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GENERAL SUMMARY 

The procedures and methodolgy used for the design of dams has undergone 

major evolution within the last half a century. Because the majority of dams 

within the State were constructed during or prior to this evolution1 often 

there is little available design data which conforms to current practice. The 

emphasis of the National Dams Inspection Program is not to develop the data 

for a comprehensive analysis of a structure, but rather to identify conditions 

which constitute an existing or potential hazard. By necessity, the identifi­

cation process presented in this report is generally limited to conditions 

which may be identified through the field inspection, approximate computa­

tions and other readily available sources of information. The contents of 

this report should not be treated as an in-depth engineering evaluation. 

The Zumbro Lake Dam and powerhouse was constructed in 1919 for purposes 

of hydroelectric power generation. The dam was constructed for the City of 

Rochester, which still owns and maintains the dam. The dam currently ~ener­

ates electric power used by the City of Rochester and is operated by the City 

of Rochester Electric Departn1_ent. The dam remains essentially unchanged from 

its original configuration, however, repair work has been accomplished on the 

existing structure since its construction. The dam consists mainly of a mass 

concrete gravity cross-section which serves as an uncontrolled overflow 

spillway. Other components are a powerhouse and non-overflow sections at the 

abutments. The maximum hydraulic height of the dam is approximately 80 feet 

and the total length of the dam is 900 feet. 

The Zumbro Lake Dam is not located within an urban area, however, there 

are several residences downstream of the dam and the potential for additional 

development is high. There is also a campground immediately downstream of the 

dam which is used during the surmner months. A sudden failure of the Zumbro 

Lake Dam would result in loss of life downstream and damage to downstream 

residences. Failure of the'-Zumbro Lake Dam due to either normal pool condi­

tions or flood flow conditions would both result in loss of life downstream of 

the dam. Based on the potential for loss of life and damage to the areas 

downstream, the Zumbro Lake Dam is categorized as a "high hazard" dam. 
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CONCLUSIONS AND RECOMMENDATIONS 

Evaluation of the dam included an on-site inspection, a review of avail­

able data, and an evaluation of the hydraulic and hydrologic characteristics 

of the dam and reservoir. In addition, an evaluation of the operation and 

maintenance, geotechnical and structural aspects was conducted. The follow­

ing are the major conclusions and recommendations resulting from the evalua­

tion: 

1. Discharge Capacity 

a. The Zumbro Lake Dam does not meet accepted dam safety criteria 

because it is not capable of passing the spillway design flood as 

recommended by the dam safety guidelines. The spillway design 

flood, as reconunended by the dam safety guidelines, is the Prob­

able Maximum Flood or 290,000 cfs. It is estimate that -the 

overtopping discharge is approximately 50,000 cfs corresponding 

to the flood with O. 35 percent probabi 1i ty of annual occur­

rence. The 1OO-year flood or the flood with a 1 percent proba­

bility of annµal occurrence has a discharge of 37,500 cfs which 

can be passed without overtopping the dam. Failure of the Zumbro 

Lake Dam resulting from oyertopping would probably significantly 

increase the hazard to loss of life downstream from the dam from 

that which would exist just before overtopping failure because 

the tailwater elevations along the downstream dwellings would be 

at or near the foundations of the dwellings which would not cause 

them to be evacuated. Therefore, failure of the Zumbro Lake Dam 

due to overtopping would result in a high probability for loss of 

life downstream of the dam. Therefore: 

1. It is reconrrnended that a spillway design flood be determined 

on a basis of more detailed evaluations of the hydrologic 

and hydraulic conditions and downstream damage potential and 

that the modifications required to allow safe passage of the 

spillway design flood be implemented. 
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2. It is recommended that a documented flood warning plan be 

developed for closing nearby bridge·s, evacuating nearby 

residences, and evacuating the downstream camping grounds 

during major floods. 

3. It is recommended that a detailed floodplain analysis be 

made downstream of the dam to determine the hazards to the 

camping grounds and local residences. 

4. It is recommended that a documented hydraulic operation plan 

be developed and implemented for the spillway especially as 

it relates to the flood warning plan. 

2. Operation Plan 

a. The Zumbro Lake Dam currently primarily functions as an uncon­

trolled spillway, although there is flow passed through the tur­

bines which is controlled by the City of Rochester Electric 

Department. The only other operable outlets for the dam are a 

small ice chute."'gate adjacent to the powerhouse at the crest of 

the dam and a small diversion tunnel located at the center of the 

spillway near the base of the dam. The discharge capacities of 

these outlets are small. Operation of discharge facilities 

other than the turbines has been very infrequent. 

3. Inspection and Maintenance Programs 

a. No systematic program of periodic inspection has been developed 

for the Zumbro Lake Dam. A continuing program of inspection is a 

necessary part of an effective maintenance program. Therefore: 

1. It is recommended that a documented program of inspection 

and maintenance be developed and implemented. This inspec­

tion program should be designed to detect deficiences 

related to the seepage, scour and structural distress. 
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4. Foundation Evaluation 

a. The Zumbro Lake Darn is constructed upon a sandstone bedrock 

which is light brown 1.n color and well cemented. The dam is 

keyed into the bedrock along the valley walls. The dam founda­

tion would probably meet current reconnnended design criteria in 

regards to foundation stability. 

S. Seepage and Scour 

The darn has a past history of seepage through the spillway concrete 

construction joints. Repairs were conducted during 1935 and 1961 to 

repair this situation. Therefore: 

1. It is recommended that, during periods of low flow when the 

spillway surface is dry, that an inspection be made to 

determine the extent of seepage through the spillway. 

b. Both abutments have a considerable amount of tree growth. How­

ever, it is not reconnnended that these trees be removed upstream 

of the concrete core wall because the massive concrete core 

walls and mass concrete non-overflow sections of the darn would 

not be adversely affected by tree growth. There is also some 

severe erosion occurring on the upstream bank near the left 

abutment. Therefore: 

1. It is recormnended that the banks upstream of the left abut­

ment be stabilized and the trees removed from the riprap on 

the banks upstream of the right abutment. 

c. A scour hole 1.n the downstream bedrock channel was detected. 

Therefore: 

1. It is recmpmended that the scour holes should be periodic­

ally sounded to ensure that unchecked scour does not lead to 

possible stability problems. 
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6. Structural Evaluation 

The Zumbro Lake Dam would probably meet current recommended design 

criteria in regards to overturning stability. However, the dam 

probably does not meet current recormnended design criteria in 

regards to sliding stability, however, its stability in regards to 

sliding is probably satisfactory. The structural strength of the 

Zumbro Lake Dam structural components may meet current recommended 

design criteria. Temperature cracking was observed on the interior 

of the powerhouse. Severe deterioration of the right half of the 

spillway surface was observed. However, this does not present a 

hazard to the structural stability of the dam but may lead to accel-

erated concrete deterioration or hydraulic inefficiency. 

fore: 

There-

1. It is recommended that the severe spillway surface deterio­

ration be repaired in the near future to reduce the amount of 

work and materials required and to improve the hydraulic 

operation of the spillway. 

2. It is recommended that additional study be accomplished to 

conclusively evaluate the stability of the Zumbro Lake Dam. 

3. It is recommended that the cracks in the powerhouse super­

structure be repaired to prevent possible accelerated con­

crete deterioration. 

7. Interim Measures 

a. A high probability for loss of life downstream of the dam exists 

during large floods and is a result of sudden failure of the 

Zumbro Lake Dam during most flow conditions. Therefore: 

1. It is recommended that the residents downstream of the dam 

be informed of the hazard associated with the dam and that a 

flood warning and evacuation plan be developed and imple­

mented during flood conditions. 
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8. Hazard Classification for Assessment 

a. This report verifies that the dam is properly classified as a 

high hazard dam because of the proximity of the downstream resi-

dences and public use facilities. However, if the measures 

recommended in this report are implemented, there would be a 

"low threat" of failure of the Zumbro Lake Dam. 
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1.1 GENERAL 

a. Authority 

INSPECTION REPORT 

NATIONAL DAM SAFETY PROGRAM 

ZUMBRO LAKE DAM INVENTORY NO. 358 

SOUTH FORK 

ZUMBRO RIVER, MINNESOTA 

SECTION l 

PROJECT INFORMATION 

1) The F.Y. 1978 Public Works Appropriation Act, Public Law 95-96. 

2) The National Dam Safety Act, Public Law 92-367, 8 August 1972. 

b. Purpose of Inspection 

The purpose of the inspection is to identify the existence of conditions 

which could threaten the integrity of the structure and thereby creating a 

downstream hazard. 

1.2 DESCRIPTION OF PROJECT 

a. Description of Dam and Appurtenances 

The principal components of the Zumbro Lake Dam consists of a 243.5 foot 

long right non-overflow section, 440 foot long uncontrolled mass concrete 

spillway, a 100-foot long powerhouse, and a 117-foot long left non-overflow 

*Left and right are defined facing downstream. 

Note: N/ A means NOT APPLICABLE 
N/O means NOT OBSERVED 
Not Available means NOT AVAILABLE 
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section as shown on Plate 1-2. The spillway, powerhouse and non-overflow 

sections are presented in more detail in Plates 2-1 through 2-21. The 

spillway has an uncontrolled crest, a sloping downstream face, a small outlet 

structure in the center, and an ice chute on the left side of the spillway. 

The powerhouse is located to the left of the spillway and has two turbine 

intakes and provisions for a third. The turbine flow is currently remotely 

controlled from the City of Rochester steam electric generating plant. The 

right abutment of the non-overflow section is connected to a concrete core 

cutoff wall and keyed into bedrock. 

b. Location 

The Zumbro Lake Dam is located on the Zumbro River 13 miles north of 

Rochester, Minnesota and approximately 65 miles southeast of Minneapolis­

St. Paul. The dam is located in Sec. 27, T109N, Rl4E. 

c. Size Classification 

The maximum storage capacity of the Zumbro Lake Dam is approximately 

50,000 acre-feet. The hydraulic height of the dam, as measured from the 

natural streambed elevation to the top of the dam (in this report determined 

to be the top of the non-overflow section) is approximately 60 feet. This 

places the dam in the intermediate size category. 

d. Hazard Classification 

High (revised from inventory). 

e. Ownership 

The City of Rochester, Rochester Public Utilities, P.O. Box 6057, 

Rochester, Minnesota, 55901 is the owner of the Zumbro Lake Dam. 

f. Purpose 

The Zumbro Lake Dam is used for generation of hydro-electric power and 

the reservoir is used for recreational purposes. 
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g. Design and Construction History 

The Zumbro Lake Dam was designed by Hugh L. Cooper & Co., Consulting 

Engineers, of New York. The dam was constructed in 1919 with resurfacing 

of parts of the spillway conducted in 1935. In 1961, repair work was 

accomplished on the spill way, which included the addition of a dewatering 

tunnel through the spillway. Section 2 of this report deals more completely 

with this subject. 

h. Norm al Operational Procedure 

There is no formal documented procedure for operation or maintenance of 

the Zumbro Lake Dam. However, the City of Rochester Electric Depart­

ment operates and checks the dam on a regular basis. Reservoir water is 

used for power generation. The powerhouse is unmanned as the turbines are 

remotely controlled from the City of Rochester's power plant. 

1.3 PERTINENT DATA 

Elevations presented are ·1n reference to the datum used on the construction 

plans for the dam by Hugh L. Cooper Co. (probably 1912 Adj.). The elevations in 

parenthesis are approximate 1929 Adj. elevations. The 1929 Adj. elevations were 

derived by using the crest elevation of 915 as noted on the Zumbro Lake, 

Minnesota U.S.G.S. quadrangle dated 1972. In the following sections of the 

report, the estimated 1929 Adj. elevation will be used unless noted otherwise. 

a. 

b. 

Drainage Area 

Discharge at Dam Site (cfs) 

Maximum Known Flood at Dam 

-
Diversion Tunnel at Low Pool Outlet 

at Pool Elevation 920.0 (915.0) 

Diversion Tunnel Outlet at Pool 
Elevation 930.0 (925.0) 

Gated Spillway Capacity at Normal 
Pool Elevation 

1-3 

811 square miles 

30,000 (estimated) 

950 

1060 

N/A 



Gated Spillway Capacity at Maximum 
Pool Eleva ti on N/A 

Ungated Spillway Capacity at 
Maximum Pool Elevation 50,000 

Penstock Capacity at Normal Pool 
Elevation 610 

Penstock Capacity at Maximum Pool 
Elevation Not Available 

Total Spillway Capacity at Maximum 
Pool Elevation 50,000 

c. Elevation (feet above MSL) (1929 Datum) 

Top of Dam 930.0~ (925.0) 

Maximum Pool Design Surcharge 930.0.:t. (925.0) 

Flood Control Pool N/A 
Normal Pool 920.0 (915.0) 

Upstream Portal Invert Diversion Tunnel 978+ (973+) 

Downstream Portal Invert 
Diversion Tunnel 978+ (973+) 

Stream Bed at Centerline of Dam 

Maximum Known Tail water 867 (862)(estimated) 

Top Left Abutment 923.0 (918.0) 

Top Right Abutment 925.0 (920.0) 

Upstream Penstock Invert 898.0 {893.0) 

Downstream Penstock Invert877 .5 (872.7 5) 

Downstream Draft Tube Invert 855.5 {850.5) 

d. Reservoir {miles) 

Length of Maximum Pool 6.7 

Length of Recreational Pool 5.7 

Length of Flood Control Pool N/A 

e. Storage Design Values (acre-feet) 

Normal Pool 12,300 

Flood Control Pool N/A 
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Top of Dam • 

D 
. S h (difference between top of dam es1gn urc arge and normal pool storage 

f. Reservoir Surface (acres) 

Top of Dam 

Maximum Pool 

·Flood Control Pool 

Normal Pool 

Spillway Crest 

& Dam 

h. 

Type 

Length of Overflow Section 

Length of Left Non-Overflow Section 

Length of Right Non-Overflow Section 

Length of Powerhouse 

Total Length of Dam 

Maximum Hydraulic Height 

Side Slopes 

Zoning 

Zoning 

Foundation 

Impervious Core 

Slope Protection 

Spillway 

Type 

Stilling Basin 

· Length of Overf101y1 Section 

Crest Elevation 

Gates 

Upstream Channel 

Downstream Channel 

1-5 

21,000 

8,700 

1,020 

1,020 

N/A 
710 

710 

Concrete Gravity Dam 

440 feet 

117 feet 

243.5 feet 

99.5 feet 

900 feet 

80 feet 

1 v to 2.0±_ hf upstream 

1 v to 1.3_:!: hf downstream 

Clay placed upstream of core waII. 

Bedrock 

Concrete 

Riprap 

Uncontrolled overflow 

30 feet concrete apron 

440 feet 

420.0 (915.0) 

N/A 
Lake with silt 

Natural with some rubble 



. i. Outlet Works 

Ice Chute 

Diversion Tunnel 

Powerhouse 

Spillway 

1-6 

A 10-foot wide bay on 
spill way adjacent to 
powerhouse. Has a 
drop grade that adjusts 
from Elevation 920.0 
(915.0) to Elevation 
908.0 (903.0). 

6'+ high x 5'+ wide 
tunnel through spillway. 
Invert elevation 878+ 
(873+}. Steel slide gate 
on upstream side. Gate 
has lifting chains 
extending up to steel 
bracket on crest of 
spillway. No hoist on 
site. 

2 turbines. 7'-11 "+ high 
x 9'-0" wide penstock 
intake. Headgate and 
stoplog control avail..: 
able at penstock intake. 
Wicket gate control at 
·turbine. A third tur­
bine pit is undeveloped. 

Reportedly, 4 foot high 
flashboards have been 
used to control dis­
charge. However, 
these have not been 
used in recent years. 
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2.1 HISTORY 

SECTION 2 

BACKGROUND ENGINEERING DATA 

The Zumbro Lake Dam is owned by the City of Rochester Electric Department 

The dam is located approximately 18 miles north of Rochester in · Wabasha 

County, Minnesota. The existing dam and powerhouse were constructed in 1919 

for purposes of hydroelectric power generation. The dam remains essentially 

unchanged from its original configuration, however, repair work has been 

accomplished on the existing structure. The most significant modification to the 

structure has been the addition of a dewatering tunnel through the spillway 

section. This was accomplished during the 1961 repairs to enable the contractor 

to sufficiently lower the water level upstream of the dam to accomplish repairs 

to the upstream face. A gate was installed on the upstream side of this tunnei 

and a bracket which rests upon the crest is attached to the gate lift chains. 

The following is an approximate chronology of major construction events 

associated with the dam: 

1919 Construction of the existing Zumbro Lake Dam and powerhouse was 

completed. 

1929 A gunite repair of the construction joints in the upper 14 feet of the 

upstream face of the spillway was accomplished. 

1935 An overlay of the downstream face of the left half of the spillway was 

accomplished. 

