacted Co......, OverlDppiq Prolection Design Guide, Cbapten 8 and 9 (lnslrumonlation and 
- c:onsuterations), _,.i for Ibo Portl&od c ...... Auociation, April 2002. 

Roller Compacted C=te Quality ColdrOl Manual, Chapter 5 - Cooslrlletioo ~emem Quality, 
prepared for the Portland Cement Association, June 2000. 

Ptacntatioos: RCC Conltruction Means and Methods, RCC Dam and Dam Rehabilitation Seminar, 
Portland Cenic,tt AtllOCiatioa, Naperville, llJioois Augusl 2000. 

Amold. Teny and Mike Miller. How Dense is Your RCC, US Society on Duns. San Diego 2002. 

Michael Miller, Dan Birch. Dan Johnson. Bob Stoddard. Rehabilitation of a High Mountain Dam 
Subjected to Frequent Overtopping Events, US Society Oll Dams, Denver 2001 

Michael J. Miller, Thomas It Scotese. Arthur 0. Paeth. Groundwater inflow problems in tunneling at the 
west leg ·illtei:ceptor contract 3, Cleveland,. Ohio. 35• U.S. Symposium on Rock Mechanics, Lake Tahoe, 
Nevada, 1995 

10 
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APPENDIX J-3 

LIST OF CONTRACT DOCUMENTS 

The Contract Documents consist of the following: 

Construction Specifications for Au Train Hydroelectric Project Dam Modifications. 

Construction Drawings for Au Train Hydroelectric Project Dam Modifications 
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EXAMPLE OF REPORTS 
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NONCONFORMANCEREPORT I NCRNO; 

Subject; Contractor. 

Description/Affected Arca: 

Refom,ce Documents 

Conmuciion QA Manager Dau, 

Conuact No./So;tio,a: 

Constntction Drawing: WPS-UPPCO Dau, 

Disposition: Rework 

Repair 

Reject 

Use as is 

Action taken to control non-<:onfonnance: 

Conlcnlccion (lA Manager Dile 

WPS-UPPCO -
Statement of completed action; 

CoalOuctionQA- -
WPS-UPPCO -
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APPENDIX J-5 

MATERIAL TESTING SCHEDULE AND REFERENCE 
DOCUMENTS 



( ( ( 

MATERIAL TESTING SCHEDULE 

MATERIAL TEST TEST TEST FREQUENCY AND/OR 
METHOD/STANDARD CERTIFICATION 

Toe Drain Materials In-place Density ASTM-D2993 
One per material placed per day or at least one 

for every 200 cubic yards placed 

Toe Drain Materials Gradation/Sieve ASTM-Cl36, One per material or at least one for every SOO 
cubic yards at stockpile and in-place 
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REFERENCE DOCUMENTS 

Standards and Codes: 

ACI - American Concrete Institute 
ANSI • American National Standards Institute 
ASTM - American Society for Testing and Materials 
MOOT -Michigan Department of Transportation Standard Specifications 
AASHTO - American Association of State Highway and Transportation Officials 

Project Specifications: 

Au Train Hydroelectric Project Dam Modifications. 
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APPENDIX J-6 

RECORD KEEPING PROCEDURES 
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RECORD KEEPING PROCEDURES 

Reoonls shall be kept by the Resident Project Repn:sentative and the Field Quality 
Control Engineer on-site. The Resident Project Representative and the Field Quality 
Control Engineer shall keep separate files of the following: 

Daily Reports 
Weekly Reports 

• Non Conformance Reports Resolved 
Non Conformance Reports Pending Resolution 
Environmental Deficiency Reports 
Monthly Reports 
Field Directives and Clarifications 
Measurements for Payment 
Payment Requests and Evaluations 

• Record Drawings of the As-Constructed Details 
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APPENDIX J-7 

PROJECT SCHEDULE 



( ( 

UPPCO Autnlln Hydro Electric Dam Modifications Projact 

ID Tak- I .... J . - -· No; 1 FERC t -· ----~~Fri.;c,;12/20/02~- n., 2/20/03 

···-.- EnvlronmenlalPwmlll Thu1QI03 - 812103 
3 OUl 1Dr Bids ...... """""" 

____.,... Start 

5 ~. 
-,-· E,ccavaled SOUlh CrN1 
-9- Concme Repair wen 

9 Plamrnent & cort1p-cto11 Soufl lW 
10 Toe Drains and ,_..,.. 
11 Res,ac:te creel of N. OWri 

, . 0.1Kbllzdot1 

13 Conattudlon Cornpllle 
14 AMI ContoucaaA Report SUbmlllll 

PN:lfed Manager: Ben Tro81r 
Ol'lglnal 6dNlclule: 12113#02 
Fie'. 0100003002 

Spit 

,._ 
Fd5/2/03 -= 

Wed7130i'03 .......... 
Mon!V11A:>3 -= r .. "2/03 
Wed 1011.103 
Fd 10l10l03 
Fri 11'17103 
Fri 1:l/19'03 

Frt411M>3 .. .,..,, 
Fri 1Qt31.I03 

Fri 811103 

'"11122/03 
Frilffi/03 
Fri 91'12'03 ......... 

Tue 1017103 
Fri 10110I03 
Fri 10,17/03 
Fri 12/1&'03 

"' , .. , ''"'''''' .. 

' 

i Jan i.. -...·_1·_~, _ I 
h,, .. , .... , ....... j 

• • 

I 
El 
El 

@ 

Eatemal Mleltone 

Deadline 

El 
I ,..,, 
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CONSTRUCTION SPECIFICATIONS 

DAM MODIFICATIONS 

AU TRAIN HYDROELECTRIC PROJECT 
FERC No. 10856 

ALGER COUNTY, MICHIGAN 

Prepared for 
Upper Peninsula Power Company 
(a subsidiary of WPS Resources) 
Ishpeming. Michigan 

December 2002 

!Y!~EttWATSONHARZA 

1600 Stout Street, Suite 400 
Denver. Colorado 80202 

Project No. 1001755 
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UPPER PENINSULA POWER COMPANY 
AuTraln Hydroelectric Project 

DAM MODIFICATIONS 

DIVISION 1 • GENERAL REQUIREMENTS 

01010 
01018 
01040 
01060 
01100 
01300 
01400 
01500 
01505 
01515 
01610 
01700 

Summary of Work 
Construction Suiveying and Staking 
Coordination and Meetings 
Regulatory Requirements 
Environmental Quality Protection 
Submittals 
Quality Control/Quality Assurance 
Construction Facilities and Temporary Controls 
Mobilization and Preparatory Work 
Diversion, Care of Drainage and Dewatering 
Safety and Health 
Contract Closeout 

DMSION 2 • SITE WORK 

02110 
02220 
02935 

Clearing, Grubbing and Stripping 
Excavation Fill Placement and Compaction 
Reclamation 

DIVISION 3 • CONCRETE 

03400 
03720 

Precast Concrete Manholes 
Concrete Repair and Restoration 

DIVISION 13 · SPECIAL CONSTRUCTION 

13505 Structural Survey Monuments 

APPENDIX A- SITE DATA 
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PART 1 GENERAL 

1.1 SECTION INCLUDES 
A. Background 
B. Scope of Work 

Section 0101 o 
SUMMARY OF WORK 

C. Project Schedule 
D. Michigan Sales and Use Tax 
E. Retainage 

1 .2 Background 
The Au Train Hydroelectric Project is located on the Au Train River in 
Alger County, Michigan. The project began operation in 1910 and is 
located on Au Train Lake, a natural lake. The present dams were 
constructed in 1930 to enlarge the reservoir and increase the power 
generation capacity of the project. The project impounds approximately 
6.6 miles of the Au Train River and the impoundment has a surface area 
of approximately 1,557 acres at full pool. The project is currently operated 
as modified run-of-river project based on the water level maintained at the 
reservoir. 
The project features consist of an embankment saddle dam with a central 
spillway and penstock intake located at the south end of the storage 
reservoir; the main embankment dam located at the north end of the 
storage reservoir, a 2,516-foot long 5 -loot diameter penstock; indoor 
powerhouse with two 800 horsepower generating units and two 560 kV 
generators; and a 2,500-foot long 2,300 V transmission line. 
Normally, all releases from the dam are made through the penstock for 
use in power generation. Under operation, the normal reservoir water 
level ranges between El. 777.3 (all elevations are mean sea level MSL) 
local datum = MSC -1.27) feet and El. 781.3 feet, excluding late winter 
drawdown. The reservoir elevation near El. 781 .3 feet will occur during 
the spring runoff period in May while water levels near El. 777 .3 will occur 
as a result of late summer (August and September) drafting of the 
reservoir for downstream fisheries and recreation interests. The reservoir 
will be drawn down to a target level of El. n2.3 in late winter (March) to 
reduce the frequency and magnitude of uncontrolled discharges during 
spring runoff. 

SCOPE OF WORK 
01010 - 1 

GrarcvfNPSl100175S-All T...WAu Train Dam ModiftcallonslSpacll 
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South Levee - The embankment saddle dam, or South Levee, is located 
between the Lake Superior and Lake Michigan drainage basins and 
impounds the south end of the Au Train Basin. The 4,500-foot long South 
Levee has a maximum height of 15 feet with a crest width of 1 O feet at an 
average crest elevation at 789.7 !eel. The embankment was constructed 
with 2H:1V upstream and downstream slopes which have good ground 
cover. In a small area near the left abutment, the crest of the 
embankment is approximately 3 to 3.5 feet lower than along the rest of the 
embankment. 
The South Levee is a homogeneous loose sand embankment. The South 
Levee embankment is founded on granular alluvium composed of silty 
sand to sandy gravel. Old tree stumps are present on both the upstream 
and downstream slopes. The entire downstream area is boggy and soft 

Main Embankment - North Dam - The main embankment, or the North 
Dam, is located at the north end of the Au Train reservoir. The 1,500-foot 
long dam is approximately 38 feet high at the maximum section with a 
crest width between 15 and 20 feet at El. 789.8 feet. The concrete 
overflow spillway and penstock intake sections are located at the center of 
the dam. A concrete core wall extends approximately 50 feet from both 
sides of the spillwayflntake into the embankment The upstream slopes 
were constructed at 3H:1V slopes while the downstream slopes were 
constructed at 4H:1V slopes with several parallel sets of toe drains along 
the downstream toe. 
The North Dam embankment is composed primarily of a loose sand fill. 
Beneath the embankment fill, granular alluvium is encountered. The 
alluvium is similar to Iha fill material and Is a silty sand to sandy gravel 
with horizons of weathered sandstone bedrock. 
Fourteen drain outfalls are localed In the downstream slope area of the 
North Dam. Half of the drains are metal pipes that extend through the 
base of the right spillway retaining wall. The remainder of the drain 
outfalls are the drains along the toe of the embankment and shoulders of 
the highway. 

Spillway - The concrete gravity overflow spillway Is 100 feet wide by 29 
feet high and is located at the center of the North Dam. The crest 
elevation of the spillway ogee is at El. 779.3 feet; manually operated 
stoplogs extend the crest to El. 781.3 feet. The spillway discharges into 
the Au Train River and under Highway M-94 and the abandoned Lake· 
Superior and Ishpeming (LS&I) Railway Bridges immediately downstream 
of the spillway. 

Intake and Outlet Structure - Water passes through an intake structure 
and into a steel penstock that bifurcates and feeds the two turbines. 

SCOPE OF WORK 
01010-2 

Grart,y,,WPSl100175S-Au T...WAu Tru'I o.m McdftCationtlSp 
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Turbine discharge is regulated by adjustable wicket gates controlled by a 
gate shaft governor and is returned to the upper Au Train River via a 500-
foot long, unlined tailrace channel. The intake structure is located In the 
main dam at the north end of the reservoir to the right of and abutting the 
overflow spillway. The Intake contains stop logs, a trash rack, and a 
butterfly shutoff valve. The invert elevation of the intake is at 755.5 feet. 
The 5.5-loot diameter steel penstock drops approximately 100 feet over its 
2,516-1001 length lo the powerhouse. There is a 10-1001 diameter, 
exposed steel surge tank connected to the penstock above the 
powerhouse. 

Powerhouse - The powerhouse is located on the east bank of the upper 
Au Train River, approximately 2,500 feet downstream of the main dam. 
The powerhouse has a reinforced concrete substructure and brick 
superstructure. The inside dimensions of the powerhouse are 37.5 feel 
long by 32 feet wide by 22 feel high. II houses two identical B00-
horsepower, horizonta~axis, Francis type turblnes with steel spiral 
casings. The units operate at a maximum gross head of 134 feet. Each 
synchronous-type generator is rated al 560 kilovolt-amperes, 600 rpm, 3-
phase, 60 hertz, and is directly connected to the turbine shalt with a 
flywheel. 

._. A 2,300-voll, 3-phase, SO-hertz transmission line, approximately 2,500 feet 
long, connects to UPPCO's transmission system. 

-

1.3 SCOPE OF WORK 

A. The scope of work required under this contract Is generally 
described as furnishing and installing all labor and materials 
necessary for the following work at the Au Train Hydroelectric 
Project: 

1. Modffications to the South Levee Embankment; 
2. Construction of a toe drain at the North Dam to maintain the 

phreatic surface below the ground surface and to protect 
against piping; 

3. Regrading Iha crest of the North Dam to provide sufficient 
freeboard; and 

4. And the repair of damage to the concrete walls of Iha outlet 
structure building 

B. The Work includes furnishing all labor, tools, equipment, 
appliances, materials, transportation and services, and performing 

SCOPE OF WORK 
01010 - 3 

Gtarby/WPS/'1001755--AU TraWAu TIUI D9m ModlflcatlonalS 

• 



Unofficial FERG-Generated PDF of 20030113-0049 Received by FERC OSEC 12/20/2002 in Docket#: P-10856-000 

-

C. 

all necessary operations for, and property incidental to, the 
construction and proper completion of the Project as shown and 
noted on the Drawings and as specHied in these Specifications. 

The Contractor shall prepare and submit with its proposal a plan tor 
performing the Wort<. This Work Plan shall be approved by the 
Company prior to the start of the Wort< and shall describe in detail 
the means and methods of performing the wort<, including any 
dewaterfng, excavation, foundation preparation, furnishing, 
placement and compaction of fill materials, grading operations, 
construction procedures for the South Levee embankment 
modHicetions, the toe drain, and procedures for concrete repairs to 
the oUllet valve house. It is likely that the groundwater level will be 
near the ground surface in the wort< area. Appropriate precautions 
to avoid damage might include avoiding unnecessary equipment 
traffic, careful excavation, dewaterlng to lower the groundwater 
table, placement of a mud mat, or other suitable methods proposed 
by the Contractor. 

1. The construction procedures for the construction of the 
South Levee modtticatlon shall include a detailed discussion 
of how damage to the existing embankment and foundation 
due to construction operations will be avoided. It is essential 
that the foundation not be rutted, loosened or disturbed from 
Its natural condition. The plan shall include a detailed 
description with sketches of construction procedures with 
details regarding how the Contractor will maintain the 
minimum widths shown on the Drawings. 

2. Detailed procedures for construction of the toe drain shall 
include a detailed description with sketches for construction 
of the toe drain. Proposed methods shall include means 10 
maintain stabillty of the toe drain throughout construction. 
Groundwater flow into the excavation will need to be 
controlled to prevent collapse of the sides of the drain. 
Methods lo control groundwater may Include utilizing 
bipolymer slurry construction techniques or well points. 
Procedures tor placement of pipe, bedding material, and toe 
drain backfill material to the proper grade shall also be 
outlined. 

3. The Wort< Plan shall Include erosion and sediment control 
measures including sill barriers to be installed downstream 
of the construction area and stockpile areas to confine 
sediment that may be washed from the stockpiles. Ditches 

SCOPE OF WORK 
01010-4 

Granby/WPS/10017$-Au TraWAU TIUI Dem~ 
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4. 

5. 

and sitt barriers will be inspected frequently. Ditch erosion or 
sitt barrier damage shall be repaired immediately. 
SignHicant sediment accumulations shall be removed and 
placed in a topsoil pile. Sill barriers will be maintained until 
construction is complete or ground cover materials have 
been placed. The plan shall also include a discussion of 
measures that will be taken to avoid damage to the work 
from sudden rises in the reservoir level and/or heavy rains. 

The plan shall Include a discussion of methods and 
equipment for all other work including clealing and grubbing, 
foundation preparation, imported materials, borrow areas, 
disposal areas, compaction, grading, seeding and any other 
pertinent procedures. 

The plan shall include a bar chart schedule showing 
individual tasks, duration of tasks, relationship and 
interdependency of tasks. Schedule shall support 
Company's overall construction schedule as indicated in the 
Contract Document. 

The Contractor shall submit with his proposal, a Contractor 
Quality Control Plan (CQC) in accordance with the 
requirements of Section 01400: The CQC plan shall include 
all QA/QC required by the specifications and shall ouUine all 
certHications, surveying, alignment checks, and inspections. 
The plan shall state frequency and acceptance criteria. 

D. The Company will attempt to lower the water level in the Au Train 
Basin to elevation no feet during the construction period. 
However, the Company cannot guarantee this level because it 
cannot control the precipitation In the drainage basin above the 
reservoir. Rain, snowstorms, or high winds could cause the water 
level in the lake to rise without warning. The Contractor shall be 
prepared with necessary plan and provisions to complete the Work 
regardless of the water level in the Au Train Basin. 

E. A minimum flow must be maintained through the outlet. Contractor 
shall not impede minimum flow and shall employ whatever maans 
necessary so that flow is not affected by the work. 

F. The location of the Work, together with details for construction, is 
as shown on the drawings Incorporated herein. Where figures are 
shown on drawings, they shall take precedence over scaled 
distances and dimensions. All dimensions shall be verified In the 

SCOPE OF WORK 
01010 - 5 

G,anby/HPS/1001755-Au lIUVAu Train Dam~ 
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field by !he Contractor. The Contractor shall bring any 
discrepancies to the attention of the Company and proper 
corrections shall be made and approved by !he Company. In !he 
event of any discrepancy between the Drawings and these 
specifications, the interpretation of the Company shall be final. All 
notes on plans shall be carefully observed by the Contractor and 
are part of the Contract. 

1.4 PROJECT SCHEDULE 

A. The following design and construction schedule milestones are 
proposed: 

Start of On-Site Mobilization 6101 /03 

Start Work 

Site restoration, cleanup and 
demobilization complete: 

Complete Work 

END OF SECTION 01010 

SCOPE OF WORK 
01010 • 6 

QranbyM'PS/1001755-All TMWAu Tru\ Dam Modifica1D"'8p 

6101/03 

10/31/03 
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PART1 

Section 01018 
CONSTRUCTION SURVEYING AND STAKING 

GENERAL 

1.1 SECTION INCLUDES 

A. Contractor shall provide all materials, items, operations or methods 
specified, listed or scheduled in spectticalions and drawings, 
including all materials, labor, equipment and incidentals necessary 
and required lo conduct proper surveys to stake and layout the 
Work. 

B. The Company wlll identify site reference points and baselines as 
shown on the drawings. 

C. Contractor shall perform all surveys for the Work including 
establishing and reestablishing construction control, resetting of 
stakes and monuments, measurement for payment of completed 
work, and performing surveys needed for restoration of public and 
private improvements that have been damaged, destroyed, or 
relocated by Contractor. 

0. All surveys and staking shall be performed under the direction of a 
land surveyor licensed in the State of Michigan. 

E. The cost to the Contractor for all work and delays occasioned by 
giving lines and grades, or making other necessary measurements, 
will be considered as having been included in the unit and lump 
sum prices for Items of Work. 

1.2 RELATED SECTIONS 

A. Not used. 

1.3 SU BM ITT ALS 

A. Surveyor: The surveyor performing the on site construction staking 
shall have a minimum of 5 years of construction staking 
experience. A resume detailing the experience level of the licensed 
land surveyor shall be submitted to Engineer for review 10 days 
prior to the start of any staking activities. 

B. Survey Records: 

CONSTRUCTION, SURVEYING ANO STAKING 
01018-1 

Qrant,y,WPS/1001755-AI.I TraWAu Train Dem~ 
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- 1. Contractor shall use the control points established end 
shown on the drawings. As the work progresses, all 
subsequent changes to the control plan shall be submitted. 

C. A certtticate signed by the land surveyor, slating that the elevations 
and locations of the Work are in conformance with Contract 
Documents shall be submitted at Contract closeout. 

1.4 PROJECT SURVEY CONTROL 

A. Survey control points will be identified by the Company prior to the 
start of work. 

1.5 PRIMARY CONTROL 

A. Contractor shall be responsible for checking the position of the 
reference points comprising the primary control prior to starting site 
work and shall nottty the Company of discrepancies found between 
actual and record measurements. 

6. Permanent reference points shall not be located w~hout prior 
written approval from the Company. 

C. Protection of monuments and stakes shall be the responsibility of 
Contractor. Replacement of damaged control and reference points 
shall be at Contractofs expense. 

1.6 SECONDARY CONTROL 

A. From the primary reference control provided by the Company, 
Contractor shall establish secondary control points necessary for 
the construction of the Work. Secondary control shall consist of 
sufficient permanent points to establish the lines and grades for the 
various Work eijher directly or by offset. Layout lines for use in 
construction of the Work shall be taken directly from eijher the 
primary or secondary control. 

6. Secondary control shall be tied to and closed upon the primary 
control. Secondary control networks shall be adJusted prior to use 
in developing subsequent control or in layfng out the Work. 

1.7 ACCURACY of SURVEYS 

A. Points for cross sections shall be located to the nearest 0.05 foot 
horizontally and vertieally. 

CONSTRUCTION, SURVEYING AND STAKING 
01018-2 

Grarby!WPS/1001755-Ml TraWAIJ TIU\ Dem ModHlcatlonslSp 
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B. Venical elevalion surveys shall close within 0.05 loot limes !he 
square root of the length of !he circuit in miles. 

C. All grade stakes shall be set to 0.02 loot. 

D. Alignment of tangents and curves shall be within 0.01 foot. 

E. Points for structures shall be set to the nearest 0.02 foot, except 
where operational function of special features require closer 
tolerances. 

F. Survey movement monuments shall be surveyed within an 
accuracy of 0.01 foot vertical and 0.05 foot horizon!al. 

G. Tolerances for all o!her Work shall be as shown or specmed in !he 
Contract Documents. 

H. Instruments shall be accurate and shall be subject to inspection by 
Engineer for proper operation. 

1. Electronic distance measuring (EDM) instruments used by 
Contractor on the Site shall be checked for calibration a 
minimum of once per month on an established baseline 
approved by Engineer. 

2. Defective instruments shall be promptly replaced, repaired, 
or adjusted to operate within the tolerances of !he instrument 
manufacturer. 

I. All work not performed wilh !he methods and equipment as 
submitted by Contractor and accapted by Engineer shall be 
removed and replaced by Contractor at Its own expense unless 
otherwise lns!ructed by Engineer. 

1.8 PROTECTION OF MONUMENTS, STAKES AND MARKS 

A. Contractor shall preserve and protect all survey monuments and 
related marks. When removal is necessary, Contractor shall 
accurately reference !he monuments or related marks, subject to 
!he approval of the Company. 

1. Except for boundary monuments, all other survey stakes, 
control points, monuments, benchmark, or reference stakes 
disturbed or destroyed during the Work shall be replaced 
and reset to the satisfaction of the Company at Contracto(s 
expense. 

CONSTRUCTION, SURVEYING AND STAKING 
01018·3 

Grant,pWPS/100175&-Au Tran'Au Train Cam Mod1fiCetlOM/Sp 



Unofficial FERG-Generated PDF of 20030113-0049 Received by FERC OSEC 12/20/2002 in Docket#: P-10856-000 

2. 

3. 

PART2 

Not used. 

PART3 

Not used. 

Primary or secondary control monuments removed shall be 
reset by Contractor as soon as the Work requiring the 
removal is complete. Alternatively, other control points may 
be set so as to reestablish the control network. 

The posijion of monuments, control points, or other marks 
that are subject to movement due to the passage of 
equipment or other forces shall be rechecked at regular 
intervals, but not less than monthly. 

PRODUCTS 

EXECU110N 

END OF SECTION 01018 

CONSTRUCTION, SURVEYING AND STAKING 
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Section 01040 
COORDINATION AND MEETINGS 

PART 1 GENERAL 

1.1 

1.2 

SECTION INCLUDES 

A. Coordination. 

B. F10ld engineering. 

C. Preconstruction meeting. 

D. Progress meetings. 

E. Examination. 

F. Cutting and Patching. 

COORDINATION 

A. Coordinate scheduling, submittals, and Work of the various sections 
of the Construction Specifications to assure efficienl and orderly sequence 
of installation of interdependent construction elements. 

B. Coordinate completion and clean up of work of separate sections in 
preparation for Substantial Completion. 

C. After Company accepts lhe Work, coordinate access to site for 
correction of defective work and work not in aocordance with Contract 
Documents, to minimize disruption of the Company's activities. 

1.3 FIELD ENGINEERING 

A. Contractor is required to locate end protect survey control, reference 
points, end all construction staking. 

B. Verify setbacf<s and easements, confirm drawing dimensions and 
elevations. 

C. Contractor shall preserve and protect established reference lines and 
points and shall make no changes wilhout written approval of Engineer. 

Contractor shall bear any and all coS1s Of surveying to re-establish 

COORDINATION AND MEETINGS 
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Company-furnished survey control and/or reference points and 
construction staking disturbed or destroyed due to Contractor's activities. 

1.4 PRECONSTRUCTION MEETING 

A. Prior to issuance of the Notice to Proceed, the Contractor shall meet 
with the Company and Engineer for a Preconstruction Meeting. The 
purpose of this meeting is to review the Company's ongoing operations 
onsile, submittal procedures, payrolls and labOr relations, environmental 
protection, progress schedules, network analysis, scheduling, field 
clarification procedures and payment and procurement of materials. The 
principal features of work will also be reviewed and any questions 
regarding the Contract and work s~e will be addressed. 

B. Attendance Required: Company, Engineer, and Contractor's Project 
Manager and Superintendent, the Contractor's Safety and Heehh Officer, 
and other key personnel. 

C. Agenda: 

1. Distribution of Contract Documents, including Contractors' 
executed bond, certificate of insurance and Contract. 

2. Submission of list of Subcontractors, list of products, schedule 
of values, and construction schedule. 

3. Designation of personnel representing the parties in Contract, 
and the Engineer. 

4. Procedures and processing of requests tor information; field 
decisions, submlttals, substitu1ions, applications for payments, 
proposal request, change orders, and contract closeout 
procedures. 

5. Scheduling. 

6. Use of premises by the Company, Engineer and Contractor. 

7. Company's requirements. 

B. Construction facillties and controls provided by the Company. 

9. Temporary utiltties provided by the Company. 

1 O. Survey and layout. 

COORDINATION AND MEETINGS 
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11. Security and housekeeping procedures. 

12. Safety. 

13. Permit Requiremen1s. 

14. Procedures for testing. 

15. Record documents. 

1.5 PROGRESS MEETINGS 

A. The Contractor will schedule and administer meetings throughout 
progress of the Work at weekly or biweekly intervals. 

B. Addltional meetings may be called by the Company, Engineer, or the 
Contractor during any stage of the project when It is deemed 
necessary to raise any significant questions, establish new 
guidelines, introduce a new aspect to the project, or any other items 
that may affect the progress of work. 

C. Meetings and conferences may lake place at the project site or some 
other location that is satisfactory to the Company, Engineer and the 
Contractor. 

D. Contractor will make arrangements for meetings, prepare agenda 
with copies for participants and preside at meetings. 

E. Attendance Required: Contracto(s Project Manager, Superintendent, 
Contracto(s Quality Control Engineer, Contracto(s Safety and 
Health Officer, major Subcontractors and suppliers, and Company's 
Representative, Engineer, as appropriate for agenda topics for each 
meeting. 

F. All expenses associated with attending the meetings that are 
Incurred by other than the Company and the Engineer shall be borne 
by the Contractor. 

G. Agenda: 

1. Review and approval of minutes of previous meetings. 

2. Review of Work progress minutes of previous meeting. 

COORDINATION AND MEETINGS 
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3. Field observations, problems, conflicts, and decisions. 

4. Identification of problems which may impede the schedule and 
proposed corrective actions. 

5. Review of submittals schedule and status of submittals; 
expedite as required. 

6. Revisions to project schedule. 

7. Coordination of project schedules and projected progress. 

8. Corrective measures and procedures to regain projected 
schedules. 

9. Planned progress during succeeding Work period. 

10. Maintenance of qua\~, and Safety and Work standards. 

11. Pending changes and substitutions. 

12. Effect of proposed changes on progress schedule and 
coordination, and effect on other contracts of the project. 

13. Other business relating to Work. 

H. Contractor will record minutes; include significant proceedings and 
decisions and distribute copies after meeting to participants and 
those affected by decisions made. 

PART 2 PRODUCTS 

Not Used 

PART 3 EXECUTION 

3.1 EXAMINATION 

A. Contractor will verify that existing site conditions and substrate 
condttions are acceptable for subsequent work. Beginning new work 
will be interpreted to mean that the Contractor has verified and 
accepted existing conditions. 

B. Contractor will examine and verify specific conditions described in 
individual specification sections. 

COORDINATION AND MEETINGS 
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C. Contractor will verily that utility services are available, of the correct 

characteristics, and in the correct location. 

D. Contractor shall locate all drains, underground piping, the rock walls, 

and other buried or partially buried features prior to construction. 

3.2 COORDINATION 

A. Contractor will employ skilled and experienced trades necessary to 
perform the Work. 

B. Contractor will submit written request in advance of cutting or altering 
any existing elements which affects: 

1. Structural integrity of element. 

2. Efficiency, maintenance, or safety of element. 

3. Visual qualities of sight exposed elements. 

4. Work of Company or separate contractor. 

C. Contractor will execu1e cutting, fitt1ng, and patching, including 

excevation and fill, to complete work, and to: 

1. Frt the several pans together, to integrate with other work. 

2. Uncover work to install or correct ill-timed work. 

3. Remove and replace defective and non-conforming work. 

4. Remove samples of installed work for testing. 

5. Provide openings in elements of work for penetrations of 

mechanical and electrical work. 

D. Contractor will execute the Work by methods to avoid damage to 
other work, and which will provide proper surfaces to receive 
patching and finishing. 

E. Contractor will restore the Work with new products In aocordance 
with requirements of the Contract Documents . 

COORDINATION AND MEETINGS 
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F. Contractor will identify any hazardous substance or condition 
exposed during the Work to the Company for decision or remedy. 

END OF SECTION 01040 

COORDINATION AND MEETINGS 
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PART 1 GENERAL 

Section 01060 
REGULATORY REQUIREMEKl"S 

1.1 SECTION INCLUDES 

A. Contractor Obtained Permits 

B. Company Obtained Permits 

C. Responsibility and Coordination 

1.2 GENERAL REQUIREMENTS 

A. The Contractor shall familiarize himsett with the conditions and 
requirements of all permits that are required by Federal, State, 
County, and local governing agencies. The Contractor shall comply 
with the conditions and the requirements of all permtts in the 
performance of this Contract. II Contractor fails to comply with the 
conditions and requirements of any permtt and such failure to comply 
results in fines, penalties, and/or suspension of work by a regulatory 
agency, all liabiltty for such fines, penalties and delays shall be the 
sole responsibiltty of the Contractor. 

1.3 CONTRACTOR OBTAINED PERMITS 

A. The Contractor is responsible for researching permtt requirements 
and obtaining the permits, plus such other permits as may be 
required by Federal, State, and local law. Duly executed copies of all 
permits obtained by the Contractor shall be submitted to the Owner 
and Engineer for information only. 

1.4 COMPANY OBTAINED PERMITS 

A. The Company hu applied for permits from Iha Michigan 
Department of Environmental Quality (MDEQ) and Alger County (AC) 
tor the work at the Au Train Buln. The Contractor shall follow all 
conditions of the MEDO and AC permits. A copy of the permits WIii 
be Issued to the succasatul contractor prior to conatructlon. Any 
additional permits needed to perform work associated with the 
pro]act shall be Iha responslblllty of Iha Contractor. 

REGULATORY REQUIREMENTS 
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a. The Contractor shall comply with all conditions and requirement& 
- of theu permits, and all conditions In accordance with Iha 

requirements of the Contract Documents. 

1.5 RESPONSIBILITY AND COORDINATION 

A. The Contractor shall accept full responsiblli1y for contacting all 
Federal, State, and local agencies to obtain permitting requirements 
for construction related activities on lands under jurisdiction by those 
agencies, and shall be fully responsible to research and become 
familiar with permitting requirements that must be met for the 
performance of the Contract work. The Contractor shall perform all 
coordination and documentation, as well as all engineering to obtain 
the required permits. Any engineering required to obtain permits 
shall be performed by a Michigan registered professional engineer. 

B. The Contractor shall be fully responsible and solely accountable for 
meeting the requirements of all permits. The Contractor shall be the 
sole permittee for all permits. 

PART2 PRODUCTS 

Not used. 

PART3 

Not used. 

EXECUTION 

END OF SECTION 01060 

REGULATORY REQUIREMENTS 
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PART1 

Section 01100 
ENVIRONMENTAL QUALITY PROTECTION 

GENERAL 

1.1 SECTION INCLUDES 

A. Landscape Preseovation 

B. Preseovation of Trees 

C. Prevention of Water Pollution 

1.2 RELATED SECTIONS 

A. Section 01060 - Regulatory Requirements 

e. Section 01515 - Diversion, Care of Drainage and Oewatering 

C. Section 02290 - Earth Dams 

D. Section 02935 - Reclamation 

1.3 SUBMITT ALS 

A. The Contractor shall prepare a Stormwater Pollution and 
Prevention Plan (SWPPP) to cover all areas of the work In 
accordance with all government regulations and these 
Specifications. The Contractor shall also prepare a Spill Prevention 
Control and Countermeasure Plan (SPCC) covering all work 
activities In accordance with all government regulations and these 
Specifications. 

B. Product Data 

t. Subm~ product data for all material for environmental quality 
protection measures, such as silt fence, straw bales, mulch, 
erosion control blankets, and any other material planned for 
use in sediment and erosion control, or spill prevention and 
control for Engineer review. 

C. Schedule 

ENVIRONMENTAL QUALITY PROTECTION 
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1.4 

1. Provide a schedule for implementation of all environmental 
quality protection measure to the Company or his designated 
representative before any construction on the stte begins. 

LANDSCAPE PRESERVATION 

A. General requirements: 

1. Exercise care to preseive the natural landscape beyond the 
defined areas of work, and conduct construction operations 
so as to prevent any unnecessary destruction, scarring, or 
defacing of the natural surroundings in the vicinity of the 
work. 

2. Except where clearing is required for permanent works, all 
trees, native shrubbery, and vegetation shall be preserved 
and shall be protected from damage which may be caused 
by the Contractor's construction operations and equipment. 

3. Movement of crews and equipment within the project area 
and over routes provided for access to the work shall be 
performed in a manner to prevent damage to the land. 

B. Temporary construction roads: 

1. The location, alignment, road width, and grade of temporary 
construction roads shall be subject to approval of the 
Company. 

2. When no longer required by the Contractor, construction 
roads shall be obllterated by removing all fill material and 
smoothing cutbanks to conform to natural contours, unless 
otherwise directed by the Company in wrtting. 

3. Topsoil shall be placed over construction roads and other 
areas disturbed by the construction. 

4. Construction roads will be revegetated In accordance with 
Section 02935: Reclamation wtthin 30 days of topsoil 
placement. 

C. Construction facilities: 

ENVIRONMENTAL QUALITY PROTECTION 
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1. The Contractc(s shop, office, and yard area shall be located 
and arranged in a manner to preserve trees and vegetation 
to the maximum practicable extent. 

2. On abandonment, all storage and construction facilities, 
including concrete footings and slabs, and all construction 
materials and debris shall be removed from the site. The 
area shall be left in a neat and natural appearing condition, 
unless otherwise directed by the Company In writing. 

D. Borrow areas: 

1. Contractor shall be responsible for meeting all landowner 
requirements and state and federal requirements for use and 
reclamation of land for borrow areas. 

1.5 PRESERVATION OF TREES 

A. Preservation: 

1. All trees and shrubbery which are not specifically required to 
be cleared or removed for construction purposes shall be 
preserved and shall be protected from any damage that may 
be caused by the Contracto(s construction operations and 
equipment. 

B. Restoration of damage: 

1. The Contractor shall be responsible for restoration of any 
injuries fc trees and shrubs that occur beyond the defined 
work areas caused by his operations. 

1.6 ABATEMENT OF WATER POLLUTION 

A. General requirements: 

1. The Contractc(s construction activities shall be performed 
using means and methods that will prevent entrance, or 
accidental spillage of solid matter, contaminants, debris, and 
other objectionable pollutants (Including soil) and wastes into 
flowing steams and rivers, dry watercourses, irrigation 
systems, Impoundments (lakes, reservoirs, etc.), wetlands 
and underground water sources. Design, selection, and 
implementation of means and methods are the Contractor's 
responsibility. 

ENVIRONMENTAL QUALITY PROTECTION 
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- 2. Oewatering work for operations adjacent to, or encroaching 
on, streams, watercourses, or wetlands will be conducted 
using means and methods that prevent "muddy" or turbid 
water and eroded materials from entering the streams, 
watercourses or wettands. Example means and methods 
Include construction of intercepting dttches, bypass 
channels, barriers, settling ponds, or other approved means 
to protect water quality. 

3. Excavated materials shall not be stockpiled or depostted 
near or on stream banks, lake shorelines, or other 
watercourse perimeters where they are susceptible to being 
washed away by high water or storm runoff or where they in 
any way encroach upon the actual watercourse ttself. 

4. Waste or disposal areas and construction roads shall be 
located and constructed in a manner that will keep sediment 
from entering streams, watercourses, or bodies of water. 

5. Fording of live streams or rivers will not be permitted. 
Unless otherwise approved in writing by the Company, 
mechanized equipment shall not be operated in live bodies 
of water. 

6. Turbidily in a stream or other bodies of water due to 
construction activities shall be in full compliance with 401 
Carllffcatlon conditions. 

7. The Contractor shall be solely responsible for selection and 
Implementation of all means and methods necessary to 
ensure that water quality standards are maintained with the 
limits permitted by State Water Quality Standards. 

8. Wastewaters from construction operations shall not be 
allowed to enter streams, watercourses, or other surface 
waters without the use of such turbidity control methods that 
wm prevent the water from exceeding State Water Quality 
Standards. Examples of means end methods include 
settling ponds, grave~filter entrapment dikes, approved 
flocculating processes that are not harmful to f1&h, 
recirculation systems for washing of aggregates, oil water 
separators and others. 

ENVIRONMENTAL QUALllY PROTECTION 
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9. The Contractor is solely responsible for designing, 
constructing, operating, and maintaining all necessary 
pollution control measures in a sale and systematic manner, 
and for repairing any damage to, or failure of, the pollution 
control measures caused by floods or storm runoff. 

B. Compliance with laws and regulations: 

1. The Contractor shall comply wi1h all applicable Federal, 
State and local laws, order, and regulations. 

2. Contractor shall comply with Water Pollution Control Act 
(WPCA), Public Law 92-500, October 18, 1972. 

1.7 ABATEMENT OF AIR POLLUTION 

A. The Contractor shall comply with ail applicable Federal, State, and 
focal laws and regulations. 

B. The Contractor shall provide and implement such smoke and dust 
control measures as are necessary to comply with the applicable 
rules, regulations and standards to prevent undue air pollution and 
hazardous traffic conditions. 

C. In conduct of construction activities and operation of equipment, the 
Contractor will utilize methods and devices available to control, 
prevent, and otherwise minimize atmospheric emissions or 
discharges of air contaminants. 

D. Burning of materials resulting from clearing of trees and brush, 
combustible construction materials, and rubbish will not be 
permitted on site. 

E. Storage and handling of flammable and combustible materials, 
provisions for lire prevention, and control of dust resulting from 
construction operations shall be in accordance with the applicable 
State Regulations. 

1.8 DUST ABATEMENT 

A. During the performance of the work required by these Contract 
Documents or any operations, appurtenant thereto, the Contractor 
shall furnish ail the labor, equipment, materials, and means 
required, and shall carry out proper and efficient measure wherever 

ENVIRONMENTAL QUALITY PROTECTION 
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and as often as necessary to reduce the dust nuisance, and to 
·- prevent dust which has originated from his operation. 

1,9 CLEANUP AND DISPOSAL OF WASTE MATERIALS 

A. There shall be no disposal of waste materials on site unless 
approved by the Company in writing. 

B. The Contractor shall maintain the site in an orderly workmanlike 
manner. Accumulated debris and trash Shall be disposed of off site 
at a commercial location on a periodic basis or as specified by the 
Company. Waste oil shall be collected and disposed of off site and 
shall ·not be dumped or spilled on the ground. Oil-contaminated soil 
will be excavated and disposed of off site in accordance with 
Federal, State and local requirements. 

C. After completion of construction, all remaining debris and other 
foreign materials shall be removed from the construction site and 
temporary construction areas and properly disposed of off site by 
the Contractor in a commercial site in compliance with appropriate 
laws and regulations. 

D. Cleanup of temporary construction roads, regardless of location, 
shall include smoothing and grading of the ground surtace to 
eliminate ruts for erosion prevention and the trimming and 
smoothing of eroded or caved slopes of cuts or embankments to 
stable conditions as determined by the Company. 

1.10 TEMPORARY EROSION CONTROL MEASURES 

A. Work that requires placement of erosion controls shall be planned 
and executed to minimize disturbance. Erosion control measures 
will be installed as described in the SWPPP using Bast 
Management Practices (BMPs). 

B. Requirements for placement of erosion control measures to 
minimize and control erosion and optimize protection of on-site and 
off-site areas during Iha construction will be completed using 
BMP's. 

C. Erosion controls will be used to minimize erosion and to aid in the 
establishment of a saed cover will be completed using BMP's, 

D. The Contractor shall maintain erosion and sediment control at all 
times during completion and occupation of construction. Additional 

ENVIRONMENTAL QUALITY PROTECTION 
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erosion controls determined to be necessary by the Company will 
be implemented by the Contractor and shall comply with the Intent 
of the SWPPP using BMP's. 

1. 11 MAINTENANCE 

A. All erosion controls will be inspected by the Contractor at least 
weekly and after every storm event and repaired where damaged 
or eroded. Sediment deposits shall be removed before reaching 
one-haH the height of the barrier and sediment deposits shall be 
disposed of in conformance with local, Stale, and Federal 
regulations. 

B. The Contractor shall maintain the erosion control measures until all 
work on the contract has been completed and accepted. 

C. Inspections and maintenance shall be in accordance with the 
SWPPP. 

PART2 PRODUCT 

Not Used. 

PART3 EXECUTION 

Not Used. 

END OF SECTION 01100 

ENVIRONMENTAL QUALITY PROTECTION 
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PART 1 GENERAL 

1.1 SECTION INCLUDES 

Section 01300 
SUBMITTAL$ 

A. Submittal Procedures 

B. Product Data, Shop Drawings, and Samples 

C. Miscellaneous Submlttals 

1. Construction Permits 

2. Manufacturers' Instructions 

3. Manufacturers' Certificates 

4. Tests and Test Repor1s 

5. Standards 

t .2 RELATED SECTIONS 

Not used. 

1.3 DEFINITIONS 

Work-related submlttals of this Section are categorized for convenience as follows: 

A. Product Data: Product Data includes standard printed information 
on materials, products and systems not specially prepared for the 
Work, other than designation of selections from among available 
choices printed therein. 

B. Shop Drawings: Shop Drawings include specially prepared technical 
data for the Work, Including drawings, diagrams, performance 
cuNes, data sheets, schedules, templates, patterns, repons, 
calculations, instructions, measurements and similar information not 
in standard printed form for general application to other contracts. 

C. Samples: Samples include both fabricated and unfabricated 
physical examples of materials, products and units of Work; both as 

SUBMITTALS 
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complete units and as smaller portions of units of Work; either for 
limtted visual inspection or (where indicated) for more detailed testing 
and analysis. 

Miscellaneous Submittals: Miscellaneous Submittals related directly 
to the Work (non-administrative) include construction permits, 
Stormwater Pollution Prevention Plan (SWPPP) requirements, Spill 
Prevention Control and Countermeasures Plan (SPCC), warranties, 
maintenance agreements, workmanship bonds, project photographs, 
survey data and reports, physical Work records, quality testing and 
certifying reports, copies of industry standards, records, drawings, 
field measurement data, operation and maintenance materials, 
overrun stock; and similar information, devices and materials 
applicable to the Work and not processed as Product Data, Shop 
Drawings or Samples. 

1.5 QUALITY ASSURANCE 

A. The Engineer shall review submittals only for general conformance 
with the design concept. Such review by the Engineer shall not 
relieve the Contractor or any subcontractor of responsibility for full 
compliance with Contract requirements; for correctness of 
dimensions, clearances and material quantities; for proper designing 
of details; for proper fabrication and construction techniques; for 
proper coordination wtth other trades; and for providing all devices 
required for safe and satisfactory construction and operation. 

B. Submittals reviewed by the Engineer and returned to the Contractor 
will be marked wtth one of the following designations: 

,. Approved 

2. Approved as Noted 

3. Revise and Resubmit 

4. Rejected 

C. The Contractor shall not proceed with procurement, manufacture or 
fabrication of Items for review until such submittals have been 
designated by the Engineer as 'Approved' or "Approved As Noted,' 
unless specifically authorized to do so by the Engineer in writing. 

D. Processing of Accepted Submiltals: 

SUBMITTALS 
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1. Each copy of the submittal so designated by the Engineer will 
be identified accordingly by being so stamped and dated. 

2. One reproducible copy will be returned. 

3. Construction shall be carried out in accordance lherewtth and 
no further changes made therain except upon written 
instructions from the Engineer. Final drawings (paper, mytar, or 
electronic) and/or microfilms shall be submitted to the Owner 
as specified in these Contract Documents. 

E. Processing of Submitlals not Approved: 

1. If corrections to the submittals are required, minimum of one 
reproducible copy will be ratumed to the Contractor for 
corraction. 

2. Resubmissions will be handled in the same manner as first 
submissions. Direct specific attention, in writing or on the 
resubmitlal, to revisions other than the corrections requested by 
the Engineer on pravious submittels using the notation 
specified in Paragraph 3.1.A of this Section. 

3. The Contractor shall promptly notify the Engineer, ff any 
correction or notation indicated on submittals constitutes a 
change of the Contract requiraments. 

4. Work indicated on submittals marked • Approved as Noted' 
may be carried out in accordance with all notations, prior to 
resubmission and final review. 

1.6 SUBMITTAL SEQUENCING AND SCHEDULING 

A. Coordinate preparation and processing of submittals with 
performance of the Work so that Work will not be delayed by 
submittal review process. 

B. Coordinate and sequence different categories of submiltals for the 
same Work, and for interfacing unns of Work, so that one will not be 
delayed for coordination with another. 

C. The Contractor shall make all submitlals far enough in advance of 
scheduled installation dates to provide ell time required for reviews, 
for possible revisions and resubmitlals, and tor placing orders and 
securing delivery. 

SUBMITTALS 
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1.7 CONSTRUCTION PROGRESS SCHEDULES 

A. Submtt initial baseline construction schedule in triplicate within 1 o 
days after award of contract for Engineer review as required by the 
Standard General Conditions and the Special Conditions. 

B. Submit work progress schedule update with each Application for 
Payment, comparing actual progress to original baseline schedule. 

C. Indicate estimated percentage of completion of each Item of work at 
each submission. 

t.B SUBMITTAL$ 

A. Submittal requirements are presented in each appropriate section. 

PART 2 PRODUCTS 

Not used. 

PART 3 EXECUTION 

3.1 SUB MITT AL PROCEDURES 

A. All submittals shall be transmitted with pre-printed letter of transmittal 
form of Contractofs choosing, dated and signed, with the job title 
and Section(s) of the Specification requiring the submittal clearly 
indicated. The forms shall be sequentially numbered. Resubmittals 
shall have the original number together with an alphabetic suffix (A, 
B, ... ) indicating the number of resubmittals, where appropriate. 

B. The Contractor shall certify by signing the submittal that review, 
verification of products required, field dimensions and coordination of 
information Is in accordance with the Work as specific in the Contract 
Documents. 

C. Submittals shall be processed in accordance with this section. 

D. Identify specific variations from the Contract Documents and Product 
or system limitations which conflict or may be detrimental to 
successful performance of the completed Work. 

E. Provide space for the Contractor and Engineefs review stamps. 
Submittals shall contain Contractofs executed review and approval 

SUBMITTAL$ 
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marking. Submittals which are received from sources other than 
through Contracto(s office or do not contain the Contracto(s 
approval marking will be returned 'without action.' 

Revise and submit resubmittal as required and identify all changes 
made since the previous submittal. Submission of resubmittals shall 
be performed in a similar manner as that of the submittals described 
in Paragraph 1.5 of this section. 

Distribution: 

1. A minimum of 6 copies of each submittal are required, and 2 
copies (or one reproducible) will be returned to the Contractor. 

2. Distribute copies of reviewed submittals to all subcontractors 
whose work will interface with the subject of the submittal. 

3. Provide addttional distribution of submittals (not included in 
other copy submittal requirements specified in this Section) to 
subcontractors, suppliers, fabricators, installers, governing 
authorities and others as necessary for performance of the 
Work. 

4. Include such addttional copies in transmittal to Engineer where 
required for status before final distribution, and show such 
distribution on transmittal form. 

3.2 PRODUCT DATA, SHOP DRAWINGS, AND SAMPLES 

A. Product Data: 

1. Collect required data into one submittal for each unit of Work or 
system; and mark each copy to show which choices and 
options are applicable to the Work. Include manufacturefs 
standard printed recommendations for application of labels and 
seals, notatiOn of field measurements which have been 
checked, and special coordination requirements. 

2. Maintain one set of Product Data (for each submittal) at project 
site, available for reference by Engineer and others. 