1961 A major renovation of the upstream face of the spillway. Much work 

was also done on the right half of the spillway crest. The dewatering 

tunnel was addecj during this renovation. 
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2.2 AVAILABLE DATA 

The available data concerning the existing structure are as follows: 

a. A complete set of construction plans for the dam is on file at the City of 

Rochester Electric Department at the steam electric generating plant in 

Rochester. These plans were prepared by Hugh L. Cooper and Company 

Consulting Engineers, New York, New York. The drawings are dated in the 

years 1917 through 1919. The number of drawings in this set of plans are far 

too numerous to include in this report, however, copies of selected plans 

showing critical components of the dam are presented as Plates 2-1 

through 2-21. The set of plans on file at the Rochester Electric Department 

include a full set of the original plans from which prints may be obtained. 

b. The operating records of the dam during its history are on file at the City 

Electric Plant in Rochester. These records contain water level readings, 

discharges and power produced at the hydro-electric plant. 

c. A report prepared by Harza Engineering Company, Chicago, Illinois, entitled 

"Repairs to the Hydro ... Plant Dam". This report is dated January 10, 1952. 

This report outlines several repairs required at the dam. A drawing showing 

areas of spillway deterioration is presented as Plate 2-22. This report also 

refers to an earlier report which was prepared by Mr. J. S. Bohman in 1933. 

The 1935 repairs were accomplished as a result of the report filed in 1933. 

d. A report filed with the City Electric Department by Mr. E. M. McGhie, P.E., 

who inspected the repairs to the dam in 1961. This report contains an 

abbrievated construction diary of events during repair of the dam and 

photographs of construction which are too numerous to include in this 

report. This report describes construction of the dew a ter ing tunnel through 

the spill way. 

e. A memorandum for the record filed by the St. Paul District Office of the 

U.S. Army Corps of Engineers dated July 28, 1978 describes a brief 

inspection made of the dam during an estimated high discharge of 18,000 
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cfs. This report was filed in response to the observation of a reported crack 

in the dam. It was determined in this memorandum that this crack 

presented no hazard to the safety of the dam. 

f. Volume I - Technical Proposal, Research Proposal submitted to the Depart­

ment of Energy, Idaho Operations Office, Program Research and Develop­

ment Announcement ET - 78-D-07-1706. Feasibility Determination of Low­

Head Hydroelectric Power Development at Existing Sites has been sub­

mitted for the Zumbro Lake Dam by the City of Rochester. This proposal 

was prepared by R. W. Beck and Associates, Seattle, Washington. 
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SECTION 3 

HYDRAULIC AND HYDROLOGIC EVLUATION 

3.1 AVAILABLE DESIGN DATA AND RECORDS 

a. A brief description of the Zumbro River watershed unit is presented in the 

Minnesota Department of Conservation, Hydrologic Atlas of Minnesota, 

Bulletin 10, April, 1959. This discussion includes such items as basin 

topography, climatology, stream flow characteristics, ground water and 

water supply. 

b. The lake areas in the watershed were found in the Minnesota Department of 

Conservation, Inventory of Minnesota Lakes, Bulletin 25, 1968. 

c. Although the U.S. Geological Survey did not maintain a stream gaging 

station at the Zumbro Lake Dam, the City of Rochester had maintained 

daily records at the dam from 1944 through 1969. The nearest continuous 

gaging station is located upstream on the South Fork Zumbro River near 

Rochester, and its years of record include 1953 to the present. The nearest 

downstream continuous gaging station on the Zumbro River is at Zumbro 

Falls with a period of record of June, 1909 to September, 1917, April to 

November, 1929 and March, 1930 to the present. The drainage area at the 

Zumbro Lake Dam is 810 square miles and the annual instantaneous peak 

discharges recorded at the dam are presented in Table 3-1. 

d. U.S. Geological Survey topographic maps were used to determine the 

drainage area upstream of the Zumbro Lake Dam. These topographic maps 

were also used to determine the area-volume curve and stage volume curve. 

3.2 RUNOFF CHARACTERISTICS OF MAJOR FLOODS 

The South Fork Zumbro River generally reaches its highest annual instantaneous 

peak discharges in the spring due to runoff caused from snowmelt or a 

combination of snowmelt and rainfall. Of the 26 annual instantaneous peak 
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discharges of record, it was determined that 14 annual instantaneous peak 

disharges occurred during the spring and 12 during the summer. Nine peak 

discharges were observed to occur in March, 5 in April, 2 in ~-.fay, 4 in June, 2 in 

July, and 1 for each of the months of August, September, October and FebrLJary. 

The well-defined drainage pattern of the South Fork Zumbro River, which is 

developed on glacial drift, causes the runoff to be rapid. The average annual 

discharge on the South Fork Zumbro River at Rochester is 127 cfs or 5.67 inches 

of runoff over the watershed. The average annual discharge at the Z_umbro Lake 

Dam is 390 cfs or 6.53 inches of runoff over the watershed. The average annual 

discharge of the Zumbro River at Zumbro Falls is 488 cfs or 5.86 inches of runoff 

over the watershed. 

The highest flood on record at the Zumbro Lake Dam occurred as a result of 

intense rainfall in July, 1951. An instantaneous peak disharge of approximately 

30,000 cfs occurred with a stage of 928.75 feet (dam datum). Another large 

flood occurred during July, 1978, when a peak discharge of approximately 18,000 

cfs occurred with a stage of 2 to 3 feet above the crest. The 1951 flood 

corresponds to a probability of recurrence of 2% annually, or the flood that 

would occur on the averag~ on once every 50 years. The 1978 flood corresponds 

to a probability of occurrence of 8% annually, or the flood that would occur on 

the average of once every 12 years. 

3.3 HYDRAULIC ASPECTS OF OPERATION PROCEDURES 

The dam is an uncontrolled overflow spill way and has no formal documented 

hydraulic operating plan. There are two turbines for generation of hydro-power 

which could be used to control the lake level down to elevation 889.0~. The 

turbines can be controlled remotely at the City electric generating plant in 

Rochester. There is an ice chute gate which may be used for discharge, 

however, its capacity is very small and it has not been operated in recent years. 

There is a dewatering gate which was installed at the center of the spiliway 

during the 1961 renovation. This gate cannot be opened except by a crane or 

special hoisting equipment. 
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3.4 CONSEQUENCS OF SUDDEN BREACHING BY OVERTOPPING OR 
STRUCTURAL FAILURE 

Consequences of a failure of the Zumbro Lake Dam were analyzed for various 

flow conditions. The downstream impact of a sudden failure of the dam is highly 

dependent upon the flow condition. Specific cases are described below. 

Case l - Failure of the spillway under normal operating conditions with a pool 

elevation of approximately 915.0~. 

Case 2 - Failure of the spillway under high flow conditions with a pool elevation 

of approximately 925.o!. 

Case 3 - Failure due to floods above elevation 925.0 approaching the magnitude 

of the Spill way Design Flood. 

a. Case 1 evaluates the effect of a structural failure of the spillway with a pool 

elevation of 915.0 and a tailwater elevation of aproximately 855.0. During 

this condition, it is possible to have little or no flow downstream of the dam. 

It is estimated that a, maximum initial flood wave of approximately 26.7 

feet would be propagated immediately downstream of the dam. It is also 

estimated that the maximum instantaneous discharge reached in the surge 

would be approximately 343,800 cfs. It is believed that the major energy of 

the surge would be dissipated in the channel and overbanks just downstream 

of the dam. The probability for loss of life and damage downstream of the 

dam as a result the failure is considered to be high. 

b. Case 2 evaluates the effect of structural failure of the spillway at high pool 

elevation of approximately 925.0. During this condition, the tailwater 

elevation due to the flood would be approximately 865.0. It is estimated 

that a maximum initial flood wave of approximately 26.7 feet would be 

propagated immediately downstream of the dam.· It is also estimated that 

the maximum instantaneous discharge reached in this surge would be 

approximately 343,800 cfs. It is believed that the major portion of the 

energy of the surge would be dissipated in the overbanks and channel beyond 

the spillway of the dam. The probability for loss of life and damage 

downstream damage as a result of failure of this type is considered to be 

high. 
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c. Case 3 evaluates the effect of a failure of the dam by overtopping the 

abutments under high flow conditions with a pool elevation of approximately 

925.0 or higher. For a dam of large size and high hazard, the Spillway 

Design Flood, as recommended by the Dam Safety Guidelines, is the 

Probable Maximum Flood. The Probable Maximum Flood peak discharge at 

the Zumbro Lake Dam is approximately 290,000 cfs. This flood is 

approximately six times the discharge capacity of the Zumbro Lake Dam. 

For a flow of 290,000 cfs, it is estimated that the headwater above the 

Zumbro Lake Dam would be near elevation 935.2 and the tailwater is 

estimated to be near elevation 883.0. In this case, the initial maximum 

flood wave resulting from a failure of the dam is estimated to be 

approximately 23.2 feet high, immediately downstream of the dam. The 

probability for loss of life and downstream damage is considered to be high. 

At flood levels near Elevation 930.0, it appears possible that the reservoir 

could overflow the west side of the reservoir upstream of the dam. This 

would create an emergency type spillway but would also cause flooding of 

residences along the flow path. 

Table 3-2 summarizes the above cases. 

3.5 RELATIONSHIP BETWEEN STRUCTURE AND OTHER DAMS ON THE SAME 
WATER COURSE 

The Oronoco Dam is located 11. 9 river miles upstream from the Zumbro Lake 

Dam on the Middle Fork Zumbro River. It is believed that a failure of the 

Oronoco Dam would probably have little effect upon the Zumbro Lake Dam. The 

Mantorville Dam is located 23.1 river miles upstream from the Zumbro Lake 

Dam on the South Branch Middle Fork Zumbro River. It is believed that a failure 

of the Mantorville Dam would have little effect on the Oronoco Dam and, 

therefore, a failure of the Mantorville Dam would have no effect upon the 

Zumbro Lake Dam. There are dams on the South Fork Zumbro River, upstream 

of the Zumbro Lake Dam. One is near the City electric generating plant in 

Rochester, the other dam_ is the Mayowood Dam southwest of Rochester. The 

Silver Lake Dam on Silver Creek, which is tributary to the Zumbro River, is also 

located in Rochester. Failure of any of these dams would not affect the Zumbro 

Lake Dam. There are no dams downstream of the Zumbro Lake Dam. 
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3.6 SUPPORTING DATA 

a. A discharge-frequency curve for the Zumbro Lake Dam was developed using 

discharges obtained from the Log Pearson Type III analysis. This curve is 

presented as Plate 3-1. 

b. A headwater rating curve was derived for various discharges using data 

obtained in the field. This curve is presented as Plate 3-2. 

c. A tailwater rating curve was developed from the information obtained in the 

field and is presented at Plate 3-3. 

d. A stage-volume curve and an area-volume curve were developed from the 

U.S. Geological Survey quadrangle maps. These curves are presented as 

Plates 3-4 and 3-5. 

e. A synthetic Probable Maximum Flood hydrograph for the Zumbro Lake Dam 

was developed by combining the synthetic Probable Maximum Flood hydro­

graphs from the Middle Fork Zumbro River and the South Fork Zumbro 

River. These two s:ynthetic hydrographs were computed using Synder's 

Method, and the final Probable Maximum Flood hydrograph is presented as 

Plate 3-6. 

3.7 SUMMARY AND RECOMMENDATIONS 

a. The Zumbro Lake Dam does not meet accepted dam safety criteria because 

it is not capable of passing the Spillway Design Flood as recommended by 

the Dam Safety Guidelines. The Spillway Design Flood, as recommended by 

the Dam Safety Guidelines is the Probable Maximum Flood or 290,000 cfs. 

It is estimated that the overtopping discharge with turbines open is approxi­

mately 50,000 cfs corresponding to the flood with .035 percent probability 

of annual occurrence. The 100-year flood, or the flood with a 1 percent 

probability of annual- occurrence has a discharge of 37,500 cfs, which can be 

passed without over.topping the dam. Therefore: 

1. It is recommended that a spillway design flood be determined on the 

basis of more detailed evaluations of the hydrologic, hydraulic and 

3-5 



downstream damage potential and that the modifications required to 

allow safe passage of the spill way Design Flood be implemented. 

b. The greatest hazard to the downstream area occurs during the failure of the 

spillway when the pool is at the normal elevation of 915.0.A failure under 

severe flood conditions would probably result in a high increase in the 

probability for the loss of life downstream of the dam. Overbank flooding 

from the high flow conditions would have already led . to evacuation 

downstream of the dam, however, residences on the fringe of the flood area 

wou.ld be inundated by a sudden failure of the dam which would result in a 

high probability for loss of life. Therefore: 

1. It is recommended that a documented flood warning plan be developed 

for closing nearby bridges, evacuating nearby residences, and evacu­

ating the downstream camping area during major floods. 

2. It is recommended that detailed floodplain analysis be made down­

stream of the dam to determine the hazards to the camping area and 

local residences. 

c. No formal hydraulic operating plan was found to exist. Therefore: 

1. It is recommended that a documented hydraulic operating plan be 

developed and implemented for the spillway especially as it relates to 

the flood warning plan. 
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TABLE 3-1 

ZUMBRO LAKE DAM 

INST ANT ANEOUS PEAK DISCHARGES 

Year Peak Discharge 

1969 8,925 

1968 3, l 9lJ. 
1967 7,lJ.78 

1966 7,699 

1965 llJ.,759 
196lJ. 530 
1963 t,., llJ.3 

1962 16,136 

1961 9,911 

1960 9,912 

1959 5,527 
1958 6,87l/-

1957 2,5lJ.2 
1956 6,909· 

1955 1, 18lJ. 

195lJ. l/-,266 

1953 5,920 
1952 11,691 

1951 11,120 

1950 2,586 

19lJ.9 6,249 

1948 10,726 

1947 4,148 

1%6 3,953 

1945 13,552 
1944 4,039 



TABLE 3-2 

Discharge Frequency of Headwater Tail water Flood Wave Frequency of 
Over Dam Occurrence* Elevation Elevation Height Potential 

Case cfs (%) (ft.) (ft.) (ft.) Hazard 

1 0 915.0 855.0 26.7 High 

2 50,000 0.35 925.0 865.0 26.7 High 

3 290,000 0.01 935.2 883.0 23.2 High 

*Note: The probability of occurrence of discharges with a probability of occurrence of 
less than 1 percent is estimated by interpolating between the Probable Maximum Flood 
(PMF) discharge frequency -~_and the 1 percent frequency discharge. The PMF was 
estimated to have a probability of occurrence of .01 percent (i.e., the 10,000 year flood 
event). 



-0 r 
)> 
-I 
m 

"" I 
....I. 

10 

9 

7 

6 

5 

4 

3 

2 

99.99 

PROBABILITY Y .' ,_ CJG C',-"CL 
KCLJr-Fl:L I'< E.S~ll~ CO ,_,,_,,, 11, ll 

1 

9 _ -~~tt!ttt1ti1!~~i~[!ltt11~tl~:...t~----i~-t~+E+~~-Htt_++~~m~_$1 
8 

7 

6 

5 

4 

3 

2 

46 8043 

0.5 



-: j ~J : -C-C •·'--'--'-1...J--J.-'--'-H-+.:::._-::+'-::t.tt.·t:1c::::-1,:t---l+:_++:t+;+-i-[:++tH--li -f-~-++l--+-t--1--t+t+H-++-iH--HH--H++-l--t-H--i+-jH-H--.-tH--Hl-+-+_t:+++-tl-l ' ,--• ; ---, -,_, 

~--L-: __ ----l---------l--,.J,..,l..-4--!-~-H-+-4-l-l-l-4-l-l-+-l-++-IH--I-Jl-++-i---H--4++-l-,....4--i--,4+H--++-l-++-+-'-++~++-'--+++--H-+-+-++H-+H-+f-l--l-'H-HH-H--+-H-++'--++-l~~+H-+4++++++++-t---i-l-++-+++++-tt1:ttttnt.H-+-1-++-i~L..l-+-l.a.+-!-++-I..J...l-+--l-+--i--+-'--!-........i-.W....-4--!-.......... 