3. Mark each copy to identify applicable products, models, 
options, and other data. Supplement manufacturers' standard 
data to provide all information unique to this Project. 

SUBMITTALS 
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4. After review, distribute in accordance with paragraph 3.1 of lhis 
section. 

B. Shop Drawings: 

1. Submit the number of opaque reproductions which Contractor 
requires, plus two copies which will be retained by Engineer. 

2. After review, reproduce and distribute in accordance with 
Paragraph 3.1 of this section and for Record documents 
described in Section 01700 - Contract Closeout. 

C. Samples: 

1. Provide untts identical with final condition of proposed materials 
or products for Iha Work. 

2. Include 'range" samples {not less than three untts) where 
unavoidable variations must be expected, and describe or 
identify variations that must be expected, and describe or 
identify variations between units of each set. 

3. Provide full set of optional samples where the Companys 
selection is required. Prepare samples to match the 
Company's sample where so Indicated. 

4. Include infonnation with each sample where so indicated. 
Include lnfonnation with each sample to show generic 
description, source or product name and manufacturer, 
limttations, and compliance with standards. Samples are 
submitted for review and confinnation of color, pattern, texture, 
and 'kind' by the Company. 

5. Engineer will not 'lesr samples (except as otherwise indicated) 
for compliance with other requirements. Confonnance with the 
Contract Documents is lhe exclusiVe responsibiltty of Iha 
Contractor. 

3.4 MISCELLANEOUS SU BM ITT ALS 

A. Construction Pennits: 

1. Acquire, maintain, and submit copies of all construction pennits 
that are required to execute the Work. 

B. Manufacturers' Instructions: 

SUBMITTALS 
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1. When specified in individual specification Sections, submit 
manufacturers' printed instructions for delivery, storage, 
assembly, ins1allation, start-up, adjusting and finishing in 
quantities specified herein. 

2. Identify any conflicts between manufacturers' instructions end 
Contract Documents. 

C. Manufacturers' Certificates: 

1. When specified in individual specification Sections, submit 
manufacturers' certificates to Engineer, in quantities specified 
herein. 

2. Indicate that a material or product conforms to or exceeds 
specified requirements. Submit supporting reference data, 
affidavits, and certif1CBtions as appropriate. 

3. Certificates may be recent or previous test resuns on material 
or Product, but must be aoceptable to Engineer. II these are 
outdated and/or not acceptable to Engineer, the Contractor 
shall submit to the Engineer the new certificates and test 
results on materials or product. 

D. Tests and Test Reports: 

1. Classify each as either "project related' or Product Data, 
depending upon whether report is uniquely prepared for project 
or a standard publication of wor1<manship control testing at 
point of production, and process aocordingly. 

2. All test equipment used shall be verified to be in calibration at 
the time of each test and test reports shall so Indicate. No test 
shall be made without such verification. 

E. Standards: 

1. 

2. 

Where copy submltlal is indicated, and except where specified 
integrally wi1h Product Data submittal, submit a single copy for 
Englnee(s use. 

Where wor1<manship at project site and elsewhere Is governed 
by standards, furnish additional copies to fabricators, ins1allers 
and others involved in performance of the work. 

END OF SECTION 01300 
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Section 01400 
QUALrrY CONTROUQUALITY ASSURANCE 

PART1 GENERAL 

1.1 

This section shall apply to all Contracto(s activities performed under this 
oontract and includes: 

A. Execution 

B. Quality Control Plan 

C. Quality Control Organization 

D. Submillals 

E. Control 

F. Tests 

G. Documentation 

H. Cost of Testing 

EXECUTION 

A. The Contractor is responsible for quality control and shall establish 
and maintain an effective quality control system in aooordance wtth 
these specttications. The quality control system shall consist of 
plans, procedures, and organization necessary to produce an end 
product which complies with the Contract requirements. The 
system shall cover all construction operations, both on-site and off. 
site, and shall be coordinated with the proposed construction 
sequence. 

1.2 QUALITY CONTROL PLAN 

A. The Contractor shall furnish for review by the Company, not later 
than 15 days after receipt of Notice of Award, the Contractor 
Quality Control (CQC) Plan proposed to Implement the 
requirements of the Speciflcations. The plan shall identify 
personnel, procedures, equipment, control, instructions, tests, 
records, and forms to be used in the Contractofs performance of 
the work. 

QUALITY CONTROUQUALITY ASSURANCE 
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B. The CQC plan shall include the following to cover all construction 
operations, both on-site and off-site, including work by 
subcontractors, suppliers and purchasing agents: 

1. A description of the quality control organization with an 
organization chart and acknowledgment that the COC staff 
shall implement the control system for all aspects of the 
work specffled. The staff shall include a cac system 
manager who shall report to the individual with 
responsibilily for the overall management of the project 
including quality and production, or higher level. 

2. The name, qualtticalions, duties, responsibilities, and 
authorities of each person assigned a CQC function. 

3. Procedures for scheduling, reviewing, certttying, and 
managing submittals, including those of subcontractors, 
fabricators, suppliers and agents. 

4. Control, verification and acceptance testing procedures for 
each specific test to include the test name, specfflcation 
paragraph requiring test, feature of work to be tested, test 
frequency, and person responsible for each test. 

5. Procedures for tracking construction deficiencies from 
identttication through acceptable corrective action. These 
procedures will establish verification that identttied 
deficiencies have been corrected. 

6. Reporting procedures, including proposed reporting 
formats. 

7. No fieldwork shall be conducted until the Company's 
acceptance of the Contractor's CQC plan. Acceptance is 
conditional on satisfactory performance during 
construction. The Company reserves the right to require 
the Contractor to make changes in the COC plan and 
operations including removal of personnel, as necessary, 
to obtain the qualify specified. 

s. After acceptance of the CQC plan, the Contractor shall 
nottty the Company in writing a minimum of seven (7) 
calendar days prior to any proposed change. 

QUALITY CONTROUQUALITY ASSURANCE 
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1 .3 QUALITY CONTROL ORGANIZATION 

A. The Contractor shall identify a CQC Manager who shall be 
responsible for overall management of CQC and have the authority 
to act in all COC matters for the Contractor. The COC manager 
shall be a professional in construction management, with a 
minimum of five (5) years construction experience on similar type 
construction projects, and will be employed by the Contractor. The 
CQC Manager shall be on the site at all times during construction, 
except as noted in the following. An attemate for the CQC 
Manager will be identified in the plan to serve in the event of the 
managefs absence. The requirements tor the alternate will be the 
same as for the designated CQC manager. 

B. The Contractor shall provide as part of the CQC organization, 
support personnel to assist and report to the CQC system 
manager. Each person will be responsible for assuring the 
construction complies with the contract requirements for their area 
of specialization. These individuals shall be present at the 
construction site during work on their areas of responsibility; and 
have the necessary education and/or experience to ensure contract 
compliance. These personnel may perform other duties, but must 
be fully qualltied by experience and technical training to perform 
their assigned QC responsibilities and must be allowed sufficient 
lime to carry out these responsibillties. The CQC plan will clearly 
state the duties and responsibilities of each staff member. 

1.4 SUBMITTALS 

The CQC organization shall be responsible tor certifying that all submittals 
are in compliance with the contract requirements. The submittals shall be 
professional, concise, with correct spelling and grammar, and ready for 
submittal to the Federal Energy Regulatory Commission. 

1.5 CONTROL 

A. Contractor Quality Control Is the means by which the Contractor 
ensures that the construction, including that of subcontractors and 
suppliers, complies with the Contract requirements. The controls 
shall cover all construction operations, including both on-site and 
off-site work, and will be keyed to the construction sequence. The 
controls shall include two phases to be conducted by the CQC 
manager for all definable features of work, as follows: 

QUALITY CONTROL/QUALITY ASSURANCE 
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B. Preparatory Phase. This phase shall be performed prior to 
beginning work on each definable 1eature of work and shall include: 

1 A review of each paragraph of applicable specHications. 

2. A review of the contract plans. 

3. A check to assure that all materials and/or equipment have 
been tested, submitted, and approved. 

4. A check to assure that provisions have been made to 
provide required control inspection and testing. 

5. Examination o1 the work area to assure that all required 
preliminary work has been completed and is in compliance 
with the contract. 

6. A physical examination of required materials, equipment, 
and sample work to assure that they are on hand, conform 
to approved shop drawings or submitted data, and are 
properly stored. 

7. Discussion of procedures for constructing the work. 
Document construction tolerances and workmanship 
standards for that phase of work. 

8. VerHication of required control inspection and testing. 

9. Review of the activity with the site safety personnel. 

C. Follow-up Phase. Daily checks shall be performed to assure 
continuing compliance with contract requirements, including control 
testing, until completion of the partiCUlar fea1ure of work. The 
checks shall be made a matter of record in the CQC 
documentation. Final follow-up checks shall be conducted and all 
deficiencies corrected prior to the start of additional features of 
work, which may be affected by the deficient work. The Contractor 
shall not build upon or conceal non-conforming work. 

1.6 TESTS 

A. All testing shall be performed by an independent laboratory as a 
subconsultant to the Contractor. Tests shall be performed as 
specified or as required to verify that control measures are 
adequate to provide a product which conforms to contract 

QUALITY CONTROL/QUALITY ASSURANCE 
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requirements. A list of tests to be performed shall be furnished as 
a part of the COC plan. The list shall give the test name, 
frequency, specification paragraph containing the test 
requirements, and an estimate of the number of tests required. 
The Contractor shall perform the following activities and record and 
provide the following data: 

1. Verify that testing procedures comply with contract 
requirements. 

2. Verify that facilities and testing equipment are available 
and comply with testing standards. 

3. Check test instrument calibration data against certified 
standards. 

4. Verify that recording forms and test identification control 
number system, including all of the test documentation 
requirements, have been prepared. 

5. Results of all tests taken, both passing and failing tests, 
will be recorded on the Quality Control report for the date 
taken. Specification paragraph reference, location where 
tests were taken, and the sequential control number 
identifying the test will be given. Actual test reports shall 
be submitted to the Engineer with a reference to the test 
number and date taken. 

6. The Company reserves the righf to check laboratory 
equipment for compliance with the standards set forth in 
the contract specffications and to check the laboratory 
technician"s testing procedures and techniques. 
Laboratories used for testing shall meet the criteria 
detailed in ASTM D 3740 and ASTM E 329. 

1.7 DOCUMENTATION 

A. The Contractor will prepare a written report every two weeks on his 
CQC program for submittal to the Company and Engineer that will 
include, as a minimum, the following: 

1. Construction Progress Schedule: Report important critical 
events and dates, such as start and completion of 
construction actMties. Show actual progress compared to 
scheduled progress. 

QUALITY CONTROLJOUALITY ASSURANCE 
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2. Sources of Major Construction Materials: Provide 
information on the sources from which major construction 
materials and equipment are being obtained including all 
materials and equipment that may have an important 
bearing on the safety and efficiency of the project works. 

3. Problem Areas: OiSCllss problems encountered and 
resolution thereof, and potential problem areas in 
upcoming scheduled work. 

4. The repons shall be professional, concise, with correct 
spelling and grammar, ready tor submittal to the Company, 
Engineer and Federal Energy Regulatory Commission. 

B. The Contractor shall maintain current records of quality control 
operations, activities, and tests performed, including the work of 
subcontractors and suppliers. These records shall be on a form 
acceptable to the Company and the Stte Representative and shall 
include factual evidence that required quality control activities 
and/or tests have been performed, including but not limited to the 
following: 

1. Contractor/subcontractor and their area of responsibility. 

2. Operating planVequipment with hours worked, idle, or 
down tor repair. 

3. Work performed today, giving location, description, and by 
whom. 

4. Test and/or control activities performed with results and 
references to specifications/plan requirements. The 
control phase should be identified (Preparatory, Initial, 
Follow-up). List deficiencies and corrective action. 

5. Material received wtth statement as to its acceptability and 
storage. 

6. Identify submlttals reviewed, wtth contract reference, by 
whom, and action taken. 

7. Off-stte surveillance activities, including actions taken. 

QUALITY CONTROL/QUALITY ASSURANCE 
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8. Job safety evaluations stating what was checked, results, 
and instructions or corrective actions. 

9. List instructions given/received and conflicts in plans 
and/or specifications. 

1 O. These records shall include a description of trades working 
on the project; the number of personnel working; weather 
condttions encountered; and any delays encountered. 
These records shall cover both conforming and deficient 
features and shall Include a statement that equipment and 
materials incorporated in the work and workmanship 
comply with the contract. The original and one copy of 
these records in report form shall be furnished to the 
Company daily, except that reports need not be submitted 
for days on which no work is performed. Reports shall be 
signed and dated by the CQC manager, and shall include 
copies of test reports ;1nd copies of reports prepared by all 
subordinate quality control personnel. 

C. Except as specttically required under detailed material 
specifications, tests will be made by the Contractor in accordance 
with the commonly recognized standards of United States national 
organizations. The Contractor, when requested by the Company or 
Engineer, shall furnish samples of all materials as required by the 
Engineer for testing withoU1 charge. No material shall be used 
unless ii has been approved by the Engineer. Where inspection 
and testing are lo be conducted by an independent laboratory or 
agency, the sample or samples of materials to be tested shall be 
selected by such laboratory or agency or the Engineer and not by 
the Contractor. 

D. When requested, the Contractor shall furnish access, facilities and 
labor assistance as necessary for the duties to ba performed by the 
testing laboratory, insp&clor and Engineer or Company, including 
scaffolding, ladders, hoists, temporary lighting, safety equipment 
and procedures, temporary water supply and similar equipment and 
services. Testing by the Company and/or Engineer is for spot-
checking of the Contractor's Quality Control and Quality Assurance 
measures, and does not relieve the Contractor of his 
responsibilities. 

E. Contractor is responsible to provide material certifications for all 
material furnished by the Contractor and used in the work. If 
certifications cannot be produced, tests to confirm the 

QUALITY CONTROL/QUALITY ASSURANCE 
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characteristics of the materials are required. The Company may 
conduct its own independent tests. The Contractor shall cooperate 
fully with the Company by providing Items for testing or retesting. 

Test Reports: All tests specified shall be provided to the Company. 
Unless otherwise specttied, three copies of each report shall be 
submitted to the Engineer for record. The results of any tests 
performed are for the information of the Company and Engineer. 
Regardless of any test results, the Contractor is solely responsible 
for the quality of workmanship and materials and for compliance 
with the requirements of the Drawings and Specifications. 

At the conclusion of the Work, the Contractor shall compile three 
(3) copies of the complete Quality Control and Quality Assurance 
documentation. These copies will be submitted to the Company tor 
submittal to the Federal Energy Regulatory Commission. 

1.8 COSTS OF TESTING 

A. The Contractor shall subcontract all testing to an independent 
laboratory and shall be responsible for and shall pay for all tests for 
quality control, except as specified otherwise. The Company and 
Engineer shall have the right to witness all tests. 

B. When, in the opinion of the Engineer, additional tests or 
inspections are required because of the manner in which the 
Contractor executes his work, such addltional costs thereof will be 
paid for by the Contractor. Examples of such additional tests and 
inspections are tests of materials substituted for previously 
accepted materials or substituted for specified materials or re-tests 
made necessary by failure of material to comply with the 
requirements of the Specifications. 

C. Company shall pay the costs of any testing performed for spot-
checking the Contracto(s Quality ControVQuallty Assurance 
procedures, provided resutts of such tests are satisfactory. If 
results of such tests are unsatisfactory, Contractor shall make 
necessary adjustments and bear the cost of the original testing and 
retesting until satisfactory results are achieved. 

ENO OF SECTION 01400 
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Section 01500 
CONSTRUCTION FACIUTIES AND TEMPORARY CONTROLS 

PART 1 GENERAL 

1. 1 SECTION INCLUDES 

A. Temporary Utilities: Polable water, and sanitary facilities. 

B. Temporary Controls: Enclosures and fencing, and protection of the 
Work. 

C. Construction Facilities: Stockpile and equipment storage areas, 
equipment maintenance facilities, field office facilities, temporary 
construction roads, parking, progress cleaning, and project signage. 

1.2 RELATED SECTIONS 

A. Section 01700 • Contract Closeout 

1.3 TEMPORARY ELECTRICITY 

A. Provide temporary power for Contracto(s field office. Maintain and 
pay for all electricity required for the field offices. 

B. The Contractor is responsible for all coordination with the power 
company, work and costs to complete and maintain temporary 
hookups. 

1.4 TEMPORARY LIGHTING 

A. Provide and maintain lighting as needed for construction operations. 

1.5 TEMPORARY HEAT 

A. Provide heat devices and heat as required to maintain specified 
conditions for construction operations. 

1.6 TEMPORARY VENTILATION 

A. Ventila1e enclosed areas 1o assist cure of materials, to dissipate 
humidity, and to prevent accumulation of dust, fumes, vapors, or 
gases. 

CONSTRUCTION FACILITIES AND TEMPORARY CONTROLS 
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1.7 TELEPHONE SERVICE 

A. Provide, maintain and pay for telephone service to Contracto(s field 
office. 

1.8 TEMPORARY WATER SERVICE 

A. Provide fresh, sanitary drinking water. 

1.9 TEMPORARY SANITARY FACILITIES 

A. Provide and maintain sanitary facilities for all project field staff. 

1.10 BARRIERS 

A. Provide barriers around all excavations or obstructions to prevent 
accidents and protect Work, apparatus, equipment, and material 
from theft and accidental or other damages, and make good any 
damages thus occurring at no cost to the Company. 

1.11 SECURITY 

A. Provide security and faciltties to protect Work and Company's 
operations from unauthorized entry, vandalism, or theft. 

B. Coordinate with the Company and maintain locked gates as 
required. 

C. Protect installed Work and provide special protection where specified 
in individual specification Sections. 

1.12 ACCESS ROADS 

A. Construct and maintain temporary roads accessing public 
thoroughfares to serve construction area, with the Company's 
approval and in accordance with all Federal, state, and local 
requirements. 

B. Extend and relocate as Work progress requires. 

C. Construct, maintain, and reclaim temporary construction roads for 
access to borrow areas, and for other purposes required for the 
Work, in accordance with the requirements of the speclficatiOns. 

D. Indiscriminate construction of roads and travel will not be permitted. 

CONSTRUCTION FACILITIES AND TEMPORARY CONTROLS 
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1.13 PROGRESS CLEANING 

A. Maintain areas free of waste materials, debris, and rubbish. Maintain 
site in a clean and orderly condition. 

B. Remove waste materials, debris, and rubbish from site daily and 
dispose off-site. 

C. Do no1 allow any condition to exist during construction which creates 
a nuisance; e fire hazard; en environment Injurious to water quality, 
air quality, health or safety; or en attraction for children, animals, 
birds, rodents, etc. 

D. Failure to comply wi1h the above requirements after due and proper 
notice has been given by the Company will be sufficient grounds for 
the Company to proceed to clean up such material and debris, make 
repairs and charge same to the Contractor. 

1.14 CONTRACTOR FIELD OFFICES AND SHEDS 

A. Contraclo(s Field Off,ce: Weather tight, with lighting. Mechanical 
equipment and furniture are at the Contracto(s option. Reid office 
shall be iOCated In the staging area. 

B. Provide space for Project meetings, with table and chairs lo 
accommodate B persons. 

C. Provide sheds for storage of tools and equipment as needed. 

D. Temporary Buildings Erected by Contractor: Contractor may erect 
temporary buildings on the job site for such purposes as offices, 
warehousing, craft change rooms, and fabrication shops. The 
location and design Of these buildings will be subject lo approval by 
the Company and landowner as appropriate. 

Trailers or semi trailers parked by Contractors on the job site shall 
be subject to Company's approval as to type and condition. 
Dilapidated trailers and semi trailers are prohibited. No utilities are 
permitted In semi trailers. Contracto(s trailers and semi trailers 
shall be located In an area approved by the appropriate landowner. 

CONSTRUCTION FACILITIES AND TEMPORARY CONTROLS 
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E. 

Upon completion of the Contractor's work, eny temporary buildings 
must be removed including any concrete slabs or any underground 
utilities installed by 1he Contractor, unless otheiwise determined by 
the Company, in writing. 

Land Use: 

1. The Contractor will be permitted to use, without charge, for 
construction purposes, Contractor use areas as approved by 
1he Company. 

2. If additional land is needed, the Contractor shall make all 
necessary arrangements with the Company and individual 
landowners and shall pay all rentals or other Contractor 
asaoclated costs. 

3. Staging, storage and laydown areas for Contractor equipment 
and tool trailers can be established within the designated work 
area adjacent to the dam and the South Dike. 

1.15 ENGINEER FIELD OFFICE 

A. Provide e furnished 8' x 1 O' office within the Contractor's office for 
the exclusive use of the Company and Engineer. Furnishings shall 
include desk, two chairs, booksheff and a four-drawer file cabinet. 

1.16 REGULATORY REQUIREMENTS 

A. All temporary facilities and controls shall conform to applicable 
provisions of all local, state and federal laws. 

1.17 SUBMlTT ALS 

A. A plan for staging, storage and laydown erees shall be developed for 
review and approval by the Company. 

1.18 REMOVAL OF UTILITIES, FACILITIES, AND CONTROLS 

A. The Contractor shall not remove any existing or temporary facilities 
that affect others without approval by the Company. 

B. Remove temporary above grade or buried utilities, equipment, 
facilities, materials, prior to Substantial Completion inspection. 

CONSTRUCTION FACILITIES AND TEMPORARY CONTROLS 
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C. Clean and repair damage caused by installallon of or use of 
temporary work. 

D. Restore existing and permanent facilities used during construction to 
original condition. Restore permanent facilities used during 
construction to specified condition. 

1.19 OWNER FACILITIES AND OPERATIONS 

A. Contractor shall provide the Company access to the stte facilities at 
all times. 

B. Any damage to the Company"s facilities caused by the Contracto(s 
activitles shall be repaired by the Contractor. Any resulting financial 
loss to the Company wlll be reimbursed by the Contractor. 

PART 2 PRODUCTS 

Not used. 

PART 3 EXECUTION 

Not used. 

END OF SECTION 01500 

CONSTRUCTION FACILITIES AND TEMPORARY CONTROLS 
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PART1 

Section 01505 
MOBILIZATION AND PREPARATORY WORK 

GENERAL 

1.1 SECTION INCLUDES 

A. All facilities and equipment that are established at, or brought to, 
the wor1< site shall be deemed to be subject to the provisions of this 
paragraph, unless the Company specttically provides otherwise in 
writing for a particular item or items. The Contractor shall be solely 
responsible for the adequacy, efficiency, use, protection, 
maintenance, repair, and preservation of all lacillties and 
equipment. No facilities or equipment shall be dismantted or 
removed from the wor1< site before completion of the wor1< under the 
contract without written permission of the Company. 

B. All facilities and equipment on the wor1< site shall also be subject to 
the Company's right to take possession of and utilize the same for 
the purposes of completion of the work should the Contractofs right 
to proceed be terminated. In addition, any encumbrance, lien, or 
other security interest on any such facilities or equipment shall be 
subordinated to the Company's rights. 

1.2 SUBMITTAL 

A. 

PART2 

Not used. 

PART3 

Not used. 

Submit in accordance with Section 01300: Submitlals. 

PRODUCTS 

EXECUllON 

END OF SECTION 01505 

MOBILIZATION AND PREPARATORY WORK 
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PART1 

1.1 

Section 01515 
DIVERSION, CARE OF DRAINAGE AND DEWATERING 

GENERAL 

SECTION INCLUDES 

A. Diversion. 

B. Dewatering of foundations and excavations. 

C. Care for water entering and leaving the Au Train Drainage. 

1.2 RELATED SECTIONS 

A. SectiOn 01060 • Regulatory Requirements. 

B. Section 01100 • Environmental Quality ProtectiOn 

C. Section 01300 • Submittals. 

D, Section 02220 - Excavation, Fill Placement and CompaC1ion . 

1.3 SYSTEM DESCRIPTION 

A. System Requirements 

1. Design diversion and sediment control facilities to divert water 
around 1he construC1ion area, or convey through the area in a 
controlled manner, end to control the quality of water leaving 
the construC1ion area from diversion, dewatering end 
Contractor operations. 

2. Furnish, install, maintain, and operate ell diversion structures, 
pumps and other equipment for diversion end removal of water 
from the various parts of the work areas end to maintain water-
free work areas. 

B. Diversion and Erosion Control Requirements 

1. Divert inflows from streams and seeps away from the Work. 

2. Divert surface water away from excavated areas. 

DIVERSION, CARE OF DRAINAGE AND DEWATERING 
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3. Intercept runoff from construction areas, soil stockpiles and 
other disturbed areas, and divert into sediment settling ponds 
and water quality control facilities to prevent runoff from 
contaminating the drainage. 

4. Construct all diversion and erosion control facil!Ues to protect 
facilities from erosion or damage. 

5. Maintain the required flood handling capacity throughout 
construction. 

6. Construct facilities as needed to maintain water quality from 
diversion, drainage, dewatering and all construction activities In 
compliance with the NPOES permit. 

7. Do not begin construction until the Spill Prevention Control and 
Countermeasure Plan has been developed and implemented. 

C. Oewatering Requiremen1s 

1 . Dewater in a manner that will prevent loss of fines, will maintain 
stability of the excavated slopes and bottom of excavations. 
and will allow the Work to be performed in the dry. 

2. Dewater by lowering and keeping groundwater level below Iha 
general bottom of excavations. 

3. Methods of dewatering and controlling groundwater, Including 
design and implementation, are the full responsibility of the 
Contractor. 

4. Furnish, install, maintain, and operate ail pumps and other 
equipment for diversion/removal of water from the various parts 
of the work areas and the maintenance of water-free work 
areas. 

1.4 SUBMITTALS 

A. Diversion Plan 

1. Plan for diversion for protecting the Work from a storm with at 
least a 10-year recurrence Interval and without violating water 
quality requiremen1s. 

DIVERSION, CARE OF DRAINAGE AND DEWATERING 
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B. Toe Drain Dewatering 

1. Plan for controlling groundwater for toe drain excavation in 
accordance with Section 02220 Excavation, Fill, Placement and 
Compaction. 

1.5 PROJECT/SITE CONDITIONS 

A. Employ a designated on-site water pollution control specialist to 
monitor water quality conditions, including the following: 

1. Ensure all water quality protection and erosion control facilities 
are designed, constructed and maintained to avoid water 
quality standards violations. 

2. Ensure that any sediment problems Including, but not limited 
to, those associated with borrow excavation, road construction, 
and stockpiling, are promptly corrected and their impacts 
mitigated. 

3. Pertorm monitoring as required by any permits to construct, 
install or modify public water supplies, wastewater facilities and 
other facilities capable of causing or contributing to pollution. 

4. Monitor and modify construction practices, as necessary, to 
protect water quality. 

B. The Contractor shall be responsible for compliance with all permit 
conditions and shall be responsible for any water quality violations, 
penalties and fines resulting from construction activities. 

1.6 MAINTENANCE 

A. Maintain all diversion, water quality protection and erosion control 
facilities as needed to meet specification and permit requirements. 

B. Repair any damage resulting from diversion operations at no cost to 
the Company. 

PART2 PRODUCTS 

Not used. 

PART3 EXECUTlON 

DIVERSION, CARE OF DRAINAGE AND DEWATERING 
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3.1 EXAMINATION 

A. Verification of Condttions: Verify that Work and property upstream, 
downstream and adjacent to Work will not be damaged by waler 
quality protection, erosion and sediment control diversion operations 
and facilities. 

3.2 PREPARATION 

A. Divert surface water without causing damage to Work or property 
upstream, downstream and adjacent to Work. 

3.3 INSTALLATION 

A. Provide diversion channels, dikes, breaches, cofferdams, 
embankment channel, and other facilities as needed for diversion. 

B. Perform diversion operations so that Work is performed In dry' 
conditions. 

C. Provide silt fencing, check dams, sedimentation ponds and other 
sedimentation control and erosion control facilities as needed for 
sedimentation and erosion control and in conformance With all 
applicable permits and regulations. 

3.4 FIELD QUALITY CONTROL 

A. Provide testing and monitortng as required by the NPOES permit, 
and other permits required by these Specifications. 

B. Repair at no expense to the Company any damage to the 
foundations, structures, adjacent property, or any part of the 
diversion or protective works. 

3.5 CLEANING 

A. Altar having seMKI their purpose, remove all facilities and protective 
works or level as required by the Company so as not to lntarfere With 
the operation or usefulness of the reservoir, pipelines, channels and 
other facilities. 

ENO OF SECTION 01515 

DIVERSION, CARE OF DRAINAGE ANO OEWATERING 
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PART1 GENERAL 

Section 0161 O 
SAFETY AND HEALTH 

1.1 REFERENCES 

A. Williams-Steiger Occupation Safety and Health Act of 1970. 

B. All other applicable Federal, State and Local Safety and Health 
requirements 

1.2 CONTRACTOR'S RESPONSIBILITY 

A. Contractor shall provide a safety program which conforms to all 
applicable regulations, safety orders, and health and safety plans. 
Contractor shall be solely responsible for initiating, maintaining and 
supervising all safety precautions and programs in connection with 
the Work. 

B. Contractor must comply with all applicable federal, slate, and local 
rules and regulations, health and safety plans, and building codes 
relating to safety. 

C. Contractor shall designate a safety officer on the Site, whose duty 
shall be the prevention of accidents and enforcement of safety and 
health regulations. The name of such individual shall be posted in 
a conspicuous place. The safety office(s duties and 
responsibilities shall continue until the entire Work is completed and 
the Company has accepted the Work. 

o. Contractor shall erect and properly maintain at all times, as 
required by the conditions and progress of the Work, all necessary 
safeguards for the protection of persons and shall post danger 
signs warning against any hazardS at the Site. 

E. Contractor shall at all times conduct its Work so as to Insure the 
least possible obstruction to traffic and inconvenience to the 
general public and the residents in the vicinity of the Work. 

F. No road or street, no any part thereof, shall be closed to the public 
except with the permission of the Company and the proper 
governmental authority. 

SAFETY AND HEALTH 
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G. Temporary provisions shall be made by Contractor to insure that 
private and public driveways remain available for use and that 
proper functioning of all gutters, sewer inlets, drainage ditches and 
culverts, irrigation ditches and natural watercourses are not 
affected. 

H. Contractor shall exercise every precaution at all times for the 
protection of persons (including employees) and property which 
shall include, as needed, the use of shoring, bracing, barricades, 
guards, night watchmen, lighting and the elimination of hazardous 
conditions where possible. 

I. Contractor shall defend, indemnify and hold harmless the Company 
and its officers and agents from all claims, damages, lttigation, 
expenses, counsel laes and proceedings brought against the 
Company or its officers or agents from liabiltty imposed on the 
Company or its officers or agents by reason of any violation or 
alleged violation of the Safety Standards Act in connection with or 
arising out of these operations and activmes over which Contractor 
has management, supervision and control. The Company shall 
cooperate wtth Contractor in the event Contractor chooses to 
contest any citation, order, penalty or other enforcement action or 
liabiltty in connection therewith, which Contractor is obligated to the 
Company under the terms of this paragraph. 

J. Provide first-aid personnel and mainlain a basic first aid kit for use 
of workmen: 

1. Assure that at least one person on site for each shift has 
been trained in first aid and carries a card certifying such 
training. 

2. Provide first aid supply commensurate with size of the 
project with items necessary for first aid treatment of all 
injuries. 

3. Advise all workmen of the location of first aid supplies. 

4. Post telephone numbers of nearest hospital or ambulance 
service and lire station in conspicuous location. Advise all 
workers of location of telephone numbers. 

5. Advise all workers of the location and operation of the 
telephone on site. 

SAFETY AND HEALTH 
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6. Post "Hard Hat Area· sign at the project entrance. 

1.3 COMPANY'S RESPONSIBILITY 

A. Company or Engineer shall have no responsibility for enforcing the 
requirements referenced in Parts 1.1 and 1.2. 

1.4 SUBMITT ALS 

A. 

PART2 

Not used. 

PART3 

Not used. 

The Contracto(s Project Heatth and Safety Plan shall be submitted 
to the Engineer for information purposes only. 

PRODUCTS 

EXECUTlON 

END OF SECTION 01610 

SAFETY AND HEALTH 
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Section 01700 
_, CONTRACT CLOSEOUT 

-

PART1 GENERAL 

1.1 SECTION INCLUDES 

A. Closeout procedures 

B. Final cleaning 

c. Final approval 

D. Project record documents 

1.2 RELATED SECTIONS 

A. Section 00700 • Standard General Conditions of the Construction 
Contract 

B. Section 00800 • Special Conditions 

C. Section 01300 • Submittals 

D. Section 01500 • Construction Facilities and Temporary Controls 

1.3 CLOSEOUT PROCEDURES 

A. SubmH written certification that Contract Documents have been 
reviewed, Work has been Inspected, and that Work iS complete in 
accordance with Contract Documents and ready for Engineer and 
Company's review. 

B. Provide submittals to Engineer that are required by governing or 
other authorities. 

C. Submit final Application for Payment identifying total adjusted 
Contract Sum, previous payments, and sum remaining due. 

D. Company will accept the Work as specified in Section 01010 • 
Summary of Work. 

1 .4 FINAL CLEANING 

CONTRACT CLOSEOUT 
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A, 

B. 

C, 

o. 
E. 

Execute final cleaning prior to final inspection. 

Clean debris from drainage systems, 

Clean site; sweep paved areas, rake clean landscaped surfaces, 

Disconnect all tempora,y utilities to the stte. 

Remove temporruy stte facilities and utilities. 

f, Remove all Contractor constructed access roads and parking areas, 

G, Clear, grade, and seed as required, 

H. Remove waste and surplus construction materials, rubbish, wood, 
concrete, debris, other foreign material, and construction facilities 
from the site, 

1,5 PROJECT RECORD DOCUMENTS 

A. Maintain on site, one set of the following record documents; record 
actual revisions to the Work: 

1. Contract Drawings. 

2, Specifications, 

3, Addenda. 

4. Change O!ders and other Modifications to the Contract. 

5. Reviewed shop drawings, product data, and samples, 

B, Store Record Documents separate from documents used for 
construction. 

C, Record information concumsnt with construction progress, 

o. Speciffcations: Legibly mark and record at each Pmduct section 
description of actual Pmducts installed, Including the following: 

1. Manufacture(s name and product model and number, 

2, Product substitutions or alternates utilized, 

CONTRACT CLOSEOUT 
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3. Changes made by Addenda and Modifications. 

E. Record Documents and Shop Drawings: Legibly mark each item to 
record actual construction including: 

1. Measured depths of foundations In relation to the finish project 
datum. 

2. Measured horizontal and vertical locations of underground 
utilities and appurtenances, referenced to permanent surface 
improvements or benchmarks. 

3. Measured locations of internal utilities and appurtenances 
concealed In construction, referenced to visible and accessible 
features of lhe Work. 

4. F101d changes of dimension and detail. 

5. Details not on original Contract Drawings. 

F. Submit documen1S to Company with request for final Application for 
Payment. 

PART 2 PRODUCTS 

Not used. 

PART 3 EXECUTION 

Not used. 

END OF SECTION 01700 

CONTRACT CLOSEOUT 
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Section 02110 
- CLEARING, GRUBBING AND STRIPPING 

.._ 

PART1 GENERAL 

1.1 SECTION INCLUDES 

A. Removal of trees, bushes, shrubs, grass, weeds, topsoil and other 
vegetation, rocks, existing Improvements or obstructions that exist 
within the construction areas for the Sou1h Levee embankment 
modifications, toe drain, other dam modifications, access roads, and 
borrow areas. 

1.2 RELATED SECTIONS 

A. Section 0111 O - Environmental Quality Protection 

B. Section 02220 - Excavation, Fill Placement and Compaction 

1.3 PROTECTION 

A. Protect trees, shrubs, and other features to remain . 

1.4 DEFINITIONS 

A. Topsoil - Topsoil stripped from the stte shall be the selected portion 
of the top of the surface soil that is dark brown, black, fertile, and 
contains organic matter. The Contractor shall remove roots larger 
than 1 inch, rocks larger than three (3) inches, debris, and large 
weeds prior to stockpiling of the topsoil unless detem,ined othe!Wlse 
by the Engineer. Topsoil shall be free of subsoil, noxious weed seed 
or reproductive vegetation plants, heavy clay, hard clods, toxic 
substances or other material which would be detrimental to plant 
growth. 

PART2 PRODUCTS 

Not used. 

PART 3 EXECUTION 

3.1 CLEARING 

CLEARING, GRUBBING AND STRIPPING 
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- A. Clearing operations shall be conducted In a manner which will 
prevent damage to vegetation outside the clearing limits. 

1. Removal: Remove trees, bushes, shrubs, grass, weeds and other 
vegetation from an area extending 1 O feet beyond the perimeter of 
the downstream toe of the South Levee embankment 
modifications and the toe drain. 

3.2 GRUBBING 

A. General: Includes removal of all rocks and bOulders, stumps, roots 
and other vegetation below ground level, all debris, existing 
structures, and obstructions within the limits of the work area left 
from clearing, unless designated to remain. 

B. Stumps: Includes removal of all old and new tree stumps. Remove 
all roots larger than 112 inch in diameter remaining from trees, tree 
stumps, bushes and shrubs. 

C. Backfilllng: Backfill hOles created by removal of stumps and roots 
with native material. 

3.3 DISPOSAL OF MATERIAL 

A. Where removal and disposal of material is required, the Contractor 
shall remove and dispose of all materials in accordance with all 
applicable laws, pennlts, regulations, and ordinances, or orders 
made thereunder, and the lawful requirements of any public authority 
in any way affecting or applicable to this Work. The Company will 
provide a disposal area for stumps, roots and brush that are 
produced as pert of this work. The Company will also provide a 
stockpile area for trees that are cleared as part of this work. 
Materials shall be disposed of as soon as practicable follOWing 
clearing and grubbing activities. Burning will be penmltted at a 
designated site approved by the Company. Co-r is 
responsible for any burning pennlt required. 

3.4 PROTECTION AND RESTORATION 

A. The Contractor shall protect all trees (beyond the areas to be cleared), 
structures, utilities and other features and shall not trespass beyond 
the construction fimlts. 

CLEARING, GRUBBING AND STRIPPING 
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B. All trees, shrubs and plants and other leatu,es damaged by 
construction operations shall be replaced in kind by the Contractor at 
no cost to the Company. 

3.5 TOPSOIL STRIPPING 

A. Remove and dispose of grass, weeds, roots, and rocks from all 
areas requiring stripping. 

B. Excavate topsoil from areas within the limits of site disturbance at the 
North Dam and South Levee. 

3.6 STOCKPILING TOPSOIL 

A. Stockpile excavated topsoil separately from other materials In 
stockpile areas. 

B. Stockpile topsoil at locations directed by the Company. 

C. Stockpile topsoil to a height not exceeding 8 leet. Protect stockpiled 
topsoil from erosion. 

D. Stockpiles of excavated topsoil which are in excess of that needed to 
complete the wol1< shall be graded to no steeper than 4 horizontal to 
1 vertical. 

END OF SECTION 02110 

CLEARING, GRUBBING AND STRIPPING 
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Section 02220 
EXCAVATION, FILL PLACEMENT AND COMPACTION 

PART1 GENERAL 

1 .1 SECTION INCLUDES 

A. The work to be performed under this Section consists of the 
following: 

1. Excavating, transporting, placement and compaction of 
embankment material for the construction of the modification 
of the South Levee embankment. 

2. Furnishing, placement and compaction of fill material for 
regrading of the North Dam and the South Levee. 

3. Excavation of the toe drain and furnishing, placement and 
compaction of fill materials and appurtenant materials for the 
toe drain. 

1.2 RELATED SECTIONS 

A. Section 01060: Regulatory Requiremenls 

B. Section 0111 O: Environmental Quality Protection 

C. Section 01515: Diversion, Care of Drainage and Dewatering 

D. Section 02110: Clearing, Grubbing and Stripping 

E. Section 02935: Reclamation 

F. Section 03400: Precast Concrete Manholes 

1.3 DEFINITIONS 

A. Fines: Material passing the No. 200 sieve. 

B. Sultable Material: Imported material or material excavated from cut 
areas which meets the specffication requirements for use In 
constructing fills. 

EXCAVATION, FILL PLACEMENT AND COMPACTION 
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C. Borrow: Material excavated on the site or taken from designated 
borrow areas. 

o. Well-Graded: A mixture of particle sizes that has no specttic 
concentration, or lack thereof, of one or more sizes. A material 
type that, when compacted, produces a strong and relatively 
incompressible soil mass with a minimum of voids. 

E. Coverage: One coverage is defined as the result of successive 
passes by a piece of compaction equipment, which by means of 
sufficient overlap, will ensure that all areas of the layer or lilt being 
compacted have been subjected to one pass of the compacUon 
equipment. 

F. Optimum Moisture Content: The moisture content that will result in 
a maximum dry unit weight of soil when subjected to the ASTM 
069B compaction test. 

G. Percent CompacUon: The percent compaction in place shall be 
calculated as the ratio (in percent) of the in-place dry density to the 
estimated maximum of dry density, in accordance with ASTM 
0698, of the representative fill material at the location of the in-
place density test. 

H. Proof Rolling: Rolling a soil or rock surface with a minimum of 4 
passes with approved compaction equipment for the purpose of 
detecting soft or loose areas. 

I. Unsuitable Materials: Materials that contain waste, debris, roots, 
organic matter, frozen matter, or any other materials determined by 
the Engineer to not meet the specifications for any embankment 
zone or required 1111. 

1.4 REFERENCES 

A. ASTM CBB: Test Method for Soundness of Aggregates by use of 
Sodium Sulphate or Magnesium Sulphate. 

B. ASTM C12:1: Test Method for Specttic Gravity and Absorption of 
Coarse Aggregate. 

C. ASTM C136: Method for Sieve Analysis of Fine and Coarse 
Aggregates. 

0. ASTM 075: Practice for Sampling Aggregates. 

EXCAVATION, FIU PLACEMENT ANO COMPACTION 
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E. ASTM 0422: Method for Particle-Size Analysis of Soils 

F. ASTM 0698: Test Method for Laboratory Compaction 
Characteristics of Soil Using Standard Effort (12,500 ft-lb/113). 

G. ASTM 01140: Test Method for Amount of Material in Soils Finer 
than the No. 200 Sieve. 

H. ASTM 01556: Test Method for Density and Unit Weight of Soil in 
Place by the Sand-Cone Method. 

I. ASTM 02216: Method for Laboratory Determination of Water 
Moisture Content of Soil, Rock, and Soil-Aggregate Mixtures. 

J. ASTM 02487: Classification of Sails for Engineering Purposes. 

K. ASTM 02922: Test Methods for Density of Soil and Sail-Aggregate 
in Place by Nuclear Methods (Shallow Depth). 

L. ASTM 03017: Test Method for Moisture Content of Soil and Soil-
Aggregate in Place by Nuclear Methods (Shallow Depth) 

M. ASTM 04253: Test Methods for Maximum Index Density of Soils 
Using Vibratory Table. 

N. ASTM 04254: Test Methods for Minimum Index Density of Soll 
and Calculation of Relative Density. 

o. ASTM 04318: Test Method for Liquid Limit, Plastic Limtt, and 
Plasticity Index of Sails. 

P. ASTM C131: Los Angeles Abrasion Test. 

1.5 SUBMITT ALS 

A. The following items shall be submitted to the Engineer: 

1. Gradations and certifications for materials used In the 
construction of the toe drain. Gradations for all fill materials 
obtained from offstte shall be submitted to the Engineer for 
review and approval prior to the transport and delivery of 
such materials to the stte. 
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PART2 

2. Records of inspections and quality control test performed, 
and corrective actions taken. 

3. Toe Drain Construction Plan - Develop and submit a plan 
detailing the procedures that will be followed in the 
construction of the toe drain. Submittal to include: 

a. Method of excavation 

b. Trench support 

c. Dewatering plan 

d. 

PRODUCTS 

The toe drain installation will be performed below 
groundwater level. The Contractor shall submit a 
detailed plan for controlling groundwater during toe 
drain excavation. Toe drain excavation shall not 
begin until the dewatering plan has been approved 
by the Engineer. Such approval shall not relieve the 
Contractor from complete responsibility for design 
and operation of the dewatering facilmes. 

Method of drainpipe installation including a listing of 
pipe fittings and their locations on a piping diagram. 
Shop drawings, catalog cuts and product data shall 
be included for all materials used for this installation. 

2.1 MATERIALS 

A. All fill materials shall be free from topsoil, clay balls, roots, trash, 
wood waste and other deleterious materials. 

B. Embankment Materials 

C. 

1. Embankment Material: Fill materiel for flattening of the 
downstream slope of the South Levee. Material shall be a 
unHorm to fine sand with a uses Classification of SP. 
Source of this material shall be from the excavation to lower 
the crest of the South Levee, the existing borrow 
immediately east of the South Levee or from some other 
approved source. 

Toe Drain Materials 

EXCAVATION, FILL PLACEMENT AND COMPACTION 
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-- 1, Toe Drain Material: Toe drain material shall have the 
physical characteristics of MOOT Class II material and shall 
meet the following gradations: 

U,S, Standard 
Sieve Size 

3- inch 
2 l> -inch 

2-inch 
1 l>·lnch 
1-inch 
¾·Inch 
l>-inch 
¼-Inch 
No,4 

No, 16 
No20 

Total Percent 
Passing based on 

dry unit weight 
100 

95-100 
88-95 
80-90 
65-80 
60-75 
45-65 
30-50 
25-45 
2-15 
0-10 

The percent passing the No, 200 Sieve shall be less than 
5% and the material passing the No. 40 shall have a 
Plasticity Index of 0%. 

2, Drain pipe shall be ADS Brand N-12 corrugated high-density 
polyethylene pipe or approved equivalent. Drainpipes shall 
have, at a minimum, three perforations uniformly spaced 
alorg the circumference of the drainpipe. The slot length of 
each perforation shall be, at a minimum, 1.25 inches. The 
slot width shall be 0.125 Inches. Fittings shall be compatible 
and designed specifically for use with the drainpipe. 

D. Regrading of North Dam 

1. Fill: Fill material for regrading of the North Dam and South 
Levee shall be a poorfy graded sand from the required 
excavations. 

- 2.2 CONSTRUCTION EQUIPMENT 

EXCAVATION, FILL PLACEMENT AND COMPACTION 
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A. 

B. 

PART3 

Excavation: The cons1ruction equipment for excavation and 
removal activities shall consist of excavation and transportation 
equipment adap1able to the work specified herein and approved by 
the Engineer. 

Compaction: The compaction equipment required for the 
construction of the South Levee embenkmen1 modifications and for 
regrading activities shall be that capable of producing a compacted 
fill meeting the requirements of this specttication, and shall be 
approved by the Engineer. 

EXECUTION 

3.1 GENERAL 

A. Unes and Grades 

1. The South Levee embankment modifications, the regraded 
portions of the project, end the toe drain shall be constructed 
to the lines, grades, and cross sections described in these 
Specifications and as shown on the Drawings, unless 
otherwise directed by the Engineer. The lines and grades 
shown are intended lo be the final surfaces after placement, 
compaction end settlement during construction. 

B. Excavation and Removal 

1. Excavalion Limits: The Contraclor shall excavate to 
specified lines, grades and dimensions as shown on !he 
Drawings or lo suitable foundations as directed by the 
Engineer. Such lines, grades and dimensions wlll be 
referred to hereafter as excavation limits. No excavation will 
be permitted outside the excava1ion limits as shown unless 
such excavation is approved by the Engineer. The 
Contractor shall be responsible for verifying the elevations 
and dimensions shown. 

2. The Engineer may modify excavation depths to fit conditions 
encountered during construction. Rock or boulders 
encountered in 1he excavalion shall be removed as required. 
Overburden slopes shall be dressed to present a neat and 
orderly appearance. 
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a All necessary precautions shall be taken to preserve 
the materials beyond and below the lines and 
grades of excavation, as shown on the Drawings, or 
as directed by the Engineer, in a sound and 
undisturbed condition. Any unauthorized over-
excavation shall be back filled as directed by the 
Engineer at no cost to the Company. 

b. Work areas shall be protected against damage from 
erosion and traffic. Particular care shall be 
exercised so that the excavated grades and slopes 
are not rutted, squeezed, or otherwise damaged by 
repeated travel of construction equipment. Any 
such damage shall be repaired at no cost to the 
Company. 

C. Suitable material salvaged from the removal 
actlvities shall be stockpiled for future use in 
regrading activities at a location provided by the 
Company or use in future regrading activities. 
Unsuitable material removed from the excavations 
shall be stockpiled at a separate location provided 
by the Company. 

3. Excavation of the Toe Drain 

a. Excavation of the toe drain shall be performed using 
approved methods. The Contractor shall submit 
evidence of past experience in performing similar 
excavations. 

b. The excavation of the toe drain shall be maintained 
in an open condition and shall be conducted in a 
manner that provides for a continuous minimum 
width trench to the required depth along the 
centerline of excavation. The Contractor shall be 
responsible for maintaining stability of the excavated 
toe drain trench for its lull length and depth. No 
more than 50 lineal feet of toe drain excavation shall 
be allowed to be open at one time during 
construction. 

c. The Contractor shall control surcharges from 
excavation and backfilling equipment, wasta, backfill 
stockpiles, and any other loading situations that may 

EXCAVATION, FILL PLACEMENT AND COMPACTION 
02220-7 

Gtanby,WPS/1001755-Au TraWAu Train Dam~ 



Unofficial FERG-Generated PDF of 20030113-0049 Received by FERC OSEC 12/20/2002 in Docket#: P-10856-000 

d. 

e. 

f. 

affect the trench excavation stability. Materials 
excavated from the toe drain shall be stockpiled a 
sufficient distance from the excavation to prevent 
slides or cave-in of slides. 