-,-~-:-'-\-.-,: ··b--rttrt=t=n:~~tQS;t1~tH++:1m~m~tm t-N.'l'-IW"'.J::::,," N-'r-11t'i'H'-1-=t=t-1::i:+:ij~i __ ::_t-~-- . I ' ., ' ...J..~C-J...J,..J._.,_._,_ ,_L ..Jr ... 
' , ' , ~L--➔:+1 

+ • -• '. • • • ; --• 1 l;_:r-~~i~il1+4WIWIW11tffillLWlfflutUiffiffiffl1fflUWafffififflfflilUffiUtlm##f r #ffl&WlfflfffflUfflYtllmf& 'f ·--~-> 

l:_:: --•~::~1:=~tt~i1: ,_ • mi 1~~:t1~=~•-w•w -
,, ' 

I' 
1' 

'[_::_r_.1,· -I -r-m·m-~w11--JH-~JTI1-_ ·;x 'I ' ' '· , ' -". -1~t-. j, -· • -t 

1 
: : , "., , . , . l I Jft J f .il . . ... , . . .. . ,: u , , , , , , , i 

I 
I ' I 

, I I I 
-' ---·f: '.: l_ ·I·~-: l~ 

-~1· --:~l----;--j : _ __:_:-; 

I ' I 

: ; ~,--,----~--: ---: :~-+-

_ J '.: _, .. '. '.: · 1 : < L ' • ~ ~ ♦ 0 

--M'" 
-l-

.. '. -· -_, ~: : 0µ.' • ' ': . rnrn-l i 111111 UIT[fffff F-R=r+Hrnmmmrn rrmm ·:'.::l-t..rHi :.·-. 1-·, -• , -
1

...L.l-•-•-:H-.L:...++..1---1----r11-+++·H ,·:1mmll.L:t.Lt1
4
r+-9.,.::i:+n1--+-+=-+-1l-++-t-H+-H+++t-tttTI . -----i--i--i-+-1111, 11,11 l-l--e--1+k I-?-:::+-_? : -I .. -