In the event of failure of the toe drain excavation 
prior to completion of backfilling, the Contractor 
shall, at his expense, re-excavate the toe drain and 
remove all material displaced into the toe drain and 
take corrective action to prevent further deterioration 
as directed by the Company. 

During excavation, the Contractor shall have at all 
times that toe drain excavation is open, a minimum 
of 20 cubic yards of gravel, acceptable to the 
Engineer, onslte in operable dump trucks that can 
be dumped into the trench in the event of failure of 
the dewatering system or other situation within 5 
minutes. 

If adjustments to the toe drain profile are required 
for site conditions, the drain shall be constructed to 
maintain a downward slope toward the outfalls. 

C. Foundation Preparation 

1. The Contractor shall clear the footprint of South Dam 
modifications removing all trees, brush and vegetation. Any 
stumps that are encountered shall be out at ground level and 
be left in place since the possibility exists that piping of the 
levee may occur due to the removal of stumps beneath the 
levee. Foundation preparation activities shell be approved 
by the Engineer prior to the start of embankment fill 
placement. 

D. Placement and Compaction 

1. Fill materials shall not be placed on any part of the South 
Levee embankment foundation until such areas have been 
inspected and approved by the Engineer. Embankment 
materials shall be placed and spread to be free from lenses, 
pockets, streaks or layers of material differing substantially in 
texture or gradation from the surrounding material. Areas 
shall be free from debris, snow, ice and water and ground 
surfaces shall not be In a frozen condition. 
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2. Embankment material shall not be placed over surfaces with 
running or standing water or existing subgrade surfaces 
which are yielding or softened unless directed by the 
Engineer. All material shall be carefully placed to grades, 
contours, levels and elevations shown to drain freely without 
ponding. Placement of these materials shall be suspended 
when the climatic conditions will not allow proper placement 
and compaction of fill. Successive layers of embankment 
materials shall be placed to produce the best practical 
distribution of material. 

3. Any material not in compliance with the requirements of this 
Specttlcation and considered unsuitable by the Engineer 
shall be excavated and removed from the fill and shall be 
disposed of in approved disposal areas. Excavated areas 
shall be property refilled with suitable appropriate fill and be 
compacted to the proper density. 

4. Placed materials shall be free from large open areas, 
objectionable pockets of gravel and cobbles and clusters of 
large cobbles and shall have a reasonably regular finish. 

5. Placement operations including transport, handling, and 
stockpiling shall be aocomplished in such a manner as to 
prevent segregation of material. Material in onstte and 
offslte stockpiles shall be protected from changes in 
gradation and contamination. 

6. During the dumping and spreading of !ill materials, roots, 
trash, and debris shall be removed from the fill and disposed 
of in disposal sites approved by the Company. 

7. Care shall be exercised when operating construction 
equipment adjacent to existing structures to avoid causing 
damage. Disturbed material shall be repaired as directed by 
the Engineer. 

8. The maximum lift thickness of all materials, before 
compaction shall be eight (8) inches. All materials shall be 
placed in horizontal lifts with no portion of the fill being more 
than one lift higher than the rest of the ffll. 

9. Embankment materials shall be compacted with 4 
overlapping passes of 0-6 dozer (or equivalent) as directed 
by the Engineer. 
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10. Traffic barriers shall be erected on each end of the South 
Levee, Traffic barrier shall consist of at least five (5) 
boulders that shall be placed on each end of the South 
Levee. Boulders shall be at a minimum 4-foot in diameter. 

E. Toe Drain Construction 

1. Backfilling of the toe drain shall commence as soon as 
practical and shall be continuous to minimize the area of 
unsupported toe drain, The areas for storage of the backfill 
material shall be approved by the Company or their 
designated representative and restored upon completion of 
the work. 

2. The Contractor shall furnish, place, and compact material to 
construct the toe drain to the lines and grades as shown on 
the Drawings. 

3. 8" diameter perforated high-density polyethylene corrugated 
drainpipe shall be furnished and placed at elevations as 
shown on drawings and/or as approved by the Engineer to 
provide sufficient gradient for drainage. 

4. If a high water event occurs during the construction of the 
toe drain, the Contractor shall place backfill within the toe 
drain as directed by the Engineer or the Company, and re-
excavata when the flood event is passed. The Company will 
be responsible for the extra excavation, ff required. 

5. Contractor shall furnish and install precast concrete 
manholes for installation at the locations as shown on the 
Drawings and in accordance with Section 03400: Precast 
Concrete Manholes, 

6. If toe drain is constructed by means other than bio-polymer 
trench method, the drain material shall be placed in eight 
inch loose lilts and compacted to 70% relative density. 

F, Regrading of Norlh Dam 

t . The Contractor shall place and compact material for 
regrading the crest of the Norlh Dam prepared in 
accordance with Section 0211 O: Clearing, Grubbing and 
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Stripping. The crest of each structure shall be regraded to 
the minimum lines and grades given on the Drawings. 

2. Fill materials used to regrade the North Dam shall be placed 
in horizontal lifts, not exceeding eight (8) inches thickness 
before compaction. All material shall be compacted with 4 
ove~apping passes of the spreading equipment. 

G. Quality ControVQuality Assurance 

1. Sampling and approval of materials 

a. Prior to beginning fill placement activities, the 
Contractor shall perform sampling and testing of 
proposed sources of fill materialS and obtain 
approval of fill materials by the Engineer. 

2. Material testing 

a Sieve analyses and Atterberg Limits shall be 
performed in accordance with ASTM C136 and 
ASTM D2216 at a frequency of at least one test per 
each drain material source and not less than one 
test for every 200 cubic yards from each material 
source. 

b. Sieve analyses shall be performed on samples 
taken from on-site stockpiles prior to placement of 
materials. 

c. Results of Quality Control Tesijng as specified 
herein shall be submitted on a daily basis to the 
Engineer for evaluation and approval. 

d. Additional testing of materials will be required es 
specified below. No additional testing of the other 
fill placement will be required unless the Company 
or their designated representative suspects the 
materials are not being placed In accordance with 
the Contract Documents. 

3. Moisture control 

a. The frequency of the testing of the density of fill 
placement for the toe drain shall be at a minimum, 
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b. 

C. 

one density test for every 200 cubic yards of 
material placed. Testing shall be in accordance with 
ASTM D698 and ASTM D2992. 

The moisture content of fill materials shall be 
maintained within optimum to + 3% of optimum 
moisture content in accordance with ASTM D2216. 

The moisture content of the material shall be such 
that equipment can operate efficiently and is such 
that the fill does not exhibit rutting and waving when 
subjected to the action of the wheels and tracks of 
the compaction equipment. 

4. Toe drain profile 

a. The Contractor shall make measurements of the 
bottom elevation of the toe drain excavation the 
elevation of the perforated pipe at least every ten 

(1 O) lineal feet. The Contractor shall generate and 
maintain on-site an as-built profile of the trench 
depth. 

END OF SECTION 02220 
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PART1 GENERAL 

Section 02935 
RECLAMATION 

1 .1 SECTION INCLUDES 

A. This section covers the requirements of reclamation of areas 
disturtJed by construction activities including preparation of subsoil, 
placing topsoil, seeding, mulching, fertilizing and maintaining 
reclaimed areas. 

1.2 RELATED SECTIONS 

A. 

B. 

C. 

D. 

E. 

Section 01060 - Regulatory Requirements 

Section 01100 - Environmental Quality Protection 

Section 01515 - Diversion, Care of Drainage, and Dewatering 

Section 01700-Contract Closeout 

Section 02272 - Erosion and Sediment Control 

1.3 AREAS TO BE RECLAIMED AND REVEGETATED 

A. All areas disturbed by construction activities 

1.4 SUBMITT ALS 

A. Seed Mixture Cer1lfication 

B. Fertilizer Identification and Certification 

C. Mulch Certification 

D. Proposed Seeding Method 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Deliver grass seed mixture in sealed bags. Seed in damaged 
packaging is not acceptable. 
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B. Deliver fertilizer in unopened, waterproof bags showing weight, 
chemical analysis, and name of manufacturer. It shall be unttorm In 
composition, dry, and free flowing. Any fertilizer that becomes 
caked or otherwise damaged making it unsuitable for use, will not 
be accepted. 

C. Stripped material to be used for topsoiling disturbed areas shall be 
transported to stockpile areas conducive to storage of topsoil and 
approved by the Company. Run-off shall be diverted around topsoil 
stockpiles to minimize erosion. 

1.6 MAINTENANCE SERVICE 

A. Maintenance operations will Include, but are not limited to, 
watering, mowing, weeding, and repair of soil erosion. These 
operations will begin immediately after seeding and shall continue 
as required until final acceptance by the Company. Seeded areas 
are to be maintained for a minimum of one year from date of 
Substantial Completion. Aller installation, the Contractor will keep 
maintenance logs. These logs shall be supplied to the Engineer 
immediately upon request. 

B. Watering will be done as needed to ensure un~orm seed 
germination and plant survival. Water shall be provided from an 
approved off-site source and trucked to the site. Watering shall be 
done in a manner that provides un~orm coverage, but will not 
cause erosion or damage to the finished surface. 

C. Until final acceptance, seeded areas will be mowed to a height of 3 
inches whenever the average height becomes 6 inches. Clippings 
will be removed from the site and properly disposed. Mowing will 
be done with sharp rotary equipment on dry grass and firm soil. 

O. Weed control will be used as needed to eliminate undesirable weed 
species within the seeded turf. Target weed species will be 
removed by hand and properly disposed of, or sprayed when the 
new turf has become sufficiently established to withstand hertJicfde 
application. All herbicide applications will be made by a licensed 
commercial applicator licensed In the State of Michigan. The 
Contractor will be responsible for selecting the herbicide and rate at 
which it is to be used. Any damages arising from the use of 
hertJicide will be repaired at no expense to the Company. 
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E. 

PART2 

Any areas !hat are not producing at least 75 percent coverage of 
!he intended plant species within one year of the seeding 
operations shall be reseeded at no expense to the Company. 

PRODUCTS 

2.1 SEED MIXTURE 

A. Furnish grass seed meeting the requirements of MOOT Roadside 
Blend TDS (Turi Dry Sandy). This seed mixture, which is to be 
applied at 220 pounds/acre, consists of: 

B. 

Common Name (Scientific Name) 

Kentucky Bluegrass (Poa pratensls) 
Perennial Ryegrass (Lolium perenne) 
Hard Fescue (Festuca longffolia) 
Creepjng Red Fescye CFestuca rub@) 
TOTAL 

Seeding Rate (lb/ac) 

11.0 
55.0 
55.0 
99.0 
220.0 

The seed mixture will be packaged in durable bags. On each bag 
of seed, the supplier of the blended mix shall attach a tag, giving 
name, lot number, net weight of contents, purity, and germination. 
Seed testing shall be conducted according to the Rules for Testing 
Seeds specified in The Proceedings of the Association of Off,cfa/ 
Seed Analysts. The seed mixture will have minimum purity and 
germination percentages, by species, as follows: 

Common Name (Scientific Name) Purity (%) Germ. (%) 

Kentucky Bluegrass (Poa pratensis) 98.0 85.0 
Perennial Ryegrass (Lolium perenne) 96.0 85.0 
Hard Fescue (Festuca longffolla) 97 .0 85.0 
Creeping Red Fescue CFestuca rubral 97.0 97.0 

C. Deficiencies below the percentage specified for purity and 
germination will be evaluated for acceptability by the Company. 

2.2 SOIL MATERIALS 

A. Topsoil: Native organic materials removed and stockpiled during 
stripping of the dam foundation, borrow areas, roads, etc. 
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2.3 ACCESSORIES 

A. Fertilizer. A time-release formulation in the following proportions by 
weight: Nitrogen 10 percent, phosphoric acid 1 O percent, and 
soluble po1ash 10 percent. 

B. Mulch to be used in conjunction with areas where seed is to be 
drilled or broadcast will consist of clean, weed-free straw. 

C. Hydraulically applied mulch shall consist of wood fiber and be dyed 
green to facilitate visual monitoring of the application. 

D. Mulch tack: Mulch tack for hydraulic-seeding shall be a commercial 
mulch tackifler approved by the Engineer. Handling and mixing 
shall be in accordance with the manufacture(s recommendations. 

E. Water: Clean, fresh and free of substances that could inhibit 
vigorous growth of grass. 

PART3 EXECUTION 

3.1 EXAMINATION 

A. Verify that the prepared soil base Is ready to receive the work of 
this Section. 

B. Reclaim areas disturbed by construction as determined by the 
Company. 

3.2 PREPARATION OF SUBSOIL 

A. Remove debris such as large stones, tree branches and large roots 
that will interfere with normal seeding operations. 

B. In preparation for seeding, at least 3 Inches of topsoil will be evenly 
spread over areas disturbed by construction operations, 

3.3 TOPSOIL 

A. The seedbed shall be weed free. 

B. After weed elimination, the seedbed shall be scarified/lilied to a 
depth of at least 6-inches, fertilized and firmed. Areas not sultable 
for scarifying/tilling shall be left In a rough condition. 
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C. In areas where equipment cannot be operated, the seedbed shall 
be prepared by hand. 

D. If the topsoil is compacted, a spring tooth harrow equipped with 
utility or seedbed teeth, or similar equipment, will be used to loosen 
and smooth the soil surface either after or in conjunction with 
fertilization. 

E. If the topsoil is loose, It will be compacted with a cultipacker or 
similar implement to provide a firm seedbed. 

3.4 HYDROSEEDING 

A. Hydro-seeding shall be applied by experienced personnel and shall 
meet the following requirements: 

1. 

2. 

Hydraulic equipment used for the application of the slurry 
mixture shall be of a type acceptable to the Engineer, having 
buitt-in agitators that will keep seed, fertilizer, mulch, mulch 
tack and water, or various combinations thereof, mixed 
homogeneously until pumped from the tank. Pump pressure 
shall be such as to maintain a continuous, non-fluctuating 
stream of the slurry. 
The seed, fertilizer, mulch, mulch tack and water shall be 
combined and applied as specified herein. After the tank Is 
at least one-third full, the mulch and remainder of the water 
shall be added as the slurry is continuously agitated to 
maintain the homogeneous mixture. When the tank is full of 
water, the seed and fertilizer shall be added and allowed to 
mix for at least 5 minutes prior to starting application. The 
seed and fertmzer shall not remain together In the tank for 
more than 45 minutes. If the 45 minutes Is exceeded, the 
Contractor, at his own expense, shall add additional seed 
equal to the original amount specified. 

3. Mulch tack shall be a commercial mulch tackifier approved 
by the Company. Handling and mixing shall be In 
accordance with manufacture(s recommendations. Mulch 
shall be divided in half and applied as indicated below. 

4. Seed, fertilizer, water and approximately 2,000 pounds par 
acre of hydraulic mulch, shall be mixed and uniformly 
applied to the areas to be seeded. The seed shall then be 
covered with approximately l!i inch of soil using a clod buster 
or other means approved by the Company on all accessible 
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B. 

A. 

slopes. The remaining hydraulic mulch and mulch tack shall 
then be mixed with water and unfformly applied. This 
application shall be accomplished within 36 hours alter the 
first application has been completed. 

The selection of the appropriate measure will depend upon stte-
specific condttions and will be approved, prior to implementation, by 
the Company. 

II mulching fails to prevent gullying or other seed and seedbed loss, 
restore the seedbed to the finished grade and reseed at no 
addttional cost to the Company. 

3.5 PROTECTION/MAINTENANCE 

A. Immediately reseed areas which show bare spots. 

B. Protect seeded areas subject to vehicular traffic with warning signs 
during maintenance period. 

3.6 QUALITY CONTROL 

A. Provide seed mixture in containers showing percentage of seed 
mix, year of production, net weight, date of packaging, and location 
of packaging. 

END OF SECTION 02935 
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Section 03400 
PRECAST CONCRETE MANHOLES 

PART1 GENERAL 

1.1 WORK INCLUDES 

A. Furnishing and installing precast concrete manholes for the new toe 
drain system for the dam as shown on the Drawings. 

1.2 RELATED SECTIONS 

A. Section 02220: Excavation, Fill Placement and Compaction 

B. Section 03006: Concrete and Steel Reinforcement 

1.3 QUALITY CONTROL 

A. Tolerances shall be in acccrdance with ACI 117-90. 

B. Precast concrete manholes shall be manufactured in accordance 
with ASTM C478-87. 

1.4 SUBMITTALS 

A. Submit the following for review and approval: 

1. Shop Drawings - Submit shop drawings showing unit 
dimensions and section details, finishes, reinforcement and 
connection details, lifting and erection inserts, all other 
embedded Items, and layout diagrams identifying installation 
locations and number identification marks. 

2. Installation Schedule - Acccmpany delivered units with a 
schedule Indicating sequence of Installation, joints, support, 
and bracing and attachment systems. 

1.5 PRODUCT DELIVERY, HANDLING, AND STORAGE 

A. Lift and support units only at designated lifting and supporting 
points. 

B. Transport units in a manner which will not result In overstressing or 
damage during delivery, handling, and storage of units. 

PRECAST CONCRETE MANHOLES 
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C. Do not place unils directly on earth. 

D. Place stored units so that identification marks are discernible. 

PART2 PRODUCTS 

2.1 PRECAST CONCRETE MANHOLE SECTIONS 

A. Precast concrete manhole sections shall be in general 
conformance with ASTM C478..S7: Standard Specification for 
Precast Reinforced Concrete Manhole Sections. 

B. The riser sections shall be manufactured as shown on the drawings 
and approved shop drawings. 

C. Holes shall be cast in the manholes at the elevation and sizes 
indicated on the drawings. 

D. Joint sealers for the manhole sections shall be flexible material 
such as CONSEAL, RAMNEK, KOR•N·SEAL or equal. 

2.2 FRAMES AND COVERS 

A. Frames and covers for manholes shall be cast-iron, ASTM A48..S3, 
R-1594 of Neenah Foundry Company, Neenah, Wisconsin, 54956, 
or approved equivalent. The manhole frame shall be flange 
mounted with bolts to the top of the precast concrete manhole. A 
water-tight seal and locking cover shall be required for the cover. 
Bolls for flange mounting the manhole frame shall be stainless steel 
lag bolts, type 303 or 304. 

2.3 GROUT 

A. Grout used to grout around PVC drain pipes at the manhole walls 
shall be non-shrink grout in accordance with Section 03006: 
Concrete and Steel Reinforcement. 

2.4 CONCRETE 

A. In accordance with Section 03006: Concrete and Steel 
Reinforcement 

PRECAST CONCRETE MANHOLES 
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- PART3 EXECUTION 

3.1 INSTALLING PRECAST CONCRETE MANHOLES 

A. Precast concrete manholes shall be installed to the elevations and 
locations shown on the Drawings. Elevations and locations of each 
manhole shall be verified by the Contractor prior to delivering the 
manholes to the site. 

B. Grout around drain pipes at the manhole walls to fill completely 
around the pipe. Place grout in accordance wtth Section 03006: 
Concrete and Steel Reinforcement. 

C. Backfill adjacent to each manhole shall be as shown on the 
drawings and as specified in Section 02220: Excavation, 
Compaction and Backfilling. 

END OF SECTION 03400 

PRECAST CONCRETE MANHOLES 
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Section 03720 
CONCRETE REPAIR AND RESTORATION 

PART 1 • GENERAL 

1.1 SCOPE OF WORK 

A. Furnish all labor. materials, equipment and incidentals for the repair 
and restoration of concrete work including curing and protection. 

1.2 REFERENCES 

A. Reference to standard specijications and practices stated herein 
shall be Interpreted to mean the latest revisions. 

B. Permission for deviation from any requirements stated herein or 
from the referenced standards shall be obtained from the Company 
in writing. 

C. Comply with the provisions of the following specifications, 
standards, and guides except as specified otherwise herein: 

1. American Society for Testing and Materials (ASTM) 

ASTMA615 

ASTMC33 

ASTM C 171 

ASTM C881 

ASTMC920 

ASTMC 1107 

Specification for Deformed and Plain 
Billet-Steel Bars for Concrete 
Reinforcement 

Sp~ication for Concrete Aggregates 

Specification for Sheet Materials tor 
Curing Concrete 

Specification for Epoxy-Resin-Base 
Bonding Systems for Concrete 

Specification for Elastomeric Joint 
Sealan1s 

Specification for Packaged Dry, 
Hydraulic-Cement Grout (Nonshrink) 

CONCRETE REPAIR AND RESTORATION 
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ASTM C 1193 

ASTM D 1752 

Standard Guide for Use of Joint 
Sealants 

Specification for Preformed Sponge 
Rubber and Cork Expansion Joint Fillers 
for Concrete Paving and Structural 
Construction 

1.3 SUBMITT ALS 

A. Within 30 days after award of Contract and prior to their use, submtt 
to the Engineer manufacturar's certification that nonshrink grout 
and polyurethane resins conform to the specified ASTM standards 
or other requirements. Submittal shall include manufacturer's 
technical data sheet. The Contractor shall provide samples of 
materials as requested by the Engineer or the Company. 

B. The Contractor shall submtt a detailed proposal for polyurethane 
resin injection repair to the Engineer for approval. The approval will 
be based on the degree of conformance to the basic steps of 
polyurethane resin injection and on Engineer's judgment of the 
technical feasibiltty of the Contractor's proposal. 

c. Submtt list of equipment to be used in the performance of the work 
for review. 

D. Submtt resumes of supervisory personnel showing experience in 
concrete repair work of similar nature as required herein. 

E. Prior to the start of work, submtt a qualtty control plan describing 
the procedures to be followed in inspection of each phase of the 
work to assure compliance of all work and installation of materials 
with these specifications. Submtt dally inspection repons. 

1.4 QUALITY CONTROL 

A. 

B. 

The Contractor shall provide queltty control including inspection and 
documentation that each item of work is performed in accordance 
wtth the requirements specttied herein. An inspection report shall 
be submitted to the Engineer on a daily basis when work is 
performed. The report shall be submitted on the morning following 
the activity. 

All work shell be performed wtth workmanship. 

CONCRETE REPAIR AND RESTORATION 
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c. Quality assurance of the work and acceptance will be by the 
Company or his designated representative. Work that is found not 
to be in compliance with the specttied requirements will be rejected 
by the Company and shall be removed and/or redone by the 
Contractor at no cost to the Company. 

1.5 DELIVERY AND STORAGE 

A. Materials for repair shall be delivered to the project in sealed 
containers or appropriate packaging bearing the manufacture(s 
name and material identification. Materials shall be stored in strict 
accordance wtth the manufacture(s printed directions, copies of 
which shall be furnished to the Engineer. All unsatisfactory 
materials shall be removed from the premises, and all damaged 
materials shall be replaced wtth new materials. 

B. The storage of all materials and equipment shall be only in areas 
designated or approved by the Company. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

A. 

B. 

c. 

D. 

E. 

F. 

Nonshrink mortar shall conform to the requirements of ASTM C 
1107, Grade B or C. 

Nonshrink concrete shall consist of a combination of nonshrink 
grout and pea gravel, ASTM C 33 Size Number 8. The amount of 
pea gravel used shall be in accordance wtth the recommendations 
of the manufacturer of the nonshrink grout. 

Coarse aggregate used in nonshrink concrete shall conform to the 
quality requirements of ASTM C 33. 

Reinforcing steel shall be ASTM A 615, Grade 60. 

Epoxy bonding adhesive shall conform to the requirements of 
ASTM C 881, Type II, Grade 2 or 3, Class B or C. 

Polyurethane resin - The polyurethane resin system for injection 
into cracked concrete shall be a two-part system composed of 100 
percent hydrophilic polyurethane resin and water. The 
polyurethane resin, when mixed wtth water, shall be capable of 
forming either a flexible closed-II foam or a cured gel dependent 
upon the water-to-resin mixing ration. The amount of water mixed 

CONCRETE REPAIR AND RESTORATION 
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with the polyurethane resin shall be such that the cured material 
meets the following physical properties: 

1, Minimum tensile strength- 20 pounds per square inch. 

2. Bond to concrete (wet) - greater than 20 pounds per square 
inch. 

3. Minimum elongation - 400 percent. 

The injection of pure polyurethane resin not mixed with water shall 
not be allowed. 

G. Form materials shall be provided by the Contractor as required to 
confine the placement of nonshrink mortar or nonshrink concrete 
and shape it to the lines and grades of adjacent concrete. Forms 
may be metal or wood and shall be lightly oiled to prevent adhesion 
of the nonshrink mortar or nonshrink concrete. 

H. Pre-molded joint grooves shall be made of plastic or wood in the 
groove shapes as shown on the Drawings. The pre-molded 
material shall be easily removable after the concrete has hardened 
without causing damage to the formed groove. 

PART 3 - EXECUTION 

3.1 GENERAL 

A. No concrete replacement or joint or crack sealing shall be 
preformed until surface preparation has been inspected and 
approved by the Engineer. All deficiencies in surface preparation 
shall be immediately corrected. All repair work shall be performed 
by skilled workmen. Repair work shall only be performed when 
weather condttions are suttable for the work unless protection from 
warm or cold temperature is provided. 