' .. I -: I : ' I I ' I ' ' • 1' : '. ' : ' :_r ~~1~ -:! _:+__: tr:: Jh: J: l+th ~# d:tl±lth t-:::1-i: +-1 ! i---t±±t ~j=nf H H+--1-H+~-++++ :;_· re '-;-. ;~ C ;~tu-f: -· +:·+H~' ' ' ' ' • ' ' ' ' • 1-+++++-l-tt-~-i+t ±±:i± 
~~~L-~~):. ! ' __ /__,.:._:' :: ]!If i Hr(11! +-1t 1 (JTFT-"1~.t:r:itfl 1=irl '. 1= rHHHt 1V+ 1-H+HH-:·r+++-;--i-4'-_,_ '>•t' +f-F • -' ' ' _:1-tt'-=t+ff 

: : I I ' : : I : : ! ' ; i I 11 : '_ ' I ' I I I I I ' I I ' I : I I l ' l ! ' t 11 11 I • -1 : l 111 I I l 1 t ----1 -I I½ I +H I • I++ --1+r -+t t -:TfrL l ' -m+ 1 • I I : i : : i i; ; , 1 , 1 I : : I; 1111 11 i 1: I 
1 

1 

1 1 
1

11 ' I! , ', I 1 • 1 ,,.V:, -1 I I r r 1 1 -1 -, • J :_ --·~! _ 
1 

, 
1 

11 , : , I I , , , I I I i I -1, 1 1 lf 1 I Ii I : i I I I I, I, ' j ,, i -!J J , I\ i · i -I. ,'-' --· • -1i ~ I I I ,f j_ r • 1 U-! f 11.L t j-[ 

":::· ·: -!:: _-:I'':.:· 'ill I I i :_ 'Iii/ 1-1 -1· -1t11~1-·111~ l·:r· 11:J -rJt_1:·:_-lf_-_$ffift=-l~-:~----=~~':1-~-t=;'""i~~i--_--:--·= _..]J •• :-__ '--1 + tf~t'•'~t±-~-~-ftm ___ ut- ' ' I ' ' I ' I I I I I . .. t -:1 . -. ---. I __ .,. I-:1 -. -----t • --t--• : t-1----
.. ' ' " ' : I ' ' ' ' ' ' I : ' I I I I l 1-. --1 --. ----. -,-1 --. ---.-'"' . I -~7--+-

: : ' ' : : : : ' : ' ' ' ' ! : ' ; i : ! I I I I I ! I ~-~ I I I I : I -I I 
" ' ' I i ' j ' ' ' . ' : " '.' '." I ; I : I j ! I I I I I i I ' I I I I I I .).,1-I . . I I I I I I I / I I 11 II ' ' ' ' ' ' I ' ' ' ' I ' ' ' I ' : : ! ' I I I I ' ~--I I-

1

1 • ~ 
----,-,,---•-,,---•-'-•-: ! ' ': I I 1: 1:! ''I 11 11 11 1111 ,,j..i--1-1 I II I I I I lj 11' 

, , , , 1 : : : ' ; 1 1 1 I i : -
1 1 / , , U--f-fu-1' . , ' 

1 
i , 1 • • I , 

1 
! , 1 , ' , , , , , ' , , ! 1 I ' I I 1--1-• • I I ' I, I I I I I 

' -" " ' i ' ' . " ' " ' ' ' I J f-I I J I It I I I I I t-I LJ,.W-1--+ 1--I • --• • I I -• I • • --1--1 • I ,., : I 
: • :!·: 1" : :': ::: i 

1

, . , 

1
, _ 

1 
i\1 11, 1-H+t4L1-i-i'-LI .

1 

[ ,1 II---r i I ••••••• 1I 1+ Lt-j_ __ 11_ 1j __ i_
1i-___ +-JI ,lt, 

'"1· ·! ·: ·:' i' ! I : ! _;., J-4-r~l !!11Ul:, _j_ !1 i I 11 I : ! -T-· -t---17 :_1_-1·1:111·--1:1=-dt--· \1t_t,t_ -fr~nH 

,,,J::l· :RH:-_:~:.H:i:: 1----!----_ _ -: _ • • : : : : THtrmtt-~mr.tmtttttttrtmm-Htm--m:1m-1--mittnttiittt·mttttttttttttt1tmmttttttm-rt1=~-+tLcr .... tt.:1=:1=1+tt...1m:tt:tt1:ttttttt±t±t:t:ttt±ttt:tt±fill±Hr;±f±:cr±±:J±tltl::l±f:l±l 

I 
I 
I 

I • : : : '. ' 

• ' : ! > : I ' : • i ' l : : :: < :[J-: ' i ~ -~t~-t--1'·--·:-•·1--:-:-1-·-:--: 1·· --,-~,-1--1·----'. :~,-+--7,µ..,..~----!...w..+..µ...,...,,+.µ..+--L.f--,+,..J....\-.J.++;.++.U...,-H-H-t---h-'-:--;---1-+-'--1~ 
: -1 •. • • -1 • ' • ,-, '-:·•!I 
I ' ' I ; . . . ' . L l : • I j ! ~ l : I : T ,J..,1.....l..l,.,lu..;..j..j.J.~.,J..J..L ---+-~+ .... 

, I 
,j. ,-1-... 

i ; --! + ~--l I ! i -. , , : 1 • : j ~ 1 ; ~ I t i : 
--~-------~-----, , 1. r+;~~ 1-~-j~t-~~ .:-1-~·-t L-~-~~ ; :-:_-~ )-;_j 

,--r1l\ q-'. -"j~I ! -11 \;' f il,-i 
1
tllil'!11-::J-'·11

1
• •

1
LI :m11r lli·.-i !1 ......._.._._,_,____~_ -);:[ ):ii r

10
t1:T; 

._. • _-__ +1+_--. _-+1-_ J_r_-1_-_j ,_-~_ -i -tr'·-_:_ -+·+·_·.+-1 ·r'_-_, •• -_
1
-~..,_-1--I --_""1_--_,..1J. _ Ii·-_-I-+--1-, _ -+ "_ _ ..i._µ... , • ++_+_ __ ._ .... ' I I ·1 I I I' I I I I I ! ' I I '1 l 1 I Ii I I; I! I I I' I' 'I I 'I' 11 I I I 111 I j I I 'II' l • 

I I ' ' ! I ' . ' ' I " i : r I· I I F Jr· ii· I " I + : I ,.I . rl A i~L 1t ' 1· :j: ! I j +rcJ, lh H ! 11,i tttl· J./£ ' ! ' ,r ., ,, ' ! ,·I,. I I ' l 
, .. .1 . .. -, 1Jl, J l!+l-t-· 1r1.1.1~ 111 J_ L~~"--'-P '-

1
-·1 di~ t~-! .. _ -~' qj_ • 'l ,\;: !1: t~--1t 

-
,~,-t--101.LVcJOdcJO::J i'J:3,:JZJ..310 

'·'..'/\$f_~ 
H:l NI ~l:Jd OZ: X OZ 

,,1.ldVrl Hr.lV,'l'..J N3!'JZJ..310 □Z:-i"JQL,1: 'ON ~~'/' 

C\J 
I 

(I') 

w 
1-
<t: 
...J 
a. 



-0 
r 
)> 
-I 
m 

c,.) 
I 

c,.) 

NO. : 'l ;J lJ F,! ·:,: r-J D 11::: T Z Gr: N l; f ~AI 'I I I '/\ I 'l.l ·-' DI CT/ lj LN C: D l'l f'U l~I\TIU N 

20 X 2U PCf./ I NCH 

i j 

l 
__ j_ ___ 

l 
I 
I 

I 

, .. 

: 

I 
L. 

i 
I 

I 



1J 
r 
> -; 
m 

NO. 3·1 □ 1~-20 DIETZGEN GR~'\PH PAPE.I'< 

20 X 20 PER INCH 

DIETZGEN CORPORATION 
M/\DC IN U. 5.A. 



tt::t::W~~.::::::_.J.::::;::..::::..J?.~JJ=J=l1J:t±tEJ1ESJJl=fl111!t1ttt~ Ht=tttJ=~:tl=tt.:t=tttJ:+-tt+.:J:4:r.;: 1:1:;w+i=ti+:;ttmM.J ... ~1=1+::t,:1=3r-H~-e~,,.-t~~;t,t;rJ:ttt1++=i=+:++:f=+++=~~t:::t .... tt=.L.~il+=l= 1Jtt1:1+t81tEE1=!tS~=!it8!!tE1:t!E.~!tt~~m::t:tw~ttmttt 
. , t-++-H-t-+-;....+-1 t-++-H-+~-+1-H ·I 
I • ...,.._.._, 1--;::-.:-::-::+.::-..._...,__,_._.++--1 ...._...,_, • 

j • I I ; t I : ' -'---HH++l·I-• ~ ....... ~-t--i---l+·,-l--L-I-.L.LH+·i-l ................... ..J...j --+--H-+++-t-k~l-kl+++-H-L++-H-L+-H-t~.J-.-,,H++-l-4-++!-1-4-,-+-A..µ......;...+.J...L-!-i-1..Ll.++-i~ 1~ 

: j .. : i ~'.1f ' : :~--,·~ . !=:::'.'.~-:--::1--_1_;~+-,' +. r , H ., -, I 1-)·c N~JH''f-ll!~·t.t.t:J,::1:::t:j:~tt,,J+..,.T-'-~I; !--+~+•\~_ H!:tt-tt::::~............. i 

--.. ---.. -:..L-l-.u.t:'""'-,.'t""',__,__~-"'t_u _,t1_t...,....Ttt_t_i"1--f_:L_H·-t+--1-f_-- ,-H4-! ....--i-1 • ...- 111·--" T---.,_,_1...--··1·.l.,..,...,j .. \..,..,.--r-t-·;::--',-.,T"",-:-:;::f,,....,.Jii.,..,., __ ,--,-1.....,.j" --,-ti,....,..:-+ j.,...,..,.· 1±..,...,..,_ l,..,...,..., __ ..11=1++---1-11+tJt--~t±-+-J++c+:j:: . ijt[m·1 ·1J!>F tr±+ Fffi-
1
n•-

I I I., 1..-ff -;-}H :. 1 l1t1 TF!i,-Pt1 rr,.·i 1·~ 1..111.. I JJfl 1~t·1· ntttH:i tu-~ill --1·l+~l+--·:i1 •---· .. ,---.. t·~ ti--:~--lrt ,1ti:+=1·-· :_·--· t-~-:~m: 1ptj:J..TT1:I+ -
, 1 1·: -'1 f[ f~ii ,f I t·1, •-1_:11i; 11+ 1-I 1,-l-i 1ltl· 1+· l111ff+l·! H+ -,--il r·· • H--·--·++-.::!· -11 -nr+,---• .j.. '--+ +1+~+:r 

i i:, !i
1 

I_[· tli1' ir !ilr I\! 1jll 1-11 ·11 1111-
1 1

i ljll __ 1 __ 1·-1 ;[7• 1
11

1 ·1-f :+.-1,: t--
1

11~ --rf ~i--Jt ·1·
1
L·IJ1tl ~-r·+~tHV-➔-~~d+r ~ii_-:m----1·t.~ff]~ I,, 1, ,,1

,. , 1,: .. 
111

11 I 1 
11111 ,t -r 

1
-

111 11, t' -1 ,-ii,, -f-f •
1
1 1

1 ! .. ,u~1 
iL·1l1,_ .. 11 .. 11 -i-1 -L.i ----1 i'+•-1 

' ' I ' • ' ' I I'' ' 11 ' 11 i I I ' I: I I 1 i 1, 1 1·1 i 'I I I i -! I i (,;:-1 I ! I ' ·1 t I; ·ii·tl 

~ --, ... , ..... ,--•:--,:,· ,: ---t-:I :: ,: '! ~~1tt ,,1 •11, 1 fj 'I' I'' ·w j:I ·,-~ 1 11 ll JJ_ -IJ1 .f···j-1-11 •-
1
11---~·1M 11~'-_ 1 ! 1n11111 f-1;1Jm'Jj 

.:::· , 1 1' : , 111l 1:1 11
1 

J.1: 1 til 11: I 1 1
1 1 iii< fJ-'"--.·.=-i--_ :i----~-·ru -l-'1·1-n'-r-1--~r--1.:t-\--f11tr1 .--H1t+:_--

.' "'.. l ,... , • I...J' '.1--•-L~ L,. J_~+--i~ _.:_I +tilliL -H(l "'t' L~el I t--W:. • i -I,--t --.-• -· I ·--l ••• • n -~ .. ~ -.. ): '. ---, --;.lit I-+-:-' 'it!+ .. 
.. .. :,, . 11,1 I'' I II 1,11, , 1,1,.

1
1 ,1, ,1 I I'' 1 lj•· -1--1 1· -ii l!Htl· t 1·· J ,[~ll[:\J J•·e-·c•·j··-1 i'' i .. I I' I' • I I' I I I '." I : I I'' I j' I "I I It I -1--I -I -I -! -I. •• • 11 ' --I •• -I. I I 11 1111 ' I t -,-1 . I J 

' l I i I ; : .. I ' • I i I : ' . : : ; " I i I I l i i ; I I : I II I 1 I I i : i ! l I I I I . I -_ I 11---1 -I I .• : L ~ : I: I -: f H1-L J ·t i-. _; -, : i 1 i ~, : I I i 
: ! ! '"' ii: i l :_1 iJ: ! ! 1_1 i ! \U :,1 _[ { IJ I H Wt I -I-=}' I ~ 1-f :U =L -.. --Ht-di-lt-_>-~-f .: J~'-=-1.: -_Ut-• t~~ ' -.. i -= ---ft ~-_l/t~!~tf1L[J1.~J~..iH ~ ti ... -------------i ' ~· .. ' .. q .. '. I ' ' I :1 •-: ⇒ l.~ j IL +--~ " i.:1 .. + 11 +l -+ ..:t + ---=1-t-++++--1--+++1++ -. .. -H+ r;" J. --j--' +: . [±j:lt: ·t-r--H 4+1.t -~+•+I 

· 1 . I !' il·;-t. rrm·,rj+;r:. 1-1• ,,a,-l-l11·J-IJ..H•fti.J.. iT--L----ri---·M·j --· I.,!".:• l--+--1--H---'+--I ..... -H.....,_H-4._._-4-4'::'-'-'..J-1=R="tt.l-.--rn-1-tJ-P,l+1--I 
.,, :;1'. :::: . -i1:: ·! 1' 1'1i·' l • ll t l1 ~JLd irti rr=r-1~1 -i=--t,---jL--~ --t~---,-.. = ·----~~ •. q:· -1--+--.. ~:+---., • -=i~~+ +1·[-rHit , , I I 1:,, :,,l 11 1 1 , iii,, i l •--r H i-1 ,I 1 1--L--J I 1-\---1-1---, __ -· ---·'-·• -• ---!.o~-+l-; --H---1++-++-1--1--LH-f+H+-+--t --H-1 --H+,H-Ht---

1-------;-'------t"---•-·-..L, ' I . ' : t : I I : ' • ; , I ; j : l : ·'--1 -1 i ·I : f--i--+ ll-H-J-l-•-1-•--H+ --P-ff H-L _J__ + I + --ffiH-L---~t--t . ~i= -H +..-r-+-+_J--_<I-+-+-+H-l-,...L+--l--++-'--1----L...H--4---H-!-+.L.+-+-+ ' • -H I.+' 1±Pfj:± 
• I ' •. : : : . : : : : :_ ! ;';: [;: :' : : I': ~ -1;+1-f '. HI-'~; 1-:-~ I+ .:j:tx i=t±·L J r· --+ · -.=tri . '' .. ~.~~-,-u.• -t 

1 
--l-+4-l-4---H--.f----1-~tr~--4 

. : _ , , . . , , ; I , : , ; ; , I _l...:...:..:.. ~ , I I I I -0J :++· L ~ i· P t·~-+ +l -'---t-1 •-----H-• ----~-· --+ J+-~-l--+---t----l--+---l--+-+-H.f-1--1-+-l H-+-++t-+---L-1----H.+.....f----l.+•+--l+•l----ll--l-+H--+-+-+--L-l--l-H+.U..Hl---•J..f-H 

-.---r--r--·-r-:·•-l--: -;-·_-: ;:~"t:T ffTI if Ll1 .. :J f j:I [ 'j· '..L' j_'·t l Itt± -tr~::J!: +f, ·---H+t+ µ{:-i -"ii -7 IJ~ · 
1 

, , .. : . . , ... , : , , ~ I . 1, 1 11L 't Lt-•-'·-•--'-+-•-.... , .[t t:f HH l1-1f rt-+.+-_ 1-~ -r+ .t -7--_ +1..j...j...e-.J...e-4C.f...j...j..LI...j...j...J...L-l---l-+.L..L.l---l-.W.-.l--l----f...f----1._J_..j..j. • .j...i---LI-H-t-++r 
··_-.. '.: ·:.t f·r:t j,-j:_j~w.~-'$1:1-i--'-...1.:i-± r.:L --+1..1~-·1 ---+r++:+++·+-· H-----~k. ~ 

~ .. '1 ... • 1-~'. : L: .. ;. ii: i -;-f-1 :;...q. -il_ j· __ ..ltt• ~--:...; ... ·-~1t+, -=1+.. J H--i--.. --, __ ,+ ---_LLI .. _I :,_.. • -~8 ' H--'--+--l-'-+----<----1-1-l-<..J.-4-+-.....,_,_........... J_ ---.. LL u .. I j 
-, ·:t '~ ~:---: j : •-, :·t.: i ':~ :·:i.: li"'L---'jj·~!---1-"-l;_---,L-J~-tv~ f++tt-c-f--±i 4 ,-~ ~ .)._I t±±t--' I •..:--m~ _._."r-+-+--+--+rl+-+,T +T-t----1-HT7.-4_.~ -• 

.... -', .... __ ,"' l~ i--81'11~{-:-~~!++,~~ --'+ • ~-., ----
-i--H-t~ ,t-tltt-.tt:1+1::tti::1-±ttl=l=t#l 1-=ttn-twtlil=!±l=l=t-l~--1.::r-.++r+1+h---H+HTFR=i=R=i+nnmmm~r:TmlTTl H+Fl+FfTH1TI=t+fH 

'!:;. ':·! ·ii•:; :r11 111,-:---111 --! __ ; j!1lJ[-1111-~iHi· HI.J..-'[·'-11 +1.:rl-!f±±:. -j: _j+J'-t + ·j --:! --~--1' '-__ . --• --:t"f"TT1-"TTf"mj + • ; • , • . : : • • , , •. , • ; .. • 1~. • 1 
1 

1 1 ___ ' , it i 1 ,
1 I 1, j _ r 1 ~..+-rrit + 1• I 11 ·1 __ -_l ,_ ----k . --, -i -• I --------------• -----1 -Vi1-1--1 -

I . Ii I 11 I I I I I 11 If ~ i i i' I l LI I I I I,,, It '. I -• -----Ii -... --• '. ------. --... • -----• ~ + I I-. 
-·:···· ......... ,, ,..,.1 ... --!+1-r:-i---n711tT• lil-t . 1· 1-+~mr+:-t ·,. -·· I I --'----.. -. ·'j·· ----1 -.... .. -.. --.... 1--1-
• • ' ' I I I I I I I 1 -· I I I . -ft. ., -.. . -.... .. . . . +--. .. ... ---. --. .. . .. . . • ,-L-
. I . : : : : : : I I I I I 11 I ! I I I I I I I I I 1· I I : 1_ .• I I l .. t . .. --. ---l--. ---1 ..... ---• ---.. .. • --------• -, 1 . I ' . ' . I ! I I I I I I I . I : ' I i i . i :,..,., • I I I i . -. .. I -· .. • -• ----.. • .. -• ... ~ -

I ' ! I i : ! : i I l i I: i I ~' i' .+} :-tri1 I ~I i 'r I I I ... -.. • ~ .. --J: :_ ---• -... \ F :i ~trn· ... ff-f (t 
• I • ' • 1--, I I H-I f. -1-[ ~--·t f. I -.. . --• t ·-.. .. . ---. -' . --. ! ff 8l i • ' • 1 rl'"i~ ' 1 I : , 11· 1 1 t 

1 
. I j , 

; i 'I' ! '-• 1· : I : I I . i I ' II I I I I ' I • ,I ! f I ' ,: 1•1 4-H I I •It 1_' • ,. -I I . 1_ Iii 

Tt~] ! I . I !i"1,· I .. _I ~I .. I _ J ... ---[--L ---. .. .. .. .. . . . --1< • 1 . -•. lt· { : 1:t'l H ~-.-. 'I'' :1· : I 'i I I -. . -_lt 1.·f : ; I ; ; 'I! d I!! : I I I, I 11 111 I . 11 I . -I . . . I ·.· j ] I I 1l, 

'i,;: 
. ! 

• • :·r I 

I-!:: 

,~ ___ ..:] ... ..: ---+-+----,--,---,....µ. 

ri ;1·11!!! l !i I'! r -I. 1 -j ! 11 I 1-=.I -~~r11 .:·. ~-~➔t~~~~'•l o•l'f•f;l,18:(i+ <I.[]· •• H:: __ --·--i•· ---__ ----wC1'1 1•ttt tt WJ 
I I ! '. i l i • I ' • • 1 1 1 1 i. 1 1 1 ! 1 i J . -i -1 I -· -· -· H --H-·+: ------,-1 --.. It+ •~-l-~ H+i= 

:Ti~-rT:", i 1,1, i11_-I 11--~,1-1 --~':·'1-1-··1 ',-~1-:·lt1-.. :_ l=-· __ :lt•------=----=--=-_-:.~: +=J~:..~t-H1_-J...: .. ·=1-...:11+---~tt tJ.l=ttt : : : ~ : : ! ! ; i I '1 i I: I ! I 1 I . . I ,· II -I I l -i--.. -.. --1 -·1 -• ·I -1 I 1· I i , __ 1-:-11 f ; ft ,_. , , , I 1 11 • l ! 1 I [ I I I 

----1---+------j~~::,, ,i l11;li'Jl'l ll-l I ;1 l j-I' ~I .. ,l '_-11 -Jl .. !f.1_-_ _l_1 l ____ ----+i~~ _l_ll_j-tl._iL =+---_:-~--= .. -...;. -IJ-1---UJt:[Jf--tq 
' .. . ' ::;: :'!! .fl: ;--rr7--1'r ___ [ ·r, .. f--1 l -J H 1 t .. -_1

1 
]J_ir l 1·=.f. __ 1 j_ --.--J, d 1-.--1.:1~. I--~~ -·++ :1-I 1+ l tn r·l+ 

_, •• I' I. I' .,.,,) :µt ,;,~ :1;h~i ,+jj+n+ ·1~lr f Htr~l1t 1}11 f1~~ ~ 1111 II 11 ulll ~, ·t~I 1rr jl ! 111 lift 111 I 11t111l11 t1·!:111'.!: 
::· : : ,,I: .1:; 1~:1 :Ji! :1:1 11!1 l 1lliil :!il 1il __ J11i 1: I I Ii, I ll-1 I l-1-11-!-1--1~ ill/ -!J----fl l/11-! I U: • . ..1..Jlll WJj:i IJJJ1!1 

: '1 • • : i • ' • : ; ~ 1 ! .. I , --, . ! 

, , I ! 

1 • 
• 'I, 

I I ' 

I ' I 
, ___ ---: -----:..· -.i..:....:.~_:....:..i...:..:.....:..:...L.....:.......;+..:-:-...:....;..j..-'--'---1--,.J....:--:-+.,..µ+-1++-H+H+h-+++1--41:-+--+H--+---+1---t++i 1...i.j.;~, ;-:-,:j-i...L.i-+++-,--4+-~+H-++++-++~++-++:-t, ...... +t, ++._tt-1 t'l .. 1-t+++-!-i---H-++++++tt+-H+t+++t+i-tt-t--H+t-t++tittj.,"ti..rt+L.-t:-H+i,_,-++++++t++i-7-t-!-++--~ 
I -I --•. i j 

1

--:--:--;---·1, -:--1---:--:--1·-,-+------:--:t~~ ·--::n , I I 

1 

-1-++µ+..,+LJ-++++-++-H---H++-+++++-H---i++!+++++++-++H+-t++++t++++,H+-f+'t"J::rct-1.j.-t .. ttct:tt.:1=tj.::ttjj:tttulj-.J++I-H+-i-++++H-++l---H-+i~ I • I • i -,· '. i. 'I: • I I i i 

I : • l ·!'· :T ' :::! :;; ' : ' I ,, L, I 

. .,._. -~ N CJ I .l V ti CI d cl Cl :-:1 N ::i ! J 7 _l _·1 I U ~ 
I 1:.INI ~nrJ n,: X l17: 

,-1 J,-IV.-1 I !dV~J! I J',IJ~Z.LJ 10 [J;;>,'JflJ•f: TIN 
~; 
~"-" 

-'* 

l{) 
I 

('t) 

w 
I­
<! 
..J 
0. 



""O 
r 
)> 
-i 
m 

NO. 3-'l □ R-20 DIETZGEN GRAPH PAPErsI 

20 X 20 PER INCH 

DIETZGEN CORPORATION 

I 

~·,'--·:~1~- -
' < ◄ I 

I • I i I ' 



-SECTION 4 

EVALUATION OF PHYSICAL ASPECTS 

OPERATION AND MAINTENANCE 

4.1 RESPONSIBILITY 

The City of Rochester has responsibility for operation and maintenance of the 

Zumbro Lake Dam. The City Council has the authority to obtain maintenance 

and proper engineering when required. The City of Rochester Electrical 

Department is responsible for· day to day operation of the dam and has personnel 

who are responsible for the dam. 

4.2 OPERATION 

This section deals with the ability of the structural and mechanical components 

of the dam to function as originally intended. The hydraulic implication of the 

operating procedures is discussed in Section 3. The existing operable facilities at 

the dam consists of two turbines in the powerhouse, an ice chute located at the 

right side of the powerhouse, and a gated dewatering tunnel located approxi~ 

mately in the middle of the spillway. The penstocks are controlled by headgates 

which are reportedly operational. These headgates are operated by hand, but a 

portable motorized drive unit was available to supply shaft power for gate hoists. 

There are also stoplog slots at the penstocks and stoplogs and equipment for· 

their installation and removal are present at the site. The discharge through the 

turbines is controlled by the gates on the turbines. These gates are remotely 

controlled from the electric generating plant in Rochester, but with respect to 

flood flows, the discharge capacity of these turbines is small. At this time, it is 

doubtful as to whether the ice chute gate can be operated because it reportedly 

has not been operated in recent years. 

4.3 MAINTENANCE 

At this time, there is no formal documented maintenance program for the 

Zumbro Lake Dam. The City Electric Department of Rochester periodically 
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visits the site to inspect and maintain the electrical generation equipment inside 

the powerhouse. The need for maintenance for the remainder of the dam is 

apparently based upon visual observations. 

4.4 INSPECTION 

An on-going maintenance program is essential to the integrity of a water 

retaining structure such as the Zumbro Lake Dam. The basis for such a 

maintenance program should consist of an informal and formal program of 

inspection. The informal program is of ten the most important and requires 

operating personnel who are conscious of the normal day to day condition of the 

structure and of specific features which have been identified as potential 

problems. This procedure wold allow any changes in site conditions to be noted 

and evaluated ina timely manner. The formal aspect of a continuing inspection 

program should consist of a regularly scheduled systematic inspection of the 

features of the structure. Such inspections usually involve formal documentation 

and, in some cases, photographs of the structure. Such an inspection provides a 
frame of reference for evaluating future changes in the condition ·of .the 

structure. The recommended frequency for formal· inspections is annually and 

during or after every instance of unusually high water or high wave conditions. 

A comprehensive inspection program currently does not exist for the Zumbro 

Lake Dam. However, the Rochester Electric Department does inspect the dam 

on an irregular basis. 

4.5 SUMMARY AND RECOMMENDATIONS 

The Zumbro Lake Dam currently functions primarily as an uncontrolled spillway 

although there is flow through the turbines which is controlled by the City of 

Rochester Electric Department. Operation of the other outlet strucutres has 

been very infrequent. Therefore: 

1. It is recommended that a documented program of inspection and mainten­

ance be developed and implemented. The inspection program should be 

designed to detect deficiencies related to seepage, scour and structural 

distress. 
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SECTION 5 

GEOTECHNICAL EVALUATION 

5.1 AVAILABLE SUBSURFACE DATA 

The available subsurface data is listed in Section 2 of this report and consists of: 

a. Soil borings performed in 1916 by Hugh L. Cooper &. Co. along the proposed 

centerline for the Zumbro Lake Dam. 

b. Shallow hand auger borings and visual observations by Barr Engineering Co. 

during the current dam safety inspection program together with published 