3.2 SURFACE PREPARATION 

A. The perimeters of repairs to concrete that involve concrete removal 
and subsequent materials replacement shall be saw cut to a 
minimum depth of 1 inch. Where the replacement material is 
completely confined within the saw cuts, the saw cut shall be made 
at a slightly angle, 5 to 10 degrees, from perpendicular away from 
the removal area such that the replacement materials, when 

CONCRETE REPAIR AND RESTORATION 
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B. 

c. 

applied, will be physically locked into place. Where the 
replacement material is not confined, the saw cut shall be 
perpendicular to the surface. Featheredge repairs to concrete shall 
not be used. 

All damaged, deteriorated, loosened, or unbonded portions of 
existing concrete and sound concrete wtthin the saw cut perimeter 
shall be removed by small chipping hammer, bush hammer, or 
other approved method. Chipping hammers shall be less than 30 
pounds. Concrete removal shall be to a reasonably uniform depth, 
where practical, and to sound concrete throughout. Care shall be 
taken to prevent damage to the saw cut laces. Where 
reinforcement is exposed etther before or during concrete removal, 
completely remove the concrete from around the bar for the full 
length of the repair and to a depth of no less than ¾ inch below the 
bar. 

Where the end of reinforcing bars, bolts or other similar steel 
objects are exposed on the surface of the concrete, the exposed 
end shall be over-cored to a minimum depth of 1-1 /2 inches; the 
concrete within the core hole removed; and the bar or bolt cutoff by 
flame cutting at the base of the core hole. Minimum core diameter 
shall be 3 inches. 

D. Immediately prior to filling areas of concrete removal, all surfaces 
wtthin saw cut or core holes shall be cleaned with high pressure 
water blasting or wet sandblasting to remove any micro-fractured 
surfaces, coatings, contamination, loose or unsound fragments. 
Water blasting equipment shall operate at a minimum pressure of 
6,000 psi. The use of acids for cleaning or preparing concrete 
surfaces for repair will not be permitted. Excess water shall be 
removed from 1he repair area and 1he bond surlace of the repair 
area shall be allowed to air dry. Prepared surfaces shall be 
protected and maintained until repairs are completed 

3.3 FORMWORK 

A. Forms shall be installed where necessary to shape the nonshrink 
mortar or nonshrink concrete to existing lines and grades. Forms 
shall be temporary forms that can be quickly removed before the 
replacement material reaches final set so that surface imperfections 
can be filled and the final finish applied. 

CONCRETE REPAIR AND RESTORATION 
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B. Form supports shall be located outside of the repair area. Drilled 
anchors will not be permitted. Form supports and bracing shall be 
sufficient to prevent form movement during placement of the 
nonshrink grout or nonshrink concrete. 

C. Forms shall be tight to prevent loss of grou1 during placing 
operations. 

3.4 PLACING NONSHRINK GROUT OR NONSHRINK CONCRETE 

A. Immediately prior to placing nonshrink grout or nonshrink concrete, 
a bonding adhesive shall be applied to all surfaces of the repair 
area including existing reinforcing bars. The mixing and application 
of the bonding adhesive shall be in accordance with the 
manufacturers instructions. While the bonding adhesive is still 
tacky, the repair area shall be filled with nonshrink grout or 
nonshrink concrete. 

B. Nonshrink grout or nonshrink concrete shall be mixed with water in 
a mechanical mixer al the proportions recommended by the 
manufacturer of the nonshrink grout. The volume of mixed material 
shall be no more than can be placed within 30 minutes. The 
consistency of the mixture shall be suitable for the placing 
conditions. 

C. In making repairs on vertical surfaces the mixture shall be 
reasonably dry. This dry mixture shall be tamped in layers and the 
repair area overfilled. The excess shall then be struck off and the 
tlnish applied by wood float and trowel to match the surrounding 
concrete texture. 

D. Where forms are used they shall be removed after inrtial set and 
before final set of the repair material such that the formed surfaces 
can be finished to the texture of the surrounding concrete. 

3.5 CURING AND PROTECTION 

A. Immediately following final finishing of each concrete replacement, 
the area shall be covered with sheeting material and all newly 
placed grout, mortar, or concrete shall be moist cured for a 
minimum of 7 days. The sheeting material shall be cut to extend no 
less than 6 inches beyond the perimeter of the repair. The edges 
of the sheeting material shall be taped to existing concrete by duct 
tape or other sultable adhering tape. The sheeting material shall be 
protected from damage for the curing period. If damage should 
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B. 

occur the replacement material shall be moistened with water, and 
the sheeting material replaced and re-taped. 

The Contractor will be responsible for protection ot the work while 
in progress until the repairs are completed and cured. Any 
damaged work such as prepared surfaces shall be corrected at the 
Contractofs expense. 

3. 6 POLYURETHANE RESINS 

A. Concrete Preparation • The concrete surface to be repaired by 
resin injection shall be thoroughly cleaned of all deteriorated 
concrete, efflorescence, and all other loose material. The area to 
be injected shall then be thoroughly inspected and an injection port 
drilling and pumping pattern established. 

B. 

Upon completion of resin injection, all excess material shall be 
removed from the exterior surfaces ot the concrete. The final 
finished surfaces shall match the texture of the surfaces adjoining 
the repair areas. 

Hydrophilic Polyurethane Resin Injection Repairs - The process 
used for polyurethane injection of cracks or joints to reduce water 
leakage shall consist of the following basic steps: 

1. 

2. 

3. 

4. 

lntercep1 the water flow paths with valved drains installed 
into the concrete to control the leakage. 

Install injection ports by drilling holes designed to intersect 
the cracks at depth below the concrete surface. The 
maximum spacing of injection ports shall not exceed 60 
inches, and closer spacing of ports will be required. 

All injection holes shall be flushed with clean water to 
remove drilling dust and loose debris and to clean the 
intersected crack line. Each drill hole shall be water tested 
at the resin injection pressure to determine ff the crack 
intersection Is open. Polyurethane resin shall not be 
pumped into a drill hole that refuses to take water at the 
resin injection pressure. 

Inject polyurethane resin system into cracks or joints at the 
minimum pressure required to obtain the desired travel, 
fillings, and sealing. The mix water to resin ratio shall be 1 :1 
unless otherwise approved by the Engineer. The Contractor 
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C. 

should anticipate the necessity to provide a surfaoe seal for 
the crack or joint to contain the injection resin. It may also 
be necessary to inject the crack or joint in an Intermittent 
manner to achieve filling and sealing. Injection shall be by 
the method of spilt spacing unless Otherwise approved by 
the Engineer. Primary holes shall be drilled and injected on 
centers not exoeeding 5 feet. Secondary holes, half way 
between the primary holes, will then be drilled and injected. 
If resin take occurs in the secondary holes, a series of 
tertiary holes, half way between the secondary and primary 
holes, shall then be drilled and injected. All holes shall be 
injected to absolute refusal. 

5. Remove drains, injection ports, and excess polyurethane 
upon completion of resin cure. 

This prooess shall entirely stop the water leakage to a dust dry 
condition or as directed by the Company. 

The pump used to inject the polyurethane resin system shall be a 
two-component positive-displacement-type pump with static mixing 
head and pressure regulation necessary to control injection 
pressures while pumping low volumes. The equipment will be 
subject to approval by the Engineer. The use of single component 
pumps and/or the injection of pure water followed by injection of 
pure resin will not be approved. 

Safety - Polyurethane injection resin systems contain either toluene 
diisocyanate or methylene dephenyl diisocyanate. Both 
isocyanates can create risks if safe handling procedures are not 
followed. The principal hazards arise from isocyanate vapor, which 
will Irritate the membranes of the nose, throat, lungs, and eyes. 
Adequate ventilation Is required to prevent vapor conoentrations 
from approaching the Threshold Limit Value (TLV). Protective 
clothing, Including rubber or plastic gloves and protective glasses, 
shall be wom by all persons handling polyurethane resins. If 
necessary, respirators that filter isocyanate vapors and mists shall 
also be wom. Monomeric urethane resins react with water to 
produce polyurethane and carbon dioxide gas. If this reaction 
occurs inside a closed container, excessive pressures can develop 
that may rupture the container. Cera must be taken to prevent 
contamination or monomeric urethane resin wllh water. 
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Polyurethane resin spillage shall be immediately and thoroughly 

cleaned up. Spilled polyurethane resin can be absorbed in sand 
and removed for burial. 

D. Cleanup and Disposal of Injected Resin - All materials, tocls, and 

containers contaminated with Injection resin, surface sealers, or 

other contaminants shall be removed from the site for disposal In 

accordance with appropriate local or Federal regulations. 

END OF SECTION 03720 
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PART1 

Section 13505 
STRUCTURAL SURVEY MONUMENTS 

GENERAL 

1.1 SECTION INCLUDES 

A. This section covers the installation of structural survey monuments 
on the concrete structure of the main dam. Structural survey 
monuments are installed to provide a measuring point for which to 
reference 1he potential movement of the concrete overflow 
structure. 

1.2 SUBMITTALS 

A. 

B. 

PART2 

Conform with Section 01300 - Submittals 

As-Built-Drawings - Following installation of the survey 
monuments, submit drawings showing the exact surveyed location 
of each monument. 

PRODUCTS 

- 2.1 EQUIPMENT 

A. 

PART3 

Survey Monuments - Structural survey monuments as shown in the 
drawings. Horizontal measurements will be conducted with an 
Electronic Distance Measurement (EDM) inS1rument, and vertical 
measurements will be conducted using conventional level surveys. 
Specified hardware as manufactured by Berntsen International, 
Inc., Madison, Wisconsin. 

EXECUTION 

3.1 INSTALLATION OF SURVEY CONTROL MONUMENTS 

A. Install movement monuments on the dam and abU1ment using !he 
following procedures. 

1. Drill a 1-inch (:) diameter hole to the appropriate length to 
install the brass cap. 

2. Clean the hole wi1h appropriate cleaning methods. 

STRUCTURAL SURVEY MONUMENTS 
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.._. 
3. Place concrete grout or an approved epoxy resin in the drill 

hole . 

4. lnslall brass cap as shown on the Drawings. 

END OF SECTION 13505 
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JS ' lS-ltM 14 ...... SILTY SAN)), 6- ID clay, ..U. lllpd1p1Mii;, 2Q..2!11S ....... . 
'" 

no.o, arpsil oi:cur •-,...,. NddN 11 dat bcvw IO W.t. ---· . ... ss ).2-j 7 ... sn.TY SANl>, IM to olay, 12-20'15 ..... 
. 

{13.0") di•. , .• .. ,,., ..... .-.--. .......... . 

· Datum.ii MSL • Sample Type: . indi<alOI _.- lowi. SS • Split Spam Sample 
· I iudicatn location of ,amph,. 
, Blowl • number of blows ,eqai,od to clriw 2" O.D. -1e .,.._ 

6" or "-lhowD usio1140 poondblm.-flllina 30". 
• ( ) • iachea of noovery. 
• Recoveey • " rock core n:rcoNr)', 
· RQD • Rod< Qmlily 
, SPT N • StaDdard Pwtntioll Tat resiat.,... to driviq, Woin/ft. 
• USC - Uoifiod Sail Claaificmoa- .,... 
• iodicar. w o1300 pound m-. . 05/12192 
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Stone & Webster Borlna SW-1 
Easlneerill& Corponllon BORING LOG J.O. 11372 ...... 2 of 2 

Sile: FOREST LAKE DAM Loued by: MIKE GASSER .... -- - m USC 
w N ,,..,. ,., (A) Sample Description c,,. .... • -... ,.... I MWM SU.TY SAND, a..1o llt7, lllipdy pku, '6-60S Ima. --, IQ--.,(......_ Im bid . ,,._ (14.0, Qr--~- . ... 11s I J.l-1 1 ML SD.TY SAND, a.1oc1J7, llipdy,..,5CMOS rM"'-a_ tm W -. (1<6.0") ... ....,. . 

. 

. .. 9 11-lo-6 16 SP SAND, coa,- ID 1-, -U ,,..W, _,..., .. nlllllded, loulty __. paial _..., wldl ,.,_ (7.0") ....._, <lStiaa,tne1oflNpllica,..........i,,_.1:m,wa10tiro.-.~llblled -· "'. ss ID 114-9 IT SC SAND, 6-, ,-ty ..,_i, ellrptJJ plaml:, alb --W..-. ro SS cow. ..S. .. ......_ (51.o, <Sf. iml\ _,, nrtsd,-wl a-w.. lab -,lllil aur._.), 

. 
II II 6-1-T " ... IANl), 11,aslO .-, ,-17 paiW., lipdf ,i.tim, .......... , 12,lSS tlw, •-ul, ... . ,.._ (12.G") .......... .._r • IA.ND, .... IO a., -0,-&.d, --.pl111i1, M......, _ 

. .,..,., .. ---, <SS tlw, Mt:nnt, lipl....., ~- . ... . 

. .aT1'0NOP.aaJNCIAT21.7PI' . 

. . 

. . 
,ss w . 

35, . 
. 
. 

..... . ... . 
. 

T4S, .. . 

. 

. . 
140. 

N.,.., Seo Sboo< I for 11oriq Snmuiuy IOII Lopad- I """'05112192 
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Stone & Websler BoriD& SW-2 

Enclneerln& Corpontlon BORING LOG J.O. 113n - I of 2 

Sioe: FOREST LAKE DAM J.oued by: 'M1KE GASSEll 
Climl: Ul'l'E1l PENINSULA POWEltE COMPANY Dalo Start• Fim,h: 10/17181-10/17/81 
Coordiaalol: N 64,451 EJl,ffl G......S Elevalioa: 111.1 n 
-I>,pdl/l)ale: D..,ch1Dllc4ro<:k: Tocal Depth DriUod: 2'.5 fl 
Cooinctor. SI'S CONSULTANTS LTD, Driller: JOHN WRITE Ria Typo: R.OTAllY 
Mell>ocla: Cuiq UIOd: 10 IT OF SURFACE CASING 

DrillioJ Soil: ,• TRI-CONE ROLLER BIT, REVERT DRILLING MUD 
Seq,lins Soil: 2" O.D. SlUI' SPOON SAMPLEll 
Drillia1 llact: NONE . 

CoiiiiiAMUit Jliaometei" SW -2 wu installed in borina, .. pie,c,ma,ter imtallatioa report for detaila. --- - w, USC 

(II) (II) 
., it ...... Sample Description • . - I 

\ 
711,! •· . 

I l-1-1 ' ..... SAKD, talflS la 6-, Wiil ,rMld. - pk Sc, _.. ftlll8IMCI, 10-30ti lftYII, • ---,, .u. 
(10.0"') 1.2·, l-131, a.., ... c,{ ...... .,., ----- (IU), 

. ,.,_ . . ,_ .. ' ..... 17 ..... IAHD,uabcM.•----

. 
. (10.0") . 

IS ' 2-2-2 • ..... SAND.•---· . (l.o, ,.._ . 
, .. Is& • 2-1·2 ' ...... SAND,a .... -

(7.o, . 
. 
. ISi ' 5-13-11 ,. i, ..... MMD.•--· . o,.o, 

ffl• 

u- Is& • = ' ...... IA.ND, ...... . 
. (lO.G") 

. 

• Datum ii MSL • Somplo Type: . ~..--..-- SS • Split Spoot15-lo . I indicetre locttim tlf .....,.__ 
. Blow&• a.-ofblows ""l"iffll lo driw 2" O.D. ample..,... 

6" or di....,. diown 111U11140 poun4 ._.._ fiolliq 30'. . ( ) - ...i,,. o1 .......,. • 
• llecoYcry - s rock ODftl re«f'IOtJ. 
• RQO • Rod< Quality l>NipotiaL 
· SPl'N • Stadud-...., T_.,.,._., driviq, blowa/11. 
· USC • Unified s.,, Owi6catim .,....._ -• illdica1111 w ol300 "'-••-. 05/ll/92 
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Stom & Webohr Boriq SW-2 

En&lneerinl CorpontloD BORINGLOG 1.0. 111372 - 2 of 2 
Site: FOREST LAKE DAM Loge,! by: MIKE GASSER .... 

"""" - - rn USC 
(t) (t) • ~H .... Sample Description • . - ~-

7 ,.._, 7 SAND.11 ...... 
.,,._ (1,0") . 

20- .. I 1-1-1 • ...... IAND,u ..... -.el ............... . ~,, 
. ... • 1-\.2 ' INN SAND,u .... 

~,O") ,.,_ . 
". aotTOM OP aoaDfG AT 2f.J PT. . 

. . 

. . 

. . 
160- . 

,._ . 
. 
. 

.,,, .. . ... . 
. 
. 
. ,,., .. . 
. 
-. ,., . . ... -

. 

. ,... 
Nole: Seo Sbeel l for Bariq 5,-y ml I 1-'Illfoumriall .. -05/12J92 
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Stmte & Weboler Boriq SW-4 

Enpneerin& CGrpontloa BORING LOG J.O. 113n - 1 of 2 

Sito: FOREST LAICE DAM Loa,ed by: MIKI! GASSER 
CliCIIC UPPER P.ENJNSIJLA POWEil COMPANY Date Stut • Fiailb: 10/141111 • 10/141111 
Coonluwoo: N '4,431 Ell,780 -- 7'0.4 ft 
G-l)q,lb/l)olo: Deplhto- Tooal l)eplh Drilled: ••• ft 
Coatnaor: stS CONSULTANTS LTD. llrille,:JOBNWRlTE 1U1Type, ROTARY 
Melbodl: c.um, U""1: 18 IT OF SURFACE CASING 

I>rillmr Soil: •• TRJ..CONEJtOI lD Bl'I', TEVERT nRQJ,ING MOD 
Sampliq Soil: J' O.D. SlU1' SPOON SAMfl.Ell 
Drilliaf Rock: COJUIED ROCK Ul'IL12ING NX DOUBLE BARJtEL, Sl'UT INNER TUBE CORE BARREL. 

Commemtl: Piaiolnellr SW~,.... installed in b«ina, w pitlOffltter instaUatioa report ror decaDI. -ii- -k - ~PT USC 
(A) (A) - 'rt ·-• Sample Description . llQD I,, 
"°·! •• 

. 

.!Ub ..... ' lsNN tAMI), - 111 flaa. wall ..... , ftffl11ltdic, .. rauadld, IO-JOii....,.. .. .......... 
(1..., ....-.~ 1.2•, <5S...._dl7,lak---,(III). 

•· !Ub ,...,. " lsNN SAND, ....... 115 nun 

lu p 1·1-1 ~•.o, • SAND, .. ._,.._IIIMl:mpaila. 

, •. ...... ,.., lu 2-1-1 ' IANJ), .. 111,ow. . 
(1.0, 

... , .. ,,,. ,. lsNN IAN1), ........ -.,,....,.a.---. 
' .,, ""~ .... • lsNN SAND, • .__-. m (1,0') 

LlpDd/NGla 
• Datumil MSL ,...,..Typo: . !,;mdiceb-1'--- ss - Split 5-Sunp!« 

. I - - .. o,amp1eo NX•NXRodtCoce 
· Blowl • - ol'blowo n,quind 10 drive 2" O.D. -lo -

6' otd- llhawll UIUII 140 pound blm,- f'allina 30". . ( > • .-or...,.,.,--, . 
. RetoWIY - " met ret:#fflCY. 
• RQD • llodl: Quality J'lenpolinL 
• SPT N • SIWlud -TOlt •-10 driviq, bloM/11. 
· USC • UDifiod 5o1, Oeeei6cerion .,..._ -• indicaceawof30Dpaaadh.s111-. 

05/12192 

. 

' 

' 

. 

. 

' 

. 

. 
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Site: .... 
(II) 

770. 

,., . 

,.._ 

,.,_ 

,.,_ 

Stone le .Welloler 
Fn&lneerln& Corporation BORING LOG 

Borin& SW-4 
J.O. 11372 
Slteot 2 of 2 

FOREST LAKE DAM -(II) . ,.. llo. 

. Isl i, 

... .. • . 

-~ ' 
". "' 10 

. 

. "' ,, 
,o • .. 12 

.. 13 

"'" 
" 

... 
. 

. 

. 

_ ... 
• ,t -...., 

(9.0-, 

,.,., 
(1.0-, 

..... , 
(12.o-) 

l-1-J 
(5.0") 

·t.14-11 
(10,0') 

S-1-11 
('J.O") 

.... 
(11.0j 
!L 
17 

.!L 
13 

...2.. • 

• 

• 

' 
• 

' 
n 

ll 

.... 

USC ,,.... 

...... 

...... 
isNV 

isMM 

IP 

... 

Logod by, MIKE GASSER 

Sample Description 

SAND, .. _.., .... 

SAND, ....... --. 

SAND, a lliowra, ..._ 

SAN]),-~---

1/Jffl, e.., ,-ty .,..w, _.,..., 10-ISS ....... blJhlr m trJd Mdroot, _. _,.,, 
.......,. ... , 1od1ML4' ,-, 
mrl:._IO Nd "-a. .tdlvwy Gial)' bedded, SAND, --a., ..U ,_., 
-plsafc, cull nllUIN4, .,._ Jlab\ bnwa. (d oa lap 

SD.TY lAN1)l'l'OIG. tlDs, ,-ly .,...._ - p~sdr. sub roudN, 10-1511 sUI, blply fldls,cd, 
.., wor:Udslrd IO med slaly iAdunwod, si6G. ,---. --, llpl t--, -· 
SD.TY SANDS'1'0NE. llal, fOOdY flMN, 11111 --s.d, JO-US IIDl. biply ...,,.._, ....., • 
...Ulndlllnlrd,lillcolnama,d,,--.llplllrwll.t• •2:wl .. lDlmck). 
IAMDITOME TO SIL'J'ITONI,,. (lJ.5-34.I'), 6- a1M to .... poody pwSN, ?1&11 fWllllalt. eiill ID 
vayalaWM biumlstst ncdsntslJtaWlfll)'.,,....,.. :n l'tn:sdto11'111 
irtnnd,..-lbialJ,; · ,;.,.._.._..,_..._.'b1Nt•1a11sn_,...,.,._.-,u 
• ~borm a.fsc-.pow iWOUWJ llsdlJbftlba ... 
IANDITCINE,Q9..1-37.l'), .. ~,poody,-W,NI .......... 
Jsricn:sd,wn,c · -•U 
ladms .... , Jocdl'J .. iolllsl..,d, slliA-"'-~t). 
i..-.7SL 

IANDS1't>NI, '31.J..39.5"), Dos Jfliasd, poody pdrod, 11111 flCIIIMIW. .m. ceam1. !er!rnr1, 
..U, to_.,. rWi•- to di : ••aoew bNt. ......, IO......,. 
.,, 11end,ni4srwly.,_.,.,'llldl.spmybladctodart~ ...... poor.,.._,,Mdly 
btotsa.,, ...... .._._ 
SANDSTONB, (39.5-U.0'), &.e pailmd. ,-IJ pd,14. mlt.: rdsd, WI)' lliialJ 
\erimsed- !u:'s s 1, loull)' bioaldedrd, _,,, lad panMll Esccs· em,, ... vrim=• 
bedirti, ·-- 0 Nd, ~IO..U i..r.,d, Joa. lllialelsck A•dly pmbp.kal.1 ......... ._....lipr.pay. 
Last 1.51 m-. 
SANDITOHI, (43..5-44.!11, 1lal ..-o:rt, poorly....-, Slab ... W, II •- ··"', 
bi.I ,· rstatisc Fl_,.,._,,__.. 
W.1111, lacsDJlllirl silly ,...._ Ballllo da&,ny. 
SANDITONl,(44.,...,,1').fis ..... ,,-typwied,allilralladsd.sii;a,..,.. ... 
.aawslldi1Nd,klc.a,biAd I Fi'JN, 
k,cll .t-.3• • ...- limd wp. klcalpudslly .. fraclua, &pl 10 
lat,15AofGCD • 

NO CCltEQCOVEllY, Ilk.,__ off iii bonbola • 

IIOTT0M OF B0JUNG AT 49,0 Fl'. 

Noro, See Slloet I for Boriq 5- lllll J.oamd lllfunmdoe ,.., 05/12/92 

. 

. 

. 
. 
. 
. 

. 

. 

. 

. 
. 
. 

. 
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StODO & Wmster Borlq SW-6 

Enaineerlnc Corpontloa BORING LOG 1.0. 11313 - I ar 2 
Sile: J'01l'IST LAKE Dill J.oued by, MIICP' GASSEII 
Clime UPPER PENINSULA POWER COMPANY Dale Slut• Fmim: 18113111-10113111 
Coonlinalel, N 114,471 Ell,775 Oftllllll!Elovatiao: 1'L7 ft 
G-Dep(b/Dale: Dopll,lo'Bedrock: ToulDepobDrilled:. 22.1 fl 
Conlnc10r. STS CONSIJLTANTS LTD Driller: JOHN WRn"E Ri( Type: ROTARY 
Mcdlod&, Cuiaa UIOd: 10 Fr. OF SURFACE CASING 

DrilliDa Soil< 4• TRI-CONE ROLLER 1111', REVERT DRILLING MUD 
s.mpim, Salli 2' O.D. SPLD' SPOON SAMPLD 
Jlrilliq Rode NONE . 

eoa.-ia, Maomekl' SW"' wa ina&alled ia borimc, .. pi1 011 e1a- imt•lladm: --epon ror deuUI. --- - 7 UIC 
(II) (II) " ~.-• Sample Dacrlptlou 

OQD I,_ 
711.1, •· 
no. 

.. ' .... , ' ...... SAND,-•-• "51paNII.- ,1, ... , _.__..., 10-301' ....a.• ............ 
(12.0, ...,._,-. 1.2", SI ....,_ .,, '-......_ (Ill(). 

'. -~ . 
, .... 
(14.5, 

4 ...... SAND.• .... 

"' . .. ' ..... ' lsMll 
.....,,_ __ 

. (10.0") . 
, .. .... ..... ' .... SAND, • ._. 

<1.0, 
770 . 

IU l,.J.l ' ...... IAMD,•~ ........ 
(10.0") 

. 
-

U- ... 17-16-14 .. ... SU.TYSAMD,tlan,paodJ,..W. .,.._,pludc, _. ....... tnc.pwl, lllli ,.._, 
(10.0"') w d Ill IS,.)011,.lw,cqmjn,Udir;~ianrb d d!IAND,-ID ... , ,.,_ pacidy...,.._,,, cl .............. <51' .... --.wt..__,~....,..,,,; d _. 

.., flL nlllMIID). 
WU) 

. 

•llolllm• MSL ·S....,.Typr. . ss - Split Spooo Slmplo . I ..,_ - .. ar • ..., ... 
· Blowl • - arblowl nqwnd lo dri•• 2' O.D ......... lp00ll 

6' or .. _ -111i111 140 poond "'- faUiDa 30". ·( >--ar~.......,. 
• Jlecovery • 5 rock COft cecowq. 
· RQD • Rock Qulily De,,ipm011 
· SPT N • --T"' .,.._,. clrivms, blowl/ft. 
• USC • Unifiocl Soil Clulific:llilll ,__ -• ind,v,w me of JOO pomld. l.am11-. 05/1219' 

. 

. 

. 

. 

-
-
-
-
-
-
. 
. 
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Stone & Webster Borlq SW-6 

En&b>eerbl& CorporatlaD BORJNGLOG J.O. 11372 - 2 of 2 
Sile: FOIIEST LAKE DAM Lo1pd by: MIKE GASaR .... - - Pr "1C 

" (II) "' - "' ~- Sample Destript!OD . IQD I,_ .-.. 

-~ , 11-11-li " GaAVELY IAND, - IO"-, -8p-Ml.d, --,lulic, MIii --', 20-401, .-,-1, .. 
(10.0") ....... ,--.1.s~,12-1,s--.er-.mCIIJNliA,--.btuw-.<-----•-rt • -· . ... lu • ~" ''" &a.toaill,poarly.,...., -- . ...--,wwr ...... IO_, ... . 

. (1.01 1~u:s--.--.-.c- c .. "-tact). . ,... . 

. 
IIO'ITCM DP --.JNCJ AT n.o "· . 

. ,,_ . 

. . 
,.,_ . 

. 

. ... . 
. ,,._ . 
. 
. . 

". . 
. , ... . 

. . 

. . ... . 

. , ... . 

. ... . 

7"· 

. 
. . 

Note: See Smet 1 for BoriDa S111m1•ry ad I...- lafoln•MD -05/12192 
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Stone & Webster Borla& SW-7 
Engineerine Corpontlon BORING LOG J.O. 11372 

Sheet 1 of 1 
Site: FOKF.S'r LAKE DAM 1-od by: MIKE GASSER 
Clicut: UPPER PENINSIJlA POWER COMPANY Date Slart • F'lllish: 10/ll/'/JJ& • 10/ll/18 
Coorduwes: N 64,520 £31,'71 Ground ElevaOOD: 767.5 ft 
G,OUDd,ialu ~pth/Dato: Depth to Bedrock: Total ~pd, Drilled: 1.3 ft 
Cootrador: STS CONSULTANTS LTD. Drilkr: JOHN WRITE lugTypc: ROTARY 
Methods: Cuq U,ed: 00 l'1' OF SIJIIFACE CASING 

Drillmc Soil: 4" TRI.CONE ROLLER BIT, REVERT DRILLING MUD 
Sa,nplmg Soil: 1' 0.0. SPLIT SPOON SAMPLER 
Drilliog Rocle NONE 

Comments: Plezometer SW·1 ,nu lmtalled la bonaa. see plamaeter l1t1talladoa ftport for ddllle: 

.,.. -· - - \J$C 

(ft) (ft) .. -,.,,. No. Sample Description 
RQD 

'761~ •• 
. ,.,_ 

ss t M-4 ' NO ltBCOVER.Y,walCrtablc 1-1.SftbcmpoudamfKC . 
. ,. .. ' 12-25-U " SANDSTONE. fine, poorly padcd, Ab nlUlldcd, lilic:a ccmmt, ICftfflT '° rnode•tely wutl'leftd. . (WI') d 10 m,e,cl;ui,, 7-lD'JI, lilt, utwrated, monJe4 buff to Rd b-, (watbcr-5 bccmldt) 

,.,_ . 
BOTroN Of' BORINO AT a.J Pr . 

, .. 
,,., 

. 
IS 
. 

1-d/N-
• Dat=ilSeal.cYol • S...ple Type: 
, mdiade& grom,dwuer 1-1. SS • Splil Spo011 S...ple 
• I mdic:ata locati<,e ot ,...p1e&. 
• Blows • number ofblowo roquifed to dmo 'Z' OD. &ample 'I"""' 

fl or <ti51H<e ....... usmg 140 pound bammc, fallmg 3'!', 
• ( ) • iDd,ea of NIDple '"""""Y· 
• Recovay • 9& rock core rcc:ovcry . 
• ROD • Roel: Qulity nesipatit,, 
• SPT N • Staadard PClldraboD Teat ....,_. to dmm& blows/II. 
• USC • Unified S.-1 Clllifiorinn .,,..,., Af'P"l'"d Dale 
• iadicatc&mcof300pooadhlmmcr. 01/14/89 

. 
. 
. 
. 
. 
. 

. 

. 

. 
. 
. 
. 

-. 
. 
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Stone & Webster Borlna SW-9 
Enp,eerina Corporation BORING LOG 1.0. 11372 - I ol 3 

Site: FOREST LAKE DAM l.ogedby: MIKEG-
C1ia, lll'PEll PENINSllLA POWEii COMPANY 0... SIUI • Fmhl,: 10/lllll • 1on1111 
c.oardiaala: N '4,411 £31,311 -- 7119.l II 
GroUadvlalorl)eplb/Dlde: Dq,dltoBe<bodc Total Depoh Drilled: 53.0 II 
Caatnclor. STS CONSULTANTS LTD. Drillor: JOHN WRin: Ria Typo: ROl'ARY 
Melbods: Cums Uoed: 36.6 IT OF SUllFACI! CASING 

Dn1lia1 Soil: .t• TRI-CONE ROLLER BIT, REVERT DRJLLING MUD 
Samplm, Soil: l' O.D. SPLIT SPOON SAMl'LEll 
DriUiDJ Rocle: COltED ROCK Ufll.lZING NX DOUBLE BAIUll!L, SPLIT TUIIE CORE IWUIEL. 

C,nonmta: -........sw-,was mslalled m borial, w ,...,.,..,., U111a11a11oa ,_. , ... -. -"""' 
_ .. - 'V USC • ,,..... (II) (II) t Sample Destrlptloo r,.. ""· - I,_ ,.,_, •· . 

. 
. "' 6-12-1 " ..... INID.-•r-.-a ....... w.pl ri,, .. ........._l~Sprwl.d ........ -. 

1.1·.s1 ..... .,. ..... --.cmo. ,.,_ ,_ 
Isl. .... , 4 SP UMD,111.i-a. tOlpffll. <516-. . 

. 

. .. ... 7 " . ..... SAND,• ._ ....... 11, .-k iallp cltplil ..--...-. 
(6.0, 

7111 • 
. 

, .. .. .... , 4 ...... IAHD, • ..,._.-_ . 
(7.0, 

. . 
" Ill~ U-7 " ...... I.AND, ............ ,akilidp .., .. ..,._ ...... . 

(9A~ . rn. . . ,._ . -.. ..... • i,..... IAMD,•...._..._ta.tialipct.a.-. ...... . ~.., . 
. . 

Lepld/N-
•l)olumla MSL ·5-leT)pe, 
i'-..-levd. SS - Splil 5-Sampl« 

• I indicew toca&iml o1--.,w: NX • NX Rock Core 
• Blow, - .-o1-. n,qui,,,I to dri .. z• O.D ............. 

6• or dil&lncc NlOWU uia& 140poundhmmer f.allina ,O•. · ( ) -.,.....,...,..,_""l'· 
. Rccovel)' • '5 IOCk core, ncovay. 
• kQD - Rod< Quolily Deli......,_ 
· SPT N - S-.1 -T-•-u, lllmq, blowa/1\. 
• USC - Uaifiod Seil Clulificalim - -• indicateau.of:soo--· .. h111a•. os,um 
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Stone & Webster Borlna SW-!1 

EnaJneerin& Corponllcm BORING LOG 1.0. wn - 2 of 3 
Siie: FORFSJ' LA.XE Dill Loa,ed by: MIKE GASSEll .... -- _ ... , 

tllC 
(Jl) (Jl) w ~N .,.... Sample Description ,,,. ~- • - ~-.... 7 ...... SAND. u abow,--. Net ill tip of.ii. apom -.-. ... , 
710. . . 

,._ ,. I ..... II ...... SAND,.., ....... . -
o•~ 

I» ... • SM SD.TY IAND, CGIIIN, 11:1 tlalS, -a p,da,11, lllipl11 plaac ... -..S- lo wb rouadall, 1~201, , 
(11.0j ._.,..,M~~.mu•11po1.-.,.--.1u. ,.._ , 

,s. is, lO 1-1-4 ' "' SD.TY SAND, --IM, -U ,n,.t, lllpdJ plallk. _. NpilrlD .. ...._., 10-lOS 
. 

(4.0") a-. ..... ,.. It-, (llluviimi), nioli:: laliip of.at.- ....... , 

, 

. ,. II ~14,.'J 11 Ill SU..TY SAND, IM, ,-t, pNN, - pb?ir, tu!i aaplu, 10-US .......... __...,-. l" , 
o>•i ___,.to~• f:1nt.10Aiobard.,• f: nd Jt tric., 10-US ..... -.194 

. --· , ,.._ ,._ .. 11 7-M " ... OI.A.VBI.Y SILTY IAND, &-, ,-11 pNell, pl1111ic, _. ....... , 10-151' ......... tollllllM, " . (11.0") .u.1",.....,.laT 1 .. ,,,ol\10lianl, ..... 1 ........ 
lMSSa..,-.IIIOllled, ... lttOWalD..,_._~_..,..,._.. . -· . 

In , 22-lS.II " ... OU.VEI.Y Ill.TY SAND,".,...., 20-lOS pnal, t•,........, ......... .e.1o . . (2.0") t -~· 755 .. 

". IS 14 10-12-11 13 "' OIAVELY SU.TY IAND, • lbowa. 
. 

(14.0") 

!,a, • ,!1 0"1 WIBl'l'Blll:la·~'Mo.~•--,.,..,., .. lllilo,I._· , 
u ....W.,. locally MW. d I t illl4J • d a ... V hn:t lf willl"'Y 

lld&Nddld ...... elnillW,W&YJ"lll,-allc;Jl d a ....... , .. ..... , Wt'rl.c«li,.... __ (~.--Wflllli&pay,~ . ... 1-1 ~, ftofCIOfl, -
. 
. ~· L SAHDSTON!l.• fmh, IIIOillnd71Dwdl 1ia1t ..,, (bellaoc,t). . .. 1- .261crl-. . ,.,_ 

., . 

. "" L SANDST'ONE, hlb, modand1 •-• t I ... , .al Wp IIIP ID 
71 WClical ,._.,, local .J.,6• _.., ..,.n& Yllp, llpl,-, IO , ... --· LGll.2'4tlof0Cln. 

N- See -1 far Bariq Swmm,y ODd Lqoad Wi11awlim ..i .,.., 05/12192 
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Stone & Webller Bcuiq sw., 
En&(neerlna Corporatloa BORING LOG 1.0. 11372 - ' of ' Sice: roRESTLAKEDAM Lo1aed by: llllKE GASSER .... i- - - ""' USC 

H 
(ll) (ll) .. 

"' 
~,.... 

"" ~-- = Sample Desulptlon -... CON?DnJEDRQ,IPACJBTWO. 

-
-

ffl. 

SJ - Of IOUtO AT '3.0 Ff. 

. taD.J.lNGlfO'l'III: 1>Nwti CMillftro.10' 11Ql6.7', __,ID_. DINiaiacori-,O,-~ lilD . _.,..... .... ..r.c..wtalk,um.,C011:-n-.,..........,--i:iatia. . .., -------~llllf6rtt:iail_,..... ___ COll:_14 . .,,._ . ... 

. 

. 

725 • 

". .. 

,,._ 
10• 

715• 

". 

710· ... 
No<o: S.. Sbeal I for J1oriq S"""""1 """uaaod __ ._., -05/12/!12 

. 

. 
. 
. 
. 

. 
. 
. 

. 

. 

. 
-. 
. 
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Stone & Webster Borlna SW-11 

Eqlneerln& Corporation BORING LOG 1.0. 113n - I of 2 
Sire: FOREST LAKE Dill t.ou,,I by, MIKE GASSER 
Clia,t, UPPDl PENINSOLA .POWER COMPANY D.,. Slat • Finilb: llJUJIII • 10/11/U 
Coon!.....,, N 64,4$1 E 38,395 G"""'4- 780.s n 
G-Deplb/Dalo: Depebta'.Bedtodc TocalDq,chDrillod, 27.4 n 
C:0.tn<tOr. STS CONSULTANTS Lm. Driller. JOHN WIU'IE Ri1Type:ROTARY 
M- eum, u...i, 11 FT OF SURFACE CASING . 

Drilliq Soil, 4' TRI-CONE ROUER BIT, REVERT DRUJJJ,IG MUD 
SampU., Soil, 2• O.D. SPLIT SPOON SAMPLER 
Drilliq ll<>dc NONE 

Com-t1: -SW•ll -inllalled b, borina,-pien-..-imlollodoa roport !c.--

.... ""'" ...... - im UIC 
(fQ (fQ m J' ,.... 

"" ~-- \. Sample Description -'"°-! •• . ,.._ 
' 

. 

. lu i,..... IAND, -..10 la. -a ..,.,..t, - pk:::tk; _. taaidad, 10-30• ......... .....,._ 
(lO.O"'J 1.2-., ...... ., .... ---.(111). . 

' . .. 2-0-l ' . ..... SAND,•._, IIIU ia lip of .,Ill 1POC111 ._..._ 775. • . 0-01 

. .. ,_,.. ' ....,. SILTY SAND, tla,JIO(IIV,,.....aop.ck. _.....,, 14SrnwJ.MI--WID---W. 
(17.G') aoft to-, .a, .-a:, sq 1111111M, ._. of\lroll,a ell,- .ut, &.t -•• •• 12,.lSS t.., 

crwotospak:I, lq, JialltblR'a ID 1W .,,_.., ltail ............. , llllffr,,t~or --, .. lu , ... , ' ... SILTY SAND, a.., ,-ty ........ -,1aek. ab ll!plar, 141' sr-1, .. -.W '° 1111111111d, 
. 

m. (17.o; lllllD\WJ'.,a...-.ty • $ ad, I01loha..,.,.,W.'--a.(•11lll1 N~or 
..,..., .. ...... darlwd a--1,J~. . 

iss h »3 • DI IILTYIAND,•.._,"'--- . 
' (11.0") . 

15, iSS 12'7-li.10 ll SP GIAVBU.Y IAND, tm. ..,p1,sh, 1ldi ,....._ 1~1J5 ,_.,.__. ftllllllW, dr a .. -.~ ,.,_ 
(ll.01 _,, lo F r# "lh!y • osrrt,_.111___,,.Lal ••• m.1.2•, <JC..._.,,._ 

lllowalao ... kalwa, (W1rt..i: blMlnld:;). 
. 
. 

l.....,.uNola 
•Dammit MSL • ...... Type: . ~--..--- ss - Splil 5paOII Somplo . I indicanlocllioao'uq,lel . 
• Blow, • ,...i,,. ofblowa ,oq,,i,od ta drM 2" O.D. -.lo ,pooa 

6" or di,._ - um, 140 poua,I h•..- falliaa 30". 
·( )•mcheoof-1e--
•Recovery•" rockconnKlCm!IY-
• RQD • lloct Qaality O..p111ic1L 
, SPT N • Studlrd Pmetntiaa Tmt ,_PUK'AI to driviD1, blows/ft. 
• use • Unified Soil aa.ificolim- TO -• indicltel .. of 300 poad bl1an•- QS/12192 
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Stone & Webster llorina SW-U 

En&meerilll Corporatloa BORING LOG 1.0. W72 - l of l 
s;.., FOREST LAKE DAM loued by: MIICE GASSER 

"" ,..... ...... ..... USC 
(A) (I) .. ,,_ 

Sample Deotriptlon . IQI> Ii 
ISi ' 11-N u ... SD.TY SAND, .... poody,,.... __, ... , _. ......... 10-us pnl,, .. ......_ 

(13.0") d.cciq,--, ..,_k, •\'UU)'ID ~"-..,.., ... , -.1.2•, 
IOS&w."1,t,11&"'--•rN_,_..(...,.. rd~. 

20 ISi • ll-11-10 11 i,w... OIIAVl!LY SAND, .... ,_., ....... - phric, .......... to.us .............. ,.._ 
(17,0") M\1114 11t~_,,_,1Dmod1Wlf•s ±snt.11:1a~,IMPIJ ......... wa.l.l",lO'I . ..... ~.lip&__..., - kawa. ~, ... nrt IINRNlr). . 

. "'. 13-14-14 21 QI' IANl>Y ORAVIIL. 60'1 pwal, .. --W, dKompl>Nd Ndtock, ..--, • a t lllely a 0 ... 
(16.0i 1J .. 

{,,., I O rd ...__,, . . ,._ 
u 10 123-10.,0 30 .. ..,.._,l-lS....,.._.,.....111....._.., . 

"' - (14.0") .... .,.., ... '""'1. ··~-. flillt1rat~ ........ -'-J~. . 
. 

M)TI04 011.-JNO AT l'U Pr. 

,. ,,._ 
. 
. 
. . 

". . 
745. . 

. 
. ... . , ... . 
. 
. 
. 

". . 
"'· . . 

-. 
-. 
-. 

N- Soo- I far BoriDa Summmy ml l--4 llll'ormlli<m ""'"05112192 
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Stone & Webster BoriD& SW-U 
Enl,lneerln& Corpontlon BORJNGLOG 1.0. 113n - I of I 

Sile: FOREST LAKE DAM I.oped 1,y: MIKE GASSER 
Climl: IJl'PER PENINSULA FOWER COMPANY Dale Sllst - Fmub: 10/lllll - 11/ll/111 
Coonlinaleo: N 64,4" E:,a,J,1 GroundElcYalim: 771.6 II 
0-~ D,i,cbtalledn>ok; Toul D,i,cb Drilled: 1l.5 ft 
C...lnclor. SI'S CONSIJLTANI'SLTD. Drillot: JOHN WRTIE 11iJ 1)'pe: JIOT AllY 
Melbodl: cams tJ..d: 10 IT OF SURFACE CASING 

Dri1liq Soil: 4• TIU-CONE JI OLLER Brr, JIEVEIIT DJIILLING MUD 
Semp]iq Soil: 2• O.D. SPLIT SPOON SAMPLER 
Dri1liq Rock: NONE . 

Com•--u: Piezometer SW-11 was installed in borial, see pirmder iastalllliolll report tor detaila. 

.... - - ~Pr 1llC 
(II) .. m ~" ,,_ 

Sample Description - I,_ 
771.! •· . 
110- . 

. .. I t-7-S ll . ..... IAND, ... -a,....s.--,taa, .. ~,S-lO"srawl......_,, ..... 11&4,..a..l•, 
(5,0") • e ......... ,sa....cnn•3Saquica.piscuaf--,•111a1Wta."'1,llpl 

-(1111). 

,_ 
Pl ' .... I ...... SAND, 6-, _.....,.__,._..,alb ....... , 20-301' pwl,. na 1 iild)o • Oors1, aaa •• r, 

(11,0") ¥Nd , •• J , 5S n.u.-.olS .....,.,, llpt__..(IU). ,.._ .. ' l•M 1 SAND, a., ......... - J!atir,, .. .....a.d, 40-50S pa .... ......a,-• d 11M,-. 
(11.01 .I",• t m11Nma.,5S .... -..'°lS ....... ,-..otwaad•tOa1Wn.lrJ,!l,til 

__,.. (aall liari:IMtknhJ1t .. t/1•1 11:ir:ed ~7). 

, .. iss • 10-10-9 " SANDITO!Qt. tlllll: ...... ,-t7 pdml., amdenld,- w Owl., ... liBFe ..,, 
(1~, IINWL.C,.. 1 .. ~. ,.._ . 

. 

. aorrca& OF .-ING AT 11.5 PT. 
,._ 
. ,,,_ 
. 

lApld/Nolal 
•Datumil MSL . Suaple Type: . ~----- SS • Split Spooa Sampla-. I w;...,.. 1oaoam or_. . 
. Blowl • -ofblowl teq1lind ta drive 2" O.D ........ -

6" «dill-....,_ "'"'I 140 pooml ...._ r.Di,,a 30". . ( )•illc!INof....,,.,---, . 
• llCCl1VW)' - " mc:t COl9 ncavery. 
· llQD • .Roc:t Qu,lilJ' Dooipoti<lli, 
· SPT N • SIIDda,I-Ted •-., llriviq, blowa/ft. 
• use - tJmfiecl Soil a-;-.,...._ .,.,. 
* indicatM UN of,00 pcJIIDII hu.mw. OS/12192 

. 
-
. 
. 
. 
. 

. 

. 

. 
. 
. 

. 

. 
. 
. 
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Stone & Webster 
En81neering Corporation BORING LOG 

Borillg SW-13 
1.0. Jim 
Sbeet 1 or 2 

s;to: FOREST Lo\D DAM Log.d by: Mill GASSEll 
Client: UPPER PENlNSULA POWEil COMPANY Date Start • F'misb: 10/14/11 • 10/ .. /88 
Coordinates: N '4,,f16 E 31,%97 Grows! El ... tica: 788.1 ft 
o,.-.. Depth/Date: Dcplh to Bedrock: 22.5 ft Total Depth Drilled: 26.0 ft 
Cootnctor: STS CONSULTANTS LTD. Driller. JOHNWJtrn: lUgTypc: llOfAllY 
Methods: Casing Used: 5 fT OF SIJI\FACE CASING 

Drillli,g Soil: .- TR.I.CONE kOUEk BIT, REVERT DRllLING MUD 
Samplliig Soil: l' 0.0. SPLIT SPOON SAMPLElt 
Drilling Rod: N-

Commm:ita: Pluomtter SW-U was lutaJltd fD borfn&, sec plczomctcr lnscalladoa repon tar detaill 

Eb' Depth a.mp. a- USC 
(ft) (ft) 1-..--l~ 5JaibGl 

l)p No. 00D 
Sample Description 

,.,_ SS l """" I st-SM S/\Nl>,m.m:10ftnc.Mllpaded.Jk6-Pb,sdc.&llbtouaded.lM091>JJ"IVSl.labfflUOded. 
(13.0") au. U, VA 6-:s, race dorpllkl, Bpi: bran, (811) 

. ,. ... 2 ,..., ' ...... SAND,•IIJOWe 

. (lo.a') 

. 

. ... ' , .... 14 SNJN SAND,•~ ,.._ 
(lo.a') 

715. .... ' 2-4-4 I SNN s,J,ID, •IIICll'I kl ...,..1 
(I.II') 

U- SS 6 3-3-3 6 SP..sMI SAND,•.,_ 
(I.II') 

. 
Lqend/N-
• Dat\1111 1-1 
• iadicatcs groa,tdwatcr nl. 
• I U>dicatcs Joc:atjo,, of -p1co. 
• BIOW\I • number of blows f"'luircd to dmo r OD. samplc llJIOO'I 

6" or diaaoce shown using 140 poood hammer !aUi,,g 30". 
• ( ) • iochaolsamplcrccmcry. 
• R.ecovery • 9' rock core recovay. 
• ROD • Rode (loalily Dcsip,tioo 
• SPT N - standard Pcactralioo TC$1 ......... to dmiog. blows/ft. 
• use • unified Soil vste:m. 
• iodicata use rl.300 pound hammer. 

• SamplcTypc: 
SS • Split Spoon Sample 
NX • NX Rock Core 

Date 
01/24/89 

-
. 
. 
. 
. 
. 
. 
. 

. 

. 

. 