• information. 

5.2 GENERAL GEOLOGY 

The Zumbro River drains the majority of Dodge, Olmsted, and Wabasha Counties 

and parts of Goodhue County. The land surface features of the area ranges from 

a fairly level till plain at the west end of the watershed to deeply incised river 
~ • 

valleys at the eastern and northern parts of the basin. Elevations range from a 

high of more than 1,300 feet MSL in the western part of the watershed to 

elevations below 900 feet in the Zumbro River valley. 

The western end of the watershed consists of glacial drift deposited from the 

Nebraskan, Kansan and Iowan glaciations, which is over 100 feet thick at places. 

The eastern and northern parts of the basin are predominantly loess ranging in 

thicknesses from O to 100 feet. Alluvial deposits, up to 75 feet in thickness, 

occur along the stream valleys, especially the Zumbro River valley. 

The bedrock formations underlying the basin range in age from Pre-Cambrian to 

Upper Ordovician. The sedimentary rocks, including those of the Pre-Cambrian, 

have a total thickness _ 9f over 3,500 feet. Outcrops of the various rock 

formations can be seen quite easily along the Zumbro River Valley. 
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5.3 SITE GEOLOGY 

Exposed rock outcrops are numerous at the site of the Zumbro Lake Dam. 

Sandstone seems to be the predominant type of rock found along the base of the 

dam and along the valley walls up to the crest of the dam. This sandstone is 

• probably a member of the Prairie-du-Chien group. The sandstone found on the 

downstream apron has the characteristics of the Jordan sandstone. This 

sandstone is light brown in color and is fairly well cemented. Shallow hand auger 

borings and visual observations showed that bedrock was at or near the surface 

on the valley floor and on the sides of the abutments. The tops of the bluffs in 

the area above the dam seemed to be capped with a grayish dolomite and is 

probably a member of the Oneota-Shakopee formation. Alluvial deposits were 

quite noticeable downstream of the dam, with numerous sandbars and sand plains 

common in the area. 

5.4 EXISTING STRUCTURE 

The existing structure consists of a left non-overflow section, powerhouse, 440-

foot long overflow spill way, and right non-overflow section. The entire structure 

was placed on grouted sandstone bedrock, as observed in the field and as noted 

on the construction plans and borings. The following paragraphs describe major 

components of the dam. 

a. Spillway 

The spillway, ranging in heights from 43 to 55 feet, is an uncontrolled 

overflow ogee spillway constructed of mass concrete. The spillway is 

abutted on the right by a concrete abutment wall and on the left by the 

powerhouse. An ice chute is located on the spillway adjacent to the 

powerhouse. The ice chute gate appears to be in fair condition; however, it 

has reportedly not been operated in recent years. A typical spillway section 

is presented as Plate 1-3. 

The spillway has a downstream apron extending approximately 30 feet 

beyond the end of the ogee. The apron elevation varies as it is stepped to 

match the downstream elevations of the ogee sections. At the right half of 
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the spillway, the water flows past the end of the apron and onto a large 

sandstone outcrop, which extends approximately 50 feet beyond the toe of 

the apron. The top of this outcrop is approximately 15 feet above the 

downstream channel of the Zumbro River. The left half of the spillway has 

a concrete apron which was submerged under approximately 7 feet of water 

at the time of the inspection. 

b. Powerhouse 

The powerhouse substructure and superstructure are constructed of con­

crete. The powerhouse has three turbine pits, however, only two turbines 

were installed and are presently functioning. The powerhouse has a 

trashrack, penstock with a headgate, scroll case, draft tube and tailrace for 

each turbine installation. The penstock intake also has stoplog slots which 

may be used to block flow to the turbine. The ·turbines have wicket gates 

which are remotely controlled from the electric generating plant in 

Rochester. The powerhouse has a derrick and other appurtenances neces- . 

sary to install and remove stoplogs. The hoisting mechanisms for the 

headga tes are in place and appear to be function al. Downstream of. the 

powerhouse, a concrete training wall extends outward between the power-· 

house tailrace and the spillway, while nearly vertical exposed bedrock exists 

at the left of the tailrace. The powerhouse is presented in Plates 2-1 

through 2-3 and Plates 2-9 through 2-11. 

c. Non-Overflow Sections 

The right non-overflow section starts at the right abutment as a 5-foot thick 

core waU keyed in the bedrock with adjacent earthfill for approximately 170 

feet. The remaining 75 feet of non-overflow section is a mass concrete 

gravity dam. The right non-overflow sections are presented in Plates 2-14 

through 2-17. The earthfill slopes in the core wall section are steep and 

have trees growing on them. The earthfill consisted of a thin cover of 

topsoil covering a ro'cky fill. There is no earth backfill at the gravity dai:n 

section until approximatley one-third of the way down its downstream side. 

Numerous bedrock outcrops were noticed near the toe of the downstream 

slope of the right non-overflow section. 
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The left non-overflow section starts at the powerhouse and ends at the left 

abutment. This section consists of a mass concrete gravity darn founded on 

and keyed into bedrock. The left non-overflow section is presented in 

Plates 2-7 through 2-8. Numerous bedrock outcrops are visible along the 

side- of the hill into which this section terminates. 

5.5 ASSESSMENT OF FOUNDATION AND SLOPE STABILITY 

There is no record of formal stability analysis of the Zumbro Lake Dam. No 

signs of foundation instability such as cracking of the concrete or large 

displacements were observed on the dam. Since the dam abutments incorporate 

massive concrete core walls embedded in bedrock, the slope stability of the 

earth embankments placed against the core walls was not applicable. Failure of 

an earth slope would not create a hazard to the dam. Erosion did not seem to be 

a major problem due to the shallow bedrock depths on both abutments. The 

construction plans indicate that the dam is keyed quite deeply into bedrock. This 

probably also indicates that much bedrock was excavated to find competent rock 

for the dam foundation. The dam would probably meet current criteria with 

respect to foundation stability. 

5.6 ASSESSMENT OF SAFETY OF STRUCTURE AGAINST UNCONTROLLED 
SEEPAGE 

Only minor seepage was observed on both abutments. The spillway was damp 

from water which had been previously running over the crest and from rainfall 

that occurred the morning of the inspection, making it impossible to determine 

the extent of seepage through the spillway. In 1935 and 1961, repairs were made 

on the spillway to seal the seepage that had been flowing through the construc­

tion joints. Minor seepage was also observed to be exiting from the upstream 

wall on the interior of the powerhouse. Seepage observed at the darn was 

extremely small in quantity and did not indicate any major piping or erosion 

problem, which would be detrimental to the stability of the dam. 

5.7 SLOPE PROTECTION 

The right abutment was protected with riprap, however, heavy tree growth in 

this area could be detrimental to the riprap if the trees were uprooted in a storm 
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causing a break in the riprap protection and leading to possible erosion. The left 

abutment banks have been heavily eroded resulting in near vertical slopes. 

5.8 SCOUR PROTECTION 

The existing energy dissipation works consists of a downstream apron. The 

material downstream of the apron is a sandstone which may be somewhat 

condusive to scour. There is no history of scour problems at the dam. The dam 

is set rather deeply into bedrock, however, unchecked scour chould eventually 

cause a hazard to the stability of the dam. During the field investigation, 

soundings indicated a 14 foot deep scour hole approximately 50 feet downstream 

of the highest spillway section. 

5.9 CONCRETE AND MASONRY CONDITIONS 

The concrete, in general, seems to be in good condition. Spalling and minor 

cracking were observed on the non-overflow sections, however, this deterioration 

does not pose a hazard to the safety of the dam. Repairs were made in 1935 and 

1961 to replace and repair several sections on the upstream and downstream 

slope of the spillway. The,right half of the spillway is severely eroded in areas, 

however, the spillway is constructed of mass concrete and the stability of the 

structure is not affected by this deterioration. The surface condition of the 

powerhouse concrete and the spillway overlay concrete appear to be in good 

condition with minor spalling noted. The upstream face of the spillway was 

submerged and the condition of the concrete could not be observed. Cracks were 

observed at the top of the archways within the powerhouse. This cracking is 

discussed in Section 6. 

5.10 SUMMARY AND RECOMMENDATIONS 

The following conclusions and recommendations are made regarding the founda­

tion of the Zumbro Lake Dam and powerhouse: 

a. This dam has a past history of seepage through the construction joints in the 

concrete spillway although construction repair took place in 1935 and 1961 

to repair this situation. Therefore: 
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1. It is recommended that, during periods of low-flow when the spillway 

surface is dry, that an inspection be made to determine the extent of 

seepage through the spillway. 

b. Both abutments have a considerable amount of tree growth. However, it is 

not recommended that these trees be removed upstream of the concrete 

core wall because the massive concrete core walls and mass concrete non­

overflow sections of the dam would not be adversely affected by tree 

growth. There is some severe erosion occurring on the upstream banks near 

the left abutment. Therefore: 

1. It is recommended that the banks upstream of the left abutment be 

stabilized and the trees removed from the riprap on the banks upstream 

of the right abutment. 

c. Based on soundings downstream of the apron: 

1. It is recommended that the scour holes should be periodically sounded 

to insure that unchecked scour does not lead to possible stability 

problems. 
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SECTION 6 

STRUCTURAL EVALUATION 

6.1 BACKGROUND DATA 

The available data consist of the following information: 

a. A complete set of construction plans for the dam is on file at the City of 

Rochester Electric Department, steam electric generating plant in 

B.ochester. These plans were prepared by Hugh L. Cooper & Company, 

Consulting Engineers, New York, New York. The drawings are dated in 

the years 1917 through 1919. The number of drawings in this set of plans 

are far too numerous to include in this report, however, copies of 

selected plans showing critical components of the Dam are presented in 

Section 2. 

b. A report prepared by Harza Engineering Company, Chicago, Illinois 

entitled "Repairs to the Hydro Plant Dam". This report is dated January 

10, 1952. This report outlines several repairs required to the dam. This 

report also refers to and has excerpts from an earlier report which was 

prepared by Mr. J. S. Bowman in 1933. 

c. A report filed with the Rochester Electric Department by Mr. E. M. 

McGhie, P.E., who inspected the repairs to the Dam in 1961. This report 

contains an abbreviated construction diary of events during construction 

of the Dam and photographs of construction which are too numerous to 

include in this report. 

d. A memorandum for the record filed by the St. Paul District Office of the 

U. S. Army Corp of Engineers dated July 28, 1978, describes a brief 

inspection made of the dam made during an estimated high discharge of 

18,000 cfs. This report was found to be in response to the observation of 

a reported crack in the Dam. 
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6.2 ASSESSMENT OF STRUCTURAL ST ABILITY 

Examination of the Zumbro Lake Dam indicates that structural stability is 

acheived by use of mass concrete which resists sliding and overturning forces by 

gravity. The construction plans indicate that the mass concrete sections of the 

Dam are embedded in the bedrock, however, it appears that no intentional 

keyway into the bedrock was constructed. Most of the bedrock excavation was 

probably performed to remove fragmented or soft bedrock material. There is no 

anchorage to the bedrock other than the frictional resistance along the structure 

and bedrock interface. The construction plans for the spillway section of the 

Dam indicate that grout pipes were extended into the bedrock foundation below 

the mass concrete ogee section. Inspection of the upstream gallery at the base 

of the powerhouse substructure indicated that the ground pipes were installed 

and the grouting accomplished. No record of this grouting, however, has been 

located. The plans also indicate that the spillway apron contains drain holes and 

is anchored to the bedrock with reinforcing steel drilled 15 feet deep into the 

bedrock. The channel downstream of the structure is exposed bedrock and it 

appears that it is performing well with respect to scour and there appears to be· 

no undercutting of the structure. The left non-overflow mass concrete section 

extends to the bedrock at .__the left abutment and the construction plans indicate 

that it is keyed deeply into the bedrock abutment. The right non-overflow mass 

concrete section extends approximtaely 75 feet beyond the end of the spillway 

section. From the end of the mass concrete section to the right abutment, the 

nonoverflow section has a rather massive core wall which is approximately 5 feet 

thick. This core wall is keyed deeply into bedrock with mass concrete 

completely filling the keyway below Elevation 902 (dam datum}. Earth fill is 

placed upstream and downstream of this core wall which greatly adds to the 

overturning and sliding stability of this core wall. The slopes of this earth fill 

are rather steep, however, a failure of these slopes would not present a hazard to 

the dam. This core wall is also keyed into the bedrock at the right abutment of 

the dam. 

No existing design calcufations for stability were found to exist for the Zumbro 

Lake dam. The set of construction plans for the dam, however, do provide 

valuable information regarding the foundation of the dam and cross sections of 

its structural members. No design loadings or structural strengths were noted on 

the plan sheets. 
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Visual observations of the structural components of the Zumbro Lake dam 

indicate that there is no evidence of stability problems. The mass concrete 

sections of the Dam appear to be stable with no displacements or large cracks 

noted. There is severe detoriation of the concrete surface on the right half of 

the downstream face of the spill way, however, this detoriation probably does not 

affect the overall stability of the Dam. There has been a history of seepag~ 

problems along the construction joints of the mass concrete sections. Attempts 

to repair these leaks have been made and no displacement appears to have taken 

place along these joints. The left and right mass concrete non-overflow sections 

appear to be stable because no cracking or evidence of movement was observed. 

The thick concrete core wall at the right nonoverflow section appears to be 

stable wi~h no movement or cracking observed along its exposed top surface. 

Cracks were observed in the crowns of the second tier of arches on the upstream 

side of the powerhouse. The line of these cracks run parallel to the line of the 

dam. Cracks were also observed in the crowns of the arches above window 

sections near the corners of the powerhouse and at the center of the powerhouse. 

There is one expansion joint which runs near the center of the powerhouse which 

appears to be functioning properly. There appears to be no progressive 

detoriation occurring along these cracks as there is no additional cracking 

extending from them and little or no spalling around the cracks. The cracks 

appear to be primarily in the range of 1/8 inch to ¼ inch in width, their widest 

part at the crown of the arch. However, there are a few cracks which would 

probably range from 3/8 inch to ½ inch wide. 

The cracks in the powerhouse are probably due to differential movement due to 

temperature expansion and contraction. The powerhouse structure is attached to 

a large mass concrete section of the dam which contains the turbine penstocks. 

This mass concrete section probably undergoes little expansion and contraction 

while the powerhouse section, with a large surface area exposed to varying 

temperatures, undergoes larger movements due to temperture variations. These 

movements have probably_ resulted in the cracking evident inside the powerhouse. 

A similar situation has probably caused a crack in the operating platform above 

the ice chute gate. It is reported that these cracks have existed for at least 20 

years and probably longer. 
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The powerhouse structure below the turbine level appears to be very stable with 