. 
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Stone & Webster Bortna SW-13 

Engineerlna Cerporatloa BORING LOG 1.0. 11372 
Sheet 2 of 2 

Site: rousr LAKE DAM Logedby. Mill GASSER -- ....... - •-•t USC 
(ft) (ft) - J' 9pbol Sample Description r,p No. ~\ 

5S 1 .. .., • .,..,. SAND,•..,_ .,,._ . (LO, . 
. . ,._ 

ss I 6-S-$ to SM MND,•ab!M.bollolllpordoaol~ . 
(LO") 

SAND,11K. ____ _. ___ .., ___ 
bedract, l~lJ laM. tr9C9 orpUI, yellow tno-11-.111 "-r 1• ftd (eoat1t1 

willl nn ..s wcadlad badltlCk or lllwh,.m) 

. 

. 
ss ' .... , ' SM SAND,•.,,,_, tOl:t la tipd.apit ..- IUlplrr ,.,_ 

(4.11') 

25• ss ,. ..... ' SM SAND,&M,pcmtJ.,.._a.w plmlk, _, l"CMIOed. 1~201ilsr-L,_.ftlllllded,tcft,tevemy . 
(JLG') ..alknd, Uii>fl-,w,JSD-b---.(• Ill s9dMdroct) 

. 
,.._ . . 

801TON OP BORJNO AT 2U Fl' . .,_ . 
. 
. 

,,._ . 
. ,,_ . 

. . 

. . 
,,._ 

. . ... -•• . 
. .... . . 

. 
". . 

. . 

. . 

. ,.._ 

. 

Nou: See SbcCI I !er Boriag SIIIIIDIII)' ud l.ep1ld bllonulioot Appro,<d Dare 
01/24/89 
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Slone & Webster Bor1na SW-14 
Engineering Corpontlon BORINGWG J.O. 11372 

Sbecl. 1 of 2 
Sile: FOIIES'l'L.UtE DAM l<>gcd by: MIKE GASSER 
OiCDI! UPPER PENINSULA POWER COMPANY Detc Stan • Fwsb: 10/11/18. 10/18/11 
Coordinates: N 64.415 E31,1'n Ground I!lcYalioo: 717.1 ft 
Q,ouodwatc:r Dcplh/Dato: Dq,lh to Bcdrod: Tobi Dcp<h Drilled: 21.I It 
Contr11c1.or: STS CONSULTANTS Lm. Driller: JOHNWRITE Rig Type: ROTARY . 
Methods: CesmgUICd: 5ITOFSURFACECASING 

Drilliag Soil: 4' TRI-CONE ROLLER BIT, REVERT DRIWNG MUD 
Samplmg Soil: Z" O.D. SPUI' SPOON SAMPLER 
DrilliagRoc:k; N-

Commenll! PSezometer sw.14 wu lastalled la boriq. see plaocnetcr lastallaUon nport ror ddalls 

.... """" ....... - I~ USC .. (h) Ch) - Sample Description 
l)p No. ROD \,_ 

'717.! •· 
,.,_ 

ss l 3-2-1 ' SP-SM SAND, COSIIC to~ wdl plk4, 111b rovaded, JQ..3011, ,r-1, 111b raundec1.--. 
OU') tr,"' n-. tncc ot orpaica. diJ, llpt tJ--. crtU) 

' ss 2 .... 
(lU') 

17 ...... SAND,•--, rod; ill dpotaptit .,._ AfflJll,e.r 

,., 
ss ' .... 

(llJ.O') ' ...... SANl>,Mabowc.dlantpldlill:Jfiaeallll,dattbl'Ollll 

, .. ss • ..... , ' - "° IU!COVl!RY 

.,,,_ . ss ' ...., ' ... SAND,•--.~1"af__,..il 
(IJ)') C.AYEY m.T,Bac,paorty.,_sm.dlpdJ~ <5-..-i,S-Jjti,IUt.,--, browa, . ( ........... 7) 

. ,,_ 
ss • = 1 SP-SM SAND, &ic,=paded,aaa plwUc,lllb fOlllldld, L5""PMS.111bio.dell,S1'8w,.a_ . (6.0') ................. , 

'I'll). 

1-d/N-
• Datom io Sea Lffll • Somplc Type: 

• li'. - .. .-.. - SS • Sptil Spaoa Sample 
• I in<licat .. locatioa or...,p1a. NX • NX Rod< Core 
• Blows • oumbcr of blows required to dmo r O.D. 61Plplo ,paoa 

6' or di,t...., <1,owa usiag 140 pound hammer falliag 30". 
• ( ) • illc:hCI ahample fCCIIYOIJ'• 
• RtcO'IU)' • '96 roct COl'b wwwwuy. 
• ROD • Rodt Qaalby Daip•ricn> 
• SPT N • Swulud ~tion TClt n:sist•- to clri,mg, bloM/ft. 
• USC • Uni&ed Soil Claaific:atinn -,stem. Appro,<d Date 
• indicatCI use of'300 pound bammer. 01/21'/89 

. 
. 
. 
. 

. 

. 

. 

. 
. 
. 
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Stone & Weblter eor1nc SW-14 

Engineerln& Corporation BORING LOG l.O. 113'12 
Sbect 2 of 2 

S~e: FOREST LAKE DAM 1-<dbr. MIKEGASSEII .... -- - USC - -(ft) (ft) " Sample Description r,,, No. 110D ,. 
5S 7 4M ,. ...... S,\NI), .... uw. n.a 

(7.11") 

,._ 
5S • $40 u ... SU.ff.Y SMID, 8Dc,poartypadal, 1XJSJ-,-:ic.105psvel. AbraD!ldcd, 10-U'Ji,.IIDa, wa, . 

(6.11") ....-.(-) 
,.,_ . 

. 
BOTI'OM OFBORING AT21.I PI' . 

25 . 
,.. . . 

. 

. . 
., . 

"'· 
. 

,s • . 
. 

""· . 
. 

... • 
. 

..... . . 
. 
. ... . 

. . 
,.._ . 

. 

. 
Noae: See Sheet I fer Bariag Summary .... • eprd l'lfmlulioa Approvod DIie 

01/7,1/89 
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Stone & Webster Borin& SW-15 

EDilneerln& Corpontloo BORING LOG 1.0. 11372 - 1 of 2 
._ Sil« FOREST LAKE DAM, SPILLWAY Loepdby: MIKE G-

I Client: llPPEI PENJNSl)LA POWEil COMPANY na .. Swt • Finish: 10/20/81 • 10/20/81 
~:NM,4'.31 E 31,565 Grouad Elevation: 75fi.l n 
o......i-~ D,pd,IOlled,ock: 6.T ft TOlal Depch Dn11ed: 20.2 ft 

I CoainclOr. STS CONSULT ANTS Lm. DriDer. JORN WRITE Rir Type: R.OT ARY -··· 
Melbodr. Cums U,od: NONE 

Drillilll Soil:NONI!: 

I Sampliq Soil: NONI!: 
Drillm, Rock: 0-1.5'' "TRI-CONE Brr, 1.5 .... 5' NX CORE. ,.u.J• S.TS" BIT 4' COllE, 6.3-20.2' PIX CORE 

I 
I 

Cam-1s: 11\tzometer SW-15 'RI installed ia bonbolt, • pl"°'""N;" lnstallation ftpOrt for detailL -ii- - - ,.,. UIC 
<") ,., • ,l ,,_ 

Sample Description • . aQD ~-,,.~ •· . 
I 
I 

IT~HOU-drlW .... •4°1ri-e-.tcllatbll. . ... ,. 
"" !!!!. CONalrJ'E.,NEWDJICX.(l.!-l.O).ID-125...,..,MSAl.5°, .. ,.,...,.,10..-.W.,..U, 

9S ...... d f he-. (1.9') 'Wfida wllila bldlll '.t -- carboam 'P, dry, ... (CWl'IIII) 
CONCttnl OIJGINAL CONCUTB (J, .J'). ~1SS ..,...... lllll aapiu to_. l'Clllnll9d, 
KIA l', locld _. -111iar lf'IIIIIIII ....... ,.,., Ila, {c--.). 

r 
I 

·- !!!!. COKt:llff'B, ....... ' . ·- !io com:azn. u ..... . ,,., 
!f. ""' CONCaSl'BIANDITONBCOlffACl',--u-..,c...-116:r,.--w .. ..,.........tiaa .. ----IIIP'L . . ID.TITONB (1,1-1.01, iiUI. _. __., wll r-=Wto .. ....-, ~.....,_ 10 . lallllil t t, _,. --ew!-+,e "A 11 t rt 11 '0 punD IModdblc, ID .J• h mchralilly .,....,_. 

<--- ....... daacwt),'9&bfnlL- ._.,-.1._.,dimlybNdacl~ . orw.o ,,_.._,_.,__.. ,wal..c.d,mciel.,.no.1n-..--.. ent-

I 
I 

1o..., .... toa1,~. 

··- IAMDl'TOKB (1.0,..11.3')0 ....._ID._ snb-1, M IVIIIIN\I, W.U. _..., 1nalueba&ad, - lo . 
1091i.4-.l"W.U ...... 1ln it ,._,.wyi,...,.,_.,......_,bolllJmoolanulJ ,., W ± 11J,well1-larwd,liplpaJto,... ........ ,...,,. ,awy.......,..,.... . .., !L ~•MMIWlla .. .__pasdaacKnaM. .. 

I 

• 
u. . 

IN,. !!... IANDSTONB,•....._ ........ '" I pDIUIIIJ, ... &,well..., .... ol'2040 CJPM. , .. "' i.-.1saa1 .... . 

• r._ 
•D-• MSL •SamploT)po: 
. ~- I ..---· NX • NX Rock ea,. . , ......... ._....,_. LD • S. 1S• ID, -4• Cons 
, Blows • - ofl:k,q ..quired ID dri,. 2' O.D • .....,1o opoon 

6" OI--..... 140pov-' -- r.run, 30', . ( ) __ .,....,.. ..... ..,, 
I . Recovccy • "rock core iel.OWll'Y· 

· RQO • Ract Qualil)' D,,(ptlial 
, SPT N • S.-.S-..iioa T"' - ., driwll, blowaltt. 

. 

I 
• USC • llmfild Soil Claoi!k:mm- .,... 
• incticalDI _. of 300 • II. (11/08192 

. 
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Stone & Weboter 
Borln& SW-15 

Enalneerinl Corporatlcm BORING LOG J.O. 11372 - 2 of 2 

Sile: FORESl"LAKEDAM, SPlll.WAY Loued by: MIKE GASSER 

,.., i,.,,. - - ""' (I) (I) • -- Sample Description \ . - '" .. CONTRJBD POUi PAGE ONI . 
• 

. ,._ . 

"'. . 90'ITCM OF aoaJNO AT20.3 ff 
. 
. 
. ... DRILlJNQNOTIS: l>rilW_,..ldl~.O-t.5')wlllria4• .,_Nlllrllil. drilWMd 

,eca,...,. HXom9 a-1~• 111 4.5', .._. boll willlS.75" u, _.WI,... cul•4" aon, ,,._ ... IO& ... fll6.3'atwlaWl .... llla ....... 
..... -barrll,aaW•ewdriDIINlfraa-banll,IMICMIIIOMXccn . ...... 

. 

. 
JO• 

,,,_ 

. ... 
,,. . 

... 
715-

. 

. .,_ 
710• 

. 

. 

. 

N- See Sbool 1 forlloriq s,.. y mlI....,.iiafi>nnoll,w, ~07/0IJ92 

. 

. 
. 
. 

. 
. 
. 
. 

. 

-
. 
. 
. 
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-
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Slone & Wehlter Boring SW-21 
Engineering Corponllon BORING LOG 1.0. Jll7J - 1 ol 1 

Sito: FOREST LAKE DAM, SOUTH LEVEE LqJgocl 1>y: MIKE GASSU 
CJioat: UPPER PENINSULA POWER COMPANY Dile Start· F"misb: 10/18/88 • 10/11/BB 
CcO<dinatos: N 33,2-16 £31,500 Ground Elovatlon: 711.5 ft 
G,_., Depth/Dote: Depth to Bod,oclc Total Depth DriDod: U.511 
Coauactor: STS CONSULTANTS LTD. Drillor. JOHNWRin: R;g Typo: ROTARY .•. 
Mdhods: Casing Used: 10 Fr OF SURFACE CASING 

Drillmg Sail: 4" TRJ-CONE ROLLER BIT, REVERT DRILLING MUD 
Samplmg Soil: 1" O.D. SPLIT SPOON SAMPLER 
Drilliog Root: NONE 

Commeou: Pluomda' SW-.Zl wu lastalled In borl111, MC plaometer las&allatloa report for details -.,.,. . ...... - SFf USC 
(ft) (ft) .. ../' - Sample Description r,,. "" MQD \ 

'111~ •· . 
,.._ .. I 1-1-2 3 SP SA?ffl, ftne UI ffimllfflpala,paodypadcd, oon-plaltic. trKC I03"'pawd.~-.z. 

(11V] 2.5 cm., < 5'91, ftaa. uw:c of. orpma/fflOa; ud lQOC bam, dly, Bpi~ RII 

,. ss ' .... , ' SP SAND,a~DOorpnks,IDllilt 
(9.o") .,,,_ 

ss ' 1 FOJlll I SP SAND,albcMI,_. 
(lH") . . ,a ss • .. , .. 3 SP SAND,a--,51'11tl,ftll . 
(lH") ,.,. 

. .. ' ..... It Pr PEA.T,orpnksnd dlf,lllpdJpladc.- tu5'J1,n.o m..sbam.A1111.Dlpakll,-m1 . 
(9.o") •waod dllpl. roata. dermlpoK:d orpaia,--. blact, (bes dlpulil) . Sll.T,poGIIJpadcd,~ baUoc 2" olWft,-.lipttnJ,allwhnD. .. • ,,..17-16 Q OP.o> SANDYORAVEL.liltaosra-lploaia.wllpwkd.1101t,lr t..:,~pa,,el.~ 

"· (M.11') tuupalar,-. 19,50-651J1osnd,CIIMK to -~~~lo,&,lilt,..C, llpt -...,, (alhl\wa) 
. ,.,_ 
. B01TOM OP BOIUNO AT W FI' 

Lopnd/Nala 
• Datum ilSeau:vd • SampleTypo: 
• - .. gro,mdwllcrJe\od. SS • Sp61SpoooSamplcr 
• I iDdiOlle1 locadoo of sampla. 
• Blows • number ol bloM '"'!uirod to clmo 2" O.D. Ample 6J10011 

6" or dist..,....,.,. usiDg 140 pound hammer falliDg30". 
• ( ) • iDcho& ohample ,_y. 
• Recovery • 9' rock con. JCC.OWtt. 
• ROD • Rodt Qaalilr Doaiparicllb 
• SPT N • Starrdard Pooolratioa T,.. ..,;,,.oce to clmmg blaM/ft. 
• USC • Um&od Soil Ousific>rian .,....,_ Appro,ed Dato 
• indicate& me 300 pound hammer. 01/24/89 
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Stone & Webster Borlnc SW-22 
Enalneerln& CorponUon BORING LOG J.O. 113'12 - I of I 

Site: TORES'l' LAKE DAM J.oued by: MID GASSEll 
Climo UPl'ER 1'£NINSIJLA POWER COMPANY D.,. Slmt • Fimlb: 11/211111 ; 10/241811 
Caordinales: N 33,290.441 E37,101.J7 GrowidElc-nlion: 111.13ll 
G-le< Depd,/l)a'"' Dcplh.,_, To<al Dcplh DrilW: , .. 7 ft 
Contnctor. STS CONSULTANTS LTD. Driller. JOHN WIUTE R;,T)'PO' POWERBAND·AUGEll 
Melbom: CuiqUIOd: NONE 

DrilU., Soih 4" BORING WJTH A LITrLE BEA VEll POWER AUGEll 
SampliDa Soil: GRA.B SAMPLES on- or THE AUGEll lLIGBTS 
Drilliq Rock: NONE 

Commmts: Auaer borinp where dn11ed to n(usaJ point. a second •~er bCJri-.: WU drilled to mafirm the 
nfusal point. If lbe ... nfusal depths Tariod ..... - .J' • - borial - drilled. .... 

"""" -· - ·~ IJSC 
{A) (ft) - ..... Sample Doscrlptlon .,.. No. - ~-

111.1 0 ~· SAND, ..... 1Da._,-t7....,, .. ,_.,., <S'5aDl,liaM.,.__, . 
'10 . 

. 

. .. 

. . ,. . 
n,. 

. 

. 

. ... 90'ffCM 0P kaINO AT 1.7 PT. . ..... . 

. 

15. 

,.,. . 
. . 

Lea-
· Datum ii MSL • Sampla T)'PO' 
' ~iadi_,,_..._ AO•Aup,fliplOnbS,mple . ·--"'---• Blow> • immbor of blows nquiJod "'drive 2" O.D. ,mplo ,pocm 

6" « di,!..., - uaiq 140 pouod Jwamer &!liq 30". 
·( )•moliooof ....... __ 
. Recovery - ' met c:on rec:owry. 
• llQD • RoctQaalit)'Deoipolial. 
· SPTN • S--1-T•,._,......,drivma, blawa/ft. 
• USC • Umliod Soil a,.;licalicw - ,... 
• indica• UII of ,00 poand a...-, 05112192 
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Stone & Webster Borina SW-23 

Englneerlna Corpontlon BORING LOG J.C. 1113'12 
Shod Io( 2 

Sn,: FOREST LAKE DAM, soure LEVEE 1-ed by: MIKE GASSER 
Client UPPER PENINSUL\ POWER COMPANY Date Slut· F"mm,: 10/11/18 • 10/18/18 
Coordmau:g: N 33,266 E37,119 Ground ~lion: '18'.5 fl 
Grouodwatcr Depth/Dile: DcpdatoBo&-odc TOlalDcplbDtillcd: l6.lft 
Conuactor. STS CONSULTANTS LTD. Driller: JOHN WRITE RigTn,e: Ra?ARY • ' 
Mothods: Casilla Used: DROVE CASING 10 25 IT. 

Drilliag Soil: •• TRI-CONE ROLLER BIT, REVERT DRJUJNG MUD 
Sampling Soil: 2' O.D. SPIJT SPOON SAMPLER 
Drilling Rode NONE 

Commeats: Pwaometcf' ~-23 WU Installed In bofflll, tee: plirzomttcr lnsta11atl• ftport for delails 

"" """"' ....... - USC 
(ft) (ft) "' V -\ Sample Description 

r)p "" """ 719~ •• 

.. I , ... • SP &\ND.medi11a11ofiDc,poodJ~ IIOll-pllltic.sub rouode4, <5,.pwvd.lUtl nplar101ub 
(9,Q") ronded.ma 1.2•, <5'1.flaeo, dry. 11ptb_. (811) 

"'· •· .. ' M4: ' SP SAND, • abot1e 
. (WI') 

' 
ss 3 , ... , 3 SP SAND,•llbOR 

(&II') 

' ,.._ 
10• .. • ,... • SP MND,•llbcM:,mcllR 

' 
(&II') 

. ss ' .. , .. 1 SP SAND,•lboft.mall.nickilltipcflpl)CIG 
(&II') 

. 
"' ll• .. 6 2-1-1 2 SP SAND,a..,_,ataatat 

. (7,Q") 

. 
1-d/N-
• DIIUm iaSea Le,d • Sample Type: 
• ¥ illdiaita .,-.. i...i. SS • SplilSpaoaSamplc 
• I iadicalea lacalion of umplca. 
• Blows • number olblowuequired to dme 2" Ol>. IIDlple spoon 

6" .. - shown usina 140 pound hammer falliag 30'. 
• ( ) • iD<:hca of -.,lo """""'1· 
• Rccovay • 'I rock core recovery, 
• ROD • Rock Qulily DaipllioD. 
• SPT N • Studard Pcnctntion Test rcsid1a« to dmoing. blows/ft. 
• use • umlied Soil Clulification IJII""'- App,v,od Dau: 
• iadicatea use of300-d hammer. 01/24/PIJ 

. 

-
. 

. 
. 
. 
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Stone & Webster Boriq SW-23 

Englneerin& Corporation BORING LOG J.O. 111J72 
Sbcet 2 of 2 

Sito: FOREST LAKE DAM, SOUJ'H LEVEE Logod br. MIKE GASSER -- ....... - USC 

"' -(ft) (ft) '\ Sample Description r,p No. RQD 

ss 1 , .. ,.. 1 SP 5.#dID, Dedhna111tis,poor1ypc1c4..i, ~lracccoane-.i.• fOIIIMkd,.S,.ruaes. 
(2Jl'J lncEoloquica,utvnu:d,dutpy,(~"Oldcpaak) ·. 

TIii• ,.. ss • 11-24-tP 43 Na~. tDCt iD dp ol lpOOft 
. 

. . 

. . 

. ss • llM 10 SW GRA.VEU.Y SAND, ftllt 10medlulll, -Upade:d. ~l\lb rallndcd lOIUb 10-1$.,, . 
(UO') ..-I. Alb aop!N'to aub l0llftdcd, RMI, lnCC ol orpni::s, Uhl.med, pydar\ brown, . ( ....... ) . ..... ,,_ 

ss 10 ,._.,..,. 100 SANDSI'ONf.. n. piDtd. pamlJ padC4. sub IOlfflded,- watbcm!. mortled ~llow 
. 

. (9Jr) blulftl tommooa.liptsn,iadde __ .,._tllemS nd hqmcals,tu11mCd, . (,_tbcftd beOJoek) 

80i lOMOPBOJUNOAT26.S PT . ,.._ ... . 
. 

DRlllJNO CONMENTS: Lc.t all ol lbc sud ia lbc mud pit It a dcptla ot:zl..25', GIO¥C c:uills ,_. 
10"tD2S'to-...a1m1- -

. .,,._ 
"· . 

. . 
. 
. 
. ,,._ .. . 

. 

. ,.._ ... . 

. 

. 

. 

. . .,... 
N-: S.. Sheet 1 for BoriDa SUmnwy ,ml 1-d laformaliDD 

Appnwed DIie 
Ol/1A/f'l1 

. 
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Stone & Webster Boring SW-2S 

Engineerln1 Corporation BORING LOG J.O. llll'll 
Sheet 1 "' 1 

Sile: FOREST LAU DAM, SOUTH LEVEE l.ogcd by: MIKE GASSER 
Client UPPER PENINSULA l'OWEII COMPANY Date Start• rmioh, 10/19/18 • 10/19/88 
Comdiaatca: N 33,226 !3"!,114 Ground ElcvatiDll: 716.li ft 
Groundwater Depth/Date: Depth to Bedrock: Taul Depth Drillcd: ,.o fl 
Coutraaor: STS CONSULTANTS LTD. Driller. JOHN WIUTE Rig Type: ROTARY ·· · 

Method.: C...,.Ulcd: NONE 
Drilling Soil: ~• TIU-CONE ROIJ.ER BIT, REVERT DRILLING MUD 
Samplmg Soil: 2' O.D. SPLIT SPOON SAMPLER 
Drilliog Rock: NONE 

Commeots: Ploomda' SW-25 wu lnstalled ill borina. see piaorndff iucalladoa Rport tor dtlails --- - Sl'f USC 

(ft) (ft) m f - Sample Description 
T)p No. ROD \ 

0 . 

TIS, .. l .... , ' SP MN[).Jllelliom ioftne, pDOtlt paded,. w pl:ntic. W flJIUlded, <5"" pavcl. sub ftlllnded 10 sub 
(la.o') Ulpm, mu. I.¥, <5'11 ftllca, di)', lipl b-. (fDI) 

•· , ... , u .., ORAVEU.Y SAND, cc.nB IO finc,-U pded, lliplly pJutic. wb uiplar, 5-10.. gn-'41, nb 
. .. 2 

(6D') nplar, !DU. ,7S", c lotli flDa, tncc kl l"l, blad: orp11\c rick day, -to l'9J ,-!low b-, ,.,., (-) .. ' 1~7-8 " .., ORAVPJJ.Y SAND, rmnc lo 11M, -11 smdc4, ltipdJ' plaRic, 1W upW, lQ.u,t, pwvcl, 
(9.<I") IW-,.allt,111U-.'759,50'Jli,alp¥dllbladri;cbcrt, c10'9iofifta.l•:Mlobllckocpnicric:hday, 

-:t.,r-,~1nolfll.(cluviam,,1fhhM>ilp«JClltdc,,clopmtftt) . ... . 
. BO'ITON OP BORING AT 9.0 Fl' . ,., . . 

. 
. . 
,,_ . 

' ,.._ . 

'-'1/N-
• Datum ii Sea Loel • Sample Type: 
• iodicates grou,,dwller le-Id. 
• I mdkalca locllitm oi .... p1co: 

·• Blows • number of blowl required to driw ?' OD. sample spooa 
6""" dist1oro "'owo 1WllB J40p01111d hammer fallb,g30". 

SS • Split Spoon Sample 

• ( ) • iachcs ohample rcco,c,y, 
• a...,,..,,a'Jl,rockcorerec:o,ay. 
• ROD • Rod< Qulity T>aip•tioo 
• SPT N • Staadard P-.ioa Tcat l<WIIDCC to dmiof, blows/ft. 
• use • UDificdSoil Oaaificatioo-. ApptO>'cd Dare 
• utdicata me fl 300 pound bammer. 01/24~ 