no cracking or differential movement observed. Inspection of the gallery along 

the bottom of the mass concrete section in the powerhouse indicates that no 

cracking or differential movement deep within the section along the foundation 

has occurred. 

The past peformance of the structure is good. There are no reports of stability 

problems occurring due to large loadings as the result of hydraulic or ice 

loadings. The Zumbro Lake dam maybe subjected to large ice loadings because 

of its vertical upstream face, long narrow reservoir and the fact that power 

production at the dam will probably keep the water level slightly below the level 

of the crest during low winter flow. On July 6, 1978 the Dam was subjected to 

high flows due to severe flooding on the south fork of the Zumbro River 

upstream of the Dam. At this time, the crack in the operator's platform of the 

ice chute gate was observed by visting personnel at the site and was thought to 

be a hazard to the safety of the Dam. However, subsequent inspection by Corps 

of Engineers personnel and others indicated that this crack existed_ prior to the 

flooding at the dam. A city employee with the Electric Department indicated 

that this crack has been present for many years and has shown no additional 

detoriation or movement. Jhe cracking around the ice chute operator's platform 

does not present a hazard to the safety of the Dam. 

Sliding and overturning stability calculations were performed on a critical 

section through the spillway. This critical section is the highest part of the 

spillway adjacent to the powerhouse. The stability of this section was examined 

when subjected to loadings due to hydrostatic pressure at a pool level at the 

crest (greatest differential head), ice, silt and uplift. The ice force was assumed 

to be 10,000 pounds per linear foot. The silt load is relatively low due to the fact 

that the soundings upstream indicated that no significant siltation has occurred 

at the dam. The relatively long narrow· reservoir causes much sediment to 

settle before it is carried to the Dam, therefore, it is possible that the service 

life for the structure will be reached before significant siltation has occured 

along the upstream face of the dam. The uplift force along the base of the dam 

was assumed to have a triangluar distribution with a maximum pressure equal to 

the head on the dam at the upstream side to near zero at the downstream toe. 

The forces stablizing the section are the weight of the section and the frictional 
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force developed along the concrete bedrock interface. A fiction factor of 0.5 

was assumed for the interface. The contribution to stability by the tailwater or 

resistance from the downstream edge of the spi1lway keyed into bedrock was 

neglected for these stability computations. 

The loading cases examined and the resulting sliding and overturning safety 

factors are presented as Table 6-1. This sliding and oveturning analysis is not to 

be considered as in-depth analysis and the purpose of this analysis is to indicate 

the relative stability of the dam. Examination of Table 6-1 indicates that several 

safety factors are below those required by recommended dam safety criteria. 

However, it is believed that the analysis conducted is conservative. Therefore, 

it is concluded that the safety factors with respect to overturning would 

probably· satisfy the required dam safety criteria. It is also concluded that the 

dam would probably have an adequate factor of safety against sliding even . 

though it may not satisfactorily meet design criteria. 

6.3 ASSESSMENT OF STRUCTURAL STRENGTH 

The majority of the Zumbro Lake Dam is a mass concrete structure with much of 

the spillway section being--.60 feet high and approximately 70 feet wide at the 

base. The spillway apron is 3 feet thick and is anchored to the bedrock 

foundation. The retaining walls along the spillway and the concrete core wall at 

the right nonoverflow section are 5 feet thick which appears to be adequate for 

the loading conditions. The concrete components of the powerhouse super­

structure appear to be relatively thick. The thinnest wall section appears to be in 

the range of 18 inches with column and arch sections being greater than 30 inches 

in thickness. The slabs supporting the first walkway ti.er and the main floor of 

the powerhouse appear to have a minimum thickness of 18 inches. This system 

appears to be more than adequate to support the applied loads. The roof of the 

powerhouse is a steel truss with a concrete roof slab. This roof structure 

appears to be adequate and in good condition. The upstream side of the 

powerhouse is a large mass concrete section which contains the turbine pen­

stocks. These sections'- appear to be in good condition with no signs of 

detoriation due to inadequate structural strength. The cracks within the 

powerhouse appear to be due to temperature variations and not due to over­

loading of the powerhouse structural components. 
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The no existing structural strength calculations were found to exist for the 

Zumbro Lake dam. Also, no indications as to the required structural strength of 

the material components of the dam were found to exist on the construction 

plans. 

Visual observations of the· structural components indicate that there appears to 

be no severe cracking, deflections or material detorfation that would present a 

hazard to the safety of the Dam. No exposed reinforcing steel was noted in the 

structure. There is possibly a local failure in the area of the ice chute pier and 

operator's platform. Severe cracking has occurred through the operating 

platform's slab and through the pier so that it. is possible that the pier and 

platform may become severed from the main Dam structure. This condition does 

not present a hazard to the safety of the Dam, however, it does present a safety 

hazard to operating personnel and the public using the downstream area. 

There are no reported problems which would indicate failure of the dam 

structure materials to meet recommended design criteria. There is a history of 

structural repairs due to seepage through the construction joints in the main 

spillway, some of which were probably successful in sealing off some of the 

seepage or slowing down ·"'the deterioration of the concrete. Review of the 

structural features of the Zumbro Lake Dam indicate that is is probably stable 

and may meet current recommended design criteria for structural materials. 

This is based upon judgment as to the adequacy of the structural members based 

upon a review of the existing construction plans and visual observations made in 

the field. No calculations are available upon which to make conclusions 

regarding structural strength. 

6.4 EVALUATION FOR THE NEED FOR ADDITIONAL STUOY 

A phase II level stability analysis or structural strength evaluation is not 

currently available for the Zumbro Lake Dam. Section 3.6.1 Recommended 

Guidelines for Safety Inspection Dams" states that a Phase II level stability 

analysis should be on record for all dams in the high hazard category or large 

dams in the significant hazard category. Therefore, additional study would be 

required to place in the recorc;I a stability analysis which examines the Zumbro 

Lake Dam with respect to dam safety criteria. This recommendation does not 
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indicate that there is a stability problem, rather that the results of this 

investigation, due to its limited scope, are inconclusive and that the structural 

stability of the Zumbro Lake Dam should be examined in more detail. 

6.5 SUMMARY AND RECOMMENDATIONS 

The Zumbro Lake Dam would probably meet current recommended design 

criteria with respect to overturning stability. The dam probably does not meet 

current ,recommended design criteria with respect to sliding stability, however, 

its stability with respect to sliding is probably satisfactory. The structural 

strength of the Zumbro Lake Dam structural components may meet current 

recommended design criteria. Severe deterioration of the right half of the 

spillway surface was observed, however, this does not present a hazard to the 

structural stability of the dam but may lead to accelerated concrete deterior­

ation or hydraulic inefficiency. Therefore: 

1. 

2. 

3. 

It is recommended that the severe spillway surface deterioration be 

repaired in the near future. 

It is recommended that additional study be performed to conclusively 

evaluate the stability of the Zumbro Lake Dam. 

It is recommended that the cracks in the powerhouse superstructure be 

repaired to prevent possible accelerated deterioration. 
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TABLE 6-1 

STABILITY OF ZUMBRO LAKE SPILLWAY* 

Sliding Overturning 
Loading Case Safety Factor Safety Factor 

a. Normal Pool, No Ice, 1.48 5.21 
Silt, or Uplift Pressure 

b. Normal Pool with Silt. 
No Ice, or Uplift Pressure. 1.10 4.02 

c. Normal Pool With Silt 
or Ice Pressure. No Uplift 
Pressure. 1.38 4.3lJ. 

d. Normal Pool With Silt 
and Ice Pressure. No Uplift 
Pressure. l .OlJ. 3.4lJ. 

e. Normal Pool With Silt, 
Ice and Triangular Uplift 
Pressure. 0.60 1.37 

f. Normal Pool with 
Triangular Uplift Pressure. 0.83 1.59 

g. Non-overflow Section With 
Ice Load and Normal Pool 1.37 3.12 

h. Spillway Section With 
Normal Pool and Ice Load With 
17' Deep Scour Hole. 1.15 

*Effect of Bedrock Key Neglected. 



APPENDIX A 
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REPORT OF FIELD INSPECTION 



CHECKLIST 

This checklist contains information obtained from visual observations 
on the day of the inspection. It is not intended that specific information 
in the checklist coincide exactly with the main report. Further study during 
preparation of the report may significantly alter previous judgements and 
conclusions as noted in the checklist. 



i (" 

' 

NATIONAL DAM SAFETY 
PROGRAf! 

GENERAL CHECKLIST 

This form should be filled out by the team leader but should 
represent a consensus of the opinions and input of all team members. 

1. Name of Dam -1~ ) 
: I., r·, a. ., . ... _., I • ...... __ L\ -j.__•-;;_ __ ';' J 1..,,...,"- '~ 

b. ·.LD. Nurn.ber ' 3.:58 

2. Date of Inspection f'--i-,_._u,· _,'\ "i \enc\ '-,(_ 

\ > 

4. Location 
County • l - Jv-,o '.-~<~a-_______ __._. ___ ......__ _______ ....._ _______________ ___, ___ _ 
Township ,,()~ i0 Range l'i E S~ction _·L_,.,____ 

5. Is location shown on county wBp; or U.S.G.S. Quadsheet? 

Yes (correctly) 
Yes {incorrectly) 
No --- - show correct location 

6. Are items on inventory sheet correct? 

( ) 
(✓) 
( ) 

7. Type 

( 1 
( vJ 
( ) 

Yes (information is all correct) 
Yes (corrections attached) 
No (completed form attached) 

of dam (check all. appropriate) 

Earth and/or rockfill (u5a form a) 
Concrete and /or masonry (gravity) (use form d) 
Other 
Explain -------,.---------------....--------

8. Year of construction 

10. Purpose. of dam (check all appropriate) 

( ) Flood Control 
( ) Water Supply 
( v) Hydro Power 
( 0· Recreation 
( ) Navigation 
( ) Other 

Explain 

-.., 



11.. 

12. 

13. 

Pool el. on day of inspection -\\'-1.'-tS 
-----'-"-"----------

Tailwater el. on day of inspection---~~-~~-,•-~~-_-_( ___ _ 

Type of spillway and/or outlet (check all appropriate) 

Controlled Uncontrolled 

Pipe or Conduit 
Chute or notch 
Overfall 
Other 
Explain· . -----------------

14 .. General description of operating procedures. (Is there any formal 
documented hydraulic operating plan? If so, who operates1) 

·-· •. •. \ \.. l ·> \ ~.:.'---' ·_, )-\ '~~'\_,\;~. ~ c:.:,_;.~_. \. ·,\ 

""' ' ~ \-' \ ..,. \,_ -,. \.-,'\ ,_ \. '· -~-- \t:.,,\ 
·.-.:i

1
uv-'.·, ·-:-::,\~'-:'... •• '-."' 1 - • . ,.,. 

• ..i... V:i .., '"'· \ <:) \ "\ ..:.,~'-'..- 0.... \...•-Y::'...'c>J-_ • 

15. Is there any program of regular. systematic inspection and main-
tainance? If so describe._ 

'\ ··, .:.: \- ·\ ~, t.:j-, ._::~ ___ \,, \-:;;_ \·C, ~--~ ~- ~U~\{\ t::J- \v°'O. ~'-~Cl \\Ql..\,\I.:::.,.~ • N' 0 \ <), \v"\'-' :,--, ~ . ·" ,c~.\ '-' ~ t ,, 

.1. ,J" 1-"'~ \ " "'J '"."\""\ C\ .- i.,,," ~ ~d iti"' 'f ""-Ac,_-" ,-d \"' '1 -;;..,+ 1 
'Q,'::.' ,. 'S \')\,\'f\L\ 
\ ... 



16. Do the following exist? 

Yes Yes, Not Don't 
Inclosed Inclosed No Know Where 

Design data ( ) ( ) (../) ( ) 
Plans and specs (./) ( ) C ) { ) 
Shop·drawi"qgs (.. ). ( v~) ·c ) ( ) 
As builts (./} ( ) f~ ( ) 
0 & M ·1-1anu41s· ( ) ( ) ( ) 
H!story of const ( ) ( ) ( t./) ( ) 

photos 

Is there any formal flood warning system at the dam other than 
notification by local authorities? 

0

( ) Yes., (/) No, Remarks ----------------------
18. Is there any evidence~'that the dam has ever been overtopped? 

c/2 
( ) 
( ) 
( ) 
(. ) 
( ) 

No 
High water marks 
Erosion 
Evidence of repair 
Verbal reports 
Other 
Explain ---------------------------------

19. Estimate the degree of lake siltation. 

( ) No noticeable siltation in lake· 
( v-1 -Some mino.r amount of siltation 
( ) Lake has major amounts of siltation 
( ) Lake is completely silted in 

Remarks ---------------------,--.----,------------
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21. The above list was ended because: 

/' 
( /) 
( ) 

We do not feel that points further downstream are seriously 
threatened by the dam 
We have already established a very high downstream hazard., 
but further downstream hazard exists 
We cannot tell, further study is needed 
Other 
Explain ---------------------------

22. Give your overall opinion of the do,~1stream hazard potential. 

Can't 
Team member 

--. 
~~-'-'·'= U:: 

Category 

Low 

Significant 

. High 

1. High 2. Significant 3. Low Decide-

( /) 

( -✓) 

·" 
( /) 

·Loss·of·Life 
(Extent of Development) 

None expected (No per­
manent structures for 
human habitation) 

Few (No urban develop­
ments and no more than 
a small number of 
inhabitable structures) 

More than few 

( ) 

( ) 

( ·) 

( ) ( } 

( ) ( ) 

( ) ( ) 

Economic Loss 
(Extent of Development) 

Minimal (Undeveloped 
to occasional structures 
or agriculture) 

Appreciable (Notable 
agriculture, industry 
or structures) 

Excessive (Extensive 
community, industry 
or agriculture) 

23. Are there any floodplain regulations or other constraints in force 
which would limit future development or future hazard downstream? 

No / Yes Describe --- ------,----------------

f~ 
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( 

2!i. Is there any development in the emergency spillway area which 
ni.ay suffer damage due to flow through the spillway? 

/ 
( ,/ ) N/ A No emergency spillway 
( ) No 
( ) Yes, Describe ------------------------

25. Check which item best describes the condition of the channel 
upstream of the lake. 

26. 

( /2 Clear of debris, trees, etc. 
( ) Some minor debris in channel and a few trees periodically 

in channel 
{ ). Much debris in channel and many trees in channel 
( ) Channel completely blocked ~y debris and trees 

Remarks ------------------------------

Are there any type of instruments on the dam? 

No 
Monuro.entation 
Relief wells 
Piezoreeters 
Weirs, etc. 
Other 
Explain L-..) . .:..~-:-:, 

• I 

\\\";':~J,..::c 
"'"-I I 

"-;.\~. clu '\;'.\. -

27. If planviews are not available at the time·of the inspection, 
sketches and typical cross sections should be Iilade on the back 
of these sheets to name and locate principal components of the 
dam. 

I 
f 

L 
t-
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28. Based on,.the visual inspection of the dam, are there any areas 
~1ich deserve s~ecinl consideration in regard to safety of the 
structure? (summarize from input on forms a thru g) 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

Participants in the dam inspection: 

Name Title Agency. 

~ -
\~.\-""t· E "'"" "~-,~~'"\-\'--\-'-:,., c:~ 

\ 

l:'1.::-,..\-\- \::~'•"\~~"~;-\v,'--1 l,,.\~-~-

I . 
' 

-.. 

~l 
. pl_~.•:~-:~ .-

' 



List of attached forms 

( ) Inventory Form 

~), U.S.G.S or County Map 
Form A Embankment Dam 

( ) Form B Spillway 
( ) Form C Conduit 
( ) Form D Concrete Masonry or Timber Gravity Dam 
( ) ·Form E Powerhouse 
( ) Form F Concrete Condition 
( _,,1 Form G Site Geology 
( ) Other 

List: 

'( 
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FOR}1 A - E~U_tt.\_7',HOIENT DAN 

(If plans are available i tern no. 1 need not be completed.) 

1. On a separate sheet, draw one or more sections through the dam. 
Show crest, width, height, slopes, major type(s) of materials, founda­
tion treatment, provisions for internal drainage (if any), location 
of outlets, slope protection, upstream and downstream water surface, 
high wat~r. marks, eroded. or damaged areas, seepage, etc. Describe 
features·not adequately shown on sketch. 

2. Based on . the exposed material in the downstream channel and any . 
other physical evidence. Describe the foundation and emb_ankment material_ .. 

3. Basis for foundation and embankment description. 

(t/'f Borings 

( ~ Construc.t:ion records 

( ) Verbal testimony 

( ~ Visual observation 

( ) Waterwell records 

( ) Other explain 
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4. Are there any signs of instability? 

( ) 
( ) 
( ) 
( ) 
( ) 
(0 

.Cracks 
Sloughing 
Irregularities in crest or waterline 
Excessively steep slopes 
History of sliding 
Other 

5. Give your opinion of the stability of the dam . 

6. 

...... 
( ) Embankment has no visible stability problems and may meet 

criteria set forth in the guidelines 
( v(" Embankment has no visible stability problems but probably does 

not 1neet the criteria set forth in the: gLtidelines 
( ) Embankment has minor stability problems but unlikely to lead 

.to failure 
( ) 

( ) 

( ) 

Embankment 
could lead 
Embankment 
to failure 
Other 
Explain 

has stability problems which if not corrected 
to failure 
has serious stability problems which could lead 
at any ti.roe 

Is there any eviden<;:~ of seepage? 

Yes ~ N/A Can't Tell 
( ) ( ) ( ) ( ) Downstream slope 
( ) <vf ( ) ( ) Downstream of dam 
( ) (v-Y"' ( ) ( ) Left abutment 

( ) {//'J' ( ) 
(looking downstream) 

( ) Right abutment 
(looking downstream) 

( ) ( L---7 ( ) ( ) Around structure 
( ) ( ) ( ) ( ) Other 
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Explain fully (quantity, turbidity, location, point source or 
general area, etc.) 

7. Give your opinion of seriousness of seepage based on visual obser­
vations. 

(_ ✓ Unlikely that it will become a problem in the foreseeable 
future 

( ) . }fay or may not become a problem 
( ) Is a problem but not likely to l_ead to failure 
( ) Is presently a problem which if not corrected could lead to 

failure 
( ) Serious problem which could lead to failure at any time 

Remarks -----------------------------

8. Are there any toe drains or relief wells? 

Are_they functioning? 

Quantity of observed flow? Slight ( ) Moderate ( ) Heavy ( ) 

• Not observalbe ( ) 

9. Is there any slope protection on the embankment~ Yes { .r./) No ( ) 
(describe) A; f I"-~/' 0:o.r/,,- / ,.....,_"' .! /·) ,<) ( 

I I 

10. Is there any evidence of erosion of embankment material'? 

cyZ No N/A Can't Tell 
( ) ( ) ( ) Upstream slope 

(~ ( ) . ( ) ( ) Downstream slope 
( ) (v'J ( ) ( ) Cr.est 
( ) ( v-r ( ) ( ) Around structures 

A-3 
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10. (Cont'd) 

Yes No N/A Can't Tell 
( ) ( ~-) ( ) ( ) Right abutment 

.,,,---
( ) ( v') ( ) 

(looking downstream) 
( ) Left abutment 

( ) ( v(' ( ) 
(looking downstream) 

( ) Others 

Remarks 

11. Describe material being eroded - estimate unifonn soil classification. 

12. Give your opinion of the seriousness of the erosion based on 
visual observations.· 

( ) 
( ) 
( ) 
(. -) 

Unlikely that it will become a problem in the foreseeable 
future 
May or may not become a problem 
Is a problem but not likely to lead to failure 
Is a problem which if not corrected could lead to failure • 
Is a problem which could lead to failure at any time 

13. Is there any evidence to indicate that the embankment has ever· 
been overtopped? Yes ( ) No ( t/2 

(Explain) 

14. General condition of dam - maintenance, mowing, trees in embank­
ment, animal burrows, ~~c. 

~ 

I 1 "-t ,:,,,v.i:_1 
V 
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l 

15. Summary 

Based on your field observations list the items which you feel 
~ay represent a potential hazard to the embankment. 

(1) 

(2) 

(3) 

(5) 

(6) 

Signature(s) of Person(s) completing 
this report 

..... 
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FORH D - CONCRETE, :MASONRY, OR TIMBER GRAVITY D.AM 

1. _(If plan~ are ava-;llable the following need not be completed.) 
On a separate sheet, draw one or more sections.through the dam. Show 
crest width, height, major types of foundation, water surface upstream 
and downstream and any pertinent features. On a plan or elevation, 
show location by dimension of outlets and other features. Describe 
features not adequately sho-wn on s_ketch. Identify foundatiqn treat­
ment measures taken. 

2. Based on the exposed material in the downstream channel and any 
other physical evidence, describe the foundation material. 

-r-q\,,,,J,.J\~'\ 

3. Basis for foundation description 

<v1 Borings 

( ) Construction records 

' 
( ) Verbal testimony 

( v{ Visual observation 

( ) Waterwell records 

( ) Other - Explain 

D-1 
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3. (Cont'd) 

4. Are there any signs of instability (i.e. sliding, overturning, 
bearing)_? 

( ./) No signs of instability observed 
( ) Cracks in the concrete, other than temperature or deteriora-

tion cracks 
( ) Displacement at joints 
( ) Evidence of movement 
( ) Histozy of sliding or tipping 
( ) Other 

Remarks: 

5. Give your opim.on of the stability of the dam based on the observa­
tions from question 4. 

(./) Structure has no visible stability problems and may meet 
criteria set forth in the guidelines 

( • ) Structure has no visible stability problems but probably 
does not meet the criteria set forth in the guidelines 

{, ) Structure has minor stability problems but unlikely to lead 
to failure 

( ) Structure has stability problems which if not corrected could 
lead to failure 

( ) Structure has serious stability problems which could lead to 
failure at anytime 

( ) Other 
Explain __________________________ _ 

6. For concrete structures Form F (Surface Condition of Concrete) 
should be completed. Are there any items listed on Form F which may • 
be caused by overstress of structural members rather than concrete 
deterioration? 

D-2 



( 

( 

6. (Cont'd) 

( ) No N/ A 
( /) No 
( ) Cracks due to overstress in bending on tension 
( ) Cracks due to shear or bearing 
( ) Spalls or other deterioration due to overstress 
( ) Large deflections 

General Locations --------------~---------------

7. Give your opinion of the ability of the structural components to 
carry the applied loads using modern design criteria. 

I 
( v) 

( ) 

{ ) 

( ) 

( ) 

( ) 

Structure has no visible structural -strength problems and 
may meet criteria set forth ~n the guidelines 
Structure has no visible structural strength problems but 
probably does not meet the criteria .. ·set. forth in the guidelines 
Structure has minor structural strength problems but unlikely 
to lead to failure • 

. . 
Structure has structural strength problems which if not 
corrected could lead to failure 
Structure has serious structu.ral strength problems -which 
could lead to fail~re at anytime 
Other 
Explain· -----------------------------

8. Are there any loads on the structure which may not have bee~ included 
in the original design but could be causing overstress in some struc~ 
tural components? 

( v1 • None observed 
( ) Large silt deposits on upstream face 
( ) Increased load due to heavier traffic 
( ) Additional or larger equipment loads (cranes, generators, 

dead load) 

Remarks: 
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• 

9. Are there any drains or weepholes which appear to be functioning 
improperly? .. 

/ No drains ·weep holes noted (v) or 
( ) Generally yes 
( ) Generally no 
( ) Can't tell 

10. Is there evidence of seepage? (Seepage at embankme_nt tie-ins 
.should be covered in section on embankment dams.) 

Yes No N/A Can't Tell 
( ·/5 (' ) ( ) ( ) Downstream of dam 
( -✓-) ( ) ( ) ( ) Left abutment (looking 

dm-mstreaII,1) 
(-✓ ') ( ) ( ) ( ) Right abutment (looking 

dm,ms t ream) 
( ) ( ) ( ) ( v--5 lbrough structure 
( ) ( ) ( ,./) ( ) Other (relief drains) 

Explain fully (quality, turbidity, location, point source of general 
area, etc.) and/or locate evidence of seepage on a profile and plan 
sketch . 

11. Give your opinion of the seriousness of the seepage based on field 
observations. 

(, ) 
( ) 

( v1 
( ) 
( ) 

( ) 
( ) 

Remarks: 

No seepage noted 
Unlikely that it will become a problem in the foreseeable 
future . 
May or may not become a problem 
Is a problem 'out not likely to lead to failure 
Is pres.ently a pr?blem which if not corrected could lead to 
failure 
Serious problem which could lead to failure at anytime 
Other 
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12. If gravity dam ~snot designed as an overflow structure do not 
complete items 12 through 2L~. 

Check the type of spillway section(s) included in the gravity 
section 

Ungated fixed crest 
Fixed crest with flash 
Tainter gate 
Stoplog 
Roller gate 
Other 

Describe 

boards 

----------------------~----

13. Give your opinion of condition of gates 

( ..,/) N/ A. No gates 
• ( ) Gates appear to be in good condition and unlikely to cause 

problems in the foreseeable future 
( ) ··Gates have some problems not likely ·to ·impair operation 
( ) . Gates have some problems which could lead to failure during 

an emergency -... 
( ) Gates are in such poor condition that fa.ilure could occur 

at anytime 

Remarks: 

14. Give your opinion of condition of stop logs or flash boards 

( \. x N/A. N 1 fl h b d ,, o stop ogs or as oars 
( ) Stop logs/flash boards appear·to be in go.oc;I condition 
( ) Stop logs/flash boards have some problem areas but are 

not likely to impair operation 
( ·) Stop logs/flash boards have serious problems which could 

cause operation problems 

15. Describe how flash-boards are controlled and what head controls 
them 

( v') N/A. No flash board 
( ) Description ---------------.-----------

D-5 
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16. 

17. 

Where are stop·logs kept when not in use? 

( •/) N/ A.. No stop logs 
( ·) Location 

Did you attempt to operate the gates? 

( J) 
( ) . 
( ) 
( ) 
( ) 
( ) 
( ) 
( ) 

N/A. No gates 
Yes, successfully 
Yes, unsuccessfully 
Yes, partial success 
No, couldn't get permission • 
No, necessary equipment not available 
No, obviously inoperable 
No, but owner indicates that they a;re operable 

Remarks: 

18. Are spillway gates nor~ally 

( /2 N/A. No gates 
( ) Open 
( ) Closed 
( ) Other 

EA-plain 

19. In your opinion, what problems would failure of. the gates to open 
cause? 

( /2 N/ A. No gates 
( ) Little or none 
( ) Would make drawing down the lake difficult 
( ·) Would partially reduce the ability to·safely pass a flood 
( ) Would drastically reduce the ability to safely pass a flood 
( ) Other ---------------------------
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20. In your opinion, what problems would a failure of the gates that 
permitted uncontrolled release of water cause? 

( /) N/ A. No gates 
( ) Little or ·none 
( ) Would drain lake, but no safety problem 
( ) May cause serious erosion of dam 
( ) Could release enough water to be a flood hazard 
( ) Other ------.--,.--------------------~--

21. Is there any evidence of erosion or deterioration· of the spillway 
portion of the dam? 

Yes No N/A Can't Tell 
(v') ( ) ~/2 ( ) Spillway floor 
( ) ( ) ( ) Spillway side slopes 
( ,,· ) ( ) ( ) ( ) Around control sill or over-

flow ogee 
( ) ( ) ( vJ ( ) Around spillway gates or 

control structure 

22. Give your opinion of the seriousness o.f the erosion of the spillway 
portion of the dam. 

( ) Unlikely that it will become a prob~em in the foreseeable 

( ) 
( ,/) 
( ) 

• ( } 
( ) 

future 
May or may not become a problem 
Is a problem but not likely to lead to failure 
Is a problem which if not corrected ·could lead to failure 
Is a serious problem which could lead to failure at anytime 
N/A 

23. Is there any evidence of erosion upstream or downstream of the 
spillway? 

Visual evidence 
Sounding data 
Flow pattern 
Operators obs~rvation 
Other evidence 

__ U.S. 
__ u.s. 
__ U.S. 

U.S. 

D.S. ---
✓ D.S. 

D.S. 
--- D.S. _____ __; _________________ _ 

D-7 



( 

l 

2l•. Is there any evidence of undermining of the structure due to 
erosion? 

25. 

26. 

( ._/) No 
( ) Yes, see attached sketch or map 
( ) Yes, describe location(s) and amount(s) of erosion ----

Is there an· upstream or downstream riprap apron? t✓ -::> « 

a. 

b. 

Give 

( ) 
( ) 

(v') 
( ) 
( ) 
( • ) 
( ) 

Is it visible? U.S. D.S. 

What is its condition? 

( 
{ 
( 

) Intact 
) Ends undermined or eroded 
) Rock displaced or missing 

your opinion of the seriousness of the erosion. 

No erosion noted 
Unlikely that it will become a problem in the foreseeable 
future 
May or may not become a problem 
Is a problem but not likely to lead to failure 
Is a problem.which if not corrected could lead to failure 
Is a serious problem which could lead to failure at anytime 
Other 
Remarks: 

27. Based on field observations list items believed to represent si-g­
nificant potential hazards to the integrity of the dam. 

(1) 

(2) 

(3) 

(4) 
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27. 

(5) 

(6) 

(7) 

(8) 

(9) 

l 

(Cont'd) 

Signature(s) of Person(s) completing 
this section 

-~ J 

~ . <2 \ 7----~J j~ g < 
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FORM E - POWEPJIOUSE 

1. Does the Powerhouse function as part of the dam and retain water? 

(v->{Yes ( ) No. Separate Powerhouse 

2. Is the power generation equipment still in place and functioning'?' 

( ~Not in place ( ) I~ place, not functioning 
( \,/J In place and functioning 

3. Are there any signs of instability (i.e. sliding, overturning, 
bearing)? 

( ) 
( ) 

Remarks: 

No signs of instability observed 
Cracks in the concrete, other than temperature or deter­
ioration cracks 
Displacement at joints 
Evidence of movement 
History of sliding or tipping 
Other 

-'.::)_ I 
\. '•·' ... ~._'._ 

\ 
6_::,e:_;, . .__';:"_~ 

; 

f-'.:l -=~ \ .... ,.)'.:_.~ \..:'\. ":'-~~--- ·~-·:. .. ~ 

k - ,,\,,';--;;:__ S "'~\·u~\::_:;.'.::'., \ '>, ~\.\\\:\\~·,< . .;< ·, \.,,:. ..... ,-,. ,·vtd 
?-,t- -:.\..-.:.:~ ~·-~ L-\t.(.\.t".\ ... _~\"':l\ \,~ ,.~,.__;i__;-::.)v\o...l •,C>\o~~~u~ ""'-u\le'\-v'~"~ =-

4. Give your opinion of the stability of the powe·rhouse based on the 
observations from question 3. 

( ) 

( ) 

( ) 

Structure has no visible ·stability problems and may meet 
criteria set forth in the guidelines 
Structur_e has no ·visible stability problems but probably 
does not meet 
Structure has 
to failure 
Structure has 
to failure at 
Other 

the ·criteria set forth in the guidelines 
~inor stability problems but unlikely to lead 

serious stability problems which could lead 
any time 

Explain--~--'-"----'\~~~,·~-'-·-~-'_:-_,.~~~~~\'-·~;~ _______________ _ 
·, 

E---1 · 
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5. For concrete structures form F (surface condition of concretcY 
should be co~pleted. Are there any items listed on fonn. F which maybe 
caused by overstress of structural members rather than concrete 
deterioration? 

( ./{' No signs of overstress noted 
( ) Cracks due to ave.rs tress in bending or tension 
( ) Cracks due to shear or bearing 
( ) Spalls or other deterioration due to overstress 
( ) Large deflections 

General Location: 

6. Are there any loads on the structure which· may not have been 
included in the original design but could be causing overstress in 
some structural components? 

Remarks: 

( ./) None observed 
( ) Large silt deposits on upstream face 
( ) Increased load due to heavier traffic 
( ) Additional or larger equipment loads (cranes~ generators; 

dec!-d load) 

7.- Give your opinion of the ability of the structural components to 
carry the applted loads using modern design criteria. 

( ) Structure has no.visible structural strength problems and 
· may meet criteria set forth in the· guidelines 
c/2 Structure has no visible structural strength problems but 

probably does not meet the criteria set forth in the guidelines 
( ) Structure has minor structural strength problems but unlikely 

to lead to failure 
( ) Structure has structural strength problem..c, which if not 

corrected could lead to failure 
( ) Structure has serious structural strength problems which 

could leai ·to failure at any time 
( ) Other 

Explain --------------------------

E-2 



8. Are there any drains or weepholes which appear to be functioning . 
improperly? 

( ,.,/) 
( ) 
( ) 
( ) 

No d~ains or weepholes noted 
Generally yes 
Generally no 
Can't tell 

. ' 
9. Is there evidence of_ seepage? 

(Seepage at embankment tie-ins should be covered in section on 
em.bankme.nt daws) 

Yes No I. N/A . Can't Tell 
( ) ( ) ( ) (./) Dmmstream of powerhouse 
( -.·) "( ) ( ) ( ) Left side (looking downstream) 
( ) ( ) ( ) ( /) 

V Right side (looking dm,mstream) 
( v·') ( ) ( ) ( ) Through structure 
( ) '( ) ( )· ( ) Other (relief drains) 

Explain fully (quality, turbidity,· location> point sour_ce of general 
area etc.) and/or locate evidence of seepage on a profile and plaa sketch. 

e_~,t\ ~)(\ • R,\ if>.'"'--t •• w£\ \..Jd't"i.,,~\~ 0,&C-ndt~·\V\~ 

----"=--·) ._,,_l ___ , ·'.,.__·::.. __ ~-... t __ ..::::,=·,,·,...a.\ca.-L ..... - ---.--·=' ~..;;:.· ._· -_ ..... __,.S-\:.:...~.;,..:)...;~:...:::~~-· \6" _:_ 26 °'F .. 

10. Give your opin:Lon of the seriousness of the seepage based on field 
observations. 

( ) No seepage noted. 
( ) Unlikely that it will become a problem in the foreseeable future 
( v1 May or may not become a problem 
( ) Is a problem but not likely to lead to failure 
( ) Is presently a problem which if not corrected could lead to failure 
( ) Serious problem which could lead to failure at any time 
( ) Other ', 

l 

t 

I 

I 

Remarks: ------~-------------~----------- ~ 
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11. 

12. 

Type of powerhouse gates 

( /) N/A gates removed openings permanently sealed. 
( ) Slide gates 
( ) Stop logs 
( ) Tainter gate 
( ) Other· 

... ' .... 

. . . . . . 

Did you attempt to operate the gates? 

( ) 
(_ ) 
( . ) 
( ) 
(. ) 
C ) 
(. ) 
(/) 

N/A. No gates 
Ye_s·, successfully 
Yes, unsuccessfully 
Yes, partial success 
No·,· coul.dn' t get permission 
No necessary· equipment not available 

• No, ovbiously inoperable 
No, but OT.mer indicates that they are operable. 

Remarks:· --------------------------------

13. Are spillway gates normally 

( v'J 
( ) 
(. ) 
( ) 

N/A. No gates 
open 
closed 
other 
Explain -------~-------------------

14. Give your opinion of condition of gates. 

Remarks: 

N/ A. No gates 
Gates appear to be in good condition and unlikely to cause problems 
in the forseeable'future 
Gates have some problems not likely to impair operation 
Gates have some problems which could lead to failure during an 
emergency 
Gates are in such poor condition that failure could occure at 
any time 



( 

14. Give your opinion of condition of gates. 

( 
( 

( 
( 

( 

Remarks: 

) 
) 

) 
) 

) 

N/A. No gates 
Gates appear to be in good condition and unlikely to cause 
problems in the forsceable future 
Gates have some problems not likely to impair operation 
Gates have some problems which tould lead to failure during 
an emergency 
Gates are in sue~ poor condition that failure could occur. 
·at any time 

15. In your opinion, what problems would failure of the gates to open • 
cause?_ 

C )-· 
(.. -') 
( ) 
( ) 
( ) 
( ) 

N/A. No gates 
Little· o·r none 
Would make drawing do-wn the lake difficult 
Would partially reduce_ the ability to safely pass a flood 
Would drastically reduce the ability to safely pass a flood 
Other -----------------------------

16. In your opinion, what problems would a failure of the gates that 
permitted uncontrolled release of water cause? 

( ). 
( \/) 

( ) 
( ) 
( ) 
( ) 

N/A. No gates 
Little or none 
Would drain lake, but no safety problems 
May cause serious erosion of dam 
Could release enough·water to be a flood hazard 
Other ---------------------------



\I 
I. 

,, 
'1 

• I 

i. 

17. Is the re any evidence o.f ero.s ion upstream or downs t rca:n of 
the powerhouse? 

Visual evidence U.S. D.S. 
Sounding dnta. __ U.S .. ~.S. 
Flow Pattern U.S. D.S 
Operators Observation U.S. 
Other evidence 

D.S. 

( ) 
( vf 
( ) 
( ) 
( ) -----------------~---------.--

18. What is the condition of riprap 

,(. 

( ,./) No riprap 
( ) Badly displaced 
( ) Occasional holes and pockets 
( ) Rock deteriorated 

19. Are there. any obstruction to flow through the powerhouse? 

( ) Yes (V) No 

Describe flow pattern: 

20. In your opinion would an abnormally large powerhouse discharge have 
a tendency to erode the embankment? 

(..) No 
(0 Yes 

Describe ---F:---'v~··,~,~~'~-'~~=~~'---·-~~~-~~--~1-~~~~--~_:,~~~-~--~~~~~,~~~~\-~_·_·_·::t~o~·-~r~~~~~~-~--_-_-_-__ _ 
, ....... 

do~-~;,...._ .:~h<~--js.v:.... •. {i 
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21. Based on your visual observations list any conditions which 
you believe may have a potential affect on the integrity of the dam. 

(1) C,-,. 

(2) 

(3) 

(4) 

(5) 

(6) 

; 

,: .... ~"\~ ·-.:\. J:-_ s 
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Signature (s) of person (s} 
c9mpleti_ng this. section 
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FORH F -·SURFACE CO:-;DITION OF CONCRETE 
(From ACI Report 65-67) 

1. Identify the feature for which this section applies. 

2. ·General condition of concrete 

( ~ Good 
( -/) Satisfactory 
( ) Poor 

Remarks: 

3. Cracks ( /) Yes 

4. 

Describe 

Direction 
( ) Longitudinal 
(( t Transfers 

vJ Vertical 
( ) Diagonal 
( ) Random 

Type 
-() 

( ) 

~J 
Scaling 
Describe 

Patt~rn cracking 
Checking 
Hariline cracking 
D-cracking 

{ ) Yes 

I \ 

( ) No 

Maximum l~id th 
(. ) fine (less than 1 mm or 3/64") 
( ) :mediu.u1 (1 ~ to 2 ~ or ~/6!1" 

to 5/64") 
( /2 wide (more than 2 rmn or more 

than 5/64") 

Mineralization \\)::y .. '\~ 

( ) Leaching 
( ) Stalactites 
( ) Stalagmites 

( ✓) No 

------------------------------
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4. 

s. 

(Cont'd) 

Severity 
( ) Light (C.A. not exposed) 
( ) Medium (1/2 to 1 cm or 13/6!~" to 25/64" > C.A. exposed) 
( ) Severe (C.A. clearly exposed and stands out) 
( ) Very severe (loss of C.A.) 

Popouts 

Describe 

Size 
( ) 
( ) 
( ) 

( ) Yes 

-----------------------------

Small (less than 1 cm diameter or 25/64" diameter) 
Medium (1 to ·S cm diameter or 25/64" to 2" diameter) 
Large (more than 5 cm diameter or 2" diameter) 

6. Spalls ( ) No 
\ c-1 ~ ---L , , 

Describe --'--J~0-~_\_\_1·._,~~,_-~_\ __ \~_-~_,t __ ~_:'°_._~,_,,~_,._,~_~_-~ __ 0~_,_d_a_'L,0\, __ ~~-;t__~_..;~~~"'_;__ 

Size 
( ) 

(v-1 

o1 

Small (less than 2 cm deep and 15 cm long or 3/4" deep and 
6" long) 
Large 

7. ls(are) there any1 

None 
Pitting 
Dusting 
Honeycomb 
Stains 
Exposed steel 
Previous patching or other repair 
Chemical attach 
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7. (Cont'd) 

8. In your opinion, what is the effect of the condition of the concrete 
on the safety of the dam? 

Little or none . .. 
Aesthetic problems but nothing that would effect the integ­
rity of the structure. 
Nay create operational probl~ms, but no safety problem 
If tL.~corrected, c~ulq eventually become a safety problem 
It is a safety problem that could result.in a large uncon­
trolled release of water 

( ) Other 
Explain --------------------...--~----

Signature(s) of person(s) completing 
this section 
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FORM G - GEOLOGY 

The items in this report are divided into two general.categories: 

a. Description of the General Geology of the basin (items 1 
through 14) 

b. Description of site geology (items 15 through 21) 

GENERAL GEOLOGY OF THE BASIN 
/ 

1. Glacial ( J) 
Non-glacial ( ) 

2. . Glac;ial 
( v 1

) Till plain 
( ) End moraine 
( ) Outwash plain 
( ) Combination - • Eh~lain· 

3. River Valley 
( ) Deeply incised 
( ) Shallow 
( ) Broad 
{/) Steep sided 

'•. Topography 
( ) Level or even 
( ) Rolling 
( ./) Hilly 
( ) Knob & kettle 

Non-Glacial 
( ) Deep~y disected 
( ) Rather level 

--~~----------~---

( ) Terraced 
( ) Meandering 
( ) Other - Explain 

( ) Other - Explain _______________________ _ 

5. Empoundment 
( ) Lake 
( ) River 
( /) Combination - Explain ------------------

G-1 
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6. 

7. 

8. 

9. 

Soils 

Origin 

Outwash 
Loess 
Boulder Clay 
Alluvial 
Harsh 
Glaciofluvial 

Explain ----------

Ef../2ct of Topographv on Drainage 
( • Rapid 
( ) Even • 
( ) Slow 

Effect of Soil Type on Drain2g2 
( ~ Rapid 
( ) Even 
( ) Slow 

Bedrock Geology of Basin 

Types 

Sand-gravels 
Clays 
Silts 
Organic 
Other 
Explain ___________ _ 

Formation Name __,_f3-__ &·.._·<·• ....... ~---D_u_°'- i~ .. v _____ b_1w_ . ._f-----,------

Rock Type _c: __ .:..:.,.;,,·,·---·. __ ) __ \.;;....;;._ ·~--•,. ____ ~.,. _/_D_o)...;;...~__,--.;..:..., ~ ___ t__,_ _____ --,.-______ _ 

General Depth to Rock O - '2...) ----=-----,.----------~---
Outcrops in Valley Walls v~-.;_• ---'-".._,__ ____________________ _ 

10. Source of Bedrock Information 
( 0 Visual 
( ) Well records'-( vt- Borings 
( ✓J Published data 
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11. General Water Table 

12. 

13. 

14. 

15 . 

16. 

Source of water to stream 
( \, ) 
( ) 
( ) 
( /) 

( ) 
( ) 

Surface runoff 
Lakes, marshes 
Springs 
Ground water 

Slumping or slides 
Slumping or slides 

flow 

in reservoir 
in downstream 

( ) Sink holes or surface depression 

(,/) Groundwater discharge area 
( ) Groundwater recharge area 

SITE GEOLOGY 

. Geologic Setting 

( ) Glacial 
( ) Outwash plain 
( ) Till plain 
( ) End moraine 

/ 
( v·) Non-glacial. 

( v) Deeply disected plain 
( ) Alluvial plain 

( ) Terraces 
( ) Soil 
( ) Rock 

Bedrock 

Formation Names: ___ .,Pm,,-\e,. Dv 
( /) E>..l)OSed 
( ) Deeply burie~ 
( 1./) Sands tone 
( 0 Ll:mes=Eorre- 1:l>\~·\-<... 
( ) Shale 
( ) Igneous 

( ) Balsalt 
( ) Granite 

channel 

( ) Other - Explain ------------------
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17. 

18. 

19. 

Abutments and Foundation 

( ) Soil 
Types -------------------~------

( ,/) Rock 
Types -.::.::: __ ..,...,,:..;;..•__;· ·~--'--.....;. '-----------------------

Seepage k-~;'., 

( ) . Pervious soils 
( ) Bedding planes or joints in rock­
( ) . Fracture zones in rock 

Rock Structure 

a. Bedq.ing 
( v"') Horizontal 
( ) 
( ) 
( ) 
( ) 

Dipping 
Massive bedded 
Medium bedded 
Thin bedded 

b. Bedding Planes 
( vl Open 
{ ) Closed 

c. Joints 
( ) Close sp~ced 
( -/) Widely spaced 
( ) Direction and inclination to structure 

( ) ·N/A - Explain --------------------

e. Hargness of Rock 
( v:) Soft , .. 
( ✓) Medium 
( ) Hard 

f. Cementation 
( v-1 Well cemented 
( ·) Poorly cemented 
( ) Non-cemented 
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l 

20. On a separate Eiheet of paper draw an approximate geologic pro­
file along the centerline of structure showing assumed or known soil 
and rock profile in the abutment and foundation areas. Identify major 
soil types or rock formations. 

21. Based on visual observations made at.the site list ~he geologic 
conditions which are believed to represent major potential threats 
to the ~afety_of.~he dam. 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

Signature(s) of Person(s) completing 
this section 
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APPENDIX B 

HYDRAULIC AND HYDROLOGIC CHECKLIST 



l 

( 

NATIONAL DAN SAFETY PROGRAH 

HYDROLOGY AND HYDRAUJ".,ICS STUDY CHECK LIST 

Sheet. l of 
Date ------ID 

River ,, __ •( -, - :.. ~-c \2 >:):~-. Nearest Dm•mstream Town !. -> '.. -------------- ------------

1. General Data 

Drainage area GC,\ sq. mi. --------
Total length of longest watercourse (L) 

Fall of basin from the farthest point to the dam ·1~~ feet* 

Average slope of the basin c.o"'--:i n7 

Time of concentration (tc) 

feet/feet* 

hours~': 

Type of cover (develop by approximate estimate, not 
precise computation) 

·Urban 
Forest 

Grassland 
_.!'-... 

Crop 

-----------

--------

% 

% 

0/ 
IG 

• Lake and swamps o % --------
Other 0 % --------
E}o..-plain ------------------------
Total 100 % 

Frequency curve: Yes --- No Incl-I! 

-
Maximum probable index rainfall \~Q~ inches in ~ hours ---

* See page J.4--7 of Chows, 11Handbook of Hydrology" for definition. 

NCS Fo~m 150 Is~ued 30 January 1978 
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Sheet 2 of ---Date -------ID --------

Current spillway design flood: Yes ./- No Peak Q,-~11 '"'{,,:f-fs -- -- - . )'"' 

/ 

Current spillway design flood hydrograph: Yes / No Incl/f 

Other pertinent data: _ , 
:· , -, ,\ h . ·,. •y, ·. \Jt-••0\,:_,, \ ~.) \t:~ 

~ ! t 
.\ ~, ,,.~ ,· •,>,. \ ':::,. '1 \A \i'\ i_i 

_.... I 
t~u. ,~>.:.i 

Downstrear.i Channel X - Sections: Yes •- No I:ncl/l 

Rough sketches of cr~ss-seetion downstream of dam showing distance below the 
dam, channel and overbank dimensions, n values, and slope. 

I ·- I-· 
"?J._~'J ',);:) 

-:"'\ \ -• k,~\ " 

\sc:'.\. •. ~\.._) 

\ 

I 
I 

I 

.. I 1 
~<:::D '8()0 

t I ,.-
Yy~ \'-','-l 

r~so' 
"'- v·· .\, <·-\.\\. ..... ~ 

·- _ ·, ___ ,.,s---C1 1;:·::> \ '-, • -~\-._:i\. '-1'- Jc.,,_'-", 

/ 

I I I \ I I 
~ '-1,;:,:::, {,(1:) 'bs;>:) 2.= 

\l'.)C:O '~ 
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3. 

Sheet 3 of 
Date 
rn 

Channel capacity in critical downstream reach • -.,, •• cfs. ------
Flood Plain Developm~nt: 

First 1000 feet .dm-rnstream. 

Other critical reach 

---

4. Description of outlet works, including stilling basin. Give plan:, 
profile, cross-section sketches with important elevations, dimensions:, 
and water surfaces. Plans available: Yes / No___ Incl/; __ _ 

Capacity: with ~~. ') ft. of freeboard 

without freeboard 

normal operating capacity 
• at 9'2..S elevation 

5. Description of_ servic·e spillway, including stilling basin~ Give plan:, 
profile, cross-section sketches with impor_tant elevations, dimensions, and 
w.ater surfaces. Plans available: Yes-✓-- No ___ Incl# __ _ 

Capacity: ·with ft. of freeboard ---
cfs la/0 f 

,o requenc'i'. 

without freeboard 

normal operating capacity 
at · 9'2...s elevation 

o ... -s 

6. Description of emergency spillway, including stilling basin. Give [7 
plan, profile, cross-section sketches with important elevations> dimer..- r-· 

. sions, and water surfaces. Plans available: Yes ___ No___ Incl/I ___ f·· 

J Capacity: with ft. of freeboard ---
cfs .. ! f ,,, requency . 

without freeboard 

normal operating capacity 
at _____ elevation 

NCS Form 150 Issued 30 January 1978 
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Sheet l• of.· ---Date. ------ID 

7. Stornge capacity curves cf reservoir: Yes No Inell/ 

Elev.':l.tion Area·(actes) Capacity (oc - ft) 

8. As built design flood: 

Outlet works .:-C:-:)0 cfs. Service spillway sa:x:,~ cfs . 

Emergency spillway cfs. Project Cf$. 

Design freeboard feet. Expected wave feet. 

9o Headwater rating curve: ·Yes ✓ No Incl# 
_,, ...... 

10. Tailwater rating curve: Yes ✓ No Incl I.~ 

llo Downstream channel material \Cc,(),"\s, ; erodible: Yes / No 

12. Erosion Protection: 

NCS Form 150 

Upstream embankment face - • l--,J.;:'\u.~o..\ \.A::y\___c,,_\\~V\ 

Downstream embankment face - Wo..t-1.~o. \ \.J~,0.,J_1-"V\. 

At stilling basin - ~~d l"\:>~ \" o.v<l • \<1.-,~\J~ 

~~"\"'~ \ > o..Y"\d 

OV\::~3-~0.."V'. ~ ~ 

Issued 30 January 1978 
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- Sheet 5 of 
Date ---
ID 

13. Critical depths at stilling basin: 

Normal dischaq;e: 

Q = cfs, a1 = , d 2 = ft elev., tailwater elev. --- --- --- --- ---
As built pr.eject design spilh . .-,ay capacity: 

d2 = ___ ft ___ elev., t:ailwater elev. ___ • 

Other critical condition: 

Q = -~·-- cfs, d1 ~ ___ , d2 = ___ ft ___ elev., tailwater elev. __ _ 

Current spillway design flood: 

d2 = ft elev., tailwater elev. --- --- ---
14. Critical heads across structure: Top of dam elev. 

At normal oper~ting pool: Q 
Elev. 9,5 

No flow o 
-------

Nornal = 000 

Design = 

Spillway = 

Other-Critical = 

At full pool: Q 

l~CS Form 150 

Elev. --, •, __ 5 
No flow ---

Normal= ---
. 

Design= __ _ 

Spillway = -:bu:)() 

Other Critical= ---

Elev. bottom channel 
downstream ·g~-D 

Tailwa ter Elev. Head 

Tailwater Elev. Head 

Issued 30 January 1978 
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Sheet 6 of ---Date 
ID -------

15 .. 

At as built spilh,..:iy 
capacity pool: Q 

Elev. ---- No flow 

Normal 

Design 

Spill,;:.ray 

Other Critical 

At current sp~llway 
clesign flood: 

Elev. -~ -ss., ~ 

= 

= 

= ..:;, °J'J--J ') 

= 

Q 

No flow 

Non:ial = 

Design =- ---

Other Critical= 

Sensitivity analysis of estimated 

Tailwatcr Elev. 

Tail-water Elev. 

spillway design flood 

120%. SDF Pool Elev. ~·,~-.:;_:_,.\.-f Tail-water Elev. ~,'~'S., I 

80% SDF Pool Elev. ~l -:--:.--~ Y) Tail water Elev. ';;'i:.,)_~ 

Head 

Head 

(SDF): 

H s: I.,"::, 

H 5-:?:, ... S-

16. Will routing the current spillway design flood through the.pool signifi-
cantly (by more· than 10%) attenuate the peak?- Yes ___ No ✓--

a. Results of routing spillway design flood through pool~ 

(1) Performed / See Incl/I -----
(2) Not perforaed ----- Reason: 

NCS }"'arm 150 Issued 30 January 1978 
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c. 

Sheet 7 of 

D~n overtopping and/or breeching analysis. 

(1) Yes 

(2) No 

See Incl/f 

Reason: 

D,1.tc 

ID 

Suurtnary of impacts of spillway design flood evaluation. 

See Incllf ------

---
-------

18. At existing spillway capacity is erosion downstream expected? 
-;--~ : . l 
\ -:~, _,,_,, ~-. , ',,:) \_, ) C\.-~)\..--· '-' ·:::; \. t ,;;::_,_,,. ----,--,_ 

19. ---G 

\,iVV'-~" 

20. Does stilling basin adequately dissip2te energy for spillway design 

flood? Tl,, o,p1---c,,, \:,Jo~ --c'A"- Jc"""- ~"'"\ ""'- ---c, ~\_,,;--t \" ~"'d':'-= "'-
\i\"'\ J.:,_u._,\ \- ·-::... \'-'-" '' \':, . (\\(:,(::,,_•;:_, 1... ,_,,_ - 0--.~'::. \,\ . , ,~\ \\1.\ci '"'C\ uS \ ~ -s,~"'-'"" r ~~:\\ rt"" t)~~~\--\ 

l 0 ___._ _\ ' --. . \ \ - ~ \ 
oc-.::.v.°' a.0L,.::_;,V\S\,:---'-:!..'.:>...,A:" o-: l\r\~ c,-\-..,,sv, \'" [~,\::.. l..:.v"\,v-..,,\,'<.\ ... 

21. For spillway design flood is erosion do1~1stream expected? 

f\.'0\u,-,~\~ J l"' i:""c. • '(__,\r-.u.v,,•Y'<._ \ °'"'"<l 0\.)';::'.~\oC\v\ \~:s ~1t -ct,, ':'\,,_..,,._\,-\\,'\'-.;:\ 

22. Will erosion jeopardize safety of structure? 

t=\·(.)\00.\.<,)\\ v,.;-c_· 

23. Has downstream development constrained use of any outlet works or 
spillway? 

/\JC) 

24. Ha~ downstream development constrained design operating plan? 

fvo 

VCS Forra 150 Issued 30 January 1978 
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Sheet 8 of ---Date -------ID 

Su..·:!mary of Findings: 

a. Adequacy of s~illway and top of dam - -;--.. 

'°::)Cl.·~·-.', · _; \ \'\ \_,)'::::.., ~• ~··~.:...·: , :-'? (. :-.;_ ,.,J \, .. A\ • t \_ '',;,;_ 
2-~~! __ ~, \~f_-.► ~\':,, D, 

b. Consequences_ of ·overtopping by current spillway d~sign flood re­
lated to breeching dam~ dowastream flood wave and hazard -

- ,/;"..c_ ·s..:.:.j \~" \ -~~'. <1 

c. Adequacy of outlet works and control gates -

::i C ;\ \ "-* L..::,C)',\<::C, 'W'.. \ c, j CC", •C, \ ,\, \\'\,ch<::, - f i:)'-"". ',; '\ "''" :s 

d. Adequacy of·stilling basins -

e. 

f. 

ride0r,_;\-~ ~,- ()v\\\.,\ C:,\i-,N-'I \\ cl l~:,i.:~O\ ~ '-'r ~ 

Adequacy of downstream erosion protection , 

,,:.< .. ~\u\j',~ ,v\~\w\~- °''-.. ,.J. 
1

\..2i1.::,J.n2,,.:._\:>i.:. ..:.'\\°"">::;:. ~j~)"";:\~ 
d ,~:;:_,~°''I)--~-::. '3 

Adequacy o~ erosion protection at dikes> 
f_,J0~0"-', . y>t-'C)"-~~;~v"\ ;-s, i\\1.A.J~\)u,_0~ 

embankment,· or dam -

Upstream urbanization potential and consequences -
CZ u ,v-\n h:, Lo. \c-e.. ,,\ ,.:, '"C \ 1 ~" i ", \, ~+,\ \ d <:\JS'...\,., t"' J ~\<" • .k "-~ ,; "'°'-\ 
?·-1,.\"~(:Y':,'<'.,i o..v--J· 1\,,.::,-~-..1-.~:::J f't--.:.'.'.:)~U.r~ \.'S li\0-::J'-\-> 

h. Downstream urbanization potential and consequences -

\°'_ \ "t"" ,,_t, ~ .. _\ . \'<:>Y clc: "'<: ~() r '"'1. i" ¼ '? '\'' <L"' d Due, \oo. "'-\i:. ;. \=c} ;"'l 
~1 \\ D~CO.U.<" o..\. '°''\"- j I sc.\\C\\-1', 

i. Consequences of dam failure at full pool and zero discharge re­
lated to downstream floodwave and hazard 

lmTE: Mark U for unknmm N/A for not applicable 
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